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’ ERRATA 


Page 341—Delete the last sentence under the Assay for Iodine 
Ointment N.F. 


Page 380—Change the Assay of Compound Sodium Borate Solution 
N.F. to read: ‘‘Proceed as in the Assay under Phenol U.S.P. 
(page 678). Each cc. of tenth-normal bromine is equivalent to _ 
1.569 mg. of C.6H 50H.” = 

Page 443—Change the third sentence of the Assay for Arsenic Tri- 
todide N.F. to read: ‘‘Then 2 Gm, of sodium bicarbonate is 
added and the solution is titrated with tenth-normal iodine, 
using starch T.S. as the indicator.” 


Page 517—In the Assay for Camphor Spirit N.F. change ‘‘2,4-dinitro- 
phenylhydrazine”’ to ‘‘2,4-dinitrophenylhydrazone.”’ 


Page 555—Under the Assay for Acetylsalicylic Acid Tablets U.S.P. 
change the sentence beginning: ‘‘This titration is only to neu- 
tralize the acetylsalicylic acid ..... ”’ to read: ‘‘This titration 
neutralizes the acetylsalicylic acid as well as any free acetic and 
salicylic acids...... 


Page 604—Under the Assay for Chiniofon U.S.P. change the word 
“iodine”’ to ‘‘iodide’’ in the sentence ending: ‘‘the silver solution 
in excess removes the iodide from the starch iodide and thus the 
blue color disappears.”’ 


Page 611—Under the Assay for Glyceryl Trinitrate Tablets U.S.P. 

change the third and fourth sentences to read: ‘‘The sodium 

’ hydroxide hydrolyzes the nitrate ester into a mixture of sodium 

nitrate, sodium nitrite and glycerin. The potassium perman- 

ganate destroys foreign organic matter and oxidizes the sodium 
nitrite to nitrate.” 


_ Page 614—Change the seventh sentence in the Assay of Acetanilid 
Tablets N.F. to read: ‘Prior to the development of a per- 
manent color, the liberated bromine is reacting with the aniline 
to form tribromoaniline.”’ 


Page 640—Under the Assay for Hphedrine Sulfate Capsules N.F. 
change the last sentence to read: ‘‘These capsules are assayed 
for their ephedrine content by steam distilling the alkaloid into 
standard acid and back titrating.” 


Under the Assay for Ephedrine Sulfate and Phenobarbital Cap- 


sules N.F. change the words: ‘“‘..... assay by the Kjeldahl 
_method..... i toameddz Unitas . 2 assay by the distillation 
maicthod ....; Hs 


Page 824—Change the synonym “Chinaerin’’ under Quinacrine 
Hydrochloride U.S.P. to read ‘“‘Chinacrin.”’ 


Page 825— Under Quinidine Sulfate U.S. P. change ‘‘quininidine’”’ 
the second paragraph to ‘“‘quinidine.”’ 


Page 831—Change the synonym ‘‘Chlorquanide’’ under Paludrine 
: to read ““Chlorguanide.”’ 


: Page Bet Change “Ivrsergic acid” in the first column to read 
“lysergic acid.”’ 


Page 980—Change the first sentence under Direct Titrations with 

Standard Ammonium Thiocyanate to read: ‘‘This method de- 

pends upon the quantitative precipitation of silver thiocyanate 

Seeeor the formation of the very slightly ionized, soluble mercury 
thiocyanate.” 


ao, 


.990—Change the discussion under The Estimation of Ascaridol 
to read: “Ascaridol in Chenopodium Oil was formerly deter- 


: Berne acetic acid, using a cassia flask. The ascaridol dissolved 
a i ompletely i in the acid. The Brabe ae assay is presented on page 


700.” 
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PREFACE TO THE NINTH EDITION 


Wuen Joseph Price Remington, world-renowned 


- pharmacist and influential educator, issued the First 


Edition of his Practice or PHARMACY in 1885, the book 


was immediately and enthusiastically received and . 


widely adopted, and has continued, through the years, 
to be the most widely used pharmaceutical textbook in 


' America. 


Revised Editions of the “Remington” have appeared 


. regularly and now the Ninth Edition is made available, 


and again embodies in this famous text the latest knowl- 
edge and the newest developments in the broad field 
of the pharmaceutical sciences and arts. The Ninth 
Edition has not only been rewritten from cover to 
cover, but it has been modernized in the size and form 
of its printed page, so as to make a much more readable 
text and a more compact and easily handled book. 

This edition of Remineron’s PRAcTICE oF PHAR- 
MAcy has had an inspirational beginning. The heirs of 
Professor Remington, twenty-five years after his death, 
presented the copyright and full ownership of the book 
to the College where he taught and to which he gave 
fifty years of administration and inspiration. This has 
been done as a memorial and also to help perpetuate the 
spirit- of Professor Remington who always strove not 
only to advance his own College but also, with equal 
interest, all of American pharmacy. By the deed of 
gift the Board of Trustees of the College selects the 
Editor-in-Chief for each revision, and for this Edition 
E. Fullerton Cook was appointed. 

In this new Edition of the ‘‘Remington”’ will be found 
important new sections, reflecting the revolutionary de- 
velopments of the past few years in medicine, chem- 
istry, biology, and the physical sciences. 

The addition of authoritative statements, indicating 
the therapeutic action and doses of drugs, is a notable 


' new feature of the Ninth Edition of the ‘“‘Remington.” 


This valuable information for students and practition- 
ers of pharmacy has been contributed by Louis 8. 
Goodman, M.D., and Alfred Gilman, Ph.D., co-authors 
of The Pharmacological Basis of Therapeutics, a textbook 
widely used in the medical schools of the United States. 
- The Chapter on Mathematics has been greatly en- 
larged so that it not only deals with the arithmetical 
problems frequently encountered by the practicing 
pharmacist, but also provides typical questions with 
answers for the student. 

The Chapter on Statistical Analysis is a timely addi- 
tion to a pharmaceutical text. It has been written so 
as to aid and clarify the comprehensive treatment of 
official biological assay methods presented in this book, 
and represents practical and thoroughly tested statisti- 
cal methods which are explained and clearly illustrated. 

Among the additions which will be of special value 
are the elaborate descriptions and illustrations of the 
many special professional services which the practicing 
pharmacist renders the community. This practical and 


suggestive information should help many students to 


_ increase their usefulness and efficiency and aid pharma- 


Tormones, on Amino Acids, and on Enzymes. 


Ee 


An enormous number of other new organic chemical 
compounds are also included and this diversified mate- 
rial has been supplied by experts in each division. 

The Chapter on Research in Pharmacy was placed 
in Part I of the ““Remington” as it was believed impor- 
tant that the beginner in Pharmacy, as well as every 
pharmacist in practice, should recognize the extent to 
which the pharmaceutical profession has advanced in, 
and because of, research. He should feel a deep sense 
of pride over such notable accomplishments and be in- 
spired to higher ideals and greater achievements wher- 
ever he serves in pharmacy. We are indebted to the 
late J. K. Lilly, Chairman of the Board of Eli Lilly and 
Company, and the able scientific research staff of that 
organization for this splendid over-all view of modern 
pharmaceutical research. 

A Students’ Textbook—Remineton’s PRACTICE OF 
Puarmacy has always followed the fundamental and 
proven teaching policies of Professor Joseph Price 
Remington. While primarily written as a textbok, the 
“Remington” was always expected to serve in the phar- 
macy for reference on all matters pharmaceutical. In 
this text the student is first instructed in the broad pro- 
fessional aspects of pharmacy, its notable history, ethi- 
cal ideals, and extensive literature. In these respects 
pharmacy has always been closely associated with the 
medical profession. The student is then taught the 
basic physical and scientific principles underlying the 
art of pharmacy, and having this groundwork of funda- 
mental knowledge, he is then indoctrinated, step by 
step, in logical and understandable sequence, into the 
many professional, practical, and scientific divisions 
of pharmaceutical knowledge. 

A review of the Contents of this Ninth Edition, pages 
viii to x, including one hundred and twenty-three 
chapters, will reveal the scope of modern pharmaceutical 
training and the order in which the facts are presented. 
Here is broadly outlined and clearly indicated the vast 
field of training which the pharmacist must have today, 
and there are numerous indications that graduate in- 
struction will be required more than ever for a proper 
understanding and appreciation of some of the newer 
instruments and processes of pharmacy, and for full 
qualification as a control chemist or research worker. 

The Teacher and the ‘‘Remington’’—Since this ex- 
tensive text carries much more information than the 
teacher may require in any one specific course, the 
instructor is expected to indicate those portions of each 
chapter which the student should learn at that particu- 
lar time. The presence of other related facts simply 
adds to the value of the book and explains why this 
college text always finds a permanent place in the 
library after the student begins his practice. 

An Encyclopedia of Pharmaceutical Information— 
Though basically planned as a students’ textook, this 
proven treatise has earned over the years a real appre- 
ciation by the dispensing pharmacist, hospital pharma- 
cist, and pharmaceutical or chemical manufacturer. 
A comprehensive index makes all facts instantly avail- 
able. The ‘‘Remington” has always been an ideal book 
of reference for all pharmacists, and this new Edition 
has been compiled with that traditional intent. 

The Editors and Associate Editors—E. Fullerton 
Cook was the personal assistant to Professor Remington 
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in the preparation of three editions of the PRACTICE OF 
Puarmacy, and after Professor Remington’s death, 
served as Co-HEditor with Charles H. LaWall for the 
Seventh and Highth Editions. In recent years, due to 
the increase and diversity of training required in phar- 
maceutical practice, the Editors have obtained the 
assistance of numerous specialists who have contributed 
important new scientific data for many sections of the 
book. In the Ninth Hdition more than forty experts 
have assisted in supplying the vast amount of informa- 
tion contained in its more than 1500 pages. The re- 
sponsibility for selecting the various authors and secur- 
ing their contributions was one of the duties of the 
Editor-in-Chief. 

The Co-Editor of the Ninth Edition, Eric W. Martin, 
has had a broad training in pharmacy and chemistry, 
and extensive experience in all phases of professional 
pharmacy. With meticulous care and indefatigable 
labor he has assembled the manuscripts submitted and 
blended and edited these so as to form a unified text. 
He has also prepared or directed the preparations of a 
large amount of material required for the completion 
of numerous other parts of the book. 

Sincere thanks and appreciation is also given to the 
Chief Chemical Editor, Joseph Rosin, who assumed the 
responsibility of preparing the basic chemical informa- 
tion required. As Chemical Director of Merck and 
Company, Editor-in-Chief of the Fifth Edition of 
Merck’s Index, and author of Reagent Chemicals and 
Standards, and close associate for years on the chemical 
problems of the U. S. Pharmacopeia and National 
Formulary, Joseph Rosin has brought to the ‘““Reming- 
ton” a rare fund of experience and knowledge. 

In addition to revising and enlarging the Chapters on 
Biological Products, Louis Gershenfeld revised the 
Chapter on Urinalysis and added important features 
to the Chapter on Insecticides. 

It is impossible, because of lack of space in a Preface, 
to review the special qualifications of each of the able 
collaborators who have helped to make possible the 
Ninth Edition, but on page iii an attempt is made to 
indicate the divisions of the text to which they have 
contributed, also their other affiliations. In preparing 
these special sections of the new “Remington” this 
group of collaborators has been animated largely by 
a deep sense of service to American pharmacy. Their 


spirit has been one of earnest cooperation, and the 
officers of the College, as well as those who have 
assumed the chief responsibility for this publication, 
and pharmacy generally, are greatly indebted to these 
able representatives of the pharmaceutical profession. 

Special thanks is given also to a number of associates 
who assisted in various divisions of the book and who 
materially aided in the preparation of the text. Among 
these are Ivor Griffith, George Urdang, Edward C. 
Elliott, J. Solon Mordel, Edward J. Hughes, Asa N. 
Stevens, H. A. Shonle, O. K. Behrens, E. D. Campbell, 
J. H. Waldo, J. A. Leighty, K. K. Chen, W. A. Jamie- 
son, W. W. Davis, R. M. Rice, Irene M. Strieby, John 
E. Kramer, Harvey P. Frank, Elsa Ehrenstein, Edna EH. 
Geseneiser, Wayne W. Umbreit, Donald A. Clarke, and 
Don E. Francke. 

During the revision of the Ninth Edition other ex- 
perts in many of the subjects under review have been 
consulted and their valuable suggestions and advice 
built into its structure. Toname all of these would be 
impossible, for the new revision has often been the 
subject of conferences during the more than five years 
since the work was started, but an acknowledgment of 
these debts and sincere appreciation are given to all 
who have helped. 


A special tribute is due to the loyal and hard-working 


staff of office assistants who helped assemble a vast 


‘amount of data, checked thousands of figures and calcu- 


lations, and assisted in innumerable details necessary 
for the completion of the enormous task of publication. 
On the staff were Kenneth E. Avis, Isabelle Dougherty, 
Rose L. Martin, Mary Doris Moyer, Mildred B. Miller, 
Arthur W. Moore and Nellie P. Watts. 

The index, always so important a part of the ““Rem- 
ington,’ was prepared by Beulah H. Tullar, who has 
prepared the indexes of this treatise for several Editions. 

The editorial staff especially desires to express their 
sincere thanks to the officers of the Mack Publishing 
Company whose continued confidence in the project 
encouraged and supported the enormous task under- 
taken, and whose efficient organization has now brought 
it to completion. 


E. FULLERTON Cook 
Eric W. Martin 
Co-Editors 


Philadelphia 
April 1, 1948 
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PREFACE TO THE FIRST EDITION 


THE RAPID and substantial progress made in Phar- 
macy within the last decade has created a necessity for 
a work treating of the improved apparatus, the revised 
processes, and the recently introduced preparations of 
the age. 

The vast advances made in theoretical and applied 
chemistry and physics have much to do with the de- 
velopment of pharmaceutical science, and these have 
been reflected in all the revised editions of the Pharma- 
copoelas which have been recently published. When the 
author was elected in 1874 to the chair of Theory and 
Practice of Pharmacy in the Philadelphia College of 
Pharmacy, the outlines of study which had been so 
carefully prepared for the classes by his eminent prede- 
cessors, Professor William Procter, Jr., and Professor 
Edward Parrish, were found to be not strictly in accord, 
either in their arrangement of the subjects or in their 
method of treatment. Desiring to preserve the distinc- 
tive characteristics of each, an effort was at once made 
to frame a system which should embody their valuable 
features, embrace new subjects, and still retain that 
harmony of plan and proper sequence which are abso- 
lutely essential to the success of any system. 

The strictly alphabetical classification of subjects 
which is now universally adopted by pharmacopceias 
and dispensatories, although admirable in works of 
reference, presents an effectual stumbling block to the 
acquisition of pharmaceutical knowledge through 
systematic study; the vast accumulation of facts col- 
lected under each head being arranged lexically, they 
necessarily have no connection with one another, and 
thus the saving of labor effected by considering similar 
groups together, and the value of the association of 
kindred subjects, are lost to the student. In the method 
of grouping the subjects which is herein adopted, the 
constant aim has been to arrange the latter in such a 
manner that the reader shall be gradually led from the 
consideration of elementary subjects to those which in- 
volve more advanced knowledge, whilst the groups 
themselves are so placed as to follow one another in a 
natural sequence. 

_ The work is divided into six parts. Part I is devoted 
to detailed descriptions of apparatus and definitions 
and comments on general pharmaceutical processes. 

The Officinal Preparations alone are considered in 
Part II. Due weight and prominence are thus given to 
the Pharmacopeceia, the National authority, which is 
now so thoroughly recognized. 

In order to suit the convenience of pharmacists who 
prefer to weigh solids and measure liquids, the officinal 
formulas are expressed, in addition to parts by weight, 
in avoirdupois weight and apothecaries’ measure. ‘These 
equivalents are printed in bold type near the margin, 


and arranged so as to fit them for quick and accurate 
reference. 

Part III treats of Inorganic Chemical Substances. 
Precedence is of course given to officinal preparations in 
these. The descriptions, solubilities, and tests for 
identity and impurities of each substance are systemati- 
cally tabulated under its proper title. It is confidently 
believed that by this method of arrangement the valu- 
able descriptive features of the Pharmacopceia will be 
more prominently developed, ready reference facili- 
tated, and close study of the details rendered easy. 
Each chemical operation is accompanied by equations, 
whilst the reaction is, in addition, explained in words. 

The Carbon Compounds, or Organic Chemical Sub- 
stances, are considered in Part IV. These are naturally 
grouped according to the physical and medical proper- 
ties of their principal constituents, beginning with 
simple bodies like cellulin, gum, etc., and progressing 
to the most highly organized alkaloids, etc. 

Part V is devoted to Extemporaneous Pharmacy. 
Care has been taken to treat of the practice which 
would be best adapted for the needs of the many phar- 
macists who conduct operations upon a moderate scale, 
rather than for those of the few who manage very large 
establishments. In this, as well as in other parts of the 
work, operations are illustrated which are conducted 
by manufacturing pharmacists. 

Part VI contains a formulary of Pharmaceutical 
Preparations which have not been recognized by the 
Pharmacopeceia. The recipes selected are chiefly those 
which have been heretofore rather difficult of access 
to most pharmacists, yet such as are likely to be in re- 
quest. Many private formulas are embraced in the 
collection; and such of the preparations of the old 
Pharmacopeceias as have not been included in the new 
edition, but are still in use, have been inserted. 

In conclusion, the author ventures to express the 
hope that the work will prove an efficient help to the 
pharmaceutical student as well as to the pharmacist 
and the physician. Although the labor has been mainly 
performed amidst the harassing cares of active profes- 
sional duties, and perfection is known to be unattain- 
able, no pains have been spared to discover and correct 
errors and omissions in the text. The author’s warmest 
acknowledgments are tendered to Mr. A. B. Taylor, 
Mr. Joseph McCreery, and Mr. George M. Smith for 
their valuable assistance in revising the proof sheets, 
and to the latter especially for his work on the index. 
The outline illustrations, by Mr. John Collins, were 
drawn either from the actual objects or from photo- 
graphs taken by the author. J. 


PHILADELPHIA, October, 1885. 
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CHAPTER I 


THE SCOPE OF PHARMACY 


HARMACY is the science which treats of medicinal 
substances. It embraces not only a knowledge of 


medicines and the art of compounding and dis-. 


pensing them, but also their identification, selection, 
preservation, combination, analysis, and standardiza- 
tion. The discovery, through research, of new medicinal 
drugs and the synthesis of organic compounds of thera- 
peutic value are important functions of scientific 
pharmacy. 

The word Pharmacy is also used to designate the 
place where medicines are compounded, dispensed, and 
sold. The title Pharmacist is conferred upon a person 
who demonstrates that he is scientifically and profes- 
sionally capable of engaging in the practice of pharmacy. 

According to the interpretation of the United States 
Food, Drug and Cosmetic Act, “the term ‘drug’ means 
(1) articles recognized in the official United States Phar- 
macopoeia, official Homeopathic Pharmacopeeia of the 
United States, or official National Formulary, or any 
supplement to any of them; and (2) articles intended 
for use in the diagnosis, cure, mitigation, treatment, or 
prevention of disease in man or other animals; and (8) 
articles (other than food) intended to affect the struc- 
ture or any function of the body of man or other animals; 
and (4) articles intended for use as a component of any 
article specified in clause (1), (2), or (8), but does not 
include devices or other components, parts, or acces- 
sories.”’ 

The compounding or dispensing of medicines usually 
requires the scientific combination of two or more in- 
gredients as prescribed by a physician, but may only 
require the transfer of manufactured products to a pre- 
scription container. This service demands special 
knowledge, experience, and high professional standards, 
and distinguishes the pharmacist from the general 
merchant. 


For convenience in study, Pharmacy may be divided 


into two major classes: Theoretical Pharmacy and 


Practical Pharmacy. 
Theoretical Pharmacy 


Inasmuch as all nature, animate and inanimate, pro- 
vides remedies for the alleviation of disease, it follows 
that those sciences which embrace a knowledge of sub- 
stances obtained from the vegetable, mineral, and ani- 
mal kingdoms as well as those which treat of the laws 
governing them, are called upon to supply important 
facts which form the basis of the science of Pharmacy. 

A survey, made by W. W. Charters, was entitled, 
“The Basic Material for a Pharmacy Curriculum.” 
This material, complete mastery of which is fundamen- 
tal for a successful career either in pharmacy itself or 
in related fields, forms the basis for the Pharmaceutical 
_ Syllabus, which was formerly recognized by the Ameri- 
can Council on Pharmaceutical Education and followed 
closely by the recognized colleges of pharmacy in the 
United States. At present a standard basic curriculum 
is under study, to replace the Pharmaceutical Syllabus, 
- now considered outmoded. The subjects presented in 
- the usual Pharmacy curriculum may be grouped into 


The Physical Sciences embrace a knowledge of the 
phenomena and composition of matter. 

Physics is that science which treats of the phenomena 
associated with matter in general, especially its rela- 
tions to energy, and of the laws governing these phe- 
nomena, excluding the special laws peculiar to living 
matter (biology) or to special kinds of matter (chemis- 
try). It generally treats of (1) the constitution and 
properties of matter, (2) mechanics, (3) sound and light, 
(4) heat, (5) optics, and (6) electricity and magnetism. 

Chemistry is that science which treats of the composi- 
tion of matter and of the transformations which it 
undergoes. It has many divisions, such as General 
Chemistry, dealing with basic principles and inorganic 
substances, Organic Chemistry, or the chemistry of 
carbon compounds, Qualitative Chemistry, Quantitative 
Chemistry, Physical Chemistry, Biological Chemistry, 
and many other special fields. Mineralogy is the science 
of mineral substances found in or on the earth. 

Mathematics is the science which treats of quantity 
and magnitude. It comprehends the sciences of Arith- 
metic, Geometry, Algebra, Trigonometry, and Calculus. 

The Biological Sciences classify our knowledge of 
plant and animal physiology, morphology, develop- 
ment, and distribution. 

Botany is the science that treats of plants with refer- 
ence to their structure, functions, and classification, 
Biology, the science of life or living organisms, and 
Zobélogy, the science which treats of animals with refer- 
ence to their structure, functions, development, analysis, 
nomenclature, and classification. 

Pharmacognosy is the science which treats of the 
history, source, cultivation, collection, preparation, 
distribution, commerce, identification, composition, 
purity, and preservation of drugs of vegetable and 
animal origin. 

Pharmacology is broadly defined as the science of 
drugs. Unfortunately, the name has also been used by 
specialists to indicate the action of drugs on living 
organisms and is employed synonymously with phar-: 
macodynamics. Pharmacology includes Materia Med- 
ica, which treats of the origin, composition, and proper- 
ties of medicinal agents, Pharmacodynamics, which 
deals with the action of medicines on living structures, 
and Therapeutics, which considers the use of medicines 
and other agencies in the treatment of disease. 

Physiology is that branch of biology that treats of the 
vital phenomena manifested by animals or plants, in- 
cluding organic functions. ; 

Toxicology, the science of poisons, Microscopy, the 
science requiring optical instruments called microscopes, 
Bacteriology, a natural science which treats of micro- 
organisms, and Serology, dealing with serum products, 
form valuable collateral and special subjects of study. 
Biological Assay or Physiological Standardization deals 
with the standardization of medicines based upon their 
physiologic action upon healthy animal organs. Posol- 
ogy is the science of doses for medicinal substances. 

Urinalysis, the physical and chemical analysis of 
urine, and Hematology, the study of blood, are branches 
of learning which enable the pharmacist to assist the 


three ‘broad categories: Physical Sciences, Biological 


Sciences, and Professional Courses. physician in the diagnosis and treatment of disease. 


2 THE SCOPE OF PHARMACY . 


The Professional Courses prepare the student for 
successful careers in pharmacy and allied scientific 
and professional vocations. 

The study of Languages enables the professional man 
to express himself orally or in print with vigor, clarity, 
and interest. It also assists him to develop a broader 
perspective through comprehension of foreign literature. 
The languages most frequently studied are English, 
German, French, Spanish, and Latin. 

Economics is the science of the useful application of 
the wealth or material resources of a country. 

Pharmaceutical Jurisprudence is a study of the local, 
state, and federal laws regulating the conditions under 
which a pharmacist may enter and conduct the profes- 
sion of pharmacy. | 

Pharmaceutical Pfinciples is an introduction to the 
history, literature, and terminology of pharmacy with 
an explanation of the multitudinous ways in which 
other sciences contribute to the practice of pharmacy. 

Pharmaceutical Manufacturing is an advanced course 
presenting the fundamental principles of the prepara- 
tion of pharmaceutical products with the aid of ma- 
chinery. 

First Aid treats of the skilled emergency aid rendered 
by a layman to a sufferer before professional surgical or 
medical attention can be obtained. 


Public Health and Hygiene embraces a study of the 
principles of the prevention and control of disease in the 
community, with special reference to epidemiology, 
sanitation, public health laws, and the utilization of the 
pharmacist’s facilities in the promotion of public health 
and welfare. 


Practical Pharmacy 


Practical pharmacy is that branch of Pharmacy 
which treats of the operations, processes, and methods 
used in applying the principles of theoretical pharmacy. 
It is sometimes known as Operative Pharmacy and in- 
cludes the manufacture of pharmaceutical products and 
the compounding of prescriptions. 

In the study of Operative Pharmacy the student 
learns how to make solutions, emulsions, powders, cap- 
sules, ointments, pills, plasters, suppositories, tablets, 
and other pharmaceutical preparations. At first he is 
instructed in the extemporaneous compounding of small 
quantities using the age-old tools of the pharmacist, 
namely, the spatula and mortar and pestle, but later 
he is supplied with machinery to manufacture the same 
products on a larger scale. 


In his report ‘‘Basic Material for a Pharmaceutical 
Curriculum,” W. W. Charters says: “‘We present this 
picture of the typical pharmacist which the college of 
pharmacy is to train. He is a man with interests and 
obligations outside of his profession; his personality 
and character should be of a high degree of competence. 
In his profession he buys and sells a wide variety of 
products, he fills prescriptions and manufactures those 
products which it is advisable not to purchase. He 
assists in the control of insects, fungi, and germs. He is 
a valuable source of information on public and private 
health and on other scientific matters. As a pharmacist 
he intelligently reads the authoritative treatises of his 
profession; he endeavors to understand and obey the 
laws of his country and he continually labors to keep 
abreast of his profession.” 


_This guidebook for the pharmacist endeavors to pro- 
vide technical assistance in all of the varied activities 
and services recognized in the Commonwealth study. 


Opportunities in Pharmacy 


The goal in life for most of us is happiness, the oppor- 
tunity to serve, and a position of prestige with reason- 
able monetary return for our efforts. Pharmacy, one of 
the oldest and most honored of all professions, is per- 
haps the only career which can offer all these advantages 
in such a variety of ways. The opportunities in phar- 
macy are so boundless that the progress of the individual 
is limited only by his own initiative, intelligence, indus- 
try and ability to cooperate. Since practically all sci- 
ences found their roots in this profession, and since 
pharmaceutical training is so adaptable and broad in its 
scope, we should not be astonished by the vast horizons 
which await the graduate of a college of pharmacy. 
The need for the type of professional and scientific 
leadership which pharmacists are capable of exerting is 
becoming ever greater in the continuous fight waged by 
medical science against disease and death. In subse- 
quent paragraphs are outlined briefly a few of the 
numerous ways in which a graduate of a college of 
pharmacy may serve; there is a career for every type of 
personality. 

Retail Pharmacy absorbs up to 75 per cent of the 
graduates of colleges of pharmacy in the United States. 
For the man with an understanding and pleasing per- 
sonality who prefers a business career, private ownership 
can be lucrative, especially if all commercial. factors, 


such as location, competition, and population, are care- 


fully considered, and if professional prestige is main- 
tained by avoiding overcommercialization of his enter- 
prise. This career affords the pharmacist an opportu- 
nity for close personal contact with his fellow man and 
enables him to enjoy that intense personal pride and 
satisfaction that result from development of his own 
business. For those who do not wish to assume this 
responsibility, there are openings for managers, buyers, 
chemists, and research workers in larger retail organiza- 
tions. 

Professional Pharmacy, that branch of retail phar- 
macy which limits its activities strictly to professional 
service, is the vocation providing widest scope for every 
talent possessed by the individual. . Its main objectives 
are to compound prescriptions and to assist the prac- 
ticing physician in the successful treatment of disease 
by supplying him with diagnostic reagents, sterile 
solutions, bacteriological stains, and similar products. 
A splendid opportunity to benefit mankind by personal 
service presents itself to the skillful blender and dis- 
penser of ointments, capsules, pills, powders, and other 
pharmaceutical products, for each year in the United 
States more than 290,000,000 prescriptions are com- 
pounded, mostly in this type of establishment. Dental 
and veterinary departments are also frequently main- 
tained for supplying the needs of these professions. 
Small-scale manufacturing of certain well-chosen phar- 
maceutical products and physicians’ specialties fre- 
quently results in increased prestige and profits to the 
owner, and lowered costs to the consumer. The profes- 
sional pharmacist, respected in his community and 
esteemed by his patrons, performs an indispensable 
health function, and has an opportunity to promote 
mutually helpful interprofessional relationships between 
pharmacist and physician. For further discussion see 
Part VIII. 

Hospital Pharmacy is rapidly being recognized as an 


integral factor in furnishing superior service to the pa- 


tient. Because of his technical and scientific training, 
a pharmacist is logically placed in charge of the hospital 
pharmacy, and hospital pharmacy provides a real 
challenge and a real opportunity for rendering pharma- 
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ceutical service. In this environment the pharmacist 
can utilize his knowledge of medicinal standards and 
the uses, costs, formulas, and characteristics of pharma- 
ceutical specialties. He is the director of the hospital 
manufacturing laboratory, he has control of hospital 
medical supplies and narcotics, and he is responsible 
for purchasing many of the hospital supplies. He may 
be asked to instruct the student nurses and he is fre- 
quently consulted by the physicians, surgeons, internes, 
and clinical laboratory technicians. He has an oppor- 
tunity to edit the hospital formulary, to develop new 
formulas, and, as he grows in experience, to become the 
hospital superintendent or one of the executives. For 
further discussion see Part XI. 

Manufacturing Pharmacy. Most pharmaceutical 
products can be manufactured skillfully and economi- 
cally only in large well-organized establishments, and 
these products are most advantageously distributed 
through large wholesale houses. However, many of 
today’s prominent manufacturing establishments had 
humble beginnings in the small prescription laboratories 
of corner drug stores. The same opportunity is offered 
to enterprising pharmacists today and some of the large 
drug houses of tomorrow will grow from the fine small 
pharmacies of today. These large organizations offer 
pharmacists attractive positions as executives, repre- 
sentatives (so-called “detail men” or professional con- 
tact men), control chemists, sales promoters, and re- 
search workers in the intensely interesting occupation 
of developing and introducing products to worldwide 
markets. For further details see Part XII. 

Pharmaceutical Education is a field offering special 
advantages to those who are properly qualified. In 
addition to possessing superior knowledge obtained by 
concentrated and extensive study, the college professor 


must have infinite patience, a personality which de- - 


mands respect, and the ability to present his subject in 
a clear, concise, and interesting manner, so that he 
may guide and train young minds properly. Outstand- 
ing students begin as instructors, some advance to 
professorships, and a few become college deans and 
presidents. In addition to their duties at the colleges, 
many participate in special research projects, editorial 
work, and public speaking. Consulting and medico- 
legal work may also be part of the daily routine. 
Government Service. The Federal Government em- 
ploys pharmacists in the Army, the Navy, the Marine 
Corps, the Public Health Service, the Bureau of Nar- 
cotics, the Food and Drug Administration, the Federal 
Security Agency, the Indian Bureau, and the Veterans 
Administration. A Pharmacy Corps was established 
in the Army during World War II with the creation of 
72 commissions from the rank of Second Lieutenant to 
Colonel. Pharmacists are also engaged as law enforce- 
ment officers in maintaining Federal Food and Drug 
Standards. The State Governments employ pharma- 
cists as members of the State Boards of Pharmacy, as 
pharmaceutical chemists and research workers, and as 
officers for enforcing the laws pertaining to pharmacy. 
The Personnel Classification Division, U.S. Civil Serv- 
ice Commission, places pharmacy in the professional 


- and scientific service; the Federal Government has been 


recognizing more and more the professional qualifica- 
tions of the trained pharmacist. 

Pharmaceutical Journalism attracts those pharma- 
cists able to select and express in print interesting sub- 


_ jects of educational value to other members of the pro- 
fession. Journalism offers splendid returns in personal 
recognition and an opportunity for leadership in phar- 


_ macy and science. The Chairmen of the Committees of 
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Revision of the United States Pharmacopceia and the 
National Formulary, and the Editor-in-Chief of the 
United States Dispensatory are all pharmacists. The 
editors of the various pharmaceutical journals and house 
organs, and the secretaries of the American Pharmaceu- 
tical Association and other local and national pharma- 
ceutical organizations are also pharmacists. Publishers 
of technical books have openings for pharmacists who 
possess, in addition to their technical background, a 
propensity for detail, perseverance, and a methodical 
mind. 

Women in Pharmacy. The changing order of life 
has facilitated woman’s professional development. 
Elisabeth Marshall (1768-1836), daughter of the first: 
president of the Philadelphia College of Pharmacy and 
Science, was the first woman pharmacist in the United 
States, although women were not admitted as students 
in colleges of pharmacy until 1876. Other women since 
then have followed in her footsteps in ever-increasing 
numbers, many attaming prominent positions with 
world-wide recognition and honors from famous scien- 
tific and professional institutions. Today there are 
approximately 4000 women pharmacists in this country. 
Psychologically, they are peculiarly adapted to several 
of the positions offered by pharmacy. Their fastidious- 
ness, neatness, and methodical thinking fit many for 
work in retail pharmacy, hospital pharmacy, research, 
pharmaceutical chemistry, sanitation and public health 
work, and technical laboratory work. Women now 
instruct in pharmaceutical and medical institutions, 
operate their own stores, and hold important offices in 
local, state, and national organizations. 

Related Vocations. During their college careers, 
some students become enthusiastic about one or more 
of the scientific or professional courses offered and as a 
result do not enter the profession of pharmacy itself, 
but decide to receive additional training in one of these 
more specialized fields. The men who specialize dis- 
cover that their pharmaceutical background enables 
them to advance rapidly. The vocations related to 
pharmacy are too numerous to tabulate completely, 
but the following partial list will assist the reader to 
visualize the opportunities awaiting the graduate of a 
four-year college course leading to the Bachelor of 
Science degree in pharmacy. Pharmacists have become 
chemists, performing analyses, syntheses, and research, 
in organic and pharmaceutical laboratories of the in- 
dustries manufacturing cosmetics, munitions, chemicals, 
dyes, textiles, oils, foods, and drugs; bacteriologists 
preparing vaccines, serums, and antitoxins; pharmacol- 
ogists; physiologists; toxicologists; horticulturists 
and plant surgeons; serologists; hematologists; radiog- 
raphers; spectrophotometrists; analysts of milk, 
water, and food; and mathematicians. 

Incomes in Pharmacy. Statistics indicate that gradu- 
ates from colleges of pharmacy generally obtain higher 
salaries than those graduating from any other type of 
professional college. Of course much depends on the 
capabilities of the graduate and the standard of living 
in the community where he earns his livelihood. The 
present salary for a recent graduate of pharmacy is 
about $50 per week, for managers of pharmacies about 
$75 per week to start, and the net income for independ- 
ent owners ranges from $2000 to $50,000 per year de- 
pending on the location and size of the store. The 
salaries in hospital pharmacy range from $40 to $100 per 
week with opportunities for advancement into highly 
paid executive positions. In manufacturing pharmacy 
the incomes vary from $3000 to $100,000 per year. 
Salaries are low in the educational field, but opportuni- 
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ties abound for augmenting the income with extra- 
curricular projects. In government service, the pay 
of pharmacists is established by their civil service rating. 
The returns in pharmaceutical journalism depend on 
many factors among which are circulation, demand, the 
educational value and extent of the writer’s knowledge, 
and the reputation of the author. In addition to 
monetary income, pharmacy affords the enthusiastic 
pharmacist, through his scientific and professional rela- 
tionships, considerably more psychic income than most 
other professions are able to offer. 


How to Become a Pharmacist 


There are four well-defined steps in becoming a 
pharmacist, but since the practice of pharmacy is regu- 
lated to a major degree by state laws, the requirements 
will vary somewhat with the state. 

The first step, always, in becoming a pharmacist is to 
graduate from a four-year high-school course or its 
equivalent, during which the following subjects should 
preferably have been completed: English; chemistry; 
physics; mathematics, including algebra, geometry, 
and trigonometry; social sciences including economics, 
history, and sociology; and the languages Latin, 
German, or French. 

The second step is to make certain that one possesses 
the necessary personal qualifications. The average 


citizen chooses his vocation with insufficient delibera- : 


tion and incomplete analysis of his capabilities and per- 
sonality. The man who aspires to a career in pharmacy 
must be mentally alert and keen, and he must possess 
imagination, resourcefulness, poise, courtesy, and tact. 
He should have an inquiring mind and be a logical 
thinker. In addition he should demonstrate initiative, 
enthusiasm, honesty, good breeding, and _ personal 
cleanliness. 

The third step, required by 46 states and the District 
of Columbia, is to graduate from a recognized college 
of pharmacy offering a four-year course leading to the 
Bachelor of Science degree in pharmacy. A typical 
curriculum, as outlined below, provides a cultural as 
well as a scientific background. 

Freshman Year. English, General Chemistry, Mathe- 
matics, Principles of Pharmacy, Operative Pharmacy, 
Pharmaceutical Calculations, and Zodlogy. 

Sophomore Year. Economics, Physics, Laboratory 
Physics, Organic Chemistry, Qualitative Analysis, 
Operative Pharmacy, Pharmaceutical Latin, and Phys- 
iology. 

Junior Year. English, German, Botany, Theory of 
Pharmacy, Pharmaceutical Calculations, Prescription 
Filling, Pharmaceutical Latin, Pharmacology, Bacteriol- 
oey: Organic Chemistry, Marketing Methods and 

osts. 

Senior Year. Pharmacy, Pharmaceutical Caleula- 
tions, Professional Pharmacy, Pharmacology, Biological 
Assaying, Pharmacognosy, Pharmaceutical Chemistry, 
Quantitative Analysis, Urinalysis, Public Health and 
Sanitation, Pharmaceutical Jurisprudence, Dispensing, 
and First Aid. 

Electives. Additional subjects may usually be taken 
if the scholastic standing permits—Modern Physics, 
Ampuls and Sterile Medicinals, Manufacturing Phar- 
macy, Economic Entomology, Industrial Chemistry, 
Clinical Chemistry, Physical Chemical Measurements, 
and Advertising, Selling, and Display. 

The District of Columbia and 42 states require that 
during his college career, or immediately. after gradua- 
tion, the student must obtain credit for a period of 
apprenticeship varying from one to four years. 


The final step in becoming a pharmacist is to qualify 
by means of a comprehensive examination in theoreti- 
cal and practical pharmacy given by a State Board of 
Pharmacy. Most states require that the applicant be a 
citizen of the United States, and all states require that 
he be at least 21 years of age. If successful he is issued 
a license which must be renewed annua!ly in most states. 
This license authorizes him to practice pharmacy in the 
state where he was examined. However, by means of 
reciprocity, the holder of a license in one state may 
transfer his registration, and practice in almost every 
other state (New York and California do not recipro- 
cate). The applicant desiring transfer of registration 
must submit his credentials to the National Association 
of Boards of Pharmacy, 77 W. Washington St., Chicago 
2, Ill. The fundamental rule for reciprocity is as fol- 
lows: ‘“The applicant must have had the legal qualifica- 
tions at the time of examination and registration in the 
state from which he applies which would at that time 
have enabled him to qualify for examination and regis- 
tration in the state to which he is applying for reciprocal 
registration.”’ Emphasis is laid on personal rather than 
state qualifications. 


Statistics of Pharmacy 


In the year 1940 the Bureau of the Census, U. S. 
Department of Commerce, Washington, D. C., reported 
that approximately 107,000 pharmacists held licenses 
issued by the State Boards of Pharmacy. However, 
not all of these were actively engaged in the practice of 
pharmacy, and some were licensed in more than one 
state or had retired. In the same year the Bureau re- 
ported that 76,131 men and 3216 women, or a total of 
79,347 pharmacists, were actively engaged in the pro- 
fession. Of these, approximately 72,000 (about 1 per 


' 1800 population) were employed in pharmacies and 


drug stores. / 

It is estimated that about 2130 pharmacy graduates 
are required annually to replace the trained personnel 
who leave pharmacy due to death and retirement, but 
during the past few years replacements have been in- 
sufficient to fulfill estimated requirements. 

A survey, made by the Bureau in 1939, showed that 
57,903 pharmacies and drug stores (about 1 per 2270 
population) were in operation in the United States. 
This ratio was lower in the cities and higher in rural 
areas. Of these stores 41,987 were individually owned, 
6454 were partnerships, and 9260 were corporations. 
Of these stores, 4125 were classified as chain stores 
(or multiple unit stores), that is, one of a group of four 
or more stores under the same ownership. 

It has been estimated that only about 700 pharmacies 
in the United States at the present time compound 75 
or more prescriptions daily, but that fact does not neces- 
sarily mean that the large number of other establish- 
ments are not, needed. If it were not for the ‘‘corner 
pharmacies” and country drug stores which also sell 
other types of merchandise, much of the professional 
service now made possible by this form of subsidy, 
would not be made available to large numbers of people. 


DRUG STORES IN THE UNITED STATES 


1929 1935 1939 
Number of stores 58,258 56,697 57,903 
Sales $1,690,399,000 | $1,232,593,000 | $1,562,502,000 
Active proprietors 415 363 49,673 
Total employees 175,795 159,130 189,403 
Total pay roll $ 195,742,000 | $ 143,354,000 $ 172,733,000 


Note: Hayes Druggist Directory states that there were about 
50,000 drug stores in 1947 (1 per 2800 population) but it is estimated 
that total sales were nearly $4.000,000,000. 
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f The number of prescriptions filled by pharmacists 
in the United States has increased steadily due to more 
aggressive promotion of the prescription department. 
The following figures are taken from the Annual Pre- 
scription Census conducted by Drug Topics: 


PRESCRIPTIONS FILLED IN THE UNITED STATES 


1943 1944 1945 
Total R filled 253,660,610 273,970,162 292,829,445 
Total value 265,802,097 302,485,771 338,232,936 
Total refills : 90,404,820 101,399,582 110,758,371 
Total narcotic R 30,582,945 32,025,102 34,986,051 
Civilian population 127,308,000 126,800,000 127,700,000 


It is estimated by the Bureau of the Census that in 
1940 in the U.°S. there were approximately 1100 estab- 
lishments engaged in manufacturing drugs, medicines, 
biological products, and’ pharmaceutical preparations 
(total value of these products was $364,985,000); more 
than 750 engaged in manufacturing insecticides, fungi- 
cides, and deodorants (total value of these products 
was $93,444,000); and more than 500 engaged in 
manufacturing perfumes, cosmetics, and related items 
(total value of these products was $147,456,000). 


During World War II nearly 14,000 pharmacists, 
almost 18 per cent of the national total, served in the 
armed forces. 


For further information see “The Retail Drug Store 
as a Business Establishment,” Part X. 


U. S. Colleges of Pharmacy 


The U.S. Office of Education states that the costs 
of one year of college education may be kept within 
$750, exclusive of travel, clothing, and other personal 
expenses. This figure will vary somewhat with the 
location of the college, but no U. 8. citizen with ambi- 
tion and a minimum of ability need deny himself a 
college education merely because of lack of funds. 
Every institution can assist a limited number of stu- 
dents, by means of fellowships and scholarships; the 
American Foundation for Pharmaceutical Education 
has made Undergraduate Pharmacy Scholarships avail- 
able to every accredited college of pharmacy; the Fed- 
eral Government annually allots sums of money to many 
educational institutions; the G. I. Bill of Rights pro- 
vides substantial allowances for veterans and for those 
who serve a period of enlistment in the armed forces; 
and in addition to these aids, part-time employment 
supplies funds to pay for the living expenses of thou- 
sands of students every year. Any of the colleges of 
pharmacy listed below will gladly supply their catalogue 
and additional information regarding housing and other 
problems. 


COLLEGES OF PHARMACY IN THE UNITED STATES 


Alabama Alabama Polytechnic Institute, School of 
Pharmacy, Auburn 
Howard College, Department of Pharmacy, 
Birmingham 
California University of California, College of Pharmacy, 
; San Francisco 
University of Southern California, College of 
Pharmacy, Los Angeles 
Colorado University of Colorado, College of Pharmacy, 
Boulder 
Connecticut University of Connecticut, College of Pharmacy, 
New Haven 


George Washington University, School of 
Pharmacy, Washington oa ' 
College of Pharmacy, 


District of 


Howard University, 
Washington 
University of Florida, School of Pharmacy, 


Gainesville 


Florida” 
genet 
oP > wef 


Georgia 


Idaho 
Illinois 


Indiana 
Iowa 


Kansas 


Kentucky 
Louisiana 


Maryland 


Massachusetts 
Michigan 


Minnesota 
Mississippi 


Missouri 


Montana 


Nebraska 


New Jersey 


New York 


North Carolina 
North Dakota 
Ohio 


Oklahoma 
Oregon 


Pennsylvania 


University of Georgia, School of Pharmacy, 
Athens 

Southern College of Pharmacy, Atlanta 

University of Idaho, Southern Branch, College 
of Pharmacy, Pocatello 

University of Illinois, College of Pharmacy, 
Chicago 

Butler University, College of Pharmacy, Indi- 
anapolis 

Purdue University, School of Pharmacy, Lafa- 
yette 

Drake University, College of Pharmacy, Des 
Moines 

State University of Iowa, College of Pharmacy, 
Towa City 

University of Kansas, School of Pharmacy, 
Lawrence 

Louisville College of Pharmacy, Louisville 

Loyola University, New Orleans College of 
Pharmacy, New Orleans 

Xavier University, College of Pharmacy, New 
Orleans 

University of Maryland, School of Pharmacy, 
Baltimore 

Massachusetts College of Pharmacy, Boston 

Detroit Institute of Technology, College of 
Pharmacy, Detroit 

Ferris Institute, College of Pharmacy, Big 
Rapids 

University of Michigan, College of Pharmacy, 
Ann Arbor 

Wayne University, 
Detroit 

University of Minnesota, College of Pharmacy, 
Minneapolis 

University of Mississippi, School of Pharmacy, 
University P. O. 

St. Louis College of Pharmacy, St. Louis 

University of Kansas City, School of Pharmacy, 
Kansas City 

Montana State University, School of Phar- 
macy, Missoula 

Creighton University, College of Pharmacy, 
Omaha 

University of Nebraska, College of Pharmacy, 
Lincoln. 

Rutgers University, New Jersey College of 
Pharmacy, Newark 

Columbia University, College of Pharmacy, 
New York 

es University, College of Pharmacy, New 
York 

Long Island University, Brooklyn College of 
Pharmacy, Brooklyn 

St. John’s University, College of Pharmacy, 
Brooklyn 

University of Buffalo, School of Pharmacy, 
Buffalo 

Union University, Albany College of Pharmacy, 
Albany ; 

University of North Carolina, School of Phar- 
macy, Chapel Hill 

North Dakota Agricultural College, School of 
Pharmacy, Fargo 

Cincinnati College of Pharmacy, Cincinnati 

Ohio Northern University, College of Pharmacy, 


College of Pharmacy, 


a 

Ohio State University, College of Pharmacy, 
Columbus 

University of Toledo, College of Pharmacy, 
Toledo 

Western Reserve University, School of Phar- 
macy, Cleveland 

University of Oklahoma, School of Pharmacy, 
Norman 

Oregon State College, School of Pharmacy, 
Corvallis 

Duquesne University, School of Pharmacy, 
Pittsburgh 

Philadelphia College of Pharmacy and Science, 
Philadelphia 

ore ie University, School of Pharmacy, Phila- 

elphia 

University of Pittsburgh, College of Pharmacy, 

Pittsburgh 


Philippine 
Islands 

Puerto Rico 

Rhode Island 


South Carolina 


South Dakota 


Tennessee 


Arizona 


Arkansas 
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University of the Philippines, College of Phar- 
macy, Manila 

University of Puerto Rico, College of Pharmacy,’ 
Rio Piedras 

Rhode Island College of Pharmacy and Allied 
Sciences, Providence 

Medical College of the State of South Carolina, 
School of Pharmacy, Charleston 

University of South Carolina, School of Phar- 
macy, Columbia 

South Dakota State College, Division of Phar- 
macy, Brookings 

University of Tennessee School of Pharmacy, 
Memphis 


NEWLY ORGANIZED COLLEGES 


University of Arizona, School of Pharmacy, 
Tucson 
College of the Ozarks, Department of Phar- 
macy, Clarksville 
Wyoming 
Laramie 


Texas 
Virginia 


Washington 


West Virginia 


Wisconsin 


University of Texas, College of Pharmacy, 
Austin 

Medical College of Virginia, School of Phar- 
macy, Richmond 

State College of Washington, School of Phar- 
macy, Pullman 

University of Washington, College of Pharmacy, 
Seattle 

West Virginia University, College of Pharmacy, 
Morgantown 

University of Wisconsin, School of Pharmacy, 
Madison 


Note—The American institutions listed are accredited by the American 
Council on Pharmaceutical Education (1947). 


New Mexico 


Utah 


University of New Mexico, College of Pharmacy 
Albuquerque 

University of Utah, School of Pharmacy, Salt 
Lake City 


University of Wyoming, School of Pharmacy, 


CHAPTER II 


THE HISTORY AND ETHICS. OF PHARMACY 


The History of Pharmacy 


_ PHarMacy, the art and science of identifying, select- 
ing, preserving, and combining drugs of animal, plant, 
or mineral origin, and medicine, the art and science of 
restoring or preserving health by the administration of 
these substances, are closely related professions, which 
are indistinguishable in their early history because of 
the fact that their practice was combined in one and 
the same individual who was frequently the priest or 
religious leader as well. 

Ancient Mythology—The beginnings of both medi- 
cine and pharmacy are so closely interwoven with 
superstition and fable that it is difficult to separate the 
real from the mythical. Disease was at first believed 
to be caused by evil spirits, hence incantations, noises, 
and odors were as frequently employed as remedies on 
the theory that obnoxious influences would banish the 
evil spirits. 

Isis and Osiris of Egypt are among the earliest of the 
mythical personages to whom has been attributed the 
origin of the healing arts. The Egyptian Thoth, re- 
appearing as Hermes in Greek mythology, played an 
important role in this connection, although more par- 
ticularly with relation to the beginning of alchemy. 
Bacchus, Apollo, Hephaistos and the centaur Chiron 
of the Greeks claimed a share in these traditions. The 
most prominent of all these mythical personages was 
#sculapius (Fig. 1), the son of Apollo and pupil of 
Chiron, whose Egyptian counterpart was the deified 
physician Imhotep who lived about 3000 B.c. The 
emblem of Aisculapius, the single serpent on a staff, 
is still used as a medical symbol all over the world. The 
caduceus, showing two serpents on a staff surmounted by 
wings, is the emblem of Hermes, caducifer being a 
cognomen of his; it is also the’ medical insignia of the 
U. 8S. armed forces. 

Cosmas and Damian, who are still regarded with 
veneration as patron saints of Pharmacy in some 
European countries, were not mythological characters, 
but their history is such a jumble of fact and fancy that 
they properly belong to the mythology rather than to 
the history of the profession. They were victims of the 
Diocletian persecution in the fourth century and for 
centuries their tomb at Cyrus in Syria was worshiped 
-asashrine. Churches have been built in their honor in 
Istanbul and also in Rome, and their memory has been 
celebrated for many centuries by physicians and phar- 
macists of Catholic Europe on September 27th of each 
year. 

Ebers Papyrus—The first real manuscript or litera- 
ture pertaining to pharmacy and medicine is the 
papyrus, or scroll, called the Papyrus Ebers (Fig. 2), 
_ because it was discovered and partly translated by the 
noted Egyptologist of that name. It is a continuous 
roll of manuscript about 12 inches wide and over 250 
feet in length and dates from about the sixteenth cen- 


tury before Christ, which is shortly prior to the time of 


Moses. It contains chapters not only on remedial 


agents and their methods for compounding, but also 
on means of conjuring away diseases. Many of the 
drugs enumerated are in common use today. 

- Polypharmacy, or the prescribing of a multiplicity — 


of ingredients in one compound, seems to have been the 
practice of that early day. Some of the formulas contain 
as many as 35 ingredients. The writing of the Papyrus 
is in black ink, but the chapter heads and weights and 
measures are written in red ink. Evidence that the 
formulas were used is found in the fact that opposite 
many of them some commentator, or possibly an ancient 
apothecary, has written on the margin, ‘‘good.” 

Hippocrates—Scientific pharmacy and medicine 
really began with Hippocrates (Fig. 3), a Greek physi- 
cian born on the Island of Cos in 460 B.c. Among the 
so-called aphorisms of Hippocrates the following is 
especially significant: “Life is short, opportunity 
fleeting, judgment difficult, treatment easy, but treat- 
ment after thought is proper and profitable.’”’ In the 
writings going under his name, but in fact written by 
members of the Hippocratean School during the fifth 
and fourth centuries B.c., nearly 400 drugs are men- 
tioned, many of which are still used. Hippocrates’ fame 
is based largely on his assumed authorship of that 
noble and idealistic code called the ‘Hippocratic 
Oath” which is the foundation of medical ethics and 
which is still administered in some modification as a 
kind of ethico-medical ritual. Historians now agree it 
was a later conception probably of Roman rather than 
Greek origin. 


The Oath of Hippocrates 


“T swear by Apollo, the physician, and A‘sculapius, and 
Hygeia, and Panacea, and all the gods and all the goddesses 
—and I make them my judges—that this mine oath and 
this my written engagement | will fulfill as far as power 
and discernment shall be mine. 

“Him who taught me this art I will esteem even as I do 
my parents; He shall partake of my livelihood, and, if in 
want, shall share my goods. I will regard his issue as my 
brother’s and will teach them this art without fee or written 
engagement if they shall wish to learn it. 

“T will give instruction by precept, by discourse, and in 
all other ways to my own sons, to those of him who taught 
me, to disciples bound by written engagements and sworn 
according to medical law, and to no other person. So far 
as power and discernment shall be mine, I will carry out 
regiment for the sick and will keep them from harm and 


wrong. Tonone will I give a deadly drug, even if solicited, 
nor offer counsel to such an end; lhkewise to no women 
will I give a destructive suppository; but guiltless and 


hallowed will I keep my life and mine art. I will cut no 
one whatever for the stone, but will give way to those who 
work at this practice. 5 

“Into whatsoever houses I shall enter I shall go for the 
benefit of the sick, holding aloof from all voluntary wrong 
and corruption, including venereal acts upon the bodies 
of females and males, whether free or slaves. 'Whatsoever 
in my practice or not in my practice I shall see or hear amid 
the lives of men which ought not be noised abroad—as to 
this I will keep silence, holding such things unfitting to be 
spoken. 

“And now if I shall fulfill this oath and break it not, 
may the fruits of life and art be mine, may I be honored of 
all men for all time; the opposite if I shall transgress or be 
forsworn.” . 


THE HISTORY 
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Fre. 1—A%sculapius and Hygeia with the sacred snake (from Osler’s ‘‘Evolu- 
tion of Modern Medicine’’). 


The Dark Ages—There was much experimentation 
along empirical lines in early times and no opportunity 
for a systematic training except under a preceptor or 
master of an art or profession. 

At the beginning of the Christian Era there were 
several Greeks and Romans whose names stood out 
prominently. Celsus, a Roman, was really a compiler 
of an encyclopedic collection of knowledge rather than 
a practitioner. Dioscorides, a physician, was especially 
noted for his work on Materia Medica, and was the 
recognized authority in that subject for over 1600 
years. Pliny, a Roman physician, whose specialty was 
natural history, was also the author of an encyclopedic 
work including medicine and pharmacy. Galen (Fig. 4) 
was a Greek who attained to Roman citizenship and 
made his reputation under the Caesars. He was a great 
systematizer of medicine. He originated so many 
preparations of vegetable drugs that such preparations 
are called ‘‘galenicals” or ‘‘galenical preparations’ even 
at the present time. One of the commonly used articles 
originated by him which has come down to us almost 
unchanged for nearly 2000 years is the toilet prepara- 
tion known as “‘cold cream,” which still bears the syno- 
nym “Galen’s Cerate.’”’ 

The first six centuries of the Christian Era are what 
are known as the Dark Ages because of the lack of prog- 
ress of civilization and all that pertains to it during this 
long period. There are really no names up to the 
twelfth or thirteenth centuries, except those of Arabic 
origin, which have anything to do with the develop- 
ment of medicine or pharmacy. 


OF PHARMACY 


Pharmacies, as separate places where drugs were 
compounded and sold, were first instituted during the 
Arabic period. The Arabians who attained the great- 
est fame in medicine, pharmacy, and alchemy were 
Rhazes and Avicenna of the ninth and tenth century, 
respectively. The books of “Geber” and ‘‘Mesué,” 
assumed Arabs of the eighth and ninth centuries, were 
actually written by Europeans in the thirteenth cen- 
tury. The most famous of the Arabic figures in medi- 
cine and pharmacy, however, was Maimonides, whose 
Oath and Prayer appears below. 

Pharmacy Becomes a Science—In the eleventh cen- 
tury the period of the Crusades began, and this had a 
stimulating influence upon all scientific and professional 
knowledge. During the period of the Arabic domina- 
tion great schools of learning had been established at 
Bagdad, Cordova, Seville, and Toledo. These were 
followed by others at Montpelier, Padua, and Salerno. 
In these schools pharmacy was taught as a part of the 
study of medicine. The first undoubted record of the 
separation of medicine and pharmacy is found in a de- 
cree of the Emperor Frederick II of Sicily, who in 1233, 
just after the close of the Crusades, issued an edict regu- 


The Oath and Prayer of 
Maimonides’ 


“Thy Eternal Providence has appointed me to watch 
over the life and health of Thy creatures. May the love 
for my art actuate me at all times; may neither avarice, 
nor miserliness, nor thirst for glory, or for a great reputa- 
tion engage my mind; for the enemies of Truth and Phil- 
anthropy could easily deceive me and make me forgetful 
of my lofty aim of doing good to Thy children. 

“May I never see in the patient anything but a fellow 
creature in pain. 

“Grant me strength, time and opportunity always to 
correct what I have acquired, always to extend its domain; 
for knowledge is immense and the spirit of man can extend 
infinitely to enrich itself daily with new requirements. 
Today he can discover his errors of yesterday and tomorrow 
he may obtain a new light on what he thinks himself sure of 
today. 

“O God, Thou hast appointed me to watch over the life 
and death of Thy creatures; here am I ready for my voca- 
tion. 

“And now I turn unto my calling: 


“O stand by me, my God, in this truly important task; 


Grant me success! For— 

Without Thy loving counsel and support, 

Man can avail but naught. 

Inspire me with true love for this my art 

And for Thy creatures, 

O, grant— 

That neither greed for gain, nor thirst for fame, nor vain 
ambition, 

May interfere with my activity. 

For these I know are enemies of truth and love of men. 

And might beguile one in profession, 

From furthering the welfare of Thy creatures. 

O strengthen me, 

Grant energy unto both body and the soul 

That I might e’er unhindered ready be 

To mitigate the woes, 

Sustain and help 

The rich and poor, the good and bad, enemy and friend, 

O let me e’er behold in the afflicted and the suffering, 

Only the human being.” 


1 Although attributed to Maimonides, the ‘‘Physician’s Prayer’’ was in 
reality written by a German co-religionist and admirer, Marcus Hertz of 
. Berlin (1747+1803). ; 
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lating the practice of pharmacy in his kingdom. This 
law mentions the ‘‘apotheca” as being the warehouses 
where drugs and medicines were stored. The com- 
pounders were called confectionarii while the sellers of 
simple medicines were called stationarii and the shops 
were called stationes. Physicians were neither permitted 
to conduct pharmacies nor to derive any profit from the 
sale of medicine by clandestine arrangements with any 
confectionarius. The confectionarii, in their turn, were 
required to take an oath to prepare all medicines accord- 
ing to the formulary of the Salernian School. The 
prices which they were permitted to charge were regu- 
lated by law and were so graduated as to permit greater 
proportional profits upon those substances which were 
less frequently called for. 

Pharmacies were permitted only in the principal 
cities and then under restrictions as to management and 
responsibility. This undoubtedly was the origin of the 
restriction of the practice of pharmacy. This restric- 
tion is still maintained in many European countries. 

At this time the physician used no other drugs than 
those recommended by the ancients. As most of these 
came from far-off lands, they were both rare and 
costly. Many herbs and plants were required to be 
gathered when the sun and planets were in certain con- 
stellations and certificates of their proper origin were 
needed. All this was impossible without a distinct em- 
ployment of those who dealt in drugs and compounded 
them, and it was found convenient to permit the dealers 
in drugs gradually to acquire monopolies. 

The preparation of medicines was becoming more 
difficult and expensive. The invention by the Arabs of 
distillation, sublimation, and other chemical processes 
necessitated laboratories, furnaces, and costly appara- 
tus, so it was thought proper that those who devoted 
themselves to pharmacy, which also included the prac- 
tice of chemistry or alchemy, as it was then called, 
should have indemnification by an exclusive trade and 
thus they could be kept under close and effective super- 
vision. Pharmacists were also allowed at that time to 
deal in sweetmeats and confections, which were then 
great luxuries. 

One of the first. organized body of pharmacists origi- 
nated in Bruges, Belgium, in 1297. It was in the nature 
of a secret society and possessed a hall, constitution and 
by-laws, and an official seal. This was the period in 
which guilds, as professional and trade organizations 
were called, were very common. Other guilds or organ- 
ized bodies of apothecaries were soon formed in different 
parts of Europe and were the prototypes of the phar- 
maceutical organizations of the present time. 

The word “apothecary” is derived from the Greek 
root apotheke, meaning a warehouse for drugs and 
medicines. The apothecary was originally a wholesaler. 
The word “apothecary,” as translated in the Bible, 
should, in all probability, be translated ‘‘perfumer,” 
as there is no clear record of the practice of the art of 
the apothecary as such among the early Hebrews, nor 


are there references to the administration of internal 


remedies in Biblical literature. The perfumer, on the 
other hand, was intimately associated with religious 
- practices, in that the preparation of the incense and of 


the anointing oils required a person skilled in compound- 
ing such ingredients. 


‘The word ‘‘pharmacy” comes to us from the Greek 
root pharmakon meaning originally a charm, then a 


poison, and finally a drug. The words drug and druggist 
— ‘ 


are of more modern origin; the latter originally signified 
| i ( 

me who dealt in dry herbs. ; ‘ 
 Chernistry, through alchemy, is a word of Arabic 
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orig:n, the original name being ‘‘Khem,” the ancient 
name of Egypt. The prefix ‘‘al’” is the common Arabic 
prefix meaning “the” (algebra, alcohol, etc.). Al- 
chemy, however, originally referred to the practices of 
the Egyptians who were skilled as metal workers and in 
the art of glass making and other industries which have 
chemical knowledge as a basis. 

From the fifteenth to seventeenth centuries, phar- 
macy probably reached the zenith of its success as a 
mysterious art. The rarity and cost of the raw mate- 
rials, the many difficult and tedious operations which 
had to be undertaken to prepare even the simplest 
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medicines, all combined to make the pharmacist a 
person not only of great technical skill but one who was 
absolutely indispensable to the success of the physician. 
In some countries during the seventeenth century, par- 
ticularly in England and France, the pharmacists were 
allied with the grocers, final separation of the groups 
being effected by the establishment of guilds of apothe- 
caries under royal sanction. 

As pharmacy and medicine were intimately associated 
during the earlier period, so pharmacy and alchemy 
likewise were associated during the later period im- 
mediately preceding the birth of chemistry as an exact 
science. In this period lived a character who had a 
greater influence upon pharmacy and medicine than 
any individual since the beginning of the Christian Era. 
His real name was Philipus Aureolus Theophrastus 
Bombastus von Hohenheim, but he called himself 
Paracelsus, and by that name he is best known. 

The early history of chemistry or alchemy had been 
influenced by the futile search for two mythical or 
imaginary substances—the Philosopher’s Stone and 
the Elixir of Life. The former was credited with the 
power of changing baser metals into gold, and the — 
latter with conferring upon its possessor and user per- 
petual youth. Many fruitless years were spent by the 
wisest and the greatest of investigators in this futile 
quest, the by-products of the investigations being the 
discovery of many substances useful to mankind and 
the establishing of certain fundamental prinziples which 
led to the development of chemistry as a true science 
instead of an empiric and mysterious art. 
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Paracelsus condemned the uselessness of the search 
for these non-existent substances and his ideas lead to 
the founding of Boe’s iatrochemical school of medicine, 
in which chemical salts came for the first time to be 
used internally in the treatment of disease. Paracelsus, 
after having made some revolutionary changes in 
scientific thought, died in 1541. One of his successors, 
J. B. Van Helmont, who discovered carbon dioxide and 
who coined the word “gas,” and Johann Rudolph 
Glauber, a German pharmacist and chemist, who 
originated and studied the properties of the substance 
still known as Glauber’s salt, applied themselves par- 
ticularly to the adaptations of chemistry to pharmacy 
and medicine. 

Carl Wilhelm Scheele was a distinguished pharmacist 
of the eighteenth century. Scheele is credited with 
having made more important discoveries covering a 
wider range of subjects than any other investigator 
before or since. Lrommsdorf of Germany, and Dover 
and Fowler of England were prominent pharmacists of 


Fia. 3—Hippocrates (from Osler’s ‘‘Evolution of Modern Medicine’’). 


the eighteenth century. The names of Dover and 
Fowler are attached to pharmaceutical preparations 
still used in prescription practice. 

The development of pharmacy during the nineteenth 
century was along more scientific lines. The discovery 
of the alkaloids brought into prominence many names, 
among which were Vauquelin, Sequin, Derosne, Ser- 
tiirner, Pelletier, and Caventou; the origin and de- 
velopment of percolation added the names of Real, 
— Robiquet, and Boullay; and now for the first time 
American names begin to appear in the scientific and 
educational literature of the profession. 

For the guidance of physicians and pharmacists, 
books called pharmacopeeias, or dispensatories, had 
appeared. One of the earliest of these was originated 
by Valerus Cordus, in 1542. The Pharmacopceia. of 
Augsberg, known as the Pharmacopceia Augustana, 
which was issued in 1601, was probably the first book of 
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standards given official authority by a city or com- 
munity. Following close after that was the first London 
Pharmacopeeia of 1618, which was largely based upon 
the older formularies of the Arabians and of Galen. The 
first Paris Pharmacopeeia was issued in 1639. Phar- 
macopeeias were at that time not nationally issued but 
were sponsored by communities or cities. The phar- 
macopoeeias of London, of Edinburgh, of Dublin, of 
Paris, of Nuremberg, and of many other European 
cities were often conflicting in the formulas for similar 
preparations. 

The first national pharmacopoeia was that of France, 
known as the French Codex (Codex Medicamentarius 
Gallicus), which was issued in 1818. The second of the 
national pharmacopeeias to appear was the United 
States Pharmacopceia, which was first issued in 1821. 
The first British Pharmacopeeia did not replace the 
Pharmacopeeias of London, Edinburgh, and Dublin 
until 1864, and the first German Pharmacopeeia ap- 
peared in 1872. 

The practice of pharmacy so far as its external ap- 
pearance is concerned has changed markedly since the 
historic periods so briefly described. It is, however, 
still primarily concerned with the compounding, dis- 
pensing, and sale of remedial agents, but evidence of 
scientific and professional ability is now a prerequisite 
for registration as a pharmacist. 


HISTORY OF AMERICAN PHARMACY 


When Columbus discovered America in 1492 as he 
sought a shorter route to the drugs and spices of India, 
American natives already had learned many therapeutic 
uses for the herbs growing wild in this country. Dr. 
Heber W. Youngken said as late as 1925 at least 56 
Indian drugs were still recognized by the United States 
Pharmacopeeia or the National Formulary. Balm of 
Gilead, Bearberry, Blackberry, Boneset, Calamus, Cas- 
cara Sagrada, Ceanothus, Chimaphila, Cimicifuga, 
Dandelion, Dogbane, Dogwood, Elderberry, Ginseng, 
Grindelia, Iris, Jack-in-the-Pulpit, Jalap, Jimson Weed, 
Juniper, Phytolacca, Podophyllum, Prunus  serotina, 
Pulsatilla, Raspberry, Senega, Serpentaria, Slippery 
Elm,. Tobacco, White Pine, Wild Cherry, Wintergreen, 
Witch Hazel, Yerba Santa, and Xanthoxylum are only a 
few of the herbs used medicinally before white men trod 
our shores. 

The Seventeenth Century—Louis Hébert, a French 
apothecary who came with Champlain to Port Royal 
in 1604, was the first pharmacist to settle in North 
America. He was followed in a few years by the 
Jesuit missionaries who were very active in the early 
development of pharmacy and medicine. William 
Davis is said to have founded the first apothecary shop 
in America (Boston 1646). The outstanding scientific 
figure during the seventeenth century was John Win- 
throp, Jr. (1606-1676), son of the first governor of 
Massachusetts, and one of the first Americans to do 
pharmaceutical and chemical compounding. 

Early medicine and pharmacy in America were 
closely associated with sectarian movements. In 1620 
the Pilgrims landed at Plymouth, in 1628 the Puritans 
founded Boston, in 1681 the Quakers landed in Pennsyl- 
vania and founded Philadelphia under William Penn’s 
leadership, in 1694 a German religious sect founded. 
Germantown, and in 1710 the Moravians settled in 
Pennsylvania where they opened a pharmacy which is _ 
still in business today in Bethlehem, Pa. (the Simon Rau — 
Pharmacy). Each of these groups exerted its own in- 
fluence on American pharmacy and medicine by intro-— 
ducing into this country the scientific knowledge and 
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remedies of its homeland. During the seventeenth 
century the housewife undertook most of the medical 
care of her family and was frequently the only available 
source of medical information, which was handed down 
from one generation to the next. 

The Eighteenth Century—During the eighteenth 
century the filling of prescriptions written by medical 
practitioners gradually became a specialized art, thus 
paring the way for the recognition of pharmacy as a 
profession distinct from that of medicine. 

In 1729 Christopher Marshall (1709-1797) established 
himself as the first in a long line of Philadelphia apothe- 
caries and drug manufacturers. From 1730 to 1749 
Benjamin Franklin, who was deeply interested in 
pharmacy, botany, and medicine, counter-prescribed 
patent medicines and drugs in his shop in Philadelphia, 
and in 1752 he was instrumental in the opening of an 
apothecary shop in the Pennsylvania Hospital, the 
first important step in the separation of pharmacy from 
medicine. A few years later, in 1770, Franklin sent 
some rhubarb seeds from London to his friend, John 
Bartram, the famous botanist; this was the first attempt 
to cultivate foreign medicinal plants in this country. 

John Morgan, a famous American physician of the 
eighteenth century, began his career in 1755 as an 
apothecary at the Pennsylvania Hospital, but later re- 
ceived a medical education in Europe. He returned in 
1765 and shortly thereafter advocated the separation 
of pharmacy from medicine, while speaking at the in- 
auguration of the first American medical school; this 
school was part of the College of Philadelphia, which 
later became the Medical School of the University of 
Pennsylvania. At this institution he became the first 
teacher of pharmacy and pharmaceutical chemistry in 
this country. 

Physicians of this period learned their profession 
mostly through apprenticeship, only a few such as 
Morgan, Church, Rush, and Shippen obtaining a medi- 
eal education in the universities of Europe, but the 
establishment of medical schools gradually elevated the 
standards of the profession. Columbia University with 
its medical school was founded in 1768 and the Harvard 
Medical School was founded in 1783. 

In July, 1775, the Continental Congress enacted 
legislation which established the first army hospital, 
with Dr. John Morgan as chief physician of the army 
and director of the hospital. On its staff was the first 
military apothecary, Andrew Craigie, for “making up 
and dispensing medicines.” During the Revolutionary 
War, as the number of hospitals and the demand for 
pharmaceutical service increased, the need for the pro- 
fessional and scientific talents of pharmacy in public 
health service was demonstrated. 

In 1793 John Harrison began manufacturing techni- 
cal chemicals in Philadelphia, and more than a century 
later the organization which he founded became part 
of E. I. du Pont de Nemours and Company, Ince. In 

- the same year the first plague struck the city killing 
5000 and stopping nearly all businesses except phar- 
macy, which once again increased its professional pres- 
tige by rendering faithful and efficient service. 

- The Nineteenth Century—During the nineteenth 

century there was a definite trend toward the develop- 
ment ‘of scientific and professional pharmacy. An 
American literature of pharmacy (page 25), and many 
pharmaceutical associations, were established. 

. At the beginning of the century Peter Smith the 

-“Tpdian Doctor’ (1753-1816), Samuel Thomson, and 
other unlearned practitioners peddled their panaceas 
| traded on superstition and credulity to victimize 
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their patrons. In 1813 Thomson took out the first 
patent on his ‘““Number 6” remedy and became the 
first to sell American “patent medicines.” Almost at 
once the drug store and the patent medicine business 
became closely allied in their development. 

In contrast to these “quacks,” Dr. Wooster Beach 
(1794-1841) and his fellow “eclectics’’ used in their 
practice whatever was found to be beneficial and 
altered their prescriptions to suit each specific case. 
There was also a definite attempt made at this time to 
control the practice of pharmacy by means of legisla- 
tion. In 1817 South Carolina passed the first pharmacy 
laws requiring an examination and a license to practice, 
and other states soon passed similar laws. However, 
none obtained real importance until about 1870 when 
the American Pharmaceutical Association became 
active in developing pharmaceutical ethics. 


® 
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In February, 1821, several young Quaker apothe- 
caries (retailers) and druggists (wholesalers) under the 
leadership of Henry Troth held the first meeting of an 
American pharmaceutical group for the purpose of 
regulating and standardizing the practice of pharmacy. 
This organization, the Philadelphia College of Apothe- 
caries, which in 1822 became the Philadelphia College of 
Pharmacy, was the beginning of organized professional 
pharmacy in this country. At that time pharmacy had 
almost entirely separated from medicine and the physi- 
cian was dependent on the apothecary for dispensing 
his prescriptions. The druggists were also influential 
in establishing other colleges of pharmacy, six more 
being founded before the Civil War: the Massachusetts 
College of Pharmacy in 1823, the College of Pharmacy 
of the City of New York in 1829, the Maryland College 
of Pharmacy in 1841, the Cincinnati College of Phar- 
macy in 1850, the Chicago College of Pharmacy in 
1859, and the St. Louis College of Pharmacy in 1864. 
There are now about 70 strictly educational colleges of 
pharmacy in the United States. 


In 1822 the firm of Rosengarten and Sons was estab- 


lished. This pioneer in the preparation of fine chemicals 
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amalgamated in 1905 as Powers-Weightman-Rosen- 
garten Company, and finally became part of Merck 
and Company. During the nineteenth century great 
pharmaceutical and chemical firms were established. 
Names of concerns, such as Stearns, Mallinckrodt, 
Parke Davis, Squibb, Lilly, du Pont, Sharp and 
Dohme, Abbott, Dow, Lederle, Winthrop, Wyeth, 
Merck, and others, founded during that period, have 
earned world-wide recognition for achievements in re- 
search and production. 

In 1825 Elias Durand, a French pharmacien, estab- 
lished himself in Phi:adelphia and was responsible for 
the French influence in early scientific pharmacy. The 
German influence in American pharmacy was felt 
through the efforts of three men in particular: John M. 
Maisch, educator, scientific writer, and the originator 
of the first state laws requiring practical experience 
before a license to practice pharmacy was issued; 
Charles Rice, linguist, scientific writer, and Chairman 
of the Committees of Revision of three Pharmacopceias; 
and Frederick Hoffman, pharmacist, editor, and ana- 
lytical chemist.” 

In 1843 Edward Parrish, who for many years gave 
practical instruction in the back room of his pharmacy, 
opened a School of Practical Pharmacy next to the 
University of Pennsylvania to instruct, in the practical 
side of pharmacy, those medical students who were 
going to practice outside the cities where no pharmacies 
existed at that time. 

In 1846 the first attempt in American and English 


history was made to systematize the study of phar- 


macy when the first Professorship of Pharmacy was 
created at the Philadelphia College of Pharmacy with 
William Procter, Jr., occupying the chair. He was com- 
plemented by Maisch who was interested in pract.cal 
pharmacy, and by Parrish who was interested in bot- 
any, materia medica, and analytical chemistry. 

In 1848 the first Drug Import Law was enacted to 
prevent importation into the United States of spurious 
and adulterated drugs. 

In 1864, at the Philadelphia College of Pharmacy, the 
first Alumni Association in America was founded, and 
beginning in 1868 at this institution diplomas were given 
only to persons of good moral character at least 21 
years of age who had served four years of apprentice- 
ship, had presented a thesis, and had passed a compre- 
hensive examination. 

During the nineteenth century, many illustrious 
personages (see page 13) contributed to the develop- 
ment of American pharmacy. Daniel B. Smith, George 
B. Wood, Edward Parrish, William Procter, Jr., 
Joseph P. Remington, John M. Maisch, Alfred B. 
Taylor, Charles Bullock, Henry Trimble, Martin I. 
Wilbert, Henry Kraemer, Samuel P. Sadtler, and 
Charles H. LaWall of Philadelphia; Edward R. Squibb, 
Charles Rice, Peter W. Bedford, George D. Coggeshall, 
Frederick Hoffman, John Milhau, Henry H. Rusby, 
and Henry V. Arny of New York; William J. M. Gor- 
don and John Uri Lloyd of Cincinnati; J. Israel Gra- 
hame, Charles Caspari, Jr., John F. Hancock, and 
Charles E. Dohme, of Baltimore; George W. Sloan, Eli 
Lilly, and Leo Eliel of Indiana; Frederick Stearns and 
Albert B. Lyons of Detroit; James H. Beal of Ohio; 
Alfred Benjamin Prescott and Julius Otto Schlotterbeck 
of Ann Arbor; 8. A, D. Sheppard and George F. H. 
Markoe of Boston; Carl 8S. N. Hallberg, Oscar Old- 
berg, and Albert E. Ebert of Chicago; Enno Sanders, 
Charles O. Curtman, James M. Good, Otto A. Wall of 
St. Louis; C. Lewis Diehl and Emil Scheffer of Louis- 
ville; William 8. Thompson and Frederick B. Power of 
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Washington; Wm. M. Searby of California; William 
Simpson of North Carolina; Edward Kremers of Wis- 
consin; and William Saunders of Ontario, are but a few 
of those who worked unceasingly for the advancement 
of pharmacy during the period immediately preceding 
the present era. The complete biographies of many of 
these men may be found in The First Century of the 
Philadelphia College of Pharmacy and its Supplements. 
Brief biographies of outstanding leaders in American 
pharmacy are given on pages 13 to 21. 

American pharmacy during the last half of the nine- 
teenth century was dominated by Joseph P. Remington 
(1847-1918), son of Isaac Remington, a practicing 
physician, and Lydia Hart Remington, a descendant 
of Townsend Speakman, one of the earliest of Phila- 
delphia apothecaries. Remington was a self-made 
man with great determination, executive ability, force- 
ful speech, and moral courage. His biography is given 
on page 18. 

The American Pharmaceutical Association was 
founded in 1852 by the New York, Boston, Philadelphia, 
Baltimore, and Cincinnati colleges of pharmacy to pro- 
mote professional pharmacy. It adopted a code of 
ethics which was modeled after the first American code 
of ethics prepared by the Philadelphia College of Phar- 
macy, and was retained in its original form until 1921 
(see page 22). The activities of this association en- 
couraged the formation of many state and national 
organizations. The first state association was founded 
in Maine on July 23, 1867, followed by one in Cali- 
fornia in 1869, and others in New Jersey, West Virginia, 
and Vermont in 1870. By 1932 every state had its 
association. The first of the national organizations was 
established in 1870; a complete list of these follows: 


1870 Conference of Colleges of Pharmacy, which became the 
American Conference of Pharmaceutical Faculties in 
1900 and the American Association of Colleges of 
Pharmacy in 1925. 

Western Wholesale Drug Association which became the 
National Wholesale Druggists’ Association in 1882. 


1876 


1881 The Proprietary Association of America. 

1883 National Retail Druggists Association which became the 
National Association of Retail Druggists in 1898. 

1890 Association of Boards of Pharmacy and Secretaries of 
State Pharmaceutical Associations which became in- 
active, but in 1904 the National Association of Boards 
of Pharmacy and in 1927 the Conference of Pharma- 
ceutical Association Secretaries were formed. 

1897 Association of American Dairy, Food and Drug Officials. 

1908 American Association of Pharmaceutical Chemists which 
became the American Pharmaceutical Manufacturers 
Association. 

1909 Flavoring Extract Manufacturers Association of the U.S. 

1910 National Drug Clerks’ Association. 

1912 National Association of Manufacturers of Medicinal 
Products which is now called the American Drug Manu- 
facturers’ Association. 

1915 Federal Wholesale Druggists’ Association. 

1921 United Medicine Manufacturers of America. 

1929 Conference of Pharmaceutical Law Enforcement Officials 

1933 National Association of Chain Drug Stores. 

1939 Conference of Professional Pharmacists. 

1940 American College of Apothecaries (affiliated with the 
American Pharmaceutical Association). Membership 
is restricted to pharmacists possessing high professional 
qualifications. The sale of tobacco, beverages, food, 
and other items which reflect on pharmacy as a profes- 
sion immediately disqualifies a member. 

1941 American Institute of the History of Pharmacy (affiliated 
with the American Pharmaceutical Association and the ~ 
American Association of the History of Medicine). 
This organization ‘‘acts as a clearing house for research, 
instruction, and information in the history of phar-— 
macy. 

1941 The Friends of Historical Pharmacy. This non-profit 


organization establishes and maintains museums per- 
taining to historical pharmacy. The principal project 


is the Hugh Mercer Apothecary Shop at Fredericksburg, — 
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Va., a pharmaceutical shrine open to the public through- 
out the year. Members of the American Pharmaceutical 
Association automatically become members of this 
society. 

1942 American Society of Hospital Pharmacists. 


Out of these national associations grew other organi- 
zations to fill special needs. The following (with dates 
of formation) coordinate the national effort in educa- 
tion and research: Pharmaceutical Syllabus Committee 
(1910), National Drug Trade Conference (1912), Na- 
tional Conference on Pharmaceutical Research (1922), 
Plant Science Seminar. (1923), the American Council 
on Pharmaceutical Education (1932), and the American 
Foundation for Pharmaceutical Education (1942). 

The Twentieth Century—The first half of the twen- 
tieth century has witnessed greater scientific and pro- 
fessional achievements than all the other pericds of 
history combined. Synthetic chemistry and applied 
physics have become all-important and the use of bo- 
tanical drugs is on the wane. 

In 1906 the Federal Food and Drugs Act was en- 
acted to prohibit the sale and manufacture of adulter- 


-ated foods and drugs in order to protect the public 


and at that time recognized the Pharmacopceia and the 
National Formulary as the basis for drug standards 
(see Part VII). Thislaw was amended in 1938 to include 
cosmetics and greatly increase its efficiency. 

In 1910 Ehrlich, after years of experimentation and 
research, introduced ‘‘606” (Arsphenamine) to estab- 
lish chemotherapy as a potent tool in the fight against 
disease. The success of this product immediately pre- 
cipitated an avalanche of synthetic organic chemicals 
in an attempt to discover potent and specific, yet in- 
nocuous, therapeutic agents. Experimentation and 
research became more and more specialized and compre- 
hensive. The sulfonamides were a direct result of this 
intensive scientific program. Many complex pharma- 
ceutical products, including vitamins, alkaloids, and 
hormones, are now made synthetically in the laboratory 
of the chemist. 

The Harrison Narcotic Act, passed in 1914, restricted 
the sale of opium, coca, and their derivatives and prepa- 
rations, and required the registration of all importers, 
wholesalers, and dealers with the Collector of Internal 
Revenue (see Part VII). Cannabis and its preparations 
were later added to the list of controlled narcotic prod- 
ucts. 

In 1922 the Canadian physician Banting, in collab- 
oration with Best, McLeod, and Collip, prepared the 
hormone insulin in a form suitable for injection. This 
marked the beginning of successful control of diabetes 
mellitus, hitherto an incurable disease. 

In 1928 Sir Alexander Fleming discovered penicillin, 
the first in a series of antibiotics, more correctly named 
macrobiotics, but it was not until 1942 that American 
production, stimulated by World War II, manufactured 


these substances in large quantities. 


In 1926 two Boston physicians, Minot and Murphy, 
discovered that a diet of liver was efficacious in treating 
pernicious anemia, a disease which had previously been 
considered fatal. The work of these two men lead other 
investigators to discover the anti-anemic principle 
(A.A.P.) which is as specific for anemia as insulin is for 


- diabetes. 


In 1988 a revised Federal Food, Drug, and Cosmetic 


_ Act was passed, establishing many new regulations 


E> 
. 


affecting pharmacy. It protected the buyer of medici- 
nals even more than in the past; all advertising must 
now conform to strict regulations, and no new product 


oe. be introduced on the market without a previous 
Li a i 
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rigid examination by the Federal Security Agency. 

Not all of man’s diseases can be cured at present but 
atomic energy may be controlled soon for use in treat- 
ing such incurable diseases as cancer. We are entering 
a new era, the atomic age, in which the pharmacist, 
chemist, and physicist are working hand in hand with 
the physician and the surgeon for the good of man. 

‘The foregoing outline, brief though it is, will serve to 
acquaint the prospective student in pharmacy with the 
high lights in the history of the profession. The student 
who wishes to pursue this interesting subject further 
may find profitable and entertaining reading, in any 
of the following books, which deal more specifically 
with the history of Pharmacy: Kremers’ and Urdang’s 
History of Pharmacy, Wooton’s Chronicles of Pharmacie, 
Peters’ Pictorial History of Pharmacy, Bolton’s 
Follies of Science, Schelenz’ Geschichte der Pharmazie, 
Berendes’ Das Apothekenwesen, and LaWall’s Four 
Thousand Years of Pharmacy, all of which will be 
found in any well-equipped pharmaceutical library. 
The Proceedings and the Year Books of the American 
Pharmaceutical Association contain much material 
bearing upon the history of pharmacy, and current 
pharmaceutical literature also contributes to this phase 
of the study of pharmacy. 


Biographies of American Pharmaceutical Leaders 


Arny, Henry Vinecome (1868-1943), was born in Philadelphia. 
Edueated in public schools of New Orleans, La. Entered 
drug store of F. C. Godbold, New Orleans, March 1, 1884. 
Student at the Philadelphia College of Pharmacy, 1887-1889, 
graduating 1889 with the grade “distinguished.” In drug 
business with F. C. Godbold, New Orleans, 1889-1892. Stu- 
dent at Universities of Berlin and Gottingen, 1892-1896. Ph.D. 
(Gottingen), 1896 with grade magna cum laude. Chemical 
consultant in New Orleans, 1896-1897. Professor of pharmacy, 
Cleveland School of Pharmacy (Dept. Pharm. Western Reserve 
University), 1897-1911. Dean of Cleveland School of Phar- 
macy, 1905-1911. Professor of pharmaceutical chemistry, 
New York College of Pharmacy (Columbia University College 
of Pharmacy), 1911. Ph.M. degree, Philadelphia College of 
Pharmacy, 1919. Remington Medallist, 1922. Secretary 
Louisiana State Pharmaceutical Association, 1897. Reporter 
on the Progress of Pharmacy, A. Ph. A. (1916-1922). Author 
of Principles of Pharmacy and many scientific, historical, and 
general papers. Research worker in phytochemistry and in 
colorimetric tests’ and color standardization. Founder of 
American Metric Association. Member, Committee on N. F., 
1908-1939. Member of Revision Committee, U. 8S. P., 1910- 
1940. 

Beal, James H. (1861-1945). Born in New Philadelphia, Ohio, 
where he received his early education. Employed in retail 
pharmacies at Uhrichsville and Akron, Ohio. Studied at 
Buchtel College. Received Bachelor of Science degree in 1884 
and Bachelor of Arts degree in 1888 at Scio College. Later 
studied pharmacy and chemistry at University of Michigan. 
Graduated from Cincinnati Law School in 1886. Received 
Ph.G. degree from the Ohio Medical College, Doctor of Science 
from Mount Union College, Doctor of Pharmacy from the 
University of Pittsburgh, and honorary Master of Pharmacy 
from the Philadelphia College of Pharmacy and Science. 
Established the Scio College of Pharmacy and became the first 
Dean. One of the founders of Pittsburgh Dental College 
where he taught chemistry and metallurgy, and was professor 
of pharmacy at the Pittsburgh College of Pharmacy. J. H. 
Beal was keenly interested in pharmaceutical law and while a 
member of the Ohio legislature helped enact the Beal Municipal 
Option Law. He was active in the development of many laws 
affecting the practice of pharmacy, including the Federal Food 
and Drug Act and the Harrison Narcotic Act. He was directly 
responsible for the recognition of the U.S. P. and N. F. as legal 
standards by the Federal Food and Drug Act. He was a life 
member of the American Pharmaceutical Association; chair- 
man of the Section on Education and Legislation as early as 
1897; became vice-president in 1898; president in 1904; chair- 
man of the Council 1902-1908, 1910-1911, and 1923-1925; 
general secretary in 1911; founder and editor of the Journal 
of the American Pharmaceutical Association. Chairman of the 
Board of Trustees of the U.S. P. for 30 years, and member of 
the Board for 39 years. President of the American Conference 
of Pharmaceutical Faculties, National Drug Trade Conference, 
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and Ohio State Pharmaceutical Association. Member of the 
American Chemical Society. First recipient of the Remington 
Medal] in 1919. 

Beringer, George Mahlon (1860-1928), was born in Philadelphia. 
Educated in the public schools, graduating from the Central 
High School in 1876, with the degree of A.B. Entered the 
employ of Bullock and Crenshaw, and graduated from the 
Philadelphia College of Pharmacy in 1880. Subsequently en- 
gaged in laboratory work with Bullock and Crenshaw and 
later became a department manager. Director of the Micro- 
scopical Laboratory conducted by the Alumni Association of 
the Philadelphia College of Pharmacy 1892 to 1894. Remained 
with Bullock and Crenshaw until June 1, 1892, when he pur- 
chased the store of Albert P. Brown, Fifth and Federal Streets, 
Camden, N. J. Given the honorary degree of Master in 
Pharmacy by the Philadelphia College of Pharmacy in 1903. 
Editor of the American Journal of Pharmacy from 1917 to 1921. 

Mr. Beringer was a member of the Committee of Revision 

of the U. S. Pharmacopeeia of 1910, and the Committee on 
National Formulary of the American Pharmaceutical Associa- 
tion of 1908. He was president of the American Pharmaceu- 
tical Association in, 1913-1914. He was a member of the New 
Jersey Pharmaceutical Association, the Pennsylvania Pharma- 
ceutical Association, the Academy of Natural Sciences of 
Philadelphia, the Philadelphia Botanical Club, and other 
bodies. 
Bullock, Charles (1826-1900), was born in Wilmington, Del. 
Was a son of John Bullock, a descendant of an English Quaker 
who came to America early in the eighteenth century, and 
Rachael, a sister of the well-known and distinguished pioneer 
of this country, John Griscom, famous as a teacher of chemistry. 
John Bullock, the father of Charles, conducted a school in 
Wilmington, Del. After spending a short time at Haverford 
College, in 1844 he began an apprenticeship in the drug business 
with Smith and Hodgson. Graduated from the Philadelphia 
College of Pharmacy in 1847. Formed a partnership in 1849 
with his friend and fellow apprentice, Edmund A. Crenshaw, 
taking over the business of his preceptors, Smith and Hodgson, 
which became Bullock and Crenshaw. 

He joined the American Pharmaceutical Association in 1857 
and was its recording secretary for two years (1857-1859); at 
the meeting of the Association in Philadelphia in 1876 he was 
elected its president. He was a member, also, of the American 
Philosophical Society, the Academy of Natural Sciences, and of 
the Franklin Institute, being at different times its curator, vice- 
president and president. Charles Bullock was the contem- 
porary of Parrish, Procter, and Maisch and was frequently 
associated with them in the scientific work that has added so 
much luster to American pharmacy. His investigation of the 
alkaloids of Veratrum Viride was especially noteworthy. 


Caspari, Charles, Jr. (1850-1917), was born in Baltimore, Mary- 
land, the son of Charles Caspari, a German apothecary who 
came to the United States in 1848. He was educated in private 
schools until he was 15 years of age, then in 1865 became an 
apprentice in the retail store of Sharp and Dohme. He was 
graduated in 1869 from the Maryland College of Pharmacy and 
conducted his own pharmacy in Baltimore from 1870 to 1891. 
He was professor of pharmacy in the Maryland College of 
Pharmacy from 1879 until his death, Secretary of the American 
Pharmaceutical Association from 1894 to 1911, the Food and 
Drug Commissioner of Maryland for two decades, and a 
member of the National Formulary Committee for the first 
three editions. He was the author of his own textbook, Treatise 
on Pharmacy, and one of the editors of the National Standard 
Dispensatory. 

Charles Caspari won the respect and affection of a host of 
students whom he taught the rudiments and fine arts of the 
profession in which he so ardently believed. See Am. J. 
Pharm., 89, 565 (1917). 
Coggeshall, George D. (1807-1891). 
phia College of Pharmacy (1828). Career an eventful one in 
pharmacy. Active in the organization of the New York Col- 
lege of Pharmacy, faithfully serving it in various official capaci- 
ties, including the presidency. Delegate to the convention of 
colleges of pharmacy in 1851, and also to the National Pharma- 
ceutical Convention in 1852, serving as recording secretary. 
Elected first vice-president of the American Pharmaceutical 
Association in 1853. Upon his demise, George W. Kennedy 
wrote of him: “His life presents a useful example—earnest 
labor in youth and early and mid-manhood followed by an old 
age ripe with the fruits of earlier efforts. 

Diehl, C. Lewis (1840-1917). Born at Neustadt A. H., in the 
Palatinate (Rhenish Bavaria). Father came to this country 
and located on a farm in Southern Lllinois, family joining him 
in 1851. Early education in public schools. Apprenticed 
with Dr. John R. Angney, of Philadelphia. Graduated from 
Philadelphia College of Pharmacy in 1862. Chief of laboratory 


Ebert, Albert E. (1840-1906). 


Grahame, Israel J. (1819-1899). 


Hallberg, Carl Svanté Nicanor (1856-1910), 


Graduated from Philadel-, 
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of John Wyeth and Brother. Enlisted in 15th Pennsylvania 
Regiment in Civil War. Wounded at Stone’s River. Dis- 
charged from service in 1863. Obtained position in U. 8. 
Army Laboratory in Philadelphia (until 1865). Reorganized 
Louisville Chemical Works. Opened retail store in Louisville 
(1869). Reporter on the Progress of Pharmacy of the Ameri- 
can Pharmaceutical Association (1873-1891; 1894-1915). A 
founder of the Louisville College of Pharmacy, being its presi- 
dent during its first 10 years, then its professor of pharmacy. 
Member of first state board of pharmacy of Kentucky. One of 
the foremost research workers of the country and a frequent 
contributor to pharmaceutical literature. Received honorary 
degree of Master in Pharmacy from the Philadelphia College 
of Pharmacy in 1887. For 38 years he was Reporter on the 
Progress of Pharmacy and for 28 years most actively identified 
with the work of the National Formulary. 

Born in Germany; father came 
to this country during his early youth and settled in Chicago. 
Early education in public schools. Apprenticed (1852) to 
F. Scammon and Co., of Chicago. Attended Chicago College 
of Pharmacy (1859), entered the Philadelphia College of Phar- 
macy and graduated in 1864. Ph.D. degree conferred by 
University of Munich (1867). Went into retail drug business 
in Chicago (1868). Became professor of pharmacy at Chicago 
College of Pharmacy (1871). Actively identified himself with 
the American Pharmaceutical Association (1864) and was its 
president in 1872. Deeply interested in pharmaceutical re- 
search. Founded the Ebert Prize Fund in the Association 
for stimulating original investigation. 
Pharmacopeeia for several decades. Member of State Board 
of Pharmacy of Illinois for five years. Received Master in 
Pharmacy degree from Philadelphia College of Pharmacy (1894). 
Author (with A. Emil Hiss) of Standard Formulary. Achieved 
national fame as a master-scientific pharmacist, his contribu- 
tions to pharmaceutical literature being many and valuable. 
Born in Baltimore, son of 
George Grahame, an active member of the Hicksite branch of 
the Society of Friends. Received early education in public 
schools. Served apprenticeship with one of the leading pharma- 
cists of Baltimore. Became professor of pharmacy in the 
Maryland College of Pharmacy (1856). Subsequently engaged 
in the drug business and later came to Philadelphia and opened 
a drug store at Twelfth and Filbert Streets. ter conducting 
the business for a number of years he retired. He made a 
number of original investigations of pharmaceutical prepara- 
tions and his studies on percolation as embodied in his paper on 
“The Process of Percolation or Displacement,” read before the 
American Pharmaceutical Association and published in its 
Proceedings for 1858, was especially noteworthy; in this he 
formulated with remarkable precision the general principles of 
the process, specifying many details that are now universally 
followed. He was one of the earliest members of the American 
Pharmaceutical Association and became a member of the Col- 
lege in 1856, continuing as such until his demise. 

Born in Helsing- 
borg, Sweden, on the Sound, opposite the Danish City of 
Elsinore with its ancient fort, in which was laid the scene of the 
story of Hamlet. Early education in public and private 
schools. Parents with young Carl came to America (1869), 
settling in Altoona, Pa. Apprenticed to Dr. S. M. Sellers of 
that city (1870). Came to Philadelphia and entered employ 
of M. K. Smith and Co., wholesale druggists, 243 North Third 
Street, then of E. B. Garrigues and Co., Fairmount Avenue and 
Tenth Street, where, under the tutelage of Edwin M. Boring, 
he received a most thorough and practical training in scientific 
pharmacy. Graduated from Philadelphia College of Phar- 
macy (1876), subject of thesis being ‘‘Pharmaceutical Notes.’ 
Went to Chicago (1877), clerked with C. F. Hartwig for two 
years, and then engaged in manufacturing pharmacy with 
C. G. Wheeler. During 1888 and 1889 was associated with 
C, L. Feldkamp, manufacturing pharmaceutical preparations. 
Early identified himself with pharmaceutical journalism (1878). 
Became editor of the Druggist, later, the Western Druggist 
(1882-1890). Became professor of pharmacy in Chicago Col- 
lege of Pharmacy and continued as such when College was 
merged with University of Illinois (1890-1910). Joined Ameri- 
can Pharmaceutical Association (1879) and Illinois Pharmaceu- 
tical Association (1881). Member of Committee on National 
Formulary (1886-1910). Delegate to Pharmacopceial Conven- 
tions (1890-1900-1910), and a member of the Committee of 
Revision elected by each convention. Contributed many 
papers to the American Pharmaceutical Association and to 
pharmaceutical periodicals, upon a wide variety of subjects. 
Secretary of Section on Scientific Papers (1890-1891), and chair- 
man (1891-1892). Editor of the Bulletin of the American 


Pharmaceutical Association from the first issue (1906). In | 


1901 he became a member of the Council on Pharmacy and 


* = * 


Active in revision of © 


Hoffman, Frederick (1832-1904). 
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Chemistry of the American Medical Association. Credit for 
the origin of the Council was largely his, and his wide pharma- 
ceutical knowledge was of great service to that body. 

} A German apothecary who 
zreatly influenced early American pharmacy. pire in estab- 
ishing the first pharmacy laws of New York in 1872. Led the 
movement to establish the first modern United States Pharma- 
copeeia of 1880 which became the basis for all future editions. 
Published the first edition of his Manual of Chemical Analysis 
in 1873. Founded the Pharmaceutische Rundschaw in 1882 
and published it in German until 1896, when it became the 
Pharmaceutical Review which was printed in English. See 
page 34. For 30 years Hoffman exerted his influence as 

harmacist, editor, and analytical chemist. See Am. J 
harm., 78, 144 (1905). 


Kelly, Evander F, (1879-1944) spent his childhood in North 


Carolina sharing the busy and, in this case, the unusually 
successful life of a farm. His father was a constant companion 
who must have imparted to him the humor and wisdom of a 
Lincoln for in later years many an argument affecting national 
pharmaceutical affairs was settled by his quoting a homely but 
unsurmountable saying of his father. 

_ He was graduated from the Maryland College of Pharmacy 
in 1902 and at once became assistant to Charles Caspari, Jr. 
In four years, he was appointed associate professor. During 
this period he became superintendent of Sharp and Dohme, 
then in Baltimore, and in 1918, when Charles Caspari, Jr., 
died, he became Dean of the College. He held this position 
until elected Secretary of the American Pharmaceutical Asso- 
ciation in 1926. He was also Secretary of the Maryland 
Pharmaceutical Association from 1907 to 1942, member of the 
Revision Committee of the United States Pharmacopoeia 
(1920-1930), of its Board of Trustees (1930-1944), and Chair- 
man of the U. 8. P. Board of Trustees from 1940. He edited 
Caspari’s Treatise of Pharmacy after his death and was the 
recipient of the Remington Medal (1933). 

. F. Kelly achieved eminence in almost every type of re- 
sponsible position offered by pharmacy and won the confidence 
and affection of the pharmacists of America, but the truly 
great and lasting contribution he made was his leadership in 
planning, financing, and erecting the headquarters building 
‘ ane merican Pharmaceutical Association in Washington, 


Kraemer, Henry (1868-1924) was born in Philadelphia, Early 


Kremers, Edward (1865-1942). 


education obtained in Girard College from which he was gradu- 
ated in 1883. Served an apprenticeship of five years with Dr. 
Clement B. Lowe of Philadelphia, attended the Philadelphia 
College of Pharmacy, from which he was graduated in 1889. 
During his senior year at the College, and for a year thereafter, 
he was assistant in general chemistry to Professor Samuel P. 
Sadtler at the University of Pennsylvania. 
~ In 1890 he became instructor in botany and pharmacognosy 
in the College of Pharmacy of the City of New York. In 1891 
he matriculated in the School of Mines of Columbia Univer- 
sity; graduated in 1895 with the degree of Bachelor of Philoso- 
hy. He spent one year abroad at the University of Marburg 
ieetan ), studying under such eminent authorities as Meyer, 
Cohen, Zinoke, and Melde, and in June, 1896, was awarded 
the degree of Doctor of Philosophy cum laude. 

In the fall of 1896 he began his work at the Northwestern 
University, where he remained for one year, when he came to 
the Philadelphia College of Pharmacy. 

In 1898, owing to the illness of Professor Henry Trimble, he 
became acting editor of the American Journal of Pharmacy, 
being elected editor in 1899 after the death of Professor 

rimble, He became a member of the Committee of Revision 
of the United States Pharmacopaia in 1900 and was made 
chairman of the subcommittee on botany and pharmacognosy. 

@ was an active member of the American Pharmaceutical 
Association and was the reporter on the progress of pharmacy 
from 1892 to 1895. He was a collaborator on a number of 
scientific publications. 

He was the author of widely used textbooks on Applied 
Economic Botany and Scientific and Applied Pharmacognosy. 

In 1917 he resigned his chair at the Philadelphia College of 
Pharmacy to become Dean of the Department of Pharmacy of 
the University of Michigan. He resigned from this position 
in 1920, and then did consulting work in bacteriology, botany, 
and chemistry. 

He was a member of the International Botanical Society, 


_ Botanical Society of America, Torrey Botanical Club, American 
- Philosophical Society, American Association for Advancement 


of Science, and many other scientific organizations. 


Born in Milwaukee, Wis. Son 
Elise Kremers. Matriculated at Philadelphia 
(1881). Graduated as Ph.G. in Univer- 
886), B.S. (1888), Ph.D., University of 


of Wisconsin 


ae a > 


College of le 


aa 


Lloyd, John Uri (1849-1936). 
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G6éttingen (1890); Se.D., University of Michigan. Instructor 
of pharmacy (1890-1892), professor of pharmaceutical chem- 
istry and director of course in pharmacy (1892-1935), director of 
pharmaceuticalexperiment station (1913-1942), of the University 
of Wisconsin. Editor of Pharmaceutical Review (1896-1909). 
Scientific editor of Midland Druggist and Pharmaceutical Re- 
view (1909-1910). Co-editor of National Standard Dispensa- 
tory. Member of Committee of Revision, U. 8. Pharmacopeeia 
(1900-1910). Member of A. A. A. 8., American Chemical 
Society, American Pharmaceutical Association (since 1887), 
and historian (1902-1912), Wisconsin Academy of Sciences, 
Arts and Letters, and Wisconsin Historical Society. Author 
of (English edition) Gildemeister—Hoffmann—Kremers, The 
Volatile Oils (1913-1920). Has contributed the reports of 
many original investigations to pharmaceutical and scientific 
periodicals. 


LaWall, Charles H. (1871-1937) was born at Allentown, Pa. His 


father, John J. LaWall, was a pharmacist, who, in 1876, moved 

his family to Bloomsburg, Pa., where young LaWall obtained 

his early education, graduating from the high school and taking 

2 cose preparatory course at the Bloomsburg State Normal 
chool. 

In 1888 he began an apprenticeship in the wholesale and re- 
tail drug firm of Moyer Brothers of Bloomsburg. In 1891, he 
matriculated at the Philadelphia College of Pharmacy, and at 
the same time entered the employ of the Smith, Kline and 
French Co., wholesale druggists of Philadelphia. 

He graduated in pharmacy in 1898, and after a year’s further 
experience in retail drug stores of Atlantic City, N. J., and 
Centralia, Pa., he re-entered the employ of Smith, Kline and 
French Co., and was attached to the laboratory staff as assist- 
ant chemist. In 1900 he was appointed instructor in theory 
and practice of pharmacy by Professor Joseph P. Remington. 
In 1903, he left the Smith, Kline and French Co. and, in addi- 
tion to his college work, became associated with Dr. Henry 
Leffmann, in analytical work, to whose practice he succeeded 
after a few years, upon the retirement of Dr. Leffmann. He 
received the degree of Master in Pharmacy, in course, in 1905 
for original work upon vegetable coloring matters, and the fol- 
lowing year was made associate professor of theory and practice 
of pharmacy in addition to acting as instructor. Upon the 
death of Professor Remington in 1918, he became professor of 
theory and practice of pharmacy and Dean of the Faculty. 

In 1904 he was made chemist to the Department of Agricul- 
ture of Pennsylvania. In 1906 he was appointed one of the 
chemists called upon occasionally to do special work in the en- 
forcement of the Federal Food and Drugs Act by Dr. Harvey 
W. Wiley, then chief chemist of the Bureau of Chemistry of the 
U.S. Department of Agriculture, which position he held until 
Dr. Wiley’s retirement in 1912. From 1909 to 1915 he was also 
consulting chemist to the Pennsylvania State Department of 
Health, and from 1907 was one of the chemists of the Penn- 
sylvania Board of Pharmacy. In 1910 he was elected a 
member of the Committee of Revision of the, Pharmacopmia, 
and was made secretary of that body and chairman of the sub- 
committee on inorganic chemicals. In 1918, after the death 
of Professor Remington, he was elected chairman of the Com- 
mittee of Revision, to serve out the decade. In 1909 he became 
one of the associate editors of the United States Dispensatory, 
and assisted in preparing the twentieth edition of that work. 

He was a member of the Committee on National Formulary. 
In 1920 he was again elected a member of the Committee of 
Revision of the Pharmacopeeia, and again elected its secretary. 
He was also chairman of the subcommittee on reagents and 
test solutions. For many years he was chairman of the com- 
mittee of papers and queries of the Pennsylvania Pharmaceuti- 
cal Association, and was president of that association in 1911. 
He also occupied a number of important offices in the American 
Pharmaceutical Association, and was president of the organiza- 
tion in 1919. He was a member of the Auxiliary Committee 
on Drugs and Medicine of War Industries Board of World War 
I and cooperated with the Pennsylvania Food Administration 
authorities in the enforcement of emergency regulations. He 
was a frequent contributor to scientific literature. 


Born at W. Bloomfield, N. Y. 
Son of Nelson Marvin and Sophia Lloyd. Early education*in 
private schools. Professor of pharmacy in Cincinnati College 
of Pharmacy (1883-1887), and professor of chemistry (1878- 
1936), President of. Eclectic Medical Institute (1896-1904); 
Associate editor of Pharmaceutical Review (to 1909). Senior 
member of Lloyd Brothers, of Cincinnati, manufacturing phar- 
macists. Outside of profession has studied dialect, superstition 
and folk-lore of northern Kentucky. President of Lloyd Li- 
brary and Museum. President of American Pharmaceutical 
Association in 1887. Member of Ohio Pharmaceutical Associa- 
tion, Authors Club, New York; and Franklin Inn Club and 
Franklin Institute of Philadelphia. Author of Chemistry of 
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Medicine (1881), Drugs and Medicines of North America (with 
C. G. Lloyd, 1884), King’s American Dispensatory (with Dr. 
John King), (1885); Elixirs, Their History and Preparation 
(1892); Etidorhpa, the End of the Earth (1895); The Right Side 
of the Car (1897); Stringtown on the Pike (1900); Warwick of 
the Knobs (1901); Red Head (1903); Scroggins (1904). His 
latest. technical work was Pharmaceutical Vegetable Drugs 
(1922). Contributed results of many original and extensive 
investigations to chemical and pharmaceutical journals, espe- 
cially in plant chemistry, precipitation in fluidextracts, capil- 
larity, and colloidal chemistry. Editor of many book publica- 
tions issued by the Lloyd Library. Was given honorary degree 
of master in pharmacy by the Philadelphia College of Phar- 
macy (1897), Doctor of Philosophy degree by University of 
Ohio (1897), and Learned Doctor of Laws by Wilberforce Uni- 
versity. For more than half a century Lloyd was one of the 
outstanding figures in American pharmaceutical and chemical 
research, and his researches attracted world-wide attention. 
rons, Albert B. (1841-1926). Born at Waimea, Hawaii, son 
of Rev. Lorenzo Lyons, a missionary on the island of Hawaii. 
Early education in public schools and Oahu College. Entered 
Williams College, Mass., graduating in 1865. Taught chem- 
istry and physics at Eagleswood Military Academy, Perth 
Amboy, N. J. Took medical and pharmaceutical courses at 
University of Minnesota and graduated. Became especially 
interested in the study of alkaloids. Was made assistant and 
then professor of chemistry at Detroit College of Medicine 
(1889-1901). Opened retail drug store in Detroit, conducted 
it for 10 years, and then went into partnership with A. B. Stev- 
ens. In 1881, accepted a position with Parke, Davis and Com- 
pany as analytical and consulting chemist. Here he became 
impressed with the necessity of standardizing the fluidextracts 
of alkaloidal drugs, and his standards remained practically un- 
changed for half a century. He may be called the founder of 
alkaloidal assaying in America, being the author of the first 
textbook on the subject, a Manual of Pharmaceutical A ssaying 
(1887). Became editor of the Pharmaceutical Era (1887), then 
published in Detroit (1887-1891), and was appointed (1888) 
Government Chemist for the Hawaiian Islands. Went to 
Honolulu, and became, also, professor of chemistry and other 
natural sciences in the Oahu College. Was a member of the 
Committee of Revision (1890, 1910), and chairman of the sub- 
committee on tables. Returned to Detroit (1907), took charge 
of the chemical department of Nelson, Baker & Co. Member 
of American Pharmaceutical Association (since 1885), secretary 
of scientific section (1887, 1897), and was chairman of section 
on education and legislation (1898); and a member of the com- 
mittee on U. §. Pharmacopeeia of the Association. Member 
of the Committee of Revision of the U. S. Pharmacopceia 
(1900, 1910), and did most valuable work on the official tables 
and assay processes. Revised his Manual of Pharmaceutical 
Assaying in 1899, changing the title to Practical Assaying of 
Drugs and Galenicals, and issued an entirely new book on the 
Practical Standardization of Organic Drugs. In 1890 he pub- 
lished his work on Botanical Synonyms entitled Plant Names, 
Scientific and Popular. Dr. Lyons was considered to be the 
highest authority in this country on botanical nomenclature 
and synonyms. The British Chemical and Pharmaceutical 
Societies recognized his abilities and honored him, as did also 
the American Pharmaceutical Association by electing him an 
honorary president (1913-1914). He was honored in American 
Pharmacy not only for his research achievements, but also for 
his remarkable versatility as a scientist and his strength of 
mind and character. 

aisch, John Michael (1831-1893), was born in Hanau, Ger- 
many. After attending the schools of his native town, he was 
apprenticed to a goldsmith for a short time. He was put into 
school again for the purpose of preparing for a university. 
But along illness supervened. Upon his recovery, he embraced 
the tenets of the leaders of the popular uprising of 1848. Put 
into prison for preaching liberal doctrines he, like Carl Schurz, 
escaped and came to America. 

He reached Baltimore in 1849. For several years he had the 
most various occupations in that city, Washington, Philadel- 
phia, and New York; in the last two cities from 1853 to 1859. 
The scientific bent of his mind led him to constant study and 
&xperimentation in chemistry, especially as that science bore 
upon pharmacy, and in 1859 he began to teach in Parrish’s 
School of Practical Pharmacy. In 1861 he was called to the 
chair of materia medica and pharmacy in the College of Phar- 
macy of the City of New York, at the same time being employed 
in the laboratory of Dr. Edward R. Squibb, of Brooklyn. 

In 1863 he became the chemist in charge of the United States 
Army Laboratory, Philadelphia: 

After the close of the Civil War he opened a drug store at 
1607 Ridge Avenue and acquired an excellent reputation as a 
pharmacist. For some years he had been actively identified 
with the work of the Philadelphia College of Pharmacy. In 
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1866, upon the resignation of Professor Procter, he was elected 
to the chair of pharmacy, but in the following year, 1867, by 
mutual consent, he exchanged professorships with Edward 
Parrish, who since Thomas’ death had held the chair of materia 
medica. For 26 years, or until his death in 1893, he continued 
to hold this important position. 

Maisch was editor of the American Journal of Pharmacy, 
publishing no less than 400 original articles exclusive of editor- 
jals. In 1856 he joined the American Pharmaceutical Associa- 
tion, and was elected in 1860 chairman of the committee on the 


.progress of pharmacy, in 1862 corresponding secretary, in 1863 


first vice-president, in 1864 chairman of the executive commit- 
tee, and in 1865 permanent secretary. Twenty-seven volumes 
of its Proceedings of the Associations were published under his 
supervision. 

He took a leading part in the work of revising the Pharma- 
copeeia. His pen was always busy, as is attested by a great 
number of titles of his published papers and books. In 1874 he 
revised the third edition of A Universal Formulary, by R. 
Eglesfeld Griffith, M.D. In 1882 he published the first edition 
of his Organic Materia Medica, which passed through five edi- 
tions during his lifetime. With Dr. Alfred Stille he edited the 
National Dispensatory which had reached its sixth edition in 
1895: 

The list of his memberships in American and foreign scien- 
tific bodies was long and he is rightly held to have been one of 
the greatest of teachers, one of the most painstaking and effec- 
tive observers and investigators, one of the most industrious 
writers in the science who has appeared, not only in history of 
American Pharmacy, but in the broader field of American phar- 
macy and even international pharmacy. 

The last honor he received was the Hanbury Gold Medal, 

given by the Pharmaceutical Society of Great Britain as a 
memorial to Daniel Hanbury, the eminent pharmacognosist, 
and awarded biennially to those who have pre-eminently dis- 
tinguished themselves in pharmacognosy. 
Son of Dr. Joseph Parrish, one 
of the most prominent figures in Philadelphia’s medical history. 
His early education was received in Friends’ School of Phila- 
delphia; in 1838 he was apprenticed to his brother Dillwyn 
at the southwest corner of Highth and Arch Streets. He 
matriculated at the Philadelphia College of Pharmacy two 
years later, and in 1842 was graduated from the College, the 
subject. of his thesis being ‘Statice Caroliniana.” 

In 18438 he purchased the drug store at the northwest corner 
of Ninth and Chestnut Streets, adjoining the building of the 
University of Pennsylvania, which brought him in contact with 
medical students and their wants. He believed that those who 
intended to return to their homes, in isolated communities 
would be without the information that would enable them to 
compound and dispense medicines for their patients, and that 
pharmaceutical knowledge was necessary to them, since they 
would be far removed from prescription drug stores, still to be 
found only in the largest towns and cities. He therefore 
started a School of Practical Pharmacy in the rear of his build- 
ing at Ninth and Chestnut Streets, and gave courses of instruc- 
tion to those who wished to avail themselves of them. Later 
(1850), becoming a partner of his brother Dillwyn, at Eighth 
and Arch Streets, the school was removed to that place, where 
better accommodations were had and instruction was given to © 
both pharmaceutical and medical students. 

In 1855 he published the first edition of his textbook entitled 
Introduction to Practical Pharmacy (later called Treatise on 
Pharmacy), followed in 1859 and in 1864 by other and more ex- 
tended editions. 

In 1864, Parrish was elected to the professorship of materia 
medica, at the Philadelphia Col:ege of Pharmacy and Sci-nce, 
holding it until 1867, when he exchanged chairs with Maisch, 
then professor of pharmacy, and continued to occupy the chair 
of theory and practice of pharmacy until his death in 1872. 

He was one of the founders of Swarthmore College in 1864 
and played an important part in collecting funds for the estab- 
lishment of that institution, of which he was unanimously 
chosen to be its first president. 

He took an active and efficient part in securing the passage 
by the Legislature of Pennsylvania of the pharmacy act of 1872 
requiring examination and licensure for pharmacists and their 
assistants in the City of Philadelphia. 

He became a member of the American Pharmaceutical As- 
sociation upon its organization in 1852, was recording secretary 
in 1858, first vice-president in 1866, and president in 1868; and” 
was most active in its work. ei 

Parrish loved education and was a born teacher. Whether — 
addressing his own school, or the College or students, or the — 
American Pharmaceutical Association, or Swarthmore College 
—in which he was deeply interested, also—“his free and open 
manner, the interest he took in his subjects, his good delivery 
as a speaker, rendered him a favorite and gave him influence,” 
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Power, Frederick Belding (1853-1927), was born in Hudson, 


N. Y., in 1853. He graduated from the Philadelphia College 
of Pharmacy in 1874, the subject of his thesis being “Resina 
Podophylli.’”’ 

After graduation, he entered the University of Strassburg in 
1876, from which in 1880 he received the degree of Doctor of 
Philosophy. During this period he conducted some important 
researches, and was appointed assistant to the eminent scien- 


- tist Fliiekiger, who was one of his teachers. 


Prescott, Albert B. (1832-1905). 


He returned to America in 1880 and for three years was in 
charge of the chemical laboratory of the Philadelphia College 
of Pharmacy. In 1883 he was called to the University of Wis- 
consin to organize the department of pharmacy, of which he 
was the dean, and he there gave instruction in pharmaceutical 
chemistry and materia medica while also conducting laboratory 
work. In recognition of this service, and to commemorate the 
twenty-fifth anniversary of the establishment of the school of 
pharmacy, the University conferred upon him in 1908 the 
honorary degree of Doctor of Laws. 

He was appointed a member of the Committee of Revisfon 
of the United States Pharmacopceia of 1890. In 1892 he re- 
signed his academic position in order to become the scientific 
director of the newly established laboratories of Fritzsche 
Brothers, near New York, which were devoted to the production 
of essential oils and fine organic chemicals. It was while thus 
engaged that many of his well-known researches on the more 
important essential oils were conducted. 

In 1896 when his lifelong friend, Henry 8. Wellcome, estab- 
lished his chemical research laboratories in London, Power was 
appointed director of that institution which has since gained 
such renown in the scientific world. He was thus in a position 
to devote himself exclusively to chemical research in which he 
was assisted by a large staff of highly trained chemists. During 
those years in London, Power gained a wide reputation for the 
highly scientific character and fruitfulness of his researches, 
which covered a wide field, especially in plant chemistry. 

He was elected a fellow of the London Chemical Society in 
1896, and he was also intimately associated with the Society of 
Chemical Industry on the Council and Publication Committee 
of which he served for several years. In 1913 the Chemical 
and Linnean Societies and Pharmaceutical Society of Great 
Britain jointly awarded him the Hanbury Gold Medal in 
recognition of his researches in the natural history and chem- 
istry of drugs. This was followed by the presentation to him 
of a beautiful illuminated address and album which represented 
the appreciation of numerous scientific men in many parts of 
the world and contained their signatures. In 1913 he received, 
also, the degree of Master in Pharmacy honoris causa from the 
Philadelphia College of Pharmacy. On resigning his position 
in London in 1914 in order to return to America, a gold medal 
bearing his profile in relief was awarded him by Henry 8. Well- 
come. This medal was inscribed as a recognition of his dis- 
tinguished services to science during the eighteen and a half 
years as director of the Wellcome Research Laboratories in 
London. . The presentation of this medal took place in Wash- 
ington, D. C., in May, 1921, in the presence of Mr. Wellcome 
and a very distinguished company. The address on this occa- 
sion was delivered by Dr. Charles D. Walcott, of the Smith- 
sonian Institution and President of the National Academy of 
Sciences. 

In 1916 he was assigned a position in charge of the Phyto- 
chemical Laboratory in the Bureau of Chemistry of the U. 8. 
Department of Agriculture, and was later appointed by Presi- 
dent Harding a member of the National Research Council. 

Power won great fame for his scientific research. He be- 
longed to the same pre-eminent group of research workers in 

harmacy, chemistry, and correlated sciences as Procter, 
AMaisehy, and Lloyd and his achievements were of so high a 
scientific character that they are destined to assume even 
greater importance in the years to come. 
Born at Hastings, N. Y., 
graduated in medicine at University of Michigan (1864); assist- 
ant surgeon, U. 8. V., (1864-1865); assistant professor of 
chemistry in University of Michigan (1865); professor of 
organic and applied chemistry (1870), and dean of the School 
Received degree of Doctor of Philosophy 


(1886), and the honorary degree of Doctor of Laws from Uni- 


sity (1903). 


versity of Michigan (1896), and by the Northwestern Univer- 
Became president of the American Association for 
the Advancement of Science (1891), the American Pharmaceuti- 
‘eal Association (1899-1900), the American Conference of 


Pharmaceutical Faculties (1900), and the American Chemical 
Society (1902), and became a fellow of the Chemical Society of 


London (1876), a member of the American Philosophical Soci- 


_ ety (1898), and an honorary member of the British Pharma- 


ceutical Conference (1891). Was an active member of the 


Committee of Revision of the U. S. Pharmacopeeia (1880-1890), 


et 


nd was made an honorary member of the Philadelphia College 


age 
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of Pharmacy (1902). Was the author of a number of textbooks 
—Qualitative Chemical Analysis (1874), Outlines of Proximate 
Organic Analysis (1875), Chemistry of Alcoholic Liquors (1875), 
Morphiometric Processes for Opium (1878), First Book of Qualt- 
tative Chemistry (1879), Nostrums in Their Relation to the Public 
Health (1881), and Manual of Organic Analysis (1888). He did 
a large amount of original research work; his work on the com- 
position of alkaloidal-periodides having been described by 
Victor C. Vaughan as probably Prescott’s opus magnum. His 
contributions to scientific periodicals were many. His life was 
devoted to high ideals, and he rendered services of inestimable 
value to the progress of scientific pharmacy and the elevation 
of pharmaceutical education by his earnest and consistent ad- 
herence to advanced standards. And with this, he was a singu- 
larly unselfish, modest, helpful, generous, and lovable man. 


Procter, William, Jr. (1817-1874), belonged to an English Quaker 


family. His father, Isaac Procter, came from England in 
1793 and engaged in business in Baltimore; he married Rebecca 
Farquhar on November 3, 1799, and their ninth child, William 
Jr. (so named as to distinguish him from his uncle), was born 
on May 8, 1817. The father’s early death in 1820 prevented 
the boy from receiving a liberal education in his youth. _ Visit- 
ing Philadelphia, young Procter became acquainted with 
Joseph C. Turnpenny, then learning the drug business with 
Henry M. Zollickoffer at Sixth and Pine Streets, and in 1831, 
at the age of fourteen, he entered that well-known store as an 
apprentice. Here his young mind received its first lessons 
in pharmacy. In 1837 he was graduated from the Philadelphia 
College of Pharmacy, the subject of his thesis being “Lobelia 
inflata’’; three years later was elected a member of the College, 
the beginning of a long period of signally notable services to the 
institution and to pharmacy generally. 

He quietly continued his work in Zollickoffer’s store, study- 
ing diligently and making journeys for recreation and improve- 
ment, from time to time, to various parts of the country—to 
Washington, to Ohio, returning by way of Niagara Falls, to 
Boston by sea and to other places, recording his botanical and 
other observations as he proceeded. Meanwhile he was read- 
ing diligently in his leisure hours. It was not until 1844 that 
he stood “behind his own counter,’’ having purchased a 
property and opened a store at the southwest corner Ninth 
and Lombard Streets, where he continued in the retail drug 
business for many years. 

Already he had made the acquaintance of some of the prin- 
cipal scientific workers of the city. In 1841 he was secretary 
to the Committee of Revision of the Pharmacopaia, making 
numerous experiments; he was also active on the committee 
of the College at work on the same subject, while his activities 
on the successive revisions of the Pharmacopwia were untiring 
and of the greatest practical value. 

In 1846 the College took a most important step forward. It 
divided the chair of materia medica and pharmacy (which had 
been in existence since 1821) into two—one chair on materia 
medica, and the other on pharmacy; and William Procter, Jr., 
was unanimously elected the professor of pharmacy as the 
man best qualified to assume the duties and tasks of the new 
position; and the high character of his lectures and their evi- 
dent practicality brought him instant fame and appreciation. 

There was no subject which enlisted his attention so much 
as the advancement of pharmacy. For a time he was associ- 
ated with Carson as co-editor of the American Journal of 
Pharmacy, and upon the latter’s retirement in 1850, Procter 
assumed sole editorial charge, a position which he held until 
1871, when he was succeeded by John M. Maisch. For 20 
years, the journal was a reflection of this man’s active outreach- 
ing mind. His own service as an author is made apparent when 
it is known that there are 550 original articles in the journal to 
which his name is attached, exclusive of extracts and editorials. 
In 1849 he issued his American edition of Procter and Red- 
wood’s Practical Pharmacy, a voluminous work enriched by 
many additions from his pen, but which did not go through a 
second edition by reason of the cost of proper illustrations, 
which the publishers refused to incur, and without which much 
of the value of the work would have been lost. 

“The American Pharmaceutical Association was the offspring 
of Procter’s able and versatile mind. Throughout the years of 
his life which followed the organization of that body, he gave 
to it the richest treasures of an intellect fitted beyond all others 
for the work which he had undertaken. In 1853 he was chair- 
man of the committee on the progress of pharmacy, and chair- 
man of a committee to report a syllabus of a course of study 
for students of pharmacy, which committee reported in 1858. 
He was corresponding secretary of the Association from 1852 
to 1857, first vice-president in 1859-1860, and was elected presi- 
dent in its session held in Philadelphia in 1862. The pharma- 
cists of America ought not to let the memory of their most dis- 
tinguished colleague fall into oblivion. They should keep the 
memory of William Procter, Jr., green in their hearts and 
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should give him a monument more lasting than stone or bronze 
—a monument built in their affections and in the affections of 
those who come after them. Let us remember that the favorite 
child of his genius was the American Pharmaceutical Associa- 
tion. It was here that his work became as broad as his 
country.”’ (Albert E. Ebert.) j 

Procter resigned the chair of pharmacy in 1866, and it was 
occupied one year by Maisch, but the latter, in 1867, exchanged 
chairs with Parrish, then professor of materia medica, who be- 
came professor of the theory and practice of pharmacy, and 
continued in this position until his demise in 1872, when Proc- 
ter was persuaded to return to the place. This second period 
of service covered only two years, for he died February 10, 1874. 

Procter loved research and was an untiring worker. He had 
an earnest and inquiring mind and was full of energy. “In 
manner he was unostentatious and retiring. He was an ob- 
server rather than a talker, but possessed the ability of express- 
ing himself in clear and pleasant language. As a lecturer he 
was didactic. The jewels of his character were integrity, sin- 
cerity, and a just sense of duty to his fellows. Educated to the 
religious belief of the Society of Friends, and holding their views 
during his life, he made no profession of sectarianism, but had 
an extended charity for the views of those who differed with 
him. He was happy in the use of his pen, and his essays were 
marked by clearness of expression and carefulness of detail. 
His investigation evidenced a faithfulness in research and a 
completeness which has made his name an authority.”’ (Charles 
Bullock.) The character and extent of Procter’s services for 
his profession made him truly “The Father of American Phar- 
macy.” 

Remington, Joseph Price (1847-1918), was born in Philadelphia. 
He was a son of Dr. Isaac Remington, a practicing physician, 
and Lydia Hart Remington, a descendant of Townsend Speak- 
man, one of the earliest of Philadelphia apothecaries. From 
his boyhood he was given to chemical experimentation. His 
father’s death when he was fifteen, compelled him to make his 
own way in the world, and on January 1, 1863, he apprenticed 
himself to Charles Ellis, Son and Co. Charles Ellis, the head 
of the firm, was at that time the president of the Philadelphia 
College of Pharmacy, and took more than ordinary interest 
in the young apprentice. 

Entering the Philadelphia College of Pharmacy he was gradu- 
ated in 1866, and the next year found him in the employ of 
Dr. Edward R. Squibb, of Brooklyn, who was probably the 
most painstaking and conscientious manufacturing pharmacist 
of the country. He made his home with the family of Dr. 
Squibb for nearly three years, during which time he had unusual 
opportunities for development. The death of his mother at 
this time necessitated his return to Philadelphia, and he entered 
the employ of Powers and Weightman, with whom he continued 
until 1872, when he purchased the retail drug store at the north- 
east corner of Thirteenth and Walnut Streets. Here he con- 
tinued in business for 13 years. 

His active participation in the affairs of the Philadelphia 
College of Pharmacy began in 1871, when he became an assist- 
ant to Professor Edward Parrish, then teaching pharmacy. 
After Parrish’s death in 1872, and Procter’s return to the chair 
of pharmacy, he retained Remington as his assistant, and when 
Procter died in 1874, Remington was elected to succeed him. 
Thus was begun a remarkable connection full of opportunities 
for himself and of meaning to the College. He displayed un- 
usual executive ability. Of easy address, he developed into a 
fluent and forceful speaker, who was heard with pleasure, not 
only in the College, but on the platform elsewhere. 

He became a member of the American Pharmaceutical 
Association in 1867, and'in that body his service was varied 
and continuous. He played an unusually prominent part in its 
meetings during the Centennial Exhibition in Philadelphia in 
1876, and was its president in 1892, and during the World’s 
Fair in Chicago, in 1893, he presided over the meetings of the 
International Pharmaceutical Congress. - 

In 1878 he aided in organizing the Pennsylvania Pharma- 
ceutical Association, the meetings of which he attended with 
characteristic enthusiasm and ability. He was elected presi- 
dent of the Association in 1896. 

In the conferences of pharmacists with various medical 
associations and other scientific bodies he exhibited unusual 
diplomatic skill, all the while bringing increased prestige to 
pharmacy. 

His connection with the Pharmacopeia began in 1877 when 
he was appointed to serve on an auxiliary Committee of Re- 
vision appointed by the College, which made recommendations 
for the revision of 1880 of such practical value that he found 
himself a member and first vice-chairman of the Committee of 
Revision of 1880. In 1890 and 1900, he was again in the 
second position on the committee and upon the lamented 
death of Chairman Charles Rice in 1901, he was elected to the 
chairmanship, and bore the brunt of the labor of making the 


Rice, Charles (1841-1901). 


OF PHARMACY 


uncompleted volume ready for press. He was also in charge of 
the ninth revision in 1910, and continued in the chairmanship 
until his death. 

In 1879, he became an associate editor of the United States 
Dispensatory, and had an important share in the revision of 
this work for the editions which successively appeared after 
that date. In 1885 he first issued his Practice of Pharmacy, 
one of the best-known textbooks of pharmacy in the world. It 
has passed through a number of editions, each of which has 
been successful in the highest degree and has been translated 
into other languages; no other work has been accounted so 
nearly indispensable in the drug store and laboratory. 

He was elected, in 1886-1887, a Fellow of the Chemical, of 
the Linnean, and of the Royal Microscopic Societies of Great. 
Britain. His Alma Mater conferred upon him the honorary 
degree of master in pharmacy (Ph.M.). He was an honorary 
member of the College of Pharmacy of the City of New York, 
and of many state pharmaceutical associations. He was also 
a member of the American Philosophical Society, the American 
Chemical Society, the American Geographical Society, the 
Academy of Natural Sciences of Philadelphia, and of the 
Historical Society of Pennsylvania. He was appointed to 
represent the United States at the Eighth International 
Pharmaceutical Congress held at Brussels in 1896, was a dele- 
gate to the Pan-American Medical Congress in 1898; also to 
the second congress in Mexico in 1896. He held honorary 
membership in the Pharmaceutical Society of Great Britain, 
the British Pharmaceutical Conference, Pharmaceutische 
Gesellschaft in St. Petersburg, Instituto Medico Nacional, 
Mexico; Société de Pharmacie d’ Anvers, Société Royale de 
Pharmacie de Bruxelles. He held membership, also, in the 
Art Club, the Society of American Authors, the Franklin Inn 
Club, and the Church Club, all of Philadelphia. 

He died on New Year’s Day of 1918 after completing nearly 
fifty years of service in his College, first as an assistant, then 
for 44 years as professor of the theory and practice of pharmacy. 
Since Maisch’s death in 1893 he had been dean of the College. 
He had just finished the revision of the twentieth edition of the 
U. 8. Dispensatory, and the sixth edition of his Practice of 
Pharmacy. His work was done; his life had been one of almost 
unexampled industry and full of honors. 

Remington was that rare combination—a master scientist 
and a master executive, and was the foremost figure of his day 
in American Pharmacy. Perhaps his greatest service was his 
promotion of research. No man of his time directed and dis- 
sected more research work than he, as chairman of the Com- 
mittee of Revision of the Pharmacopoeia, for three successive 
decades. His wide knowledge of pharmaceutical literature 
his practicality, his fine judgment, his forceful character and 
his reasonableness, gave to his opinions almost commanding 
authority. A vigorous personality, ever zealous in advancing 
the interests of his profession, ready in debate, wise in counsel, 
and of unfailing courtesy and good humor, he was also a deep 
student of human nature, a discriminating patron of art and 
literature, having a rich fund of scientific knowledge and gen- 
eral information, and a winning personality; possessing, in 
brief, all the qualities that erate | him to hosts of friends and 
compelled the respect even of those who differed with him. 
Born in Munich of Austrian parents 
and educated in publie and private schools. Came to the 
United States during the Civil War. Gained first pharma- 
ceutical experience as a surgeon’s steward in. sloop-of-war 
“Jamestown” bound for a cruise around the world. Returning 
to this country, he was seized with malaria and taken to the 
Bellevue Hospital of New York City, and upon recovery was 
made an assistant in the drug department; and later, chemist 
of the general drug department, and subsequently, also, of the 
Department of Public Charities and Correction, which offices 
he held until his demise. Became eminent as a philologist, 
having an international reputation. 
read twenty langauages and converse fluently in eight others, 
while as a Sanskrit scholar he became world-famous. The 
bibliography of his pharmaceutical writings would require 
many pages, but it was as chairman of the Committee of Revi- 
sion of the Pharmacopeeias of 1880, 1890, and 1900 that he 
became best known, not only as an original investigator, but 
also as an efficient organizer. Was chairman of the editing com- 
mittee of the New York and Brooklyn Formulary in 1884, and 
chairman of the committee of the American Pharmaceutical 
Association to convert this book into the National Formulary. 


Was associate editor of New Remedies, later merged into the — 


American Druggist (1876-1891). Was elected trustee of the 
New York College of Pharmacy in 1870. Was given the honor-. 
ary degree of Doctor of Philosophy by the New York Univer- 
sity, and honorary degree of Master in Pharmacy by the Phila- 
delphia College of Pharmacy (1891). Was an active honorary 
fellow of the New York Academy of Medicine, and held honor- 
ary and active membership in many foreign and American 


! 


It is said that he could — 
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scientific bodies. Joined the American Pharmaceutical Asso- 
ciation in 1870; was its first vice-president in 1883-1884, and 
Reporter on the Progress of Pharmacy from 1891 to 1892. 
lenry Born in Franklin, N. J. Early 
education in public schools. Two years at the Westfield 
(Mass.) State Normal School and one year at the Centenary 
Collegiate Institute of Hackettstown, N. J., and taught school 
for several years in Massachusetts and New Jersey. Early 
evidenced love of botany. Exhibited herbarium of plants of 
Essex County, N. J., at the Centennial Exposition (1876), and 
received medal. Made an agent of the Smithsonian Institution 
in 1880, and toured New Mexico for 18 months in its service. 
Was sent in 1883 by Parke, Davis & Co. to study the medicinal 
plants of Arizona, and in 1885 to study the coca industry, 
cocaine just then coming into use as a remedial agent. Crossed 
the South American continent and discovered Cocillana; also 
introduced Pichi to medicinal use in the United States. Brought 
back 45,000 specimens, representing 4000 species, many 
formerly unknown. Submitted to the Pan-American Medical 
Congress, on his return, a plan for the systematic examination 
of American flora, which was adopted. Explored Venezuela 
in 1896 for botanical specimens. In 1916, explored the moun- 
tains of southern Colombia for new sources of quinine. Under 
President Diaz, made several journeys through Mexico to 
investigate the rubber supplies of that country. Became 
(1888) professor of botany, physiology, and materia medica in 
the New York College of Pharmacy. Has contributed largely 
to botanical literature and was a strong proponent for reform 
in botanical nomenclature. Published several books including 
his Manual of Botany, and was editor of the National Standard 
Dispensatory. Was elected president of the American Phar- 
maceutical Association for 1909-1910. Was president of the 
Torrey Botanical Club for many years, and one of the founders 
of the New York Botanical Garden, and a member of its Scien- 
tific Directors and Board of Managers. Head of the Mulford 
Exploration of the Amazon Basin, of the H. K. Mulford Com- 
pany, the aim of which was to comprehensively study South 
American plants from various viewpoints, especially as to new 
sources of medicinal and economic products. Had conferred 
upon him by the Philadelphia College of Pharmacy the honor- 
ary degree of Master in Pharmacy. He wasstrong, self-reliant, 
and positive in his opinions, and unalterably opposed to those 
who are guided by policy rather than principle. His research 
work in botany and pharmacognosy was of the highest economic 
and industrial importance. 


Sadtler, Samuel Philip (1847-1924), was born in Pine Grove, 


Schuylkill Co., Pa. His father, Rev. Dr. Benjamin 8. Sadtler, 
was a Lutheran minister, who for 10 years was president of 
Muhlenberg College at Allentown, Pa. After graduating from 
the high school of Haston, Pa., in 1862, he entered the Pennsyl- 
vania College at Gettysburg, and was graduated in 1867. He 
then proceeded to the newly established Lehigh University at 
Bethlehem, and took his first year of professional study, after 
which he went to Harvard, in 1868, as an advanced student 
under the distinguished chemist, Dr. Wolcott Gibbs. Com- 
pleting the course of the Lawrence Scientific School in January, 
1870, with the degree of Bachelor of Science, he sailed for 
Germany, where in the following year at Géttingen, under 
Professor Woehler, one of the great names in the history of 
chemistry, he received the degree of Doctor of Philosophy. 
Returning to this country in 1871, he was appointed professor 
of chemistry and physics at the Pennsylvania College, and in 
the fall of 1874 came to Philadelghia as professor of general and 
organic chemistry in the University of Pennsylvania. 

n 1878, he was asked to relieve the venerable Robert Bridges 
at the Philadelphia College of Pharmacy by taking a part of 
his lecture work, and the next year when Bridges retired, he 
was elected as his successor. Upon the demise of Henry 
Trimble, professor of analytical chemistry, in the fall of 1898, 
Professor Sadtler was placed in charge of the Chemical Labora- 
tory for the coming term with Josiah C. Peacock as his assist- 
ant. After 17 years of service at the University of Pennsyl- 
vania, in 1891 he relinquished his duties there and confined 
himself to work at the Philadelphia College of Pharmacy, which 
was supplemented by private practice as a consulting chemical 
expert. He devoted much attention and study to the processes 
of chemical manufacture and the industrial applications of 
chemistry, and was a recognized authority upon this subject, 
particularly in the field of organic chemistry, being frequently 


- engaged as a chemical expert in many important patent suits. 
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In 1916 he retired from the chair in the College which he had 
held for 37 years, and was made professor emeritus of chemistry. 

Professor Sadtler’s first literary work was a Handbook of 
Chemical Experimentation for Lecturers and Teachers in 1877. 
He was the first American editor of the eighth edition of Att- 


-field’s Chemistry, a textbook especially designed for students of 


pharmacy and chemistry in England and the United States. 


‘ eis 1880, he became the chemical editor of the United States 
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Scheffer, Emil (1821-1902). 


Schlotterbeck, Julius O. (1865-1917). 


Dispensatory, and continued as such until 1916. In 1891 he 
published the ‘first edition of his Industrial Organic Chemistry; 
this has also been translated into German and Russian. In 
1891, he published jointly with Professor Henry Trimble the 
first edition of Sadtler and Trimble’s Pharmaceutical and 
Medical Chemistry, which, since Professor Trimble’s death, and 
in its later editions, has been known as Sadiler and Coblentz’s 
Pharmaceutical and Medical Chemistry. 

He was a delegate to the U.S. Pharmacopeeial Conventions 
of 1890, 1900, and 1910, and was a member of the Committee 
of Revision for these two successive decades. He also con- 
tributed many scientific papers to chemical and pharmaceutical 
journals and delivered many public addresses on chemical and 
technical subjects. He was a member of a large number of 
chemical societies and other scientific bodies, perhaps the most 
important of which is the American Institute of Chemical 
Engineers, of which he was one of the founders and the first 
president. 

He was a member of the American Philosophical Society, of 
which he was secretary from 1898 to 1902; the American As- 
sociation for the Advancement of Science; the American 
Chemical Society; the American Electro-chemical Society; 
the Chemical Societies of London and Berlin, and the Society 
of Chemical Industry, and the Franklin Institute, of which he 
was professor emeritus of chemistry. Of distinctively pharma- 
ceutical organizations, he was a member of the American 
Pharmaceutical Association and the Pennsylvania Pharma- 
ceutical Association. He was also a member of the Chemists 
Club of New York, and the Engineers Club and the University 
Club of Philadelphia. Pennsylvania College, from which he 
was graduated 85 years before, conferred upon him, in 1902, 
the honorary degree of Doctor of Laws. Sadtler won national 
and international renown as a master mind in pharmaceutical 
and industrial chemistry. 

Born at Stuttgart, Wurtemberg. 
Son of Carl L. F. and Marie M. Scheffer. Early education in 
public schools. Apprenticed to apothecary of Tuebingen, and 
attended the Polytechnicum, then the University of Tuebin- 
gen. Came to America (1849), journeyed to Cincinnati, Ohio, 
and entered the employ of Charles Schmidt; later (1850) of 
widow of F. W. Kniess of Louisville, Ky., and developed the 
business so successfully that he was admitted to full partner- 
ship (1852), ‘“‘the compact being sealed by the gift of her heart 
and hand” (Diehl). Continued in business until 1882. Be- 
came much interested in the study of pepsin, and upon his re- 
searches the modern pepsin industry has been built. He com- 
municated his process of pepsin manufacture to the world in 
1872. As Diehl has written, ‘In revealing his process for the 
manufacture of ‘saccharated pepsin’ to the world, Scheffer un- 
doubtedly gave the incentive to the more intelligent and com- 
prehensive study of the proteolytic ferments, and these, in 
their turn, have encouraged the investigation and study of 
biological products in general.’? Was a founder of the Louis- 
ville College of Pharmacy, also director (1866-1889), president 
(1884-1888), treasurer (1888-1889), and professor of materia 
medica and botany (1871-1884). Became a member of the 
American Pharmaceutical Association (1872), of the Committee 
of Revision of U. S. Pharmacopeeia (1880-1890), also a com- 
missioner of pharmacy of Kentucky (1874-1882). He con- 
tributed a number of research articles to the American Journal 
of Pharmacy, especially on the subject of pepsin. 

Born in Ann Arbor, 
Mich. Early education in public schools. Graduated from 
University of Michigan (1887), and became assistant instructor 
in pharmacognosy and pharmacy (1888), later assistant instruc- 
tor in pharmacy (1891), and was granted B.S. degree. Went 
to University of Berne, Switzerland, and graduated (1897) with 
the doctor of philosophy degree. Became assistant professor 
of pharmacognosy and pharmacy at the University of Michigan 
(1897-1904), then professor of the same (1905-1917); and was 
made dean of school of pharmacy (1905-1917). Was associated 
with Frederick Stearns and Company, of Detroit, as consulting 
experts for many years, and for a time was a member of the 
J. Hungerford Smith Company. Was a member of the Com- 
mittee of Revision of the U. 8. Pharmacopeeia, of the American 
Association for the Advancement of Science, of the American 
Pharmaceutical Association, former secretary and president of 
the American Conference of Pharmaceutical Faculties, and 
member of the American Chemical Society. Schlotterbeck’s 
research work was largely phytochemical; he discovered sey- 
eral vegetable alkaloids. Was a frequent and valued contribu- 
tor to leading scientific journals and published many important 


papers. ® 
Smith, Daniel B. (1792-1883), was one of the most talented men 


ever identified with the practice of pharmacy in this country. 
He was a man of unusual intellectual attainments, satisfying 
his scholarly and literary ideals, while at the same time meeting 
the daily demands of an arduous business life. In all of these 
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activities he achieved an enviable reputation. He was born 
in Philadelphia of Quaker parents, but his father died in his 
infancy, and he was taken to Burlington, N. J., where his youth 
was spent. Received his early education in the school of John 
Griscom, a distinguished Quaker educator, from whom he 
acquired his love of chemical science. Without further train- 
ing, he then entered John Biddle’s drug store in Philadelphia 
as an apprentice and in due time was taken into partnership 
by his preceptor under the firm name of Biddle and Smith. 

In 1819, he opened his own store at the northeast corner of 
Sixth and Arch Streets, at this time a quiet, secluded, residen- 
tialsection. In 1828, he entered into partnership with William 
Hodgson, Jr., a young Quaker, ‘“‘then fresh from the store of 
John Bell, Oxford Street, London, where he had been associated 
as an apprentice with the since-eminent Jacob Bell, Robert 
Alsop and Theophilus Redwood, all lights in the London phar- 
maceutical world’? (Edward Parrish). The firm name became 
Smith and Hodgson. They enlarged their store and became 
notable manufacturers and wholesalers. Many young men 
came to them for instruction in pharmacy; and to two gradu- 
ates of their laboratories and counters, Charles Bullock and 
Edmund A. Crenshaw, they sold their business in 1849. 

He was one of the principal sponsors in 1825 for the Journal 
of the Philadelphia College of Pharmacy and contributed its 
first original article—‘‘Epsom Salts and Magnesia.”” To him 
belongs the credit of having established, from its beginning, 
the periodical on a high, scientific and ethical plane. 

Wood and Bache invited him to be a collaborator in the 
preparation of the United States Dispensatory, but after con- 
tributing a few articles his other engagements made this im- 
possible. When, in 1852, the pharmacists of the country 
met in Philadelphia to organize the American Pharmaceutical 
Association, his distinction was so great that he was unani- 
mously chosen to be its first president. 

Many other subjects claimed the attention of this public- 
spirited man. He was one of the organizers of the Apprentices’ 
Library of Philadelphia in 1820, was elected a member of the 
Franklin Institute immediately after its organization in 1824, 
and was an incorporator of the Historical Society of Pennsyl- 
vania in 1826. He was also one of the incorporators of the 
Philadelphia Savings Fund, and of the House of Refuge. He 
was elected a member of the American Philosophical Society 
in 1829, and was also a member of the Academy of Natural 
Sciences. Born a Quaker, he kept up his attachment to the 
Society of Friends and interested himself in its educational 
hee particularly at Haverford School (now Haverford Col- 
ege). 
Squibb, Edward R. (1819-1900). Born in Wilmington, Del. 
Early education in Wilmington. Learned the drug business 
with Warder Morris, of Philadelphia; later Warder Morris 
and J. H. Sprague (1837-1842). Graduated from Jefferson 
Medical College in 1845. Practiced medicine in Philadelphia 
until 1847, when he became assistant surgeon in U. 8. Navy. 
Saw active sea service for four years. Ordered to Naval Hos- 
pital in Brooklyn, directed by Dr. Benjamin Franklin Bache. 
When the pharmaceutical laboratory of the Navy Department 
was authorized in 1852, Bache was made its director and Squibb 
its assistant director. Here he gained a practical experience 
in manufacturing that was destined to yield most important 
results. In 1857 he resigned from the Navy and the following 
year established a manufacturing pharmaceutical laboratory 
of his own in Brooklyn. With the outbreak of the Civil War 
(1861), the demand for the Squibb products enormously in- 
creased. He had unusual mechanical ability and loved re- 
search, and he abhored secrecy, freely disclosing his discoveries 
to all, even to competitors. His articles in the American 
Journal of Pharmacy, the Proceedings of the American Pharma- 
ceutical Association and his own Ephemeris were many and of 
great practical and scientific value. His Hphemeris, a periodi- 
cal dedicated to medicine and pharmacy, was unique and 
characteristic. It disseminated thousands of pages of the 
most useful and practical drug information and was issued 
gratuitously as seemed to be required. It had no subscription 
list. He took an active part in the development and improve- 
ment of the Pharmacopeeia beginning with the 1860 revision. 
Became a member of the American Pharmaceutical Association 
in 1858, and of many pharmaceutical and medical bodies, and 
was an honorary member of the British Pharmaceutical Confer- 
ence and of the Pharmaceutical Society of Great Britain. The 
degree of Master in Pharmacy honoris causa was conferred upon 
him by the Philadelphia College of Pharmacy in 1894. 

_ Squibb had striking individuality. ‘He consecrated his 
life to the object of furnishing honest medicines for the relief 
of disease, and naturally his laboratory work had the first place; 
morning, noon, and night found him there. Habits of order 
and cleanliness he instilled in all who were under his guidance 
or instruction. He hated a lie, even a little one, and he was 
always the soul of honor. He delighted in original investiga- 
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tion if it had any bearing upon making medicines. Abstract 
subjects he took little interest in, he would not waste time upon 
anything which he did not believe productive of results of im- 
mediate practical value to mankind. His standards of purity 
for pharmaceutical products were the highest attainable. He 
never hesitated to share with others the benefits of his great 
ingenuity and wide experience, so that his services to his pro- 
fession were far reaching, not only on account of the enormous 
volume of work he accomplished, but also because he enabled 
others to do much.” (Joseph P. Remington.) He never 
yielded to any course of doubtful morality, and he often stood 
alone, his motto being: ‘“‘God and one are a majority.” 


Taylor, Alfred B. (1824-1898). Born in Philadelphia. Edu- 


cated at Haddington Boarding School, and University of 
Pennsylvania, graduating in 1841. Entered drug business 
with Henry C. Blair of Philadelphia, as preceptor. Graduate 
of Philadelphia College of Pharmacy (1844). Went to Rushton 
and Co. and later, Hegeman and Co., of New York. Bought 
drug store at Eleventh and Walnut Streets (1847), then (1853) 
moved to Ninth and WalnutStreets; then (1861) toa largerstore 
at 1015 Chestnut Street, then (1876) to 31 South Eleventh Street, 
and then under the Continental Hotel until he retired from busi- 
ness. Had an experience of nearly 40 years in the retail drug 
business. Was appointed (1848) Inspector of Drugs for the Port 
of Philadelphia. Was elected the first secretary of the American 
Pharmaceutical Association at the initial meeting in 1851, and 
in 1890 became president of the Association. Was elected a 
trustee of the College (1848), secretary of the College (1850- 
1871), corresponding secretary (1871-1886), and member of 
Publishing Committee, of the American Journal of Pharmacy 
(1852-1871). His Alma Mater conferred upon him the honorary 
degree of Master in Pharmacy (1887). Rendered services of 
exceptional value to the Committees of Revision of U. S. 
Pharmacopeeia, having been a member of this committee-for 
four decades. Was secretary of the National Committee for 
1860 and 1870 revisions of Pharmacopeeia, and performed con- 
tinuous and laborious duties involving critical experiments, 
recording and reconciling the views of the members of the 
Committee, and finally, correcting the proofs, etc., with the 
greatest efficiency. Was associated with Remington in the 
preparation of the first edition of the latter’s Practice of Phar- 
macy. Was the first to propose the use of cacao butter as a 
base for suppositories. Contributed many papers on practical 
pharmaceutical subjects to the American Pharmaceutical 
Association and pharmaceutical periodicals. His faithful, un- 
remitting devotion to the best traditions of his profession will 
ever associate his name with the science of pharmacy. 


Trimble, Henry (1853-1898), was born near Chester, Pa. Of 
_Quaker parentage, he received his early education at the old 


Westtown school in Chester county. At nineteen he became 
an apprentice and in 1876 was graduated from the Philadelphia 
College of Pharmacy. Wishing to supplement his training, he 
entered the Scientific Department of the University of Pennsyl- 
vania to pursue special work in organic chemistry, and then 


- became an assistant of Professor Samuel P. Sadtler, in teaching 


organic chemistry. At this time Sadtler was invited to take the 
lectures in chemistry in the Philadelphia College of Pharmacy 
given for many years by Robert Bridges; and Trimble 
became Sadtler’s assistant at the College. He was elected to 
an instructorship in 1881, and when Dr. Frederick B. Power 
resigned from the school as professor of analytical chemistry 
and director of the chemical laboratory in 1888, Trimble toox 


.up the duties of those positions. Meanwhile, for some five 


years, he had been engaged in the retail drug business, but upon 
his election to the Faculty of the College he retired from this 
connection and gave his entire attention to teaching and 
research. 

He was an industrious investigator in a number of fields, 
having devoted himself in a particular way to the tannins, 
upon which subject and sylviculture he wrote and published a 
number of papersand monographs. In 1885, he prepared and ~ 
issued a small Handbook of Analytical Chemistry for use in his 
laboratory. After running through several editions, it was 
merged into the Text Book of Pharmaceutical and Medical 
Chemistry, published in 1895 by Trimble and Sadtler jointly.. 
In 1894 upon the death of Maisch, he became the editor of the 
American Journal of Pharmacy. 

In 1896 he had the honorary degree of Master of Arts con- 
ferred upon him by Haverford College. His Alma Mater had 
previously (1891) conferred upon him the honorary degree of 

aster in Pharmacy (Ph.M.). In 1897 he was elected a mem- 


. ber of the American Philosophical Society. 


- Trimble’s health failed him in 1898 and he died in the full 


~ flush of. young manhood. ‘Starting as a pharmaceutical ap- — 


prentice himself and earning his way through College, every — 
step of his career was carved out by his own exertions. His 
example may well be emulated by young men who start life 
with perhaps a fear that the difficulties ahead of them are too 
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great and the rewards too remote and uncertain. He leaves 

behind him also for those who were privileged to know him 

well, precious recollection—that of a true-hearted and faithful 
friend who was always the same and whose word could always 
be relied upon implicitly.” (Samuel P. Sadtler.) 

Whelpley, Henry M. (1861-1926). Born at Harmonia, Mich. 
Educated in Illinois and Michigan. Graduated from St. 
Louis College of Pharmacy in 1883, from Missouri Medical 
College in 1890, from St. Louis Post Graduate School of Medi- 
cine in 1894. Professor of Microscopy from 1884. Dean of 
the St. Louis College of Pharmacy from 1904, Lecturer on 
Materia Medica and Pharmacy 1886-1890, Professor of Physi- 
ology, Histolcgy, and Microscopy, Director of Biological 
Laboratory, and Secretary of St. Louis Medical College and 
St. Louis Post Graduate School of Medicine; Professor of 
Materia Medica and Pharmacy, Medical Department of Wash- 
ington University from 1890; same at Missouri Dental College 
1900-1903. Held nearly 50 memberships in associations, clubs, 
and societies. Very active in the American Pharmaceutical 
Association ; Secretary of the Section on Pharmaceutical 
Legislation in 1887; Secretary of the Scientific Section in 1888, 
and its Chairman in 1889; General Secretary in 1893; Secre- 
tary of the Council in 1908; President in 1901. Awarded the 
Remington Medal in 1925. President of the American Con- 
ference of Pharmaceutical Faculties in 1905-1906. Active in 
organizing the National Association of Boards of Pharmacy. 
Secretary of the Board of Trustees of the U. 8. P. Convention 
1900-1926. 

Wilbert, Martin I. (1865-1916). Born at West Leyden, Lewis 
County, N. Y. German parentage. Early education in pub- 
lic and private schools. Employed in drug store of Utica. 
Graduated from the Philadelphia College of Pharmacy in 1890, 
subject of thesis being “Aluminii Acetas.’”? Owned a retail 
drug store for a short time and then became chief apothecary of 
German Hospital of Philadelphia, where he rendered most 
efficient service. Was a pioneer in the use of the X-ray in this 
country, making the first X-ray machine used by his institution. 
At the German Hospital he adopted the policy of buying crude 
drugs and making all his preparations. In this way he became 
deeply interested in experimental work on pharmaceutical 
preparations and in the literature relating thereto, as well as 
the literature of pharmacy generally. In 1908 became an assist- 
ant in the Division of Pharmacology of the Hygienic Labora- 
tory, U. 8. Public Health Service, where his work on the Digest 
of Comments on the U. 8. Pharmacopomia IX and the National 
Formulary IV excited most favorable comment. Was an 
active member of the American Pharmaceutical Association, 
the Franklin Institute, the American Roentgen Ray Society, 
and the American Medical Association, being a member of its 
Council on Pharmacy and Chemistry. Was a member of the 
Committee of Revision of the U. S. Pharmacopceia IX, Com- 
mittee on Revision of the National Formulary, and a member 
of the Philadelphia College of Pharmacy. Was given the de- 
gree of Master in Pharmacy in course by his Alma Mater (1903). 
Contributed many articles to the American Journal of Phar- 
macy. 

“His influence on medicine and pharmacy was unique. His 
knowledge of pharmacy was such that he could have obtained 
prominence in the manufacturing field and with it come to a 
large measure of financial reward. But he chose to devote 
his thoughts and energies to the general good rather than to his 
own profit. He gave a life of service with never a thought of 
reward and earned every honor bestowed upon him.” (W. A. 
Puckner.) 


A Chronology! 


1500 Ebers Papyrus, the first manuscript pertaining to pharmacy. 
460 Hippocrates, author of the Hippocratic Oath, was born. 
350 Diocles wrote an important treatise on pharmacology. 
372 Theophrastus (372-285), the ‘father of botany,” was born. 
A.D. 


50 Dioscorides wrote an important book on materia medica. 


131 Galen (131-201), originator of ‘‘galenicals,’’ was born. 
350 Saints Cosmos and Damian, the patron saints of pharmacy, 
; persecuted. Chae 
539 Benedictine Order founded at Monte Cassino in Italy. 
585 Death of Marcus Aurelius Cassiodorus (490-585) who wrote 
a book on medieval science. ; ; 
857 Death of Johann Mesué Senior, Arabian pharmacist (777— 
ef 857). 
925°. Dow of Rhazes, the Persian pharmacist (865-925). a 
1035 Death of Avicenna (980-1035), famous pharmacist, physician, 
and philosopher. ; ie 
1131 The clerics of Rheims are forbidden to practice medicine. 
1140 Antidotary of Nicholas of Salerno. ; 
Edict of Tours restricted surgery to barbers and traveling 


charlatans. 


; The above chronology has been abstracted from the books on the history 
pharmacy listed above (page 13). 


1178 
1180 
1225 
1271 


1297 
1345 
1348 
1428 


1480 
1484 
1498 


1529 
1540 
1546 


1548 


1559 ~ 


1560 


1564 
1565 


1584 
1589 
1602 
1604 
1609 


1610 


1617 
1618 
1620 
1621 


1628 
1631 
1646 


1665 
1669 


1672 
1680 
1681 
1695 


1699 
1703 


1712 
1715 
1719 
1731 
1736 
1740 
1752 


1762 
1765 


1765 
1765 
1770 
1771 
1772 
1774 
1775 
1776 


1777 
1783 
1785 


1787 
1790 


1793 
1798 
1799 


1805 
1809 


1811 
1813 
1815 
1816 
1818 
1819 
1820 
1821 


1823 


First mention of Apothecaries in French records. 

Guild of Pepperers in London. 

First apothecary shop in Germany established at Cologne. 

Herborists and apothecaries of Paris forbidden to practice 
medicine. 

Guild of Pharmacists organized in Bruges. 

First apothecary shop in London. 

The Black Death—Great Plague struck Hurope. 

Guild of Grocers, which included apothecaries, granted a 
charter. 

First poison law enacted by James I of Scotland. 

Pope Innocent VIII authorized burning of witches. 

oue apical pharmacopeeia published in Europe, in Florence, 

taly. 

Paracelsus (1493-1541) published his first treatise. 

Valerius Cordus (1515-1544) discovered sulfuric ether. 

Nuremberg Pharmacopeia (Dispensatory of Valerius Cordus) 
printed. 

Charles V issued decree regulating pharmacy. 

Pharmacopeia of Mantua published. 

German physician Placatomus-Bretschneider first used title 
“Pharmacopoeia” for a formulary. 

Pharmacopeia of Augsburg issued. 

Jean Nicot (from whose name we have derived 
introduced tobacco plant in France. 

Sir Walter Raleigh brought potato to Europe. 

Galileo demonstrated the law of falling bodies. 

First pharmacy established in Russia. 

Louis Hébert, first pharmacist to settle in North America. 

Oswald Crollius published first recorded method of making 
calomel. 

Potassium acetate first made by Mueller—introduced under 
the name of Terra Foliata Tartari. 

Society of Apothecaries of London organized. 

First London Pharmacopeia published. 

Pilgrims settled at Plymouth, Mass. 

Raymond Minderer published Military Pharmacy and Medi- 
cine, 

Harvey published his book on the circulation of the blood. 

Adrian van Mynsicht introduced tartar emetic. 

William Davis founded first apothecary shop in America 
(Boston), 

Sir Isaac Newton discovered the law of gravitation. 

Phosphorus discovered by Brand. Sydenham _ published 
formula for laudanum. 

Rochelle salt introduced by Peter Seignette. 

Leeuwenhoeck discovered yeast plants. 

Quakers founded Pennsylvania. 

Epsom Salt discovered in springs at Epsom, England, and 
first English medicinal patent obtained for it. 

First edition of Edinburgh Pharmacopeia issued. 

English apothecaries authorized to prescribe as well as dis- 
pense. 

Stoughton’s Elixir (compound tincture of gentian) appeared. 

Bartram’s Botanical Gardens established at Philadelphia. 

Thymol isolated in Germany by Kaspar Neumann. 

Philadelphia Hospital founded. 

First law regulating pharmacy in America enacted in Virginia. 

Thomas Dover invented Dover’s Powder. 

First hospital pharmacy in America established at Pennsylvania 
Hospital in Philadelphia. Jonathan Roberts was first 
apothecary. 

Antoine Baumé published his Eléments de Pharmacie. 

John Morgan introduced prescription writing into United 
States. 

Phosphoric acid from bones by Scheele. 

Tartaric acid from argol in wine cask by Scheele. 

Three million people died of smallpox in the West Indies. 

Priestley observed oxygen. 

Nitrogen discovered by Rutherford. 

Scheele discovered chlorine. 

First American Army hospital established. 

Christopher Marshall, famous American pharmacist, cared for 
wounded soldiers. 

Collége de Pharmacie established in Paris. 

Rozier, an apothecary, makes first human flight in a balloon. 

Fowler introduced Fowler’s Solution. Withering published 
his treatise on digitalis. 

Ergot introduced in obstetrics by Paullitzsky. 

First United States patent law passed. Elisha Perkins took 
out first medical patent in 1796. . 

Plague struck Philadelphia. 

Jenner published his work on vaccination. 

Sir Humphry Davy discovered anesthetic properties of Nitrous 
Oxide. 

Sertiirner isolated morphine. 

Oldest pharmaceutical journal in the world, Journal de 
Pharmacie et de Chimie, first published as Bulletin de 
Pharmacie. 

Iodine discovered by Courtois, a French pharmacist. 

Samuel Thomson sold first American patent medicine. 

Morphine from opium by Sertiirner. 

Death of Peter Smith, the ‘‘Indian Doctor’’ (1753-1816). 

Caventou and Pelletier isolated strychnine. 

Quinine isolated by Pelletier and Caventou. ; 

First edition of United States Pharmacopeia published. . 

Philadelphia College of Pharmacy founded by Henry Troth 
and associates, 

Massachusetts College of Pharmacy founded. 


‘‘nicotine’’) 
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First American pharmaceutical journal, American Journal of 
Pharmacy, published. 

Bromine discovered by Balard. 
Hennel. 

Aluminum discovered by WGhler. 

Wéhler synthesized urea. 

New York College of Pharmacy founded. 

Chloroform prepared independently by Liebig and Soubeiran. 

Codeine isolated by Robiquet. 

Carbolic acid and aniline prepared by Runge. 

Hagner started drug milling in Philadelphia. 

Maryland College of Pharmacy founded. ; 

Long performed first operation under anesthesia using ether. 

Oliver Wendel Holmes pointed out that puerperal fever is 
contagious, ; 

First American code of ethics prepared by Philadelphia College 
of Pharmacy. 

First Drug Import Law enacted. 

American Pharmaceutical Association founded. 

First Alumni Association in America founded. First edition of 
the British Pharmacopeia. 

First International Pharmaceutical Conference in Brunswick, 
Germany. 

First edition of Pharmacopeia Germanica. 

National Association of Retail Druggists founded. 

First National Formulary issued by American Pharmaceutical 
Association. 

Roentgen discovered X=rays. 

Radium discovered by the Curies. 

Dr. Walter Reed proved mosquitoes carried yellow fever. 

First International Pharmacopeial Conference held at Brus- 
sels. 

Federal Food and Drug Act passed. 

Ehrlich introduced ‘‘606”’ (Arsphenamine). 

Banting and Best isolated Insulin. 

Second International Pharmacopeeial Conference held at Brus- 
sels. 

Sir Alexander Fleming discovered Penicillin. 

Prontosil introduced by Domagk. 

League of Nations Commission on International Pharmacopce- 
ial Standards held conferences. 

The atomic bomb was created. 


Ethyl Alcohol synthesized by 


The Ethics of Pharmacy 


The pharmacist has great legal and moral responsibil- 
ities towards the public and towards his fellow practi- 
tioners in the diversified fields of public health. He 
is held accountable for his scientific and professional 
knowledge and his registration is dependent upon proof 
of this fact. He is given certain privileges in return 
for his acceptance of these responsibilities and the sum 
total of his duties, responsibilities, and privileges, as 
is similarly true of other professions, is embodied in the 


ethical codes which have been adopted from time to time - 


by various organized bodies of pharmacists. 

Since 1921 a unified code of ethics has been adopted 
by the various national pharmaceutical organizations 
and by the colleges of pharmacy. This code of ethics 
gives the best insight into the professional responsibili- 
ties of the pharmacist that can be furnished, and it is 
quoted here in full: 


PRINCIPLES OF PHARMACEUTICAL ETHICS 


I. The Duties of the Pharmacist in Connection with His Services 
to the Public 

Pharmacy has for its primary object the service 
which it can render to the public in safeguarding the 
handling, sale, compounding, and dispensing of medici- 
nal substances. 

The practice of pharmacy demands knowledge, skill, 
and integrity on the part of those engaged in it. Phar- 
macists are required to pass certain educational tests 
in order to qualify under the laws of our states. The 
states thus restrict the practice of pharmacy to those 
persons who, by reason of special training and quali- 
fications, are able to qualify under regulatory require- 
ments, and grant to them privileges necessarily denied 
to others. 

In return the states expect the pharmacist to recog- 
nize his responsibility to the community and to fulfill 
his professional obligations honorably and with due 
regard for the physical and moral well-being of society. 


The pharmacist should uphold the approved legal 
standards of the United States Pharmacopeceia and of 
the National Formulary for articles which are official 
in either of these works, and should, as far as possible, 
encourage the use of these official drugs and prepara- 
tions and discourage the use of objectionable nostrums. 
He should sell and dispense only drugs of the best 
quality for medicinal use and for filling prescriptions. 

He should neither buy, sell, nor use substandard 

drugs for uses which are in any way connected with 
medicinal purposes. 
. The pharmacist should be properly remunerated by 
the public for his knowledge and skill when used in its 
behalf in compounding prescriptions, and his fee for 
such personal work should take into account the time 
consumed and the great responsibility involved as well 
as the cost of the ingredients. 

The pharmacist should not sell or dispense powerful 
drugs and poisons to persons not properly qualified to 
administer or use them, and should use every proper 
precaution to safeguard the public from poisons and 
from all habit-forming medicines. 

The pharmacist, being legally entrusted with the dis- 
pensing and sale of narcotic drugs, should merit this 
responsibility by upholding and conforming to the laws 
and regulations governing the distribution of substances 
of this character. 

The pharmacist should seek to enlist and merit the 
confidence of his patrons and when this confidence is 
won it should be jealously guarded and. never abused 
by extortion or misrepresentation or in any other 
manner. 

The pharmacist should consider the knowledge which 
he gains of the ailments of his patrons and their con- 
fidences regarding these matters as entrusted to his 
honor, and he should never divulge such facts unless 
compelled to do so by law. 

The pharmacist should hold the health and safety of 
his patrons to be of first consideration; he should make’ 
no attempt to prescribe or treat diseases or strive to 
sell drugs or remedies of any kind simply for the sake of 
profit. 

He should keep his pharmacy clean, neat, and sani- 
tary in all its departments and should be well supplied 
with accurate measuring and weighing devices and other 
suitable apparatus for the proper performance of his 
professional duties. 

It is considered inimical to public welfare for the 
pharmacist to have any clandestine arrangement with 
any physician in which fees are divided or in which 
secret prescriptions are concerned. 

The pharmacist should primarily be a good citizen, 
and should uphold and defend the laws of the state and 
nation. He should inform himself concerning the laws, 
particularly those relating to food and drug adulteration 
and those. pertaining to health and sanitation, and 
should always be ready to cooperate with the proper 
authorities having charge of the enforcement of the laws. 

The pharmacist should be willing to join any con- 
structive effort to promote the public welfare and he 
should regulate his public and private conduct and 
deeds so as to entitle him to the respect and confidence 
of the community in which he practices. 


II. The Duties of the Pharmacist in His Relations to the 
Physician — 


The pharmacist, even when urgently requested so to 
do, should always refuse to prescribe or attempt diag- 
noses. He should, under such circumstances, refer 
applicants for medical aid to a reputable, legally quali- 
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fied physician. In cases of extreme emergency, as in 
accident or sudden illness on the street in which persons 
are brought to him pending the arrival of a physician, 
such prompt action should be taken to prevent suffer- 
ing as is dictated by humanitarian impulses and guided 
by scientific knowledge and common sense. 

The pharmacist should not, under any circumstances, 
substitute one article for another, or one make of an 
article for another in a prescription, without the con- 
sent of the physician who wrote it. No change should 
be made in a physician’s prescription, except such as is 
essentially warranted by correct pharmaceutical pro- 
cedure, nor any that will interfere with the obvious 
intent of the prescriber, as regards therapeutic action. 

He should follow the physician’s directions explicitly 
in the matter of refilling prescriptions, copying the 
formula upon the label, or giving a copy of the prescrip- 
tion to the patient. He should not add any extra 
directions or caution or poison labels without due re- 
gard for the wishes of the prescriber, providing the 
safety of the patient is not jeopardized. 

Whenever there is doubt as to the interpretation of 
the physician’s prescription or directions, he should 
invariably confer with the physician in order to avoid a 
possible mistake or an unpleasant situation. 

He should never discuss the therapeutic effect of a 
physician’s prescription with a patron nor disclose de- 
tails of composition which the physician has withheld, 
suggesting to the patient that such details can be prop- 
erly discussed with the prescriber only. 

Where an obvious error or omission in a prescription 
is detected by the pharmacist, he should protect the 
interests of his patron and also the reputation of the 
physician by conferring confidentially upon the subject, 
using the utmost caution and delicacy in handling 
such an important matter. 


Ill. The Duties of Pharmacists to Each Other and to the 
Profession at Large 

The pharmacist should strive to perfect and enlarge 
his professional knowledge. He should contribute his 
share toward the scientific progress of his profession and 
encourage and participate in research, investigation, and 
study. 

ie should associate himself with pharmaceutical 
organizations whose aims are compatible with this code 
of ethics and to whose membership he may be eligible. 
He should contribute his share of time, energy, and ex- 
pense to carry on the work of these organizations and 
promote their welfare. He should keep himself in- 
formed upon professional matters by reading current 
pharmaceutical and medical literature. 

He should perform no act, nor should he be a party 
to any transaction which will bring discredit to himself 
or to his profession or in any way bring criticism upon 
it, nor should he unwarrantedly criticize a fellow phar- 
macist or do anything to diminish the trust reposed in 
the practitioners of pharmacy. ; 

The pharmacist should expose any corrupt or dis- 
honest conduct of any member of his profession which 
comes to his certain knowledge through those accredited 
processes provided by the civil laws or the rules and 
regulations of pharmaceutical organizations, and should 


‘aid in driving the unworthy out of the calling. 


_ He should not accept agencies for objectionable nos- 
rums nor allow his name to be used in connection with 
\dvertisements or correspondence for furthering their 


should courteously aid a fellow pharmacist who 
‘equest advice or professional information or who, 
ergency, needs supplies. 
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He should not aid any person to evade legal require- 
ments regarding character, time, or practical experience 
by carelessly or improperly endorsing or approving 
statements relating thereto. 

He should not imitate the labels of his competitors 
nor take any other unfair advantage of merited pro- 
fessional or commercial success. When a bottle or 
package of a medicine is brought to him to be refilled, 
he should remove all other labels and place his own 
thereon unless the patron requests otherwise. 

He should not fill orders which come to him by mis- 
take, being originally intended for a competitor. 

He should deal fairly with manufacturers and whole- 
sale druggists from whom he purchases his supplies; 
all goods received in error or excess and all undercharges 
should be as promptly reported as are shortages and 
overcharges. 

He should earnestly strive to follow all proper trade 
regulations and rules, promptly meet all obligations, 
and closely adhere to all contracts and agreements. 

In the fourth paragraph in the ‘Principles of Phar- 
maceutical Ethics” the words “objectionable nostrums”’ 
appear. An objectionable nostrum is considered to be 
one which does not comply with the minimum require- 
ments for such preparations as drafted by a committee 
of the American Pharmaceutical Association. 


EXTRACT FROM THE REPORT FOR THE COMMITTEE OF 
THE A. PH. A. ON PROPRIETARY REMEDIES}! 


Minimum Requirements with Which Proprietary Remedies 
Should Comply in Order to Render Them Safe for Direct Sale 
to the General Public 


The following declarations are provisional and sub- 
ject to repeal, modification, or expansion, as the Com- 
mission may later decide. 

1. Prescription Fakes, Concealment of Proprietary 
Character—The preparation must not be named or 
advertised in such a way as to conceal its proprietary 
character and lead the purchaser to believe that it is a 
simple chemical or vegetable drug ordinarily purchas- 
able in small quantities instead of a proprietary mixture 
or substance. 

2. Methods of Marketing—The preparation must 
be one which is regularly offered to the public through 
the usual trade channels, 7. e., through regular wholesale 
and retail dealers in ready-made medicines, and thus 
subject to inspection by the authorities: charged with 
the enforcement of state food and drug laws. 

3. Alcohol Content—If the preparation contains 
alcohol, it must be sufficiently medicated to prevent its 
use as an intoxicating beverage and, in addition to this 
requirement, the proportion of alcohol present must not 
be greater than is properly necessary to hold in solution 
in permanently active condition the essential constitu- 
ents of the preparation, and to protect the preparation 
against freezing, fermentation, or other deleterious 
change. 

4. Content of Habit-forming Narcotic Drugs—If the 
preparation is one which is capable of being used inter- 
nally, whether recommended for internal use or not, it 
must not contain cocaine, nor shall it contain opium or 
any of its alkaloids or their derivatives, in greater pro- 
portions than those specified in Section Six of the 
Federal Law commonly known as the Harrison Act, and 
it shall also contain other active drugs in such propor- 
tion that the use of the preparation will not be likely 
to create a drug habit, nor satisfy such a habit whén 
previously existing. 

1 Jour. A. Ph. A., 10,1148 (1915), 
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3. Remedies for Children’s Use—If intended for 
administration to infants or children, the preparation 
must not contain cocaine, opium or its alkaloids, or 
their derivatives in any proportion whatever. 

6. Activity of the Preparation, Cautions against 
Misuse—The preparation must be of such character 
that it will not be liable to endanger life or health when 
used in accordance with the accompanying instructions, 
and if the preparation is one which is lable to occasion 
injury when improperly used or when used to excess, 
the accompanying literature must bear instructions 
tending to guard against such improper or excessive use. 

7. Immoral or Illegal Purposes—The preparation 
must not be intended for use as an abortifacient nor for 
use for any other immoral or illegal purpose, nor must 
it be advertised or recommended either directly or in- 
directly as an abortifacient or for any immoral or illegal 
purposes. 
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8. Incurable and Contagious Diseases—The prepa- 
ration must not be advertised or recommended as a 
cure for diseases or conditions which are generally recog- 
nized as incurable by the simple administration of drugs, 
or for the cure of contagious or acute diseases, the 
treatment of which properly requires the supervision 
of a qualified medical attendant. 

9. Conformity to the Federal Food and Drugs Act— 
Neither the label on the package nor any of the accom- 
panying literature shall bear or contain any statement 


in conflict with the misbranding provisions of the 
Federal Food and Drugs Act. 


10. Advertising Not Accompanying the Package— 
Advertising not accompanying the package shall con- 
form substantially to the statements on the label, 
carton, or in the accompanying circulars as to the origin, 
composition, or character of the preparation, or con- 
cerning its curative or remedial value. 
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CHAPTER III 
THE LITERATURE OF PHARMACY 


Development of a National Literature of Pharmacy 


HARLY AMERICAN LITERATURE on materia medica 
and pharmacy was obtained mostly from Europe, where 
the ablest physicians of that period were educated. 
The first pharmaceutical publication in North America 
was Hlectuarium Novum Alexipharmacum, written in 
1732 by the Reverend Thomas Harward. In 1734 
Benjamin Franklin, the first printer of American medi- 


cal books, published Every Man His Own Doctor, or 


the Poor Planter’s Physician, which prescribed “plain 
and easy means for persons to cure themselves of all 
or most of the distempers of this climate, and with very 
little charge, the medicines being chiefly of the growth 
and production of this country.”’ The Lititz Pharma- 
copeeia, a 32-page leaflet, was compiled by Dr. William 
Brown in 1778 for use in the Military Hospital of 
Washington’s Army, but it was not generally applicable 
since it was restricted to those remedies available dur- 
ing the trying war period. In 1787, immediately after 
the Revolutionary War, and one year before the Con- 
stitution of the United States was signed, Dr. Schoepf 
published his book, Materia Medica Americana Potissi- 
mum Regni Vegetabilis. In it he describes about 400 
American medicinal plants which he had studied during 
the course of his travels throughout North America. 
In 1808 the Massachusetts Medical Society published 
for its own use a pharmacopceia written in English with 
Latin titles; this presentation was a departure from 
established custom, for previous to that time all similar 
works had been written in Latin. The first edition of 
the Pharmacope@ia of the New York Hospital was pub- 
lished by Dr. Samuel L. Mitchill and Dr. Valentine Sea- 
man in 1916. 

In January, 1817, realizing that previous works were 
somewhat limited in their use, the farseeing Dr. Lyman 
Spalding outlined to the New York County Medical 
Society his plans for the preparation of a National 
Pharmacopeeia, to be authorized by all medical societies 
and medical schools in the United States. Through his 
efforts a Pharmacopceial Convention was held January 
1, 1820, with Dr. Samuel L. Mitchill presiding, and 
the first edition of the Pharmacopeia of the United 
States was released on December 15, 1820, as the first 
major step in the creation of an authoritative national 
literature of pharmacy and medicine. Dr. Lyman 
Spalding prepared the book, which was to be revised 
decennially, with Latin on the left-hand pages and an 
English translation on facing pages. The materia 
medica was divided into two categories: ‘‘articles of 
decided reputation or general use’ and “those the 
claims of which are of a more uncertain kind.” 

In 1825, the Journal of the Philadelphia College of 
Pharmacy, which became the American Journal of 


_ Pharmacy in 1835, began publication for the advance- 


ment of pharmacy and the promotion of education and 
research. This was the first American pharmaceutical 
journal. In the same year the Massachusetts College 
of Pharmacy prepared the first pharmaceutical library 
In 1826 the Philadelphia College of 
Pharmacy issued The Druggist’s Manual, a catalogue of 
American and foreign drugs, chemicals, dyes, ete. 
In 1828 C. S. Rafinesque published his work, Medical 
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Flora; or Manual of Medical Botany of the United 
States of North America, the first dependable book on 
medical botany originating in the United States. 

During preparations for the U. S. P. of 1830, New 
York and Philadelphia could not come to agreement, 
and accordingly two conventions were held, one in 
New York which elected Dr. 8. L. Mitchill President, 
and another in Washington which elected Dr. Lewis 
Condict of New Jersey President. One Pharmacopeeia 
was published by Dr. Mitchill in New York in Novem- 
ber, 1830, and another in Philadelphia in April, 1831, 
under the chairmanship of Dr. Thomas T. Hewson, 
who was energetically assisted by Dr. George B. Wood 
and Dr. Franklin Bache. Through the efforts of these 
two men, who were lecturers at the Philadelphia College 
of Pharmacy and through the efforts of Daniel B. Smith, 
president of this college and a wholesale and retail drug- 
gist of Philadelphia, who had undertaken experimental 
research under the authority of the Pharmacopceial 
committee, pharmacy in this country became intimately 
associated with the preparation of the second and subse- 
quent editions of the U. 8. Pharmacopeeia. 

In 1833, Dr. G. B. Wood and Dr. F. Bache published 
the first edition of the U. S. Dispensatory, which is a 
commentary on Pharmacopeeial and unofficial drugs, 
now in its 24th edition. 

In New York, Boston, and Philadelphia the colleges 
of pharmacy cooperated in an unofficial capacity in pre- 
paring the U. S. P. of 1840, and the name of William 
Procter, Jr., appeared as an affiliate of the latter institu- 
tion. Dr. L. Condict was re-elected President of the 
Convention and Dr. G. B. Wood was elected Chairman 
of the Revision Committee. The book was published 
in 1842, omitting the Latin text, incorporating for the 
first time a few reagents, and expressing temperatures 
in degrees Fahrenheit. 

In 1849 Wilham Procter, Jr., edited Redwood’s 
English translation of Mohr’s Lehrbuch der Pharma- 
ceutischen Technik under the title Practical Pharmacy, 
but the first truly American textbook on pharmacy was 
published by Edward Parrish in 1855, under the title 
Introduction to Practical Pharmacy, ‘“‘a textbook for the 
student and a guide to the Physician and Pharmaceu- 
tist,”’ which passed through five editions, the last ap- 
pearing in 1884. 

During the preparation of the U. S. P. of 1850, 
which became official in 1851, pharmaceutical participa- 
tion became officially recognized and William Procter, 
Jr., of the Philadelphia College of Pharmacy, and John 
Milau, of the College of Pharmacy of the City of New 
York, became members of the Committee of Revision. 
Dr. G. B. Wood was elected President of the Conven- 
tion, also Chairman of the Committee of Revision. 
This Pharmacopeeia admitted for the first time a class 
of preparations known as fluid extracts but under this 
heading were grouped oleoresins, concentrated syrups, 
and concentrated tinctures. 

The Pharmacopeeial Convention of 1860 re-elected 
Dr. G. B. Wood President, and Dr. F. Bache was 
elected Chairman of the Revision Committee which 
included the pharmacists, William Procter, Jr., and 
Alfred B. Taylor of Philadelphia, Charles T. Carney of 
Boston, and William §. Thompson of Baltimore, also 
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the physician and pharmaceutical manufacturer, Dr. 
E. R. Squibb. Professor Parrish of the Philadelphia 
College of Pharmacy presented at this Convention a 
copy of the Proceedings of the American Pharmaceutical 
Association, which had been published since the found- 
ing of the association in 1852. In the fifth edition of 
the Pharmacopeeia (U. S. P. of 1860) a strictly alpha- 
betical arrangement was adopted, five grades of the 
fineness of powders were made official, and oleoresins, 
resins, and collodions were recognized. 

The United States Pharmacopeceia had become a 
truly national project by 1870. Hight colleges of 
pharmacy were represented at the Convention held 
that year. Dr. Joseph Carson of Philadelphia was 
elected President of the Convention and later Chairman 
of the Committee of Revision. The veterans, 
G. B. Wood, William Procter, Jr., Robert Bridges, and 
Alfred B. Taylor, who had been largely responsible for 
five revisions, were becoming fatigued, and Bache had 
died, but C. L. Diehl, A. E. Ebert, Horatio C. Wood, 
and John M. Maisch, distinguished young men, in- 
fluenced by the rapidly changing conditions brought 
about by the Civil War, became active participants. 
The sixth edition (U. S. P. of 1870) was published in 
1873. It included tables indicating the relationship of 
the American system of weights and measures to the 
metric system, and recognized the following new classes 
of preparations: charte, suppositoria, and glycerita. 

During the next decade a committee was appointed 
by the American Pharmaceutical Association consisting 
of Charles Rice, Chairman, Frederick Hoffman, and 
P. W. Bedford of New York; John M. Maisch, Joseph 
P. Remington, and Charles Bullock of Philadelphia; 
G. F. H. Markoe and 8. A. D. Sheppard of Boston; 
John F. Hancock of Baltimore; A. E. Ebert of Chicago; 
C. L. Diehl of Louisville; E. S. Wayne of Cincinnati; 
W. H. Crawford of St. Louis; Charles Mohr of Mobile; 
and EK. Painter of San Francisco, to prepare the draft 
for a new edition. At the Convention of 1880, eleven 
colleges of pharmacy were represented, and the Com- 
mittee of Revision of 25 members included 14 pharma- 
cists. For the first time the Committee was given 
absolute authority and was made completely respon- 
sible for preparing the sixth revision (U. S. P. 1880). 
As a result the experts so completely modernized the 
book that it became the basis for all future Pharma- 
copeeias. It described botanical drugs as to their 
physical characteristics, and, when necessary, their 
chemical properties; it defined each chemical accord- 
ing to its formula, physical properties, and chemical 
reactions; it provided for purity and identity tests; it 
included many descriptions and explanations; it ex- 
pressed temperature in both Fahrenheit and Centigrade 
degrees; and it adopted the metric system. Supple- 
ments were authorized at this time but were not issued 
until many decades later. 

In the U.S. P. of 1880 a large number of English 
titles used in former Pharmacopceias were changed, the 
old vernacular names being either dropped altogether 
or inserted as synonyms. This advanced step was 
rendered necessary by the increase in articles used in 
the materia medica and by a desire for greater accuracy 
and better methods in nomenclature. Thus the con- 
fusion which always existed in different localities con- 
cerning the common names of drugs was avoided, as 
the anglicized Latin name was distinctive. Such English 
names as Bloodroot, Calabar Bean, Male Fern, and 
Yellow Jasmine, for instance, were replaced by Sangui- 
naria, Physostigma, Aspidium,-and Gelsemium. On 
the other hand, some of the common English names 


were so fixed by usage that it was not deemed judicious 
to alter them; besides, a change would often have 
necessitated the use of a longer and less convenient 
word. The retention of the English names Clove, 
Mustard, and Ginger sufficiently illustrates this. 

In 1885, Joseph P. Remington published the first 
edition of Remington’s Practice of Pharmacy, ‘‘a trea- 
tise on the modes of making and dispensing official, 
unofficial, and extemporaneous preparations, with de- 
scriptions of their properties, uses, and doses, intended 
as a hand-book for pharmacists and physicians and a 
text-book for students.”’ At that time he was Professor 
of the Theory and Practice of Pharmacy at the Phila- 
delphia College of Pharmacy, vice-chairman of the 
Committee of Revision of the U. 8. Pharmacopeeia, 
and pharmaceutical editor of the United States Dis- 
pensatory. 

In 1888 the American Pharmaceutical Association ~ 
began publishing the National Formulary to provide 
standards for those medicinal preparations which 
were not considered sufficiently important nor of a 
type suitable for inclusion in the United States Pharma- 
copeeia. The New York and Brooklyn Formulary, 
under the direction of Charles Rice in 1882, was the 
forerunner of the National Formulary. 

The creation of a responsible executive body in 
1880 greatly facilitated subsequent revisions of the 
Pharmacopeeia. Experts were engaged to collect and 
compile criticisms on the U.S. P. These Digests, com- 
piled in turn by Hans M. Wilder (until 1901), by Flor- 
ence Yaple and Henry Kraemer (until 1905), by Murray 
Galt Motter and Martin J. Wilbert (until 1914), by 
the latter until 1917, and by A. G. DuMez (until 1924), 
included the National Formulary after 1905 and during 
the period from 1909 to 1924 were issued by the U. 8. 
Government as Bulletins of the Hygienic Laboratory 
of the Treasury Department of the United States Pub- 
lic Health Service. Since 1926 they have been pub- 
lished by the American Pharmaceutical Association as 
a part of the A. Ph. A. Brbliography of Pharmaceutical 
Literature, the Pharmacopeeia contributing toward the 
cost. Horatio C. Wood, a nephew of G. B. Wood, be- 
came President of the 1890 Pharmacopceial Convention. 
Charles Rice was again elected Chairman and Joseph 
P. Remington Vice-chairman of the Committee of Revi- 
sion composed of 8 physicians and 17 pharmacists. The 
following changes and additions were made in the 
U. S. P. of 1890: Assays for the determination of the 
active principles of official drugs were provided, optical 
rotation was added as a physical characteristic, and 
solids were to be weighed and liquids measured. A 
change was made in the English names of the chemical 
substances, the basic or metallic component being 
given the first place; for instance, potassium citrate, 
ammonium bromide, and zinc sulfate replaced the former 
names citrate of potassium, bromide of ammonium, and 
sulfate of zinc. The salts of iron and mercury were for 
the first time differentiated by the use of the terms 
ous and ic, to designate lower and higher states of oxida- 
tion; the compounds of mercury, on account of the 
difference in dose existing among them, were further 
distinguished by the use of the adjectives ‘corrosive,’ 
“mild,” “‘red,” ‘“‘yellow.”” For the scale salts of iron, 
the term “iron” was used in order to emphasize their 
defective chemical construction for they are not defi- 
nitely double salts. This nomenclature is retained in 
the present revision of the Pharmacopceia and in the 
National Formulary, with the exception of ‘Corrosive 
Mercuric Chloride.” The latter was changed to “‘Mer- 
cury Bichloride”’ primarily to provide suitable titles 
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for the “Mercury Bichloride” Tablets. Two new prin- 
ciples were to be enforced. The introduction into the 
Pharmacopeeia of any substance “which cannot be pro- 
duced otherwise than under a patented process or which 
is protected by proprietary rights’”’ was prohibited, and 
“a definite date, reasonably distant from the actual 
date of publication when the new Pharmacopeeia is 
intended to go into effect and to supersede the preceding 
one,” must be announced. The eighth edition (U.S. P. 


_ of 1890) became official January 1, 1894. 


In 1894, Virgil Coblentz published his Handbook of 
Pharmacy, the first in a series of American pharma- 
ceutical compendiums which have contributed greatly 
to the knowledge and skill of pharmacists. The first 
edition of a valuable textbook, entitled Treatise on 
Pharmacy, was published by Charles Caspari, Jr., in 
1895. When he died in 1917, Evander F. Kelly, his assist- 
ant at the Maryland College of Pharmacy, became 
editor. The last (eighth) edition was published in 1939. 
In 1895 Wilbur L. Scoville also published a book en- 
titled The Art of Compounding which dealt entirely with 
compounding and dispensing. The fourth edition, pub- 
lished in 1927, was edited by Justin L. Powers. <A text- 
book devoted exclusively to incompatibilities, entitled 
Incompatibilities in Prescriptions, was published by 
Edsel A. Ruddiman in 1897. Adley B. Nichols col- 
laborated in editing the sixth edition, published in 1936. 
Another useful textbook, Henry V. Arny’s Principles of 
Pharmacy appeared in 1909. Robert P. Fischelis col- 
laborated in the preparation of the fourth edition pub- 
lished in 1937. In 1908 James H. Beal published his 
concise outline of fundamental principles for the tyro 
entitled Prescription Practice and General Dispensing. 
Edsel A. Ruddiman published another textbook, 
Pharmacy, Theoretical and Practical, in 1917. A revi- 
sion was issued in 1926. William J. Husa’s Pharma- 
ceutical Dispensing, a scientific treatise on the com- 
pounding of prescriptions published in 1937, was one 
of the last books to appear before the war. In 1944, 
Henry M. Burlage, Joseph B. Burt, Charles O. Lee, 
and L. Wait Rising published Fundamental Principles 
and Processes of Pharmacy, “‘to assist the student to 
learn in a general way the professional and commercial 


- aspects, requirements, and opportunities of pharmacy.” 


In 1945 R. A. Lyman published American Pharmacy, 
the first in a series of text books on pharmaceutical 
theory and practice. 

In 1897, at the meeting of the Eighth International 
Pharmaceutical Congress in Brussels, Joseph P. Rem- 
ington was appointed chairman of a committee which 
was to suggest international standards for potent 
remedies. This important step laid the foundation for 
the agreements of 1902 which are now almost uni- 
versally adopted by the pharmacopeeias of the world. 

At the Eighth Decennial Pharmacopeeial Conven- 
tion in 1900, Horatio C. Wood was again elected Presi- 
dent and Charles Rice was re-elected as Chairman of 
the Committee of Revision, which consisted of 18 
pharmacists and 7 physicians. Charles Rice died, 
however, the following year and Joseph P. Remington 
took his place. Several important changes in the plan 
of the work were made. The business portion was sepa- 


rated from that of actual revision by creating a Board 


of Trustees whose duty it was to make contracts, attend 


to the finances, and place the book on sale. The Con- 


vention was also incorporated at that time, under a 


charter issued at Washington, D. C. The Pharmaco- 
 poeia of 1900, which was published in 1905 adopted 


average doses, the “Purity Rubric,” and 25° C. as the 
_ standard temperature for specific gravity and solubility 
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statements. The title U. S. P. VIII was adopted for the 
ninth edition to indicate that it was the “Eighth Revi- 
sion.” A new ruling on scope gave the Committee of 
Revision authority to admit ‘‘any product of nature of 
known origin; also any synthetized product of definite 
composition which is in common use by the medical 
profession, the identity, purity, or strength of which 
can be determined. No compound or mixture shall be 
introduced if the composition or mode of manufacture 
thereof be kept secret, or if it be controlled by unlimited 
proprietary or patent rights.”’ 

On June 30, 1906, mainly through the efforts of Har- 
vey W. Wiley, Chief Chemist of the Department of 
Agriculture, the National Food and Drugs Act came 
into effect, establishing the U.S. Pharmacopeeia and the 
National Formulary as the legal standards for all inedic- 
inal products recognized by these books, whether they 
are manufactured in this country or imported. 

At the Ninth Decennial Convention in Washington 
in 1910, Harvey W. Wiley was elected President and 
Joseph P. Remington was re-elected Chairman of the 
Committee of Revision, which was increased from 26 
to 51 members including the President as an ex- 
officio member. The Convention authorized the 
formation of an Executive Committee, composed of the 
15 chairmen of the subcommittees. The U. S. P. IX 
added for the first time biological assays, biological 
products, a chapter on diagnostic reagents, a chapter 
on sterilization, statements of the alcohol percentages 
of preparations, descriptions of the microscopical char- 
acteristics of the official drugs, and a chapter on meth- 
ods for analytical determinations. Joseph P. Reming- 
ton died in 1918 and Charles H. LaWall succeeded him. 

At the Tenth Decennial Convention in 1920, Dr. 
Reid Hunt was elected President and E. Fullerton 
Cook was elected Chairman of the Committee of Re- 
vision. Every interested organization in the United 
States participated in this revision and the Pharmaco- 
poeial program became enormously involved and elabo- 
rate. The U. S. P. X became official January 1, 1926, 
and included the first official vitamin assay. 

The U. S. P. XI was prepared by a committee ap- 
pointed by the National Convention for revising the 
Pharmacopeeia, which met in Washington, D. C., May 
13, 1930. Walter A. Bastedo, a physician and former 
pharmacist, was elected President and E. Fullerton 
Cook was re-elected Chairman. Fifty-nine medical 
bodies, 104 incorporated pharmaceutical organizations, 
and the Medical Departments of the Army and Navy, 
the U.S. Public Health Service, the U. S. Department 
of Agriculture, the American Medical Association, the 
American Pharmaceutical Association, the American 
Chemical Society, the American Dental Association, 
the Association of American Dairy, Food and Drug 
Officials, the Association of Official Agricultural Chem- 
ists, the National Association of Wholesale Druggists, 
the National Association of Boards of Pharmacy, the 
National Association of Retail Druggists, and the 
American Drug Manufacturers’ Association, sent dele- 
gates to this Convention, which selected from those 
present 50 members, with the President of the Conven- 
tion a member exofficio, making the total 51. These 
were designated as the ‘‘General Committee of Revision 
of the Pharmacopceia of the United States of America.” 
Of this number 18 were physicians, 19 were pharmacists 
and chemists, 10 were chemists, and 4 were botanists 
and pharmacognosists. 

The Convention of 1930 made no change in the or- 
ganization of the Committee of Revision, and the 
General Committee, as soon after its election as 
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possible met, elected officers, and the chairman or- 
ee the work of ‘revision, appointing fifteen Sub- 
committees to report upon the several divisions of the 
work. These Subcommittees were: 1. Scope (Ad- 
mission and Deletions). 2. Therapeutics and Phar- 
macodynamics (Posology). 3. Biological Assays. 4. 
Biological Products and Diagnostic Tests. 5. Botany 
and Pharmacognosy. 6. Proximate Assays. 7. In- 
organic Chemicals. 8. Organic Chemicals. 9. Re- 
agents and Test Solutions. 10. Volatile Oils. 11. 
Extracts, Fluidextracts, and Tinctures. 12. Waters, 


Solutions, Spirits, Syrups, and Elixirs. 13. Cerates, 
Ointments, and Miscellaneous Galenicals. 14. Tables, 
Weights, and Measures. 15. Nomenclature. 


When these appointments were ratified by the Gen- 
eral Committee of Revision and the Board of Trustees, 
ach Subcommittee organized and elected its own 
chairman. 

These Sub-committee Chairmen, through appoint- 
ment by the General Chairman and election by the 
General Committee and Board of Trustees, formed the 
Executive Committee of Revision, with the Chairman 
of the General Committee also as Chairman of the 
Executive Committee, and the actual work of revision 
began. According to the By-laws of the Convention, 
the “Executive Committee shall execute such orders or 
resolutions as have been assigned to it by the Con- 
vention, the General Committee of Revision, or the 
Board of Trustees, and have entire charge of the prepa- 
ration of the manuscript and reading of proof for the 
revised Pharmacopeeia.’”’ The General Committee of 
Revision represents geographically various parts of the 
United States, and it is necessary to conduct the re- 
vision largely by mail. During the Eleventh Revision 
three meetings of the entire General Committee were 
held, one of these immediately following the close of 
the Convention. Many other Subcommittee or group 
conferences were held. The Board and Committee 
remain in office until the next decennial convention, 
or until their successors are appointed. During the 
Eleventh Revision it became necessary to obtain the 
assistance of experts in special fields, and the ‘U.S. P. 
Vitamin Advisory Board’ and the “U. 8. P. Anti- 
Anemia Products Advisory Board” were organized. 
The U.S. P. XI became official June 1, 1936. 

At the Pharmacopceial Convention of 1940 Dr. 
Charles W. Edmunds was elected President (Dr. 
Cary Eggleston succeeded him on his death in 1941) 
and E. Fullerton Cook was re-elected Chairman of the 
Revision Committee. New Advisory Boards were or- 
ganized for endocrine products, blood substitutes, and 
sterile products, and Advisory Committees were 
formed to recommend standards for Insulin and glass- 
ware. It was decided at this Convention to publish a 
Pharmacopoeia every five years instead of decennially. 
“Tn selecting the medicinal substances and preparations 
for inclusion in the Twelfth Revision, trademark or 
patent complications which might be involved in some 
cases have been ignored, the question of therapeutic 
value only being considered.’”’ The U. S. P. XII be- 
came official November 1, 1942. 

Since another Pharmacopceial Convention would'not 
be held until 1950, practically the same men who had 
prepared the last edition prepared the U. S. P. XIII 
A major alteration was made in the titles of the Phar- 
macopeeia; the English title was placed first and a 
marginal title was included for each monograph and 
so arranged that all products and preparations of each 
basic substance were grouped with that substance in an 
alphabetical arrangement. 
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Pharmacopeeias. 


A Pharmacopeia (from the Greek pharmakon, “a 


drug medicine,” and poteo, ‘‘make’’), in the modern 
aeceptation of the word, is a book containing a list of 
medicinal substances, with descriptions, tests, and 
formulas for preparing the same, selected by some recog- 
nized authority. The necessity for legalized standards 
to define the character, establish the purity, and regu- 
late the strength of medicines is recognized by all 
civilized nations; and although all of the nations of the 
globe have not yet formally adopted national standards, 
in nearly every case where this has not been done it will 
be found that the standards of some other country are 
in use. The most important pharmacopceias are as 
follows: 


OFFICIAL PHARMACOPGIAS 


Title 


Pharmacopmia of the United States 
of America! 


Nation 
Lay UNITED ISTATHS pce hie 


SPAMISI LGGlOM et eyes ene 

Chinese Edition (U.S. P. IX) 

20°. BRITAIN. Canc oa ce eran British Pharmacopmia published 

under the direction of the General 

Council of Medical Education and 

Hegistrauos of the United King- 
om 


3. | GERMANY chia cman biceo teer oe Arzneibuch fur das Deutsche Reich 
(Pharmacopma Germanica) 

4, FRANCE. ocesisce....00..+2..- “Codex Medicamentarius” (Gallicus 
(Pharmacopée Francaise) 

Diss AWRDRIAL. tasers cessed tererecers Pharmacopmia Austriaca 

G2 “ BBUGUM 1. cain ee ian ee Pharmacopma Belgica 

UA SCHITB eie eho eee Cee tots Farmacopea Chilena 

$0 DENMARK eeecp emia nua cae Pharmacopma Danica 

OL 'GRENCH etadiaeoe ee eher EdAnvixh papparoroua 


Pharmacopma Hungarica 
Farmacopea ufficiale del regno d’- 
Italia 
Pharmacopma Japonica 
Nueva Farmacopea Mexicana 
Pharmacopma Nederlandica 
Pharmacopma Norvegica 
Pharmacopma Portugueza 
Pharmacopma Romana 
Pharmacopma Rossica 
Pharmakopwma Serbica 
Farmacopea Oficial Espanola 
Pharmacopea Svecica (Svenska Far- 
makopen) 
Pharmacopea Helvetica 
Farmacopea Venezolana 
Farmacopea Naciona Argentina 
Pharmacopoea Fennica 
Eest: Pharmacopéa 
Pharmacopoea Sinensis 
The Indian Pharmacopeeial List. 
Farmakopea Polska 


15e UNOR WAS cer see te palace 
16% PORTUGALT ae le ete errs 
Live IO UMANTAR cats. een tocanete 


225) DO WLEZ DRAIN Dees aie raat 
23.0 VPNEZUBLA. Jc vomies jateited ane eer 
24.” CARGUNDINA. Aussie coh omen 


1 In quoting this title, it is customary to abbreviate it to ‘‘U. S. P. XIII.” 
It is advisable to adhere to this form so as to preserve uniformity. The 
“Thirteenth Revision’? means, of course, the same as ‘‘Fourteenth Edition.” 
Formerly it was customary to use the year in which the Decennial Conven- 
tion met to designate the Pharmacopeeias, thus ‘‘U. 8S. P. 1890"’; much con- 
fusion resulted from this practice because it now requires three or four 
years to revise such an authority and hence the ‘‘U. 8. P. 1890’’ would have 
been more appropriately termed the ‘‘U. S. P. 1893.’’ In subsequent re- 
visions this was corrected by omitting a date upon the back of the book and 
using the words ‘‘Ninth Decennial Revision,” ete. 


The official pharmacopeeias are all issued under the 
authority of the respective governments, with the ex- 
ception of the United States Pharmacopeeia, which has, 
however, been accepted by the government and the 
individual states through the national and state food 
and drugs acts. Efforts are being constantly put forth 
to secure the adoption of an International Pharma- 
copeeia. If these efforts should prove successful, a 
great advance will be made in bringing about a uni- 
formity in the strength of preparations; yet it may well 
be doubted whether such a work would be as generally 
useful as the present pharmacopeceias, which have been 
proved by long experience to be best adapted to the 
varying needs of the different nations. A practical 
plan of securing the chief advantages possessed by an 
International Pharmacopeeia has been inaugurated by 
the establishment of the International Conference for 
the Unification of Potent Remedies, which first met in 
the city of Brussels in September, 1902, and for a sec- 
ond time in September, 1925. This body in the final 
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protocol of 1902 agreed upon standards of strength for 
potent preparations which they requested the various 
pharmacopceias of the world to adopt. In 1906, 
representatives from nineteen governments met at 
Brussels and, with certain reservations, formally signed 
the agreements drawn up in 1902 and also formulated 
details for further unification. The United States 
Pharmacopeeia (Highth Revision) was the first national 
pharmacopeeia to adopt some of these recommenda- 
tions. All subsequent U. S. Pharmacopceias have 
inserted the Latin title, adopted bv the International 
Conference followed by the letters “‘P.I.,” below the 
official title of those preparations which conform to the 
standards of the protocol. The letters P.J. mean 
Protocol Internationale. 

The U. 8. Pharmacopeeia is now used officially in 
Puerto Rico and the Philippine Islands and has been 
recognized as the official Pharmacopceia of Cuba, 
Costa Rica, Dominican Republic, Nicaragua, Panama, 
Uruguay, and Ethiopia. A Spanish Edition of the U. 
S. P. VIII was first issued in 1909. The Eighth, Ninth, 
and Tenth Revisions were translated by pharmacists of 
the University of Havana, Cuba. The translation into 
Spanish of the Eleventh and subsequent Revisions was 
made one of the official activities of the Pan-American 
Sanitary Bureau at Washington, D. C. 

A Chinese Edition of the U.S. P. [IX was published 
in 1923 by the Chun Hwa Book Co., Shanghai, China. 
This was entirely a private enterprise but its appear- 
ance was welcomed by the many European and Ameri- 
can trained physicians and pharmacists of China. 

Permission to use the text of the Pharmacopceia is 
granted upon application to the Chairman of the Board 
of Trustees under certain regulations which are neces- 
sary to guard the copyright. As the U. 8. Pharma- 
copeeia will be largely quoted in this treatise, its plan 
and the outlines of its main features should be thor- 
oughly understood at the outset. 


Six hundred and seventy-three substances, including 
chemicals, crude drugs, and preparations, have been 
deemed of sufficient importance to merit a place in the 
U.S. P. XIII. A number of these substances are not 
in themselves of therapeutic value but have been ad- 
mitted as pharmaceutic necessities, being employed in 
manufacturing other official products. The Pharma- 
copceia provides standards for all ingredients used in 
formulas. 

Under the Federal Food, Drug, and Cosmetic Act, 
and also under similar state acts, the United States 
Pharmacopoeia, the National Formulary, and the 
American Homeopathic Pharmacopoeia are named as 
the authoritative books of standards for medicines in 
the United States. These laws require that whenever 
U.S. P. or N. F. titles are used without qualification 
on labels the products must conform to the official 
standards. It is not necessary to indicate that they are 
U.S. P. or N. F. On the other hand, it is permissible 
to use the official titles, even when the product is not 
official, provided the label clearly indicates the manner 
in which the product differs from the official product. 
This section of the Act is commonly spoken of as the 
“Variation Clause.”’ Violations of the Acts are punish- 
able by fines or other penalties. 
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Nomenclature—The names of the various sub- 
stances are indicated—l. By the Official English 
Title. 2. By the Official Latin Title which is al- 
ways in the Latin language. 3. By the Abbreviated 
Title. 4. By the Synonym. 5. By the Botan- 
ical Name (in the case of plants). 6. By the Sym- 
bolic Formula (in the case of all chemicals). 7. By 
the Structural Formula (in the case of organic chemi- 
cals). Each of these names has a special use. 

The following extracts from the Pharmacopceia 
are given in illustration: 


ACACIA 
Acacia 
Acac. 
[Gum Arabic] 


[Official English Title] 


{Official Latin Title] 
{Official Abbreviated Title] 
[Synonyms] 


LIQUEFIED PHENOL 
Phenol Liquefactum 
Phenol Liq. 
{Liquefied Carbolie Acid] 


SODIUM BORATE 
Sodii Boras 
Sod. Bor. 
[Borax, Sodium Tetraborate] 
NagB407 : 10H20 


{Official English Title] 
[Official Latin Title] 
{Official Abbreviated Title] 
[Synonyms] 
{Symbolic Formula] 


ASCORBIC ACID 
Acidum Ascorbicum 
Acid. Ascorb. 
[Vitamin C] 
CgHg0¢6 


1. Tae OrrictaL Eneiish TITLE—EXAMPLE: 
POTASSIUM ARSENITE SOLUTION. The English 
title should be used when a drug or preparation is 
mentioned in ordinary conversation, in commercial 
transactions, in writing orders for supplies, and in all 
cases where the use of the Latin official title could be 
justly criticized as an ostentatious display of erudition. 

The Pharmacopceial names of chemical substances do 
not always represent their chemical composition. The 
enormous multiplication of synthetic remedies, and the 
length of the systematic names of these bodies, have 
compelled the use of shorter terms which are more con- 
veniently employed in prescriptions and in commercial 
transactions. Thus, metadihydrorybenzene is a more 
cumbersome word than resorcinol, phenyldimethyl- 
pyrazolon than antipyrine. If we turn to unofficial sub- 
‘stances, a better example is afforded by the use of 
~ analgen, which is dignified by the systematic name of 
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ortho-ethoxy-monobenzoylamidoquinoline. In recent re- 
visions of the Pharmacopcoeia it has been desirable to 
introduce a number of synthetic remedies having long 
scientific names, and trade or protected names could not 
be used as titles in a standard book of this character 
unless permission was obtained from the owners, hence 
the long names had to be shortened, and diaminodi- 
hydroxyarsenobenzene hydrochloride became Arsphen- 
amine, 6-methyl-2-phenylquinolin-4-carborylic acid be- 
came Neocinchophen, and Sodium N-phenylglycin- 
amide-p-arsonate became Tryparsamide. The value of 
a long chemical name lies in the fact that the name 
indicates its composition, but some of the most useful 
modern remedies are very complex in their chemical 
composition, hence the inconvenience. The custom of 
abbreviating the official Latin titles in writing prescrip- 
tions is universal among physicians, and the new official 
names, which are long, will not cause great inconveni- 
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ence in practice. Thus Phenobarbitalum has been ab- 
breviated to Phenobarb. : 

9. Tue OrrictaL Latin TITLE—EXAMPLE: 
Liquor Potassii Arsenitis. The official Latin title is 
thoroughly distinctive, and is intended to be used in 
designating the drug or preparation where precision 
is required, and is used, mostly in its abbreviated 
form, in writing prescriptions, in labeling store furniture, 
specimens, etc. Latin is included as one of the official 
titles because it is universally used and understood as 
the language of science, and is not liable to change, as 1s 
the case of a living tongue. Although the official titles 
are usually abbreviated in practice, the proper termi- 
nations and full titles should be known and observed 
carefully, and the habit of using the Latin abbrevia- 
tions in English conversation should be strictly guarded 
against as not, only inelegant, but vulgar.’ A vast 
amount of careful consideration, extending over many 
years, has been expended in perfecting a system of 
pharmacopoeial nomenclature which is at once brief, 
simple, expressive, distinctive, and convenient. The 
following may be cited as models: Acacia. “Acacia 
is the dried gummy exudation from the stems and 
branches of Acacia Senegal (Linné) Willdenow, or of 
some other African species of Acacia (Fam. Legumino- 
se).’”’ Camphora. ‘A ketone obtained from Cinnamo- 
mum Camphora (Linné) Nees et Ebermaier (Fam. 
Lauracex) (Natural Camphor), or produced syntheti- 
cally (Synthetic Camphor).”’ Opium. “Opium is the 
air-dried, milky exudation obtained by incising the un- 
ripe capsules of Papaver somniferum Linné or its variety 
album De Candolle (Fam. Papaveracez). Opium in 
its normal, moist condition yields not less than 9.5 per 
cent of anhydrous morphine.’ Rheum. ‘Rhubarb 
consists of the dried rhizome and roots of Rheum 
officinale Baillon or of Rhewm palmatum Linné (Fam. 
Polygonacee), or of other species (excepting Rheum 
Rhaponticum Linné) or of hybrids of Rheum, grown in 
China and Tibet, deprived of periderm tissues.” 
Strychnine Sulfas. ‘“‘Strychnine Sulfate is the sulfate 
of an alkaloid obtained chiefly from the ripe seed of 
Strychnos nua-vomica Linné (Fam. Loganiacee).” 

The generic, or genus name (the first part of the bo- 
tanical name), was generally chosen for the official 
Latin title, as Digitalis, for ‘the dried leaf of Digitalzs 
purpurea’ (botanical name). In the case of some old 
and very well-known drugs, this rule could not be 
adopted without causing confusion and the specific or 
species name (the second part of the botanical name) 
was retained, as Ipecacuanha, the official Latin title 
for “the dried rhizome and roots of Cephaélis Ipeca- 
cuanha.” The Official Latin title obviously cannot re- 
tain the simplicity of a single word where two parts of 
the same plant are official. Thus, for example, both 
the leaves and root of Belladonna must be defined by 
affixing the Latin name of the particular part of the 
plant intended, as Belladonne Folium for Belladonna 
Leaf; to distinguish it from Belladonna Root N. F. 
Nor can a single word be chosen for either official title 
where the specific names of two or more plants of the 
same genus differ. The generic name of the two offi- 
cial mints is Mentha, and to distinguish them it is neces- 
sary to use the full botanical name for each one: Men- 
tha piperita (Peppermint), Mentha spicata (Spearmint). 

_There are a very few exceptions to the above prin- 
ciples of nomenclature, as in the case of Prunus Virgini- 
ana, derived, according to the most recent and reliable 
authorities, respectively, from Prunus serotina. These 
~1Bxample of what should be avoided in conversation: ‘‘I mixed the 


eae. Pip. Nig. with the Pot. Carb. and the Muc. Trag., but could not forma 
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drugs are largely used and the old names have become 
so well established that it would lead to confusing and 
possibly embarrassing mistakes to change them now. 
In the case of compound medicines, such official titles 
were selected as would usually express the composition 
of the preparations as fully as possible, indicating the 
principal ingredients without sacrificing the important 
consideration of brevity and convenience in abbrevia- 
tion, as Mistura Crete and Tinctura Opti Camphorata. 
In some cases it is desirable to indicate in the title the 
medicinal properties or use of the preparation, as in 
Antitoxinum Diphthericum and Antitoxinum Tetanicum, 
but titles indicating therapeutic use have been gen- 
erally discarded in official books because of their tend- 
ency to induce self-medication. Where the number of 
important ingredients in a preparation is too great to 
admit of a selection, the participial adjective compositus 
(meaning compound) is added, the feminine (composita) 
or neuter (compositum) termination being used, re- 
spectively, where the noun is feminine or neuter, as 
Spiritus Aurantii Compositus (masc.) and Tinctura 
Lavandule# Composita (fem.). 

3. ABBREVIATIONS—The U. S. Pharmacopeeial 
Convention of 1910 recommended that there should 
be inserted after each article used by physicians in 
prescriptions a carefully considered abbreviated name. 
These were to be known as the official abbreviations, in 
order that uniférmity might be established throughout 
the country, with the object of preventing mistakes in 
reading and compounding prescriptions, and, further, 
to serve as authorized abbreviations in labeling the 
store furniture of the pharmacist. Such abbreviated 
titles were also adopted by the N. F. IV, and the 
British Pharmacopoeia, 1914, and have been con- 
tinued in subsequent editions of these books. 

4, Tue Synonym—Example, [Paregoric]. In the 
Pharmacopeeia the definition of the term synonym is 
restricted to an equivalent name in common use, which 
is usually antiquated and derived from an unscientific 
source, and which should really be abandoned, but 
which common custom and long usage render it difficult 
to displace. The synonyms should be rarely or never 
used by the pharmacist, yet it is necessary to be familiar 


with them in order to recognize their equivalent official - 


Latin or English names when they are used by custom- 
ers. Common names, as snakeroot, dock, Indian 
hemp, balm, etc., have varying and often opposite 
meanings in different localities, and confusion and even 
loss of life have resulted from the unfortunate use of 
these common names. In the U. 8. Pharmacopceia 
synonyms are placed below the official Latin title in 
smaller type. After the passage of the 1906 Food and 
Drugs Act, the increased importance of synonyms. 
which were sometimes used to evade the standards, led 
the subsequent Pharmacopceial Conventions to recom- 
mend that all important synonyms be printed in the 
text of the Pharmacopeeia immediately after the title. 
The Committee of Revision also passed the following 
resolution which had been adopted by the Convention: 
“Substances designated by an official synonym must 
comply with the same standards, tests, and require- 
ments as are demanded for the substances under the 
official title.” ; 

5. Tue Boranican Name—By this is meant the 
systematic name recognized by botanists for plants, 
which serves in pharmacopoeial nomenclature as the 
basis of the official name. 
consists of two Latin words, the first indicating the 
genus and the second the species to which the plant 
belongs. Capsicum frutescens is the botanical name 
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The botanical name usually 


’ 
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for the particular variety of capsicum or Cayenne 
pepper which was formerly official in the Pharma- 
copeeia. Here the generic, or first name, is chosen 
for the official title, and if no description followed the 
title it would be inferred that any part of any plant in 
the genus “Capsicum” could be officially used for mak- 
Ing preparations; but the specific name, ‘‘frutescens,”’ 
limits the use of this species, while the description 
which follows shows the part of the plant which must 
be employed: “the dried, ripe fruit of Capsicum 
frutescens Linné (Fam. Solanacex), grown in Africa.” 
Now, Capsicum baccatum and Capsicum annuum are 
different species and are active members of the genus, 
but their claims are unrecognized and the fruit from 
these species is not official. The specific name does 
not begin with a capital letter, except when it has been 
at some previous time itself a generic name, as in 
Atropa Belladonna, or when it is derived from the 
name of a person, as in Garcinia Hanburit, or when the 
word is indeclinable, as in Theobroma Cacao, or when it 
is a combination of a noun and an adjective, as in 
Xanthoxylum Clava- Herculis. The name of the classi- 
fier follows the botanical name, as, Capsicum frutescens 
Linné, and after this the Family to which the plant 
belongs is indicated in italics, and the whole enclosed 
in parentheses, as (Fam. Solanacex). The term 
Natural Order (Nat. Ord.) was replaced in the U. S. P. 
VIII by the word Family (Fam.), to accord with mod- 
ern usage among botanical authorities. It must be 
apparent that the botanical name need not be. em- 
ployed either in writing or in speaking in ordinary 
pharmaceutical work, but its use is absolutely neces- 
sary in establishing the identity of any drug authorized 
by the Pharmacopceia, and hence it is important to 
know the botanical names. 

6. THE Symporic Formuta—The use of certain ar- 
bitrary symbols to represent chemical elements provides 
a most convenient and useful method of expressing the 
composition of a chemical with the utmost brevity and 
exactness. Plumbi Oxidum and Lead Oxide are both 
much longer terms than ‘‘PbO” and not so definite. 
Sodium Sulfate does not always contain the same pro- 
portion of water of crystallization, and if the symbolic 
formula, Na2SO,4.10H20, were not appended to the 
official title there might be doubt as to which sulfate 
was intended; the added 10H.O, however, accurately 
defines it. In the Molecular Weight Table will be 
found figures following the symbolic formulas. These 
indicate the molecular weight (the sum of the weight of 
the atoms) of the chemical. Thus, in MgSO4.7H20 = 
246.49, the atomic weight of Magnesium, Mg, 24.32, 
is the first factor; this added to Sulfur, S, 32.06, 
makes 56.38; Oxygen, O, 16.00, multiplied by 4, gives 
64.00; then hydrogen having the atomic weight of 
1.0078, if multiplied by 2 and this by 7, gives 14.1092, 
and seven times O (16.00) is 112.00; then 56.38 + 
64.00 + 14.1092 + 112.00 = 246.4892, the molecular 
weight of magnesium sulfate. 

7. Tue SrructuraL Formuta—tThe U.S. P. XI 
added structural formulas for organic chemicals when- 
ever they have been generally accepted by chemists. 
It is not intended that they should indicate the purity 
of the product but for many who have been chemically 
trained they indicate the nature of the product and 
frequently suggest its therapeutic activity. 

The Official Definition—In order that no question 
shall arise as to the exact meaning of the official Latin 
title, or any other name by which an official sub- 

_ stance is known, it is necessary to state explicitly what 
kind or variety of the substance should be used. In 
TRIS 


the case of drugs this has already been noted (page 30) ; 
for chemicals an illustration may be given in Cresol, 
which is defined as ‘“‘A mixture of isomeric cresols 
(CeH4.CH3.0H) obtained from coal tar.” Again, Lard, 
Adeps is officially defined as ‘The purified internal fat 
of the abdomen of the hog, Sus scrofa Linné var. do- 
mesticus Gray (Fam. Suidx). This excludes beef suet 
and all other kinds of fats. 

The Purity Rubric—This term was first used in 
the U. 8. P. VIII to indicate the paragraph which 
limited the quantity of innocuous impurities in chemi- 
cals, by stating in terms of percentage the amount of 
pure substance that must be present. It has been 
continued and extended to drugs and many other 
articles in later U. 8S. Pharmacopeias. Thus, under 
Potassium Iodide, Potassii Iodidum, will be found the 
purity rubric as follows: ‘Potassium Iodide, when 
dried to constant weight at 100° C., contains not less 
than 99 per cent of KI.” It might appear at first 
sight that a medicinal chemical should always contain 
100 per cent of the pure product, but practical experi- 
ence shows that absolute purity is not attainable, and 
that the presence of minute quantities of impurities 
(provided they are harmless) does not affect the medici- 
nal value of a chemical. Under the pharmacopceias 
formerly in use, prosecutions were often instituted, 
convictions obtained, and penalties imposed by the 
authorities, because there was no allowance for the ab- 
sorption of moisture, or for the presence of traces of 
substances which were innocuous, for slight deteriora- 
tion or for the differences obtained by various chemists 
in their assay of products. The purity rubric remedies 
this defect by definitely stating the amount of permis- 
sible impurities. In the case of most vegetable drugs 
a limit has been fixed for the allowable percentage of 
foreign matter. In some instances this applies to other 
portions of the same plant but usually it is tended to 
exclude the presence or admixture of foreign substances. 
It must not be inferred, however, that when products 
exceed the minimum purity requirements of the Phar- 
macopeeia such products are not official. If official 
chemical solids can be supplied of 100 per cent purity, 
the product is still official. 

The Official Description—Immediately following the 
official definition of the substances there will be noticed 
in the Pharmacopeeia, in smaller type, what has been 
termed the official description. This consists usually, 
for drugs, of a concise statement of their physical char- 
acteristics, when entire, and also, in most instances, 
the structure of the same drug when sectioned or 
powdered. In the chemicals the official definition 
usually includes the symbolic formula, the purity rubric, 
and the official description, which are printed in smaller 
type, exactly as in the case of the vegetable drugs. To 
the descriptions of the chemical drugs are usually added 
the solubility statements. 

Tests for Identity and Purity—In the U. 8. Pharma- 
copeia the tests which establish the identity of a 
chemical and those which insure the pharmacopeeial 
minimum degree of purity are grouped-under appro- 
priate headings. Ash limits, to restrict the amount of 
soil and sand adhering to roots and plants, an occasional 
identity test, and other means of determining purity or 
the presence of adulterants have also been appended to 
vegetable drugs. It is not to be understood that the 
official tests for purity are the final and exclusive indica- 
tion of quality. The monographs are divided and sub- 
heads used only for convenience of reference, and an 
article to be official must meet every requirement of the 


text unless specifically exempted as is the case with most 


solubilities which are given only for the information of 
physicians and pharmacists. 

Assay Processes—The assaying of many chemicals, 
drugs, oils, and preparations is necessary to fix their 
value definitely as medicinal agents, and many such 
assays have been introduced into the U.S. P. and N. F. 
This work requires skill, knowledge, and experience, 
and each process requires careful study. 

In this edition detailed explanations of assay meth- 
ods have been given under each monograph. 

The majority of assay methods are chemical, involy- 
ing either gravimetric or volumetric processes. For vege- 
table drugs containing definite active principles proxi- 
mate assays or biological assays have been adopted when- 
ever practicable and, for some vitamins, microbiological 
assays are required. Thiamine may be assayed flworo- 

hotometrically. 
‘ Docese adnahaneion was adopted in the U.S. P. 
VIII by the insertion of the average dose for most 
articles; this has been continued in subsequent Pharma- 
copeeias. The dose of a medicine can never be a fixed 
and unvarying quantity; the age and weight of the 
patient, the severity of the disease, the idiosynerasy 
and tolerance for medicines, become factors in deter- 
mining the dose, and the physician must give all of these 
facts consideration. For these reasons, an “average 
dose” was used in order to furnish a guide to pharma- 
‘cists and physicians. The following quotation from 


32 THE, LITERATURE, OF 2A AROIAGS 


the General Notices of the Pharmacopceia is appended: 

The insertion of doses has been continued in the 
Thirteenth Revision. The recommendation of the 
Pharmacopeeial Convention stated: ‘It is to be under- 
stood that neither this Convention nor the Committee 
of Revision created by it intends to have these doses 
regarded as obligatory on the physician or as forbidding 
him to exceed the doses given, whenever, in his judg- 
ment, this may seem advisable.’ 

“The doses are given in both the metric and apothecaries sys- 
tems. The figures are not interchangeable, nor are they to be 
considered as exact equivalents. Rounded figures are used in 
order to assist the memorizing of doses by physicians and phar- 
macists. 

Average Dose—“The average doses stated in this Pharmaco- 
poeia or its Supplements are those which may be expected ordi- 
narily to produce the therapeutic effect for which the preparation 
is most commonly employed. The doses when administered 
orally are those for human adults, unless otherwise indicated.” 


Sizes—The U.S. P. XIII has added a new subhead- 
ing in the monographs of tablets and other preparations 
which are dosage forms, indicating the usual sizes of 
these available in the market. 

Labeling—Wherever it is deemed important specific 
instructions are furnished for labeling products to con- 
form with the Federal Labeling Regulations (Part VII). 

Pharmacopeial [Illustrations—The following ex- 
amples are selected from the U. 8S. P. XIII and are 
given in condensed form. 


BELLADONNA LEAF 


Belladonnz Folium 
Bellad. Fol. 
Deadly Nightshade Leaf 


{Official English Title. 
{Official Latin Title] 
{Official Abbreviation] 
[Synonyms] 
{Symbolic Formula] 


SODIUM HYDROXIDE 
Sodii Hydroxidum 
Sod. Hydrox. 
Caustic Soda 


; : x ea NaOH Mol. wt. 40. 
Belladonna Leaf consists of the dried leaf and Official Definition a0 : , ol. wt. 40.01 
flowering or fruiting top with branches of Atropa el Sodium Hydroxide contains not less than 95 per 
Belladonna Linné (Fam. Solanacex). Belladonna Punter Rabie cent of total alkali, of which not more than 3 per 
Leaf yields not less than 0.3 per cent of the alkaloids y cent is NaCOs. , f é 
of Belladonna leat Caution—Great care is necessary in handling 
Sodium Hydroxide, as it rapidly destroys organic 
tissues, 
Description— Official Description—Sodium Hydroxide occurs in white 
Unground Belladonna Leaf—Usually matted Description or nearly white fused masses...absorbs carbon 
together, crumpled or broken...leaves mostly dioxide and moisture.... Its solutions... 
light green. ..apex acute, margin entire. . . taste strongly alkaline to litmus... . 
somewhat bitter and acrid. Solubility—One Gm. of Sodium Hydroxide dis- 
Histology—Leaf: epidermis of lamina with ” 
fF re : solves in 1 ce. of water. 
wavy vertical walls and distinctly striated Torte 4 
cuticle; stomata more numerous... . AMIS) ON: Identification—A solution responds to the tests 
Powdered Belladonna peg ene olive brown sony forse 
. ive TEC. i 3 5 i an = var 
ep nec crate olive green.. .raphides of calctum Purity Heavy Metals—Dissolve 1 Gm... .limit for Sod- 
ium Hydroxide is 30 parts per million. 
Belladonna Stems—The amount...does not ex- Potassium—A solution...no precipitate on the 
ceed 3 per cent. addition of...sodium cobaltinitrite T.S. 
Acid=insoluble ash—...yields not more than 3 per Insoluble substances and organic matter—...A 
cent.... solution. ..is complete, clear, and colorless. 
Assay—Proceed as directed under Hyoscyamus, [Assay] Assay—Dissove about 1.5 Gm....equivalent to 
using 10 Gm... .alkaloids of Belladonna Leaf. 106.0 mg. of NazCOs3. 
Packaging and storage—Preserve Belladonna Leaf Packaging and Storage—Preserve Sodium Hy- 
in well-closed containers. [Storage] droxide in tight containers. 


THE PREPARATIONS OF THE U. S. PHARMACOPEIA 


Although these will be considered in detail in the 
body of this work, a few general remarks will be ap- 
propriate here. A great advance was made by the adop- 
tion of the metric system by the U. 8. Pharmacopceia 
for expressing quantities with scientific precision. 
Every pharmacist should employ the metric system ex- 
clusively in making preparations; but for the conveni- 
ence of those who prefer the older system, corresponding 
quantities are given in the working formulas in this 
book, based on the older system of avoirdupois weight 
and apothecaries measure. The latter will be found 
much less convenient than the metric quantities which 
lend themselves to rapid calculation due to the close 
relationship between mass and volume. 


Alternative Quantities in Formulas—The U. S§. P. 
official text is printed in this book by authority from 
the Board of Trustees of the United States Pharma- 
copoeial Convention. When alternative quantities 
are given, the latter are enclosed in parentheses in the 
text, and are printed in lighter type in the list of ingredi- 
ents. The object of this arrangement is to indicate 
that the alternative quantities are not used in the 
Pharmacopeeia. 


The alternative quantities are not intended to be 
equivalents of the metric quantities and the two sys- 
tems are not interchangeable; either the metric or the 
alternative formula may be used but in no case part of 
one and part of the other; different type distinguishes 
one from the other. N 
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National Formulary 


The Third Edition of the N. F. was made a standard 
under the Pure Food and Drugs Act, June 30, 1906. 
The Eighth Edition, becoming official in 1947, has been 
quoted in this book, authority being eranted by the 
Council of the American Pharmaceutical Association, 
as the National Formulary is the property of that 
organization. A large share of the profits arising from 
its sale, by direction of the Association, is devoted to 
the work of the next succeeding revision. The origin 
of the National Formulary dates from 1882 when 
Charles Rice, Ph.D., organized a Committee from New 
York and Brooklyn to frame a book of formulas for 
unofficial preparations. The New York and Brooklyn 
Formulary was subsequently enlarged and the joint 
Committee presented it to the American Pharmaceu- 
tical Association in 1885 as the nucleus for the construc- 
tion of the National Formulary. The first edition was 
published in 1888. The book has gone through 8 edi- 
tions and is quoted in national and state laws as of 
equal authority with the Pharmacopeeia. 

The medicinal substances of the U.S. P. are selected 
as representing the most important medicines of the 
period. The N. F. then supplies standards for many 
additional.substances and preparations which are found 
to be used sufficiently by physicians and the layman to 
require standardization. 

In the National Formulary many of the standards of 
the U. S. P. are used; thus, where alcohol, glycerin, 
syrup, iodine, opium tincture, rhubarb, and other 
U.S. P. drugs and preparations are directed, it’ means 
that they must conform in strength and tests to the 
standards of-the official U. S. Pharmacopeceia. 

It is important to remember that if a drug or prepara- 
tion is sold under or by amame recognized in the U. 8S. 
Pharmacopceia or National Formulary, without quali- 
fication, it must not differ from the standards of 
strength, quality, and purity determined by the tests 
laid down in either of these books official at the time of 
investigation. A drug or preparation, however, is not 
deemed to be adulterated if it differs from the official 
standards, provided the manner in which they differ 
in quality, purity, or strength, is clearly stated upon 
the bottle, box, or container. 

The status of the National Formulary makes it de- 
sirable that its standards should be given in this book 
so that the student may become familiar with the prep- 
arations of both books and recognize the fact that they 
are of equal force before the law. 

In both the U. 8. P. and N. F., the standards are 
intended solely to apply to substances which are used 
for medicinal purposes and when professedly bought, 
sold, or dispensed as such. 


Dispensatories 


A dispensatory is a commentary on a pharmacopeeia. 
Like the textbooks on pharmacy, the various dispensa- 
tories are privately owned and are revised more fre- 
quently than are the Pharmacopeceia and the National 
Formulary. The U. 8. Pharmacopeeia describes the 
drugs and chemical substances of the materia medica, 
establishes the degree of purity of many of them, and 
defines the strength of the preparations. The dis- 
pensatoiies *cormmment on the substances, giving their 
- physical, medical, and pharmaceutical history, with 

their doses and A The number of substances noted 
in the Pharmacopeeia is limited. On the other hand, 
the dispensatories present, in addition, information 
about those substances which are official in our own 
and other Pharmacopeeias, and those which are of 


occasional or rare use. Dr. John Redman Coxe (1773- 
1864), professor of medicine at the University of 
Pennsylvania, prepared the first American dispensatory 
in 1807. It passed through six editions, the last being 
published in 1831. There have been two dispensatories 
which comment especially upon the materia medica and 
preparations of the U. S. Pharmacopceia—the United 
States Dispensatory, which was first published in 1833, 
and the National Dispensatory, which was first issued 
in 1879. The National Dispensatory, however, has 
not been published within recent years and this field is 
now occupied exclusively by the U. 8. Dispensatory 
which has reached its 24th Edition and has been pub- 
lished for more than one hundred years. Ising’s 
American Dispensatory, adopted by the National 
Kelectic Medical Association in 1879 as its standard 
authority, was especially designed for the use of eclectic 
practitioners. The plans of these works are similar. 
The text of the Pharmacopeeia is first inserted and im- 
mediately following are appended the comments of 
authors and editors. The arrangement of the subjects 
is strictly alphabetical, the United States Dispensatory 
dividing them, however, into two classes, distinguished 
by type of twosizes. The principal portion of the work, 
that in the larger type, is devoted to a commentary on 
the drugs and preparations of the United States and 
other. Pharmacopoeias and the N. F.; the unofficial 
and less important subjects are to be found in the second 
part. The possession of a reliable commentary upon 
the Pharmacopeeia is a necessity which is fully realized 
by pharmacists and many physicians. 


New and Nonofficial Remedies (N. N. R.) 


The American Medical Association for a number of 
years, through its Council on Pharmacy and Chem- 
istry, has issued an annual publication under the above 
title. In this are listed such unofficial representatives 
of the newer materia medica, and some of the newer 
U.S. P. products, sold under trade marked names, as 
have been accepted under the rules of the Council. 
Many of these are proprietary, that is, they are chemi- 
cals, drugs, or preparations, used in the treatment of 
diseases, but protected against free competition, as to 
name, produet, composition, or process of manufacture 
by patent, copyright, or by other means. 

To be accepted by the Council, the composition of a 
product must be known, suitable tests for identifica- 
tion must be available, no unwarranted therapeutic or 
false claims may be made, and other requirements 
must be complied with to insure the ethical character of 
the product. 

The book also provides descriptions and tests, thera- 
peutic uses, and doses, and is a valuable reference book 
in the pharmacist’s library. Many articles accepted 
by the N. N. R. are included in this book in the lists of 
unofficial substances, with the permission of the OLE 
cil of the American Medical Association. 


The Pharmaceutical Recipe Book 


When the National Formulary became official under 
the Federal Food and Drugs Act of 1906 a book was 
needed to supply the formulas of unofficial preparations 
in common demand. Henry P. Hynson early suggested 
publication of a book of selected unofficial formulas, 
and during 1916 and 1917 the ““Committee on A. Ph. A. 
Recipe Book”’ under the chairmanship of Otto Rauben- 
heimer published many useful formulas monthly in the 
Journal of the American Pharmaceutical Association, but. 
it was not until 1920 that a new committee with J. Leon: 
Lascoff as chairman began preparing a large collection. 


34 THE LITERATURE OF PHARMACY 


of formulas for a Pharmaceutical Recipe Book. The 
first edition, edited by Ivor Griffith of the Philadelphia 
College of Pharmacy and Science, appeared in. 1929 
“to supply definite formulas for preparations, other 
than those contained in official books, that are fre- 
quently called for in retail and hospital pharmacies, or 
which are required in the manufacture of products rela- 
tive to which the pharmacist may be called upon for 
advice,.or which he may be required to supply.’”’ The 
third edition, published in 1948, contains nearly 2000 
formulas. A fourth edition will appear soon. 


Pharmaceutical Journals 


American pharmaceutical journals are published to 
foster education and research in pharmacy and allied 
fields and to promote the commercial aspects of the 
retail trade; they inform the pharmacist of the latest 
scientific and industrial developments affecting the 
practice of his profession. 

The Journal of the Philadelphia College of Pharmacy, 
first published in 1825, is the oldest journal of pharmacy 
in this country. From the very beginning it received 
such national and international recognition that. its 
name was changed in 1835 to the American Journal of 
Pharmacy. It is the only scientific and professional 
journal issued by a college of pharmacy that has sur- 
vived the vicissitudes of America’s growth. Nearly 
400 pharmaceutical journals have been published since 
1825, but many of these were printed only for short pe- 
riods and others changed their titles and appearance in 
rapid succession. This spirit of change and uncontrolled 
development, doubtless the result of the country’s 
youth, makes it difficult to outline the development of 
pharmaceutical journalism in the United States. 

The American Pharmaceutical Association began 
publishing its Proceedings as soon as it was founded in 
1852, and in 1906 it started issuing its Bulletons. Both 
of these journals were replaced in 1912 by the Journal 
of the American Pharmaceutical Association which has 
become undisputed leader of the scientific and pro- 
fessional literature of pharmacy. In order to present 
the annual report of the progress of pharmacy which 
had appeared in the Proceedings, the Yearbook of the 
A. Ph. A. was published from 1912 until 1934, but since 
1935 “Abstracts” have appeared monthly in the Jour- 
nal. Beginning in 1940 both a Sczentific and a Practical 
edition of the Journal have been published. 

Several privately owned enterprises have published 
pharmaceutical journals for many years. The first 
independent pharmaceutical journal, dating from 1857, 
was The American Druggist’s Circular which changed its 
title in 1906 to The Druggist’s Circular. The pharma- 
ceutical newspaper, Drug Topics, which began as the 
house organ of McKesson and Robbins in 1884, has 
achieved the greatest circulation of any pharma- 
ceutical publication. In 1940 Drug Topics bought and 
absorbed The Druggist’s Circular. It is now published 
every other week alternating with Drug Trade News. 
The Interstate Druggist, which began in 1882 as the 
Pharmaceutische Rundschau with Frederick Hoffman 
as editor, and several other publications formerly were 
printed in German or some other foreign language. The 
Rundschau became the Pharmaceutical Review in 1896. 
It was edited from then until 1900 by Frederick 
Hoffman and Edward Kremers, and from 1900 to 1909 
by Edward Kremers alone. The latter began publica- 
tion of the Pharmaceutical Archives in 1898 to complete 
his coverage of pharmacy by printing original papers. 
From 1909 to 1926 the Pharmaceutical Review and the 
Archives were merged with the Midland Druggist, and 


then in 1926 the title was changed to Interstate Druggist. 
In 1936 the Archives again became a separate publica- 
tion. The Orl, Paint and Drug Reporter founded in 
1871 has absorbed many pharmaceutical journals, and 
is perhaps the leading journal for pharmaceutical and 
drug manufacturers. 

Another important pharmaceutical journal also began 
in 1871 under the title New Remedies, a Quarterly 
Retrospect of Therapeutics, Pharmacy and Allied Subjects 
edited by Horatio C. Wood (page 26) and later by 
Charles Rice (page 18). It changed its name many 
times untilit eventually became The American Druggist. 

A few independent journals have been accepted as 
official organs of pharmaceutical associations. Ex- 
amples of these are the Rocky Mountain Druggist, 
founded in 1888, official organ of the Colorado and 
Wyoming pharmaceutical associations, the Allied Drug 
Travelers of Colorado, and the Denver Retail Drug- 
gists; the Modern Druggist, founded in 1912, was official 
organ of the Louisiana and Mississippi pharmaceutical 
associations; and the Southeastern Drug Journal, 
founded in 1926, official organ of the Alabama, Florida, 
Georgia, South Carolina, and Tennessee pharmaceutical 
associations. In 1935 the National Association of 
Boards of Pharmacy began publication of the N.A.B.P. 
Bulletin, which is issued on an exchange basis. 

Many state, county, and city pharmaceutical associa- 
tions have published journals in an attempt to see that 
the laws governing the practice of pharmacy are en- 
forced, and to further the professional interests of their 
members. The California Pharmaceutical Society 
published the first state association journal, The Pacific 
Pharmacist, in 1907. The New York State. Pharmacist, 
which first appeared in 1927, and which is exclusively 
owned by the association, is an outstanding example 
of this type of publication. There are now nearly 40 
state and local pharmaceutical publications in the 
United States. 

A number of national pharmaceutical associations 
also issue journals. In 1902 the National Association 
of Retail Druggists began publishing its N. A. R. D. 
Notes, the title of which was changed to N. A. R. D. 
Journal in 1918. In 1937 the American Association of 
Colleges of Pharmacy published the first issue of the 
American Journal of Pharmaceutical Education as a 
medium for discussing problems of education in 
pharmacy. 

Recently there has been a trend toward a literature 
which is strictly professional in its application and out- 
look. At present a leader in this field is the American 
Professional Pharmacist, founded in 1934. It is “a 
national publication devoted entirely to Professional 
Pharmacy and prescription practice. It aims to inter- 
pret and record accurately the most significant and 
interesting advances and events in the fields of Phar- 
macy, Medicine, and the sciences allied to Public 
Health.” 

Scientific literature is now so abundant that the 
pharmacist cannot begin to read a small fraction of 
what is published. To cope with this situation and to 
promote their own commercial and professional in- 
terests, the pharmaceutical houses publish ‘‘house 
organs,’ which present brief abstracts of current in- 
formation in a condensed form so that the pharmacist 
may utilize to the fullest extent the limited time at his 
disposal for reading. The oldest house organ in exist- 
ence is the Merck Report, a scientific pamphlet of Merck 
and Co. (since 1891). The large pharmaceutical estab- 
lishment issues similar publications, some scientific and 
professional, others more commercial in character. 
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A few examples of the scientific and professional type 
may be cited: Bulletin of Lederle Laboratories issued 
by Lederle Laboratories, Inc.; Ciba Symposia issued 
by Ciba Pharmaceutical Products, Ine.; Clinical 
Excerpts of Winthrop Chemical Company, Ince.; 
McNeil-O-Gram of McNeil Laboratories, Inc.; Modern 
Pharmacy of Parke, Davis and Company; Patchwork 
of EK. L. Patch Company; Pharmacy and Medicine in 
Review of Hoffman-LaRoche, Inc.; Physician’s Bulle- 
tin of Eli Lilly and Company; Scope of the Upjohn 
Company; Seminar of Sharp and Dohme, Inc.; Squibb 
Memoranda of E. R. Squibb and Sons; Therapeutic 
Notes of Parke, Davis and Company; The Pulse of 
Pharmacy of Wyeth & Bro., Inc.; and T7le and Till of 


Eli Lilly and Company. 
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The following house organs are more commercial in 
character: Druco News of Philadelphia Wholesale 
Drug Company; Rexall Ad-Vantages of United-Rexall 
Drug Company; and What’s New of Abbott Labora- 
tories. 

The tendency toward specialization is observed even 
in this field. The CSC Reporter of Commercial Sol- 
vents Corporation concerns itself with presenting 
“abstracts of the world literature on Penicillin as 
promptly as_ possible.” 

Two other books which are very valuable to the retail 
pharmacist are the Blue Book published by the Ameri- 
can Druggist and the Red Book, published by Drug 
Topics, which contain price lists of all currently avail- 
able pharmaceutical specialties and chemicals. 


CHAPTER IV 


RESEARCH IN PHARMACY AND MEDICINE 


The Frontiers of the Future Are in the Minds of Men 


Sarp Louis Pasteur, ‘Take interest I implore you in 
those sacred dwellings which are designated by the 
expressed term, ‘laboratories.’ Demand that they be 
multiplied, that they be adorned; these are the temples 
of the future—temples of well being and of happiness. 
There it is that humanity grows greater, stronger and 
better.” 

Both in pharmacy and in medicine, there has been a 
real reckoning with this beautiful and challenging 
admonition. Maintehance and restoration of human- 
ity’s most priceless possession, health, have been the 
constant endeavors of pharmacy and medicine from 
their earliest days. The pharmaceutical industry, in 
particular, has answered Pasteur’s ringing request with 
as much fervor and intelligence as any profession in the 
field. From the days of Scheele, the Swedish pharma- 


cist whose discoveries were manifold, to the reign of the 
now tremendous research division in universities and 
colleges, in private establishments and in the pharma- 
ceutical industry, the growth of research and its prod- 
ucts has been phenomenal. 


Fie. 5—Determination of amino nitrogen in protein hydrolysate research, 
using the Van Slyke Deamination Apparatus (courtesy Eli Lilly and Co.). 

Only a half century ago an individual working alone, 
with crude equipment, could do fundamental research 
in pharmacy and medicine. Today, research in these 
fields is far more complicated. In many instances 
equipment and apparatus unheard of even twenty 
years ago are required. Trained specialists in many 
fields—pharmacists, physicists, chemists, biologists, 
engineers, pharmacologists, physiologists, and many 
others—all play a part. In many cases the scientists 
in the colleges and universities work hand in hand with 
industry to do modern research. 
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The problems that confront the research workers in 
pharmacy and medicine are of such a complex nature 
that teamwork is necessary to bring about their sue- 
cessful solution. One of the outstanding examples 
or such teamwork in the field of pharmaceutical and 
medicinal research was that of the investigation on 
the production methods, uses, and chemistry of peni- 
cillin. While the existence of this powerful antibiotic 
as a mold metabolism product was observed by Flem- 
ing in 1929, it received little attention until the begin- 
ning of the second World War. Then, in the short 
space of a few years, through the cooperative effort 
of many groups of research workers in the universities, 
government laboratories, and the pharmaceutical and 
chemical industry, both in the United States and Great 
Britain, the stress of war accomplished what a single 
group of workers might have needed a half century to 
achieve. It is a notable example of teamwork in re- 
search not only among different groups of workers 
but among different fields of research. 

The diseases that plague mankind are investigated 
in many different ways. To do research on diabetes 
or the deficiency diseases the probable approach would 
be from the fundamental knowledge of animal biology 
and physiology. It is necessary to try to discover 
the key roles that substances play and to supply the 
one which is lacking. In this manner Insulin was found 
to be one of the missing links in carbohydrate metab- 
olism. Similarly the vitamins were discovered to play 
an essential role in metabolism, probably as con- 
stituents of various enzyme systems. 

The approach to the investigation of the contagious 
diseases is quite different. Here the bacteria and 
foreign proteins exist as parasites within the human 
body. The problem would be to find some substance 
that will kill them, prevent their growth, or neutralize 
their effect in the host without injury to the host. 

Effective research in all these fields requires that the 
proteins themselves be studied, as well as the amino 
acids from which proteins are built, the enzymes and 
other catalytic agents, the hormones, and the vitamins. 
The fundamental knowledge and native abilities pos- 
sessed by specialists working in many fields would be 
utilized; the acquisition and interpretation of funda- 
mental knowledge i in any field are slow and difficult. 
As with a gigantic and extremely intricate puzzle, it 
takes a vast amount of cooperation and coordination 
to fit the pieces together. 

Before a new drug discovered through research can 
be used therapeutically, as much as possible must be 
known about its characteristics. Its physical and 
chemical properties, methods of assay, pharmacology, 
the extent of its usefulness, proper dose, and the best 
method of administration must be determined. If all 
these prove favorable, it moves on into clinical trial _ 
and ultimately is submitted to the Food and Drug 
Administration for final approval and permission to 
market. 

In the event a patent is desired, the inventor of a 
new drug makes a contract with the people of the 
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United States as represented by their government. 
In return for a complete public disclosure of the in- 
vention, the government grants the inventor, for a 
term of seventeen years, the exclusive right to make, 
use, and sell whatever is disclosed in the patent. After 
seventeen years the information disclosed in the patent 
belongs to the public and anyone can use it. 

In the pharmaceutical and medical field a patent 
may be granted for a method of synthesis of a drug, 
a machine for making pills, a dispensing bottle cap, 
or a drug useful in treating disease. A patent is re- 
garded as property and the one who obtains a patent 
may use, sell, or give it away or he may grant a license 
to others to use it. 

After a medicinal product has been shown to have 
useful therapeutic properties it still takes a long time 
before the product is ready for world-wide distribution 
in a pure, stable, and standardized form. Methods of 
production using large-scale equipment must be worked 
out in pilot plants. Preservation and packaging re- 
quire careful study. The variable conditions that are 
found in modern transportation require that the final 
preparation withstand a wide range of temperatures. 
Any one of them may go through the subzero strato- 
sphere to some hot, humid, subtropic island in a matter 
of hours. Research is required to compete in a modern 
dynamie civilization. 


The Research Organiza‘ion 


Library Service—In any organization that has an 
integrated research program the library occupies a 
strategic position. It contains a working collection 
of periodicals, monographs, books, reports, patents, 
trade catalogues, microfilms, and other data related 
to the research interests of the organization. Research 
workers turn to it for information when they seek to 
develop new products, to find new uses for products 
already on the market, and to improve those products 
as well as the processes for making them. At times 
the research workers may need complete surveys of 
the literature upon a subject; at other times they may 
use the library to answer a single question such as the 
toxic properties of a chemical, a substitute for it, its 
melting point, or a method of synthesis. They depend 
on the library for aid in keeping abreast of develop- 
ments in their own fields as well as in allied fields of 
scientific investigation. 

The services of the library must keep pace with the 
development of the research activities. Basically, 
these services are to anticipate, to collect, to examine, 
and to make available information when it is needed. 
These services include reference work, lfbliographical 

_service, abstracting and indexing, in addition to bring- 
ing pertinent items to the attention of the research 
staff. : 

Translating, patent searching, editing, and acquiring 
all types of printed material may also fall within the 
library services. Special files may be built up to fill 
definite needs, and the resources of larger libraries may 
be used occasionally to meet specific requests. 

The professional members of the library staff are 
chosen for their qualifications in library administra- 
tion, foreign languages, and subject specializations. 
They are assisted by well-trained clerical personnel. 

Organic Chemistry—The ultimate goal of research 
in organic chemistry as’applied to pharmacy and medi- 
cine is the production of new synthetic organic com- 
pounds having therapeutic value. Among other ob- 
jectives are the developing of methods of synthesis of 
naturally occurring products, such as the vitamins and 


amino acids, the improvement of processes for the 
production of synthetic products, and the investiga- 
tion of the complex relationships between chemical 
structure and physiological action. 

Research in organic chemistry (Fig. 6) separates 
into several phases. One is the investigation of chemi- 
cal reactions. Because of such investigations, chemical 
reactions can be developed that increase yields, syn- 
thetic papaverine can be produced to compete with the 
natural drug, and vitamins are made available in quan- 
tity. During the war synthetic quinidine was made 
from quinine to meet a desperate need, although it 
cannot be produced as economically as the natural 
product. 

The expansion of a series of compounds of known 
therapeutic value, with the hope of developing a new 
product with superior properties, is another phase. 
The physiological activity of a compound is an involved 
function of the structure, and very small changes in 
the structure may profoundly modify the physiological 


Fria. 6—Research in Organie Medicinals. 


‘ A section of an organic chemistry 
laboratory illustrating distillation apparatus (courtesy Eli Lilly and Co.), 


effect. These structural modifications may involve 
replacing one group with another at a specific point in 
the molecule, shifting the same group from place to 
place in the parent molecule, saturating valence bonds, 
or modifying the acidity or basicity. Shght changes 
sometimes completely reverse the action of the com- 
pound, as is the case when the terminal methyl! group of 
1-methylamy] ethyl barbituric acid is moved one carbon 
atom nearer the nucleus to form 1,3-dimethylbuty] 
ethyl barbituric acid. The latter compound produces 
convulsions and is fatal at a low dose. These convul- 
sions can be neutralized and the animal’s life saved 
by a dose of its sedative isomer. Practically all of 
the currently used antispasmodies, anticonvulsants, 
local anesthetics, chemotherapeutic agents, and hyp- 
notics have been products of this type of approach. 
The development of more efficient ways of producing 
a drug of proved value requires skill, knowledge, and 
ingenuity in the field of synthetic organic chemistry. 
The research organic chemist, having gained skill and 
insight through modifications of the structure and thus 
the activity of known therapeutic compounds, is then 
ready to follow up the leads he may discover by close 
observation of the results of his own work and that of 
others. The methods used in developing a new lead 
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will, in all probability, be similar to those used in im- 
proving a drug of known action. 

Fundamental research plays a most important role 
and must not be neglected, for it lays the foundation 
that will eventually produce compounds of unique 
therapeutic value. 

Biochemistry—Research in biochemistry includes in- 
vestigations on the specific physiological action of sub- 
stances affecting life processes. Many plants as well 
as an extremely wide range of animal tissues, secre- 
tions, and excretions are investigated by the bio- 
chemist. The enzymes, vitamins, amino acids, sterols, 
glucosides, blood constituents, hormones, antibiotics, 
and secretions of the stomach and pancreas are ex- 
amples. The purification, isolation, and characteriza- 
tion of these substances fall within the field of biochemi- 
eal research. It is also concerned with pharmacology 
in that biochemical research instigates parallel animal 
and chemical assays (Fig. 7). 

Biologically active materials may be subjected to 
treatment with chemical reagents or enzymatic prepa- 
rations in order to study the changes in activity, or 
to obtain insight into the nature of the structural char- 
acteristics responsible for biological activity. In- 
creasing attention has been given to the problems con- 
cerned with the elucidation of the course of biological 
reactions. Knowledge of this sort may be of practical 
importance in the biological production of a biologi- 
cally active material. Understanding the steps in- 
volved in the metabolism and formation of a compound 
within living cells may lead to improving the condi- 
tions in the process of its formation and bring about a 
better yield. The understanding of the individual 
steps occurring in physiological processes may make 
possible the influencing of these steps, such as the 
stimulation or inhibition of the rate of metabolism. 


¥ig. 7—Insulin Potency Test. Showing drawing of blood, pipetting of blood, 
and titration of the sample according to the official method of Assay for In- 
sulin Injection (courtesy Eli Lilly and Co.). 


The inhibition of p-aminobenzoic acid metabolism 
by the administration of sulfanilamide is an excellent 
example. These two antagonistic substances, are 
closely related structurally, differing only in the pres- 
ence of a sulfonamide group in one and a carboxyl 
group in the other. The hypothesis was advanced 
that the bacteriostatic action of the sulfonamides was 
to be explained by the competition of the drugs with 
p-aminobenzoic acid at some vital stage of the chemical 
change in living cells in which p-aminobenzoic acid 
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was concerned. This hypothesis has, in the light of 
subsequent work, emerged as an important working 
principle. 

In recent years the increasing use of radioactive 
isotopes in compounds for the study of chemically or 
biologically active systems, particularly those of metab- 
olism and nutrition, has become a subject of great 
interest. 


Fie. 8—Influenza virus harvest in the preparation of Influenza Virus Vac- 
cine (courtesy Eli Lilly and Co.). 


Biology—The objectives in biological research are to 
develop new and useful materials and life processes. 
Biological research includes investigations in the fields 
of bacteriology, immunology, parasitology, virus dis- 
eases, pathology, and mycology. Research workers 
in these fields (Fig. 8) develop new and useful vaccines, 
antitoxins, and antibiotics. The effects of new drugs 
on the metabolism of disease-producing organisms are 
studied. Studies are made on fungi and bacteria to 
improve the strains. The remarkable parallelism in 
the life processes of the simple and of the higher organ- 
isms is an important factor in directing attention to 
research on the metabolic processes of microorganisms. 

Experimentation must be carried on in the parasitic 
diseases such as malaria and amcebic dysentery, dis- 
eases due to bacteria such as typhoid fever and strepto- 
coccus infections, the fungus diseases such as the com- 
mon ‘‘athlete’s foot,’ the rickettsial diseases such as 
typhus and the Rocky Mountain spotted fevers, and 
the virus diseases such as rabies and influenza. 

To understand the metabolic processes in which 
chemotherapeutic agents participate, as well as the 
mode of action and the optimum condition for their 
action, the research worker in biology must learn how 
to maintain disease-producing organisms, either in 
animals or in a test tube, so that they will be as near 
as possible to their relatives that occur in nature. This 


treatment to chemical processes. 


RESEARCH IN PHARMACY AND 


is important when organisms are used to test new 
chemical compounds. 

The successful development of the “sulfa” drugs 
dispelled an age-old belief that a chemical which could 
be harmful to bacteria would also be harmful to body 
cells and warranted a large-scale search for new drugs. 
Renewed impetus has been given to biological research 
by the discovery that antibiotics are formed as meta- 
bolic products of certain molds and bacteria. 

Pharmacology—Following the discovery of a new 
drug the dosage, toxicity, action, and fate of that drug 
in the body must be determined by the pharmacologist. 
This is done by the use of suitable test animals, or 
isolated animal tissues. For example, the determina- 
tion of digitalis potency requires whole animals, such 
as cats or frogs, while the assay of Posterior Pituitary 
is done on an isolated uterus (Fig. 9). In many-cases 
the pharmacologist must discover suitable test animals 
in order to complete pharmacological research. 

Practical research in pharmacology also comprises 
tests of new drugs in human beings to ascertain the 
dosage and to confirm the action noted in animals. 
Sometimes a new drug may be useful in treating test 
animals yet be found worthless to man. 

The pharmacologist also determines which member of 
a series of chemical compounds is the most desirable. 
Work of this kind adds to our knowledge of the intricate 
relationships between chemical structure and physi- 
ological effect. 

Physical Chemistry—Modern research in pharmacy 
and medicine requires the study of the physical and 
physical chémical problems by investigators with highly 
specialized training and with highly specialized research 
tools at their disposal. Since the application of these 
physical and physical chemical methods have a general 
usefulness, it is desirable to provide their services to 
workers in every field of research, such as analytical 
chemistry, organic chemistry, biochemistry, or biology. 

Critical examination of biochemical and biological 
phenomena by the application of specialized physical 
chemical methods may result in the discovery of new 
biochemical and biological principles, or the explana- 
tion of such principles in new or in quantitative terms. 

Examples of the specialized methods of physical 
' chemistry that are applicable to the research directed 
at the isolation, characterization, and chemical study 
of protein principles are the use of the ultracentrifuge, 
the electrophoresis apparatus, and apparatus for the 
determination of diffusion. The electron microscope 
is an extremely promising instrument for the study of 
large protein molecules, as well as of the generally 
larger organized structures of microorganisms and 
tissues. 

In structure studies in non-protein organic chemis- 
try, electrometric titration, polarography and spectro- 
photometry in the ultraviolet, visible, or infra-red 
may be directed at the question of the kinds of chemical 
groups present. X-ray and optical crystallography 
allow one to establish identities and often even molec- 
ular dimensions. Ultimately the atomic arrangements 
in crystalline organic substances may be explained. 

Physical chemical research means not only the ap- 
_ plication of physical instrumentation to chemistry but 
implies, as well, the application of exact mathematical 
Physical instru- 
mentation and mathematical description have an im- 
pressive record of contribution in the past and will 
probably have an even more important role in the 
future. 

Clinical Research—Clinical research in pharmacy 


MEDICINE 39 


and medicine may be directed towards the application 
of new therapeutic agents or it may be of a more funda- 
mental nature. It may deal with any one of the dis- 
ease conditions concerning which there is not now an 
adequate knowledge of the etiology, the physiological 
processes involved, the pathology and therapy. Hyper- 
tension, rheumatic disease, and virus infections are 
examples. This clinical research is intended to bring 
together certain basic facts concerning the diseases 
and is not primarily intended to be productive of 
specific therapeutic agents. 


Illustrating an isolated guinea pig uterus 

suspended in a constant temperature bath of nutrient solution and attached 

to a kymograph according to the official method of Assay for Posterior 
Pituitary (courtesy Eli Lilly and Co.). 


Fie. 9—Biological assay. 


After a synthetic product developed by the organic 
chemist has been studied pharmacologically, the prod- 
uct may be cautiously administered to selected patients 
to determine its actual clinical usefulness. As experi- 
ence with the agent broadens, definite information as 
to dosage requirements and some idea as to its toxic 
side effects are obtained. If the anticipated therapeu- 
tic response is noted, the clinical investigation is 
broadened to include cooperating clinicians who are 
interested in furthering such investigations. If the 
new drug is of value a wide clinical background is ob- 
tained and the drug may be made available for general 
use, 

Pilot Piant—When the fundamental research work 
has been completed, the problem becomes one of de- 
velopment. Rarely should new processes of manufac- 
ture go into production directly from the laboratory. 
The chemist and chemical engineer should appraise 
the problem and their report should determine what 
further data are necessary. These data should in- 
clude the development of sources of crude materials, 
the grade of reagents that may be used, any critical 
limits of impurities, and all physical constants on the 
products prepared. These products, since their final 
use is in a medicine, must always be of the highest 
purity obtainable. 

Then the specific process details must be obtained. 
These details should give the directions for manufac- 
ture. The directions should include the effect of order, 
the speed of addition of the reagents, the temperature 
of and time necessary for completion of the reaction, 
and type of mixing required. Since economy is always 
of importance, the number of operations should be 
kept to a minimum. Adequate studies must be in- 
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cluded on the possible and necessary recoveries of sol- 
vents and by-products. 

A study of the possible hazards is always important. 
The toxicity irritation or nuisance nature of all the 
materials added or given off must be known. 

After these data have been accumulated, it becomes 
necessary to decide the equipment requirements. <A 
study is made to provide materials for equipment con- 
struction that will withstand corrosive action as far 
as possible. The pilot plant investigation permits an 
intelligent equipment selection for large-scale produc- 
tion needs and facilitates obtaining cost data while 
providing sufficient product to complete the clinical 
studies, ascertain packaging problems, and the like. 

Pharmaceutical Design and Control—Pharmaceuti- 
cal design and control are primarily concerned with the 
preparation, stabilization, and standardization of 
pharmaceutical products. These three aspects must 
be considered in the preparation of every pharmaceu- 
tical entity, and the relative importance of each will 
depend upon the nature of the product under investiga- 
tion. Because of the many physical forms in which 
pharmaceutical products are presented, the research 
necessary is broad in scope and involves not only the 
principles of operative pharmacy but requires the ap- 
plication of principles from many allied fields. 

In the preparation of certain products the physical 
form of the raw materials is important. Processes 
must be worked out to control this characteristic. 


The stabilization of a product, either to prevent con-' 


tamination by microorganisms or to preclude physical 
or chemical changes, is very important. Definite tech- 
niques must be developed for filling ampul solutions. 
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Microorganisms that might be present as contami- 
nants must be destroyed or removed by procedures that 
will not alter the product. Stabilization may also in- 
volve the prevention of discoloration, precipitation, or 
chemical decomposition. Tablets must be formed in 
such a manner that they will have the desired disin- 
tegration time and still withstand handling. <A general 
study of drug incompatibilities is in order. 

All the ingredients that go to make up the finished 
preparation must be standardized both physically and 
therapeutically. This is also true of the finished prep- 
aration. Here the control laboratory must establish 
specifications for all the materials used, and by con- 
stant analysis see that they are maintained. Moreover, 
suitable standards and specifications must be provided 
for the finished product and a sample examined to see 
that these standards are maintained. 

These tests vary widely and depend upon the nature 
of the product. Some products may need only a 
chemical analysis or a biological assay; some need 
both. Others may involve the determination of vis- 
cosity, disintegration time, density, refractive indices, 
or an organoleptic test. Many of today’s drugs require 
the use of such physical instruments as spectrophotom- 
eters, spectrographs, fluorophotometers, or polaro- 
graphs for their examination and standardization. 
Pharmaceutical design and control are assuming an 
ever-increasing importance in the preparation of medic- 
inal products. For a detailed description of the above 
physical chemical instruments see Chapter LXXXV. 

For the pharmacist with ability and advanced train- 
ing there are opportunities for research undreamed of 
only a few short years ago. 


eanvenles 


TECHNICAL OPERATIONS 
IN 
PHARMACY 


Meal 
‘al 7 * 
: . 
< 
ae 7 
D e 
i 
—_— 
"he, 
~ 
: 
. 
+ 
ay 
\ 
* 
2 
- 
‘ 
' 
3 
< : / mm 
L dl ~ Pee : 
1, ae 
Ae es co 
4 Gas ee 
=, 5 o | 
mt + a 7 
s 
(/ ‘ 
i 
a 
‘ 
= . 
é 
§ 
4 
- 


Se 


se 


- fathom or orgyia (stretch of the arms). 


CHAPTER V : 


METROLOGY 


History of weights and measures—systems of weights and measures—relationship of various systems—conversion tables—con- 
struction. and care of balances—weighing and measuring 


THE FIRST TECHNICAL OPERATION which the student 
of pharmacy must learn is the manipulation of balances 
and weights. This entails a study of the various sys- 
tems of weights and measures, their relationships, and 
a mastery of the mathematics involved. This chapter 
considers the fundamental principles of metrology in- 


_volved in the testing, manufacturing and compounding 


of pharmaceutical preparations, under two headings. 
Weights and measures—an accumulation of facts 
concerning the various systems, ancient and modern. 
Weighing and measuring—a discussion of the various 
types of apparatus and the correct procedures to follow 
when using them. 


WEIGHTS AND MEASURES 


Weight is a measure of the gravitational force acting 
on a body and is directly proportional to its mass. The 
latter, being a constant based on inertia, never varies, 
whereas weight varies slightly with latitude, altitude, 
temperature, and pressure. The effect of these factors 
is not usually considered unless very precise weighings 
are undertaken. 

Measure is the determination of the volume or extent 
of a body. Temperature and pressure have a pro- 
nounced effect, especially on gases or liquids. These 
factors are therefore considered when making prepara- 
tions accurately. 

All standard weights and measures in this country 
are derived from or based upon the United States Na- 
tional Prototype Standards of the Meter and the Kilo- 
gram, made of platinum-iridium, in the custody of the 
National Bureau of Standards at Washington, D. C. 


HISTORY OF WEIGHTS AND MEASURES 


A brief outline of the origin of the many systems of 
weights and measures may be of service in fixing in the 
mind essential distinctions between them. The sense 
of the weight of a body cannot be conveyed intelligibly 
to the mind unless a means of comparison is chosen. 
As weight is the measure of the gravitational force of a 
body, so this force is expressed as related to a standard 
of resistance, which is exactly that which would balance 
the body and keep it in equilibrium, when used with a 
mechanical device constructed for this specific purpose. 
Such standards are termed weights and the mechanical 
devices are called balances or scales. 

The standards which have been chosen by various 
nations are arbitrary, and instances are common where 
different standards are in use at the same time in the 
same country. Many of the ancient standards are 
clearly referable to variable parts of the human body, 
as nail, foot, span, pace, cubit (length of the forearm), 
In the history 
of metrology three periods may be traced: : 

1. The Ancient, during which the old classical stand- 
ards originated, and which terminated with the decline 
of the Roman Empire. It is interesting to note that 
the unit of distance used at the present day by all na- 
tions in maritime measurements is the nautical or 
meridian mile or one-sixtieth of a degree of the earth’s 
equatorial circumference, and that this is exactly equal 
to 1000 Egyptian fathoms or 4000 Egyptian cubits. 
These Egyptian measurements which have persisted 


for more than 4000 years were based upon astronomical 
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or meridian measurements which were imperishably 
recorded in the great Pyramid of Ghizeh, whose perim- 
eter is exactly 500 of these fathoms, or one-half of a 
nautical mile. 

2. The Medieval, extending to the sixteenth century. 
In this period the old standards were lost, but their 
names were preserved, and European nations adopted 
various independent standards. 

3. The Modern. Since the seventeenth century the 
efforts of most enlightened nations have been directed 
toward scientific accuracy and simplicity, and during 
the present century toward international uniformity. 

Historical metrology is also referred to as Documen- 
tary Metrology, which is concerned with the study of 
monuments and records of ancient periods, and Induc- 
tive Metrology, which is concerned with the accumula- 
tion of data concerning the measurement of large num- 
bers of objects which have been referred to as standards 
but which have no exact measure except by statutory 
regulation. 


The English Systems 


In Great Britain, in the year 1266, the 51st act of the 
reign of Henry III declares ‘“‘that by the consent of the 
whole realm of England the measure of the King was 
made—that is to say, that an English silver penny 
called the sterling, round and without clipping, shall 
weigh thirty-two grains of wheat, well dried and gathered 
out of the middle of the ear; and twenty pence (penny- 
weights) do make an ounce and twelve ounces a pound, 
and eight pounds do make a gallon of wine, and eight 
wine gallons do make a bushel, which is the eighth of a 
quarter.” 

The 16-ounce pound (avoirdupois), undoubtedly of 
Roman origin, was introduced at the time of the first 
civilization of the British island. The word ‘‘haberde- 
pois,” according to Gray, was, however, first used in 
English laws in 1303. A statute of Edward I (ap. 
1304) states ‘that every pound of money or of medicines 
is of twenty shillings weight, but the pound of all other 
things is twenty-five shillings weight. The ounce of medi- 
cines consists of twenty pence, and the pound contains 
twelve ounces (the Troy Pound), but in other things 
the pound contains fifteen ounces, in both cases the 
ounce weighing twenty pence.” 

These laws unfold the theory of the ancient weights 
and measures of Great Britain, and reveal the standards, 
7. €., a natural object, grains of wheat; a difference 
existed then between the Troy and the avoirdupois 
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pound, but the weights now in use are one-sixteenth 
heavier than those of Edward I, owing to the change 
made in the value of the coin by the sovereign subse- 
quently; in addition to this, the true pennyweight 
standard was lost, and in the next revision of the weights 
and measures the present troy and avoirdupois stand- 
ards were adopted. The troy weight is of still earlier 
origin. The great fairs of the eighth and ninth centuries 
were held at several French cities, including Troyes, 
the gathering place of traders from all countries. Coins 
were frequently so mutilated that they were sold by 
weight, and the standard weight of Troyes for selling 
coin was adopted for precious metals and medicines in 
all parts of Europe. The troy ounce and the avoirdu- 
pois ounce were originally intended to have the same 
weight, but after the revision it was found that the 
avoirdupois ounce was lighter by 42% grains than the 
troy ounce. at 

The subsequent adoption of troy weight by the Lon- 
don College of Physicians in 1618, on the recommenda- 
tion of Sir Theodore Turquet de la Mayerne, who com- 
piled their first Pharmacopeeia, has entailed upon all 
apothecaries who are governed by British customs, to 
this day, the very great inconvenience of buying and 
selling medicines by one system of weights (the avoirdu- 
pois) and compounding them by another (the apothe- 
caries or troy). 

In the next century efforts were made toward reform- 
ing the standards, and the Royal Society, in 1736, 
began the work, which ended in the preparation, under 
the direction of the House of Commons, by Mr. Bird, 
of the standard “yard” and standard “pound” troy in 
1760. Copies of these have been made, no intentional 
deviation has been made since, and they are still the 
standards used most largely in the United States. In 
1816, on account of the growing popularity of the 
French Metric System, and in view of the desirability of 
securing a standard which could easily be recovered in 
case of loss or destruction and which should be com- 
mensurable with a simple unit, steps were taken in 
England to secure these advantages. The labors of 
English scientists led to the adoption of the Imperial 
measures and standards, which were legalized January 
1, 1826, and are now in general use in Great Britain, 
thus introducing another element of confusion into an 
already complicated subject. 

In this system the yard is equivalent to 36 inches, 
and its length was determined by comparison with a 
pendulum: beating seconds of mean time, in a vacuum, 
at the temperature of 62° F. at the level of the sea in the 
latitude of London, which length was found to be 
39.1393 inches. The pound troy (containing 5760 
grains) was determined by comparison with a given 
measure of distilled water under certain conditions. 
Thus, a cubic inch of distilled water was weighed with 
brass weights in air at 62° F., the barometer at 30 
inches, and it weighed 252.458 grains. The standard 
for measures of capacity in Great Britain (either dry or 
liquid) is the Imperial gallon, and this contains 10 
pounds avoirdupois (each 7000 grains) of distilled 
water weighed in air at 62° F., the barometer standing 
at 30 inches, the bushel containing 8 such gallons. 

Washington, in his first annual message to Congress, 
January, 1790, recommended the establishment of uni- 
formity in currency, weights, and measures. Action 
was taken with reference to the currency, and recom- 
mendations were made by Jefferson, then Secretary of 
State, for the adoption of either of the currently used 
English systems or a decimal system. However, noth- 
ing was accomplished until in 1819-1820 when efforts 


were again made in the United States to secure uni- 
formity in the standards which were in use by the 
several states. Finally, after a lengthy investigation, 
the Secretary of the Treasury, on June 14, 1836, was 
directed by Congress to furnish each state in the Union 
with a complete set of the revised standards, and thus 
we have the troy pound (5769 grains), the avoirdupois 
pound (7000 grains), and the yard (36 inches) all iden- 
tical with the British standards; but the United States 
gallon is quite different, the old wine gallon of 231 cubic 
inches, containing 58,372.2 grains of distilled water at 
its maximum density, weighed in air at 62° F., the bar- 
ometer standing at 30 inches, being retained, while the 
bushel contained 77.274 pounds of water under the same 
conditions, thus making the dry quart about 16 per 
cent greater in volume than the liquid quart. 

In 1864 the use of the metric measures was legalized 
in Great Britain, but not made compulsory, and in 
1866 the United States followed the same course. 

By the United States law of July 28, 1866, all lengths, 
areas, and cubic measures are derived from the inter- 
national meter equivalent to 39.37 inches. Since 1893 
the United States Office of Standard Weights and 
Measures has been authorized to derive the yard from 
the meter, 1 yard equals 36993937 meter, and the cus- 
tomary weights are referred to the kilogram by Executive 
order approved April 5, 18938. All capacities are based 
on the equivalent, 1 cubic decimeter equals 1 liter, the 
decimeter being equal to 3.937 inches. The gallon still _ 
remains at 231 cubic inches and the bushel contains 
2150.42 cubic inches. This makes the liquid quart 
equal to 0.946 liter and the dry quart 1.1013 liters, 
while the Imperial quart is 1.1359 liters. The cus- 
tomary weights are derived from the international kilo- 
gram, based on the value that 1 avoirdupois pound = 
453.5924277 grams and that 57694599 avoirdupois 
pound equals 1 troy pound. 

Avoirdupois weight is in general use in the United 
States for commercial purposes, including the buying 
and selling of drugs on the large scale. 


The Metric System 


The idea of adopting a scientific standard for the basis 
of metrology, which could be accurately reverified, was 
suggested by a number of individuals after the Renais- 
sance. Jean Picard, the French astronomer, in the 
seventeenth century proposed to take as a unit the 
length of a pendulum beating one second of time at sea 
level, at a latitude of 45°. 

James Watt, the English inventor in 1783, first sug- 
gested the application of decimal notation, and the 
commensurability of weight, length, and volume. The 
French National Assembly in 1790 appointed a com- 
mittee to decide the preferability of the pendulum 
standard or a terrestrial measure of some kind. as a 
basis for the new system. The committee reported in 
1791 in favor of the latter and commissions were ap- 
pointed to measure an are of meridian and to perfect 
the details of the commensurability of the units and of 
nomenclature. However, certain inaccuracies were 
inherent in the early standards and they do not bear 
to each other the intended exact relationships. The 
present accepted standards are clearly defined as fol- 
lows in Publication M121 of the National Bureau of 
Standards: 


“Tn its original conception the meter was the fundamental unit 
of the Metric system, and all units of length and capacity were 
to be derived directly from the meter which was intended to be 
equal to one ten-millionth of the earth’s quadrant. Furthermore, 
it was originally planned that the unit of mass, the kilogram, 


should be identical with the mass of a cubic decimeter of water 
at its maximum density. At present, however, the units of 
length and mass are defined independently of these conceptions. 

“The International Prototype Meter is kept at the International 
Bureau of Weights and Measures. By definition the meter now 
bears no definite relation to the earth’s quadrant, but is the length 
of a certain platinum-iridium bar when supported i in a definitely 
specified! manner, at the temperature of melting ice, and at 
standard atmospheric pressure (760 millimeters “of mercury). 
The kilogram is independently defined as the mass of a definite 
platinum-iridium standard, the International Prototype Kilogram, 
which is also kept at the International Bureau of Weights and 
Measures. The Liter is defined as the volume of a kilogram of 
water, at standard atmospheric pressure, and at the temperature 
of its maximum density, approximately 4° C. The meter is thus 
the fundamental unit on which are based all metric standards 
and measurements of length and area, and of volumes derived 
from linear measurements. 

“A supplementary definition of the meter in terms of the wave 
length of light was adopted provisionally by the Seventh General 
(International) Conference on Weights and Measures, in 1927. 
According to this definition, the relation for red-cadmium light 
waves under specified conditions of temperature, pressure, and 
humidity is 1 meter = 1,553,164.13 wave lengths. This cor- 
responds to a wave length (cadmium red) of 6,438.4696 « 1077 
millimeters. 

“The kilogram is the fundamental unit on which are based all 
metric standards of mass. The liter is a secondary or derived 
unit of capacity or volume. The liter is larger by about 27 parts 
per million than the cube of the tenth of the meter, 7. e., the cubic 
decimeter—that is, 1 liter = 1.000027 cubic decimeters. 

“The conversion tables in this publication which involve the 
relative length of the yard and meter are based upon the relation: 
1 meter = 39.37 inches, contained in the act of Congress of 1866. 
From this relation it follows that 1 inch = 25.40005 millimeters 
(nearly). 

“Tn recent years engineering and industrial interests the world 
over have urged the adoption of the simpler relation, 1.inch = 
25.4 millimeters exactly, which differs from the preceding value 
by only 2 partsin a million. This simpler relation has not as yet 
been officially adopted by either Great Britain or the United 
States, but is in wide industrial use.”’ 


In the United States, we find that the term ce. per- 
sists in general use and is taken as synonymous for the 
more correct term mil. The U.S. P. IX and the N. F. 
IV adopted the term milliliter with its abbreviated form 
mil, but it proved so unpopular in practice that the 
following Pharmacopceial Convention directed the re- 
turn to the older term cubic centimeter (cc.). 


National jealousies and the natural antipathy to 
changing established customs interfered greatly with 
the adoption of the metric system during the early part 
of the nineteenth century. At present the Metric sys- 
tem is in use in every great country of the world ex- 
cept the United States and Great Britain and in these 
two countries it is legalized for reference to and defini- 
tion of other standards, and is in exclusive use by scien- 
tific workers. In the United States the Metric system 
was legalized in 1866, but not made compulsory, and 
in the same year the International Prototype Meter and 
Kilogram were adopted as fundamental standards. 


The United States silver coinage is based upon the 
metric system, the half dollar being exactly 1214 grams 
and the quarter and the dime being of the proportion- 
ate weights. 

Since 1875 there has been established and maintained 
an International Bureau of Weights and Measures, 
with headquarters at Paris. This Bureau is managed 
by an International Committee upon which all civilized 
countries are represented. The object of the committee 
is to make and provide prototypes of the Meter and 
Kilogram for the subscribing nations; approximately 
40 such copies have been prepared. 

The United States prototype standards of both the 
meter and the kilogram mass, constructed of a platinum- 
iridium alloy, were brought from Paris in 1890 and are 
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now in the custody of the Bureau of Standards at Wash- 
ington, D. C. They have been reproduced and dis- 
tributed by our own government to the various states 
having bureaus needing such replicas. The original 
United States Prototype Meter was taken back to Paris 
some years later for reverification and was found to have 
altered less than one fifty-thousandth of an inch after 
15 years of use. 


ORTHOGRAPHY, PRONUNCIATION, AND READING 


Orthography—There are two methods of orthography 
of the metric units in use in the United States; in one 
of these, the original French, the units are spelled 
metre, litre, gramme; in the other, proposed by the 
American Metric Bureau, the units are spelled meter, 
liter, gram. In the United States Pharmacopoeias for 
three decades after the original adoption of the metric 
system, the French gramme was used and meter and 
liter adopted, but the United States Pharmacopceia 
now uses the spelling gram. 

Pronunciation—Meter is pronounced mee’ter; liter, 
lee’ter; either gram or gramme is pronounced gram, 
not, in two syllables, as sometimes heard, gram’me; 
centimeter should be pronounced sen/tee-mee-ter, not 
son’tee-mee-ter. The latter faulty pronunciation is 
quite common, and is due to confounding the French 
pronunciation with the English. Either son-tee-ma’tr 
(French) or sen’tee-mee-ter (English) would be correct, 
but to use half of the French and half of the English is 
ebviously improper, and, as the Metric system is now 
Anglicized, the simple English pronunciation is more 
appropriate. 

Reading—Some difficulty is usually experienced by 
those unfamiliar with the Metric system in reading the 
quantities. In the linear measures in pharmacy, centi- 
meters and millimeters are almost exclusively used; 
thus, 0.05 M. would not be read five hundredths of a 
meter, but 5 centimeters (5 ecm.); if the millimeter 
column contains a unit, as in 0.055 M. it is read fifty- 
five millimeters (55 mm.), in preference to fifty-five 
thousandths of a meter. 

Fractions of a millimeter must be read decimally, as, 
0.0555 M., fifty-five and five-tenths millimeters. In 
measures of capacity, cubic centimeters (cc.) are used 
exclusively for quantities of less than a liter, the terms 
half liter, quarter liter, deciliter, centiliter, milliliter 
are replaced by 500 cc., 250 cc., 100 cc., 10 cc., 1 cc.; 
with water the cc. is considered equivalent to a gram. 
In weight, when the quantity is relatively large, and in 
commercial transactions, the kzlogram is abbreviated to: 
kilo, pronunced kee-lo; when less than a kilogram and 
not less than a gram, the quantity is read with the gram 
for the unit; 2000 Gm. would be read either as two: 
thousand grams or as two kilos, and 543 Gm. would be: 
read five hundred and forty-three grams, while 2543. 
Gm. is sometimes read two kilos and five hundred and 
forty-three grams, although twenty-five hundred and 
forty-three grams is usually preferred. For quantities. 
below the gram, decigrams are not used, but centi- 
grams and milligrams are regarded as the most con- 
venient units; they are read in the same way as centi- 
meters and millimeters. 


WEIGHTS 


The United States Pharmacopeeia of 1890 adopted 
the Metric system of Weights and Measures to the 
exclusion of all others except for equivalent dosage 
statements, and the British Pharmacopoeia of 1914 
did likewise. In 1944 the Council on Pharmacy and 
Chemistry of the American Medical Association 
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adopted the Metric system exclusively for use in its New 
and Nonofficial Remedies (N. N. R.). 

The advantages of the Metric system have become 
more and more apparent upon examination, and its 
simplicity, brevity, and adaptability to everyday needs 
are now universally conceded. The principal merits are: 


1. Every weight and measure bears a simple relation to the 
initial unit, the meter. 

2. Every unit is multiplied or divided by the same number 
(7. e., 10) to obtain the various denominations, and increase or 
decrease is expressed by simply moving the decimal point. It is 
the system of decimal progression, like the system of coinage. 
Ten of the low unit make one of the next higher unit. 


3 dollars 
$3.95 = < 9 dimes 
5 cents 


‘f 3 grams 
3.95 Gm. = < 9 decigrams 
5 centigrams 


3. The commensurability of units of weight, length, and vol- 
ume. Thus: 


10 ce. of wates weighs........... 
25 ce. of water Weighs..........- 
1000 ce. (1 liter) of water weighs. .. 


10 Gm. 

25 Gm. 
1000 Gm. (1 Kalo) 

4. Its almost universal adoption makes it an international 
system. One alleged disadvantage of the Metric system as com- 


pared with the duo-decimal system (apothecaries or troy) is the 
practical indivisibility of 10 by 3. 


Both the Metric and English systems of weights and 
measures are in use in the United States and the phar- 
macist must have a practical knowledge of each. The 
Metric system is gradually replacing the English system 
in all our calculations and transactions. It has already 
done so in science and doubtless soon will be accepted 
and adopted generally. 


The English Systems of Weight 
AVOIRDUPOIS WEIGHT 


Pound Ounces Grains 
Ib. 1 = 16 = 7000 
oz. 1 = gr. 487.5 
Note: 2000 pounds = 1 ton and 2240 pounds = 1 long ton. 
APOTHECARIES WEIGHT 
Pound Ounces Drachms Scruples Grains. 
Ib. 1 = 12 = 96 = 288 = 5760 
4 Il = 8 = 24 = 480 
51 = 3 = 60 
il = gy 20 
TROY WEIGHT 
Pound Ounces Pennyweights (Pwt.) Grains 
Ib. 1 = 12 = 240 = 5760 
4) il = 20 = 480 
Pwt. 1 = gr. 24 
Note: The abbreviation lb. refers to the avoirdupois pound of 7000 


grains unless further qualified. 


In the United States both the avoirdupois and apoth- 
ecaries systems of weight measurement are used in 
the handling of medicines. In order to avoid confu- 
sion the pharmacist must clearly establish in his mind 
the following facts: 

(a) The avoirdupois system of weight is used by 
pharmacists to buy and to sell all goods other than on 
prescription. 

(b) The apothecaries system is used to dispense pre- 
scriptions and frequently to compound medicines. It 
must be emphasized that the pharmacist buys his drugs 
by avoirdupois and dispenses by apothecaries weight. 

These two systems differ thus: 


1 pound avoirdupois = 7000 grains and is abbreviated Ib. 
1 pound apothecaries = 5760 grains and is abbreviated Ib. apoth. 


: 


The grain avoirdupois is exactly the same as the grain 
apothecaries. The apothecaries pound is therefore 
1240 grains laghter than the avoirdupois pound. 


1 ounce avoirdupois = 437.5 grains and is abbreviated oz. 
1 ounce apothecaries = 48@ grains and is abbreviated 3. 


The apothecaries ounce is therefore 42.5 grains heavier 
than the avoirdupois ounce. 

The abbreviations of the denominations of apothe- 
caries weight are represented by the signs 3, ounce; 
3, drachm; 0, scruple; and gr., grain; these have 
long been in use, but may possibly be mistaken for one 
another in rapid or careless writing. The abbreviations 
or signs of avoirdupois weight differ from those of 
apothecaries weight, and care should be used not to 
confound them; they are lb. (sometimes written #), 
pound; oz., ounce; gr., grain. 


Jewelers evaluate precious stones with troy weight, 
which is very similar to apothecaries weight. 

The apothecaries and troy grain, ounce, and pound 
are identical, but the ounces are subdivided differently. 
The carat, used by jewelers, is equal to 3.168 troy grains 
or 4 carat grains. When used to express the fineness of 
gold 1 carat signifies 144 part. A 14-carat ring is 


1464 pure gold. 


The Metric System of Weight 
METRIC WEIGHT 


1 microgram (gamma) vem. (vy) = 0.00 o 001 gram 
1 milligram mg. = 0.001 gram 
1 centigram cg. = 0.01 gram 
1 decigram dg. = (al gram 
1 gram Gm. = 1.0 gram 
1 Dekagram Deg. = 10.0 grams 
1 Hectogram Hg. = 100.0) grams 
1 Kilogram Kg. = 1000.0 grams 
Note: For aclear picture of the relationships of these units of weight, see 


the scale drawing on page 46 


The name Metric system is very appropriate, as 
each unit is related to the meter; it is also known as the 
Decimal system, because, in obtaining the multiples 
and subdivisions, the number ten (decem) is used solely. 
The prefixes, which indicate multiplication, are of Greek 
derivation—Deka, 10; Hecto, 100; Kilo, 1000. 
Myria, meaning 10,000, was a term used in the original 
system but is not employed in practice. The division 
of the units is expressed by Latin prefixes—deci, 149; 
centi, 400; milli, +7000. 


Only a few of the most convenient denominations are 
employed in practical work. Whole numbers from 1 
to 1000 are usually expressed in terms of grams while the 
term Kilo is used as the commercial unit for larger 
quantities. Quantities between 1 milligram and 1 
gram are usually referred to in terms of milligrams and 
microgram or gamma is used in biological studies. 


MEASURES 
The English Systems of Measure 


The pharmacist must be familiar with the measure- 
ment of plasters, bandages, trusses, and many other 
items found in the modern pharmacy. He experiences 
no difficulty, however, for the inch, foot, and other 
common measurements are used almost exclusively. 
Only a few items, such as hypodermic needles and 
catheters, are measured in other systems. For tables 
of equivalents of linear measures, see the United States 
Pharmacopeeia. 


\ 
‘ 
a 


METROLOGY 45 


ENGLISH LINEAR MEASURE 


12 inches = 1 foot 
3 feet = 1 yard 
5% yards = 1 rod 
320 rods = 1 mile 
3 miles = 1 league 


Note: 4 inches equal 1 hand and 6 feet equal 1 fathom. 


APOTHECARIES OR WINE MEASURE (U. S.) 


Gallon Pints Fluidounces Fluidrachms Minims 
Cong. 1 = 8 = 128 = 1024 = 61,440 
Ove = 16 = 128 = 7,680 
ep) Sei) = 480 
fo 1 = ™ 60 

IMPERIAL MEASURE (BRITISH) 
Gallon Pints Fluidounces Fluidrachms Minims 
Cong. 1 = 8 = 160 = 1280 = 76,800 
O11 = 20 = 160 = 9,600 
fl-07-2 a — 8 = 480 
fl. dr. 1 = min. 60 


Note: O. is the abbreviation for the Latin word Octarius; Cong., for the 
Latin word Congius. The gill, which is 44 pint, is obsolete, but is occasion- 
ally found in old family recipes. 31 U.S. gallons equal 1 barrel. 


In the United States only one system of liquid meas- 
ure is official—the apothecaries or wine measure. 
Note the following facts concerning the U.S. system: 


1. The apothecaries fluidounce of distilled water weighs 454.6 
grains at 25° C. (77° F.). 

2. The apothecaries pint contains 16 fluidounces. 

3. The U.S. gallon contains 128 fluidounces or 231 cubic 
inches. One gallon of distilled water weighs 8.33 avoirdupois 
pounds at 4° C. The U.S. pint therefore weighs 1.04 avoirdu- 
pois pounds and the pound of distilled water measures only 
0.96 pint. One pound does not measure 1 pint. 


Note the following facts concerning the Imperial 
system: 


1. The Imperial fluidounce of distilled water weighs 437.5 
grains at 15.6° C. (60° F.). It therefore weighs 1 avoirdupois 
ounce. 

2. The Imperial pint contains 20 fluidounces. 

3. The Imperial gallon contains 160 fluidounces. One gallon 
of distilled water weighs 10 avoirdupois pounds. Sixteen fluid- 
ounces in this system therefore weigh 1 pound avoirdupois. 


From the above facts we deduce the following: 


1. The U.S. fluidounce and minim are larger than the Im- 
perial fluidounce and minim. One U.S. minim or fluidounce 
equals 1.04 Imperial minims or fluidounces. 

2. The Imperial pint and gallon are much larger than the 
U.S. pint and gallon. 


The Metric Systems of Measure 
METRIC LINEAR MEASURE 


1 micromicron (uu) = 0.000,000,000,001 meter 


(0.001 mp; 10-12M.; 0.01 Angstrom 
unit (A) 
1 millimicron (mp) 0.000,000,001 meter 
(0.001 uw; 10-9M.; 10 A) 
1 micron (u) 0.000,001 meter - 
(0.001 mm. 10-*M.; 10,000 A) 
1 millimeter (mm.) = 0.001 meter 
lcentimeter (cm.) = 0.01 meter 
ldecimeter (dm.) = 0.1 meter 
1 meter M.) = 1.0 meter 
1 Dekameter (Dm.) = 10.0 meters 
1 Hectometer (Hm.) = 100.0 meters 
ilometer (Km.) = 1000.0 meters 
Note: While the meter is observed to be the initial unit, it is seldom neces- 


sary to use it in pharmaceutical practice, and the same holds true for a num- 

ber.of the above measures. The micron (u), millimeter (mm.), and the centi- 

- meter (em.) are employed in the United States Pharmacopeia and in the 
National Formulary in the description of many of the official drugs, Meas- 

urements pertaining to colloidal particles are stated in millimicrons (mu). 
-~ 


METRIC LIQUID MEASURE 


Plenowlhiliterse Gul.) a 0.001 liter 
lcentiliter (cl.) = 0.01 liter 
1 deciliter (dl.) = 0.1 liter 
1 liter Li) 1.0 liter 
1 Dekaliter (Dl1.) = 10.0 liters 
1 Hectoliter (H1.) = 100.0 _ liters 
1 Kiloliter (KI1.) = 1000.0 liters 


Note: The Standard of Capacity is the liter, which is the volume of 1 Kg. 
of distilled water at 4° C. 


It is therefore very inaccurate to use measures graduated 
in the U. S. system in measuring quantities directed in 
English formulas when the Imperial measure is intended, 
and, conversely, measures graduated in the Imperial sys- 
tem should not be used to measure quantities directed in 
U.S. formulas when the U. S. measure is intended. For 
example, Canadian pharmacists using American gradu- 
ates should calculate percentage solutions on the basis 
of 454.6 grains of distilled water to the fluidounce. 

Because of the proximity of Canada, those who prac- 
tice in the border states find it necessary to familiarize. 
themselves with Imperial measure. 


THE RELATIONSHIP OF WEIGHTS AND MEASURES 


When the systems of weights and measures in use in 
this country are studied, the lack of close relation be- 
tween the different units is at once appreciated. Never- 
theless, if the following statements are carefully memor- 
ized, many pharmaceutical problems will be greatly 
simplified. 

1. The pharmacist buys merchandise, sells over the 
counter, weighs himself, calculates postage, etc., by 
avoirdupois weight which contains 437.5 grains in 1 
ounce. 

2. He dispenses prescriptions and compounds many 
formulas by apothecaries weight which contains 480 
grains in 1 ounce. 

3. One apothecaries fluidounce weighs 454.6 grains 
at 25° C. 

Since 480 minims weigh 454.6 grains, then 1 minim 
weighs 454.6/480 = 0.95 grain. 


1 minim does not weigh 1 grain. 
1 fl. oz. does not weigh 1 ounce. 


Tables of weights and measures and a table of prac- 
tical equivalents should be kept in a conspicuous and 
convenient place in the compounding department. 

The following equivalents, which are given with prac- 
tical accuracy, should be committed to memory. 
Other equivalents may be calculated from these. 


Practical Equivalents 
LINEAR MEASURE 


1 meter = 39.37 in. 
1 inch = 2.54 em. = 25 mm. (25.4 mm.) 
1 micron = 1/1000 mm. = 10-8 M. = 345,000 in. 


LIQUID MEASURE 


1 ce, = 16.23 m 
1 fl. 07. =530 cc. (29.57 ce:) 
lliter = 33.8 fl. oz. (33 fl. oz. 391 m) 
1 pint = 473 cc. (473.167 cc.) 
Note: By the ‘‘cc.”’ in this table is meant the one-thousandth part of the 
liter or a milliliter (ml.). 
WEIGHT 
1 Kilogram = 2.2 Ib. (2 lb. 3 02. 119.9 gr. av.) 
1 pound av. = 454 Gm. (453.59 Gm.) 
1 ounce av. = 28 Gm. (28.35 Gm.) 
1 ounce apoth. = 31 Gm. (31.1 Gm.) 
1 Gram = 15:43 20er. 
1 grain = 65 mg. 
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TABLE OF EQUIVALENT LINEAR MEASUREMENTS 


— Unie 2 2 eae ne mm. i mu A ie X-u 
Cage ier ee Dae 25.4 25,400 2,54 X 107 2.54 X 108 2.54 X 1010 2.54 x 1011 
1 mm. (millimeter) 0.0394 1 1000 106 LO® 109 101° 
1 « (micron) 3.94 X 10-5 10-3 1 1000 10,000 106 107 
1 mz (millimicron) 3.94 X 10-8 10-6 10-8 HH 10 1000 10,000 
1 A (angstrom unit) 3.94 X 10-9 10-7 10-4 0.1 1 100 1000 
(micromier tn =) 10-8 10-8 0.01 1 10 
1 wu (micromicron) 3.94 & 10 ae foe ene ee a4 A 


1 x-u (siegbahn unit) 3.94 X 10-12 


The use of the Metric weights and measures in the text 
of the United States Pharmacopoeia makes it necessary 
for every pharmacist to become familiar with them, 
and therefore an easy method of remembering their rela- 
tions to each other and their equivalents in other sys- 
tems is desirable. In order to aid the pharmacist in 
visualizing the various relationships the diagram below 
has been prepared (Fig. 10). 


LU8/1C CONTENT £ LITER 
OR 1OOO mi. 
OR 33.8 fi. oz. 


] LITER OF WATER WEIGHS 
1 kgm. = 2.2 lb.av. AT 4°C. 


APPROXIMATELY 4 in. CUBE 


Lml. of water = 16.23 min. 
AND WeiGHS 1 Gm. =15.432 gr. 


APPROXIMATELY 1 dcm. 


Fig. 10—Diagram of metric equivalents. 


The liter occupies slightly more than a cubic decimeter of water 
One liter = 1000 milliliters = 1000.027 cc. (see page 42). 


Note: 
at 4° C. 


Approximate Measures 


In apportioning doses for a patient, the practitioner 
is usually compelled to order the liquid medicine to be 
administered in certain quantities that have been es- 
tablished by custom, and estimated as follows: 


Te Gumalb ler firey ep. -¢.c4.05 Sentero {3 viii 240 ce. 
LeGeacupo ful yee cated eae {3 iv 120 ce. 
liwane pg lassiuleesie reenter £3 il 60 ce. 
2 tablespoontulge. sarees cemieic a! 30 ce. 
Istablespoomtulls.ccscneisere tee £3 iv 15 ce. 
1 dessertspoonful..............£3 i 8 cc. 
Itteaspoontulives. sericea aN eee £31 A ce. 
16 teaspoontul...<......000-. £5 88 2 ec. 


Note: 1 drop, through a popular error, is considered to be 1 minim. . This 


is incorrect. 

In almost all cases the modern teacups, tablespoons, 
dessertspoons, and teaspoons, after careful tests, are 
found to average 25 per cent greater capacity than 
the theoretical quantities given above, and the use of 
accurately graduated medicine glasses, which may be 
had now at a trifling cost, should therefore be insisted 
upon (see Fig. 11). 


Approximate Dose Equivalents 


For many years the apothecaries system of weights 
and measures was widely used by physicians and phar- 
macists when considering the doses of medicinal sub- 
stances and it was customary to translate these apothe- 


caries doses into relatively exact amounts when the 
metric equivalents, were mentioned. 


Fig. 11—Medicine glass. 


Today, however, a united effort is being made to es- 
tablish doses primarily in the Metric system and to 
select for these doses the Metric quantities which pro- 
duce the desired therapeutic effect, without considering 
the relation of these Metric figures to the corresponding 
quantities in any other system of weights and measures. 

A feature of the renewed effort to establish dose 
thinking and practice in the Metric system, is the adop- 
tion of very simple Metric figures by the American 
Medical Association through its Council on Pharmacy 
and Chemistry, by the United States Pharmacopceia, 
and by the National Formulary. They have also 
agreed upon approximate apothecary quantities which 
are to appear only in a secondary place, in parenthesis 
and in small type. 

It is expected that all teaching institutions, all hos- 
pitals, and all pharmaceutical and chemical manufac- 
turers will adopt these doses as rapidly as possible and 
that in a short time no one will think of any dose ex- 
cept in Metric terms. 

To give legal force to these equivalents, it is proposed 
to take care of the interim period until the stocks of 
labels and products on hand, which still carry the older 
apothecaries doses, can be replaced by new stocks with 
new labels, by adopting the following statement and by 
including it in the United States Pharmacopoeia and 
National Formulary. 

In developing this statement the Food and Drug 
Administration has been consulted. The statement 
reads: ; 


“The approximate dose equivalents in the following table 
represent the quantities which would be prescribed, under identi- 
cal conditions, by physicians trained, respectively, in the metric 
or in the apothecaries system of weights and measures. 

When prepared dosage forms such as tablets, capsules, pills, 
etc., are prescribed in the metric system, the pharmacist may dis- 
pense the corresponding approximate equivalent in the apothe- 
caries system, and vice versa. This does not, however, authorize 
the alternative use of the approximate dose equivalents given below 
for specific quantities on a prescription which requires compound- 
ing, nor in converting a pharmaceutical formula from one system of 
weights or measures to the other system; for such purposes exact 
equivalents must be used (see the Tables on page 49).” 


METROLOGY 


TABLE OF METRIC DOSES WITH APPROXIMATE APOTHE= 
CARY EQUIVALENTS 


Liquid Measure 


Approximate Approximate 
Apothecaries Apothecaries 
Metric Equivalents Metric Equivalents 
1000 ce qt. 4 ec. 60 min. 
750 ce 1% pt. 3 ce. 45 min. 
500 ce il jaye, 2 cc. 30 min. 
250 ce 8 fl. oz. 1 ce. 15 min. 
200 ce 7 fl. oz 0.75 cc. 12 min. 
100 ce 3% fl. oz 0.6 ce. 10 min. 
50 cee 134 fl. oz. 0.5 ce 8 min. 
30 ce i fl oz. 0.3 ce. 5 min. 
15 ce 4 fl. dr. 0.25 ce. 4 min. 
10 ce 2% fil. dr. 0.2 ce. 3 min. 
8 ee. 2 fi. dr. Onlexce: 14% min. 
5 Cc; 1% fl. dr. 0.06 ce. I inate 
4 ce. iat he 0.05 ce 34 min. 
0.03 ce ¥4g min. 
Weight 
Approximate Approximate 
Apothecaries Apothecaries 
Metric Equivalents Metric Equivalents 
30 Gm. 1 oz. 30 mg. V6 or. 
iG} Gm. 4 dr. 25 mg. . a 
10 Gm. 26 dr. 20 mg. 44 gr 
ow Grn. 2 dr. 15 mg. 14 gr. 
6 Gm. 90 gr. 12 mg. lg gr. 
5 Gm. 75 gr. 10 mg. Lé gr. 
4 Gm. 60 gr. (1 dr.) 8 mg. 46 gr. 
3 Gm. 45 gr. 6 mg. +{0 gr. 
Pe Gm. 30 er. (% dr.) o) mg. fo gr 
One Gam: 22 gr. 4 mg. {5 er 
1 Gm. 15 gr. 3 mg. +20 gr. 
0.75 Gm. 12 er. 2 mg. +0 gr. 
0.6 Gm. 10 gr. ey aaa, 240 gr. 
On Gm. 71% er. 1-2 me. leo gr. 
0.4 Gm. 6 gr. 1 mg. 1éo gr. 
Oe Gm. 5 gr. 0.8 mg. 280 gr. 
0.25 Gm. 4 gr. 0.6 mg. 1400 gr. 
0.2.5 Gm. 3 oT. 0.5 mg. 1420 gr. 
0.15 Gm. 246 er. 0.4 mp: li50 gr. 
0.12 Gm. 2 gr 0.3 mg. le00 gr 
Onles Gm, 1% gr. 0.25 mg. +50 er 
75 mg. 144 gr. 0.2 me: 1go0 gr. 
60 mg iene 0.15 mg. lgoo gr 
50 mg 34 gr. 0.12 mg. lgo0 gr. 
40 mg 24 gr. On ane: +600 gr. 
Note: The abbreviation ml. for milliliter may be used interchangeably 


with cc. since for all practical purposes they are identical. 

The following style for doses appears in the United States Pharmacopeeia, 
National Formulary, and New and Nonofficial Remedies: ‘‘0.3 Gm. (approxi- 
mately 5 grains),’”’ ‘60 mg. (approximately I grain),’”’ etc. The samecomplete 
table of approximate dose equivalents will appear in all books, and has the 
approval of the Federal Food and Drug Administration. 


CONVERSION TABLES 


Throughout Remineton’s PRACTICE OF PHARMACY 
alternative formulas in the avoirdupois system of 
weights and measures are given. It should be empha- 
sized that these quantities are not obtained by using 
approximate equivalents but are calculated with the use 
of the conversion tables found in the tables printed on 
page 49. These tables give the exact proportionate 
amounts required to produce an identical formula 
in the English system. For example, the student 
will observe that quantities used to make a formula for 
1000 ce. are frequently converted into quantities re- 
quired to make 2 pints. T'wo pints does not equal 1000 
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ee. and therefore all ingredients must be in the same 
ratio. 

If a formula calls for 100 Gm. of Rhubard in 1000 ce. 
of mixture, it forms a 10 per cent w/v solution. At 
25° C. (practical working temperature) 1 ounce of 
water weighs 454.57 gr. Therefore, 2 pints of water 
weigh 32 & 454.57 = 14546.24 gr. A 10 per cent w/v 
solution contains 1454.62 gr. or 3 oz. av. 142.1 gr. The 
United States Pharmacopceia gives the equivalent as 
3 oz. av. 148 er. at 4° C,, which is sufficiently accurate 
for all practical purposes. 


TABLE FOR CONVERTING METRIC QUANTITIES TO 
QUANTITIES IN AVOIRDUPOIS WEIGHT AT 25° C, 


Table I—Grams to grains, etc. (Product measured) 


Grains per Grains, ete., Grains, etc., 
Grams Fluidounce per Pint per Gallon 
Titer Ounces Ounces Lbs. Ounces 
Av. Grains Av. Grains Av. Av. Grains 
1 0.45 Wed 58.2 
@ 0.91 14.5 116.4 
3 lees 21.8 174.6 
4 1.82 29.1 PEPE 
5 PL PU 36.4 290.9 
6 Drees 43.6 es 349.1 
if 3.18 50.9 a 407.3 
8 3.64 58.2 1 28.0 
9 4.09 65.5 1 86.2 
10 4.55 (P2576 1 144.3 
20 9.09 145.5 2 288.7 
30 Agi 13.64 218.2 3 433.0 
40 Oy 18.18 290.9 D 139.9 
50 ae 22.73 SOOM 6 284 .2 
60 Det A Re 436.4 7 428 6 
70 ol 82 1 ANS 9 135.4 
80 36n30 1 144.3 10 279.8 
90 40.91 1 Dale il jit 424.1 
100 45.46 1 289.8 13 13150 
200 90.91 3 142.1 1 10 262.0 
300 136.37 4 431.9 2, of 393.0 
400 181.83 6 284.2 3 5 86.5 
500 227 .29 8 136.6 4 2 PAE at) 
600 272.74 9 426.4 4 15 348.5 
700 318.20 19h 278 7 5 13 42.0 
800 363 .66 1g} USI NO) 6 10 lie iO) 
900 ie 409.11 14 420.9 a i 304.0 
1000 1 TO’ 16 273.1 8 4 435.0 
Example: To make 1 gallon. 
Camphor and Soap Liniment 
Hard soapmes ane OOlGin. (lables h)irr ae .7 OZ. 429 er. 
Ne . K “ iq 40 m. 5 oz. 140 gr. 
@ampioraneeetae 45 Gm 8 Cant Doites 
Oillofmosemany —) l0ice) (Qables lye... 1 fl. oz. 1384 min. 
ING@OIOS coc coco OW ce: [a Se oipte, <9 fl 0ze 283 min: 


Water, sufficient, 


To make 1000 cc. or 1 gallon 


Note: It should be particularly noted that the table given above gives con- 
version figures for use at 25° C., the average temperature of the dispensary. 
One ounce of water weighs 454.6 gr. at 25° C. A similar table is printed in 
the appendix of the United States Pharmacopeia, but it gives conversion 
figures for use at 4° C., at which temperature 1 ounce of water weighs 456.4 gr. 
For practical purposes the difference between the two tables is negligible. 


(Tables continued on pages 48, 49, and 50) 


WEIGHING AND MEASURING 


Having studied the several systems of weights and 
measures, the student can now learn to apply his 


knowledge to the weighing and measuring of pharmaceu- 


measure, the graduate, and the pipette. 


ticals. The former process requires the use of the bal- 
ance, or, as more frequently but less preferably termed, 
scales, and the latter process requires the use of the 
Since the suc- 
cessful performance of many of the operations in phar- 


macy depends upon a thorough knowledge of the princi- 


ples of the balance and a correct understanding of its 
care and use, and since weighing is nearly always the 
preliminary step in any compounding, it has been 
selected as the first subject for consideration. 


WEIGHING 


There is a relativity of accuracy in weighing (or 
measuring) which must not be overlooked and which 
may be illustrated by giving consideration to the fol- 


48 METROLOGY 


TABLE FOR CONVERTING METRIC QUANTITIES TO 


TABLE FOR CONVERTING METRIC QUANTITIES TO 
QUANTITIES IN APOTHECARIES WEIGHTS 


QUANTITIES IN APOTHECARIES MEASURES 
Table II.—Cc. to minims, etc. (Product measured) Table I1I—Parts per 1000 to grains, etc., per pound avoirdupois 
‘ Minims, etc., Minims, etc., Grains and Apothe- Grains and Ounces 
Miniras per Pint ~ per Gallon G caries Ounces per Avoirdupois per 
Ce. per Fluid rams per Pound Avoirdupois Pound Avoirdupois 
Pater |'Pek 2 eae Fl. Kilogram 
ounce Oz. Minims | Pints Oz. Minims Ounces Grains Ounces Grains 
Wat "| - 0:48 7.68 61 1 7 ws 7.0 
| 0.96 15.36 123 2 14 ste 14.0 
a 1.44 23 . 04 184 3 21 21,0 
4 1.92 30.72 246 4 28 28.0 
5 2.40 38.40 ‘ 307 5 35 35.0 
6 2.88 46.09 369 6 42 42.0 
7 3.36 53), 00 430 i 49 49.0 
8 3.84 61.44 1 12 8 56 56.0 
9 4.32 69.12 1 1h) 9 i 63 an 63.0 
10 4.80 76.80 1 134 10 ate 70 ate 70.0 
20 9.60 153 .60 2 269 20 140 140.0 
30 14.40° 230.40 3 403 30 210 210.0 
40 19.20 307 .20 5 58 40 280 280.0 
50 24.00 384.00 6 192 50 350 350.0 
60 28.80 ee 460.80 7 326 60 as 420 a 420.0 
70 33.60 1 57.60 8 461 70 1 10 i 52.5 
80 38.40 1 134.40 10 115 80 1 80 1 122.5 
90 43 .20 fi 211.20 11 250 90 1 150 ik 192.5 
100 48 .00 1 288 .00 12 384 100 1 220 1 262.5 
200 96.00 3 96.00 1 9 288 200 2 440 3 87.5 
300 144.00 4 384.00 2 6 192 300 4 180 4 350.0 
400 192.00 6 192.00 3 3 96 400 5 400 6 175.0 
500 240.00 8 Scions 4 mone 500 7 140 8 ae 
600 288 .00 9 288 .00 4 12 384 600 8 360 9 262.5 
700 336.00 11 96.00 5 9 288 700 10 100 11 87.5 
800 384.00 12 384.00 6 6 192. 800 ig 320 1 350.0 
900 432.00 14 192.00 i 3 96 900 13 60 14 175.0 
1000 480.00 16 sien 8 bn ee 1000 14 280 16 bs 
Example: To make 1 pound avoirdupois. 
lowing graded list: coal, ice, salt, sugar, epsom salt, Camphor Liniment 
morphine, strychnine, aconitine, and radium. One Camphor......... 200Gm. (Table IIl).... 802. . 8%6gn 
of the most important things for the pharmacist to Cottonseed Oil.... 800 Gm. peagt. 12 0z. 350.0 gr. 
learn is the degree of tolerance or error permissible in Tete ae es es 1000 Can, or] pound avo 


weighing or measuring any particular ingredient (see 
also Significant Figures (page 69). 

The empiric methods of the kitchen, embodied in 
such quantities as a handful or pinch, have no place in 
pharmacy. Accurate work can be accomplished only 
by means of suitable apparatus. 

It is obviously unnecessary to discuss such weighing 
devices as platform scales, steelyards, crane scales, 
spring balances, computing scales, or any of the special- 
ized or unusual types not commonly used in retail or 
in manufacturing pharmacy. 

The balance may be defined as an instrument for de- 
termining the relative weights of substances, and should 
be correctly constructed, skilfully used, and carefully 
protected from injury, if accurate results are to be ob- 
tained. 


Construction of the Balance 


For systematic consideration pharmaceutical bal- 
ances, which all belong to the general class known as 
counter balances, may be classified as follows: (1) 
Single beam, equal arms; (2) Single beam, unequal 
arms; (3) Double beam, unequal arms; (4) Compound 
lever balances; (5) Torsion balances. 

1. Single Beam, Equal Arm Balances—This in- 
strument which still maintains its supremacy, notwith- 
standing many attempts to supplant it, consists of a 
metallic lever or beam, divided into two equal arms at 
the center by a knife edge, upon which it is supported. 
At exactly equal distances from this point of support, 
and situated in the same plane, are placed the end 
knife edges; these suspend the pans which carry the 
substances to be weighed. The principles used in the 
construction of this balance have been in continuous 


use from the earliest periods of antiquity. A properly 
constructed balance should possess the following re- 
quirements: 

1. When the beam is in a horizontal position, the 
center of gravity should be slightly below the point of sup- 
port, or central knife edge, and perpendicular to it. 

The relative sensitiveness of the balance depends upon 
the fulfillment of this principle, which may be roughly 
illustrated by forcing a pin through the center of a cir- 
cular piece of pasteboard; if the edge of the pasteboard 
is touched slightly, it does not oscillate at all, but re- 
volves around the center to a degree corresponding to 
the impulse given it. In this position it illustrates 
neutral equilibrium. If the pin is removed and in- 
serted at a very short distance above the center, and 
the edge of the pasteboard touched as before, it will 
oscillate slowly, corresponding to a very sensitive beam, 
the point of support being slightly above the center of 
gravity as in the balance; if the pin is again removed 
and inserted far above the center, and the same impulse 
imparted to the edge, it will oscillate quickly, illus- 
trating stable equilibrium characteristic of a beam which 
comes to rest quickly and is not particularly sensitive. 
Unstable equilibrium may be illustrated by balancing 
the disk so that the point of support is below the center. 
The slightest touch then causes it to reverse its position 
completely and finally come to rest with the center of 
gravity below the point of support. 

2. The end knife edges must be at exactly equal dis- 
tances from the central knife edge; they must all be in the 
same plane, and the edges absolutely: parallel to each other. 

It is very apparent that the conditions of a good pre- 


METROLOGY 


EQUIVALENTS OF WEIGHTS AND MEASURES 
Metric, Avoirdupois, and Apothecaries 


Metric 


Weights Weight Measures 
and 
Meas= Fluid- 
ure ounces 
Grains ee Avoirdupois | —_____ Eiuis and 
Gm. or Frac- 
Oz. Gr. |Lbs.Oz. Gr.] Cc.* |Oz. Min. | tions 
15432.4) 32 C2 42)\2 3 119.9]/1000 33 391.1 |33.815 
15360.0) 32 antes 2 3 47.5) 995.311] 33 314.9 |33.656 
15060.5| 31 180.5 |2 2 185.5} 975.906) 33 los 
15046.5| 31 166.5 |2 -2 171.5] 975 32 465.3 |32.969 
14880.0} 31 ie 2 2 5.0} 964.208] 32 290.1 |32.604 
14660.7/ 30 260.7 |2 1 223.2] 950 32 59.5 132.124 
14604.1] 30 204.1 |2 1 166.6] 946.333] 32 ‘ots BY 
14400.0} 30 ee 2 .. 400.0] 933.104] 31 265.2 131.553 
14274.9] 29 354.9 |2 .. 274.9] 925 31 18327 1817279 
14147.8) 29 227.8 |2 .. 147.8] 916.760] 31 Kae naw) 
14000.0} 29 XO iF ee ... | 907.185} 80 324-6 |80.676 
13920.0) 29 ee 1 15 357.5) 902.001} 30 240.4 |30.501 
13889.1; 28 449.1 |1 15 326.6] 900 30 207.9 |30.433 
13691.4) 28 251.4 |1 15 128.9] 887.187] 30 Soe eit) 
13562.5) 28 122.5 |I 15 ... | 878.835] 29 344.4 |/29.718 
13503 .3) 28 63.3 |1 14 378.3] 875 29 282.2 |29.588 
13440.0} 28 Cer 1 14 315.0] 870.897] 29 215.6 |29.449 
13235.0| 27 275.0 |1 14 110.0) 857.614] 29 ween 29. 
foalZo.0\927 165.0 j1 f4 ... | 850.486] 28 364.3 |28.759 
13117.5) 27 157.5 |1 13 430.0] 850 28 356.4 |28.742 
12960.0| 27 ae 1 13 272.5) 839.794] 28 190.8 |28.397 
12778.6) 26 298.6 |1 13 91.1] 828.041} 28 Sener 2S 
i2iotedie26. 261.7% |1° 138 44.2) 825 27 4380.6 |27.897 
W268 (eOIeo. 207.5 |1° 13 ... | 822.136] 27 384.1 |27.800 
12480.0) 26 ae 1 12 230.0} 808.690) 27 165.9 |27.346 
12345.9| 25 345.9 |1 12 95.9] 800 27 24.9 |27.052 
12322,3) 25 322.3 |1 12 72.3) 798.469] 27 Sena ed 
12250.0! 25 250.0 |1 12 ..- | 793.787] 26 504.0 |26:842 
12000.0) 25 area I 11 187.5) 777.587] 26 141.1 126.294 
11960.1) 24 440.1 |1 11 147.6] 775 26 99.1 |26.206 
11865.9| 24 345.9 |1 11 53.4] 768.896] 26 Seo WPA 
isioeoio4 292.5 Il 11 .-.- | 765.437] 25 423.8 [25.8838 
11574.3] 24 54.3 |1 10 199.3] 750 25 173.3 |25.361 
11520.0) 24 ae 1 10 145.0] 746.484] 25 116.2 |25.242 
11409.5) 23 369.5 |1 10 34.5) 739.323] 25 San. |P5) 
isto.Ol2s- 3soo.0° |1 10 ... | 737.088] 24 443.7 |24.924 
11188.5}) 28 148.5 |1 9 251.0] 725 24 247.5 124.516 
11040.0) 23 Jee 1 9 102.5) 715.380] 24 91.4 |24.190 
1O95a.1) 22 393.1 |1 9 15.6} 709.750} 24 ie eal PE 
10937.5| 22 377.5 |I1 9 ..- | 708.738] 23 463.6 123.966 
= 10802°6) 22 242.6 |1 8 302.6] 700 23 321.7 |23.670 
10560.0} 22 fae 1 8 60.0] 684.277] 23 66.5 {23.139 
10500.0} 21 420.0 /|I 8 -.- | 680.389] 23 3.4 |23.007 
10496.7| 21 416.7 {1 7 4384.2) 680.177] 23 een ao! 
10416.8] 21 336.8 |1 7 354.3] 675 22 396.0 |22.825 
10080.0) 21 Sate 1 i 17.5] 653.173] 22 41.7 |22.087 
10062.5) 20 462.5 /1 7 .-- | 652.039] 22 23.3 {22.049 
10040.4| 20 440.4 /|1 6 415.4) 650.604] 22 ae (P24 
10081.0) 20 431.0 j|1 6 406.0} 650 21 470.2 21.980 
9645.2) 20 45.2 |1 6 20.2] 625 21 64.4 |21.134 
9625.0) 20 25.0 |I1 6 ... | 623.690] 21 43.2 |21.090 
9600.0} 20 aa 1 5 412.5] 622.070} 21 16.8 |21.035 
9584.0) 19 464.0 |1 5 396.5) 621.031] 21 Sia IPR 
9259.4) 19 139.4 {1 5 71.9) 600 20 138.6 |20.289 
9187.5) 19 (Vey II 5 ..- | 595.340] 20 63.0 |20.131 
9127.6) 19 7:6 |1 4 377.6) 591.458] 20 tea 120 
9120.0) 19 es 1 4 370.0] 590.966] 19 472.0 |19.983 
Ssionolelemsss.6 |L ~-4 123.6) 575 19 212.9 |19.444 
SOOO aS 110.0. | 1 4 ..- | 566.991] 19 82.8 |19.173 
Sout. ol. 2 |1 3 358.7] 561.885) 19 Rien aD 
8640.0} 18 > eae 1 3 327.5) 559.863] 18 447.2 |18.932 
8487.8) 17 327.8 {1 3 175.3] 550 18 287.1 |18.598 
8312.5) 17. 152.5. {1 3 ... | 538.641] 18 102.7 |18.214 
8214.8) 17 54.8 {1 2 339.8] 532.312] 18 ies 
8160.0) 17 ewe il 2 285.0] 528.759] 17 422.3 |17.880 
8102.0) 16 422.0 {1 2 227.01] 525 Wee OXeE SG}, Male 7883 
7875.0) 16 195.0 |I 2 face} O10. 290 Lie 1225) |1'7-255 
7758.5) 16 Theres Bh 1 321.0] 502.739] 17 ay, 17 
Wile, 16 36.2 j1 1 278.7} 500 16 485.6 |/16.907 
7680.0) 16 Arar 1 1 242.5] 497.656] 16 397.5 |16.828 
TASeole Lom 2o0.0 jl 1 ... | 481.942] 16 142.4 |16.297 
Peefoouvdielo 130.4 |1 .. 3380:4] 475 16 29.8 |16.062 
meo02sLe lo) 102.1 1 302.1] 473.167] 16 eect 16 
7200.0) 15 ae 1 200.0} 466.552] 15 372.6 |15.776 
me OOOsOimI4, 280.0 1... eos 002] Low LOZ oe Lo;oas 
6944.6) 14 224.6 |. 15 382.1] 450 15 104.0 |15.217 
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Weights Weight Measures 
and 
Meas= ‘ Fluid- 
cheinal Wes ee ure o Fluid core 
caries Avoirdupois | Gm. or Frac- 
Oz.. Gr. |Lbs. Oz. Gr. Ce.* {Oz. Min. | tions 
6845.7) 14 125.7 15 283.2] 443.594) 15 etal 115 
G7Z0R0/N 4 ee 15 157.5] 435.449] 14 347.8 |14.725 
6562.5) 13 322.5 15 ... | 425,243] 14 182.2 |14.379 
6558.8) 13 318.8 14 433.8} 425 14 178.2 |14.371 
6389.3) 13 149.3 1426453) 414021) 14 4 
G24 00 1S ee 14 115.0] 404.345) 138 322.9 |13.673 
6172.9} 12 412.9 14 47.9} 400 3 20284 His o26 
6125.0) 12 365.0 14 ... | 896.893] 13 202.0 |13.421 
5932.9) 12 172.9 13 245.4] 384.448] 13 so, ile 
OMS II 27a 13 99.6] 375 12 326.6 |12.681 
5760.0) 12 ie 13 72.5) 373.242) 12 298.1 112.621 
5687.5} 11 407.5 LSE ec OSO44| mle Jed Om Mie G2 
5476.6] 11 196.6 12 226.6} 354.875] 12 ... {12 
5401.3] 11 121.3 12 151.3) 350 11 400.8 |11.835 
5280.0) 11 ooo: 12° 30.0) 342.138] 11 273.3 |11.569 
5250.0} 10 450.0 12) ye 8401940 It 241% 112504 
5020.2} 10 220.2 11 207.7) 325.302) 11 oem iol 
5015.5} 10 215.5 11 203.0} 325 10 475.1 |10.990 
4812.5} 10 12.5 11 12; | 311.845] 10 261.6 |10.545 
4800.0) 10... 10 425.0} 311.035] 10 248.4 |10.518 
4629.7; 9 3809.7 10 254.7} 300 10 69.3 |10.144 
4563.8) 9 243.8 OW 18S 81295 c2O LOL are a O 
4375.0) 9 55.0 10... |. 283.495] 9 281.4 | 9.586 
4320) J0r 9, tee 9 382.5] 279.931] 9 223.6 | 9.466 
4244.0} 8 403.9 9 306.4] 275 9 143.5 | 9.299 
4107.41 8 267.4 9 169.9] 266.156] 9 sat 9 
3937.5] 8 97.5 9 ... | 255.146) 8 301.3 | 8.628 
3858.1 8 18.1 8 358.1] 250 8 217.8 | 8.454 
3840.0) 8 aoe 8 340.0] 248.828] 8 198.7 | 8.414 
3651.0} 7 291.0 Smells Ofecsonos3| Sumer 8 
3500.0} 7 140.0 See 226i COG Maver e le teais O69) 
DA(2aa den 11273 7 409.8] 225 7 292.0! 7.608 
3360.0) 7... % 297-5) 20724 he A829) 7. 862 
3194.7/ 6 314.7 Th USP ON SARE ONO) | 7 at 7 
3086.5} 6 206.5 7 24.0] 200 6) (3665201657638 
3062.5) 6 182.5 7 pee (1982557) eno 4 On iGaaL. 0 
PIU MG ae 6 255.0] 186.621; 6 149.0] 6.311 
2738.3] 5 338.3 Gull Sins | wlsitea sc Ome 6 
2700.7} 5 300.7 Caio alae 5 440.4 | 5.918 
2625.0} 5 225.0 Oe |) LAOR097) Pom S6029) | o2.752 
2400.0} 5 Amer 5 212.5] 155.517] °5 124.2 | 5.259 
2314.9! 4 394.9 5 127.4) 150 § 34.7 | 5.072 
2281.9} 4 361.9 5 94.4] 147.865] 5 aoe 5 
2187.5] 4 267.5 5 ... | 141.748] 4 380.7 | 4.793 
1929.0} 4 9.0 4 179.0} 125 4 108.9 | 4.227 
1920.01 4 ... 4 170.0] 124.4144 4 99.4 | 4.207 
1825.5} 3 385.5 AOL OLS 202) meet meee 4 
1750.0} 3 310.0 4... | 113.398] 3 400.6 | 3.835 
1543.2} 3 103.2 3 230.7] 100 3, 1183.17 )3538i 
1440.0 *.3) Se: 3 127} 932310] to ae 4,08 ooo 
1388.9} 2 428.9 3 76.4{ 90 38 20.8 | 3.043 
1369.1) 2 409.1 3 56.6] 88.719} 3 oars 3 
1312.5] 2 352.5 ce anes 85.049] 2 420.4 | 2.876 
1234.6) 2 274.6 2 359.6] 80 2 338.5 | 2.705 
1157.4, 2 197.4 2 282.4) 75 Py PAA) Nl) Pee) 
1080.3} 2 120.3 2 205.3] 70 Ql (Ge eee OM 
960.0) 2 eee 2 85.0] 62.207] 2 49.7 | 2.104 
925.9} 1 445.9 2 50.9] 60 2 13.9 | 2.029 
912.8] 1 432.8 Py oxfets|| XO IV! “Pa a 2 
875.0) 1 395.0 2 eee 56.699] 1 440.3 | 1.917 
771.6 1 291.6 1 334.1 |50 138h75 1.691 
617.3 el siee 1 179.8 |40 1 169.2 1.353 
480.0 1 Sails 1 42.5 [31.1035 1 24.9 1.052 
463.0 BS 1 25.5 {30 diy 69 1.014 
456.380 1 18.88]29.5729 1 eee 1 
437.5 1 28.350 .. 460.15 | 0.959 
385.8 ahs 25 405.78 | 0.845 
308 .6 20 324.62 | 0.676 
154.3 10 162.31 | 0.338 
15.4324 I 16.23 | 0.0338 
ii 0.06480 1.0517 | 0.0022 
0.9508 0.06161 I 0.0021 


* Note—By the ‘‘cc.” in this table is meant the one-thousandth part of 
the liter or a milliliter (ml.). ‘ 
The values, given for the relation of weight to measure and vice versa, 
are for water at the temperature of 4° C. (39.2° F.) in vacuo. 
nary, practical purposes these values may be used without correction. 


For ordi- 
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From 480 grains down 


| Metric Metric o. 
| Weight | Minims Weight |Minims 
and (of and (of 
Grains | Meas= Water Grains Meas= | Water 
| ure at ure at 
\- Gre ane? G2 Gm. | 4° C.) 
| or cc.* or ce 1 
480 (1 3) | 31.103 | 504.8 240 (4 3) 15.552 | 252.4 
4178.4 ol 503.2 PM 5) 15 243.5 
475.4 | 30.805 | 500 228.2 14.786 | 240.0 
463.0 3 486.9 PN Neh 7A) 140175) 2301 
(24 av. 02.) 
456.4 29.573 | 480 216.1 14 227.2 
| (1 £3) 
450 29.160 | 473.3 210 13.608 | 220.9 
447.5 29 470.7 200.6 13 PAE 
ASTae 28.350 | 460.2 199.7 12.938 | 210.0 
(1 av. oz.) 
432.1 28 454.5 185.2 12 194.8 
427.9 27.725 | 450 
420 (7 3) 27.286 | 441.7 180 (3 3) 11.664 | 189.3 
416.7 27 A438 .2 Zales 11.090 | 180.0 
401.2 26 422.0 169.8 11 178.5 
399.3 25.876 | 420 154.3 10 162.3 
390 25.272 | 410.2 150 el) |) Usyy sts) 
385.8 25 405.8 142.6 9.242 | 150.0 
380.3 24.644 | 400 138.9 9 146.1 
370.8 24.028 | 390 123.5 8 129.8 
370.4 24 389.5 
360 (6 3) 23.028) | o4os0 120 (2 3) Weg |) TeX, 
354.9 23 Sioue 114.1 7.393 | 120.0 
342.3 22.180 | 360 109.375 Weg OSite |) LLSZO 
(14 av. oz.) 
339.5 22 357.1 108 : 7 lees 
330 21.384 | 347.1 100 6.480 | 105.2 
324.1 21 340.9 95.1 6.161 | 100.0 
313.8 20.331 | 330 92.6 6 97.4 
308.6 20 324.6 80 5.184 84.1 
ee 5 81.2 
ome 4.929 80.0 
61.7 4 64.9 
300 (5 3) 19.440 | 315.5 60 (1 3) 3.888 63h 
293 .2 19 308.4 57.0 3.697 60.0 
285.2 18.483 | 300 54.6875 3.544 ty nt) 
(146 av. oz.) 
PH Rs) 18 292.2 50 3.240 52.6 
270 17.496 | 284.0 47.5 3.081 50.0 
262.4 17 275.9 46.3 3 48.7 
256.7 16.635 | 270 42.8 2.772 45.0 
246.9 16 SDS 7 40 2.592 42.1 
38.0 2.464 40.0 
Sone 2156 35.0 
30.9 2 S200 


scription balance cannot be satisfied if there is inequality 
in the length of the arms of the beam. In Fig. 12 the 
distance from the central knife edge to the one on the 
left must be exactly the same as the distance from the 


~payfaa ==> === == = -----+-- gee oe eee 


Fig. 12—Position of knife edges. 


central knife edge to the one on the right, otherwise 
unequal weights would be required to establish equilib- 
rium. If the central knife edge is placed either above 
or below a line drawn so that it connects the end knife 
edges, the loading of the pans will either cause the beam 
to cease oscillating, or will diminish the sensitiveness in 
proportion to the load. If the knife edges are not 
parallel, the weight of a body will not be constant upon 
every part of the pan, but will be greater if placed near 
the edge on one side, and correspondingly less at a point 
directly opposite. 

3. The beam should be inflexible, but as light in weight 
as possible, and the knife edges in fine balances should 
bear wpon agate planes. 

Rigidity of the beam is necessary, because any serious 
deflection caused by a loading of the pans would lower 
the end knife edges, and thus accuracy in weighing 
would be impossible. The beam should not be heavier 
than necessary, because the sensitiveness of the balance 


-and do not comply 


Weights from 5 


From 30 grains down grains down 


Metric Miva a 
i 2 illigrams 
Grains issue (of Water Gags Grains 
Gm. of ec.*| at 4° C.) 
30 (1% 3) 1.944 Slop 324 mg. 5 
28.52 1.848 30 292 mg. Ale 
23a 1.540 25 259 mg. 4 
20 1.296 21.04 227 mg. 334 
19.02 1232 20 194 mg. 3 
15.4324 1 16.23 162 mg. 219 
130 mg. 2 
15 0.972 15.78 97 mg. 144 
14.26 0.924 15 65 mg. it 
14 0.907 14.72 
Ts) Sk 0.863 14 60.7 mg. 1546 
13 0.842 13.67 58.3 mg 40 
12.36 0.801 13 56.7 mg 4% 
12 0.778 12.63 52.6 mg 1346 
11.41 0.739 12 51.8 mg 46 
11 0.713 (GW SY/ 48.6 mg 34 
10.46 0.678 11 44.5 mg. 1346 
40.5 mg. % 
10 0.648 10.52 36.4 mg He 
9.51 0.616 10 32.4 mg 34 
9 0.583 9.46 
8.56 0.554 9 28.3 mg. 746 
8 0.518 8.41 25.9 mg. 36 
ete 0.5 8.12 24.3 mg. 38 
rene 0.493 8 20.2 mg. 546 
7 0.454 eG 16.2 mg. Y% 
6.66 0.4381 7 UP AL aaaiee. 346 
6 0.389 Gireoilt 8.1 mg. eS 
5.70 0.370 6 4.0 mg. Ye 
3.2 mg. 40 
5) 0.324 5.26 2.6 mg. 145 
Aloe 0.308 5 2.2) mg, 40 
4 0.259 4.20 1.8 mg. 146 
3.80 0.246 4 1.6 mg. 14o 
3 0.194 Salo 1.3 mg. “lé0 
2.85 0.185 3) Mal ranyene 60 
7) 0.130 Qed. 1.0 mg. 1a 
1.90 0.123 2 0.6 mg. Yoo 
1 0.06480 1.0518 0.5 mg. 428 
0.9508 0.06161 1 0.4 mg. {60 
0.3 mg. 1410 
0.2 mg. 1420 
O.1 mg. 3640 


* Note—By the ‘‘cc.”’ in this table is meant the one-thousandth part of the 
liter or a milliliter (ml.). 
would be thereby lessened, and to diminish friction 
which constantly increases with the age and use of a 
balance, the bearings of the knife edges should be agate 
planes, which are polished flat pieces of the very hard 
mineral called agate. 


Hand Scales 


The commonest form in which this principle is util- 
ized is seen in the cheap hand scales which are seldom 
seen in this country. The beam is usually of brass, 
with a steel central knife edge, having a perforation in 
each end of the beam for the insertion of two wire 
hooks, to which are attached silken cords for supporting 
the pans. The manner of holding these scales is shown 
in Fig. 13. They are 
now rarely employed 


with the legal require- 
ments for prescription 
balances. 


Prescription Balances 


The advantage of 
substituting a rigid 
metallic column for 
the usually unsteady 
human arm as a sup- 
port to the beam is easily apparent, for, in addition to 
the increased stability which is gained, both hands are 
left free to perform the weighing; more time can usu- 
ally be devoted to secure equilibrium and the oscilla- 
tions can be more accurately observed. 


Fig. 13—Hand scales. 
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Prescription balances are now available in many 
forms (Figs. 14 15, and 16). The “take down” type 
commonly used in teaching institutions is not suitable 
for continuous and daily use in a pharmacy. Illustra- 
tions are given of a number of different types of pre- 
scription balances, some of which belong to the simpler 
form of single beam, equal arm balance, and others to 
the type known as box scales, in which the mechanical 
parts are enclosed and protected from injury. Most 
careful pharmacists have two balances for use in the 
prescription department. These are described by some 
authorities as Class A and Class B balances. 


Fig. 14—Troemner’s Prescription Balance. 


The Class A balance is the balance of greatest sensi- 
tivity and should be used in weighing quantities of 
10 grains or less. The Class B balance, which need not 
be so expensive nor so sensitive, should be used in 
weighing quantities above 10 grains. 

The tolerances established by the United States 
Bureau of Standards for these two classes of balances 
provide for a variation of one-fifth of a grain when the 
load on the balance is one-half ounce in a Class A bal- 
‘ance, and a variation of one-half grain for the same 
load in a Class B balance. Smaller or larger loads are 
permitted to have the same proportionate error or 
variation. 


Fig. 15—Troemner’s Prescription Balance. 


_ The finest prescription balances are now provided 
with solid nickel or solid silver pans and gold-plated 


beams. As the pans are subjected to more wear and 
tear than any other part of the balance, it is economical 
to use solid rather than plated pans, for constant fric- 
tion wears off the plating, and the additional cost for re- 
plating soon absorbs the difference in price. Equipped 
in this way, and with agate bearings, a prescription 
balance is durable and really cheap, because it will re- 
main for a long time fully equal to the most exacting 
demands. The most expensive, most sensitive, and 
most accurate type of single beam, equal arm balance 
is the analytical balance. This is fully discussed and 
the balances illustrated in the Chapter on “The Pharma- 
cist as an Analyst”’ (page 969). 


Counter Scales 


For counter and dispensing purposes, the single beam, 
equal arm principle was formerly used exclusively. 
This type of balance 
occupied so much "COE EEE 
valuable counter space 
that it has been en- 
tirely replaced by one 
of the other types of 
scales, usually the com- 
pound lever type with 
the working parts en- 
closed (See Fig. 17)* 


A very convenient 
form of dispensing Fig. 16—All glass prescription scale 


scale for smaller quan- 
tities, made by Troemner, is shown in Fig. 18. The 
beam is provided with a horizontal, graduated bar, 


Fig. 17—Box type counter scale. 


upon which a poise slides backward and forward; the 
beam is graduated so that apothecaries or metric weight 
may be used, and a 
projecting shelf at- 
tached to the base 
forms a convenient re- 
ceptacle for the 
weights. Either 
Avoirdupois or Metric 
weights are supplied. 
The scale is on an iron 
base with nickel-plated 
pans. 

2. Single Beam, 
Unequal Arm Bal- 
ances—This type of balance is preferred for laboratory 
work when larger amounts are to be weighed. The 
principle upon which these very practical weighing ma- 
chines are founded is based on the following law of 
physics, “The power is to the weight or resistance in the 
inverse ratio of the length of the arms of the lever.” The 
inequality in the length of the arms of this beam per- 
mits of the convenient use of one movable weight upon 


Fig. 


18—Scale with graduated parallel 
beam and sliding weight. 


52 METROLOGY 


the graduated longer arm of the beam, thus dispensing 
with the use of small weights, which are liable to be lost. 

Troemner furnishes a convenient scale of this type 
for pharmacists’ use. It is termed the “ball scale’’ 
(see Fig. 19). The beam is flat and perforated with 5 


Fig, 19—Ball scale. 


holes, which are,about 4 inches apart; an iron ball is 
placed in one of these holes when a substance is to be 
weighed; the distance from the fulcrum, of course, 
determines the weight. It will weigh from 14 ounce 
avoirdupois up to 16 pounds, and is furnished with an 
extra ‘sliding poise,” to use in taring or balancing bot- 
tles when liquids are to be weighed. The purchaser of 
this scale need not buy a set of avoirdupois weights. 

3. Double Beam, Unequal Arm Balances—This 
scale (Fig. 20) is of great advarftage in laboratory or 


Fig. 20—Manufacturing Laboratory Scale. 


manufacturing work because it is particularly adapted 
for weighing liquids, the weight on the one beam being 
used to tare the bottle or jar, while the other weight is 
left free so that it can be adjusted at once to the weight 
of the liquid desired. These are now to be had with the 
scale graduated either in the avoirdupois or in the Met- 
ric system. 

4. Compound Lever Balances—The principle of the 
compound lever was first applied in the construction 
of balances by Robervahl, of Paris, about a.p. 1660. It 
has been skilfully adopted for both prescription bal- 
ances and the general counter and platform scales. The 
principal objection to this type of balance, when com- 
pared, with single beam balances, consists in the multi- 
plicity of-points of contact and suspension, thus neces- 
sarily increasing friction and the liability to disarrange- 
ment; but their general convenience and improve- 
ments in construction have brought them into favor. 
The principle of the Robervahl compound lever balance, 
with the arrangement of the levers, is shown in the box 
scale in Fig. 16. 

One of the practical advantages possessed by this 
form of balance is the small amount of polished metal 
to keep in order, and, as the working parts are enclosed 
in a tight box of glass, wood, or marble, dust and cor- 
rosive vapors are largely excluded; as they are made 
to occupy as little space as possible, the pans are con- 
veniently low and unobstructed. 


Box prescription scales, on the compound lever princi- 
ple, have come into extensive use, and they are the most 
convenient scales for weighing moderately small quan- 
tities. The Troemner scale (Fig. 14), a Class A bal- 
ance, is enclosed in a mahogany box, the bearings are 
agate and the scale is provided with a side beam gradu- 
ated from 149 grain to 15 grains and 10 mg. to 1 Gm. 
Their strongest recommendation is the ease with which 
they may be cleaned and kept in order; the only pol- 
ished metal liable to be affected by corrosive vapors is 
found in the pans, and these are of solid nickel; a hinged 
glass cover effectually excludes dust and vapors when 
the balance is not in use. All working parts are under 
a polished plate glass top, blackened on the underside 
with a clear space for observing the weighbeam, and 
the indicating device. A sliding poise is operated from 
outside of the box at the right. The scale has leveling 
feet and a pan raising knob. If a pharmacist has a 
delicate, single beam balance for weighing alkaloids and 
powerful poisons (see Fig. 15) and a box prescription 
scale for weighing ordinary quantities, he is well 
equipped for compounding prescriptions. 


5. Torsion Balances—A simple illustration of the 
principle of torsion is afforded by tying a stout piece of 
cord to a firm support and inserting a lead pencil in the 
middle of the cord between the strands, at right angles 
to it. If the free end of the cord is tightly stretched, 
and the effort is made to turn the lead pencil over, it 
will at once be noticed that resistance is offered, and if 
the pencil is released, it at once flies back to its original 
position. 


Torsion is the term applied to this method of twist- 
ing. The principle of supporting the beam of a balance 
upon a tightly stretched wire, with the view of doing 
away with knife edges and diminishing friction, oc- 
cupied the attention of inventors for years. In 1882 
Prof. Roeder and Dr. Springer contrived an ingenious 
torsion balance which gave promise of valuable results. 
Two illustrations of this original balance are shown on 
page 54 of the first edition of ReEMInaToN’s PRACTICE OF 
PuHarmMacy. Recent improvements have greatly in- 
creased its efficiency; the most important difficulty in 
applying the principle—that of torsional resistance— 
was overcome by the device of placing a weight just 
above the center of gravity, torsional resistance having 
the tendency to keep the beam in a horizontal position, 
while the elevation of a weight above the center of grav- 
ity, by its tendency to produce unstable equilibrium 
(see page 48), exercises an opposite effect—that of 
inclining the beam to be top-heavy, and therefore to 
tip on either side. If now the weight is made adjust- 
able, by mounting it upon a perpendicular screw, so 
that it can be raised or lowered, it is possible to arrange 
these opposite forces so that one exactly neutralizes 
the other. In this manner sensitiveness is obtained. 


In the torsion prescription balance (Fig. 21) 2 beams. 
are used, supported upon 3 frames, each of the latter 
having a flattened metallic band stretched tightly over 
its edge. Fig. 22 shows one of these frames, and Fig. - 
23 shows a frame with the wire stretched upon it. The 
form of the prescription balance is that of the box scale, 
enclosed in a glass case; a rider beam graduated upon 
the upper edge from 1g grain to 10 grains and on its 
lower edge from 0.01 gram to 0.65 gram, furnishes a 
very convenient means of weighing small quantities 
without having to use small weights. The torsion | 
balance may be placed upon a base containing a drawer 
which can be used for holding weights, powder papers, 
ete. * ; 
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Fig. 21—Torsion Balance. 


The torsion principle has also been applied to analyti- 
cal balances and scales designed to carry heavier loads, 
as well as counter scales. 


The Care of Balances 


The Tests of a Balance—Having stated the essential 
points in the construction of the balance, the tests, 
which are always applied by manufacturers before ap- 
proving a balance, will now be described. These tests 
may be applied by any intelligent and careful person 
to satisfy himself with regard to the construction and 
character of a balance, the origin, history, or condition 
of which is in doubt. The prescription balance, 
being one of the most delicate and important of the 
instruments in use by the pharmacist, is selected for 
illustration. 


Fig. 22—Frame. 


Fig. 23—Frame with 
wire. 


1. A suitable counter or table having been secured, 
the balance is placed in a level position. This is ac- 
complished by means of levels and adjusting screws 
which are now a part of the equipment of every first- 
class balance. The beam is then elevated so that it is 
free to oscillate, and when the oscillations have ceased, 
the smallest weight to which the balance is sensitive is 
placed upon the right hand pan—it should at once re- 
spond to the weight; this tests its sensitiveness with 
unloaded pans. 

2. Both pans are now loaded with the full weight 
that the balance is designed to carry, and then the 
smallest weight is placed upon the right hand pan— 
the oscillation, although slower than in the first test, 
ought to be as decided; this shows its sensitiveness 
when loaded. 

3. The pans should now be loaded to half the capac- 
ity of the balance, and perfect equilibrium attained. 
The weights on the right-hand pan must now be ex- 
changed for those on the left-hand pan, and vice versa; 
if equilibrium is still maintained, the arms of the beam 
are equal. 


4. The pans should be moderately loaded and 
balanced, and one of the larger weights shifted in 
different positions upon each of the pans in turn, and 
any variation in equilibrium carefully noted. This 
variation, as previously mentioned, indicates a lack of 
parallelism in the knife edges. 

Protection of Balances—The necessity for protecting 
the delicate mechanism of a balance is frequently over- 
looked, notwithstanding the possibility of having a fine 
apparatus irretrievably ruined by lack of care in using 
or cleaning it or in protecting it while at rest. The 
position chosen for the balance or scales should be 
upon a level and firm counter, desk, or table, where it 
will be subjected to little risk of injury from dampness, 
dust, or corrosive vapors, and where the knife edges will 
not be liable to become dulled by jarring or other vibra- 
tion. 

In the finer class of balances, protection is afforded 
by enclosing them in glass cases having sash doors in 
the front and sometimes in the back. They are pro- 
tected against injury from vibration by the use of a 
lever for elevating or locking the beam, so that the 
knife edges are not in contact with any surface what- 
ever. To prevent injury from jarring while the balance 
is in use, by a weight falling on the pan, or other acci- 
dent, the finest balances are provided with pan sup- 
ports, which break the fall and serve the additional pur- 
pose of quickly arresting the beam, thus saving time 
while weighing. 

In using a fine prescription balance neither the 
weights nor the substance that is to be weighed should 
be placed on the scale pans while the beam is free to 
oscillate. The desired weight should be placed upon 
one scale pan (usually the one on the right-hand side) 
and an amount of the substance to be weighed, ap- 
proximately the desired weight, placed upon the op- 
posite pan. The beam should then be released by 
means of the lever and if the substance is in excess, 
the beam should be locked and a small portion removed 
and the beam again released and the oscillations ob- 
served. This procedure should be repeated until the 
correct amount is obtained. In case of a deficiency of 
the substance to be weighed the reverse procedure is 
followed until the correct amount is obtained. With 
practice this can be very deftly and very quickly done 
and the sensitiveness of the balance retained for years. 

Such. balances are often protected against injury 
from corrosive vapors by having some quicklime (un- 
slaked lime) and some sulfuric acid in separate, open 
but properly protected, containers within the balance 
case. This protects from acid and alkaline vapors and 
also produces dehydration of the air in the case to a cer- 
tain extent. The quicklime and acid must be fre- 
quently renewed to be effective. 

Substances which act on metals, like iodine, cor- 
rosive sublimate, etc., and those which are adhesive, 
like the extracts, should not be weighed directly upon 
the scale pans, but upon counterpoised watch crystals, 
or, if these are not at hand, upon highly glazed paper, 
care being taken to balance the papers before weighing 
the substance. In cleaning the scales, great care should 
be exercised; polishing powders should be used spar- 
ingly; a portion is very apt to find its way into crevices 
and elude detection until an attempt is made to adjust 
the scales, when the increased weight of one of the sides 
of the beam leads to its discovery. Frequent cleaning 
with soft leather is generally sufficient to keep a balance 
in good order; but if through neglect it becomes neces- 
sary to use more active measures, some simple polishing 
powder for the silver and brass work, with soapsuds for 


o 


nickel plate, and simple brushing for the lacquered 
brass, is all that is necessary. 
Weights Used in Pharmacy 

The weights used by the pharmacist are a very im- 
portant part of his outfit, and care in their selection 
and examination is necessary. False economy is par- 
ticularly to be avoided, as the use of cheap, inaccurate 
weights must lead ultimately to serious consequences. 
Prescription weights have been found in use in drug 
stores by official inspectors so worn that the charac- 
ters on their faces had disappeared, and, on the con- 
trary, weights have been found with bits of hardened 
extract and dirt almost entirely obscuring their char- 
acters. An unused set of standard weights should be 
kept on hand, so that at least once a year the weights 
in daily use can be tested and adjusted or rejected if 
necessary. e. 

Common Avoirdupois Weights are usually made of 
iron, and are of the flat, circular form (see Fig. 24), 
japanned to prevent rusting; these 
form a pyramidal pile, and range from 
half an ounce to 4 pounds; they may 
be adjusted if found to be incorrect by 
adding to or diminishing the amount 
of lead which is hammered into a de- 
pression in the base of each. These 
weights are sometimes made of brass 
in this form, and sometimes of zinc; 
the latter, however, are brittle and un- 
serviceable. When used for general 
retail sales, the cylindrical weights, 
known technically as “block weights,’’ are preferable 
(see Fig. 25). If the block is made of two kinds of 


Fig. 24—Avoirdu- 
pois weights. 


wood glued together, so as to avoid shrinkage, they 
are very desirable, particularly if each cylindrical hole 
in the block has been made large enough to hold each 
weight easily. The advantages of block weights are 
that the gaps left by missing weights are readily noticed, 
and that the greater surface of the weight is protected 
from the action of corrosive vapors when not in use. 


Fig. 25—Brass weights in wood blocks. 


Apothecaries Weights may be had either as “block 
weights’ or “cup weights’; the 
latter are to be preferred, particu- 
larly if the block avoirdupois 
weights are in use, 
for they are then 
easily distinguished 
from each other. 
The cup apothe- 
caries weights range 
from 14 ounce to 32 
ounces, and have 
many conveniences 
(see Fig. 26). When the outside 
weight is separated, it will be found 
to have the exact weight of all the 


Fig. 26—Cup 
weights. 


, for years. 
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rest; if one of the weights is missing, its absence is at 
once noticed in the incomplete nest, and their compact 
form is a great recommendation. Weights cannot well 
be made to occupy less space than these, while all the 
inside weights are protected from abrasion and corrosion. 

Metric Weights may be procured of iron (japanned) 
for weighing larger quantities, when they are preferably 
hexagonal and flat in shape, to distinguish them from 
the ordinary round avoirdupois weights (see Fig. 27). 
Brass weights are undoubtedly the 
most convenient type for the phar- 
macist. They are also supplied in 
the form of block weights, plainly 
marked to distinguish them from 
the avoirdupois weights of similar 
style. These usually range from 10 
grams to 1000 grams. <A small set 
made by Troemner, and contained 
in a solid block, ranging from 0.01 
gram to 20 Gm., 49 gr. to 300 gr., 
or 40 gr. to 2 dr., as shown in Fig. 
28, is very reliable and convenient. 

For prescription purposes, a very inexpensive yet 
accurate set is made by Troemner. Fifty grams 
may be weighed by using all the brass weights, while 
ample provision is made for weighing the fractional 
parts of a gram. 

For analytical purposes, metric weights are almost. 
exclusively used; usually the highest weight is 100 
grams, the lowest 0.001 gram or 1 milligram. The 
weights, from 1 gram upward, are of brass, finely lac- 
quered; the smaller weights are made of squares of 
platinum foil, with one corner turned up, to permit of 
their being easily handled with the forceps. Fractions 
of a milligram are weighed by means of the rider upon 
the graduated beam of the balance. 

In analytical work and in using the Class A balance 
in prescription work, the weights should never be 
handled with the fingers but always with the forceps 
which accompany a fine and accurate set of weights. 
In the more expensive sets of weights the forceps are 
tipped with bone or ivory to prevent the wearing away 
of the weights during handling. With proper care the 
accuracy of a fine set of weights may be maintained 


Fig. 27—Iron metric 
weights. 


Prescription Weights—Too much care can hardly be 


| exercised in the selection of weights to be used in com- 


pounding prescriptions. The cost of accurate weights 
is trifling, yet weights have been found by inspectors in 
this line of investigation which are disgracefully in- 
accurate. The round, flat, brass ‘drachm’’ weights, 
which have the denomination stamped distinctly on 
their faces in raised characters, are most generally used 
(Fig. 29). These range from 10 grains to 120 grains 
in weight. Brass weights of similar shape ranged ac- 


Fig. 28—Metrie weights. t 
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Fig. 29—Apothecaries weights. 


cording to units of the decimal system are also available 
and are frequently used. The old-fashioned square 
brass ‘‘drachm”’ weights have passed out of use. The 
brass foii grain weights are very unsatisfactory, and 
should not be employed, because of their liability to 
corrosion. Undoubtedly the best grain weights are 
the aluminum wire weights. These are more easily 
and quickly distinguished from one another than any 
form, and there is less 
likelihood of danger- 
, ous mistakes than 
SGRAINS // | 146RAINS/| |) 3 2 i from the flat weights, 
where the denomina- 
ow eee tion is stamped upon 
ae age: the face, often faintly, 
and is liable to be obliterated by constant use or by cor- 
rosive contact. The number of sides in the wire 
weights at once gives the denomination (Fig. 30). The 
shapes of these wire weights are so distinctive, and 
they are so easily handled, that they should be 
invariably used. The aluminum grain weights, cut 
out of aluminum plates, are to be preferred to the flat, 
brass grain weights, because they are less liable to 
corrosive action. They are usually more accurately 
adjusted; the corners of the weights are clipped, 
and each weight is usually pressed into a curved 
form, so that it may be easily picked up (Fig. 31). 
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Fig. 31—Aluminum grain weights. 


In still another form of aluminum grain weights the 
outlines of the arabic numerals themselves are stamped 
from sheet aluminum (Fig. 32). 


MEASURING 


In pharmacy, measuring usually refers to the ascer- 
taining of a definite volume of liquid. Many types of 
apparatus are used in this operation, depending on the 
kind and quantity of liquid to be measured, and the de- 
gree of accuracy required. The discussion which fol- 
lows is divided into two sections. The first section 
deals with the apparatus used to measure accurately 
relatively large quantities. However, the degree of ac- 
curacy attainable with the graduates and measures 
shown in this section is not nearly so great as that at- 
tainable with the special apparatus illustrated in the 
second section. The second section deals with appara- 
tus used to measure small quantities of liquid where 
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Fig. 32—Aluminum grain weights. 
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-of the manufacturer. 
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great precision is essential. The two following exam- 
ples illustrate the choice of apparatus: a 4-fluidounce 
graduate is used to measure 3 fluidounces of Bay Rum 
as an ingredient in a pint of hair tonic but an accurately 
graduated and standardized minim dropper is used to 
measure 5 m of a potent prescription containing 
Glyceryl Trinitrate Spirit. 


Measuring Large Quantities 


Glass measures are preferred for measuring liquids, 
for, although always subject to loss from breakage, 
they can be more accurately adjusted to indicate the 
volume. On account of the transparency of glass, the 
level of the liquid at any height may be seen through 
the measure, while it is possible to measure accurately 
with opaque vessels only when they are completely 
filled. 

Graduated glass measures are almost exclusively 
used for quantities of 1 pint or less, and are of 2 forms 
—conical and cylindrical. The conical graduate is pre- 
ferred in practical work because of the greater ease with 
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Glass cylin- Fig. 35—Large 
Fig. 33—Glass conical drical grad- glass measuring 
graduate. uate. vessel. 


which it can be cleaned, but cylindrical measures are 
more accurate because of their uniform and smaller 
average diameter. Thus, if a conical graduated meas- 
ure has a diameter of 3 inches at the 100 cc. mark 
(Fig. 33), and the cylindrical graduate (Fig. 34) a 
diameter at the same mark of 1 inch, it follows that 
a trifling error in reading the quantity in the cylindrical 
graduate, either slightly above or below 
the line, would be increased, if similarly 
made in the conical graduate, by exactly 
the number of times that the surface of the 
liquid in the conical graduate exceeds 
that in the cylindrical graduate at the 
given point. Graduates for prescription 
use are now always graduated by hand; the 
former molded graduates do not meet the 
specifications of the Bureau of Standards. 

Molded graduates are frequently used to prepare 
photographic solutions and infant feeding formulas 
but are not sufficiently accurate for compounding medi- 
cinal preparations. At this time all graduates made by 
reliable firms bear a guarantee of accuracy and the name 
Graduation in both the apothe- 
caries and the Metric systems on opposite sides of a 
graduate, at one time frequently seen, is no longer per- 
mitted by some laws governing weights and measures. 

Glass measuring vessels, larger than 1 pint or 500 cc., 
are usually in the form of a jar (Fig. 35). 

Fig. 36 shows a simple method of supporting a gradu- 
ate after cleaning it. A brass hook is screwed into an 


Fig. 36—Grad- 
uate support. 
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upright, preferably over the sink; the prongs are so 
adjusted that they easily catch the graduate base. 
These are usually sold in units containing several metal 
holders. 


Bureau of Standards—Specifications for Glass Graduates. 1. 
Graduates shall be made to contain or to deliver the indicated 
volume at 20° C. (68° F.). They shall be legibly, conspicuously, 
and permanently marked to indicate whether they are graduated 
to contain or to deliver. 

2. Graduates shall be either cylindrical or conical in shape. 
In the cases of all cylindrical graduates the ratio of length of the 
graduated scale to the internal diameter shall not be less than 5 
to 1. In the case of conical graduates the ratio of length of the 
graduated scale to the internal diameter at the highest gradua- 
tion shall not be less than 2 to 1, and at one-fourth of the total 
capacity this ratio shall not be less than 1 to 1. 

3. Graduates shall be made of good quality glass, thoroughly 
annealed, clear, transparent, of uniform but not excessive thick- 
ness, and free from bubbles and streaks. 

4, Graduates shall be provided with a base at right angles to 
the axis and of such a diameter that the graduate will stand 
when placed on a surface making an angle of 25 per cent, or ap- 
proximately 15°, with the horizontal. 

5. All graduates shall be provided with pouring lips. 

6. The graduation marks shall be perpendicular to the axis, 
and parallel to the base and to each other. 

7. The graduation marks shall be varied in length in such a 
manner that they may be conveniently read, but in no case shall 
any graduation mark extend less than one-fourth of the distance 
around the graduate. The main graduation marks shall extend 
at least one-half of the distance around the graduate, provided, 
however, that on duplex, or double-scale graduates a clear space 
shall be left between the ends of the main graduation marks on 
the 2 scales, and this space, measured parallel to the graduation 
marks, shall conform to the following values: 


Distance between 
Ends of Gradua- 
tion Marks, Inch 


Circumference of Graduate at the 
Graduation Marks 


Wp tor IN ChEeSae., «0. ss ss oc ee eee % 
Eromip to lOlanches, inelusivesserere eee are oe 5A 
More thane Ohimehes... 2. one ene er reps | 34 


8. Graduation marks shall be clear and distinct and uniform 
in character. They shall be etched or engraved, and shall not 
exceed 0.015 inch (0.38 mm.) in width. Blown or pressed grad- 
uation marks shall not be allowed. 

9. The clear interval between the graduation marks shall not 
be less than 0.04 inch (1 mm.). 


“Ee 
7 ERROR OF 
va PARALLAX 


MENISCUS 


Fig. 37—Error of measurement due to parallax. 


10. The value of the main graduation marks shall be plainly 
designated, each number being placed either directly upon or im- 
mediately above the graduation mark to which it refers, but the 
position of the numbers shall be consistent throughout the gradu- 
ated scale. If placed upon the graduation marks, the numbers 
shall be placed from the ends a sufficient distance to allow the 


ends to be used in making a setting. Intermediate graduation 
marks shall not be numbered. 

11. On all single-scale graduates, where the main graduation 
marks do not completely encircle the graduate, the middle points 
of the main graduation marks shall be directly opposite the lip. 
On duplex, or double-scale, graduates the center of the clear spaces 
between the ends of the main graduation marks, provided for in 
specification 7, shall be approximately 90° from the lip. 


The Meniscus—When an aqueous or alcoholic liquid 
is poured into a graduate, which has the form of a 
cylinder, surface forces causes its surface to become 
concave, 72. €., that portion in contact with the vessel 
is drawn upward. ‘This phenomenon is known as the 
formation of a meniscus (see Fig. 37), and in deter- 
mining the volume of a liquid the reading must be made 
at the bottom of this meniscus. This regulation has been 
established by the U. S. Bureau of Standards and all 
glass measuring vessels are graduated upon this basis. 
Liquids with a high surface tension, e. g., mercury, 
form an inverted meniscus, and the reading is then: 
made at the top of the curved surface. 


Fig. 38—Pouring into a graduate. 


‘When pouring into a graduate from a stock bottle 
the graduate should be taken in the left hand, as illus- 
trated in Fig. 38. The shelf bottle is then grasped with 
the right hand with the label in such a position that after 
pouring, any excess of liquid will not soil the label 
should it run down the side of the bottle. 

The stopper is now removed with the free fingers of 
the left hand, while still holding the graduate; the 
graduate is raised and held so that the graduation point 
to be read is on a level with the eye, and the liquid then 
measured. The extension of the graduating mark into 
a circle which passes entirely around the graduate is an 
improvement which obviates the necessity of placing 
the graduate upon a level place, as the corresponding 
mark upon the opposite side may be seen through the 
glass, and the graduate easily leveled even when held 
in the hand. 

The next move replaces the stopper, and the bottle 
may then be returned to the counter or shelf. Finally 
the liquid is poured into the bottle or mortar, for dis- 
pensing or compounding. Notice that the graduations 
are etched upon the glass measure in such a position 
that the entire operation, including measuring and pour- 
ing from the graduate, may be conducted without tak- 
ing the graduate from the left hand, only tilting it. ~ 

Tinned iron measures nearly cylindrical in shape, but 
slightly wider at the bottom, are generally used for 
measuring liquids when the quantity is over a pint. A 
set of these measures usually consists of five (gallon, 
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half-gallon, quart, pint and half-pint). Those made of 
tinned iron, or of the enameled sheet iron called agate 
ware, are greatly inferior to those made of tinned cop- 
per. ‘Tinned iron measures soon become rusty, and al- 
though a protection is afforded if enameled, particles 
of the enamel chip off, and the exposed iron soon con- 
taminates the liquids measured in them. The first cost 
of copper measures is greater than tinned iron, but they 
are far more durable. Care must be taken to. protect 
them from blows which will cause dents, as these may 
be serious enough to detract 
from the accuracy of the 
measures. Cylindrical met- 
ric measures having a di- 
ameter just half their height, 
of tinned copper or brass, in 
sets of 10, including deka- 
liter, half-dekaliter, double 
liter, liter, half-liter, double 
deciliter, deciliter, half- 
deciliter, double centiliter, 
and centiliter, are obtain- 
able. The most recent 
metal vessels of this type 
are of monel metal, pressed 
molybdenum, or stainless 
steel. Such containers are 
relatively expensive but 
their indifference to cor- 
rosion and wear is a tre- 
mendous advantage in their 
favor. 

In Fig. 39 a type of special measure is illustrated. 
The contracted top prevents spilling and evaporation. 
Fig. 40 illustrates a form of copper measure much used 
in measuring oils. The flexible outlet tube permits the 
delivery of the liquid without danger of spilling. 


Fig. 39—Special copper measure 
for alcoholic liquids. 


Measuring Small Quantities 


For measuring smaller quantities of liquids, gradu- 
ated glass tubes of much less diameter should be used. 
The narrower bore permits of 
greater distances between the 
graduations on the apparatus, 
and therefore greater accuracy 
in making the reading is 
achieved. For example, with a 
burette (Fig. 41) the pharma- 
ceutical chemist is able to read 
to the nearest 1499 milliliter 
with ease. 

Minim pipettes (Fig. 42) and 
similar apparatus are more ac- 
curate and convenient than 
conical minim graduates, and 
they are much cleaner to use. The graduations on 
the minim measure are necessarily in the narrowest 
and lowest portion of a comparatively tall measure. 
Now, if it is desired to measure 10 minims of a volatile 
oil the surface which the oil must traverse when this 
measure is inverted is so great that probably 20 per 
cent of the oil will be left adhering to the measure. In 
those instances of liquid preparations where the smaller 
liquid is miscible with the larger quantity of diluting 


Fig. 40—Measure for oils. 


liquid, the minim graduate may be rinsed and this loss 
recovered, but inconveniences are largely overcome and 
greater accuracy secured by the use of a minim pipette. 

In administering small quantities of 
liquids, the very convenient drop is almost 
always used. It should be emphasized 
that 1 drop is not equivalent to 1 minim 
and that 60 drops are not equivalent to 1 
fluidrachm. This impression doubtless 
arose from the fact that 60 ordinary drops 
of water are about equal to a fluidrachm, 
but the volume of a drop of fluid depends 
on many factors, including density, tem- 
perature, viscosity, surface tension, and 
the shape and nature of the surface from 
which it is dropped. Thick viscous 
liquids, like the mucilages and the syrups, 
necessarily produce large drops because 
the drop adheres to the surface of the 
glass as long as its weight does not over- 
come its power of adhesion, while bromine 
and chloroform, heavy, mobile liquids, 
having very little adhesion to the drop- 
ping surface, produce very small drops, 
only one-fifth the size of the drop of syrup 
of acacia. The greater the surface tension, 
the larger will be the drop, and the 
ereater the extent of surface to which the 
drop adheres, the larger, proportionally, 
will be the drop. 

A “normal” or ‘‘standard’”’ drop meas- 
ure was recommended by the Brussels 
Conference of 1902 for International 
adoption. This dropper is recognized in 
the United States Pharmacopceia, which 
states: 


Fig. 41—Glass- 
valved burette. 


Medicine Dropper, Official 


“The official medicine dropper shall have its de- 
livery end 3 millimeters in external diameter, and be 
adjusted to deliver 20 drops of distilled water, 
weighing 1 Gm., at a temperature of 15° C. A toler- 
ance of 10 per cent below or 10 per cent above the 
delivery specifications is permitted.” 


It is particularly important to use the stand- 
ard dropper for administering potent medi- 
cines when accuracy is required, as in digitalis 
tincture. The measurement of small volumes 
of liquids through the use of graduated pipettes 
(Fig. 42) is more reliable, when accuracy 
is required, than through the use of even a 
standard dropper. This is evidently the 
opinion of the majority of pharmacists and 
chemists since a standard dropper has never 
gained popularity for use in the labora- 
tory. 

When drops are specified on a prescription, the usual 
custom has been to employ an “eye dropper” shaped 
much like the minim pipette in Fig. 43, but the standard 
dropper should now be supplied. 


Fig. 42— 
Pipette 


Fig. 43—Standard medicine dropper. . 


CHAPTER: VI 


SPECIFIC GRAVITY AND SPECIFIC VOLUME 


Definition of specific gravity—calculations—specific gravity of liquids (pyenometers, hydrometers, and other instruments)— 
specific gravity of solids—practical applications of specific gravity—specific volume. 


SPECIFIC GRAVITY is the ratio of the weight of a 
given substance to the weight of an equal volume of a 
substance chosen as standard. The substance taken as 
a standard is water for solids or liquids, and azr for 
hydrogen or gases. Specific gravity is expressed by an 
abstract figure, that is, it is never given in terms of 
ounces, grams, or any other unit. 

The weights of bodies being obviously in proportion 
to their masses, the specific gravity of a substance is 
equivalent to its relative density, and the term density 
has replaced the term specific gravity in many scientific 
works. Density is sometimes briefly defined as ‘‘mass 
per unit volume.’’ The terms density, usually abbre- 
viated ‘“‘D,”’ and specific gravity, usually abbreviated 
“Sp. gr.,’’ are numerically alike in the Metric system. 
When we say that the specific gravity of mercury is 
13.45 we mean that a given volume of mercury, let us 
say a pint, weighs 13.45 times as much as a pint of 
water. One cc. of water weighs 1 Gm. whereas 1 ce. 
of mercury weighs 13.45 Gm. The density is therefore 
13.45 Gm. per ce. 

If great accuracy is required, corrections must be 
made for differences in temperature and for the buoy- 
aney of the air. The latter variation, being slight, 
is usually disregarded, but temperature is so important 
that a statement of the fact is usually included in the 
definition, as follows: Specific grauity ts the weight 
(or mass) of one body compared with the weight (or 
mass) of an equal volume of another body selected as the 
standard, both bodies having the same temperature, or the 
temperature of each being definitely known. 

Absolute specific gravity, for solids or liquids, is taken 
or calculated at the temperature of 4° C. (39.2° F.), 
which is the temperature of the maximum density of 
water. Apparent specific gravity is that taken in scien- 
tific work, and may be taken at any given temperature, 
but the temperature should always be stated. Some- 
times for purposes of convenience specific gravities are 
taken in which the instrument is not standardized at 
the same temperature as that of the substance at the 
time the specific gravity is being taken. Such facts are 
recorded in a definite manner as illustrated by the 
following: 


Specific gravity at 4°/4° means absolute specific gravity. 

Specific gravity at 25°/25° means specific gravity at 25° C. 

Specific gravity at 25°/4° means that the specific gravity has 
been taken at 25° C. but that the pyenometer or hydrometer 
has been standardized at 4° C. Other similar combinations may 
be interpreted in the light of the above explanations. 


The official temperature’ for taking specific gravities 
in pharmacy is 25° C. (77° F.), the official temperature 
recognized by the United States Pharmacopoeia for most 
chemical and physical operations. When not specified, 
25° C. is understood. There is one important exception 
to this in the case of alcoholic liquids, in which the 

1In many investigations, particularly those conducted in Europe, the 
temperature selected is that of the maximum density of water, 4° C. (39.2° 


F.). For practical purposes the temperature adopted by the Pharmacope@ia 
is most useful in the latitude of the United States. 


temperature is 15.56° C. (60° F.), as this temperature 
was legally adopted many years ago by the United 
States Government for determining alcoholic strengths 
for excise purposes, and has never been changed. 
Specific gravities are always expressed decimally.. 
Thus, if a certain volume of water is weighed and then 
the same volume of chloroform, the latter is found to 
be nearly half again as heavy as the former and it is 
expressed as a decimal unit and fraction thus: 1.475, 
meaning that it is one and four hundred and seventy- 
five thousandths times as heavy as water. Taking a 
lighter substance for an example, it is found that tur- 
pentine oil is not nearly as heavy as water and the 
specific gravity of a specimen of this substance is ex- 
pressed as 0.860, which means that it is only eight 
hundred and sixty thousandths as heavy as water. 


The heaviest metal known has a specific gravity of 
22.48; itis the rare metal osmium. To give a compara- 
tive idea of some commoner metals, ordinarily recog- 
nized as being heavy, it is found that gold has a specific 
gravity of 19.32 and lead has a specific gravity of 11.34. 
The lightest metal known has a specific gravity of 
0.534; it is the element lithium. Somewhere between 
these two extremes will be found the specific gravities 
of the thousands of substances, both liquid and solid, 
which are of importance in pharmacy. Therefore the 
results of all specific gravity determinations fall within 
the range 0.534 to 22.48. With the exception of mercury 
and a very few other substances the specific gravities of 
liquids lie within the range 0.5 to 2.0. 


The specific gravities of liquids concern the phar- 
macist much more than the specific gravities of solids. 
The principle of taking specific gravities of either liquids 
or solids is precisely the same. The object sought is the 
weight of a volume of water equal to that of a convenient 
quantity of the substance whose specific gravity is to 
be taken. 


This may be expressed by a simple algebraic formula 
made up of factors as follows: 


= Weight of substance 
Wa = Weight of equal volume of water 
Sp. gr. = Specific gravity 


The formula exemplifying the underlying principles 
discussed above is 


s 


Wa 


Sp. gr. = 


From this may be deduced the following: 


We Sper ae 
W. 
Wea Sp. gr. 


From these three equations all specific gravity calcu- 
lations may be simply and easily made. 

The principal difficulty with specific gravity calcula- 
tions and the reason why some students find them hard 
to comprehend is found in the fact that, except when 
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Metric system units are used, preliminary calculations 
are usually necessary, because of the lack of commensur- 
ability of the units. 


If the principles of specific gravity are once thor- 
oughly learned in connection with calculations in the 
Metric system, little difficulty will be experienced later 
in making any application of them desired, if the other 
systems of weights and measures are accurately known, 
and their relations to each other perfectly understood. 

Take, for example, a substance in which 100 ce. 
weighs exactly 150 Gm.; the preceding equation can be 
applied: 


Sp. gr. = W.7 


The specific gravity is found to be 1.50, but if a-sub- 
stance is taken of which 1| fluidounce weighs 114 ounces 
avoirdupois, no direct method of 
calculation is possible, for each fac- 
tor must be reduced to the only 
common unit, the grain, and the 
equation is more complicated, as 
shown by the following: 


We 487.5 X15 


Sou Se = Eh 
Ee as i406 a 


Specific Gravity of Liquids 


The specific gravity bottle (pyc- 
nometer or pyknometer) is the 
most accurate instrument for tak- 
ing the specific gravity of liquids. 
Figs. 44 and 45 show several types 
commonly used. Some of these 
are provided with counterpoise 
weights which exactly balance the 
empty bottle. In most cases, how- 
ever, the actual weight of the bottle 
(called the “‘tare’”) must be previ- 
ously ascertained, and this weight 
subtracted each time a specific 
gravity is taken. Any ordinary 
flask or bottle may be used for 
taking the specific gravity of a 
liquid if it can be accurately weighed and if it has been 
standardized by ascertaining the weight of water 
contained at the standard temperature, when filled to 
a mark previously made on the neck of the container. 

For very accurate work, and especially in the deter- 
mination of alcoholic strength, 
the pycnometer is equipped with 
a thermometer, so that the weigh- 
ing may be quickly accomplished 
when the exact temperature is 
reached at which the specific 
gravity is to be taken. In ad- 
dition, the pycnometer is accu- 
rately calibrated under standard- 
ized conditions of temperature 
and pressure. A table for this 
purpose is provided in the appen- 
dix of the U.S. Pharmacopceia. 

It is usually found advisable to employ pycnometers 
which at the standard temperature hold some simple 
unit volume of water as 100 Gm., 50 Gm., 25 Gm., 10 
Gm., or 5 Gm., or 1000 grains or 100 grains if the Metric 
system is not used. This simplifies calculating very 


Fig. 44—Leach’s pyenom- 
eter with thermometer. 


Fig. 45—Pycnometer with 
counterpoise. 


much as will be seen by an example: 


Weight of pycnometer filled with simple syrup 51.863 Gm, 

Weight of pyenometer when empty......... 20.613 Gm. 
Weight of simple syrup 31.250 Gm. 

Weight of water held by pyenometer at 250 C. 25.000 Gm. 

Shae oti 

25.000 

This syrup is below standard, for its Sp. gr. should be about 1.313. 


Sp. gr. of syrup = 


A hydrometer is a floating instrument which is used 
to indicate the specific gravity of a liquid by sinking to a 
depth corresponding to the density of the liquid. Its 
principle of action was probably first made known by 
Archimedes, and depends upon the fact that when a 
solid body is placed in a liquid in which it is capable of 
floating, it sinks to a certain point, and this floating 
point is reached when the body has displaced a volume 
of liquid exactly equal to its own weight. Hydrometers 
may be divided into two classes for convenience of 
study: 


1. Those in which the weight is constant, but the 
depth of immersion subject to change. 

2. Those in which the depth of immersion is con- 
stant, but the weight subject to change. 


To the first class belong nearly all the hydrometers 
especially useful to pharmacists, and of these, two 
kinds are generally used, one for liquids heavier, the 
other for those lighter, than water. The best hydrom- 
eters now in use are constructed so as to indicate di- 
rectly the specific gravity when used at the proper 
temperature. The earliest -hydrometers were devised 
for use in manufacturing operations conducted by un- 
skilled and uneducated workmen who could not be de- 
pended upon to remember decimal fractions or observe 
distinctions based on small decimal differences, but 
who could be taught to use hydrometers in which an 
arbitrary scale consisting of whole numbers was em- 
ployed. 

Many such arbitrary scale hydrometers have been 
in use. The most important one is Baumé’s. Several 
of lesser importance are Twaddell’s, Beck’s, Sikes’, 
Cartier’s, Gay-Lussac’s, and Brix’s. To the second 
class belong the hydrometers which are intended to 
sink, by the addition of weights, to a given mark on the 
stem, and thus displace a constant volume, like Fahren- 
heit’s, Nicholson’s, Guyton de Morveau’s, ete. These 
are seldom seen except in physical laboratories or in 
lecture counter experiments, to illustrate a principle. 


!. Hydrometers of Constant Weight and Variable Depth 


Specific Gravity Hydrometers—This form of hydrom- 
eter (see Fig. 46) is frequently used. It is capable of 
registering specific gravity accurately to the third 
decimal place. A series of instruments is needed to 
cover the entire practical working range which is from 
0.700 to 2.000. 

Baumé’s Hydrometers—This form was the first one 
of its class to come into general use, having been origi- 
nally described by Baumé in his Eléments de Pharmacie. 
Two instruments were used by Baumé, one for liquids 
heavier than water, the other for liquids lighter than 
water. This type of hydrometer, as now made, con- 
sists of a glass tube loaded at the bottom with mercury 
or small shot, having a bulb blown in it just above the 
loaded end. 

A cylindrical tube, loaded so as to cause it to assume 
an upright position in a liquid, may be used as a hydrom- 
eter. The only advantage gained in expanding the 
lower portion into bulbs is one of convenience, that of 
increasing the volume of the hydrometer, and thus per- 
mitting the use of shorter instruments. The gradua- 
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tions upon the stem of Baumé’s hydrometer are called 
degrees. They are entirely arbitrary, and were made 
in the following manner: 

For the hydrometer to be used for liquids heavier than 
water (see Fig. 47), sufficient mercury was added to the 
lower bulb to cause it to sink in water to a convenient 
point near the top of the stem; this was marked 0. 
The instrument was then placed in a solution containing 
15 per cent by weight of common salt, and the point at 
which it rested was marked 15. The space between 
these two points was divided into fifteen equal parts, 
and the scale below was extended by marking off similar 
spaces. For liquids lighter than water (see Fig. 48), 
the instrument was placed in a 10 per cent by weight 
solution of common salt, and loaded so that it floated 
at a point just above the bulb; this was marked 0. 
The hydrometer was then transferred to water, the 
point at which it rested was marked 10, the space 
between was divided into ten equal parts, and the scale 
above was extended by marking off similar spaces. 
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Fig. 46—Spe- 
cifie gravity 
hydrometer. 


Fig. 47—Hy-- 
drometer for 
heavy liquids. 


Fig. 48—Hy- 
drometer for 
light liquids. 


Formulas are available for converting Baumé’s de- 
grees into specific gravity by a simple calculation. The 
following is the formula of the U. S. Bureau of Stand- 
ards for calculating degrees Baumé from _ specific 
gravity: 


145 


For liquids heavier than water: °B. = 145 — 


Sp: gr. xX 


° 
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For liquids lighter than water: °B. = eau 
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60° 
Spaeton. 60° FE: 


A close approximation, in which temperature is dis- 
regarded, may be obtained from the following formulas 
for calculating specific gravities from degrees Baumé: 


na : 145 
For liquid / > Sp. gr. = ——— > 
or liquids heavier than water: Sp. gr [45 — °R. 
For liquids lighter than water: Sp. gr. = see AEES 
130 + °B. 


Tables of Specific Gravities and Weight and Volume 
Relations are provided in the appendix of the U. 8. P. 

It must be borne in mind, however, that the hydrom- 
eter cannot be as accurate an instrument for taking 
specific gravity as the pyecnometer or specific gravity 
bottle. The adhesion of air bubbles when in use re- 
sulting in a buoyant and error-producing effect, the 
lability to variation in the diameter of the stem, the 
inaccuracies in the scale, and the difficulties of adjust- 


ing it to give correct readings are the principal dis- 
advantages of hydrometers. 

In the illustrations shown in Fig. 49 the arbitrary 
scale of Baumé, made up of equal spaces, is shown 
immediately in contact with a specific gravity scale. 
The spaces of the latter 
gradually increase in size 
from below upward, and 
the highest space is nearly 
four times the size of the 
lowest. Before any hy- 
drometer is accepted for 
use, it should be tested by 
floating it in water at the 
temperature indicated on 
the hydrometer, and, the 
specific gravity of several 
liquids having been ascer- 
tained carefully by the 
specific gravity bottle, the 
hydrometer should be 
floated in the same liquids, 
and any deviation care- 
fully noted. A hydrom- 
eter which registers uni- 
formly one or two points 
too low or too high need 
not be rejected, because 
the error can be added or 
subtracted each time and 
the constant error marked 
on the box foramemoran- [|J8 
dum; but if an error of 
any magnitude must be 
added to one part of the 
seale, and another sub- 
tracted from another part, 
it is economy to reject the 
instrument at once. Hydrometers are usually floated 
in tall, cylindrical, glass jars (Fig. 50), and it is fre- 
quently necessary to cool the liquid by placing the jar 
in ice water after inserting a thermometer, and, after 
the temperature has been lowered to the desired de- 
gree, observing the point to 
which the hydrometer sinks in 
the liquid. The U.S. Bureau 
of Standards has established a 
definite reading point for hy- 
drometers. This is described 
as follows in circular No. 16, 
The Testing of Hydrometers. 
“In reading the hydrometer 
seale the eye is placed slightly 
below the plane of the surface of 
the test liquid; it is raised 
slowly until the surface, seen as 
an ellipse, becomes a straight 
line. The point where this line 
cuts the hydrometer scale 
should be taken as the reading | 
of the hydrometer.” It is 
usually best to cool the liquid 
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Fig. 49—Comparison of Baumé 
and specific gravity scales. 
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Fig. 50—Hy- Fig. 51—Hy- 
drometer jar. Grometer with below the standard tempera- 
onga 
e'°pulb. ture adopted for the hydrom- 


eter, and then, after wiping 
the jar, the correct higher temperature may be gradu- 
ally obtained by holding the jar in the hands until the 
temperature rises to the desired point. A hydrometer | 
having an elongated bulb with cylindrical sides, as shown 
in Fig. 51, is more likely to give a false indication 
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if permitted to touch the sides of the jar than one 
having an oval or globular bulb (Fig. 46); the latter 
can touch the jar at only one point, and hence can move 
freely up and down, while the former may have one 
side touching the side of the jar for its 
entire length. To obviate this, Doc- 
tor Squibb suggested the use of ajar 
with four perpendicular indentations 
in it, and ‘a hydrometer having an 
oval bulb (Fig. 52). The points of 
contact between the urinometer bulb 
and the indentations in the jar are 
best shown in the transverse sectional 
view. 

The urinometer (Fig. 52) is one of 
the most useful special applications 
of the hydrometer; as its name in- 
dicates, it is used to take the specific 
gravity of urine (see chapter on 
“Urinalysis’’); a special scale, which is easily 
understood, is sometimes used. The very 
delicate stem, which hardly permits the 
use of specific gravity figures, is divided into 
sixty spaces, numbered 10 to 60; by adding 
1000 to each of these numbers, and pointing 
off three decimal places from the right, the 
true specific gravity is shown. In Doctor 
Squibb’s urinometer the specific gravity is in- 
dicated without abbreviation, the number 
uppermost on the scale being 1.000, the lowest 
1.060, the intervening figures being 1.010, 
1.020, 1.030, 1.040, and 1.050. 

The saccharometer is intended to take the 
specific gravity of syrups. The scale is 
usually graduated so as to indicate the per- 
centage of sugar in solution, rarely the actual 
specific gravity; sometimes Baumé’s scale 
(pése-sirop) is used as is also the hydrometer 
of Brix. The eleometer, a very delicate in- 
strument, is used to take the specific gravity 
of fixed oil. The lactometer is employed in 
detecting the adulteration of milk with water; 
it has a limited application and is mainly used 
in connection with the fat content of milk, 
previously estimated, for the calculation of 
the total milk solids. 

Special hydrometers are often made for 
taking the specific gravity of liquids, e. g., 
petroleum benzin, ether, petroleum vinegar, 
wine, beer, solutions of silver nitrate, sea 
water, etc.; probably the most useful to 
the pharmacist of all those having special 
‘applications is the one made for testing 
alcohol. 

Alcoholometers may be purchased which 
combine the thermometer with the hydrom- 
eter, as shown in Fig. 53, the scale fre- 
quently having the percentage, by volume, 
of absolute alcohol or degrees proof marked 
opposite the corresponding specific gravity. 

This instrument is capable of very accu- 
rate use in a limited field of work and in 
the hands of an experienced person. It 
cannot be used in determining the alcoholic Fig. 53— 
strength of any liquid containing more *“opgre"™ 
than traces of substances other than alcohol 
and water. For instance, the alcoholic strength of 
distilled extract of witch hazel, or of hydroalcoholic 


Fig. | 52—Squibb 
urinometer. 


¥ distillates of any kind may be accurately deter- 


mined, but not the alcoholic strength of wines or 
ae : 


flavoring extracts by its direct application or use. 

Tralles’ hydrometer is an alcoholometer having a 
centesimal scale. It has been used by the United 
States government in gaging spirits, and at one time 
was in general use by distillers. Each division of the 
scale corresponds to a given percentage of pure alcohol, 
by volume, in the liquor. 

In addition to the variable depth hydrometers de- 
scribed above there are many others used in industry 
in this country and abroad for special purposes, each 
with its own particular scale. 


2. Hydrometers of Variable Weight and Constant Depth 


Fahrenheit’s hydrometer was one of the first instru- 
ments of this class to come into general use. Robert 
Boyle described, however, in 1675, his ‘““New Essay 
Instrument,” and Fahrenheit’s hydrometer. was very 
similar to it in principle. It had but a single mark on 
the stem, which was surmounted by a small-scale pan 
and weights were placed on the pan to cause the 
hydrometer to sink to the mark. As this mark indi- 
cated the point at which the instrument would float 
in water at a given temperature when certain weights 
were placed on the pan, it follows that when 1t was im- 
mersed in a liquid of different specific gravity the 
weights would have to be changed to float the instru- 
ment to the fixed mark; the ratio which this weight 
bore to the weight used for water gave the specific 
gravity. 

Nicholson’s hydrometer is similar in principle to 
Fahrenheit’s, but is modified so that it can be used for 
taking the specific gravity of heavy or light solids. 
Fig. 54 is an illustration of one of the most convenient 
forms of the instrument; it is usually 
made of brass; there is a single mark on a 
the stem and a seale pan on the summit. 
To the lower extremity of the hydrometer 
two conical cups are attached; their | 
apexes are joined so as to resemble an | 
hour glass; the lowest cone has several | | 
apertures at the top, to permit the es- | 
cape of air when the instrument is im- | 
mersed. The weight of the hydrometer —=~——“i_ 
is usually so adjusted that a 1000-grain §=\————~V 
weight is needed on the scale pan to float 
it to the mark on the stem. The specific 
gravity of solid substances is obtained 
by weighing them first in air, on the upper 
platform, and then submerged, in the upper cup, and 
making the necessary calculations from the factors ob- 
tained. The lower cup is used for taking the specific 
gravity of bodies lighter than water, the weight of the 
hydrometer keeping the light body submerged when 
the lower cup is placed over it. The specific gravity 
is obtained in the same manner as in the case of bodies 
heavier than water. One of the ad- 
vantages of Nicholson’s hydrometer is 
that it can be used in place of a balance 
for weighing small quantities, as shown 
above. 

Lovw’s beads, or specific gravity beads, 
are sometimes used for taking the 
specific gravity of liquids; they are 
especially useful in large-scale manu- 
facturing operations which are con- 
ducted by unskilled workmen, and 
in such cases as where a boiling liquid is to be evaporated 
until it has a given specific gravity, or in mixing liquids 
of different densities. ‘They are balloen-shaped, hollow 
globes of glass, of different sizes and weights, having 


Fig. 54—Nich- 
olson’s hydrom- 
eter. 


Fig. 55—Lovi’s 
beads. 


62 SPECIFIC GRAVITY AND SP ECIVIT CY O77 Ui 


specific gravity figures scratched upon their sides and 
standardized for use at a definite temperature. The 
illustration, Fig. 55, shows their method of use, those 
heavier than the liquid sinking, those lighter floating, 
while the one supported indifferently indicates the 
specific gravity of the liquid. Lovi’s beads may be 
defined as hydrometers which indicate but one specific 
gravity. 
Methods of Taking the Specific Gravity of Small Quantities of 
Liquids 

Westphal Specific Gravity Balance—This balance is a 
very convenient device for taking the specific gravities 
of liquids (Fig. 56). Sliding weights on the beam give 


Fig. 56—Westphal balance. 


the specific gravity as a direct reading after the tem- 
perature has-been adjusted, the equilibrium attained, 
and the sum of the weights determined. 

Gannal’s Method—Gannal suggested a very conveni- 
ent modification of this method of taking the specific 
gravity of a liquid. A piece of glass, ‘‘denszmetre 
hydrostatique,” having the shape of an olive, a volume 
of 10 ec. is suspended from the hook at the end of the 
beam of a balance by a horsehair, and weights are added 
to the opposite scale pan until the balance is restored. 
It is then immersed in the liquid, and the metric weight 
in Gm. required to restore the equilibrium, divided by 
10, gives the specific gravity. 

Specific Gravity Pipette—Grauer recommends the 
use of a small pipette having a fine orifice at the lower 
end, and at the upper end a short piece of rubber tube 
closed by a pinchcock; a mark is scratched on the 
pipette to show a point to which a convenient weight of 
water rises (1 Gm.); enough of the liquid to be tested is 
drawn by the mouth through the tube to rise to the 
mark, and it is then closed; the weight of the liquid 
indicates its specific gravity. 

A very accurate tube form, known as Nicol’s Specific 
Gravity Tube, is shown in 
Rigi oi 

Rousseau’s Densimeter 
—This ingenious instru- 
ment is constructed upon 
the plan of a hydrometer 
(see Fig. 58). The stem 
from B to C is divided into 
20 equal parts; the cup- 
shaped tube upon the 
summit of the stem holds exactly 1 ce. 
When the densimeter is floated in water 
at the proper temperature, it sinks to the 
point C at the bottom of the stem; when 
the cup is filled with water to the cc. mark, 
it causes the instrument to sink to the 


Fig. 57—Nicol’s 
specific gravity 
tube. 


Fig. 58—Rous- 
seau’s densim- 
eter. 


point B; this space, BC, being divided into 20 equal 
parts, it follows that each division corresponds to 4 of 
a Gm., or 0.05 Gm. If one ce. of oil of rose is placed in 
the cup, it will sink the densimeter to 17.2 divisions of 
the scale; then 17.2 X 0.05 = 0.860, the specific gravity 
of the oil of rose. 


Specific Gravity of Solids 


As has been stated, the taking of the specific gravity 
of a solid is of comparatively rare occurrence in phar- 
macy. The same principle obtains that has been so 
thoroughly discussed and illustrated in connection 
with the specific gravity of liquids and may be taken 
in a number of different ways. The rule for solids is as 
follows: 


Rule.—Divide the weight of the body by the weight of water 
displaced (loss of weight in water); the quotient will be the 
specific gravity. 


The taking of the specific gravity of solids will be 
considered under the following heads: 


Solids insoluble in, and heavier than water. 
Solids soluble in, and heavier than water. 
Solids insoluble in, and lighter than water. 
Solids soluble in, and lighter than water. 


Dae aN? 


1. SOLIDS INSOLUBLE IN, AND HEAVIER THAN WATER 


(a) Using the Balance—It is customary to recom- 
mend a special balance for taking the specific gravity 
of solids, known technically as the hydrostatic balance; 
but a good prescription or analytical balance will 
answer perfectly for practical purposes. 
The substance, preferably in one piece, 
is first weighed accurately and the 
weight noted; a horsehair or piece of 
fine, waterproofed silk thread is then 
tied around it with a slip knot, and 
a tight loop at the other end is made, 
which is attached to the hook at the 
end of the scale beam; a small wooden 
bench made for the purpose, or ex- 
temporized by taking out the bottom 
and one of the sides of a small wooden 
or stiff pasteboard box, is now arranged gig. 


59— Deter- 

1 mining — specific 

over the scale pan so that it does not Bia tee ae 
touch it or interfere with its free move- balance. 


ment; upon this a small beaker or 
wide-mouthed jar is placed, and two-thirds filled with 
distilled water (Fig. 59). The suspending thread must 
be adjusted to such length that it will permit the com- 
plete immersion of the substance in the water. Upon 
weighing the immersed substance, after freeing it from 
attached air bubbles, it will be at once noticed that 
it has lost weight, and all that remains to be done 
is to apply the rule—divide the weight of the body 
by its loss of weight in water (weight of water dis- 
placed). - : 
For example: 805.5 gr. of copper weigh 715.5 gr. 
in water. Find the specific gravity. 


Wicizhtiolcoppensineait) len aa 805.5 gr 
Weight of copper in water................. 715.5 gr, 
Loss ot -weight, sy as.ea ae eerie ere 90.0 gr 
: _ SO 
Sp. gr. of copper = 907 8.95 


(b) Using the Specific Gravity Bottle—The specific 
gravity bottle or pycnometer (Figs. 44 and 45) has al- 
ready been described. It is particularly adapted to 
taking specific gravities of solid substances which are in 
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small fragments or even in a much finer state of sub- 
division. To use the instrument for a solid substance, 
the previously weighed body is dropped into the bottle, 
which is then filled with water at the temperature of 
25° C. (77° F.), the exterior of the bottle is carefully 
dried, and after the counterpoise (the exact weight of 
the empty bottle) has been placed upon the opposite 
scale pan, it is weighed. To obtain the loss of weight 
in water of the substance, it is only necessary to deduct 
the weight of the contents of the bottle (7. e., that of 
the water and the immersed body) from the weight of 
the body in air, plus that of the water which the bottle 
holds when full, 7. e., 100 Gm.; then the rule must be 
applred—divide the weight of the body by its loss of 
weight in water (weight of water displaced). 

For example: A piece of aluminum wire weighs 10 
Gm.; when dropped into a 100-Gm. bottle, and the 
bottle filled with water at the proper temperature, the 
weight of both is 106.2 Gm. Find the specific gravity. 


Weight of aluminum wire in air............ 10.0 Gm. 

Weight of water held by bottle............. 100.0 Gm. 

Weight of water and aluminum........... 110.0 Gm. 

Weight of water and immersed wire......... 106.2 Gm. 

Loss of weight of aluminum in water...... 3.8 Gm. 
Sp. gr. of aluminum = we 1) (983 


The specific gravity of any insoluble powder, e. g., 
calomel, litharge, etc., may be taken in exactly the same 
way, but care must be observed to agitate the powder 
with a small quantity of water in the bottle, before 
adding the rest, to eliminate the possibility of adherent 
bubbles of air, which would be the cause of error. 

(c) Using the Graduated Tube—A graduated tube is 
provided in which each space indicates 1 Gm. (ec.) of 
water (or better if graduated in smaller sub- 
division); the zero mark should be some- 
what above the bottom of the cylinder as in 
Fig. 60. Now, if water is poured into the 
tube exactly up to the zero mark, and a 
weighed solid body dropped into it, the water 
will rise in the tube and indicate the weight 
of a bulk of water equal to that of the sub- 
stance; this is equivalent to the loss in water. 
Then apply the rule—divide the weight of the 
body by its loss of weight in water. Any 


RD AMINA 


cylindrical graduated measure may be used 

if the volume of the water is accurately 2 
noted before and after the immersion of E" 
the previously weighed substance. It is Any 


evident that this method cannot be as accu- 
rate as either of those above mentioned, as 
small differences are more clearly indicated 
by a good balance than by a graduate. 

(d) Immersion of a Solid in a Transparent 
Liquid of the Same Density—This method 
‘may be applied where the body is small, has a low 
specific gravity, and is insoluble in the liquid, e. ¢., 
beeswax is Immersed in a mixture of alcohol and water 
which is then adjusted by the addition of one or the 
other as needed until the globules or masses of wax 
float indifferently in the liquid and neither sink nor rise. 
The specific gravity of the solid will of course be the same 
as that of thé liquid, which may be ascertained after 
the removal of the wax by straining or filtration, using 
a specific gravity bottle. 


Fig. 60— 
Graduated 
specifie 
gravity cyl- 
inder. 


2. SOLIDS SOLUBLE IN, AND HEAVIER THAN WATER 
_ A liquid must be selected in which the solid is insolu- 


ble, like olive oil, petroleum benzin, or oil of turpentine. 
The specific gravity of the oil or other liquid having 
been ascertained, it is used just as if it were water, the 
object being to find out the apparent loss of weight of 
the substance when immersed in the oil; this having 
been obtained, a simple proportion must be made as 
follows: As the specific gravity of the oil is to the 
specific gravity of water, so is the loss of weight in the 
oil to the loss of weight in water. Then apply the 
rule—divide the weight of the body by its loss of weight 
in water. 

For example: 20 Gm. of citric acid immersed in oil 
of Sp. gr. 0.920 filling a 100-Gm. pycnometer to the 
mark weighs 100.5 Gm. Find the specific gravity of 


the acid. 
WGiElais OF Clie Bele! Wa EW, 5 ooh scon bce conus 20.0 Gm. 
Weight of oil held by full pyenometer....... 92.0 Gm. 
Wieightiomcrinic acicdiand) olen naen eee eee 112.0 Gm. 
Weight of oil and immersed acid............ 100.5 Gm. 
Weight of oil displaced by acid............. ills By E rant, 


The oil has a sp. gr. of 0.920, therefore the loss of weight in 
16) 
0.920 
weight in air a 20.0 seivie 
weight of water displaced 12.5 ; 


water would be = 19.5 


Spaets OL aciai— 


It is obvious that either the balance, specific gravity 
bottle, or graduated tube can be used in this case; 
but it is possible n some cases to coat the soluble sub- 
stance with varnish and treat it then as an insoluble 
substance, and thus avoid the use of an oily liquid. A 
pill of blue mass may be coated with shellac varnish, 
and then treated as an insoluble substance as in 1 (6). 
The practical difficulty, however, is to secure a thin 
coating which is impervious to water. 


3. SOLIDS INSOLUBLE IN, AND LIGHTER THAN WATER 


The solution of this problem requires the aid of a 
heavy insoluble body, which is to be attached to the 
light body, so as to secure the immersion of both. It is 
plain that if the loss of weight in water of the heavy 
substance is deducted from the loss of weight in water 
of both the heavy and the light body, the result must 
give the loss of weight in water of the light body alone. 
Then apply the rule—divide the weight of the body by 
its loss of weight in water. 

For example: A piece of paraffin weighs 17.4 Gm., 
a piece of brass loses by immersion in water 0.6 Gm.; 
when the brass is attached to the paraffin, both together 
lose by immersion in water 20.6 Gm. 


Loss in weight of brass plus paraffin......... 20.6 Gm. 
BOE TEN WIOCAoMMOE VASE . Sa eo ne be boue One 0.6 Gm 
LOSE way SAME FORTE, 6 adhoc eee bo Maes 20.0 Gm. 
AMSA CHORE Ts Sone abe baa wea aces 17.4 Gm 


: 17.4 
Sp. gr. of paraffin = 50.0 0.870 


4. SOLIDS SOLUBLE IN, AND LIGHTER THAN WATER 


The use of the specific gravity bottle is reeommended 
in eases of this kind, and the process is the same as in 
2 above. The selection of a suitable liquid lighter than 
the body, and in which it is insoluble is, however, usually 
attended with difficulty. The proportion would be, 
as the specific gravity of the light liquid is to the 
specific gravity of water, so is the loss of weight in the 
light liquid to the loss of weight in water. Then the 
rule must be applied—divide the weight of the body by 
the loss of weight in water. 
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Practical Applications of Specific Gravity 
1. REDUCING METRIC FLUID MEASURE TO WEIGHT 


1 ec. of water weighs 1 Gm. 
1 cc. of any liquid with the Sp. gr. 1 weighs 1 Gm. 
1 ce. of a liquid with the Sp. gr. 2 weighs 2 Gm. 


The number of cc. X Sp. gr. = Weight in grams 


For example: What is the weight in Gm. of 1 liter 
of chloroform having a Sp. gr. of 1.48? 
No. of ec. X Sp. gr. = weight in grams 
1000 X 1.48 = 1480 Gm. 
Apothecaries’ Fluid Measure 
2. REDUCING APOTHECARIES FLUID MEASURE TO WEIGHT 


There is no commensurability of the units between 
this system and avoirdupois or troy weight. 


1 fl. oz. of water does NOT weigh 1 oz. 

1 min. of water does NOT weight 1 gr. 

1 fl. oz. of water weighs 454.6 gr., and therefore 

1 min. of water weighs 454.6 + 480 or 0.95 gr. 

1 fl. oz. of any liquid having a Sp. gr. of 1 weighs 
454.6 gr. 

1 fl. oz. of a liquid having a Sp. gr. of 2 weighs 454.6 
X 2 or 909.2 gr. 


Therefore the weight in grains of a fluidounce of any 
liquid is: 
454.6 X Sp. gr. 
Further, any volume in fluidounces may be changed 
to grains (and thence to higher units) according to this 
formula: 


454.6 < Sp. gr. X number of fl. oz. = wt. in grains 


For example: Calculate the weight in grains of 1 
pint, 1 fl. oz., and 4 dr. of sulfuric acid, Sp. gr. 1.8. 


454.6 X Sp. gr. X number of fl. oz. = wt. in grains 
Ital tozs,) 4 dr =) lio ieozs 
454.6 X 1.8 X 17.5 = 14319.9 grains 


(The answer may be resolved into higher units if de- 
sired. Since the avoirdupois grain and the apothecaries 
are identical, either system may be calculated from the 
above answer.) 

Since 1 minim weighs 0.95 grain, the weight in grains 
of a number of minims may be had according to the 
following formula: 

0.95 gr. X Sp. gr. X number of minims = weight in grains 
3. REDUCING WEIGHT TO VOLUME —This process is the re- 
verse of that described above. 
weight in Grams 
saan; rea 
weight in grains 
454.6 X Sp. gr. 
weight in grains 
0.95 X Sp. gr. 


The number of cc. = 
The number of fl. oz. = 


The number of min. = 


Specific Volume 


Specific volume in pharmacy may be defined as the 
volume of one substance compared with the volume of an 
equal weight of another substance selected as the standard, 
both having the same temperature. The standard chosen 
was water and determinations are usually made at 
25° C. (77° F.), therefore specific volume is the re- 
ciprocal of specific gravity. Specific volume enables 
us to quickly calculate the space which a given weight 
of liquid will occupy. 


volume of a body 


Sp. vol. = + cjume of an equal weight of water 


Note: Because of the relation between specific 
gravity and specific volume, the one may be easily 
converted into the other. 


1 I 

Sp. vol. = Sonee Sp. gr. = Si volh var 

Example (1)—1403 Gm. of nitric acid measures 1000 ce. 
is its specific volume? 

Volume: ofacid iin sada we eee eee 1000 ce. 

Volume of an equal weight of water......... 1403 Gm. 

1000 
Sp. vol. = 1403 ~ 0.7127 

Example (2)—How many fl. oz. are there in 100 oz. avy. of 

nitric acid? 


What 


100 X 437.5 
454.6 


Volume of nitric acid = 96.24 & 0.7127 = 68.59 fi. oz. 


100 oz. av. of water measure = 96.24 fi. oz: 


Very early in the tyro’s experience the fact is recog- 
nized that pound bottles designed for different liquids 
vary in size, a pint bottle, for instance (which may be 
regarded as a rough standard), holding about a pound 
avoirdupois of water; the same bottle, however, would 
only be four-fifths full if a pound of glycerin were 
poured into it, and two-thirds full if chloroform were 
used, while a pound of petroleum benzin would fill the 
pint bottle, and there would be almost enough to spare 
to fill another pint bottle. A bottle which would hold 
a pound of ether would hold two pounds of chloroform, 
and a pint bottle holding one pound of water holds 
fourteen pounds of mercury. ‘These facts are, of course, 
capable of the explanation that the specific volumes of 
liquids lighter than water are greater 
than that of water, while those of 
liquids heavier than water are less. An 
instructive and useful bottle may be 
made by selecting a flask with a long 
and not very narrow neck (Fig. 61), the 
bulb of which would hold about 100 
cc. of water at 4° C.; if the neck would 
hold about 50 ce. of the same liquid at 
the same temperature, and a mark was 
made at the 100-cc. point and the tube 
graduated from 100 cc. to 150 cc., it 
would follow that in order to find the 
specific volume of any lighter liquid 
within the capacity of the bottle, all that 
would be necessary would be to pour 
into the flask 100 Gm. of such liquid at the proper 
temperature and read off the point to which the 
liquid rises. A bottle to be used for heavy liquids 
would have the 100-ce. mark at the top of the neck and 
the cc. graduations below decrease in value. A bottle 
of limited range may be constructed having the 100-ce. 
mark half way between the top of the bulb and the top 
of the neck. That specific volume is the reciprocal of 
specific gravity is shown by the fact that in order to ob- - 
tain the specific volume of a liquid the measure of a 
given weight of the liquid is divided by the measure of 
an equal weight of water, and (as has been shown hereto- 
fore) specific gravity is obtained by dividing the weight 
of a given measure of the liquid by the weight of an 
equal measure of water; therefore it follows that when 
the specific volume of a liquid is multiplied by its 
specific gravity the product must be 1, or the specific. 
gravity of water. 


Fig. 61—Specific 
volume bottle. 


CHAPTER VII 


THE MATHEMATICS OF PHARMACY 


Basic mathematical principles—fractions, exponents, powers and roots—logarithms—significant figures—practical 
pharmaceutical problems with answers—problems in pharmaceutical chemistry 


The mathematical problems which confront the 
pharmacist and the chemist are frequently very com- 
plex. Occasionally, so many variables (time, tempera- 
ture, humidity, pressure, viscosity, etc.) affect the 
calculations of the research worker in pharmacy and 

chemistry that highly trained mathematicians and 

technical experts must be consulted. In this chapter, 
however, no attempt has been made to elaborate on 
the mathematical theories involved in the more com- 
plex analytical procedures. Only the fundamental 
principles of mathematics are presented as an aid to 
students in pharmacy and to those who wish to review 
the basic rules and procedures. 

Following the mathematical discussion, practical 
problems are submitted and analyzed; definitions and 
rules are concisely stated at the beginning of each new 
series of problems and answers are given at the end of 
the chapter. 


Mathematical Principles 
BASIC RULES AND DEFINITIONS 


The following definitions explain important terms 
which are employed in mathematics. 


1. An integer, or an integral number, is a whole 
number. 

2. <A factor of a whole number is any whole number 
that will exactly divide it. 

3. An even number is one which is exactly divisible 
by 2. An odd number is one that is not exactly di- 
visible by 2. 

4. A common factor is a whole number which will 
exactly divide two or more numbers. The greatest 
common factor (G.C.F.) is the largest one possible. 

5. A common multiple is a whole number which is 
exactly divisible by two or more nufnbers. The least 
common multiple (L.C.M.) is the smallest one possible. 


The following rules, are useful for determining whether 
or not one number is divisible by another: 


1. If the right-hand figure is an even number or 0, 
it is divisible by 2. 

2. If the sum of the digits of a number is divisible 
by 3, the number is divisible by 3. 

3. If the number ends in 00 or its last two digits 
are divisible by 4, the number is divisible by 4. 


4. Ifanumber ends in 0 or 5, the number is divisible 
by 5. 
5. If a number is even and the sum of its digits is 


divisible by 3, the number is divisible by 6. 
6. If the last three figures of a number are divisible 
by 8, the number is divisible by 8. 


The following rules aid in rapid multiplication and 
division: 

1. To multiply a number by 614, 814, 121%, 162, 
3314 or 25 rapidly, divide the number by 16, 12, 8, 6, 3, 
or 4, respectively, and move the decimal point two 

papinces to the right. 
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2. To divide a number by 614, 814, 124, 1624, 
3314, or 25 rapidly, multiply the number by 16, 12, 8, 
6, 3, or 4, respectively, and move the decimal point two 
places to the left. 

3. To multiply a number by 125 rapidly, divide 
the number by 8 and move the decimal point 3 places 
to the right. 

4. To divide a number by 125 rapidly, multiply 
the number by 8 and move the decimal point 3 places 
to the left. 


The following terms should be learned: 


Subtraction 


62 minuend 
41 subtrahend 


21 remainder 


Multiplication 
40 multiplicand 
5 multiplier 
200 product 
Division 
dividend 
divisor 4) me (808 quotient 


> 38 
32 
1 remainder 


COMMON FRACTIONS 


An example of a fraction is 3%. It is read “three- 
eighths” and indicates three divided by eight or three 
parts of anything which is divided into eight parts. 
The 3 is called the numerator and the 8 is called the 
denominator. 

If a pharmacist measures into a graduate 34 of an 
ounce, he measures 3 drachms out of 8 drachms, for a 
fluidounce contains 8 drachms. 


The following principles should be applied when 
using common fractions: 


1. The value of a fraction is not altered by multi- 
plying or dividing both numerator and denominator 
by the same number. 

2. Multiplying the numerator or dividing the de- 
nominator by a number, multiplies the fraction by that 
number. 

3. Dividing the numerator or multiplying the de- 
nominator by a number, divides the fraction by that 
number. 

4. To add or subtract fractions reduce them to 
fractions with the Least Common Denominator. 
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5. To multiply fractions, multiply all numbers 
above the line to form the numerator and multiply 
all numbers below the line to form the denominator. 
Cancel if possible. 
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6. To divide by a fraction multiply by the reciprocal 
of the fraction. 


10 + 
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DECIMAL FRACTIONS 
Fractions with some power of 10 as denominator are 
known as decimal fractions and are written by omitting 
the denominator and inserting a decimal point in the 
numerator as many places to the left as there are ciphers 
in the denominator. 


23 2 261 
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The following diagram illustrates the relative values 
of the positions with respect to the decimal point: 
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The following principles should be applied when 
using decimal fractions: 


1. When adding or subtracting decimals keep the 
decimal points under each other. For example: add 
4.567, 2.3, and 36.5. 


3 


43.367 
2. When multiplying decimals, proceed as with 
whole numbers, then place the decimal point in the 
product as many places to the left as the sum of the 
places in the multiplier and multiplicand. For example: 
multiply 6.5 by 0.23. 


6.5 
0.23 


195 
130 


1.495 


3. To divide by a decimal fraction move the decimal 
point to the right, in both divisor and dividend, as 
many places as it is to the left in the divisor, then 
proceed as with whole numbers. The decimal point 
in the quotient should be placed immediately above the 
decimal point in the dividend. For example: divide 
69.21 by 3.4605, and 69.21 by 3460.5. 


20. 0.02 
34605 .)692100. Ans. = 20 34605.)692.10 Ans. = 0.02 
69210 692.10 
0 


4. To convert a common fraction into a decimal 
fraction divide the numerator by the denominator and 
place the decimal point in the correct place. For ex- 
ample: convert 31g9 into a decimal fraction. 
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0.3875 
80)381.0000 Ans. 
240 
700 
640 
600 
560 
400 
400 


= 0.3875 


5. To convert a decimal fraction into a common 
fraction, place the entire number, as numerator, over 
the power of ten containing the same number of ciphers 
as there are decimal places. Cancel if possible. For 


example: convert 0.375 into a common fraction. 
Mee riigh ) 
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PERCENTAGE, RATIO AND PROPORTION 


Since the principles of Percentage, Ratio and Pro- 
portion, as applied to pharmaceutical calculations, 
have special significance, they are discussed in this 
chapter under Pharmaceutical Problems. 


EXPONENTS, POWERS AND ROOTS 


In the expression 24 = 16, the following names are 
given to the terms: 16 is called the power of the base 
2, and 4 is the exponent of the power. If the exponent 
is 1, it is usually omitted. 

The following laws should be recalled: 


1. The product of two or more powers of the same 
base is equal to that base with an exponent equal to 
the sum of the exponents of the powers. 


25 X 23 = 28 
2. The quotient of two powers of the same base is 
equal to that base with an exponent equal to the ex- 


ponent of the divisor minus the exponent of the divi- 
dend. 
98 + 23 = 25 

3. Multiply the exponents to find the power of a 

power. 
(28)3 = 224 

4. The power of a product equals the product of 

the powers of the factors. 
(2) X83 Oe 42 S220 eee eae 

5. The power of a fraction equals the power of the 

numerator divided by the power of the denominator. 


6. The root of a power is found by dividing the ex- 
ponent of the power by the index of the root. 


YR = SBy/o = ey 


7. Any number other than 0 with the exponent 0 
equals 1. 


20 = 1 


8. A number with a negative exponent equals uN 
divided by the number with a positive exponent equal 
in numerical value to the negative exponent. 

1 } 
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LOGARITHMS 


To facilitate the solution of involved and lengthy 
problems, Logarithms were invented. Since many 
calculations, which cannot be carried out by ordinary 
arithmetical processes, are rapidly and easily per- 
formed with the aid of logs, they may be considered 
one of the world’s greatest inventions. 

The logarithm of a number is the exponent of the 
power to which a given base must be raised in order to 
equal that number. John Napier of Scotland, who 
invented logarithms over three centuries ago, used the 
number 2.71828* as the base, but Henry Briggs, pro- 
fessor of Gresham College, London, introduced 10 as 
the base. The Briggsian or Common Logarithms are 
the ones most frequently used. In this system natural 
numbers are regarded as powers of 10 and the corre- 
sponding exponents are the logarithms. 


25 = 101-39794 or login 25 


2 1900-30103 or logio 2 


1.39794 
0.30103 


ll 
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Laws and Rules 


The following laws, governing the use of logarithms, 
are based on the laws of exponents. 

1. The logarithm of a product equals the sum of 
the logarithms of its factors. 


log 25 X 2 = log 101.39794 + Jog 100.30103 
= 1.39794 + 0.30103 = 1.69897 


2. The logarithm of a quotient equals the logarithm 
of the dividend minus the logarithm of the divisor. 


log 25 + 2 = log 101.39794 — log 100-30103 
= 1.39794 — 0.30103 = 1.09691 


3. The logarithm of a power of a number equals the 
logarithm of the number multiplied by the exponent 
of the power. 


log (25)12 = 12 log 25 = 12 X 1.39794 = 16.77528 


4. The logarithm of a root of a number equals the 
logarithm of the number divided by the index of the 
root. 


eee /25 = 5 loe Di : x 1.39794 = 


0.69897 

The logarithms of 1, 10, 0.01, ete., are integers, but 
for numbers between these the logs will consist of an 
integral part, the characteristic, and a fractional part, 


the mantissa. Thus: 
103 = 1000 log 1000 = 3 
102 = 100 log 100 ee 
101 = 10 log 10 See 
100 = 1 log 1 = §0 
10-0 =-001 log 0.1 et 
10=22=- 0.01 log 0.01 =a 
10-35 = 0.001 log 0.001 = —3 


The log of a number between 100 and 1000 has 2 for a char- 
acteristic plus a fraction, the log of a number between 0.1 and 
0.01 has —2 for a characteristic plus a fraction, and so on. The 
mantissa of a log must always be positive, whereas the character- 
istic may be either positive or negative. 


Every number may be regarded as the product. of 
two numbers, one being 10 with a positive or negative 
exponent and the other being some number between 1 
and 10. 

760 = 102 X 7.6 = 
.. log 760 = log 102 + log = 2.88081 

0.076 = 102 X 7.6 = 10-2 X 1009-88081 
*. log 0.076 = log 10-2 + log 7.6 = —2 + 0.88081 


_ This is written 2.88081 (or 8.88081 — 10). 


1.00.88081 


From the above explanation are derived the following 
rules: 


1. The characteristic of a number greater than 1 is 
one unit less than the number of figures to the left of the 
decimal point. 

2. The characteristic of a number less than 1 is 
one unit more than the number of ciphers between the 
decimal point and the first significant figure. 

3. If the characteristic of a logarithm is positive, 
the integral part of the corresponding number con- 
tains one more figure than the number of units in the 
characteristic. 

4. If the characteristic of a logarithm is negative, 
the number of zeros between the decimal point and the 
first significant figure is one less than the number of 
units in the characteristic. 

5. Numbers, which are related to each other by 
some power of 10, possess logarithms with the same 
mantissa. 


log 760 = 2.88081 log 76000 = 4.88081 


Obtaining the Logarithm of a Number 


The characteristic of a logarithm is readily deter- 
mined by inspection of the given number, but to obtain 
the mantissa a table must be used. These tables vary 
in accuracy according to the number of decimal places 
to which the mantissa is expanded. For many pharma- 
ceutical calculations, four place tables are satisfactory. 

Under N in the table are given the first figures of a 
number and in the same row is given the next figure 
from 0 to 9. The mantissa for numbers falling be- 
tween these may be found by interpolation. Examples 
follow: 


1. Find the log of 273. 


Under N find 27 and along the top line find the next number, 3. 
Across from 27 and under 3 is found 4862. By inspection (see 
rule 1) the characteristic is 2. Then log 273 = 2.4362. 


2. Find the log of 0.08206. 


Under N find 82 and along the top line find the next number, 0. 
Now 8206 falls between 820 and 821 (0.6 of the difference). 
The mantissa for 820 is 9138 and the mantissa for 821 is 9148. 
The difference is 5, and &%gQ of the difference is 3. The mantissa 
for 8206 is therefore 91388 + 3 = 9141. By inspection (see rule 
2) the characteristics is —2. Then log 0.08206 = —2 + 0.9141 
= 8.9141 — 10 = 2.9141. 


This process, known as 7nterpolation, is based upon 
the assumption that the mantissa varies directly with 
the number. ‘This is not quite true. Many log tables 
supply the proportionate parts to facilitate imterpola- 
tion (see the log table on page 68). 


Obtaining the Antilogarithm of a Number 


To find the number corresponding to a given loga- 
rithm, the reverse procedure of that discussed above is 
employed. The first step is to find figures correspond 
ing to the mantissa (interpolation may be necessary). 
The final step is to place the decimal point in the cor- 
rect position, following rules 3 and 4. The following 
examples demonstrate the method: 


1. Find the number corresponding to the logarithm 
3.8357. 


In the log table, 8357 is found across from 68 and under 5. 
The figures required are therefore 685. Since the characteristic 
is 3 (rule 3), the number is 6850. 7 
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68 


Then the required figures are 2723. Since the character- 


istic is zero the required number is 2.723. 


of 4346. 


Find the number corresponding to the logarithm 


2. 
0.4 


351. 


© 
a 


found to fall between 4346 and 4362, 


able, 43851 is 


In the log t 
the difference being 16. 


The process 


lar to the locating of logarithms. 


Tables of antilogarithms may be used. 


346 or %{6 


The log table gives 272 as the antilog 
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0.31 of the difference. 
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Obtaining the Cologarithm of a Number 


The logarithm of the reciprocal of a number is the 
cologarithm of the number. It is equal to the negative 
logarithm of the number, that is, the entire logarithm 
with a minus sign prefixed. Both the mantissa and 
the characteristic are affected by the sign. 

In order to keep the mantissa positive, the colog is 
found by first subtracting the log from some convenient 
multiple of 10 and then subtracting this multiple from 
the remainder. For example: 


1. Find the colog of 423,000,000,000. 


20.0000 — 20 
11.6263 
8.3737 — 20 = 12.3737 
2. Find the colog of 0.0423. 
10.0000 — 10 
8.6263 — 10 
1.3737 — 0 = 1.3737 


It follows from the above that the antilog of a colog 
of a number is the value of the reciprocal of the number. 


1 + 423000000000 = 0.000,000,000,002,364 (antilog of 12.3737) 
1 + 0.0423 = 23.64 (antilog of 1.3737) 


Logarithmic Calculation 


Representative problems will now be solved to illus- 
trate the rapidity and simplicity of calculations with 
logs. Logarithms with negative characteristics may 
frequently be handled more easily if the form is used 
in which some power of 10 is placed as a subtrahend. 
With practice the student will calculate the subtrahend 
mentally, thereby hastening the process. 


1. Find the value of 8.52 & 36.4 0.0056. 


log 8.52 = 0.9304 
log 36.4 = 1.5611 
log 0.0056 = 38.7482 
og number = 0.2397 
Answer = antilog 0.2397 = 1.737 


6.062 * 1023 
0.08206 X 293.1 *, 760,000 


2. Find the value of 


log 6.062 = 0.7826 log 0.08206 = 2.9141 
log 1028 = PRY log 2938.1 = 2.4670 
——— log 760000 = 5.8808 

log numerator = 23.7826 
log denominator. = 7.2619 


log value = 23.7826 — 7.2619 = 16.5207 
Answer = antilog 16.5207 = 3.31 X 1016 


8. Find the fifth root of 0.00475. 
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log s log 2.62 + log 2.43 + log 980.6 + log 0.021 — log 2 
0. ee + 0.3856 + 2.9915 + 2.3222 — 0.3010 
1.8166 


antilog 1.8166 = 


ow td 


8 65.5 dynes per cm. 


5. The pH of a solution is the logarithm of the re- 
ciprocal, in other words the colog, of the hydrogen ion 
concentration. If the concentration of H ions in a 
stasu is 2.57 X 10-4 Gm.-ions per liter, what is the 
pH? 


4 
pH = 10 


oe ear eee a 
PPE Sal otay C1074 BEY 
4 — log 2.57 = 4 — 0.4099 = 3.59 


6. The rate of revolution of a centrifuge used for 
U. S. P. tests is to be calculated from the formula: 


r.p.m. = 15009128, where d is the distance in cm. be- 


What is the 


ll 


tween the tips of the whirling tubes. 
value if d = 48.2 cm.? 


log r.p.m. = log 1500 + M4(log 40.6 — log 48.2) = 3.1761 + 
Ye(1. 6085 - — 1.6830) 

3.1761 + 1.9627 = 3.1388 

antilog 3.1388 = 1377 r.p.m. 


r.p.m. 
7. The rate of creaming of an emulsion is given by 
2gr2(di — de) 

9n 


If d; = 0.88 Gm. per cc., dg = 1.382 Gm. per cc., 
g. = 980.6 cm per sec.2, 7 = 1073 cm., n =~ 1.14 
poises, find the rate. 


Stokes’ law: V = 


Since (dz — dy) will be negative and a negative number does 
not have a logarithm, the equation should be written in the form 


2gr2(dg_— di) 


Bs 9n 
log (— V) = log 2 + log 980.6 + 2 log ae + log (1.382 — 
0.88) — log 9 — log 1. 
= 0.3010 + 2. 9915 + 6. 5000 m 0.6485 — 0.9542 
_ — 0.0569 
= 4,9249 
— V = antilog 4.9249 = 0.00084 cm. per sec. 
. V = — 0.00084 cm. per sec. 


The negative sign indicates that V is in the opposite direction 
to the acceleration of gravity g. In other words, the particles 
are rising. 


THE SLIDE RULE 


Every student of the sciences should equip himself 
with a good slide rule. Packed with each are complete 
instructions which are easy to follow. This instrument 
is excellent for rapid calculations involving multiplica- 
tion, division, proportion, percentage, square roots, ete. 


VRS AA BEDS RARE RAD os 


Anew A qnannanesensane’ eneanas: = 
ee ——— SS SS SSS aS SS SSS See 


<N4053-3B> 
i 


Fig. 62—Slide rule. 


14 log 0.00475 = \% (3.6767) = 
4 (7.6767 — 10) 

= 1.5353 — 2 = 1.5353 
antilog 1.5353 = 0.343 


log ~/0.00475 = 


Answer = 


4. The surface tension (s) of a liquid may be found 
by the Capillary Rise Method using the formula s = 
ee hdgr. 

c.g = 


Find s when h = 2.62 cm., d = 
980.6 cm./sec.?2, and r = 0.021 cm. 


2.43 Gm. per 


A typical slide rule, suitable for the student of phar- 
macy, is illustrated in Fig. 62. 


SIGNIFICANT FIGURES 


Every scientific worker must appreciate the relative 
value of figures. The supervisor of any laboratory 
learns how valuable his workers are by the way they 
compute and tabulate results of assays or other investi- 
gations. 
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Weighings and measurements can be carried out 
with only a certain maximum degree of accuracy; 
the result is always approximate due to the many 
sources of error, such as temperature, limitations of the 
instruments employed, the personal factor, etc. The 
pharmacist must achieve the greatest accuracy possible 
with his equipment, but it would obviously be ridiculous 
to claim that he has weighed 1é5 grain of a solid on a 
Class A prescription balance, or that he had measured 
76.32 cc. of a liquid in a 100-cc. graduate. When 
quantities are written down, the numbers should con- 
tain only those digits which are significant. 

Significant figures are digits which give value to a 
number. In some instances zeros are significant, in 
other instances they merely indicate the order of mag- 
nitude of the other digits by locating the decimal point. 
For example, in the measurement 473 cc. all the digits 
are significant, but in the measurement 4730 ec. and 
the weight 0.316 Gm. the zeros are not. In any result 
the last significant figure is given to the nearest whole 
number and is only approximate, but all preceding 
figures are correct. When 473 cc. is written down it 
actually means that the measurement has been made 
within + 0.5 ce. or somewhere between 472.5 cc. and 
473.5cece. Ifthestudent will stop for a moment to con- 
sider these quantities, he will appreciate the full impli- 
cations. Theabove statement means that he measures | 
pint with a maximum error of 8 minims above or below 
the required amount or with a maximum error of 


0.5 

473 

A zero in a quantity such as 473.0 ce. is a significant 

figure and implies that the measurement has been 

made within the limits 472.95 ce. and 473.05 ec. or 
with an error of 

0.05 

473 


X 100 = 0.1 per cent or | part in 1000. 


xX 100 = 0.01 per cent or 1 part in 10,000. 


473 is correct to the nearest ec., 473.0 is correct to the 
nearest 0.1 ce. 

When adding or subtracting, retain in the sum or 
remainder no more decimal places than the least 
number entering into the calculations. 


ila (Gnas 11.50 Gm. 
2.65 Gm. but 2.65 Gm. 
3.49 Gm. 3.49 Gm. 
17.6 Gm. 17.64 Gm. 


In the second column 11.50 Gm. was weighed to the 
nearest decigram or with an accuracy of £5 mg. 
Since all weighings were therefore made with this 
degree of accuracy, then the result may be so stated. 
Of course, if further calculations are to be undertaken, 
retain all figures possible. 

When multiplying or dividing, retain in the answer. 
no more significant figures than the least number 
entering into the calculation. The meaning of this 
rule is illustrated by the use of equivalents during con- 
versions from one system of weights and measures to 
another. The following table gives different equivalent 
values and the number of significant figures to which the 
answer is correct: 


Equivalent Equivalent Significant 
Weight Used Weight Figures 
4.522 Gm 15.432 gr. 69.78 gr. 4 
4.522 Gm 15,43) om 69.77 gr. 4 
4.522 Gm. 5A ore 69.6 er. 3 
4.522 Gm 2 


15. er. 69 er. 


Always use an equivalent which will give the desired 
degree of accuracy. Observe also that repeated multi- 
plication of an approximation increases the error pro- 
gressively, therefore retain all figures during calcu- 
lations and drop insignificant figures as the final 
step. 


PHARMACEUTICAL PROBLEMS 


The student has now studied the theory of weighing 
and measuring and has accumulated sufficient knowl- 
edge of mathematics to solve any problem he may en- 
counter in a pharmacy. The various. symbols and 
their meanings should be well understood. Problems, 
representative of those one faces in practice, will now 
be discussed. Answers will be found at the end of this 
chapter. 

Particular attention should be paid to the calcula- 
tions involving fractions. Do not confuse quanti- 
ties such as 2 one-hundredths and 1 two-hundredth; 
the result may be disastrous. 

Approach each problem in the proper manner. Three 
axioms must be observed: 


1. Always analyze the problem so carefully that all 
data are clearly fixed in the mind. 

2. Always employ the most direct method of solu- 
tion. 

3. Always prove or check the result. 


ADDITION 
Rules 


(a) Add like quantities. If the quantities are not 
alike change to a common unit, or place in columns of 
like quantities arranged in descending order of mag- 
nitude toward the right. 


(b) Add together the smallest quantities first, then 
advance to the next higher units. 

(c) Always extract the next higher unit, wherever 
possible, to simplify the answer. 

(d) When adding decimals, keep the decimal points 
directly under each other. 

(e) When adding fractions, reduce to the least com- 
mon denominator, add the resulting numerators, and 
reduce the fraction if possible by cancelling. 


Examples 
1. Add: 3 Kg. 33 Gm, 3\cg..433 mg. 


The gram is the unit of weight, therefore the answer should be 
in grams and fractions thereof. 


3 Ke. = 3 X 1000 = 3000 Gm..- 
apt (Caan, = 33 Gm. 
3 cg. = 3 = 100 = OF03e Gime 
433 mg. = 483 + 1000 = 0.483 Gm. 
3033 .463 Gm. : 
2. Add: 4 pounds, 3 ounces, 1 drachm, 59 grains 


and 5 pound, 10 ounces, 7 drachms, 2 grains rgd 
caries weight). 


lb. OyAy ae dr. gr. 
4 3 il 59 
5 10 oe 2 ae 
10 lb. 2 02. il Ge, 1 gr. 
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Explanation: 


9+ 2 = 61 grains = 1 drachm + 1 grain. 
Add 1 drachm to the next column. aig 


i 7 + 1 = 9 drachms = 1 ounce + 1 drach 
Add 1 ounce to the next column. ia 
3 + 10 + 1 = 14 ounces = 1 pound + 2 ounces. 
Add 1 pound to the next column. 

ieeoe-- 1 — 10 pounds. 


3. Add the following volumes: 4 gallons; 5 gal- 
lons, 3 pints, 2 fluidounces; 2 pints, 4 fluidrachms; and 
55 minims. 


Write out in proper sequence the names of the units in the 
system and arrange the numbers given in the problem under each 


other in their proper place. Thus: 
gal. pt. fl. oz. var. min. 
4 
5 3 2 
2 4 aYD) 
9 gal. Depts 2 fl. oz. 4 fl. dr. 55 min. 


_Had the sum of pints exceeded the equivalent of the next 
higher unit, it would have been necessary to reduce to that unit 
(gal.), entering the remainder, of course, under the pint unit. 


Problems 


eed together 25 mg., 25 cg., 25 Gm., 25 Deg., 
25 dg. 

2. The following quantities of totaquine were re- 
moved from a container: 2 Kg., 30 Gm., 225 Gm., 
45 eg.; 855.6 Gm.; 3 Hg., 3 Dg.; 454 Gm. What is 
the total weight? 

3. What is the weight of compound powder of 
acetanilid formed by mixing together 1 oz. av., 175 
gr. of acetanilid, 87.5 gr. of caffeine, and 175 gr. of sodium 
bicarbonate. Give the answer in apothecaries weight. 

ee ado 4 X1, 5 Vi, ).ii, gr. xiv, and 3 vii, 3 V, Oo 
ii, gr. x. (Give answer in apothecaries units.) 

5. What total volume expressed in cc. is formed 
by pouring into a vat 2500 cc., 2 fl. oz., 1 gallon and 1 
pint? Use practical equivalents and express in the 
Metric system. 

6. Each powder of a prescription contains 14 gr. 
of aloin, 449 gr. of strychnine, % gr. of belladonna 
extract, and 244 gr. of lactose. What is the total 
weight of each powder? 

feeedors.50 Gm., 1.75 Gm., 1.75 Gm., 0.225 Gm., 
Vein. 0.0115 Gm., 0.375 Gm., 0.500 Gm., 70.00 
Gm, 0.225 Gm., and 5 Gm. 

8. The inventory card shows that the following 
stocks of syrups are in the storeroom: 3 one-gallon 
bottles, 2 pints, 8 fl. oz., 514 gallons, 22 pints, 19 fl. oz. 
What is the total volume? 


SUBTRACTION 
Rules 


(a) Subtract like quantities. If the quantities are 
not alike change to a common unit, or place in columns 
of like quantities arranged in descending order of 
magnitude towards the right. 

(6) Begin with the smallest quantities and advance 
to the largest. chee 

(c) When necessary reduce larger quantities in the 
minuend to smaller ones and place in the proper column. 

(d) Treat common and decimal fractions as under 
addition. 


Examples 


1. Subtract 1 pt., 4 fl. oz., 6 fl. dr., and 33 min. from 
2 gallons. 


Start out as under addition. 


gal. pt. fl. oz. fihtola. min. 
2 0 0 0 0 
1 4 6 33 
1 gal. 6 pt. 11 fl. oz. Tals Coby 27 min. 


The problem may be rearranged as follows: Divide 1 gallon 
into 8 pints leaving 1 gallon in its column, divide 1 of the 8 pints 
into fl. oz. leaving 7, divide 1 of the 16 fl. oz. into fl. dr. leaving 
15, and divide 1 of the fl. dr. into minims leaving 7. 


gal. pt. fl. oz. fl. dr. min. 
1 a 15 7 60 
1 4 6 33 
1 gal. 6 pt. IL ail, @%. i ial, ole, 27 min. 


2. Subtract 285 ce. 
should be given in cc. 


from 5 liters. The answer 


De litersa— 
5000 ce. — 


5000 ee. 
misty Ge, = 4ynlly Oe. 


3. Subtract 2.55 fluidounces from 3.6 pints. 


O26 pts = S40 of 16) fl) 07, = *9):6) fls0z. 
0.6 fl. oz. = 8{9 of 480 min. = 288 min. 
Therefore 3.6 pt. = 3 pt., 9 fl. oz., 288 min. 
0.55 fl. oz. = 5590 of 480 min. = 264 min. 


Therefore 2.55 fl. oz. = 2 fl. oz., 264 min. 


Now set up the problem as follows: 


pt. fl. 07. min. 
3 9 288 
2 264 
3 pte if iil, Oz 24 min. 


Always reduce fractions to measurable quantities. 


Problems 


1. A barrel supposed to contain 50 gallons of oil of 
turpentine leaks slowly. It is found upon measuring 
that it contains only 33 gallons, 5 pints, and 2 fl. dr. 
How much was lost? 

2. How much is left in a 5-liter flask after the 
removal of three portions totaling 895 cc.? 

3. To prepare some mass of mercury a pharmacist 
mixes together 8.25 Gm. of mercury, 0.25 Gm. of oleate 
of mercury, 2.5 Gm. of glyeyrrhiza, 3.75 Gm. of althea, 
2.25 Gm. of glycerin, and 8 Gm. of honey. He then 
uses the following amounts: 2.4 Gm., 3.6 Gm., 3.2 
Gm., and 2.925 Gm. How much remains? 

4, Subtract 174¢ fl. oz. from 1 liter. 

5. A pharmacist buys 1 oz. of quinine sulfate. At 
intervals he uses the following quantities for prescrip- 
tions: 3 ii, 3 ss, J ii, 56 gr.,and 48 gr. How much 
remains? 

6. If a bottle contains 14 pint of chloroform, and 
14g pint is removed, what fraction of a pint remains? 
How many cc. remain? 

7. From a %-ounce bottle of extract of belladonna 
14 ounce, 145 ounce, and 14» ounce are used on pre- 
seription. How much remains? 

8. If one buys 7.5 Gm. of eucatropine hydrochloride 
and at different times dispenses 1.2 Gm., 0.85 Gm., 0.75 
Gin., and 14g ounce on prescription, how much remains? 


MULTIPLICATION 
Rules 


(a) The product is always of the same denomination 
as the multiplicand. 

(6) If the multiplicand is composed of different 
denominations, either reduce to a common unit before 
multiplying and then reduce the product to units con- 
venient for measuring, or arrange the quantities in 
descending order of magnitude towards the right, and 
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begin multiplication with the smallest quantity, ex- 
tracting the next higher units and placing in the proper 
column, while proceeding to the left. 

(c) Multiply fractions and decimals as in any arith- 
metic problem, then reduce fractional quantities to 
measurable ones. 


Examples 
1, Multiply 4 pt., 7 fl. oz., and 3 fl. dr. by 4. 


Begin with the smallest unit, working from right to left. When 
it becomes necessary, change the product to the next higher unit, 
writing only the remainder, if there is any, under the unit multi- 
plied as follows: 


gal. pt. fl. oz. fl. dr. 

0 At ef 3 
ee 4 

Pe (aM AL Foyt 13\t, 07 4 fl. dr. 


4 33 Sa IP ik Gb SS Ih stl @a,, 2b ail he. 
Write down 4 fl. dr. and carry 1 fl. oz. to next column. 


(>< 7) SB eS PS ail, @y, = I Weiss 13 fl. oz. 
Write down 13 fl. oz. and carry 1 pint to next column. 
(Gat) al epintsue—momoale 1 pt: 
Write down 1 pt. and carry 2 gal. to next column. 
Answer = 2 gal., 1 pt., 13 fl. oz., 4 fl. dr. 


2. Multiply 22.4 fl. oz. by 2.65. 


22.4 X 2.65 = 59.36 fl. oz. 
0.36 fl. oz. = 8&o9 X 480 = 172.8 min. 
Answer = 59 fl. oz., 173 min. (The fourth figure is not significant. ) 


3. What will be the total weight of the ingredients 
in a prescription for 25 powders, each powder contain- 
ing 4 dg. of chalk, 10 cg. of bismuth subnitrate, and 
1 mg. of cocaine. 


(4 dg. + 10 eg. + 1 mg.) X 25 
= (0.4+ 0.10 + 0.001) Gm. X 25 
= (al S< Ze SS ae) (Carn. 


Problems 


1. Multiply 48.5 ec. by 3.246. 

2. A certain preparation is to contain 0.0325 Gm. 
of quinine in each ec. How much must be weighed out 
for 5 liters of the preparation? 

3. How much cod liver oil is necessary to make 2500 
capsules each containing 15 min.? (Give the answer in 
higher units.) 

4. A formula calls for 5 pints, 3 fl. oz., 4 fl. dr., 
32 min. of an oil. How much is required for 15 times 
the quantity? 

5. How much halibut liver oil is required for 224 
gross of 714-min. capsules? Reduce to largest units. 

6. How many grams of aver are used to 
er 15,000 aa each containing és gr. of the alka- 
loi 


DIVISION 
Rules 


(a) The quotient is always of the same denomina- 
tion as the dividend. 

(b) If the dividend is composed of different de- 
nominations, either reduce to a common unit before 
dividing and then reduce the quotient to units con- 
venient for measuring, or arrange as under multiplica- 
tion and then begin division with the largest quantity 
at the left, converting the remainder, if any, into the 
next lower units and add to the next column before 
proceeding with the division. 

(c) Treat fractions and decimals as under multipli- 
cation. 


Examples 
1. Divide 8 liters by 25. 
3 liters (= 3000 cc.) + 25 = 120 ce. 
2. Divide 10 gal., 3 pt., 8 fl. oz. by 8. 


gal. pt. fl. oz. 
8)10 3 8 
7 ai gal 2 pt. ( lenOze 
10 + 8 = 1 gal. + 2 gal. undivided. 
Place 2 gal. = 16 pt. in next column. 
(16 + 3) + 8 = 2 pt. + 3 pt. undivided. 
Place 3 pt. = 48 fl. oz. in next column. 
(48 + 8) + 8 = 7 fl. oz. 
Answer = 1 gal., 2 pt., 7 fl. oz. 


The alternative method is to reduce all to smallest units (fl. oz.) 


(10 X 128) + (3 X 16) + 8 = 1336 fi. oz. 
. 1336 + 8 = 167 fl. oz. 


Now extract largest units possible. 
167 fl. oz. 


subtract 128 fl. oz, = 1 gal. 
39 fl. oz. 
subtract 32 fl. oz. = 2 pt. 
- fi. 02. 
Answer — 1 eal, 2) pts, 7 fe oz. 


3. A druggist buys a 5-ounce tin of quinine sulfate. 
How many 5-gr. capsules can be made from the con- 
tents? 


The druggist purchases by the Agieatoees system always. 
Therefore: 5 ounces converted to grains is 


A Om Oma LO eOme te 


Assuming no loss during filling, there may be made from this 
lot: 


2187.5 + 5 or 487 5-gr. capsules 
Problems 


1. How many 65-mg. pills of aloe can be made 
from a 50-Gm. package of the drug? 

2. How many 15-min. capsules can be filled from 
5 fl. oz., 3 fl. dr. of cod liver oil? 


3. The dose of strychnine sulfate is 49 gr. How 
many doses are contained in 96 ar of the salt? 
4. The dose of aconitine is 1499 gr. How many 


doses are obtainable from 154¢ gr. of the alkaloid? 

5. How many Yoo-gr. tablets of atropine are re- 
quired to produce 49 gr.? 

6. A formula calls for 10 gal., 
min. of a solution. 
the amount? 

7. How many 3)4-gr. capsules of theobromine can 
be filled from a l-ounce package? 


1 pt., 15 fl. oz., 220 
How much must be taken for 499 


CONVERSION PROBLEMS 
Rules ; 


1. Commit to memory all equivalents in the tables 
on page 45, and become thoroughly familiar with their 
relative values. 

2. When multiplying by large numbers use exact 
equivalents so that slight errors due to approximation 
are not magnified. 

3. In converting doses the U. 58. Pharmacopoeia 
uses the approximate equivalents listed on page 46. 


Example } 
1. Express } inch as microns. 
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1 inch 25,000 microns (approx.) 
* 4 inch 25,000 + 8 = 3125 microns 


2. Convert 2 gal., 4 fl. oz., 2 fl. dr. into ec. 


First convert into fl. oz. 


Above volume = a Ae * 128) + 4. nat 260.25 fl. oz. 


96360.95 fl oz = 260.25 9¢ 20.57-= 7606 ce. 


3. What is the weight of 1200 ce. of distilled water 
at 4° C. in the apothecaries system? 


1200 cc. at 4° C. eee 1200 Gm. 
iGm> = 15.432 ¢ 
.. 1200 cc. weigh 1200. 15.432) = 18,518 gr. 


Now extract the higher apothecaries units. 


| 


18,518 gr. 

38 oz. = 18,240 er. 
278 gr. 

4 dr. = 240 gr. 
38 gr. 


Answer = 38 oz., 4 dr., 38 gr. (apoth.). 


4. Convert 1 pound 2 ounces apothecaries into 
grams. 


1 pound, 2 ounces = 14 ounces 
1 ounce apothecaries = 31.1 Gm. 
» 14 ounces = 14 X 31.1 = 435 Gm. 


Problems 


1. Convert 2 fl. oz., 
centimeters. 


5 fl. dr., 33. min. into cubic 


Pameeoonvert: 


(a) 6.5 grains into milligrams. 

(b) 3%o grain into milligrams. 

(c) 38% apothecaries ounces into grams, 
(d) 3% avoirdupois ounces into grams. 


SOON Vert: 


(a) 550 Gm. into avoirdupois ounces. 
(b) 550 Gm. into apothecaries ounces. 


4. Convert the following doses into metric weights: 


(a) atropine sulfate, 1400 gr. 
(b) acontine, 1490 gr. 

(c) codeine, 4 gr. 

(d) salol, 3 gr. 

(e) epsom salt, 30 gr. 


5. Change the following prescription into metric 


units: 
R Arsen. Triox. gr. 16 
Hydrarg. Chlor. Corr. gr. K 
Phenolphthal. Fabs 38 
Mass. Ferr. Carb. 3 iss 


6. What is the volume in apothecaries measure at 
25° C. of 20 lb. av. of distilled water? What is the 
volume in cc.? 4 


RATIO AND PROPORTION 


A ratio states the relation of one quantity to another 
and may be written as a fraction or with a colon. For 
example, three ounces compared with four ounces is 


3 ounces 


written —————, or 3 ounces:4 ounces, and is stated 
4 ounces 


“three ounces is to four ounces.” The ratio is 3-4 or 

3:4 or three is to four. Any aint may be sub- 
stituted for ounces but the value of the ratio does not 
change. 


aes Two equal ratios form a proportion. For example: 


ee = 156, or 3:4::15:20 or “three is to four as 


cay x. € 


fifteen is to twenty’’ are ways of writing and stating that 
3 and 4 are the same ratio as or in the same proportion as 
15 and 20. 

The first term of a ratio is the antecedent and the 
second term is the consequent. The first and last terms 
of a proportion are the extremes and the second and 
third terms are the means. The following statements 
are true for any proportion: 


Rules 


1. The product of the means equals the product of 
the extremes. 

2. The product of the means divided by one extreme 
gives the other extreme. 

3. The product of the extremes divided by one mean 
gives the other mean. 


Therefore, if any three terms of a proportion are known, 
the fourth may be found by simple calculation. 

In solving problems involving proportions the follow- 
ing procedure is usually adopted: 

First—Let the unknown quantity be represented by 
X and let it be the fourth term. 

Second—Let the third term be that number in the 
question which expresses the same kind of value as is 
expected in the answer. 

Third—Arrange the remaining two quantities in the 
same ratio as the third term and X. Thus the first and 
second terms will express the same kind of values and 
the third and fourth terms will likewise express the 
same kind of values. If the answer sought (X) will be 
greater than the third term, the second term will be 
larger than the first, and vice versa. 

Fourth—To solve for X, divide the product of the 
means by the known extreme. Cancellation may be 
used frequently to simplify problems. Since the first 
and second terms form a ratio, common factors may be 
removed without altering the ratio, and since the first 
and third terms are actually numerators of equal frac- 
tions, they can be divided by the same number without 
changing the proportion. These rules will always work 
correctly if properly applied. 


Examples 


1. 100 Gm. of sulfadiazine cost $1.80. 
be the cost of 25 Gm.? 


One line of reasoning followed to solve a problem of this kind 
is as follows: 


100 Gm. costs $1.80 
1 Gm. costs 1.8¢ 
25 Gm. costs 1.8¢ X 25 or 45¢ or $0.45 


But there is another way which, though seemingly more com- 
plex, may be used very simply to solve much more abstruse 
problems than the above. 

If the three quantities in the problem, namely 100 Gm., $1.80 
and 25 Gm. be considered in connection with the answer $0.45, 
it will readily be seen that 100 bears the same relation to 25 as 
1.80 does to 0.45. In other words, the quantities and prices form 
equal ratios. Knowing the answer, of course, it was easy to 
make this comparison. But the comparison may be made with- 
out knowing the answer, providing we substitute for the answer 
the letter X, thus: 


What will 


100 is to 25 as 1.80 is to X 


That constitutes a proportional statement which may be 
written in the conventional way: 


(1) (2) (3) (4) 
TOON aero: S12 SO) ee 
is to as is to 


There are three known terms in the statement and X the un- 
known. Terms are numbered, first, second, ete., from left to 
right. The two end terms (1 and 4) are the extremes, and the two 
middle terms (2 and 3) are the means. Arithmetically the prod- 
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uct of the means must equal the product of the extremes. There- 
fore, if one of the extremes be unknown it may be had by dividing 
the product of the means by the known extreme. 


100 : 25 HELO) OK 


ae all 


| means 


extremes 


25 < 1.80 
X = —_ 
100 


= $0.45 


While the proportion is preferably set down as given above, 
it may also be stated in several additional forms. These are 
given merely to show their relationship to the original. It may 
be stated as two equal ratios: 


(1) (3) 


£9400) 880 
D5) HX 
(2) (4) 


Keeping in mind the three basic rules it is also possible to place 
the unknown quantity X in either the first, second, or third posi- 
tion as long as the relationship of the three known terms is not 
altered. Thus the problem might be written: 


25 : 100 :: X : 1.80 when by rule 3 aoe = 0.45 
1.80 : X :: 100 : 25 when by rule 3 a = 0.45 
X : 1.80 :: 25 : 100 when by rule 2 ee = 0.45 


2. The specific gravity of glycerin is 1.25 and it 
costs 42 cents per |b. How much does 800 ce. cost? 


The unknown quantity is the cost of 800 ec. = X cents. 

Then the third term will be 42 cents. 

A preliminary step is now required to obtain first and second 
terms of the same denomination, so that a ratio may be set up. 
Since the cost is given for 1 pound, then 800 cc. must be reduced 


to pounds. 


Under the discussion of Sp. gr. it was shown that if the Sp. gr. 
is 1.25, then 800 ce, = 800 * 1: 25 =) 1000) Gmy= 2:2. lbs: 
Therefore 

Pe 2 2emey A2 ve ee X 
9 } 
x= a = 93 cents 


One must remember the following values which are 
proportional: 


1. Value is directly proportional to quantity. 

2. Percentage is directly proportional to weight, 
in percentage w/w solutions. 

3. Percentage is directly proportional to volume, 
in percentage v/v solutions. 

4. Percentage is directly proportional to weight, 
in percentage w/v solutions. 

5. Percentage is inversely proportional to weight 
of solution, in concentration and dilution problems. 

6. Proportionate parts are directly proportional 
to weights in alligation problems. 

7. Atomic and molecular weights are directly pro- 
portional to actual weights in chemical problems. 

8. Volumes of gases are directly proportional to 
their weights. 

9. Volumes of gases are directly proportional to 
absolute temperature. 

10. Volumes of gases are inversely proportional to 
pressure. 


Problems 


1. If homatropine costs $3.00 per Gm., how much 
would 65 mg. cost? 
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2. How much would 38 gr. of the homatropine cost? 

3. If strong silver protein costs $0.90 per oz., 
how much ean be bought for $5.00? 

4. Mercury costs $2.80 per Kgm. Its Sp. gr. is 
13.5: (a) How much would 100 ce. cost? (6) What 
would be the cost of a pound (avoir.)? (c) How much 
would 4 fl. oz. cost? 

5. Alcohol costs $4.20 per gal. 
What is the cost per pound (avoir.)? 

6. Nitric acid costs 38 cents per pound. 
gr.is 1.412. What is the cost per liter? 

7. One pound of sulfapyridine costs $7.65. What is 
the cost of sufficient to make 10 gross of 0.2-Gm. cap- 
sules? 


Its Sp. gr. is 0.816. 
Tis" sp: 


See also the preparation of isotonic solutions by 
proportion, Chapter X VIII. 


PERCENTAGE 


Per cent, written %, means by the hundred. Fifteen 
per cent is written 15 % or 15799 or 0.15 or 15 parts 
in 100 parts. Being an abstract quantity, the term 
may be pee to anything. Thus 10% of 1500 
tablets is —~ i 55 xX 1500 = 150tablets. 1500 is the base, 
10 is the rate, and 150 is the percentage. We may then 
establish an equation by which many problems can be 
solved: 


Percentage (p) = base (b) X rate (7) 


When any two terms are known the other may be found 


quickly ; b= : and r = Be 


To change a fraction to per cent reduce it to a frac- 
tion having 100 as its denominator; the numerator is 
the rate. 


12.5 


1 ~—? — = 5 
% 100 12°5% 


In other words, multiply a Toc en by 100 to conn 
it to per cent. Observe that 40% means 0.1% or 49 
Otol 


Rules 


Problems involving calculations of percentages are 
continually encountered by the pharmacist. He must 
be familiar, not only with the arithmetical principles, 
but also with certain official interpretation of the dif- 
ferent types of problems. The U. 8. Pharmacopceia 
states: 


“Percentage concentrations of solutions are expressed as 
follows: 

“Per cent ‘weight in weight’ (w/w) expresses the number of 
grams of an active constituent in 100 grams of solution. 

“Per cent ‘weight in volume’ (w/v) expresses the number of 
grams of an active constituent in 100 cubic centimeters of solu- 
tion. 

“Per cent ‘volume in volume’ (v/v) expresses the number of 
cubic centimeters of an active constituent in 100 cubic centi- 
meters of solution. 

“When ‘per cent’ is used in prescriptions without qualification, 
it means: for solutions of solids in liquids, per cent weight in 
volume; for solutions of liquids in liquids, per cent volume in 
volume; ; and for solutions of gases in liquids, per cent weight in 
volume. For example, a 1 per cent solution is prepared by dis- 
solving 1 gram of a solid or 1 cubie centimeter of a liquid: in 
sufficient of the solvent to make 100 cubic centimeters of the 
solution. A solution of the same strength may be prepared by 
apothecaries weight and measure by dissolving 4.5 grains (more 
accurately, 4.5457 grains) of a solid er 4.8 minims of a liquid in 
See of the solvent to make 1 fluidounce of the solution at 
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“In dispensing prescriptions, slight changes in volume owing 
to variations in room temperature may be disregarded. 


“Such phrases as ‘1 in 10,’ ‘1 in 20,’ ete., are under- 
stood to mean that 1 part by volume of a liquid is to be 
diluted with, or 1 part by weight of a solid dissolved in, 
sufficient of the solvent to make the volume of the 
finished solution 10 or 20 parts by volume.” 

“Parts per thousand” (e. g., 1-5000) always means 
parts weight in volume when dealing with solutions of 
solids in liquids. 

In chemical and pharmaceutical problems, per- 
centages other than on prescription refer to w/w unless 
otherwise stated. In pharmacy, then, percentage has 
a slightly different meaning from that usually accepted. 
Every problem must be carefully analyzed to discover 
exactly what is required. The meanings implied by the 
above official statements are illustrated below with a 
few examples of the three types of percentages. 


Examples 


Weight in volume percentages—This is the type usually 
required on prescriptions. Nearly all the solutions 
prepared in the dispensing laboratory are w/v solutions 
and their preparation is very simple if the pharmacist 
will keep in mind the facts that 1 oz. of water weighs 
454.6 gr., 1 cc. of water weighs 1 Gm., and that the 
finished product and solvent are considered to have the 
same specific gravity as water. Specific gravity and 
the volume occupied by the solute are not considered in w/v 
problems. 

1. Prepare 1 fl. oz. of a 10% solution of silver 
protein. 


Since this is a solution of a solid in a liquid, this is a w/v solu- 


tion. Therefore 454.6 is taken as the base and the answer is 
454.6 X a = 45.46 gr. This amount is dissolved in suffi- 


cient water to make 1 fl. oz. of solution. 


2. How much phenol is required for a 2-fl. oz. solu- 
tion of 38% phenol in glycerin? 


2 fl. oz. 2 xX 454.6 = 
% = Koo X 909.2 = 


909.2 gr. 

70 27.28 gr. 
27.3 gr. of phenol are dissolved in sufficient glycerin 
to make 2 fl. oz. 


Il ll 


It should be emphasized that the percentage of solute is still 
calculated from 454.6 grains (the weight of one fluidounce of 
water), for this is the only way in which solutions of supposedly 
identical percentage strength, prepared according to the metric 
and apothecaries system, would be identical in composition. 
The specific gravities of various solvents are not required for the 
calculation. 


_ 8. How many grains of potassium permanganate 

are required to make 3 fl. oz. of a stock solution, one 
teaspoonful of which makes a 13500 solution when 
diluted to 1 pint. 


First find how many grains a 1—-3500 solution contains. 


1 pint weighs 454.6 * 16 = 7274 gr. 
1-3500 = 4500 X 7274 = 2.078 gr. 


Then 1 fl. dr. of stock solution contains 2.078 gr. 
-. 8 fl. oz. contain 3 X 8 X 2.078 = 50 gr. 


4. How much isotonic solution of sodium chloride 
can be made from 1% oz. av. of NaCl? Express in fl. oz. 
1 fl. oz. of 0.9% solution contains %o99 X 454.6 = 4.091 gr. 


1 oz. av. contains 14g X 437.5 = 218.75 gr. 
ithenet,09n ; 1 +: 218.75 : X 


xa Be = 53.47 fl. oz. of solution. 


Weight in weight percentages—This type of problem 
is very seldom seen in the dispensing laboratory, but is 


useful in other work. The specific gravity of the 
finished solution must be considered in some of the 
problems. If a weight in weight solution is requested 
on a prescription then both the solute and solvent must 
be weighed, or the solvent may be measured if the Sp. 
er. is taken into consideration. 

1. What weights of solute and solvent are required 
to make 2 oz. av. of a 3% w/w solution of potassium 
hydroxide in 90% alcohol? 


2 02. av. = 2 X 4387.5 = 875 gr. 
Weight of KOH = 3% of 875 = 26.25 gr. 
Weight of Aleohol = 97% of 875 = 848.75 gr. 


2. What weight of NH,Br is required to make 6 fi. 
oz. of a 28% w/w aqueous solution? The Sp. gr. of 
the solution is 1.1753. 


Gl o7— 0px 45456 <li 7535— 3206 er, 
Weight of NH4Br = 28% of 3206 = 898 gr. 


This weight may be converted into avoirdupois or apothecarries 
units. 


3. Boric acid is soluble 1 in 18 of water at 25° C. 
What is the percentage strength, w/w, of a saturated 
solution? 


1 Gm. of acid + 18 ce. of water make a saturated solution. 
18 cc. of water weigh 18 Gm. .. Total weight = 19 Gm. 
.. Amount of boric acid present = 9 or 5.26% w/w. 


4. What weight of a 10% trituration of strychnine 
sulfate is used to make 36 pills, each containing 149 
grain of the salt? 


36 pills contain 386 X 49 = \% grain of strychnine sulfate. 
1 grain of strychnine is contained in 10 grains of the trituration 
*. 14 grain of strychnine is contained in 10 X 44 = 5 grains. 


Volume in volume percentages—This type of problem 
is very simple. A direct calculation of percentage from 
the total volume is made, neglecting shght shrinkages 
which may occur and making up to the desired volume 
with the diluent. 

1. How much tineture of benzoin is used to make 
6 fl. oz. of a hand lotion containing 0.5% v/v? 


6 fl. oz. 6 X 480 = 2880 min. 
0.5% = Xoo00 X 2800 = 14.40 min. 


Then 14.4 min. is placed in sufficient lotion to make 6 fl. oz. 


2. How much 90% alcohol is required for 12 fl. oz. 
of 10% alcohol? In v/v percentages, percentage is 
directly proportional to volume. 


LOR ale 
90 
Then to 1% fl. oz. of 90% alcohol add sufficient water to make 


12 fl.oz. The above is obvious, for 90% of X must equal 10% of 
12. 


ee OOe  Oseeel 2ee kc Or AG — 1 wal, OA, 


The Department of Internal Revenue calculates the 
strength of alcohol by means of proof degrees. 100 
proof spirit contains 50% absolute alcohol. Thus 2 
proof degrees equals 1% absolute alcohol content. 
One proof gallon is 1 gallon of 50% by volume of abso- 
lute alcohol at 15.56° C. (60° F.). The term ‘‘10 de- 
grees under proof” signifies that 100 volumes of the 
spirit contain 80 volumes of proof spirit and the term 
“30 degrees over proof’ indicates that 100 volumes 
diluted with water yields 130 volumes of proof spirit. 


Problems 


1. What is the percentage strength, weight in 
weight, of a liquid made by dissolving 16 Gm. of 
potassium chlorate in 1 fl. oz. of water? ; 
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2. How much silver nitrate will be required to pre- 
pare 1 fl. oz. of a 2.5% solution? 

3. What is the percentage, weight in weight, of 
sugar in a syrup made by dissolving 5 lb. of sugar in 
8 lb. of water? 

4. Write formulas for the following solutions to be 
used as prescriptions. 

(a) 500 ec. of a 0.5% aqueous solution of sodium 

bromide. 

(b) 4 fl. oz. of a 12.5% aqueous solution of sodium 

bromide. 

5. Write formulas for the following solutions to be 
used as prescriptions. 

(a) 4 fl. oz. of a 1% aqueous solution of silver ni- 

trate. 

(b) 1 liter of A 2.5% aqueous solution of silver ni- 

trate. 

(c) 2 fl. oz. of a 4% solution of salicylic acid in 
alcohol. 

6. What is the percentage strength of a salt solution, 
obtained by diluting 200 Gm. of a 10% solution to 300 
Gm.? 

7. Write a formula for 250 ce. of a solution of silver 
nitrate of such strength that 5 cc. diluted to a liter 
constitutes a 1-2500 solution. 

8. To what weight should 5 Kgm. of alcohol (95%) 
be diluted to make an alcohol of 50%. 

9. How many pounds of 67% nitric acid are re- 
quired to make 40 Ibs. of 10% nitric acid? 

10. To how many fluidounces must a liter of aleohol 
(Sp. gr. 0.835; strength 85% by weight) be diluted in 
order to make 62% w/w alcohol having a Sp. gr. of 
0.89? 

11. Write a formula for a liter of a 1-2500 solution 
of silver nitrate in water. 

12. U.S. P. formaldehyde solution contains 37% 
of absolute formaldehyde. Write a formula for 1 pt. 
of an aqueous solution containing 2.5% of absolute 
formaldehyde. (Gases are expressed as w/v.) 

13. Write a formula for 4 fl. oz. of a concentrated 
solution of potassium permanganate of such strength 
that 1 fl. dr. diluted with water to make a pint, con- 
stitutes a 1-1000 solution. 

14. How many grains of mercuric chloride are re- 
quired to make 2 liters of a 1-1200 solution? 

15. A pharmacist bought 40 gal. of 190 proof alco- 
hol. What was the actual volume of ethanol? (Use 
the U.S. P. aleoholometric tables.) 

16. What volume of U. 8. P. alcohol is present in 
50 gallons of 170 proof spirit? 


STOCK SOLUTIONS 


In order to facilitate the dispensing of certain soluble 
substances, the pharmacist frequently prepares stock 
solutions of known concentration. This procedure 
is satisfactory if the substances are stable in solution or 
if the solutions are to be used before they can undergo 
decomposition. 

In the case of potent substances, a properly prepared 
stock solution permits the pharmacist to obtain ac- 
curately a quantity which might otherwise be difficult 
to weigh, while in the case of many frequently pre- 
scribed salts, a stock solution readily provides the requi- 
site amount of salt without the necessity of either 
weighing or dissolving it and possibly also eliminates 
filtration of the subsequent solution. 

Thus stock solutions may be made of various con- 
centrations depending upon the requirements in the 
particular case. They should be specifically labeled 


and fractionate parts may also be listed as a further 
convenience, thus typical concentrations might be: 


Syl Fs (ark, yorex 
{51 =" er x 
Wh SS fae, i 
my30 p= ores 
m 20 = ger. % 
m 15 = gr Y 
mi10= gr. 
100 ce. =) Gm: 
Jee. = Lime: 


SPECIFIC GRAVITY 
Specific gravity is discussed in Chapter VI. 


Rules 


1. The U.S. P. XII states: “Except where other- 
wise stated the specific gravity basis of this Pharma- 
fe} 


copoeia is Oe (apparent), 7. e., the ratio of the ap- 


parent weight of a substance in air at 25° C. to that of 
an equal volume of distilled water at the same tempera- 
ture.”’ 

2. To find the volume of a substance, first divide 
its weight in air by its specific gravity. This gives the 
weight of an equal volume of water. Then, to find this 
volume, divide by the proper equivalents. 

3. To find the weight of a substance multiply its 
volume by the correct equivalent to give the weight 
of this volume of water, then multiply by the specific 
gravity of the substance. 


(a) Fluidounces X 454.6 X Sp. gr. = 
grains. 

(b) Minims X 0.95 X Sp. gr. 

(c) Cubic centimeters X 1 X Sp. gr. = 
grams. 


weight in 


= weight in grains. 
weight in 


Examples 
1. A certain bottle holds 320 Gm. of water or 280 
Gm. of an oil. What is the specific gravity of the oil? 


weight of substance 280 0.875 
~ weight of an equal volume of water _ mcs? 


2. A pharmacist weighs out 2 lbs. av. of glycerin, 
Sp. gr. 1.25. What volume does he have? 
2 Ibs. av. = 2 X 7000 = 14,000 gr. 
weight 14,000 


Weight of an equal volume of water = Sp. er, | esa 
11,200 gr. 


But 1 fl. oz. of water weighs 454.6 gr. 


11,200 3 
354.6 fl. oz. = 24.64 fi. oz. 


1 fl. oz. contains 480 min. 
“. 0.64 fl. oz. = 0.64 X 480 = 307 min. 
*. the volume of glycerin = 1 pt. 8 fl. oz. 307 min. 


.. the volume = 


3. A piece of iron weighs 6.60 Gm. in air. Sus- 
pended in water it weighs 5.20 Gm. What is the spe- 
cific gravity of the metal? 


weight of the solid in air Hts 


weight of an equal volume of water _ 
6.60 
% 


The loss of weight in water = the weight of an equal volume of 


Sp. Gr. (of a solid) = 


water. The loss of weight in water is: 6.60 Gm. — 5.20 Gm. 
or 1.40 Gm. 
Be 60) 
Sp fait ES T.40 = 4.71 


4. A crystal of copper sulfate weighs 5.760 Gm. in 
air. Suspended in turpentine oil, having a Sp. gr. 
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of 0.860, it weighs 3.080 Gm. 
gravity of the crystal? 

Substances which are soluble in water, copper sulfate 
erystals for instance, are weighed in a liquid in which 
they are insoluble, such as turpentine oil, and the 
specific gravity of this liquid is used to calculate the 
weight of an equal volume of water. 


What is the specific 


Weight of the crystal in air = 5.760 Gm. 
Weight of the crystal in oil of turpentine = 3.080 Gm. 


Loss in weight ip oil of turpentine 2.680 Gm. 


The loss of weight in turpentine = the weight of an equal 
peice of turpentine. But the specific gravity of turpentine is 


The weight of an equal volume of water = pa = 3.116 Gm. 


weight of crystal in air 
weight of an equal volume of water 
5.760 


a 3.116 = 1.849. 


Thus the Sp. gr. = 


5. What is the avoirdupois weight of 7 fl. oz. of 
fennel oil of Sp. gr. 0.9624? 


7 fl. oz. of water weigh 7 < 454.6 = 3182.2 gr. 
Then the weight of fennel oil = 3182.2 « 0.9624 = 3062.5 er. 
= 7 OZ. av. 


6. Calculate the weight in grains of 1 pt., 1 fl. oz. 
4 fl. dr. of sulfuric acid, Sp. gr. 1.8. 


454.6 number of fl. oz. X Sp. gr. = weight in grains 
iegieietor, 4 fl. dr. = 17.5 fl. oz. 
454.6 X 17.5 X 1.8 = 14,319.9 ger. 


(The answer may be resolved into higher units if desired. 
Since the avoirdupois grain and the apothecaries are identical, 
units of either system may be calculated from the above answer.) 


Problems 

1. An iron bottle holds 75 lbs. of mercury but only 
5.533 lbs. of water. What is the specific gravity of the 
mercury? 

2. A pyenometer (specific gravity bottle) holds 50 


Gm. of water or 74.25 Gm. of chloroform. What is 
the specific gravity of the chloroform? 
3. A certain bottle weighs 31.44 Gm.; filled with 


water it weighs 80.92 Gm.; filled with glycerin it 
weighs 93.40 Gm. What is the specific gravity of the 
glycerin? 

4. What is the specific gravity of an oil, 1 oz. av. 
of which measures exactly 1 fl. oz.? 

5. What is the specific gravity of a liquid, 1 Ib. av. 
of which measures 1 pt.? 

6. A piece of metal weighs 5.440 Gm. in air; sus- 
pended in water it weighs 4.304 Gm. What is the 
_ specific gravity of the metal? 

7. A crystal of alum weighs 5.736 Gm. in air and 
2.850 Gm. when suspended in turpentine oil having 
Sp. gr. 0.855. What is the specific gravity of the alum 
crystal? 

8. The weight of 10 cc. of a certain liquid is 195 gr. 
What is its specific gravity? 

9. What is the weight in grams of 725 cc. of alcohol 
(Sp. gr. 0.816)? 

10. What is the weight in grams of 1 liter of ether 
(Sp. gr. 0.718)? 

11. What is the weight in grains of 12.5 fl. oz. of 
mercury (Sp. gr. 13.5)? 

12. Calculate the weight in avoirdupois pounds of 
50 gal. of alcohol (Sp. gr. 0.816). 

18. 12.75 Gm. of potassium iodide dissolve in 10 ce. 
of water, the solution measuring 15.1 cc. What is the 
specific gravity of the solution? 


14. What is the weight in grains of 1 pt. of gasoline 
(Sp. gr. 0.684)? 

15. Calculate the weight in grams of 5 pt. of am- 
monia water (Sp. gr. 0.955). 

16. What is the weight in grains of 240 min. of 
chloroform (Sp. gr. 1.48)? 

17. What is the weight in grams of 900 min. of 
ether (Sp. gr. 0.718)? 


HYDROMETERS 
The many types of hydrometers and their uses are 
discussed under Specific Gravity in Chapter VI. The 
commonest form of hydrometer is the Baumé instru- 
ment. This is manufactured in two forms, namely, for 
liquids heavier than water and for liquids lighter than 
water, each marked in degrees. 


Rules 
1. For liquids lighter than water. 


140 
Sp. gr. = 140 + (1380 + °B.) and °B. = — 130 at 
Sp. gr. 
1526) Oa (G0asE.) 
2. For liquids heavier than water: 
145 
Sp. gr. = 145 + (145 — °B.) and °B. = 145 — at 
Sp. gr. 


152 Ge Ca(GOeeE:) 


Examples 

1. U.S. P. sulfuric acid gives a reading of 66° 
Baumé. What is its specific gravity? 

This will be the reading on the heavier than water scale. 


145 145 
Therefore Sp. gr. = = = 
145 — 66 79 
2. Linseed Oil has a Sp. gr. of 0.930 at 15.6° C. 
What is the reading on the Baumé scale? 


1.835 


The reading will be taken on a lighter than water scale. 


140 


0.930 ~ 130 = 150.5 — 130 = 20.5°. 


Degrees Baumé = 


Problems 


1. Reduce to specific gravity the following degrees 
Baumé on the lighter than water scale: (a) 15 degrees 
Baumé; (6) 30 degrees Baumé; (c) 55 degrees Baumé. 

2. Reduce to specific gravity the following degrees 
Baumé on the heavier than water scale: (a) 25 degrees 
Baumé; (b) 40 degrees Baumé; (c) 55 degrees Baumé. 

3. 25 Gm. of a solid loses in weight 6.5 Gm. when 
immersed in a liquid. If the Sp. gr. of the solid is 3.25, 
what is the reading of the liquid on the Baumé scale? 

4. What is the volume in cc. of 1000 grains of a 
liquid with a reading of 65° on the Baumé scale for 
liquids lighter than water? 


SPECIFIC VOLUME 
Specific Volume is discussed in Chapter VI. 


Rules 


1. The specific volume of a body is found by dividing 
its volume by the volume of an equal weight of water. 
2. The specific volume of a body is the reciprocal of 
its specific gravity. 
3. To find the volume of a substance multiply the 
volume of an equal weight of water by the specific 
volume of the substance. 
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4. To find the weight of a body divide its volume 
by its specific volume to find the volume of an equal 
weight of water and then, using suitable equivalents, 
convert the volume of water found to weight. 

1 


(a) Fluid ounces X Sparel < 454.6 = weight in grains. 


(b) Minims X oe < 0.95 = weight in grains. 


(c) Cubie centimeters < g xX 1 = weight in grams. 
Le, 


p. vol. 
Examples 
1. 100 cc. of an oil weighs 92 Gm. Find the specific 
volume. 
Spavole volume of body 100. _ 1.087 


volume of an equal weight of water 92.00 


2. Find the weight of 100 cc. of an oil of Sp. vol. 
1.087. 


The volume of an equal weight of water = Ue 92 ce. 


1.087 
Then weight = 92 X 1 = 92 Gm. 


3. The specific volume of a solid is 44. It weighs 


6 Gm. What is its volume? 


The volume of an equal weight of water = ° = 6 ce. 


Then the volume of the solid = 6 X ; DAK 


4. What is the weight of f3ii f3vi of a liquid of 
specific volume 1.2? 


{$i f3vi = 2.75 fl. oz. 


Then weight in grains = 2.75 X = X 454.6 = 104 grains. 


Problems 


1. <A certain weight of oil measures 75 cc. The 
same weight of water measures 55 ec. What is the 
specific volume of the oil? 

2. Chloroform has a Sp. gr. of 1.48. 
specific volume? 

4. Glycerin has a Sp. gr. of 1.25. What is its spe- 
cific volume? 

4. Sulfuric acid has a Sp. vol. of 0.554. What is 
its specific gravity? 

5. Glycerin has a Sp. vol. of 0.802. What is its 
specific gravity? 


What is its 


THERMOMETERS 


Thermometers are discussed in Chapter VIII. 


Rules 
1. The relationship of Centigrade to Fahrenheit is 


(degrees F. — 32) + 1.8 or 56(° F. — 32 


Degrees C. ) 
(degrees C. X 1.8) + 32 or (°C. X %)+ 32 


Degrees F. = 


2. The relationship of Centigrade to Reaumur is: 


Degrees C. = degrees R. + 0.8 
Degrees R. = degrees C. X 0.8 


3. The relationship of Fahrenheit to Reaumur is: 


(degrees R. X 2.25) + 32 
(degrees F, — 32) + 2.25 


Degrees F. = 
Degrees R. = 


Examples 
1. Convert 10° Centigrade into degrees Fahrenheit. 
Degrees F. = (10 X 1.8) + 32 = 18 + 32 = 50° F. 


2. Convert 72° Fahrenheit into degrees Reaumur. 
Degrees R. = (77 — 82) + 2.25 = 45 + 2.25 = 20° F. 


Problems 


1. Convert: (a) 380 degrees C.' into degrees F.; 
(b) 100 degrees C. into degrees F.; (c) —40 degrees C. 
into degrees F. 

2. Convert: (a) 32 degrees F. into degrees C.; 
(b) 100 degrees F. into degrees C.; (c) 98.4 degrees F. 
into degrees C. 

3. Convert: (a) 20 degrees R. 
(b) 100 degrees C. into degrees R. 

4. Convert: (a) 212 degrees F. into degrees R.; 
(b) 0 degrees R. into degrees F. 


into degrees C.; 


REDUCING AND ENLARGING FORMULAS 


Rules 


1. Sum up the total weight or volume of the in- 
gredients and convert, if necessary, to the same units 
as those of the quantity desired. Then these two quan- 
tities will be in the same ratio as the individual quanti- 
ties in the original and new formulas. 

2. For formulas in the Metric system, to divide or 
multiply by a power of ten, move the decimal place 
to the left or right the required number of places, for 
each ingredient. 


Examples 


1. Calculate a formula for a gallon of the following 
liquid: 


Gly: cerin' 3). nee eee ay ah, cole 
Henol! 2veae eels wyeGas eA ee i Sule Clr: 
Water, sufficient to make.......... 4 fl. oz 


The formula as written calls for 4 fl.oz. The quantity wanted 
is a gallon, or 128 fl.oz. The ratio between 128 and 4 is 32 to 1. 
The new formula is 32 times as large as the old one, therefore 
each quantity is multiphed by 32. 


Glycerine eee 3 fdr. < 32)— 96 i. drsor lamers 
Phenol + seer ere Wy drs <0 327 = 32 drone aneoze 
Water, sufficient to make 4 fl. oz. X 32 = 128 fl. oz. or 1 gal. 


2. The formula for Hydriodic Acid Syrup is as 
follows: 


Diluted Hydriodic Acid.......... 140 ce 
Sucrose hate = ee Ope: 450 Gm 
Distilled Water, sufficient to make 1000 ec. 


(a) To find the quantities required for 100 cc. draw a line to 
the left of the ciphers thus: 


14/0 14 ce. 
45 | 0 gives the quantities 45 Gm. 
100 | 0 100 ce. 


(b) To find the quantities required for 60 cc. find the ratio as 
in example 1. 


The new formula is it or 0.6 of that for 100 cc. 


100 
ONG <a Aes ce 
O56 << 2h SS 2. Cia 
OnGES<a1LO0S—= 60 F0Rcc: 


3. Caleulate a formula for’ 100 Gm. of antiseptic 
powder prepared as follows: 
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Sts -orta ds URCHIN Os GAR RN 2G 

‘TE miata 0) lea as 2 ey Aer) eae ae 1 es 

Sods Benzoateese coon oa lee 7 Gm. 

MOA MCV ben, ert Giclee w.. 25 Gm 

NINO ARE a SS ota Vata ones ee 115 Gm 
150 Gm 

LOO 2 
100 Gm. is 50° 3 of 150 Gm. 


Fach ingredient must be multiplied by 24 so that there will be 
100 Gm. of finished product instead of 150 Gm. 


phenol. ..... 2Gm.xX %= 114%Gm 
ainvanolle =... Cm < 245 — 24 Gm 
Sod. Benzoate 7Gm. X %= 4% Gm. 
Sod. Salicylate 25 Gm. x 4= 1624 Gm. 
Alums es. LisiGm. x 26 = 7624Gm. 

150 Gm. 100 Gm. 


4. The formula for Surgical Merbromin Solution 
is as follows: 


MVerOCOUMM foe As esls nar ewsce ss 20 Gm 
RV Chinen tyes el cates co Ae a ee 350 ce. 
ENG HOMCMP On Id os techie et eee 100 ce 
Neutralized Alcohol, a sufficient 

Guamiby tommakes.c.. sss a1 1000 ce. 


Find the quantities required for f3 ii of solution. 
The simplest method is to convert the quantities to percentage 
because some are weighed and some are measured. 


20 Gm. = 2% weight in volume = <2 « 454.6 = 18.2 gr. 


100 
1 Gm. = 0.1% weight in volume = W{o00 X 2 X 454.6 = 0.9 gr. 
300 cc. = 35% volume in volume = 2?%o99 X 2 X 480 = 336. m 
100 ce. = 10% volume in volume = 1%o9 X 2 XK 480 = 96.0 


Alcohol sufficient to make 2 fl. oz. 
Problems 


1. Calculate the formula for 1 qt. of liquid petro- 
Jatum emulsion U.S. P. 

2. Calculate the formula for 1 gal. of isotonic three 
chlorides solution U.S. P. 

3. How much Potassium Arsenite Solution is 
required for an 8-fl. oz. mixture, so that the patient 
will receive 449 gr. of arsenic in each fl. dr.? What 
quantity of each ingredient is represented? 

4, The formula for an emulsion of castor oil is as 
follows: 


‘Compton ONE pe a oeho een eto 385s ee.. 
ENCED, 3 oo Ronn Ne eepettar 97) Gms 
meincture of Vanilla. ........... 22), CC. 
NLU OM R ENTE Role: cite oe etctacs neces ae 20 ce 


Water, sufficient to make....... 100 ce. 


Calculate quantities for: (a) 2 gallons, (6) 4 fl. oz., 
{c) 2500 ec., (d) 1 liter, (e) 1 pint. 
5. Following is a formula for an ointment: 


Mihvanollodide..s.'... an «.-- 1 drachm 
Oliva OME Sas Sener et olicrae mearaices 30 minims 
Will TERA ie erate ieee sion eee See Be 2 drachms 
Petrolatum, sufficient to make.. 1 ounce 


Calculate quantities for: (a) 500 Gm., (6) 2 pounds 
(avoirdupois), (c) 2 pounds (apothecaries). 


CALCULATION OF DOSES 
Rules 


1. To calculate doses for children, three rules may 
be used. Young’s Rule is almost universally used. 


(a) Young’s Rule: 
Age 


aN ———  X adult dose = child dose 
: Age + 12 


(b) Cowling’s Rule: 
Age next birthday 


< adult dose = child dose 
24 


(c) Clark’s Rule: 
Weight of child 
150 


< adult dose = child dose 


2. To find the amount of an ingredient per dose in a 
prescription, divide the total amount of ingredient by 
the number of doses. 

3. The total amount of an ingredient used in a pre- 
scription is obtained by multiplying the amount given 
per dose by the total number of doses. 

4. Children are more susceptible than adults to 
certain drugs, e.g., morphine. Doses for infants should 
be learned, not calculated. 


Examples 


1. The adult dose of salol is 5 gr. 
for a three-year-old child? 


What is the dose 


Calculating by Young’s Rule: 


3 3 i 
3 i a ee 
2. The adult dose of phenobarbital is 4 gr. 

is the dose for a two-year-old child? 


Child dose = 


What 


Calculating by Cowling’s Rule: 


Child dose = a x 5 = 4¢ grain 


3. Calculate the dose for each ingredient in the 
following prescription: 


IAT SET CML riOXd 0 Chee rete aera 1 grain 
Strychnine Sulfate............. 24 grain 
Tincture of Ferric Chloride. ..... 7) Tak, ue. 
LNgamenste WAR, GEEKS soo oo ouos 6 fl. oz. 


Number of doses in 6 fl. oz. = 6 X 8 or 48 fl. dr. (teaspoonfuls). 
By dividing each ingredient quantity by 48 the answer is ob- 
tained. For example, the dose of strychnine is: 


1 1 ' 
7% + 48 = 7% X Ze = zo Brain 


4. How much of each ingredient is used in filling the 
following prescription? 


EPH VOSCH an eter ate hearer m™ vilss 
Poti Git eehe ena Oe ree er: hae 

Rote Bromic:. pei err eerie ee fats AY 

Hix Pepsink © Onl serene ™m Xx 

AG RD est ow Gussie ricctcite teaehtens al 

IMEECe Sole Niitiew ee eee 3 ili 

Sivec 126 1 tell, jee, 
There are 3 X 8 = 24 fl. dr. = 24 doses. Therefore the 


amount of each ingredient per dose must be multiplied by 24 as 
follows: 


Tr. Hyose.. Ue tear, SK PE Sh anil 
IRoteC item: LORI or eA — ae eniiy, 
I2toywJengevetGl ooo BY far, SX BESS ey mh 
Elix. Pepsin. 
Compie- nee 20 9 mints 240s 
Problems 


1. Calculate the dose for each ingredient in the 
following prescription: : 
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Arsenic rioxide..... .asnee 1 grain 
Strychnine Sulfate.......... 28 grain 
Phenolphthalein.:........... 30 grains 
Mass of Ferrous Carbonate... 2 drachms 


Mix and make into 60 pills. 


2. Calculate the dose of each ingredient in the fol- 
lowing prescription: 


Codeine: Sulfaiteee 5) eeerte 0.5 Gm. 

Ammonium Chloride......... 8.0 Gm. 

Brown (Mixtures 1 eee 240.0 ce. 
M. Ft. Sol. 


Sig: 1 teaspoonful every 4 hours. 


Give the answer in metric units and apothecaries 
units. < 

3. An 8-fl. oz. prescription contains 6 fl. dr. of 
hyoscyamus tincture. If 1 fl. dr. is taken four times 
a day, how much tincture is taken daily? 

4. A 4-fl. oz. prescription contains 11% fl. dr. of a 
1% solution of arsenic. How much arsenic is con- 
tained in a 1-fl. dr. dose? 

5. A trituration contains 5 grains of strychnine 
sulfate in 100 grains. How much of the trituration is 
required to fill a prescription for 24 pills, each to con- 
tain léo gr.? 

6. How much iodine is contained in a 5-minim dose 
of Strong Iodine Solution? 

7. How many 5-minim doses are contained in 15 ce. 
of a solution? 

8. How much of a 1-50 solution of strychnine sul- 
fate is used to make a 16-oz. mixture containing 149 
gr. of the salt in each fluidrachm? 

9. Calculate the dose of acetophenetidine, by the 
three methods, for a five-year-old child. The adult 
dose is 5 grains. 

10. One mg. of U. S. P. Zine-Insulin Crystals 
Reference Standard equals 22.5 U. 8. P. Units. How 
many gammas are required to obtain 1 Unit? 


ALLIGATION 


Alligation is a rapid method of calculation which is 
very useful to the pharmacist. The name is derived 
from the Latin words ad (to) and ligo (bind), meaning 
to bind together, and refers to lines drawn, during the 
calculations, to bind quantities together. 

In pharmacy both alligation medial and alligation 
alternate are used. 


Alligation Medial 


Alligation Medial is used to find the percentage 
strengthofa mixture of substances of different strengths, 
the specific gravity of a mixture of substances of dif- 
ferent densities, or the answers to problems of a similar 
nature. 


Rules 


1. The sum of the products of a series of quantities 
and their respective values equals the product of the 
desired value and the sum of the quantities. For ex- 
ample, the sum of the products, obtained by multi- 
plying the individual weights of a series of substances 
by their corresponding percentages, is equal to the 
product obtained by multiplying the total weight by 
the resulting percentage. 

2. The different quantities must be expressed in the 
same units of weight or volume; in specific gravity prob- 
lems the quantities must always be in volume because 
specific gravity expresses the ratio of weight to volume. 


Examples 


1. A pharmacist mixes together 5 Ibs. of 11% 
powdered opium, 4 lbs. of 12.5% powdered opium, and 
10 lbs. of 9% powdered opium. What is the percent- 
age strength of the mixture? 

5 Ibs. of 11 % opium 


4 lbs. of 12.5% opium 
10 lbs. of 9 % opium 


55 lbs. of 1% opium 
50 lbs. of 1% opium 
90 lbs. of 1% opium 


19 lbs. is equivalent to 195 Ibs. of 1% opium 


Since 19 X X% = x 1% 
“X= 19579 X1 = 10.26% 


2. What would be the specific gravity of a mixture 


of 150 Gm. of ether, Sp. gr. 0.710 and 250 Gm. of 
chloroform, Sp. gr. 1.480? 


All quantities must be reduced to volume. 


150 
4 — ae 
150 Gm. of ether = 0-710 = 211 ce. 


250 Gm. of Chloroform = = 169 ce. 


1.48 
Zl ices of Sp. gta On l0l—=l50leenon peor 
169 cc. of Sp. gr. 1.48 = 250 cc. of Sp. gr. 1 


380 ec. is equivalent to 


380 x X = 400 x 1 
X = 400659 = 1.05 


400 cc. of Sp. gr. 1 


Problems 


1. What per cent of alkaloids is contained in a ship- 
ment of powdered hyoscyamus consisting of 5 Ibs. of 
the drug containing 0.038% of alkaloids mixed with 10 
Ibs. containing 0.043% of alkaloids? 

2. What is the strength of the mixture produced by 
combining the following lots of alcohol: 2 liters of 
95% alcohol, 2 gal. of 50% alcohol, and 7 pt. of 60% 
alcohol. 

3. What is the per cent of resin content in the 
following mixture: 25 lbs. of 38% podophyllin, 3 
Klos 2.5% podophyllin, 12 lbs. 4.2% podophyllin? 

4. What would be the specific gravity of a mixture 
of 1 pt. of glycerin (Sp. gr. 1.248) and 1 lb. of water? 

5. What would be the specific gravity of a mixture of 
1 gal. of alcohol of Sp. gr. 0.816 and 1 gal. of alcohol of 
Sp. gr. 0.920? 


Alligation Alternate 


Alligation Alternate is used to find the proportion in 
which substances of different percentages, specific 
gravities, etc., must be mixed in order to yield a mixture 
of desired percentage, specific gravity, etc. When the 
proportion is found, the calculation may then be carried 
further to find the exact amounts of the substances re- 
quired. 


Rules 

1. A substance with a higher value than that re- 
quired is always bound to one with a lower value. 

2. The gain in value of one substance balances the 
loss in value of another. 

3. Depending on how the units are linked, more than 
one correct answer may be obtained. 


Examples 


1. In what proportion must, opium containing 10.0% 
of morphine be mixed with 15% opium to produce — 
opium of 12% morphine strength? 
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The weaker opium is 2% too weak. The stronger opium is 
3% too strong. Therefore the excess in strength of 3 parts of 
the stronger will just balance the deficiency of 2 parts of the 
weaker drug. 

Set the problem up in this manner: 


10% 12% 15% 
= | 
3 2 


The desired per cent is placed in the middle, the lower per- 
centages are placed to one side and the higher to the other. A 
higher percentage is bound to a lower one. The figure obtained 
by subtracting 10% from 12% is placed against the 15%, and 
that obtained by subtracting the 12% from 15% placed against 
the 10%. 

Then 2 parts of 15% opium mixed with 3 parts of 10% opium 
will produce an opium of the desired strength. 


2. In what proportion must 30% alcohol, 45% 
alcohol, 60% alcohol, and 95% alcohol be mixed to make 
alcohol of 50% strength? 


Set the problem up thus: 


30% 45% 50% 60% 95% 
10 5 | 
zal| 
45 20 


Then 45 parts of 30% alcohol, 10 parts of 45% alcohol, 5 parts 
of 60% alcohol, and 20 parts of 95% alcohol mixed together 
produce a 50% alcohol. By linking 30 to 60 and 45 to 95, the 
answer is 10 parts of 30% alcohol, 45 parts of 45% alcohol, 20 
parts of 60% alcohol, and 5 parts of 90% alcohol. 

The above answers can be checked by medial alligation: 


10 parts of 30% alcohol = 300 parts of 1% alcohol 
20 parts of 60% alcohol = 1200 parts of 1% alcohol 
45 parts of 45% alcohol = 2025 parts of 1% alcohol 

5 parts of 95% alcohol = 475 parts of 1% alcohol 


80 parts of 50% alcohol = 4000 parts of 1% alcohol 


3. How much opium containing 12% morphine, 
how much containing 14% morphine, and how much 
lactose must be added to 250 Gm. of opium of 9% 
strength to have a product containing 10% of mor- 
phine? 

Solution: Let the lactose contain 0% morphine. 

0% 9% 10% 14% 
4 1 
2 1053 


Thus we require 2 parts of lactose, 1 part of the 14% product, 
10 parts of the 12% product, and 4 parts of the 9% product, 
which is equal to 250 Gm. 

Then proceed by proportion: 


12% 


4 10 250 X = 625 Gm. 

4 2 250 X =125 Gm. 

4 1 250 xX = 62.5 Gm. 
Problems 


1. How much opium of 12% morphine content, 
and how much opium of 16% morphine content must 
be used to make 25 lbs. of a product having a morphine 
content of 12.5%? 

2. How must the following batches of powdered 
opium be mixed in order to secure a 15% product, 
five lots containing, respectively, 7.5%, 9%, 10%, 14% 
and 15% of morphine? 

3. In what proportion should 95% alcohol, 50% 
alcohol, and water be mixed to make an alcohol of 35% 
strength? 

Note: The water may be considered as 0% alcohol. 
_ 4, In what proportion should powdered opium, 
containing 12% of morphine, powdered opium of 15% 
_ strength, and lactose, be mixed to make a 12.5% opium? 
cS . = A 


5 a 


5. In what proportion must mineral oil (Sp. gr. 
0.812) be mixed with mineral oil (Sp. gr. 0.845) to make 
a product having a Sp. gr. of 0.825? 

6. How many grams of 28% ammonia water should 
be added to 1 Kgm. of 10% ammonia water to produce 
a 15% ammonia water? 

7. The following lots of solution of ammonium 
chloride are mixed together: 200 Gm. of a 5% solu- 
tion, 500 Gm. of a 1.5% solution, and 250 Gm. of a 4% 
solution. How much of the salt (100%) must be dis- 
solved in the above mixture to increase its strength to 
5%? All percentages are w/w. 

8. Three lots of powdered kola of the following 
alkaloidal content are mixed together: 1.28%, 1.45%, 
and 2%. How much of each need be used to produce 
10 Ibs. of the finished mixture? 

9. How many grams of nitric acid of 68% strength 
must be added to 1 Kgm. of dilute acid (10%) to make 
a 40% product? 


PROBLEMS IN PHARMACEUTICAL CHEMISTRY 


The student must thoroughly understand the prin- 
ciple of organic and inorganic chemistry as discussed 
in Parts IV and V before attempting to study this 
section. Each type of problem will be treated under a 
separate heading. 


Calculation of Molecular Weight 
Rule 


The molecular weight of a substance is equal to the 
sum of the weights of the atoms contained in the mole- 
cules. 


Example 
Find the molecular weight of chloroform (CHCl). 


Weight = (1 X 12.00) + (1 X 1.0078) + (3 X 35.457) = 
119.39. 
Problems 
Find the molecular weight of : 
iL, Phenobarbital (CisHi2N.20s). 


2). Merbromin (CeoHsO eBreNasHg.3H.0). 
3. Pamaquine Naphthoate (C42H4;N30,). 


The table of atomic weights will be found on page 
324. 


Calculation of Percentage Composition 


Rule 


1. Divide the atomic weight of the radical by the 
molecular weight of the compound and multiply by 100 
to obtain the percentage of the radical present. 

2. To obtain the actual weight of radical present 
multiply the weight of the substance by the percentage 
of the radical present. 


Examples 


1. Calculate the percentage composition of po- 
tassium chlorate (KCIOs). 


The molecular weight is 39.096 + 35.457 + (3 * 16) = 122.5538 


. 39.10 
Percentage of potassium = 129 553 x 100 = 31.91% 
: 35.457 
Percentage of chlorine = 122 553 X 100 = 28.98% 
_ 48.00 m609516% 
Percentage of oxygen = 122 553 < 100) = 100.00% 
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2. If 5 Gm. of KCIO; is weighed out, what amount 
of each constituent is present? 


. 31.91 
31.91% = —— = 


Amount of potassium = 5 X 0. = 1.5955 Gm. 
Amount of chlorine = 5 X 0.28938 = 1.4465 Gm. 
Amount of oxygen = 0X = 1.9580 Gm. 


5.0000 Gm. 


Problems 
1. Calculate the percentage composition of: 


Phenol (C6H 6Q.). 
Phenolphthalein (CgoH 140s). 
Phenobarbital Sodium (C,2H1:N203Na). 


2. What waeht of anhydrous phenobarbital is 
represented by 14 grain of the sodium salt? 

3. What weight of lead is present in 758.70 Gm. of 
lead acetate, (CHsCOO).Pb.3H.20)? 

4. What weight of NaBr will give the same weight 
of bromide ion as 10 Gm. of KBr? 

5. Which gives more iodine per Gm. of salt when 
oxidized, Nal or KI? How much is obtainable from 
15 Gm. of each salt? 


Calculation of Molecular Formulas 


The following information, determined experiment- 
ally, is required for the solution of this type of problem: 
the molecular weight of the compound, the identity 
and atomic weights of the elements, and the proportion 
in which they are present. 


Rule 


First find the amount of molecular weight suppled 
by each element, then divide this amount by the 
atomic weight of the element to find the number of 
atoms present in the molecule. 


Example 


A pure exsiccated salt is found to have the following 
percentage composition: 32.374% sodium, 22.57% 
sulfur, 45.05% oxygen. The molecular weight is 
142.05. What is its molecular formula? 


The amount of 142.05 supplied by sodium = 
142.05 < 0.382375 = 45.99 

The amount of 142.05 supplied by sulfur = 
MeO << OBA Ss SRG 

The amount of 142.05 supplied by oxygen 
142.05 X 0.4505 = 64.00 

.. Number of atoms of sodium = 45.99 + 22.995 

Number of atoms of sulfur = 32.06 + 32.06 

Number of atoms of oxygen = 64 + 16 

The formula is NagSOq4. 


oil 
ee bo 


Problems 


1. The percentage composition of a compound is 
15.39% carbon, 3.23% hydrogen, 81.38% iodine. Its 
molecular weight is 155.96. What is the compound? 

2. A white solid contains 51.38% carbon, 8.68% 
hydrogen, 39.99% nitrogen. Its molecular weight is 
140.13. There is only one known compound with this 
formula. What is it? 

3. A viscous liquid (molecular weight = 176.09) 
contains 39.10% carbon, 8.76% hydrogen, 52.14% 
oxygen. What is it? 

Note: In this type of problem it is helpful to refer 
to the formula index of organic compounds in a Physics 
and Chemistry Handbook. 


Stoichiometry 


Stoichiometry is a method of calculating the exact 
quantities of matter involved in chemical reactions. 
In practice the calculated weights are not employed 
due to the effect of mass action, a phenomenon which 
has an important bearing on many reactions (see under 
Solution and Hydrogen Ion Concentration and pH). 


Rules 


1. The weights of substances taking part in a 
chemical reaction are in the same ratio as the sum of 
their respective atomic weights. 

2. To calculate the weight of one substance required 
to react with a given weight of another, always set up 
the correct equation and use the proportion: the 
weight sought is to the known weight as the molecular 
weight of the former is to the molecular weight of the 
latter. 

3. Always take into consideration the purity of the 
reactants and the percentage yield. 


Examples 


1. A pharmacist requires 4.5 Gm. of salicylie acid 
at once, but discovers he cannot purchase any for 
several days. How much sodium salicylate must he 
react with hydrochloric acid if he recovers 90% of the 
product after purification? 


160.04 138.05 
CeH,.0H.COONa + HCl > CgH4(OH)COOH + NaCl 
X 5. 


If he recovers 90%, then 4.5 Gm. = 907% of product. There- 


fore actual weight required is 4.5 & 19%, = 5.0 Gm. 
5 € 88 -. 1ets.(OK 160.04 
. 5 160.04 e 


2. A pharmacist uses 95% sodium nitrite (Mol. wt. 
69.01) in preparing some spirit of ethyl nitrite by the 
distillation method. If he obtains an 80% yield of 

ethyl nitrite (Mol. wt. 75.05), how much spirit of ethyl 
nitrite does he obtain from 10 Gm. of the salt? 


138.0 
2 CoH;OH + 2 NaNO, + H2SO4 aE 
9.5 


150.10 
. 2 ree =F Na SO4 + 2 H,0 


The weight of absolute NaNO g = 95% of 10 = 9.5 Gm. 
The total weight of CpH;NO, produced = 


150.10 
138.02 yO Gy > 110) 8 (Cain. 
But the yield is only 80% = in >< 10v33)—18264.Gime 
.. Amount of spirit obtainéd = 8.264 & 22 = 181.8 Gm. 


Problems 


1. How much exsiccated alum can be prepared from 
1 lb. av. of ammonium alum? Give results in apothe- 
caries weight. Do not consider purity. 

2. How much potassium iodide and how much 
tartaric acid are required to make 1000 ec. of Diluted 
Hydriodic Acid U. S. P., if the salts are 99% pure 
(Fothergill Process)? 

3. How much lithium salicylate can be obtained 
from 4 oz. av. of lithium carbonate neutralized with 
salicylic acid? The carbonate is 99% pure and the 
yield is 85% of pure lithium salicylate. Give the 
weight in grams. 

4. How much epsom salt 99.5% pure is obtained 
by reacting 100 Ibs. av. of magnesite (90%) with 
sufficient sulfuric acid? The yield of crystals is 87%. 


THE MATHEMATICS OF PHARMACY 83 


5. What weight of pure calcium oxide is required 
to make 1 gal. of calcium hydroxide solution (0.14 Gm. 
- per 100 ce.) if an excess of 2 Gm. remains undissolved? 


Quantitative Analysis 


The theory of quantitative analysis, as applied to 
the assays official in the U.S. P. and N. F., is fully 
discussed under each official chemical. The first step 
in solving pharmaceutical analysis problems is to write 
the equations for all reactions occurring in the pro- 
cedures. Examples of !Gravimetric and Volumetric 
Assays are given below. Other assays are based on 
similar methods of reasoning. See page 978. 


GRAVIMETRIC ANALYSIS — 
Example 


In the assay of alum, ammonia T-S. is used to pre- 
cipitate the aluminum as Al(OH);3. The precipitate is 
collected, washed, dried, and ignited to constant weight. 
The Al,Og3 formed is weighed. If 0.5534 Gm. of alum 
gives 0.0606 Gm. Al,O3, what is the percentage purity 
of the alum? 


2 X 453.32 


2 Al(OH)3 + 4 (NH4)2S04 + 24 H20 
101.94 


Therefore 2 AINH4(SO4)2.12 HO yield 1 AlgO3 
906.64 Gm. of alum yield 101.94 Gm. of aluminum oxide. 


The ratio peor Ot 8.894 and is the gravimetric factor. 
101.94 

The weight of a radical or compound which is equivalent to 
one part by weight of another radical or compound is called a 
gravimetric or chemical factor, e. g., 1 Gm. of AlgO3 is always 
equivalent to 8.894 Gm. of alum in the above assay. It is never 
necessary to calculate this factor for it is always given in every 
official assay. 


Then 0.0606 Gm. of AlpO3 = 0.0606 X 8.894 = 0.5390 Gm. 
of alum. \ 
0.5390 
0.5534 


This sample of alum is below the U.S. P. standard of purity. 


< 100 = 97.40% 


Purity of alum = 


Problems 

1. In an assay of sodium sulfate, 1.1782 Gm. of 
BaSO. was obtained from 0.7193 Gm. of Na2SOa 
What is the percentage purity? 

2. Sufficient AgNO; T:S. is added to 0.2251 Gm. of 
NaCl to completely precipitate the silver as AgCl. 
The precipitate, after careful washing and drying, 
weighed 0.5517 Gm. How pure is the NaCl? 


VOLUMETRIC ANALYSIS 
Example 


In an assay of ferrous sulfate, N/10 potassium per- 
manganate is used to titrate directly a given weight 
of the salt dissolved in an acid medium. In a certain 
assay, the correction factor for the KMnO, was 1.086 
and 25.44 ec. was used for 0.7572 Gm. of FeSO4.7H20. 


10 FeSO4 + 2 KMnO, + 8 H2804 —— 5 Fee(SOa)3 + 
WH) 
( ) 2 MnS0O4 LL KySO4 + 8 H2,0 


2 potassium permanganate are equivalent to 10 ferrous sulfate. 
316.06 Gm. of KMnOz aes Gm. of FeSO4 
enO4 


The Gravimetric Factor —,,—~—- = 4.806 

KMnO4 . * . . 
The hydrogen equivalent of KMnO4 epee is 5. 
Then 1 liter of N/10 solution contains neat = 3.1606 Gm. 


5 
of KMnOg 


1 ce. of N/10:K MnO, contains ea = 0.0031606 Gm. 
1 ce. of N/10 KMnO, = 0.0031606 < 4.806 = 0.01519 Gm. 
of FeSOx4. 


This equivalent is supplied in the official monograph, but the 
above calculations show how it is derived. It is only necessary 
to apply the following equation in practice: 


N X cc. X m.e. = weight 


N is the normality of the standard solution, cc. is the volume of 
this solution, and m.e. is the milliequivalent weight.of the sub- 
stance being titrated. Substitution into the equation gives: 


0.1086 X 25.44 X 0.15191 = 0.4197 Gm. 


0.4197 
0.7579 < 100 = 55.43 G 


Amount of FeSO, in sample = 
The salt is of U.S. P. quality. 


Problems 


1. In the assay of hydrogen peroxide solution 2 cc. 
of the solution’ required 32.48 cc. of N/10 KMnO, 
(correction factor 1.086). What was the strength of the 
solution? 

2. In the assay of precipitated calcium carbonate 
0.4082 Gm. of CaCOs requires 74.54 cc. of N/10 KMnO, 
(correction factor = 1.086). Find the purity of the salt. 

3. 91.61 cc.of N/10 Iodine (C.F. = 1.0095) is used to 
titrate 0.4600 Gm. of arsenic trioxide according to the 
assay in the U.'S. P.- What is the purity of the acid? 

Proximate assays and other types utilizing special 
methods are fully explained under the official chemicals 
and crude drugs. Biological assays are discussed in a 
special chapter. 


CHECKING RESULTS 
Every calculation which is made in pharmaceutical 


‘practice should be-verified by one of the methods given 


below. The first step, however, when checking results 
is to make certain that the answer is reasonable. 


Methods of checking: 


Addition—Add again in some other order. 

Subtraction—The remainder plus the subtrahend 
should equal the minuend. 

Multiplication—Add the digits of the multiplicand 
repeatedly until a number of one digit remains. Repeat 
this procedure for the multiplier and the product. 
The product of the first number times the second, when 
reduced to one digit by addition, should equal. the 
third. 


Example: 


6219 2+1 
499 4+9 
55971 
55971 
24876 


3103281 


Division—Reduce the divisor, the quotient, the re- 
mainder and the dividend to a number with one digit 
as under multiplication. Then the product of the first 
two number plus the third, reduced to one digit, should 
equal the fourth number. * 


oo 
Wl 
to 00 
I oil 


i) 
i }oxsase 
3+ 6= 9 


Sop tbsp Ware se 2 se 6) se al SS ils 1-8 = 9 


Example: 
55)4321)78 5+5 — LOpele Oe —s 
385 7+8 = 15 1+5 = 6 
471 3+1 = 4 
440 4-3-p 2c le UR Og 1 
31 
(LX 6) = S10 MO oat 
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Alligation—Use alligation medial to check alligation 
alternate. 
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ANSWERS TO PROBLEMS 


Addition 
1. 277.775 Gm. 5. 6818 cc. 
2. 3895.05 Gm. 6. 27% gr. 
3. 1 02., 6-dr:, 35 gr. 7. 83.4465 Gm. 
4, 1lb., ap., 7 oz., 4 dr., 44 gr. 8) li gale} pt., LIne oz: 


Subtraction 


PiGigalep2eptz, 15 fleozs.16 5. 143.5 Gm. 
fl. dr. 6. 6 pt. 147.8 ce. 
2. 4105 ce. 7. 5134 gr. 
So l2asfolGm, 8. 4.05 Gm. 
4. 1 pt. 
Multiplication 
TLS 7 43uce: 4. 9gal.,6 pt., 5 fl. oz., 4 fl. dre 
2. 162.5 Gm. 5. 6 fl. oz. 
3. 4 pt., 14 fl) oz I fl. dr: 6. 15 Gm. 
Division 
1. 769 pills 4. 375 doses 
2. 172 capsules 5. % tablet 
3. 25 doses 6. 13 fl. oz., 55 min. 
7. 125 capsules 
Conversion 

1. 79.67 ce. (c) 0.01 Gm. 
2. (a) 422.5 mg. (d) 0.2 Gm. 

(b) 19.5 mg. (e) 2 Gm. 

(c) 108.8 Gm. 5. Arsen. triox. 0.03 

(d) 99.23 Gm. Hydrarg. chlor. corr. 0.02 


3. (a) 19.4 oz. av. 
(b) 17.7 oz. ap. 
4. (a) 0.0006 Gm. 
(b) 0.0002 Gm. 


Phenolphth. 
Mass. ferr. carb. 


0.6 

6.0 

6. 308 fl. oz. or 9108 cc. at 
DEN? Ce 


OF PHARMACY 


Ratio and Proportion 


1. 19% cents 5. 62 cents 
2. 581% cents 6. $1.18 
3. 9.05 OZe Ave 7. $4.85 
4. (a) $3.78 
(b) $1.27 
(c) $4.45 
Percentage 
LS BPAY 6. 6.66% 
2. 11.35 gr. 7. 20 Gm. 
3. 38.5% 8. 9.5 Kg. 
4. (a) 2.5 Gm. of the salt in 9. 5.97 lbs. 
500 cc. of solution IO, 2s) Sak oa, 
(b) 227 gr. of the salt in 4 11. 0.4 Gm. in 1 liter of solu- 
fl. oz. of solution tion 
5. (a) 18.2 gr. of thesaltin4 12. 6.76 pt. 
fl. oz. of solution 13. 233 gr: 
(b) 25 Gm. of the saltin1 14. 25.72 gr. 
liter of solution 15. 50 gal. 
(c) 36.3 gr. of the saltin2 16. 44.7 gal. 
fl. oz. of solution 
Specific Gravity 
ie SsRoG 10. 718 Gm. 
2. 1.485 11. 76718 gr. 
Sole 12. 339.1 lbs. av. 
4, 0.9624 Se OU 
5. 0.9624 14. 4975 er. 
6. 4.789 15. 2251 Gm. 
7. 1.699 16. 336 gr. 
8. 1.264 17. 39.7 Gm. 
9. 592 Gm. 
Hydrometers 
1. (a) 0.915 3. 36° on lighter scale © 
(b) 0.875 4. 91 ce. 
(c) 0.755 
2. (a) 1.208 
(b) 1.38 
(c) 1.611 
Specific Volume 
1. 0.364 4.1.8 
2. 0.675 he Bs 
23, Oye 
Thermometers 
1. (a) 86° F Bs (@) 2a? C- 
(b) 212° F (b) 80° R. 
(c) —40° F 4, (a) 80° R. 
PA (Gh) (OO C,, (OS 18, 
(b) 37.78° C. 
(c) 36.88° C. 
Molecular Formulas 
1. CeHsI 2. (CHa)gNa 3. C3H;5(OH)3 
Gravimetric Analysis 
1. 99.68% 2. 99.94% 
Volumetric Analysis 
1. 3.000 Gm. in 100 cc. 2. 99.24% 


3. 99.43% 


CHAPTER VIII 


HEAT 
ITS MEASUREMENT, GENERATION, AND REGULATION 


Types of thermometers and thermometric scales—care and handling of thermometers—fuels used in developing heat (solid fuels, 
liquid fuels, and gaseous fuels)—laboratory burners—electrical heating equipment—steam-heated apparatus—constant tempera- 
ture baths—thermoregulators 


A MOST VALUABLE AID to the many fields of human 
endeavor is that form of energy referred to as heat. 
That heat is a form of energy was a fact not appreciated 
by the ancients. Indeed, it was not until 1843, when 
Joule first experimentally demonstrated the equivalence 
of mechanical and thermal energy, that the proposition 
gained scientific recognition. However, from Carnot’s 
(1796-1832) notes published after his death, it appears 
that he probably recognized the true character of 
“caloric,” the imponderable liquid of the earlier investi- 
gators. 

The subject of heat is treated extensively under the 
heading of Thermodynamics, but a critical survey of this 
branch of learning would carry us too far afield to 
attempt even a cursory explanation of the theories in- 
volved. Suffice it to say that Thermodynamics is per- 
haps the most versatile tool of all science, and that, 
since we are here chiefly utilitarian, we will choose those 
findings of the subject which may be of importance. 
An early distinction should be made between the 
degree of heat and the quantity of heat. The degree of 
heat of a body is called its ‘‘temperature.”’ Two bodies 
of the same material, e. g., copper, but of different masses 
may be at the same temperature but the quantity of 
heat residing in each will be different. The larger 
body will have a greater amount of heat than the smaller 
in the same ratio as their masses: the energies of the 
two are different. Thus, if one compares heat energy 
with potential energy, the temperature corresponds 
roughly to the height above the earth to which a mass 
is raised. If the body be raised to a higher level (or 
higher temperature) its potential (or heat) energy is 
increased. Likewise, if the mass of a second body be 
twice that of a first, its potential (or heat) energy will 
be twice that of the first, providing it be raised to the 
same height (or temperature) as the first. This analogy 
loses its usefulness when it is recalled that different ma- 
terials have different heat capacities. For instance, 
raising the temperature of one gram of water one de- 
gree increases its energy more than a similar process 
performed with copper. 


The Measurement of Heat 


Thermometric Scales—In order to deal intelligently 
with the degree of heat it is necessary to define tem- 
perature in quantitative terms so that the property be- 
comes amenable to mathematical expression. Newton 
in the days when the “dozen” was a fundamental unit 
chose to define the span of temperature between that of 
ice and that of the body as twelve degrees. It later 

as supposed that the temperature of freezing water 
was not a constant (because one can supercool water 
below its freezing point) and Gabriel Daniel Fahrenheit 
(1686-1736) used a mixture of ice with an excess of salt, 
which gave a lower and reproducible temperature, as 
the lower limit, but retained bodily temperature as the 
upper. Instead of dividing the interval into twelve 
divisions, he multiplied this number of divisions by 
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eight, obtaining ninety-six divisions between the zero 
fixed by the salt-ice mixture and the higher limit fixed 
by the body temperature. This scale is still used in 
this country and in England. The freezing point of 
water falls at 32° and the boiling point at 212° on this 
scale. Shortly afterward it was generally recognized 
that the freezing point and the boiling point of water 
made useful primary standards for 
thermometers and Anders _ Celsius 
(1701-1744) proposed the Centigrade 
seale in which these two constants 
served, respectively, as lower and 
upper limits, being designated as 0° 
and 100°. This scale is invariably 
used in scientific reference to tempera- 
ture and is the official scale of the 
Ur se Prand Ne i. 

Temperatures in terms of one scale 
may be expressed in terms of the other 
by the relation: 


Be 325 212 — 32°45 180 
Ce | O00 M00 


The introduction of the freezing and 
boiling temperatures and the symmetry 
of this equation make it easily remem- 
bered. In Réaumur’s Thermometer 
the freezing point is 0° and the boiling 
point 80°. 

There is in addition to the com- 
monly used Centigrade and Fahrenheit 
scales, a third called the Kelvin or 
“Absolute” scale of temperature. Rep- 
resenting, as it does, a scale inde- 
pendent of the properties of any 
particular kind of matter, it is of 
fundamental significance. Detailed 
treatment of this important fact will 
not be undertaken here. The Absolute 
scale may be regarded as growing from 
the behavior of gases. It is known 
that the volume of any gas decreases 
1673 of its volume at 0° C. for every 
one degree Centigrade fall in temper- 
ature. This relationship predicts that 
at a temperature of 273 degrees below 
zero the volume would become zero. 
The temperature —273° C. is therefore 
designated as Absolute zero. Of course, 
the actual disappearance of gases at 
Absolute zero does not take place 
because liquefaction occurs before this temperature is 
reached and the substance ceases to behave like a gas. 
The temperature interval on the Absolute scale is the 
same as the Centigrade interval, so that degrees 
Absolute are to be calculated by the simple equation: 


A.° = C.° + 273° 


Fig. 63—Centi- 
grade thermom- 
eter. 
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Thermometers—The simplest and most commonly 
employed instrument for measuring temperature 1s the 
liquid thermometer. This type of thermometer depends 
upon the expansion of a liquid such as mereury, alcohol, 
ete., hermetically sealed in a glass bulb having a long 

tube or stem in which the liquid rises 
or falls as it expands or contracts. 


| 
8 

ee 
+ - 


} 


Fee Cues 


Ly This type has certain serious dis- 
. advantages for accurate work and re- 
LLico | course is made to the gas thermometer 

-« ||,, when more accurate values are desired. 
a te . The advantage of the gas thermometer 
lies in the simple relationship existing 
between the volume (or the pressure) 
of a gas and the temperature. 
thermometers are, however, not used 
-commonly because of the inconven- 
ience occasioned by the physical dimen- 
sions of the apparatus necessary for 


Gas 


the measurement of volume (or pres- 


Tig. 64—Com- 
parison of tem- 
perature scales. 


sure) changes. 


The pharmacist will find that the 


mercurial thermometer in its more 
common form usually serves as a satisfactory instru- 


ment. 
grade scale. 


Fig. 63 shows such a thermometer, with Centi- 


In Fig. 64 the scales of the Fahrenheit, Centigrade, 


and Reaumur thermometers are shown 
together to facilitate comparison. The 
lowest figures indicate the freezing points 
of water on each, the highest the boiling 
points. 


Rules for Converting Temperature Scales 


1. To convert Centigrade degrees into 
those of Fahrenheit, multiply by 1.8 and 
add 32. 

2. To convert Fahrenheit degrees «into 
those of Centigrade, subtract 32 and divide 
by 1.8. 

Another very simple rule which elimi- 
nates the confusing 32° is as follows: 

To convert °C. into °F. —add 40, multiply 
by % and then subtract 40. Example: 
100° C. + 40 = 140 XK % = 252 — 40 = 
212° FB: 

To convert °F. into °C._—add 40, multiply 
by %6 and then subtract 40. Example: 
212° F. + 40 = 252 x 56 = 140 — 40 = 
100° C. 


Types of Thermometers 


The pharmacist should possess a good 
thermometer. The best form is one in 
which the graduations are made on the sur- 
face of the tube. The diameter of the 
instrument should be the same throughout 
its entire length; this permits its convenient 
use through perforated corks in distillations 
and other operations where it is necessary 
to observe temperature, and it is not so 
easily broken (see Fig. 65). The thickness 
of the glass of the bulb is not a matter 
of indifference. If too thick, the thermom- 
eter will not respond quickly to changes of 
temperature, while if too thin, the risk of 
fracture is very great. 


Fig. 65— 
Fahrenheit 
thermometer. 


The bore of the tube should 


be flat or elliptical, and perfectly uniform throughout. 
Opaque, enameled glass behind the bore of the tube is 
of great assistance in reading the temperature quickly. 


—————— ae 


Fig. 66—Beckmann 
thermometer. 


In many operations it is per- 
missible to place a small 
section of rubber tubing over 
the mercury bulb to protect 
it from fracture. Itis a good 
practice to send a thermom- 
eter to be officially tested,} 
and then to reserve it as a 
standard for correcting or- 
dinary instruments. As glass 
usually reaches its limit of 
contraction in three years, 
such a thermometer should be 
at least this old before it is 
sent. 

Beckmann Thermometer— 
This a _ special form of 
mercurial thermometer (Fig. 
66), used for measuring small 
differences in temperatures. 
The Beckmann thermometer, 
often called a differential ther- 
mometer, is frequently used 
to determine the differences 
in freezing points of solu- 
tions, in the study of isotonic 
solutions (which see) and in 
calorimetry. This  instru- 
ment has a range of 5° or 6° 
C., divided in 149°, reading 
either upward or downward 
and an auxiliary scale ad- 
jacent to the reserve reservoir, reading 
from —10° to +140° C., in 2° divisions. 

The auxiliary scale under the reservoir 
permits the “setting” of the main scale 
at any desired temperature. For ex- 
ample, when the thermometer is to be 
used at 50° C., the bulb should be gently 
heated until the mercury in the reservoir 
reaches 50° C. on the upper or auxiliary 
scale. When setting for use at higher 
temperatures, heating the bulb is not 
desirable. This can be avoided by in- 
verting the thermometer, and while 
holding the metal cap in the palm of the 
hand, with the inverted thermometer in 
a vertical position, jar the instrument 
by striking the hand (but not the cap) 
sharply from below. This will start the 
thread of mercury. The instrument 
should be turned to its normal position 
when the thread reaches the desired 
position on the auxiliary scale. 

A sudden swing of the thermometer 
from left to right through an are of about 
45° while held in the vertical position, 
will break the mercury column and 
throw the superfluous mercury into the | 
right arm of the reservoir. 

The upper end of the mercury thread, 
which should appear in the main capil- 
lary about the middle of the main scale, 
will then be in the position equivalent to 
the temperature shown in the auxiliary 
scale at the moment of separation, 7. e., 
5OROs 


Fig. 67— 
Clinical ther- 
mometer. 


‘ 
1 Clinical and other ‘thermometers are examined, and 
certificates are issued showing the corrections, by the 
U.S. Bureau of Standards, Washington, D. C, 
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Clinical Thermometer—Fig. 67 illustrates a valuable 
type of thermometer, called a clinical thermometer. 
The cross section is triangular instead of circular, and 
the capillary orifice is flattened so as to enlarge the 
diameter of the surface of the mercury, in order that it 
can be read easily. The normal temperature of the 
human body is 98.6° F. (87°C.). By inserting the bulb 
of the oral thermometer under the tongue, closing the 
mouth, and allowing the thermometer to rest there for a 
short time, from one to three minutes, depending upon 
the requirements of the thermometer, the body tem- 
perature may be determined. 

Clinical thermometers are self-registering—that is, 
the mercury remains at the height to which it has risen 
until shaken down. It is therefore always necessary for 
them to be shaken down to about 95° after use. This 
is done by firmly grasping the upper half of the ther- 
mometer and giving a sharp quick jerk, repeating until 
it registers 95° F. Never force the mercury below 95° 
as this may prevent accurate registration, due to a slight 
contraction in the stem below this point. If this hap- 
pens, it may be brought up again by placing it in warm 
water at not over 100° F. for a few moments. 

Special clinical thermometers are also made for taking 
the rectal temperature which is 1° higher than by 
mouth. 

Body temperature may also be taken by placing the 
thermometer in the axilla or in the groin where the nor- 
mal temperature is 0.5° lower than by mouth. For fur- 
ther information pertaining to the use of clinical ther- 
mometers see the Chapter on ‘‘The Professional Phar- 
macist and Pharmacy” (page 1120). 

Maximum and Minimum Thermometers—This ther- 
mometer (Fig. 68) is “U” shaped with the high tem- 
perature at the top on one side and the 
low temperature at the top on the other 
side. Metal-floats rise with the mer- 
cury column; one remains at the lowest 
temperature reached, the other at the 
highest temperature. These floats are 
reset by means of the magnet supplied. 
The scales are on a milk-white glass 
plate, mounted in an enameled sheet 
metal case, with provision for hanging. 
Range, —10° to +120° F. 

The specifications for ‘“Thermom- 
eters for Pharmacopeeial Testing” 
are given in the U.S. P., and conform 
to the specifications of the American 
Society for Testing Materials. 

Care and Handling of Thermom- 
eters'—In the handling of thermom- 
eters it is often found necessary to 
manipulate the mercury within the 
capillary, in order to reunite with the 
main column a part of the mercury which has become 
separated, to remove gas bubbles from the mercury in 
the bulb or stem, or to separate a mercury thread for 
use in calibrating. There are four operations usually 
resorted to in manipulating the mercury, v7z., (a) 
warming, (b) cooling, (c) tapping on the end, and (d) 
tapping on the side of the thermometer. 

Warming the bulb of a thermometer may be done in 
water or oil or in air high above a gas or alcohol flame, 
but great care must be taken, especially with high- 
temperature thermometers, not to heat the bulb to a 
temperature higher than the thermometer is intended 
to measure. The upper end of a thermometer stem 


Fig. 68—M axi- 
mum and minimum 
thermometer. 


: “Pixtract from Circular No. 8 of the U. S. Bureau of Standards, on Testing 
of Thermometers. ~ 


may be warmed over a Bunsen burner if this is done 
very gradually. When the thermometer is warmed 
over a flame, it should be rotated about its axis. 

Cooling may be accomplished in cold water, ice, a 
freezing mixture, or carbon dioxide snow, but such 
cooling should not be attempted while the thermometer 
bulb is still hot to the touch. 

Tapping or striking a thermometer on the end must 
be done carefully at all times and much more so when 
the bulb is only partially filled with mercury and the 
thermometer is inverted. This tapping may be soft, 
as when the thermometer is held vertically and the 
hand (not the thermometer) is struck on the table, or it 
may be sharp, as when the thermometer is held verti- 
cally and struck downward on a pad of paper. 

Tapping on the side of a thermometer may be done 
softly with the hand or sharply with a pencil. Hither 
must be done with care, as there is danger of breaking 
the stem. Different thermometers require different 
treatment, but the following procedure may serve as a 
guide in the manipulation of thermometers not filled 
with gas under pressure. 

To remove mercury from the upper bulb when it is 
partially full, hold the thermometer vertically, bulb 
down. Tap softly on the side near the top and softly 
on the end, to bring the mercury to the lower part of 
the upper reservoir. Then try both tapping softly and 
sharply, on the end, and if this fails to bring the mercury 
down the stem, warm the bulb until the mercury rises 
and unites with that in the reservoir. Cool very slowly 
and probably the mercury will all come down. If not, 
try again, cooling more slowly. 

To remove mercury from the upper reservoir when 
this is completely full or when the mercury persistently 
stays at the top reservoir, warm the upper end carefully 
over a Bunsen flame, beginning at the extreme tip. 
The mercury will be driven down the capillary by its 
own vapor pressure. If small mercury globules are 
left, warm a little more and they will condense farther 
down. Wait until the upper end cools to a temperature 
comfortable to the hand. Warm the lower bulb until 
the mercury rises and collects the small globules. 

To find whether there is any residual gas in the 
thermometer bulb, warm the bulb until at least a few 
centimeters of mercury appear in the capillary; if 
mercury is already there, do not warm. Invert the 
thermometer and see whether the mercury runs down. 
If not, there is probably no gas in the bulb. If the mer- 
cury runs down, let it run a few centimeters and look 
for a bubble in the bulb. Right the thermometer and 
see whether this bubble entirely disappears when the 
mercury returns to the bulb. If this bubble disappears, 
no significant amount of gas is present. 

To remove gas when found, invert the thermometer 
and run some mercury into the capillary. Right the 
thermometer and tap sharply on the side and on the end 
to bring the gas to the top of the bulb before the mercury 
all returns. Cool the bulb as much as possible, tapping 
sharply on the end when cold. Invert the thermometer 
and tap very softly on the end to bring down the mer- 
cury which is still separated by the air bubbles from 
that in the bulb. When this has come down, either tap 
“sharply” or warm to bring down the mercury from the 
bulb, but do not let the separated thread get into the 
upper bulb until the main mercury column is ready to 
join it. Get the two separated parts to join in any con- 
venient enlargement or in the upper reservoir. Right 
the thermometer or hold it at an angle, with the top 
higher, and let the mercury run slowly into the bulb, 
watching carefully the point where the bubble is left, 
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to be sure that the column does not separate. 
bubble begins to enlarge, run the mercury more slowly. 

Bubbles can often be removed, even from high-tem- 
perature thermometers, which are filled under pressure, 
provided there is an enlargement in the stem (e. g., be- 
tween the zero and 300° C. mark). If there is no such 
enlargement the gas can sometimes be removed by long, 
continued sharp tapping on the end, or sometimes by 
freezing the mercury by means of COz2 snow, then warm- 
ing the bulb (from the bottom) rapidly against the hand. 
Mercury will not break the bulb on freezing, as it does 
not expand. 

Electrical Devices—For measuring temperatures 
somewhat higher than can be determined with mercury 
thermometers the thermocouple is generally employed. 
Its use depends on the fact that wires of dissimilar 
metals, connected at their ends, and with one junction 
exposed to the heat of which the temperature is to be 
measured and the other junction maintained at a con- 
stant, lower temperature (generally 0° C.), develop an 
electromotive force which is proportional to the tem- 
perature difference. The electromotive force may be 
measured by means of a potentiometer and the tem- 
perature read off from a table. Various combinations 
of elements are used; platinum and platinum-iridium 


Fig. 69—Sargeant gas calorimeter. 


give good results up to 1200° C. but for lower tempera- 
tures a copper and constantan (alloy) couple is preferred 
because the latter gives a much larger electromotive 
force for each degree difference in temperature. 

For temperatures between 775° to 2800° C., the 
optical pyrometer is employed. This instrument con- 
tains a glowing filament which can be made brighter or 
darker by varying the current passing through it; by 
means of a telescope arrangement the filament is ob- 
served against a background of the glowing object 
whose temperature is to be measured. If the filament is 
either lighter or darker than the background the current 


If the. 


through it is adjusted until its brightness is equal to 
that of the object. From a calibrated scale attached to 
the filament current knob the temperature is read off. 

A third electrical method of measuring temperature 
consists in determining the resistance of calibrated coils 
of certain metals, such as platinum, the resistance of 
which is a function of the temperature. 


The Generation of Heat 


For conventional uses, heat may be generated by the 
burning of solid, liquid, or gaseous fuels, or by utilizing 
the heating effect of the electrical current. 

The heating value of fuels is dependent on the com- 
bustion of certain constituent elements, with attendant 


Fig. 70—Emerson bomb calorimeter. 


liberation of heat energy. These elements are carbon 
and hydrogen. When carbon predominates, as in some 
solid fuels, such as charcoal, coke, and coal, the fuel 
may be termed carbonaceous; wood is a carbohydrate 
fuel, t. e., one in which carbon, hydrogen, and oxygen are 
present, the latter two in the proportion of two to one. 
Some liquids and gases are hydrocarbon fuels, in which 
carbon and hydrogen only are present. 

Combustion is a process of oxidation. Carbon oxidizes 
to CO or COs, depending upon the access of air. Hydro- 
gen always oxidizes to H2O. Smoke is a visible evi- 
dence of incomplete combustion in which solid particles 
of carbon or partly condensed gases that have not been 
raised to the ignition point are present. <A flame is an- 
other visible evidence of combustion in which gases that 
have been raised to the ignition point are undergoing 
oxidation. 

The heating value of fuels is generally stated in terms 
of calories or more commonly in terms of British 
thermal units (B. t. u.). Two calories are in use, the 
small and the large. The large calorie is the amount of 
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heat required to raise the temperature of 1 Kilogram of 
water one degree Centigrade. The small calorie is the 
amount of heat required to raise the temperature of 1 
Gm. of water one degree Centigrade. A British Ther- 
mal Unit (B:T.U.) is the amount of heat required to 
raise the temperature of a pound of water from 60° to 
61° Fahrenheit, at sea level. 

The determination of the heating value of fuels is per- 
formed by the use of a calorimeter. As employed in test- 
ing solid or liquid fuels this apparatus consists of a 
“bomb” in which the fuel is burned in an atmosphere of 
pure oxygen; the heat thereby produced is transferred 
to a weighed amount of water in which the bomb is 
immersed. From the rise in temperature of the water 
it is possible to calculate the calorific value of the fuel. 
The Emerson Bomb calorimeter, widely used for such 
tests, is shown in Fig. 70. The heating value of 
gases is similarly determined by observing the rise in 
temperature of a weighed amount of water which ab- 
sorbs the heat obtained by burning in air a measured 
volume of gas. Fig. 69 shows the Sargeant Gas 
Calorimeter and accessory apparatus used for this de- 
termination. ; 


FUELS USED IN DEVELOPING HEAT . 


Solid Fuels—Under this head are included such fuels 
as wood, charcoal, anthracite coal, bituminous coal, 
coke, ete. 

Charcoal is more convenient, although more costly, 
than wood. It ignites easily, burns readily, and leaves 
but little residue. On account of its ready combustibil- 
ity, it is well fitted for operations requiring a quick, 
strong heat where electricity is unavailable. 

Wood and charcoal were formerly relied upon as fuel 
in pharmaceutical operations but no longer are used 
in the modern pharmacy. 

Coal, which is the most economical of the solid forms 
of fuel, consists largely of carbon. Anthracite or “hard 
coal” sometimes contains nearly 95 per cent of carbon. 
Bituminous or ‘‘soft coal” contains from 15 to 20 per cent 
of hydrocarbons in addition to carbon. Ash is obtained 
in amounts ranging from less than 5 per cent in the 
better grades to nearly 20 per cent in the poorer varie- 
ties. Anthracite coal is not readily kindled but burns 
freely without producing smoke. Bituminous coal 
kindles easily but gives off much unconsumed carbon 
when burned in ordinary stoves. 

Coke, the residue obtained from the destructive dis- 
tillation of soft coal, is an excellent fuel, and may be 
used either mixed with coal or by itself. It is more 
easily kindled than anthracite. 

Methenamine (hexamethylenetetramine) is an inter- 
esting solid fuel, not at all economical, of course, but 
suitable for emergency use. A five-grain tablet of this 
chemical if placed upon a suitable non-inflammable and 
non-conducting support and ignited with a match will 
burn with a non-luminous flame for a long enough time 
to heat 5 cc. of water in a test tube to the boiling point. 
It affords an excellent and convenient fuel for heating 
small quantities of liquid for testing purposes as, for 
instance, in conducting a bedside test for albumin in 
urine. 

Liquid Fuels—The liquids which are most used in 
small-scale pharmaceutical operations for heating are 
ethyl alcohol, denatured alcohol, methanol (methyl 
alcohol), petroleum or coal oil, and petroleum benzin, or 
gasoline. Fuel oil is employed in larger operations. All 
of these liquids contain carbon and hydrogen, while 
ethyl alcohol contains 34 per cent and methanol 50 per 
cent of oxygen in addition. 


Alcohol burns with a blue flame, which does not de- 
posit soot, and the heat produced is intense. It is in 
many respects the best liquid fuel for generating heat in 
small operations, but the expense attending its use in 
this country is a serious objection, although this has 
been overcome in part through government regulations 
whereby ethyl or grain alcohol may be released from 
bond and sold for technical and industrial purposes if 
it has been denatured, that is, rendered unfit for use as 
a beverage. The denaturing must be under the super- 
vision of Internal Revenue officers and the method used 
must have the approval of the Internal Revenue De- 
partment. The product is then known as denatured 
alcohol. In Great Britain it is called methylated spirit. 

Refined methanol or methyl alcohol, also called colum- 
bian spirit, colonial spirit, etc., has nearly all of the ad- 
vantages of alcohol when used for burning in lamps, 
and it is much cheaper than pure ethyl alcohol. It 
should, however, never be used as a solvent in pharma- 
ceutical preparations, as it is very poisonous when taken 
internally and is dangerous even when applied exter- 
nally or when inhaled; too much caution cannot be exer- 
cised to guard against its improper use. 

Denatured alcohol has also found extensive use as a 
fuel in the form of a solidified alcohol, known under such 
trade names as sterno, smaragdin, etc. Some of these 
consist of soluble gun cotton made into a paste with alco- 
hol, but a cheaper form is prepared by dissolving 1.35 
Gm. of sodium hydroxide in 40 Gm. of alcohol and 8.5 
Gm. of stearic acid in 50 Gm. of alcohol, mixing the two 
solutions, warming until the reaction is complete, and 
molding into the desired form by pouring it into a suit- 
able vessel. 

Petroleum benzin and gasoline are sometimes used for 
heating purposes. The difficulties in the use of the very 
inflammable and often dangerous liquids of this class 
for heating have been largely overcome. To avoid a 
smoky, luminous flame the vapor 1s burned after being 
mixed with air, while to prevent explosions the reservoir 
for the liquid is elevated and placed some distance 
away from the ignited vapor. The vapor only is 
burned, the gasoline being volatilized by the heat from 
the metal burner. It produces a blue and intensely hot 
flame, the size of which may be easily regulated. 

Kerosene, or coal oil, is so widely known as a refined 
petroleum product, that any extended notice of its 
properties would be superfluous; as it is heavier in 
specific gravity and has a much higher flashing and fir- 
ing point! than gasoline, it is much safer for popular use. 

Benzol, or benzene, a hydrocarbon obtained by de- 
structively distilling coal, is employed for special pur- 
poses as a heating fuel, although it has the disadvantage, 
when burned in an ordinary burner, of producing a great 
deal of soot. 

Fuel oil now frequently replaces coal in larger-scale 
heating operations. It is a special fraction obtained in 
the distillation of crude petroleum, the more volatile 
constituents having been separated. Generally it is 
used in the form of a fine spray, ignited over specially 
designed burners. 

Gaseous Fuels—The extensive employment of manu- 
factured coal gas and natural gas as sources of heat for 
pharmaceutical and other purposes, render necessary a 
somewhat extended notice of gas in this connection. 
Coal gas was formerly called carburetted hydrogen, but 
it is really a mechanical mixture of various gases, some 
of which produce luminous flames. The following 

1 By this term is meant the temperature at which any oil begins to give 
off inflammable vapor that forms an explosive mixture with air. This tem- 


perature for illuminating oils, fixed by the laws of different states, varies from 
43.4° to 65.5° (110° to 150° F.) 
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analyses are typical of coal and other related gases used 
for heating at the present time. 

Coal gas is generally produced by the destructive 
distillation of bituminous coal; coal tar, gas liquor, and 
coke are valuable by-products. Natural gas is obtained 


ANALYSES OF GASEOUS FUELS 


Coal Natural Water Producer 
Gas Gas Cas Gas 
% % % % 
Hydrogen Sh 18) une 52.88 21.1 
Methane 30.0 90.7 7D a ANS) 4.0 
Ethane 0.8 3.8 : ak 
Ethylene 2.0 2 pt 
Carbon Monoxide 6.8 a, 36.80 19.8 
Carbon Dioxide 7 oe 3.47 6.8 
Nitrogen 3.90 1.0 4.69 48.3 
Oxygen 0.6 ‘ ae 
Other hydrocarbons 2 4.5 Si 


by boring wells into gas-bearing earth strata, the latter 
generally being associated with petroleum. Water gas 
is manufactured by passing superheated steam over hot 
anthracite or coke; it is sometimes enriched by passage 


Fig. 71—Bunsen burner. Fig. 72—Micro burner. 
through a furnace in which crude petroleum is sprayed. 
Producer gas is made by burning poor quality coal or 
lignite in a mixture of air and steam. Propane and 
butane, two hydrocarbon gases, are sometimes used as 
fuels; they are supplied in tanks and used in special 
burners. 


APPARATUS EMPLOYED FOR GENERATING AND 
APPLYING HEAT 


In pharmaceutical manufacturing operations heat 
may be generated directly at the point of its applica- 


Fig. 74—Fisher burner. 


Fig. 73—Meker burner. 


tion, or it may be produced at some distance away from 
the latter and conveyed, generally through the medium 
of water, steam, or air, by pipes or ducts, to the place 
where it is required. In small-scale operations the 
former procedure is generally used, in larger-scale manu- 
facturing the latter method is usually followed. 

Where heat is required only occasionally the economy 


of its generation and utilization need generally not be 
taken into consideration; in that event the important 
factors to be considered are: (1) the suitability of the 
generating apparatus for producing the degree of heat 
required; (2) the uniformity of heat distribution; (8) the 
degree of safety required and attainable (an important 
factor in heating inflammable liquids, for example). 
As the demand for heat energy increases an equally im- 
portant factor to be considered is that of the economical 
generation and utilization of heat. 

In earlier days, wood and coal were extensively em- 
ployed as fuels for direct heating in pharmaceutical 
manufacturing operations; today neither is thus used 
except in rare instances, although coal is much used for 


Fisher 


Fig. 75—Comparison of burner temperatures. 


Bunsen 


the generation of steam which is in turn used for supply- 
ing heat (see under Apparatus Utilizing Steam). Oil 
and kerosene are likewise infrequently used for direct 
heating in manufacturing processes but oil is also an 
important fuel for generating steam. In the following 
are described the more important apparatus employed 
for generating and applying heat. 

Apparatus Utilizing Gas—Most frequently used as the 
source of heat for small-scale operations is gas, in one of 
its several varieties. Of the many forms of apparatus 
in which it is used the most popular laboratory form is 
the Bunsen burner, shown in Fig. 71. In this burner 
the gas issues from a small orifice, near the base, passes 
up through a metal tube, four inches high, and is ignited 
at the top of this tube; large circular openings surround 
the small orifice at the base, and these may be closed 
either wholly or in part by a perforated ring; this per- 
mits the regulation of the supply of air, which mixes 
with the gas as it ascends the tube, and a blue, smoke- 
less, intensely hot flame may be produced. If the per- 
forated ring is turned so that the air openings are closed, 
a luminous, smoky flame results. One of the objections 
to the ordinary Bunsen burner is that, after being used 
for a time under a low gas pressure, when the tube be- 
comes hot the flame will sometimes recede and the gas 
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become ignited at the lower orifice. This may usually 
be avoided by gradually turning the perforated ring, so 
as to admit less air to suit the diminished pressure. 
That the length of the perpendicular tube does not 
materially affect the smokeless character of the flame 
may be proved by means of the convenient little burner 
shown in Fig. 72, commonly called a micro burner, 
which is very useful at the prescription counter. A 


Fig. 76—Adjustable 
Bunsen burner. 


Fig. 77.—Electric hot-plate. 


newer development in this type of burner is seen in 
Figs. 73 and 74, representing the Meker and the Fisher 
burners. The special advantage afforded by these 
burners, which give a blast effect, is that the control 
of air and gas supply render it possible to have a 
flame entirely free of incompletely consumed carbon. 
A comparison of the temperatures obtainable from a 
Fisher burner and an ordinary Bunsen burner is illus- 
trated in Fig. 75. The Meker and Fisher burners 
produce exceedingly high temperatures, giving greatly 
increased heating power and an absolutely homogeneous 
flame, all of which is available for heating from the top 
of the burner to the extreme point of the flame. The 
gas-regulating device permits its use with any quality of 
gas delivered at any pressure and permits regulation 
from the maximum to the smallest flame without back 
firing. Bunsen type burners with the tube arranged 
horizontally have grown in favor because they are less 
likely to be overturned, and if they have a broad base 
they will easily support a large vessel. 


Fig. 78—Electric muffle furnace. 


In many localities outside of cities and towns, gas, 
made by vaporizing gasoline and mixing air with it, is 
used for illuminating and heating purposes. It is made 
by gas machines located in the cellar of the building, 
while the gas tank is buried underground at a safe 
distance. Special burners are required when this gas 
is used as an illuminant, and they require some adjust- 
ment at first to secure the proper proportion of air. 
Fig. 76 shows an adjustable laboratory burner, which 
gives a very hot, blue flame with this kind of gas, and it 


may also be used with ordinary gas. The milled head 
at the base of the burner is used to regulate the quantity 
of the gas admitted necessary to produce a blue flame. 

Gas stoves are now made in such variety that it seems 
difficult to make a judicious selection for general phar- 
maceutical work. ‘The error most frequently made is in 
the choice of those which are intended to produce only 
very high temperatures. It is very seldom that a heat 
of great intensity is desired in pharmaceutical opera- 
tions. The chief points to be secured in a good gas 
stove are: (1) a smokeless flame; (2) a strong, firm, 
indestructible frame that will easily support a large or 
small vessel and is not easily overturned; (3) an easy 
and quick adjustment, whereby either a strong, well- 
sustained heat or a low, diffused heat may be obtained. 

The advantages of the. use of gas as a source of heat 
may be summed up as follows: 1. It may be adjusted 
to furnish a clean, smokeless flame. 2. It is cheap 


“See 


if VACUUM 


Fig. 79—Vacuum oven with door removed. 


when compared with alcohol and other sources of 
heat. 38. The supply is unremitting, and the incon- 
venience of continually supplying fuel, which is always 
present in other forms of stoves, is not experienced. 
4. The supply is under almost perfect control, and, 
after once regulating the flow suitable for a continuous 
operation, little apprehension need be felt, during the 
operator’s enforced absence, of unexpected or unfore- 
seen changes in temperature. It is imperative, how- 
ever, that a plentiful supply of air or oxygen be pro- 
vided, lest a deficiency of it prove harmful or even fatal 
to the operator. — 

Apparatus Utilizing Electricity—The heating effect of 
a current of electricity flowing through a high resistance 
circuit is extensively employed in the construction of 
many heating devices. Fig. 77 shows an electric hot- 
plate or stove provided with a regulating device which 
automatically maintains a given temperature over a 
fairly wide range. Other hot-plates have heating ad- 
justments for “high,” ‘‘medium,” and “low.’”’ Many 
other forms of electrically heated stoves and furnaces 
are now available for various purposes. An electric 
muffle furnace, used for high-temperature operations, 
is shown in Fig. 78. Fig. 79 illustrates the Weber vac- 
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uum oven sold by A. H. Thomas, used for drying under 
vacuum or in an inert atmosphere substances which are 
injured by contact with oxygen at elevated tempera- 
tures. 

A convenient type of heater for small quantities of 
non-corrosive liquids is shown in Fig. 80. This heater 


Fig. 80—Immersion electric heater. 


is immersed in the liquid which it promptly heats when 
the current is turned on. 

In certain industries electricity is largely used as a 
source of heat, especially for producing high tempera- 
tures, or where a flame would be dangerous. Its ease 
of regulation and convenience of use have greatly ex- 
tended its application in laboratory operations requir- 
ing heat. 

Apparatus Utilizing Steam—Steam is not to be con- 
sidered as a primary source of heat, rather it is a very 
important and useful medium for transferring heat 
energy from the point of combustion of a fuel to the 
point of utilization of the energy. Steam may be 
generated by heating water by any means thus far dis- 
cussed. Coal and oil are the two fuels most frequently 
employed in generating steam. 

It is beyond the scope of this work to discuss the de- 
sign and arrangement of steam-producing plants; these 
vary greatly according to the needs of a particular 
manufacturing establishment. We concern ourselves 
here with the theories underlying its use, and also with 
some forms of apparatus in which it is used. 

When water is heated to the boiling point and steam 
is produced, a certain amount of heat is absorbed (or 
apparently lost). This has been termed latent heat. 
When steam comes in contact with surfaces having less 
heat than itself, it is condensed, water is produced, and 
the latent heat becomes sensible (or reappears), thus 
proving the well-established physical law that when a 
liquid assumes the gaseous state, a certain fixed and defi- 
nite amount of heat disappears; and, conversely, when a 
gas or vapor becomes a liquid, heat to a corresponding ex- 
tent 7s evolved. Watts has illustrated this as follows: 
“When water at 0° C. is mixed with an equal weight of 
water at 100° C., the whole is found to have the mean 
of two temperatures, or 50° C. On the other hand, 1 


part by weight of steam at 100° C., when condensed in 
cold water, is found to be capable of raising 5.4 parts 
of the latter from the freezing point to the boiling point, 
or through a range of 100° C. Now, 100 X 5.4 = 540; 
that is to say, steam at 100° C. in becoming water at 
100° C. parts with enough heat to raise a weight of water 
equal to its own (if it were possible) 540° Centigrade or 
540 times its own weight of water one degree of the 
same.”?’ When water passes into steam, the same quan- 
tity of sensible heat becomes latent. A consideration 
of these facts in physics leads to the practical applica- 
tion of steam as a transmitter of heat, whereby heat 
from any source may be absorbed by steam and carried 
through suitable pipes to the vessel designed to be 
heated. If this vessel is filled with a cold liquid, the 
latent heat of the steam is rapidly communicated to the 
liquid, the steam is condensed, and the result is this 
most convenient and economical method of producing. 
a temperature which is capable of being regulated with 
great exactness. 

The Use of Steam without Pressure—In many cases 
open steam, as it is termed, is used (see Fig. 81). The 
pipe which conveys the steam from the boiler is con- 
ducted to the bottom of a hemispherical kettle, and 
the liquid to be heated is poured into a dish of larger 
diameter, which is placed upon the top; the steam is 
turned on, and as it condenses is carried off by the drip 
pipe. A temperature of about 100° C. (212° F.) can 
usually be maintained by this method. The apparatus 
is generally called a steam bath. 

Sometimes the steam pipe is conducted directly from 
the top into the liquid to be heated. A steam distribu- 
tor, as shown in Fig. 82, may be used at the end of the. 
pipe near the bottom of the kettle; it is made by screw- 
ing a cross upon the end of the pipe, and an elbow to 
each arm of the cross; the steam issues usually with 
some force from each elbow and effectually stirs up the 


\ 


Fig. 82—Steam distribu- 
tor. 


Jo Tank 


Fig. 83—Noiseless distribution of live steam. 


liquid, and rapidly produces a uniform temperature in 
it. The principal disadvantages of using steam in this 
way are the noise at first produced by the contact of the 
hot steam with the cold liquid, and the increase in bulk 
of the liquid through the condensation of the steam as 
well as the contamination likely to be produced, for the 
condensed distillate from the average steam boiler is 
by no means pure. The noise attending the running 
of steam into cold water may be largely overcome by 
mixing the steam with a small stream of water, in a T- 
pipe, before allowing it to flow into the water, as illus- 
trated in Fig. 83. 
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The Use of Steam under Pressure—This is by far the 
most convenient method of using steam practically as a 
means of transmitting heat. It has been stated that 
steam produced in open and unconfined vessels, with 


Fig. 84—Steam boiler. 
(Courtesy of Mears-Kane-Ofeldt, Inc.) 


Fig. 85—Sectional view of boiler. 


the ordinary pressure of the atmosphere, has the tem- 
perature of 100° C. (212° F.). If water is heated con- 
tinuously in a boiler capable of withstanding pressure, 
the water is prevented from boiling by the pressure of 
its own vapor, and the temperature of the steam rises 
in proportion as the pressure increases. It is usually 
stated that the pressure of the atmosphere is 14.7 pounds 
to the square inch. The following table shows the in- 
crease in temperature of steam when the pressure ex- 
ceeds that of the atmosphere. Of course, the opposite 
effect is produced when the pressure is removed, and 
the water boils below the temperature of 100° C. (212° 


F.). (See Vacuum Apparatus, page 102). 
TABLE OF THE TEMPERATURES OF SUPERHEATED STEAM 
Pressure, Temperature Pressure, Temperature 

Pounds per of Steam Pounds per of Steam 

Square Inch cn Ce SS Square Inch LAG 2) eh 
14.7 100 212 55 141.6 287 
LY; 104.2 219.6 60 144.7 292.7 
20 108.8 228 65 147.7 298 
23 113 235.4 70 150.5 302.9 
25 115.6 240.1 75 153 307.4 
30 121.3 250.4 80 155.5 312 
35 126.2 259.3 85 157.8 316.1 
40 130.7 267.3 90 160 320 
45 134.6 274.4 95 162.2 324 
50 138.3 281 100 164.4 327.9 


A steam boiler heated by gas and automatically con- 
trolled is illustrated in Fig. 84. This boiler will furnish 
steam for heating kettles and stills in smaller labora- 
tories. A sectional view of a 
steam boiler is shown in Fig. 85. 

Fig. 86 represents a sectional 
view of a steam kettle, showing 
the space for steam and a four- 
arm steam distributor with out- 
let. Fig. 87 shows a modern 
form of steam kettle with a 
stirring apparatus whichis easily 
removed when not in use. The 
tilting kettle is very convenient. 

Fig. 88 illustrates a steam-heated kettle which is 
“‘slass-lined.’’? These kettles are made in many styles 


Fig. 86—Sectional view of 
steam kettle. 


and of varying capacity, by the Pfaudler Co. of Roches- 
ter, N. Y. The J. L. Mott Iron Works, of New York, 
also manufacture similar kettles. 

Pressure steam is frequently passed through coils of 
iron, block tin, or lead, which have been immersed in 
the liquid to be heated. Block tin pipe is useful for this 
purpose. Steam valves may be soldered to both ends 
of the pipe, and on account of the flexibility of the pipe 
it may be readily adjusted and coiled to suit available 
space, while the absence of danger from contamination 
when used for heating most medicinal liquids is an ad- 
vantage which should not be overlooked. Steam, when 
passed through coils of various shapes, zig-zag pipes, 
etc., is also largely used in heating liquids in special 
operations, in drying drugs, chemicals, etc. Fig. 89 
illustrates these forms. Zig-zag coils of silica have been 
used for evaporating permanganate solutions. 

Steam Generation without the Use of a Separate Boiler 
—In Fig. 90 is shown a water-bath jacketed kettle, 
which generates its own steam; it may be used over 
a gas burner, coal oil stove, or naked fire. Two 
gage cocks indicate the quantity of water in the kettle, 
and the safety valve the amount of steam pressure; the 
funnel pipe is used for charging the kettle with water. 
The advantages of this kettle are apparent, the princi- 
pal one being that it can be used by a pharmacist who 
desires to use steam heat without incurring the incon- 
venience and expense of installing a boiler in his store 


Fig. 88—Glass-lined steam kettle. 
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Fig. 87—Tilting steam 
kettle with stirrer. 


Fig. 89—Steam coils. 


or laboratory. A practical application of this principle 
is seen in sterilization by steam (see Chapter on “‘Steri- 
lization,” page 120). 

Transfer of Heat Energy by Other Means—For the 
development of high temperatures diphenyl oxide 
vapor may be used under pressure, analogous to the 
similar use of water vapor. Ata pressure of 144 pounds 
per square inch, a temperature of 399° C. (750° F.) may 
be maintained without difficulty. Installations of this 
type are used infrequently. 

Mercury vapor has also been used as a heat transfer 
medium in certain industrial installations for several 
years. It permits of operation at high temperatures, 
but has the disadvantages of high cost of mercury, great 
weight, and danger from mercury poisoning. 


The Regulation of Heat 


Most operations requiring the use of heat also necessi- 
tate more or less careful regulation of its intensity, 7. e., 
its temperature. The apparatus discussed in the fore- 
going section permits of approximate regulation, with 
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steam, especially, lending itself to exact regulation by 


virtue of the constancy of its temperature at various, 


pressures. However, other means of regulating heat, 
some of them permitting the attainment of a constancy 
of temperature within less than 0.01° C., are required 
for many manufacturing and testing procedures. 


APPARATUS EMPLOYED FOR REGULATING HEAT 
An apparatus employed for maintaining constant 
temperature is referred to as a constant temperature bath; 
for this purpose a medium permitting of uniform distri- 
bution of heat is required. The medium carrying this 
heat energy may be a gas, liquid, or solid. Besides the 


Fig. 90—Kettle with water- 
bath jacket. 


Tig. 91—Water bath. 

steam baths described earlier in this chapter, one of the 
simplest means of maintaining constant temperature 
for various laboratory manipulations is the use of a 
liquid at its boiling point. Thus boiling water provides 
heat at a constant temperature of 100° C. (at normal 
atmospheric pressure) to any substance placed in con- 
tact with it or with the steam generated from it. An 
apparatus in which water is used in this manner is 
called a water bath; it may have the forms shown in 
Figs. 91 and 92, or it may be very simply extempo- 
rized by boiling water in one container and placing in 
contact with it a container holding the substance to be 
heated. A water bath might also be used for maintain- 
taining a more or less constant temperature at any point 
below 100° C.; in the absence of mechanical regulating 
devices this requires constant manual control of the 
heating. 


Fig. 92—Water bath. 


Saline baths are generally employed by boiling a 
saturated aqueous solution of a salt; because of the 
elevation in boiling point of water produced by dissolv- 
ing in it a solute (see Osmotic Pressure and Related 
Properties of Solutions) it is possible to attain a constant 
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temperature appreciably above 100° C. The U.S. P. 
permits the use of a boiling, saturated solution of so- 
dium chloride or of ammonium chloride as a sterilizing 
bath (see Process G, in the Chapter on ‘‘Sterilization’’). 

Oil baths may be used for maintaining more or less 
constant temperatures up to approximately 250° C. 
These differ from the baths described previously in that 
they are not heated to the boiling point; oils are mix- 
tures, rather than pure substances, and do not have a 
constant boiling point. Fixed vegetable and mineral 
oils are employed in oil baths. The U. 8. P. permits 
sterilization of surgical and other instruments by heating 
them in light mineral oil at a temperature of 160° C. for 
60 or more minutes (see Process G, in the Chapter on 
“Sterilization,” page 125). 

A glycerin bath is occasionally used instead of an oil 
bath. If glycerin is heated nearly to boiling, acrid 
vapors of acrolein are given off; a temperature of 250° 
C., however, can be conveniently maintained. 

Air baths or hot-air ovens are largely used for many 
kinds of drying operations. Control of the temperature 
inside the bath may be effected by providing a metal 
jacket filled with water; the latter is heated to the de- 


Fig. 94 
Mercury 
thermoregu- 


Fig. 93—Water-jacketed air 
ath. lator. 


sired temperature, generally with gas, the rate of heat- 
ing being manually controlled. If a temperature of 
100° C. is desired the water is boiled; this operation re- 
quires little attention on the part of the user. Fig. 93 
illustrates such a water-jacketed air bath. More fre- 
quently air baths are electrically heated and the tem- 
perature is kept constant through the use of bimetallic 
thermoregulating devices (see below). 

The sand bath is usually an iron vessel of hemispheri- 
eal or other convenient shape, containing dry, clean 
sand, the vessel to be heated is embedded in the sand, 
and the bath is then heated to the required degree. The 
object of this form of bath is to distribute and equalize 
the temperature, and to prevent a too sudden rise or 
fall of heat whereby unequal expansion or contraction 
might cause the fracture of a glass or porcelain vessel 
being heated. 

The error usually made by inexperienced operators in 
the use of the sand bath is in permitting too large a 
body of sand to rest between the bottom of the vessel 
to be heated and the flame; this results in an unneces- 
sary waste of heat. 

Temperature-Regulating Devices—In order to attain 
precise temperature control in instances where it is 
impossible to do this by the use of a liquid at its boiling 
point, for example, a temperature-regulating device 
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must be installed. This governs the supply of heat 
energy either by turning it on or off at intervals as re- 
quired, or by reducing or increasing the rate of supply. 

Perhaps the simplest of many devices which are used 
for this purpose is that controlling electrical heating 
circuits in liquid or air baths. The essential parts of the 
heating and control circuits are a thermoregulator, an 
electrical relay, one or two immersion heaters, and a 


Fig. 95—Electrically heated constant temperature bath. 


source of electrical current. The thermoregulator may 
have a variety of shapes in order to increase its surface 
area; very frequently it is a long glass tube drawn out 
to a narrow bore at one end and the whole filled with 
mercury up into the narrow portion of the tube (Fig. 
94). One platinum wire lead is sealed through the 
glass and connects with the mercury in the wider por- 


tion of the tube; another lead, capable of adjustment of 
position, is placed in the narrow portion so that it 
barely touches the mercury when it has reached the 
temperature desired in the bath. Electrical contact is 
thus established which causes the relay to turn off the 
heating circuit. As soon as the temperature in the 
bath drops below the desired point the mercury con- 
tracts and breaks the circuit in the thermoregulator; 
this causes the relay to turn on the heating circuit. Pro- 
vided effective stirring is employed to distribute the 
heat, a well-designed device of this type permits the 
temperature to be kept constant within +0.01° C., 
and even more closely if the bath temperature is not too 
high. 

A mercury thermoregulator finds similar use in open- 
ing and closing an orifice through which gas flows; ex- 
pansion of the mercury closes the orifice and shuts off 
the supply of gas used to heat the bath, contraction of 
the mercury opens the orifice and permits the gas to 
flow to the burner. 

Fig. 95 illustrates a constant temperature bath which 
is heated electrically and controlled by means of a mer- 
cury thermoregulator. A pump keeps the bath liquid 
in constant motion permitting a very close regulation 
with only very slight variation in temperature. 

Bimetallic thermoregulators are employed in hot-air 
ovens where precise control of temperature is not re- 
quired; these consist of two strips of dissimilar metals, 
having different coefficients of expansion, welded to- 
gether and providing electrical contact with a heating 
circuit. So long as the temperature is below that re- 
quired the regulator is in contact with the heating cir- 
cuit; when the temperature is above the desired point, 
the uneven expansion of the bimetallic strip results in a 
bending of the latter in such a way as to break contact 
with the heating circuit. Cooling of the bath produces 
straightening of the strip and, at the desired tempera- 
ture, closing of the heating circuit. The position of a 
contact with the thermoregulator may be varied by 
means of a screw, thus permitting use of the oven at 
any desired temperature within a fairly wide range. 
The same principle is utilized in the construction and 
use of a bimetallic helix which twists a rod that oper- 
ates a heating circuit. 


CHAPTER IX 


APPLICATIONS OF HEAT 
CHANGES IN MATTER CAUSED BY HEAT 


The three states of matter (solid, liquid, and gas)—latent heat—Clausius-Clapeyron equation—fusion—ebullition—vapor pressure— 
sublimation—chemical changes caused by heat (torrefaction, calcination, etc.) 


The Changes of State in Matter 


WATER may exist in two forms other than liquid, 

e., gaseous (steam) and solid (ice). The student is 
probably acquainted with more than one physical form 
of other common substances. These different forms are 
referred to as the three ‘‘states” of matter. Each kind, 
(e. g., water, bromine, acetic acid, etc.) of matter can 
theoretically exist in each of the three states. The 
change from one state into another is intimately associ- 
ated with heat. One may write the following symbolic 
statements which show these relationships: 


(1) Solid + heat = liquid (2) Liquid + heat = gas 


These statements mean that a solid can be transformed 
into a liquid only by the absorption of heat, and a liquid 
can become a gas only by taking up heat. The reverse 
is also true: when a gas becomes a liquid, or a liquid 
a solid, heat is evolved. A third statement should be 
written: 


(8) Solid + heat = gas 


because in some cases (depending upon the external 
pressure) it is possible to transform a solid directly into 
a gas without the appearance of the intermediate liquid 


state. Names have been applied to these changes and 
they are: 
Solid + heat — liquid............ “Fusion” 
Liquid, — solid + heat............ “Solidification’”’ 
Ibiquid) | hea ti cash race “Hvaporation”’ 
Gas — liquid + heat...........:. “Condensation” 
Solid = -sheat — >| case aeneenraeiten: “Sublimation” 
Gas — solid + heat.............. “Condensation” 


In pharmaceutical practice these types of transforma- 
tions are of fundamental importance: recall the opera- 
tions in which evaporation is used, for example, the 
manufacture of solid extracts, the determination by 
distillation of the percentage of alcohol in tinctures; 
sublimation is applied in the preparation of mercuric 
and mercurous chlorides; the preparation of certain 
types of suppositories requires the process of fusion. 

Considerable knowledge and many empirical facts 
are known concerning the changes of state. The follow- 
ing discussion includes first a few generalizations and 
then more complete treatment of each of the changes. 

General—(1) In any of the changes, solid — liquid, 
liquid — gas, or solid > gas, the heat absorbed becomes 
“latent’”’ heat, that is, the heat is not evidenced by an 
increase in temperature of the matter. The temperature 
is constant. The specific latent heat (calories of heat 
per gram) of the fusion of ice is 79.7 calories per gram 
and for the evaporation of water is 539 calories per gram. 
After the process is complete and the matter is entirely 
changed to the new state, then any added heat will 
serve to raise its temperature. 

(2) In the reverse changes, gas — liquid, liquid — 
solid, or gas — solid, the latent heat is given up and this 
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serves again to maintain a constant temperature during 
the change. 

(3) An equation of great theoretical importance is 
that discovered by Clapeyron (1799-1864) and estab- 
lished by Clausius (1822-1888) and called for this reason 
the Clausius-Clapeyron Equation. This equation in Bae 
notation of the Calculus is written: 


dp. 
(I)' Me = T (Va — Vad Se 


where \;,2 represents the specific latent heat (7. e., heat 
absorbed or evolved per gram of matter) for any of the 
three changes. The subscript 1,2 denotes that the be- 
ginning state, be it solid, liquid, or gas, is represented 
by 1, while the final state is represented by 2 

T is the absolute temperature at which the change 
of state occurs: the “transition” temperature. 

V2 and V;, are, respectively, the specific volumes 
(z. e., the volumes of one gram) of the states 2 and 1. 

ps; is the pressure under which the change of state 
occurs. 

(4) In all these processes the external pressure is a 
governing factor. 

Thus, by rearranging the Clausius-Clapeyron Equa- 
tion into this form: 
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it becomes evident that the transition temperature varies 
with the external pressure. Further, one can predict the 
direction of this variation if a knowledge of the specific 
volumes in the two states is at hand. Consider this 
specific example: 

Ice when it melts absorbs a quantity of heat, 
Neotid, Hiquia, Per gram of solid. This change occurs at a 
temperature 7’ when the pressure is some fixed value 
(e. g., 1 atmosphere). The specific volume of the solid 
(ice) is represented by V, and of liquid by V2; Vj, is 
larger than Vz (the student recalls that ice floats on 
water, ice is therefore less dense than water, whence the 
volume of one gram of ice is greater than the volume of 
one gram of water). Remember that the temperature 
is in absolute degrees and must, therefore, be always 
positive in value, and that the value of X12 is also posi- 
tive, then the right-hand side of this equation must have 
a negative value. This means that if the pressure is in- 
creased, the freezing point of ice will decrease. 

Fusion—The preceding generalizations which apply - 
to all the changes of state apply, of course, to this proc- 
ess of Fusion and the reverse process of Solidification. 

With regard to the effect of pressure on the transition 
temperature, which in this special case is termed the 
melting povnt, a generalization can be made by referring 
to the example just cited: 

If the substance has a larger specific volume in the 
liquid state than in the solid, then an increase in pres- 
sure will produce an increase in the melting point. HI, 
however, the substance has a smaller specific volume in 
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the liquid state than in the solid, then an increase in 
pressure will produce a decrease in the melting point. 
This fact the student can always deduce if he remembers 
the form of the Clausius-Clapeyron Equation. 

It should be emphasized here that the pressure effect 
is in general quite small for the process of fusion and may 
be ignored in most practical work. 

The melting point for any one pure chemical sub- 
stance at a given pressure is a constant. The melting 
point of any impure substance is generally lower than that 
of the pure substance. This physical constant is a valu- 
able means of identifying a substance and of determin- 
ing its purity. The practical importance of this expedi- 
ent is so great that considerable space in Chapter XCIV 
is devoted to the methods employed. 

The melting point (or freezing point) of mixtures pre- 
sents a different picture. Fig. 96 shows the melting 


Melting Point of Salof 
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Fig. 96—Melting points of mixture of salol and camphor. 


point of mixtures of salol and camphor; the ordinates of 
the curve are the melting points, the abscisse, the per- 
centages of camphor. From this graph it is apparent 
that the melting points of both salol and camphor are 
lowered by mixing either substance with some of the 
other. The lowest melting point which can be obtained 
by mixing these substances is 6° C., obtained with a 
mixture containing approximately 45 per cent of cam- 
phor and 55 per cent of salol. This point is called the 
eutectic point, and the mixture, the eutectic mixture. The 
latter is defined as the composition of the mixture 
exhibiting the lowest melting point although the term 
has been incorrectly applied in pharmaceutical circles 
to mixtures of two or more solids (e. g., camphor and 
menthol) which liquefy and form solutions when 
brought into intimate contact at room temperature. 

This phenomenon explains the low and reproducible 
temperatures of freezing mixtures such as ice and salt. 
The melting ice and dissolving salt produce a saturated 
solution which is the eutectic of this mixture and as long 
as an excess of both solids is present a temperature of 
—21° C. will obtain. 

Many other mixtures of two substances show the 
same behavior as that discussed above; they are referred 
to as mixtures having a minimum melting point. Some 
mixtures show a maximum melting point, others have 
a melting point between those of the pure components, 
while still others show minimum and maximum points. 
The nature of the melting point curve obtained depends 
on whether or not new chemical compounds or ‘“‘solid 
solutions” are produced in the mixture. 

Ebullition—The phenomenon called ebullition (boil- 
ing) isa common one. It represents one of the methods 


of transforming a liquid into its gaseous form. 
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Boiling proceeds at a definite temperature for any one 
substance at a fixed pressure. This temperature is called 
the bowling point and is usually given for a pressure of 
one atmosphere. Reference to the Clausius-Clapeyron 
Equation indicates that the effect of pressure changes 
upon the boiling temperature is much larger than the 
effect upon the freezing point. Refer again to Equation 
2, in this case the subscripts 1 and 2 refer, respectively, 
to the liquid and the gaseous states. The specific vol- 
ume of a gas at moderate pressure is much larger than 
that of a liquid, the fraction therefore is a positive 
quantity and has a large numerator. The boiling point 
therefore increases with the pressure. 

The Clausius-Clapeyron Equation is considerably 
simplified when dealing with the process of boiling. As 
stated above, the specific volume of a substance in the 
gaseous state is much larger than the specific volume in 
the liquid state, then the term (Vz — V;) is very little 
different from Vez alone, and the equation may be 
changed to read: 


The errors introduced by this approximation formula 
are negligible in most practical cases. For example, 
consider the relative magnitudes of Vz and V, for 
water at 100° C., respectively, 1674 cc. and 1 cc., from 
which it is immediately evident that V2 — V, is 1673, 
or only 0.06% in error. 

All gases obey, with considerable accuracy, the equa- 
tion: 

reli 


4) v=, 


where V is the specific volume, M is the molecular 
weight of the gas, p is the applied pressure, 7 is the 
temperature of the gas in absolute degrees, and R is a 
constant. 

Replacing the quantity V2 in (8) by Equation 4 one 
obtains: 


The pressure term is written with subscript s because 
the pressure acting on the gas is the equilibrium pres- 
sure under which boiling occurs. 

Equation 5 is a simplified form of the Clausius- 
Clapeyron Equation which applies to the process of 
ebullition. 

A relationship which will be combined with this equa- 
tion is one ascribed to Trouton and called Trouton’s 
Rule. The rule is stated: 


Mx 


6 > 


= a constant, K 

This means that the specific latent heat of vaporization 
expressed in calories per gram multiplied by the molec- 
ular weight of the liquid and divided by the boiling 
point in absolute degrees at one atmosphere is a con- 
stant. This constant has a value of 21 for most sub- 
stances but for water and alcohols the constant is about 
26. It must be borne in mind that the temperature 
term in the Clausius-Clapeyron Equation when applied 
to ebullition is the boiling (7. e., transition) tempera- 
ture. Solving for T in Trouton’s Rule and substituting 
in the simplified Clausius-Clapeyron Equation (5) one 
derives: 
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or approximately : 


Tim 

(8) AT = Kan —Aps 
The value for FR is 1.987, p, is 760 mm., 7’ is the boiling 
point of the liquid under consideration taken at one 
atmosphere, K is chosen according to the type of liquid 
as explained above. This Equation (8) is useful in com- 
puting the boiling point of a liquid at 760 mm. after it 
has been determined experimentally at one particular 
value of pressure; AZ’ will represent the increase or 
decrease in boiling point as observed and Ap, is the 
difference between the observational pressure and the 
pressure (e. g., 760 mm.) at which the boiling point is 
desired. The pressure difference must be in terms of 
mm. of mercury. Substituting the numerical values 
given above the equation becomes: 


(9) AT = 0.00012 TA-p, for most substances, and 
(10) AT’ = 0.00010 7'A-p, for water and alcohols 


As an example let us calculate the boiling point of ethyl 
alcohol at 760 mm. from the data: 


Boiling point at 700 mm. is 76.4° 
AT = 0.00010 X (273 + 76) X (760 — 700) 
AT = 2,1° 


Since the pressure was below 760 mm. the correction 
must be added to 76.4° » giving 78.5°. The observed 
boiling point at 760 mm. is 78.3°. 

Relationships (9) and (10) give a close opromimacden 
of the effect of pressure on the boiling point for small 
pressure changes. 

The boiling point is as useful in identifying and in 
ascertaining the purity of liquids as the melting point 
is for solids. Detailed information concerning the 
methods is to be found in Chapter X. 

The theoretical discussion of the boiling of mixtures 
is considered in Chapter XI as an important factor in 
Distillation. 

Vapor Pressure—Let us imagine a container attached 
to a pressure gage and let us suppose that the container 
is evacuated and that a quantity of a liquid is introduced 
through an air-tight valve. As soon as the liquid enters 
it will be noticed that the meter indicates an increased 
pressure. This increase in pressure is due to the change 
of the liquid into the gaseous state. If sufficient liquid 
is introduced, not all of it will become gaseous (at a 
fixed temperature) and there will exist an equilibrium 
mixture of liquid and gas. The pressure existing at 
any one particular temperature for an equilibrium mix- 
ture is the maximum pressure and is called the vapor 
pressure of the liquid at that temperature. The vapor 
pressure increases with the temperature. The boiling 
point is defined as the temperature at which the vapor 
pressure equals the external pressure, usually atmospheric. 

It must by now be evident that the change from 
liquid to gaseous state does not necessarily occur only 
by ebullition, but can take place at all temperatures 
below the boiling point. It is this property which ac- 
counts for the disappearance of water or alcohol when 
exposed to the air for a period of time. The vapor 
pressure is a measure of the tendency of a liquid to 
evaporate: liquids of high vapor pressure evaporate 
more rapidly than those of low vapor pressure. 

Frequent use is made in pharmaceutical operations 
of evaporation below the boiling point. Evaporation 
by ebullition at reduced pressures is also widely used, 
since it is possible to remove liquid rapidly at low tem- 
peratures by this method. A recent and important use 
of reduced-pressure evaporation is the application of 


the idea to the complete evaporation of the liquid por- 
tions of therapeutic sera. By using very low pressures 
and temperatures it has been possible to make solid 
products of these important preparations which for- 
merly were highly unstable. The products will keep for 
long periods of time at room temperature. 

Sublimation—All solids have some tendency to pass 
directly into the vapor state. At a given temperature 
each solid has a definite, though generally small vapor 
pressure; the latter increases with rise in temperature. 
Sublimation is the term applied to the process of trans- 
forming a solid to vapor without intermediate passage 
through the liquid state; in pharmacy the term includes 
also the condensation of the vapor back to the solid 
state (see the chapter on ‘‘Sublimation’’). 

A solid sublimes only when the pressure of its vapor 
is below that at the triple point for that substance. The 
triple point here referred to is the point, having a defi-. 
nite pressure and temperature, at which the solid, 
liquid, and vapor phases of a chemical individual are 
able to coexist indefinitely. If the pressure of vapor 
over the solid is above that of the triple point the liquid 
phase will be produced before transformation to vapor 
can proceed. Fig. 97 depicts a phase diagram. illus- 
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Fig. 97—Phase diagram. 


trating the principle involved. The line OA indicates 
the melting point of the solid form of a substance at 
various pressures; only along this line can both solid 
and liquid forms exist together in equilibrium, to the 
left only solid form is stable and to the right only the 
liquid form remains permanently. The line OB shows 
the vapor pressure of the liquid form of the substance 
at various temperatures; it is called the vapor-pressure 
curve of the liquid and represents the conditions of 
temperature and vapor pressure for coexistence of 
liquid and vapor phases. Above this line only the 
liquid phase exists permanently, below it only vapor 
occurs. The line OC represents the vapor pressure of 
the solid at various temperatures; it is designated as 
the sublimation curve of the solid and represents the 
conditions of temperature and vapor pressure for the 
coexistence of sofid and vapor phases. To the left of 
this line only solid can exist, to the right only the vapor 
form is stable. The intersection of the three lines, 
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point O, is the triple point. It is apparent from the dia- 
gram that at pressures of vapor below that of the triple 
point it is possible to pass directly from the vapor to the 
solid state, and vice versa, simply by changing the tem- 
perature. At pressures above the triple point, the 
liquid phase must intervene in transformations between 
solid and vapor phases, in a closed system. Since the 
melting point of a solid is commonly taken at one atmos- 
phere of pressure it is evident that if the triple point 
pressure is less than one atmosphere, fusion of the solid 
form will occur on heating in a closed vessel; if, on the 
other hand, the triple point pressure is greater than one 
atmosphere, the solid form cannot be melted by heating 
at atmospheric pressure. 

In a current of air, however, the conditions are some- 
what different; some solids which melt when heated in 
a closed system now sublime appreciably even at ordi- 
nary temperatures, because the vapor pressure of the 
solid does not attain the triple point pressure. Thus 
camphor, naphthalene, paradichlorobenzene, and 
iodine, all of which have a triple point pressure below 
one atmosphere, will vaporize in a current of air but 
melt when heated in a closed system. 


Chemical Changes Caused by Heat 


Several pharmaceutically important applications of 
heat are accompanied by chemical changes in the sub- 
stance being heated. Most of these operations require 
the application of heat at fairly high temperatures; to 
obtain the necessary degree of heat the substance 
placed in a suitable container may be heated by a direct 
flame or in a suitable oven. The several applications in 
this category are described below. 

Torrefaction (known also as roasting) is the process 
whereby organic substances have some of their con- 
stituents modified by the application of a degree of heat 
somewhat less than that necessary to carbonize them. 


The most familiar example of this process is the roasting 
of coffee. Rhubarb in coarse, dry powder, when sub- 
jected to torrefaction, loses its cathartic properties, but 
retains its astringent qualities, and is known as torrefied 
rhubarb. 

Carbonization is the process of heating organic sub- 
stances without access of air until the volatile products 
are driven off, and the residue assumes the black color 
characteristic of free carbon or charcoal. The manufac- 
ture of bone black and wood charcoal afford good illus- 
trations. 

Ignition, in the sense in which it is used in the Phar- 
macopoeia and by chemists generally, is the process of 
strongly heating solid or semisolid substances, the residue 
left at the conclusion of the process being the substance 
sought. The U.S. P. assay for alkali salts of organic 
acids is a good example of the application of ignition. 

Incineration is the process of strongly heating organic 
substances with access of air until all the carbon is con- 
sumed, the ash which remains being the object sought. 
The process is frequently used in analysis to determine 
the amount of fixed or non-volatile matter in a sub- 
stance. The electrically heated muffle furnace illus- 
trated in Fig. 78 is an excellent device for incinerating 
substances for analytical purposes. 

Calcination is the process of separating volatile sub- 
stances from fixed inorganic matter by the application 
of heat without fusion. Its principal use in pharmacy 
is in the expulsion of water and carbon dioxide from 
carbonates, as in making magnesium oxide from magne- 
sium carbonate. Its name is derived from “‘calx,”’ CaO, 
which is made from limestone, CaCOs3, by this opera- 
tion. 

Deflagration is the process of heating one inorganic 
substance with another which is capable of yielding 
oxygen (usually a nitrate or a chlorate); decomposition 
ensues, accompanied by a violent, noisy, or sudden 
combustion. 


CHAPTER X 


APPLICATIONS OF HEAT 
VAPORIZATION 


Evaporation—tension of vapors—humidity—evaporation by boiling—evaporation below the boiling point—vacuum stills and 
dryers—evaporation to a definite volume 


THE PHARMACEUTICAL OPERATIONS included under 
this head are those in which volatile substances are 
separated from either less volatile or fixed bodies, 
usually with the aid of heat at varying temperatures. 
Vaporization is frequently employed in pharmacy, and 
it will be most convenient to consider its applications: 
(a) to liquids; (b) to solids. The following definitions 
are of importance: 


1. When vaporization is used to separate a volatile 
liquid from a liquid mixture, the process is called 
evaporation. This may be accomplished either with or 
without ebullztion or boiling. 

2. When the substance sought is the volatile liquid, 
the process is called distzllation. 

3. When vaporization is used to drive off a volatile 
liquid (generally water), from a solzd, it is called deszc- 
cation (dehydration) or exsiccation. 

4. When it is used to separate a volatile solid from 
a non-volatile solid, it is called sublimation. 

The following diagram may serve to impress the defi- 
nitions on the memory: 


Vaporization 


Object Sought Process 
\ 


Liquids: 
Fixed or less volatile...... Evaporation with or without ebullition 
Volatiles. a= See oe ee Distillation with ebullition 
Solids 
Fizedh:s Saree ete ae (ease ee (dehydration) 
| Exsiccation 
Wolatiletsy.c:, eevee cee ote Sublimation 


The subjects of evaporation, distillation, sublimation, 
and desiccation will be considered in the chapters which 
immediately follow. Vaporization, as applied to 
granulation and exsiccation, will be more appropriately 
considered after the chapters on “Solution” and ‘‘Crys- 
tallization.”’ 


Evaporation 


Although this term has in its more popular sense the 
signification of the separation of moisture from any 
body, whether solid or liquid, in pharmacy the word 
has a more restricted meaning, and signifies the driving 
off of the more volatile portions of a liquid mixture by 
the application of heat, with the object either of purify- 
ing or of concentrating it for the purpose of obtaining 
the less volatile portion. Illustrations are found in the 
concentration of syrups and liquids intended for crystal- 
lization, and in the treatment of weak percolates in 
making fluidextracts and extracts. 

As ebullition, or boiling, is an important form of 
evaporation, it will be necessary first to consider its 
essential points. Ebullition in a heated liquid is caused 
by the formation of bubbles of vapor, which, rising to 
the surface of the liquid and bursting, permit the vapor 
to become diffused in the space above the boiling liquid. 
The boiling point of a liquid may be defined as the tem- 
perature at which the tension of its vapor is equal to 


the pressure of the atmosphere, this point being definite, 
while evaporation may take place in the same liquid at 
nearly all degrees of heat because of the tendency of all 
liquids to pass into the vapor state. The point at which 
a liquid boils varies with the composition of the liquid, 
other variables remaining constant. The boiling point 
of a pure substance is constant; that of a solution 
generally increases on continued heating. 


The boiling point of a liquid is affected by the cohe- 
sion of the liquid and the degree of pressure upon its 
surface. Water under the ordinary pressure of the 
atmosphere boils at 100° C. (212° F.).. When confined 
in a steam boiler, it has been shown that water can have 
a temperature considerably over 200° C. (392° F.) with- 
out boiling, the bubbles being prevented from forming 
by the pressure of the steam in the confined space above 
the liquid. On the other hand, the creating of a partial 
vacuum by the removal of pressure causes a liquid to 
boil below its normal boiling point as, for in- 
stance, when a vacuum of about 28 inches 
will cause water to boil at a temperature of 
only 100° F. 

Methods for determining distilling and 
boiling points are given in Chapter XC. 

Tension of Vapors—If a glass tube, about 
36 inches long, closed at one end, is filled with 
mercury, and the open end, after closing it 
with the finger, carefully inverted in a beaker 
containing mercury, it will be found that the 
mercury will run out from the tube into the 
beaker until a column of mercury about 
thirty inches in height is left. This column 
is sustained by the pressure of the atmos- 
phere, and is, in fact, the well-known mer- 
curtal barometer tube sometimes called the 
Torricellian tube on account of its discoverer 
(Fig. 98). The six inches of space in the 
tube above the level of the mercury is, of 
course, empty, except for mercury vapor. 
Now, if a few drops of water are passed into 
the tube by a dropper, they immediately 
rise to the level of the mercury in the tube 
and, although the temperature has not been 
increased, a portion of the water is vaporized, 
and the column of mercury is proportionately 


depressed. This depression is due to the Fig. 98— 
tension of the aqueous vapor. If the tube VWercutial 


is forcibly pushed down into the mercury, 

the increased pressure will be found to have liquefied 
the vapor, and the original quantity of water is re- 
covered; but the depression in the column of mercury 
may be increased by heat, and when a sufficient amount 
of heat has been applied to the tube to expel the 
mercury until none is left in the tube, it will be 
found that the temperature marks 100° C. (212° F.), 
which is the boiling point of the liquid (water), showing 
that this point must be reached in order to overcome 
the pressure of the atmosphere. If alcohol or ether is 
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substituted for water, it will be found that the mercury 
will be depressed in a far greater ratio—this being due 
to the greater volatility and lower boiling point of these 
liquids. The maximum density of the vapor of a volatile 
liquid in a confined space in contact with the corre- 
sponding liquid is reached when its elastic force attains 
the limit beyond which pressure produces the liquefac- 
tion of the vapor. When this limit is reached, the vapor 
is said to be saturated. Maximum density varies with 
the temperature. If a saturated vapor in an enclosed 
tube is not in contact with an excess of liquid, increase 
of temperature lowers its density or expands it. On the 
other hand, when a saturated vapor is cooled, liquefac- 
tion gradually takes place, the vapor above the liquid 
remaining in the condition of maximum density until 
converted into the liquid, so that cold and pressure have 
the effect of converting vapor into liquid, while heat 
and the removal of pressure have the reverse effect, 
2. €., the conversion of liquid into vapor. A considera- 
tion of the foregoing facts leads to the following deduc- 
tions: 

1. The quantity of vapor that will form in a con- 
fined space depends primarily upon the amount of pres- 
sure and heat to which the liquid is subjected, but when 
the point of saturation of the surrounding space with 
the vapor is reached, evaporation ceases if the pressure 
and temperature remain the same. 

2. The rapidity of evaporation of an aqueous liquid 
in the open air is influenced by the amount of the aque- 
ous vapor always present in the air. If the saturation 
is at or near the maximum, evaporation is retarded; but 
if the aqueous vapor in the atmosphere is much below 
the state of maximum saturation, as is usually the case, 
evaporation is accelerated. 

3. Rapidity of evaporation is increased by removing 
the pressure of the atmosphere. 

4. Increase of temperature obviously accelerates 
evaporation by increasing the formation of vapor. 

Humidity—Humidity is the term used to describe 

the amount of water vapor in the atmosphere. It may 
be “absolute” humidity, in which case the actual 
weight of water in a given unit volume of atmosphere is 
meant; but the more common application of the term 
is that of “relative” humidity. By this we mean the 
ratio of the actual humidity of the atmosphere at any 
given temperature to the absolute humidity of the 
atmosphere if it were saturated at the same tempera- 
ture. 
_ The atmosphere is said to be saturated or to have 
reached the saturation point, sometimes called the dew 
point, when it contains as much water vapor as it can 
possibly contain at any given temperature. For ex- 
ample, the absolute humidity of air at 70° F. is about 
eight grains of water vapor per cubic foot. At 0° F. it 
is only one-half grain per cubic foot. If the atmosphere 
of a room, the temperature of which is 70° F., contains 
four grains of water vapor per cubic foot, the relative 
humidity would be four-eighths or, as commonly ex- 
pressed, fifty per cent. 

Humidity, therefore, has a direct and important bear- 
ing upon evaporation and in many laboratories it is de- 
termined as a preliminary step to the successful carry- 
ing out of certain kinds of operations, as manufacturing 
granular effervescent salts which cannot be made of 
uniform quality except when the humidity is below a 
certain figure. The instrument used in determining 
relative humidity is called a hygrometer. There are 
several types and forms of instruments used for the pur- 
pose. One form, known as the hair hygrometer, shows 
the relative humidity directly upon a dial. It is oper- 
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ated by taking advantage of the fact that a strand of 
human hair lengthens with dampness and shortens with 
drying. 

Another form is known as the wet and dry bulb ther- 
mometer (Fig. 99). Two thermometers are mounted a 
short distance apart on the same board. One of these is 
exposed to the free air, the other has its bulb covered 
with loosely twisted wicking which extends into an at- 
tached water reservoir. The bulb which is surrounded 
with moist wicking will show a lower temperature than 
the dry bulb and this difference is directly proportional 
to the rapidity of evaporation of the water, which in 
turn is directly dependent upon the relative humidity 
or percentage of saturation of the atmosphere with 
water. A table accompanies such a thermometer 
which gives the relative humidity when the dry bulb 
temperature and the difference in the readings of the 
two thermometers are known. 


Fig. 99—Wet and dry 
bulb thermometer. 


Fig. 101—Sectional 
view of evaporators. 


Fig. 100—Sling psychrometer. 

A third form, giving more rapid results than the fore- 
going, is known as the sling psychrometer (Fig. 100). 
This form has the two thermometers mounted upon a 
whirling handle and placed so that one has the bulb con- 
siderably below the other. The lower bulb is covered 
with muslin, moistened with water and the instrument 
whirled by hand, readings being made every half min- 
ute until the difference in temperature between the two 
thermometers. is constant. The same table may be 
consulted as is used in connection with the preceding 
instrument. 


EVAPORATION OF LIQUIDS BY BOILING 


In evaporating by boiling—other variables remaining 
fixed—the rapidity of the process depends upon the 
extent of surface exposed to the heat. Fig. 101 represents 
a cross section of two evaporators, Aand B. The corru- 
gated bottom of A gives twice as much surface as the 
smooth bottom of B, and hence if the same quantity 
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of a liquid is made to boil in each, at the same tempera- 
ture, the bubbles of vapor given off from the corrugated 
bottom will be twice as numerous as those formed on 
the plain bottom. The superiority of the tubular boiler 
over the ordinary plain or Cornish boiler also affords 
a good illustration of this fact (Fig. 85). rs 

When a pure, volatile liquid is heated to the boiling 
point in the open air, its temperature remains the same 
until the whole of the liquid has evaporated. If, on the 
other hand, solid matter is dissolved in the liquid, the 
temperature of the solution is gradually increased until 
saturation is reached. This fact is well illustrated by 
considering the elevated boiling points of saturated 
solutions of various salts, and it shows the importance 
of controlling and regulating the heat in the evaporation 
of solutions of organic substances as evaporation 
progresses, as, for example, in the making of extracts, 
etc. 

The cohesion of a liquid affects its boiling point, 
dense, thick, and sticky liquids offering more resistance 
to the escape of the bubbles of vapor than mobile, or 
thin liquids. 

The relative depth of a liquid also influences the boil- 
ing point. Shallow vessels favor ebullition, because they 
afford proportionally less weight of liquid above the 
bottom of the dish, through which the bubbles escape, 
than deep ones. Rough metallic surfaces favor evapora- 
tion by boiling, and are better than smooth surfaces, 
because they expose a greater amount of surface to the 
source of heat. 


Fig. 102—Evaporation below the 


Fig. 103—Porcelain evapo- 
boiling point. i 


rating dish. 


Fig. 104—Glass-lined open crystallizing pan. 
EVAPORATION BELOW THE BOILING POINT 


In evaporating liquids below their boiling point— 
other variables remaining fixed—rapidity of evaporation 
depends upon the extent of surface exposed to the air. 
Fig. 102 shows two vessels of exactly the same diameter, 
but of different capacity, containing water. Both ex- 
pose the same amount of surface to the air, but the 
larger vessel contains eight times more liquid than the 
smaller one. 

If both are subjected to the same temperature, pro- 
vided it 1s below 100° C. (212° F.), the water will evapo- 
rate as rapidly from one as from the other. 

Proper Shape of Vessels for Evaporating Liquids— 
Broad, shallow vessels should be used for evaporating 
because the extent of surface is proportionally greater 
in vessels of this shape. Fig. 103 is an illustration of a 
porcelain evaporating dish having the proper shape. 
The chief objection to dishes of this kind is their liabil- 
ity to breakage. Care should be taken to dry the bot- 


tom of the dish thoroughly before placing it over a gas 
flame. Enameled sheet-iron dishes, called ‘agate ware,” 
are very light, and are much more lasting than the ordi- 
nary enameled cast-iron dishes. 
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Fig. 105—Small vacuum still. 


For larger operations, cast-iron, glass, or acid-resisting, 
enamel-lined vessels of excellent quality and of varying 
capacity are now available (Fig. 88 and Fig. 104). 

Use of Stirrers—By stirring an evaporating liquid 
the surface is largely increased, while the currents of 
air produced at the same time greatly assist in dissipat- 
ing the vapors which rise. Upon the small scale, porce- 
lain, horn, or wooden stirrers are used, while mechani- 
cal stirrers are usually employed in the laboratory in 
more extensive operations. 

Vacuum Apparatus—On page 97 it is shown that the 
boiling point of liquids is lowered by removing the pres- 
sure of the atmosphere. This fact is easily proved by 
placing under the receiver of an air pump some alcohol 
in a test glass containing a few pieces of broken glass, 
when, upon exhausting the receiver, many bubbles of 
vapor will rise from the surface, and the liquid will boil 
at the ordinary room temperature. Water will boil at 
84° C. (183.2° F.) on the top of Mont Blane on account 
of the diminished pressure of the atmosphere, and allow- 
ance must be made for such differences in temperature, 
due to increased altitude, in cooking food, as well as in 
preparing pharmaceutical and chemical preparations. 


Fig. 106—Vacuum st Il. 


The practical application of these principles is of 
great importance in pharmacy. Vacuum apparatus in 
the form of evaporators, stills, and shelf dryers are in- 


VAPORIZATION 103, 


variably used in the modern laboratories for concentrat- 
ing solutions, drying extracts and glandular products 
and many other substances which are injured by heat 
under ordinary pressure. Efforts are made to maintain 
as high a vacuum as the apparatus will withstand 
since the higher the vacuum, the lower the tempera- 
ture at which vaporization takes place. Vacuum evapo- 
rators are economical because of the shortened period 
of operation and also because exhaust steam may be 
used, since less heat is required. Materials are not 
only exposed to a lesser degree of heat. but they are 


Fig. 108—Stokes vacuum shelf dryer, equipped with thermocouples va- 
cuum pump and vertical surface condensers built into the base. 


exposed for a shorter period of time, which prevents 
burning, changing of color, and destruction of active 
principles. 

In Fig. 105 a vacuum apparatus is shown which illus- 
trates the principle of this method of evaporation. 
Fig. 106 shows a larger vacuum apparatus adapted for 
manufacturing laboratories. At the left is seen a 
jacketed copper still containing manhole, eye glasses, 
aircock, and drain valve, the top being enlarged to pro- 
vide for the frothing of the liquid in the still. The con- 
denser is mounted on the receiving tank which is fur- 
nished with a water gage, drain valve, and with inlets 
and outlets for the vacuum pump. Such stills are used 
to concentrate the percolates from vegetable drugs, at 
very low temperatures, and at the same time to recover 


the alcohol for use in another operation. Fig. 107 illus- 
trates an apparatus in which the alcohol may be re- 
covered directly from an exhausted drug by emptying 
the contents of a percolator into the still. Vacuum 
pumps operated by steam are to be found in all well- 
equipped pharmaceutical laboratories, and pipes and 
attachments are just as easily connected with various 
forms of apparatus as are the pipes used for conveying 
steam under pressure. 

Fig. 108 shows the application of vacuum to the dry- 
ing of moist substances; the vapors may be condensed 
and reclaimed by the use of the condenser. These 
vapors may sometimes be injurious or objectionable if 
allowed to escape into the laboratory, and hence this 
plan of disposing of them is effective; the condenser 
may. be disconnected, if found advantageous. Sub- 
stances which require days to dry in heated rooms can 
be dried in several hours with this apparatus. 

Further consideration of vacuum apparatus for 
evaporation and recovery of solvents will be found in 
the chapters on “Distillation”? and “Extraction by 
Percolation.” 

Economical Surface Evaporation—In large industries 
where economy in operating is an essential factor, vari- 
ous forms of apparatus are constructed to meet this 
need. In Fig. 109 is shown a method of concentrating 
sulfuric acid. 

Spontaneous Evaporation—By this term is meant the 
evaporation of a liquid at the ordinary temperature of 
the atmosphere, or without the application of strong, 
direct heat. It is used in eases where the residue or less 
volatile liquid liable to injury or loss by the applica- 
tion of much heat, or in crystallization, when, by the 
slow vaporization of the volatile liquid, finely formed 
crystals may be secured, and in other less important 
operations. Spontaneous evaporation is usually con- 
ducted in drying rooms or closets when they are acces- 
sible; these, as will be subsequently described, are rooms 
or closets which are very slightly heated by the use of 
exhaust steam or other means; or the liquid may be 
placed in shallow dishes or trays and the surface ex- 
posed to the rays of the sun during fine weather. Upon 
the small scale, one of the most convenient methods is 
to support the dish upon a tripod or shelf in a warm 
place, as on a radiator, or over some other source of heat. 

In industrial processes many forms of apparatus have 
been devised for accomplishing rapid evaporation and 
the drying of materials. Sugar, gelatin, granular chemi- 
cals, extracts, wash waters, and many other substances 
are handled on a large scale by special machinery. 


EVAPORATION BY DIRECT HEAT 


This method usually requires the greatest amount of 
care in order to avoid loss or injury by overheating. 


Fig. 110—Flask evapora- 


Fig. 109—Concentration of sulfuric acid by surface evaporation, tion. 
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It is therefore to be preferred only in cases where the 
residue is not easily injured by such an accident. The 
evaporation of saline solutions in crystallization, or of 
weak aqueous organic solutions, may usually be per- 
formed by the application of ‘direct heat. Careful 
watching, however, is necessary, and also frequent stir- 
ring, to prevent the formation of a crust upon the bot- 
tom. Fig. 110 shows a method of evaporating by direct 
heat, using a flask, F, supported on a piece of brass 
wire gauze, G, on a retort stand. 

Drying closets are used in many operations in the 
manufacturing laboratory. Usually they are heated by 
steam pipes but electrical heating units are now used 
and arrangements can be made for gas heat if desired. 
The air is drawn through by an electric fan. The ap- 
paratus shown in Figs. 111 and 112 is manufactured by 
Proctor and Schwartz Inc. 


FRESH 


HEATER 


Fig. 112—Proctor tray dryer used for drying tablet granulations. 


EVAPORATION TO A DEFINITE VOLUME 


This operation cannot be performed accurately with- 
out inconvenience, and hence it is much more satisfac- 
tory to evaporate a liquid to a definite weight—all that 
is necessary in the latter case being to use a tared dish, 
and weigh the dish and contents when evaporation has 
progressed to the desired point. In evaporation to a 
definite measure, a graduated evaporating dish (Fig. 
113) may be employed, care being taken to level it by 
noticing that the height of the liquid is the same on each 
side, or the expedient illustrated in Fig. 114 may be 
resorted to. An ordinary evaporating dish, D, is placed 
upon a grommet, G (Fig. 116), and subjected to heat (in 
this case the temperature is intended to be that of a 
warm room); a perforated wooden strip, A, is placed 
across the dish, and a glass thermometer, T, is sup- 
ported in an upright position in the liquid by a perfo- 


rated cork. Sufficient water is poured into the dish to. 


equal the final measure of the liquid, and a small rubber 
band is slipped on the thermometer (or a piece of string 


tied on) to indicate the desired level of the liquid; the 
water is replaced by the liquid to be evaporated, and 
evaporation proceeds until the liquid has been lowered 
to the mark on the thermometer. When the use of the 
thermometer is unnecessary, a notched stick may be 
substituted. In order to arrive at results approaching 


Fig. 113—Graduated evaporating dish. 


accuracy by these methods, the liquid must be allowed 
to cool to the temperature of the water which was used 
as the measure of the liquid in the beginning. 

Use of Hoods—A hood is a contrivance intended to 
collect and dispose of vapors which have disagreeable 
odors or harmful effects. 

Fig. 115 illustrates a laboratory hood or fume closet 
such as is used in analytical laboratories where acid and 
other obnoxious fumes must be carried away. Such 
hoods are generally equipped with specially constructed 
acid-resisting suction fans, electrically driven and placed 
in the flue pipe. 

Use of Grommets—One of the inconveniences in 
using round-bottomed evaporating dishes is due to the 
shape, serious loss often occurring from tilting the dish 
and spilling the contents. To obviate this, grommets 
should be used. These may be economically made from 
straw, formed into a circle and tied, or from a cast-off 
piece of rubber hose or tubing by bending it into a circle, 
placing a wooden plug in one end, tacking it securely, 
and inserting it in the other end and fastening it in the 
same manner (Fig. 116). An elastic ring is thus formed 
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Fig. 114—Measuring evapo- 
Tation. 


—— 


Fig. 116— Grommet. Fig. 


115—Laboratory hood. 


upon which an evaporating dish or round-bottomed 
vessel may be safely placed. They may also be pur- 
chased made of cork or other non-conducting material. 
Grommets serve another very important purpose, that 
of preventing the fracture of a porcelain or glass dish 
containing a hot liquid, by being placed between the 
hot dish and the cold surface of a table or counter. 


CHAPTER XI 


APPLICATIONS OF HEAT 
DISTILLATION 


Theory of the distillation of mixtures—distillation of binary systems—simple distillation—water stills—vacuum distillation— 
steam distillation—fractional distillation—molecular distillation—reflux distillation—destructive distillation 


THE TERM DISTILLATION is applied to two types of 
processes: (1) where a single constituent is vaporized 
from a solution and subsequently condensed, as in the 
preparation of distilled water; (2) those in which vapori- 
zation gives rise to a mixture of constituents in the vapor 
and from which one or more of the substances is to be 
separated in as pure form as is possible. Some writers 
prefer to designate the first type of process as evapora- 
tion, regardless of the fact that the condensed vapor is 
the desired product, and to reserve for the second type 
process the name distillation. 

Two main methods of distillation are practiced. In 
one the vapor produced by boiling a liquid mixture is 
separated and condensed in such a way that none of the 
condensate is returned to the’ still to come in contact 
with vapor. In the second method a portion of the 
condensate is returned to the still in such a manner as 
to effect an intimate “countercurrent” contact with 
vapor flowing in the direction of the condenser.’ The 
former method is employed in the procedures described 
under simple distillation, vacwwm distillation, and steam 
distillation; the latter method is utilized in the proce- 
dures described under fractional distillation. 

In order to effect a separation of the constituents of a 
mixture it is essential that the composition of the vapor 
produced in distillation be different from that of the 
liquid from which it emanates. If the composition of 
both phases is identical, separation of the constituents 
of a mixture cannot be effected. A brief discussion of 
the equilibrium relationships between the liquid and 
vapor phases of several different types of liquid mix- 
tures that may be distilled is presented in the following 
section; a more extensive discussion may be found in 
Elements of Chemical Engineering, by Badger and Mc- 
Cabe, and in Elements of Fractional Distillation, by 
Robinson. 


Theory of Distillation of Mixtures 


The boiling of simple liquids, 7. e., chemical indi- 
viduals, is treated in Chapter X. There the boiling 
point is defined as the temperature at which the vapor 
pressure of the liquid is equal to the external pressure. 
The same definition applies to mixtures of liquids, but, 
unfortunately, there is no generally applicable means 
of knowing the vapor pressures of mixtures from 
knowledge of the individual vapor pressures. It follows 
that, in general, it is not possible with present 
knowledge to calculate the boiling points of all mixtures 
from data concerning the components alone. Under 
these circumstances recourse must be made to experi- 
mentally determined values. On the basis of the physi- 
cal behavior of liquid mixtures it is nevertheless possible 
to make certain generalizations and classifications. The 
classifications are these: 

I. Mixtures, the components of which are quite 
insoluble in each other. 
II. Mixtures, the components of which are miscible 
in all proportions. 


III. Mixtures, the components of which are miscible 


only in certain proportions. 
These three classes are treated separately as follows: 


Class I. Liquids Quite Insoluble in Each Other 


(a) Each liquid evaporates independently of the 
other. The vapor pressure of the mixture at any par- 
ticular temperature is the sum of the vapor pressures 
of the components for that temperature. 

(6) From temperature-vapor pressure tables or 
curves it is possible to ascertain the boiling points of 
such mixtures by summing the vapor pressures of the 
components all taken at the same temperature and, 
having done this for a range of temperatures, read the 
boiling point from the curve constructed from the tem- 
peratures and the calculated vapor pressures. The 
boiling point is, of course, the temperature at which 
the vapor pressure equals the external pressure (e. g., 
760 mm.). 

(c) For a mixture of two components, the ratio of 
the masses of the components in the condensed vapor 
will be: 


MA paM 4 


mp pBpMes 


(See footnote?) 


where the subscripts represent the different components, 
m the weight of the liquid in the condensed vapor, p 
the vapor pressure of the liquid, and M the molecular 
weight. 

(d) A special case of such mixtures is represented by 
steam distillation, page 111. 


Class II. Liquids Miscible in All Proportions 


These mixtures are subdivided into three groups, de- 
pending upon the variation of the boiling point with 
the composition. 

1. The boiling point varies uniformly with the com- 
position of the mixture and is always lower than the 
boiling point of the least volatile component, and 
greater than that of the most volatile. 

2. The boiling point varies with the composition but 
at one particular composition the boiling point has a 
maximum value, greater than that of the least volatile 
component. 

3. The boiling point varies with the composition but 


1 This relationship evolves from the following consideration: ; 
(a) In any given volume of vapor above such a mixture, the equations 


n n 
Aw and Pp = p___3 hold. Here P is the total pressure 
na + np ng + np 

and n is the number of moles contained in the volume chosen, 

AN 

PR NB 


Pa=P 


(b) Dividing the two equations one obtains: 


(c) By definition of a mole: ny = a andng = —— 


Pp m, M m 
(d) Whence ed =f eet ——? and finaly — = —— 
Pp me My mp 
Note that if the molecular weight of B is much smaller than that of A, the 
proportion of A to B in the distillate will be much greater than the ratio 
of the corresponding vapor pressures of the two liquids. 


105 


Pee, _— 


106 


at one particular composition the boiling point has a 
minimum value, less than that of the most volatile 
component. 

In the discussion to follow, mixtures of only two com- 
ponents are treated because of the obvious simplifica- 
tion. Studies have been made of more complex mix- 
tures and concerning such cases references may be made 
to monographs on the subject of distillation. 

A clearer understanding of the behavior of the several 
groups of two-component mixtures during distillation 
may be obtained with the aid of diagrams which show 
not only the boiling point of all possible mixtures of the 
two components, but also the composition of the vapor 
which is in equilibrium with the liquid at the boiling 
point. Accordingly, two curves are found in each dia- 
gram, the lower one representing the boiling point for 
any given compasition of liquid, the upper indicating 
the composition of vapor in equilibrium with the liquid. 
It will be seen that except for certain mixtures, notably 
constant boiling mixtures, the vapor in equilibrium with 
a mixed liquid is always of different composition than 
that of the liquid. To obtain the composition of vapor 
in equilibrium with a boiling liquid a horizontal “‘tie 
line’ should be drawn from the desired point on the 
liquid curve until it intersects the vapor curve. 

The composition of the liquid is here indicated in 
terms of mole fractions. In a liquid containing the two 
components A and B the mole fraction of A, designated 
Na, is the number of moles of A divided by the sum of 
the moles of A and B; mathematically this is expressed 
as follows: 


The mole fraction of B is similarly defined: 


NB 
NA + NB 


Nz = 


From these equations it is apparent that the sum of the 
mole fractions of A and Bis 1, also that Ny = 1— Nz 
and that N,’= 1 — Nu. 


Group 1 


Figure 117 represents the behavior of a mixture of 
liquids A and B, the former having a lower boiling point 
(since it is the more volatile) than the latter. If a liquid 
having the composition represented by the point L is 
boiled, the vapor in equilibrium with it will have the 
composition represented by V; since the vapor is 
richer in the more volatile substance A the liquid be- 
comes richer in the less volatile substance B on con- 
tinued distillation. The boiling point of the liquid in 
the distillation chamber rises continuously and eventu- 
ally pure B is left in the chamber. If the vapor corre- 
sponding to V is condensed to liquid, represented dia- 
grammatically by the vertical line projected from V to 
L,, and the condensed liquid redistilled, the new vapor 
in equilibrium with this liquid will have the composition 
V,. By repeating this process of vaporization and con- 
densation with liquid of composition V;—which repre- 
sents what is called fractional distillation—there will 
eventually be obtained vapor, and liquid, of pure A. 
Examples of this group of mixtures are: benzene and 
toluene; methanol and water; acetic acid and water. 


Group 2 


The behavior of two-component liquid mixtures ex- 
hibiting a maximum boiling point is shown in Fig. 118. 
Here again the upper curve represents the composition 
of the vapor phase, the lower that of the liquid. At M 
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both liquid and vapor have the same composition; ac- 
cordingly, a liquid of composition M distils unchanged 
and cannot be separated into its components by distilla- 
tion. If a liquid having the initial composition L is 
boiled, the vapor will have the composition V; the boil- 
ing point of the liquid in the distillation chamber will 
rise until the concentration M is reached, whereupon 
the liquid distils unchanged. If the vapor correspond- 
ing to V is condensed and subjected to fractional distil- 
lation it will ultimately yield a distillate of pure A. 
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Fig. 117—Binary mixture having a regularly increasing boiling point. 
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Fig. 118—Binary mixture having a maximum boiling point. 


Pure B cannot be obtained by the distillation of any 
mixture having a composition to the left of M. Simi- 
larly, if a liquid of composition L’ is boiled, the vapor 
will have the composition V’; the temperature of the 
liquid in the distillation chamber will rise until ulti- 
mately a liquid of composition. M remains in the cham- 
ber. Fractional distillation of the condensed vapor V’ 
eventually yields pure B. Pure A cannot be obtained 
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by distilling any mixture whose composition is to the 
right of M. 

The constant boiling mixture M is often called an 
azeotropeor an azeotropic mixture. That it is not a true 
chemical compound can be proved by the fact that a 
change in the external pressure will produce a change in 
the ratio of the components of this mixture. Examples 
of constant boiling mixtures having a maximum boiling 
point are hydrochloric acid and water, and nitric acid 
and water. 
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Fig. 119—Binary mixture having a minimum boiling point. 
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Fig. 120—Liquids miscible in certain proportions. 

Group 3 


The behavior of two-component liquid mixtures 
exhibiting a minimum boiling point is shown in Fig. 119. 
As in the other diagrams, the upper curve pertains to 
the vapor phase, the lower to the liquid. At M the 
liquid and vapor have the same composition; a liquid 
of that composition (also called an azeotrope or azeo- 
tropic mixture) may be distilled unchanged, and at con- 
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stant temperature; there is the important difference, 
as compared with the corresponding liquid of Group 2, 
that the former has a minimum boiling point. If a 
liquid of initial composition L is boiled, the vapor in 
equilibrium with it will have the composition V; dis- 
tillation of the liquid, which is accompanied by a con- 
tinuous rise in temperature, will ultimately leave in the 
chamber a residue of pure A, while fractional distilla- 
tion of the condensed vapor V will eventually yield a 
distillate of composition M. Pure B cannot be sepa- 
rated from the mixture. On the other hand, a liquid of 
composition L’, which on boiling produces an initial 
vapor of composition V’, leaves, ultimately, pure B in 
the distillation chamber while fractional distillation of 
the condensed vapor yields a distillate of composition 
M. In this case pure A cannot be obtained by distilla- 
tion. 

A mixture of this type which is of great importance is 
that of ethyl alcohol and water. At a concentration of 
95.6 per cent by weight of C2.H;OH, when distilled 
under one atmosphere of pressure, the minimum boiling 
point of 78.15° C. is observed. From the above it is 
apparent why absolute alcohol cannot be obtained by 
distillation of any hydroalcoholic solution containing 
less than 95.6 per cent of C2.H;0H. Mixtures of iso- 
propyl alcohol and water behave similarly. 


Class III. 


The behavior of mixtures in this class may be better 
understood with the help of Fig. 120, which is character- 
istic of many, but not all, members of the class. In this 
diagram any mixture whose composition is to the left of 
X or to the right of Y exists as a single homogeneous 
liquid; mixtures having a composition between X and 
Y exist as two homogeneous liquids, one being a satu- 
rated solution of A in B, and the other a saturated solu- 
tion of Bin A. If a liquid of composition L is boiled, 
the vapor in equilibrium with it will be of composition 
V; on continued distillation the boiling point of the 
liquid rises and eventually there is left in the chamber 
pure A, while from the condensed vapor there is ulti- 
mately obtained vapor of composition Z which when 
condensed separates into two liquids having the com- 
positions X and Y, respectively. If liquid of composi- 
tion L’ is boiled, the vapor has the composition V’; 
distillation, which is accompanied by rise in tempera- 
ture, leaves pure B in the chamber, while fractionation 
of the vapor V’ leads to the same state as before. Dis- 
tillation of any mixture of immiscible liquids having a 
composition between X and Y occurs at constant tem- 
perature so long as the two liquids are present; the 
composition of the vapor is in each case represented by 
Z. If the original liquid mixture has a composition 
between X and-Z the vapor will be richer in B and the 
liquid richer in A; eventually a single liquid of com- 
position X is obtained, and from this point on, the boil- 
ing point rises and the mixture behaves in accordance 
with curve XA. An original composition of the liquid 
mixture between Y and Z yields vapor richer in A and 
liquid richer in B; when the two-liquid mixture reaches 
the composition Y it becomes one homogeneous liquid 
whose behavior is depicted by the curve YB. 


Liquids Miscible in Certain Proportions 


Simple Distillation 


The first main method of distillation, referred to 
above, in which no condensate is returned to the still 
proper, is not effective in separating the components of 
a mixture, unless such components have widely sepa- 
rated boiling points. Oftentimes, both in laboratory 
and commercial practice, sharp separations are not re- 
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quired; in such instances this method of simple distilla- 
tion is adequate. 

Many types of apparatus may be used for simple dis- 
tillation; the essential parts of all of these are a boiling 
or vaporizing chamber, called the still, and a condenser, 
by means of which the heat absorbed in vaporization is 
transferred to water, air, or other medium at a tem- 
perature low enough to induce condensation of the 
vapor. Older forms of simple distillation apparatus, 
some of which find use even today, include the alembic 
(from the Arabic al anbiq, meaning the still), shown in 
Fig. 121; the Japanese lambik, depicted in Fig. 122; the 
retort, pictured in two forms in Fig. 123. 

Small-scale laboratory distillations are usually per- 
formed in apparatus made of glass, as illustrated in Fig. 
124. The mixture to be distilled is boiled in flask A, 
the vapors are condensed by the condenser B, and the 
distillate (the condensed liquid) is collected in the re- 
ceiver C; the temperature of the vapor is measured by 
the thermometer D, The side tube of flask A is, in 
general, attached high in the neck in the case of liquids 
which boil at a low temperature, and closer to the bulb 
of the flask for liquids which are not so volatile. The 
flask should not be more than two-thirds full on starting 
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Fig. 123—Retorts. 


distillation. In order to prevent superheating and 
“bumping” of the liquid undergoing distillation (often 
referred to as the distilland), a few pieces of pumice or 
porous plate, or some glass beads or pieces of capillary 
tubing, are frequently placed in the distilling flask to 
facilitate quiet ebullition. A safety tube, such as is 
shown in Fig. 125, is sometimes inserted into the still 
to avoid danger of breaking the apparatus. The bulb 
shown on the loop of the tube is partly filled with mer- 
cury, and when undue pressure develops, the mercury 


is forced into the thistle top and the vapor escapes; | 


when the pressure has been reduced, the mercury de- 
scends into the bulb and distillation proceeds. 

The distillation flask may be heated by direct applica- 
tion of the source of heat, or indirectly through contact 
with a heat-carrying medium, such as a bath of water 
or oil. Where there is danger of superheating of a 
liquid and consequent damage to it, or where there is 
the possibility of breaking the flask through excessive 
heating, it is advisable to use a bath as the heat transfer 
medium. Liquids which boil below 80° C. may be con- 
veniently volatilized by heating in a water bath kept at 
a temperature approximately 20° above the boiling 
point of the liquid to be distilled. A bath of oil, or 
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liquid petrolatum or, in the case of metal stills, a jacket 
carrying superheated steam, may be used for higher 
boiling liquids. For temperatures above 220° C. a 
bath of Wood’s or Rose’s metal, or a molten mixture of 
potassium and sodium nitrates, is sometimes employed. 
If it is not imperative that the degree of heat be care- 
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Fig. 124—Small-seale distillation. 
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Fig. 125—Safety tube. 


fully regulated, direct contact between the primary 
source of heat and the still is most convenient. 

Many different types of condensers are employed, 
and these may be mounted as shown in Fig. 124, or 
placed in an upright position. The condensers shown in 
this figure and in Fig. 126 are Liebig condensers; their 
efficiency in abstracting heat from the vapor depends on 
the area of the condensing surface, the heat conductivity 
of the condenser tube, and the temperature and rate of 
flow of cooling water. With liquids boiling between 


Fig. 126—Liebig con- 
densers. 


Fig. 127 — Glass 
worm condenser. 


Fig. 128 — Allihn 
condenser. 


approximately 120° and 150° C. running water should 
not be used in glass condensers as the hot vapor may 
crack the condenser tube; standing water is sometimes 
employed. When the boiling point is above 150° C. a 
wide tube, without a jacket, suffices‘to condense the 
vapors; such a tube is called an air condenser. 


DISTILLATION 109 


Besides the Liebig condenser, two other types find 
considerable use. One of these, the spiral or worm con- 
denser, is made either of metal or glass, and has the ad- 
vantage of possessing a greater cooling surface for con- 
densation of vapor; its construction is illustrated in 
Fig. 127. The Allihn condenser, shown in Fig. 128, is 
used chiefly for reflux condensation; the condensing 
tube consists of a series of bulbs of relatively large area 
and capacity, for which reason it is sometimes used, in a 
vertical position, in simple distillations. 
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Fig. 130—Adapters. 


Fig. 129—Trap 
bulb. 


A distillation bulb, which serves to trap any liquid 
that may be mechanically projected into the condenser 
during ebullition, particularly by liquids that tend to 
froth or bump, is frequently inserted between the still 
and condenser. A typical distillation trap bulb is shown 
in Fig. 129. _ 

In collecting very volatile liquids there will be a loss 
of distillate by volatilization between the tip of the con- 
denser and the receiver, if exposed as shown in Fig. 124. 
In such cases an adapter (Fig. 130) of suitable design 
and construction is attached to the tip of the condenser 
and joined to the receiving vessel. Cooling the latter 
by immersion in a bath of iced water, or in a mixture 
capable of producing a still lower temperature is helpful 
in minimizing volatilization. 


STILLS FOR DISTILLATION OF WATER 


The preparation of distilled water is perhaps the most 
important application of distillation in all phases of 
manufacturing pharmacy. For this reason a brief dis- 
cussion is provided here of the principal commercial 
stills offered for this purpose. 

The Stokes Still (Fig. 131) is made by the F. J. Stokes 
Machine Company of Philadelphia and may be obtained 
in various sizes and styles with a capacity of from one- 
half gallon to one hundred gallons per hour. Gas, gaso- 
line, or live steam may be used to supply the heat. The 
principle upon which it operates is as follows: The raw 
feed water enters at H and surrounds the condenser 
tubes C in condenser column A. As this raw water rises 
in A, it condenses the descending steam coming from 
boiling chamber B, which, after suitable baffling, comes 
out at J as distilled water. The raw water is heated by 
the condensing steam and, as a result, the dissolved 
gases are expelled and escape through opening W. Some 
of this preheated water flows through passage to re- 
place the water which has been boiled away and the 
remainder overflows through HZ. About eight gallons of 
' raw water are required to produce one gallon of dis- 
tilled water; the other seven gallons, overflowing at 
about 180° F., may be used for various purposes if de- 
sired. 

The bleeder device P, or deconcentrator, automatically 
removes impurities from the feed water. It is adjust- 
able to meet various water conditions and is highly 
advantageous in hard-water districts. 


i 
en | 


In the illustration, it will be seen that there is a zone 
of water at the top of the condenser which, being above 
the outlet to the overflow #, is not drawn off except to 
replenish the water in the still as it evaporates. This 
zone of water at the top of the condenser is constantly 
kept boiling by the steam from the still descending the 
condenser tubes, and it is here the ammonia and other 
gases are liberated. The still in the illustration is 
heated by an electric heating element. The distilled 
water comes out at J and can be piped to any receiver. 
The condenser tubes extend to the extreme top of the 
steam chamber and high above the water level, so there 
is no danger of water being carried over by steam. 

Fig. 132 illustrates a special type of automatic water 
still made by the F. J. Stokes Machine Company for 
use in pharmacies. All parts coming in contact with the 
distilled water are lined with pure block-tin and in some 
models are solid block-tin. Certain models have Pyrex 
glass domes and a special crackle-enamel and chromium- 
plated finish. They hang on a bracket fastened to the 
wall and are, therefore, very easy to install and are out 
of the way, requiring no valuable floor or bench space. 
After regulation of heat and water-flow they are entirely 
automatic. 
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Fig. 131—Cross-sectional view of Stokes water still. 


The Colton Mfg. Company, of Detroit, also manufac- 
tures an automatic water still similar in design to that 
just described. 

The Barnstead Still Company, Boston, Massachu- 
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setts, manufactures an efficient water still (Fig. 133) 
which may be had in various capacities and equipped 
for steam, gas, or electric heat. The small laboratory 
type ranges in capacity from 1 to 10 gallons per hour. 
The boiler is of the tubular evaporator type, thus pre- 
senting to the flame a maximum of heating surface in a 
minimum of space, and the condenser consists of a series 
of parallel tubes. The water is supplied automatically 
and is preheated by the condenser before entering the 
still. A small opening at the extreme end of the con- 
denser permits the escape of the more volatile gases so 
that an exceptionally pure water is obtained. 

Registration of Stills—The regulations of the U. 8. 
Department of Internal Revenue require that all phar- 
maceutical stills, other than the small, glass, analytical 
laboratory type, be registered with the department. 
Application should be made to the nearest Commis- 
sioner of Internal Revenue and appropriate blanks will 
be supplied. Regulation 23 of the U. 8. Treasury De- 
partment states: 

“Every person having in his possession or custody, or under 
his control, any still or distilling apparatus set up, shall register 
the same with the collector of the district in which it is, by sub- 
seribing and filing with him duplicate statements, in writing, 
setting forth the particular place where such still or distilling ap- 
paratus is set up, the kind of still and its cubic contents, the 
owner thereof, his place of residence, and the purpose for which 
said still or distilling apparatus has been or is intended to be 
used; one of which statements shall be retained and preserved 
by the collector, and the other transmitted by him to the Com- 
missioner. Stills and distilling apparatus shall be registered’ im- 
mediately upon their being set up. 

“Bvery still or distilling apparatus not so registered, together 
with all personal property in the possession or custody, or under 
the control of such person, and found in the building, or in any 
yard or enclosure connected with the building in which the same 
may be set up, shall be forfeited. 
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Fig. 132—Electrically heated water still with full-automatic controls and 
storage tank. 


““And every person having in his possession or custody, or under 
his control, any still or distilling apparatus set up which is not 
so registered, shall pay a penalty of $500, and shall be fined not less 
than $100, nor more than $1000, and imprisoned for not less than 
one month, nor more than two years,’ x 
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Deionized Water—During the past few years workers 
have developed various synthetic resins which abstract 
impurities from water by means of a controlled filtra- 
tion process. For a description of this method of puri- 
fying water see the discussion under Water, page 330. 


Fig. 133—Barnstead water still. 


Fig. 134—Vacuum distillation apparatus. 


Vacuum Distillation 


A liquid which undergoes decomposition when boiled 
under normal atmospheric pressure may be made to 
boil at lower temperatures by reducing the pressure 
upon it, thus permitting distillation without decomposi- 
tion; such a process is referred to as vacuum distillation. 
A typical laboratory apparatus for such distillation is 
shown in Fig. 134. In this diagram A is a Claissen flask, 
ideally suited for vacuum distillation, B is a heavy-wall 
receiving flask with a side outlet permitting attachment 
to the vacuum pump, C is a mercury manometer for 
indicating the degree of vacuum, D is a Woulff bottle 
which permits regulation and stabilization of the pres- 
sure in the system, and # is an aspirator attached to a 
water faucet. During vacuum distillation the boiling 
liquid spurts and bumps considerably more than when 
boiling under atmospheric pressure; the construction 
of the Claissen flask minimizes spurting and provides 
for the insertion of a tube, drawn to a capillary tip, 
through which minute bubbles of air, or other gas, may 
be admitted to facilitate quiet ebullition. Vacuum dis- 
tillation, by which the boiling point of a liquid may be 
reduced by one hundred and more degrees, is of particu- 
lar value in separating organic constituents. 

It is upon the large scale that the special advantages 
of vacuum distillation are capitalized and elaborate_ 
installations may be seen in drug manufacturing plants, 
gasoline refineries, distilleries, ‘and factories for the 
manufacture of solvents. The foam-reducing type of 
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still utilizing a condenser with a high vacuum is typical 
of a unit which is used not only for the recovery of sol- 
vents and the subsequent concentration of extractive 
matter under a high vacuum, but may be arranged to 
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Fig. 135—Changes in temperature in a still when pres- 
sure or a vacuum is applied. 
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serve also as an extraction apparatus. Both vacuum 
and agitation may be used, not only in the extraction 
process to obtain more complete saturation of the ma- 
terials being extracted and a higher yield, but also in the 
concentration and drying of the extract where low 
temperatures are so advantageous in preserving 
the latter’s activity. As an extract nears dryness, 
a vacuum may be applied under certain condi- 
tions, causing the extract to rise in the still and dry 
in the form of a spongy mass which may be 
powdered readily in the hand and easily removed. 
For illustrations of other types of vacuum stills 
used in commercial practice, see the chapter on 
“Vaporization.”’ 

The first column in Fig. 135 graphically illus- 
trates the changes in temperature within a still 
when a vacuum is applied, indicating the low 
temperature at which liquids may be boiled or 
evaporated. The second column shows the in- 
crease in temperature under pressure, and the 
third column gives a comparison of Centigrade and 
Fahrenheit thermometer scales. This table was 
supplied by the F. J. Stokes Machine Company. 


Steam Distillation 


Pharmaceutically, steam distillation is of pri- 
mary importance, this being the method used for 
the separation of many of the volatile oils from 
their cellular sources. The process is simply that 
of passing steam through the liquid which must be 
- immiscible with water, and condensing the vapor. It 
is thus a special case of the first type of mixture dis- 
cussed (page 105), for in practice a small amount of 
the steam condenses in the retort, leaving a two- 
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layered mixture which distils according to the rela- 
tionships discussed. The distillate is two-layered also 
and the water is separated from the desired product by 
any convenient means. The major advantage of the 
method lies in this fact that, for liquids immiscible 
with water and of relatively high boiling points, dis- 
tillation may be effected at atmospheric pressure at 


Fig. 136—Steam distillation apparatus. 


a temperature below 100° C. This prevents decomposi- 
tion which frequently occurs at higher temperatures. 
The same advantage could, of course, be realized by 
distillation at reduced pressure, but the convenience of 
the steam method makes it the preferred one. 

Fig. 136 illustrates a laboratory steam distillation 
assembly. 

For a discussion of the practical application of steam 
distillation, refer,to Volatile Oils. 


Fractional Distillation 


Distillation of a mixture in which the one component 
is highly non-volatile affords a ready method of separa- 
tion of the components. For instance, it is a simple mat- 
ter to distil pure water from a water-salt solution, leay- 


Fig. 137—Fractional distillate receiver. 


ing the non-volatile salt in the retort. It is, however, a 
more difficult task to separate with completeness two 
components, both of which are relatively volatile. 
That this can be done, at least in certain instances, is 
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evident from the study of the theory of distillation of 
mixtures. Using the simplest illustration, it was seen 
that in the case of mixtures belonging to Class II, 
Group 1, of which mixtures of methyl alcohol and water 
are an example, the initial vapors from the mixture 


Fig. 139—Fractionating column. 


Fig. 188—Fractionating 
column, 


Fig. 140—Fractionating column. 


contain a higher proportion of methyl alcohol (the 
more volatile constituent) than is present in the boiling 
liquid; it was further evident that continued distilla- 


tion would leave pure water—but not all that was 


originally present—in the distillation chamber. If the 
initial vapors were condensed, and then redistilled, the 
new vapors would be still richer in methyl alcohol; 
repetition of this process of condensation and vaporiza- 
tion would ultimately yield some pure methyl alcohol— 
but not all of it. In order that at least most of the 
methyl alcohol and the water in the original mixture 
may be recovered, distillation of the mixture may be 
performed in such a way as to collect fractions of the 
distillate, each fraction representing the portion which 
distils at a definite interval of temperature. The first 
and last of these fractions will contain the highest con- 
centration of the more volatile and the less volatile 
component, respectively. If now these fractions are in 
turn redistilled several times the net result of the long 
operation will be a fairly sharp separation of the com- 
ponents of the original mixture. 

Numerous devices are available for the convenient 
collection of fractions (Fig. 137). 

Instead of collecting separate fractions of distillate 
and submitting each of these to further fractional distil- 
lation, it is possible to effect the same degree of separa- 
tion of the components of a mixture by the use of “‘frac- 
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tionating columns,” of which several laboratory types 


are shown in Figs. 138 to 141. In these devices a part 
of the vapor is condensed in the column and, in return- 
ing to the vaporizing chamber, comes into intimate 
contact with rising vapor, ultimately resulting in more 
or less efficient fractionation of the liquid being dis- 
tilled. The efficiency of the operation may be further 
increased by returning a portion of the distillate through 
the column where it meets ascending vapor and induces 
further fractionation. That portion of the distillate 
which is returned to the column is called the reflux. 
A schematic diagram of a commercial distillation unit 
utilizing reflux and column fractionation is shown in 
Fig. 142. For a discussion of the many variables to be 
considered in the construction and operation of stills 
embodying column fractionation and_ refluxing, see 
Badger and McCabe’s Elements of Chemical Engineer- 
ing. . 


Molecular Distillation 


In the methods of distillation thus far described, 
molecules leaving the evaporating surface are very un- 
likely to reach the condensing surface without being 
many times deflected from their path by collision with 
other molecules and often thrown back into the liquid 
being distilled. By applying a high vacuum in the still 
the frequency of collisions between molecules is de- 
creased, because the distance a given molecule travels 
without colliding with another molecule is increased, 
z. €., the ‘‘mean free path” of the molecules is length- 
ened. If, now, the condensing surface is placed so 
close to the evaporating surface that the distance be- 
tween the two is less than the mean free path of the 
molecules being distilled, the process of distillation is 
most readily carried out, and at the lowest possible 
temperatures. This is the principle underlying molecu- 
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Fig. 142—Redistilling outfit with 
rectifying column. 


Fig. 141—Fractionating columns. 


lar distillation or, as it is better designated, high- 
vacuum, short-path distillation. 
By utilizing this principle it has become possible to 
distil fixed oils and fats, substances which had heretofore 
been considered non-volatile and which could not be 
separated into convenient fractions or concentrations 
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by ordinary distillation, solvent extraction, or other con- 
venient methods. 

_ Perhaps the most prominent use of molecular distilla- 
tion at present is in the separation of vitamin A from 
raw fish-liver oils. By the use of the molecular still, low 
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Fig. 144—Soxh- 
let apparatus. 


“a 
Fig. 143—Diagram of molecular distillation. 


potency dog fish liver oil with a potency of about 8000 
to 15,000 units of vitamin A per Gm. of oil can be con- 
centrated to excellent pharmaceutical grade material 
with potencies of approximately 200,000 units per Gm. 
which makes it highly suitable for capsulating or for 
multi-vitamin oil products. The vitamin A thus pre- 
pared is in the natural ester form which has relatively 
high stability. 

Fig. 143 represents diagrammatically a laboratory 
falling film molecular still. In this still oil in the reser- 

voir A is pumped up into the preheating tube C by 
means of the magnetic pump B whence it is delivered 
to the evaporator D. As the oil runs down the evapora- 
tor, which is heated to the proper distilling temperature, 
a concentration of vitamin A distilled from the parent 
oil collects on the outer cooling jacket H. It then flows 
down the side of the condensing surface and is collected 
in the sample bottle F. The oil which does not distil 
off at this temperature collects in the reservoir G where, 
if its vitamin content is still significant, it may be sent 
back to reservoir A and recycled. 

In commercial operations at Distillation Products 
Inc., Rochester, New York, molecular distillation o1 
fish-liver oil is carried out in huge stills which have large 
rotating plates up to 5 feet in diameter from which the 
oil is distilled rather than from the heated column shown 
in the diagram. Both vitamins A and E are extracted 
at the Rochester plant from fish-liver oil and vegetable 
oils using this method of distillation. For further in- 
formation concerning this subject reference is made to 
the extensive review of Hickman, Chem. Rev., 34, 51— 
106 (1944) and to his paper “Commercial Molecular 
Distillation” in Ind. Eng. Chem., 39, 686 (1947). 
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Reflux Distillation 


Distillation is often used as a secondary process, that 
is, it is used simply as a means of recovering a solvent 
which has been vaporized and which is to be condensed 
and used over and over again, for the purpose of ex- 
tracting the soluble material from a given substance. 
When it is so conducted, the term reflux or continuous 
distillation is applied to it. 

An example of this type of distillation is shown by the 
ingenious Soxhlet outfit illustrated in Fig. 144, A repre- 
senting the vaporizing chamber, B the extracting cham- 
ber, and C the condenser, which is of the Allihn type. 
The special advantage of this type of distilling appa- 
ratus, or, more correctly, extraction apparatus, is econ- 
omy of solvent and safety from fire hazard. The mate- 
rial to be extracted is placed in a porous thimble in B. 
The solvent is placed in the flask A. Heat is applied 
and the vapors of the solvent pass through the large 
side tube of B into the condenser where it is condensed 
and drops into B. There it will remain until the upper 
level of the condensed liquid reaches the tip of the small 
siphoning tube on the other side of B, when it will 
empty over into the vaporizing chamber A ready to be 
vaporized over and over again. 

A quickly assembled reflux distilling outfit may be 
prepared by fitting a flask with a perforated rubber 
stopper through which is passed a glass tube approxi- 
mately one meter long, which will serve as the condenser. 
This form of apparatus is used when a substance is to 
be digested or boiled with a volatile solvent over an ex- 
tended period. A water-cooled condenser, of the Allihn 
type, or of the form shown in Fig. 146, may be employed 
in place of the air condenser. For apparatus utilizing 
reflux distillation in the extraction of drugs, see the 
Chapter on “Percolation” (page 215). The same prin- 
ciple may be applied to the extraction of liquids; a typi- 
cal apparatus is shown on page 992. 


Compression Distillation 


The compression distillation method of obtaining 
distilled water was developed to its present high degree 
of efficiency in order to meet the requirements of the 
Navy, Marine Corps, and Army for fresh water of a 
quality suitable for use in storage batteries as well as for 
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Fig. 145—Schematic diagram of a vapor compression still. 


all human consumption. It has met and exceeded these 
requirements. The equipment to achieve these ends 
has proved simple in operation and maintenance. 
Basically the system consists of a condenser-evapora- 
tor and a compressor which functions to pass the heat 
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liberated from compressed steam as it condenses to the 
feed water, thereby making it boil. Appropriately re- 
lated pipes for the outgoing hot distilled water and con- 
centrated raw water, and for the cold incoming feed water 
result in efficient use of the heat to bring the incoming 
feed almost to boiling. In starting, the raw water, which 
may be sea water or impure fresh water, is heated by 
means of some suitable heat source to a sufficient extent 
to fill the equipment with steam. This steam is then 
compressed and passed in intimate heat exchange con- 
tact with the body of the raw water. Compression 
raises the temperature of the steam and adds some heat 
to it so that continuous generation of steam in the 
evaporator is maintained. With appropriate balance 
of heat input to compensate for any heat leaks which 
may exist, the system is capable of continuing the distil- 
lation or boiling process with the only energy added 
being derived from the compressor. 

The method described above is illustrated on the 
schematic drawing (Fig. 145). In one embodiment of 
the process the steam formed at 212° F. is raised by 
compression to 224° F. On being passed in heat ex- 
change relationship with the raw water this causes fur- 
ther boiling of the raw water while at the same time re- 
sulting in condensation of the 224° F. water vapor to 
produce 224° F. water. The combined effect of the 
heating from the concentrated overflow and the con- 
densed distilled water results in heating the raw feed 
water to approximately 200° F. The heat required to 
keep the system in operation is supplied by the com- 
pressor indicated at the right. 

As a result of careful design, water of extreme purity 
is obtained which is pyrogen free and contains little or 
no more than the slightest traces of minerals and conse- 
quently has proved suitable for all pharmaceutical uses. 

Typical analyses of distilled water produced with 
vapor compression distillation units are given in the 
following table. 


ANALYSES OF DISTILLED WATERS 


Sample 2, 
Gravel Sample 3, 
Sample 1, Packed Wells, Illinois 
Source of Boston Indianap- River, 
Raw Water Harbor olis, Ind. Peoria, Ill. 
Analyses after distilla- 

tion: 

Total solids 42) pepsi el ONpr pass oe em penoe mal. 
chlorides 0.8 p. p. m. Absent Absent 
nitrates Absent = S 
nitrites a - M 
albuminoid 

ammonia a 
free ammonia e Onoee ps beam 
carbon dioxide = ee Absent 
sulfate As : a 
caleium ce oe oe 
heavy metals a ; a 0.03 p. p. m. 
pH 625) 622 ; 
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The production of distilled water from raw or treated 
water feed, using a single effect evaporator and a vapor 
compression type evaporator, is decidedly economical. 
Another distinct advantage over the single and multiple 
effect evaporators held by the vapor compression type 
is its complete freedom from large volumes of condenser 
water. 


Destructive Distillation 


Destructive distillation, also called dry distzllation, is 
the process of heating dry organic matter in a distilla- 
tory apparatus until all volatile substances are driven 
over. The residue is said to be carbonized. Destructive 
distillation is a process which is rarely 
employed by the pharmacist; hence it 
is not necessary in this work to treat 
the subject in detail. Glass vessels are 
not adapted to the process, because 
they will not usually stand the heat 
required without fracture, and the solid 
residue frequently fuses, is insoluble 
in water, and becomes so _ firmly 
attached to the bottom and side that 
it cannot be removed without great 
difficulty. The best form of apparatus 
is an open vessel of cast iron, like a 
crucible, having a flange at the top, a 
dome with a corresponding flange, and 
a bent tubé for carrying off the gaseous 
products. The connection is made 
with fire-clay lute and iron clamps. 
The manufacture of acetic acid, creo- 
sote, methyl alcohol, etc., affords illustrations of the use 
of this process, which is nearly always performed on a 
large scale. 

The application of the process of destructive distilla- 
tion to wood results in the production of many valuable 
products, as acetone, methanol, acetic acid, creosote, 
tar, etc., while charcoal remains in the still. When 
applied to coal, the distillate yields illuminating gas, 
ammonia products, coal tar, from which are obtained 
numerous phenol bodies, cresols, benzene, toluol, dye 
color bases, ete., coke remaining in the still. When ap- 
plied to animal matter such as bones, ete., the distillate 
contains ammonia and characteristically offensive 
empyreumatic products used as denaturants, ete. 

The distillate from this operation represents a de- 
composition product, 2. e., a substance which did not. 
exist in the original matter placed in the still, but which 
results from the application of heat without the presence 
of air. A characteristic smoky odor, called empyreuma 
or more often spoken of as an empyreumatic odor, is 
usually recognized in the distillate but may be removed 
by purification. 


Fig. 
form of glass con- 
denser. 
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CHAPTER XII 


APPLICATIONS OF HEAT 
SUBLIMATION 


Distillation of volatile solids—cake sublimates—powder sublimates—crystal sublimates 


SUBLIMATION is the process of distilling volatile solids. 
The product is termed a sublimate. 

The objects of sublimation are as follows: 1. To 
purify volatile solids from admixed and fixed impuri- 
ties. 2. To provide a convenient means of collecting 
volatile solids resulting from chemical reaction at either 
high or low temperatures. The retorts or apparatus 
used may be of either iron or glass, or of stoneware if 
the degree of heat necessary will admit of the use of the 
latter. 

Sublimation as a manufacturing process is almost ex- 
clusively confined to operations conducted on a large 
scale, as the production of ammonium chloride or flake 
naphthalene. As a purifying operation it is frequently 
employed in analytical chemistry. A process was 
formerly official for the sublimation of benzoic acid. It 
consisted in placing benzoin in a shailow tinned iron 
pan, and pasting over the top a sheet of filter paper. 
A pasteboard hood, shaped like a hat box, was then 
fitted to the pan and tied or pasted with paper to make 
a tight joint. The apparatus was placed on a hot plate 
and subjected to a low but uniform heat. The vapors 
of benzoic acid, passed through the pores of the filtering 
paper, were separated from impurities, and, coming in 
contact with a cooler atmosphere in the hood, slowly 
condensed, often forming crystals of great beauty and 
were fancifully named ‘‘flowers of benjamin.” 

The temperature at which the condensation of the 
vapor is effected in sublimation has a very important 
influence in determining the physical character of the 
sublimate, and three kinds of sublimates are produced: 
1. Cake sublimates, illustrated by camphor and cor- 
rosive sublimate, etc. 2. Powder sublimates, illus- 
trated by calomel, sublimed sulfur, etc. 3. Crystal 
sublimates, illustrated by iodine, naphthalene, ete. 

Cake Sublimates—If{ the temperature of the condens- 
ing surface and of the air in contact is but slightly below 
that at which the volatile body is capable of subliming, 
the particles will be deposited in compact masses, like 
corrosive sublimate, com- 
mercial sal ammoniac, or am- 
monium carbonate. Fig. 147 
shows simple apparatus for 
obtaining sublimates in cakes 
or masses. A shallow sheet- 
iron dish, having its upper 
edge turned out so that it 
aie forms a flat ring, is provided 
with an earthenware cover (it will usually be found 
more convenient to have the iron dish made to fit the 


Fig. 147—Subliming apparatus, 


cover than the reverse), through which a hole is drilled to 
permit the escape of air (this may be done with a three- 
cornered file). After the substance which is to be 
sublimed has been placed in the iron dish, a piece of 
asbestos twine, slightly longer than the circumference of 
the ring, is laid upon it, and this is covered with a lite 
composed of equal parts of potters’ clay and flaxseed 
meal with sufficient water; the earthenware cover is 
pressed upon it until it adheres, and, when necessary, 
iron clamps are used to make a tight joint. The 
aperture in the cover is loosely covered with a cone of 
cardboard, the dish is placed in a sand bath and 
gradually heated. The aperture is kept open during 
the sublimation by occasionally probing it with a glass 
rod. After cooling, the sublimate will be found 
adhering to the earthenware top in one cake or mass, 
and may be removed by a spatula. The earthenware 
top may be replaced by a sheet-iron one in cases in 
which the former would be likely to be fractured by 
excessive heat. In the production of phthalic acid 
anhydride a cast-iron dish, provided with a ‘‘dur-iron”’ 
cover, is employed. MDur-iron is an iron containing a 
high proportion of silicon and hence highly resistant 
to the action of acids. 

Powder Sublimates—If the apparatus for conducting 
sublimation is so contrived that there is a marked differ- 
ence between the temperature of the air in contact with 
the vapor and the subliming point of the volatile body, 
the sublimate will be deposited very rapidly and in 
small particles, like calomel, sulfur, ete. 

Crystalline Sublimates—Some substances sublime in 
beautiful distinct crystals, the size of which depends 
largely upon the time during which the condensation 
is allowed to take place and the temperature of the con- 
densing surface. Some substances, as camphor, which 
under ordinary conditions occur as cake or powder sub- 
limates, according to the type of apparatus employed, 
may be obtained in the form of crystals if the conditions 
of condensation are suitably altered. Other substances 
as lodine, menthol, naphthalene, and benzoic acid 
normally sublime in distinct crystals in any form of ap- 
paratus, the size of the crystals depending upon the 
rapidity of condensation of the vapor. For iodine, 
earthenware vessels are always employed. 

In the nomenclature of pharmacy sublimed products 
are frequently called “flowers” as “flowers of sulfur,” 
“flowers of benzoin,”’ etc. This is a relic of oriental 
imagery of early times, the development of a sublimate, 
often from a dark unsightly substance, being likened to 
the blossoming of a flower. 
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CHAPTER XIII 


APPLICATIONS OF HEAT 
DESICCATION AND EXSICCATION 


Reasons for desiccating medicinal substances—drying apparatus—efficiencies of drying agents—loss in drying—dehydration— 
desiccation of liquids—drying from the frozen state (Lyophile, Cryochem, and Adtevac processes)—radio-frequency drying 


Desiccation 


DesiccaTIon is a dehydration process for depriving 
solid substances of moisture, and in pharmacy should be 
effected at as low temperatures as possible. The mois- 
ture thus driven out is known as hygroscopic moisture as 
distinguished from that combined in chemical salts as 
water of crystallization (see Hxsiccation). 

The objects of desiccating medicinal substances are 
threefold: 1. To aid in their preservation. 2. To 
reduce their bulk and weight. 3. To facilitate their 
comminution. 

1. To Aid in Preservation—Vegetable and animal 
drugs soon become moldy or undergo bacterial decom- 
position if allowed to remain in a moist condition, and 
desiccation is absolutely necessary to preserve them 
unless they are made up into galenical preparations 1m- 
mediately, as is done in fresh drug tinctures, or they 
are frozen. 

2. To Reduce Bulk and Weight—T desiccation is per- 
formed successfully—1. e., at properly regulated tem- 
perature and under certain other conditions—the sub- 
stance is merely deprived of water without suffering any 
appreciable loss of medicinal activity, and the reduction 
in bulk and weight that follows is a practical advantage 
which results in adding to the strength of the medicinal 
substance and materially reducing the cost of trans- 
portation and storage. 

3. To Facilitate Comminution—The presence of 
water gives to drugs an elasticity which makes it diffi- 
cult to bruise, grind, or powder them. One of the first 
steps in comminution is to dry the substance thoroughly 
in order to make it brittle or crisp. 

The apparatus employed in desiccation is frequently 
of the simplest character, and the heat is often not espe- 
cially generated for the purpose. On the large scale, 
special apparatus must be employed such as is illus- 
trated under Vaporization (page 103). The Grinnell 
dryer or the Proctor dryer (Figs. 111 and 112) are ad- 
mirably adapted for such operations. Smaller dryers 
of the same type may be readily built. Live steam is 
passed through the pipes when higher temperatures are 
needed, but waste or exhaust steam from steam kettles 
is economically and properly used. Trays of suitable 
size, containing the substance to be dried placed on 
thin muslin, become the shelves of the rack. It is an 
important factor in drying to provide for a current of 
air to pass over or through the material to be desiccated 
and out through a suitable ventilator. This is often 
overlooked, but it is essential for effective or rapid 
drying. Some of the newest industrial drying processes 
make use, on a large scale, of the moisture-attracting 
properties of such substances as calcium chloride, 
lithium carbonate and chloride, etc., the moisture sub- 
sequently being discharged with heat and the desiccant 
repeatedly used. 

A drying oven, intended for drying precipitates, etc., 
in analytical work, but very useful for desiccating small 


quantities of pharmaceutical substances, pills, lozenges, 
or drugs like squill, saffron, Castile soap, ete., is shown 
in Fig. 111. Automatically regulated and electrically 
heated air baths (Page 94) have largely replaced other 
forms. The modern desiccating units automatically 
control the humidity as well as the temperature. Un- 
less the moisture content of the drying air is carefully 
controlled many substances dry rapidly on the surface 
and become ‘‘case-hardened,”’ thus preventing the 
interior from being thoroughly dehydrated, even though 
they may appear dry. 

In Fig. 148 is shown a desiccator for use in chemical 
laboratory operations. A suitable dehydrating agent, 
such as concentrated sul- 
furie acid, phosphorus pent- 
oxide, phosphorus trioxide, 
magnesium perchlorate (De- 
hydrite), calcium chloride, 
or anhydrous lime, is placed 
in the lower part of the des- 
iccator and the crucible or 
vessel carrying the material 
to be dried rests upon the 
perforated porcelain plate 
which is held in place by 
the projecting ledge. The 
cover has ground edges and 
is usually greased with petrolatum to insure an air- 
tight joint. Some laboratory desiceators are provided 
with a ground glass stopeock in an outlet which 
may be attached to a vacuum pump for evacuating the 
air. Lowered pressure accelerates desiccation. Since 
the vacuum can create great external pressure, many 
desiccators are protected by guards to prevent injury 
from flying glass if they should collapse. 

Efficiencies of Drying Agents—Many powdered drugs 
absorb a great deal more moisture than pharmacists 
usually realize. For example, powdered digitalis in an 
atmosphere of 100 per cent humidity absorbs 80 per 
cent of its weight of moisture. 

A series of experiments was undertaken by Donald 
P. LeGalley to determine the relative efficiencies of 
several well-known drying agents under actual working 
conditions (Am. J. Pharm., 112, 414 (1940)). He used 
anhydrous lime (CaO), activated alumina (Al,O3) some- 
times called Hydralo, Drierite (anhydrous CaSQ,), 
stlica gel (SiOz), Doucil (prepared by gelation of sodium 
silicate with sodium aluminate), and calciwm chloride 
(CaCl,) in specially constructed bottles with perforated 
containers in the caps for holding the agents (Fig. 149). 
The desiccants were chosen for their high moisture ab- 
sorbing and reactivation abilities, low toxicity, and low 
cost. A substance such as calcium chloride could not 
be packaged with drugs in this manner for it forms a 
liquid brine, but it and the anhydrous lime were used as 
a means of. comparing the newer agents with familiar 
desiccants. 

The percentage of moisture aerned by the above 


Fig. 148—Desicecator. 
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drying agents from digitalis in closed containers is 
shown in Fig. 150. The experiments demonstrated that 
(1) the moisture content of a drug can be kept very low, 
or reduced, by suspending drying agents in the con- 


Drying Agent in 
Lucite Holder 


__— Digitalis 


Fig. 149—Special bottle for keeping powdered drugs dry. 


tainer, (2) the desiccants were found to be desirable 
moisture-reducing agents in the following order: silica 
gel, activated alumina, Doucil, and Drierite, and (8) 
the activity of these six agents was not impaired by re- 
activation but even enhanced in some cases. 

Drying agents are now used in containers for ergot, 
digitalis, penicillin, and other hygroscopic drugs. One 
manufacturer places underneath a porous plate, in the 
bottom of vials containing penicillin tablets, a desic- 
cating agent containing cobaltous chloride, a very pale 
blue salt in the anhydrous state, but red in the presence 
of moisture. The change in color of the desiccant indi- 
cates when the tablets have become too moist and must 
be discarded. 
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Fig. 150—Moisture absorption by drying agents. 


Loss in Drying Medicinal Substances—When drugs 
are powdered, loss is always experienced. This arises 
partly from the escape of fine particles, but principally 

from loss of moisture in drying. In the powdering of 
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most drugs, a small portion remains which resists dis- 
integration. This is called by the miller “‘gruffs’’ or 
“tailings,” and the Pharmacopceia directs that this 
shall be kept and ground with the next lot of the same 
drug. The dose of a powdered drug is usually some- 
what less than that of the same drug before it was pul- 
verized, because the weight it has lost generally repre- 
sents inert matter, water, ete. Powdered ipecac is a 
good illustration of this. The active principle, emetine, 
resides in the starchy cortical portion of the root; the 
internal ligneous cord constitutes the “‘gruffs”’ of ipecac, 
and is inert. The exception to this is the case of those 
drugs containing an active volatile constituent, as the 
aromatics, clove, cinnamon, nutmeg, asafetida, myrrh, 
cubeb, ete. These drugs, when powdered, generally 
contain less of their active constituents than they did 
before they were ground. The volatile oils to which 
their virtues are due are driven off to a greater or less 
extent by the amount of heat necessary to make them 
brittle enough to be readily pulverized. The U. S. 
Pharmacopeeia recognizes the importance of this fact 
by directing myrrh ‘in moderately coarse powder,” 
not fine powder, in tincture of myrrh, and asafetida, 
not powdered asafetida, in emulsion of asafetida, If 
care is exercised in desiccating, the powders of most 
drugs possess all their medicinal properties, and in many 
cases will retain indefinitely these properties unim- 
paired if they are properly preserved and not unduly 
exposed to air, light, or moisture. 

The practice of some drug millers of establishing a 
loss in the weight of a drug as a regular standard, and 
then making up the deficiency by adding the same 
amount of some inert substance, is reprehensible and 
a drug thus treated would be legally considered adulter- 
ated. 

Dehydration is a term which has come into recent 
use to describe an operation which up to the present 
time has been applied mostly to edible vegetables and 
fruits and not to drugs. They are distinctively differ- 
ent from sun-dried products or those dried by a low 
artificial heat, in that the operation is conducted in a 
confined space in connection with a vacuum and is so 
rapidly accomplished and under such peculiarly favor- 
able conditions that the resulting fruit or vegetable, 
when restored to its original hydrated condition by 
soaking, can hardly be distinguished in texture or qual- 
ity from the fresh fruit, or vegetables. The name ‘‘de- 
hydrated,” therefore, applied to such fruits and vege- 
tables as have been successfully marketed, implies a 
distinctively different product from that described by 
the term “dried” or by the frequently and incorrectly 
used term ‘‘evaporated.” 

When the process of dehydration is developed to the 
extent that it can be applied to the dehydrating of fresh 
vegetable drugs, greater interest will probably be taken 
in drug therapy by those who appreciate the fact that 
drugs as ordinarily handled in commerce lose much of 
their value as compared with the fresh plant tissue 
which they represent. 


DESICCATION OF LIQUIDS 


Milk is sold frequently in cans as condensed milk, a 
product obtained by evaporating whole milk or par- 
tially skimmed milk in vacuum and preserving it with 
cane sugar, and also as evaporated milk, obtained by 
evaporating whole milk without adding sugar and pre- 
serving it by sterilization. 

Another ingenious process for desiccating liquids has 
been developed in which the fluid is sprayed into a large 
room which is heated to a high temperature. The moist 
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vapor is dried almost instantaneously and the dried 
material falls as a fine powder. This process has been 
appled commercially to milk and to lemon juice. 
Products so dried are exceptionally free from foreign 
odor or taste and when rehydrated produce products 
much like the fresh material. 

In preparing powdered milk known commercially as 
desiccated milk or milk powder, the original milk is put 
into a cylinder and forced out through tiny orifices by 
great pressure, so that it comes out in the form of a 
cloud or mist, exactly as from a huge atomizer. This 
milk spray enters a chamber or room thr ough which are 
blowing strong currents of filtered warm air. The milk 
mist is whirled about the chamber just as the wind blows 
clouds of snow or fog. ‘This warm air immediately ab- 
sorbs the moisture in the milk and the solid portion falls 
like snow in drifts of powdered milk. This moisture- 
laden air passes out through muslin screens which pre- 
vent any of the powdered milk from escaping. Fig. 151 


Fig. 151—The making of powdered milk. 


illustrates the process. One of the extensively used 
powdered milks is sold under the trade name ‘Klim.”’ 
It is largely used by bakers and confectioners and in the 
manufacture of ice cream. 

Drying from the Frozen State—Within recent years 
several methods have been developed for drying solu- 
tions containing labile substances without causing their 
alteration or destruction. Biological products such as 
plasma, antitoxins, globulins, etc., contain very delicate 
proteins which by ordinary methods of drying are de- 
natured, thus rendering them unfit for use. Many 
other substances such as penicillin salts also are harmed 
by most drying methods. 

These specialized drying methods all possess one 
feature in common and that is the solution to be dried 
is rapidly frozen in a comparatively thin layer followed 
by removal of the water under very low pressure so that 
the ice crystals in the frozen material go directly into 
the vapor state without melting. 

The Lyophile Process freezes the solution to be dried 
by rotating it in a flask or an ampul of considerably 
larger capacity than the volume placed therein. The 
container is rotated slowly in a freezing bath (—78° C.) 
composed of solid COzg (dry ice) in acetone, cellosolve, 
or other non-freezing solvent. This is called “‘shelling”’ 
since the solution is frozen in a “‘shell’’ on the inner sur- 
face of the container. The latter is connected to a vac- 
uum line which operates at a very low pressure (0.01- 
0.05 mm. of Hg), and a condenser chilled to —78° C. 
with dry ice is placed between the container or contain- 
ers and the vacuum pump to collect the ice which sub- 
limes over. After the water content in the dry material 
is reduced to 0.5 per cent or less the container is sealed 
without breaking the vacuum. 

The Cryochem and Adtevac Processes are quite similar 
except the entrained water vapor instead of being re- 
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moved in condensers is removed by absorption in a 
dehydrating agent, e. g., anhydrous calcium sulfate and 
silica gel. The Adtevac process utilizes a specially de- 
signed vacuum pump so constructed that the water 
vapor is entrained in the oil circulating in the pump. 
This oil is then passed through an attached centrifuge 
where the water is removed. 

Products dried by these methods have many advan- 
tages other than the fact that denaturation has not 
taken place. They are so porous that resolution in water 
(called “‘restoring’’) is extremely rapid and until the 
vacuum seal is broken they are almost completely pro- 
tected from both moisture and oxygen. Under such cir- 
cumstances the ‘‘shelf life’ is practically limitless. 
Human plasma so dried has a 5-year dating and it is 
probably satisfactory beyond this. 

The material to be preserved is placed in suitable 
size glass containers which are then attached to the 
manifold, A, as shown in Fig. 152. Before drawing a - 
high vacuum on the apparatus it is necessary to degas 
the material, as otherwise it will froth and be drawn 
out the exhaust tube. Valve C admits air directly to 
the pump. This valve is closed little by little so that 
the pressure is gradually reduced but at no time so far 
that the material is drawn out the exhaust tube. This 
can be prevented to some extent by lowering the con- 
tainer support, B, until the containers are at angle of 
45°. Degassing usually takes 20 to 30 minutes and 
during this time the temperature of the containers 
drops to nearly freezing. When the material is com- 
pletely degassed, the containers are brought to a hori- 
zontal position and the apparatus is evacuated to its 
limit. The cooling effect of the resulting rapid evapora- 
tion is sufficient to freeze the material in a few minutes 
and from this point on, the apparatus needs no further 
attention until the material is completely desiccated 
and ready to be sealed. Drying is accomplished in 6 to 
8 hours in small amounts of 2 ml. or less. Larger quan- 
tities usually require 18 to 22 hours. 


Fig. 152—Cryochem apparatus. 


The degassing and self-freezing method is not practi- 
cal with amounts per container of less than 0.5 ml. as 
the material evaporates to too great an extent before it 
freezes. In this case the containers are frozen before- 
hand, using ice and salt mixtures or any other suitable 
refrigerant. An inexpensive manner in which dry ice 
may be used is to add only sufficient to an organic. 
medium (e. g., Methyl Cellosolve) to carry the tempera- 
ture slightly below freezing, say minus 20° C. With 
some materials it is advisable to prefreeze in this man- 
ner regardless of the amount per container. 

The apparatus can be used repeatedly without re- 
generating the desiccant until the total amount of water 
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vapor indicated in the specifications has been absorbed. 
To regenerate the desiccant, the trays containing it are 
removed from the vacuum chamber, D, and heated in 
an ordinary bacteriological dry-wall sterilizing oven for 
about 4 or 5 hours at a temperature of approximately 
180° C. With normal use the desiccant will maintain 
its full original efficiency for 15 or more regeneration 
cycles (up to 75 regeneration cycles have been ob- 
tained.) 

Radio-frequency Drying—Many pharmaceutical ma- 
terials, such as penicillin and antitoxins, lose their de- 
sirable properties when the material is in liquid solution 
for a period of time. In general, these solutions suffer 
from the application of heat whereas in the dry state, 
the same materials retain their properties over long 
periods of time, even at elevated temperatures. Drying 
of penicillin is generally carried out by freezing-and 
then applying a high vacuum so that the material is 
dried by sublimation but the drying of penicillin by the 
application of radio-frequency power in a very moderate 
vacuum, as developed in the RCA Laboratories, has 
been successfully accomplished. 

An oscillator, consisting of RCA-833A vacuum tubes, 
operates at a frequency of 28 megacycles with a power 
output of 2 kilowatts. Thin sheets of metal, taped to 
the outside of the bottle containing the solution to be 
dried, function as electrodes. A vacuum of 10 to 20 
millimeters of mercury is produced by a Beach-Russ 
vacuum pump of the wet type and the water vapor is 
passed into a water-cooled condenser so that the pump 
is not forced to handle large quantities of vapor. . Foam 
suppression is found to be a problem in handling some 
solutions, but various methods have been found to over- 
come this difficulty. In the Squibb Laboratory, a 
heated silver-plated copper coil is used to disintegrate 
the bubbles which form. Severe bumping and splatter- 
ing were also eliminated by rotating the bottle contain- 
ing the solution at 3000 r. p.m. The final stage of the 
drying is carried out at 50° to 55° C. The equipment 
used by Squibb produces 2000 dry bottles each hour. 
These may be stored for long periods of time until re- 
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quired and then sterile water is added with a hypodermic 
syringe. 


Exsiccation 


Exsiccation is the process of depriving a solid crystal- 
line substance of its water of crystallization or moisture 
by heating it strongly. 

The object of exsiccation is to reduce the bulk and 
weight of substances and thereby enable them to be 
given in a smaller weight or volume. The product is 
usually a fine powder, and the original crystalline condi- 
tion of the substance may be restored by redissolving it 
and evaporating the solution. The process is conducted 
by exposing the crystals to the air or to a warm tem- 
perature until they have effloresced, and then gradually 
heating, with stirring, until they cease to lose weight; 
the residue is then powdered and kept in well-stoppered 
containers. 

The initial exposure at a low temperature is to pre- 
vent the fusing of the salts, which would interfere with 
the subsequent drying by reducing the amount of sur- 
face exposed. Thus ferrous sulfate crystals melt at 
65° C., and if this salt were placed directly upon a water 
bath, at first it would liquefy, but if it be partly dried 
first by ordinary exposure, the latter part of the opera- 
tion may be carried out at water bath temperature with 
no difficulty and with great advantage. 

Storage—Exsiccated salts, as a result of their having 
been deprived of water, are invariably very hygroscopic. 
Unless they are supplied in glass containers and kept 
properly protected, they will absorb enough moisture 
to cause them to lose their distinctive character. Some 
firms supplying chemicals do not furnish official exsic- 
cated salts except on order specifying ‘‘U. 8. P.”” The 
product usually furnished is commercially called ‘dried 
and powdered” and as supplied in pasteboard cartons 
is intermediate between the powdered hydrated chemi- 
cal and the real exsiccated salt. Such products should 
not be accepted for use in dispensing operations where 
exsiccated salts are demanded. 


CHAPTER XIV 


STERILIZATION 


Definition of terms associated with sterilization—the official sterilization processes (direct flame, dry heat, steam under pressure, 
moist heat at 100°, moist heat at lower temperatures, bacteriological filtration, oil bath—aseptic manipulation—care and cleaning 
of filter candles—sterility tests for liquids and solids 


Tue TERM sterilization, as used in medical and phar- 
maceutical practice, means a process whereby the de- 
struction or removal of all living organisms and their 
spores is accomplished. An object which is free from 
living microorganisms Is said to be sterzle, but this condi- 
tion can be maintained only so long as the necessary 
precautions are taken to prevent contact with the at- 
mosphere or other media which may carry microorgan- 
isms, and thus destroy the sterility of the object. While 
bacteria in their normal state are comparatively easily 
killed, the spore form, which is brought about by a 
transformation of the bacteria into a resting stage, is 
able to maintain a marked resistance. Fortunately, 
most disease-producing bacteria do not form spores, but 
anthrax, tetanus, 
and some other 
bacilli are excep- 
tions, and their 
spores are quite re- 
sistant. 

Increasing  op- 
portunities are con- 
stantly offered for 
the application of 
Steril12 ac1 ome, 
whether in the 
modern professional 
store, in the manu- 
facturing industry, 
or in hospital prac- 
tice. The prepara- 
tion of official as well 
as unofficial ampuls 
and injections, the 
manufacture of nor- 
mal salt solution, 
Ringer’s_ solutions, 
and similar prep- 
arations, the 
making of — sterile 
ointments and _ re- 
lated products, the 
preparation of cul- 
ture media, and the preparation of compresses, gauze 
packs, and similar dressings for surgical use are ex- 
amples of processes which require a knowledge of 
sterilization principles and technique, involving not only 
the preparations themselves but also glassware and 
other related equipment which may be used. 

One should keep in mind the following facts which 
bear upon this general subject. 

First—The presence of bacteria, as well as many 
other types of microorganisms, is almost universal. 

Second—Most microorganisms multiply rapidly at 
temperatures between 20° and 40° C. (68° and 104° F.) 
if there is moisture and some nutritive material present. 

Bacteria may develop in almost any substance if suf- 
ficient moisture, nutritive substance, and oxygen are 


Fig. 153—Sterilization apparatus in a small laboratory, showing hot air oven, incubator, and 
autoclave. 


available, and if temperature conditions are favorable. 
The required oxygen may be free as for aerobic bacteria, 
or combined as for anaerobic, the former growing in the 
presence of air, the latter not surviving unless deprived 
of it. 

Yeasts develop in saccharine substances. Molds 
develop within and upon a large variety of organic sub- 
stances. Protozoa and diatoms may occur in water 


which is highly contaminated with organic matter. 
Sunlight destroys bacteria and molds, while diatoms 
and alge thrive upon it. 

Third—Low temperatures, not exceeding 8° C. (46° 
F.), retard the development of organisms, but do not de- 
stroy such organisms. 


Fourth—Any 
method which will 
kill bacterial spores 
will also destroy 
every form of life, 
including bacteria, 
molds, yeasts, dia- 
toms, or protozoa. 

Fifth—Sterile 
preparations, or 
sterile pieces of ap- 
paratus, remain 
sterile only so long 
as they are prop- 
erly protected from 
contamination. 
No wrappings or 
stoppers should be 
removed, no seals 
broken, or contain- 
ers opened, until 
required for use. 

Before sterilizing 
glassware or similar 
apparatus, care 
should be exercised 
to cleanse the ma- 
terial thoroughly. 
See page 252. All 
objects must be suitably wrapped or protected so that 
they will remain sterile until required for use. Flasks 
and bottles should be capped with one or two layers of 
heavy wrapping paper, or with heavy metallic foil; 
certain objects will require complete wrapping. Ampuls 
should be sterilized in containers which can readily be 
closed until needed, or they may be inverted in the mesh 
of a wire basket and the entire basket then wrapped if 
sterile ampuls are required for aseptic filling. 

Articles being sterilized should be arranged loosely 
in the sterilization chamber to allow free circulation of | 
the sterilizing medium. Both heating and cooling 
should be done gradually to prevent cracking of glass- 
ware and similar apparatus. The figures which are 
given for time and temperature apply only to reason- 
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able quantities of material, not over 500 cc. in the case 
of liquids, powders in layers not over 14 inch thick, 
apparatus which has been carefully cleansed, and ob- 
jects which are not likely to be heavily contaminated 
with resistant spores. 

Sterilization may be accomplished in various ways 
and the following discussion is based upon the proce- 
dures found in the U.S. P. XIII, and in the N. F. VIII. 
For convenience, sterilization methods are designated 
ere to by letters in both the U.S. P. and the 


Process A (Direct Flame) 
The use of a direct flame for the sterilization of ar- 


ticles is limited to those which are not injured by such 


treatment. Metallic needles, wires, spatulas, tweezers, 
and forceps are quickly sterilized by heating to redness 
in a Bunsen or alcohol flame. Ointment tiles, mortars, 
one-piece pestles, orifices of bacteria-proof filters, or 
similar objects, may, in emergencies, be sterilized in the 
direct flame, provided that the flame is applied for not 
less than 20 seconds to each part thus treated. Al- 
though watch crystals, glass rods, the lips of tubes, 
pipettes, bottles, and flasks, may be sterilized by pass- 
ing them through a flame as indicated, such procedure 
is not recommended for glassware in general as there is 
always the possibility of breakage by heating in a direct 
flame. In such cases one of the methods described 
below should be used. However, if a small number of 
ampuls are needed for a preparation to be dispensed in 
an emergency, such ampuls can be sterilized in the di- 
rect flame, using care, arid supporting the ampuls neck- 
downward in the mesh of a wire basket until cool, when 
they are to be filled immediately and quickly sealed. 

In sanitary procedures, substances which have little 
or no value are burned in a furnace or in a direct flame, 
the process being referred to as incineration. 


Process B (Dry Heat) 


Exposure to dry heat in a suitable hot-air sterilizer 
or oven, at a temperature not below 170° C., preferably 
for 2 hours, but never for less than 1 hour, is the usual 
procedure for sterilizing all empty glass, porcelain, and 
metallic containers which are to be kept on hand for 
future use. A thermo-regulating valve may be used 
but a recording thermometer must also be present on 
the sterilizer. Such containers can readily be sterilized 
in an autoclave, process C, and the latter technique 
should be used if containers are made of heavy or thick 
glass, as gallon bottles or carboys, or are required for 
immediate use, or need not be dry. Sterilization by dry 
heat always provides dry containers while sterilization 
by autoclave often results in damp or moist apparatus, 
depending upon the autoclave facilities, and the tech- 
nique employed. All materials sterilized by dry heat 
must be thoroughly cleansed and free from traces of 
organic matter. In sterilizing combustible articles in 
a hot-air chamber, it should be remembered that cotton 
and paper are browned at 190° C. and over. Non- 
stoppered apparatus or material wrapped with inflam- 
mable coverings, as Petri dishes, pipettes, and ampuls 
placed in metallic containers, and jars stoppered with 
metallic tops, can be sterilized by subjection to a tem- 
perature of 200° C., or higher, for at least 45 minutes. 

Substances such as glycerin, petrolatum, oils, some 


oily solutions and suspensions, fats, and powders, which 


resist penetration by moist heat, or are injured by it, 
may be conveniently sterilized in a hot-air oven at a 
temperature of at least 170° for not less than 1 hour. 


Such materials may be advantageously placed in shal- 
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low containers such as Petri dishes, to provide quick 
penetration of heat. For medicaments which are de- 
composed at high temperatures, a lower temperature 
for a more prolonged period (140° C. for 4 hours) may 
be used. Typical hot air sterilizers are illustrated in 
Figs. 153 and 154. 


Process C (Steam under Pressure—Heating in an 
A Autoclave) 


By this process materials are subjected to steam under 
pressure, the pressure and the time varying according 
to the nature of the material. When steam is com- 
pressed its temperature is raised, and the combination 
of moisture and temperature obtained by this method of 
sterilization is such that both spores and vegetative 
forms of bacteria are destroyed in a comparatively 
short time. A combination of 15 pounds pressure 
(121° C.-250° F.) for 20 minutes, or 20 pounds pressure 
(126° C.-259° F.) for 15 minutes is usually employed. 
A pressure of 10 pounds (115° C.-239° F.) for 30 min- 


Fig. 154—Dry heat sterilizer (gas heated). 


155— Vertical 
autoclave. 


utes is also frequently used, lower temperatures always 
being used for those items which cannot withstand the 
greater degrees of heat. 

Process C is the method of choice for sterilization and 
it should be employed wherever the material or object 
involved will not be injured by moisture or by the 
temperature required. The apparatus generally used 
is called an autoclave and small models of the vertical 
and the horizontal types are illustrated in Figs. 155, 156, 
and 157). Pressure cookers (Fig. 158) as supplied 
for home use are also available, and manufacturers 
and hospitals may require sterilization units large 
enough for a man to stand erect inside. Modern hos- 
pital installations are beautifully designed and arranged 
so that only the autoclave door and various dials are 
visible against a wall of glazed tile, and the room occu- 
pied by the operator is thus well insulated against the 
heat of the autoclave proper. The successful use of an 
autoclave or steam sterilizer depends upon its proper 
operation, and skill and experience on the part of the 
operator are required. All air should be removed from 
an autoclave, since heating a mixture of steam and air 
under pressure will yield a lower temperature than is 
attained by steam alone generated under like pressure, 
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and air pockets will prevent diffusion of the steam and 
the latter may thus not reach infected objects and ma- 
terials. If possible, air should be removed by vacuum. 
The vertical autoclave illustrated in Fig. 155 is provided 
with a stopcock at the top of the autoclave, through 
which the air is allowed to escape, the stopcock not 
being closed until the thermometer records a tempera- 
ture of 100° C. All autoclaves should be equipped 
with thermometers, since the temperature actually 
attained is more reliable than pounds of pressure re- 
corded. 

Autoclaves should never be opened until the pressure 
gage has returned to zero, and if water is used in the 
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Fig. 156—Horizontal autoclave. 


autoclave for the generation of steam, or if liquid prepa- 
rations are being sterilized, particularly in containers 
not hermetically sealed, valves should not be opened to 
hasten the reduction of the pressure, but the pressure 
should be allowed to return to zero under normal condi- 
tions. Sudden release of the pressure would otherwise 
permit the energetic boiling of such liquids, resulting in 
the loss of the liquids, the contamination of liquids and 
apparatus, and the blowing out of stoppers and plugs. 


Process D (Moist Heat at 100° C.) 


This process consists of the application of moist heat 
at 100° C., in the form of steam or boiling water, for 
30-minute periods on each of three successive days, 
maintaining the material at incubation temperature 
during the intervening time. It is frequently spoken of 
as the intermittent, fractional, interrupted, or discon- 
tinuous method of sterilization, also known as T'yndal- 
lization. It is used for solutions which are not affected 
by a temperature of 100° C. but should not be used if 
autoclaving is suitable. It is also used for sterilizing 
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instruments, syringes, hypodermic needles, rubber tub- 
ing, and similar items. 

In emergencies, as in the making of extemporaneous 
preparations, and in certain cases where experience has 
shown that three heatings are not necessary, subjection 
to moist heat at 100° for one 30-minute period may be 


Fig. 157—Castle 


“666” improved 
Rochester autoclave. 


158—‘‘National”’ Alumi- 
num high-pressure sterilizer. 


Fig. 


followed. As a safeguard in such treatment, a bacterio- 
static agent should preferably be added to the solution. 
For this purpose 0.3 per cent of cresol, 0.5 per cent of 
phenol, or 0.5 per cent of chlorobutanol may be used. 
1. Free Flowing Steam—This method of moist heat 
sterilization is frequently employed, the Arnold steri- 
lizer, Fig. 159, representing the apparatus generally 
used, although buckets or other suitable containers pro- 
vided with false bottoms may be adapted to the process. 
The construction of the Arnold Sterilizer permits the 
generation of steam from a small amount of water with- 
out the loss of the generated steam and thus provides 
an important safety factor in use. The autoclave may 
also be used for this method of sterilization by maintain- 
ing the heat so that the chamber will be filled with steam 
but not under pressure. The lid is not fastened down 
in this case and the air valve is opened to permit the 
escape of steam, thus auto- 
matically acting as a safety 
control. Care must be ex- 
i ercised, however, to prevent 
the apparatus from going 
i dry. In industries where 
' large quantities of live steam 
i are available, it is used for 
destroying the vegetative 
forms of bacteria in tanks, 
refrigerators, and similar 
i} places. 
: 2. Boiling Water— 
Where an Arnold or similar 
apparatus is not available 
i for steam sterilization, a 
bath of boiling water at 
100° C. may be used, pro- 
viding the material being 
sterilized is entirely im- 
mersed in the water. 
Instruments, hypodermic 
needles, syringes, and simi- 
lar items may be sterilized by boiling in water for at 
least 15 minutes, and the addition of 5 per cent of 
phenol or 2 to 3 per cent of saponated cresol solution to 
the boiling water assists in insuring sterility. The addi- 
tion of 1 or 2 per cent of sodium bicarbonate to the 
water is sometimes used to prevent instruments from 


\ 


rusting. z 


Fig. 159—Arnold steam sterilizer. 
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Process E (Moist Heat at Low Temperatures— 
Inspissation) 


Materials which are injured by a temperature of 100° 
Gr or higher are treated in a water bath or inspissator 
maintained at the highest temperature which the sub- 
stances being treated can bear without decomposing 
or being altered, usually between 60° and 80°C. This 
treatment is maintained for half-hour periods for at 
least 3 days and frequently the fractional heating is ex- 
tended over a period of from 4 to 7 days. Medicinal 
preparations treated by this method shall contain an 
added bacteriostatic agent in a concentration which will 
prevent the growth of all microorganisms in the mate- 
ae unless the ingredients possess bacteriostatic proper- 

les. 


Fig. 160—Vacuum filtration assembly. 


Fig. 161—Multiple filter candle assembly. 


This process is not a sure method of sterilization and 
Process F is to be used in its place wherever applicable. 


Process F (Bacteriological Filtration) 


This method produces sterilization of solutions by 
filtration through filters which remove bacteria and pro- 
vide a bacteria-free filtrate. It is used primarily for 
preparations which are injured by heat, but may be re- 
sorted to at any time. Absolutely aseptic technique 
must be maintained throughout the operation, and all 
apparatus, including the filters, the receiving chambers, 
and the final containers and stoppers must be sterile. 
This process may not be satisfactory in all cases, since 
the filter material may react with the material being 
sterilized. There may be adsorption of protein sub- 
stances, alkaloids, and other material, the electrical 
-charge of the filter may alter the liquid, the quantity of 
material to be filtered may exceed the capacity of the 
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filter to provide a sterile filtrate. Accordingly, tests 
must be made to insure satisfactory results. 

Filters for this process are made of porcelain, diato- 
maceous earth, asbestos, sintered glass, and similar 
materials and all require pres- 
sure or vacuum for operation, 
as illustrated by Fig. 160. 
Not only are these filters 

Wes used in the manner illustrated 
————— in Fig. 160, but they may be 
used without the usual man- 
tle, by inverting the candle 
directly into the solution to 
be filtered, attaching the me- 
tallic outlet to the suction 
flask. Fig. 161 illustrates a 
battery of large filters thus 
arranged and attached di- 
rectly to a manifold which in 
turn is connected to a series 
of receiving flasks. As one re- 
ceiving flask is filled it may 
be shut off from the manifold 
and used as a reservoir for 
filling stock containers, an- 
other flask receiving the initial 
filtrate in the meantime. 
Such an arrangement makes 
it possible to filter and handle 
large quantities of liquid in 
a comparatively short period 
of time and has been of partic- 
ular value in hospital prac- 
G tice for the preparation of 
bulky solutions such as dex- 
trose. The illustration also 
shows how thespaces between 
the candles may be filled with glass beads, thus permit- 
ting the operation to be completed with very little 
unfiltered solution remaining at the end of the operation. 

The Chamberland, the Berkefeld, the Mandler, the 
Coors, and the Selas filters are representative of the 
porcelain and diatomaceous earth types, and are illus- 


Fig. 162—Filtering under pres- 
sure. 
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Fig. 164—Coors filters. 


Fig. 163—Mandler filter. 


trated in Figs. 162, 163, 164, and 165. They are avail- 
able in numerous sizes and in varying porosities. If 
properly cleansed and cared for after each operation 
they may be used repeatedly but because of their fragile 
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nature they must be handled carefully. Directions for 
the preparation and care of the first three, which are of 
similar construction, will be found below. As can 
be noted in the illustration, the porcelain filtering unit 
of the Selas filter is a separate piece and because of its 
nature it is possible to 
burn out all organic 
contamination directly 
in a muffle furnace. 
Being made of porce- 
lain, this filter pro- 
vides clearer filtrates 
and is more satisfac- 
tory in many respects 
than those made of 
diatomaceous earth or 
as one-piece units 
combined directly 
with a metallic tip or 
orifice. 

Asbestos filters con- 
sist of pads or disks 
of matted asbestos 
placed in a suitable 
apparatus, and these 
too are available in 
assorted sizes and 


il 
| 
ele eee 
alr 
various porosities. 


ee The Seitz filters are 


L typical of this class 
and one of the small 
laboratory styles is 
illustrated in Fig. 166. 
A variation of the 
Seitz filter is found in the microbiological filter illus- 
trated in Fig. 167 and in the Swinny filter adapter, 
Fig. 168. The latter is used by attaching it to a 
hypodermic syringe, thus both filtering and sterilizing a 
solution which is forced through the syringe and filter. 
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Fig. 165—The Selas porcelain filter. The 

complete filtering unit at the left is dis- 

assembled at the right to indicate the 
component parts. 


Fig. 166—Seitz 
filter. 


Fig. 167—The microbiological filter with a 
capacity of 3 ce. is a modified Seitz filter using 
a small E.K. pad 10 mm. in diameter supported 
on a small wire screen. The filtrate vial is 
attached to the stem of the filter inside a 
small jar which is evacuated and is capped 
with a sterile rubber cap after filtration. 


One of the drawbacks in the use of the asbestos pad 
type of filter is the frequent contamination of the 
filtered solution by filaments and fibers from the filter. 
However, this feature is being overcome by the use of 
fine filter paper placed beneath the filter pad, thus pro- 
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viding a clear final filtrate. Pad filters of this type 
should be used only once. 

A variety of the sintered or fused glass Biichner type 
filter, (page 198) is now available in porosity fine enough 
to provide a sterile filtrate.” These filters are quite 
satisfactory, since there is slight chance for reactions, 
there is no fiber contamination by the filter, and, be- 
cause of the nature of filter, there is very little loss by 
absorption. Special care is required, however, in the 
cleansing of the filters after use. 

While filtration, as indicated, will provide a sterile 
filtrate, subsequent handling of the filtrate must be 
done with great care if sterility is to be maintained. 
This requires constant attention to every detail, sterile 
containers, sterile stoppers for vials, sterile filling appa- 
ratus, prompt sealing or closing of final containers, 
protection against drafts, these operations preferably 
being conducted in small rooms provided with filtered 
air. 
has its advantages, it also demands much more re- 
sponsibility from the one who makes use of it. Since 
these additional hazards are so great, bacteriostatic 
agents should be used in the products as a final safe- 


Above, the Swinny filter 
adapter separated and in cross-section. 


Fig. 168—Swinny filter attached to syringe. 


guard unless otherwise directed. In preparations which 
are given intravenously in large quantities, such as dex- 
trose and sodium chloride solutions, such agents cannot 
be used since the total represented in the quantity of 
solution usually administered would be entirely too 
great. 


CARE OF FILTER CANDLES 


The following suggestions for the care of filter candles 
have been recommended by the Allen Filter Co., 
Toledo, Ohio, makers of the Mandler diatomaceous 
filter candles. 

New Candles—1. Immerse entire candle, except 
end of nipple, in clean water and let soak for not less 
than 12 to 24 hours to remove as thoroughly as possible 
all air in the body. Next, to eliminate any particles of 
dirt, etc., that may remain, wash both the outside and 
inside of candle under a pressure of from 20 pounds to 
25 pounds by reversing flow. Following this under 
same pressure, force the water from inside out for a 


short period so as to remove positively all air from the 


wallof the candle. Thisis absolutely necessary in order 


Thus, while the filtration method of sterilization 


. 


process as outlined above. 


Seo. 


. to get a true test. 
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It is well to soak as one batch all 
candles that are to be tested for air-pressure resistance. 

2. In testing for air-pressure resistance submerge 
entire body in glass receptacle filled with clear water 
after candle has been attached to air-pressure tube. 
Apply the air gradually until the figure of the factory 
test is reached (the figures of the factory test are 
stamped on the bottom of the candle). If an imperfec- 
tion develops before the factory test is reached, mark 
the spot and place the candle to one side and report to 
the firm direct and it will be replaced. 

Note—Should the test show more or less than factory 
figures, mark candles accordingly for record. 

3. Connect to vacuum line to remove water and any 
solid particles from bore. 

4. Dry in warm air, that is from 80° to 100° F., wrap 
in paper, and sterilize with test marked on the outside. 

5. Sterilize in autoclave at 15 to 20 pounds pressure 
for one and one-half hours. 

6. Allow candle to remain in autoclave overnight or 
at least long enough for gradual cooling and thorough 
drying. 

7. After sterilizing store in a dry place until used. 
A sterilized candle should not be used if the outside 
wrapping is broken. 

Note—Each new candle will be marked on the bottom 
with figures. These should be used for identification 
when making any reports to the factory. 

Used Candles—The following processes are used to 
clean candles after they have been used for filtering 
biological materials: 

A—After Filtering Non-Infectious Material—l1. Re- 
move debris from outside of filter candle with a stiff 
hand brush, avoiding rough handling and brushing. 
Place candle in metal holder and run water from inside 
out under pressure, not to exceed 20 or 25 pounds, 
brushing carefully during the process until water flows 
freely and clear. There is no objection to reversing the 
flow of water. The water should run through long 
enough to clean out absolutely the substance that will 
adhere from the first filtering process to the rough or 
raw edges of the interstices or pores such as is peculiar 
to albumen. If all of this substance is not removed, 
the second sterilization will bake it on so it will remain 
and very materially affect the capacity and life of the 
filter candle. 

2. Boil candle in 2 per cent solution of washing 
soda for one-half hour. 

3. Boilfor one hour in tap water, changing the water 
several times during the hour. 

4. Place candle in metal filter holder and wash for 
about five minutes to remove any particles loosened in 
the boiling. 

5. Brush the candle again to remove any particles 
of dirt which might have been in the water and have 
settled on the outside of the candle. 

6. When candles are still wet they may be tested 
for any imperfections, as directed for new candles, and 
those showing a satisfactory test may be dried first in 
warm air 80° to 100° F. and then wrapped in paper and 
sterilized with test and date marked on outside for rec- 
ord. 

7. In sterilizing the cleaned candles after wrapping 
in paper, place in autoclave for one and one-half hours at 
15 to 20 pounds pressure, letting stand overnight or at 
least long enough until thoroughly cool and dry. 

B—After Filtering Infectious Material—First, im- 


-merse the candle in a non-coagulating germicide long 


enough to effect sterilization, then continue cleaning 
It is recommended in han- 


dling an infected candle that the operator wear gloves to 
protect himself against infection. 


Process G 


Oil Bath—Surgical and other instruments can be 
sterilized by heating in a bath of light liquid petrolatum, 
which can be used repeatedly. A temperature of 160° 
C. for 60 or more minutes is employed. By this 
method, injury to the finish and the cutting edge of 
instruments is avoided. 


Aseptic Manipulation 


Aseptic Manipulation is not actually a sterilization 
process but it represents the technique and principles 
involved in handling preparations or substances, often 
previously sterilized, in such a manner as to permit the 
least possible contamination in a new preparation made 
from these ingredients. Basically it involves the main- 
tenance of sterility throughout some manipulative act 
and it is required when the product cannot be steri- 
lized satisfactorily in its final form. For example, the 
filling of containers with solutions sterilized by Process 
F, filtration, necessitates the use of Aseptic Manipula- 
tion lest the previously sterilized solution be con- 
taminated either by a non-sterile container, stopper, 
or filling apparatus, or by careless handling of such 
material. The average ointment cannot be sterilized 
satisfactorily after it is made, for heat will cause the 
ointment base to melt and the ingredients may separate. 
Certain salts hydrolyze in aqueous solutions within a 
short time and become useless for parenteral adminis- 
tration. In such instances ampuls of the sterile dry 
salt are prepared. 

In all such cases where sterility must be maintained 
throughout an operation, it is necessary to use sterile 
equipment and material only. Thus, containers such 
as bottles, vials, ampuls, and ointment tubes, stoppers 
or other closures, general apparatus such as beakers, 
flasks, graduates, pipettes, glass rods, funnels, spatulas, 
ointment tiles, watch crystals to be used as scale pans, 
filter papers, sintered funnels, and suction flask, in- 
gredients such as petrolatum, zinc oxide, boric acid and 
similar items for ointments, chemical salts, water for 
injection, isotonic salt solution, or similar solvents, 
should be available in a sterile condition, previously pre- 
pared by one of the standard sterilization procedures. 
Careful selection of the immediate surroundings is also 
necessary, and wherever possible such work should be 
conducted in small rooms where the danger of con- 
tamination is greatly minimized. Ideal rooms for this 
purpose, Fig. (254), are especially designed, incorporating 
many of the known features utilized in hospital operat- 
ing rooms and in bacteriological transfer rooms to pro- 
mote asepsis. Such rooms are constructed with smooth- 
surfaced walls of any suitable building material so that 
they do not retain dust and so that there are as few 
joints as possible. If glass partitions are used, the glass 
should be set in metal frames inside of the usual ridged 
sash. Ceilings are sloped, permitting the use of disin- 
fecting sprays initially to remove dust. All corners are 
rounded, floors are covered with lmoleum, ledges are 
avoided, light fixtures are recessed and fitted with rub- 
ber gaskets to prevent “breathing.’”’? Tables are built 
out from the walls on brackets so as to permit easy 
cleansing of the floor. Outside windows are constructed 
of thoroughly caulked glass bricks. 

The rooms are air conditioned in a manner so that air 
filters may be readily removed and cleaned or replaced. 
A positive air pressure is at all times maintained so that 
when doors are opened there is no in-rush of unfiltered 
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air. Metal furniture is used -so«that- it may be 
washed down with disinfecting solution. Where several 
rooms are involved the air-conditioning system should 
be adjusted to use the shortest possible incoming ducts 
since contamination increases somewhat proportionally 
to the length of these air ducts. Working counters and 
small rooms can be advantageously equipped with up- 
to-date sterilizer lamps such as the “Sterilamp”’ of the 
Westinghouse Company. Such lamps make it possible 
to sterilize the air over the open containers and equip- 
ment within a reasonable working distance from the 
lamp and, in a great measure, thus provide against acci- 
dental contamination of the products which are being 
prepared or packaged. 

All necessary operations must be conducted expedi- 
tiously and the operator must at all times recognize the 
possibility of contamination by some slight flaw in the 
procedure, whether it be the brushing of a spatula or a 
pipette tip against the clothing, the placing of a non- 
sterile spatula handle on an ointment tile, a broken 
covering on a wrapped piece of sterile equipment, or 
the inadvertent raising of some near-by dust. 


Sterility Tests 


Although preparations may have been subjected to 
one of the prescribed processes of sterilization, it must 
not be taken for granted that the preparation is there- 
fore actually sterile. Processes such as autoclaving are 
generally believed to be capable of invariably producing 
sterile products but as the sterilization temperatures 
become lower and other hazards multiply when other 
processes are used, the question of actual final 
sterilization becomes less certain. Accordingly, it is 
necessary to test every lot of solution which has 
been prepared, and the following directions of the 
U. 5. P. are sufficiently comprehensive to provide the 
necessary detail for this operation, constantly bearing 
in mind the fundamental laws and procedures of bac- 
teriological technique. The U. 8. P. tests for sterility 
cover both liquid and solid preparations. 

Sterility Test Media—The following media are used 
in the sterility tests described below. 


FLUID THIOGLYCOLLATE MEDIUM 


Cy Stine aoa leaa. one a teh a eet ne re ae eee 0.75 Gm 
Agar, granulated (moisture content not in excess of 
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ALCON cor cy ee Be ae aes 2 eke an ee ee 1.0 ce. 
Distilled! Waters Man. ts = fr ee dhe) ee eee 1000 ec. 


Mix the lcystine, agar, sodium chloride, dextrose, water- 
soluble yeast extract, and pancreatic digest of casein with 1000 ec. 
of distilled water, and heat on a water bath until solution is ef- 
fected. Dissolve the sodium thioglycollate or thioglycollic acid 
in the solution, and, if necessary, adjust the solution with normal 
sodium hydroxide so that, after sterilization, it will have a pH of 
7.1 = 0.1. If filtration is necessary, reheat the solution without 
boiling, and filter through moistened filter paper. Add the res- 
azurin solution, mix thoroughly, place the medium in culture 
tubes, and sterilize in an autoclave at 121.5° (15 pounds pressure) 
for 20 minutes. Cool at once to 25°, and store the medium, pref- 
erably between 20° and 30°, protected from light. 


Note—Do not use this medium if evaporated to an 
extent affecting its fluidity or if more than the upper 
one-third has changed to a pink color. However, one 
reheating on a water bath, until the pink color disap- 
pears, is permitted. 
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ALTERNATE, FLUID. MEDIUM FOR STERILITY TESTS ., 


l-Cystine <i.08 Boheme eee 0.05 Gm 
Sodium. Chloride sore oe eee 2.5 Gm 
Dextrose: scuhccke see Oe tan na LiL (‘Gm 
Water-soluble: Yeast Extractiseqe nsec oie eine 5.0 °Gm 
PancreaticuDicestios Casein eit aati eat nee 15.0 Gm 
Sodium Ehiogilivcollatenae eee ee eee 0.5 Gm 
or’ ChioglycollictAcid@ ese ei rien eee 0.3 ce. 
Distilled Wiatetis seeker paca cere 1000 ce. 


Heat the ingredients in a suitable container on a water bath 
until solution is effected. Mix thoroughly, and, if necessary, 
adjust the solution with normal sodium hydroxide so that, after 
sterilization, it will have a pH of 7.1 + 0.1. Filter, if necessary, 
place in Smith fermentation tubes, and sterilize in an autoclave 
at 121.5° (15 pounds pressure) for 20 minutes. 


Note—Certain products are turbid or otherwise un- 
suitable for culturing a fluid thioglycollate medium 
(medium I) because of its viscosity. The above me- 
dium (medium IT) is acceptable in place of fluid thio- 
glycollate medium (medium I), provided it is used in 
Smith fermentation tubes, and heated prior to use in a 
boiling water bath so as to drive the dissolved oxygen 
out of the medium in the closed arm. 


HONEY MEDIUM FOR MOLDS AND YEASTS 


Pancreatic) Digestiol Casein pe ccniaceiciet teeter 10 Gm 
(0) Ch eee AP NEE. i een Hen Econom ood ar 60 ec. 
Distilled Water, a sufficient quantity, 
To-tma le his ain, eateboneosicee Gas hero ie nate ICE orn! 1000 ec. 


Dissolve the pancreatic digest of casein in the distilled water 
with gentle heat, add the honey, and if necessary, adjust the reac- 
tion to a pH of 6.0. Filter, if necessary, place in culture tubes, 
and sterilize at 121.5° (15 pounds pressure) for 20 minutes. The 
final reaction should approximate a pH of 5.6. 


Note—Dehydrated media are available commercially 
for the preparation of culture media. If these are used 
for the preparation of official culture media, they shall 
yield products conforming to those that are official. 

Suggested Technique for Conducting Tests for 
Sterility—All bacteriological tests shall be conducted 
by trained workers under the most rigid aseptic precau- 
tions. It is desirable that all manipulations be con- 
ducted in a dustproof room supplied with filtered air 
under positive pressure; other suitable means may be 
used for eliminating air contamination. 


Sterility Test for Liquids 


Opening Containers—Immerse all glass ampuls in 
alcohol, or wipe them with alcohol, to remove dust 
particles. With the aid of sterile forceps, flame the 
ampul adequately, but avoid heating the contents. 
Open the ampul, using a sterile file. 

In the case of containers closed with rubber caps or 
other closures, remove dust particles from the closure 
and from the neck of each container with sterile cotton 
saturated with alcohol, and treat adequately with iodine 
tincture or with other suitable means. If the liquid in 
the container is under vacuum, admit sterile air into 
the container by means of suitable sterile equipment 
such as a syringe needle attached to a syringe barrel 
filled with non-absorbent cotton. 

Removing and Culturing Contents—Remove the 
contents for culturing with a sterile pipette. If neces- 
sary, the contents may be removed with a sterile syringe 
and needle. Sterilize pipettes, syringes, and needles 
preferably by Process B (page 121). 

In testing preparations in their final containers, 
plant one or more tubes of fluid thioglycollate medium 
with portions of the liquid from each container being 
tested. The amount of inoculum and the volume of 
medium shall be varied according to the volume of 
liquid being tested, as follows: 4 
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Minimum 
Content of Volume of Volume of 
Container Inoculum Medium 
Less than 20 ce. 1 ce. WE Cre. 
From 20 ce. to 50 ce. 5 ce. 40 ce. . 
More than 50 ce. 10 ce. 40 ce. 


For 15 cc. of medium, use tubes preferably 20 X 150 
mm., and for 40 cc. of medium, use tubes preferably 25 
X 200 mm. 

Liquids which are inherently bacteriostatic, or con- 
tain bacteriostatic agents, shall be treated with a suit- 
able, sterile, inactivating agent, or diluted beyond the 
bacteriostatic level by planting in a greater volume of 
culture medium, so that growth will not be inhibited. 

Mix the liquid thoroughly with the medium. If the 
test material is an oil, shake the mixture vigorously to 
disperse the oil in the medium at the time of planting 
and at frequent intervals during the incubation period. 

Make final readings for sterility after not less than 7 
days of incubation at 37°. When the liquid to be 
tested renders the medium turbid so that final interpre- 
tation of growth cannot be made at the end of 7 days, 
confirm the presence or absence of growth by micro- 
scopic examination of stained smears, or make transfers 
from the tubes originally planted to tubes of fresh 
medium, and incubate these tubes at 37° for not less 
than 3 days. See Fig. 153. 

Incubate cultures of material in honey medium for 
molds and yeasts at 22° to 25° for 15 days. Confirm 
cultures showing macroscopic growth by a microscopic 
examination of stained smears. 

When the liquid in final containers is tested, repre- 
sentative samples consisting of not less than 3 per cent 
of the total number shall be tested, but the number need 
not exceed ten containers from any one lot. 

When the liquid in bulk containers for repackaging or 
manufacturing purposes is tested, plant one or more 
tubes of medium, employing a total of at least 10 ce. of 
liquid from each container. 

If the liquid under test is found to be contaminated, 
discard it, or treat it in such’a manner as to render it 
free from living microorganisms. 


Sterility Test for Solids 


Opening Packages and Containers—For purified 
cotton, gauze, surgical dressings, and related products, 
flame, with care, the immediate carton, package, con- 
tainer, or one of the margins, if an envelope. For su- 
tures, make a file line in the center of the suture tube, 
or about 10 mm. above the tubing fluid, place the tubes 
in a suitable, effective disinfectant solution for 24 hours, 
remove with sterile forceps, and place them between 
sterile towels. As an alternative method of steriliza- 
tion, flame the tubes, preferably in a wing flame, but 
avoid heating the contents. Break the tube at the 
filed line, preferably by holding a red-hot, curved wire 
against it. For crystalline or powdered solids, proceed 
as directed above for Opening Containers under Pro- 
cedure for Testing Liquids. 

Removing and Culturing Contents—From each car- 
ton, package, and similar container, remove, with sterile 
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forceps, and with sterile scissors, if needed, duplicate 
or triplicate portions of the material to be tested, from 
various locations within the roll of purified cotton, 
gauze, surgical dressing, or related material, preferably 
from the outer end, the center, and the core. Sterilize 
the forceps and the scissors by Process B, or by Process 
C (page 121). Flame the forceps and the scissors thor- 
oughly between successive transfers. Each portion of 
purified cotton shall weigh approximately 0.25 Gm., 
and each portion of gauze and related material shall be 
approximately 3 square inches in area. Transfer these 
portions of the material, as rapidly as possible, to the 
necessary number of tubes, each containing 40 cc. of 
fluid thioglycollate medium, and also transfer portions 
to tubes of honey medium for molds and yeasts. Trans- 
fer entire sutures to culture tubes each containing 40 cc. 
of fluid thioglycollate medium, and to culture tubes con- 
taining 40 cc. of honey medium for molds and yeasts. 

Adhesive absorbent gauze, sutures, or other solids, 
which are inherently bacteriostatic, or contain bacterio- 
static agents, shall be treated with a suitable, sterile, 
inactivating agent, or brought beyond the bacterio- 
static level by planting in a greater volume of culture 
medium, so that growth will not be inhibited. 

Incubate cultures of sutures at 37° for 15 days before 
negative results are recorded. Incubate other solids 
at 37° for 7 days before negative results are recorded. 
Incubate cultures of materials in honey medium for 
molds and yeasts at 22° to 25° for 15 days. Confirm 
cultures showing macroscopic growth by a microscopic 
examination of stained smears. 

If the product under test may be bacteriostatic 
when cultured as directed above, inoculate at least 5 
per cent of all negative tubes of medium I or II with 1 
ee. of a 1 to 100,000 dilution of an 18- to 24-hour broth 
culture of Clostridium novyi, and incubate at 37° for 3 
days. In a similar manner inoculate 5 per cent of all 
negative tubes of medium I or II with 1 cc. of a 1 to 
100,000 dilution of an 18- to 24-hour broth culture of 
Escherichia coli, and incubate at 37° for 3 days. Also 
inoculate 5 per cent of all negative tubes of honey me- 
dium for molds and yeasts with 1 cc. of a 1 to 1000 dilu- 
tion of a 72-hour honey medium culture of Monzlia albz- 
cans, and incubate at 22° to 25° for 3 days. Failure of 
growth is evidence that bacteriostatic or fungistatic 
agents carried over in the test material may be re- 
sponsible for the negative results. 


Controls 


Prepare the following controls simultaneously when 
testing any material for sterility: 

(a) Test each lot of medium I or of medium II for its 
growth-promoting and oxidation-reduction qualities, 
using one or more bacteria that are exacting in their 
growth requirements. At the end of the incubation 
period used for the sterility test, less than 60 per cent of 
the medium in the tube shall have changed color. 

(b) Confirm the sterility of each lot of sterilized test 
medium used in sterility tests. 


CHAPTER XV 


COMMINUTION 
Definition of comminution—reasons for comminuting medicinal agents—small-scale comminution—large-scale comminution— 
cutting—slicing—chopping—rasping or grating—contusing or bruising—trituration (mortars, pestles, and spatulas)—levigation 
—pulverization by intervention—grinding and pulverizing—types of mills—separation and classification of powders—sifting— 


elutriation—trochiscation 


COMMINUTION is the mechanical process of reduc- 
ing the particle size of drugs or breaking up their state 
of aggregation. 

Medicinal substances in their natural state require 
to be mechanically divided in order to facilitate the 
action of menstrua or solvents, to permit their adminis- 
tration in the form of, fine powders, to accelerate the rate 
of chemical reactions, or to facilitate mixing with other 
powders. 

A simple illustration is offered in the case of: alum. 
A solid lump of alum weighing 1 ounce, if added to a 
pint of water, will not dissolve nearly so quickly as will 
1 ounce of the same alum in fine powder in the same 
quantity of water. Vegetable substances offer varying 
degrees of resistance in powdering, owing to the propor- 
tion and toughness of their ligneous fiber and the 
amount and kind of cellular tissue. 

Under the head of comminution will be grouped the 
various mechanical operations used in pharmacy by 
which the surface of solid substances is increased, 
whether by trituration, levigation, elutriation, contusion, 
rasping or grating, cutting, slicing, chopping, stamping, 
grinding, pulverizing, or by other processes. 

A great variety of machines and processes are used 
because drugs vary markedly in their physical proper- 
ties. They may be hard, soft, brittle, tough, or fibrous; 
also their moisture content varies considerably, and 
they soften at different temperatures. In addition, the 
specifications for the finished product differ; a granular, 
coarse, or fine powder may be required, with or without 
exclusion of impalpable powder. The equipment used 
for small-scale operation by the pharmacist and large- 
scale production by the drug miller differs in some 
instances only in size, but in other cases also in their 
principles of operation. 

A great number of substances employed in medicine 
are derived from the vegetable kingdom, and, while many 
of the processes of comminution used for these are also 
applicable to the chemical and animal substances of 
the materia medica, it will be necessary in the following 
chapter to note the apparatus specially adapted to each 
class. 


Small-Scale Comminution 


Cutting, Slicing, and Chopping—This process is used 
principally in bringing roots, barks, leaves, herbs, etc., 
to the proper condition for treating with suitable sol- 
vents. For very small operations either the pruning 
knife or pruning shears work very well. The tobacco 
knife or herb cutter is well adapted for the purpose. 
It should be observed, however, that the principle upon 
which a knife operates successfully should be carefully 
carried out in constructing apparatus designed for cut- 
ting. Direct pressure without a slight drawing or saw- 
ing motion is not effective; therefore knives which have 
guides arranged so that the blade has a horizontal as 
well as a vertical movement are preferred. 

Rasping or Grating—A half-round rasp or a nutmeg 


grater is very useful at the prescription counter, as it 
frequently enables the pharmacist to prepare a small 
quantity of a crude drug powder for a prescription in 
case the regular stock bottle is found empty or a very 
fresh powder is needed. The small pocket pepper mills 
for grinding whole pepper at the table will be found 
especially useful. 

The inexpensive rotary grater (Fig. 169) is a conven- 
lence at the prescription counter, especially for grating 
oil of theobroma for suppositories. 

Contusion, or the operation of brwising, is resorted to 
occasionally. It may be defined as the process of reduc- 
ing a drug to particles by striking it a succession of 
blows. The instrument generally employed is a form 
of the well-known mortar and pestle, which, for contus- 
ing drugs, should be made of cast iron, bell metal, or 
brass. The shape best adapted for this purpose is 
shown in Fig. 170, the mortar being represented on a 
mortar block. The bottom of the mortar should be 
flat and heavy, so that it may rest firmly upon whatever 


171—Holding a 
mortar and pestle. 


Fig. 


Fig. 169—Rotary 
grater. 


Fig. 172—Spiral 
traversed by pestle 
in the mortar. 


170—Contusion 


Fig. 
mortar and pestle. 


base it is placed; the sides should flare slightly, but the 
mortar should be so deep that substances will not be eas- 
ily scattered by the blows of the pestle. A leather or 
wooden cover may be used upon the mortar when corro- 
sive or irritating substances are contused. The pestle 
should be heavy and so shaped on the under surface as 
to coincide with the concave surface of the bottom of 
the mortar. The inner surface of the mortar may be 
tinned, to prevent rusting and facilitate cleaning. It is 
important that such a mortar be supported by a firm 
base. 

Wooden and marble mortars were at one time used for 
contusing soft bodies like prune pulp, almonds, fresh 
fleshy roots and leaves, but are no longer employed. 

Trituration—This is the process of reducing sub- | 
stances to fine particles by rubbing them in a mortar 
with a pestle. It is also used to designate the process 
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by which substances in fine powder may be intimately 
mixed. The pestle is given a circular motion, accom- 
panied by downward pressure. The most effective 
method of using the pestle is to begin in the center of the 
mortar and describe a circle of small diameter with the 
pestle on the substance, and gradually increase the size 
of the circle with each revolution until the side of the 
mortar is touched, when the motion is reversed and 
circles continually smaller in diameter are described 
until the center is reached. The powder is frequently 
scraped from the sides of the mortar and pestle by the 
use of a spatula and the trituration repeated until pul- 
verization is effected. By this treatment all the par- 
ticles are brought under the action of the pestle. Fig. 
171 shows the manner of holding the mortar during 
trituration and Fig. 172, the spiral, showing the direc- 
tion traversed by the pestle in trituration as described 
above. The mortar and pestle best adapted for this 
operation have the shape shown in Fig. 173. ~Mortars 


Fig. 175—Wegdwood 
mortar and pestle. 


Fig. 173—Mortar and pestle ; 3 < 
for trituration. ~ ) 
Fig. 174— 
Pestle with 
head screwed 


into handle : 
Fig. 176—Porcelain mor- 
tar and pestle. 
i 


with pestles having flattened ends are the best. Wedg- 
wood ware is very serviceable, but is difficult to keep 
clean. As triturating mortars are rarely subjected 
to blows, porcelain mortars of proper shape are pre- 
ferred. One of the principal annoyances in the use of 
wedgewood or porcelain mortars and pestles is that of 
the continual loosening of the handle of the pestle. 
The cement employed by the manufacturer is frequently 
of inferior quality, and in using the pestle the particles 
of loosened cement often drop into the mixture in the 
mortar during trituration. The best plan is to pull 
the handle out of the pestle entirely as soon as possible 
and reset it. This is easily done by heating the end of 
the pestle in a sand bath until the cement has softened 
so that the handle may be extracted, then some hot 
cement (made by fusing three parts of beeswax with 
one part of orange shellac) is poured into the pestle 
hole, and the wooden handle is at once pressed forcibly 
in place and held by wedging or by other means until 
the cement has hardened. A pestle with a hard rubber 
handle, which is made to screw accurately into the head 
(Fig. 174), is a great improvement over the ordinary 
form of pestle, and the additional cost is more than re- 
paid by the comfort of using it. Solid porcelain pestles 
are not well adapted to trituration. Where trituration 
is combined with contusion, as frequently happens in 
effecting solutions of crystalline chemical substances, 
a wedgwood mortar of the shape shown in Fig. 175 is 
well suited for the purpose. In furnishing a pharmacy, 
the selection of good mortars and pestles is frequently 
overlooked among the many items of detail; but few 
‘implements, if properly selected, bring more satisfac- 
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tion to the operator. It is a safe rule to examine every 
purchase carefully before accepting it finally, to see 
whether the pestle fits the mortar accurately. It should 
have as much bearing on the interior surface of the 
mortar as its size will permit, because its efficiency in 
trituration depends largely on the amount of contact of 
the surfaces. The use of a round-surfaced pestle in a 
flat-surfaced mortar is just as great a waste of labor as 
that of a flat-surfaced pestle in a round-surfaced mor- 
tar. Triturations as a distinct class of preparations, are 
officially recognized in the U. 8. Pharmacopceia, and a 
general formula is given in which 10 per cent of active 
ingredient and 90 per cent of lactose are to be uniformly 
combined by trituration. 

The proper procedure for making triturations or mix- 
tures containing a very small proportion of a very power- 
ful ingredient, so as to insure uniformity, consists in 
weighing the medical substance and diluent separately, 
placing the substance previously reduced to a moder- 
ately fine powder, in a mortar, and adding about an 
equal measure of diluent. This should be mixed well 
with a spatula, and the two powders should be thor- 
oughly triturated together. Fresh portions of diluent 
are added from time to time, until the whole is com- 
bined, the trituration being continued after each addi- 
tion until the substance is intimately mixed with the 
diluent and reduced to a fine powder. 

Mortars and pestles are sometimes made of green or 
white glass. The former are to be preferred because 
they are stronger; the latter, however, present a 
handsomer appearance. Glass mortars are not as well 
suited for trituration as 
for dissolving certain 
chemical substances di- 
rected in prescriptions, 
like corrosive sublimate, 
the alkaloids, ete., or 
for making solutions of 
iodine which would stain 
wedgwood or porcelain 
mortars. 

Porcelain mortars and 
pestles (Fig. 176) are, 
however, more generally 
useful as solution or 
emulsion mortars. Pes- 
tles made entirely of 
porcelain are  objec- 
tionable, because they 
are easily broken. 

Fig. 177 illustrates a 
power mortar which is 
very useful in the prep- 
aration of small lots of 
tablet triturates or other 
mixtures requiring ex- 
tended trituration. The 
pestle revolves and also 
rises and falls to con- 
form to the contour of the mortar which is made to 
pass through a figure-of-eight movement. A scraper 
continuously returns the material to the center of the 
mortar. 

Spatulas—The process of trituration as ordinarily per- 
formed requires the use of spatulas. These consist of 
flexible steel blades attached to handles, and in tritura- 
tion they serve to loosen the substance as it becomes 
packed upon the sides of the mortar. Spatulas are 
largely used in extemporaneous pharmacy, and they 
will be alluded to frequently throughout the text. The 


Fig. 177—Power mortar. 
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blade of a spatula is sometimes broken when too much 
pressure is applied, but if the broken blade remaining in 
the handle is rounded by grinding or filing it may often 
be useful. : 

Spatulas may now be had of excellent quality. The 
best form is the balanced handle spatula (Fig. 178). In 
this the metal of the handle and that of the blade are 
continuous and of the same width, so that the annoy- 
ance of the tang becoming loose in the handle, as in old 
style spatulas, is avoided. The flat metal handle is 
enlarged by riveting smooth, flat pieces of hard wood 
to it to insure convenience in using. The balanced 
handle derives its name from the fact that when lying 
upon the counter the weight of the handle is sufficient 
to overcome the weight of the blade, so that contact of 
the blade with the counter is prevented. Solid handled 
spatulas (Fig. 182) are also made, the whole being of one 
solid piece of metal, and the handle being nickel plated. 
A pocket spatula, which closes like a clasp knife, is also 
furnished by dealers. 

Fig. 179 shows a spatula coated with hard rubber for 
making ointments which contain corrosive substances, 
or substances acting on steel. Solid hard rubber 
spatulas are also made (Tig. 180). Spatulas are now 
available in the several stainless spring steels and are a 
great advantage over the old type which was so prone 
to rust and corrode. 
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Fig. 178—Balanced handle spatula. Tima) 
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Fig. 181—Slab and muller. 

Fig. 179—Spatula coated with hard 
rubber. 


Fig. 180—Solid hard rubber spatula. 
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Fig. 182—Solid handle spatula. 


Levigation—This is the process of reducing substances 
to a state of minute division by triturating them after 
they have been made into a paste with water or other 
liquid. This is effected in a shallow mortar with a 
properly fitting pestle, or upon a ground glass slab with 
a flat-surfaced glass muller (Fig. 181). The motion im- 
parted to the muller, A, closely resembles the figure 8; 
this is frequently varied with that, of oval loops which 
intersect each other, the object being to vary the motion 
so that all particles of the powder may be brought under 
the action of the muller upon the slab, G. Certain sub- 
stances like red mercuric oxide and zine oxide, if made 
into a paste with alcohol or water, are more readily re- 
duced to fine powder in this way than by the action of 
the mortar and pestle. The process is termed por- 
phyrization when performed with a slab and muller 
made of the hard material called porphyry. 

Pulverization by Intervention—This is the process of 
reducing substances to powder through the use of a 
foreign substance, from which the powder is subse- 
quently freed by some simple method. No general 
process can be given for this method of pulverization, as 
the character of the substance must determine the 
method. Metallic gold may be powdered by rubbing 
gold leaf in a mortar in contact with potassium sulfate. 
The latter is subsequently dissolved out with water. 
Camphor may be pulverized through the addition of a 
few drops of alcohol, chloroform, or other solvent. 


The foreign substance in this case is disposed of by 
evaporation. Metallic tin may be granulated by melt- 
ing it and pouring it into a box containing powdered chalk, 
followed by prompt agitation. The chalk is subse- 
quently dissolved out with diluted acetic acid. Phos- 
phorus may be pulverized by placing it in water con- 
tained in a small flask, then heating the water gradually 
until the phosphorus is melted, and shaking the flask 
while the phosphorus is cooling. The agitation in the 
presence of water keeps the particles from cohering. 

Grinding and Pulverizing—The former term is ap- 
plied to the reduction of a substance by mechanical 
means to coarse particles, the latter to the production of 
fine particles. These processes are the most important 
considered under comminution. At present they are 
very largely carried on by drug millers. It is necessary 
for the pharmacist to be familiar with the methods 
employed, however, if intelligent judgment is to 
be exercised in the. subsequent treatment of both 
vegetable and mineral substances. Before pulverizing. 
a substance it must be dried and the desired fineness of 
the powder determines the character of the preliminary 
treatment. In order to grind or powder substances 
properly upon the large scale, special knowledge and 
experience are required; previous acquaintance with 
the methods best suited to accomplish the object on the 
small scale, while useful to some extent, will be found 
inadequate. If a drug is to be coarsely ground, the 
necessity for thoroughly drying it is generally not so 
important as when a fine powder is to be made of the 
substance; drugs containing volatile oils are apt to be 
rendered worthless if they are dried sufficiently to en- 
able them to be ground to a fine powder. Myrrh, 
clove, cubeb, nutmeg, etc., afford a good illustration of 
this; hence such drugs are preferred when coarsely 
powdered. Within the last few decades an important 
change in pharmaceutical practice in this respect has 
been effected, and preparations in which very fine 
powders were formerly directed are now ordered to be 
made from coarse powders. The processes for extract- 
ing the soluble principles have been greatly improved, 
the necessity no longer exists for using the very fine 
powders, and, hence, volatile principles are not lost. 

Hand Mills—lIt is difficult to construct a drug mill 
for the general use of the pharmacist. The drug miller 
has the choice of a buhrstone mill, chaser, disintegrator, 
iron mill, etc., which he can adjust to suit the charac- 
ter of the substance he desires to grind. The pharma- 
cist’s drug mill, on the other hand, is expected to do all 
kinds of work rapidly and well. It must, therefore, be 
capable of ready adjustment, possess durability, and 
have cutting surfaces not quickly dulled, and working 
parts not liable to get out of order. 

It is not easy to realize that every medicinal sub- 
stance has an individuality of its own but he who neg- 
lects the study of physical characteristics can never ex- 
pect to overcome successfully the obstacles which 
stand in the way of disintegration. Hand drug mills 
may be divided into two classes: 1. Those having 
planar grinding surfaces. 2. Those having conical 
grinding surfaces. They have the following points in 
common; iron is the principal material of construc- 
tion, the grinding surfaces are of hardened iron or steel 
and consist of teeth arranged in concentric rows, and 
the regulation of the fineness of the powder is controlled 
by adjusting screws by which the plates are made to 
approach or recede from each other. 

1. Hand Drug Mills with Planar Grinding Surface 

Swift's Mill—This hand mill has been in use longer 
than any other in the American market. Its introduc- 
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tion marked an era in the history of small-scale drug 
grinding, and, although superseded now by greatly 
improved mills, it is still remembered by those who had 
been previously accustomed to laborious mortar prac- 
tice. In this mill there are two vertical grinding plates, 
one of which is stationary, while the other is connected 
with the horizontal revolving shaft; a conical breaker 
is also attached to the shaft, and when in position it is 
immediately below the lower opening of the hopper; 
a flywheel with a handle is bolted to the outer end of 
the horizontal shaft, and furnishes the power required. 
The teeth are of iron and arranged in concentric rows, 
and the plates are made to approach each other or to 
separate by an adjusting screw. 

The Enterprise Mill—This mill embodies the prin- 
ciple of supporting the grinding plates upon a horizontal 
shaft, to the extremities of which heavy flywheels are 
attached. It also provides facilities for lifting all the 
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Fig. 186—Plates and crushers. 


Fig. 185—Quaker City mill. 


working parts out of the interior to facilitate their 
cleaning. Fig. 183 thoroughly illustrates this mill. 
The left-hand grinding plate revolves, being geared to 
the shaft, while the one on the right hand is stationary. 
When in position for grinding they are nearly in contact. 
The opening of the interior is effected by simply turning 
the thumb screw in front. Practically all modern mills 
of this type are driven by an electric motor (Fig. 184). 

The Quaker City Mill—In its general appearance this 
mill (Fig. 185) looks much like a meat grinder. It is 
equipped with a worm crusher and feeder which force 
the drug between the two grooved grinding plates at the 
end of the worm shaft. The plate with the larger open- 
ing is attached to the body of the mill and is stationary, 
while the second plate is attached to the feeder shaft 
and is rotated. This same type of mill is manufactured 
in a larger style when it is power driven. These mills 
are made by the A. W. Straub Company, of Philadel- 
phia. Fig. 186 illustrates the grinding plates and worm 
crushers. 

Swift’s B Mill—In this mill the grinding plates are 
horizontal, the lower one revolving, while the upper one 
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is stationary and forms the lower part of the hopper. 
It has two flywheels, but the receptacle for the powder 
is an open one. A valuable feature of the Enterprise 
mill is present here, 7. e., that of opening horizontally 
in the center. The fineness of the powder is regulated 
by raising or lowering the lower plate by a thumb 
screw. 


2. Hand Drug Mills Having Conical Grinding Surfaces 


The principle of construction in these mills is prob- 
ably the best, because it avoids the fault of those con- 
structed on the vertical plate 
principle, that of permitting 
particles to drop into the 
receptacle before they are 
finely ground, and also the 
fault of the horizontal plate 
mills, which may hold the 
ground particles too long, 
often until clogging results. 
The conical plate mill, if 
properly constructed, leaves 
little to be desired. 

The Hance Type of Mill 
(Fig. 187) is made on this 
principle. This mill is es- 
pecially used for grinding 
tablet masses which are too 
hard to granulate through a 
sieve. The lower plate is 
conical in shape, the summit 
being elongated into a 
breaker; the teeth are ar- 
ranged in consecutive rows, a scraper being attached to 
the under surface of the lower plate; the upper grinding 
surface is situated upon the lower surface of the hopper, 
and corresponds in shape and in the arrangement, 
number, and size of teeth with the surface of the lower 
plate. The fineness of the powder is regulated by a 
thumb screw at the base, which elevates the revolving 
plate. 

General Rules for Operating Hand Mills—Much of 
the dissatisfaction experienced in operating hand mills 
has arisen from improper methods of using them, or from 
failure to measure accurately the degree of resistance to 
disintegration possessed by the substance to be ground. 
One of the first requisites, as before mentioned, is to 
dry the substance as perfectly as its physical character 
will permit without injuring it. If coarse, bulky, fi- 
brous roots, barks, or similar substances are to be ground, 
they must first be cut or bruised. Most substances are 
ground with less labor if they are first passed through 
the mill with the coarse adjustment, returning the 
portion which is sifted out, for regrinding, after setting 
the plates more closely together. This plan is repeated 
until the whole is ground. Care should be taken not to 
feed the substance into the hopper faster than it can be 
ground. The desire to get through quickly is the most 
frequent cause of clogging the mill, and when this occurs 
much time is lost, and the operator is strongly reminded 
of the well-worn proverb about undue haste. If a con- 
siderable quantity is to be ground, two persons can 
operate the mill to better advantage than one—one 
feeding the mill carefully, the other supplying the physi- 
cal labor, and after the expiration of a given time, ex- 
changing places. Good judgment is necessary in deter- 
mining the rapidity with which substances can be fed 
into the hopper. Resinous or oily drugs, or substances 
which soften by heat, require very careful treatment and 
cannot be fed rapidly; dry ligneous barks or roots, on 


Fig. 187—Hance type of drug 
mill. 
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the other hand, can be fed as rapidly as the ex- 
tent of grinding surface of the mill and the muscle of 
the operator will permit. The mill should be thor- 
oughly cleaned after each operation, particular atten- 
tion being given to the grinding plates. In the case of 
substances which form hard lumps by heating or clog- 
ging up the plates, the quickest way is to use boiling 
water to soften or dissolve the lumps; the plates should 
then be quickly dried, to prevent rusting. By running 
sawdust, bran, or rice chaff through a mill, after an 
odorous drug has been ground, it may be speedily 
cleaned and freed from odor. 

Small Motor-Driven Mills—There 
types, the hammer and attrition mills. 

Wiley Laboratory Mill—This attrition type mill was 
originally designed for milling fertilizer materials, but 
has found wide application in the milling of organic 
drugs, including roots, desiccated plant tissues, and 
leaves. Four knives on a revolving shaft work with a 
shearing action against six which are set in the frame. 
The shearing action of the cutting edges, between 
which there is always a clearance, tends to avoid changes 
in the sample, such as temperature rise, loss of moisture, 
liquefaction, contamination, etc., caused by crushing 
and abrasion methods, and makes the Wiley Mill satis- 
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Fig. 188—The Wiley mill. 


factory for use with many materials which cannot be 
reduced by other mechanical means. 

The screen is dovetailed into the frame so that none 
of the material comes out of the grinding chamber until 
it is fine enough to pass through the mesh. Three 
sieves with screen of 4 mm., 1 mm., and 2 mm. mesh, 
respectively, are furnished with each mill but other 
meshes are available. A hinged front permits easy 
cleaning. The mill is 21 inches high and occupies a 
floor space about 14 & 20 inches. The mill should be 
operated at from 400 to 800 r. p.m. and requires from 
4 to 2h. p., depending upon the character of the ma- 
terial to be milled. The knives should be run in a 
counter-clockwise direction. This mill is illustrated in 
Fig. 188. It is offered for sale by the A. H. Thomas 
Company. 


Raymond Laboratory Mill—This compact unit pul- 
verizer (Fig. 189) is specially designed for experimental 
work, as in grinding small lots of materials from a few 
ounces to several pounds at a time. It produces the 
same character of finished material as the large pulver- 
izers, and it is therefore well adapted for the develop- 
ment of new products. The mill can handle practically 
all dry chemicals and foods. The mill is built on the 
swing-hammer principle with 8 swing hammers pivoted 


Fig. 189—The Raymond laboratory mill. 


on a grinding disk, which in turn is mounted on a motor 
shaft. The standard mill is made with bronze housing, 
which is the most suitable material for impact. The 
screen, grinding disk, and hammers are made of steel. 
The feed hopper is fitted with a screw-type hand- 
operated feeder or with a fractional horsepower motor 
which may be varied in speed. The mill is equipped 
with 14-h.-p. universal type motor, operating on 110 
volt d.-c. or a.-c. circuit. It is constructed for mounting 
on a bench, requiring a space about 10 X 16 inches. 


Large-Scale Comminution 


The operations performed in large-scale milling are 
similar in many respects to those carried out on the 
small scale. The large milling concerns cut, crush, 
grind, and pulverize just as the pharmacist has done 
for centuries. The difference resides mainly in the size 
and type of equipment which is used and the quantity 
of material which is handled. The large establishments 
also utilize the same methods of classification, separa- 
tion, and mixing as the small-scale operator, e. g., air 
separation, elutriation, ete. 

When the drug first arrives at the drug milling plant 
it may be in the form of very large pieces which require 
chopping into small pieces before even the largest mills 
can undertake its comminution. The newly arrived 
drug must also be carefully sorted and examined for 
foreign materials, especially hard substances which will 
destroy the milling equipment. Sometimes remarkably 
large pieces of iron bars, horseshoes, and other metallic 
objects are detected and removed with magnets. Fig. 
190 shows a crude drug being fed into a mill after it has 
been sorted. 

Cutters—Upon the large scale, drugs are cut with 
silage or fodder cutters, implements usually consisting 
of four or more circular blades fastened to a shaft and 
revolving at the end of a trough, down which the sub- 
stance that is to be cut is gradually fed. Sarsaparilla 
root is cut in this way before it is contused or ground. 
Fig. 191 shows a rotary cutter made by the Abbé 
Engineering Company, of New York. A cylinder to 
which 5 blades are attached revolves in a circular case, 
upon the inside surface of which are fastened 6 blades; 
the blades are straight but are set at a slight angle, so 
that a “shearing action” is exerted on the substance to 
be cut. The bottom of the case consists of a perforated 
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plate, which can be replaced, and as the blades revolve 
a portion of the cut substance drops through the per- 
forations. What remains is carried around and again 
subjected to the action of the cutters. By selecting 


suitable perforated plates the product may be cut 
coarser or finer as required. 


Fig. 190—Feeding a drug mill (courtesy Sharp and Dohme). The rela- 
tively large fragments of crude drug are sorted and shoveled through the 
large mesh screen at the right and then taken by the conveyor to the mill. 


Fig. 191—Abbé cutter with V-belt and motor drive, mounted on unit] 9 
bed-plate. 


Rotary cutters are also manufactured by Ball and 
Jewel, Sprout, Waldron, Robinson, etc. 

Crushers—On the large scale, either horizontal or 
vertical conical crushers or the saw tooth type of 
crusher such as those made by Robinson, Sprout Wald- 
ron, ete., are used. Fig. 192 illustrates the saw tooth 
crusher made by Sprout Waldron. This is an excep- 
tionally heavy machine built to give large capacity and 
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withstand hard service. The crusher parts consist of 
two cylinders of breaker saws made of special hardened 
steel, and placed on square shafts. It is impossible for 
the breakers to slip or move. The breakers are so ar- 
ranged that the teeth of one roll pass between the teeth 
of the other, effecting a reduction that is uniform and 
of sufficient fineness to go direct to the attrition mill. 
The drive is positive, the rolls being geared together 
with machine cut spur gears, 2 to 1 differential, assuring 
full duty for both cylinders continuously. Gears are 
enclosed in an oiltight case. The hopper is sufficiently 
large to prevent choke-ups and to permit easy feeding 
of stock. 

Hammer Mills—These mills are either of the rigid 
or the swing hammer type. They are mostly combined 
with a fan and cyclone for collecting the material. 
When the ground product is sifted or air separated and 
the tailings are returned to the mill automatically the 
process is known as a closed circuit grinding process, 
otherwise it is known as an open circuct grinding process. 
The Pulverizing Machinery Company, Gruendler, 
Jeffrey, Williams, Mead, ete., manufacture hammer 
mills. Fig. 193 illustrates a closed circuit grinding 
process employing a swing-hammer rotor. 


Fig. 192—Saw tooth crusher. 


Attrition Mills—These mills consist of either stones 
or steel grinding plates which revolve in opposite direc- 
tions or one plate or stone remains stationary while 
the other one revolves. There are both horizontal and 
vertical types available. The steel mills are manufac- 
tured by Allis-Chalmers, Sprout Waldron, Quaker 
City Mill, ete. 

The Bogardus Millis constructed on a very ingenious 
principle. The grinding surfaces are two horizontal 
chilled iron plates, the lower one revolving, the upper 
one stationary; both have corrugations with sharp 
edges, arranged concentrically. The peculiarity of this 
mill is that the centers of the grinding plates are not 
directly over each other, but the center of the lower 
plate is placed a few inches to one side; by this ar- 
rangement the substance to be ground is caught by the 
ring edges of the revolving plate and dashed against 
the cutting edges of the stationary upper plate at an 
angle, the effect being to incise it as if cut with scissors 
and crush it at the same time. 

The Buhrstone Mill is very extensively employed in 
drug milling. There are two kinds, termed, respec- 
tively, under runners and upper runners. The principle 


upon which this type of mill operates is that of reducing 
the substance to particles by the friction and contusion 
that follow the delivery of the substance in the con- 
tracted space formed by a rapidly revolving stone disk, 
brought into close contact with a similar disk which is 
stationary. In the under runners the upper stone is 
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Fig. 193—Diagram showing Raymond Imp. 
Pulverizer in closed circuit with a mechanical air 
separator. 


stationary and the lower stone revolves, the upper stone 
having a central circular opening through which the 
substance is fed, as shown in Fig. 194, the under stone 


Fig. 195—Buhrstone. 


Fig. 194—Under runner buhr- 
stone mill. 


being connected with the shaft. In the upper runners 
the lower stone is stationary, the upper stone being per- 
forated as in the under runners. In both, the moving 
stones revolve horizontally. The stone used must be 
very hard. The best buhrmill stone is obtained from 
the old and celebrated quarries of La Fertésous-Jouarre, 
in France. The surfaces of the millstones are crossed 
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with ‘furrows,’ which pass from the center to the cir- 
cumference, as shown in Fig. 195. The object of the 
furrows is to provide a means for the passage of the 
ground particles to the outer circumference and to the 
trough. This is accomplished through the centrifugal 
force and current of air caused by the rapid revolution 
of the stone in motion. The fineness of the powder is 
regulated by raising or lowering one of the stones; this, 
of course, increases or decreases the space between them. 
The character of the powder is also influenced by the 
dressing of the stone. Fig. 194 illustrates one of the 
best of the buhrstone mills—Munson’s under runner. 
There are also mills with stones rotating in a vertical 
position. The ground drug coming from a buhrstone 
mill requires bolting or sifting to separate the coarse 
particles which are then returned to the mill for regrind- 
ing. 

High-Speed Milis—These mills differ from those thus 
far considered in the principle of construction, in the 
character of the grinding surfaces, and in the method of 
operation. 

The Limited Pulverizer (Fig. 196), which is built by 
the Schutz O’ Neill Co., also works on the principle of 


54 Fig. 198—Breaker feeder. 


Fig. 197—Vibrator 
feeder. 


percussion at a high rate of speed. The mill is equipped 
with either a vibrator or a breaker feeder. The 
vibrator feeder (Fig. 197) is used only for material which 
has first been broken down to corn size. The amount 
of feeding is controlled by a hand lever which may vary 
from ten to several thousand pounds per hour. It is 
fitted with a magnet to prevent metal from entering 
the mill as it passes over the vibrating plate. The 
breaker feeder (Fig. 198) witl handle lumps up to 6-inch 
cubes, gradually reducing them into bits and finally 
feeding them into the grinding chamber. Its capacity 
is about equal to that of the Vibrator Feeder. The 
drug is broken by a hexagonal roll which revolves over 
the breaker plate that is made to rise and fall. 

As the drug enters the grinding chamber it is beaten 
from side to side by beaters or lugs which are attached 
to a steel plate which whirls at avery highspeed. The 
outer edge of the grinding chamber consists either of a 
corrugated shell or a perforated steel shell, the latter 
being preferable for pulverizing fibrous stock. The back 
of the grinding chamber consists either of a smooth 
plate or it may be fitted with an outer corrugated circle 
which greatly increases the efficiency of the mill for 
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tough stock like nux vomica or licorice root. The dis- 
charge section of the mill is fitted with a cone and cone 
plate with whizzers. The cone plate is perforated with 
half-inch holes and has almost complete control of the 
air current passing through the mill as well as the fine- 
ness of the powder. Setting the plate inward toward the 
cone increases the quantity of air; this carries out larger 


Fig. 199—Abbé impact pulverizer. 


particles with it; setting the plate flush with the end of 
the cone decreases the amount of air passing through, 
thereby carrying out only a finer degree of powder. 
The material, which is too coarse to be carried out by 
the air current, is automatically returned to the tailings 
valve and, by means of a rotating paddle, fed into the 
grinding chamber again. 

The Abbé Impact Grinding Mill (Fig. 199) is designed 
to grind and pulverize a wide variety of materials 
quickly, uniformly, and economically. The material is 
fed to the feed hopper, whence it automatically drops 
by means of a shaker feed into a secondary hopper in the 
door of the mill. <A slide gate in the feed hopper regu- 
lates the flow of material. If desired, the material may 
be introduced directly into the secondary hopper. The 
material enters the grinding chamber at the center of 
the mill and is advanced by centrifugal force by the 
rotor, which is provided with beaters, toward its pe- 
riphery where it is broken up by impact against the 
rapidly rotating beaters and 
the teeth on the grinding 
rings mounted on the door 
and the inside face of the 
mill casing. The rotor is 
carefully balanced for opera- 
tion at high speeds. Reduc- 
tion from a coarse material 
to the finest powder in only 
one pass through the mill 
is made possible because of the design of the toothed 
concentric rings which give a large grinding surface. 
The grinding teeth of the rotor together with the sta- 
tionary grinding rings form practically a closed mill 
from which the material cannot escape until reduced 
to such fineness as to allow passage through the narrow 
space between the rings and the toothed surfaces of 
the rotor. For fine powder a circular sieve or screen is 
placed around the rotor. The hinged door permits 
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Fig. 200—Grooved rollers, side 
and end views. 
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quick cleaning and changing of screens. The pulverized 
material drops through the bottom of the mill into a bin 
or container. 

Roller Mills operate by crushing, or crushing and cut- 
ting, the substance. In its simplest form this mill con- 
sists of two iron rollers revolving in the same direction 


Fig. 201—Raymond roller mill (receiver and air strainer). 


at different rates of speed. The distance between the 
rollers may be regulated by adjusting screws. This 
principle has been developed and improved in modern 
milling, so that for grinding certain drugs this type of 
mill gives excellent results. The rollers are made of 
steel, chilled iron, or porcelain, and are corrugated or 
ribbed to suit special purposes. Fig. 200 shows the 
position of the grooved rollers as well as a cross-sectional 
view. The roller mill is the type used in grinding wheat 
flour on an immense scale. The term roller mill is also 
applied to a more modern type of mill in which the 
rollers are hardened steel disks revolving horizontally 
within closely set rings, also of hardened steel. The 
Raymond Roller Mills are of this class (Fig. 201). 
Chaser Mills are so called because two heavy granite 
stones, mounted vertically like wheels and connected by 


Fig. 202—Chaser mill (courtesy Sharp and Dohme). 


a short horizontal shaft, are made to revolve or chase 
each other upon a granite base (Fig. 202). The stones 
are discoid, and the grinding surfaces are the circumfer- 
ential edges of the stones and the surface of the granite 
base; an iron cylinder, called a ‘‘curb,’’ surrounds the 
circular base, and a “‘scraper,”’ made of iron and adjusted 
at an angle, is connected with the shaft. It is evident 
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that if the substance to be powdered is delivered upon 
the granite base in the path of the rapidly revolving 
stones it must speedily be reduced to powder, not only on 
account of the crushing weight of the heavy stones, but 
also because of the attrition caused by the outer edge 
of the stone traveling through a longer distance than 
the inner edge. In some mills the stones having flat, 
grinding surfaces have been replaced by stones having 
curved surfaces, and the flat base by a circular gutter 
curves to correspond with that of the surface of stone. 
In this way the grinding surfaces have been greatly in- 
creased and rapid pulverization facilitated. In prac- 
tice chasers are enclosed in a tight box or small room 
with airtight doors, and the substance to be powdered 
is fed in from the top by an elongated funnel, the spout 
of which delivers the material immediately upon the 
path of the stones. The height of the curb is increased 
by pasting heavy paper around it, and the fineness of 
the powder is influenced by the height of the curb. The 
revolution of the’chasers produces an upward current of 
air; this carries over the lighter particles, which fall 
outside the curb and are subsequently collected as a 
fine powder; those particles which are larger are, of 


Fig. 203—The Fitzpatrick comminuting machine. 


course, heavier and cannot rise to the height of the 
curb, but fall back under the stones to be reground. 
In this way refractory substances can be reduced to 
very fine powder. Such powder is termed air-sifted. 
Chasers are more largely employed in making ‘“‘dusted” 
or very fine powders than any other form of pulverizing 
apparatus. 

Chaser mills are also used extensively in grinding 
cacao beans to form the paste which is commercially 
known as “chocolate liquor.” 

Fitzpatrick Comminuting Machines—These machines 
are available in several types for milling ointments and 
dispersing dry products in oil bases, for processing wet 
masses, for comminuting dry products such as chemicals 
and spices, for either wet or dry tablet granulation, etc. 
They are constructed of stainless steel and pure nickel, 
or suitable non-corrosive alloys for special purposes, 
and working parts may be taken apart without. tools 
in one minute for rapid and complete cleaning. These 
mills operate at 5000 r. p. m. or at higher speeds for 
special processing. Water-jacketed models are also 
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available for low-temperature pulverizing of volatile 
drugs. The Model D machine is shown in Fig. 203. 
Mead’s Disintegrator—In this high-speed mill, the 
grinding is effected by hardened steel beaters riveted to 
a steel disk, which revolves vertically between corru- 
gated rings; the beaters are placed on the side of the disk 
nearest to the feeding trough, and catch the material as 
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Fig. 205—Cross cut perforated screen. 


it enters the mill, beating it with great force against the 
corrugated rings until it is fine enough to pass between 
the disk and the face of the rings; as soon as it passes 
here, it is on the side of the mill from whence it is dis- 
charged, and all that is fine enough is immediately 
driven out by the beaters on the back of the disk. That 
portion of the substance which is not fine enough is 
caught by the beaters and beaten against the screens 
until sufficiently fine to pass through. The screens are 
two inches in width, and extend around three-fourths 
of the diameter of the mill. They are made of square 
steel bars, and present a grinding surface to the beaters, 
but there is sufficient space between them to permit the 
passage of fine particles. A new type of screen—the 
cross cut blank screen (Fig. 204), and the cross cut per- 
forated screen (Fig. 205)—has been designed for use in 
the Mead mill to afford a means of producing finer 
grindings and pulverizations. The screens are made of 
steel with a cross cut surface presenting hundreds of 
sharp cutting edges to the material to be ground. The 
perforated screen contains a perforation at the apex of 
each pyramid. By combining the cross cut blank screen, 
the cross cut perforated screen, and the bar screens, it is 
possible for the miller to grind the drug to any degree 
of fineness. The substance, as it is ground, falls into 


Fig. 206—Mead’s disintegrator. 


Fig. 207——Revolving disk 
and screens. 


a receiving box below the mill, or is discharged through 
the floor into a room below. One prime requisite in 
running this mill is high speed. The disk must make 
3000 revolutions a minute. .The disintegrator is ca- 
pable of grinding 150 pounds of ignatia bean, 1000 
pounds of jalap, or 600 pounds of wild cherry bark, in 
one hour. Fig. 206 gives an illustration of the mill, 
while Fig. 207 shows an enlarged view of the revolving 
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disk and a section of the bar screens immediately above. 

Pebble or Ball Mills—These mills, which are also 
called ‘“‘pot mills” or “jar mills,” are operated on the 
principle of attrition and percussion, the grinding being 
effected by placing the substance in jars or cylindrical 
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multiplying the jars is that four, six, or a dozen different 
substances may be ground at one time. Fig. 210 shows 
a picture of a large jar mill. It has the advantage of 
triturating large quantities of material in a short time. 
Fig. 211 illustrates a standard type of ball mill with a 


Fig. 208—Sectional view of a single jar mill. 


vessels, lined with porcelain or a similar hard substance 
and containing ‘“‘pebbles”’ or “balls”’ of flint or porcelain. 
‘These cylindrical vessels then revolve horizontally on 
their longer axis and the tumbling of the pebbles or 
balls over one another and against the sides of the eylin- 
der quickly effect pulverization with a minimum loss of 
material. The advantage of such mills is that they af- 
ford a large grinding surface within a limited space. 
They are cleaner than many mills, economical, and on 
account of the simplicity of their construction, not 
liable to get out of order. Much depends, however, 
upon the hardness of the pebbles; for it must be seen 
that these are continually striking against each other 
while in action. Such mills are adapted for grinding 
hygroscopic substances, extracts, and expensive chemi- 
cals. Fig. 208 shows a sectional view of a single jar 
mill. Fig. 209 illustrates a double jar mill. In this 
type of mill the jars are usually arranged parallel to 


Fig. 209—Abbé double jar mill with roller chain and gear motor drive. 


the axis of revolution, but they are sometimes con- 
structed with the jars at right angles. This produces a 
much more violent action than the standard arrange- 
ment. The number of jars may be increased indefi- 
—nitely in units of two or three. The advantage of 


Fig. 210—Large jar mill. 


silent chain drive and oiltight chain casing, equipped 
with a motor and removable cover. This type of mill 
may also be purchased with variable speed motor, spe- 
cial stuffing boxes for operating the mill under pressure 
or vacuum, and special jacket for temperature regula- 
tion. See Fig. 212. 

A larger size mill of this type, lined with sheet iron 
and containing iron balls (cannon balls), is used under 
the name of a barrell mill or cannon ball mall. 

The so-called “pot mills’? are more or less pumpkin 
shape (Fig. 213). They are built of iron, and steel balls 
are used to accomplish the pulverization. Some of the 
mills of this type, however, are lined with a vitreous 
wall and porcelain balls are used. In some instances 
the axis about which the mill rotates is set at an angle 
of 45°, while in other cases the axis is parallel to the 
floor. The pot mill is also used in the preparation of 


Fig. 211—Abbé ball mill. 


ointments on a large scale and for the extinguishing of 


mercury for mercury ointment. 


Selection of Pebble or Ball Mill—One of the considera- 
tions in the selection of a pebble mill or ball mill is 
whether or not the material to be ground or mixed is 
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affected by steel. If contact with the inner steel or iron 
lining of a ball mill results in a change in color or a 
chemical reaction which would be detrimental to the 
product, then a pebble mill lined with either porcelain 
or buhrstone (Silex) and employing flint pebbles or 
porcelain balls as the grinding medium should be used. 
This applies to many drug and food products. 


4 


Fig. 212—Abbé pebble or ball mill with roller chain connecting to variable 
speed motor; jacketed for heating or cooling with special stuffing boxes for 
operating mill under pressure or vacuum, 


If, on the other hand, steel will not affect the product 
to be ground, then the ball mill offers certain definite 
advantages: faster grinding, often three times as fast, 
and greater output per given mill size and consequently 
lower unit labor cost. A steel ball mill with the same 
total volume as a pebble mill will grind the material 
to the desired fineness in less time because its grinding 
efficiency depends upon the weight of the charge of 
grinding medium as well as the size of grinding medium. 
Since steel balls weigh approximately three times as 
much as flint pebbles, they can be of smaller size to 
produce the same results, thus increasing the number of 
balls in a mill as compared with the number of pebbles, 
and thereby considerably increasing the grinding -effi- 
ciency because of the greater number of contacts. 

Because of the added weight of the grinding charge, 
the ball mill will require more power to operate than 

will a pebble mill but 
since the grinding time is 
materially less, the actual 
horsepower consumption 
per unit of output is not 
- increased. 
1 ae The choice of a porce- 
lain lining or a buhrstone 
(Silex) lining for a pebble 
mill depends on how fre- 
quently the mill is to be 
cleaned. Normally a 
buhrstone lining would 
be preferable because it 
lasts longer than a porce- 
lain lining but, on account 
of the wider cement 
points, it is harder to 
clean. Therefore, where frequent changes are necessary 
a porcelain lining should be used. 

Receivers for High-Speed Mills—In the higher speed 
mills the intake of air is so great that special forms of 
receivers for the finished product must be provided to 
prevent loss. The receiving boxes are equipped with 
air strainers of strong fabric which keep the pulverized 


Fig, 213—Pot mill. 


material from escaping and allow the air to pass through. 
These air strainers are of different shapes. A plain 
balloon form is sometimes used but the zigzag, or accor- 
dion form, or the tubular style is most commonly used 
(Figs. 196 and 291). 

Micronizer Reduction Mill—Fig. 214 illustrates the 
Micronizer Reduction Mill, a contribution to the prob- 
lem of fine dry grinding made by the International Pul- 
verizing Corporation. The grinding is obtained by 
means of suspending unreduced material in the general 
form of a rapidly circulating stream or sheet of material 
and continuously projecting (by means of high velocity 
gas Jets) a stream of particles moving at high speed at 
an angle io this moving sheet, the velocity being in the 
order of 1000 feet a second or higher. By this means a 
terrific impact is obtained and this is particularly im- 
portant in connection with extremely fine grinding. 
As this grinding is being performed, there is a continu- 
ous sweeping action which removes sufficiently reduced 
material out of the grinding and classifying chamber to 
a product collector. The mechanism will grasp a tiny 
particle of the order of 1499 inch in diameter and retain 


Fig. 214—Micronizer Reduction Mill. 


it in a grinding chamber until it has been further re- 
duced into many additional particles. Depending on 
the material, either compressed air or superheated steam 
is used in the ‘‘micronizing”’ process. Fig. 215 presents 
a cross-sectional view of a jet pulverizer unit. 

It is frequently difficult to visualize what is mean 
by a 2-micron particle or a 44-micron particle. Forty- 
four microns is 325 mesh, and if a cube particle 44 
microns on a side is subdivided into 2-micron cubes, 
there would be over 10,000 particles in place of the 
single particle, with an accompanying increase in sur- 
face area of about 2000 per cent. It is this surface 
area which is important, because in the final analysis it 
permits complete coverage with a minimum amount of 
materials such as zine oxide and more rapid action 
locally is obtained with the sulfonamides, salicylic acid, 
etc. A diagram illustrating the relationship of mesh 
sizes and linear measure expressed in microns is shown 
in Fig. 216. 

Since the manner of application of the grinding energy 
causes the contents of the chamber to rotate rapidly, 
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an intense centrifugal classifying action prevails inside 
the grinding zone. The intensity of the classifying ac- 
tion is controlled commercially by varying the circu- 
lating load within the grinding chamber, which, in 
turn is readily accomplished by changing the rate of 
feed. In operation, the pitch of sound gives a rough 
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Fig. 215—Typical cross-section view of jet 
pulverizer unit, 
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Fig. 216—Diagram of relative sizes. 


indication of the rate of whirling of the chamber con- 
tents, a high pitch corresponding to a high rate of whirl- 
ing. Substantially all applications classify the ground 
material in the sub-sieve range, mostly minus 625 
theoretical mesh, or below 20 microns. Most of the 
applications are minus 1250 mesh, or 10 microns, and a 
number are minus 2500 mesh, or 5 microns. 

Thus, the Micronizer operates under conditions where 
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1g-in. material is fed at the periphery of a circular 
grinding chamber and a product below 5 microns, or 
2500 theoretical mesh, is withdrawn and collected at an 
inward point near the center. 

The following are approximate theoretical meshes 
with millimeter and micron equivalents. This is the 
most efficient range of the Micronizer Reduction Mill. 


O25 Maes se Ge aE ee ee 20 microns 
WO OG Asycebieutl se te Se ee 10. microns 
ZYS OG ean BENE SR aCN Eee NERTES wis land c 5 microns 
9) O00 nee err en ero a. Cee 21% microns 

LD DOOM eee, Meme eens a. Spence 1 micron 


The average particle size of micronized “‘sulfa”’ drugs, 
salicylic acid, and calomel, for example, is about 4 
microns. 


Separation and Classification of Powders 


Sifting is-the process of passing a powdered sub- 
stance through the meshes of perforated material with 
the object of separating the coarser from the finer 
particles. Sieves are employed in this process. The 
frames of hand sieves are usually round, although some- 
times they are oval, square, or rectangular. The ordi- 
nary sieve is usually made by stretching wire gauze over 
a flat wooden ring, and keeping it in its place by slipping 
over it a narrow wooden ring of slightly greater diam- 
eter, which is tacked securely. Covered sieves, or drum 
sieves, have tight covers for the top and bottom. The 
simplest pharmaceutical sieves for general use are ob- 
tained by making five rectangular frames, each four 
inches deep, ten inches wide, and sixteen inches long. 
These should be light but strong, and the bottoms cov- 
ered with brass wire gauze of different degrees of fine- 
ness. A box, ten inches deep, twelve inches wide, and 
twenty-two inches long, with a tight cover, is provided 
to hold the sieves and prevent dust from escaping. 
Two cleats are nailed horizontally upon the sides of the 
box, five inches from the top, for the sieve to slide upon, 
and a hole is cut in the front of the box in order to per- 
mit a handle, with a hook at the end, to pass through 
and be attached to a screw eye in the front side of the 
sieve; two large corks are screwed to the back of the 
sieve at either end to act as buffers. The powdered sub- 
stance is introduced into the proper sieve, which is 
placed upon the cleats, and the handle passed through 
the hole and hooked to the sieve; the cover is then 
placed in position, and the sieve pushed backward and 
forward, touching the back lightly. 

A very important point, which must not be over- 
looked after sifting substances, is the thorough mixing 
of all portions of the sifted powder, in order that each 
part of the finished powder may have a uniform com- 
position. The starch portions of a drug will be pow- 
dered more quickly than the ligneous portions, and will 
usually pass through the sieve first; hence the sifted 
powder must always be thoroughly mixed. Upon the 
small scale this may be easily effected with a spatula 
or mortar and pestle; upon a larger scale special appa- 
ratus is needed. 

Jones Mixer and Sifter (Fig. 217) is well adapted for 
smaller operations; the principle is that of using revoly- 
ing mixers and brushes. A perforated metal plate forms 
the bottom of the sifter, and, when mixing, an unper- 
forated plate is pushed over the perforated plate, so 
that when the powder is thoroughly mixed this plate 
can be pulled out, and the powder then sifts through the 
perforated plate into the drawer below. 

In Fig. 218 is seen an enclosed sifter well adapted 
for many purposes, while Fig. 219 shows a sectional 
view of the same kind of sifter for smaller operations. 
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The sieve is hemispherical in bee ae and is contained in 
a tinned iron scoop. 
Two circles of stout wire 
at right angles to each other, 
and terminates in a crank. 


(Fig. 220 shows the end view.) 
are eee to a central axis 
and the axis passes through 
When a 


the tin he andle 


Fig. 217—Jones mixer and sifter. 


powder is placed in the scoop, and the wire rings are 
made to revolve by turning the axis with the hand, the 
particles of powder are rapidly forced through the 
meshes of the sieve. This apparatus is especially useful 
in breaking up moistened lumps in powders which are 
about to be percolated. These forms of sifters are 
manufactured for household use and are obtainable at 
stores selling kitchen supplies. 

Hunter’s Sifter is one of the most effective large ma- 
chines; it is shown in Fig. 221. In this the powder is 
sifted in the cylindrical sieve, and adhering particles or 
small lumps are brushed through by the revolving 
brushes; the revolving spiral mixers in the large box 
cause the particles to be thoroughly mingled. The il- 
lustration shows the method of operating so well that 
further description is unnecessary. 

The Rotexr Sifter (Fig. 222) is a good example of the 
gyrating type of sifter which is extensively used for the 


Fig. 220—End 
view of scoop 
sifter. 


Fig. 219—Scoop sifter. 


Fig. 221—Hunter’s sifter. 


sifting of powdered drugs. This sifter which has a 
gyratory hand sieve motion has a double screen in its 
sifting frame; the screen on the under side of the sifting 
frame is of a very coarse mesh and supports a number of 
rubber balls, which in their motion keep the sieve pores 
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open by coming in contact with the screening surface 
of the sieve cloth which is fastened to the upper side of 
the sifting frame. The frame is equipped with a num- 
ber of beveled cross bars which tend to deflect the ball 
upward, tapping the sifting cloth. This action may be 
likened to that of tapping the fingers against the under 
side of a sieve, but at the rate of 300 taps per minute. 
Fig. 223 illustrates the principle upon which it operates. 
The inclined sifting box which encloses the sifting frame 
is equipped with three spouts, one as a feeder, one for 
the purpose of carrying off the sifted powder, and the 
third for carrying off the tailings. 

In some milling establishments, sifters of this type 
are connected with the receiving box of the drug mills 
and as the tailings are sifted off they are carried back 
to the grinding spout by means of an elevator carrier. 
This insures uniformity in powder, as the tailings are 
being continuously reground and added evenly to the 
powdered drug instead of regrinding the entire amount — 
of tailings after sifting has been completed and then 
mixing this with the previously sifted portion. 

The Ro-Tap Sifter (Fig. 226) is a handy mechanical 
device for making sieving tests. The sieves which fit 
into a frame are given a rotating effect, and a small 
mallet at the top of the frame automatically taps it, 


Fig. 222—Rotex sifter. 
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Fig. 223—Diagrammatic representation of the rotex cloth cleaning system. 


helping to keep the sieve pores open. These Ro-Tap 
sifters are equipped with a variable time control. They 
are manufactured by the Fisher Scientific Company. . 
Elutriation—This is the process of obtaining a sub- 
stance in fine powder by suspending an insoluble powder 
in water, allowing the heavier particles to subside, and 
decanting the liquid containing the lighter particles 
into another vessel, and there collecting them. It isa 
form of water-sifting wherein the greater weight of the 
larger particles is used as a means of separating them 
from the smaller. Fig. 224 illustrates elutriation. The 
stopcocks on the side of the tank are intended to be 
used for, drawing off a fraction of the liquid after the 
heavier particles have subsided; these fractions may 
be transferred to other vessels wherein the fine particles 
are permitted to settle. Prepared chalk is a familiar 
illustration of an elutriated powder. Air elutriation 
is a modification of water-sifting. Certain fine cosmetic 
powders are thus prepared by flowing the material into 
the atmosphere of a large closed cabinet, afterward 
interposing baffle shelves at various elevations in the 
cabinet, the top shelf catching the finest powder, etc. 
‘Trochiscation is the process of shaping the pasty 
mass or magma obtained by elutriation into dry, 
conical masses. This is usually accomplished by the 
use of the form of apparatus shown in Fig. 225. This 
consists of a tinned iron cone, supported in a circular 
wooden frame which has one short wooden leg and a 
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handle. A slab of chalk or other porous substance is 
provided, and after filling the cone with the pasty 
mass the handle is taken in the hand and the leg of the 
frame is tapped gently upon the slab of chalk. The 
shock causes a conical mass of the substance to fall 
upon the slab, whereupon the moisture present soon 
becomes absorbed, so that the little cone dries quickly. 
A succession of taps with a slight lateral movement, de- 
posits the cones in regular rows, and when the slab is 
full the first cones are found to be dry enough to be 
transferred and the process becomes practically continu- 
ous. Chalk and other insoluble powders are formed 
into conical nodules in this way. 


Fig. 224—Elutriation apparatus. 


Fig. 225—Trochiscation apparatus. 


FINENESS OF POWDERS 


The fineness of powders is expressed, in the Pharma- 
copoeia, by descriptive words which correspond to num- 
bers indicating the number of meshes to a linear inch of 
the sieve through which the powder will pass. The 
number of openings to the linear inch, however, is not 
an indication of the size of the openings in the sieve due 
to the variation in the diameter of the wire used in vari- 
ous sieve cloths. 

For this reason the Bureau of Standards has estab- 
lished specifications for standard sieves, as given below. 

These specifications also establish tolerances for the 
evenness of weaving, as irregularities from careless 
weaving might permit much larger particles to pass the 
sieve than would be indicated. 

A special committee of the U.S. P. X made a special 
study of drug powders and reported that commercial 
milling methods made it impracticable to specify too 
narrow a limit for powdered drugs. In any unmanipu- 
lated sample there would necessarily be a considerable 


proportion which would be finer than the specified size. 
The U. 8. P. has therefore established the following 
specifications for vegetable drugs: 


Standards for Fineness of Powders 


For Vegetable or Animal Drugs—The fineness of 
powdered vegetable and animal drugs is expressed in 
the Pharmacopeceia by the following terms: 


A very coarse powder (No. 8) is one in which all particles will 
pass through a No. 8 standard mesh sieve and not more than 20 
per cent through a No. 60 standard mesh sieve. 

A coarse powder (No. 20) is one in which all of the particles will 
pass through a No. 20 standard mesh sieve and not more than 40 
per cent through a No. 60 standard mesh sieve. 

A moderately coarse powder (No, 40) is one in which all of the 
particles will pass through a No. 40 standard mesh sieve and not 
more than 40 per cent through a No. 80 standard mesh sieve. 

A fine powder (No. 60) is one in which all of the particles will 
pass through a No. 60 standard mesh sieve and not more than 
40 per cent through a No. 100 standard mesh sieve. 

A very fine powder (No. 80) is one in which all of the particles 
will pass through a No. 80 standard mesh sieve. 


Gruffs and Tailings—In powdering drugs there is fre- 
quently a small portion which is not easily reduced to 
powder; with reference to this, the Pharmacopceia 
directs the following procedure: ‘In the preparation of 
ground or powdered drugs, no portion of the drug shall 
be rejected during milling or sifting unless specifically 
permitted under the official description of the drug. 
It is permissible, however, to withhold final tazlings not 
exceeding 5 per cent of the drug being powdered, which 
may be added in no greater percentage to other lots of 
the same drug in subsequent millings.”’ 


SPECIFICATIONS FOR STANDARD SIEVES 


Permis- Permis- 
sible sible 
Varia- Varla- 
tion in tion in 
Sieve Average | Maximum Wire 
Mi- Num- | Opening, | Opening, | Opening, Diameter, 
crons ber Mm. Per Cent | Per Cent Mm. 
9520 2 952 53} +5 2,11 to259 
4760 4 4.76 3553} +10 1.14 to1.68 
2000 10 2.00 25! +10 0.68 to1.00 
840 20 0.84 =5 +15 0.38 to 0.55 
590 30 0.59 - = 5 +15 0.29 to0.42 
420) 40 0.42 == 5 +25 O28) fo) (0) 835) 
297 50 0.297 aE 5 +25 0.170 to 0. 253 
250 60 0,250 =H) +25 0.149 to 0.220 
210 70 0.210 = 5 +25 0.130 to 0.187 
LG 80 Oat + 6 +40 0.114 to 0.154 
149 100 0.149 ==/6) +40 0.096 to 0.125 
125 120 0.125 +6 +40 0.079 to 0.103 
74 200 0.074 2574 +60 0 045 to 0.016 


In any sieve, the average opening between the adjacent warp and the 
adjacent shoot wires, taken separately, shall conform to the width of opening 
specified within the specified percentage of permissible variation in the aver- 
age opening. The maximum width of opening between any adjacent warp 
or shoot wires shall not exceed the width of opening specified by more than 
the specified percentage permissible variation in maximum opening. The 
average diameter of the warp and shoot wires, taken separately, of the cloth 
an BY given sicve, shail be within the range of wire diameters given in the 
table. 

For details regarding the standardization of sieves, reference should be 
made to National Bureau of Standards Letter Circular 72, July 26, 1922, or to 
Specification E11-39 of the American Society for Testing Materials. 


For Chemicals—The specifications for Chemicals dif- 
fer from those established for vegetable drugs. 

For the Pharmacopeeia the terms expressing the fine- 
ness of powdered chemicals are defined as follows: 


A coarse powder (No. 20) is one in which all of the particles will 
pass through a No. 20 standard mesh sieve, and not more than 
60 per cent will pass through a No. 40 standard mesh sieve. 

A moderately coarse powder (No. 40) is one in which all of the 
particles pass through a No. 40 standard mesh sieve, and not 
more than 60 per cent will pass through a No. 60 standard mesh 
sieve. 

A fine powder (No. 80) is one in which all of the particles pass 
through a No. 80 standard mesh sieve. 
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A very fine powder (No. 120) is one in which all of the particles 
pass through a No. 120 standard mesh sieve. 


Standard Sieves—For determining uniformity of de- 
gree of fineness of a powdered vegetable drug, the stand- 
ard testing sieves which meet the requirements of the 
Bureau of Standards, U. S. Dept. of Commerce, shall 
be used. 

Sieves for Pharmacopeeial testing shall be of wire 
cloth woven (not twilled) from brass, bronze, or other 
suitable wire, and shall be coated or ‘plated. The fol- 
lowing table gives the nominal dimensions, permissible 
variations, and limits for woven wire cloth of standard 
sieves. 

For very fine powders, bolting cloth is often used for 
the sifting medium, although sieve cloth No. 300 size 
or even smaller is now available. This can now be ob- 
tained made from monel metal or from stainless steel. 
When acid substances are to be sifted, horsehair sieves 
are used. 

Method for Determining Uniformity of Fineness— 
For determining uniformity of degree of fineness of 
powdered drugs, the following process may be used, 
employing standard testing sieves which meet the re- 
quirements set forth above. 


For very coarse, coarse, and moderately coarse powders, place from 
25 to 100 Gm. of the powder to be tested upon the proper stand- 
ard testing sieve with a. tightly fitting- receiving pan and 
cover. Shake the sieve in a rotary horizontal direction 
and vertically by tapping on a hard surface for not less than 20 
minutes or until no appreciable number of particles pass through 
the sieve. Weigh accurately the amount remaining on tke sieve 
and in the receiving pan and calculate to per cent. 

In the case of fine or very fine powders, proceed as for coarse or 
for moderately coarse powders, but shake the sieve for at least 30 
minutes or until no appreciable number of particles pass through 
the sieve. 

In the case of oily or other powders which tend to clog the open- 
ings, the screen should be carefully brushed at intervals during 
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the test. In the case of powders which tend to form lumps, such 
lumps should be carefully disintegrated during the sifting test. 
Do not increase the fineness of the powder during the sieve test- 
ing. 

Mechanical Sieve Shaker—The fineness of a powdered drug or 
chemical may also be determined by screening through standard 
sieves in a mechanical sieve shaker which reproduces the circular 
and tapping motion given to testing sieves in hand sieving, but 
with a uniform mechanical action. 


Fig. 226—Ro-Tap sieve shaker. 


The Pharmacopeeia refers specifically to the Ro-Tap 
Testing Sieve Shaker (Fig. 226). Any other mechanical 
device which duplicates the shaking and tapping force 
and speed of this shaker may be used in Pharmacopeeial 
tests. 
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CHAPTER XVI 


SOLUTION 


Definition of solution—ty pes of solutions—solutions of solids in iquids—solubility—circulatory diffusion—effect of heat and 
other substances upon solubility—solvents—determination of solubility—expressing solubility—solutions of liquids in liquids— 
solutions of gases in liquids—effect of molecular structure on solubility 


A CHEMICALLY and physically homogeneous mixture of 
two or more substances is said to be a solution. Origi- 
nally, the term solution was limited to homogeneous 
mixtures which are liquid but the present and broader 
interpretation of the term includes also homogeneous 
mixtures which are solid or gaseous. Thus, it is pos- 
sible to have solutions of solids in liquids, liquids in 
liquids, gases in liquids, gases in gases, solids in solids, 
and certain writers also recognize solutions of gases in 
solids and of liquids in solids. However, only the first 
three are of pharmaceutical importance. 


In discussing solutions, it is customary to consider 
them as belonging to a certain class of dispersions of 
one substance in another substance. Depending upon 
the size of the dispersed particle we recognize true solu- 
tions, colloidal solutions, and suspensions. If sugar is 
dissolved in water, it is supposed that the ultimate 
sugar particle is of molecular dimensions and that a 
true solution is formed. On the other hand if fine sand 
is mixed with water, a suspension of comparatively 
large particles, each consisting of many molecules, is 
obtained. Between these two extremes lie colloidal 
solutions, which differ from true solutions in being dis- 
persions of larger particles and which differ from suspen- 
sions in being dispersions of smaller particles. In this 
chapter we will discuss only true solutions, the subject 
of colloidal solutions being considered in the chapter 
on ‘‘Colloids.” 


While, in all probability, there is in most solutions 
an affinity between the dispersed substance, or solute, 
as it is usually called, and the dispersing medium, or 
solvent, the solution is not customarily regarded as being 
a new compound, for upon evaporation of the solvent, 
the solute may be recovered with its identity unchanged. 
Examples of such solutions, which are specifically desig- 
nated as simple solutions, are those of sodium chloride 
and of potassium iodide. 


In many cases, however, chemical reaction occurs 
when solution is effected. Here the identity of the dis- 
solved substance is changed by the action of the solvent 
or of other ingredients in the solution, and the process 
of evaporation does not yield the original substance or 
substances. Solutions of this type are known as 
chemical solutions, examples being found in the prepa- 
ration of solution of ammonium acetate, solution of 
magnesium citrate, and solution of potassium arsenite. 


Solutions of Solids in Liquids 


From the pharmaceutical standpoint this type of solu- 
tion is of greatest importance and many quantitative 
data are available on the properties of such solutions. 
For the present, however, we shall concern ourselves 
only with a study of the methods of preparing such solu- 

tions and with a discussion of some of the factors con- 
trolling the solubility of the solute. Other topics 
which are frequently considered under this title will be 
discussed under Colligative Properties of Solutions, under 


Physical Constants and under Hydrogen Ion Concen- 
tration and pi. 

Solubility—When an excess of a solid is brought into 
contact with a liquid, molecules of the former are re- 
moved from its surface until equilibrium is established 
between the molecules leaving the solid and those re- 
turning to it. The resulting solution is said to be 
saturated at the temperature of the experiment and the 
extent to which the solute dissolves is referred to as its 
solubility. The extent of solubility of different sub- 
stances varies from almost imperceptible amounts to 
relatively large quantities, but for any given solute the 
solubility has a constant value at constant temperature. 

Under certain conditions it is possible to prepare a 
solution containing a larger amount of solute than is 
necessary to form a saturated solution. This may occur 
when a solution is saturated at one temperature, the 
excess of solid solute removed, and the solution cooled. 
The solute present in solution, even though it may be 
less soluble at the lower temperature, does not always 
separate from the solution and there is produced a 
supersaturated solution. Such solutions, of which 
sodium thiosulfate and potassium acetate are examples, 
may be made to deposit their excess of solute in one of 
the following ways: (a) by vigorous shaking; (b) by 
scratching the side of the vessel in contact with the 
solution, and (c) by introducing into the solution a small 
crystal of the solute. 

It should be emphasized at this point that a solution 
which is saturated with respect to one solute is, in 
general, capable of dissolving one or more other solutes, 
but at the same time the solubility of the first solute 
is either increased or decreased. 

Particle Size and Agitation—As the mechanism of 
solution involves surface action it is evident that 
smaller particles of a given solute, by virtue of increased 
surface, will dissolve more rapidly, but not to a greater 
extent, than larger ones.!' This is readily illustrated by 
placing half an ounce of lump alum and half an ounce 
of powdered alum each in separate pints of water. 
Upon shaking or stirring the latter a few times a solution 
will soon result, while the former will require a much 
longer time for solution even if continuously agitated. 

The rate of solution of a solute may also be increased 
by stirring the mixture of solute and solvent, thereby 
removing from the surface of the former the concen- 
trated solution which forms around it. 

Fig. 227 illustrates a stainless steel tank, made by 
Pfaudler Chemical Company, for preparing solutions, 
and Fig. 228 a portable agitator sold by the Alsop Engi- 
neering Company. Both pieces of equipment greatly 
facilitate the preparation of solutions on a large scale. 


1 This statement is not strictly true when the particle size is reduced to very 
small dimensions. Thus Hulett found that a saturated solution of gypsum 
at 25° C. contains 2.080 Gm. of CaSOa4 per liter and when very finely 
divided gypsum is shaken with this solution, it is possible to increase the 
content of dissolved CaSO4 to 2.542 Gm. per liter. Other examples of in- 
creased solubility have also been reported. However, for most purposes, 
one can consider the solubility of a solute in a given solvent to have a con- 
stant value at constant temperature. 
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The Magnetic Stirring Apparatus (Fig. 229), supplhed 
by the A. H. Thomas Co., is a compact, quiet-running 
apparatus which utilizes a rotating field of magnetic 
force to induce a variable speed stirring action within 
either a closed or an open vessel. A small magnetized 
bar, A or B, sealed in Pyrex glass, is placed in the liquid 
to be stirred and is rotated by a permanent bar magnet 
attached to the shaft of an electric motor which is 
mounted below the vessel in an aluminum housing. 
Any type of non-magnetic container, such as glass or 
porcelain, can be used for holding the solution. The 
container may be supported on a ring stand if high- 
temperature stirring is required. This method of agita- 
tion is suitable for closed systems and for any volume 
from 1 ml. to 1 liter. 


Fig. 227—Stainless steel tank. 


Fig. 228—Portable agitator. 


The Boerner Shaking Apparatus (Fig. 230), distrib- 
uted by the A. H. Thomas Co., is useful for producing 
a shaking motion in flasks, test tubes, separatory fun- 
nels, etc. It consists of a floating platform resting on 
four vertical stainless steel coil springs which are fas- 
tened to the corners of a supporting base. The base is 
enclosed in a metal guard and rests on rubber feet. A 
double-ended motor is bolted horizontally to the under 


side of the platform and two weights are attached ~ 


eccentrically to the motor shaft so that during operation 
the platform is caused to vibrate in a generally elliptical 
path, but the opposition of the springs results in com- 
pound oscillations. The platform is covered with 
sponge rubber for supporting slides and test-tube racks. 
Two stainless steel rods are also provided for attaching 
special holders for flasks and separatory funnels. By 
adjusting the height of the flasks and attaching weights 
the shaking motion can-be made either gentle or so 
violent that mercury can be dispersed in extremely fine 
particles. 

Solution by Circulatory Diffusion—If, in the process 
of preparing a solution, the solute is placed on the bot- 
tom of the container, it eventually becomes surrounded 
by a layer of concentrated solution which retards further 
action of the solvent. To prevent this without resort- 
ing to the use of a mechanical stirrer the solid may be 
suspended in a bag near the surface of the solvent so 
that the solution which is formed may descend by virtue 
of its greater density. A circulation of solvent is thus 
created and solution is facilitated ( Fig. 231). 

Effect of Heat upon Solution—The solubility of a 
solid in a liquid is dependent upon the temperature, 
the nature of the solute, and the nature of the solvent. 
For a given solute and solvent, therefore, the solubility 
depends upon the temperature. If in the process of 
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solution heat is absorbed (as evidenced by a reduction 
in temperature), the solubility of the solute will be 
increased by increasing the temperature. Such is the 
case for nearly all salts as is shown graphically in Fig. 


Fig. 229—Magnetic stirring apparatus. 


232. In this figure the solubility of the solute is plotted 
as ordinate and the temperature as abscissa, and the 
line joining the experimental points represents the solu- 
bility curve for that solute. 

If a solute gives off heat during the process of solution 
(as evidenced by an increase in temperature) its solu- 
bility is decreased with increase in temperature. This 
is the case with calcium hydroxide and, at higher tem- 
peratures, with calcium sulfate.1_ When heat is neither 
absorbed nor given off, the solubility is not affected by 
variation of temperature as is nearly the case with 
sodium chloride. 

Solubility curves are usually continuous so long as the 
chemical composition of the solid phase in contact with 
the solution remains unchanged, but if there is a transi- 
tion of the solid phase from one form to another, a 
break will be found in the curve. Such is the case with 
Na2SO 4.10H.O which dissolves with absorption of heat 


Fig. 230—Boerner shaking apparatus. 


up to a temperature of 32.4° C. at which point there is 
a transition of the solid phase to anhydrous sodium 
sulfate, Na2SO.4, which dissolves with evolution of heat. 
This change is evidenced by increased solubility of the — 


1 Because of the slight solubility of these substances their solubility curves 
are not included. : 
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hydrated salt up to 32.4° C., but above this tempera- 
ture the solubility decreases. 

Effect of Other Substances upon Solubility—Previ- 
ously it has been stated that a saturated solution is, in 
general, capable of dissolving other solutes, but that 
simultaneously the solubility of the first solute is either 
increased or decreased. Although there are no uni- 
versally applicable rules 
for predicting the quanti- 
tative effect that any one 
solute will exert upon the 
solubility of another 
solute, afew fairly general 
statements may be made 
for slightly soluble elec- 


trolytes and for non- 
electrolytes. 
(1) Slightly Soluble 


Electrolytes—In a-satu- 
rated solution of aslightly 
soluble electrolyte, e. g., 
silver chloride, barium 
sulfate, lead sulfide, or 
lead chloride, the addi- 
tion of moderate quanti- 
ties of a second salt con- 
taining a common ion 
reduces the solubility of 
the slightly soluble electrolyte. Using silver chloride 
as an example, the addition of either a soluble silver 
salt or a soluble chloride will reduce the solubility 
of silver chloride. 

The extent of reduction in solubility may be predicted 
with a fair degree of accuracy in view of the fact that 
a definite mathematical relationship has been found to 
hold true for the ions of a slightly soluble salt. This 
relationship, which is deduced from the law of mass 
action, states that the product of the concentration of the 
ions of a slightly soluble salt (raised to the proper power) 
has a constant value, called the solubility product, at a 
given temperature. Using silver chloride as the ex- 
ample again, the following equations may be written 
to indicate the reaction which occurs when silver chlo- 
ride is dissolved in water, 


AgCl (solid) < AgCl (soluble) < Agt + Cl~ 


According to the law of mass action the following 
relationship holds true for the concentrations of silver 
and chloride ions and the silver chloride molecules in 
solution, designated [Agt], [Cl-], and [AgCl], respec- 
tively, 


Fig. 231—Solution by circulatory dif- 
fusion 


[Ag *|[Cl7] 
[AgCl] 
and since the solution is saturated, the concentration 


of soluble AgCl must remain constant at a given tem- 
perature, thereby simplifying the above expression to 


[Agt] [Cl-] = § (also a constant) 


= K (a constant) 


This second constant, S, is the solubility product and 
has the same numerical value in solutions of silver 
chloride containing an excess of either silver or chloride 
ions. If the silver ion concentration is increased by the 
addition of a soluble silver salt, the chloride ion concen- 
tration must decrease until the product of the two con- 
centrations is again numerically equal to the solubility 
product. In order to effect the decrease in chloride 
ion concentration, silver chloride is precipitated and 
hence its solubility is decreased. In a similar manner 
an increase in chloride ion concentration by the addition 
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of a soluble chloride effects a decrease in the silver ion 
concentration until the numerical value of the solubility 
product is attained. Again this decrease in silver ion 
concentration is brought about by the precipitation of 
silver chloride. 

For a salt of the type PbCl, the solubility product 
expression takes the form 


Wetoy 1) [KCI | 
while for As.S3 it would be 
[Ast++}? [S"3 =S8 


S) 


For details of the method of using solubility product 
calculations, the reader is referred to books on theoreti- 
cal and physical chemistry. 

The solubility product principle is valid for aqueous 
solutions of slightly soluble salts, provided that the 
concentration of added salt is not too great. Where the 
concentrations are high, deviations from the theory 
occur and these have been explained by assuming that 
in such solutions the nature of the solvent has been 
changed. Frequently deviations may also occur as the 
result of the formation of complexes between the two 
salts. A pharmaceutically important example of in- 
creased solubility by virtue of complex ion formation 
is seen in the effect of solutions of soluble iodides upon 
mercuric iodide. According to the solubility product 
principle it might be expected that soluble iodides would 
decrease the solubility of mercuric iodide, but because 
of the formation of the more soluble complex salt 
KeHel, which dissociates as follows: 


KeHel, S 2K+ + (Hel4)~ 


the iodide ion no longer acts as a common ion would in 
such cases. 

Practical applications of the solubility product prin- 
ciple are found in qualitative and quantitative analysis 


SOLUBILITY, GMS. OF SALT IN 100 GMS OF WATER 
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TEMPERATURE 
Fig. 232—Effect of heat upon solubility (Chapin). 


where an excess of a precipitating reagent is added in 
order to decrease, by common ion effect, the solubility 
of the precipitated compound. 

(2) Non-Electrolytes—In general the solubility of a 
non-electrolyte such as aniline, urea, acetanilid, etc., is 
either increased or decreased by the addition of an elec- 
trolyte. If the solubility is decreased, the effect is re- 
ferred to as “salting-out,’’ but if it is increased the 
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effect is known as “salting-in.”’ 
out”’ effects predominate but there are also a number of 
instances of increased solubility. 

It has been shown that the non-ionized portion of 
slightly soluble weak acids, such as benzoic, salicylic, 
and substituted benzoic acids, behave in a similar 
manner, and certain relationships have been found to 
exist between the concentration of the non-electrolyte 
or non-ionized portion of weak electrolytes and the 
electrolyte salt. 

Pharmaceutically, both “‘salting-out” and “salting- 
in” are of importance. Examples of the former effect 
are shown in the decreased solubility of spirit of ethyl 
nitrite in solutions containing salt, in which the ethyl 
nitrite is “‘salted-out”’ and volatilized; and in the de- 
creased solubility of phenol in solutions contaiming 
salts, as, for example, sodium thiosulfate. Examples 
of “salting-in’”’ are found in the effect of sulfonated oils 
and their salts in increasing the solubility of many sub- 
stances. . 

Solvents Used in Pharmacy—Water. The most use- 
ful of all solvents is water. It has a more extensive 
range of solvent action than any other liquid, and the 
aqueous solutions are among the most important prepa- 
rations of pharmacy. They are especially treated 
in later chapters, under the heads of Solutions, Waters, 
Syrups, ete. Water is also the best solvent known for 
most inorganic salts. As a diluting medium for other 
solvents with which it is miscible, as alcohol, glycerin, 
etc., water is indispensable in many preparations. 

Alcohol as a solvent is next in importance to water. 
It has an important advantage over water in the fact 
that preparations made with it keep almost indefinitely, 
while most aqueous solutions of organic substances soon 
decompose or become worthless. Resins, volatile oils, 
alkaloids, glycosides, etc., are dissolved by alcohol, while 
many inert principles, like gum, albumin, and starch, 
are insoluble in it, so that it has also great usefulness 
in its negative character. Mixtures of water and alco- 
hol, in proportions varying to suit specific cases, are 
exceedingly common. They are often referred to as 
hydro-alcoholic solvents or menstrua. 

Glycerin is an excellent solvent, although its range is 
not so extensive as either of the preceding. It has in 
its concentrated state preservative qualities of a high 
order, but has not the valuable negative qualities of 
alcohol. It dissolves the fixed alkalies, a large num- 
ber of neutral salts, and vegetable acids, pepsin, tannin, 
and some other active principles of plants, ete., but it 
also dissolves gum, soluble carbohydrates, starch, etc., 
and thus its solutions are generally loaded with inert 
constituents. It is also of special value as a simple 
solvent as in glycerite of phenol, or where the major 
portion of the glycerin is simply added as a preservative 
and stabilizer of solutions that have been prepared with 
other solvents. (See Glycerites.) 

Isopropyl Alcohol is used instead of ethyl alcohol as 
a solvent for shellac, gums, resins, oils, etc. It is used 
also as a denaturant for alcohol and as a solvent in 
perfumery and cosmetics. 

A certain group of solvents which do not mix with 
water are known as immiscible solvents. The more 
important of these are ether, petroleum benzin, chloro- 
form, carbon disulfide, benzene, and carbon tetrachlo- 
ride. 

Ether is a good solvent for special purposes. Oils, 
fats, resins, and some of the alkaloids and neutral prin- 
ciples are dissolved by it. It is one of the solvents used 
in making prepared oleoresins. 

Petroleum Benzin is very similar in its solvent proper- 


As a rule, “salting- 
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ties to ether. It is frequently used in pharmacy to re- 
move inert and objectionable fatty and waxy constitu- 
ents from such drugs as opium, digitalis, strophanthus, 
nux vomica, etc., prior to extracting the active prin- 
ciples with a hydro-alcoholic menstruum. 

Chloroform resembles ether and petroleum benzin as 
a solvent. It has an advantage over both, however, in 
being non-inflammable. 

Carbon Disulfide is an excellent solvent for rubber, 
phosphorus, etc. Its range is limited, however, and its 
odor and inflammability detract from its usefulness. 

Carbon Tetrachloride is a valuable non-inflammable 
solvent for fats, oils, etc. 

Coal-tar Benzene has solvent properties similar to 
those of the majority of the other immiscible solvents. 

Acetone is not an immiscible solvent but stands mid- 
way between alcohol and ether in its solvent action. 
It was used officially as a solvent for extracting the pre- 
pared oleoresins but has been replaced by ether for this 
purpose for economic reasons. 

Acid and alkaline solutions are sometimes used as 
solvents for special cases. 

Oils are also used as solvents in liniments, ete. 

Other Solvents—In consequence of the stimulation 
of organic chemical research brought about largely by 
the First World War, and the coincident rise in price 
of tax-paid alcohol, many new solvents have made their 
appearance and most of them are now available in 
large quantities and at prices far below that of tax- 
paid alcohol. For special technical uses not connected 
with the preparation of official medicinal preparations 
many of these are finding extensive application, and 
inasmuch as the fields of research connected with the 
use of these solvents are continuously expanding, it is 
considered advisable to include a list of these solvents, 
classified in the order of their volatility. 

Solvents boiling below 100° C.—Acetone, amyl] chlo- 
ride (iso and tertiary), benzene, ethyl acetate, ethyl 
alcohol, ethylene dichloride, isopropyl acetate, iso- 
propyl alcohol, isopropyl ether, methyl acetate, methyl 
alcohol, propylene dichloride, propylene oxide, tri- 
chlorethylene. 

Solvents boiling between 100° and 150° C.—Amy] ace- 
tate, amyl alcohol, butyl acetate, butyl alcohol, butyl 
ether, diethylearbonate, diethylene oxide (Dioxan), 
dipropyl ketone, ethyl butyrate, ethylene glycol mono- 
ethyl ether (Cellosolve), ethylene glycol monomethyl 
ether acetate (Methyl Cellosolve Acetate), isobutyl 
alcohol, methyl amyl acetate; methyl amyl alcohol, 
methyl isobutyl ketone, toluene. 

Solvents bowling between 150° and 200° C.—Benzyl 
alcohol, diacetone alcohol, dichlorethyl ether, diethyl 
oxalate, diethylene glycol monomethyl ether (Methyl 
Carbitol), ethyl benzoate, 2-ethyl butyl acetate, ethyl 
lactate, ethylene glycol, ethylene glycol monobutyl 
ether (Butyl Cellosolve), ethylene glycol monoethyl 
ether acetate (Cellosolve Acetate), octyl acetate, octyl 
alcohol, propylene glycol, xylene. 

Solvents boiling above 200° C.—Diamyl phthalate, 
dibutyl phthalate, dibutyl tartrate, diethyl phthalate, 
diethyl tartrate, diethylene glycol, diethylene glycol 
monobutyl ether (Butyl Carbitol), diethylene glycol 
monoethyl ether (Carbitol), diethylene glycol mono- 
ethyl ether acetate (Carbitol acetate), dimethyl 
phthalate, triacetin, tricresylphosphate, triethylene 
glycol, triphenylphosphates. 

Modes of Effecting Solution of Solids at the Prescrip- 
tion Counter—The method usually employed by the 
pharmacist when a chemical salt is to be dissolved in 
water in compounding a prescription is one which re- 
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quires the use of the mortar and pestle (see Fig. 176). 
The ordinary practice is to crush the substance into 
fragments in the mortar with the pestle, and then pour 
the solvent upon it, meanwhile stirring with the pestle 
until solution is effected. If definite quantities are 
used, and the whole of the solvent is required to dissolve 
the given weight of the salt, a portion only of the solvent 
should be added at first, and when this is saturated the 
solution is poured off and a fresh portion of solvent 
added. This operation is repeated until the solid is 
entirely dissolved; the solutions are then mixed. Other 
methods of effecting solution are to shake the solid 
with the liquid in a bottle or flask, or to apply heat to 
the substances in a suitable vessel. Substances vary 
greatly in the rate at which they dissolve; some are 
capable of producing a saturated solution quickly, others 
require several hours for attainment of saturation. All 
too often in their haste to prepare a saturated solution 
pharmacists fail to obtain the required degree of solution 
of solute. 

With hygroscopic compounds like pepsin, scaled iron 
salts, argyrol, and some others, the best method of 
effecting solution in water is to pour the substance di- 
_ rectly upon the surface of the water in which solution 
is to be effected and then stir vigorously with a glass 
rod. If the ordinary procedure, such as using a mortar 
and pestle, is employed with these substances, gummy 
lumps are formed which are exceedingly difficult to 
dissolve. 

The solubility of chemicals and the miscibility of lig- 
uids are important physical factors for the pharmacist 
to know, as they often have a bearing upon the intelli- 
gent and proper filling of prescriptions. Mainly for the 
information of the pharmacist the U.S. P. gives figures 
to indicate the degree of solubility or miscibility of the 
various official substances. 

Determination of Solubility—For the pharmacist 
and pharmaceutical chemist the question of solubility 
is of paramount importance. Not only is it necessary 
to know solubilities in connection with the preparation 
and dispensing of medicines, but such knowledge also 
renders it possible to effect separation of substances in 
. qualitative and quantitative analysis. Furthermore, 
the accurate determination of the solubility of a sub- 
stance constitutes one of the best methods for determin- 
ing its purity. 

The details of the determination of the solubility are 
markedly affected by the physical and chemical charac- 
teristics of the solute and solvent and also by the tem- 
perature at which the solubility is to be determined. 
Accordingly it is not possible to describe a universally 
applicable method but, in general, the following must 
be observed in solubility determinations. 

1. Purity of both the dissolved substance and the 
solvent is essential, since impurities in either affect the 
solubility to a greater or less extent. 

2. Constancy of temperature must be accurately 
maintained during the course of the determination. 

3. Complete saturation must be secured. 

4. Accurate analysis of the saturated solution and 
- correct expression of the results are imperative. 

In connection with the above-named essential fea- 
tures of a correct solubility determination, attention 
should be called to the varying rates of solution of differ- 
ent compounds, and to the marked effect of the degree 
of fineness of the particles upon the time required for 

the saturation of the solution. In general, it may be 
‘said that an equipment comprising a thermo-regulator 
and a constant agitation device is indispensable for 
accurate solubility determinations. 


ss 


‘grams per cc. 
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The solubility data given in the U.S. P. have for the 
most part been determined under the above-described 
conditions, and will, therefore, frequently show a some- 
what greater solubility than would be found in the daily 
experience of most pharmacists. 

When in Pharmacopeeial texts it has not been pos- 
sible, or in some instances not desirable to indicate exact 
solubility, a descriptive term has been used. The fol- 
lowing table indicates the meaning of such terms: 
Relative quantity of solvent 

for 1 part of solute 


Less than 1 part 

From 1 to 10 parts 

From 10 to 30 parts 

From 30 to 100 parts 
From 100 to 1000 parts 
From 1000 to 10,000 parts 
More than 10,000 parts 


Descriptive 
terms 


Weryisolublexemaasar wiiacoe iets ite 
Hreely solublemang tcisc.tc edema ct 
SOLUDlepeerrn tek ae eee eee ere ee 
Spanmnglyasolublemmer ewer eae ee ete 
ibicaondletoliella, | oe be dade oaacneoacae 
Wery sligbtly7solubles mas. a: acre ol 
Practically insoluble semen rs sitesi 


Method for Determining Solubilities—In brief, this 
consists in preparing a saturated solution of the given 
substance and ascertaining, by analysis, the amount 
present in a definite quantity of the solution. Com- 
plete saturation can be attained most readily by con- 
stant stirring or agitation by means of a suitable me- 
chanical contrivance. A simple apparatus for this 
purpose consists of a test tube of medium size fastened 
upright in a water bath maintained at constant tem- 
perature. The solvent and excess of solids are placed - 
in the tube and stirred by means of a motor-driven 
rotating glass spiral. After a given period of stirring, 
a definite weight of the clear solution is analyzed and 
the stirring continued for an additional period of several 
hours. If analysis shows no increase of dissolved sub- 
stance after the second period of stirring, the result is 
to be taken as the solubility at the particular tempera- 
ture. Details of methods for determining solubilities 
are described in Bulletin No. 67 of the Hygienic Labora- 
tory, U. S. Public Health Service and in textbooks on 
experimental physical chemistry. * 

Methods of Expressing Solubility—Where quantita- 
tive data are not available, it is customary to indicate 
the extent of solubility by the relative terms given in 
the previous paragraph. 

However, where accurate information is available, 
solubilities may be expressed in many ways. For ex- 
ample, the solubility of sodium chloride in water at 15° 
C. may be stated in the following ways. 

(a) One Gm. of sodium chloride is soluble in 3.563 
ec. of water. (This method is used by the U.S. P. and 
N. F. 

(b) 28.06 Gm. of sodium chloride are soluble in 100 
cc. of water. 

(c) 100 ce. of asaturated solution of sodium chloride 
in water contains 26.39 grams of solute. 

(d) 100 grams of a saturated solution of sodium 
chloride in water contains 21.92 grams of solute. 

(e) One liter of a saturated solution of sodium chlo- 
ride contains 4.515 moles of solute. This may also be 
stated: A ‘saturated solution of sodium chloride is 
4.515 molar with respect to the solute. 

In order to calculate (c) from (a) or (6), it is necessary © 
to know the density of the solution, in:this case 1.204 
To calculate (e), the number of grams 
of solute in 1000 cc. of solution (obtained by multi- 
plying the data in (c) by ten) is divided by the molecular 
weight of sodium chloride, namely,.58.45. 

The solubility of very slightly soluble salts is fre- 
quently expressed in terms of their respective solubility 
products. For example, a saturated solution of silver 
chloride contains, at 25° C., 0.00179 gram of solute in 
one liter of solution. By dividing this figure by the 
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molecular weight of silver chloride (143), we obtain a 
value of the solubility in term of moles, this figure being 
0.0000125 or 1.25 10~*: mole per liter. If it is assumed 
that silver chloride at this dilution is completely ionized, 
and since each molecule of silver chloride yields one 
silver and one chloride ion, it is obvious that the con- 
centration of silver and chloride ions would be numeri- 
cally equal to the value of the solubility, except that the 
unit of concentration would be the gram ion. Accord- 
ingly the concentration of silver ion would be 1.25 X 
10—> gram ion per liter and the concentration of chloride 
ion would be 1.25 X 107 gram ion per liter, the product 
of the two concentrations being equal to 1.56 Pees) 
which value is called the “solubility product”’ of silver 
chloride at 25° C. (See also section on Effect of Other 
Substances upon Solubility, page 145.) 


Solutions of Liquids in Liquids 


Under this title the following types of liquid-pairs 
may be recognized. 

(a) Those which are completely soluble in each other 
in all proportions. Examples: alcohol and water; 
glycerin and water; alcohol and glycerin. 

(b) Those which are soluble in each other in definite 
proportions. Examples: phenol and water; ether 
and water; nicotine and water. 

(c) Those which are imperceptibly soluble in each 
other in any proportion. Examples: castor oil and 
water; liquid petrolatum and water. 

The mutual solubility of liquid pairs of type (6) have 
been extensively studied and found to show interesting 
regularities. If a series of tubes containing varying but 
known percentages of phenol and water are heated (or 
cooled if necessary) just to the point of formation of a 
homogeneous solution, and the temperatures at such 
points noted, there will be obtained, upon plotting the 
results, a curve similar to that in Fig. 233. On this 
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Fig. 233—Phenol-water solubility... , 
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graph the area, A, inside the curve represents the region 
where mixtures of phenol and water will separate into 
two layers, while in the region, B, outside of the curve 
homogeneous solutions will be obtained. The maxi- 
mum temperature on this curve is called the: eruiveal 
solution temperature. 

From a study of this graph it is evident that for aa 
temperature up to the critical solution temperature 
two homogeneous mixtures of phenol and water maybe 
obtained. The one mixture is a‘solution of phenol in 
water and the other is a solution of water in phenol. As 
the temperature is increased; ithe. concentration: of 
phenol in the aqueous solution and the concentration 
of water in the phenol solution imcrease until at the 
critical solution temperature the:'concentration of 


ture is proportional to the pressure. 
is doubled, twice.as much gas will dissolve as at the 
‘initial pressure. 
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phenol in both solutions is identical. This concentra- 
tion is 34.0 per cent of phenol and the temperature is 
68.4° C. At any and all temperatures above 68.4° C. 
phenol and water are miscible with each other in all 
proportions. In pharmacy, both types of solutions are 
frequently encoun- 
tered, asin the prep- 
aration of dilute 
solutions of phenol 


in water and the 
re liquefaction of phe- 
18d nol by the addition 
170" of 10 per cent of 
16d water. 
os In the case of 
Nate phenol and water, 
5 a the mutual  solu- 
even bilityincreases with 
c increase in temper- 
pele ature and the criti- 
tos cal solution temper- 
90 ature occurs at a 
ac’ relatively high 
a point. In a certain 
ie number of cases, 
a however, the mu- 
tual solubility in- 
10 20 30 40 40 60 70 80 90 creases with de- 
NICOTINE PER CENT crease in tempera- 
Fig. 234—Nicotine-water solubility. ture and the critical 
solution tempera- 
ture occurs at a relatively low value. Most of the sub- 


stances which show lower critical solution temperatures 
are amines, as, for example, triethylamine with water. 

In addition to pairs of liquids which show ezther upper 
or lower critical solution temperatures, there are other 
pairs which show both upper and lower critical solution 
temperatures and the mutual solubility curve is of the 
closed type. An example of this type of liquid pair is 
found in the case of nicotine and water, the curve for 
which is shown in Fig. 234. Mixtures of nicotine and 
water represented by points within the curve will 
separate into two layers, but mixtures represented by 
points outside of the curve are perfectly miscible with 
each other. 

In a discussion of solutions of liquids in liquids it is 
evident that the distinction between the terms solute 
and solvent loses its significance. For example, in a 
solution of water and glycerin, which shall be considered 
to be the solute and which the solvent? Again in 
cases where two liquids are only partially soluble in each 
other the distinction between solute and.solvent might 
easily be reversed. In such cases the term solvent is 
usually given to the constituent present in larger 
quantity. 


Solutions of Gases in Liquids 


Nearly all gases are more or less soluble in liquids. 
One has but to recall the solubility of carbon dioxide, 


‘of hydrogen sulfide, and of air in water as common ex- 


amples of this type of solution. 

The amount of gas dissolved in a liquid i in general 
follows Henry’s law, which states that the wezght of gas 
dissolved by a given amount of a.liquid at a given tempera- 
Thus, if the pressure 


The extent to which a gas in dissolved 
in a liquid, at. a given temperature, may be expressed 
in terms of the solubility coefficient, which is the volume 
of gas, measured under the conditions of the experiment. 
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that is absorbed by one volume of the liquid. The de- 
gree of solubility is also sometimes expressed in terms 
of the absorption coefficient, which is the volume of 
gas, reduced to standard conditions, dissolved by one 
volume of liquid under a pressure of one atmosphere. 

Although Henry’s law expresses fairly accurately the 
solubility of slightly soluble gases, it deviates consider- 
ably in the case of very soluble gases such as hydrogen 
chloride and ammonia. Such deviations have been 
explained by assuming that chemical reaction takes 
place between gas and solvent. 

The solubility of gases in liquids is decreased with rise 
of temperature and in general also by the presence of 
salts in the solvent, the latter effect being referred to as 
the “‘salting-out”’ of the gas. 

The methods employed to effect the solution of gases 
in liquids differ essentially from ordinary processes of 


Fig. 235—W oulft’s 
bottle. 

Fig. 237—Gas 

generator and 

washer. 


Fig. 236— Wash 
bottle for gases. 


solution, and depend upon the solubility of the gas in 
the liquid, the relative specific gravity, and the strength 
of the solution desired. It is usually sufficient to con- 
duct the gas into the liquid by a suitable tube, reaching 
nearly to the bottom, when more or less of the gas is 
absorbed by the liquid. This operation should always 
be conducted in a fume chamber or in some location 
where escaping gases will not be offensive or dangerous. 
For a continuous operation, as in making hydrochloric, 
nitric, and hydrobromic acids, and similar liquids, the 
well-known Woulff’s or three-necked bottles, see Fig. 
235, are employed advantageously, the gas which es- 
capes solution in one bottle passing over into the next. 
The washing bottle shown in Fig. 236 is easily made, 
and well adapted for purifying gases prior to final ab- 
sorption. It consists of a wide-mouthed bottle, closed 
with a perforated rubber stopper, C; a wide tube, DE, 
passes nearly to the bottom, and a narrow tube, A, 
is joined by a short piece of rubber tubing, J, to the 
tube leading from the generating flask, and at the other 
extremity is curved upward so as properly to deliver 
the gas into the water placed in the bottle to wash it. 
It escapes by the bent tube, 7’, which is continued until 
it dips into the liquid in which the gas is to be dis- 
solved. The space between the tube A and the wide 
tube DE acts as a safety valve. If the pressure accu- 
mulates through the too rapid generation of the gas, or 
if a stoppage occurs in the delivery tube, the liquid 
in the bottle is first blown out through this space, and 
the pressure is thus relieved. 
Fig. 237 shows a very convenient apparatus for gen- 
erating and washing small quantities of gases, for ap- 
plying emergency tests, or for other purposes. As the 
apparatus suitable for each operation must be especially 
selected, general observations on the solution of gases 


will not be so useful in this chapter as a detailed process 
in connection with each preparation where it is de- 
scribed in the subsequent pages. One general rule 
should be noted, however, 7. e., that gases are always 
more rapidly and thoroughly absorbed by cold rather 
than by hot liquids. Hence the receiving bottle should 
be kept surrounded by ice or otherwise refrigerated. 


Solutions of gases are almost always potentially dan- 
gerous when exposed to warm temperatures on account 
of the liberation and expansion of the dissolved gas 
which may cause explosion or accident through the 
bursting of the container. Bottles containing such 
solutions should be cooled before opening if practicable, 
and the stopper should be covered with a cloth before 
attempting its removal. 


The Effect of Molecular Structure on Solubility 


Solubility 1s a property determined by the ionic or 
molecular structure of both solvent and solute. No 
theory is adequate for predicting the extent to which a 
solute will dissolve in a solvent, but some useful gen- 
eralizations may be made. The following are of par- 
ticular importance. 

One general maxim which holds true in most instances 
is: the greater the structural similarity between solvent 
and solute the greater is the solubility. ‘Thus phenol is 
almost insoluble in petroleum benzin but very soluble 
in glycerin. 

Organic compounds containing polar groups are 
soluble in water since the latter is a polar compound and 
compounds tend to decrease in solubility in water in 
proportion to the number of non-polar groups which 
are present. It is easily demonstrated that the polar 
groups OH, CHO, COH, CHOH, CH.OH, COOH, 
NOz, CO, NHe, and SO3sH tend to make an organic 
compound soluble in water whereas the addition of the 
non-polar groups CHs, Br, Cl,I,and§ tend to decrease the 
solubility since the molecular weight is increased with- 
out a corresponding increase in polarity. It is believed 
that certain oxygen-containing compounds and amines 
owe their solubility to their tendency to form hydrates 
which are very polar. This theory is upheld by the fact 
that tertiary amines are generally more soluble in cold 
than in hot water since the unstable hydrate is decom- 
posed at elevated temperatures. The greater the num- 
ber of polar groups, the greater is the solubility, if the 
size of the rest of the molecule is not altered; thus pyro- 
gallol is much more soluble than phenol in water. The 
relative positions of the groups in the molecule also in- 
fluence the solubility; thus resorcinol (meta) is more 
soluble than pyrocatechol (ortho) and the latter is more 
soluble than hydroquinone (para). 

The following solubility rules are generally applicable: 

1. Polymers and compounds of high molecular 
weight are insoluble. 

2. Branching of organic chains tends to increase solu- 
bility. The more compact the molecular structure the 
greater is the solubility of any given type of compound. 

3. High melting points frequently indicate low 
solubility for organic compounds. One reason for high 
melting points is association of molecules; this tends to 
prevent diffusion in the solvent. 

4. The cis form of isomers is more soluble than the 
trans form. 

5. Hydroxy groups and the polar groups discussed 
above increase the solubility of compounds in water. 

6. Strong acids usually produce water-soluble com- 
pounds when reacted with nitrogenous bases to form 
quaternary salts. 
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TABLE DEMONSTRATING SOLUBILITY RULES 


Chemical Compound 
Aniline, CgHsNHe 
Benzene, CgH¢ ; 
Benzoic Acid, CgH3COOH 
Benzyl Alcohol, CgHsCH 20H 
n-Butanol, C4HgOH 
ter-Butanol, (CH 3) 3COH 
Carbon Tetrachloride, CCl4 
Chloroform, CHClg 
Fumarie Acid, trans-butenedioic acid 
Hydroquinone, CgH4(OH)e 
Maleic Acid, czs-butenedioie acid 
Phenol, CgH50H 
Pyrocatechol, CgH4(OH)e 
Pyrogallol, CeH3(OH)s3 
Resorcinol, CgH4(OH)e 


Solubility! 


2000 


1 Note—The above solubility table gives the number of cubic centimeters 


of water required to dissolve 1 Gm. of solute. 


7. The attractive forces between solvent and solute 
(solvation) as a rule enhance the solubility of the solute. 


A knowledge of how to predict solubility is invaluable 
to the pharmacist. It enables him to predict, for in- 
stance, that the vehicle for a clear hair tonic containing 
castor oil must possess a high alcohol content since the 
oil consists mostly of glyceryl ricinoleate, an ester with 
an OH group attached to the seventh carbon atom of 
the ricinoleic acid radical. This group causes the oil 
to be miscible with alcohol and immiscible with petro- 
leum ether. On the other hand, olive oil, which _is 


mostly glyceryl oleate, is miscible with petroleum ether 


and immiscible with alcohol, although the only dif- 
ference is one OH group. 
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CHAPTER XVII 
COLLIGATIVE PROPERTIES OF SOLUTIONS 


The effects of solutes on the properties of solvents—biological aspects of dissolved solids—applications of colligative properties 


Definition—The colligative properties of solutions are 
those properties which depend upon the number of 
particles in solution regardless of their nature. Some 
solutions contain only molecules, e. g., a solution of 
dextrose, but other solutions contain ions, e. g., a solu- 
tion of potassium chloride. 

An increase in the number of particles in a solution 
produces the following phenomena: 


1. Increased osmotic pressure. 
2. Lowered vapor pressure. 

3. Elevated boiling point. 

4. Depressed freezing point. 


Osmotic Pressure 


Diffusion in Liquids—Although the property of dif- 
fusion is most marked in gaseous systems it is not lim- 
ited to such systems. That molecules in liquid systems 
possess this same freedom of movement may be demon- 
strated by carefully placing a layer of water upon a 
concentrated aqueous solution of any salt. In due 
time it will be observed that the boundary between sol- 
vent and solution gradually widens, and eventually the 
composition of the new solution will become uniform 
throughout. This experiment indicates that swb- 
stances tend to move or diffuse from regions of higher con- 
centration to regions of lower concentration so that differ- 
ences in concentration eventually disappear. 

Osmosis—lIn carrying out the experiment just de- 
scribed, it is impossible to distinguish between the dif- 
fusion of the solute and that of the solvent. However, 
by separating the solution and the solvent by means of a 
membrane that is permeable to the solvent, but not to 
the solute (or, at most, only slightly permeable to the 
solute), it is possible to demonstrate visibly the diffusion 
of solvent into the concentrated solution. In a similar 
manner, if two solutions of different concentration are 
separated by a membrane, the solvent will move from 
the solution of lower solute concentration to the solu- 
tion of higher solute concentration. This diffusion of 
solvent through a membrane is called osmosis. 

The phenomenon of osmosis may be visually demon- 
strated by means of the osmometer shown in Fig. 238. 
In this diagram a parchment paper membrane or “‘dif- 
fusion shell,” as it is often called, is securely fastened to 
along glass tube. A side tube bearing a stopcock allows 
solution to be run into the diffusion shell. To demon- 
strate osmosis an aqueous solution of sucrose, or any 
other suitable solute is poured into the diffusion shell 
through the side tube until the level of the solution is 
above the stopcock, which is then closed. The diffusion 
shell is then immersed in a jar of water until the level 
of the solution in the tube is the same as that in the jar. 
In a short time the level of the solution in the tube will 
be seen to rise, sometimes to heights of several feet. 
If the experiment is continued, the solution will fall 
until it is at the same level as the liquid in the jar. This 
drop occurs because of the gradual diffusion of sugar 
molecules from the solution to the solvent, the mem- 
brane not being absolutely impermeable to sugar mole- 
cules. In the experiment described here, therefore, the 


height to which the liquid rises in the tube depends upon 
the difference in rates of diffusion of solvent and solute 
molecules. Animal membranes, such as hog’s bladder, 
for example, function in the same manner as parchment 
membranes. 

Certain artificial membranes have been prepared 
which are practically impermeable to solute molecules 
but do permit solvent molecules to pass through. 
When such membranes, referred to as semipermeable 
membranes, are used in the experiment described above, 
the solution in the tube rises until the hydrostatic pres- 
sure of the column of liquid above the level of the solvent 
is Just sufficient to prevent further osmosis of the 
solvent. This hydrostatic pressure is numerically equal 
to the osmotic pressure of the solution. 

The most satisfactory membranes are those which are 
prepared by depositing copper ferrocyanide in the pores 
of specially constructed clay cells. The method of dep- 
osition of the copper ferrocyanide depends upon the 
diffusion of a solution of copper sulfate placed within 
the clay cell and a solution of potassium ferrocyanide 
outside of the cell. Where the two solutions meet, 
chemical reaction occurs with deposition of insoluble 
copper ferrocyanide. The latter is in reality the semi- 
permeable membrane, the clay cell merely serving as a 
support for the film of copper ferrocyanide. 

In refined measurements of osmotic pressure the 
osmometer shown in Fig. 238 is replaced by more elabo- 
rate forms of apparatus. One of 
these, known as the Berkeley and 
Hartley apparatus, depends upon 
measuring the pressure which must 
be applied to a solution to just pre- 
vent the tendency of the solvent to 
diffuse into the solution through a 
membrane separating the two. 

Osmotic Pressure of Non-Elec- 
trolytes—From quantitative studies 
with solutions of varying concentra- 
tion of a solute that does not ionize, 
it has been demonstrated that osmotic 
pressure 7s proportional to the con- 
centration of the solute, 2. e., twice as 
much of a given non-electrolyte will 
have twice the osmotic pressure in 
a given solution.! 

Furthermore, the osmotic pres- 
sures of two solutions of different 
non-electrolytes are proportional to the number of 
molecules in each solution. Stated in another manner, 
the osmotic pressures of two solutions of the same 
molal? concentration are identical. Thus a solution 
containing 34.2 Gm. of sucrose (molecular weight 342) 
in 1000 Gm. of water has the same osmotic pressure as 
a solution containing 18.0 grams of anhydrous dextrose 
(molecular weight 180) in 1000 Gm. of water. These 

1 This is not strictly true in solutions of fairly high solute concentration, 
but does hold quite well for dilute solutions. 

2 A molal solution is one that contains the molecular weight in grams of 
a given solute in 1000 Gm. of solvent. A2molal solution contains twice the 


gram-molecular weight; a 0.1 molal, one-tenth the gram-molecular weight in 
1000 Gm. of solvent. 


Fig. 238—Osmometer. 
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solutions are said to be isodsmotic or isotonic with 
each other because they have identical osmotic pressures. 

A study of the results of osmotic pressure measure- 
ments on different substances led the Dutch chemist 
Jacobus Henricus van’t Hoff, in 1885, to suggest that 
the solute in a solution may be considered as being 
analogous to the molecules of a gas and the osmotic 
pressure as being produced by the bombardment of the 
semipermeable membrane by the molecules of solute. 
According to van’t Hoff’s theory the osmotic pressure 
of a solution is equal to the pressure which the dissolved 
substance would exert in the gaseous state if it occupied 
a volume equal to the volume of the solution. From 
this it follows that just as in the case of a gas there is 
a proportionality between pressure and concentration 
of dissolved substance. This proportionality is well 
illustrated by the values of the osmotic pressure of 
solutions of sucrose at 0° C. as determined by the Earl 
of Berkeley and EG. J. Hartley and shown in the fol- 
lowing table. 


Concentration Volumein Liters 


(Gm. per in Which 1 Gm. Pressure in 
Liter) Mol Is Dissolved Atmospheres 
C ve 12 PIC IPN 
10.00 34.2 0.65 0.065 22.2 
20.00 lye A Ua PAre 0.064 Pale 7 
45.00 7.60 2,91 0.065 22.1 
93.75 3.65 6.23 0.067 22.7 


* The figures in this column were obtained by calculating the volume of 
solution in which 342 (the molecular weight) grams of sucrose would be dis- 
solved. 


In column 5 of the foregoing table a quantitative con- 
firmation, at least for fairly dilute solutions, of Van’t 
Hoff’s oversimplified though useful generalization 
shown by the constancy of the values of the product 
PV. The student will recall that the product of the 
pressure and the volume of a gas, at constant tempera- 
ture, is likewise constant (Boyle’s law). 

Van’t Hoff also deduced that the osmotic pressure 
must be proportional to the absolute temperature, just 
as in Charles’ law for gases, which deduction was con- 
firmed by the experiments of several workers. From 
this it follows that the equation PV = RT is valid for 
dilute solutions of non-electrolytes just as a similar 
equation is valid for gases. However, even as Boyle’s 
law does not apply to gases under high pressures and at 
high temperatures, so Van’t Hoff’s equation for osmotic 
pressure does not apply in concentrated solutions. 
Various explanations have been offered for these devia- 
tions but none of them are entirely adequate. For a 
more thorough discussion of osmotic pressure the stu- 
dent is referred to books on physical chemistry. 

Osmotic Pressure of Electrolytes—In discussing the 
generalizations concerning the osmotic pressure of 
solutions of non-electrolytes it was stated that the 
osmotic pressures of two solutions of the.same molal 
concentration are identical. This generalization, how- 
ever, cannot be made for solutions of electrolytes, 7. e., 
acids, alkalies, and salts. 

Van’t Hoff pointed out that the osmotic pressures of 
solutions of electrolytes, particularly of the extensively 
ionized group, are considerably greater than the osmotic 
pressures of solutions of non-electrolytes of identical 
concentration. This anomaly remained unexplained 
until 1887 when Svante August Arrhenius proposed a 
hypothesis to account for the abnormal osmotic pres- 
sures of solutions of electrolytes. Arrhenius advanced 
the theory that in aqueous solution, acids, bases, and 
salts may be considered to be dissociated or ionized into 
positively and negatively charged particles or ions and 
that the increased osmotic pressure of such solutions is 
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due to the increased number of particles formed in the 
process of ionization.» For example, sodium chloride is 
assumed to be ionized as follows: 


NaCl — Nat + Cl- 


It is evident that each molecule of sodium chloride that 
is ionized produces two ions and, if all of the molecules 
of sodium chloride are ionized, there will be twice as 
many particles as there were originally. Furthermore, 
if each ion has the same effect upon osmotic pressure as 
a molecule, it might be expected that the osmotic pres- 
sure of the solution would be twice that of a solution 
containing the same molal concentration of non-ionizing 
substance. An inspection of osmotic pressure data 
indicates that in dilute solutions of salts which yield 
two ions very nearly double the pressure is observed 
as in solutions of equivalent concentrations of solutes 
that do not ionize. 
For solutions which yield more than two ions, as for 

example, the following: : 


KeSO04 —> 2Kt + SO.4= 
FeClg > Fe*** + 3Cl-— 


it is to be expected that the complete dissociation of 
the molecules would give rise to osmotic pressures that 
are three and four times, respectively, the pressure of 
solutions containing an equivalent quantity of a non- 
ionized solute. Here again experimental evidence indi- 
cates that in dilute solutions at least, the osmotie 
pressures approach the predicted values. It should be 
emphasized, however, that in more concentrated solu- 
tions of electrolytes the deviations from this simple 
theory are considerable, due to interionic attraction, 
solvation, and other phenomena which are discussed in 
standard texts on physical chemistry such as Getman 
and Daniels, Outlines of Physical Chemistry, Glasstone, 
Text-Book of Physical Chemistry and others. 

Biological Aspects of Osmotic Pressure—Osmotic 
pressure experiments were made as early as 1884 by the 
Dutch botanist Hugo de Vries in his study of plasmoly- 
sis. This term is applied to the contraction of the con- 
tents of plant cells placed in solutions of comparatively 
high osmotic pressure. The phenomenon is caused by 
the osmosis of water through the nearly semipermeable 
membrane surrounding the protoplasm. If suitable 
cells, as, for example, the epidermal cells of the leaf of 
Tradescanta discolor are placed in a solution of higher 
osmotic pressure than that of the cell contents, water 
flows out of the cell which then contracts and draws 
away from the cell wall. On the other hand if the cells 
are placed in solutions of lower osmotic pressure, water 
enters the cell, producing an expansion which, however, 
is limited by the rigid cell wall. By immersing cells in 
a series of solutions of varying solute concentration, a 
solution may be found in which plasmolysis is barely 
detectable or is absent. The osmotic pressure of such 
a solution is then the same, or very nearly the same, as 
that of the cell contents and it is then said that the 
solution is zsotonic with the cell contents. Solutions 
possessing a greater osmotic pressure are said to be 
hypertonic and solutions of lower osmotic pressure are 
said to be hypotonic. 

Red blood cells or erythrocytes have been similarly 
studied by immersion into solutions of varying concen- 
tration of different solutes. When introduced into water 
or into sodium chloride solutions containing less than 
0.90 Gm. of solute per 100 ec., human erythrocytes 
swell, and often burst, because of the diffusion of water 


\ 
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into the cell and the fact that the cell wall is not suf- 
ficiently strong to resist the pressure. This phenomenon 
is referred to as hemolysis. If the cells are introduced 
into solutions containing more than 0.90 Gm. of sodium 
chloride per 100 cc., they lose water and shrink. By 
immersing the cells in a solution containing exactly 
0.90 Gm. of sodium chloride in 100 ce., no change in the 
size of the cells is observed and the solution is said to 
be zsotonic with human erythrocytes. For the reasons 
indicated it is desirable that solutions to be injected 
into the blood should be made isotonic with erythro- 
cytes. The manner in which this may be done is de- 
scribed in the Chapter on ‘‘Isotonic Solutions.” 


In using the term isotonic one should always indicate 
the fluid with which another solution is isotonic. For 
example, a solution containing 1.4 Gm. of sodium chlo- 
ride in 100 cc. is believed to be isotonic with lachrymal 
(tear) fluid, whereas one containing 0.9 Gm. in 100 ce. 
is isotonic with human blood. 


Vapor Pressure Lowering 


When evaporation of a solvent takes place in an open 
vessel, the molecules of liquid escape into the air and 
most of them diffuse away. However, if the solvent is 
kept in a closed vessel which is not entirely filled, the 
molecules which escape from the surface of the solvent 
travel through space until they strike a wall or other 
molecules and eventually penetrate the surface of the 
solvent again. This process of escaping and re-entering 
continues until equilibrium is established between the 
rate at which molecules leave the liquid and that at 
which they enter the liquid. The pressure of the mole- 
cules in the space above the liquid at equilibrium is re- 
ferred to as the vapor pressure of the liquid, and has a 
constant value at a given temperature (refer to Chapter 
X for additional information). 


If, now, any non-volatile solute is dissolved in the 
solvent, the escaping tendency of the solvent molecules 
is reduced and this in turn is evidenced by a decreased 
vapor pressure. Furthermore, the decrease in vapor 
pressure is proportional to the amount of dissolved sub- 
stance in solution. Another generalization that results 
from a study of the vapor pressure of solutions of non- 
electrolytes is that the relative lowering of the vapor 
pressure produced by solutions of the same molal con- 
centration of two different substances is the same. 


In the case of solutions of electrolytes it is found that 
the lowering of vapor pressure is abnormally great 
just as the osmotic pressures of solutions of electrolytes 
are abnormally high. Here again the deviations are 
explained on the assumption that ions, as well as mole- 
cules, lower vapor pressure. Indeed, there is such close 
correlation between the results of osmotic pressure and 
vapor pressure measurements that it is possible to de- 
ive the osmotic pressure of a solution if its vapor pres- 
sure is known and vice versa. 


Boiling Point Elevation 


In the preceding section it was shown that the vapor 
pressure of a solvent is lowered by dissolving a solute 
in it. The same effect would be observed if a solute 
were dissolved in a boiling solvent and inasmuch as the 
vapor pressure is decreased below that necessary to over- 
come atmospheric pressure (see page 100) it is obvious 
that the solution must be heated to a higher tempera- 

_ ture before the vapor pressure of the solution will again 
equal the external atmospheric pressure. 

An investigation of the boiling points of dilute solu- 


tions of various dilute solutions of non-electrolytes and 
electrolytes shows that the boiling-point increases are 
related to the vapor-pressure lowerings and to the os- 
motic pressures of the same solutions and that any one 
of these properties can be at least approximately pre- 
dicted from the others. 


Freezing-Point Depression 


The freezing point of a solvent is defined as the tem- 
perature at which the solid and liquid forms of the sol- 
vent coexist in equilibrium. Physical chemists state 
that at this temperature the solid and liquid forms of the 
solvent must have the same vapor pressure, for if this 
were not so the form having the higher vapor pressure 
would change into the state having the lower vapor 
pressure. If then a solute is added to a mixture of the 
solid and liquid forms of a solvent, the solution produced 
when the solute dissolves in the liquid solvent will have 
a lower vapor pressure than the solid solvent, and ac- 
cording to the principle stated above the solid solvent 
will melt. Therefore the solution must be cooled to a 
lower temperature in order that the vapor pressure of 
the solid solvent, which depends upon the temperature, 
will again be the same as that of the liquid solution. 
In other words, the freezing point of the solvent is 
lowered by dissolving a solute in it. Furthermore, in 
the case of dilute solutions the freezing point depression 
may be considered to be approximately proportional 
to the osmotic pressure, to the vapor pressure lowering, 
and to the boiling point elevation of the solution— 
provided that the molecular or ionic state of both the 
solute and solvent may be considered to remain con- 
stant at the different temperatures at which the several 
colligative properties are measured. 


Practical Applications of Colligative Properties 


One of the most important pharmaceutical applica- 
tions of the colligative properties lies in the preparation 
of isotonic intravenous and isotonic lachrymal solutions, 
the details of which will be discussed in the next Chap- 
ter. 

Other applications of the colligative properties are 
found in experimental physiology. One such applica- 
tion is in the immersion of tissues in salt solutions hav- 
ing the same osmotic pressure as the fluids of the tissue, 
in order to prevent changes or injuries that may arise 
from osmosis. 

The colligative properties of solutions may also be 
used in determining the molecular weight of solutes, or 
in the case of electrolytes, the extent of ionization. The 
method for the determination of the molecular weight 
depends upon the fact that each of the colligative prop- 
erties is altered by a constant value when a definite 
number of molecules of solute is added to a solvent. 
For example, in dilute solutions the freezing point of 
water is lowered in the proportion of 1.855° C. for each 
gram-molecular weight of a non-electrolyte dissolved in 
1000 Gm. of water.! To find the molecular weight of a 
non-electrolyte, therefore, all that is necessary is to 
determine the freezing point of an aqueous solution of 
known concentration of the non-electrolyte, and, by 
proportion, to calculate the quantity that would produce 
a depression of 1.855° C. when 1000 Gm. of water is 
used as solvent. If the substance is insoluble in water, 
it may be dissolved in another solvent, in which case, 
however, the freezing-point depression of a solution 
containing a gram-molecular weight of the solute in 
1000 Gm. of solvent will be some value other than 


1.855° C. In the case of benzene, for example, this 
value is 5.12° C., that for carbon tetrachloride is 
2.98° C., and for phenol it is 7.27° C. 

Similarly the boiling point elevation may be used for 
determining molecular weights. The boiling point of 
water is raised in the proportion of 0.52° C. for each 
gram-molecular weight of solute dissolved in 1000 Gm. 
of water,! the corresponding values for benzene, carbon 


1 These constants apply only to solutions that are considerably more dilute 
than one molal; a substantial deviation would be observed if a one molal 


solution were to be used. 


154 COLLIGATIVE PROPERTIES OF SOLUTIONS 


tetrachloride, ‘and phenol being 2.57°, 4.88°, and 3.60° 
respectively. ‘The observation of vapor-pressure lower- 
ing and osmotic pressure may likewise be used to caleu- 
late molecular weights. 


To determine the extent to which an electrolyte is 
ionized it is necessary to know its molecular weight, as 
determined by some other method, and then to measure 
one of the four colligative properties. The deviation 
of the results from similar values for non-electrolytes is 
then used in calculating the extent of ionization. 


CHAPTER XVIII 


ISOTONIC SOLUTIONS 


Definition—desirability of isotonic solutions—choice of colligative property for determining tonicity—adjusting substances— 
procedures for preparation of isotonic solutions—calculations based on known freezing-point depressions—table of depressions— 
calculations using ionization percentages 


A SOLUTION is said to be isotonic with another solu- 
tion when it has the same colligative properties as that 
solution. 

A knowledge of colligative properties of solutions, as 
outlined in the previous chapter, is essential for one to 
understand fully the principles involved in rendering 
intravenous solutions isotonic with blood sera; or 
ophthalmic solutions isotonic with lachrymal fluid. 
Solutions thus adjusted lack much of the irritation and 
shock that characterize those which are hypotonic or 
hypertonic, and present-day practice recognizes the 
desirability of making the necessary adjustments 
wherever possible. 

Inasmuch as the problem resolves itself into an adjust- 
ment of the osmotic pressure of the solution to be in- 
jected into the vein or instilled into the eye, it would 
appear that some convenient method of measuring 
osmotic pressure would be desirable for routine use in 
preparing isotonic solutions. However, osmotic pres- 
sure measurements are made only with comparatively 
great difficulty and, as a rule, are not as accurate as 
measurements of the other colligative properties of solu- 
tions which, we have previously found, can be used in 
predicting the value of the osmotic pressure. Deter- 
minations of vapor-pressure lowering are also impracti- 
cal because of the elaborate apparatus required. The 
boiling-point elevation may be determined but the 
readings are influenced by changes in barometric pres- 
sure and, in the case of water, which is always used in 
preparing solutions for injection, the elevation is ap- 
proximately only one-third as great as the freezing- 
point depression, thus not lending itself to as great accu- 
racy as the latter. Accordingly, of the four related 
properties of solutions, the freezing-point depression, 
which is quite readily measured, is most frequently 
used in determining the tonicity of a solution. 

From many investigations it has been found that the 
freezing point of normal, healthy human blood is ap- 
proximately —0.56° C.! Inasmuch as water is the me- 
dium in which the various constituents of blood are 
either suspended or dissolved, it is evident that any 
aqueous solution freezing at —0.56° C. is zsotonic with 
blood. Now it is only rarely that a solution to be in- 
jected intravenously has a freezing point of —0.56° C. 
and for the purpose of adjusting the freezing point to 
this figure it is necessary either to add some other 
therapeutically inactive solute if the solution is hypo- 
tonic (freezing point above —0.56° C.) or to dilute the 
solution if it is hypertonic (freezing point below —0.56° 
C.). In practice, sodium chloride or dextrose is usually 
added to adjust hypotonic intravenous solutions to iso- 
tonicity. Boric acid should never be used for this 
purpose since it causes hemolysis of red blood cells in 
almost any concentration. Ammonium chloride and 
carbitol also produce hemolysis in almost any concentra- 
tion, while urea, glycerin, propylene glycol, .and diethy- 
lene glycol produce hemolysis in isotonic concentration. 
“7 See footnote on page 158. 3 


In asimilar manner solutions intended for ophthalmic 
use may be adjusted to have a freezing point identical 
with that of lachrymal fluid, namely, —0.80° C.!_ Eye 
solutions with higher freezing points are usually made 
isotonic by the addition of boric acid or sodium chlo- 
ride. 

In laboratories where the necessary equipment is 
available, the method usually followed for adjusting 
hypotonic solutions is to determine the freezing- 
point depression produced by the ingredients of a given 
prescription or formula, and then to add a quantity of 
a suitable salt which is calculated to lower the freezing- 
point to —0.56° C. for intravenous solutions or to 
—0.80° C. for ophthalmic solutions. A final determina- 
tion of the freezing-point depression may be made to 
verify the accuracy of the calculation. If the solution 
is hypertonic, it must be diluted if an isotonic solution 
is to be prepared, but it must be remembered that some 
solutions cannot be diluted or their specific therapeutic 
activity will be destroyed. A typical example is found 
in the case of a number of solutions used for treating 
varicose veins, where a high concentration of the sub- 
stance is required to make the solution effective. Dilu- 
tion to isotonic concentration in those cases might actu- 
ally be fatal. 

In the prescription laboratory where the above equip- 
ment is not as a rule available, it is possible to calculate 
approximately the freezing-point depression of the 
ingredients of a given formula and then to calculate 
the quantity of adjusting salt that must be added to 
produce the desired freezing point. If one is familiar 
with the various concepts and laws of physical chem- 
istry as they relate more particularly to the colligative 
properties of solutions, Raoult’s law is recalled 


mM Co, : 
Meetig = Kpe 


where 7; is the partial vapor pressure of one component 
of a liquid mixture, p? is the vapor pressure of the 
pure substance, and ,/(n1 + ne) is the mole fraction of 
this component. From this equation is derived the fol- 
lowing equation which is used in calculating freezing- 
point depressions: 


1 ih 


AT; = Kym 


where AT’, is the freezing-point depression noted in a 
solution of molality m and K;is the molecular depression 
constant for the given solvent used. For water Ky; is 
1.855°. 

Also the 7 (isotonic coefficient) of DeVries, frequently 
referred to as the van’t Hoff Coefficient, and “other 
related formulas, will come to mind as useful in solving 
the problems encountered in preparing isotonic solu- 
tions. Reference to the literature, both current and 
past, will include discussions on this general subject and 
the presentation of formulas, equations, and. sodium 
chloride factors for solving prescription counter prob- 
lems on isotonicity. Many of the proposed niethods 
compare favorably one with the other, and it will be 
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noted that in most cases results are obtained which 
closely approximate the true values sought, all possibly 
within what might be considered a favorable range. 
It would appear, however, that in many cases further 
adjustments might readily be made which would lead 
to greater accuracy. Reference to textbooks on physi- 
cal chemistry are recommended for those who wish to 
review the fundamentals involved, and considerable 
satisfaction will be had in obtaining this basic informa- 
tion if one is going to make a concerted effort to deal 
in isotonic preparations. From the literature stand- 
point reference to “A Study of Isotonic Solutions” by 
Husa and Rossi, J. A. Ph. A., Se. Hd., 31, 270 (1942), 
will provide a satisfactory brief synopsis of the numerous 
methods which have been used in preparing isotonic 
solutions, and a valuable bibliography is given which 
will be of interest to one who wishes to read further 
on the subject. A more recent paper offers a graphical 
method which may also be of interest. See ‘Critical 
Graphical Methods for Calculating Isotonic Concentra- 
tions and Freezing Points of Aqueous Solutions,” by 
Goyan, Enright, and Wells, J. A. Ph. A., Sc. Ed., 33, 
74 (1944). 


Calculations Based on Freezing Points 


Fortunately, there has been sufficient interest shown 
in the question of isotonic preparations for both paren- 
teral and eye solution use, to build up considerable in- 
formation which now greatly simplifies the task of solv- 
ing individual problems. The accompanying table 
showing the freezing-point depression of solutions of 
various substances provides the necessary basic in- 
formation for most of the substances which are required 
for this work today. The following discussion and pro- 
cedure for making use of the given facts are presented 
in a manner which has been found most helpful, not 
only in solving a problem in which a specific formula or 
equation might be presented, but in offering a better 
understanding of the fundamentals involved and permit- 
ting an approach with logic and reason. 


It will be noted that freezing points are generally 
given in the table for 1 per cent solutions, and in many 
instances additional figures are provided for solutions 
of other concentrations, usually those representing 
isotonicity with either blood serum or with lachrymal 
fluid, as indicated by freezing points of —0.56° and 
—0.80° C., respectively. Consequently, with such 
figures available it is a simple matter to prepare or to 
adjust solutions to approximate isotonicity. If the 
required concentration is not specifically listed in the 
table, it may be determined with sufficient accuracy by 
simple proportion using, as the basis for calculation, 
that figure which most nearly produces an isotonic solu- 
tion, since the depression of the freezing point of a 
solution of an electrolyte is not absolutely proportional 
to the concentration but varies according to dilution. 
For example, a solution containing 1 Gm. of Mercury 
Succinimide in 100 cc. has a freezing-point depression 
of 0.041° C. whereas a solution containing 2 Gm. of the 
same salt in 100 cc. has a freezing-point depression of 
0.11° C., not 0.082° C. (2 & 0.041). This is due to the 
fact that salts dissociate more completely in weaker so- 
lutions. Absolute freezing points of —0.56° or —0.80° 
C. are not essential to prepare satisfactory intravenous 
and lachrymal solutions, and the resulting freezing 
point will not be sufficiently removed from the theoreti- 
cal to make any noticeable difference in the final prepa- 
ration. When one considers the years during which 


a solution containing 0.85 per cent of sodium chloride 
was used as an isotonic solution and then was changed 
to 0.90 per cent without any observable variation in 
effect, it is easy to appreciate that minor differences are 
not of great concern. Actually, the former solution had 
a freezing point of about 0.53° C. as compared to the 
latter of about 0.56° C. Nevertheless, the desired freez- 
ing point should be approached as closely as possible 
within reasonable means. 

Thus the quantity of sodium chloride required to 
render 100 ce. of a 2 per cent solution of procaine hydro- 
chloride isotonic with blood serum would be determined 
as follows: Reference to the table indicates that the 2 
per cent procaine solution provides for —0.25° of the 
necessary —0.56° C. required for an isotonic solution, 
thus leaving —0.31° to be supplied by the sodium 
chloride. Again referring to the table, a freezing point 
of —0.56° C. is found to be provided by a 0.9 per cent 
solution of sodium chloride and by simple proportion a_ 
freezing point of —0.81° C. would be provided by a 0.5 
per cent solution. Therefore if 0.5 Gm. of sodium chlo- 
ride and 2 Gm. of procaine hydrochloride are dissolved 
in sufficient water to make 100 cc., the resulting solution 
will be isotonic with blood sera. 

Likewise, to render a 1 per cent solution of sodium 
chloride isotonic with lachrymal fluid by the addition 
of boric acid, one would proceed as follows: 


Freezing point of lachrymal fluid.............. —0.80°C 
Freezing point of the 1 per cent solution of sodium 

Chlorides. Metcmusmeneycact de tee nents Gen eee ae —0.58°C 
Freezing point to be supplied by boric acid..... —0.22°C 
Freezing point of a 1 per cent solution of boric 

BOI 5 Wes kati dew Ane On eran Teer —0,25° C, 
Therefore 

0.25:1::0.22:x 
0.25X = 0.22. 
X = 0.88 per cent of bori¢ acid required for use with 1 


per cert of sodium chloride to produce a 
solution which will be isotonic with lachry- 
mal fluid. 


Similarly, should a solution contain more than one 
ingredient, the sum of the respective freezing points 
of each ingredient would be determined and the differ- 
ence between this sum and the required freezing point 
would represent the freezing point to be supplied by 
the added substance. 


The preceding type of problem can be expressed in 
simplified equation forms for blood and collyria as 
follows: 


For blood 


Rony CL ADS 


For collyria 


X= (0.80 — a) Xc 
b 

X = Gm. of adjusting substance required for each 100 ee. of 
solution. ; 

0.56 = Freezing-point depression of blood serum. 

0.80 = Freezing-point depression of lachrymal fluid. — 

a = Freezing-point depression of given ingredients in 100 
cc. of solution. 

b = Freezing-point depression of c Gm. of adjusting sub- 
stance per 100 ce. | 

c = Gm. of adjusting substance per 100 ce., producing b 
freezing-point depression. , 
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FREEZING-POINT DEPRESSIONS FOR AQUEOUS SOLUTIONS 
(For the preparation of Isotonic Solutions) 


Freezing 
Concentration, Point 
Grams per Depression, 
Solute 100 Cc. Ce 
Alum (Potassium) 1.0 0.10 
Antipyrine 1.0 0.10 
Antipyrine 155-10) 0.44 
Atropine Sulfate 1.0 0.074 
Bismuth Potassium Tartrate 1.0 0.035 
Boric Acid 1.0 0.25 
Boric Acid 9 0.56 
Borie Acid Boil 0.80 
Caffeine with Sodium Benzoate 1.0 0.13 
Calcium Chloride, Anhydrous 1.18 0.56 
Calcium Gluconate 1.0 0.09 
Calcium Lactate 4,32 0.56 
Chlorobutanol 0.5 0.07 
Cocaine Hydrochloride 0) OM 
Cocaine Hydrochloride 3.0 0.35 
Cocaine Hydrochloride 6.0 0.56 
Cupric Sulfate OnE 9.01 
Cupric Sulfate 0.5 0.05 
Dextrose, Anhydrous iL) 0.10 
Dextrose, Anhydrous 5.0 0.56 
Emetine Hydrochloride 1.0 0.088 
Emetine Hydrochloride 3.0 0.24 
Emetine Hydrochloride 0) 0.34 
Ephedrine Hydrochloride 1.0 0.16 
Ephedrine Sulfate 1.0 0.085 
Epinephrine Hydrochloride Solution 0.1 (Base) 0.60 
Ethylmorphine Hydrochloride 1.0 0.09 
Homatropine Hydrobromide 0.25 0.03 
Iodine and Potassium Iodide 0.31 1 
0.5 KI 0.10 
Iodophthalein Soluble 1) 0.07 
Iron and Ammonium Citrates, Green 0 0.13 
Lactose 1.0 0.07 
Lactose 9.4 0.56 
Magnesium Chloride te) 0.25 
Magnesium Sulfate 1.0 0.08 
Magnesium Sulfate 6.6 0.56 
Mercuric Cyanide 1.0 0.08 
Mercuric Succinimide 1.0 0.041 
Mercurie Succinimide 2.0 0.11 
Methenamine 1.0 0.14 
Morphine Hydrochloride 1.0 0.096 
Morphine Hydrochloride 2.0 0.185 
Morphine Hydrochloride 3)0) 0.273 
Phenobarbital, Soluble 210) 0.16 
Phenol 2.94 0.56 
Physostigmine Salicylate OFS 0.07 
Pilocarpine Hydrochloride 33(0) 0.42 
Potassium Chloride lO) 0.49 
Potassium Chloride 15a) 0.56 
Potassium Chloride ILS 770 0.80 
Potassium Citrate 1.0 0.182 
Potassium Citrate 3.0 0.51 
Potassium Iodide LO, 0.22 
Potassium Sulfate Pye atal 0.56 
Potassium Sulfate one 0.80 
Procaine Hydrochloride il) 0.14 
Procaine Hydrochloride 2.0 0.25 
Procaine Hydrochloride 520) 0.56 
Procaine Hydrochloride iL-(0) 
and Epinephrine Hydrochloride 
Solution (5.0 ce.) 0.19 
Procaine Hydrochloride 2.0 
and Epinephrine Hydrochloride 
Solution (5.0 ec.) 29 
Quinine and Urea Hydrochloride 0) 15 
Quinine and Urea Hydrochloride 0 62 
Quinine Dihydrochloride 0 126 
Quinine Hydrochloride 0 09 


Silver Nitrate 
Silver Nitrate 
Silver Nitrate 
Silver Nitrate 
Silver Nitrate 
Sodium Benzoate 
Sodium Benzoate 
Sodium Bicarbonate 
Sodium Bicarbonate 
Sodium Bicarbonate 
Sodium Biphosphate 
Sodium Borate 
Sodium Borate 
Sodium Borate 

- Sodium Cacodylate 
Sodium Carbonate, Anhydrous 
Sodium Chloride 
Sodium Chloride 
Sodium Chloride 


ive) 
is 
(=) 


PNR HOOP BNE RENEE NHENNHOORHaH 
SCMNCHROOHOMMOOCORONOCCOOMH 


Sodium Citrate 185 
Sodium Citrate " a 


: Sodium Iodide 


Sodium Iodide 2.5 0.56 
Sodium Iodide 3.58 0.80 
Sodium Nitrate 1.0 0.40 
Sodium Nitrate 1.4 0.56 
Sodium Nitrate 2.0 0.80 
Sodium Phosphate, Acid 2.64 0.56 
Sodium Phosphate Crystals 4.53 0.56 
Sodium Salicylate 1.0 0.22 
Sodium Salicylate 2.4 0.56 
Sodium Sulfate, Anhydrous 1.0 0.32 
Sodium Sulfate, 10H 20 Le) 0.15 
Sodium Sulfate, 10H2O 4.07 0.56 
Sodium Sulfate, 10H 20 6.0 0.80 
Sodium Thiosulfate (56H 20) 1.0 0.18 
Strong Protein Silver 10.0 0.18 
Sucrose 10 0.054 
Sucrose 10.0 0.56 
Sucrose 15.0 0.80 
Sulfanilamide O25 0.02 
Urea 1.0 Ove 
Urea 1.8 0.56 
Zine Sulfate 0.1 0.015 
Zine Sulfate 025 0.07 
Additional Solution 

Gifford’s Basic Acid Buffer Solution ; 

for Collyria 0.74 


Calculations Using Ionization Percentages—Approxi- 
mately isotonic solutions may also be prepared by the 
use of ionization figures and the basis for such calcula- 
tions enables one to visualize the mechanism by which 
the freezing points, as well as osmotic pressures, etc., of 
different solutions vary one from the other. 

When a gram-molecular weight of a non-electrolyte 
is dissolved in 1000 Gm. of water (molal solution) the 
freezing point of the water is lowered 1.855° C. (approx. 
1.86°), and weaker or stronger solutions lower the 
freezing point essentially in direct ratio to the above. 
Since the lowering of the freezing point of a solution is 
dependent upon the total number of particles (mole- 
cules or ions) (see the chapter on ‘Osmotic Pressure’’) 
it is obvious that an electrolyte will lower the freezing 
point of water in proportion to the number of particles 
present. On this basis, a substance which ionizes! into 
two ions, if completely ionized, would have twice the 
number of particles present and, therefore, would lower 
the freezing point of water twice as mueh as would a 
non-electrolyte, namely, 2 X 1.86°C., or 3.72° C., for a 
molal solution. 

Likewise, if such a substance is 60 per cent ionized, a 
molal solution of it will lower the freezing point 1.6 X 
1.86° or 2.98° C., and 85 per cent ionization would give 
a lowering of 3.44° C. Thus it will be observed that in 
the case of electrolytes which ionize into 2 ions, the 
factor is obtained by multiplying the ionization per- 
centage by 1 and adding 100. In the case of substances 
which ionize into three ions the factor is obtained by 
multiplying the ionization percentage by 2 and adding 
100. The explanation of this may be observed from 
the following. If it is assumed that a 2-ion electrolyte, 
such as sodium chloride, ionizes only 60 per cent, there 
remain 40 particles of non-ionized NaCl, while the 60 
per cent which ionizes produces 60 ions (or particles) of 
Na and 60 ions of Cl. Thus, from 100 particles before 
ionization, there is produced a total of 160 particles or 
1.6 times as many as were originally present: 


NaCl = Nat + ClI- 
100 NaCl (60 per cent ionized) will produce 60 a au 
60 Cl- 
40 NaCl 


Total 160 particles 


1 According to older theories concerning ionization, it is believed that salts 
are incompletely ionized in solution. Recent developments i in physical chem- 
istry would indicate that nearly all salts are 100 per cent ionized and that any 
apparent deviation occurs because of attractive forces between the ions. In 
order to simplify this discussion, references to ions and ionization will be made 
in the light of older theories. Such treatment will not materially change the 
methods of adjusting tonicity as herein presented. 
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For a substance like potassium sulfate, three ions are 
formed upon ionization, and 60 per cent ionization 
would produce 2 sets of 60 ions each of K, and 60 sulfate 
ions, together with 40 units of K2S80,4 which would still 
be present as non-ionized material: 


KeSO4 = 2K* + SO4- 


100 K2SO, (60 per cent ionized) willproduce 2X 60 Kt 
60 SO4" 
40 KeSO4 


Total 220 particles 


Factors for substances which ionize into 4 and 5 ions are 
obtained by multiplying the ionization percentage by 
3 and 4, respectively, and adding 100. 

From a study of the freezing points of solutions taken 
at the approximate concentration required for isotonicity 
with blood serum the following table of ionization per- 
centages has been obtained: 


TABLE OF APPROYIMATE PERCENTAGES OF IONIZATION 
OF*ISOTONIC SOLUTIONS 


2Ions 3Ions 4Ions 5 Ions 


Carbonatés a5. eaten fe . 80 Fe 
Ghloridesixo.0.5 ec. tive pays 93 86 78 
Todides). «4 cites bio stop 96 an ed 
Nitrates.) -cccheeieneiteie 91 84 83 se 
Sullates) are eette emir 59 78 at, 43 


From these percentage figures it will be observed that 
an approximately isotonic solution of sodium chloride 
appears to ionize about 93 per cent, and based upon 
this figure, a molal solution would lower the freezing 
point of water 1.93 X 1.86 or 3.59° C. It is now. a 
simple matter to calculate freezing-point depressions 
and, in turn, to construct formulas for isotonic solutions 
of salts of the above nature. The following problems 
illustrate the method. 


1. How much sodium chloride is required to make a solution 
which will be isotonic with blood serum? 


NaCl ionizes 93 per cent and therefore its factor be- 


COMES jiuess, CAE Ry es see i erate ie tac 1.93 
A molal solution of a non-ionizing solute lowers the 
freezing poMb OL Waele se ek etaae erie nian iletelay> (Op 
*. A molal NaCl solution (58.5 Gm. + 1000 Gm. 
H20) lowers the freezing point 1.93  1.86..... 3.59° C. 


And it follows 
3.509308.02 705 008% 


3.59X = 32.76 
X = 9.1 Gm. of NaCl to be added to 1000 Gm. of water 
to prepare a solution isotonic with blood serum. 


2. How much sodium chloride must be added to a | per cent 
dextrose solution to make it isotonic with blood serum? 


Mol. wt. anhydrous dextrose......... Mga wee LOU, 
Dextrose is non-ionized in solution. 
“. 180 Gm. + 1000 Gm. H20 (molal solution) lowers 

the freezing point (F. P.) of water............. 1.86° C, 
And it follows that 


Freezing- 
Gm. Point Gm. Dextrose 
Dextrose Lowering (1% Solution) 
180 : 1.86 ets 10 ane, 


no = 18.6 
= 0.103° Depression of freezing point (D. F. P.) 
caused by the 1 per cent dextrose solution. 


And since K.P; of blood serum eerie —0.56°C 
And F. P. of 1 per cent dextrose solution....... —0.10° C 
. F. P. to be supplied by sodium chloride..... —0.46° C,: 
And using the figure obtained in the previous problem 
Gm. NaCl + Gm, NaCl 
Din. 1000 Gm, of required 
mola] solution water Dyn enleg for 1000 Gm. 
of NaCl (mola] solution) desired of water 
Sal) OF Gafsh sai C pony, ite OAC Ge : X 


— 4 
X = 7.5 Gm. of sodium chloride to be used with 10 Gm. 
of dextrose and 1000 Gm. of water to make a 
solution isotonic with blood serum. 


Note—The figures —0.56° C. and —0.80° C. have generally been accepted 
as representing the freezing points for blood serum and lachrymal fluid, re- 
spectively. In a recent publication of the Danish Pharmacopeia Commis- 
sion, he Preparation of Solutions Isoosmotic with Blood, Tears, and Tissue, 
by Lund, Nielsen and Pedersen-Bjergaard (Einar Munksgaard, Publisher, 
Copenhagen) some new figures are presented, which, if accepted, may 
materially change our concepts concerning this subject. 

The authors agree that blood serum is isoosmotic with a 0.9 per cent solu- 
tion of sodium chloride, but they use a correction factor which makes allow- 
ance for disengaged ice which is initially formed in recat ro) determina- 
tions. Accordingly, they accept —0.52° C. as the true freezing point of 
blood serum and of a 0.9 per cent sodium chloride solution. This, however, 
does not necessarily change the relationship of freezing points as generally 
observed when compared to the blood serum freezing point of —0.56° C., 
when both are determined by the same procedure. 

In the case of lachrymal fluid, however, attention is called to the work of 
Krogh, Lund, and Pedersen-Bjergaard, ‘‘The Osmotic Concentration of 
Human Lachrymal Fluid,”’ Acta Physiologica Scandinavica 10, 88 (1945), in 
which they show that lachrymal fluid has the same osmotic pressure as blood, 
corresponding to a 0.9 per cent solution of sodium chloride. If this finding 
is accepted it will materially change the general concept that tear fluid has 
a freezing point of —0.80° C., equivalent to a much stronger sodium chloride 
solution than for blood serum, and —0.56° C. (or possibly —0.52° C.) will 
need to be substituted for —0.80° C. for calculating the proper concentration 
of substances for use in preparing isotonic eye washes. 
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CHAPTER XIX 


HYDROGEN ION CONCENTRATION AND pH 


I onization—strong, weak, or non-electrolytes—conductivity—strong and weak acids and bases—hydrogen and hydroxyl ion concen- 
tration—pH—determination of pH—indicator solutions—buffer solutions—applications of pH measurements 


Arrhenius’ Theory of lonization—In connection with 
the abnormal effect of acids, bases, and salts upon the 
colligative properties of solutions it was pointed out by 
Svante August Arrhenius that such substances, in 
aqueous solution, are good conductors of electricity, 
whereas substances which behave normally are non- 
conductors or at most very poor conductors. To sub- 
stances which, in aqueous solution, conduct electricity 
the name electrolyte has been given, whereas non- 
conductors are referred to as non-electrolytes. 

In explanation of the mechanism whereby certain 
substances conduct the electrical current, Arrhenius, 
in his theory of ionization propounded in 1887, postu- 
lated the formation of electrically charged particles 
called cons which are capable of independent existence 
in solution and which possess specific properties. 
Further, in order that a solution of an electrolyte shall 
be electrically neutral as a whole, the existence of two 
types of ions, the one charged positively and the other 
charged negatively, was assumed. The _ positively 
charged ion has been designated the cation or cathion, 
because it has been demonstrated that it migrates to 
the cathode or negative pole when a current of electric- 
ity is passed through a solution of an _ electrolyte. 
Simultaneously, the negatively charged ion migrates to 
the anode or positive pole and it has therefore been 
designated anion. The manner in which electrolytes 
ionize may be conventionally illustrated by the follow- 
ing examples: 

NaCl = Nat + Cl- 

CaSO, = Catt + SO4= 
AIClg = Altt+ + 3Cl- 

AsoSg = DART: + 35= 

HC =H “FE Cl> 

HC2H302 es lal + CeH302- 

In the above examples it should be emphasized that 
the electrical charges on the cations and anions may 
vary. However, in all cases, the product of the number 
of positive charges on a cation and the number of cations 
is equal to the product of the number of negative charges 
on the anion and the number of anions. In other words, 
_ although there are both positively and negatively 

charged particles in a solution, the latter is electrically 
neutral as a whole. 

Strong and Weak Electrolytes—Depending upon 
their ability to conduct the electrical current, electro- 
lytes are further classified into strong and weak electro- 
lytes. A strong electrolyte, according to the theory of 
ionization, is assumed to be practically completely 

broken up into ions, whereas a weak electrolyte ionizes 
to a lesser extent. The line of division between these 
- classes is not sharp but, in general, practically all salts 
and most inorganic ‘acids and bases, as, for example, 
H.S0.,, HNOs, HCl, NaOH, KOH, Ba(OH)e, and 
©a(OH)., are strong electrolytes, while most organic 
acids and bases are weak electrolytes. In the latter 
class are also included a few salts, notably those of 
mercury, and such inorganic acids as HeCOs, H3PO,, 

H;BOs, and H.S, as well as the base NH,OH. 
A distinction between strong and weak electrolytes 


becomes evident when one determines the electrical 
conductivity of known concentrations of various elec- 
trolytes. The determination is carried out by measur- 
ing the electrical resistance, by means of a Wheatstone 
bridge apparatus, of the solution to be tested which is 
placed in a cell containing two electrodes, the result of 
the measurement being calculated to the reciprocal of 
the resistance which is referred to as the conductivity 
of the solution. A typical apparatus for the measure- 
ment of conductivity, as manufactured by the Leeds 
and Northrup Co., is shown in Fig. 239. 


Fig. 239—Apparatus for measuring conductivity. 


Inasmuch as the conductivity varies directly with the 
concentration of electrolyte and with the size of the 
electrodes and inversely as the distance between the 
latter, it must be expressed in terms of the “equivalent 
conductivity.’ This is defined as the conductivity, in 
reciprocal ohms, of a solution which contains 1 gram 
equivalent (gram-molecular weight divided by the 
hydrogen equivalent) of the solute when placed between 
electrodes of indefinite size but 1 centimeter apart. 
The results so obtained may then be used for a com- 
parison of the conductivity of various electrolytes. A 
table listing the conductivity of solutions of various 
concentrations of the strong electrolytes, potassium 
chloride and sodium nitrate, and the weak electrolyte, 
acetic acid, is given. 


EQUIVALENT CONDUCTIVITIES AT 18° C. 


Gram Equivalents 


per Liter KCl NaNOg HCoH302 
1 98.3 65.9 1.83 
Onn P20 87.2 4.6 
0.01 122.4 98.2 14.3 
0.001 127.3 102.8 41.0 
0.0001 129.1 104.5 107.0 
130.1 105.3 350.0 


Infinitely dilute 


From a study of the above figures it is evident that 
the equivalent conductivities increase with increased 
dilution, but that the increase in the case of strong elec- 
trolytes is not nearly so great as for weak electrolytes, 
This is interpreted to mean that strong electrolytes, 
being extensively ionized at all concentrations, cannot 
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ionize much more upon dilution,! whereas weak electro- 
lytes, which are but slightly ionized in not too dilute 
solutions, dissociate to a much greater extent as the 
solution is diluted. In studying the data given in the 
foregoing table, the student should keep in mind that 
whereas the number of ions decreases upon dilution the 
percentage of molecules ionized increases. It is for the 
purpose of emphasizing this fact that equivalent con- 
ductivities are used. 

Another point of difference between strong and weak 
electrolytes becomes evident when one attempts to ap- 
ply the law of mass action to the ionization of the. two 
classes of substances. Applying this law to the hypo- 
thetical acid HA which dissociates or ionizes as follows: 


HA @ Ht + A~ 
the following relationship should hold true 


[H*J[A7] 
HA] ~ 


Expressed in words, this relationship states that the 
product of the concentration of hydrogen ion (concen- 
trations being indicated by brackets) and of anion, 
divided by the concentration of the un-ionized or molec- 
ular acid, is equal to a constant, known as the dissocza- 
tion or ionization constant of the acid. -This constant 
has different values at different temperatures, hence the 
temperature should be specified. Imasmuch as the 
concentration of hydrogen ion in an aqueous solution 
of the acid is the same as the concentration of the anion, 
the expression may be simplified to 


= a constant (1) 


{H*]? 
[HA] 


Now, if the hydrogen ion concentration of the solution 
is determined, either from measurements of the equiva- 
lent conductivity or by the colorimetric or electrometric 
method to be described later, and the concentration of 
un-ionized acid calculated by subtracting the hydrogen 
ion concentration (which is the concentration of the 
ionized portion) from the total acid present (which 
may be determined by chemical analysis), this equation 
may be tested for its validity. 

The substitution of appropriate values for strong and 
for weak electrolytes reveals that the law of mass action 
is applicable to the ionization of the latter in nearly all 
dilutions, but that it is entirely invalid for strong elec- 
trolytes. The application of the law of mass action 
to this type of equilibrium was first made by Wilhelm 
Ostwald in 1888, in whose honor the term Ostwald 
Dilution Law is frequently attached to a slightly differ- 
ent form of Equation 2. 

Of the various attempts that have been made to ex- 
plain this anomaly of strong electrolytes the theory of 
Debye and Hiickel, advanced in 1923, appears to pro- 
vide the most logical explanation. For details of this 
theory the reader is referred to any textbook on physi- 
eal chemistry. 

The Strength of Acids and Bases—An acid has been 
defined as a substance that produces hydrogen ions 
(H*) in aqueous solutions. A base, on the other hand, 
is a substance that gives rise to hydroxyl ions (OH) in 
aqueous solutions. For the purpose of the present dis- 


= a constant (2) 


1 Evidence now available lends support to the theory, accepted by many 
chemists, that strong electrolytes are practically completely ionized at all 
concentrations and that apparent differences in ionization are to be attrib- 
uted to interionic attraction. In concentrated solutions, because there are 
more ions present per unit of volume, the attraction is greater than in 
dilute solutions, with the result that the activity, rather than the concentra- 
tion, of the ions is decreased. 

2 According to modern theory it is believed that the naainowenn ion, which 
consists of a proton, becomes attached to a molecule of water to form one 
hydronium or oxonium ion, H3g0+. ; wid 


cussion these classical definitions of an acid and a base 
will be retained, although mention must be made of 
the fact that, as a result of the study of acidic and basic 
strength in solvents other than water, it appears that 
these definitions are only specific examples of much 
broader concepts of acids and bases. 

Acids and bases may be further classified into strong 
and weak acids and strong and weak bases according 
as they are extensively or slightly ionized in aqueous 
solutions. If, for example, normal solutions of hydro- 
chloric acid and acetic acid are compared, it is found 
that the former is a better conductor of electricity, 
reacts much more readily with metals, catalyzes certain 
reactions more efficiently, and possesses a more acid 
taste than the latter. However, both solutions will 
neutralize identical quantities of alkali. A similar 
comparison between normal solutions of sodium hydrox- 
ide and ammonium hydroxide likewise reveals that the 
former is more “active” than the latter although both 
solutions will neutralize identical quantities of acid. : 

The differences in the properties of the two acids is 
attributed to the differences in concentration of hydro- 
gen ion, the hydrochloric acid being ionized to a greater 
extent and therefore containing a higher concentration 
of hydrogen ion than acetic acid. Similarly, the differ- 
ences in the properties of sodium hydroxide and am- 
monium hydroxide are attributed to the higher hydroxy] 
ion concentration in the former. 


DISSOCIATION CONSTANTS (25° C.) 


Substance Formula K 
Weak Acids 
Acetic HC2H302 WetsKan ye WO ig’ 
Arsenious HgAsOg EO) BK MO 
Barbituric C4H403N 6.6 X 1075 
Benzoic HC7H502 6.6 <0) 
Boric H3BO3 6.4 X 10710 
Hydroeyanic HCN oie <a Oo 
Lactic HC3H503 W538) LO ss 
Nitrous HNOs 4.0 X 10-4 
Phenol CgH50H on Ge Ome 
Picric CgH30,N3 tt Ome ol Ome dse C.) 
Salicylic HC 7H503 1,06 * 10710 
Trichloroacetic HC20o2Clg 20% Xe Ome 
Weak Bases* 

Acetanilid CgH9ON 4.1 X 1074 (40° C,) 
Ammonium Hydroxide NH,40H Sane er Ola 
Caffeine CgH1902N4 4.1 X 10714 (40° C.) 
Cinchonine CigH2e20No 10s Ge ea Oa (Glige C.) 
Cocaine Cy7H2104N 4.0 xX 107 
Ethylamine CeHy 5.6 X- 10-4 
Methylamine CHs5N O20  X 1054 
Phenylhydrazine CeHgNe Ge X< O02 Oe (Cc) 
Pyridine C5Hs5N Paes <0 
Urea CH4ONo9 Shean 36 alate 


* The fact that most bases do not contain a hydroxyl (OH) group does not 
invalidate the application of the law of mass action as formulated by Equa- 
tion 3, below. In aqueous solutions, such bases, as, for example, methyl- 
amine, CHgNHe, may be assumed to react with water to form hydroxides, 
tO; 

CHsNHe + H2O 
which ionizes as follows, 
CHsNH30H @ 


= CHsNHs0H 
CHsNHst + OH- 


The strength of an acid may be conveniently ex- 
pressed according to the formulation of Equation 1 or 2, 
the value of the constant being a measure of the extent 
to which an acid is ionized. Similarly, the hypothetical 
base BOH may be assumed to ionize as follows: 


_BOH = B+ + OH- 
Application of the law of mass action to this reaction 
yields the following equation: 
[B*}[OH ] 
_ [BOH] 


and here again the extent of ionization of the base is 
measured by the,value of the ionization constant. 


b 


= a constant (3) 


\ 
Pa : 
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As pointed out previously, these equations are not 
applicable to strong electrolytes, hence it is customary 
to use this method of expressing the strength of acids 
and bases only for weak acids and weak bases. A table 
of dissociation constants of several weak acids and bases 
follows. 

From a careful inspection of this table it is evident 
that great variations occur in the strength of weak acids 
and weak bases. In the list of acids the strongest acid 
is trichloroacetic and the weakest is phenol. Of the 
bases listed, ethylamine is the strongest and urea is the 
weakest. 

Acid-Base Equilibria—Inasmuch as the extent to 
which an acid or base ionizes to form hydrogen or 
hydroxyl ion determines many of the properties of the 
former, it is desirable to be able to express quantitatively 
the concentration of hydrogen or hydroxy] ion in solu- 
tions of acids or bases, respectively. This is usually 
done by expressing the concentration of the respective 
ions in terms of gram-ions per liter or, stated in another 
manner, the weight of the ion in grams per liter divided 
by the atomic weight of the element from which the ion 
is derived. If the ion is made up of more than one ele- 
ment, the weight in grams is divided by the sum of the 
atomic weights of the atoms which make up the ion. 
Thus a solution containing 1.0078 grams of hydrogen 
ion per liter is said to contain one gram-ion of hydrogen. 
Sometimes this concentration is referred to as being 
one normal with respect to hydrogen ion. Either 
method of expression may be used. Using the com- 
plex hydroxyl ion as another example, it is said that a 
solution containing 17.0078 grams of hydroxyl ion con- 
tains one gram-ion of hydroxyl (the sum of the atomic 
weights of oxygen and hydrogen being 17.0078) or is 
one normal with respect to hydroxy] ion. 

From our discussion of acids and bases thus far it 
would appear to be necessary, when considering the 
former, to speak in terms of the hydrogen ion concen- 
tration, and when referring to the latter, to introduce 
the concept of hydroxyl ion concentration. This, 
however, is not necessary for it is possible to indicate 
the concentration of hydroxy] ion in a given solution by 
stating its hydrogen ion concentration or alternately to 
indicate the hydrogen ion concentration of a solution 
by stating its hydroxyl ion concentration. This method 
of expressing hydrogen and hydroxyl] ion concentrations 
is possible because in every aqueous solution containing 
an excess of hydrogen ions (acid reaction) there are also 
hydroxyl ions present and in every aqueous solution con- 
taining an excess of hydroxyl ions (alkaline reaction) 
there are also hydrogen ions present. Furthermore in 
every aqueous solution the product of the concentration 
of hydrogen ion and of hydroxyl ion has a constant 
value at a given temperature. 

The existence of a relationship between hydrogen and 
hydroxyl ion concentrations may be shown by applying 
the law of mass action to the ionization of water. Al- 
though it is a poor conductor of electricity, water, 
nevertheless, does ionize slightly in the manner indi- 
cated by the following equation: 


H.2O @ Ht + OH ‘ 

Applying the law of mass action to this reaction the fol- 
lowing expression may be derived: 

[Ht OHS) a 

| fH.0)" K (a eee , | (4) 

Now, the concentration of the molecules of HO. (re- 
ferred to as molecular water) is not appreciably altered 
_ by varying the concentration of either hydrogen or 
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hydroxyl ion and accordingly the former may be con- 
sidered to have a constant value, in which case the equa- 
tion may be simplified to: 


{(H*)[(OH~j = Kw (a constant) (5) 


The numerical value of K,, varies with the temperature; 
at 25° C. it is approximately 1 X 10-4 or simply 107". 

In pure water the concentrations of hydrogen and 
hydroxyl ions must be equal, since one molecule of 
H.O yields one hydrogen and one hydroxyl ion upon 
ionization. Therefore the concentration of each ion 
must be 1077 gram-ion per liter, because 10~7 times 
10~7 equals 10-4. As pure water contains equal con- 
centrations of hydrogen and hydroxy] ion, it is obvious 
that it is neither acid nor alkaline and its hydrogen ion 
concentration must therefore be the hydrogen ion con- 
centration of neutral aqueous solutions. Upon this 
basis then, all aqueous solutions having a hydrogen ion 
concentration of 10~7 normal (gram-ions per liter) are 
said to be neutral. From the preceding discussion it is 
evident that in such solutions the hydroxyl ion con- 
centration is 10~7 gram-ion per liter. 

If an acid is added to water, the hydrogen ion con- 
centration of the latter will be increased and the equilib- 
rium between hydrogen and hydroxyl ions will be 
momentarily destroyed. To restore equilibrium some of 
the hydroxyl ions, originally present in the water, will 
combine with a part of the added hydrogen ions to form 
un-ionized water molecules until the product of the 
concentrations of the two ions has dropped to 10~*. 
When equilibrium is again restored, the concentrations 
of the two ions will not be equal any longer. If, for 
example, the hydrogen ion concentration is 1 & 107% 
normal when equilibrium is established, the concentra- 
tion of hydroxyl ion will be 1 & 10~" (the product of 
the two concentrations being 10—'*). From this it is 
evident that the concentration of hydrogen ion in this 
acid solution may be explicitly stated as being 1 X 107% 
normal or implicitly expressed by stating that the 
hydroxyl ion concentration is 1 & 1071. 

In a similar manner the addition of an alkali to pure 
water momentarily destroys the equilibrium between 
hydrogen and hydroxyl ions and to restore equilibrium 
some of the hydrogen ions originally present combine 
with a part of the added hydroxyl ions to form un- 
ionized water molecules. This process continues until 
the product of the concentrations of hydrogen and 
hydroxyl ions has dropped to 107". Assuming that 
the final hydroxyl ion concentration in this alkaline 
solution is 1 & 10~4 the concentration of hydrogen ion 
in the same solution will be 1 X 10~-". Here again, one 
may express the concentration of hydroxyl ion directly 
in terms of that ion or indirectly in terms of hydrogen 
ion. It is customary, however, to express the reaction 
of both acid and alkaline solutions in terms of hydrogen 
ion concentration. The advantage of this method of 
expression will become evident in the following discus- 
sion. 


pH 


The numerical values of hydrogen ion concentration 
may vary enormously, for a normal solution of a strong 
acid the value is nearly 1, while for a normal solution 
of a strong alkali it is approximately 1 X 107", 7. e., 
a variation of 100,000,000,000,000 between these two 
limits. Because of the inconvenience of dealing with 
numbers that vary so much 8. P. L. S¢grensen, in 1909, 
proposed that hydrogen ion concentrations be expressed 
in terms of the logarithm of its reciprocal. To this 
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value he assigned the symbol pH. Mathematically it 
is written: 


1 
H = log iisGa (6) 
and since the logarithm of 1 is zero, the equation may 
also be written: 
pH = —log[H*] (7) 
it being evident that pH may also be defined as the nega- 
tive logarithm of the hydrogen ion concentration. 


The relation of pH to hydrogen and hydroxyl ion 
concentration may be seen in the following table: 


HYDROGEN AND HYDROXYL ION CONCENTRATION 


Normality in Normality in 


Terms of Terms of 
pH Hydrogen Ions Hydroxyl Ions 
t 0 1 10714 
* 1 1073 10-18 
als 2 10-2 10-12 
‘a z 3 10-3 107-11 
® |-= 4 10-4 10710 
oi S 10-5 107-9 
maul 6 10-5 10-8 
Neutral Point We Owe 1077 
sal: 8 IO" 10-6 
a=IRS 9 10° 1075 
aie 10 10-10 10-4 
£ 5 11 1071 10-3 
alc 12 is 10-2 
a 13 10713 LO0et 
| 14 10-14 1 


The following examples will serve to illustrate the 
method of converting hydrogen ion concentration to 


pH. 
(1) Calculate the pH corresponding to a hydrogen 
ion concentration of 1 X 10~‘ gram-ion per liter. 


1 


8 TX 104 
log 10,000 or log (1 & 10**) 
+4 


Solution: pH = 


log (1 X 10*4) 

pH 

(2) Calculate the pH corresponding to a hydrogen 

ion concentration of 0.000036 normal (or gram-ion per 

liter). (Note: This is more frequently written as a 

number multiplied by a power of ten, thus, 3.6 X 10~° 
for 0.000036.) 


Hi tl 


4 


Ac et wet ee 
Solution: pH = log 36 x 10-5 
= log 28,000 or log (2.8 x 1074) 
ee lian og 2.8 + log 10* 
log 2.8 = +0.44 
log 1074 = +4.00 
pH = 444 


This problem may also be solved as follows: 


pH = —log (3.6 X 10-5) 
log 3.6 = +0.56 
log 10-° = —5.00 
+ log (3.6 X 10-5) = —4.44 
and pH = —(—4.44) = +4.44 = 4.44 


In order to show the calculation for converting pH 
into hydrogen ion concentration the following examples 
are given: 

(1) Calculate the hydrogen ion concentration corre- 
sponding to a pH of 4.44. 
pHi 


Solution: log a 


1 
4 = log ay 
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therefore —— = antilog of 4.44 


if [H+] 
antilog of 4.44 = 28,000 (rounded off) 


1 
1 
| Mag, ae nl te —s 
and [H*] = 28,000 0.000036 or 3.6 X 10 
This calculation may also be made as follows: 
+4.44 = —log (H*] 
or —4.44 = +log [H*] 


In finding the antilogarithm of —4.44 it should be 
kept in mind that the mantissa (number to the right of 
the decimal point) of a logarithm to the base 10 (the 
common or Briggsian logarithm base) is always positive 
but that the characteristic (number to the left of the 
decimal point) may be positive or negative. As the en- 
tire logarithm —4.44 is negative, it is obvious that we 
cannot look up the antilogarithm of —0.44. However, 
the number —4.44 may also be written (— 5.00 + 0.56) 
or, as more often written, 5.56, where the bar across 
the characteristic indicates that it alone is negative, 
while the rest of the number is positive. Looking up 
the antilogarithm of 0.56 we find it to be 3.6 and as the 
antilogarithm of —5.00 is 10~°, it follows that the 
hydrogen ion concentration must be 3.6 X 10~°. 

(2) Calculate the hydrogen ion concentration cor- 
responding to a pH of 10.17. 


Solution: 10.17 
ore LO 
—10.17 = (—11.00 + 0.83) = 11.83 
The antilogarithm of 0.83 = 6.8 
The antilogarithm of —11.00 = 10°" 
The hydrogen ion concentration is therefore 6.8 X 10~" normal. 


In the section on acid-base equilibria it was shown 
that the hydrogen ion concentration of pure water is 
1 X 1077 normal, corresponding to a pH of 7.1 This 
figure is, therefore, designated as the neutral point and 
all values below a pH of 7 represent acidities, the smaller 
the number the greater the acidity. Values above 7 
represent alkalinities, the larger the number the greater 
the alkalinity. The pH scale usually runs from 0 to 
14 but mathematically there is no reason why negative 
numbers or numbers above 14 should not be used. 
In practice, however, such values are never encountered 
because solutions which might be expected to have such 
values are too concentrated to be extensively ionized 
or the interionic attraction is so great as to materially 
reduce ionic activity. 


COLORIMETRIC DETERMINATION OF pH — 


Indicators—One of the most extensively used meth- 
ods for the determination of pH consists in the addition 
of an appropriate indicator to the solution to be tested 
and the comparison of the resultant color with the colors 
of a series of solutions of known hydrogen ion concentra- 
tion (known as buffer solutions) containing the same 
indicator. 

The function of the indicator in this determination 
depends upon the fact that it undergoes a change in 
color when the pH of a solution is altered within certain 
limits. According to a commonly accepted theory, 
indicators are either weak acids or weak bases which in 
ionized form possess one color and in molecular form 
possess another color. Phenolphthalein, for example, 

1 The pH of the purest water obtainable, so-called “‘super-conductivity’’ 
water is 7.0 when the measurement is made under: conditions to exclude 
carbon dioxide. Upon agitating this water in the presence of carbon dioxide 
in the atmosphere the value drops rapidly to 5.7 which is the pH value of 


nearly all distilled waters that have een exposed to the atmosphere for 
even a short time. 
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is a weak acid, the ionization of which may be indicated 
by the following reaction in which HIn is an abbrevia- 
tion for the complex phenolphthalein molecule and 
In~ is the abbreviation for the complex ion which is 
produced, along with hydrogen ion, when molecular 
phenolphthalein is ionized: 


HIn @ H* + In- 


colorless red 


According to the law of mass action it is to be expected 
that the addition of hydrogen ion (in the form of an 
acid) will displace the reaction to the left with the forma- 
tion of colorless molecules of phenolphthalein and that 
the addition of hydroxyl ion (in the form of an alkali) 
will displace the reaction to the right with the formation 
of colored ions of phenolphthalein. Depending upon 
the extent to which the reaction has been displaced to 
the right, the color of the solution will vary from color- 
less to.red, the pH corresponding to the first perceptible 
tinge of red being 8.2 while the pH at which the maxi- 
mum perceptible color is developed occurs at 10.0. 
The interval between 8.2 and 10.0 is known as the 
transition interval of phenolphthalein and represents the 
range in which intermediate intensities of the colored 
form of phenolphthalein are observed. 


TABLE OF pH INDICATORS 


Indicator Range Preparation 
Methyl Yellow 0.1— 1.5 Blue 0.25 Gm. in 100 ec. water 
Violet 
Metacresol Red 0.5- 2.5 Yellow 0.10 Gm. in 13.6 ce. 
Purple N/50 NaOH. Water 
to 250 ee. 
Thymol Red 1.2— 2.8 Yellow 0.10 Gm. in 10.75 ce. 
Blue N/50 NaOH. Water 
to 250 ce. 
Te ice Red 1.3— 3.0 Yellow 0.10 Gm. in 100 ce. water 
Methyl Blue 1.5- 3.2 Violet 0.25 Gm. in 100 cc. water 
Violet 
Methyl Red 2.9- 4.0 Yellow 0.10 Gm. in 200 ce. alco- 
Yellow ho 
Bromophenol Yellow 3.0— 4.6 Blue OnlO) SGinkeinwe som ices 


Blue N/50 NaOH. Water 


to 250 cc. 
Congo Red Blue 3.0— 5.2 Red 0.10 Gm. in 100 cc. water 
Methyl Red 3.0— 4.4 Yellow 0.10Gm. in 100 cc. water 
Orange 
Bromocresol Yellow 3.8— 5.4 Blue OnLO Grn ine 5) ee: 
reen N/50 NaOH. Water 
to 250) ce: 

Methyl Red Red 4.2— 6.2 Yellow 0.10 Gm. in 18.6 cc. 
N/50 NaOH. Water 
to 250 cc. 

Litmus Red 4.5— 8.3 Blue 0.5 Gm. in 100 ce. water 

Chlorophenol Yellow 5.0— 6.6 Red Oml0 [Gms ing JUSS) ce: 

Red N/50 NaOH. Water 
to 250 ce. 

Bromocresol Yellow 5.2-— 6.8 Purple 0.10 Gm. in 9.25 ce. 

Purple N/50 NaOH. Water 
to 250 ce. 

Bromothymol Yellow 6.0- 7.6 Blue 0.10 Gm. in 8.0 ce. N/50 

Blue NaOH. Water to 250 
ce. 

Phenol Red Yellow 6.8— 8.4 Red 0.10 Gm. in 14.20 ce. 
N/50 NaOH. Water 
to 250 ce. 

Cresol Red Yellow 7.2- 8.8 Red OMORGmyin sce; 
N/50 NaOH. Water 
to 250 cc. 

Thymol Yellow 8.0- 9.6 Blue 0.10 Gm. in 10.75 ce. 

Blue N/50 NaOH. Water 
to 250 ce. 

Phenol- . Colorless 8.2-10 Red 1 Gm. in 100 ce. alcohol 

phthalein 


Indigo Blue 11.6-14.0 Yellow 0.25 Gm. in 100 ce. 50 
Carmine per cent alcohol 


It should be emphasized here that a pH of 8.2 is not 
the point at which colored ions of phenolphthalein first 
appear but rather the point at’ which a sufficient concen- 
tration of them is present to be seen by the average 
person. The same statement can be made ‘concerning 
the point at which the maximum red color is developed. 
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In the latter instance a pH of 10.0 does not represent 
the point at which all of the molecules have been con- 
verted to ions but rather the point at which a further 
increase in the concentration of colored ions produces 
an almost imperceptible change in color. 

Most indicators are of the two-color type, 7. é., are 
changed from one color to another by the addition of 
acid or alkali. The same explanation of the formation 
of ions of one color from molecules having another color 
may be used in this case as well as for phenolphthalein, 
except that the molecules of the latter are colorless. 

A partial list of indicators, with their transition inter- 
vals and colors corresponding to the limits of the inter- 
val, is given in the preceding table. 

From an inspection of the transition intervals of the 
indicators listed here, it is evident that reference to the 
two colors of indicators as the acid and alkaline forms 
of that indicator is not strictly correct for in many cases 
the limits of the transition interval fall entirely on the 
acid or the alkaline side. However, it is customary to 
refer to the two colors as the acid and alkaline colors 
regardless of the transition interval of the indicator. 

Preparation of pH Indicator Solutions—The indi- 
cators used for colorimetric pH determinations are 
either weakly acid or weakly basic. Most of the indi- 
cators, however, used for this purpose, such as the 
phthaleins and sulfonated phthaleins, behave like weak 
acids. 

The usual concentration of the indicator solution is 
0.05 per cent. From 0.1 to 0.2 ce. of the indicator solu- 
tion is generally used for 10 ec. of the liquid being ex- 
amined. 

Solutions of indicators of the basic type and of the 
phthaleins are prepared by dissolving them in alcohol. 
In preparing solutions of indicators containing an acid 
group, this group must first be neutralized with sodium 
hydroxide: The procedure is as follows: 

One-tenth (0.100) Gm. of the indicator is triturated 
in an agate mortar with the volume of fiftieth-normal 
sodium hydroxide specified in the above table, or with 
its equivalent. When the indicator has dissolved, the 
solution is diluted with carbon-dioxide-free distilled 
water to make 250 ec. (0.04 per cent). 

The solutions must be protected from light in amber- 
colored, stoppered bottles. 


Buffer Solutions—In the first paragraph of the last 
section mention was made of the fact that pH deter- 
minations with indicators were often made by compar- 
ing the color of the solution to be tested with the color 
of a solution of known hydrogen ion concentration, 
both solutions containing the same indicator. 

Solutions of known hydrogen ion concentration which 
are used as standards are frequently kept for long pe- 
riods of time under conditions that might readily alter 
their pH value. To prevent such changes, or at least to 
minimize them, solutions of known hydrogen ion con- 
centration miay be prepared which are resistant to 
alterations in pH. Such solutions are known as buffer 
solutions. 

In general a buffer solution may be made from known 
quantities of a weak acid and a salt of that weak acid 
or from a weak alkali and a salt of the weak alkali. 
However, there are apparent exceptions to this rule. 
In the buffer solutions used in the U.S. P. XIII potas- 
sium acid phthalate serves in one series of solutions (pH 
2.2 to pH 3.8) as a salt of the slightly ionized phthalic 
acid but hydrochloric acid is used along with it. , In this 
case the hydrochloric acid, by reacting with the potas- 
sium acid phthalate, liberates phthalic acid and accord- 
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ingly the previous definition for the composition of a 
buffer still holds true. In another series of buffer solu- 
tions potassium acid phthalate and sodium hydroxide 
are mixed in definite proportions. Here the acid phthal- 
ate ion functions as the weak acid while the sodium 
hydroxide neutralizes some of the acid phthalate ion 
to form potassium sodium phthalate which functions 


as the salt. i 
The mechanism whereby buffer solutions function 


therefore, contains relatively large amounts of acetic 
acid molecules and sodium and acetate ions and a small 
number of hydrogen ions, the reaction of the solution 
being slightly acid. Furthermore, the hydrogen and 
acetate ions and the molecules of acetic acid are in 
equilibrium in accordance with the law of mass action 
as formulated for weak acids (see Equation 1, page 160). 
Now, if more hydrogen ions are added to the solution, 
the equilibrium between hydrogen and acetate ions and 


BUFFER MIXTURES OF CLARK AND LUBS 


pH ; 
fe 94.56 cc. M/5 HCl 5.44 ec. M/5 KCl Dilute to 200 ce. 
Ae, 75.10 cc. M/5 HCl 24.90 cc. M/5 KCl Dilute to 200 ce. 
has! 59.68 cc. M/5 HCl 40.32 ce. M/5 KCl Dilute to 200 ce. 
1.4 47.40 cc. M/5 HCl 52.60 ce. M/5 KCl Dilute to 200 ce. 
15 37.64 cc. M/5 HCl 62.36 cc. M/5 KCl Dilute to 200 ec. 
Le 29.90 cc. M/5 HCl 70.06 cc. M/5 KCl Dilute to 200 ce. 
LT, 23.76 cc. M/5 HCl 76.24 ec. M/5 KCl Dilute to 200 cc. 
1.8 . 18.86 cc. M/5 HCl 81.14 ce. M/5 KCl Dilute to 200 ce. 
1.9 e 14.98 ec. M/5 HCl 85.02 ec. M/5 KCI Dilute to 200 ce. 
2.0 11.90 ec. M/5 HCl 88.10 ec. M/5 KCl Dilute to 200 ce. 
Ail 9.46 cc. M/5 HCl 90.54 ec. M/5 KCl Dilute to 200 ce. 
Die 7.52 ec. M/5 HCl 92.48 cc. M/5 KCl Dilute to 200 ec. 
Phthalate-HCl Mixtures 
2, 50 cc. M/5 KHPhthalate 46.60 cc. M/5 HCl Dilute to 200 ce. 
2.4 50 ec. M/5 KH Phthalate 39.60 cc. M/5 HCI Dilute to 200 cc. 
2.6 50 cc. M/5 KH Phthalate 33.00 cc. M/5 HCl Dilute to 200 cc. 
2.8 50 cc. M/5 KH Phthalate 26.50 cc. M/5 HCl Dilute to 200 ce. 
3.0 50 ce. M/5 KH Phthalate 20.40 ec. M/5 HCl Dilute to 200 ec. 
ae, 50 cc. M/5 KH Phthalate 14.80 ee. M/5 HCl Dilute to 200 ce. 
3.4 50 cc. M/5 KH Phthalate 9.95 cc. M/5 HCl Dilute to 200 cc. 
3.6 50 cc. M/5 KH Phthalate 6.00 cc. M/5 HCl Dilute to 200 ce. 
3.8 50 cc. M/5 KHPhthalate 2.65 ec. M/5 HCl Dilute to 200 ce. 
Phthalate-NaOH Mixtures 
4.0 50 cc. M/5 KH Phthalate 0.40 cc. M/5 NaOH Dilute to 200 ce. 
4.2 50 ec. M/5 KH Phthalate 3.65 ec. M/5 NaOH Dilute to 200 ce. 
4.4 50 ec. M/5 KH Phthalate 7.35 cc. M/5 NaOH Dilute to 200 ce. 
4.6 50 cc. M/5 KH Phthalate 12.00 cc. M/5 NaOH Dilute to 200 ce. 
4.8 50 cc. M/5 KH Phthalate 17.50 cc. M/5 NaOH Dilute to 200 ce. 
5.0 50 cc. M/5 KH Phthalate 23.65 ce. M/5 NaOH Dilute to 200 ce. 
lS 74 50 cc. M/5 KHPhthalate 29.75 cc. M/5 NaOH Dilute to 200 ce. 
5.4 50 cc. M/5 KH Phthalate 35.25 ec. M/5 NaOH Dilute to 200 ce. 
5.6 50 cc. M/5 KH Phthalate 39.70 cc. M/5 NaOH Dilute to 200 ee. 
5.8 50 ce. M/5 KHPhthalate 43.10 cc. M/5 NaOH Dilute to 200 ce. 
6.0 50 ce. M/5 KH Phthalate 45.40 cc. M/5 NaOH Dilute to 200 ec. 
6.2 50 ce. M/5 KHPhthalate 47.00 cc. M/5 NaOH Dilute to 200 ec. 
KH2ePO4-NaOH Mixtures 
5.8 50 ce. M/5 KHePO4 3.66 cc. M/5 NaOH Dilute to 200 ce. 
6.0 50 ec. M/5 KHePO4 5.64 ec. M/5 NaOH Dilute to 200 ce. 
6.2 50 ce. M/5 KHePO4 8.55 ec. M/5 NaOH Dilute to 200 ee. 
6.4 50 cc. M/5 KHePO4 12.60 cc. M/5 NaOH Dilute to 200 ec. 
6.6 50 ce. M/5 KH2ePO4 17.74 ec. M/5 NaOH Dilute to 200 ec. 
6.8 50 ce. M/5 KH2ePO4 23.60 cc. M/5 NaOH Dilute to 200 ce. 
7.0 50 cc. M/5 KHePO4g 29.54 ec. M/5 NaOH Dilute to 200 ce. 
Pe 50 cc. M/5 KHePO4 34.90 ce. M/5 NaOH Dilute to 200 ec. 
7.4 50 ec. M/5 KHePO4 39.34 cc. M/5 NaOH Dilute to 200 ec. 
7.6 50 ce. M/5 KH2PO4 42.74 cc. M/5 NaOH Dilute to 200 ec. 
Tens 50 cc. M/5 KHePO4 45.17 ec. M/5 NaOH Dilute to 200 ce. 
8.0 50 cc. M/5 KHePO4 46.85 ec. M/5 NaOH Dilute to 200 ce. 
Boric Acid, KCI-NaOH Mixtures 
7.8 50 ec. M/5 HgBO3, M/5 KCl 2.65 cc. M/5 NaOH Dilute to 200 cc, 
8.0 50 cc. M/5 HgBO3, M/5 KCI 4.00 ce. M/5 NaOH Dilute to 200 ce. 
8.2 50 cc. M/5 HsBOz3, M/5 KCl 5.90 cc. M/5 NaOH Dilute to 200 ce. 
8.4 50 ec. M/5 HgBOs, M/5 KCI 8.55 ce. M/5 NaOH Dilute to 200 ce. 
8.6 50 cc. M/5 H3BO3, M/5 KCl 12.00 cc. M/5 NaOH Dilute to 200 ce. 
8.8 50 cc. M/5 HgBOg3, M/5 KCl 16.40 cc. M/5 NaOH Dilute to 200 ce. 
9.0 50 cc. M/5 HgBOs, M/5 KCl 21.40 cc. M/5 NaOH Dilute to 200 ce. 
9.2 50 cc. M/5 H3BO3, M/5 KCl 26.70 cc. M/5 NaOH Dilute to 200 ce. 
9.4 50 ec. M/5 HgBOs, M/5 KCl 32.00 cc. M/5 NaOH Dilute to 200 ce. 
9.6 50 ec. M/5 H3BO3, M/5 KCl 36.85 cc. M/5 NaOH Dilute to 200 ec. 
9.8 50 cc. M/5 HgBOs, M/5 KCl 40.80 ce. M/5 NaOH Dilute to 200 cc. 
10.0 50 cc. M/5 HgBOs, M/5 KCl 43.90 cc. M/5 NaOH Dilute to 200 ec. 


HCI-KCI Mixtures* 


* These ‘‘buffer” solutions function by virtue of the fact that the high concentration of hydrogen ion is only very slightly affected by moderate 
additions of either acid or base. The potassium chloride serves to keep the total ion concentration constant. 


may be conveniently illustrated by using an acetic 
acid and sodium acetate buffer system as the example. 
In a solution containing these substances, the sodium 
acetate, being a strong electrolyte, is practically com- 
pletely ionized. The acetic acid, being a weak elec- 
trolyte, is but very slightly ionized; indeed, its slight 
ionization into hydrogen and acetate ions is further 
reduced by the mass action or repressing effect of the 
high concentration of acetate ions. The solution, 


molecules of acetic acid is disturbed and in order to re- | 
store equilibrium again a part of the comparatively 
large reserve of acetate ions will combine with the added 
hydrogen ions to form un-ionized acetic acid molecules. 
In so doing the original pH of the solution will be re- 
stored, or at most, only slightly changed. 

On the other hand, if an alkali is added to this buffer 
solution, the equilibrium between hydrogen and _ hy- 
droxyl ions is disturbed and to restore equilibrium the 
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reserve molecules of acetic acid in the solution ionize to 
form hydrogen and acetate ions, the former combining 
with the added hydroxyl ions to form un-ionized water 
molecules. Again, there will be little or no change in 
the pH of the solution. ’ 

Buffer solutions may also be diluted with considerable 
quantities of water without incurring any appreciable 
change in pH. However, dilution does decrease the 
ability, or, as it is more commonly known, the “‘capac- 
ity” of the buffer to resist changes in pH when small 
quant ties of acid or alkali are added. 

‘The ability of a buffer to resist changes in pH upon 
addition of either acid or alkali is referred to as the 
buffer capacity. Equal buffer capacity either towards 
acid or base is obtained in a mixture containing equiva- 
lent concentrations of the weak acid and its salt or the 
weak alkali and its salt. The total concentration of the 
constituents also affects the buffer capacity. 

In addition to the buffer solutions which are syn- 
thetically prepared for use as pH standards, there occur 
in nature many examples of buffer solutions. Human 
blood, for example, is balanced to a pH value between 
7.4 and 7.5 by the presence of phosphates, carbonates, 
and bicarbonates that serve as buffering agents. Simi- 
larly, many other physiological fluids are buffered to 
definite pH values. 

The fact that many natural substances are compara- 
tively well buffered is made use of in diluting such solu- 
tions or in preparing aqueous extracts in the event that 
they are solids so that pH determinations of the original 
material can be made. 

Solutions Used in the Preparation of Buffer Solutions 
—Fifth-molar hydrochloric acid and fifth-molar sodium 
hydroxide (carbonate free) are pre- 
pared and standardized according 
to the directions given under 
Standard Solutions. 

1. Potassium Biphthalate Solu- 
tion—Dissolve 40.843 Gm. of reagent 
potassium biphthalate in distilled 
water and dilute to 1000 cc. to pre- 
pare a fifth-molar solution for, use in 
preparing the buffer solutions. 

2. Potassium Phosphate, Mono- 
basic, Solution—Dissolve 27.240 Gm. 
of reagent monopotassium phos- 
phate in distilled water and dilute 
to 1000 cc. to make a fifth-molar 
solution for use in preparing the 
buffer solutions. 

3. Boric Acid and Potasstum 
Chloride Solution—Dissolve 12.404 
Gm. of reagent boric acid and 14.911 
Gm. of reagent potassium chloride in distilled water and 
dilute to 1000 cc. to prepare a fifth-molar solution of 
these mixed salts. 

4. Potassium Chloride Solution—Dissolve 14.911 
Gm. of reagent potassium chloride in distilled water and 
dilute to 1000 cc. to make a fifth-molar solution for use 
in preparing the buffer solutions. 

5. Potassium Biphthalate Solution for Hydrogen 
Electrode—Solution (1) diluted with three volumes of 
distilled water at 20° C. prepares twentieth-molar 
potassium biphthalate solution for checking the hydro- 
gen electrode. 

There are available on the market colorimetric com- 
parison sets which contain in sealed ampuls, buffer solu- 
tions to which have been added appropriate indicators. 
Each set of buffer solutions generally covers a range of 
1.6 pH units in intervals of 0.2 of a unit, corresponding 
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to the useful transition interval of the indicator em- 
ployed. The number of sets required depends upon the 
reaction of the solutions being tested. Where a certain 
type of solution is continuously being tested, one or 
two sets of buffer standards will suffice. Fig. 240 shows 


Fig. 240—Colorimetric buffer standards. 


a set of such solutions marketed by the LaMotte Chemi- 
cal Products Company of Baltimore, Md. <A conven- 
ient apparatus, known as the Roulette Comparator, con- 
tains openings for inserting the buffer solutions of three 
sets and by means of a lamp in the center of the com- 
parator provides for the direct comparison of solutions 
under uniform illumination. This apparatus is shown 
in Fig. 241 and is also made by the LaMotte Company. 

Instead of comparing the solutions to be tested with 
standard buffer solutions it is also possible to make 
colorimetric determinations without the use of buffer 
solutions. This determination depends upon the fact 


Fig. 241—Roulette comparator for pH determinations. 


that any color of an indicator within the range of its 
transition interval may be matched by distributing the 
same number of drops of indicator between two solu- 
tions, one of which is acid enough to transform all of 
the indicator into the acid color, the other being suffi- 
ciently alkaline to transform all of the indicator into 
the alkaline form. Examined transversely through the 
two tubes the color produced will be found to depend 
upon the relative distribution of the indicator. This 
method, known as the Gillespie Drop Ratio method for 
determining hydrogen ion concentration, is described 
in detail in books on physical chemistry. The matching 
of indicator color may also be performed by the use of 
a special colorimeter permitting different depths of 
solutions containing the acid and alkaline forms, re- 
spectively, of indicator to be superimposed and the re- 
sultant color observed. 
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Directions for the pH Measurements—The following 
directions for determining hydrogen ion concentration 
by the colorimetric method are given in the U. 8. P. 
and are to be employed where pigments or proteins 
present in the solution do not vitiate its use. In such 
instances it is recommended that the potentiometric 
method be employed. 

In the determination of an unknown pH value, a 
suitable indicator must first be found. Only indicators 
which show an intermediate color between the extreme 
acid and alkaline colors can be used. 

The first step in the choice of a suitable indicator is 
the determination of the approxirhate pH value of the 
solution under investigation. A few simple tests will 
usually supply the necessary information. Add a drop 
or two of phenolphthalein T.S. to a small portion of the 
solution. If the indicator remains colorless, the pH of 
the solution is less than 8.2. A second test is conducted 
in the same mainer, using methyl orange T.S. as the 
indicator. If the solution assumes the alkaline color 
(yellow), the pH of the solution is greater than 4.4 and 
lies somewhere between 4.4 and 8.2. A few more tests 
with methyl red (pH interval 4.2-6.2), bromothymol 
blue (6.0-7.6), and phenol red (6.8-8.4) will give a close 
enough approximation of the pH value to show which 
indicator may be successfully used in the determination. 

Instead of testing small amounts of the liquid with 
indicator solutions, the spot method, using indicator 
papers, may be substituted. Also, by using a universal 
indicator in place of the several indicator solutions sug- 
gested above, some time may be saved. 

When the approximate pH value has been determined 
and a suitable indicator agreed upon, a 3-, 5-, or 10-ce. 
portion of the unknown solution (depending upon the 
amount of the liquid available), is transferred to a hard, 
resistant glass test tube approximately 15 cm. long and 
1.5 em. + 0.5 mm. bore, and a measured amount of the 
indicator solution added. As a rule, 0.10 to 0.20 ce. of 
a 0.05 per cent indicator solution, added from a 1-ce. 
pipette, graduated to 0.01 cc. per 10 cc. of the solution 
being tested, constitutes a proper indicator concentra- 
tion. 

Transfer from 4 to 6 portions of the buffer solutions, 
the pH values of which overlap that of the unknown 
solution, to test tubes and treat in exactly the same way 
as the solution being analyzed. The same amounts of 
indicator must be added to the unknown and to the 
buffer solutions. It is also essential that the test tubes 
used be of the quality and type already indicated. 
The color of the unknown solution is then compared 
with the colors of the buffer solutions and the pH value 
of the solution thus determined. 

In judging the colors, observe them against a white 
background with the light transmitted through the 
whole length of the tube. A suitable colorimeter may 
also be used, although it is not necessary in routine 
work. A sufficient number of reference solutions must 
be taken so that the color of the unknown falls between 
two of the series, differing by not more than 0.20 pH. 
The pH of the unknown can thus be easily approximated 
to within 0.1 and with practice to 0.05. With buffer 
solutions differing by 0.1 pH unit or less, the experi- 
mental error can be reduced to about 0.02 pH. 

Other colorimetric methods capable of the same or a 
greater degree of accuracy than that required by the 
Pharmacopeia may be employed at the discretion of 
the operator. 

The dissociation constants of indicators hold for 
aqueous solutions only. Alcohol changes this value 


and therefore for alcoholic solutions a correction factor 


po. The equation then becomes 
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must be used or the potentiometric method employed. 
THE ELECTROMETRIC DETERMINATION OF pH 


Electrometric methods for the determination of pH 
are based upon the fact that the difference of electrical 
potential between two suitable electrodes dipping into 
a solution containing hydrogen ions depends upon the 
concentration (or activity) of the latter. 

The relationship between the potential difference and 
concentration of hydrogen ion may be derived as fol- 
lows. When a metal is immersed into a solution of one 
of its salts, there is a tendency for the metal to go into 
solution to form ions. This tendency is spoken of as 
the solution pressure of the metal and is comparable to 
the tendency of sugar molecules, for example, to dissolve 
in water. The metallic ions in solution tend, on the 
other hand, to become discharged by forming atoms, 
this effect being proportional to the osmotic pressure of 
the ions. In order for an atom of a metal to go into 
solution as a positive ion, electrons, equal in number to 
the charge on the ion, must be left behind on the metal 
electrode with the result that the latter becomes nega- 
tively charged. The positively charged ions in solution, 
however, may become discharged as atoms by taking 
up electrons from the metal electrode. Depending 
upon which effect predominates, the electrical charge 
on the electrode will be either positive or negative and 
may be quantitatively expressed by the following equa- 
tion proposed by H. W. Nernst in 1889. 


gn nh (8) 


where potential difference or electromotive force 


the gas constant = 8.316 joules 

absolute temperature 

valence of the ion 

the Faraday of electricity = 96,500 coulombs 
osmotic pressure of the ions 

solution pressure of the metal 


Inasmuch as it is impossible to measure the potential 
difference between one electrode and a solution with 
any degree of certainty, it is customary to use two elec- 
trodes and to measure the potential difference between 
them. For the purpose of developing the equation 
given above to a point where it may be applied in the 
measurement of pH, it is convenient to imagine two 
electrodes, of the same metal, immersed in two solutions 
of osmotic pressure P, and Ps, respectively, and con- 
nected by means of a tube containing a non-reacting 
salt solution. The potential difference between the 
two electrodes is then equal to the difference between 
the individual potential differences. 
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EH = E,\—E2= 


Since both electrodes are of the same metal P; = Pz: 
and the equation may be simplified to 

RT en 

Heme 1D Di ee ADS Se 1a 

In place of osmotic pressures it is permissible, for di- 

lute solutions, to substitute the concentrations ¢; and 

C2 which were found, in the chapter on ‘‘Colligative 

Properties of Solutions,” to be proportional to p; and 


(10) 


a) 


If either c, or cz is known, it is obvious that the value 
of the other may be found if the potential difference, 
E, of this cell can be measured. 
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For the determination of hydrogen ion concentration, 
or pH, an electrode at which an equilibrium between 
hydrogen gas and hydrogen ion can be established must 
be used in place of metallic electrodes. Such an elec- 
trode may be made by electrolytically coating a strip 
of platinum, or other noble metal, with platinum black 
and saturating the latter with pure hydrogen gas. 
This device then functions as a hydrogen electrode. 
Two such electrodes may then be set up as shown in 
Fig. 242. 

In this diagram one electrode dips into solution A 
which is of known hydrogen ion concentration and the 
other electrode dips into solution B containing an un- 
known concentration of hydrogen ion. The two elec- 
trodes and solutions, sometimes called half cells, are 
then connected by a bridge of neutral salt solution 
which has no significant effect on the solutions which 
it connects. The potential difference across the two 


Fig. 242—Hydrogen ion concentration chain. 


electrodes is measured by means of a potentiometer P. 
If the concentration, c,, of hydrogen ion in solution A 
is one normal, Equation 11 simplifies to 


ee ek 
= — In — 12 
2 nF | C2 Cee 
or in terms of Briggsian logarithms, 
RT 1 
He——2a0a nF logio om (18) 


If for logio + there is substituted its equivalent pH, the 
2 


equation becomes 


E = 2.303 es 


nF a 


(14) 
and finally by substituting numerical values for R, n, 
and F, and assuming the temperature to be 20° C., the 
following simple relationship is derived: 


EF 
In practice the use of a hydrogen electrode dipping into 
a solution of known hydrogen ion concentration is not 
convenient and in its place the calomel electrode shown 
in Fig, 243 is generally used. The elements of a calomel 
electrode are mercury and calomel in an aqueous solu- 
tion of potassium chloride and its own potential re- 
mains constant regardless of the hydrogen ion concen- 
tration of the solution into which it dips. The potential 
of this electrode depends upon the equilibrium which 
is set up between mercury and mercurous ions from the 
calomel, but the concentration of the latter is governed, 
according to the solubility product principle, by the 
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concentration of chloride ions which are mainly derived 
from the potassium chloride in the solution. There- 
fore the potential of this electrode varies with the con- 
centration of potassium chloride in the electrolyte. 
Because the calomel electrode always indicates volt- 
ages which are higher, by a constant value, than those 
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Fig. 243—Calomel electrode. 


obtained when the normal hydrogen electrode chain 
shown in Fig. 242 is used, it is necessary to subtract, 
from the observed voltage, the voltage due to the calo- 
mel electrode itself. As the magnitude of this voltage 
depends upon the concentration of potassium chloride 
in the calomel electrode electrolyte, it is necessary to 


Fig. 244—Universal pH meter. 


know the concentration of the former. For most pur- 
poses a saturated potassium chloride solut.on is used 
which has a potential difference of 0.2488 volt. Ac- 
cordingly, before using Equation 15 for the calculation 
of pH from the voltage of a cell made up of a calomel 
and a hydrogen electrode dipping into the solution to 
be tested, 0.2488 volt must be subtracted from the ob- 
served potential difference. Expressed mathematically, 
the following equation is used for calculating pH from 
the potential difference of such a cell. 


E — 0.2488 


D0 068I 


(16) 


168 HYDROGEN ION CONCENTRATION AND pH 


In measuring the potential difference between the 
electrodes, it is imperative that very little current be 
drawn from the cell, for with current flowing the voltage 
changes, owing to polarization effects at the electrode. 
Because of this it is not possible to make accurate meas- 
urements with a voltmeter which requires a current to 
operate it. In its place is used a potentiometer which 
does not draw a current from the cell being measured. 
For the theory underlying the use of the potentiometer 
the student is referred to textbooks on physical chem- 
istry. 

There are many limitations to the use of the hydro- 
gen electrode. For example, it cannot be used in solu- 
tions containing strong oxidants like ferric iron, di- 
chromates, nitric acid, peroxide, and chlorine, or reduc- 
tants such as sulfurous acid and hydrogen sulfide. It is 
also affected by the presence of organic compounds 
which are fairly easily reduced. Furthermore the hydro- 
gen electrode cannot be successfully used in solutions 
containing cations that fall below hydrogen in the elec- 
trochemical series. Erratic results are also obtained 
in the measurement of unbuffered solutions unless ex- 
ceptional precautions are taken. 

To avoid some of these difficulties the quinhydrone 
electrode is frequently used, particularly in measure- 
ments of acid solutions. The unusual feature of this 
electrode is that it consists of a piece of gold or platinum 
wire or foil dipping into the solution to be tested in 
which has been dissolved a small quantity of quin- 
hydrone. A calomel electrode is used for reference just 
as in determinations with the hydrogen electrode. 

Quinhydrone consists of an equimolecular mixture of 
quinine and hydroquinone which are related to each 
other as follows: 


Quinone + 2 hydrogen ions + 2 electrons — hydroquinone 


In a solution containing hydrogen ions the potential of 
the quinhydrone electrode is logarithmically related 
to the former if the ratio of the hydroquinone concentra- 
tion to that of quinone is constant and practically equal 
to one. This ratio is maintained in an acid solution 
containing an excess of quinhydrone and measurements 
may be made quickly and accurately. However, quin- 
hydrone cannot be used in solutions more alkaline than 
pH 8. 

An electrode which, because of its simplicity of 
operation and freedom from contamination or change of 
the solution being tested, is rapidly replacing both the 
hydrogen and quinhydrone electrodes, is the glass elec- 
trode. Its use depends on the fact that when a thin 
membrane of a special composition of glass separates 
two solutions of different pH there is developed across 
the membrane a potential difference which is a function 
of the pH of both solutions. If the pH of one of the 
solutions is known, the other may be calculated from 
the voltage measurement. In practice the glass elec- 
trode usually consists of a thin bulb of the special glass 
fused to the end of a tube of ordinary glass. Inside the 
bulb is placed a solution of known pH, together with a 
quinhydrone electrode or a silver-silver chloride elec- 
trode (which latter functions somewhat like the calomel 
electrode); this glass electrode and another reference 
electrode are immersed in the solution to be tested and 


the potential difference is measured. A potentiometer 
providing electronic amplification of the small current 
produced is employed; the modern instruments avail- 
able on the market permit reading the pH directly and 
provide also for compensation of variations due to 
temperature in the range of 0° to 50° C. and to the 
small but variable asymmetry potential inherent in each 
electrode. 


PHARMACEUTICAL APPLICATIONS OF pH MEASUREMENTS 


The literature of the past 25 years contains the re- 
ports of several hundred investigations in which pH 
measurements have played an important role from the 
pharmaceutical standpoint. 

Many of these investigations have dealt with the 
preservation of galenical preparations such as aconite 
fluidextract and tincture, digitalis tincture and ergot 
fluidextract. In the case of the aconite preparations 
there seems to be a consensus of opinion that adjust- 
ment of the pH to 3.0+0.2 is desirable. No agree- 
ment, however, appears to have been reached concern- 
ing the optimum pH range for digitalis tincture and 
ergot fluidextract. 

It has been shown that the adjustment of pH i is an 
important step toward insuring the stability of alka- 
loidal solutions during sterilization. Thus morphine 
solutions are reported to remain stable after 60 minutes’ 
exposure to a temperature of 100° C. if the pH value 
is less than 5.5. Neutral and alkaline solutions, how- 
ever, are very unstable. Cocaine likewise requires an 
acid solution, it being stated that hydrolysis at elevated 
temperatures is at a minimum in the range of pH 2 to 5. 
Another report indicates that a pure solution of cocaine 
hydrochloride changed in 2 months from pH 5.17 to 
4.2 without perceptible decomposition, but that one 
solution, previously buffered to pH 6.05, showed 31 per 
cent hydrolysis in the same time. Solutions of procaine 
hydrochloride in hydrochloric acid showed no appreci- 
able decomposition when heated. Under the same con- 
ditions in pure water solution, 5 per cent of the procaine 
hydrochloride was hydrolyzed, and, when buffered to 
a pH of 6.5, from 19 per cent to 35 per cent hydrolysis 
oecurred. The decomposition of sodium phenobarbital 
increases with increasing pH as well as with increase in 
temperature. 

In connection with the preservative action of sodium 
benzoate it has been found that for the destruction of 
fermentation organisms, 4 per cent of sodium benzoate 
was required at pH 7.0; 0.06 to 0.1 per cent was re- 
quired at a pH of 3.5 to 4.0; and 0.02 to 0.03 per cent 
at a pH of 2.3 to 2.4. 

In the field of emulsions much work has been done 
in determining the effect of varying pH upon stablity. 
Where acacia is used a wide stab bility range was ob- 
served by Krantz and Gordon (J. A. Ph. A., 15, 93 
(1926); 7zbzd., 19, 1181 (1930)) with greatest stability 
between pH 4.11 to 4.28. The same workers found 
that oil-in-water emulsions produced by tragacanth 
possessed greatest stability in the range of pH 1.9 to 2.3 
but also were fairly stable at a pH of approximately 6.3. 
The two types of gelatin employed in preparing emul- 
sions each has an optimum pH of usage (see Emulsifica-_ 
tion, page 177). 
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COLLOIDS AND DIALYSIS 


Crystalloids and colloids—suspensions—colloidal solutions—true solutions—sols and gels—Tyndall effect—ultramicroscope— 
Brownian movement—adsor ption—charge on colloidal particles—reversible and irreversible colloids—coagulation and peptiza- 
tion—protective colloids—dialysis and ultrafiltration—methods of preparing colloidal solutions 


IN THE cCouURSE of an investigation of the rate of dif- 
fusion of substances through various membranes, such 
as parchment, hog’s bladder, and gold-beater’s skin, 
Thomas Graham, in 1851, found that certain solutes 
diffused quickly while others diffused slowly or not at 
all! To the former class of substances he gave the 
name crystalloids and to the latter colloids. Crystalloids, 
as the name indicates, are generally obtainable in 
erystalline form and include most inorganic acids, bases, 
and salts and also many organic substances. Colloids, 
on the other hand, are generally amorphous and are 
stated by most writers to include starch, albumin, 
gelatin, and gums. The word colloid is derived from a 
Greek word meaning glue and was used because of the 
gelatinous appearance of many of the substances to 
which this name is applied. Although glue is generally 
classed as a colloid, one should avoid the impression 
that all colloids are related to glue. 


It is now recognized that colloids do not exist as a— 


distinct class of substances, but that the term is cor- 
rectly applied to a state of matter in which the size of 
the individual particles of matter is within a range in 
which certain remarkable properties are developed. 
Thus gelatin is said to have been crystallized and so- 
dium chloride resolved to a colloid state. 

Dispersions—It was pointed out in the Chapter on 
“Solutions” (see page 143) that true solutions are char- 
acterized by the presence of solute particles of molecular 
dimensions and that suspensions are characterized by 
the presence of relatively large particles. Particles 
intermediate in size between those of true solutions and 
of suspensions are known as colloidal particles and a 
medium containing such particles is known as a col- 
loidal solution. 

In each of the three systems mentioned above the 
particles constitute the dispersed phase or disperse phase 
and the medium in which they are distributed is known 
as the dispersion medium or continuous phase. <A sys- 
tem comprised of disperse phase and dispersion medium 
is frequently referred to as a dispersion. 


PARTICLE SIZE 


Mixtures or Colloidal True 
Suspensions Solutions Solutions 
Particles greater than | Particles ranging in Particles smaller 


than 1 my; pass 
through filter pa- 


size from 0.1 u to 
mu; pass 


-1 u; do not pass 
through filter pa- 


per; can be seen by through ordinary per; cannot be 
direct illumination filter paper; pres- seen with ultra- 
by the microscope; ence detected by microscope; are 
are not dialyzable; means of ultra- dialyzable. 


show ordinary solu- microscope; not 
bility; do not show 
Brownian 


ment. 


dialyzable; show 
increased solubil- 
ity; show Brown- 
ian movement. 


move- 


- It is impossible to draw sharp lines of distinction be- 
tween true solutions and suspensions. However, it is 
arbitrarily assumed that in colloidal solutions the par- 

1The diffusion of certain solids (crystalloids) through membranes should 


not be confused with osmotic pressure phenomena. In the former the mem- 
brane used is permeable to both solute and solvent molecules. 


ticle size may vary between 0.1 yu (the p is called the 
micron and is 490909 of a millimeter) and 1 my (the my 
being called the millimicron or 44999 of a micron). The 
following table shows the sizes of the various particles 
and also lists a few of their properties which will be de- 
scribed in detail later on. 

From this it is evident that the crystalloids and col- 
loids cannot be considered as being distinct classes of 
substances as one might classify the alkaline earths and 
halogens, for example. Indeed many of the substances 
that Graham considered to be crystalloids, such as so- 
dium chloride, have been obtained in the colloidal state. 

Colloidal Systems—It might appear from our discus- 
sion thus far that colloidal particles are necessarily 
particles of solids. Although the properties of solids 
were the first to be studied in the development of colloid 
chemistry, the similarity of the behavior of small vol- 
umes of gases and liquids justified their inclusion in the 
realm of colloid chemistry. Thus Bancroft gives a very 
flexible definition that colloid chemistry is the chemistry 
of finely divided or dispersed bubbles, drops, grains, and 
even filaments and films. Likewise it is not necessary 
that water or any other liquid be the dispersion medium. 
Just as in the case of solutions, it is possible to have gases 
and solids as dispersion media. From these viewpoints 
Freundlich classified the possible combinations of 
phases according to the following table, stating, first, 
the dispersion medium and, second, the dispersed phase. 


TYPES OF COLLOIDAL SYSTEMS 


Type Examples 
Gaseous— Liquid sae <5 = aeons Moet Mists, Fogs 
Gascous=—oolid uc ern sok ae a: Smokes, Cosmic Dust 
Tnquid=—_ Gaseous scwcd oe ieee ee Foams 
Erquid=Liquidsae Sh cesen ecco e Emulsions 
Pi GUId— Olde Aes Sree ter ae ee ees Suspensions 


Solid Foams 
Solid Emulsions 
Solid Suspensions 


Solid Gasedushyacpnticte Paacicmin ahh oh ices 
SoOliGd=—LA quid Sey etsy hone Later eae ee 
Solid——Solid tee en ee eens cee paeaee 


The term sol is frequently employed to indicate a 
colloidal solution. Where water is the dispersion me- 
dium the solution is called a hydrosol. If alcohol is used 
as the dispersion medium, the solution is known as an 
alcosol. An aerosol is the term used to designate a sys- 
tem in which air is the dispersion medium. When a 
colloidal system occurs as a more or less elastic solid en- 
closing a part or all of the dispersion medium, the sys- 
tem is referred to as a gel. If the dispersion medium is 
water, the more specific term hydrogel is applied. 

Tyndall Effect—When a narrow beam of light is ad- 
mitted into a darkened room, the dust particles in the 
atmosphere are made visible by the scattering of light 
from the surfaces of the particles and the path of the 
beam of light is luminous. This phenomenon is known 
as the Tyndall effect. If a beam of light is passed 
through pure water or through a clear solution of a salt, 
the path of the beam is not visible and the liquid is said 
to be “optically empty.” If, however, the beam is 
passed through a solution containing colloidal particles, 
the path of the beam is visible. Almost all colloidal, 
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solutions exhibit this phenomenon. However, because 
of the presence of dust and other particles of matter, 
solutions which do not contain colloidal substances may 
exhibit frequently the phenomenon also and therefore 
one must use other tests to determine whether or not 
colloidal particles are present. 

The Ultramicroscope and Brownian Movement—The 
principle underlying the use of this instrument is based 
upon the microscopic examination of the Tyndall beam 
referred to above. In practice, a beam of light is 
transmitted horizontally through a solution which is 
examined by means of a microscope placed at right 
angles to the path of the beam. With such an arrange- 
ment no direct light enters the microscope, but light 
diffracted by colloidal particles in the solution is evi- 
denced by the appearance of points or small circles of 
light against an otherwise dark background. In the 
absence of colloidal particles the field of view is entirely 
dark. The points of light exhibited by colloidal par- 
ticles do not represent images of the particles themselves 
but rather the light which they scatter. 

The ultramicroscope was devised by Zsigmondy and 
Siedentopf in 1903 and has proved to be an invaluable 
aid in the study of colloidal solutions. By its use it is 
possible to detect particles having a diameter as small 
as 5 mu (54,900,000 Of a millimeter), whereas the small- 
est particle directly observable by a microscope by 
direct illumination has a diameter of about 100 my 
(0.1 » or 49,000 Of a millimeter). Although the size 
of the light spot in the microscopic field bears no rela- 
tion to the size of the particle, it is possible to count 
the number of particles in a given volume, and, with 
the knowledge of the mass of colloid present in unit 
volume, determined by chemical analysis, to calculate 
the diameter of each particle if it is assumed that they 
are spheres. 

The spots of light seen in the dark field of the ultra- 
microscope usually exhibit zigzag motion, the smaller 
the particle the more rapid. being the motion. This 
phenomenon, which has frequently been observed even 
with ordinary microscopes, was first correctly inter- 
preted in 1827, by the English botanist, Robert Brown, 
after whom the motion has been called ‘Brownian 
movement.’’ The present view regarding the cause of 
the motion is a development of Brown’s original expla- 
nation and holds that the movement is due to the bom- 
bardment of the suspended particles by the molecules 
of the suspending medium. It is believed that this 
fact may account for the permanency of colloidal 
suspension. ’ 

Surface Area and Adsorption—As particles are made 
smaller and smaller by continued subdivision, it is evi- 
dent that additional surface must be formed. In order 
to show the increase of total surface by continued sub- 
division of a cube, originally one inch on a side, the fol- 
lowing table is given. 


VARIATION OF AREA WITH PROGRESSIVE SUBDIVISION 


Length of edge Number of cubes Total area 
1.000 inch 1 6 sq. in. 
0.100 inch 1,000 60 sq. in. 
0.010 inch 1,000,000 600 sq. in. 
0.001 inch 1,000,000,000 6000 sq. in. 


This information of itself would be uninteresting were 
it not that nature has invested substances with certain 
properties which vary as the amount of external surface 
or area. The most important of these properties is 
known as adsorption which is the tendency exhibited 
by all solids, to a greater or lesser extent, to condense 
upon their surfaces a layer of any gas or liquid with 


which they are in contact. Other factors being kept 
constant, the amount of adsorption will vary with the 
surface exposed. 

The removal of alkaloids, dyes, gases, and other 
inorganic and organic ions and molecules are examples 
of this phenomenon which is exhibited by many sub- 
stances. Among substances which are pharmaceuti- 
cally and medically important because of their adsorp- 
tive powers are charcoal, kaolin, and fuller’s earth. 

The adsorptive power of medicinal charcoal for 
strychnine sulfate, for example, is so marked that 0.1 
gram of the latter dissolved in 50 cc. of distilled water 
is so completely adsorbed after shaking vigorously for 
5 minutes that Mayer’s reagent produces no precipitate 
when added to the filtered solution. 

Kaolin evidences similar adsorptive properties and 
indeed has been reported to combine with toxins and 
the toxic products of such bacteria as Bacillus enteri- 
tidis, Bacillus botulinus, Bacillus typhosus, and Bacil- 
lus paratyphosus. Because of this adsorptive property 
it has found extensive use in the treatment of various: 
gastrointestinal diseases. 

Insulin has been purified by adsorbing it on charcoal, 
then removing the impurities by washing with a 5 per 
cent solution of acetic acid in 60 per cent alcohol, and 
finally washing the charcoal with a 12 per cent solution 
of benzoic acid in 60 per cent alcohol in order to remove 
the insulin. Penicillin, also has been purified by 
absorption on charcoal. The process of removing an 
absorbed substance or absorbate, as it is called, is known 
as desorption or elution. Other applications of adsorp- 
tion phenomena are mentioned in the Chapter on 
“Clarification and Decoloration.” 

Adsorption is generally greater from liquids of high 
surface tension, like water, than from liquids of low 
surface tension, like alcohol. Another generalization 
regarding adsorption is that a substance is adsorbed 
better from liquids in which it is least soluble, provided 
that the liquids under comparison are themselves ad- 
sorbed to about the same extent. Still other generaliza- 
tions may be found in textbooks on colloid chemistry. 

That substances are not adsorbed in indefinite quan- 
tity is evidenced by the fact that several equations have 
been proposed relating the amount of substance ad- 
sorbed to the mass of adsorbent. One of the most im- 
portant equations of this type is that proposed by H. 
Freundlich which has the following mathematical form 


& = KC” 
m 


where « is the amount of substance adsorbed by m grams 
of adsorbent, C is the concentration of dissolved sub- 
stance in the solution at equilibrium, and K and n are 
constants which may be derived by plotting the 
logarithm of x/m against the logarithm of C. If the 
equation holds for a given experiment, a straight line 
should be obtained when plotting the results in this 
manner. This equation is known as Freuwndlich’s ad- 
sorption isotherm and has been found to hold good in 
many adsorption studies. Other equations or isotherms 
have been proposed by various workers, but there is no 
single equation which fits all types of adsorption. 
Electrical Charge—Nearly all colloidal particles carry 
charges of electricity which may be either positive or 
negative in character. This fact may be readily demon- 
strated by placing two electrodes in a colloidal solution 
and passing a direct current through it. If the particles 
are charged negatively, they migrate to the positive 
pole, while if they are charged positively, movement 
towards the negative pole occurs. This phenomenon is 
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known as electrophoresis or cataphoresis. In the follow- 
ing es the charges of some typical colloids are indi- 
cated. 


CHARGE ON COLLOIDAL PARTICLES 


Positive 
Metallic hydroxides 
Methylene blue 
Methyl violet 
Hemoglobin 


Negative 
Metals 
Metallic sulfides 
Aniline blue 
Kosin 
Indigo 
Starch 


Among the practical applications of the phenomenon of 
electrophoresis may be mentioned the perfection of rub- 
ber plating of metal and ceramic molds. The rubber 
latex, mixed with sulfur and such fillers as zinc oxide, 
carbon black, etc., is negatively charged and upon pas- 
sage of an electrical current is deposited on the material 
to be plated, which is made the positive pole of the cir- 
cuit. 

Reversible and Irreversible Colloids—Although the 
colloidal state may be exhibited by any substance under 
proper conditions of preparation, it is possible to dis- 
tinguish between substances which possess a natural 
tendency to remain in the colloidal condition and those 
which do not. 

Substances which possess a natural tendency to re- 
main in the colloidal state in aqueous solution are called 
hydrophilic, emulsoid, or reversible colloids, examples of 
which are gelatin, albumin, and starch. The term 
hydrophilic implies an attraction between the dispersed 
substance and dispersion medium. The stability of 
hydrophilic colloids is to a large extent attributable to 
the presence of a sheath of water surrounding individual 
particles of the colloid; electrical charges may or may 
not be present. Upon evaporating such solutions to 
dryness, a sol may be obtained again by adding more 
of the dispersion medium. Solutions of lyophilic col- 
loids are usually much more viscous than the dispersion 
medium and the addition of salts does not precipitate 
the dispersed phase unless the salt is present in high 
concentration. 

- The other class of colloids, variously known as hydro- 
phobic, suspensoid, or irreversible colloids, comprises such 
substances as metals in the colloidal state, colloidal 
metallic sulfides, and other inorganic colloids. Sub- 
stances are designated hydrophobic when there is little 
attraction between dispersed phase and dispersion 
medium. Stability of colloids of this type is almost ex- 
clusively dependent on the electrical charge present on 
individual particles of the colloid. Upon evaporating 
to dryness solutions of such colloids, they do not spon- 
taneously revert to the colloidal state when dispersion 
medium is added. The addition of small quantities of 

salts produces precipitation of the colloid. and the solu- 
tions are but slightly different in viscosity from that of 
the dispersion medium. 

Coagulation and Peptization—It was previously 
shown that colloidal particles carry charges of electricity 
which are believed to be instrumental in maintaining a 
uniform distribution of such particles by producing 
mutual repulsion of the latter. If the charges are re- 
moved by the passage of a current of electricity, as in 
electrophoresis, the colloid is deposited or precipitated 
at the electrode where the charge is removed. The pre- 
cipitation of colloids, particularly those of the hydro- 
phobic type, may also be effected by adding electrolytes 
and it has been shown by Sir William Hardy that this 
precipitation consists of the neutralization of the charge 
on a colloidal particle by an opposite charge carried by 
an ion of the added electrolyte. In the absence of the 


stabilizing electrical charge, the colloidal particles col- 
lect in large aggregates or coagulate. Some Authors use 
the term flocculation or precipitation to describe this 
phenomenon. 

From quantitative studies of the coagulation of 
hydrophobic colloids by added electrolytes, it has been 
shown that the precipitating power of an electrolyte is 
greater, the higher the valence of the precipitating ion. 
This principle was first pointed out by P. Schulze, after 
whom it was subsequently named. 

The action of electrolytes on hydrophilic colloid sols 
is much less pronounced. This type of colloid, particu- 
larly in aqueous dispersion, is characterized by a strong 
attraction between dispersed phase and dispersion 
medium, which results in a competition for molecules 
of the latter between the colloidal particles and the ions 
of the added electrolyte. 

Mutual precipitation of colloids may occur when a sol 
containing negatively charged particles is added to a sol 
containing positively charged particles. For example, 
colloidal arsenic sulfide, which is negatively charged, 
precipitates positively charged colloidal ferric hydrox- 
ide. 

High tension electric discharges may also effect pre- 
cipitation or coagulation of colloidal particles, a fact 
which was utilized by Sir Oliver Lodge, in dispelling 
fogs, and by Cottrell in coagulating smelter furnace 
vapors and atmospheric dust. 

The reverse operation of dispersing large particles 
into smaller ones which remain in permanent colloidal 
suspension is referred to as peptization and will be dis- 
cussed at greater length in connection with the prepara- 
tion of colloid solutions. 

Protective Action of Colloids—Inasmuch as hydro- 
philic colloids are not so readily precipitated by elec- 
trolytes as are hydrophobic colloids, it is possible to 
protect a sol of the latter by adding a hydrophilic colloid. 
It is believed that the hydrophilic colloid forms a highly 
solvated or hydrated film around each molecule of the 
hydrophobie colloid, in this manner serving as a protective 
colloid and conferring upon the particles the characteris- 
tics of a hydrophilic colloid. 

In pharmacy there are numerous examples of this 
protective action of certain colloids. All of the silver 
proteinate and silver albuminate preparations owe their 
stability to the action of protein and albuminous col- 
loids which are added to protect the colloidal silver. 
Similafly emulsion of silver iodide is protected by the 
addition of gelatin. Agar, acacia, bentonite, traga- 
canth, and similar substances exert protective action 
and for this reason are often used to hold in suspension 
the insoluble substances called for on physicians’ pre- 
scriptions. However, such insoluble substances are 
usually present in comparatively large particles and 
much of the value of the suspending material depends 
upon the increased viscosity of the dispersion medium. 
If the large particles are further subdivided, the stability 
of the suspension will be improved by virtue of the in- 
creased surface that is available for ‘‘protection.”’ 

In photography the ‘“grainless’’ emulsions of silver 
bromide are made possible by the protective action of 
gelatin. 

An important application of colloidal protective ac- 
tion is utilized in the colloidal gold test for syphilis. 
This test depends upon the fact that normal spinal 
fluid protects colloidal gold solution from being precipi- 
tated by sodium chloride, whereas the spinal fluid from 
syphilitic cases fails to do so, and accordingly produces 
a color curve diagnostic of the disease in its advanced 
forms. 


Dialysis and Ultrafiltration—It is frequently neces- 
sary to effect in a solution a separation of colloidal 
matter from that present as molecules or ions. One of 
the methods by which this may be accomplished is that 
of dialysis, employed originally by Graham. The proc- 
ess is based upon the fact that particles of colloidal 
dimensions do not diffuse, or at most very slowly, 
through membranes of parchment, cellophane, collo- 
dion, or certain animal organs, while particles of molec- 
ular or ionic dimensions diffuse relatively rapidly. In 
practice the solution to 
be dialyzed is placed in 
a bag made of the mem- 
brane and suspended in 
a vessel containing water 
which is changed inter- 
mittently or continuously 
(Fig. 245). In time, gen- 
erally a period of several 
days, the desired separa- 
tion is effected. If the 
solution to be dialyzed is 
heated the time required 
for dialysis is materially 
shortened. An appara- 
tus permitting heating of the solution may be con- 
structed by placing the solution to be dialyzed in a 
suitable container which can be heated; the running 
water is placed inside the bag of dialyzing membrane. 
An apparatus permitting dialysis to be carried out in 
this manner has been devised by Neidle, and is shown 
in Fig. 246. 


Fig. 245—Dialyzer. 
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Fig. 246—Neidle dialyzer. 


Acceleration of diffusion of ions may be effected by 
subjecting them to the influence of an electrical poten- 
tial; the process is then designated electrodialysis. A 
typical apparatus is shown in Fig. 247; application of 
electrical potential causes cations to migrate to the 
negative electrode compartment and anions to move to 
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the positive electrode compartment, in both of which 
running water ultimately removes the electrolyte. 
Separation of colloidal particles from those of molec- 
ular or ionic dimensions may also be accomplished by 
the process of wltrafiltration. In this method filter 
paper or cloth is impregnated with collodion or gelatin 
hardened with formaldehyde; the solution to be filtered 
is passed through the membrane. The filtering mem- 
brane may also be deposited on porous porcelain shells 
or disks which permit of the application of pressure on 
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Fig. 247—Electrodialysis apparatus. 


the liquid being filtered or suction on the reverse side. 
As in the operation of dialysis, the colloidal particles 
are retained by the filter, if it is of proper porosity, while 
molecular and ionic particles are found in the filtrate. 
By using filter papers or porcelain supports of varying 
porosity, and impregnating with solutions of varying 
concentration, it is possible to prepare ultrafiltration 
membranes of graded pore size which may be used to 
separate a colloidal dispersion into fractions containing 
particles of different sizes. Such separations are only 
approximate; it is to be emphasized that the size of the 
pores in the membranes is not the sole factor determin- 
ing whether or not a given particle will pass through 
the membrane. 

Dialysis is a very useful tool, both in the laboratory 
and in commercial processes, for separating particles of 
molecular or ionic dimensions from those of colloidal 
dimensions. The preparation of many biological prod- 
ucts, such as antitoxins, purified globulins, ete., involves 
removal from these of electrolytes which have been 
added in the course of isolation and purification. Dis- 
persions of hydrophobic colloids, as, for example, 
hydrated manganese dioxide which is administered by 
intramuscular injection in the treatment of certain 
pus-producing infections, require removal of electrolyte 
introduced in the preparation of the solution; this is 
effected through dialysis. The study of many biochemi- 
cal systems often involves separation of colloids from 
particles in true solution by the use of the techniques of 
dialysis, electrodialysis, or ultrafiltration. 

Dialyzed iron, or Ferrum Dvialysatum, is a colloidal 
preparation made by placing a mixture of basic ferric 
chloride and ammonium chloride upon a dialyzing sep- 
tum. The crystalloids (ammonium chloride and ferric 
chloride), with any free acid, pass into the diffusate, 
leaving the neutral colloidal liquid upon the septum. 
The resulting preparation is a colloidal form of ferric 
hydroxide and was at one time extensively used, but its 
instability led to its discontinuance. 


Preparation of Colloids and Colloidal Solutions 


As the colloidal state is limited only by the smallness 
of at least one dimension, it is to be expected that par- 
ticles which are smaller than colloids might be condensed 
to form larger ones of colloidal dimensions and that 
particles of larger size might be dispersed to smaller 
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ones that will fall within the limits of colloidality. In 
practice both methods find extensive application in the 
preparation of colloids and in describing them it is con- 
venient to classify them as condensation methods and 
dispersion methods, respectively. 


Condensation Methods—Such methods may be fur- 
ther classified into procedures involving reduction, 
oxidation, hydrolysis, and precipitation. 

(a) Reduction—This method is used in the prepara- 
tion of colloidal metal sols from solutions of the corre- 
sponding metallic salts. In this manner gold chloride 
may be reduced by glucose, oxalic acid, formaldehyde, 
tannin, or other reducing agents to form solutions con- 
taining colloidal gold. Depending upon the size of the 
particle the color of the light transmitted by the gold 
erystals will be first red, then blue, then green, and 
finally yellow. The red and blue solutions contain 
particles of colloidal dimensions, the former containing 
the smaller particle and the latter the larger one. Other 
metals that have been prepared by this method are 
silver, bismuth, and platinum. 

(b) Oxidation—Colloidal solutions made by this 
method include those of sulfur, selenium, and tellurium. 
In preparing colloidal sulfur, for example, hydrogen 
sulfide is oxidized and sulfur dioxide is reduced to sulfur 
by mutual interaction. 

(c) Hydrolysis—The acetates, chlorides, and ni- 
trates of many metals such as iron, bismuth, and alumi- 
num may be hydrolyzed to form hydrosols of the cor- 
responding hydroxides. Thus the addition of a few 
drops of a solution of ferric chloride to boiling water 
produces a reddish brown color which is an indication 
of the hydrolysis of the ferric chloride to ferric hydroxide 
which then remains in colloidal suspension. 

(d) Precipitation—An example of a colloidal sol pre- 
pared by this method is that of emulsion of silver iodide 
in which gelatin is used as a protective colloid to prevent 
coagulation of the silver iodide particles. While protec- 
tive substances have been added to the solutions used in 
preparing colloids by precipitation, a large number of 
colloids may be prepared without adding the former. 
Among such colloids are the sulfides of zinc, arsenic, 
antimony, and copper. 

Dispersion Methods—For convenience, these meth- 
ods have been subdivided into three classes, namely, me- 
chanical, electrical, and peptization. 

(a) Mechanical Dispersion—The ‘‘colloid mill’ is 
one of the most important devices for producing 
particles approaching colloidal dimensions, though it 
appears unlikely that such minute dispersion is obtained 
in most devices of this type. The substance to be dis- 
persed is first mixed with the dispersion medium and is 
then introduced into the colloid mill where it is made to 
pass between a rotating and a stationary disk which are 
separated by a distance which may vary from one- 
thousandth to several thousandths of an inch. The 
rotating disk travels at a high rate of speed. The colloid 


mill has found extensive application in the manufacture 
of pharmaceuticals and indeed is responsible for the 
elegance and stability of the many suspensions of in- 
soluble substances that are used in medicine. Mechani- 
cal dispersion methods are also used in the manufacture 
of emulsions, details of which will be found in the 
chapter on ‘‘Emulsions.”’ 

(b) Electrical Dispersion'—In 1897, Bredig discoy- 
ered that if an electrical current is established between 
two metallic wires immersed in a liquid, minute particles 
of metal which are torn off from the negative electrode 
remain indefinitely suspended to form a colloidal solu- 
tion. The dispersion medium should be well cooled 
and may contain a protective colloid or a trace of so- 
dium or potassium hydroxide which has been found to 
stabilize the sols of many metals. By this method col- 
loidal solutions of gold, silver, cadmium, platinum, and 
palladium have been made. Using ether as the disper- 
sion medium, T. Svedberg has prepared sols of the alkali 
metals by this method. 

(c) Peptization—Graham found that the white of a 
hard-boiled egg could be brought into solution by treat- 
ing it with a mixture of pepsin and dilute hydrochloric 
acid. To this process of colloidal dispersion he gave the 
name ‘“peptonization.” The property of peptization, 
as it is now called, is displayed by many substances 
and in practice is extensively used in preparing colloidal 
solutions of such materials. Among substances which 
exert peptizing action are glycerin, glucose, lactose, 
sucrose, tartaric acid, citric acid, and other acids con- 
taining hydroxy groups. It is reported that most of 
the scale salts used in pharmacy are the residues ob- 
tained by evaporating sols of metallic hydroxides pep- 
tized with citric acid, tartaric acid, sucrose, etc. Thus 
it is believed that iron and ammonium citrate consists 
of a solid sol of a basic colloid complex FeC.H 50;.- 
2Fe(OH)s; dispersed in ammonium citrate (C. Morton, 
Quart. J. Pharm. Pharmacol., (4, 161 (1931)). In this 
same category may be placed the action of water in pro- 
ducing solutions of certain hydrophilic colloids as, for 
example, gelatin. 

The theory underlying peptization is that particles 
possess a tendency to adsorb certain ions and thereby 
become electrically charged. In so doing a repulsion 
is set up between the particles and they remain in 
suspension when a suitable dispersion medium is pres- 
ent. In order to prepare a colloidal solution by this 
method it is desirable that the peptizing agent be pres- 
ent when the material to be peptized is precipitated, for 
according to the theory particles pass through the col- 
loidal state immediately after they are precipitated. 
However, the presence of electrolytes in a solution may 
prevent the adsorption of a peptizing substance so that 
in certain cases the former must be removed by washing 
or dialysis before the latter is added. 

1 Many writers classify this as a condensation method because there is evi- 


dence that the metal is first ‘‘vaporized’”’ and then condensed into the larger 
colloidal particles. 


CHAPTER XXI 


EMULSIFICATION 


PART I. 


Theory of emulsification—emulsifying agents—characteristics of emulsions—practical aspects 


AN EMULSION is a heterogeneous system consisting 
of droplets of one liquid dispersed throughout the body 
of a second liquid. That hquid broken up or existing 
as globules is termed the internal, dispersed, or discon- 
tinuous phase, whereas the liquid enclosing the droplets 
is termed the external or continuous phase or the dis- 
persion medium. 

From the standpoint of the relative amounts of the 
two phases, there Are, generally speaking, two very dis- 
tinct types of emulsions: 

(a) The very dilute emulsions of oil in water, usu- 
ally referred to as the ozl hydrosols. 

(6) The more concentrated emulsions which are 
more complex and which may have either oil or water 
as the external phase. 

The oil hydrosols consist of systems in which water 
is the dispersion medium, throughout which are dis- 
persed very small amounts of oil, never exceeding 2 
per cent. The particles of oil which are very small are 
not protected by the presence of any added stabilizing 
agent and their behavior is quite analogous to that of 
hydrophobic sols. Engine condenser water is a com- 
mon example of this class of emulsions which is of very 
little pharmaceutical importance. Another example of 
an oil hydrosol is the aqueous layer obtained in the re- 
ceiver during the steam distillation of a volatile oil. 

The second class of emulsions may be subdivided 
into (1) those consisting of droplets of oil dispersed 
throughout an aqueous dispersion medium, usually 
referred to as ozl-in-water or O/W emulsions, and (2) 
those in which droplets of water are dispersed through- 
out an oleaginous dispersion medium, termed water-in- 
oil or W/O emulsions. 

When pure oil and water are shaken together, the 
initial dispersion of oil is quite unstable, the oil rapidly 
coalescing until a complete separation into a layer of 
oil and water results. This might be expected, 
inasmuch as the increase in surface area produced by 
the dispersion of the oil greatly increases the free surface 
energy of the system. By the process of coalescence 
this free surface energy again attains its minimum 
value. Free surface energy is dependent upon both 
surface area (capacity factor), and interfacial tension 
(intensity factor). Obviously the former cannot do 
other than increase when the surface area is increased 
during dispersion. Therefore, if a stable emulsion is 
to be produced, there must be present some third sub- 
stance termed the emulsifying or stabilizing agent which 
in some manner or other can prevent the coalescence 
of the oil globules. The mechanism whereby this coales- 
cence is prevented is explained in several ways by 
numerous theories which have been advanced in the 
extensive emulsion literature. There are some serious 
objections to a few of the theories presented but they 
will be briefly discussed as to their salient features. 

The viscosity theory of emulsions attempts to explain 
the stabilization of an emulsion by reason of the hin- 
drance offered the oil globules in coalescence. There is 
no connection, however, between high viscosity and 
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ability to form or stabilize an emulsion. Hillyer? 
found that a solution containing 50 per cent glycerin 
and 6 per cent acacia and possessing high viscosity 
would not emulsify cottonseed oil, whereas a 1 per cent 
soap solution with a low viscosity did so quite effec- 
tively. The present view concerning the role of vis- 
cosity in emulsification is that it aids emulsification by 
its mechanical hindrance to coalescence but that it is 
not the cause of emulsification. 

The hydration theory of emulsification has been pro- 
posed by Fischer, who claims that an emulsion can only 
be produced when the liquid which is the dispersion 
medium goes to form a hydrated compound with the 
substance acting as the stabilizing agent. Thus he con- 
siders an emulsion of oil in a soap solution to be a dis- 
persion of oil throughout a colloid hydrate consisting 
of soap and water. This theory considers that oil can- 
not be emulsified in a hydrated colloid until a certain 
amount of water is present, which amount must fall 
within definite limits. The chief objection to this 
theory is that it presents a phase of the subject which 
is doubtlessly true, namely, the fact that the stabiliza- 
tion of oil-in-water emulsions is accomplished by the 
appropriate use of hydrophilic colloids, but no funda- 
mental explanation of the mechanics of stabilization is 
advanced. 

The surface tension theory* considers that emulsifica- 
tion is made possible by means of a lowering in the 
interfacial tension between the two phases. Donnan? 
investigated the interfacial tensions between oils and 
alkaline solutions, using the drop pipette (Fig. 248) 
whereby the number of drops of oil 
from a given volume rising through 
various aqueous solutions were 
counted and expressed as ‘‘drop 
numbers.”’ Obviously, the greater 
the number of drops per unit of 
volume the lower the interfacial 
tension between the oil and the 
water, and as he considered, the 
greater the ease of emulsification. 

In a later work, Donnan and 
Potts? measured the drop numbers 
of ahydrocarbon oil against aqueous 
solutions of the sodium salts of the 
saturated fatty acids, from acetic to 
lauric, wherein it was found that 
all of them lowered the interfacial 
tension—the lowering effect increas- 
ing with the high molecular weights 
but strongly evident first with 
sodium caprylate. However, suit- 
able emulsifying power was not 
obtained until sodium laurate was 
reached which points to an additional factor, the 
necessity of a colloidal solution. Sodium salts of the 


* The surface tension theory might more correctly be termed the interfacial 
tension theory. Surface tension is usually interpreted as the tension between a 
liquid and air, whereas interfacial tension, as here applied, is the tension existing 
between two liquids, 


Fig. 248—Donnan drop 
pipette. 
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lower fatty acids form true solutions, but starting with 
sodium caprylate, evidence of a colloidal solution is 
noted which with sodium laurate is much more pro- 
nounced. Donnan and Potts concluded therefore, 
that, although the lowering of interfacial tension is 
accompanied by a concentration of the salt at the in- 
terface, very viscous or gelatinous films which offer 
resistance to the coalescence of the globules are 
essential for stability in an emulsion. According to the 
surface tension theory, the amount of soap taken from 
the body of the solution and deposited at the interface 
should increase as the degree of dispersion of the oil in- 
creases. This has been shown experimentally by Briggs.‘ 


The adsorbed film theory of emulsions is the most gen- 
erally accepted theory at the present time. Itis founded 
on the results of many workers, notably Bancroft,® 
Clowes,* and Bhatnagar.’ This theory considers the 
emulsifying agent as a separate phase in the form of an 
adsorbed film around the oil globule. On the relative 
magnitude of the surface tensions on each side of this 
film depends the type of emulsion produced. Both the 
oil and the water phase are considered to wet the film 
so that the surface tension will differ on the two sides. 
Due to this difference the film will bend, the side with 
the higher surface tension becoming concave, tending 
to envelop liquid on that side. Thus a liquid O will be 
dispersed as drops in a liquid W when the interfacial 
tension between W and the film is less than the inter- 
facial tension between O and the film. Furthermore, a 
substance in order to act as an emulsifying agent must 
be adsorbed at the interface between oil and water and 
form a coherent film there; otherwise it would be unable 
to form a film enveloping globules of one of the liquids. 


Taking, for example, soaps, the following reasoning 
seems quite simple. Soaps of monovalent cations being 
readily dispersed in water but not in oil form a film 
which is wetted more readily by water than by oil, 
consequently the surface tension is lower on the water 
side than the oil side and the film tends to curve so 
that it encloses globules of oil in water, in this manner 
reducing the area of the side of higher surface tension 
toaminimum. On the other hand, a soap composed of 
di- or trivalent cations being easily dispersed in oil 
and not water produces the opposite effect and water 
globules are enclosed in oil. 

Thus, generally speaking, the solubility of the emulsi- 
fying agent or a knowledge as to whether oil or water 
will preferentially wet the emulsifying agent will en- 
able one to predict the possible emulsion type, although 
other factors, namely, relative volumes of phases, 
technique, etc., play an important part. 

Further developments along the line of the adsorbed 
film theory have been made utilizing Langmuir’s® 
theory of molecular orientation exhibited by many polar 
compounds at an interfacial zone. Certain molecules, 
being possessed of high dipole moment due to strong 
stray fields as the result of molecular dissymmetry, 
have the power of turning under certain conditions to 
a position minimizing the free surface energy at an 
interface. For example, a sodium oleate molecule at 
the interfacial zone between oil and water will be so 
oriented as to allow the highly polar —COONa group 
to be towards the water, whereas the non-polar —CHg, 
will be directed towards the oil. This in effect bridges 
the gap between the highly polar water and the non- 
polar oil, reduces the interfacial tension, and stabilizes 
the system. : 

The oriented wedge theory attempts to explain the 
type of emulsion produced by the number of fatty acid 
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radicals in the molecule of soap employed. A soap is 
considered to be adsorbed at the interface to form a 
film which will be convex on the water side, provided the 
polar group in the water occupies more space than is 
necessary for the closest packing of the hydrocarbon 
chain. On the other hand, when the soap contains a 
di- or trivalent cation, conditions are such as to favor 
the expansion of that side of the film which is turned 
towards the oil. See Fig. 249. 
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Vig. 249—Diagram illustrating the oriented wedge theory of emulsions. 


One point of difficulty in the concept of molecular 
orientation at the interfacial zone is the fact that ex- 
periments seem to show that this layer is polymolecular 
rather than monomolecular, although this does not 
necessarily disprove this theory. 

Various evidences of the formation of adsorption 
films may be cited. For example, the common Rams- 
den phenomenon’ wherein a surface-active material such 
as albumin may be caused to precipitate from solution in 
fine shreds, following simple agitation or agitation 
with chloroform due to a concentration at the dineric 
interface formed, accompanied by an irreversible pre- 
cipitation of the albumin from solution in the form of 
massed adsorpta. 

Emulsions in which finely divided solids act as the 
emulsifying agent may result under certain conditions. 
This is sometimes called the Briggs” effect, due to 
some experiments by Briggs who was able to stabilize 
a kerosene emulsion with finely divided ferric hydrox- 
ide. More recent investigations have correlated the 
phenomena of contact angle and preferential wetting 
in explaining this type of emulsion stabilization. 

It should be clearly understood that there is in reality 
no conflict between the surface tension theory and the 
adsorption film concept. Rather it would appear that 
both are operative, the phenomenon of adsorption film 
formation being the mechanism whereby interfacial 
tension reduction is accomplished. With a great dimi- 
nution in interfacial tension (intensity factor) a high 
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surface area (capacity factor) stillis possible without the 
existence of considerable free surface energy and there- 
fore the emulsion system is quite stable. 

Determination of Emulsion Type—Frequently emul- 
sions must be classified as to whether they are of the 
oil-in-water or water-in-oil type. Generally speaking, 
an emulsion is miscible with a liquid which is miscible 
with its external phase. Thus an O/W emulsion is 
easily mixed with water and a W/O emulsion is easily 
diluted with oil, but not viceversa. Asecond method is 
a qualitative observation with regard to the electrical 
conductivity of the system, the O/W acting as an ef- 
ficient conductor and the W/O permitting only a slight 
flow of current through the system. A third and very 
useful method is the use of oil-soluble or water-soluble 
dyes in which the phases are selectively stained and their 
relative positions observed microscopically. Finally, 
use may be made of the difference in refractive index 
between oil and water in which case a globule of the 
dispersed phase is focused carefully under the micro- 
scope. Observing the Becke line, which is the halo of 
light seen when the globule is just slightly out of focus, 
it will be found to move into the medium of higher re- 
fractive index when the objective lensisraised. Thus, 
if it moves towards the center of the globule, an O/W 
emulsion is indicated, and if it moves toward the pe- 
riphery, a W/O emulsion is indicated, realizing that the 
refractive index of oils exceeds that of water. 

Inversion of Phases—An emulsion of the oil-in-water 
type can be transformed to the water-in-oil type by the 
addition of either an emulsifying agent of the opposite 
type or some salt that will react with the O/W emulsify 
agent to form one favoring the W/O type. For example, 
if an O/W emulsion stabilized by the presence of so- 
dium oleate is shaken with some calcium chloride, the 
O/W emulsion will invert to the W/O type. This is 
due to the reaction between the sodium oleate and the 
calcium chloride forming calcium oleate which will 
dissolve in the oil phase, causing it to assume the ex- 
ternal position with respect to the aqueous portion 
which now becomes the internal phase. In a like man- 
ner, sodium hydroxide added to a W/O emulsion stabi- 
lized by a divalent metal soap will invert the emulsion, 
forming an O/W emulsion. 

Under certain conditions it is possible to cause an 
inversion of phases simply by varying the relative vol- 
umes of oil and water. That ratio at which inversion 
occurs is called the critical ratio. 

Clowes!! observed microscopically the inversion of 
an oil-in-water emulsion. The oil globules became 
distorted, then elongated near the critical point where 
the Brownian movement was very pronounced. At 
the critical point large masses of oil and water were in 
very active movement, due in all probability to the 
existence of two continuous phases. After the critical 
point was passed, the emulsion consisted chiefly of large 
drops of water surrounded by oil. The water drops, 
however, still contained small globules of oil which were 
very active due to Brownian movement. When the 
conversion was complete, this type of motion was 
found to be absent. A graphic diagram of inversion as 
given by Clowes is reproduced (Fig. 250). 

Emulsifying Agents 

The third substance which must be present in order 
to form stable oil-in-water (O/W) or water-in-oil 
(W/O) emulsions is called the emulsifying, dispersing, 
or stabilizing agent. It is sometimes referred to-as the 
third phase in the emulsion system. Mention has al- 


ready been made of the fact that as a rule one can pre- 
dict the emulsion type on the basis of whether the 
emulsifying agent is oil or water soluble, the phase in 
which it is soluble being the dispersion medium. 


One very important point of difference exists between 
various emulsifying agents. Some, by reason of certain 
physical properties, notably viscosity and _ viscidity, 
favor dispersion due to mechanical forces which are 
brought into play. These are pre-eminently dispersing 
agents. Others are not so effective from the standpoint 
of dispersion but they are excellent stabilizers, 7. e., 
once the dispersion has been accomplished coalescence 
is effectively prevented. For example, tragacanth is 
a very excellent dispersing agent but a poor stabilizer, 
whereas gelatin is a poor dispersing agent but one of the 
most effective stabilizers. ; 

Due to the very considerable number of emulsifying 
agents that are available no attempt will be made to 
do other than to discuss briefly those of outstanding 
importance pharmaceutically. Certain qualities must’ 
be possessed by an emulsifying agent if it is to be useful. 
It must lower interfacial tension, stabilize the emulsion, 
and itself be chemically stable towards the various 
components in the emulsion system. 
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Fig. 250—Inversion of emulsions (Clowes). 
C—adsorbed film. 
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A—oil; B—water; 


Emulsifying agents, wetting agents, and detergents 
have somewhat analogous properties. For this reason 
some substances are useful in all three directions, as is 
the case with soap. In most instances a substance is 
particularly useful for only one of these purposes and 
is usually inefficient when used otherwise. 

A classification sometimes used for these compounds 
groups those having a negative charge as anionic 
agents, those having a positive charge as cationic agents, 
and those having no charge as non-ionic. See the chap- 
ter on “Surface-Active Agents.” 

Soaps—Soaps may be divided into the following three 
classes: 

1. Soluble soaps—These are salts formed from vari- 
ous fatty acids and alkali metals or the ammonium 
radical. Fatty acids below about C12 do not form 
colloidal solutions in water and therefore are not good 
emulsifying agents. The presence of double bonds in 
the fatty acid molecule increases its polarity and there- 
fore the solubility of the resulting soap in water. The 
soluble soaps are. capable of forming good emulsions 
but the alkalinity of such products and their taste re- 
stricts them to external use. Ammonia Liniment is an 
example of an oil-in-water emulsion prepared with a 
soap (ammonium oleate). 

. 2. Insoluble soaps—The term “insoluble soap” re- 
fers to solubility in water and polar solvents since the 
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insoluble soaps are, in most cases, soluble to some de- 
gree in oils and non-polar liquids. These insoluble 
soaps are salts formed with fatty acids and various di- 
valent and trivalent metals, e. g., zinc oleate, aluminum 
stearate, etc. These soaps, being oil soluble, favor the 
W/O type of emulsion. An example is the product 
Lime Liniment wherein the calcium hydroxide of the 
Lime Water reacts with the free fatty acids in the Lin- 
seed Oil forming calcium soaps which then make a 
water-in-oil type of emulsion. Emulsions of this type 
are frequently prepared by the pharmacist for applica- 
tion to the skin since the oil in the external phase facili- 
tates their application to the skin in a thin film, the un- 
broken skin itself being oily in nature. 

8. Soaps of organic amines—The best known ex- 
ample of this type of soap is that formed with triethanol- 
amine. Certain organic amines, by replacing the 
alkali metal or the ammonium group in soaps, give 
emulsifying agents that are widely used. Triethanol- 
amine oleate and stearate are of great importance in 
many emulsion products. These soaps are less alkaline 
in reaction and therefore somewhat less irritating to the 
skin. Triethanolamine is a commercial product con- 
sisting chiefly of triethanolamine [(C2H4OH)3N] with 
some diethanolamine [(C2.H,OH)2.NH] and mono- 
ethanolamine [(C2.H4,QOH)NH.]. Morpholine (diethyl- 
ene imide oxide) forms soaps useful in preparing emul- 
sions which, when they dry on a surface, are water 
resistant. The vaporization of the morpholine from 
the surface film, leaving only the fatty acid residue of 
the soap, prevents re-emulsification on contact with 
water. 

Sulfated Oil and Fatty Alcohol Sulfates—These sub- 
stances are neutralized sulfuric acid esters of oils such 
as castor oil or alcohols such as lauryl or cetyl alcohol. 
They are sometimes improperly called sulfonates but 
differ from the latter in that the sulfur is attached to 
the molecule through an oxygen atom. A type formula 
is R—O—SO;Na. Although these compounds are used 
chiefly as wetting agents they do have some small value 
as emulsifying agents particularly when used with other 
emulsifying agents. See Sodiwm Lauryl Sulfate (page 
591). 

Efe tites— "The true sulfonates have the sulfur 
attached directly to a carbon and have the general 
formula RSO;Na. A number of these are used as wet- 
ting agents since their calcium tolerance is high and 
they do not undergo hydrolysis as do the sulfates. 
They are used as emulsifying agents, particularly in 
combination with other substances. 

Quaternary ammonium compounds—These  sub- 
.stances represent the cationic type of substance, 7. e., 
they carry a positive charge. The type formula is 
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The cationic agents are used principally as wetting 
agents and detergents in those cases where a neutral 
or slightly acid reaction is. desired and where anionic 
agents are incompatible (as with certain basic dyes). 
The cationic agents are incompatible with anionic 
agents and thus they cannot be used with soaps, sul- 
fates, sulfonates, etc. Even agar which is negatively 
charged is incompatible with them. Gelatin if positively 
charged (below its isoelectric point) is compatible with 
them but it forms a coacervate if negatively charged 
(above its isoelectric point)... : 
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Some of the quaternary ammonium compounds are 
powerful antiseptics, e. g., Benzalkonium Chloride 
(page 658), CTAB, Ceepryn, Phemerol, etc. 

Cationic agents, although incompatible with anionic 
substances, may be combined with non-ionic emulsify- 
Ing agents. 

Gelatin—For many years the use of gelatin as an 
emulsifying agent was somewhat empirical since its 
amphoteric nature was overlooked as well as the fact 
that the treatment given its precursor (raw material) 
during manufacture determines its isoelectric point. 
A comprehensive study” of this problem has led to a 
better understanding of its use. The Pharmacopceia 
now distinguishes the two types of gelatin as follows: 
“Gelatin derived from an acid-treated precursor (Phar- 
magel A) exhibits an isoelectric point between pH 7 
and pH 9, while gelatin derived from an alkali-treated 
precursor (Pharmagel B) has an isoelectric point between 
pH 4.7 and pH 5.” Below its isoelectric point gelatin 
carries a positive charge, 7. e., it is cationic while 
above its isoelectric point it carries a negative charge, 
z. €., 1t is anionic. When using gelatin in combination 
with other emulsifying agents which themselves carry 
a charge it is important to make sure that the charge 
on each is of the same sign or, if not, that one is used 
in sufficient excess to reverse the charge of the other. 
For example, a positive gelatin is incompatible with 
gums which are negatively charged, whereas a nega- 
tive gelatin is quite compatible. The product formed 
when oppositely charged colloids react is usually a 
coacervate.* Some of these are readily peptized by 
neutral salts whereas others are quite resistant. 

When used alone to produce emulsions gelatin gives 
very fine fluid emulsions with excellent palatability 
and for dispensing practice nothing is superior. By 
reason of its low viscosity a gelatin emulsion can only 
be prepared when a homogenizer or a colloid mill is 
used. For small-scale work the hand homogenizer is 
quite efficient. 

If a highly viscous emulsion is desired gelatin must 
be combined with other substances, since if enough gela- 
tin is used to produce a thick emulsion the product 
will gelatinize at low temperatures. Only a negatively 
charged gelatin can be used with gums but either a 
negatively or positively charged gelatin may be used 
with non-ionic agents such as methyl cellulose. 

Pharmagel A is a commercially available U. 8S. P. 
Gelatin having an isoelectric point between pH 7 and 
pH 9. It is generally used in acid solution at pH 3 to 
3.5 and at such pH it is strongly positive (cationic). 
Pharmagel B is a U.S. P. Gelatin having an isoelectric 
point between pH 4.7 and pH 5. It is generally used 
at pH values above its isoelectric point and as such it 
is negatively charged (anionic). For actual technique 
of using gelatin see Part II of this chapter entitled 
Some Practical Aspects of Emulsions. 

Gums and Pectin—These are products of plant 
metabolism and they are in many instances of a glyco- 
side or glycoside-like structure. Some are good emulsi- 
fying agents, e. g., acacia, whereas others, e. g., traga- 
canth and agar, have little protective action but are 
useful for producing viscosity in the product. The use 
of agar in emulsions is of no therapeutic significance as 
is sometimes believed. When used as a bulk laxative 
the dose is 4 Gm. or more given in dry form. All of the 
natural gums are anionic in nature. Pectin is a muci- 


* A coacervate is named from the Latin coacervatus meaning “heaped 
together.”’ It refers to the viscous droplets produced when oppositely 
charged colloids are brought together. This “‘precipitate’’ exhibits prop- 


erties quite distinct from those of a true precipitate. “°’ “4! 
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laginous substance obtained from citrus fruits or apple 
pomace. When used as an emulsifying agent only pure 
pectin should be used. Some commercial grades, 
usually labeled “100 grade,’”’ contain 50 per cent dex- 
trose and are intended for jelly manufacture. The pH 
of emulsions made with gums also influences their 
stability. Thus Krantz and Jordan™ found that emul- 
sions made with acacia are most stable between pH 2 
to 10. Pectin, which itself undergoes hydrolysis 
rapidly at certain pH values, requires a favorable pH in 
emulsions made with it if stability is to be achieved. 

Sodium Alginate—This is a sodium compound of 
alginic acid, itself a highly polymerized dextromannu- 
ronic acid anhydride. It is prepared from certain sea 
weeds. Sodium alginate is also known as Kelgin and 
it is widely used as a bodying agent and a stabilizer in 
certain dairy products such as ice cream. In emulsions 
it contributes viscosity but it is not entirely satisfactory 
alone. Calcium.ions produce with it a jelly-like pre- 
cipitate of hydrated calcium alginate and the presence of 
free acid releases the weak, insoluble alginic acid. 

Methyl Cellulose—This is a methy] ether of cellulose. 
Various grades are available possessing different vis- 
cosities when dissolved in water (15 to 4000 ep.). 
Methyl cellulose is soluble only in cold water but it is 
best dissolved by adding it to boiling water in order to 
hydrate it and then adding ice water or chilling in order 
to bring about complete solution. Methyl cellulose is a 
non-ionic emulsifying agent and it is compatible with 
other emulsifying agents, including gelatin. Most salts 
precipitate it from solution. Ethyl cellulose must not 
be confused with methyl cellulose since the former is 
insoluble in water. 

Lecithin—Lecithin is a phospholipid which is water 
dispersible due to the strongly polar groups present. 
Aqueous dispersions of lecithin act as emulsifying agents 
producing oil-in-water emulsions. Lecithin is obtained 
from both egg yolk and soya bean. The two products 
are not identical. It is rarely used alone as an emulsify- 
ing agent. 

Cholesterol and Its Esters—Cholesterol and _choles- 
teryl esters give to wool fat its capacity to absorb water 
forming a water-in-oil emulsion. ‘‘Absorption Bases’’ 
are usually partially purified cholesterol and esters, 
sometimes containing other sterols, dissolved in white 
petrolatum. They are more stable than wool fat from 
the standpoint of color and rancidity. Cholesterol 
itself may be added to fats or oils to make possible 
water-in-oil emulsions but pure cholesterol is rarely so 
used. Emulsion ointments of the W/O type using 
cholesterol are quite popular since they have greater ther- 
mal stability than petrolatum or animal fats. 

Cetyl and Stearyl Alcohols—These are closely related 
monatomic alcohols (Cig and Cig) which are oil soluble 
but make possible the emulsification of water or aqueous 
solutions. Hydrophilic Ointment U. 8. P. contains 
stearyl alcohol and many emulsion type cosmetic 
creams use these alcohols, not only to hold water in a 
fine dispersion but also because they confer on a product 
a very smooth texture. These alcohols are frequently 
used with wool fat or an ‘“‘absorption base.” 

Esters of Polyhydric Alcohols or Alcohol Ethers— 
These esters vary in their emulsifying properties, favor- 
ing either W/O or O/W emulsions depending upon 
their relative hydrophilic and hydrophobic character. 
This in turn is governed by the number of hydrophilic 
groups in the molecule and the length of the constituent 
hydrocarbon chains. For example, diethylene glycol 
monolaurate, having hydrophobic properties, favors a 
water-in-oil emulsion (W/O) while the non-ethylene 
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glycol esters of fatty acids are hydrophilic and favor 
oil-in-water (O/W) emulsions. Another method of con- 
ferring hydrophilic characteristics on a fatty acid ester 
is by the formation of polyoxyalkylene derivatives. 
The products known as ‘‘Spans’’* and ‘“T'weens’’* are 
either oil soluble and water dispersible or water soluble 
depending upon the nature of their esters and the extent 
to which they have been treated introducing oxyalky- 
lene groups. Generally speaking, the Spans are oil 
soluble and favor W/O emulsions and the Tweens are 
water soluble and favor O/W emulsions. Very unusual 
things can be done using appropriate mixtures of 
“Spans” and “Tweens.”’ By balancing the hydrophilic- 
hydrophobic nature of the mixture almost any two 
liquids can be made to yield a homogeneous mixture, 
their dissimilarity being bridged by the presence of 
these compounds. The esters of the polyhydric alco- 
hols and alcohol ethers and their polyoxyalkylene 
derivatives are non-ionic agents and are fairly stable 
except in the presence of strong alkali which tends to 
saponify them. A large number of emulsifying agents 
with trade names are available which belong to this 
group. 2 


Characteristics of Emulsions 


Synergism and Antagonism Exhibited by a Combina- 
tion of Emulsifying Agents—lIt is frequently desirable 
to combine various emulsifying agents in order to pro- 
vide more efficient action than would be obtainable 
with a single substance. Thus acacia and tragacanth 
or acacia and agar are frequently combined to unite 
dispersing and stabilizing properties. 

In some cases antagonistic qualities are seen which 
of course make such combinations quite undesirable. 
The blending of two emulsifying agents, one favoring 
an O/W system and the other a W/O, usually causes dif- 
ficulty. A notable exception is the combination of 
“Spans” and “Tweens” already explained. In this 
case combinations often seem to perform better than 
individual esters. Certain antagonisms may also be 
found within a single class of emulsifying agents. 
Notable is the antagonism exhibited by cholesterol and 
lecithin and that found with gelatin (at a lowered pH) 
and agar. The latter case is explained by the phe- 
nomenon of coacervation. Agar, a negatively charged 
colloid, is precipitated by the highly positive gelatin 
producing a flocculent precipitate having the nature 
of a coacervate. Therefore, such a combination is 
not feasible. 

Transparent and Chromatic Emulsions—Emulsions 
as usually prepared are opaque and white or nearly so. 
This is due to the optical heterogeneity of the system 
incident light being almost totally reflected from the 
emulsion. If the two phases comprising the emulsion 
system are so adjusted as to be of the same refractive 
index then the emulsion system becomes optically 
homogeneous and the emulsion transparent. If, in 
addition, the two phases have widely different optical 
dispersive powers, the system is analogous to a multi- 
tude of lenses or prisms and a prismatic color effect 
results. 

Whitmore and Linehan" prepared transparent emul- 
sions of several essential oils as food flavors, the high 
refractive index of the oil being reduced by the addition 
of ethyl esters of coconut oil. The aqeuous phase con- 
tained 80 per cent of sugar (2 parts invert sugar, 1 part 
sucrose) and acacia or gelatin as the emulsifying agent. 

Multiple Emulsions—Multiple emulsions are those 


* Atlas Powder Co., Wilmington, Del. 
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in which the globules of the dispersed phase contain 
globules of the other phase. This condition frequently 
occurs as the result of inversion. Seifriz!® has published 
photomicrographs showing not only ordinary multiple 
emulsions but a quite unusual quinque multiple emul- 
sion where three oil and two water globules alternate 
one within the other. 

Concentration of Emulsions and Particle Size—If the 
dispersed phase of emulsion consisted of perfectly uni- 
form globules, then the maximum part of the total vol- 
ume of the emulsion which they could occupy would be 
74.02 per cent. Actually, under certain conditions, 
emulsions containing more than this amount of dis- 
persed phase have been prepared due to a lack of uni- 
formity in the particle size which allows smaller globules 
to fill in the spaces between larger ones, and, further, 
due to a deformation of the globules themselves. 

Obviously, when the dispersed phase exceeds ~ap- 
proximately 74 per cent, conditions are not such as to 
favor prolonged stability, yet from the creaming stand- 
point an emulsion of this concentration would seem to 
provide ideal conditions. 

The particle size of an emulsion is a factor subject 
to considerable variation. Not only may the particle 
size vary in different emulsions but there may also exist 
a great variation in particle size within a single emul- 
sion. 

The determination of the statistical distribution of 
the size of dispersed particles in a dispersion is termed 


a size-frequency analysis. This may be done by measur- ’ 


ing the diameters of the particles observed in numerous 
representative microscopical fields or by a sedimentation 
method. A size frequency analysis is of considerable 
value in predicting creaming tendency as well as useful 
in determining emulsion stability. A rapid growth in 
average particle size indicates, of course, an emulsion 
not possessing marked stability under the existent 
conditions. 

Splitting of Emulsions—Chemical and Physical 
Methods—The splitting of emulsions frequently termed 
de-emulsification may be accomplished by several 
methods, the choice being determined by the particular 
emulsion at hand. This process is not as important in 
pharmacy as in many other fields. The only important 
application in pharmacy is the analysis of emulsions 
for oil content where some highly efficient de-emulsifica- 
tion technique is indicated. ; 

Among the methods commonly employed are: 


Use of heat or cold. 

Centrifuging. 

Addition of emulsifying agent favoring reverse 
type. 

Addition of electrolytes. 

Destruction or coagulation of emulsifying agent. 

Addition of liquid in which both phases are sol- 
uble. 

Electrical methods. 
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One of the most efficient methods for small-scale ap- 
plication to O/W systems is freezing with solidified 
CO., followed by ether extraction of the oil phase. 

The use of the Cottrell precipitator is an example of 
an electrical method of de-emulsification in which the 
emulsion is subjected to the passage of high-potential 
alternating current, resulting in a coalescence of the 
two phases. 

The Creaming of Emulsions—Stokes’ Law—The 
phenomenon known as creaming is the gradual rise of 
oil globules in an O/W or the gradual fall of water 


~ 
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globules in a W/O emulsion by reason of the difference 
in density between the dispersed phase and the dis- 
persion medium. The downward creaming of water 
globules in a W/O emulsion might better be termed sedi- 
mentation. 

Employing the mathematical expression of Stokes’ 
law, some very interesting deductions may be made 
concerning the effect on the velocity of creaming or 
sedimentation produced by variation of its several 
terms. The Stokes’ equation is: 


_ 2(di — da)gr? 

rene ren tea 

where V = velocity of sedimentation, d; = density of 
dispersed phase, dz = density of dispersion medium, 
g = gravity constant, r = radius of dispersed phase, 
and 7 = viscosity of the medium. 

From this expression it may be seen that if d; — dz = 
0, 7. e., if the two phases were of the same density, 
there would be no creaming tendency. Further, if 
d, > dzasina W/Oemulsion d, — dz = a positive quan- 
tity and sedimentation would occur, the dispersed 
phase sinking to the bottom. Conversely, if di; < de 
the expression d,; — dz = anegative quantity and V would 
be negative, which means simply that the reverse of 
sedimentation would occur (creaming). This is the 
condition existing in the common O/W emulsion. Inas- 
much as the velocity of creaming or sedimentation varies 
directly also as the r? and g, it is obvious that particles 
of larger dimensions cream more rapidly than smaller 
ones and that increasing the activating force g as, for 
example, by centrifuging, will likewise accelerate the 
creaming rate. Finally, the creaming rate varies in- 
versely as the viscosity of the medium; thus an in- 
crease in viscosity retards creaming. The viscosity of 
the medium exerts a profound influence on the velocity 
of creaming or sedimentation, due to the fact that it is 
capable of such wide variation. For this reason, if ex- 
cellence of emulsification be adjudged by the fineness 
of the particle size of the dispersed phase, it is quite 
possible to have an emulsion A which is quite superior 
to B from the standpoint of dispersion, but which creams 
more rapidly than B due to its much lower viscosity. 
From this it will be seen that the creaming rate alone 
is no criterion in the grading of emulsions. Unfortu- 
nately, many emulsions are prepared and marketed 
which are exceedingly thick in order to cover up a poor 
degree of dispersion. 

One factor largely influencing the rate of creaming in 
an O/W emulsion which is not considered in Stokes’ 
law is the clumping of the oil globules. When this 
occurs, the creaming tendency is greatly increased. 
Therefore, the addition of any substance to an emulsion 
which encourages clumping will favor a rapid creaming 
of the emulsion. Thus the addition of gelatin to milk'® 
has been found to accelerate its creaming rate. 


V 


Mechanics of Emulsification 


Emulsifying Equipment—In the actual preparation 
of emulsions a wide variety of methods-is employed. 
The simplest procedure is that of ordinary agitation or 
shaking. This method is frequently employed by the 
pharmacist, particularly in the emulsification of oils of 
low viscosity, which are easily dispersed. Briggs!” 
claims that under certain conditions intermittent shak- 
ing is considerably more effective than ordinary continu- 
ous shaking, which he explains as due to the fact that 
continuous shaking tends to break up not only the 
phase to be dispersed but the dispersion medium. This, 
of course, impairs the ease of emulsification. Labora- 


180 EMULSIFICATION 


tory shaking devices are available which may be used 
for the small-scale production of emulsions by this 
method. Clayton calls attention to the fact that 


aay 

Fig. 251—Electric mixer for emulsions. 
shaking is an inferior method of making emulsions 
“because, as the emulsion becomes more perfect, the 
smashing action between the relatively heavy and light 
particles becomes more feeble, whereas the smashing 
forces should be increased.” 

There are many types of agitating devices or churns 
marketed for purposes of emulsification. These differ 
not only in efficiency but also in regard to the optimum 
conditions for their Eee due to their difference in 
construction, speed, and size. 

The mortar and pestle is a common piece of small-scale 
pharmaceutical equipment which is widely used by the 
prescription pharmacist in the extemporaneous prep- 
aration of emulsions. It has very definite limitations, 
however, since its usefulness depends largely on cer- 
tain physical properties of the emulsifying agent em- 

ployed, chiefly its viscidity. 
Attempts to use the mortar 
and pestle with an emulsify- 
ing agent lacking this viscid- 
: ity;e.g., a gelatin solution, 
are doomed to failure re- 
gardless of the fact that in 
so far as stabilizing influence 
is concerned it may be ex- 
cellent. The small electric 
mixer (Fig. 251) may be 
used for the preparation of 
emulsions at the prescrip- 
tion counter. It is gener- 
ally available in most stores 
and will save time and 
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tory results with acacia, 
and agar-type emulsions 
but not those prepared from 
gelatin. The Waring 
blender (Fig. 252) supplied 
by the Central Scientific 
Company efficiently  dis- 
perses by means of the 
shearing action of rapidly rotating blades. 

Fig. 253 shows the Clipper Emulsifier manufactured 
by the J. H. Day Co., Cincinnati, Ohio. It is an ef- 


Vig. 252—The Waring blender. 


energy, producing satisfac-_ 


ficient emulsifier for medium quantities of emulsion, 
and is frequently used for preparing the initial emulsion 
which is later passed through a homogenizer. Fig. 254 


Fig, 253—The Clipper emulsifier. 


shows a similar type of emulsifier manufactured by 
the F. J. Stokes Machine Co. of Philadelphia. Gen- 
erally speaking, the use of a mechanical mixer such as 
these is only satisfactory as the preliminary treatment 
given an emulsion mix. A good product usually re- 


quires further treatment. 


Modern emulsifying devices include various types of 
colloid mills, viscolizers, and homogenizers. See Figs. 
255 and 256. The principle of operation of the colloid 
mill is the passage of the mixed phases of an emulsion 


formula between a stator and a high-speed rotor which 


is revolving at from 2000-10,000 r. p. m. The 
clearance between the rotor and stator is adjustable 
usually from 0.002 in. upward. The emulsion mixture, 
in passing between the rotor and stator, is subjected 
to a tremendous shearing action which causes a fine 
dispersion to take place. There are several types of 
colloid mills on the market, all operating along the 
same general lines but differing from one another suf- 
ficiently to make their relative efficiencies greatly 
different. Ss) 


Fig. 254—Stokes emulsifier. 


The viscolizer and homogenizer operate on the same 
general principle. The mixed phases are caused to pass 
between a finely ground valve and seat under very high 
pressures. This produces in effect an atomization 
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which is assisted by the impact received by the atom- 
ized mixture as it strikes the valve head. This type 
of apparatus is made to operate at pressures of from 
1000 to 5000 lbs. per square inch and it produces prob- 


Fig. 255—Colloid mill. 


Fig. 256—Laboratory homogenizer. 


ably the finest dispersion obtainable in a liquid emul- 
sion. 

Homogenization may be used as the sole process of 
emulsification following an initial rough agitation of the 
mixed ingredients or it may be applied to an emulsion 
prepared by other means for the purpose of both de- 
creasing the particle size and bestowing a greater de- 
gree of uniformity and stability. 

Two-stage homogenizers (Fig. 257) are so constructed 
as to conduct the emulsion after treatment in the first 
valve directly to another where it receives a second 
treatment. In certain emulsions a single homogeniza- 
tion produces an emulsion which, although its particle 
size is small, has a tendency to clump or form 
clusters. This increases the creaming tendency and 
it is corrected by passing the emulsion through the 
first stage at a high pressure, e. g., 3000 to 5000 Ibs. 


D Fig. 257—Two-stage homogenizer. 


“per square inch and then through the second stage at 


a greatly reduced pressure, é. g., 1000 lbs. per square 
inch. This accomplishes a breakdown of the clusters 


ormed in the first step. 


a 
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For small-scale extemporaneous preparation of emul- 
sions the inexpensive hand homogenizer™ (Fig. 258) is 
particularly useful. It is probably the most efficient 
piece of emulsifying apparatus available for the pre- 


Fig. 258—Hand homogenizer, 


scription pharmacist. Its use requires simply the pump- 
ing through of the two phases previously roughly 
mixed ina bottle. A re-circulation of the emulsion will 
improve its quality. These hand homogenizers are 
available from the Pharmaceutical Service Division of 
the American Professional Pharmacist, 67 Wall St., 
New York. 

One point of superiority in regard to the homogenizer 
is the fact that it does not beat air into the product. 
Many emulsions can be ruined by this factor alone, due 
to the preferential adsorption of the emulsifying agent 
at the air/water interface followed by an irreversible 
precipitation termed denaturization. This is particu- 
larly prone to occur with protein emulsifying agents. 

There is one phase in homogenization which should 
not be overlooked. It is quite possible to spoil an initial 
emulsion by homogenization if there is not a sufficient 
excess of emulsifying agent to take care of the increase 
in surface area accomplished by the homogenization. 

Temperature plays an important role in the process 
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Fig. 259—Mareco Flow-Master Kom-bi-nator combines the functions of g 
homogenizer and a colloid mill. 


of emulsification where homogenization is employed. 
As a general rule an elevated temperature increases the 
ease of emulsification, due, first, to a reduction in vis- 
cosity and, second, to the fact that as a rule the inter- 
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facial tension between oil and water is reduced by a 
rise in temperature. : 

Marco Emulsifier—An emulsifier made by Marco is 
claimed to be an improvement over other methods of 
emulsification. 

The Marco Kom-bi-nator (Fig. 259) does not use 
high pressure, but employs a number of different actions, 
each of which takes the ingredients a little farther 
along the process from subdividing of droplets to com- 
plete homogenization. : 

The machine is equipped with a pump, which carries 
the liquid through the various stages of the process. 
First the liquid is forced between two specially designed 
rotors (gears), which shoot it in opposite directions in a 
small chamber, mixing it extremely thoroughly. These 
rotors also set up a swirling action in the next cham- 
ber, into which the liquid is then forced. It is swirled 
back and forth in the eddies and cross currents. 

The second step is a pulsing or vibrating action, at 
rapid frequency... As the product leaves this chamber, 


PART II. 


There are many opportunities in the daily routine of 
the pharmacist to apply a knowledge of emulsions and 
emulsification. Not only are specific emulsions called 
for, but prescriptions are frequently received which re- 
quire special treatment involving suspension or perhaps 
emulsification of some ingredient. 

Although electric mixers and hand homogenizers 
might now be considered normal equipment for the 
pharmacy, there are occasions when the pharmacist 
will rely solely upon the mortar and pestle and the 
time-honored methods for the preparation of emulsions. 
Two methods, originally European, are available. One 
is called the English method, while the other is spoken of 
as the Continental method. They will be considered 
individually. 

The English Method—This is the slower of the two 
methods and calls for considerable care and skill, and 
a recognition of the various possible conditions which 
should develop or which may develop, lest the emulsion 
be spoiled. In the English method the emulsifying 
agent is always used in a liquid form as represented by 
mucilages of acacia, tragacanth, or chondrus, agar solu- 
tion, egg yolk, etc. This requires, as in the case of 
acacia which is preferably used, that a thick mucilage 
be prepared. To develop a satisfactory mucilage of 
acacia, granular acacia should be mixed in a mortar 
with an equal quantity of water, added all at once, and 
simultaneously triturated with the pestle. This pro- 
cedure will eliminate lumps and produce a smooth 
mucilage in a very short time. It is advisable to dilute 
this original mucilage slightly by the addition of a little 
more water. The amount of acacia to use is usually 
one-quarter of the amount of oil to be emulsified, al- 
though a smaller quantity may serve the purpose 
equally well. 

The emulsifying agent is placed in a dry mortar and 
a small quantity of the oil is added.* The pestle is 
rapidly and lightly rotated in the direction of the arrows 
(see Fig. 260) with the effect of dashing the oil into 
globules, which are prevented from coalescing by the 
intervention of the emulsifying agent. It will probably 
be advisable to add and incorporate an additional por- 

* The amount of oil to add at one time depends upon the quantity of emul- 
sion being prepared, As an example, to prepare 4 fluidounces of a 50 per cent 
emulsion of Cod Liver Oil the following would be used: Oil 2 fluidounces, 
acacia 14 ounce ay., and water to make 4 fluidounces. Add % fluidounce of 
water to the acacia to make the mucilage and begin adding oil in approximately 


4% fluidrachm portions, increasing the quantity slightly as the emulsion is 
developed. 
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it goes through a small valve opening and is dashed 
against the wall of the homogenizing chamber. Pressure 
is applied, but not so much as was used under former 
techniques. Pressure is accurately controlled by ad- 
justing dials on the front of the machine, and tempera- 
ture is controlled by passage of fluid through the 
stators. 

One of the most recent developments in the prepara- 
tion of emulsions is the use of ultrasonic vibrations.” 
An oscillator of high frequency (100,000 to 500,000 per 
sec.) is connected*to two electrodes. between which is 
placed a piezo-electric quartz plate. The quartz and 
electrodes are’placed in an oil bath throughout which 
is conducted the high-frequency waves. EHmulsifica- 
tion is accomplished by simply immersing a tube con- 
taining the emulsion ingredients into this oil bath. 
Considerable research has been done recently along 
this line, particularly in regard to the mechanism of the 
emulsion formation by this method. 


SOME PRACTICAL ASPECTS OF EMULSIONS 


tion of oil at this point, but as the emulsion progresses 
and the nucleus grows} it will become necessary to add 
water occasionally to maintain the proper consistency. 
When to add water and when to add oil is a question 
which must be mastered by those who attempt to use 
the English method. It may resolve itself into a case 
of alternating one with the other but the question de- 
pends entirely upon how much of either is added at a 
time. If too much water is added and the emulsion 
becomes too thin, it will be impossible to emulsify addi- 
tional oil. Likewise if not enough water is added, the 
emulsion becomes too thick and ‘‘cracks”’ because there 
is not enough aqueous 
mucilage to cover the 
globules of oil which are 
present. The emulsion must 
be kept of such consistency 
that the pestle makes a 
characteristic crackling 
sound as it spins around 
the mortar. This crackling 
sound is due to the thick 
emulsion, or mucilage, 
stretching out between the 
sides of the mortar and the 
pestle and snapping back 
as it finally breaks away 


from one or the other. The 
emulsion at this stage 
should be smooth and 


creamy in appearance and 
show a high uniform gloss 
throughout. When ‘‘crack- 
ing’”’ develops, the emulsion 
loses its uniform gloss and takes on a ‘‘pearly’’ ap- 
pearance, showing a definite sheen and evidence of free 
oil globules. Should this occur it is often possible to 
save the emulsion by setting it aside for a few minutes 
when it will be noticed that the separation progresses. 
Much of the air which has likely been beaten into the 
emulsion separates, and the oil and the aqueous phases 
become more pronounced. If water is now judiciously 
added and the mixture triturated, the emulsion will 
immediately return to normal. If too little water is 


Fig. 260—Making an emulsion, 


} The term nucleus is applied to the thick creamy mixture which begins to 
develop after a few portions of oil have been emulsified in the mucilage. A 
good nucleus is essential for a perfect emulsion as it materially helps to emulsify 


additional oil. 
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found to have been added, discontinue the trituration, 
set the emulsion aside for a few minutes more, then add 
more water, and triturate. Of course, if too much water 
has been added, the emulsion may become so thin that 
it will be impossible to emulsify any additional oil. In 
this case a new mucilage may be prepared and the broken 
emulsion reclaimed by adding it slowly to the new muci- 
lage. When all of the oily mixture has been incorpo- 
rated, the emulsion may be brought up to its final vol- 
ume by the addition of water, preferably added in small 
portions. 

It must be remembered that the smaller the oil 
globule, the slower the rate of creaming and, according 
to Stokes’ law (page 179) if an oil globule is cut in half, 
the creaming rate is reduced to one-quarter. Conse- 
quently, the more trituration given to an emulsion 
while it is still in its original thick condition, the more 
perfect the finished emulsion will be. 

The use of the English method is, of course, necessary 
when the emulsifying agent is already in aqueous solu- 
tion, é. g., mucilage of chondrus, glycerite of egg yolk, 
etc. But unless a hand homogenizer or other similar 
equipment is available the Continental method using 
the mortar and pestle is to be preferred. 

The Continental Method (‘4-2-1 Method’’)—The 
Continental method will produce an emulsion much 
more quickly than the English method and is therefore 
usually preferred to the latter when using the mortar 
and pestle. It has the real merit of never failing to 
produce a good emulsion if the proper proportions are 
maintained in forming the nucleus, and if the directions 
are strictly followed. The most satisfactory propor- 
tions for most oils, such as olive oil, cod liver oil, and 
castor oil, may be easily remembered. They are: ‘‘One- 
half as much water as oil, and one-half as much acacia 
as water’; or, as it is usually expressed, ‘‘4 oil, 2 water, 
1 acacia.”’ This produces only the “nucleus,” although 
allof the oilis emulsified. It is essential that additional 
water be finally added to dilute the emulsion to the 
proper strength. The oil is placed in a dry mortar or 
emulsion machine, the amount of oil depending upon 
the quantity or percentage directed in the prescription 
or formula. Add the acacia, in fine powder, to the oil, 
mixing them intimately. (Powdered acacia is the only 
natural gum which produces a good emulsion by the 
Continental method where a mortar and pestle are 
used.) Then add, all at once, the 2 parts of water, at 
the same time stirring vigorously with the pestle. 
Within a few seconds the acacia is dissolved in the water 
and the mucilage thus formed envelops the oil globules 
which result from the active stirring of the mixture. 
Considerable skill is required in handling the mortar 
and pestle at this point. The trituration must be fast, 
it must cover the entire contents of the mortar, main- 
taining an intimate mixture of the material at all times, 
and it must be continued until the mixture becomes 
very thick and a perfect “nucleus” is formed. The 
error of stopping the trituration too soon is very com- 
mon, and attention is again called to Stokes’ law in this 
respect. After the nucleus has been properly prepared, 
additional water may be added at will. 

The powdered acacia should not be triturated with the 
oils, more than just enough to mix the two intimately, 
because acacia not only contains water-soluble con- 
stituents but also oil-soluble portions, such as salts of 
magnesium, which will tend to produce ‘water-in-oil 
emulsions.” Naturally, such a condition is likely to 
destroy the possibilities of obtaining a satisfactory “‘oil- 
in-water emulsion.” 

The necessity of using dry containers, the importance 
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of observing the ingredient ratio, the advisability of 
measuring the oil in a dry graduate, the requirement 
that the two parts of water be added all at once, and, 
finally, the necessity of rapid and continued tritura- 
tion, cannot be overemphasized. 

A definite technique for handling a pestle must be 
developed in making emulsions. The pestle should be 
lightly held between the thumb and the first two fingers 
and it should be rotated entirely by a finger and wrist 
motion to obtain the speed which is highly essential. 
The head of the pestle should be forced against the 
curve of the mortar and not rotated with a purely circu- 
lar motion in order to produce a shearing action on the 
oil globules. 

In making Continental emulsions of some oils, other 
than the standard cod liver oil or castor oil type, it is 
necessary to change the proportions of the ingredients. 
Oil of turpentine is better prepared from a mixture of 
“oil 3, water 2, and acacia 1.’”’ Some pharmacists pre- 
fer to emulsify liquid petrolatum on the basis of “‘2, 2, 
anid) 17 

A combination of the Continental and the English 
methods has certain advantages. If the former method 
is used for about one-half, or a little more than one- 
half of the oil, the remainder of the oil may be added 
to the original nucleus by the English method. This 
procedure requires only half as much acacia as would 
be needed if the Continental method alone were fol- 
lowed. It is faster than the English method only, and 
the resulting emulsion is more fluid and more readily 
poured than when more acacia is used. 

Formulas and directions for the official emulsions 
will be found, beginning on page 247. Among them are 
several examples of emulsions prepared by the Conti- 
nental method, and others of a special nature. 


Emulsifying Agents 


Acacia—Many of the essentials of acacia as an emulsi- 
fying agent have been discussed on pages 177 to 178. 
For general use with a mortar and pestle, it far sur- 
passes any other agent. Attention was called above to 
the possibility of water-in-oil (W/O) emulsions being 
formed accidently with acacia. This condition is also 
intensified when the mixture is heated as was directed 
for the formerly official emulsion of petrolatum. Pow- 
dered acacia should be used for Continental emulsions 
and granular acacia is preferable for making a mucilage 
of acacia because it has less tendency to lump as it dis- 
solves, although the whole acacia, if it is given time to 
dissolve, produces a far clearer and finer mucilage. 

Tragacanth—This is not a good emulsifying agent by 
itself, producing coarse emulsions containing large 
globules of oil. However, when it is used in conjunc- 
tion with good emulsifiers, it produces the necessary 
viscosity to prevent rapid creaming. Thus, it is fre- 
quently used with acacia in the preparation of many 
commercial emulsions. 

Agar—Agar is likewise not a good emulsifying agent 
when used alone, but when it is used with another sub- 
stance such as acacia, as in the N. F., Liquid Petrola- 
tum Emulsion with Phenolphthalein (page 247), it adds 
to the perfection of the emulsion. It can only be used 
in the form of a solution, and this must be kept warm as 
it will gel at about 40° C. At higher temperatures it 
remains liquid but too high a temperature may prevent 
the formation of an emulsion, depending upon the 
method employed for emulsification and upon the char- 
acter of the formula used. Agar must be actively boiled 
with the water to obtain a complete and reasonably 
quick solution, but care must be observed lest the solu- 
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tion burn on the bottom of the container. It is often 
desirable to strain it while hot to remove traces of any 
undissolvéd particles. An agar solution should be 
colorless or nearly colorless. ‘ 

The linking of agar with liquid petrolatum in an 
emulsion is not, as was originally claimed, the “‘scien- 
tific’ combining of two laxative agents. Agar in a 
liquid form, as in an emulsion, has lost all of its oppor- 
tunity to act as a laxative and is present solely as an 
aid to emulsification. The ridiculously small quantity 
present, in terms of the amount of agar required for 
laxative purposes, makes therapeutic claims on the 
basis of its agar content unwarranted. 

Gelatin—Gelatin has long been referred to in many 
texts as an emulsifying agent, but it is only recently 
that workable methods have been developed for its 
general use. The pharmacist usually thinks of emul- 
sions in terms of the prescription counter and the use 
of a mortar and nestle, but it is impossible to produce a 
satisfactory emulsion with gelatin as the emulsifying 
agent in this manner. It is a splendid protective colloid 
but it requires that the oil, which it is to protect, must be 
dispersed as fine globules in its presence. This condi- 
tion can only be obtained by the use of a homogenizer 
or colloid mill which disperses the oil in very fine drop- 
lets. 

Gelatin suitable for emulsification purposes must also 
be carefully selected. It is for this reason that the spe- 
cial pharmaceutical gelatins, Pharmagel A* and Phar- 
magel B,* were made available. Pharmagel A is used 
at a pH of 3.0 to 3.2. The following formula and direc- 
tions for preparing Liquid Petrolatum Emulsion will 
serve as an example for the use of this gelatin. 


LIQUID PETROLATUM EMULSION U. S. P. XIII 


PharmagelsA S-suacn.ce keene een ee ee ee 8 Gm 
Tartaric Acid {s:2¢ bee see 0.6 Gm 
VELL D Sices ote ale Yo toa oes en ree RSpecatas ae A Neo 100 GG. 
Vanillinzi 38 2a ce een eo ee 0.04 Gm 
Alcohol cAscgr Att wie oe cere ee ee ea 60 cc 
Water, a sufficient quantity to make.............. 500 cc 
Liquid, Petrolatum eee ee eee 500 (oer, 

PLO: MACS Ais. nae crhoes eee ee ee et A Ue toe ony ae 1000 (Ge 


Add the Pharmagel A and the tartaric acid to 300 cc. of water, 
allow to stand a few minutes, then heat until the gelatin is dis- 
solved. Raise to 98-100° C. and maintain at this temperature 
for 20-30 minutes. Cool to 50° C., then add the syrup, the flavor 
dissolved in the alcohol, and finally, enough water to make 500 
ec. Now add 


500 cc. 


_ Agitate vigorously until thoroughly mixed and then homogen- — 


ize several times until completely and uniformly dispersed. 
Finally bottle, shaking well after it cools. 


An emulsion prepared by the above technique is 
quite stable over a period of years. Slhght creaming 
may take place in time but this is not objectionable 
inasmuch as a single shake or even wrapping the bottle 
by the retailer will restore it to its original condition. 
This is quite contrary to the difficulty experienced with 
the customary thick emulsions which, after creaming, 
can only be restored by vigorous shaking. 

A mineral oil emulsion based on the above formula 
has been introduced commercially and has been well 
received. 

Similar emulsions of other oils such as castor can be 


prepared but the flavor must be altered since vanillin. 


will not mask the flavor of the castor oil. 
As has been explained Pharmagel A, being cationic, 
cannot be combined with gums such as acacia, agar, 


* Pharmagel Corp., 55 W. 42nd St., New York 18, N. Y. 
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tragacanth, ete. It can be combined with methyl cellu- 
lose should increased viscosity be desired. 

Pharmagel B is employed at a pH between 7.0 and 
8.5 although it may also be used at slightly acid pH 
values. Above pH 5.0 it is anionic and it is therefore 
compatible with gums. Pharmagel B is useful where 
an emulsion creams rapidly due to a low oil content 
and must therefore have a high viscosity. It can be 
combined with a gum such as tragacanth to good ad- 
vantage. 

A flavor emulsion is typical of an emulsion having 
relatively low oil content. These may contain from 
5 to 30 per cent of oil and the same technique will be 
found satisfactory for both essential oils as well as the 
water-immiscible synthetic flavors such as grape and 
cherry concentrates. Such emulsions using gelatin were 
first prepared and described by Tice and Percival in 
1941.21. The technique is as follows: 


Pharmagel By pots acca ot ed bisks ee ao eee 15 Gm 
Sodiam ‘Bicarbonates. 1. cco ane eae a cee ore 5 Gm 
Water, to makers Saji. te thacke ns sie tee ethene ee 1000 cc. 
Oil of Lemon acai ee Code bs eee eee 500 cc. 


Add the gelatin to 300 ce. of water, allow to stand afew minutes, 
then warm until gelatin is completely dissolved. Add some more 
water to cool, then the sodium bicarbonate, and finally sufficient 
water to make 1000 ee. Add the oil of lemon and agitate vigor- 
ously until thoroughly and coarsely emulsified. The mixture is 
now passed through a homogenizer or colloid mill until thoroughly 
emulsified (particle size 2-4 microns). 


This nucleus emulsion is now cut with a tragacanth 
paste previously prepared and of such concentration 
that the finished product will contain the proper oil 
concentration and also possess a viscosity sufficient to 
retard creaming. The amount of tragacanth required 
is variable depending upon the grade employed, but 
generally about 1 to 2 per cent of the finished product is 
needed. 

For example, if a 5 per cent emulsion is desired the 
following tragacanth paste would be prepared: 


ihragacanthy(oOw dered) sete weiei a taelaneitcn teen tae ete tees IG 
LeOhOl oss, 55 ois dhace ase Ru SO RON ae ee TE ne eee 10.0% 

Color as desired 

Water 


The powdered tragacanth is mixed with the alcohol and this 
suspension added to almost the total volume of water required, 
with stirring. The color may then be added, dissolved in a small 
portion of water, and finally a sufficient quantity of water to 
make the proper volume. 

Tf 5 parts of the nucleus emulsion is added to 2844 parts of this 
tragacanth paste and mixed thoroughly, a finished stable emul- 
sion containing 5 per cent of oil is obtained, 


Where the nucleus emulsion is made from an oil rich 
in aldehydes it is quite important that it be diluted with 
the tragacanth paste before it has stood over a few 
hours, otherwise a “tanning effect”’ on the gelatin will 
be observed resulting in an irreversible gel. 

This same technique can be followed in making a 
variety of emulsions and even vanillin and coumarin 
may be emulsified if they are first melted and then 
mixed with a hot gelatin solution and homogenized. 

Other combinations with gelatin are known to pro- 
duce excellent emulsions, e. g., those formed with 
sodium dioctyl sulfosuccinate (Aerosol OT). 

The use of gelatin and the hand homogenizer is excel- 
lent for the extemporaneous preparation of emulsions 
at the prescription counter. The U.S. P. XIII permits 
the use of gelatin for official emulsions and gives direc- 
tions for its use.” : \ 

Chondrus—In the form of a heavy mucilage, chondrus 
is used in the same manner as mucilage of tragacanth. 
It is not an efficient emulsifying agent for prescription 
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work but finds its greatest use in the industry. The 
mucilage must be freshly made from clean chondrus 
and it requires the use of a preservative to prevent its 
decomposition. 

For emulsions, use double the strength of the N. F. 
mucilage (see page 237). 

Egg Yolk—This is officially used in preparing an 
emulsion of cod liver oil (see page 247), and produces a 
splendid emulsion, which must, however, be carefully 
preserved. The emulsion can best be preserved with 
alcohol. Egg yolk is quite satisfactorily used in weak 
acid emulsions; Linimentum Terebinthine Aceticum 
(page 245) is an example. It also has the advantage 
over many emulsifying agents in not being destroyed 
upon the addition of salts, syrup, ete. (page 672). 

Quillaja—tIn the form of the tincture, quillaja pro- 
duces very good emulsions with oils. Its value lies in 
its saponin content. Quillaja emulsions have a dis- 
agreeable taste and quillaja has toxic properties. 
Therefore it is used in external preparations only. 
Its emulsifying properties are not destroyed by acids. 

Soap—This has excellent stabilizing powers, the fa- 
mous emulsion of Pickering having been prepared from 
but 1 ec. of a 1 per cent solution of sodium oleate and 
99 ce. of liquid petrolatum. Everyone is familiar with 
the exceptional “stretching” quality of a weak soap 
solution, as exemplified in a soap bubble, where a very 
small amount of the solution may be made to expand 
to a great surface area before the bubble finally 
bursts. It is this feature which is indicative of the 
value of soap as an emulsifying agent. 

For the preparation of O/W emulsions, as for lotions, 
Soft Soap, Liniment of page (245), will be found to be the 
most satisfactory form available. The amount of soap 
to use will depend upon what will be required of it, 
both the amount of oil and the dilution factor being 
important. Weak solutions, 1 per cent or less, are usu- 
ally preferred. It must be remembered that, because 
of its chemical nature, soap emulsions will be destroyed 
by certain salts and acids. 

The use of certain soaps which produce W/O emul- 
sions is quite common in prescriptions or preparations 
for external use. An official example of a W/O emul- 
sion is found in Lime Liniment (Carron Oil), page 245, 
in which emulsification is accomplished through the 
formation of a soap when the lime water and linseed 
oil are mixed together. The soap which is formed is 
calcium oleate, which in turn immediately assumes the 
role of an emulsifier, producing a smooth, creamy prepa- 
ration. This type of reaction is typical of many which 
are found in daily practice, noticeably in dermatologic 

lotions containing such ingredients as olive oil, lime 
water, calamine, zinc oxide, resorcinol, boric acid, 
phenol, camphor, salicylic acid, and others. An official 
example is found in Calamine Liniment. 

In extemporaneous lotion prescriptions there are 
many factors which may or may not favor emulsifica- 
tion. Ifa soap is to be produced, as in a lime water-oil 
mixture, the oil must have a sufficiently high acid value, 
due to free oleic acid, to react with the calcium hydrox- 
ide. Sometimes it is necessary to add a small portion 
of oleic acid to obtain the desired results. If such sub- 
- stances as boric acid and salicylic acid are present, it 
may become necessary to add a small portion of wool 
fat to aid in the emulsification. Substances like zine 
oxide and calamine favor the production of W/O emul- 


sions and may help to overcome the antagonistic effect 
of acids such as those mentioned. The proportion of - 


-oil-water should not be less than 1 to 1 and prescriptions 
are sometimes received which contain only about one- 
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third as much oil as water, making it impossible to 
emulsify all of the latter. In such cases it is advisable 
to change the system and prepare an O/W emulsion, 
omitting lime water if it is present, for it only serves to 
form an emulsifier for the W/O type. 

Emulsifiers, other than the bi- and trivalent soaps are 
available for W/O emulsions of the lotion type and they 
will be discussed in the following paragraph. 

Wool Fat and Related Products—Wool fat is a fre- 
quent adjunct to prescriptions where W/O emulsions 
are desirable. An example of its ability to absorb water 
is found in the official hydrous wool fat which contains 
approximately 25 per cent of water and still remains as 
a solid unctuous body. A small portion of wool fat 
usually suffices as an emulsifying agent and it should 
be melted and mixed directly with the oil. Numerous 
preparations, related to wool fat, have been placed 
upon the market in recent years. Basically, they are 
made by adding 5 per cent of cholesterol and its esters 
(the active constituents of wool fat) to petrolatum. In 
some the cholesterin content may be as high as 10 per 
cent. Typical preparations are known by trade names, 
such as Aquaphor, Protegin, Protegin X, Eucerin, 
Thoreps, etc. They are largely used in the cosmetic 
industry and are further discussed in the chapter on 
“Useful Formulas and Their Ingredients.” Cholesterin 
itself may be added to an oil as an emulsifying agent. 

Gum Resin Emulsions—These products, as prepared 
from asafetida, ammoniac, etc., are really misnomers. 
They are not true emulsions but are suspensions. In 
making them the material should be crushed and only a 
small portion of water added at first, just sufficient to 
make a heavy paste. When this becomes uniform, 
additional water is gradually added with constant stir- 
ring. This procedure will produce a product of the 
best type, as hasty manipulation will not completely 
dissolve or suspend the material. 

Seed Emulsions—These are made by triturating oily 
seeds, such as almond, with water and are examples of 
prepared emulsions where no added emulsifying agent 
is required, since all of the factors favorable for emulsi- 
fication are in the seeds themselves. The same pro- 
cedure should be followed in preparing them as is di- 
rected for gum resin emulsions. 

Emulsion of Phenyl Salicylate (Salol)—Prescriptions 
are occasionally encountered in which the physician has 
written for salol, olive oil, or almond oil, and a vehicle 
such as water. Prescriptions of this type are to be com- 
pounded by dissolving the salol in the oil with the aid 
of a little heat, and then proceeding in the usual manner 
to make an emulsion. The total volume of the salol- 
oil solution is taken as the basis for calculating the 
amount of acacia which will be required, and the emul- 
sion is prepared by the Continental method. The 
salol-oil solution should be allowed to cool to room tem- 
perature before emulsification is attempted. 

When salol is prescribed in a liquid prescription and 
no oil has been included, it is the duty of the pharmacist 
to dissolve the salol in a little oil and emulsify it, in 
order to dispense a suitable product. Salol is insoluble 
in water and does not lend itself to satisfactory suspen- 
sion. 

Emulsions of Volatile Oils—Turpentine Oil Emul- 
sion, a type of volatile oil emulsion, is official and will be 
found on page 247. It is made by what has been called 
the Forbes’ method, a modification of the Continental 
method. This is suitable for oils which are light in | 
body and capable of being dispersed into minute glob- 
ules by shaking in a bottle. This procedure may also 
be used for other volatile oils, but another common 
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method is first to mix the volatile or lighter oil, with a 
bland fixed oil. The latter gives sufficient viscosity or 
body to the mixture to allow the use of the regular 
Continental method. 

Flavors—The question of flavors for emulsions is 
important. An emulsion, otherwise satisfactory, may 
be spoiled by the addition of an unsuitable flavor or an 
excess of flavor. Flavors should not be considered in 
terms of a single dose of the emulsion but with a realiza- 
tion that the preparation may be taken over a prolonged 
period. What might be an acceptable flavor for one 
dose may become very objectionable when it is con- 
stantly repeated. The flavor should give but a slight 
taste and should not be prolonged. An examination of 
the official emulsions, beginning on page 247, will 
serve as examples of practical flavoring, should the phar- 
macist be called upon to flavor an emulsion. 

The flavor should preferably be added to the external 
phase after completing the emulsification of the oil. 
If placed in the «dispersed oil, it will be so enveloped 
that it will not serve its purpose asa flavor. The only 
exception to this is castor oil which in an emulsion 
must be flavored as well as the external phase. 


Addition of Salts, Syrup, etc.—The addition of salts, 
such as are frequently called for with emulsions, the 
addition of syrup as a flavoring agent, and the addition 
of alcohol as a preservative offer numerous problems to 
the pharmacists, lest the emulsion be broken. As a 
general rule such ingredients should be dissolved in or 
diluted with water and emulsified. Many of the salts 
will ionize in solution, and if carelessly added to the 
emulsion will destroy the charge of the emulsion and 
cause oil to be liberated. If salts are added in a con- 
centrated form, they may break the emulsion by a 
dehydration process, taking water away from the 
interface. 

The addition of an acid may serve to destroy a pro- 
tective colloid such as soap, while the addition of an 
alkali would destroy the action of gelatin in the same 
manner. Syrup, added in a concentrated form, may 
cause the emulsion to break, due to the dehydration 
which it induces at the interface. Alcohol may act in 
a similar manner and it also presents another hazard, 
that of precipitating protective gums such as acacia, 
which are insoluble in it. 

If an ingredient in an emulsion prescription or formula 
is soluble in a substance which is to become the inner 
or dispersed phase, it should be dissolved in that sub- 
stance first, before any attempt is made to make the 
emulsion. Failure to follow this procedure may lead 
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to the breakdown of the interfacial protective film when 
the material is added later. 


Preservatives 


Emulsions in which gums and similar organic sub- 
stances act as the emulsifying agents are very prone to 
decomposition, either by mold, yeast, or proteolytic 
bacteria. Preservatives must always be used in 
such instances and several suggestions are available. 
Alcohol is frequently used for this purpose, 10 per cent 
of the aqueous phase being the amount which is neces- 
sary for the proper protection. Benzoic acid is also 
quite satisfactory in quantities of 0.1-0.2 per cent. 
Recent advances in this field have produced a series of 
preservatives related to benzoic acid, namely, ortho- 
hydroxy-benzoic acid and various esters of it. These are 
discussed under the heading Antioxidants and Preserva- 
tives (page 580). 

In considering a preservative for an emulsion its 
partition coefficient for the oil and water must not be 
overlooked. In some cases the preservative, being sol- 
uble in both oil and water, distributes itself throughout 
both. Too low a concentration may then be present in 
the aqueous phase to preserve the substances dissolved. 
therein against the growth of microorganisms. The 
nature of both the preservative and the oil influences 
this. For example, the polar nature of castor oil makes 
it more difficult to preserve castor oil emulsions than 
mineral oil emulsions since most water-soluble preserva- 
tives have an appreciable solubility in castor oil. 
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CHAPTER XXII 
SEPARATION OF FLUIDS FROM SOLIDS 


LOTION, DECANTATION, AND COLATION 


Lotion or displacement washing—continuous washing—decantation—the principle of the syphon—colation or s!raining 


THE OPERATIONS considered under this head are among 
those which are most frequently used in pharmacy— 
7. e., Lotion, Decantation, Colation, Filtration, Clarifi- 
cation, Expression, Centrifuging, and Precipitation— 
and the principles which govern the successful per- 
formance ‘of these practical processes should be well 
understood. They are almost exclusively mechanical 
processes. 

Lotion (displacement washing)—This is the process 
of separating soluble matter from a solid by pouring a 
liquid upon it which will dissolve and wash out the 
soluble portion. The separation of the fluid from the 
solid is generally effected by placing an obstruction in 
a funnel or cylindri- 
cal vessel, such asa 
pledget of cotton, 
notched cork, filter 
paper, etc., and 
then, having intro- 
duced the solid into 
the funnel and _ ar- 
ranged a suitable 
vessel beneath, the 
liquid is poured 
upon it. (See Per- 
colation.) | Precipi- 
tates are frequently 
freed from con- 
taminating soluble 
matter in this way. 
A very convenient 
method of.applying the liquid is by the use of the wash 
bottle (see Fig. 261). This is usually made from a 
flask, but a round shouldered pint bottle of the 
diameter most easily grasped by the hand is very satis- 
factory. Two glass tubes, one bent at an acute angle 
and the other at an obtuse angle, are used; one end of 
the former is drawn out to a capillary orifice, and the 
other extends nearly to the bottom of the bottle. The 
obtuse angled tube merely enters the bottle below the 
stopper; the upper portion of this tube should be held 
in the gas flame, so as to fuse the edges of the glass and 
thus prevent cutting the lips when it is used. By filling 
the wash with liquid, and blowing with the mouth 
through the tube, a stream of liquid is ejected from the 
capillary orifice which can be directed to any portion of 
a solid substance that is to be washed. It is often de- 
sirable, in order to save time, to use the liquid hot. 
For that purpose, in an active laboratory, the wash 
bottle may be kept on the water bath. The neck of the 
hot water wash bottle should be covered with some insu- 
lating material such as wicker to prevent burning the 
fingers during its handling. 

Continuous Washing—The use of the wash bottle 
for small operations is convenient. A simple method of 
automatically supplying the wash liquid in larger quan- 
tities is shown in Fig. 262. This requires no attention 
from the operator except at the beginning of the opera- 
tion. The bottle is furnished with a perforated stopper 


Fig. 261—Wash bottle. 
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and a short glass tube. All that is necessary is to fill 
the bottle and adjust it over the funnel so that the end 
of the tube shall be at the height desired for the liquid. 
On tilting the bottle slightly (if the tube selected is not 
too narrow in diameter) the liquid will run out into the 
funnel until it rises to the orifice of the tube, when the 
flow will cease. As the liquid gradually passes through 
the solid substance in the funnel, the level falls, and 
bubbles of air pass through the tube into the bottle, the 
liquid once more flows, and the operation continues 
until the upper bottle is empty. Many elaborate 
methods of continuous washing have been suggested, 
but if care is taken in the simple apparatus just de- 
scribed to have the tube of proper diameter, at least so 
wide that the force of capillary attraction shall not be 
strong enough to prevent the ingress of air, it is the 
most satisfactory of all. Bottles having narrow mouths 
may often be used in the same way, and the cork and 
tube dispensed with. A little practice will enable the 
operator to make an apparatus in which the parts are 
adjusted to a nicety. On the larger scale, two carboys 
may be used—one above and inverted, containing the 
liquid, supported by a box having a circular hole cut 
in its side, and the other inside the box, containing the 
funnel and filter. 

A modification of Gay-Lussac’s apparatus is one of 
the most successful and practical for continuous wash- 


Fig. 262—Continu- 
ous washing. 


Fig. 263—Continuous wash- 
ing apparatus. 

ing (Fig. 263). The bottle containing the wash liquid 
is furnished with a doubly perforated stopper and two 
glass tubes. One is bent as shown in the cut, and its 
lower extremity curved upward so that the outlet of 
both ends of the syphon tube are on the same level. By 
blowing a current of air through the other tube the 
syphon tube is filled, and the extremity may then be 
adjusted to such a height in the funnel as is desired. 
When the level of the liquid in the funnel falls below 
the orifice of the tube, bubbles of air will enter the bottle 
through the air tube, and the liquid will run out until it 
rises in the funnel to the level of the ends of the tubes, when 
it will cease. It will be found a practical convenience to 
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cut the syphon tube just below the bend, so that a piece 
of rubber tubing may be used to form a flexible joint. 

Decantation—The process of separating a fluid from 
a solid by decantation is very simple, and consists usu- 
ally of allowing the solid to deposit at the bottom of the 
vessel, and then carefully pouring off the liquid by in- 
clining the vessel. The effectiveness of decantation as 
a washing device may be illustrated by the following ex- 
ample. If 360 grains of mercuric chloride dissolved in 
50 fluidounces of water are mixed with 220 grains of 
potassium iodide dissolved in 50 fluidounces of water, 
double decomposition takes place, an insoluble precipi- 
tate of mercuric iodide subsides, and 100 grains of potas- 
sium chloride remain dissolved in the 100 fluidounces of 
water. As it is desirable to free the mercuric iodide 
from the contamination of potassium chloride, the 
supernatant liquid is poured off; if 90 fluidounces are 
decanted, 90 grains, or %%9 of the whole quantity of 
potassium chloride, are thus disposed of, and 10 grains 
are left. If the vessel is filled with water to 100 fluid- 
ounces, and 90 fluidounces are again poured off, 9 grains 
are again removed, and only | grain is left; this by a 
third washing and decantation in a similar manner 
would be reduced to 149 of a grain, and thus the purifica- 
tion is speedily effected. Some skill is required to de- 
cant liquids neatly from vessels of various shapes, par- 
ticularly if they,are not furnished with lips, or if filled 
nearly to the brim. 
The guiding rod may 
be used in many cases 
with effect. Indeed, 
it is a good practice 
to form the habit of 
using a stirrer or rod 
as a guide in decant- 
ing, as shown in Fig. 
264 for it has a tend- 
ency to steady the 
hand of the operator. 
The practice recom- 
mended by some 
writers of greasing 
the rim of the vessel 
to facilitate decantation is a clumsy and usually unsuc- 
cessful expedient. 

In employing the process of decantation for the wash- 
ing of precipitates the following points should be noted: 

1. The precipitate should be stirred well after the 
addition of each fresh portion of liquid. 

2. Itis more desirable to allow the precipitate to sub- 
side completely and then pour off a large volume of 
liquid than to pour off smaller quantities of the upper 
layer at a time. 

3. When possible hot water should be used because, 
as a general rule, it will dissolve more of the impurity 
than will cold water and, in addition, it tends to cause 
the precipitate to subside more quickly through the 
formation of denser particles. 

4. If the precipitate is to be collected quantitatively, 
it is advisable to pour the washings through the same 
filter upon which the precipitate is to be collected. 

The Syphon (or Siphon)—It often happens in washing 
solid substances that decantation by pouring off the 
liquid cannot be successfully performed, either because 
the vessel is too full, or because, owing to the light 
character of the precipitate, the inclining of the vessel is 
sufficient to cause a disturbance in the powder, mixing 
it with the supernatant fluid. In such cases, and in 
many others, the useful instrument known as the 
syphon may be resorted to. This usually consists of a 


Fig. 264—Use of the guiding rod. 


from a 6-, 8-, or 10-foot length of rubber hose. 
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glass tube bent at a rather acute angle, and having one 
of the arms longer than the other. It is used by filling 
the syphon with liquid, and then inserting the short arm 
into the liquid that is to be drawn off, when a flow of 
liquid from the long arm is established, which need not 
cease until as much of the liquid is abstracted as is de- 
sired. After filling the syphon the liquid may be pre- 
vented from running out (if a tube of small diameter is 
used) by stopping up the end of the long arm with the 
forefinger of the right hand. If the liquid to be drawn 
off is not caustic or unpleasant to the taste, the short 
arm of the syphon may be placed in the vessel at the 
proper height, and suction applied by the mouth at the 
long end until the current is established. The principle 
of the action of the syphon is shown in Fig. 265. The 


Fig. 265—Principle of the syphon. 


combined lengths of the arms of the syphon are not 
equal to the length of the glass tube, 7-D-S, but the 
real syphon is only the tube acting between the levels 
of the liquid in the vessels. In all operations with the 
syphon there must be a difference in the levels of the 
liquid. In Fig. 265 D-S represents the liquid in the 
short arm, and D-7 the liquid in the long arm. It is 
apparent that if a narrow tube syphon, with arms of 
equal length, is filled with liquid, and held level in 
liquid on the same plane, there can be no movement in 
the liquid; equilibrium is established, because the tubes 
are equal in length and in level liquid, and the pressure 
of the air is the same upon all parts of the liquid. But 
as the descending column of liquid in the long arm ex- 
ceeds in weight that in the short arm, it follows on 
account of the excess of weight of liquid in this arm that 
if it is once set flowing through the longer arm it:will 
continue until the levels of the liquid in the two vessels 
are the same. It will be observed that the custom of 
having one arm longer than the other is not a necessity, 
for if there is sufficient difference between the levels of 
the liquid the syphon will operate with the position. of 
the arms reversed; but it is a convenience in a syphon 
of unequal arms always to immerse the short arm, as 
there is then the certainty that the other arm contains 
the longest column of liquid. The syphon, obviously, 
cannot be operated in a vacuum, or if the length of the 
upward column of water exceeds 33 feet. 

Syphons for Special Purposes—In the larger labora- 
tory operations the most convenient syphon is made 
This 
syphon, on account of its flexibility, can be used in many 
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operations where glass or metal would be inconvenient 
or inadmissible, while its durability and simplicity of 
operation make it a necessity. Indeed, the utility of 
glass syphons is greatly increased by cutting the long 
arm just below the bend and joining it to the other by 
a piece of rubber tube. 

The method, already referred to, of starting a syphon 
by applying suction with the mouth at the long end, or 
filling the syphon with liquid, is not always practicable, 
and various other expedients are in use. The syphon 
with a bulbed lateral tube; illustrated in Fig. 266, is used 
where caustic liquids are to 
be decanted. The finger is 
placed over the end of the 
long arm, and suction applied 
at the small tube until the 
downward current is started. 
Negretti’s syphon has a glass 
syringe attachment upon the 
lower part of the long arm 
to accomplish the same 
purpose. Fig. 267 represents 
a modification of Mohr’s 
syphon which may be readily 
assembled extemporaneously. 
It is started like the syphon 
with a lateral tube, the 
moistened forefinger closing 
the lower aperture, V. while 
suction is being used at G 
until the liquid has been 
started. A simple glass tube, with a short piece of 
rubber tube attached, is in practical hands an efficient 
substitute for an elaborate contrivance to start the flow 
in asyphon; even if the liquid is caustic or disagreeable, 
there is no risk in careful hands if the rubber tube is held 
between the thumb and finger so that it can instantly be 
pinched tightly to prevent the upward flow of the liquid 
into the mouth. 


Fig. 266—Syphon with lateral 
tube. 


Fig. 267—Syphon with starter. 


Fig. 268 represents a form of syphon for drawing off 
the liquid to almost the last drop in the bottle. The 


shorter arm of the syphon is bent, and the syphon is 
started by blowing through the shorter tube in the cork. 
Fig. 269 shows a syphon with the shorter arm “turned 
up.” 


This form has the advantage of retarding the 
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tendency to empty itself, and, in syphoning the liquid 
from precipitates, there is not so much danger of stirring 
up the particles on the bottom. 

Another form of glass tube syphon has the end sealed 
and a lateral opening just above the blunt sealed end. 
This also permits a liquid to be drawn off very closely 
without disturbing a sediment. 

Colation, or Straining (colare, to strain), is the process 
of separating a solid from a fluid by pouring the mixture 
upon a cloth or porous substance which will permit the 


Fig. 268—Syphon in bottle. Fig. 269—Syphon. 

fluid to pass through, but will retain the solid. This 
operation is frequently resorted to for separating sedi- 
ment or mechanical impurities of various kinds from 
liquids. Gauze, fine muslin, cotton, flannel, woolen, 
felt, and other fabrics are used. Strainers are employed 
where the solid particles to be removed are not in very 
fine particles, or where complete separation is not espe- 
cially desired. 

It is sometimes difficult to distinguish between cola- 
tion and filtration for they imperceptibly grade into 
each other, the difference being one of degree only. Felt 
strainers usually effect a separation equivalent to 
filtration, while even a coarsely woven fabric at times 
becomes a filter by the accumulation of material which 
fills up its pores and makes a “‘filter bed.” 

Felt strainers are usually made of felted, seamless, 
conical bags; the material is of wool or hair and quite 
thick. They form excellent strainers for melted fats, 
petrolatum, wax, oils, syrups, elixirs, ete., where a large 
quantity of substance is to be strained. Their expen- 
siveness is, however, an objection to their use, and the 
difficulty of cleaning them, owing to the tenacity with 
which they retain odors, unfits them for general use by 
pharmacists, but for special purposes in a manufactur- 
ing laboratory they are very useful. 

Woolen strainers made of twilled woolen cloth or flan- 
nel can be cut to any size desired. A wooden hoop or 
brass ring is required to keep the opening extended. 
This should be arranged so that it can be removed when 
the bag is to be washed. 

Cotton flannel or Canton flannel strainers are cheaper 
than woolen, and if bleached they have the great advan- 
tage that they can be used for alkaline solutions. The 
unbleached cotton flannel is probably stronger, but the 
coloring matter naturally present, being soluble in 
alkalies, is apt to discolor the liquid. 


Fig. 270—Muslin strainer 


Cotton cloth or muslin strainers are generally suspended 
on a wooden frame (tenaculum), see Fig. 270. The 
frame should be securely joined without glue, and at 
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each corner there should be a strong, pointed nail pro- 
jecting slightly outward. Fig. 271 shows the method 
of fastening the strainer to the frame. It should be 
secured at each corner, first upon the permanent nails, 
and then two tacks at the side of each nail should be 
driven two-thirds of their length into the frame; this 
partial driving of the nail is sufficient to hold the cloth 
and permit the easy removal of the tacks. A strainer 
hung in this way will hold more liquid and do much bet- 
ter work than one which is tacked all around the frame. 


Fig. 273 — Im- 
proper straining. 


Fig. 272—Hard 
rubber strainer. 


Fig. 271—Strainer suspended on 
a tenaculum. 


This method of straining is particularly useful in collect- 
ing precipitates which require washing. 

Colation in Smaller Operations—When solid particles 
are to be separated from liquids in the operations of the 
dispensing counter, several methods may be used. One 
of the most convenient is to insert a plug of absorbent 
cotton in the neck of a funnel and then pass the liquid 
through; a funnel with a circle of brass wire gauze 
soldered in it two-thirds of the way down is sometimes 
used, although not recommended, because of the diffi- 
culty of cleaning it. A very popular piece of apparatus 
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for this purpose is shown in Fig. 272. It is a two-piece 
funnel made of hard rubber. A piece of muslin can 
easily be placed between the two sections, forming a 
quick and convenient means of straining preparations 
at the prescription counter. 

The cotton cloth termed cheesecloth or a piece of 
cotton gauze is quite satisfactory for many kinds of 
straining. 

In using a funnel for straining, care should be taken 
to see that the strainer is not too large, for if the wet 
strainer projects over the edge of the funnel, a syphon 
action due to capillary attraction may be set up and 
more of the liquid delivered outside of the bottle than 
inside. Fig. 273 shows the action of such a strainer 
placed in the funnel in an improper manner. 

Fabrics of some kinds, particularly those of cotton, 
are usually treated or impregnated with a material 
called szzing to improve their appearance and quality 
for certain purposes. For use as a strainer this sizing 
material must be removed as it is always objectionable 
in that it fills up the pores and causes contamination. 
There is a wide range of substances used for sizing, some 
being soluble only in cold water, others only in hot 
water. The proper method for their removal, there- 
fore, is first to soak the fabric for some hours in cold 
distilled water, then rinse thoroughly and cover with 
distilled water and boil for a few minutes, finally rinsing 
well in distilled water to carry out the last traces of the 
gelatin, albumin, glue, or starch which may have been 
present in the sizing. - ; 

Highly corrosive liquids cannot, of course, be strained 
through any medium composed of animal or vegetable 
fibers. In such cases glass wool or an asbestos mat may 
be used to advantage. 
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SEPARATION OF FLUIDS FROM SOLIDS 
FILTRATION 


FE aper Silters—methods of folding filter papers—funnels—Biichner funnel continuous filtration—filtration of volatile liquids— 
filtering media—bacterial filters—sand filters—hot filtration—vacuum filtration—/filter pumps—Gooch crucible—sintered glass 
Jilters—pressure filtration 


FILTRATION is the process of separating liquids from 
solids with the view of obtaining the liquids in a trans- 
parent condition. The intervention of a porous sub- 
stance, called the filter or the filtering medium, to inter- 
cept the solid particles, is necessary in performing this 
process. The filter may be made of paper, paper pulp, 
sand, siliceous earth, asbestos, ground glass, charcoal, 
porous stone, etc. The liquid which has passed through 
the filter is called the filtrate and it should be perfectly 
clear. 

Paper filters are the most useful of all filters for the 
pharmacist, and they are employed in all the finer opera- 
tions requiring filtration. The solid particles are much 
more completely separated by filtration through good 
paper filters than through strainers, owing to the pores 
of the paper being smaller and more numerous. The 
paper used for this purpose is especially prepared, and is 
called filter paper. It is now made upon a large scale, 
and can be had of excellent quality. Unlike a strainer, 
it is rarely used more than once; its cost is so trifling, 
and it is so easily ruptured when wet, that it is not 
worth while to attempt to save filters for subsequent use. 
Filter paper is found in commerce in two forms—in 
large, nearly square sheets, and in circular sheets. The 
former is used for large filters, and has some advantages, 
if the waste pieces can be put to use; but it is now al- 
most universaliy the custom for the pharmacist to rely 
upon the circular sheets of different sizes. For pharma- 
ceutical purposes the gray paper, which is made from a 
mixture of cotton, flax, wool, etc., answers sufficiently 
well for filtering drug preparations, as fluidextracts or 
tinctures, but, owing to the coloring matter it contains, 
it should never be used for any colorless or ight colored 
chemical solutions. 

It is well to form the habit of using white filter paper 
for all liquids that are intended to be colorless when 
filtered; of course, for analytical work a special quality 
of paper should be employed. Satisfactory filter papers 
are now made in this country although many pharma- 
cists yet prefer to use French filter paper of the ‘Prat 
Dumas” brand. A high grade of white filter paper 
made in Sweden, by Munktell, is preferred for the 
process of ignition and analytical work; it yields the 
smallest amount of ash, and is practically free from 
soluble salts and impurities. The Durieux filter paper, 
of French manufacture, has gained great favor with 
careful pharmacists and chemists. It is credited with 
not only high quality but also unusual toughness. 

The Whatman English filter papers, first produced in 
1915 under difficult circumstances incident to war condi- 
tions, from the mills of W. and R. Balston, Ltd., makers 
of the famous Whatman drawing and other handmade 
‘papers, successfully met a great need for quantitative 
filter papers during the period when other European 
papers were unavailable. Since that time constant 
improvements have been effected and maintained in all 
grades, and they are now very popular, particularly in 
the analytical laboratory. 


Another high-grade filter paper is that produced by 
the firm of Carl Schleicher and Schill, Germany. This 
firm issues a small handbook in which may be found 
information regarding the proper type of filter for many 
different kinds of material. 

Methods of Folding Filtering Paper—Two kinds of 
paper filters are used, the plain and the platted. 

1. The Plain Filter—This filter is used habitually 
by the analytical chemist, and is 
preferred by the pharmacist where 
precipitates are to be collected, 
and in some other operations (Fig. 
274) ; it is made by exactly doubling 
a circular sheet of filtering paper 
upon itself, and then folding this 
directly in the middle, so that, 
when opened, four equal divisions 
or sectors appear; the filter is used 
by separating one of the sectors 
from the other three, and placing 
the cone formed into a funnel; the liquid is then 
poured upon the filter, and the process of separating 
the solid from the liquid commences. The advantages 
of the plain filter are (1) simplicity and rapidity in 
folding, no skill being required: (2) in collecting pre- 
cipitates, but one-half of the surface of the filter (two 
sectors) is in contact with the moist precipitate, which 
is often closely adherent, and therefore but one-half of 
the surface has to be cleaned. In some cases there 
may be a disadvantage in the use of the plain filter, 
owing to the unequal rate of flow—the tendency of 
the three folds being to attract the liquid to the side 
of the funnel upon which they rest, and thus the 
precipitate may be unequally washed. A stronger and 
more rapid filter may be made by placing one plain 
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Fig. 276—Rother’s filter 
(first step). 


Fig. 277—Rother’s 
filter. 


Fig. 274—Plain filter. 


Fig. 275—Double filter. 


filter inside of another, so that the three sides of the 


upper one shall be in contact with one side of the 
lower one, and vice versa:(Fig. 275). If the sides of 
the funnel have an angle of 60°, the plain filter made 
as described will fit the funnel properly; but it fre- 
quently happens that the angles of funnels vary, and if 
an ordinary plain filter is placed in a funnel not having 
an angle of 60°, a portion of the filter is left unsup 
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Fig oT aa piding plaited 


Fig. 280—Folding plaited filter. 


Filter 


Fig. 278 


Fig. 282—Folding 


Fig. 281—Folding plaited filter. plated Alter! 


Fig. 284—Folding plaited 
filter. 


Fig. 285—Folding 
plaited filter. 


ported, and the weight of the liquid is apt to rupture 
the moist paper. This difficulty may be overcome by 
making a fresh crease in the outside fold of the plain 
filter; if this is made to the right of the original crease 
of the 60° filter, and the inside fold pushed around a 
corresponding distance, a filter having a smaller angle 
is produced, while if the fresh crease is made to the left 
of the original crease, a larger angled filter may be 
made. Rother’s method of making a plain filter has 
the advantage of furnishing two filters from the same 
sheet that is usually required for one filter. To make 
it, the circular disk of filtering paper is cut through in 
the line of its diameter, and half of the disk is folded:into 
two equal parts; the double edge of the cut sides is 
turned down and folded over on itself narrowly several 
times (Fig. 276), and with the blade of a spatula the fold 
is compressed so that it will retain its shape (Fig. 277). 
This filter may be used in collecting precipitates. 

2. The Plaited Filter may well be called the ‘‘phar- 
macist’s filter,” for it is the form largely used in ordi- 
nary filtering operations. Figs. 278 to 288 show the 
progressive steps in the folding of a plaited filter. It is 
made by folding a circular sheet of filterimg paper twice, 
as in making a plain filter.' The edge B D, (Fig. 280) is 
then laid upon # D, and the crease F D is formed; in 
like manner C D is laid upon # D, and H D is formed. 
Then D B is laid upon F D, and ID is formed, and by 
rolling over the fold in the same direction once more 
until F D is laid upon E D, the crease K D is made 
(Fig. 283). Now in the same way C’ D is laid upon 
H D and H D upon E D, and it will be noticed that 
the folded semicircle has been creased into eight equal 
spaces, and that the direction of each crease is the same, 
so that if the paper is lifted it will appear as shown in 
Fig. 285. 

The next step is to fold each one of these spaces bach 
on itself (Fig. 286). B D is laid upon F D, and then 
B D is turned upward and back until it is laid upon 
I D. This makes the crease Q D, which is the first 


1It will be observed that in the first folding of French filters, ‘‘Prat 
Dumas,”’ the disks are not perfect circles. This causes one edge to project 
(see Fig. 280) and facilitates the opening of the filter. 


Fig. 283—Folding plaited 
filter. 


fold in the opposite direction. Taking 
both folds between the forefingers and 
thumbs of both hands, the edges B D 
and J D are folded upward and back 
upon F D, and the crease P D is 
formed; then these three edges, B D, 
I D, and F D, are taken all together 
and folded back upon K D, and the 
crease O D is formed, and so on, each 
space in turn being folded back in the 
opposite direction, until the last one 
is reached. The folded filter is then 
held at the apex with the left hand 
upon a table or flat counter, and pressed 
and smoothed out with the right hand 
in order to emphasize the folds. It 
should then be placed in the funnel, 
while still unopened, to see whether it 
needs trimming; if the rough edges of. 
the filter project above the top of the 
funnel, the filter must be removed, 
and they must be cut off neatly with 
a sharp knife or a pair of scissors so 
that the whole of the filter may be 
placed inside of the funnel. 

Another method of folding a plaited 
filter is illustrated in Figs. 289 and 290. 
A plain filter is folded as in Fig. 274, 
and the quadrant, consisting of four 
thicknesses of paper, beginning at the left-hand side, is 
folded at once into narrow parallel plaits backward and 
forward. Fig. 289 represents the filter after being 
opened, and Fig. 290 shows the inside of the filter. It 
will be observed that the creases do not converge to a 
point as in the plaited filter (Fig. 288), and hence the 
apex is less likely to be weakened. 

Maxims—1. In folding a filter, care should be ob- 
served not to extend the creases entirely to the apex, 
but to end them at a distance of about half an inch from 
it, because the point at which all the creases converge 
would be thereby so weakened that the weight of the 
liquid would rupture the filter. When the filter has 


Fig. 287—Folding plaited 
filt 


Fig. 289—Plaited 
parallel folds. 


Fig. 288—Plaited filter. 


filter, 


Fig. 290—Plaited filter, 
inside view. 


been accurately plaited and the creases emphasized by 
pressure, it is then carefully opened, placed in a dry 
funnel, and with the open hand pressed firmly into place 
so that the point enters the throat of the funnel. This 
serves to support the apex of the filter upon which 
must rest the weight of the liquid,above and also forms 
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channels through which the filtrate may flow. The 
speed of filtration is markedly increased if this precau- 
tion is carefully observed. When‘a filter is carelessly 
placed in the funnel, it forms a bag at the apex, which 
readily breaks, or clings to the sides of the funnel, and 
retards the flow of the filtrate from above. 


MD 


Fig. 292—Filtering into a bottle. 


Fig. 291—Arrangement 
of funnel in filtration. 


2. The filter in the funnel should be moistened with 
the liquid to be filtered or with a liquid corresponding 
to the solvent employed. This promotes rapid filtra- 
tion, and washes the filter besides. 


3. If the lquid to be filtered contains free acid or: 


alkali, or a very fine precipitate, or is very dense or hot, 
a double filter should be used. In the case of plain fil- 
ters, they should be arranged asin Fig. 275. If plaited, 
two sheets of paper should be taken and folded as if they 
were single. A filter may be also strengthened by 
placing a small capping filter or plain filter, a piece of 
well-washed linen or muslin folded like a plain filter, or 
a plug of absorbent cotton, into the funnel before intro- 
ducing the filter. In analytical operations the apex of 
the filter is usually supported by means of a small cone 
made of perforated sheet platinum. The apex is always 
the weakest, the most exposed, and yet the most impor- 
tant part of the filter. 

4. In pouring the liquid into the filter, the stream 
should never be delivered directly upon the apex, but 
upon one of the sides, so that the force of the fall will 
be broken before the weakest point is reached. 

5. The filter should be entirely within the funnel. 
If the edges of the paper project above the funnel, 


‘waste from evaporation of volatile liquids, also from the 


increased and unnecessary absorption due to the excess 
of filtering paper, ensues, and in addition an untidy and 
careless habit is encouraged. 

6. If the receiving vessel is small, the end of the fun- 
nel should touch its side, so that the filtrate will trickle 
down its inside edge. By this expedient splashing will 
be avoided (Fig. 291). 

7. In filtering into a bottle, care should be taken to 
leave sufficient space between the neck of the funnel and 


- the mouth of the bottle for the escape of air, otherwise 


filtration will be retarded or prevented; a piece of twine 
placed between the two surfaces generally serves the 
purpose. The end of the funnel should project below 
the lowest part of the neck of the bottle (Fig. 292). If 
the diameter of the end of the funnel is too large to ad- 
mit of this, or if it is only half inserted, the filtrate will 
be very apt to fill the intervening space and flow over 
the outside of the bottle, as shown by. the arrows. 
Funnels, also formerly called tunnels, are conical 
shaped utensils intended to facilitate the pouring of 


liquids into narrow-mouthed vessels, and they have 
also an important service to perform for the pharmacist 
- in supporting filters, as just described. Funnels are 
~ made of tinned copper, tinned iron, hard rubber, porce- 

lain, queensware, granite or agateware, earthenware, 
or glass. Metallic funnels have an advantage in point 
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of du-ability over porcelain and glass, but a disadvan- 
tage in being acted upon chemically by liquids and in 
being more difficult to clean. The triangle formed by 
the sides of a funnel, and the line joining them, should 
be equilateral (Fig. 293). The angles being each 60°, a 
funnel having this shape will accurately support a plain 
filter made in the usual way. Funnels are frequently 
fluted, grooved, or ribbed on the inside for the purpose 
of facilitating the downward flow of the filtrate (Fig. 
294), or wire frames, either fixed or folding, are arranged 
in a funnel with the same object. These aids are of 
doubtful utility, however, while the tendency of the 
raised ribs is to form a lodgment for foreign substances. 
A well-made plaited filter in a plain funnel will perform 
as much work in the same time, and if the habit is once 
formed of always carefully and skilfully folding a filter, 
its importance in saving time and labor will be appreci- 
ated ever afterward. Some of the glass funnels in the 
market have an improvement in the neck, which, in- 
stead of being round, is triangular or grooved. The 
necks of some copper funnels are similarly grooved. A 
funnel (Fig. 295) with a square outlet is especially effi- 
cient. These devices permit the free escape of air from 
the interior of the bottle, and are superior to the indis- 
tinct groove often made on the neck of some glass and 
porcelain funnels. Plain glass funnels are more generally 
useful to the pharmacist than any other kind. They are 
readily cleaned, and dirt upon them may be easily seen. 
They are very useful as percolators, and the whole 
process of filtration or percolation may be observed 
without trouble. Their chief disadvantage is the ease 
with which they are broken. The next in value from 
the standpoint of usefulness is the tinned-copper funnel. 


Fig. 293—Plain funnel. 


Fig. 296—Copper funnel. 


Fig. 295—Tinned copper funnel with 
square neck, 


Copper funnels are far superior to those made from 
tinned iron, and the difference in cost is greatly in favor 
of tinned copper, if true economy is considered (Fig. 
296). They must never be used for acid or alkaline 
liquids, however, and they really have a very limited 
use except for transferring hydroalcoholic solutions of 
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vegetable drugs from one container to another. Hard 
rubber funnels are light in weight, and are not very easily 
broken, for they may be even dropped upon the floor 
without injury (Fig. 297). They are not acted upon 
by chemical substances, and with ordinary care will last 
a lifetime. They lack one advantage of those made 


from glass, however, in the absence of transparency. 
A hard rubber funnel divided to hold a strainer may be 
Porcelain, 


used at the dispensing counter (Fig. 272). 


Fig. 297—Hard 
rubber funnel. 


Fig. 298—Funnel stand. 


or queensware, funnels are, of course, not transparent, 
and they have the disadvantage, at least in the larger 
sizes, of being heavy. They are, however, not affected 
by liquids, but their advantages over glass are so slight 
(being somewhat. less fragile) that they are not often 
employed. Earthenware funnels, if well glazed, are 
very useful in filtering hot liquids. Enameled funnels, 
called granite or agateware, etc., are made from sheet 
iron having the surface entirely covered with a glazed 
composition which resists the action of most chemical 
substances. If carefully used, they serve many pur- 
poses. Their greatest objection arises from the 
brittleness of the enamel, which is apt to chip off if 
the funnel is dropped upon the floor or subjected to a 
blow, and at the point where the neck of the funnel is 
joined to the body, the enamel coating is so thin that 
by constant use it is soon chipped off, the exposed iron 
quickly rusts, and the neck breaks off. Tinned iron 
funnels which are frequently used, are popular because 
of their cheapness; but it is quite possible for a pharma- 
cist to ruin in one operation a preparation worth ten 
times the cost of the funnel by filtering it through a 
tinned iron funnel and allowing it to come in contact 
with the iron exposed by the wearing off of the tinned 
surface. 

Fig. 298 shows a funnel stand useful for small filtering 
operations in the laboratory or at the prescription 
counter; the two long-stemmed funnels are of the type 
used in chemical work. This type permits more rapid 
filtration by the increase of weight of the liquid in the 
longer stem. Fig. 299 shows a ring stand with a horse- 
shoe base which permits containers for filtrates to be 
placed close to the stand. 

Fig. 300 shows a funnel designed for filling bottles, in 
which the flow of the liquid is controlled by the valve 
operated by the thumb. This is convenient when 
filling bottles arranged in rows, and if carefully used, 


the bottles need not be soiled on the outside through 
overrunning, and the quantity in each bottle may be 
accurately adjusted. 

When funnels are used as supports for the filtering 
paper in the process of filtration, only a small portion 
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Fig. 301—Bichner funnel, 
Fig. 300—Valve funnel. 


of the paper, mostly the apex of the folded filter, is in 
action at one time. 

The Buchner type of funnel (Fig. 301) is largely used 
today in pharmaceutical laboratories. A piece of round 
filter paper is laid on the perforated porcelain diaphragm 
and the filtration should be conducted through the 
application of a vacuum to the receiving vessel. The 
funnel illustrated in Fig. 302 has a removable perforated 
plate to facilitate cleaning, and is of the table top type, 
It is available from A. H. Thomas Company. 

Continuous Filtration—Most of the expedients used in 
continuous washing (page 187) are applicable to con- 
tinuous filtration. 

Filtration of Volatile Liquids—It is evident that the 
ordinary methods of filtering liquids will not be practi- 
cable for very volatile liquids, because of the loss through 
evaporation, and the liability to explosion, in the case 
of inflammable volatile liquids, if brought in contact 
with a flame. Funnels must be covered, and provision 
made for the escape of the confined air in the receiving 
vessel. The following methed is preferred to the elabo- 
rate expedients usually recommended. A bent glass 
tube is arranged in a glass or metallic funnel, so that 
the tube will lie close to the side of the funnel and allow 
one end to project above the filter, but not above the 
edge of the funnel. It may be held in its place by a 


Fig. 302—Biichner table top funnel. 


ring of absorbent cotton gently thrust into the throat of — 
the funnel, or a rubber cover perforated to admit a 
tube is placed on top, and connection between the 
bottle and funnel effected as shown in Fig. 303. 

Among many other devices to obviate the use of 
open funnels, from which much evaporation is liable 
to occur, especially in the filtration of alcoholic liquids, | 
the type of filter known as the monopad filter, and 
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manufactured by the Karl Kiefer Machine Co., Cin- 
cmnati, is recommended (Fig. 304). It requires but a 
moment to renew the filtering sheets. There are no 
rubber gaskets or wire screens, just a top and bottom 
plate which are easily cleaned and any grade of filter 
paper may be used. It is substantial, compact, easily 
handled, and may be carried from place to place. 


Fig. 304—Monopad filter. 


Fig. 303—Filtra- 
tion of volatile 
liquids. 


A quart, a gallon, or hundreds of gallons can be 
filtered through this filter. All parts of the filter that are 
in contact with the liquid are made of bronze and when 
so desired may be heavily plated with a non-corrosive 
metal. 

Other Filtering Media—Many devices have been ad- 
vanced to replace filter paper, which, it must be ad- 
mitted, has many disadvantages, particularly for use on 
the large scale. In the modern pharmaceutical labora- 
tory one may see a great many variations of filtermg 
processes each designed to fit the needs of special cases. 
The filter press, the centrifugal filter, the vacuum filter, 
the sand bed filter, the charcoal filter, paper-pulp filter, 
porous porcelain filter, all may be seen, each applied to 
its special purpose. Each one of these possesses some 
advantageous quality, and it is the working experience 
of the laboratory operators that guides them in their 
selection of appropriate filtering devices. Reference is 
made later in the text to many of these special large- 
seale filters. 

However, it will not be inappropriate here to refer 
briefly to special filtering devices which may be useful 
in the small laboratory or at the prescription counter. 

Cotton Filters—A small pledget of absorbent cotton, 
loosely inserted in the neck of a funnel, serves well to 
remove large particles of extraneous material from a 
clear liquid. Although this might be properly termed 
colation, the cotton can also be used to serve as a most 
efficient filter. It is sometimes necessary to return the 
liquid a number of times to secure perfect transparency. 
This should be remembered in filtering eye lotions 
through cotton, when small detached filaments are 
carried through at first. 

Asbestos and Glass W ool Filters—When strongly active 
chemical solutions such as acids or alkalies are to be 
filtered, filter paper cannot be used. In its place either 
asbestos or glass wool may be used as one uses absorbent 
‘cotton for filtering. These two substances are resist- 
ant to ordinary chemical action and when properly 
packed into the neck of a funnel constitute very effective 
filtering media. 

Stoneware Filters—For small- and large-scale filtra- 
_ tions there are available many patent varieties of porous 
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stoneware filters. These are peculiarly effective for 
some purposes, their special advantage being derived 
from the fact that they may be cleaned by igniting 
them to red heat, thus destroying organic matter, or by 
treatment with strong acids, to which they are highly 
resistant. 

Bacterial Filters—Filtration as a method of removing 
bacteria from a liquid is a very important process. 
There are several types of bacteria-proof filters avail- 
able; in one type of filter the filtering agent is a hollow 
cylinder or candle made of unglazed porous porcelain 
or of diatomaceous earth, e. g., the Berkefeld or Cham- 
berland filter (Fig. 305); in another type specially pre- 
pared asbestos films resembling filter pads are used, 
e. g., the Seitz filter (see chapters on “Sterilization” and 
‘Parenteral Solutions’’). 

Alundum Filter—This kind of filter is made of an 
aluminum silicate in the form of dishes or crucibles and 
replaces the Gooch crucible for collecting the finest pre- 
cipitates, no asbestos being necessary (Fig. 306). It is 
patented. 

Sand Filters—This type of filter is used on a large 
scale only, such as in the municipal purification of drink- 
ing water. A large bed of properly proportioned layers 
of sand, stone, and gravel constitutes the filter through 
which the great bulk of water passes on its road to 
putification. These filters are materially aided in their 
water-purifying efficiency by the action of bacteria in 
the filter bed. 

Aids to Filtration—It has long been known that the 
addition of an insoluble absorbent powder or other 
material to a liquid prior to its filtration greatly in- 
creases the efficiency of the process. Purified tale, 
siliceous earth (or kieselguhr), clays, charcoal, paper 
pulp, chalk, magnesium carbonate, etc., have been used 
for this purpose. There are also proprietary com- 
pounds, such as “Bentonite,” ‘‘filter-cel,”’ and silica 
gel which are so used. 

It must not be overlooked, however, that powdered 
substances employed for such purposes must be insol- 
uble and inert and not all of those in the foregoing list 
are applicable for general filtration. 

Talc is non-adsorbent and is a safe medium for filter- 


Fig. 
Candle 
Berkefeld 
type. 
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filter, Fig. 306—Alundum filter. 


ing any liquid without fear of depreciating its value, 
provided it has been purified for this special purpose 
and it is not the impalpably fine variety which will 
pass through the filter paper. The U.S. P. directs that, 
as a filtering medium, purified tale should not be finer 
than the powder which passes through a No. 80 sieve 
but is retained by a No. 100 sieve. 


Kieselguhr is almost pure silica (SiOz). It is as ap-- 
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plicable as tale for-general filtration purposes, with no 
danger of removing active constituents by adsorption. 

Siliceous earths of the type of clays, such as fuller’s 
earth or kaolin when in the hydrated form, which always 
occurs when they are brought into contact with aqueous 
liquids, are safe for general use only in filtering fixed 
oils. Liquids containing coloring matter or alkaloidal 
principles must not be filtered through these media, for 
adsorption of both color and alkaloids occurs and the 
liquid is depreciated in value. 

Charcoals, as a rule, possess adsorptive properties 
not only towards color but for many active constituents 
of medicinal preparations, e. g., alkaloids, glucosides, 
ete. Consequently, a charcoal should never be used as 
a filtering medium unless the removal of such constitu- 
ents is desirable. 

Chalk and magnesium carbonate are readily attacked 
by acids and are slightly dissolved by aqueous liquids 
with the production of alkalinity in the filtrate. This 
is particularly true of magnesium carbonate, in which 
the degree of alkalinity communicated to the filtrate 
is sufficiently great to cause precipitation of alkaloids. 
Either of these media, when added to an alkaloidal 
preparation prior to filtration, will precipitate and re- 
move all of the alkaloidal constituents. Neither of these 
media is suitable for general use. 

A study of the foregoing facts makes it apparent why 
care should be exercised in the selection of a filtering 
medium where the choice is left to the pharmacist. 

Hot Filtration—This process is not resorted to as fre- 
quently as it might be with advantage, because of the 
difficulties which are asserted to attend it. These have 
been greatly overestimated, for by the use of simple, 
properly contrived apparatus many preparations which 
heretofore have been dispensed, bearing an unsightly 
cloudy appearance, can be greatly improved. Yellow 
wax is frequently full of mechanical impurities; ordi- 
nary straining will not remove these, but by the applica- 
tion of heat it may be filtered through paper and thor- 
oughly purified. Jellies, benzoinated lard, petrolatum, 
cerates, ointments, etc., may thus be filtered. One of 
the simplest and most easily managed forms of appa- 
ratus (Fig. 307) is made by filing off the ring from one 
of the ring supports of a 
retort stand, J, and slip- 
ping on to the arm a brass 
circular jet, V, attached 
to a tee carrying the gas 
supply pipe, A. A tinned 
copper or tinned iron 
funnel is supported by 
an appropriate ring at a 
suitable distance above 
the jet., The filter is 
placed in the funnel, a 
receiving vessel adjusted 
below, and the hot liquid 
poured into the filter. It 
is plain that the liquid 
can be heated to almost 
any degree, and the filtra- 
tion conducted at a much 
higher temperature (if 
need be) than by the jacketed hot water funnel 
(Fig. 308), and, on the other hand, the heat may be 
regulated so that it will be very moderate. The hot 
water funnel is an old device, and consists simply of a 
jacketed funnel having a wide tube soldered at the low- 
est point, and an opening in the upper edge for the 
water supply. A burner or lamp flame will heat the 


Fig. 307—Hot filtration. 


water contained in the jacket, and a regulated heat not 
exceeding that of boiling water is obtained. 

Fig. 309 shows another form of funnel to be used for 
hot filtration; the coil of pipe may be used for steam or 
hot water, by connecting it with a suitable supply. 


Fig. 308—Jacketed hot water funnel. 


Rapid Filtering Apparatus— Much attention has been 
given to methods for increasing the rapidity of filtra- 
tion. This may be accomplished by introducing pres- 
sure upon the filter or by creating a vacuum in the re- 
ceiving vessel. Kea sig 

Vacuum Filtration—One of the first practical efforts 
made to create a vacuum to aid filtration was by means 
of the Bunsen pump. The action depends upon the 
principle that a column of water descending through a 
tube from a height is capable of sucking with it the 
air contained in a lateral tube, if the latter is properly 
placed. This form of aspirator is only practicable where 
water pressure is available. 

Pumps Acting by Water Pressure—The varieties of 
aspirator or vacutim pumps which operate under the 
influence of water pressure are all based upon the same | 
principle.. The following are selected from the great 
variety in use as being good illustrations. Fig. 310 
shows a filter pump of glass, made by the Kimble Glass. 
Co., which contains a check valve to prevent back flow 


: 


Fig. 309—Funnel in coil. 


Fig. 310—Glass 
filter pump. 


of the water. Fig. 311 shows Chapman’s vacuum pump. 
The valve at a prevents the water from flowing into 
the bottle which carries the filter when the pressure 
of water ceases or is reduced. Fig. 312 illustrates 
Richard’s pump, largely used in analytical laboratories 
for hastening filtration. The zigzag form of the tube 
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serves the same purpose as the projection in the lower 
portion of the outlet tube of the Chapman pump, 7. e., 
to break the direction of the solid stream of flowing 
water and assist in drawing the air from the bottle. 


WATER 


Fig. 311—Chapman’s pump. 


Fig. 313 shows a very efficient form of filter pump 
capable of exhausting a one-gallon vessel, to produce a 
twenty-nine and one-half inch vacuum in ten minutes 
with a ten pound water pressure. 

On a larger scale the vacuum for filtration is produced 
by one of the many forms of vacuum pumps now avyail- 
able. An excellent form for laboratory use is made by 


the Central Scientific Company (Fig. 314). 

In assembling a filtering apparatus using the vacuum 
principle, it is necessary that there be no leaks in the 
If filter 


connections from the filter to the aspirator. 


Fig. 313—Filter pump. 


FOAM 
Fig. 312—Richard’s pump. 


paper is used in. connection therewith, a plainly folded 
paper must be used and its tip must be protected against 
breakage by reinforcing it with a filter paper support 
or some other device, or a Biichner filter may be used 

employing a specially strong filter paper. 


“ 


In analytical work it is customary to use the Gooch 
crucible and flask (Fig. 315) for rapid filtration. The 
flask, of especially thick glass, is provided with a side 
tube which is to be connected with the vacuum pump. 


Fig. 314—Cenco-Hyvac pump. 


The perforated crucible bottom is converted into a 
filter bed of extreme fineness by means of a layer of as- 
bestos fibers prepared by pouring upon the porcelain 
base a suspension of these fibers in water. It is to be 
noted that in analytical work the residue left upon this 
filter bed is generally of more importance than the fil- 
trate. 

The principle of vacuum filtration is also applied on 
the large scale through the use of a perforated dia- 
phragm arranged in a barrel or crock. Paper pulp 
which has been thoroughly steamed is packed on the 
porous diaphragm and forms a very efficient filter bed 
for many pharmaceuticals. The filter may also be 
formed from plates of porous stoneware and ‘‘chinked” 
with asbestos fiber when corrosive liquids are to be 
filtered. This is especially rapid if a vacuum is applied. 
The stone crock made by Maurice A. Knight, of East 
Akron, Ohio, provides an excellent apparatus (Fig. 316). 

Sintered Glass Filters—These filters have as the 
filtering medium a flat or convex plate consisting of 
particles of Jena glass powdered and sifted to produce 
granules of uniform size which are molded together. 
These plates are then 
fused into glass ap- 


paratus of any re- 
quired shape (Fig. 
317). These filters 


vary in porosity, de- 
pending upon the size 
of the granules used in 
the plate. They are 
very useful in the 
filtration of solutions 
such as those intended 
for parenteral injec- 
tion. A vacuum at- 
tachment is necessary 
to facilitate the pas- 


sage of the liquid 
through the filter 
plate. (See Ampuls) 


Filtration under 
Pressure— Fig. 318 
illustrates a form of 
laboratory filter for 
use when a large quantity of the same liquid is to be 
filtered. It is made by the International Filter Co., of 
Chicago. A sheet of filter paper is placed between the 
upper and lower porous disks, which are then clamped 
together and the liquid to be filtered is forced upward, 


vacuum filtration. 
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through the filter. Pressure from gravity or a pump is 
applied to increase the rapidity of filtration. 

A similar filter known as the monocell filter is illus- 
trated in Fig. 319 and is made by the Karl Kiefer Com- 
pany. This filter employs a paper sheet or cloth pad 
and may be used with from 2 to 50 pounds pressure. 


Fig. 316—Stone crock for filtra- Fig. 
tion. 


317—Sintered glass filters. 


Fig. 319—Monocell filter. 


Fig. 318—International filter. 


The U. 8S. Drum Multiple Disc Filter, sold by the 
Illinois Glass Company, is illustrated in Fig. 320. Cloth 
filter disks or paper filters may be used and it is readily 
opened and cleaned. Fig. 321 illustrates a gravity feed 
arrangement with bottle filler. 


Fig. 320—U 


. 8S. drum filter. 


Another type of pressure filter designed for large- 
scale filtration is shown in Fig. 325. This filter is made 
by T. Shriver and Company, Harrison, N. J., and serves 
as an example of the filter press which finds use in the 
large manufacturing establishments. It may also be 
procured in a small experimental size and made of va- 
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ra rious materials, such as wood, 
(Yet a iron, bronze, tin, aluminum, 
" pees) | Monel metal, etc., to suit all 
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needs. 
The Vallez rotary filter is 
_ another form mostly employed 
upon the large scale, although 
small outfits suitable for a 
pharmaceutical laboratory are 
available. The filter plate may 
be covered with monel metal, 
a | nickel, or phosphor bronze 
| AI sieves. The filtering medium, 
WU saa lal Jicnoce| paper pulp or kieselguhr, covers 
~ Fig. 321—Filter with. the sieve to increase the effi- 
gravity feed. ciency of the filter (Fig. 323). 
The Karl Kiefer Machine 
Company, of Cincinnati, also manufactures a pulp 
filter which may be operated with from one to ten 
filtering plates. This very efficient filter (Fig. 324) 
requires cotton pulp as the filtering medium and is 
especially suited for clarifying fruit juices, syrups, 
perfumes, etc. Smaller forms may be procured. 


Fig. 324— Multiple 
pulp filter. 


FILTER OPEN SHOWING FILTERING DISC NOT COATED _ 


Fig. 323—Vallez rotary filter. 


The Ertel asbestos disk filters embody a principle 
of filtration through asbestos filter disks. The liquid 
to be clarified requires no additional filtering medium 
such as tale or kieselguhr. The asbestos disks are 
obtainable in various grades suitable for filtering 
any variety of liquid, even oils or syrups, and can also be 


sy 
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procured of a quality suitable for the removal of bac- 
teria. The filter disks may be used repeatedly for the 
same kind of liquid if removed from the filter and dried 
between operations. They retain their form and 
strength even though repeatedly used. The bench 
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Fig. 325—Filter press. 


model makes use of a double disk. Filters of much 
greater capacity with multiple disks are obtainable. 
The filter press illustrated in Fig. 322 is supplied by 
the A. H. Thomas Company of Philadelphia. 
The Republic Sheet Filter Model No. 20 has estab- 
lished a solid position for itself as a filter intermediate 
between laboratory and industrial sizes. Because it 


Fig. 326—Alsop filter disk. 


can be sterilized in an autoclave, the No. 20 is widely 
used for special sterilization in hospitals and pharma- 
ceutical houses. It is also preferred for clarification of 
liquids in medium volumes. 

For biological research and culture media, this filter 
by cold filtration removes from liquids all bacteria and 
microorganisms. To insure a larger output in the 
sterilizing run, a preliminary clarification can be ac- 
complished with a by-pass frame that divides the filter 
into two distinct filtering units. If an autoclave is not 


available, this filter may be sterilized with steam or a 
disinfecting solution that passes from inlet to outlet. 

Special Republic Sheets are made by Republic 
Filters, Inc., Newark, N. J., and laboratory tested to 
insure their being 100 percent germproof. Various grades 

are available in any degree of porosity. Serums, 
saline and glucose solutions for intravenous injections, 
water, extracts, tinctures, perfumes, essential oils, 
essences, and many others may be purified with this 
filter. 

Alsop Filters—The Alsop Engineering Corpora- 
tion and other firms manufacture filter disks (Fig. 
326) in many different densities and sizes for every 
type of filtration work. Each disk is composed of 
dozens of layers of filter fibers. Fibers on the top 
(rough) side of each disk are long and loosely matted. 
Each succeeding layer contains shorter and more 
closely packed fibers. 

The loose layers catch coarse particles of foreign 
matter, while each additional layer stops finer particles 
as they penetrate the disk. The final result is a per- 
fectly elarified solution, free from all foreign particles 
and cloudiness. 
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Fig. 327—Alsop filter connected to a Centri-Poise 
pump. 


The progressive density of filter disks prevents their 
clogging rapidly, in the manner of filter paper, blotting 
paper, cardboard, or porous stone. Fig. 327 illustrates 
an Alsop filter connected to a ‘‘Centri-Poise”’ pump, a 
special centrifugal type which is compact and efficient, 
with no metal to metal contacts, thus eliminating wear 
from abrasives or dirt. 


CHAPTER XXIV 


SEPARATION OF FLUIDS FROM SOLIDS 
CLARIFICATION AND DECOLORATION 


Definition of clarification—methods of clarification (heat, albumen, gelatin, milk, paper pulp, fermentation, standing)—definition 
of decoloration—methods of decoloration (animal, wood, and activated charcoals, kaolin, fuller’s earth, and hydrous aluminum 
silicate) 
Clarification cloudy, and these rise to the top and are skimmed off. 


CLARIFICATION is the process of separating from liq- 
uids, without the use of filters or strainers, solid substances 
which interfere with their transparency. The processes 
of clarification and decoloration from a pharmaceutical 
point of view ant,on the small scale have declined in 
importance of late years, owing to the fact that chemical 
and other substances requiring the processes are sup- 
plied in a purified condition so cheaply that it is impos- 
sible for the pharmacist to compete with the manufac- 
turer who operates on the large scale and uses apparatus 
and methods which are thorough and economical. This 
is particularly true of sugar and of the alkaloids. For- 
merly the apothecary bought raw sugar and clarified the 
syrup; now the difference in price between raw sugar 
and pure sugar is so slight that official syrup is never 
made from raw sugar. The decoloration of alkaloidal 
solutions and the manufacture of alkaloids cannot be 
attempted on the small scale by the pharmacist because 
of economic conditions. It is, nevertheless, very im- 
portant to comprehend thoroughly the principles under- 
lying both processes, as emergencies may arise when 
such information would be of great value. 

Clarification may be effected by means of the follow- 
ing methods: 

1. The application of heat or by otherwise increasing 
the fluidity of the liquid. 2. The use of albumen. 
3. The use of gelatin. 4. The use of milk. 5. The 
use of paper pulp. 6. Fermentation. 7. Subsidence 
through long standing. 

1. The Application of Heat—When a viscid liquid 
is heated, its viscosity and specific gravity are dimin- 
ished, and usually particles which are suspended in it 
and interfere with the transparency of the liquid will 
separate, the heavier ones falling to the bottom, and 
the lighter ones rising. In the latter case, ebullition 
facilitates the separation, the minute bubbles of steam, 
becoming enveloped in the viscid particles, rise through 
their buoyancy and a scum is formed which may be 
readily separated. The process formerly official for the 
clarification of honey is a good illustration of the use of 
heat in this connection. 

Clarification may also be effected by increasing the 
fluidity of the liquid in other ways. The specific gravity 
of the liquid may be decreased by the addition of water, 
alcohol, or other liquid lighter specifically than the one 
to which it is added; this causes the suspended particles 
to deposit, and the clear liquid may then be decanted. 

2. The Use of Albumen—The property possessed 
by albumen of undergoing solution at ordinary tem- 
peratures and becoming coagulated by heat renders it 
one of the most useful substances that can be employed 
in the process of clarification. Its action is mechanical, 
and where albuminous principles exist naturally in the 
liquid, as in many fruit and vegetable juices, the simple 
heating of the liquid suffices to coagulate the albumin, 
which envelops the particles that render the liquid 


Albumen, or white of egg, is frequently added to liquids 
to clarify them; in such cases it should always be added 
before the liquid is heated. This is best accomplished 
by adding about an equal bulk of the liquid to the albu- 
men, then pouring the mixture onto a muslin strainer 
and squeezing it through the meshes of the cloth by 
gathering up the corners and spirally twisting the 
strainer, when the structure of the albumen is destroyed, 
and a smooth mixture results; the strained solution is 
then added to the liquid to be clarified, and the whole 
heated gradually (usually until it boils), without stir- 
ring, until coagulation is effected. In most cases the 
white of one egg is sufficient for a gallon of liquid. The 
error most frequently made by operators is the use of 
an excess of albumen. Care must be exercised in the 
employment of albumen as a clarifying agent where the 
active principle of a liquid forms a precipitate by com- 
bining with it, as would be the case with phenols, heavy 
metals, ete. 

3. The Use of Gelatin—Gelatin is used when tannin 
is present, whether or not it is the cause of the cloudi- 
ness which it is desired to remove. Its action depends 
upon the fact that gelatin forms with tannin an insol- 
uble compound which is the basis of leather. Isinglass 
or fish glue, as it is sometimes called, is preferred by 
some users of the method. Gelatin is used by adding a 
weak solution of it in hot water, about 1 or 2 per cent, 
to the liquid and then allowing it to stand. After a 
short time a flocculent precipitate forms which gathers 
together the particles causing the turbidity. The in- 
soluble compound formed must always be strained or 
filtered out. An ounce of gelatin will suffice for clarify- 
ing a barrel of wine and it is the preferred medium for 
this purpose. The operation is called “fining.” In the 
clarification or fining of a white wine, 7. e., one not con- 
taining tannin, with gelatin the principle involved is one 
of colloid neutralization, the positive gelatin neutraliz- 
ing the negatively charged particles responsible for 
turbidity, thus making their agglomeration and sedi- 
mentation possible. 

4. The Use of Milk—The presence of casein in milk 
and the fact that acids precipitate it in the form of a 
curdy precipitate are taken advantage of in the use of 
milk as a clarifying agent. It is employed particularly 
for the clarification of wine, but should not be used in 
excess. A half pint of milk suffices to clarify a barrel 
of wine. Milk is also applicable where tannin is pres- 
ent and in such cases forms an insoluble precipitate, as 
does gelatin. 

5. The Use of Paper Pulp does not depend upon 
chemical combination, its action is purely mechanical.- 
Paper pulp for filtering is best prepared by placing un- 
sized paper, such as white blotting paper or white 
filter paper, into a mortar or other suitable vessel, and 
pouring enough solution of sodium or potassium hydrox- 
ide on it to saturate it, then stirring it with the pestle 
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until it is reduced to a pulp. This should then be 
washed by placing a loose plug of absorbent cotton in 
a funnel and pouring in the mixture. When it has 
drained, hot water should be poured upon it until all 
traces of alkalinity are removed; the dried purified 
pulp may then be placed in stoppered wide-mouthed 
bottles until needed. Paper pulp for filtering may also 
be purchased ready for use. It is preferable to soften 
it by heating with a jet of live steam. It is used as a 
clarifying agent by adding a portion to the cloudy liquid, 
agitating the mixture, and allowing the whole to stand 
quietly until the liquid is clear. 

6. Fermentation—The changes in the composition 
of yuices during fermentation usually lead to the deposi- 
tion of those substances which previously interfered 
with their transparency. The generation of alcohol 
though fermentation produces a liquid in which the 
substances causing turbidity are insoluble, hence the 
formation of the deposit. The preparation of Syrup of 
Raspberry N. F. affords a good illustration of the prin- 
ciple of clarifying juices by fermentation, while in the 
manufacture of wines the principle has been known and 
practiced for centuries. 

7. Subsidence through Long Standing—This 
method involves the least possible amount of labor and 
expense, and is resorted to very frequently (particularly 
upon the large scale) when haste is unnecessary, and 
whenever the liquid readily withstands the tendency 
to spoil during the time necessary to effect complete 
separation. The deposit formed is usually called a 
sediment. In some industries it is termed a ‘“‘sludge.” 
These terms are not synonymous with precipitate. A 
sediment is solid matter separated merely by the action of 
gravity from a liquid in which it has been suspended. A 
precipitate, on the other hand, is solid matter separated 
from a previously clear solution by physical or chemical 
change. ‘The fixed oils are usually clarified by subsi- 
dence; in the vegetable oils the sediment consists prin- 
cipally of albuminous and gummy substances, cellular 
tissue, and water which have been separated with the 
oil during the process of expression. 


Decoloration 


Decoloration or decolorization, as it is sometimes 
called, is the process of depriving solutions of color by the 
use of an appropriate adsorptive medium. Decoloration 
is used in the abstraction of coloring matter from fats, 
oils, petrolatum, syrups, etc. 

Animal charcoal, or bone black, which is produced by 
heating bones in closed vessels out of contact with air, 
and then grinding the resulting charred mass, is gen- 

erally preferred in decolorizing operations; it is the 
most widely used decolorizing medium. 

Wood charcoal possesses much less decolorizing 
power. The selective removal of color from liquids 


201 


passed over or through them, by certain charcoals and 
clays, is an adsorption phenomenon and will be found 
extensively discussed in books on colloidal chemistry. 
Animal charcoal varies greatly in its decolorizing power. 
Purified animal charcoal is not so powerful as a decolor- 
izer as the crude animal charcoal from which it was 
made (see A7ds to Filtration, page 195). The inorganic 
matter (calcium salts) present in crude animal charcoal 
is capable of causing contamination of some kinds of 
solutions, particularly those which are acid, and it is 
sometimes necessary to use purified animal charcoal 
even though it possesses a lower degree of efficiency. 
The animal charcoal which possesses the greatest eff- 
ciency as a decolorizer is produced by carbonizing dried 
blood. 

Activated charcoal, otherwise known as _ activated 
carbon, is made from various organic substances and as a 
final treatment it has its adsorptive powers increased by 
heating in an atmosphere of some inert gas or by some 
other process. For most decolorizing operations of the 
pharmacist on the small scale, the solutions, melted fats, 
oils, etc., can be poured directly upon the animal char- 
coal, which is placed in a funnel and prevented from 
passing through by the insertion of a plug of absorbent 
cotton, or it may be arranged in an ordinary percolator, 
and the cold liquid percolated through the charcoal. 
It is not satisfactory simply to shake the charcoal with 
the liquid and subsequently filter, as is done with clays 
which are used as decolorizing media. The deeper the 
layer of charcoal through which the liquid must pass, 
the greater the efficiency of the operation. 

Clays are used as decolorizing agents by mixing them 
intimately with the liquid to be decolorized and, after 
allowing them to stand for a time, filtering to remove 
the clay. The removal of the color by the clay is also 
due to adsorption (see Colloids, page 170). It is very 
important to remember that both charcoal and clay 
absorb a number of valuable principles used in medicine 
—e. g., bitter substances, like gentiopicrin, aloin; astrin- 
gents, like tannin; alkaloids, like quinine, morphine, 
strychnine, etc. (see Filtration, page 191). Charcoal 
has even been used as an antidote for poisoning with the 
alkaloids. It should always be used in decoloration, 
with discrimination and judgment, for it may be found 
that in striving to improve or restore the appearance 
of a preparation by lessening the color its value has been 
sacrificed. John Uri Lloyd demonstrated that alumi- 
num silicates in the form of kaolin, fuller’s earth, or 
especially prepared hydrous aluminum. silicate, even 
when simply shaken with solutions of alkaloids, com- 
pletely remove them from solution. These substances 
should therefore never be used as filtering or clarifying 
agents for alkaloidal preparations. This action of 
aluminum silicate is now applied to the commercial 
separation and preparation of alkaloids. 


CHAPTER XXV 


SEPARATION OF FLUIDS FROM SOLIDS 
EXPRESSION 


Definition of expression—spiral twist press—screw presses—roller press—lever press—hydraulic press—operation of presses 


EXPRESSION is a process of forcibly separating liquids 
from solids. It is generally effected by the use of a 
press, although for many pharmaceutical operations 
upon the small scale the use of straining cloths with 
hand pressure suffices. Expression is no longer an 
important operation in pharmacy and will be but briefly 
discussed. At least six 
mechanical principles 
have been recognized 
in the operation of 
expression: namely, 
the use of the spiral 
twist press, the screw 
press, the roller press, 
the wedge press, the 
lever press, and the 
hydraulic press. 

The Spiral Twist 
Press—The principle 
of this press is best and 
most practically illus- 
trated in the usual 
process of expressing 
with the hands a sub- 
stance contained in a 
cloth. The mixture to be expressed is placed in a 
bag or cloth held in one hand by the four corners, which 
are gathered together, and the lower portion, or bag is 
rotated with the other hand, so that, beginning at the 
top, the point of smallest diameter, the strainer is 
spirally twisted, the pressure forcing the liquid between 
the meshes of the cloth. Fig. 328 shows Gigot’s press, 
in which this principle is used upon a larger scale. Upon 
the left is shown a sectional view of the press as it ap- 
pears when filled with material. This principle may be 
effectively applied on the small scale by placing the 
material to be expressed, which has been placed in a 
muslin bag, between the folds of strong canvas, about 
15 inches wide and 4 
or 5 feet long, sewed 
together like a roller 
towel. Round sticks, 
about 18 inches long, 
are run through each 
end and twisted in 
opposite directions. 
Substances which are 
hot may be expressed 
by this plan without 
scalding the hands. It 
is necessary for two 
persons to performthis 
operation. 

The Screw Press— 
This is the most use- 
ful of all forms for 
pharmaceutical work where very great power is not 
desired. The screw is always used in combination with 
one or more levers, and this form of press is employed 


Fig. 328—Gigot’s press. 


Fig. 329—Single screw press. 


in great variety to accomplish special purposes. There 
are two kinds of screw presses: 1. Single screw presses. 
2. Double screw presses. Each of these forms may be 
subdivided into those in which the position of the screw 
or screws is vertical, and those in which the position 
of the screw or screws is horizontal. 

1. Single Screw Presses—In this form of press the 
single screw is generally used in a vertical position, and 
operated with a lever or a combination of levers. It is 
the simplest kind of press, and if well made will admi- ~ 
rably answer the general purposes of the pharmacist. 
The screw should have a square faced thread, and be 
well made. The plunger should be disconnected from 
the end of the screw or else move freely around it. The 
parts of the press which come in direct contact with the 
material to be pressed should be coated with tin or 
enamel, so that liquids containing acid or tannin will 
not be affected injuriously. Fig. 329 shows a press of 
this description, with a perforated cylinder. The prin- 
cipal objection to the single screw press is that unless 
the material in the press is nearly homogeneous, so that 


Fig. 330—Porcelain press. 


the press cake is equally pressed upon at all points, un- 
equal action results, the press block is pressed against 
one side of the case, causing friction and resistance and 
the thread of the screw binds upon one side, full pressure 
thus being defeated. The main objection to the verti- 
cal screw is that the press block and plate must be in a 
horizontal position, the result being that the lquid 


- pressed out adheres to the cloth, and cannot be col- 


lected readily without tilting the press. Fig. 330 is an 
illustration of a porcelain press for materials which 
must not be allowed to come in contact with metals. 
Fig. 331 illustrates a horizontal screw press. It consists 
essentially of a tapering case, with a hopper on the 
upper side at its large end, and a strong screw fitting 
closely to the inner surface, the thread of which dimin- 
ishes in size as the screw becomes smaller. Along the 
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under side of the cylinder is formed a channel adapted 
to receive a perforated brass plate. This latter has a 
transverse concavity corresponding to that of the inner 
surface of the cylinder and the perforations allow the 
escape of the expressed fluids into the channel or gutter 
beneath, from which it escapes by a proper outlet. 

The V. D. Anderson Co., Cleveland, Ohio, manufae- 
ture a novel type press, called an expeller, which can 
handle several tons of self-lubricating material daily. 
The Anderson Ezxpeller (Fig. 332) consists primarily 
of a hopper feeding into a warming jacket where the 
drug is warmed if necessary. 
The drug then drops 
through a vertical worm 
upon one in a horizontal 
position and from there is 
forced, by the action of the 
horizontal worm, against a 
friction cone which can be 
adjusted at will to a pre- 
determined amount of pres- 
sure. Exhausted marc com- 
ing over the cone is in the form of a hard cake and 
contains but 5 to 10 per cent of solvent. The horizontal 
worm is approximately 5 feet long and is surrounded 
by a jacket made of hardened steel bars separated by 
spacers from 0.0005 to 0.001 inch in thickness. The 
disadvantage of the Expeller lies in the fact that 
material passing through it must be of an oily, fatty, 
or self-lubricating nature. The pressure in front of the 
cone, which actually expresses the liquid, is built up 
between the worm and barrel bars, thereby causing 
considerable friction. The advantage lies in the fact 
that little menstruum or solvent is lost, extraction is 
rapid, and unskilled labor can be utilized in the process. 


Fig. 331—Horizontal screw press. 


Fig. 332—The Anderson expeller for removing vegetable oils by expression. 


2. Double Screw Presses are preferred by some users. 
These are always of the horizontal screw form as shown 
in Fig. 333. 

It is apparent that the double screw press is very 
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powerful, and the pressure being equalized, good results 
are obtained. 

The Roller Press—This is used upon the large scale 
for pressing oily seeds, fatty substances, etc. Its prin- 
ciple is thoroughly shown in the well-known clothes 
wringer, which, although made for the laundry, serves 
asa very efficient press for many substances. Care must 
be taken to apply the force gradually to the bag contain- 
ing the material to be pressed, and not to use it upon sub- 
stances which will soften or dissolve the rubber rollers. 

The Lever Press—The only advantages possessed 
by this press over those previously noticed are its cheap- 
ness, and that it may be made by anyone possessed of 
even moderate mechanical ability. 

The Hydrostatic or Hydraulic Press—Of the presses 
heretofore mentioned, each has some special advantage 
or use, but each has also some fault or objectionable 
feature. The spiral twist is not powerful, and its ac- 
tion is limited. The screw presses of both varieties have 
friction to contend with. The friction of a screw in- 
creases with the intensity of the pressure applied, and 
when a certain limit is reached all further force applied 
is wasted, and if persisted in, involves the destruction 
of the press. The roller press is very limited in its 
action; the lever press is unwieldy and not powerful. 
The hydraulic press is expensive, but after the first cost 
it is the most economical, because the greatest power is 
obtained at the expense of the least labor. The prin- 
ciple of action of a hy- 
draulic press is based 
upon the fact that pres- 
sure exerted upon an 
enclosed liquid is trans- 
mitted equally in all 
directions. By construc- 
tion, a hydraulic press 
makes it possible for the 
achievement of tremen- 
dous pressures. 

The following maxims 
should be observed in 
operating presses: 

1. All moving parts of the press should be well lubri- 
cated before attempting expression. 

2. Pressure should be gradually increased; sudden 
strains should always be avoided. If this precaution 
is neglected, either the press cloth or press bag will burst, 
the finer solid particles will be forced through the 
meshes, or breakage of press plates or press will result. 

3. Pressure, to secure the best results, should be 
unrelaxed, but intermittent. After apparently reach- 
ing the limit of compression, the action of the press 
should cease, and if the pressure is maintained un- 
relaxed it will be found that in a short time further 
pressure may be applied and more liquid separated. 
In this way, by alternately exerting pressure and rest- 
ing, the utmost limit of the power of the press may be 
gradually reached without undue strain. Screw presses 
have more ability to retain pressure than hydraulic 
presses; the valves of the latter frequently leak slightly, 
and the pressure has to be continually renewed. 

Filter Presses—A form of apparatus known as a 
filter press has replaced for large scale industrial opera- 
tions all of the presses but the hydraulic Drees: It is 
described under filtration (Fig. 325). 


Fig. 333—Double screw press. 


CHAPTER XxX VI 


SEPARATION OF FLUIDS FROM SOLIDS 
CENTRIFUGALIZATION 


Centrifugal machines—applications of centrifuges—use of centrifuges in Pharmacopeial tests 


CENTRIFUGES or centrifugal machines are designed to 
separate fluids from solids or heavier immiscible liquids 
from lighter ones by utilizing the force which is created 
within a rotating body. They are designed so that 
balanced containers, usually an even number of glass 
tubes in laboratory apparatus (Fig. 335), are whirled 
at high speeds. The centrifugal force which results from 


Fig. 334—Hand laboratory centrifuge. 


the rapid rotation acts on the constituents of a mixture 
in proportion to their masses and tends to throw them 
with great foree away from the center of revolution. 
Therefore a solid or liquid mixed with a liquid of lesser 
density may be separated since the substance of higher 
specific gravity is thrown outward with greater force 
and will therefore be impelled to the bottom of the con- 
tainer leaving a clear supernatant layer of liquid. 


at 


Fig. 335—Covered laboratory centrifuge. 


The hand centrifuge illustrated in Fig. 334 can be 
adapted to the quantity of mixture by selecting the 
small holders B or the larger holders A. A. H. Thomas 
supplies this type. 


Applications of Centrifuges 


Laboratory centrifuges are used for the rapid separa- 
tion of sediments or precipitates, as in the examination 
of urine, and also for the rapid separation of immiscible 
liquids. Figs. 335 and 337 illustrate two forms. They 


are electrically driven and covered to avoid injury from 
an accident. 

Large centrifuges are used in industry for the separa- 
tion of mother liquor from crystals, the removal of 
solvents from insoluble residues, etc. This type is illus- 
trated in Fig. 336. The machine consists of a central, 
perforated cylindrical cage surrounded by a case; the 
cage is attached to a vertical shaft, which is capable of 
being speeded to several thousand revolutions a minute. 
The wet material is placed in the cage, the machine 
started, and the liquid forced by rapid motion through 
the perforations into the space between the outer case 
and the cage. The liquid is drawn off leaving the solids 
in the inner cage. 

The Super-Centrifuge—The Sharples Laboratory 
Super-Centrifuge (Fig. 338) brings an extremely high 
separating force and unusually smooth and efficient 
performance to the laboratory operations for which it 
is especially designed, namely: 


Fig. 336—High speed centrifuge. 


Fig. 337—Laboratory centrifuge. 


1. The sedimentation of solids from liquids. 

2. The clarification of liquids. 

3. The separation of immiscible liquids occurring 
as mixtures and emulsions. 


Unlike the tube and bottle centrifuge, the Super- 
Centrifuge performs these operations continuously. 
Liquid is fed into the rotating element of the centrifuge, 
where it is subjected to a separating force as high as 
62,000 times the force of gravity. 

On clarification operations, a single continuous dis- 
charge of the clarified liquid takes place. The solids 
are collected in the rotating element and removed 
periodically. 

On operations involving the continuous separation of 
immiscible liquids, the mixture is fed to the centrifuge 
and two continuous, separate discharges are effected. 

Although the Super-Centrifuge is essentially designed 
for continuous operation, it can be used for batch opera- 
tions where the volumes of liquid to be handled are 
small. In this case, a special, closed rotating element is 
used. 
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Method of Operation—The liquid to be centrifuged is 
fed by either gravity or pressure to the feed tube, located 
at the bottom of the unit. 


* 


| DISCHARGE COVERS 


ROTOR 


FEED ASSEMBLY 


Fig. 338—Sharples laboratory super-centrifuge. 


By means of a feed nozzle, the liquid is introduced 
into the rotor. The rotor is suspended from a flexible 
bearing and revolves at 50,000 r. p.m. This generates 
a high centrifugal force acting in a direction 90° to the 
axis of rotation. 

Under the influence of this centrifugal force, separa- 
tion takes place, and two layers of liquid are formed. 
Solids present in the liquid are deposited against the 
wall of the rotor. Discharge of the two separated liquids 
takes place through separate ports, located in the top 
of the rotor. Two discharge covers with spouts receive 
the liquids and lead them away. 

Pharmacopeeial Testing—The U. 8. Pharmacopceia 
specifies the type of centrifuge and centrifuge tubes, 
which are to be used in determining Water and Sedi- 
ment in Fatty Oils, as follows: 


The Centrifuge—The preferred centrifuge shall have a diameter 
of Swing (tip to tip of whirling tubes) of from 38 to 43 cm. and be 
operated at a speed of about 1500 r. p.m. If a centrifuge of dif- 
ferent dimensions is used, the rate of revolution shall be calculated 
by the use of the following formula: r. p.m. =1500 /40.6/din 
which d represents the diameter in cm. (from tip to tip of the 
whirling tubes) of the centrifuge used. 

The Centrifuge Tubes—The centrifuge tubes shall be pear 
shaped, shall be made of suitable glass, and thoroughly annealed. 
The total capacity of each tube shall be about 125 cc. and the 
mouth shall be suitably constricted for closing with a cork. The 
graduations shall be clear and distinct, reading upward from the 
bottom of the tube. The tube shall be graduated according to 
the following table: 


GRADUATION OF CENTRIFUGE TUBES 


Range Scale Division 
O; LO Wamt © Castres cy <.s¥ia ay eke does ok 0.1 ce 
Be tO™ LO" CO shah tual Fr a Byer ete. ay shotlets 0.5 ce 
BECOe CLO COrswn ake a ole ete care ne ese 1.0 ce 
NOSCOMIA DN CCU We peel oie entail cua oickeke 5.0 ce 
COs HOU CC catienea tictskarc agen pene cho ooh 25.0 ce 
HO tOMLOOC ei auth: leached ors seers 50 0 ce 


CHAPTER XXVII 


SEPARATION OF FLUIDS FROM SOLIDS 
PRECIPITATION 


Definition of precipitation—the objects of precipitation—methods of precipitation—precipitation vessels—the production of heavy 
and light precipitates—collecting and washing precipitates 


PRECIPITATION is the process of separating solid par- 
ticles from a previously clear liquid by physical or chemi- 
cal changes. The separated solid is termed a precipitate; 
the cause of precipitation, the precipitant; the liquid 
which remains in the vessel above the precipitate, the 
supernatant liquid. 

The precipitate usually falls to the bottom of the 
vessel. It may, however, remain suspended or rise to 
the top. 


The Objects of Precipitation—In pharmacy these are: 


1. As a convenient method of obtaining solid sub- 
stances in the form of fine particles. Example, the 
precipitation of calcium carbonate. 

2. To effect the purification of solids. Example, the 
preparing of precipitated calcium phosphate. 

3. To observe by means of classified and carefully 
conducted tests the presence or absence of certain sub- 
stances. Example, as in qualitative analysis. 


One of the most important uses of precipitation is in 
testing, as it affords the most ready means of identify- 
ing chemical substances or of ascertaining their purity. 
A great many pharmacopceial tests are based upon this 
process. The color, quantity, and character of the 
precipitate are all taken into account. The terms 
curdy, granular, flocculent, gelatinous, crystalline, bulky, 
and others, which are sufficiently distinctive, are used 
to define the peculiar form which the precipitate as- 
sumes when thrown out of solution. A magma is a 
thick precipitate left after the liquid is decanted. (See 
Magma Magnesi, Magma Bismuthz, etc.) 

Methods of Effecting Precipitation—Precipitation 
may be produced in many ways. The following are 
some of the causes of precipitation. If solutions con- 
taining albuminous matter are heated, a flocculent pre- 
cipitate of coagulated albumin will be thrown down; 
while if solutions of the silver salts are exposed to the 
light, precipitation will take place. Precipitation will 
usually occur when a hot saturated solution of an amor- 
phous substance is allowed to cool, as in the preparation 
of antimony oxysulfide, or when to a solution is added 
a liquid in which the dissolved substance is insoluble, as 
when strong alcohol is added to a small quantity of 
mucilage of acacia, or if water is added to an alcoholic 
solution of a resinous substance. Precipitation in the 
form of fine crystalline granules usually takes place 
when alcohol or alcoholic liquids are added to strong 
solutions of chemical salts. 

Precipitation is generally caused by chemical reaction 
and some of the most interesting processes in pharmacy 
are the results of this method of producing it. 

Vessels Used in Precipitation—Precipitating vessels 
should be deep, comparatively narrow, and broader at 
the bottom than at the top (Fig. 339). This construc- 
tion permits the precipitate to occupy less height in the 
vessel by causing it to spread out upon the bottom; thus 
the supernatant liquid can be more thoroughly de- 
canted, the particles of the precipitate will lie in closer 
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contact, and a better opportunity is given for the escape 
of imprisoned air or gas which frequently exercises a 
buoyant effect on the particles and prevents their sub- 
siding rapidly and closely. Upon the large scale, cedar 
tanks, of the shape just described, may be used; these 
may have wooden spigots introduced, at convenient dis- 
tances apart, so that the supernatant liquid may be con- 
veniently run off from different levels as the case may re-- 
quire. Large earthenware Jars or glass-lined steel tanks 
are also used for the collection and washing of precipitates. 
Manner of Conducting the Process—If two solutions 
are used, and it is known that they contain the exact 
molecular quantity of solid substance to react mutually 
without. leaving an excess of one or the 
other, the rapidity with which the sub- 
stances are mixed is immaterial though 
the physical character of the precipitate 
is sometimes affected by the speed of 
the reaction; but when this is not the 
case, and the precipitant is to be added 
until precipitation ceases, it is necessary 
to proceed with caution. The precipi- 
tant is then added gradually, and where 
acid or alkaline solutions are used and 
carbonates or bicarbonates are not 
present, litmus paper is useful in in- 
dicating the approach of an excess. 
In other cases the precipitate may be 
allowed to subside, and the precipitant 
slowly dropped into the clear liquid 


Fig. 339—Precipitat- 
ing jar. 


-above until it is noticed that further addition is without 


effect. Ifthe precipitate is too bulky to subside quickly, 
the whole may be vigorously stirred until thoroughly 
mixed, a small portion transferred to a small plain filter, 
and the filtrate tested by a further addition of precipi- 
tant. If this small portion is weighed, or measured, or 
is a known proportion of the whole, a simple calculation 
will determine the quantity necessary to complete the 
precipitation. Ammonia water is one of the most use- 
ful of alkaline precipitants, because an excess is at once 
noticed by the odor. This is easily done by blowing 
the air from the surface of the liquid, thoroughly stirring | 
up the mixture, and then noting whether it possesses an 
odor of ammonia. 

The Production of Heavy and Light Precipitates— 
Hot, dense solutions usually produce heavy precipitates, 
and such precipitates are more readily washed from ad- 
herent contaminating salts than those which are light 
and bulky. An additional advantage is that they 
occupy less space, and consequently their dose is less 
bulky. A good example of this is found in the manufac- 
ture and use of the heavy and light magnesium carbon- 
ates. In many cases of precipitation the order of mix- 
ing the ingredients may be disregarded and either may 
be looked upon as the potential precipitant. This is 
not always the case, however, and it is particularly not 
true of precipitates caused by mixing solutions of iron 
salts with solutions of carbonates or hydroxides. 


PRECIPITATION 


In this case the proper order is to pour the solution of 
the iron salt into the solution of the carbonate or hydrox- 
ide in order that the latter may be in excess at all stages 
of the operation, for, if the reverse is done, the first por- 
tions of the precipitate are partly composed of basic 
salts of iron which remain as a contamination. 

When in doubt a safe rule to follow is to use as the 
precipitant the solution containing the electropositive 
element or group of the desired precipitate. Thus in 
precipitating lead sulfate pour the solution of the lead 
compound into the one containing the sulfate. In form- 
ing a precipitate which is a hydroxide always try to keep 
the hydroxide in excess to the end of the operation. 

Collecting and Washing Precipitates—In small opera- 
tions precipitates are collected upon plain filters or in a 
Biichner apparatus upon a flat filter. The special 
advantages of such filters have already been pomted 
out. (See page 194.) It is frequently necessary to 
digest a very fine precipitate for some time in water 
before it may be retained on a filter. In such a process 
the small particles slowly dissolve and build up upon 
the larger, causing a gradual transition to larger par- 
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ticles. Upon the large scale muslin strainers are gen- 
erally used. These are suspended on frames, as shown 
in Figs. 270 and 271. In washing precipitates which are 
placed on strainers of this kind, care must be observed 
to close up the fissures which usually appear in the 
magma after it has been allowed to stand a short time, 
by stirring the precipitate thoroughly before adding 
more water. (See Lotion,- Decantation, pages 187 and 
188.) In the washing of a precipitate it is frequently 
necessary that the wash water contain some electrolyte 
such as hydrochloric acid or ammonia water, inasmuch 
as continued washing with pure water might so com- 
pletely remove all adsorbed salts from the precipitate 
that it would be peptized in the form of a colloidal solu- 
tion which would allow it to pass through the filter. 
The advantage of an electrolyte like the two mentioned 
lies in the fact that after washing they may easily be 
removed by heating. The electrolyte chosen should 
not react with the precipitate or tend to dissolve it. 
In some instances a clear, saturated solution of the 
precipitate is used as the washing solution. This pre- 
vents loss of the precipitate due to solvent action. 


CHAPTER XXVIII 


CRYSTALLIZATION AND GRANULATION 


Definition of crystallization—erystals from gases, liquids, and solids—allotropic changes—devitrification—crystal structure and 


systems 


Crystallization 


CRYSTALLIZATION Is the process by which atoms and 
molecules arrange themselves into definite geometrical 
patterns called crystals. It may be best described by 
considering the methods by which crystalline solids are 
formed. We commonly think of substances as either 
gaseous, liquid, or solid. -A erystalline solid is produced 
from atoms or molecules directly from one of those three 
states. “se 

Gaseous to Crystalline State—Familiar examples of 
this method of producing crystals have already been 
described in Chapter XI under the name of sublimation. 

Liquid to Crystalline State—1. By Cooling a Liquid. 
By cooling a liquid we may crystallize the liquid itself. 
The commonest example of this is freezing water to 
form ice. It may also be well illustrated by melting 
pure sulfur in a casserole and allowing it to cool until a 
crust forms over the top. Holes should then be 
punched through the crust on opposite sides of the casse- 
role and the sulfur that is still molten drained off. If 
the quantity of material melted was quite large and the 
mass cooled slowly, the crystals formed on the walls of 
the casserole and the under surface of the crust will be 
large and distinet. The presence of impurities retards 
the crystallization and gives rise to poorly developed 
and indistinct crystals. Some of the low melting metals 
such as bismuth and antimony may be recrystallized 
in a similar manner. 

2. From a Solution. The methods most frequently 
employed in the preparation of crystals are (a) By 
slowly cooling the solution until the crystals separate from 
the solvent. The law governing the formation of crys- 
tals from a solution is the converse of that of the solu- 
tion of a substance which has been fully deseribed on 
page 148. The desired substance is first dissolved in a 
suitable solvent, filtered, and evaporated to the proper 
degree, the latter part of the operation being the most 
important in determining the size and perfection of the 
crystals. The proper strength of the solution depends 
upon the solubility of the substance. The solution on 
cooling should reach the saturation point at a tempera- 
ture slightly above room temperature. Crystallization 
starts slowly at the saturation point with the evolution 
of heat (see page 143) which is described as an exo- 
thermal action. The containing vessel and_ solution 
which are at a temperature slightly above that of the 
room slowly lose heat to the surrounding air and crys- 
tallization proceeds fast enough to make up for this loss 
of heat. The rate of crystal growth can thus be con- 
trolled by properly insulating the container. In some 
instances it is desirable to conduct the crystallization 
at temperatures considerably above room temperature 
with proper control of the heat loss (rate of cooling). 
As a rule, substances which are very soluble in water 
and which make concentrated solutions produce small, 
ill-defined crystals, while substances which are less 
soluble and which make comparatively dilute solutions, 
even when they are supersaturated, produce crystals 
with more perfect form. 


properties of crystallized substances—water of crystallization—collection, washing, and drying of erystals—granulation 


Perfect rest for a solution designed for crystallization 
must be secured if well-defined crystals are desired, and 
the solution must not be cooled quickly. Sometimes 
crystals creep or travel up the sides of a crystallizing 
vessel, and even over its edge if a small amount of 
mother liquor has been allowed to remain, or if they are 
of an intermittent deliquescent type that alternately be- 
comes moist and dry with changes in atmospheric condi- 
tion. 

It has long been known that if a smooth glass rod. 
having a single scratch upon it be placed in a solution 
ready to crystallize, crystals will first attach themselves 
to the scratched part, and the smooth part of the rod 
will frequently not have any separate crystals upon it. 
Rough surfaces, by offering more points of adhesion, 
attract the nuclei upon which the crystalline body is 
subsequently deposited. It is for this reason that rough 
stoneware vessels are frequently used for crystalliza- 
tion or that strips of wood, glass, or lead are suspended 
in liquids intended for crystallization, while in the 
manufacture of rock candy, threads are usually strung 
across the crystallizing tubs at regular intervals and 
cylindrical masses of fine crystals are thus produced. 
Sometimes crystallizing liquids are seeded or inoculated, 
as it is called, by adding some small perfect crystals 
from a previous operation. These act as nucle: for the 
more rapid formation of crystals. Perfect geometrical 
crystals may be obtained by the practice of “nursing,” 
which consists in selecting from the ordinary stock as 
perfect a crystal as can be found for the nucleus, and 
then suspending it by a horsehair or piece of sewing silk 
in a warm saturated solution of the salt. 

Warm saturated solutions of various salts, particu- 
larly if contained in chemically clean vessels, protected 
from the dust, and left at absolute rest until cooled, 
sometimes fail to crystallize. If the receptacle is 
shaken or jarred, or if a crystal from which the solution 
has been made, or any other solid substance is dropped 
into it, crystallization sometimes takes place in an 
instant, and considerable heat is evolved. ‘This is 
particularly noticed with salts capable of crystallizing 
with more than one molecule of water, as sodium sul- 
fate, sodium carbonate, sodium 
acetate, etc. This phenome- 
i | non is known as supersatura- 
© | tion. 

190x100mm. fl Fig. 340 illustrates a erys- 
wae tallizing dish supplied by A. H. 
Thomas Co. 

(b) By evaporation of the 
solvent. This process is 
especially useful where the liquid is more volatile than 
water, as alcohol, ether, petroleum benzin, and chloro- 
form. There are some instances in manufacturing 
pharmacy where the method is used, but in the case of 
volatile liquids the expense attending their loss, if 
spontaneously evaporated, is great, and, as a usual — 
thing, rapid evaporation or recovery of the solvent by — 
distillation is not practicable where large and distinct 
crystals are desired.: 


Fig. 340—Crystallizing dish. 
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(c) By loss of dissolved gases. Some of the calcium 
salts found in hard water are held in solution in the 
form of Ca(HCOs)e, calcium bicarbonate. On boiling 
the water the carbon dioxide in solution is driven off and 
the bicarbonate converted to the insoluble carbonate 
which is precipitated in a finely crystalline powder. 

(d) By chemical action. By this method crystals are 


commonly formed through the interaction of two 


- orthorhombic form. 


_ erystal itself. 


~ and Ramsdell, Mineralogy.) 


solutions to form a new substance which separates out 
as a precipitate, but also through reactions which may 
take place between gas and a solution (hydrogen sulfide 
and solutions of metals) and the reaction between a 
solid and a solution (metallic iron and cupric sulfate 
solution precipitating metallic copper). 

(e) By electrolytic deposition. This method is com- 
monly known as electroplating and the deposited metal 
consists of extremely small crystals. If the process is 
earried on slowly with feeble currents, large crystals 
may be grown. 

Solid to Crystalline State—1. Allotropic Changes. 
When sulfur crystals are formed by the method de- 
seribed above (by cooling a liquid) and the liquid is 
poured off, the interior of the casserole will be found to 
be lined with long transparent needles of monoclinic 
sulfur. When these crystals cool below 96° C. they 
become opaque due to the change of the sulfur to the 
The opacity of the crystals is 
caused by the development of many minute ortho- 
rhombic sulfur crystals which now occupy the space 
formerly filled by the transparent monoclinic needles. 
This transition of monoclinic sulfur to orthorhombic 
sulfur and also the change of white phosphorus to red 
phosphorus are fully described in textbooks on chem- 
istry. 

2. Devitrification. Some solids known as amorphous 
substances show no evidence of crystallization. Glass 
and gums are familiar examples of this type of solid. 
Upon cooling from the liquid state they gradually be- 
come more and more viscous until finally we think of 
them as solids. Actually they still possess all of the 
characteristics of liquids, for we should think of them as 
extremely viscous liquids. Many organic compounds 
such as some alkaloids, especially when impure, will first 
form a solid gumlike substance which in the course 
of time will gradually become crystalline. This process 
is known as devitrification. - 

Amorphous and Crystalline Substances—An amor- 
phous substance is one in which the atoms or molecules 
are distributed in a random manner throughout the 
solid. On the other hand, a crystalline substance has a 
definite geometrical internal arrangement of the atoms 
and molecules. A common analogy is that an amor- 
phous substance resembles the disordered arrangement 
of people found in a crowd, while a crystalline substance 
resembles the regularity seen in an organized body of 
soldiers in formation in which each soldier takes a 
definite position according to certain regulations (laws 
of crystallization). 

Crystals and Crystal Structure—Crystals are ordi- 
narily defined as solids bounded by natural plane sur- 
faces called crystal faces. Since the positions and rela- 
tionships of the crystal faces to one another of a given 
substance are definite, they cannot be regarded as acci- 
dental surface phenomena but must be considered as 
the result of some underlying cause inherent in the 
It is evident that such characteristic 
phenomena must be due to a regular internal structure 
which is called crystal structure. (See Kraus, Hunt, 


_ Crystal Systems—There are six 


fundamental pat- 
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terns of internal arrangement into which all crystals 
may be classed. These six types are called the crystal 
systems. They are commonly defined in terms of 
crystal axes (relative dimensions). 

1. Cubic System. Three axes, all of equal lengths, 
intersect at right angles. The alums which crystallize 


Fig. 341—Octahedron. Fig. 342—Dodecahedron. 


Fig. 3483—Cube. 


as octahedrons (Fig. 341), urotropin which crystallizes as 
dodecahedrons (Fig. 342), and the alkali halides which 
crystallize as cubes (Fig. 343) are representatives of this 
system. 

2. Hexagonal System. Four axes, three of which 
are equal, lie in the same plane, and intersect at 60°. 
The fourth axis is perpendicular to the plane of these 
three equal axes and is longer or shorter than they are 
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Fig. 344—Bipyra- 


mid. 


Fig. 345—Prism 
and basal pinacoid. 
(Figs. 344, 345, and 346). Jodoform, calcium carbon- 
ate, and sodium nitrate (Fig. 345) are examples of this 
system. 

3. Tetragonal System. ‘Three axes, two of which are 
equal, horizontal, and perpendicular. The third axis 
is perpendicular to the equal axes and is either longer 


Y 


Fig. 347—Bipyramid. 


Fig. 346—Rhombohedron 


Fig. 348—First 
order prism and 
basal pinacoid. 


or shorter than they are (Figs. 347, 348, and 349). 
Urea and potassium dihydrogen phosphate are examples 
of this system. 

4. Orthorhombic System. Three unequal axes inter- 


Fig. 349—Ditetrag- 
onal bipyramid. 


351—Prism 


Fig. S 
and basal pinacoid. 


Fig. 350—Bipyra- 
mid. 


Fig. 352—Pinacoid. 


sect at right angles (Figs. 350, 351, and 352). Iodine, 
sulfur, and barium sulfate are examples of this system. 
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5. Monoclinic System. Three unequal axes, two 
of which are oblique and the third perpendicular to the 
oblique axes. In Figs. 353, 354, and 355, the front to 


4 


Fig. 353—Bipyra- Fig. 354—Prism ‘ 
mid. and basal pinacoid. Fig. 


355—Pinacoid. 


rear axes are oblique to the vertical axes. Tartaric 
acid, most of the sugars, and hydrated ferrous sulfate 
are examples of this system. 

6. Triclinic System. Three unequal axes intersect 
at unequal oblique axes (Figs. 356, 357, and 358). 


ase 


Fig. 356—Bipyra- Fig. 357—Prism 
mid, 


and basal pinacoid. Fig. 358—Pinacoid. 


Boracic acid, potassium dichromate, and hydrated cop- 
per sulfate are examples of this system. 

The Properties of a Crystallized Substance—The 
properties of a crystallized substance are controlled by 
two factors. (1) The properties of the elements enter- 
ing into the substance. .Sometimes these are revealed 
as characteristics which we attribute to the elements 
themselves and sometimes to molecules or radicals 
which enter into the pattern of the crystals as a mo- 
lecular unit. 

(2) The pattern by which the elements are arranged 
also controls the properties of the substance. Return- 
ing again to the example of sulfur crystals, monoclinic 
sulfur has a specific gravity of 1.96 and melts at 119.25° 
C., while the orthorhombic sulfur has a specific gravity 
of 2.06 and melts af 112.8° C. A more startling ex- 
ample is crystallized carbon. In hexagonal graphite 
it has a specific gravity of 2.3, is one of the softest known 
substances, and is black and opaque, while in cubic 
diamond it has a specific gravity of 3.5, actually is the 
hardest known substance, and may be colorless and 
transparent. 

For purposes of identification the optical characteris- 
tics of crystals are of great importance when dealing 
with small amounts of material, mixtures, or impure 
substances. Under the microscope we may measure the 
optical properties without destroying the material we 
are examining. With mixtures it is difficult to make a 
bulk analysis and then determine how the metals are 
combined with the acids. Optical properties of the 
crystals allow one to determine directly the substances 
in the mixture. With impure organic compounds 
there is a decided lowering of the melting point and they 
must be purified before a final determination can be 
made. Impurities change only slightly the optical 
properties of a crystal and then only when the impurity 
is present in solid solution. 

The most important property for determinative pur- 
poses is the index of refraction. In the case of cubic 
crystals we have only one index available for deter- 
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mination, but in the other systems the crystals are 
doubly refractive and we have two or three principal 
indices of refraction available. The number of principal 
indices of refraction depends upon the type of erystal- 
lographic axes possessed by the crystal. Hexagonal and 
tetragonal substances have two principal indices of re- 
fraction, one corresponding to the plane of the equal 
axes and the other to the direction of the unequal axis. 
These two principal indices of refraction are denoted 
by the Greek letters w and «. In the orthorhombic, 
monoclinic, and triclinic systems we have three principal 
indices of refraction which are denoted by the Greek 
letters a, B, and y. 

Water of Crystallization—Many substances in the act 
of crystallizing combine with water, and the water so 
combined is termed water of crystallization or water of 
hydration. The same substance does not always con- 
tain the same number of molecules of water of crystalli- 
zation. Sodium carbonate, for instance, usually con- 
tains ten molecules. Under some conditions it may be 
made to crystallize with eight or with only five mole- 
cules, and in the official salt it contains but one mole- 
cule of water. This combination with water must be 
carefully distinguished from the mechanical retention 
of a liquid in the interstices of crystals, which takes 
place particularly where the crystals are large and have _ 
been formed rapidly. Water retained in this way is 
termed interstitial water, or water of decrepitation, as it 
is the cause of the decrepitation of bodies when exposed 
to heat. The sudden expansion of the water causes the 
substance to crackle and burst into fragments. Crys- | 
tals containing water of crystallization frequently lose 
part of it on exposure to the atmosphere, and the trans- 
parency noticed when the crystal was fresh is replaced 
by opacity and is finally followed by the crumbling and 
disintegration of the crystals. This change is termed 
efflorescence. There are very few substances which will 
part with all of their water of crystallization at ordinary 
temperatures, nearly all requiring a high heat to effect 
the object. The operation of driving off the water and 
reducing the crystals to the form of a dry powder is 
called exsiccation (see Exsiccation, page 119). Some 
substances absorb water from the atmosphere, and, 
instead of becoming dry, grow moist, and in some cases 
are converted entirely into liquids. Such substances 
are said to be hygroscopic, and the phenomenon is 
termed deliquescence. Potassium acetate or zine chlo- 
ride which has been exposed to moist air is a familiar 
example. 

Salts containing water of crystallization are fre- 
quently distinguished from those that do not by being 
termed hydrated. Example, monohydrated sodium car- 
bonate. 

Collection, Draining, Washing, and Drying of Crys- 
tals—On the small scale it is usually sufficient, after 
the mother liquor is decanted, to break the crust of 
crystals, and, having dropped a few pieces of clean 
broken glass in the throat of a funnel, to place the 
crystals upon them and drain thoroughly. They are 
then to be washed by pouring the proper solvent care- 
fully and sparingly upon them. If the crystals are very 
soluble in water, and it is necessary to free them entirely 
from mother liquor, they must either be washed with 
alcohol or with some liquid in which they are not so 
soluble, or with ice-cold distilled water, used very care- 
fully but quickly by pouring it drop by drop upon the 
crystals, so that the smallest quantity will suffice. 
After draining or centrifuging they may be transferred 
to a double sheet of white filtering paper, placed on a 
bed of two or three newspapers or cloths, loosely covered 
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with a clean sheet of white filtering paper, and removed 
toadry atmosphere. If the crystals are liable to efflo- 
resce, they should be turned several times, and bottled 
as soon as fairly dry. When crystals are prepared on 
a large scale, as in the making of sugar or sucrose, the 
crystals are dried by passing them through a rotary 
dryer in which they are made to fall repeatedly through 
dry air, the exact time being regulated to avoid deliques- 
cence. 


Intermediate Crystallization—This term defines the 
process of crystallizing a substance which is compara- 
tively insoluble in simple solvents, by causing it to dis- 
solve in a hot solution of another substance. Red mer- 
curic iodide may be made to crystallize in this way in 
brilliant scarlet crystals by dissolving it in a hot solution 
of sodium chloride, potassium iodide, or mercuric 
nitrate. 


Granulation 


Granulation is the process of producing, either by 
the process of interrupted crystallization or by precipi- 
tation, a finely crystalline, granular powder; granular 
crystals are sometimes described as sabulous (sandy) 
because of the appearance of the particles. The practi- 


ASNED IE GokteAeN UL Aw TOs 


211 


cal advantages of the granulated form of chemicals 
are so well recognized now at the prescription counter, 
that their use in preference to large crystals is rapidly 
extending. This is particularly true of salts which are 
not very soluble in water, or which are commonly found 
in commerce in hard, tough, crystalline lumps or masses. 
The process of granulation is one which requires 
care, but no great amount of skill. The solution of the 
substance is generally evaporated (page 103) rapidly 
until a scum of minute crystals, called a pellicle, forms 
upon the surface. Then the heat is moderated, in order 
to prevent spurting or caking. Great care must be 
exercised at this stage of the process to stir the mass 
constantly, as there is a tendency to form a hard crust 
on the bottom of the dish, and when this crust is once 
formed and afterward broken up by the stirrer it is 
difficult to avoid the formation of lumps. If the crust 
is prevented from forming, by constant stirring, the 
salt will separate in distinct grains, which will not ad- 
here to each other. Towards the end of the process the 
heat should be very moderate, and the product should 
be introduced at once into a clean, warm, dry bottle. 
Sometimes commercial granulated salts are simply 
coarsely ground crystals made by the use of a drug mill, 
This form should not be called granulated but ground. 


CHAPTER XXIX 


SEPARATION OF IMMISCIBLE LIQUIDS 


Processes requiring the separation of immiscible liquids—equipment used (pipettes, syringes, separatory funnels, the Florentine 
recetwwer, etc.) 


THE SEPARATION OF LIQUIDS which are mutually 
soluble is usually effected by distillation, if one or both 
of the liquids are volatile (see page 105); but the 
separation of liquids which do not mix with each other 
is generally a simpler process, and the object of this 
chapter is to show the methods at present in use. 

Separations of this kind are necessary in: 1. Alka- 
loidal assaying. 2. Manufacturing operations. 3. 
Distillation of volatile oils. 4. Accidental contamina- 
tions and admixtures. 

The Pipette—This instrument, which is usually em- 
ployed for accurately measuring small volumes of 
liquids, has other uses as well. It consists of a narrow 
tube with its lower end drawn out to a capillary orifice. 
To increase its capacity the diameter of the middle por- 
tion is often increased, or a bulb, either globular or 
elongated, is blown in it near the top. Small amounts 
of liquids floating upon the surface of other liquids may 
usually be separated by the careful use of a pipette. 
The lower orifice is dipped into the liquid that is to be 
separated and suction applied with the mouth at the 
upper end; the liquid rises, fills the bulb, and if the end 
of the moistened forefinger is applied to the top, the 
liquid may be transferred to a more appropriate recep- 


Fig. 359— Fig. 360— 


Graduated Measuring Fig. 361— 
pipette. pipette. Glass syringe. 
tacle. Figs. 359 and 360 show two forms of the instru- 
ment. In a modification of these, a rubber bulb is at- 


tached to the pipette. A medicine dropper may be 
used for very small quantities. When the bulb is 
pressed, the air is partially expelled; if the point of the 
pipette is then applied to the liquid and the pressure 
relaxed, the liquid will rise, and it may be transferred 
to another vessel. 

The glass syringe (Fig. 361) is very useful in collect- 
ing a small quantity of oil floating on top of a liquid 
contained in a beaker or open vessel. The piston of the 
syringe should be well soaked in warm water before at- 
tempting this simple but delicate operation. A soft 
rubber ear syringe or infant’s rectal syringe is also use- 
ful in some cases. 

The separatory funnel, as indicated by its name, is 
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used to facilitate the separation of immiscible liquids. 
An open funnel having a glass stopcock in its neck is 
illustrated in Fig. 362. The mixed liquid is poured into 
the funnel, which is kept at rest until separation takes 
place, then the lower liquid is allowed to run off by open- 
ing the stopcock. With careful use, liquids can be sepa- 
rated with great accuracy in this way. Where the liquid 


Fig. 363—Closed 
separatory funnel. 


Fig. 364—Mitchell’s 
separatory funnel. 


Fig. 362—Open sepa- 
ratory funnel. 
is valuable or very volatile, as some of the oils, the closed 
separatory funnels, such as the pear-shaped separator 
(Fig. 863), which can be securely stoppered and evapora- 
tion prevented, are preferred. In assay processes, 
when immiscible liquids are to be separated, this latter 
form is preferred, because of the narrowing of the lower 
portion, and the line of demarcation between the liquids 
can be more accurately observed. A cheap but efficient 
substitute for the separatory funnel was devised by 
Mitchell for emergency use (Fig. 364). A good, well- 


Fig. 365—Florentine receiver. Fig. 366—Receiver for light or 


heavy oils. 

pressed cork, C, is fitted into the throat of a funnel, Z, 
and a wooden skewer, H, or other suitable wooden rod, 
is whittled to a flat wedge, and this forced tightly into 
the cork. The lower portion of the rod is notched, and 
the upper part of the cork is tied securely to it, or a 
wooden pin may be driven through it and the cork, to 
fasten it. It is used by forcing the cork C into the 
neck of the funnel, pouring in the liquids, and, when 
they have separated, lifting the handle H carefully 
until the lower liquid has entirely escaped, and then 
pushing down to stop the flow. 
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Florentine Receiver—The separation of volatile oils 
from the water which usually accompanies them during 
distillation is a very important part of their process of 
manufacture. Where the volatile cil is lighter than water, 
the receiver shown in Fig. 365 is used. The mixed oil 
and water collect in the glass receiver during distilla- 
tion, the oil floating on the top, while the water ascends 
the bent tube from the bottom; further addition of 
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“distillate causes an overflow, and the water from the 


bottom of the receiver is discharged through the tube 
into a suitable vessel, and this is continuous as long as 
the distillation proceeds. The reverse action can be 
produced in the receiver for light or heavy oils (Fig. 
366) in which either a lighter or a heavier fraction may 
be continuously collected. The process of separation 
is continued automatically. 


2 


CHAPTER XXX 


DRUG EXTRACTION 
MACERATION AND DIGESTION 


UNDER DRUG EXTRACTION are included those opera- 
tions which have for their object the separation of the 
soluble principles from drugs by treating them with a 
liquid capable of dissolving them, which is called the 
menstruum. Hxtraction differs from solution in the fact 
that the presence of insoluble matter is implied in the 
former, and the soluble constituents must therefore be 
extracted or separated, by appropriate methods, from 
those which are insoluble. The principal modes of ex- 
traction employed in pharmacy at present are as fol- 
lows: 1. Maceration. 2. Digestion. . 3. Percolation. 
4. Infusion. 5. Decoction. 

Maceration, and digestion, which is merely a modified 
form of maceration, are old processes and will be con- 
sidered first; percolation is much more important and 
useful, and will be treated in a separate chapter; infu- 
sion and decoction are processes which are used in 
producing separate classes of official preparations, 
hence they will be considered in Part III (see page 265 
and page 266). 


Maceration 


The process of maceration, which is of ancient origin, 
consists simply in soaking the properly comminuted 
drug or substance in the menstruum until the cellular 
structure is thoroughly penetrated and the soluble 
portions softened and dissolved. ‘The usual method is 
to introduce the drug into a bottle with the solvent or 
menstruum, stopper it tightly, and agitate it occasion- 
ally for a period ranging from 2 to 14 days; then to 
pour off the liquid, express the residue to avoid loss, 
and filter the mixed liquids. An advantage is some- 
times gained by suspending the ground drug, tied in a 
bag, in the upper part of the menstruum (Fig. 231). 
This has been termed circulatory maceration and is the 
method preferred by the Pharmacopée Belge. Macera- 
tion is one of the processes directed by European Phar- 
macopeeias in preparing tinctures. The drugs are 
macerated in definite quantities of menstruum, which 
consists of alcohol of various strengths, ether, ether and 
alcohol, or other specified solvent. A definite period of 
time is specified for the maceration, and agitation is 


directed for some tinctures. Ordinary room tempera- 
ture must be used. The Pharmacopceia Helvetica di- 
rects that the maceration take place in a closed bottle 
in a dark place. The liquid is then separated by strain- 
ing or expressing from the insoluble residue, and, after 
having been allowed to settle, it is filtered. Evaporation 
during filtration is to be avoided as much as possible. 
Maceration has no advantages over percolation in mak- 
ing the greater number of liquid preparations from 
drugs, except in the hands of the careless or unskilful. 
If an operator possesses no knowledge whatever of the ~ 
process of percolation, it is safer to use the maceration 
process, for here no particular skill or judgment is 
necessary; the soaking process is completed in due time, 
and the separation of the absorbed liquid, while labori- 
ous and uncleanly, has at least the merit of leaving the 
tincture uniform in strength; if the process of expression 
is not thoroughly performed, pecuniary loss results 
through the smaller yield, but the finished preparation 
properly represents the drug. On the other hand, in 
percolation, if the operator, through careless packing, 
has failed to exhaust the drug thoroughly with the 
amount of menstruum used, a portion of the activity 
of the drug remains in the residue, which is thrown out, 
and the preparation is thus deficient in strength. The 
maceration process must be used in the extraction of 
some drugs, notably those containing little or no cellular 
structure as benzoin, aloe, styrax, tolu, etc.; this is 
recognized by the U.S. P. and N. F. processes. 

Maceration should be conducted at a temperature of 
from 15° to 20° C. 


Digestion 


Digestion is that form of maceration which consists 
of the application of gentle heat to the substance which 
is being treated. It is used in those cases where a 
moderately elevated temperature is unobjectionable, 
the heat increasing the solvent powers of the men- 
struum. If the solvent or menstruum is volatile it is 
necessary to attach a reflux condenser to the vessel in 
which the digestion is being conducted so that the sol- 
vent may be recovered and returned. 
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CHAPTER XxXxxXI 


DRUG EXTRACTION 
PERCOLATION 


Definition of percolation (lixiviation)—history of percolation—shape of percolators and their principle of action—comminution— 

moistening of the powder—packing the powder—adding the menstruum—previous maceration—finishing the process—choice of 

menstrua—absorbed menstruum—controlling the flow of the percolate—receiving the percolate—fractional percolation (repercola- 
tion)—special percolators and large scale percolation—special methods of percolation 


PERCOLATION, or lixiviation, is the process in 
which a powder contained in a suitable vessel is de- 
prived of its soluble constituents by the descent of a 
solvent through it. The importance of this process 
cannot be overestimated, as the progress made in 
pharmacy in America during the last century is largely 
due to the study and development of percolation, and 
the introduction of preparations which are the direct 
outgrowth of the process. 

History—The practice of exhausting wood ashes of 
their soluble constituents by pouring water upon them 
after their introduction into a conical shaped wooden 
vessel, called a lye hopper, is an ancient one, and the 
process is still practiced and known as lixiviation. It 
is known that about 1813 a sort of percolator was used 
by Dumont in decolorizing syrups with charcoal in the 
refining of sugar and that in the Cafetiére de Dubelloy 
a similar outfit was used in the preparation of coffee 
but the first attempt on record to apply the principle 
to powdered drugs was made by Count Real. About 
the year 1815 he invented a press which consisted of a 
metallic cylinder with a stopcock in the bottom, a per- 
forated diaphragm for supporting the substance, and 
with a tight cover at the top, to which was attached an 
upright tube, 10 or 12 feet high, having a funnel sol- 
dered to its upper extremity. The cylinder was packed 
with the coarsely ground drug, and water poured into 
the tube. The pressure of the column of water was so 
great, however, that the principal difficulty in using the 
apparatus was in securing tight joints, and in prevent- 
ing the incomplete exhaustion of the drug on account 
of the too rapid passage of the water through it. M. 
Robiquet subsequently made some experiments to deter- 
mine the power of ether as a solvent in extracting the 
fixed oil from the bitter almond. He observed that 
ether poured on powdered bitter almond displaced the 
fixed oil without mixing materially with it, and he pub- 
lished his observation. It was reserved, however, for 
the Boullays of Paris, in 1833, to apply the ideals of 

Real and Robiquet to drugs and medicinal substances in 
general, and to them belongs the credit of first demon- 
strating the value of the process of percolation in its 
pharmaceutical applications. The researches of the 
Boullays at once attracted the attention of American 
pharmacists, and the labors of Duhamel, Procter, 
Grahame, Squibb, Diehl, Oldberg, and others during 
the last century and the adoption of the process in all 
of the Pharmacopceias of the United States since 1840, 
sufficiently show the growth in favor of percolation. In 
Great Britain, France, and Germany the process is well 
known, and is practiced to some extent, but maceration 
still holds in these countries the chief place as a means 
of extracting the soluble principles of drugs. For a very 
complete history of percolation, see an article written 
by James F. Couch in the American Journal of Phar- 
macy, 91, 16 (1919). 
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_ Principle of Action—When a powder placed in a 
cylindrical vessel with a porous diaphragm below is 
treated from above with a liquid capable of dissolving 
a portion of its substance, that portion of the fluid first 
in contact, in passing downward, exercises its solvent 
power on the successive layers of the powder until satu- 
rated, and is impelled downward by the combined force of 
its own gravity and that of the column of liquid above it, 
minus the capillary force with which the powder tends to 
retain it. The physical forces playing an important part 
in percolation are gravitation, viscosity, adhesion, fric- 
tion, osmosis, capillarity, and solution. If the quantity 
of liquid added is not more than enough to satisfy the 
capillarity of the powder, no liquid will pass the dia- 
phragm; but the careful addition of liquid upon the 
top displaces that absorbed in the powder without 
mixing materially with it, and takes its place, to be in 
turn displaced by a fresh portion of liquid. The instru- 
ment used to hold the powder is called a percolator; 
the liquid poured on top of the powder, the menstruum; 
the liquid coming from the percolator impregnated with 
the soluble principles, the percolate, and the residual 
drug remaining in the percolator after the extraction 
of the soluble constituents, is called the marc. In order 
to understand thoroughly the.process of percolation as 
applied to powdered drugs, it must be remembered that 
the soluble principles of vegetable substances are in a 
hard and dry condition, and are generally contained in 
cells which are more or less disintegrated by the process 
of grinding. If the soluble principles could be sepa- 
rated from the insoluble cellular substance and be de- 
posited in the interstices of the ground particles, per- 
colation would be rapid, for the descending column of 
liquid would immediately dissolve the soluble principles 
while the insoluble substances would remain in the 
percolator. But the powdering of the drug only par- — 
tially separates the soluble principles from the insolu- 
ble, and the finest dust of the powder always contains 
a larger proportion of the soluble principles than of the in- 
soluble substance, because the latter, often being largely 
ligneous, offers the greatest amount of resistance to 
disintegration. Hence the first portion of the percolate 
is usually the most dense, the most highly colored, and 
contains the largest proportion of the soluble principles. 
This is because the first portion of menstruum, in its de- 
scent through the powder, has the first opportunity to 
come in contact with the largest proportion of the solu- 
ble principles, which are to be found in the finer dust 
scattered through the powder, and in the thoroughly 
disintegrated particles, which offer but slight resistance 
to the passage of the menstruum. In every well-con- 
ducted experiment in percolation it will be noticed that, 
as the operation proceeds, each succeeding portion of per- 
colate is less highly colored, and less active than the one 
preceding it; and in the case of drugs containing easily 
dissolved coloring matter, an examination of the perco- 


216 


late will show that the shading is very marked,the lowest 
portion being very dense and dark colored, the upper 
portion almost colorless, while in the intermediate liquid 
the gradations of the tint are clearly perceptible. 
Shape of the Percolator—In the U. 8. P. 1880 the 
shape and size of the cylindrical percolator preferred 
for pharmacopceial operations were for the first time 
definitely fixed (Fig. 367). There can be no question 
that the glass cylindrical percolators (Fig. 368) com- 
monly furnished by the manufacturers are propor- 
tionately too broad for use in percolating drugs for 
fluidextracts where the quantity of drug is large in pro- 


Fig. 368— Fig. 369— Fig. 370—Con- 
: : GlassCylin- The Old- ical percolator. 
ee ei drical per- berg perco- 
the official colator. lator. 
percolator. 


portion to the quantity of menstruum; but for ordi- 
nary tinctures, where the conditions are reversed, they 
answer admirably. The inference then is obvious, the 
pharmacist should have percolators not only of dif- 
ferent sizes, but also of different shapes. Fig. 369 
shows the narrow percolator first recommended by 
Prof. C. Lewis Diehl but commonly known as the 
Oldberg percolator. It is narrower than the cylindri- 
cal percolator directed by the U.S. P. The studies on 
percolation during the last half century have been 
directed towards simplifying the process, and the 
elaborate apparatus of Count Real and others has been 
replaced by the ordinary percolator and funnel. The 
conical percolator of the Pharmacopceia is understood 
to be a glass funnel (Fig. 370). 

Judgment is required in selecting a percolator for an 
operation. In making a fluidextract, a comparatively 
narrow percolator should be chosen, because it is desir- 
able that the menstruum should traverse a higher col- 
umn of powder, for every drop of the menstruum must 
be economically applied. The rate of flow of the perco- 
lator is thereby proportionally diminished, the perco- 
late becomes saturated more rapidly, and thus the 
operation is more easily controlled, provided the limit 
has not been exceeded. The character of the drug in- 
fluences the limit. For instance, one which contains a 
large quantity of soluble matter, like kino, could not 
be successfully percolated in a narrow percolator, be- 
cause the percolate would soon become so dense that 
it would cease to descend. In making tinctures and 
weaker preparations, a wider percolate is to be pre- 
ferred, because the quantity of menstruum is greatly 
in excess of the amount necessary to exhaust the drug, 
and more rapid action is desirable. Figs. 371, 372, and 
373 show three percolators of the same height, but of very 
different shapes. Exactly the same weight of powder is 
representedineach. The great difference in the height 
of the columns of powder will be readily noticed, and the 
necessity for judgment in selecting percolators is illus- 
trated. Ifa fluidextract from the drug is to be made, the 
tall percolator, Fig. 371, should be selected; if astrong 
tincture, Fig. 372 indicates the shape; while for a weak 
tincture, the funnel shown in Fig. 373 would be preferred, 
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it being understood that in each case the drug is not an ex- 
ceptionally difficult one to percolate. The size of the 
percolator selected should be in proportion to the quan- 
tity of drug extracted. When properly packed, the drug 
should not occupy more than two-thirds of the height of 
the percolator. The percolator is best constructed of 
glass, but, unless otherwise directed, may be made of any 
suitable material not affected by the drug or menstruum. 
Metallic percolators are required for hot percolation. 
Comminution—The degree of comminution proper for 
each substance must depend upon the physical struc- 
ture of the drug, the ease with which the menstruum 
dissolves the active or desirable constituents, the length 
of time required to exhaust the powder, and the relative 
proportion of menstruum to drug. Nux vomica and 
ignatia are drugs having a tough, horny structure, in 
which the soluble constituents are embedded. If these 
drugs are to be quickly exhausted of their soluble prin- 
ciples, they must be in fine powder. On the other hand, 
gentian and rhubarb are drugs which part easily with 
their active constituents, because their structure is 
loose and quickly penetrated by the menstruum. 
Therefore these may be readily exhausted when in 
coarse powder. The relative proportion of menstruum 
to drug also has a bearing in determining the fineness 
of the powder, for it is clear that if a fluidextract is to 
be made in which one hundred volumes shall represent 
one hundred parts by weight of the drug, the powder 
should be a finer one than would be required for a 
tincture where one hundred volumes are used to exhaust 
ten parts by weight of the drug. In all cases, whether 
coarse or fine powder is directed, the powder should 
conform to the specifications of the Pharmacopoeia for 
that degree of fineness and should be uniformly mixed. 
The object of this is to permit the uniform descent of 
the liquid, for fine particles offer more resistance to the 
passage of the menstruum than coarse ones; if the 
powder is not uniform, and the finer particles are de- 
posited upon one side of the percolator, imperfect ex- 
haustion may occur, through the passage of the greater 
portion of the menstruum down the channel of least 
resistance, 7. e., through the coarser particles. 


Fig. 372—Or- 


Nason ae: dinary percola- Fig. 373—Conical percolator 
lator (200 Gm, ya byes (200 Gm. of powder). 


of powder). 


Moistening of the Powder—The general rule in per- 
colation is to moisten the powder, and there are very 
few instances in the official processes where it is not di- 
rected. The object of moistening the powder is very 
apparent. Ifa perfectly dry sponge is held in the hand 
and a gentle stream of water poured upon it, it will be 
noticed that very little water is absorbed by it; but if. 
the sponge is thoroughly soaked, and all of the water 
squeezed out that possibly can be removed, it will 
greedily absorb water. Vegetable drugs are substances 
which in their natural state contained moisture; how- 
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ever the process of desiccation has hardened and dried 
the tissues, so that, unlike the sponges, they absorb 
moisture very slowly, and when compressed, as they 
are when packed in a percolator, the resistance is still 
greater. If a dry powder, like ground orange peel, is 
tightly packed in a glass percolator and water poured 
upon it, it will be noticed that the water will penetrate 
the powder only a short distance. Its further passage is 
prevented by the particles which are immediately in 
contact with the water, which have become swollen to 
such a degree that they press tightly against the sides 
of the percolator, and thus entirely overcome the force 
of gravity and the penetrating power of the water. If, 
on the other hand, the powdered orange peel is mois- 
tened with sufficient water to satisfy its tendency to swell, 
before zt 1s packed in the percolator, the addition of water 
is followed by its slow percolation through the mass 
without stoppage, and the utility of moistening the 
powder is thus proved. 

The special cases in which the powder should not be 
moistened are those in which the addition of men- 
struum would produce adhesiveness and cause the 
powder to form lumps that could not be easily pene- 
trated, those in which the moistened powder would 
offer too little resistance to the passage of the men- 
struum, and those in which the menstruum is too vola- 
tile or too inflammable to render moistening desirable 
or safe. An instance of the first case is found in the 
so-called cold percolation of sugar in making syrups; 
instances of the second and third cases, in the prepara- 
tion of the oleoresins where ether is used as the men- 
struum. In a small operation the moistening may be 
best accomplished by adding the menstruum to the 
ground drug contained in a relatively large, shallow 
dish, the drug being rubbed between the hands to secure 
uniformity. On a large scale a covered power mixer 
may be used. The drug may also be placed in a wooden 
trough or on a clean cement floor, the menstruum 
added, and the mixing done with a shovel. The latter 
plan may serve for aqueous menstrua, as in the percola- 
tion of cascara sagrada, but would not be economical if 
the menstruum is alcoholic. 

Packing the Powder—The directions of earlier Phar- 
macopeeias with regard to this important part of the 
process of percolation varied continually. Where the 
degree of pressure was immaterial, no special directions 
were given. Where there was a likelihood of too much 
pressure being exerted, so that percolation would cease 
before it should, the directions were, ‘‘pack it moder- 
ately’; on the other hand, if there was danger of the 
operator allowing the menstruum to pass through too 
rapidly, so that the drug would not be exhausted of its 
active principles, the directions were, ‘‘pack it firmly.” 
Owing to the introduction of Type Processes, the 
U.S. P. has omitted this valuable aid to the beginner 
and it is necessary for each operator to determine for 
himself the degree of pressure to apply in packing the 
drug. Before beginning to pack the powder, the throat 
of the funnel or of the percolator must be obstructed by 
a loose plug of absorbent cotton or a deeply notched 
cork (Fig. 374), or by some other method. Care should 
be taken not to moisten the cotton or cork with water 
unless the menstruum is aqueous, because if the drug to 
be percolated is resinous, the first portions of percolate 
which come through will be precipitated by the water 
in the cotton or on the cork. Instances have occurred 
where the percolation has been stopped from this 
cause. Where the notched cork is used, it is well to 
place over the top of the cork, when it is in place, a 
small circle of scored filtering paper (Fig. 375). This 
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must be slightly larger in diameter than the cork, and 
the edges are therefore deflected up the sides. 

The moistened powder should be carefully deposited 
in the percolator in layers, each succeeding layer being . 
packed according to the requirements, “moderately” 
or “firmly,” as the case may be, care being taken to use 


Fig. 374 
—Notched 
cork. 
Fig. 376— 
Packer for 
Fig. 375 percolators. 
—Scored 


paper. 


Vig. 377—Improp- 
erly packed percola- 
tor. 


Fig. 378-—Properly 
packed percolator. 


the same degree of pressure with each layer. Fig. 376 
shows a convenient utensil for packing a percolator. 
It should be made of hard wood, preferably lignum 
vite; for the narrow percolators a longer packer must 
be used. The skill used in this part of the process will 
be proved by the manner in which the menstruum per- 
meates the moistened powder.. If the descent is regular 
and uniform, it will be shown in a glass percolator by 
the line marking the descent of the menstruum being 
perfectly horizontal. If the line is irregular, it is easy 
to point out just where the pressure was insufficient or 
too great. Fig. 377 shows loose and irregular packing, 
too much pressure being made on the right side, the 
menstruum descending upon the left side more rapidly 
and escaping unsaturated. Fig. 378 illustrates a perco- 
lator which has been properly packed, the liquid de- 
scending uniformly. 

Adding the Menstruum—When the last portion of 
moistened powder is introduced into the percolator, a 
sheet of filtering paper, scored at the edges and slightly 
larger in diameter than the surface of the powder 
(Fig. 375), should be laid upon it, for the purpose of 
causing an even distribution of the menstruum. A 
weight of some kind is usually placed upon the paper, 
to keep it from floating out of place. Clean pebbles, a 
bottle stopper, or a small glass funnel may be used, but 
in Fig. 379 is shown a glass percolator weight, which has 
been made for this purpose by the Whitall Tatum Com- 
pany. It is easily cleaned, is not readily broken, and 
does not take up much room. Where the percolator is 
large enough to hold the whole’ of the menstruum, it 
may be at once added carefully. When this is not the 
case, and the menstruum must be added in divided por- 
tions, care must be observed to follow with the succeed- 
ing portion before the first has entirely disappeared, or 
otherwise fissures may appear in the powder, and the 
menstruum will of course then seek the outlet offering 
the least obstruction, and will leak through the fissures 
instead of percolating through the powder. ‘This is 
more apt to occur in percolating very fine powders than 
in percolating coarse ones, although it is liable to take 
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place in either. Where a large quantity of menstruum 
is required, a contrivance for continually supplying the 
menstruum should be used, in the form of an inverted 
bottle or flask (Page 187), or any of the methods for con- 
* tinuous washing may be employed. The use of rubber 
tubing attached to the outlet, as illustrated in Fig. 381, 


= 


Fig. 379—Percolator 
weight. 


Fig. 381—Official percolation. 


Fig. 380—Sheet rubber cover. 


and then bent with an upward curve so that the up- 
per bend is above the level of the packed drug but the 
outlet below the percolator orifice, will prevent the drug 
from becoming dry should the operator fail to pour on 
additional menstruum. 

Previous Maceration—This is recommended when the 
structure of the powder is tough, when the soluble prin- 
ciples are not easily extracted by the menstruum, or 
when a comparatively large quantity of powder is to be 
exhausted by a small quantity of menstruum. It is 
obvious that maceration is going on constantly while 
the menstruum is traversing the powder during its 
gradual descent, and when the amount of menstruum 
is more than sufficient to exhaust the drug previous 
maceration is merely a waste of time. Nevertheless, the 
experts of the Pharmacopeceia, in order to prevent the 
possibility of an unskilful or ignorant operator failing 
to exhaust a drug with the quantity of menstruum 
directed, have adopted in most cases the precaution of 
ordering previous maceration for a short time. This is 
best performed by moistening the drug, introducing it 
loosely into the percolator, and covering it closely to 
prevent loss by evaporation. This course has the addi- 
tional advantage of allowing the drug to swell at the 
same time. A cover made of sheet rubber (Fig. 380), 
with a circular opening, is very useful in this connection. 
No attempt should ever be made to produce fluidex- 
tracts on the small scale without previous maceration. 
Experiments, however, by W. J. Husa and his co- 
workers have shown that in some cases previous mac- 
eration is an unnecessary step in the percolation of 
drugs. 

Finishing the Process—The official directions are fre- 
quently definite in fixing the quantity of percolate to be 
received from a given quantity of powder, but the oft- 
repeated direction to “percolate to exhaustion” at once 
raises the question of when a drug is exhausted of its 
activity. This question can be properly answered only 
by knowing beforehand the active principles of the 
drug. A few examples will sufficiently illustrate this. 
The activity of nux vomica, opium, and cinchona re- 
sides in the bitter alkaloids; hence the absence of bitter- 
ness in the percolate in such cases indicates exhaustion. 
Cochineal and saffron are valued in pharmacy for noth- 
ing but the coloring matter contained in them; hence 
the absence of color in the percolate shows the close of 
the process. Nutgall, kino, krameria, etc., contain 
tannin, and this is the only valuable principle; . the 
absence of astringency in the percolate in these cases, 
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therefore, shows the operator that percolation may be 
stopped. The exhaustion of resinous drugs may be 
known by the absence of precipitation when the perco- 
late is dropped into water. Where two or more active 
principles exist in a drug, the latter is not exhausted 
until the percolate is free from all of them. The intelli- 
gent practice of the process of percolation, therefore, re- 
quires an accurate knowledge of the constituents and 
physical properties of medicinal substances. 

Choice of Menstrua—Much labor has been bestowed 
by investigators in ascertaining the exact proportions 
of the usual solvents—water, alcohol, glycerin, ete.— 
that are best adapted for depriving drugs of such of their 
soluble principles as are desirable, and at the same time 
leaving untouched in the residue those principles which 
are either inert or objectionable. The special men- 
struum which is exactly adapted to the peculiar charac- 
teristics of the drug, and which will cause the retention 
of the soluble principles in a permanent form under the . 
varying conditions of climate, and at the same time 
permit exposure to light, heat, and air without injury, 
can be determined only by experiment and observation. 
When new galenical preparations are proposed, the 
menstruum selected must therefore be merely tentative, 
and general principles must guide until positive knowl- 
edge is secured. Alcohol would be indicated for active 
resinous drugs, diluted alcohol for simple bitter tonics, 
eathartics, ete., and diluted alcohol with glycerin for 
astringent drugs, etc. The selection of proper menstrua 
will be given attention, as occasion demands, in the 
chapters upon infusions, tinctures, extracts, fluid- 
extracts, ete. 

Absorbed Menstruum—The amount of menstruum 
which a powder will absorb and retain after percolation 
ceases can never be accurately predetermined. If it is 
important to know beforehand the percentage of men- 
struum capable of being absorbed, a practical trial 
should be made upon the small scale, using the same 
powder and menstruum. 

Substances possess very different capacities for re- 
taining menstrua. Those having a light, spongy struc- 
ture hold more than hard ligneous drugs, and even the 
same drug will often vary in its capacity in this respect, 
while the amount of moisture present in the drug before 
it is percolated is never a constant quantity, varying 
sometimes as much as from 8 to 20 per cent. The 
advantages of percolation over maceration are very ap- 
parent in respect to the character of the liquid left in 
the exhausted residue or mare. In maceration the 
liquid left in the residue is finished tincture. In percola- 
tion it is merely menstruum, the active portions of 
the drug having been dissolved in the preceding perco- 
late. In large operations, from an economical point of 
view, it is desirable to recover absorbed menstrua when 
the residues contain sufficient alcohol to make it worth 
the necessary time and labor. Distillation is then re- 
sorted to, or the residue is treated with weak alcohol 
and subsequently with water. Where water causes 
swelling of the substance and a stoppage of the percola- 
tion, the residue may be mixed with clean sawdust, rice 
chaff, or some other inert dry substance, and then per- 
colated with water. Recovered distilled alcohol may 
be purified by treating it with potassium permanga- 
nate; twelve grains dissolved in a gallon of the perco- 
late, and allowed to stand a few days, are usually suf- 
ficient. The purified alcohol may be decanted or 
filtered. Care must always be taken not to use unpuri- 
fied recovered alcohol which is odorous on account of 
containing volatile oil obtained from a drug, or which 
may be otherwise impure. } 
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Controlling the Flow of the Percolate—The necessity 
for some method of controlling the flow of the perco- 
late is apparent. In simple percolation this is effected 
by the degree of pressure used in packing the moistened 
drug. Judgment and experience are absolutely neces- 
sary to guide the operator. Various mechanical ex- 
pedients have been used to accomplish 
the same purpose. For the control of 
the flow of percolate by the official 
method (Fig. 381), the neck of the 
funnel-end should be rather short, and 
should gradually and regularly become 
wider towards the orifice, so that a 
perforated cork, bearing a short glass 
tube, may be tightly wedged into it. 

The glass tube, which must not pro- 
ject above the inner surface of the cork, 
should extend from 3 to 4 em. beyond 
the outer surface-of the cork, and 
should be provided with a closely fitting rubber tube, 
at least one-fourth longer than the percolator itself, 
and ending in another short glass tube, whereby (when 
it is desired to interrupt the percolation) the rubber 
tube may be so suspended that its orifice shall be 
above the surface of the menstruum in the percolator, 
arubber band or wire loop holding the tube in position. 


Fig. 382—Stopper 
for percolation 
control. 


Fig. 383—Percolator suspended from a rack. 


In metallic percolators stopcocks or spigots have 
been employed. It is possible to improvise a control 
of the flow by employing a narrow homeopathic vial, 
having a one-eighth inch hole in the side, a half inch 
from the bottom, and passing it through a perforated 
cork fitting tightly in the neck of the percolator. By 
pulling the vial down, the hole is stopped by the en- 
circling cork; by pushing it up, the hole is exposed so 
that the percolate runs through the vial, and thus the 
flow may be regulated. Fig. 382 illustrates a very use- 
ful method of controlling the flow of a percolate. This 
“sprinkler controller” was specially made but if not 
available the well-known sprinkler, made of white 
metal, used for liquid dentifrice bottles may be em- 
ployed. The flow of liquid can be perfectly controlled 
by its use. 
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Rate of Flow—The success of the process of percola- 
tion largely depends upon the regulation of the flow 
of the percolate; if this is too rapid, incomplete ex- 
haustion will result, but if too slow, valuable time is 
wasted and considerable loss of menstruum occurs from 
evaporation. For fluidextracts using 1000 Gm. of 
powder, the rate of flow should not exceed ten drops a 
minute; for official quantities of tinctures and prepara- 
tions of about the same strength, twenty drops a min- 
ute, and the word “slowly” throughout the text is 
understood to mean a rate of flow corresponding to this. 
The proper rate of flow should vary with the quantity 
and character of the drug employed and the density of 
the menstruum. 


Fig. 384—Percolation of fluidextracts (photo courtesy Eli Lilly and Co.). 


Fig. 385—Giant percolators, each holding 114 tons of drug (photo courtesy 
Sharp and Dohme). 


Methods of Supporting Percolators—The ordinary 
retort stands are often used to support small percolators. 
The one shown in Fig. 381 is suitable, particularly if the 
ring is covered with rubber. Pieces of rubber tubing 
may be split down one side and then slipped over the 
metal ring. Large percolators stand on tables or are 
suspended as illustrated in Figs. 383, 384, and 386. 

Sugar Percolation—The principle of percolation is 
also extensively applied to the solution of sucrose 
(sugar) in the preparation of syrups. For this purpose 
the ordinary percolator may be used but special perco- 
lators have also been devised. See Syrwps (page 234). 

Receiving Bottles—A series of bottles of various 
sizes should be reserved for use in receiving percolates. 
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Bottles with comparatively wide necks are to be pre- 
ferred for receiving bottles. A strip of adhesive plaster 
may be pasted on the side and accurately measured 
quantities of water poured in, carefully marking the 
height of each addition; upon the opposite side cor- 
responding metric quantities may also be placed (Fig. 


Fig. 386—Percolators supported from the floor. 


387). Narrow receiving bottles (metric, apothecary, or 
both systems on the same bottle) (page 55) are also suit- 
able. The graduations are accurately engraved on the 
glass, to suit the quantities usually made by the phar- 
macist. 

The tin-lined copper can, illustrated on page 57, is 
used as a receiving vessel in large-scale percolation. 

Fractional Percolation—This term, employed by 
Prof. C. Lewis Diehl and others, defines 
percolation when applied to two successive 
portions of powder, the principle of action 
being identical with that of repercolation. 

Repercolation—This, as its name in- 
dicates, is the process of percolating sub- 
stances with percolates, or, as defined by 
Dr. E. R. Squibb, the author of the proc- 
ess, “the successive application of the 
same percolating menstruum to fresh 
portions of the substance to be per- 
colated.” The principal object of reper- 
colation is to effect the saving of alcohol 
and alcoholic menstrua by accomplishing the saturation 
of the menstrua, as nearly as possible, by passing the 
unsaturated or weaker percolate from one portion of the 
drug through another portion, and again passing the 
unsaturated or weaker percolate from this second portion 
through a third portion. The fact that no heat is re- 


Fig. 

Receiving bot- 

tle for perco- 
lates. 
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quired to concentrate the percolate in the manufacture 
of fluidextracts is ore of the special advantages of 
repercolation. The weak percolate from this last por- 
tion is generally set aside, to be used in succeeding 
operations upon the same drug in the place of fresh 
menstruum. This process is useful only in those opera- 
tions where the relative proportion of menstruum used 
is small, as in the fluidextracts and similar concentrated 
preparations. Practical illustrations may be seen by 
referring to Process C, under Fluidextracts. 


Special Percolators 


Well Tube Percolator—An excellent method of per- 
colation (Fig. 388) which was used by Dr. E. R. Squibb 
was based upon the principle of drawing water from a 
well automatically as fast as it accumulates. ‘This is 
effected by the use of a well tube placed in the center 
of an ordinary jar or pot and held in its place by the 


powdered drug which is packed around it. The men-_ 


struum is poured upon the drug, and, after percolating 
through, collects in the well tube, from which it is 
drawn off by an ingeniously constructed syphon. ‘The 
illustration clearly shows the method of using this 
apparatus. It may be used for large or small opera- 
tions. 


Fig. 388—Well tube percolator (Squibb). 


Fig. 389—Double 
percolator. 


tube 


Double Tube Percolator—This differs from the well 
tube percolator just described in the use of an ordinary 
percolator, the absence of the syphon, and the substitu- 
tion of a simple, straight tube which is free to move up 
and down inside the well tube at the discretion of the 
operator. Fig. 389 illustrates its mode of action. A 
central well tube having the lower end irregularly 
broken is placed in an ordinary glass percolator, upon a 
tuft of absorbent cotton, or, as in Doctor Squibb’s per- 
colator, a circular piece of muslin is securely tied upon 
the tube a short distance from the bottom, as shown in 
the small cut in Fig. 389, and the end of the tube rests 
upon a perforated cork fitting tightly in the neck of the 
percolator, as proposed by W. 8. Thompson in his de- 
scription of a similarapparatus. The control of the flow 
of the percolate is effected by raising or lowering the 
small tube which passes into the well tube, and which is 


held in place by passing through the perforated cork in. 


the neck of the percolator already mentioned, or through 
a perforated rubber nipple slipped over the end, as sug- 
gested by Windolph, or through a piece of rubber tubing. 
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If previous maceration is directed, the narrow tube may 
be pushed up until the upper orifice is above the level of 
the menstruum, and of course above the level of the 
percolate in the well tube. When it is desirable to begin 
percolating, the tube is gently rotated with a downward 
movement until the level of the percolate is reached, and 
then percolation proceeds regularly, the course of the 
menstruum being indicated as shown by the arrows in 
Fig. 389. The rapidity of the flow is increased by lower- 
ing the tube, and decreased by raising it. 


Percolation on the Large Scale 

Ordinary glass percolators cannot be used for large- 
scale manufacture and stainless steel or glass-lined 
equipment replaces the usual experimental glassware. 
Almost 100 per cent of today’s extracts, in their various 
forms, are made by firms specializing in extracts of 
vegetable drugs. The modern pharmacist has neither 
the time, the equipment, nor the special facilities for 
making medicinal extracts comparable with those 
which can be made by the larger manufacturing phar- 
maceutical firms. For large-scale operations tax-free 
denatured alcohol is also available for many extractions 
and this materially reduces the cost. 

In some cases, the crude drugs are grown on farms 
owned or directly controlled by a firm having special 
knowledge and interest in producing the highest quality 
of the drug. In other cases, technically trained men, 
among them pharmacists and botanists, accompany 
the gatherers into the fields and woods to obtain only 
the best quality of crude material. This is especially 
true in the case of such widely used drugs as cascara 
sagrada bark, hyoscyamus leaves, ipecac root, podo- 
phyllum, and licorice root. 

After the drugs are gathered and properly dried 
they are transported to warehouses where they await 
the decision of the doctor and the pharmacist as to their 
ultimate use. If required for an extract, either solid, 
pilular, powdered, fluid, or tincture, or for the prepara- 
tion of an active ingredient, such as an alkaloid or 
glycoside, the crude drugs are transferred to mills or 
cutters (see the chapter on ““Comminution,”’ page 128) 
where they are reduced to the necessary state of fineness 
for the proper extraction of the active medicinal in- 
gredients. 

The general rule or practice is to mix and pack drugs 
as soon as they are milled. In some cases, particularly 
in items having volatile oils as one of their active con- 
stituents, such as ginger, pepper, buchu, or capsicum, 
the finely ground or powdered drug is milled directly 
into the percolator containing the specified menstruum. 

Percolators, in large-scale manufacture, vary consid- 
erably in size. Leaves and herbs can usually be packed 
into very large percolators, as high as 12 to 16 feet and 
up to 6 or 8 feet in diameter. Roots, barks, and seeds, 
due to their greater density and in many cases, difficulty 
in extraction, must be packed into smaller percolators. 

Power mixers (page 1295) are used to moisten many 
drugs with the appropriate menstruum. 

Following moistening, the drug is conveyed to the 
percolator and covered with the appropriate solvent or 
menstruum. Specially denatured alcohols of a formula 
authorized by the Federal Statutes and Regulations of 
the Bureau of Internal Revenue may be used in many 
cases where alcohol or hydro-alcoholic menstruum is 
prescribed as the official solvent. Provision is given by 
both the U. 8. P. and the N. F. to replace alcohol in 
official menstruum by suitable denatured alcohols in 
those cases in which all of the alcohol is removed from 
the finished product. 
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After macerating for the prescribed time, percolation 
is allowed to proceed and, when the drug is exhausted, 
the percolate is transferred to tinned copper, stainless 
steel, or glass-lined stills with capacities up to 1000 gal- 
lons and operating under a vacuum of from 27.5 to 29 
inches of mercury (Fig. 390). The transfer of the perco- 


Fig. 390—Large copper stills (photo courtesy Eli Lilly and Co.). 


late to the still is accomplished under controlled pres- 
sure which permits the still operator to regulate the 
rate of flow to the still. The solvent, removed by distil- 
lation, is again used to cover the drug until tests prove 
that all medicinally active or the desired ingredients 
have been removed. The percolate in the still is then 
further reduced, under high vacuum, until all traces of 
the solvent are removed. The concentrated extract is 
then ready to be made into either a solid or powdered 
extract or a fluidextract in the usual manner. 

Hither the marc, or exhausted drug, with its retained 
menstruum, is transferred, by means of conveyors, to a 
continuous rotary dryer for the recovery of alcohol, or 
dry steam, under 60 to 70 pounds pressure (correspond- 
ing to about 155°), is introduced into the bottom of the 
percolator, which is in turn connected with a condenser, 
and the alcohol thus recovered. 
From either process, the almost dry 
marc is conveyed to an incinerator 
where it is utilized as a source of 
heat for low temperature and low 
pressure operations. 

New or combination types of ex- 
traction by percolation are being 
experimented with by American 
and foreign manufacturers. One, 
a continuous rotary extractor, is 
similar in action to the combination 
extraction and solvent recovery 
apparatus described under Hot 
Extraction (page 222). Another, a 
countercurrent process is also simi- 
lar, except that the drug is not agi- 
tated while in contact with the 
menstruum. Both operations are 
based upon the principle of repercolation as defined by 
Dr. Squibb. The freshly powdered drug first comes 
into contact with nearly saturated percolate, and the 
menstruum first comes into contact with the nearly 
exhausted drug. The advantage of this type of extrac- 
tion lies in the fact that the proportion of menstruum to 
that of drug can be accurately controlled so that almost 


Fig. 391—Percolate 
returned as men- 
struum. 
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100 per cent extraction can be achieved in a minimum 
of time. 

Fig. 391 illustrates a type of percolator now being used 
on a large scale for the extraction of drugs with a 
smaller amount of men- 
struum. It is applicable to 
some unofficial prepara- 
tions. The small electric 
pump returns the percolate 
to the drug so that it re- 
percolates a number of 
times and is finally very 
fully saturated. The ob- 
jection to this plan is that 
valuable percolate remains 
in the drug at the close of 
a2 the initial operation which 

must be removed by wash- 
ing with fresh menstruum. 
“a Lloyd Extractor—The 
ry Lloyd extractor cannot be 
Set Orth employed where mixed solv- 
alee eae as BI ° 
L000 449 ents are used. The varying 
—ea boiling points of hydro- 
ie aleoholic mixtures make 
u it impractical in such cases. 
\" The Lloyd Extractor may 
is be compared, in efficiency 
and character, to a Soxhlet 


extraction apparatus (page 
Fig. 392—Hot extraction apparatus. 113) 
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Pressure Percolator—Percolation by pressure has 
sometimes been employed. All forms of apparatus are 
based upon the same principle—that of forcing the 
menstruum through the powder at a greater rate of 
speed than it would pass if it depended alone on the 
force of gravity. This is only applicable under special 
conditions but is being employed in special extraction 
operations with the advantage of economy of time. 
The complete extraction of the drug must be carefully 
checked. 

Percolation with Hot Extraction—In some cases it is 
desirable to exhaust drugs with hot menstrua. Lewin’s 
extraction apparatus is shown in Fig. 392. The lower 
vessel is a still; immediately above it is the percolator 
having three movable sieves for the reception of the 
substance to be extracted; above the percolator is the 
condenser. By the use of the three-way stopcocks, the 
percolation, distillation, and extraction may be con- 
trolled at will. This percolator is similar in principle 
to the Soxhlet extraction apparatus (Fig. 113). 

The F. J. Stokes Machine Company builds a steam- 
heated continuous extraction apparatus in which a 


PERCOLATION 


percolator is suspended inside the still. The solvent 
from the percolate is distilled off, condensed, and re- 
turned as menstruum to the percolator. They also 
market a combination extraction and solvent recovery 
apparatus in which extraction is very rapid due to 
agitation. Several washes of menstruum are used 
which when saturated are drawn off and concentrated. 
When extraction is complete, heat, with or without 
vacuum, is applied and the solvent recovered from the 
mare, 


Fig. 393—Stainless steel combination still and 
vacuum dryer, steam. jacketed. 


Fig. 393 illustrates the Stokes combination still and 
vacuum dryer which takes extracts, and other viscous 
liquids from the liquid state, through the plastic stage 
down to a dry powder which can be discharged. The 
use of auxiliary vacuum shelf dryers is eliminated. 
These and other similar types of equipment are supplied 
in copper, stainless steel, nickel or monel metal. They 
are ruggedly built with heavy duty mixing blades 
driven from above or below. Other models are equipped 
with vacuum filters for solutions that crystallize, cooling 
belts, centrifugal entrainment separators, etc. 


Part II] 


GALENICALS AND OTHER 
PHARMACEUTICAL PREPARATIONS 


CHAPTER XXXII 


CLASSIFICATION OF GALENICALS AND OTHER PHARMACEUTICAL PREPARATIONS 


MANY OF THE PROCESSES, such as solution, filtration, 
digestion, percolation, maceration, expression, etc., 
which are used in making the official preparations hav- 
ing been considered in Part II, a natural grouping of the 
preparations is now considered. This classification pre- 
sents to the student most of the processes in the order 
of their simplicity, the more difficult being taken up last. 
Related groups are, of course, studied together. Each 
discussion will begin with a definition and description 
of the class of preparations of which it treats with the 
official processes and explanation; then will follow a 
list of the individual preparations forming the class. 
All titles are arranged alphabetically with those of the 
U.S. P. first, then those of the N. F. A table of abbre- 
viated unofficial formulas will be found after each class, 
containing mainly preparations of the older U. 8. Phar- 
macopeeias and National Formularies, and also those 
of the British Pharmacopeeia, and others. 


Galenicals are pharmaceutical preparations obtained 
by macerating or percolating crude drugs with alcohol 
of appropriate strength, or some other menstruum 
carefully selected to remove as thoroughly as possible 
only the desired principles and to leave the inert and 
other undesirable constituents of the plant undissolved. 
Galen, after whom this type of preparation was named, 
was the first to devise solutions of the active constituents 
of plants and since his time pharmacists have endeav- 
ored to improve upon his technique and prepare galen- 
icals which are stable, free from inert material, and 
therapeutically efficacious as well as concentrated to 
facilitate handling and administration. Examples of 
galenicals are decoctions, extracts, fluidextracts, fluid- 
glycerates, infused oils, infusions, oleoresins, resins, tinc- 
tures, and vinegars. 


The term “galenical” is sometimes used very loosely, 
but incorrectly, to designate any type of preparation 
(elixirs, solutions, waters, etc.) whether it is an extract 
of a crude drug or merely a solution of chemicals. 
Reference to the pharmaceutical literature of the 
seventeenth and eighteenth centuries indicates that the 
profession was formerly divided into two branches, 
galenical pharmacy and chemical pharmacy. 


The formula for each official preparation is presented 
and discussed in the section of the book which presents 
the monograph of the most important ingredient of the 
formula; cross references indicate where related mono- 
graphs may be found. 


It is the intention in this section to consider in detail 
all official and important unofficial pharmaceutical 
preparations under the following four headings: (1) 
Liquid Preparations Made without Maceration or Per- 
colation, (2) Liquid Preparations Made by Maceration 
or Percolation, (3) Solid Preparations Made by Macera- 
tion or Percolation, and (4) Solid Preparations Made 
Without Maceration or Percolation. 


The following table will serve to give a comprehensive 
view of the classification; it should be carefully exam- 
ined at the outset, and referred to again after the mate- 
rial has been studied in detail: 


LIQUID PREPARATIONS MADE WITHOUT MACERATION 
OR PERCOLATION 


Aqueous Solutions 


English Title Latin (nom. and yen. sing.) Page 
Waters Aqua (@) 225 
Diluted Acids Acidum (i) Dilutum (i) 226 
Solutions Liquor (is) 226 
Douches Ductum (i) 228 
Enemas Enema (atis) 229 
Gargles Gargarisma (atis) 229 
Juices Succus (i) 229 


Eye Lotions—Collyria 


Aqueous Solutions Containing Sweet or Viscid Substances 


Syrups Syrupus (i) 234 
Honeys Mel (lis) 237 
Mucilages Mucilago (ginis) 237 
Gels Gelatum (i) 238 


Aqueous Preparations Containing Suspended Substances 


Mistures Mistura (z) 239 
Magmas “Magma (ez) 239 
Lotions Lotio (nis) 240 
Alcoholic Solutions 
Spirits Spiritus (us) 241 
Elixirs Elixir (is) 242 
Cordials Cordiale (is) 244 
Dental Liniments Dentilinimentum (i) 244 
Washes Lavatio (nis) 244 
Ethereal Solutions 
Collodions Collodium (i) 244 
Glycerin Solutions 
Glycerites Glyceritum (i) 245 
Oleaginous Solutions 
Liniments Linimentum (i) 245 
Medicated Oils Oleum (i) Medicatum (i) 245 
Oleovitamins Oleovitamina (2) 246 
Oleates Oleatum (i) 246 
Petroxolins Petroxolinum (i) 246 
Sprays Nebula (az) 247 
Toothache Drops Odontalgicum (i) 247 
Emulsions Emulsum (i) 247 
Parenteral Solutions 
Ampuls Ampulla (z) 249 
Injections Injectio (nis) 249 
LIQUID PREPARATIONS MADE BY MACERATION 
OR PERCOLATION 
Aqueous Preparations 
Infusions Infusum (i) 265 
Decoctions Decoetum (i) 265 
Alcoholic Preparations 
Tinctures ‘Tinctura (a) 266 
Fluidextracts Fluidextractum (i) 269 
Glycerin Preparations 
Fluidglycerates Fluidglyceratumi (i) 274 
Oleaginous Preparations 
Oleoresins Oleoresina (2) 275 
Infused Oils Oleum (i) Infusum (i) 275. 
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224 


Acetous Preparations 


Vinegars 


Acetum (i) 275 


SOLID PREPARATIONS MADE BY MACERATION OR 


PERCOLATION 
Extracts Extractum (i) 276 
Resins Resina (é) 279 


SOLID PREPARATIONS MADE WITHOUT MACERATION 
OR PERCOLATION 


Powders 
Powders Pulvis (eris) 280 
Dentifrices Dentifricium (i) 283 
Artificial Salts Sal (is) Factitium (i) 284 
Effervescent Salts Sal (is) Effervescens (tis) 284 
Oil Sugars Oleosaccharum (i) 285 
Triturations Trituratio (nis) 285 
Teas Species 285 
Ointment, and Other Medicated Applications 
Ointments s Unguentum (i) 286 
Pastes ° Pasta (a) 297 
Inunctions Inunectum (i) 297 
Creams Cremor (is) 297 
Cerates Ceratum (i) 297 
Cements Caementum (i) 298 
Cataplasms (Poultices) Cataplasma (atis) 298 
Dressings Curatio (nis) 298 
Plasters Emplastrum (i) 298 
Mulls Mulla (2) 300 
Suppositories Suppositorium (i) 300 
Glycerogelatins Glycerogelatinum (i) 396 
Lamels Lamella (a) 306 
Medicated Pencils Stilus (i) Medicamentorum 307 
Capsules, Pills, and Tablets 
Capsules Capsula (z) 308 
Cachets Capsula (a) Amylacea (2) 313 
Pills Pilula (z) 314 
Masses Massa (z) 318 
Confections Confectio (nis) 318 
Troches Trochiscus (i) 318 
Tablets Tabella (2) 319 


Unofficial Forms of Medication 


Io oinnincoy CUD)oo Goo dane 
IMHO MUNEWNED)ic no ao oe saae 


‘Bacillular(ce) yar 
IBacillime(h)/ eae eet 
IBalne tint) mee eee eae 
Bolas) Pace tea 
BoUgiall(s) eaeeeeeseneteee 


Buginarit0m) (i) eee 
Gathetusi() eee eee 


Cereolus (i) Ree 
Chatta (2) sneer a 
Chartulall(e) eae 
Chartula (a) Amylacea (2) 
Chrisman (atis) eee tee 
Collinariime (ll) eee 
Coliform) eee 
Coll yan (ere ee 
Confectio (nis). 2.6) see 
Conserva (ce) eee 
Cordialer(is) emma 
GCremor(is)iae eee eee 
CUration(nlsS) as eneeneeenere 
Mleciuarituiny (i) ane 


A preparation for external use 

A preparation for internal medication of 
the ear 

A rod-shaped lozenge 

A bougie 

A bath for general application 

A large pill (over 5 grains) 

An instrument or form of medication for 
insertion into the urethra or other 
body cavity 

A nasal bougie 

A tubular instrument used for with- 
drawing urine 

A urethral bougie 

Medicated papers 

A folded powder 

A cachet sheet 

A salve 

A nose wash 

A mouth wash 

An eye wash 

A sweetened mass 

A confection of fresh medicinal agents 

A sweetened alcoholic preparation 

A cream 

A dressing 

A confection of dried medicinal agents 


Embroactio (nis)........ 
Eimiem a) (atis) serene 
Eischarotica (22)h autem 
ID MMEL ED) oa aca concen 
OMEN CUNT (I) eens 


Rotus (ie duncan 
Gelatina(e)\ ieee 


Globullel(is)m aarp eee 
Glycerin ()en eee 
Granulai@e)e eee 
Granule (is)}neracreriete 


Gutta: (a) eee vee 
Haustus (us). . 
Injectio (nis) 
mica (a). . 
Insufflatio (nis) . aie 
lonkwhaveehol (> sag Acnenanc 
Irrigations) ae setae ee 
MENS enniKOW oo cee eons 
amelliay (ce) eerenererernen 
bE OY CUBS goo conas 
Ligamentum (i) cme naeee 
IAG CUS) Sh ood coe y 


-Hypoder - 


Linimentum (i) Exsiccant- 

TES oGl OW Serene atin Biquncn anes 
Tinrteunih (i) eae eeraeieererne 
IG USHG) nent ae eee ee cree 


LOHOCH a tee. crates eee 
Moxa \(se)ic Wesie so eee 


Mullai(e) AG aa eeeine 
Oculentuant (i) eee ere 
Oleinata (@) . 

Oleum (i) Infusum ce 
OrbiculesGs) hearer 
OxymelM(lis) 9 ones 
iethiorae mio) 5 oon cana 
PP airaviltl ei (2) ae eee eee 
PasmittSs (1) eer reer 


Pellets. ae. cee asa aarti 
Pessum (i) or Pessarium (i) 
Pie TNVEN TUM) eeeenenaee 
Pilula (a) Comprimata “) 
Pilula (2) Enterica (e). 
Plasma (atis) . : 
Politzer Plug. 


Io AME HOG) Ao aokagoacce 
Potus (us) or Potio iS 
Rotula (@) . 

Sericum (i) Oleatum (i a 
Sma s vo nceaooe 
Sindon (i) Oleata (ze)..... 
Solivellian(ce)ievuenereenwiet 


SPECIES saga. etic Chee Ee 
Steatinal (G2))e eee ne eae 
Stili Medicamentorum.... 
Stilus (i) Dissolubilis (is) . . 


Stilus (i) Unguentis (is)... 


SUPA) so aera 
‘Mablettal (a) serene 
Tela (2). 

Unguenta ‘(e) ‘Extensa (ee) 
Vid DOTACIS) baad perenne iees 


Vapor (is) Siccus (i)...... 
WHIM ons Soonodavane 


CLASSIFICATION OF PHARMACEUTICAL PREPARATIONS 


A liniment 

A rectal injection—a clyster 

A caustic application 

An essence 

An aqueous preparation to be applied on 
4 woolen cloth while hot 

Same as fomentum—a fomentation 

A semi-solid gelatinous preparation for 
internal or external use 

A sphere of sugar 

A glycerite 

An effervescing granular salt 

A sugar pellet impregnated with medic- 
inal matter 

A drop 

A draught 


A hypodermic injection 

A snuff or an insufflation 

An ointment for rapid absorption 

A liquid used for flushing an area 

Waterproofed jaconett 

A glycerogelatin disk for use in the eye 

A mouth wash 

A bandage 

A syrupy or viscous liquid possessing de- 
mulcent, expectorant or sedative 
properties, to be sipped slowly without - 
water 


A drying liniment 

Lint—plain or medicated 

A fluid preparation applied by means of 
a brush 

A linctus 

A cone of combustible matter used for 
cauterization by burning 

High fusion ointments on muslin 

An ointment for the eye 

An oleate 

Oil solutions of plant constituents 

A sphere of sugar 

Acid-honey preparations 

Petroxolin 

A small sugar coated pill 

A form of lozenge. Also a combustible 
cone of aromatic drugs used for fumi- 
gation ; 

Small spheres of sugar 

A pessary 

A medicinal preparation to be applied 
by means of a brush 

A compressed pill or tablet 

An enteric pill 

A non-fatty unctuous preparation 

A pledget of cotton attached to a thread 
for insertion in the ear 

A fat saturated with odorous principles 

A draught 

A globule or orbicule 

Oiled silk 

A blister 

Oiled cambric 

Solution-tablets dissolved in water for 
external use 

Herbal tea 

A salve mull 

Medicated pencils 

A pencil containing a caustic or an 
astringent 

A salve pencil; 
astringent 

Tow, plain or medicated 

A tablet 

A tissue 

A mull 

A vapor, generated by the use of steam 
or boiling water or by the use of 
specially constructed apparatus 

A dry inhalation 

Wines—preparations similar to tinc- 
tures and using wine as the men- 
struum 


cooling, antiseptic or 


et 


CHAPTER XXXIII 


AQUEOUS SOLUTIONS 


Waters 


AROMATIC WATERS, known also as medicated waters, 
may be defined as clear, saturated solutions of volatile 
oils or other aromatic or volatile substances in distilled 
water. Their odor and taste are similar to those of the 
drugs or volatile substances from which they are pre- 
pared, and the preparations should be free from empy- 
reumatic (smoke-like) and other foreign odors. These 
preparations are used as vehicles; they are too dilute 
to exert any definite therapeutic action. The Waters of 
the U.S. P. and N. F. include the Aromatic Waters as 
well as Water (H.O) official in the U.S.P. in four differ- 
ent degrees of purity. Whenever the term Water is 
used in assays, tests, etc., in the U. 8. P., Distilled 
Water must be used. 

The volatile substances from which aromatic waters 
are to be made should be of the best quality and in per- 
fect condition if the finest flavors are to be obtained. 
Most of the medicated waters are solutions of aromatic 
volatile oils and are used as pleasant vehicles and sol- 
vents for the administration of various remedies; many 
are mildly carminative. 

Incompatibilities—The only difficulty commonly 
experienced in the compounding of prescriptions con- 
taining aromatic waters is due to a “salting out” action 
of certain ingredients on the volatile principle of the 
aromatic water. A replacement of a part of the aro- 
matic water with distilled water is permissible when no 
other function is being used than that of a vehicle. 
Otherwise a dilution of the product with a suitable in- 
crease in dosage is indicated. 


TYPE PROCESSES FOR AROMATIC WATERS 


The Pharmacopeeia permits most of the aromatic 
water to be made by any of the three following official 
processes: 

1. Distillation—The process of making aromatic 
water by distillation is the most ancient and frequently 
the most satisfactory method of making this class of 
preparations. 


Place the odoriferous portion of the plant or drug from which 
the Aromatic Water is to be prepared in a suitable still with suf- 
ficient distilled water, and distill most of the water, carefully 
avoiding the development of empyreumatic odors through the 
charring or scorching of the substances. Separate the excess of 
oil and preserve or use the clear aqueous portion, filtered if neces- 
sary. 


There is much lack of uniformity in the directions for 
preparing even the same water by distillation when dif- 
ferent authorities are consulted. For fresh drugs the 
proportions range from one part of drug to two of dis- 
tillate, to two parts of drug to one part of distillate. 
For dried drugs such as cinnamon, anise, dill, caraway, 
and fennel, the proportion is one part of drug to ten 
parts of distillate. In the case of dried leaf drugs such 
as peppermint, the proportion is three parts of drug to 
ten parts of distillate. Metallic distillation apparatus 
is usually employed, sometimes using a current of steam 
passed through the still from the outside. The drug 
should be contused or coarsely ground. Most distilled 
waters acquire an unpleasant empyreumatic odor as 
soon as they are distilled. This passes off gradually 


upon exposure to air, if care has been taken not to ex- 
pose the drug to the action of direct heat during distil- 
lation. If no precautions are taken to protect the drug 
from partial burning, the odor of the carbonized sub- 
stance will always be noticeable in the distilled water, 
rendering the product worthless. To avoid this dif- 
ficulty, place the drug in a partially filled, round- 
bottomed, copper wire cage, place this in the still and 
thus avoid the contact of the substance with the heated 
surface. The meshes of the cage are coarse enough to 
permit the free passage of vapors and boiling water. 
In those waters, such as orange flower and rose, in which 
the flavor and odor are in small amount and delicate, 
the distillate is returned several times to the still with 
fresh portions of flowers, thus giving rise to the com- 
mercial terms double distilled, triple distilled, or quad- 
ruple distilled, according to the number of redistilla- 
tions. This process is called cohobation. 

Among the official waters several are to be made only 
by distillation. They are Stronger Rose Water and 
Orange Flower Water of the Pharmacopoeia and Hama- 
melis Water of the National Formulary. 

2. Simple Solution in Cold Water—The following 
general formula is officially recognized: 


Meteric Alternative 

The Volatile Oil, or other Specified 
Volatile Substamce............ 

Distilled Water, a sufficient quan- 
tity, 


2cc.or2 Gm. 30min. or 30 gr. 


1090 cc. 


2 pints 


Shake the volatile substance (suitably comminuted if a solid) 
with 1000 cc. (2 pints) of distilled water in a capacious bottle, 
and repeat the shaking several times during a period of about 15 
minutes. Set the mixture aside for 12 hours or longer, filter 
through wetted filter paper, and pass enough distilled water 
through the filter to make the product measure 1000 cc. (2 pints). 


In this method an excess of a volatile substance is 
added, and after repeated agitation and standing for 
about 12 hours, the product is filtered through a paper 
filter which has been thoroughly wetted with distilled 
water. The making of medicated waters by agitation 
with an excess of volatile oil, permitting the excess to 
remain and drawing off the water as required, is not 
recommended on account of the liability of the oil to 
deteriorate through exposure to light and air. 

3. Solution with the Aid of a Distributing Agent— 
The following method for preparing Aromatic Waters 
by solution is alternative with the method just 
prescribed: 


Thoroughly incorporate the volatile oil (or the suitably com- 
minuted volatile solid) with 15 Gm. (220 grains) of tale or 
with a sufficient quantity of purified siliceous earth or pulped 
filter paper. Add 1000 cc. (2 pints) of distilled water, and thor- 
oughly agitate the mixture several times during 10 minutes. Then - 
filter the mixture, returning the first portions, if necessary, to ob- 
tain a clear filtrate, and add enough distilled water through the 
filter to make the product measure 1000 ce. (2 pints). 


This is the process most frequently employed since 
the water can be prepared promptly, only 10 minutes 
of agitation being required. The use of talc, purified 
siliceous earth, or pulped filter paper greatly increases 
the surface of the volatile substance, insuring prompt 
saturation of the water. The dispersing substance 
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also furnishes an efficient filter bed, a clear solution 
resulting. 

Magnesium carbonate was formerly used for this 
purpose, but its slight solubility produced an alkaline 
water which precipitated alkaloids, ete. Calcium phos- 
phate, kaolin, pumice, charcoal, precipitated chalk, 
and similar substances have also been suggested, but 
these likewise are objectionable. The Catt ions, 
present in water which has dissolved a minute quantity 
of the very slightly soluble phosphate (or other slightly 
soluble Ca salts), form insoluble salts with many 
anions. Charcoal and other adsorbent substances tend 
to remove odoriferous principles. 


PRESERVATION OF AROMATIC WATERS 


Aromatic waters should not be made in larger quan- 
tities than can be used within a reasonable time, as they 
deteriorate when long kept, usually through the devel- 
opment of microorganisms, all traces of their usually 
agreeable odor disappearing. The use of recently 
boiled, distilled water is preferable to avoid as far as 
possible the presence of microorganisms in the water 
used, as it is well known that ordinary distilled water 
is usually contaminated by the presence of such growths. 
The U. 8S. Pharmacopeceia advocates the use of loosely- 
stoppered containers to allow access of some air to pre- 
serve the odor of Orange Flower Water and Stronger 
Rose Water. Cotton plugs permit air to enter, thus 
hindering the development of certain organisms (an- 
aerobic) and at the same time excluding dust. Waters 
should be protected from strong light and freezing, 
which hasten decomposition. No preservative should 
be added to medicated waters. If they become cloudy 
or otherwise deteriorate, they should be discarded. 
Alcohol should not be added as a preservative, since it 
eventually oxidizes into acetic acid which produces a 
sour taste and odor. For this reason, the method used 
by the British, whereby the volatile substance is dis- 
solved in alcohol and subsequently diluted with water, 
is objectionable. 


AROMATIC WATERS OF THE U. S. P. 


English Title Latin Title 


Anise Water Aqua Anisi 

Camphor Water Aqua Camphore 
Cinnamon Water Aqua Cinnamomi 
Distilled Water Aqua Destillata 
Distilled Water, Sterile Aqua Destillata Sterilis 
Fennel Water Aqua Foeniculi 

Orange Flower Water Aqua Aurantii Florum 
Peppermint Water Aqua Menthe Piperitz 
Rose Water Aqua Rose 

Rose Water, Stronger Aqua Rose Fortior 
Spearmint Water Aqua Menth Viridis 
Water Aqua 

Water for Injection Aqua pro Injectione 


WATERS OF THE N. F. 


Bitter Almond Water 
Chloroform Water 
Hamamelis Water 
Phenolated Water 
Wintergreen Water 


Aqua Amygdalze Amare 
Aqua Chloroformi 

Aqua Hamamelidis 
Aqua Phenolata 

Aqua Gaultherie 


Unofficial Waters 
Directions 


Saturated aqueous distillate from caraway 
fruit! 
Aqueous distillate from cherry laurel leaves. 


Title 
Caraway Water 
(B 


Cherry Laurel Water 


ae a Laurocerasi It contains 0.1 per cent w/v of HCN. 
Ba P@s) 
Creosote Water Add 10 ce. of creosote to 990 cc. of water 


and filter. 
Saturated aqueous distillate from dill fruit. 


(AS) PeIss) 
Dill Water (B.P. 1932) 


1 These waters nay be prepared by triturating the corresponding oil with 
twice its weight of calcium phosphate, adding 500 volumes of distilled water 
and filtering, according to the British Pharmaceutical Codex. 


AQUEOUS SOLUTIONS 


Diluted Acids 


The diluted acids are aqueous solutions of acids, of a 
strength suitable for internal administration or for the 
manufacture of other preparations. Those official in 
the U.S. Pharmacopeeia are 10 per cent w/v in strength. 

The strengths of the official undiluted acids are ex- 
pressed as percentages wezght in weight whereas the 
strengths of the official diluted acids are expressed as 
percentages weight in volume. It therefore becomes 
necessary to consider the specific gravities of the con- 
centrated acids when calculating the volume required 
to make a given quantity of diluted acid. The following 
equation will give the number of cc. required to make 
1000 cc. of diluted acid: 


strength of diluted acid X 1000 
Strength of undiluted acid X Sp. gr. of undiluted acid 


Thus, if we wish to make 1000 ec. of Diluted Hydro- 
chloric Acid using Hydrochloric Acid which assays 36.22. 
per cent HCl (Sp. gr. 1.18), the amount required is 


10 X 1000 
36.22 XK 1.18 


= PB! CO. 


DILUTED ACIDS OF THE U. S. P. 


English Title Latin Title 
Diluted Hydriodie Acid Acidum Hydriodicum Dilu- 


tum 
Diluted Hydrochloric Acid Acidum Hydrochloricum Di- 
lutum 


DILUTED ACIDS OF THEN. F. 


Diluted Acetic Acid 

Diluted Nitrohydrochloric 
Acid 

Diluted Phosphoric Acid 


Acidum Aceticum Dilutum 

Acidum _Nitrohydrochlori- 
cum Dilutum 

Acidum Phosphoricum Dilu- 
tum 

Diluted Sulfurie Acid Acidum Sulfuricum Dilutum 


Unofficial Diluted Acids 


Title Directions 
Diluted Hydrobromic Contains 10 per cent w/w HBr. Prepared 
INGO: Is 12 1X extemporaneously by the Fothergill 


Process, or by dilution of a concentrated 
acid made by treating a mixture of bro- 
mine and water with sulfur dioxide and 
distilling off the HBr formed. 

Contains 2 per cent w/wof HCN. Prepared 
by reacting silver cyanide with diluted 
hydrochloric acid. A cough sedative. 
Dose: 1 to 3 minims 

Acid Contains 10 per cent w/w HNO;. Prepared 

by diluting 105 cc. of nitric acid with suf- 
ficient distilled water to make 1000 cc. 


Diluted Hydrocyanic 
Acid N. F. VII 


Diluted Nitric 
U.S.P. VIII 


Solutions 


Under this head are grouped all aqueous solutions 
of non-volatile substances except those forming separate 
distinctive classes, such as the syrups, infusions, and 
decoctions. The solutions of ammonia, of hydrogen 
peroxide, and of several other volatile substances are 
exceptions. The official solutions provide very active 
medicinal agents, some of them powerful poisons, in 
convenient dilutions to facilitate the dispensing of mi- 
nute doses. A discussion of various technical considera- 
tions and manipulative methods will be found under 
Solution (page 143). 

Methods of Preparation—Each official Solution is 
prepared by a specific method. However these indi- 
vidual procedures can be grouped into three main divi- 
sions: (1) simple solution (e. g., Caletum Hydroxide 
Solution and Boric Acid Solution), (2) Solution by 
chemical reaction (e. g., Magnesium Citrate Solution 
and Potassium Arsenite Solution), and (8) Extraction — 
(e. g., Liver Solution). After preparation, some solu- 
tions must be sterilized by one of the methods given 


* 


under Sterilization. 


AQUEOUS SOLUTIONS 


The detailed discussions of each 


of the following solutions are found under the individual 


monographs in the text. 


SOLUTIONS OF THE U. S. P. 


English Title 
Amaranth Solution 
Ammonia Solution, Diluted 
Ammonia Solution, Strong 
Anticoagulant Acid Citrate 

Dextrose Solution 
Anticoagulant Sodium Ci- 
trate Solution 
Benzalkonium Chloride 
Solution 
Calcium Hydroxide Solution 
Chloroazodin Solution 
Cresol Solution, Saponated 
Epinephrine Solution 
Kthylenediamine Solution 
Formaldehyde Solution 
Hydrogen Peroxide Solution 
Iodine Solution, Strong 
Liver Solution 
Magnesium Citrate Solution 
Potassium Arsenite Solution 
Ringer’s Solution 
Ringer’s Solution, Lactated 
Sodium Chloride Solution, 
Tsotonic 
Sodium Hypochlorite Solu- 
tion 
Tribromoethanol Solution 


SOLUTIONS 


Alkaline Aromatic Solution 
Aluminum Acetate Solution 
Aluminum Chloride Solution 
Aluminum Subacetate Solu- 
tion 
Ammoniacal Silver Nitrate 
Solution 
Ammonium 
tion 
Antiseptic Solution, N. F. 
Arsenic and Mercurie Io- 
dides Solution 
Arsenious Acid Solution 
Borie Acid Solution 
Carmine Solution 
Chloroformic Coal Tar Solu- 
_ tion 
Coal Tar Solution 
Cochineal Solution 
Compound Sodium Borate 
Solution 
Diluted Lead 
Solution 
Diluted Sodium Hypochlo- 
rite Solution 
Ephedrine Sulfate Solution 
Ferrie Chloride Solution 
Ferric Subsulfate Solution 
Ferrie Sulfate Solution 
Todine Solution 
Todine Solution, Phenolated 
Tron and Ammonium Ace- 
tate Solution 
Lead Subacetate Solution 
Merbromin Solution 
Methylrosaniline 
Solution 
Nitromersol Solution 
Nux Vomica Alkaloids Solu- 
tion 
Peptonized Iron and Man- 
ganese Solution 
Potassium Citrate Solution 
Potassium Hydroxide Solu- 
tion 
Potassium Iodide Solution 
Procaine Hydrochloride 
Solution 
Resorcin Brown Solution 
Soda and Mint Solution 


Acetate Solu- 


Subacetate 


Chloride. 


Latin Title 
Liquor Amaranthi 
Liquor Ammonix Dilutus 
Liquor Ammonix Fortis 
Liquor Acidi Citratis 
Dextrosi Anticoagulans 
Liquor Sodii Citratis Anti- 
coagulans 
Liquor Benzalkonii Chloridi 


Liquor Caleii Hydroxidi 

Liquor Chloroazodini 

Liquor Cresolis Saponatus 

Liquor Wpinephriniw 

Liquor Aethylenediaminie 

Liquor Formaldehydi 

Liquor Hydrogenii Peroxidi 

Liquor Todi Fortis 

Liquor Hepatis 

Liquor Magnesii Citratis 

Liquor Potassii Arsenitis 

Liquor Ringeri 

Liquor Ringeri Lacticus 

Liquor Sodii Chloridi Iso- 
tonicus 

Liquor Sodii Hypochloritis 


Liquor Tribromoethanolis 


ie AM GWE. Mis Tee 


Liquor Aromaticus Alkalinus 
Liquor Alumini Acetatis 
Liquor Alumini Chloridi 
Liquor Alumini Subacetatis 


Liquor Argenti Nitratis Am- 
moniacalis 
Liquor Ammonii Acetatis 


Liquor Antisepticus N. F. 

Liquor Arseni et Hydrargyri 
lodidorum 

Liquor Acidi Arseniosi 

Liquor Acidi Borici 

Liquor Carmini 

Liquor Picis Carbonis Chlo- 
roformicus 

Liquor Picis Carbonis 

Liquor Cocei 

Liquor Sodii Boratis Com- 
positus 

Liquor Plumbi Subacetatis 
Dilutus 

Liquor Sodii Hypochloritis 
Dilutus 

Liquor Mphedrinie Sulfatis 

Liquor Ferri Chloridi 

Liquor Ferri Subsulfatis 

Liquor Ferri 'Tersulfatis 

Liquor Todi 

Liquor Todi Phenolatus 

Liquor Ferri et Ammonii 

cetatis 

Liquor Plumbi Subacetatis 

Liquor Merbromini 

Liquor Methylrosanilini 
Chloridi 

Liquor Nitromersolis 

Liquor Nucis Vomiew Alka- 
loidorum 

Liquor Ferri Peptonati et 
Mangani 

Liquor Potassii Citratis 

Liquor Potassii Hydroxidi 


Liquor Potassii Todidi 

Liquor Procains Hydro- 
hloridi 

Liquor Resorcinolis Fusei 

Liquor Sodiv et Menthe 


Sodium Arsenate Solution 
Sodium Citrate Solution 
Sodium Phosphate Solution 
Sulfurated Lime Solution 
Surgical Merbromin Solu- 


tion 


Title 


Acid Solution of Mer- 
curic Nitrate B. P. C. 


Acid Solution of Phos- 
phates N. IF. V 


Antiseptic Solution of 
Pepsin N. F. V 


Aromatic Solution of 


Pepsin N. F. V 


Blistering Liquid B. P. 
1932 (Liquor Epis- 
pasticus) 


Clemens’ Solution of 


Arsenic N. IF. IV 


Compound Solution of 
Chlorine N. F. V 


Compound Solution of 
Hydrastine N. F. V 


Compound Solution of 
Hypophosphites 
IN, By Vi 
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Liquor Sodii Arsenatis 

Liquor Sodii Citratis 

Liquor Sodii Phosphatis 

Liquor Calcis Sulfuratse 

Liquor Merbromini Chirur- 
glicalis 


Unofficial Solutions 


Directions 


Dissolve 120 Gm, of mercury in a mixture 


of 150 ce. of nitric acid and 45 ce. of dis- 
tilled water without heat, then evaporate 
by gentle heat to 360 Gm, 


Mix 120 cc. of phosphoric acid with 700 ce. 


of distilled water and dissolve 50 Gm. of 
precipitated calcium carbonate, and 5 
Gm. of magnesium carbonate in the acid 
mixture. Then add distilled water to 
make 1000 ce. and filter, Used in nutri- 
tive drinks. 


Mix 5 ce. of diluted hydrochloric acid with 


800 ec. of cold distilled water and dissolve 
50 Gm. of pepsin in this liquid by gentle 
stirring, then add 50 ce. of glycerin. Dis- 
solve 0.5 Gm. of menthol, 0.5 cc. of 
eucalyptol, and 0.5 cc. of methyl salicy- 
late in 10 cc. of alcohol, add to the first 
solution and then add distilled water to 
make 1000 cc, Set aside for twenty-four 
hours and filter. This solution is used as 
a dressing for old wounds causing the di- 
gestion of extraneous tissue and promot- 
ing healing. 


Mix 5 cc. of diluted hydrochloric acid with 


700 ce. of distilled water and dissolve 17.5 
Gm. of pepsin in this liquid by gentle stir- 
ring, and add 250 ce. of glycerin. Dis- 
solve 0.25 cc. of oil of cinnamon, 0.25 cc. 
of oil of pimento, and 0.50 cc. of oil of 
clove in 35 ce. of aleohol and add the 
solution to the aqueous solution with suf- 
ficient distilled water to measure 1000 cc. 
Set aside for twenty-four hours and filter. 


Dissolve 4 Gm. of cantharidin, 25 cc. of 


castor oil, and 12 Gm. of rosin in enough 
acetone to make 1000 ec, 


Dissolve 10 Gm. of arsenic trioxide and 40.5 


Gm. of potassium bicarbonate in 200 ce. 
of water, by boiling. Add 500 cc. of 
water, 5 cc. of bromine and water enough 
to make 1000 cc. Set aside for twelve 
hours and filter. Dose: 0.2 ec. (8 min.) 


Graduate a 1000-ce. bottle to 500 ce. and fit 


it with a perforated stopper. In one 
opening in the stopper insert a funnel 
tube fitted with a stopcock. In the other 
opening insert a straight glass tube about 
3 inches long. Place 3.5 Gm. of potas- 
sium chlorate in the bottle, add 10 cc. of 
hydrochloric acid, mixed with 10 ec. of 
distilled water, through the funnel tube. 
Close the stopcock and warm the bottle 
and contents in a water bath for a few 
moments until the bottle is filled with 
chlorine. Then remove the heat and add 
cold distilled water, through the funnel 
tube, in several portions, shaking the mix- 
ture after each addition until the solution 
measures 500 cc. Used as a gargle (ef. 
Chlorine Gargle), 


Dissolve 3 Gm. of hydrastine hydrochloride, 


3 Gm. of aluminum chloride, 3 Gm. of 
calcium chloride, 3 Gm. of magnesium 
chloride and 1 Gm, ot potassium chloride 
in 450 ce. of distilled water, add 500 ce. 
of glycerin, filter, and add distilled water 
to make 1000 cc. An alterative and 
astringent. Dose: 4 ce. (1 fl. dr.). 


Dissolve 8.5 Gm, of calcium hypophosphite, 


8.5 Gm. of potassium hypophosphite, 2.2 
Gm. of sodium hypophosphite in 300 cc. 
of distilled water. Dissolve 4.4 Gm. of 
ferric hypophosphite, 8.5 Gm. of potas- 
sium citrate, and 2.2 Gm. of man- 
ganese hypophosphite in 250. cc. of 
distilled water with the aid of heat, and 
add 7 ee. of hypophosphorous acid in 
which 2 Gm, of quinine and 0.065 Gm. of 
strychnine have been dissolved. Mix the 
two solutions, add 35 cc. of orange flower 
water, 350 cc. of glycerin, and sufficient 
distilled water to make 1000 ee. Filter 
after standing twelve hours. 
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Unofficial Solutions—Continued 


Compound Solution of 
Phosphates N. F. \ 


Diluted Solution of 
Sodium Arsenate 
N. F. V (Pearson’s 


Solution of Arsenic) 


Solution of Albumin- 
ized Iron N. F. V 


Solution of Atropine 
Sulfate B. P. C. 


Solution of Bismuth 


N. F. V 


Solution of Ferric Chlo- 


ride, By) Bs elos2 
(Liquor Ferri Per- 
chloridi) 


Solution of Ferrie Ci- 
trate N. F. V 


Solution of Ferrie Sali- 
ecylate N. F. V 


Solution of Formalde- 
hyde with soap 
ip}, 124; 


Solution of Gutta Per- 
cha N. F. IV 


Solution of Iodine and 
Zine Phenolsulfonate 
NSB Vi 


Solution of Magnesium 
Bicarbonate 


Solution of Mercuric 
Chloride B. P. 1932 


Solution of Morphine 
Acetate B: P. C. 


Dissolve 120 Gm, of citric acid and 106 cc. 
of phosphoric acid in 100 ce. of distilled 
water and gradually add 70 Gm. of pre- 
cipitated calcium carbonate. When dis- 
solved, add 125 ec. of orange flower water 
and 3765 ec. of glycerin and mix. Dissolve 
35 Gm. of soluble ferric phosphate, 35 
Gm. of ammonium phosphate, and 35 
Gm. of sodium citrate in 100 ce. of hot 
distilled water, cool, and add to previous 
solution. Then add distilled water to 
make 1000 cc. and filter. A concentrated 
solution which will not discolor, intended 
to be diluted to make Syrups of Phos- 
phates. 

Dissolve 1 Gm. of exsiccated sodium arse- 
nate in sufficient distilled water to make 
1000 ec. and filter. Note—This solution 
must not be confused with the official 
Sodium Arsenate Solution which is 10 
times as strong. 

Dissolve 50 Gm. of albuminized iron in 200 
ec. of cinnamon water and 150 cc. of dis- 
tilled water, add 400 cc. of aromatic 
elixir, 120 ec. of alcohol, and sufficient 
distilled water to make 1000 ec. Filter 
after standing twelve hours, <A tonic. 
Dose: 4 cc. (1 fl. dr.). 

Dissolve 1 Gm. of atropine sulfate in 
enough recently boiled, distilled water to 
make 100 cc. Prepare freshly as needed. 
Dose: 0.03 ec. (42 min.). 

Mix 125 cc. of glycerite of bismuth with 700 
ec. of distilled water, then add 125 ce. of 
alcohol and finally sufficient distilled 
water to make 1000 cc. An astringent in 
diarrhea. Dose: 4 cc. (1 fl. dr.). 

Solution of Ferric Chloride is an aqueous 
solution containing 15 Gm. of FeClg in 
100 ce. of solution. 


Mix 1100 ce. of ammonia water with 2000 
ec. of cold water and 730 cc. of solution of 
ferric sulfate with 10,000 cc. of cold water, 
Add the iron solution slowly to the am- 
monia with stirring. Collect and thor- 
oughly wash the precipitate, add 375 Gm. 
of citric acid, warm on a water bath until 
the magma is dissolved and adjust by 
evaporation to 1000 ec. An iron tonic. 
Dose: 0.6 ec. (10 min.). 

Dissolve 8.5 Gm. of citric acid in 200 ec. of 
distilled water, add 6.5 Gm. of ammonium 
carbonate and dissolve 125 Gm. of sodium 
salicylate in the mixture. Then add 125 
ec. of tincture of ferric citrochloride, 175 
ce. of glycerin, 2 cc. of methyl salicylate 
and sufficient distilled water to make 1000 
ee. Used in chronic rheumatism associ- 
ated with anemia. Dose: 4-8 cc. (1—2 
ih, has): 

Dissolve 40 Gm. of soft soap in 30 cc. of 90 
per cent alcohol and add 20 cc. of solution 
of formaldehyde and enough distilled 
water to make 100 ce. 

Shake 15 Gm. of gutta percha with 75 cc. of 
chloroform in a bottle until dissolved. 
Mix 17 Gm. of lead carbonate with 25 cc. 
of chloroform and add to the gutta percha 
solution. Shake several times at intervals 
of half an hour, allowing the insoluble 
matter to settle and decant the clear 
liquid, preserving it in small cork-stop- 
pered bottles. 

Dissolve 15 Gm. of potassium iodide in 20 
ec. of distilled water, add 20 Gm. of 
iodine and agitate frequently until the 
iodine dissolves. Dissolve 15 Gm. of zine 
phenolsulfonate in 25 cc. of glycerin and 
20 cc. of distilled water, add to the first 
solution, and then add distilled water to 
make 100 cc. For pyorrhea. 

Add a solution of 12.5 Gm. of sodium car- 
bonate in 50 cc. of distilled water to a hot 
solution of 10 Gm. of magnesium sulfate 
in 50 ce. of distilled water, boil until CO, 
is no longer evolved, collect and wash the 
precipitate, dissolve it in 100 cc. of dis- 
tilled water into which carbonic acid gas, 
under pressure, has been introduced, and 
store in tightly stoppered bottles. Dose: 
30 ce. (1 fl. oz.). 

Dissolve 0.1 Gm. of mercuric chloride in 
enough distilled water to make 100 ce. 
Dose: 2 cc. (30 min.). 

Dissolve 1 Gm. of morphine acetate in a 
mixture of 2 cc. of diluted acetic acid, 25 
of 90 per cent alcohol and 25 ce. 


Solution of Morphine 
Hydrochloride B. P. 
1932 


Solution of Morphine 
Tartrate B. P. C. 


Solution of Pancreatin 
IN Tne WY 


Solution of Pepsin 


Ne EW 


Solution of Peptonized 
Tron Nees Vill 


Solution of Phosphorus 
N. F. V (Thompson’s 
Solution of  Phos- 
phorus) 


Solution of Potassium 
Permanganate 
133, 12), (Op 

Solution of Sodium Sili- 
eate U. S. P. 1890 


Solution of Strychnine 
Hydrochloride B. P. 
1932 


Solution of Zine Chlo- 
TIdenUL Supe 


Strong Solution of Fer- 
ric Chloride B. P. C. 
(Liquor Ferri Per- 
chloridi Fortis) 


of distilled water. Add enough dis- 
tilled water to make 100 cc, Dose: 1 ce. 
(15 min.). 

Dissolve 1 Gm. of morphine hydrochloride 
ina mixture of 2 cc. of diluted hydrochloric 
acid, 25 ec. of 90 per cent alcohol and 25 
ec. of distilled water. Add enough dis- 
tilled water to make 100 ce. Dose: 1 cc. 
(15 min.). 

Dissolve 1 Gm. of morphine tartrate in a 
mixture of 25 cc. of 90 per cent alcohol 
and 25 cc. of distilled water. Add enough 
distilled water to make 100 cc. Dose: 
1 cc. (15 min.), 

Triturate 17.5 Gm. of pancreatin, 5 Gm, of 
sodium chloride and 50 Gm. of sodium bi- 
carbonate gradually with 625 ce. of dis- 
tilled water, add 65 ce. of alcohol, 3.5 ec. 
of compound spirit of cardamom, and 8 
Gm. of magnesium carbonate, mix thor- 
oughly and filter. Then wash filter with 
distilled water to make 748 ce. and add 2 
ec, of chloroform and 250 ce. of glycerin. 

Mix by gentle agitation 50 cc. of glycerite 
of pepsin, 5 ec. of diluted hydrochloric 
acid, 315 ec. of glycerin and distilled 
el make 1000 ce. Dose: 8 ce. (2. 
sil, (oie). 

Dissolve 17.5 Gm. of peptonized iron in 500 
ce. of distilled water. Dissolve 20 Gm. 
of sodium citrate in 200 ec. of distilled 
water and add to previous solution; then 
add 50 ec. of syrup and 50 ec. of glycerin. 
Dissolve 0.15 ce. of oil of orange, 0.20 ec. 
of ethyl acetate, and 0.02 Gm. of vanillin 
in 150 cc. of alcohol and add this solution 
to the above mixture gradually with agi- 
tation; then add sufficient distilled water 
ua make 1000 cc. Set aside 24 hours and 

ilter. 

Weigh 0.07 Gm. of phosphorus in a dish con- 
taining water, dry it quickly with blotting 
paper and add it to a flask containing 35 
ec. of dehydrated alcohol, Fit the flask 
with a reflux condenser and heat on a 
water bath so that the alcohol boils gently 
and the phosphorus is dissolved. Cool, 
add 0.5 ce. of spirit of peppermint and 
64.5 ec. of glycerin and dehydrated alco- 
hol to make 100 cc. Dose: 0.6 cc. (10 
min. ). 

Dissolve 1 Gm. of potassium permanganate 
in enough distilled water to make 100 ce. 
Dose: 8 cc. (2 fl. dr.). 

A concentrated solution of sodium silicate 
in water. Commonly sold under the 
name of Water Glass. 

Dissolve 1 Gm. of strychnine hydrochloride 
in a mixture of 25 cc. of 90 per cent alco- 
hol and 25 ce. of distilled water and add 
enough distilled water to make 100 cc. 
Dose: 0.2 cc. (3 min.). 

Add 840 Gm. of hydrochloric acid to 240 
Gm. of granulated zine and 250 cc. of dis- 
tilled water in a glass or porcelain vessel, 
and allow the mixture to stand until the 
reaction ceases. Pour off liquid, add 12 
Gm. of nitric acid, and heat to a tempera- 
ture not exceeding 115° C., until a por- 
tion, when removed and cooled, solidifies. 
Cool, dissolve the solidified mass in suf- 
ficient distilled water to make product 
weigh 1000Gm. Add12Gm., precipitated 
zinc carbonate, agitate mixture during 
twenty-four hours and set aside until it 
has become clear by subsidence. Sepa- 
rate the clear solution by decantation 
and preserve in tightly stoppered bottles. 

Place 70 Gm, of iron in a flask, add 250 cc. of 
hydrochloric acid and 140 ce. of distilled 
water. Allow to stand until effervescence 
ceases, boil, filter, rinse with a little dis- 
tilled water, add 140 cc. of hydrochloric 
acid to the filtrate, and then pour the 
solution slowly into 30 ec. of nitric acid. 
Evaporate until a precipitate begins to 
form, add 20 cc. of hydrochloric acid and 
enough distilled water to make 350 ce. 


Douches 


A douche is an antiseptic aqueous solution which is 
directed against a part or into a cavity of the body. An 
eye douche, used to remove foreign particles and dis- 
charges from the eyes, is directed gently at an oblique 
angle and is allowed to run from the inner to the outer 
corner of the eye. Pharyngeal douches are used to pre- 
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pare the interior of the throat for an operation and to 
cleanse it in suppurative conditions. Similarly, there 
are nasal douches, vaginal douches, etc. 

Douches are most frequently dispensed in the form 
of a powder with directions for dissolving in a specified 
quantity of water, usually warm. However, tablets for 
preparing solutions may be sold, 7. e., Dobell’s Solution 
Tablets, or a solution may be prepared by the pharma- 
cist. If powders or tablets are supplied, they must be 
free from insoluble material, in order to produce a clear 
solution. 

Douches are not official as a class of preparations but 
several compounds of the U. S. Pharmacopceia and 
National Formulary are frequently employed as such 
in weak solutions, e. g., Chloroazodin and Chloramine-T 
are used in vaginal douches and Compound Sodium 
Borate Solution is used as a nasal or pharyngeal douche. 


Unofficial Douches 
Title 


Alum and Zinc Sulfate 
Douche with Phenol 


Directions 


Dissolve 4 Gm. of alum and 4 Gm. of zine 
sulfate in 500 cc. of distilled water. Mix 
5 cc. of liquefied phenol with 125 cc. of 
glycerin and add to the first solution. 
Add sufficient distilled water to make 
1000 ce. 

Mix equal quantities of alum and zine sul- 
fate finely powdered and pass through 
a No. 60 sieve. Use 1 teaspoonful to 1 

F" quart of water. 

Alum, Boric Acid, and Mix 200 Gm. of alum and 680 Gm. of boric 

Phenol Douche Pow- acid, both finely powdered. Mix 40 cc. of 

der oil of peppermint with 80 cc. of liquefied 
phenol and incorporate in the powder. 
Pass through a No. 40 sieve. Use 1 tea- 
spoonful in 1 quart of water. 

Mix equal quantities of finely powdered 
boric and tannic acids. Pass through a 
No. 60 sieve. Use 1 teaspoonful in 1 
quart of water. 


Alum and Zine Douche 
Powder 


Boro-Tannie Douche 


Powder 


Enemas . 


Enemas are rectal injections employed to evacuate 
the bowel, to influence the general system by absorption, 
or to affect locally the seat of disease. They may possess 
anthelmintic, nutritive, sedative, or stimulating proper- 
ties, or they may contain radiopaque substances for 
roentgenographic examination of the lower bowel. 
Enemas are usually given at body temperature in 
quantities of 1 to 2 pints injected slowly with a syringe. 
If they are to be retained in the intestine, they should 
not be used in larger quantities than 6 fluidounces for an 
adult. Starch enema may be used either by itself or as a 
vehicle for other forms of medication. Sodium chloride, 
sodium bicarbonate, and soap are also used in enemas. 


Unofficial Enemas 
Directions 


Incorporate 120 Gm. of barium sulfate and 
100 cc. of mucilage of acacia in sufficient 
starch enema to make 500 cc. Sufficient 
for 1 injection. 

A suspension containing 10 to 30 per cent 
w/v of bismuth subecarbonate in mucilage 
of starch. Inject 20 fl. oz. 

Dextrose Enema A solution of 10 per cent w/v of dextrose in 
Be PAC: water or peptonized milk. Inject 4 fl. oz. 

Paraldehyde Enema A solution containing 4 cc. of paraldehyde 
pe Pac: for each stone (14 lb.) of body weight in a 
5 per cent w/v solution of dextrose in 
normal saline solution. 

A fresh infusion of 8 Gm. of quassia in 500 
cc. of cold water. Inject at a temperature 
of 105° F. and retain 15 to 20 minutes. 

Triturate 4 Gm. of powdered starch with 
sufficient water to make a thin paste and 
add sufficient boiling water to make 180 
ee. To be retained. 


Title 
Barium Sulfate Enema 


Bismuth Enema 
13h 112A; 


Quassia Enema 


Starch Enema 


Gargles 


Gargles are aqueous solutions used for treating the 
pharynx and nasopharynx by forcing air from the lungs 
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through the gargle which is held in the throat. H. L. 
Swain suggests that, to obtain efficient medication, the 
person should first swallow the gargle with the mouth 
wide open, head well back, and then gargle it as usual, 
as long as the breath will permit. If the mouth is wide 
open when a person swallows, the fluid cannot go beyond 
the pharynx. 


GARGLE OF THE IN-GE- 


English Title Latin Title 
Potassium Chlorate Gargarisma Potassii Chlo- 
with Iron Gargle ratis cum Ferro 


Unofficial Gargles 


Title Directions 
Chlorine Gargle Add 5 ce. of hydrochloric acid to 80 Gm. of 
122 Ant I By potassium chlorate in a liter bottle. Dis- 


solve the liberated chlorine in 500 cc. of 
cold distilled water. Add 80 cc. of syrup 
of citric acid, 20 cc. of glycerin, and suf- 
ficient distilled water to make 1000 ce. 
Dilute with 1 or more volumes of water. 

of Place 200 cc. of honey in a bottle graduated 
to 1000 ce. and gradually add, with shak- 
ing, the previously mixed 2 cc. of oil 
of peppermint, 100 cc. of ammoniated 
tincture of guaiac and 100 cc. of com- 
pound tincture of cinchona. Dissolve 40 
Gm. of potassium chlorate in 500 cc. of 
warm water and add the solution, in por- 
tions, to the honey mixture, shaking after 
each addition. Finally add water to make 
1000 ce. and mix. 

Phenol Gargle P. R. B. Mix 35 cc. of liquefied phenol, 35 cc. of 
spirit of peppermint, 35 cc. of glycerite of 
tannic acid, and sufficient glycerin to 
make 1000 cc. For use as a gargle dilute 
with an equal volume of water. 


Compound Gargle 
Guaiac N. F. V 


Juices 


The official juices are specially prepared fruit juices 
subsequently used in making syrups which are employed 
as vehicles. The freshly expressed juice is preserved 
with benzoic acid, and is allowed to stand at room tem- 
perature for several days, until the pectins which are 
naturally present are destroyed by enzymatic action, 
as indicated by the juice yielding a clear solution with 
alcohol. Pectins, if allowed to remain, would cause 
precipitation in the final syrup. 

For juices expressed from fresh drugs, and known as 
“Inspissated Juices,’ see Extracts (page 276). 


JUICESSORSLELE IN Eb. 


English Title Latin Title 


Cherry Juice Succus Cerasi 
Raspberry Juice Suceus Rubi Idi 


Unofficial Syrups 


Title Directions 
Apple Juice N. F. V_ The freshly expressed juice of sound, ripe, 
(Suceus Pomorum sour apples, the fruit of cultivated varie- 
N. F. V), Cider ties of Pyrus Malus Linné (Fam. Rosa- 


cez). 

The expressed juice of the ripe fruit of Citrus 
Limonia Osbeck. <A turbid, yellow liquid, 
with a sharply acid taste and the odor of 
fresh lemons. Used as an antiscorbutic, 
also in the preparation of true Neutral 
Mixture and lemon syrup. 

The expressed juice of the ripe fruit of Citrus 
medica acida (Roxburgh) Bonavia (Fam. 
Rutacee), containing in each 100 cc. not 
less than 5 Gm. nor more than 10 Gm. of 
total acids, calculated as crystallized 
citric acid. A clear or slightly turbid, 
pale yellow or yellowish-green liquid, hay- 
ing the characteristic odor and taste of 
limes. It is used as a pleasant flavor and 
vehicle. y) 

The expressed juice of the sweet orange, 
Citrus sinensis (Linn.) Osbeck. A turbid, 
yellow liquid with the odor and taste of 
fresh oranges. Four fl. oz. supplies the 
average daily requirements of vitamin C 
for adults. 


Lemon Juice B. P. C. 


Lime Juice B. P. C. 
(Succus Citri 
N. F. IV) 


Orange Juice B. P. C. 


CHAPTER XXXIV 


COLLYRIA 


SoLuTions for use in the eyes should be prepared with 
meticulous care, for the mucous membranes of the eyes 
are very sensitive, particularly if they already happen 
to be inflamed. Records indicate that more lawsuits 
are instituted against pharmacists on the basis of eye 
solutions than on any other class of prescription. The 
basic problem is one of clarity of solution and freedom 
from foreign particles. Other problems relating to eye 
solutions to which much attention is being given deal 
with the reaction of the solution in terms of its relative 
acidity or alkalinity, as well as reaction in terms of the 
tonicity of the solution as compared to tear fluid, and 
finally the sterility of the solution. 

As an aid in safeguarding this class of preparation, 
many pharmacists are providing a special department 
for use only in preparing eye products. The depart- 
ment is frequently segregated from the rest of the pre- 
scription section, a special set of utensils and a separate 
set of ingredients being held for use in this department 
only. 


Clarity of Eye Solutions 


All solutions for use in the eye should be brilliantly 
clear and free from foreign particles, fibers and filaments. 
The use of an all-glass, sintered-disk Biichner funnel 
(page 198) is admirably adapted to this work since 
there are no loose fibers to be washed into the final 
solution as so often happens when other forms of filters 
are used, and there is practically no loss through ab- 
sorption by the filter disk. 

Filter paper becomes the next filtering medium of 
choice, but a hard-surfaced paper should be used to 
eliminate unnecessary filaments in the filtrate, and to 
provide for greater clarity of the final solution. 

If cotton is used as a filtering medium, only the high- 
est grade, long-staple cotton should be employed. If 
the filtrate is returned through the cotton once or twice, 
the few loose short fibers will be washed out and the 
long cotton fibers will become enmeshed in each other 
and provide a suitable filter bed which is very difficult 
to obtain where most of the fibers are short and are 
constantly being released. Only a small pledget of 
cotton should be used, since otherwise an excessive 
amount of solution will be absorbed. Particular care 
should be observed in rinsing the cotton to see that the 
rinse liquid is applied so that it will function efficiently 
and not just pass through the filter at one point. 


Buffered Eye Solutions 


The general principle of buffer solutions has been ex- 
plained in the chapter on “Hydrogen Ions and pH.”’ In 
the case of eye solutions, special emphasis is placed upon 
the advisability of buffering to specific degrees in order 
to provide greater serviceability of the solution in one 
of several respects. The pH of the average tear or 
lachrymal fluid is approximately 7.2 to 7.4, with varia- 
tions according to ailment. An uncomfortable condi- 
tion exists where the pH is over 7.8 or under 6.6. Con- 
sequently, if eye solutions can be adjusted to approxi- 
mately the same pH as normal tear fluid, the resulting 
solutions will be less irritating when used. Secondly, 
certain substances which are used for treating eye condi- 


230 


tions are somewhat unstable under normal conditions 
of solution, and in many such cases greater stability 
is obtained by a buffer adjustment. Finally, the 
physiologic activity of certain substances may be in- 
creased by a proper control of the pH of the solution 
and thus the buffering of such a solution becomes of 
value. 

While numerous buffer solutions have been proposed 
by various authors, the buffer solutions most generally 
used for the preparation of collyria are those referred to 
as Giffords [Arch. Ophth., 13, 78 (1935)]. They are 
based upon the work of Atkins and Pantin [Bzochem. J., 
20, 102 (1926) ] and consist of a basic acid solution and 
a basic alkaline solution, combinations of the former 
with small quantities of the latter providing solutions 
of varying pH to meet any given need and to be used 
as the solvent in the preparation of eye solutions. 

The formulas given below represent Gifford’s solu- 
tions with some additional buffer solutions being added 
to provide uniform pH increments, and some of the pH 
readings have been corrected to give what appear to 
be more nearly the true values to the nearest decimal. 


GIFFORD’S BUFFER SOLUTIONS 
Basic Acid Solution 


BoricsA cid ioc sdersttete aie arelete nce overs: eters etches 12.4 Gm. 

Potassium (Chiorideseeme-esicas sniceeiree :7.4 Gm. 

Distilled Watenitercaenenies els secre 1000 cc. 
Basic Alkaline Solution © 

Sodium Carbonate, anhydrous........... 21.2 Gm. 

Distilled! Water.ni&.enmenetisaeccicn ete 1000 cc. 


BUFFER SOLUTIONS 


Ce. Ce. Basic pH of Resulting 
Basic Acid Alkaline Buffer Solution 
Solution Solution Solution Number 
30 0.00 5.0 Acid No. 1 
30 0.05 6.0 Acid No. 2 
30 0.10 (3 
30 0.15 6.4 
30 0.20 6.6 
30 0.30 6.8 
30 0.60 7.0 
30 1.00 ho 
30 150) 7.4 Alkaline No 1 
30 2.00 7.6 
30 3.00 Ug 
30 4.00 8.0 Alkaline No. 2 
30 8.00 8.6 


The basic stock solutions should be prepared care- 
fully and stored in hard-glass containers in a cold place, 
the boric acid solution being particularly prone to mold 
growth. Boric acid crystals should be used preferably, 
and care must be observed to maintain the sodium 
carbonate in its anhydrous state if proper results are 
to be obtained. The buffer solutions are conveniently 
based upon 30-cc. (1-ounce) units and should be pre- 
pared in such quantities as will provide accuracy in the 
measurement of the basic alkaline solution. Gradu- 
ated pipettes should be a part of the equipment for the 
preparation of these solutions. While careful manipu- 
lation throughout should provide solutions well within 
the permissible range for the given pH, because of the 
ultimate use of the solutions the pH should be checked as 
a matter of protection against any possible errors. The 
methods of determining pH have been discussed in the 
chapter on “Hydrogen Ions and pH” and, as indicated, 
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many forms of apparatus are available for this work. 
At a minimum of expense for the determinations of these 
ophthalmic buffer solutions one can use the LaMotte 
equipment. This would require one set each of color 
standards and indicator for Chlorophenol Red, pH 5.2 
to 6.8, and Cresol Red, pH 7.2 to 8.8. The first would 
provide a means of checking the No. 2 acid solution 
while the second would take care of the alkaline solu- 
tions, Nos. 1 and 2. Since acid solution No. 1 is the 
basic acid solution it should be satisfactory if carefully 
prepared, and checks made on the other solutions should 
verify its accuracy. Several graduated tubes to match 
the controls should be obtained for use in preparing the 
tests, and the use of a block comparator, while not es- 
sential, is an added convenience well worth the addi- 
tional small investment. 

As indicated by the table, a few of the more com- 
monly used buffer solutions have been designated by 
number and may be thus called for in practice. Dr. 
Gifford also indicated the solution of preference for 
specific substances and conditions, and while other 
authors do not entirely agree on the specific pH selected, 
and also suggest entirely different buffer systems, Dr. 
Gifford’s proposals are hereby presented since they are 
constantly being referred to in daily practice. For 
example, acid solution No. 2, pH 6.0, is suggested for 
use with zinc salts, cocaine and epinephrine, the result- 
ing solutions being more permanent as far as solubility 
is concerned and also somewhat less irritating. Alka- 
loidal salts, particularly atropine, homatropine, physos- 
tigmine, pilocarpine and scopolamine are less irritating 
and better absorbed, and milder but unpleasant. re- 
actions occur less frequently when. alkaline solution 
No. 1, pH 7.4, is used as the solvent. Physostigmine 
and pilocarpine solutions thus prepared are claimed to 
produce less conjunctivitis than non-alkaline solutions. 

Dr. Gifford recognized that the physostigmine 
(eserine) solution became pink almost immediately but 
found it entirely active and believed it to be satisfac- 
tory. Additional reference will be made to physostig- 
mine solutions later. 

Alkaline solution No. 1 is also used as a simple eye 
wash, and for contact lenses, as well as a tear substitute 
in epithelial dystrophy and in certain cases of chronic 
conjunctivitis in elderly people. For vernal conjunc- 
tivitis and for other cases of conjunctivitis with tena- 
cious and dry secretions, alkaline solution No. 2, pH 8.0, 
is recommended. The buffer solution at pH 8.6 is 
suggested to provide solubility for soluble fluorescein. 

While Gifford included butyn among the substances 
to be dispensed in acid solution No. 1, he merely stated 
that the resulting solution was more permanent than 
one made from either distilled water or normal salt 
solution, and did not claim complete control of subse- 
quent decomposition which is known to occur, butyn 
being precipitated by the potassium chloride which is 
in the basic acid solution. If the potassium chloride 
is omitted, no precipitation results and the resulting 
pH is still about 5.0. 

As a solvent for eucatropine (euphthalmine) hydro- 
chloride, the manufacturer suggests the use of Gifford’s 
acid solution No. 1, with the addition of 0.5 Gm. of 
sodium borate for each 1000 ce., producing a solution 
with a pH about 6.5. He states that a carbonate 
buffer solution may affect the drug. 

Hosford and Hicks’, Arch. Ophth., 13, 14 (1935), have 
also given considerable attention to the pH of tear 
fluid and the use of buffer solutions for the eye. They 
refer to the characteristic pH which is often developed 
in tear fluid as the result of a diseased condition, and 


for treatment recommend a solution of the opposite pH, 
as acid for alkaline and alkaline for acid. For ex- 
ample, they refer to the following: In injuries to the 
cornea the pH of the tears shifts to the alkaline side, 
8.0 to 8.4, and accordingly treatment with an acid buffer 
solution is suggested. Similarly corneal ulcers also show 
an increase in alkalinity, and again an acid solution is 
helpful, but not to the extent observed in corneal in- 
juries. Vernal catarrh shows a marked shift to a pH of 
about 8.0 to 8.4 and an acid buffer is considered more 
advantageous than a simple solution of weakly dis- 
sociated acid, since it will neutralize alkalinity without 
producing undesirable symptoms of acid pH below 6.6, 
for example, and does not stimulate the production of 
more alkali. Where the deviation from normal is 
marked, or where the causative organism is unknown or 
a mixed infection is present, a buffer at about pH 7.3 is 
recommended. These authors point out also that the 
pheumococcus cannot live under a pH of 7.0-and there- 
fore a logical treatment would be with a solution having 
an acid reaction. Similarly, staphylococci and strepto- 
cocci vary but tend to form acid and may therefore be 
treated to advantage with an alkaline solution. 

Dr. J. B. Feldman interestingly discusses the ques- 
tion of pH and buffer solutions in relation to Ophthal- 
mology verifying much of the work of Hosford and 
Hicks, Arch. Ophth. 17, 797 (1937). He originally 
used the Gifford buffer solutions with satisfaction but 
later turned to the buffer system proposed by Palitzsch 
as follows: 


Sodium Borate Solution 


SodiimeBorate foo sabe starta ketene om een a 19.11 Gm 
Di Stille dGW aternd syria coc svet Oclere y-mct hopin 8 oes) e) sn one 1000 (qe 
Boric Acid Solution 
BoriceA cide. fects gs tas «ook seuastet ne otis oe elacs 12.40 Gm 
Sodium iChlorideve <n 022 tect ees sale Meseees 2.93 Gm 
DistillediWater Sects erescte clare areteeve eciars revel atelier 1000 es 
BUFFER SOLUTIONS 
Ce. Ce. pH of 
Sodium Borate Borie Acid Resulting 
Solution Solution Solution 
3 97 6.77 
6 94 7.09 
10 90 7.36 
15 85 7.60 
30 70 8.08 
55 45 8.6 
60 40 8.69 


He refers to the use of several of these solutions but 
does not mention specific drugs. However, for solutions 
of butyn, zinc, and cocaine or other substances requiring 
definite acid vehicles, Dr. Feldman used the boric acid- 
sodium chloride solution. For eucatropine (euphthal- 
imine) he used a buffer solution of pH 7, which provided 
complete solubility with no precipitation on standing. 

Hind and Goyan have suggested new concepts for 
the role of hydrogen ion concentration and_ buffer 
systems in the preparation of ophthalmic solutions, 
giving consideration to buffer systems, buffer capacital 
hydrogen ion concentration, osmotic effect, chemicy, 
stability, and equilibrium concentration of the free 
base. See J. A. Ph. A., Sc. Ed., 36, 33 (1947). 

They premise most of their proposals on the work of 
Swan and White, Am. J. Ophthalmol., 25, 1043 (1942), 
namely, the development and liberation of the free base 
of many ophthalmic salts in aqueous solution, this being 
brought about by the hydrolysis of the ionized salt, 
resulting also in the liberation of hydrogen ion. It is 
the free base and not the salt itself which is absorbed 
and carries the physiological activity of the drug, 


232 


although the free base is recognized as being a source 
of irritation to the eye. On the other hand, as acidity 
is reduced and more free base is liberated, stability of 
the solution is destroyed, and it therefore becomes a 
question of striking a satisfactory balance between the 
two. Marked stability for many alkaloids is obtained 
at a pH of 2 to 3 but such solutions show no physio- 
logical activity. On the other hand, physiological 
activity becomes greatest at about pH 7 but stability 
is markedly impaired. Accordingly these authors have 
made adjustments in some cases to provide sufficient 
free base to maintain physiological activity with a 
minimum of irritation and at the same time to provide 
chemical stability for the solutions. On the other 
hand, Cogan and Hirsch, Archiv. Ophthalmol., 32, 276 
(1944), question this method, believing that the tear 
fluid itself has sufficient buffer capacity to care for 
weak solutions instilled into the eye, and feeling that 
nothing is gained by applying solutions of the base 
rather than of the salt, and that much may be lost by 
the decomposition of the drug in alkaline or essentially 
neutral solutions. 

Hind and Goyan divide most of the drugs which are 
used in ophthalmic practice into two groups, one to be 
dispensed in a boric acid solution, pH 5.0, the other in 
a modified Sorensen phosphate buffer solution, pH 6.8. 
They have adjusted their solutions to be isotonic with 
blood sera, namely, with a freezing point of —0.56° C., 
instead of making the adjustment to be equivalent to 
—0.80° C., the generally accepted freezing point of tear 
fluid itself. The boric acid solution, for example, con- 
tains 2.2 per cent of boric acid, while to the Sorensen 
buffer is added 0.43 per cent of sodium chloride, both 
solutions being preserved with benzalkonium chloride 
1:50,000. Gifford’s boric acid solution, however, con- 
taining 1.24 per cent of boric and 0.74 per cent of 
potassium chloride, while not actually isotonic with 
tear fluid, is nearer that tonicity than it is to the tonicity 
of blood serum, so that Gifford’s solutions automati- 
cally provide the twofold buffer-isotonicity feature to a 
greater extent than do the Hind-Goyan formulas. 


GROUP I (pH 5.0) 


Salts of: 
Cocaine Nupercaine Procaine 
Dionin Optochin Prostigmine 
Epinephrine Phenacaine Syntropan 
Metycaine Pontocaine Zine 


This boric acid solution, pH 5.0, is said to provide 
stability and therapeutic properties, such as prompt 
action and minimum irritation, for all of the salts in- 
volved, with the possible exception of the zinc salts 
which still remain irritating but should not be dispensed 
much above pH 6.0 since they form basic complexes 
thus reducing the Zn ion concentration. By using boric 
acid, a weakly dissociated acid, the prescribed solutions 
are more slowly neutralized in the eye and the free base 
is gradually liberated for absorption. Benzalkonium 
chloride is used as the preservative in preference to the 
esters of para hydroxybenzoic acid which are found to 
produce a stinging sensation in eye solutions. 


GROUP II (pH 6.8) 


Salts of 
Atropine Eucatropine Pilocarpine 
Ephedrine Homatropine 


When the drugs in Group II are buffered at a pH of 
2 to 3, their solutions are very stable but show a mini- 
mum of physiological activity. Ata pH of 7 and over, 
the activity is at its greatest but stability of the solu- 
tions is markedly destroyed. At the suggested pH of 
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6.8 solutions of the drugs in Group II are reported to 
lose only between 10 and 20 per cent of their activity in 
30 days. Thus some activity is sacrificed but not 
sufficient to alter materially the usefulness of the solu- 
tions. The sodium chloride is added to provide a solu- 
tion with a freezing point of 0.56° C. 


SORENSEN PHOSPHATE BUFFER SOLUTIONS 
Sodium Acid Phosphate Solution 


Sodium Acid Phosphate, Anhydrous (NaH2POQx4) . 8.006 Gm. 

Distilled water qssi4.ce = shat oar 1000 CGs 
Sodium Phosphate Solution 

Sodium Phosphate, Anhydrous (NazHPOx,)... 9.473 Gm 

Distilled|Waterigsssereirieine ei eee 1000 CG. 


BUFFER SOLUTIONS 


Ce. pH of 
Sodium Acid Ce. Sodium Resulting 
Phosphate Phosphate Buffer 
Solution Solution Solution 
90 10 HL 
80 20 6.24 
70 30 6.47 
60 40 6.64 
50 50 6.81 
40 60 6.98 
30 70 ley 
20 80 imrsts) 
10 90 Co 
5 95 8.04 


Hind and Goyan suggest Group I solution for 
physostigmine salts with the addition of 0.1 per cent of 
sodium bisulfite. This solution provides stability, as it 
remains colorless for at least 6 months in place of de- 
veloping the usual pink color, and most of the burning 
sensation, found with solutions of higher pH is elimi- 
nated since the pH of 5 produces less free base. Sodium 
formaldehyde sulfoxylate which has been suggested as 
a preservative for eserine solutions cannot be used at 
this lower pH since it decomposes in an acid medium. 

For 5 per cent solutions of sulfathiazole sodium and 
sulfadiazine sodium which have a pH between 9 and 10, 
these authors use a buffer solution of low capacity, 
consisting essentially of a dilution of 1 part of Politzsch’s 
pH 8.6 buffer solution with 4 parts of distilled water. 
This reduces the alkalinity to a safe minimum, the 
critical point before precipitation of sulfonic acid being 
reported as pH 8.2. 

Penicillin solutions, usually containing 5000 units 
per ce., are frequently prescribed for the treatment of 
the eyes. Such solutions should preferably be buffered 
at a pH about 6.5, and kept in a refrigerator. Molinas 
and Welch, J. A. Ph. A., Sc. Ed., 36, 41 (1947), have 
shown that commercial crystalline penicillin solutions 
show no significant loss in potency (less than 15 per 
cent) for at least 7 days at a pH between 6.0 and 6.5, 
and at a temperature of 15° C. or less, the lower the 
temperature the better. They report over 15 per cent 
loss of potency with solutions prepared at a pH be- 
tween 5.12 and 5.8, with a critical pH of 4.5, at and 
beyond which stability is greatly impaired. Solutions 
in distilled water, even with an initial pH of 6.2 to 6.6, 
show greater loss of potency than do buffered solutions. 


Isotonic Eye Solutions 


As a further aid in the preparation of less irritating 
eye solutions, the production of an isotonic solution is 
very helpful. The theoretical background for such 
solutions, as well as the method of their preparation, is 
presented elsewhere in this book (page 155). Where it 
is possible to prepare an isotonic solution, much of the 
smarting and burning sensation caused by hypotonic 
and hypertonic solutions may be eliminated, and the 


4 


COLLYRIA 


repeated use of such a lotion no longer becomes an ordeal 
but is looked upon with anticipation because of the 
soothing effect which follows its use. It is a compara- 
tively simple matter to adjust a hypotonic solution so 
that it will possess the same osmotic pressure as 
lachrymal or tear fluid, and either boric acid or sodium 
chloride is the substance of choice for such an adjust- 
ment. As previously indicated, such solutions are 
preferably prepared so as to have the same freezing 
point as tear fluid, namely, —0.80° C., in which case 
they will also possess the same osmotic pressure as 
well as other colligative properties of the tear fluid. 
Fortunately, as previously mentioned, Gifford’s buffer 
solutions are approximately isotonic with tear fluid 
and since the eye is able to adjust itself over a range of 
tonicity where the pH is regulated, the use of these 
solutions serves a twofold purpose. If other buffer 
solutions do not approach isotonicity with tear fluid, 
adjustments may be made readily by the addition of 
sodium chloride. It is interesting to note also that a 
3.1 per cent solution of boric acid is isotonic with tear 
fluid, which helps to explain the suggestion usually 
offered when a saturated, 5 per cent, solution of boric 
acid is sold, namely, to dilute the solution with about 
an equal volume of water for use as an eye wash. 
Such a solution would more nearly approach an iso- 
tonic solution, with resulting increase in comfort when 
the solution is used. On the other hand, the saturated 
solution of boric acid is stable while the weaker solu- 
tion readily shows signs of mold growth and conse- 
quently the saturated solution is preferred as a stock 
product. 


Preservation of Eye Solutions 


Eye solutions generally serve as favorable media for 
the growth of molds, and some solutions are relatively 
unstable because of oxidation and other similar causes. 
Eye solutions may be protected from mold growth al- 
most indefinitely by storage in a refrigerator, but since 
cold solutions are not satisfactory for immediate use, 
refrigeration is not desirable except for the main bulk 
of the solution, a smaller container for current use being 
reserved at room temperature. Numerous preserva- 
tives have been used in eye solutions, among which are 
the following: chlorobutanol 0.5 per cent; esters of 
parahydroxybenzoic acid such as methylparaben and 
propylparaben of the U.S. P. XIII, used in approxi- 
mately 0.1 per cent concentration but reported to pro- 
duce a smarting and stinging sensation in the eye; 
benzalkonium chloride (zephiran; phemerol), 1:50,000, 
and reported to be very satisfactory; sodium formalde- 
hyde sulfoxylate, 1:5000, suggested as an antioxidant, 
but apparently somewhat irritating; sodium bisulfite, 
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0.1 per cent; and mercuric cyanide, 1: 1500, recom- 
mended for use with dionin. 


Sterility of Eye Solutions 


Eye solutions are frequently sterilized in order to 
eliminate all mold and bacterial contamination, but 
great care must be exercised subsequently lest the solu- 
tion be recontaminated. Sterilization may be accom- 
plished by means of the autoclave, steam under pressure, 
or by filtration through a sterile bacteria-proof filter. 
The use of a sintered-glass Biichner funnel of the 
proper porosity serves admirably for this purpose, not 
only providing a sterile solution, but at the same time 
all traces of fibers and filaments are removed. The 
Swinny filter adapter, page 124, as prepared by Becton 
Dickinson Company, and used in conjunction with a 
hypodermic syringe, is particularly well suited for the 
filtration and sterilization of small quantities of eye 
solutions, such as the usual 1- or 2-drachm prescription 
to be used as eye drops.. The asbestos filter pad in this 
unit is so small that there is practically no loss of liquid, 
but the pad should be augmented with a piece of filter 
paper as an aid in obtaining a filtrate free from fibers. 
The micro-filter unit, page 124, patterned after the 
Swinny filter, is also of particular value in filtering 
small quantities and likewise provides a sterile filtrate. 


Application and Use of Eye Solutions 


Solutions for the eyes are generally prepared for use 
either with a dropper or with an eye cup, both of which 
have certain serious drawbacks, primarily from the 
standpoint of contamination. Consequently, when 
such solutions are dispensed, a cautionary word should 
be offered upon the subject. In the case of a dropper 
unit, the user should be cautioned not to allow the drop- 
per to touch the eye, nor any other foreign object for 
that matter, lest the soiled dropper contaminate the 
solution when it is replaced in the bottle or when the 
next portion is withdrawn. Similarly, the use of an 
eye cup to wash first one eye and then to wash the other 
may lead to the infection of an otherwise non-infected 
eye, or the repeated use of the eye cup without proper 
cleansing may continue to bring contamination to an 
eye which may otherwise be improving. The use of 
one eye cup for several members of a family may like- 
wise lead to serious consequences. Under no circum- 
stances should the contents of an eye cup be returned 
to the original container. Because of objections to 
droppers and eye cups many doctors advocate washing 
the eyes by dropping the solution from a pledget of cot- 
ton upon which the solution has been poured, a proce- 
dure, however, which is rather difficult to follow with 
ease. 


CHAPTER XXXV 


AQUEOUS SOLUTIONS CONTAINING SWEET OR VISCID SUBSTANCES 


Syrups 


Syrups are concentrated solutions of sucrose in water 
or aqueous liquids. ‘Sucrose’ is the chemical name 
now used officially by the Pharmacopoeia and by the 
National Formulary for the substance known in every 
household as sugar. When distilled water alone is used 
in making the solution of sucrose, the preparation is 
termed syrup, or simple syrup. When the solution con- 
tains soluble principles from various medicinal sub- 
stances, the syrup is called a medicated syrup and such 
syrups sometimes contain organic acids or a small quan- 
tity of alcohol as Solvents or preservatives. A flavored 
syrup is one which is not medicinal in its action, but 
which contains various aromatic or pleasantly flavored 
substances and is often used as a vehicle for prescrip- 
tions. Syrups are useful preparations, because their 
sweet taste facilitates administration, and being prac- 
tically saturated solutions of sucrose they do not fer- 
ment but retard the development of bacteria, molds, 
and fungi due to their high osmotic density. Since 
syrups contain varying quantities of the reducing agents 
levulose and dextrose, due to a small amount of inver- 
sion which cannot be entirely avoided, they are used to 
retard the oxidation of some substances. The sucrose 
must be carefully selected, a purified water free from 
foreign substances and clean vessels and containers 
must be used and the operation must be conducted with 
care so as to avoid contamination, if syrups are to be 
permanent preparations. © 

The speed of inversion of sucrose is greatly increased 
by the presence of acids; the H* ion acts as a catalyst 
in this hydrolysis reaction. Invert sugar is more readily 
fermentable than sucrose and tends to darken in color. 

The levulose formed during inversion is sweeter than 
sucrose and therefore the resulting syrup is sweeter 
than the original syrup. The relative sweetnesses of 
levulose, sucrose and dextrose are in the ratio 173:100: 
74. Thus invert sugar is 499173 + 74)% = 1.23 
times as sweet as sucrose. The levulose formed during 
the hydrolysis is also responsible for the darkening of 
Syrup. It is sensitive to heat and darkens readily, 
particularly in solution. When syrup or sucrose is over- 
heated it caramelizes. See Caramel (page 945). 


SELECTION OF SUCROSE 


The quality of sucrose which should be used in mak- 
ing syrups is clearly defined by the Pharmacopceia. 
It is described as ‘‘colorless or white crystals, crystalline 
masses or blocks, or a white, crystalline powder.” It 
is to be odorless, have a sweet taste, and be stable in air. 
The white crystalline variety, known commercially as 
granulated sugar is most frequently used in making 
syrup. Sucrose must be free from ultramarine, Prus- 
sian blue, and insoluble substances, as the presence of 
impurities, particularly ultramarine, has been shown 
to interfere with the stability and quality of syrups. 
The blue dyes mentioned were formerly used to cover 
the yellow tint of sugar improperly purified, but today 
the processes and quality of sucrose have been so im- 
proved that dyes are never employed. 

Sucrose for use in syrups should be dry because the 
permanency of syrups largely depends upon their con- 


taining the correct proportion of sucrose and water. If 
an insufficient amount of sucrose is present, syrups will 
ferment; if they contain too much sucrose, which may 
be in solution while hot, crystallization takes place on 
cooling. When this occurs the crystals first formed 
continue to increase in size, abstracting sucrose from 
the syrup after the official concentration has been 
reached. The ultimate result is a substandard syrup 
liable to fermentation. Damp sugar should never be 
used unless the amount of moisture has been carefully 
ascertained and an allowance made for it. 

Commercial sugars of exceptional purity and white- 
ness are now offered under such names as “Standard 
Granulated” and ‘‘Medium Granulated.” The crystals 
are large, perfect, and dry, with less tendency to become 
moist from atmospheric dampness than other sugars. 
They represent the crystallization from the first running 
of the filters in the sugar refinery, corresponding to the 
old ‘‘rock candy,” and consequently produce a superior 
syrup, almost entirely free from yellowish tint, even 
when observed in large quantities. 


PREPARATION OF SYRUPS 


Syrups are prepared in various ways, and the choice 
of the proper method must always depend upon the 
physical and chemical characteristics of the substances 
entering into the preparation. Five methods which are 
officially employed may be summarized as follows: 1. 
By solution with heat. 2. By agitation without heat. 
3. By the simple addition of a medicating liquid to 
syrup. 4. By maceration or digestion. 5. By percolation. 

1. By Solution with Heat—This is the usual method 
of making syrups when the valuable constituent is 
neither volatile nor injured by heat, and when it is 
desirable to make the syrup rapidly. The sucrose is 
usually added to the distilled water or aqueous solution 
and heated until solution is effected, then strained, and 
sufficient distilled water added to make the desired 
weight or measure. If the syrup is made from an infu- 
sion, a decoction, or an aqueous solution containing 
organic matter, it is usually proper to heat the syrup to 
the boiling point to coagulate albuminous matter; this 
is separated subsequently by straining. If the albumin 
or other impurities were permitted to remain in the 
syrup, fermentation would probably be induced in warm 
weather. Saccharometers (page 61) are very useful 
in making syrups by the hot process where the proper 
specific gravity of the finished syrup is known. The 
saccharometer may be floated in the syrup while boiling, 
and thus the exact degree of concentration determined 
without waiting to cool the syrup and having to heat it 
again to concentrate it further. When taking a reading 
of the specific gravity of the hot syrup allowance must 
be made for the variation from the official temperature 
(specific gravities in the U.S. P. are taken at 25° C.). 

Excessive heating of syrups at the boiling tempera- 
ture is undesirable since more or less inversion of the 
sucrose occurs with an increased tendency to ferment. 
Syrups cannot be sterilized in an autoclave without 
some caramelization. This is indicated by a yellowish 
or brownish color showing the presence of caramel, 
produced by the high temperature acting upon sucrose. 
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AQUEOUS SOLUTIONS CONTAINING SWEET OR VISCID SUBSTANCES 


2. By Agitation without Heat—This process is used 
in those cases where heat would cause the loss of valu- 
able volatile constituents. In making quantities up 
to 2000 cc. or 2 quarts the sucrose should be added to 
the aqueous solution in a bottle of about twice the size 
required for the syrup. This permits active agitation 
and rapid solution. A ‘‘five-pint,” glass-stoppered 
tincture bottle is well adapted for the making of 1000 ec. 
of syrup by this process. The stoppering of the bottle 
is important, as it prevents contamination and loss 
during the process. The bottle should be allowed to 
lie upon its side when not being agitated. Glass-lined 
tanks with mechanical agitators, especially adapted to 
the dissolving of sucrose, are used for making syrups in 
large quantities. 

3. By the Simple Addition of a Medicating Liquid 
to Syrup—This method is resorted to in those cases in 
which fluidextracts, tinctures, or other liquids are added 
to syrup to medicate it. Syrups made in this way usu- 
ally develop precipitates since alcohol enters into most 
of the liquids thus used, and the resinous and oily sub- 
stances dissolved by the alcohol precipitate when mixed 
with the syrup, producing unsightly preparations. A 
modification of this process, frequently adopted, con- 
sists of the mixing of the fluidextract or tincture with 
the water, allowing the mixture to stand to permit the 
separation of insoluble constituents, filtering, and then 
dissolving the sucrose in the filtrate. This procedure is 
sometimes resorted to by manufacturing pharmacists 
to insure permanency in their products, but it is not 
permissible when the precipitated ingredients are the 
valuable medicinal agents. In such cases the syrup 
must be dispensed with the precipitate and a “shake 
label,”’ or some other form of medication adopted. 

4. By Maceration or Digestion—This method is not 
recommended as either accurate or efficient. A solution 
of a comparatively insoluble substance can always be 
effected in a more rapid and thorough manner by dis- 
solving the substance in alcohol, suspending the resinous 
tincture in a mixture of absorbent powder (especially 
magnesium carbonate) and water, filtering, and dissolv- 
ing sugar in the filtrate as in the U. 8. P. process for 
syrup of tolu. 

5. By Percolation—This method originated with 
Orynski, and is official in the United States Pharmaco- 
peeia as follows: 


SYRUP—Syrupus 
[Sirup, Simple Syrup] 


Metric 
SU... 328 ee eae 850 Gm. 
Distilled Water, a sufficient quantity, 
“De TEDGISO. 2 oad OOS Bo Boe OGRE Cre Cee ere rae rae 1000 cc. 


Insert into the neck of a percolator of suitable size a pledget of 
purified cotton, not too tightly, but in such a manner that the 
cotton shall nearly fill the feck of the percolator, and moisten 
it with a few drops of distilled water. Place the sucrose in the 
percolator, make its surface level without shaking or jarring, 
then carefully pour upon it 450 ce. of distilled water, and regulate 
the flow of the liquid, if necessary, so that it will drop rapidly. 
Collect the percolate in a 1000-cc. graduated container, and, if 
necessary, repass portions of it through the percolator to dissolve 
all of the sucrose. Then pass enough distilled water through the 
cotton to make the product measure 1000 cc. Mix thoroughly. 


To be successful in using this process, care in several 
particulars must be exercised: 1. The percolator used 
should be cylindrical or semi-cylindrical, and cone- 
shaped as it nears the lower orifice. 2. A coarse 
granular sugar must be used, otherwise it will form into 
2, compact mass, which the liquid cannot permeate. 
38. The purified cotton must be introduced with care. 
If pressed in too tightly, it will effectually stop the 
process; if inserted too loosely, the liquid will pass too 


235 


rapidly, and will, in consequence, be weak and turbid 
(from imperfect filtration); it should be inserted com- 
pletely within the neck of the percolator, as a protruding 
end, inside the percolator, up through the sucrose, will 
permit the last portions of water to pass out at the lower 
orifice without dissolving all of the sucrose. 

The process of percolation has been applied on a com- 
mercial scale for the making of syrup for wholesale dis- 
tribution or for use at the soda 
fountain. The Hensel or Hard- 
esty Syrup Percolator, used in this 
way for making syrup in large 
quantities (Fig. 394), consists of 
an outer galvanized iron syrup 
reservoir, and an inner vessel, 
conical in shape, for the sucrose, 
fitting tightly inside the res- 
ervoir and perforated to form 
a diaphragm, the perforations 
being covered witha straining 
medium. Asmaller, galvanized 
iron, water cylin- 
der fits inside the 
vessel containing 
sucrose and is 
perforated to 
permit the water 
to mix with the 
sucrose and form 
syrup. If suffi- 
cient sucrose and 
water are kept in 
the several ves- 
sels, the action of 
the percolator is automatic, and brilliantly clear, filtered 
syrup, saturated at the prevailing temperature, collects 
in the outer vessel and may be drawn off as desired. 
A valuable improvement on this percolator is the 
elimination of the old type of spigot, which was so un- 
satisfactory, a pure gum rubber tubing, which has no 
shut-off replacing it. When not in use, the tube fits 
under a lip at the top of the percolator, thus protecting 
it from dust and insevts. 

PRESERVATION OF SYRUPS 

Syrups should not be made in larger quantities than 
can be used within a few months, except in those cases 
where special facilities can be employed for their 
preservation. A low temperature is the best method of 
preservation for syrups. Concentration without super- 
saturation is also a condition favorable to preservation. 
The addition of such substances as benzoates, boric acid, 
salicylic acid, alcohol, fluorides, calcium sulfite, ete., to 
prevent the fermentation of syrups, is not recommended, 
for if used in sufficient quantity to act as preservatives 
they communicate their own flavor to the syrup or are 
otherwise objectionable and they are usually illegal. 
The practice of restoring syrups which have been spoiled 
through fermentation by heating them and “working 
them over’ is reprehensible. The practice of good 
pharmacy demands the possession of sufficient moral 
courage to find a place for fermented syrups where they 
will do the least harm—~. e., in the sink. 

A simple and yet effettive method of preserving 
syrups, especially adapted to fruit syrups, is as follows: 
A number of bottles are provided which hold not more 
than a pint each, even when the quantity of syrup is 
large. The bottles are thoroughly cleaned and kept hot 
by immersion in boiling water until ready for use, and 
a sufficient number of good corks, which have been 
thoroughly soaked in hot, distilled water, and of the 


Fig. 394—Hardesty sugar percolator. 


236 


proper size for the bottles, should be at hand. The 
syrup should be heated to the boiling point (strained, if 
necessary, and reheated), and poured into the hot 
bottles until they are filled to the brim. The corks are 
inserted by forcibly pressing them into the necks of the 
bottles, thereby displacing a small portion of the syrup, 


and tied down with twine in the usual manner. 


Then, 


while the necks of the bottles are still hot (and before 
the syrup can contract in volume through cooling) they 
are dipped into melted paraffin contained in a suitable 


vessel. 


By this method the organisms which produce 


fermentation are destroyed by the heat, and no air, 
carrying new contamination, can find its way to the 


syrup, as the bottles 


are hermetically sealed. 


The official syrups should be preserved in well-dried 
bottles, preferably those which have been sterilized. 
These bottles should not hold more than is likely to 
be required during four to six weeks and should be com- 
pletely filled, carefully stoppered, and stored in a cool, 


dark place. ~ 


SYRUPSTORVIHESU Sa PR: 


English Title . 


Aromatic Rhubarb Syrup 


Citric Acid Syrup 


Compound Sarsaparilla 


Syrup 
Glycyrrhiza Syrup 


Hydriodie Acid Syrup 


Tpecac Syrup 

Orange Syrup 
Orange Flower Syrup 
Senna Syrup 

Syrup 

Tolu Balsam Syrup 
Wild Cherry Syrup 


Latin Title 

Syrupus Rhei Aromaticus 
Syrupus Acidi Citrici 
Syrupus Sarsaparille Com- 

positus 
Syrupus Glyeyrrhize 
Syrupus Acidi Hydriodici 
Syrupus Ipecacuanhx 
Syrupus Aurantii 
Syrupus Aurantii Florum 
Syrupus Senne 
Syrupus 
Syrupus Balsami Tolutani 
Syrupus Pruni Virginians 


SYRUPS OF THE N. F. 


Acacia Syrup 
Althea Syrup 


Aromatic Eriodictyon Syrup 


Bromides Syrup 
Cacao Syrup 
Cherry Syrup 
Cinnamon Syrup 


Compound Hypophosphites 


Syrup 
Compound Squill Syr 


Compound White Pine 


Syrup 


Compound White Pine with 


Codeine Syrup 


Ephedrine Sulfate Syrup 


Ferrous Iodide Syrup 


Ferrous Sulfate Syrup 


Ginger Syrup 
Hypophosphites Syru 


Ipecac and Opium Syrup 


Pine Tar Syrup 


Potassium Guaiacolsulfon- 


ate Syrup 
Raspberry Syrup 
Rhubarb Syrup 
Senega Syrup 
Squill Syrup 
Thyme Syrup 


Title 


Aromatic Syru 
Senna N. F. V 


Syrupus Acacie 

Syrupus Althez 

Syrupus Eriodictyi Aromati- 
cus 

Syrupus Bromidorum 

Syrupus Cacao 

Syrupus Cerasi 

Syrupus Cinnamomi 

Syrupus Hypophosphitum 
Compositus 

Syrupus Scillee Compositus 

Syrupus Pini Albse Com- 
positus 

Syrupus Pini Albze Composi- 

tus cum Codeina 

Syrupus Ephedrine Sulfatis 

Syrupus Ferri Iodidi 

Syrupus Ferri Sulfatis 

Syrupus Zingiberis 

p Syrupus Hypophosphitum 

Syrupus Ipecacuanhe et Opii 

Syrupus Picis Pini 

Syrupus Potassii Guaiacol- 
sulfonatis 

Syrupus Rubi Idzi 

Syrupus Rhei 

Syrupus Senegze 

Syrupus Scillse 

Syrupus Thymi 


up 


Unofficial Syrups 


Directions 


of Mix 50 Gm. of jalap, 17.5 Gm. of rhubarb; 


4 Gm. of cinnamon, 4 Gm. of clove, and 
2 Gm. of myristica with 1.5 cc. of oil of 
lemon, moisten with diluted alcohol, 
macerate twenty-four hours and percolate 
with diluted alcohol. Reserve the first 
550 ce. of percolate, add 125 ec. of fluid- 
extract of senna and dissolve 500 Gm. of 
sucrose in the liquid, warming gently. 
Cool and add more of the percolate to 
measure 1000 cc. A pleasant laxative. 
Dose: 8 ce. (2 fl. dr.). 


Compound Syrup of 
Asarum N, F. VII 


Compound Syrup of 
Fig N. F. V 


Compound Syrup of 
Phosphates N. F. V 
(Chemical Food) 


Compound Syrup of 
Stillingia N. F. V 


Compound Syrup of 
Thyme N. F. V 


Compound Syrup of 
Trifolium N. F. VI 


Compound Syrup of 
White Pine with 
Morphine N. F. VI 


Iodotannic Syrup 
ING EYVi 


Syrup of Ammonium 
Hypophosphite N. F. 
VII 


Syrup of Ammonium 
Mandelate (N. F. 
Bulletin, 8, 381 1940) 


Syrup of Blackberry 
Fruit (Syrupus Rubi 
Fructi) 

Syrup of Calcium and 
Sodium Hypophos- 
phites N. F. V 


Syrup of Calcium Hy- 
pophosphite N. F. V 


Syrup of Calcium Io- 
dide N. F. V 


AQUEOUS SOLUTIONS CONTAINING SWEET OR VISCID SUBSTANCES 


Mix 65 Gm. of Asarum in moderately coarse 
powder with 2 Gm. of potassium carbon- 
ate. Moisten with a menstruum of 375 
ec. of distilled water and 200 cc. of alco- 
hol. Macerate 24 hours and percolate 
slowly with remainder of menstruum, and 
more distilled water if necessary to make 
the percolate measure 500 cc. Add 3 ce. 
of fluidextract of ipecac, 20 cc. of solution 
of cochineal, and 700 Gm. of sugar. Add 
enough distilled water to make 1000 cc. 

Add 300 Gm. of cut figs to 1000 ec. of warm 
water and digest at a gentle heat for two 
hours, adding water as needed. Then 
strain with pressure. Again digest the 
residue with 500 cc. of water for one hour 
as before and express. Mix the liquids, 
evaporate to 400 cc. and dissolve 400 Gm. 
of sucrose in the warm liquid. When cold 
add a mixture of 200 cc. of fluidextract of 
senna, 100 cc. of aromatic fluidglycerite 
(or fluidextract) of cascara sagrada, 1 cc. 
of oil of fennel, and 3 cc. of spirit of 
peppermint. Finally add water to make 
1000 ce. 

Mix 16 ce. of tincture of cudbear, 500 ec. of 
compound solution of phosphates, 334 ec. 
of syrup and 150 ce. of glycerin. Dose: 
ARGOus Gitlan care) s : 

Mix 250 ec. of compound fluidextract of 
stillingia with 100 cc. of glycerin and 650 
cc. of syrup. Used as an alterative but of 
doubtful value. Dose: 4 ce. (1 fl. dr.). 

Dissolve 35 Gm. of ammonium bromide in 
50 ec. of distilled water and add enough 
syrup of thyme to make 1000 cc. Dose: 
4 cen fi: dr.). 

Mix 1 Gm. of tragacanth, in fine powder, 
with 300 cc. of compound fluidextract of 
trifolium, add 0.4 cc. of oil of sassafras, 
0.2 ec. of oil of anise, 0.2 cc. of methyl 
salicylate, and 250 cc. of distilled water; 
then add 650 Gm. of sucrose. Dissolve 
by agitation and add enough distilled 
water to make 1000 cc. Dose: 8 ce. (2 
ssl. elie.) 

Dissolve 0.4 Gm. of morphine sulfate in 10 
ec. of distilled water with heat, and mix 
with sufficient compound syrup of white 
pine to make 1000 cc. Dose: 4 cc. (1 
tl, he). 

Mix 2.7 Gm. of powdered iodine in a flask 
with 5.4 Gm. of tannic acid and 450 ce. of 
distilled water and warm on a water bath, 
at not more than 50° C., until a drop 
gives no blue color with starch T.S. Then 
add 800 Gm. of sucrose and when dis- 
solved and the syrup is cold add distilled 
water to make 1000 cc. An alterative and 
astringent. Dose: 4 ce, (1 fl. dr.). 

Dissolve 35 Gm. of ammonium hypophos- 
phite in 400 ce. of distilled water; add 1 
ce. of hypophosphorous acid, filter, dis- 
solve 250 Gm. of dextrose and add 300 cc. 
of glycerin and sufficient distilled water to 
make 1000 cc. Dose: 4 ce. (1 fl. dr.). 

Dissolve 400 Gm. of mandelic acid in 180 ce. 
of strong solution of ammonia in a beaker, 
cool, and if necessary heat on a water 
bath until neutral. Add 100 cc. of dis- 
tilled water in which 5 Gm. of soluble 
saccharin and 50 Gm. of ammoniated 
glycyrrhizin have been dissolved. Then 
add 0.5 cc. of anethol and sufficient syrup 
of althea to make 1000 cc. Dose: 8 cc. 
(sil, Cle). 

Prepare as directed for syrup of cherry. 


Dissolve 35 Gm. each of calcium and sodium 
hypophosphite in 1.5 cc. of hypophos- 
phorous acid and 450 ce. of distilled water; 
filter and dissolve 750 Gm. of 
sucrose in the filtrate. Then add 50 
ec. of glycerin and distilled water to make 
1000 ce. Dose: 4 ce. (1 fl. dr.). 

Dissolve 35 Gm. of calcium hypophosphite 
in. 1.5 ec. of hypophosphorous acid 
and 500 cc. of distilled water; filter, and 
dissolve 775 Gm. of sucrose in the filtrate. 
Then add distilled water to make 1000 ce. 
Dose: 4 ce. (1 fl. dr.). 

Add 28 Gm. of iron wire to 57 Gm. of iodine 
and 175 cc. of distilled water in a flask, 
warm gently until iodine is combined and 
solution is green. Filter the solution 
into a flask containing 19 Gm. of 
additional iodine, wash filter with 62 cc. 
of distilled water and warm gently until 
the iodine is dissolved. Heat 235 cc. of 


\ 
% 


AQUEOUS SOLUTIONS CONTAINING 


Syrup of Calcium Lac- 
tophosphate N. F, 
VII 


Syrup of Calcium Lac- 
tophosphate and 
Iron N. F. V 


Syrup of Chloral 
Bien. 


Syrup of Garlic N. F. V 
(Syrupus Allii) 


Syrup of Iron Iodide, 
Ruspini 


Syrup of Krameria, 
1 a 
Syrup of Lactucarium 


eS. Lx 


a of Manna N., F. 


Syrup of Morphine and 


Acacia N. F. IV 
(Jackson’s Pectoral 
Syrup) 


Syrup of Phosphates 
with Quinine and 
Strychnine N, I. V 


Syrup of Pineapple 
(Syrupus Bromeli) 
Syrup of Quinidine 


N. F. V (Bitterless 
Syrup of Quimnidine) 


(Tasteless Chill 
Tonic) 
Syrup of Rhamnus 


Cathartica N. F. V 
(Syrup of Buckthorn 
Berry—Syrupus Spi- 
nee Cervinz) 

Syrup of Rose N. I’. V 


Syrup of Rubus N. F. V 


Syrup of Soluble Sac- 

peed Iron N. F. 

V (Syrup of Soluble 
Oxide of Iron) 


Syrup of the Phos- 


phates of Iron, Qui- 
nine, and Strychnine 


ay ru 


distilled water to boiling and add alter- 
nately, in small portions, the ferrous 
iodide solution and 34 Gm. of precipitated 
calcium carbonate. Add distilled water 
as required to retain volume, When solu- 
tion is formed, heat to boiling, filter, and 
wash with distilled water to make 500 ce. 
Dissolve 700 Gm. of sucrose in the filtrates 
and add distilled water to make 1000 ce. 
An alterative. Dose: 2 cc. (30 min.), 

Make a paste of 25 Gm. of calcium carbon- 
ate and distilled water, add 60 cc. of lactic 
acid mixed with 100 cc. of distilled water 
gradually. Add 36 cc. of phosphoric acid 
diluted with 50 cc. of distilled water and 
dissolve magma. Add 50 cc, of orange 
flower water and 100 ce. of distilled water 
and filter. Dissolve 250 Gm. of dextrose 
by agitation, add 300 cc. of glycerin and 
enough distilled water to make 1000 cc. 
Dose: 10 ce, (2% fi. dr.). 

Dissolve 8.5 Gm. each of ferrous lactate and 
potassium citrate in 62.5 ec. of water, 
warming gently, cool and add sufficient 
syrup of calcium lactophosphate to make 
1000 cc. Dose: 4 ce. (1 fl. dr.). 

Dissolve 20 Gm. of chloral hydrate in 20 ce. 
of distilled water and add enough syrup to 
make 100 ce. Dose: 4 cc. (1 fl. dr.). 

Macerate 200 Gm. of sliced and bruised gar- 
lic in 800 cc. of diluted acetic acid for four 
days and express. Mix residue with 200 
ec. additional acid and express. Filter 
expressed liquids, add 800 Gm. of sucrose, 
dissolve, adding diluted acetic acid to 
make 1000 cc. A stimulating expecto- 
rant. Dose: 4 cc. (1 fl. dr.). 

Dissolve 2 Gm. of iron and potassium tar- 
trate and 2 Gm. of potassium iodide in 16 
ec. of orange flower water and 100 cc. of 
syrup. Dose: 4 ce. (1 fl. dr.). 

Mix 450 ec. of fluidextract of krameria with 
syrup to make 1000 cc. An intestinal 
astringent. Dose: 4 cc. (1 fl. dr.). 

Mix 10 ce. of tincture of lactucaruim with 
20 ce. of glycerin, add 5 cc. of orange 
flower water in which 0.1 Gm, of citric 
acid has been dissolved, filter and add 
enough syrup to make the product meas- 
ure 100 cc. Dose: 10 cc. (2% fi. dr.). 

Dissolve 125 Gm. of manna in 400 ce. of 
hot water, add 65 ec. of alcohol, set aside 
for twelve hours and filter. Add 775 Gm. 
of sucrose in the filtrate, with gentle heat, 
cool, and add water through the filter to 
make 1000 cc. A feeble laxative usually 
combined with senna or rhubarb. Dose: 
8 cc. (2 fl. dr.). 

Dissolve 0.055 Gm. of morphine hydro- 
chloride in about 6 cc. of syrup, add 0.05 
ee. of oil of sassafras and enough syrup of 
acacia to make 100 cc. Dose: 4 ce. 
(aN cal, vole) 

Dissolve 4.4 Gm. of quinine hydrochloride 
and 0.14 Gm. of strychnine nitrate in 150 
cc. of glycerin, gently heating; then add 
500 ce. of compound solution of phos- 
phates and syrup to make 1000 ce. 

Prepare as directed for syrup of cherry. 


Add 0.2 ce. of oil of orange and 33 Gm, of 
quinidine to 750 ce. of syrup and shake 
the mixture thoroughly, Then add syrup 
to make 1000 cc. Shake it well before 


ale wy et An antiperiodic, Dose: 4 
(ile dr: 
Raa ‘0.2 ce, of oil of fennel and 0.2 ce. of oil 


of cinnamon to 200 cc. of fluidextract of 
rhamnus cathartica and add syrup to 
make 1000 cc. A cathartic frequently 
used for dogs. Dose: 8 ce. (2 fl. dr.). 

Add 125 ce. of fluidextract of rose and 10 cc. 
of diluted sulfuric acid to 300 cc. of water, 
let stand for two hours, filter and add 
water to make 520 ce. Dissolve 750 Gm. 
of sucrose in the filtrate and add water to 
make 1000 cc. A mild astringent and 
flavor. 

Mix 250 cc. of fluidextract of Rubus (black 
berry root bark) with enough syrup to 
make 1000 cc. An astringent. Used in 
diarrhea. Dose: 4 cc. (1 fl. dr.). ; 

Dissolve 415 Gm. of saccharated ferric oxide 
in 400 ce. of water on a water bath, add 
320 ce. of syrup and water to make 1000 
ec. A chalybeate tonic. Dose: 4 ce. (1 
fdr), 

ace 20 Gm. of soluble ferric phosphate 
in 50 cc. of water, with heat, then add 50 
ee. of phosphoric acid, 26 Gm. of quinine, 


N. F. V (Easton’s 
Syrup) 
Syrup of Strawberry 


(Syrupus Fragariz) 


SWEET OR VISCID SUBSTANCES 
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0.2 Gm. of strychnine and stir until dis- 
solved. Filter the solution into 100 cc. of 
glycerin and add syrup to make 1000 ce. 
z chalybeate tonic. Dose: 4 ce. (1 fl. 
(obi): 


Prepare as directed for syrup of cherry. 


Honeys 


Honeys are thick liquid preparations closely allied to 
the syrups, differing merely in the use of honey, instead 


of syrup as a base. 


They are an unimportant class of 


preparations today but at one time, before sugar was 
available and honey was the most common sweetening 


agent, they were largely used. Under the title Oxymel, 
meaning ‘‘acid honey,” closely related preparations con- 
taining honey and acetic acid are recognized by the 
British Pharmacopceia. 


HONEY OF THE N. F. 


English Title 
Honey 


Title 


Honey of Rose 
UE She De 


Honey of Rose and 
Sodium Borate N. F. 
VII (Honey of Rose 
and Borax) 


Latin Title 
Mel 


Unofficial Honeys 
Directions 


Mix 120 ec. of fluidextract of rose with suf- 
ficient honey to make 1000 Gm. Used as 
a mildly astringent adjuvant in gargles. 
Dose: 4 ce. (1 fl. dr.). 

Mix 10 Gm. of sodium borate, in fine pow- 
der, with 5 Gm. of glycerin, 10 cc. of 
fluidextract of rose, and sufficient honey 
to make 100 Gm. Used in stomatitis. 


Honey of Sodium Bor- Mix 10 Gm. of sodium borate with 5 Gm. of 


ate N. F. V (Borax glycerin, add 85 Gm. of honey and stir 
and Honey) until it forms a solution. 

Oxymel of Squill B. P. Macerate 50 Gm. of bruised squill with 90 
1932 ec. of acetic acid and 250 cc. of distilled 


water for 7 days. Strain, heat to boiling, 
filter, and for each 3 volumes of filtrate 
add 7 volumes of honey. Dose: 2 to 4 
ec.(4% tol fl. dr.). 


Mucilages 


The official mucilages are thick, viscid, adhesive liq- 
uids, produced by dispersing gum in water, or by ex- 
tracting with water the mucilaginous principles from 
vegetable substances. The mucilages are all prone to 
decomposition, and should never be made in larger 
quantities than can be used immediately, unless a pre- 
servative is added. 

They are used primarily to aid in suspending insol- 
uble substances in liquids, their colloidal character and 
viscosity helping to prevent immediate sedimentation. 
Examples are sulfur in lotions, resins in mixtures, and 
oils in emulsions. Acacia and tragacanth are precipi- 
tated from solution by concentrations of alcohol greater 
than 20 per cent. 

Several synthetic mucilages made from polyvinyl 
alcohols, methyl cellulose, and related substances, are used 
as physical laxatives in the treatment of constipation. 
These substances produce hydrophyllic colloids which 
are nonantigenic and non-toxic when given orally, and 
which are not absorbed in the intestine or degenerated 
by intestinal enzymes. According to an editorial in the 
Journal of the American Medical Association 127, 992 
(1945), they are preferable to liquid petrolatum, since 
they do not absorb the fat-soluble vitamins. 


MUCILAGES OF THE U. S. P. 


English Title 
Acacia Mucilage 
Tragacanth Mucilage 


Latin Title 
Mucilago Acacise 
Mucilago Tragacanthe 


MUCILAGE OF THE N. F. 


Chondrus Mucilage Mucilago Chondri 
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Unofficial Mucilages 
Directions 
Digest 6 Gm. of bruised elm in 100 cc. of 
water for 1 hour and strain. Must be 
freshly prepared. Dose: 16 ce. (4 fl. dr.). 
Macerage 2 Gm. of Quince in 100 cc. of 
water for one-half hour. Strain. 


Title 
Mucilage of Elm 
U.S. P. VIII (Muci- 
lago Ulmi) 
Mucilage of Quince 
U. S. P. 1880 (Muci- 
lago Cydonii) 


Mucilage of Boil 0.5 Gm, of starch in 100 cc. of water 


and cool. 


Gels (Jellies) 


Gels are somewhat similar to mucilages, in that they 
are usually prepared from gums similar to those used 
for mucilages, but they differ from the latter in having 
a jelly-like consistency. A whole gum of the best qual- 
ity rather than a powdered gum is desirable in order to 
obtain a clear preparation of uniform consistency. 


Starch 


AQUEOUS SOLUTIONS CONTAINING SWEET OR VISCID SUBSTANCES 


The aluminum hydroxide gel mentioned below is not 
prepared from a gum. Although it is popularly known 
as a Gel, it should be classified with the Magmas (page 
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GELSTOP HEU sab. 


Latin Title 


Gelatum Alumini Hydroxidi 
Gelatum Alumini Hydroxidi 


English Title 
Aluminum Hydroxide Gel 
Aluminum Hydroxide Gel, 

Dried Siccum 
Aluminum Phosphate Gel Gelatum Alumini Phosphatis 


JELLIES SOR EeNealas 


Ephedrine Sulfate Jelly Gelatum Ephedrine Sulfatis 
Methylrosaniline Chloride Gelatum Methylrosaniline 
Jelly Chloridi 


CHAPTER XXXVI 


AQUEOUS PREPARATIONS CONTAINING SUSPENDED SUBSTANCES 


Mixtures 


THE OFFICIAL MIXTURES are aqueous liquid prepara- 
tions which contain suspended insoluble solid substances 
and are intended for internal use. The main object in 
introducing this class was to secure uniformity in the 
formulas of certain well-known and largely used prepa- 
rations. Frequently the term mixture, is applied 
loosely to aqueous preparations of every description. 

The insoluble material in mixtures must be in a very 
finely divided state and it must be uniformly distrib- 
uted throughout the preparation. This is accom- 
plished by the use of colloid mills, special methods of 
precipitation, and suspending agents. There are three 
main reasons for exercising care in the preparation of 
mixtures: (1) The more nearly the colloidal state is 
approached by protectives, such as kaolin, magnesium 
hydroxide, and magnesium phosphate, the more active 
they become as adsorbents and protectives when in con- 
tact with inflamed surfaces. (2) Finely divided par- 
ticles are suspended more readily and settle out much 
more slowly than large particles, thus enabling the 
patient to obtain wniform doses of suspended substances. 
Homogeneous mixtures are especially desirable when 
administering medication to form an evenly distributed, 
soothing, demulcent coating on the: gastrointestinal 
tract. (3) The palatability of many preparations is 
enhanced by the use of colloidal suspending agents, such 
as bentonite. 

For further discussions see the chapters on ‘‘Colloids 
and Dialysis’ and ‘Emulsification’” and the mono- 
graphs Bentonite (page 356) and Sodiwm Alginate (page 
756). Methyl Cellulose (page 757) is another useful 
suspending agent. 

Mixtures containing suspended material should have 
a “Shake Well” label affixed to the container in which 
they are dispensed. 


MIXTURE OF THE U. S. P. 


Latin Title 
Mistura Crete 


English Title 
Chalk Mixture 


; MIXTURES OF THE N. F. 


Mistura Carminativa 

Mistura Opii et Glycyrrhize 
Composita 

Mistura Copaib 

Mistura Pectoralis 

Mistura Rhei et Sods 


Carminative Mixture 
Compound Opium and Gly- 
eyrrhiza Mixture 
Copaiba Mixture 
Expectorant Mixture 
Rhubarb and Soda Mixture 


Unofficial Mixtures 


Directions 

Mix 1.75 cc. of nitric acid and 1.2 ce. of tinc- 
ture of opium in enough camphor water 
to make 100 cc. Dose: 8 cc. (2 fl. dr.). 

Dissolve 3.5 Gm. of sucrose in a mixture of 
25 ec. of compound tincture of lavender 
and 50 cc. of camphor water, and add 
enough camphor water to make 100 cc. 
Dose: 8 ce. (2 fl. dr.). 

Dissolve 42 Gm. of lead acetate in 500 ce. of 
diluted acetic acid and filter. Dissolve 65 
Gm. of copper sulfate and 65 Gm, of zine 
sulfate in 240 ec. of diluted acetic acid, 
add 150 cc. of water and filter. Pour the 
lead solution slowly into the other solu- 
tion with constant stirring and add water 
to make 1000 cc. Shake before dispens- 
ing. An astringent for external use. 


Title 

Acid Camphor Mixture 
N. F. IV (Hope’s 
Mixture) 

Aromatic Camphor 
Mixture N, F. IV 
(Parrish’s paraehor 
Mixture) 


Astringent Mixture 
inh ibe A 
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Rub 1.8 Gm. of myrrh, 1.8 Gm. of sucrose 
and 0.8 Gm, of potassium carbonate with 
70 cc. of rose water, added very slowly at 
first, until uniform. Then add 6 ce. of 
spirit of lavender and 0.6 Gm. of ferrous 
sulfate dissolved in 5 cc. of rose water, 
and enough rose water to make 100 cc. 
Dose: 15 cc. (4 fl. dr.) 

Dissolve 2 ce. of oil of peppermint in 400 ec. 


Compound Iron Mix- 
ture N. F. IV (Grif- 
fith’s Mixture) 


Compound Mixture of 


Chloroform and of alcohol, add 125 ce. of chloroform, 32.5 
Morphine N. F. V ee, of ether, 18.5 ce. of fluidextract of 
(Chloroform Ano- cannabis and 25 ce, of tincture of capsi- 
dyne) cum and mix well. Then add 2.5 Gm. of 


morphine sulfate, previously dissolved in 
125 cc. of glycerin and 65 cc. of water, to 
this solution and sufficient alcohol to 
make 1000 cc. It should be clear. An 
anodyne, useful in severe diarrhea and 
cholera morbus. It can be sold only ona 
physician’s prescription. Dose: 2 cc. 
(830 min.). One dose contains about 
0.005 Gm, (1/13 gr.) of morphine sulfate. 

Mix 200 ce. of tincture of opium, 200 cc. of 
spirit of camphor, 100 ce. of tincture of 
capsicum, 80 cc. of chloroform and suf- 
ficient alcohol to make 1000 ce. Used in 
severe diarrhea. Dose: 2 ec. (30 min.). 
Bach dose contains about 0.4 cc. or 6 
minims of Opium Tincture. It cannot be 
legally dispensed except on a physician’s 
prescription. 

Mix 100 ce. of tincture of capsicum, 100 cc. 
of tincture of rhubarb, 200 cc. of tincture 
of opium, 200 ce. of spirit of camphor, 200 
ec. of spirit of peppermint, and suffi- 
cient alcohol to make 1000 cc. Used in 
severe diarrhea. Dose: 2 cc. (80 min.). 
Each dose contains about 0.4 cc. or 6 
minims of Opium Tincture. It cannot 
be legally dispensed except on a physi- 
cian’s prescription. Its name is derived 
from the publication of the formula many 
years ago in The New York Sun. 

Mix 250 ec. of copaiba with 65 Gm. of 
powdered acacia, in a dry mortar, add 130 
ec. of water and triturate until an emul- 
sion forms. Gradually add 200 ce. of 
water, 32 cc. of tincture of opium, 65 cc. 
of compound tincture of lavender, and 
250 cc. of spirit of ethyl nitrite. Mix well 
and add sufficient water to make 1000 ec. 
Shake well before dispensing. Used in 
gonorrhea. Dose: 4 cc. (1 fl. dr.). One 
dose contains about 0.125 cc. or 2 minims 
of Opium Tincture. 

Rub 50 Gm. of magnesium carbonate and 
100 Gm. of sucrose in a mortar with 75 cc. 
of tincture of asafetida and 10 ce. of tinc- 
ture of opium. Then add water to make 
1000 ce. A mild anodyne and carmina- 
tive. Dose: 8 ce. (2 fl. dr.). Each dose 
contains about 0.08 ec. or 11/s minims of 
Opium Tincture. 

Mix 3.5 ce. of tincture of opium with 0.1 cc. 
of oil of sassafras and 5 ce. of alcohol. 
Dissolve 0.8 Gm. of potassium carbonate 
in 50 ec. of water, add 32.5 ce. of syrup, 
the alcoholic solution just prepared and 
enough water to make 100 ece., and filter. 
Dose: 0.3 ec. (5 min.). 

Dissolve 4 ce. each of oil of lavender, 
eugenol, oil of cinnamon, oil of thyme, oil 
of lemon, and oil of myristica and 16 ec. 
of balsam of Peru in 900 cc. of alcohol. 
Filter and add alcohol through the filter 
to make 1000 ce. History: This prepara- 
tion was originated as a secret nostrum by 
the celebrated Dr. Friedrich Hoffmann, 
in the early part of the eighteenth century, 
under the name Balsamum Vite Hof- 
mannii. 


Compound Mixture of 
Opium and Chloro- 
foypent IN, aR, AY 
(Squibb’s Diarrhea 
Mixture) 


Compound Mixture of 
Opium and Rhubarb 
N. Ff. V (Sun Cholera 
Mixture) 


Mixture of Copaiba 
and Opium N. F. V 
(Chapman’s Mix- 
ture) 


Mixture of Magnesia, 
Asafetida, and Op- 
ium N. F. V (De- 
wees’ Carminative) 


Mixture of Opium and 
Sassafras N. F. IV 
(Godfrey’s Cordial) 


Oleo-Balsamic Mixture 
N. F. V (Hoffmann’s 
Balsam) 


Magmas 


Magmas are aqueous liquid preparations containing 
sufficient suspended insoluble substances, usually in- 
organic, to make the product quite viscous, differing 
from mixtures in this respect. In many of the Magmas 
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the insoluble substance is freshly precipitated in such 
a manner that there is very slight sedimentation of the 
material upon standing. This characteristic of Mag- 
mas is sometimes enhanced by passing the product 
through a colloid mill. Magmas are usually used for 
oral administration, although Bentonite Magma is pri- 
marily used as an extemporaneous suspending agent for 
insoluble substances either for local application or for 
internal use. Through popular error the Aluminum 
Hydroxide and Aluminum Phosphate suspensions of the 
U.S. Pharmacopoeia are termed Gels, but they are 
more correctly classified as Magmas. 


MAGMAS OF THE U. S. P. 

English Title Latin Title 
Aluminum Hydroxide Gel Gelatum Alumini Hydroxidi 
Aluminum Hydroxide Gel, Gelatum Alumini Hydroxidi 

Dried Siccum 
Aluminum Phosphate Gel Gelatum Alumini Phosphatis 
Bentonite Magma. Magma Bentoniti 
Magnesia Magma™~ Magma Magnesix 


MAGMAS OF THE N. F. 


Bismuth Magma Magma Bismuthi 


Unofficial Magmas 
Directions 


Mix 40 ee. of solution of ferric sulfate with 
125 ec. of distilled water and keep in a 
large well-stoppered bottle. Rub 10 Gm. 
of magnesium oxide with cold distilled 
water to form a thin paste and then add 
sufficient distilled water to make 750 cc. 
Place in a 1000-ce. bottle well stoppered. 
When needed shake the magnesium oxide 
mixture well and add to the iron solution. 
Dose: 4 fl. 02. 


Title 


Magma of Ferric Hy- 
droxide U. S. P. XI 
(Arsenic Antidote) 


Lotions 


Lotions are primarily aqueous preparations, usually 
containing insoluble, suspended matter, and are in- 
tended for local application, being employed largely in 
dermatological practice. To obtain greater covering 
qualities and to prevent undue irritation, the insoluble 
matter should be very finely divided and accordingly 
particular care must be exercised in the preparation of 
all lotions. Particles approaching colloidal dimensions 
are more soothing to inflamed areas and are more effec- 
tive in contact with infected surfaces. 

Dermatologists frequently prescribe lotions contain- 
ing anesthetics, antiseptics, astringents, germicides, 
protectives, or screening agents, to be used in treating 
or preventing various types of skin diseases and derma- 


MAGMAS—LOTIONS 


tites. The uses of the various official lotions are dis- 
cussed in the individual monographs. 
_ Modern formulas for lotions contain quince seed 
mucilage, pectin paste, bentonite magma, sodium algi- 
nate, and similar suspending and thickening agents. 
Cosmetic type emulsions are often desirable as the base 
for lotions. These are prepared with stearates, trieth- 
anolamine, cetyl alcohol, oleyl alcohol, and other sur- 
face-active agents (page 583) and they are preserved 
with agents such as the parahydroxybenzoate esters 
(page 581). Examples of typical formulas are given in 
the chapter on ‘‘Cosmetics Formulas”’ (page 1369). 
When lotions containing suspended material are dis- 
pensed they should be labeled “Shake Well” and all 
lotions should be labeled “For External Use Only.” 
The Saponated Benzyl Benzoate, U.S. P. listed below 
requires that water be added before use. 


LOTIONS OF THE U. S. P. 
English Title Latin Title 


Benzyl Benzoate Lotion Lotio Benzylis Benzoatis 
Benzyl Benzoate, Saponated Benzylis Benzoas Saponatus 
Calamine Lotion Lotio Calaminze 


LOTIONS OF THE N. F. 


Lotio Nigra 

Lotio Plumbi et Opi 

Lotio Neocalamine 

Lotio Calamine Phenolata 

Lotio Neocalamins Pheno- 
lata 

Lotio Alba 

Lotio Flava 


Black Lotion 

Lead and Opium Lotion 

Neocalamine Lotion 

Phenolated Calamine Lotion 

Phenolated Neocalamine 
Lotion 

White Lotion 

Yellow Lotion 


Unofficial Lotions 


Title 
Ammoniated Camphor 
Wash N. F. V (Aqua 
Sedativa — Sedative 
Water—Eau _  Seda- 
tive de Raspail) 


Larkspur Lotion N. F. 
VII (otio.” ~ Del= 
phinii) (Tinectura 
Delphinii Acetica) 


Directions 


Dissolve 60 Gm. of sodium chloride in 900 
ec. of water, add 10 ce. of spirit of cam- 
phor, then 60 ce. of ammonia water and 
sufficient water to make 1000 ce. Shake 
the lotion before dispensing. Used as a 
rubefacient. 

Boil 100 Gm. of ground delphinium with 800 
ec. of water to which 50 cc. acetic acid and 
50 cc. of glycerin have been added, for 10 
minutes in a covered vessel. Set aside 
till cold, then add 100 cc. of alcohol and 
allow to macerate over night. Then 
filter and add sufficient water through the 
filter to make the product measure 1000 


ce. 

Dissolve 23 Gm. of zine sulfate and 30 Gm. 
of lead acetate, each, in 475 cc. of water, 
and filter the two solutions. Pour the 
lead solution into the zine with constant 
stirring and add water to make 1000 cc. 
Shake the lotion before dispensing. A 
sedative for local application. 


Veterinary White Lo- 
tion N. F. V 


i 


CHAPTER XXXVII 


NON-AQUEOUS SOLUTIONS 


ALCOHOLIC SOLUTIONS 
Spirits 

Spirits, popularly known as essences, are alcoholic 
or hydroalcoholic solutions of volatile substances. 
Like the aromatic waters, the active ingredient may be 
solid, liquid, or gaseous. Many of the spirits are used 
internally for their medicinal value, several are used 
medicinally by inhalation, while a large number are 
used as flavoring agents, the alcoholic solution of the 
volatile substance providing a convenient aiud- ready 
means of obtaining the oil in the proper amount. 

Incompatibilities—Spirits are, for the most part, 
preparations of high alcoholic strength and do not lend 
themselves well to dilution with aqueous solutions or 
liquids of low alcoholic content. The addition of such 
a solution invariably causes a separation of some of the 
material dissolved in the spirit. Salts may be precipi- 
tated from their aqueous solutions by the addition of 
spirits due to their lesser solubility in alcoholic liquids. 

Some spirits show incompatibilities peculiar to the 
ingredients which they contain; these are indicated 
under the respective products. 

Preparation—There are four methods represented in 
the preparation of this official group: Simple Solution, 
Solution with Maceration, Chemical Reaction, and Dis- 
tillation. 

1. Simple Solution—The official preparations of this 
class are merely solutions of volatile oils in alcohol of 
appropriate strength. This is the method by which the 
majority of spirits are prepared. No special skill is re- 
quired but a great deal of conscientious care must be 


used in the selection of the volatile oils, that they be of 


superior quality, and in proper condition. Filtration is 
sometimes necessary to obtain a product of the desir- 
able brilliancy. 

Any spirit of a volatile oil, for which no formula is 
provided, may be prepared by the following general 
formula; which was formerly official in the N. F. VII: 


Spirits of Volatile Oils 


Metric 
O5ICc: 


Alternative 
2 fl. oz. 38 min, 


1000 cc. 2 pints 


Dissolve the volatile oil in the alcohol. 
Storage—Preserve Spirits of Volatile Oils in tight containers, 
protected from light. 


Alcoholic solutions of volatile principles as employed 
in pharmacy may be regarded as a development of the 
perfume industry. It was discovered that alcoholic 
solutions of volatile oils possessed more delicate and 
fragrant odors than the pure oil itself, and as more 
aromatic principles were discovered in natural products 
or synthesized, experimentation resulted in the produc- 
pp of innumerable blends to satisfy every individual 

esire. 

2. Solution with Maceration—This method is em- 
ployed when it is desirable to introduce the coloring 
matter of the drug into the preparation. This has been 


done in order to bestow individuality, and in deference 


to popular demand for colored preparations. 


3. Chemical Reaction—Several spirits embody 
chemical reactions in their preparation. These are ex- 
plained more fully under the individual monographs. 
See, for example, Ethyl Nitrite Spirit (page 610). 

4. Distillation—This method is the oldest and in 
many respects the best in use. When the desirable 
volatile principles which are present in the finished 
preparation can be vaporized at the temperature of 
boiling alcohol or diluted alcohol, distillation is pre- 
ferred. However only two official spirits are made by 
distillation: Brandy and Whisky. 


SPIRITSTORSVIE SUS. 


English Title Latin Title 
Aromatic Ammonia Spirit Spiritus Ammoniz Aromati- 
cus 
Spiritus Cinnamomi 
Spiritus Aurantii Composi- 
tus 
Spiritus Lavandule 
Spiritus Menthe Piperite 
Spiritus Menthe Viridis 


Cinnamon Spirit 
Compound Orange Spirit 


Lavender Spirit 
Peppermint Spirit 
Spearmint Spirit 


SPIRITS OF THE N. F. 


Anisated Ammonia Spirit 
Anise Spirit 
Benzaldehyde Spirit 
Brandy 
Camphor Spirit 
Chloroform Spirit 
Compound Cardamom 
Spirit 
Compound Ether Spirit 
Compound Myrcia Spirit 
Compound Vanillin Spirit 


Spiritus Ammoniz Anisatus 

Spiritus Anisi 

Spiritus Benzaldehydi 

Spiritus Vini Vitis 

Spiritus Camphorse 

Spiritus Chloroformi 

Spiritus Cardamomi Com- 
positus 

Spiritus A’theris Compositus 

Spiritus Myrcise Compositus 

Spiritus Vanillini Composi- 
tus 

Spiritus Aitheris ; 

Spiritus Aithylis Nitritis 

Spiritus Acidi Formici 

Spiritus Glycerylis Trinit- 
ratis 

Spiritus Odoratus 

Spiritus Frumenti 


Ether Spirit 

Ethyl Nitrite Spirit 
Formic Acid Spirit 
Glyceryl Trinitrate Spirit 


Perfumed Spirit 
Whiskey 


Unofficial Spirits 
Directions 


Macerate 12.5 Gm. of horseradish root- 
scraped, 12.5 Gm. of dried bitter orange 
peel and 0.3 Gm. of nutmeg with 62.5 ce. 
alcohol and 75 cc. of distilled water for one 
hour, and distil 100 ce. Dose: 8 ce. 

Dissolve 0.8 cc. of oil of juniper, 0.1 ce. of 
oil of caraway, and 0.1 cc. of oil of fennel 
in 140 ce. of alcohol and add enough water 
tomake 200 cc. Dose: 10 cc. (2/2 fl. dr.). 

Macerate 7.5 Gm. of asafetida in 75 cc. of 
aleohol for twenty-four hours and then 
distil off the alcohol. Mix the distillate 
with 10 cc. of strong solution of ammonia 
(32.5 per cent) and enough alcohol to 
make 100 cc. Dose: 2 cc. (80 min.), 

Spirit of Ammonia Heat 50 cc. of stronger ammonia water, 

Stet 1a WL not above 60° C., in a flask, connected by 
means of a glass condenser, with a well- 

cooled receiver containing 100 ec. of alco- 
hol, the delivery tube reaching nearly to 
the bottom of the condenser. When all 
the ammonia has been distilled, adjust 
the volume of the spirit to contain 10 per 
cent by weight of ammonia gas. Dose: 


Title 
Compound Spirit of 
Horseradish B. P. C. 
(Spiritus Armoracise 
Compositus) 


Compound Spirit of 
Juniper U.S. P. IX 


Fetid Suge of Am- 
monia BOs 


ce. 

Dissolve 10 ce. of oil of bitter almond in 800 
cc. of alcohol and add enough water to 
make 1000 cc. 

Mix 5 cc. of oil of lemon with 90 cc. of alco- 
hol, add 5 Gm. of freshly grated lemon 
peel and macerate for 24 hours. Filter 
and add enough alcohol to make 100 ce, 


Spirit of Bitter Almond 
N. F. VI (Spiritus 
Amygdale Amarz) 

Spirit of Lemon U.S. P. 
1890 
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Unofficial Spirits—Continued 
Spirit of Mustard N. F. Mix 2 cc. of volatile oil of mustard with suf- 
V (Spiritus Sinapis) ficient alcohol to make 100 cc. 
Spirit of Rosemary Mix 10 ce. of oil of rosemary with enough 
TPAC. alcohol to make 100 cc. 


Elixirs 

Elixirs are aromatic, sweetened solutions, usually con- 
taining alcohol. They represent either solutions of 
medicinal substances (the medicated elixirs) or basic 
liquids used as flavors and vehicles in prescriptions. 
The alcohol content’ varies greatly, from those contain- 
ing only a trace through the addition of a flavoring 
spirit, to those which contain a considerable proportion 
as a necessary aid to solubility. Elixirs should always 
be brilliantly clear, filtration through purified talc, or 
preferably through purified siliceous earth, being re- 
sorted to, if necessary. The utmost care should be 
taken in the selection of the flavoring ingredients, espe- 
cially volatile oils, and only those which are of excellent 
quality and entirely free from evidences of deterioration 
should be employed. 

Incompatibilities—Addition of aqueous solutions to 
elixirs usually causes a partial precipitation of ingredi- 
ents from the elixir due to their lesser solubility in the 
liquid of reduced alcohol content. At the same time 
there may be a separation of some of the ingredients 
from the aqueous solution caused by their insolubility 
in alcohol. Usually, however, the alcoholic content 
of the mixture is not sufficiently high to cause this 
separation. As vehicles for tinctures and fluidextracts, 
the elixirs generally cause a separation of extractive 
matter from these products due to a reduction of the 
alcohol content. Problems of this type are discussed 
in the chapter on “Incompatibility” (page 1169). The 
alcohol content of vehicles may be properly adjusted 
by the use of Iso-Alcoholic Elixir (page 964). 

Incompatibilities peculiar to specific elixirs are dis- 
cussed under the respective products. Thus certain 
elixirs are acid in reaction and behave accordingly 
while many others are alkaline. 


BEEXIRS Ors THE US SaPs 


English Title Latin. Title 


Aromatic Elixir Elixir Aromaticum 
Phenobarbital Elixir Elixir Phenobarbitali 


ELIXIRS OF THE N. F. 


Alkaline Rhubarb Elixir Elixir Rhei Alkalinum 
Aminoacetice Acid Elixir Elixir Acidi Aminoacetici 
Aminopyrine Elixir Elixir Aminopyrine 


SPIRITS—ELIXIRS 


Glycerinated Gentian Elixir 


Glycyrrhiza Elixir 

Tron, Quinine, and Strych- 
nine Elixir 

Tron, Quine, and Strychnine 
Phosphates Elixir 

Tso-Alcoholice Elixir 

Pentobarbital Elixir 

Pepsin and Rennin Elixir 

Pepsin Elixir 

Potassium Bromide Elixir 

Red Aromatic Elixir 

Sodium Bromide Elixir 

Sodium Salicylate Elixir 

Sodium Thiocyanate Elixir 

Terpin Hydrate and Codeine 

Elixir 

Terpin Hydrate Elixir 

Three Bromides Elixir 

Viburnum Prunifolium EI- 


Elixir Gentian Glycerin- 
atum 

Elixir Glyeyrrhize 

Elixir Ferri, Quinine, et 
Strychninse 

Elixir Ferri, Quinine, et 
Strychnine Phosphatum 

Elixir Iso-Aleoholicum 


Elixir Pentobarbitali 


Elixir Pepsini et Rennini 
Elixir Pepsini 
Elixir Potassii Bromidi 
Elixir Aromaticum Rubrum 
Elixir Sodii Bromidi 
Elixir Sodii Salicylatis 
Elixir Sodii Thiocyanatis 
Elixir Terpini Hydratis et 
Codein:e 
Elixir Terpini Hydratis 
Elixir Bromidorum Trium 
Elixir Viburni Prunifolii 


Ammonium Bromide Elixir 

Ammonium Valerate Elixir 

Barbital Elixir 

Bitter Orange Elixir 

Buchu, Juniper, and Potas- 
sium Acetate Elixir 

Calcium and Sodium Gly- 
cerophosphates Elixir 

Cascara Sagrada Elixir 

Cataria and Fennel Elixir 

Cinchona Alkaloids Elixir 


Compound Benzaldehyde 
Elixir 

Compound Cardamom El- 
ixir 

Compound Glycerophos- 
phates Elixir 

Compound Pepsin Elixir 

Compound Serenoa and 
Sandalwood Elixir 

‘Compound Sodium Salicyl- 
ate and Gelsemium Elixir 

Compound Taraxacum Elixir 

Compound Vanillin Elixir 

Five Bromides Elixir 

Gentian Elixir 


Elixir Ammonii Bromidi 

Elixir Ammonii Valeratis 

Elixir Barbitali 

Elixir Aurantii Amari 

Elixir Buchu, Juniperi, et 
Potassii Acetatis 

Elixir Calcii et Sodii Glycero- 
phosphatum 

Elixir Cascarze Sagradze 

Elixir Catarize et Foeniculi 

Elixir Cinchonze Alkaloid- 


orum 
Elixir Benzaldehydi Com- 
positum 
Elixir Cardamomi Composi- 


tum 
Elixir Glycerophosphatum 
Compositum 
Elixir Pepsini Compositum 
Elixir Serenoz et Santali 
Compositum 
Elixir Sodii Salicylatis et 
Gelsemii Compositum 
Elixir Taraxaci Compositum 
Elixir Vanillini Compositum 
Elixir Bromidorum Quinque 
Elixir Gentian 


ixir 


Title 
Aqueous Elixir 
INGE VL 


Aqueous Elixir of Gly- 
cyrrhiza N. F. V 
(Aqueous Elixir of 
Licorice) 


Aromatic Elixir of 
Eriodictyon N. F. V 
(Aromatic Elixir of 
Yerba Santa; Elixir 
Corrigens) 


Compound Cathartic 
Elixir N. F. V 


Compound Elixir of 
Aletris N. F. V 


Compound Elixir of Al- 
mond N. F. VI 


Compound Hlixir of 
Buchu N. F. VII 


Compound Elixir of 
Cascara Sagrada 


IND BLaVE 


Compound Elixir of 
Chloral and Potas- 
sium Bromide N. F. 
VI (Elixir of Bromide 
and Chloral) 


Compound Elixir of 
Corydalis N. F. V 


Unofficial Elixirs 
Directions 


Dissolve 1 Gm. of vanillin in 200 ce. of 
orange flower water and add a mixture 
of 0.3 ec. of oil of bitter almond, 0.2 ce. 
of oil of fennel, 0.6 cc. of chloroform, and 
50 ce. of glycerin; then add 400 ce. of 
syrup and enough distilled water to make 
1000 cc. Filter through talc. 

Mix 150 ec. of fluidextract of glycyrrhiza, 5 
ec. of compound spirit of orange, 200 ce. 
of orange flower water, 150 cc. each of 
glycerin and syrup, and distilled water to 
make 1000 ec. A flavored vehicle of 
about 3 per cent alcoholic strength. 

Triturate 60 cc. of fluidextract of eriodictyon 
with 30 Gm. of pumice and 10 Gm. of 
magnesium carbonate, gradually add 440 
ec. of compound elixir of taraxacum and 
then 500 ce. of syrup. Shake the mixture 
frequently during 2 hours, allow to stand 
12 hours and filter. Dose: 4. ee (1 fl. dr.). 
A flavored vehicle especially suited for 
bitter drugs such as quinine. 

Mix 600 cc. of aromatic elixir with the 4.5 
ce. of solution of potassium hydroxide; 
then add 125 ce. of fluidextract of fran- 
gula; 100 cc. of fluidextract of senna, 62 
ee. of fluidextract of rhubarb, and 14 ec. 
of spirit of peppermint and_ sufficient 
aromatic elixir to make 1000 ec. Allow 
to stand and filter. Dose: Aperient, 
4 ce. (1 fl. dr.); cathartic, 12 ec. (3 fl. dr.) 

Dissolve 10 ce. of compound spirit of orange 
in 125 ee. of alcohol, add 65.5 ce. of each 
of the fluidextracts of aletris, mitchella, 
helonias, and caulophyllum, and 32.75 ec. 
of fluidextract of viburnum opulus, then 
300 cc. of syrup. Then add distilled 
water to make 1000 ce. and filter. Dose: 
4 ec. (1 fl. dr.). Used in dysmenorrhea. 

Dissolve 1 Gm. of Vanillin and 0.5 ce. of oil 
of bitter almond in 50 ce. of aleohol; add 
150 cc. of orange flower water, 400 ce. of 
syrup, and enough distilled water to make 
1000 ce. Filter. 

Mix 250 cc. of compound fluidextract of 
buchu with sufficient aromatic elixir to 
make 1000 cc. Stand 24 hours and filter. 
Dose: 4 ce. (1 fl. dr.). 

Mix 125 ce. of aromatic fluidextract of cas- 
cara sagrada, 75 cc. of fluidextract of 
senna, 65 ce. of fluidextract of juglans and 
sufficient aromatic elixir to make 1000 ec. 
Dose: 4cc. (1 fl. dr.). Used as a laxative. 

Gradually add with trituration 2 Gm. of ex- 
tract of hyoscyamus to 20 Gm. of finely 
powdered pumice. Dissolve 250 Gm. of 
chloral hydrate in 175 ce. of distilled 
water and 250 Gm. of potassium bromide 
in 450 cc. of distilled water. Add these 
solutions to the extract mixture. Dis- 
solve 210 Gm. of sucrose and 12 Gm. of 
caramel in this mixture. Stand 24 hours 
and filter, and add sufficient distilled 
water to make 1000 cc. Dose: 4 ce. 
Gittins): 

Mix 60 cc. of fluidextract of corydalis, 60 ce. 
of fluidextract of stillingia, 30 cc. of fluid- 
extract of xanthoxylum, and 90 ec. of 
fluidextract of blue flag and add 125 ce. of 
alcohol. Dissolve 50 Gm. of potassium 
iodide in the mixture, and add sufficient 


* 
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ELIXIRS 


Unofficial Elixirs—Continued 


Compound Elixir of 
Euphorbia N. F. VII 
(Hare’s Elixir) 


Compound Elixir of 
Helonias N. F. V 


Compound Elixir of 
Hydrastis N. F. VII 
(Alkaline Elixir) 


Compound Elixir of 
Manaca N. F. V 


- Compound Elixir of 


Terpin Hydrate and 
Creosote N. F. V 


Compound Elixir of 
Viburnum Opulus 
IN Het VLE 


Elixir of Anise N. F. V 


Elixir of Beef and Iron 
Nemes VIL (Klixir 
Carnis et Ferri) 


Elixir of Bismuth 
N. F. VII 


Elixir of eae 


Elixir of Buchu and 
ri tpn 


Potassium Acetate 
N. F. VIL 


aromatic elixir to make 1000 cc. Dose: 
4 ce. (1 fl. dr.). An alterative; the most 
important ingredient is the potassium 
iodide. 

Mix 10 cc. of spirit of glyceryl trinitrate 
and 1 cc. of oil of peppermint with 200 ce. 
of alcohol, add 225 cc. of glycerin, then 50 
ce. of fluidextract of euphorbia pilulifera, 
7 cc. of fluidextract of lobelia, and 50 cc. 
of compound tincture of cardamom. 
Dissolve 35 Gm. ‘of sodium bromide and 
35 Gm. of sodium iodide in 400 ce. of 
distilled water. Add this solution slowly 
with agitation, then add sufficient dis- 
tilled water to make 1000 cc. Filter. 
Dose: 4 cc. (1 fi. dr.). 

Mix 10 cc. of compound spirit of orange 
with 125 ce. of alcohol, add 300 cc. of 
syrup, then 32 cc. each of the fluidextracts 
of helonias, caulophyllum, and viburnum 
opulus and 125 ce. of fluidextract of mit- 
chella. Finally add enough distilled 
water to make 1000 ce. and filter. Dose: 
4 cc. (1 fl. dr.). Used in dysmenorrhea. 


Dissolve 8 Gm. of sodiuin bicarbonate in 
250 cc. of aromativ elixir; add 20 cc. each 
of fluidextract of hydrastis, fluidextract of 
oat, and fluidextract of xanthoxylum, 10 
ec. of fluidextract of gentian, 10 ce. 
fluidextract of ginger, and sufficient aro- 
matic elixir to make 1000 cc. Filter 
through tale. Dose: 4 cc. (1 fl. dr.). 


Mix 165 cc. of fluidextract of manaca, 15 cc. 
of spirit of spearmint and 125 Gm. of 
honey. Dissolve 140 Gm. of sodium sali- 
cylate, 17.5 Gm. of lithium salicylate and 
55 Gm. of salicylic acid in 600 ec. of aro- 
matic elixir. Then gradually add 39.7 
Gm. of potassium bicarbonate. Combine 
the two mixtures, add enough aromatic 
elixir to make 1000 cc. and filter. Dose: 
4 cc. (1 fl. dr.). For rheumatism. 


Dissolve 4.4 Gm. of terpin hydrate, 4.4 cc. 
of creosote, 0.2 Gm. of gluside, 2.2 cc. of 
chloroform, 2 cc. of acetic ether, and 10 
cc. of compound spirit of orange in 200 cc. 
of alcohol, add 320 cc. of glycerin and mix 
well. Dissolve 8.75 Gm. of calcium 
glycerophosphate, 8.75 Gm. of sodium 
glycerophosphate, and 6 cc. of lactic acid 
in 100 ce. of distilled water to this solution. 
Gradually add the aqueous solution to the 
first solution, with constant stirring, then 
add distilled water to make 1000 ce. 
Filter if necessary. Dose: 4 ce. (1 fl. dr.). 
Used in chronic bronchitis. 

Mix 75 cc. of fluidextract of viburnum opu~ 
lus, 75 ce. of fluidextract of aletris, 150 
cc. of fluidextract of trillium, and 150 cc. 
of glycerin; then add sufficient compound 
elixir of taraxacum to make 1000 ce. 
Stand 24 hours and filter. Dose: 4 ce. 
(1 fi. dr.). 


Mix 3.5 cc. of anethol, 0.5 ec. of oil of fennel, 
12 cc. of spirit of bitter almond, and 50 cc. 
of alcohol, add 625 cc. of syrup and dis- 
tilled water to make 1000 cc. Filter. 
Dose: for infants, 1 cc. (15 min.). Used 
as a carminative and as a flavored ve- 
hicle. 


Dissolve 9 Gm. of iron and ammonium ci- 
trates and 35 Gm. of extract of beef in 200 
cc. of distilled water, with heat. Cool and 
add 400 cc. of distilled water and 100 cc. 
of syrup. Mix 5 cc. of compound spirit 
of orange with 200 cc. of alcohol and add 
slowly with agitation. Then add enough 
distilled water to make 1000 cc. Dose: 
8 cc. (2 fl. dr.). 


Mix 125 ce. of glycerite of bismuth with 125 


ec. of glycerin, add 250 ce. of distilled 
water, then sufficient aromatic elixir to 
make 1000 cc. Mix and filter. Dose: 
4 ce. (1 fl. dr.). 


Mix 10 ce. of compound spirit of orange with 
400 ce. of alcohol, add 400 ce. of distilled 
water. Use this mixture as a menstruum 
for extraction of 125 Gm. of buchu in 
moderately coarse powder; use diluted 
alcohol to complete process. Dissolve 
250 Gm. of sucrose in first 850 cc. of per- 
colate. Add sufficient percolate to make 
1000 cc. Filter. Dose: 4 ce. (1 fl. dr.), 

Dissolve 85 Gm. of potassium acetate in suf- 


ficient elixir of buchu to make 1000 cc. 
Dose: 4 ce. (1 fi. dr.). 


Elixir of Calcium Lac- 
tophosphate 
N. F. VII 


Elixir of Chlorides 
N. F. V (Elixir of 
Four Chlorides) 


Elixir of Cinchona Al- 
kaloids and Iron 
N. F. V_ (ferrated 
Ehixir of Calisaya, 
Alkaloidal) 

Elixir of Cinchona AI- 
kaloids, Iron and 
Bismuth N. F. V 
(Elixir of Calisaya 
Alkaloidal with Iron 
and Bismuth) 


Elixir of Cinchona Al- 
kaloids, Iron and 
Strychnine N. F. V 
(Elixir of Calisaya 
Alkaloidal with Iron 
and Strychnine) 


Elixir of Cinchona Al- 
kaloids, Iron, Bis- 
muth and Strychnine 
N. F. V 


Elixir of Ferric Pyro- 
phosphate, Quinine 
and Strychnine 
INES Vv 


Elixir of Gentian and 
Ferric Phosphate 
Nip. V) 


Elixir of Gentian and 
Iron N. F. VII 


Elixir of Guarana 
Note eV: 


Elixir of Guarana and 
Celery N. F. VIL 


Elixir of Hydrangea 
and Lithium N. F. 
VII 


Elixir of Pepsin and 
Bismuth N. F 
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Dissolve 10 Gm. of precipitated calcium car- 
bonate in 30 ce. of lactic acid mixed with 
200 ec. of distilled water; add 15 cc. of 
phosphorie acid diluted with 50 cc. of 
distilled water. Add 10 cc. of compound 
spirit of orange to 200 cc. of alcohol and 
mix with 350 cc. of syrup; add this mix- 
ture to the previous solution. Add suf- 
ficient distilled water to make 1000 cc. 
Dose: 8 ce. (2 fl. dr.). 


Dissolve 0.275 Gm. of mercury bichloride in 
83 cc. of diluted hydrochloric acid; add 
16.5 cc. of solution of arsenous acid and 
83 cc. of tincture of ferric chloride. Mix 
10 cc. of compound spirit of orange with 
200 ec. of alcohol, add 250 ec. of syrup, 
the aqueous solution and sufficient dis- 
tilled water to make 1000 cc. Filter. 
Dose: 4 cc. (1 fl. dr.). An alterative. 


Dissolve 35 Gm. of soluble ferric phosphate 
in 60 ce. of distilled water with heat and 
add sufficient elixir of cinchona alkaloids 
to make 1000 ce. Dose: § ce. (2 fl. dr.). 
A chalybeate tanic. 


Dilute 65 ce. of glycerite of bismuth with 65 
ec. of distilled water, add sufficient elixir 
of cinchona alkaloids and iron to make 
1000 ec. Mix thoroughly and filter. 
Dose: 8 cc. (2 fl. dr.). A tonic. 


Dissolve 0.175 Gm. of strychnine sulfate in 
10 ce. of distilled water and add sufficient 
elixir of cinchona alkaloids and iron to 
make 1000 ce. Filter. Dose: 4 ce. (1 
fi. dr.). <A bitter, chalybeate tonic. 


Dissolve 0.175 Gm. of strychnine sulfate in 
10 ce. of distilled water and add sufficient 
elixir of cinchona alkaloids, iron and bis- 
muth to make 1000 cc. Dose: 4 ec. (1 
fl. dr.). A tonic. 

Triturate thoroughly 8.75 Gm. of quinine 
sulfate, 0.14 Gm. of strychnine and 0.7 
Gm. of citric acid, then add 225 cc. of alco- 
hol and 0.7 ce. of oil of orange. Warm 375 
cc. of syrup to about 65° C., add it to 
the turbid mixture and stir until it clears. 
To this add 35 Gm. of soluble ferric 
pyrophosphate, previously dissolved in 
320 ec. of distilled water, and then add 
ammonia water, drop by drop, until the 
mixture is neutral to litmus. Finally add 
enough distilled water to make 1000 ec. 
and filter. Dose: 4 ce. (1 fl. dr.). Used 
as a tonic. 


Dissolve 17.5 Gm. of soluble ferric phos- 
phate in 35 cc. of distilled water, with 
heat, and then add sufficient elixir of gen- 
tian to make 1000 cc. Dose: 4 ce. (1 fl. 
dr.). A bitter tonic and chalybeate. 


Mix 100 cc. of tincture of ferric citrochloride 
with sufficient elixir of gentian to make 
1000 ce Dose: 4 ce. (1 fl. dr.). 


Mix 200 ce. of fluidextract of guarana, 200 
ce. of aromatic elixir and sufficient com- 
pound elixir of taraxacum to make 1000 
ee. Dose: 4 cc. (1 fl. dr.). A nerve 
stimulant, used chiefly for headaches. 


Mix 150 ce. of fluidextract of guarana, 150 
cc. of fluidextract of celery fruit, 30 cc. of 
fluidextract of glycyrrhiza, 60 cc. of gly- 
cerin, and sufficient aromatic elixir to 
make 1000 ce. Dose: 8 cc. (2 fl. dr.). 


Dissolve 4 cc. of compound spirit of orange 
in 300 ce. of alcohol, then add 150 ce. of 
glycerin and 450 cc. of distilled water. 
Use this mixture as menstruum I for ex- 
tracting 400 Gm. of hydrangea in moder- 
ately coarse powder by Process P for 
tinctures. Use a mixture of 1 volume of 
alcohol and 2 volumes of water as men- 
struum I[. Dissolve 50 Gm. of sucrose, 
26 Gm. of lithium benzoate, and 26 Gm. 
of lithium salicylate in first 940 ce. of per- 
colate, and add sufficient percolate to 
ee 1000 cc. Filter. Dose: 4 ce. (1 

. biPy . 


Add 18 Gm. of pepsin to 250 ce. of distilled 
water. When dissolved add 125 cc. of 
glycerin, 125 ce. of glycerite of bismuth, 
and 490 cc. of aromatic elixir. If strongly 
acid nearly neutralize with NaOH T.S. 
but leave slightly acid. Add 5 cc. of 
solution of caramel 1 in 10 and sufficient 
aromatic elixir to make 1000 cc. Filter. 
Dose: 8 cc. (2 fl. dr 
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Unofficial Elixirs—Continued 


Elixir of Pepsin, Bis- Dissolve 125 mg. of strychnine and 125 mg. 
muth and Strychnine tartaric acid in 30 cc. of elixir of pepsin 


NOES VIE and bismuth. Then add sufficient of the 
elixir to make 1000 cc. Filter. Dose: 

8 ce. @ fi. dr.). 
Elixir of Phosphorus Dissolve 150 mg. of phosphorus in 5 ce. of 


N. F. chloroform in a 100-ce. flask, with the aid 
of gentle heat. Add this solution to 340 
cc. of alcohol, warmed to. 60° C., and 
add with agitation 10 ec. of compound 
spirit of orange, 2 ec. of oil of anise, 300 
ec. of glycerin, and sufficient distilled 
water to make 1000 ec. Filter through 
tale. Dose: 4 ce. (1 fl. dr.). 

Mix 35 ce. of tincture of nux vomica with 
sufficient elixir of phosphorus to make 
1000 ce. Dose: 4 cc (1 fl. dr.). 

Mix 140 Gm. of tonga and 35 Gm. of cimi- 
cifuga, in moderately coarse powder, with 
12 ec. of compound spirit of orange, mois- 
ten the mixture with a menstruum com- 
posed of 2 volumes of alcohol and 5 vol- 
umes of water, macerate for 24 hours and 
percolate with the same menstruum, col- 
lecting 700 ce. of percolate. In this dis- 

< solve 70 Gm. of sodium salicylate, 0.175 

Gm. of pilocarpine nitrate, 0.035 Gm. of 
colchicine and 325 Gm. of sucrose. Then 
add 60 ce. of glycerin and enough of the 
menstruum to make 1000 ce. Used in 
neuralgia and as an antirheumatic. Dose: 
4 ce. (1 fl. dr.). 


Cordials 


Cordials as a class are closely related to the elixirs, 
being pleasantly flavored preparations intended for 
internal administration. There is no longer an official 
representative of this class. The N. F. formerly recog- 
nized one formula, that for Blackberry Cordial yi 
has been employed for diarrhea. 


Elixir of Phosphorus 


Nux Vomica N. F. V 


Blixir of Tonga and 
Salicylates N. F. V 


Unofficial Cordial 


Title Directions 
Blackberry Cordial Pack the following ground drugs in a glass 
N. F. IV (Cordiale percolator: 20 Gm. of Saigon cinnamon, 
Rubi Fructus) 5 Gm. of clove, and 5 Gm. of myristica 


and percolate with diluted alcohol to 
make 250 cc. To this add sufficient 
syrup of blackberry fruit to make 1000 ce. 
Add 8 Gm. of purified tale and filter. 
Used in diarrhea in doses of 8 ce. (2 fl. dr.), 


Dental Liniments 


Dental Liniments, as the name implies, are liquid 
preparations which are applied to the gums for their 
local stimulant and anesthetic effect. 


Unofficial Dental Liniment 
Title 


Compound Dental Lini- 
ment of Aconite and 
Iodine N. F. VII 


Directions 


Dissolve 2 Gm. of iodine in 30 ce. of chloro- 
form, add 25 cc. of fluidextract of aconite, 
40 ec. of alcohol, and distilled water to 
make 1000 cc. Mix. 


Washes 


A class of preparations under this title was introduced 
into the N. F. V with one representative; the title was 
Lavatio Ori or Mouth Wash. This preparation was not 
continued in the N. F. VI. As represented officially, 
this class includes chiefly mouth or nasal washes. The 
Antiseptic Solution and Alkaline Aromatic Solution of 
the N. F. have also been included here as they belong 
to this class. 


WASHES OF THE N. F. 


English Title Latin Title 


Alkaline Aromatic Solution Liquor Aromaticus Alkalinus 
N. F. Antiseptic Solution Liquor Antisepticus N. F. 


Unofficial Washes 


Title Directions 
Mouth Wash N. F. V_ Dissolve 60 Gm. of hard soap and 0.02 Gm. 
(Lavatio Ori) of fuchsin in 750 cc. of alcohol by warm- 
ing. Then add 2 Gm. of saccharin 5 cc. 
of cinnamon oil, 5 ce. of peppermint oil, 


CORDIALS—DENTAL LINIMENTS—WASHES—COLLODIONS 


10 cc. of clove oil, and sufficient water to 
make 1000 ec. Allow it to stand for 24 
hours and then filter. Use a few drops 
on a moist tooth brush. 


In addition to the official preparations mentioned above there are 
a number of unofficial groups, employed in medicine, as special 
washes. These are briefly listed below. 


Bath (Balneum) The following may be helpful as an indica- 
tion of temperature, for a number of 
baths. About 30 gallons of liquid is re- 
quired. A cold bath is to begin at 35° C. 
and be lowered to 15° C. by the addi- 
tion of ice, a tepid bath is to be from 
30° to 35° C.; a hot bath from 37° to 43° 
a mustard bath is to contain 12 oz. of mus- 
tard to 30 gallons; a salt bath is to con- 
tain 12 oz. of sea salt to 30 gallons; a 
sulfur bath is to be made from 5 oz. of 
sodium sulfate and 5 oz. of sodium thio- 
sulfate in 30 gallons of water. Other 
formulas are also given. 

Rectal injections employed to evacuate the 
bowel, or to influence the general system 
by absorption or to effect locally the 
seat of disease, injected slowly with a 
syringe. The B. P. C. gives a number of 
formulas. Others are given on page 229, 

These are made by dissolving the medica- 
ment in freshly sterilized and cooled dis- 
tilled water. In the B. P. C. will be found 
many formulas including silver nitrate eye 
drops (0.5 per cent); atropine eye. drops 
(1 per cent atropine sulfate); cocaine eye 
drops (2 per cent); copper sulfate eye 
drops (0.5 per cent); homatropine eye 
drops (1 per cent homatropine hydro- 
bromide); physostigmine eye drops (1 per 
cent physostigmine sulfate), and others. 

See Collyria (page 230) for a comprehensive 
discussion. 

A preparation to be applied continuously by 
means of a special device for the purpose 
as in the treatment of wounds with Dak- 
in’s solution. 

Antiseptic solution and alkaline aromatic 
solution, when properly diluted, are typi- 
cal preparations. Hydrogen dioxide and 
formaldehyde mouth washes are English 
preparations. 

The official alkaline aromatic solution, 
properly diluted, and Dobell’s solution are 
typical representatives of this class. 


Enema 


Eye Drops (Guttez) 


Eye Wash (Collyrium) 


Irrigation (Irrigatio) 


Mouth Wash (Collutor- 
ium) 


Nasal Wash (Collunar- 
ium) 


ETHEREAL SOLUTIONS 


Collodions 


Collodions are liquid preparations intended for 
loeal application, having for their base a solution of 
pyroxylin, or gun-cotton, in a mixture of ether and 
alcohol. (For a description of the properties of 
Pyroxylin see page 755.) Collodions are applied to the 
skin by means of a soft brush, and when the ether and 
alcohol evaporate, a film is left on the surface, which 
either acts simply as a protection or, in some instances, 
brings a medicating agent into contact with the epi- 
dermis. 

COLLODIONS OF THE U. S. P. 
English Title Latin Title 


Collodion Collodium 
Flexible Collodion Collodium Flexile 


COLLODIONS OF THE N. F. 
Salicylie Collodion Collodium Salicylicum 


Unofficial Collodions 
Directions 


Macerate 60 Gm. of powdered cantharides 
with 55 ec. of acetone and 5 ce. of glacial 
acetic acid during twenty-four hours, in a 
closely covered container. Then perco- 
late with acetone to exhaustion, evaporate 
the percolate on a water bath to 15 Gm. 
and mix with 85 Gm. of flexible collodion. 
Decant the clear liquid after the sediment 
has deposited. 

Dissolve 10 Gm. of ichthammol in sufficient 
flexible collodion to make 100 ec. 


Title 
Cantharidal Collodion 
U.S. P. IX (Blister- 
ing Collodion) 


Collodion of Sulphon- 
ated Bitumen 
N. F. V (Collodium 


Ichthammolis) 
Styptic Collodion Dissolve 16 Gm. tannic acid in sufficient 
N.F. VII flexible collodion to make 100 ce. 
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GLYCERITES—LINIMENTS—MEDICATED OILS 


GLYCERIN SOLUTIONS 
Glycerites 


GLYCERITES are solutions or mixtures of medicinal 
substances in glycerin. Most of the glycerites are ex- 
tremely viscous and some of them are of a jelly-like 
consistency. Glycerin is a valuable pharmaceutical 
solvent forming permanent and concentrated solutions 
not otherwise obtainable. Some of these solutions are 
used in their original form as medicinal agents while 
- others are used to prepare aqueous and alcoholic dilu- 
tions of substances which are not readily soluble in 
water or alcohol. 


GLYCERITES OF THE U. S. P. 
_ English Title Latin Title 
Boroglycerin Glycerite Glyceritum Boroglycerini 


Starch Glycerite Glyceritum Amyli 
Tannic Acid Glycerite Glyceritum Acidi Tannici 


GLYCERITES OF THE N. F. 


Iodine and Zinc Iodide Gly- Glyceritum Iodi et Zinci Io- 
cerite didi 

Phenol Glycerite Glyceritum Phenolis 

Tragacanth Glycerite Glyceritum Tragacanthe 


Unofficial Glycerites 


Title Directions 
Glycerin! of Ichtham- Dissolve 100 Gm. of ichthammol in 900 Gm, 
mol B. P. C of glycerin. 


Glycerin of Lead Sub- 


Evaporate 50 ce. of strong solution of lead 
acetate B. P. C. 


subacetate to dryness on a water bath, 
add 50 ce. of glycerin, and warm gently 
until dissolved. Cool, add enough dis- 
tilled water to make the specific gravity 
1.48 and filter if necessary. 

Mix 160 ce. nitric acid with 250 cc. distilled 
water in a 4000-cc. container and dissolve 
180 Gm. bismuth subcarbonate in the 
mixture. Add slowly 600 cc. water and 
dissolve 135 Gm. tartaric acid. Add 215 
Gm. sodium bicarbonate slowly. Fill 
container with distilled water. Collect 
and wash the magma. Dissolve with aid 
of 103 Gm. tartaric acid and 119 Gm. 
sodium bicarbonate. Evaporate to 475 
ec. Add 475 ec. glycerin and sufficient 
distilled water to make 950 ce. Filter and 
assay. Adjust so that 100 cc. yields 15.4 
Gm. BiPOs. 

To 45 Gm. fresh egg yolk, reduced to a 
smooth paste and strained, add 55 Gm. 
glycerin. 

Mix 5 cc. diluted hydrochloric acid with 350 
ec. distilled water, dissolve 100 Gm. pep- 
sin, and add sufficient distilled water to 
the filtered solution to make 500 cc. Add 
500 cc. glycerin and sufficient distilled 
water to make 1000 ce. Dose: 2 cc. (30 
min.). 

Pour 200 ce. of cold water upon 63 Gm. of 
pine tar, in a mortar, mix thoroughly, al- 
low to settle and discard the water. Re- 
peat this washing until the water is only 
slightly acid to litmus. Now add 125 cc. 
of aleohol to the washed tar, gradually 
incorporate 125 Gm. of magnesium car- 
bonate and 250 cc. of glycerin, and add 
625 cc. of water. Filter and wash the 
filter with water to make 1000 cc. Used 
as an expectorant. Dose: 4 ce. (1 fl. 
dr.). 


Glycerite of Bismuth 
N. F. VII 


Glycerite of Egg Yolk 
N. F. VII (Glyceri- 
tum Ovi Vitelli) 

Glycerite of Pepsin 
N. F. VII 


Glycerite of Tar (Gly- 
ceritum Picis Pini 
NZ BV) 


OLEAGINOUS SOLUTIONS 


Liniments 


Liniments, sometimes spoken of as embrocations, 
are solutions or mixtures of various substances in oily, 
alcoholic solutions of soap, or emulsions, intended for 
external application. They are usually applied with 
friction and rubbing of the skin, the oil or soap base 
providing for ease of application and massage. Alco- 
holic liniments are used generally for their rubefacient, 


1 The British Pharmacopcia uses the title Glycerinum for this class of 
preparations, 


ay 
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counteriritant, mildly astringent, and penetrating 
effects, but others are applied gently and function 
solely as protective coatings. 


LINIMENTS, OFF RHESUS. P. 


English Title 
Camphor Liniment 
Camphor and Soap Lini- 

ment 
Chloroform Liniment 
Soft Soap Liniment 


Latin Title 
Linimentum Camphorze 
Linimentum Camphore et 

Saponis 
Linimentum Chloroformi 
Linimentum Saponis Mollis 


LINIMENTS OF THE N. F. 


Acetic Turpentine Liniment Linimentum Terebinthine 


Aceticum 
Aconite and Chloroform Linimentum Aconiti et Chlo- 
Liniment roformi 


Linimentum Ammonize 

Linimentum Belladonnse 

Linimentum Calaminse 

Linimentum Saponis Mollis 
Compositum 

Linimentum Calcis 

Linimentum Neocalamin:e 

Linimentum Saponis Spis- 
sum 

Linimentum Terebinthin:e 


Ammonia Liniment 
Belladonna Liniment 

~ Calamine Liniment 
Compound Soft Soap Lini- 

ment 

Lime Liniment 
Neocalamine Liniment 
Solid Soap Liniment 


Turpentine Liniment 


Unofficial Liniments 
Title 


Compound Liniment of 
Mustard N. F. V 


Directions 


Dissolve 60 Gm. of camphor, and 20 Gm. of 
menthol in 500 ce. of alcohol, add 200 ce. 
of fluidextract of mezereum, 30 cc. of 
volatile oil of mustard, 150 cc. of castor 
oil, and sufficient alcohol to make 1000 
ec. and mix. An active rubefacient. 


Mix 50 ce. of fresh egg albumen with 350 ce. 
of ammonia water and gradually add 220 
ec. of oil of turpentine. Shake it thor- 
oughly and add 17.5 Gm. of camphor, 
25 ce. of oil of peppermint, dissolved in 
250 ce. of alcohol and finally add 100 ec. 
of tincture of opium. Used as a stimu- 
lating anodyne. 

Shake together 500 cc. of each of the lini- 
renee of aconite, belladonna, and chloro- 
orm. 


Mix 12 cc. of croton oil, 44 cc. of oil of 
cajuput, and 44 cc. of alcohol. 


Compound Liniment of 
Opium N. F. V (Can- 
ada Liniment) 


Liniment of Aconite 
yoidor (Ox Ibe 12h. (Os 
(A. B. C. Liniment) 

Liniment of Croton Oil 
B. P. C. (Linimen- 
tum Tiglii) 

Liniment of Mercury 
IB) ee 


Add 24 ce. of dilute solution of ammonia to 
48 cc. of liniment of camphor and then 
triturate 30 Gm. of ointment of mercury 
with the mixture. 


Mix 50 ce. of tincture of opium with 50 ce. 
of soap liniment. Set aside for a few days 
and filter. f 


Dissolve 20 Gm. of curd soap with the aid 
of a gentle heat in 10 ce. of glycerin and 
100 ce. of distilled water, restoring any 
water lost through evaporation; add the 
solution to 15 Gm. of powdered potassium 
iodide in a mortar and triturate until cold. 
Set aside for an hour and then incorporate 
1 ce. of oil of lemon. 

Triturate 100 cc. of the yolk and white of an 
egg, gradually add 85 cc. of acetic acid 
diluted with 200 cc. of distilled water. 
Add 215 ce. of distilled water. Strain and 
ae 400 cc. of oil of turpentine. Shake 
well. 


Liniment of Opium 
eelbts (Gh, 


Liniment of Potassium 
Iodide with Soap 
1835 12 (Gs 


White Liniment B. P.C. 
(White Embrocation) 


Medicated Oils 


Two preparations of the National Formulary belong 
to this class. They consist in one instance of a bland, 
fixed oil, to which an active medicinal substance has 
been added, and in the other of an active oil, castor oil, 
which is rendered palatable by the addition of aromatics. 


MEDICATED OILS OF THE N. F. 


English Title Latin Title 


Aromatie Castor Oil Oleum Ricini Aromaticum 
Phenolated Oil Oleum Phenolatum 
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Unofficial Medicated Oils 


Title Directions 


Phosphorated Oil N. F. Dissolve 1 Gm. phosphorus in 90 ce. of 
VII almond oil, previously heated at 150° C. 
for 15 minutes, cooled, and filtered. Cool 

the solution and add sufficient ether to 

make 100 ce. Dose: 0.06 cc. (1 min.). 


Oleovitamins 


Oleovitainins, as a distinct class of preparations, were 
recognized for the first time as Vitamina in Oleo, in the 
U.S. P. XI, Second Supplement, as a source of vitamins 
A and D to fill the vacancy caused by the inability to 
obtain adequate supplies of cod liver oil during World 
War II. An oleovitamin ‘‘is either fish liver oil, or 
fish liver oil diluted with an edible vegetable oil, or a 
solution of vitamin concentrate in fish liver oil or in an 
edible vegetable oil.” This class of preparations is 
discussed more fully 1 in the chapter dealing with vitamin 
products. ‘e 


-OLEOVITAMINS OR THESUsS sR: 


English Title Latin Title 
Oleovitamin A Oleovitamina A 
Oleovitamin A and D Oleovitamina A et D 
Synthetic Oleovitamin D Oleovitamina D Synthetica 
Concentrated Oleovitamin A Oleovitamina A et D Con- 

and D centrata 


Oleates 


The oleates are mainly liquid preparations made by 
dissolving alkaloids in oleic acid; however, oleate of 
mercury, the only oleate retained in the U. S. P., is 
prepared by dissolving yellow mercuric oxide in oleic 
acid to form a product of ointment-like consistency. 

The solutions of alkaloids are not intended to be defi- 
nite chemical compounds; the oleic acid is present in 
large excess and they must be regarded as solutions of 
the medicating agent in oleic acid, the latter having 
special advantages as a basis for administering external 
remedies, being more readily absorbed than most of the 
fatty substances used in making ointments. No oleates 
of alkaloids are now official. 


OLEATESVORSTHESUsES..Ps 
English Title Latin Title 
Mercury Oleate Oleatum Hydrargyri 


Unofficial Oleates 


Title Directions 2 
Aconitine Oleate Dissolve 2 Gm. of aconitine in 50 Gm. of 
aE LV oleic acid and add olive oil to make 100 


Gm. 


Aluminum Oleate Decompose sodium oleate with aluminum 


Al (CigH3309)3 sulfate. A semi-solid of a dark brown 
color. Uses: astringent in burns, ulcers, 
etc. 


Arsenic Oleate 


Prepare arsenous chloride by treating 
As (CisgH3302)3 


metallic arsenic with hydrochloric acid, 
then add sodium oleate and collect the 
precipitate. It is yellow and has the 
consistency of butter. 
Atropine Oleate Triturate 2 Gm. of atropine with 2 cc. of 
N. F. IV alcohol in a tared mortar, add 2 Gm. of 
oleic acid, and warm until alcohol evapo- 
rates. Then add oleic acid to make 50 
Gm. Dissolve, and add olive oil to make 
100 Gm. 


Add a solution of crystallized bismuth nitrate 
in glycerin to sodium oleate, diluted with 
water. Warm, reject the aqueous layer, 
and wash the precipitate with warm 
water. It is white or yellowish white and 
has the consistency of an ointment. 

Triturate 5 Gm. of cocaine with 5 cc. of 
alcohol in a tared mortar, add 10 Gm. of 
oleic acid, and warm until alcohol evapo- 
rates. Then add oleic acid to make 50 
Gm. Dissolve, and add olive oil to make 
100 Gm. 


Bismuth Oleate - 
Bi(CigH3302)3 


Cocaine Oleate 
NSE. IV 


OLEOVITAMINS—OLEATES—PETROXOLINS 


Unofficial Oleates—Continued 


Add sodium oleate to a saturated solution 
of copper sulfate, then wash the precipi- 
tate. It is a dark green, waxy solid. 
Used chiefly in the treatment for ring- 
worm. 

Add sodium oleate to a solution of ferrous 
sulfate and boil. It is a dark red, soft, 
solid oleate. Used locally. 

Add to a solution of sodium oleate a solution 
of manganese sulfate, heat gently, and 
collect the precipitate. It is of a light 
gray, slightly pinkish color, having a 
peculiar odor. 

Combine with a gentle heat 40 parts mer- 
curic oleate, 3 parts morphine, and 13 
parts oleic acid. It forms a very dark 
brown, soft solid. 

Add sodium oleate to a solution of nickel 
sulfate and collect the precipitate. It is 
a green, amorphous, waxy substance. 
Uses: locally as an astringent. 

Triturate 25 Gm. of quinine in a warm 
mortar with a small quantity of oleic acid, 
then add sufficient warm oleic acid to 
make 100 Gm., stirring until the quinine 
is dissolved. 

Precipitate sodium oleate with a saturated 
solution of silver nitrate, wash the precipi- 
tate with boiling water, dry it, and reduce 
to a fine powder. It is of a brownish 
yellow color: 

Dissolve 1 part of pure Castile soap in 8 
parts of hot water, cool and filter from 
deposited sodium palmitate. The filtrate 
contains sodium oleate. 

Contains an excess of oleic BES Yellow, 
fatty granules. Uses: in biliary lithi- 
asis. 

Add a solution of tin chloride to a solution 
of sodium oleate and collect the precipi- 
tate. It has a grayish yellow color, a 
soft consistency, and a decided nelle 
taste. ° 

Triturate 2 Gm. of veratrine in a warm tared 
mortar with 5 Gm. of olive oil, add 50 Gm. 
of oleic acid and triturate until the vera- 
trine is dissolved. Then add olive oil to 


Copper Oleate, 
Cu(C18H3309)2 


Tron Oleate (Ferric), 
Fe(Ci8H3302)3 


Manganese Oleate 


Mercury and 
Morphine Oleate 
Nickel Oleate 


Quinine Oleate 
ING 125 AY 


Silver Oleate, 
AgCisH3302 


Sodium Oleate 


Sodium Oleate, Acid, 
NaCi8H3302 


Tin Oleate 


Veratrine Oleate 
DHE; 


make 100 cc. 
Zine Oleate U.S. P. Mix 50 Gm. of zinc oxide with 950 Gm. of 
1890 oleic acid in a porcelain dish, set aside for 


three hours, then heat on a water bath, 
frequently stirring, until dissolved. 


Petroxolins 


These preparations are intended for external applica- 
tion, and the value of liquid petroxolin depends upon 
its being an excellent solvent for many substances used 
externally, combined with its ready absorption through 
the skin. The British Pharmaceutical Codex title for 
this class of preparations is Parogenum (Parogen). 
They are manufactured in the United States under the 
title of Petrogen. 

Solid Petroxolin N. F. is an excellent base for oint- 
ments containing balsam of Peru. 


PETROXOLINS OF THE N. F. 
English Title Latin Title 
Solid Petroxolin Petroxolinum Spissum 


Unofficial Petroxolins 


Title Directions 
Iodine Petroxolin N. F. Dissolve 10 Gm. powdered iodine in suf- 
VII ficient liquid petroxolin to make 100 ce. 
Liquid Petroxolin N. F. Mix 580 ce. light liquid petrolatum and 300 
Vil cc. oleic acid. Add 50 ce. strong solution 
of ammonia and 60 ec. of alcohol, previ- 
ously mixed. When clear add 5 ce. oil of 


t lavender and sufficient alcohol to make 

1000 ec. 
Mercury Petroxolin Triturate 30 Gm. of mercury with a mixture 
INfS LY of 13 Gm. of wool fat and 2 Gm. of oleic 


acid until the mercury is extinguished. 
Then add 55 Gm. of solid petroxolin. An 
antiparasitic and antisyphilitic. 


The following Medicated Liquid Petroxolins of the N. F. V were 
prepared by dissolving the amount of active medicinal substance in a_ 
ena quantity of Liquid Petroxolin to make the product measure 
100 ce.: 


Betanaphthol Petroxolin—10 Gm. of betanaphthol. 
Cade Petroxolin—10 Gm. of oil of cade or juniper tar. 


SPRAY — TO OT HIAC HE 


Camphorated Chloroform Petroxolin—20 cc. of chloroform and 20 
Gm. of camphor. 

Camphorated Phenol Petroxolin—12.5 Gm. of phenol and 37.5 Gm. 
of camphor. 

Diluted lodine Petroxolin—5 Gm. of iodine. 

Eucalyptol Petroxolin—20 cc. of eucalyptol. 

Guaiacol Petroxolin—20 Gm. of guaiacol, 5 cc. of oleic acid. 

Ichthammol or Sulfonated Bitumen Petroxolin—10 Gm. of ich- 
thammol. 

Menthol Petroxolin—10 Gm. of menthol. 

Methyl Salicylate Petroxolin—20 cc. of methyl salicylate. 

Phenol Petroxolin—10 Gm. of phenol. 


Sprays 


The official sprays consist of soothing or medicated 
liquids intended for spraying from an atomizer or nebu- 
lizer and may be aqueous or oily in character. Light 
Liquid Petrolatum is usually employed as the vehicle 
for oily sprays. The use of oily sprays is severely criti- 
cized, however, particularly for infants and children, 
numerous cases of pneumonia being reported due to 
inspiration of the oil into the lungs. They are also 
undesirable due to the fact that they retard the normal 
ciliary activity on the nasal mucosa. 

The U. S. Pharmacopeeia has adopted the title 
Inhalatio to designate the official spray. The term 
Vaporis or Inhalatio is also used as the class name for 
a number of preparations intended to be vaporized, 
usually through the aid of heat or steam in special 
apparatus, although in some instances, an atomizer or 
nebulizer is employed. They perform their function 
through inhalation. When the material to be inhaled 
is not liquid, it is known as a vapor siccus, a well-known 
illustration being dry smelling salts. 


INHALATION OF THE U. S. P. 


English Title Latin Title 
Epinephrine Inhalation Inhalatio Epinephrinze 


SPRAYS OF THE N. F. 


Aromatic Spray Nebula Aromatica 

Compound Ephedrine Spray Nebula Ephedrinzee Compos- 
ita 

Nebula Mentholis Composita 


Compound Menthol Spray 
Nebula, Ephedrinse 


Ephedrine Spray 


Unofficial Sprays and Inhalations 


Directions 

Dissolve 16.5 Gm. of phenol, 16.5 Gm. of 
camphor, 16.5 ce. of oil of eucalyptus, and 
8.25 ce. of oil of dwarf pine needles in 34 
ce. of 10 per cent spirit of ammonia, and 
add 8.25 cc. of strong solution of iodine. 
Saturate pine sawdust and use as an 
inhalation. 

Add 1 teaspoonful of compound tincture of 
benzoin to 1 quart of boiling water and 
inhale the vapors. 

Mix 5 cc. of eucalyptol with 95 ec. of light 
liquid petrolatum. 

Dissolve 2 Gm. of menthol in sufficient light 
liquid petrolatum, which has _ been 
warmed to about 70° C. to make 100 ce. 
A soothing spray for the nose and throat. 

Dissolve 1 Gm. of thymol in sufficient light 
liquid petrolatum to make 100 cc. An 
antiseptic, stimulating spray. 


Toothache Drops 


Toothache drops are preparations used for the tem- 
porary relief of toothache by application directly to 
the gingiva, or in the case of cavities by placing a small 
pledget of cotton saturated with the liquid into the 
cavity. Oil of clove, usually applied on absorbent cot- 
ton, is probably the most frequently used toothache 
remedy, although mixtures of phenol with camphor or 
-ereosote are often employed. When phenol, creosote, 
_or volatile oils are dissolved in paraffin, a few filaments 
of cotton added and the mixture molded into sticks, 
it constitutes what is known as dental waz. 


Title 


Compound Eucalyptu 
Inhalation B. P. C. 


Benzoin Inhalation 


- Eucalyptol Spray 
N. F. V 
Menthol Spray N. F. V 


Thymol Spray N. F. V 
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TOOTHACHE DROPS OF THE N. F. 


English Title Latin Title 
Toothache Drops, N. F. Odontalgicum 


Unofficial Toothache Drops 


Directions 
Mix 50 cc. each of creosote, oil of clove, and 
chloroform. Apply on a pledget of cot- 
ton. 


Title 
Toothache Drops 


Emulsions 


An emulsion is a system consisting of droplets of one 
liquid dispersed throughout the body of a second liquid. 
The theory of emulsions has been discussed in the chap- 
ter on ‘‘Kmulsification”’ (page 174). They have been 
prepared empirically by pharmacists for many decades 
and have been official in the U. 8. Pharmacopceia, as a 
separate class, since 1890. In preparing U.S. P. Emul- 
sions, “methods of emulsification other than those de- 
scribed in the monographs may be used and the quan- 
tity of acacia may be reduced, or it may be replaced 
with gelatin (Pharmagel), tragacanth, agar, or mixtures 
of any of these emulsifying agents.”’ 


EMULSIONS OF THE U. S. P. 


English Title Latin Title 
Cod Liver Oil Emulsion Emulsum Olei Morrhuze 


Liquid Petrolatum Emulsion Emulsum Petrolati Liquidi 
EMULSION OF THE N. F. 


Cod Liver Oil with Malt Emulsum Olei Morrhuse cum 


Emulsion Malto ; 
Liquid Petrolatum with Emulsum Petrolati Liquidi 
Phenolphthalein _Emul- cum Phenolphthaleino 

sion 
Pine Oil Emulsion Concen- Emulsum Olei Pini Concen- 
trate tratum 


Turpentine oil Emulsion Emulsum Olei Terebinthine 
Unofficial Emulsions 
Title Directions 

Emulsion of Almond Blanch 6 Gm. of sweet almonds, add 1 Gm. 
We tshy dB, ID of acacia and 3 Gm. of sucrose and tritu- 
rate thoroughly in a mortar. Then rub 
with 90 ce. of water until uniform, strain, 
and add enough water to make 100 cc. 

Rub 40 Gm. of asafetida in a mortar with 
900 cc. of distilled water, very gradually 
added, until emulsified. Strain and add 
sufficient distilled water to make 1000 ce. 
Dose: 15 ce. (4 fl. dr.). 

Mix 4 cc. of chloroform and 1 Gm. of traga- 
eanth thoroughly in a dry bottle, add 25 
cc. of water and shake vigorously. Then 
add 6 cc. of expressed oil of almond in 
portions, shaking after each addition, and 
afterwards enough water, added in the 
same manner, to make 100 cc. Dose: 
8 ce. (2 fl. dr.). 

Triturate 9 Gm. of acacia with exactly 35 
ec. of castor oil in a dry and slightly 
warmed mortar.’ Then add exactly 18 ce. 
of warm water and triturate until com- 
pletely emulsified. Gradually incorporate 
20 cc. of syrup and 2.5 cc. of tincture of 
vanilla and finally water to make 100 ce. 
An agreeable form for the administration 
of Castor Oil, especially for children. 
Dose: 45 cc. (1% fl. dr.). 

Emulsify 500 cc. of cod liver oil with 90 Gm. 
of egg yolk and sufficient water. Incor- 
porate a mixture of 100 cc. of syrup, 120 
cc. of tincture of sweet orange peel, and 
150 ce. of distilled water. Add sufficient 
distilled water to make 1000 cc. 
15 ce. (4 fl. dr.). 

Emulsify 500 cc. of cod liver oil with 125 
Gm. of acacia and 250 cc. of distilled 
water. Dissolve 10 Gm. of calcium hypo- 
phosphite, 5 Gm. of potassium hypo- 
phosphite, and 5 Gm. of sodium hypophos- 
phite in 100 ce. of distilled water, and 
add to the emulsion. Dissolve 100 mg. 
of saccharin in 100 ce. of tincture of sweet 
orange peel, and add to the emulsion. 

\ Add sufficient distilled water to make 

1000 cc. Dose: 15 ce. (4 fl dr.). 


Emulsion of Asafetida 
Usse Pax 


Emulsion of Chloro- 
form U.S. P. VIII 


Emulsion of Castor Oil 
INGE Vi 


Emulsion of Cod Liver 
Oil with Egg 
N. F. VII 


Dose: 


Emulsion of Cod Liver - 
Oil with Hypophos- 
phites N. F. VII 
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Unofficial Emulsions—Continued water, all at one time and triturate rap- 
Emulsion of Petrola- Triturate 225 Gm. of melted petrolatum and idly until completely emulsified. Finally 


tum N. F. V 225 ec. of expressed oil of almond in a add, in portions, with stirring, 100 cc. of 


warm dry mortar with 125 Gm. of pow- syrup and 15 cc. of tincture of lemon peel, 
dered acacia. Then add 250 cc. of warm and then water to make 1000 cc. 


CHAPTER XXXVIII 


PARENTERAL SOLUTIONS 


PARENTERAL SOLUTIONS area form of medication in- 
tended to be injected beneath one or more layers of the 
skin or mucous membranes. They are becoming in- 
creasingly important and a recognition of their value 
is evidenced by the inclusion of general chapters and 
numerous monographs dealing with these products in 
both the U.S. P. and the N. F. In the U.S. P. they 
are referred to as Injections, and in the N. F. as Ampuls. 
The term “ampul” originally referred to the small, 
hermetically-sealed, glass container (Ampulla), in which 
parenteral solutions were often packaged, but now, by 
common usage, the term is applied to either the con- 
tainer itself, or to the combined container and the 
enclosed sterile solution or substance. 

Advantages—Parenteral solutions owe their popu- 
larity to several factors. They provide almost instan- 
taneous physiological action, especially when used 
intravenously, as compared to other methods of medica- 
tion. Injectable medicines provide a means for the 
administration of substances which may be useless, or 
rendered useless, if given orally. They also make 
medication possible for the patient who is unable to 
take drugs, or even food, by the usual route. Further- 
more they make it possible for the physician to control 
the medication given and thus prevent its unnecessary 
and continued use. They also help to avoid the too 
frequent promiscuous passing on of medicines to others 
for whom the prescription was not intended, a situation 
which may not only be unwarranted but often actually 
dangerous. 

Caution and Vigilance Required—It must be recog- 
nized at the beginning that the preparation of parenteral 
solutions is not to be considered lightly, for these are 
pharmaceuticals which possibly demand more rigid 
control and greater attention to detail than any other 
type of medication. From the first operation to the 
last, the operator, whether he be a small or large manu- 
facturer, or possibly a progressive pharmacist who is 
taking advantage of the additional opportunity for 
truly professional service, must continually have in 
mind the fact that deviation from the prescribed tech- 
nique may produce disastrous results in the patient. 
These may vary from pain to abnormal temperature, 
infection, collapse, and even death. Consequently no 
attempt should be made at any time to prepare paren- 
teral solutions under unfavorable circumstances. 


General Procedure—The manufacture of parenteral 
solutions usually requires the preparation of a simple 
aqueous solution, followed by filtration to free it from 
all foreign particles, resulting in a brilliantly clear solu- 
tion. This clear solution is then filled into ampuls or 
other suitable containers, sterilized, and _ tested 
for sterility. Each of these operations requires special 
attention, including the quality of material used, the 
container to be used, the equipment employed, and the 
specific technique required. These considerations will 
_ be discussed separately in the following pages. 

Time Limit for Manufacture—Parenteral solutions 
are perferably prepared, filled into suitable containers, 
the containers sealed, and the completed unit sterilized, 
within one (1) working day. 

Protection from Contamination—Attention should 


be given at all times to the protection of solutions from 
contamination. This includes the proper protection 
from dust of both solutions and equipment, either before 
or during the preparation of the material. Water for 
Injection, or other solvents, should likewise be carefully 
protected from contamination. 


Pyrogens 


Of all the problems encountered in preparing paren- 
teral solutions none has exacted more attention or 
caused more trouble than the elimination of pyrogens. 
As the name indicates, pyrogens is the general term for 
those substances sometimes present in parenteral solu- 
tions which, when present, are the cause of febrile re- 
actions, especially when solutions are given intrave- 
nously: Wechselmann! in 1911, discovered that the 
use of freshly distilled water in preparing salvarsan 
injections eliminated the chills and fever which had 
always been closely associated with such injections. 
Hort and Penfold,? in the same year, showed that 
distilled water, properly preserved, gave no reactions 
upon injection, while water not carefully protected, 
produced fever, and also that the reacting substance 
could not be removed by the ordinary Berkefeld 
bacterial filter. These observations however were not 
fully appreciated for many years. Even when Seibert? 
correlated the fever production with a number of bac- 
teria commonly found in water, and demonstrated that 
faulty distillation was involved, there were still those 
who did not grasp the significance of the facts presented, 
and tried to offer other explanations for the chills and 
fever experienced regularly. Among the explanations 
were the claims that the injections were given too fast, 
too hot, too cold, through faulty tubing, without an 
adjustment of the hydrogen ion concentration or to- 
nicity, or they contained undissolved particles. Any 
one of these factors may have some influence upon the 
patient, but it is now known that if a patient to whom 
an injection is given suffers a marked reaction, it is 
usually due to the presence of pyrogens. See also the 
discussion of foreign protein in the chapter on “‘Amino 
Acids and Proteins” (page 665) and Protein Sensitization 
(Chapter CXVI). When properly made, injections 
are pyrogen-free. 

Composition and Characteristics of Pyrogens—While 
pyrogens have always been associated with bacterial 
contamination the views regarding their specific nature 
have changed and there is yet much more to be learned 
about thém. Pyrogens are probably by-products of 
bacterial growth, possibly of metabolism. They were 
at first believed to be protein-like substances, but ex- 
periments now indicate that they are probably not pro- 
teins but more likely complex polysaccharides, appar- 
ently linked to another radical containing phosphorus 
and nitrogen and closely related to bacterial antigens 
since they show many similar chemical reactions.’—'! 
While it was at first believed that pyrogens originated 
only from certain air-borne bacteria which thrive in 
water, it is now known they can be produced by most 
bacteria and may even be developed by molds. 

Removing Pyrogens—Pyrogens on apparatus, instru- 
ments, etc., may be destroyed by acids and alkalies or 
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by heating at high temperatures, 200° to 250°, for 30 to 
45 minutes, but these procedures are not applicable to 
solutions. Pyrogens will pass through filters such as 
the Berkefeld even though the filter removes bacteria. 
Ultra filters are capable of removing pyrogens but they 
are not practical for general use. Experiments with a 
Zsigmondy filter indicate that the particle size of pyro- 
gens is between 1 and 50 millimicrons.’—-" Pyrogens 
are retained by adsorption on certain asbestos filter 
pads. They are also removed by charcoal, kaolin, and 
similar materials, but the use of an asbestos pad is the 
most convenient method for their removal from a solu- 
tion. The Ertel Company has perfected a filter unit 
of asbestos disks'® which is claimed to be capable of 
producing relatively large quantities of pyrogen-free 
solution. A self-contained steam generator permits 
the entire unit to be sterilized before use. 

Source of Contamination—Pyrogens may gain access 
to parenteral solutions through several different chan- 
nels. They may be present in the water or solvent with 
which the solution is prepared. They may be found in 
the solute which is used to make the injection. Their 
source may be the utensils or €ontainers used, or they 
may develop in the solution during the process of 
manufacture. 

The Solvent—The most frequent source for pyrogens 
is probably the solvent. Pyrogens occur primarily only 
when bacteria are present and are permitted to multi- 
ply. Consequently this should always be kept in 
mind when preparing, storing, or using Water for Injec- 
tion. By taking such precautions much of the difficulty 
from pyrogens can be prevented. An examination of the 
monograph for Water for Injection (see the U. S. P. 
page 601) will disclose numerous cautionary points all 
of which are designed to prevent pyrogenic contamina- 
tion, and if the requirements and tests are examined 
closely many additional ‘‘musts’” will be found. For 
example, a faulty or “‘leaky”’ still, or one poorly baffled 
or carelessly operated will permit pyrogens to be carried 
over with the distillate. Clean containers for collecting 
or storing the distillate are an obvious requirement. 
Protecting the distilled water during its collection and 
using it promptly, or sterilizing it immediately after 
distillation, are all safeguards against bacterial con- 
tamination and excessive multiplication of bacteria 
if present. If bacterial growth is permitted it invari- 
ably means pyrogens. The U. S. P. note regarding 
storage overnight, at temperatures either below or 
above those at which bacterial growth may occur, is 
therefore obvious. While it may be difficult to store 
large quantities of water under refrigeration it is some- 
what simpler in practice to maintain a high temperature 
by means of a steam coil. 

Contamination through Solutes—The second source 
of possible contamination already indicated, namely, 
the solute itself, is well worthy of consideration, par- 
ticularly where the solute is one which is known to 
favor the development of bacteria. Dextrose is a 
striking example, and sodium citrate and sodium chlo- 
ride are also frequently found to be contaminated. Un- 
doubtedly many other solutes are pyrogen-contami- 
nated but those which are used to make injections which 
are most commonly administered in large volumes are 
the ones which cause the most trouble. For example, 
it is quite possible to visualize the development and 
multiplication of bacteria in the manufacture of dex- 
trose. Only by the most rigid controls can such prod- 
ucts be made to meet the requirements of a solute to 
be used in parenteral solutions. Fortunately, manufac- 
turers are recognizing this problem and are taking 
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special precautions to prevent bacterial or other con- 
tamination in such solutes. 

Contamination by Equipment—Pyrogen contamina- 
tion through equipment, apparatus, or containers is 
frequently overlooked. This is usually not due to what 
might be classified as “dirty apparatus” but rather a 
failure to take proper precautions in technique. For 
example, an operator in a hospital may prepare dextrose 
solutions several times each week, and may be very 
careful to wash and rinse all equipment thoroughly 
after each operation and even go to the extreme of 
keeping it protected from dust until it is to be used 
again. Too often, however, equipment is not completely 
drained and dried, and during the period between opera- 
tions the few bacteria which may have been present 
have an opportunity to grow in this remaining rinse 
water and are still present when the next operation 
starts, even though by this time the last trace of mois- 
ture has disappeared. As a result, pyrogens have been 
produced and are now taken up by the parenteral solu- 
tion which might otherwise have been pyrogen-free. 

Contamination during Manufacture—This is another 
possible source of pyrogens and is a prime offender. The 
most exacting precautions may be taken to prevent 
contamination from solvent, solute, and equipment, but 
it is useless if the manufacturing technique is faulty. 
In the preparation of a solution, such as dextrose, if 
cautionary measures are not taken throughout the 
operation, bacteria will grow and multiply, and that will 
mean pyrogens. Protection from contamination by 
every means possible and the expeditious handling of 
the entire operation are necessary to safeguard the 
solution. This includes limiting the individual lot 
manufactured to a volume which can be processed con- 
veniently in one working day, or which can be stored 
under conditions which will prevent bacterial growth. 
Complete processing, of course, includes sterilization — 
which automatically stops pyrogen development by 
destroying the initial cause, bacteria. Briefly, the pre- 
vention of bacterial contamination in parenteral solu- 
tions means the elimination of pyrogens and the pre- 
vention of febrile and related reactions when such solu- 
tions are subsequently injected. This simple fact must 
be kept in mind constantly whenever the manufacture 
of parenteral solutions is considered. 

Testing for Pyrogens—Parenteral solutions are offi- 
cially examined for pyrogens by a biological test in 
which rabbits are used as the test animals. The 
U.S. P. test for oxidizable substances in water for injec- 
tion, using permanganate, is sometimes interpreted as 
indicating the possible presence of pyrogens™: }* but it 
is not specific. As the name of the permanganate test 
indicates, it shows the presence of oxidizable substances, 
and, while these substances may be bacteria or related 
products, in which case pyrogens might be expected, the 
reaction may be due to entirely different substances. 
Another test reported to have considerable value in the 
detection of pyrogens, but not having general approval, 
is based upon the leucocyte response in the blood follow- 
ing the injection of a solution.’ Within 60 to 90 min- 
utes after injection, leucopenia develops with a decrease 
of 4000 to 9000 white cells. This is followed by leuco- 
cytosis, with a white cell increase of 10,000 or more. 
Both fever and leucocyte response vary with dilutions 
and some investigators claim that the leucocyte response 
is more sensitive and rapid than the fever reaction. 

The U.S. P. test for pyrogens is as follows: 


Pyrogen Test 


Test Animal—Use healthy rabbits weighing 1500 Gm. or more 
which have been maintained for at least 1 week on a uniform un- 
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restricted diet and have not lost weight during this period. Use 
an accurate clinical rectal thermometer and test it to determine 
the time required to reach maximum temperature. Other record- 
ing devices of equal sensitivity are acceptable. Do not use ani- 
mals which have been used for previous pyrogen tests unless they 
have had a rest period of not less than 48 hours. In testing 
allergen-containing materials, the test animal shall not be used 
more than once with the same allergen. If the animals have not 
been used for tests during the previous 2 weeks, take four rectal 
temperature readings on each of the animals at 2-hour intervals 
1 to 3 days before use. Insert the thermometer or other recording 
device beyond the internal sphincter, and allow it to remain a 
sufficient time to reach maximum temperature, as determined 
above, before the reading is recorded. Do not use in the test 
those animals with a temperature in excess of 39.8°. House test 
animals in individual cages protected from disturbances likely to 
cause excitement. Exercise particular care to avoid exciting the 
animals on the day of taking the control temperatures and on the 
test day. Maintain the animals in an environment of uniform 
temperature (+5°) for at least 48 hours prior to and during the 
test period. Preferably they should be in quarters maintained at 
constant temperature and humidity. 

Conduct of Test—Perform the test in a room in which the 
temperature and the humidity are maintained at the same level 
as that of the room in which the animals are housed for the test. 
During the test, the animals may be restrained in a suitable type 
of holder. Withhold food from any animal used, beginning 1 
hour before the first temperature reading, and permit no food 
until the day’s record is completed. Access to water may be al- 
lowed. On the day of the test, take the control temperature prior 
to beginning the injection. However, a period of not more than 
15 minutes should elapse, after the removal of the animal from 
the cage, to the time of taking the control temperature if the ani- 
mal is to be restrained in a holder during the test. Animals may 
be used for the test, provided the control temperature reading 
taken on the day of the test does not fall below 38.9° and does 
not exceed 39.8°. The reading taken on the day of the test con- 
stitutes the normal temperature of the test animal from which a 
subsequent rise following the injection of the test material is 
calculated. Warm the product to be tested to approximately 
37° and inject intravenously, through an ear vein, 10 cc. per Kg. 
of rabbit, within 15 minutes subsequent to the control temperature 
reading on the day of the test. Record the temperature at 1 hour 
subsequent to the injection and each hour thereafter until three 
recordings have been made. Syringes and needles used for these 
injections must have been treated to render them pyrogen-free 
and then immediately sterilized. The syringes and needles may 
be rendered pyrogen-free by heating in a muffle furnace at 250° 
for not less than 30 minutes, or by any other suitable method. 
Three rabbits shall be used for each test and the test shall be con- 
sidered positive if two or three animals show an individual rise in 
temperature of 0.6° or more above the normal established for each 
of these animals. If only one animal shows a temperature rise of 
0.6° or more, or if the sum of the temperature rises of the three 
animals exceeds 1.4°, the test must be repeated using five rabbits. 
The test shall be considered positive if two or more of the group 
of five rabbits show an individual rise in temperature of 0.6° or 
more above the normal established for these animals. 

The Pyrogen Test is designed for products which can be toler- 
ated by the test rabbit in a dose of 10 cc. per Kg. For products re- 
quiring the use of test doses of less volume or for products requir- 
ing dilution, the individual monograph will specify the test dose, 
or the required dilution to be used. 

Water for injection and other products to be tested may be 
rendered isotonic before testing by adding a sufficient quantity of 
pyrogen-free sodium chloride. 


Numerous articles have appeared in comparatively 
recent literature, dealing with the pyrogen response in 
rabbits, the development of the current assay technique, 
laboratory equipment for handling the rabbits during 
tests, the use of thermocouples for recording tempera- 
tures, and related considerations, all of which should be 
reviewed by those who plan testing for pyrogens.”—**. 


Vehicles for Parenteral Solutions 


Parenteral solutions are usually simple aqueous solu- 
tions, although isotonic sodium chloride solution, iso- 
tonic (5 per cent) dextrose solution, and Ringer’s solu- 
tion are frequently used as the initial solvent. All such 
solvents must be pyrogen-free. Vegetable oils and 
certain other liquids are also used as vehicles for injec- 
tion, the medicating agent either being dissolved or 


_ suspended in the liquid. 


Water for Injection—The Pharmacopceia provides 
a separate monograph for water which is to be used 
parenterally, under the title of Water for Injection. 
The Pharmacopceia is not intended as a textbook, and 
one must “‘read between the lines” to understand the 
full implications of the standards under Water for In- 
jection. The laboratory operator must keep the dreaded 
pyrogens constantly in mind when studying the Water 
for Injection text. The major precautions are for the 
prevention of pyrogens. 

First the water must be prepared by distillation and 
therefore the still must operate perfectly. None of the 
water should be carried over by entrainment; the still 
should be operated at the proper speed; the baffling 
should be efficient and all connections tight. The con- 
nections themselves are important and wherever pos- 
sible all-glass units should be used to eliminate rubber 
and other contaminating influences. The small, all- 
glass laboratory still shown in Fig. 395 is very satisfac- 
tory for small operations and a battery of such stills 
is sometimes used to provide relatively large volumes of 
distilled water. 


Fig. 395—AH glass laboratory still for preparing water for injection. 
* 


Reference has previously been made to the require- 
ment that Water for Injection be used “immediately” 
after distillation, for preparing solutions for parenteral 
use and the question of what constitutes “immediately” 
may naturally arise. A former N. F. required that 
water be used within 2 hours after distillation, while the 
U. S. P. of the same period extended this time to 24 
hours. Conditions might arise when either of these 
specifications would be wrong. Water could be care- 
fully distilled, completely protected from contamina- 
tion, and be free from pyrogens long after the stipulated 
2-hour period. Conversely, under improper condi- 
tions, the distilled water might be seriously contami- 
nated within a short time after distillation. A knowl- 
edge of the possibilities, therefore, and the correspond- 
ing care and judgment must be the guiding controls 
which determine this important point. 

Attention has already been called to the possibility 
of storing distilled water overnight, either at high or low 


252 


temperatures, until it is to be used on the following day. 
This procedure may be necessary when it.is-impossible 
to distil the water, prepare the solution and process 
it all within one working day. 

A third permissible method of handling freshly dis- 
tilled water is to package it for future use. In this case 
it must be sterilized promptly after packaging and must 
meet the tests for sterility at all times. Water thus 
packaged may be used to prepare parenteral solutions 
at a later date, either in a manufacturing laboratory, 
or, more generally, by a physician for the extempora- 
neous preparation of solutions at the time of injection, 
especially for substances which are unstable when kept 
in solution. 

Naturally, the containers in which distilled water is 
collected must be thoroughly cleansed and rinsed, and 
protected both before and during the collection of the 
water. Unused portions of distilled water should either 
be discarded, or sterilized for subsequent use. Finally, 
Water for Injection must meet all of the tests for 
U.S. P. distilled water and, in addition, the important 
test for pyrogen. 

When conditions permit, Water for Injection may ad- 
vantageously be prepared by the following method: 
The distillation is conducted in an all-glass still and to 
each 1000 ec. of water placed in the distilling flask 5 ce. 
of potassium hydroxide T.8. and 10 ce. of potassium 
permanganate T.S. are added. The potassium hydroxide 
assists in breaking down protein matter and the per- 
manganate acts as an oxidizing agent, destroying most 
organic matter, as bacteria and pyrogenic substances. 
The distillate is collected in 50-ce. Nessler tubes until 
it no longer gives a positive test with Nessler’s reagent. 
When the test is satisfactory the water is collected in 
proper containers. Distillation is stopped when all but 
about one-tenth of the original liquid has been distilled. 
Obviously, a ‘continuous type”’ of still cannot be used 
for this operation. This distilling operation is especially 
adapted to a retail pharmacy and the ‘‘showy”’ nature 
of the boiling, purple-colored water, in an attractive all- 
glass still, heated by an electric hot plate, and conducted 
behind a protective glass closure, makes an impressive 
operation when seen by physicians and the public. 
A typical distillation assembly of this type is ilustrated 
in Fig. 395. 

Water Purified by Ion-Exchange Processes—The use 
of water purified by columns of ion exchange resins has 
been suggested, but this type of water is not considered 
suitable for the preparation of parenteral solutions, an 
important reason being the failure to eliminate bacteria 
and pyrogens. Many laboratories, however, have found 
the treatment of ordinary water by the ion-exchange 
method a valuable pre-distillation process, as it removes 
many substances which cause ‘‘scale’”’ and obstructions 
in the still. 

Oil for Injection and Other Solvents—The prime re- 
quirement of an oil for use in preparing injections is one 
of low acidity. Peanut, sesame, cottonseed, corn, and 
similar oils are commonly employed, and because some 
patients may show allergy reactions to specific oils, it is 
directed that the name of the oil be stated on the label 
of the container for the information of the physician. 

The U.S. P. includes the following requirements for 
Non-aqueous Vehicles: 


Fatty oils are generally used as the vehicle for non-aqueous 
Injections. Such oils shall be of vegetable origin, odorless or 
nearly so, with no odor or taste suggesting rancidity. They shall 
remain clear at 10°. They meet the requirements of the test for 
Mineral oul under Expressed Almond Oil and have a Sapontfica- 
tion value not less than 185 and not more than 200, and an Iodine 
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value not less than 79 and not more than 128. The free fatty acids 
in 10 Gm. of a suitable oil require for neutralization not more than 
1 ce: of'tenth-normal sodium hydroxide. 

If a fatty acid is used as a component of an Injection, Oleic 
Acid shall be used. 

Synthetic mono- or di-glycerides may be used as vehicles for 
Injections, provided they are fluid at 10° and have an iodine value 
of not more than 140. 

Other non-aqueous vehicles may be used which are themselves 
non-toxic in the volume of Injection administered and which do 
not interfere with the therapeutic efficacy ot the preparation. 


Cleansing Apparatus and Containers for the Preparation 
of Sterile Products 


All apparatus used in the preparation of solutions for 
parenteral administration should be meticulously 
cleansed. Separate equipment should be provided for 
this work to lessen the possibility of contamination. 
Glassware, such as flasks, bottles, and funnels, should be 
washed thoroughly with soap, or other detergents, and 
thoroughly rinsed with water for injection. The rinse 
water should drain uniformly from the washed article 
and show no sign of channels or droplets of water adher- 
ing here and there. This is known as the “rinse test” 
and indicates the absence of grease or other dirt. 
Glass apparatus may also be cleansed by using the well- 
ice sulfuric acid-dichromate cleansing solution (page 
1051). 

Soaps themselves have been greatly improved within 
recent years and may satisfy the cleansing requirement. 
However, the numerous detergents and wetting agents 
(page 583), exemplified by sodium lauryl sulfate, Calgon 
(sodium hexametaphosphate), and others, offer such 
striking advantages, particularly in eliminating the m- 
soluble films so frequently encountered with ordinary 
soap, that their use has almost become routine, espe- 
cially in the washing of ampuls. After washing, rinsing 
with clean water should always be thorough and, 
whenever possible, equipment and containers should 
be allowed to drain in an inverted position to prevent 
further contamination by additional filaments, fibers, 
and other foreign dust particles. After draining, the 
washed equipment should be properly protected from 
further contamination before being turned upright. 
Ampuls are frequently drained while suspended in an 
inverted position in the mesh of wire baskets, or they 
are placed in metal trays fitted with perforated sections. 
In this position the ampuls are dried or sterilized, as 
circumstances require, the baskets preferably being 
wrapped and the trays being covered with tight lids. 
By the most approved practice the ampuls are filled 
while in the trays and are not handled until after the 
sealing. 

The procedure used for cleansing the general equip- 
ment used in preparing parenteral solutions may not 
differ noticeably from one laboratory to another, but 
that used for washing ampuls varies greatly. The indi- 
vidual who wishes to wash only a few ampuls may use 
the simple expedient of boiling them, while held in an 
inverted position in a rack in the proper cleansing solu- 
tion, until all air is eliminated, when, upon removing 
the source of the heat, the ampuls will fill up with the 
solution. The cleansing solution must then be removed, 
and the ampuls rinsed thoroughly with clean water 
which is drawn into them as before. Another simple 
technique is to use an ordinary hypodermic syringe 
with a long needle, thus forcing the various solutions 
directly into the ampuls and finally forcing the solutions. 
out by injecting a syringe-full of air into the inverted 
ampul. It is also possible to attach hypodermic 
needles to gravity-fed leads from, overhead containers 
holding cleansing fluids and rinse water, or to containers 
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maintained under several pounds of pressure to insure 
a flow of liquid. Some commercial ampul washing ma- 
chines operate upon this same principle and often con- 
sist of a series of needles which may be operated simul- 
taneously. These machines provide for a series of 
washings or treatments, sometimes including as many 
as 6 or 7 different steps. The ampuls, mounted on a 
row of needles, first receive a blast of air to remove loose 
particles of dust or glass. This is followed by cold water 
washing, then successively by hot water, by detergent 
solution, by hot water rinsing and finally by steam, the 
latter emptying the ampuls and heating them so that 
they dry quickly and automatically. The Perfektum 
Ampwash machine, illustrated in Fig. 396, is an ex- 
ample of this type of unit. It is manufactured by 
Popper and Klein, Inc., New York City. 


Fig. 396—Perfektum Ampwash Machine (courtesy of Endo Products, Inc.). 


An entirely new technique and one which offers 
striking advantages is based upon centrifugal washing. 
This equipment (Fig. 397) sold by the Baltimore Bio- 
logical Laboratories, Baltimore, Md., was developed 
primarily through the vision and initiative of Dr. John 
H. Brewer, who is associated with the Hynson, West- 
cott and Dunning Laboratory. Ampuls are arranged 
in racks in trays of stainless steel (Fig. 398), the number 
of ampuls varying according to size, and the trays are 
placed on end in the centrifugal washer, the tips facing 
the center of the centrifuge. The entire apparatus is 
then filled with a detergent solution. The centrifuge 
is set in motion and the ampuls fill with the solution in 
20 seconds. The centrifuge is then stopped, the drain 
valve opened, and the excess detergent solution allowed 
to run into the sewer. The trays of ampuls are then 
reversed and the machine run for 1 minute, the deter- 
gent solution being discharged by the centrifugal force. 
The ampuls are rinsed by again reversing the trays and 
repeating the entire process, except that only clean, hot 
water is now used. The centrifugal force is so great 
that the ampuls are essentially dry when they come from 
the washer. In the case of the Baltimore laboratory, 
the city water supply is sufficiently pure to use for the 


entire washing and rinsing operations, thus eliminating 
the need for distilled water or water for injection. The 
trays of ampuls are now removed from the washer, 
closed with tightly fitting lids, and sterilized. The 


Fig. 397—Centrifugal ampul washing machine (courtesy of Hynson, 
Westcott and Dunning Laboratory). 


Fig. 398—Stainless steel ampul holder for ampul washer (courtesy Hynson, 
Westcott and Dunning). 


ampuls are eventually filled as described later, without 
removing them from these boxes. This arrangement 
reduces the labor of handling ampuls to a minimum and 
provides a maximum of protection. The washing ma- 
chine holds 12 gross of 1-cc. ampuls at one time, and 
using it, an operator can wash, rinse, and dry the ampuls 
in 15 minutes, making the hourly output over 60090 
ampuls, washed both inside and outside. Stray, foreign 
particles, such as fibers or filaments, are practically 
unknown when ampuls are washed by this equipment. 
The entire machine is made of stainless steel, requires a 
minimum of space compared to other washers, and the 
time and labor involved are only a fraction of that ordi- 
narily required. 

Acid Washing—It may be desirable, at times, to 
wash or treat ampuls or other glass containers with a 
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dilute hydrochloric acid solution to neutralize internal 
surface alkalinity if that be present. Usually a solution 
containing 0.1 per cent of HCl is used for this purpose. 
The ampuls or other containers are filled with the solu- 
tion, preferably hot, allowed to stand for a period of 
time, and then thoroughly rinsed. 


Air Cleaning and Air-Conditioning for Parenteral 
Solution Laboratories 


The Westinghouse Electric Corporation has devel- 
oped the following method of air purification for labora- 
tories requiring a conditioned and sterilized air supply. 
The air is first filtered, then passed through an ionizing 
apparatus (precipitrons), after which the humidity is 
adjusted, and finally the air is sterilized with ultra-violet 
radiation. 

Filtration—The air is first passed through a filter com- 
posed of steel wool or fiber glass which is saturated with 
a heavy mineral oil. Fiber glass is to be preferred to 
steel wool as it is far less inflammable and also lighter 
in weight. Filters are very inefficient in removing bac- 
teria and only the larger clumps of dirt are removed by 
this step. 

Electrostatic Precipitrons—The very fine particles 
and bacteria are next removed by the precipitron. In 
the operation dependence is not placed upon the natural 
charge of the dirt particles but on the fact that all of the 
particles are ionized—a charge is placed on them. 
They are then passed through a series of charged plates, 
which are covered with a special oil, and the bacteria, 
mold, yeast, virus particles and dust ‘are removed. 
For efficient operation care must be taken to have the 
proper air velocity through the plates. 

Humidity Control—The purified air is next passed 
through a water spray to adjust the humidity of the air. 
The latter is controlled by the temperature of the water 
in the spray. However, precautions must be taken 
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Fig. 399—-Ampul manufacturing laboratories are specially constructed with 
few corners which collect dust. All air in the rooms is carefully filtered, 
exposed to ultra-violet light, and kept under positive pressure (courtesy of The 
Austin Company, Engineers and Builders, and Winthrop Chemical Co.). 


during humidification, that new bacteria are not added 
to the air by the water. City water always contains 
bacteria and if the water is reused, as is normally the 
case, bacteria will multiply in the tanks and create a 
good source of contamination for the air. This diffi- 
culty can be overcome by using one of the modern 
organic bactericides in the tank. 

Sterilization—Finally the air is passed through ducts, 
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under ultra-violet lights, such as ‘“‘Sterilamps,”’ the most 
effective wave length being 2537 Angstrém units. 
Some lights of this value when first started develop 
some ozone, but as they operate the ozone tends to dis- 


Fig. 400—All employees in the Winthrop Chemical Company’s new Ampul 
building walk through this special dedusting passage on their way from 


locker rooms to the various production departments. Street clothes, de- 
posited in locker rooms as employees enter the building, are exchanged for 
special dust-resisting gowns and hair coverings, after which they proceed 
to individual departments which can only be reached by passing through 
the double dedusting blower unit, which removes all lint and dust (photo 
courtesy of The Austin Company, Engineers and Builders). 


sociate rather than form. However, constant, high- 
intensity Sterilamps are now available which produce 
no detectable ozone even when new. 

Air which has passed through these several treat- 
ments is suitable for introduction into the modern type 
of laboratory where parenteral solutions are prepared. 


Preparation of Injections 


The preparation of an initial parenteral solution does 
not usually introduce any serious problem, for it is 
generally a simple solution. 

The most difficult problem is to prepare a brilliantly 
clear solution, free from dust fibers and other foreign 
particles. Accordingly, it is useless to provide a clear 
filtrate if the container in which it is collected is con- 
taminated with dust, or if it is carelessly exposed so that 
it becomes contaminated. The average pharmacist 
certainly cannot attempt to prepare parenteral solutions 
under the conditions ordinarily existing in the usual 
pharmacy. Some have been able to do a restricted 
amount of such work after hours when there is less 


chance for contamination, but even then some added — 


protection should be maintained. The use.of small. 


separate rooms, further discussed and illustrated under 
Aseptic Manipulation in the chapter on ‘‘Sterilization”’ 
(page 125) is well-suited for the filtration of the 
solution, the filling and sealing of the ampuls, and is 


ips 


PARENTERAL SOLUTIONS 25 


recognized by many manufacturers as one of the answers 
to this general problem. There is basically no reason 
why every manufacturer, whether large or small, 
should not provide such facilities at least. An addi- 
tional safeguard is that of working under a protective 
canopy, as illustrated in the aseptic room referred to 
above. 

In the better constructed and equipped laboratories 
the basic conditions required in a room for surgical 
operations are provided and enforced. Ledges and 
sharp corners are eliminated, walls are smooth and fre- 
quently washed, only filtered and sterilized air is used, 
and no person is allowed to enter without putting on 
sterile gowns and caps and passing through a dusting 
chamber where a heavy blast of air removes dust par- 
ticles which may still be clinging to shoes or clothing 
(Fig. 400). 

Filtration Units—With proper working conditions 
provided, the next problem is that of filtration. Filter 
paper may be used, but it must be of the hard or lint- 
less variety, and the harder the filter paper the slower 
the filtration. If filter aids are used, care must be exer- 
cised in their selection since many active constituents 
in a solution, such as alkaloids, may be adsorbed and 
retained by the filter. Biichner funnels of sintered glass, 
as illustrated on page 198, may be used to advantage in 
filtering most parenteral solutions. These funnels are 
obtainable in various porosities and size, and when a 
fine-mesh filter of this type is used the trouble from 
filter paper fibers is entirely eliminated. Since these 
funnels are made entirely of glass they do not react with 
chemicals or other substances and very little of the 
solution is lost since there is practically no absorption 
as with filter paper. The funnels require no filter aids 


but a water aspirator or filter pump, or some other 


Fig. 401—The Fenwal system for preparing parenteral solutions as installed 
in the Roosevelt Hospital, New York. 


means for supplying a vacuum, is necessary for their 
operation. Porcelain filters such as are used for bac- 
terial filtration in the sterilization procedures (page 
123) are frequently used for purposes of clarification 
and are highly recommended. ‘The Selas filter illus- 
trated under Sterilization (page 124) is especially well 
suited for this purpose, and a battery of candle filters, 
illustrated on page 123, will filter large quantities of 
solution in a comparatively short time. Large pad 
filters, such as the Seitz (page 124), are frequently used 


_ when large quantities of solution are to be filtered. 
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A procedure frequently employed when large quanti- 
ties of dextrose, sodium chloride, and similar solutions 
are to be prepared involves the making and filtering of a 
concentrated solution of the solute, and then diluting 
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Fig. 402—Close-up of Fenwall system filling equipment in the Roosevelt 
Hospital, New York. 


portions of this concentrate with sufficient clear water 
for injection to supply the needs of individual con- 
tainers. This procedure avoids the necessity of provid- 
ing large mixing vessels, and the needless filtration of 
large volumes of water, which is already satisfactory for 
use. The Fenwal system, supplied by the Macalaster 
Bicknell Company, Cambridge, Mass., satisfactorily 
operates on this principle and provides all of the neces- 
sary equipment for manufacturing parenteral solutions 
in hospitals (Figs. 401 and 402). 

Oil Solutions or Suspensions—Oil solutions for 
parenteral injection require the same care in providing 
clarity as do aqueous solutions. In many cases, how- 
ever, the oil is used not as a solvent but as a suspending 
agent for an insoluble substance, and such preparations 
require special treatment. They must be so made that 
the insoluble medication will remain suspended for a 
long time and, if any separation should occur, a uniform 
mixture should be readily produced on shaking. Fortu- 
nately, today many of the medicinal substances used in 
oil suspensions for injection are available in the form of 
extremely fine powders, and this quality of the powder 
and the relatively heavy consistency of the oil aid in 
preparing satisfactory suspensions. Furthermore it is 
highly desirable to use colloid or similar mills in their 
preparation. The Pharmacopeeia requires that suspen- 
sions pass through a standard sieve of 200 mesh or finer. 


Containers for Injections 


Glass Specifications—Parenteral solutions are nor- 
mally dispensed in ampuls which vary in size from 1 cc. 
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to 100 ec., in so-called ampul vials or multiple-dose 
containers of 1 ce. to 100 cc. capacity, in special-type 
bottles of 500-ce. and 1000-cc. capacity, and in glass 
flasks which hold from 500 cc. to 2000 cc., the latter 
usually being employed in hospital practice. The solu- 
tions may be sterilized in the final containers, or the 
previously sterilized solution may be placed in sterile 
containers, no additional sterilization being provided. 
It is necessary that the glass containers be selected with 
care, the selection depending upon the manner in which 
they are to be employed and also upon the solution to 
be packaged. All glass is soluble in water to some de- 
gree, and the high temperatures used in sterilization 
increase this solubility. The alkalinity resulting from 
glass solubility may precipitate alkaloids from solutions 
of alkaloidal salts or cause other changes in solutions. 
To control this situation tests have been devised for 
testing glass containers. The Pharmacopceia carries 
four such tests. The complete U.S. P. test for Type I 
glass follows, and brief summaries of the tests for Types 
II, III, and IV glass are given. See the Pharmacopoeia 
for complete details. 

Type I Containers—Type I containers represent glass 
of the highest quality and may be used in any capacity 
and for any preparation. 

The U.S. P. test is as follows: 


Test for Containers of Type I 


Take a sufficient number of containers at random, not less than 
6, cleanse them thoroughly with water, rinse, and dry. Crush the 
containers to about 25-mm. size and take from 100 to 120 Gm. 
of the well-mixed glass and reduce it to a powder in a suitable steel 
mortar. Place the powder on a No. 20 sieve nested in a No. 40 
sieve, which in turn is nested in a No. 50 sieve, and sift briefly. 
Remove the glass on the No. 20 and No. 40 sieves, recrush in the 
mortar, and sift a second time. Again remove the glass on the 
No. 20 and No. 40 sieves, crush again, and sift for the third time. 
Return the glass retained on the No. 40 and No. 50 sieves to the 
sieve assembly and sift again for 5 minutes. A mechanical sieve 
shaker may be used if desired. Spread the glass powder retained 
on the No. 50 sieve, which should weigh from 10 to 15 Gm., on 
a sheet of paper and pass a magnet through it several times to 
remove any particles of iron. Transfer the powder to a small 
basket of No. 50 brass or copper gauze and agitate the basket 
containing the powder in a beaker of distilled water for 1 minute 
and then for 30 seconds in each of 2 beakers of aleohol. At this 
time, the particles should be of uniform size and free from small 
particles or agglomerates of powder. Dry the washed sample at 
140° for 20 minutes and cool in a desiccator. Place 10 Gm. of 
the dried glass, accurately weighed, in a resistance glass flask of 
about 125-ce. capacity, add 40 ec. of water which has not come 
in contact with copper, loosely cap the flask with a resistance 
glass cover, and autoclave for 30 minutes at 15 pounds steam 
pressure (121.5°). Cool the autoclave to atmospheric pressure 
within 30 minutes, then remove the flask, cool rapidly to room 
temperature, and titrate with fiftieth-normal sulfuric acid, using 
phenol red pH indicator. Perform a blank test with water from 
the same lot and using the same kind of flask, and make any 
necessary correction: not more than 0.6 cc. of fiftieth-normal 
sulfuric acid is consumed. 


Type II Containers are those of not over 100-cc. ca- 
pacity and are not to be sterilized after filling. Briefly, 
the test for Type II containers consists of heating dis- 
tilled water in the containers at 15 pounds pressure for 
1 hour and then titrating with fiftieth-normal sulfuric 
acid: not more than 0.5 cc. of acid should be required 
for each 100 cc. of the water. 


Type III Containers include all capacities and, like 
Type II, are not to be sterilized after filling. The con- 
tainers are crushed, as in Type I, a 10-Gm. portion is di- 
gested with fiftieth-normal acid for 4 hours at 90°, and 
the excess acid determined. Not over 5 cc. of the acid 
solution should be consumed. 


Type IV Containers are those of over 100-cc. capacity 
and are tested by filling with water, heating for 30 min- 
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utes at 15 pounds pressure, evaporating the water and 
determining the solids present; not over 3.5 parts of 
solids per million are permitted. Containers of Type 
IV are those used for 500-cc. and 1000-cc. packages of 
solutions of sodium chloride, dextrose, and similar 
substances which are administered intravenously in 
large quantities, particularly in hospital practice. 
Ampuls—These containers may be obtained as either 
the plain or the constricted type (Figs. 403 and 404). 
The constricted style is preferred, because of the greater 
satisfaction obtained by a physician when the solution 
is withdrawn by a syringe. The ampul is broken at the 
point of constriction on the neck: this prevents the loss 


Fig. 403—Plain, constricted, and double-tipped ampuls (courtesy of The 
Kimble Glass Co.). 


Fig. 404-—Ampuls, multiple dose vials, and bulk containers for parenteral 
solutions (courtesy of the Kimble Glass Co.), 


of solution, permits the use of a short needle, and also 
the removal of all of the solution. 

Salt-Mouth Ampuls—These ampuls (Fig. 404) have 
rounded bases and wide necks and are used in packaging 
dry, sterile salts. These are used when a solution of 
the salt is not stable. In filling these ampuls individual 
portions of the salt are weighed, and then placed in the 
ampuls by means of a small funnel. When required for 
use, sterile Water for Injection, or other suitable ve- 
hicle, is added to the salt to provide an extemporaneous 
solution. This type of ampul is also usually employed 
for oil suspensions. The rounded bottom of the ampul 
prevents the caking of the salt or suspended material 
and permits more rapid solution or distribution. 

Multiple-Dose Vials—As the name implies, these con- 
tainers permit a physician to withdraw numerous doses, 
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of selected sizes, and at different times, from the same 
package. They are available in two essential styles. 
One of these, usually referred to as the army type 
vial, is comparatively short and with a relatively wide 
neck; the other, known as the serwm type vial, is 
usually a taller bottle and has a narrow neck. The 
U. S. P. tests for the quality of glassware apply to 
multiple-dose vials as well as to ampuls. Closures for 
multiple-dose vials are considered on page 260. 


Filling Ampuls and Other Containers 


When only a small number of ampuls are required, 
they may be filled with a hypodermic syringe, using a 
needle of sufficient length to pass beyond the neck of the 
ampul. For larger operations, however, a more practi- 
cal method of filling must be adopted. One method 
frequently employed is the use of a burette with a 
needle attached and a provision for filling the burette 
automatically. A very efficient filling device is shown 
in Fig. 405, In this unit there is a double glass valve 
which permits passage of the solution in one direction 
only. These valves may be obtained through any reli- 


Fig. 405—Ampul filler. 


able glass blower and are found to be more efficient 
when the hollow valve is slightly weighted with mercury 
to permit its more rapid seating against the ground-glass 
base. An outlet at the lower end of the valve unit leads 
to the stock solution, a second outlet between the two 
valves leads to an all-glass syringe (10-cce. size is very 
convenient for small ampuls), while a third outlet 
above the second leads to a long hypodermic needle of 
suitable bore. When the piston of the syringe is with- 
drawn, valve number two is automatically seated and 
the stock solution is drawn up through valve number 
one into the syringe. An adjustable stop automatically 
regulates the point to which the piston is withdrawn 
and subsequently regulates the volume of liquid for 
each ampul. With the needle inserted in an ampul, 
just below the neck but not too far into the body of the 
ampul, lest it dip into the final solution, the piston 
is forced into the syringe and, since the lower valve 
promptly seats itself, the liquid is forced through the 
upper valve and into the ampul in measured amounts. 
Immediately drawing back the piston removes the last 


257 


trace of solution from the tip of the needle, and it is then 
possible to withdraw the ampul without soiling its neck. 
This precaution is very important since, if the neck of 

the ampul is soiled, charring fre- 
ms quently occurs while the ampul is 
being sealed. The presence of 
particles of charred solution in a 
finished ampul is a frequent and 
most serious cause of rejection 
when ampuls are finally inspected 
for clarity. 

Another filling device (Fig. 406) 
is dependent upon the force of 
gravity, and the higher the stock 
solution is raised the faster the 
apparatus functions. From a con- 
venient location and container, 
the stock solution feeds into one 
arm of a three-way valve. The 
second arm leads to an all-glass 
hypodermic syringe of suitable 
size, while the third arm leads 
to a long hypodermic needle. 
When the valve is opened in one 
direction, the liquid, by the pres- 
sure it exerts, flows into the 
syringe, raising the piston to the 
previously fixed point, the piston 
Y having an adjustable stop above 
it. A glass shell surrounds the 
piston and permits the use of a 
small amount of water or liquid 
in the shell to act as a lubricant 
for the piston. A piece of glass 
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Fig. 406—Ampul filler. 


tubing, passed through a rubber 
stopper in the upper end of the shell, acts as the auto- 
matic stop for the piston. Glass tubing rather than a 
glass rod is used in order to prevent compression in the 


Fig. 407—Perfektum ampul filling and sealing machines. 


shell chamber. When the valve is reversed, the weight 
of the piston (weighted, if desired to increase efficiency) 
forces the measured liquid through the needle and into 
the ampul. This apparatus does not provide any means 
of removing the possible “bead” from the tip of the 
needle and the contamination of the neck of the ampul 
is more likely to occur when using this apparatus than 
in the one previously mentioned. However, the use of 
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a needle with a relatively large bore is helpful in this 
respect. 

Automatic Ampul Filling Machines—These are based 
upon the principle illustrated in Fig. 405. Fig. 407 
(left) shows the Perfektum filling machine of the 
Popper Klein Co. of New York City, while Fig. 408 
illustrates the model supplied by the Baltimore Bio- 
logical Laboratory. Fig. 409 shows the latter machine 


Fig. 408—Ampul filling machine (courtesy Hynson, West- 
cott and Dunning). 


in actual operation, this being part of the system de- 
veloped by Dr. Brewer, previously referred to under 
the subject of ampul washing. The stainless steel boxes 


Fig. 409—Ampul and vial filling under aseptic conditions using filler shown 
in Fig. 408 (courtesy Hynson, Westcott and Dunning). 


containing sterile ampuls are transferred through the 
air-lock into the aseptic room. One such box is placed 
into a specially designed filling track which keeps the 
ampuls under cover except when each row is succes- 
sively exposed under the lighted filling slot (Fig. 409). 
The operator moves successive rows of ampuls to the 
filling slot by means of a knob operated with the left 
hand. The glass syringe and valve mechanism, the 
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tube and needle, and all necessary connections to bulk 
containers, are so arranged that the entire assembly can 
be sterilized. The complete assembly can then be 
attached, very simply, to the motor which drives the 
measuring syringe. Volumes as small as 0.05 ce. can be 
accurately measured by this device, and with the proper 
selection of syringes and delivery tips, volumes ranging 
up to 60 cc. can be accurately delivered into containers. 
The apparatus is equipped with a governor-controlled 
motor which can be set at a predetermined rate of 
speed, at times as high as 120 strokes per minute, al- 
though the usual speed for filling ampuls is about 10 
to 40 strokes per minute, dependent upon the material 
and volume to be filled. The filling operation is pro- 
tected from contamination by a sloping glass shield 
extending beyond the edge of the table. 

Fillers based upon the principle of the automatic 
pipette have also been developed for ampul filling and 


are very satisfactory (Fig. 410). These can be so ar- ~ 


ranged that while one measuring unit is being emptied 
into an ampul or other container, a second unit is being 
filled, and the operator simply turns a valve to maintain 


Fig. 410—Automatic filling machine (courtesy of Eli Lilly and Co.). 


a continuous cycle. More elaborate, completely auto- 
matic machines, which cut, fill, seal, and count ampuls 
up to 2400 per hour, are also available. 

Vacuum Filling—While not used in the United States, 
many other countries still use the vacuum principle in 
filling ampuls, whereby the inverted ampuls, held 
in a suitable rack, are dipped into a measured amount 
of the parenteral solution in a flat-bottomed dish. A 
vacuum is then applied to the entire unit and upon 
releasing the vacuum the solution is forced into the 
ampuls. This procedure does not insure the exactly 
measured volume usually found in ampuls filled by 
other means, but a greater objection is the fact that the 
neck of every ampul is contaminated with the solution. 
Before sealing, the ampuls, so filled, are sprayed with a 
jet of water or steam in an attempt to wash down the 
inner walls of the necks, but this procedure is not always 
efficient, resulting in the loss of numerous ampuls. 
There is also the danger of a variable dilution of the 


solution in the ampul with the wash liquid. Practice 
and experience with this type of equipment help to 


minimize these objections, but there is no comparison 

between this method and that of the modern ampul 

fillers which do not soil the necks:of the ampuls. One 
\ 


‘ 
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supposed advantage has been the ability to fill a large 
number of ampuls in a short time but even this is now 
challenged when modern equipment is used. 

Filling Oil Suspensions—In filling containers with 
oil suspensions, some provision may be necessary to 
maintain a uniform distribution of the suspended sub- 
stance. Where only small quantities are involved, an 
initial agitation of the mixture may suffice. When 
handling larger quantities, it may be satisfactory to 
place only comparatively small amounts of the material 
in the filler at one time, but at times it is necessary to 
provide a slow, stirring device which will keep the 
suspension properly mixed and thus maintain uni- 
formity throughout the operation. 

Quantities in Containers—While the specified dose 
of a solution may be 1 cc. and an ampul may be called 
“‘a 1-cc. ampul,”’ still it is necessary that each ampul 
contain more than 1 ce. of the solution if 1 cc. is to be 
available for administration. Some of the solution will 
always remain on the sides of the ampul and, after the 
solution has been withdrawn by the syringe, the volume 
in the syringe should be slightly more than the amount 
to be injected. This permits the syringe to be inverted 
and any air, if present, and the excess solution forced 
out, so that finally the liquid in the syringe is exactly 1 
ec. For this reason manufacturers now designate their 
ampul packages as ‘‘l-cc. size,’ ‘‘2-ce. size,’ etc., and 
in addition add an explanation somewhat as follows: 
“Each ampul contains a sufficient volume to permit 
withdrawal and administration of the volume specified 
on the label.”” The U.S. P. states that the excess of 
solution in ampuls shall be only sufficient to permit the 
withdrawal and administration of the volume indicated. 

The amount of excess required in ampuls is suggested 
by the following table taken from a former edition of 
the National Formulary. 


EXCESS SOLUTION IN AMPULS 


Desired Excess for Excess for 
Dose Mobile Solutions Viscous Solutions 
0.5 cc. 0.10 ce. 0.12 cc. 

1.0 cc. 0.10 cc. 0.15 ec. 

2.0 ce. 0.15 ce. 0.25 ce. 

5.0 ce. 0.30 cc. 0.50 ec. 
10.0 ce. 0.50 ec. 0.70 cc. 
20.0 ce. 0.60 ce. 0.90 cc. 
50.0 ce. 1.00 ce. 1.50 \ ec. 

100.0 cc. 2.00 cc. 3.00 cc. 


Note—The U.S. P. also provides detailed directions pe ee 
ing the volume of injection in containers. See the U. XIII 
(page 665). 


Sealing Ampuls 


Hand Sealing—Ampuls may be sealed with an ordi- 
nary Bunsen burner, but this method is too slow for the 
completion of more than a few ampuls. If used, the 
burner should be adjusted to provide a hot, carbon- 
free flame and the tip of the ampul should be rotated 
continuously in the flame until the glass melts suffi- 
ciently to seal the ampul. The progress of sealing 
_ should be closely watched and the ampul should not 
be removed from the flame until the final central “‘hair- 
line”’ disappears or until a slight bulging of the heated 
tip is noted. The “hairline” represents the final meet- 
ing of the glass from all sides and unless essentially re- 
moved it will probably mean a capillary channel and 
the finished ampul will be a “leaker.” A slight bulge 
usually indicates a closed ampul but the bulge must not 
extend beyond a mere suggestion as it weakens the 
glass resulting in the loss of many ampuls by breakage 
during subsequent operations. If an excessively hot 
flame is used or too much of the neck is heated, excessive 
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pressure may develop and help to form a bulge before 
the opening is actually closed, resulting in a false seal 
and a subsequent “leaker.” 

For more efficient results a blast burner for use with 
air or oxygen mixed with illuminating gas, should be 
employed. This may be the conventional single burner 
or it may represent double or quadruple burners ar- 
ranged to produce cross fires which heat the ampul tip 
uniformly on all sides at the same time. Fig. 411 illus- 
trates a typical four-burner cross fire and represents a 
continuation of the Baltimore Biological Laboratory 
equipment previously referred to. In this equipment 
the original box which has carried the ampuls through 
the washing, sterilizing, and filling operations now 
brings them to the sealing room. The box lid is slid 
back to expose one rack of ampuls at a time, each rack 
being successively removed from the box with sterile 
forceps. The ampuls are then sealed by sliding the 
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Fig. 411—Ampul sealing using the Baltimore Biological Laboratory technique 
(courtesy of Hynson, Westcott and Dunning). 


rack through a trough so that the flames from the burn- 
ers play only on the tip of each ampul until it is sealed. 
The time required for sealing one rack of 24 ampuls is 
approximately 50 seconds. It should be noted that 
the length of time for exposure for any one ampul in the 
entire operation, as outlined by Dr. Brewer, is only the 
few seconds in which the ampul is under the filling 
track and the 50 seconds in which it might be in the 
sealing machine. With these operations carried out 
under glass shields, in dust-free rooms, the chances of 
contamination are very low. 

Fig. 412 presents’a close-up view of a vial of globulin 
being sealed with a double burner. 

An adaptation of the cross-fire arrangement for hand 
use is the “tipping torch,” (Fig. 413). This is manufac- 
tured by the Eisler Engineering Company, Newark, 
N. J. The torch has double burners, each with four 
small openings, and provides a cross fire of remarkable 
efficiency for sealing ampul tips, the bead which is 
formed being comparatively small and uniform, as 
compared to the heavier beads often formed with other 
burners and which often cause breakage from undue 
stresses. 

Another very satisfactory and commonly used 
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method of sealing ampuls consists of applying a fine jet 
of flame to the neck of the ampul, and as the glass is 
softened it is gripped by means of special forceps and 
drawn out, resulting in a quick seal, and with a little 


Fig. 412—Sealing containers for parenteral solutions (courtesy Sharp and 
ohme), 


skilled manipulation the tip is rounded off to a fine 
uniform closure. 

Automatic Sealing—Fig. 407 (right) illustrates the 
Perfektum automatic sealer of Popper and Klein which 
does automatically what has just been described. 


Fig. 414—Diagram of 

an ampul being sealed 

while filled with an 
inert gas. 


Fig. 413—Hisler tipping 
torch. 


Sealing Ampuls under an Inert Gas—For certain 
ampul solutions it is necessary to replace the air with 
some inert gas to prevent the decomposition of the 
solution. Fig. 414 shows a method which may be used 
successfully for this purpose. A short rubber tube, A, 
closed at one end, is attached to the neck of the ampul; 
D is a small hypodermic needle inserted in the rubber 
tube and used as an exit for the air; C, a long hypo- 


a 


PARENTERAL SOLUTIONS 


dermic needle attached to the supply of inert gas, 
is first forced through the rubber tubing to a pointalmost 
in contact with the liquid in the ampul. The gas supply 
is then turned on and this forces the air out through D. 
When the air has been expelled, C is withdrawn to the 
upper portion of the tubing, /’, but the gas is still al- 
lowed to flow. The flame G is then applied until the 
ampul is sealed. 

Filling under gas is also accomplished by the use of 
long-necked ampuls, evacuating the air, replacing it 
by the desired gas, and while this is being provided, heat 
is applied to the center of the long neck, resulting in 
the sealing of the ampul. Both nitrogen and carbon 
dioxide are used as inert gases when these are suitable. 

Sealing Ampuls under Vacuum—Vacuum sealing of 
ampuls which contain oxidizable substances often re- 
places the use of inert gas. Long-necked ampuls are 
used and these are attached to a hose connected to a 
vacuum pump. When the dial registers the required - 
vacuum the center of the long neck is heated until 
sealed and the tip finished. Apparatus is available 


Fig. 415—Stoppers for multiple dose vials and flasks (courtesy of the West 
Company). 


which permits the simultaneous handling of a dozen 
ampuls. 

Testing for ‘‘Leakers’’—Sealed ampuls must always 
be tested for leaks and this is usually accomplished by 
immersing them in a basket in a bath containing a dye, 
such as methylene blue. A vacuum is then applied and 
subsequently released, forcing the dye solution into all 
ampuls which are not completely sealed. If the solu- 
tion in the ampuls can withstand the necessary tem- 
perature, the vacuum may be eliminated and the filled 
ampuls immersed in a heated dye solution. On cool- 
ing, all leaking ampuls will be discolored and can be 
rejected. 


Vial and Flask Closures 


Closures for multiple-dose vials are usually made of 
rubber which must be of such quality that it will not 
react with the solution, may be punctured readily by 
a hypodermic needle, and will reseal immediately after 
the required amount of solution has been obtained and 
the needle withdrawn, even though this operation is 
repeated many times. 

Three basic styles are employed (Fig. 415). The first 
consists simply of a rubber cap which fits snugly over 
the neck of the vial. The second consists of a rubber 
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stopper with rather heavy walls, which fits into 
the neck of the vial, the top of the stopper extending 
over the lip of the vial. The third consists of a rubber 
stopper with either a solid or a hollow core, together 
with an apron which is an integral part of the stopper 
and which folds down over the neck of the vial. The 
latter closure makes the container airtight, prevents 
leakage, and severe shaking will not dislodge the stop- 
per. Closure number two usually requires a final seal 
to cover the gap between the stopper and the lip of the 
vial. A sealing solution composed of gelatin 20 Gm., 
glycerin 10 Gm., and distilled water 70 cc. is generally 
suitable for this purpose. 

Closures for Flasks in Hospital Practice—There is 
much variation in the closures for flasks and similar 
containers for parenteral solutions when used in hospi- 
tal practice. Heavy plaited paper caps are sometimes 
used; heavy aluminum or tin foil caps, covered by a 
final protective layer of paper, are frequently employed; 
inverted beakers or metallic covers of similar shape are 
often used to protect the initial caps. The closure for 
the Pyrex flasks supplied by the Fenwal system (Fig. 
402) consists of a heavy rubber bushing with an apron 
to fold down over the neck of the flask. It also pro- 
vides a metal stem and cover which fits into the bush- 
ing, the lower portion of the stem being slotted. When 
the flask of solution is being autoclaved, this stem is in- 
serted so that breathing action may be maintained 
through the slot, but as soon as the steam pressure re- 
turns to normal and while the material is still very hot, 
the non-slotted portion of the metal stem is forced 
into the bushing, sealing it completely. As the solution 
cools, a vacuum develops in the flask, and this is later 
used as a check on the contents, for by a proper shake 
of the flask the characteristic ‘‘water-hammer”’ effect is 
noted if the vacuum remains, indicating that the con- 
tents are still intact. 

Cleaning Rubber Stoppers and Tubing—Rubber 
stoppers, and also rubber tubing, when required for 
handling parenteral solutions, should be very carefully 
processed before use. Procedures vary, depending upon 
the nature of the rubber and the conditions involved. 
A typical treatment for new rubber consists in soaking 
it for 24 hours in a 10 per cent sodium hydroxide solu- 
tion, followed by thorough rinsing in running tap water. 
It is then boiled in 1 per cent hydrochloric acid for 1 
hour and finally rinsed thoroughly with distilled water. 
After rubber tubing has been used for parenteral solu- 
tions it should be washed with soapy water, or prefer- 
ably with one of the newer wetting agents, such as so- 
dium lauryl sulfate. It is then boiled in 0.5 per cent 
sodium hydroxide solution for about 1 hour, followed 
by a thorough rinsing in distilled water. 


Sterilization 


Safe processes for sterilization are indicated under 
each parenteral preparation in the U. 8. P. and N. F-., 
but other safe processes are also authorized providing 
there is no injury to the preparation. If the filled am- 
puls or other containers are to be sterilized, such sterili- 
zation must be accomplished as promptly after the fill- 
ing operation as the permitted method allows. This 
means immediate sterilization for Process C and at 
least the initial heating for Processes D and E. The 
details for the various processes will be found under 
Sterilization (page 121). 

Loss during Sterilization—In sterilizing solutions in 
containers which are not airtight, as in open vials or 
flasks, a 5 to 10 per cent loss of material may result from 
evaporation. The loss will vary with the method used, 
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the type of closure employed, and the size and style of 
the container. Such losses should be determined for 
given conditions and provision for the loss should be 
made in the original solution. 

Sterilizing Rubber Stoppers and Rubber Tubing— 
These should be sterilized by Process C. If the stop- 
pers are to be sterilized separately and eventually 
placed in a sterile vial, exacting aseptic technique is 
demanded to prevent contamination of the solution. 
If the stoppers are placed in the vials and the completed 
unit then sterilized by Process C, it will be necessary 
to weight down the stoppers to prevent their being 
forced from the vials by the internal pressure which will 
be developed during the sterilization process. 

Separate Lots—If it becomes impossible to ampul 
an entire lot of solution on a given working day, those 
ampuls which have been completed should be sterilized 
and tested for sterility. Any ampuls which are com- 
pleted on successive days should be sterilized and 
tested for sterility separately, and each portion thus 
treated should be considered as a separate lot since the 
solution has been subjected to different conditions for 
each of these portions. 

Sterilization Processes for Parenteral Solutions—The 
table on page 262 represents what are believed to 
be the maximum safe methods of sterilization for solu- 
tions of the substances named. They represent the 
specific methods recommended by the U. 8. P. and the 
N. F. for official injections and ampuls, and other meth- 
ods as variously recommended in the literature. Each 
recommended process represents the one giving the 
greatest degree of certainty of sterilization which the 
preparation will withstand, the processes being rated 
in the order of preference as C, D, E, and F. 


Sterility Tests 


The mere following of one of the recognized processes 
of sterilization does not necessarily insure sterilization. 
Accordingly, sterility tests must be performed on each 
lot of ampuls or other finished containers of parenteral 
solution, and tests may also be required on certain lots 
of bulk solutions. Ali official parenteral solutions must 
meet the requirements of the Sterility Tests (page 126). 


Clarity of Parenteral Solutions 


As has been indicated, a prime requisite in the suc- 
cessful preparation of parenteral solutions is that they 
be made, filled into containers, and sterilized within 
the shortest possible time, preferably within a working 
day. When these operations are completed and the 
solution safely protected from contamination, the other 
steps in the process may follow at a convenient time. 
One of the most exacting of the tests which the pack- 
aged solution must pass is the test for clarity. No 
properly controlled laboratory would permit the pack- 
aging of a solution contaminated with dust particles, 
but the fact’ that a solution is clear before it is filled 
into containers does not necessarily guarantee clarity 
in the final package. The air in the room, the filling 
equipment, the ampuls or vials, and the closures, may 
not be dust-free in themselves, or air-borne particles 
may find their way into the solution before the con- 
tainers are finally closed. Experience has shown that 
it is difficult to conduct these various operations on a 
large scale and obtain finished ampuls or vials which will 
pass the exacting inspection tests. Particles of glass 
may have adhered to the inside of the container only 
to be loosened after the container is filled, or particles 
of carbon may be present due to the charring of drop- 
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RECOMMENDED STERILIZATION PROCESSES 

Acacia C Indigo Carmine C Papaverine Hydrochloride Cc 
Aminophylline C Invert Sugar C Paraldehyde C 
Amylocaine Hydrochloride PF Iodophthalein EK Parathyroid . F 
Antimony Potassium Tartrate C Iodopyracet C Phenobarbital Sodium Hy, Ext 
Antimony Sodium Tartrate C Iodoxyl , iy Phenolsulfonphthalein C 
Antimony Sodium Thioglycol- Iron Ammonium Citrate,Green E Physostigmine Salicylate F 

late ; C Iron Ammonium Citrate and Picrotoxin F 
Apomorphine Hydrochloride F Arsenic i d E Pilocarpine Nitrate E 
Atropine Sulfate E Iron Ammonium Citrate and Posterior Pituitary F 
Barbital Sodium 1Dp ry ID se Manganese E Potassium Oleate C 
Bismuth and Potassium Tar- Iron Arsenite and Quin. and Procaine Hydrochloride D 

trate C Urea HCl D Pyridoxine Hydrochloride C 
Bismuth Subsalicylate C Tron Arsenite and Manganese D Quinidine Hydrochloride D 
Caffeine Sodium Benzoate Cc Tron Arsenite and Strychnine F Quinine Bisulfate Di Ux 
Caleium Cacodylate C Iron Cacodylate C Quinine Dihydrochloride DwbH< 
Calcium Chloride Cc Iron Cacodylate and Sodium Quinine Lactate D 
Calcium Gluconate C Glycerophosphate E Quinine and Urea Hydrochlo- 
Calcium Lactate E Iron Cacodylate and Strych- ride H65° 
Calcium Levulinate ce nine Cacodylate F Quinine and Urethane H65° 
Calcium Pantothenate F Lanatoside C F Riboflavin Cc 
Camphor SDK ISK Liver F Scopolamine E 
Carbachol C Liver B Vitamins F Sodium Arsenate D 
Cocaine Hydrochloride 1Dpsttiny DY, LSS Magnesium Sulfate C Sodium Ascorbate E 
Colchicine : C Menadione Sodium Bisulfite F Sodium Benzoate C 
Cotarnine Hydrochloride F Mercuric Cacodylate F Sodium Cacodylate Cc 
Dextrose C Mercuric Chloride none Sodium Chloride Cc 
Dextrose and Sodium Chloride C Mercuric Cyanide D Sodium Citrate C 
Diethylstilbestrol - C Mercuric Iodide F Sodium Glycerophosphate H 
Digitalin F Mercuric Oxycyanide F Sodium Indigotindisulfonate C 
Digitalis F Mercuric Salicylate E Sodium Iodide Cc 
Digitoxin C Mercuric Succinimide none Sodium Lactate C 
Digoxin Cc Mercurophylline D Sodium Morrhuate E 
Emetine Hydrochloride D Mersalyl and Theophylline D Sodium Salicylate Dis 
Ephedrine Sulfate D Methacholine Chloride Cc Sodium Salicylate and Iodide C 
Epinephrine Hydrochloride Dai Methenamine Dein Sodium Salicylate and Iodide 
Ergonovine Maleate 1D), Sx Methylrosaniline E with Colchicine Cc 
Ergotoxine Ethansulfonate E Methylene Blue D Sodium Thiosulfate DRLX 
Ethylmorphine Hydrochloride C Monoethanolamine Oleate C Sorbitol 
Gelatin C Morphine Hydrochloride or Stibophen C 
Glycerophosphates Compound F Sulfate C Strophanthin 1B) alSK 
Gold and Sodium Thiosulfate D Morphine Sulfate and Atropine Strychnine Hydrochloride or 
Histamine Phosphate C Sulfate i Sulfate E 
Homatropine Hydrobromide E Neostigmine Methylsulfate C Sucrose C 
Hydrastine E Nicotinamide C Sulfobromophthalein Sodium F 
Hydrastinine E Nicotinie Acid C Thiamine Hydrochloride C 
Hydrochloric Acid C Nikethamide C Triasyn B with Liver F 
Hyoscine Hydrobromide E Ouabain Dr Lx Tutocaine Daie< 
Hyoscy amine E Pantothenic Acid BY xt Yohimbine Fr 


Note—‘‘1X”’ represents 1 heating. 


lets of organic solutions present on the necks of the 
ampuls during the sealing operation. 

The Pharmacopeeial requirements for Clarity of Solu- 
tions read as follows: 


Clarity of Solutions 


“Water for Injection, pharmacopzial Injections, or pharma- 
copeial Solutions of medicaments, intended for parenteral ad- 


ministration, unless exempted by the individual monographs, © 


must be substantially free of any turbidity or undissolved material 
which can be detected readily, without accessory magnification 
(except for such optical correction as may be required to establish 
normal vision), when the solution is examined against a black 
background and against a white background with a light which at 
a point ten inches below the source provides an intensity of il- 
lumination not less than 100 and not more than 350 foot-candles. 
This intensity of illumination may be obtained from a 100-watt, 
inside-frosted, incandescent lamp operating at rated voltage, or 
from fluorescent lamps, or from any equivalent source of light. 

_ “A suitable device for observing the clarity of parenteral solu- 
tions may be provided by placing a “gooseneck” desk lamp in 
front of a verticalscreen. The screen, covered with black of white 
for the detection of light- or dark-colored particles, has a dull or 
“flat” finish, to reduce reflection to a minimum. The desk lamp 
is provided with a parabolic, hemispherical, or hemispheroidal 
shade, preferably lined in frosted white to prevent reflection of 
images. The front of the reflector is tilted downward slightly to 
protect the observer’s eyes from direct illumination. With such 
a lamp the source of light is a 100-watt, inside-frosted, incandes- 
cent bulb operating at rated voltage. Approximately the same 
intensity of illumination is given by three 15-watt fluorescent 
lamps. The intensity of illumination, determined with a light- 
meter, at a distance of 10 inches from the source, is not less than 
100 and not more than 350 foot-candles. 

“For examination the surface of the ampul or other container of 

a parenteral solution shall be free from attached labels and thor- 
oughly cleaned. Holding the container by the neck, slowly in- 
- vert it to prevent the formation of fine air bubbles, and twirl it 
slightly to rotate the liquid therein. Then hold the container 


“fixt.’’ means Extemporaneous. 


horizontally about 4 inches below the front edge of the light source 
and examine the contents against the white and against the black 
backgrounds. Preferably make the examination in subdued 
light or in a dark room to eliminate extraneous light from the 
walls of the container.” 

The U.S. P. test for clarity does not actually indicate 
the number or size of foreign particles which may be 
present, but the industry understands what is meant 
by “substantially free’? and manufacturers take the 
most elaborate precautions to produce parenteral solu- 
tions which will pass the official test. 

Due to eyestrain, caused by looking into the bright 
light, it is impossible for operators to make an effective 
inspection of solutions in ampuls or vials without pe- 
riodic rest periods. Thus operators work in shifts to 
avoid eye fatigue and inefficient inspection, alternating 
with some other form of work while the eyes are resting. 


Permissible Additions to Parenteral Solutions 


The U. 8. P. permits the addition of certain sub- 
stances to parenteral solutions to assure the permanency 
or usefulness of the product, unless otherwise specified 
in the individual monographs. These may be bacterio- 
static agents, preservatives, or items such as local anes- 
thetics, buffers, or salts to produce isotonicity. Such 
substances must be non-toxic and harmless in the 
amounts used and must not interfere with the thera- 
peutic efficacy of the solution. Special considerations 
must be given to the use of such substances when 
added to injections in which the volume to be adminis- 
tered is in excess of 5ec. For example, isotonic dextrose 
solution, frequently given in quantities of 1000 cc. or 
more, by the continuous drip method, may be sterilized 
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by Process F (filtration), in which case a bacteriostatic 
agent would theoretically be used. However, the addi- 
tion of 0.5 per cent of phenol before filtration would 
_introduce a dangerous dose of phenol when the solution 
-is administered parenterally. The U.S. P. therefore 
forbids the addition of any bacteriostatic agent to par- 
enteral solutions of this type. 

Bacteriostatic agents, however, must be added to all 
parenteral solutions in multiple-dose containers, unless 
otherwise directed, since such solutions may readily be- 
come contaminated through the repeated insertion of a 
hypodermic needle through the rubber closure. 

The pH of Solutions—If possible, parenteral solu- 
tions should be adjusted to the approximate pH of the 
blood, which is about 7.5, but many solutions cannot 
be so adjusted without causing precipitation. A strik- 
ing example is a concentrated solution of quinine di- 
hydrochloride, the original pH of which may be about 
2.5. An attempt to neutralize this marked acidity, 
would cause the precipitation of quinine long before a 
pH of 4 is reached. 

Buffers, once much used in parenteral solutions, are 
not generally considered necessary today, although 
there are times when they may be of value. The buf- 
fering capacity of blood is so great that solutions vary- 
ing markedly from the theoretical pH of 7.5 may still 
be satisfactory if the injection is administered slowly. 

Isotonicity—Usually it is desirable to adjust hypo- 
tonic solutions so that they become isotonic, although 
this also depends upon the amount of solution to be 
injected and the speed of administration. Sodium 
chloride or dextrose is usually used as the adjusting 
substance. Boric acid should never be used for producing 
isotonicity in parenteral solutions, since it causes hemoly- 
sis in almost all concentrations. For details regarding 
the isotonicity values of substances used parenterally 
and further details regarding the preparation of iso- 
tonic solutions see the chapter on this subject (page 
155). 

Local Anesthetics—About 2 per cent of benzyl alcohol 
is often added to intramuscular injections as a local 
anesthetic to relieve the pain of injection. Benzyl alco- 
hol also possesses some preservative properties, often 
replacing chlorobutanol. Quinine and urea hydro- 
chloride, 0.2 to 0.5 per cent, is frequently used in the 
same manner. 


Labeling 


_ The U.S. P. includes certain general labeling require- 
ments for all parenteral solutions. Other specific label- 
ing specifications are to be found under individual mono- 
graphs. These required label statements are intended 
to provide a greater margin of safety in the use of injec- 
tions. Physicians should always have at hand the essen- 
tial information concerning preparations they are about 
to administer, since differences in concentration or in 
potency may readily. be fatal. A knowledge of the 
specific oil used as the vehicle in an injection may make 
it possible to prevent reactions where specific allergies 
are known to exist. The addition of a preservative or 
buffer or other substance to a medicinal agent intended 
for injection must also be indicated for the information 
of physicians. 

The labeling requirements of the U. 8. P. XIII for 
Injections are as follows: 

“Tf the concentration of a drug in an Injection is not specified, 
the label on each container of such preparation shall indicate the 
percentage content of drug, or the amount of such drug in a defi- 
nite volume of the preparation. 


“If a water vehicle other than Water for Injection is used, the 
name of the vehicle used, if it is a pharmacopzial preparation, or 
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its composition, if it is not a pharmacopzial preparation, shall 
be indicated on the labeling of each package. 

“Tf a non-aqueous medium is used as the vehicle, the name and 
percentage of each component of the vehicle shall be indicated 
on the label on the outside of the container of one or more ampuls. 

“A manufacturing lot number shall appear on each container. 

“Tf one or more substances are added to assure the permanency 
or the usefulness of the product, the name and quantity or propor- 
tion of each substance so used shall be indicated on the labeling. 

“Injections packaged for veterinary use shall be so labeled.” 


Responsibility of the Manufacturer 


The manufacture of parenteral solutions involves 
grave responsibility. Those who undertake this service 
for the medical profession should place the direction 
and control of the laboratory in the hands of thoroughly 
trained and competent pharmacists. Furthermore, 
adequate laboratory facilities and equipment, and con- 
trol over the finished products, are essential factors for 
the successful preparation of such solutions. 

This does not mean that a retail or hospital pharma- 
cist cannot successfully produce many of these solu- 
tions, but the most exacting care, covering all details, 
pharmaceutical skill of a high order, and adequate 
facilities, are essential for success. 

Reference has been made indirectly to individual 
injections, but specific suggestions will be found under 
the respective monographs elsewhere in this book. 
Following is a list of the U. 8. P. and N. F. injection 
monographs and other closely related solutions. 


INJECTIONS OF THE Us"S. P: 


Aminophylline Injection 

Antimony Sodium Thioglycollate Injection 
Bismuth Potassium Tartrate Injection 
Bismuth Subsalicylate Injection 
Caffeine and Sodium Benzoate Injection 
Calcium Gluconate Injection 
Carbachol Injection 

Dextrose Injection 

Dextrose and Sodium Chloride Injection 
Diethylstilbestrol Injection 

Digitalis Injection 

Digitoxin Injection 

Digoxin Injection 

Emetine Hydrochloride Injection 
Epinephrine Injection 

Ergonovine Maleate Injection 
Histamine Phosphate Injection 
Insulin Injection 

Todopyracet Injection 

Lanatoside C Injection 

Liver Injection 

Menadione Sodium Bisulfite Injection 
Mercurophylline Injection 

Mersalyl and Theophylline Injection 
Methacholine Chloride Injection 
Morphine Injection 

Neostigmine Methylsulfate Injection 
Nicotinamide Injection 

Ouabain Injection 

Papaverine Hydrochloride Injection 
Parathyroid Injection 

Penicillin in Oil and Wax Injection 
Phenolsulfonphthalein Injection 
Picrotoxin Injection 

Posterior Pituitary Injection 
Protamine Zine-Insulin Injection 
Quinine and Urethane Injection 
Riboflavin Injection 

Sodium Ascorbate Injection 

Sodium Lactate Injection 

Sodium Morrhuate Injection 
Sulfobromophthalein Sodium Injection 
Thiamine Hydrochloride Injection 


STERILE INJECTABLE SOLUTIONS OF THE U. S. P. 


Anticoagulant Acid Citrate Dextrose Solution 
Anticoagulant Sodium Citrate Solution 
Isotonie Sodium Chloride Solution 

Ringer’s Solution 

Ringer’s Solution, Lactated 
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Calcium Chloride Ampuls 
Calcium Levulinate Ampuls 
Camphor Ampuls 
Ephedrine Sulfate Ampuls 
Ferrie Cacodylate Ampuls 
Ferric Ammonium Citrate, 
Iodine Ampuls 

Magnesium Sulfate Ampuls 
Mercuric Salicylate Ampuls 

Mercurie Succinimide Ampuls 

Methenamine Ampuls 

Procaine Hydrochloride Ampuls 

Quinine Dihydrochloride Ampuls 

Quinine and Urea Hydrochloride Ampuls 

Sodium Cacodylate Ampuls 

Sodium Indigotindisulfonate Ampuls 

Sodium Hyposulfite Ampuls 

Sodium Iodide Ampuls 

Sodium Salicylate Ampuls 

Sodium Salicylate and Iodide Ampuls 

Sodium Salicylate and Iodide with Colchicine Ampuls 
Sodium Thiosulfate Afapuls 

Stibophen Ampuls 

Strophanthin Ampuls 


Green, Ampuls 
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CHAPTER XXXIX 


LIQUID PREPARATIONS MADE BY MACERATION OR PERCOLATION 


AQUEOUS PREPARATIONS 
Infusions 


InFusions are liquid preparations made by extracting 
vegetable substances with either hot or cold water. 
The drug is not subjected to the boiling process, although 
it is common to pour boiling water over it; the mixture 
is allowed to stand in a closed vessel until cold. Infu- 
sions should not be dispensed unless they have been 
recently prepared. 

In making infusions the drug is usually coarsely 


ground, very fine powders being avoided because it is dif- 


ficult to separate the fine particles from the infusion. 

The drug concentration of an infusion representing a 
potent drug should be specified by the physician. Where 
specific directions or drug concentrations are not given, 
Paes general formula of the N. F. should be 
used: 


General Formula for Infusions 


é Metric Alternative 
The Drug, coarsely comminuted..... 50 Gm. 1 oz. av. 293 gr. 
Distilled Water, a sufficient quantity, 

Dam KOMPe . iisisgcuie ok ase ve saa ee 1000 cc. 2 pints 


Moisten the drug in a suitable véssel, preferably of earthen- 
ware and provided with a cover, with 50 ec. (1% fl. 0z.) of cold 
distilled water and allow it to stand for 15 minutes. Then add 900 
cc. (2814 fl. oz.) of boiling distilled water, cover the vessel tightly, 
and allow it to stand for 30 minutes. Then strain the mixture, 
and pass enough distilled water through the strainer to make the 
Infusion measure 1000 ce. (2 pints). If the activity of the Infu- 
sion is affected by the temperature of boiling water or if the desir- 
able principles are readily soluble in water at ordinary tempera- 
ture, cold distilled water should be used. _ 

Typical infusion jars, once found in every pharmacy, 
made of earthenware, and so constructed that the tea or 
drug is retained in a separate chamber, solution of the 
active principle taking place by circulatory displace- 
ment, are illustrated in Figs. 416 to 417. 


Fig. 417—Infusion 


Fig. 416—Infusion jar. mug, 


Some drugs, especially digitalis, were supplied in 
accurately weighed amounts in muslin bags ready for 
the making of specific amounts of infusion, and in other 
cases the required drug was conveniently compressed in 
the form of a tablet. Mixtures of dried herbs for use in 
making teas and pultices were once recognized officially 
under the name of species or teas, and many similar 
combinations are common household remedies (page 
285). 

tee from Concentrates—The habit of making 
infusions from concentrated alcoholic tinctures or 
fluidextracts is improper and unjustifiable, except in 
those few cases in which the active and desirable prin- 


ciples of the drug are equally soluble in alcohol and in 
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water or in the menstrua used for both concentrate and 
infusion. The saving in time and labor by making in- 
fusions in this way is the cause of the frequent employ- 
ment of this method, but it should never be used if the 
therapeutic action of the drug is weakened thereby. 
The substitution of a fluidextract-made infusion in a 
prescription for one directed to be made by an official 
process is reprehensible and inexcusable. 

Digestion—The process of digestion consists in sub- 
jecting the substance to the continued action of moder- 
ate heat below the boiling temperature. In making 
infusions, digestion is often very useful, although it may 
not be directed in the formula. It generally suffices to 
place the infusion vessel upon a moderately hot portion 
of the stove plate, or near some other source of heat. 
The use of a thermos bottle also provides for the mainte- 
nance of a definite temperature over the prescribed 
period of time. 


INFUSION OF THE N. F. 
English Title Latin Title 


Digitalis Infusion Infusum Digitalis 


Unofficial Infusions 


Unless otherwise stated use the following directions for the un- 
official infusions listed below: Infuse the drug for fifteen minutes 
with 100 cc. of boiling distilled water in a covered vessel and strain. 


Title 


Compound Infusion of 
Gentian N. F. VII 


Directions 

Percolate 30 Gm. of gentian, 8 Gm. of 
coriander, and 8 Gm. of bitter orange 
peel, all in moderately coarse powder with 
diluted alcohol. Macerate 3 hours and 
percolate at a moderate rate until 250 cc. 
are collected. Add sufficient distilled 
water to make 1000 cc. To prepare 
smaller quantities add sufficient water to 
1 volume of percolate to make 4 volumes 
of Infusion. Dose: 15 ec. (4 fl. dr.). 

Pour 1000 ce. of boiling water on 13 Gm. of 
rose petals, add 9 ce. of diluted sulfuric 
acid and digest the drug for one hour. 
Dissolve 40 Gm. of sucrose in the liquid 
and strain. A mild astringent. Dose: 
100 ce. (8 fl. 02.). 

Pour 1000 ce. of boiling water upon 60 Gm. 
of brayera, in coarse powder, and macer- 
ate in a covered vessel until cool. Dis- 
pose without straining. Used as a vermi- 


Compound Infusion of 
Rose 


Infusion of Brayera 


N. F. V 


fuge, especially against tape worm. 
Dose: 250 ce. (8 fl. oz.). 
Infusion of Buchu 5 Gm. of Buchu leaves. Dose: 30 to 60 cc. 
B. P. 1932 
Infusion of Calumba 5 Gm. of calumba root. Infuse 30 minutes. 
Bybatos2 Dose: 15 to 30 cc. 
Infusion of Clove 2.5 Gm. of cloves, bruised. Dose: 15 to 30 
B.P 1932 ce. 
Infusion of Krameria 5 Gm. of krameria, in coarse powder. Dose: 
aes 15 to 30 cc. in cold water. 
Infusion of Quassia 1 Gm. of quassia, rasped. Dose: 15 to 30 
B. P. 1932 ce. 
Infusion of Senega 5 Gm. of senega, in coarse powder. Infuse 
B. P. 1932 30 minutes. Dose: 15 to 30 ce. 
Infusion of Senna 10 Gm. of senna fruit, 0.5 Gm. of ginger, 
B. P. 1932 sliced. Dose: 15 to 60 cc. 


Infuse 60 Gm. of senna, 120 Gm. of manna, 
and 20 Gm. of fennel in 800 ce. of boiling 
water for 30 minutes. Strain, express the 


Infusion of Senna with 
Magnesium Sulfate 
, PVs (Black 


Draught; Aqua Po- marc, and dissolve 120 Gm. of magnesium 
tio; Wiener Trank; sulfate. Add distilled water to make 1000 
Elixir Laxativa Vien- ec. Filter. 
nensis) 

Decoctions 


Decoctions are liquid preparations made by bozling 
vegetable substances with water, differing from infu- 
sions in that the latter are not actively boiled. Only 
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recently prepared decoctions should be dispensed. The 
following general formula of the U.S. P. XIT should be 
used if the drug concentration is not otherwise specified: 


General Formula for Decoctions 


Metric Alternative 


The Drug, coarsely comminuted..... 50 Gm. 1 oz. av. 293 gr. 
Distilled Water, a sufficient quantity, : 
PDO Aaa Micra eh okie. owls se eo eee 1000 cc. 2 pints 


Place the drug in a suitable vessel provided with a cover, pour 
upon it 1000 cc. (2 pints) of cold distilled water, cover it well, and 
boil the mixture for 15 minutes. Then allow it to cool to about 
40° C., express, strain the expressed liquid, and pass enough cold 
distilled water through the strainer to make the product measure 
1000 ce. (2 pints). 


Caution—The drug concentration of a decoction repre- 
senting a potent drug should be specified by the physician. 


Unofficial Decoctions 
Title Directions 


Compound Decoction Coarsely powder 1 Gm. of aloes and 0.5 Gm. 
of Aloes B. P. C. of myrrh and boil them with 0.5 Gm. of 
potassium carbonate and 4 Gm. of extract 

of liquorice in 40 cc. of water for 5 min- 

utes. When cold, add 30 cc. of compound 

tincture of cardamom, set aside for 2 

hours, strain and add enough distilled 

water to make 100 cc. Dose: 15 to 60 


ce. 

Macerate 12.5 Gm. of sarsaparilla, cut and 
bruised, 1.25 Gm. of guaiac wood, rasped, 
1.25 Gm. of sassafras, in chips, 1.25 Gm. 
of glycyrrhiza (cut and bruised), and 
0.625 Gm. of mezereum in a covered ves- 
sel for 1 hour with 150 ce. of distilled 
water, then boil 10 minutes: Strain and 
add enough cold water to make 100 cc. 
Dose: 60 to 240 ce. 

Boil 20 Gm. of bruised cotton root bark 
with 200 cc. of distilled water until re- 
duced to about 100 cc. Strain and add 
enough water to make 100 cc. Dose: 15 
to 60 cc. 

Boil 5 Gm. of cut couch grass with 120 cc. of 
distilled water for 10 minutes, strain and 
add enough distilled water to make 100 cc. 
Dose: 15 to 60 ce. 


Compound Decoction 
of Sarsaparilla 
1B), TREE 


Decoction of Cotton 
Root Bark B. P. C. 


Decoction of Couch 
Grass B. P. C. (De- 
coctum Agropyri) 
(Decoction of Triti- 
cum) 

Decoction of Logwood 
B. P. C. (Decoctum 
Haematoxyli) 


Boil?5 Gm. of logwood with 120 cc. of water 
for 10 minutes, adding 1 Gm. of cinnamon 
bark toward the end of the time, strain, 
and add enough water to make 100 cc. 
Dose: 15 to 60 cc. 

Macerate 20 Gm. of cut sarsaparilla in 520 
ec. of water for 24 hours, add 1 Gm. of 
sucrose and 1 Gm. of alum and digest on 
a water bath for 3 hours. Add 1 Gm. of 
bruised anise, 1 Gm. of bruised fennel, 5 
Gm. of cut senna and 2 Gm. of cut 
liquorice root and digest for 15 minutes. 
Strain and add enough water to make 500 
ce. 

Macerate 10 Gm. of cut sarsaparilla in 480 
ec. of water for 24 hours, then digest on 
water bath for 3 hours and afterward add 1 
Gm. cut lemon peel, 1 Gm. bruished cin- 
namon, 1 Gm. bruished cardamom and 1 
Gm. of cut liquorice root, digest for 15 
minutes, strain and add enough water to 
make 500 ce. 


Zittmann’s Decoction 
Stronger (Decoctum 
Sarsaparille Com- 
positum Fortius) 


Zittmann’s Decoction 

Milder (Decoctum 
Sarsaparille Com- 
positum Mitius) 


ALCOHOLIC PREPARATIONS 
Tinctures 


Tinctures are liquid preparations made by extract- 
ing the useful principles from vegetable or animal drugs 
by the use of appropriate menstrua or solvents contain- 
ing alcohol. There are, however, several exceptions, in 
which chemical substances are dissolved in alcoholic 
liquids. Tinctures differ from spirits in being made 
usually from non-volatile bodies; the tinctures contain- 
ing volatile constituents extracted from drugs and those 
containing iodine are exceptions to this rule. 

Tinctures are made by percolation, maceration, 
solution, or dilution, and the menstrua employed in the 
official tinctures are alcohol, dilute alcohols of various 
strengths, aromatic ammonia spirit, ether, ammonia 
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water, or mixtures of alcohol, water and glycerin. Wines 
such as Sherry have also been used as menstrua, the 
resulting preparations being referred to as Vind or 
Wines. However, when restrictions were placed upon 
the general use of wine, preparations of this class were 
replaced with plain alcoholic menstrua and reclassified 
as tinctures. The use of alcohol as a solvent for the 
active or useful principles in drugs has been practiced 
for many years, but it has required a long time and 
much experience to determine the proper proportion of 
water to add to the alcohol. The menstrua should dis- 
solve the therapeutically valuable constituents of the 
drugs without extracting the inert principles, and yet 
contain sufficient alcohol to secure permanent prepara- 
tions that will not in time deposit a portion of their 
active constituents. The advantages of alcohol as a 
menstrum have been proved so thoroughly, that the use 
of aqueous preparations has greatly declined, and yet 
there are some instances, particularly in the case of the 
weak tinctures and those requiring a large dose, in which 
the therapeutic action of the menstruum almost equals 
that of the drug. In these cases, however, the physi- 
cian may prefer to use the fluidextract. On the whole 
the use of tinctures and fluidextracts has notably de- 
creased, and their place is taken by drugs in the form of 
tablets or capsules or by those prepared for parenteral 
administration. 

In selecting the menstrua for drug extraction, the 
proportion of water is generally made as high as pos- 
sible without endangering the permanency of the 
preparation, one especial advantage being that tinc- 
tures which contain a low percentage of alcohol may be 
added in small proportions to aqueous preparations 
without serious precipitation. In this respect tinctures 
may have an advantage over fluidextracts, for weaker 
alcoholic menstrua are often used successfully for tinc- 
tures when they would be entirely unsuitable for fluid- 
extracts. This may be explained by the fact that tinc- 
tures, on account of their comparative weakness, have 
a much larger proportion of menstruum with which to 
exhaust the drug, than do fluidextracts, and may there- 
fore have the excess over the proportion of alcohol used 
in the fluidextract made up with water. The properties 
of alcohol are considered under another head, yet it 
seems desirable to note here the solvent properties of 
this valuable preservative. It mixes freely with water, 
ether, acetic acid, a number of volatile oils, and castor 
oil; it dissolves resins, stearoptenes, tannins, organic 
acids, chlorophyll, alkaloids, balsams, iodine, ferric 
chloride, ammonium carbonate, ete. Dzluted alcohol ex- 
tracts from drugs, gum, extractive, chlorophyll, albu- 
min, coloring matter, resins, volatile oils, alkaloids, 
sugar, tannin, etc. Glycerin is used in tinctures to pre- 
vent precipitation by retaining in solution principles 
which would otherwise in time be deposited. 

The Strength of Tinctures—For many years there was 
no uniformity in the proportion of drug to finished 
tincture but the Brussels Protocol of 1902 established a 
general principle which has brought about international 
uniformity. The Protocol agreement provided for 10 
per cent drug strength in tinctures of potent or thera- 
peutically active drugs and 20 per cent strength for 
other tinctures. There is practical conformity to this 
agreement in the U.S. P., the strength, however, being 
expressed in a slightly different manner, 7. e., 10 Gm. of 
potent drug represented by 100 ce. of tincture, instead . 
of 10 per cent, by weight, and 20 Gm. per 100 ce. for 
others. The difference is negligible, simply meeting 
the conditions in this country where finished products 
are usually measured instead of weighed. There are 
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several exceptions to this general rule, as in strong iodine 
tincture (7 Gm. per 100 cc.), iodine tincture (2 Gm. 
per 100 cc.), and in the orange peel and lemon peel tinc- 
tures (50 Gm. per 100 cc.), but special conditions gov- 
erned the decisions in these cases. 

A number of tinctures are assayed and the final 
volume adjusted to conform with the rubrics, but the 
standard of strength adopted represents an average drug 
in an amount equivalent to the international agreement. 

Incompatibilities—Tinctures, as a class, are unsuit- 
able for extended dilution with aqueous solutions or 
liquids of very low alcohol content. Although a very 
small amount of such a liquid can be added to a tinc- 
ture without marked precipitation, further addition 
causes a separation of a part of the extractive matter 
from the tincture. Considerable precipitation occurs 
when a tincture is added to a comparatively large 
volume of a vehicle of low alcohol content. The use 


_ of suspending agents and other methods which may be 


used to remedy this condition are discussed in the chap- 
ter on ‘Incompatibility’ (page 1169). 

It is noteworthy that many tinctures are sufficiently 
acid in reaction to possess incompatibilities accordingly. 
A few are alkaline. The presence of tannin in many 
tinctures introduces the reactions of that substance. 
Other reactions are discussed in the individual mono- 
graphs as they apply to specific products. 


PREPARATION OF TINCTURES 


There are three different methods represented in the 
processes for making tinctures; Percolation, Macera- 
tion, and Solution or Dilution. 

Percolation—This is the best method for making 
tinctures, when the drugs are capable of being readily 
comminuted and extracted, and it is always directed 
when practicable. The special advantages of percola- 
tion over maceration and expression are in the saving 
of time and labor, and in the greater efficiency of the 
product if the process has been carefully and skillfully 
performed. The U.S. P. has provided a Type Process 
for tinctures which are to be made by Percolation. In 
the text under the title only the drug, the size of the 
powder, and the menstruum are given, and reference 
is then made to the Type Process which is as follows: 


Type Process P-Percolation 


Carefully mix the ground drug or mixture of drugs with a suf- 
ficient quantity of the prescribed menstruum to render it evenly 
and distinctly damp, allow it to stand for 15 minutes, transfer it 
to a suitable percolator, and pack the drug firmly. Pour on 
enough of the prescribed menstruum to saturate the drug, cover 
the top of the percolator; and when the liquid is about to drip 
from the percolator, close the lower orifice, and allow the drug 
to macerate for 24 hours, or for the time specified in the Mono- 
graph. If no assay is directed, allow the percolation to proceed 
slowly, or at the specified rate, gradually adding sufficient men- 
struum to obtain 1000 ce. of tincture, and mix thoroughly. 

Modification for Assayed Tinctures. In preparing a tincture 
which is to be adjusted to a standard, proceed as directed above 
but collect only 950 cc. of percolate; mix this thoroughly, and 
assay a portion of it as directed. Dilute the remainder of the 
liquid with such a quantity of the prescribed menstruum as calcu- 
lation from the assay indicates is necessary to produce a tincture 
that conforms to the prescribed standard. Mix well. 


Maceration—This method of making tinctures is 
used in the case of resins, balsams, gums, soap, etc., 
where the practical difficulties likely to be encountered 
in percolation would offset any advantages that the 
latter process might possess. The U.S. P. also provides 
a Type Process for tinctures to be made by Macera- 
tion, giving only the title, drug, size of powder, and the 
menstruum, with reference to the Type Process, which 
is as follows: 
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Type Process M-Maceration 


Macerate the drug (or mixed drugs) in a tightly closed con- 
tainer, in a moderately warm place, with about 75 per cent of the 
prescribed menstruum, agitating frequently for 3 days or until 
the soluble matter is dissolved. Transfer the mixture in portions 
to a filter, and when the liquid has passed through the filter, wash 
the residue on the filter with enough of the menstruum until a suf- 
ficient quantity of the filtrate is obtained to make the required 
amount of tincture, and mix thoroughly. 


Solution or Dilution—A few tinctures are directed to 
be made in this way, such as iodine tincture, by dis- 
solving iodine in a solution of potassium iodide and 
adding alcohol, tincture of ferric chloride, by diluting 
the solution of ferric chloride with alcohol, etc. An ef- 
fort has been made also in recent years to correlate the 
menstrua for tinctures and fluidextracts, so that the 
alcohol content is about the same in both cases. On 
this basis the N. F’. sanctions the making of a tincture 
from a fluidextract by simple dilution, the resulting 
tincture being required to correspond in drug strength, 
alcohol content, and content of other menstruum in- 
gredients to one prepared directly from the drug by 
the official process. 

Storage—Tinctures should be stored in tight, light- 
resistant containers protected from exposure to direct 
sunlight and excessive heat. 


Unofficial Type Processes—The N. F. VII provided 
general formulas for Ethereal Tinctures and Tinctures of 
Fresh Drugs as follows: 


Ethereal Tinctures 


Metric Alternative 


The Drug, properly comminuted..... 100 Gm. 3 oz. av. 148 gr. 
Alcohol, 
Ether, each, a sufficient quantity, 

ROWMNAKOS cst No crot ives cus oat ee aotonere 1000 cc. 2 pints 


Prepare the Tincture by Process P. Use a mixture of 1 volume 
of ether and 2 volumes of alcohol as the menstruum, and avoid 
loss of the menstruum by evaporation. 


Tinctures of Fresh Drugs 
Metric Alternative 


The Fresh Drug, cut, bruished, or 


CRUSH EGER ee otter ike aoe. 500 Gm. 16 oz. av. 302 Gr 
Alcohol, a sufficient quantity, 
Mommas Kena ciicamctctsane ened eetea sche 1000 cc. 2 pints 


Prepare the Tincture by Process M. Use alcohol as the men- 
struum, and macerate 14 days. ‘Tinctures of fresh drugs are em- 
ployed in Homeopathic practice and closely resemble the Succt 
or Juices of the British Pharmaceutical Codex. 


TINCTURES OF THE U. S. P. 


English Title 


Aromatic Rhubarb Tincture 

Belladonna Tincture 

Benzoin Tincture 

Bitter Orange Peel Tincture 

Camphorated Opium Tinc- 
ture 

Compound Benzoin Tinc- 
ture 

Compound Cardamom Tinc- 
ture 

Compound Gentian Tinc- 
ture 

Compound Lavender Tinc- 
ture 

Digitalis Tincture 

Hyoscyamus Tincture 

Iodine Tincture 

Lemon Tincture 

Myrrh Tincture 

Opium Tincture 

Stramonium Tincture 

Sweet Orange Peel Tincture 

Tolu Balsam Tincture 


Latin Title 


Tinetura Rhei Aromatica 
Tinctura Belladonnse 
Tinctura Benzoini 
Tinctura Aurantii Amari 
Tinctura Opii Camphorata 


Tinctura Benzoini Compos- 
ita 

Tinctura Cardamomi Com- 
posita 

Tinctura Gentianze Compos- 
ita 

Tinctura Lavandule Com- 
posita 

Tinctura Digitalis 

Tinctura Hyoscyami 

Tinctura Iodi 

Tinctura Limonis 

Tinctura Myrrhe 

Tinctura Opu 

Tinctura Stramonii 

Tinectura Aurantii Dulcis 

Tinctura Balsami Tolutani 
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TINCTURES OF THE N. F. 


Acetic Larkspur Tincture 

Aconite Tincture 

Aloe Tincture 

Ammoniated Guaiae Tinc- 
ture 

Ammoniated Valerian Tinec- 
ture 

Arnica Tincture 

Asafetida Tincture 

Cantharides Tincture 

Capsicum Tincture 

Cinnamon Tincture 

Colchicum Seed Tincture 

Compound Cinchona Tinc- 
ture 

Compound Cudbear Tinc- 
ture 

Compound Gambir 
ture 

Cudbear Tincture 

Ferric Chloride Titicture 

Ferric Citrochloride Tine- 
ture 

Gelsemium Tincture 

Hydrastis Tincture 

lodides Tincture 

Ipecac and Opium Tincture 


Tine- 


Ipecac Tincture 
Kino Tincture 
Larkspur Tincture 
Lobelia Tincture 
Nitromersol Tincture 
Nux Vomica Tincture 
Rhubarb Tincture 
Strong Colchicum 
Tincture 
Strong Iodine Tincture 
Strophanthus Tincture 
Sweet Rhubarb Tincture 


Corm 


Tinctura Delphinii Acetica 

Tinctura Aconiti 

Tinctura Aloes 

Tinctura Guaiaci Ammoni- 
ata 

Tinctura 
moniata 

Tinctura Arnicse 

Tinctura Asafocetidee 

Tinctura Cantharidis 

Tinetura Capsici 

Tinctura Cinnamomi 

Tinctura Colchici Seminis 

Tinctura Cinchonzse Com- 
posita 

Tinctura Persionis Compos- 
ita 

Tinctura Gambir Composita 


Valeriane Am- 


Tinctura Persionis 
Tinctura Ferri Chloridi 
Tinetura Ferri Citrochloridi 


Tinetura Gelsemii 

Tinctura Hydrastis 

Tinctura Iodidorum 

Tinctura Ipecacuanhe et 
Opii 

Tinctura Ipecacuanhse 

Tinetura Kino 

Tinetura Delphinii 

Tinctura Lobelize 

Tinctura Nitromersolis 

Tinctura Nucis Vomicze 

Tinctura Rhei 

Tinectura  Colchici 
Fortis 

Tinctura Todi Fortis 

Tinctura Strophanthi 

Tinctura Rhei Dulcis 


Cormi ° 


Valerian Tineture 
Vanilla Tincture 


Veratrum Viride Tincture 


Tinctura Valerianse 
Tinetura Vanillee 
Tinctura Veratri Viridis 


Unofficial Tinctures 


Title 
Antiperiodie 
N. F. V (Warburg’s 
Tincture) 


Antiperiodic Tincture 
without Aloe N. F. V 
(Warburg’s Tincture 
without Aloe) 

Aqueous Tincture of 
Rhubarb N. F. V 


Aromatic Tincture 


N. F. V 


Bitter Tincture N. F. V 
(Stomachic Tincture; 
Stomach Drops) 


Directions 


Tincture Saturate the following mixed and ground 


drugs with a menstruum composed of 3 
volumes of alcohol and 2 volumes of 
water and macerate for twenty-four 
hours: 8 Gm. of rhubarb, 8 Gm. of 
angelica fruit, 4 Gm. of inula, 4 Gm. of 
saffron, 4 Gm. of fennel, 2 Gm. of gentian, 
2 Gm. of zedoary, 2 Gm. of cubeb, 2 Gm. 
of myrrh, 2 Gm. of camphor, 2 Gm. of 
agaric, 0.35 Gm. of pepper, 0.75 Gm. of 
cinnamon, 0.75 Gm. of ginger. Then per- 
colate and collect 960 cc. Dissolve 15 
Gm. of quinine hydrochloride and 35 Gm. 
of aloe in this percolate, using gentle 
heat and add the same strength men- 
struum as directed above to make 1000 
cc. Used asanantiperiodic. Dose: 4- 
15 ce. (1-4 fl. dr.). 


Prepare as directed above for Tinctura Anti- 


periodica except to omit the aloe. 


Dissolve 10 Gm. of potassium carbonate in 


750 ce. of water and macerate 100 Gm. of 
cut rhubarb in this water for twenty-four 
hours. Strain, heat the liquid to boiling, 
add 125 cc. of cinnamon water and 110 cc. 
of alcohol and filter while warm. Finally 
add water to make 1000 cc. A cathartic. 
Dose: 4 ce. (1 fl. dr.). 


Prepare a tincture by Process P from 100 


Gm. of ground cinnamon, 40 Gm. of 
ground ginger, 20 Gm. of ground galangal, 
20 Gm. of ground clove, and 20 Gm. of 
ground clove, and 20 Gm. of ground card- 
amom seed, using a menstruum of 2 vol- 
umes of alcohol, and 1 volume of water to 
make 1000 cc. A carminative and aro- 
matic. Dose: 2 cc. (80 min.). 


Prepare a tincture by Process P, using 60 


Gm. of ground gentian, 60 Gm. of ground 
centaury, 60 Gm. of ground bitter orange 
peel, 20 Gm. of ground zedoary, using a 
menstruum of 2 volumes of alcohol and 
one volume of water to make 1000 ce. - 
Dose: 2 cc. (30 min.). 


Compound Tincture of 
Guaiac N. F. V (De- 
wees’ Tincture of 
Guaiac) 


Compound Tincture of 
Jalap N. F. V 


Compound Tincture of 
Opium and Gambir 
N. F. V_ (Pectoral 
Drops; Bateman’s 
Pectoral Drops) 


Compound Tincture of 
Rhubarb N. F. VI 


Compound Tincture of 
Viburnum N. F. VII 


Ethereal Tincture of 
Ferric Chloride 
N. F. V (Bestus- 
cheff’s Tincture; 
Lamotte’s Drops) 


Ethereal Tincture of 
Lobelia B. P. 1932 


Stronger Tincture of 
Iodine ja Ais 
(Churchill’s Tincture 
of Iodine) 


Tineture of Aloe and 
Myrrh N. F. VII 


Tincture of Antimony 
N. F. VII (Tincture 
of Tartar Emetic; 
Wine of Antimony) 


Tincture of Bryonia 
Ne BaViLe 


Tincture of Cactus 
Grandiflorus 


INS EEA 

Tincture of Calendula 
INE TS Wane 

Tincture of Calumba 


N. F. VII (Tincture 
of Colombo) 


Triturate 125 Gm. of guaiac and 6 Gm. of 


potassium carbonate with 32 Gm. of 
powdered pimento and 65 Gm. of pow- 
dered pumice and add 435 ec. of alcohol. 
Then add 435 cc. of water slowly with 
trituration, macerate twenty-four hours, 
filter, add diluted alcohol to make 1000 
ec. Dose: 4 ce. (1 fl. dr.). 


Mix 125 Gm. of jalap and 30 Gm. of resin of 


ipomea, both finely powdered, with 75 
Gm. of clean sand and make a tincture by 
Process P, using a mixture of 2 volumes 
of alcohol and 1 volume of water as the 
menstruum to make 1000 cc. A purga- 
tive. Dose: 4 ce. (1 fl. dr.). 


Mix 42 cc. of tincture of opium, 64 cc. of 


compound tincture of gambir, 40 cc. of 
spirit of camphor, 1 cc. of oil of anise,and 
10 ec. of caramel with sufficient diluted 
alcohol to make 1000 ce. Dose: 0.6 ce. 
(10 min.). 


Prepare a tincture by Process P from 200 


Gm. of rhubarb and 30 Gm. of carda- 
mom seed (moderately coarse powders), 
using a mixture of 100 cc. of glycerin, 500 
ec. of alcohol, and 400 cc. of water as the © 
first menstruum, and complete with di- 
luted alcohol to make 1000 cc. Macerate 
12 hours and percolate rapidly. Dose:- 
4 cc. (1 fl. dr.). 


Prepare a tincture by Process P from 35 Gm: 


of viburnum opulus, 35 Gm. of Dioscorea 
10 Gm. of scutellaria, and 65 Gm. of Cin- 
namon (moderately coarse powders), and 
50 Gm. of clove (coarse powder), using 
75 ce. of glycerin, 750 cc. of alcohol, and 
175 cc. of water as the first menstruum, 
and complete the percolation with a mix- 
ture of 3 volumes of alcohol and 1 volume 
of water to make 1000 cc. Macerate 24 
hours and percolate at a moderate rate. 
Mose Acces (lanecdrs)s 


Mix 60 cc. of solution of ferric chloride with 


625 ec. of alcohol, add 250 ce. of ether and 
sufficient alcohol to make 1000 cc. Place 


in completely filled and tightly closed flint 
bottles and expose to sunlight until com- 
pletely decolorized. Remove from expo- 
sure to the sun and open occasionally until 
again slightly yellow. An iron tonic. 
Dose: 2 cc. (80 min.). 


Percolate 200 Gm, of lobelia, (moderately 
coarse powder) with enough spirit of 
ether to make 1000 cc. Dose: 0.3-1 ce. 
(5-15 min.). 

Dissolve 35 Gm. of potassium iodide in 250 
cc. of water, add 165 Gm. of iodine and 
600 ec. of alcohol, agitate until dissolved. 
Add alcohol to make 1000 ce. Mix. For 
external use, undiluted. 


Prepare a tincture of 100 Gm. each of aloe» 
myrrh, and _ glycyrrhiza (moderately 
coarse powders) using a mixture of 3 vol- 
umes of alcohol and 1 volume of water as 
the menstruum, to make 1000 cc. Dose: 
2 ce. (30 min.). 


Dissolve 4 Gm. of antimony and potassium 
tartrate in 25 cc. of boiling distilled water, 
add 700 cc. of distilled water, 200 cc. of 
of alcohol, 2 Gm. of caramel, and 2 cc. of 
ethyl acetate; then add distilled water to 
make 1000 cc. Dose: 1 cc. (15 min.). 


Prepare a tincture of 200 Gm. of Bryonia 
(moderately coarse powder) by Process P, 
using a mixture of 9 volumes of alcohol 
and 1 volume of water. Macerate 24 
hours and percolate at a moderate rate, 
to make 1000 ce. Dose: 4 ce. (1 fl. dr.). 


Macerated 500 Gm. of cactus grandiflorus 
(cut and crushed) for 7 days, with 700 ce. 
of alcohol. Express and reserve the 
liquid. Slowly percolate the residue with 
alcohol and add percolate to expressed 
liquid to make 1000 cc. Filter. Dose: 
1 cc. (15 min.). 


Prepare a tincture by Process P, using 200 
Gm. of calendula (moderately fine pow- 
der) and alcohol to make 1000 cc. Macer- 
ate 24 hours and percolate at a moderate 
rate. Dose: 4 cc. (1 fi. dr.). 


Prepare a tincture by Process P, using 200 
Gm. of calumba (coarse powder) and a 
mixture of 2 volumes of alcohol and 1 
volume of water to make 1000 ce. Macer- 
ate 24 hours and percolate at a moderate 
rate. Dose: 4 ce. (1 fl. dr.). 


TINCTURES—FLUIDEXTRACTS 


Unofficial Tinctures—C ontinued 


Tincture of Capsicum 
and MyrrhN. F. VII 
(Hot Drops) 


Tincture of Cardamom 
SS PieX, 


Tincture of Cimicifuga 
N. F. VII (Tincture 
of Black Cohosh) 


Tincture of Cinchona 


ey Set ks. 


Tincture of Cocculus 
N. F. VII 


Tincture of Cochineal 
Be L932 


Tincture of Cubeb 


N. F. VII 


Tincture of Ferrated 
Extract of Apple 
N. F. V (Tincture of 
Crude Malate of 
Tron) 

Tincture of 
N. F. VII 


Guaiac 


Tincture of Ginger 


WS. Po 


Tincture of Hop 
N.-F. V 


Tincture of Ignatia 
N. F. V 

Tincture of Jalap 
N. F. VII 


Tincture of Krameria 
(Win ISh 1s xe 


Tincture of Nutgall 
N. F. VI 


Tincture of Opium with 
Saffron N. F. V (Syd- 
-enham’s Laudanum) 


Mix 30 Gm. of capsicum (coarse powder) 
and 120 Gm. of myrrh (moderately coarse 
powder) with 300 Gm. of clean, fine sand, 
and prepare a tincture by Process P, using 
a mixture of 9 volumes of alcohol and 1 
volume of water as the menstruum to 
make 1000 ce. Macerate 24 hours and 
percolate at a moderate rate. Dose: 2 
ec, (80 min.). 

Prepare a tincture by Process P from 200 
Gm. of cardamom seed, in moderately 
coarse powder, using diluted alcohol as 
the menstruum to make 1000 ce. A tonic 
and aromatic. Dose: 2 cc. (30 min.). 

Prepare a tincture by Process P, using 200 
Gm. of cimicifuga (moderately coarse 
powder) and a mixture of 9 volumes of 
alcohol and 1 volume of water to make 
1000 ce. Macerate 24 hours and perco- 
late at a moderate rate. Dose: 4 cc. 
(Gly sck, cle), 

Prepare a tincture by Process P, as modified 
for assayed tinctures from 200 Gm. of 
cinchona (moderately voarse powder) 
using as the first menstruum a mixture of 
75 ce. of glycerin, 675 cc. of alcohol and 
250 cc. of water, completing with a mix- 
ture of 2 volumes of alcohol and 1 volume 
of water. Adjust by assay to contain 0.9 
Gm. of cinchona alkaloids in 100 cc. A 
bitter tonic. Dose: 4 ce. (1 fl. dr.). 
Prepare a tincture by Process P, using 
100 Gm. of cocculus (coarse powder), and 
diluted alcohol to make 1000 cc. Macerate 
24 hours and percolate at a moderate rate. 
For external use as a paraciticide. 

Macerate 100 Gm. cochineal powder for 
seven days in enough 45 per cent alcohol 
to make 1000 ce. Dose: 0.3-1 ce. (5-15 
min.). 

Prepare a tincture by Process P, using 200 
Gm. of cubeb (moderately coarse powder) 
and a mixture of 9 volumes of.alcohol and 
1 volume of water. Macerate 3 hours and 
percolate rapidly. Adjust percolate to 
contain 2.6 per cent by volume of volatile 
oil of cubeb and 80 per cent by volume of 
alcohol. Dose: 8 ce. (2 fl. -dr.). 

Dissolve 100 Gm. of ferrated extract of 
apples in 750 cc. of cinnamon water, add 
100 ce. of alcohol, filter, and add sufficient 
cinnamon water to make 1000 cc. A 
hematinic. Dose: 4 ce. (1 fl. dr.). 

Prepare a tincture by Process M, using 200 
Gm. of guaiac (moderately coarse powder) 
and alcohol to make 1000 cc. Dose: 4 cc. 
Gl ask cobs) 

Prepare a tincture by Process P, using 200 
Gm. of Ginger (coarse powder) and a mix- 
ture of 850 cc. of alcohol and 150 ce. of 
distilled water to make 1000 cc. Dose: 
2 cc. (80 min.). 

Prepare a tincture by Process P from 200 
Gm. of hop (coarse powder) using diluted 
alcohol as the menstruum to make 1000 
ce. Dose: 4 ce. (1 fl. dr.). 

Prepare a tincture by Process P, modified 
for assayed tinctures, from 100 Gm. of 
powdered ignatia and a menstruum of 8 
volumes of alcohol and 1 volume of water 
and adjust by assay to contain 0.20 Gm. 
of ignatia alkaloids in each 100 cc. It 
contains strychnine and brucine and is 
used like nux vomica. 

Prepare a tincture by Process P, using 200 
Gm. of jalap (fine powder) and a mixture 
of 9 volumes of alcohol and 1 volume of 
water, to make a tincture to contain, in 
each 100 cc., 1.8 Gm. of the resin of 
jalap. Macerate 48 hours and percolate 
at a moderate rate. Dose: 4 ce. (1 fl. 
dr.). 

Prepare a tincture by Process P, using 200 
Gm. of Krameria and diluted alcohol to 
make 1000 cc. Dose: 4 ce. (1 fl. dr.). 

Prepare a tincture by Process P, using 200 
Gm. of nutgall (moderately coarse pow- 
der) and a mixture of 9 volumes of alcohol 
and 1 volume of glycerin to make 1000 ce. 
Macerate 24 hours and percolate slowly. 
Dose: 4 ce. (1 fl. dr.). 

Mix 100 Gm. of granulated opium, 25 Gm. 
of ground saffron, 6 Gm. of powdered cin- 
namon, and 6 Gm. of ground clové, with 
an equal bulk of clean sand and prepare a 
tincture by Process P, as modified for 
assayed tinctures, using diluted alcohol 


as the menstruum. Adjust the finished - 
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tincture to contain 1 Gm. of anhydrous 
morphine in each 100 cc. Assay as di- 
rectedinthe N. F.V. Its uses are identi- 
cal with Tincture of Opium. Dose: 0.6 
ec. (10 min.). 

Prepare a tincture by Process P from 200 
Gm. of passion flower (coarse powder) and 
using diluted alcohol as the menstruum. 
Dose: 1 ce. (15 min.), 

Prepare a tincture by Process P, using 100 
Gm. of pulsatilla (moderately coarse 
powder) and a mixture of 3 volumes of 
alcohol and 1 volume of water to make 
1000 ce. Macerate 24 hours and perco- 
late at a moderate rate. Dose: 2 cc. 
(30 min.). 

Prepare a tincture by Process P, using 200 

7m. of quassia (moderately coarse pow- 

der) and a mixture of 1 volume of alcohol 
and 2 volumes of water to make 1000 cc. 
Macerate 24 hours and percolate at a 
moderate rate. Dose: 2 cc. (30 min.). 

Boil 200 Gm. of quillaja (coarse powder) in 
a covered vessel with 800 cc. of water for 
15 minutes. Strain while hot, and wash 
residue with 200 cc. of boiling water. 
Evaporate to 600 ce., cool, add 350 cc. of 
aleohol, set aside for 12 hours. Filter 
and wash residue with alcohol and water 
(1 and 2) to make 1000 cc. 

Prepare a tincture by Process P from 70 
Gm. of ground rhubarb and 17.5 Gm. of 
ground gentian, using diluted alcohol as 
the menstruum to make 1000 cc. Doses 
4 ce. (1 fl. dr.). 

Prepare a tincture by Process P from 100 
Gm. of saffron, using diluted alcohol as 
the menstruum to make 1000 cc. 

Prepare a tincture by Process P, using 100 
Gm, of sanguinaria (fine powder) and a 
mixture of 150 ce. of alcohol, 10 cc. of 
hydrochloric acid, and 140 cc. of water 
as the first menstruum. Macerate 24 
hours and percolate slowly. Complete 
percolation with a mixture of 3 volumes of 
alcohol and 1 volume of water to make 
1000 ce. Dose: 1 ce. (15 min.). 

Prepare a tincture by Process P from 200 
Gm. of sabal and 65 Gm. of sandalwood, 
using a mixture of 4 volumes of alcohol 
and 1 volume of water as menstruum to 
make 1000 ce. Antiseptic and sedative 
2 urethral irritation. Dose: 4 cc. (1 fl. 

Eye 

Mix 200 ce. of fluidextract of senega with 
enough 60 per cent alcohol to make 1000 
ec. Dose: 2-4 ec. (80-60 min.). 

Prepare a tincture by Process P, using 200 
Gm. :of serpentaria (moderately coarse 
powder) and a mixture of 4 volumes of 
alcohol and 1 volume of water to make 
1000 cc. Macerate 24 hours and perco- 
late at a moderate rate. Dose: 4 ce. (1 
flare). 

Prepare a tincture by Process P, using 100 
Gm. of squill (moderately coarse powder) 
and a mixture of 3 volumes of alcohol and 
1 volume of water to make 1000 ce. 
Percolate slowly. Dose: 1 cc. (15 min.). 

Prepare a tincture by Process P from 100 
Gm. of ground sumbul, using a mixture 
of 2 volumes of alcohol and 1 volume of 
water as menstruum, to make 1000 cc. 
Used asanervine. Dose: 4 cc. (1 fl. dr.). 


Fluidextracts 


Fluidextracts are liquid alcoholic preparations of uni- 
form and definite strength, made by percolating drugs 
with menstrua, and concentrating the percolate so that 
in each case 1 ce. represents the medicinal constituents 
of 1 Gm. of the standard drug. The official fluidextracts 
are standardized whenever made from a drug capable of 
being assayed either chemically or biologically. 

Fluidextracts were official for the first time in 1850, 
and the list was then made up of seven concentrated 
preparations, although but one of these could be called 
a fluidextract within the present meaning of the term. 
They may justly be called “‘American preparations,” 
their development being largely due to the investiga- 


tions of American pharmacists. 


Fluidextracts are not 


as frequently prescribed today as was the custom twenty 
years ago. They are, however, frequently recommended 
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by manufacturing pharmacists as concentrated drug 
preparations for making tinctures and syrups, and as 
previously noted, in the N. F. VI, for the first time this 
practice was given official recognition for the N.«F. 
tinctures. The provision is made, however, that the 
tincture so prepared must correspond in drug strength, 
in alcohol content, and in content of other menstruum 
ingredients, to one prepared directly from the drug by 
the official process. 

The striking advantages possessed by fluidextracts 
are: 1. Permanence. 2. Concentration. 3. The 
uniform relation existing between the fluidextract and the 
drug. 

Permanence is secured by the use of alcoholic men- 
strua; formerly sugar and glycerin were relied upon as 
preservatives, but continued experience has developed 
the value of alcohol, so that at present it is generally 
used as the solvent. Glycerin, however, is used in the 
menstruum of some fluidextracts, notably those con- 
taining tannin, and has a tendency to retard precipita- 
tion. 

Concentration enables the physician to decrease the 
bulk of the dose, diminishing the volume of the prepara- 
tion so that portability is secured and any therapeutic 
action from the menstruum largely eliminated. It also 
aids greatly in securing permanence. Because of their 
concentration, fluidextracts are also used to a large ex- 
tent in preparing various commercial products of a 
medicinal nature. 


The uniform relation existing between the fluid- 
extract and the drug is of great assistance to the physi- 
cian in fixing the dose, because, as 1 cc. represents 1 
Gm. of drug, the dose of the fluidextract must be prac- 
tically the same as that of the drug. It also has obvious 
advantages in the arrangement of the formulas and in 
working from them. 


Incompatibilities—Dilution of fluidextracts with 
aqueous liquids invariably causes a precipitation of at 
least a part of the extractive matter. Hydroalcoholic 
liquids may or may not cause a separation depending 
on the proportion of alcohol contained therein. Fre- 
quently the separated material is of such a nature that 
it is easily distributed through the mixture by agitation 
and no correction need be applied to the prescription. 
The acid used in the manufacture of fluidextracts of 
ergot, ipecac, lobelia, nux vomica, and sanguinaria 
introduces characteristic reactions. Other fluidextracts 
may be slightly acid due to organic acids present in the 
drugs from which they are made. Fluidextract of 
senega is alkaline due to the ammonia water used in its 
manufacture. 


PREPARATION OF FLUIDEXTRACTS 


The official fluidextracts are made by the process of 
percolation, the menstruum to be used being specified 
in each case. The manufacture by the usual process 
calls for concentration of the more dilute portion of per- 
colate by distillation and evaporation; this should be 
done under vacuum, the temperature in the still being 
kept below 60° C. 

The time of maceration and the rate of flow during 
percolation are varied for different drugs to compensate 
for peculiarities in extraction and in some cases to ac- 
complish partial rejection of non-active or chemically 
incompatible constituents. In all cases the maceration 
and rate of flow are designed to extract completely the 
medicinally active or important constituents from the 
specified quantities of drug; but the time and rate 
specified may be varied to accomplish this purpose 
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when larger or smaller quantities of drug are being 
treated. 

Usually a cylindrical form of percolator is the best 
type for making fluidextracts, but for use with drugs 
which swell considerably in the menstruum a flaring 
form of percolator may be preferred. 

The rate of flow of the percolate is directed in these 
terms: “percolate slowly,” ‘percolate rapidly,’ and 
‘“yercolate at a moderate rate.” With reference to the 
extraction of 1000 Gm. of drug, “percolate slowly’’ 
means a rate not exceeding | ce. of percolate per minute; 
‘“‘nercolate rapidly”? means a rate of from 3 to 5 ce. per 
minute; “percolate at a moderate rate’? means a rate 
of from 1 to 3 ec. per minute. The processes at present 
in use may be classified as follows: 1. Percolation with 
partial evaporation. 2. Fractional or divided percola- 
tion. 38. Hot water exhaustion, evaporation, and 
preservation. 


In the preparation of fluidextracts by the appended 


type processes A, B, or C, the rate of percolation must 
be carefully controlled and, for the quantities directed 
in the formulas of the Pharmacopeeia, the flow should 
not exceed 10 drops per minute until the percolate to be 
reserved is collected, and 20 drops per minute there- 
after. One thousand Gm. of powdered drug may fre- 
quently be exhausted by percolation with sufficient 
menstruum to yield 3000 ce. of percolate, but in all cases 
the percolation should be continued until the drug is 
practically exhausted. 

1. Percolation with Partial Evaporation—This proc- 
ess is well illustrated by the Processes A and B of the 
Pharmacopceia, as follows: 


Process A—Percolation with One Alcoholic Menstruum 


Process A is used for preparing fluidextracts which 
are made with menstrua of alcohol or with mixtures of 
alcohol and water by ordinary percolation. 


Carefully mix 1000 Gm. (16 oz. av. 302 gr.) of ground drug with 
a sufficient quantity of the prescribed menstruum to render it 
evenly and distinctly damp. This usually requires from 600 ce. 
to 800 ce. [about 914 to 18 fl. oz.] of menstruum. Allow the damp- 
ened drug to stand for about 15 minutes, then pack it firmly in a 
suitable percolator, and pour on sufficient menstruum to saturate 
the drug and leave a stratum above. When the liquid is about 
to drop from the percolator, close the lower orifice, cover the 
percolator and allow the drug to macerate for about the prescribed 
period of time. Then proceed with the percolation at the specified 
rate, adding fresh menstruum as needed until the drug is ex- 
hausted of its active principles. Reserve the first 850 cc. (134% fi. 
oz.) of percolate (unless otherwise directed in the formula), recover 
the alcohol from the percolate subsequently collected and concen- 
trate the residue to a soft extract at a temperature not exceeding 
60° C. Dissolve this extract in the reserved percolate, and, if no 
assay is directed, add enough of a mixture of alcohol and water to 
make the fluidextract measure 1000 cc. (1 pint) and contain the 
required proportion of CeHs0H. Mix thoroughly. In case the 
fluidextract being prepared is to be adjusted to a standard, assay 
a portion of the reserved percolate in which the soft extract has 
been dissolved, and dilute the remainder to the volume deter- 
mined as necessary by calculation from the assay, using a suf- 
ficient quantity of an alcohol and water mixture to provide the 
required proportion of CgH;OH. Mix the product well. 


Process B—Percolation with Two Menstrua 


“Process B is used in preparing fluidextracts, each of 
which is made with two menstrua, one of which con- 
tains, in addition to alcohol, or a mixture of alcohol and 
distilled water, definite quantities of other components 
such as an acid or glycerin, the two menstrua being 
successively employed. ; 


Carefully mix 1000 Gm. (16 oz. ay. 302 gr.) of the ground dru; 
with a sufficient quantity of Menstruum I (containing the speci 
ingredient) to render it evenly and distinctly damp. From 600 
ce. to 800 ce. (about 914 to 13 fl. oz.) of, menstruum is usually re- 


ata Aor 


FLUIDEXTRACTS 


quired. Allow the dampened drug to stand for about 15 minutes, 
then pack it firmly in a suitable percolator, and pour on the re- 
mainder of Menstruum I. When the liquid is about to drop from 
the percolator, close the lower orifice, cover the percolator and 
allow the drug to macerate for about the prescribed period of 
time. Then proceed with the percolation at the specified rate 
and, when the first menstruum has disappeared from the surface 
of the drug, use Menstruum II as needed until the drug is ex- 
hausted of its active principles. Reserve the first 850 cc. of 
percolate, recover the alcohol from the percolate subsequently 
collected, and evaporate the residue to a soft extract at a tem- 
perature not exceeding 60° C. Dissolve this extract in the re- 
served percolate, and, if no assay is directed, add enough of a 
mixture of alcohol and water to make the fluidextract measure 
1000 ce. (1 pint) and contain the required proportion of CgH;OH. 
Mix thoroughly. In case the fluidextract being prepared is to be 
adjusted to a standard, assay a portion of the reserved percolate 
in which the soft extract has been dissolved, and dilute the re- 
mainder to the volume determined as necessary by calculation 
from the assay, using a sufficient quantity of an alcohol and water 
mixture to provide the required proportion of CgH;0H. Mix the 
product well. 


The precipitation experienced heretofore when the 
evaporated weak percolate was added to the reserved 
portion is considerably diminished by causing the former 
to be evaporated to a soft extract. This precipitation, 
formerly noticed more particularly in alcoholic fluid- 
extracts, was due to the volatility of the alcohol in the 
weak percolates, which, when evaporated, left the resi- 
due to a great extent aqueous; when this residue was 
added to the strongly alcoholic reserved portion, a pre- 
cipitation of resinous and frequently of active matter 
took place, which necessitated the storing of the fluid- 
extract until precipitation ceased, and subsequent 
filtration. This is almost altogether avoided by evapo- 
rating to a soft extract, and the loss of activity through 
precipitation is thus greatly diminished. 

The argument is frequently advanced that the appli- 
cation of heat is detrimental to solutions of organic 
principles, that it dissociates some, and always proves 
injurious to the desirable constituents, and that no heat 
whatever should be used in making fluidextracts; these 
views are undoubtedly correct, when considered in con- 
nection with a few special cases, but do not apply 
with any practical force to the moderate use of heat 
where recommended by the official processes upon that 
portion of the percolate which represents the least ac- 
tive and least desirable constituents of the drug, for from 
seven-tenths to nine-tenths of the whole amount of per- 
colate (frequently representing ninety-five per cent of 
the activity of the drug) is reserved and is not subjected 
to heat at all. The official process of ‘fractional perco- 
lation’? may, however, be applied to any fluidextract 
directed to be made by Type Process A and by this 
method the application of all heat is avoided. This 
process will now be considered: 

2. Fractional or Divided Percolation—This process 
is illustrated by Processes C and E as follows: 


Process C—Fractional or Divided Percolation 


Process C is used for preparing fluidextracts, the 
constituents of which are injured by heat, or as a desir- 
able alternative for Processes A or B, or in case suitable 
facilities for distillation and concentration are lacking. 
When Process B is adapted to Process C, Menstruum 
I only is used throughout the percolation. 


Divide 1000 Gm. (16 oz. ay. 302 gr.) of the ground drug into 
three portions, consisting of 500 Gm., 300 Gm., and 200 Gm. 
(8 oz. av. 151 gr., 5 oz. av. 3 gr., 3 oz. av. 148 gr.), respectively. 

_ Mix the first portion (500 Gm.-8 oz. av. 151 gr.) with sufficient of 
the prescribed menstruum to render it evenly and distinctly 
damp, transfer the dampened powder to a suitable percolator, the 
capacity of which should not greatly exceed the bulk of the moist 
drug when packed firmly, and allow it to stand for about 15 min- 

utes. Then pack the drug in the percolator, saturate it with the 
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menstruum, and allow it to macerate for about the prescribed 
period of time. Then proceed with the percolation, first collect- 
ing and reserving 200 ce. (3 fl. oz. 96 min.) of percolate, and after- 
ward collecting 5 successive portions of percolate of 300 cc. 
(434 fl. oz.) each, numbering them in the order in which they are 
obtained. ¥ 

Dampen the second portion (300 Gm.-5 oz. av. 3 gr.) of the 
drug with a sufficient quantity of the first of the 300-cc. portion 
of percolate from the preceding lot of drug, and carry out the 
percolation as just directed for the first lot, excepting that the 
five 300-ce. (434 fl. oz.) portions of percolate from the first lot of 
drug shall first be used as menstruum, in the order in which they 
were received, followed, if necessary, by sufficient fresh men- 
struum to supply the following portions of percolate: reserve the 
first 300 cc. (434 fl. oz.) of percolate and then collect five successive 
portions of 200 cc. (3 fl. oz.) each, numbering them in the order 
in which they are collected. 

Now dampen the third portion (200 Gm.-3 oz. av. 148 gr.) of 
the drug with a sufficient quantity of the first numbered portion 
of percolate from the second lot of drug, and proceed with the 
percolation as before, using as the menstruum the successive 200- 
cc. (3 fl. oz.) portions of percolate from the second lot of drug in 
the order received. If no assay is directed, collect and reserve 
500 cc. (8 fl. oz.) of percolate. Mix the three reserved percolates 
from the three lots of drug to make 1000 ce. (1 pint) of fluidextract. 

If the fluidextract being prepared by Process C is to be adjusted 
to a standard, collect and reserve only 420 ce. (6 fl. oz. 346 min.) of 
percolate from the third portion of drug instead of the 500 cc. 
(8 fl. oz.) directed above. Mix the three reserved percolates from 
the three lots of drug and assay a portion of the mixture; dilute 
the remainder to the volume determined as necessary by calcula- 
tion from the assay, using a sufficient quantity of an alcohol and 
water mixture to provide the required proportion of C2H;0H. 
Mix the product well. 


The credit for the development of the fractional per- 
colation method, which so ingeniously avoids the use of 
heat, is given Dr. E. R. Squibb.! It is recommended 
in the National Formulary for the preparation of ergot 
fluidextract and for aconite fluidextract in which heat 
would be injurious, rendering the alkaloids inactive, 
and also by both the U.S. Pharmacopeeia and the N. F. 
for any fluidextract for which Process A or B is directed. 


Process E—Pressure Percolation 


This process is a modification of Process C, and can 
be used as an alternative for Processes A, B, or C. The 
percolation is conducted on a column of drug much 
greater in length than in diameter. 


To 1000 Gm. of the ground drug add a sufficient quantity of the 
prescribed menstruum to render it evenly and distinctly damp. 
Allow the dampened drug to stand for about 15 minutes, then 
pack it into a cylindrical percolator or series of such percolators 
joined together and having a total length sufficient to insure prac- 
tically complete extraction of the drug by the collection of 1000 cc. 
of percolate. Saturate the drug at a slow rate by forcing the 
menstruum through under pressure. Allow the drug to macerate 
for the prescribed period and proceed with percolation under 
pressure, at about one-half the rate specified for the other type 
processes, adding fresh menstruum as needed. It is necessary to 
work out conditions of percolation for each drug. The alcohol 
content of the percolate from some drugs will exceed the limit 
specification in the monograph; therefore, in those cases it is de- 
sirable to reduce the alcohol content of the menstruum accord- 
ingly. 

3. Hot Water Exhaustion and Evaporation—This 
method has been adopted for several official fluidextracts 
in which the active constituents are soluble in water. 
The making of fluidextracts by this process is very eco- 
nomical and may be used to advantage by retail 
pharmacists. It is directed in the U.S. P. for such drugs 
as cascara sagrada. The process is as follows: 


Process D—Extraction with Water 


Process D. is used for preparing fluidextracts with 
boiling distilled water as the menstruum, alcohol being 
added as a preservative to the concentrated percolate. 


1“The Theory of Percolation,’ by James F. Couch, Am. J. Pharm., 92 
862 (1920). 
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To 1000 Gm, (16 oz. av. 302 gr.) of the coarsely ground drug add 
about 3000 ec. (3 pints) of boiling distilled water, mix well, and 
allow it to macerate in a suitable, covered, metallic percolator for 
two hours. Then allow the percolation to proceed at the specified 
rate, gradually adding boiling distilled water until the drug is ex- 
hausted. Evaporate the percolate on a water bath to the volume 
specified, cool, add the alcohol, and allow the mixture to stand in 
a stoppered container for seven days. Then decant the clear 
liquid, filter the remainder into the decanted liquid, and wash the 
residue on the filter with a sufficient quantity of a mixture of alco- 
hol and distilled water, of the same alcoholic strength as the fil- 
tered liquid, to make the fluidextract measure 1000 cc. (1 pint). 
Mix the product well. 


Acetic Fluidextracts, or Fluidacetracts—These were 
proposed by C. F. Squibb, and consist of preparations 
made like fluidextracts of definite strength, Gm. for cc., 
but made with acetic acid or diluted acetic acid of vari- 
ous strengths. The advantages claimed for them are 
cheapness, permanence, and miscibility with aqueous 
liquids, but they have the disadvantage of the presence 
of acetic acid, whith is not always desirable, and the 
loading of the finished preparation with inert constitu- 
ents for which acetic acid is a good solvent. This class 
of preparations never gained favor. 

Fluidextracts from Fresh Drugs—Fluidextracts of 
this character have been used to some extent, and may 
be made by crushing the drug, obtaining the liquid by 
pressure, and adding alcohol or diluted alcohol, accord- 
ing to the nature of the drug, re-pressing, and making 
the final product represent 1 Gm. in each cc. Owing 
to the varying proportion of water found in fresh 
drugs, it is evident that each preparation must be made 
from a special formula, and the quantity of alcohol to 
be added must depend upon the amount of water pres- 
ent in the drug; for drugs containing principles which 
are volatile or easily dissociated, this method produces 
good preparations, but unusual care must be exercised 
to secure uniformity. 

Alcoholic Percentage of Fluidextracts—The National 
Food and Drugs Act requires that the percentage of 
alcohol by volume, in all preparations containing alco- 
hol, be stated on the label. The percentage of alcohol 
in fluidextracts made by type process A, B, or C is vari- 
able and always less than that in the menstruum em- 
ployed, due, among other causes, to loss of alcohol by 
evaporation during manufacture, the presence of a vari- 
able proportion of water in the air-dried drug, and to the 
extraction from the drug of its soluble constituents, 
which also often vary greatly in different lots of the 
same drug. The percentage of alcohol in the finished 
product can therefore only be ascertained by an actual 
determination, but the average alcohol content is given 
after each official fluidextract (see Alcohol Determina- 
tion, Chapter XC). 


PRESERVATION OF FLUIDEXTRACTS 


Very little trouble is experienced in keeping fluidex- 
tracts which have been properly made. The Pharma- 
copeeia directs storage as follows: ‘Preserve Fluidex- 
tracts in tight, light-resistant containers and avoid ex- 
posure to direct sunlight or excessive heat.” It is 
usually customary, after keeping the newly made fluid- 
extract for one month, to decant the clear portion from 
any sediment, filter the remainder, and thoroughly mix 
the liquids before storing. Precipitation to a greater or 
less extent will certainly take place. This is often 
especially noticeable in fluidextracts made during warm 
weather, and is due to the greater solvent action of the 
menstruum at higher temperatures. Precipitation is 
also caused by the variation in the strength of different 
portions of the menstruum in an alcoholic fluidextract; 
the first part of the percolate which is received contains 
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the displaced water which was present as moisture in 
the powder, and the mixture of this with the strong 
alcoholic percolate which follows causes some precipita- 
tion. The character of the precipitate should be ascer- 
tained in each case; if active, it should be incorporated 
by shaking with the fluidextract; if inert, it should be 
filtered out. 

Some manufacturers make a practice of aging and 
storing fluidextracts in glass-lined or enameled tanks. 
Experience has shown, however, that tight wooden con- 
tainers (alcohol barrels are excellent for the purpose) are 
preferable, as fluidextracts aged in wood will remain» 
clear and free from sedimentation much longer than 
those in glass or enameled vessels. 


FLUIDEXTRACTS OF THE U. S. P. 


English Title Latin Title 
Aromatic Cascara Sagrada Fluidextractum Cascare Sa- 


Fluidextract grade Aromaticum 
Cascara Sagrada Fluidex- Fluidextractum Cascare 
tract Sagrade 


Ginger Fluidextract 
Glycyrrhiza Fluidextract 
Ipecac Fluidextract 


Fluidextractum Zingiberis 

Fluidextractum Glyeyrrhize 

Hhuderieactiien Ipecacuan- 
xe 

Fluidextractum Sarsaparille 

Fluidextractum Senne 


Sarsaparilla Fluidextract 
Senna Fluidextract 
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Aconite Fluidextract 
Arnica Fluidextract 
Belladonna Leaf Fluidex- 


Fluidextractum Aconiti 
Fluidextractum Arnice 
Fluidextractum Belladonnsze 


tract 
Belladonna Root Fluidex- 
tract 
Buchu Fluidextract 
Cimicifuga Fluidextract 
Colchicum Corm Fluidex- 


tract 
Seed  Fluid- 


Colchicum 
extract 
Ergot Fluidextract 
Eriodictyon Fluidextract 
Gelsemium Fluidextract 
Gentian Fluidextract 
Grindelia Fluidextract 
Hamamelis Leaf Fluidex- 
tract 
Hydrastis Fluidextract 
Hyoseyamus Fluidextract 
Lobelia Fluidextract 
Nux Vomica Fluidextract 


Rhubarb Fluidextract 
Senega Fluidextract 
Serenoa Fluidextract 
Squill Fluidextract 
Stramonium Fluidextract 
Taraxacum Fluidextract 
Thyme Fluidextract 
Triticum Fluidextract 
Uva Ursi Fluidextract 
Valerian Fluidextract 
Viburnum Prunifolium 
Fluidextract 
Wild Cherry Fluidextract 


Zea Fluidextract 


Folii 
Fluidextractum Belladonnze 
Radicis 
Fluidextractum Buchu 
Fluidextractum Cimicifuge 
Fluidextractum Colchici 
Cormi 
Fluidextractum Colchici 
Seminis 
Fluidextractum Ergot 
Fluidextractum Eriodictyi 
Fluidextractum. Gelsemii 
Fluidextractum Gentianze 
Fluidextractum Grindelie 
Fluidextractum Hamameli- 
dis Folii 
Fluidextractum Hydrastis 
Fluidextractum Hyoseyami 
Fluidextractum Lobelize 
Fluidextractum Nucis Vomi- 


ce 
Fluidextractum Rhei 
Fluidextractum Senege 
Fluidextractum Sereno 
Fluidextractum Scille 
Fluidextractum Stramonii 
Fluidextractum Taraxaci 
Fluidextractum Thymi 
Fluidextractum Tritici 
Fluidextractum Uve Ursi 
Fluidextractum Valeriane 
Fluidextractum Viburni 
Prunifolii 
Fluidextractum Pruni Vir- 
ginianse 
Fluidextractum Ze 


Unofficial Fluidextracts 


In the following preparations, where possible, the official processes 
A, B, C, D, or E, will be referred to for directions. Unless otherwise 
stated, quantities will be based upon 1000 Gm. of drug, yielding 1000 
ce. of finished fluidextract. : 


Title Directions 


Compound Fluidex- Use 625 Gm. of Buchu, 125 Gm. of cubeb, 
tract of Buchu 125 Gm. of juniper, and 125 Gm. of Uva 
N. F. VII Ursi and Process A, using 4 volumes of 

alcohol and 1 volume of water as the 
menstruum to make 1000 ce. Dose: 2 
ce. (30 min.).) 


FLUIDEXTRACTS 


Unofficial Fluidextracts—Continued 


Compound Fluidex- 
tract of Sarsaparilla 
N. F. VII 


Compound Fluidex- 
tract of Stillingia 
INS ESV 


Compound Fluidex- 
tract of Trifolium 
N. F. VI 


Fluidextract of Adonis 
N. FY. V 


Aletris N. F. VII 
Angelica Root 
ING. OV! 


Apocynum N. F. VII 
(Fluidextract of 
Canada-hemp) 


Aralia N. F. V 
Asclepias N. F. V 


Baptisia N. F. V 


Berberis N. F. VII 


Blue Flag N. F. V 
(Fluidextractum 
Iris Versicolor) 

Boldo N. F. V 


Calendula N. F. VII 


Calumba N. F. VII 
(Fluidextract of 
Colombo) 

Cannabis U.S. P. XI 


Castanea N. F. VII 
(Fluidextract of 
Chestnut Leaves) 


Caulophyllum 
N. F. VII (Fluid- 
extract of Blue 
Cohosh) 

Catnep N. F. V 
(Fluidextract of 
Cataria) 

Celery Fruit 
N. F. VII (Fluid- 
extract of Celery 
Seed) 

Chimaphila N. F. V 


Chionanthus 
N. F. VII 


Chirata N. F. V 


-Cinchona U. S. P. X 


Use 750 Gm, of sarsaparilla, 120 Gm. of 
glycyrrhiza, 100 Gm. of sassafras, and 30 
Gm. of mezereum and Process B, using 1 
volume of glycerin, 5 volumes of alcohol, 
and 4 volumes of water as Menstruum I 
and diluted alcohol as Menstruum II, to 
make 1000 ce. Dose: 2 cc. (30 min.). 

Mix 250 Gm. of stillingia, 250 Gm. of cory- 
dalis, 125 Gm. of blue flag, 125 Gm. of 
sambucus, 125 Gm. of chimaphila, 63 
Gm. of coriander, and 62 Gm. of prickly 
ash berries, all ground, and prepare a 
fluidextract by process A, using diluted 
alcohol as the menstruum. Dose: 2 cc. 
(30 min.). 

Mix 215 Gm. of trifolium, 215 Gm. of gly- 
cyrrhiza, 108 Gm. of berberis, 108 Gm. of 
cascara amarga, 108 Gm. of lappa, 108 
Gm. of phytolacea, 108 Gm. of stillingia, 
and 30 Gm. of xanthoxylum. Use Process 
A and a mixture of 1 volume of alcohol 
and 3 volumes of water. Dose: 4 ce. 
(Gil ak ole). - 

Use ground adonis and Process A with a 
menstruum of 3 volumes of alcohol and 1 
volume of water. Dose: 0.125 cc. (2 
min.). 

Use aletris (moderately coarse powder) and 
Process A with diluted alcohol as the 
menstruum, Dose: 2 ce. (30 min.). 

Use ground angelica root and Process A with 
a menstruum of 5 volumes of alcohol and 
1 volume of water. Dose: 2 cc. (30 min.). 

Use apocynum (moderately coarse powder) 
and Process A as modified for assayed 
fluidextracts, with a menstruum of 9 vol- 
umes of alcohol and 1 volume of water. 
Adjust to contain an equivalent of 2 
U. S. P. Digitalis Units in each 0.1 cc. 
Dose: 0.06 cc. (1 min.). 

Use ground aralia and Process A with a 
menstruum of 2 volumes of alcohol and 1 
volume of water. Dose: 2 cc. (80 min.). 

Use ground asclepias and Process A with a 
menstruum of diluted alcohol. Dose: 2 
ee. (80 min.). 

Use ground baptisia and process A with a 
menstruum of 3 volumes of alcohol and 1 
volume of water. Used chiefly for its 
yellow color in pharmaceutical prepara- 
tions. Dose: 1 cc. (15 min.). 

Use ground berberis and Process A with a 
menstruum of diluted alcohol. Dose: 2 
ec. (380 min.). 

Use ground blue flag and process A with 
alcohol as the menstruum. Dose: 2 ce. 
(30 min.). 

Use ground boldo and process A with alco- 

hol as the menstruum. Dose: 0.5 ce. (8 

min.). 

Use calendula (moderately fine powder) and 

Process A with a menstruum of alcohol. 

Dose: 1 cc. (15 min.). 

Use ground calumba and Process A with a 

menstruum of 2 volumes of alcohol and 1 

volume of water. Dose: 1 cc. (15 min.). 

Use ground cannabis and Process A with a 

menstruum of alcohol. Dose: 0.1 ce. 

(112 min ). 

Use ground castanea and Process B with 

Menstruum I of 9 volumes of alcohol and 

1 volume of glycerin and Menstruum II of 

alcohol. Dose: 4 ce. (1 fl. dr.). 

Jse caulophyllum (moderately fine powder) 
and Process A with a menstruum of 3 
volumes of alcohol and 1 volume of water, 
Dose: 0.5 ce. (8 min.). 

Use ground catnep and process A with 
menstruum of 3 volumes of alcohol and 4 
volumes of water. Dose: 4 cc. (1 fl. dr.). 

Use celery fruit (moderately coarse powder) 
and Process C with a menstruum of alco- 
hol. Dose: 2 ce. (80 min.). 


aq 


Use ground chimaphila and process A with 
diluted alcohol as the menstruum. Dose: 
2 ec. (80 min.). 

Use ground chionanthus and Process A 
with a menstruum of 3 volumes of alcohol 
and 1 volume of water. Dose: 2 cc. 
(30 min.). 

Use ground chirata and process A with di- 
luted alcohol as the menstruum. Dose: 
1 ee. (15 min.). 

Use ground cinchona and process B, with 
Menstruum I, of 100 cc. glycerin, 100 ce. 
of diluted hydrochloric acid, and 800 ce. 
of alcohol, and Menstruum II of 4 vol- 
umes of alcohol and 1 volume of water. 


Cocillana N. F. V 
Coffee N. F. V 


Condurango 
N. F. VII 


Convallaria 
IN, 1a, WAGE 
Coptis N. F. V 


Cornus N. F. V 


Corydalis N. F. V 


Cotton Root Bark 
Wh, TBs WA 


Cubeb N. F. VII 


Cypripedium N. F. V 


Damiana N. F. VII 


Digitalis N. F. V 


Dioscorea N. F. VII 
Drosera N. F. V 
Dulcamara N. F. V 
Echinacea 


IN Jy WALT 
Eucalyptus U.S. P. 
Exe 


Euonymus 
N. F. VIL 


' Eupatorium N. F. V 


Euphorbia Pilulifera 
INT, 1M, WARE 
Frangula N. F. VII 
Fucus N. F. V 
Galega N. F. V 


Geranium N., F. V 


Guarana N. F. VII 


Helonias N. F. V 
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Assay and adjust to contain 5 Gm. of 
total cinchona alkaloid in each 100 ce. 
Dose: 1 ec. (15 min.). 

Use ground cocillana and process A with a 
menstruum of 3 volumes of alcohol and 1 
volume of water. Dose: 1 cc. (15 min.). 

Use ground coffee and process B with Men- 
struum I of 65 ce. of glycerin, 250 ce. of 
alcohol and 685 cc. of water and Men- 
struum II of 1 volume of alcohol and 3 
volumes of water. Dose: 2 cc. (30 min.). 

Use ground condurango and Process A with 
a menstruum of diluted alcohol. Dose: 
4 cc. (1 fl. dr.). 

Use ground convallaria and Process A modi- 
fied for assayed fluidextracts with a men- 
struum of 3 volumes of alcohol and 1 
volume of water. Adjust to contain the 
equivalent of 3 U. S. P. Digitalis Units 
in each 0.1 ce. Dose: 0.03 cc. (24 min.). 

Use ground coptis and process A with di- 
luted alcohol as the menstruum. Dose: 
2 ec. (80 min.). 

Use ground cornus and process B with 
Menstruum I of 150 ce. of glycerin and 
850 cc. of diluted alcohol, and Menstruum 
II of diluted alcohol. Dose: 2 cc. (30 
min.). 

Use ground corydalis and process A with a 
menstruum of 3 volumes of alcohol and 
1 volume of water. Dose: 0.65 cc. (10 
min.). 

Use ground cotton root bark and Process A 
with a menstruum of 9 volumes of alcohol 
and 1 volume of water. Dose: 2 cc. (30 
min.). 

Use ground cubeb and Process C as modified 
for assayed fluidextracts with a men- 
struum of alcohol. Adjust to contain 13 
per cent by volume of volatile oil of cubeb. 
Dose: 2 ec. (80 min.). 

Use ground cypripedium and process A with 
a menstruum of diluted alcohol. Dose: 
1 ce. (15 min.). 

Use ground damiana and Process A with a 
menstruum of 3 volumes of alcohol and 
1 volume of water. Dose: 2 ec. (30 
min.). 

Use ground digitalis and process A with a 
menstruum of 5 volumes of alcohol and 
1 volume of water. Standardize like 
Tincture of Digitalis. Dose: 0.1 ee. 
(1% min.). 

Use ground dioscorea and Process A witha 
menstruum of 4 volumes of alcohol and 1 
volume of water. Dose: 4 ce. (1 fl. dr.). 

Use ground drosera and process A with a 
menstruum of 2 volumes of alcohol and 
1 volume of water. Dose: 4 cc. (1 fl. dr.). 

Use ground duleamara and process A with 
diluted alcohol as the menstruum. Dose: 
AL (6G, (Guaialy Gli) 5 

Use ground echinacea and Process A with a 
menstruum of 4 volumes of alcohol and 1 
volume of water. Dose: 1 cc. (15 min.). 

Use ground eucalyptus and process A 
with a menstruum of 3 volumes of alcohol 
and 1 volume of water. Dose: 2 cc. (30 
min.). 

Use ground euonymus and Process A with 
a menstruum of diluted alcohol. Dose: 
0.5 ce. (8 min.). 

Use ground eupatorium and Process A with 
diluted alcohol as the menstruum. Dose: 
2 ec. (380 min.). 

Use ground euphorbia pilulifera and Process 
A with a menstruum of diluted alcohol. 
Dose: 2 cc. (80 min.). 

Use ground frangula and Process D. Add 
25 per cent by volume of alcohol. Dose: 
1 ce. (15 min.). 

Use ground fucus and process A with a men- 
struum of 3 volumes of alcohol and 1 vol- 
ume of water. Dose: 0.6 cc. (10 min.). 

Use ground galega and process A with a 
menstruum of diluted alcohol. Dose: 4 
ec. (1 fl. dr.). 

Use ground geranium and process A with a 
menstruum of 3 volumes of alcohol and 
2 volumes of water. Dose: 1 ec. (15 
min.). 

Use guarana (fine powder) and Process A as 
modified for assayed fluidextracts with 
a menstruum of 3 volumes of alcohol and 
1 volume of water. Adjust to contain 4 
Gm. of caffeine in each 100 ce. Dose: 
2 cc. (80 min.). 

Use ground helonias and process A with 
diluted alcohol as the menstruum, Dose: 
2 ce. (80 min.). 
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FLUIDEXTRACTS—FLUIDGLYCERATES 


Unofficial Fluidextracts—Continued 


Humulus N. F. VIL 
(Fluidextract of 
Hops) 

Hydrangea 
N. F. VII 


Jalap N. F. Vil 


Juglans N. F. V 


Juniper N. F. VII 


Kava N. F. V 


Kola N. F. VII 


Krameria N. F. VII 
(Fluidextract of 
Rhatany) 


Lappa N. F. VII 
(Fluidextract of 
Burdock Root) 

Leptandra N. F. VII 
(Fluidextract of 
Culversroot) 

Lupulin N. F. V 


Manaca N. F. V 
Matico N. F, V 


Mezereum N. F. V 


Mitchella N. F. V 

Mullein Leaves 
N.F.V 

Oat N. F. VII 


Pareira N. F. V 


Phytolacea N. F. 
VII = (Fluidextract 
of Pokeroot) 

Pomegranate 
ese buexe 


Quassia N. F. VII 


Quercus N. F. V 


Rhamnus Cathartica 
N. F. VII (Fluid- 
extract of Buck- 
thorn-berries) 

Rhus Glabra 
LORS) 1ese-€ 


Rose N. F. VII 


Use ground humulus and Process A with 
a menstruum of 2 volumes of alcohol and 
1 volume of water. Dose: 2 cc. (30 
min.). 

Use ground hydrangea and Process A with 
a menstruum of 2 volumes of alcohol and 
1 volume of water. Dose: 2 cc. (30 
min.). 

Use jalap (fine powder) mixed with twice its 
weight of clean sand and Process A with 
a menstruum of 9 volumes of alcohol and 
1 volume of water. Adjust to contain 
9 Gm. of resin of jalap in each 100 cc. 
Dose: 1 cc. (15 min.). 

Use ground juglans and process B with 
Menstruum I of 100 cc. of glycerin, 500 
ec. of alcohol, and 400 cc. of water, and 
Menstruum II of diluted alcohol. Dose: 
4 cc. (1 fl. dr.). 

Use ground juniper and Process C with a 
menstruum of 9 volumes of alcohol and 
1 volume of water. Dose: 4cc. (1 fl. dr.). 

Use ground kava and process A with a 
menstruum of 3/volumes of alcohol and 2 
volumes of water. Dose: 1 cc. (15 


min.). 

Use kola (moderately fine powder) and 
Process A modified for assayed fluidex- 
tracts with a menstruum of 2 volumes of 
alcohol and 1 volume of water. Adjust to 
contain 1 Gm. of anhydrous caffeine in 
each 100 ce. Dose: 4 ce. (1 fl. dr.). 

Use krameria (moderately fine powder) and 
Process B with Menstruum I of 9 volumes 
of alcohol and 1 volume of glycerin and 
Menstruum II of alcohol. Dose: 1 cc. 
(15 min.). 

Use ground lappa and Process A with a 
menstruum of diluted alcohol. Dose: 2 
cc. (30 min.). 

Use ground leptandra and Process A with a 
menstruum of 3 volumes of alcohol and 1 
volume of water. Dose: 1 cc. (15 min.). 

Use lupulin and process A with alcohol as 
the menstruum. Dose: 0.5 cc. (8 min.). 

Use ground manaca and process A with a 
menstruum of 3 volumes of alcohol and 1 
volume of water. Dose: 1 cc. (15 min.). 

Use ground matico and process A with a 
menstruum of 3 volumes of alcohol and 1 
volume of water. Dose: 4 cc. (1 fi. dr.). 

Use ground mezereum and process A with 
a menstruum of 2 volumes of alcohol and 
1 volume of water. Use externally: aru- 
befacient and vesicant. 

Use ground mitchella and process A with 
diluted alcohol as the menstruum. Dose: 
2 cc. (30 min.). 

Use ground mullein leaves and process A 
with diluted alcohol as the menstruum. 
Dose: 4 ce. (1 fl. dr.). 

Use ground oat and Process A with a men- 
struum of diluted alcohol. Dose: 4 ce. 
ifindr): 

Use ground pareira and process A with di- 
luted alcohol as the menstruum. Dose: 
2 ec. (80 min.). 

Use ground phytolacca and Process A with 
a menstruum of diluted alcohol. Dose: 
1 cc. (15 min.) emetic, 0.1 cc. (1 4% min.) 
alterative. 

Use ground pomegranate and process B 
with Menstruum I of 100 cc. of glycerin, 
500 ce. of alcohol, and 400 cc. water, and 
Menstruum II of diluted alcohol. Dose: 
2 cc. (80 min.). 

Use ground quassia and Process A with a 
menstruum of 1 volume of alcohol and 2 
volumes of water. Dose: 0.5 cc. (8 
min.). 

Use ground quercus and process B with 
Menstruum I of 100 cc. of glycerin, 500 
ec. of alcohol, and 400 cc. of water, and 
Menstruum II of diluted alcohol. Dose: 
1 cc. (15 min.). 

Use ground rhamnus cathartica and Process 
A with a menstruum of diluted alcohol. 
Dose: 1 ce. (15 min.). 


Use ground rhus glabra and process B with 
Menstruum I of 100 ce. of glycerin, 500 ce. 
of alcohol and 400 cc. of water, and Men- 
struum II of diluted alcohol. Dose: 1 
ec. (15 min.). 

Use ground rose and Process B with Men- 
struum I of 1 volume of glycerin, 5 vol- 
umes of alcohol, and 4 volumes of water, 
and Menstruum II of diluted alcohol. 
Dose: 2 cc. (80 min.). 


Rubus N. F. V Use ground blackberry bark and process A 
with diluted alcohol as the menstruum. 
Dose: 1 cc. (15 min.). 

Rumex N. F. V Use ground rumex and process A with di- 


luted alcohol as the menstruum. Dose: 
4 ce. (1 fl. dr.). 

Use ground sandalwood and process A with 
alcohol as the menstruum. Dose: 4 ce. 
(fle dr). 

Use ground sanguinaria and Process B with 
Menstruum I of 1 volume of hydrochloric 
acid, 4 volumes of water, and 15 volumes 
of alcohol, and Menstruum II of 3 vol- 
umes of alcohol and 1 volume of water. 
Dose: 0.125 cc. (2 min.). 

Use ground scoparius and process A with di- 
luted alcohol as the menstruum. Dose: 
1 cc. (15 min.). 

Use ground scutellaria and process A with 
diluted alcohol asthe menstruum. Dose: 
1 ce. (15 min.). 

Use ground senecio and process A with a 
menstruum of 2 volumes of alcohol and 1 
volume of water. Dose: 4 ce. (1 fl. dr.). 

Use ground serpentaria and Process A with 
a menstruum of 4 volumes of alcohol and 
1 volume of waters Dose: 1 cc. (15 
min.). 

Use ground solanum and process A with 
menstruum of 2 volumes of alcohol and a 
volume of water. Dose: 4 ce. (1 fl. dr.). 

Use ground stillingia and Process A with a 
menstruum of 3 volumes of alcohol and 
1 volume of water. Dose: 2 ce. (30 


Sandalwood N. F. V 


Sanguinaria N. F. VII 
(Fluidextract 
of Bloodroot) 


Scoparius N. F. V 
Scutellaria N. F. V 
Senecio N. F. V 


Serpentaria 
WE JS, WAOL 


Solanum N. F. V 


Stillingia N. F. VII 


min.). 

Use ground thuja and process A with alcohol 
as the menstruum. Dose: 2 cc. (80 
min.). 

Use ground trifolium and Process A with a 
menstruum of diluted alcohol. Dose: 
4 ce. (1 fl. dr.). 


Thuja N. F. V 


Trifolium N. F. VII 
(Fluidextract of 
Red Clover Blos- 
soms) 

Trillium N. F. Vil 
(Fluidextract of 


Use ground trillium and Process A with a 
menstruum of 3 volumes of alcohol and 


Bethroot) 1 oe of water. Dose: 2 ce. (30 
min.). 

Tonga N. F. V Use ground tonga and process A with a 
menstruum of 1 volume of alcohol and 3 
volumes of water. Dose: 2 cc. (30 min.). 

Viburnum Opulus Use ground viburnum opulus and Process A 

Nhe VILE with a menstruum of 2 volumes of alcohol 
and 1 volume of water. Dose: 2 cc. 

(30 min.). 
Xanthoxylum Use ground xanthoxylum and Process A 
INES LE with a menstruum of 3 volumes of alcohol 


and 1 volume of water. Dose: 


min.). 


2 ce. (30 


GLYCERIN PREPARATIONS 
Fluidglycerates 


Fluidglycerates are intended to be of the same 
drug strength as fluidextracts. They contain approxi- 
mately 50 per cent, by volume, of glycerin, and no alco- | 
hol. The drug should be in a coarse or moderately 
coarse powder unless otherwise directed. Fluidglyce- 
rates made from drugs that do not require either an acid 
or an alkaline menstruum may be prepared by the fol- | 
lowing general process, formerly official in the N. F. VII: 


General Formula for Fluidglycerates 


Metric Alternative 
The Drug, in coarse powder........ 1000 Gm. 16 oz. av. 302 gr. 
Cy Cerin (302.5. ahs, eae tun gener ae 500 cc. 8 fl. oz. 
Wiater 2a am aiden Pee sepa ane a 1500 cc. 24 fl. oz. 
Chloroform Water, a sufficient quan- 
tity, 
To make wal. .ciayctus ecu ouster sbsiah nates 1000 cc. 1 pint 


Mix the glycerin and water, and moisten the drug thoroughly 
with a portion of the mixture; then pack it very lightly in a cylin- 
drical percolator, and add enough of the menstruum to saturate 
the powder and leave a stratum above it. When the liquid begins 
to drop from the percolator, close the lower orifice, cover the per- 
colator, and macerate 48 hours. Then allow the percolation to 
proceed slowly until the drug is practically exhausted, using first 
the remainder of the menstruum and then chloroform water. 

Reserve the first 500 ce. (8 fl. oz.) of the percolate and evaporate 
the remainder on a water bath, the weaker portion first, then the 
stronger, until reduced to 600 ce. (9 fl. oz. 288 min.); then add the © 
reserved portion, and continue evaporation until the product. — 


FLUIDGLYCERATES—OLEORESINS—VINEGARS 


measures 1000 ce. (1 pint), Allow the preparation to stand for a 
few “ate then decant the'clear portion, strain the remainder, and 
mix we 


Unofficial Fluidglycerates 
Directions 


Mix 20 Gm. of slaked lime and 20 Gm. of 
magnesium oxide with 1500 cc. of water, 
add 750 Gm. of ground cascara sagrada, 
and 'spread out the moist drug until dry. 
Then follow the general process, reserving 
the first 375 cc. of percolate. When cold, 


Title 
Aromatic Fluidglycer- 
ate of Cascara Sa- 
grada N. F. V 


add 250 cc. of fluidglycerite of glycyrrhiza- 


and 1 cc. each of oil of fennel, oil of clove, 
and oil of cinnamon and mix. Dose: 3 
cc. (30 min.). 

Use ground cascara sagrada and prepare by 


Fluidglycerate of Cas- 
the general process. Dose: 1 ce, (15 


cara Sagrada N. F. V 


min.). 

Digest 1000 Gm. of ground glycyrrhiza, in 
hot water for six hours and exhaust by 
percolation, using boiling water. Hyapo- 
rate to 2000 cc., adding ammonia to keep 
it alkaline, and filter. -—Evaporate the fil- 
trate to 500 cc., cool, and add 500 cc. of 
glycerin and water to make 1000 cc. 
Dose: 2 cc. (380 min.). 

Use ground krameria and prepare by the 
general process. Dose: 1 cc. (15 min.). 

Use ground rhubarb and prepare by the 
general process. Dose: 1 ec. (15 min.). 


Serato o of cone 
eyrrhiza 


Fluidglycerate of Kra- 
meria 5: Vi 

Fluidglycerate of Rhu- 
barb N. F. V 


OLEAGINOUS PREPARATIONS 
Oleoresins 


The oleoresins are liquid preparations, consisting 
principally of natural oils and resins extracted from 
vegetable substances by percolation with a menstruum 
of acetone or ether which is subsequently recovered. 
The latter is now directed in the Pharmacopeeia for this 
purpose, but acetone has been used and apparently 
produces identical products. Alcohol is used in prepar- 
ing the oleoresin of cubeb, this being the one drug in 
which it is satisfactory. The choice between ether and 
acetone is largely a question of cost although the acetone 
is less dangerous and therefore preferred by many 
manufacturers. Either will produce a U.S. P. product, 
under the general authorization of the U.S. P. The 
oleoresins were formerly classed with fluidextracts, but 
they differ essentially from them as follows: (1) They 
do not bear a uniform relation to the drug as do the 
fluidextracts, of Gm. to cc., and the yield of oleoresin 
obtained from the drug varies according to the propor- 
tion of oil and resin naturally present. (2) The men- 
struum (ether) extracts principles which are often in- 
soluble in alcohol, diluted alcohol or water. (8) They 
are without exception the most concentrated liquid 
preparations of drugs that are produced. 

Oleoresins are prepared by percolating the powdered 
drug contained in a cylindrical percolator provided 
with a cover and a receptacle suitable for volatile 
liquids, with the menstruum directed, until exhausted, 
recovering the greater part of the liquid by distillation, 
and exposing the residue in a shallow dish to spontane- 
ous evaporation until the remaining solvent has 
evaporated. 

A form of continuous extraction apparatus frequently 
used on the small scale for the extraction of drugs with 
volatile solvents is known as a Soxhlet apparatus (page 
118). 

Oleoresins which have not been evaporated sufficiently 
are frequently found in commerce; they have a decided 
odor of the menstruum, sometimes of benzin, showing in 


the latter case that a menstruum which is an inferior 


solvent has been substituted for the one authorized by 
the U. S. Pharmacopeeia. Commercial gasoline often 
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contains appreciable quantities of kerosene, which does 
not volatilize, but permanently contaminates the oleo- 
resins. It should never be used as a menstruum for 
oleoresins. 


OLEORESINS OF THE U. S. P. 


English Title Latin Title 
Aspidium Oleoresin Oleoresina Aspidii 


OLEORESINS OF THE N. F. 


Oleoresina Capsici 
Oleoresina Cubebée 
Oleoresina Zingiberis 


Infused Oils 


Infused oils are solutions in oil of the soluble constitu- 
ents of plants, chiefly of those containing alkaloids or 
volatile oils, such as hyoseyamus, belladonna, calendula, 
etc. Compound oil of hyoscyamus closely resembles 
the Baume Tranquille of the French Pharmacopceia 
and is extensively used for earache. The general for- 
mula for this class of preparations, formerly official in 
the N. F. V, is as follows: 


Moisten 100 Gm. of the air-dried drug (coarsely ground) with 
100 cc. of alcohol mixed with 2 cc. of ammonia water and macerate 
for six hours in a covered vessel. Then add 1000 cc. of sesame oil 
and warm on a water bath at 60° to 70° C., in an open vessel, until 
the alcohol and ammonia have evaporated. Then strain with 
pressure and filter. 


Capsicum Oleoresin 
Cubeb Oleoresin 
Ginger Oleoresin 


Unofficial Infused Oils 


Title Directions 
Compound Oil of Hyo- Mix 2 cc. each of oil of lavender, oil of pep- 
scyamus N. F. V permint, oil of rosemary, and oil of 
(Balsamum Tran- thyme with sufficient infused oil of hyos- 
quillans) eyamus to make 1000 cc. 


ACETOUS PREPARATIONS 
Vinegars 


Vinegars form an old class of preparations, having 
been in use since the days of Hippocrates. Medicated 
vinegars are solutions of the active principles of drugs 
in diluted acetic acid, the latter being chosen as a men- 
struum because it is not only a good solvent but it also 
possesses antiseptic properties. 

Diluted acetic acid replaces the natural vinegar for- 
merly used, cider vinegar having been discarded because 
of its variable quality and strength. Acetic acid may be 
obtained in all parts of the country very cheaply and of 
unvarying quality. The properties of acetic acid are 
noted in Part V of this book. 

Only one vinegar is official at present in the N. F. 
VIII and none in the U. 8. P. XIII. The medicated 
vinegars should not be made in larger quantities than 
can be used within a reasonable time, for, although pos- 
sessed of most of the characteristics of permanent 
preparations, they are liable to deposit insoluble resi- 
dues upon standing. 


VINEGAR OF THE N. F. 


English Title Latin Title 
Squill Vinegar Acetum Scille 


Unofficial Vinegars 
Directions 


Dissolve 0.5 cc. each of the oils of lavender, 
rosemary, juniper, peppermint, and cin- 
namon, and 1 cc. each of the oils of lemon 
and clove in 250 ee. of alcohol, add 260 cc, 
of acetic acid ‘and sufficient water to 
make 1000 ce. Digest for eight days and 
filter. Used like smelling salts. 


Title 
Aromatic Vinegar ~- 
INE EE avs 


CHAPTER XL 


SOLID PREPARATIONS MADE BY MACERATION OR PERCOLATION 
EXTRACTS AND RESINS 


Extracts 


Exrracts are either semi-liquids, semi-solid masses, 


or dry, solid or powdered products, prepared by exhaust- 
ing vegetable or animal drugs with appropriate men- 
strua, carefully evaporating the solutions so obtained to 
the prescribed consistency, and adjusting the products 
to the fixed standards. An extract is intended to pre- 
serve the useful constituents of the drug in a concen- 
trated, relatively uniform, permanent condition, and in 
a form suitable for medication. 


PREPARATION OF EXTRACTS 


The manipulations necessary to produce extracts 
have been considered under the various heads of Macer- 
ation, Expression, Percolation, Decoction, Infusion, 
Evaporation, Use of Steam Heat, Vacuum Apparatus, 
etc. The special precautions necessary for each extract 
will be noted in the official working formulas which are 
given in each individual monograph. The details of 
the formulas vary so much that a general formula is of 
little value, except to serve as a type for the alcoholic 
extracts, which resemble one another. 

The solvent or menstruum to be employed in the 
preparation of an extract is dependent upon the physi- 
cal characteristics of the drug and the nature of its con- 
stituents. The solvents commonly adopted are water 
or alcohol, or mixtures of these, in the proportions di- 
rected in the formulas. For the extraction of a few 
drugs, the addition of an acid or an alkali to the solvent 
is required. 

The menstruum chosen for preparing an extract may 
be more strongly alcoholic than that for preparing the 
corresponding fluidextract or tincture; this is to reduce 
the extraction of inert material in the drug by which the 
extract would otherwise be unduly diluted. In the 
manufacture of powdered extracts, the use of more 
strongly alcoholic menstrua also reduces extraction of 
the sugars and produces more satisfactory powders. 

In the manufacture of most extracts the drugs are 
extracted by the process of percolation. The entire 
percolates are concentrated by distillation under re- 
duced pressure, with a few exceptions, in order to expose 
’ the drug principles to as little heat as possible. If the 
active principles of a drug are damaged by high tem- 
peratures or by prolonged heating, the temperature at 
which its percolate is concentrated is not to exceed 60° 
C., at any stage. In preparing extract of glycyrrhiza, 
a temperature of 100° C. is desirable to eliminate ma- 
terial of an albuminous nature. 

When alcohol is used as a solvent, it may be recovered 
by distillation. 

In the preparation of extracts, the concentration of 
the liquid extractions is to be completed without delay. 
Undue exposure to heat must be avoided. The limit 
of temperature for the evaporation, as stated in the 
formulas, should not be exceeded. In the manufacture 
of extracts on a large scale, apparatus for distilling and 
evaporating under reduced pressure should be used. It 
is also important that the residue be frequently stirred 
in order to hasten the evaporation and to obtain a uni- 
formly smooth product. 


Pilular Extracts—The plastic or semi-solid extracts 
are designated “pilular extracts’? because they were ex- 
tensively used in pill masses. They are used in oint- 
ments, and suppositories, and to facilitate their use in 
these preparations, the degree of concentration is di- 
rected to be that of a “pilular consistence.”’ In these, 
an excess of moisture is to be avoided and the proper 
pliability and consistency may be maintained by the 
addition of a small amount of glucose or glycerin. 

Powdered Extracts—Powdered extracts differ from. 
pilular extracts in that they are dry and prepared either 
as fine or granular powders. They are more generally 
used than pilular extracts because they can be more 
accurately weighed, more easily dispensed, and more 
conveniently preserved. The difficulty in making them 
arises from the injurious influence of heat upon concen- 
trated percolates of organic substances, but by the use 
of vacuum apparatus, suitable absorptive diluents, and 
care, they can be made successfully (below and page 277). 
The limit of temperature as stated in the formulas 
should not be exceeded, and final drying of the soft ex- 
tract can be greatly facilitated by spreading it upon 
plates of glass or tinned metal and exposing it to cur- 
rents of warm, dry air, if vacuum apparatus is not 
available. 

In the preparation of powdered extracts, it is neces- 
sary to use solvents that will extract the active prin- 
ciples of the drugs, and only a minimum amount of the 
inert substances. If the drug contains an oily constitu- 
ent this must be removed as indicated below so that 
the product will retain a satisfactory powdered form. 

Inspissated Juices—In addition to extracts made by 
extracting drugs, sometimes the juices of fresh plants 
extracted by contusion and expression are evaporated, 
and such extracts are frequently called succi spissatz, 
or inspissated guices. The variation in the amount of 
extractive matter afforded by expressing fresh plants is 
so great that the quality of this class of extracts is neces- 
sarily very uncertain. Although alcoholic extracts are 
also subject to variations, experience has shown that 
they are much more reliable, when properly made, than 
extracts prepared from expressed juices. For this 
reason inspissated juices are not recognized in the U. 8. 
Pharmacopeia. The inspissated juices most largely 
consumed in America are made in Great Britain. 


DEFATTING EXTRACTS 


When a drug contains an oily constituent that is ex- 
tracted by the menstruum, it becomes necessary to 
adopt in the process of manufacture some method for 
the separation of this oil so that a permanent product of 
the proper consistency, dryness, or powdered form may 
be obtained. 

The Pharmacopceia permits any suitable method for 
defatting either the drug or the extract but the following 
methods of treating the extract are recommended: 


Method I—Prepare the extract in the regular manner to the 
point where, before final adjustment, it is dried with a portion of 
starch. To this dry powder add purified petroleum benzin 
(about 300 ce. of benzin for each 100 Gm. of drug extracted) and 
stir weil several times during 2 hours. Allow to settle and decant 
or drain off the excess of liquid. Mix*the residue with another 
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(smaller) portion of purified petroleum benzin, stir thoroughly, and 
separate the excess of benzin. Repeat the washing with a third 
portion of purified petroleum benzin, then drain the powder, and 
dry it thoroughly at a temperature not exceeding 70° C. Weigh 
the dried powder and adjust it to the prescribed quantity or 
strength. 

Method II—To the soft extract obtained by the evaporation of 
the percolate add slightly acidulated water at a temperature of 
about 80° C. in the proportion of about 80 ec. of acidulated water 
to each 100 Gm. of crude drug or soft extract represented. Stir 
the mixture thoroughly and allow it to stand until almost cold. 
Remove and discard any oily or fatty matter which has risen, 
then separate and retain the aqueous liquid. Treat the undis- 
solved extract residue twice as just described, and combine and 
evaporate the aqueous liquids to a soft extract at a temperature 
not exceeding 70° C. Mix the soft extract thus obtained with a 
portion of starch, dry the mixture at a temperature not exceeding 
70° C., and complete the extract in the usual way. 

The acidulated water suggested above should contain 
about 0.05 per cent of hydrochloric acid or about 0.2 


per cent of tartaric acid. 


GENERAL CONSIDERATIONS 

The proximate principles most commonly present in 
extracts are gum, sugar, starch, tannin, extractive, chloro- 
phyll, coloring matter, inorganic salts, and the active 
principles of plants, to which, when a spiritous solvent is 
employed, may usually be added resinous substances, 
fatty matter, and frequently more or less volatile oil, gum 
and starch being excluded when the menstruum is 
strong alcohol. Inert fixed oil or fat is often removed 
from powdered drugs by previous percolation with 
ether or with petroleum benzin; these liquids do not, 
as a rule, extract the active principles, and thus a dry 
powdered extract can be made. . 

Extractive—It has long been known that in most 
vegetable bodies there is a substance, soluble both in 
water and in alcohol, which, in the preparation of ex- 
tracts, undergoes chemical change during the process of 
evaporation or aging, imparting to the liquid, even if 
originally limpid, first, a greenish, then a yellowish 
brown, and ultimately a deep brown or almost black 
color, and becoming itself insoluble. This substance 
has frequently been spoken of as extractive, derived from 
its frequent presence in extracts. The most important 
property of extractive is its disposition to become in- 
soluble under the influence of atmospheric air at a high 
temperature. If a vegetable infusion or decoction is 
evaporated. in the open air to the consistency of an 
extract, then diluted, filtered, and again evaporated, 
and the process repeated so long as any insoluble mat- 
ter is formed, the whole of the extractive will be sepa- 
rated from the liquid, while the other ingredients may 
remain. If chlorine is passed through an infusion or 
decoction, a similar precipitate is formed with much 
greater rapidity. The change is usually ascribed to the 
absorption of oxygen by the extractive, which has, 
therefore, been called, in its altered condition, oxidized 
extractive; but De Saussure ascertained that, though 
oxygen is absorbed during the process, an equal measure 
of carbonic acid gas is given out, and the oxygen and 
hydrogen of the extractive unite to form water in such 
a manner as to leave the principle richer in carbon than 
it was originally. The name of oxidized extractive is, 
therefore, obviously incorrect; and Berzelius long ago 
proposed to substitute for it that of apothem, synony- 
mous with deposited. 

Apothem is not completely insoluble in water, but 
imparts a slight color to that liquid when cold. It is 
more soluble in boiling water, which becomes turbid 
upon cooling and is still more soluble in alcohol. It is 
freely dissolved by solutions of the alkalies and alkaline 
carbonates, from which it is precipitated by acids. It 
has a great tendency, when precipitated from solutions, 
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to unite with other principles and to carry them along 
with it, thus acquiring properties somewhat different, 
according to the source from which it is obtained. In 
this way, also, even when the extractive of a plant is 
itself medicinally inert, its conversion into apothem 
may be injurious by causing a precipitation of a portion 
of the active principle; in practical pharmaceutical opera- 
tions this change should always, if possible, be avoided. 

Variable Quality of Extracts—TIt 71s evident that there 
must be great variation in the quality of extracts of pilular 
consistency as found in commerce, for, whether made by 
any of the processes commonly employed, or by a special 
patented process, the lack of a fixed standard to deter- 
mine the amount of moisture which is to remain in 
pilular extracts renders them very variable in strength. 
The Pharmacopoeia is necessarily compelled to avoid 
specifying an exact limit in this respect, and the ap- 
proximate standard of pilular consistency has been 
adopted. The powdered extracts are more stable and 
being adjusted through the addition of a diluent to an 
exact weight, they have a great advantage over pilular 
extracts. It should be said im addition that the varia- 
tion in the strength of extracts of pilular consistency 
does not cease even after their manufacture. The ex- 
posure to the air to which they are subjected in dispens- 
ing, causes loss of moisture and they become hard, and 
consequently stronger, in proportion to the quantity of 
moisture that is thus lost; this loss may in some cases 
amount to as much as 25 per cent. In moist climates, 
however, some extracts absorb moisture and become 
thinner. One of the advantages of powdered extracts 
is that they may be kept in tightly corked vials, and 
thus protected from moisture. 

The greatest variation in the commercial extracts, 
however, arises from the difference in the alcoholic 
strength of the menstruum employed. This may be 
best illustrated by taking the case of extract of jalap. 
Alcohol dissolves the active principles of jalap, while 
water is the best solvent for those that are inert. If a’ 
manufacturer in making extract of jalap uses equal 
parts of aleohol and water, he will obtain twice as much 
extract as the manufacturer who simply uses alcohol; 
but the aleohol extract or resin has twice the strength 
of the hydro-aleoholie extract, and is worth double the 
price, because it has been shown that the aqueous ex- 
tract of jalap is absolutely inert even in doses of 240 
grains. The difference between the relative merits of 
alcoholic and aqueous extracts does not so clearly 
appear in many of the extracts as in the instance just 
noted, but it is shown in such important extracts as 
those from belladonna, hyoseyamus, digitalis, ete., for 
the strength of these depends largely upon the menstrua 
used in exhausting them, water removing the inert prin- 
ciples, starch, gum, albumen, sugar, salt, ete. The rela- 
tive value of commercial extracts must depend upon 
the amount of active principles present. When an ex- 
tract is official, the menstruum directed should be 
employed and no other. The U.S. P. permits the re- 
placement of ethyl aleohol by specially denatured alco- 
hol through the following provision: 


“Tn the manufacture of pharmacopceial extracts in which alcohol 
is used as a solvent only and does not remain in the finished 
product, it is permissible to use alcohol denatured by the addition 
of from 5 to 10 per cent by volume of methanol or acetone in 
place of ethyl alcohol in accordance with Federal Statutes and 
Regulations of the Bureau of Internal Revenue, but the extracts 
so made must be identical with those prepared by the processes 
in the monographs and must conform to the standards fixed by 
the tests of the U. 8. Pharmacopoeia.” 


It is now common practice for manufacturers to indi- 
cate on the labels of extracts not amenable to assay, the 
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yield of the extract in relation to the drug from which 
it was prepared. Commercial extracts from most drugs 
will run from 1 to 4, to 1 to 6, 7. e., 1 pound of extract 
represents 4, or 5, or 6 parts of drug, but some drugs 
contain so great a proportion of extractive matter that 
their extracts run only 1 to 2 or 1 to 3. As examples 
might be mentioned solid gentian extract, 1 to 2, and 
powdered extract cascara sagrada, of 1 to 3. ; 

Assaying Extracts—Extracts which must be adjusted 
to prescribed standards may need diluents for that pur- 
pose. While in the Pharmacopceia glucose is directed 
as the diluent for pilular extracts, and starch, dried at 
100° C., for powdered extracts, the following additional 
diluents are permitted: malt extracts for pilular ex- 
tracts, and, for powdered extracts, sucrose, lactose, 
powdered glycyrrhiza, magnesium carbonate, magne- 
sium oxide, calcium phosphate, or the finely powdered 
mare remaining after the extraction of the drug. The 
diluents, added to the powdered extracts, may be col- 
ored with chlorophyll or caramel to produce a color cor- 
responding to the normal color of the extract, but an 
excess of color must not be added. 

For the convenience of the prescriber, the standards 
of strength for the extracts have been adjusted wherever 
possible, so that each bears a definite relation to that of 
the respective drug of average strength. A statement 
of the standard adopted accompanies each formula. 

Preservation of Extracts—Special care in the preser- 
vation of pilular extracts is rarely taken. This arises 
from the incorrect impression that they are perma- 
nent preparations and do not need it. The manufactur- 
ers seal the jars or bottles which contain them, because 
experience has compelled them to be very careful to 
avoid loss in transportation. The loosely fitting covers 
often used for the jars permit exposure which causes the 
variation noted, and it is impracticable for the pharma- 
cist on every occasion to seal the jar immediately after 
he has used a portion of the extract. Several expedients 
have been suggested to overcome these difficulties. It 
is good practice to enclose the jar in a tightly fitting tin 
can, or to put the extract in a jar with a cover which 
clamps down tightly and is fitted with a thin cork disk 
in the top to aid in making a tight joint; many manu- 
facturers are now marketing pilular extracts in jars 
fitted with covers of this character and several are using 
collapsible tin tubes to prevent evaporation or absorp- 
tion of moisture. 

Storage—Preserve Extracts in well-closed containers, 
in a cool place and protected from strong light. 


EXTRACTS OF THE U. S. P. 
English Title Latin Title 
Belladonna Extract Extractum Belladonnz 
Cascara Sagrada Extract EXxtractum Cascare Sagradee 
Glycyrrhiza Extract Extractum Glycyrrhize 
Liver Extract Extractum Hepatis 
Ox Bile Extract Extractum Fellis Bovis 
Pure Glycyrrhiza Extract Extractum Glycyrrhize Pu- 
rum 

Extractum Perpolitionum 
Oryze 

Extractum Stramonii 


EXTRACTS OF THE N. F. 


Extractum Carnis 
Extractum Colocynthidis 
Extractum Colocynthidis - 
Compositum 
Extractum Digitalis 
Extractum Ergote 
Extractum Gentian 
Extractum Hydrastis 
Extractum Hyoscyami 
Extractum Leptandre 
Extractum Malti 


Rice Polishings Extract 


Stramonium Extract 


Beef Extract 
Colocynth Extract 
Compound Colocynth Ex- 
tract 
Digitalis Extract 
Ergot Extract 
Gentian Extract 
Hydrastis Extract 
Hyoscyamus Extract 
Leptandra Extract 
Malt Extract 
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Nux Vomica Extract 
Opium Extract 
Rhubarb Extract 


Title 


Aqueous Extract 
Ergot N. F. V 


of 


Extract of Aloe 
INseE VLE 


Extract of Cannabis 
Wigs Ie Dah 


Extract of Colchicum 
(Corm) U. 8. P. X 


Extract of Conium 


IN 105 WY 


Extract of Euonymus 
N. F. V 


Ferrated Extract of 
Apples N. F. V 
(Crude Malate of 
Iron) 


Extract of Gelsemium 
N. F. VII 


Extract of Hematoxy- 
lon N. F. V 


Extract of  Ignatia 
N.F. V 


Extractum Nucis Vomice 
Extractum Opii 
Extractum Rhei 


Unofficial Extracts 


Directions 

Moisten 200 Gm. of ground ergot with 400 
ec. of chloroform water and macerate for 
24 hours and then percolate with chloro- 
form water to obtain 1000 cc. Evaporate 
at a low temperature, in a tared dish to 
100 Gm. When cold add 100 ce. of alco- 
hol in a bottle and let stand three days. 
Then filter and evaporate filtrate, on a 
water bath, not above 50° C., to a pilular 
consistence. A uterine stimulant. Dose: 
0.2 Gm. (3 gr.). 

Stir aloe (powdered or in broken pieces) with 
10 times its weight of boiling water. 
Stand 12 hours, strain, evaporate the 
liquid to dryness and powder. Dose: 
0.125 Gm. (2 gr.). 

Macerate cannabis (moderately coarse pow- 
der) 48 hours and percolate using alcohol. 
Evaporate and mix thoroughly. Dose: 
0.015 Gm. (%4 gr.). 

It contains not less than 1.25 per cent and 
not more than 1.55 per cent of colchicine. 
Percolate 1000 Gm. of ground colchicum 
corm with alcohol to obtain 2000 ce. of 
percolate, recover the alcohol by distilla- 
tion, wash the residue with two portions 
of purified petroleum benzin, 250 cc. and 
150 cc., respectively, separate the wash- 
ings and evaporate the washed residue on 
a water bath to a thick extract. Add 50 
Gm. of dried starch, spread on glass 
plates and dry in currents of warm air, 
not above 70° C., until thoroughly dry; 
then powder. Now assay as directed 
under Colchicum Seed, and add enough 
dried starch to adjust the alkaloidal con- 
ae i. 1.4 per cent. Dose: 0.06 Gm. 

fase). 

It contains not less than 1.8 per cent and 
not more than 2.2 per cent of coniine. 
Percolate 1000 Gm. of coarsely ground 
conium with diluted alcohol until ex- 
hausted. Reserve the first 900 cc. of 
percolate, add 3 cc. of diluted hydro- 
chlorie acid to the remainder of the perco- 
late and evaporate it to 100 cc. at not 
more than 50° C. Mix this with the re- 
serve and evaporate below 50° C. to a 
pilular extract. Assay as directed in the 
N. F. V and adjust the product to contain 
2 per cent of coniine, A nerve sedative. 
Dose: 0.03 Gm. (% gr.). 

One Gm. of Extract is the equivalent of 4 
Gm. of euonymus. Percolate 1000 Gm. 
of ground euonymus with diluted alcohol 
to exhaustion. Recover the alcohol and 
evaporate the residue to dryness at not 
above 70° C. Powder the extract and 
add dried starch to make 250 Gm. A 
cathartic but is cumulative and toxic. 
Use with caution. Dose: 0.125 Gm. 
(2 gr.). 

Mix 1000 ce. of fresh apple juice with 40 
Gm. of reduced iron and warm on a water 
bath until the reaction is over, adding 
water as needed to retain the volume. 
Set aside several days, filter, and evapo- 
rate on a water bath to pilular consist- 
ence. A hematinic. Dose: 0.65 Gm. 
(10 gr.). 

Macerate gelsemium (moderately coarse 
powder) for 48 hours and percolate slowly 
with alcohol. Evaporate and adjust with 
a mixture of 1 part magnesium oxide and 
3 parts of dry starch to make 1 Gm. of ex- 
tract represent 4 Gm. of drug. Dose: 10 
mg. (% gr.). 

Macerate 1000 Gm. of rasped hematoxylon 
with 10,000 cc. of water for 48 hours. 
Boil the mixture, avoiding all iron con- 
tact, until one-half of the water has 
evaporated; strain while hot and evapo- 
rate to dryness. An astringent for diar- 
rhea. Dose: 1 Gm. (15 gr.). 

It contains not less than 5.4 per cent and 
not more than 6.6 per cent of the alka-. 
loids of ignatia. Pereolate 1000 Gm. of — 
the moderately coarse ignatia with a 
menstruum of alcohol 3, water 1, to ex- 
haustion. Recover the alcohol and evapo- 
rate the residue to dryness at a tempera- 
ture not exceeding 100° C. Powder, 


EXTRACTS AND RESINS 279 


Unofficial Extracts—Continued 


weigh the product, and assay it as di- 
rected in the N. F. V and add enough 
dried starch to make the extract contain 
6 per cent of ignatia alkaloids. Similar 
to nux vomica in use. Dose: 0.03 Gm. 
(% gr.). 


peer aa Krameria One Gm. of the Extract represents 5 Gm. of 


Extract 
N.F. VII 


krameria. Percolate 1000 Gm. of moder- 
ately coarse krameria with water until 
exhausted. Heat the percolate to boiling, 
strain, evaporate to dryness on a water 
bath, at a temperature not above 70° C. 
Powder the residue and add dry starch 
to make 200 Gm. of extract. An astrin- 
gent.’ Dose: 0.5 Gm. (8 gr.). 


Macerate sumbul (moderately coarse pow- 


der) for 24 hours and percolate at a moder- 
ate rate with a mixture of 4 volumes of 
alcohol and 1 volume of water. Evapo- 
rate and adjust to make 1 Gm. of extract 
represent 3 Gm. of drug; for pilular ex- 
tract use storax and for powdered extract 
use a mixture of 3 parts of magnesium 
oxide and 1 part of dry starch. Dose: 
0.5 Gm. (8 gr.). 


Extract of Taraxacum Macerate taraxacum (moderately coarse 
N. F. VII 


powder) 24 hours and percolate at a moder- 
ate rate, using a mixture of 1 volume of 
alcohol and 7 volumes of water. Evapo- 
rate and adjust to make 1 Gm. of extract 
represent 3 Gm. of drug; for pilular ex- 
tract use glucose and for powdered ex- 
ae use dry starch. Dose: 1 Gm. (15 
gr.). 


Extract of Valerian Macerate valerian (moderately coarse pow- 
N. F. VII der) 48 hours and percolate slowly with 
a mixture of 4 volumes of alcohol and 1 
volume of water. Adjust with a mixture 
of 1 part magnesium oxide and 3 parts of 
dry starch to make 1 Gm. of extract repre- 
a 4 Gm. of drug. Dose: 0.25 Gm. (4 
gr.). 


Resins 


The official resins are solid preparations consisting 
chiefly of the resinous principles from vegetable bodies. 
The officially prepared resins differ from alcoholic ex- 
tracts in the fact that the latter contain all the prin- 
ciples in the drug which alcohol is capable of dissolving, 
while the resins contain only those principles which are 
soluble in alcohol but insoluble in water. It is obvious 
that the resins prepared from those drugs that owe their 
activity exclusively to resinous principles, which are in- 
soluble in water, are stronger preparations than the 
alcoholic extracts from such drugs. 


RESINS OF THE N. F. 


English Title Latin Title 
TIpomea Resin Resina Ipomcee 
Jalap Resin Resina Jalape 
Podophyllum Resin Resina Podophylli 
Rosin Resina 


CHAPTER XLI 


SOLID PREPARATIONS MADE WITHOUT MACERATION OR PERCOLATION 
POWDERS, SALTS, TEAS, DENTIFRICES AND TRITURATIONS 


Tur MANUFACTURE of solid preparations made with- 
out percolation or maceration demands considerably 
more specialized knowledge concerning the physical 
and chemical properties of medicinal substances and a 
much higher degree of technical skill in properly blend- 
ing, compounding, and shaping them. Many of these 
preparations are compounded extemporaneously at the 
prescription counter, but. most of them are manufac- 
tured now on a large scale with the aid of modern me- 
chanical equipment. 

The methods of dispensing these solid compounds and 
various theoretical considerations are more appropri- 
ately treated in the final phases of the pharmaceutical 
curriculum because these operations generally demand 
a familiarity with certain techniques peculiar to the art 
of magistral pharmacy. For these reasons it has been 
the custom, in lecturing upon the subjects treated of in 
this work, to reserve the consideration of these solid 
official preparations, and those which are embraced 
under the general term “‘extemporaneous,”’ until after 
the student has studied the physical and chemical 
properties of the various substances which compose 
the materia medica. It is well, however, for the student 
to have sufficient knowledge of these preparations to be 
able to define each class, so that when they are inci- 
dentally mentioned in other chapters he may be able to 
describe the use and appearance of a powder, troche, 
plaster, pill, etc. If it is considered desirable to deviate 
from this plan, the chapters are so arranged that the 
student may easily turn to them and study them in any 
order desired. 

1t will be well, however, in this place, in order to keep 
the classification in view, to enumerate them briefly. 
They are Powders, Dentifrices, Artificial Salts, Efferves- 
cent Salts, Oil-Sugars, Triturations, Teas, Ointments, 
Pastes, Inunctions, Creams, Cerates, Cements, Poul- 
tices, Plasters, Mulls, Papers, Dressings, Suppositories, 
Glycerogelatins, Lamels, Medicated Pencils, Capsules, 
Cachets, Pills, Troches, Masses, Confections, and Tab- 
lets. The first seven related classes are discussed in 
this chapter. 

Powders 


The preparations considered under this title are the 
official compound powders as well as those prepared ex- 
temporaneously by the pharmacist. They consist of 
intimate mixtures of substances which, in the majority 
of instances, have previously been reduced to a fine pow- 
der. Because some substances, especially those con- 
taining aromatic volatile oils, would be injured by pre- 
liminary powdering, these are usually mixed without 
grinding and the mixture reduced to a fine powder. 
They therefore call for a consideration of many of the 
principles and much of the apparatus described under 
Comminution (page 128). 

EXTEMPORANEOUS POWDERS 

Powders which are prepared extemporaneously may 
be in the form of individual powders, formerly known as 
chartule, in which a single dose of medicine is placed in 
each powder, or they may represent dusting powders or 
other bulk powders to be administered by the teaspoon- 
ful or used for the preparation of douches. The single 


dose powder often furnishes a convenient means of sup- 
plying dosage forms of medicines which are not exces- 
sively bitter, nauseous, or otherwise offensive to the 
taste. They are particularly useful in administering 
medicines to children who might have difficulty in 
swallowing a tablet or a capsule. By adding a flavor 
they can often be given a pleasant taste. Single dose 
powders are not the proper dosage form for substances 
which are corrosive or deliquescent. Likewise, medi- 
cines which are to be given in large doses are not ordi- 
narily administered in this form but there are exceptions . 
and a very common prescription today is one containing 
activated charcoal, magnesium oxide, bismuth sub- 
nitrate, etc. Powders constitute one of the oldest dos- 
age forms but are now largely replaced by capsules or 
tablets. The physician should not be permitted to 
overlook the intensified therapeutic activity of some 
medicinal substances when reduced to a fine state of sub- 
division. Chemical modification, brought about by 
long-continued trituration may at times explain this 
fact. The increased efficiency of calomel and sodium 
bicarbonate mixtures and of ipecac and opium powder 
(Dover’s powder) brought about by prolonged tritura- 
tion, until the particles approach colloidal size, has 
long been known and has always been characteristic of 
homeopathic triturates. If desirable, such triturates 
may be dispensed in capsules. 

Many of the manipulations required in dispensing 
powders such as weighing, measuring, sifting, mixing, 
etc., have been described in previous chapters; there- 
fore only those operations which are peculiar to the dis- 
pensing of powders, or which have not been previously 
considered, will be treated in this chapter. 


Mixing for Perfect Distribution and Uniform Dosage 
—KEvery dosage form of medicine, whether powder, pill, 
lozenge, capsule, tablet, or other solid variety, necessi- 
tates a uniform distribution of the medicinal substance 
in the final mixture to be divided or dispensed. If a 
pharmacist is filling a prescription calling for a dozen 
or more powders, he assumes a serious responsibility 
in the identification of the material, in the accurate 
weighing of the quantity specified, in triturating this 
until uniformly distributed through the other diluting 
ingredients, and finally in its accurate subdivision. 
Especially is this true when the active ingredient is a 
potent substance such as strychnine or arsenic trioxide. 

This being true of the prescription pharmacist it is 
equally a grave responsibility, only greatly intensified, 
when the manufacturing pharmacist develops a formula 
and weighs the ingredients for 10,000 or 50,000 tablets. 


The correct methods for mixing powders by tritura- 
tion and sifting on the small or large scale are discussed 
on page 128, and must be rigidly followed. When the 
product is in large quantity and for distribution in trade 
packages, the completed product must be checked for 
its accuracy by an assay, if one is available, and by other 
well-established control methods (see page 104). This 
will insure its quality and strength and prevent the re- 
lease of a product which might cause an accident or at 
least fail to supply uniform dosage as expected by the 
physician. , 
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In sifting small lots of powders for a prescription a 
small, covered sieve illustrated in Fig. 418 has been sug- 
gested. Most pharmacists, however, use the standard 
sieve (see Fig. 419). The Gyro-centric sifting device 
for large scale operations, illustrated in Fig. 420, is manu- 


c 
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Fig. 418—Pre- 
scription sieve. 


Fig. 420—Gyro-centric screen. 


factured by the Patterson Foundry and Machine Co. 
of East Liverpool, Ohio. The nearly level screen box 
motion of Gyro-centric Screens produces a positive 
conveying action to the material, causing a stratifica- 
tion between different particle sizes and bringing the 
fer particles in contact with the mesh openings of the 
screen cloth. The super ball cleansing device with 
which these screens are equipped, keeps mesh openings 
clean and effective, and hastens the flow of the fine 
particles through the openings. These screens are 
especially suited to the making of fine separations within 
narrow limits. They have great utility for making 
separations on dry chemically pure materials of fine 
particle size. They have the widest possible applica- 
tion for the dry screening, separation, classification, 
elimination of lumps and foreign material, cleansing 
of various products, reclaiming and general dry process 
work of many kinds. They are also most useful for the 
wet sifting or screening of liquids and semi-pastes, 
removal of filter aids from liquids, as well as for dewater- 
ing operations. Special designs are also available for 
cooling, being fitted with flat jacketed cooling surface. 
Drying may also be accomplished with special machines 
fitted with drying surface. 

Powder Papers—The size and quality of the powder 
papers to be used will depend somewhat upon the num- 
ber of powders, the quantity to be placed in each, and 
also the subsequent size of the box. 

A good quality of white, unsized paper is usually em- 
ployed but sometimes a light weight bond paper or even 
parchment paver is preferred. The latter is especially 
useful if the medicinal substance is hygroscopic, since 
parchment paper is waterproof. A double powder 
paper, with the inside of paraffin paper, is a more com- 
plete protection against dampness. If the different sizes 
of powder papers have been cut so that when folded they 
will exactly fit the various boxes, the prescription can 
be given a uniformity and finish not otherwise possible. 

Dividing the Powder—The preparation of individual 
powders at the prescription counter is frequent, and the 
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problem of accurately subdividing the powder into 
individual portions is very important. Reasonable ac- 
curacy must be obtained at all times regardless of the 
method employed. For the greatest accuracy, each 
powder should be weighed. This may require a little 
extra time, but the time element should not be consid- 
ered where accuracy is involved. By practice, it may 
be necessary to weigh powders only at intervals simply 
as a check. However, the examination by the Food 
and Drug Department in Washington, D. C., of pre- 
scriptions for powders and also for capsules, showed evi- ° 
dence of unjustified variation in weight, and has led 
the prescriptionists of the country to check the efficiency 
of their methods for subdivision. 

This situation has resulted in a study being made to 
determine variations in filled prescriptions and it will 
probably lead to the adoption of definite tolerances for 
all prescriptions. 

When powders are not weighed individually, the usual 
procedure is to make the subdivision by means of a 
spatula only, merely judging the quantity as nearly as 
possible by the eye. When the division has been com- 
pleted, it is well to check for accuracy from time to 
time, weighing each of the divided powders and noting 
any deviation from the proper weight. With care and 
practice it is possible to develop this method to a marked 
degree of accuracy. 

Another method for dividing powders but of question- 
able accuracy consists of placing the powder on a suit- 
able card or paper and forming it into a rectangular 
shape, after which it is divided with a spatula into the 
exact number of portions required 
(Fig. 421), each portion being 

| transferred to its appropriate 
Z| powder paper. The seeming ac- 
- a curacy of this method is not 
justified, since in shaping the 
rectangle the powder will be 
packed more closely in one place 
than in another and square sides 
and a flat top are thus false 
indication of uniformity. 

Where large quantities of powders having a uniform 
weight are needed, as in Seidlitz powders, a cup-shaped 
powder measure has been used. The weight of meas- 
ured powders will vary, however, dependent upon the 
degree of pressure applied to the measure. For accu- 
racy, such powders must be weighed. 

Folding the Powders—The operations of folding 
powder papers are illustrated in Fig. 422. Care in 
making the several folds, and experience gained by 
repetition, are necessary to obtain uniformity when the 
powders are finally placed in the box for dispensing. 
Deviation from any of the three main folds will result 
in powders of varying height being formed and varia- 
tions in the folded ends will likewise be noticeable when 
the powders are placed side by side. 

All of the powder papers for the prescription being 
filled should be creased by folding down a margin on the 
top, care being observed that the fold is straight and 
uniform in all of the papers (A, Fig. 422). Ten or 
twelve papers may be folded at once, but if the number 
becomes too large, it will lead to variations in the depth 
of the fold. For a standard 3- by 4-inch powder paper, 
the fold should be about one-quarter inch by an inch 
wide. For other powder papers it should be propor- 
tionately larger. The papers should then be placed on 
the counter as indicated in Fig. 421, having them uni- 
formly arranged and as close together as is convenient. 

After the powder has been distributed over the papers 


Fig, 421—Arrangement for 
powder papers. 
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as described on page 281, the additional folds are made 
as follows. The lower edge of the paper is lifted up, 
folded over until it lies exactly in the crease of the origi- 
nal top fold (B, Fig. 422) which is then pressed down 
over this lower edge (C, Fig. 422). The top of the paper, 
as it now appears, is folded toward the operator until 


Fig. 422—Folding powder papers. 


it exactly divides the folded paper in the center (D, Fig. 
422). The three folds mentioned will so regulate the 
height of the powders in a low-style powder box that 
they will just protrude slightly, thus making it possible 
to pick out one powder with the fingers without dis- 
turbing the others. For. the old-style boxes having 
greater depth, the final fold should be adjusted to make 
the powder at least even with the edge of the box. 

When the individual powder paper has been folded 
lengthwise, it is picked up in both hands by the ends 
and pressed down over the ends of the box (#, Fig. 422), 
or over a powder folder, Figs. 423 and 424, so that both 
ends are turned over ex- 
actly the same length. 
At the same time the 
end of the box is pressed 
in slightly so that the 
powder when finally com- 
pleted will fit and slide 
evenly in the box. 

The turned ends are si- 
multaneously and firmly 
pressed between the 
thumb and finger to com- 
plete the folding. The top of the powder paper, at the 
center, should not be creased with the fingers or with a 
spatula, as the “roll edge” adds materially to the ap- 
pearance of the finished box of powders, and creasing 
may unnecessarily cake the powder. However, where 
a large number of powders must be placed in a com- 
paratively small box, creasing may help. 

As the powders receive their final fold they are prefer- 
ably placed on the counter in a row with the long fold 
toward the dispenser. When all are folded they are as- 
sembled in one hand with the lengthwise folds upper- 
most and toward the operator. Finally the powders are 
placed in the box. Some pharmacists prefer to alternate 
the folds having one forward and one backward and 
some even prefer to turn every other powder upside 
down to lessen the likelihood of the powders springing 
from the box when a powder is removed. This occurs 
most frequently when the powder is bulky and it is 
possible to adjust this partially by tapping the as- 
sembled powders down first from one side or end and 
then from the other to effect a more uniform distribu- 
tion of the powder. 

An attractive addition to the powder paper is to have 
the name of the pharmacist printed on the paper in such 
a position that when folded it will appear uniformly on 


Cc 
Fig. 423—Powder 


folder. Fig. 424—Powder 
folder. 
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the edge of all powders. The folded edge of the powder 
must not be creased. Powder papers, so printed, can 
be more readily folded with even ends than plain paper, 
since the printed edge serves as a guide in folding. 

Another suggestion to add to the attractiveness of 
folded powders is to hold the powders in place by a small 
strip of paper pasted to the shoulders of the 
powder box. This narrow strip of. paper 
carries the name of the firm and acts as a 
seal to the powders, the protection to the 
customer being similar to that provided by a 
bottle cap when used on liquid prescription. 

Powder Boxes—Many kinds of powder 
boxes are offered by various box manu- 
facturers. On the older box the label was 
always pasted on the top, but in many of 
the newer boxes, the name of the pharmacist 
is lithographed or embossed attractively 
upon the top of the box and the lid is hinged. 
to avoid the mixing of lids when several 
boxes are in the same home. The label is 
pasted inside the lid. This same principle applies to 
pill boxes. The shouldered box is still extensively 
used. Various pill and powder boxes, made by The 
Pictorial Paper Package Co., are illustrated in Fig. 425 
and Fig. 426. 

Bulk Powders—Physicians sometimes prescribe mix- 
tures in bulk, such as those for indigestion, as laxatives 
or intestinal adsorptives, and also for the preparation 


Fig. 425—Pill and powder boxes with hinged lids and pill and tablet vials. 


of douches, the amount to be employed usually being a 
teaspoonful or more. These may be dispensed in tall, 
round, pasteboard boxes or preferably in glass jars with 
straight sides and screw top. The opening of the jars 
should be large enough to admit a teaspoon. 
Dusting Powders—Powders are sometimes prescribed 
for dusting upon the skin or as foot powders. These 
should be dispensed in a sprinkling-top can or box. 
Liquefaction of Powders—Such substances as ace- 
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tanilid, acetophenetidin, antipyrine, phenol, camphor, 
thymol, and menthol liquefy when triturated together. 
Should these be prescribed in a powder or should very 
hygroscopic substances be included, it is sometimes 
helpful to add an inert and absorbent substance such as 
light magnesium oxide, magnesium carbonate, dried 
starch, or calcium phosphate. It is preferable to mix 
each ingredient separately with some of the absorbent 


Fig. 426—Bulk powder boxes. 


substance and then prepare the mixture, thus avoiding 
the reaction. 

Douche powders, which are to be dissolved in water for 
use, should not be mixed with insoluble powders such 
as the above. 


Volatile Substances in Powders—When substances 
such as volatile oils, camphor, menthol, etc., are pre- 
scribed in powders they should be dispensed in parch- 
ment, waxed or double papers with wax or paraffin 
paper inside. If necessary an additional inert and ab- 
sorbent powder may be added. 


Fluidextracts, Tinctures, or Other Liquid Prepara- 
tions in Powders—When such substances are prescribed, 
they can frequently be evaporated on a water bath 
with a little sucrose or lactose and when dry repowdered 
and mixed with the other ingredients. 


Colors and Flavors in Powders—Colors are sometimes 
added to powders to disguise the ingredients or make the 
product distinctive. A pink color may be obtained by 
the addition of a very small proportion of solution of 
carmine or of amaranth solution. A small amount of 
charcoal also changes the color. If dyes are used, care 
must be taken to avoid the use of any but approved 
food colors. A variety of such colors is available in food 
stores for home use. 


For flavors various volatile oils such as peppermint 
and cinnamon are often used, also aromatic powder 
(page 962) or Aromatic Sugar prepared by pouring an 
alcoholic tincture of a drug containing aromatic prin- 
ciples (cinnamon, clove, etc.) over granulated sucrose, 
and air drying the mass. 
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English Title Latin Title 


Compound Effervescent Pulveres Hffervescentes 
Powders Compositi 
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Aromatic Chalk Powder 


Aromatic Powder 


Compound Acetanilid Pow- 


der 


Compound Chalk Powder 
Compound Jalap Powder 
Compound Rhubarb Powder 
Compound Senna Powder 


Compound Zine 
Powder 


Ipecac and Opium Powder 
Sodium Bicarbonate 
Calcium Carbonate Pow- 


der 


Sodium Bicarbonate 
Magnesium Oxide Powder 


Title 


Anisated Powder of 
Rhubarb and Mag- 
nesia N. F. V 


Antimonial Powder 
N. F. V (James’ 
Powder) 

Aromatic Powder of 
Chalk and Opium 
IN Vs 


Compound Powder of 
Bayberry N. F. V 
(Composition Pow- 
der) 

Compound Powder of 
Morphine U. S. P. 
VIII (Tully’s Pow- 
der) 


Compound Powder of 
Pancreatin N. F. VII 
(Peptonizing Pow- 
der) 

Compound Powder of 
Pepsin N. F. III (Di- 
gestive Powder) 


Compound Powder of 
Tale N. F. V 


Compound Powder of 
Tragacanth B. P. 
1932 


Powder of Aloe and 
Canella N. F. V 
(Hiera Picra; Sacred 
Bitters) 


Powder of Mild Mer- 
curous Chloride and 
Jalap N. F. V 

Rubefacient Spice 
Powder N. F. V 
(Pulvis Aromaticus 

Rubefaciens) 


Pulvis Cretz Aromaticus 

Pulvis Aromaticus 

Pulvis Acetanilidi Composi- 
tus 

Pulvis Cretze Compositus 

Pulvis Jalapse: Compositus 

Pulvis Rhei Compositus 

Pulvis Sennz Compositus 

Pulvis Zinci Sulfatis Com- 
positus 

Pulvis Ipecacuanhe et Opii 

Pulvis Sodii Bicarbonatis et 
Magnesii Oxidi 


Sulfate 


and 


Pulvis Sodii Bicarbonatis et 
Magnesii Oxidi 


and 


Unofficial Powders 


Directions 


Mix 35 Gm. of powdered rhubarb and 65 
Gm. of heavy magnesium oxide, and add 
8 cc. of anethol dissolved in 10 cc. of alco- 
hol. Dose: Infants, 0.3 Gm. (5 gr.). 

Mix 33 Gm. of antimony oxide with 67 Gm. 
of precipitated calcium phosphate. A. 
diaphoretic. Dose: 0.2 Gm. (3 gr.). 

Mix 97.5 Gm. of aromatic powder of chalk 
with 2.5 Gm. of powdered opium. For 
diarrhea. Dose: 1 Gm. (15 gr.). 

Mix 60 Gm. of bayberry bark, 30 Gm. of 
ginger, 5 Gm. of capsicum and 5 Gm. of 
clove. Dose: 1 Gm. (15 gr.). 


Mix 1.5 Gm. of morphine sulfate intimately 
with 33.5 Gm. of precipitated calcium 
carbonate, and add 32 Gm. of camphor, 
previously powdered. ‘Triturate thor- 
oughly, add 33 Gm. of powdered glycyr- 
rhiza, and mix. Dose: 0.5 Gm. (8 gr.). 

Mix by light trituration 20 Gm. of pancrea- 
tin and 80 Gm. of sodium bicarbonate. 
1.5 Gm. of this powder will peptonize 500 
cc. of fresh cow’s milk. 

Gradually add 15 min. of lactic acid and 30 
min. of hydrochloric acid to 960 gr. of lac- 
tose and triturate thoroughly. Add 225 
gr. of saccharated pepsin, 225 gr. of pan- 
creatin, and 15 gr. of diastase and tritu- 
rate thoroughly. Dose: 1 Gm, (15 gr.). 

Mix 30 Gm. of powdered salicylic acid and 
100 Gm. of boric acid and add, in por- 
tions, 870 Gm. of powdered tale. A typi- 
cal medicated tale. 

Mix 15 Gm. of tragacanth, 20 Gm. of aeacia, 
20 Gm. of starch, and 45 Gm. of sugar, all 
in powder. Dose: 0.6-4 Gm. (10-60 


gr.). 

Mix 80 Gm. of powdered aloe and 20 Gm. of 
powdered canella. A laxative; must be 
sold with caution as it has some reputa- 
tion as an abortifacient and might be mis- 
used. Dose: 0.3 Gm. (5 gr.). 

Mix 34 Gm. of calomel with 66 Gm. of pow- 
dered jalap. Dose: 0.65 Gm. (10 gr.). 


Mix 30 Gm. of ground clove, 30 Gm. of 
powdered cinnamon, 20 Gm. of ground 
ginger, and 20 Gm. of ground capsicum. 
Place in muslin bag and moisten with 
warm diluted alcohol, whisky or vinegar. 


Dentifrices 


The official dentifrice is a tooth powder used for 


cleaning the teeth. A tooth powder should be detergent 
but non-abrasive when applied to the dental enamel and 
it should contain an antiseptic to assist in eliminating 
the millions of bacteria lodged in the oral crevices. 
Since acidity promotes the formation of dental caries, 
an alkaline powder is usually preferred. The finished 
preparation should exhibit a pleasant odor and taste. 
There is only one official tooth powder, but the N. F. 
aromatic sodium perborate is used a great deal for 
Vincent’s infection of the mouth. 


DENTIFRICE OF THE N. F. 


English Title Latin Title 
N. F. Dentifrice Dentifricium N. F. 
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Artificial Salts 


It has long been the custom to prepare a mixture of 
the more important chemical salts naturally present in 
several of the well-known mineral springs of Europe. 
These are properly labeled artificcal, and if used to pre- 
pare effervescent salts or mineral waters they should 
be sold only as an imitation of the genuine. 


Unofficial Artificial Salts 
Directions 


Mix 20 Gm. of potassium sulfate, 180 Gm. 
of sodium chloride, and 440 Gm. of exsic- 
cated sodium sulfate, then add 360 Gm. 
of sodium bicarbonate. Dose: 1 Gm. 
(als) feae))), 

Mix 214 Gm. of dried magnesium sulfate, 
31 Gm. of potassium chloride, and 641 
Gm. of sodium chloride, then add 192 Gm. 
of sodium bicarbonate. Dose: 1.5 Gm. 
(22 2r.). 

Mix 80 Gm. of dried magnesium sulfate, 38 
Gm. of dried potassium carbonate, and 77 
Gm. of dried sodium chloride, then add 
846 Gm. of sodium bicarbonate. Dose: 
1 Gm. (15 gr.). 


Title 
Artificial Carlsbad Salt 
N. F. VII 


Artificial Kissingen 
Salt N. F. VII 


Artificial Vichy Salt 
INGE Ale . 


Effervescent Salts 


Effervescent salts are powders or granules composed 
of tartaric and citric acids mixed with sodium bicarbon- 
ate and other salts in a dry state. In the presence of 
water the ingredients react (effervesce) forming a car- 
bonated saline drink. 

Granular effervescent salts were formerly made by 
mixing the dry powders with dry tartaric acid and so- 
dium bicarbonate and moistening the mixture with strong 
alcohol. The pasty mass was passed through a sieve, 
and the granules dried quickly in a hot room, sifted, and 
filled into bottles, which were hermetically sealed to 
prevent the access of moist air. 

The use of aleohol in making granulated effervescent 
salts is expensive, and an improvement was made by 
using citric acid to replace a part of the tartaric acid. 
The molecule of water of crystallization in citric acid is 
liberated when heated in contact with the sodium bi- 
carbonate, and this furnishes Just sufficient water to 
make a pasty mass, without causing much loss of 
carbonic acid; by quickly drying the granules further 
chemical action is prevented. 

This method was greatly improved by mixing the 
powders in a flat enameled dish and heating in an oven 
to about 100° C., or by heating the mixture in a deep- 
jacketed kettle or in a pill-coating pan, heated, as it 
revolves, by a gas flame. When the mixture becomes 
moist, it is manipulated with a wooden spatula to make 
it uniform in consistency, and rubbed through a coarse 
tinned-iron sieve and the granules dried slowly, at a 
low heat, in an oven. 

Acid sodium phosphate (Sodium Biphosphate, U. S. 
P.) is now replacing citric and tartaric acids in many 
commercial effervescent salts, it being less costly. 

The N. F. VII gave the following general directions 
for the preparation of granular effervescent salts: 


General Formula for Effervescent Salts 


“The citrie acid directed in the formulas shall be in unefflo- 
resced crystals and be powdered just before using. The sodium 
bicarbonate directed in the formulas shall be in powder and dry; 
if kept in a cool, dry atmosphere, it will not require drying. All 
other ingredients should be dried at a temperature of 100° to 
110° C. until they cease to lose weight, and then be powdered 
and passed through a No. 60 sieve. 

“As atmospheric dampness, if present, will be absorbed by the 
finished salt and will destroy the effervescent character of the 
product, it is important that these preparations be made and kept 
in a relatively dry atmosphere. 

“The proportions of tartaric acid and citric acid may be varied, 
if necessary, to produce the proper consistency, but their com- 
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bined acidity must be equivalent to the acidity in the official 
formula. 

“Directions for Granulating in an Oven—Prepare the citric 
acid and the other ingredients of the formula as directed above; 
intimately mix the powders, without trituration, adding the e trie 
acid last; spread the resulting prod.ict evenly, about 10 mm. 
thick, on a sheet of paper on a canvas tray, glass plate, or in a 
shallow porcelain or enameled dish; and place it in an oven heated 
to a temperature between 95° and 105° C. 

“Allow the powder to remain in the oven, without stirring, 
until it becomes moist and acquires the proper consistency, about 
that.of dough; then force the mass immediately through a No. 6 
tinned-iron sieve, and dry the product at a temperature not ex- 
ceeding 50° C. When it 1s dry, pass the granular product through 
a No. 6 tinned-iron sieve, and transfer it immediately to dry 
bottles or containers; seal them tightly. 

“Directions for Granulating on a Water Bath—If a small quan- 
tity of the salt is to be prepared, transfer the powders, mixed as 
directed above, to a double boiler heated by water actively boil- 
ing, the inner dish being in contact with the water. When the 
pasty mass acquires the proper consistency, as described in the 
previous process, force it immediately through a No. 6 tinned-iron 
sieve, and dry the product at a temperature not exceeding 50° C. 
Promptly pass the dry granules through a No. 6 tinned-iron sieve © 
and Mia! to a dry container, which should then be tightly 
sealed.” 


In the manufacturing laboratory the mixture is 
usually heated in a shallow, enameled, jacketed steam 
kettle until moist, then forced through a No. 6 tinned- 
iron sieve by mechanical means and the moist granules 
dried in a vacuum dryer. The mixture may also be 
heated until moist in a pill-coating pan, the heat being 
applied to the exterior of the revolving pan. ; 

Special plants for the manufacture of effervescent 
salts on a large scale have been constructed whereby 
the mixture is carried on a belt through a heated 
chamber, with the heat and time regulated to produce 
the proper release of moisture. This mass is then 
forced through sieves and again carried by a belt 
through drying closets and delivered to the packing 
machines. This is only practicable when large quanti- 
ties of one or two products are required. 
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English Title Latin Title 


Effervescent Potassium Citrate Potassii Citras Effervescens 
Effervescent Sodium Phosphate Sodii Phosphas Effervescens 


Unofficial Effervescent Salts 


Title 
Compound Efferves- 
cent Salt of Potas- 


sium Bromide 
INE 12S WALL 


Directions 


Prepare a salt by one of the General Proc- 
esses given above using 8 Gm. of caffeine, 
83.Gm. of potassium bromide, 42 Gm. of 
lithium carbonate, 587 Gm. of sodium bi- 
carbonate, 180 Gm. of tartaric acid, and 
250 Gm. of citric acid. Dose: 6 Gm. 
(1% dr.). 

Prepare a salt by one of the General Proc- 
esses given above, using 250 Gm. of artifi- 
cial Carlsbad salt, 480 Gm. of sodium 
bicarbonate, 170 Gm. of tartaric acid, and 
250 Gm. of citric acid. Dose: 4 Gm. 
(60 gr.). 

Prepare a salt by one of the General Proc- 
esses given above, using 400 Gm. of arti- 
ficial Kissingen salt, 406 Gm. of sodium 
bicarbonate, 94 Gm. of tartaric acid, and 
250 Gm. of citric acid. Dose: 4 Gm. 
(60 gr.). 

Prepare a salt by one of the General Proc- 
esses given above, using 250 Gm. of 
artificial Vichy salt, 486 Gm. of sodium 
bicarbonate, 164 Gm. of tartaric acid, 
and 250 Gm. of citric acid. 

Prepare a salt by one of the General Proc- 


Effervescent Artificial 
Carlsbad Salt 
IN, 1, WAUE 


Effervescent Artificial 
Kissingen Salt 
N. F. VII 


Effervescent Artificial 
Vichy Salt N. F. VII 


Effervescent Salt of 


Lithium Citrate esses given above, using 50 Gm. of lith- 
N.F. VII ium citrate, 570 Gm. of sodium bicarbon- 
ate, 300 Gm. of tartaric acid, and 195 

Gm. of citric acid. Dose: 8 Gm. (2 dr.). 

Effervescent Salt of Prepare a salt by one of the General Proc-. 
Magnesium Sulfate esses given above, using 500 Gm. of 
N. F. VII magnesium sulfate, 403 Gm. of sodium 


bicarbonate, 211 Gm. tartaric acid, and 
ee Gm. of citric acid. Dose: 16 Gm. 
4 dr.). % 


OIL-SUGARS—TRITURATIONS—TEAS 


Oil-Sugars | 


This class of preparations, for which the N. F. VII 
gave a general formula, is offered as a convenient form 
for the administration of medicines to children. They 
are sometimes: called Elxosacchara. Saccharures are 
preparations made by saturating sucrose with a tine- 
ture, drying, and then reducing the mixture to a fine 
powder. 


General Formula for Oil-Sugars 


The Prescribed Volatile Oil 
Sucrose, in fine powder 


Triturate the sucrose with the volatile oil until uniformly mixed. 


Triturations 


Triturations are dilutions of potent powdered drugs, 
prepared by intimately admixing them with milk sugar 
in a definite proportion by weight. The pharmacist 
frequently prepares triturates of such poisonous sub- 
stances as strychnine sulfate, arsenic, mercury bichlo- 
ride, atropine, ete., in 10 per cent dilution, for use at the 
prescription counter. These medicinal substances are 
more accurately and conveniently weighed by using 
this method, 10 times the quantity prescribed being 
taken. Manufacturing pharmacists are now preparing 
such triturates in tablet form for use in dispensing. 
Only the general formula for triturations is now recog- 
nized by the U. 8. Pharmacopeceia. 
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General Formula for Triturations 
her WedicinaleSubstanc ee aire set reat ice elated v1 oe) aueilelieste1.« 10 Gm 
Lactose in fire DOW Gera. usc eueekre Seach abel secs elst sca nto 90 Gm 
FINO cama OMe, te By cons coulis, oe cosy SUR en aster ers eigdud ue esas 100 Gm 


Place the medicinal substance, previously reduced, if necessary, 
to a moderately fine powder, in a mortar. Add about an equal 
measure of lactose, and triturate the powders thoroughly together. 
Then add successive portions of the lactose, from time to time, 
until the whole is added, and continue the trituration after each 
addition until the medicinal substance is intimately mixed with 
the lactose and reduced to a fine powder. 


Teas 


Teas or Species form a class of preparations made 
from dried herbs, and are intended for use in making 
medicinal teas or poultices. Formerly, teas prepared 
from home-grown herbs were common household 
remedies, but they have not been recognized officially 
for many years. 


Unofficial Species 
Directions 

Mix 20 Gm. each of coarsely powdered al- 
thea leaves, mallow leaves melilot, matri- 
earia, and linseed. To prepare a poultice 
moisten with hot water. 

Moisten 40 Gm. of cut senna with a little 
water and sprinkle 10 Gm. of potassium 
bitartrate over it as uniformly as possible. 
When dry, mix it lightly with 25 Gm. of 
sambucus and 12.5 Gm. each of fennel 
and anise. Dose: 1.3 Gm. (20 gr.). 

Cut, bruise and intimately mix 40 Gm. of . 
althea, 20 Gm. of coltsfoot, 15 Gm. peeled 
glycyrrhiza, 10 Gm. each of anise and 
mullein flowers, and 5 Gm. of orris. 
Dose: 4 Gm. (1 dr.). 


Title 
Emollient Species 
N. F. V (Emollient 
Cataplasm) 


Laxative Species 
N. F. V (St. Germain 
Tea) 


Pectoral Species 
N. F. V (Breast 
Tea) 


CHAPTER XLII 


SOLID PREPARATIONS MADE WITHOUT MACERATION OR PERCOLATION 


OINTMENTS AND OTHER MEDICATED APPLICATIONS 


Ointments 


OINTMENTS are semi-solid preparations for external 
application of such consistency that they may be readily 
applied to the skin by inunction. They should be of 
such composition that they soften but not necessarily 
melt when applied to the body. They serve as vehicles 
for the topical application of medicinal substances and 
also function as pretectives and emollients for the skin. 
An ointment is also known as a salve or chrisma. An 
ointment for use in the eye is called an ophthalmic oint- 
ment or oculentum. 

For many years ointments were limited by definition 
and through use to mixtures of fatty substances. Our 
present concept of this type of preparation is much 
broader. ‘Today, in addition to such oleaginous mix- 
tures, we include preparations of greater efficiency pos- 
sessing the same general consistency but with an en- 
tirely different appearance. They may be entirely free 
of oleaginous substances per se. In many instances 
they are emulsions of fatty or wax-like materials with 
comparatively high proportions of water. These emul- 
sions may be either of the water-in-oil (W/O) or oil-in- 
water (O/W) type depending primarily upon the selec- 
tion of the emulsifying agent. 

The new ointment bases are frequently referred to as 
creams. ‘They are to be distinguished from cosmetic 
creams. Cosmetics may be defined as pharmaceuticals 
with a beautifying purpose as distinguished from those 
with a therapeutic purpose. The definition established 
by the Food and Drug Administration is given on page 
1105. Perhaps the correct terminology for the new type 
ointments should be Therapeutic Creams. 'Time will be 
required to make such drastic changes in nomenclature. 
Redgrove’ * points out that the difference between the 
new ointments and cosmetic creams lies in two fea- 
tures. 'The new ointments are unscented and contain 
physiologically active constituents unsuited for incor- 
poration in a cosmetic cream whereas the latter are 
scented and usually contain no medication. 

Trends in Ointments—Fats of animals and man and 
mixture of such fats with resins, waxes, powdered herbs 
and minerals belong to the earliest drugs employed by 
man.? Fat of animals, as well as that of man, was be- 
lieved to have some special power. These various fats 
were by no means the only dermatological vehicles in 
ancient Babylon-Assyria and Egypt. Honey, wax, 
gums, and resins were also employed; these required a 
considerable amount of skill in compounding. A 
greaseless ointment was found among the formulas of 
the Paprus Ebers (page 9) consisting of Hartshorn 
pesien up with incense and flour and mixed with sweet 
ale 

Mucilages and balsams gained from various plants 
often were used as well as o7ls, and combinations of these 
together with wax were also classified as ointments. 
The rose cerate or ointment (cold cream) of Galen was 
an early departure from the entirely fatty type of prepa- 
ration. 


* For references, see Bibliography, p. 296. 


Until the end of the eighteenth century there was 
little change in the preparation or evaluation of oint- 
ments but then the effects of scientific study began to 
reveal new substances, thereby stimulating the develop- 
ment of new ideas. Lard was introduced as the chief 
ingredient in the first official ointment.* The addition 
of suet, wax, or spermacett was permitted to give it the 
consistency of butter. 

Because of the instability of lard it was replaced in. 
later revisions of the U. 8S. Pharmacopoeia with Benzoz- 
nated Lard, a product possessing a pleasant odor and the 
stimulating and antiseptic properties of the balsamic 
resin which also delayed the development of rancidity. 

Schacht in 1858 introduced glycerite of starch, a 
translucent jelly, prepared by the action of glycerin on 
starch when heated in certain proportions and to certain 
temperatures. This type preparation was adopted by 
the British Pharmacopeeia in 1867 and the United 
States Pharmacopceia in 1882 (Sixth Revision). 

Petrolatum under the name Cosmolin was introduced 
as an ointment base substance by Dr. A. W. Miller in 
1873. Petrolatum was adopted in the United States 
Pharmacopoeia in 1882. The rediscovery in 1885 of the 
therapeutic value of lanolin by the pharmacologist Os- 
car Liebrich brought the recognition of Adeps Lanz 
Hydrosus (Lanolin) in the Seventh Revision (1893) and, 
subsequently, the addition of Adeps Lane (Anhydrous 
Gee in the United States Pharmacopoeia VIII 
(1905). 

The early use of wool fat and lard and their property 
to absorb or emulsify considerable amounts of water led 
indirectly to the investigation of hydrophilic or water 
numbers for other substances.* 4 

Due to its physical property of hardness and stability 
at relatively high temperatures, stearic acid was used as 
a substitute for wax as early as 1876. In recent inves- 
tigations of cosmetic, pharmaceutical, and dermatologic 
preparations, stearic acid and a host of stearates are 
being used as emulsifying agents in ointments and also 
for improving their appearance and consistency. 

Classification of Ointments—Ointments can best be 
classified according to (1) their penetration and (2) type 
(based on composition). 


1. Penetration 
2. Type 
(a) Oleaginous bases 
(b) Absorption bases 
(c) Emulsion bases (hydrophilic or washable) 
(d) Water-soluble bases (greaseless) 


Based on their penetration, Goodman® divides oint- 
ment bases into three classes: (1) Hpidermic Ointments 
are those which demonstrate no, or at the most very 
slight, power of penetration into the skin. Prepara- 
tions of this type are used when epidermal therapy is de- 
sired and especially where an emollient protective is in- 
dicated. In this group we place the bases which con- 
tain petrolatum, waxes, and their combinations. (2) 
Endodermic ointments are those which possess some 
power of penetration into the deeper layers of the skin. 
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Most of them have a somewhat lower melting point, 
approaching the temperature of the skin, and contain 
vegetable oils, lard, wool fat, lanolin, and/or combina- 
tions of these. They are useful when an inflammatory 
action is indicated or where sub-epidermal therapy is 
desired. (8) Didermic ointments are those which pene- 
trate the skin thus offering a better opportunity for 
absorption of the medicament. Ointments of the emul- 
sion type and the water-soluble bases belong to this 
group. They may permit a sufficient amount of ab- 
sorption to demonstrate some systemic effects. The sex 
hormones and antibiotic substances have been em- 
ployed in such preparations. Further study is under 
way by various workers expanding the possibilities of 
these ointment bases as well as observing any undesir- 
able effects. 


Factors Promoting Penetration—According to Sulz- 
berger and Wolf’ certain factors tend to promote the 
penetration not only of ointments but also of other 
topical applications. They suggest that any prepara- 
tion: (1) which removes the horny layer or dissolves 
or disarranges it, promotes subsequent penetration; 
(2) which dissolves or mixes freely with the protective 
sebum (oily cutaneous phase) or which in any way 
renders the protective greasy colloidal surface films less 
impermeable, also enchances the penetration of other 
agents; (3) applied by vigorous inunction with heat, 
friction, and pressure tends to force substances into and 
through the skin. 


It has been demonstrated that the condition of the 
skin markedly affects the penetration of sulfonamides 
from ointments, abrasion increasing absorption. The 
type of base is also a very important factor. The emul- 
sion and water-soluble bases particularly favor pene- 
tration. 

The site of application and length of time such appli- 
cation remains in contact are other factors of impor- 
tance. It has been demonstrated that although concen- 
tration increases penetration, 5 per cent sulfathiazole is 
as effective bacteriostatically as 30 per-cent.* ° 

Lane and Blank*? point out that sufficient thought is 
rarely given to the function which the vehicle performs 
and to the physicochemical characteristics of the base, 
such as its ability to dissolve drugs, to cool or to wet the 
skin. These dermatologists, as well as Clark® and many 
others, agree that the general characteristics of the 
patient’s skin, the site of application, the kind of lesion 
and the general physicochemical action of the base are 
important considerations. It is necessary to know if 
the chemical reaction of certain medicinal substances 
with certain bases may cause decomposition of the base, 
é. g., separation of an emulsion type vehicle, may cause 
oxidation of the medicinal substance, or may influence 
the action of the active constituent on the surface of the 
skin. The latter effect is excellently illustrated through 
use of the emulsified types of bases, particularly those 
containing surface-active agents. 

Lane and Blank*? have arbitrarily splected the follow- 
ing classification of dermatologic vehicles according to 

whether their action on-the skin is aqueous, oily, or that 
_ of an organic solvent: 


A. Vehicles which act as aqueous mixtures: 


1. Water 
2. Shake lotions, e. g., a mixture of zine oxide 
and water 


3. Gels of hydrophilic colloids, e. g., bentonite 
jelly or surgical lubricant 


. ; “ + : r 
He S 
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B. Vehicles which act as oils: 
1. Water-immiscible oils, e. g., petrolatum or 
olive oil 
Ze We eae oils, e. g., anhydrous wool 
at 
3. Ojil-in-water emulsions, e. g., vanishing 
creams 
4, Water-in-oil emulsions, e. g., hydrous wool 
fat 
5. Pastes, e. g., a mixture of starch and petro- 
latum 
6. Collodions 
C. Vehicles which act as powders: 
1. Hydrophilic powders, e. g., starch 
2. Hydrophobic powders, e. g., tale or zinc 
stearate 
D. Vehicles which act as organic solvents: 
1. Water-miscible solvents, e. g., alcohol or 
acetone 
2. Water-immiscible solvents, e. g., ether 


Oleaginous Bases—The term oleaginous bases in- 
cludes the early ointments which consisted almost 
entirely of vegetable and animal fats or petrolatum. 
The official white and yellow ointments of the U. S. P. 
XIII ean be so classified. 

The petrolatum type of base has a high index of com- 
patibility with the majority of substances most fre- 
quently prescribed in ointment form. They serve 
primarily as an emollient covering for the skin. White 
and yellow ointments of the U. 8. Pharmacopeeia are 
relatively stable to normal climatic temperature 
changes. The U.S. P. XIII permits variation in the 
amounts of pétrolatum and wax, to maintain a suitable 
consistency at extreme climatic conditions, as long as 
the proportion of active ingredient is not altered. 

Bases of this kind are decreasing in favor because 
they are greasy, are difficult to remove both from the 
skin and clothing, and do not yield their medicaments 
with any degree of certainty. The factor of rancidity 
is also of importance when bases contain animal fats or 
vegetable oils. It has been demonstrated in the labora- 
tory of the College of Pharmacy, University of Iowa,’ 
11, 12 and by others!’ that antiseptic medicaments such 
as phenol, boric acid, and other materials when incor- 
porated in these greasy bases fail to exhibit any bac- 
tericidal or bacteriostatic effects when tested by the 
U. $8. D. A. Agar Cup Plate Method."* 

Goodman! and others” have pointed out that these 
plain, fatty mixture bases cause a congestion by pre- 
venting drainage on oozing areas and infected lesions 
and the evaporation of cutaneous secretions including 
perspiration. Assuming that the medicinal agents were 
released it is still easy to understand the retarding of 
evaporation from an area coated with an oleaginous 
material. This water retention and increased heat in 
the area might ultimately lead to irritation. 

Small amounts of water can be incorporated into 
petrolatum bases by careful trituration but in so doing 
the absorption type of base is approached. 


Absorption Bases—The word absorption is used to 
denote the hydrophilic or water-absorbing properties of 
such bases and not to describe their action when applied 
to the skin. Absorption bases are generally anhydrous 
bases which have the property of absorbing several 
times their weight of water forming emulsions and still 
retaining their ointment-like consistency. These bases 
have found a definite place in pharmacy as well as 
cosmetology. Cosmetologists sometimes use absorp- 
tion in a different vein, referring to the absorption of 
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the base itself. Pharmaceutically speaking, this is 
not generally inferred although absorption of ointment 
bases has been demonstrated. 

Absorption bases vary in their composition but for 
the greater part they are mixtures of animal sterols with 
petrolatum. Combinations of cholesterol, oxycholes- 
terol, and/or other suitable lanolin fractions with white 
petrolatum are marketed under the name of absorption 
bases; Hucerin and Aquaphor were among the earlier 
commercial bases of this type. According to studies 
by Johnston and Lee!’ mixtures of cholesterol and choles- 
teryl esters have greater emulsifying power than cho- 
lesterol alone, and of the esters, they believe cholesteryl 
stearate to be the best. 

Hydrophilic Petrolatum U. 8. P. XIII is an absorp- 
tion type base. The inclusion of the white wax and 
stearyl alcohol in the formula adds firmness to the base 
In addition to increasing the heat stability of the prepa- 
ration, stearyl alcohol also increases the water absorp- 
tion properties of the base.“ > Preparations of this 
type do not contain water as a component of their basic 
formula, but the water is incorporated when and as de- 
sired, a water-in-oil (W/O) emulsion resulting. 

The British Pharmacopoeia contains an absorption 
base under the title Unguentum Alcoholium Lanz 
(Ointment of Wool Alcohols). 


UNGUENTUM ALCOHOLIUM LAN B. P. 
Ointment of Wool Alcohols 


Wool AleGhols'iin Btwccschctns ens hoe lente alert anerane beatae are 60 Gm 
Hard! Parathin® > an % atc. Tedent sn, eae ee oie 240 Gm. 
Wihite:or Yellow SoftteCaratinte nse erase nen 100 Gm. 
Liquid2Paraffin*s by 25, cunen wears peer oer eae haha aepenea ess 600 Gm. 


Wool alcohol is the crude mixture of steroid and tri- 
terpene alcohols prepared by treating wool fat with 
alkali and separating the fraction containing choles- 
terol and other alcohols. It is claimed that the water- 
in-oil emulsions formed are preferred to those made with 
wool fat since they do not darken on the surface and no 
objectionable odor is detectable in hot weather. Five 
per cent of wool alcohol blended with soft paraffin per- 
mits up to three times as much water to be incorpo- 
rated. 

These bases were developed because it was desirable 
to have a product to which water or a solution of me- 
dicinal substances in water could be added easily. Many 
workers have demonstrated that antiseptic substances 
exercise little or no bacteriostatic or germicidal effect 
when incorporated into a fatty base. Li and Kuever!” 
demonstrated that when an aqueous solution of phenyl 
mercuric nitrate was added to an absorption base it 
exhibited distinctly higher antiseptic potency than when 
incorporated in White Ointment U.S. P. Laug, e¢ al.,'8 
in measuring the effect of particle size of calomel on the 
cutaneous penetration of mercury on rabbits and rats, 
found the oil-in-water (O/W) type of vehicle to exhibit 
the largest storage of mercury in kidney tissue. Ab- 
sorption of substances through the skin was demon- 
strated by Sollman and Cole and their associates be- 
tween 1921 and 1933 when they published several arti- 
cles on the absorption of mercury in the treatment of 
syphilis. They obtained very slight differences in re- 
sults from the various fatty substances but they ob- 
tained greatly increased absorption when they used a 
water-containing base. 

Absorption bases generally have a high index of com- 
patibility toward the majority of medicaments used, 
topically. As a class they are relatively heat stable. 


* Hard paraffin is the British equivalent of Paraffin N. F. VII, the soft 
paraffins correspond to the Petrolatums of the U. S. Pharmacopmia, and 
bat paraffin is the same as Liquid Petrolatum U.S. P., e. g., a heavy mineral 
oil. 
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They ean be utilized in their anhydrous form or emulsi- 
fied with the addition of water where emolliency is de- 
sired. These bases, however, still possess the unde- 
sirable property of greasiness but they are more readily 
removable from the skin than the oleaginous bases. 


ABSORPTION BASEt 


Cholesterin cal saihikatd See ce oho enn eee 3.0 Gm. 
Cottonseed Os Bec tees neot tant Naa ie RAVE i ee ie ee 3.0 Gm. 
Werhite! Petroleum. s\n cat Gata eter terete at eee , 94.0 Gm. 

To Miaket f- cvaccuge Meee ated! aoe Busan heat eee ene ne 100.0 Gm. 


Heat the white petrolatum and cottonseed oil to 145° C. Re- 
move from heat, add the cholesterin and stir until almost con- 
gealed. Then pour into jars. 


Emulsion Bases—Products coming under this classi- 
fication are also known as hydrophilic or washable oint- 
ment bases. The term ‘hydrophilic’ means “having 
or denoting a strong affinity for water.” Though it is 
possible to incorporate additional water into these 
preparations the term is perhaps more appropriate for 
absorption bases. Washable as used here refers to the 
ease with which these bases and resulting ointments can 
be removed from the skin and clothing with water. 
This term is descriptive of one of their outstanding ad- 
vantages. The term emulsion base is correctly used 
since these preparations are solid emulsions and similar 
products have long been used as cosmetic creams. 
Each of the three titles is lacking in descriptive value, 
but we are hopeful that a single term will soon be in- 
cluded in the nomenclature more adequately descrip- 
tive of these products. 

The availability of a number of newer organic com- 
pounds for use as wetting agents, dispersing agents, 
emulsifiers, penetrants, emollients, detergents, hard- 
eners, preservatives, etc., have given a much greater 
degree of flexibility to ointment formulation. In the 
field of the emulsifying and wetting agents alone we 
have a multiple choice. New synthetic wax- and fat- 
like substances have the advantage over the natural 
products of being more uniform in composition. Cer- 
tain wax-like products known as the Carbowax com- 
pounds have the added feature of water solubility. 

A compound known as Lanette Wax has been used 
extensively in England as a component of emulsion 
bases. There is some discrepancy in the literature re- 
garding the composition of this material but generally it 
is agreed that it is a partially phosphated or sulfated 
mixture of cetyl and lauryl alcohols. It is a light 
cream-colored product with a melting point of approxi- 
mately 50° C. It is self-emulsifiable with water, giving 
an oil-in-water (O/W) emulsion with fixed oils, fats and 
waxes. It may be closely approximated by mixing to- 
gether 9 parts of cetyl alcohol and 1 part of sodium lauryl 
sulfate. 

In general the formulas for washable ointment bases 
contain an aqueous phase, an emulsifying agent and an 
oleaginous phase. The water phase of different formu- 
las varies from 10 to 80 per cent of the total base. 
Most bases of this group will permit the incorporation of 
additional water or medicinal solutions without reduc- 
ing the consistency of the ointment below that of a soft 
cream. Glycerin, propylene glycol, or a polyethylene 
glycol is generally included with the aqueous phase to 
serve as a humectant for the finished ointment; these 
substances being hygroscopic in nature have a tendency 
to reduce water loss through evaporation and to lend a 
general softness to the creams. 

The addition of cetyl and/or stearyl alcohol to emul- 
sion base formulas adds stability to the emulsion, im- 


\ 
+ From the Formulary of the University of Idwa Hospital. 
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parts a smooth and velvety feel to the skin surface, and 
stearyl alcohol in particular increases the consistency of 
the ointment permitting the incorporation of more 
liquid components. Due to their ability to become hy- 
drated these alcohols assist in water retention of emul- 
sion bases. Cetyl alcohol has the lowest optimum 
concentration and stearyl alcohol causes the greatest 
potentiation of the water number cf petrolatum.’ The 
“water number’ * is defined as the largest amount of 
water which 100 Gm. of an ointment base or fat will hold 
at normal temperature (20° C.). The cetyl! alcohol con- 
tent of emulsion should range from 1 to 5 per cent de- 
pending on the composition of the individual formula.”° 
One per cent is suggested for use in vanishing creams. 


The oleaginous phase may contain one or more of the 
following or similar ingredients: petrolatum, fats, 
waxes, organic alcohols, polyglycol esters or other 
grease-like substances. These substances are homog- 
enized with the aqueous phase through the action of 
the emulsifier. The selection of the emulsifier is im- 
portant since it is desired to produce an oil-in-water 
emulsion. A few such agents are the alkali soaps, 
alkyl sulfates, amine soaps, polyglycol esters, alkyl ary] 
sulfates, quaternary ammonia compounds, ete. These 
newer emulsifying agents plus many others decrease 
the particle size and increase the stability of ointments. 

Hydrophilic Ointment U.S. P. XIII is an emulsified 
base possessing a relatively high degree of compati- 
bility and therapeutic efficiency as proved by in vitro 
and in vivo tests.'! Inclusion of a petrolatum phase was 
found desirable for smoothness and “slip” and for its 
softening effect upon the residual film of ointment as 
applied to the skin. This amount of petrolatum does 
not interfere with the release of medicinal agents. The 
sodium lauryl sulfate serves as the emulsifier while the 
stearyl alcohol acts as an adjuvant emulsifier and adcs 
to the physical property of hardness. Glycerin plays 
the part of a humectant in this formula which has a wa- 
ter content of 37 per cent. Greatest stability to heat 
tests were displayed with emulsion bases when the 
aqueous phase was maintained at 36 to 40 per cent." 


Many formulas of similar composition may prove 
efficacious as emulsion ointment bases but simplicity of 
manufacture, minimum number of ingredients, stabil- 
ity, washability and low index of sensitivity to the base 
or its components are all of paramount consideration. 


The usual method of preparation involves melting 
the grease-like materials and waxes in one container, 
heating the water with the water-soluble components 
(which usually includes the emulsifier) in another con- 
tainer and mixing both at the same temperature, 75° 
C. Stirring is continued until a smooth cream results 
and the temperature has been reduced to approximately 
30° C. Passage of the ointment while it is still warm 
through either a colloid mill or homogenizer always 
improves the product. 


Thomssen?! and others point out that there are sev- 
eral factors which must be considered in the preparation 
of emulsion bases. The quality and quantity of in- 
gredients, the order of mixing, the speed and type of 
mixing, the temperature at which the emulsion is made, 
and choice of emulsifier are all equally important. 
Another very important factor is the pH of the finished 
ointment base. Preferably, it should have a pH of 5.5 
to 7. 


Keratolytic effects have been demonstrated in a 
shorter length of time with the use of emulsion bases 
than with the petrolatum or non-emulsified type.” 
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Bactericidal agents have produced a greater zone of in- 
hibition when dispersed in emulsified bases than when 
incorporated in Simple Ointment U.S. P.", 11, 28 

Unpublished studies from the laboratory of the Col- 
lege of Pharmacy of the University of Iowa, using rats 
as test animals, demonstrate absorption of phenol red 
and strychnine sulfate from Hydrophilic Omtment U. 
8. P. XIII and no absoprtion of the same substances 
from simple ointment. Five per cent phenol red oint- 
ment was applied to a shaved area and allowed to re- 
main for a period of 6 hours. Urine collected during 
this period gave positive tests for phenol red. Oint- 
ments containing 1 per cent and 5 per cent of strych- 
nine sulfate applied to the shaved area of the rat gave 
definite early symptoms of strychnine absorption. The 
symptoms consisted of muscular twitching and a very 
high degree of peripheral sensitivity indicated by the 
manner in which the animal responded to the slightest 
touch. 

Bases of this group present a product of cosmetic-like 
appearance. This fact, together with their ease of ap- 
plication and simplicity of removal, produces a psycho- 
logical effect on the patient which is desirable and in- 
sures better patient cooperation resulting in more effi- 
cacious therapy. Many people object to the greasy 
feel and general uncleanness of the oleaginous oint- 
ments. 

Damaged and diseased epithelium is assured of a 
moist application through the use of these ointments. 
A living cell is a moist cell. Release of the medicinal 
agent is enhanced by virtue of a water phase being pres- 
ent and the effect of the surface tension reducing prop- 
erty of the emulsifier and adjuvant agents included in 
the base. The potency of the medicinal substances in- 
corporated with such bases should be reduced 25 to 50 
per cent since it is more readily available to the site of 
application for subsequent absorption into sub-epi- 
dermal tissue. Further studies on the optimum concen- 
tration in these bases of the medicinal substances gener- 
ally employed in ointments are being undertaken. 

Emulsion bases are subject to water loss and have a 
tendency to develop mold growth. Propylene glycol 
has a greater power to inhibit mold growth than glycerin 
but it is generally desirable to add a preservative to such 
water-containing ointment bases. 


BEELER’S BASE? 


Coty BALCON OMe ereeen c he Bites cha serie Lariteete SLMa AE ct core 15.0 Gm. 
Whit ee Wcixeeen reer orMein ce bie criteria Me one etoMtadcic Pate saa he 1.0 Gm. 
Jes iay pid (rover EMaclolls Gove. & Meter ees o Benen ale cee iene ere acer 10.0 Gm. 
SOCMIMME MAU VMOU UC am ere rt hut -lete eect chemin aisle eater 2.0 Gm. 
WYO Teun ameter eeetiene, croretns) sist afin she mia tis omerst nag tt vines aR lowee bere 72.0 Gm, 


Melt the cetyl alcohol and white wax in the propylene glycol 
on a water bath and heat to about 65° C. Dissolve the sodium 
lauryl sulfate in the water and heat on the water bath to about 
65° C. Slowly add the oil phase to the well-stirred water phase 
and continue stirring on the water bath for about 10 minutes. 
Remove from bath and continue stirring to the point of congeal- 
ing. 


UNIVERSITY OF CALIFORNIA HOSPITAL BASE 


Coty Alcona earnest ater. cue) obra tashatetoe ped etter acinies eee 6.4 Gm 
StearvieAlcoualmmenmton tre ciisis eseitr aalvie carta em ate meets: 6.4 Gm 
Sfofebhatan ILER IAAL ShOIb AN oso ma ease neonacdnamobadans 1.5 Gm 
WhitetiPoiralatiirmrmen tae, ccteid tescchend cls dete bed wiekoia oot ateds 14.3 Gm 
Mirren alee ieate es ees. kca rs pc. chicks wang ase ath hs Teiat Dice 21.4 Gm 
Waters eee ern ake chai cecitiesce che teams aa aur ee 50.0 Gm 


Melt the alcohols together over a water bath at 65° C., add the 
sodium lauryl sulfate and stir well. Next add the white petro- 
latum and the liquid petrolatum and continue to heat the mixture 
until completely melted. Cool to room temperature and add the 
water slowly with constant mixing. 
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WASHABLE OINTMENT BASE U. M. F.* 


ety Alcowoli. wie... os 9 aed the. 4 er 9.2 Gm 
Stearyl Alcohol Po iohc nna ale a ataee ty ee 9.2 Gm 
Sodium auryl Sulfate... ¢. 2s... pelea enero 1.5 Gm 
White Petrotatam:.c . v0. ea 2c. os ole oon eee Re en 30.0 ce. 
Propylene Glycolis, ...055 «062 + 22 te ON en etre 10.0 ce 
Distilled Water, 

4 Moe 6: i MS eyo ay nd of at 100.0 Gm. 


Water-Soluble Bases—Soluble ointment bases in- 
clude those bases which are prepared from the poly- 
ethylene glycol polymers known as Carbowax com- 
pounds. We arbitrarily include the semi-solid prepa- 
rations produced through the use of bentonite, gela- 
tin, pectin, sodium alginate, or silica gel. Sulfated 
Hydrogenated Castor Oil bases are also discussed under 
this classification. 

Carbowax+ Compounds—The trade name ‘“Carbo- 
wax” is applied to the wax-like, solid polyethylene 
glycols having a molecular weight above 1000. Struc- 
turally, they have the general formula HOCH ,- 
(CH,OCH.),CH2OH. They are water-soluble, non- 
volatile, unctuous compounds. They do not hydrolyze 
or deteriorate and they will not support mold growth.*4 

Carbowax compound 1500W, 1540W, 4000W, and 
6000W are of interest in ointment and lotion formula- 
tions. The W after the molecular weight indicates a 
pure, water-white grade suitable for cosmetic and phar- 
maceutical use. The Carbowax compound 1500W is a 
soft waxy solid similar in consistency to petrolatum 
with a melting point 40° to 45°. Carbowax compound 
1540W is a solid of the consistency of beeswax and is 
intermediate in physical properties between the 1500W 
and 4000W glycols. Carbowax compound 4000W with 
a melting point of 50° to 55° is most useful as a com- 
ponent of ointment bases for, in addition to the general 
property of being an emulsifying and dispersing agent, 
it also adds to the consistency of the base. Both the 
4000W and 6000W compounds are non-hygroscopic. 
Carbowax compound 6000W, a hard, translucent, waxy 
solid, has a melting point of 58° to 62°. 

Carbowax compound 1500W as such ean be used as a 
vehicle for the topical application of medicinal sub- 
stances. However, it is generally desirable to use one 
of the higher molecular weight compounds blended with 
one of the lower molecular weight (200 to 700) liquid 
polyethylene glycols. A combinaton of Carbowax 
with other substances is usually desired for ointment 
formulas. 

Carbowax can be incorporated as a component of 
emulsified bases.” 7° It has an adjuvant action as an 
emulsifier and improves the factor of washability of the 
emulsion. Peroxide ointments have been prepared by 
Reid and Altmeier?’ using the following base: 


CARBOWAX-GLYCOL BASE 


They sought an ointment base which would melt at 
body temperature, would not depress the activity of 
zine peroxide, and which would not absorb water upon 
standing. They report no toxicity through use of this 
formula. By varying the amount of Carbowax and 
eee solvent an ointment of any consistency can be 
made. 

Clark® working with Carbowax bases and combina- 
tions of Carbowax, petrolatum mixture, and an absorp- 
tion base demonstrated a more rapid rate of diffusion of 
sulfathiazole from Carbowax bases than from the others. 
He concluded Carbowax is an excellent vehicle for sul- 


* University of Michigan Formulary. 
+ Carbide-Carbon Chemicals Corporation. 
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-fonamides because of its low toxicity, great solvent 


power for sulfonamides, and its high penetration prop- 
erties. Hopkins suggests several formulas using 
Carbowax 4000W, 1500W, and polyethylene glycols. 
As previously mentioned the 4000 compound is desired 
for its physical property of hardness. 


MODIFIED LANDON-ZOPF BASE 


Carbowax 2000 Wisc crs etor chrome tte ee a ne nee 20 Gm 
Steary) ‘Aleghol ey eee ae ee i ee ce ee 34 Gm 
Glycerin: }-2.08, cee ee re eee ee 30 Gm 
Water c. 220) (as ree eae ear TELS ge bo 15 Gm 
Duponol! @ pierce cote cua chan cts! ad See eee 1 Gm 


Heat the Carbowax 4000 W, Stearyl Alcohol, and glycerin on 
a water bath to 75 C. Add in small quantities, with stirring, to 
the water which contains the Duponol and has previously been 
heated to 75 C. Continue with moderate stirring until the base 
has congealed. 


WATER-SOLUBLE OINTMENT BASE 


Carbowax: 4000 W...2. catiew kk obra hate Rin ee ane 40 Gm 
Carbowak: 1500 Wisc fa oiemeey are ea ak oe 30 Gm 
Polyethylene!Glycol400;.03 2 .. socmiawraeneas ect a eee 30 Gm 


Heat ingredients together on a water bath until melted, stir 
until congealed. 


Pectin N. F.—Pectin is a purified carbohydrate prod- 
uct obtained from the inner rind of citrus fruit or apple 
pomace. Pectins are water-soluble colloids which form 
a gel capable of absorbing large quantities of water. 
Fantus and co-workers” found that pectin products 
gave phenomenal results in the treatment of bedsores 
and stubborn ulcers. Evans* suggests the use of pec- 
tin base as a vehicle for tannic acid and sulfadiazine 
preparations. The National Formulary contains two 
pectin products under the title of Pectin Paste and Thin 
Pectin Paste. Benzoic acid is used as the preservative. 
Pectin is used to some extent as a stabilizing agent in 
ointments but Goldner*! suggests the addition of wool 
fat and white petrolatum to overcome the tendency of 
these bases to lose water. 


Glyceryl Monostearate N. F.—Glyceryl monostear- 
ate is official in the National Formulary and is one of 
the polyhydric alcohol esters which have been widely used 
in cosmetic and ointment bases. It is not, as has been 
so frequently stated, an emulsifying agent for the pro- 
duction of oil-in-water emulsions. Combinations of it, 
however, with soaps or sapamine salts are used to form 
oil-in-water emulsions. Glyceryl monostearate, like 
many of the other organic stearates, has the desirable 
property of a high melting point (56 to 58° C.) and 
serves as a good emulsifying agent. The glyceryl 
monostearate emulsions generally contain rather high 
water phases, usually above 60 per cent. Fiero and 
Dutcher employed 45 different polyhydric alcohol esters 
and found glyceryl monostearate to be among those 
producing superior ointment bases. It has the dis- 
advantage of being incompatible with acidic substances. 

Cox and Goedrich*‘ present a greaseless base'in which 
both glyceryl monostearate and bentonite are em- 
ployed. : 


GREASELESS BASE > 


Glyceryl’ Monostearate.,..- erates tere tents ine 10 Gm 
Gly Gorin re, ieags Satake sper aie mata toot or case aeie tana 25 Gm 
Bentonite, po grees a ne te tehe cM hs ss eee 2 Gm 
Distilled water, sufficient, 

Towmake m0 rre stgseist yours. soc is oor Tate ee . 100 Gm, 


Sprinkle the bentonite upon 50 ce. of distilled water and after 
it is thoroughly wetted, stir until a uniform magma results. 
Melt the glyceryl monostearate in the glycerin on a water bath 
and add it to the magma warmed to the same temperature, and | 
then add enough distilled water to make the product weigh 100 
Gm. Stir until cool. 


t Product of E. I. du Pont de Nemours and! Company (Sodium Lauryl 
Sulfate.) 
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Cellulose Derivatives—Certain derivatives of cellu- 
lose such as methyl cellulose (Methocel*) and hydroxy- 
ethyl cellulose (Cellosize*) form colloidal solutions 
which in many respects resemble the gums and muci- 
lages but are not liable to fungal or bacterial attack. 
Methyl cellulose is completely soluble in cold water. 
Heating will produce coagulation in rather concentrated 
solutions. This factor of increasing viscosity at ele- 
vated temperatures favors its use in stabilizing creams 
and ointments. Hydroxyethyl cellulose is more solu- 
ble at elevated temperatures so that the viscosity of 
aqueous solutions decreases slightly on warming. It is 
a good protective colloid for aqueous dispersions of 
oils, waxes, and pigments. Both of these substances 
can be used to stabilize ointment formulas. 

Sodium Alginate—Sodium alginate is a water-soluble 
colloid which is compatible with small amounts of alco- 
hol, glycerin, polyglycols, wetting agents, and solutions 
of alkali carbonates. Sodium alginate is incompatible 
with acids (pH under 3), soluble salts of calcium, zinc, 
copper, ferric iron, aluminum, and barium. A 21% per 
cent solution of sodium alginate is a satisfactory inert 
diluent for greaseless and other type ointments. 

Silica Gel—Prout and Harris suggest the use of silica 
gel or Hydrogel, a colloidal dispersion of silicic acid in 
water. It is reported'* to be prepared by the reaction 
of a soluble silicate with an acid to produce the silicic 
acid hydrogel. It does not act as a true colloid in a 
physical nature but apparently acts as a solid emulsifier 
in the presence of water and oleaginous substances. 
The amount of water which must be present in a hydro- 
gel ointment base is approximately 33 per cent. Official 
ointments prepared with a hydrogel base have shown 
bacteriostatic properties by the U. S. D. A. Agar Cup 
Plate Method. 


HYDROGEL-PETROLATUM COMBINATION 


Base ‘‘A”’ 
Bhat iermell 5 ofS sib Qa dias Aa cre Ca en 45.00 Gm 
PEivcle SRV OOM ab ce biti ak ee, aero but ebv eo, die! eenel ars 5.00 Gm 
MERCI BIGEELOLA BUT cree i pei Ohare olsen ste Se ae aisle 15.00 Gm 
White Petrolatum, sufficient, 
SEEMED OME TSE eRe cea MOS Ones Bor oo eae 100.00 Gm. 


Mix, in a mortar, the hydrous wool fat with the liquid’ petro- 
latum, and thoroughly levigate the hydrogel with this mixture. 
Finally add the white petrolatum and continue the trituration 
until a cream-like emulsion is produced. 


HYDROGEL-HYDROGENATED VEGETABLE FAT 


COMBINATION 
Base “‘B”’ 
SEIN CINOV OMEN ettices AIT okie cielo leis 6! sid. elo ensusliais 6: 0 gare 45.00 Gm 
BER TOMIBMVVOOLUE Gbice ners cdots ticles 6 5s ahaisienacons ote Sealers 0% 5.00 Gm 
SHIM ECOL AGU os cairns assis -slsueile o/s, silts le ee etree « 15.00 Gm 
Hydrogenated Vegetable Fat, sufficient, 
“ET TORETEDo oet.c Nien are URI TON ene eee nee 100.00 Gm. 


Mix, in a mortar, the hydrous wool fat with the liquid petro- 
latum, and thoroughly levigate the hydrogel with this mixture. 
Finally add the hydrogenated vegetable fat and continue the 
trituration until a cream-like emulsion is produced. 


Bentonite U. S. P.—Bentonite, a natural colloidal 
hydrated aluminum silicate, is insoluble in water but 
when mixed with 8 to 10 parts of water it swells to pro- 
duce a gel resembling petrolatum. The consistency of 
the product'may be regulated by varying the amounts 
of water added. Ointments prepared from bentonite 
and water alone are found to be slightly drying and 
unstable on standing. Addition of a humectant in 
amounts up to 10 per cent will retard this action. 
Ointments prepared from bentonite do not encourage 
mold growth. They have the advantage of not spread- 
ing to the hair when applied to the scalp. 


md Methocel is the trade name of The Dow Chemical Company, and Cello- 
_ size is the product of Carbide and Carbon Chemicals Company. 
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Gelatin—Tice reports two types of gelatin, one 
formed from an acid-treated precursor, the other from 
an alkali-treated precursor. The acid-treated pre- 
cursor yields a gelatin with an iso-electric point at pH 
8.0, and which is most completely hydrated at pH of 3.2. 
This is called type A gelatin and it is not suitable for 
use in conjunction with other gums as they are nega- 
tively charged. Gelatin made from the alkali-treated 
precursor has an iso-electric point of 4.7 with a 
maximum hydration of pH 8. This is known as type 
B and is compatible with such gums as tragacanth and 
acacia, as its colloidal particles are negatively charged. 
It is necessary that a preservative be added to bases of 
this type. A complete discussion is given under Gela- 
tin (page 184). 

Sulfonated Hydrogenated Castor Oil—Sulfonated 
hydrogenated castor oil (S HCO) is a semi-solid, water- 
soluble substance which may be used alone as an oint- 
ment base without the addition of other substances if 
an adhesive ointment is desired. It possesses a peculiar 
stickiness which is not generally desirable but which 
does cause the application to adhere to the skin. The 
stickiness can be removed by the addition of many sub- 
stances such as petrolatum, liquid petrolatum, fat, 
glycerin, glycols, or water. The addition of these, how- 
ever, occasionally produces a very soft ointment which 
in turn can be stiffened by the addition of spermaceti, 
hydroxystearic acid, etc. Fiero suggests the following 
W/O emulsified base: 


FIERO’S BASE 


Sulfonated Hydrogenated Castor Oil................. 28.5 Gm 
PStrOlabUIMane cee ee eek area cuhmasi ards otuKcmrers ns 28.5 Gm 
Win Loreen ate Fe OL eka ae oe ee ne 43.0 Gm 


Some workers have reported that sulfonated oils are 
irritating, but it is suggested by Quinby and Fiero*6 that 
this reaction was due to failure to remove or neutralize 
the excess acid and other impurities, as well as the use 
of these oils in too concentrated a form. 

Ointments prepared using SHCO alone and combined 
with petrolatum and as an emulsified base with water 
were found compatible with most of the ingredients 
usually employed topically. 


The Preparation of Ointments 


Ointments are prepared by two general methods: 
(1) mechanical incorporation and (2) fusion. The 
choice of method depends upon the medicament and the 
physical properties of the constituents of the base. An 
exception is the preparation of Mercuric Nitrate Oint- 
ment (Citrine Ointment) N. F. VIII, which is prepared 
by chemical reaction. 

Preparation by Incorporation—Mechanical incorpora- 
tion performed by trituration in a mortar, or on a glass 
slab with a spatula, is more frequently used by the 
pharmacist than any other method. The medicaments 
being incorporated into a base are frequently insoluble 
in the base and it is necessary, therefore, to reduce them 
toanimpalpable powder. ‘The fineness of powder can- 
not be overemphasized. Best results can be obtained 
by using a small portion of the base and gradually in- 
corporating the powder to form a very smooth nucleus 
which can then be incorporated with less effort with the 
remainder of the base and with the assurance of a 
smooth homogeneous ointment. 

It is very advantageous to use a small amount (ap- 
proximately 5 per cent) of wool fat or liquid petrolatum 
as a levigating agent when preparing oleaginous oint- 
ments, a principle which is utilized in the preparation 
of the official ointments of Boric Acid, Ammoniated 
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Mercury, Yellow Mercurie Oxide, Sulfur and Zinc 
Oxide. Certain medicinal substances such as pilular 
extracts of vegetable drugs or where the agent is soluble 
in a certain solvent are more easily distributed through 
the base by first softening with such solvents. The 
use of diluted alcohol in the preparation of Belladonna 
Ointment U.S. P..and.chloroform in Chrysarobin Oint- 
ment U. S. P. are examples of this kind. When the 
quantity of powder to be added is large it will prove 
advantageous to melt some of the v ehiele or to heat the 
mortar by filling it with hot water and allowing it to 
stand a few minutes, so that the initial portion of base 
will soften sufficiently to permit the preparation of a 
smooth paste. Some salts such as potassium iodide, the 
alkaloidal salts and others may be dissolved in water 
provided they are very soluble. Some substances such 
as menthol can be dissolved in a small amount of liquid 
petrolatum prior to incorporation. Certain semi-fluid 
bodies, such as Peruvian balsam, storax, tar, ichthyol, 
naftalan, etc., are not readily incorporated with fatty 
bases. They mix readily with castor oil which mixture 
simplifies the difficulties of incorporation. 

In the preparation of ointments by this method it is 
necessary to have a ground-glass plate and two 5- or 6- 
inch full blade stainless steel spatulas. Hard rubber 
or tested plastic spatulas should be used when there is 
a possibility of a reaction between the steel spatula and 
the constituents of an ointment, such as the incorpora- 
tion of mercury salts and iodine. In preparing an oint- 
ment by this technique the spatula should be held so 
that it acts as a roller passing over any particles in the 
ointment. A slight twist of the wrist is required at the 
end of each stroke in order to reverse the position of the 
spatula, a technique quickly mastered with a little prac- 
tice. Itis a matter of convenience to use two spatulas, 
one for the actual mechanics of rubbing, the other as an 
instrument to remove stubborn adhering particles or 
accumulating omtment from the manipulating spatula. 
Slightly warming the base sufficiently to soften it ex- 
pedites the operation of incorporating insoluble powders 
and where soluble materials are used hastens such pro- 
cedure also. The pharmacist should exercise caution in 
overheating emulsified water-containing bases as this 
results in water loss which in turn alters the consistency 
of the base, and increases the percentage of medicinal 
substance accordingly. 

Mortar and Pestle—Mortars are preferred by some 
pharmacists for the preparation of all ointments al- 
though generally this method is used where liquid is to 
be incorporated or where the quantity of finished oint- 
ment is not conducive to good manipulation on a slab. 
The use of a mortar and pestle is preferred when incor- 
porating substances with a water-containing base since 
the percentage of ointment exposed to the air is much 
lower by this method thus reducing the possibility of 
water loss by evaporation, due either to friction or thin- 
ness of film. 

It seems superfluous to mention that ointments 
should be thoroughly incorporated, must be free of 
gritty particles, and possess an unctuous feel and “‘slip”’ 
as well as possess the additive factor of pharmaceutical 
elegance. In no other type of pharmaceutical prepa- 
ration are the pharmacist’s professional skill, exactness, 
and manual dexterity so vividly revealed. 


Preparation by Fusion—When wax, spermaceti, 
rosin, or other hard, fusible bodies are ‘to be incorpo- 
rated with soft, oleaginous materials, they are melted 
on a water bath to avoid excessive temperatures, begin- 
ning with the material possessing the highest fusion 
point and adding the other ingredients in order of de- 


creasing values, until the softer oleaginous and perhaps 
liquid ingredients have all been thoroughly incorporated 
by stirring. The medication in fine powder is then 
slowly sifted into the melted material, stirrmg con- 
stantly. Oimtments may be strained at this time to re- 
move mechanical, extraneous impurities. The oint- 
ment should be stirred until it congeals to insure a 
homogeneous preparation. It is recommended that 
stirring be continued until a uniform, thick product is 
obtained. If large quantities of aqueous liquids are to 
be incorporated with melted oleaginous materials, as in 
the preparation of Rose Water Ointment, the liquid 
should be warmed and then added slowly with constant. 
stirring or trituration to the melted mixture. 

This method is used in the preparation of Hydro- 
philic Ointment U. 5. P. Where there is an aqueous 
phase involved it is advisable to keep the temperature 
of both this and the oleaginous phase at a minimum to 
avoid water loss by evaporation but not so low as to 
cause a premature separation or congealing of any of 
the constituents, thus interfering with the formation of 
a good emulsion. 

Mechanical Mixers—When ointments are prepared in 
lots of 5 pounds or more it is desirable to use a mechani- 
cal mixer. The ordinary laboratory type of electrie 
mixer will serve for the 1- to 5-pound quantities. The 
use of a “pony mixer”’ (Fig. 427) is desirable for lots of 25 


Fig. 427—Pony mixer. 


pounds and up. Thorough mechanical agitation of 
ointments insures a uniform distribution of medicinal 
substances. Ointments prepared in large amounts and. 
particularly those containing gritty particles are passed 
through a mill to insure further uniformity and absolute 
smoothness. The most common ointment mill is made 
on the principle of a paint mill used in reducing pig- 
ments in oils. They are available with water-cooled 
jackets which reduces the heating of the plates due to 
friction and the subsequent melting of the ointments 
during this operation. 

The Ross roller mill (Fig. 428) with its variable speed 
rollers is faster and is becoming increasingly popular. 

In large-scale manufacturing the fine powders are 
generally sifted into the melted or softened base and 
stirred slowly until congealed. In some commercial 
laboratories a concentrate of the powder and a portion 
of the base is prepared which is run through the mill 
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several times and then thoroughly incorporated with 
the remainder of the base without further milling. 

3. Preparation by Chemical Reaction—The only of- 
ficial ointment that is made by chemical reaction is the 


Fig. 428—Ointment roller. mill (courtesy Eli [ally and Co.). 


mercuric nitrate ointment of the N. F. (page 456). 
In this, the olein of the lard is converted into elaidin 
through the action of heat and nitric acid; the solution 
of mercuric nitrate is then incorporated with the elaidin 
vehicle. 

Ophthalmic Ointments (Hye Ointments)—Ointments 
for application to the eyelids should be prepared from 
specially selected and finely powdered chemicals. 

The ointment vehicles should also be of the finest 
quality and the ointments should be dispensed in 1- or 
2-drachm collapsible tubes of pure tin, fitted with a 
pointed nozzle (Fig. 433). 

A number of ointments are regularly prescribed for 
this special use. Most frequently petrolatum, white or 
yellow ointment, or a blend absorption base is used as 
the vehicle. 

The following are typical: 


Ammoniated Mercury Ointment, !¢ per cent. 

Ammoniated Mercury Ointment, 3 per cent. 

Atropine Sulfate Ointment, 1 per cent. 

Borie Acid Ointment, 5 per cent. 

Copper Citrate Ointment, 71% per cent. 

Penicillin Ointment, 1000 Units per Gm. 

Phenacine (Holocaine) Hydrochloride Ointment, 1 or 2 per cent. 

Phenacaine (1 per cent)and Epinephrine (2 per cent of a 1 to 
1000 solution of Epinephrine Hydrochloride) Ointment. Use 10 
per cent of wool fat. 

Yellow Mercurie Oxide Ointment, 1 per cent. 

Yellow Mercuric Oxide Ointment, 14 per cent and 2 per cent 
are also sometimes used. 

Mercury Bichloride Ointment, 1 to 3000. 

Mercury Bichloride Senne ie. ee. ‘ nae 

nea C): ercury Bichloride—1 part to 3000. 

White'sOintment { Sodiean Chloride—5 parts to 3000. 

Zine Sulfate Ointment, 14 per cent. 


Permissible Alteration of Formulas—The U. 8. P. 
authorizes the modification of the official formulas under 
certain conditions. The statement is as follows: “In 
the official o7ntments, which contain petrolatum, white 
petrolatum, yellow wax, or white wax, the proportions 
of these may be varied to maintain a suitable consist- 
ency under different climatic conditions, provided that 
the proportion of active ingredients is not varied.” A 
similar authorization is made in the National For- 
mulary. 
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Dispensing Ointments 


Maxims to Be Observed—(1i) They should always be 
homogeneous, smooth, and free from grittiness. (2) 
They should never be dispensed if they have the slight- 
est evidence of rancidity or mold. (8) Ointments con- 
taining free acid, iodine, mercury, or tannin should not 
be rubbed with an iron or steel spatula on account of 
the chemical action on the metal. (4) In removing the 
ointment from a stock jar always scrape it from the 
surface. Digging into the ointment leaves a greater 
surface exposed, thus increasing the possibility of ran- 
cidity, mold, and water loss. (5) Ointments on pre- 
scriptions are to be made and dispensed by weight; one- 
half ounce of oimtment may or may not fill a jar com- 
pletely. (6) Water-containing ointments should be 
of recent preparation—dispensed in moderate amounts 
in glass containers with good closures. (7), Use a 
spatula or finishing blade for sake of appearance and to 
avoid contact of the ointment with the cap or cap liner. 

Preserving Stocks of Ointments—Ointments which 
contain animal or vegetable oils may be preserved from 
rancidity by the addition of balsamic resins or benzoic 
acid. The absorption, emulsion, and soluble type 
ointments are best preserved against mold growth by 
the addition of esters of p-hydroxybenzoic acid. 
Methyl and propyl p-hydroxybenzoates are used as pre- 
servatives in Hydrophilic Ointment U.S. P. It is de- 
sirable to keep ointments in a cool place and out of con- 
tact with light and air if possible. Refrigerated storage 
space for all ointments is most desirable but is generally 
not available in adequate amounts. 

The absence of air-contact is important for many 
ointments. This is due to the evaporation of the water 
from ointments of the absorption, hydrophilic and sol- 
uble types, which completely changes their character 
and makes them unusable, and also because in many 
ointments oxidation induces rancidity and other unde- 
sirable changes. Storage in collapsible tubes of pure 
tin is one answer to this difficulty. When a fresh lot 
of ointment is made to replenish the stock, the jar 
should be thoroughly cleansed, and any old ointment 
remaining discarded. Otherwise it would soon cause 
the new ointment to become rancid or aid in the de- 
velopment of a mold. 

Ointment Containers—Glass, stoneware, or porce- 
lain jars are the best receptacles for ointments unless 
they must be protected from air, when collapsible tin 
tubes should be used. Ointment jars are available in 
clear, opal, amber, and green glass. The clear glass 
jars are perhaps the least preferable. The modern 
ointment jars (Fig. 429) have been standardized as to 


Fig. 429—Ointment jars. 


size and improved from the standpoint of availability 
of the entire contents. Straight-sided jars are the 
rule. They are available in standard sizes 4 oz. to 90 
oz. capacity. Composition tops are attractive and 
with proper liners form a dust-free closure. 

Tin ointment boxes are still used but are a much less 
desirable container than the glass jars. If tin contain- 
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ers are used it is desirable to obtain those with a rolled 
edge, thus preventing the possibility of injury from a 
sharp edge. ; 
Filling and Finishing Ointments in Jars—Some skill 
is required to fill a jar with ointment neatly and deftly 


Fig. 430—Ointment 
finisher. 


Fig. 431—Finishing ointment. 


by using a spatula. The surface should be slightly 
lower than the edge of the jar to prevent the lid from 
touching the ointment. This is accomplished by taking 
advantage of the flexibility of the blade of a steel spat- 
ula. The spatula is foreed across the ointment jar 
resting it on the top of the jar on both sides and at the 
same time pressing it into the ointment. This operation 
is repeated several times, turning the jar slightly each 
time, with the result that the surface is made perfectly 
smooth and slightly concave, although to all appear- 
ances it is straight. The ointment may now be held 
over a flame for a moment to give it a gloss. Another 
finish is made by holding a spatula at a slight down- 
ward angle, with its tip at the center of the jar and its 
edge resting on the jar. By slowly rotating the jar in 
short jerky movements a depression with a cartwheel 
effect is made which makes a good finish. This is use- 
ful where some nervous patients desire to be assured 
that an ointment has not been tampered with, or it may 
be desirable for other reasons to finish the surface with 
a distinctive design. Designs may also be made by cut- 
ting a piece of tin into a shape similar to that shown in 
Fig. 430. By placing one of the teeth on the edge of the 
pot (Fig. 431), and slowly rotating it, with alternate 
pauses, a very neat finish may be given to the surface. 
The finisher (Fig. 430) shows 
four sides, and is of course 
capable of making four pat- 
terns. 

Collapsible Tubes—The 
most desirable form in which 
to dispense ointments is the 
collapsible tin tube. An 
ointment in a jar is frequently 
exposed to dust and is almost 
invariably removed from the 
jars, by means of the finger. 
Both of these conditions are 
undesirable and unsanitary. 
; In addition the jar method of 
dispensing constantly exposes the ointment over an 
extended surface, to the action of the air and frequently 
the effect of light. 

The opposition, of course, to the use of ointment 
tubes is the difficulty of filling them and the necessity 
of having equipment suitable for affixing the clips and 
labeling. For eye ointments, tubes with nozzle-like 
outlets are obtainable which facilitate the application 
of the product. Other tubes fitted with special nozzle- 
like ends permit the dispensing of ointments for applica- 


Fig. 482—Collapsible tubes. 
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tion to the nasal passages, to the rectum, or to the vagina 
(Fig. 433). Every well-equipped pharmacy should be 
prepared to supply ointments in tubes provided with 
the proper tips. 

In filling the tubes with a soft ointment in prescrip- 
tion work, a method which has given much satisfaction 
because of its cleanliness, rapidity, and simplicity is as 
follows: Place the finished ointment in the center of a 
piece of strong paper of sufficient size (for an ounce of 
ointment use a sheet about 8 by 10 inches), fold the 
paper so that the edges meet, with the ointment inside, 
place a pencil on the top fold, and slowly roll it toward 
the ointment. This causes the ointment to form into a 
cylinder, and, when this is of a less diameter than the 
tube, roll it over on the remainder of the paper so as to 


{ Eye Tip Tube 


8-Hole Pipe 


Vig. 433—Special tips for ointment tubes (actual 
si 


form a paper tube with the ointment inside. Now slip 
this into the collapsible tube, always holding the tube 
by the tip so as not to crush it, and start to fold over 
the protruding end of the paper tubes. When the oint- 
ment has thus been forced completely into the metal 
tube, bring the edges of the tube together by flattening 
the open end and, with the tube resting upon a firm 
surface, hold the flattened edges together firmly with the 
index finger of the left hand and slowly withdraw the 
paper with the other hand. This leaves the ointment in- 
side and the tube is ready to be closed permanently. It 
has been suggested that the paper be cut off and left 
inside the tube, but its withdrawal seems preferable. 

A spatula may also be placed firmly against the edges 
of the open end of the tube with the roll of ointment in- 
side and a steady pull on the paper then forces the oint- 
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ment neatly into the tube. The cap end of the tube 
should be open during this process of filling and closing. 

In closing a tube, care must be taken to see that it is 
not filled too full; it should be folded over at least 
twice. 

The capacity of each size of tube can be readily ascer- 
tained by a trial with petrolatum and this information 
may then become a perma- 
nent record for the prescrip- 
tion department. 

Special pliers for closing 
tubes are obtainable at small 
cost, but the back of the 
heavy spatula is quite as 
effective as the more expen- 
sive devices. In using a 
spatula, hold the filled tube 
in the left hand on a counter 
with the open end to the right. 
Run the blade lightly along the tube to flatten it slightly ; 
when near the end, increase the pressure and, when 
within a quarter of an inch from the opening, hold the 
spatula firmly and raise the tube, laying it over upon 
itself. Repeat this a second time and the tube is 
closed. A hard metal clip should be clamped over the 
fold to prevent the contents being forced from the 
folded end when pressure is applied to the tube (Fig. 
434). These clips are very inexpensive and may be 


Fig. 484—Tube closed with clip. 


readily attached with the aid of a small vise, although 


many forms of machines are also available for the pur- 


Fig. 435—Automatic filling and closing machine for ointment tubes 
(courtesy Eli Lilly and Co.). 


pose (Fig. 435). On the large scale, tubes are also being 
sealed after filling by the use of cement or special folding 
and corrugation so that clips are not needed. The 
Colton clipless closure is formed by making the two 
usual double folds, making a third fold in the opposite 
direction, and then securing and giving more rigidity 
to the folds by corrugating the folded end. 

Figs. 436 and 437 illustrate machines for filling and 
closing collapsible tubes. Such substances as ointments, 
tooth paste, ete., are rapidly and automatically handled 
by the larger machine and the smaller one is semi-auto- 
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matic. Such machines are made by the F. J. Stokes 
Machine Company of Philadelphia and by the Arthur 
Colton Company of Detroit, Mich. 

Labeling Collapsible Tubes—One difficulty always 


Fig. 437—Stokes hand filling and closing machine for collapsible tubes. 


experienced is in the labeling of the tubes. If the label 
is to be attached, the tube may be dipped in compound 
benzoin tincture or in a regular lacquer and after- 
ward allowed to dry. Itis always desirable, if labels are 
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applied, to use them in strip form so as to encircle the 
tube completely and help prevent their coming off. 
Labels should be attached at the very top of the tube 
so that they will not be destroyed until the tube is prac- 
tically empty. Solution of sodium silicate has also been 
used on tubes to cause the labels to stick. At best, 
however, labels are not very satisfactory, as the tube 
is likely to be completely rolled upon itself as the last of 
the ointment is used and the label soiled or destroyed. 
Some pharmacists use a pasteboard box to hold the 
tube and carry the label, while the tube itself is stamped 
in the tin with the prescription number, using a number- 
ing machine or scratching it upon the shoulder of the 
tube with a sharp instrument. This will permit the 
identification of the prescription and its renewal, even 
if the box is lost. In large-scale operations for sub- 
stances such as creams, toothpaste, shaving soap, etc., 
the label is printed. or embossed upon the tube itself 
and is thus permanently attached. 


OINT MENTS TORSITERU ses ok: 


English Title Latin Title 


Ammoniated Mercury Oint- Unguentum Hydrargyri Am- 
ment moniati 

Belladonna Ointment Unguentum Belladonne 

Borie Acid Ointment Unguentum Acidi Borici 

Chrysarobin Ointment. Unguentum Chrysarobini 


Coal Tar Ointment Unguentum Picis Carbonis 

Cupric Citrate Ointment Unguentum Cupri Citratis 

Ethyl! Aminobenzoate Oint- Unguentum Aithylis Amino- ~ 
ment benzoatis 


Hydrophilic Ointment Unguentum Hydrophilicum 
Mild Mercurial Ointment Unguentum Hydrargyri Mite 
Penicillin Ointment Unguentum Penicillini 
Phenol Ointment Unguentum Phenolis 

Pine Tar Ointment Unguentum Picis Pini 

Rose Water Ointment Unguentum Aque Rosze 
Strong Mercurial Ointment Unguentum Hydrargyri 


Forte 
Sulfur Ointment Unguentum Sulfuris 
Tannic Acid Ointment Unguentum Acidi Tannici 
White Ointment Unguentum Album 


Yellow Ointment Unguentum Flavum 

Yellow Mercurie Oxide Oint- Unguentum Hydrargyri 
ment Oxidi Flavi 

Zine Oxide Ointment Unguentum Zinci Oxidi 
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Alkaline Sulfur Ointment Unguentum Sulfuris Alka- 
linum 

Unguentum Acidi Benzoici 
et Salicylici 

Unguentum Calamine 

Unguentum Camphore 

Unguentum Capsici 

Unguentum Mentholis Com- 


Benzoic and Salicylic Acid 
Ointment 

Calamine Ointment 

Camphor Ointment 

Capsicum Ointment 

Compound Menthol Oint- 


ment positum 
Compound Resorcinol Oint- Unguentum Resorcinolis 
ment Compositum 
Compound Sulfur Ointment Unguentum Sulfuris Com- 
positum 
Compound Tar Ointment Unguentum Picis Composi- 
; tum 


Ichthammol Ointment Unguentum Ichthammolis 
Iodine Ointment Unguentum Todi 

Lead Oleate Ointment Unguentum Plumbi Oleatis 
Mercurie Nitrate Ointment Unguentum Hydrargyri Ni- 
tratis 

Mild Mercurous Chloride Unguentum Hydrargyri 


Ointment Chloridi Mitis 
Neocalamine Ointment Unguentum Neocalamine 
Nutgall Ointment Unguentum Galle 
Red Mercuric Oxide Oint- Unguentum Hydrargyri 

ment Oxidi Rubri 


Scarlet Red Ointment Unguentum Rubri Scarlatini 

Stainless Iodized Ointment Unguentum Iodatum Deni- 
gresens 

Unguentum Stramonii 


Stramonium Ointment 


Unofficial Ointments 
Directions 

Melt together 50 Gm. of camphorated 
brown plaster, 25 Gm. of olive oil, and 25 
prepared suet. 

Mix 24 Gm, yellow wax, 24 Gm. olive oil, 
and 40 Gm. mercury ointment, with the 
aid of heat. Add 12 Gm. camphor and 
stir until cold. 

Mix 20 Gm, strong mercuric nitrate oint- 
ment with 80 Gm. soft paraffin. 


Title 
Brown Ointment 
N. F. V (Mother’s 
Ointment) 
Compound Ointment 
of Mercury B. P. 1932 


Dilute Ointment of 
Mercuric Nitrate 


BP o82 
Iodoform Ointment Triturate 10 Gm. of iodoform with a previ- 
WES. Bax ously melted mixture of 20 Gm. of wool 
fat and 70 Gm. of petrolatum. 
Mustard Ointment Melt together 15 Gm. of white wax and 83 
N.F. VII Gm. of lard. Add 2 Gm. of allylisothio- 


cyanate while soft. Stir well. 

Rub 10 Gm. of finely powdered lead iodide 
with 90 Gm. of benzoinated lard, gradu- 
ally added until thoroughly mixed. 

Triturate 300 Gm. of mercury with 50 Gm. 
of suet and 50 Gm. of benzoinated lard 
until globules cease to be visible when 
examined under alens magnifying 4 diam- 
eters. Add 600 Gm. of benzoinated lard. 

Mix 25 Gm. mercuric oleate with 75 Gm. 
simple ointment. 

Incorporate 10 Gm. of potassium iodide and 
1 Gm. of sodium thiosulfate, dissolved in 
9 Gm. of distilled water, in 5 Gm. each of 
wool fat and white wax, and 70 Gm. of 
white petrolatum. 

Incorporate 20 Gm. of salicylic acid in 980 
Gm. of paraffin ointment, white. 

Dissolve 30 Gm. zine sulfate in 60 ec. dis- 
tilled water, and 90 Gm. of hard soap in 
600 cc. of distilled water. Mix the solu- 
tion, heat to boiling, allow the melted 
zinc oleate thus formed to rise to the sur- 
face, cool, pour off the aqueous solution, 
and boil the zine oleate with successive 
portions of distilled water. Then reduce 
the product to a fine powder and mix with 
an equal weight of melted white soft 
paraffin. ; 

Incorporate 35 Gm. of zine Stearate in a 
base of 10 Gm. of liquid petrolatum and 
55 Gm. of white petrolatum. 

Melt 80 Gm. hard paraffin, 900 Gm. soft 
paraffin, and 20 Gm. white wax, and stir 
constantly during the cooling. White 
core eeD may replace the yellow if de- 
sired. 

Melt together 50 Gm. of wool fat, 100 Gm. 
hard paraffin, and 850 Gm. white or yel- 
low soft paraffin. Stir until cold. 

Rub 4 Gm. of veratrine with 6 Gm. of ex- 
pressed oil of almond and gradually in- 
corporate 90 Gm. of benzoinated lard. 


Ointment of Lead 
Iodide N. F. V 


Ointment of Mercury 
Be eloo2 


Ointment of Mercury 
Oleate B. P. 1932 
Ointment of Potassium 
Iodide N. F. VII 


Ointment of Salicylic 
Acid B. P. 1932 

Ointment of Zine Ole- 
ate B. P. 1932 


Ointment of Zinc Stea- 
rate N. F. VII 


Paraffin Ointment 
B. Pe 1932 


Simple Ointment 
BSP T9382 


Veratrine Ointment 
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Pastes 


Dermatologic Pastes are medicaments for external use, 
employed in the practice of dermatology. They are 
ointment-like mixtures of starch, dextrin, zine oxide, 
sulfur, calcium carbonate, or other medicinal substances 
of an astringent, antiseptic, or protective nature made 
into a smooth paste with glycerin, soft soap, petrola- 
tum, lard, other fats, or water. Dermatologic Pastes 
normally contain a higher proportion of powdered ma- 
terial than that included in ointments. They are less 
greasy but more absorptive than other preparations for 
external application. They should be free from gritty 
particles. 

Paste for Injection—One form of paste used in medi- 
cine is intended for injection into cavities in the body, 
such as fistulas produced by infections; this is Bismuth 
Paste of the N. F. 


PASTES OF THE N. F. 
English Title Latin Title 

Bismuth Paste Pasta Bismuthi 
Compound Acetylsalicylic Pasta Acidi Acetylsalicylici 

Acid Paste Composita 
Mild Resorcinol Paste Pasta Resoreinolis Mitis 
Pectin Paste Pasta Pectini 
Strong Resorcinol Paste Pasta Resorcinolis Fortis 
Thin Pectin Paste Pasta Pectini Tenius 
Zine Oxide Paste Pasta Zinci Oxidi 
Zine Oxide Hard Paste Pasta Zinci Oxidi Dura 
Zine Oxide Soft Paste Pasta Zinci Oxidi Mollis 
Zine Oxide with Salicylic Pasta Zinci Oxidi cum Acido 


Acid Paste Salicylico 
Unofficial Pastes 
Title Directions 
Betanaphthol Paste Triturate 10 Gm. of betanaphthol and 50 
NG (Lassar’s m. of precipitated sulfur with 20 Gm. of 


Naphthol Paste) 
Dextrinated Paste 
Ne Ey Vi 


petrolatum and incorporate 20 Gm. of 
soft soap. 

Dissolve 33 Gm. of white dextrin in 33 Gm. 
of glycerin and 33 cc. of water in a tared 
dish with heat. Then add water to make 
100 Gm. 

Mix 15 Gm. of powdered zine oxide, 10 Gm. 
of precipitated sulfur, and 5 Gm. of 
purified siliceous earth with an equal 
weight of benzoinated lard until smooth 

- and then add enough of the lard to make 
100 Gm. 


Sulphurated Zine Paste 
N. F. V (Unna’s Sul- 
phurated Zine Paste) 


Inunctions 


The term inunctions was formerly applied to prepa- 
rations consisting of wool fat in which medicinal 
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agents were incorporated for the purpose of being ab- 
sorbed through the skin by rubbing. Mercury was 
formerly given by inunction in the axilla. This term 
is obsolete. The National Formulary formerly recog- 
nized Compound Menthol Ointment under this classi- 
fication. 


Unofficial Inunctions 


Title Directions 
Menthol Inunction Incorporate 5 Gm. of menthol in 95 Gm. of 
INGEN Vi hydrous wool fat. 


Creams 


The National Formulary VIII includes one prepara- 
tion under this title (Sun Cream N. F.). The term 
cream is most frequently applied to a soft cosmetic type 
of preparation. Pharmaceutically, creams are solid 
emulsions containing suspensions or solutions of me- 
dicinal agents for external application. Generally prepa- 
rations of this type should come under the classifica- 
tion of ointments. Specifically they belong to the 
emulsion type bases. The term cream has also been 
used in referring to suspensions of medicinal agents for 
internal use (Bismuth Magma N. F.). 


CREAM OF THE N. F. 


English Title Latin Title 
N. F. Sun Cream Cremor Solis N. F. 


Unofficial Creams 


Title Directions 

Hamamelis Paste Dissolve 7.5 Gm. of potassium carbonate in 
(Pasta Hamamelidis 300 ce. of distilled water heated nearly to 
Beebe Ca a0Witeh boiling; gradually add the solution to 100 
Hazel Cream) Gm. of stearic acid, 25 Gm. of wool fat, 
and 15 ce. of liquid paraffin previously 
melted together with the aid of gentle 
heat, and mix. Add 50 Gm. of glycerin 
mixed with 500 cc. of hamamelis water 
and heated to 90° C., and stir vigorously 

until cold. 
Zinc Cream (Cremor  Triturate 320 Gm. of zinc oxide with 320 cc. 


Zinci B. P. C.) of almond oil, incorporate 80 Gm. of wool 


fat and sufficient calcium hydroxide solu- 
tion to make 1000 Gm. 


Cerates 


Cerates are unctuous substances of such consistency 
that they may be easily spread, at ordinary tempera- 
tures, upon muslin or similar material with a spatula, 
and yet not so soft as to liquefy and run when applied 
to the skin. They are mostly used as dressings for in- 
flamed surfaces, and are generally made with oil, lard, 
or petrolatum for a basis, with sufficient wax to give 
the desired consistency. Owing to the presence of wax 
(Cera) they are called Cerates. Paraffin, spermaceti, 
and rosin have also been used to raise the melting points 
of oils and fats. 

Cerates are made by fusion. See under Ointments 
(page 292). Galen’s Cerate is a synonym for Rose Water 
Ointment. The use of this type of preparation is defi- 
nitely on the decline. 


CERATES OF THE N. F. 
English Title Latin Title 
Cantharides Cerate Ceratum Cantharidini 


’ Cerate Ceratum , : 
Compound Rosin Cerate Ceratum Resinzee Composi- 
: tum 


Ceratum Plumbi Subacetatis 
Ceratum Resin 


Lead Subacetate Cerate 
Rosin Cerate 


Unofficial Cerates 


Title Directions 
Camphor Cerate Liquefy 350 Gm. of white wax, 150 Gm. of 
N. F. V white petrolatum, and 400 Gm. of benzo- 


inated lard. Add 100 Gm. camphor lini- 
ment and stir until congealed. 
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Cements 


Cements are dental preparations employed primarily 
as temporary protective coverings for exposed pulps. 
They are also used for holding medicinal agents in tooth 
cavities and for rebasing of dentures. The dentist pre- 
pares the cement extemporaneously by mixing together 
a powder consisting of very finely powdered rosin, zine 
oxide, and other metallic salts with a liquid consisting 
of either eugenol or oil of cloves mixed with a bland oil. 
Zine acetate and other metallic salts accelerate the set- 
ting time. The consistency of the cement may be 
altered by varying the amount of liquid. 


CEMENT OF THE N. F. 
English Title Latin Title 


Zine Compounds and Eu- .Cementum Zinci Composi- 
genol Cement tionum et Eugenolis 


Cataplasms (Poultices) 


Poultices are soft, semi-liquid, external applications 
which either stimulate a body surface or alleviate an 
inflamed area by supplying medicating substances in the 
presence of heat and moisture. For many centuries they 
have been made from hot water and linseed meal or 
other cohesive materials which maintain intimate con- 
tact with the skin at the same time remaining hot and 
moist; they are one of the oldest of recorded pharma- 
ceutical preparations. 

Poultices theoretically tend to draw infectious ma- 
terial from diseased tissues because of the absorptive, 
and hygroscopic character of the ingredients used 
e. g., kaolin and glycerin. The materials for preparing 
spice poultice were formerly official in the National For- 
mulary under the title Puluis Aromaticus Rubifaciens 
(page 283). Only one poultice is now official. 


CATAPLASM OF THE N. F. 
English Title Latin Title 
Kaolin Cataplasm Cataplasma Kaolini 


Unofficial Cataplasms 
Title 
daneed Cataplasm 


Directions 

Add 28 Gm. of ground linseed gradually to 
72 cc. of boiling water. 

Add 28 Gm. of ground linseed gradually to 
about 70 cc. of boiling water, then add 2 
Gm. of powdered mustard, previously 
rubbed to a paste with a little cold water. 

Mix 24 Gm. of powdered slippery elm with 
4 Gm. each of boric acid and wood char- 
coal, and gradually add 68 ce. of boiling 
water. 

Make 10 Gm. of starch into paste with cold 
water, then add with constant stirring the 
remainder of 100 cc. of water, heated to 
boiling, and again boil. 

Mix 10 Gm. of starch and 6 Gm. of boric 
acid, and proceed as above. 


Mustard ‘Cataplasm 
BaPpy C2 


Slippery Elm Cata- 
plasm B. P. C. 


Starch Cataplasm 
135 JE AOR 


Starch and Boric Acid 
Cataplasm B. P. C. 


Dressings 


Dressings are external applications resembling oint- 
ments in consistency, but remaining semi-solid at body 
temperature; they liquefy at 50° C. and remain pliable 
in thin films below 28° C. Paraffin Dressing, formerly 
official in the N. F. VI, was employed as an air-exclud- 
ing, soft, pliable, analgesic, splint-like covering for sur- 
faces denuded by burns. It was sprayed onto the dried 
wound and covering bandages. It consisted of a solu- 
tion of 1 Gm. of resorcinol in 2 Gm. of oil of eucalyptus 
incorporated with a liquid mixture of 82 Gm. of paraf- 
fin, 12 Gm. of white petrolatum, and 3 Gm. of olive oil. 

A surgical dressing is any material used as a covering, 
protective, or support for a diseased part. This class 
of materials includes adhesive plaster, padding, com- 
presses, bandages, splints, ete., and it is discussed in 
detail in the chapter on ‘“‘Surgical Dressings’ (page 1193). 
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Plasters 


Plasters are substances intended for external applica- 
tion, made of such materials and of such consistency as 
to adhere to the skin and thereby affix a piece of cloth. 
The purpose of the plaster is (1) to afford protection and 
mechanical support, (2) to furnish an occlusive and 
macerating action and to bring medication into close 
contact with the surface of the skin. 

The base of the older form of plaster was a compound 
of litharge and oil. This was known as diachylon plaster 
and in a modified form is still employed. This type of 
mass requires the application of heat in spreading and 
in applying the plaster to the skin; lead oleate plaster 
is of this type. Such a plaster mass has now been largely 
supplanted by a plaster made with a base of gum 
caoutchouc (rubber). 

India rubber plaster mass, according to the nature of 
the plaster and its purpose, is a compound of gums, such 
as galbanum and olibanum, with waxes, resins, fats, 
and excipients such as Burgundy pitch, together with 
proper medication, and absorbent fillers, incorporated 
to complete the mass. The making of the India rubber 
plaster mass requires the use of extensive apparatus for 
the grinding and preparation of the rubber and gums, 
the mixing of the mass, and the final spreading upon 
cloth. Plasters are spread on cotton, felt, linen, mus- 
lin, silk, ‘‘moleskin,’”’ and paper. When perforated cloth 
is used, the product is called a “‘porous”’ plaster. 

The lead and resin type of plaster mass must be 
heated in order that it may adhere to the skin. On the 
contrary, plasters made with an India rubber base are 
adhesive at the temperature of the body, hence ready 
for application without further treatment. The plaster 
mass, while adhesive, can be removed_without the dis- 
turbance of the skin tissues. 

Modern plasters are practically all machine made. 
The official formulas are chiefly intended to serve as 
standards for manufacturers to insure uniformity of 
products. The spreading of plasters at the prescription 
counter and a general discussion of manufactured 
plasters follows. 

Dispensing Plasters—Since the introduction of ma- 
chine spread plasters, the preparation of a plaster by a 
pharmacist upon the prescription of a physician has 
become almost a lost art. Lead-base plasters are pre- 
pared for use by spreading them upon leather, muslin, 
paper, or adhesive plaster. A margin about a quarter 
or half an inch broad should usually be left uncovered, 
in order to facilitate the removal of the plaster and to 
prevent the clothing from coming in contact with its 
edges. An accurate outline may be obtained by past- 
ing, or fastening with thumb tacks, upon the leather, a 
piece of paper so cut as to leave in the center a space of 
the required dimensions. The margin is to be removed 
after the plaster has been spread. To cut the pattern, 
fold the paper four times and cut as shown in Fig. 4388. 
The spreading of the plaster is most conveniently ac- 
complished by the use of a spatula or plaster iron. This 
may be heated by means of a Bunsen burner. A suf- 
ficient portion of the plaster should be melted, then 
transferred to a piece of stiff paper, or shallow tin tray, 
open on one side, and when nearly cool, spread on the 
leather, quickly and evenly. Fig. 489 shows one 
method of spreading a small plaster with a spatula. 
Strips of paper are fastened upon the backing with — 
thumb tacks, a piece of paper is fastened at the top to — 
prevent soiling the margin, the melted plaster is poured 
upon it and spread by the spatula, which has been 
previously warmed. A portion ofthe melted plaster 
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precedes the blade in its passage, and thus a thin layer 
is spread upon the fabric. 

Blister plasters do not usually require the application 
of heat to spread them. As a rule they may be spread 
upon the fabric by the aid of a stiff spatula. 


Fig. 439—Spreading a plaster. 


The dispensing of plasters made with an India rubber 
mass consists, in the main, of the cutting of the plaster 
to the required shapes. 

Rubber base plasters can be cut with a sharp knife, if 
the blade is dipped in water before cutting. Longsharp 
shears are preferable to small scissors, and the plasters 
will cut more readily if the shears are wet. It is a good 
practice to outline the size and shape on the plaster 
cloth with a pencil, then cut to the line. Square corners 
on a plaster should be trimmed or rounded off, as the 
corners are apt to rub loose. 

Plasters for the chest, shoulder, back, and side can 
be cut from the ordinary porous plaster made from a 
piece of plaster about 5 X 7 inches. Ear plasters can 
be cut from the small pieces, and breast plasters from 
a 7-inch roll. 

The illustrations, Figs. 440 to 446, show shapes which 
are applicable either to lead base or India rubber base 
plasters. 

The following sizes are suggested: 

Half sheet paper size: Rectangular about 744 < 117 inches. 

Quarter sheet paper size: About 5% x 7% inches. This is 
also known as size for trunk. An ordinary perforated (porous) 
plaster is very near this size. 

Playing card size: 214 X 314 inches. 

Size for surface of man’s hand: 344 x 34% inches. 

Size for neck: 2 X 3¢ inches. 

Size for arms: 114 X 2 inches. 

Size for calves: 214 X 4 inches. 

Size for temples: 34 < 144 inches, 

Plasters, with India rubber as the base, retain their 

_ adhesiveness for a long time when preserved with proper 
precautions. These precautions are: 

1. Plasters in rolls keep best standing on an end in the can or 
other container as they come from the maker. After use they 
should be replaced at once. This will obviate errors and enhance 
their chances of keeping more perfectly. yh 

2. Cut plasters should always be kept in the original boxes 
with the cover closed. The plaster should always be kept covered 
with the face cloth. The plaster should be kept at ordinary 
temperature, excluded from the air as much as possible, in a dry 
place, never in the cellar or in any place where they are apt to 
gather moisture. thy 
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3. India rubber plasters are quickly and disastrously affected 
by heat and by sunlight, 


Many forms of medicated plasters are supplied by the 
manufacturers cut to a size of 5 X 714 inches, with a 
face cloth and a back cloth made porous. The porosity 
is considered a mechanical advantage in that it pre- 
vents the plaster from slipping from the point of applica- 
tion, each opening serving asastop. Porous plasters are 
far more comfortable than the non-porous. With the 
laity the porous plaster seems to have wholly superseded 
the non-porous. 

In dispensing plasters made with an India rubber 
base, the user should be instructed as to the methods of 
applying, which are, in brief, that the part to which the 
plaster is to be applied should be dry and clean. This, 
of course, can be accomplished by the ordinary method 
with soap and water, or with alcohol or other cleansing 
agents. Cleansing the skin is important, as it removes 
the skin coating‘’and allows close contact with the plaster 
and quick absorption of the medicinal agent. Having 
applied the plaster, it should be rubbed until it con- 
forms perfectly to the skin. The user should be in- 
structed that if the cloth on the adhesive side of the 
plaster adheres too closely it can easily be removed by 
wetting it, in which case the plaster should be wiped dry 
before applying. 

Removing Plasters—The removal of the rubber base 
plaster can be done easily and simply. The ordinary 
method is to lift one corner and pull the plaster off 
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Fig. 440—Left ear 
plaster. 
Fig. 442—Breast 
plaster. 
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Fig. 446—Side plaster. 
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Fig. 441—Right ear 
plaster. 


Fig. 443—Back 
plaster. 


Fig. 444—Shoulder 
plaster. 


Fig. 445—Chest 
plaster. 


with a quick jerk. This is at times painful. A better 
method would be to wet a sponge or a little piece of cot- 
ton with alcohol, ether, benzin, or another solvent, raise 
one corner of the plaster, squeeze the sponge or cotton, 
and allow the solvent to trickle between the skin and 
the plaster. Under this process, the plaster will at once 
release its hold and practically drop off without further 
effort. 
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English Title Latin Title 
Adhesive Plaster Emplastrum Adhesivum 
Sterile Adhesive Plaster Emplastrum Adhesivum 


Sterile 


Mustard Plaster Emplastrum Sinapis 
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Belladonna Plaster 
Lead Oleate Plaster 


Emplastrum Belladonne _ 
Emplastrum Plumbi Oleatis 
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Unofficial Plasters 


Directions 


Triturate 30 Gm. of red lead oxide with 55 
Gm. of olive oil in a kettle, and boil with 
constant stirring until the red color begins 
to turn brown. Then continue heating at 
a lower temperature and with constant 
stirring until it is of a dark brown color. 
Drop some of it into water from time to 
time and when it congeals with a firm 
consistency, remove the heat, add 15 Gm. 
of yellow wax and 1 Gm. of camphor, 
rubbed smooth with 5 Gm. of olive oil, 
and mix thoroughly. Mold into cylinders. 

Spread Cantharides Cerate evenly upon ad- 
hesive plaster or other suitable material. 
Each square centimeter contains not less 
than 0.1 Gm. of the cerate. 

A spread plaster containing not less than 
0.25 Gm. of oleoresin of capsicum in each 
15 square cm. 

Rub 10 Gm. of powdered soap with water to 
make a semi-liquid, mix this with 90 Gm 
of melted lead oleate plaster, incorporate 

. thoroughly and evaporate to plaster con- 
sistence. * 


Title 
Camphorated Brown 
Plaster N. F. V 
(Camphorated 
Mother Plaster) 


Cantharides Plaster 


Nickie Vill 


Capsicum Plaster 
WaSie ex 


Soap Plaster N. F. V 


Manufacturers’ Standards for India Rubber Base Plasters 


This consists of a mass containing approximately 33 per cent of 
plastic India rubber, Burgundy pitch, olibanum, and waxes and 33 
per cent of orris root and other fillers with which the drugs are incor- 
porated. 

Arnica Plaster—5 per cent solid extract of arnica. 

Belladonna Plaster—0.25 to 0.30 per cent of the alkaloids of bella- 
donna. 

Belladonna and Capsicum Plaster—0.125 of the alkaloids of bella- 
donna and 3.5 per cent of powdered capsicum. 

Breast Plaster—0.25 per cent of the alkaloids of belladonna. 

Cantharides Plaster (Blister Plaster)—30 per cent of powdered 
cantharides. 

Capsicum Plaster—5 per cent of powdered capsicum. 

Mercurial Plaster—30 per cent of metallic mercury. 

Salicylic Acid Plaster—Made in two strengths, 10 per cent and 20 
per cent of salicylic acid. 

Salicylic Acid and Cannabis Indica Plaster—10 per cent of extract 
of cannabis indica and 40 per cent of salicylic acid. 

Strengthening Plaster—2 per cent of ferric oxide. 

Thapsia Plaster—6 per cent of resin of thapsia garganica. 


Mulls 


Mulls are ointments of high fusing points, containing 
the desired medicinal agent, and spread on soft muslin 
or “mull,” in a manner similar to the ordinary spread 
plasters. They are no longer official. 


Unofficial Mulls 


Title 
Corrosive Mercuric 
Chloride Mull 

INE Hes 


Directions 


Dissolve 2 Gm. of mercury bichloride in 60 
ec. of alcohol. Mix this with 50 Gm. of 


benzoinated lard and then incorporate 
900 Gm. of benzoinated suet. Avoid 
metallic implements. Spread as needed. 


Salicylated Creosote Melt 5 Gm. of yellow wax, add 65 Gm. of 
Mull N. F. V benzoinated suet and incorporate 20 Gm. 
of creosote and 10 Gm. of finely powdered 

salicylic acid. Spread as needed. 
Salicylic Acid Mull Mix 10 Gm. of finely powdered salicylic acid 


IN Es Vi intimately with 10 Gm. of benzoinated 
lard and then incorporate 80 Gm. of 
benzoinated suet. Spread as needed. 

Mix 10 Gm. of zine oxide intimately with 
20 Gm. of benzoinated lard and then in- 
corporate the benzoinated suet. Spread 
as needed. 


Zinc Mull N. F. V 


Suppositories 


Suppositorigs are solid bodies melting or softening 
at body temperature intended for insertion into the 
rectum, urethra, or vagina to produce medicinal action. 
A urethral suppository is also known under the name 
bougie, or bacillum, or cereolus. When intended for in- 
sertion into the nasal passages, a similar shaped sup- 
pository is called a burginarium. The term bougie is 
also applied to an instrument which is inserted into the 
urethra or other body passages for the purpose of dilata- 
tion or exploration. A vaginal suppository is known as 
a pessary; this term is also applied to an instrument 
inserted into the vagina to support the uterus. 


Uses and Shapes for Suppositories—The usual form: 
of suppository is more or less conical, with a rounded 
apex (Figs. 447 and 448). A variety of shapes is sug- 
gested. The smaller are for rectal use and the Pharma- 
copeeia directs that the adult rectal suppository shall 
weigh about 2 Gm. (30 grains). The znfant rectal sup- 
pository is usually about one-half this weight. The 
larger, more or less globular form represents vaginal 
suppositories. The official weight of these is 5 Gm. (75: 
grains). The pencil-shaped suppositories represent 
urethral types, which are to weigh about 2 Gm. (80: 
grains) and be 7 em. (2 inches) long for female use, 
or weigh about 4 Gm. (60 grains) and measure 14 em. 
(5 inches) if for a male urethral suppository. 

Vehicles for Suppositories—Three types of supposi- 
tories, with respect to the vehicle or base used, are recog- 
nized: First, those prepared with oz! of theobroma or 
cacao butter (more commonly called cocoa butter) as the 
diluent and vehicle, and which quickly melt to an oily ~ 
fluid at the temperature of the body. The second type 
is prepared with a mixture of equal parts of glycerin and. 
gelatin, known as glycerinated gelatin (page 671), as the 
diluent and vehicle. This type of suppositories does not 
melt at the body temperature but slowly dissolves in the 
secretions of the mucous membrane. They are usually 
employed to provide a continuous medicating or germi- 
cidal action. The third type, represented by glycerin 
suppositories, or soap suppositories shaped from castile 
soap, is not expected to melt or dissolve but to perform 
its function largely mechanically, producing some irrita- 
tion. Their chief value is as a stimulation to peristalsis, 
through their presence in the rectum, and they are 
largely used for small children to avoid the use of a 
laxative. 


Fig. 447—Shapes and actual sizes of suppositories prepared by 
hand suppository machines (courtesy Arthur Colton Co.), 


Oil of theobroma is an ideal vehicle or base for sup- 
positories intended to melt when inserted into the rec- 
tum or other body cavity. | It is a bland, non-irritating 
oil, pressed from ground cacao beans, and possessing the 
remarkable quality of maintaining its firmness, even 
exceptional hardness for a fatty substance, to within a. 
few degrees of the body temperature, when it readily 
melts to a liquid, without passing through an appreci- 
able softening stage. The melting point of oil of theo- 
broma is from 30° to 35° C. (86° to 95° F.). 


SUPP OSLETO@RIES 


It is rarely necessary to raise the melting point of 
cacao butter by the addition of wax, spermaceti, etc., 
except in the warmest summer weather, or when phenol, 
eamphor, chloral hydrate, the volatile oils, or similar 
substances form the medicating ingredients. 


PREPARATION OF SUPPOSITORIES 


This class of preparations is usually manufactured on 
a large scale with the aid of elaborate machinery but the 
pharmacist is occasionally called upon to prepare them 
in the dispensary. To prepare ‘suppositories with oil of 
theobroma as the vehicle or base, three methods are 


Fig. 448—Shapes and actual sizes of suppositories from standard molds (courtesy Arthur 


Colton Co.) 


available in most pharmacies. The first is known as 
hand made or rolled, the second, molded, and the third, 
machine made or pressed. 

Rolled or hand made suppositories represent the 
simplest process, provided climate or weather conditions 
make it applicable. In warm countries or in hot sum- 
mer weather one of the other methods should be used. 
This process possesses an advantage over the molding 
process in that no complications arise from the use of 
heat and no provision need be made for excess material, 
since the entire mass is divided into the desired number 
of suppositories. 
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The following general process may be employed: 

The cacao butter is seraped or grated and usually kept 
on hand ready for use. The grater illustrated on page 
128, Fig. 169, is especially well suited for this purpose. 

Take the prescribed quantity of the medicinal sub- 
stance and a sufficient quantity of grated oil of theo- 
broma. Reduce the medicating ingredients to a fine 
powder, or, if composed of extracts, soften them with 
water and rub until a smooth paste is formed; the cor- 
rect amount of grated oil of theobroma is then added, 
and a mass resembling a pill mass is made by thoroughly 
incorporating the ingredients with a pestle, sometimes 
with the aid of a small amount of wool fat. 
When the mass has become plastic under the 
vigorous kneading of the pestle, it is quickly 
loosened from the mortar with a spatula, pressed 
into a roughly shaped mass in the center of 
the mortar and then transferred with the 
spatula, to the palm of the hand. By a quick, 
rotary movement, from the palm of the other 
hand, the mass is rolled to a ball which is im- 
mediately dropped to a pill tile. Here a sup- 
pository cylinder is formed by rolling the mass 
upon the tile with a flat board, partially aided 
by the palm of the other hand, if weather 
conditions permit. The suppository pipe will 
frequently show a tendency to crack in the 
center, developing a hollow core. This is due 
to the fact that the mass has not been kneaded 
and softened sufficiently, with the result that 
the pressure of the roller board is not carried 
uniformly throughout the mass but is exerted 
primarily upon the surface only. The length 
of the cylinder usually corresponds to about 
four spaces on the pill tile for each suppository, 
thus making the piece, when cut, practically 
a finished suppository except for the sharpen- 
ing of the point. When the cylinder has been 
cut into the proper number of pieces with a 
spatula, the conical shape is given it by rolling 
one end upon the tile with a spatula, or in some 
cases even by shaping it with the fingers, so 
as to produce a rounded point. With practice, 
excellent rolled suppositories can be made. 
This method has the substantial merit of requir- 
ing very little apparatus, but considerable skill 
is needed to produce suppositories equaling in 
finish those which are molded (see below). In 
the various stages described above, the sup- 
pository mass may become tacky or sticky. A 
careful manipulator will be able to prevent this 
by the manner in which the mass is handled. 
However, if it does become sticky, the judicious 
use of a small amount of dusting powder such 
as talc, or starch, will correct the condition. An 
excess of dusting powder should never be used 
and it is not necessary to have it show upon a 
finished suppository if the proper technique is 
observed. Do not handle a mass continuously if it has 
a tendency to become sticky, but knead it and shape 
it by light, easy pressure from the fingers. 

One of the most rapid and efficient methods for shap- 
ing the finished suppository, when the hand process is 
followed, is roughly to point the cylindrical section, 
which has been cut for an individual suppository, and 
force it quickly and with considerable pressure, applied 
by a spatula, or a roller board, into a cold suppository 
mold which has been well dusted with tale. Remove 
each suppository and again dust the mold before shap- 
ing the next one. 
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Lycopodium is sometimes used as a dusting powder 
in the making of suppositories but any excess left on 
the suppository is believed to be irritating when inserted 
and its use has been largely discontinued. Finely 
powdered talc replaces lycopodium very satisfactorily. 

Molded Suppositories—The capacity of each mold in 
use at the prescription counter, in terms of oil of theo- 
broma, must first be determined. Thisis done by mold- 
ing plain oil of theobroma and weighing the supposi- 
tories. This weight should be recorded and used in cal- 
culating the formula for subsequent suppositories. Now 
calculate the amount of oil of theobroma required to 
make suppositories of the desired weight, taking into 
consideration the weight of the medicine to be incor- 
porated, and also planning for enough additional medi- 
cation and oil of theobroma for at least one extra sup- 
pository. This is necessary to provide for the waste in 
pouring the suppositories, some mass always sticking 
to the dipper and other excess portions being cut from 
the top of the mold. 

The Density of Medication—If the medicinal sub- 
stance has a density of approximately that of: oil of 
theobroma, the weight of medication may replace an 
equal weight of the oil. If, however, the medication is 
heavier, it will replace a proportionally smaller amount 
of oil. For instance, lead acetate has a density of 2.5 
as compared with oil of theobroma. If the suppositories 
were to carry 2 grains each, a dozen would require 24 
grains. This is divided by 2.5, the comparative density 
of lead acetate, which indicates that 24 grains of this 
salt will replace only 9.6 grains of the oil, not 24 grains, 
and proportionally more oil of theobroma must be taken 
to provide sufficient diluent for 12 suppositories. It is 
always possible to determine the density of a medicinal 
substance, in relation to oil of theobroma, if the in- 
formation is not available, by mixing the amount for 
one suppository with a little melted oil, pouring it into 
a suppository mold and carefully filling the mold with 
plain oil of theobroma. The cooled suppository is then 
weighed and the weight of the medication subtracted 
from it. This will indicate the amount of oil of theo- 
broma used and from these data the density of the 
medication can be calculated. 

The following table, taken mostly from Bentley’s A 
Textbook of Pharmaceutics and ‘‘ Die Dosierungsgenauig- 
keit bec Suppositorien,”’ by J. Bichi, Pharmaceutica 
Acta Helvetix, 20, 403 (1945), indicates the density, as 
compared with oil of theobroma, of many substances 
commonly used in suppositories. Some of these factors 
are only approximate since many chemicals vary some- 
what in density with the method of manufacture. 
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_ gentle heat. 
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Having finely powdered the medicinal ingredients, if 
vegetable drugs or chemicals, and having softened ex- 
tracts when present, weigh the total amount of oil of 
theobroma needed and melt it in a casserole with a 
A porcelain casserole (Fig. 449) is the best 
vessel in which to melt the oil of 
theobroma which must always be 
warmed on a water bath of luke- 
warm water. Incorporate the 
medicinal substances intimately 
with about an equal weight of the 
melted oil of theobroma on an 
ointment slab, using a spatula and, when uniformly 
mixed, transfer the uniform mixture to the remainder 
of the melted oil of theobroma, which has been cooled 
to the correct temperature, which is almost that of the 
solidifying point. Stir until all is again uniformly 
melted, avoiding all excess of heat, and pour at once. 

Pouring the Mass—The melted mass should be 
poured into the chilled mold from the casserole, which is 
usually held in the right hand. It should be vigorously 
stirred with a spatula immediately before the pouring 
begins; indeed, when heavy powders are directed, the 
stirring must not cease during the pouring, or the last 
suppositories will contain a larger proportion of the 
heavy powder than those which were first made. In 
pouring, each opening in the mold may be exactly and 
uniformly filled or the openings may all be overflowed 
so that the tops run together on the mold. In the latter 
case allow the molds to stand on the counter until the 
mass on top has solidified, then cut off the excess with a 
spatula. The molds are then placed on ice and when 
sufficiently hardened the suppository will be found to 
have contracted slightly so that light pressure on the 
base of each suppository will cause it to loosen in the 
mold and readily drop out when the mold is opened. If 
the suppository does not readily drop from the mold 
after it is opened, apply a quick, firm. pressure with the 
thumb, first to the base, and, if this does not free it, try 
pressing the point. Never apply continued pressure. It 
will melt the suppository. It is also desirable to cool 
the thumb, by placing it on the ice for a moment, before 
giving the quick, firm pressure. The novice almost 


Fig. 449—Casserole. 
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* Density adjusted taking into account white wax in mass. 


SUPPOSTTORTES 


invariably makes the mistake of opening the divided 
molds too soon (before the limit of contraction is 
reached); the suppository sticks to the mold, and split- 
ting ensues. 

With the presence of an electric refrigerator in most 
pharmacies today, the suppository mold may conven- 
iently and very satisfactorily be cooled in the freezing 
cabinet of the refrigerator. This not only guarantees a 
cold mold but the degree of coldness is such that it is not 
necessary to use a lubricant upon the-mold, since the 
suppository mass contracts to such a degree that the 
suppositories can usually be emptied from the mold 
without the necessity of even opening it. Where a 
lubricant is used in the molds to facilitate the removal 
of the suppositories, lycopodium and also a 6 per cent 
solution of castile soap or of soft soap in 70 per cent alco- 
hol are used. The soap solution is best applied by twist- 
ing cotton on a stick such as a throat applicator, and 
using just. sufficient olution to moisten the walls of the 
mold. The alcohol must evaporate before pouring the 
mass. 

The beginner often fails when starting with the fusion 
method due to the use of too much heat. 
remembered that an oil of theobroma suppository mass 
melts at the temperature of the body and that the least 
possible heat should be used, the dispenser soon learns 
to keep entirely away from a direct flame and use only 
a lukewarm water bath.’ 

Many combinations are decomposed or separated 
from the base by overheating. This is notably the case 
with ichthammol or with mixtures of astringent drugs 
and vegetable extracts, such as lead acetate or tannic 
acid, with the extracts of plane, belladonna, stramo- 
nium, ete. 

ig ngredients Which Soften Oil of Theobroma—Supposi- 
tories containing chloral hydrate, phenol, or other sub- 
stances which soften the vehicle, should have the melt- 
ing point of the oil of theobroma slightly raised by the 
addition of from 10 to 15 per cent of spermaceti, but 
the melting point must not be above 37° C. (98.6° F.). 

Other difficulties in molding suppositories are easily 
overcome by the exercise of judgment and knowledge of 
_ physical laws. A defect frequently seen in the finished 
cacao butter suppository is that the surface is not always 
perfectly smooth. This may arise from several 
causes. Sometimes ridges are seen traversing the 
suppository. These are usually produced by over- 
cautiousness, the operator pausing in pouring the 
melted mass into the mold, then pouring in a little 
more, then pausing again, andsoon. Onremoving 
the suppository, a ridge will be found at each spot 
where a pause was made. The remedy for this is 
to keep on pouring steadily when this part of the 
process is reached. Other defects are pitting, 
causing an imperfection in points of the supposi- 
tories. This pitting is usually caused by drops of 
water which have not been shaken out of the mold 
before pouring the melted mass. Still another defect 
is a depression in the center of the base of each sup- 
pository. This is due to not overflowing the molds 
‘so as to leave an excess of mass upon the top and 
it is intensified by pouring the mass when too warm. 
In all cases there should be a little more mass than 
will fill the molds; after cooling, the excess may be 
cut off if desired. The most perfect suppositories, how- 
ever, are those which have been poured slightly more 
than full, leaving a rounded top, but all must be 

iform. As this is difficult it is usually the custom to 
ae off all bases even with the top of the mold, to make 
all suppositories alike. 


Bias 
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If strong heat is used upon an extract mixture ready 
to be molded, water is evaporated, the extract separates 
in small masses, and, like a broken emulsion, the mass is 
“cracked.” The remedy is to pour it at once upon an 
ointment slab or tile, add a little water, and rub it until 
the original condition is regained. However, as has 
already been emphasized, 
the mass containing the 
medicating ingredients 
should not be heated direct- 
ly. Heat should be applied 
only to the oil of theobroma. 

The shape of the sup- 
pository marked ‘15,’ in 
Fig. 448, was devised by 
Henry 8. Wellcome. It is 
intended to prevent the ex- 
pulsion of the suppository 
after insertion and is a nota- 
ble improvement over the 
conical type. 

Compressed Supposi- 
tories ——The compression 
method for making oil of 
theobroma suppositories is 
now used in many pharmacies. 

The Applebaum Suppository Machine (Fig. 450), 
manufactured by the Druggists’ Appliance Manufac- 
turing Company, is made of aluminum and is furnished 
with molds for infant and adult rectal suppositories and 
also for vaginal suppositories. The plunger is turned to 
the highest point and the prepared mass packed in the 
cylinder. Then the desired mold is slipped into place 
and the handle turned down until the molds are filled. 
The plunger is then released and the mold taken out and 
opened. 

The Whitall Tatum Company furnished the machine 
shown in Fig. 451. It consists of a cylinder, which can 
be removed to receive the charge of suppository mass, 
the proper mold having been previously screwed into 
place. The cylinder is then returned to its position, and, 
the gate having been closed, pressure is made by turn- 
ing the wheel. The gate being then lifted, a slight pres- 
sure suffices to force out the suppositories. Repeating 


Fig. 450—Applebaum suppository 
machine. 


Fig. 451—Whitall Tatum suppository machine. 


the operation, it is obvious that the machine will turn 
out suppositories as long as any mass remains in the 
cylinder. Brass dies and a tube are furnished to make 
15-grain, 30-grain, vaginal, urethral, or nasal supposi- 
tories. Urethral or nasal suppositories are made by 
screwing on the proper die and then pressing the mass 
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through it. A long rod-like suppository is thus forced 
out, which may be cut into suitable lengths. 
Similar suppository machines are also sold by Arthur 
Colton and by the F. J. Stokes Company (Fig. 452). 
In making ichthammol suppositories by compression, 
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Fig. 453—Colton hydraulically operated, motor-driven, cold-compressed 
suppository machine. \ 


the addition of 5 per cent of heavy magnesia will be 
found helpful in the making of a firm mass. At least 10 
per cent of ichthammol may be incorporated by this 
method. By evaporating the ichthammol carefully 
larger amounts can also be incorporated. 

Fig. 453 shows Colton’s power suppository machine. 
It is adapted for making suppositories upon a large 
scale, 150 suppositories being made per minute. It is 
fitted with a device for cooling the mass in hot weather, 
the cylinder in which the mass is placed being sur- 
rounded with a jacket for holding iced water. Absolute 
control of the piston in both forward and reverse is 
achieved with electric push buttons. The hand lever 
on the left-hand side of the machine controls the sleeve 
for opening and closing cavities in the mold. Molds are 
made interchangeable for the standard sizes shown in 
Fig. 447. ; 

Suppository Molds—Many forms are in use. Indi- 
vidual molds were first employed but those for rectal 
suppositories have been largely replaced by more ef- 
ficient forms. The individual type of mold was 
made from white metal; They are still widely used in 
pharmacies for vaginal suppositories. The difficulty of 
quickly and easily removing the suppositories, the 
trouble in cleaning the molds, and the liability of losing 
or misplacing them, constitute the most serious draw- 
backs to the use of this form. 

The earliest form of divided mold is illustrated in Fig. 
454. An elastic band holds the sections together but 
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the hinged mold is better and has almost entirely re- 
placed it. 

The form of hinged mold, largely used today, may be 
constructed so that one or two different sizes of sup- 
positories may be made in it (Fig. 455). Fig. 458 shows 
the usual manner of chilling suppository molds on ice. 
It is preferable to place the mold on a piece of thin 
paper in a refrigerator, to avoid the seepage of water 
into the molds. Fig. 456 shows Colton’s mold for mak- 
ing glycerin suppositories. The manner of using it is 
similar to that of the preceding molds. It makes a 
double pointed suppository,.as shown in the illustration. 
Molds for making gelatin suppositories with rounded 
ends, as shown in Fig. 456, are also made by Arthur 
Colton,.of Detroit. In Fig. 457 is shown the Stokes 
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Fig. 454—Divided suppository molds. 


Fig. 455—Suppository mold for two sizes. 


suppository mold for making a large number of sup- 
positories at one filling. 

An attempt has been made to introduce plastic sup- 
pository molds but they have proved very unsatisfac- 
tory since the plastic does not readily conduct away the 
heat and there is difficulty in hardening the supposi- 
tories. 

Glycerinated Gelatin Suppositories—The basic ma- 
terial from which these suppositories are made is of- 
ficial (page 671). They are used chiefly for vaginal sup- 
positories and are mostly healing or germicidal. Boro- 


glycerin, ichthammol, zine oxide, and bismuth sub- 


nitrate are typical forms of medication. They may be 
made by mixing the medicinal substance, if solid and 
soluble, in water or glycerin, or if a miscible liquid, with 
a little water, and adding sufficient glycerin to make the 
weight of the mixture one-half that of the finished mass; 
then thoroughly incorporate it with an equal weight of 
melted glycerinated gelatin, and pour it at once into 
suitable molds which have been greased with a small 
quantity of petrolatum. Cool the molds thoroyghly 
before removing the suppositories. Molds for urethral 
suppositories should be warmed sufficiently before pour- 
ing the mass to facilitate the proper filling of the mold. 


SUPPOSITORIES 


Suppositories having a firmer consistency may be pre- 
pared by substituting mucilage of acacia for a portion 
of the water or glycerin. 

If the medicinal substance is insoluble in water or 
glycerin, thoroughly levigate it in a warm mortar with 
a sufficient quantity of glycerin to make the weight of 
the mixture one-half that of the finished mass. Then 
thoroughly incorporate it with an equal weight of melted 
glycerinated gelatin, and pour it into suitable molds as 
above directed. With bulky powders about one-half of 
ihe glycerin may be replaced with water before leviga- 

ion. 

Glycerinated gelatin suppositories should be pro- 
tected against the effects of heat, moisture,Zand dry air 


Fig. 456—Colton’s mold for glycerin suppositories. 
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made of gelatin, owing to the difficulty of introducing 
into the urethra those made from cacao butter, on ac- 
count of their brittleness. They may be made by melt- 
ing together three parts of gelatin, one part of glycerin, 
and one part of distilled water, by weight, then adding 
the desired medicament and drawing the mass into a 
glass tube of suitable size, which has been previously 
oiled by sucking a small quantity of oil into it and allow- 
ing it to run out. After cooling, the mass is pushed out 
by means of an oiled rod, and cut into pieces of suitable 
length. These should be rolled in a dusting powder such 
as tale to prevent adhesion. Fig. 460 shows a bougie 
mold for making them in quantity. 

Dispensing Suppositories—In order to prevent injury 


Fig. 458—Cooling the mold. 
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Fig. 459—Suppository in- 
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Fig. 457—Stokes’ suppository molds. 


by keeping them in tightly closed containers in a cool 
place. 

Suppositories are sometimes introduced into the rec- 
tum with difficulty. Fig. 459 (A and B) shows a sup- 
positor to aid in their insertion. The tube is made of 
hard metal, and has a funnel shaped top (B). The 
suppository is dropped into the tube (which should be 
slightly oiled), point downward, and the tube is care- 
fully inserted into the rectum. The piston (A) is now 
applied to the end of the suppository, which, is gently 
pushed into the rectum, the tube being then withdrawn. 
A similar device, made of hard rubber, is sometimes 
used for the insertion of urethral suppositories. These 
- devices should be well lubricated externally with a suit- 
able lubricating jelly before being inserted to prevent 
_ damage to the cavity tissues. 

_ Urethral Suppositories, or Bougies, are perferably 
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Fig. 460—Bougie mold. 


to the surface of suppositories in handling them with 
warm fingers, it is advisable to place the finger tips for a 
few moments upon ice until they are chilled, before 
placing the suppositories in the box. The box is prefer- 
ably furnished with partitions (Fig. 461). In the ab- ' 
sence of this special box, the suppositories should be pro- 
tected by a layer of cotton or each suppository may be 
tightly wrapped with paraffin paper or with tin foil, 
with the end twisted. If properly applied the paper, 
and especially the tin foil, forms a temporary mold about 
the suppository and it cannot readily collapse, even in 
warm weather. When the suppository is to be used, it 
may be held by the twisted end, dropped into ice water 
until thoroughly chilled, the wrapping removed, and the 
suppository inserted. 
Storage—Glycerinated: gelatin suppositories should 
be protected against the effects of heat, moisture, and 
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GLYCEROGELATINS—LAMELS 


dry air by keeping them in tightly closed containers and 
in a cool place. Other types of suppositories should be 
protected from heat. 


Mix the medicinal substance thoroughly with the glycerin (or 
dissolve it in the glycerin), add the water, and incorporate this 
mixture with the glycerinated gelatin, previously melted on a 
water bath. Continue the heat, and stir until a homogeneous mix- 
ture is obtained; then pour it into chilled molds, and allow it to 
congeal. 


The amount of glycerinated gelatin may be decreased 
and the amount of glycerin and of water be increased to 
produce a mass of softer consistency and lower melting 
point. 


Glycerogelatins are usually molded into small blocks 
for dispensing and are to be softened with heat before 
the medication is applied. Under the title gelatinum 
the B. P. Codex includes preparations, some of which are 
similar to glycerogelatins, others more closely resem- 
bling dermatologic pastes, and still others intended for 
internal administration. The latter are called jellies. 
All medicated representatives of this class of prepara- 
tions have been omitted from the N. F., but the general 
formula given above is still included. 


Unofficial Glycerogelatins 


Title 


Firm Zinc Glycerogela- 
tin N. F. V 


Directions 


Mix 10 Gm. of powdered zinc oxide with 25 
Gm. of glycerin, add 35 cc. of distilled 


Fig. 
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461—Suppository boxes. 


SUPPOSITORIES OF THE U. S. P. 


English Title 


Glycerin Suppositories 


Latin Title 
Suppositoria Glycerini 


Unofficial Suppositories 


Title 
Suppositories of Bella- 
donna B. P. 1932 
Suppositories of Boro- 
glycerin N. F. VII 


Suppositories of Iodo- 
form B. P. 1932 
Suppositories of Lead 
with Opium 
B. P. 1932 
Suppositories of Mor- 
phine B. P. 1932 
Suppositories of Phenol 
B. P. 1932 
Suppositories of Tannic 
Acid B. P. 1932 


Directions 


Each suppository contains }é9 gr. total 
alkaloids of Belladonna Root. 

Mix on a water bath 20 Gm. glycerinated 
gelatin, 15 Gm. glycerite of boroglycerin, 
and 15 Gm. of glycerin. Pour into molds. 

Each suppository contains 3 grains of iodo- 
form. 

Each suppository contains 3 grains of lead 
acetate and 1 grain of powdered opium. 


Each suppository contains }4 grain of mor- 
phine hydrochloride. 
Each suppository contains 1 grain of phenol. 


Each suppository contains 3 grains of tannic 
acid. 


Glycerogelatins 


.  Glycerogelatins are soft masses, melting at the body 

temperature, composed of gelatin, glycerin, water, and 
a medicament suitable for application in dermatological 
practice, such as salicylic acid, iodoform, resorcinol, 
chrysarobin, etc., either by themselves, or with the addi- 
tion of zinc oxide. They are prepared with Glycerinated 
Gelatin U.S. P. which gives the necessary firmness to 


the mass. 


The following formula will serve as a type: 


Glycerinated Gelatin... 
Gly Ceritineren te see: 
Distilled Water.<....... 


water and incorporate this mixture with 
30 Gm. of melted glycerinated gelatin. 
Complete as directed above. 

Mix 10 Gm. of iodoform with 15 Gm. of 
glycerin, add 65 ce. of distilled water and 
incorporate this mixture with 10 Gm. of 
melted glycerinated gelatin. Complete 
as directed above. 

Mix 10 Gm. of powdered salicylic acid with 
35 Gm. of glycerin, add 35 ce. of distilled 
water and incorporate this mixture with 
20 Gm. of glycerinated gelatin which had 
previously been melted on a water bath. 
Continue heat, with stirring, until homo- 
geneous, pour into cold molds, and allow 
to congeal. 

Mix 10 Gm. of powdered zine oxide with 35 
Gm. of glycerin, add 35 ce. distilled water 
and incorporate this mixture with 20 Gm. 
of melted glycerinated gelatin. Complete 
as directed above. 


Todoform Glycerogela- 
tin) Ne Ee Vi 


Salicylic Acid Glycero- 
gelatin N. F. V 


Soft Zine Glycerogela- 
tin N. F. V 


Lamels 


Lamels, or Hye Disks, are small disks, about 3 mm. 
in diameter, cut or stamped from thin films of glycerin- 
ated gelatin containing definite quantities of various 
medicaments used in ophthalmology. They are applied 
with a camel’s-hair brush to the inner surface of the 
lower eyelid, where solution in the lachrymal fluid oc- 
curs immediately. The following formula is for the 
glycerinated gelatin base: 


Gelatin-2 0a see cae Ge thn gb vaceeaey loan ianaatpace eat eee 18.0 Gm 
Glycerin’... 2 iSsed abe nee te gio aon tie ecinteroreli 2.0 Gm 
Distilled) Water:.cons Ane Coeegee cee Oe Re Rr ee 88.0 Gm. 


Boil and cool the distilled water, add the glycerin, and allow the 
gelatin to soak in the mixture until softened; then heat gently on 
a water bath until solution is effected, and strain through muslin. 
A solution of the required medicament in the smallest possible 
quantity of sterile distilled water is incorporated in 5 Gm. of the 
melted base and the mass is poured onto a sheet of glass thinly 
coated with beeswax to prevent adherence. Strips of paper are 
affixed to the glass so that the medicated film will cover a surface 
10 cm. square and the glass is kept at a temperature of 36° C. to 
promote an even flow. After being carefully dried at a tempera- 
ture of 36° C., the film is stripped from the glass and cut into 
disks 3.175 mm. in diameter. All operations must be carried out 
under aseptic conditions with sterile equipment and materials, and 
the lamels*must be stored so that they remain sterile. 


To calculate how much medicament is required pro- 
ceed as follows: Since each lamel measures 3.175 mm. 
in diameter, then its area is rr? = 3.1416 X 1.5875 X 
15875 = 7.92 sq.mm. The total area of the film is 
100 X 100 = 10,000 sq. mm. Therefore, the total 
number of areas, each equal to the area of one disk = 


LAMELS—MEDICATED PENCILS 


10,000 + 7.92 = 1262. Thus, if each disk is to contain 
0.013 mg. of atropine sulfate, the total quantity required 
is 1262 X 0.013 = 16.4 mg. 


-Unofficial Lamels 


Title Directions 
Lamella of Atropine Each lamel contains 0.013 mg. (1660 gr.) of 
Bel 932 atropine sulfate and weighs about 0.0013 


Gm. (360 gr.). 

Each lamel contains 1.3 mg. (3£9 gr.) of 
cocaine hydrochloride and weighs about 
0.0035 Gm. (440 gr.). 

Each lamel -contains 0.65 mg. (3400 gr.) of 
homatropine hydrobromide and weighs 
about 0.0021 Gm. (1%: gr.). 

Hach lamel contains 0.065 mg. (3400 gr.) of 
physostigmine salicylate and weighs 
about 0.0013 Gm. (19 gr.). 


Lamella of Cocaine 
B. P. 1982 


Lamella of Homatro- 
pine B. P. 1932 


Lamella of Physostig- 
mine B. P. 1932 


Medicated Pencils 


Medicated pencils, known also under the titles Unna 
Pencils, Paste Pencils, Stilus Dissolubilis, Stilus Un- 
guentis, or Stilt Dilubiles, are used in dermatologic prac- 
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‘tice for the direct application of medicinal agents to the 


skin. The medicinal agent is incorporated with a paste 
consisting of starch, dextrin, tragacanth, and sucrose, 
with suflicient water to form a plastic mass. This is 
rolled into cylinders, of about 5 mm. diameter, which 
are cut into sections about 5 em. long, dried on parch- 
ment paper at room temperature, and wrapped in tin- 
foil. Medicated pencils, intended as a caustic applica- 
tion, é. g., sticks of silver nitrate, are sometimes referred 
to as caustic pencils or escharotica. Styptic pencils con- 
tain hemostatic salts (alum, etc.) and are used to arrest 
minor hemorrhages due to cuts, such as those produced 
while shaving. 


Unofficial Medicated Pencils 
Directions 

Mix the following finely powdered ingredi- 
ents: 10 Gm. of salicylic acid, 5 Gm. of 
tragacanth, 30 Gm. of starch, 85 Gm. of 
white dextrin, and 20 Gm. of sucrose; 
form a plastic mass with distilled water 
and shape into pencil-shaped pieces. 


Title 
Salicylic Acid Pencils 
ING dy WY 


CHAPTER XLIII 


SOLID PREPARATIONS MADE WITHOUT MACERATION OR PERCOLATION 
CAPSULES, PILLS, AND TABLETS 


Capsules 
THE CAPSULATING of medicinal substances, both dry 
and liquid, in gelatin shells is one of the most largely 
used methods for administering medicines today. Cap- 
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Fig. 462—Hard gelatin capsules showing relative sizes and 
average capacities. 


sules have the advantage over ready-made pills and 
tablets of being capable of extemporaneous preparation 
in the pharmacy, and they permit the physician to ad- 
minister the exact medication needed by his patient in 
the original and readily assimilable form. At the same 
time it is tasteless and easily administered. The gelatin 
capsule was invented by A. Mothes, a French pharma- 
cist, in 1833. Three distinct forms of capsules are 
used: hard capsules, soft elastic capsules, and pearls. 

The hard capsule consists of two sections, one slipping 
over the other, completely surrounding the medicine. 
Its shape is illustrated in Fig. 462. These capsules are 
filled either by introducing the powdered material into 
the longer end or base of the capsule and then slipping 
on the cap or by massing the material and rolling it into 
elongated pills for insertion into the capsules. Hard 
capsules are made largely from gelatin and sugar, the 
U.S. Pharmacopeeia permitting gelatin for this pur- 
pose to contain 0.15 per cent of sulfur dioxide to pre- 
vent decomposition during manufacture. They are 
made by very complicated and expensive machinery. 
Manganese bronze pins, set in plates, each plate carry- 
ing from 200 to 500 pins, are dipped into the gelatin 
solution, which must be maintained at a uniform tem- 
perature and of an exact degree of fluidity. If the gela- 
tin solution varies in thickness, it will correspondingly 
decrease or increase the thickness of the capsule. This 
is serious, since a variation of not more than one one- 
thousandth of an inch is sufficient to make either a 
loose or a tight joint. When the pins have been with- 
drawn from the gelatin solution, they are thoroughly 
dried in closets through which a strong blast of filtered 
air with controlled humidity is forced. Then each cap- 
sule is trimmed to give it uniform length and the finished 
product is finally stripped from the pins and assembled, 
the entire process being mechanical. Fig. 463 illustrates 
the capsule-making machine installed in the capsule 
manufacturing plant of Eli Lilly and Co. 

The soft elastic capsule is a soft globular shell of 
gelatin containing sufficient glycerin to retain perma- 
nent flexibility. As obtained commercially, these shells 
are hermetically sealed to prevent the walls from collaps- 
ing. The end which is to be opened for filling is elon- 
gated so that when it is cut off sufficient gelatin is pro- 
vided for the sealing. Soft elastic capsules are intended 
primarily for the administration of oily liquids. 


A third form of gelatin capsules is known as pearls. 
These are also used for oily liquids, although oecasion- 
ally solid constituents are inserted into each pearl with 
the oil. Pearls are made only by the pharmaceutical 
manufacturer. 

Sizes of Capsules—Capsules of all kinds are supplied 
in a variety of sizes. The hard, empty capsules (Fig. 
462) are numbered from 000, the largest size usually 
employed in prescription filling, to No. 5, which is the 
smallest. Larger sizes are obtainable for use in veteri- 
nary medicine. In Fig. 462 the approximate capacity 
in grains of the capsules from number 000 to number 5 
is indicated, although this will vary because of the dif- 
ferent densities of many substances used in medicine. 
The number 5 capsule in the illustration shows the base 
(A) and the cap (C) separated. 

It is usually necessary for the dispenser to determine 
the size of the capsule needed for a given prescription 
through a test, although the skilled dispenser, having 
calculated the weight of the material to compose a 
single capsule, will often select the correct size immedi- 
ately. If the material is powdered, the test will consist 
of the filling of the base of a capsule which is believed to 
be the correct size, and closing it. It.is then placed 
upon one of the scale pans and an empty capsule and the 
desired weights are placed on the opposite pan. If the 
material in the capsule proves to be too heavy, a smaller 
size capsule must be taken and the test repeated. If 
the filled capsule is light, it is possible that more can be 
forced into it by increasing the pressure or, if necessary, 
some of the material may be placed in the cap. This, 
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Fig. 463—Capsule manufacturing machinery (courtesy Eli Lilly and Co.). — 


however, is not desirable, as it tends to decrease the ac- 
curacy of subdivision and it is much better to select 
another size, the base of which will exactly hold the 
correct quantity. No more accurate measure could be 
devised than the base of an empty capsule, as it is accu- 
rate to at least the one one-thousandth of an inch and a 
fairly uniform pressure can be applied. With even this 
assurance, in prescription filling it is wise to drop each 
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filled capsule on the seale to check its weight, as the pre- 
scription pharmacist should maintain the highest pos- 
sible degree of accuracy in his professional work. 


FILLING OF CAPSULES 


Whenever possible the material to be filled into cap- 
sules should be powdered. When the prescription con- 
tains an enzyme or glandular product, the mixture must 
never be moistened. Sometimes the nature of the in- 
gredients necessitates the massing of the mixture before 
encapsulating. If this is done skillfully, it enables the 
pharmacist to fill the capsules rapidly without con- 
taminating their external surfaces. 

Filling Hard Capsules by Hand—Emphasis should be 
placed upon taking special precautions for cleanliness in 
filling capsules and in the preparation of all other dosage 
forms of medication. Clean hands, a clean counter 
and apparatus, and scrupulous personal cleanliness are 
essential elements in the development of a successful 
professional pharmacy. When filling capsules on pre- 
scriptions, the usual plan is to mix the ingredients by 
trituration, reducing all to a fine and uniform powder. 

_ The principles and methods described on page 129 for 
the uniform distribution of an active medicinal sub- 
stance in a powder mixture, apply with equal force to 
capsule filling. Granular powders do not readily pack 
in a capsule and crystalline substances, especially those 
which consist of a mass of filament-like crystals as the 
quinine salts, are not easily fitted into capsules unless 
powdered. 

Usually the powder is placed upon paper and flat- 
tened with a spatula so that the stratum of powder is 
not greater than about one-third the length of the cap- 
sule which is being filled. This avoids the soiling of the 
fingers and incidentally the soiling of the capsule. 


I Fig, 464—Reveno capsule cleaner. 


The capsule having been selected so that it will hold 
the required weight in the base, as already described, 
the cap is removed, held in the left hand, and the larger 
end pressed into the powder, repeatedly, until it is filled. 
The cap is then slipped into place and the weight tested. 
Many prescriptionists find it possible to hold two, three, 
or even more capsules in the hand at one time, removing 
the caps with the other hand, filling the bases at one 
operation and replacing the caps. This greatly in- 
creases the rapidity of filling. In filling the capsule the 
spatula is often helpful, especially in pushing in the last 
few grains of material. If each capsule has not been 
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weighed, there is likely to be an excess or a shortage of 
material when the specified number of capsules have 
been packed. This condition, of course, must be ad- 
justed before checking the prescription. The fact that 
this will occur when individual capsules are not weighed 
emphasizes the importance of adopting weighing as a 
routine procedure. No matter how carefully the cap- 


 — 
Ni. ay) 
Fig. 465—Sharp and Dohme capsule filler. 


sule has been filled it should be wiped with clean gauze 
or with soft face tissue which is now inexpensive and 
readily obtained. Capsules may also be cleaned by 
shaking them with finely granulated sugar, and after- 
wards wiping them with tissue. 

A very ingeneous device is now available as an aid to 
the prescription pharmacist when filling capsules by 
hand (see Fig. 464). It was designed and is sold by 
R. Robert Reveno of Philadelphia. As the illustration 
shows, the capsules as filled are dropped into one of the 
rounded parallel troughs. The number of capsules can 
be checked at a glance and, when all are filled, the opera- 
tor places a fresh piece of cleansing tissue over the hand 
and rolls the capsules back and forth on the trough until 
they are clean. The clean capsules can then be trans- 
ferred to the dispensing box or bottle by tilting the 
apparatus and sliding them off the open end. 

Filling of Hard Capsules with Hand Machines—Fig. 
465 illustrates a capsule filling machine for the hand- 
filling of capsules which was formerly supplied by 
Sharp and Dohme. Although this machine has not 
been manufactured for many years, the older, well- 
equipped professional pharmacies still find this an 
indispensable piece of apparatus and some pharmaceuti- 
cal manufacturers use it for small-scale production of 
specialty items. The entire capsules are placed in the 
machine by hand, the lower plate carrying a clamp 
which holds the bases and makes it possible to remove 
and replace the caps mechanically. 

The plate holding the capsule bases is perforated for 
three sizes, those most frequently used at the prescrip- 
tion counter, making a very useful apparatus for filling 
capsules, especially those for stock. The mixture is 
packed in the bases, the degree of accuracy depending 
upon the selection of the size and the amount of pres- 
sure applied in packing. 

A dozen or two capsules can be filled by hand more 
rapidly and accurately than with a machine but for 
larger quantities, now frequently prepared in a phar- 
macy, the 8. and D. machine is very valuable, and me- 
chanically the best hand machine ever offered. 

Many other mechanical aids for filling capsules by 
hand have been offered in the past and are described in 
earlier editions of Remin@ron’s PRACTICE OF PHAR- 
macy. Of these the Ihrig capsule filler (Fig. 466), 
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while no longer obtainable, is still extensively used and 
is therefore described. It consists of a stationary base 
with a square, polished, movable table containing per- 
forations for holding the empty capsules; the table is 
raised and lowered by a thumbscrew. ‘The perforations 
are arranged in fields of sixty each for five sizes of cap- 


Fig. 466—Ihrig capsule filler. 


sules, and of fifty-six each for two sizes of capsules. 
The lower portion of the capsule should rest on the base 
at the beginning of the filling process, and the upper 
plate raised so that the top of the capsule is slightly be- 
low the surface of the upper plate. A metal beveled 
square is next placed in proper position so as to exclude 
the perforations not in use; the powder is then distrib- 
uted over the capsules and pressed down by means 
of a metallic triple punch. When this has been done, 
the upper plate is lowered by turning the thumbscrew, 
the caps put in place, and the capsules after cleaning, 
are finished. 


Fig. 467—Colton capsule filler. 


Numerous other devices have been used for capsule 
filling on a large scale; they are usually operated upon 
the principles already explained. In the Colton Cap- 
sule fillers one machine is semi-automatic, the operator 
removing and replacing the caps. Another machine of 
Colton (Fig. 467) automatically removes the caps, 
presses the bases into the powder repeatedly, until filled, 
replaces the cap, and finally cleans the outside of the 
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capsule. This machine will fill about 20,000 capsules 
per working day. Colton has also perfected a capsule- 
filling machine which will fill from 70,000 to 90,000 cap- 
sules per working day. This machine is obtainable 
only on a royalty basis. ‘ 

Fig. 468 illustrates the machine used by Sharp and 
Dohme for filling their capsules. 

Liquids in Hard Capsules—Hard capsules may also 
be filled with oils, this being the most frequent practice 
at the prescription counter when such liquids are pre- 
scribed. They are usually filled with the help of a medi- 
cine dropper, care being taken to avoid soiling the out- 
side of the capsule. As a specific number of minims 
are usually specified as the content of each capsule, the 
first step is to determine the equivalent number of drops. 
This is done by dropping the liquid from the dropper to 
be used, into a minim graduate, counting the drops 
which are equal to the corresponding minims. The cap 
is then removed, the number of drops of liquid intro-. 


Fig. 468—Capsule filling machine (courtesy Sharpe & Dohme). 


duced into the base, while holding it in the hand, and 
the cap must then be immediately replaced but in such 
a manner as to seal the capsule. In sealing hard cap- 
sules, which have thus been filled with liquids, the cap 
should be pressed upon a small mass of absorbent cotton 
in a pan or dish, the cotton being saturated with water 
of boiling temperature or with diluted aleohol. The 
cap, when placed upon the base of the capsule, must be 
given a quick rotary motion until it adheres. Care 
must be taken to avoid an excess of water or moistening 
it beyond about one-eighth of its length, else the cap 
will collapse. It should be remembered that gelatin is 
not soluble in cold water and therefore imperfect sealing 
may result if hot water is not used. 

Hard capsules are preferably dispensed in screw cap 
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vials, of which there is a large variety available (Fig. 425, 
page 282, and Fig. 469). They may also be dispensed 
in pill boxes (page 11638). 

Soft Elastic Capsules—Empty soft elastic capsules 
are made in much the same manner as hard capsules for 
extemporaneous filling by the pharmacist. To fill, cut 
off the elongated end and 
insert the liquid with a 
medicine dropper, avoid- 
ing the soiling of the edge. 
Finally seal the aperture 
with a hot gelatin solu- 
tion which must possess 
definite characteristics 
‘to prove satisfactory. If 
the melted tips do not 
supply enough _ sealing 
solution use the following 
formula: gelatin (best grade), 10 pounds; acacia, 1 
pound; glycerin, 1 gallon; water, 2 gallons. Heat the 
mixture on a water bath for 12 hours , maintaining the 
consistency by the addition of water as required. 

Plate Process—On a large scale soft elastic capsules 
are also made by the plate process. A set of molds is 
shown in Fig. 470. A warm sheet of prepared gelatin 
is laid over the lower plate and the liquid is poured upon 
it. A second sheet of gelatin is carefully put in place 
and this is followed by the top plate of the mold. The 
set is placed under a press where pressure is applied to 
form the capsules which are then washed with a volatile 
solvent to remove any traces of oil from the exterior. 

Rotary Die Process—In 1933 the Rotary Die process 
for soft elastic capsules was perfected by Robert P. 
Scherer of the Gelatin Products Division, R. P. Scherer 
Corporation, of Detroit, Michigan (Fig. 471). This 
process made it possible to improve the standards of ac- 
curacy and uniformity of elastic gelatin capsules and 
globules. 

The Rotary Die machine is a self-contained unit ca- 
pable of continuously and automatically producing fin- 
ished capsules from a supply of gelatin mass and filling 
material. Two continuous gelatin ribbons which the 
machine forms are brought into convergence between 
a pair of revolving dies and an injection wedge. Accu- 
rate filling under pressure and sealing of the capsule 
wall occur as dual and coincident operations each deli- 
cately timed against the other. Sealing also severs the 
completed capsules from the net. The principle of 
operation is shown in Fig. 472. 


Fig. 469—Screw cap vials. 


Fig. 470—Soft elastic capsule molds for plate process. 


By this process the content of each capsule is meas- 
ured individually by the single stroke of a pump so 
accurately constructed that plunger travel of 0.025 inch 
will deliver 1 minim (apothecary). The Scherer ma- 
chine contains banks of pumps so arranged that many 
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capsules may be formed and filled simultaneously. All 
pumps are engineered to extremely small mechanical 
tolerances and to an extremely high degree of precision 
and similarity. All operations are controlled on a 
weight basis by actual periodic check with a group of 
analytical balances and individual net fill weights of 
capsules resulting from large-scale production vary no 
more than about +1 mg. from theory. The large 
losses of very valuable material and the grave inaccura- 
cies previously suffered in manufacture of soft, elastic 
capsules by the plate process are avoided. 

The Rotary Die Process makes it possible to capsu- 
late heavy materials such as ointments and pastes. In 
this manner solids such as quinine, etc., can be milled 


Fig. 471—Details of the Scherer rotary die capsule machine. 


with a vehicle and filled into capsules. Where it is de- 
sirable to have a high degree of accuracy and a her- 
metically sealed product this form of enclosure is 
ideally suited. 

The Scherer Rotary Die Process has very wide adapt- 
ability, as evidenced by its production of collapsible 
tubes and containers of many shapes and sizes appli- 
cable to the packaging of food concentrates and cos- 
metics, as well as pharmaceuticals and, in addition, 
the preparation of many technical items such as dropper 
tubes, lighter fluid tubes, suppositories, food flavorings, 
golf ball centers, smoke-producing materials 
for toy locomotives, detergents, bactericides, 
and insecticides. 

The R. P. Scherer Corporation, with its 
extensive Research and Control Laboratories, 
is constantly finding new applications of the 
Rotary Die Process. Through laboratory 
research and the technical nicety of laboratory 
control coupled with extensive production facil- 
ities the corporation now produces generally 
over 10,000,000 capsules daily in the United 
States alone and extensive facilities of the same 
type have been in operation for many years in 
both Canada and England. 

The Gelatin Products Co. has also perfected 
equipment whereby products containing vita- 
min A can be encapsulated in an atmosphere of carbon 
dioxide so as to avoid oxidation of the vitamin. In- 
gredients are also incorporated into the gelatin to exclude 
destructive light rays. 

Enteric Capsules—There has been considerable de- 
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mand in recent years for capsules which will not dissolve 
in the stomach but which will deliver their medication 
in the intestinal tract. Salol has been applied by the 
dish or flask method, in the manner described under 
pill coating (page 1299), but greater care is necessary to 
secure a complete coating, especially on the ends of the 
capsules. The capsules being flexible and the coating 
very brittle, it is necessary to handle them with care to 
avoid cr% wcking off the coating, and in dispensing it is 
best to pack them in cotton in a box or vial. 

Another form is the so-called glutoid capsules. These 
are prepared by subjecting hard or soft capsules, con- 
taining the medication and carefully sealed, to the ac- 
tion of formaldehyde until they become insoluble in 
the stomach, but retain their solubility in the intestine. 


Excessive treatment will render them completely in- . 


soluble, and it has also been shown that the action of 
formaldehyde on gelatin is progressive, so that capsules 
so treated are apt to lose their solubility if kept too long. 
Scoville suggests their immersion for exactly thirty 
seconds in a one per cent solution of formaldehyde, dry- 
ing, and holding for two weeks to allow the formalde- 
hyde to act upon the gelatin, before dispensing. Such 


Fig. 472— Diagrammatic sketch of rotary die soft elastic capsule filler. 


capsules have been found to remain enteric for at least 
a year, but if treated with stronger solutions or for a 
longer time, they soon become insoluble. This process 
is not adaptable for capsules to be kept in stock longer 
than a few weeks. Capsules so treated should not dis- 
solve within three hours when immersed in a 0.5 per 
cent solution of hydrochloric acid containing a little 
pepsin, the temperature being maintained between 
37° and 38° C., but after resisting the above treatment 
they should dissolve within five hours when digested in 
a 0.5 per cent solution of monohydrated sodium carbon- 
ate, maintained at the above temperature. 

During the last few years many studies have been 
made of enteric coatings. Most investigations have con- 
demned keratin coatings but Bukey and Rhodes! report 
that of two keratin-coated tablets supplied by manufac- 
turers, one failed entirely as an enteric coating, all tab- 
lets dissolving in the stomach as shown by X-ray pic- 
tures, while the second lot from a different manufacturer 
were 80.95 per cent efficient. 

In this same study they found a shellac coating, ap- 


1 Bukey, F. S., and Rhodes, Phyllis, Jour. A. Ph. A., 24 567 (1935). 


plied by another manufacturer, to have no value for 
enteric medication. A commercial salol-resin mixture 
was 63 per cent efficient while a salol-shellac mixture 
averaged about 50 per cent efficiency. 

Later Bukey and Bliven? reported that less than 10. 
per cent of the salol coatings which they tried proved to 
be enteric. Other workers had also condemned salol 
coating so that the consensus of opinion today seems 
to be that it is of little or no value for enteric uses. 

It is interesting to observe that in the above report 
some keratin coatings were worthless while others were 
perfect. It is equally important to record that while 
shellac coating is condemned by Bukey and Rhodes, in 
an extensive but unpublished study at the Philadelphia 
College of Pharmacy and Science it was demonstrated, 
and thoroughly checked by X-ray tests, covering several 
years, that a sufficient coating of white, arsenic-free 
shellac gave almost perfect results as an enteric coating. 

If too lightly coated the capsules disintegrate in the- 
stomach and if too heavily coated they pass through the 
alimentary tract without dissolving. 

It is evident that the subject requires additional 
study. See also the chapter on ‘The Coating of Tab- 
lets and Pills’ (page 1299). 

In testing the efficiency of processes for rendering 
capsules or pills enteric, the use of a fluoroscope or an 
X-ray machine is necessary to determine what has hap- 
pened. If the pill or capsule has been made from barium 
sulfate or bismuth subnitrate, it can readily be seen in 
the alimentary tract and its location determined if it 
has not disintegrated. For a further discussion see~ 
“The Manufacturing of Tablets” (page 1286). 

Liquefaction of Medication in Capsules—If sub- 
stances which liquefy when mixed are placed in capsules 
without special treatment, the capsules may collapse. 
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English Title 
Ammonium Chloride Cap- 
sules 
Concentrated Oleovitamin 
A and D Capsules 
Diethylstilbestrol Capsules 
Digitalis Capsules 
Diphenylhydantoin Sodium 
Capsules 
Ferric Ammonium Citrate 
Capsules 
Halibut Liver Oil Capsules 
Hexavitamin Capsules 
Methacholine Chloride Cap- 
sules 
Oleovitamin A Capsules 
Pentobarbital Sodium Cap- 


sules 
Tetrachloroethylene 
sules 
Theobromine and Sodium 
Acetate Capsules 
Totaquine Capsules 
Triasyn B Capsules 


Cap- 


Latin Title 
Capsule: Ammonii Chloridi 


Capsule Oleovitamine A et 
D Concentrate 

Capsule Diethylstilbestrolis— 

Capsule Digitalis 

Capsule — Diphenylhydan- 
toini Sodici 

Capsule Ferri Ammonii Ci- 
tratis 

Capsule Olei Hippoglossi 

Capsule Hexavitaminarum 

Capsule Methacholinz 
Chloridi 

Capsule Oleovitame A 

Capsule Pentobarbitali So- 


dici 
Capsule Tetrachloroethyl- 


eni 

Capsule Theobromine et 
Sodii Acetatis 

Capsule Totaquins 

Capsule Triasyni B 
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Carbon Tetrachloride Cap- 
sules 
Castor Oil Capsules 
Chenopodium Oil Capsules _ 
Ephedrine Sulfate and 
Phenobarbital Capsules 
Ephedrine Sulfate Capsules 
Quinine Sulfate Capsules 
Reduced Iron Capsules 
Saccharated Ferrous Car- 
bonate Capsules 
Stramonium Capsules 


2 Bukey, F. S., and Bliven, C, W., 


Capsule Carbonei Tetra- 
chloridi 
Capsule Olei Ricini 
Capsule Olei Chenopodii 
Capsule Ephedrine  Sul- 
fatis et Phenobarbitalis 
Capsule Ephedrine Sulfatis 
Capsule Quinine Sulfatis 
Capsule Ferri Reducti 
Capsule Ferri 
Saccharatis 
Capsule Stramonii 


nr, A. Ph. A., 25, 119 (1936), Bor 
other references see Jour. A. Ph. “Ale ee “192 (1936). 
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and the medicine cannot be used.. The same type of 
treatment with an absorbent powder should be used as 
is described under powders (page 282). This will usually 
prevent complications. 

Colors in Capsules—In recent years, in addition to 
the transparent, colorless hard capsule, manufacturers 
have been making capsules in various colors, such as 
pink, green, reddish brown, blue, yellow, and black. 
However, of this group, the pink capsule is the only one 
available to pharmacists and many stores carry a com- 
plete stock which they use on prescriptions where cap- 
sules have been prescribed twice for an individual, or 
possibly two persons in the same family may be using 
capsule medication. The pink capsule offers a quick 
and sure method of distinction. If they should be used, 
it is important to note the fact on the prescription, and 
it is equally important to mark the size, so that in case 
of a renewal the refilled prescription will duplicate the 
original. The other colors have been used chiefly by 
the manufacturers to give some specialty a distinctive 
appearance. Titanium dioxide is added to gelatin to 
form white capsules. 


Cachets 


Cachets, also known as Konseals, Wafer Capsules, 
Capsule Amylacee, Chartule Amylacex, or Cachets de 
Pain, are small edible containers used for 
the internal administration of powdered 
drugs. They vary in size from 34 to 114 
inches in diameter and consist of two 
concave pieces of wafer made of flour and 
water. After one section is filled with 
the prescribed quantity of medicinal 


> agents, they are tightly sealed by moisten- 
OD ing the margins and pressing firmly 
together. When moistened with water, 
their character is entirely changed; they 
become, soft, elastic, and slippery. Hence, 
d they may be easily swallowed by floating 
Fig. 473—Bot- 
tles for sealing them on water. 
cacnets. 


The credit for bringing the cachet into 

use belongs to Limousin, of Paris. Waters 
had been in use many years., Wafer sheet is made by 
pouring a mixture of flour and water upon hot greased 
plates, or between two hot, polished, revolving cylinders 
separated at a proper distance, so that the water is 
evaporated and a sheet of wafer produced. 

The properties of wafer sheet admirably fit it for ad- 
ministering nauseous powders. When dry, it is in non- 
adhesive, stiff, somewhat brittle sheets, slightly thicker 
than ordinary cardboard. It is tasteless, and harmless 
when taken into the stomach. When moistened with 
water, its character is entirely changed; it becomes soft, 
elastic, and slippery. Powders may be administered by 
Kollme’s method, by floating a piece of wafer sheet 
upon water, and, when thoroughly softened, passing a 
tablespoon underneath and lifting it out, then depositing 
the powder in the center and folding over the corners so 
as to enclose it thoroughly. If water is then poured into 
the spoon, the concealed powder may be swallowed with- 
out any dlisagreeable taste being perceived. 

Cachets have replaced these less efficient methods. 
They are lenticular or spoon-shaped disks of wafer sheet, 
of various sizes. The powder is deposited in the dry 
cachet, and the margin is moistened with water. An 
empty cachet of exactly the same size is placed on top, 
with the convexity upward, and pressure is made upon 
the margin, with the effect of tightly sealing the cachet 
and enveloping the powder. While elaborate apparatus 
has been devised to effect the sealing of the cachets, 
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the simplest method upon the small scale is as follows: 
Two bottles are provided (a one-ounce wide-mouthed 
bottle for the middle sized cachet answers very well). 
One of the cachets is placed upon the lip of one bottle, 
and the powder is carefully deposited in the center 
without soiling the outside edge. The margin of an 


Fig. 474—Konseal apparatus. 


empty cachet of the same size is then moistened by 
quickly passing it over a piece of wet felt, or it is pressed 
into a second bottle until held firmly and then inverted 
upon a piece of moistened filter paper. It is then laid 
upon the cachet containing the powder and the lip of 
the other bottle is applied to the cachet with sufficient 
pressure to seal it effectually. The position of the 
bottles is shown in Fig. 473. 

The name konseals was adopted by J. M. Grosvenor 
and Company, of Boston, as shorter and better adapted 
for prescription use than ‘“‘Morstadt’s Cachets” which was 
their original name, having been developed by Karl 
Morstadt, of Prague, Austria. 

Konseals are made of thinner 
material than ordinary cachets, 
the finished konseal is less bulky, 
0 and it is neater in appearance. 

An excellent apparatus for dis- 
pensing konseals is made by the 
Grosvenor Company. It is very 
substantial, and consists of three 
nickeled metal plates hinged to- 
gether as shown in Fig. 474. 

The saucer-shaped konseals, 
illustrated in exact sizes in Fig. 
475, are pressed with the fingers 
into the inner circles of plate EH, 
and also into those on plate A; 
plate C is then laid upon plate £, 
and the medicated powder 
droppedthrough the holes into the 
konseal. Large doses may be pressed with a thimble 
furnished for the purpose, and thus smaller konseals 
may be used than are possible in ordinary apparatus. 

When the konseals are filled, the filling plate is lifted 
and a dampening roller passed over the edges of the 
empty konseal in plate A. The plate is then closed 
over the bottom plate, and a slight pressure seals the 
konseal. When the apparatus is opened, the filled kon- 
seals may be easily removed by gently pushing out each 
one with the finger. 
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Fig. 475—Konseals (exact 
size). 
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Pills 


Pills are small, solid bodies, of a globular, ovoid, or 
lenticular shape, which are intended to be swallowed 
and thereby produce medicinal action. Pills, once the 
most extensively used form of medication, have today 
been largely replaced by compressed tablets and cap- 
sules. Substances which are bitter or unpleasant to the 
taste, if not corrosive or deliquescent, can be adminis- 
tered in this form if the dose is not too large. The ease 
and rapidity with which pills can be administered, the 
length of time during which they retain their original 
activity, their compact form, and the absence of un- 
pleasant taste when coated, are the principal reasons for 
their use. 

The terms parvules and granules have been applied 
to small sugar-coated pills. Pellets, globules, or orbi- 
cules, are terms applied to small spheres of sugar, 
largely used in homeopathic medicine and usually satu- 
rated with an alcoholic tincture. A bolus is a large pill 
such as is used in veterinary medicine. 

Pill making was one of the ‘‘arts” of the old-time 
pharmacist but, as an extemporaneous process at the 
prescription counter, it is today greatly reduced in 
importance. Pills manufactured on the large scale by 
machines and the modern compressed tablets and cap- 
sules have largely replaced freshly made pills as a form 
of medication. The formulas of the U.S. P. and N. F. 
are largely introduced for the purpose of establishing 
standards of strength for many well-known pills. 

The N. F. has provided general directions to be fol- 
lowed in preparing the pills official in the Formulary, 
unless otherwise directed. 


General Directions for N. F. Pills—Triturate potent or liquid 
medicaments thoroughly with about an equal bulk of a mixture 
of the less potent, powdered ingredients. To this first triturate, 
aad the remainder of the mixed powders, in divided portions, 
triturating or mixing thoroughly after each addition to produce 
a uniform mixture. Then form a mass with the specified excipi- 
ent, and prepare the required number of pills of uniform size. 

When a pilular extract is used, soften it with a little diluted 
alcohol or distilled water, and use it as a potent medicament, if 
it be such; or if it be non-potent and in considerable quantity, 
use it as the excipient or associated with the excipient. 

When pills official in the N. F. are to be made with mechanical 
equipment, excipients other than those specified in the formula 
and harmless to the patient may be used, and the amounts of 
diluent may be varied to produce a mass best adapted for such 
equipment, provided the amounts of medicinal ingredients per 
pill are not changed. 

A suitable coating for any specific purpose may be applied to 
any of the official pills, provided the coating will disintegrate in 
the alimentary tract and is composed only of ingredients harmless 
to the patient. 


In order to give medicinal substances the requisite 
shape and consistency to form pills, they must be 
brought into a soft condition and made into a mass, 
generally with the aid of a volatile liquid. The subse- 
quent evaporation of this liquid, or a portion of it, 
should produce but little change in the form of the pill. 
Pill masses are sometimes kept in bulk and made into 
pills when occasion requires. By far the greatest num- 
ber, however, are made extemporaneously, and the exer- 
cise of the knowledge and perception which are neces- 
sary in selecting the proper substance to form the mass 
constitutes one of the duties of the pharmacist. To be 
able always to select the proper excipient requires a 
thorough knowledge of the physical properties of all of 
the articles of the materia medica which enter into the 
composition of pill masses. 

Forming the Mass—An extensive discussion of the 
qualities which should be possessed by a pill mass is 
presented below. To secure this condition there must 
be an application of the principles there fully described. 
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Among the most important factors is the selection of a 
suitable excipient (see page 315). Another essential 
condition for the proper making of a pill mass is the 
thorough kneading of the mass. On a small scale this 
is accomplished by the use of a mortar and a pestle. 

The operator grasps the pill pestle so 
that the pestle head rests in the palm of 
the hand. It must be a short pill pestle 
with a flat head (Fig. 476). He then 
raises the pestle but rests it against the flat 
side of the mortar. By throwing his 
weight upon the pestle, which, of course, 
is resting on the mass, the pestle is 
caused to slide into the mortar but at the 
same time the mortar’s edge is used as a 
fulerum. This rends and twists the mass. 
By throwing the elbow as far as possible 
from the body and drawing it to the body 
as the pressure is applied to the pestle, a 
twisting motion is added which still 
further assists in kneading the mass. 
This is repeated until the proper degree of 
plasticity is attained. It is necessary, of 
course, to use the correct amount of the 
appropriate excipient to secure this end. 
The excipient should always be added 
slowly, and completely worked into the 
mass before an additional amount is used. 
Frequently the first amount does not 
appear to be sufficient, simply because it 
has not been thoroughly incorporated. 

In making masses upon the large scale, mechanical 
contrivances are necessary to secure a thorough admix- 
ture of the various ingredients. The first treatment is 
with a powerful mixer which thoroughly kneads the mass 
and incorporates the excipient. For final kneading, to 
secure the proper consistency the mass is then passed 
repeatedly through two smooth iron rollers, geared so 
that they may be made to approach or recede from each 
other, revolving in opposite directions and at slightly 
different rates of speed. These rollers may be hollow, 
so that steam can be introduced inside and thus heat 
them (some masses require such treatment). Fig. 477 
illustrates Colton’s pill mass mixer. This is made of 
iron and steel, and is capable of kneading a stiff mass. 

Two steel rollers, which can be set to revolve at proper 
distances, are secured to a strong iron frame. The 


Fig. 476—Pill 
pestle. 


Fig. 477—Pill mass rollers. 


operator places the moistened materials that are to be 
mixed between the rollers, and by continually returning 
the mass which drops below, it is thoroughly kneaded. 
Another form of mixer made by the J. H. Day Company 
is shown on page 1295. 

Characteristics of the Mass—The mass consists of 
two parts: 1. The active ingredients. 2. The ex- 
cipient, or the substance used to:form the mass and give 
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it the proper consistence. 
of a pill mass are: 
3. Plasticity. 

1. Adhesiveness—The mass must be sufficiently 
adhesive to retain its shape and yet be soft enough to be 
worked by the fingers or suitable apparatus into the 
desired form. To enable it to possess adhesiveness, a 
liquid is usually added to the powdered ingredients, and 
the selection of this liquid must always depend upon 
the physical character of the ingredients; in many 
cases the ingredients possess sufficient adhesiveness in 
themselves if they are moistened with water, and hence 
the quality is only developed, not created, as in the ease 
of powders containing extracts; others, again, are 
totally devoid of adhesiveness, and sticky substances, 
like gum, sugar, etc., must be added in sufficient quan- 
tity to supply the deficiency. Some substances may be 
made soft and adhesive by simply heating them, and 
ahey. regain their original condition when allowed to 
cool. 

2. Firmness—The mass must possess sufficient firm- 
ness to permit the pills to retain their shape. The condi- 
tion of adhesiveness is usually dependent upon the addi- 
tion of a liquid which dissolves a small portion of the 
solid ingredients, and this solution is adhesive enough to 
enable the mass to be made; but if too much liquid is 
added, the quality of firmness will be lost, and the pills 
either cannot be formed at all, or will subsequently run 
together in the box. The physical properties of the 
active ingredients of the pill must be thoroughly under- 
stood to judge the proper quantity and kind of excipient 
to be used to give adhesiveness without losing firmness. 
The following general rule may serve to guide the opera- 
tor: Never employ an excipient alone which is a perfect 
solvent for the solid substances. For instance, water 
should not be used alone for making pills of the soluble 
sealed iron salts; for, although the pills may apparently 
be firm enough when dispensed, they will be very apt in 
warm weather to run together in the box. If sufficient 
acacia is used with the water, they can be made to retain 
their shape. 

3. Plasticity—The condition of plasticity is a natu- 
ral result of the possession of a proper degree of adhe- 
siveness and firmness. Many substances may be 
formed into a mass which will be either adhesive or 
firm, but unless these conditions are properly balanced, 
so that the mass can be quickly and easily formed into 
pills which will retain their shape without flattening, 
they cannot be made successfully. Plasticity can gen- 
erally be secured by thoroughly working or kneading 
the mass. The choice of excipient is usually left to the 
pharmacist, and in making the selection care should be 
taken that, while the pharmaceutical requirements are 
fulfilled, the proper solubility or-disintegrability of the 
pill in the stomach is not lost sight of. 

Choice of the Excipient—An examination of the fol- 
lowing list of excipients will probably convey a good 
idea of their uses. They are divided into two classes, 
liquid and solid. Liquid excipients are generally pre- 
ferred, because they are more conveniently added to the 
powders: 


The essential requirements 
1... Adhesiveness. 2. Firmness. 


Liquid Excipients 


Water Used only when the ingredients of the pill possess 
sufficient adhesiveness to be developed by the 
water. 

Syrup An excellent excipient when more adhesiveness 


is needed than can be afforded by the use of 
water. F 

Better than syrup, because it is more adhesive, 
and can be used in smaller quantity. The 
objection to its use is that the pills made with 
it are apt to become very hard; and in some 


Syrup of Acacia 
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cases they may be practically insoluble in the 
liquids of the stomach. This excipient is ad- 
mirably suited to the extemporaneous making 
of white pills of such alkaloids as strychnine 
sulfate. If the active ingredient is mixed 
with a small quantity of lactose it is possible 
to make a small firm pill which can be dis- 
pensed even within a short time, without ad- 
hering. 

More adhesive than any of the preceding, but 
open to the same objection as syrup of acacia. 

Somewhat adhesive, but very valuable, because 
its hygroscopic properties prevent the pills 
made with it from becoming hard. It is rarely 
advisable to use it alone, however, as the sur- 
faces of the pills often acquire a dampness 
which attracts the particles of dusting powder. 

A very valuable excipient. It is colorless, very 
adhesive, and maintains the pill in a soft 
plastic condition. It is probably the best ex- 
cipient for most pills. 

May be used in place of glucose for dark colored 
masses as it has the same general qualifications 
as glucose. 

Possesses the merits of glycerin, with the adhe- 
siveness of the starch jelly. Its thick consist- 
ency is sometimes an inconvenience. 

Similar to glycerite of starch. Both of these 
glycerites find general use as excipients, 
especially the glycerite of tragacanth when 
adhesiveness is required. 

Suggested by Prof. J. P. Remington as possess- 
ing the advantages of being a colorless, perma- 
nent, very adhesive liquid composed of glu- 
cose, 4 0z. av.; glycerin, 1 oz. av.; acacia, 90 
grains; and benzoic acid, 1 grain. 

This is in the form of a plastic mass and serves 
as an excellent excipient. 


Mucilage of Acacia 


Glycerin 


Glucose 


Honey 
Glycerite of Starch 


Glycerite of 
Tragacanth 


General Excipient 


Yeast Extract 


Solid Excipients 


Useful when a small quantity of an active in- 
gredient is to be made into pills and dilution 
is necessary, as in pills of strychnine, podo- 
phyllin, ete. Its bulkiness is its principal dis- 
advantage for general work. 

Valuable for very powerful liquids, like croton 
oil, volatile oils, etc. 

A very valuable excipient for resinous sub- 
stances. It increases their solubility, and 
forms an excellent mass. 


Confection of Rose 


Crumb of Bread 
(Mica panis) 
Soap 


Excipients for Oxidizable Substances 


Valuable for oxidizable substances, such as silver 
nitrate, potassium permanganate, etc, 

Used for pills of potassium permanganate and 
similar substances. 

Used for oxidizable substances like the two pre- 
ceding excipients. If used judiciously a small 
quantity of petrolatum is a valuable aid in de- 
veloping and retaining the mass character in 
pills. Sometimes wax is added to harden the 
excipient. 


Rosin Cerate 
Cacao Butter 


Petrolatum 


In Fig. 478 a simple but effective excipient bottle is 


shown. It is made from a plain wide-mouthed bottle; 
H 
Fig. 478—Exci- 
pient bottle. Pig. 479—Pill tile. 


a piece of rubber or plastic, such as is used for making 
washers, is cut into a disk, slightly larger in diameter 
than the mouth of the bottle; a hole in the center per- 
mits the introduction of a round, slightly. tapering 
wooden rod, H, or, if preferred, a solid glass rod. It is 
obvious that as the excipient is used the rod may be 
slipped down so as always to dip into the excipient a 
certain distance, and thus the quantity adhering to the 
end can be easily adjusted. One of the merits of this 
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simple device is that all parts of it can be easily renewed 
and kept clean. 

Dividing the Mass—Upon the small seale a porcelain 
or glass pill tile may be used for’ this operation (Fig. 
479). Porcelain pill tiles are so smooth that the pill 


mass has a tendency to slip as it is rolled. A piece of 
paper placed on the tile will assist in giving traction 
when the mass is being rolled. A plate glass pill tile 
is now available and is far superior to those made from 
porcelain. A little over one-half of the surface is 


ground so that the pill cylinder will not slip. This 
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Fig. 481—Pill machine. 


[amass] 


Fig. 482—Pill fin- 


isher. 


480—Pill 
spatula, 


Fig. 


makes an excellent surface. The pill mass is placed 
upon the tile and rolled into a cylinder, preferably 
with a smooth, flat board. When the pill pipe has been 
rolled to the proper length, it is placed over the scale 
on the pill tile and the place to cut each pill is marked 
with a spatula, making only a slight depression in the 
mass. When the pills have all been marked, the pill 
pipe may be cut into the desired number of pills. If 
this plan is not followed and the individual pill cut 
without marking the others, the pill pipe will lose its 
shape and the resulting pills will be of varied sizes. The 
pieces of mass are now rolled into globular pills between 
the fingers, which have been scrupulously cleaned. 

Fig. 480 shows a pill spatula; it has very little 
“spring,” and the end is broad. It is useful in making a 
mass in a mortar. Ordinary steel ointment spatulas, 
which have the ends broken off or are otherwise in- 
jured, can often be cut with a file, the edge smoothed 
and made into serviceable pill spatulas. 

Pill Machines are preferred in making larger quanti- 
ties of pills. In pharmaceutical museums will be seen 
many older types of pill machines, showing their de- 
velopment, but the only one now obtainable is illus- 
trated in Fig. 481. It consists of two hardwood boards, 
one of which is encased in a metal frame (to prevent 
warping); a brass plate having hemispherical grooves 
is fastened to one end of the lower board, and a similar 
plate is adjusted to the upper board, which is furnished 
with handles at the end; brass guides are attached to 
the upper board, to cause the cutting surfaces of the 
grooves on both boards to correspond. The pill mass 
is rolled until it forms a uniform cylinder of the same 
height as the brass guides. It is then laid upon the 
grooves of the lower board, the upper board is applied 
so that the cutting surfaces correspond with those of the 
lower board, and, by a slight backward and forward 
motion, with downward pressure, the mass is divided 
and rolled into perfect pills. If the pill pipe is larger or 
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smaller in diameter than indicated above, the machine 
will not make finished pills but will only act as a pill 
cutter. In this capacity it provides a definite uniform- 
ity in the size of the pills which may not always be at- 
tainable where the pipe is cut with a spatula. 

When a smaller number of pills is needed than the full 
capacity of the cutters indicates, the cylinder is rolled 
out merely to the length necessary to make the desired 
quantity. Hach pill machine is constructed to make a 
specific size pill and is so marked. This may be 1, 2, or 
3 grain, or other sizes. When the pill to be made is the 
size for which the machine is intended, the skilled phar- 
ma¢ist can turn out perfect pills from the machine 
without shaping them with the hands. 

Dusting Powder—To prevent the pill cylinder from 
sticking to the board or tile, and to lessen the friction, 
an absorbent powder is sometimes dusted upon the sur- 
faces. This may be rice flour, powdered magnesium 


carbonate, lyeopodium, powdered althea, or powdered’ 


licorice root. Rice flour is preferable for white pills, 
because its presence is not easily recognized, and because 
the cylinder does not slip, as it usually does when lyco- 
podium is used. Dusting powders should never be used 
to the extent that they show on a finished pill. Careful 
manipulation of a pill mass will make it possible to obvi- 
ate this feature. 

Finishing the Pills—Many efforts have been made to 
supply effective mechanical devices for finishing pills, 
yet the pharmacist usually prefers to roll and finish them 
with his fingers. The type of finisher formerly used is 
illustrated in Fig. 482. Very much the same effect can 
be obtained by rolling pills under the lid of a round pill 
box or under a flat board. 


Fig. 483—Colton’s modern pill plant capable of producing 1,000,000 pills 
(2-grain) in 10 hours. 


In Fig. 483 is shown a machine for making pills, 


manufactured by Arthur Colton, of Detroit. It is, of 
course, complicated; but when the great number of 
operations that are required in making pills is consid- 
ered, the results achieved by this apparatus are remark- 
able. The illustration shows two machines; the one on 
the left, called the ball-making machine, makes the mass 
homogeneous, and delivers it covered with dusting pow- 
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der in the shape of balls into the hopper of the machine 
on the right, which is known as the automata. As each 
 ballis thus delivered to the piping belts of the automata, 
a series of operations immediately begins; as it rapidly 
advances through and toward its destination, it becomes 
elongated into a strip or pipe; it is rolled many hundred 
times about its own diameter, and a gentle pressure is 
given to it as it advances between the belts, sustained 
from two points of contact; when the pipe is finished, it 
will have passed through the entire pathway designed 
for piping, when it now drops onto revolving cutters, 
where it is divided into pieces of uniform size and 
weight; these pieces thus cut, drop into a chute, which 
conveys them to the entrance of the pill-rounding belts; 
when once drawn in, and between these belts, they are 
thoroughly rolled, each advancing forward, and by 
many hundreds side by side, as they go whirling through 
the automatic finisher; they are now hastened onward 
until they reach the separator, where a system of sorting 
is carried on, by which eventually the perfect pills are 
retained and the tailings are rejected. It is possible 
to make, with the No. 0 automatic pill machine, 
1,000,000 two-grain pills in ten hours’ time. 
Compressed Pills—Medicinal substances and mix- 
tures are now being compressed into hemispherical 
form on tablet machines and when coated resemble pills. 
See Chapter CVII, ‘The Manufacturing of Tablets.” 
Pulverous Pills—A form of pill known as pulverous or 
friable pills have been made in a standard coating pan 
(page 1300). No heat is required. As starters, either 
rape seed or homeopathic sugar granules are used. See 
page 1304. 
The starters are placed in the pan and an application 
of white paraffin oil is added; the powdered drug is 
then sifted or sprinkled on the 
oiled centers as they revolve. 
The powder adheres to the 
centers and successive applica- 
tions of oil and powdered drug 
are added until the pills are built 
up to the desired size. It is 
necessary during the process to 
remove the ‘pills from time to 
time and screen out the larger 
ones, putting back the smaller in 
the pan until they are all brought 
to an even size. The advantage 
of this pill is its ready disintegration, it consisting es- 
sentially of a coated mass of powder. 
All stock pills, however, are largely replaced today by 
compressed tablets and by machine-filled capsules. 
Dispensing Pills—Pills are usually dispensed in flat 
circular, or square boxes, which should be made so shal- 
low that the pills cannot lie on top of one another. 
Square pill boxes (Fig. 484) are preferred to round boxes 
for several reasons, the principal one being that a square 
label can be used. This can be trimmed more neatly 
and quickly than a round label, can be written upon by 
a typewriter more satisfactorily, and looks better. The 
use of the homeopathic vial, fitted with a screw top, is 
becoming so general for the dispensing of machine- 
made pills, tablets, and capsules that they are some- 
times employed for freshly made pills. This is espe- 
cially true of small granules, such as pills of strychnine 
sulfate. When dispensed in this way, the fresh pills 
must be dry and very firm so that they will not adhere. 


Fig. 484—Hinged-lid pill 
‘ box. 
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hee English Title Latin Title 
- Hexylresorcinol Pills Pilulee Hexylresorcinolis 


2 
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Aloe and Mastic Pills 


Aloe Pills 


Aloin, Belladonna, Cascara, 
and Podophyllum Pills 


Pilulee Aloes et Mastiches 

Pilulee Aloes 

Pilulee Aloini, Belladonns, 
Cascare, et Podophylli 


Aloin, Strychnine, and _ Pilule Aloini, Strychnine, et 
Belladonna Pills Belladonnee 

Aloin, Strychnine, Bella- Pilule Aloini, Strychnine, 
donna, and Cascara, Pills Belladonne, et Cascarze 

Aloin, Strychnine, Bella- Pilule Aloini, Strychnine, 


donna, and Ipecac Pills 


Asafetida Pills 


Compound Colocynth and 


Jalap Pills 


Compound Mild Mercurous 


Chloride Pills 


Ferrous Carbonate Pills 


Title 


Antiperiodic Pills N. F. 
V (Warburg’s Pills) 


Antiperiodie Pills with- 
out Aloe N. F. 


(Warburg’s Pills 
without Aloe) 
Chapman’s Dinner 
Pills N. F. IV 
Cole’s Dinner Pills 
N. F. IV 


Compound Pills of Aloe 
and Podophyllum 
N. F. V (Janeway’s 
Pills) 

Compound Pills of Al- 
oin N. F. V 


Hall’s Dinner 
N. F. IV 


Pills 


Pills of Aloe and Asa- 
fetida N. F. V 


Pills of Aloe and Iron 
IN De 


Pills of Aloe and Myrrh 
N. F. VII 


Pills of Aloe, Mercury 
and Podophyllum 
Neo He Ve eer riplex 
Jeu). c 

Pills of Digitalis, Squill 
and Mercury N. F. V 
(Guy’s Pills) 

Pills of Ferrous Iodide 
N. F. VII 
(Blancard’s Pills) 


Pills of Iron, Quinine, 
Aloe, and Nux Vom- 
ica N. F. V (Quadru- 
plex Pills) 


Pills of Iron, Quinine, 
Strychnine, and Ar- 
senic N. F. VII (Ait- 
ken’s Pills) 

Pills of Opium and 
Camphor N. F. V 


Pills of Opium and 
Lead N. F. V 


Pills of Opium, Digi- 
talis, and Quinine 
N. F. V (Niemeyer 
Pills for phthisis) 


Belladonne, et Ipecacuan- 
hee 

Pilule Asafoetidee 

Pilule Colocynthidis et Ja- 
lapz 

Pilule Hydrargyri Chloridi 
Mitis Composite 

Pilule Ferri Carbonatis 


Unofficial Pills 


Directions 


Prepare a mass from 13 Gm. of aloe, 3.2 
Gm. of rhubarb, 3.2 Gm. of angelica fruit, 
1.6 Gm. of inulin, 1.6 Gm. of saffron, 1.6 
Gm. of fennel, 0.8 Gm. of zedoary, 0.8 
Gm. of cubeb, 0.8 Gm. of myrrh, 0.8 Gm. 
of agaric, 0.8 Gm. of camphor, 9 Gm. of 
quinine sulfate, and sufficient extract of 
gentian to make 100 pills. 

Prepare as for antiperiodic pills but omit 
the aloe. 


Prepare a mass from 9.7 Gm. aloe, 9.7 Gm. 
mastic, 6.5 Gm. ipecac, and 1.5 ec. of 
fennel; divide into 100 pills. , 

Prepare a mass from 7.8 Gm. aloe, 7.8 Gm. 
mass of mercury, 7.8 Gm. jalap, and 0.13 
Gm. antimony and potassium tartrate; 
divide into 100 pills. 

Prepare a mass from 6.5 Gm. of aloe, 3.25 
Gm. of resin of podophyllum, 1.6 Gm. of 
extract of belladonna, and 1.6 Gm. of ex- 
tract of nux vomica; divide into 100 pills. 

Prepare a mass from 3,25 Gm. of aloin, 0.8 
Gm. of resin of podophyllum, 1.6 Gm. of 
perees of belladonna; divide into 100 
pills. 

Prepare a mass from 6.5 Gm. aloe, 6.5 Gm. 
extract of glycyrrhiza, and 6.5 Gm. soap; 
divide into 100 pills. 

Prepare a mass from 9 Gm. each of aloe, asa- 
fetida, and soap, using water; divide into 
100 pills. 

Prepare a mass from 7 Gm. each of aloe, 
exsiccated ferrous sulfate, and aromatic 
powder, using confection of rose; divide 
into 100 pills. 

Prepare 100 pills from 13 Gm. aloe, 6 Gm. 
myrrh, and 4 Gm. aromatic powder, using 
glucose. Dose: 2 pills. 

Prepare a mass from 13 Gm. of aloe, 6.5 Gm. 
mass of mercury, and 1.6 Gm. of resin of 
podophyllum; divide into 100 pills. 


Prepare a mass from 6.5 Gm. each of digi- 
talis, squill, and mass of mercury, using 
honey; divide into 100 pills. 

Add 6 ce. distilled water to 4 Gm. reduced 
iron, and gradually add 5 Gm. of iodine. 
Stir until reddish tint disappears and add 
4 Gm. of powdered glycyrrhiza, 4 Gm. 
powdered sucrose, 1 Gm. extract gly- 
eyrrhiza, and 1Gm. acacia. Evaporate to 
pilular consistency and divide into 100 
pills. Dose: 2 pills. 

Prepare a mass from 6.5 Gm. each of exsic- 
cated ferrous sulfate, quinine sulfate and 
aloe, 1.6 Gm. of extract of nux vomica, 
and sufficient extract of gentian to make 
100 pills. 

Prepare 100 pills from 4.5 Gm. reduced iron, 
6.5 Gm. quinine sulfate, 0.13 Gm. strych- 
nine, and 0.13 Gm. arsenic trioxide, using 
glucose. Dose: 1 pill. 

Prepare a mass from 6.5 Gm. of powdered 
opium, 13 Gm. of camphor, and sufficient 
honey to make 100 pills. 

Prepare a mass from 6.5 Gm. of powdered 
opium, and 6.5 Gm. of lead acetate with 
sufficient honey to make 100 pills. 

Prepare a mass from 1 Gm. of powdered 
opium, 6.5 Gm. of powdered digitalis, 6.5 
Gm. of quinine sulfate, and sufficient 
honey to make 100 pills. 
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Pills of Phosphorus Dissolve 0.06 Gm. of phosphorus in 5 cc. of 
LOS ee chloroform, with gentle heat, replacing 


the evaporated chloroform. Mix 6 Gm. 
of powdered althea and 3 Gm. of pow- 
dered acacia in a mortar, add the phos- 
phorus solution and mix and immediately 
mass with glycerin, 2 parts, water, 1 part; 
divide into 100 pills and coat these with 
an ethereal solution of tolu. 

Prepare a mass from 20 Gm. of powdered 
rhubarb, 6 Gm. of soap, and sufficient 
water to make 100 pills. 

Prepare 100 pills from 13 Gm. rhubarb, 10 
Gm. aloe, 6.0 Gm. myrrh, 0.5 Gm. oil of 
peppermint, using glucose and distilled 
water. Dose: 2 pills. 

Prepare a mass from 6.5 Gm. of reduced 
iron, 6.5 Gm. of quinine sulfate, 0.32 Gm. 
of strychnine, 0.32 Gm. of arsenic tri- 
oxide, and sufficient honey to make 100 
pills. Each pill contains %40 gr. of 
strychnine and the same amount of 
arsenic trioxide. 


Pills of Rhubarb 
Ne By) 


Pills of Rhubarb and 
Aloe N. F. VII 


Stronger Pills of Iron, 
Quinine, Strychnine, 
and Arsenic N. F. V 
(Metallic Pills—Bit- 
ter Metallic Pills) 


Masses 


Pill masses represent the preliminary stage of pill 
making. Under the subject of Pills (page 314) will be 
found an extensive discussion of their mode of prepara- 
tion and a description of the qualities which they should 
possess. Pill masses were official under the Latin title 
of ‘“Massa.”’ Since the official preparations are usually 
kept in bulk by pharmacists, and are permanent prepa- 
rations, it is desirable that they be recognized as a 
distinct. class. 


MASSES OF THE N. F. 


English Title Latin Title 
Ferrous Carbonate Mass Massa Ferri Carbonatis 
Mercury Mass Massa Hydrargyri 


Unofficial Masses 


Title Directions 
Mass of Copaiba Moisten 6 Gm. of magnesium oxide and in- 
N.F.V corporate 94 Gm. of copaiba. Heat on a 
water bath for 1 hour. Dose: 1 Gm. 
(15 girs): 
Confections 


Confections are saccharine, soft masses, in which one 
or more medicinal substances are incorporated with the 
object of providing an agreeable form for their adminis- 
tration, and a convenient method for their preservation. 
Under the old names of conserves and electuaries, these 
preparations have been in use for centuries. In the 
preparation of confections the basis is finely powdered 
sugar, and the medicinal ingredients must be brought 
to the condition of a smooth paste or introduced as a 
fine powder or liquid. Confections; as a class, are no 
longer given official recognition. Preparations similar 
to confections, intended for administration by licking 


Unofficial Confections 
Directions 


Rose Rub 160 cc. of warm (65° C.) stronger rose 
water with 80 Gm. of powdered rose and 
gradually incorporate 640 Gm. of sucrose 
and 120 Gm. of honey. A pill excipient. 

Confection of Senna Digest 160 Gm. of cassia fistula, 100 Gm. of 
N. F. V_ (Lenitive tamarind, 70 Gm. of prune, and 120 Gm. 
Electuary) of fig with 500 cc. of water in a covered 
vessel, on a water bath for three hours, 
express, and re-treat the residue with 150 
ec. of water, warming a short time only. 
Mix the strained material, dissolve 555 
Gm. of sucrose in the mixture, in a tared 
dish on a water bath, and evaporate to 
895 Gm, Lastly, add 100 Gm. of pow- 
dered senna, and 5 Gm. of oil of coriander, 
and mix thoroughly. 

Mix 450 Gm. of precipitated sulfur, 110 Gm. 
of acid potassium tartrate, 5 Gm. of 
tragacanth, 210 cc. of syrup, 55 cc. of 
tincture of orange, and 170 ce. of glyc- 
erin, and form into a mass. 


Title 
Confection of 
N.F. V 


Confection of Sulfur 
Bobs 1932 


PILLS-MASSES—-CONFECTIONS—_TROCHES 


from a spoon or by sipping and swallowing slowly to 
form a protecting or remedial coating to the throat and 
bronchial region, are known as linctz or lohochs. 


Troches 


Troches, or lozenges, also known as pastilles and, when 
cylindrical or rod shaped, as baczllules, are solid, discoid, 
or cylindrical masses, consisting chiefly of medicinal 
powders, sugar, and mucilage. They are intended to be 
used by placing them in the mouth and permitting them 
to remain until, through slow solution or disintegration, 
they liberate antiseptic, astringent, or anesthetic in- 
gredients. The latter dissolve in the saliva or vaporize, 
and medicate the throat and bronchial area for a pro- 
longed period of time. Very powerful or disagreeable 
remedies cannot be administered in this way. 

The following general processes may be used for mak- 
ing troches: 


1. Preparation of Troches with Simple Bases—(B. P. C. 1934) 
—Mix 100 times the quantity of drug ordered for one lozenge with 
100 Gm. of powdered sugar and 7 Gm. of powdered gum acacia. 
Form a mass with the aid of sufficient distilled water, and divide 
it into 100 lozenges. Dry. 

2. Preparation of Troches with Rose Basis—(B. P. C. 1934)— 
Mix 100 times the quantity of drug ordered for one lozenge with 
100 Gm. of powdered sugar, 7 Gm. of powdered gum acacia, and 
0.005 cc. of oil of rose. Form into a mass with the aid of suffi- 
cient distilled water and divide into 100 lozenges. Dry. 

3. Preparation of Troches with Fruit Basis—(B. P. C. 1934)— 
Mix 100 times the quantity of drug ordered for one lozenge with 
5.2 Gm. of powdered sugar and 1.3 Gm. of tragacanth, form into 
a mass with the aid of sufficient black-currant paste of com- 
merce, to make 130 Gm., and divide into 100 lozenges. Dry 
them. The Fruit Basis, serves admirably as the binding for many 
substances in troches; the flavor has been specially acceptable. 

4. Preparation of Troches with Tolu Base—(B. P. 1947)— 
Weigh out 100 times the quantity of drugs required for 1 troche. 
Dissolve the salts of alkaloids, if present, in sufficient distilled 
water and mix the solution with 100 Gm. of sucrose, 7 Gm. of 
acacia, 2 cc. of tincture of tolu, and any other drugs ordered for 
the troche. Make into a paste with sufficient distilled water, 
divide into 100 equal troches, and dry in a hot-air chamber at 
a moderate temperature. 


A base of gelatin, glycerin, and water is also used for 
making troches. On the large scale compressed troches 
are manufactured by. tablet making equipment. A dis- 
cussion of the preparation of troches at the prescription 
counter is presented below. 


THE PREPARATION OF TROCHES 


In this section a general consideration is given to the 
methods for preparing troches in a retail drug store or 
on a small seale by manufacturers. Special formulas for 
troches are occasionally prescribed. The formation of 
the “lozenge mass” is the most important part of the 
operation. ‘The dry powders must be made into a tena- 
cious mass which possesses sufficient plasticity to enable 
it to be rolled into a flat cake without crumbling, and 
the troches must not be brittle. Mucilage of tragacanth 
is best to bring about this adhesiveness. 

Making the Mass—The best method of making the 
mass is first to prepare the mucilage according to the 
formula, and, having mixed and sifted the powders, add 
sufficient mucilage to make a mass of the proper con- 
sistency. Upon the large scale the manufacturer em- 
ploys a mixing machine to form the mass; upon the 
small scale the pharmacist uses the mortar and pestle. 

Rolling the Mass—When the mass is made, it must be 
formed into a flat cake by placing it upon a hard, level, 
dusted surface and rolling it with a cylindrical roller. 
The thickness of the cake determines the weight of the 
lozenge, and hence it is more exact to have some means 
of adjusting the thickness. In the lozenge board shown 
in Fig. 485 this is ingeniously effected by the use of 
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tapering strips, C, which slide in inclined furrows; the 
handles of the strips are graduated, having saw kerfs 
at-regular intervals; the brass plate, B, permits these 
to be accurately adjusted and held, so that both strips 


Fig. 485—Slocum’s lozenge board. 


project uniformly above the board. By pushing both 
strips forward, greater thickness of the lozenge cake is 
secured. . 

Most troches are now made of the uniform weight of 
1 Gm. Although the amount of medication varies, 
sufficient filler must be added to make up the necessary 
weight. This makes it possible to prepare a perfectly 
level lozenge board of hard wood, and permanently 
fasten upon it narrow strips of wood of the exact thick- 
ness of the troche. 

Cutting the Troches—Troches are cut by cylindrical 
or conical punches, often made of tinned iron, as shown 
in Fig. 486, but preferably of steel. Fig. 488 shows a 
very good punch having a hardened steel octagonal cut- 
ter, C, soldered to a hollow conical handle, M. Figs. 
487 and 489 show excellent cutters which accurately 
cut six lozenges at once. Fig. 490 illustrates a type of 
lozenge punch which was specially made and which is 
admirably suited to the preparation of lozenges on a 
comparatively large scale. It embodies the advantages 


Fig. 486—Loz- 
enge punch. 


Fig. 489—Lozenge cutter. 


© 


Fig. eee 
Fig. 487—Loz- co ee me buns 
enge cutter (end (steel cutter). 
view). 


Fig. 490—Lozenge cutter. 


of the single punch (Fig. 486) in that troches as they are 
cut are forced into the cylinders of the cutter until they 
are full, when they all may be dumped upon a suitable 
drying tray without further handling. 

Lozenge cutting machines, driven by power, are also 
available for making troches upon a large scale. 

When troches have been made by the use of a punch, 
they must be thoroughly dried before boxing, else they 
are likely to mold. ~~ 

_Extemporaneous Preparation of Troches—Troches 
are occasionally prescribed and may then be prepared 
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advantageously by massing the material, rolling it into 
a cylinder or “‘pill-pipe’’ and cutting into sections, ap- 
proximately twice the length of the diameter. This 
readily provides uniformity in size and shape and is the 
most economic method for preparing troches extempora- 
neously. This shape of lozenge is known as a baczllule. 
Licorice lozenges are frequently of this type. A pill ma- 
chine is very serviceable as a cutter for this type of 


troche. 


TROCHES OF THE U. S. P. 


English Title 
Penicillin Troches 


Title 


Compound 
B. P. 1932 


Bismuth 


Troches of Ammonium 
Chloride U.S. P. X 


Troches of Cubeb 


(US bee xX 


Troches of Elm 
N. F. VII 


Troches of Eucalyptus 
Gum N. F. V 


Troches of Krameria 
1235 124) alee) 

Troches of Krameria 
Cocaine B. P. 1982 


Troches of Morphine 
and Ipecac B. P. 
1932 

Troches of Peppermint 
N. F. IV 


Troches of Sulfur and 
Cream of Tartar 
INTs 15 LD 


Troches of Tannic Acid 
Se eae 


Latin Title 
Trochisci Penicillin 


Unofficial Troches 
Directions 


Mix 0.15 Gm. each of bismuth oxycarbonate 
and heavy magnesium carbonate, and 
0.30 Gm. of precipitated calcium carbon- 
ate with rose basis? to form a troche. 

Mix 10 Gm. of powdered ammonium chlo- 
ride, 20 Gm. of extract of glycyrrhiza, 2 
Gm. of powdered tragacanth, and 40 Gm. 
of powdered sucrose and form a mass with 
syrup of tolu; divide into 100 troches. 

Prepare a mass with the aid of syrup of tolu 
from 25 Gm. extract of glycyrrhiza, and 
12 Gm. of acacia with which 2 Gm. of 
oleoresin of cubeb and 1 ce. of oil of sassa- 
fras have been thoroughly incorporated; 
divide it into 100 troches. 

Prepare 100 troches from 20 Gm. elm, 1 Gm. 
tragacanth, 79 Gm. sucrose, 0.2 cc. ane- 
thol, and sufficient distilled water. Dose: 
1 troche. 

Mix 6 Gm. of eucalyptus gum, 6 Gm. of 
powdered tragacanth, 12 Gm. of pow- 
dered acacia, and 40 Gm. of powdered suc- 
rose, then add 0.3 cc. of oil of orange, 
and 3 ce. of fluidextract of rose and form 
a mass with water; divide into 100 
troches. 

Mix 0.06 Gm. of. extract of krameria with 
fruit basis+ to form a troche. 

Mix 0.06 Gm. of extract of krameria and 
0.003 Gm. of cocaine hydrochloride with 
fruit basis+ to form a troche. 

Mix 0.002 Gm. morphine hydrochloride and 
0.006 Gm. ipecac, with tolu basis? to form 
a troche. 

Prepare a mass with the aid of mucilage of 
tragacanth from 1 cc. of oil of peppermint 
and 100 Gm. of sugar; divide it into 100 
troches. 

Prepare a mass from 30 Gm. washed sulfur, 
6 Gm. of potassium bitartrate, 4 Gm. of 
tragacanth, 60 Gm. sugar, and 0.5 ce. oil 
orange; divide into 100 troches. 

Mix 6 Gm. of tannic acid, 2 Gm. of pow- 


dered tragacanth, and 65 Gm. of powdered 
sucrose and form a mass with orange 
flower water; divide into 100 troches. 


Tablets 


Tablets are small, disk-shaped forms of medication, 
either molded or compressed in a special machine. 
Their manufacture is discussed in Part XII under 
Manufacturing Pharmacy. 

It was not believed desirable to adopt official formulas 
for tablets since these are largely manufactured by 
pharmaceutical firms who have developed their own 
formulas which they would prefer to retain. In the 
official texts, therefore, titles have been established, the 
necessary precautions as to form, color, and packaging 
have been fixed when especially needed, as in the mer- 
cury bichloride tablets, and the permissible toler- 
ances for variation in the medicinal content of the tab- 
lets have been added. These tolerances are supported 
by some tests for identity and purity and by assays. 
The tablets may have different ‘‘grainage,” 7. e., 1 
grain, 5 grains, or other weights, but the tablets should 
still remain within the prescribed tolerance. 

See Chapters CVII and CVIII on “The Manufactur- 
ing of Tablets” and “The Coating of Tablets and Pills.”’ 


TABLETS OF 
English Title 
Acetophenetidin Tablets 
Acetylsalicylic Acid T: ae ts 
Aminophylline Tablet 
Aminopyrine Tablets 
Anhydrohydroxyprogester- 
one Tablets 
epee 
ride Tablets 
Reali Ae id Tablets 
Atropine Sulfate Tablets 
Barbital Tablets 
Barbital Sodium Tablets 
Carbachol Tablets 
Cascara Sagrada Tablets 
Chiniofon Tablets 
Codeine Phosphate Tablets 
Codeine Sulfate Tablets - 
Colchicine Tablets 
Diethylstilbestro! Tablets 
Digitalis Tablets * 
Digitoxin Tablets 
Digoxin Tablets 
Dihydromorphinone Hydro- 
chloride Tablets 
Dried Yeast Tablets 


Hydrochlo- 


Ephedrine Sulfate Tablets 
Ergonovine Maleate Tablets 


Ergotamine Tartrate Tab- 
lets 
Erythrityl 
Tablets 
Ferrous Sulfate Tablets 
Glyceryl Trinitrate Tablets 


Tetranitrate 


Hexavitamin Tablets 

Lanatoside C Tablets 

Magnesium Trisilicate Tab- 
lets 

Menadione Tablets 

Methenamine Tablets 

Methyltestosterone Tablets 

Morphine Sulfate Tablets 

Neocincophen Tablets 

Neostigmine Bromide Tab- 
lets 

Nicotinamide Tablets 

Nicotinie Acid Tablets 

Ox Bile Extract Tablets 

Penicillin Tablets 

Pentobarbital Sodium Tab- 
lets 

Phenobarbital Tablets 

Phenobarbital Sodium Tab- 


lets 
Potassium Chloride Tablets 
Quinacrine Hydrochloride 
Tablets 


Quinidine Sulfate Tablets 
Quinine Sulfate Tablets 
Riboflavin Tablets 
Saccharin Sodium Tablets 
Sodium Nitrite Tablets 
Sodium Salicylate Tablets 
Strychnine Sulfate Tablets 
Succinylsulfathiazole Tab- 
lets 
Sulfadiazine Tablets 
Sulfaguanidine Tablets 
Sulfamerazine Tablets 
Sulfanilamide Tablets 
Sulfathiazole Tablets 
Theophylline Tablets 
Theophylline and Sodium 
Acetate Tablets 
Thiamine Hydrochloride 
Tablets 
Thyroid Tablets 
Totaquine Tablets 
Triasyn B Tablets 


TABLETS 


THE U. S. P. 


Latin Title 
Tabelle Acetophenetidini 
Tabelle Acetylsalicylici 
Tabelle Aminophylline 
Tabellee Aminopyrinsze 
Tabelle Anhydrohydroxy- 

progesteroni 
Tabellz Apomorphine Hy- 
drochloridi 

Tabellee Acidi Ascorbici 
Tabelle Atropine Sulfatis 
Tabelle Barbitali 
Tabeilee Barbitali Sodici 
Tabellee Carbacholis 
Tabellee Cascare Sagradee 
Tabellee Chiniofoni 
Tabellee Codeine Phosphatis 
Tabellee Codeine Sulfatis 
Tabelle Colchicine 
Tabellae Diethylstilbestrolis 
Tabelle Digitalis 
Tabelle Digitoxini 
Tabellee Digoxini 
Tabellee Dihydromorphinoni 


Hydrochloridi 
Tabelle Saccharomycitis 
Sicci 


Tabellee Ephedrine Sulfatis 

Tabelle Ergonovine Male- 
atis 

Tabelle Ergotamine Tar- 
tratis 

Tabelle Erythritylis Tetra- 
nitratis 

Tabelle Ferri Sulfatis 

Tabelle Glycerylis 
tratis 

Tabellee Hexavitaminarum 

Tabellee Lanatosidi C 
Tabellee Magnesii 
catis 

Tabellee Menadioni 

Tabellee Methenamins 

Tabellee Methyltestosteroni 

Tabellee Morphine Sulfatis 

Tabellee Neocincopheni 

Tabelle Neostigmine Bro- 
midi 

Tabellae Nicotinamidi 

Tabelle Acidi Nicotinici 

Tabelle Extracti Fellis Bovis 

Tabelle Penicillini 

Tabellee Pentobarbitali So- 
dici 

Tabellee Phenobarbitali 

Tabellee Phenobarbitali So- 
dici 

Tabellee Potassii Chloridi 

Tabellee Quinacrinsze Hydro- 
chloridi 

Tabellee Quinidine Sulfatis 

Tabelle Quinine Sulfatis 

Tabellee Riboflavini 

Tabelle Saccharini Sodici 

Tabelle Sodii Nitritis 

Tabelle Sodii Salicylatis 

Tabelle Strychnine Sulfatis 

BS ea Succinylsulfathia- 


Taballe Sulfadiazini 

Tabelle Sulfaguanidini 

Tabelle Sulfamerazini 

Tabellee Sulfanilamidi 

Tabellee Sulfathiazoli 

Tabellee Theophyllinz 

Tabellee Theophylline et 
Sodii Acetatis 

Tabellee Thiamine Hydro- 
chloridi 

Tabellee Thyroidei 

Tabellee Totaquine 

Tabelle Triasyni B 


Trini- 


Trisili- 


TABLETS OF THE N. F. 


Acetanilid Tablets 

Acetarsone Tablets 

Acetophenetidin and Phenyl 
Salicylate Tablets 

Ammonium Chloride Tab- 
lets 

Arecoline Hydrobromide 
Tablets 

Arsenic Trioxide Tablets 

Barium Chloride Tablets 

Bismuth Subearbonate Tab- 


lets 
Bismuth Subgallate Tablets 
Bismuth Subnitrate Tablets 


Caffeine and Sodium Ben- 
zoate Tablets 
Calcium Carbonate Tablets 
Calcium Gluconate Tablets 
Caleium Lactate Tablets 
Carbarsone Tablets 
Cinchophen Tablets 
Citrated Caffeine Tablets 
Cocaine Hydrochloride Tab- 
lets 
Ephedrine 
Tablets 
Halazone Tablets 
Homatropine Methylbro- 
mide Tablets 
Iodochlorohydroxy quinoline 
Tablets 
Magnesium Hydroxide Tab- 
lets 
Mercury Bichloride Large 
Poison Tablets 
Mercury Bichloride Small 
Poison Tablets 
Methenamine and Sodium 
Biphosphate Tablets 
Mild Mercurous Chloride 
and Sodium Bicarbonate 
Tablets 
Mild Mercurous Chloride 
Tablets 
Morphine and Atropine Sul- 
fates Tablets 
Phenolphthalein Tablets 
Phenyl Salicylate Tablets 
Potassium Chlorate Tablets 
Potassium Iodide Tablets 


Hydrochloride 


Potassium Permanganate 
Tablets 

Procaine Hydrochloride 
Tablets 


pad Mercurie Iodide Tab- 

ets 

Santonin and Mild Mercur- 
ous Chloride Tablets 

Santonin Tablets 

Scopolamine Hydrobromide 
Tablets 

Sodium Bicarbonate and 
Calcium Carbonate Tab- 
lets 

Sodium Bicarbonate and 
Magnesium Oxide Tab- 
lets 

Sodium Bicarbonate Tablets 

Sodium Bromide Tablets 

Sodium Chloride and Dex- 
trose Tablets 

Sodium Chloride Tablets 

Strychnine Nitrate Tablets 

Succinchlorimide Tablets 

Sulfapyridine Tablets 

Three Bromides Tablets 

Tribasic Magnesium Phos- 
phate Tablets 

Yellow Mercurous Iodide 
Tablets 


Tabellz Acetanilidi 

Tabelle Acetarsoni 

Tabelle Acetophenetidini et 
Phenylis Salicylatis 

Tabellee Ammonii Chloridi 


Tabellze Arecolinee Hydro- 
bromidi 

Tabellee Arseni Trioxidi 

Tabellee Barii Chloridi 

Tabellee Bismuthi Subear- 
bonatis 

Tabelle Bismuthi Subgal- 
latis 

eye Bismuthi Subnitra- 


Tabellie Caffeine et Sodii 
Benzoatis 

Tabellee Calcii Carbonatis 

Tabelle Calcii Glucenatis 

Tabellee Calcii Lactatis 

‘Tabellee Carbarsoni 

Tabelle Cinchopheni 

Tabelle Cafeinee Citrate 

Tabelle Cocaine Hydro- 
chloridi 

Tabelle Ephedrine Hydro- 
chloridi 

Tabellee Halazoni 

Tabellee Homatropins 
Methylbromidi 

Tabelle Iodochlorohydroxy- 
quinolini 

Tabellee Magnesii Hydroxidi 


Toxitabelle Hydrargyri Bi- 
chloridi Magne 

Toxitabelle) Hydrargyri Bi- 
chloridi Parvee 

Tabelle Methenamine et 
Sodii Biphosphatis 

Tabelle Hydrargyri Chlo- 
ridi Mitis et Sodii Bicar- 
bonatis 

Tabellee Hydrargyri Chlo- 
ridi Mitis 

Tabelle Morphine et Atro- 
pine Sulfatum 

Tabellee Phenophthaleini 

Tabelle Phenylis Salicylatis 

Tabelle Potassii Chloratis 

Tabelle Potassii Jodidi 

Tabelle Potassii Permanga- 
n2atis 

Tabelle Procaine Hydro- 
chloridi 

Tabelle Hydrargyri Iodidi 


Rubri 

Tabelle Santonini et Hy- 
drargyri Chloridi Mitis 

Tabelle Santonini 

Tabellee Scopolaminze Hy- 
drobromidi 

Tabellee Sodii Bicarbonatis 
et Caleii Carbonatis 


Tabelle Sodii Bicarbonatis 
et Magnesii Oxidi 


Tabelle Sodii Bicarbonatis 
Tabellz Sodii Bromidi 
Tabelle Sodii Chloridi et 
Dextrosi 
Tabelle Sodii Chloridi 
Tabelle Strychnine Nitratis 
Tabellee Succinchlorimidi 
Tabelle Sulfapyridini 
Tabelle Bromidorum Trium 
Tabelle Magnesii Phos- 
phatis Tribasici 
Tabelle Hydrargyri Iodidi 
Flavi 
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CHAPTER XLIV 
THEORETICAL ASPECTS OF INORGANIC CHEMISTRY 


In THE preceding chapters of this book numerous 
fundamental facts have been considered covering defini- 
tions of importance in the study of pharmacy, and the 
description and discussion of various operations and 
processes which are necessary in the preparation and 
compounding of medicines. 

At this point will begin the detailed consideration of 
the substances actually used in pharmacy and medicine, 
the group of substances commonly known as chemical 
compounds or “‘chemicals” being considered first. 

It is not to be understood that the following introduc- 
tory pages are intended to take the place of more thor- 
ough discussions to be found in various textbooks on 
chemistry. The treatment of the fundamental matter 
presented here will serve, however, as a review to the 
student or graduate pharmacist, and only for this pur- 
pose is this section included. 

Chemistry isthe science which treats of the composi- 
tion of matter and the changes in composition it may 
undergo. Matter is anything that occupies space and 
possesses mass. Matter as we ordinarily know it is 
indestructible. We may change its form but we cannot 
annihilate it by any means known to science. The 
changes which matter undergoes may be either physical 
or chemical. Matter is existent in three physical states— 
solid, liquid, and gaseous. If a substance changes from 
one of these states to another, or undergoes solution, 
or any other kind of change which does not affect its 
identity, it is said to be subject to physical change. 
The change of water to ice, on one hand, or to steam, 
on the other, is in each case a physical change. When, 
however, a change is produced in a substance that affects 
its identity, it is known as a chemical change. The rust- 
ing of iron and the igniting of a match to kindle a flame 
are examples of chemical changes. Examples of physi- 
cal and chemical changes applied to the same substance 
are afforded in the case of sulfur. If sulfur is heated 
in a closed vessel, without application of flame, it 
undergoes vaporization, and sublimes, depositing sulfur 
in microcrystalline form with no change of identity. If, 
however, sulfur is heated in the open air to the ignition 
point, it burns with a characteristic blue flame and loses 
its identity as elemental sulfur, being converted into a 
compound of sulfur with oxygen, known as sulfur dioxide. 

Elements and Compounds—Many pure substances 
are complex in composition and, as arule, can be decom- 
posed into two or more simpler substances. The former 
type of substance is designated as a compound, while 
those derivatives which cannot be decomposed into 
simpler substances are designated elements. Thus so- 
dium chloride is a compound composed of the elements 
sodium and chlorine; sucrose is a compound composed 
of the elements carbon, hydrogen, and oxygen. The 
result of all of the investigations of chemical substances 
has shown that probably ninety-two elements consti- 
tute the simpler substances of which all known com- 
pounds are composed. 

Symbols and Chemical Formulas—In chemistry it is 
customary to designate elements and compounds by 
abbreviated symbols and combinations of symbols. 
Reactions taking place between various substances are 
expressed by means of equations involving the use of 

symbols. A table of the symbols of the known elements 
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may be found on page 324. Usually the symbol is 
derived by taking the first letter or the first and second 
letters of either the English or the Latin name of the 
element. To express the combination of elements 
which exists in compounds the symbols are written 
together like the letters of a word. When these sym- 
bols are combined with numbers to indicate the combin- 
ing ratio of the elements, a formula is produced. In a 
chemical formula the symbol represents a single atom 
of the element. Where more than one atom of an ele- 
ment is present, the fact is indicated by placing a small 
number on the lower right-hand side of the symbol to 
which it applies. Thus CaO is the chemical formula 
for one molecule of calcium oxide or quicklime, in which 
one atom each of calcium and oxygen is present, while 
CaOz is the formula for one molecule of calcium per- 
oxide which contains one atom of calcium and two atoms 
of oxygen. In case several atoms are multiplied by the 
same number, a large figure is placed in front, or the 
group is placed in parentheses and a. small figure at- 
tached to the lower right hand, as in the case of single 
elements. Thus 4H.2O might also be written (H2O) 4 as 
they are mathematically identical. The large figures 
used to precede a formula are usually employed to indi- 
cate the number of complete molecules, while the paren- 
thetical grouping is used to indicate the number of 
certain groups, sometimes called radicals. The follow- 
ing complex formula of a well-known chemical com- 
pound will serve to illustrate all of the possibilities of 
these uses of modifying numbers: 


(MgCOs)4.Mg(OH)2.5H2O 


If the foregoing formula were written in the most 
condensed form possible, it would be given as follows: 
Mgs5C2zOi9Hie. Such a formula is called an empiric or 
empirical formula. It is frequently meaningless in 
comparison with the formula previously given, which 
is known as a rational formula, because the latter shows, 
by the use of the reasoning power of the observer, the 
compound to consist of four molecules of normal 
magnesium carbonate, one molecule of magnesium 
hydroxide, and five molecules of water, this entire 
combination constituting the formula for basic magne- 
scum carbonate. 

Several other types of formulas are in use besides 
those described above. In a structural formula, some- 
times called a graphic formula, the symbols of the ele- 
ments are so arranged as to show by bonds of attach- 
ment the structural relationship of the elements in a 
compound. Thus, COz is the common empiric formula 
of carbon dioxide (in such simple compounds the empiric 
and the rational formulas are usually identical), while, 
when the same compound is written: O—C=O, it 
shows the structural relationship of the carbon to the 
oxygen. Structural formulas have their most important 
use in organic chemistry and are very complex at times. 

Still another type of formula is called the stereochemi- 
cal formula in which attempts are made to show the 
three dimensional relationship of the atoms in space. 
This type will be discussed in the Chapter on ‘‘Some 
Theoretical Aspects of Organic Chemistry,” page 483. 

Metals and Non-Metals—For convenience elements 
are classified as metals and as non-metals. Physically 
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the metals are usually solids, although mercury is a 
liquid at ordinary temperature. In compact form they 
possess luster, many of them are white in color and 
most of them are good conductors of electricity and 
heat. Chemically they show little tendency to combine 
with one another, but they do combine readily with 
non-metallic elements. ‘Their oxides produce bases. 
The non-metals are sometimes solids, frequently gases, 
and occasionally liquids. Chemically some of them com- 
bine readily with one another but as a rule they are 
more reactive with metals. Their oxides produce acids. 

Chemical Changes—Chemical changes may be of 
several types and may be classified to include (1) direct 
combination, as when sulfur combines with oxygen; (2) 
decomposition, in which compounds are resolved into 
simpler substances, such as the decomposition of mer- 
curic oxide into mercury and oxygen; (8) displacement, 
in which one element displaces another from its com- 
pounds, as illustrated by the liberation of iodine with 
simultaneous formation of sodium chloride when chlo- 
rine is passed into a solution of sodium iodide; (4) 
double decomposition, as when two or more substances, 
brought into intimate contact with each other, change 
into different substances, illustrated by the reaction 
between barium chloride and sodium sulfate to form 
barium sulfate and sodium chloride. 

Substances which take part in a given chemical 
change always do so in the same proportion, from which 
it follows that in every compound the proportions, by 
weight, of each element in the compound are always 
the same. This principle is enunciated in the Law of 
Definite Proportions. Sometimes two different com- 
pounds of the same elements may be formed. ‘Thus 
hydrogen and oxygen may combine in the proportion 
of 2.016 parts of the former to 16 parts of the latter to 
form water, or in the proportion of 1.008 parts of hydro- 
gen to 16 parts of oxygen to produce hydrogen peroxide. 
However, in all cases it has been shown that when two 
elements form more than one compound, the weights 
of the one which combine with a fixed weight of the 
other can be represented by a ratio of small integers. 
This law was formulated in 1804 by John Dalton and 
is known as the Law of Multcple Proportions. 

Atoms and Atomic Weight—To explain the Law of 
Multiple Proportions, Dalton postulated the existence 
of ultimate particles of substances, called atoms, which 
take part in reactions. Today the use of the word atom 
is restricted to the designation of the smallest portion 
of an element which enters into combination with other 
elements. It is convenient, also, to consider the small- 
est particle of any substance, be it an element or a com- 
pound, which can exist independently. Such particles 
are called molecules. With the development. of Dalton’s 
atomic theory, it was found desirable to determine the 
relative weight of a single atom of an element in com- 
parison with the weight of another element selected as 
a standard. The standard element might be almost any 
element and any convenient number might be used to 
designate its weight. For a time hydrogen was used 
as a standard, its atomic weight being taken as one, but 
with the development of accurate methods for the deter- 
mination of atomic weights it was found more conven- 
ient to select oxygen as the standard, its atomic weight 
being arbitrarily fixed at 16. A table of atomic weights 
of the elements is given on page 324. 

Structure of the Atom—Originally, Dalton assumed 
that the atoms of any one substance were identical in 
form, size, and weight and that they could not be di- 
vided, created, or destroyed. Today we know that 
Dalton’s assumptions concerning the identical nature 
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of atoms of an element and their indivisibility and in- 
destructibility are not generally true. From modern 
developments in chemistry and physics, involving the 
study of the structure of crystals by X-ray analysis 
and the effects of bombardment of elements by swiftly 
moving particles of atomic and sub-atomic dimensions, 
there has been accumulated considerable evidence that 
would indicate all matter to be composed of different 
arrangements and numbers of two fundamental build- 
ing units; the proton, which carries a unit positive 
charge of electricity, and the electron, which carries a 
similar unit negative charge. The atom of hydrogen, 
the lightest element, is believed to consist of a nucleus 
of a single proton around which revolves, or perhaps 
oscillates, one electron. As the mass of the proton has 
been proved to be approximately 1800 times greater 
than that of the electron, it is evident that the mass of 
the hydrogen atom is practically that of the proton. 


Other elements contain larger numbers of protons and 


electrons, these being arranged in such a manner that 
the protons, which are assumed to be present in number 
equal to that of the atomic weight, are all contained in a 
very compact nucleus along with some of the electrons, 
the remainder of the latter being distributed in one or 
more orbits placed at relatively large distances from 
the nucleus. Because of the resemblance of these elec- 


trons to the planets of the solar system they are referred | 


to as planetary electrons. The significance of this dis- 
tribution of electrons will be considered later. 

Periodic Table—After the general acceptance of the 
atomic theory many chemists attempted to find some 
general relationship among the properties of the various 
elements. In 1865 Newlands suggested that the ele- 
ments be arranged in the order of increasing atomic 
weight, the resulting arrangement disclosing that there 
was a periodic repetition in the properties of the ele- 
ments so arranged. Mendeleeff, in 1869, extended the 
arrangement to include all of the then known elements 
and found that the properties of the elements are 
periodic functions of their atomic weights. This law 
is known as the Periodic Law and the table showing 
the arrangement of elements in this manner is referred 
to as the Periodic Table. By means of the table Mende- 
leeff predicted that several elements were yet to be dis- 
covered and he indicated the type of element that might 
be expected to be found in each case. As a result of 
this prediction many investigations were started and 
in due time the missing elements were discovered, their 
properties being as predicted by Mendeleeff. But 
Mendeleeff’s arrangement possessed a number of de- 
fects, not the least of which was that the order of in- 
creasing atomic weights of elements had to be reversed 
for some pairs of elements. 

Atomic Number—In 1914 Moseley bombarded vari- 
ous elements with electrons and studied the wave 
lengths of the X-rays so produced. He found that the 
lengths of the waves varied in regular fashion from one 
element to the next and that he could assign to each 
element a number which, in all but four cases, coincided 
with the numerical position of the element in a table 
of increasing atomic weights. However, the four places 
in which the exceptions were noted were the identical 
places where Mendeleeff’s periodic classification had 
apparently fallen down, but according to Moseley’s re- 
searches the elements had been listed correctly. Mose- 


ley, together with other scientists working along similar _ 


lines, designated the numbers which he assigned to each 
element as atomic numbers. They are now believed to 
represent the number of protons in the nucleus which 
are not neutralized by the electrons which are also 


¥ 


from one into another. 
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present in the nucleus. As the electrical effect of these 
protons is neutralized by the planetary electrons, it is 
evident that the atomic number is also the number of 
planetary electrons in an atom. A table of atomic 
numbers appears on page 324. 

Isotopes—According to modern theories, the number 
of protons in an atom determines the weight of the 
atom, and the number and arrangement of the planetary 
electrons determine the chemical properties of the atom. 
If this is true, then one can visualize the existence of 
atoms in which the number of protons may vary but 
the arrangement and numbers of planetary electrons 
would be the same. Such elements might be expected 
to have varying atomic weights but to possess the same 
chemical properties. For example, one could consider 
two elements containing 35 and 37 protons, respectively 
(corresponding to atomic weights of 35 and 37), and 18 
and 20 electrons in the respective nuclei. The two 
atoms would then each contain 17 planetary ele¢trons, 
or, one would say that the atomic number of each atom 
is 17. Now if these atoms were mixed in equal propor- 
tions, a determination of the atomic weight would give 
a value of 36; if they were mixed in any other propor- 
tion, the atomic weight would be proportional to the 
relative quantities of the atoms present. 

The existence of such elements which have varying 
atomic weight but possess identical chemical properties 
(meaning that they possess identical atomic numbers) 
has been amply demonstrated, the name isotope being 
given to each of the two or more elements which may 
so exist. Thus, ordinary chlorine is a mixture of two 
isotopes of atomic weights 35 and 37, respectively; 
lithium occurs as two isotopes of atomic weights 6 and 
7, respectively; and lead may contain one or more of 
eight isotopes having atomic weights of 203, 204, 205, 
206, 207, 208, 209, and 210, respectively. Two isotopes 
which have been recently discovered are those having 
twice and three times the atomic weight of ordinary 
hydrogen. To distinguish the isotopes of hydrogen the 
names protium, deuterium, and tritium have been 
given to the three isotopes. Water made from the 
double and triple weight hydrogen atoms is referred to 
as “heavy water’ because of its somewhat greater den- 
sity as compared to that of ordinary water. Since oxy- 
gen has also been shown to exist in three isotopic forms, 
one can visualize the large number of “heavy waters”’ 
that could exist if different combinations of the isotopes 
are converted into water. 

Radioactivity and Transmutation of Elements—In 
1896 Becquerel found that uranium compounds emit 
radiations which affect photographic plates in much the 
same way as X-rays. These radiations also cause the 
air through which they pass to become a conductor of 
electricity. A study of the radiations emitted by ura- 
nium, radium, and similar ‘“‘radioactive’’ substances re- 
vealed that three kinds of rays are involved: (1) alpha 
rays, which are atoms of helium which have lost two 
electrons and therefore have a double positive electrical 
charge; (2) beta rays, which are unit charges of negative 
electricity or electrons; (3) gamma rays, which are 
identical with X-rays and are apparently produced by 
the impact of beta rays on surrounding matter. These 
rays are emitted spontaneously while the radioactive 
substance undergoes a continuous change in chemical 
composition, finally ending with the formation of one 


of the isotopes of lead. 


The phenomenon of radioactivity definitely estab- 
lished the possibility of the transmutation of elements 
Such transmutation is in har- 


mony with the simple theory that all elements are built 


up of two fundamental units—the proton and the elec- 
tron—and to change one element into another, all that 
appears to be necessary is to build up or break down the 
proton and electron structure of the element. In radio- 
active disintegration the protons and some of the elec- 
trons are given off in the form of alpha particles, while 
other electrons are given off in the form of beta rays 
so that a series of elements is produced by the spontane- 
ous decomposition. 

Artificial transmutation has also been effected in a 
number of instances. Thus, nitrogen has been bom- 
barded with fast-moving alpha particles with the result 
that hydrogen and an isotope of oxygen have been 
produced. Under similar conditions aluminum has 
been made to produce hydrogen and an isotope of sili- 
con. Lithium, when bombarded with deutons (the 
nuclei of heavy hydrogen atoms), produces first beryl- 
lium and then helium. 

Valence—In comparing such substances as ‘NaCl, 
BaClyz, AlCls, and SnCl, it is evident that elements pos- 
sess different combining properties. Whereas an atom 
of sodium combines with but one atom of chlorine, 
barium combines with two atoms of the latter, alumi- 
num with three, and tin with four. This difference in 
combining power is attributed to a difference in the 
valence of the metallic elements in the above examples. 
By arbitrarily fixing the combining power or valence of 
the hydrogen atom as unity, the combining powers of 
all other elements can be compared with hydrogen. 
From this is derived the general definition for the 
valence of an atom or radical as the number of hydrogen 
atoms which it can displace, or with which it can com- 
bine, or to which it is equivalent in the event that a 
direct reaction with hydrogen does not take place. 

Valence is the manifestation of the tendency of atoms 
to gain or lose electrons from the outermost orbit or 
orbits of the planetary electrons. By gaining or losing 
electrons, as the case may be, the atom succeeds in ar- 
ranging a sufficient number of electrons in the outermost 
orbit to resemble more clearly the planetary electron 
arrangement of the very stable inert gases, and in this 
condition the atom is more stable. 

Degrees of valence are indicated by Greek or Latin 
names or prefixes, or by Roman numerals, the latter 
being placed to the right and slightly above the chemical 


symbol. The prefixes used for the several valences are 
as follows: 
Valence Latin Prefix Greek Prefix 
Mf Uni- Mono- 
II Bi- Di- 
Iil Ter- Tri- 
IV Quadri- Tetra- 
V Quinque- Penta- 
VI Sexa- Hexa- 
VII Septa- Hepta- 
VIII Octo- . Octo- 


Depending upon the nature of the compound in which 
an element occurs, its valence may often be either posi- 
tive or negative. Thus, in the compound HCl, the 
formula for hydrogen chloride, the valence of chlorine 
is —1; but in HCIO, the formula for hypochlorus acid, 
the valence of chlorine is +1. In other compounds the 
valence of chlorine may also be +3, +5, or +7. The 
valences of the elements are given in the accompanying 
list. ' 

Monovalent elements combine in equal atomic pro- 
portions. Examples, NaCl, HI, KBr, etc. _ 

Divalent elements combine in equal atomic propor- 
tions also, as FeS, CaO, etc. 

When a divalent element combines with a monovalent 
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element, it requires two atoms of the latter to each one 
of the former. Examples: H20O, HgCls, ete. 

Trivalent elements follow analogous combining rules. 
It requires three monovalent atoms for each trivalent 
atom, as in SbCl, or three divalent atoms for each two 
trivalent atoms, as in As2Os. 

Valence is sometimes expressed for purposes of in- 
struction and in structural formulas by means of hypo- 
thetical bonds attached to the symbol. 

Examples: 

H— (monovalent) —O— or O= (divalent) 


—As— or As= (trivalent) —C— or =C= or C=(tetravalent) 


and so on similarly to the end of the list. 

The degrees of valence are not invariable. A number 
of elements (such as chlorine for example) exhibit more 
than one valence. When an element changes its valence, 
either increasing or diminishing, the change is usually 
by two degrees at a time. Thus chlorine may be mono- 
valent, trivalent, pentavalent, or heptavalent: 

Cl— d= C=) C= 

Instances where an apparent change of one degree 
occurs are sometimes accounted for by the assumption 
that the atoms have the power of combining with their 
own kind. For example, mercury is ordinarily a bi- 
valent element, combining with chlorine to form mer- 
curic chloride, HgCls, exhibiting normal valence, 
Cl—Hge—Cl. To account for mercurous chloride 
(Hg2Cl.) the following structural relationship may be 
assumed: Cl—Hg—Hg—Cl. 

Exceptions of this kind are not very numerous and 
may be easily remembered. 

Valence variations are distinguished by the use of ap- 
propriate terminations, ows indicating a lower and ic 
indicating a higher valence. There is, thus, ferrous 
(divalent) and ferric (trivalent) iron; cuprous (mono- 
valent) and cupric (divalent) copper; and numerous 
similar instances which the student needs to learn and 
remember in order to understand the theory of chem- 
istry. 

After having learned the names and symbols of the 
elements“and the mathematical rules governing their 
Vee reg the student must next learn the system 
of nomenclature, or naming of compounds, which when 
once mastered enables a person to name the compound 
accurately even though he may never have seen the 
particular formula before. 

Chemical compounds which contain only two ele- 
ments are known as binary compounds. They are 
named by joining the names of the elements in proper 
sequence and changing the name of the latter element 
to terminate in zde (written 7d in some of the chemical 
literature). Numerical modifications are indicated by 
proper Greek or Latin prefixes. To express the formula 
of such a compound, the symbols are simply placed to- 
gether in the proper order, the more strongly electro- 
positive element being placed first and with the proper 
modifying numerals, if necessary. For example, sulfur 
and oxygen combine to form several compounds. The 
simplest of these is called sulfur dioxide (dioxide mean- 
ing two atoms of oxygen) and is written SOs, and the 
second is called sulfur trioxide (trioride meaning three 
atoms of oxygen) and is written SOs. The compound 
of sodium and chlorine (common salt) thus becomes 
sodium chloride (NaCl) and so on indefinitely. 

In some of the older works on pharmacy and chem- 
istry these same compounds are named in a slightly 
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(Adopted by the International Committee on Chemical Elements 1941) 
The basis of this table is Oxygen—16 


Valence nf 
Atomic ! 
Name Sym- Pr Nega- | Num- | Atomic 
bol Positive tive ber Weight 
Aluminum Al Ill Tae 13 26.97 
Antimony Sb III and V iil 51 121° 76 
Argon A 0) ie, 18 39.944 
Arsenic As III and V Ill 33 74,91 
Barium Ba II Lee 56 137.36 
Beryllium Be II Bean 4 9.02 
Bismuth Bi III and V ne 83 209.00 
Boron B III and V III 5 10.82 
Bromine Br |, Lil, V,sand VIL I 35 79.916 
Cadmium Cd II Ae 48 112.41 
Calcium Ca II on 20 40.08 
Carbon C Vie IV 6 12.010 
Cerium Ce III and IV #25 58 140.13 
Cesium Cs I se 55 132.91 
Chlorine Cl ie tiie Vecands Wilh I iy 35.457 
Chromium Cr II, III, and VI ache 24 52.01 
Cobalt Co II and III i 58.94 
Columbium| Cb III and V 41 92.91 
Copper Cu I and II 29 63.57 
Dyspro- 
sium Dy III ees 66 162.46 
Erbium Er III ihe 68 167.2 
Europium Eu iT ory 63 152.0 
Fluorine F Pike ii 9 19.00 
Gadolinium| Gd Til tee 64 156.9 
Gallium Ga Ill ene 31 69.72 
Germanium| Ge IV Eis 32 72.60 
Gold Au I and III nove 79 197.2 
Hafnium Hf IV ee 72 178.6 
Helium He 0 ies 2 4.003 
Holmium Ho Ill ae 67 164.94 
Hydrogen H I ae 1 1.0080 
Indium In LAE Fate 49 114.76 
Jodine I Teun eiVerands: VL I 53 126.92 
Tridium Ir II, III, and IV on 77 193.1 
Tron Fe II and III 26 55.85 
Krypton Kr 0 36 83.7 
Lanthanum| La III 57 138.92 
Lead Pb II and IV 82 207.21 
Lithium Li I 3 6.940 
Lutecium Lu Ill als 174.99 
Magnesium| Mg II 12 24.32 
Manganese} Mn _ II, III, IV, and VII 25 54.93 
Mercury Hg I and II 80 200.61 
Molyb- 
denum Mo III, IV, and VI 42 95.95 
Neodym- 
ium Nd III 60. 144.27 
Neon Ne 0 10 20.183 
Nickel Ni II and IIIT Mike 28 58.69 
Nitrogen N III and V III 7 14.008 
Osmium Ose LI TE IVinsanicle Ville eye 76 190.2 
Oxygen O sake II 8 16.0000 
Palladium Pd II and IV Moe 46 106.7 
Phosphorus} P IIT and V iil 15 30.98 
Platinum 1240 II and IV Se 78 195.23 
Potassium K I 19 39.096 
Praseodym-| . 
jum Pr III 59 140.92 
Protoactin- 
ium Pa Vv 91 231 
Radium Ra II 88 226.05 
Radon Rn (0) 86 222.0 
Rhenium Re IV, VI, and VII 75 186.31 
Rhodium Rh II and IV 45 102.91 
Rubidium Rb I 37 85.48 
Ruthenium| Ru II and IV 44 101.7 
Samarium Sa « TIL 62 150.43 
Scandium Se III 21 45.10 
Selenium Se II, IV, and VI ae 34 78.96 
Silicon Si IV IV 14 28.06 
Silver Ag I 1 AT 107.880 
Sodium Na I 11 22.997 
Strontium Sr II Abs: 38 87.63 
Sulfur ) II, IV, and VI Il 16 32.06 
Tantalum Ta III and V eas hes 180.88 
Tellurium Te IV and VI II 52. 127.61 
Terbium Tb Ill SH 8 65 159.2 
Thallium aul I and III ae 81 204.39 
Thorium Th IV Sen 90 232512 
Thulium Tm Til Ee 69 169.4 
Tin Sn II and IV te 50 118.70 
Titanium Ath IV be 22 47.90 
Tungsten WwW II, IV, and VI es 74 183 .92 
Uranium U IV and VI es 92 238 .07 
Vanadium Vv II, III, IV, and V Ay 23 50.95 
Xenon Xe (0) oa 54 Lies 
Ytterbium Yb III Bac 70 173.04 
Yttrium Yay III at 39 88.92 
Zine Zn. II aes 30 65.38 
Zirconium Zr IV ae 40 91.22, 


THEORETICAL ASPECTS OF INORGANIC CHEMISTRY 


‘different manner, as ZnO, monoxide of zinc; NaCl, 
chloride of sodium, ete. Other appropriate prefixes are 
used in special cases. Thus Cuz0 is called copper sub- 
oxide. The following list gives a range of examples of 
the previously discussed types: 


Hg2O—mercury suboxide—usually called mercurous oxide. 
HgO—mercury oxide—usually called mercuric oxide. 
NO2—nitrogen dioxide—sometimes called nitrogen peroxide. 
SOz—sulfur trioxide. 

CCl,—carbon tetrachloride. 

PCls—phosphorus pentachloride. 

SF,.—sulfur hexafluoride. 


An intermediate form where the elements are present 
in the proportion of two of the first to three of the sec- 
ond takes the prefix sesqui (meaning one and one-half) 
as Fe.O3; iron sesquioxide. 

The foregoing terminations apply to the second ele- 
ment. In the case of a series of compounds other ter- 
minations, applicable to the first element, are known. 


ClgO—chlorine monoxide is known as hypochlorous oxide. 
ClgOg—chlorine sesquioxide is known as chlorous oxide. 
ClgO0;—chlorine pentoxide is known as chloric oxide. 
ClgO;—chlorine heptoxide is known as perchloric oxide. 


All of the foregoing rules apply to binary compounds, 
or those containing two elements, only. 

There are some few compounds containing more than 
two elements in which the foregoing rules are applicable. 
Thus KOH is potassium hydroxide, looking upon the 
group represented by OH as though it were elemental; 
KCN is potassium cyanide, because the group CN, 
called the cyanide radical, enters into compounds 
much like a single element. Another such group com- 
monly seen, which combines as a single element, is the 
ammonium group, NH 4. 

Compounds containing three elements are called 
ternary compounds. For these and still more complex 
compounds, special rules of nomenclature are necessary. 
Among the more frequently occurring classes of com- 
pounds in chemistry are what are known as acids, bases, 
and salts. 

An acid is a compound of an electro-negative element, 
or group of elements, with hydrogen. Oxygen may or 
may not be present. Acids are sometimes called salts 
of hydrogen. Some acids are simple binary compounds, 
as HCl (hydrochloric acid) which is also known as 
hydrogen chloride. Others are ternary compounds and 
usually contain oxygen. As examples of a series of acids 
derived from the oxides of chlorine just discussed we 
have the following: 


HClO—hypochlorous acid. 
HClO2—chlorous acid. 
HClOg—chloric acid. 
HC1lO.z—perchloric acid. 


An acid is often produced by the union of an oxide of 
an electro-negative element with water. 

The relationship between the two foregoing tables 
can be illustrated by the following groupings of chemical 
symbols in what are known as chemical equations, 
which serve to show the value of the symbols and figures 
in expressing chemical combinations or reactions and 
changes definitely and mathematically. 


ClO + H20 = 2HCI1O 
hypochlorous water hypochlorous 
oxide acid 


Cl,O3 + H2O = 2HCI1O2 
chlorous water chlorous 
oxide acid 


Cl2O5 + H,0 — 2HCI1Og 


chloric oxide water chloric acid 
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Cl2O7, + H2O = 2HCIO4 
perchloric water perchloric 
oxide acid 

The number of acids is very great and many of them 
are of importance in pharmacy and chemistry. They 
possess many properties in common, among which are 
the power to neutralize bases or alkalies, to alter the 
colors of certain solutions known as indicators (as litmus 
which is turned red by acids), the power of reacting 
with metals, usually with the liberation of the hydrogen 
of the acid. They usually possess a sour taste, and in 
the concentrated condition are frequently destructive 
to animal and vegetable tissues. 

Bases are compounds of electro-positive elements 
with the combination of oxygen and hydrogen written 
(OH) and known as hydroxyl. They are sometimes 
called simply hydroxides, and the water-soluble bases 
are frequently called alkalies. Examples of commonly 
used bases are: 


KOH—potassium hydroxide. 
NaOH—sodium hydroxide. 
NH4,OH—ammonium hydroxide. 
Ca(OH)2—calcium hydroxide. 


Some of the hydroxides are produced from the oxides 
by the combining action of water as in the following 
cases: 


CaO + He0 ———> Ca(OH)e2 


The characteristic properties of bases are the power 
to react with acids and neutralize them to form salts, 
to act upon indicators such as litmus in a distinetly dif- 
ferent manner from acids (as litmus which is turned 
blue by bases), and when soluble, the possession of a 
bitter disagreeable taste. 

Salts are compounds formed by the union of bases 
and acids or by the action of acids upon metals or 
sometimes by the direct union of the elements them- 
selves. They are compounds in which the hydrogen of 
an acid has been replaced in whole or in part by a posi- 
tive element or radical. The generic name salt must not 
be confused with the specific name of sodium chloride. 
In the following equations examples of salts are illus- 
trated as produced in several different ways. 


1. By neutralization of an acid by a base. 


HCl + NaOH ——> NaCl + H2O 
hydrochloric sodium sodium water 
acid hydroxide chloride 


2. By direct combination of the elements. 


Fe + I, ———> Fels 
iron iodine ferrous 
iodide 


3. By action of an acid upon a metal with the formation of a 
salt and the liberation of hydrogen. 


Fe + 2HCl —— FeCle + He 


hydrochloric ferrous hydrogen 
acid chloride 


iron 


Binary salts are named according to the rules previ- 
ously discussed. Ternary salts are named by changing 
the terminal syllable of the acid in a definite manner and 
adding to the name any prefix which may have been 
used to distinguish the acid. Acids whose names end 
in ic form salts with names ending in ate. Acids whose 
names end in ous form salts with names ending in 7te. 

Taking the series of chlorine acids previously dis- 
cussed: 


Hypochlorous acid, HC1O, forms hypochlorites. 
Example: NaClO, sodium hypochlorite. 


Chlorous acid, HC1lOxz, forms chlorites, 
Example: NaC 10s, sodium chlorite. 

Chlorie acid, HC1Os, forms chlorates, 
Example: NaClOs, sodium chlorate. 

Perchloric acid, HClO4, forms perchlorates, 
Example: NaClOz, sodium perchlorate. 


There are several types of salts which are distin- 
guished by appropriate designations. 
Normal salts, in which the replaceable hydrogen of an 
acid is entirely replaced by a metal or a positive group. 
Examples: 
NaCl—sodium chloride. 
(NH4)2SO4—ammonium sulfate. 


NagPO4—sodium phosphate. 
NagCOsg—sodium carbonate. 


Acid salts, in which the available hydrogen of an acid 
is only partly replaced by a metal. 

Examples: 

NaHSO,—sodium acid sulfate (sodium bisulfate). 


NaH2PO,4—sodium acid phosphate (sodium biphosphate). 
NaHCOg—sodium acid carbonate (sodium bicarbonate). 


Mized or double salts, in which the replaceable hydro- 
gens of an acid are replaced by more than one metal. 
Example: 


KNaC4H40.¢—potassium and sodium tartrate. 


The term double salt is sometimes applied to com- 
binations of two complete salts which crystallize to- 
gether to form a definite chemical compound, as K,S0,- 
Al,(SO.4)3, potassium aluminum sulfate .(anhydrous 
alum). 

Basic salts, also called sub- or oxy-salts are those in 
which not all of the hydroxy] or the oxygen of the under- 
lying base has been replaced by an acid radical. 

Examples: 


BiONOz3—bismuth oxynitrate (bismuth subnitrate or basic 
bismuth nitrate). 
Ca(OH)Cl—hasic calcium chloride or calcium subchloride. 


Nomenclature—In the older nomenclature the basic 
or electro-positive elements had names ending in wm, 
and it was customary to give the termination a to 
the oxide or hydroxide. Thus Mg was magnesium, 
while MgO was magnesia; K was potassiwm while KOH 
was potassa; Na was sodiwm while NaOH was soda; Al 
was aluminum, while AlzOg was alumina, etc. 

Prefixes from the Greek were formerly used in place 
of ous and zc terminations. Thus protochloride of mer- 
cury was used for mercurous chloride or calomel, and 
deutochloride of mercury for mercuric chloride or corro- 
sive sublimate. Proto means first and deuto means 
second. 


Chemical Reactions—Chemical Equations 


A chemical equation is a collection of symbols or 
formulas and arithmetical signs so arranged as to give 
to one who understands the notation an exact picture 
of a chemical change which has been or can be produced. 
Such a change is called a chemical reaction. 

It requires a number of words to express the fact that 
when sodium bicarbonate and hydrochloric acid are 
brought together, several new compounds are produced, 
z. €., sodium chloride, carbon dioxide, and water. The 
fue may be graphically and briefly expressed as fol- 
ows: 


NaHCOs3 + HCl ———> NaCl + H20 + COg 


Furthermore, the symbolic equation gives more in- 
formation than appears at first glance for it is also an 
accurate mathematical statement, and can be used as a 
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basis for chemical calculations in either laboratory ex- 
periments or in manufacturing operations for ascertain- 
ing costs and yield. 

This is made possible by the use of molecular weights 
in connection with an equation like the foregoing. A 
molecular weight is the sum of the weights of the atoms 
comprising a molecule. Turning to the atomic weight 
table and using the figures therein given, the following 
molecular weights for the substances mentioned are 
found by calculation: 


NaHCoOs: 
Na—1 X 22.997 = 22.997 
H—1 xX 1.008 = 1.008 
C—1 X 12.010 = 12.010 
Os—3 X 16 = 48.000 
84.015 = The molecular weight of 
sodium bicarbonate 
HCl: 
H—1 X 1.008 = 1.008 
Cl—1 35.457 = 35.457 


36.465 = The molecular weight of 
hydrochloric acid 


NaCl: 
Na—1 X. 22.997 = 22.997 
Cl—1 X 35.457 = 35.457 
58.454 = The molecular weight of 
sodium chloride 
H.O: 
He—2 X 1.008 = 2.016 
O=1 X 16 = 16.000 
18.016 = The molecular weight of 
water 
COs: 
C—1 X 12.010 = 12.010 
Os—2 X 16 = 32.000 
44.010 = The molecular weight of 


carbon dioxide 


Now rewriting the equation and giving each sub- 


stance its appropriate molecular weight the following is 


found: 


NaHCO3 + HCl ———> NaCl + H20 + COz2 
84.015 36.465 58.454 18.016 44.010 


If the figures on each side of the equation are now 
added it is found that 84.015 + 36.465 = 120.480 and 
also that 58.454 + 18.016 + 44.010 = 120.480. There- 
fore the equation balances mathematically as well as 
atomically and opens to the intelligent student a vista 
of what chemistry really means. 

Following this logical train of thought, it is realized 
that as chemical compounds are invariable in their 
composition, for every 84.015 parts by weight of 
NaHCoOs we will always require 36.465 parts of HCl for 
its neutralization, and that the resultant amount of 
NaCl will be 58.454 parts by weight. By arithmetical 
proportion these quantities may be translated into any 
units desired. 

Suppose it is necessary to know how many ounces 
avoirdupois of NaCl will be yielded by the decomposi- 
tion of 16 oz. av. of NaHCO;—the proportion would be 
as follows: 

-84.015:58.454::16:2, or, by rounding off the deci- 
mals, and working out the proportion we obtain the 
answer 11.13 oz. av. 

If there is occasion to know how many grams of 
NaHCOg will be required to produce 100 grams of 
NaCl, the proportion, rounding off the decimals, would 
be as follows: 

58.5:84::100:2 and the working out of this propor- 
tion gives the answer 143.6 grams. ‘ 

The student who fully and clearly understands the 
principles involved in the foregoing calculations and the 


mathematical deductions which have resulted from a 
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close study of it need have no fear that chemistry will 
prove a difficult subject, for the entire science is based 
upon the same principles and similar deduction. Chemi- 
cal calculations are sometimes included in a separate 
branch of study known by the formidable name of 
stoichiometry. The subject of stoichiometry need have 
no terrors for those who know simple arithmetic and 
the rules of proportion. 

Other methods are used in chemical literature to ex- 
press chemical reactions besides equations. The equal- 

‘ity sign (=) is not always correct in showing the trend 

or direction of a reaction and has been replaced. accord- 
ing to some authorities with an arrow indicating that 
the materials on the left-hand side pass, in chemical 
transformation, into those on the right-hand side. 

By this system the previous reaction would be ex- 
pressed in the following manner: 


Sometimes a reversal of reaction may be expected or 
a state of equilibrium occurs, in which case two arrows, 
pointing in opposite directions, are used as in the follow- 
ing equation: 


MnCl, pate MnCle + Cle 


Another manner of expressing reactions, which is ex- 
cellent for the student to practice frequently enough to 
familiarize himself with the principle of balancing 
equations, is by placing the formulas opposite each 
other and drawing connecting lines between the similar 
atoms on each side of the equation until all are ac- 
counted for. This is illustrated by the following dia- 
gram applied to the equation previously studied. 


NaHCoO, + HCl 


NaCl+H,0+C0, 


It must be remembered that an equation or reaction 
must always balance; that is, the number of atoms of 
each kind must be the same on each side of the equation. 
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Volume Combination 


If equal volumes of elements or compounds in the 
gaseous state are weighed under similar conditions, the 
relative weights will be in proportion to the molecular 
weights. 

This has resulted in the establishment of a general 
principle which is known as Avogadro’s law, to the effect 
that: Hqual volumes of different gases contain the same 
number of molecules under the same conditions of tem- 
perature and pressure. 

Atomic and molecular weights are determined by the 
practical application of this law. 

Other laws relating to combinations of gases were 
formulated by Gay-Lussac and are as follows: (1) Gases 
combine by volume in simple numerical ratios. (2) The 
resulting volume of the compound, if a gas, bears a simple 
ratio to the volumes of the original constituents. 

Thus: 1 volume of Hz combines with 1 volume of 
Cl, to produce 2 volumes of HCl; 2 volumes of Hz com- 
bine with 1 volume of O, to produce 2 volumes of H2O 
(vapor); 3 volumes of Hz combine with 1 volume of Nz 
to produce 2 volumes of NHs. 


Proximate and Ultimate Analysis: Synthesis 


When the composition of a compound body is ascer- 
tained by separating it into simpler parts, the process 
is called analysis. Proximate analysis is the resolving of 
a complex body into simpler parts which are not ele- 
mental, any one or more of these factors being quantita- 
tively determined as in the estimation of morphine in 
opium, or of potassium iodide in Lugol’s solution. 
Ultimate analysis is the quantitative determination of 
the elements in a chemical compound, as in the analy- 
sis of quicklime to determine the amounts of calcium 
and oxygen, or of sugar to determine the amounts of 
carbon, hydrogen, and oxygen. 

The opposite of analysis is synthesis. This is the 
process of combining simpler substances to form those 
that are more complex. The word synthetic is applied 
to certain compounds that have been produced in this 
manner to distinguish them from similar compounds of 
natural origin. 


CHAPTER XLV 


HYDROGEN, OXYGEN, WATER, AND PEROXIDES 


Hydrogen—H = 1.008 (At. no. 1) 


History and Occurrence—The name Hydrogen is de- 
rived from the Greek words meaning “I produce water,” 
because water is the product of its combustion in air 
(oxygen). Its elemental character was first recognized 
by Cavendish in 1766. Hydrogen occurs free in nature 
in the gases from certain volcanoes; also in the steam 
issuing from some springs. It also occurs in a free 
state in the natural gas from the oil wells of Pennsyl- 
vania. It constitutes one-eighth of the weight of 
water. In combination with carbon or other elements 
it is present in all living matter, and in combined form 
it is also a constituent of many minerals and rocks. 

Preparation—Industrially, Hydrogen is prepared by 

passing steam over heated metallic iron. It is also ob- 
tained as a by-product in the electrolytic manufacture 
of chlorine and sodium hydroxide from sodium chloride. 
On a small scale it can be prepared by the action of iron, 
aluminum, or zine on diluted hydrochloric or sulfuric 
acid. 
Description and Properties—Hydrogen is a colorless, odorless gas. 
It is the lightest of all elements. <A liter of Hydrogen at a pressure of 
760 mm. (1 atmosphere) and at 0° C. weighs 0.089 Gm. Itisslightly 
soluble in water. At elevated temperatures, or in the presence of 
catalysts at ordinary temperatures, it combines with oxygen and the 
halogens with the generation of much heat. It also forms compounds 
with the alkali metals known as hydrides. 

Uses—Hydrogen finds extensive application in indus- 
try. Among its more important uses are the “syn- 
thetic” production of ammonia from atmospheric 
nitrogen, the hydrogenation (hardening) of oils, and the 
production of synthetic organic chemicals. 


Deuterium—D 


Deuterium (D) is a form (isotope) of Hydrogen, having twice ‘the 
atomic weight of ordinary Hydrogen. It has essentially the same 
properties.as Hydrogen, and its combination with oxygen [D20] is 
known as heavy water (page 332). 


Oxygen—O = 16.00 (At. no. 8) 


History and Occurrence—The name Oxygen is de- 
rived from the Greek words meaning ‘‘I produce sour,” 
to denote that in many cases the combustion of sub- 
stances in oxygen produces acidic oxides. It was first 
obtained by Scheele, a Swedish pharmacist, in 1771, 
and independently by Priestley, in 1774. Oxygen is 
the most abundant of the elements. It constitutes 
about one-fifth of the weight of the atmosphere, and 
seven-eighths of the weight of water. 

Preparation—Oxygen is prepared industrially by 
liquefying air with extreme cold and great pressure. 
When liquid air is allowed to vaporize, the nitrogen and 
some of the rarer gases escape first because of their 
greater volatility, and the gas that comes off last is 
nearly pure Oxygen. Another method which is less 
practical is based upon the electrolysis of water, whereby 
the water is decomposed into its constituent elements, 
namely, hydrogen and oxygen, which separate at oppo- 
site electrodes. 

An older method for producing Oxygen, but no longer 
utilized, involved heating barium monoxide [BaO] in a 
current of air to form barium dioxide [BaOg], then in- 
creasing the temperature, whereby the barium dioxide 
was decomposed giving off free Oxygen and again form- 


ing barium monoxide. In another process formerly 
used, potassium chlorate served as the source of Oxygen. 
When potassium chlorate is heated it gives up its Oxy- 
gen content leaving potassium chloride. 


OXYGEN U.S. P. Oxygenium 
[Oxygen.—Sp. Oxigeno] 


Oxygen contains not less than 99 per cent by volume 
of Os (32.00). 


* 

Description and Properties—Oxygen is a colorless, odorless, tasteless 
gas. It supports combustion more energetically than air. A liter 
of Oxygen at a pressure of 760 mm. (1 atmosphere) and at 0° C. 
weighs 1.429 Gm. One volume of Oxygen dissolves in about 32 
volumes of water or in about 7 volumes of alcohol at 20° C. and 760 
mm. pressure. A glowing splinter of wood held in Oxygen bursts 
into flame. 

Tests for Purity— 

Acids, alkalies, and halogens (e. g., HCl, NHs)—After passing 2 
liters of Oxygen through 100 cc. of water, the pH of the water is not 
different from that of the original water, and gives no reaction for 
chloride with silver nitrate. 

Carbon dioxide—Not more than 0.5 mg. per liter of Oxygen. 

Other oxidizing substances (e. g., ozone, nitrogen oxides)—T wo liters 
of Oxygen is passed through a freshly prepared solution of starch- 
potassium iodide to which a drop of glacial acetic acid has been added. 
The color of the starch-iodide solution does not differ from that of 
a blank. (Ozone and nitrogen oxides liberate iodine from potassium 
iodide which colors the starch blue, but Oxygen does not.) 

Carbon monoxide—Oxygen meets the requirements of the test for 
Carbon Monoxide in Oxygen (page 1051). 


Note—Cylinders containing Oxygen to be used in the above tests must be kept 
at a temperature of 25° + 2° for at least 6 hours before the Oxygen is withdrawn. 
Gas volumes for the above tests and assays are to be corrected to a pressure of 760 
mm. and a temperature of 25°. 


Assay—The assay is based on the fact that metallic copper, in the 
presence of ammonium chloride and ammonia, absorbs Oxygen. 
The reaction may be represented by the equation: 


2Cu + O2 + 2H20 — 2Cu(OH)s 


The most likely impurity in Oxygen is nitrogen, but nitrogen is not 
absorbed in this medium. Therefore, when an exactly measured 
volume of Oxygen is slowly brought in contact with the absorbing 
medium in a suitable apparatus (nitrometer) the nitrogen will remain 
unabsorbed. The difference between the volume of Oxygen taken 
for the assay and the volume of the unabsorbed gas represents the 
Oxygen. For details of the assay consult the U.S. P. XIII. 
Storage—Oxygen is usually supplied in compressed form in iron 
cylinders under about 120-130 atmospheres pressure. When required 
for use the pressure is regulated by means of a reducing valve. 


Uses—Oxygen is widely employed in the treatment of 
anoxia. It is usually administered by means of an 
Oxygen tent, or a special face mask in concentrations 
ranging from 40 to 100 per cent. Pure Oxygen should 
be given only for limited periods of time, inasmuch as 
it is apt to injure the epithelial lining of the lung. 

Oxygen exerts its greatest benefit in the treatment of 
conditions of anoxia which arise from inadequate oxy- 
genation of the blood passing through the lungs. Chief 
among these are pneumonia and pulmonary edema. 
The gas also offers relief in the treatment of severe 
asthma. The symptoms of acute coronary occlusion 
are also somewhat mitigated by high concentrations of 
Oxygen. Patients in shock are greatly benefited by the 


gas. 


A special indication for Oxygen is in the treatment of 
carbon monoxide poisoning. The inhalation of a high 
concentration of Oxygen, especially when combined © 
with carbon dioxide, speeds the conversion of carboxy- 
hemoglobin formed by the carbon monoxide to oxy- 
hemoglobin. 1 

Oxygen is routinely employed during the administra- 
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tion of anesthetic gases or vapors by the ‘‘closed”’ 
method. Anesthetic agents which are sufficiently 
potent so as to permit the simultaneous administration 
of a high concentration of Oxygen possess advantages 
(see Cyclopropane) over those which are less active (see 
Nitrous Oxide). 

Industrially, Oxygen is used in the oxy-acetylene or 
oxy-hydrogen blow pipe for welding and cutting metals. 
It is carried on all high flying airplanes and is used by 
divers in submarine work. 


Ozone 


Ozone—Ozone is an allotropic form of oxygen, its molecule being 
composed of 3 atoms of oxygen (O3 = 48.00). Traces of ozone are 
present in the neighborhood of electricity-generating machines, 
and the peculiar odor noticed during electrical storms is attributed 
to the formation of this gaseous substance. 


Ozone is a very powerful oxidizer. It is not commercially avail- 
able. Ozonized air, containing a few per cent of ozone, is utilized 
for the disinfection of small volumes of water, such as swimming 
pools. It is produced at the place where it is required by electric 
machines specially designed for this purpose. 


WATER AND ITS PREPARATIONS 


Water—H.O = 18.016 


Water is one of the most important and useful phar- 
maceutical compounds. The U. S. Pharmacopceia 
recognizes water of several degrees of purity: Water, 
also known as potable, natural, or drinking water; 
Distilled Water; Sterile Distilled Water; and Water for 
Injection. 


WATER U.S. P. Aqua 
[Sp. Agua] 


Water contains 88.8 per cent of O2 and 11.2 per cent 
‘of He. 


Description and Properties—Water is a clear, colorless liquid, practi- 
cally odorless and tasteless. 
Tests for Purity— 

Reaction—This is determined by adding to one 10-ce. portion of 
Water 2 drops of methyl red pH indicator, and to another 10-cc. por- 
tion 2 drops of phenolphthalein T.S.; no pink or red color should be 
re in either portion of the Water (indicating a pH between 5 
and 8.5). 

Non-volatile matter—Not more than 0.10 per cent (1000 parts per 
million). 

Foreign volatile matter—On heating Water to the boiling point and 
agitating, no odor should be evolved. 

Heavy metals—These are tested for by adding 1 cc. of diluted acetic 
acid and 10 cc. of hydrogen sulfide T.S. to 40 cc. of Water. After 10 
minutes the°color of the liquid when viewed downward over a white 
surface is not darker than the color of a mixture of the same volume 
of Water, 10 cc. of distilled water and 1 cc. of diluted acetic acid. 

Zinc—The test for this metal is based on the insolubility of zine 
ferrocyanide in water. Itismadeas follows: 3 drops of glacial acetic 
acid and 0.5 cc. of potassium ferrocyanide T.S. are added to 50 cc. 
of Water contained in a glass tube. If any turbidity is produced it 
should not be greater than that of 50 cc. of distilled water treated in 
the same manner as the sample, and viewed downward over a dark 
surface. 

Coliform organisms—The U.S. P. also requires that Water must 
meet the standards for freedom from coliform organisms as required 
for Potable Water by the U. 8. Public Health Service. 
Incompatibilities—When alcohol has been used as the solvent for 
many substances, such as free alkaloids, organic acids, volatile oils, 
or resins, the addition of Water or aqueous liquids to the alcoholic 
solutions will cause partial or complete precipitation of the dissolved 
substances. Water does not mix with oils unless an emulsifying 
agent is present. 


Uses—In pharmacy, ordinary Water is used as a 
solvent (e. g., in the extraction of vegetable drugs), as a 
precipitating agent, and for purifying certain water- 
insoluble products. In manufacturing pharmaceuticals 
for oral administration Distilled Water is used, and the 
same quality of Water is used in filling prescriptions for 
oral use. For aqueous solutions of drugs to be used 
parenterally, Water for Injection must be used. 


POTABLE WATER OR DRINKING WATER 


Potable water is water which is fit to drink. Since 
water dissolves a part of nearly everything with which 
it comes in contact it is impossible to find, in nature, 
water which is absolutely pure. 

‘The water for drinking and domestic purposes is 
generally supplied by rivers, lakes, wells, and springs. 
Such waters commonly contain salts of calcium, iron, 
magnesium, potassium, and sodium, with organic mat- 


ter from falling leaves and twigs, traces of ammonia 
and other gases from the atmosphere. There is also a 
variety of suspended matter in natural water such as 
fine particles of clay, sand, microscopic organisms in- 
cluding bacteria, and fragments of vegetation. Drink- 
ing waters that contain small amounts of dissolved salts 
and only traces of inert suspended matter are not di- 
rectly injurious to health. 

Drinking water is rendered more agreeable, or palat- 
able, because of the dissolved air and carbon dioxide 
which it contains. To most people the taste of boiled 
water is insipid or flat because the air has been removed 
by boiling. The taste of water is also influenced by the 
presence of dissolved salts, and waters having appreci- 
able amounts of these salts are always more acceptable 
for drinking than those free from solids, but good drink- 
ing water should not contain an excessive amount of 
dissolved salts and must be free from disease-producing 
organisms and from sewage contamination. 


Bacterial Purification 


Large Scale—The purification of potable water from 
bacteria is one of the most important problems of civil- 
ized communities. For this purpose treatment of the 
filtered water with traces of chlorine or sodium hypo- 
chlorite is extensively used. Copper sulfate is some- 
times employed, especially for the removal of alge. 
Ozone is a very desirable and effective agent because, 
owing to its great oxidizing power, it effectively removes 
odor and taste due to organic pollution. Such chemical 
treatment is the most effective means of destroying 
organic matter, especially bacteria. 

Another efficient process for water purification con- 
sists of the action of ultraviolet light. In this method 
filtered water is exposed in thin layers and at short 
range to light of an electric mercury vapor lamp with 
walls of quartz. An electrolytic method of purification 
has been proposed also. In this process the water is 
passed between electrodes and thereby subjected to 
the action of nascent oxygen and of ozone, whereby 
unstable organic matter and bacteria are destroyed. 
In still another electrolytic process, known as the 
Catadyn process, the water is passed between two silver 
electrodes. The electric current causes silver ions to 
separate which, it is claimed, exert a powerful germi- 
cidal effect on bacteria. 

Most cities and towns have established plants for 
purifying water. This is usually accomplished by 
slowly filtering the water through large beds of sand 
and gravel and then chlorinating. The suspended 
matter is removed from the water mechanically and 
many organic impurities are decomposed by the micro- 
organisms which form on the surface of the filter. The 
filter bed must be frequently cleaned. 

Turbid water is sometimes clarified by treatment with 
alum. In solution the alum precipitates, especially in 
the presence of a little lime water, forming flocculent, 
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microscopic particles of aluminum hydroxide which 
settle and carry with them the suspended impurities. 

Some knowledge of the origin of a water supply is 
especially important because of possible contamination 
with sewage. Usually the presence of sodium chloride 
indicates sewage unless its presence can otherwise be 
explained. The presence of the usual quantities of 
ammonia, nitrites and nitrates are of themselves harm- 
less in drinking water, but they are usually assumed to 
be evidence of sewage contamination, having resulted 
from the gradual oxidation of nitrogenous matter. 
(See Water Supply, by Mason, John Wiley & Sons.) 

Small Scale—Everyone should know how to purify 
water on a small seale for household consumption. At 
times pure water may not be obtainable and in an 
emergency, or during an epidemic, purification will be 
imperative. This can. be done by boiling the water for 
fifteen or twenty minutes and storing it in bottles or 
jars which have also been sterilized by boiling. Con- 
tainers must be closed with a pledget of absorbent cot- 
ton to prevent contamination. 

If the water is turbid a small quantity of alwm may 
be added before boiling. The flocs of aluminum hy- 
droxide formed will facilitate the sedimentation of the 
fine particles. The addition of a small amount of so- 
dium carbonate may be necessary to cause the formation 
of the aluminum hydroxide. 

An effective chemical method of purification is the 
addition of 2 drops of Iodine Tincture 7% to a quart of 
water, mixing, and allowing to stand for 30 minutes be- 
fore using. 

A chemical of the chloramine group, developed by 
Dakin during World War I for extemporaneous purifica- 
tion of drinking water, is sold under the name of Hala- 
zone. Succinchlorimide (page 602) isa more recent addi- 
tion to water purifiers of this type. In these chemicals 
the chlorine is attached to the nitrogen and conse- 
quently is ‘‘loose,” acting like free chlorine. A tablet 
containing 3 or 4 mg. of this compound is added to a 
quart of water and allowed to stand for 30 minutes. 

For other efficient methods of purifying water for 
camp use, see the Hospital Corps Handbook of the 
U.S. Navy or the Field Sanitation Manuals of the U. 8. 
Army. 


Deionization of Water 


Many large industrial plants daily require thousands 
of gallons of water having the characteristics of distilled 
water. Since distillation is a very costly process, chem- 
ists have found other methods of producing water 
which is mineral-free, clear, tasteless, and colorless. 
This degree of purity is required in some processes to 
obtain products which are stable and palatable. 

For years commercially produced sodium alumino- 
silicates [NazO.Al,03.28i02.6H2O] known as zeolites 
and sold under the name of Permutit have been used 
successfully as water softeners. The loosely bound Na 
ions readily interchange with other cations such as Ca 
and Mg, stoichiometrically and in accordance with the 
law of mass action. When equilibrium is approached 
and little exchange occurs, the zeolite is regenerated by 
treatment with sodium chloride solution. This ex- 
changer is spoken of as operating in the sodium cycle. 
Sodium hexametaphosphate known also as Calgon 
[Nae(Na4P60:s)] functions as a water softener by form- 
ing soluble complex salts with magnesium and calcium. 
It is used in photographic solutions, in anti-mistants 
(1 per cent of the salt with 1 per cent of glycerin), and 
in shampoos, ete. 

Closely related to the above substances are the 
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carbonaceous zeolites which are formed by the sulfona- 


tion and oxidation of complex organic compounds. The 
H ions of the sulfonic acid groups interchange with the 
cations in solution, resulting in a reduction of total 
solids and a removal of hardness. Regeneration of the 
softener is accomplished by washing the zeolite with 
diluted sulfuric or hydrochloric acid. This exchanger 
is spoken of as operating in the hydrogen cycle. 

In 1935 Adams and Homes in England discovered 
that ion exchange properties are possessed by certain 
synthetic resins and it has been found that, by using 
them, a water meeting very rigid purity specifications 
can be produced conveniently and inexpensively. 
These resins, sold under various trade names (Amber- 
lite, etc.), are of two types: cation exchangers and 
anion exchangers. 

The cation exchangers, consisting of polymerized 
phenolic, carboxylic, or sulfonated resins, operate in 
the hydrogen cycle, forming acids and removing the 
cations from solution. If acid water, which results 
from this cycle, is then passed through a column of 
anion exchanger, consisting of polymerized amine- 
formaldehyde resins, dezonized water is obtained com- 
parable in purity to distilled water. In the hydrogen 
cycle the acidic hydrogen functions as the interchanging 
ion, and in the acid removal cycle the amine group re- 
moves the acid by combination as the ammonium salt. 


Cation Exchange Resins 


2NaR + CaSO4 — CaReg + NagSO4 


Sodium Cycle 
2HR + CaSO4 ee CaRe + H2SO04 


Hydrogen Cycle 


Anion Exchange Resins 
Acid Removal 2RX + HeSO4 > (RX)2. H2804 


NaR = sodium salt of cation exchange resin, 
HR = hydrogen derivative of cation exchanger. 
RX = anion exchange resin with the acid binding substituent X, 


The ion exchange resins possess excellent stability 
in the presence of acid, heat, and mechanical abrasion; 
they possess high capacity resulting in greater periods 
of usefulness before regeneration; they permit of higher 
flow rates due to their high exchange velocity; they 
produce a constant high degree of purification until 
depleted; and they can be produced to meet any specific 
need by variation in their composition. They do not, 
however, remove colloidal or soluble silica. Silica may 
be removed ahead of the hydrogen exchange reactor 
by the use of sodium fluoride. Natural water may also 
contain organic colors or colloidal suspended matter 
which can be removed by coagulation and filtration 
prior to deionizing treatment. Excessive quantities 
of dissolved carbon dioxide may be removed by aerat- 
ing or degasifying under vacuum. 

Deionizing equipment is now being used in hospitals, 
chemical, pharmaceutical, and other manufacturing 
plants, railroads, steamships, ice plants, restaurants, 
textile mills, paper mills, and many other industries to 
soften water, to reduce the alkalinity of water, to reduce 
total solids, to recover valuable salts, and to purify 
organic bases. 

Deionizing apparatus is illustrated in Fig. 491. The 
Barnstead Purity Meter (Fig. 492) is a useful instrument 
for quickly checking the degree of purity of a sample 
of distilled or deionized water. It gives a direct reading 
in parts per million of total solids caleulated as sodium 
chloride. : 


Water Analysis 
For many industrial uses, among which are the gen- 


eration of steam, the manufacture of soap, and the 


Weal Ee 


dyeing of textiles, water must meet certain standards 
of purity as determined by the tests described below. 
The results of these water analyses are expressed in 
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Fig. 491—Barnstead demineralizer. 


parts per million (p. p. m.) and calculations are carried 
out using equivalents per million (e. p. m.). The 
American Chemical Society and nearly all other scien- 
tific societies and laboratories have adopted this form 
of reporting. 

One part per million is equivalent to one unit weight 
per million unit weights of solution, e. g., 1 milligram 
per Kilogram of solution. One equivalent per million 
is a unit chemical equivalent weight per million unit 
equivalent weights of solution; the concentration in 
. @. p. m. is found by dividing the concentration in 

-p. p. m. by the chemical combining weight of the sub- 
stance or ion. The e. p. m. is also known as mulli- 
equivalents per liter or milligram equivalents per kilo- 
gram. 

I p. p.m. = 0.0585 gr. per gal. = I mg. per L. 
iigalepeapero.e—) 1.0. er per eal, = 17:1 mp. per Li: 


‘For example, to convert 150 p. p. m. of calcium as cal- 
cium carbonate to e. p. m., divide 150 by the equiva- 
lent weight of calcium carbonate, which is 50. This 
gives an answer of 3.0 e. p. m. To obtain the actual 
amount of calcium present it is only necessary to multi- 
ply 3.0 e. p. m. by 20, the equivalent weight of calcium, 
and obtain 60 p. p. m. of calcium present as Ca. 


Turbidity of water is a lack of clearness due to suspended mat- 
ter in an extremely finely divided state, and is not to be confused 
with color. The standard of turbidity is that produced by 1 
p. p. m. of diatomaceous or fuller’s earth in distilled water. Re- 
ports are always stated in p. p. m. of silica [SiOz], but this does 
- not mean that the turbidity of the water is due to silica. Read- 
ings are obtained by comparing the water under test with stand- 
ard suspensions in 4 comparator. 
~ Suspended Matter is composed of particles large enough to be 
removed by ordinary filtration. It is produced by coagulation 
of colloidal particles and by decomposition of soluble salts to 


_ form insoluble precipitates. 
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Color is usually the result of dissolved organic matter, and is 
expressed in platinum units. One platinum unit of color is that 
produced by 1 p. p. m. of platinum in distilled water. Standard 
Eo gte of potassium chloroplatinate and cobaltous chloride are 
used. 

Hardness is the property of water which tends to prevent soaps 
from lathering; it is caused mostly by magnesium and calcium 
salts, sometimes by aluminum and iron compounds. These salts 
form insoluble soaps by ionic interchange. Hardness is also pro- 
duced by free mineral acids and high concentrations of sodium 
chloride, sulfate, etc. 

Carbonate hardness, formerly called temporary hardness, is 
greatly decreased by boiling which precipitates the calcium from 
solution as the normal carbonate. 


Ca(HCOs)2 + heat — CaCO3{ + COz + HzO 


In order to produce the same results, lime may be added in excess 
to convert the bicarbonate into the insoluble carbonate. 

Non-carbonate hardness, formerly called permanent hardness, 
since it could not be removed by heat, is due to the presence of 
salts other than those of a bicarbonate nature, e. g., calcium sul- 
fate. Total hardness is determined as calcium carbonate. To 
determine non-carbonate hardness, a determination is made for 
total alkalinity, and this is subtracted from the determination of 
total hardness. 

Alkalinity is determined by direct titration using two different 
indicators and is calculated as calcium carbonate. The amount of 
alkalinity using phenolphthalein indicator, compared with the 
amount using methyl orange indicator, indicates the type of salts 
present and also the form of hardness present. 

Chlorides are determined with standard silver nitrate solution 
using potassium chromate as the indicator. This determination 
reveals the presence of leaks in condensers aboard ship. A 
chloride test should be made on zeolite effluent after regeneration 
to make certain that all chloride has been washed away. 

Free Chlorine is determined colorimetrically by using an acid 
solution of orthotolidine. Colors are obtained ranging from yel- 
low to deep orange. 

Biochemical Oxygen Demand (B. O. D.) is a determination of 
the amount of oxygen required to meet the demands of the micro- 
organisms and pollutive substances found in the water. B.O. D. 
is a measure of the amount of oxygen required to bring the dis- 


Fig. 492—Barnstead Purity Meter, 


solved oxygen level up to the normal amount, allowing for the 
presence of the decaying matter and microorganisms; it is con- 
trolled by the amount of sewage and wastes deposited in the body 
of water. 


Distilled Water U. S. P. Aqua Destillata 
[Aq. Dest.—Sp. Agua Destilada] 


Distilled Water is water purified by distillation. 

Preparation—The pharmacopoeia no longer’ suggests 
a method for preparing Distilled Water, simply estab- 
lishing its degree of purity, but the former official process 
is copied below. The pharmacist who is preparing 
sterile solutions, and must have freshly distilled water 
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of exceptionally high grade, not only free from all bac- 
terial or other microscopic growths but also free from 
the products of metabolic processes resulting from the 
growth of such organisms in the water, may advanta- 
geously follow this plan. These products are commonly 
spoken of as pyrogens and usually consist of complex 
protein bodies which cause systemic reactions if present 
in the solvent for parenteral medicinal substances. Dis- 
tilled water, conforming to the U. §. P. requirements, 
may also be prepared by one of the automatic stills de- 
scribed under Distillation (page 105). 

WAGE oss. 510 wie avessliolls onset arstereherelntenehenotereney ats ts fers Cie tanetetete 


1000 Vol. 
750 Vol. 


Distil the water from a suitable apparatus provided with a 
block-tin or glass condenser. Collect the first 100 volumes and 
reject this portion. Then collect 750 volumes and keep the dis- 
tilled water in glass-stoppered- bottles, which have been rinsed 
with steam or very hot distilled water immediately before being 
filled. The first 100 volumes are discarded to eliminate foreign 
volatile substances found in ordinary water and only 750 volumes 
are collected, since the residue in the still will contain dissolved 


solids. 


Description—Distilled Water is a colorless, clear liquid, without odor 
or taste. 
Tests for Purity— 

Reaction—No red color is produced (indicating a pH not below 5), 
when 2 drops of methyl red pH indicator are added to 10 ce. of Dis- 
tilled Water. To another 10 cc. of Distilled Water, 5 drops of bromo- 
thymol blue pH indicator are added. No blue color is produced 
(indicating a pH not above 7). 

Non-volatile matter—Not more than 0.001 per cent (10 parts per 
million). 

eee dioxide—No turbidity results on mixing the Distilled 
Water with an equal volume of calcium hydroxide T.S. (In the 
presence of carbon dioxide insoluble calcium carbonate is formed 
which would result in a turbidity.) ; 

Chloride and sulfate—No opalescence of turbidity is produced in 
separate portions of 100 cc. of Distilled Water, by silver nitrate T.S. 
or by barium chloride T.S. 

Ammonia—At most only a faint yellow color is produced when 1 
ec. of alkaline mercuric potassium iodide T.S. is added to 100 ce. of 
the Distilled Water. 

Calcium—No turbidity is produced when 2 cc. of ammonium oxa- 
late T.S. is added to 100 cc. of Distilled Water. 

Heavy Metals—10 cc. of hydrogen sulfide T.S. and 1 cc. of diluted 
acetic acid T.S. does not darken 40 cc. of Distilled Water after stand- 
ing 10 minutes. 

Ozxidizable substances—The pink color of 0.1 ce. of tenth-normal 
potassium permanganate is not discharged after boiling for 10 minutes 
fete ec. of Distilled Water acidified with 10 cc. of diluted sulfuric 
acid. 

Storage—Distilled Water should be stored in bottles of insoluble glass 
such as ‘‘Pyrex,’’ which must be frequently cleaned and rinsed with 
very hot water. Unless unusual precautions are taken during storage 
to prevent contamination, Distilled Water soon becomes unfit for use. 


Sterile Distilled Water U.S. P. Aqua Destillata 
Sterilis 
[Aq. Dest. Steril.— Sp. Agua Destilada Estéril] 


Caution—Sterile Distilled Water and Distilled Water 
are not to be used for parenteral administration or in 
preparations to be used parenterally. For such purpose, 
Water for Injection is to be used. 

Preparation—Place freshly distilled water, neutral to 
litmus paper, in sterilized containers of insoluble glass 
and of suitable capacity. Stopper the containers with 
plugs of purified non-absorbent cotton, wrapped in 
gauze. Fasten stout, non-absorbent paper or tin foil 
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over the top of the plug and the lip of the flask, and 
sterilize in an autoclave, under steam pressure, giving 
a temperature of not less than 115° C., for 30 minutes 
(Process C). 

If an autoclave is not available, close the mouth of the 
flask containing the freshly distilled water with a plug 
of purified non-absorbent cotton wrapped in gauze, boil 
the contents actively for not less than one hour, and 
allow the water to cool without removing the cotton 
plug. Until ready for use, protect the mouth of the 
flask and the plug from contamination through dust by 
wrapping the top of the flask tightly with paper. 


Tests for Purity—Sterile Distilled Water meets the requirements 
under Distilled Water and the Sterility Test for Liquids (page 126). 
Storage—Sterile Distilled Water is preserved in the containers in 
which it was sterilized and protected from contamination. 


Water for Injection U. S. P. Aqua Pro Injectione 
[Sp. Agua para Inyeccién, Agua Inyectable] 


Caution—When “‘sterile water” or “sterile distilled 
water’ for parenteral use is required or is dispensed as a 
vehicle, solvent, or diluent for substances to be administered 
parenterally, Water for Injection must be dispensed. 

Preparation—Water for Injection is water for paren- 
teral use which has been distilled and sterilized within 
24 hours. It is distilled, sterilized, and stored in sealed 
or other suitable sterile containers so that it is free and 
remains free from pyrogens. The sterilization is prefer- 
ably effected by Process ‘‘C”’ (page 121). 

Preservatives and other added substances are not to 
be added to Water for Injection except when it is em- 
ployed in making preparations for injection. 


Tests for Purity—Water for Injection meets the requirements under 
Distilled Water, the Sterility Test for Liquids, and the Pyrogen 
Test (page 250). 

Use in Preparations—Water for Injection in bulk, to be used for the 
preparation of official injections, is to be distributed in suitable 
containers and sterilized within 24 hours unless used as directed under 
Water for Injection (page 251). Unused portions are to be discarded 
or resterilized, unless following sterilization the container is kept 
closed at all times and nothing enters but the filtered air needed for 
replacement ,as the Water for Injection is drawn off. 

If the pyrogen-free water for the preparation of injections is not 
sterilized before use, it must be collected after distillation, preferably 
in sterile containers or in containers which have been cleansed, then 
rinsed well either with Water for Injection or with freshly distilled 
water, and the contents protected against contamination. During 
distillation, the receiving vessels are to be covered to prevent the 
entrance of contaminants. 
and use of the water in preparing injections is to be not over 24 hours. 
See Parenteral Solutions (page 249) and Sterilization (page 120). 


Unofficial Waters 


Heavy Water—Deuterium Oxide (D2O = 20.0) occurs in minute 
amounts probably in all waters. It is found in somewhat larger 
quantities (3 to 5 parts per million more) in salt water lakes such as 
the Dead Sea or Serles Lake. Heavy Water has a specific gravity 
of 1.104 at 25° C. and it boils at 101.4° C. at 760 mm. pressure. 
It is generally more reactive than ordinary water, and is available 
for experimental purposes in concentrations ranging up to about 
10 per cent. Deuterium Oxide has as yet no specific therapeutic 
use. It has been widely used as a research tool, however, inasmuch 
as the deuterium molecules can be followed through the body. * 

Redistilled Water N. F. VII (Double-Distilled Water, Triple-Distilled 
Water) is essentially the same as the official Water for Injection. 


PEROXIDES AND THEIR COMPOUNDS 


Hydrogen Peroxide—H,0; = 34.02 


Anhydrous Hydrogen Peroxide contains 47.0 per 
cent of available oxygen. 

History—Hydrogen Peroxide was discovered by 
Thenard, a French pharmacist, in 1818. 

Preparation—Two methods are available for the 
production of hydrogen peroxide solution: the barium 
peroxide method and the electrolytic method. In the 
first method the barium peroxide, having been hydrated 


with water to render it more reactive, is added, in small 
portions and with stirring, to diluted phosphoric acid 
in such proportions as to give BaHPO,. The mixture 
is maintained slightly acid at all times. 


BaOg + HgPO4 Cet BaHPO, + H202 


barium phosphoric secondary hydrogen 
dioxide aci barium peroxide 
phosphate 


Since phosphoric acid is a relatively expensive chemi- 


The time elapsing between distillation ~ 
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cal, in the commercial production of hydrogen peroxide 
by this process, the mixture of BaHPO, and H.2Oz is 
treated with sufficient sulfuric acid (about 30 per cent) 
to regenerate most of the phosphoric acid from the 
BaHPO.. The cycle of adding barium peroxide to 
make the BaHPO, and treating with sulfuric acid to 
regenerate the phosphoric acid is repeated until the 
desired quantity of peroxide solution is produced. 

The greater portion of hydrogen peroxide now avail- 
able is prepared electrolytically. A solution of pure 
ammonium sulfate is treated with sufficient sulfuric 
acid to convert it into ammonium bisulfate. The solu- 


tion is then subjected to electrolysis under strictly de- 


fined conditions whereby ammonium persulfate, 
(NH 4)2520s, is produced. The latter is then distilled 
in presence of water and sulfuric acid, the distillate con- 
taining the hydrogen peroxide. 


(NH4)2820g + 2H20 + 2NH4HSO, + H20e2 


ammonium water ammonuim hydrogen 
persulfate bisulfate peroxide 


In another process the ammonium persulfate solution 
is treated with potassium sulfate and the potassium per- 
sulfate thereby obtained is distilled with steam. The 
distillate of hydrogen peroxide obtained in the electro- 
lytic processes generally contains 40 per cent or over of 
H.0¢2 and is adjusted with water to the desired strength. 


Description and Properties—Anhydrous hydrogen peroxide is a 
colorless, caustic liquid with a bitter taste. It is very unstable and 
can only be distilled in a high vacuum. In commerce, hydrogen 
peroxide is available as an aqueous solution in concentrations varying 
from 3 per cent to 80 per cent by weight. The strength of hydrogen 
peroxide is frequently designated according to the volume of active 
oxygen it yields. Each 1 per cent by weight is equivalent to about 
3.3 per cent by volume; thus: 100 volume of hydrogen peroxide 
corresponds to 30 per cent; 30 volume to 9 per cent; and 10 volume 
to 3 per cent by weight. 

Stability—Pure concentrated (30% or stronger) solutions of hydro- 
gen peroxide are quite stable. The commercial products, however, 
rapidly deteriorate in the absence of a preservative. A number of 
such preservatives have been used or proposed, e. g., hippuric acid, 
quinine sulfate, etc., but acetanilid is the one most generally used. 
The presence of small quantities of mineral acids also aids in the 
stabilization, but with too much acid the stability is so great that the 
solution is impaired for use as an antiseptic since it fails to liberate 
nascent oxygen. Alkalies, on the other hand, rapidly decompose 
solutions of hydrogen peroxide with the liberation of oxygen. 
Storage—In bulk, the 3 per cent solution of hydrogen peroxide is 
transported in glass carboys, or in wooden barrels coated with paraf- 
fin. For the higher concentrations, only glass containers are utiliz- 
able, and they are provided with a vent to prevent bursting should 
any oxygen be formed. In small packages, solutions of hydrogen 
peroxide are always kept in tight light-resistant bottles and preferably 
not above 35° C. To insure greater stability the inside of the bottles 
should be as free as possible from rough points as these promote 
decomposition. 


Uses—Solution of hydrogen peroxide (or “‘dioxide”’ 
as it is sometimes termed) is an energetic oxidizing 
agent by virtue of the nascent oxygen it readily yields, 
and its medicinal, as well as industrial, uses are based 
on this property. 

Industrially, solutions of hydrogen peroxide are used 
principally for bleaching textiles and for manufacturing 
other peroxides or per-salts, e. g., zinc peroxide, sodium 
perborate, etc. 


HYDROGEN PEROXIDE SOLUTION U. S. P. 
Liquor Hydrogenii Peroxidi 
[Liq. Hydrog. Perox.—Hydrogen Dioxide Solution, Sp. Solucién de 
Bidxido de Hidrogeno, Agua Oxidenada, Solucién de Perdxido de 
Hidrégeno] 

Hydrogen Peroxide Solution is a solution containing, 
in each 100 cc., not less than 2.5 Gm. and not more than 
3.5 Gm. of HeO¢g (34.02). bow city 

Preparation—Hydrogen Peroxide Solution is gen- 


erally prepared by diluting the concentrated solutions 
produced electrolytically. 


Phe 
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Description and Properties—Hydrogen Peroxide Solution is a color- 
less liquid, odorless, or having an odor resembling that of ozone. It 
is slightly acid to the taste and to litmus paper, and produces a froth 
in the mouth. It usually deteriorates upon standing or upon pro- 
tracted agitation, and rapidly decomposes when in contact with 
many oxidizing, as well as reducing, substances. When rapidly 
heated, it may decompose suddenly. It is also affected by light. Its 
specific gravity is about 1.01. 

Identification—When about 1 ce. of the Hydrogen Peroxide Solution 
is diluted with 10 cc. of water containing 1 drop of diluted sulfuric 
acid, and 2 ce. of ether is added, followed by 1 drop of potassium di- 
chromate T.S., a transient blue color is produced in the aqueous layer, 
which, upon gently shaking, passes into the the ether layer. The blue 
color is said to be due to the formation of perchromic acid. Hydrogen 
Peroxide Solution also liberates iodine from acidulated solution of 
iodides. 

Tests for Purity — : 

Non-volatile matter—Not more than 0.15 per cent. 

aN more than 0.05 per cent calculated as phosphoric 
acid. 

Arsenic limit—2 parts per million. 

Barium—None permissible. 

Heavy metals limit—5 parts per million. 

Preservative (extractable with chloroform-ether)—Not more than 

0.05 per cent. 
Assay—The official assay is based on the reaction between hydrogen 
peroxide and potassium permanganate whereby the former yields 
half of its oxygen, and the permanganate furnishes an equal amount. 
This is illustrated by the equation: 


5H202 + 2K MnO, + 3H2S04 => 
5O2 + 8H20 + KeSO4 + 2MnSO4 


An accurately measured volume of 2 cc. of the peroxide solution is 
added to a mixture of 20 cc. of distilled water and 20 cc. of diluted 
sulfuric acid, then titrated with tenth-normal potassium permanga- 
nate to the production of a permanent pink color. Each cc. of tenth- 
normal potassium permanganate is equivalent to 1.701 mg. of H:2O:. 
Storage—Preserve Hydrogen Peroxide Solution.in tight, light-resist- 
ant containers, preferably at a temperature not above 35° C. 
Incompatibilities—Hydrogen Peroxide Solution is decomposed by 
practically all organic matter and other reducing agents. It reacts with 
oxidizing agents to liberate oxygen. Metals, metallic salts, alkalies, 
light, agitation, and heat catalyze its decomposition into water and 
oxygen. Hydrogen Peroxide Solution mixed with phenol darkens 
within a few hours, the phenol being oxidized. 


Uses—Hydrogen Peroxide Solution is a germicide 
which is active by virtue of the fact that it releases 
oxygen. It is a very short acting compound for the 
reason that this release occurs rapidly.!. Thus it is a 
relatively feeble germicide with poor penetrability. 
Its chief value is in the cleansing of wounds where the 
effervescence caused by the release of oxygen affords a 
mechanical means for the removal of tissue debris from 
inaccessible regions. For this purpose, it is employed 
in the official strength of 3 per cent or diluted to 114 per 
cent. Three per cent hydrogen peroxide is also an ef- 
fective mouth wash in the treatment of Vincent’s 
stomatitis. Its continued use for this purpose may lead 
to the condition known as “hairy tongue.’ A 2 per 
cent solution of hydrogen peroxide may be employed 
in the treatment of Trichomonas vaginalis vaginitis, 
and of balanitis. 


SODIUM PERBORATE U. S. P. = Sodii Perboras 


[Sod. Perbor.—Sp. Perborato de Sodio] 


Sodium Perborate contains not less than 9 per cent of 
available oxygen, corresponding to about 86.5 per cent 
of NaBO3.4H.2O (153.88). 

Preparation—It is made by mixing 248 parts of boric 


acid with 78 parts of sodium peroxide, pouring the mix- 


ture slowly into 2000 parts of cold water, acidified with 
sulfuric acid, and separating and drying the crystals 
at 502 C22 seks), 


Description and Properties—Sodium Perborate occurs as white, 
crystalline granules or as a white powder. It is odorless and has a 
saline taste. It is stable in cool, dry air, but is decomposed in moist 


1 Note—An interesting experiment demonstrates the availability of oxygen 
when acted upon by catalase, an enzyme found in nearly all bodily tissues: 
a small quantity of hydrogen peroxide solution, poured onto a little liver 
ground up and placed in a beaker, produces such copious quantities of froth 
that it immediately flows over the sides of the container. 
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air or in solution, forming sodium metaborate and hydrogen peroxide, 
which rapidly breaks down into water and oxygen. Decomposition 
is accelerated by heat. Its solution is alkaline to litmus and to 
phenolphthalein. It responds to the identification reactions for 
sodium and borate, and its solution, acidified with sulfuric acid, re- 
sponds to the identification reactions for hydrogen peroxide. 

Solubility—One Gm. of Sodium Perborate dissolves in about 40 cc. 
of water; it is decomposed by hot water. 

Tests for Purity— ie 

Heavy metals limit—20 parts per million. ! 

Assay—Sodium Perborate is essentially a peroxide [NaBOg. H202.- 
3H 20] and its available oxygen content is accordingly determined as 
in the hydrogen peroxide assay by titration with permanganate, the 
reaction taking place according to the following scheme: 


10NaBO3 + 41K MnO4 + 4H2O + 11H2SO4 Coreg 


water sulfuric 


potassium ~ U 
acid 


permanganate 
5NaesO4 + 1002 + 10H3sBO3 + 2K2804 + 4MnSO4 


boric potassium manganese 
acid sulfate sulfate 


sodium 
perborate 


oxygen 


About 250 mg., accurately weighed, is dissolved in a mixture of 50 
ec. of distilled water and 10 ce. diluted sulfuric acid and the solution 
is titrated with tenthiormal potassium permanganate. Each cc. of 
tenth-normal potassium permanganate corresponds to 0.8 mg. of 
available oxygen or to 7.694 mg. of NaBO3.4H 20. 

Storage—Keep Sodium Perborate in tight containers, preferably at 
a temperature not above 30°. ' 
Incompatibilities—Sodium Perborate is incompatible with reducing 
agents due to its oxidizing ability. It causes precipitation of some 
alkaloids including cocaine, morphine, quinine, and strychnine. Acids 
liberate oxygen; water, especially if warmed, causes its decomposition 
into hydrogen peroxide and sodium metaborate. 


Uses—Sodium Perborate releases nascent oxygen 
upon. contact with. organic. matter. It is. used as a 
mouth wash in a 2 per cent solution, the alkaline residue 
as well as the germicidal action of the oxygen supposedly 
exerting benefit. A paste of Sodium Perborate, water, 
and glycerol is widely employed in the treatment of 
Vincent’s infection. 

Continued use of Sodium Perborate may lead to 
hypertrophy of the papille of the tongue, but this condi- 
tion disappears when the drug is discontinued. 


N. F. Aromatic Sodium Perborate. Sodii Perboratis 


Aromaticus N. F. 
[Sod. Perbor. Arom. N. F.—Sp. Perborato de Sodio AromAtico] 


Metric Alternative 
ReppermintiOicmcraner aeration: teen tee 4 cc. 29 min. 
Saccharin: Sodil Mise meee eae eee eee 4Gm. 28 ger. 


Sodium Perborate, a sufficient quantity, 


TO: I Bese cof Senden ons Rane eee eae 1000 Gm. 16 oz. av. 


Triturate the peppermint oil and the saccharin sodium with a 
portion of the sodium perborate. Then add a sufficient quantity 
of sodium perborate to make the product weight 1000 Gm. (16 
oz. av.), and mix it thoroughly. 


Storage—Keep N. F. Aromatic Sodium Perborate in tight containers. 


Uses—See Sodium Perborate. 


MEDICINAL ZINC PEROXIDE U. S. P. Zinci 
Peroxidum Medicinale 


[Medic. Zinc Peroxid.—Sp. Peroxido de Zinc, Medicinal] 


Medicinal Zinc Peroxide consists of a mixture of zinc 
peroxide, zine carbonate, and zinc hydroxide. It con- 
tains not less than 45 per cent of ZnOz (97.38). 


Description and Properties—Medicinal Zinc Peroxide occurs as a 
fine, white, or only faintly yellow, odorless powder. 
Solubility—Medicinal Zinc Peroxide is almost insoluble in water and 
organic solvents. It is readily soluble in dilute mineral acids. 
Identification—A solution of Medicinal Zinc Peroxide in a slight 
excess of diluted hydrochloric acid, boiled to remove the hydrogen 
peroxide formed, responds to the tests for zinc. A solution of the 
Peroxide, acidified with diluted sulfuric acid, responds to the identifi- 
cation reactions for hydrogen peroxide. 
Tests for Purity— 
Chloride—Not more than 1 per cent as Cl. 
Sulfate—Not more than 0.19 per cent as SO4. 
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Alkalies and earths—Not more than 1 per cent. 

Heat about 25 Gm. of Medicinal Zine Peroxide for 4 hours in a 
250-cc. cotton-plugged Erlenmeyer flask in an oven at 185° to 140°. 
Cool the flask and contents to room temperature, mix well, and allow to 
stand over night. Mix again, and use it for the following two tests: 

Reaction—5 Gm. of the heated Medicinal Zine Peroxide is added 
to 100 ce. of water, stirred thoroughly for 5 minutes, and allowed to 
subside: the pH of the supernatant liquid is not less than 7.0 and 
not more than 8.5. 

Minimum of oxygen evolution—The volume of oxygen yielded by 
5.0 Gm. of the heated Medicinal Zine Peroxide at 37.5° for 24 hours 
displaces not less than 12 cc. of water and during the last 4 hours not 
less than 0.3 cc. per hour. For details see the U.S. P. XIII. 
Assay—Weigh accurately about 500 mg. of Medicinal Zinc Peroxide, 
transfer to a 250-ce. flask containing 50 ce. of diluted sulfuric acid, 
and shake gently until dissolved, then titrate with tenth-normal 
potassium permanganate. Each ec. of tenth-normal potassium per- 
manganate is equivalent to 4.869 mg. of ZnOo. 

Storage—Preserve Medicinal Zine Peroxide in tight containers. 

Incompatibilities—Medicinal Zine Peroxide is a powerful oxidizing 
agent. It is gradually decomposed by water liberating oxygen, and 
by diluted acids liberating hydrogen peroxide. In the presence of 
moisture it is decomposed by practically all organic matter and other 
reducing agents. It reacts with oxidizing agents to liberate oxygen. 
It must be protected from atmospheric moisture and carbon dioxide. 


Uses—Medicinal Zine Peroxide slowly releases nas-. 
cent oxygen, leaving a residue of zine oxide. The 
former exerts a germicidal, the latter, an astringent 
action. The chief value of Medicinal Zine Peroxide is 
in the treatment of infections from anaerobic organisms. 
For oral infections, the powder is suspended in 4 parts 
of water and used as a wash. For tissues, a 40 per cent 
suspension is employed. 


Unofficial Peroxides and Peroxide Compounds 


In addition to aqueous solution of hydrogen peroxide, metallic per- 
oxides are also used to a limited extent therapeutically. 

Per-salts, among which is the official sodium perborate, may be con- 
sidered as derivatives of hydrogen peroxide. In sodiwm perborate, 
potassium percarbonate, or urea peroxide, the hydrogen peroxide is 
held essentially as hydrogen peroxide of crystallization. Ammo- 
nium or potassium persulfates yield H2O2 upon treatment with water, 
as indicated on page 333. . 

With the exception of the sodium compound, the metallic per- 
oxides are made by the action of hydrogen peroxide on the cor- 
responding hydroxides or salts in the presence of suitable quantities 
of sodium hydroxide. These peroxides are white to yellowish 
white powders, and with the exception of sodium peroxide are in- 
soluble in water. They dissolve readily in dilute mineral acids 
forming hydrogen peroxide. In the absence of moisture they are 
quite stable, but in contact with water they decompose with the 
liberation of oxygen. The metallic peroxides and the per-salts 
may be readily assayed by dissolving a weighed quantity in a mix- 
ture of diluted hydrochloric acid and water and then titrating with 
tenth-normal potassium permanganate. 

Calcium Peroxide [CaOzg = 72.1]—Contains not less than 60 per cent 
of CaOg equivalent to 13.3 per cent of available oxygen. Uses: 
Calcium peroxide slowly releases molecular oxygen in the presence 
of moisture. In the past it has been employed as a gastric antacid 
and antiferment but its use has largely been discarded. Dose: 
0.06—0.3 Gm. (1-5 gr.) taken in water with sodium bicarbonate. 

Magnesium Peroxide [MgOg = 56.3]—Two “‘strengths” of this per- 
oxide are now available: 25 per cent and 50 per cent MgOsg, cor- 
responding to 7 per cent and 14 per cent of available active oxygen, 
respectively. Uses: Magnesium peroxide slowly releases nascent 
oxygen, leaving a residue of magnesium oxide. It is not used as a 
germicide so extensively as zine peroxide. Dose: (of the 25 per 
cent article) 250-500 mg. (4-8 gr.). 

Sodium Peroxide [NagO2 = 78.0)—Contains not less than 90 per cent 
of NagOeg corresponding to not less than 18.4 per cent available 
oxygen. It dissolves in water with liberation of heat and rapid 
decomposition. It does not react with alcohol but ignites ether. 
It is a powerful oxidizing agent and is never to be used internally. 

Uses: Sodium peroxide readily releases molecular oxygen but 
leaves a residue of sodium oxide which is strongly basic. Thus its 
therapeutic uses are limited to skin application. It has been 
employed in the treatment of acne and the removal of comedones. 

Stronger Hydrogen Peroxide Solution U. S. P. XII—This solution 
contained 8 per cent w/v of HeOeg and was primarily intended for 
detoxifying mustard gas and lewisite used in gas warfare, and for. 
export to distant countries to minimize cargo space and transporta- 
tion costs, but was found to be unstable and explosive. 

Strontium Peroxide [SrOg = 119.63]—Contains not less than 80 per 
cent SrOg and is similar to calcium peroxide. Uses: antacid and 
germicide in ointments, dusting powders, and dentifrices. 


a Inorganic Peroxide Specialties 


Alphozone (Stearns)—A powder or 1-grain tablets containing succinyl 
peroxide [(COOH.CHe2.CHe2.CO)20eg]. Uses: A non-corrosive 
antiseptic, disinfectant, and oxidizing agent employed as a dusting 
powder, irrigation, wet dressing, mouth wash, or vaginal douche. 

Drosine (National Drug)—A powder containing boric acid, magne- 
sium peroxide, salicylic acid, talc, zing phenolsulfonate, and aro- 
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matic oils. Uses: a soothing deodorant:to relieve chafing, irrita- 
tion, and prickly heat; as a foot powder; on sanitary napkins. 

Magnesium Superoxol (Merck) —A powder containing 25 per cent 
magnesium peroxide and 75 per cent magnesium oxide. Uses: a 
gastric antacid and mild laxative indicated in gastric hyperacidity 
and peptic ulcer. Dose: 5 to 20 gr. 3 times a day. 

Oxoids (Prof. Drugs)—Tablets containing 25 per cent magnesium 
peroxide and 75 per cent magnesium oxide. Uses: see Magnesium 
Superoxol above. Dose: 1 to 4 tablets 3 times a day. 


Peroguent (Merrell)—A water-miscible ointment containing 10 per 
cent zinc peroxide, 1 per cent calcium peroxide, and 0.2 per cent 
Ceepryn (cetylpyridinium chloride). Uses: a germicide and 
detergent applied in the treatment of gangrenous infections, 
chronic ulcers, fusospirochetal infections, abscesses, actinomycosis, 
dermatophytosis, and poison ivy dermatitis. 

Peroxoids (Merck)—Five-grain tablets containing 25 per cent magne- 
sium peroxide and 75 per cent magnesium oxide. Uses: see 
Magnesium Superoxol above. Dose: 1 to 4 tablets 3 times a day. 


CHAPTER XLVI 


THE HALOGENS 


FLUORINE, CHLORINE, BROMINE, AND IODINE 


THE FIVE ELEMENTS, fluorine, chlorine, bromine, 
iodine, and astatine, are termed halogens (salt-produc- 
ers). Fluorine and astatine are of little interest in 
pharmacy, but the other three are of great importance 
both to medicine and to pharmacy. 


Fluorine—F — 19.00 (At. no. 9) 


History and Occurrence—Fluorine is named from 
the mineral fluorite or fluorspar (calcium fluoride, CaF 2) 
in which it was firet found. The name fluorite is derived 
from the word flwor meaning to flow, because the 
mineral is easily melted and has been used as a flux. 
Fluorine was discovered by the Swedish pharmacist 
Scheele, in 1771, and isolated in the free state by 
Moissan, a French chemist, in 1886. In addition to 
calcium fluoride, fluorine occurs also in the mineral 
cryolite or sodium hexafluoaluminate [NagAlF’.]. It is 
also found associated with calcium phosphate minerals 
as in fluor-apatite [CaF,.3Ca3(PO.)s] . 

Preparation—Fluorine may be obtained by the 
electrolysis of fused potassium bifluoride [KF.HF]. 


Description and Properties—Fluorine is a greenish yellow gas. It is 
the most reactive of the elements. With the exception of gold and 
platinum it attacks all metals at ordinary temperatures, and com- 
bines with all known non-metals, excepting oxygen, chlorine, nitrogen, 
and members of the rare gases group. It decomposes water forming 
hydrogen fluoride and ozone. Unlike the other halogens, fluorine 
forms no compounds with oxygen. The compound of fluorine with 
hydrogen, termed hydrogen fluoride, is a gas very soluble in water, 
the solution being known as hydrofluoric acid. Both the gaseous 
hydrogen fluoride and its aqueous solutions are very penetrating 
and corrosive, and readily attack glass. See also Hydrofluoric Acid 
(page 365). , : 

Fluorine in drinking water, when present in excessive amounts, 
has been found to be the cause of the mottled appearance of the 
enamel of the teeth, thus presenting a public health problem. On 
the other hand, amounts of fluorine in the water insufficient to pro- 
duce mottled enamel are said to render teeth less susceptible to 
dental caries. Excessive amounts of fluorine in water, it has recently 
been reported, can be removed by passing the water through ion 
exchange resins treated with a solution of an aluminum salt. 


IDENTIFICATION OF FLUORINE 


Fluorides—When a fluoride is heated with concen- 
trated sulfuric acid, hydrogen fluoride, which etches 
glass exposed to it, is formed. The addition of a few 
drops of an aqueous solution of sodium alizarinsulfonate 
(1:1000) to a dilute solution of thorium or zirconium 
nitrate produces a pink to red color due to the forma- 
tion of the intensely red compounds of thorium or 
zirconium alizarinsulfonates. If a solution of a fluoride 
is subsequently added, the red color is discharged, 
because of the formation of undissociated thorium or 
zirconium fluoride. 


Unofficial Inorganic Fluorine Compounds 


Fluorine itself has no practical uses, but many of its compounds have 
extensive application. 

Hydrogen Fluoride (HF = 20.01) is a very penetrating, corrosive gas 
that dissolves in water with strongly acid properties. The gas 
fumes strongly in air and can easily be liquefied by lowering its 
temperature. It is conveniently prepared by heating a mixture 
of cals fluoride and strong sulfuric acid in a lead or platinum 
vessel. 

The solution of hydrogen fluoride gas in water is commonly called 
hydrofluoric acid. This solution is poisonous and has a caustic ac- 
tion on the skin. Because of its corrosive character, hydrofluoric 
acid must be kept in bottles made of wax, gutta percha, or bakelite. 
Larger quantities of the acid are stored and shipped in lead con- 
tainers. 

Hydrofluoric acid is chiefly used for etching designs-and various other 
markings on glass. The object to be etched is first coated with a 
film of substance impervious to hydrogen fluoride, like wax, paraf- 
fin, or a so-called etching varnish. The desired markings are then 
cut through this coating by means of a sharp instrument and the 
object is exposed to the hydrogen fluoride gas or dipped into its solu- 
tion. Upon the removal of the coating the markings are etched 
upon the glass. The vapor of hydrogen fluoride leaves white and 
opaque tracings, whereas the solution forms transparent lines. 

Freon, dichlorodifluoromethane [CClgFe], is an important fluorine 
derivative, used as a refrigerant in household refrigerators. 

Magnesium Fluoride is used for coating lenses to increase light 
transmission and resolving power and to reduce internal reflection. 

Sodium Fluoride is widely used in “roach powders.”’ This fluoride, 
as well as the sodium, magnesium, ete., stlicofluorides are used for 
treating textile fabrics to render them mothproof. 


CHLORINE AND ITS COMPOUNDS 


Chlorine —Cl — 35.457 (At. no. 17) 


History and Occurrence—The name chlorine is de- 
rived from the Greek word meaning greenish yellow. 
Chlorine was discovered by the Swedish pharmacist 
Scheele in 1774. It does not occur free in nature, but 
is found in large quantities combined with alkali metals 
and magnesium as chlorides which compose the largest 
portion of the solid constituents of sea water. Sodium 
chloride is also found as rock-salt in large deposits in 
various localities. 

Preparation—Formerly chlorine was produced by the 
action of sulfuric acid on a mixture of sodium chloride 
and manganese dioxide: 


2NaCl + Mn0Osg + 2H2SO04 ae Cle + MnS0O4 + NagSO4 + 2H2O 


The function of the manganese dioxide is to oxidize the 
hydrogen chloride, first formed by the action of the 
sulfuric acid on the sodium chloride forming chlorine. 
This process has been abandoned in favor of the elec- 
trolytic process. In this method an electric current is 
passed through a solution of sodium chloride whereby 
the salt is decomposed into chlorine and sodium metal, 


the latter forming sodium hydroxide and hydrogen 
with the water. The reaction is represented by: 


2NaCl + 2H2O — Cle + 2NaOH + He 


The escaping chlorine gas is compressed, stored, and 
shipped in metallic cylinders. 


Description and Properties—Chlorine is a greenish yellow gas having 
a very suffocating odor. Its specific gravity is (air = 1.00) 2.45 at 
25° C. It is soluble in water to approximately 0.4 per cent; it is 
more soluble in water at lower temperatures. Its aqueous solutions 
deteriorate on keeping or on exposure to light, forming hydrogen 
chloride and oxygen. 

Chlorine is an extremely energetic element. It attacks practically 
all metals, forming chlorides, and combines vigorously with hydrogen 
at elevated temperatures, or at room temperature in the presence of 
an activator (charcoal, etc.), forming hydrogen chloride gas. and 
generating much heat. during the combination. Hydrogen. chloride 
is very soluble in water; the solution is known as hydrochloric acid. 

Chlorine combines indirectly with oxygen forming several oxides 
related to the following acids: hypochlorous acid [HCIO], chlorous 
acid [HClOg], chloric acid [HClOg], and perchloric acid [HC1O4]. 
These acids, except the last, are not known in the-pure state; they 
decompose when liberated from their salts. They are also unstable in 
aqueous solutions. The alkali and alkaline earth salts of hypochlorous 
and chlorous acids, termed hypochlorites and chlorites, are reasonably 
stable and find medicinal and industrial application. The salts of 
chloric and perchloric acids, termed chlorates and perchlorates, are 
stable and enjoy extensive uses. © 
Storage—Liquefied chlorine is stored in metallic cylinders. 

\ 


336 . 


' tate. 


CHLORINE 


Uses—One of the most useful and characteristic 
properties of chlorine is its bleaching action on organic 
coloring principles in the presence of water. For this 
purpose, it is very extensively used in combination 
with lime, as chlorinated lime or bleaching powder. 
The latter is now being largely replaced by Sodium 
Hypochlorite Solution or liquid chlorine. In the free 
state chlorine is also used for the purification of drink- 
ing water. Large quantities are employed in the syn- 
thesis of important medicinal and industrial organic 
compounds, such as chloral, chloroform, and carbon 
tetrachloride, and it is also utilized now for the manu- 
facture of hydrochloric acid by combining it with hydro- 
gen. 


IDENTIFICATION OF CHLORINE 


Free chlorine, or the chlorine in such compounds as 
chlorinated lime and sodium hypochlorite solution, is 
recognizable by the characteristic odor of chlorine, and 
by its displacement of bromine in solutions of bromides. 
When a solution containing free chlorine or a solution 
of a hypochlorite, acidulated with acetic acid, is added 
to an aqueous solution of a bromide in the presence of 
carbon disulfide, bromine is liberated and imparts to the 
earbon disulfide an orange to brown color. 

Chlorides—W hen a chloride or a solution of a chloride 
is heated with manganese dioxide or potassium per- 
manganate, and diluted sulfuric acid, the characteristic 
odor of chlorine is evolved. Solutions of chlorides 
yield, with silver nitrate T.S., a white, curdy precipi- 
The precipitate is insoluble in nitric acid, but is 
completely disssolved by the addition of an excess of 
ammonium carbonate T.S. 

Chlorine in organic compounds—The solid organic 
compound is mixed with 5 to 8 times its weight of 
sodium carbonate and strongly heated over a free 
flame. The chlorine in the organic compound com- 
bines with the sodium of the sodium carbonate forming 
sodium chloride. After cooling, the mixture is dis- 
solved in water and filtered. The filtrate is then 
neutralized with nitric or sulfuric acid and tested for 
chlorides by the methods described in the preceding 
paragraph. 

Chlorates—Solutions of chlorates give no precipitate 
with silver nitrate, but if the solution is first treated 
with sulfurous acid or an acidified solution of ferrous 
sulfate, the chlorate is reduced to chloride and a white 
precipitate of silver chloride results upon the subse- 
quent addition of silver nitrate. When concentrated 
sulfuric acid is added to a dry chlorate, violent decom- 
position occurs, and a greenish yellow gas is evolved. 
Caution: Only a small amount of chlorate should be used 
for this test, and extreme caution must be exercised in per- 
forming it. When chlorates are strongly heated, oxygen 
is evolved, recognizable by a glowing splinter bursting 
into flame when held in the escaping gas, and a residue 
of chloride remains which gives the identification reac- 
tions of chlorides. 


SODIUM HYPOCHLORITE SOLUTION U..S. P. 
Liquor Sodii Hypochloritis | 


[Liq. Sod. Hypochlor.—Sp. Solucion de Hipoclorito de Sodio] 


Sodium Hypochlorite contains not less than 4 per 
cent and not more than 6 per cent of NaOCl (74.45). 

_ Caution—This Solution is not suctable for ie earch 
do wounds, 6 5 41 hunt 4 

Preparation—The solution was. formerly: made” by 
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double decomposition of chlorinated lime with sodium 
carbonate. 


@ 
Ca ol + NaeCOs — CaCO; + NaCl + NaOCl 


6 : 
calcium sodium 


. sodium 
chloro-hypochlorite carbonate 


hypochlorite 


sodium 
chloride 


calcium 
carbonate 


This reaction results in the formation of insoluble 
calcium carbonate, while the solution contains sodium 
hypochlorite and sodium chloride. 

Sodium Hypochlorite Solution is now largely manu- 
factured by passing the proper quantity of chlorine gas 
into a cold solution of sodium hydroxide or sodium 
carbonate. Chlorine being now so readily available in 
cylinders this method is the most convenient for pre- 
paring the solution. 


2NaOH + Cle — NaOCl + NaCl + H2O 
Sodium sodium sodium 
hydroxide hypochlorite chloride 


chlorine water 


The sodium hydroxide must be kept cool during the 
passage of the chlorine. If it is warm, chlorate will be 
formed instead of hypochlorite. 


Sodium Hypochlorite Solution may also be prepared 
electrolytically by passing a current of electricity be- 
tween two electrodes immersed in a sodium chloride 
solution. By the passage of the current, chlorine is 
given off at the anode and sodium hydroxide is formed 
at the cathode and if the two are permitted to react 
with each other, sodium hypochlorite and sodium 
chloride are produced. 


Description and Properties—Sodium Hypochlorite Solution is a 
clear, pale, greenish yellow liquid, affected by light and having a 
slight odor of chlorine. At first it colors red litmus paper blue and 
then bleaches it. When treated with acid, the odor of chlorine is 
evolved. It responds to the flame test for sodium. 

Assay—For the assay of this solution use is made of the reaction 
between sodium hypochlorite and potassium iodide whereby, in the 
presence of an acid, a quantity of iodine, equivalent to the sodium 
hypochlorite, is set free, and the liberated iodine is determined by 
titration with a volumetric solution of sodium thiosulfate. These 
reactions are shown by the following equations: 


NaOCl + 2KI + HeSO4 — Ip + KeSO4 + NaCl + HeO 


sodium potassium sulfuric iodine potassium sodium water 
hypochlorite iodide acid sulfate chloride 
I, + 2NaegSeO0g — 2Nal + NaeS.06 
iodine sodium sodium sodium 
thiosulfate iodide tetrathionate 


About 3 cc. of the Solution, accurately weighed in a glass-stoppered 
flask, is diluted with 50 cc. of water; 2 Gm. of KI, and 10 ce. of 
acetic acid (or a suitable quantity of diluted HgSO4 or HCl) are added, 
and the liberated iodine is titrated with tenth-normal sodium thio- 
sulfate, using starch T.S. as the indicator. Each cc. of tenth-normal 
sodium thiosulfate is equivalent to 3.723 mg. of NaClO or to 3.546 
mg. of ‘available chlorine.”’ 


Storage—Sodium Hypochlorite Solution should be kept in tight, 
light-resistant containers, preferably at a temperature not above 
25° C. At higher temperatures the sodium hypochlorite is trans- 
formed into sodium chlorate and sodium chloride according to the 
following equation: 


io a 

3Na0Cl —> NaClOg + 2NaCl 
sodium sodium sodium 

hypochlorite chlorate 


chloride 


Uses—Sodium Hypochlorite Solution is used as a 
powerful disinfectant and deodorant, also as a bleach- 
ing agent. It is diluted in the preparation of Dakin’s 
Solution and also extensively used in dairies for dis- 
infecting milk cans and other dairy apparatus. It is 
not to be given internally. For therapeutic uses, see 
Diluted Sodium Hypochlorite Solution (page 338). 

Note—If ‘‘ Labarraque’s Solution’’ is ordered, Sodium 
Hypochlorite Solution, diluted UBL an Be! volume au) 
water, is to be dispensed. >. 
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DILUTED SODIUM HYPOCHLORITE SOLUTION 
N. F. Liquor Sodii Hypochloritis Dilutus 
Liq. Sod. Hypochlor. Dil.—Liquor Sodz Chlorinatz Chirurgicalis, 
U.S. P. X, Modified Dakin’s Solution] 

Diluted Sodium Hypochlorite Solution is an aqueous 
solution of chlorine compounds of sodium éontaining, 
in each 100 ec., not less than 0.45 Gm. and not more 
than 0.50 Gm. of NaOCl, equivalent to not less than 
0.43 Gm. and not more than 0.48 Gm. of available Cl. 

Preparation—Diluted Sodium Hypochlorite Solution 
may be prepared as follows: 

Alternative 
2 pints 


Metric 
Sodium Hypochlorite Solution.............. 1000 cc. 
Sodium Bicarbonate, 


Distilled Water, of each, a sufficient quantity. 


Dilute the Sodium Hypochlorite Solution with 5000 ce. (10 
pints) of distilled water and add 40 ec. (10 fl. dr.) of a 5 per cent 
solution of sodium bicarbonate in cold distilled water, and mix 
well. Remove about 20 cc. (820 min.) of the mixture, add to it 
about 20 mg. (349 gr.) of powdered phenolphthalein, and shake 
it gently for 2 minutes. If a red color appears, add more of the 
sodium bicarbonate solution, and test with powdered phenol- 
phthalein as just described, repeating the procedure as often as 
necessary until no red color is produced. Assay the liquid and 
dilute it with sufficient distilled water to make the final solution 
contain, in each 100 ec., 0.48 Gm. of NaOCl. 


This solution was developed during World War I to 
provide an inexpensive but efficient germicide for the 
treatment of wounds. The alkalinity of Labarraque’s 
solution rendered it unfit for such use and in the first 
attempts to develop a neutral solution, suitable for 
wound dressing, boric acid was employed. Sodium 
bicarbonate was later suggested by Daufresne and 
others as a more efficient neutralizing agent. The 
neutralization of the alkalinity with sodium bicarbonate 
is illustrated by the following equation: 


NaOH + NaHCOs — NagCO3 + H2O0 


It is of primary importance that the strength of this 
preparation be accurately adjusted and it should be re- 
tested if kept for more than a few days. 


Description and Properties—Diluted Sodium Hypochlorite Solution 
is colorless or slightly yellow, has the odor of chlorine, and rapidly 
deteriorates on exposure to air. Its specific gravity is not more than 
IMOZ5atalo we. 

Tests for Purity— 

Alkalinity—The absence of sodium hydroxide alkalinity is tested 
for by adding about 20 mg. of phenolphthalein powder to 20 cc. of 
the solution. No red color should be produced. Sodium carbonate, 
which is present in the solution, does not readily react with phenol- 
phthalein powder. 

Total solids—Not more than 3 Gm. in 100 cc. 

Assay—This Solution is assayed in the same manner as the U.S. P. 
sodium hypochlorite solution but 15 cc. is used for the assay. 
Storage—This Solution, like all solutions of hypochlorites, should be 
kept in tightly closed, nearly full, small bottles, in a cool place, and 
protected from light. 


Uses—Diluted Sodium Hypochlorite Solution is em- 
ployed in full strength and should be freshly prepared. 
The solution is used in the treatment of suppurating 


BROMINE 


wounds, often by continuous irrigation (Carrel tech- 
nique). Not only does the solution exert a germicidal 
action but it also dissolves necrotic tissue. Disadvan- 
tages are that sodium hypochlorite solutions dissolve 
blood clots, delay clotting, and are irritating to the skin. 
For the prophylaxis of epidermophytosis, Diluted 
Sodium Hypochlorite Solution is widely employed as a 
foot bath. Hypochlorite solutions are also deodorant. 

Many organic compounds are useful germicides on 
account of their content of available chlorine. Hala- 
zone (page 601) and Succinchlorimide (page 602) are used 
for purifying water. Chloramine-T (page 600), Dz- 
chloramine-T (page 600), and Chloroazodin (page 600) are 
used as antiseptics. 


Unofficial Inorganic Chlorine Compounds 


Chlorinated Lime U. S. P. X [approximately CaClOCl with H2QO] 
known also as Bleaching Powder, Chloride of Lime, and Calcium 
Hypochlorite, is made by absorbing chlorine in powdered, slaked 
lime. It is a white or grayish powder emitting, on exposure to air, 
the odor of chlorine. It is soluble in water, some insoluble matter 
(calcium carbonate, ete.), usually being present. It contains not 
less than 35 per cent of available chlorine.1 Chlorinated lime is an 
unstable product which loses oxygen readily on exposure to moist 
air. It should be kept in tight containers. 

Chlorinated lime is a bleaching agent due to the nascent oxygen 
which is liberated, upon contact with water from the hypochlorite 
part of the molecule: 


Ca(OCl)Cl = 


calcium 
hypochlorite 


CaCle ae [O] 


calcium nascent 
chloride oxygen 


Chlorinated lime is extensively used for bleaching wood pulp 
and various fabrics, disinfecting drinking water and sewage, and 
manufacturing organic compounds. It was formerly used for 
making sodium hypochlorite solution by its reaction with sodium 
carbonate or sodium phosphate. 


Inorganic Chlorine Specialties 


Javelle Water (Liquor Potassee Chlorinate N. F. IV)—A solution of 
potassium hypochlorite [KOCI] and potassium chloride containing 
about 3 per cent KOCI, corresponding to about 2.4 per cent avail- 
able chlorine.1. It was made by double decomposition of chlorinated 
lime with potassium carbonate. 

Labarraque Solution—This solution was formerly official under the 
name of Solution of Chlorinated Soda U. 8S. P. X, and contains 
about 2.5 per cent sodium hypochlorite. It can be prepared from 
the official Sodium Hypochlorite Solution by diluting it with an 
equal volume of water. 

Chlorox (Chlorox Chemical Co.)—A solution containing 5.25 per cent 
of sodium hypochlorite, used extensively in the home as a disinfec- 
tant and bleach. 

Hyclorite (Bethlehem Laboratories)—A solution containing 4.05 per 
cent NaOCl and 0.14 per cent Ca(OH)g. When diluted 1 to 7 
with water the official Diluted Sodium Hypochlorite Solution is 
produced. 

Perchloron (Pennsylvania Salt Co.)—A nearly pure calcium hypo- 
chlorite. . 

Zonite (Zonite Products)—A solution of sodium hypochlorite. Uses: 
Employed as an antiseptic and deodorant douche, gargle, and wet 
dressing for insect bites, etc. ; 

1 Available chlorine is the amount of chlorine which can be made available 
by the nascent oxygen liberated by a hypochlorite in the presence of a strong 
mineral acid and a quantity of chloride equal to the Mg hypochlorite. Ac- 
curding to the following equations: 


NaOCl — NaCl + [0] 
{O] + 2NaCl + HeSO4 — Cle + Na2gSO4 + H20 


It is obvious that 1 molecule of hypochlorite, which contains one Cl atom, 
liberates one Cl molecule. The available chlorine is therefore twice that 
actually contained in the hypochlorite. 


BROMINE AND ITS COMPOUNDS 


Bromine—Br = 79.92 (At. no. 35) 


History and Occurrence—The name bromine is de- 
rived from the Greek word meaning stench, indicating 
its unpleasant odor. It is one of the two common ele- 
ments that are liquid at ordinary temperature. Bro- 
mine occurs as the bromides of sodium and magnesium 
to the extent of about 40 mg. per liter in sea water, and 
in brines from salt wells. In the United States such 


‘brine’ wells are located: in. Michigan, Ohio; -and West, 


Virginia. 
Preparation—Two processes are available for the 


commercial preparation of bromine. The brine, con- 
centrated if necessary to separate the greater portion of 
the sodium chloride, is treated with the proper amount | 
of chlorine which displaces and sets free the bromine in 

the bromides. 


MgBre + Cle — MegCle + Bre 
magnesium chlorine magnesium bromine 
bromide chloride > 


The brine solution is gently heated and the escaping 
bromine condensed..to.a liquid, or passed through 


towers filled with iron... The resulting iron bromide>is’— 


then used for the manufacture of other bromides. 


> 
+4 


IODINE 


In another process the bromine in the brine is set free 
electrolytically. This process is displacing the former 
one. 

Recently a factory was established on the seacoast 
of Virginia where bromine is produced from the bro- 
mides in sea water. 

On a laboratory scale bromine can be prepared by 
Beets a bromide with manganese dioxide and sulfuric 
acid. 


2NaBr + 2HeSO4 + MnOeg — Bre + NagSO4 + MnSO, + 2H20 


sodium sulfuric manganese bromine sodium manganese water 
bromide acid dioxide sulfate sulfate 


Description and Properties—Bromine is a dark reddish brown, 
fuming liquid of a suffocating odor. The fumes are highly irritating 
to the mucous membranes and they burn and blister the skin. It 
attacks all metals and organic tissue. Its specific gravity is 3.11 at 
25° C. It boils at 58-59° C., but rapidly volatilizes at room tem- 
peratures and solidifies at —7° C. It is soluble in about 30 parts of 
water and is freely soluble in chloroform, ether, carbon disulfide, 
and carbon tetrachloride, coloring these solutions orange to deep 
reddish brown. It is more soluble in aqueous solutions of bromides 
than in water. At 0° C. or at lower temperatures it combines with 
water forming crystals of Brg. 10H2O. 

The compound of bromine and hydrogen is known as hydrogen 
bromide. It is a gas very soluble in water, the aqueous solution being 
known as hydrobromic acid. 

Like chlorine, bromine forms a series of oxy-acids. The free acids 
are rather unstable and only the alkali salts of bromic acid [HBrOg] 
known as bromates, have any practical application. 
Storage—Bromine is stored in glass-stoppered bottles or hermetically 
sealed ampuls, and should be kept in a cool place. 


Uses—Bromine was official in the U. 8. P. VIII, but 
now has practically no medicinal application. It is a 
powerful caustic and germicide but is rarely employed 
at present. The utmost care should be exercised in 
handling bromine; the vapor not only attacks the eyes 
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and nostrils, but renders the air irrespirable. If ex- 
posed to the vapors of bromine, the part should be 
washed with a solution of sodium bicarbonate. The 
vapor acts on metallic surfaces. Bromine should be 
transferred from its shipping ampuls to partly filled 
glass-stoppered bottles. All work with bromine should 
be carried on under ideal conditions of ventilation! 


IDENTIFICATION OF BROMINE 


Bromides—When a bromide or a solution of a bro- 
mide is heated with sulfuric acid and manganese di- 
oxide or potassium permanganate, bromine is liberated, 
recognizable by the red-brown color of its vapor and its 
odor. Solutions of bromides yield with silver nitrate 
T.S. a yellowish precipitate of silver bromide which 
is insoluble in nitric acid and but slightly soluble in 
an excess of ammonium carbonate T.S. On adding 
chlorine T.S. dropwise to a solution of a bromide, 
bromine is liberated which imparts an orange to brown 
color to chloroform. 

Bromine in organic compounds—The compound is 
treated in the same manner as described for chlorine in 
organic compounds under Chlorine, then the solution, 
neutralized with sulfuric acid, is tested for bromides in 
the manner described in the preceding paragraph. 

Bromates—Sulfurous acid, added drop by drop to a 
solution of a bromate, liberates bromine, producing a 
yellow color, which disappears upon the addition of an 
excess of sulfurous acid. Bromates, when gently ig- 
nited with charcoal, yield bromides which may be 
recognized by the characteristic reactions outlined 
above. 


IODINE AND ITS COMPOUNDS 


Iodine—I = 126.92 (At. no. 53) 


History and Occurrence—The name zodine is derived 
from the Greek word meaning ‘‘violet-colored,” allud- 
ing to the vapors of the element. It was discovered by 
Courtois, in 1811, in the ashes from seaweeds. Iodine 
does not occur free in nature, but in combination; it is 
found in the ashes of certain marine alge or weeds. 
Until recently, the most important source of lodine was 
crude Chile saltpetre. It occurs there as sodium iodate 
to the extent of about 0.8 per cent. Recently it has 
been found in the brine of oil wells, and this source 
now furnishes a considerable proportion of the iodine 
requirements of this country as well as of Russia. 

Preparation—Originally iodine was exclusively ob- 
tained from kelp, barilla, or varec, names given to the 
ashes of certain seaweeds. The iodine in the ash exists 
in the form of an alkali iodide and is liberated a the 
action of chlorine: 


2Nal + Cle — 2NaCl + Ie 
sodium chlorine sodium iodine 
iodide chloride 


or, by means of sulfuric acid and manganese dioxide 
according to the following equation: 


2Nal + 2H2SO04 + MnOzg => Ip + MnSO.4 + NagSO4 + 2H20 


sodium sulfuric manganese iodine manganese sodium water 
iodide acid dioxide sulfate sulfate 


The liberated iodine is filtered, washed, and purified 
by sublimation. 

The iodine from crude Chile saltpetre i is recovered by 
adding a calculated amount of a solution of sodium 
sulfite and bisulfite to the mother liquor obtained from 
the crystallization of the sodium nitrate. The sulfites 
eauce the iodate to iodine, which is precipitated. 


2NalOg = 3NagSO3 ste 2NaHSOg ae 5NaeSO4 ++ I, =- H20 
sodium sodium acid sodium sodium iodine water 
iodate sulfite sulfite sulfate 

Oil-well brines contain from 50 to 200 mg. of iodine 
per gallon. The recovery of the iodine is effected by 
treating the brine with the calculated amount of chlorine 
or sodium nitrite and sulfuric acid, and adsorbing the 
liberated iodine on charcoal. It is recovered from the 
charcoal by treating with solution of sodium hydroxide, 
then acidifying the solution with sulfuric acid. 


Description and Properties—lIodine is a very active element. It at- 
tacks most metals, forming iodides. It does not readily combine 
with hydrogen except in the presence of a suitable catalyst. Like 
chlorine or bromine, iodine forms oxy-acids such as iodic [HIO3] and 
periodic [HIO4]. Iodic acid and its anhydride, iodine pentoxide, are 
available in a high state of purity. Iodic acid and its salts, known as 
todates, as well as the salts of periodic acid, known as periodates, are 
oxidizing agents and are stable in aqueous solutions. 


IDENTIFICATION OF IODINE 


Free iodine in solution is readily recognized by its 
imparting a violet color to chloroform when shaken 
with it and by coloring starch T.S. an intense blue. 
Iodine dissociates in carbon tetrachloride and chloro- 
form, forming violet solutions, but it remains associated 
in alcohol, forming a red solution. 

Iodides—The addition of chlorine water to a solution 
of an iodide liberates free iodine which can be identified 
by the reactions described above. Other oxidizing 
agents, such as ferric salts, or sodium nitrite in the 
presence of an acid, also liberate iodine from iodides. 
Silver nitrate produces, in solutions of iodides, a yellow 
precipitate of silver iodide which is insoluble i in nitric 
acid or in ammonia water (silver chloride dissolves 
readily and silver bromide dissolves appreciably in 
ammonia water). 

Iodine in organic compounds—The organic substance 
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is mixed with 5 to 8 times its weight of sodium car- 
bonate and is strongly ignited. The iodine in the 
organic compound combines with the sodium of the 
sodium carbonate to form sodium iodide. The cooled 
residue is leached with small quantities of hot water, 
and the solution, neutralized with nitric or sulfuric acid, 
is tested for Iodides (see paragraph above). 

Todates—On adding sulfurous acid, drop by drop, to 
a solution of an iodate, the iodate is reduced to free 
iodine which is recognized by the reactions given under 
Free iodine. When iodates are strongly ignited, oxygen 
is evolved, recognizable by a glowing splinter held in it 
bursting into flame, and the residue responds to the 
reactions for Jodides. 


IODINE U.S. P. 
= [lod.—Sp. Yodo] 


lodum 


Todine contains not less than 99.8 per cent of I 
(126.92). 


Preparation—See Iodine (page 339). 


Description and Properties—Iodine occurs in the form of heavy. 
grayish black plates or granules, having a metallic luster and a 
characteristic odor. Its specific gravity is about 4.9. It melts at 
about 113° C. but volatilizes even at room temperature. One Gm. 
of Iodine dissolves in about 2950 cc. of water, in 13 ec. of alcohol, 
in about 4 ec. of carbon disulfide, 10 ce. of benzene, 53 cc. of carbon 
tetrachloride, and 80 ce. of glycerin. It is soluble in chloroform, 
ether, and glacial acetic acid, and freely soluble in solutions of iodides 
or hydriodie acid. 

Tests for Purity— 

Non-volatile residue—Not more than 0.05 per cent. 

Chloride or bromide—One-half gram of finely powdered iodine is 
thoroughly shaken with 20 ec. of distilled water and filtered. Any 
chloride or bromide present is readily dissolved by the water together 
with a small quantity of the iodine. To half of the filtrate sulfurous 
acid is added, until the iodine color just disappears. This treatment 
reduces the dissolved iodine to hydrogen iodide. An excess of 
ammonia T.S. is then added to the solution followed by a few ce. 
of silver nitrate T.S., added in small portions and with stirring. 
If chloride or bromide is present, their silver salts are held in solu- 
tion by the ammonia, but the silver iodide formed from the dissolved 
iodine is not soluble in the ammonia. Upon filtering the solution and 
making the filtrate acid with nitric acid, any silver chloride or 
bromide will be reprecipitated and produce a turbidity. The tur- 
bidity allowed by the U.S. P. corresponds to 0.03 per cent as Cl. 
Assay—The assay of Iodine is based on its reaction with sodium 
thiosulfate according to the equation: 


I, -++ 2NagSeO0z — Nal + NavS40g 
iodine sodium sodium sodium 
thiosulfate iodide tetrathionate 


To an accurately weighed quantity of about 500 mg. of the Iodine 
1 Gm. of potassium iodide is added, followed by 5 cc. of water. 
The potassium iodide is added to dissolve the Iodine. The solution 
is diluted to about 50 cc. with water and 1 ce. of diluted hydrochloric 
acid is added. The hydrochloric acid neutralizes any free alkali or 
carbonate derived from the potassium iodide which would otherwise 
withhold some of the iodine from reacting with the thiosulfate. 
Starch T.S. is then added and tenth-normal sodium thiosulfate 
slowly run in with continuous stirring until a blue color (starch 
iodide) is produced which does not disappear on stirring. Each ec. 
of tenth-normal sodium thiosulfate is equivalent to 12.69 mg. of I. 
Storage—Preserve Iodine in tight containers. 
Incompatibilities—Iodine oxidizes hypophosphites, sulfites, the lower 
valence forms of some metals, and other oxidizable substances, the 
Iodine being changed to an iodide. Thiosulfates (hyposulfites) also 
react with free iodine. It reacts with fixed oils to form addition 
compounds, and with volatile oils to form various derivatives. The 
reaction with oil of turpentine is violent. An explosive iodide of 
nitrogen may be formed with ammonia water or ammoniated mercury. 
Alkali hydroxides and carbonates react with iodine to form iodides 
and iodates. Many alkaloids are precipitated from aqueous solu- 
tions of their salts. In alcoholic solution Iodine slowly forms hy- 
drogen iodide if alkali iodide is absent. 


Uses—Elemental Iodine in the form of aqueous or 
alcohol solutions is widely used as a germicide and 
fungicide. l[odine salts also have a variety of thera- 
peutic applications. A more detailed discussion of the 
therapeutic uses of Iodine and iodides appears under the 
individual preparations. 


LODINE 


Iodides Tincture N. F. Tinctura Iodidorum 
{Tr. lodidor.—Sp. Tinctura de Yoduros] 


Note—Iodides Tincture may be dispensed when 
Decolorized Iodine Tincture is ordered. 


Metric Alternative 
lodine =. 32 hee ds coe eee 50 Gm. 1 oz. av. 293 ger. 
Petassiumilodides - 4. - eeaeaeee 25 Gm. 365 gr. 
Strong Ammonia Solution........ 100 cc. 3 fl.oz. 96 min. 
Watert aan ween cco eee ee 400 cc. 12 fl.oz. 384 min. 
Alcohol, a sufficient quantity, 

‘Lo.makonee cece eee 1000 cc. 2 pints 


Dissolve the potassium iodide in the water; add the iodine and 
400 cc. (12 fl. oz. 384 min.) of alcohol, and agitate the mixture 
frequently until the iodine is completely dissolved. Add the 
strong ammonia solution, and set the mixture aside until it 
becomes colorless. Then add sufficient alcohol to make the 
product measure 1000 ce. (2 pints), and filter. 


Alcohol Content—From 43 to 47 per cent, by volume, of CgHs5OH. 


Uses—This tincture was intended to provide the 


effects of iodine without the objectionable staining. 


However, as the iodine is converted into ammonium 
iodide, it possesses little if any therapeutic value when 
applied externally. Apply undiluted. 


Iodine Ampuls N. F.. Ampulle Todi 
{[Ampul. lodi—Iodine Swabs] 


Iodine Ampuls contain, in each 100 ec., not less than 
1.8 Gm. and not more than 2.2 Gm. of I and not less 
than 2.1 Gm. and not more than 2.4 Gm. of Nal. 
Iodine Ampuls yield not less than 90 per cent and not 
more than 110 per cent of the labeled amount of I. 

Note—Iodine Ampuls must contain Iodine Tincture 
U.S. P. Prepare the solution, fill the cleansed ampuls, 
and seal them. 


Assay—Proceed as directed under Stronj Iodine Solution (page 341) 


Uses—These ampuls are not used for parenteral 
administration, but, as the synonym “Jodine Swabs’’ 
indicates, they are used for first aid treatments. They 
usually consist of ampuls covered with gauze or some 
absorbent material. When the iodine is required for 
use, the tip of the ampul is broken, the gauze absorbs 
the iodine and provides a means of applying it directly 
to the wound. Some Iodine Ampuls are found in the 
form of fine capillary tubes, which are broken when 
needed, and the iodine solution is applied directly to 
the place where it is needed. 


Iodine and Zinc Iodide Glycerite N. F. 
Glyceritum Iodi et Zinci Iodidi 


[Glycer. Iodi et Zinc. Iodid.—Diluted Talbot’s Solution, Sp. Glicerito 
de Yodo y Yoduro de Zinc] 


Metric Alternative 
Linc lodideearas~ 2s ok ee ee 80 Gm. 202. av. 293 er. 
lodine 38 Ak, cn ees Se eRe 100 Gm. 3 oz. av. 148 gr. 
GUY COFIN os ee oe eee eee 550 cc. 17 fl. oz. 288 min. 
Distilled Water, a sufficient quantity, 
To.make 3.56.6 Waeeen ee eas 1000 cc. 2 pints 


Dissolve the zine iodide in 130 ce. (4 fl. oz. 77 min.) of distilled 
water, add the iodine, and agitate the mixture until solution is 


effected. Then add the glycerin and sufficient distilled water to 


make the product measure 1000 ce. (2 pints), and mix thoroughly. 


Storage—Preserve Iodine and Zine Iodide Glycerite in tight con- 
tainers. 

Uses—lIodine and Zine Iodide Glycerite is used for 
topical application to mucous membranes. It is usually 
diluted approximately 5 times with water. 
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Iodine Ointment N. F. Unguentum Iodi 
[Ung. lodi—Sp. Ungiiento de Yodo] 


Iodine Ointment contains not less than 6.5 per cent 
and not more than 7.5 per cent of total iodine [I]. 


Metric Alternative 
RO GU CUMPErEE A OP wos Ce a 40 Gm 280 er. 
Borassiurm [odide....5 0.0.82 .n..es 40 Gm 280 gr. 
BURY COCHIN Sie et, os eM I ob sh 120 Gm 1 oz. av. . 402 gr. 
Mellow Ointment <). «<6. ce0dsn +s 800 Gm. 12 0z. av. 350 gr. 
MCBONE OR Eas rietaye sheen tye aveses eis ie eke 1000 Gm 16 oz. av. 


Dissolve the iodine and the potassium iodide in the glycerin, 
preferably in a glass mortar, and incorporate the mixture with 
the yellow ointment (page 00). 

Caution—During its manufacture and storage Iodine Ovntment 
must not come in contact with metallic utensils or containers. 


Assay—A suitable quantity of the ointment is mixed with potassium 
carbonate and ignited to convert the iodine into potassium iodide. 
After. extraction with water, the iodide is oxidized to iodate by-the 
addition of permanganate, the excess of the latter being removed 
by the addition of alcohol. The solution is filtered, and the filtrate 
is treated with potassium iodide and acid, and the liberated iodine 
is titrated with tenth-normal sodium thiosulfate, using starch as 
the indicator. The underlying reactions of this assay are the same 
as given under Strong Iodine Solution. 


Uses—A counterirritant. 


Iodine Solution N. F. Liquor Todi 
[Liq. Iodi—Sp. Yodo] 


Iodine Solution contains, in each 100 cc., not less than 
1.8 Gm. and not more than 2.2 Gm. of I and not less 
than 2.1 Gm. and not more than 2.6 Gm. of Nal. 


Solucién de 


Metric Alternative 
WEES... bd eae ee 20 Gm 292 gr. 
Sayre Cyt CS Boe eee ee 24 Gm 350 er. 
Distilled Water, a sufficient quantity, 
“LG EEGWICS. cal ne a aig iis Steep eee 1000 cc. 2 pints 


Dissolve the iodine and sodium iodide in 50 ce. (1 fl. oz. 288 
min.) of distilled water, then add sufficient distilled water to 
make the product measure 1000 cc. (2 pints). 


Description and Properties—lIodine Solution is a transparent liquid, 
having a reddish brown color and the odor of iodine. It also responds 
to the identification reactions for free iodine. 

Assay—The Solution is assayed for free iodine and sodium iodide as 
described under Strong Iodine Solution U. S. P. The difference 
between the number of cc. of twentieth-molar potassium iodate used 
and the number of cc. of tenth-normal potassium arsenite used, 
multiplied by 0.01499 equals the number of Gm. of Nal in the 
volume of Solution taken for the assay. 

Storage—Keep Iodine Solution in tight containers, preferably at a 
temperature not above 35° C. 

Incompatibilities—See Jodine (page 340). 


Uses—lIodine Solution is an effective non-irritating 
germicide and fungicide despite its relatively low con- 
tent of free iodine. For uses, see Strong Iodine Solution 
below. 


Phenolated Iodine Solution N. F. Liquor Iodi 
Phenolatus 


Liq. Iodi Phenol.—Boulton’s Solution, French Mixture, Carbolized 
Iodine Solution, Sp. Solucién de Yodo Fenolado] 


Metric Alternative 
Strong Iodine Solution............. HSECGs 230 min. 
Migueticaue enol. .5.....2-6-2006. 5 6 cc. 92 min. 
COWES 0 5 eo 165 cc. 5 fl.oz. 134 min. 
Water, a sufficient quantity, 
1000 cc. 2 pints 


RIMM COMA a) aie’ ayidln 808 Sasi ew a0 syeie ls 


Mix the liquefied phenol and the strong iodine solution with 
the glycerin, and add sufficient water to make the product measure 
1000 cc. (2 pints). Then expose the liquid in a strong, tightly 
stoppered, glass container, to the sunlight, or heat it at a tem- 
Bare not exceeding 70° C., until it has become colorless or 

aintly yellow. 


~ 
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The decoloration of the mixture indicates that the 
iodine has combined with the phenol to form triiodo- 
phenol [C.H2I,OH]. 


Description and Properties—Phenolated Iodine Solution is colorless 
or faintly yellow, and has the odor and taste of phenol. Its specific 
gravity is about 1.047 at 25° C. 

Identification—Add mercury bichloride T.S.—a red precipitate is 
produced. 
Tests for Purity— 

Free Iodine—The solution should not turn blue upon the addition 
of starch T.S. 

Ash—The ash is negligible. 
Storage—Preserve Phenolated Iodine Solution in tight containers. 


Uses—Phenolated Iodine Solution is used undiluted 
by topical application, as a germicide and fungicide. 


Strong Iodine Solution U. S. P. 


{Liq. lod. Fort.—Lugol’s Solution, Compound Iodine Solution, 
Sp. Solucién de Yodo Concentrada] 


Liquor Jodi Fortis 


Strong Iodine Solution is a solution containing, in 
each 100 ec., not less than 4.5 Gm. and not more than 
5.5 Gm. of I, and not less than 9.5 Gm. and not more 
than 10.5 Gm. of KI (3 gr. free I and 7.2 gr. total I per 
fluidrachm). 


Metric Alternative 
lO Gi Ceca i rte on PON Ske 50 Gm. 183 gr. 
Potassinmplodidesemencr -ese oe 100 Gm. 365 gr. 
Distilled Water, a sufficient quantity, 

BENS cONEH ide, Ee oak oootie oes ae ee 19090 cc. 8 fl. oz. 


Dissolve the iodine and potassium iodide in 100 cc. (384 min.) 
of distilled water, then add a sufficient quantity of distilled water 
to make the product measure 1000 ce. (8 fl. 0z.). 


The potassium iodide is added only to increase the 
solubility of the iodine. 


Description and Properties—A transparent liquid having a deep 
brown color, and the odor of iodine. 

Identification—A drop of Strong Iodine Solution added to 1 ce. of 

starch T.S., previously diluted with 10 cc. of distilled water, produces 
a deep blue color. The Solution responds to the identification tests 
for potassium. 
Assay—In the present method of assay for the free iodine and the 
potassium iodide, both constituents are determined in the same 
portion of Solution. The determination of free iodine is based on the 
reaction between iodine and potassium arsenite solution whereby the 
iodine oxidizes the arsenite to arsenate and becomes itself converted 
into potassium iodide, thus: 


I, + KsAsOy + KHCO3 — KeHAsO, + 2KI + COg 
iodine potassium potassium potassium potassium carbon 
arsenite bicarbonate arsenate iodide dicxide 


After the free iodine has been determined, a volume of hydrochloric 
acid equal to about 40 per cent of the volume of the liquid, and a 
few ec. of chloroform are added, and the total iodine, all of which is 
now present as potassium iodide, is determined by titration with a 
standard solution of potassium iodate until the chloroform, after 
shaking, remains colorless. The chemistry of this titration is repre- 
sented by the following equation: 


2KI + KIOg + 6HCl — 31Cl + 3KCl + 3H20 
potassium potassium hydrochloric iodine potassium water 
iodide iodate acid monochloride chloride 


The difference between the free iodine, calculated as KI, and the 
total KI, found by this titration, represents the KI originally present 
in the Solution. 

The assay is carried out as follows: Exactly 5 cc. of the Solution 
is placed in a glass-stoppered flask, diluted with about 25 ec. of water, 
then titrated with tenth-normal potassium arsenite until the solution 
has become pale yellow. Starch T.S. is then added and the titration 
completed until the blue starch-iodide disappears. Hach ce. of 
tenth-normal potassium arsenite consumed is equivalent to 12.69 mg. 
of I. Now 50 cc. of hydrochloric acid and 5 ce. of chloroform are 
added to the solution, cooled to room temperature if necessary, and 
twentieth-molar potassium iodate slowly run in until the chloroform 
no longer shows the purple color of iodine. The chloroform should 
remain colorless for a few minutes; if the iodine color returns, the 
solution is titrated again until it disappears. 

The difference between the number of cc. of, twentieth-molar 
potassium iodate consumed and the number of cc. of tenth-normal 
potassium arsenite multiplied by 0.01660 equals the number of’ 
grams of KI in the portion of the Solution taken for the assay. 
Storage—Preserve Strong Iodine Solution in tight containers, prefer- 
ably at a temperature not above 35° C. 

Incompatibilities--See Iodine (page 340). 
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Uses—Strong Iodine Solution is traditionally used in 
the treatment of many conditions in which the action 
of the iodide ion is desired. For example, in the treat- 
ment of thyrotoxicosis, Strong Iodine Solution is em- 
ployed in order to reduce the metabolic rate prior to 
operation on the thyroid. The usual dose is 0.3 cc., 
3 times daily. For such purposes, however, potassium 
iodide is equally effective. The presence of free iodine 
in Strong Iodine Solution makes this preparation of 
extreme value as a germicide and fungicide. Thus, it 
retains most of the desirable properties of tincture of 
iodine without the attending irritation which results 
from the presence of alcohol in the latter preparation. 
Either Strong Iodine Solution or iodine solution can 
be used for the treatment of those conditions described 
under the tincture. 

Aqueous solutions of iodine have the advantage of 
being less painful than alcoholic solutions when applied 
to cuts, and they can be made isotonic with the blood 
(a 2 per cent soltttion of iodine with alkali iodide is 
isotonic), but they are subject to freezing and they do 
not dry rapidly. On the other hand, alcoholic solutions 
dry rapidly and do not freeze. 

Average Dose—0.3 cc. (approximately 5 min.). 


Iodine Tincture U. S. P. Tinctura Iodi 


[Tr. lod.—Mild Tincture of Iodine U.S. P. XII, Sp. Tinctura de Yodo 
Mitigado] 

Note—The strength of Iodine Tincture has been re- 
duced from 7 Gm. of Iodine in each 100 cc.( U.S. P. XID) 
to 2 Gm. of iodine in each 100 cc. 

Iodine Tincture contains, in each 100 cc., not less 
than 1.8 Gm. and not more than 2.2 Gm. of I, and not 
less than 2.1 Gm. and not more than 2.6 Gm. of Nal. 


Metric Alternative 
LOINC calc iire ac cnieete viele es OI oeets aa teeaiohete rte 20 Gm. 292 gr. 
Nodiumt lodides in. + ache. cies sr eerie 24 Gm. 350 gr. 
Diluted Alcohol, a sufficient quantity, 
TOD AKC ate tear bien els Soe mie 1000 cc. 2 pints 


Dissolve the iodine and sodium iodide in a sufficient quantity 
of diluted alcohol to make the product measure 1000 ce. (2 pints). 


Sufficient sodium iodide is present to stabilize the 
tincture and make it miscible with water in all propor- 
tions. If enough iodide is present to combine, theo- 
retically, with all the iodine as Nal.Is, the iodine does 
not react with the solvent to form acetaldehyde (oxida- 
tion of alcohol) and hydrogen iodide. If hydriodic acid 
is formed, the solution is more painful. 

Description and Properties—A transparent liquid having a reddish 
brown color and the odors of iodine and alcohol. Add 1 drop of 
Iodine Tincture to a mixture of 1 cc. of starch T.S. and 9 ce. of 
distilled water: a deep blue color is produced. 

Assay—Proceed as directed under Strong Iodine Solution (page 341). 
The factor for Nal is 0.01499 

Storage— Preserve in tight containers. 


Alcohol Content—From 44 to 50 per cent, by volume, of CoH;OH. 
Incompatibilities—See Iodine (page 340). 


Uses—lodine Tincture is one of the oldest and most 
effective of the germicides and fungicides. For dis- 
infection of the skin, the alcoholic vehicle facilitates 
spreading and penetration. If full strength tinctures 
are employed, vesication and desquamation may occur, 
if the excess iodine is not removed with alcohol. For 
application to wounds and abrasions, the more dilute 
tinctures or aqueous solutions of iodine and iodide should 
be employed. The diluted tincture is also the prepara- 
tion of choice in the treatment of skin infections due to 
bacteria and fungi. A 2 per cent solution of iodine in 
glycerin is the preparation of choice for application to 
mucous membranes. 


IODINE 


Elemental iodine is effective for the purification of 
drinking water in emergencies; 2—4 drops of Tincture to 
a quart of water is both amebicidal and bactericidal, if 
allowed to stand for 15 minutes. Elementaliodine is also 
an alkaloidal precipitant and the tincture may be em- 
ployed as a chemical antidote in the treatment of 
poisoning by alkaloids in the dilution of 1 scant tea- 
spoonful to a quart of water. It should be administered 
by stomach tube and removed by gastric lavage. 


Strong Iodine Tincture N. F.  Tinctura Iodi Fortis 


[Tr. lodi Fort.—Tincture of Iodine U.S. P. XII, Sp. Tinctura de Yodo 
Concentrada] 


Note—Dispense Strong Iodine Tincture when Tinc- 
ture of Iodine U. 8. P. XII is ordered. 

Strong Iodine Tincture is an alcohol solution of iodine 
and potassium iodide containing, in each 100 ce., not 
less than 6.8 Gm. and not more than 7.5 Gm. of I, 
and not less than 4.7 Gm. and not more than 5.5 Gm. 
of KI. 


Metric Alternative 
lodine®.4.34.5.5-.4. eee oe 70 Gm. loz.av. 74 gr. 
Potassium Jodides => 455 n eee 50 Gm. 365 gr. 
Distilled Water..= 32... eee eee 50 cc. 384 min. 
Alcohol, a sufficient quantity, 

To make ceakanton coo 1000 cc. 1 pint 


Dissolve the potassium iodide in the distilled water, in a con- 
tainer graduated to 1000 cc., add the iodine, and agitate the 
mixture until solution is effected. Then add sufficient alcohol to 
make 1000 ce. (or 1 pint) of Tincture, and mix thoroughly. 


The water has been added to this formula to assist 
in the solution of the iodine, which, in the presence of 
the potassium iodide, is rendered readily.soluble. The 
potassium iodide was not introduced, however, to in- 
crease the iodine solubility, although advantage is taken 
of its presence to aid in the rapidity of solution, but it is 
added as a preservative and when present prevents the 
rapid change of iodine to hydriodic acid, with the 
accompanying oxidation of the alcohol to aldehyde. 
The quantity of iodide present is not sufficient, how- 
ever, to prevent a slight precipitation of iodine when it 
is diluted with water in certain proportions. 

Description and Properties—A transparent liquid, having a reddish 
pee color and the odor of iodine and of alcohol. It is affected by 
i dentification—See identification of Free iodine (page 339). 
ssay—Proceed as directed under Strong Iodine Solution (page 341). 
torage—Preserve in tight, light-resistant containers, preferably at 
a temperature not above 25° C 


Alcohol Content— From 83 to 88 per cent, by volume, of CgH5OH. 
Incompatibilities—See Iodine (page 340). 


Uses—See Iodine Tincture. 


IODIZED OIL U. S. P.—See Organic Halogen Com- 
pounds (page 605). 


Stainless Iodized Ointment N. F. Unguentum Iodatum 
Denigrescens 


{Ung. lod. Denig.—Unguentum Iodi Denigrescens N. F. V; 
Stainless Ointment 


Alternative 
Iodine, in moderately coarse powder 50 Gm 87 gr. 
Paraffin 3 er ee ee ee cee 50 Gm 87 gr. 
Oleic: Atids: setae or ae ere 200 Gm. 350 gr. 
Petrolatum- kore creer ka a eee ede 700 Gm. 202. av. 350 gr. 
To make wyetitege oie ciereteiaterets iolte lteter 1000 Gm. 4 oz. av. 


Dissolve the iodine in the oleic acid by the aid of heat, at about 
65° C. Add the paraffin and continue heating at the same tem- 
perature until the iodine is absorbed, as shown by the absence of 
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a reddish color; then add the petrolatum, and when all is lique- 
fied, remove from the heat and stir frequently until it congeals. 
Contact with metallic utensils must be avoided. 


The free iodine combines with the unsaturated oleic 
acid forming a colorless iodo compound; the iodine adds 
to the double bond of the oleic acid. 

Note—The Ointment improves upon standing for a 
week or ten days. 


Storage—Preserve Stainless Iodized Ointment in tight containers and 
avoid prolonged exposure to temperatures above 30° C. 


Uses—This so-called Stainless Iodized Ointment 
contains little or no free iodine and thus retains none 
of the actions of elemental iodine. 


Unofficial Inorganic lodine Compounds 


Compound Dental Liniment of Aconite and lodine (Dentilinimentum 
Aconiti et lodi Compositum N. Ff’. VII)—A solution containing 2Gm., 
of iodine, 30 ce. of chloroform, and 25 cc. of Fluidextract of Aconite, 
in sufficient 55 per cent alcohol to make 100 cc. Uses: Applied 
as a counterirritant to the gingiva. 


Inorganic Iodine Specialties 


Algodin (Winthrop)—One cc. ampuls containing 0.003 per cent free 
iodine and 0.1 per cent sodium iodide dissolved in 0.8 per cent 
sodium chloride solution. Uses: nonspecific iodine therapy in 
rhinitis, hay fever, coryza, and bronchitis. Dose: 1 cc. 2 to 4 
times a week by subcutaneous injection. 

Amend’s Solution (Leeming)—An aqueous solution containing 1.4 
per cent elemental iodine loosely combined with protein. Uses: 
iodine therapy in actinomycosis, blastomycosis, bronchitis, simple 
goiter, hyperthyroidism, and syphilis. Dose: 10 to 20 drops in a 
glass of water 1 hour before mealtime. 

Bursoline (Burnham)—Tablets consisting of a combination of 
[((CHzgNH2COOH):2.HI] and Ig. Each tablet provides 8.2 mg. 
free iodine when dissolved in water. Uses: extemporaneous 
sterilization of field water supplies. Dose: 1 tablet to a quart of 
water, let stand 2 minutes, shake thoroughly, let stand 20 minutes 
before drinking; if the water is dirty, use 2 tablets. 

Caloxidine (Strasenburgh)—Tablets (44 or 1 gr.) containing 15 per 
cent available iodine combined with calcium and starch. Uses: 
an expectorant in upper respiratory infections. Dose: 0.022 to0.065 
Gm. orally, 

Caloxidine Compound Throat Tablets—Iach tablet contains 22 
mg. Caloxidine, 1 mg. of belladonna powder, and 5 mg. benzoic acid. 

Criodin (Crookes)—Ampuls or vials of a 1 per cent solution, con- 
taining iodine combined with colloidal protein decomposition 

roducts. Wses: iodine therapy in goiter, hyperthyroidism, and 
infections. Dose: 1 cc., intramuscularly or intravenously. 

I-C-Z (Mulford Colloid)—A dusting powder containing 10 per cent 
Idocol (colloidal iodine compound), 53.25 per cent boric acid, 10 
per cent chloramine-T, 0.25 per cent phenyl mercuric nitrate, and 
26.5 per cent zinc stearate. Uses: an antiseptic for abrasions, 
fungous diseases, and wounds; also a deodorant dusting powder. 

Idocol (Mulford Colloid)—Capsules (2% or 5 gr.) or powder contain- 
ing a colloidal iodine compound representing 20 per cent iodine. 


Uses: oral iodine therapy. Dose: 2% to 5 gr. 3 or 4 times daily. 
Idocol Sol (Mulford Colloid)—Ampuls (25 ec.); each ce. contains 
8 mg. iodine. Uses: parenteral iodine therapy. Dose: intra- 
muscularly, 4% to’% cc. gradually increased to 2 cc. 


locamfen (Schering and Glatz)—A liquid containing about 7.5 per 
cent free iodine, obtained by the interaction of 10 parts iodine, 
70 parts camphor, and 20 parts phenol. Uses: antiseptic, fungi- 
cide, and germicide. Applied topically in small amounts to 
wounds. Used also in the treatment of epidermophytosis and in 
dentistry. 

lodine-Boric Acid Dusting Powder (Pilling)—An impalpable powder 
containing 1 to 2 per cent iodine in boric acid. Uses: deodorant, 
desiccant and antiseptic useful in suppurative otitis media. 

Jodine Diasporal (Doak)—Ampuls (10 cc.), each cc. containing 4 mg. 
elemental] iodine, 13.5 mg. sodium iodide, and 14.5 mg. strontium 
bromide, dissolved in dextrose solution. Uses: iodine therapy in 
hyperthyroidism and gumma. Dose: 10 cc. twice a week, intra- 
venously. 

Iodine Hydrosol (Drug Products)—A hydrosol available as an oral 
preparation (0.25 per cent), or as a topical preparation (5 per cent) 
of elemental iodine in an aqueous dispersion. Uses: orally, in 
glandular dysfunction and where iodine therapy is indicated; topi- 
cally, it is applied full strength for skin disinfection, diluted with 4 
to 10 part of water for prolonged contact, or diluted 2 teaspoonfuls 
to 2 quarts of water for use as a douche. Dose: of oral preparation, 
30 drops to 1 fl. dr. 

Memban (Schieffelin)—A liquid containing iodine in collodion. Uses: 
a protective and antiseptic dressing for abrasions, cuts, or scratches, 
applied topically. 

Miscidine (Rorer)—A stable solution containing 1 gr. of free iodine 
per fl. dr. and 17 per cent alcohol. Uses: iodine therapy for 
internal or topical use. Dose: 5 to 20 min., orally, 

P. and B. Base lodine (lougera)—A stable solution containing 0.14 
per cent free iodine in paraffin free liquid petrolatum. Uses: 
iodine therapy to increase secretion and facilitate drainage in head 
colds and chronic paranasal sinusitis. Applied as a spray or drops. 

Protiodin (Harrower)—Enteric-coated tablets containing iodine pro- 
teinate which gradually releases iodine in the gastrointestinal tract. 
Mach tablet contains 20 mg. free iodine. Usés: iodine*therapy. 
Dose: 1 to 3 tablets 1 to 3 times daily. 

Soluble Iodine (Burnham)—A liquid containing approximately equal 
proportions of free Ig and HI, in 42 per cent alcohol solution. 
One U.S. P. standard drop provides 1.1 mg. total iodine. Uses: 
iodine therapy in allergies, syphilis, goiter, thyroid disturbances, 
etc. Dose: 10 to 40 drops. 

Syniodin (Blue Line)—Tablets, each containing 1 gr. of iodine. 
Uses: iodine therapy in simple goiter, ete. Dose: 1 or, 2 tablets 
weekly for the prophylaxis of simple goiter; 2 to 3 tablets daily for 
other conditions. 

Thiodine (Parke, Davis)—Compound iodine glycerite containing 2 
parts iodine tincture, 6 parts ammonium ichthosulfonate, 20 parts 
boroglyceride solution, 10 parts hydrastine glycerite, 59 parts 
glycerin, and 3 parts phenol. Uses: antiseptic in inflammation 
of the uterus and adnexa. Applied to the vagina by saturated 
tampons or cotton applicators. 

Thiodine Suppositories (Parke, Davis)—Vaginal suppositories con- 
taining 10 per cent U'hiodine (see above for uses). 

Thyrologen (United Laboratories)—A glycerinated iodine tincture 
containing 0.17 mg. of available Ig per drop. Uses: iodine therapy 
in thyroid dysfunction, Dose: 5 to 30 drops, well diluted, 3 times 
a day, beginning with a small dose and gradually increasing to the 
required amount. 


CHAPTER XLVII 


HELIUM, NITROGEN, PHOSPHORUS, SULFUR, SELENIUM, AND TELLURIUM 


THESE ELEMENTS furnish many fundamental me- 
dicinal, biological, andindustrial compounds. The very 
important therapeutic group of alkaloids and the bio- 
logically significant amino acids, ammonium com- 
pounds, and nitrates are derived from nitrogen. Cal- 
cium phosphate—a derivative of phosphorus—consti- 
tutes about 90 per cent of animal bones. Lecithin, a 
brain constituent, has phosphorus in its structure. 
Sulfur is present in many medicinal compounds and 
plays a significant role in biology. Hair and _ nails, 
among others, contain large proportions of sulfur. 


. 
= 


Helium—He = 4.002 (At. no. 2) 


History and Occurrence—The element heliwm was 
discovered spectroscopically in the atmosphere of the 
sun in 1867 by Lockyer and its name was derived from 
the Greek work meaning sun. Ramsay discovered it 
in the mineral clevezte in 1895, It is found most abun- 
dantly in natural gas and is a disintegration product of 
radium’ and other radioactive substances. 

Preparation—Helium is prepared commercially by 
liquefying natural gas and separating the helium by 
fractionation. 


HELIUM U. S. P. Helium 


Helium contains not less than 95 per cent by volume 
of He, the remainder consisting mainly of nitrogen. 
Description and Properties—Helium is a colorless, odorless, tasteless, 
chemically inert gas. A liter of the gas at 760 mm. and 0° weighs not 
less than 174.5 mg. and not more than 232.5 mg. It is slightly soluble 
in water. A burning splinter of wood is extinguished when plunged 
into Helium. It does not react with hydrogen. 

Tests for Purity— 

Acids or alkalies and oxidizable substances—It meets the require- 
ments given for Oxygen (page 328). 

Carbon monoxide—It meets the requirements given for Ethylene 
(page 213 Uap web): 

Storage—Keep Helium in tight containers. 


Uses—Helium owes its pharmacological actions ex- 
clusively to its physical properties. A mixture of 80 
parts Helium and 20 parts oxygen is only one-third as 
heavy as air. Such mixtures are used in the treatment 
of respiratory obstruction, and are of great value in re- 
lieving status asthmaticus and the symptoms arising 
from inflammatory obstructions. When administered 
in asphyxia, the light mixture penetrates the air passages 
more readily than mixtures of nitrogen and oxygen. 

Helium mixed with oxygen is supplied to workers in 
tunnels and to deep sea divers as a substitute for ordi- 
nary air. Helium is preferable to nitrogen for this 
purpose. It is less soluble in the blood and is therefore 
less likely to cause the “‘bends’’; also, less time is re- 
quired for compression and decompression. It is also 
used in balloons, dirigibles, and electric lamps, and 
wherever an inert atmosphere is required. 


Nitrogen—N = 14.008 (At. no. 7) 


History and Occurrence—Nitrogen recéives its name 
from the Greek words nitron (saltpetre) and gen (I pro- 
duce), indicating that the gas is a constituent of salt- 
petre. It was first isolated by Daniel Rutherford in 


1772. Nitrogen constitutes about 78 per cent of the 
earth’s atmosphere. In combined form, chiefly as pro- 
teins, it is invariably a part of all plants and animals. 
As sodium nitrate it occurs in large deposits in Chile; 
this country was the exclusive source of nitric acid and 
all nitrates for many years. 

Preparation—Industrially nitrogen is obtained by 
the liquefaction of air (see under Oxygen). In the 
laboratory, it may be prepared by heating a concen- 
trated aqueous solution of sodium nitrite and ammo- 
nium chloride or ammonium nitrate, thus: 


NaNOe + NHaCl — Ne + 2H20 + NaCl 


Description and Properties—Nitrogen is a colorless, tasteless, and 
odorless gas with a density slightly less than that of air. In the free 
state it constitutes about four-fifths of the weight of the atmosphere. 
It shows little activity: towards other elements, but at the tempera- 
ture of the electric are it combines with oxygen forming nitrogen 
trioxide, which can be converted into nitrates or nitrites. In the 
presence of metallic catalysts and at great pressure and elevated 
temperature, it combines with hydrogen to form ammonia [NHg3]. 
Nearly all ammonia is now produced by this reaction. One volume 
of the gas dissolves in about 50 volumes of water; it is somewhat 
more soluble in the common organic solvents. 

Nitrogen forms several oxides: nitrous oxide [N20] formerly called 
nitrogen monoxide, nitric oxide [NO], nitrogen trioxide or nitrous an- 
hydride [N2QOg], nitrogen dioxide or tetroride [NOg or Ne2Oa4l, and 
nitrogen pentoxide or nitric anhydride [N2O5]. The first, nitrous 
oxide, is used as an anesthetic and is official. 


Uses—Free nitrogen has no pharmaceutical applica- 
tion. It is, however, extensively used for the manufac- 
ture of important medicinal and pharmaceutical nitroge- 
nous products, e. g., nitric acid, ammonia, and am- 
monium compounds. It is used in the manufacture of 
sodium cyanide and calcium cyanamide, a valuable 
fertilizer, and also in the synthesis of many nitrogenous 
organic compounds. Nitrogen is also utilized for the 
production of an inert atmosphere, in the packaging of 
medicinal products which deteriorate in the presence 
of-air, and in other similar processes. 


IDENTIFICATION OF NITROGEN COMPOUNDS 


Because of its relative inertness, elemental nitrogen 
does not readily afford characteristic reactions. A 
general method for the identification or detection of this 
element in organic nitrogen compounds is to heat 
cautiously the substance in a test tube with metallic 
sodium. Sodium cyanide is formed which is recognized 
by the reactions for Cyanide (page 1056). In another 
method, the substance is gently boiled with sulfuric 
acid until the organic matter is destroyed. The nitro- 
gen is thereby transformed into ammonia which is held 
by the acid. The ammonia is then identified by its 
usual reactions. 

Nitrates—When a solution of a nitrate is mixed with 
an equal volume of sulfuric acid, the mixture cooled, 
and a solution of ferrous sulfate superimposed, a brown 
color is produced at the junction of the two liquids. 
When a nitrate is heated with sulfuric acid and metallic 
copper, brownish red fumes are evolved. In the pres- 
ence of concentrated sulfuric acid, nitrates decolorize 
indigocarmine solution. Nitrates do not decolorize 
acidified potassium permanganate T.S. (difference from ° 
nitrites). 

Nitrites—When treated with diluted mineral acids 
or with acetic acid, nitrites yield brownish red fumes. 
On adding a few drops of potassium iodide T.S. and a 
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PHOSPHORUS 


few drops of dilute sulfuric acid to a solution of a nitrite, 
iodine is liberated which colors starch T.S. blue. 


NITROUS OXIDE U.S. P. Oxidum Nitrosum 
[Oxid. Nitros.—Nitrogen Monoxide, Laughing Gas Sp. Oxido Nitroso] 


Nitrous Oxide contains not less than 95 per cent by 
volume of N2O (44.02). The remainder is chiefly 
nitrogen. 

Preparation—It is usually prepared by heating am- 
monium nitrate to about 170° C., when the following 
reaction occurs: 


NH,NOs == N2O + 2H20 
ammonium nitrogen water 
nitrate monoxide 


The gas has also been produced by heating a mixture 
of ammonium sulfate and sodium nitrate. The crude 
gas is purified to free it from acid and alkaline substances 
(nitrous acid or ammonia) by passing it through acidu- 
lated dilute ‘potassium permanganate solution to oxi- 
dize any nitrogen trioxide, and then through sodium 
hydroxide solution to free it from acid substances and 
halogens. 

Nitrous Oxide is furnished in compressed form in 
metallic cylinders. 


Description and Properties—Nitrous Oxide is a colorless gas without 
appreciable odor or taste. Its specific gravity is 1.53. One liter of 
it, at a pressure of 760 mm., and at 0° C., weighs 1.977 Gm. One 
volume of Nitrous Oxide dissolves in about 1.5 volumes of water, 
under 760 mm. pressure and at 20° C. It is more soluble in alcohol 
than in water and is readily soluble in ether and in oils. 

Tests for Purity— 

Acids or alkalies—After passing 2000 cc. of the gas through 100 ec. 
of water containing 1 drop of methyl red T.S. and 0.2 ec. of hundredth- 
normal hydrochloric acid, the color of the water is not more red than 
that of an equal volume of water containing 1 drop of methyl red 


PHOSPHORUS AND 
Phosphorus—P = 30.98 (At. no. 15) 


History and Occurrence— Phosphorus is derived from 
the Greek words phos meaning light and phero meaning 
carry, indicating the fact that ordinary phosphorus is 
phosphorescent. It was discovered by Brandt, in 1669, 
who obtained it from urine. 

Phosphorus occurs in nature in the form of phos- 
phates, chiefly of aluminum in the mineral wavelite 
[4A1PO,4.Al(OH)3.9H.O]; of calcium in the minerals 
apatite [Cag(PO.4)2 with some CaCl, or CaF 2], and phos- 
phorite [Cas(PO.4) 2], and of iron in vivianite [Fes(PO 4) 2.- 
8H.O]. The calcium phosphate minerals are the most 
important; they are the principal source of phosphorus 
and its various compounds and products. They are 
present in small amounts in all agricultural soils. As 
ores they are found in large deposits in the states of 
Florida (Florida pebble) and Tennessee (Tennessee 
phosphate), in Canada, and in northern Africa. Ani- 
mal bones are chiefly constituted of calcium phosphate 
and hence the value of bone meal as a fertilizer. 

Preparation—Phosphorus is now generally prepared 
by heating a mixture consisting of phosphatic minerals, 
coke, and quartz sand to a high temperature in an elec- 
tric furnace. The phosphorus vapors are condensed 
and the slag drawn off at the bottom, the process being 
continuous, fresh mixture being constantly added at 
the top of the furnace. The following reaction takes 


place: 
2Cas(PO4)o + 10C + 68i02 > 10CO + 6CaSiOs + 4P 
tricalcium carbon silicon carbon calcium phos- 
dioxide monoxide silicate phorus 


phosphate 
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T.S. and 0.4 cc. of hundredth-normal hydrochloric acid (limit of acid) 
and not deeper yellow than an equal volume of water containing 1 
drop of methyl red T.S. alone (limit of alkali). 

Carbon dioxide, halogens, and oxidizing substances—The test and 
limits are as given under Oxygen (page 328). 

Reducing substances—After passing 2000 cc. of Nitrous Oxide 

through 100 ce. of water containing 0.2 ec. tenth-normal potassium 
permanganate, the color and intensity of the color are not different 
from those of a blank. 
Assay—The assay is based on the difference in the temperature of 
liquefaction of Nitrous Oxide and nitrogen. Nitrous Oxide condenses 
to a liquid at about —90° C. while the temperature of the condensa- 
tion of nitrogen is about —196° C. The assay is carried out by pass- 
ing an accurately measured volume of the Nitrous Oxide into a vessel 
cooled with liquid nitrogen. The Nitrous Oxide condenses to a 
liquid and the other gases remain in the gaseous state, and their 
volume is measured. The percentage of Nitrous Oxide is represented 
by the difference between the volume of the original gas taken for the 
assay and the volume of the uncondensed gases. For details see the 
USSs Pein 


Uses—Nitrous Oxide is the weakest but one of the 
safest of the inhalation anesthetics. During its ad- 
ministration some patients become hysterical and be- 
cause of this characteristic it is often called laughing 
gas. It causes only the lighter grades of anesthesia un- 
less the patient has had considerable preanesthetic 
medication (morphine, scopolamine, barbiturates, etc.) 
or unless supplemental anesthesia (ether, cyclopropane, 
etc.), is used. Inasmuch as high concentrations of 
Nitrous Oxide are required, little room is left in the 
mixture for oxygen. This may result in serious anoxia 
and tissue damage, especially to the central nervous 
system. For this reason, considerable experience is re- 
quired for the proper use of Nitrous Oxide as an anes- 
thetic, and care must be exercised in the proper selection 
of cases. Due to the pleasant, rapid induction, Nitrous 
Oxide is often employed to initiate anesthesia, prior to 
the use of ether. Nitrous Oxide is also commonly used 
in dental surgery, because of the rapid recovery which 
it allows. It is also frequently employed in obstetrics 
to produce analgesia. 


ITS COMPOUNDS 


Since it is the effect of enormously high temperatures 
produced by resistance to the electric current which 
brings about this decomposition, and not the direct 
action of the current itself, the reaction is distinctly an 
electrothermic and not an electrolytic one. 


The phosphorus obtained by this method is the color- 
less or yellowish white variety. 


Description and Properties—Phosphorus exists in two common 
allotropic forms: yellow or colorless, and red or amorphous. The 
yellow form was formerly official in the N. F. VII. 


Yellow Phosphorus, when recently made, is almost colorless or 
slightly yellowish and semi-translucent, but with age it becomes yel- 
low, white, or occasionally black and of waxy appearance. It has a 
distinctive, disagreeable odor. When exposed to the air phosphorus 
emits white fumes which are luminous in the dark and have an odor 
resembling garlic. On longer exposure to the air, or when heated at 
about 50° C. it ignites spontaneously. Its specific gravity is 1.82. 
It melts at about 44° C. Yellow phosphorus is almost insoluble in 
water, but it imparts to it a characteristic, disagreeable odor. One 
gram is soluble in about 400 cc. of dehydrated alcohol, about 40 ce. 
of chloroform, 32 cc. of benzene, or 1 ec. of carbon disulfide at 25° C. 
It is sparingly soluble in fixed oils. 

Caution— Yellow phosphorus should be kept under water and should 
not be handled with bare hands as it may cause burns when in contact 
with the skin, and these burns are slow and difficult to heal. As an 
antidote apply immediately a solution of cupric sulfate, then rinse with 
water. See Storage and Handling below. 


Red Phosphorus—Red Phosphorus is a brown to red powder. It is 
non-poisonous, non-inflammable in air, except at high temperatures, 
and is non-luminous. It is insoluble in any common solvent. Its 
specific gravity is 2.2. It is obtained by allowing yellow phosphorus 
to remain for several days in an atmosphere of carbon dioxide and at 
a temperature between 215° and 250° C. Because of its non-poison- 
ous character, red phosphorus is used in making safety matches, 

Phosphorus forms compounds with hydrogen known as phosphines 
some of which ignite spontaneously in the air. It also combines with 
metals forming phosphides. With dilute hydrochloric or sulfuric acid 
the phosphides are decomposed with the liberation of phosphine. 

Phosphorus readily combines with chlorine giving rise to phos- 
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phorus trichloride [PClg], phosphorus pentachloride [PCls5], and Phos- 
phorus oxychloride.[POCI|s3]. 
synthetic organic chemistry to replace oxygen with chlorine. It 
forms similar compounds with bromine. Sulfides of phosphorus are 
made by heating red phosphorus with sulfur in the proper proportions. 

With oxygen, phosphorus forms two important oxides: phosphorus 
trioxide [P2g03] and phosphorus pentoxide or phosphoric anhydride 
[P205]. With water, phosphorus trioxide yields phosphorus acid 
{H3POgl, a dibasic acid, the salts of which are termed phosphites. 
The acid and its salts are powerful reducing agents. From phosphorus 
pentoxide are derived the three phosphoric acids: orthophosphoric 
acid [H3PO4], pyrophosphoric acid [H4P207], and metaphosphoric 
acid [HPOg]. Pyrophosphorie acid is obtained by heating ortho- 
phosphoric acid to about 213°; metaphosphoric acid may be pre- 
pared by igniting the ortho acid or by adding water to phosphorus 
pentoxide in the proportion of 1 molecule of water to 1 molecule of 
the oxide. 

Another acid of phosphorus is hypophosphorous acid [H3POg]. This 

acid is official in the U. S. Pharmacopceia and several of its salts are 
official in the National Formulary. 
Storage and Handling—Yellow phosphorus should be preserved under 
water in strong, well-closed containers in a cool place and protected 
from light. It should not be handled with bare hands. Instead of 
keeping yellow phosphorus under water, necessitating drying before 
weighing, and exposing the operator to the dangers of spontaneous 
ignition and possible burns, sticks of yellow phosphorus may be kept 
in an aqueous solution®of cupric sulfate. The phosphorus, due to its 
reducing action, is quickly covered with a coating of copper phosphide 
and then becomes fireproof and safe to handle. The quantity required 
may be easily cut off without danger and the remainder returned to 
the cupric sulfate solution. 


Uses—The alkali and alkaline earth salts of ortho- 
phosphoric acid are extensively used medicinally and 
industrially. The sodium salt of the pyro- and meta- 
acids find industrial application, the first in the form of 
an acid salt in the baking industry, and the second 
[(NaPOs),,] in the treatment of boiler water to keep cal- 
cium salts from precipitating. Calgon (page 340) is a 
brand of sodium metaphosphate used as a water sof- 
tener. 

Phosphorus is one of the essential elements for plant 
and animal life, hence by far the most important use of 
phosphate minerals is for the production of fertilizers. 
As they occur in nature the phosphorus in these minerals 
is not readily ‘‘available”’ to plants. To render it avail- 
able the calcium phosphate minerals are treated with 
sulfuric acid which converts them into a mixture of 
calcium acid phosphate [Ca(H2PO4)2], phosphoric acid 
[HsPO,], and calcium sulfate [CaSO,]. This product is 
known as superphosphate and contains 16 to 18 per 
cent phosphoric acid calculated as P2Os. 


These chlorides are extensrvely-used*in™ *~ 


SULFUR 


_. Yellow phosphorus has a-rather limited medicinal use. 
The principal use of yellow phosphorus is in the manu- 
facture of phosphorus compounds, such as the sulfides 
and chlorides, and as an ingredient in incendiary and 
smoke-screen shells. Red phosphorus is largely used in 
the manufacture of safety matches, since it is non- 
poisonous. It is placed on the container of safety 
matches and a mixture of antimony sulfide and potas- 
sium chlorate is glued to the head of the match. 


IDENTIFICATION OF PHOSPHORUS COMPOUNDS 


Phosphides—When warmed with hydrochloric acid 
phosphine is evolved, having a characteristic, disagree- 
able odor, and inflaming spontaneously in the air. 
When heated in the air phosphides burn with a dazzling 
light. 

Hypophosphites and Phosphites—When _ strongly 
heated hypophosphites evolve spontaneously inflam- 
mable phosphine. Hypophosphorous acid, or solutions 
of hypophosphites acidulated with sulfuric acid, on 
warming, reduce cupric salts and arsenic compounds to 
their respective metals, the former yielding a red pre- 
cipitate and the latter a coffee-brown precipitate. 
Solutions of hypophosphites and phosphites produce a 
white precipitate in mercuric chloride solutions due to 
reduction to mercurous chloride. 

Phosphates—Neutral solutions of orthophosphates 
produce with silver nitrate a yellow precipitate which 
is soluble in diluted nitric acid or in ammonia T.S. 
Soluble pyrophosphates or metaphosphates give a 
white precipitate with silver nitrate solution. The 
meta-acid does not precipitate albumen from its solu- 
tions. Orthophosphate solutions, acidulated with nitric 
acid, -yield with ammonium molybdate T.S. a crystal- 
line yellow precipitate of ammonium phosphomolyb- 
date [(NH4)3PO4.12Mo00Os] which is insoluble in dilute 
acids but readily dissolves in solutions of the caustic 
alkalies and in ammonia water. Pyro- and me‘a-phos- 
phates do not yield this precipitate, but after heating 
them for some time with diluted acids they are con- 
verted into the orthophosphate, which then reacts as 
above. 


SULFUR AND ITS COMPOUNDS 


Sulfur—S = 32.06 (At. no. 16) 


History and Occurrence—The name sulfur is derived 
from the Sanscrit sulveri through the latin sulfuriwm. 
It is one of the few elements found in the free state in 
nature. Popularly it is known as brimstone. 

Sulfur is found in the free state in Sicily and the 
United States. Up to about 60 years ago Sicily was 
the only commercial source. Immense deposits of it 
were known to exist in the states of Louisiana and 
Texas at a depth of about 400 feet below the surface, 
but it was not economical to mine it by the then known 
mining methods. An ingenious simple method to work 
these deposits was devised by H. Frasch in 1880. 
The sulfur is brought to the surface in a molten condi- 
tion by forcing superheated steam under pressure, at a 
temperature of about 155° C. (311° F.), down the bored 
well, through an iron pipe. The heat melts the sulfur 
deposit and the molten sulfur rises through smaller, 
enclosed tubes. In order to bring the melted sulfur 
to the surface, heated air is forced into it, thus lowering 
the specific gravity and causing the sulfur to rise to the 
surface without pumps. Then the melted sulfur is col- 
lected and allowed to solidify. The sulfur from this 
source is of exceptional quality, assaying from 99 to 
99.6 per cent pure sulfur, 


The sulfur found in Sicily is prepared for use by fusing 
it, allowing it to stand to permit the earthy impurities 
to settle, and then pouring it into cylindrical moulds. 
The sulfur in cylinders is termed roll sulfur. Sulfur is 
also obtained as a by-product from the Leblane soda 
process and from gas works. 

In combination with metals as sulfides and sulfates, 
sulfur is widely and abundantly distributed in nature. 
Many of the important metals, e. g., antimony, bis- 
muth, lead, mercury, molybdenum, and zinc are smelted 
from their sulfide ores. Iron sulfide, the mineral 
pyrites, was, until a few decades ago, the only source of 
sulfur for the manufacture of sulfuric acid. 


Description and Properties—Sulfur exists in several crystalline forms 
and also in an amorphous form. The most stable is the rhombic 
sulfur in which form it occurs in nature. Ordinary sulfur is pale 
yellow to yellow in color and has a specific gravity of 2.07, melts at 
118° C. and boils at about 445° C. It ignites in the air at about 
250° C., burning to sulfur dioxide [SO] which has a characteristic 
choking’ odor. It is insoluble in water, slightly soluble in alcohol or 
other organic solvents, but most forms dissolve freely in carbon 
disulfide. It dissolves on heating in solutions of alkali or alkaline 
earth hydroxides forming a polysulfide and thiosulfate. It dissolves 
readily in solutions of ammonium and alkali monosulfides forming the 
corresponding polysulfides. Nitric acid and chlorine or bromine, in 
the presence of water, oxidize it to sulfuric acid. In the presence of 
a hydroxides, it is readily oxidized to sulfate by hydrogen per- 
oxide 

With hydrogen, sulfur forms a gas with an offensive odor which 


SULFUR 


is known officially as hydrogen sulfide [H2S]. It is also termed sul- 
furetted hydrogen and hydrosulfuric acid. 

Sulfides are compounds of elements with sulfur. Simple sulfides 
such as KS, KHS, ZnS, etc., are the salts to be expected from hydro- 
sulfuric acid. Many of these play important parts in analytical 
schemes for the separation and identification of metals. Polysulfides 
such as KeS3, CaSs, and (NH4) 09S are also known. 

With oxygen, sulfur forms two well-defined oxides, sulfur dioxide 
or sulfurous anhydride [SO9] and sulfur trioxide or sulfuric anhydride 
{SO3]. These oxides, by their union with water, form sulfurous acid 
[H2SO 3] and sulfuric acid [H2SO4], and their salts are termed sulfites 
and sulfates, respectively. 

There are also known several other sulfur acids. Hyposulfurous 
acid or hydrosulfurous acid [H28204] is not known in pure state but 
it forms well-characterized metallic salts. These salts, termed 
hydrosulfites, possess great reducing power. The sodium salt is ex- 
tensively used in the dyeing of fabrics and in the manufacture of the 
arsphenamines. Thiosulfuric acid [H 25203] is not known in the free 
state. Its salts termed thiosulfates (frequently known as hyposulfites) 
are well defined and quite stable. The sodium salt is used both in 
medicine and in photography. The thionic acids [HgSeOg, HeS3Q06.¢, 
HoeS406, HeSs0¢6 and HeS60gel, several of them only known in solu- 
tion, form stable alkali salts which, however, have not yet found any 
practical application. These acids and their salts are designated ac- 
cording to the number of sulfur atoms in the molecule, thus HeSe0¢ 
is dithionic acid, HeS4Q0¢ is tetrathionic acid, etc. 

Another acid of sulfur, which is known only in the form of its salt or 
in solution, is pyrosulfuric acid [HgS207]. Monopersulfuric acid 
{[H2SO5] which is also known as Caro’s acid, and dipersulfuric acid 
[H2S20gl, may be obtained as small, white, extremely hygroscopic 
crystals. They are powerful oxidizing agents. 

Under the influence of heat, sulfur combines with chlorine and 
bromine forming sulfur chlorides and sulfur bromide, respectively. 
Sulfur monochloride [SgClg] is used for the vulcanization of rubber. 
So-called sulfur iodide was official in the U.S. P. VIII. When heated 
with carbon in the absence of air, sulfur combines directly with it to 
form carbon disulfide—a product extensively used in the manufacture 
of artificial silk (rayon) by the Viscose process. 


Uses—The medicinal uses of sulfur are small com- 
pared with its industrial applications. The largest 
portion of the sulfur produced is consumed in the 
manufacture of sulfuric acid, of which about 10 million 
tons are produced annually in the United States. The 
next largest use is for the vulcanization of rubber. It 
is also used in the manufacture of certain plastics, such 
as those used in making dental plates. 

The manufacture of carbon disulfide consumes a 
large tonnage of sulfur. Sulfur dioxide for the produc- 
tion of sulfites and thiosulfates is made by burning sul- 
fur. Lime sulfur spray, used for the extermination of 
insect larvae on foliage, is made by boiling sulfur and 
lime with water. Sulfur is also a constituent of many 
other insecticidal preparations. 


IDENTIFICATION OF SULFUR COMPOUNDS 


When ignited in the air free sulfur yields sulfur dioxide 
‘recognizable by its characteristic pungent odor and by 
the reactions described under Sulfite. 

_ Sulfides—When treated with an acid, sulfides yield 
hydrogen sulfide, recognizable by its disagreeable odor 
and by its producing a brown to a black color on paper 
moistened with lead acetate solution. Hydrogen sulfide, 
or solutions of sulfides, darken a silver coin. 

Sulfites—Upon treatment with diluted hydrochloric 
acid sulfites yield sulfur dioxide gas, having a character- 
istic pungent odor. Starch-potassium iodate paper is 
turned blue by sulfur dioxide, the blue color being de- 
stroyed by an excess of the gas. 

Sulfates—Solutions of sulfates, acidified with hydro- 
chloric acid, yield with barium chloride a white precipi- 
tate of barium sulfate which is insoluble in dilute acids. 
A precipitate is also produced in moderately dilute solu- 
tions of sulfates by the addition of a solution of benzi- 
dine hydroehloride.or of arsphenamine. If the sulfate 
is insoluble in water or hydrochloric acid, it is mixed 
with 6 to 8 times its weight of sodium carbonate, and 
strongly ignited. After cooling, the mass is leached 

with. hot water and filtered, the filtrate is neutralized 
with hydrochloric acid, and the foregoing tests are 
applied. ; 
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Thiosulfates—When a thiosulfate, or an aqueous solu- 
tion of a thiosulfate, is treated with diluted hydrochloric 
acid, sulfur dioxide is evolved, recognizable by its-odor, 
and a white precipitate of sulfur is formed which slowly 
turns yellow. The addition of ferric chloride to a neu- 
tral solution of a thiosulfate produces a wine-red to 
violet color which fades rapidly. 


PRECIPITATED SULFUR U.S. P. Sulfur Praecipi- 
tatum 


[Sulfur Preec.—Milk of Sulfur, Sp. Azufre Precipitado] 


Precipitated Sulfur, when dried over sulfuric acid for 
18 hours, contains not less than 99.5 per cent of S (32.06). 

Preparation—To a slurry of 1 part of lime and 10 
parts of water, 2 parts of sublimed sulfur are added, 
thoroughly mixed, and the mixture is boiled with fre- 
quent agitation until all of the sulfur has dissolved. 
The reaction between the lime and sulfur is illustrated 
in the following equation: 


128 + 3Ca(OH)s => 2CaSs5 + CaS2Og + 3H2,O0 
sulfur ealcium calcium ealcium water 
hydroxide pentasulfide thiosulfate 


After allowing it to cool, the clear liquid is decanted 
through a filter, and the residue is washed with a little 
water and added to the filtrate. A slight excess of 
hydrochloric acid, calculated from the quantity of lime 
used, is added to the filtrate. The acid decomposes the 
calcium pentasulfide and the thiosulfate with the pre- 
cipitation of sulfur, according to the following equation: 


2CaSs + CaSe03 + 6HCl > 3CaCle + 128 + 3H20 


calcium hydrochloric calcium sulfur water 


calcium 
acid chloride 


pentasulfide thiosulfate 


In actual practice the quantity of sulfur produced is 
only about two-thirds of the theoretical yield because 
considerable amounts of H.S and SOzg gas, which are 
initially formed in the reaction, rapidly escape from 
the solution. 


Description and Properties—Precipitated Sulfur is a very fine, pale 
yellow, amorphous or microcrystalline powder, odorless and tasteless. 
It has the same solubilities as Sublimed Sulfur, but it dissolves more 
quickly in carbon disulfide than other forms of sulfur. The U.S. 
Pharmacopceia makes use of this property to distinguish it from the 
other forms of sulfur. On shaking 1 Gm. of Precipitated Sulfur with 
5 ec. of carbon disulfide it should dissolve quickly except for a small 
amount of insoluble material represented by the Residue on ignition. 
Tests for Purity— 

Residue on ignition—Not more than 0.3 per cent. 

Loss on drying over HzSO4—Not more than 1 per cent. 

Acids or alkali—Water shaken with the sulfur remains neutral. 

Arsenic limit—2 parts per million. 
Storage—Preserve Precipitated Sulfur in well-closed containers. 
Incompatibilities—Sulfur sometimes causes trouble in lotions due to 
its tendency to float on the surface. Several substances have been 
shown to promote the wetting of Sulfur and are useful in overcoming 
this tendency. Among these substances are: oleic acid, triethanol- 
amine, tincture of benzoin, and tincture of quillaja. 


Uses—See Sublimed Sulfur. Precipitated Sulfur is 
preferred to the other forms in liquid mixtures because 
the particles are lighter and more easily suspended. 
Ointments made with it are smoother than those made 
with sublimed sulfur. 

Average Dose—4 Gm. (approximately 60 grains). 


Sulfur Ointment U. S. P.- Unguentum Sulfuris 


mu 


(Ung. Sulfur.—Sp. Ungtiento de Azufre] 


Sulfur Ointment contains not less than 13.5 per cent 
and not more than 16.5 per cent of S. ; 
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Metric Alternative 
Precipitated Sulfur............ 150 Gm ZOZ ave) Liane) ete 
Wioolthatet anc craters -a cis 70 Gm 1 OZ7aVe 52.0 :20. 
White Ointment............... 780 Gm. 12 oz. av. 210 gx: 
FRO INAS Acres itn ay stare! agsnenhouene 1000 Gm 16 oz. av. 


Levigate the sulfur with the wool fat, and incorporate the mix- 
ture with the white ointment. 


Assay—About 500 mg. of Sulfur Ointment, accurately weighed, is 
gently heated with:5 cc: of-nitric’acid’and’3 cc. of bromine’ to oxidize 
the sulfur to sulfuric acid. The latter is extracted with water and 
precipitated as barium sulfate. The weight of washed and ignited 
precipitate obtained, multiplied by 0.1373, indicates its equivalent of 
8. 


Uses—See Sublimed Sulfur. 


SUBLIMED SULFUR U. S. P. Sulfur Sublimatum 
{Sulfur Sublim.—F lowers of Sulfur, Sp. Azufre Sublimado] 


Sublimed Sulfur, When dried over sulfuric acid for 18 
hours, contains not less than 99.5 per cent of S (32.06). 

Preparation—When vapors of sulfur are conducted 
into a chamber properly cooled, they are condensed in 
the form of a crystalline powder, which collects on the 
sides and bottom of the chamber. The yellowish pow- 
der is known as sublimed sulfur, or flowers of sulfur. 
Ground roll sulfur is sometimes sold as flour of sulfur; 
it is not identical in physical properties with the official 
sublimed sulfur. 


Description and Properties—Sublimed Sulfur is a fine, yellow, crystal- 
line powder having a faint odor and taste. It is insoluble in water 
and nearly insoluble in alcohol. One Gm. dissolves slowly and 
usually incompletely (mon-volatile substances) in about 2 cc. of carbon 
disulfide. It is soluble in 150 ce. of ether, or about 100 cc. of olive oil. 
Tests for Purity— 

Residue on ignition—Not more than 0.5 per cent. 

Arsenic limit—2 parts per million. 
Assay—The basis for the assay is oxidation of the sulfur to sulfate 
with subsequent determination of the sulfate. About 1 Gm. of the 
sulfur, previously dried and accurately weighed, is dissolved by gently 
boiling it with 50 cc. of a 10 per cent solution of potassium hydroxide 
in diluted alcohol. Potassium trisulfide and potassium thiosulfate 
are formed. 


sulfur potassium potassium potassium 
hyroxide trisulfide thiosulfate 


water 


An aqueous solution of potassium hydroxide can be used for dissolving 
the sulfur, but the alcohol is preferable because the sulfur is wetted 
by it and goes more readily into solution. After the sulfur has all 
dissolved most of the alcohol is driven off by evaporation and the 
solution is diluted with water to an exact volume. To an aliquot por- 
tion of the solution an excess of hydrogen peroxide solution is added 
and the mixture is heated on a steam bath for 1 hour. The hydrogen 
peroxide, in the presence of alkali hydroxide, oxidizes the sulfur to 
sulfate, thus: 


K2S3 + KeS203 + 6KOH + 14H2O2 2 5KeSO4 ++ 17H20 
potassium potassium potassium hydrogen potassium water 
trisulfide thiosulfate hydroxide peroxide sulfate 


The solution is then made slightly acid with hydrochloric acid, diluted 
with water and gently boiled. The sulfate is precipitated with hot 
barium chloride T.S. as barium sulfate. 


K2S804 + BaClg > BaSO4 + 2KCI 
potassium barium barium potassium 
sulfate chloride sulfate chloride 


The mixture is then heated on a steam bath for 1 hour. The heating 
increases the size of the fine barium sulfate particles and thus makes it 
retainable on the filter. The barium sulfate is then washed a few 
times by decantation through a filter with several portions of hot 
distilled water, then filtered and washed with hot distilled water until 
the washing ceases to give a reaction for chloride with silver nitrate 
T.S. The precipitate and the filter are dried and finally ignited to 
constant weight. The weight of the barium sulfate obtained, multi- 
plied by 0.1373, represents its equivalent of 8. 


Uses—Sublimed Sulfur and precipitated sulfur form 
the active ingredients of most sulfur ointments. The 
latter makes a smoother ointment with a greater re- 
active surface. The former is alleged to have en- 
hanced activity due to the presence of traces of sulfur- 
ous acid. Sulfur-is‘an active parasiticide and is of 
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value in the treatment of ring worm infections and 
pediculosis. Full strength U.S. P. ointment is suitable 
for these purposes. Sulfur is also effective in the treat- 
ment of scabies. An alkaline ointment, as, for ex- 
ample, Alkaline Sulfur Ointment, N. F., is advantageous 
in that it penetrates more effectively into the burrow 
than one containing no alkali. The parasiticidal action 
of sulfur has been attributed to the formation of hydro-. 
gen sulfide and pentathionic acid. Sulfur is also ac- 
tively keratolytic and in the form of full strength official 
ointment or in combination with other keratolytic 
agents such as 2 per cent salicylic acid it is used in the 
treatment of skin disorders such as psoriasis, seborrhea, 
eczema-dermatitis, and lupus erythematosus. The per- 
centage of sulfur in an ointment should be reduced in the 
event that a patient’s skin shows intolerance. Pro- 
longed use of sulfur may result in a characteristic derma- 
titis venenata. 


Alkaline Sulfur Ointment N. F. Unguentum Sulfuris 


Alkalinum 
{[Ung. Sulfur. Alk.—Sp. Ungiiento Azufre Alcalino] 

Metric ‘Alternative 
Sublimed?¢Sulfurss isso 200 Gm 350 gr. 
Potassium Carbonate............... 100 Gm. 175 gr. 
Waters nna a ae eee 50 Gm 87 gr. 
Wool Bat... ties 2 eee one 40 Gm 70 gr. 
Vellows Waxie ten vcculen ser toeens 40 Gm 70 gr. 
Pétrolatums2e ea alee ee eee 570 Gm. 2 oz. av. 128 gr. 

MoOimMake 4a. 5. 2 aioe es eye aete ee 1000 Gm 4 oz. av. 


Triturate the sulfur with the potassium carbonate and the 
water until a smooth homogeneous mixture results; incorporate 
the wool fat with this mixture; then add the mixture of yellow 
wax and petrolatum, previously melted and cooled, and mix 
thoroughly. ; 


Storage—Preserve this ointment in tight containers below 30° C. 


Uses—See Sublimed Sulfur. 


Compound Sulfur Ointment N. F. Unguentum Sulfuris 
Compositum 


{Ung. Sulfur. Comp.—Wilkinson’s Ointment, Hebra’s Itch Ointment, 
: Sp. Ungiiento de Azufre Compuesto] 


Metric Alternative 
Precipitated Calcium Carbonate...... 100 Gm. 175 gry 
Sublimed*Selfur 40 eee eee 150 Gm. 262 er. 
Juniperhd arr ict ctseer eee 150 Gm. 262 gr. 
SoftiSoapee see ee eee 300 Gm. 1 0z. av. 87 gr. 
Solid -Petroxolinez ore oe eee 300 Gm. 1 oz. av. 87 gr. 
To make.t- virco oc L LOGO nGnis 4 oz. av. 


Melt the solid petroxolin with the soft soap and add the juniper 
tar; then incorporate by trituration the sublimed sulfur and 
precipitated calcium carbonate, added in several portions, and 
rub the Ointment until it is smooth. 


Storage—Preserve this ointment in tight containers below 30° C. 


Uses—See Sublimed Sulfur. 


Sulfurated Lime Solution N. F. Liquor Calcis 
Sulfurate ‘ 
Liq. Calc. Sulfurat.—Solution of Oxysulfuret of Calcium, Vleminckx’ 
Solution, Vleminckx’ Lotion] 


Metric Alternative 


165 Gm. 5 oz. av. 222 ger. 
250 Gm. 8 oz. av. 151 gr. 


[Bil eaeenbe ecg chia Shortages Sco 


Water, a sufficient quantity, 
To makeiaboutiag. se nesaas cae 


‘1000 cc. 2 pints 


Slake the lime, mix it with the sulfur, and add the mixture 
gradually: to:1750 cc. (314 pints) of boiling water. Boil this mix- 
ture, with frequent agitation, until it is reduced to 1000 ce. (2. 
pints), and maintain approximately this volume for one hour, 
while boiling, by the addition of water from time to time. Cool, 
filter, and pass sufficient water through the filter to make the 
product measure 1000 cc. (2 pints). \ 
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The solution so prepared contains as its active in- 
gredient calcium trisulfide and, in addition, calcium 
thiosulfate. The reaction between the sulfur and the 
lime may be represented by the following equation: 


85 + 38Ca(OH)e—> 2CaS3 + CaSeO3 + 3H2O 
sulfur calcium calcium calcium water 
hydroxide trisulfide thiosulfate 


Storage—Sulfurated Lime Solution should be stored in completely 
filled, tight containers. 


Incompatibilities—Mineral acids decompose it with the liberation of 
hydrogen sulfide and elemental sulfur. 


Uses—Sulfurated Lime Solution is usually diluted 
with 9 volumes of water and used externally in the 
treatment of those conditions described under Sublimed 
Sulfur. 

A more concentrated lime sulfur solution, containing 
about 20 per cent of sulfur and known as Lime Sulfur 
Sublimed is used, after suitable dilution, as an insesti- 
cide on plants. 


Washed Sulfur N. F. Sulfur Lotum 
[Sulfur Lot.—Sp. Azufre Lavado, Azufre Depuado] 


Washed Sulfur, when dried to constant weight over 
sulfuric acid, contains not less than 99.5 per cent of S 
(32.06). 


Metric Alternative 
STROM OPSUIEUE 65 oc. ew oe eee ees 100 Gm. 16. oz. av. 
Diluted Solution of Ammonia............ lovecs 1% fl. oz. 


Distilled water, a sufficient quantity 


Pass the sublimed sulfur through a No. 30 sieve, mix it thor- 
oughly with 100 cc. (1 pint) of distilled water, add the ammonia 
water, and set the mixture aside for three days in a closed vessel, 
agitating occasionally. Then add 100 ce. (1 pint) of distilled 
water, transfer the mixture to a strainer, and wash the sulfur 
with distilled water until the washings cease to impart a blue color 
to red litmus paper. Then allow it to drain, press the residue 
strongly, dry it rapidly at a moderate temperature, in a drying 
closet, and pass it through a No. 30 seive. 


The object of washing the sulfur with ammonia is to 
remove traces of sulfurous or sulfuric acid that may be 
present in sublimed sulfur and also to remove any ar- 
senic sulfide, the latter being also soluble in ammonia. 
Description and Properties—Washed Sulfur is a fine, yellow, crystal- 
line powder, odorless and tasteless. It possesses the same solubilities 
as Sublimed Sulfur. 

Tests for Purity— 

Residue on ignition—Not more than 0.5 per cent. 

Arsenic limit—4 parts per million. : 

Acid or alkali—W ater shaken with the sulfur remains neutral. 
Assay—This sulfur is assayed by the method as described under 


Sublimed Sulfur (page 348). - : 
Storage—Preserve Washed Sulfur in well-closed containers. 


Uses—Washed Sulfur is the form of sulfur usually em- 
ployed for oral administration. Sulfur is little used 
internally in modern medicine but is still occasionally 
employed as a laxative, in the dose of 1 to 4 Gm. 

Average Dose—4 Gm. (approximately 60 grains). 


SULFURATED POTASH N. F. Potassa Sulfurata 


[Pot. Sulfurat.—Liver of Sulfur, Sp. Potasa Sulfurada] 


Sulfurated Potash is a mixture composed chiefly of 
potassium polysulfides and potassium thiosulfate. It 
contains not less than 12.8 per cent of sulfur in combina- 
tion as sulfide. 

Preparation—Sulfurated Potash may be prepared by 
thoroughly mixing 1 part of sublimed sulfur with 2 parts 
of potassium carbonate and gradually heating the mix- 
ture in a covered iron crucible until the mass ceases to 
swell and is completely melted. It is then poured on a 
stone or glass slab and, when cold, broken into pieces 


and preserved in tightly closed bottles. When the heat 
is properly regulated during its production, the reaction 
is approximately as follows: 


38KeCO3 + 8S ard 2K 283 4+ KoS208 a 3COe 
potassium sulfur potassium potassium carbon 
carbonate trisulfide thiosulfate dioxide 


As this product rapidly deteriorates through the 
absorption of moisture, oxygen, and carbon dioxide, it 
is desirable for the prescription pharmacist to secure it 
freshly prepared to produce satisfactory preparations. 


Description and Properties—Sulfurated Potash occurs in irregular 
pieces, liver-brown, when freshly prepared, changing to a greenish 
yellow. It decomposes upon exposure to air. It has an odor of 
hydrogen sulfide and a bitter, acrid, and alkaline taste. Even weak 
acids cause the liberation of HeS from Sulfurated Potash. 

Solubility—One Gm. of Sulfurated Potash dissolves in about 2 cc. 
of water, usually leaving a slight residue. Alcohol dissolves only the 
sulfides. 

Identification—-An aqueous solution of Sulfurated Potash (1 in 10) 
is light brown in color and is alkaline to litmus paper. An aqueous 
solution (1 in 10), when treated with an excess of acetic acid, yields 
a precipitate of sulfur, and hydrogen sulfide gas is evolved. If the 
mixture resulting from this test is filtered, and an excess of sodium 
bitartrate T.S. is added to the filtrate, an abundant white crystalline 
precipitate is formed within 15 minutes. 

Minimum of sulfides—To a solution of 1 Gm. of Sulfurated Potash 
in 10 ce. of water, a solution of 1 Gm. of copper sulfate in 15 ce. of 
water is added. The solution is filtered, and to a portion of the fil- 
trate, acidified with acetic acid, H2S is added. No dark precipitate 
is produced. If the Sulfurated Potash contains less than the required 
amount of sulfide, a portion of the copper remains in solution in the 
filtrate and is precipitated as copper sulfide. 

Storage—Preserve Sulfurated Potash in tight containers which hold 
not more than 120 Gm. of the product. 


Uses—It is extensively used in dermatologic practice, 
especially in the official White Lotion or Lotio Alba 
which appears on page 421. The reaction of the potas- 
sium trisulfide in preparing the lotion is as follows: 

ZnSO4 + KoS3 — ZnS + 28 + K2S04 


potassium sulfur potassium 
trisulfide sulfate 


zine 
sulfide 


zinc 
sulfate 


The mixture of insoluble zinc sulfide and sulfur gives 
it the creamy white appearance and the potassium sul- 
fate goes into solution. 


Unofficial Inorganic Sulfur Compounds 


Colloidal Sulfur—This form of sulfur is usually marketed in aqueous 
suspension, stabilized with various colloids such as albumin, casein, 
or gelatin. Several processes for its preparation have been pat- 
ented. According to a published method it may be prepared by 
adding hydrochloric acid to an aqueous solution of 2 mols of sodium 
sulfide and 1 mol of sodium sulfite. The sulfur is formed by the 
interaction of the hydrogen sulfide formed from the sulfide and the 
sulfur dioxide formed from the sulfite. The mixture is then dia- 
lyzed to remove the sodium chloride and free acid. Uses: Col- 
loidal sulfur is the most active form of sulfur. It consists of ele- 
mental sulfur in such a minute state of subdivision that it can be 
placed in aqueous colloidal solution. Solutions of colloidal sulfur 
have been administered by the intramuscular and intravenous 
routes in the treatment of a number of diseases. Chief of these si 
arthritis but even in this disease the status of sulfur is questionable. 

Colloidal sulfur is available under several trade names, e. g., 
Sulphorol, Sulfrogel, Sulfoform, Sarcoptol. 


Inorganic Sulfur Specialties 


Azudine (Lilly)—Ointment containing 10 per cent precipitated 
sulfur, balsam Peru, camphor, menthol, and 1 per cent phenol. 
Uses: scabicide. 

Bensulfoid (Poythress)—Tablets (2 gr.) or a powder containing 33.3 
per cent colloidal sulfur in bentonite. Uses: oral and topical sul- 
fur therapy. 

Calcium Sulfur Compound Solution (Breon)—Liquid containing 3.6 
per cent sulfur as calcium sulfide and polysulfides. Hydrogen sul- 
fide is gradually released when this preparation is applied to the 
skin. Uses: Topical sulfur therapy. 

Collo-Sul Cream (Crookes)—A greaseless cream containing 2 per cent 
colloidal sulfur. Uses: topical application for acne, seborrhea, 
fungus infections, etc. Also used as a vanishing cream and as a 
soapless cleanser. 

Collo-Sul Lotion—A liquid form of Collo-Sul Cream. : 

Croleum-Suspensoid Sulfur (Hospital Liquids)—Liquid containing 8 
per cent colloidally suspended sulfur in an oil-in-water emulsion. 
Uses: topical sulfur therapy for scabies, pediculosis, and acne. 

Danosul (Doak)—A modified Danish ointment containing 5 per cent 
colloidal sulfur, 1.35 per cent balsam Peru, 6.5 per cent zine oxide, 
10 per cent zinc silicofluoride, and 6 per cent zinc sulfide. Uses: 
fungicide and scabicide. 
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Intra-Sul (Crookes)—A pale, clear, yellow solution containing sulfur 
(10 mg. per cc.), sulfides, sodium thiosulfate, and 0.3 per cent tri- 


eresol. Uses; parenteral sulfur treatment in arthritic conditions. 
Dose: 2 cc. every 3 or 4 days by intramuscular or intravenous 
injection. ‘ 


Lotio Alsulfa (Doak)—Liquid containing 12 per cent colloidal sulfur 
dispersed in a gel consisting of 15 per cent silicon dioxide and 10 per 
cent aluminum hydroxide. Uses: topical sulfur therapy for acne 
and seborrhea. . ae 

Magma Sulforata (Carter)—A greaseless ointment containing sulfur, 
calcium sulfate, and zinc sulfide. Uses: astringent and keratolytic 
for acne and acniform conditions. 

Scabies Ointment (United Drug)—Ointment containing sublimed 
sulfur, 2.5 per cent ammoniated mercury, balsam Peru, and beta- 
naphthol. Uses: scabicide. 

Scabies Paste (Zemmer)—Paste containing sublimed sulfur, potas- 
sium hydroxide, sodium hydroxide, and zinc sulfate, in a lanolin and 
petrolatum base. Uses: scabicide. 

Su-Ca-Col (Drug Products)—An aqueous colloidal dispersion con- 
taining, in each 5 cc., 20 mg. of sulfur (as sodium compounds) and 
40 mg. of calcium (as gluconate), Uses: parenteral sulfur therapy 
for rheumatoid arthritis. Dose: 5 cc. 2 or 3 times a week, intra- 
gluteally or intravenously. 3 

Sulfidal (Heyden)—A light yellow powder containing 75 per cent sul- 
fur and 25 per cent albumin. Uses: topical sulfur therapy in 
seborrhea, alopecia s2borrhoeica, etc. Used in liquids, pastes, or 
ointments. 

Sulfupront (Strasenburgh)—A saturated aqueous or alcoholic solution 
of sulfur. Uses: topical sulfur therapy as a parasiticide. Also 
for acne, epidermophytosis, mycotic and parasitic eczemas, 
pityriasis sicca, and seborrhea. The alcoholic preparation is in- 
tended for hairy surfaces. 

Sulfur Cream (Burroughs Wellecome)—A vanishing cream containing 
20 per cent precipitated sulfur. Uses: parasiticide for favus, ring- 
worm, etc.; also applied for acne, psoriasis, and seborrhea. 

Sulfur Diasporal (Doak)—Powder containing 2 per cent colloidal sul- 
fur in magnesium silicate. Uses: topical sulfur application for 
acne, seborrhea, ete. 

Sulfur Diasporal Cream—Semi-greaseless cream containing 5 per cent 


SELENIUM, TELLURIUM, 


Selenium—Se = 78.96 (At. no. 34) 
Tellurium—Te = 127.61 (At. no. 52) 


These are non-metallic elements, chemically related 
to sulfur. 

History and Occurrence—The name seleniwm is de- 
rived from the Greek word meaning moon, because like 
the moon it invariably accompanies the element tel- 
lurium which is derived from the Greek word tellus, 
meaning earth. 

Selenium and tellurium do not occur in nature in the 
free state. They are found in combination with metals 
in the form of selenides and tellwrides, similar to sulfides. 


Description and Properties—Like sulfur, both of these elements are 
acid-forming, giving rise to selenious and tellurous acids [HgSeOg and 
H2TeOg], and to selenic and telluric acids [HgSeO4 and HeTeQ,]. 

Selenium and tellurium are insoluble in water or in hydrochloric 
acid. They are oxidized by nitric acid to selenium dioxide and to 
telluric acid, respectively. They dissolve with oxidation in sulfuric 
acid and are dissolved by solutions of the fixed alkali hydroxides or 
sulfides. The selenites and selenates of alkaline earths are insoluble 
in water, but are soluble in hydrochloric acid. 

Selenium, like sulfur, occurs in several allotropic forms, amorphous 
and crystalline, and ranges in color from dark red or almost black 
for the crystalline variety to gray for the amorphous. 

Selenium has a specific gravity of about 4.5, melts at about 220°, 
and boils at 690°. It burns in the air with a bright blue flame form- 
ing the dioxide and emitting a characteristic odor resembling rotten 
horse-radish. 


SELENIUM AND TELLURIUM 


colloidal sulfur and 5 per cent aluminum silicate. Uses: topically 
for acne, seborrhea, pityriasis, mycosis, etc. Also a scabicide. 

Sulfur Diasporal Intramuscular Ampuls—Containing colloidal sulfur 
(25 mg. per 2 cc.) in vegetable oil. Uses: sulfur therapy for arthi- 
tis, etc. Dose: 2 cc. 2 or 3 times a week intramuscularly. 

Sulfur Diasporal Intravenous Ampuls (2 cc. or 5 cc.)—Containing 
colloidal sulfur (10 mg. per cc.) in dextrose solution. Uses: sulfur 
therapy for arthritis, myositis, and neuritis. Dose: 2 or 3 injec- 
tions a week, intravenously. 

Sulfur Foam Applicators (Wyeth)—Loosely woven cloth applicators 
impregnated with sulfur and a bland toilet soap. Each applicator 
contains 15 gr. sulfur. Uses: for the control of chiggers and the 
prevention and treatment of scabies. 

Sulfur-Salicyl Diasporal Cream (Doak)—A quick-drying cream con- 
taining 2 per cent colloidal sulfur, 68 per cent isopropyl alcohol, 
and 2 per cent salicylic acid. Uses: for seborrhea capitis. 

Sulisocol (Drug Products)—An alkaline, stable, colloid sol containing 
10 mg. of total sulfur in each ce. Available in 2-, 3-, 4-, or 5-cc. 
ampuls. Uses: for parenteral sulfur therapy in the treatment of 
arthritis with low cystine content of fingernails. Dose: 2 ce. 
intravenously or intramuscularly, gradually increasing the dose 
to 5 cc. twice weekly. 

Sulphid-E-Zin (Ulmer)—Ointment containing 24 per cent polysulfides 
and 0.98 per cent zinc hydroxide, in an anhydrous base. Uses: 
topically in the sulfur treatment for scabies. May be applied 
repeatedly if necessary. 

Sulphocol (National Drug)—Capsules (5 gr.) or a powder, containing - 
12 per cent colloidal sulfur. dispersed in non-specific protein. 
Uses: internal sulfur therapy used in faulty sulfur metabolism, 
rheumatism, and arthritis. Dose: 1 or 2 capsules after meals. 

Sulphocol Sol—Ampuls of the same composition-and uses as Sulphocol 
above, containing 5 mg. sulfur in each cc. Dose: % to % ec. 
intramuscularly, every 2 to 7 days, gradually increasing until 3 to 
5 ec. are given at each injection. 

Thiosol (Christina)-Neutral parenteral solutions containing 10 mg., 
15 mg., or 20 mg. of colloidal sulfur and 1 per cent benzyl alcohol 
in each cc. Uses: internal sulfur therapy for arthritis. Dose: 
1 to 3 cc., 2 or 3 times a week, by intramuscular or intravenous 
injection, 


AND THEIR COMPOUNDS 


Tellurium is grayish white, lustrous and brittle. It burns in air 
with a greenish blue flame, forming TeOg. The specific gravity of 
tellurium is about 6.2 and it melts at 452°. 


Uses—Elemental selenium is used in the manufac- 
ture of ruby glass, in wireless telegraphy, in photog- 
raphy, and in photoelectric cells. It is also used as a 
catalyst in the Kjeldahl determination of nitrogen and 
for the dehydrogenation of organic compounds. 


Selenious acid [HsSeO3] and selenium dioxide [SeOz] 
are used for the manufacture of other selenious com- 
pounds and as reagents for alkaloids. 


Tellurium is used in staining glass and china, toning 
silver prints, and manufacturing resistant alloys, espe- 
cially with lead. 


Unofficial Inorganic Selenium Compounds 


Selenium Dioxide, Selenious Anhydride [SeO2]—Colorless or white 
crystals or crystalline powder. Soluble in about 3 parts water, 
forming selenious acid; soluble in about 10 parts alcohol. Uses: 
for crystallizing the green color produced by iron in glass. “In sul- 
furic acid it is employed as a reagent for alkaloids. 

Selenious Acid—See Reagents (page 1069). 

Sodium Selenite [NagSeO3 + H2O]—White crystals or crystalline 
powder. Freely soluble in water; insoluble in aleohol. The aque- 
ous solution is alkaline. Uses; similar to selenium dioxide, also 
used in bacteriology for demonstrating the reducing properties of 
bacteria. 
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CHAPTER XLVIII 


BORON, CARBON, AND SILICON 


Boron—B = 10.82 (At. no. 5) 


History and Occurrence—The element boron was 
isolated independently by Davy of England, and by 
Gay-Lussac and Thenard of France, in 1808. The 
name boron is derived from borax from which the ele- 
ment was isolated. 

Boron does not exist in nature in a free state. It 
occurs combined with oxygen and hydrogen as boric 
acid or as salts of boric acid, termed borates. Of the 
latter the most important are tincal—a native borax, 
boracite [2Mg3Bs0Oi15 + MegCl,], borocalcite [CaB .0;.- 
6H20], and boronatrocalcite or wlexite [Na2B.40,.- 
2CaB.,0,7.18H.O]. 

Preparation—Boron may be obtained by heating the 
trioxide with metallic aluminum or magnesium. 


Description and Properties—Boron occurs as a brown, amorphous, 
soft powder, or brown to brownish black, exceedingly hard crystals. 
Its specific gravity is about 2.5. It is insoluble in water and scarcely 
affected by the halogen hydracids, but is acted upon by the oxy-acids. 
Boron combines directly with fluorine, chlorine, and bromine. At 
high temperatures it also combines with oxygen, nitrogen, and carbon. 

Boron is trivalent, and forms trihalogen derivatives, e. g., boron 
trifluoride [BF 3] and boron trichloride [BCl]g. The fluoride is a gas; 
the chloride boils at about 18° C.; the bromide is a liquid; and the 
iodide is a solid, melting at about 43° C. They are decomposed by 
water, forming boric acid and the halogen hydracid. Boron forms an 
oxide, boron trioxide [B203]. This oxide is generally prepared by 
heating boric acid at a suitable temperature. With water the oxide 
reverts to boric acid: 


BeoO3 + 3H20 > 2HsBO3 


Boron trisulfide [B2S3] forms white crystalline needles. 
posed by water into boric acid and hydrogen sulfide. 

The most important compounds of boron are boric acid and borax. 
They are both extensively used in medicine and industry. For the 
preparation and uses of these see Boric Acid and Sodiwm Borate, 
respectively. Lead and manganese borates are used as driers in 
paints and varnishes. 

Similar to phosphoric acid, boric acid forms ortho-, meta-, and pyro- 
acids. The ordinary boric acid is the ortho form. Metaboric acid 
{HBOg] is a white powder and can be obtained by heating boric acid 
at about 100° C. Pyroboric acid [H2B407] is produced by the pro- 
longed heating of boric acid at 140° C. It is obtained in the form of 
a glassy, brittle mass. 

The volts of orthoboric acid (orthoborates) are quite uncommon. 
Alkali and heavy metal salts are derived from both the meta- and 
the pyroboric acids, and these are generally designated as borates. 
Ammonium and alkali borates are soluble in water. Borates of other 
metals are slightly soluble or almost insoluble in water, but they 
are readily decomposed by diluted mineral acids. ’ 

Boric acid is peculiar in that it unites with many organic as well 
as inorganic substances, forming complex compounds. In these com- 
pounds the properties of the boric acid, as well as of the substance 
combined with it are sometimes profoundly changed. 


It is decom- 


Uses—The crystalline variety of Boron is used in- 
stead of diamond in glass cutting and gem polishing. 
Boron is also used for hardening special steels. 


IDENTIFICATION OF BORON COMPOUNDS 


When a borate is mixed with some concentrated sul- 
furic acid, ethanol added, and the mixture then ig- 
nited, it burns with a green-edged flame. 

Boric acid or a solution of a borate acidulated with 
hydrochloric acid colors turmeric paper brownish red; 
the red color is intensified by drying, and changes to 
greenish black by moistening with ammonia water. 


BORIC ACID U.S. P. Acidum Boricum 
[Acid. Boric.—Boracic Acid, Orthoborice Acid, Sp. Acido Bérico] 


Boric Acid, when dried over sulfuric acid for 5 hours, 
contains not less than 99.5 per cent of HsBOz; (61.84). 


afi 


Preparation—Lagoons of the volcanic districts of 
Tuscany formerly furnished the greater part of the 
Boric Acid and borax of commerce. Borax is now found 
native in California and some of the other western 
states; there, also, are found calcium and magnesium 
borates. Boric Acid is produced from native borax, 
or from the other borates, by decomposing with hydro- 
chloric or sulfuric acid. 


NaegB407.10H20 + H2S04 Fe 4H3BO3 -}- NazSO4 + 5H20 
borax sulfuric boric sodium 
acid acid sulfate 


water 


Description and Properties—Boric Acid is in the form of colorless 
scales of a somewhat pearly luster, or as crystals, but more commonly 
as a white powder slightly unctuous to the touch. It is odorless and 
stable in the air. It volatilizes with steam. One Gm. dissolves in 18 
cc. of water or alcohol and in 4 cc. of glycerin at 25°C. Itissoluble in 
4 cc. of boiling water and in 6 ce. of boiling alcohol. Its solubility in 
water is increased by citric or tartaric acids. An aqueous solution of 
Boric Acid is only slightly acid to litmus. It gives the identification 
reactions for borates. 

Tests for Purity— 

Alcohol- and water-insoluble substances—One Gm. of Boric Acid 
should dissolve completely in 10 ce. of boiling alcohol, or in 25 ce. of 
distilled water producing a clear solution. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Assay—As explained on page 160, Boric Acid is a weak acid and its 
alkali salts are, therefore, hydrolyzed by water to form sodium hy- 
droxide and boric acid. Consequently when an aqueous solution of the 
acid is titrated with alkali the solution will show an alkaline reaction 
before the full amount of sodium hydroxide required to neutralize 
the acid has been added. In the presence of glycerin, however, 
Boric Acid can be readily titrated with alkali hydroxide with a sharp 
end-point. Itis assumed that Boric Acid forms with the glycerin a 
glyceroboric acid which behaves as a strong acid. This is made use 
of in the official assay of Boric Acid. An accurately weighed quantity 
of about 2 Gm. of the acid is dissolved by gently warming in 100 ce. of 
a mixture of equal volumes of glycerin and distilled water previously 
neutralized to phenolphthalein T.S. The solution is cooled and 
titrated with normal sodium hydroxide using 3 drops of phenol- 
phthalein T.S. as the indicator. To insure that the proper end-point 
has been reached 50 cc. of glycerin is added after this titration. If the 
red color disappears, the solution is titrated until the pink color is 
reproduced. Each ce. of normal sodium hydroxide is equivalent to 
61.84 mg. of HgBOs3. 

Storage—Preserve Borie Acid in well-closed containers. 
Incompatibilities—Boric Acid decomposes sodiwm bicarbonate in the 
presence of moisture with the liberation of carbon dioxide. In pow- 
ders, atmospheric moisture or water of crystallization from other in- 
gredients may be the source of trouble. In combination with salz- 
cylic acid, Boric Acid may act as an alkaloidal precipitant through the 
formation of an insoluble borosalicylate. With glycerin Boric Acid 
forms a highly ionized derivative known as glyceroboric acid. Traces 
of iron in Borie Acid may cause a coloration when dispensed in powder 
mixtures containing phenol. 


Uses—Boric Acid is a very weak germicide. How- 
ever, its non-irritating properties make solutions of 
Boric Acid suitable for application to such delicate 
structures as the cornea of the eye. Saturated aqueous 
solutions (approximately 5 per cent) are employed as an 
eye wash, mouth wash, and for irrigation of the bladder. 
Boric Acid may also be employed as a dusting powder, 
when diluted with some inert material. 

Although Boric Acid is innocuous when applied 
topically, serious poisoning can result from oral inges- 
tion of as little as 5 Gm. Symptoms of Boric Acid 
poisoning are nausea, vomiting, abdominal pain, diar- 
rhea, headache, and visual disturbance. The kidney 
may be injured and death may result. Its use as a 
preservative in beverages and foods is prohibited by 
national and state legislation. There is always present 
the danger of confusing Boric Acid with dextrose when 
compounding milk formulas for infants. 

Boric Acid is used to prevent discoloration of eserine 
solutions. 
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Boric Acid Ointment U.S. P. Unguentum Acidi Borici 


{[Ung. Acid. Bor.—Boracic Acid Ointment, Sp. Ungiiento de Acido 
Bérico] 


Borie Acid Ointment contains not less than 9 per 
cent and not more than 11 per cent of HsBOsg. 


Metric Alternative 
Boric Acid, finely powdered............. 100 Gm 44 gr. 
Wool Fat. >. oo oa votes 1 orien meteors 50 Gm 22 gr. 
White! Ointment. 2.32 fsa tleseerieetens 850 Gm. _372 gr. 
FINO VIN IKG is: sc far oye swsraye tee eta eon eR 1000 Gm 1 oz. av. 


Levigate the boric acid with the wool fat to a smooth paste and 
incorporate with the white ointment. 


Assay—About 5 Gm. of Ointment, accurately weighed, is treated 


with about 30 ce. of hot distilled water, and the mixture heated on a 
steam bath with frequent agitation for 15 minutes to dissolve the 
boric acid, the fats remaining undissolved. The mixture is then 


filtered while hot into a 100-ce. volumetric flask, and washed with 
small portions of hot distilled water, receiving the washings in the 
flask. It is then cooled, and sufficient distilled water is added to 
make exactly 100 cc. and mixed well. To a 20-cc. aliquot portion of 
the solution, 20 ce. of glycerin previously neutralized to phenol- 
phthalein T.S., is added, and the solution is titrated with normal 
sodium hydroxide using phenolphthalein T.S. as the indicator. 
An additional 20 cc. of neutralized glycerin is then added, and if the 
pink color is discharged, it is again titrated until the pink color re- 
appears. Each cc. of tenth-normal sodium hydroxide is equivalent to 
6.184 mg. of HgBOg. 


Uses—Boric Acid Ointment is of value in the treat- 
ment of eczema, erysipelas, impetigo, epidermophytosis, 
bed-sores, etc. 


Boric Acid Solution N. F. Liquor Acidi Borici 


{Liq. Acid. Boric.—Saturated Boric Acid Solution, Sp. Solucién de 
Acido Borico] 


Borie Acid Solution contains, in each 100 cc., not 
less than 4.25 Gm. of HsBOs. 


Metric Alternative 
BoricvAcidss, «ates tare avert tare eae 50 Gm. 1 oz. av. 293 gr. 
Distilled Water, a sufficient quantity, — 
‘To‘make fa erecrnet eee 1000 cc. 2 pints 


Heat 350 cc. (12 fl. oz.) of distilled water to boiling, add the boric 
acid to the hot distilled water, agitate until solution is effected, 
and immediately add cold distilled water to make 1000 ce. (2 
pints); filter, if necessary, until the product is clear. : 

Note—Upon chilling or upon evaporation of the solvent, Boric 
Acid Solution tends to deposit crystals or become slightly turbid 
because of the formation of minute crystals of boric acid. These 
do not readily redissolve except upon heating the solution. 
Boric Acid Solution should be dispensed perfectly clear and with- 
out a deposit of crystals of boric acid. 


Description and Properties—Boric Acid Solution is a clear, colorless, 
odorless liquid, with a faintly bitter taste. It is slightly acid to litmus 
and responds to the identification reactions for borate. It also meets 
the required limits for arsenic and heavy metals, using for these tests 
volumes of the Solution corresponding to the quantities of boric acid 
directed in the U. 8. P. j 

Assay—Twenty-five cc. of the Solution, accurately measured, is 
mixed with 30 ce. of glycerin, previously neutralized to phenolphthalein 
T.S., and titrated with normal sodium hydroxide as directed under 
Borie Acid. ; 

Storage—Preserve Boric Acid Solution in tight containers, and avoid 
temperatures below 20° C., to prevent the boric acid from crystallizing. 


Uses—Apply this Solution undiluted, except for 
ophthalmic use, for which purpose it may be diluted 
with an equal volume of sterile distilled water, producing 
a solution which is approximately isotonic with the 
lachrymal fluid. A more nearly isotonic solution may 
be made by using 3 per cent of boric acid. Crystallme 
boric acid is preferable to powdered boric acid for pre- 
paring solutions. It is more readily soluble and usually 
furnishes a more brilliantly clear solution for eye treat- 
ment. 

Solutions of the acid, even if they are made isotonic, 
will hemolyze red blood cells. 


BORON 


Boroglycerin Glycerite U.S. P. Glyceritum 
Boroglycerini 
[Glycer. Boroglyc.—Glycerite of Glyceryl borate, 50 per cent Boro- 
glycerin, Sp., Glicerito de Boroglicerin] 
Boroglycerin Glycerite contains not less than 47.5 


per cent and not more than 52.5 per cent of boroglycerin 
[CsH sBO ]. 


Boric Acid, in fine powder.......... 
Glycerin, a sufficient, quantity, 


LoOvmake jet pee eno er aes ori oe 


Metric Alternative 
310 Gm. 4 oz. av. 420 gr. 


1000 Gm. ~ 16 oz. av. 


Heat 460 Gm. (7 oz. av. 158 gr.) of glycerin in a tared porcelain 
dish on a sand bath to a temperature between 140° and 150° 
C. and add the boric acid in portions, stirring constantly. When 
all of the boric acid is dissolved, maintain the liquid at the same 
temperature, frequently stirring it, and breaking up the film 
which forms on the surface, until the mixture has been reduced to 
a weight of 500 Gm. (8 oz. av.); then add 500 Gm. (8 oz. av.) of 
glycerin, mix thoroughly, and immediately transfer the product 
to suitable dry containers. 


When glycerin and boric acid are heated together in 
the proportion given in the formula, water is given off, 
and a new compound is formed as shown by the follow- 
ing equation: 


H3BOs3 + C3H5(OH)3 => CsHsBO3 + 3H2O 
pone glycerin boroglycerin water 
aci 


As the reaction proceeds, the product thickens, re- 
quiring frequent stirring to break up the film which 
forms, and finally produces a hard, partially transpar- 
ent, and very hygroscopic mass. This substance is 
called boroglycerin and when dissolved in an equal weight 
of glycerin constitutes the official Boroglycerin Glycer- 
ite. Care must be observed throughout the operation 
to avoid an excess of heat which causes a yellowish or 
brownish color. 


Assay—Boroglycerin Glycerite is assayed by the procedure described 
in the assay of Boric Acid but the titration is calculated in terms of 
boroglycerin. Each cc. of normal sodium hydroxide is equivalent to 
99.89 mg. of CsH5BOs3. 

Storage—Preserve in tight containers. 


Uses—Boroglycerin Glycerite is a soluble preparation 
of boric acid. If water is added in proportions larger 
than 1 part of the glycerite to 18 parts of water, boric 
acid will be precipitated, so that if weaker solutions ° 
than 1 to 18 are required, glycerin should be used as the 
diluent. See Boric Acid (page 351). 


Inorganic Boron Specialties 


Al-Boro-Phen (Smith-Dorsey)—Powder containing 27.5 Gm. boric 
acid, 0.8324 Gm. ammonium alum, 0.324 Gm. carbolic acid, 0.13 
Gm. oil of eucalyptus, 0.065 Gm. menthol, 0.13 Gm. methy] sali- 
cylate, and 0.032 Gm. thymol per ounce. Uses: astringent and 
mild antiseptic vaginal douche powder. 

Boal (Cole)—Powder containing 75.75 per cent boric acid, 20 per cent 
ammonium alum, 0.25 per cent neutral berberine sulfate, 1 per 
cent eucalyptol, 0.25 per cent synthetic lilac oil, 0.5 per cent men- 
thol, and 0.25 per cent thymol. Uses: vaginal douche in all types 
of leukorrhea. 

Bo-Car-Al Powder (Sharp and Dohme)—Powder containing 70 per 
cent boric acid, 23 per cent alum, and 2 per cent phenol; also oil 
of eucalyptus, menthol, methyl salicylate, and thymol. Uses: 
astringent, deodorant, and mild antiseptic vaginal douche powder, 
or mild topical antiseptic for infected wounds, ‘cuts, sores, and 
minor burns. 

Boro-Chloretone (Parke, Davis)—Powder containing 7.1 Gm. each of 
boric acid and chlorobutanol per ounce, in an inert diluent. Uses: 
mild antiseptic dusting powder. 

Borofax (Burroughs Wellcome)—Ointment containing 10 per cent 
boric acid in a bland, emollient base. Uses: local application for 
pbrasons, burns, and irritations of the skin and mucous mem- 

ranes. 

Collyrium Soothing Eye Lotion (Wyeth)—Neutral, isotonic solution 
containing boric acid, borax, and 0.4 per cent antipyrine. Uses: 
cleansing and refreshing eye wash. 

Collyrium with Ephedrine Eye Drops—Contain the same ingredients 
as Collyrium Soothing Eye Lotion above, with 0.1 per cent ephedrine. 
Uses: eye drops for ‘‘tired eyes.” 

Opto Lotion (Abbott)—Eye solution containing boric acid and zine 
sulfate in camphor water. Uses: mild, astringent eye drops. 
Dose: 2 or 3 drops twice daily. < 


» 
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CARBON 


Vagerolls (Rorer)—Vaginal suppositories each containing 0.324 Gm. 
sodium borate, 0.13 Gm. acetanilid, 0.032 Gm. zine borate, and 
hydrastine in a glycerogelatin base. Uses: mild astringent and 
detergent in vaginitis, etc. 

Zymocide (Reed and Carnrick)—Liquid containing in each fluid 
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ounce 0.648 Gm. boric acid, 0.039 Gm. benzoic acid, 0.065 Gm. 
sodium borate, and 20 per cent alcohol; also eucalyptol, menthol, 
methyl salicylate, oil of spearmint, and thymol. Uses: a mild, 
non-irritating, non-staining antiseptic used as a spray, gargle, or 
mouth wash, in burns, cuts, tonsillitis, rhinitis, etc. 


CARBON AND ITS COMPOUNDS 


Carbon—C = 12.01 (At. no. 6) 


_ History.and Occurrence—Carbon is from the French: 


word carbone, meaning carbon, or the Latin word 
carbo, meaning coal. Carbon is a very widely distrib- 
uted element. It is a constituent of all organic sub- 
stances, and occurs in nature in the free state in the 
form of diamonds, graphite, coal, peat, lignite, ete. 

With hydrogen, carbon forms a very large number of 
compounds termed hydrocarbons (hydrogen-carbon). 
Petroleum (rock oil) is a mixture of hydrocarbons found 
abundantly in the North American continent, in some 
of the Central and South American countries, and in 
Asia. With the exception of Roumania no commercial 
sources of petroleum are known in Europe. Next to 
coal and iron it is of the utmost importance in modern 
living and industry. Petroleum derivatives, such as 
petrolatum, liquid petrolatum, and ethylene, are also 
among the important medicinal products. See also 
page 493. 


Preparation— Various forms of carbon are produced 
artificially. Among them are: 


1. Wood or vegetable charcoal, obtained by heating 
wood or vegetable matter at a high temperature with 
no, or only little, access of air. This process is known 
as “destructive distillation” 

2. Animal charcoal or bone black, made by charring 
bones, blood, etc. Until about three decades ago this 
was the best known and most frequently used agent for 
the removal of coloring matter in the refining of sugar 
and in the manufacture of organic chemicals. It has 
since been largely replaced by activated charcoal. 

3. Gas black, produced by the incomplete combustion 
of natural gas. 

4. Lampblack, obtained by burning various oils, 
fats, resins, etc., under suitable conditions and largely 
used in the production of printing inks. 

5. Coke is prepared by heating bituminous coal 
without access of air until no more volatile products are 

evolved. It is used in tremendous quantities in the 
- production of metals from their ores. The gaseous por- 
tion of the volatile products obtained in the coking 
process consists chiefly of hydrocarbons, and is utilized, 
after proper purification and enrichment, for lighting 
and heating purposes. It also contains ammonia, 
derived from the nitrogen present in the coal. For- 
merly this was practically the only source of ammonia 
and its compounds. The liquid portion of the volatile 


products constitutes the well-known coal tar. This tar 
furnishes benzene, toluene, xylenes, naphthalene, 
anthracene, phenol, cresols, pyridine, etc. These 


products find direct applications in pharmacy and in 
industry, but they mostly serve as “bricks” for the 
production of thousands of synthetic organic chemicals. 


Description and Properties—Carbon does not readily combine with 
hydrogen, but at a temperature of about 300° C. and under great 
pressure the two elements unite to form a mixture of hydrocarbons 
similar to petroleum. This process is technically known as hydrogena- 
tion of coal or liquefaction of coal and is used to a limited extent for the 
production of ‘‘synthetic’’ motor fuel. 

At elevated temperatures, carbon combines directly with oxygen 
forming two well-known oxides. 

Carbon Monoxide [CO] is produced when coal or other carbon- 
containing substances are heated with an insufficient supply of air 
(oxygen) for complete combustion. It is combustible in air, releasing 
thereby a large amount of heat. Water Gas, which constitutes about 
80 per cent of illuminating gas, contains carbon monoxide as one of its 


two principal constituents, the other being hydrogen. Water gas is 
produced by forcing steam through incandescent anthracite or coke: 


C + H.0 — CO + He 


Under suitable conditions carbon monoxide combines with hydrogen 
to form methanol. This process now supplies the greater part of the 
methyl alcohol required in this country. It is also used in the produc- 
tion of formic and oxalic acids. 

Carbon monoxide is a very poisonous, odorless gas. 
air with a blue flame forming carbon dioxide. It is only slightly 
soluble in water. It is one of the waste products of the internal com- 
bustion engine, such as the automobile engine, and is the cause of 
death, known as petro mortis, in those who inhale the combustion 
gases in a confined space where a gas or gasoline engine is running. 
The carbon monoxide combines with the hemoglobin of the blood 
forming methemoglobin which is more stable than oxyhemoglobin 
and the hemoglobin thus loses its power to function, in the oxygen- 
carbon dioxide interchange. 

Carbon Dioxide [COg] results when any carbonaceous substance is 
burned in the presence of an excess of air (oxygen). It is formed as 
a by-product in many industries, frequently being produced in suf- 
ficient quantity and purity to warrant its collection and further 
purification. The following are a few of the commercial sources of 
the gas: (1) the production of lime [CaO] from limestone [CaCOsg]. 
(2) Certain fermentations, notably that of glucose to form ethyl] alco- 
hol. (3) In industries where large quantities of coke or coal are 
burned, the carbon dioxide present in the gaseous products of combus- 
tion is absorbed by passage through towers filled with coke which is 
sprayed with a solution of potassium carbonate, the resulting solution 
of potassium bicarbonate being later removed to another container 
where it is heated to regenerate potassium carbonate and carbon 
dioxide. 

In the laboratory, carbon dioxide is frequently prepared by the 
reaction of acids, usually hydrochloric, upon calcium carbonate in 
the form of marble or limestone. Other carbonates may also be used 
for this purpose. 

Carbon dioxide is capable of existing in the gaseous, liquid, or solid 
state, depending upon the conditions of temperature and pressure. 
At 20° C. it is liquefied by a pressure of about 59 atmospheres. Its 
critical temperature is 31.35° C. By allowing the gas, or the liquid, 
to expand or evaporate suddenly, cooling occurs and when the tem- 
perature is reduced to about —79° C. by this process solid carbon 
dioxide is formed. This substance is sold commercially under the 
name dry ice and is used as a refrigerant. One of its advantages lies 
in the fact that it is converted directly to a gas, the heat energy re- 
quired for this conversion being taken from the surroundings in which 
the solid carbon dioxide is placed. 

When carbon dioxide is brought into contact with water, carbonic 
acid is produced according to the reaction: 


COzg + He2O > HeCOs 


Carbonic acid is a very weak acid, existing only in cold aqueous solu- 
tion and is readily broken up at higher temperatures. Salts of car- 
bonie acid, designated carbonates, are, however, stable at relatively 
elevated temperatures and they are among the most important min- 
erals widely distributed in nature, e. g., limestone or chalk [CaCOg], 
the source of all lime; marble, a form of calcium carbonate; magnesite 
[MgCOs3]; dolomite, a double carbonate of calcium and magnesium; 
and strontianite [SrCOg]. 

Carbon unites directly or indirectly with other elements forming 
medicinally and industrially important compounds, among which are 
the carbides. By heating a mixture of powdered coke and lime in an 
electric furnace, calcium carbide [CaCg] is produced which, upon treat- 
ment with water, yields acetylene: 


CaCz + 2H20 — CeHe + Ca(OH) 


Acetylene is a gaseous substance used for illuminating purposes and 
particularly for the production of acetic acid, acetaldehyde, paralde- 
hyde, and other important chemicals. : Carborundum is silicon earbide 
[SiC], the name being derived from its similarity to the mineral corun- 
dum (a form of aluminum oxide). Carborundum is made by heating, 
in an electric furnace, a mixture of coke and silica [SiOg] with the 
addition of common salt to serve as a flux. Next to diamond, it is 
the hardest known substance and is extensively used as an abrasive. 

The union of carbon with sulfur results in the formation of carbon 
disulfide [CS]. It is produced by passing vapors of sulfur over coke 
or charcoal heated to a cherry-red heat. Carbon disulfide is used in 
immense quantities in the manufacture of artificial silk (rayon). It 
also finds considerable application as a solvent for sulfur and phos- 
phorus in match manufacturing and for the destruction of weevils 
and other insects or their larve in plants and soils. 

With nitrogen, carbon forms cyanogen [(CN)9], a very poisonous 
gas, and the compound radical of prussic or hydrocyanic acid. 


It burns in the 


Uses—The applications of carbon in all of its forms— 
coal, coke, charcoal, etc.—are very numerous. It is 
principally used as a source of heat for the production 
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of energy in the form of electricity and industrial steam. 
Coke is consumed in large quantities in the production 
of iron and other metals from their ores. Charcoal is 
used in some metallurgical operations and also in the 
purification and deodorization of drinking water. Gas- 
black and lampblack are used in the manufacture of 
automobile tires and other dark-colored rubber goods, 
in printing and drawing inks, in shoe and stone polishes, 
and in electrical insulations. Activated charcoal and 
bone black are employed as decolorizing agents in the 
manufacture of organic chemicals and pharmaceuticals, 
e. g., the refining of sugar, the manufacture of alkaloids, 
and the preparation of dextrose solutions. Activated 
charcoal is also used medicinally as an adsorbent for 
stomach and intestinal gas produced by fermentation. 


IDENTIFICATION OF CARBON COMPOUNDS 


When ignited with a sufficient supply of air or oxy- 
gen carbon or carbon-containing organic compounds yield 
gaseous carbon dioxide. When this gas is conducted 
into an aqueous solution of calcium or barium hydroxide 
a turbidity is produced, due to the formation of the 
insoluble carbonates, thus: 


COz + Ca(OH)e =. CaCOg -+ H20 


With an excess of carbon dioxide the carbonate thus 
formed redissolves because of the formation of the 
water-soluble bicarbonate: 


CaCO3 + COzg + He0 — Ca(HCOs)e 


Carbonates—When an acid is added to a carbonate or 
to a moderately concentrated solution of a carbonate, 
carbon dioxide is liberated with effervescence. If the 
escaping gas is conducted into an aqueous solution of 
calcium hydroxide it produces a white turbidity as de- 
scribed in the preceding paragraph. 

Bicarbonate—Bicarbonate gives the same reaction as 
carbonate but is distinguished from it by the fact that 
a cold, aqueous solution of a soluble carbonate is colored 
red by an alcoholic solution of phenolphthalein, whereas 
a similar solution of a bicarbonate is colorless or only 
lightly red. Bicarbonates form nearly neutral solutions. 


CARBON DIOXIDE U.S. P. Carbonei Dioxidum 


[Carbon. Dioxid.—Carbonic Acid Gas, Sp. Biédxido de Carbono, Gas 
Acido Carbénico] 


Carbon Dioxide contains not less than 99 per cent 
by volume of CO, (44.01). 
Preparation—See Carbon Dioxide (page 353). 


Description and Properties—Carbon Dioxide is an odorless, color- 
less, tasteless gas. One liter of it at 760 mm. and 0° Ci weighs 1.977 
Gm. One volume dissolves in about 1 volume of water at 25° C.; 
it is more soluble at lower than at higher temperatures, also less sol- 
uble in alcohol and other solvents. Its saturated aqueous solution 
is slightly acid to litmus and has a slightly acid taste. 

I dentification—Carbon Dioxide extinguishes a flame and produces 
a white precipitate, soluble in acetic acid with effervescence, when 
passed into barium hydroxide T.S. 

Tests for Purity— 

Acid and sulfur dioxide—On passing 1 liter of the gas through 50 ce. 
of water containing 0.1 cc. of methyl orange T.S., any red color is 
not more intense than that of a control to which 1 cc. of hundredth- 
normal hydrochloric acid has been added (corresponding to 0.365 mg. 
of acid calculated as HCl). 

Phosphine, H2S, and organic reducing substances—These impurities 
are tested for by passing 1 liter of the Carbon Dioxide through an 
ammoniacal solution of silver nitrate. The solution should not be 
darker or more turbid than an equal volume of the ammoniacal silver 
nitrate. Phosphine, Ho, etc., either combine with silver to form 
dark-colored compounds, such as silver sulfide or silver phosphide, or 
reduce the silver nitrate to metallic silver which causes a turbidity 
or a darkening. 

“Carbon monoxide—This impurity is tested for by the same method 
. as:deseribed for Oxygen and the results should be as stated there. 


Assay—For the assay of Carbon Dioxide advantage is taken of its ; 


CARBON 


reaction with potassium hydroxide to form potassium carbonate 
which is soluble in water, thus: 


COzg + 2KOH ——e KeaCO3 + H2.O 
carbon potass, potass. water 
dioxide hydroxide carbonate 


Oxygen, which is the impurity generally present, is not absorbed by 
the potassium hydroxide. The assay is carried out by slowly passing 
an accurately measured volume of the Carbon Dioxide through a 50 
per cent aqueous solution of potassium hydroxide, then measuring 
the volume of unabsorbed gas. The percentage of carbon dioxide is 
represented by the difference between the volume of the original car- 
bon dioxide taken for the assay and the volume of the unabsorbed gas. 
Storage—For medicinal uses Carbon Dioxide is furnished in a com- 
pressed form in metal cylinders. 


Uses—Carbon Dioxide is of extreme importance in 
medicine for the reason that it is the physiological 
stimulant of respiration. As a respiratory stimulant, 
it is of value in the treatment of asphyxiation of all 
types, including asphyxia of the newborn. Inasmuchas 
Carbon Dioxide increases the respiratory minute vol- 
ume, it hastens the excretion of toxic gases and vapors. 
Thus, if administered following an anesthetic vapor, it 
reduces the time of the recovery period from anesthesia. 
It is also of great value in the treatment of carbon 
monoxide poisoning in that it helps to dissociate carbon 
monoxide from hemoglobin and thereby promote its 
excretion. 

The deep breathing produced by Carbon Dioxide 
causes maximal expansion of the lungs. It is therefore 
valuable in preventing postoperative pulmonary com- 
plications and has also been used in the treatment of 
pneumonia. Carbon Dioxide on an empirical basis 
has been found of value in the relief of persistent hic- 
cough. 

Carbon Dioxide is administered by inhalation. It is 
usually employed in conjunction with oxygen, the 
mixture most often used consisting of 5 per cent Carbon 
Dioxide and 95 per cent oxygen, although occasionally 
10 per cent Carbon Dioxide may be employed. The 
latter concentration causes toxic symptoms consisting 
of dyspnea, disorientation, and elevated blood pressure 
within 10 to 15 minutes. Thirty per cent Carbon Di- 
oxide is rapidly fatal. 

One of the most important uses of Carbon Dioxide 
is in fire extinguishers where it is generated by the reac- 
tion of sodium bicarbonate and sulfuric acid solutions. 
In some extinguishers aluminum sulfate, which hydro- 
lyzes to form sulfuric acid, is used in place of the acid. 
Carbon Dioxide is also used extensively in the manufac- 
ture of sodium bicarbonate by the Solvay process and 
in the manufacture of white lead, which is a constituent 
of many paints. 

Carbon Dioxide is also important because of its use 
in the carbonation of beverages. Although but one 
volume of it dissolves in about 1 volume of water at 
25° ©. and one atmosphere pressure, its solubility is 
considerably increased at higher pressures. At 5 at- 
mospheres water will absorb 5 volumes of Carbon Di- 
oxide, this solution formerly being recognized under the 
name of Aqua Acidi Carbonici, or ‘“‘soda water.” The 
use of Carbon Dioxide in solid form as a refrigerant has 
already been mentioned. It is also used to displace 
air (oxygen) in chemical processes where the presence 
of the latter is objectionable. 


ACTIVATED CHARCOAL U. S. P. Cardo Activatus 
[Carbo Activat.—Medical Charcoal, Sp. Carbén Vegetal Activado] 


Activated Charcoal is the residue from the destruc-. 
tive distillation of’ various organic. materials, treated to. 


_ increase its adsorptive power. | } \ 


SILICON 


_ Note—When Carbo Ligni is prescribed, Activated 
Charcoal may be dispensed. 

Preparation—Under the name Carbo Ligni or Wood 
Charcoal the U. S. P. X recognized a product made by 
burning wood out of contact with air, the residue ob- 
tained consisting of nearly pure carbon. Charcoal 
made by this process is variable in its adsorptive powers, 
frequently being entirely devoid of such properties. 
It was found that the adsorptive powers of charcoal 
could be tremendously increased by treating it with 
various substances such as steam, air, carbon dioxide, 
oxygen, zine chloride, sulfuric acid, or phosphoric acid, 
or a combination of some of these substances, at tem- 
peratures ranging from 500° to 900° C. This treat- 
ment is referred to as activation, the activating agent 
presumably removing substances previously adsorbed 
on the charcoal and, in some instances at least, break- 
ing down the granules of carbon into smaller ones hav- 
ing a greater total surface area. It has been estimated 
that 1 cc. of finely divided charcoal possesses a total 
surface of approximately 1000 square meters. 

In addition to wood many other substances are used 
as sources of charcoal, such substances including su- 
crose, lactose, rice starch, coconut pericarp, bone, blood, 
various industrial wastes, ete. As many diferent acti- 
vated charcoals are available for various purposes, one 
should be certain to use only the medicinal variety for 
medicinal purposes. 


Description and Properties—Activated Charcoal is a fine, black, odor- 
less, and tasteless powder, free from gritty matter. It is insoluble in 
water or the other known solvents. : 

Tests for Purity— 

Loss on drying at 120° C. (volatile substances)—-Not more than 15 
per cent. 

Ash—Not more than 4 per cent. 

Acid-soluble substances—Not more than 3.5 per cent. This is 
determined by boiling 1 Gm. of Activated Charcoal with a mixture of 
20 ec. of water and 5 cc. of hydrochloric acid, filterinz, adding sulfuric 
acid to the filtrate, evaporating, and igniting. The sulfuric acid is 
added to convert alkali or alkaline earth salts to sulfate and thus pre- 
vent their volatilization at ignition temperature. 

Reaction—Distilled water boiled with charcoal should remain 
neutral to litmus paper. 

Chloride—Not more than 0.2 per cent as Cl. 

Sulfate—Not more than 0.1 per cent as SO4. 

Sulfide—This is tested for by gently boiling the Activated Charcoal 
with diluted hydrochloric acid in a small flask and exposing lead ace- 
tate paper to the escaping vapors. The paper should not be black- 
ened. If sulfide is present, the acid liberates hydrogen sulfide gas 
which in contact with the lead acetate forms black lead sulfide. 

Incompletely carbonized substances—These are tested for by heating 
to boiling 250 mg. of the charcoal with 10 cc. of sodium hydroxide 
T.S. and filtering. The filtrate should be colorless. If incompletely 
carbonized substances are present, the filtrate is yellow. 

Cyanogen compounds—The materials from which activated charcoal 
are made invariably contain some nitrogen compounds. Under 
certain conditions of preparation of the charcoal the nitrogen may 
combine with the carbon to form cyanide and for this reason a test 
for this impurity is included. The test is made by distilling 5 Gm. of 
Activated Charcoal with a solution of 2 Gm. of tartaric acid in 50 ce. 
of water. The tartaric acid serves to liberate hydrogen cyanide 
from its combinations if present. The distillate is received in a dilute 
solution of sodium hydroxide, then some ferrous sulfate solution 
added to the distillate, heated, and acidulated with hydrochloric acid. 
No blue color should be produced. If cyanide is present it forms in 
the presence of alkali, sodium ferrocyanide, which forms intensely 
blue ferric ferrocyanide (Prussian blue) with ferric iron, obtained in 
this test through the oxidation of some of the ferrous sulfate by heat- 
ing. 

Heavy metals limit—50 parts per million. : 

Adsorptive power—Since the value of Activated Charcoal resides 
in its adsorptive capacity, the U.S. P. gives two tests to ascertain its 
mean adsorptive power. In one test the previously dried charcoal is 
shaken with a dilute solution of methylene blue (1 in 1000), filtered, 
and the excess of methylene blue determined in the filtrate by the 
method described in the U. S. P. The quantity of methylene blue 
adsorbed should correspond to not less than 75 mg. per Gm. of the 
charcoal. 


Charcoal and are simpler. 
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The second test for adsorptive power is made by shaking 1 Gm. of 
charcoal with a solution of 100 mg. of strychnine sulfate and 50 cc. of 
water, filtering and adding to the acidulated filtrate mercuric ‘potas- 
sium iodide T.S. (Mayer’s reagent): no turbidity should be produced. 
If the charcoal has a low adsorptive power some of the strychnine 
would remain in solution and thus produce a turbidity with Mayer’s 
reagent. 

Storage—Owing to its adsorbent powers, it should never be kept ex- 
posed to the air, as it will become unfit for use if subjected to the 
atmosphere of a laboratory or pharmacy. 


Uses—Activated Charcoal is used in medicine as an 
adsorbent for the purpose of reducing flatulence. Un- 
fortunately, adsorption is not a specific action, thus 
nutriments and enzymes, as well as noxious substances, 
are adsorbed. The therapeutic use of Activated Char- 
coal has little rationale, but it is useful as an emergency 
antidote in many forms of poisoning because of its ad- 
sorptive powers. It is given in the form of powder, in 
doses of 1 to 8 Gm. (15 gr. to 2 dr.). Industrially Acti- 
vated Charcoal is used in large quantities in chemical 
and pharmaceutical manufacturing as a decolorizer. 

Activated charcoal is marketed under the names of 
Nuchar, Darco, and Norit, less pire forms used for 
clarification of solutions during manufacturing proc- 
esses. See Clarification (page 200). 


PURIFIED ANIMAL CHARCOAL N. F. 
Animalis Purificatus 


[Carb. Anim. Purif—Purified Bone Black, Sp. Carbén Animal] 


Purified Animal Charcoal is charcoal prepared from 
bone and purified by removing the substances which 
are dissolved by hot hydrochloric acid and water. 


Description and Properties—Purified Animal Charcoal is a dull black, 
amorphous, odorless, and tasteless powder, which burns with a red 
glow but without a flame. It is insoluble in water, in alcohol, or in 
the other known solvents. 

Tests for Purity— 

Loss on drying at 105° C_—Not more than 12 per cent. 

Acid-soluble substances—Not more than 0.6 per cent. 

Reaction—W ater shaken with the charcoal should remain neutral. 

Adsorptive power—The N. F. tests for adsorptive power are some- 
what different from the tests given by the U. S. P. for Activated 
These tests are as follows: 

1. One Gm. of the previously dried charcoal is shaken with 100 cc. 
of an aqueous solution of methylene blue (1 in 1000) for 1 minute and 
then filtered. The filtrate should be colorless. 

2. Fifty ce. of tenth-normal iodine is added to 200 mg. of the Ani- 
mal Charcoal previously dried at 100°, and shaken frequently during 
30 minutes. The mixture is then filtered, rejecting the first 10 cc. of 
the filtrate and then the free iodine titrated in 25 cc. of the subsequent 
filtrate with tenth-normal sodium thiosulfate. Not more than 15 cc. 
of tenth-normal sodium thiosulfate is required. 

Storage—Keep Purified Animal Charcoal in well-closed containers. 


Uses—This is an adsorbent and decolorizer. See 
Activated Charcoal. 
Average Dose—90.3 Gm. (approximately 5 grains). 


Unofficial Inorganic Carbon Compounds 


Carbon Disulfide, Carbon Bisulfide [CS; = 76.13]. Prepared by 
heating powdered carbon with sulfur. A colorless or slightly 
yellow, clear, very inflammable liquid. When freshly distilled it is 
almost odorless but it soon acquires a disagreeable odor. Sp. gr. 
1.260 at 25°. Boils at 46-47° C. Slightly soluble in water, mis- 
cible with dehydrated alcohol, chloroform, and several other an- 
hydrous solvents. Keep in tight containers in a cool place and 
remote from flame. Uses: Formerly used externally as a counter- 
irritant in rheumatism and neuralgia. Industrially, it is used as a 
soil disinfectant, for fumigating cereal grains, and as a solvent for 
phosphorus in the manufacture of matches, but its principal use is 
in the manufacture of artificial silks. 

Wood Charcoal (Carbo Ligni U. S P. X)—Wood charcoal prepared 
by burning soft wood out of contact with air has been replaced in 
the Pharmacopceia by activated charcoal. Uses: wood charcoal 
has long been used in medicine as an adsorbent in stomach and 
intestinal fermentation but the activated charcoal is far more ef- 
ficient. The U. S. P. states: when Carbo Ligni is prescribed, 
Activated Charcoal may be dispensed. 


Carbo 


SILICON AND ITS COMPOUNDS 


Silicon—Si = 28.06 (At. no. 14) 


History and Occurrence—Next to oxygen, silicon is 
the most abundant element. It does not occur free in 


nature, but its compounds with oxygen and other ele- 
ments are present everywhere. Sand, agate, quartz, and — 
opal are forms of silicon dioxide. Kaolin (clay), 
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asbestos, pumice, talc, and meerschaum consist chiefly 
of aluminum, calcium, or magnesium silicates. 

Preparation—Silicon may be prepared by heating 
silicon dioxide with an excess of powdered magnesium 
metal, then extracting the excess of magnesium with 
diluted hydrochloric acid. 


Description and Properties—Silicon is a gray or gr ayish black, amor- 
phous, or crystalline powder. It unites in the cold or on heating with 
the halogens, forming the corresponding silicon halides. The 
fluoride is a gas at ordinary temperature, while the bromide and chlo- 
ride are colorless liquids. They are decomposed by water forming 
silicic acid and the corresponding halogen hydracids. 

Silicon forms one well-known oxide, silicon dioxide [SiOg], com- 
monly known as silica. It occurs abundantly in nature in either 
amorphous or crystalline forms. Ordinary sand is amorphous silicon 
dioxide. Quartz, amethyst, topaz, agate, onyx, and flint are crystalline 
forms of silicon dioxide. The oxide can be obtained in the amorphous 
form by adding a moderate excess of acid to sodium silicate solution 


L NaesiOg + 2HCl — H2SiOg ot. 2NaCl 
sodium hydrochloric metasilicice sodium 
metasilicate « acid acid chloride 


e 
The metasilicic acid is washed and upon subsequent ignition it loses 1 
molecule of water yielding SiOg. 

Pure silica is white. It is insoluble in water or in acids, but is 
readily attacked by hydrofluoric acid forming gaseous stlicon tetra- 
fluoride. Finely powdered silicon dioxide slowly dissolves in fixed 
alkali hydroxides upon heating, forming the alkali silicates. The al- 
kali silicates may also be obtained by fusing powdered silica with an 
excess of alkali carbonates. 

Silicon forms several silicic acids: orthosilicic acid [H 48i0 4], several 
pyro-acids [HgSigQO7 and H4SigOg¢], and metasilicic acid [HeSiOg]. 
These acids occur in nature. Opal is an amorphous form of silicic 
acid. The salts of the various silicic acids known as silicates are 
generally derived from the ortho- or pyro-acids. Except for the alkali 
salts, silicates are insoluble in water or acids, but they are all readily 
attacked by warm hydrofluoric acid, preferably in the presence of 
some sulfurie acid. Under these conditions the silicon volatilizes 
as silicon fluoride. 

Meerschaum, used for making pipes and ornaments, is magnesium 
silicate, and asbestos, used in making a filter for the Gooch crucible 
in the laboratory and in making heat-resistant materials, is a native 
calcium magnesium silicate. 

Silica gel is silicic acid prepared by special methods. It has the 
property of adsorbing relatively large quantities of vapors of various 
chemicals which can be recovered by heating and the cycle repeated. 
Based on this property it finds extensive industrial application. 

Silicosis is a lung disease caused by dust of silica or silicates accu- 
mulating in the lungs. Workers in stone quarries, or in other indus- 
tries where sand or other silicate dusts are prevalent, are prone to 
contract this disease. Measures to prevent this disease have been 
published by the United States Bureau of Mines. 


IDENTIFICATION OF SILICON COMPOUNDS 


When a small fragment of a szlicate or silica is intro- 
duced in a bead of microcosmic salt (sodium ammonium 
phosphate) and heated, silica will float in the bead while 
hot, and upon cooling the head will become opaque and 
show a web-like structure. On warming a finely pow- 
dered silicate with hydrofluoric acid and some sulfuric 
acid, silicon tetrafluoride [SiF4], a gas, is formed and 
when this gas is brought in contact with a small volume 
of water a white precipitate of silicic acid [H,8i04] 
is formed. 


BENTONITE U.S. P. Bentonitum 
[Bentonit.—Wilkinite, Soap Clay, Mineral Soap, Sp. Bentonita] 


Bentonite is a native, colloidal, hydrated aluminum 
silicate. 

Occurrence—Bentonite is found in the Midwest of 
the United States and in Canada. Originally called 
Taylorite after its discoverer in Wyoming, its name was 
changed to Bentonite after its discovery in the Fort 
Benton formation of the Upper Cretaceous of Wyo- 
ming. 

Description and Properties—It is a very fine, granular, odorless 
powder with a slightly earthy taste and free from grit. The powder 
is nearly white, but in granular form the color is pale buff or cream. 
It is insoluble in water or acids, but it has the property of adsorbing 
large quantities of water, forming highly viscous suspensions or gels. 
This property makes it highly useful in pharmacy. Its gel-forming 


property is augmented by the addition of small amounts of alkaline 
substances, such as magnesium oxide. 


SILICON 


Bentonite yields the identification reactions for silicates, and after 
fusion with sodium carbonate, as described under Tale, the filtrate 
from the silica yields the reactions for aluminum. 

The U. S. Geological Survey has defined Bentonite as ‘‘a trans- 
ported stratified clay formed by the alteration of voleanic ash shortly 
after deposition.’’ Chemically it is AlgO3.4SiO02g.H2O.plus other 
minerals as impurities. It consists of colloidal crystalline plates, of 
less than microscopic dimensions in thickness, and of colloidal dimen- 
sions in breadth. This fact accounts for the extreme swelling that 
occurs when it is placed in water, since the water penetrates between 
an infinite number of plates. A good specimen swells 12 to 14 times 
its volume (Hwing et al., ‘Observations on Bentonite,’ Jour. A. Ph. 
A.,. 34, 129, 1945). 

Tests for Efficiency and Purity— 

Gel formation—An aqueous suspension containing 3 Gm. of Ben- 
tonite and 150 mg. of magnesium oxide, under the conditions of the 
U.S. P. test, does not settle and leave more than 2 per cent by volume 
of supernatant liquid. 

Fineness of powder—A 2-Gm. portion of Bentonite is added to 20 
ec. of water contained in a mortar, and while the swelling takes place 
the Bentonite is evenly dispersed with a pestle. It is then diluted 
with sufficient water to make 100 cc., the suspension is poured through 
a No. 200 standard mesh sieve, and the sieve is washed with water. 
No grit should be felt when the fingers are rubbed over the iron mesh 
of the sieve. 

Swelling power—To 100 cc. of water, contained in a 100-cc. glass-. 
stoppered cylinder, 2 Gm. of Bentonite is added in divided portions, 
allowing each portion to settle before adding the mixture. The ap- 
parent volume occupied by the swelled mass of the Bentonite is not 
less than 24 ec. 

pH—A 2 per cent suspension of Bentonite in water has a pH be- 
tween 9 and 10. (A lower pH decreases its gel-formation with water.) 

Loss on drying at 110°—Not less than 5 per cent and not more than 
8 per cent. 

Arsenic limit—10 parts fer million. 

Storage—Keep Bentonite in well-closed containers. 


Uses—Bentonite is employed as an emulsifier for oil, 
as a base for plasters and similar preparations, and as 
a protective colloid for the stabilization of suspensions. 


Bentonite Magma U. S. P. Magma Bentoniti 
[Magma Benton.—Sp. Magma de Bentonita] 


Metric Alternative 
Bentonitete catceothic eee hee 50 Gm. 1 oz. av. 293 gr. 
Distilled Water, a sufficient quantity, 
To makers 6 setae ate 1000 cc. 2 pints 


In divided portions, sprinkle the bentonite upon 800 cc. (25 
fl. oz. 288 min.) of hot distilled water, until all of the bentonite 
has been wetted. Allow it to stand with occasional stirring for 
24 hours. Then stir until a uniform magma is obtained, add 
enough distilled water to make 1000 ec. or (2 pints), and mix 


thoroughly. 


Storage—Preserve Bentonite Magma in well-closed containers. 


KAOLIN N. F. Kaolinum 
[White Bole, China Clay Sp, Arcilla Blanca] 


Kaolin is a native hydrated aluminum silicate, pow- 
dered, and freed from gritty particles by elutriation. 

History and Occurrence—The name Kaolin is de- 
rived from the Chinese word kaoling, meaning “high 
ridge’; it is sometimes called China clay, or porcelain 
clay, because of its use in pottery, and it is a valuable 
commercial product. The clays were highly esteemed 
as remedial agents, given internally, since the time of 
Hippocrates. Terra sigillata or “the earth imprinted 
with a seal” was a form of clay collected, purified, and 
authenticated under official supervision. Dr. Herman 
Schelenz, the eminent historian of pharmacy, says that 
the use of the seal or imprint upon these clay tablets 
several thousand years ago was the origin of the trade- 
mark. Galen and other early authors wrote volumi- 
nously upon their properties. They were considered as 
alexipharmies or alexiterics which are terms used in 
ancient medicine and pharmacy to denote antidotes for 
certain purposes. 

That there was some basis for this belief is shown by 
the modern theories of the adsorptive properties of 
hydrated siliceous earths. i 


SILICON 


Kaolin (clay) is widely distributed in nature. Most 
of the Kaolin deposits, however, are frequently con- 
taminated with ferric oxide (hence the red color of ordi- 
nary clay) and some other impurities, such as calcium 
carbonate, magnesium carbonate, etc. To render such 
Kaolin suitable for pharmaceutical use it has to be 
purified by treatment with hydrochloric acid or sulfuric 
acid, or both, then washed well with water. 

Kaolin of a high degree of purity, directly suitable for 
pharmaceutical use without acid purification, is now 
mined in the state of Georgia. England has large de- 
posits of a fine grade of Kaolin. The Kaolin from these 
deposits is freed of coarse particles by elutriation or by 
screening. Kaolin is essentially a colloid, and the 
colloidal kaolin on the market differs only from ordinary 
Kaolin in that it contains a larger percentage of fine 
particles and it is prepared by special screening. 
Description and Properties—Kaolin occurs as a soft, white, or yellow- 
ish white powder, or aslumps. It has a characteristic earthy taste, 
and when moistened with water, it becomes darker and develops a 
pronounced clay-like odor. It is insoluble in water, in cold diluted 
acids, and in solution of the alkali hydroxides. It gives the identifica- 
tion reactions for silicates and, when treated as described in the 
identification of Talcum, the filtrate responds to the identification 
reactions for aluminum. 

Tests for Purity— 

Loss on wgnition—Not more than 15 per cent. 

Carbonate—No effervescence should be produced when Kaolin is 
mixed with some water and sulfuric acid is added. 

Acid-soluble substances—N ot more than 2 per cent when determined 
as described under Talc. 

Lead limit—10 parts per million. 

Water-soluble iron—This test is made by triturating 2 Gm. of 
Kaolin with 10 ce. of water, then adding about 500 mg. of sodium 
salicylate. The mixture should not acquire more than a slight red- 
dish ot (Ferric iron gives a red to violet-red color with salicyl- 
ates. i 
Storage—Keep Kaolin in well-closed containers. 

Uses—Kaolin is used medicinally as an adsorbent. 
It is of value chiefly in the treatment of diarrhea caused 
by agents capable of being adsorbed, as, for example, 
the diarrhea of food poisoning or dysentery. It is 
usually given suspended in water in the dose of from 
50 to 100 Gm., at 3-hour intervals. Kaolin has also 
been used in the treatment of chronic ulcerative colitis, 
but it is doubtful whether any adsorptive capacity is 
retained by the time the preparation reaches the colon. 
Another use of Kaolin is in the treatment of diverticu- 
litis of the colon, for the purpose of filling the diverticula 
with an inert substance, but this procedure is also of 
doubtful value. 

It has been used as a clarifying and decolorizing me- 
dium and as a filtering medium, but it must never be 
used as a filtering agent for liquids containing alkaloids, 
as it has been shown that it adsorbs alkaloids, separat- 
ing them completely from the liquids filtered. 


Kaolin Cataplasm N. F. Cataplasma Kaolini 
[Catap!. Kaolin—Sp. Cataplasma de Arcilla Blanca] 


Metric Alternative 
Kaolin, in very fine powder and re- 

Gentlyzdriediat 110° .........+. 565 Gm. 9oz. av. 18 gr. 
Boric Acid, in very fine powder... 45 Gm. 315 gr. 
THanyiING! |. yc eee eee 0.5 Gm. 314 gr. 
INCHIRVINSALICYIAUC . oe yee inis ee DE Ee 14 min. 
OibotPeppermint.. «2... 2.2.6. 0.5 cc. 3 min. 
Glycerin, recently heated to 100° 387, Gm._ 6 oz. av. 84 gr. 

PMoOwmMAKevabOUt 0... esses esc ems 1000 Gm. 16 oz. av. 


Mix the kaolin with the boric acid and thoroughly incorporate 
into the warm glycerin. Add the thymol, dissolved in the methyl 
salicylate and the peppermint oil, and make into a homogeneous 
mass. 


Storage—Preserve Kaolin Cataplasm in well-closed containers. 


Uses—The large demand for an external application 
of the poultice type containing glycerin led to the intro- 
duction of this cataplasm in an early Pharmacopoeia. 
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Care should be taken to dry thoroughly both the kaolin 
and the glycerin for this preparation, as its value largely 
depends upon its ability to absorb moisture, and this is 
greatly increased when all ingredients are anhydrous. 
The heating also sterilizes the kaolin and decomposes 
any carbonate which may be present. In fact, it is 
desirable to heat the cataplasm, agitating it with me- 
chanical stirrers, for some time before the oils are added, 
to eliminate the tendency to effervesce. The boxes in 
which it is sold should be of the so-called seamless type, 
as other styles are likely to leak. 


PUMICE N. F. Pumex 


Pumice is a substance of volcanic origin consisiing 
chiefly of complex silicates of aluminum, potassium, and 
sodium. 


Description and Properties—Pumice is available as very light, hard, 
rough, porous gray masses or as a gritty gray powder of several grades 
of fineness. The N. F. describes three powders: 

Pumice Flour or Superfine Pumice not less than 97 per cent passes 
through a No. 200 standard mesh sieve. 

Fine Pumice not less than 95 per cent passes through a No. 150 
standard mesh sieve, and not more than 75 per cent passes through a 
No. 200 standard mesh sieve. 

Coarse Pumice not less than 95 per cent passes through a No. 60 
standard mesh sieve, and not more than 5 per cent passes through a 
No. 200 standard mesh sieve. 

Pumice is odorless, tasteless, and insoluble in water, acids, or alkali 
hydroxide solutions. It responds to the identification reactions for 
silicates and when treated as described in the Identification of Talcum, 
the filtrate responds to the identification reactions for aluminum. 
Tests for Purity— 

Acid-soluble substances—N ot more than 6 per cent when determined 
as described under Talc. 

Acid and alkaline substances—Conforms to the test given under 
Talc. 

Water-soluble substances (determined as under Talc)—Not more 
than 0.2 per cent. 

Water-soluble iron—Conforms to the test given under Talc. 
Storage—Keep in well-closed containers. 


Uses—Pumice is used as a filtering and distributing 
medium for pharmaceutical preparations. Industrially 
it is used as an abrasive in metal polishes. It is also 
used in fireproofing and insulating materials. Because 
of its grittiness, powdered pumice is also used in certain 
types of soaps and cleaning powders. 


PURIFIED SILICEOUS EARTH U. S. P. 
Silicea Purificata 


Terra 


[Ter. Sil. Purif.—Purified Kieselguhr, Purified Infusorial Earth, 
Diatomaceous Earth, Diatomite, Sp. Tierra Silicea Purificado] 


Purified Siliceous Earth is a form of silica [SiO2| con- 
sisting of the frustules and fragments of diatoms, puri- 
fied by boiling with diluted hydrochloric acid, washing, 
and calcining. 

History and Occurrence—Large deposits of this sub- 

stance are found in Virginia, Maryland, Nevada, Ore- 
gon, and California, usually in the form of masses of 
rocks, hundreds of feet in thickness. Under the micro- 
scope it is seen to consist largely of the minute siliceous 
frustules of diatoms. It must be carefully purified in a 
manner similar to that directed for Talc (page 358), and 
thoroughly calcined. The latter treatment destroys 
the bacteria which are present in large quantities in 
the native earth. 
Description and Properties—Purified Siliceous Earth is a fine, amor- 
phous, white, light gray, or pale buff, gritty powder. It absorbs 
about four times its weight of water without becoming fluid. It is 
insoluble in water, acids, or solutions of alkaline hydroxides. It 
yields the reactions of silicates described under Silicon (page 356), 
Tests for Purity— 

Loss on ignition—Not more than 10 per cent. 

Organic impurities—Does not darken appreciably when ignited. 


Acid-soluble substances—Not more than 1.6 per cent, determined a3 
described under Talc. 
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Reaction and water-soluble iron—It conforms to the tests described 


under Talc. y : 
Carbonate—No effervescence should be produced on adding diluted 
hydrochloric acid to about 1 Gm. of Purified Siliceous Earth. 
Sulfate—No turbidity is produced when barium chloride is added 
to the boiled filtrate obtained from the Carbonate test. 
Storage—Preserve in well-closed containers. 


Uses—Purified Siliceous Earth was introduced into 
the U. S. Pharmacopceia as a distributing and filtering 
medium for aromatic waters but is better adapted for 
the filtration of elixirs. Like talc it may be used with 
no fear of its exerting an adsorptive power upon active 
constituents. It is used in filter presses to form the 
Filter-cel sold commercially. The native Infusorial 
Earth is extensively used in metal polishing powders 
and pastes and as an absorbent for nitroglycerin to pro- 
duce the explosive known as dynamite. It is difficult to 
obtain U.S. P. quality. 

It is also used <n the laboratory to test microscopes 
for absence of aberration; the many fine markings on 
the frustules of the diatoms should be sharply defined. 


TALC U.S. P. Talcum 
Talc.—Purified Tale U. S. P. XII, French Chalk, Soapsone, Stea- 
tite, Sp. Talco Purificado] 


Talc is a purified, native, hydrous magnesium silicate, 
sometimes containing a small proportion of aluminum 
silicate. 

Occurrence and Preparation—Native talc, called 
soapstone or French chalk, is found in various parts .of 
the world. An excellent quality is obtained from de- 
posits in North Carolina. Deposits of a high grade of 
Talc, conforming to the U.S. P. requirements, are also 
found in Manchukuo (Manchuria). Native tale is 
usually accompanied by variable amounts of other 
mineral substances. These are separated from it by 
mechanical means, such as flotation or elutriation. 


Description and Properties—Talc is a very fine, white or grayish 
white crystalline powder. It is unctuous to the touch, adheres to the 
skin, and is free from grittiness. 

Identification—A bout 500 mg. of the Tale is mixed with 200 mg. of 
anhydrous sodium carbonate and 2 Gm. of anhydrous potassium 
carbonate and the mixture is heated in a platinum crucible until it is 
completely fused. After cooling, the fused mass is placed in about 50 
ec. uf hot water, an excess of hydrochloric acid is added, and the mix- 
ture is evaporated to dryness on a water bath. The residue is then 
taken up with water, and filtered. The insoluble residue is silica 
which can be identified by the identification reactions described under 
Silicon. The filtrate contains the magnesium, identifiable by the 
reactions described under Magnesium. 

Tests for Purity— 

Loss on ignition—Not more than 5 per cent. | 

Acid-soluble substances—Not more than 2.0 per cent. This is 
determined by digesting 1 Gm. of Tale with 20 cc. of diluted sulfuric 
acid at 50° for 15 minutes, filtering, then adding a few drops of sulfuric 
acid to half of the filtrate and igniting to constant weight. 

Acid and alkaline substances—A 10-Gm. portion of Tale is boiled 
with 50 cc. of water for 30 minutes. Water is added from time to 
time during the boiling to maintain the original volume and then the 
mixture is filtered. The filtrate should be neutral to litmus paper. 

Water-soluble substances—Not more than 0.1 per cent. This is 
determined by evaporating half of the filtrate from the preceding test 
and drying the residue at 116° C. 

Water-soluble iron—To the other half of the filtrate from the test 
for acid and alkalies a few drops of hydrochloric acid are added, fol- 


lowed by a few drops of potassium ferrocyanide T.S.: no blue color . 


should be produced. 
Storage—Keep in well-closed containers. 

Uses—Purified Tale is used as a distributing and 
filtering medium in making medicated waters, elixirs, 
etc. Its medicinal value depends on its desiccant and 
lubricating effects. 

When perfumed or medicated, it is also used exten- 
sively as a toilet powder under the name talewm powder. 
For toilet purposes it should be in the form of an im- 
palpable powder, but when used as a filtering medium, 
a coarser powder has been considered preferable to pre- 
vent its passing through’'the pores of the filter paper. 
As a filtering medium it may be used for all classes of 
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preparations with no danger of adsorption and retention 
of active principles. It is preferred as a dusting powder 
when making hand-made suppositories. It should 
not be used on surgical gloves since it is very irritating 
to the peritoneal cavity. 

Talc is used industrially as an electric and heat insu- 
lator, a filler for paper, as a lubricant for molds and 
machinery, and as a pigment in paints and rubber. 


Unofficial Inorganic Silicon Compounds 


In addition to the natural silicates there are several prepared artifi- 
cially. The official Magnesium Trisilicate is one of them. 

Base Exchange Silicates (Permutit, Decalso, Lloyd’s Reagent) are 
sodium aluminum silicates resembling the natural zeolites. These 
silicates are known as base exchange silicates, because of their 
property of exchanging their sodium for calcium or magnesium 
when brought in contact with aqueous solutions of salts of these 
elements. Conversely, after the sodium has been replaced by cal- 
cium the original silicate is readily regenerated by passing through 
it a solution of sodium chloride. Because of these properties these 
silicates are very extensively used for softening water, that is, for 
removing calcium (lime) and magnesium from hard water. These’ 
silicates also exchange their sodium for organic bases, and there- 
fore are sometimes used for the separation of organic bases from 
non-basic organic substances. 

Glass—The most important artificial silicate is glass. The composi- 
tion of glass varies according to its application. Ordinary glass 
is made by heating a mixture of sand, limestone, and soda ash. In 
hard (Bohemian) glass the sodium carbonate is replaced by potas- 
sium carbonate. In borosilicate glass about 10-15 per cent of the 
silica is replaced by boron trioxide and the lime is generally replaced 
by zine oxide. Because of its resistance to heat and water boro- 
silicate glass is mostly used for chemical glassware. The use of 
lead oxide in the glass composition renders the glass softer and more 
brilliant, and, therefore, such glass is used for cut-glass ware. Opal 
glass is made by adding a white insoluble substance, such as bone 
ash or cryolite, to the fused glass. Colored glass is made by intro- 
ducing into the fusion mixture oxides or carbonates of elements 
whose salts are colored, such as cobalt oxide, copper oxide, etc. 
Amber glass is made by the introduction of finely powdered carbon 
or iron sulfide into the fused mixture. See the ‘‘Story of Glass,’’ 
by J. W. Sturmer, Am. J. Pharm., 1, 8 (1923). ~ 

Sodium Silicate is an artificial silicate of wide application and exten- 
sive use in industry. It is made by heating finely divided sand 
(silica) with soda ash, or with a mixture of sodium sulfate and carbon. 
Sodium silicate is obtainable in crystalline form, but is most gen- 
erally used in an aqueous solution known as water glass and egg 
preserver. It is available in several degrees of concentration and of 
varying composition with respect to the ratio of sodium to silicon. 
The solution known as egg preserver has a specific gravity of about 
1.4 and contains about 35 per cent of NagSigO7. Solutions of 
sodium silicate are very alkaline and are decomposed by acids with 
the separation of silicic acid. Uses: employed in fireproofing 
fabrics, in soaps, in waterproofing of wood, in the manufacture of 
abrasive wheels, and as an adhesive. 

Zinc orthosilicate [ZngSiO4] is used in radio tubes. 
heating zine oxide with pure silica. 


It is prepared by 
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Alomin (Lilly)—Powder containing 24 Gm. kaolin, 24 Gm. aluminum 
hydroxide, 16 Gm. calcium carbonate, 16 Gm. bismuth subcarbon- 
ate, 3 Gm. sodium chloride, 6 Gm. acacia, aromatics, and dextrose 
sufficient to make 100 Gm. Uses: a gastric antacid useful in 
gastric or duodenal ulcer and ulcerative colitis. Dose: 1 table- 
spoonful in water after meals. 

Antiphlogistine (Denver Chemical)—Cataplasm similar in composi- 
tion and uses to Kaolin Cataplasm (page 357). 

Kao-Lactos B (Crookes)—Powder composed of colloidal kaolin, lac- 
tose, and some components of vitamin B complex. Uses: an 
adsorbent given to control intestinal toxemia, fermentation, colitis, 
and enteritis. Dose: 1 to 2 teaspoonfuls in water 3 times a day 
before meals. 

Kaomin (Lilly)—A flavored powder containing bismuth subcarbonate 
100 parts, kaolin 280 parts, magnesium hydroxide 60 parts, sucrose 
180 parts, vegetable mucilage 20 parts, and vanillin 0.60 part. 

Uses: an antacid, antifermentative, and demulcent indicated in 
the treatment of intestinal toxemia and fermentation, spasticity 
of the intestines, and colonic dysfunction. Dose: 1 level table- 
spoonful in water every morning. 

Kaopectate (Upjohn)—Palatable fluid containing in each ounce 90 gr. 
kaolin, 2 gr. pectin, and aromatics. Uses: adsorbent and demul- 
cent administered in diarrhea. Dose: 2 to 8 tablespoonfuls after 
each bowel movement, for adults. 

Karisin (Merrell)—Emulsion containing 110 gr. kaolin, 5.5 gr. ethyl 
ricinoleate, 160 min. of mineral oil, and 9.6 gr. magnesium hydroxide 
in each fluidounce. Uses: indicated in intestinal toxemia, etc. 
Dose: 1 tablespoonful 3 times a day. 

Ludozan (Schering)—Tablets (1 Gm.) or powders (3 Gm.) containing 
hydrated sodium aluminum silicate. Uses: antacid and adsorbent. 
in peptic ulcer, hyperacidity, gastritis, and similar conditions. 
Dose: 1 to 3 tablets or 1 powder between meals and at bedtime. 

Ludozan with Belladonna—Same as Ludozan except that the powders 
contain, in addition, alkaloids equivalent to 0.016 Gm. belladonna 
extract per powder; while the tablets contain alkaloids equivalent 
to 5.4 mg. belladonna extract per tablet. 


CHAPTER XLIX 


THE INORGANIC ACIDS 


_THE OFFICIAL inorganic acids, although of minor 
significance as therapeutic agents, are of great impor- 
tance in chemical and pharmaceutical manufacturing. 
This is especially true of the three acids: hydrochloric, 
nitric, and sulfuric. These acids, because of their 
completeness of ionization are termed strong acids. 
These acids, and especially the latter two, are very 
caustic and corrosive. 

The inorganic acids are generally divided into two 
groups: (1) The hydracids, which contain no oxygen, 
e. g., hydriodic, hydrobromic, hydrochloric, and hydro- 
fluoric acids. (2) The oxygen containing acids, e. g., 
hypophosphorous, nitric, phosphoric, and sulfuric acids. 
Strengths of Acids—With fe w exceptions H;BO3,H2SO4 
the inorganic acids important in pharmacy are actually 
solutions of the true acids in water. In commerce the 
concentrations of the acids are expressed either by 
degrees Baumé (Bé.°) or, less frequently, by specific 
gravity. Thus 93 per cent sulfuric acid (oil of vitriol), 
which is the usual concentration of the acid of com- 
merce, is known as 66° acid and corresponds to a specific 
gravity of about 1.84. Hydrochloric acid is available 
in concentrations of 20°, 21°, and 22°, corresponding 
to specific gravities of 1.16, 1.18, and 1.19 and contain- 
ing 32, 35, and 37 per cent of HCl, respectively. 

There is a lack of uniformity in the strengths of the 
official acids since each acid is produced in that strength 
which is most practicable from the commercial stand- 
point and which gives maximum stability. The 
strengths of these concentrated acids are expressed in 
terms of weight in weight. On the other hand, the diluted 
acids are purposely made uniform, 7. e., 10 Gm. of the 
acid in 100 ce. of solution. Diluted acetic acid (6 Gm. 
per 100 cc.) and diluted hydrocyanic acid (2 per cent 
w/w) are exceptions. (See also Boric Acid page 351). 


Incompatibilities—Although many of the reactions 
characteristic of acids offer opportunities for incompati- 
bilities, only a few are of sufficient importance to require 
more than casual mention. Acids and acid salts de- 
compose carbonates with the liberation of gaseous car- 
bon dioxide and, in a closed container, sufficient pressure 
may be developed to produce an explosion. Inorganic 
acids react with salts of organic acids to produce the 
free organic acid and a salt of the inorganic acid.. If 
insoluble, the organic acid will be precipitated. Thus, 
salicylic acid and benzoic acid are precipitated from 
solutions of salicylates and benzoates. Boric acid is 
likewise precipitated from concentrated solutions of 
borates. By a similar reaction, certain soluble organic 
compounds are converted into the insoluble form. 
Phenobarbital sodium, for example, is converted into 
phenobarbital and, in aqueous solution, will be precipi- 
tated. 

The ability of acids to combine with alkaloids and 
other organic compounds containing a basic nitrogen 
atom is utilized in preparing soluble salts of these sub- 


stances. 


~ It should be borne in mind that certain fluidextracts, 
syrups, tinctures, and other pharmaceutical prepara- 
tions contain free acid which causes these preparations 


to exhibit the incompatibil'ties of the acid. 


- Acids also possess the incompatibilities of the anions 


which they contain and, in the case of organic acids, 


these are frequently of prime importance. These are 
discussed under the specific anions. 
DILUTED HYDRIODIC ACID U. S. P. Acidum 


Hydriodicum Dilutum 
[Acid. Hydriod. Dil—Sp. Acido Yodhidrico Diluido] 


Diluted Hydriodic Acid is a solution containing, in 
each 100 cc., not less than 9.5 Gm. and not more than 
10.5 Gm. of HI (127.93). It also contains from 0.6 
to 1.0 Gm. of hypophosphorous acid [HPH20.] which 
is added to prevent the formation of free iodine. 

Caution—Diluted Hydriodic Acid must not be dis- 
pensed or used in the preparation of other products «uf it 
contains free Iodine. 

Preparation—On a small scale, Diluted Hydriodic 
Acid may be prepared by the U.S. P. X formula, which 
is a modification of the Wade or Fothergill Process. 


Metric Alternative 
Potassitniplodides nck tate certorc 135 Gm. 4 oz. av. 420 gr. 
Hypophosphorous Acid...,........ 20 cc 338 min, 


MartariG A Cidin- ft ocn yom ours orcuc' cities 122 Gm. «4 oz. av. 210 gr. 
Distilled Water, 
Diluted Alcohol, each, a sufficient 


quantity, 


1000 Gm. 2 pints 


Dissolve the potassium iodide in 250 ec. (8 fl. oz.) of distilled 
water and the tartaric acid in 400 ce. (12 fl. oz.) of diluted alcohol. 
Pour the solution of tartaric acid into a bottle of about 1000 ce. 
(2 pints) capacity, add the solution of the potassium iodide and 
the hypophosphorous acid, and shake the mixture briskly. Cool 
to about 5° C. for several hours, and, having fitted a pledget of 
purified cotton tightly into a funnel, transfer the contents of the 
bottle to the funnel. When all of the liquid has passed through, 
wash the bottle and crystalline precipitate with several small 
portions of diluted alcohol until the filtrate weighs 1000 Gm. (or 
measures 2 pints). Warm the liquid at a moderate temperature 
on a water bath until all of the alcohol has evaporated, and add 
sufficient distilled water to make the product weigh 1000 Gm. 
(or measure 2 pints). 


KI + H2C4H 406 — HI + KHC4H40¢ 
potassium tartaric hydriodic potassium acid 
iodide acid acid tartrate 

The use of diluted alcohol and the cooling of the 
liquid decrease the solubility of the potassium bitartrate 
and assist in its separation. 

Hypophosphorous acid is added to protect the acid 
from discoloration through the possible liberation of 
iodine by the air. If any free iodine is liberated, the 
hypophosphorous acid is oxidized to phosphoric acid 
and hydriodic acid is regenerated. : 


HgPOg + 2I5 + 2H20 — 4HI + HsPO4 
hypophosphorous iodine water hydriodic phosphorie 
acid acid acid 


On a large scale, hydriodic acid is made by the inter- 
action of iodine and hydrogen sulfide expressed by the 
following equation: 

Iz + HS — 2HI + 8 
iodine hydrogen hydriodic sulfur 
sulfide aci 

Iodine is mixed with water and hydrogen sulfide 
passed into the mixture with occasional stirring. After 
all the iodine has reacted, the mixture is filtered and the 
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precipitated sulfur thoroughly washed with water. 
The filtrate and washings are heated under reflux to 
expel hydrogen sulfide, then the acid is distilled. The 
distillate is received in a mixture of water and the proper 
amount of hypophosphorous acid. The acid so ob- 
tained contains about 45 per cent of HI, and has a 
specific gravity of about 1.5. When diluted acid is 
required, sufficient water is added to bring the product 
to the official strength. 


Description and Properties—Diluted Hydriodic Acid is a colorless or 
not more than pale yellow, odorless liquid, strongly acid to litmus 
paper. Its specific gravity is about 1.1 at 25° C. It is miscible with 
water or alcohol. It responds to the identification reactions for 
Iodide (page 339). 
Tests for Purity— 

Residue on ignition—Not more than 1.8 per cent. 

Chloride—Not more than 0.14 per cent as Cl. The test is made by 
diluting 0.5 ce. of the acid with 10 ce. of water and then adding 8 ce. 
of silver nitrate T.S. and 6 cc. of ammonium carbonate T.S. The 
ammonium carbonate holds in solution any silver chloride but not 
iodide. The solution is then filtered and the filtrate strongly acidu- 
lated with nitric acid. “The chloride held in solution in the ammonium 
carbonate is precipitated and the turbidity is matched against a con- 
trol containing 0.5 ec. of fiftieth-normal hydrochloric acid. 

Free iodine—No blue color is produced by the addition of starch 
T.S. to the acid. 

Sulfate—Not more than 0.01 per cent as SO.. 

Arsenic limit—2 parts per million. 

Heavy metals limit—10 parts per million. 

Barium—No turbidity is produced on the addition of diluted sul- 
furie acid to the acid. 

Hypophosphorous acid limit—The amount of this preservative is 
determined by heating an accurately measured volume of the acid 
with an excess of hydrogen peroxide to oxidize the hypophosphorous 
acid to phosphoric, then determining the latter as magnesium pyro- 
phosphate as described in the assay of Sodiwm Phosphate (page 387). 
Assay—Because of the presence of hypophosphorous acid, or of potas- 
sium bitartrate, if Diluted Hydriodic Acid is made by the tartaric 
acid method, it cannot be assayed alkalimetrically, since these acids 
would also be titrated. It is, therefore, assayed argentometrically 
as follows: Exactly 50 cc. of tenth-normal silver nitrate is added to 
exactly 5 ce. of the Acid, previously diluted with water, then 5 ce. of 
nitric acid is added, and the mixture heated on a steam bath until the 
precipitate is light yellow. The purpose of the heating is to redis- 
solve any metallic silver that is formed by the reducing action of the 
hypophosphorous acid on the silver nitrate. After cooling, 2 ec. of 
ferric ammonium sulfate T.S. is added and the excess of tenth-normal 
silver nitrate titrated with tenth-normal ammonium thiocyanate. 
ae ec. of tenth-normal silver nitrate is equivalent to 12.79 mg. of 
Storage—Store in tight containers, preferably at a temperature not 
above 30° C. 

Incompatibilities—Precipitates are formed by reaction with lead, 
stlver, mercury, and cwprous salts. These are soluble in the presence 
of alkali iodides, lead and silver least readily. Oxidizing agents liber- 
ate iodine. See also Incompatibilities of Inorganic Acids (page 359). 


Uses—See Hydriodic Acid Syrup. An acid with a 
content of 55 to 57 per cent hydrogen iodide, frequently 
designated as constant boiling hydriodic acid, contains 
no preservative, and is used as a reagent, especially for 
methoxy determination. 


Hydriodic Acid Syrup U. S. P.. Syrupus Acidi 
Hydriodici 
[Syr. Acid. Hydriod.—Sp. Jarabe de Acido Yodhidrico] 


Hydriodie Acid Syrup contains, in each 100 ce., not 
less than 1.3 Gm. and not more than 1.5 Gm. of HI. 


Metric Alternative 
Diluted Hydriodic Acid......:... 140 cc. 4 fl. oz. 230 min. 
Sucrose nalts bitels hattomt cruaten pea 450 Gm. 1502. av. 9 gr. 
Distilled Water, a sufficient quan- 
tity, 
MLOvMake:<) dive 5 cee NTE 1000 cc. 2 pints 


Mix the diluted hydriodic acid with 550 ce. (17 fl. oz. 288 min.) 
of distilled water and dissolve the sucrose in this mixture by 
agitation. Add sufficient distilled water to make the product 
measure 1000 ce. (2 pints) and filter. 


Description and Properties—Hydriodic Acid Syrup is a transparent, 
colorless, or not more than pale yellow, syrupy liquid. It is odorless 
and has a sweet, acidulous taste. Its specific gravity is about 1.18 at 
25° C. Hydriodic acid, {H1]is easily decomposed in simple aqueous 
solution (unless protected by hypophosphorous acid as in the official 
process), free iodine being liberated, and if taken internaily, when in 
this condition, it is irritating to the alimentary tract. The sucrose 
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or sugar used in this syrup should be of the highest grade obtainable. 
In time the syrup usually darkens, due to the caramelization of the 
sucrose by the free acid. Darkening may also be due to free iodine 
in time, and it may also be caused by the hydrolysis of the sugar to 
dextrose and levulose, the latter being subject to oxidation, producing 
decomposition products of a dark color. The Syrup responds to the 
identification tests for iodide. 

Free todine—On adding a few drops of starch T.S. to a few cc. of 
the Syrup, no blue color is produced. 
Assay—The Syrup is assayed for its hydrogen iodide content as de- 
scribed for the assay of Diluted Hydriodic Acid. 
Storage—Store in well-closed containers, preferably at a temperature 
not above 25° C., to prevent crystallization. 
Incompatibilities—Hydriodic Acid Syrup possesses the reactions of 
the Acids (page 359) as well as those of the Jodides (page 339). Thus 
it reacts with alkalies to form iodides, liberates organic acids from their 
salts, and converts certain water-soluble organic compounds such as 
phenobarbital sodium to the insoluble form. Ozxidizing agents liberate 
iodine; alkaloids may be precipitated. Bismuth subnitrate is changed 
to a gray-black product containing black bismuth triiodide and pos- 
sibly basic bismuth iodide or bismuth oxide. 


Uses—Hydriodic Acid Syrup is traditionally em- 
ployed as a vehicle for expectorant drugs. 


Average Dose—4 cc. (approximately 1 fluidrachm). 


HYDROCHLORIC ACID U.S. P. Acidum 
Hydrochloricum 
[Acid. Hydrochlor.—Muriatie Acid, Chlorhydric Acid, Sp. Acido 
Clorhidrico] 

Hydrochloric Acid is a solution containing not less 
than 35 per cent and not more than 38 per cent of HCl 
(36.47). 

History—This acid was first prepared commercially 
by Glauber in the seventeenth century by distilling 
sea salt with sulfuric acid, hence the name spirit of salt 
by which it was known for many years. Another com- 
mon name for this acid is muriatic acid, meaning the 
acid from salt, the word murea being the Latin word for 
salt. 

Preparation—Hydrochloric Acid is produced by 
the interaction of sodium chloride and sulfuric acid or 
by combining chlorine with hydrogen. It is obtained 
as a by-product in the manufacture of sodium carbonate 
from sodium chloride by the Leblane process in which 
common salt is decomposed with sulfuric acid. Sodium 
sulfate is formed, and hydrogen chloride gas is liberated. 
The latter is conducted into a tall tower filled with coke, 
called a coke scrubber, the ascending gas being met by 
a descending flow of water, which readily dissolves the 
gas. 

The formation of the hydrogen chloride takes place 
in two steps. In the first step a relatively low tem- 
perature is used to heat the pan containing the mixture, 
the heat being obtained from the furnace gases. Dur- 
ing this period but one-half of the sodium chloride re- 
acts, as follows: 


2NaCl + HeSO4 — HCl + NaCl + NaHSO, 
sodium sulfuric hydrochloric sodium sodium acid 
chloride acid acid chloride sulfate 


In the second step the mass is heated to redness by 
a direct flame whereupon the rest of the hydrochloric 
acid is given off: 


NaGl + NaHSO. — HCl + NaeSO,4 
sodium sodium acid hydrochloric sodium 
chloride sulfate acid sulfate 


The hydrochloric acid gas from the first reaction is 
purer than that obtained from the second, as the latter 
is mixed with the furnace gases. The product from 
each process is, therefore, separately led into batteries 
of earthenware jars, similar to Woulff’s bottles, contain- 
ing water, and is there absorbed. 

Hydrochloric acid is also a by-product in the elec- 
trolytic production of sodium hydroxide from sodium 
chloride. The liberated chlorine is converted to hydro- 
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chloric acid either by heating with steam to 1000° C. 
(1832° F.), in the presence of an excess of carbon: 


Cle + HO + C — 2HCIl + CO 
chlorine water carbon hydrochloric carbon 
acid monoxide 


or by directly combining it with hydrogen, which is also 
obtained in the electrolytic production of sodium 
hydroxide. 

The yellow color of the technical acid is due to the 
presence of traces of ferric iron. This grade of acid 
{muriatic) is used for soldering and is called for by 
plumbers and tinsmiths under the very old name of 
spirit of salt. 


Description and Properties—Hydrochloriec Acid is a colorless, fuming 
liquid haying a pungent odor. The fumes and odor disappear when 
it is diluted with 2 volumes of water. It is strongly acid to litmus 
paper even when highly diluted. Its specific gravity is 1.18 at 25° C. 
It is miscible with water or alcohol. It responds to the identification 
reactions for chloride and when the acid is added to potassium per- 
manganate chlorine is evolved. 

Hydrochloric Acid is chemically the strongest acid, HCl being more 
highly dissociated in aqueous solutions than the other acids. It 
attacks many metals with the evolution of hydrogen. 

When dilute hydrochloric acid is boiled, a weak acid distils over 
first, and when a concentrated acid is boiled, chiefly hydrogen chloride 
gas distils over first; in both cases an acid containing (when distilled 
at 760 mm.) 20.2 per. cent HCl remains, which distils unchanged 
(azeotropic mixture) af 109° C. and has a specific gravity of 1.097 at 
nee This acid is usually designated constant boiling hydrochloric 
acid. 

The white fumes, produced when the acid is exposed to the air, are 
caused by the gaseous acid combining with the moisture in the air, 
and also with a trace of ammonia usually present, forming am- 
monium chloride. 

Tests for Purity— 

Residue on ignition—Not more than 2 mg. from 20 cc. of the acid 
(approximately 0.01 per cent). 3 

Bromide or iodide—To 10 cc. of the diluted (1 to 2) acid 1 ce. of 
chloroform is added and followed with chlorine T.S. The chloroform 
should not acquire a yellow, orange, or violet color. If bromide or 
iodide is present, it is displaced by the chlorine, and the free bromine 
or iodine thus formed imparts to the chloroform a yellow to orange 
color (bromide) or a violet color (iodide). 

Free bromine or chlorine—The diluted acid (1 to 2) is treated with 
potassium iodide T.S. and chloroform, and shaken. The chloroform 
should not assume any violet color for at least 1 minute. Free 
chlorine or bromine, if present, liberates free iodine from the potas- 
sium iodide immediately which dissolves in the chloroform with a 
violet color. 

Sulfate—On adding barium chloride T-\S. to 3 cc. of the diluted acid 
(1 to 2) mixed with 5 cc. of water, no turbidity should appear within 
1 hour. (Corresponding to a limit of about 0.01 per cent SO4.) 

Sulfite—This test is made by adding 2 drops of tenth-normal iodine 
to the liquid in the completed test for sulfate. No turbidity or dis- 
coloration of the iodine should appear. If sulfite is present, it would 
be oxidized by the iodine to sulfate which would then react with the 
barium chloride to form insoluble barium sulfate. 

Arsenic limit—1 part per million. 

Heavy metals limit—5 parts per million. 

Assay—The acid is assayed by alkalimetric titration with normal 
sodium hydroxide, using methyl red T.S. as the indicator. See 
Alkalimetric Assays (page 979). Hach ec. of normal sodium hydrox- 
ide is equivalent to 36.47 mg. of HCl. 

Storage—Hydrochloric Acid is usually stored and shipped in tight 
glass containers with suitable closures. The lower grades of the acid 
haye been transported in rubber-lined barrels or tank cars. 
Incompatibilities Hydrochloric Acid presents the incompatibilities 
of the Inorganic Acids (page 359) and of the Chlorides (page 337). 
Hydrochloric Acid gives a red to violet color with an alcoholic solution 
of myrrh. When added to a chlorate, it liberates chlorine. Yellow, 
brown, or red colors are produced with resins and resinous tinctures. 


Uses—See Diluted Hydrochloric Acid. Industrially, 
Hydrochloric Acid is extensively used in various chemi- 
cal processes. 


Diluted Hydrochloric Acid U.S. P. Acidum 
Hydrochloricum Dilutum 


[Acid. Hydrochlor. Dil.—Sp. Acido Clorhidrico Diluido] 


Diluted Hydrochloric Acid is a solution containing 
in each 100 cc., not less than 9.5 Gm. and not more than 
10.5 Gm. of HCl (36.47). 

Diluted Hydrochloric Acid may be prepared as 


follows: 
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Metric Alternative 
iy drocnloriceA Cid... reese arate Tene 234 cc. 3 fl. oz. 357 min. 
Distilled Water, a sufficient quantity, 

ROSIN AK OAWERS, wo 1 ciccet ee emercncinane 1000 cc. 16 fl. oz. 


Mix the ingredients. 


Description and Properties—Diluted Hydrochloric Acid is a colorless, 
odorless liquid, strongly acid to litmus paper. Its specific gravity 
is about 1.05 at 25° C. Without further dilution it conforms to the 
tests for purity given under Hydrochloric Acid. 

Assay—The acid is assayed as described under Hydrochloric Acid. 
Storage—Store in tight glass containers. 


Uses— Diluted Hydrochloric Acid is used in the treat- 
ment of gastric achlorhydria. The recommended dose 
may vary from 1 to 10 cc. since there is no unanimity of 
opinion among physicians as to what constitutes an ade- 
quate dose. The acid should be diluted with water and - 
sipped through a glass tube to prevent a solvent reaction 
upon the dental enamel. It is usually taken during or 
after meals. 

Hydrochloric acid is often given in conjunction with 
iron therapy in the treatment of hypochromic anemia. 
In the treatment of pernicious anemia, it is also pre- 
scribed, if the accompanying achlorhydria gives rise to 
intestinal symptoms. 

Average Dose—4 cc. (approximately 1 fluidrachm). 


HYPOPHOSPHOROUS ACID U. S. P. Acidum 


Hypophosphorosum 
[Acid. Hypophosph.—Sp. Acido Hipofosforoso] 
Hypophosphorous Acid is a solution containing not 
less than 30 per cent and not more than 32 per cent of 
HPH.Oz (66.00). 

* Preparation—Hypophosphorous Acid is made by re- 

acting calcium hypophosphite with sulfuric acid. 

Ca(H2POo)e + H2SO4 —> 2HPH202 + CaSO4 


calcium sulfuric hypophosphorous 
hypophosphite acid acid 


ealcium 
sulfate 


To utilize fully the calcium hypophosphite, a slight 
excess of sulfuric acid is used which can be removed by 
the addition of barium hydroxide or carbonate. The 
acid obtained in this manner contains a small quantity 
of calcium sulfate. A purer acid is obtained by using 
barium hypophosphite instead of the calcium salt. 


Description and Properties—Hypophosphorous Acid is a colorless or 
slightly yellow, odorless liquid, and its solution is acid to litmus even 
when highly diluted. Its specific gravity is about 1.13 at 25° C. It 
is miscible with water or alcohol. It responds to the identification 
reactions for hypophosphite. 

Tests for Purity— 

Arsenic limit—2 parts per million. Hypophosphorous Acid, if 
tested directly for arsenic by the U. 8. P. method, may cause the 
formation of small amounts of phosphine—a gas which also colors 
mercuric bromide paper. Therefore, before submitting the acid to 


_ the arsenic test it is first evaporated with nitric acid to oxidize it to 


phosphorie acid. 

Barium—None detectable. 

Heavy metals limit—20 parts per million. 

Oxalate—None detectable. 

Substances precipitated by ammonia—Not more than a trace. 
Assay—The acid is assayed alkalimetrically by titration with normal 
sodium hydroxide using methyl red T.S. as the indicator. See 
Alkalimetric Assays (page 979). Each ec. of normal sodium hydrox- : 
ide is equivalent to 66.00 mg. of HPH2QO¢e. 

Storage—Keep Hypophosphorous Acid in tight containers. 
Incompatibilities—Hypophosphorous Acid presents the incompatibili- 
ties of the Inorganic Acids (page 359) and of the Hypophosphites (page 
1186). 

Hypophosphorous Acid is oxidized on exposure to air and by nearly 
all oxidizing agents. Mercury, silver, and bismuth salts are reduced 
partially to the metallic state as evidenced by a darkening in color. 
Ferric compounds are changed to ferrous. 


Uses—This Acid is used as a reducing agent in syrup 
of ferrous iodide and in hydriodic acid to prevent dis- 
coloration through the oxidation of the iodides by 
air. It is used to assist in the solution of the hypo- 
phosphites, especially calcium hypophosphite, in various 
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N. F. syrups, elixirs, and solutions. In addition to the 
official acid, a 50 per cent acid is also available on the 
market. 


NITRIC ACID N. F. Acidum Nitricum 
[Acid. Nitric.—Sp. Acido Nitrico] 

Nitric Acid contains not less than 67 per cent and 
not more than 71 per cent of HNOs (63.02). 

History—Both Nitric Acid and nitrohydrochloric 
acid were described by Geber in the seventh century. 

Preparation—Nitric Acid was formerly obtained ex- 
clusively by reacting sodium nitrate or Chile saltpetre 
with sulfuric acid. 


NaNOg3 + H2S04 Ps NaHSO4 + HNOs 
sodium sulfuric sodium acid nitric 
nitrate . ma sulfate acid 


It is possible, by raising the heat, to bring about a 
second reaction in which the sodium acid sulfate (so- 
dium bisulfate) acts upon a second molecule of sodium 
nitrate. Commercially, however, it has not been found 
desirable to force this second reaction and the process is 
concluded with the production of the sodium acid sul- 
fate. 

Nitric Acid is made now almost exclusively from at- 
mospheric nitrogen by several processes. In Norway, 
where electric current is produced cheaply by water 
power, atmospheric nitrogen is caused to combine with 
oxygen by means of an electric arc forming NO, which 
is absorbed with additional air in lime or alkali carbon- 
ate solutions, forming nitrate. 


4NO + 302 + 2Ca0 — 2Ca(NOs)e 
nitrogen oxygen calcium calcium 
oxide oxide nitrate 


The oxidation of ammonia with air in the presence of 
platinum as a catalyst is gradually displacing all other 
processes for the production of nitric acid: 


NHs3 + 202 = HNOs3 + H,O 


ammonium oxygen nitric acid water 


The acid obtained by this process is freer from impuri- 
ties than that obtained from other processes. 

The concentration of nitric acid is frequently ex- 
pressed in commerce as degrees Bé., for instance, “38 
degrees,” “40 degrees,” or ‘‘42 degrees” acid. The 
concentration of the acid usually available is “38 de- 
grees’ corresponding to 61 per cent, and ‘‘42 degrees’’ 
corresponding to 67 per cent acid. 

Within recent years, nitric acid of 90 and 95 per cent 
concentrations has become available. It is designated 
in trade as Fuming Nitric Acid. Its specific gravity is 
about 1.6. 

Red Fuming Nitric Acid, incorrectly called nitrous 

acid, is made by more or less saturating nitric acid 
with nitrogen oxides [N20., N2Os], which impart to the 
acid a brown to red-brown color. The acid of com- 
merce contains 10 to 15 per cent of nitrogen oxides and 
has a specific gravity of about 1.5. 
Description and Properties—Nitric Acid is a fuming liquid, very 
caustic and corrosive, having a characteristic irritating odor. Its 
specific gravity is about 1.41 at 25° C. and it boils at about 120° C. 
It is miscible with water but attacks alcohol and many metals, 
evolving brown fumes. It responds to the tests for nitrate. 

The technical grades are usually brownish in color, caused by the 
presence of nitrogen oxides. The colorless acid will also acquire a 
brown color if kept in partly filled flint glass bottles and exposed to 
light. The acid attacks many metals but the concentrated acid does 
not attack iron or stainless steel, and reacts but slowly with pure 
aluminum metal. It also attacks many organic compounds, includ- 

-ing alcohol. When applied to animal tissues it produces a yellow 


stain, presumably due to the formation of xanthoproteie acid. 
If diluted nitric acid is boiled it becomes more concentrated and if a 
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very concentrated acid is boiled, HNOg distils over. In both cases 
an acid containing about 70 per cent of HNOg remains which distils 
over unchanged at about 120° C. This was the reason for the con- 
centration adopted for the official acid. 

With very few exceptions the salts of Nitric Acid (nitrates) are 
soluble in water. Nitron [1,4-Diphenyl-3,5-endanilo-dihydrotriazol] 
is the best known precipitant for nitrate [NOs]. 

Handling—Because of its very powerful oxidizing property, concen- 
trated nitric acid must be handled with caution. It should not be 
allowed to come in contact with sulfur, phosphorus, hypophosphites, 
alkali sulfides, or alcohol. Rubber gloves should preferably be worn 
when handling it, and the inhalation of the fumes avoided. When 
used as a caustic on the skin, the surrounding area should be well 
greased to prevent its action from spreading (see Antidotes). 

Tests for Purity— 

Residue on ignition—Not more than 0.005 per cent. 

Chloride, sulfate—No opalescence or turbidity should be produced 
upon adding silver nitrate T.S. or barium chloride T.S. to separate 
portions of the acid previously diluted with 10 volumes of distilled’ 
water. 

Arsenic limit—3 parts per million. 

Heavy metals limit—10 parts per million. 

Assay—The acid is assayed alkalimetrically by titration with normal 
sodium hydroxide, using methyl red T.S. as the indicator. Each ce. 
of normal NaOH is equivalent to 63.02 mg. of HNO3. 

Storage—The commercial grade of Nitric Acid is teaneoee ed in bulk 
in iron tanks or in glass. The N. F. and reagent grades are shipped’ © 
in glass or stainless steel barrels. Smaller quantities of Nitric Acid 
are packaged in bottles with a plastic closure or, less commonly now, 
with a glass stopper. Cork stoppers must not be employed. 
Incompatibilities—Nitric Acid possesses the incompatibilities of the 
Inorganic Acids (page 359) and, in addition, is an oxidizing agent (see 
under Potassium Nitrate, page 375). Nitric Acid produces colors, 
usually yellow, brown, or red, with many alkaloids. It produces ex- 
plosive compounds with cotton or other form’ of cellulose, it forms 
the explosive nitroglycerin with concentrated sulfuric acid and glyc- 
erin, and it forms the explosive fulminate with silver or mercuric 
nitrate and alcohol. 


Uses—Medicinally, Nitric Acid is occasionally em- 
ployed in the form of concentrated or fuming nitric 
acid as a cauterizing agent for the immediate steriliza- 
tion of dangerously infected wounds. It is the in- 
organic acid of choice in that it is an active oxidizing 
agent, does not penetrate too deeply, and forms a firm 
eschar. It is also used in the Heller Test to detect albu- 
min in the urine. 

Industrially, Nitric Acid has very extensive applica- 
tion. It is used in the production of nitrates, aniline 
explosives, and numerous synthetic organic compounds, 
among them medicinal products such as arsphenamines, 
collodion, procaine, trinitrophenol, and bismuth salts. 


NITROHYDROCHLORIC ACID N. F. 
Nitrohydrochloricum 


Acidum 


Acid. Natta ida posers id Sug Acid, Aqua Regia, Sp. Agua 
egia] 


Nitrohydrochloric Acid is a concentrated aqueous 
solution containing hydrochloric acid, nitric acid, 


nitrosyl chloride, and chlorine. 


Metric Alternative 
NitrictAcidis Scniierys weccteps tether metres cn. taecs 200 cc. Ibe Coy, 
TydrochloticuACid cig. cicecieactcreveent eet 800 cc. 4 fl. oz. 
Nothakevaboutnaute-aaietir sere taser ne reas 1000 cc. 5 fl. oz. 


Mix the acids in a suitable dish or loosely stoppered container. 
At room temperature a slight evolution of gas will continue for 15 
hours or more. Gently warming the mixed acids will hasten the 
evolution of gas, but this procedure is to be avoided in preparing 
the acid. When the reaction is complete, mix the contents gently 
to insure uniformity. 


It should be made strictly according to the official 
directions. The acids must be mixed while concen- 
trated, otherwise the nitrosyl chloride and chlorine are 
not produced. Also the “rapid method,”’ so frequently 
used, of mixing the acids and immediately diluting with 
water, does not produce an official preparation, and is 
reprehensible in practice. 

When nitric acid is mixed with hydrochloric acid, 
chemical interaction takes place, in part, according 
to the reaction: . } 


~o--= . + Prepar 


THE INORGANIC ACIDS 


HNO3s + 38HCl — NOC! + Cle + ‘’2H20 
nitric hy drochloric nitrosyl chlorine water 
acid acid chloride 


The value of this acid depends upon the completion 
of the above reaction and the production of nitrosyl 
chloride and free chlorine. It should be kept in a cool 
dark place, on account of its liability to lose chlorine 
by heat, and to have its chlorine converted into hydro- 
chloric acid by the action of light and the decomposition 
of water. Because of its tendency to decompose, it 
should not be made in large quantities nor be kept on 
hand very long, and should always be tested as directed 
in the “Note” below before being dispensed. Care 
should be taken not to transfer it to the bottle in which 
it is to be dispensed until effervescence has ceased, lest 
the pressure within drive out the stopper or cause the 
bottle to explode violently. 


Description and Properties—Nitrohydrochloric Acid-1s a golden yel- 
low, fuming, very corrosive liquid, having a strong odor of chlorine. 
It readily attacks practically all metals and dissolves gold leaf (nitric 
or hydrochloric acids alone do not attack gold). Because of the 
presence of free chlorine it bleaches litmus paper. as well as methyl 
red T.S. Its specific gravity is about 1.2. 
Tests for Purity— 

Non-volatile Matter—Not more than 0.03 per cent. 
Storage—Keep the Acid in tight containers, and avoid excessive heat. 
Incompatibilities— Violent reaction may occur on contact with organic 
Matter due to a powerful oxidizing action. A yellow color is produced 
with strychnine sulfate; glycerin is said to prevent its development. 


Uses—This acid is used by jewelers to dissolve gold 


or to remove gold stains from precious stones in karat 
determination. 

Note—Do not dispense Nitrohydrochloric Acid which 
does not immediately liberate iodine when.1 drop of the 
Acid is added to 1 cc. of an aqueous solution of potas- 
sium iodide (1 in 5). 

Average Dose—0.2 cc. (approximately 3 minims). 


Diluted Nitrohydrochloric Acid N. F. Acidum 
Nitrohydrochloricum Dilutum 


{Acid Nitrohydrochlor. Dil.—Diluted Nitromuriatic Acid, Sp. Agua 
Regia Diluida] 


A diluted aqueous solution containing hydrochloric 
acid, nitric acid, nitrosyl chloride, and chlorine. 


Metric Alternative 
Nitrohydrochloric Acid.......... Soren se 220 cc. 422 min. 
Distilled Water, a sufficient quantity, 
THO CORIO. A o oct Se cicero 1000 cc. 4 fl. oz. 


Mix the ingredients. 


-Note—Do not dispense Diluted Nitrohydrochloric 
Acid which does not immediately liberate iodine when 
5 drops of the Diluted Acid are added to 1 cc. of an 
aqueous solution of potassium iodide (1 in 5). 

Description and Properties—Diluted Nitrohydrochloric Acid is a 
colorless or pale yellow liquid, possessing a slight odor of chlorine. 
It slowly bleaches litmus paper. 

Tests for Purity— 


Non-volatile Matter—Not more than 0.01 per cent. t 
Storage—Keep the Acid in tight containers and avoid excessive heat. 


Average Dose—I cc. (approximately 15 minims). 


PHOSPHORIC ACID N. F. Acidum Phosphoricum 
[Acid. Phosph.—Orthophosphoric Acid Sp. Acido Fosférico] 


a, Phosphoric. Acid contains:not less than 85° per cent. 


and not more than 88 per cent. of HsPO.4 (98.00). 


- Phosphoric Acid is sometimes referred to as syrupy 
“phosphoric acid on account of its consistence. 
ation—In former years, when its use was very 
small,- phosphoric. acid ,was, made .by the oxidation of 
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phosphorus with nitric acid, the reaction taking place 
according to the equation: 


38P4 + 20HNOgs + 8H20 => 12H3PO4 + 10N202 
phosphorus nitric water phosphoric nitrogen 
acid acid dioxide 


Subsequently, when the demand for pure phosphoric 
acid became larger a more econSmical method was 
adopted. The phosphorus is converted to phosphorus 
pentoxide [P205] by exposing it to a current of warm 
air, then the P2O; is treated with water to form phos- 
phoric acid 


2P205 + 6H20 re 4H3PO4 
phosphorus water phosphoric 
pentoxide acid 


The conversion of the phosphorus to the pentoxide 
takes place while the phosphorus, distilling from the 
phosphorus manufacturing operation, is in the vapor 
state. 

A commercial grade of acid is made by the action of 
sulfuric acid on bone ash or calcium phosphate minerals. 
The crude acid so obtained is unfit for medicinal use 
unless it is properly purified. . 


Description and Properties—Phosphoric Acid is a colorless, odorless 
liquid of a syrupy consistence. Its specific gravity is about 1.71 at 
25° C. It is miscible with water and alcohol. It responds to the 
identification reactions for phosphate. 

Phosphorie Acid of about 88 per cent will frequently crystallize on 
prolonged cooling, the crystals having the composition HgPOq.- 
%H2O. The aqueous acid can be dehydrated by heating at 150° C. 
At about 200° C. the acid gradually changes to pyrophosphoric acid, 
and at higher temperature it passes into metaphosphoric acid. The 
concentrated acid attacks porcelain when heated in it. It is miscible 
with water or alcohol, with the evolution of heat. 

Phosphoric acid forms three series of salts: (1) acid phosphates or 
biphosphates in which only one of the hydrogens is replaced by metal; 
(2) when two of the hydrogens are replaced by metal, the resulting 
salts are known as dibasic phosphates; and (3) when all the three 
hydrogens are substituted by metals, tribasic phosphates are formed. 
The monobasic alkali and alkaline earth phosphates are soluble in 
water and the solutions are acid to litmus and to phenolphthalein 
T.S. but neutral or only slightly acid to methyl orange. Dibasic 
and tribasic phosphates of all metals, excepting the alkali metals and 
ammonium, are practically insoluble in water. The soluble dibasic 
salts exhibit an alkaline reaction towards litmus and phenolphthalein, 
and the tribasic alkali salts exhibit a still stronger alkaline reaction. 
Tests for Purity— 

These tests, except those for alkali phosphates, are made on a 1 to 14 
dilution of the acid, corresponding to 10 per cent of H3POq. 

Nitrate—On adding 0.1 cc. of indigo carmine T.S. to 5 ce. of the 
dilution, and following with 5 ce. of sulfuric acid, the blue color should 
not be discharged in 1 minute (corresponding to a limit of about 0.02 
per cent NOg). If nitrate is present it oxidizes the indigo carminé 
and thereby destroys its color. 

Phosphorous or Hypophosphorous Acid—These acids are tested for 
by warming 5 ce. of the dilution with silver nitrate T.S. The mixture 
should not become brown (corresponding to a limit of about 0.06 per 
cent HgPOg). These acids, if present, reduce silver nitrate to 
metallic silver which causes a brown color. 

Sulfate—One cc. of the dilution mixed with 6 cc. of water should 


* yield no immediate turbidity on the addition of barium chloride T.S. 


(corresponding to a limit of about 0.15 per cent SO4). 

Arsenic limit—6 parts per million. 

Heavy metals limiat—20 parts per million. 

Alkali phosphates—The test is made by adding to 1 cc. of the un- 

diluted acid a mixture of 6 cc. ether and 2 ce. alcohol; no turbidity 
should be produced (limit about 0.5 per cent as NagHPO,). Alkali, 
calcium, etc., phosphates are insoluble in the alcohol-ether mixture 
while phosphoric acid is completely soluble. 
Assay—Phosphoric Acid is determined alkalimetrically by titrating 
either to monosodium phosphate or to disodium phosphate. If 
methyl red is used as the indicator the end-point (red color changing 
to yellow) is reached when the monosodium salt is formed: 


H3PO4 + NaOH — NaH2PO, + H20, 
With phenolphthalein as the indicator, the end-point (pink color) is 


reached when two of the hydrogens are neutralized, forming the di- 
basic salt: 


H3P04 + 2NaOH — NagHPO. + 2H20 


In the U. 8. P. assay phenolphthalein is used as the indicator. About 
1 Gm. of the acid, accurately weighed, is diluted with 25 cc. of dis- 


_tilled. water, and 5 Gm. of sodium-chloride is then dissolved in the 


solution which is titrated with normal sodium hydroxide, using 
phenolphthalein T.S. as the indicator. Each cc. of normal sodium 
hydroxide is equivalent to 49.00 mg. of Hg3POq4. 

Dibasic sodium phosphate hydrolyzes to some extent in aqueous 
solution: and-as ‘a result..the pink color of phenolphthalein arrives 
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before the second hydrogen is fully neutralized. The function of the 
sodium chloride is to depress the hydrolysis and thus give a truer and 
sharper end-point. 


Storage—Keep the Acid in tight containers. 

Uses—Phosphoric Acid is used to make the diluted 
acid and several galenical preparations. Industrially 
it is used in dental cements and n beverages as an 
acidulant, also to ru&St proof metals before painting. 


Diluted Phosphoric Acid N. F. Acidum Phosphoricum 
Dilutum 
[Acid. Phosph. Dil.—Sp. Acido Fosférico Diluido] 
Diluted Phosphoric Acid is an aqueous solution con- 
taining in each 100 cc., not less than 9.5 Gm. and not 
more than 10.5 Gm. of HgsPO4 (98.00). 
Preparation—Diluted Phosphoric Acid may be pre- 
pared as follows: 


Metric Alternative 
PhosphoriceActd.@ 9-052: ieee 69 cc. 1 fl. oz. 50 min. 
Distilled Water, a sufficient quantity, 
Movmakex ss cashes okra He Gee ee 1000 cc. 16 fl. oz. 


Mix-the ingredients. 


The precipitation which sometimes occurs when phos- 
phorie acid is mixed with tincture of ferric chloride is 
generally due to the presence of pyrophosphoric acid, 
ferric pyrophosphate being precipitated in the form of 
an insoluble gelatinous precipitate. 

Description and Properties—Diluted Phosphoric Acid is a_ clear 
colorless, odorless liquid. Its specific gravity is about 1.057 at 25° C. 
It is miscible with water and alcohol. It responds to the identifica- 
tion reactions for phosphate. 

Tests for Purity—Without further dilution it meets the tests for 
purity described under Phosphoric Acid. 

Heavy metals limit—5 parts per million. . 
Assay—This Acid is assayed alkalimetrically by titration with normal 
sodium hydroxide using phenolphthalein T.S. as the indicator as 
described under Phosphoric Acid. f 
Storage—Keep Diluted Phosphoric Acid in tight containers. 


Uses—Diluted Phosphoric Acid is employed in the 
treatment of lead poisoning where it is desired to ad- 
minister large amounts of phosphate and at the same 
time produce a mild acidosis. It is given in the dose of 
60 ce. daily (5 ec. per hour) under carefully controlled 
conditions. The alleged value of phosphoric acid as a 
“nerve tonic” has been largely discredited. 


SULFURIC ACID N. F. Acidum Sulfuricum 


Acid. Sulfuric. —Sulphurie Acid, Oil of Vitriol, Vitriolic Acid—Sp. 
Acido Sulftrico] 


Sulfuric Acid contains not less than 94 per cent and 


not more than 98 per cent of H2SO,4 (98.08). 

Caution—When mixing Sulfuric Acid with other 
liquids the Acid should always be added to the diluent, and 
great caution should be observed. 

History—The sulfates were all originally euenen 
vitriols. Green vitriol or vitriol of Mars contained iron; 
blue vitriol or vitriol of Venus contained copper; and 
white vitriol was known to be in some way connected 
with calamine. Albertus Magnus in the thirteenth 
century first used these terms and found that when a 
vitriol was subjected to a high temperature in a retort 
an oily liquid distilled over which was called: oz. of 
vitriol. 


Preparation—Sulfuric acid is produced either by the 


lead chamber process or by the contact process. The 
term lead chamber process is derived from the fact that 
the reaction takes place in lead-lined rooms. 

In the lead chamber process the sulfur dioxide obs 
tained by burning: sulfur or iron pyrites [FeS.| is con- 
ducted into a lead chamber into which steam, ‘air, and 
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nitrogen oxides, obtained from the decomposition of 
sodium nitrate with sulfuric acid, are simultaneously 
admitted. The nitrogen oxides convert the sulfur di- 
oxide to sulfur trioxide and the sulfur trioxide then com- 
bines with the water to form sulfuric acid. The reac- 
tions are thus expressed: 


2802 + Ne2O4 
sulfur nitrogen 
dioxide tetroxide 

SO3; + HO 


sulfur water 
trioxide 


ae 2S03 


sulfur 
trioxide 


2 H2SO4 
sulfuric 
acid 


+ N22 
nitrogen 
dioxide 


The nitrogen tetroxide or trioxide acts merely as a 
carrier for the oxygen from the air to the sulfur dioxide, 
and is continually regenerated by the atmospheric 
oxygen, thus: 


2N202 + 202 ae 2N204 


Therefore, the amount of sodium nitrate required for the 
reaction is small, usually amounting to about 2 to 3 
per cent of the sulfuric acid produced The acid as it 
comes from the chambers contains about 70 per cent 
H.SO, and is concentrated by heating in silica dishes. 

According to a later theory, advanced by Lunge and 
Naef, the sulfur dioxide combines with nitrogen tri- 
oxide, N2Os [or a mixture of NO and NOs], oxygen 
from the air, and water, in the form of steam, to produce 
an intermediate crystalline product termed nitrosylsul- 
furic acid. This, in turn, in the presence of steam, is. 
immediately decomposed into sulfuric acid, the nitrogen. 
trioxide being again regenerated. The reactions are as. 
follows: 


2804) NaOel- Ost. ELO =s 280 Cn, 


sulfur nitrogen oxygen water nitrosylsulfurice 
dioxide triuxide acid 
280 OH. 4 4,0 — 2H2804+ N20 
2, ONO + HeO > 2H2504 + N2Os 
nitrosylsulfuric water sulfuric nitrogen 
acid acid trioxide 


In the contact process sulfur dioxide, obtained by 
burning sulfur and cooling the gas to a temperature be- 
tween 380° and 450° C. (716° and 842° F.), is caused to. 
pass along with air over what is termed a catalytic 
agent. This agent brings about the union of the sulfur 
dioxide with the atmospheric oxygen, resulting in the 
formation of sulfur trioxide. The sulfur trioxide, so 
formed, is absorbed in dilute sulfuric acid. The sulfur 
dioxide for this process must be pure, otherwise the 
catalyst becomes “poisoned”; therefore only SO. from 
sulfur is used. The sulfur dioxide from pyrites is gen-. 
erally contaminated with arsenic and other impurities. 
and arsenic is very poisonous to the catalyst. 

This acid is made on an immense scale and a great. 
deal of sulfur dioxide formed in the smelting of sulfide: 
ores, and formerly waste, is now converted into sulfuric 
acid. Sulfur is used most frequently in the United. 
States as the source of production, while pyrites is used 
almost exclusively abroad. As the latter nearly always. 
contains arsenic compounds, the foreign commercial 
product is contaminated with them. The lead chamber 
acid is only suitable for certain purposes when suitably 
purified. 

Sulfuric Acid 66° Be. contains 93 per cent H2SO4 and 
is generally known i in the trade as oul of vitriol, abbrevi- 
ated O..V.-7 } 

Sulfur trioxide diésblves in sulfuric acid, and iar 
acid, formerly known by the name of N: ordhausen acid,, 
is now generally termed Oleum,,and less: frequently 
fuming sulfuric acid..'The amount of free SO. varies: 
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according to the use. It is extensively used in sulfona- 
tions, that is, the introduction of the SOsH group in 
organic compounds. 


Description and Properties—Sulfuric Acid is a colorless, odorless, oily 
liquid. It is very caustic and corrosive and has a great affinity for 
water. It chars many organic substances by abstracting the ele- 
ments of water from them. It attacks some metals in the cold but 
usually slowly. However, when heated, it attacks many metals 
converting them to sulfates. Sulfuric Acid of 70 per cent concentra- 
tion or higher does not affect iron. This property is made use of in 
the shipping and storage of the commercial grades of the acid in iron 
containers. 

The specific gravity of Sulfuric Acid varies with the concentration. 
The 66° Bé. acid has a specific gravity of about 1.84 at 25° C. and 
freezes at about —29° C. Sulfuric Acid boils at about 290° C., and 
it decomposes at about 340° C. into sulfur trioxide and water (dense 
white fumes). It is miscible with water or alcohol with the generation 
of much heat, and the resulting volume is less than the sum of the 
volumes of the Acid and water. 

Test for Purity— 

Residue on ignition—Not more than 0.01 per cent. 

For the following tests the acid is cautiously diluted with 15 volumes 
of distilled water, making a 10 per cent solution of H2SOq. 

a lf diluted acid gives no turbidity with silver nitrate 

Nitrate—On carefully pouring ferrous sulfate T.S. on 5 ee. of the 
diluted acid no brown or brown-red color should be produced at the 
zone of contact (limit about 0.05 per cent NOg). 

Nitrite and sulfite (or other reducing substances)—The absence of 
these is ascertained by adding 0.1 cc. of tenth-normal potassium 
permanganate to 10 cc. of the diluted acid: the pink color of the per- 
manganate should remain. Permanganate oxidizes these impurities 
and is thereby decolorized. 

Arsenic limit—4 parts per million. 

Heavy metals limit—10 parts per million. 

Assay—The Acid is assayed alkalimetrically by titrating with normal 
sodium hydroxide using methyl red T.S. as the indicator. See 
Alkalimetric Assays (page 979). Each cc. of normal sodium hydrox- 
ide is equivalent to 49.04 mg. of H2SOq. 

Storage—Pure grades of Sulfuric Acid are shipped and stored in glass 
containers. The commercial acid is transported and stored in iron 
containers. Because of its extremely corrosive character this acid 
must be handled with care, avoiding contact ‘with the skin. See 
Antidotes (page 1388). 

Incompatibilities—Sulfuric Acid possesses the incompatibilities of the 
Inorganic Acids (page 359) as well as those of the Sulfates (page 359). 
In concentrated form it chars organic matter. When mixed with 
chlorates it produces an explosion. It liberates iodine from todides. 


Uses—Sulfuric Acid is one of the most powerful of the 
official inorganic acids. It is employed in making many 
preparations, mostly on account of its energetic action 
in decomposing salts, and the large use made of its 
compounds with metals, alkaloids, and other bodies. 
It is rarely used in the pure state as an escharotic owing 
to its tendency to spread. When accidentally dropped 
upon the skin, a quick and profuse application of mag- 
nesia will prove effective. Unless the quantity of Acid 
is very small, care should be used in applying water, 
except when a very large quantity can be applied at 
once, as the amount of heat produced when water is 
mixed with Sulfuric Acid increases the pain. 

Industrially, Sulfuric Acid has numerous uses. The 
manufacture of fertilizers, explosives, dyestuffs, other 
acids, the purification of petroleum, and pickling of 
metals are only a few examples of its varied applica- 
tions. 

Diluted Sulfuric Acid N. F. Acidum Sulfuricum 
Dilutum 


[Acid. Sulftiric. Dil— Sp. Acido Sulfurico Diluido] 


Diluted Sulfuric Acid is an aqueous solution contain- 
ing, in each 100 cc., not less than 9.5 Gm. and not more 
than 10.5 Gm. of H2SO4 (98.08). 

Diluted Sulfuric Acid may be prepared as follows: 


Metric Alternative 

ISUIERICRAGUA: 5 5 .-0).5.. mag adoos Geese soc B7eCGe 438 min. 
Distilled Water, a sufficient quantity, } 

Ty dao ¢ abies GOeenon eee Cour. Gatos 1000 cc. 16 fl. oz. 


Pour the acid gradually, with constant stirring, into 900 ce. 
(141% fl. oz.) of distilled water, and allow the solution to cool. 
Add sufficient distilled water to make 1000 ce. (16 fl. 02.) and 
mix well. 
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The strong acid is added gradually to the water to 
guard against the too sudden production of heat 
which might cause fracture of a glass vessel or danger- 
ous spattering of the very corrosive liquid. If lead 
chamber sulfuric acid which has not been purified by re- 
distillation is diluted with water, the liquid becomes 
slightly turbid, and in the course of a few days deposits 
a grayish white powder, which is lead sulfate. Sulfuric 
acid prepared by the contact method will not show this 
precipitate. 

The formation of this precipitate does not occur when 
official or reagent sulfuric acid is used, as the lead salt is 
present only when sulfuric acid has not been purified. 
Description and Properties—Diluted Sulfuric Acid is a colorless, 
odorless liquid having a strongly acid taste. Its specific gravity is 
about 1.064 at 25° C. 

Tests for Purity—The acid, without further dilution, meets the re- 
quirements of the tests for nitrite, sulfite, heavy metals, arsenic, 
chloride, and nitrate given under Sulfuric Acid. 

Assay—Diluted Sulfuric Acid is assayed alkalimetrically using the 


method described under Sulfuric Acid. 
Storage—Keep the Acid in tight containers. 


Uses—Diluted Sulfuric Acid has the same properties 


as the acid from which it is made, except those which 
are dependent upon the strength of the latter. 


Unofficial Inorganic Acids 


Aromatic Sulfuric Acid—This acid was official in the former Pharma- 
copeeias, including the U. 8S. P. XI, in which the formula for its 
preparation was given as follows: 


Sulfate MA Cid tac eve says stavtie okescceccunie tacos phate wradeckatersiabare 114 cc 
Ginger vAiides trata sca ikta cette cleuies crane peo ee teas en 10 cc 
Cinnamon” Oils: eatascag smgiseee eye ees areredn ee area ices 
Alcohol, a sufficient quantity, —_—— 

AR OREO AG erates Tal cic totes ene ie cums mabel exsh-.ae ceri arenaietstel cesar 1000 cc. 


Add the sulfuric acid gradually, and with great caution, to 700 
ec. (11 fl. oz.) of aleohol, and allow the mixture to cool. Then mix 
with it the fluidextract of ginger and the oil of cinnamon, and add 
enough alcohol to make the product measure 1000 ec. (16 fl. oz.). 


The product was required to contain in each 100 cc. an amount 
of free sulfuric acid and ethyl sulfuric acid equivalent to not less 
than 19 Gm. and not more than 21 Gm. of H2gSOq. 

This preparation, also known as Elixir of Vitriol, was devised by 
Dr. Adrian Mynsicht in the early part of the seventeenth century 
and has been used for diarrhea. Dose: 0.5 ce. (8 min.). 

Arsenic Acid [H3AsO4 = 141.93; As = 52.8 per cent] is a white 
hygroscopic powder. It is very soluble in water, soluble in alcohol 
or glycerin. In commerce it is usually available as a solution con- 
taining 75 to 80 per cent HgAsO4. Itis made by treating arsenic 
trioxide with nitric acid or with water and chlorine. Uses: basia 
material for the manufacture of arsenates, such as calcium and lead 
arsenates which are extensively used as insecticides, and also for 
the production of organic arsenicals. 

Chlorosulfonic Acid [Cl.SSOg.0H = 116.5] is a colorless or nearly 
colorless fuming and highly corrosive liquid. Specifie gravity 
about 1.75. Boilsat 158°. Itis decomposed by water with almost 
explosive violence into HgSO4 and HCl. Uses: employed in the 
manufacture of sulfone compounds such as the sulfonamide (sulfa) 
drugs and saccharin. 

Hydrobromic Acid is a solution of hydrogen bromide [HBr = 80.92] 
in water. It is usually available in concentrations of 34, 40, and 48 
per cent HBr. The 10 per cent acid was official in the U.S. P. 
IX as Diluted Hydrobromic Acid. 

Hydrobromic acid is prepared, similar to hydriodic acid, by pass= 
ing sulfur dioxide into a mixture of bromine and water. 


Bre + 2H:0 + SO2 — 2HBr + H2SO4 


The diluted acid can also be made by a modification of thé 
Fothergill process given for Diluted Hydriodic Acid, replacing the 
potassium iodide with the equivalent of potassium bromide. 
Hydrobromic acid is colorless, and the diluted acid is odorless. 

Hydrofluoric Acid is a solution of hydrogen fluoride gas [HF = 20.01] 
in water. The acid of commerce usually contains 50 to 55 per 
cent of HF. It is made by heating calcium fluoride with concen~ 
trated sulfuric acid in platinum or lead vessels: 


CaFe + HeaSO4 > 2HF + CaSO4 


The HF is absorbed in water. 
very soluble in water or alcohol. 
are highly corrosive and very poisonous. 
siliceous materials forming silicon tetrafluoride. 
and: wax are: not attacked by them. ; 

Hydrofluoric acid is a colorless, or nearly colorless, fuming liquid. 
The content of hydrogen fluoride in the acid can be readily deter~ 
mined by titrating the diluted acid in a platinum dish, with volu- 
metric alkali hydroxide, using phenolphthalein as indicator. 

The acid is chiefly used for etching designs and various other 
markings on glass, for removing efflorescence on bricks and stone, 


Hydrogen fluoride is.a colorless gas, 

The gas and its aqueous solutions 
They attack glass or any 
Lead, platinum, 
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or sand particles from metal castings. The object to be etched is 
first coated with a film of substance impervious to hydrogen 
fluoride, like wax, paraffin, or a so-called etching varnish. The 
desired markings are then cut through this coating by means of a 
sharp instrument and the object is exposed to hydrogen fluoride 
gas or dipped into its solution. Upon the removal of the coating 
the markings are etched upon the glass. When hydrogen fluoride 
gas is used the tracings are white and opaque whereas the solution 
forms transparent lines. . ; ; 

Storage—Because of its corrosive action on glass, hydrofluoric 
acid is kept in bottles made of wax, gutta percha, or bakelite. In 
bulk it is stored in lead containers. 

Fluorides—Salts of hydrofluoric acid are termed fluorides. They 
are generally made by the action of hydrogen fluoride on the oxides 
or carbonates of the metals. The alkali fluorides are soluble in 
water and so are some of the heavy metal fluorides, 7. e., silver 
fluoride. The alkaline earth fluorides, on the other hand, are only 
slightly soluble in water, calcium fluoride being the least soluble. 

Diluted Hydrocyanic Acid is a solution of hydrogen cyanide [HCN = 
27.03} in water. This acid was official in the U.S. P. LX and the 
N. F. VII, and was required to contain 1.9 to 2.1 per cent of HCN. 
The acid decomposes on keeping, forming a black precipitate (para- 
cyanogen) and ammonium formate. The presence of a small amount 
of hydrochloric acid, not to exceed 0.1 per cent as HCl, aids in the 
stabilization of the-acid. Extemporaneously the acid may be pre- 
pared by reacting silver cyanide with the proper amount of diluted 
hydrochloric acid and diluting with water to the required strength. 


AgCN + HCl > HCN + AgCl 


On a commercial scale the acid is now made by adding diluted 
sulfuric acid to a solution of sodium cyanide, distilling, and receiv- 
ing the HCN gas in water. 


NaCN + H2SO04 — HCN + NaHSO,4 


Caution—Diluted Hydrocyanic Acid is very poisonous and tts vapors 
should not be inhaled, 

Diluted hydrocyaniec acid is a colorless liquid with an odor re- 
sembling that of bitter almond. 

Assay—The acid may be assayed for its HCN contents by adding 
a moderate excess of sodium hydroxide T.S. and a few drops of 
potassium iodide T.S. to a weighed quantity of about 5 cc. of the 
acid, then titrating with tenth-normal silver nitrate until a slight 
permanent turbidity is produced. For the chemistry of the assay 
see Potassium Cyanide. 

Storage—Store in tight, light-resistant containers. 

Uses—This acid has been used as a sedative in croup. Instead 
of the acid, sodium cyanide has often been prescribed in combina- 
tion with an acid so that hydrocyanic acid was generated in situ. 
Hydroeyaniec acid of higher concentrations is also available. 
Scheele’s hydrocyanie acid (Prussic Acid) contains about 5 per 
cent of hydrogen cyanide. Liquid hydrogen cyanide (boils at 
about 25° C.) is extensively used for the fumigation of citrus fruit 
groves. 

Average Dose—0.1 cc. (14% min.). 

Hydrosilicofluoric acid, also designated Hydrofluosilicic or Silico= 
fluoric Acid [HoSiF’g = 144.08], is made by distilling a mixture of 
calcium fluoride and sand with concentrated sulfuric acid, receiv- 
ing the distillate in water, and removing the silicic acid that sepa- 
rates. The acid of commerce contains about 30 per cent of H2Sik¢. 
This acid does not corrode glass. The salts of this acid are termed 
silicofluorides or fluosilicates. The alkali and magnesium salts are 
sparingly soluble in water. Uses: imsecticides, especially for 
moth-proofing of woolen fabrics. Like the fluorides, the silico- 
fluorides are poisonous. 

lodic Acid (HIO3, 175.93) may be prepared by the oxidation of iodine 
with nitric acid. Colorless or white crystals or powder. At tem- 
peratures above about 110° it decomposes into iodine pentoxide 
and water. Very soluble in water but slightly soluble in alcohol. 
The salts of the acid are termed todates. The alkali iodates are 
moderately soluble in water; the alkaline earth iodates are only 
slightly soluble. 

Perchloric acid [HClO4 = 100.47] is available in aqueous solution in 
70 per cent concentration. It is a powerful oxidizer and may cause 
deflagration in contact with organic and other oxidizable substances. 
Uses: The acid is largely used in analytical chemistry, and its 
alkali salts, termed perchlorates, are used in explosives and the 
electro-plating of metals. 
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Sulfurous acid is a solution of about 6 per cent of SOg (64.06) in water. 
It was official in the U.S. P. VIII. It possesses the characteristic 
odor of sulfur dioxide and an acid reaction. It oxidizes rather 
rapidly in the air forming sulfuric acid. It may be prepared by 
saturating water with sulfur dioxide. On a laboratory scale the 
sulfur dioxide is best prepared by treating sodium bisulfite or so- 
dium sulfite with diluted sulfuric acid. Uses: in dentistry for 
bleaching teeth; antiseptic; in gastric fermentative processes, 
tonsillitis, and skin diseases. Dose: 2 cc. (30 min.). 


Inorganic Acid Specialties 


Acidogen (Abbott)—Capsules (5 gr.) containing glutamic acid hydro- 
chloride equivalent to 10 min. Diluted Hydrochloric Acid. Dose: 
1 or more capsules 3 times daily. 

Acido! (Winthrop)—Capsules (4 gr.) containing betaine hydrochloride 


[A Se sere 
[(CH3)3N.CH2CO.O.HCI], equivalent to 10 min. Diluted Hydro- 
chloric Acid. Dose: 2 or 3 capsules with water at mealtime. 

Acidol-Pepsin—Same as Aczdol but also contains 3 gr. pepsin per 
capsule. 

Acidulin (Lilly)—Capsules (pulvules) containing glutamic acid hydro- 
chloride equivalent to 10 min. Diluted Hydrochloric Acid. Dose: 
2 to 6 pulvules at mealtime. 

Aclor (Cole)—Capsules (5 gr.) containing glutamic acid hydrochloride 
equivalent to 10 min. Diluted Hydrochloric Acid. Dose: 3 cap- 
sules after meals. 

DPS Formula #200 (Dartell)—Tablets, each containing 5 gr. glutamic 
acid hydrochloride, 2 gr. pepsin U.S. P., and 1 gr. papain. Each 
tablet is equivalent to 10 min. Diluted Hydrochloric Acid. Dose: 
4 or more tablets daily. 

Gastuloric (Warren-Teed)—Capsules, each containing glutamic acid 
hydrochloride equivalent to 10 min. Diluted Hydrochloric Acid. 
Dose: 1 or more capsules 3 times daily during or after meals. 

Glutamic Acid Hydrochloride (Breon, Smith-Dorsey, Squibb, and 
United Drug)—Capsules containing 5 gr. glutamic acid hydro- 
chloride [COOH.CH2.CH2.CH(NH2).COOH.HCI], an amino acid 
(glutamic) chemically combined with HCl. Glutamic acid hydro- 
chloride is a white, crystalline powder with a mild acid taste, and 
a peculiar aftertaste; soluble in alkalies and diluve acid. It has 
the advantage over hydrochloric acid in baing free of unpleasant 
taste and of possible injury to the teeth and oral mucosa. Hach 
capsule is equivalent to 10 min. Diluted Hydrochloric Acid. Dose: 
1 or more capsules 3 times daily durinz or after mzals. This and 
like preparations should not be taken on an empty stomaca. 

Glutan HCl (Lederle)—Capsules (5 gr.) containing glutamic acid 
hydrochloride equivalent to 10 min. Diluted Hydrochloric Acid. 
Dose: 1 or more capsules 3 times a day, during or after meals. 

Glutasin (McNeil)—Capsules, each containing 5 gr. glutamic acid 
hydrochloride, and 1 gr. pepsin U. 8. P. Each capsule provides 
the equivalent of 10 min. Diluted Hydrochloric Acid. Dose: 1 or 
more capsules 3 times daily, during or after meals. 

Glycine Hydrochloride Compound (Schieffelin)—Capsules (3 gr.) 
containing a stable compound of glycine (amino acetic acid) and 
hydrochloric acid. Each capsule is equivalent to 10 min. Diluted 
veh udroe ore Acid. Dose: 1 or 2 capsules 2 or 3 times a day, after 
meals. 

Glyco-HCl (Burnham)—Capsules (0.3 Gm.) containing diglycine 
hydrochloride [(CH2NH2COOH).2:HCl], equivalent to 10 min. 
De Hydrochloric Acid. Dose: 1 or 2 capsules during or after 
meals. 

Glyco-HI (Burnham)—Capsules (0.125 Gm.) containing diglycine 
hydriodide [((CHzgNH2COOH) 9.HI], equivalent to 1 teaspoonful of 
Hydriodic Acid Syrup U.S. P. Dose: 1 capsule at mealtime. 

Hydrionic (Upjohn)—Capsules (5 gr.) containing glutamic acid 
hydrochloride, equivalent to 10 min. Diluted Hydrochloric Acid. 
Dose: 2 or 3 capsules during or after meals. 

Hyodin (Gardner)—Liquid, each fluidrachm containing 0.85 gr. iodine 
as hydriodic acid. Uses: expectorant in asthma and bronchitis. 
Dose: 1 to 3 teaspoonfuls in water before meals. 

Muriamic (Pitman-Moore)—Capsules (pulvo-caps) each containing 
5 gr. glutamic acid hydrochloride in combination with a protein, 
and equivalent to 10 min. Diluted Hydrochloric Acid. Dose: 3 to 
6 pulvo-caps daily, after meals. 

Oxyntin (Fairchild)—Capsules (5 gr.) or a powder containing glu- 
tamic acid hydrochloride in combination with a protein, equivalent 
to 10 per cent by weight of Hydrochloric Acid. Dose: 1 to 3 cap- 
sules, or 5 to 15 gr. of powder, after meals. 

Oxyntin with Pepsin—Capsules, each containing 4 gr. Oxyntin and 1 
gr. pepsin. i 
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CHAPTER L 


THE ALKALI METALS 


POTASSIUM, SODIUM, LITHIUM, AND AMMONIUM 


THIS important group of metallic compounds com- 
prises the salts of potassium, sodium, and lithium. 
Because of their close chemical analogy, ammonium 
salts are grouped with the alkali salts. Chemically, 
aubidium, cesium and astatine belong to this group, but 
having no pharmaceutical interest they will be given 
no consideration. 

The alkali metals are metallic elements having physi- 
cal and chemical properties quite different from those of 
other metals. They are lighter than water, having a 
specific gravity of less than one. They are so soft that 
they can be easily cut with a knife. They float upon 
water, and immediately react vigorously when brought 
in contact with it, causing decomposition of the water 
with the evolution of hydrogen and the production of 
the hydroxide of the metal. In the case of potassium 
the heat formed in this reaction is easily sufficient to 
ingite the escaping hydrogen. 

The alkali metals belong to the group called the light 
metals, on account of their low specific gravity when 
compared with the others. 

The hydroxides of the alkali metals are the strongest 
bases. They are very soluble in water and the solutions 
are alkaline to all indicators. They change the color 
of vegetable blues to green, and vegetable yellows to 
brown. They combine even with weak acids, forming 
salts, the salt formation being accompanied by genera- 
tion of much heat. The oxides are also very soluble 
in water with the evolution of much heat, forming 
caustic and powerful alkali hydroxides, which cannot 
be decomposed by heat. 

The alkali metals resemble silver in color. They are 
so prone to oxidation that they must be kept constantly 
immersed in a hydrocarbon oil such as naphtha or 
‘petroleum, or in hermetically sealed containers. 

The alkali metals are all univalent. Their salts are 
usually colorless or white and, with but very few excep- 
tions, are soluble in water. 

_ The processes for obtaining the metals are very simi- 
lar, and formerly consisted of exposing their carbonates, 
intimately mixed with finely powdered charcoal, in 
suitable iron vessels, to an intense heat, carbon mon- 
oxide being liberated, and the vapors of the metals 
being condensed in flattened receivers. They are now 
largely made by subjecting the melted alkali hydroxide 
to the action of a strong electric current. 


Potassium—K = 39.096 (At. no. 19) 


History and Occurrence—Potassiwm is from potash, 
the name formerly applied to crude potassium carbon- 

ate, especially that which was obtained by leaching 

wood ashes. The wood ashes were lixiviated and 

_ the liquid containing the soluble salts was evaporated 
todryness. This constituted the crude potash (potassium 
carbonate) of commerce. 

Potash is now made from the ashes from beet sugar 
residues, from suint, the residue obtained by evaporat- 
ing the water used to scour the fleece of sheep, and 

from naturally occurring minerals containing potassium 
_ chloride and potassium sulfate. The United States 
has been producing increasing quantities of potassium 


chloride and potassium sulfate which are extensively 
used in fertilizers. 

Preparation—Potassium metal is usually obtained by 
the electrolysis of molten potassium hydroxide. 
Description and Properties—It is soft, has a bluish white silver color, 
and melts at 62.5°. Its specific gravity is 0.86. It rapidly oxidizes 
in the air, and reacts violently with water, decomposing it with evolu- 


tion of hydrogen which immediately ignites due to the heat generated 
in the reaction. 


IDENTIFICATION OF POTASSIUM COMPOUNDS 


Potassium compounds impart a violet color to a non- 
luminous flame, but the presence of small quantities of 
sodium masks the color. In neutral, concentrated, or 
moderately concentrated solutions of potassium salts 
(depending upon the solubility and the potassium con- 
tent of the salt), sodium bitartrate T.S. produces a 
white crystalline precipitate which is soluble in ammonia 
T.S., solutions of alkali hydroxides, or carbonates. 
The formation of the precipitate, which is usually slow, 
is accelerated by stirring or rubbing the sides of the test 
tube with a glass rod. The addition of a little glacial 
acetic acid also promotes the formation of the precipi- 
tate. Sodium perchlorate solution also precipitates 
the sparingly soluble potassium perchlorate from mod- 
erately concentrated solution of potassium salt. Pla- 
tinic chloride solution similarly precipitates potassium 
from solution of its chloride as the sparingly soluble 
potassium platinic chloride [K2PtClg]. 

In the presence of organic compounds it is preferable 
to ignite the product until it is thoroughly decomposed, 
extract the char with a small volume of hot water, 
filter, neutralize the filtrate with hydrochloric acid, and, 
if necessary, concentrate the solution by evaporation. 


POTASSIUM ACETATE U. S. P.—See Organic Salts 
(page 528). 

POTASSIUM ARSENITE SOLUTION U. S. P.—See 
Arsenic (page 445). 


POTASSIUM BICARBONATE U. S. P. Potassii 
Bicarbonas 


{Pot. Bicarb.—Sp. Bicarbonato de Potasio] 


Potassium Bicarbonate, when dried for 4 hours over 
sulfuric acid, contains not less than 99 per cent of 
KHCOsz (100.11). 

Preparation—This salt is made by passing carbon 
dioxide through a solution of potassium carbonate, 
preferably under pressure, until it is fully saturated, and 
concentrating the solution by evaporation to the erystal- 
lization point at a temperature below 71° C. (160° F.) 
to prevent decomposition. 


K2COg3 + COz2 + H.2O0 = 2KHCO3 
potassium carbon water potassium 
carbonate dioxide bicarbonate 


Salzratus is a crude potassium bicarbonate obtained 
by suspending a dish containing a concentrated solution 
of potassium carbonate within the fermenting tuns of 
a brewery; the carbon dioxide produced during fermen- 
tation is thus utilized. ; 
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Description and Properties—Potassium Bicarbonate occurs as color- 
less, transparent crystals, or as a white, granular powder. It is odor- 
less, and has a saline and slightly alkaline taste. It is stable in air. 
It responds to the identification reactions for potassium and for bi- 
carbonate. Its aqueous solution is slightly alkaline to litmus paper, 
and very slightly alkaline to phenolphthalein T.S. It is readily de- 
composed even by diluted acids. | ; oe ; 
Solubility—One Gm. dissolves in 2.8 cc. of water; it is almost in- 
soluble in alcohol. 
Tests for Purity— 
Dy bonite —This test is based on the difference between the reac- 


tion of bicarbonates and carbonates towards phenolphthalein as ex- 
plained on page 354 under Bicarbonate. To a solution of 1 Gm. of 
the bicarbonate in 20 cc. of cold water, 2 cc. of tenth-normal hydro- 
chloric acid is added, followed by 2 drops of phenolphthalein T.S. 


No red color should be produced. LAG 

Heavy metals imit—10 parts per million, ; 

Assay—Potassium Bicarbonate, previously dried for 4 hours over 
sulfuric acid, is assayed acidimetrically (page 979) by titration with 
normal acid, using methyl orange T.S. as indicator. Each cc. of 
normal acid corresponds to 100.1 mg. of KHCOs. : 
Storage—Keep Potassium Bicarbonate in well-closed containers. 
Incompatibilities—See Sodium Bicarbonate (page 377). 

Uses—Potassixm Bicarbonate is occasionally em- 
ployed as a gastric antacid. However, it is more expen- 
sive than sodium bicarbonate and moreover the potas- 
sium ion is more toxic than the sodium ion. The salt 
is therefore seldom prescribed. Potassium Bicarbonate 
also has been occasionally used as a diuretic. 

Because of its purity and adaptability, it was for- 
merly used as the source for other potassium salts. It 
is also used as a source of carbonic acid in beverages and 
laxative draughts, such as magnesium citrate solution. 


POTASSIUM BITARTRATE N. F.—See Organic 
Salts (page 559). 


POTASSIUM BROMIDE U.S.P._ Potassii Bromidum 


[Pot. Bromid.— Sp. Bromuro de Potasio] 


Potassium Bromide, when dried to constant weight 
at 110° C. for 4 hours, contains not less than 99 per 
cent of KBr (119.01). 

Preparation—T'wo methods are used in making this 
salt. In that which was formerly official, ferrous 
bromide, made by the action of bromine on iron, is 
treated with potassium carbonate; ferrous carbonate is 
precipitated, and potassium bromide remains in solution. 
The latter is filtered and evaporated to the crystalliza- 
tion point. 


FeBrg + KeCOgs —~ FeCOs + 2KBr 
ferrous potassium ferrous potassium 
bromide carbonate carbonate bromide 


In the other method, bromine is added to solution 
of potassium hydroxide, producing potassium bromide 
and bromate, as illustrated by the following equation: 


6KOH + 3Bre — 5KBr + KBrOg + 3H20 
potassium bromine potassium potassium water 
hydroxide bromide bromate 


The solution is evaporated to dryness, mixed with 
charcoal, and heated to redness. The bromate is re- 
duced to bromide, carbon monoxide escaping. 


2KBrO3; + 6C — 2KBr + 6CO 
potassium carbon potassium carbon 
bromate bromide monoxide 


Chloride is the principal impurity of Potassium 
Bromide; the Pharmacopeeia allows 1 per cent of potas- 
sium chloride. This limit for chloride is much less 
than it was some years ago and is the result of improved 
methods of extraction of bromine from brines. 


Description and Properties—Potassium Bromide occurs as white, 
odorless cubical crystals or as a granular powder. It is stable in air. 
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It responds to the identification reactions for potassium and bromide. 

Solubility—One Gm. dissolves in 1.5 ec. of water, in 250 ce. of alco- 
hol, and in 5 ee. of glycerin. 
Tests for Purity— 

Alkalinity—Equivalent to not more than 0.1 ec. of tenth-normal 
acid per Gm. 

Bromate—The test for bromate is based on the formation of free 
bromine by the interaction of a bromide and bromate in the presence 
of acid, as shown by the equation: 


KBrOg + 5K Br + 38H2SO04 = 3Bre + 3K.SO04 + 3H20 


potassium potassium sulfuric potassium water 
bromate bromide acid sulfate 


bromine 


The bromine thus liberated imparts a yellow to brown color to the 
reaction mixture. The U.S. P. requires that no yellow color should 
be produced on the addition of diluted sulfuric acid to Potassium 
Bromide. 

Iodide—The absence of iodide is ascertained by adding to the aque- 
ous solution of the Bromide a little ferric chloride T.S. and chloro- 
form; the latter should not acquire a violet tint. If iodide is present, 
the ferric chloride liberates free iodine from it, according to the equa- 
tion: 


ferric potassium lodine potassium ferrous 
chloride iodide chloride chloride 


and the iodine dissolves in chloroform with a violet color. 

Sulfate—Not more than 0.025 per cent as SO4. 

Barium—No immediate turbidity should be produced on the addi- 
tion of potassium sulfate T.S. to an aqueous solution (1 in 20) of the 
bromide (limit about 0.02 per cent of Ba). 

Arsenic limit—10 parts per million. 

Heavy metals limit—10 parts per million. 

Assay—Potassium Bromide, after drying to constant weight at 110° 
C., is assayed argentometrically as described in the assay for bromides 
and iodides (page 980). Each ec. of tenth-normal silver nitrate con- 
sumed is equivalent to 11.90 mg. of KBr. 

To provide a check on the presence of not more than 1 per cent of 
potassium chloride the Pharmacopceia requires that the volume of 
tenth-normal silver nitrate consumed per gram of the dried Potassium 
Bromide should be not less than 83.2 cc. and not more than 84.5 ec. 
The latter figure corresponds to the presence of not more than 1 per 
cent of KCl. If more than this amount of chloride is present, 1 Gm. 
would consume more silver than the maximum. . 

Storage—Keep Potassium Bromide in well-closed containers. 
Incompatibilities—With some alkaloids, the alkali bromides form a 
precipitate, usually made soluble by the addition of alcohol. Mer- 
curous chloride is partially converted to mercuric salt by the alkali 
bromides, the mixture becoming dark due to the simultaneous forma- 
tion of metallic mercury. Strong oxidizing agents may liberate 
bromine. Lead, silver, manganese, antimony, and mercurous salts 
cause a precipitation. Hnzymes are ‘‘salted out’’ of solution by 
bromides in fairly high concentration. 


Uses—Potassium Bromide is one of several official 
bromide salts employed when the action of the bromide 
ion is desired. For this purpose, the sodium rather 
than the potassium salt is indicated. See Sodiwm 
Bromide (page 380). : 

Industrially this salt is extensively used in the prepa- 
ration of photographic films. 

Average Dose—1! Gm. (approximately 15 grains). 


Bromides Syrup N. F. Syrupus Bromidorum 
[Syr. Bromid.—Sp. Jarabe de Bromuros] 


Metric Alternative 
Potassium Bromide............. 80 Gm. 2 oz. av. 293 gr. 
Sodium Bromide 5.20. a00 enc. 80 Gm. 2 02. av. 293 ger. 
Ammonium Bromide............ 50 Gm. 1 oz. av. 293 gr. 
Calcium: Bromide... 212 se0e aes 25 Gm. 365 gr. 
Lithinms)Bromidecenmts iene 8 Gm. Livears 
Vanilla Vincture; aoe ce ee 32 cc. 1 fl. oz. 12 min; 
Compound Amaranth Solution... . 16 cc. 246 min. 
SUCrOSE::):h. Spears ea rege aeaee tee 425 Gm. 1402. av. 82 gr. 
Distilled *Watermene arene tee 225 cc. 7 fl.oz. 96 min. 
Compound Sarsaparilla Syrup, a ; 
sufficient quantity, 
To makexcaracdentenchi ete eie 1000 cc. 2 pints 


Dissolve the bromides in the distilled water with the aid of 
heat, and dissolve the sucrose in the hot solution. Cool this 
solution, add the vanilla tincture, the compound amaranth solu- 
tion, and sufficient compound sarsaparilla syrup to make the 
product measure 1000 ce. (2 pints), and mix well. \ 


Alcohol Content—From 4 to 6 per cent, by volume, of CgH;OH. 
Storage—Keep Bromides Syrup in tight containers, and avoid exces- 
sive heat. — , a 

Incompatibilities—These are usually dué to either the ammonium 
bromide or the calcium bromide. Alkalies decompose the former and 


certain ingredients such as citrates, mandelates, phosphates, sulfates, 
and tartrates may cause precipitation with the latter, the insoluble 
calcium salts being produced. 


Uses—This preparation is employed for the sedative 
action of the bromideion. It is needlessly complex and 
has no therapeutic advantages over Sodium Bromide. 

Average Dose—4 cc. (approximately 1 fluidrachm) 
corresponding to 0.32 Gm. (5 grains) each of Potassium 
Bromide and Sodium Bromide, 0.2 Gm. (3 grains) of 
Ammonium Bromide, 0.1 Gm. (1% grains) of Calcium 
Bromide and 32 mg. (14 grain) of Lithium Bromide. 


Five Bromides Elixir N. F. Elixir Bromidorum Quinque 
{Elix. Bromid. Quing.—Sp. Elixir de Cinco Bromuros] 


Five Bromides Elixir contains, in each 100 cc., the 
equivalent of not less than 18.5 Gm. and not more than 
20.0 Gm. of bromine. 


Metric Alternative 
SOM DBTOMNAe oi. kok eden 87 Gm. 2 oz. av. 395 er. 
Potassium Bromide.............. 70 Gm. 2 oz. av. 147 gr. 
Calciim~bromide:)... 5... eee oe 52 Gm. 1 oz. av. 321 gr. 
DACMIUMH BLOMIde ek ea ee 35 Gm. 102. av. 74 ger: 
Ammonium Bromide............. 17 Gm. 248 er. 
TIVE VPCHIZACSVIUD. oi. ..s cele oe et ones 225 cc. 7 fl.oz. 96 min. 
IRASODEROYCOVEUD oo6 oes sls ces et ele 150 cc 4 fl.oz. 384 min, 
PAHOMMAUICHEUEXITG, jot cs esse eves sees 200 cc 6 fl. oz. 192 min, 
Distilled Water, a sufficient quantity, 
WIMOBTISEU COP cr. ate ss Sieh .s ahem es 84 0s 1000 cc. 2 pints 


Mix the bromides with 250 cc. (8 fl. 0z.) of distilled water, add 
the syrups and the aromatic elixir, and agitate until the bromides 
are completely dissolved. Then add enough distilled water to 
make the product measure 1000 ce. (2 pints), mix well, and filter 
until the product is clear. 


Alcohol Content—From 4 to 6 per cent, by volume, of CgpH;50H. 
Assay—An accurately measured volume of 10 ce. of this Elixir is 
diluted with distilled water to 250 cc., then a 25-ce. aliquot portion 
of the dilution is assayed for bromide argentometrically as described 
in the assay for bromides and iodides (page 980). Each cc. of tenth- 

~ normal silver nitrate consumed corresponds to 7.992 mg. of Br. 
Storage—Keep Five Bromides Elixir in tight containers. 
Incompatibilities—See Three Bromides Elixir. 


Uses—This is an unnecessarily complex solution 
which is employed for the sedative action of the bro- 
mide ion. It has no advantage over Sodium Bromide 
(page 380). 

Average Dose—4 cc. (approximately 1 fluidrachm) 
corresponding to 0.35 Gm. (5 grains) of Sodium Bro- 
mide, 0.28 Gm. (4 grains) of Potassium Bromide, 0.21 
Gm. (3 grains) of Calcium Bromide, 0.14 Gm. (2 grains) 
of Lithium Bromide, and 0.07 Gm. (1 grain) of Ammo- 
nium Bromide. 


Potassium Bromide Elixir N. F. Elixir Potassii Bromidi 
[Elix. Pot. Bromid.—Sp. Elixir de Bromuro de Potasio] 


Potassium Bromide Elixir contains, in each 100 cc., 
not less than 16.5 Gm. and not more than 18.5 Gm. of 
potassium bromide, KBr. 


Metric Alternative 
Potassium Bromide............. 175 Gm. 5 oz. av. 368 gr. 
IWAILD REE te cas ales isieicie espe ou des 200 cc. 6 fl. oz. 192 min. 
MISTING ATCT |S Solel co ces alae 460 cc. 14 fl. oz. 346 min. 
Aromatic Elixir, a sufficient quan- 
Bee tity, 
Tio UTNE SEG agree epee 1000 cc. 2-pints 


Dissolve the potassium bromide in the distilled water, add the 
_ syrup and sufficient aromatic elixir to make the product measure 
1000 cc. (2 pints); mix well, and filter until the product is clear. 


Alcohol Content—From 5 to 7 per cent, by volume, of CeH50H. 
_Assay—This Elixir is assayed argentometrically as described in the 
assay for bromides and iodides (page 980), using 5 cc. of the Elixir 
accurately measured. Tach cc. of tenth-normal silver nitrate cor- 
responds to 11.90 mg. of KBr. Walt 9. won 

_ Storage—Keep Potassium Bromide Elixir in tight containers. 
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Uses—This is an elixir employed for the sedative 
action of the bromide ion. 

Average Dose—4 cc. (approximately 1 fluidrachm) 
corresponding to 10 grains of Potassium Bromide in 
each fluidrachm. 


Three Bromides Elixir N.F. Elixir Bromidorum Trium 
{Elix. Bromid. Tri.— Sp. Elixir de Tres Bromuros] 


Three Bromides Elixir contains, in each 100 ec., not 
less than 23 Gm. and not more than 25 Gm. of total 
bromides. 


Metric Alternative 
Ammonium Bromide............. 80 Gm. 2 oz. av. 293 er. 
Potassium >Bromide< 2. cn. oe 80 Gm. 2 oz. av. 293 gr. 
SodrumeBro mid eigen wicca © eee 80 Gm. 2 oz. av. 293 gr. 
Amaranth, SoLutroni.-. . fever fers s Sye 46 min. 
Compound Benzaldehyde Elixir, a 
sufficient quantity, 
SOs ake: etl ae cee se sence ieee 1000 cc. 2 pints 


Dissolve the bromides in 800 ec. (25 fl. oz.) of compound benz- 
aldehyde elixir, add the amaranth solution and sufficient com- 
pound benzaldehyde elixir to make the product measure 1000 ce. 
(2 pints); then filter until the product is clear. 


Alcohol Content—From 3 to 5 per cent, by volume, of CopH50OH. 
Assay—This Elixir is assayed argentometrically as described in the 
assay-for bromides and iodides (page 980), using 10 cc. of the Elixir 
accurately measured. Each cc. of tenth-normal silver nitrate con- 
sumed corresponds to 10.59 mg. of the total bromides. 
Storage—Keep Three Bromides Elixir in tight containers. 
Incompatibilities—The ammonium bromide in this elixir appears to 
be the chief source of difficulty. Nvtrites are decomposed with evolu- 
tion of gaseous oxides of nitrogen and phenobarbital sodium is con- 
verted to phenobarbital which may precipitate. Alkalies liberate 
ammonia, detectable with moist litmus paper if masked by the flavor 
of the Elixir. Alkaloids may be precipitated. 


Uses—An Elixir employed for the sedative action of 
the. bromide ion. It has no advantages over Sodium 
Bromide (page 380). 

Average Dose—4 cc. (approximately 1 fluidrachm- 
corresponding to 0.32 Gm. (5 grains) each of Ammo) 
nium, Potassium, and Sodium Bromides. 


Three Bromides Tablets N. F. Tabellee Bromidorum 
Trium 

[Tab. Bromid. Tri.—Triple Bromide Tablets, Sp. Tabletas de Trea 
Bromuros] 

Three Bromides Tablets (consisting of ammonium 
bromide, potassium bromide, and sodium bromide in 
equal proportions) show a content of bromine not less 
than 70 per cent and not more than 81 per cent of the 
labeled amount of total bromides, including all toler- 
ances. The tablets show a content of ammonium 
bromide not less than 30.8 per cent and not more than 
35.8 per cent of the labeled amount of total bromides. 

Three Bromides Tablets respond to the reactions for 
ammonia, potassium, sodium, and bromide. These 


Tablets must not contain more than 1.7 per cent of 
Chloride as. Cl. 


Assays—A counted number of the Tablets is dissolved in distilled 
water to make an exact volume. 

Total Bromine—An accurately measured aliquot portion of the 
solution corresponding to about 0.5 Gm. is then assayed for total 
bromine as described in the assay for bromides (page pas Each ce. 
a tenth-normal silver nitrate consumed is equivalent to 7.992 mg. of 

ie 

Ammonium bromide—In an accurately measured aliquot portion 
of the solution, equivalent to about 600 mg. of ammonium bromide, 
the ammonia is determined by the procedure described under the 
determination of ammonia (page 525). Each ec. of half-normal sul- 
furic acid consumed is equivalent to 48.98 mg. of NH4Br. 
Storage—Preserve in tight containers. 


Uses—These Tablets are employed for the sedative 
action of the bromide ion and have no therapeutic ad- 
vantage over Sodium Bromide (page 380). 
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Average Dose—0.3 Gm. (approximately 5 grains) 
each of Ammonium Bromide, Potassium Bromide, and 


Sodium Bromide. 


POTASSIUM CARBONATE U. S. P. Potassii 


Carbonas 


[Pot. Carb.—Salt of Tartar, Sp. Carbonato de Potasio] 


Potassium Carbonate [K2CO3.14% H2zO0 = 165.23] 
when dried to constant weight at 180° C., contains not 
less than 99 per cent of K2COg (138.20). 

Preparation—This salt is made from native potassium 
chloride or sulfate by processes similar to those used for 
producing sodium carbonate (page 381). The potas- 
sium carbonate so obtained is in the form of an an- 
hydrous powder, and to produce the granular form it is 
recrystallized from*water. 

In the laboratory a pure grade of potassium carbonate 
may be obtained by heating potassium bicarbonate to 
redness, thus driving off water and a portion of the 
carbon dioxide. 


2KHCOs; — KseCOgs + COg + He20 
potassium potassium carbon water 
bicarbonate carbonate dioxide 


This method, it should be noted, yields practically 
anhydrous potassium carbonate whereas the official 
salt must contain not less than 10 per cent and not more 
than 16.5 per cent of water (approximately 1 mol.). | 


Description and Properties—Potassium Carbonate is a white, odor- 
less, granular powder. It has a strongly alkaline taste, and is 
deliquescent. Its aqueous solutions are alkaline to indicators (pH 
about 11.5). It responds to the identification reactions for potas- 
sium and carbonate. 

Solubility—One Gm. dissolves in 1 ce. of water and about 0.7 ce.-of 
boiling water; it is insoluble in alcohol. It is decomposed even by 
weak acids for ming the salt of the acid and liberating carbon dioxide. 
Tests for Purity— 

Loss on drying at 180° is not less than 10 per cent and not more 
than 16.5 per cent (the latter figure corresponding to 144 mols H2(). 

Insoluble substances—1 Gm. should dissolve completely in 20 ce. of 
water. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Assay—After drying it to constant weight at 180°, Potassium Carbon- 
ate is assayed acidimetrically by titration with normal acid, using 
methyl orange T.S. as the indicator. Each ec. of normal acid corre- 
sponds to 69.10 mg. of KgCOs. See Acidimetric Assays (page 979). 
Storage—Keep Potassium Carbonate in tight containers. 
Incompatibilities—Carbonates and bicarbonates are decomposed by 
acids and acid salts with the liberation of carbon dioxide. The rapid- 
ity and extent of the decomposition vary with the type of acid con- 
cerned. Many pharmaceutical preparations are acid in reaction and 
will decompose carbonates and bicarbonates. The alkali carbonates 
precipitate practically all metals as carbonates, hydroxides, or basic 
salts and slowly liberate free ammonia from ammonium chloride in 
solution. Drug extracts containing acid resins, such as cascara 
sagrada ‘extract, cause a slow evolution of carbon dioxide. Most 
alkaloids are precipitated from solutions of their salts. 


Uses—Potassium Carbonate is too strong an alkali 
to be used internally. In large doses it is an irritant 
caustic, the proper antidotes to administer being diluted 
vinegar, lemon juice, or weak acids. 

Industrially, Potassium Carbonate is used in the 
manufacture of soft soap and hard glass. 


POTASSIUM CHLORATE N. F.—Potassii Chloras 
[Pot. Chloras.—Sp. Clorato de Potasio] 


Potassium Chlorate contains not less than 99 per cent 
of KC1Og (122.55). 

Great caution should be observed in handling this salt, 
as dangerous explosions are liable to occur when tt is 
heated or subjected to concussion or to trituration with 
organic substances, such as cork, tannic acid, dust, su- 
crose, etc., or with charcoal, sulfur, sulfides, hypophos- 
phites, reduced iron, or other easily oxidizable substances. 
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Preparation—Chlorate of potash, as it is commonly 
termed commercially, was formerly made by passing 
chlorine gas into a hot solution of potassium hydroxide. 


6KOH + 3Cle — 5KCIl + KCIOs + 3H20 
otassium chlorine potassium potassium water 
ydroxide chloride chlorate 


This is a very wasteful process, as only one-fifth of 
the potassium hydroxide is obtained as chlorate, the 
rest passing into potassium chloride. It is more eco- 
nomically prepared by treating milk of lime, Ca- 
(OH). suspension, at high temperatures with an excess 
of chlorine. Any hypochlorite that is formed is 
promptly changed into chlorate, the reaction being 
expressed as follows: 


6Ca(OH)zg + 6Cle —- 5CaCle + Ca(ClOs)2 + 6H2O 
calcium chlorine calcium calcium water 
hydroxide chloride chlorate 


When solution of calcium chlorate is heated in contact 


with potassium chloride, double decomposition takes 
place, as shown by the following equation: 


calcium potassium potassium calcium 
chlorate chloride chlorate chloride 


The Potassium Chlorate is easily separated from the 
calcium chloride, because it is much less soluble than 
the latter. 

This salt is now made electrolytically by placing op- 
posite to each other in a solution of potassium chloride, 
anodes and cathodes, without being separated by a po- 
rous diaphragm. The electric current causes the forma- 
tion of potassium hypochlorite in the solution, which 


by boiling is converted into potassium chlorate and ° 


potassium chloride. The continued action of the elec- 
tric current decomposes the newly formed chloride, 
changing it again, in part, into chlorate. By repeat- 
edly passing through this cycle nearly all of the potas- 
sium chloride will ultimately become changed into 
potassium chlorate. 


Description and Properties—Potassium Chlorate occurs as colorless, 


odorless, lustrous prisms or plates, or as a white, granular powder. 


It is stable in the air. The aqueous solution is neutral. It is a strong 
oxidizing agent and is readily decomposed by mineral acids. Sul- 
furie acid liberates chlorine dioxide, and hydrochloric acid liberates 
chlorine dioxide and chlorine. When heated at about 360° C. it 
gives off oxygen, and it responds to the identification reactions for 
potassium and chlorate. 

Solubility—One Gm. is soluble in about 16.5 cc. of water at 25° (ers 
and in about 1.8 ce. of boiling water. It is almost insoluble in alco- 
hol but is soluble in glycerin. 

Tests for Purity— 
Heavy metals limit—20 parts per million. 
Assay—The N. F. assay for Potassium Chlorate differs from that of 
the U. 8. P. XII in which this salt was official. It is based on the 
reaction between the chlorate and nitrite, whereby the former oxidizes 
the latter to nitrate, and the chlorate is thereby reduced to chloride. 


KClOg + 3NaNOe —- KCl + 3NaNOz3 
potassium sodium potassium sodium 
chlorate nitrite chloride nitrite 


The resulting chloride is then determined argentometrically (page 
981). Each ce. of tenth-normal silver nitrate is equivalent to 12.26 
mg. of KCIO3. 

Toi insure that the assay determines only the chlorate, a test for the 
absence of more than a trace of chloride in the salt should be applied. 
Storage—Keep Potassium Chlorate in well-closed containers, 
Incompatibilities—Trituration of chlorates with organic substances 
such as glycerin, honey, phenol, and tannic acid, or with other reducing 
agents, may cause a dangerous explosion. In acid solutions, chlorates 
are strong oxidizing agents. With hydrochloric acid, chlorine and 
chlorine dioxide are produced. ; 


Uses—Potassium Chlorate is a highly toxic, weakly 
active germicide. It is sometimes employed as a 
mouth wash in the treatment of stomatitis, as a 2 to 4 
per cent aqueous solution. As a saturated solution, it 
is occasionally used for the local treatment of Vincent’s 
Angina. 


Texas. 


POTASSIUM 


When taken internally, Potassium Chlorate is highly 
toxic, the lethal dose being approximately 5 Gm. Im- 
mediate symptoms of poisoning are abdominal pain, 
nausea, and vomiting. Later effects include the forma- 
tion of methemoglobin, and extensive renal damage. 
Cases are on record, with fatal termination, in which 
Potassium Chlorate has been dispensed instead of potas- 
sium chloride, due to the careless use of abbreviations 
in prescriptions. 

Industrially it is used in explosives, fireworks, the 
dyeing of cotton and wool, and in the manufacture of 
black aniline dyes, also as an oxidizer in chemical 
analysis, and for the extemporaneous preparation of 
free chlorine solution by adding hydrochloric acid to 
its saturated aqueous solution. 


Potassium Chlorate Gargle with Iron N. F. Gargarisma 
Potassii Chloratis cum Ferro 


[Gargar. Pot. Chlorat. c. Ferr.—Golden Gargle, Sp. GArgara de 
Clorato de Potasio con Hierro] 


Metric Alternative 
Botassiant Chiorate... 0... 2s. ee 45 Gm. 1 oz. av. 220 gr. 
Ferric Chloride Tincture.......... 120 cc. 3 fl.oz. 403 min. 
“OSTIGO0 G3 56 Ree ee 240 cc. 7 fil. oz. 326 min. 
Distilled Water, a sufficient quantity, 

DRED ots o eiai oie’ Syes 6 sdie webs one 1000 cc. 2 pints 


Dissolve the potassium chlorate in a mixture of the glycerin 
and 600 cc. (1 pt., 3 fl. oz., 96 min.) of distilled water; then add 
the ferric chloride tincture and sufficient distilled water to make 
1000 ce. (2 pints). 


Alcohol content—From 7 to 8 per cent, by volume, of C2Hs50H. 
Storage—Keep the Gargle in tight containers. 


Uses—This preparation is an astringent gargle which 


has-been popular for many years. The Potassium 
Chlorate is of doubtful value as it does not give off oxy- 
gen under the conditions of use. 


Potassium Chlorate Tablets N. F. Tabelle Potassii 
Chloratis 


[Tab. Pot. Chlorat.—Sp. Tabletas de Clorato de Potasio] 


Potassium Chlorate Tablets contain not less than 94 
per cent and not more than 106 per cent of the labeled 
amount of potassium chlorate [KCIOg]. 

»Assay—A counted number of the Tablets is dissolved in distilled 
water to an exact volume and the KClO3 content of an accurately 
measured aliquot portion of the solution, equivalent to about 300 mg. 


of KClOg, is determined as described under the assay of Potassium 
Chlorate. 


Uses—See Potassium Chlorate. 


POTASSIUM CHLORIDE U.S.P. Potassii Chloridum 
{Pot. Chlorid.—Sp. Clorure de Potasio] 


_ Potassium Chloride, when dried for 2 hours at 110° 
C., contains not less than 99 per cent of KCl (74.55). 
Preparation—This salt occurs in sea water and in 
many mineral springs. Formerly this salt was largely 
imported from Germany where it is mined at Stassfurt, 
occurring there as carnallite [KCl.MgCls.6H20] and as 
sylvite [IKCl]. The needs of Potassium Chloride are 
~ now met by the Searles Lake deposit in the Mojave 
_ desert of southern California and from recently found 
deposits of carnallite and sylvite in New Mexico and 
Another source of Potassium Chloride which 
_ has been worked during the past few years is the Dead 
Sea, where considerable quantities are found as dis- 
solved carnallite. This double salt, in aqueous solution, 


a 


2h ‘4 \ 
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is treated with live steam, the two separate salts form, 
and the less soluble salt, potassium chloride, crystal- 
lizes out as the solution cools. In the laboratory it may 
be prepared from potassium carbonate or bicarbonate 
and hydrochloric acid. 

Description and Properties—Potassium Chloride occurs as colorless, 
elongated, prismatic, or cubical crystals, or as a white granular powder. 
It is odorless, has a saline taste, and is stable in air. The aqueous 
solution is neutral to litmus paper (pH about 7). It responds to the 
identification reactions for potassium and chloride. 

Solubility—One Gm. dissolves in 2.8 cc. of water at 25° and in about 
2 cc. of boiling water. It is insoluble in alcohol. 

Tests for Purity— 

Bromide or iodide—To a solution of 2 Gm. in 6 ce. of water, 1 cc. of 
chloroform is added, then followed, drop by drop, with 5 cc. of half- 
strength chlorine T.S. agitating gently. The chloroform should 
acquire neither a brown color (bromine) nor a violet color (iodine). 

Arsenic limit—10 parts per million. 

Heavy metals limit—10 parts per million. ¢ 

Calcium and magnesium—Ammonium oxalate T.S. and sodium 
phosphate T.S.-should cause no turbidity in an aqueous solution 
(1 in 100) of the salt. 

Sodium—The aqueous solution (1 in 20), when tested on a platinum 
wire, should not color a non-luminous flame a pronounced yellow. 
Assay—The salt, previously dried at 110° C. for 2 hours, is assayed 
argentometrically as described in the assay for chloride (page 981). 
ae cc. of tenth-normal silver nitrate corresponds to 7.455 mg. of 
Storage—Keep Potassium Chloride in well-closed containers. 
Incompatibilities—Chlorides form precipitates by reaction with lead 
and silver salts. Strong oxidizing agents such as potassium chlorate 
sperate chlorine from hydrochloric acid and acidic solutions of chlo- 
rides. 


Uses—Potassium Chloride is the salt most frequently 
employed when the action of the potassium cation is 
desired. It is a valuable diuretic, given in the daily 
dose of from 5 to 10 Gm. in divided portions at meal- 
time. The use of enteric-coated capsules decreases the 
incidence of gastric irritation. Potassium Chloride is 
also of value for the relief of the symptoms of familial 
periodic paralysis, a rare disease characterized by re- 
current attacks of muscular weakness. For this pur- 
pose, it is given orally in the dose of from 5 to 10 Gm. 
Potassium salts have also been found to relieve the 
symptoms of Méniére’s Disease. The usual dose is 
from 6 to 10 Gm. of Potassium Chloride daily in di- 
vided doses. Within recent years, this salt has re- 
ceived rather extensive trial in the treatment of diseases 
of allergy, but it is doubtful whether the salt is of any 
value. 

It has long been used in medicine under the names 
sal febrifugum and sal digestivum. It is an ingredient of 
Ringer’s Solution, of importance in the physiologic 
laboratories. 

Industrially, it is used in the preparation of other 
potassium salts, and in the impure form as an ingredient 
in fertilizer mixtures. 


Potassium Chloride Tablets U.S. P. Tabellee Potassii 
Chloridi 


[Tab. Pot. Chlorid.—Sp. Tabletas de Cloruro de Potasio] 


Potassium Chloride Tablets contain not less than 95 
per cent and not more than 105 per cent of the labeled 
amount of potassium chloride [KCl]. 

Potassium Chloride Tablets respond to the identifica- 
tion reactions for potassium and chloride, and the solu- 
tions conform to the tests for calcium, magnesium, and 
sodium given under Potassium Chloride. 

Assay—A counted number of the tablets is dissolved in water to an 
exact volume, and the KCl content of an accurately measured aliquot 
portion of the solution is determined as described under the assay of 


chlorides (page 981). Each ce. of tenth-normal AgNOg corresponds 
to 7.455 mg. of KCl. " 


Uses—See Potassium Chloride. 
Average Dose—I Gm. (approximately 15 grains) of © 
Potassium Chloride. 
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POTASSIUM CITRATE U. S. P.—See Organic Salts 
(page 537). 

POTASSIUM CITRATE, EFFERVESCENT U. S. P.— 
See Organic Salts (page 538). 

POTASSIUM CITRATE SOLUTION N. F.—See 
Organic Salts (page 538). 

POTASSIUM GUAIACOLSULFONATE N. F.—See 
Organic Salts (page 680). 

POTASSIUM GUAIACOLSULFONATE SYRUP N. F. 
—See Organic Salts (page 680). 


POTASSIUM HYDROXIDE U. S. P. 
Hydroxidum 


{Pot. Hydrox.—Caustic Potash, Lye, Potash ‘Lye, Potassa, Sp. 
Hidrato de Potasio] « 


Potassii 


Potassium Hydroxide contains not less than 85 per 
cent of total alkali calculated as KOH (56.10) of which 
not more than 3.5 per cent is K2COs. 

Great caution is necessary in handling Potasstum 
Hydroxide, as it rapidly destroys organic tissues. Do 
not handle it with bare hands. 

Preparation—Potassium Hydroxide is prepared by 
adding milk of lime or calcium hydroxide to a hot solu- 
tion of potassium carbonate, decanting the KOH solu- 
tion from the precipitated calcium carbonate, and con- 
centrating it. The product of this method is called 
Potash by Lime. 'The reaction is explained by the equa- 


tion: 
Ca(OH)zg + KeCOg — 2KOH + CaCO3 
calcium potassium potassium calcium 
hydroxide carbonate hydroxide carbonate 


It is prepared on a large scale by electrolytic decomposi- 
tion of a solution of potassium chloride, chlorine gas 
being the other product of the reaction. This process 
takes place in two steps, as indicated by the following 
equations: 


2K Cl > 2K + Cle 
potassium potassium chlorine 
chloride 


2K + 2H. — 2KOH '-+ Hes 


potassium water potassium hydrogen 


hydroxide 
The electrolysis of the solution is carried out in the 
presence of a porous diaphragm which permits the 
passage of the current but does not allow the liberated 
chlorine to react with the newly formed Potassium 
Hydroxide. 

Potassium Hydroxide, known commercially as caustic 

potash, is prepared in the form of sticks, pellets, flakes, 
or fused masses. Sticks or pellets are made by evaporat- 
ing a solution of Potassium Hydroxide rapidly in a 
silver or clean iron vessel until a fluid of oily consistency 
remains, a drop of which, when removed on a warm glass 
rod, solidifies on cooling. The hot caustic is poured 
into suitable molds and while still warm the product is 
packaged quickly to prevent deliquescence. 
' Potassa by alcohol and potassa by baryta are terms 
formerly used to designate pure caustic Potassium 
Hydroxide which was purified with alcohol or barium 
hydroxide. In the alcohol process the alcohol dissolves 
only the Potassium Hydroxide. In the baryta process 
the sulfate and carbonate are separated by treatment 
of the potassium hydroxide solution with baryta water, 
whick is a solution of barium hydroxide, forming the 
insoluble barium salts of these respective acids. 


Description and Properties—Potassium Hydroxide occurs in white, 
or nearly white, fused masses, in small pellets, in flakes, in sticks, and 
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in other forms. It is hard and brittle and shows a crystalline fracture. 
Exposed to the air it rapidly absorbs carbon dioxide and moisture, 
and deliquesces. It melts at about 360-380° C. It is very soluble 
in boiling alcohol. When dissolved in water or alcohol, or when its 
solution is treated with an acid, much heat is generated. Solutions 
of potassium hydroxide, even when highly diluted, exhibit a strong 
alkaline reaction to litmus paper. It responds to the identification 
reactions for potassium. 

Solubility—One Gm. dissolves in 1 ce. of water, in about 3 ce. of 
alcohol, and in about 2.5 cc. of glycerin at 25° C. 

Tests for Purity— 

Insoluble substances—One Gm. dissolved in 20 cc. of distilled water 
should yield a complete, clear, and colorless solution. 

Heavy metals limit—30 parts per million. This amount of heavy 
metals is permitted because the sticks and some of the other forms 
have to be cast in silver molds and the hot caustic dissolves small 
quantities of the silver. 

Assay—The chemical principles underlying the official assay procedure 
are as follows: 

Potassium Hydroxide [KOH], being a very sttong base, is titratable 
with methyl orange or phenolphthalein indicator. 


phenolphthalein 


2KOH + HeS0O4 > K280, + 2H20 
potassium sulfuric or methyl orange potassium water 
hydroxide acid indicator sulfate 


When potassium carbonate, in a cold solution, is titrated with acid 
using phenolphthalein as the indicator, the red color of the phenol- 
phthalein is discharged when half of the alkalinity of the potassium 
carbonate has been neutralized, because the potassium bicarbonate 
that is formed in the reaction does not respond to phenolphthalein, 
according to the equation: ; 


phenolphthalein 


potassium sulfuric indicator potassium potassium 
carbonate acid bicarbonate sulfate 


On the other hand potassium carbonate or bicarbonate yields its full 
alkalinity when methyl orange is used as the indicator. Therefore, 
when a solution containing both potassium hydroxide and potassium 
carbonate is titrated with phenolphthalein indicator all the KOH and 
half of the carbonate are neutralized. A subsequent titration with 
methyl orangé indicator shows the other half of the original carbonate 
which is now present, as bicarbonate: 


methyl f 
2KHCOs + H.804 = KeSO4 + 2COzg + 2H20 
potassium sulfuric , OT4NBE — Hotassium carbon water 
bicarbonate acid indicator ~ sulfate dioxide 


To carry out the assay about 1.5 Gm. of Potassium Hydroxide, 
accurately weighed, is dissolved in 40 cc. of freshly boiled and cooled 
distilled water. The object of the boiling is to expel carbon dioxide 
which would otherwise combine with the KOH to form carbonate. 
The solution is then cooled to 15° C. to prevent its becoming hot 
during titration and thereby converting the bicarbonate into carbon- 
ate. The solution is then titrated with normal acid using phenol- 
phthalein T.S. as the indicator. When the pink color has just been 
discharged the exact volume of the acid consumed is noted, then 
methyl orange T.S. is added and the titration continued until a pink 
color is produced. ‘The total number of ec. of the sulfuric acid con- 
sumed in the two.titrations multiplied by 56.10 represents total alka- » 
linity calculated as mg. of KOH. The difference between the ce. 
of acid consumed by the first and the second titrations multiplied by 
138.2 represents the quantity of potassium carbonate in mg. present 
in the weight of the sample taken. 

Storage—Keep Potassium Hydroxide in tight containers. 
Incompatibilities—Bases react with acids to form salts, liberate ° . 
alkaloids from aqueous solutions of alkaloidal salls, and promote 
various hydrolysis reactions such as the decomposition of chloral 
hydrate into chloroform and a formate or the breakdown of salol into 
phenol and a salicylate. 

Since the alkalinity of any substance in aqueous solution is consid- 
ered to be due to the presence of hydroxyl ions, these reactions can be 
considered applicable to all alkaline substances. 

Only the alkali hydroxides are appreciably soluble in water. 
Nearly all common metals will be precipitated as hydroxides when 
solutions of their salts ave added to solutions of the alkali hydroxides. 
Certain hydroxides, however, notably those of aluminum, zinc, arse- 
nic, and lead, will dissolve in an excess of sodium or potassium 
hydroxide. : - 

Ammonia is liberated from ammonium compounds by alkalies and 
many alkaline salts. Some pharmaceutical preparations are alkaline 
in reaction and possess this characteristic incompatibility. See 
Sodium Hydroxide (page 384). 


Uses—Potassium Hydroxide is used as a caustic, 
principally in veterinary practice. The end of the 
stick may be inserted into a section of rubber tubing, or. 
wrapped several times with tin foil, to avoid cauterizing 
the fingers of the operator.. In industry it is used in 
the manufacture of soft soap, in electroplating, in paint 
and varnish removers, and in many other processes. 
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Potassium Hydroxide Solution N. F. Liquor Potassii 
Hydroxidi 


[Liq. Pot. Hydrox.—Sp. Solucién de Hidrato de Potasio] 


Potassium Hydroxide Solution contains, in each 100 
ce., not less than 4.5 Gm. and not more than 5.5 Gm. of 
total alkali, calculated as KOH, of which not more than 
0.35 Gm. 1S IAGO 


P Metric Alternative 
Potassium Hydroxide (see note below)... . 60 Gm. 2 OZ. av. 
Distilled Water, a sufficient quantity, 

UG LAD 8an BG Gee a ee ee 1000 cc. 2 pints 


Dissolve the potassium hydroxide in sufficient distilled water 
to make the product measure 1000 ce. (2 pints). 


_ Note—The amount (60 Gm.) of potassium hydroxide 
is based on a strength of 85 per cent of total alkali. 
Potassium hydroxide of a higher strength may be used 
in proportionate quantity. 

Description and Properties—Potassium Hydroxide Solution is a 
clear, colorless, odorless, strongly caustic liquid. When exposed to 


the air, it readily absorbs carbon dioxide. Its specific gravity is 
about 1.046 at 25°. 
Assay—This solution is assayed by the method as described for 
Potassium Hydroxide, using 25 cc. of the solution accurately measured. 
Storage—Keep Potassium Hydroxide Solution in well-filled bottles 
of hard glass, with tight rubber stoppers, or glass stoppers well coated 
with petrolatum. 

Incompatibilities—See Potassium Hydroxide. 

Antidotes—If a large quantity is swallowed accidentally, the proper 
antidotes are mild acid liquids, like vinegar or lemon juice, accom- 
panied with bland oils. 


Uses—Potassium Hydroxide Solution is of little 
use as a medicine, although it is occasionally employed 
as a gastric antacid. 

Caution—Potassium Hydroxide Solution should be 
freely diluted with water before being taken into the mouth. 

Average Dose—| cc. (approximately 15 min.). 


POTASSIUM HYPOPHOSPHITE N. F. _ Potassii 


Hypophosphis 
[Pot. Hypophos.—Sp. Hipofosfito de Potasio] 


Potassium Hypophosphite, when dried to constant 
weight over sulfuric acid, contains not less than 98 per 
cent of KH.PO, (104.09). 

Caution should be observed in compounding Potassium 
Hypophosphite with other substances, as an explosion 
may occur if it is triturated or heated with nitrates, chlo- 
rates, or other oxidizing agents. 

Preparation—When solutions of calcium hypophos- 
‘phite and potassium carbonate are mixed, potassium- 
hypophosphite and calcium carbonate are produced by 
double decomposition, thus: 


Ca(HePO2)s + KeCO3 —P 2KH2POs + CaCOg 
; calcium potassium potassium, calcium 
hypophosphite carbonate hypophosphite carbonate 


The calcium carbonate is removed by filtration, and 
the clear solution is evaporated until a pellicle forms, 
after which it is constantly stirred, with continuance 
of the heat, until the salt granulates. The heat em- 
ployed in the evaporation should be kept considerably 


below 100° for fear of explosion. 


Description and Properties—Potassium Hypophosphite occurs as 
white, opaque, plates, as crystals, or as a granular powder, and is very 
deliquescent. It is odorless and has a pungent, saline taste. Its 
aqueous solution is neutral or only slightly alkaline to litmus. It re- 
sponds to the identification reactions for potassium and hypophos- 


viling alcohol. 
sts for Purity— 
on drying over sulfuric acid—Not more than 5 per cent. 
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Free alkali—Not more than 1 per cent calculated as potassium 
carbonate and determined by titration with tenth-normal acid, using 
methyl orange T.S. as the indicator. 

Phosphate and calcium—In separate 10-cc. portions of the aqueous 
solution (1 in 20) of Potassium Hypophosphite, rendered alkaline, no 
turbidity should be produced in 1 minute by the addition of magnesia 
mixture (phosphate) or of ammonium oxalate T.S. (calcium). 

Arsenic limit—10 parts per million. ® 

Heavy metals limit—20 parts per million. 

Assay—Hypophosphites are quantitatively oxidized by bromine to 
phosphate in the stoichiometric proportion indicated by the following 
equation: 


KHePOse + 2Bre + 2H2O 4 KHe2PO4 + 4HBr 
potassium bromine water potassium hydrobromic 
hypophosphite phosphate acid 


Therefore by determining the quantity of bromine consumed for the 
oxidation, the quantity of the hypophosphite is readily calculated. 
To insure completeness of the reaction an excess of accurately stand- 
ardized bromine solution is used, and the mixture is allowed to stand 
for 3 hours. The excess of bromine is then determined by adding to 
the mixture potassium iodide from which the excess of the bromine 
liberates an equivalent amount of iodine: 


Bre + 2KT —> I, + 2KBr 


and the liberated iodine is titrated with a standard sodium thiosulfate 
solution. For the details of the assay consult the N. F. VIII. 
Storage—Keep Potassium Hypophosphite in tight containers. 
Incompatibilities—Sodium citrate promotes the solubility of the less 
soluble hypophosphites. Most oxidizing agents convert them to 
phosphates with simultaneous reduction of the agent. Trituration of 
the dry chemical with a strong oxidizing agent may produce an ex- 
plosion. When rubbed with calomel the latter substance is darkened 
due to its reduction to metallic mercury. Ferric salis precipitate from 
solution as ferric hypophosphite. Bismuth subnitrate is darkened due 
to the production of metallic bismuth. 


Uses—Potassium Hypophosphite is one of the in- 
gredients in the various syrups, elixirs, and solutions of 
hypophosphites. 

Average Dose—0.5 Gm. (approximately 714% grains). 


Compound Hypophosphites Syrup N. F. Syrupus 
Hypophosphitum Compositus 


[Syr. Hypophos. Comp.—Sp. Jarabe de Hipofosfitos Compuesto] 


Metric Alternative 
Calcium Hypophosphite...... 35 Gm loz.av. 74 gr. 
Potassium Hypophosphite.... 17.5 Gm 255 gr. 
Sodium Hypophosphite...... 17.5 Gm 255 gr. 
Ferric Hypophosphite...... ; 2.2 Gm. 32 gr. 
Manganese Hypophosphite.. . 2.2 Gm. BZ gr. 
Oiuimin es Ae Ae tees eta 1.1 Gm. 16 gr. 
Sth CHNING  . ca eemels cia kls 0.1 Gm. 15 9 gr. 
Sodium Citrate -............ 3.7 Gm. BS) gr. 
Hypophosphorous Acid...... 5 Ce, 77 min. 
Dextrose vases wate nts susie 250.0 Gm. 8 oz. av. 151 gr. 
GI Cerca... eet come Pee 300.0 cc. 9 fl. oz. 288 min. 
Distilled Water, a sufficient 
quantity, i 
APG i aIKe ES been sues ere acetone 1000.0 cc. 2 pints 


Mix the ferric and manganese hypophosphites with the sodium 
citrate, add 30 cc. (461 min.) of distilled water, warm on a water 
bath, and stir until a clear solution is obtained. Dissolve the 
calcium, potassium, and sodium hypophosphites in 400 cc. (12 fl. 
oz. 384 min.) of distilled water, to which 2 cc. (81 min.) of hypo- 
phosphorous acid has been added; then dissolve the quinine and 
strychnine in 30 ec. (461 min.) of distilled water with the aid of 3 
ce. (46 min.) of hypophosphorous acid, and add the glycerin; 
mix the solutions, and dissolve the dextrose in them by agitation. 
Add sufficient distilled water to make the product measure 1000 
ec. (2 pints), and strain. 

Note—By authority of First Supplement to the N. F. VIII the 
Quinine may be omitted. 


Storage—Keep Compound Hypophosphites Syrup in tight, light- 
resistant containers and avoid excessive heat. The Syrup should 
not be dispensed if brownish in color. 


Uses—See Hypophosphites Syrup. 

Average Dose—8 cc. (approximately 2 fluidrachms) 
corresponding to 0.28 Gm. (4 grains) of Calcium Hypo- 
phosphite, 0.14 Gm. (2 grains) each of Potassium 
Hypophosphite and Sodium Hypophosphite, 18 mg. 
(14 grain) each of Ferric Hypophosphite and Manganese 
Hypophosphite, 9 mg. (1 grain) of Quinine, and 0.8 mg. 
(po grain) of Strychnine. 
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Hypophosphites Syrup N. F. Syrupus Hypophosphitum 
[Syr. Hypophos.—Sp. Jarabe de Hipofosfitos] 


Alternative 


Metric 
Calcium Hypophosphite.......... 35 Gm. loz.av. 74 er. 
Potassium Hypophosphite........ 18 Gm. 263 gr. 
Sodium Hypophosphite....%..... 18 Gm. 263 gr, 
Hypophosphorous Acid........... ecc, 15 min. 
GIVoerins.c et euhe seek nae eer 300 cc. 9 fl. oz. 288 min. 
Dextroseioin oe a dee ite om sr emattels 250 Gm. 8 oz. ay. 151 gr. 
Distilled Water, a sufficient quan- 
tity, 1 
TO Mako. 5 oc cle cc clove elope 1000 cc. 2 pints 


Triturate the hypophosphites with 500 cc. (1 pint) of distilled 
water until they are dissolved. Add the hypophosphorous acid, 
filter the liquid, and pass sufficient distilled water through the 
filter to make the filtrate measure 540 ce. (17 fl. oz. 134 min.). 
To this add the dextrose, dissolve by agitation without heat, and 
add the glycerin and sufficient distilled water to make the product 
measure 1000 ce, (2 pints). Strain if necessary. 


Storage—Keep the Syrup in tight containers and avoid excessive 
heat. The Syrup should not be dispensed if brownish in color. 
Uses—The therapeutic value of the hypophosphites 
has been repeatedly questioned in medical literature. 
They have been proposed as alteratives and tonics. 
Average Dose—8 cc. (approximately 2 fluidrachms) 
corresponding to 0.28 Gm. (4 grains) of Calcium Hypo- 
phosphite, and 0.14 Gm. (2 grains) each.of Potassium 
Hypophosphite and Sodium Hypophosphite. 


POTASSIUM IODIDE U. S. P. 
[Pot. lodid.— Sp. Yoduro de Potasio] 


Potassium Iodide, when dried at 110° for 4 hours, con- 
tains not less than 99 per cent of KI (166.02). 

Preparation—A hot aqueous solution of potassium 
hydroxide is treated with iodine in slight excess. The 
result is the formation of two salts, potassium iodide 
and potassium iodate. 


Potassii Iodidum 


6KOH + 3Ile — 5KI + #£KIOg + 38H.0 
potassium iodine potassium potassium water 
hydroxide iodide iodate 


The solution is concentrated by heating over a free 
flame in aniron kettle, then an excess of powdered char- 
coal is added and well incorporated. The mixture is 
evaporated to dryness, then ignited. The charcoal 
(carbon) reduces the iodate to iodide and all of the 
iodine is thus obtained as Potassium Iodide. The mass 
is lixiviated with water, filtered, evaporated to a suit- 
able concentration, and set aside to crystallize, or it is 
granulated from the hot solution. 

Potassium Iodide is also prepared by first forming 
ferroso-ferric iodide through the reaction between iron 
wire and iodine in the presence of water. A solution 
of pure potassium carbonate is then added until the 
solution is faintly alkaline, boiled for a few moments, 
and filtered; the filtrate is concentrated and set aside 
to crystallize. 

The reactions are expressed separately as follows: 


38Feg + 8I. — ee 2Feslg 

iron iodine ferrosoferric 

iodide 
Feglg + 4KoCOg —> 8KI +. Fe304 + 4COg 
ferrosoferric potassium potassium ferrosoferric carbon 
iodide carbonate iodide oxide dioxide 


Potassium Todide is always crystallized from an alka- 
line solution and to prevent discoloration, due to forma- 
tion of free iodine, a small amount of free alkali is 
permitted. 


Description and Properties—Potassium Iodide occurs as cubical 
crystals, either transparent and colorless or somewhat opaque and 
white, or as a white, granular powder. It is stable in dry air, but 
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slightly deliquescent in moist air. On prolonged keeping it may be- 
come yellowish through the formation of free iodine by oxidation. 
The aqueous solution is neutral or slightly alkaline to litmus paper, 
and gradually becomes yellow because of the formation of free iodine. 
The addition of small amounts of NagS20g3 removes the yellow color. 

Solubility—One Gm. dissolves in 0.7 cc. of water, in 22 cc. of alco- 
hol, in 2 cc. of glycerin, in 75 ec. of acetone at 25°, and in 0.5 cc. of 
boiling water. When dissolved in water heat is absorbed. One 
hundred ce. of its aqueous solution saturated at 25° contains 100 Gm. 
of KI (1 fl. oz. contains 1 oz. av. 17 gr.). 

Tests for Purity— 

Loss on drying at 110°—Not more than 1 per cent, 

Alkalinity—Not more than about 0.05 per cent as KOH. 

Todate and nitrite—A solution of 0.5 Gm. of Potassium Iodide in 10 
ce. of distilled water should not become distinctly yellow in 30 seconds 
upon the addition of 2 drops of diluted sulfuric acid. If iodate or 
nitrite be present, either reacts in the presence of free acid, with the 
iodide forming free iodine, which colors the solution yellow. The re- 
actions are as follows: 


KIO3 + 5KI + 3H2SO4 


potassium potassium sulfuric 
iodate iodide acid 


2KNO2 + 2KI + 2H2SO4— Iz + 2K2S804 + 2NO + 2H20 


potassium potassium sulfuric iodine potassium nitric water 
nitrite iodide acid sulfate oxide 


<< 3Ig + 3K2804 + 3H20 


iodine potassium water 
sulfate 


Barium and thiosulfate—The solution in the preceding test should 
Ba become turbid within 1 minute after the addition of the sulfuric 
acid. 

Nitrate, nitrite, and ammonia—To a solution of 1 Gm. of Potassium 
Iodide in water 5 cc. of. sodium hydroxide T.S. and a few pieces of 
aluminum wire are added. A plug of cotton is then loosely inserted 
in the mouth of the tube (to retain any sodium hydroxide that may 
be carried over with the escaping vapors), then a strip of moistened 
red litmus paper is placed over the mouth of the tube, and the tube 
is heated in a steam bath for 15 minutes. The litmus paper should 
not become noticeably blue. If nitrate or nitrite is present it is re- 
duced by the nascent hydrogen, formed by the interaction of the so- 
dium hydroxide and the aluminum, to ammonia, which turns red lit- 
mus paper blue. The chemistry of the test is indicated by the follow- 
ing equations: 


2Al + 2NaOH + 2H20 — 2NaAlOz + 3He 
aluminum sodium water sodium hydrogen 
hydroxide aluminate 
potassium hydrogen ammonia water potassium 
nitrate hydroxide 


Heavy metals limit—10 parts per million. 
Assay—When a solution of potassium iodate is added to a solution of 
an iodide containing sufficient hydrochloric acid the iodine from iodate 
and iodide is set free as shown by the equation: 


(1) 5KI + KIOgs + 6HCl — 3Ie + 6KCl + 3H,O 
potassium potassium hydrochloric iodine potassium water 
iodide iodate acid chloride 


On the further addition of potassium iodate solution the free iodine 
is converted into the colorless iodine monochloride: 


(2) KIO; “2 si,° + 6ncr = BIC? A xceea ee 


‘potassium iodine hydrochloric iodine | potassium water 
iodate acid monochloride chloride 


Chloroform is added to the iodide solution before titration to dissolve 
the free iodine formed in the first reaction and to facilitate recognition 
of the end-point—the complete disappearance of the free iodine in 
the second reaction. The combined reactions may be expressed by 
the equation: . 


2KI + KIOg + 6HCl —-> 3ICl 
potassium potassium hydrochloric iodine potassium water 
iodide iodate acid monochloride chloride 


The assay is performed according to the following procedure: 
About 500 mg. of dried Potassium Iodide is accurately weighed and 
dissolved in 10 cc. of distilled water. After adding 35 cc. of hydro- 
chloric acid and 5 ce. of chloroform, twentieth-molar potassium iodate 
is added from a burette with frequent shaking of the solution until 
the chloroform is colorless. Each cc. of twentieth-molar potassium 
iodate corresponds to 16.60 mg. of KI. - 

Storage—Keep Potassium Iodide in well-closed containers. 
Incompatibilities—Iodides are water-soluble except the lead, silver, 
mercury, and cuprous salts. These are soluble in the presence of alkali 
iodides, the lead and silver iodides least readily. ; 

In the presence of acid, iodides are decomposed rapidly with the 
liberation of iodine. Sugar retards the reaction. Ovxidizing agents 
liberate iodine with simultaneous reduction of the agent. Thus, by 
reaction with cupric sulfate, iodine is liberated and cuprous iodide is 
precipitated; with spirit of ethyl nitrite, iodine and nitric oxide (which 
forms brown NQg on contact with air) are evolved. Ammonium io- 
dide, calcium iodide, and zine iodide decompose spontaneously under 


the influence of light. 
The alkali iodides precipitate most alkaloids. Addition of alcohol 
will frequently preserve the solubility. *Mercwrous chloride in the 


presence of an excess of potassium iodide produces metallic mercury © 


+ 3KCl + 3H20 


, 
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and mercuric iodide, the latter forming the soluble double salt, potas- 
sium mercuric iodide. 

Difficulties may be encountered in preparing capsules and powders 
containing iodides due to their deliquescence. Use may be made of 
dried ingredients, warm utensils, and suitable diluents in order to ob- 
tain satisfactory products. 

Uses—Potassium Iodide is the salt usually employed 
when the action of the iodide ion is desired. Iodides 
have been used so extensively in therapy that only the 
more important therapeutic uses can be discussed here. 

In regions where little iodine is obtained in the diet, 
iodides are completely effective in the prevention of 
goiter. Only minute doses are required and these small 
amounts can best be administered in the form of iodized 
salt (1 part of Potassium Iodide to 100,000 parts of 
salt). Saturated solution of potassium iodide may also 
be used in the place of Lugol’s Solution for the treat- 
ment of toxic goiter, in the dose of 0.3 cc., 3 times daily. 
See Lugol’s Solution (page 341). 

Todides are extensively employed in the treatment of 
syphilis. They do not act on the organism causing the 
disease but rather affect the syphilitic lesions in such a 
way as to make other forms of treatment more effective. 
In this respect, they are of more value in the treatment 
of late, than of early syphilis. The dose is extremely 
flexible and may be from 1 to 4 Gm. of Potassium Iodide, 
3 times daily. The salt is given before meals, well di- 
luted with water. 

Potassium Iodide is one of the most valuable of the 
saline expectorants and is widely employed in the treat- 
ment of bronchitis and asthma where it affords relief by 
liquefying tenacious sputum. An expectorant dose is 
0.3 Gm. taken with a glassful of water, every 2 hours. 

Mild untoward reactions frequently occur with iodide 
medication. The syndrome is known as iodism. ‘The 
symptoms include salivation, lacrimation, coryza, sore- 
ness of the teeth and gums, swelling of the salivary 
glands, and eruption of the skin. The Symptoms dis- 
appear when the drug is discontinued. Serious reac- 
tions occur only very rarely. 

Average Dose—0.3 Gm. (approximately 5 grains). 


Potassium Iodide Solution N. F. Liquor Potassii Iodidi 


[Liq. Pot. lodid.—Saturated Potassium Iodide Solution, Sp. Solucién 
de Yoduro de Potasio] 


Potassium Iodide Solution is an aqueous solution con- 


‘taining, in each 100 cc., not less than 97 Gm. and not 


more than 103 Gm. of KI. 


Metric Alternative 
Potassium lodide. ...5.600.0..8eeec 1000 Gm. 3302. av. 167 gr. 
Distilled Water, a sufficient quantity, 


Ma Tahlia), 21S See eae eee “1000 cc. 


Dissolve the salt in 680 ce. (2134 fl. oz.) of hot distilled water, 
cool to about 25°, and add sufficient distilled water to make 
1000 cc. (2 pints); filter, if necessary. 


Note—If the Solution is not to be used extemporane- 


2 pints 


ously 590 mg. (714 gr.) of sodium thiosulfate should be 


added. 


Description and Properties—Potassium Iodide Solution is clear, color- 
less, and odorless having a characteristic, strongly saline taste. It is 
neutral or slightly alkaline to litmus paper. Its specific gravity is 
1.700 at 25°. : f 
Potassium Iodide Solution responds to the identification reactions 


for potassium and iodide. It also conforms, when taken in propor- 


- tionate amounts, to the purity tests given for Potassiwm Iodide. 


Assay—Exactly 5 ce. of the Solution is diluted with distilled water to 
exactly 100 cc., then the potassium iodide content of exactly 10 ce. 
of the dilution determined as described in the Assay of Potassium 


Iodide 


Incompatibilities—See Potassium Iodide. 


_ Uses—See Potassium Iodide. 
Average Dose—0.3 cc. (approximately 5 minims) 
corresponding to 0.3 Gm. (5 grains) of potassium iodide. 


7 
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Potassium Iodide Tablets N. F. Tabellze Potassii 


Todidi 
[Tab. Pot. lodid.—Sp. Tabletas de Yoduro de Potasio] 


Potassium Iodide Tablets contain not less than 94 
per cent and not more than 106 per cent of the labeled 
amount of KI for tablets of 0.8 Gm. or more, and not 
less than 92.5 per cent and not more than 107.5 per 
cent for tablets of less than 0.3 Gm. 

Assay—A counted number of tablets is dissolved in distilled water to 
an exact volume and the KI content of an accurately measured aliquot 
portion of the solution, equivalent to 100 mg. of KI, is determined as 
described in the Assay of Potassium Iodide, adding to the solution 3 


times its volume of hydrochloric acid. Each ce. of fiftieth-molar 
potassium iodate corresponds to 6.641 mg. of KI. 


Uses and Dose—See Potassiwm Iodide. 


POTASSIUM NITRATE N. F. Potassii Nitras 


[Pot. Nitras—Saltpeter, Sp. Nitrato de Potasio] 


Potassium Nitrate, when dried at 110° for 4 hours, 
contains not less than 99 per cent of KNOs (101.10). 

Preparation— Nitre or Saltpetre is sometimes a 
natural product. It was formerly produced artificially 
in what are known as nitre beds, which are made up of 
earth and wood ashes, with animal and vegetable refuse; 
these are protected from rain by sheds. In time the 
ammonia produced by the decomposition of the organic 
matter in the mixture is oxidized, nitric acid is formed, 
and this unites with the potassium hydroxide in the 
wood ashes, and gradually forms Potassium Nitrate. 
The salt is then separated by lixiviation, filtration, 
evaporation, and crystallization. Fused potassium 
nitrate is known as Sal Prunella. 

Much of the Potassium Nitrate now on the market is 
prepared by the ‘‘conversion” process. Concentrated 
solutions of potassium chloride and sodium nitrate 
are brought together and the mixture evaporated with 
the aid of heat. Sodium chloride is peculiar in that its 
solubility is only very slightly changed at high tem- 
peratures. On the other hand, the solubility of Potas- 
sium Nitrate, under the above conditions, increases to 
a very high degree. This means that much of the so- 
dium chloride can be removed during the evaporation 
and the Potassium Nitrate can be obtained by its 
separation from the cooled mother liquor. It can then 
be purified by recrystallization. The reaction involved 
is expressed as follows: : 


NaNOg + KCl —~ KNO3s + NaCl 
sodium potassium potassium sodium 
nitrate chloride chloride 


nitrate 


Description and Properties—Potassium Nitrate occurs as colorless, 
transparent prisms, or as a white, crystalline powder. It is odorless, 
has a saline taste, and produces a cooling sensation in the mouth. It 
is slightly hygroscopic in moist air. The aqueous solution (1 in 10) 
is neutral to litmus paper. It responds to the identification reactions 
for potassium and nitrate. 

Solubility—One Gm. dissolves in 3 ec. of water, in about 620 ce. of 
alcohol at 25°, and in 0.5 ce. of boiling water. 
Tests for Purity— 

Loss on drying at 110° C.—Not more than 1 per cent. 

Chlorate—On sprinkling about 0.1 Gm. on 1 cc. of sulfuric acid no 
yellow color should be produced. Chlorate is decomposed by sulfuric 
acid forming yellow chlorine dioxide. 

Chloride—Not more than 0.03 per cent. 

Heavy metals limit—20 parts per million. 
Assay—An accurately weighed quantity of about 400 mg. of dried 
Potassium Nitrate is evaporated twice to dryness with hydrochloric 
acid. This treatment converts the nitrate to chloride, which is then 
assayed argentometrically as described under the assay for chlorides 
(page 981). It is important that the residue of the chloride after the 
evaporation to dryness should be neutral to insure the absence of free 
HCl which would vitiate the assay. Each ce. of tenth-normal silver 
nitrate consumed corresponds to 10.11 mg. of KNO3. 
Storage—Keep Potassium Nitrate in well-closed containers. 
Incompatibilities—Nitrates are oxidizing agents and, if triturated 
with oxidizable material, particularly organic matter such as sugar, 
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glycerin, ete., may cause an explosion due to the vigor of the reaction. 
In acidic solution, they will readily oxidize organic substances, hypo- 
phosphites, arsenites, ferrous salts, etc. Iodides and bromides are de- 
composed with the liberation of the free halogen. 


aah sana: Nitrate is chiefly used as a diuretic. 
For this purpose, the dose is 5 to 10 Gm. daily, given 
orally in divided portions at mealtime. It is conven- 
iently administered in the form of enteric capsules. 

Black Gunpowder consists of sulfur 10 parts, charcoal 
15 parts, and potassium nitrate 75 parts. Caution— 
Many amateur chemists have been seriously injured 
attempting to make this substance for fireworks dis- 
lays. 
: Average Dose—1 Gm. (approximately 15 grains). 


POTASSIUM PERMANGANATE U. S. P.—See 
Manganese (pag? 423). 

POTASSIUM PERMANGANATE TABLETS N. F.— 
See Manganese (page 423). 

POTASSIUM SODIUM TARTRATE U. S. P.—See 
Organic Salts (page 560). 


POTASSIUM THIOCYANATE N. F. 
Thiocyanas 


Potassii 


[Pot. Thiocyan.—Potassium Sulfocyanate, Potassium Rhodanate, Sp. 
Tiocianato de Potasio, Sulfocianuro de Potasio] 


Potassium Thioeyanate, when dried to constant 
weight at 105°, contains not less than 99 per cent of 
KSCN (97.17). 


Preparation—This salt may be prepared by either of 
the following methods: (1) by fusing 2 parts of potas- 
sium cyanide and 1 part of sulfur and extracting the 
resulting mass with alcohol to remove the Potassium 
Thiocyanate formed; (2) by heating together 46 parts 
of potassium ferrocyanide, 17 parts of potassium 
carbonate, and 32 parts of sulfur, the fused mass being 
extracted with hot alcohol to dissolve the Potassium 
Thiocyanate, which crystallizes out on cooling the solu- 
tion. 


Description and Properties—Potassium Thiocyanate occurs as trans- 
parent, colorless, prismatic hygroscopic crystals, or as white granules. 
It is odorless, has a cooling, saline taste, and is affected by Jight. It 
melts at about 173° to a colored liquid. When dissolved in its own 
weight of water, the temperature of the solution is lowered by about 
30°. Its aqueous solution is neutral. It responds to the identifica- 
tion reactions for potassium and thiocyanate. 

Solubility—One Gm. is soluble in 0.5 ce. of water, in 12 ce. of alco- 
hol, at 25°, in about 0.2 ec. of boiling water, and in 8 ee. of boiling 
alcohol. 

Tests for Purity— , 

Loss on drying at 110°—Not more than 5 per cent. 

Cyanide—To 1 Gm. of the thiocyanate dissolved in 10 ce. of dis- 
tilled water, 1 cc. of sodium hydroxide T.8., 5 drops of ferrous sulfate 
T.8., and 1 drop of ferric chloride T.S. are added. The mixture 
is warmed and then acidified with hydrochloric acid. No blue color 
should be produced. 

When a cyanide is treated with a ferrous salt and a fixed alkali 
hydroxide it becomes converted into ferrocyanide. A portion of the 
ferrous salt, in the presence of alkali, oxidizes to the ferric state, and 
when the mixture is subsequently acidified, the ferric iron combines 
with the ferrocyanide forming the intensely blue ferric ferrocyanide 
(prussian blue). 

Chloride—Not more than 0.1 per cent as Cl. 

Sulfate—Not more than 0.025 per cent as SO4q. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Ammonium salts—On heating 0.5 Gm. of the Thiocyanate with 5 ce. 
of sodium hydroxide T.S. for 1 minute, the odor of ammonia should 
not be evolved. 

Assay—After being dried to constant weight at 105° the salt is as- 
sayed argentometrically according to the assay method for bromides, 
iodides, and thiocyanates (page 980). Each ec. of tenth-normal silver 
nitrate consumed corresponds to 9.717 mg. of KSCN. 

plorane rere Potassium Thiocyanate in tight, light-resistant con- 
ainers 

Incompatibilities—See Sodium Thiocyanate (page 389). 


POTASSIUM 


Uses—See Sodium Thiocyanate (page 389). 
Average Dose—0.3 Gm. (approximately 5 grains). 


SULFURATED POTASH N. F.—See Sulfur (page 349). 


Unofficial Inorganic Potassium Compounds 


Potassium Arsenite [KAsOg.HAsOg|—see Unofficial 
Arsenic Compounds (page 446). 

Potassium Binoxalate [KHC204.H20]—White, odorless crystals. 
Soluble in 40 parts water, in 6 parts boiling water. Slightly soluble 
in alcohol. Uses: for removing ink stains, scouring metals, and 
cleaning wood. 

Potassium Biphosphate, 
Reagents (page 1068). 

Potassium Biphthalate—See Reagents (page 1068). 

Potassium Bisulfate [KHSO4]—See Reagents (page 1069). 


Inorganic 


Potassium Phosphate Monobasic—See 


Potassium Borate [K2B407|—White, crystalline powder. Soluble in 
4 parts water; slightly soluble in alcohol. 
Potassium Bromate [KBrO3]—See Reagents (page 1069). Uses: pro- 


motes the growth of certain yeasts. 

Potassium Chromate—See Reagents (page 1069). 

Potassium Cyanide—See Reagents (page 1069). 

Potassium Dichromate—See Reagents (page 1069). 

Potassium Ferricyanide—See Reagents (page 1069). 

Potassium Ferrocyanide—See Reagents (page 1069). 

Potassium Fluoride [KF.2H20]—White, deliquescent, crystalline 
powder. Soluble in about 1 part of water; almost insoluble in 
alcohol. Uses: prevents undesirable fermentation in brewing. 

Potassium Glycerophosphate [KeC3H7PO,.3H20]—Colorless to 
slightly yellow, viscous mass. Very soluble in water. Usually 
marketed as a 50-75 per cent aqueous solution of more or less syrupy 
consistency and colorless to pale yellow. Uses and Dose: see 
Sodium Glycerophosphate (page 384). 

Potassium Iodate—See Reagents (page 1069). 

Potassium Mercuric lodide [K2HgI4|—Yellow crystals, very soluble 
in water. Uses: an analytical reagent. 

Potassium Metabisulfite [K25205]—White crystals or crystalline 
powder with an odor of sulfur dioxide. Oxidizes in air to sulfate. 
Uses: an antifermentative in breweries and wineries. 

Potassium Nitrite [KNO:|—White, deliquescent granules or molded 
sticks. Very soluble in water, insoluble in alcohol. Uses: 
same medicinal uses as sodium nitrite but is now superseded by the 
latter. 

Potassium Perchlorate—See Reagents (page 1069). 

Potassium Periodate [KIO4]—Colorless crystals or white, granular 
powder. Soluble in about 80 parts cold water, more soluble in hot 
water. Uses: a powerful oxidizer in acid solutions; used chiefly 
in analytical chemistry. 

Potassium Persulfate [K 2520 8]—Colorless or white, odorless crystals. 
Gradually decomposes, losing available oxygen; at 100° C. it 
decomposes entirely. Soluble in about 50 parts water, 25 parts 
water at 40° C.; insoluble in alcohol. Uses: 
in analytical chemistry; a bleaching agent. 

Potassium Phosphate Dibasic—See Reagents (page 1069). 

Potassium Phosphate Tribasic [K3PO4]—Usually contains about 1 
molecule of HzO. White granules or powder. Very soluble in 
water; almost insoluble in alcohol. Its solution is very alkaline. 

Potassium Pyrosulfate [Kg5207]—Colorless, deliquescent granules or 
white crystalline mass, freely soluble in water; insoluble in alcohol. 

Potassium Silicate, Soluble Glass [approx. KeSiOg3|—This salt is the 


counterpart of ordinary water glass which is a similar compound of - 


sodium. It is one of the very few water-soluble silicates. 

Potassium Sulfate N. F. VIf [K2SO4]—Hard, colorless or white crys- 
tals, white granules, or white powder. Odorless. Saline, bitter 
taste. Stable in air. Aqueous solution is neutral. One Gm. sol- 
uble in 10 cc. water at 25° C. or 4 cc. of boiling water. Uses: 
laxative salt. Dose: 1 Gm. (15 grains). 

Potassium Sulfite [KegSO03.2H2O]—A white, somewhat deliquescent 
salt having a bitter saline taste. It is more soluble in cold water 
than in hot water. Upon standing it gradually becomes oxidized 
to potassium sulfate. ‘ 

Potassium Thiocarbonate 
granules or crystals. Very soluble in water. 

Potassium Xanthogenate—See Reagents (page 1069). 


Inorganic Potassium Specialties 


Algolyt (Doho)—Liquid, containing in each fluidounce 14 Gm. potas- 
sium sulfocyanate and 1.68 Gm. formaldehyde combined with col- 
loidal gelatin. Uses: antiseptic ear drops in chronie and sub- 
acute otitis media. Dose: dilute 1:10 to 1:40 and instil 2 to 5 
ce. in ear, retaining for 10 minutes; or use as an irrigation. 

Aphcotabs (A.P.C.)—Effervescent tablets, containing 6 gr. potassium 
bromide, 6 gr. sodium bromide, 3 gr. ammonium bromide, with 
citric acid and sodium bicarbonate. Uses: sedative. Dose: 1 
tablet dissolved in water. 

Bromidia (Battle)—Liquid, containing 91 gr. potassium bromide, 91 
gr. chloral hydrate, and 1 gr. extract hyoscyamus in each fluid- 
ounce. Uses: hypnotic and sedative. Dose: 1 to 2 teaspoon- 


fuls upon retiring as a hypnotic; % to 1 teaspoonful as a sedative.” 


Bromidonna Compound Elixir (McNeil)—Liquid, containing, in each 
fluidounce, 36 gr. potassium bromide, 36 gr. ammonium bromide, 
36 gr. sodium bromide, 34 gr. belladonna, 34 gr. hyoscyamus, 8 
gr. piscidia, 114 gr. cascarasagrada. Uses: sedative. Dose: 
2 teaspoonfuls in water. . 


in photography and 


[KeCSs3]—Yellowish red, deliquescent 


1to- 


SODIUM 


Bromionyl (Upjohn)—HEffervescent salt, each drachm containing 2.5 
gr. potassium bromide, 3.75 gr. calcium bromide, 9.75 gr. sodium 
bromide, citrates and tartrates of potassium and sodium, magne- 
sium sulfate, and sodium lactate. Uses: sedative. Dose: 1 to 
1% teaspoonfuls in water divided into 4 or 5 doses. 

Bromionyl with Acetylsalicylic Acid—Same as Bromionyl but has an 
added 5 gr. acetylsalicylic acid per teaspoonful. 

Bromionyl with Barbital—Same as Bromionyl but has an added 5 gr. 
of barbital per teaspoonful. 

Bromiphen (McNeil)—Enteric coated tablets or a non-alcoholic elixir, 
each tablet or fluidrachm containing 334 gr. potassium bromide, 
3% er. sodium bromide, and 4 gr. phenobarbital sodium. Uses: 
antispasmodic, hypnotic, and sedative. Dose: 1 or 2 tablets with 
water, or | to 2 teaspoonfuls of elixir. 

Bromo Vess (Ames)—Effervescent tablets, containing 744 gr. potas- 
sium bromide, 1 gr. ammonium bromide, 7% gr. sodium bromide, 20 
gr. citric acid, and 24 gr. sodium bicarbonate. Uses: ‘sedative. 
Dose: 1 or 2 tablets dissolved in water. 

Brothane (Cole)—Liquid, containing in each fluidounce 20 gr. potas- 
sium bromide, 10 gr. calcium bromide, 30 gr. sodium bromide, and 
40 gr. ethyl carbamate. Uses: sedative. Dose: 2 teaspoonfuls 
with water. 

C-Chlor (Columbus)—Capsules, 
chloride and 0.1 Gm. vitamin C. 
asthma, hay fever, etc. 

Enkide (Brewer)—Enteric-coated tablets containing 0.5 Gm. or 1 
Gm. potassium iodide. 


containing 0.26 Gm. potassium 
Uses: allergy therapy for 
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Glyco-Bromides Compound (Stoddard)—Liquid, containing in each 
fluidounce 20 gr. potassium bromide, 20 gr. ammonium bromide, 
20 gr. sodium bromide, \% gr. extract belladonna leaves, 4% gr. 
extract hyoscyamus, 0.04 gr. potassium arsenite, and 1 gr. extract 
cascara. Uses: anticonvulsant and sedative for epilepsy, hys- 
teria, or neuroses. Dose: 1 to 3 teaspoonfuls in water. 


Kalion (Neoco)—Tablets, containing 5 gr. potassium chloride and 5 
mg. ascorbic acid. Uses: allergy therapy in allergic rhinitis, 
chronic eczema, hay fever, chronic sinusitis, and nasal mucous 
polyps, etc. Dose: 1 or 2 tablets dissolved in water, 3 times daily. 


Pentabromides (Merrell)—A palatable syrup, each fluidounce con- 
taining 20 gr. potassium bromide, 20 gr. ammonium bromide, 64 
gr. sodium bromide, 12 gr. calcium bromide, and 4 gr. lithium bro- 
mide (15 gr. of bromides per fluidrachm). Uses: sedative for con- 
vulsions, mild epilepsy, hysteria, and laryngeal crises of tabes dor- 
salis, etc. Dose: 1 teaspoonful with water. 


Sedaphen (C. D. Smith)—Liquid, containing in each fluidounce 20 gr. 
potassium bromide, 30 gr. sodium bromide, 10 gr. calcium bromide, 
and 2 gr. phenobarbital sodium. Uses: sedative in epilepsy, 
hysteria, neuroses, etc. Dose: 1 to 2 teaspoonfuls with water. 


Solmides (Sharp and Dohme)—Tablets, available in 15-gr. and 74- 
gr. doses. Each 15-gr. tablet contains 5 gr. potassium bromide, 
5 gr. ammonium bromide, and 5 gr. sodium bromide. ~Uses: seda- 
tive in insomnia and nervous excitation. Dose: 1 or 2 small tablets 
or 1 large tablet, dissolved in water. 


SODIUM AND ITS COMPOUNDS 


‘Sodium—Na = 22.997 (At. no. 11) 


Sodium is from the word soda which is applied to the 
crude sodium carbonate obtained from ashes and used 
for making glass. The sodium salts are more frequently 
used than those having potassium for their base, be- 
cause they are relatively cheaper, and are often more 
soluble and better tolerated. ~ 

Preparation—Sodium metal is obtained by the elec- 

trolysis of fused sodium hydroxide or of a solution of 
sodium chloride in specially constructed electrolytic 
cells. 
Description and Properties—It is soft, silvery white in color, melts at 
97°, and has a specifie gravity of 0.97. It rapidly oxidizes in the air 
to the oxide, and decomposes water with the formation of hydrogen 
which, if the quantity of the metal is not too small, may ignite by 
the heat generated in the reaction. 

Great care must be exercised in the handling of metallic 
sodium, and it should be kept under a mineral oil, not 
under water. 


IDENTIFICATION OF SODIUM COMPOUNDS 


Sodium compounds, after conversion to chloride or 
carbonate, yield with cobalt uranyl acetate T.S. a golden 
yellow precipitate, which forms after agitating for several 
minutes. Sodium compounds impart an intense yellow 
color to a non-luminous flame. 

For the identification of sodium in the presefice of 
‘organic compounds it is preferable to use the procedure 
described for the identification of potassium in organic 
compounds (page 367). 


SODA LIME U. S. P.—See Calcium. (Page 407) 
SODIUM ACETATE N. F.—See Organic Salts (page 
2828). 
SODIUM ALGINATE N. F.—See Carbohydrates (page 
756). 
SODIUM ARSENATE, EXSICCATED N. F.—See 
Arsenic (page 446). 
SODIUM ARSENATE SOLUTION N. F.—See Arsenic 
(page 446). 
SODIUM ASCORBATE INJECTION U. S. P.—See 
Vitamins (page 913). | ‘ 
SODIUM BENZOATE U. S. P.—See Organic Salts 
(page 532). 


SODIUM BICARBONATE U. S. P.—Sodii Bicarbonas 


[Sod. Bicarb.—Baking Soda, Sodium Acid Carbonate, Sp. Bicarbonato 
de Sodio, Sal de Vichy, Sosa de Hornear] 


Sodium Bicarbonate, when dried over sulfuric acid 
for 4 hours, contains not less than 99 per cent of 
NaHCOsz (84.02). 


Preparation—Sodium Bicarbonate is largely produced 
by the ammonia-soda process, or Solvay Process, as it is 
usually called. In this process carbon dioxide is passed 
into a solution of common salt in ammonia water; 
double decomposition ensues, Sodium Bicarbonate is 
precipitated, and ammonium chloride, being much 
more soluble, remains in solution. 


NaCl + NHs + COs + H20 ~ NaHCO3s + NH.Cl 
sodium ammonia carbon water sodium ammonium, 
chloride dioxide bicarbonate chloride 


The ammonium chloride solution is heated with lime. 
whereby the ammonia is regenerated and returned to, 
the process. 


Description and Properties—Sodium Bicarbonate occurs as a white, 
crystalline powder. It is odorless and has a saline and slightly alka- 
line taste. Its solutions, when freshly prepared with cold water 
without shaking, are slightly alkaline to litmus paper. Its alkalinity 
increases as the solutions stand, are agitated, or heated. It is stable 
in dry air, but slowly decomposes in moist air. It responds to the 
identification reactions for sodium and for bicarbonate. 

Solubility—One Gm. dissolves in 10 ce. of water; with hot water 
it is converted into carbonate, It is insoluble in alcohol. 

Tests for Purity— 

Carbonate—Test and limit are the same as for Potassium Bicarbon- 
ate (page 367). 

Ammonia—No odor of ammonia is evolved upon heating Sodium 
Bicarbonate in a test tube, and moist red litmus paper should not be- 
come blue when held at the mouth of the tube during the test. 

Arsenic limit—10 parts per million. . 

Heavy metals limit—65 parts per million. 

Assay—Sodium Bicarbonate, previously dried for 4 hours over sul- 
furic acid, is assayed acidimetrically (page 979) by titration with nor- 
mal acid using methyl orange T.S. as indicator. Hach cc. of normal 
acid corresponds to 84.02 mg. of NaHCOg. 

Storage—Keep Sodium Bicarbonate in well-closed containers. 
Incompatibilities—Sodium Bicarbonate is decomposed by acids and 
salts having an acid reaction with the liberation of carbon dioxide. 
Acid-reacting vehicles are troublesome in this respect, as are some 
tinctures, fluidextracts, and solutions. Heating or agitating the 
aqueous solution partially converts it to the normal carbonate with 
evolution of carbon dioxide. Sodium Bicarbonate intensifies the 
darkening which occurs in solutions of salicylates. Some alkaloids 
are precipitated from solutions of their salts. 

In powder mixtures, atmospheric moisture or water of crystalliza- 
tion from another ingredient sometimes permits Sodium Bicarbonate 
to react with boric acid or a salt such as alum. In liquid mixtures 
containing bismuth subnitrate, Sodium Bicarbonate reacts with the 
acid formed by hydrolysis of the bismuth salt. 


Uses—Sodium Bicarbonate is widely employed as a 
gastric antacid and in combating systemic acidosis. 
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The salt is also of great value when it is desirable to 
render the urine alkaline. Asa gastric antacid, Sodium 
Bicarbonate possesses several outstanding disadvan- 
tages. Its reaction with hydrochloric acid results in 
the production of carbon dioxide. Although the onset 
of action is rapid, the duration of action is short. 
Sodium Bicarbonate is readily absorbed and can produce 
symptoms of systemic alkalosis. For these reasons, 
other gastric antacids are finding more and more favor. 

In the treatment of systemic acidosis, Sodium Bicar- 
bonate is specific in that the salt is composed of the two 
ions essential to correct this condition. - However, 
systemic acidosis is best treated by intravenous therapy 
and, inasmuch as solutions of Sodium Bicarbonate can 
be sterilized only with difficulty, sodium lactate is more 
frequently employed. It is preferably given in ear- 
bonic acid water, and the draught is popularly known 
as extra soda, the misnomer being caused by the errone- 
‘ous use of the term soda water. Sodium Bicarbonate is 
also used in the manufacture of effervescent salts. 

Sodium Bicarbonate is used locally on the skin in 
the form of a moist paste or a solution. In this form, 
it is an effective antipruritic. The salt is also an in- 
gredient of many effervescent mixtures, alkaline solu- 
tions, douches, etc. 

Industrially, Sodium Bicarbonate is used in baking 
powders, fire extinguishers, cleaning compounds, the 
manufacture of sodium salts, and in numerous other 
processes. 

Average Dose—2 Gm. (approximately 30 grains). 


Soda and Mint Solution N. F. Liquor Sode et Menthe 


{Liqg. Sod. et Menth.—Mistura Sod et Menthx, Soda Mint, Sp. 
Solucién de Sosa y Menta] 


Metric Alternative 
Sodium’ Bicarbonate...-- s-t ee 50 Gm. 1 oz. av. 293 er. 
Aromatic Ammonia Spirit......... 20 cc. 307 min. 
Spearmint Water, a sufficient quan- 
tity, 
ee POMMAkGr, 1.2%: seat eae meee 1000 cc. 2 pints 


Dissolve the sodium bicarbonate in 950 ce. (31 fl. oz.) of spear- 
mint water, add the aromatic ammonia spirit and shake the mix- 
ture intermittently during 30 minutes; then filter the mixture, 
using 10 Gm. of purified tale to clarify it if necessary, and add 
sufficient spearmint water through the filter to make the product 
measure 1000 ce. (2 pints). 

Note—When preferred, peppermint water may be used in place 
of spearmint water. 


Alcohol Content—Not more than 2 per cent, by volume, of CgH;0H. 
Storage—Keep this Solution in tight containers. 


Uses—This is a flavored solution of sodium bicarbon- 
ate, used as an antacid. 

Average Dose—& cc. (approximately 2 fluidrachms), 
corresponding to 0.4 Gm. of Sodium Bicarbonate and 
0.16 cc. of Aromatic Ammonia Spirit. 


Sodium Bicarbonate and Calcium Carbonate Powder 
N. F. Pulvis Sodii Bicarbonatis et Calcii Carbonatis 


[Puly. Sod. Bicarb. et Calc. Carb.—Sippy Powder No. 1, Sp. Polvo 
de Bicarbonato de Sodio y de Carbonato de Calcio] 


Sodium Bicarbonate and Calcium Carbonate Powder 
contains not less than 92.5 per cent and not more than 
107.5 per cent of the labeled amount of NaHCOs and 
of CaCOs. 


Metric Alternative 
Sodium Bicarbonate............. 770 Gm. 12 0z. av. 140 gr. 
Precipitated Calcium Carbonate 230 Gm. 3 oz. av. 297.5 gr. 
PLGA Geter rn ces ahaha 1000 Gm. 16 oz. av. 


Mix the ingredients well. 


SODIUM 


Assays—This powder is assayed for calcium carbonate by the assay 
method given under Calcium Carbonate (page 401). 

For the assay for sodium bicarbonate about 3 Gm. of the sample, 
accurately weighed, is dissolved in an excess of a measured volume of 
normal hydrochloric acid. The solution is boiled for a few minutes to 
expelCOg. The excess of acid is then titrated with normal sodium 
hydroxide using phenolphthalein T.S. as indicator. From the 
volume of normal hydrochloric acid consumed, the volume of the 
acid, equivalent to the quantity of calcium carbonate present in 
the sample as found from the previous assay for calcium carbonate, 
is deducted, the difference representing the acid consumed by the 
bicarbonate. Each cc. of normal hydrochloric acid is equivalent to 
50.05 mg. of calcium carbonate and to 84.02 mg. of NaHCOg3. 
Storage—Preserve in well-closed containers. 


Uses—Sippy powders contain a mixture of gastric 
antacids. They were introduced by Sippy (1915) for 
the treatment of peptic ulcer. They consist of Powder 


‘1 and Powder 2 which are given alternately to regulate 


the laxative effect of the latter powder. They are usu- 
ally modified by individual clinicians and the term 


“modified Sippy powders” has been applied to almost 


any mixture of gastric antacids. 
Average Dose—2.6 Gm. (approximately 40 grains). 


Sodium Bicarbonate and Calcium Carbonate Tablets 
N. F. Tabellz Sodii Bicarbonatis et Calcii Carbonatis 
[Tab. Sod. Bicarb. et Calc. Carb.—Sippy Powder Tablets No.1, Sp. 
Tabletas de Bicarbonato de Sodio y Carbonato de Calcio] 
Sodium Bicarbonate and Calcium Carbonate Tablets 
contain not less than 92.5 per cent and not more than 
107.5 per cent of the labeled amount of NaHCOs and 
of CaCOs. 
Assay—These tablets are assayed for calcium carbonate and sodium 


bicarbonate as described under Sodium Bicarbonate and Calcium 
Carbonate Powder. 


Average Dose—2.6 Gm. (approximately 40 grains) of 
Sodium Bicarbonate and Calcium Carbonate Powder. 


Sodium Bicarbonate and Magnesium Oxide Powder 

N. F. Pulvis Sodii Bicarbonatis et Magnesii Oxidi 

ae Sod. Bicarb. et Mag. Oxid.—Sippy Powder No. 2, Sp. Polvo de 
Bicarbonato de Sodio y Oxido de Magnesio] 

Sodium Bicarbonate and Magnesium Oxide Powder 
contains not less than 92.5 per cent and not more than 
107.5 per cent of the labeled amount of NaHCOs, and 
not less than 90 per cent and not more than 110 per 
cent of the labeled amount of MgO. 


Metric Alternative 
Sodium Bicarbonateha.- 24 sone eee ieee 500 Gm 8 oz. av 
Magnesium Oxide\.t.0.06. aoe eee 500 Gm 8 oz. av. 
TO. MAKC we. eters, cee ree nore 1000 Gm 16 oz. av. 


Mix the ingredients well. 


Identification—When the powder is heated with water it reacts alka- 
line to litmus and to phenolphthalein. On adding dilute hydrochloric 


acid to the powder it effervesces, and the resulting solution responds . 


to the reactions for sodium and magnesium. 

Assay for Magnesium Oxide—An accurately weighed quantity of the 
powder, equivalent to about 100 mg. of magnesium oxide, is dissolved 
in 25 ce. of diluted hydrochloric acid, diluted with water to about 100 
ec., and the assay is continued as described in the assay for Magne- 
sium Sulfate, beginning with ‘an excess of sodium phosphate T.S.” 
The weight of the magnesium pyrophosphate obtained multiplied by 
0.3623 represents the equivalent weight of MgO 

Assay for Sodium Bicarbonate—An accurately weighed quantity of 
about 6 Gm. of the powder is dissolved in 75 cc. of normal hydrochloric 
acid and the solution gently boiled to remove carbon dioxide. It 
is then cooled, diluted with about 75 ec. of water and the excess acid 
titrated with normal sodium hydroxide using phenolphthalein T.8. 
as the indicator. From the volume of the normal hydrochloric acid 
consumed, the volume of the acid equivalent to the amount of the 


magnesium oxide in the sample as found from the above assay for - 


magnesium oxide is deducted, the difference representing the acid 


consumed by the bicarbonate. Hach ce. eat normal Bes 
acid is equivalent to 84.02 mg. of NaHCO 
Storage—Preserve in well-closed containers. 


Average Dose—1.3 Gm. (appromenstely 20 grains). 
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Sodium Bicarbonate and Magnesium Oxide Tablets 
N. F. Tabelle Sodii Bicarbonatis et Magnesii Oxidi 


'[Tab. Sod. Bicarb. et Mag. Oxid.—Sippy Powder Tablets No. 2, Sp. 


Tabletas de Bicarbonato de Sodio y Oxido de Magnesio] 


Sodium Bicarbonate and Magnesium Oxide Tablets 
contain not less than 92.5 per cent and not more than 
107.5 per cent of the labeled amount of NaHCOs, and 
not less than 90 per cent, and not more than 110 per 
cent of the labeled amount of MgO. 

Assay—These Tablets respond to the identification tests and are 


assayed by the method described under Sodiwm Bicarbonate and 
Magnesium Oxide Powder. 


Average Dose—1.3 Gm. (approximately 20 grains) of 
Sodium Bicarbonate and Magnesium Oxide Powder. 


Sodium Bicarbonate Tablets N. F. Tabelle Sodii 
Bicarbonatis 


[Tab. Sod. Bicarb.—Sp. Tabletas de Bicarbonato de Sodio] 


Sodium Bicarbonate Tablets contain not less than 


92.5 per cent and not more than 107.5 per cent of the 
labeled amount of NaHCOs. 


Assay—A counted number of not less than 20 tablets is weighed, 
then carefully powdered, and an accurately weighed aliquot portion 
is assayed acidimetrically (page 979) by titration with normal sulfuric 
‘acid, using methyl orange T.S. as the indicator. Hach cc. of normal 
acid corresponds to 84.02 mg. of NaHCOzg. 


Uses—See Sodium Bicarbonate. 
Average Dose—! Gm. (approximately 15 grains) of 
Sodium Bicarbonate. 


SODIUM BIPHOSPHATE U. S. P. Sodii Biphosphas 


[Sod. Biphos.—Sodium Dihydrogen Phosphate, Monosodium Ortho- 
phosphate, Sodium Acid Phosphate, Sp. Bifosfato de Sodio, Fosfato 
Bidcido de Sodio, Ortofosfato Monosédico, Fosfato Acido de Sodio] 

Sodium Biphosphate [NaH.PO,4.H2O = 138.01] when 
dried at 100° to constant weight contains not less than 
98 per cent of NaH.PO, (119.99). 

Preparation—Sodium Biphosphate is prepared by 
adding phosphoric acid to a hot concentrated solution 
of the disodium salt until the liquid ceases to give a pre- 
cipitate with barium chloride. 


NazHPO, + HsPO4 — 2NaHe2PO.4 
disodium phosphoric monosodium 
phosphate acid phosphate 


The solution is then concentrated to the crystallization 
point by evaporation. 


Description and Properties—Sodium Biphosphate occurs as colorless 
crystals or as a white, crystalline powder. It is odorless and is slightly 
deliquescent. It is freely soluble in water but almost insoluble in 
alcohol. The solution is acid to litmus paper and to phenolphthalein 
T.S. but is neutral, or practically neutral, to methyl orange T.S. Its 
solution produces effervescence with sodium carbonate and responds 
to the identification reactions for sodium and phosphate. 

Tests for Purity— 

Loss on drying at 100° C.—Not less than 10 per cent and not more 
than 15 per cent. : . 

Free acid and disodium phosphate—To a solution of 2 Gm. of the 
salt in 40 cc. of water 1 drop of methyl orange T.S. is added. If the 
solution is pink, not more than 0.3 cc. of normal sodium hydroxide is 
required to change the color to yellow (excess acid). If the solution 
is yellow, not more than 0.3 cc. of normal acid is required to render it 


pink (disodium phosphate). 


Chloride—Not more than 0.015 per cent as Cl. 
Sulfate—Not more than 0.25 per cent as SO4. . 
Aluminum, calcium, etc.—No turbidity is produced when a1in 10 
solution is made slightly alkaline with ammonia T-.S. 
_ Arsenic limit—10 parts per million. 
-. Heavy metals limit—20 parts per million. 


_ Assay—About 2 Gm. of the salt, previously dried at 100° to constant 


rated solution of sodium chloride. 


- 
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weight, is dissolved in 10 ce. of cold water and 20 ce. of a cold satu- 
e. The solution is titrated with 
normal sodium hydroxide, using phenolphthalein T.S. as the indicator 
until a distinct pink color is produced. Each ce. of normal sodium 
hydroxide corresponds to 120.00 mg. of NaH2PO4. 
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Storage—Keep Sodium Biphosphate in well-closed containers. 
Incompatibilities—Since Sodium Biphosphate is an acid salt, it is 
incompatible with carbonates and alkalies in general. In solution 
with methenamine it causes a slow evolution of formaldehyde. 
Solutions made neutral or alkaline precipitate most metals. 


Uses—Sodium Biphosphate is used chiefly when it is 
desired to render the urine acid, as, for example, during 
therapy with methenamine. For this purpose, it is 
given orally in the dose of 1.0 to 2.5 Gm. every 4 hours, 

Average Dose—0.6 Gm. (approximately 10 grains). 


SODIUM BORATE U.S. P.  Sodii Boras 


[Sod. Bor.—Borax, Sodium Tetraborate, Sodium Pyroborate, Bi- 
borate of Sodium, Sp. Borato de Sodio, Borax, Tetraborato de Sodio] 

Sodium Borate contains not less than 52.32 per cent 
and not more than 54.92 per cent of anhydrous sodium 
Borate [Na2B.40,| corresponding to not less than 99 per 
cent of the hydrated salt [NaezB.07.10H20 = 381.43]. 

Preparation—This salt is found in immense quantities 
in California as a crystalline deposit, at Clear Lake, and 
near Death Valley. It is probable that this will con- 
tinue to be the principal source of borax for many years 
to come. The process of purification consists simply 
of selecting the large and perfect crystals and washing 
them. The earth, which is strongly impregnated with 
borax, is lixiviated; the solution is evaporated and 
crystallized. 

‘Calcium borate, or cotton balls, also occurs in the 

borax deposits of California, and sodium borate is ob- 
tained from it by double decomposition with a solution 
of sodium carbonate. Borax is also found native in 
Tibet, Persia, and other localities. It is sometimes 
called tincal. 
Description and Properties—Sodium Borate occurs as colorless, trans- 
parent crystals, or as a white, crystalline powder. It is odorless. The 
crystals are often coated with white powder due to efflorescence. Its 
solution is alkaline to litmus and to phenolphthalein; pH about 9.5. 
Borax dissolves many metallic oxides when fused with them. It re- 
sponds to the identification reactions for sodium and borate. 

Solubility—One Gm. dissolves in 16 cc. of water, in about 1 cc. of 
glycerin, and in about 1 cc. of boiling water; it is insoluble in alcohol. 
Tests for Purity— 

Carbonates—No effervescence is produced on adding acid to the 
aqueous solution (1 in 20). 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Assay—The assay of Sodium Borate is based on the fact that, because 


of the weak acid character of boric acid, its alkali salts are strongly 
hydrolyzed in aqueous solution: 


NaegB.0, + 7H20 @ 2NaOH + 4HsBOz3 
sodium water sodium boric 
borate hydroxide acid 


As a consequence of the hydrolysis the solution reacts alkaline towards 
the indicator as if the alkali were present as hydroxide. 


NazgB407 ++ 2HCl oh 5H20 — 2NaCl -+- 4H3BO3 
sodium hydrochloric water sodium basic 
borate _acid chloride acid 


The assay is performed by dissolving about 2 Gm. of the Sodium 
Borate, accurately weighed, in 50 cc. of distilled water, and titrating 
the solution with half-normal hydrochloric acid, using methyl red 
T.S. as the indicator. Each ec. of half-normal acid corresponds to 
50.32 mg. of anhydrous sodium borate (95.36 mg. of NagB407.10H 20). 
Storage—Keep Sodium Borate in well-closed containers. 
Incompatibilities—Sodium Borate precipitates many metals as insol- 
uble borates. In aqueous solution it is alkaline in reaction and pre- 
cipitates aluminum salts as aluminum hydroxide, iron salts as a basic 
borate and ferric hydroxide, and zinc sulfate as zinc borate and a 
basic salt. Alkaloids are precipitated from solutions of their salts. 
Approximately equal weights of glycerin and sodium borate react to 
produce a decidedly acid derivative generally called glyceroboric 
acid. Thus the addition of glycerin to a mixture containing sodium 
borate overcomes those incompatibilities arising fromm an alkaline 
reaction. 


Uses—Saturated solutions of Sodium Borate have 
some usefulness as an antipruritic for the skin. Solu- 
tions are also sometimes used as a mouth wash in the 


treatment of stomatitis and gingivitis. Sodium Borate 
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should not be administered internally. See Boric Acid 
(page 351). 

Pharmaceutically, it is frequently used in small quan- 
tities in ointments, particularly in the ointment of rose 
water, in hand lotions, and other cosmetics. It forms 
a soap which serves as an emulsifying agent in the prepa- 
ration of the ointment. It is a frequent ingredient 
in eye lotions, but is incompatible with zinc sulfate, as 
insoluble zinc borate is formed. 

Industrially, borax is used as a flux in soldering, in the 
manufacture of enamels and glass, in fire proofing of 
fabrics and wood, in soaps, and in various cleaning com- 
pounds. 


Compound Sodium Borate Solution N. F. Liquor Sodii 
Boratis Compositus 


{Liq. Sod. Bor. Comp.—Dobell’s Solution, Sp. Solucién de Borato de 
Sodio Compuesto] 


Metric Alternative 
SodiamBoratecs ate ee ete 15 Gm 219 gr. 
Sodium Bicarbonate............... 15 Gm 219 gr. 
Liquefied Phenol peeves ieee cr 3 CC. 46 min. 
Givicerine ee bese ie ecm heats 35 CC 1 fl.oz. 58 min, 
Distilled Water, a sufficient quantity, 
Mi Boyes eo: 1 <: ee Berar as Mn coun Oe RG 1000 cc. 2 pints 


Dissolve the sodium borate and sodium bicarbonate in about 
500 ce. (1 pint) of the water, add the glycerin and liquefied phenol, 
and allow the*mixture to stand half an hour or until the efferves- 
cence has ceased; then add sufficient water to make the product 
measure 1000 cc. (2 pints), and filter. ’ 


When prepared as directed in the N. F. an efferves- 
cence always occurs, due to the decomposition of so- 
dium borate by the glycerin to form an acid which reacts 
with sodium bicarbonate. The exact nature of the 
reaction is not known definitely. One theory is that 
sodium borate reacts with the glycerin to form glyceryl 
borate and sodium metaborate. The glyceryl borate 
promptly undergoes hydrolysis with the liberation of 
free boric acid, and the boric acid attacks the bicarbon- 
ate of soda in the usual manner, liberating carbon di- 
oxide, which causes the effervescence. Another expla- 
nation, offered by Bauer, J. A. Ph. A., 19, 475 (1930), 
assumes that the sodium borate is first hydrolyzed to 
sodium dihydrogen borate [NaH2BOs] and boric acid, 
and these products of hydrolysis react with the glycerin 
forming sodium glyceroborate [CsHs5(OH)BO;Nal| 
and glyceroboric acid [CsH;(OH)BOsH]. Finally the 
glyceroboric acid which is a stronger acid than boric 
acid reacts with the sodium bicarbonate to form sodium 
glyceroborate with the liberation of carbon dioxide. 
Description and Properties—Compound Sodium Borate Solution is 
a clear colorless or yellowish liquid, with a phenol-like odor. It is 
alkaline to litmus and to phenolphthalein and responds to the identi- 
fication reactions for sodium carbonate, sodium borate, and phenol. 
Assay—Proceed as in Assay under Phenolated, Water (page 679). 
Each ee: of tenth-normal bromide is equivalent to 1.569 Gm, of 
Sigh pet oe Compound Sodium Borate Solution in tight contain- 
ers, 

Uses—This solution is used as an alkaline, mild, 


nasal wash or spray. For use on mucous membranes— 
undiluted; or for the dental spray bottle, dilute with 5 
volumes of water. 


SODIUM BROMIDE U. S. P. Sodii Bromidum 
[Sod. Bromid.—Sp. Bromuro de Sodio] 
Sodium Bromide, when dried at 110° C. for 4 hours, 
contains not less than 99 per cent of NaBr (102.91). 
Preparation—The process most frequently used in 
making this salt consists in first making ferroso-ferric 
bromide by acting on iron with bromine in the presence 


SODIUM 


of water, and then adding to it a solution of sodium 


carbonate. The reaction may be expressed as follows: 
FegBrg + 4Na2COg — 8NaBr + Fe304 + 4CO2 

ferrosoferric sodium sodium ferrosoferric carbon 
bromide carbonate bromide oxide dioxide 


Sodium Bromide may also be made by a method simi- 
lar to that outlined under Potassium Bromide (page 
368) in which bromine and sodium hydroxide are com- 
bined to form Sodium Bromide and bromate, the latter 
being afterward converted into bromide by ignition 
with charcoal. 


Description and Properties—Sodium Bromide occurs as white, odor- 
less cubic crystals, or as a white, granular powder. It absorbs mois- 
ture from the air, but does not deliquesce. It responds to the 
identification reactions for sodium and bromide. 

Solubility—One Gm. dissolves in 1.2 ec. of water and in 16 ce. of 
alcohol. 
Tests for Purity—Sodium Bromide meets the U. S. P. requirements 
for Loss on drying, Alkalinity, Bromate, Iodide, Sulfate, Arsenic, 
Barium, and Heavy Metals as given for Potassium Bromide (page 368). 
Assay—Sodium Bromide, previously dried for 4 hours at 110°, is 
assayed argentometrically as described in the assay for bromides, 
iodides, and thiocyanates (page 980). Each ec. of tenth-normal silver 
nitrate corresponds to 10.29 mg. of NaBr. 
the assay of potassium bromide the U. 8. P. also requires that the 
volume of tenth-normal silver nitrate consumed per Gm. of dried 
aaa bromide should be not less than 96.2’ ec. and not more than 
97.9 cc. 
Storage—Keep Sodium Bromide in tight containers. 
Incompatibilities—See Bromides (page 1185). 
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Uses—Sodium Bromide has a variety of uses, as a 
sedative and mild hypnotic. It is also used in the 
symptomatic treatment of epilepsy, being fairly effec- 
tive in grand mal, less so in petit mal, and rather in- 
effective in most cases of psychomotor equivalent sei- 
zures. The bromide ion causes a large number of toxic 
reactions in the body when its concentration is too high, 
and some of the symptoms which it causes resemble 
rather closely many clinical diseases and syndromes. 
For this reason, the bromides should not be looked upon 
as innocuous, and should be carefully prescribed. The 
promiscuous use of bromides in a variety of sedative 
nostrums can only be deplored. The caution “Non. 
rep.”’ should be written by the physician on every pre- 
scription for bromides. Sodium Bromide is to be pre- 
ferred over the many other available bromide salts and 
preparations, because it is cheap and least irritating to 
the stomach. It may be dispensed as tablets, capsules, 
or in a variety of liquid forms. 

Average Dose—l Gm. (approximately 15 grains). 


Sodium Bromide Elixir N. F. Elixir Sodii Bromidi 
[Elix. Sod. Bromid.—Sp. Elixir de Bromuro de Sodio] 


Sodium Bromide Elixir contains, in each 100 cc., not 
less than 16.5 Gm. and not more than 18.5 Gm. of so- 
dium bromide |NaBr]. 


Metric Alternative 
Sodium Bromide......... Aap ot 175 Gm. 5 oz. ay. 368 gr. 
YEU is el steusis eae eke he ae oleae cheaters ope 200 cc. 6 fl.oz. 192 min. 
Distilled Wateris 0. cui.ieletus.p dis iere 460 cc. 14 fl.oz. 346 min. 
Aromatic Elixir, a sufficient quan- ‘ 
tity, oi Bet ‘ 
To. Makes Avert cinta terveserdrouredeey st 1000 cc. 2 pints 


Dissolve the sodium bromide in the distilled water, add the 
syrup and sufficient aromatic elixir to make the product measure 
1000 ce, (2 pints); mix well and filter until the product is clear. 


Alcohol Content—From 5 to 7 per cent, by volume, of C2H;OH. 
Assay—This elixir is assayed argentiometrically for sodium bromide 
as described in the assay for bromides, iodides, and thiocyanates — 
(page 980). Each cc. of tenth-normal silver nitrate corresponds to 
10.29 mg. of NaBr, 

Storage—Keep the Elixir in tight containers. 


, 
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Uses—See Sodium Bromide. 


For the reason stated in — 
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Average Dose—4 cc. (approximately 1 fluidrachm), 
poate to 0.7 Gm. (11 grains) of Sodium Bro- 
mide. 


Sodium Bromide Tablets N. F. Tabellze Sodii Bromidi 
[Tab. Sod. Bromid.—Sp. Tabletas de Bromuro de Sodio] 


Sodium Bromide Tablets contain not less than 92.5 
per cent and not more than 107.5 per cent of the labeled 
amount of NaBr. 


Tests for Purity— 

Chloride—Since tablets are permitted to contain inert ingredients 

required for satisfactory tableting operation, the check on the chloride 
content, as provided for in the assay for Sodium Bromide, is not ap- 
plicable and, therefore, a special test for the absence of more than 1 
per cent of sodium chloride is included in the standards for these 
Tablets. For details of the test consult the N. F. VIII; the chem- 
istry of it is explained in the test for chloride under Caleiwm Bromide 
(page 401). ’ 
Assay—A counted number of the Tablets is dissolved in distilled 
water to an exact volume, and the sodium bromide content of an 
accurately measured aliquot portion of the solution, equivalent to 
about 300 mg. of sodium bromide, is determined argentometrically as 
described in the assay of bromides, iodides, and thiocyanates (page 
980). Each ec. of tenth-normal silver nitrate corresponds to 10.29 
mg. of NaBr. 


Uses—See Sodium Bromide. 
Average Dose—1! Gm. (approximately 15 grains) of 
Sodium Bromide. 


SODIUM CACODYLATE N. F.—See Organometallic 
Compounds (page 762). 

SODIUM CACODYLATE AMPULS N. F.—See Or- 
ganometallic Compounds (page 762). 


MONOHYDRATED SODIUM CARBONATE, U. S. P. 
Sodii Carbonas Monohydratus 


[Sod. Carb. Monohyd.—Sp. Carbonato de Sodio Monohidratado] 


Monohydrated Sodium Carbonate [NagCO3.H.,O = 
124.02], when dried at 110° to constant weight, contains 
not less than 99.5 per cent of anhydrous sodium carbon- 
ate [NazCOs = 103.00]. 

Preparation—The process for the manufacture of 
sodium carbonate was elaborated by Leblanc, a French 
apothecary, in 1784, and for over a century it supplied 
the civilized world with an inexpensive material for the 
low cost production of soap, glass, and many other 
necessities. Notwithstanding this great service, Leblanc 
died a pauper in a French asylum, due to his process 
having been seized by the Government during the Reign 
of Terror, without return or credit to the inventor. 
Although the Leblanc Process is not used in this country 

and is being superseded by other methods abroad, it is 

still interesting chemically. It consists of two steps: 
first, the conversion of common salt [NaCl] into sodium 
sulfate by heating it with sulfuric acid, and second, the 
decomposition of the sulfate by calcium carbonate 
(limestone) and charcoal (coal) at a high temperature, 
so as to yield sodium carbonate. The chemical reactions 
are as follows: 


2NaCl + H2804 ee NagSO4 + 2HCl 

sodium sulfuric sodium hydrochloric 

chloride acid sulfate acid 
Na2SO. + CaCOs + 4C — NaeCO3 + CaS + 4CO 
sodium calcium carbon sodium calcium carbon 
sulfate carbonate carbonate sulfide monoxide 


© The mass is then leached with water. The sodium car- 
-_ponate dissolves and separates from the insoluble cal- 
cium sulfide. 


<3, , 
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The Solvay Process for making sodium bicarbonate, 
given on page 377, has almost entirely replaced the 
Leblane process. The bicarbonate is easily converted 
into carbonate by heating, and the carbon dioxide is 
returned to the process. 


2NaHCOg — NazCOg3 + - CO2 + HzO 
_ sodium sodium carbon water 
bicarbonate carbonate dioxide 


Sodium carbonate is also prepared by the electrolysis 
of sodium chloride, whereby sodium and chlorine are 
produced, the former reacting with water to produce 
sodium hydroxide and this solution treated with carbon 
dioxide to produce sodium carbonate. The process is 
most extensively used in localities where electric power 
is very cheap. 

The cryolite process was also formerly used in the 
United States. Cryolite is a double fluoride of alumi- 
num and sodium [Alek .¢.6NaF]. By heating it with 
chalk, calcium fluoride is formed, while the sodium and 
aluminum combine to form sodium aluminate, a weak 
salt, which is dissolved out by lixiviation. Carbon di- 
oxide under pressure is passed into the solution, sodium 
carbonate and aluminum hydroxide are formed, and the 
latter, being insoluble, separates out. 


AloF's.6NaF + 6CaCO3 —> AlsO3.3NagO + 6CaFo + 6COg 


eryolite calcium sodium calcium carbon 

carbonate aluminate fluoride dioxide 
AlsO3.3Na20 + 3COz + 3H20 > 3Na2COg + 2Al(OH)s3 
sodium carbon water sodium aluminum 
aluminate dioxide carbonate hydroxide 


Monohydrated Sodium Carbonate was first intro- 
duced into the U. 8. P. VIII because it is permanent in 
both moist and dry atmospheres, and is also free from 
the large amount of water of crystallization (63 per 
cent), found in: sal soda or ordinary sodium carbonate, 
which is the cause of the rapid efflorescence of this latter 
compound in a dry atmosphere. On account of its 
stability under variable conditions of atmospheric 
humidity the monohydrated salt is also preferable to 
the hygroscopic anhydrous product. 

The monohydrated form is made by crystallizing a 
concentrated solution of sodium carbonate at a tem- 
perature above 35° C. (95° F.), and stirring the liquid 
so as to produce small crystals. It contains about 15 
per cent of water of crystallization. 

Soda ash is a term designating a commercial quality 
of anhydrous sodium carbonate. Its annual production 
is very large, and it enjoys a wide variety of applications, 
among which are the manufacture of glass, soap, and 
sodium salts; it is also used for washing fabrics. 

Washing soda, or Sal soda is sodium carbonate with 
10 molecules of water. It is in the form of colorless 
crystals which rapidly effloresce in the air. 


Description and Properties—Monohydrated Sodium Carbonate oc- 
curs as colorless crystals or as a white, crystalline powder. When 
exposed to warm, dry air at or above 50° C. it effloresces, and at 100° 
C. becomes anhydrous. It is decomposed by weak acids forming the 
salt of the acid and liberating carbon dioxide. Its aqueous solution 
is alkaline to indicators (pH about 11.5). It responds to the identifica- 
tion reactions for sodium and carbonate. 

Solubility—One Gm. dissolves in 3 cc. of water and in 1.8 cc. of 
boiling water; it is insoluble in alcohol. 
Tests for Purity— 

Loss on drying at 110° C.—Not less than 10 per cent and not more . 
than 15 per cent. 

Heavy metals limit—20 parts per million. / 
Assay—After drying to constant weight at 110° C., Monohydrated 
Sodium Carbonate is assayed acidimetrically by titration with normal 
acid, using methyl orange T.S. as the indicator. Each cc. of normal 
acid corresponds to 53.00 mg. of NagCOg. See Acidimetric Assays 
(page 979). 
Storage—Keep Monohydrated Sodium Carbonate in well-closed ‘con- 
tainers. 
Incompatibilities—See Carbonates (page 1185). 
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Uses—Monohydrated Sodium Carbonate is one of 
the most useful of the alkaline salts; it is the source of 
most of the sodium salts made by the pharmacist. It 
is too alkaline for medicinal use as an antacid. 


SODIUM CHLORIDE U. S. P. Sodii Chloridum 


[Sod. Chlorid.—Salt, Table Salt, Rock Salt, Sea Salt Sp. Cloruro de 
Sodio] 

Sodium Chloride, when dried at 110° for 2 hours, con- 
tains not less than 99.5 per cent of NaCl (58.45). 

Preparation—Common salt is universally distributed 
over the world, and may be obtained by mining, as 
rock salt, by evaporating a purified solution of saline 
deposits, or by evaporating sea water, and purifying 
afterward. If perfectly free from contaminating salts, 
it is not hygroscopic. 

Sodium Chloride is the source of nearly all sodium 
compounds as well as chlorine and most chlorine com- 
pounds. 


Description and Properties—Sodium Chloride occurs as colorless, 
cubical crystals, but more commonly as white granules or a crystalline 
powder. It is odorless and has a characteristic taste. The solution 
is practically neutral. A 23 per cent solution of sodium chloride in 
water freezes at —20° C. Its solution responds to the identification 
reactions for sodium and chloride. 

Solubility—One Gm. dissolves in 2.8 ec. of water, in about 10 ec. of 
glycerin, and in 2.7 cc. boiling water; it is slightly soluble in alcohol. 
Tests for Purity— 

Reaction—To a solution of 5 Gm. of the Sodium Chloride in 50 ce. 
of freshly boiled and cooled water, 2 drops of bromothymol blue pH 
indicator are added. If the solution is yellow it should require not 
more than 0.1 ec. of fiftieth-normal sodium hydroxide to change the 
color to blue. If the solution is blue or green it should require not 
more than 0.2 cc. of fiftieth-normal hydrochloric acid to change the 
color to yellow. 

lodide or bromide—A 2-Gm. portion of the finely powdered salt is 
digested with 25 cc. of warm alcohol for 3 hours. Any iodide or 
bromide present dissolves in the alcohol, while the sodium chloride 
is practically insoluble in this solvent. The filtered alcohol is evapo- 
rated to dryness, the residue is dissolved in a few cc. of water, and 1 
ec. of chloroform and a few drops of diluted chlorine T.S. are added. 
The chloroform should not become violet (iodide), yellow, or orange 
(bromide). 

Barium—The addition of diluted sulfuric acid to a clear solution of 
sodium chloride should produce no turbidity in 2 hours. 

Calcium and magnesium—The addition of ammonium oxalate T,S. 
and of sodium phosphate T.S. to separate 10-cc. portions of sodium 
‘chloride solution (1 in 100), made alkaline with ammonia, produces no 
turbidity within 5 minutes. 

Arsenic limit—4 parts per million. 

Heavy metals limit—5 parts per million. 

Assay—The salt, previously dried at 110° C. for 2 hours, is assayed 
argentometrically as described in the assay for chloride (page 981). 
Each ee. of tenth-normal silver nitrate corresponds to 5.845 mg. of 
NaCl. 

Storage—Keep Sodium Chloride in well-closed containers. 
Incompatibilities—See Chlorides (page 1185). 


Uses—Solutions of Sodium Chloride more closely 
approximate the composition of the extracellular fluid 
of the body than solutions of any other single salt. For 
example, more than 90 per cent of the cation of the 
extracellular fluid is sodium, more than 60 per cent of the 
anion is chloride. Furthermore, a 0.9 per cent solution 
of Sodium Chloride has approximately the same osmotic 
pressure as body fluids, 7. e., is isotonic with body fluids. 
Consequently, an isotonic solution of Sodium Chloride 
can be injected without affecting the osmotic pressure 
of the body fluids and without causing any appreciable 
distortion in chemical composition. An isotonic solu- 
tion of Sodium Chloride is therefore the choice as a 
vehicle for any drug which has to be administered paren- 
terally. The solution has the added advantage of being 
non-irritating to tissue. 

Isotonic solution of Sodium Chloride is also used to 
replace extracellular fluid in the treatment of dehydra- 
tion. Extracellular dehydration results from such 
conditions as excess vomiting, diarrhea, etc. Sterile 
solutions are administered, usually by the intravenous 
route. 

It is unfortunate that the term “normal’’ solution is 
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used interchangeably with “isotonic.” This is a mis- 
nomer which should be discouraged in the pharmaceuti- 
cal and medical literature. 

Sodium Chloride is largely used as a condiment. 
Most commercial varieties of table salt are unfit for use 
in pharmacy as they contain foreign substances added 
to diminish their hygroscopic quality. Salt baths are 
tonic and valuable aids in therapy. It is largely used 
in medicine in Isotonic Sodium Chloride Solution. 
(See below.) Common salt is used as a preservative; 
6 per cent or more prevents growth of B. botulinus, ete. 


Isotonic Sodium Chloride Solution U. S. P. 
Sodii Chloridi Isotonicus 


[Liq. Sod. Chlor. Isoton.—Physiological Sodium Chloride Solution, 
Physiological Salt Solution, Normal Saline Solution, Sp. Solucién 
Isoténica de Cloruro de Sodio, Suero Fisiolégico] : 

Isotonic Sodium Chloride Solution contains, in each 
100 cc., not less than 850 mg. and not more than 950 mg. 
of NaCl. ; 

The Pharmacopeeia recognizes 3 Isotonic Sodium 
Chloride Solutions. They all contain the same amount 
of sodium chloride but. differ in sterility, solvent and 
pyrogen requirements. 


Liquor 


No. 1—Non-sterile Isotonic Sodium Chloride Solution 


This solution is made by dissolving 9 Gm. of sodium 
chloride in sufficient distilled water to make 1000 ce. 
and filtering until free from suspended particles. 


No. 2—Sterile Sodium Chloride Not for Parenteral Use 


This solution is prepared as directed under No. 1 but 
is sterilized after filtration preferably by Process C 
(page 121) and it meets the Sterility Tests for Liquids 


.(page 126). 


No. 38—Sterile Isotonic Sodium Chloride Solution for 
Parenteral Use . 


This solution is prepared as directed under No. 1 but > 
Water for Injection is used in its preparation instead of 
distilled water. After preparation it is sterilized, pref- 
erably according to Process C (page 121). This solu- 
tion meets the Sterility Test for Liquids (page 126), and 
the Pyrogen Test (page 259). It also conforms to the 
other requirements under Jnjections. Bacteriostatic 
agents must not be added to this solution. 

Caution— Unless otherwise specified, No. 3 Sterile 
Isotonic Sodium Chloride Solution for Parenteral Use 
must be dispensed. 


Concentrated Solutions—Sterile pyrogen-free ‘‘Normal Saline’ is used 
in enormous quantities in hospital practice and represents one of sev- 
eral intravenous solutions which may be made very profitable by the 
individual hospital. The filtration of large quantities of liquid is 
naturally time-consuming and this objection is generally overcome, 
in preparations of this type, by preparing concentrates. The concen- 
trates are diluted with Water for Injection, thus eliminating the filtra- 
tion and extra handling of much of the finished preparation. Dex- 
trose Injections and Ringers’ Solutions are also frequently prepared 
by the same procedure. 
Description and Properties—Isotonic Sodium Chloride Solution is a 
clear, colorless, odorless solution possessing a slightly saline taste. 
The pH of the solution is between 5 and 7. It responds to the tests 
for sodium and chloride. 
Tests for Purity— 

Arsenic limit—0.1 part per million. 

Heavy metals limit—0.3 part per million. 
Assay—lIsotonic Sodium Chloride Solution is assayed argentometri- 
cally as described in the assay for chloride (page 981), using 25 cc. of 
the solution accurately measured. Each cc. of tenth-normal silver 
nitrate corresponds to 5.845 mg. of NaCl. 
Storage—Keep Sterile Solutions in hermetic or other suitable contain- 
ers. See Containers for Injections (page 255). 

Note—Aqueous Sodium Chloride Solution of a lower or higher con- 
centration of sodium chloride than the official Isotonic Sodium Chloride 
Solution must not be dispensed when the Isotonic Solution is prescribed. 
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The title Hypotonic Sodium Chloride Solution applies to solutions 
which contain less than 850 mg. of sodium chloride in each 100 cc. and 
the title Hypertonic Sodium Chloride Solution applies to solutions 
which contain more than 95 mg. of sodium chloride in each 100 cc., and 
such solutions should be so labeled when dispensed, and the proportion 


or the weight of sodiwm chloride in a given volume must be indicated on 
the label. 


Uses—See Sodium Chloride. 


Ringer’s Solution U. S. P. Liquor Ringeri 


{Liq. Ring.—Isotonic Solution of Three Chlorides U. S. P. XII, 
Sp. Solucién de Ringer, Solucién Isoténica de Tres Cloruros] 

Ringer’s Solution contains, in each 100 cc., not less 
than 820 mg. and not more than 900 mg. of NaCl, not 
less than 25 mg. and not more than 35 mg. of KCl, and 
ae nl than 30 mg. and not more than 36 mg. of CaCly.- 

2U. 

The Pharmacopeeia recognizes 8 Ringer’s solutions. 
They all contain the same amounts of the ingredients 
but differ in sterility, solvent and pyrogen requirements. 


No. 1—Non-sterile Ringer’s Solution 


Metric Alternative 
Sodium Chloride... oc .cici k ee ee os 8.6 Gm, 125.4 er 
Potassium Chloride.................. 0.3 Gm 4.4 gr 
Calciam= Chloride... 5. oi. eek ce ene s 0.33 Gm 4.8 gr 
Distilled Water, recently boiled, a suf- 
ficient quantity, 
BROBIRUCOMGE ene, ci tie cicic occ wievinl co datees 1000. = cc. 2 pints 


The 3 salts are dissolved in a sufficient quantity of recently 
boiled distilled water to make 1000 ce. (2 pints) and filtered until 
free from suspended particles. 


No. 2—Sterile Ringer’s Solution Not for Parenteral Use 


This solution is prepared as directed under No. 1 but 
is sterilized after filtration, preferably by Process C 
(page 121), and it meets the Sterility Test for Liquids 
(page 126). 


No. 3—Sterile Ringer’s Solution for Parenteral Use 


This solution is prepared as directed under No. 1, but 
water for injection is used in its preparation instead of 
distilled water. After preparation it is sterilized prefer- 
ably according to Process C (page 121). The solution 
meets the Sterility Test for Liquids (page 126) and 
the Pyrogen Test (page 250). It also conforms to the 
other requirements under Injections. Bacteriostatic 
agents must not be added to this solution. 

Caution— Unless otherwise specified, No. 3 Sterile 
Ringer’s Solution for Parenteral Use must be dis- 
pensed. See Concentrated Solutions (page 382). 


Description and Properties—Ringer’s Solution is clear and colorless, 
and has a mild saline taste. Its pH is between 5 and 7.5. 
Tests for Purity— 
Arsenic limit—0.1 part per million. 
Heavy metals limit—0.3 part per million. 
Assay for Calcium Chloride—One hundred ce. of the Solution, accu- 
rately measured, is evaporated to about 20 cc., then the assay is con- 
tinued as in the assay of Calcium Carbonate, beginning with “‘heat 
the mixture to boiling.”’ 
Assay for Potassium Chloride—To 5 cc. of the Solution, accurately 
measured into a centrifuge tube, 1.5 cc. of alcohol is added and fol- 
- lowed with 2 cc. of sodium cobaltinitrite T.S. This reagent precipi- 
tates the potassium as the insoluble potassium cobaltinitrite. After 
centrifuging and decanting the liquid, the precipitate is again washed 
_ by centrifuging with 5 cc. of the aleohol. The alcohol is carefully de- 
canted, the precipitate is dried in the tube at about 80° C. to remove 
all the alcohol, then 10 ce. of fiftieth-normal ceric sulfate is added, 
followed by 1 cc. of sulfuric acid, previously diluted with an equal 
_ volume of water. The mixture is heated on a water bath until the 
precipitate has dissolved. The ceric sulfate oxidizes the potassium 
cobaltinitrite to nitrate. The excess of ceric sulfate is then deter- 
mined by titration. Z , 
Assay for Total Chlorides—The total chloride (Cl) is determined 


-argentometrically as described under the assay for chlorides (page 


981). : 

Assay for Sodium Chloride—The sodium chloride content is deter- 

mined by calculation in the following manner. The value obtained 
in the calcium chloride assay is multiplied by 0.6389 to obtain the 

- amount of chlorine present as calcium chloride. The value obtained 


to 
a yet ; 
cae 


in tbe potassium chloride assay is multiplied by 0.4756 to obtain the 
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amount of chlorine present as potassium chloride. The sum of these 
two values is subtracted from that obtained in the assay for total 
chlorides. The difference is multiplied by 1.649 to obtain the amount 
of sodium chloride present in the Solution. 

Storage—Keep Sterile Solutions in hermetic or other suitable con- 
tainers. See Containers for Injections (page 255). 


Uses—Ringer’s Solution has a theoretical advantage 
over isotonic solution of sodium chloride in that the 
three most important cations of the extracellular fluids 
are present. In actual practice, the presence of potas- 
sium and calcium chloride adds little to the therapeutic 
value of a solution of sodium chloride. 


Lactated Ringer’s Solution, U. S. P. Liquor Ringeri 
Lacticus 


Lact.—Hartmann’s Solution, Sp. Solucién de Ringer 
Lactada] 

Lactated Ringer’s Solution is a sterile solution in 
water for injection containing, in each 100 cc., not less 
than 18 mg. and not more than 22 mg. of CaCle.2H,O, 
not less than 27 mg. and not more than 33 mg. of KCl, 
not less than 570 mg. and not more than 630 mg. of 
NaCl, and not less than 290 mg. and not more than 330 
mg. of NaCsH,;O3. The Solution should be sterilized, 
preferably by Process C (page 121) and must meet the 
requirements of the Sterility Test for Liquids (page 126). 
Concentrated forms of this Solution must meet all the 
Tests and Assays described in this monograph. 


[Liq. Ringer. 


Description and Properties—This Solution is a clear, colorless, or not 
more than slightly colored liquid. Its pH is between 6.5 and 7.5. 
Tests for Purity— 

Arsenic limit—0.1 part per million. 

Heavy metals limit—0.3 part per million. 

Pyrogen—It meets the requirements of the Pyrogen Test (page 
Assays for Calcium and Potassium Chlorides—Proceed as directed 
under Ringer’s Solution. 

Assay for :Total Chlorides—Twenty-five cc. of Lactated Ringer's 
Solution is diluted with 25 cc. of water. Then 3 cc. of nitric acid, 
diluted with 5 cc. of water, and 50 ce. of tenth-normal silver nitrate 
are added; the mixture is agitated with 3 cc. of nitrobenzene, and the 
excess silver nitrate is titrated with tenth-normal ammonium thio- 
cyanate, using ferric ammonium sulfate as the indicator. Each co. 
of tenth-normal silver nitrate is equivalent to 3.546 mg. of Cl. Each 
100 cc. of the Solution contains not less than 106 mg. and not more 
than 115 mg. of Cl. : 

Assay for Sodium Lactate—One hundred ce. of the Solution is evapo- 
rated and ignited. The charred mass is heated on a steam bath with 
25 ec. of water and exactly 25 cc. of tenth-normal sulfuric acid, then 
filtered, and washed well. The combined filtrate and washings are 
titrated with tenth-normal sodium hydroxide, using methyl orange 
T. S. as the indicator. Each cc. of tenth-normal sulfuric acid is 
equivalent to 11.2 mg. of NaCgH50s3. 

Storage—Keep the Solution in hermetic or other suitable containers. 


Uses—See Sodiwm Chloride (page 382). This solu- 
tion is designed primarily for supplying certain mineral 
needs of the body and for the purpose of maintaining or 
helping to maintain buffer balances. 


Sodium Chloride and Dextrose Tablets N. F. Tabella 
Sodii Chloridi et Dextrosi 


[Tab. Sod. Chlorid. et Dextros.—Sp. Tabletas de Cloruro de Sodio y 
de Dextrosa] 


Sodium Chloride and Dextrose Tablets contain not 
less than 92.5 per cent and not more than 107.5 per cent 
of the labeled amounts of NaCl and of dextrose 
[C6Hi120¢.H20]. 


Description and Properties—In addition to responding to the identifi- 
cation reactions for sodium and chloride, a solution of the tablets also 
yields, upon the addition of hot alkaline cupric tartrate T.S., a copious 
red precipitate of cuprous oxide (dextrose). 

Assay for Dextrose—A counted number of the Tablets, equivalent to 
from 2 to 5 Gm. of dextrose, is dissolved in about 75 ce. of distilled 
water, a few drops of ammonia T.S. are added, then the solution is 
diluted with water to exactly 100 cc. and mixed well. The angular 
rotation of the solution is determined in a 200-mm. tube at 25°. The 
observed rotation, in degrees, multiplied by 1.0425, represents the 
quantity of dextrose in the number of Tablets taken. 
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Assay for Sodium Chloride—In a suitable aliquot portion of the solu- 
tion prepared for the assay of dextrose, the sodium chloride content 
is determined by the assay procedure given under Sodiwm Chloride 
(page 382). 

Uses—See Sodiwm Chloride and Sodium Chloride 


Tablets. 


Sodium Chloride Tablets N. F. Tabellee Sodii Chloridi 
[Tab. Sod. Chlorid.—Sp. Tabletas de Cloruro de Sodio] 


Sodium Chloride Tablets contain not less than 92.5 
per cent and not more than 105 per cent of the labeled 
amount of NaCl. 


Tests for Purity—Sodium Chloride Tablets respond to the reactions 
for sodium and chloride. They also conform to the tests and limits 
for iodide or bromide, barium, calcium, and magnesium given under 
Sodium Chloride. : : i : 
Assay—A counted number of the Tablets is dissolved in sufficient 
water to make an exact wolume, then an aliquot portion of the solu- 
tion, equivalent to about 0.25 Gm. of sodium chloride, is assayed by 
the assay procedure given for Sodiwm Chloride. Each ce. of tenth- 
normal silver nitrate corresponds to 5.845 mg. of NaCl. 


Uses—Sodium Chloride is administered orally for 
the prevention of heat cramps (Miner’s Cramps) caused 
by the depletion of sodium salts through copious per- 
spiration. A beverage containing only one-half of 1 
per cent of sodium chloride will prevent development 
of the symptoms. This salt is also given in adrenal 
cortical insufficiency (Addison’s Disease) where it de- 
creases the requirement for adrenal cortical extract. 
See also Sodium Chloride (page 382). 


SODIUM CITRATE U. S. P.—See Organic Salts (page 
538). 

SODIUM CITRATE SOLUTION N. F.—See Organic 
Salts (page 538). 

ANTICOAGULANT SODIUM CITRATE SOLUTION 
U. S. P.—See Organic Salts (page 539). 

ANTICOAGULANT ACID CITRATE DEXTROSE 
SOLUTION U. S. P.—See Organic Salts (page 539). 


SODIUM GLYCEROPHOSPHATE N. F.  Sodii 
Glycerophosphas 


[Sod. Glycerophos.—Sodium Glycerinophosphate, Sp. Glicerofosfato 
de Sodio, Fosfoglicerato de Sodio] 


Sodium  Glycerophosphate [NazC3H;(OH).PO.,.- 
544H20 = 315.15] contains not less than 68 per cent 
and not more than 74 per cent of the anhydrous salt 
[NazCsH;(OH)2PO., = 216.06], corresponding to not 
less than 99 per cent of the hydrated salt. 

Preparation—This salt is usually made by double de- 
composition between barium or calcium glycerophos- 
phate and sodium carbonate, or by neutralizing glycero- 
phosphoric acid with sodium carbonate and concentrat- 
ing the solution in vacuo. The glycerophosphoriec acid 
is prepared by heating glycerin with phosphoric acid, 
at a temperature between 105° and 110°. 


Description and Properties—Sodium Glycerophosphate occurs as 
white, monoclinic plates or scales, or as a white powder. It is odor- 
less and has a saline taste. Its aqueous solution is alkaline to litmus 
paper and to phenolphthalein T.S, It responds to the identification 
reactions for sodium and for glycerophosphate. 

Solubility—One Gm. is soluble in about 1.5 cc. of water at 25. 
very soluble in hot water, but nearly insoluble in alcohol. 
Tests for Purity— 

Free alkali—To a solution of 1 Gm. in 10 ce. of distilled water, 3 
drops of phenolphthalein T.S. are added. It requires not more than 
1.5 cc. of tenth-normal sulfuric acid to discharge the red color. 

Alcohol soluble substances—Not more than 1 per cent. 

Phosphate limit—About 0.025 per cent as PO4. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 
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Assay—Similar to sodium phosphate (dibasic), NagC3H5(OH)2PO4 
is alkaline to methyl orange but NagHs5CH5(OH)e2POzq is neutral to 
this indicator. Sodium glycerophosphate can, therefore, be assayed 
by titrating its solution with acid using methyl orange as the indicator : 


NaeCsH5(OH)2PO, + HCl ~ NaHCs3H;(OH)2PO04 + NaCl 


sodium hydrochloric sodium acid sodium 
glycerophosphate acid glycerophosphate chloride 


About 3 Gm. of the salt, accurately weighed, is dissolved in 30 cc. of 
water, 1 drop of methyl orange T.S. is added, and the solution is 
titrated with half-normal acid to a slight pink color. Each cc. of the 
acid corresponds to 108 mg. of anhydrous sodium glycerophosphate. 
Storage—Keep Sodium Glycerophosphate in well-closed containers. 
Incompatibilities—Solutions of Sodium Glycerophosphate are alka- 
line in reaction and have the incompatibilities of the alkalis. The 
addition of more than 20 or 30 per cent of alcohol usually precipitates 
glycerophosphates from solution. Alkalies decompose them. 


Uses—Sodium Glycerophosphate has an undeserved 
reputation as a*“‘nerve tonic.” 
Average Dose—0.25 Gm. (approximately 4 grains). 


SODIUM HYDROXIDE U.S. P. Sodii Hydroxidum | 


Sod. Hydrox.—Caustic Soda, Soda Lye, Sp. Hidrato de Sodio, Sosa 
Ca4ustica] 


Sodium Hydroxide contains not less than 95 per cent 
of total alkali, calculated as NaOH (40.01) of which 
not more than 3 per cent is NagCOs. 

Caution—Great care is necessary in handling Sodium 
Hydroxide, as it rapidly destroys organic tissues. Do not 
handle it with bare hands. 

History—This salt was originally called mineral alkali 
as contrasted with potassium hydroxide which was 
called vegetable alkali and ammonium hydroxide which — 
was called animal alkali. The origin of these alkalies: 
dates from a very early period, and the alkali carbonates 
and hydroxides are mentioned by Dioscorides. The 
word lixivium was a Roman term applied to the lye 
made from wood ashes. The term alkali is of Arabic 
origin and was first used in the thirteenth century. 

Preparation—Sodium Hydroxide, commercially 
termed caustic soda, may be made by treating sodium 
carbonate with milk of lime, or by the electrolysis of a 
solution of sodium chloride as explained under Potas- 
sium Hydroxide (page 372). It is now largely produced 
by the latter process. 


Description and Properties—Sodium Hydroxide occurs in white, or 
nearly white, fused masses, in small pellets, in flakes, in sticks, and 
in other forms. Itis hard and brittle and shows a crystalline fracture. 
Exposed to the air, Sodium Hydroxide rapidly absorbs carbon dioxide 
and moisture. It melts at about 318° C. Its specific gravity is 2.13. 
When it is dissolved in water or alcohol, or when its solution is treated 
with an acid, much heat is generated. Its aqueous solutions, even 
when highly diluted, exhibit a strong alkaline reaction to indicators, 
ae blacken calomel. It responds to the identification reactions for 
sodium. 

Solubility—One Gm. dissolves in 1 cc. of water at 25° C.; 
freely soluble in alcohol or in glycerin. 

Tests for Purity— 

Insoluble substances—One Gm. dissolved in 20 ce. of water yields a 
complete, clear, and colorless solution. 

Heavy metals limit—30 parts per million. 

Potassium—No precipitate forms on the addition of sodium eo- 
baltinitrite T.S. to a solution of sodium hydroxide (1 in 20) acidified 
with acetic acid. 

Assay—Sodium Hydroxide is assayed in the same manner as Potas- 
stum Hydroxide (page 372). Each ce. of normal acid corresponds to 
40.01 mg. of NaOH. Each ce. difference between the number of ce. 
of normal sulfuric acid consumed in the methyl orange and phenol- 
phthalein titrations is equivalent to 106 mg. of NagCOg. 
Storage—Keep Sodium Hydroxide in tight containers. 
Incompatibilities—Exposed to air, it absorbs carbon dioxide and is 
converted to sodium carbonate. With fats and fatty acids, it forms 
soluble soaps; with resins it forms insoluble soaps. See Potassium 
Hydroxide (page 372). 
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Uses—Sodium Hydroxide is too alkaline to be of 
medicinal value. It is occasionally used in veterinary’ 
practice as a caustic, but is less popular than caustic 
potash. It is extensively used in pharmaceutical proc- 
esses and is generally preferred to potassium hydroxide 
because it is milder, less deliquescent, and less expensive; 
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in addition, less of it is required, since 40 parts of it are 
equivalent to 56 parts of potassium hydroxide. 
Industrially, caustic soda is widely used in numerous 


processes, among which is the manufacture of soap. To- 


industrial consumers not too distant from manufactur- 
ing plants, caustic soda is now furnished as an approxi- 
mately 50 per cent solution. This is more economical 
as it saves the expense of evaporation to form the solid 
and the subsequent handling. 


SODIUM HYPOCHLORITE SOLUTION U. S. P.— 
See Chlorine (page 337). 

SODIUM HYPOCHLORITE SOLUTION, DILUTED 
N. F.—See Chlorine (page 338). 


SODIUM HYPOPHOSPHITE N. F.  Sodii 
Hypophosphis 


[Sod. Hypophos.—Sp. Hipofosfito de Sodio] 


Sodium Hypophosphite, when dried for 2 hours over 
sulfuric acid, contains not less than 98 per cent of 

Caution should be observed in compounding Sodium 
Hypophosphite with other substances, as an explosion 
may occur if it is triturated or heated with nitrates, 
chlorates, or other oxidizing agents. 

Preparation—This salt is prepared by the procedure 
described under Potassium Hypophosphite (page 373) 
using sodium carbonate instead of potassium carbonate. 


Ca(H2PO2)2 + NagCO3 eA 2NaH2POo + CaCOg 
calcium sodium sodium calcium 
hypophosphite carbonate hypophosphite carbonate 


Description and Properties—Sodium Hypophosphite occurs as small, 
colorless, transparent, rectangular plates of a pearly luster, or as a 
white, granular powder. It is odorless, has a saline taste, and deli- 
quesces on exposure to moist air. Its solution is neutral or only 
slightly alkaline to litmus. It responds to the identification reactions 
for sodium and hypophosphite. ; 

Solubility—One Gm. dissolves in about 1 cc. of water at 25° and in 
about 0.2 ce. of boiling water; it is soluble in alcohol, slightly soluble 
in dehydrated alcohol, and freely soluble in glycerin at 25°, and in 
boiling alcohol. 

Tests for Purity— 

Loss on drying over sulfuric acid for 2 hours—Not more than 3 per 
cent. 

Free alkali—Not more than 0.7 per cent calculated as sodium car- 
bonate and determined by titration with tenth-normal acid using 
methyl orange T.S. as indicator. ‘ , 

It also meets the tests and limits for Arsenic, Caleiwm, Heavy 
metals, and Phosphate given under Potassium Hypophosphite (page 
373). 

Ree This salt is assayed by the same method as described for 
Potassium Hypophosphite. Each cc. of tenth-normal bromine cor- 
responds to 2.650 mg. of NaH2PO2.H20. | : 
Storage—Keep Sodium Hypophosphite in tight containers. 
Incompatibilities—See Hypophosphites (page 1186). Sodium Hypo- 
phosphite is deliquescent. 


Uses—Sodium hypophosphite has an undeserved 


reputation as a “‘nerve tonic.” 
Average Dose—0.5 Gm. (approximately 71% grains). 


SODIUM INDIGOTINDISULFONATE N._ F.—‘See 
Medicinal Dyes (page 956). 

SODIUM INDIGOTINDISULFONATE AMPULS 
N. F.—See Medicinal Dyes (page 957). 


SODIUM IODIDE U. S. P.—Sodii lodidum 
[Sod. lodid.—Sp. Yoduro de Sodio] 


Sodium Iodide, when dried at 120° to constant 


weight, 
rs (149.92). 


contains not less than 99 per cent of Nal 
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Preparation—Sodium Iodide may be prepared from 
iodine and sodium hydroxide, but the double decomposi- 
tion between solutions of ferrosoferric iodide and 
sodium carbonate work better with this iodide. See 
Potassium Iodide (page 374). 


Description and Properties—Sodium Iodide occurs as colorless, odor- 
less crystals, or as a white, crystalline powder. In moist air Sodium 
Iodide cakes and then deliquesces, and frequently undergoes decom- 
position, developing a brown tint. Its solution in water is neutral or 
slightly alkaline to litmus and gradually becomes yellow because of 
the formation of free iodine. In contrast to potassium iodide, when 
Sodium Iodide is dissolved in water heat is liberated due to the forma- 
tion of the dihydrate [NaI.2H 20]. 
Solubility—One Gm. dissolves in 0.6 cc. of water, in about 2 ce. of 
alcohol, and in about 1 cc. of glycerin. 
Tests for Purity— 
Loss on drying at 120° C.—Not more than 5 per cent. 
Alkalinity—Not more than 0.06 per cent as NaOH. 
Potasstum—No precipitate is formed when 1 cc. of sodium bitartrate 
T.S8. is added to a solution of 1 Gm. of the salt in 2 cc. of water. 
Sodium iodide meets also the tests and limits for Barium, Thiosul- 
fate, Heavy metals, Iodate, Nitrate, Nitrite, and Ammonia given for 
Potassium Iodide (page 374). 
Assay—The salt, dried to constant weight at 120° C., is assayed by the 
iodate titration method described under Potassium Iodide. Each 
ere twentieth-molar potassium iodate corresponds to 14.99 mg. of 
al. 
Storage—Keep Sodium Iodide in tight containers. 
Incompatibilities—See Iodides (page 1186). Sodium Iodide is deli- 
quescent. 


Uses—Sodium Iodide can be used interchangeably 
with potassium iodide. See Potassium Iodide (page 
374). 

Average Dose—0.3 Gm. (approximately 5 grains). 


Sodium Iodide Ampuls N. F. Ampulle Sodii Iodidi 


{[Ampul. Sod. Iodid.—Sodium Iodide Injection, Sp. Inyeccién de 
Yoduro de Sodio] 


Sodium Iodide Ampuls contain a sterile solution of 
sodium iodide in water for injection, and yield Nal, 
equal to not less than 95 per cent and not more than 
103 per cent of the labeled amount of Nal. 

Preparation—The sodium iodide is dissolved in water 
for injection, and the solution, suitably filtered until 
free from suspended matter, is placed in cleansed am- 
puls, sealed, and sterilized, preferably by Process C 
(page 121), or by any other adequate and suitable 
method of sterilization, and tested for sterility accord- 
ing to the Sterility Test for Liquids (page 126). 

Note—Solutions of sodium iodide are likely to become 

yellow upon aging. To prevent coloration, a trace of 
sodium thiosulfate is frequently added; about 10 mg. for 
each 100 ce. of solution is usually sufficient to prevent 
the color change. 
Assay—An accurately measured volume of the ampuled solution, 
equivalent to about 250 mg. of sodium iodide, is diluted with 200 ee. 
of water, 10 drops of dichlorofluorescein T.S. is added, and the solu- 
tion is titrated with tenth-normal silver nitrate until the silver iodide 
flocculates and the mixture acquires a faint pink color. In order to 
distinguish the end-point more sharply the titration is best carried 
out in diffused light, preferably from a northern sky or in artificial 
light and against a white background. LEach ec. of tenth-normal 
silver nitrate corresponds to 14.99 mg. of Nal. 

Dichlorofluorescein belongs to the class of ‘‘adsorption’”’ indicators. 
With this indicator the end-point is reached when just enough silver 


nitrate has been added to combine with the iodide even though chlo- 
ride or bromide is present. 


Uses—When inorganic iodides are given by the intra- 
venous route, the sodium rather than the potassium 
salt must be employed, due to the toxicity of the potas- 
sium ion. See Potassium Iodide (page 374). 

Average Dose—I Gm. (approximately 15 grains) of 
Sodium Iodide. 


SODIUM LACTATE INJECTION U. S. P.—See 
Organic Salts (page 543). P 


386 a 


SODIUM LAURYLSULFATE U. S. P.—See Surface- 
Active Agents (page 591). 

SODIUM MORRHUATE INJECTION U. S. P.—See 
Vitamins (page 899). 


SODIUM NITRITE U. S. P. Sodii Nitris 
[Sod. Nitris—Sp. Nitrito de Sodio, Nitrito de sosa] 


Sodium Nitrite, when dried over sulfuric acid for 4 
hours, contains not less than 97 per cent of NaNOz 
69.01 
SOUR eos Nitrite is made by heating 
sodium nitrate until it fuses, then adding sufficient 
metallic lead to completely reduce the nitrate to nitrite. 
The heating is continued until the reaction is complete. 


NaNOs + Pb — NaNOz + PbO 


sodium lead sodium lead 
nitrate nitrite oxide 


The mixture is lixiviated with water, filtered, par- 
tially evaporated, and allowed to crystallize. 


Description and Properties—Sodium Nitrite occurs as a white to 
slightly yellow, granular powder, or as white or nearly white, opaque, 
fused masses or sticks. It has a mild, saline taste, and is deliquescent. 
Its solution is alkaline to litmus. It responds to the identification 
reactions for sodium and nitrite. 

Solubility—One Gm. dissolves in 1.5 ce. of water. 
soluble in alcohol. 

Tests for Purity— 

Loss on drying over sulfuric acid for 4 hours—Not more than 1 per 
cent. 

Heavy metals limit—20 parts per million. : 
Assay—Sodium Nitrite is quantitatively oxidized to nitrate by potas- 
sium permanganate in the presence of sulfuric acid according to the 
equation: 


It is sparingly 


5NaNOg +. 2KMnO, + 8H2SO04 — 

sodium potassium sulfuric 

nitrite permanganate acid 
5NaNOsg + KeSO, + 2MnSO, + 3H20 
sodium potassium manganese water 
nitrate sulfate sulfate 


An accurately measured volume of a solution of the nitrite is added 


to a measured volume of tenth-normal potassium permanganate _ 


representing an excess over the volume needed for the quantity of the 
nitrite added. The permanganate, before the nitrite solution is intro- 
duced, is mixed with 2 ce. of sulfuric acid previously diluted with 10 
cc. of water. After a few minutes the excess of the permanganate is 
determined by titration with tenth-normal oxalic acid. Each ce. of 
tenth-normal permanganate corresponds to 3.450 mg. of NaNOg. 
Storage—Keep Sodium Nitrite in tight containers. 
Incompatibilities—Nitrites react with acids to produce nitrous acid 
which is capable of acting either as an oxidizing or as a reducing agent. 
It liberates iodine from todides and bromine from ammonium bro- 
mide; other bromides are not readily affected. Hypophosphites are 
oxidized to phosphates and sulfites to sulfates. Potasstwm chlorate, 
potassium permanganate and some metallic salts are reduced. Tannic 
acid or preparations containing this substance decompose it with the 
liberation of gaseous oxides of nitrogen. A number of organic com- 
pounds produce colored derivatives; thus, acetanilid or acetophenetidin 
gives a yellow color, antipyrine gives a green, phenol a yellow which 
changes to red-brown, salicylates a red-brown, thymol a green or a 
brown, and morphine a yellow. 

Nitrous acid is an unstable substance and continually undergoes 
decomposition resulting in the liberation of gaseous oxides of nitrogen. 
Hence, nitrites cannot be dispensed in acidic vehicles. 

Sodium Nitrite reacts with acid substances such as citrated caf- 
feine and acetylsalicylic acid in capsules and powder mixtures, particu- 
larly in the presence of (atmospheric) moisture or water of crystalliza- 
tion. It may also cause trouble due to its hygroscopicity. Sticky 
masses are usually produced, accompanied by the evolution of gases. 


Uses—Sodium Nitrite is employed for the systemic 
effects of the nitrite ion in the body, the major action 
of which is to cause relaxation of smooth muscles, 
especially those of small blood vessels. Therefore it is 
employed in the symptomatic therapy of high blood 
pressure, in the prophylaxis of angina pectoris, and in 

certain spastic conditions of the gastro-intestinal tract. 
An unusual use is made. of the fact that the nitrite ion 
causes methemoglobinemia. In cyanide poisoning, 
Sodium Nitrite is injected intravenously in very large 
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doses to produce methemoglobin which combines with 
the highly lethal cyanide ion and renders it temporarily 
inactive in the form of cyanmethemoglobin. Sodium 
thiosulfate is then injected intravenously to form the 
non-toxic thiocyanate. The ordinary therapeutic dose 
of Sodium Nitrite is 30 to 60 mg., given orally in tablets 
or capsules. Solutions of Sodium Nitrite are unstable 
and should not be employed. 
Average Dose—60 mg. (approximately 1 grain). 


Sodium Nitrite Tablets U.S. P. Tabellz Sodii Nitritis 
[Tab. Sod. Nitrit—Sp. Tabletas de Nitrito de Sodio] 


Sodium Nitrite Tablets contain not less than 93 per 
cent and not more than 107 per cent of the labeled 
amount of NaNOsz. 


Assay—Because tablets may contain diluents or lubricants capable 
of reducing the very sensitive potassium permanganate, the assay. 
method used for sodium nitrite is not applicable to the tablets. The 
procedure employed for the assay of these Tablets makes use of the 
quantitative oxidation of sodium nitrite to nitrate by potassium 
chlorate in the presence of silver nitrate; the potassium chloride 
resulting in the reaction immediately forms the insoluble silver 
chloride, thus: 


3NaNOz + KClO3 + AgNO3 —3NaNO3 + AgCl + KNOg3 


sodium potassium silver sodium silver potassium 
nitrite chlorate nitrate nitrate chloride nitrate 


By using an excess of tenth-normal silver nitrate, the amount of 
chloride formed, representing the quantity of chlorate consumed for 
the oxidation, is readily determined by titrating the excess of the 
silver nitrate with tenth-normal ammonium thiocyanate. Each ce. 
et conch-noraal silver nitrate consumed corresponds to 20.70 mg. of 

a 

The Pharmacopeeia also requires that if the tablets contain more 
than 0.1 per cent chloride (Cl) its amount should be determined, and 
a correction made in the assay. For details of the assay see the 


Us. /Ps xinh 


Uses—See Sodium Nitrite. 
Average Dose—60 mg. (approximately 1 grain) of 
Sodium Nitrite. 


SODIUM PERBORATE U. S. P.—See Peroxides 
(page 333). 

SODIUM PERBORATE, AROMATIC, N. F.—See 
Peroxides (page 334). 


SODIUM PHOSPHATE U. S. P. Sodii Phosphas 


Sod. Phos.—Dibasic Sodium Phosphate, Disodium Orthophosphate, 
Sp. Fosfato de Sodio, Fosfato Sédico] 


Sodium Phosphate [NazgHPO..7H2O = 268.09] when 
dried at 110°C. to constant weight contains not less than 
98 per con of anhydrous sodium phosphate [NazsHPO, 
= 141.98]. 

Preparation—The incombustible part of bones called 
bone-phosphate or bone-ash, obtained by heating bones 
to whiteness, consists chiefly of tribasic calcium phos- 
phate which is used in the manufacture of Sodium 
Phosphate. The mineral phosphorite, which is a tri- 
basic calcium phosphate is also used. The finely 
ground phosphatic material is mixed with a quantity of 
sulfuric acid, a little in excess over the amount required 
to transform the tribasic phosphate into acid calcium 
phosphate. 


Cag(PO)2 + 2H2SO4 = CaH4(PO.)2 + 2CaSOz 


calcium sulfuric calcium acid calcium \ 
phosphate acid phosphate sulfate 


The mixture is then leached with hot water and a con- 
centrated solution of sodium carbonate, sufficient to 
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convert all the phosphate into the dibasic sodium salt, 
is added. The solution is then boiled. 


CaH4(PO.)2 + NaeCO3—> CaHPO, + NagHPOa + H.O + COs 


primary sodium secondary sodium water carbon 
calcium carbonate calcium phosphate dioxide 
phosphate phosphate 


After filtering, the solution is concentrated and al- 
lowed to crystallize. 


Description and Properties—Sodium Phosphate occurs as a colorless, 
or white, granular salt. It efflorescesin warm, dry air. The solution 
is alkaline to litmus and phenolphthalein (pH about 9.5). It re- 
sponds to the identification reactions for sodium and for phosphate. 

Solubility—One Gm. dissolves in 4 cc. of water. It is very slightly 
soluble in alcohol. 
Tests for Purity— 

Loss on drying at 110° C.—Not less than 43 per cent nor more than 
50 per cent. 

Substances insoluble in water—Not more than 0.2 per cent. 

Chloride—Not more than 0.014 per cent as Cl. 

Sulfate—Not more than 0.25 per cent as SOq. 

Arsenic limit—10 parts per million. 

Heavy metals limit—10 parts per million. 
Assay—About 300 mg. of the dried salt, accurately weighed, is dis- 
solved in about 100 cc. of water, and 1 ce. of hydrochloric acid is 
added. The hydrochloric acid produces ammonium chloride, upon 
the subsequent addition of ammonia T.S., which renders the precipi- 
tate more crystalline. An excess (about 20 cc.) of magnesia mixture 
Piers slowly added, followed, in small portions, by 40 ce. of stronger 
ammonia ARSE Magnesium ammonium phosphate [MgNH4P0Oq] 
which is the composition of the precipitate, is less soluble in 244 per 
cent of ammonia than in water, and it is for this reason that such a 
large volume of ammonia is added. After 4 hours the precipitate is 
filtered, washed with a mixture of 1 volume of ammonia T.S. and 3 
volumes of water until the washings are free from chloride, then dried, 
and ignited. The ignition converts the magnesium ammonium phos- 
phate to magnesium pyrophosphate. 


2MgNH4PO,4 See Sa MgeP207 + 2NH3 + H.0 
magnesium heat magnesium ammonia water 
ammonium pyrophosphate 
phosphate ; 


‘The weight of the magnesium pyrophosphate obtained multiplied by 
HOS aa its equivalent in anhydrous sodium phosphate [Nao- 
4). 

Storage—Keep Sodium Phosphate in tight containers. 
Incompatibilities—Practically all phosphates, except those of am- 
monium, potassium, and sodium, are insoluble in water but are made 
soluble by acids or alkali citrates. The tribasic phosphates are 
very alkaline in reaction and precipitate alkaloids and metallic salts 
from solution. Sodium Phosphate liquefies with lithium citrate 
and other ingredients of powders and capsules because of the water of 
hydration. The use of the exsiccated salt obviates this difficulty. 


Uses—Sodium Phosphate is one of the most palat- 
able of the saline cathartics. Industrially it is used as 
a mordant in dyeing, and in the manufacture of other 
phosphates. 

Caution—This phosphate should not be confused with 
sodium phosphate tribasic which is very alkaline and has 
a caustic action. 

Average Dose—4 Gm. (approximately 1 drachm). 


Effervescent Sodium Phosphate U. S. P. Sodii 
Phosphas Effervescens 


[Sod. Phos. Eff.—Sp. Fosfato de Sodio Efervescente] 


Metric Alternative 
Exsiccated Sodium Phosphate, dried 
PUMGIIIOW CLOG s 2a). ss. eco e oie wore coci ai 200 Gm. 302. av. 88 gr. 
Sodium Bicarbonate, i in dry powder. . 477 Gm. 7 oz. av. 277 gr. 
- Tartaric Acid, in dry powder........ 252 Gm. 40z.av. 14 gr. 
Citric Acid, uneffloresced crystals..... 162 Gm. 2 oz. av. 259 gr. 
MuROMnTAKevADOUt fas. sc sis cad aie ts 1000 Gm. 16 oz. av. 


Powder the citric acid, mix it intimately with the exsiccated 
sodium phosphate and tartaric acid, and thoroughly incorporate 
the sodium bicarbonate. 

Place the mixed powders on a plate of glass or in a suitable dish 
in an oven previously heated to between 93° C. and 104° C. Ma- 
nipulate the mixture carefully with a spatula which is acid- 
resistant, and when it has become moist rub it through a No. 6 
~ tinned-iron sieve. Dry the granules at a temperature not ex- 
ceeding 54° C., and immediately transfer the salt to suitable con- 
_ tainers and seal them tightly. 


- Note—The proportions of tartaric acid and citric 
acid may be varied if desired, but their combined acid- 
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ity must be equivalent to the acidity indicated in the 
official formula and the percentage of exsiccated sodium 
phosphate must be maintained. 


Storage— Keep Effervescent Sodium Phosphate in tight containers. 


Uses—This is one of the most pleasant of the saline 
cathartics, being an effervescent mixture which com- 
bines the cathartic action of the phosphate and tartrate 
ions. 

Average Dose—10 Gm. (approximately 214 drachms). 


Exsiccated Sodium Phosphate U. S. P.—Sodii Phosphas 
Exsiccatus 


[Sod. Phos. Exsic—Dried Sodium Phosphate, Sp. Fosfato de Sodio 
Desecado] 


Exsiccated Sodium Phosphate, when dried at 110° to 
constant weight, contains not less than 98 per cent of 
NazsHPO, (141.98). 


Description and Properties—Exsiccated Sodium Phosphate is a white 
powder readily absorbing moisture. It responds to the identification 
reactions for sodium and phosphate. 

Solubility—One Gm. dissolves in about 8 cc. of water; 
uble in alcohol. 
Tests for Purity— 

Loss on drying at 110° C_—Not more than 5 per cent. 

Exsiccated Sodium Phosphate, allowance being made for the dif- 
ference in the water content, meets the requirements for Chloride, 
Sulfate, Insoluble substances, Arsenic, and Heavy metals given for 
Sodium Phosphate. 
Assay—Exsiceated Sodium Phosphate is assayed as described for 
eee Phosphate using about 200 mg. of the salt, previously dried 
ri DEIN USE 
Storage—Keep Exsiccated Sodium Phosphate in tight containers. 


it is insol- 


Uses—Exsiccated Sodium Phosphate is a saline 
cathartic. It is used chiefly in the form of Effervescent 
Sodium Phosphate for which purpose it should be 
freshly dried, otherwise it will be variable in its water 
content. It rapidly absorbs as much as 15 to 20 per 
cent of water if exposed to a moist atmosphere. 

Average Dose—2 Gm. (approximately 30 grains). 


Sodium Phosphate Solution N. F. 
Phosphatis 
[Liq. Sod. Phos.— Sp. Solucién de Fosfato de Sodio] 
Sodium Phosphate Solution contains, in each 100 cc., 


not less than 37 Gm. and not more than 41 Gm. of 
NasHPO.,. 


Liquor Sodii 


Metric Alternative 
Exsiccated Sodium Phosphate..... 400 Gm. 13 oz. av. 154 gr. 
Gitric® Acid aes pcimeteeree Nereooe 130 Gm. 4 oz. ay. 149 gr. 
Glycerine ta ceietors eee nee, eras 150 cc. 4 fl. oz. 384 min. 
Distilled Water, a sufficient quan- 
tity, 
Tonmakety eae soe oer 1000 cc. 2 pints 


Add the exsiccated sodium phosphate, the citric acid, and the 
glycerin to 500 ce. (1 pint) of distilled water, and digest on a water 
bath until solution is effected. Filter, and pass sufficient distilled 
water through the filter to make the product measure 1000 ce. 
(2 pints). 


Note—Crystallized Sodium Phosphate in proper pro- 
portion may be used for the preparation of this Solution. 
The amount of water present in the crystals used should _ 
be deducted from the amount of water indicated in the 
formula above. 


Description and Properties—Sodium Phosphate Solution is a clear, 
colorless liquid, of a thick, syrupy consistency, practically odorless, 
and with a cooling, saline taste. Its specific gravity is about 1.385 
at 25°. It is acid to litmus, produces effervescence with sodium 
carbonate, and responds to the identification reactions for sodium, 
phosphate, and citrate. 

Assay—An accurately measured volume of 5 cc. of the Solution is 
assayed by the assay method described under Aluminum Phosphate 
Gel (page 440). Each cc. of half-normal sodium hydroxide cor- 
wexpond to 3.087 mg. of NagHPO4. 
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Storage—Keep Solution of Sodium Phosphate in tight containers, in 
a moderately warm place (not under 22° C.). 


Uses—This Solution, which corresponds to 0.75 Gm. 
of the official hydrated salt in each cc., furnishes a con- 
venient form for the administration of sodium phos- 
phate. The citric acid is added to prevent the salt 
from crystallizing, and the glycerin assists in its prepa- 
ration, especially in preventing the development of 
microorganisms. 

Average Dose—8 cc. (approximately 2 fluidrachms) 
corresponding to 3.2 Gm. of Exsiccated Sodium Phos- 
phate or to 6 Gm. of the U.S. P. hydrated salt. 


SODIUM PROPIONATE N. F.—See Preservatives 
(page 582). 

SODIUM SALICYLATE U. S. P.—See Organic Salts 
(page 551). 7 
SODIUM SALICYLATE AMPULS N. F.—See Organic 

Salts (page 551). 

SODIUM SALICYLATE AND GELSEMIUM ELIXIR, 
COMPOUND N. F.—See Organic Salts (page 552). 
SODIUM SALICYLATE AND IODIDE AMPULS N. F. 

—See Organic Salts (page 551). 

SODIUM SALICYLATE AND IODIDE WITH COL- 
CHICINE AMPULS N. F.—See Organic Salts (page 
551). 

SODIUM SALICYLATE ELIXIR N. F.—See Organic 
Salts (page 552). 

SODIUM SALICYLATE TABLETS U. S. P.—See 
Organic Salts (page 552). 

SODIUM STEARATE U. S. P.—See Organic Salts 
(page 557). 


SODIUM SULFATE U.S. P. Sodii Sulfas 
{Sod. Sulf.—Glauber’s Salt, Sp. Sulfato de Sodio, Sal de Glauberol 
Sodium Sulfate [Na2SO410H,O = 322.21], when 


dried at 110° to constant weight, contains not less than 


99 per cent of anhydrous sodium sulfate [Na,sSO, = 
142.05]. 


History—This compound was first described by 
Johann Rudolph Glauber in 1651, who had such a high 
opinion of its virtues that he called it sal mirabile 
(wonderful salt). 


Preparation—This salt is largely obtained as a by- 
product in the manufacture of hydrochloric acid, am- 
monium chloride, etc. A typical reaction showing its 
production is expressed by the equation: 


2NaCl + HeSO, — NaeSO,g + 2HCl 
sodium sulfuric sodium hydrochloric 
chloride acid sulfate acid 


Considerable quantities of this salt are also obtained 
from mines which have resulted from the drying up of 
lakes from earlier geological periods. : 


Description and Properties—Sodium Sulfate occurs as large, color- 
less, odorless, transparent crystals or as a white granular powder. 
It effloresces rapidly in air. Sodium Sulfate liquefies in its water of 
hydration at about 33°C. At 100° C. it loses all of its water of hydra- 
tion. Its solution is neutral to litmus paper. It responds to the 
identification reactions for sodium and sulfate. 

Solubility—One Gm. dissolves in 1.5 cc. of water; it is insoluble in 
alcohol but soluble in glycerin. 
Tests for Purity— 

Loss on drying at 110°—Not less than 51 per cent and not more than 
57 per cent. 

Arsenic limit—10 parts per million. 

Heavy metals limit—10 parts per million. 
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Assay—This salt is assayed by precipitation of the SOq as insoluble 
barium sulfate, and from the weight of the barium sulfate obtained 
its equivalent of sodium sulfate is calculated: 


NaSO4 + BaCleg oe BaSO4 + 2NaCl 
sodium barium barium sodium 
sulfate chloride sulfate chloride 


About 400 mg. of dried Sodium Sulfate obtained in the test for 
Loss on drying, accurately weighed, is dissolved in 200 ce. of distilled 
water, and 1 ce. of hydrochloric acid is added. The solution is heated 
to boiling, and an excess of hot barium chloride T.S. is added in small 
portions and with continuous stirring. The mixture is heated for 1 
hour on a water bath, then the supernatant liquid is decanted through 
a filter and the precipitate is washed twice by decantation with 75 ce. 
of hot water. The precipitate of barium sulfate is then filtered, 
washed until free from chloride, dried, ignited, and weighed. The 
weight of the barium sulfate thus obtained, multiplied by 0.6086, 
indicates its equivalent of NagSO4. 

Storage—Keep Sodium Sulfate in tight containers, preferably at a 
temperature not above 30° C. 

Incompatibilities—Sulfates give precipitates with salts of lead, barium, 
strontium, and calcium. Silver and mercury form slightly soluble salts. 
Alcohol throws most sulfates out of solution. Sodium Sulfate is 
troublesome in powders due to its water of crystallization. 


Uses—Sodium Sulfate is an effective saline cathartic, 
but extremely unpalatable. 
Average Dose—15 Gm. (approximately 4 drachms). 


EXSICCATED SODIUM SULFITE, U. S. P. Sodii 
Sulfis Exsiccatus U. S. P. 


[Sod. Sulfis Exsicc.—Anhydrous Sodium Sulfite, Sp. Sulfito de Sodio: 
Desecado] 


Exsiccated Sodium Sulfite contains not less than 95 
per cent of NasSOg (126.05). 

History—Sodium sulfite with 7H2O was official as a 
therapeutic agent from the 5th to the 8th revisions of 
the U.S. Pharmacopeeia. In the 9th revision, the exsic- 
cated (anhydrous) form was adopted because of its 
greater stability. It was omitted from the 10th and 
llth revisions, but was reintroduced in the U. 8. P. 
XII as a stabilizing agent in tannic acid ointment and 
elycerite. A 

Preparation—A solution of sodium bisulfite [NaHSOs3] 
is prepared by saturating a concentrated aqueous solu- 
tion of soda ash with sulfur dioxide, and adding to the 
solution a quantity of soda ash equal to that used for 
making the bisulfite solution. The resulting solution 
is concentrated by evaporation, if necessary, and granu- 
lated while hot, or evaporated to dryness... 


Description and Properties—Hxsiccated Sodium Sulfite occurs as a 
fine, white, granular, odorless powder, and possesses a cooling, 
saline, sulfurous taste. It is quite stable in dry air. The aqueous 
solution is alkaline to litmus (distinction from bisulfite which is acid) 
and to phenolphthalein T.S. It is decomposed by dilute acids with 
the liberation of sulfur dioxide, and is converted into sulfate by 
oxidizing agents. It responds to the identification reactions for so- 
dium and for sulfite. : 

Solubility—One Gm. dissolves in about 4 ec. of water at 25° C. It 
is sparingly soluble in alcohol. 

Tests for Purity— 

Thiosulfate—The addition of hydrochloric acid to a solution of the 
salt (1 in 15) should cause no turbidity. (Thiosulfate, if present, 
would produce a precipitate of free sulfur.) 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Assay—Sodium Sulfite is quantitatively oxidized by iodine to sulfate 
according to the equation: 


NaeSO,; + Ie + HeO — NaeSO,g + 2HI 
sodium iodine water sodium hydrogen 
sulfite sulfate iodide 


To avoid interference from oxygen of the air or water, an accurately 
weighed quantity of about 250 mg. of the sulfite is added to an ex- 
actly measured volume of 50 cc. of tenth-normal iodine contained 
in a glass-stoppered flask. 
the iodine and not the iodine to the salt, otherwise the results are 
erratic and generally low. After allowing it to stand for 5 minutes, 
the excess iodine is determined by titration with tenth-normal sodium 
thiosulfate, using starch T.S. as the indicator. Each cc. of tenth- 
normal iodine consumed corresponds to 6.303 mg. of NagSOzs. 
Storage—Keep the salt in well-closed containers. ; F 
Incompatibilities—Ozidizing agents convert it to sulfate. Acidified 
solutions will bleach many natural and synthetic colors, : 


It is important that the salt be added to — 


wes 0 Die UM 


Uses—Sodium Sulfite is used as a stabilizing agent 
(antioxidant) in tannic acid preparations, etc. 


SODIUM THIOCYANATE N. F. 


Sod. Thiocyan.—Sodium Sulfocyanate, Sodium Rhodanate, Sp. 
Tiocianato de Sodio, Sulfocianuro de Sodio] 


Sodii Thiocyanas 


Sodium Thiocyanate, when dried at 110° to constant 
Sa contains not less than 98.5 per cent of NaSCN 

Preparation—This salt is made by process 1 given 
for the preparation of potassium thiocyanate (page 376), 
except that sodium cyanide is used and the relative pro- 
portions are altered to conform to the lower atomic 
weight of sodium. 


Description and Properties—Sodium Thiocyanate occurs as colorless 
or white, odorless, hygroscopic crystals. It has a cooling, saline 
taste. It melts at about 300° C. and is affected by light. The aque- 
ous solution is neutral to litmus paper. The salt responds to the 
reactions for sodium and thiocyanate. 

Solubility—One Gm. is soluble in about 0.7 cc. of water and in 
about 4 ce. of alcohol at 25°. 

Tests for Purity— 

Loss on drying at 110°—Not more than 5 per cent. 

Chloride—Not more than 0.1 per cent as Cl. 

Sulfate—Not more than 0.025 per cent as SO4. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Cyanide, ammonium salts, arsenic, and heavy metals—It meets the 
tests and limits given under Potassium Thiocyanate (page 376). 
Assay—The salt, dried at 110°, is assayed argentometrically accord- 
ing to the assay method for bromides, iodides, and thiocyanates (page 
980). Each cc. of tenth-normal silver nitrate consumed corresponds 
to 8.108 mg. of NaSCN. 

Storage—Keep Sodium Thiocyanate in tight, light-resistant contain- 
ers. 

Incompatibilities—Trouble is experienced in powders and capsules 
due to the hygroscopicity of this salt. The difficulty can be overcome 
by drying the Sodium Thiocyanate at 110° C. and incorporating a 
quantity of a diluent such as magnesium carbonate or magnesium 
oxide. Ferric salts produce a deep red precipitate of ferric thiocy- 
anate. Szlver, lead, copper, and zinc cause precipitation; many 
alkaloids are precipitated. 


Uses—Sodium Thiocyanate is occasionally employed 
in the symptomatic treatment of high blood pressure. 
Its use entails certain dangers, and the blood level of 
thiocyanate must be followed periodically to insure safe 
concentrations of the drug in the body. It is sometimes 
found effective in preventing attacks of migraine. The 
dose is 0.3 Gm. daily for 3 days, followed by mainte- 
nance amounts which vary from 0.3 Gm. weekly to 1 
Gm. daily. 

_ Average Dose—0.3 Gm. (approximately 5 grains). 


Sodium Thiocyanate Elixir N. F. Elixir Sodii 
Thiocyanatis 


Elix. Sod. Thiocyan.—Sodium Sulfocyanate Elixir, Sp. Elixir de 
Tiocianato de Sodio] 


{ Metric Alternative 
Sodsimelmiocyanate si... se. . ws 40 Gm. 1 oz. av. 147 gr. 
DOdmiImernOSphate cso sce ces ee 40 Gm. 1 oz. av. 147 gr. 
SHUCHACIVESOGIUM 5.0.0 0s hbase ee 1 Gm. 15 gr. 
SAMECLOGL 5 2 Sing BIO eee ores oe aa 125 cc. 4 fl. oz. 
GrANPCESVIUP coos feck esa eee ens 200 cc. 6 fl. oz. 192 min. 
Aromatic Eriodictyon Syrup....... 100 cc. 3 fl.oz. 96 min 
Compound Sarsaparilla Syrup...... 100 cc. 3 fl.oz. 96 min. 
Distilled Water, a sufficient quantity, 

“to: THALES Vad eae eer ne oe aa 1000 cc. 2 pints 


Dissolve the sodium thiocyanate, the sodium phosphate, and 
the saccharin sodium in 250 ce. (8 fl. oz.) of distilled water. Add 
the syrups, then the alcohol, and sufficient distilled water to make 
the product measure 1000 cc. (2 pints). Mix well and filter, if 
necessary, until the product is clear. 


Alcohol content—From 12 to 15 per cent, by volume, of CgHs50H. 
Storage—Keep this Elixir in tight containers. 


Uses—See Sodium Thiocyanate. 
- Dose—4 cc. (approximately 1 fluidrachm) correspond- 
one to 160 mg. re Y% grains) of sodium thiocyanate. 
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SODIUM THIOSULFATE U. S. P.  Sodii Thiosulfas 


[Sod. Thiosulf.—‘‘Sodium Hyposulfite,”’ ‘“‘Hypo”’ Sp. Thiosulfato de 
Sodio, Hiposulfito sédico] 

Sodium Thiosulfate [Na28.03.5H.O = 248.19], when 
dried at 100° to constant weight, contains not less than 
99 per cent of anhydrous sodium thiosulfate [NazS.03 = 
158.11]. 

Preparation—The salt is readily prepared by dissolv- 
ing sulfur in sodium sulfite solution. 


2Na2SOg + Se z= 2Na2S203 
sodium sulfur sodium 
sulfite thiosulfate 


It is also prepared from the waste liquors obtained in 
the production of sodium sulfide, the liquors containing 
sodium carbonate and small amounts of sodium sulfite 
and sodium sulfate in addition to the sulfide. The con- 
centration of the liquor is adjusted so that it will con- 
tain about 8 per cent of NaS and 6 per cent of NagCOg3 
and then sulfur burner gas, containing about 7 per cent 
of SOs, is passed through the solution. Sodium Thio- 
sulfate is produced according to the equation: 


2NacS + NagCOg + 4809 —> 3NagS203 + COzg 


The liquid is allowed to cool and the crystals of thio- 
sulfate are removed Dy. eee 


colorless ae or as a coarse, siyatallins powder. It is deliques- 
cent in moist air, and efflorescent in dry air at a temperature above 
33°. When rapidly heated it melts at about 48° C. and decomposes 
when heated much above 100°. It is decomposed by diluted acids, 
liberating sulfur dioxide with precipitation of sulfur. It slowly de- 
composes in aqueous solution, more rapidly when the solutions are 
heated. The aqueous solution is neutral or faintly alkaline to litmus 
and is a good solvent for the halogen salts of silver. 

Solubility—One Gm. dissolves in 0.5 ec. of water; it is insoluble in 
alcohol. 
Tests for Purity— 

Loss on drying at 100° C.—Not less than 32 and not more than 37 
per cent. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Calcitum—No turbidity is produced by the addition of ammonium 
oxalate T.S. to its solution (1 in 20). 
Assay—About 500 mg. of the dried Sodium Thiosulfate, obtained in 
the test for Loss on drying, is accurately weighed, dissolved in 30 ce. 
of water, and the solution titrated with tenth-normal iodine, using 
starch T.S. as the indicator. Each cc. of tenth-normal iodine corre- 
sponds to 15.81 mg. of NagS2QOs. 

Note—The chemistry of this assay is explained in the assay of 
Iodine (page 340). 
Storage—Keep Sodium Thiosulfate in tight, light-resistant containers. 
Incompatibilities—Sodium Thiosulfate solutions slowly deposit sulfur 
on standing. »Acids decompose them with similar precipitation. In 
acid solutions, sodium thiosulfate has reducing powers, and is there- 
fore incompatible with oxidizing agents. Lead, silver, and mercurous 
salts precipitate as thiosulfates. Szlver halides are made soluble by 
sodium thiosulfate. Bismuth subnitrate is partially converted to 
metallic bismuth. Ferric chloride gives a transient violet color. Dry 
trituration with oxidizing agents such as potassium chlorate, potas- 
sium permanganate, or a nitrate may cause an explosion. 


Uses—Sodium Thiosulfate has been used medicinally 
as an antidote. In the treatment of chronic. arsenic 
poisoning, it has been claimed that the intravenous 
injection of Sodium Thiosulfate hastens the urmary ex- 
cretion of arsenic, but this fact has been questioned. 
The salt is of definite value in the treatment of cyanide 
poisoning, being used in conjunction with nitrites. The 
eventual compound formed is thiocyanate. 

Thiosulfate is given intravenously following the 
nitrite salt in the dose of 50 cc. of a 50 per cent solution. 
Sodium Thiosulfate is an effective antidote for iodine 
tincture. A 5 per cent solution is employed. 

Its principal uses are in the arts and as an antichlor 
in paper manufacture. In photography, under the ab- 
breviated name of “hypo,” it is invaluable as a solvent 
for the unaltered silver chloride or bromide i in: the film 
after development. 

Average Dose—Oral or intravenous, | Gm. (approxi- 
mately 15 grains). 
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Sodium Thiosulfate Ampuls N. F. Ampulle Sodii 


Thiosulfatis 
Ampul. Sod. Thiosulf.—Sodium Hyposulfite Injection, Sp. Inyeccion 
de Thiosulfato de Sodio] 

Sodium Thiosulfate Ampuls contain a sterile solution 
of sodium thiosulfate in freshly boiled Water for Injec- 
tion, and yield an amount of anhydrous sodium thio- 
sulfate [Na2S.0s] equal to not less than 61 per cent and 
not more than 67 per cent of the labeled amount of 
sodium thiosulfate [Na2S203.5H.20]. 

The solution is prepared, adjusted to a pH of between 
8.0 and 9.5, and placed in the cleansed ampuls as de- 
scribed on page 257. ~The filled ampuls are sterilized 
by heating to 100° C. for 30 minutes, or by any other 
adequate and suitable method of sterilization, and tested 
for sterility according to the method described on page 
126. 

Notes 
velop a fine precipitate upon aging. ‘This is thoroughly 
overcome by adjusting the solutions to a slight alka- 
linity as directed above. Sodium thiosulfate crystals 
in ampuls, from which solutions are prepared when 
needed, are available on the market. 


Assay—This solution is assayed as described for Sodiwm Thiosulfate 
using an accurately measured volume corresponding to about 1 Gm. 
of the thiosulfate and neutralized if necessary. Each ce. of tenth- 
normal iodine corresponds to 15.81 mg. of NagSeQOz3. 


Uses—See Sodium Thiosulfate. 
Average Dose—1 Gm. (approximately 15 grains) of 
Sodium Thiosulfate. 


Unofficial Inorganic Sodium Compounds 


Sodium Ammonium Hydrogen Phosphate—See Reagents (page 1069). 

Sodium Arsenate, Hydrated [NagHAsO4.7H2O]—Colorless, trans- 
parent crystals, efflorescing in warm air. Poisonous. Melts 
when rapidly heated at about 57°. One Gm. dissolves in 1.3 cc. of 
water; soluble in glycerin; slightly soluble in alcohol. The water 
solution is alkaline to litmus and phenolphthalein. 

Sodium Arsenite—See Unofficial Inorganic Arsenic Compounds 
(page 446]. 

Sodium Bismuthate [NaBiOg]—See Unofficial Inorganic Bismuth 
Salts (page 451). 

Sodium Bisulfite [NaHSOg]—A white crystalline powder having a 
disagreeable taste and a slight sulfurous odor, Oxidizes to sulfate. 
It is soluble in water and insoluble in alcohol. The article of com- 
merce is the metabisulfite [Nag5g05]. Uses: sodium bisulfite is 
largely used in paper manufacture and in calico-bleaching. Itisa 
disinfectant and antiseptic. 

Sodium Bromate [NaBrOg|—Colorless or white, odorless crystals, or 
granules or crystalline powder. Soluble in about 2.5 parts water, 
1.1 parts boiling water. Uses: promotes yeast growth; used in 
conjunction with sodium bromide for the extraction of gold. 

Sodium Chlorate [NaClOg]—Colorless and odorless crystals with a 
cooling saline taste. Soluble in water and in alcohol. It is a 
powerful oxidizing agent and should not be triturated with any 
combustible substance. Sodium chlorate is more soluble and 
contains a higher percentage of oxygen than potassium chlorate 
but because of its tendency to be hygroscopic in mixtures it is 
less desirable in dry explosives. 

Sodium Cobaltinitrite—See Reagents (page 1069). 

Sodium Cyanide [NaCN]—White, amorphous pieces of granular 


powder. It is deliquescent in the air and emits the odor of hydro- 
cyanic acid. It ts very poisonous and should be handled with great 
caution. Uses; an insecticide; used in the extraction of gold and 


silver in electroplating, and in the heat treatment of metals. 

Sodium Dichromate—See Reagents. Uses: for the manufacture of 
chromic acid, in chromium plating, and in tanning leather. 

Sodium Fluoride [NaF]—White powder, soluble in 25 parts water, 
insoluble in alcohol. It is very poisonous. Uses: an insecticide 
for roaches, lice, ants, etc., in which form it is usually colored so 
as to distinguish it from condiments and other cooking ingredients. 

Sodium Hydrosulfite [Na2S2e04l]—See Reagents (page 1069). 

Sodium Iodate [NaIOs]— White, crystalline powder, soluble in about 
11 parts water, and in 3 parts boiling water; insoluble in alcohol. 
Uses: an antiseptic in dusting powders or solutions. 

Sodium Metabisulfite [NagS2O5|—It possesses essentially the same 
properties as sodium bisulfite. 

Sodium Metaphosphate (Calgon)—Colorless, glassy, transparent, 
hygroscopic sticks or white flakes or powder, soluble in water. 
Uses: a water softener; prevents and removes boiler scale. 

Sodium Molybdate [NagMoO04.2H20]—White, crystaline powder 
soluble in 1.5 parts cold water, and i in about 0.9 part boiling water, 
Uses: a reagent for alkaloids, etc. in analytical chemistry. 

Sodium Nitrate [NaNO 3l—Commonly called chili saltpetre and cubic 
nitre.. Colorless or white, odorless crystals with a saline, slightly 
bitter taste. It is readily soluble in water, slightly soluble in alco- 


SODIUM 


hol. Uses: formerly used in medicine like the potassium salt, and 
for the production of nitric acid; now, largely used for the manufac- 
ture of potassium nitrate and fertilizers. 

Sodium Nitroferricyanide [Sodium Nitroprusside]—See Reagents 
(page 1069). 

Sodium Peroxide—See Reagents. 

Sodium Phosphate Tribasic [NagPO4]—Trisodium Phosphate, Tri- 
sodium Orthophosphate, sometimes erroneously called sodium 
triphosphate. Colorless or white crystals or granules. Soluble in 
water. Uses: a mild alkali for bottle washing, laundering, scrub- 
bing, ete. It has appeared upon the market under coined trade 
names and is sold usually at fancy prices, for cleaning paint brushes, 
removing old paint and varnish, and for general washing and cleaning 
purposes. Some of these commercial forms are made more alkaline 
by the addition of caustic soda; others are rendered milder by the 
addition of sodium bicarbonate. Some of the trisodium phosphate 
on the market consists simply of a mixture of soda ash and disodium 
hydrogen phosphate in molecular proportions. 

Sodium Phosphite [NagHPO3.5H20]—White, hygroscopic, crystal- 
line powder, freely soluble in water. Uses: antidote for mercury 
poisoning. 

Sodium Pyrophosphate [Na4qgP207.10H2O0]—Colorless, transparent 
erystals without odor and with a cooling saline taste. Soluble in 
water and insoluble in alcohol. 

Sodium _ Pyrophosphate, Acid, Disodium Dihydropyrophosphate 
[NagH2P207]—White, fused masses or powder, soluble in water. 
Uses: an Pahient of baking powders. 

Sodium Selenite—See Reagents (page 1070). 

Sodium Sesquicarbonate NagCO3.2NaHCO3.3H 20 —Under this name 
there is on the market a crystalline salt made by boiling a solution 
of sodium bicarbonate to remove a portion of the COg and then 
crystallizing. Uses: for cleaning paint brushes, removing old 
paint and varnish, and for general cleaning purposes, as a mild 
substitute for soda ash. 

Sodium Silicofluoride, Sodium fluosilicate [NagSiF g]—White crystals 
or powder. One Gm. dissolves in 150 cc. of waiter, in 40 cc. of 
boiling water; insoluble in alcohol. Uses: a moth-proofer for 
woolen fabrics; a poison for rodents; and an insect exterminator. 

Sodium Stannate [NagSnOs]—Commonly called preparing salt— 
White powder or lumps, soluble in water, insoluble in alcohol. 
Uses: a mordant in dyeing. 

Sodium Sulfantimonate, Schlippe’s Salt [NagSbS4.9H20]—Colorless 
or light yellow, large crystals, soluble in 3 parts cold water, in 1 
part boiling water; insoluble in alcohol. 

Sodium Sulfate Exsiccated [anhydrous NagSO4]—White powder or 
granules. One Gm. dissolves in 3.6 cc. of water; insoluble in alco- 
hol. The solution is neutral. Uses: largely used for making 
artificial Carlsbad salt and similar preparations. 

Sodium Tungstate—See Reagents (page 1070). 


Inorganic Sodium Specialties 


Alcaroid Antacid Powder (Am. Ferment)—Powder, each ounce con- 

taining 183 gr. sodium bicarbonate, 24 gr. bismuth subcarbonate, 

182 gr. calcium carbonate, 24 gr. earoid, 16 gr. magnesium carbon- 
ate, 7 gr. magnesium oxide, and aromatics. Uses: gastric antacid, 
digestant, and systemic alkalinizer. Dose: 1 teaspoonful in water 
after meals. 

Alkaline Effervescent (Lilly)—Effervescent tablets containing 15 gr. 
sodium bicarbonate, 5 gr. calcium glycerophosphate, 2}2 gr. mag- 
nesium sulfate, 15 gr. potassium bicarbonate, 4 gr. sodium chloride, 
and effervescent base. Uses: alkalinizing agent for mild acidosis 
and urinary tract infections. Dose: 1 tablet dissolved in water. 

Alka-Vess (Ames)—Effervescent tablets containing 31 gr. sodium bi- 
carbonate, 1 gr. sodium chloride, 3 gr. calcium dihydrogen phos- 
phate, 19 gr. citric acid, +4 gr. magnesium citrate, and 1 gr. potas- 
sium bicarbonate. Uses: alkalinizing agent for mild acidosis 
and urinary tract infections. Dose: 1 or 2 tablets dissolved in 
water. : 

Alvesen (Burroughs Wellcome)—Effervescent tablets (tabloids) con- 
taining 5 gr. sodium bicarbonate, 1 gr. sodium chloride, 3 gr. cal- 
cium lactophosphate, 1 gr. anhydrous magnesium sulfate, 1 gr. 
potassium bicarbonate, and effervescent base. Uses: systemic 
and urinary alkalizing agent. Dose: 1 or 2 tabloids dissolved in 
water, after meals. 

Asco-Dexide Tablets (Drug Products)—Tablets containing 7 gr. 
sodium chloride, 15 mg. ascorbic acid, and 3 gr. dextrose. Uses: 
helps prevent heat prostration, minimizes fatigue and muscle 
cramps resulting from loss of sodium chloride in body fluids through 
excessive perspiration. Dose; 1 or 2 tablets with a glass of water 
4 or 5 times daily. 

Betaphos (Alphaden)—Fffervescent powder containing sodium acid 
phosphate with an alkaline buffer salt base. Uses: cholagogue 
and laxative. Dose: 1 teaspoonful in hot water 1 to 3 times daily 
14 hour before meals. 

Caside (Endo)—Parenteral solution containing sodium iodide and 
soluble casein for injection. Uses: expectorant and resistance 
stimulating protein therapy. Dose: 132 to 2 ec. twice weekly, 
intramuscularly, or subcutaneously. 

Citrated Carbonates (McKesson)—Effervescent powder containing 
sodium bicarbonate, sodium chloride, sodium phosphate, calcium 
lactate, citric acid, cream of tartar, magnesium sulfate, potassium 
bicarbonate, and tartaric acid. Uses; gastric antacid. Dose: 1 
to 2 teaspoonfuls in water. ‘ 

Dexatabs (Walker Vitamin)—Tablets containing 7 gr. sodium chlo- 
ride, 10 mg. ascorbic acid, 3 gr. dextrose, and 1 mg. thiamine hydro- 
chloride. Uses: see Thermotabs below. Dose: 3 to 6 tablets 
with water daily. 

Diatraegus Pilletts (Buffington)—Pills (pilletts) containing sodium. 
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LITHIUM 


nitrite, 4 gr. dially!barbituric acid, }%50 gr. nitroglycerin, potas- 
sium nitrate, and concentrated tincture crateagus. Uses: seda- 
tive and vasodilator. Dose: 1 or 2 pilletts. 

Di-O-Chrome (Warren-Teed)—A strongly oxidizing, weakly acidic 
(pH 5) solution containing sodium dichromate and boric acid. 
re antiseptic for Vincent’s angina, use as a mouth wash 3 times 
a day 

Di-O- Be hrdme, Professional Strength—a concentrated solution for 
physician’s use only. 

Eskay’s Neuro Phosphates (S.K.F.)—Palatable elixir, each adult 
dose (2 fl. dr.) containing 2 gr. sodium glycerophosphate, 10 per 
cent alcohol, 2 gr. calcium glycerophosphate. Uses: tonic for 
restoring appetite and vigor. Dose: 2 teaspoonfuls in water 3 
times a day before meals. Compatibilities: compatible with bro- 
mides; barbiturates may be used in combination if alcohol is added 
to hold them in solution. 

Eskay’s Theranates (S.K.F.)—Elixir consisting of a combination of 
Eskay’s Neuro Phosphates above and vitamin B;. Uses: indi- 
eated in chronic fatigue, loss of appetite, and asthenic states. 
Dose: 2 teaspoonfuls in water 3 times daily. Compatibilities: 
bromides precipitate the red color out of Theranates; compatible 
ree barbiturates, provided alcoho) is added to hold them in solu- 
ion 

GE-7 Carbonates Compound Citrated (United Drug)—Effervescent 
powder containing 20 gr. sodium bicarbonate, 30 gr. sodium, potas- 
sium, and magnesium citrotartrates; sodium “chloride, ‘sodium 
phosphate, sodium sulfate, calcium lactate, and potassium bicar- 
bonate. Uses: gastric and systemic alkalinizer; laxative. Dose: 
1 to 2 teaspoonfuls in water 3 to 4 times daily. 

Gingament (Burroughs Wellcome)—Tablets (tabloid) containing 5 gr. 
sodium bicarbonate, ammonium bicarbonate, gingerine, pepper- 
mint oil, and saccharin, Uses: gastric antacid and carminative. 
Dose: a tabloid with water or slowly dissolved in the mouth. 

Hepatone (Sharp and Dohme)—FEffervescent powder containing in 
each ounce, 98.8 per cent effervescent sodium phosphate, 2 gr. 
lithium citrate, and 3 gr. phenolphthalein. Uses: laxative. 
Dose: }% to 1 tablespoonful in water before breakfast. 

Iodolake-S (Lakeside)—Ampuls (2 cc.) or vials (30 cc.), each 2 
containing 0.08 Gm. sodium iodide and 0.04 Gm. iodinated foreign 
protein. Uses: alterative and expectorant. Dose: 2 cc. intra- 
muscularly. 

Naiodine (Anglo-French)—Ampuls (5, 10, or 20 ec.) containing a solu- 
tion of sodium iodide (2 per cent) and sodium sulfate (1 per cent). 
Uses: analgesic indicated in sciatica, herpes zoster, etc. Dose: 20 
cec., then 5 cc. to 10 ce. daily, intramuscularly. 

Naiodine B—Ampuls (10 or 20 cc.) the same as Naiodine but con- 
taining a 5 per cent solution intended for intravenous use. Dose: 
10 cc. intravenously. 

Naiodine ‘Logeais’ (Fougera)—Ampuls (5, 10, or 20 cc.) each cc. 
containing 0.01 Gm. sodium iodide in aqueous solution. Uses: 
intramuscular iodide therapy. 

Natrico Pulvoids (Drug Products)—Enteric coated tablets containing 
1 gr. sodium nitrite, }4 gr. extract crataegus oxyacantha, 450 gr. 
nitroglycerin, and 2 gr. potassium nitrate. Uses: vasodilator for 
the symptomatic treatment of essential hypertension. Dose: 1 to 
3 pulvoids, 3 or 4 times daily. 

Neo-Natrico Pulvoids (Drug Products)—The same as Natrico Pul- 
voids with 25 mg. nicotinic acid added to each tablet. 

Nilo (Cole)—Enteric-coated tablets containing 2 gr. sodium nitrite, 
34 gr. sodium glycocholate, }4 gr. chionanthin, and }/o er. irisin. 
Uses: temporary vasodilator indicated in essential hypertension. 
Dose: 1 tablet 3 or 4 times a day. 

Nitricholate (Breon)—Capsules (caplets) containing 1 gr. sodium 
nitrite, 140 gr. sodium glycocholate, }4o0 gr. chionanthin, 425 gr. 
extract echinacea, and }44 gr. irisin. Uses: vasodilator indicated 
a” ee hypertension. Dose: 1 caplet with water 3 or 4 times 

aily. 

Nitrocon Compound (McNeil)—Capsules or tablets containing }¢ gr. 
sodium nitrite, 34090 gr. nitroglycerin (duo-sayed), 142 min. tinc- 
ture aconite, }40 gr. podophyllin, and sodium bicarbonate. Uses: 
vasodilator for hypertension. Dose: 1 to 4 capsules or tablets 3 
times daily. 

Nisnaclesan. (Tosse)—Ampuls (1 cc.) containing 40 mg. or 100 mg. 
sodium nitrite combined with Trunecek salts (page 1400). Uses: 
vasodilator indicated in hypertension, intermittent claudication, 
coronary sclerosis, etc. Dose: 40 to 100 mg. daily or every other 
day, subcutaneously or intravenously. 

Nurobromyds (Rorer)—Hlixir, each fluidounce containing 20 gr. 
sodium bromide, 20 gr. ammonium bromide, 20 gr. strontium bro- 
mide, 19 per cent alcohol, 60 min. tincture hyoscyamus, and 60 min. 
tincture valerian. Uses: antispasmodic and sedative. Dose: 1 
to 2 teaspoonfuls in water every 3 hours. 
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Occy-Crystine (Occy-Crystine)—A hypertonic solution (pH 8.4) con- 
taining sodium thiosulfate and magnesium sulfate, with sufficient 
potassium sulfate and calcium sulfate to maintain solubility. 
Uses: cholagogue and laxative. Dose: 1 to 2 teaspoonfuls in 
water. 

Phosphagon (Arlington)—Pleasant tasting elixir, each fluidounce con- 
taining 16 gr. sodium glycerophosphate, 8 gr. ptoassium glycero- 
phosphate, 460 gr. strychnine citrate, 16 per cent alcohol, cane 
sugar, flavoring, and glycerin. Uses: Neuro-tonic. Dose: 1 to 
4 teaspoonfuls daily. 

Phospho-Soda (Fleet)—A palatable, concentrated solution of sodium 
biphosphate and sodium phosphate. Uses: non-irritating laxa- 
tive. Dose: 2 to 4 teaspoonfuls in water before meals. 

Potensors (Tailby-Nason)—Tablets containing 1 gr. sodium nitrite, 
2 min. tincture aconite, 2 min. tincture veratrum viride, bile salts, 
and extract cascara sagrada. Uses: vasodilator and laxative. 
Dose: 1 tablet 4 times daily after meals. 

Roboline (Reed and Carnick)—Liquid, each fluidounce containing 12 
gr. sodium glycerophosphate, 18 per cent alcohol, 18 min. diluted 
phosphoric acid, and }%0 gr. strychnine sulfate. Uses: tonic and 
pean to the appetite. Dose: 1 or 2 tablespoonfuls before 
meals. 

Sal-Laxa (Sharp and Dohme)—Effervescent powder containing so- 
dium sulfate, Sodium and potassium tartrates, caffeine, and magne- 
sium sulfate, in a base of citric and tartaric acid with sodium bi- 
carbonate. Uses: saline laxative. Dose: 1 to 4 teaspoonfuls 
dissolved in water. x 

Sedabrome (Strasenburgh)—Tablets containing 5 gr. sodium bromide, 
14 gr. extract hyoscyamus, and 4 gr. phenobarbital. Uses; seda- 
tive and mild hypnotic. Dose: 1 or 2 tablets dissolved in water. 

Sedaferon (Strasenburgh)—Palatable liquid, each fluidounce con- 
taining 32 gr. sodium bromide, 428 gr. hyoscyamine hydrobromide, 
8 gr. iron and ammonium citrate, and 24 gr. musk root. Uses: 
sedative. Dose: 1 teaspoonful. 

Sedobrol (Hoffmann-La Roche)—Cubes, each containing 17 gr. so- 
dium bromide in combination with vegetable extractives and flavor- 
ing matter. Uses: sedative. Given in this form the taste of the 
bromides is completely disguised. Dose: 2 to 4 cubes a day, dis- 
solved in a cupful of hot water. 

Six Glycerophosphates Elixir (Sharp and Dohme)—Liquid, each 
fluidounce containing glycerophosphates of sodium 16 gr., calcium 
8 gr., iron 1% gr., manganese 1 gr., potassium % ger., and strych- 
nine {6 gr. No sugar. Uses: tonic and nutritional stimulant, 
indicated in general debility, chlorosis, etc. Dose: 1 or 2 teaspoon- 
fuls 3 times daily after meals. 

Sodoxylin Granular (Abbott)—Powder, each teaspoonful containing 
20 gr. sodium bicarbonate, 5 gr. sodium sulfate, 24% gr. sodium 
sulfocarbolate, 400 gr. colchicine, aromatics, sodium chloride, and 
sugar. Uses: gastric antacid and laxative; systemic and urinary 
alkalinizing agent. Dose: 1 or 2 teaspoonfuls in warm water. 

Solmides (Sharp and Dohme)—FHEffervescent tablets (15 gr. or 7% gr.), 
each 15-gr. tablet containing 5 gr. sodium bromide, 5 gr. ammonium 
bromide, and 5 gr. potassium bromide. Uses: sedative. Dose: 
1 large tablet or 1 or 2 small tablets dissolved in water. Repeat 
after 3 hours if necessary but not more than 30 gr. should be taken 
within 24 hours. 

Sulfactol (Winthrop)—Dry ampuls (0.6 Gm.) or enteric-coated tab- 
lets (74% gr.) of sodium thiosulfate. Uses: antidote for anti- 
syphilitic remedies, including arsphenamines, bismuth, mercury, 
and all cases of metallic poisoning. Dose: 0.6 Gm. dissolved in 
10 cc. of sterile distilled water, once daily, intravenously or 1 to 2 
tablets 3 times daily before meals. 

Tetrathione (Searle)—Dry ampuls containing 0.6 Gm. of sodium 
tetrathionate. Uses: antidote for the treatment of metallic 
poisoning; also indicated in peripheral vascular diseases caused by 
deficient oxygenation of the blood and tissues. Dose: 0.6 Gm. 
daily, dissolved in 10 ce. sterile distilled water, intravenously. 

Thermodex (United Drug)—Tablets containing 7 gr. sodium chloride 
and 3 gr. dextrose. Uses and Dose: see Thermotabs, below. 

Thermotabs (Sharp and Dohme)—Tablets containing 7 gr. sodium 
chloride and 3 gr. dextrose. Uses: to minimize ‘hot weather 
fatigue’ and to prevent heat prostration due to the loss of body 
salt and fluid through excessive perspiration. Dose: 5 to 10 tab- 
lets daily, one at a time with a glass of water. 

Thio Boric Powder (Pitman-Moore)—Dusting powder containing 20 
per cent exsiccated sodium thiosulfate and 80 per cent boric acid. 
Uses: fungicide in epidermophytosis (athlete’s foot). 

Trinidex (Don Baxter)—Parenteral solution containing 9 Gm. sodium 
chloride, 50 Gm. dextrose, 30 mg. nicotinamide, 6 mg. riboflavin, 
and 3 mg. thiamine hydrochloride in each liter. Uses: prophy- 
laxis or therapeutic treatment in loss of body fluids due to dehydra- 
tion. Dose: 500 to 2000 cc., intravenously or by hypodermoclysis. 


LITHIUM AND ITS COMPOUNDS 


Lithium—Li = 6.940 (At. no. 3) 


History and Occurrence—Lithiwm derives its name 
from the Greek word lithos meaning stone, because it is 
obtained from a stone-like mineral. It occurs widely 
‘in nature, chiefly in the form of silicates, associated 


with potassium and sodium such as lepidolite, ambly- 


-gonite, and spodumene. It is also present in some mineral 


a ee: 


a - Preparation—Lithium eg like potassium and so- 


dium, is prepared by the electrolysis of its chloride or 
bromide. 


Description and Properties—It is silvery white in color, and is less 
prone to oxidation than potassium or sodium metals. It is the light- 


est of all metals, having a specific gravity of about 0.59. It decom- 
poses water forming lithium hydroxide and hydrogen. Like the 
other elements of the alkali group, lithium is monovalent. It absorbs 


nitrogen even in the cold, forming lithium nitrite [LigN]. 


Uses—Lithium metal has limited application as a 
“getter” in radio tubes, etc. In certain chemical reac- 
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tions it is more advantageous to use lithium instead of 
sodium metal. 

The lithium salts were introduced for gout, rheuma- 
tism, and related maladies when it was found that lith- 
ium urate was quite soluble. Because these urates 
precipitate, however, in the presence of Na and K ions, 
the use of lithium salts under physiological conditions 
is of no value. The action of the salts is similar to that 
of the corresponding sodium salts. 


IDENTIFICATION OF LITHIUM COMPOUNDS 


Solutions of lithium salts, made alkaline with sodium 
hydroxide, yield with sodium carbonate T.S. a white 
precipitate on boiling. The precipitate is soluble in 
ammonium chloride T.S. Lithium salts moistened 
with hydrochloric acid impart an intense crimson color 
to a non-luminous flame. Solutions of lithium salts are 
not precipitated by diluted sulfuric acid or soluble sul- 
fates (difference from strontium). 


LITHIUM BENZOATE N. F.—See Organic Salts (page 
532). 


LITHIUM BROMIDE N. F.  Lithii Bromidum 
[Lith. Bromid.—Sp. Bromuro de Litio] 


Lithium Bromide is a hydrated salt containing, when 
dried at 165° C. for 3 hours, not less than 99 per cent 
of LiBr (86.86 = Br 76.2 per cent). 

Preparation—Lithium Bromide is best prepared by 
carefully neutralizing lithium carbonate or lthium 
hydroxide with hydrobromic acid, and evaporating to 
the crystallization point, or evaporating further to form 
a granulation. 


LigCOg + 2HBr — 2LiBr + H.O + COs 
lithium hydrobromic lithium water carbon 
carbonate acid bromide dioxide 


Description and Properties—Lithium Bromide is a white or pinkish 
white, granular, odorless powder with a sharp, slightly bitter taste. 
It is very deliquescent. 
to litmus. It responds to the identification reactions for lithium 
and bromide. 

Solubility—One Gm. is soluble in 0.6 ce. of water at 25° C. and about 
0.4 cc. of boiling water; it is freely soluble in alcohol and is soluble 
in ether. 

Tests for Purity—The N. F. includes the following tests and limits: 
Loss on drying at 165° for 3 hours—Not more than 15 per cent. 
Bromate and iodide—It conforms to the tests for these as given 

under Sodium Iodide (page 385). 

Chloride—N ot more than 0.7 per cent as Cl. 

Sulfate—The addition of 1 cc. of barium chloride T.S. to 5 ce. of 
an aqueous solution of lithium bromide (1 in 100), acidulated with 4 
drops of hydrochloric acid, produces no immediate turbidity. 

Other alkalies—To 0.4 Gm. of the salt contained in a flat-bottomed 
flask of 50-cc. capacity, 5 cc. of hydrochloric acid and 5 cc. of chlorine 
T.S. are added, and from this point the test is continued as directed 
under Lithiwm Carbonate beginning with ‘‘evaporate almost to dry- 
sane The weight of the residue is not more than 2 mg. (0.5 per 
cent). 

Heavy metals limit—10 parts per million. 

Assay—About 350 mg. of the dried Lithium Bromide, accurately 

weighed, is assayed argentometrically as described for the assay of 

bromides, iodides, and thiocyanates (page 980). Each cc. of tenth- 
normal silver nitrate corresponds to 8.686 mg. of LiBr. 

Storage—Keep Lithium Bromide in tight containers. 

Incompatibilities—See Bromides (page 1185). Phosphates and carbon- 

ates May cause precipitation of the sparingly soluble lithium phos- 

phate and lithium carbonate. Lithium Bromide is too deliquescent 
to be conveniently dispensed in powders or capsules unless dispensed 
in air-tight containers. 


Uses—Lithium Bromide is employed for the sedative 
effect of the bromide ion, but it has no advantages over 
sodium bromide and is not to be preferred over the 
latter. See Sodium Bromide (page 38)). Because of 
the low atomic weight of the metal lithium, it contains 
a larger proportion of bromine than any other salt. 

Average Dose—1! Gm. (approximately 15 grains). 


LITHIUM ; 


Its solutions are neutral or slightly alkaline 


‘ 


LITHIUM CARBONATE N. F. Lithii Carbonas 
[Lith. Carb.—Sp. Carbonato de Litio, Carbonato Litico] 


Lithium Carbonate, when dried to constant weight 
at 105° for 3 hours, contains not less than 99 per cent 
of LigCOg (73.89). 

Preparation—Lithium Carbonate, which is the source 
of most lithium salts, may be prepared by heating a 
mixture of finely powdered lithtum mineral, such as 
lepidolite, with barium carbonate, barium sulfate, and 
potassium sulfate at a high temperature. The lithium 
in the silicate is thus converted into sulfate. The mass, 
together with the potassium sulfate, is leached with 
water, and the concentrated hot solution is treated with 
ammonium carbonate, which precipitates the lithium 
as carbonate, the potassium remaining in solution. 


Description and Properties—Lithium Carbonate is a white, granular, 
odorless powder, having an alkaline taste. It is stable in air. The 
saturated solution is alkaline to litmus. It responds to the identifica- 
tion reactions for lithium and carbonate. One Gm. is soluble in 100 ec. 
of water at 25° C. and in about 140 cc. of boiling water; almost in- 
soluble in alcohol. 

Tests for Purity— 

Loss on drying at 105° C. for 3 hours—Not more than 0.5 per cent. 

Acetic acid-insoluble substances—Not more than 0.15 per cent. 

Chloride—Not more than 0.035 per cent as Cl. 

Sulfate—Not more than 0.25 per cent as SO. 

Aluminum and iron—To a solution of 250 mg. in 5 ec. of water 
and a slight excess of hydrochloric acid, ammonia is added until it 
has an alkaline reaction; no turbidity should be produced before or 
after boiling. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Calcium—Not more than 0.15 per cent as Ca. 

Other alkalies—A slight excess of diluted hydrochloric acid is added 
to 400 mg. of ignited Lithium Carbonate. The residue is filtered 
and washed with about 25 cc. of distilled water. The filtrate and 
washings are concentrated by evaporation, placed in a 50-cc. flat 
bottom flask, and the solution is evaporated almost to dryness on the 
steam bath. Ten cc. of amyl alcohol is then added and the mixture 
is cautiously heated until no water layer is visible. The removal of 
the water is facilitated by passing a current of dry air through the 
hot solution. Then 3 drops of hydrochloric acid are added, the solu- 
tion is boiled for 3 minutes, and if an insoluble residue (alkali chlo- 
rides) remains, it is filtered out, washed with small portions of amyl 
alcohol, and dried at 110° to constant weight. The weight of the 
residue is not more than 4 mg. ; . 
Assay—To about 1 Gm. of dried and accurately weighed salt, exactly 
50 cc. of normal sulfuric acid is added and when all has dissolved the 
excess of acid is titrated with normal sodium hydroxide using methyl 
“orange as the indicator. Each cc. of normal acid corresponds to 
36.95 mg. of LigCOs. 

Storage—Keep Lithium Carbonate in well closed containers. 
Incompatibilities—See Carbonates (page 1185). 


Uses—This salt is the source of the lithium salts. 
Average Dose—9.5 Gm. (approximately 71 grains). 


LITHIUM CITRATE N. F.—See Organic Salts (page 
535): 

LITHIUM SALICYLATE N. F.—See Organic. Salts 
(page 549). 


Unofficial Inorganic Lithium Compounds 


Lithium Chloride [LiCl]—White, deliquescent crystals. Very soluble 
in water and alcohol; freely soluble in amyl alcohol. Uses: for- 
merly used for rheumatic and gouty conditions, in lithia waters; 
largely used in air conditioning plants. 

Lithium Hydroxide [LiOH]—White, caustic powder. Soluble in 8 
parts cold water; slightly soluble in aleohol. Uses: ingredient of 
photographic developers and alkaline storage batteries. 

Lithium Iodide [Lil.3H2O]-—White, deliquescent granules or fused 
masses. It becomes yellow on exposure to air due to liberation of 
iodine. Very soluble in water and in alcohol; freely soluble in 
amyl alcohol or acetone. Uses: antirheumatic and alterative. 
Dose: 0.06 to 0.3 Gm. (1 to 5 grains). 

Lithium Nitrate [LiNOg]—White, deliquescent crystals or granules. 
Soluble in about 2 parts water; soluble in alcohol. Uses; similar 
to those of other lithium compounds. 

Lithium Oxalate [LigC204]—White crystals, soluble in 15 parts water. 
Uses: anticoagulant in blood analysis. 

Lithium Phosphate [LigPO4]—A white crystalline powder. 
slightly soluble in water; soluble in dilute acids. 

Lithium Stearate [LiC;gHg50e2|—This salt is superior to other alkali 
or alkaline earth stearates in the preparation of greases. 

Lithium Sulfate [LigSO4.H 20]—Colorless crystals or a white crystal- 
line powder; soluble in water. 


\ 


Very 


- ehloroform. 
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AMMONIA AND AMMONIUM COMPOUNDS 


Ammonia—NH, = 17.03 


History—The name ammonia is derived, according 
to Pliny, from the name of the temple of Ammon in the 
Libyan Desert where ammonium chloride (Hammoni- 
acus Sal) was found as a residue from the natural 
evaporation of camel urine. Later the Arabs prepared 
the salt by sublimation from the soot which resulted 
from burning camel dung. 

Preparation—Formerly the only source of ammonia 
and its salts was the gaseous by-product from the coking 
of coal for metallurgical operations or for the production 
of illuminating gas. During the last two decades the 
greater part of the available ammonia and its com- 
pounds has been produced synthetically from nitrogen 
of the air; either by direct union of the nitrogen and 
hydrogen at a temperature between 500° and 700° C. 
and a pressure of 200 atmospheres in the presence of a 
catalyst, or by the less used cyanamide process. In this 
process calcium cyanamide is first produced by passing 
nitrogen through a mixture of lime and coal heated at a 
high temperature; then treating the product with super- 
heated steam yields ammon‘a: 


CaO + 2C + No = CaCNe + CO 
calcium earbon nitrogen calcium carbon 
oxide cyanamide monoxide 
CaCNo2 + 3H20 ee CaCOg3 + 2NHs3 
calcium steam calcium ammonia 
cyanamide carbonate 


In the laboratory pure ammonia can be obtained by 
heating a concentrated solution of a pure ammonium 
chloride or ammonium sulfate mixed with milk of lime: 


2NH.Cl + Ca(OH)2 — 2NHs + CaCle + 2H20 
ammonium calcium ammonia ealcium water 
chloride hydroxide chloride 


Ammonia is formed when organic nitrogenous sub- 
stances are heated.in the absence or with a limited sup- 
ply of air (destructive distillation). This was the source 
of ammonia before the advent of the by-product in the 
production of coke and illuminating gas from coal. 
The old name spirits of hartshorn applied to ammonia 
water was derived from an early source of the product, 
it having been made by absorbing the gases resulting 
from the destructive distillation of the horns of the 
variety of European deer known as the hart. 


Description and Properties—Ammonia is a colorless gas of a charac- 
teristic odor. It does not burn in air but it burns in oxygen form- 
ing water and nitrogen. Whencooled to —40° C. the gas liquefies 
and solidifies at —70° C. At ordinary temperatures it liquefies 
under 6 to 8 atmospheres pressure. It is very soluble in water with 
the evolution of heat and is more soluble in cold than in hot water. 
At 25° C. a saturated aqueous solution contains about 31 per cent 
of NH3g; at 30° C., 27 per cent. It is soluble in alcohol to the extent 
of about 12 per cent at 25° C., and it also dissolves in ether or 
If air is rapidly passed through a concentrated aqueous 
solution of ammonia the latter volatilizes so rapidly that the tempera- 
ture of the liquid drops to about —30° C. 

Aqueous solutions of ammonia exhibit a strong alkaline reaction 
and have other properties similar to those of solutions of the alkali 
hydroxides. This is attributed to ammonium hydroxide [NH40H] 
_ formed by the combination of the NHg with the water. Hence, in 

modern chemical literature, ammonia water is referred to as ammo- 
~ nium hydroxide. 

__ In commerce ammonia is available either as an aqueous solution 
known as Aqua Ammoniz or as anhydrous ammonia furnished in 
the liquefied form in metal cylinders. Aqua ammoni is also known 
as 26° ammonia; it contains about 28 per cent of ammonia gas. 
Ammonia water containing 17.5 per cent of NH 3 and usually referred 
to as 20° ammonia or Aqua Ammonizx F.F.F, is extensively used in 
the arts. The ammonia in household use contains 10 per cent of 
NHg and is also known as 16° ammonia. 

Ammonium [NH] does not exist in a free state, but it has been ob- 

tained as an amalgam with mercury. This ammoniwm amalgam is 

_ made by dissolving potassium metal in mercury forming the potas- 

sium amalgam, then adding a concentrated solution of ammonium 

chloride to it. The potassium of the amalgam combines with the 
chloride of the ammonium chloride and the NH4 of the ipater com- 

_bines with the mercury. 


Storage and Shipping—Anhydrous ammonia is shipped in liquefied 
form in steel cylinders, equipped with suitable valves. In bulk, 
ammonia water is shipped and stored in iron containers. Glass con- 
tainers are used for small packages. Concentrated solutions of am- 
monia, e. g., 26° and 20°, in glass containers should be stored in a 
cool place to prevent the possible bursting of the container due to the 
pressure exerted by the volatile ammonia. 

Uses—Anhydrous ammonia is principally used in the 
manufacture of nitric acid, in refrigeration, and in the 
production of certain ammonium compounds where the 
presence of water would interfere. Sodamide |[NaNHgl, 
a chemical reagent rapidly gaining recognition, is made 
by the action of anhydrous ammonia on metallic so- 
dium. 

Ammonia water is extensively used in various chemi- 
cal processes as an alkalizer. Its advantage over the 
fixed alkalies lies in its volatility, any excess being read- 
ily detected by the odor. It is also used im cleaning 
fabrics, in calico printing, and in the manufacture of 
ammonium salts, dyes, and medicinal chemicals. 


IDENTIFICATION OF AMMONIUM COMPOUNDS 


On adding an excess of sodium or potassium hydroxide 
solution to an ammonium salt or to a solution of it, 
ammonia gas is evolved, recognizable by its odor and 
its changing the color of moistened red litmus paper to 
blue. If the mixture is gently heated and the vapor 
passed over moistened calomel, or allowed to impinge 
against a paper moistened with mercurous nitrate solu- 
tion, a black color is produced. 

The addition of platinic chloride solution (chloro- 
platinic acid) to a solution of an ammonium salt acidi- 
fied with a few drops of hydrochloric acid, produces a 
yellow precipitate of ammonium  chloroplatinate 
((NH4)2PtCl.]. This precipitate is only slightly soluble 
in water and less soluble in alcohol. 

Very small quantities of ammonia are detectable by 
first making the solution alkaline with sodium hydroxide 
to liberate the ammonia from its combination, and then 
adding Nessler’s reagent. The presence of ammonia 
is indicated by the formation of a pale yellow to a brown- 
ish orange color, depending on the quantity of the am- 
monium salt present. 


STRONG AMMONIA SOLUTION U. S. P. 
Ammoniz Fortis 


Liquor 


[Liq. Ammon. Fort.—Stronger Ammonia Water, Stronger Ammonium 
Hydroxide Solution, Spirit of Hartshorn Sp. Solucién de Amoniaco 
Concentrada] 


Strong Ammonia Solution is an aqueous solution of 
ammonia gas in water. It contains not less than 27 per 
cent and not more than 29 per cent of NHgs. This solu- 
tion deteriorates rapidly in open containers. 

Caution—Great care should be used in handling Strong 
Ammoma Solution because of the caustic and irritating 
properties of its vapor. Before the container is opened 
it should be well cooled and the closure covered with a 
towel before removal. Strong Ammonia Solution must 
never be tasted nor its vapor inhaled. 


Description and Properties—Strong Ammonia Solution is a clear, 
colorless liquid, having an exceedingly pungent, characteristic odor, 
and a very caustic, alkaline taste. Itis miscible with alcohol. Even 
when well diluted it is strongly alkaline to the usual indicators. 
Tests for Purity—Strong Ammonia Solution, diluted with twice its 
volume of distilled water, conforms to the tests for Non-volatile sub- 
stances, Heavy metals, and Oxidizable substances given under Diluted 
Ammonia Solution. 

Assay—A glass-stoppered flask containing about 25 ec. of distilled 
. water is accurately tared, about 2 ce. of the Solution is added, and 
the flask is immediately stoppered and weighed again. Then the So- 
lution is titrated with normal acid, using methyl red T.S. as in the in- 
dicator. Each ce. of normal acid corresponds to 17.30 mg. of NHg. 
Storage—Keep this Solution in tight containers, preferably at a tem- 
perature not above 25°. 
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Uses—This liquid is used only for chemical and 
pharmaceutical purposes. It is used in making am- 
monia water by dilution, in the preparation of the 
petroxolins of the N. F., where it forms an ammonium 
oleate, and in making ammonia spirit. It is too strong 
for internal administration. 


Di'uted Ammonia Solution U.S. P. Liquor Ammonis 
Dilutus 


{Liq. Ammon. Dil—Ammonia Water, Diluted Ammonium Hydroxide 
Solution, Sp. Solucién de Amoniaco Diluida] 


Diluted Ammonia Solution is a solution of ammonia 
gas in water, containing, in each 100 cc., not less than 9 


Gm. and not more than 10 Gm. of NHs. This solution 
deteriorates rapidly in open containers. 
e Metric Alternative 
Strong Ammonia Solution.......... 398 cc. 12 fl. oz. 353 min. 
Distilled Water, a sufficient quantity, 
AROMA Opes ereasevets. co: <i (atone Otacae ne 1000 cc. 2 pints 


Mix the ingredients. 


Description and Properties—Diluted Ammonia Solution is a color- 
less, transparent liquid, having a very pungent, characteristic odor. 
Its specific gravity is about 0.957 at 25° C. It is strongly alkaline to 
litmus and to phenolphthalein. Dense, white fumes are produced 
if a glass rod wet with hydrochloric acid is held near the surface of 
Diluted Ammonia Solution. 

Tests for Purity— 

Non-volatile substances—Not more than 2 mg. from 10 cc. (about 
0.02 per cent). 

Oxidizable substances—To 10 cc. of Diluted Ammonia Solution a 
slight excess of diluted sulfuric acid is added followed by 0.1 cc. of 
tenth-normal potassium permanganate: the pink color should not 
completely disappear in 10 minutes. 

Heavy metals limit—5 parts per million. 

Assay—Exactly 5 cc. of the Solution is added to 30° ce. of distilled 
water and the mixture is titrated with normal acid, using methyl red 
T.S. as the indicator. Each cc. of normal acid corresponds to 17.03 
mg. of NH3. 

Storage—Keep Diluted Ammonia Solution in tight containers, prefer- 
ably at a temperature not above 30° C. 

Incompatibilities— Acids are neutralized and most metals except bar- 
ium, strontium, calcium, and sometimes magnesium, are precipitated 
as hydroxides. Jodine may form nitrogen iodide which is explosive 
when dry. Alkaloids are precipitated from solutions of their salts 
and, in general, the incompatibilities are those of the alkalis. See 
Hydroxides (page 1186). 


Uses—Diluted Ammonia Water is used for syncopal 
attacks by inhalation. It is rarely given by mouth, 
the aromatic spirit being preferred for oral use. The 
dose is 0.6 to 1.2 ec. (10 to 20 min.), largely diluted. 
Externally, it is caustic and stimulating. It is a com- 
mon ingredient in stimulating liniments. 


Ammonia Liniment N. F. Linimentum Ammonize 


[Lin. Ammon.—Volatile Liniment; Hartshorn Liniment, Sp. Lini- 


mento Amoniacal] 


Metric Alternative 
Diluted Ammonia Solution......... 250 cc 8 fl. oz. 
Oleic-Acid ass ee 10 cc. 154 min. 
Sesame Oilvee Sia cssree ums ere 740 cc. 23 fl. oz. 326 min. 
AWoye cab} qYRee. Geom Mo nk aoa e caine 1000 cc. 2 pints 


Mix the oleic acid with the sesame oil, add the diluted ammonia 
solution, and agitate until a uniform mixture is obtained. 


Storage—Keep Ammonia Liniment in tight containers. 


Anisated Ammonia Spirit N. F. 
Anisatus 


Spiritus Ammoniz 


{[Sp. Ammon. Anis.—Liquor Ammonie Anisatus, Anisated Ammonia 
Solution Sp. Espiritu de Amoniaco Anisado] 


5 Metric Alternative 
Anethol; 54 certs oy sic Sac 30 cc. 461 min. 
Diluted Ammonia Solution........... 200 cc. 6 fl. oz. 192 min, 
Alcohol, a sufficient quantity, 
Tovmalkke 28 ake ae inte tae eet 1000 cc. 2 pints 


AMMONIA 


Dissolve the anethol in 770 cc. (24 fl. oz. 307 min.) of alcohol, 
gradually add the diluted ammonia solution and then sufficient 
alcohol to make the product measure 1000 ce. (2 pints). 


Alcohol Content—From 69 to 76 per cent, by volume, of CgpHsOH. 
Storage—Keep the Spirit in tight containers, protected from light, 


Uses—See Aromatic Ammonia Spirit. 
Dose—I cc. (approximately 15 minims). 


Aromatic Ammonia Spirit U. S. P. Spiritus Ammonize 
Aromaticus 


[Sp. Ammon. Arom.—Spirit of Sal Volatile, Sp. Espiritu Aromatico 
de Amoniaco] 


Aromatic Ammonia Spirit contains, in each 100 cce., 
not less than 1.7 Gm. and not more than 2.1 Gm. of total 
NH;; and ammonium carbonate, corresponding to not 
less than 3.5 Gm. and not more than 4.5 Gm. of (NH4)e- 
COs. 

History—This Spirit first found an official place in the 
London Pharmacopeeia of 1721 under the name Spzrtus 
Salis Volatilis Oleosus. The present name was first 
adopted in the London Pharmacopeeia of 1809. The 
formula and process have changed repeatedly during the 
several centuries in which the preparation has been used. 


Metric Alternative 

Ammonium Carbonate, in trans- 

lucentipleces\jc ic. .i: bistuss ator 34 Gm 1 \ oz. av. 59ers 
Diluted Ammonia Solution. .... 90 cc. 2 .oz. 422 min. 
Oilvok. Lemon use: 10 cc 154 min. 
Oil off Lavenderna-: sch eae lice, 15 min. 
OpofsMyristica. ech eee Ices 15 min. 
Alcoholic, Maia. en eee 700 cc 22 «fl. oz. 192 min. 

To nals Ges, atenss Shee eee cee 1000 cc 2 pints 


Dissolve the ammonium carbonate in the diluted solution of 
ammonia and 140 cc. (4% fl. oz.) of distilled water by gentle 
agitation, and allow the solution to stand for 12 hours. Dissolve 
the oils in the alcohol, contained in a graduated bottle or cylinder, 
and gradually add the ammonium carbonate solution and enough 
distilled water to make the product measure 1000 ce. (2 pints). 
Set it aside in a cool place for 24 hours, occasionally agitating the 
mixture, and then filter, using a covered funnel. 


The ammonium carbonate.in this preparation must 
be in translucent pieces. The soft, chalky variety is 
chiefly ammonium bicarbonate, a deteriorated product. 


Description and Properties—Aromatic Ammonia Spirit is a nearly 
colorless liquid when recently prepared, but gradually acquires a 
yellow color on standing. It has the taste of ammonia, an aromatic 
and pungent odor, and is affected by light. Its specific gravity is 
about 0.90. 

Assay for Total Ammonia—A 10-ce. portion of the Spirit is transferred 
to a flask containing about 50 cc. of water, exactly 30 cc. of half- 
normal sulfuric acid is added and the solution is gently boiled until it 
becomes clear. After cooling, the excess acid is titrated with half- 
normal sodium hydroxide, using methyl red T.S. as the indicator. 
Each cc. of half-normal acid corresponds to 8.516 mg. of NH3. 

Assay for Ammonium Carbonate—To a 10-ce. portion of the Spirit 
contained in a flask about 30 ce. of half-normal sodium hydroxide 
is added and boiled, until the vapors no.longer turn moist red litmus 
paper blue. The water lost by evaporation is replaced. The sodium 
hydroxide displaces the ammonia in the ammonium carbonate form- 
ing sodium carbonate, and both the free ammonia and that from the 
ammonium carbonate expelled by boiling. The solution is then cooled 
and diluted with about 100 cc. of cold, carbon dioxide-free water, a 
few drops of phenolphthalein T.S. are added, and the solution is 
titrated with half-normal sulfuric acid until the red color is just dis- 
charged. A-few drops of methyl orange T.S. are then added and it is 
again titrated with half-normal sulfuric acid to the production of a 
pink color. The titration with phenolphthalein indicator gives all 
of the excess sodium hydroxide and half of the sodium carbonate, 
formed from the ammonium carbonate, and the subsequent titration 
with methyl orange indicator represents only the bicarbonate formed 
from the carbonate in the first titration. Each cc. of the half-normal 
acid used with the methyl orange corresponds to 48.05 mg. of am- 
monium carbonate as (NH 4)2COs3. 

Alcohol Content—From 62 to 68 per cent, by volume, of CeH50H. 
Storage—Keep this Spirit in tight, light-resistant, preferably small 
containers to prevent loss of ammonia through frequent opening. It 
should also be kept preferably at a temperature not above 30° C. 
Incompatibilities—See under Diluted Ammonia Solution, U.S. P. 
Water causes separation of the oils contained in this preparation. 
Alkaloids are liberated from solutions of their salts but are frequently — 
soluble in the alcohol of the Spirit. °] 


AMMONIUM 


Uses—This preparation is given orally for reflex 
stimulation well diluted with water. 
Average Dose—2 cc. (approximately 30 minims). 


AMMONIATED MERCURY U. S. P.—See Mercury 
(page 455). 

AMMONIATED MERCURY OINTMENT U. S. P.— 
See Mercury (page 455). 

AMMONIUM ACETATE SOLUTION N. F.—See 
Organic Salts (page 525). 


AMMONIUM BROMIDE N. F. Ammonii Bromidum 


[Ammon. Bromid.—Sp. Bromuro de Amonio] 


Ammonium Bromide, when dried for 24 hours over 
sulfuric acid, contains not less than 99 per cent of 
NH.Br (97.96). 

Preparation—Ammonium Bromide is made by one 
of the following processes: 

1. The addition of ammonia water or of ammonium 
carbonate to a solution of ferrosoferric bromide: 


FesBrg + 8NH,OH — 8NH,Br + Fes(OH)s 
ferrosoferric ammonium ammonium ferrosoferric 
bromide hydroxide bromide hydroxide 


The iron hydroxide is filtered off and the filtrate is 
concentrated to the crystallization point. 

2. By the gradual addition of bromine to an aqueous 
solution containing an excess of ammonia. When all of 
the bromine has been added and the solution is free 
from the odor of bromine, it is evaporated and the salt 
granulated. ‘The reaction may be expressed as follows: 


6Br + 8NH3 es 6NH.4Br + No 
bromine ammonia ammonium nitrogen 
bromide 


3. It may also be made by neutralizing hydrobromic 
acid with ammonium hydroxide or ammonium car- 
borate. 


Description and Properties—Ammonium Bromide occurs as colorless — 


crystals, or a white crystalline powder, having no odor. It is some- 
what hygroscopic. The solution is slightly acid to litmus paper. 
It responds to the identification reactions for ammonium and bromide. 

Solubility—One Gm. is soluble in 1.3 cc. of water and in 12 cc. of 
alcohol, in about 1 cc. of boiling water, and in about 1.2 cc. of boiling 
alcohol. 

Tests for Purity— . 

Residue on ignition—Not more than 0.05 per cent. 

Bromate and Iodide—It conforms to the test given under Potassium 
Bromide (page 368). 

Sulfate—No turbidity is produced in 1 minute on the addition of 
barium chloride T.S. to a solution of the salt (1 in 20) acidified with a 
drop of hydrochloric acid (limit about 0.03 per cent SO4). 

Barium—Potassium sulfate T.S. produces no turbidity in 5 minutes 
in A solution of the salt (1 in 20) acidified with a drop of hydrochloric 
acid. 

Heavy metals limit—20 parts per million. 

Assay—Ammonium Bromide is assayed argentometrically as de- 
scribed in the assay for bromides, iodides, and thiocyanates (page 
980), using about 400 mg. of the salt previously dried for 4 hours over 
sulfuric acid and accurately weighed. Each cc. of tenth-normal silver 
nitrate corresponds to 9.796 mg. of NH4Br. Each Gm. of the dried 
Ammonium Bromide is equivalent to not less than 101.1 cc. and not 
more than 103.0 cc. of tenth-normal silver nitrate. The latter re- 
quirement is to insure the absence of more than 1 per cent of chloride 
(see the Assay of Potassium Bromide). — 

Storage—Keep Ammonium Bromide in tight containers. 
Incompatibilities—Alkalis and alkaline salts liberate gaseous am- 
monia from solutions of the ammonium salts. Phenobarbital sodium 
is sufficiently alkaline to cause decomposition of Ammonium Bromide 
with the simultaneous liberation of phenobarbital, which may or 
may not precipitate depending on the alcohol content of the vehicle. 
Some ammonium salts decompose spontaneously with the liberation 
of ammonia. See Bromides (page 1185). 


Uses—Ammonium Bromide is employed for the seda- 
tive effect of the bromide ion. It is inferior to sodium 


bromide and should not be employed because it often 
_ causes gastro-intestinal distress, it is unstable, and is an 


1 


395 


acid-forming salt tending to produce acidosis. Also, it 
turns yellow on exposure to air and gives off free bro- 
mine. 

Average Dose—1! Gm. (approximately 15 grains). 


Ammonium Bromide Elixir N. F. Elixir Ammonii 


Bromidi 
[Elix. Ammon. Bromid.—Sp. Elixir de Bromuro de Amonio] 


Ammonium Bromide Elixir contains, in each 100 cc., 
not less than 8 Gm. and not more than 9 Gm. of am- 
monium bromide, NH Br. 


Metric Alternative 
Ammonium Bromide............ 85 Gm. 2 oz. av. 366 er. 
SYCUP emis Mere een tae te 200 cc. 6 fl.oz. 192 min, 
Distilled-=Water’: .. ssecniece.c oe ee 460 cc. 14 fl. oz. 346 min. 
Aromatic Elixir, a sufficient quan- 
tity, 
To.wmake:at. ates ee ee 1000 cc. 2 pints 


Dissolve the ammonium bromide in the distilled water, add the 
syrup and sufficient aromatic elixir to make the product measure 
1000 ce. (2 pints), and filter until the product is clear. 


It will be observed that all elixirs containing bromides 
are made with only a small percentage of aromatic elixir, 
water serving as the main solvent. This is for the pur- 
pose of reducing the alcohol content which, if present in 
large amount, would interfere with the action of the 
bromide. 


Alcohol Content—5 to 7 per cent, by volume, of CgHs50OH. 
Storage—Keep Ammonium Bromide Elixir in tight containers. 


Uses—See Ammonium Bromide. 
Average Dose—4 cc. (approximately 1 fluidrachm) 


corresponding to 0.34 Gm. (approximately 5 grains) of 
ammonium bromide. 


AMMONIUM CARBONATE U. S. P. 
Carbonas 


Ammonii 


{Ammon. Carb.—Ammonia Crystal, Sal Volatile, Sp. Carbonato de 
Amonio] 

Ammonium Carbonate consists of ammonium bicar- 
bonate [NH,HCOs] and ammonium carbamate [NH..- 
COO.NH.,] in varying proportions, and yields not less 
than 30 per cent and not more than 33 per cent of NHsg. 

Preparation—Ammonium Carbonate is prepared by 
the sublimation of an intimate mixture of ammonium 
sulfate with chalk or calcium carbonate, resulting in the 
formation of calcium sulfate and ammonium carbonate. 


2(NHa4)2804 + 2CaCOg Cy ae NH.zHCO3.NH4aNH2CO2 + 


ammonium calcium ammonium bicarbonate 


sulfate carbonate and carbamate 
NHs + 2CaSO, + H.20 
ammonia calcium water 
sulfate 


Official Ammonium Carbonate is, chemically, a mixed 
salt. It consists approximately: of one molecule each of 
ammonium bicarbonate and ammonium carbamate. 
The latter may be regarded as ammonium carbonate 
minus a molecule of water. If ammonium carbamate 
is dissolved in water, it is soon changed to normal am- 
monium carbonate. 


NH 4aNH2COz2 + H.O Cc! (NH a)a2COg 
ammonium water normal ammonium 
carbamate carbonate 


Hence an aqueous solution of commercial ammonium 
carbonate contains both the neutral and acid carbon- 
ates. If the official Ammonium Carbonate is exposed 
to the air, it is soon changed into the bicarbonate, 
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through loss of ammonia, and it thus depreciates in 
quality. The bicarbonate may be converted into the 
normal carbonate by treating it with ammonia water. 
This fact is recognized in the preparation of aromatic 
ammonia spirit. 


Description and Properties—Ammonium Carbonate occurs in white, 
hard, translucent masses, having a strong odor of ammonia, without 
empyreuma, and with a shar D, ammoniacal taste. It is affected by 
light. On exposure to air, it loses ammonia and carbon dioxide, 
becoming opaque, and is finally converted into friable, porous lumps 
or a white powder of ammonium bicarbonate. It is decomposed by 
hot water and by weak acids. One Gm. is very slowly soluble in 
about 4 cc. of water and is partly (the carbamate portion) soluble in 
alcohol. Its solution has the odor of ammonia and is alkaline to 
litmus. It conforms to the identification reactions for ammonia, 
and for carbonate. 
Tests for Purity— 

Residue on ignition—Not more than 0.05 per cent. 

Chloride—Not more than 0.004 per cent as Cl. 

Suife Not more than 0.005 per cent as SOq. 

Heavy metals limit—10 parts per million. 

Empyreumatic matter2—A slight excess of nitric acid is added to an 
aqueous solution of 1 Gm. of Ammonium Carbonate and evaporated 
to dryness on a water bath. The residue should be white and odor- 
less. 

Assay—About 2 Gm. are quickly placed in a flask, previously accu- 
rately tared, with 10 ec. of water, and reweighed. The difference 
represents the weight of the Ammonium Carbonate. Exacily 50 ce. 
of normal sulfuric acid are then slowly added. When all the carbon- 
ate has dissolved the excess acid is titrated with normal sodium 
hydroxide using methyl orange T.S. asindicator. Each ec. of normal 
acid consumed corresponds to 17.03 mg. of NH3. 

Storage—Keep Ammonium Carbonate in tight, light-resistant con- 
tainers, preferably at a temperature not above 30° C 
Incompatibilities—Alkalies and alkaline salts liberate gaseous am- 
monia from solutions of the ammonium salts. Phenobarbital sodvum 
is sufficiently alkaline to cause decomposition of ammonium carbonate 
with the simultaneous liberation of free phenobarbital which may pre- 
cipitate if there is insufficient alcohol in the vehicle. Acids and acid 
salts decompose Ammonium Carbonate as do liquid preparations 
having an acid reaction. Many metals form insoluble carbonates or 
basic salts. Alkaloids are generally precipitated although atropine, 
hyoscyamine, codeine, and caffeine are among the exceptions. Re- 
sorcin gives a brown color which changes to blue; creosote turns dark, 
and calomel is converted partly to a dark mixture of ammoniated 
mercury and metallic mercury. See Carbonates (page 1185). 


Uses—Ammonium Carbonate is employed as an ex- 
pectorant in the dose of 0.3 to 0.5 Gm. every hour or 
two. It is more apt to cause gastric irritation than is 
ammonium chloride. It is the basis of smelling salts, so 
valuable as a restorative in hysterical syncope. For 
this purpose 14 
used. Ammonium Carbonate is occasionally used as a 
leavening agent and in consequence is sometimes called 
baker’s ammonia. 

Average Dose—0.3 Gm. (approximately 5 grains). 


AMMONIUM CHLORIDE U.S. P. Ammonii 
Chlioridum 


Ammon. Chlorid.—Muriate of Ammonia, Sal Ammoniac, Sp. Cloruro 
de Amonio} 


Ammonium Chloride, when dried over sulfuric acid 
for 4 hours, contains not less than 99.5 per cent of 
NH ..Cl (63.50). 

Preparation—Ammonium Chloride is made by one of 
the following processes: 

1. The ammoniacal liquid obtained from gas works 
during the destructive distillation of coal is neutralized 
with hydrochloric acid, and the crude product is subse- 
quently purified. 

2. The vapors of ammonia from synthetic processes 
are absorbed in hydrochloric acid. 

It is also obtained as a by-product in the Solvay 
process for sodium bicarbonate (page 377). 

Description and Properties—Ammonium Chloride occurs as colorless 
crystals, or as a white, fine or coarse, crystalline powder. It has a 
cool, saline taste, and is somewhat hygroscopic. When it is dissolved 
in water the temperature of the solution is lowered. The aqueous 


solution is slightly acid to litmus. It responds to the identification 
reactions for ammonia and chloride. 


5 


-to l-inch cubes of the salt are generally ° 


AMMONIUM 


Solubility—One Gm. is soluble in 2.6 cc. of water, in about 100 ce. 
of alcohol, in about 8 ec. of glycerin, and in 1.4 ec. of boiling water. 
Tests for Purity— 

Loss on drying over sulfuric acid for 4 hours—Not more than 0.5 
per cent. 

Residue on ignition—Not over 0.1 per cent. 

Thiocyanate—10 ce. of an aqueous solution (1 in 20) is acidulated 
with hydrochloric acid and a few dropsof ferricchloride T.S. are added. 
No red eolor develops. 

Heavy metals limit—10 parts per million. 

Assay—Ammonium Chloride is assayed argentometrically as de- 
scribed for the assay of chlorides (page 981) using about 200 mg. of the 
salt. previously dried for 4 hours and accurately weighed. Each ee, 
of tenth-normal silver nitrate corresponds to 5.350 mg. of NH 4Cl. 
Storage—Keep Ammonium Chloride in well-closed containers. 
Incompatibilities—See Ammonium (page 1184) and Chlorides (page 
1185). 


Uses—Ammonium Chloride is widely employed as a 
diuretic and expectorant.. It belongs in the group of 
“acid-forming”’ diuretics for the reason that in the body, 
the ammonium cation is converted to urea, leaving the 
chloride anion free to combine with fixed base. The 
resultant acidosis forms the basis for the diuretic action. 

Ammonium Chloride is sometimes employed alone 
for its diuretic action but usually it is given in conjunc- 
tion with mercurial diuretics, the action of which it 
potentiates. The dose is from 8 to 12 Gm. daily, taken 
after meals to reduce gastric irritation. 

As an expectorant, Ammonium Chloride is given 
hourly in the dose of 0.3 to 0.5 Gm. well diluted with 
water. 

The fact that Ammonium Chloride causes systemic 
acidosis makes the salt of some value in the treatment of 
alkalosis. It also renders the urine acid and is pre- 
scribed for this purpose in conjunction with methen- 
amine. In the rare instances when it is desired to 
produce an acidosis, Ammonium Chloride may be used. 
An example is in the treatment of lead poisoning where 
an acidosis is desired to hasten the excretion of lead. 
It should never be combined with potassium chlorate, 
for, although the combination is often desirable from a 
therapeutic standpoint, in time the tablets explode, 


_ and serious results may be experienced. 


The crude form of this salt, sal ammoniac, is used 
largely in the manufacture of Nekeyg: batteries, in the 
coating of sheet iron with zinc, in soldering fluxes, and 
in cements for iron pipes. 

Average Dose—FHxpectorant, single dose, 300 mg. 
(approximately 5 grains). Diuretic, daily dose, 4 Gm. 
(approximately 60 grains). 


Ammonium Chloride Capsules U. S. P. 
Ammonii Chloridi 


[Cap. Ammon. Chlorid.—Sp. Capsulas de Cloruro de Amonio] 
Ammonium Chloride Capsules contain not less than 


Capsule 


93 per cent and not more than 107 per cent of the labeled ; 


amount of NH4Cl. 


Description and Properties—The solution prepared for the assay re- 
sponds to the identification reactions for ammonium and chloride. 

Assay—In the manufacture of capsules the addition of bulking agents 
may be necessary and is permitted by the Pharmacopeia. Sodium 
chloride is frequently used for this purpose, consequently the assay 
method for ammonium chloride which is based on the determination 
of the halogen is not applicable to the capsules. They are therefore 
assayed by the determination of the ammonia as follows: A counted 
number of the Capsules is carefully opened over a beaker and placed 
in it. They is then covered with water, and after stirring well, 
the solution is filtered into a 500-cc. volumetric flask. The beaker 
and the filter are washed well with water, receiving the washings in 
the same flask, then water is added to the mark and mixed well. 
An accurately measured aliquot portion of the solution, equivalent 
to about 200 mg. of ammonium chloride, is placed in a distilling 
flask connected with a distillation trap to a well-cooled condenser 
which dips into a vessel containing exactly 50 cc. of tenth-normal 


sulfuric acid. About 175 cc. of water are added, followed by 20 cc. 


of 10 per cent sodium hydroxide solution, and the mixture is dis- 
tilled until about 200 cc. has distilled oyer. The sodium hydroxide 
liberates the ammonia from the ammonium chloride. 


The ammonia 


AMMONIUM 


is driven over by the distillation into the acid, neutralizing its equiva- 
lent of the acid: 


NH,.Cl + NaOH —~ NHs + NaCl + 4H.O 
ammonium sodium ammonia sodium water 
chloride hydroxide chloride 

NH3 + HCl — NH,Cl 


hydrochloric ammonium 
acid chloride 


ammonia 


The excess acid i is then titrated with tenth-normal sodium hydroxide, 
using methyl red T.S. as the indicator. A correction is made for a 
blank. Wach ce. of tenth-normal sulfuric acid corresponds to 5.350 
mg. of NH4Cl. 

Uses—See Ammonium Chloride. 

Average Dose—4 Gm. (approximately 60 grains) of 
Ammonium Chloride. 


Ammonium Chloride Tablets N. F. Tabellee Ammonii 
Chloridi 


[Tabl. Ammon. Chloride.—Sp. Tabletas de Cloruro de Amonio] 


Ammonium Chloride Tablets contain not less than 
94 per cent and not more than 106 per cent of the labeled 
amount of NH.Cl for tablets of 0.3 Gm. or more, and 
not less than 92.5 per cent and not more than 107.5 
per cent for tablets of less than 0.3 Gm. 

Description and Properties—The tablets respond to the identification 
reactions for ammonium and chloride. 

Assay—A counted number of the tablets is dissolved in water to an 
exact volume, then the ammonium chloride content of an accurately 
measured aliquot portion of the solution is determined argentometri- 
‘cally as described in the assay for chlorides (page 981). Hach cc. of 


tenth-normal silver nitrate consumed oe to 5.350 mg. of 
NH4Cl. 


Average Dose—0.3 Gm. (approximately 5 grains) of 
Ammonium Chloride. 


AMMONIUM IODIDE N. F. 
{Ammon. lodid.— Sp. Yoduro de Amonio] 


Ammonium Iodide, when dried for 6 hours at 110°, 
contains not less than 98 per cent of NH,I (144.96). 
One per cent of ammonium hypophosphite may be 
added as a stabilizing agent. 

Preparation—Ammonium Iodide may be made by 
mixing solutions of potassium iodide and ammonium 
sulfate. If the strengths of’the solutions are properly 
adjusted, the addition of alcohol will precipitate potas- 
sium sulfate, leaving the Ammonium Iodide (soluble in 
alcohol) in solution: 


¢ 2KI1 + (NH4)2804 > 2NHa4lI + K2S04 


It is usually prepared by the ferrosoferric iodide 
method, described for the preparation of potassium 
iodide, using ammonium carbonate with some ammonia 
water instead of potassium carbonate. 


Ammonii Iodidum 


Description and Properties—Ammonium Iodide occurs as a white, 
hygroscopic, granular powder. It is odorless, and has a sharp, saline 
taste. It becomes yellow or yellowish brown on exposure to air and 
light, owing to the loss of ammonia and the liberation of iodine, if no 
stabilizing agent is added. The aqueous solution is neutral or only 
slightly acid to litmus paper. It responds to the identification reac- 
tions for ammonia and iodide. 

Solubility—One Gm. is solublein 0.6 cc. of water, in 3.7 cc. of alcohol, 
and in about 1.5 cc. of glycerin. 
Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Residue on ignition—Not more than 0.5 per cent. 

Free iodine—On shaking 5 cc. of the aqueous solution with 1 cc. of 
chloroform, the chloroform should not acquire a violet color. 

Barium——The addition of sodium sulfate solution to a solution of 
Ammonium Iodide (1 in 20), acidulated with a drop of hydrochloric 


acid, produces no turbidity. 


Heavy metals limit—20 parts per million. 
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Assay—About 500 mg. of the dried salt, accurately weighed, is dis- 
solved in 30 ce. of water and exactly 50 cc. of tenth- normal silver ni- 
trate is added, followed by 5 ce. of nitric acid; then the assay is con- 
tinued, as described in the assay of Diluted Hydriodic Acid, beginning 
with “‘and the mixture is heated on a steam bath.’” Each ce. of 
Naan silver nitrate consumed corresponds to 14.50 mg. of 
4l. 
Storage—Keep Ammonium Iodide in tight, light-resistant containers. 
Eco eee bana Ammonium (page 1184) and Jodides (page 


Uses—Ammonium Iodide is seldom prescribed, other 
salts being preferred for the action of the iodide ion. 
Average Dose—0.3 Gm. (approximately 5 grains). 


AMMONIUM SALICYLATE N. F.—See Organic Salts 
(page 548). 

AMMONIUM VALERATE, ACID N. F.—See Organic 
Salts (page 561). 

AMMONIUM VALERATE ELIXIR N. F.—See Organic 
Salts (page 561). 


Unofficial Inorganic Ammonium Compounds 


Ammonium Bicarbonate [NH4HCO3]—White crystals or crystalline 
powder, easily decomposed by heat. Soluble in water; insoluble 
in alcohol. Uses: antacid and stimulant. Dose: 0.3 to 1 Gm. 
(5 to 15 grains). 

Ammonium Biphosphate, Ammonium Phosphate Monobasic [(NH 4)- 
He2PO,4|]—Colorless, odorless erystals or white, crystalline powder. 
Soluble in about 2.5 parts water, slightly soluble in alcohol. Uses: 
with sodium bicarbonate in baking powders. 

Ammonium Borate, Ammonium Acid Pyroborate [(NH4HB407).- 
3H 20]—White crystals, soluble in water. Uses: employed in renal 
colic and in chronic cystitis; also used in electric condenser tubes 
for radio instruments. Dose; 0.6 to 1.2 Gm. (10 to 20 grains). 

Ammonium Dichromate [((NH 4)2Cr207|— —Orange crystals, soluble in 
water. When strongly heated it Megeeanes leaving a residue of 
chromic oxide [CrgOg]. Uses: a chemical reagent. 

Ammonium Fluoride [NH4F]—White crystals or granules, soluble in 
water. 

Ammonium Hypophosphite [NH4H2POe]—-Colorless, deliquescent 
crystals or white granules. When ignited, spontaneously inflam- 
mable phosphine is evolved. One Gm, dissolves in 1 cc. of water 
and about 20 cc. of alcohol. The solution is practically neutral 
to litmus. A syrup of this salt was official in the N. F. VII. 

Ammonium Molybdate—See Reagents (page 1065). 

Ammonium Nitrate [NH 4NOg3]—Colorless crystals, or white granules, 
Very soluble in water; soluble in alcohol. Uses: component of 
Byron copies and explosives, and used in the manufacture of nitrous 
oxide. 

Ammonium Persulfate [(INE4)92520g]—Colorless, odorless crystals, 
or white, granular powder. Solublein 1.5 parts water. Uses: an 
oxidizer and bleacher; employed in various industrial operations. 

Ammonium Phosphate, Dibasic [(NH 4) 2H PO4]—Colorless crystals or 
white crystalline powder, losing ammonia when exposed to the air. 
Soluble in water, slightly soluble in alcohol. Dose: 0.3 Gm, (5 
grains), 

Ammonium Sulfate—See Reagents (page 1065). 

Ammonium Sulfite [((NH4)2SO3]—Colorless, deliquescent crystals or 
white, crystalline granules, having an acrid and sulfurous taste. 
Very soluble in water. Uses: alleviates fermentative dyspepsia 
and certain skin diseases. Dose: 0.3 to 1.2 Gm. (5 to 20 grains). 

Ammonium Thiocyanate, Ammonium Sulfocyanate—See Reagents 
(page 1065). 

Ammonium Vanadate [NH4VO3]—See Reagents (page 1065). 


Inorganic Ammonium Specialties 


Amonidrin (Breon)—Tablets containing 3 gr. ammonium chloride, 
1g. gr. benzocaine, 4 gr. calcium creosotate, 4 gr. ephedrine 
hydrochloride, 3 gr. potassium guaiacolsulfonate, and }45 min. 
oleoresin cubebs. Uses: expectorant and bronchial antispas- 
modic. Dose: 1 tablet 4 times daily. 

Neodyne (National Drug)—Elixir, each fluidounce containing 4 gr, 
ammonium chloride, 246 gr. calcium glycerophosphate, }25 gr. 
creosote carbonate, 2 min. guaiacol, 1 gr. sodium glycerophosphate, 
140 gr. tartar emetic, 1 gr. terpin hydrate, 32 min. tincture hyos- 
cyamus, and 15 per cent alcohol in an aromatic base. Uses; ex- 
pectorant. Dose: 1 to 3 teaspoonfuls every 3 hours. 

Rubitole (Lascoff)—Elixir, each teaspoonful containing 4 gr. ammo- 
nium bromide, 20 mg. ascorbic acid, ammonium salicylate, 44 min. 
chloroform, menthol, terpin hydrate, and 18 per cent alcohol in an 
aromatic vehicle. Uses: expectorant. Dose:. 1 teaspoonful 
sipped every 3 hours. 

Secremol (Patch)—Liquid, each fluidounce containing 15 gr. am- 
monium chloride, 6 min. fluidextract of lobelia, citric acid, sodium 
citrate, and tartaric acid. Uses: expectorant. Dose: 1 to 2 
teaspoonfuls every 3 hours, with a glass of water taken before each 
dose. 


CHAPTER LI 


THE ALKALINE EARTHS 
BARIUM, STRONTIUM, CALCIUM, AND MAGNESIUM 


THIS GROUP comprises the chemically related metals 
barium, strontium, calcium, and magnesium. The 
metals, as well as their compounds, have numerous 
physical and chemical characteristics in common. The 
metals of this group are of a silvery white color and, with 
the exception of magnesium, they slowly decompose cold 
water with the liberation of hydrogen. These metals 
are produced by the electrolysis of their fused chlorides. 

The oxides and hydroxides of these elements, with 
the exception of the magnesium compounds, are strongly 
basic and alkaline to all indicators. They are sparingly 
soluble to practically insoluble in water, the solubility 
decreasing with the decrease of the atomic weight of the 
element. Their sulfates, with the exception of magne- 
sium sulfate, are either slightly soluble or insoluble in 
water, the solubility decreasing with the increase in 
atomic weight of the element. Thus, whereas calcium 
sulfate is soluble in about 400 parts of water, barium 
sulfate is insoluble in this solvent. The bromides, 
chlorides, and iodides of these metals, as well as their 
nitrates, are freely soluble in water. 


Barium—Ba = 137.36 (At. no. 56) 


History and Occurrence—Bariwm takes its name 
from the Greek word baros meaning heavy, because of 
the density of the barium minerals as well as of its 
salts. It occurs in nature principally as the sulfate 
[BaSO.], known as barytes or heavy spar. It is also 
found as the mineral witherite which is barium carbon- 
ate. Practically all of the barium compounds are 
derived from the sulfate. 

Preparation—Barium metal is generally prepared by 
the electrolysis of fused barium chloride. On a small 
scale it can be made by heating barium oxide with 
metallic aluminum at 1200° C. in a vacuum. All 
barium compounds of commerce are derived chiefly 
from the native barium sulfate—barytes. The finely 
powdered sulfate, mixed with an excess of powdered 
charcoal, is heated in suitable furnaces. The following 
reaction then takes place: 


BaSO,g + 4C — BaS + 4CO 
barium carbon barium carbon 
sulfate sulfide monoxide 


The barium compound desired is then made from the 
sulfide by suitable chemical reactions. For instance, 
barium chloride is obtained from the sulfide by mixing 
the latter with a solution of calcium chloride and filter- 
ing. A transposition takes place between the calcium 
chloride and the barium sulfide, the insoluble calcium 
sulfide and the soluble barium chloride being formed. 


Description and Properties—Barium is a silver-white metal, having a 
specific gravity of about 3.8, and melting at about 850° C. It rapidly 
oxidizes in the air forming the monoxide. In powdered form it ignites 
spontaneously in the air. It also slowly decomposes water, liberating 
hydrogen and forming barium hydroxide. 

Barium forms two oxides: bariwm monoxide and barium. peroxide 
(often called barium dioxide). The monoxide, or its hydrated form, 
barium hydroxide, is a strong base similar to the alkali hydroxides 
and stronger than strontium or calcium oxides. With some excep- 
tions, most barium salts are less soluble in water or alcohol than the 
corresponding strontium or calcium salts. The sulfate of barium is 
one of the most insoluble compounds. All barium salts which are 
soluble in water and dilute acids are poisonous. 


Uses—Barium salts are extensively used in industry. 
The sulfate is used in white paints, particularly for out- 


side use. It is a component of the pigment known as 
lithopone. Blanc fixé or permanent white is barium 
sulfate. It is also used as a filler for rubber and as a 


water color pigment. Barium carbonate, in addition 
to being used for the manufacture of barium salts, is 
also used as a rat poison. Because of the green color 
that barium compounds impart to a flame, barium 


nitrate is used for green signal lights and in colored fire’ 


displays. 
IDENTIFICATION OF BARIUM COMPOUNDS 


Volatile barium salts impart a yellowish green color 
to a nonluminous flame, appearing blue when viewed 
through a green glass. Solutions of barium salts yield 
a white precipitate with sulfuric acid or a soluble sul- 
fate. This precipitate is insoluble in hydrochloric or 
nitric acids, or in solutions of the alkali hydroxides. 


BARIUM CHLORIDE N. F. Barii Chloridum 
[Sp. Cloruro de Bario] 


Barium Chloride contains not less than 99 per cent 
of BaCls.2H.O (244.31). 

Caution—Barium Chloride is extremely poisonous. 

Preparation—Barium Chloride is made by reacting 
crude barium sulfide with calcium chloride according 
to the following equation: 


BaS + CaCle — BaCle + CaS 
barium calcium barium calcium 
sulfide chloride chloride sulfide 


The calcium sulfide, being insoluble in water, is 
filtered off, the filtrate containing the barium chloride 
is concentrated, and the salt is crystallized from solu- 
tion. 

Note—The barium sulfide used in the process is made 
by heating a finely powdered mixture of barium sulfate 
and charcoal at a high temperature. 


Description and Properties—Barium Chloride occurs as colorless crys- 
tals or as white granules or powder. It is stable in air. It loses all 
of its water of hydration at 120°. Its solution is neutral to litmus, 
It responds to the reactions for barium and for chloride. 
Solubility—One Gm. of Barium Chloride dissolves in about 2.8 ce. 
of water; in 1.5 cc. boiling water, and very slowly in about 8 ee. of 
glycerin; it is insoluble in alcohol. 
Tests for Purity— 
Alkali salts—Not more than 0.5 per cent as sulfate. 
Strontium and calcitum—Not more than 0.5 per cent as chloride. 
Heavy metals limit—30 parts per million. 
Assay—A solution of a weighed quantity of the salt is treated with 
diluted sulfuric acid, which precipitates the barium as the sulfate. 
The barium sulfate is then washed with hot water until the washings 
are free of chloride, dried, ignited, and weighed. The weight of the 
barium sulfate multiplied by 1.0466 represents the equivalent. of 
BaClh.2H20. 
Storage—Keep Barium Chloride in well-closed containers. 


Uses—Barium Chloride has been made official in the 
N. F. because of its use in veterinary medicine as an 
intestinal peristaltic in horses and cattle. 

Average Dose—H orses, 2 a (approximately 30 
grains). 


398 


~ 


Barium Chloride Tablets N. F. Tabelle Barii Chloridi 
[Tab. Bar. Chlorid.—Sp. Tabletas de Cloruro de Bario] 


Barium Chloride Tablets contain not less than 91 per 
cent and not more than 109 per cent of the labeled 
amount of BaCl.s.2H.2O. 


Assay—The N. F. assays these Tablets by the determination of 
chloride content. This, however, is not accurate unless the presence 
of other chlorides is excluded by suitable tests. A more specific 
assay is to determine the barium as sulfate, as is done in the assay of 
Barium Chloride. ¥ 


Average Dose— Horses, 2 Gm. (approximately 30 
grains) of Barium Chloride. 


BARIUM SULFATE U. S. P. Barii Sulfas 
{Synthetic or Artificial Barytes, Artificial Heavy Spar, Blanc Fixé, 
Permanent White, Sp. Sulfato de Bario] 


BaSO4 Mol. wt. 233.42 


The Pharmacopeeia adds the following special note to 
emphasize to both the physician and the pharmacist 
the danger from mistakes when prescribing this salt. 

Caution—When Barium Sulfate is prescribed, the title 
should always be written out in full to avoid confusion 
with the poisonous barium sulfide or sulfite. 

Other salts of barium, especially the sulfide, are em- 
ployed for legitimate purposes and are frequently sold 
by the manufacturer or wholesale druggist, but they are 
so rarely prescribed by the physician that it is a safe 
rule never to dispense for human use any other salt 
than the sulfate even should the physician write for “Bar. 
Sulf. 

Preparation—Barium Sulfate may be made by react- 
ing sulfuric acid with barium hydroxide: 


Ba(OH)z2 + H2S804 a BaSO4 + 2H20 
barium sulfuric — barium water 
hydroxide acid sulfate 


It may also be prepared by precipitating a solution 
of barium chloride by the addition of sodium sulfate, 
as indicated in the following equation: 


BaClg + NaeSO4e — BaSO,g + 2NaCl 
barium sodium barium sodium 
chloride sulfate sulfate chloride 


It can also be obtained by suitable treatment and puri- 
fication of native barium sulfate. Formerly when 
hydrogen peroxide solution was made from barium per- 
oxide the barium sulfate obtained in the process as a 
by-product was purified to meet the requirements for 
medicinal Barium Sulfate. 


Description and Properties—Barium Sulfate is a fine, white, odorless, 
tasteless, bulky powder, free from grittiness. It is insoluble in 
water, dilute mineral acid, solutions of alkali hydroxides, or organic 
solvents. Its suspension in water is neutral to litmus paper. 
Barium Sulfate is transposed, by boiling it with sodium carbonate 
pomution for 15 to 20 minutes, into barium carbonate and sodium sul- 
ate: ! 


BaSO4 + NagCO3 => BaCOg3 + NagSO4 


On filtering the mixture the sulfate will be found in the filtrate, and 
the insoluble portion will contain the barium carbonate, both of which 
are identifiable by the appropriate reactions. 
Bulkiness—Five Gm. of Barium Sulfate is placed in a glass-stoppered, 
_ graduated cylinder, having the 50-cc. graduation about 12 cm. from 
the bottom. Enough water is added to make the mixture measure 
60 cc., then the mixture is briskly agitated for exactly 1 minute, and 
‘set aside for sedimentation: Within 15 minutes the Barium Sulfate 
_ does not settle below the 11-cc. graduation. 
Tests for Purity— _ ; Fae 
Sulfide—A mixture of 10 cc. of diluted hydrochloric acid and 90 ec. 

of water is added to 10 Gm. of the Sulfate in an Erlenmeyer flask and 
boiled.for 10. minutes, exposing lead acetate test paper to the escaping 
vapors during the boiling. The paper should not darken. 

- For the tests for Acid-soluble substances, Soluble barium salts, and 
Phosphate consult the U. 8. P. Z f 
The freedom of Barium Sulfate from diluted acid-soluble or water- 
soluble barium salts is most important, since they are poisonous, 


BARIUM 


and a quick test for these impurities can be made in the following man- 
ner: Heat 2 to 5 Gm. of the barium sulfate with 10 to 20 ce. of 
diluted hydrochloric acid, filter, dilute the clear filtrate with an 
equal volume of distilled water and add a few ce. of diluted sulfuric 
acid. No turbidity should be formed in 10 minutes. 

Arsenic limit—1 part per million. 

Heavy metals limit—10 parts per million. 


Uses—Medicinally, Barium Sulfate is used in roent- 
genography (page 481) for the purpose of making the 
intestinal tract opaque to the X-ray so that it may be 
photographed. As the amount required is large, 60 to 
250 Gm. (2 to 8 ounces), and as soluble salts of barium 
are extremely poisonous, it is highly important to be 
sure that the sulfate dispensed is of U. 8. P. quality. 
When preparing Barium Sulfate mixtures for X-ray 
diagnosis, strain them through gauze or mix them well 
with the food, otherwise lumps of the salt may give 
false indication of an ulcer niche. 

For the Roentgen-Ray Examination of the Stomach— 
The evening before the examination, the patient receives 
1 fluidounce of castor oil. In the morning an ordinary 
portion of wheat-meal porridge, with which 2 ounces of 
barium sulfate has been well mixed, together with a 
little sugar and cream, is administered by mouth. The 
patient is then directed to abstain from further food. 
The examination is made six hours later. 

For the Roentgen-Ray Examination of the Colon—An 
enema consisting of 16 ounces of mucilage of acacia, 
3 pounds of condensed milk, and 8 ounces of barium 
sulfate is warmed to body temperature and injected into 
the rectum from a height of from 3 to 6 feet (90 to 180 
em.). The examination is made with a fluoroscope 
while the injection is passing into the rectum. 


Unofficial Inorganic Barium Compounds 


All barium salts which are soluble in water or dilute acids are poisonous. 

Barium Acetate [Ba(CgH302)e.H20]—White, crystalline powder, 
soluble in water. Uses: . a chemical reagent. 

Barium Bromide [BaBrg.2H2g0]—Colorless crystals. 
in water, soluble in alcohol. 

Barium Carbonate [BaCOg|—White powder. Insoluble in water; 
readily decomposed by acids with the evolution of carbon dioxide. 
Uses: a rat poison; used in the preparation of other barium com- 


pounds. 
Barium Chlorate [Ba(ClOg)2.H20]—Colorless, odorless crystals of 
white powder. Soluble in 3.5 parts water, in 2 parts boiling water; 
Uses: used in the manufacture of explosives 


Freely soluble 


insoluble in alcohol. 
and matches, and in pyrotechnics for green fire. 

Barium Chromate [BaCrO4]—A heavy, yellow, crystalline powder. 
Insoluble in water. It is called yellow wltramarine. Uses: a yel- 
low paint pigment; used in Swedish matches. 

Barium Hydroxide—See Reagents (page 1065). 

Barium Iodide [Balg.2H20]—Colorless crystals or white to yellowish 
masses or granules. Decomposes and darkens on exposure to air, 
due to liberation of iodine. Very soluble in water; sparingly in 
Se Uses: an alterative. Dose: 6 to 30 mg. (440 to 32 
grain). 

Barium Nitrate [Ba(NOg)2]—Lustrous, white crystals or a white pow- 
der. Soluble in water; insoluble in alcohol. Uses: green fire in 
pyrotechnics, in green railroad torches, and in marine signals. 

Barium Oxide [BaO]—White to yellowish white powder or lumps. 
It absorbs moisture and carbon dioxide on exposure to air. Soluble 
in water and dilute acids. 

Barium Peroxide—See Hydrogen Peroxide (page 332). 

Barium Sulfide [BaS]—A grayish white or yellowish powder. The 
yellow color is due to the presence of some polysulfide. Soluble in 
water, decomposed by dilute acids with the evolution of hydrogen 
sulfide. Uses: a depilatory; crude barium sulfide is used for the 
manufacture of most other barium salts. 


Inorganic Barium Specialties — 


Baropaque-A (National Synthetics)—Powder consisting of barium 
sulfate in a light fluffy form with low settling rate. Baropaque-B— 
Powder containing 98 per cent barium sulfate and 2 per cent suspen- 
sion medium. Baropaque-C—Powder containing 95 per cent 
barium sulfate, 1 per cent suspension medium, and 4 per cent 
chocolate flavoring matter. Uses: gastrointestinal radiopaque 
medium. 

Rugar (McKesson)—Thick liquid containing 80 per cent barium sul- 
fate in homogeneous dispersion, with other substances added to in- 

_ erease. the adhesiveness. and viscosity. Uses: gastrointestinal 
radiopaque medium. Dose: esophagus, 4% teaspoonful; stomach, 
1 teaspoonful; colon, 4 teaspoonfuls mixed with 142 pints of water 
given as an enema. 

Skiabaryt Oral (Merck)—Fine, brown, odorless, pleasantly flavored 
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powder containing 80 to 85 per cent barium sulfate, with other sub- 
stances to provide a uniform, stable suspension. Uses: gastro- 
intestinal radiopaque medium. Dose: 150 to 200 Gm. stirred with 
water to make 1 pint. 

Skiabaryt Rectal—Grayish white, almost odorless, unflavored form 


STRONTIUM \ 


of Skiabaryt powder. Dose: 200 Gm. stirred with enough water to 
make a fairly fluid suspension. 

Stabarium (Kelly-Koett)—Powder containing barium sulfate. 
gastrointestinal radiopaque medium. Dose: 
of water, orally or rectally. 


Uses: 
4 ounces in 10 ounces 


STRONTIUM AND ITS COMPOUNDS 


87.63 (At. no, 38) 


History and Occurrence—Strontium is named after 
Strontian, a village in Scotland where the mineral stron- 
tium carbonate was first found. It occurs in nature 
chiefly as the sulfate (the mineral celestzte) and the car- 
bonate (strontianie). 

Preparation—Strontium metal may be prepared by 
electrolysis of the fused chloride. 


Strontium—Sr = 


Description and Properties—Strontium is silver-white to pale yellow 
in color. It decomposes water, forming strontium hydroxide and 
hydrogen. 

Like barium, strontium forms two oxides, the mono- (SrO) and the 
per- (SrOg) oxide. Inits str ength as a base, strontium oxide occupies 
a position between that of barium and calcium, that is, it is a stronger 
base than calcium oxide but weaker than barium oxide. 


Uses—Strontium metal has had, so far, no practical 
application. The use of strontium in medicine origi- 
nated with Laborde, in 1890. Now, however, its 
therapeutic value is questionable. Unlke barium, 
strontium salts are not poisonous. Because of the 
crimson-red color which strontium salts impart to a 
flame, they are used in pyrotechnics, marine signals, 
railroad flares, etc. 


IDENTIFICATION OF STRONTIUM COMPOUNDS 


Volatile strontium compounds impart a crimson-red 
color to a non-luminous flame. On adding a saturated 
aqueous solution of calcium sulfate to a solution of a 
strontium salt, a white precipitate of strontium sulfate 
is produced. 


STRONTIUM BROMIDE N. F. 
[Stront. Bromid.—Sp. Bromuro de Estroncio] 


Strontium Bromide contains not less than 98 per cent 
of SrBr2.6H 20 (355.56). 

Preparation—Strontium Bromide may be prepared 
by adding slightly more than an equivalent quantity of 
strontium carbonate to a solution of hydrobromic acid. 
The mixture is filtered and the Strontium Bromide ob- 
tained by crystallization. 


Strontii Bromidum 


SrCO3 + 2HBr — SrBre + He2O + COs 
strontium hydrobromic strontium water carbon 
carbonate acid bromide dioxide 


Description and Properties—Strontium Bromide occurs as colorless, 
transparent, hexagonal crystals. It is odorless, and has a bitter, 
saline taste. It deliquesces in moist air, but effloresces in very dry 
air. The aqueous solution is neutral and responds to the identifica- 
tion reactions for strontium and bromide. 

Solubility—One Gm. is soluble in 0.25 cc. of water; soluble in alco- 
hol; insoluble in ether. 

Tests for Purity— 

Loss on drying at 200° C.—Not more than 32 per cent. 

Bromate and iodide—It conforms to the requirements for these as 
given under Lithiwm Bromide (page 392). 

Chloride—Not more than 0.35 per cent as Cl. 

Barium—One Gm. each of Strontium Bromide and sodium acetate 
are dissolved in 5 cc. of water, the solution is rendered slightly acid 
with a few drops of diluted acetic acid, then 5 drops of potassium 
dichromate T.S. are added and mixed well. The solution should not 
become cloudy within 3 minutes (about 0.03 per cent Ba). 

Calcitum—The usual test for calcium with ammonium oxalate is 
not applicable in the presence of much strontium, because strontium 
oxalate is also only slightly soluble. The test for calcium is based 
on the solubility of calcium nitrate in dehydrated alcohol, while the 
nitrate of strontium is insoluble in this solvent. The bromide is twice 
evaporated with nitric acid whereby it is converted into the nitrate. 
The dry and powdered residue is then extracted with alcohol which 


8 
dissolves the calcium nitrate, the alcohol solution treated with a few 
drops of sulfuric acid, evaporated, and ignited. Any calcium present 
is thus obtained as the sulfate, and its weight should not exceed 3 
per cent of the weight of the Strontium Bromide taken. 
Incompatibilities—Carbonates, citrates, phosphates, sulfates, and 
oxalates cause a precipitation of the corresponding strontium salts. 
Alkali hydroxides may precipitate the slightly soluble strontium 
hydroxide. Phenobarbital sodium reacts with it to form phenobarbital 
and strontium hydroxide both of which generally precipitate. In con- 
centrated solutions, salicylates also cause precipitation. The incom- 
patibility with sodium bicarbonate is interesting because of the forma- 
tion of insoluble strontium carbonate and the simultaneous liberation 
of carbon dioxide. Preparations such as mixture of rhubarb and 
soda which contain sodium bicarbonate are thus incompatible with 
Strontium Bromide. 


Accustomed to thinking of the bromides as a class of compounds of. 


similar properties, the physician is sometimes surprised to dis- 
cover that the strontium salt possesses incompatibilities not common 
to the ammonium, potassium, and sodium salts. The prescribing of 
potasstum or sodium citrate in combination with Strontium Bromide is 
a not infrequent source of annoyance to the pharmacist. See Bro- 
mides (page 1185). 


Uses—This salt is employed for the sedative effect of 
the bromide ion. It is rarely employed, has no advan- 
tage over the sodium salt, and is not to be preferred. 
See Sodium Bromide (page 380). 

Average Dose—I1 Gm. (approximately 15 grains). 


STRONTIUM SALICYLATE N. F. —See Organic Salts 
(page 553). 


Unofficial Inorganic Strontium Compounds 


Strontium Carbonate [SrCOg3]—White powder. Insoluble in water; 
soluble in about 1000 parts of water saturated with carbon dioxide; 
readily dissolved with decomposition by dilute mineral acids. 
Strontium carbonate occurs in nature as the mineral witherite which 
is the source of many strontium salts. Uses: increases coagulabil- 
ity of blood. Industrially it is used in pyrotechnics and the manu- 
facture of iridescent glass. Dose: 0.3 to 2 Gm. (5 to 30 grains). 

Strontium Chloride [SrClg. 6H20]—Colorless crystals or white gran- 
ules. Effloresces in dry air; deliquesces in damp air. Soluble i in 
about 1 part of water; soluble in alcohol. 

rae he Hydroxide [Sr(OH)2.8H 20]—Colorless crystals or white 
powder. 
carbonate. Soluble in about 50 parts of cold, and in 2.5 parts of 
boiling water. Its solution is very alkaline. Uses: largely used 
in the refining of sugar. ) 

Strontium Iodide [Srlg.6H20]—The iodide of commerce usually con- 
tains an amount of water corresponding to about 4H2O. Colorless 
to yellowish, deliquescent fused masses or white to yellowish gran- 
ules. Becomes yellow on exposure to air due to liberation of iodine. 
Very soluble in water; soluble in alcohol. Uses: an alterative 
similar to the other iodides. Dose: 0.3 to 1 Gm, (5 to 15 grains). 

Strontium Nitrate [Sr(NOg)2]—The nitrate of commerce is usually 
anhydrous but is also obtained, by crystallization in the cold, in the 
form of large crystals containing 4 molecules of water. White 
granules or powder. Soluble in 1.5 parts of water; slightly soluble 
in alcohol. Uses: component of railroad flares (red fire), marine 
signals, matches, and pyrotechnics. 

Strontium Sulfate [SrSO4]—White, crystalline powder. Soluble in 
about 9000 parts of water, about 10 times more soluble in 2 per cent 


HCl. By boiling with sodium carbonate solution, it is transposed 
into strontium carbonate. Uses: a primary source of strontium 
compounds. 


Strontium Sulfide [Sr8]—The article of commerce is a gray powder 
containing about 70 per cent of SrS. Slightly soluble in water and 
slowly decomposed by it; readily decomposed by dilute acids with 
evolution of hydrogen sulfide. 


Inorganic Strontium Specialties 


Absorbs carbon dioxide from the air, forming strontium | 


- 


Ekzebrol (Tosse)—Ampuls (10 cc.) containing 10 per cent strontium : 


bromide in isotonic chloride solution. Uses: sedative and anti- 
pruritic for eczema, prurigo, and urticaria. Dose: 10 ce., previ- 
ously warmed to body temperature, given daily or every other day, 
intravenously. 

Gabail Elixir, Bromo-Valerianate (Anglo-French)—Liquid, each 
tablespoonful containing 4 gr. strontium bromide, 5 gr. chloral 
hydrate, 4 gr. extract valerian, and 1 gr. valerianic acid. Uses: 
mild hypnotic and sedative. 
3 times daily. 

! 


Dose: 2 to 4 teaspoonfuls with water 


CALCIUM 
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CALCIUM AND ITS COMPOUNDS 


Caicium—Ca = 40.08 (At. no. 20) 


History and Occurrence—The name calcium origi- 
nated from the Latin name calzx for calcium oxide or 
lime. Calcium occurs widely and abundantly in nature 
chiefly as the carbonate (chalk, marble, limestone) and as 
the sulfate (gypsum). Very many silicates contain cal- 
cium as one of their components, and it constitutes 
about 40 per cent of animal bones. It is also present 
as the chloride in sea water and in brine wells. 

Preparation—Calcium metal is usually obtained by 

the electrolysis of fused calcium chloride. 
Description and Properties—Calcium is white, approaching silver in 
color. It is stable in air at ordinary temperatures, but when heated 
in air at higher temperatures, calcium oxide and calcium nitride are 
formed. It decomposes water at ordinary temperatures, forming 
ealcium hydroxide and hydrogen. Like the other members of the 
alkaline earth group calcium is divalent. Metallic calcium has a 
limited application as a deoxidizer in the preparation of difficultly 
alloyable metals and as a ‘‘getter”’ in electrical discharge devices. 


Incompatibilities—Soluble calcium salts form precipitates with 
borates, carbonates, citrates, oxalates, phosphates, sulfates, and tartrates. 


Uses—Calcium compounds are widely and exten- 
sively used, and are indispensable to life, industry, and 
civilized economy. Calcium is essential for biologic 
processes and. nutrition. It constitutes nearly 40% of 
animal bones. It is an essential constituent of soil, 
and in the form of lime or chalk it is extensively used 
in building construction, metallurgy, and many other 
manufacturing operations. The calcium ion has many 
important physiological functions and as a result, cal- 
cium salts are used rather widely in therapy. The 

_ specific uses and the underlying rationale are discussed 
* under the individual salts. 


IDENTIFICATION OF CALCIUM COMPOUNDS 


Calcium salts, moistened with hydrochloric acid, 
impart a transient yellowish red color to a non-luminous 
flame. In neutral or alkaline solutions of calcium salts 
ammonium oxalate produces a white precipitate of cal- 
cium oxalate. This precipitate is insoluble in acetic 
acid but dissolves in hydrochloric or nitric acids. 


CALCIUM BROMIDE N. F. 


{[Calc. Bromid.— Sp. Bromuro de Calcio] 


Calcium Bromide is a hydrated salt, containing not 

less than 84 per cent and not more than 94 per cent of 
_anhydrous CaBrzg (199.91). 

Preparation—Calcium bromide may be made by the 
simple process of adding precipitated calcium carbon- 
ate, in excess, to hydrobromic acid, filtering, evaporat- 
ing the solution to dryness, and granulating the product. 


Calcii Bromidum 


CaCOs + 2HBr — CaBreg : + H,0 + COz2 
calcium hydrobromic calcium water carbon 
carbonate aci bromide dioxide 


Description and Properties—Calcium Bromide is a white, granular 
salt, having no odor. It is very deliquescent. The solution is 
neutral or slightly alkaline to litmus. It responds to the identification 
reactions for calcium and bromide. 

Solubility—One Gm. is soluble in about 0.7 cc. of water and in 1.3 
ec. of alcohol, at 25° C. It is insoluble in chloroform and in ether. 
Tests for Purity— 

Bromate, iodide, and sulfate—It conforms to the requirements for 
these as given for Lithiwm Bromide (page 392). 

Chloride—Not more than 0.35 per cent as Cl. 

Barium—Since calcium salts in moderately concentrated solution 
yield a precipitate of calcium sulfate with sulfuric acid or a soluble 
sulfate, the usual test for barium is not applicable. The test for 
barium is therefore based on the very slight solubility of barium chro- 
mate while calcium chromate is soluble. One Gm. each of Calcium 
Bromide and of sodium acetate are dissolved in 5 cc. of water. The 

-solution is rendered slightly acid by the addition of 3 to 5 drops of 

diluted acetic acid, boiled; and cooled; then 5 drops of potassium di- 

chromate T.S. are added, and the solution is agitated. No cloudi- 
ness should be produced in 5 minutes. 

. ¥ 


Heavy metals limit—10 parts per million. 

Iron—The addition of several drops of potassium ferrocyanide 
ee to an aqueous solution (1 in 200) of the salt produces no blue 
color. 


M agnesium and alkali salts—Not more than 0.8 per cent determined 
as described under Calcium Chloride. 

Assay—The salt is assayed as described for Calcium Chloride (page 
403). Each cc. of tenth-normal potassium permanganate corresponds 
to 9.996 mg. of CaBrg. 

Storage—Keep Calcium Bromide in tight containers holding not more 
than 120 Gm. (about 34 lb.). 

Incompatibilities—Soluble calcium salts are precipitated by borates, 
carbonates, citrates, oxalates, phosphates, sulfates, and tartrates. In 
addition, Calcium Bromide possesses the incompatibilities common to 
the Bromides (page 1185). Care must be exercised in handling it due 
to its deliquescence. 

Uses—Calcium Bromide is employed for the sedative 
action of the bromide ion. It has no advantages over 
sodium bromide and is not to be preferred to the latter. 
See Sodium Bromide (page 380). 


Average Dose—I Gm. (approximately 15 grains). 


PRECIPITATED CALCIUM CARBONATE, U. S. P. 
Calcii Carbonas Praecipitatus 


[Calc. Carb. Prec.—Precipitated Chalk, Precipitated Carbonate of 
Lime, Sp. Carbonato de Calcio Precipitado, Creta Precipitada] 


Precipitated Calcium Carbonate, when dried at 200° 
for 4 hours, contains not less than 98.5 per cent of 
CaCOz (100.09 = Ca 40.05 per cent). 

Preparation—This carbonate is conveniently made by 
the double decomposition of calcium chloride and so- 
dium carbonate in aqueous solution: 


CaCle + NaezCO3 — CaCO3g + 2NaCl 
calcium sodium calcium sodium 
chloride carbonate carbonate chloride 


Calcium Carbonate precipitates and sodium chloride 
remains in solution. The density and fineness of Pre- 
cipitated Calcium Carbonate is governed by the con- 
centration of the solutions, and heavy and light forms 
are available on the market. 


Description and Properties—Precipitated Calcium Carbonate is a 
fine, white, microcrystalline powder, without odor or taste, and is 
stable in air. It is decomposed with effervescence by diluted acids. 
Its aqueous suspension is practically neutral to litmus. It responds 
to the identification reactions for calcium and carbonate. 

Solubility—Precipitated Calcium Carbonate is practically insoluble 
in water; its solubility in water is increased by the presente of any 
ammonium salt and by the presence of carbon dioxide. The presence 
of any alkali hydroxide reduces its solubility. It is insoluble in alco- 
hol. 

Tests for Purity— 

Loss on drying at 200° for 4 hours—Not more than 2 per cent. 

Acid-insoluble substances—Not more than 0.2 per cent. 

Barium—A platinum wire, dipped in the filtrate obtained in the 
test for Acid-insoluble substances and held in a non-luminous flame, | 
does not impart to the latter a green color. 

Heavy metals limit—30 parts per million. 

Magnesium and alkali salts—One Gm. of Precipitated Calcium Car- 

bonate is dissolved in a mixture of 40 cc. of water and 10 cc. of diluted 
hydrochloric acid. The solution is heated to boiling, neutralized 
with ammonia T.S., and completely precipitated by the addition of 
ammonium oxalate T.S. The mixture is heated on a water bath for 
1 hour, cooled, diluted to 100 cc. with water, mixed well, and filtered. 
Fifty cc. of the filtrate, to which 0.5 cc. of sulfuric acid has been added, 
is evaporated to dryness in a platinum dish, and ignited to constant 
le ack The weight of the residue does not exceed 5 mg. (0.5 per 
cent). 
Assay—A bout 250 mg. of Precipitated Calcium Carbonate, previously 
dried at 200° C. for 4 hours and accurately weighed, is dissolved ina 
mixture of 10 ec. of diluted hydrochloric acid and 10 ce. of water, and 
the solution is boiled to expel carbon dioxide. The solution is 
diluted with 100 cc. of water, heated to boiling, made alkaline with 
ammonia T.S., and an excess of hot ammonium oxalate T.S. is added 
with stirring. The ammonium oxalate precipitates the calcium as the 
insoluble calcium oxalate: / 


CaClg + (NH4)eC204 —> CaC204 + 2NH,CI 


calcium ammonium calcium ammonium 
chloride oxalate oxalate chloride 


The mixture is then heated on a water bath for 1 hour, filtered 
through a paper filter, and washed thoroughly with warm water until 
the addition of a few drops of calcium chloride T.S. to a few cc. of the 
filtrate produces no turbidity. The filter paper is punctured and the 
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precipitate washed into a beaker by means of hot water, followed by 
30 cc. of diluted sulfuric acid (1 in 3), The sulfuric acid decomposes 
the calcium oxalate, forming free oxalic acid and calcium sulfate; it 
also furnishes the acid required in the subsequent titration. The 
solution is heated to 80° C. and titrated with tenth-normal potassium 


permanganate: 


5HeC20, + 2KMnO, + 38H280, — 
oxalic potassium sulfuric 
acid permanganate acid 
carbon potassium manganese water 
dioxide sulfate sulfate 


Bach ce. of tenth-normal potassium permanganate is equivalent to 
5.005 mg. of CaCOg. : : 

Storage—Keep Precipitated Calcium Carbonate in well-closed con- 
tainers as it is prone to absorb various odors. 

Incompatibilities—See Carbonates (page 1185). 


Uses—Precipitated Calcium Carbonate and prepared 
chalk are employ2d as gastric antacids. The usual 
antacid dose is 1 Gm. Calcium carbonate is classified 
as a ‘“non-systemic”’ antacid in that it does not tend to 
cause a systemic alkalosis. The salt reacts with hydro- 
chloric acid in the stomach to form calcium chloride, 
and the latter reacts with sodium bicarbonate in the 
intestinal tract to form. calcium carbonate. The car- 
bonates precipitate, and for this reason calcium salts by 
mouth are apt to be constipating. 

Precipitated Calcium Carbonate is also employed in 
dentifrices. 

Average Dose—|! Gm. (approximately 15 grains). 


Calcium Carbonate Tablets N. F. Tabelle Calcii 


Carbonatis 
[Tab. Calc. Carb.—Sp. Tabletas de Carbonato de Calcio] 


Tablets of Calcium Carbonate contain not less than 
92.5 per cent and not more than 107.5 per cent of the 
labeled amount of CaCOQOs. 


Identification—The addition of diluted hydrochloric acid to the Tab- 
lets produces effervescence, and the resulting solution responds to the 
identification reactions for calcium. The solution should impart no 
green or crimson color to a non-luminous flame (barium, strontium). 
Assay—A counted number of the tablets is weighed and powdered, 
avoiding any appreciable loss. An accurately weighed quantity of 
the powder, equivalent to about 250 mg. of calcium carbonate, is dis- 
solved in a mixture of 10 ce. of diluted hydrochloric acid and 10 ce. of 
water, then the assay continued as under Calcium Carbonate, begin- 
ning with ‘‘heated to boiling.’’ Each cc. of tenth-normal potassium 
permanganate corresponds to 5.005 mg. of CaCOg. 


Average Dose—! Gm. (approximately 15 grains) of 
Calcium Carbonate. 


N. F. Dentifrice. Dentifricium N. F. 
[Dentif. N. F.A—N. F. Tooth Powder] 


Metric Alternative 
Hard Soap, in fine powder........ 50 Gm 350 gr. 
Precipitated Calcium Carbonate... 935 Gm. 14 oz. av. 420 gr. 
SolublerSaccharin\escmeuceet.re teeetns 2 Gm 14 gr. 
Pepperniint(Oiliie cotton wyetn teens 4 cc. 30 min. 
CinnamonrOie ii. see soec er 2 cc 15 min. 
Methyl Salicylate. oa. tek pen OaCe 59 min. 
Worm ake ADOUth te clos ie crete aren 1000 Gm 16 oz. av. 


Thoroughly triturate the soluble saccharin, the oils, and the 
methyl salicylate with about one-half of the precipitated calcium 
carbonate, and mix the soap with the remainder of the precipi- 
tated calcium carbonate. Mix the two powders thoroughly, and 
pass through a fine sieve. ; 


Storage—Keep N. F. Dentifrice in well-closed containers. 


Uses—This is a basic powder used only as a general 
cleanser. It is not medicated but it forms a splendid 
vehicle for medication, e. g., sodium perborate or astrin- 
gent substances. 
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PREPARED CHALK U. S. P. Creta Preeparata 


[Cret. Praep.—Drop Chalk, Sp. Creta Preparada] 


Prepared Chalk is a native form of calcium carbonate 
freed from most of its impurities by elutriation, and 
containing, when dried to constant weight at 200° C., 
not less than 97 per cent of CaCOs (100.09). 

Preparation—A process formerly official is as follows: 


Take of chalk a convenient quantity. Add a little water to the 
chalk, and rub it into fine powder. Place this in a large vessel 
nearly full of water, stir briskly, and, after a short interval, decant 
the supernatant liquid, while yet turbid, into another vessel. 
Treat the coarser particles of the chalk, remaining in the first 
vessel, in a similar manner, and add the turbid liquid to that 
previously decanted. Lastly set the liquid aside, that the powder 
may subside, and, having poured off the water, dry the powder. 


The object of this process is to effect the separation 
of the gritty particles in ordinary chalk by elutriation 
(page 140). It is usual to form the moist magma into 
cones by trochiscation (page 140). While elutriation 
effects the purification of the chalk to a certain extent, 
it does not separate the insoluble fine particles, and 
hence Prepared Chalk is chemically not so pure as pre- 
cipitated calcium carbonate. 

It also differs greatly in appearance from Precipitated 
Chalk, even after it has been reduced to a fine powder. 
It is usually not so white as the latter, and it adheres 
to the fingers when handled. This adhesiveness fits it 
for many purposes. 


Description and Properties—Prepared Chalk is a white to grayish 
white, microcrystalline powder, often prepared in cones. It is odor- 
less and tasteless, and is stable in air. It is insoluble in water or in 
alcohol. It is decomposed by acids, and responds to the identifica- 
tion reactions for calcium and carbonate. F 
Tests for Purity— 
Hydrochloric acid insoluble substances—Not more than 2 per cent. 
Heavy metals limit—40 parts per million. 
Assay—Prepared Chalk, previously dried at 200° to constant weight, 
is Wea as described under Precipitated Caletum Carbonate (page 
401). 


Uses—This is the form of chalk which is sometimes 
preferred for use in medicine, as it occurs in a particles 
having a peculia* cohesiveness which gives it greater 
adhesive properties than precipitated calcium carbon- 
ate. It is antacid and is employed for the treatment of 
diarrhea. Whiting, a less pure form of Prepared Chalk 
obtained as a by-product in the elutriation process, is 
used for polishing. . 

Average Dose—1I Gm. (approximately 15 grains). 


Aromatic Chalk Powder N. F. Pulvis Cretz Aromaticus 


{Pulv. Cret. Arom.—Sp. Polvo de Creta AromAtico] 


a Metric Alternative 
Cinnamon, in fine powder............. 8 Gm. 140 er. 
Myristica, freshly grated...........0.. 6 Gm. 105 gr. 
Clove, in fine powdergs «2. - sues eee 3 Gm. 52 gr. 
Cardamom Seed, in fine powder...... 2 Gm. SORTS 
PreparediChallea ie seats dee een be 25 Gm. 1 oz. av. 
Sucrosesini fine powders ey. ele. see 56 Gm. 2 oz. av. 105 gr. 
TOMMaAker te ett. claret) cuafans er gurertaers 100 Gm. 4 oz. av. 


Triturate the myristica with the prepared chalk until they are 
reduced to a fine powder; add the remaining ingredients, and — 
continue the trituration until a uniform mixture is obtained. 


History—This simple preparation is all that is left 
of a complex confection devised by Sir Walter Raleigh 
during his imprisonment prior to his execution.. It was 
introduced into the London Pharmacopoeia in 1721 
under the name Confectio Raleighana, which was later 
changed to Confectio Cardiaca and still later to Con- 
fectio Aromatica. Each time the,formula was simplified — 
until during the nineteenth century it changed from a 


’ 
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confection to a powder and was included under the 
present official name in the British Pharmacopceia. 


Storage—Keep the Powder in well-closed containers. 


Uses—This Powder combines the carminative effects 
of aromatics with the antacid action of chalk and is 
employed in diarrhea involving hyperacidity. 

' Average Dose—2 Gm. (approximately 30 grains), 
corresponding to 0.5 Gm. (714 grains) of prepared chalk 
and 0.38 Gm. (6 grains) of mixed aromatics. 


Chalk Mixture U.S. P. Mistura Cretz 
[Mist. Cret.—Sp. Mixtura de Creta] 


Metric Alternative 
PrepareduChalk os. 6. ct ee 60 Gm. 2 02. av: a2 eee. 
BaAccharin Soditim’.. 2.6... 0.3 Gm. 4.38 er. 
Bentonite Magma........... 500 cc. 16 fl. oz. 
Cinnamon Water............ 400 cc, 12 fl.oz. 384 min. 
Distilled Water, a_ sufficient 
quantity, 
BRGQPOVENCO soya a elses 6 wrevecore 6 1000 cc. 2 pints 


Mix the bentonite magma with the cinnamon water, and add 
30ce. of this mixture, to the prepared chalk and the saccharin 
sodium in a mortar, intimately mixing to a smooth, uniform 
paste. Gradually incorporate the remainder of the diluted 
magma and finally enough distilled water to make 1000 ce. (2 
pints). 

Note—This preparation must not be dispensed unless 
it has been recently prepared. 

Uses—An antacid and mechanical protective in the 
alimentary canal. It is used in diarrhea, frequently in 

combination with astringents. 

' Average Dose—I15 cc. (approximately 4 fluidrachms). 


Compound Chalk Powder N. F. Pulvis Crete 


Compositus 
[Pulv. Cret. Comp.—Sp. Polvo de Creta Compuesto] 
Metric Alternative 
PCO DARCUEODALIS 6 si). «oe sists snevsvesd esi etelarns 30 Gm. 134 oz. av. 
NCACLAITICINIG DOWGEL. 25. J/s0.eftels fee eyee ss 20 Gm. 1  o2.’av. 
CHOSEN DOWEL. «<i. a Sea cleca seuss es 50 Gm. 214 oz. av. 
MIRC ICOM Pa) SIS Soap A srletleltng stiseaie soc Alek sere aus 100 Gm 5 oz. av. 


__ Mix the powders intimately by trituration and pass the product 
through a No. 60 sieve. 

Uses—A convenient form for the administration of 
chalk as 4n antacid. 

Average Dose—2 Gm. (approximately 30 grains). 


CALCIUM CHLORIDE U. S. P. Calcii Chloridum 
[Calc. Chlorid.—Murate of Lime, Sp. Cloruro de Calcio] 


Calcium Chloride [CaClz.2H2O = 147.03; 27.26 per 
cent Ca] contains not less than 75 per cent and not more 
than 81 per cent of anhydrous CaCl, (110.09). 

Preparation—Calcium Chloride is obtained as a by- 
product of various industrial processes, chief of which 
is the Solvay process for the manufacture of sodium 
carbonate. It may be prepared by saturating hydro- 
chloric acid with chalk or marble, then making the 

solution alkaline with milk of lime and boiling. The 

treatment with milk of lime precipitates magnesium, 
iron, and other metals. After filtering, the filtrate is 
neutralized with hydrochloric acid and evaporated to 
dryness at a temperature not exceeding 200° until it 
contains about 24 per cent of water. 


Gro, “4. 2HCl —> CaCl, ++ CO, + \H:0 


calcium hydrochloric calcium carbon water 
carbonate acid chloride dioxide 


Description and Properties—Calcium Chloride occurs as white, hard, 
odorless, small crystals or granules. It is deliquescent. The aque- 
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ous solution is neutral or slightly alkaline to litmus. It responds to 


the identification reactions for calcium and chloride. 

Solubility—One Gm. is soluble in 1.2 cc. water, about 10 cc. of alco- 
hol at 25° C., in 0.75 ce. of boiling water, and in about 2.cc. of boiling 
alcohol. 

Tests for Purity— [ ‘ 

Iron, aluminum, and phosphate—The addition of ammonia T.S. in 
excess to a solution of Calcium Chloride (1 in 20), and boiling, produces 
no turbidity or precipitate. ; 

Magnesium and alkali salts—To a solution of 1 Gm. of Calcium 
Chloride in about 40 cc. of water, 0.5 Gm. of ammonium chloride is 
added, the solution is heated to boiling, and ammonium oxalate T.S. 
is added to precipitate the calcium completely. Under these condi- 
tions small amounts of magnesium are not precipitated. The mixture 
is then heated on a water bath for 1 hour, cooled, diluted to 100 cc. 
with water, mixed well, and filtered. To 50 ce. of the filtrate 0.5 cc. 
of sulfuric acid is added. The solution is evaporated to dryness, and 
ignited to constant weight. The weight of the residue does not ex- 
ceed 5 mg. (1 per\cent as the sulfate). 

Heavy metals limit—20 parts per million. f 
Assay—About 1 Gm. of Calcium Chloride, accurately weighed, is dis- 
solved in sufficient water to make exactly 100 cc. An accurately 
measured aliquot-portion of the solution, equivalent to about 200 mg. 
of calcium chloride, is diluted with water to about 100 cc., 2 cc. of 
hydrochloric acid is added (the object of the hydrochlorie acid is to 
form ammonium chloride on the subsequent alkalinization with 
ammonia which aids in retaining in solution any magnesium that may 
be present), and the assay is continued as described under Precipitated 
Calcium Carbonate, beginning with “heated to boiling, made alkaline 
with ammonia T.S.’”’ Hach ce. of tenth-normal potassium perman- 
ganate corresponds to 5.55 mg. of CaCle. 

Storage—Keep Calcium Chloride in tight containers. hy 
Incompatibilities—Calcium Chloride possesses the incompatibilities 
of the soluble calcium salts (see Calcium Bromide) as well as those of 
the Chlorides (page 1185). 


Uses—Calcium Chloride is an acid-forming diuretic 
by virtue of the fact that the calcium ion is excreted by 
the bowel or deposited in bone leaving the chloride ion 
free to combine with fixed base. As a diuretic, it is 
used for the same purposes and in the same dosage as 
ammonium chloride. 

Calcium Chloride provides an immediate source of 
calcium ions in the treatment of tetany arising from a 
low concentration of calcium in the blood regardless of 
etiology. For this purpose, 5 to 20 cc. of a 5 per cent 
solution are given by slow intravenous injection. Cal- 
cium Chloride is also antispasmodic to smooth muscle 
and is of special value in the treatment of colic arising 
from lead poisoning. It is administered intravenously 
in the same dosage as above. Calcium salts are also 
effective in relieving the abdominal pain and diarrhea 
of intestinal tuberculosis. For this purpose, they are 
given orally. A neutral salt is to be preferred. 

A commercial grade of granular or flake calcium chlo- 
ride [CaClz.2H,O] is extensively used as antidust on 
highways and tennis courts, because of its property of 
attracting water; also for removal of ice (because in 
contact with the ice it forms a solution which freezes 
at a much lower temperature than water alone), and 
for cooling brines. 

Anhydrous calcium chloride is used as a drier for gases 
and many liquids and as a desiccant in desiceators for 
abstracting water from moist substances. 


Calcium Chloride Ampuls N. F. 
: Chloridi 


[Ampul. Calc. Chlorid.—Calcium Chloride Injection Sp. Inyéccién de 
Cloruro de Calcio] 

Calcium Chloride Ampuls contain a sterile solution 
of calcium chloride in water for injection and yield 
anhydrous calcium chloride [CaCl.] equal to not less 
than 72 per cent and not more than 79 per cent of the 
labeled amount of CaCl2.2H.0. / 

Preparation—The ampul solution is prepared and 
filled into the cleansed ampuls according to the re- 
quirements given on page 254. The filled ampuls are 
then sterilized by Process C (page 121), or by any other 
adequate and suitable method of sterilization, and 


Ampulle Calcii 


- tested for sterility according to the method described 
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on page 126. The use of freshly boiled water and a 
minimum of agitation will aid in preventing the possible 
precipitation of calcium carbonate which might other- 
wise form sufficiently to destroy the desired clarity of 
the solution. 

Assay—An accurately measured volume of the ampul solution, equiva- 
lent to about 200 mg. of calcium chloride, is placed in a beaker and 
diluted with water to 100 cc., 2 ce. of hydrochloric acid is added, and 
the assay is continued as directed under Calcium Carbonate, beginning 


with ‘‘heated to boiling.’’ Each ec. of tenth-normal potassium per- 
manganate is equivalent to 5.550 mg. of CaCl. 


WUses—See Calcium Chloride. 


Average Dose—I Gm. (approximately 15 grains) of 
Calcium Chloride. 


CALCIUM GLUCONATE U. S. P.—See Organic Salts 
(page 541). 

CALCIUM GLUCONATE INJECTION U. S. P.—See 
Organic Salts (page 542). 

CALCIUM GLUCONATE TABLETS N. F.—See Or- 
ganic Salts (page 542). 


CALCIUM GLYCEROPHOSPHATE N. F. 
Glycerophosphas 


Calcii 


[Cale. Glycerophos.—Glycerophosphate of Lime, Calcium Glycerino- 
phosphate, Sp. Glicerofosfata de calcio] 


Calcium Glycerophosphate, when dried at 130° to 
constant weight, contains not less than 98 per cent of 
anhydrous CaCs3H s(OH) PO, (210.15). 

Preparation—This salt may be prepared by adding 
glycerophosphoric acid to an excess of milk of lime, 
filtering out the excess of calcium salt, removing any 
dissolved lime by passing carbon dioxide through the 
cold solution, concentrating in vacuum, and precipitat- 
ing the glycerophosphate by the addition of alcohol. 

Calcium Glycerophosphate of commerce is presum- 
ably a mixture of the a and 8 products. In the a the 
phosphoric acid is attached to a terminal carbon of 
the glycerin, whereas in the 8 it is linked to the central 
carbon. 


Description and Properties—Calcium Glycerophosphate is a fine, 
white, odorless, almost tasteless powder. It issomewhat hygroscopic. 
It decomposes when heated above 170°. The aqueous solution is 
alkaline to litmus and phenolphthalein. It responds to the identifica- 
tion reactions for calcium and glycerophosphate. - 
Solubility—One Gm. is soluble in about 50 cc. of water. It is more 
soluble in water at a lower temperature and less at higher tempera- 
tures; citric acid increases its solubility in water; it is insoluble in 
alcohol. 
Tests for Purity— 
Loss on drying at 130° C.—Not more than 12 per cent. 
Alcohol-soluble substances—Not more than 1 per cent. 

‘ Free Alkali—The red color produced by 3 drops of phenolphthalein 
T.S. in a solution of 1 Gm. of the salt in 60 cc. of water is discharged 
by the addition of not more than 1.5 cc. of tenth-normal sulfuric acid. 

Chloride—Not more than 0.07 per cent as Cl. 

Phosphate—Not more than 0.06 per cent as PO4. 

~Sulfate—Not more than 0.5 per cent as SOq. 

Arsenic limit—10 parts per million. \ 

Heavy metals limit—40 parts per million. 
Assay—Calcium Glycerophosphate is assayed gravimetrically. The 
calcium is precipitated as the oxalate as in the first part of the assay 
for Precipitated Calcium Carbonate. After drying to constant weight 
at 105°, the calcium oxalate is weighed. Each Gm. of CaC204.H20 
is equivalent to 1.4862 Gm. of CaCgH5(OH)2POq. 
Storage—Keep Calcium Glycerophosphate in tight containers. 
Incompatibilities—Calcium Glycerophosphate has the same incom- 
patibilities as the Glycerophosphates (page 1185). It also forms pre- 
cipitates with borates, carbonates, citrates, oxalates, phosphates, sulfates, 
and tartrates. Difficulty usually arises because of the limited solubil- 
ity of this compound in water; in such cases either citric or lactic acid 
ean be used to increase its solubility or the insoluble material can be 
suspended. 


Uses—This is an alleged “nerve tonic.” It can be 


used as a source of calcium ions. 
Average Dose—9.3 Gm. (approximately 5 grains). 


— 
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Calcium and Sodium Glycerophosphates Elixir N. F. 
Elixir Calcii et Sodii Glycerophosphatum 


[Elix. Calc. et Sod. Glycerophos.—Glycerophosphates Elixir, Sp. 
Elixir de Glicerofosfatos de Calcio y de Sodio] 


Metric Alternative 
Sodium Glycerophosphate......... 18 Gm. 263 gr. 
Calcium mh eC baie aad Ee aes Hae 9 Gm 131 gr. 
Phosphoric Acid. Sans toraierean 8 cc. 123 min, 
Glycerine we ace eee eee de 300 cc 9 fl. oz. 288 min. 
Aromaticiblixite aes er sete ae 300 cc 9 fl. oz. 288 min, 
Distilled Water, a sufficient quantity, 
To.makes wevdcahettustasiastneyteiers 1000 cc. 2 pints 


Dissolve the glycerophosphates and the acid in 300 ce. (9 fl. 
oz. 288 min.) of distilled water; add the glycerin, the aromatic 
elixir, and sufficient distilled water to make the product measure 
1000 ce. (2 pints); then filter until the product is clear. 


Alcohol Content—From 5 to 7 per cent by volume, of CopH50H. 
Storage—Keep this Elixir in tight containers. 


Uses—This Elixir is a needlessly complex source of cal- 
cium and phosphate ions. 
Average Dose—4 cc. (approximately 1 fluidrachm), 
corresponding to about 70 mg. of sodium glycerophos- 

phate and to 35 mg. of calcium glycerophosphate. 


Compound Glycerophosphates Elixir N. F. 
Elixir Glycerophosphatum Compositum 
[Elix. Glycerophos. Comp.—Compound Glycerophosphates Solution, 
Sp. Elixir de Glicerofosfatos Compuesto] 


: 


Metric Alternative 

Sodium Glycerophosphate.. . 35 Gm loz. av. 74 gr. 
Calcium Glycerophosphate. . 16 Gm 234. gr. 
Ferric Glycerophosphate.... 3 Gm 44 gr. 
Manganese Glycerophos- 

phate®, teas. ok eee 2 Gm 29 gr. 
Quinine Hydrochloride..... 0.875 Gm 13) sien} 
Strychnine Nitrate......... 0.125 Gm 5 20e 
Citrics Acide eee ee 0.600 Gm 80 er. 
Lactic Acid. 20 CC; 307 +=min. 
Compound Cardamom Spirit. 2 GCE 31 min 
Alcoholics: cts seri tee 125 CC 4 fl. oz 
Glycerit 4. se oe ec care 350 CG. 11 fi. oz 96 min 
Distilled Water, a sufficient 

Quantity ees eho eee 
Ror makes) exces owes 1000 cc. 2 pints 


Dissolve the calcium and sodium glycerophosphates in 400 ce. 
(12-fl. oz. 384 min.) of distilled water, containing the lactic acid. 
Dissolve the ferric and manganese glycerophosphates and the 
citric acid in 50 ce. (1 fl. oz. 288 min.) of distilled water by the 
aid of heat, and add to the first solution. Dissolve the strych- 
nine nitrate in 10 ce. (154 min.) of distilled water. Dissolve the 
quinine hydrochloride in the alcohol containing the compound 
spirit of cardamom, and add the glycerin to the solution. Mix 
the three solutions, and add sufficient distilled water to make the 
preanes measure 1000 cc. (2 pints) and filter until the product is 
clear. 


Alcohol Content—From 10 to 12 per cent, by volume, of CoH50H. 
Storage—Keep the Elixir in well-closed light-resistant containers. 


Uses—An alleged “nerve tonic.” : 


Average Dose—8 cc. (approximately 2 fluidrachms). 


CALCIUM HYDROXIDE U.S. P. Calcii Hydroxidum 


[Calc. Hydrox.—Slaked Lime, Calcium Hydrate, Sp. Hidrato de 
Calcio, Cal Apagada, Hidréxido de Calcio] 
Calcium Hydroxide contains not less than 95 per cent 
of Ca(OH). (74.10). 
Preparation—Calcium Hydroxide is prepared by add- 
ing the calculated amount of water to freshly prepared 
calcium oxide: 


CaO + He20 — Ca(OH)2 \ 


calcium water calcium 
oxide hydroxide 


Description and Properties—Calcium Hydroxide occurs as a soft, 
white, crystalline powder, possessing an alkaline, slightly bitter taste. 
It absorbs carbon dioxide from the air forming calcium carbonate. 
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The solution exhibits a strong alkaline reaction (pH, 12.7), it turns 
calomel black, and it responds to the identification reactions for cal- 
‘cium. 

Solubility—One Gm. dissolves in 630 ce. of water and in 1300 ce. of 
boiling water. It is soluble in glycerin and in syrup, but is insoluble 
in alcohol. The solubility in water is decreased by the presence of 
fixed alkali hydroxides. 

Tests for Purity— 
Hydrochloric acid-insoluble substances—Not more than 0.5 per cent. 
_Carbonate—T wo Gm. are mixed with 50 cc. of water and an excess of 
diluted hydrochloric acid is added. Not more than a slight effer- 
vescence occurs. 

Heavy metals limit—40 parts per million. 

Magnesium—Not more than 4.8 per cent as the sulfate or about 1.6 
per cent as MgO. This impurity is determined as described under 
Calcium Carbonate, using 500 mg. of the Hydroxide. 

Assay—About 300 mg. of Calcium Hydroxide is accurately weighed, 
dissolved in 10 cc. of diluted hydrochloric acid, and the assay is con- 
tinued as directed under Precipitated Calciwm Carbonate (page 401), 
beginning with ‘‘diluted with 100 ce. of distilled water,” ete. Hach 
ec. of tenth-normal potassium permanganate corresponds to 3.705 
mg. of Ca(OH)s. 

Storage—Keep Calcium Hydroxide in tight containers. 


Uses—Calcium Hydroxide is an effective non- 
systemic antacid. See Calciwm Carbonate (page 401). 
This form of lime is used, instead of the formerly used 
burnt lime, for the preparation of lime water; it is 
more convenient to handle and is available in excellent 
quality. 

A suspension of Calcium Hydroxide in water is 
known as Milk of Lime. It is a valuable disinfectant 
for stables against anthrax and other germs. ‘To be ef- 
fective, the milk of lime must be freshly prepared. 


Calcium Hydroxide Solution U. S. P. Liquor Calcii 


Hydroxidi 
[Liq. Calc. Hydrox.—Liquor Calcis, Lime Water, Sp. Solucién de 
Hidrato de Calcio] 
~ Caleium Hydroxide Solution is a solution of Ca(OH). 
in water. It contains, in each 100 ce., at 25°, not less 
than 140 mg. of Ca(OH)>. 

The content of calcium hydroxide varies with the 
temperature at which the solution is stored, being about 
170 mg. per 100 ce. at 15°, and less at a higher tempera- 
ture. 

Preparation—Calcium Hydroxide Solution may be 
prepared as follows: 


Alternative 
44 ger. 


Metric 


Calcium Hydroxide 3 Gm. 


Distilled Water, a sufficient quantity. 


Add the calcium hydroxide to 1000 ce. (2 pints) of cool, dis- 
tilled water, and agitate the mixture vigorously and repeatedly 
during 1 hour. Allow the excess of calcium hydroxide to settle. 
Decant and dispense only the clear, supernatant liquid. 


_ The undissolved portion of the mixture is not suitable 
for preparing additional quantities of Calcium Hydrox- 
ide Solution. 

When lime water is exposed to air, which almost al- 
ways contains COs, the calcium hydroxide is quickly 
converted into the insoluble carbonate as follows: 


Ca(OH)e2 + COzg => CaCOg + H,0 
calcium carbon calcium water 
hydroxide dioxide carbonate 
Lime water is very extensively used in pharmacy; 
the object of keeping it upon undissolved lime is to in- 
sure a saturated solution. Lime is but sparingly sol- 


—uble in water and less soluble in hot water than in cold; 


when the solution is heated, a deposition of lime takes 
place which is redissolved on cooling. 


5. Description and Properties—Calcium Hydroxide Solution is a clear, 


colorless liquid with an alkaline taste, and strong alkaline reaction. 
_It absorbs carbon dioxide from the air, a film of calcium carbonate 
forming on the surface of the liquid. When heated, it becomes tur- 
_bid, owing to the separation of calcium hydroxide, which is less soluble 
in hot than in cold water. It gives the reactions described under 


Calcium Hydroxide. — 


Test for Purity— 

Alkalies and their carbonates—A portion of the Solution, saturated 

with carbon dioxide and boiled, is no longer alkaline in reaction. The 
carbon dioxide precipitates the lime as the insoluble carbonate which 
has no alkaline reaction, but if any alkali carbonate is present it re- 
mains unchanged and alkali hydroxide is converted into the carbonate 
which is soluble; the alkali carbonates are alkaline in reaction. 
Assay—Exactly 50 cc. of Calcium Hydroxide Solution is measured 
at 25°, and titrated with tenth-normal hydrochloric acid, using phenol- 
phthalein T.S. as the indicator. Each ce. of tenth-normal hydro- 
chloric acid corresponds to 3.705 mg. of Ca(OH)s. 
Storage—Preserve Calcium Hydroxide Solution in well-filled, tight 
containers. 
Incompatibilities—Calcium Hydroxide Solution precipitates acetyl- 
salicylic acid from solution forming calcium acetylsalicylate. It pre- 
cipitates most alkaloids from solutions of their salts. Many metals 
are precipitated as the hydroxide. Mercurie salts are precipitated as 
yellow mercuric oxide. Calomel is blackened by calcium hydroxide. 
Calcium Hydroxide Solution has the incompatibilities of the caleium 
salts, see Calcium Bromide (page 401), and those of the Hydroxides 
(page 1186). For a discussion of its use in lotions and emulsions of the 
water-in-oil type see page 185. 


Uses—This Solution is too dilute to be effective as a 
gastric antacid. It is employed externally in various 
types of washes. 

Average Dose—I5 cc. (approximately 4 fluidrachms). 


Lime Liniment N. F. Linimentum Calcis 


{Lin. Calc.—Carron Oil, Sp. Linimento Oleo-calcdreo] 


Metric Alternative 
Solution of Calcium Hydroxide............ 500 cc 1 pint 
EinseediQil ey sacra ere re ieee ee ec ee 500 cc 1 pint 
FROUMEIKS aD OU Ue uence ene 1000 cc. 2 pints 


Mix the ingredients by agitation. 


Storage—Keep this Liniment in tight containers. 
Incompatibilities—See Lotions and Liniments (page 1180). Acids and 
acid salts have a tendency to destroy the calcium soaps which act as 
emulsifying agents and will therefore break the emulsion. 


Uses—This liniment was formerly used in the treat- 
ment of burns. 


CALCIUM HYPOPHOSPHITE N. F.  Calcii 
Hypophosphis 


[Calc. Hypophos.—Sp. Hipofosfito de Calcio] 


Calcium Hypophosphite, when dried for 24 hours 
over sulfuric acid, contains not less than 98 per cent of 
Ca(H2POz2)2 (170.07). 

Caution should be observed in compounding Calcium 
Hypophosphite with other substances, as an explosion 
may occur wf 2 ts triturated or heated with nitrates, 
chlorates, or other oxidizing agents. 

Preparation—This salt is made by boiling milk of 
lime and phosphorus together until the spontaneously 
inflammable gas, phosphine, ceases to be evolved; 
it is necessary to provide for the safe escape of this gas 
by conducting it by a hood into a powerful draught. 


8P + 3Ca(OH)2 + 6H20 — 8Ca(HePOe)2 + 2PHs 


phosphorus calcium water calcium — phosphine 
hydroxide hypophosphite 


The liquid is filtered, neutralized with hypophos- 
phorous acid, and concentrated at a temperature not 
above 85° C, until crystallization is complete. 


Description and Properties—Calcium Hypophosphite occurs as color- 
less, transparent prisms, as small, lustrous scales, or as a white, 
crystalline powder. It is odorless, and has a nauseous, bitter taste. 
When strongly heated, inflammable vapors of phosphine are evolved. 
The aqueous solution is neutral or only slightly acid to litmus. It re- 
sponds to the identification reactions for calcium and hypophosphite. 
Solubility—One Gm. is slowly soluble in about 6.5 cc. of water; it 
is insoluble in alcohol. 
Tests for Purity— 
Loss on drying over sulfuric acid—Not more than 3 per cent. 
‘Water-insoluble substances—Not more than 0.5 per cent. 
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Free acid—Not more than 0.65 per cent as HgPOg. It is deter- 
mined by titration of a solution of the salt with tenth-normal sodium 
hydroxide, using phenolphthalein T.S. as the indicator. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. ; 
Assay—After drying over sulfuric acid, the salt is assayed as described 
under Potassium Hypophosphite. Each cc. of tenth-normal bromine 
corresponds to 2.126 mg. of Ca(H2gPOa)a. 

Storage—Keep this salt in well-closed containers. F 
Incompatibilities—See Calcium (page 1185) and Hypophosphites 
(page 1186). 

Uses—Calcium Hypophosphite is used pharmaceuti- 
cally to prepare the other hypophosphites and as an 
ingredient in the syrup and compound syrup of hypo- 
phosphites and other preparations. 


Average Dose—0.5 Gm. (approximately 714 grains). 


CALCIUM IODOBEHENATE U. S. P.—See Organic 
Halogen Compovnds (page 603). 

CALCIUM LACTATE U. S. P.—See Organic Salts (page 
543). 

CALCIUM LACTATE TABLETS N, F.—See Organic 
Salts (page 548). 

CALCIUM LEVULINATE N. F.—See Organic Salts 
(page 544). 

CALCIUM LEVULINATE AMPULS N._ F.—See 
Organic Salts (page 544). 

CALCIUM MANDELATE U. S. P.—See Organic Salts 
(page 545). 


DIBASIC CALCIUM PHOSPHATE, U. S. P. Calcii 

Phosphas Dibasicus 

{Calc. Phos. Dibas.—Dicalcium Orthophosphate, Sp. Fosfato Dibasico 
de Calcio] 

Dibasic Calcium Phosphate contains an amount of 
calcium equivalent to not less than 98 per cent of 
CaHPO4.2H2O (172.20). 

Preparation—A phosphate mineral, e. g., apatite or 
preferably ignited animal bone, is decomposed with 
sulfuric acid, resulting in the production of phosphoric 
acid and calcium sulfate. ; 


Cag(PO.4)2 + 3H2SO04 = 2HsPO4 + 3CaSO4 
calcium sulfuric phosphoric calcium 
phosphate acid acid sulfate 


After filtering off the calcium sulfate, the proper 
quantity of milk of lime is added to form dibasic 
calcium phosphate. 


HsPO, + Ca(OH)g — CaHPO, + £2H:0 
phosphoric calcium dibasic water 
acid hydroxide calcium 
phosphate 


It may also be prepared from animal bones as de- 
scribed under the preparation of Tribasic Calcium 
Phosphate, using only sufficient calcium hydroxide to 
form the dibasic salt. 


Description and Properties—Dibasic Calcium Phosphate occurs as a 
white, tasteless powder. It is stable in the air and its aqueous suspen- 
sion is neutral to litmus. Its solution in a slight excess of diluted 
nitric acid responds to the reactions for calcium and for phosphate. 
Tests for Purity— 

Loss on ignition—From 24.5 to 26.5 per cent. This test is designed 
to insure the proper composition and reasonable uniformity of the 
product. 

Insoluble in hydrochloric acid—Not more than 0.1 per cent. 

Carbonate—No effervescence is produced on adding 2 cc. of hydro- 
chloric acid to a suspension of 1 Gm. of the Phosphate in 5 cc. water. 

Chloride—Not more than 0.23 per cent as Cl. 

Fiuoride—Not more than 50 parts per million as F. The deter- 
mination of the fluorine is based on the following facts: Thorium 
forms, with sodium alizarinsulfonate, a highly red-colored, water- 
soluble compound (lake). When, however, a fluoride is added to 
the solution of thorium alizarinsulfonate the thorium reacts with the 
fluorine forming insoluble thorium fluoride and the solution is thereby 
nearly decolorized. 
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The Calcium Phosphate is heated with a mixture of water and per- 
chloric acid at a temperature of about 140°. Any fluoride present is 
thereby liberated as hydrogen fluoride which distils over with water. 
After adding to the distillate sodium alizarinsulfonate T.S. its color 
is adjusted by the addition of very dilute sodium hydroxide to just 
match the color of a control made with the same volumes of water and 
the indicator. Standard thorium nitrate solution is then added to 
the distillate until the color is just faintly pink. Exactly the same 
volume of thorium nitrate is added to the control, and then standard 
sodium fluoride solution is slowly added until the color matches that 
of the distillate. Each cc. of the sodium fluoride T.S. consumed by 
the control corresponds to 10 micrograms of fluoride as F. 

Sulfate—Not more than 0.5 per cent as SO4. 

Arsenic limit—10 parts per million. 

Barium—A solution of 500 mg. in 10 ce. of water and just sufficient 
hydrochloric acid to dissolve it produces no turbidity in 10 minutes 
on the addition of 2 ce. of potassium sulfate T.S. 

Heavy metals limit—30 parts per million. 

Assay—This Phosphate is assayed by determining its calcium content 
by the assay method described under Precipitated Calcium Carbonate. 
Each cc. of tenth-normal potassium permanganate corresponds to 
8.605 mg. of CaH PO4.2H20. 


Uses—See Calcium Phosphate, Tribasic. 
Average Dose—1 Gm. (approximately 15 grains). 


TRIBASIC CALCIUM PHOSPHATE N. F. 
Phosphas Tribasicus 


Calcii 


[Calc. Phos. Tribas.—Precipitated Calcium Phosphate, Sp. Fosfato 
Tribdsico de Calcio] 

Tribasic Calcium Phosphate, after ignition to con- 
stant weight, contains an amount of phosphate [PO,] 
corresponding to not less than 90 per cent of Cas(PO4) 
(310.20). ; 

Preparation—This phosphate is usually obtained 
from animal bones which contain about 80 per cent of 
Tribasic Calctum Phosphate. The bones are calcined 
until white, then ground and digested with hydrochloric 
acid (sulfuric acid is frequently employed instead of 
hydrochloric). This treatment converts the insoluble 
phosphate into the soluble phosphoric acid and calcium 
chloride. 


Cag(PO4)e + 6HCl — 2H3sPO4 + 3CaCle 
calcium hydrochloric phosphoric calcium 
phosphate acid acid chloride 


After filtration, the solution is treated either with am- 
monia or more generally with milk of lime whereby 
calcium phosphate is reprecipitated. 


2H3PO4 + 3Ca(OH)e2 —>) Caz(PO4)e + 6H20 
phosphoric calcium calcium water 
acid hydroxide phosphate 


It may be prepared from calcium chloride and sodium 
phosphate in the presence of ammonia water at boiling 


temperature. The reaction is as follows: 

38CaCle + 2NasHPO, + 2NH,O0OH — 

calcium sodium ammonia 

chloride phosphate water 
Cag(PO4)o2 + 4NaCl + 2NH,4Cl + 2H20 
calcium sodium ammonium water 
phosphate chloride chloride 


Tribasic Calcium Phosphate of commerce is a some- 
what basic salt containing more calcium than corre- 
sponds to the formula, hence the low percentage of 
Cas(PO 4)2 stated in the purity rubric. 


Description and Properties—Tribasic Calcium Phosphate occurs as a 
white, odorless, and tasteless powder which is permanent in air. It 
responds to the flame test for calcium and its solution in diluted nitrie 
acid yields with ammonium molybdate, the identification reaction 
for phosphate. 

Solubility—It is almost insoluble in water but dissolves readily in 
diluted hydrochloric and nitric acids; it is insoluble in alcohol. 
Tests for Purity— 

Loss on ignition—Not more than 8 per cent. fix 

Dibasic salt and calcium oxide—About 2 Gm. of Tribasie Calcium 
Phosphate is accurately weighed and dissolved by warming with 
exactly 50 cc. of normal hydrochloric acid; After cooling and adding 
1 or 2 drops of methyl orange T.S., the excess of acid is slowly titrated 
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with normal sodium hydroxide: to-a-yellow..color,. vigorously shaking 
the mixture during titration. Not less than 12.5 cc. and not more 
than 13.8 cc. of normal hydrochloric acid is consumed for each Gm. 
of salt, calculated on a water-free basis. If dibasic salt is present, 
less of the acid is consumed, and if an excess of calcium oxide is pres- 
ent, more of the acid will be consumed. 

Water-soluble salts—Not more than 0.5 per cent. 

Chloride—Not more than 0.14 per cent as Cl. 

Fluoride—Not more than 0.005 per cent as F. See Calcium Phos- 
phate, Dibasic U.S. P. (page 406). 

Nitrate—Not more than about 0.05 per cent as NO3. 

Sulfate—Not more than 0.8 per cent as SO4. 

Arsenic limit—10 parts per million. 

Heavy metals limit—30 parts per million. 

Barium—A solution of 0.5 Gm. of the salt in 10 ec. of hot water 
made with the aid of just sufficient hydrochloric acid yields no tur- 
bidity within 15 minutes on the addition of 2 cc. of potassium sulfate 
T.S. (about 0.05 per cent Ba). 

Assay—About 200 mg. of Tribasic Calcium Phosphate, previously 
ignited to constant weight and accurately weighed, is dissolved by 
warming with a mixture of 25 cc. of water and 5 ce. of nitric acid, 
then the assay is carried out as described for Aluminum Phosphate 
Gel (page 440). Each ce. of normal sodium hydroxide corresponds to 
6.745 mg. of Ca3(POa)e. 

Storage—Keep in well-closed containers. 


Uses—This salt is an excellent source of both calcium 
and phosphate useful in supplementing calcium intake, 
as, for example, during pregnancy and lactation, or as a 
source of calcium in diseases of calcium deficiency. 
The dose is 1 to 2 Gm. with meals, taken as a suspen- 
sion in water or milk, or sprinkled on food. 

Tribasic Calcium Phosphate is also used to the extent 
of about 1 per cent in table salt and other products to 
prevent caking and to render them free flowing. 

Average Dose—1! Gm. (approximately 15 grains). 


LIMEN.F. Calx | 
Ags [Calcium Oxide, Quicklime, Sp. Oxido de Calcio] 


Lime, when freshly ignited to constant weight with a 
blast lamp, contains not less than 95 per cent of 
CaO (56.08). ; 

Preparation—Lime, or calcium oxide, is a very im- 
portant product and is made by calcining limestone (a 
native calcium carbonate) in kilns with strong heat: 


CaCOg — CaO + COseg 
- calcium lime carbon 
carbonate dioxide 


Description and Properties—Lime occurs as hard, white or grayish 
white masses or granules, or a white powder. It is odorless. On ex- 
posure to air it becomes converted into carbonate and hydroxide by 
absorption of carbon dioxide and moisture. When moistened with 
water, Lime becomes heated, and is gradually converted into a white 
powder (calcium hydroxide or slaked lime). When this is mixed with 
about 3 or 4 times its weight of water, it forms a smooth magma (milk 
of lime). Its solution is strongly alkaline, it blackens calomel, and it 
responds to the identification reactions for calcium. 

Solubility—One Gm. is soluble in about 840 cc. of water and in 
about 1740 cc. of boiling water; it is soluble in glycerin and in syrup, 
but insoluble in alcohol. 

Tests for Purity— 

Loss on ignition—Not more than 10 per cent. 

Substances insoluble in diluted hydrochloric acid—Not more than 1 
per cent. 

Alkalies and magnesium—Not more than 3.6 per cent as sulfate 
(or 1.2 per cent as MgO). 

Assay—About 1 Gm. of Lime, previously ignited to constant weight 
with a blast lamp, and.accurately weighed, is dissolved in 20 cc. of 
diluted hydrochloric acid, the solution is cooled, diluted with water 
to 100 cc., and mixed well. Exactly 20 cc. of the solution is trans- 
ferred to a 200-cc. volumetric flask, 100 cc. of tenth-normal oxalic acid 
is added, and the solution is rendered alkaline with ammonia T.S. 
The calcium precipitates completely as insoluble calcium oxalate. 
After standing for 3 hours at 60° to 70° or overnight at room tem- 
perature, the flask, cooled if necessary, is filled with water to 200 ce. 
The solution is mixed well and filtered through a dry filter into a dry 
flask. The first 20 cc. of the filtrate is rejected and to exactly 100 cc. 
of the subsequent filtrate 30 to 35 cc. of diluted sulfuric acid is added, 
the solution is heated to about 80°, and the excess oxalic acid is 
titrated with tenth-normal potassium permanganate. Each cc. of 
_ tenth-normal oxalic acid consumed corresponds to 2.804 mg. of CaO. 
_ Storage—Keep Lime in tight containers. 


\ 


ye Uses—Lime is the most important calcium com- 
_ pound. It is used in making mortar, whitewash, and 
__ Various chemicals and products. In the Pharmacopceia 
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Calcium Hydroxide has replaced Lime, as it is more 
stable and more readily available of a quality suitable 
for medicinal use than the lime usually obtainable. 

Unless protected from air, Lime soon becomes unfit 
for use, due to the action of carbon dioxide and partial 
hydration from moisture in air. 


Soda Lime U. S. P. Calx Sodica 
[Calx. Sod.—Sp. Cal Sdédica] 


Soda Lime is a mixture of calcium hydroxide with 
sodium or potassium hydroxide or both. 

Soda Lime is available in two forms, Low-moisture 
Soda Lime which contains less than 9 per cent of mois- 
ture and High-moisture Soda Lime which contains not 
less than 9 per cent and not more than 19 per cent of 
moisture. 

Soda Lime may contain an indicator which is inert 
with respect to its reactivity with ether, nitrous oxide, 
ethylene, and cyclopropane, and which changes color 
when the absorption capacity of the Soda Lime for 
carbon dioxide is exhausted. When present, the 
nature and color change of the indicator must be stated 
on the label of the container. The label of the con- 
tainer must also indicate the mesh of the Soda Lime. 
Description and Properties—Soda Lime is white or grayish white, or 
if an indicator is added the Soda Lime may have a color. It absorbs 
carbon dioxide and water on exposure to the air. 

Tests for Purity— 

Carbon dioxide absorption capacity—Soda Lime absorbs not less 
than 19 per cent of its weight of carbon dioxide, when determined 
as directed in the U. S. P. XIII under Carbon Dioxide Absorbency of 
Soda Lime (page 1051). 

Hardness—The hardness number of Soda Lime is not less than 75. 
Consult U.S. P. XIII for the details of this test. 

Size of granules—Soda Lime passes completely through a No. 2 
standard mesh sieve, and not more than 2 per cent passes through a 
No. 40 standard mesh sieve. The label should indicate the mesh of 
the Soda Lime. Not more than 15 per cent passes through the finer 


mesh indicated on the label. 
Storage—Keep Soda Lime in tight containers. 


Uses—Soda Lime is neither a therapeutic nor a 
pharmaceutic agent. It is a reagent for the absorption 
of carbon dioxide in anesthesia machines, in oxygen 
therapy, and in metabolic tests, and because of the im- 
portance of the proper quality of Soda Lime for these 
purposes it has been made official and standardized in 
the U. 8. Pharmacopceia. 


- SULFURATED LIME SOLUTION N. F.—See Sulfur 


(page 348). 


Unofficial Inorganic Calcium Compounds 


Calcium Arsenate [Cag(AsO4)9]—White powder, slightly soluble 
in water; soluble in dilute acids. It is poisonous. Uses: an in- 
secticide, particularly effective against insects destructive to plants 
and trees. 

Calcium Chloride Anhydrous [CaClg]—White, very hygroscopic 
granules or fused masses. Uses: a drying and dehydrating agent 
for organic liquids and for drying gases in chemical analysis. 


. Calcium Cyanamide [CaCNe]—Grayish black lumps or powder. 


The article of commerce usually contains some calcium hydroxide; 
calcium carbonate, and carbon. It is decomposed by water. 
Uses: a fertilizer; also used for making ammonia, and for harden- 
ing steel. 

Calcium Cyanide [Ca(CN) 2]—White powder. 


Decomposes in moist 


air, liberating hydrogen cyanide. Very poisonous. Soluble in 
water with gradual liberation of hydrogen cyanide. Uses: for 
fumigation of citrus orchards. : 

Calcium Fluoride [CaFe]—White powder. Insoluble in water, 


slightly soluble in dilute acids; dissolved by concentrated mineral 
acids with liberation of hydrogen fluoride. Uses: constituent of 
enamels and glass, and a source of hydrofluoric acid. 

Calcium TIodate ([Ca(IOg)2.6H20O|—White, crystalline 
Slightly soluble in water. Uses: an intestinal antiseptic. 
0.2 to 0.3 Gm. (3 to 5 grains). 

Calcium Iodide [Calz.6H2O0]—A yellowish white, deliquescent pow- 
der; becomes yellow in the air due to liberation of iodine. Very 
soluble in water, soluble in alcohol. Uses: a source of calcium 
and iodide. Dose: as of potassium iodide. 


powder. 
Dose: 
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Calcium Lactophosphate N. F.—A mixture of variable proportions of 
calcium lactate, calcium acid lactate, and calcium acid phosphate, 
the amount of the phosphate equivalent to not less than 1.5 per cent 
and not more than 2 per cent of PgO5. White granules or powder. 
Soluble in water, almost insoluble in alcohol. Uses: a tonic and 
a source of calcium for the system; usually given in the form of 


calcium lactophosphate syrup. Dose: 0.2 to 0.6 Gm. (3 to 10 
grains). : : 
Calcium Nitrate [Ca(NOg)2.H2O0]—White, deliquescent granules. 


Very soluble in water, freely soluble in alcohol; almost insoluble in 
concentrated nitric acid. Uses; component of explosives, 
matches, and pyrotechnics. 

Calcium Peroxide.—See Peroxides (page 334). 

Calcium Phosphate, Monobasic, Calcium Biphosphate [CaH 4(PO4) 2] 
—White, deliquescent granules or powder. Partially soluble in 
water with decomposition; soluble in diluted hydrochloric, nitric, or 
acetic acid. Uses: an ingredient of baking powders: 

Calcium Sulfate [CaSO4.2H2O]—Commonly called gypsum. It oc- 
cursin nature. White powder. Soluble in 375 parts of cold or 485 
boiling water. Its solubility in water is increased by acids and 
ammonium chloride. Plaster of Paris is made from this salt by 
driving off three-fourths of its water of hydration. Uses: forms 
a glaze in paper manufacture; a polishing powder. 

Calcium Sulfate, Exsiccated [CaSO4.44H2O] commonly called 
plaster of Paris—White, fine powder. Very solublein water. When 
mixed with half its wefght of water it forms a smooth paste which 
rapidly hardens. Uses; used in decorative and stucco work and 
in making plaster of Paris bandages. 

Calcium Sulfide [CaS]—Light gray powder, contains about 80 per 
cent of CaS. Almost insoluble in water; dissolved by acids with 
the evolution of hydrogen sulfide. Uses: an ingredient of depila- 
tories and luminous paints. 

Calcium Sulfide (Crude) U.S. P. [IX—A pale gray or yellowish to pink 
powder, having a faint odor of hydrogen sulfide. It gradually de- 
composes on exposure to moist air. It is very slightly soluble in 
cold water. Uses: internally for acne, and other skin diseases; has 
also been suggested as an antidote for bichloride of mercury. Dose: 
30 to 60 mg. (24 to 1 grain). 

Calcium Sulfite [CaSO3.2H2O0]—White powder. Slightly soluble in 
water, but readily soluble in water containing sulfur dioxide. 
Uses: an antiseptic, an antichlor, and a preservative. Dose: 0.06 
to 0.3 Gm. (1 to 5 grains). : 

Calcium Thiosulfate [CaS203.6H 2gO|—White crystals or crystalline 
powder. Soluble in water, insoluble in alcohol. Uses: an internal 
antiseptic. Dose: 0.2 to 0.6 Gm. (8 to 10 grains). 


Inorganic Calcium Specialties 


Bone Phosphate Wafers (Smith-Dorsey)—Aromatized wafers, each 

containing 15 gr. bone phosphate. Uses: calcium and phosphorus 
therapy. Dose: 2 wafers daily. 
Bone Phosphate with B Complex and D Wafer—Chocolate-flavored 
wafers, each containing 3 gr. bone phosphate, 5 gr. extract of brew- 
er’s yeast, 4 mg. riboflavin, 2 mg. thiamine hydrochloride, and 800 
U. S. P. units vitamin D. Uses and Dose: same as for Bone 
Phosphate Wafers. 

Bone Phosphates Purified (Upjohn)—A flavored lozenge or a finely 
divided powder. Each lozenge contains 734 gr. dicalcium phos- 
phate, 71% gr. purified bone phosphates, sugar, and aromatics. 
Each teaspoonful (60 gr.) of powder contains 30 gr. dicalecitum phos- 
phate and 30 gr. purified bone phosphates. Uses: dietary supple- 
ment; 3 to 4 lozenges or 45 to 60 gr. of powder are equal in calcium 
and phosphorus content to 1 quart of milk. Dose: 2 to 4 lozenges 
or % to 1 teaspoonful of powder, daily. 

Calbrodein (Upjohn)—Liquid, each fluidounce containing 8 gr. cal- 
cium bromide, 44 gr. benzoic acid, 1 gr. chloroform, 34 gr. codeine 
acetate, 14 min. fluidextract belladonna root, wild cherry bark, 
and white pine. Uses: sedative expectorant in whooping cough, 
etc. Dose: 14 teaspoonful every 3 hours for l-year-old children; 
1 teaspoonful every 3 hours for 2- to 3-year-old children; and 1 to 
2 teaspoonfuls every 2 to 4 hours for children 5 years or older. 

Calcicaps and Calciwafers (Nion)—Each wafer or 2 capsules contain 9 
gr. dicalcium phosphate, 6 gr. calcium gluconate, and 750 U. 8. P. 
units of vitamin D. Uses: dietary supplement. Dose: 2 to 5 
wafers or 4 to 10 capsules, daily. 

Calcicarb (H. W. and D.)—Tablets, each containing 10 gr. calcium 
carbonate and 149 min. cinnamon oil. Uses: gastric antacid. 
Does not disturb body acid-base equilibrium. Dose: 1 or 2 tablets 
after meals. 

Calci-Delta (Lederle)—Tablets, each containing 1.4 Gm. dicalcium 
phosphate and 300 U.S. P. units of vitamin D. Uses: dietary 
supplement. Dose: 1 or 2 tablets 3 times daily. 

Calcidin (Abbott)—Powder containing lime, starch, and 15 per cent 
available iodine. Also available as plain tablets (4, 1, 244, or 5 
gr.); chocolate-coated tablets (1 or 2% gr.), and troches (34 gr. with 
extract licorice, oil of anise, and sugar). Uses: expectorant. 
Dose: 1 to 3 gr. every half hour to 3 hours. 

A-C (Anesthesin-Calcidin) Troches—Containing 44 gr. Calcidin, 
4 gr. anesthesin, licorice, and aromatics. ; 

Camphor and Calcidin Compound—Sugar-coated tablets each con- 
taining 34 gr. Calcidin, 44 gr. camphor, 4450 gr. hydrastine hydro- 
chloride, and 4000 gr. hyoscyamine sulfate. 

Calcidrine Syrup (Abbott)—Syrup, each fluidounce containing 7 gr. 
calcium iodide, 8g gr. ephedrine hydrochloride, 34 gr. Nembutal, 
aromatics, syrup wild cherry, and tolu. Uses: sedative expec- 
torant. Dose; 1 to 2 teaspoonfuls every 3 hours. 

Calcidrine with Codeine Syrup—Same as Calcidrine Syrup but each 
fluidounce also contains }4 to 1 gr. of codeine sulfate. 

Calcigen (Boyle)—Capsules, each containing 5 gr. beef bone meal, 125 ~ 
U.S. P. units of vitamin D, and 390 parts per million of fluorine 
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acta 2 Uses: dietary supplement. Dose: 

aily. 

Calcisalin (Harrower)—Tablets, each containing 214 gr. calcium lac- 
tate, 5 gr. dicaleium phosphate, 1% gr. citric acid, and 500 U.S. P. 
units of vitamin D. Uses: dietary supplement. Dose: 3 to 6 
tablets between meals. 

Calfoid Wafers with Vitamin D (Drug Products)—Wafers, each con- 
taining 9 gr. dicaleitum phosphate, 6 gr. calcium gluconate, 660 
U.S. P. units of vitamin D, and aromatics. Uses: dietary sup- 
plement. Dose: 1 wafer 3 times daily. 

Calirad Wafers (Winthrop)—Wafers containing 6 gr. calcium gluco- 
nate, 9 gr. dicalcium phosphate, and 660 U.S. P. units of crystalline 
vitamin De (ealciferol). Uses; dietary supplement. Dose: 3 
wafers daily. 

Calmulsion (Upjohn)—A palatable, homogeneous emulsion, each 
fluidounce containing 100 gr. dicaleium phosphate and 2700 
U.S. P. units vitamin D. Uses: dietary supplement. The daily 
dose (3 teaspoonfuls) equals the calcium-phosphorus content of a 
pint of milk. Dose: 3 or more teaspoonfuls daily. 

Calphate (Merrell)—Powder or tablets, each teaspoonful of powder 
containing 31 gr. dicalecium phosphate; and each tablet containing 
1544 gr. dicalecium phosphate. Uses; dietary supplement. 
Vitamin D should be given with Calphate. Dose: 2 level tea- 
spoonfuls of powder or 4 tablets, daily. 

Calsoma Bar (Abbott)—Mint-flavored bars, each segment containing 
5 gr. of tribasic calcium and 5 gr. magnesium phosphates. 
gastric antacid. Dose: 1 or more segments after meals. 
Calsoma, Granular Effervescent—Two teaspoonfuls of powder con= 
tain 26 gr. each of tribasic calcium and magnesium phosphates, 
sodium bicarbonate, and tartaric acid. Dose: 1 or 2 teaspoonfuls 
dissolved in water. 

Cal-So-Mag (Smith-Dorsey)—Powder, each teaspoonful containing 
25 gr. calcium carbonate, 3 gr. bismuth subgallate, 15 gr. kaolin, 
8 gr. magnesium carbonate, and 9 gr. sodium bicarbonate. Uses: 
gastric antacid. Dose: 1 heaping teaspoonful dissolved in water 
every 2 to 4 hours. 

Caltase (Parke, Davis)—Tablets containing 10 gr. calcium carbonate, 
pepsin, and Taka-diastase. Uses: gastric antacid. Dose: 2 
tablets after meals. 

Ca-Ma-Sil (Livingston)—Powder, each teaspoonful containing 42.6 
per cent calcium carbonate, 1.6 per cent diammonium hydrogen 
phosphate, 55.6 per cent magnesium silicate, oil of peppermint, 
and saccharin. Uses: gastric antacid. Dose: 1 to 2 teaspoonfuls 
in water before and after each meal and at bedtime. 

Carmacin (Burroughs Wellcome)—Tablets (tabloids) containing 12 gr. 
calcium carbonate, 8 gr. magnesium carbonate, 8 gr. sucrose, and 
oil of peppermint. Uses: gastric antacid. Dose: 1 or 2 tabloids 
chewed after meals. : 

Chloro-Calcium (Sharp and Dohme)—A palatable elixir containing 
in each fluidounce, 40 gr. anhydrous calcium chloride, 14 gr. chloro- 
form, and 15 per cent alcohol. Uses: calcium therapy. Dose; 
1 to 2 fluidrachms in water. . 

C.M.S. Compound (M. L. Walker)—Powder containing calcium car- 
bonate, magnesium carbonate, sodium bicarbonate, bismuth sub- 
carbonate, colloidal kaolin, diastase, oil of peppermint, and papain. 

Uses: gastric antacid. Dose: 1 teaspoonful in water. 

D. C. P. (Parke, Davis)—Powder, tablets (7% gr.), or wafers (15 gr., 
chocolate-flavored), containing dicalcium phosphate. Uses: cal- 
cium therapy. Dose: 1 to 2 teaspoonfuls of powder; 1 or more 
tablets or wafers daily. 

Dephos (Massengill)—Lemon-flavored tablets containing 1534 gr. di- 
calcium phosphate and 666 U.S. P. units vitamin D (viosterol). 

Uses: dietary supplement. Dose: 1 to 3 tablets after meals. 

Dephosfero (Massengill)—Enteric-coated tablets containing 4 gr. 
dicalcium phosphate, 250 U.S. P. units vitamin Dg, and 2 gr. dried 
ferrous sulfate. Uses: dietary supplement. Dose: 2 tablets 4 
times daily. 


1 to 3 capsules 


_Dical-D (Abbott)—Capsules or wafers (plain or chocolate-flavored). 


Each wafer or 2 capsules contain 15 gr. dicalcium phosphate and 
666 U.S. P. units vitamin D. Uses: dietary supplement. Dose: 
2 to 5 wafers or 4 to 10 capsules, daily. 
Dical-D Capsules with Vitamin C—same as Dical-D but each cap- 
sule also contains 15 mg. ascorbic acid. 

Diostate (Upjohn)—Tablets containing 5 gr. dicalcium phosphate 
and 214 gr. purified bone phosphates. Nine tablets are equivalent 
in calcium and phosphorus content to 1 quart of milk. Uses; 
dietary supplement. Dose: 2 to 6 tablets daily. 

Diostate D—Same as Diostate but each tablet also contains 666 
U.S. P. units vitamin D. 

Dircal (Haskell)—Tablets containing 6 gr. dicalctum phosphate, 200 
U.S. P. units vitamin D, and 114 gr. exsiccated ferrous sulfate. 
Uses: dietary supplement. Dose: 2 or more tablets 3 times daily. 

Divitaphos (Smith-Dorsey)—Capsules or wafers, each capsule con- 
taining 714 gr. dibasic calcium phosphate and 400 U.S. P. units 
vitamin D (activated ergosterol), and each wafer containing 15 gr. 
dibasic calcium phosphate and 400 U. 8. P. units vitamin D (acti- 
vated ergosterol). Uses: dietary supplement. Dose: 2 to 6 cap- 
sules, or 1 to 3 wafers, daily. 


Uses: .. 


FAs 


Effervescent Granules (Reed and Carnrick)—Effervescent powder, =i 


each 4 Gm. containing 0.26 Gm. anhydrous calcium lactate, 1.3 Gm. 
anhydrous citric acid, 0.13 Gm. magnesium gluconate, 0.13 Gm. 
potassium bicarbonate, 1.75 Gm. sodium bicarbonate, 0.13 Gm. 
dried sodium phosphate, and 0.19 Gm. sugar. Uses: antacid for 
relieving acidosis and gastric fermentation. Dose: 1 heaping tea~ 
spoonful stirred into water. 

Entacarb Powder and Tablets (Reed and Carnrick)—Each enteric- 
coated tablet contains 32.4 mg. calcium carbonate, 16.2 mg. magne- 
sium carbonate, 16.2 mg. potassium bicarbonate, and 324 mg. so- 
dium bicarbonate. Uses: 
lets 3 to 4 times daily. 


systemic alkalizer. Dose: 2 to 3 tab-_ 
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Each 2.6 Gm. (heaping teaspoonful) of powder contains 1.04 Gm. 
calcium carbonate, 0.13 Gm. bismuth subcarbonate, 0.78 Gm. 
kaolin, 0.39 Gm. magnesium carbonate, 0.06 Gm. potassium bicar- 
bonate, 0.19 Gm. sodium bicarbonate, and flavoring. Uses: 
antacid for hyperacidity, gastric distress, and diarrhea. Dose: 1 
heaping teaspoonful stirred into water after meals. 

Ferro-Calfate (Merrell)—Capsules containing 7 gr. calcium pyro- 
phosphate, 134 gr. dried ferrous sulfate, 0.3 mg. thiamine hydro- 
chloride, and 330 U.S. P. units vitamin D. Uses: dietary supple- 
ment. Dose: 3 or more capsules daily. 

Glycana (Schieffelin)—HElixir, each fluidounce containing 2 gr. calcium 
glycerophosphate, 8 gr. sodium glycerophosphate, 4%. gr. strych- 
nine glycerophosphate, phosphoric acid, sugar, and wine. Uses: 
tonic. Dose; 1 teaspoonful in water 2 or 3 times daily. 

Glycana with Vitamin B;—Same as Glycana but each fluidounce 
also contains 6 mg. thiamine hydrochloride. 

Glyvita (Massengill)—Elixir, each fluidounce containing 4 gr. calcium 
glycerophosphate, 30 mg. nicotinic acid, 1 mg. pantothenic acid, 
8g gr. potassium glycerophosphate, 0.5 mg. pyridoxine hydrochlo- 
ride, 2 mg. riboflavin, 4 gr. calcium glycerophosphate, 5 mg. thi- 
amine hydrochloride, and other B complex factors. Uses: tonic. 
Dose: 1-or 2 teaspoonfuls before each meal. 

Hyo-Carbonates (M. L. Walker)—Capsules containing calcium car- 
bonate, bismuth subcarbonate, diastase, and ¢ gr. extract hyoscy- 
amus. Uses: gastric antacid. Dose: 2 to 4 capsules 3 times 

' daily, before meals. 

Indicating Soda Lime, ISL (Mallinckrodt)—U. S. P. soda lime con- 
taining as an indicator, clayton yellow, which changes color from 
pink to yellow as carbon dioxide is absorbed, giving visual evidence 
of its activity. The indicator is heat stable, allowing the ISL to 
be sterilized, and it does not affect any of the ordinary anesthetic 
gases. Uses: in metabolism, anesthesia, and oxygen therapy. 

Metatone (Parke, Davis)—Elixir, each fluidounce containing 4 gr. 
calcium glycerophosphate, 16 per cent alcohol, #4 gr. manganese 
glycerophosphate, 4 gr. potassium glycerophosphate, 2 gr. sodium 
glycerophosphate, 345 gr. strychnine glycerophosphate, and 4 mg. 
een By. Uses: tonic. Dose: 1 to 3 teaspoonfuls before 
meals. 

Neurogenic Elixir (Cavendish)—Elixir, containing glycerophosphates 

~ of calcium, sodium, and strychnine. Uses: tonic. Dose: 1 tea- 
spoonful in water before meals. 

Nutrachloric Tablets (Upjohn)—Tablets containing 1134 gr. calcium 
carbonate, 48 gr. skimmed milk powder, and 134 gr. sodium bicar- 
aed Uses: gastric antacid. Dose: 2 or 3 tablets 4 times 

aily. 
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Pancraphen (Smith-Dorsey)—Tablets containing 3 gr. calcium car- 
bonate, 4 gr. benzocaine, 1 gr. papain, 1 gr. pancreatin, }4 gr. 
phenobarbital, and 3 gr. sodium bicarbonate. Uses: gastric ant- 
acid and sedative. Dose: 1 tablet. neh : 

Phos-Cal with Vitamin D (McKesson)—Capsules containing 188 mg. 
calcium, 146 mg. phosphorus, and 400 U.S. P. units vitamin D. 
Uses: dietary supplement. Dose: 1 or 2 capsules 3 times daily. 

Phospho Vitamin-B (McKesson)—Elixir, each 11% fluidounces con- 
taining glycerophosphates of calcium, sodium, and manganese, 0.25 
Gm. iron glycerophosphate, 0.5 mg. riboflavin, and 1.5 mg. vitamin 
B,. Uses: tonic. Dose: 2 teaspoonfuls in water after meals. 

Phostomin Elixir (McNeil)—Elixir, each fluidounce containing 4 gr. 
calcium glycerophosphate, 4 gr. potassium glycerophosphate, 8 gr. 
sodium glycerophosphate, and 6 mg. thiamine hydrochloride. 
Uses: tonic. Dose: 1 to 4 teaspoonfuls 3 times daily. — 

Prudine (Buffington)—Syrup, each fluidounce containing 2 gr. 
Calpuridin (iodized calcium), }4 gr. codeine phosphate, 36 gr. 
diallylbarbituric acid, 60 gr. potassium citrate, syrup of wild cherry 
and tolu, and aromatics. Uses: sedative expectorant. Dose: 1 
teaspoonful every 3 hours. 

Robinol (Wyeth)—Elixir, each fluidounce containing the glycero- 
phosphates of calcium, iron, lithium, manganese, and sodium; also: 
{5 gr. strychnine glycerophosphate. Uses: tonic. Dose: 1 to 
2 teaspoonfuls in water before meals. ; 

Takazyme (Parke, Davis)—Aromatizéd powder containing calcium 
carbonate, bismuth subcarbonate, magnesium carbonate, and Taka- 
diastase. Uses: gastric antacid. Dose: 1 to 2 teaspoonfuls in 
water after meals. 

Thyrocalx (Sharp and Dohme)—Tablets (No. 1 and No. 2); a No. 1 
tablet contains 5 gr. calcium lactate, 349 gr. desiccated parathyroid 
gland, and }4 gr. desiccated thyroid gland; a No. 2 tablet contains 
5 gr. calcium lactate and 340 gr. desiccated parathyroid gland. 
Uses: dietary supplement to provide calcium. Dose; 2 to 6 tab- 
lets 3 times daily. 

Tri-Calsate (Paxton)—Powder containing tribasic calcium phosphate, 
sodium citrate, and tribasic sodium phosphate. Uses: gastrie 
antacid. Dose: 1 heaping teaspoonful in water every hour. 

Vio-Cal (Burbot)—Capsules or wafers, each wafer or 2 capsules con- 
taining 5 gr. calcium gluconate, 10 gr. dicalcium phosphate, and 
700 U.S. P. units vitamin D. Uses: dietary supplement. Dose: 
2 to 5 wafers or 4 to 10 capsules, daily. ; 
Vio-Cal |Capsules with Iron—Hach capsule contains 7}4 gr. dical- 
cium phosphate, 1 gr. ferric pyrophosphate, and 350 U.S. P. units 
vitamin D. Dose: 1 or 2 capsules at mealtime. 


MAGNESIUM AND ITS COMPOUNDS 


Magnesium—Mg = 24.32 (At. no. 12) 


History and Occurrence—This element derives its 
name from Magnesia, a city in Asia Minor. It is widely 
distributed, the principal minerals being magnesite, a 
carbonate; dolomite, a magnesium and calcium carbon- 
ate; kvzeserite, a sulfate; carnallite, a double magnesium 
and potassium chloride. It is also combined as a silicate 
in talc, asbestos, meerschaum, serpentine, etc. An inter- 

esting and recently commercially successful source of 
magnesium compounds is sea water. Sea water con- 
tains the equivalent of 0.1 per cent magnesium. 

Preparation—Originally magnesium metal was pro- 
duced by the electrolysis of the fused anhydrous chlo- 
ride. Recently, as a result of the increased demand for 
the metal, processes have been developed for its produc- 
tion from calcined magnesite and similar raw materials 
and from sea water. 

Description and Properties—Magnesium is silvery white, lustrous, 
and moderately hard. Its specific gravity is 1.74. It melts at about 
650° C. and boils at 1110° C. It is reasonably stable in air at ordi- 
nary temperatures. When heated in the air, it burns with a dazzling 
light forming the oxide. It is slowly attacked by cold water, more 
readily by hot water, forming magnesium hydroxide and evolving 
hydrogen. It is readily soluble in dilute acids with the liberation of 
drogen. 

Uses—The metal is used in flash-lights for photog- 
raphy, in signal lights, in incendiary bombs, and in 
increasing quantities in the synthesis of organic chemi- 
cals by means of Grignard’s reagent. Because of its 
lightness, as compared with other metals, it has as- 
sumed, within the last decade, tremendous importance 

_-as a structural material for airplanes and other military 
equipment, and is produced in very large quantities. 


IDENTIFICATION OF MAGNESIUM COMPOUNDS 


_ Solutions of magnesium salts, in the presence of am- 
monium chloride, yield no precipitate with ammonium 


carbonate T.S., but on the subsequent addition of so- 
dium phosphate T.S. a white precipitate is produced 
which is insoluble in ammonia water. Very dilute solu- 
tions of magnesium compounds, made strongly alkaline 
with sodium hydroxide, yield a pink to deep red color 
upon the addition of a solution of Clayton yellow. 
This test is applicable even in the presence of large 
amounts of calcium. 


MAGNESIA MAGMA U. S. P. 


[Magma Mag.—Milk of Magnesia, Cream of Magnesia, Mixture of 


Magma Magnesize 


Magnesium Hydroxide, Sp. Magma de Magnesia, Leche de Magnesia] 


Magnesia Magma is an aqueous suspension of magne- 
sium hydroxide containing not less than 7 per cent and 
not more than 8.5 per cent of Mg(OH)2. To minimize 
the action of the glass container on Magnesia Magma, 
0.1 per cent of citric acid may be added. 

Note—One-half ce. of a volatile oil or a blend of 
volatile oils, suitable for flavoring purposes, may be 
added to each 1000 cc. of Magnesia Magma. 

No formula is now included in the U.S. P. as there 
are various satisfactory methods of preparation and any 
one of these may be used if the finished product con- 
forms in physical appearance and other characteristics 
to the official specifications. The former official 
method is given below: 


Metric Alternative 
Magnesium Sulfate............. 300 Gm. 1002. av. 6 gr. 
Sodiumiblydroxiden. anise ste a 100 Gm. ~ 3 oz. av. 148 gr. 
Distilled Water, a sufficient quan- 
tity, ‘ : 
To make about....... Patan iret 1000 cc. 2 pints 


Dissolve the magnesium sulfate in sufficient distilled water to 
make 650 cc. (21 fl. oz.), place this in a vessel of about 5000 cc. 
(10 pints) capacity, and heat to boiling. Dissolve the sodium 
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hydroxide in sufficient distilled water to make 1000 cc. (2 pints), 
add this slowly to the boiling solution of magnesium sulfate, and 
continue the boiling for thirty minutes. Transfer the mixture 
to a cylindrical container of not less than 5000 ec. (10 pints) 
capacity, and fill with hot distilled water. Allow to stand until 
separation has occurred, and remove the supernatant liquid. 
Wash repeatedly with hot distilled water until sulfates have prac- 
tically been eliminated, as shown by testing the supernatant liquid 
with barium chloride T.S. Concentrate the mixture by evapora- 
tion until it contains not less than 7 per cent of magnesium 
hydroxide. 


Distilled water is used in this preparation because the 
slightest trace of iron will cause discoloration. If the 
available water supply is free from iron, and otherwise 
suitable, or if it has been heated to boiling with pow- 
dered magnesium carbonate (5 Gm. [73 gr.] in each 1000 
ec. [2 pints]), and then filtered, distilled water will not 
be necessary. 

This preparation jis also made on a large scale by 
mixing freshly calcined magnesium oxide with distilled 
water in proper proportion. After hydration, which is 
accompanied by the evolution of heat, the product is 
usually passed through a colloid mill equipped with 
a special steel rotor, to avoid contamination due to 
wear. A special magnesium oxide is now readily ob- 
tained, packed in containers which are moisture-proof 
and airtight. 

A more recent product is magnesium hydroxide pow- 
der obtained as the initial material in the manufacture 
of magnesium carbonate or oxide from sea water. 
This forms stable suspensions with water and permits 
of the production of the magma by merely suspending 
the powder in water. 

If the cork stoppers are not protected by dipping 
them in melted paraffin, the magma soon darkens, due 
to action on the tannin of the cork. The product should 
be protected against freezing, as this alters the colloidal 
gel, a more dense precipitate forming and a clear water 
stratum separating on top. 


Description and Properties—Magnesia Magma is a white, opaque, 
more or less viscous suspension from which varying proportions of 
water usually separate on standing. It absorbs carbon dioxide from 
the air. It is alkaline to litmus and to phenolphthalein, and its solu- 
tion in dilute acid responds to the identification reactions for magne- 
sium. 

Tests for Purity— 

Soluble salts—To 5 cc. of the clear filtrate from the Magma 3 drops 
of sulfuric acid are added. The solution is evaporated on a steam 
bath and ignited. The weight of the residue does not exceed 8 mg. 
(about 0.15 per cent as sulfate). 

Alkali hydroxide or carbonate—To 5 cc. of the clear filtrate from the 
Magma, 40 ce. of distilled water and 1 drop of methyl red T.S. are 
added. The solution is titrated with tenth-normal sulfuric acid. 
Not more than 0.4 cc. of the acid is required (corresponding to about 
0.08 per cent as NaOH). 

Carbonate—The addition of 2 ce. of diluted hydrochloric acid to 1 
ec. of the Magma causes not more than a slight effervescence, and the 
resulting solution is not more than slightly turbid. 

Arsenic limit—0.8 part per million. 

Heavy metals limit—5 parts per million. 

Calcitum—A mixture of 5 cc. of sulfuric acid and 25 ce. of distilled 
water is added to 10 ce. of the Magma, allowed to cool, then 70 cc. of 
alcohol is added, and allowed to stand overnight. From this point 
the test is continued as described under Magnesium Carbonate begin- 
ning with “‘If crystals of magnesium sulfate.’’ The weight of the 
calcium sulfate so obtained should not exceed 26 mg: (about 0.15 per 
cent calcium hydroxide). 

Assay—After thorough shaking, approximately 5 Gm. of the Magma 
is weighed in a stoppered flask. Then exactly 25 ec. of normal 
sulfuric acid is added and, after solution is complete, the excess acid 
is titrated with normal sodium hydroxide, using methyl red T.S. as 
the indicator. Each cc. of normal sulfuric acid corresponds to 29.17 
mg. of Mg(OH)s. 

Storage—Preserve Magnesia Magma in tight containers, preferably 
at a temperature not above 35°. It should not be permitted to 
reeze. ; 
Incompatibilities—The fact is occasionally overlooked that milk of 
magnesia has an alkaline reaction and possesses the incompatibilities 
typical of such a reaction. Thus, acid-reacting salts are neutralized 
and alkaloids are liberated from solutions of their salts. 


Uses—Magnesia Magma is a popular gastric antacid 
and mild cathartic. It is also employed as an alkaline 
mouth wash. 
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Average Dose—Antacid, 4 cc. (approximately 1 
fluidrachm). Laxative, 15 cc. (approximately 4 flui- 
drachms). 


MAGNESIUM CARBONATE U. S. P. 
Carbonas ' 
[Mag. Carb.—Carbonate of Magnesia, Sp. Carbonato de Magnesio 
Magnesia Carbonatada] 

Magnesium Carbonate is a basic hydrated magnesium 
carbonate [approximately 4MgCO3.Me(OH).2.5H.2O0] or 
a normal hydrated magnesium carbonate [MgCQs3.- 
HO]. It contains the equivalent of not less than 40.0 
per cent and not more than 48.5 per cent of MgO. 

Magnesium Carbonate occurs in nature as the min- 
eral magnesite. ‘This is, however, not sufficiently pure 
for medicinal uses. The official carbonate is a “‘pre- 
cipitated” grade, like precipitated calcium carbonate. 

Medicinal Magnesium Carbonate is available in 
light and heavy forms; the light, which is 2 to 214 times 
as bulky as the heavy, is the most commonly used. 

Preparation—Magnesium Carbonate is largely pre- 
pared from dolomite [MgCOg3.CaCOs] by first calcining 
it, suspending the calcined product in water and satu- 
rating with CO, under pressure. Some lime also dis- 
solves as calcium bicarbonate, but when the tempera- 
ture, after the treatment with carbon dioxide, is raised, 
nearly all of the dissolved lime precipitates as the in- 
soluble carbonate. The filtered solution is then heated 
to the boiling temperature whereupon the magnesium 
bicarbonate loses CO. and H2.O and magnesium carbon- 
ate precipitates. This process generally yields the 
light carbonate. 

The heavy carbonate is generally produced by pre- 
cipitating a hot, concentrated solution of magnesium 
chloride or sulfate with a solution of sodium carbonate. 


Magnesii 


magnesium sodium water 
sulfate carbonate 
4MgCO3.Mg(OH)2.5H20 + 5NaeSO4 + COzg 
magnesium carbonate sodium carbon 
sulfate dioxide 


In California, magnesium hydroxide is prepared from 
sea water, and this is then converted to the carbonate 
by the use of carbon dioxide. 


Description and Properties—Magnesium Carbonate occurs in light, 
white, friable masses, or as a bulky, white powder. It is odorless, 
but it readily absorbs odors. It is decomposed by dilute acids with 
effervescence, It responds to the identification reactions for magne- 
sium. 

Solubility—It is practically insoluble in water, to which, however, 
it imparts an alkaline reaction, but it is appreciably soluble in water 
containing carbon dioxide; it is insoluble in alcohol. 

Tests for Purity— 

Soluble salts—Not more than 1 per cent. 

Arsenic limit—10 parts per million. 

Calcium oxide—This test is based on the insolubility of calcium sul- 
fate in the presence of 60-70 per cent of alcohol while magnesium 
sulfate is soluble in this medium. 

About 1.0 Gm. of Magnesium Carbonate, accurately weighed, is 
dissolved in a mixture of 3 cc. of sulfuric acid and 22 cc. of water, then 
50 ce. of alcohol added, and the mixture allowed to stand overnight. 
If crystals of magnesium sulfate have separated, the mixture is 
warmed to about 50° to dissolve them. It is filtered through a cru- 
cible containing an asbestos mat which has been previously washed 
with a mixture of diluted sulfuric acid and alcohol, and ignited. The 
crystals are washed several times with a mixture of 3 volumes of alco- 
hol and 1 volume of water, the crucible and contents ignited at a dull 
red heat, cooled, and weighed. The weight of calcium sulfate thus 
obtained, multiplied by 0.4119, gives the equivalent of calcium oxide, 
and it should not exceed 0.6 per cent. P 

Heavy metals limit—30 parts per million. 

Iron—Not more than 200 parts per million. 
colorimetrically with ammonium thiocyanate. 
Assay—About 1.0 Gm. of Magnesium Carbonate, accurately weighed, 
is dissolved in 30 cc. of normal sulfuric acid, and the residual acid is 
determined by titrating with normal sodium hydroxide, using methyl 
orange T.S. as the indicator. From the volume of the normal sulfurie 
acid consumed is deducted the volume of normal acid corresponding 


It is determined. 
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to the content of calcium oxide in the weight of the sample taken for 
the assay. The difference represents the acid equivalent to the mag- 
nesium oxide present. Each cc. of normal sulfuric acid corresponds 
to 20.16 mg. of MgO or to 28.04 mg. of CaO. 

Storage—Keep Magnesium Carbonate in well-closed containers. 
Incompatibilities—Acids dissolve Magnesium Carbonate with the 
liberation of carbon dioxide. A slight alkalinity is imparted to water 
and suspensions of it will cause precipitation of free alkaloids from 
solutions of alkaloidal salts. 


Uses—Magnesium Carbonate is an effective antacid 
and cathartic. As an antacid, it is employed in the 
average dose of 0.5 Gm., and is usually alternated with 
calcium carbonate to overcome the constipating action 
of the latter salt. 

It is also utilized as an absorbent in preventing the 
formation of eutectic mixtures in capsules and similar 
dosage forms, the light carbonate being decidedly pref- 
erable for these uses because of the fineness of the 
powder. It was at one time employed in making medi- 
cated waters to assist in diffusing the oils but as it im- 
parts an alkaline reaction to the water its use is contra- 
indicated. Aromatic waters made with it will cause 
the gradual precipitation of free alkaloids, like strych- 
nine, atropine, etc., when the salt of the alkaloid is dis- 
solved in such aromatic water. 

The light carbonate is used in large quantities as a 
heat insulator, especially for steam and hot water pipes 
and furnaces. 


Average Dose—Antacid, 0.6 Gm. (approximately 10 
grains). Lazative, 8 Gm. (approximately 2 drachms). 


MAGNESIUM CITRATE SOLUTION U. S. P.—See 
Organic Salts (page 536). 


MAGNESIUM HYDROXIDE N. F. Magnesii 
Hydroxidum 


[Mag. Hydrox.—Sp. Hidrato de Magnesio] 


Magnesium Hydroxide contains not less than 95 per 
cent of Mg(OH). (58.34). 

Preparation—The Magnesium Hydroxide obtained 
as described under the preparation of Magnesia Magma 
is evaporated to dryness. It may also be prepared by 
treating sea water or other natural brines with just 
sufficient milk of lime to precipitate the magnesium as 
hydroxide, then washing, filtering, and drying the pre- 
cipitate. 


Description and Properties—Magnesium Hydroxide occurs as a white, 
very fine, bulky powder. It slowly absorbs carbon dioxide on expo- 
sure to air. It has thesame solubility as Magnesium Oxide. Its solu- 
tion in acid responds to the identification reactions for magnesium. 
Tests for Purity— 

Loss on. ignition—Not less than 30 per cent and not more than 33 
per cent. (Theoretical—30.9 per cent.) 

Alkali hydroxide or carbonate and soluble salts—The tests and limits 
for these impurities are the same as for Magnesium Oxide U.S. P. 

Arsenic limit—10 parts per million. 

Calcium oxide—Not more than 1 per cent. It is determined by the 
method described under Magnesium Carbonate using 0.5 Gm. of the 
Magnesium Hydroxide. 

Heavy metals limit—40 parts per million. 

Tron—Not more than 0.4 per cent as Fe. 

Assay—Magnesium Hydroxide is assayed by the method described 
under Magnesium Oxide, including the correction for any calcium 
oxide that may be present. Hach cc. of normal sulfuric acid is equiva- 
lent ¢o 29.17 mg. of Mg(OH)¢2 and to 28.04 mg. of CaO. 
Storage—Keep Magnesium Hydroxide in tight containers. 


Uses—Magnesium Hydroxide has the same uses as 


Magnesium Oxide. 


_ Average Dose—0.3 Gm. (approximately 5 grains). 


a 
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Magnesium Hydroxide Tablets N. F. Tabelle 
Magnesii Hydroxidi 
[Tab. Mag. Hydrox.—"“Milk of Magnesia Tablets,’ Sp. Tabletas de 
Hidrato de Magnesio, Tabletas de Magma de Magnesia] 

Magnesium Hydroxide Tablets contain not less than 
93 per cent and not more than 107 per cent of the labeled 
amount of Mg(OH)s, the amount being expressed by 
weight. 

Description and Properties—The powdered Tablets should conform 
to the tests for Alkali hydroxide or carbonate, Soluble salts, and for 
Calcium oxide given under Magnesium Hydroxide. 

A solution of the Tablets in diluted hydrochloric acid responds to 

the identification reactions for magnesium, and a suspension of thé 
powdered tablets in water is alkaline to litmus. 
Assay—A counted number of the Tablets is reduced to a fine powder 
and an accurately weighed portion of the powder equivalent to about 
500 mg. of magnesium hydroxide is assayed as described for Magne- 
stum Oxide. Eaeh cc. of normal sulfuric acid is equivalent to 29.17 
mg. of (MgOH).. 

Average Dose—0.3 Gm. (approximately 5 grains) of 
Magnesium Hydroxide. 


MAGNESIUM OXIDE U. S. P. 
[Mag. Oxid.—Magnesia, Light Magnesia, Calcined Magnesia, Sp. 
Oxido de Magnesio, Oxido Magnésico Ligero, Magnesia Ligera] 

Magnesium oxide contains, after ignition, not less 
than 96 per cent of MgO (40.32). 
Preparation—Magnesium Carbonate is exposed to a 
red heat, carbon dioxide and water are expelled, and 
magnesium oxide is left: 
(MgCOs3)4.Mg(OH)z + 5H2O — 5MgO + 4CO2g + 6H20 


magnesium carbonate Magnesium carbon water 
oxide dioxide 


The Light Oxide is obtained from the light carbonate 
and the Heavy oxide from the heavy carbonate. 


Magnesii Oxidum 


water 


Description and Properties—Magnesium Oxide occurs as a very 
bulky, white powder. It readily absorbs moisture and carbon di- 
oxide when exposed to air. Its solution in acid responds to the 
identification reactions for magnesium. 

Solubility—It is practically insoluble in water to which, however, 
it imparts an alkaline reaction, insoluble in alcohol, and soluble in 
dilute acids. 

Tests for Purity— 

Loss on ignition—When ignited in a platinum crucible the loss in 
weight amounts to not more than 10 per cent. 

Alkali hydroxide or carbonate and soluble salts—Two Gm. of Mazgne- 
sium Oxide is boiled with 100 ec. of water for 5 minutes in a covered 
beaker, then filtered while hot. When cool, a 50-ce. portion of the 
filtrate is titrated with tenth-normal sulfuric acid, using methyl red 
T.S. as the indicator. Not more than 2 cc. of the acid is consumed 
(corresponding to 0.8 per cent as NaOH). A 25-cc. portion of the 
filtrate is evaporated to dryness, dried at 120° for 3 hours, and 
weighed. The weight of the residue is not more than 10 mg. 

Arsenic limit—12.5 parts per million. 

Calcium oxide—-Not more than 1.5 per cent. It is determined by 
the method described under Magnesium Carbonate, using about 0.4 
Gm. of the freshly ignited oxide, accurately weighed. 

Heavy metals lamit—40 parts per million. 

Assay—About 0.5 Gm. of Magnesium Oxide is ignited to constant 
weight in a tared platinum crucible. The residue is accurately 
weighed, dissolved in 30 ce. of normal sulfuric acid, and the residual 
acid is determined by titrating with normal sodium hydroxide, using 
methyl orange T.S. as the indicator. From the volume of the normal 
sulfuric acid consumed is deducted the volume of normal sulfuric acid 
corresponding to the content of calcium oxide in the Magnesium 
Oxide taken for the assay. The difference is the volume of normal 
sulfuric acid equivalent to the Magnesium Oxide present. Each ec. 
of norraal sulfuric acid is equivalent to 20.16 mg. of MgO or to 28.04 
mg. of CaO. 

Storage—Keep Magnesium Oxide in tight containers. 
Incompatibilities—Magnesium Oxide hydrates slowly in contact with 
moisture and, in the presence of a limited amount of water, sets to a 
mass of cement-like hardness. In liquid mixtures, glycerin is fre- 


-quently used to overcome this tendency. Although Magnesium 


Oxide has been recommended as a diluent for liquéefying ingredients 
in capsules, it may be objectionable due to the formation of a concrete 
mass. Magnesium carbonate is sometimes more satisfactory for the 
purpose, 


Uses—Magnesium Oxide is a popular non-systemic 
gastric antacid. It is sometimes employed as a cathar- 
tic. Either the light or heavy form may be employed. 
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Light magnesia is preferable to the heavy for admin- 
istration in liquids, because, being a finer powder, it 
suspends more readily. 

Average Dose—Antacid, 0.25 Gm. (approximately 4 
grains). Laxative, 4 Gm. (approximately 1 drachm). 


HEAVY MAGNESIUM OXIDE U. S. P. 
Oxidum Ponderosum 


Magnesii 


{Mag. Oxid. Pond.—Heavy Magnesia, Heavy Calcined Magnesia 
Sp. Oxido de Magnesio Pesada, Magnesia Pesada] 
’ Heavy Magnesium Oxide contains, after ignition, not 
less than 96 per cent of MgO (40.32). 
Preparation—Heavy Magnesium Oxide is usually 
prepared by calcination of the heavy carbonate. It 
may also be made by calcining magnesium hydroxide, 
now an article of «ommerce. Magnesium Oxide is 
rendered less bulky by trituration. 
Description and Properties—Heavy Magnesium Oxide is a white, 
relatively dense powder, having a bulk about one-fourth that of the 
light magnesia. It possesses the other properties and complies with 


the Tests for Purity and Assay requirements given under Magnesium 
Oxide. 


Storage—Keep Heavy Magnesium Oxide in tight containers. 

Uses—Heavy Magnesium Oxide is preferable to the 
‘ordinary magnesium oxide on account of its density, 
particularly when administered as such or in powders. 
This often permits a decrease in bulk of the dose in the 
ratio of nearly four to one. 

Average Dose—Antacid, 0.25 Gm. (approximately 4 
grains). Lazative, 4 Gm. (approximately 1 drachm). 


TRIBASIC MAGNESIUM PHOSPHATE N. F. 
Magnesii Phosphas Tribasicus 


{Mag. Phos. Tribas.—Sp. Fosfato de Magnesio Tribdsico] 


Tribasic Magnesium Phosphate [Mg3(PO4)2.5H2O0 = 
353.00], when ignited to constant weight, contains not 
less than 98 per cent of anhydrous magnesium phosphate 
[Mgs(PO4)2 = 262.92]. 

Preparation—It is made by the interaction of aqueous 
solutions of tribasic sodium phosphate with magnesium 
sulfate or chloride, thus: 


2NasPO4 + 3MgSO4 —> Mgs3(PO.)o + 3Na280O4 
tribasic magnesium tribasic sodium 
sodium sulfate magnesium sulfate 
phosphate phosphate 


The precipitate of Tribasic Magnesium Phosphate is 
washed with water until practically free of sulfate and 
dried at a low temperature. 


Description and Properties—Tribasic Magnesium Phosphate is a 
white, odorless, and tasteless powder. 

Solubility—Tribasic Magnesium Phosphate is almost insoluble in 
water but is readily soluble in diluted mineral acids. 

Tests for Purity— 

Loss on ignition—Not less than 20 per cent and not more than 27 
per cent. 

Acid-insoluble substances—Not more than 0.2 per cent. 

Soluble salts—Not more than 1.5 per cent. 

Chloride—Not more than 0.015 per cent as Cl. 

Nitrate—The test for nitrate is made by dissolving 200 mg. of the 
Phosphate in water and adding just sufficient hydrochloric acid to 
make 10 cc., 0.1 cc. of indigo carmine T.S., and 10 cc. of sulfuric acid. 
The blue color of the indigo carmine should not disappear in 5 minutes. 
If nitrate is present, the indigo is decolorized, due to its oxidation by 
the nitrate. 

Sulfate—Not more than 0.6 per cent as SO4. 

Arsenic limit—10 parts per million. 

Barium—Addition of potassium sulfate T.S. to a solution of 200 mg. 
of the Phosphate in 5 cc. of water and just sufficient hydrochloric acid 
to dissolve it produces no turbidity in 15 minutes. 

Calcium—A mixture of 500 mg. of the Phosphate and 15 ce. of 
water is heated and sufficient hydrochloric acid is added in small por- 
tions to dissolve the salt. After cooling the solution, ammonia T.\S. is 
added until a slight permanent precipitate is produced, then 2 cc. of 
acetic acid is added. The solution is diluted with water to 25 cc., 


and filtered. To 10 cc. of the filtrate (about 200 mg. of the salt) 
ammonium oxalate is added. Not more than a slight turbidity is 
produced in 5 minutes. 

Heavy metals limit—30 parts per million. 

Dibasic salt and magnesium oxide—The test for these is made as de- 
scribed under T’ribasic Calcium Phosphate. Not less than 14.8 and 
not more than 15.4 ce. of the normal acid is consumed for each Gm. of 
the ignited salt. 

Assay—About 200 mg. of the ignited salt is dissolved in a few ec. of 
nitric acid, diluted with about 100 cc. water, and the assay carried 
out as described for Aluminum Phosphate Gel. Each ce. of normal 
sodium hydroxide consumed corresponds to 5.716 mg. of Mg3(PO4)e. 


Uses—Tribasic Magnesium Phosphate is an antacid 
used like tribasic calcium phosphate. It has the advan- 
tage over the alkaline hydroxides and carbonates in 
that, being insoluble, it neutralizes the excess acid of 
the stomach but produces no excess alkalinization of 
the system. It has a mild laxative action. 

Average Dose—1! Gm. (approximately 15 grains). 


Tribasic Magnesium Phosphate Tablets N. F. 
Tabelles Magnesii Phosphatis Tribasici 
[Tab. Mag. Phos. Tribas.—Sp. Tabletas de Fosfato de Magnesio 
Tribasico] 
Tribasic Magnesium Phosphate Tablets contain not 


less than 93 per cent and not more than 107 per cent 
of the labeled amount of Mgs(PO4)2.5H.O. 


Description and Properties—The Tablets, after being powdered and 
ignited to destroy organic matter (starch, etc.), respond to the identi- 
fication reactions for magnesium and phosphate. The ignited powder 
also meets the requirements for Soluble salts and Calcium given under 
Tribasic Magnesium Phosphate, allowance being made for the water 
(about 25 per cent) lost from the Phosphate by the ignition. 
Assay—A counted number of the Tablets is weighed and reduced to a 
fine powder without appreciable loss. A quantity of, the powder 
equivalent to about 250 mg. of tribasic magnesium phosphate is 
weighed and ignited at a low temperature, taking care to avoid any 
loss. The cooled residue is dissolved by warming with 5 cc. of nitric 
acid and 10 cc. of water, filtered, the residue well washed with hot 
water, and the phosphate determined in the filtrate as described in 
the assay of Aluminum Phosphate Gel (page 440). Each cc. of normal 
peda hydroxide consumed corresponds to 7.674 mg. of Mg3(PO4)9.- 
5H20. 


Average Dose—! Gm. (approximately 15 grains) of 
Tribasic Magnesium Phosphate. 


MAGNESIUM SULFATE U. S. P. Magnesii Sulfas 
[Mag. Sif tpaonh Salt, Sp. Sulfato de Magnesio, Sal de Epsom] 


Magnesium Sulfate [MgSO..7H.2O = 246.49], when 
rendered anhydrous by ignition, contains not less than 
99.5 per cent of MgSO,. It contains not less than 40 
per cent and not more than 52 per cent of water. 

History—This salt, which at one time sold for a 
shilling an ounce, was first obtained from the celebrated 
spring at Epsom, the English Spa, hence the common 
name. In continental Europe it is frequently called 
Sezdlitz Salt, because it is the principal active constitu- 
ent in the Seidlitz Spring of Germany. In America it 
has been called Crab Orchard Salt, because it was ob- 
tained from the waters of a spring by that name in 
Kentucky. ; 

Preparation—This well-known and widely used salt 
can be prepared by neutralizing sulfuric acid with 
magnesium carbonate or oxide. The magnesium car- 
bonate used for this purpose is the natural magnesite. 


MgCO3 + H2SO04 ne MgSO4 + COzg + H20 
magnesite sulfuric magnesium carbon water 
acid sulfate dioxide 


This process is no longer employed, being too expensive. 


to compete with the product obtained from mineral de- 
posits. Magnesium sulfate in the form of double salt 
with alkali metals occurs abundantly in several mines, 
and these form the largest source for the salt. It is also 


\ 
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produced in large quantities from the magnesium salts 


~ occurring in the brines used for extraction of bromine. 


The “liquors” after the removal of bromine are treated 
with milk of lime, thus precipitating the magnesium 
salt as the hydroxide. Sulfur dioxide and air are passed 
into an aqueous suspension of the magnesium hydroxide, 
yielding Magnesium Sulfate. 


DIENT )3- + 4 80,5 +) O11 > MgsO.’ + H20 
magnesium sulfur oxygen magnesium water 
hydroxide dioxide sulfate 


Description and Properties—Magnesium Sulfate occurs as small, 
colorless crystals, usually needle-like, and has a cooling, saline, and 
bitter taste. It effloresces in warm, dry air. At 100° it loses 5 

olecules of its water. The aqueous solution is neutral. It responds 
to the identification reactions for magnesium and sulfate. 

Solubility—One Gm. is soluble in 1 ec. of water and is slowly soluble 
in about J cc. of glycerin. It is soluble in 0.2 cc. of boiling water and 
sparingly soluble in alcohol. 
Tests for Purity— 

Loss on ignition (water)—Not less than 40 per cent and not more 
than 52 per cent (theoretical—51.2 per cent). 

Chloride—Not more than 0.014 per cent as Cl. 

Arsenic limit—6 parts per million. 

Heavy metals limit—10 parts per million. 
Assay—About 200 mg. of ignited Magnesium Sulfate obtained in the 
test for Loss on drying is accurately weighed, dissolved in 100 ce. of 
water and 2 ce. of hydrochloric acid is added. An excess of sodium 
phosphate T.S. (about 20 ce.) is gradually added with constant stir- 
ring, allowed to stand for 10 minutes, then 40 cc. of stronger ammonia 
T.S. is added, and allowed to stand for 4 hours. A white precipitate 
of magnesium ammonium phosphate is formed: 


MgSO. + NasHPO. + NHs — MgNHz4PO4 + NaoSO«4 


magnesium sodium ammonia magnesium sodium 
sulfate phosphate ammonium sulfate 
phosphate 


This precipitate is slightly soluble in water, but is insoluble in 24 per 
centammonia. The precipitate is filtered and washed with a mixture 
of 1 volume of ammonia T.S. and 3 volumes of distilled water until 
free from sulfate, then dried and ignited to constant weight, thus con- 
verting it to magnesium pyrophosphate: 


heat 
2MgNH.4PO,4 Sepa ee MgeP207 + 2NH3 + H20 
magnesium magnesium ammonia water 
ammonium pyrophosphate 
phosphate 


The weight of the magnesium pyrophosphate [Mg2P20¥7], multiplied 
by 1-082, indicates the equivalent weight of MgSOq. 

Storage—Keep the Salt in well-closed containers. 
Incompatibilities—Addition of alcohol may cause a precipitation of 
Magnesium Sulfate from an aqueous solution. Alkali hydroxides 
form insoluble magnesium hydroxide, alkali carbonates form a basic 
carbonate, and the salicylates form a basic salicylate. Arsenates, 
phosphates, and tartrates may cause precipitation of the corresponding 
magnesium salts. See also Sulfates (page 1188). 


Uses—Magnesium Sulfate is an effective and widely 
employed saline cathartic. The cathartic action re- 
sults from the fact that Magnesium Sulfate is not ab- 
sorbed from the intestinal tract, and thus retains suf- 
ficient water within the lumen of the bowel to make an 
isotonic solution. In the event that the salt is given 
in hypertonic solution, the source of water would be 
the body fluids, and thus a dehydrating action is ex- 
erted. The average oral dose of 15 Gm. retains ap- 
proximately 400 cc. of water. It is the increased bulk 
which promotes the motor activity of the bowel. If 
dissolved in iced water, its nauseous taste is not so per- 
ceptible as when water ‘of ordinary temperature is used; 
it may be still further disguised by the use of orange 
juice. 

A cold, wet compress of saturated Magnesium Sulfate 
solution in water has been employed in the treatment 
of such skin disorders as erysipelas. Hot concen- 
_ trated, aqueous solutions of Magnesium Sulfate (about 
oe | ound per pint of water) are sometimes used in the 
treatment of deep-seated infections, cloths being satu- 
rated and applied while hot. The action is much like 
that of a poultice. 

“Magnesium Sulfate is used industrially for weigh- 

ing silk and cotton, in dyeing and printing calico, in 
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fire-proofing fabrics, and in the manufacture of other 
magnesium salts. 
Average Dose—15 Gm. (approximately 4 drachms). 


Magnesium Sulfate Ampuls N. F. Ampulle Magnesii 
Sulfatis 
[Ampul. Mag. Sulf.—Magnesium Sulfate Injection, Sp. Inyeccién de 
Sulfato de Magnesio] 

Magnesium Sulfate Ampuls contain a sterile solution 
of magnesium sulfate in Water for Injection and yield 
anhydrous magnesium sulfate [MgSO.4] equal to not less 
than 46 per cent and not more than 53 per cent of the 
labeled amount of MgSO,4.7H.O. 

Preparation—The magnesium sulfate is dissolved in 
water for injection, and the solution, suitably filtered 
until free from suspended matter, is placed in cleansed 
ampuls, these are sealed, and sterilized, preferably by 
Process C (page 121), or by any other adequate and 
suitable method of sterilization. They are finally tested 
for sterility according to the Sterility Test for Liquids 
(page 126). 

Since the water of hydration content of magnesium 

sulfate may vary sufficiently to be troublesome in making 
solutions of required concentration, some operators have 
found it advisable to prepare solutions slightly stronger 
than required and to have these assayed promptly, 
thereafter making up the final volume of the exact 
strength desired according to the assay results. The 
stock solution, in the meantime, is kept under refrigera- 
tion to protect it. 
Assay—An accurately measured volume of the ampul solution, equiv- 
alent to about 250 mg. of magnesium sulfate is diluted with 100 ec. 
of water, 2 ce. of hydrochloric acid is added, and the assay is continued 
as described under Magnesium Sulfate, beginning with ‘‘An excess of 
sodium phosphate T.S.” 

Uses—Magnesium sulfate has been used as a central 
depressant, especially in convulsive syndromes. In 
eclampsia, the usual dose is 10 cc. of a 25 per cent solu- 
tion given intramuscularly, and repeated in 5-ce. 
amounts every half hour until relief is obtained. The 
symptoms of tetanus can be relieved by parenteral 
injections of magnesium sulfate, and it has been em- 
ployed in obstetrical anesthesia to augment the action 
of general anesthetics, but one must constantly guard 
against respiratory failure when using the salt as a cen- 
tr ral and neuromuscular depressant. 

Average Dose—I Gm. (approximately 15 grains) of 
Magnesium Sulfate. 


MAGNESIUM TRISILICATE U. S. P. Magnesii 
Trisilicas 
[Mag. Trisil. —Hydrated Magnesium Silicate, Sp. Trisilicato de 
Magnesio] 


Magnesium Trisilicate [2MgO.38i02.nH.2O] contains 
not less than 20 per cent of magnesium oxide [MgO] and 
not less than 45 per cent of silicon dioxide [SiOg]. 

Preparation—Magnesium Trisilicate is produced by 
precipitating a solution of sodium silicate of the proper 
composition [Na.SigOs, or having a ratio of Na2O to 
SiOz = 1:1.5] with a solution of magnesium chloride 
or sulfate. 


NaaSigOg + 2MgS0O4 7 MgeSigOg + 2Na2804 
sodium magnesium magnesium sodium 
silicate sulfate trisilicate sulfate 


The precipitate of the Magnesium Trisilicate is filtered, 
washed, and dried at a low temperature. : 


Description and Properties—Magnesium Trisilicate is a ane, white, 
odorless, tasteless powder, free from grittiness. Its suspension is 


| 
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neutral or only slightly alkaline to litmus. It yields the identifica- 
tion reactions for silicates, and when it is digested with diluted hydro- 
chloric acid and filtered the filtrate yields the reactions for magne- 
sium. 3 ; : 

Solubility—It is almost insoluble in. water and in alcohol but is 
readily decomposed by mineral acids with the liberation of silicic 
acid. 


Tests for Purity— 
Loss on ignition (water)—Not more than 34 per cent. 


Soluble salts—Not more than 1.5 per cent. 

Free alkali—Not more than 0.4 per cent as NaOH. 

Chloride—Not more than 0.5 per cent as Cl. 

Sulfate—Not more than 0.5 per cent as SO4. 

Arsenic limit—10 parts per million. 

Heavy metals limit—30 parts per million. 

Acid-consuming capacity—A bout 200 mg. of Magnesium Trisilicate 
is accurately weighed into a 125-cc. glass-stoppered flask. Exactly 
30.ce. of tenth-normal hydrochloric acid and exactly 20 cc. of dis- 
tilled water are added. The flask is placed in a bath maintained at 
37° and shaken occasionally during a period of 4 hours, leaving the 
mixture undisturbed during the last 15 minutes of the heating period. 
The flask is removed from the bath, and with a pipette exactly 25 cc. 
of the supernatant liquid is withdrawn, and the excess acid in this 25- 
ec. portion is titrated with tenth-normal sodium hydroxide, using 
methyl orange T.S. as-the indicator. One Gm. of Magnesium Tri- 
silicate, calculated on thé anhydrous basis, consumes not less than 140 
ce. and not more than 160 cc. of tenth- normal hydrochloric acid. 
Assays for Magnesium Oxide and Silicon Dioxide—Consult the 
U. 8. P. XIII for these assays. The U.S. P. also requires that the 
quotient (ratio) obtained by dividing the per cent of the silicon di- 
oxide by that of the magnesium oxide should be not less than 2.10 
and not more than 2.30. 


Uses—Magnesium Trisilicate was introduced into 
medicine as a non-systemic gastric antacid in 1936 by 
Mutch. It is one of the most effective of adsorbents 
and thus has a greater field of usefulness than a simple 
chemical antacid. The drug is completely innocuous 
when taken by mouth and its neutralizing action is eis 
longed for many hours after ingestion. 

Average Dose—1! Gm. (approximately 15 grains). 


Magnesium Trisilicate Tablets U. S. P. Tabellee 


Magnesii Trisilicatis 
[Tab. Mag. Trisil— Sp. Tabletas de Trisilicato de Magnesio] 


For making the tests prescribed by the U. S. Pharma- 
copceia, a counted number of the tablets is weighed and 
reduced to a powder, all of which passes through a 200- 
mesh sieve. 


Description and Properties—The filtrate obtained by digesting some 
of the powdered tablets with hydrochloric acid responds to the iden~ 
tification reactions for magnesium, and after ignition (to remove starch 
and other organic compounds which due to carbonization would in- 
terfere) responds to the ‘‘bead”’ reaction for silicate. 

Tests for Purity and Efficiency—Magnesium Trisilicate Tablets con- 
form to the limit for Free alkali, and to the tests for Acid-consuming 
capacity, given under Magnesium Trisilicate with the following 
modification: 

In the test for Acid-consuming capacity the volume of tenth-normal 
hydrochloric acid consumed per Gm. of magnesium trisilicate present 
in the tablets is not less than 85 cc. and not more than 110 cc. This 
modification is necessary because of the presence of diluents, etc., in 
the tablets, and also to allow for reasonable variations in the quantity 
of trisilicate per tablet. 


Average Dose—I Gm. (approximately 15 grains) of 
Magnesium Trisilicate. 


Unofficial Inorganic Magnesium Compounds © 


Magnesium Ammonium Phosphate [Mg(NH4)PO4.6H20]—White 
powder, soluble in about 7700 parts water, soluble in dilute acids. 
Use: gastric antacid. 

Magnesium Bromide [MgBrg.6H 2g0]—Colorless or white, very deli- 
quescent crystals or granules. Soluble in about 0.3 part water; 
soluble in aleohol. Uses: asedative in nervous insomnia, hysteria, 
tetanus, epilepsy, etc. Dose: 0.6 to 1.3 Gm. (10 to 20 grains). 

Magnesium Chloride N. F. V [MgCl2.6H20]—Colorless, crystals or 
white, translucent pieces; deliquescent in moist air. Very soluble 
in water, freely soluble in alcohol. Uses: a mild cathartic and a 
hardener for floor cements. Dose: 15 Gm. (4 drachms). 

Magnesium Glycerophosphate [MgC3H5(OH)2PO4]—White, odor- 
less powder. Slightly soluble in water, insoluble in alcohol. The 
article of commerce contains 30 to 40 per cent sodium glycero- 
phosphate to render it readily soluble. Uses: same as for Cal- 
cium or Sodium Glycerophosphate. Dose: 0.2 to 0.6 Gm. (3 to 
10 grains). 

Magnesium Iodide [MgI2.8H20]—A white, deliquescent crystalline 
powder. Soluble in water with gradual decomposition; _ freely 
soluble in alcohol. Use; Alterative. Dose: 0.12 to 0.6 Gm. (2 


to 10 grains). 
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Magnesium Nitrate [Mg(NOg)2.6H 20]—Colorless, clear, deliquescent 
crystals. Soluble in 0.8 part water; freely soluble in alcohol, 
Use: Reagent and pyrotechnic. 


Magnesium Perchlorate [Mg(ClO4) 2l—White, very hygroscopic, 
granular or flaky powder. Soluble in water with evolution pt much 
heat. Uses: a drying agent for gases and liquids. 


Magnesium Silicate—Several forms of magnesium silicate occur in 
nature among which are the minerals asbestos, meerschaum, talc, and 
serpentine. ‘They are white when pure, but are usually colored by 
impurities. They are insoluble in water. The official magnesium 
trisilicate has the same composition as meerschaum. 


Magnesium Sulfite [MgSO3.6H20]—A white, crystalline powder, 
soluble in water; gradually changing to the sulfate on exposure to 
air. Uses: a cathartic and antiseptic. Dose: 0.6 to 4 Gm. (10 
to 60 grains). 


Inorganic Magnesium Specialties ; 


Belnesium (Haskell)—Tablets containing 454 mg. magnesium tri- 
silicate, 0.01 mg. atropine sulfate, 0.05 mg. hyoscyamine hydro- 
bromide, and 8.1 mg. phenobarbital. Uses: adsorbent, antacid, 
Soe pa Oa, and sedative. Dose: 2 or 3 tablets 3 or 4 times 

aily 

Enterosan (Hurley)—White powder containing magnesium trisilicate, 
kaolin, karaya gum, lactose, 16 per cent pectin, and oil of pepper- 
mint. Uses: 
Dose: 2 teaspoonfuls stirred into milk or water. 


Ferrinesia (Merrell)—Palatable emulsion, each fluidounce containing 
60 gr. magnesium trisilicate, 4 gr. ferric hydroxide, 0.04 per cent oil 
of peppermint, glycerin, and mineral oil. Uses: antacid, adsorb- 
ent, astringent, demulcent, and hematinic. Dose: 2 to 4 tea- 
spoonfuls 30 minutes before meals and at bedtime. 

Glycerite Magnesium Sulfate (Upsher Smith)—Hypertonic solution 
containing 40 per cent magnesium sulfate with glycerin, in a lubri- 
cating base containing 0.1 per cent chlorothymol. Uses: anti- 
phlogistic. 

Kamadrox (Massengill)—Powder or tablets, each tablet containing 4 
gr. magnesium trisilicate, 2 gr. aluminum hydroxide, and 2 gr. 
colloidal kaolin; and the powder containing 50 per cent magnesium 
trisilicate, 25 per cent aluminum hydroxide, and 25 per cent col- 
loidal kaolin. Uses: antacid, adsorbent, and demulcent. Dose: 
4 ts, or 1 to 2 teaspoonfuls of powder with water 3 or 4 times 

aily 

Kamag (Cole)—Powder or tablets, each tablet containing 4 gr. magne- 
sium trisilicate, 2 gr. aluminum hydroxide, 2 gr. kaolin, oil of orange, 
and saccharin; and the powder containing 50 per cent magnesium 
trisilicate, 25 per cent aluminum hydroxide, and 25 per cent kaolin. 

Uses: antacid, adsorbent, and protective. Dose: 2 tablets or 
14 to 44 level teaspoonful of powder. 

Kamagal (High)—Tablets, containing 4 gr. magnesium trisilicate, 2 gr. 
aluminum hydroxide, and 2 gr. colloidal kaolin. Uses: antacid, 
adsorbent, and protective. Dose: 1 or 2 tablets, chewed and fol- 
lowed with water. 

Kaonate (Schieffelin)—Powder containing magnesium hydroxide, 
magnesium trisilicate, calclum carbonate, kaolin, and oils of cassia 
and peppermint. Uses: antacid and adsorbent. Dose: 1 tea- 
spoonful of powder in water after each meal and on retiring. 
Kaonate with Aluminum Hydroxide—Powder or tablets containing 
Kaonate and dried aluminum hydroxide gel, One tablet is equal 
to 1 teaspoonful of powder. 

Macalbis Aromatic Powder (Zemmer)—Powder, each level teaspoon- 
ful containing 10 gr. magnesium oxide, 2 gr. bismuth subcarbonate, 
14 gr. calcium carbonate, and aromatics. Uses: antacid. Dose: 
1 teaspoonful in water. 

Macarbo with Bismuth (MecNeil)—Powder containing 43 per cent 
magnesium carbonate, 14 per cent bismuth subcarbonate, 43 per 
cent calcium carbonate, and aromatics. Uses; antacid, astrin- 
sone, and carminative. Dose: 1 to 2 teaspoonfuls with water every 

ours. 

Macasol (Nepera)—Ampuls (2 cc.), each containing 5 gr. magnesium 
gluconate, 101g gr. magnesium sulfate, 140 gr. calcium sulfate, 
and 14900 gr. copper sulfate (preservative). Uses: diagnostie 
agent for measuring circulation time. Dose: 2 ec. intravenously. 


Magmasil (Leeming)—An aqueous suspension of 20 per cent finely 
divided hydrated magnesium trisilicate. Uses: antacid, adsorb- 
ent, and demulcent. Dose: 2 to 4 teaspoonfuls 3 times daily. 


Magne-Glyco Paste (Breon)—Paste containing 30 per cent magne- 
sium sulfate, 2 per cent bentonite, 4 per cent boric acid, 10 per cent 
glycerin, 20 per cent colloidal kaolin, 33 per cent propylene glycol, 
and aromatics. Uses: antiphlogistic. 

Magnex (McKesson)—Powder containing magnesium trisilicate, bis- 
muth subcarbonate, precipitated calcium carbonate, colloidal kao- 
lin, sodium bicarbonate, and aromatic oils. Uses: antacid 
Dose: 1 teaspoonful stirred into water every 2 to 4 hours. 

Magoleum (Blue Line)—Emulsion containing 50 per cent magnesia 
magma and 50 per cent mineral oil. Uses; laxative. Dose: 1 
tablespoonful at bedtime. 

Magphenat (High)—Tablets containing 7}4 gr. magnesium trisilicate, 
Mooo gr. atropine sulfate, and }g gr. phenobarbital. Uses; ant- 
acid, adsorbent, antispasmodic, and sedative. Dose: 1 or 2 tab- 
lets 3 times daily. 

Magsorbent (Fougera)—Powder or tablets containing hydrated mag- 
nesium trisilicate. Uses: antacid, adsorbent, and demulcent. 
Dose: 1 to 2 teaspoonfuls of powder in water, or 1 to 3 tablets 
chewed. 

Malcogel (Upjohn)—A colloidal suspension, each fluidounce contain- 
ing 60 gr. magnesium trisilicate, and 30 gr. aluminum hydroxide. 
Uses: antacid. Dose; 1 to 2 teaspoonfuls. j 


antacid, adsorbent, demulcent, and protective.. 
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Malcotabs (Upjohn)—Tablets containing 5 gr. magnesium trisilicate 


and 10 gr. aluminum hydroxide. Uses: antacid. Dose: 1 to 2 
tablets. 
Matrobarb (C. D. Smith)—Tablets containing 7 gr. magnesium 


trisilicate, 44 gr. phenobarbital, and 
Uses: antacid, 
1 or 2 tablets. 

Nergestic (Massengill)—Tablets containing 744 gr. magnesium tri- 
silicate, 4600 gr. atropine sulfate, and 3 gr. phenobarbital. Uses: 
antacid, antispasmodic, demulcent, and sedative. Dose: 1 to 3 
tablets 3 or more times daily with meals. 

Osmopak (Irwin, Neisler)—Water-miscible ointment containing 58 
per cent magnesium sulfate, 0.5 per cent benzocaine, and 1:25,000 
brilliant green. Uses: antiseptic, astringent, and dehydrating 
agent for cervicitis, etc. 

Oxycaine (Strasenburgh)—Tablets containing 4 gr. light magnesia, 
14 gr. benzocaine, 2 gr. bismuth subcarbonate, and 1 gr. cerium 
rate, Uses: ‘antacid and sedative. Dose: 1 or 2 tablets after 
meals. 

Pulvis Alkantis (Lafayette)—Powder, each drachm containing magne- 
sium carbonate, bismuth subcarbonate, calcium carbonate, 4 gr. 
cerium oxalate, and aromatics. Uses: antacid. Dose: 1 tea- 
spoonful in water 3 times daily on empty stomach. 

Salithia (Abbott)—Effervescent powder, 1 heaping teaspoonful (90 
gr.) containing 54 gr. magnesium sulfate, 3450 gr. colchicine, and 
416 gr. lithium carbonate. Uses: laxative. Dose: 1 to 2 heaping 
teaspoonfuls in water. 

Silmacol (Amfre)—Powder, capsules (8 gr.), or tablets (8 gr.) contain- 
ing 50 per cent magnesium trisilicate, 25 per cent aluminum hydrox- 
ide, and 25 per cent colloidal kaolin. Uses; antacid, adsorbent, 
and demulcent. Dose: 1 to 2 teaspoonfuls of powder, or 2 to 3 
capsules or tablets between meals. 

Silmium (Merrell)—Pleasantly flavored powder containing hydrated 
magnesium trisilicate. Uses: antacid, adsorbent, and demulcent. 
Dose: 1 teaspoonful in water or milk 3 times daily between meals. 

Silumagel (Rorer)—Liquid, each fluidounce containing 40 gr. magne- 
sium trisilicate in a 4 per cent suspension of aluminum hydroxide. 
Uses: antacid, adsorbent, and demulcent. Dose: 2 teaspoonfuls 
in water after meals. 

Sitrimin (Hart Drug)—Powder or tablets, each teaspoonful of powder 
containing 20 gr. magnesium trisilicate, 10 gr. colloidal kaolin, oil 
of peppermint, and saccharin; and each tablet containing Y gr. 
magnesium trisilicate, 314 gr. colloidal kaolin, oil of peppermint, 
and saccharin. Uses; antacid and adsorbent. Dose: 1 teaspoon- 

or 2 to 3 tablets chewed and followed by 


: 4400 gr. atropine sulfate. 
adsorbent, antispasmodic, and sedative. Dose: 


ful of powder in water, 
water. 
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Triatal (Warren-Teed)—Tablets containing 5 gr. magnesium trisili- 
cate, ooo gr. atropine sulfate, and {o gr. phenobarbital. Uses: 
antacid, antispasmodic, and sedative. Dose: 1 to 4 tablets 34 tol 
hour before meals. 

Trilox (Blue Line)—Liquid, each fluidounce containing 75 gr. magne- 
sium trisilicate and 74% gr. dried aluminum hydroxide gel. Uses: 
antacid, adsorbent, demulcent, and protective. Dose: 1 to 3 
tablespoonfuls in water. 

Trimagnol (Patch)—Tablets containing 714 gr. magnesium trisilicate, 
powdered elm bark, and 614 mg. vitamin C. Uses: antacid, ad- 
pO pene: and demulcent. Dose: 4 tablets 3 times daily between 
meals. 

Trimax (Stearns)—Powder or tablets (10 gr.) containing hydrated 
magnesium trisilicate. Uses: antacid, adsorbent, antipeptic, and 
antitoxic. Dose: 1 rounded teaspoonful of powder in water, or 2 
(10 gr.) tablets chewed, between meals. 

Trinesium (Abbott)—Tablets containing 744 gr. hydrated magnesium 
trisilicate. Uses: antacid, adsorbent, and demulcent. Dose: 2 
to 8 tablets before meals. 

Milk of Trinesium—Liquid, each fluidounce containing 60 gr. 
magnesium trisilicate and 6 gr. aluminum hydroxide. Dose: 1 to 
4 teaspoonfuls. 

Triophen with Atropine Sulfate (Vale)—Tablets containing 7 gr. mag- 
nesium trisilicate, 00 gr. atopine sulfate, and }4 gr. phenobarbi- 
tal. Uses: antacid, adsorbent, and antispasmodic. Dose: 1 
tablet every 3 hours between meals. 

Trisidonna (Rorer)—Tablets containing 7}4 gr. magnesium trisilicate, 
1 gr. activated charcoal, and }{2 gr. extract belladonna. Uses: 
antacid, adsorbent, and antispasmodic. Dose: to 4 tablets after 
meals. 

Tri-Sil (Warren-Teed)—Powder or tablets (10 gr.) containing magne- 
sium trisilicate. Uses: antacid, adsorbent, and demulcent. 
Dose: 1 to 2 teaspoonfuls of powder in water, or 1 to 4 tablets, 
before meals. 

Milk of Trisil—Liquid, each fluidounce containing 80 gr. magne- 
sium trisilicate suspended in an aromatic vehicle. Dose: 1 to 4 
teaspoonfuls in water. 

Trisima (Bischoff)—Tablets (714 gr.) containing magnesium trisilicate. 
Uses: antacid, adsorbent, and demulcent. Dose: 1 or 2 tablets 

Trisogel (Lilly)—Capsules (pulvules) containing 43% gr. magnesium 
trisilicate and 114 gr. desiccated aluminum hydroxide gel. Uses: 
antacid, adsorbent, and demulcent. Dose: 1 to 3 pulvules after 
meals. 

Trisomin (Lilly)—Capsules (pulvules, 5 gr.) or tablets (734 gr.) con- 
taining magnesium trisilicate. Uses; antacid, adsorbent, and 
demulcent. Dose: 15 to 60 gr. before meals. 


CHAPTER LII 


ZINC, MANGANESE, NICKEL, AND COBALT 


THESE MPTALS are grouped together on account of 
several chemical analogies existing between them. 


Zinc—Zn = 65.38 (At. no. 30) 


History and Occurrence—The name zinc is derived 
from zinken, a word used by Paracelsus who regarded 
the element as a semi-metal. Although the alloy of 
zinc and copper called brass was known to the Romans, 
the metal zine does_not appear to have been separated 
and described until the sixteenth century. Its identity 
was a mystery for several centuries. Paracelsus 
thought it was a form of copper, others thought it was 
altered mercury, tin, or bismuth. 

Zine occurs in nature in the form of various minerals, 
such as smithsonite, which is an impure zine carbonate; 
zinc blende or sphalerite, which is zinc sulfide; calamine 
and willemite, which are zinc silicates; and zincite, 
which is zine oxide. It is not found in the free state. 

Preparation—Zinc metal is obtained from its oxide 

and carbonate ores by heating them with charcoal. 
The liberated zinc distils and the vapors condense. 
Zine blende is first roasted to convert it into the oxide 
which is then reduced to the metal by heating with 
charcoal. A very pure grade of zinc is made by elec- 
trolysis. 
Description and Properties—Zinc is a bluish white metal showing a 
crystalline fracture. It is available in the form of ingots, sheets, 
sticks, shot, and powder (‘‘dust’’). It is harder than silver but softer 
than copper. It has a specific gravity of 7.14. It melts at 419°, and 
boils at 907°. Zine is stable in dry air but in moist air it becomes 
covered with a coating of basic zinc carbonate. When pure, it is 
very slowly acted upon by diluted sulfuric or hydrochloric acids; the 
presence of a small amount of another metal, ¢. g., copper, tin, and 
lead, increases the action of these acids. It is readily soluble in solu- 
tions of the fixed alkali hydroxides with the evolution of hydrogen. 
It is slowly dissolved by ammonia water. 

Zinc is divalent and readily combines with oxygen and the halogens. 
It also unites with phosphorus to form zinc phosphide. It reacts with 
most acids with the liberation of hydrogen. 2 

All zine salts, with the exception of the sulfide, are soluble in solu- 


tions of the fixed alkali hydroxides, and all but the ferrocyanide and 
the sulfide are soluble in ammonia water. 


Uses—The largest application for zinc metal is in 
galvanizing sheet iron. It is used extensively in the 
manufacture of alloys, such as brass and Babbitt’s 
metal, and also for battery ‘‘zines” and the manufacture 
of zine compounds. It is used in analytical chemistry 
as a reducing agent, in the determination of iron, and 
for the detection and determination of arsenic. 


IDENTIFICATION OF ZINC COMPOUNDS 


In the presence of sodium acetate zinc salts yield a 
white precipitate with hydrogen sulfide. This precipi- 
tate is insoluble in acetic acid, but is dissolved by diluted 
hydrochloric or sulfuric acids. Solutions of zinc salts 
yield, upon the addition of ammonia water or sodium 
hydroxide solution, a white precipitate of zinc hydroxide 
which dissolves in an excess of the reagent. On the 
addition of hydrogen sulfide to the solutions, a white 
precipitate of zine sulfide is produced. Solutions of 
zine salts give with potassium ferrocyanide T.S. a white 
precipitate of zine ferrocyanide which is insoluble in 
diluted acids. 


ZINC ACETATE N. F.—See Organic Salts (page 529). 


ZINC CHLORIDE N. F. Zinci Chloridum 
{Zinc. Chlorid.—Sp. Cloruro de Zinc] 
Zine Chloride contains not less than 95 per cent of 
ZnClo (136.29). 
Preparation—Zinc chloride is easily prepared by di- 


gesting metallic zine in hydrochloric acid and evaporat- 
ing the solution to dryness: 


Zn + 2HCl — ZnCle + He 
zinc hydrochloric zine hydrogen ‘ 
acid chloride 


It may also be prepared by treating zinc oxide with 


the appropriate amount of hydrochloric acid. 


Description and Properties—Zince Chloride occurs as a white, or 
nearly white, odorless, crystalline powder, in porcelain-like masses, 
or in moulded pencils. It is very deliquescent. The aqueous solution 
wie and responds to the identification reactions for zinc and chlo- 
ride. 

Solubility—One Gm. dissolves in 0.5 cc. of water, in about 1.5 cc. 
of alcohol, and in about 2 cc. of glycerin, at 25° C. Its solution in 
water or in alcohol is usually slightly turbid, but the turbidity dis- 
appears upon the addition of a small quantity of hydrochloric acid. 
Tests for Purity— 

Oxychloride—To 5 ce. of its solution (1 in 20) an equal volume of 
alcohol is added. The turbidity disappears on the addition of not 
more than 0.3 ec. of normal hydrochloric acid. 

Sulfate—Not more than 0.03 per cent as SO4. 

Ammonium salts—On warming 5 cc. of its solution (1 in 10) with an 
excess of sodium hydroxide T.8., the odor of ammonia is not evolved 
(about 0.1 per cent NH 3). 

Alkalies and earths—Not more than 1 per cent, the test being made 
as directed under Zine Sulfate. . 

Heavy metals limit (as Pb)—50 parts per million, the test being 
made as directed under Zine Sulfate, using 0.5 Gm. of the chloride and 
0,025 mg. of lead for the control. 

Assay—Zinc Chloride is assayed as directed in the assay method given 
under Zine Sulfate. The weight of the zine oxide obtained, multiplied 
by 1.675, represents its equivalent of ZnClo. 

Storage—Keep Zinc Chloride in tight containers. 
Incompatibilities—Zine Chloride is precipitated from solution by 
arsenates, carbonates, cyanides, hydroxides, oxides, oxala‘es, phosphates, 
phosphides, oleates, stearates, subgallates, and tannin. Albumin is 
coagulated. Zinc borate, citrate, tartrate, and valerate are only slightly 
soluble in water. The addition of glycerin prevents the formation of 
a precipitate with borax (glyceroboric acid is formed). Zine hydrox- 
ide is soluble in excess alkali. Zinc salts in weak solutions tend to form 
basic salts and often precipitate from solution. Zine Chloride solu- 
tions can be stabilized with sodium or ammonium chloride or a few 
drops of diluted hydrochloric acid. Zine chloride is deliquescent. 
See Chlorides (page 1185) for incompatibilities due to the chloride ion, 


Uses—See Zinc Sulfate (page 420) mas 


ZINC IODIDE N. F. Zinci lodidum 
[Zinc. lodid.—Sp. Yoduro de Zinc] 


Zine Iodide, when dried for 24 hours over sulfuric 
acid, contains not less than 98 per cent of ZnIz (319.22). 

Preparation—Zinc Iodide may be prepared by treat- 
ing zinc with iodine in the presence of water until a 
colorless solution results. The latter is then concen- 
trated to obtain the zine iodide. 3 

This chemical may also be prepared by reacting zine 

oxide or zine carbonate with hydriodic acid. 
Description and Properties—Zine Iodide is a white, or nearly white, 
granular powder. It is odorless, or nearly so, and is very deliques- 
cent. On exposure to the air and light, it becomes brown due to 
liberation of iodine. | Its solution is acid to litmus. 

Solubility—tt is very soluble in water, freely soluble in alcohol; and 
soluble in ether. — Cas 
Tests for Purity— X 

Loss on drying over sulfuric acid for 24 hours—Not more than 5 per 


cent. 
Chloride—To a solution of 0.5 Gm. in 10 ce. of water, 5 cc. of am- 
monia T.S. is added, followed in small portions with a solution of 0.6 
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Gm. of silver nitrate in 10 cc. of water. After shaking the mixture 
well, it is filtered, and the filtrate is acidified with nitric acid. Not 
more than a slight turbidity should be produced. 

Sulfate—Not more than 0.05 per cent as SOq. 

Alkalies and earths—Not more than 1 per cent, the test being made 
as described under Zine Chloride. 

Arsenic limit—10 parts per million. 
Assay—Zine Iodide, previously dried over sulfuric acid for 24 hours, 
is assayed by determining the iodine content argentometrically as 
described in the assay for bromides, iodides, and thiocyanates (page 
980). Each ce. of tenth-normal silver nitrate corresponds to 15.96 
mg. of ZnIo. : 
Storage—Keep Zinc Iodide in tight, light-resistant containers. 
Incompatibilities—See Jodides (page 1186) and Zine Chloride (page 
416). Zine Iodide is hygroscopic. 


Uses—A dilute solution was formerly used as an 
astringent injection in gonorrhea. It is also used in 
Talbot’s solution in dental practice. 


ZINC OXIDE U.S. P. Zinci Oxidum 


Zinc. Oxid.—F lowers of Zine, Zinc White, Sp. Oxido de Zinc, Flores 
de Cinc] 

Zine Oxide, when freshly ignited, contains not less 
than 99 per cent of ZnO (81.38). 

During its early history the oxide of zine was called 
by many curious names, such as Pompholyx, nihil 
album, lana philosophica, and flores zinct. 

Preparation—Zinc Oxide can be prepared by expos- 
ing zinc carbonate in a shallow dish to a low red heat 
until all the carbon dioxide is expelled. 

On a large scale it is made by the ‘‘dry process.” In 
this process a ground mixture of coal and a zine mineral, 
such as calamine, franklinite, willemite, or zincite (red 
oxide of zinc) is heated in a furnace at a high tempera- 


ture. The zinc is thereby liberated from its combina- 
tions as free metal: 
Zn28iOg + 2C — 2%n + 2CO + Si0e 
willemite carbon zine carbon silicon 
. monoxide dioxide 


The hot vaporized metal passes up a tower where it 
meets a powerful current of air and is thus burned to 
the oxide. 


Description and Properties—Zine Oxide occurs as a very fine, odor- 
less, amorphous, white or yellowish white powder, free from gritty 
particles. It gradually absorbs carbon dioxide from the air. When 
strongly heated it assumes a yellow color which disappears on cooling. 
Its suspension in water is practically neutral. It responds to the 
identification reactions for zinc. 

Solubtlity—tlt is insoluble in water or alcohol but is soluble in acids, 
in solutions of the alkali hydroxides, and in ammonium carbonate 
solution. 

Tests for Purity— 

Loss on ignition—Not more than 2 per cent. 

Alkalinity—To a suspension of 1 Gm. of Zine Oxide in 10 ce. of hot 
water, 2 drops of phenolphthalein T.S. are added; if a red color 1s 
produced, not more than 0.3 cc. of tenth-normal hydrochloric acid is 
required to discharge it. , 

Carbonate, iron, and other metals—The addition of diluted sulfuric 
acid to Zinc Oxide produces no distinct effervescence (carbonate). 
On warming the mixture until the oxide is dissolved, and then adding 
to separate portions of the solution potassium ferrocyanide T.S. or 
sodium sulfide T.S. the precipitates formed should be white. (The 
sulfides of iron and most other metals are colored.) 

Arsenic limit—8 parts per million. 

Lead—A 2-Gm. portion of Zine Oxide is dissolved by warming with 
20 ce. of water and 5 cc. of acetic acid, then 5 drops of potassium 
chromate T.S. are added to the clear solution (filtered if necessary). 
No turbidity or precipitate is produced in 5 minutes. If lead is pres- 
ent it will form lead chromate which is practically insoluble in solu- 


tions moderately acidified with acetic acid (about 75 parts of lead per’ 


mnillion).. 

Assay—lIn this assay the Zinc Oxide, which is a moderately strong 
base, is determined by measuring the volume of standard acid required 
to neutralize it. 


MnO 4 HO, 280, + H20 


zine sulfuric zinc water 
oxide acid sulfate 


~ To about 1.5 Gm. of freshly ignited Zinc Oxide, accurately weighed, 
exactly 50 cc. of normal sulfuric acid is added and warmed until solu- 
tion is complete. Then the solution is cooled and the excess of acid 
is titrated with normal sodium hydroxide, using methyl red T.S. as 
the indicator. Each cc. of normal sulfuric acid corresponds to 40.69 
mg. of ZnO. Un os 
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Storage—Keep Zinc Oxide in well-closed containers. 
Incompatibilities—Zine Oxide reacts slowly with the fatty acids in 
owls and fats to produce lumpy masses of zinc oleate, stearate, etc. 
Vanishing creams tend to dry out and crumble. Whenever permis- 
sible, it is advisable to levigate Zinc Oxide to a smooth paste with a 
little liquid petrolatum before incorporation into an ointment. 
Wool fat is used for this purpose in the official ointment. 


Uses—Zince Oxide has a mild astringent and antisep- 
tic action. In the form of its various official ointments 
and pastes it is widely employed in the treatment of 
such skin diseases and infections as eczema, impetigo, 
ringworm, pruritus, psoriasis, and varicose ulcers. 

Industrially Zine Oxide has many applications, e. g., 
as a white pigment in paints, in automobile tires, in the 
manufacture of glass, in dental cements, and in white 
glue, ete. 


Zinc Compounds and Eugenol Cement N. F. 
Caementum Zinci Compositionum et Eugenolis 


[Caement. Zinc. Comp. et Eugenol.—Zinc-Eugenol Cement, Sp. 
Cemento de Compuestos de Zine y de Eugenol] 


1. The Powder 


Metric Alternative 
Zinc Oxideun pps oer ek eos A eae 70.0 Gm. 308 gr. 
Lince Acetate mera reny tet wie ee ee a 0.5 Gm. 2h axe 
Zinc: sbearater ne -.c teen ee hae el 1.0 Gm. 4% gr. 
ROSIN Siac ene auth Ce ese ae ie Mente 28.5 Gm. 12S.) ots 
100.0 Gm 1 oz. av 
2. The Liquid 
Eugengl? lac sede s fae aaieianaene 85.0 cc 408 min 
Cotton. SeediOil aero eee nes 15.0 cc 72 min 
100.0 cc. 1 fl. oz 


Powder the rosin and incorporate it with about an equal weight 
of zine oxide until thoroughly mixed. Sift the mixture on a sieve 
of not less than 100 mesh. Regrind the material which does not 
pass through the sieve with more of the zinc oxide and sift again; 
repeat the process until all of the material readily passes through 
the sieve. Thoroughly mix:the zine stearate and zine acetate 
with a portion of the zine oxide and pass through a 100-mesh 
sieve. Intimately mix the two mixtures along with the re- 
mainder of the zine oxide. 

A pr eh mix the liquids together in the proportions speci- 
ed. 

To prepare the cement mix 10 parts of the Powder with 1 part 
of the Liquid to a thick paste immediately before use. 


Note—The amount of Liquid may be varied to give 
any desired consistency. 
Storage—Keep the Liquid in tight, light-resistant containers. 


Consult the N. F. VIII for Tests for Purity and Assays for the 
powder and the liquid. 


Uses—See Cements (page 298). 


Zinc Oxide Ointment U. S. P. Unguentum Zinci Oxidi 
[Ung. Zinc. Oxid.—Zine Ointment, Sp. Unguento de Oxido de Zinc] 


Zinc Oxide Ointment contains not less than 18.5 per 
cent and not more than 21.5 per cent of ZnO. 


Metric Alternative 
Zinc Oxide, in very fine powder..... 200 Gm. 350 gr. 
Wool. Fats. xyctet: sian rete Hie rstane ls 70 Gm. 122 er. 
White Ointment? oa eileen 730 Gm. 2 oz. av. 402 gr. 
Tocmialcol erste oxatenecs cee goren teberstehe as 1000 Gm. 4 oz. av. 


The zinc oxide is levigated with the wool fat to a smooth paste, 
and the mixture is incorporated with the white ointment. 


Tests for Purity— 

Calcium, magnesium, and other foreign substances—On adding 6 ce. 
of diluted hydrochloric acid to the residue obtained in the assay, no 
effervescence occurs, and on heating the mixture on a steam bath for 
10 to 15 minutes, not more than a trace of insoluble residue remains. 
The addition of 2 cc. each of ammonium oxalate T.S. and sodium 
phosphate T.S. to the filtered solution, previously treated with suffi- 
cient ammonia T.S. to dissolve the precipitate first formed, produces 
not more than a slight turbidity. . ¥ 7 
Assay—About 2 Gm. of Zine Oxide Ointment, accurately weighed, is 
heated, gently at first, path the mass is thoroughly charred, then the 


‘ 
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temperature is gradually raised, and finally the Ointment is strongly 
ignited until all of the carbonaceous material has been burned off, 
the residue of zinc oxide is uniformly yellow, and the weight is con- 
stant. 


Zinc Oxide Paste N. F. Pasta Zinci Oxidi 


[Past. Zinc. Oxid.—Lassar’s Plain Zine Paste, Sp. Pasta de Oxido 
de Zinc] 


Zine Oxide Paste contains not less than 24 per cent 
and not more than 26 per cent of ZnO by weight. 


Metric Alternative 

Zine Oxide... chivas cdl ac eee eee tote 250 Gm 1 02. av. 
Starch’... . 6x35 Ventana sey een 250 Gm 1 02. av. 
White Petrolatum.. 2.94.2. see ae 500 Gm 2 OZ. av. 
To makes isco See eee 1000 Gm. 4 oz. av. 


Mix ingredients intimately. 
o 


Assay—This paste is assayed for zinc oxide content by the assay 
method given for Zinc @xide Ointment. 


Zinc Oxide Hard Paste N. F. Pasta Zinci Oxidi Dura 


(Past. Zinc. Oxid. Dur.—Unna’s Hard Zinc Paste, Sp. Pasta de Oxido 
de Zine Dural} 


Metric Alternative 
Zing (Oxide. ache ee ee ee ee 250 Gm. 1 oz. av. 
Purified Siliceous Earth............ 50 Gm. 87 gr. 
Béenzoinated! Lardic: ao. -e = ace oe 700 Gm. 2 oz. av. 350 gr. 
To. Mmakeds cers tks Snore ee 1000 Gm. 4 on. av. 


Thoroughly triturate the mixture of zine oxide and purified 
siliceous earth with the benzoinated lard until a smooth product 
is obtained. 


Storage—Preserve in well-closed containers. 


Zinc Oxide Soft Paste N. F. Pasta Zinci Oxidi Mollis 


[Past. Zinc. Oxid. Moll.—Unna’s Soft Zinc Paste, Sp. Pasta de Oxido 
de Zine Blanda] 


Metric Alternative 
Zinc Oxide, in very fine powder... 25 Gm. 1 oz. av. 
Precipitated Calcium Carbonate... 25 Gm. 1 oz. av. 
OleivAcidins kote os eee en eee ee 2.5 Gm. 43% gr. 
Binseed! Omics. eee eee cee ine 25.) Giisl Ozaave 
Calcium Hydroxide Solution...... 22.5 Gm. 394 gr. 
Mo. make!aboub)iv.c2 snekveeisyveractoc 100 Gm. 4 o4. av. 


Mix the zine oxide and the precipitated calcium carbonate 
thoroughly ina mortar. To the linseed oil, contained in a beaker, 
add the oleic acid, and heat to about 60° or 65° C.; add the cal- 
cium hydroxide solution, and stir until thoroughly saponified; 
then add this to the mixed powders, and triturate until a smooth 
product is obtained. 


Storage—Preserve in well-closed containers. 


Zinc Oxide Paste with Salicylic Acid N. F. 
Pasta Zinci Oxidi cum Acido Salicylico 
{Past. Zinc. Oxid. c. Acid. Salicyl—Pasta Zinci, N. F. V; Lassar’s 
Zine Paste with Salicylic Acid, Sp. Pasta de Oxido de Zinc con Acido 
Salicilico] 

Paste of Zinc Oxide with Salicylic Acid contains not 
less than 23.5 per cent and not more than 25.5 per cent 
of ZnO by weight. 


Metric 


} Alternative 
Salicylic Acid, in fine powder............. 2 Gm. 35 gr. 
Paste of Zinc Oxide, a sufficient quantity, 

TLoimakesh ek sea lke. dtanehs pene eee 100 Gm. 4 oz. av. 


Thoroughly triturate the salicylic acid with a portion of the 
paste; then add the remaining paste, and rub until a smooth mix- 
ture is obtained. 


Assay—This Paste is assayed for its zinc oxide content by the assay 
method given for Zinc Oxide Ointment. - 
Storage—Preserve in well-closed containers. 


JASE INRO 


CALAMINE U. S. P. Calamina 
{Calam.—Prepared Calamine, Lapis Calaminaris, Sp. Calamina} 


Calamine is zinc oxide mixed with a small amount of 
ferric oxide, and contains, after ignition, not less than 
98 per cent of ZnO (81.38). 

Preparation—Calamine is made by thoroughly mix- 
ing zine oxide with sufficient ferric oxide (usually 0.5 to 
1 per cent) to obtain a product of the desired color. 

Calamine was originally obtained by roasting a native 
zine carbonate, then known as calamine; hence the 
name. This name is now applied by mineralogists to a 
native form of zine silicate, which is not suitable for 
Calamine. 


Description and Properties—Calamine is a pink powder, all of which 
passes through a No. 100 sieve. It is odorless and almost tasteless. 
It responds to the identification reactions for zinc. 

Solubility—lIt is insoluble in water, but dissolves almost completely 
in mineral acids, 

Tests for Purity— 

Loss on ignition—Not more than 0.2 per cent. 

Acid-insoluble substances—Not more than 2 per cent. 

Alkaline substances—One Gm. is digested with 20 ec. of warm 
water and filtered; then 2 drops of phenolphthalein T.S. are added to 
the filtrate. If ared color is produced, not more than 0.2 cc. of tenth- 
normal sulfuric acid is required to discharge it. 

Arsenic limit—10 parts per million. 

Calcium ‘and magnesium—To a filtered solution of 1 Gm. of Cala- 
mine in 25 cc. of diluted hydrochloric acid, ammonia T.S. is added 
until the precipitate first formed is redissolved, then 5 cc. more of the 
ammonia is added. To one 10-cce. portion of this solution 2 cc. of am- 
monium oxalate T.S. is added, and to another 10-cc. portion, 2 cc. of 
sodium phosphate T.S. is added. Not more than a slight turbidity 
is produced in either portion. 

Lead—It conforms to the test prescribed for Zinc Oxide, but only 1 
Gm. of Calamine is used and it is dissolved in 15 cc. of water and 3 ce. 
of glacial acetic acid. 


_Assay—About 1.5 Gm. of freshly ignited and accurately weighed 


Calamine is warmed with exactly 50 cc. of normal sulfuric acid for 
15 to 30 minutes to dissolve the zinc oxide, the iron oxide being in- 
soluble in this concentration of acid. The solution is filtered, the 
residue and filter are washed with hot water until the washings are no 
longer acid to litmus paper; after cooling, the excess of acid in 
the filtrate is titrated with normal sodium hydroxide, using methyl 
orange T.S. as the indicator. Each cc. of normal sulfuric acid con- 
sumed corresponds to 40.69 mg. of ZnO. 

Storage—Keep Calamine in well-closed containers. 
Incompatibilities—See Zinc Oxide (page 417). 


Uses—lIts uses are similar to those for zine oxide, 
being employed chiefly in protective ointments and 
lotions. It is often prescribed by dermatologists to 
give color to lotions or ointments. 


Calamine Liniment N. F. Linimentum Calamine 


{Lin. Calam.—Sp. Linimento de Calamina] 


Metric Alternative 
Calamine isc 2 Oe eee rete 80 Gm. 2 oz. av. 293 ger. 
Liter OXid OE GA car tM het eee he 80 Gm. 2 oz. av. 293 gr. 
Olive (Oso 3 Pa eee ee 500 cc. 1 pint 
Calcium Hydroxide Solution, a suf- 
ficient quantity, 
To makes i% ye aca pactack om ton oar 1000 cc. 2 pints 


Mix the calamine and zine oxide with the olive oil, and gradu- 
ally add the calcium hydroxide solution, with constant agitation. 


Storage—Keep the Liniment in tight containers. i 


Uses—See Calamine. Shake the Liniment thoroughly 
before dispensing. 


Calamine Lotion U. S. P. Lotio Calaminze 


/ {Lot. Calam.—Sp. Locién de Calamina] 


Metric Alternative 
Calaminetnn Wid tater econ oes 80 Gm. 202. av. 293 gr. 
Zinc, Oxides i ae eee ee 80 Gm. 2 oz. av. 293 gr. 
Glycerin). chat aoe eee 20 cc: 307 min. 
Bentonite Magma,.....:..... 400 cc 12 fl. oz. 384 min. 
Calcium Hydroxide Solution, a 
sufficient quantity, é ‘ 
To: makers, cetacean 1000 cc. 2 pints 


ZINC 


Dilute the bentonite magma with an equal volume of calcium 
hydroxide solution. Mix the powders intimately with the glye- 
erin and about 100 cc. (3 fl. oz. 114 fl. dr.) of the diluted magma 
to asmooth uniform paste. Gradually incorporate the remainder 
of the diluted magma added in divided portions. Finally add 
enough calcium hydroxide solution to make 1000 cc. (2 pints) 
and shake well. 


Storage—Keep the Lotion in tight containers. 


Uses—See Calamine (page 418). 
thoroughly before dispensing. 


Shake the Lotion 


Phenolated Calamine Lotion N. F. Lotio Calaminze 


Phenolata 


{Lot. Calam. Phenol.—Lotio Calaminzee Composita N. F. V; Com- 
pound Calamine Lotion, Sp. Locién de Calamina Fenolada] 


Metric Alternative 
Piguened@ehenol. 2. 6 ioeac eee des 10 cc. 154 min, 
MU ALATA LOULON 3.5 4. src os cies ce a neleie « 990 cc. 31 fl. oz. 326 min. 
TNO) TGKELS 5 5 SRE Cnn eee 1000 cc. 2 pints 


Mix the ingredients. 


Note—Shake the Lotion thoroughly before dispens- 
ing. 
Storage—Keep the Lotion in tight containers. 


Uses—Employed in skin diseases. See Calamine 


(page 418). 


Calamine Ointment N. F. Unguentum Calamine 


{Ung. Calam.—Unguentum Calaminare, Turner’s Cerate, Sp. 
Ungiiento de Calamina] 
é Metric Alternative 
CEL PATTI ASS c. oeeGnen Once naen eee ae 170 Gm 298 gr. 
Wellaniy (GS. 25s eat en ei ne 40 Gm 70 gr. 
A\AVESLULPEM oo. od hove ICTR Re 40 Gm 70 er. 
AE CULOUAULUIM RM et cisiacclchen ss 4 cisiad dus Siac Fvaee 750 Gm. 302. 
COMET IC COMMON nee c oka ae us aj sled aisles 1000 Gm. 4 oz. av. 


Melt the yellow wax with the wool fat and petrolatum. Mix 
the calamine intimately with the melted mixture so as to produce 
a smooth, homogeneous ointment. 


Storage—Keep the Ointment in tight containers, and avoid prolonged 
exposure to temperatures above 30° C. 


Uses—A protective dressing. See Calamine (page 
418). 


PREPARED NEOCALAMINE N. F. 
Preeparata 


Neocalamine 


. [Neocalam. Praep.—Sp. Neocalamina Preparada] 

Prepared Neocalamine is zinc oxide admixed with 
ferric oxide, and contains, after ignition, not less than 
92 per cent of ZnO (81.38). 


Metric Alternative 
TAO OSA Se hs yee 930 Gm. 14 oz. av. 385 gr. 
Welowererric  OXide.. 6 oni de. se tire 40 Gm. 280 gr. 
RedprerricsOxide. 4 ei go ee ees 30 Gm. 210 gr. 
PILOMITLSVKOlMs eke fa, sierelm aie ois he ele ‘ 1000 Gm. 16 oz. av. 
Mix thoroughly. 


Prepared Neocalamine was introduced by the late 
Dr. Fantus, largely because it more nearly matches the 
average color of the human skin than calamine. 


Description and Properties—Prepared Neocalamine is a fine powder, 
weak yellowish orange in color. In other respects it has the proper- 
ties of Calamine. ; 
Tests for Purity—Prepared Neocalamine meets the Tests for Purity 
required of Calamine. ; 
Degree of fineness—About 5 Gm. of Prepared Neocalamine are 
rubbed to a smooth suspension with water and washed through a 
standard 200-mesh sieve with water. No appreciable residue remains 
on the sieve. ; Wie } 
say—Because of the presence of much more ferric oxide in this 


Ass. 


2 i 
Se f 
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preparation than in Calamine, the assay method for the latter is not 
applicable to Neocalamine. The method used for estimating the zinc 
oxide in it is based on the reaction between a solution of a zinc salt 
and potassium ferrocyanide whereby the insoluble zinc ferrocyanide is 
formed thus: 


2ZnClg + Ka4Fe(CN)g — JZneFe(CN)g + ° 4KCI 
zinc potassium zine potassium 
chloride ferrocyanide ferrocyanide chloride 


_An accurately weighed quantity of the previously ignited sample is 
dissolved in hydrochloric acid, the iron is removed by adding an ex- 
cess of ammonia T.S., and, after filtering and washing the precipitated 
ferric hydroxide, the filtrate containing the zinc is strongly acidulated 
with hydrochloric acid. A few drops of a dilute solution of ferric 
ammonium sulfate solution are added and the solution is titrated 
with tenth-normal potassium ferrocyanide until a blue color is pro- 
duced. This color (Prussian blue) is only formed after all the zinc has 
combined with the ferrocyanide. Each cc. of tenth-normal potassium 
ferrocyanide consumed corresponds to 4.069 mg. of ZnO. For the 
details of this assay consult the N. F. VIII. 

Storage—Keep Prepared Neocalamine in well-closed containers. 


‘Uses—See Calamine (page 418). 


Neocalamine Liniment N. F. Linimentum 


Neocalaminse 
{Lin. Neocalam.—Sp. Linimento de Neocalamina] 
Metric Alternative 
Prepared Neocalamine............... 150 Gm. 5 oz. av. 3 gr. 
Oliver Ole e eateacapctecnntt ase tase ae 500 cc. 1 pint 
Calcium Hydroxide Solution, a sufficient 
quantity, 
DO cE AK Owe ero ictal Oo seta a eaeteeter 1000 cc, 2 pints 


Mix the prepared neocalamine with the olive oil, and gradually 
add 450 ce. (14 fl. oz., 314 fl. dr.) of the calcium hydroxide solution 
with constant agitation; then add sufficient of the calcium 
hydroxide solution to make 1000 ce. (2 pints) and mix well. 


Note—Shake Neocalamine Liniment thoroughly be- 
fore dispensing. 


Storage—Keep the Liniment in tight containers. 


Uses—See Calamine (page 418). 


Neocalamine Lotion N. F. Lotio Neocalaminsz 


[Lot. Neocalam.—Sp. Locién de Neocalamina] 


Metric Alternative 
Prepared Neocalamine........... 150 Gm. 50o0z.av. 3 ar. 
Bentonite Magma............... 400 cc. 12 fl.oz. 384 min. 
Water, a sufficient quantity, 
MovMake 2:5 delete ters clean oiere 1000 cc. 2 pints 


Dilute the bentonite magma with an equal volume of water. 
Thoroughly mix the neocalamine with about one-tenth of the 
diluted bentonite magma, and gradually incorporate the re- 
mainder of the diluted magma added in divided portions. Finally 
add enough water to make 1000 ce. (2 pints), and shake well. 


Note—Shake Neocalamine Lotion thoroughly before 
dispensing. 


Storage—Keep the Lotion in tight containers. 


Phenolated Neocalamine Lotion N. F. Lotio 
Neocalaminz Phenolata 


[Lot. Neocalam. Phenol—Compound Neocalamine Lotion, Sp. 
Locién de Neocalamina Fenolada] 
Metric Alternative 
Liquefied) Phenoleariy seit rols 10 cc. 154 min. 
Neocalamine Lotion................ 990 cc. 31 fl. oz. 326 min. 
To? MAKE Sy talent eae cen shane ioapuemchot= 1000 cc. 2 pints 


Mix the ingredients. 


Note—Shake Phenolated Neocalamine Lotion thor- 
oughly before dispensing. 


Storage—Keep Phenolated Neocalamine Lotion in tight containers. 
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Neocalamine Ointment N. F. Unguentum 


Neocalaminse 
[Ung. Neocalam.—Sp. Ungiiento de Neocalamina] 
Metric Alternative 
Prepared Neocalamine........... 15.0 Gm. 262 gr. 
WiooltFatacs cn cnc. ces om ae 12.5 Gm. 219 gr. 
Peteolatam (5 oct. cr siete eens 37.5 Gm. 1 oz. av. 219 gr. 
Liquid, Petrolatunt:. 4.*.. 1» - ene 10.0 cc. 184 min. 
Water: oz. organ sania toy eee 25.0 cc. 460 min. 
ARO INA vcr. os sat obs eo 100.0 Gm. 4 OZ. av. 


Mix the petrolatum and wool fat, and incorporate the water in 
small portions until completely emulsified; add the prepared 
neocalamine to the liquid petrolatum, and triturate thoroughly 
until well mixed. Finally, mix the cream and the paste until the 
product is smooth. 


Storage—Keep the Ointment in tight containers and avoid prolonged 
exposure to temperatures above 30° C 


‘ 


ZINC PEROXIDE, MEDICINAL U. S. P.—See Per- 
oxides (page 334). 

ZINC PHENOLSULFONATE N. F.—See Organic Salts 
(page 684). 

ZINC STEARATE U. S. P.—See Organic Salts (page 
5Dt): 


ZINC SULFATE U.S. P.  Zinci Sulfas 
[Zinc Sulf.—White Vitriol, Zine Vitriol Sp. Sulfato de Zinc] 


Zine Sulfate [ZnSO,4.7H.2O 287.55] contains not 
less than 55.58 per cent and not more than 61.0 per cent 
of anhydrous zine sulfate [ZnSO4 = 161.44], correspond- 
ing to not less than 99 per cent of the hydrated salt. 

Preparation—Zinc Sulfate is made by reacting metal- 
lic zine or zine oxide with diluted sulfuric acid. The re- 
sulting solution is freed from the contamination of iron 
by first passing chlorine into it to oxidize the iron to the 
ferric state, then adding a moderate excess of zinc oxide 
or carbonate and boiling. The iron is thereby precipi- 
tated as the insoluble ferric hydroxide which is removed 
by filtration. The small quantity of zine chloride 
formed, being very soluble, remains in the mother liquor 
after the crystallization of the sulfate. 


Zn + He2SO, — ZnSO, + £He 
zine sulfuric zinc hydrogen 
acid sulfate 
ZnO “+ H2SO04 —> ZnSO4 + H.20 
zinc sulfuric zine water 
oxide acid sulfate 


Zinc Sulfate is also prepared by roasting zinc sulfide in 


a limited supply of oxygen and extracting the sulfate 
with water. 


Description and Properties—Zine Sulfate occurs as colorless prisms, 
as white, small needles, or as a granular, crystalline powder. It is 
odorless and has an astringent metallic taste. It is efflorescent in dry 
air. The solution is acid to litmus, but should not become red on the 
addition of methyl orange T.S. (pH about 4.5). It responds to the 
identification reactions for zinc and sulfate. 

Solubility—One Gm. dissolves in 0.6 ce. of water and in about 2.5 
ec. of glycerin; it is insoluble in alcohol. 
Tests for Purity— 

Alkalies and alkaline earths—Not more than 0.5 per cent as sulfates. 
For this test a weighed quantity of the salt is dissolved in water, the 
zinc is completely precipitated as the sulfide by means of ammonium 


sulfide T.S., and the mixture is filtered. The filtrate, which contains 


any alkali or alkaline earths that may be present, is treated with a 
few drops of sulfuric acid, evaporated’ to dryness in a tared dish, ig- 
nited, and weighed. The sulfurie acid is added to convert the chlo- 
rides of the alkali metals, which are comparatively volatile at the igni- 
tion temperature, to the less volatile sulfates. 

Arsenic limit—10 parts per million. 

“Heavy metals—A solution of 1 Gm. of the Sulfate in 10 cc. sro water 
is mixed with 15 cc. of 10 per cent freshly prepared potassium cyanide 
solution until clear. The solution is then diluted with water to 50 cc. 
and 2 to 3 drops of sodium sulfide T.S. are added. If a dark color is 
produced it is not to be darker than that of a control made with a 


ZINC 


quantity of lead nitrate solution equivalent to 0.05 mg. of Pb (10 parts 
per million). 

The potassium cyanide used in this test forms with the zinc the 
complex K2Zn(CN)4 in which the zinc is not in ionic form and does 
not react with sodium sulfide; lead, however, forms no such complex, 
rare reacts with the sodium sulfide forming the dark-colored lead sul- 

e 
Assay—For the assay of the official zinc salts about 1 Gm. of the salt, 
accurately weighed, is dissolved in 100 cc. of water, and the zinc is 
precipitated from the hot solution as an insoluble carbonate with a 
moderate excess of sodium carbonate solution. 


ZnSO4 +} NaeCO3 => ZnCOg + NaeSO4 
zine sodium zine sodium 
sulfate carbonate carbonate sulfate 


The zine carbonate precipitate is washed well twice by decantation 
with hot water through a filter, then transferred onto the filter with 
the aid of hot water and washed with water until the filtrate ceases to 
react alkaline to litmus. It is then dried and ignited to the oxide. 


heat 
ZnCGg SS ZnO + CO2 
zinc zinc carbon 
carbonate oxide dioxide 


The weight of the zine oxide thus obtained, multiplied by the proper 
factor, represents the equivalent of the zine salt being assayed. The 
factor for anhydrous zine sulfate is 1.984. 
Storage—Keep Zinc Sulfate in well-closed containers. 
Incompatibilities—See Zinc Chloride (page 416). Combinations of 
Zinc Sulfate and sodiwm borate or boric acid to be used as collyria are 
frequently troublesome due to a precipitation of zinc borate. A quan- 
tity of glycerin, equal in weight to the borate or boric acid, suffices 
to maintain a clear solution. There is also a tendency for solutions 
of Zine Sulfate to form a slight cloudiness due to the separation of a 
basic salt formed through partial hydrolysis. 

Insoluble sulfates are formed with lead, barium, strontium, and 
calcium salts. Silver and mercury form slightly soluble salts. 


Uses—Zine Sulfate, acetate, and chloride are the 
water-soluble salts of zinc commonly employed for 
their antiseptic and astringent action. The Sulfate 
and acetate are used as eye washes in concentrations of 
0.1 to 1.0 per cent for the treatment of conjunctivitis. 
They are also used in 0.5 to 4.0 per cent solutions in the 
treatment of gonorrhea, but in this condition they 
should be alternated with more potent germicides inas- 
much as the astringent action which reduces the ure- 
thral discharge may lead to a false sense of security. 
Zinc Sulfate may be applied to the skin as a 4.0 per 
cent solution in the treatment of acne, ivy poisoning, 
lupus erythematosis, and impetigo. For skin applica- 
tion, it is commonly employed in the form of White 
Lotion (page 421). It is a prompt emetic in doses of 
10 to 30 grains. 

Industrially it is used in calico printing, the preserva- 
tion of wood and skins, the manufacture of lithopone, 
and in the production of other zinc salts. 


Compound Zinc Sulfate Powder N. F. 
Sulfatis Compositus 


[Puly. Zinc. Sulf. Comp.—Pulvis Antisepticus N. 
de Sulfato de Zine Compuesto] 


Pulvis Zinci 


F. V; Sp. Polvo 


Metric Alternative 
SalicylickAcidtescmaerat een eae 5 Gm. 70 gr 
Phenol cee e come eee 1 Gm 14 gr 
Eucalyptol#ias aecsioaiie ote ee es 1 Gm 14 gr 
Mentholavd aes citeus scck-asianctos 1 Gm 14 er 
Thy mol ye sys cise ea yeep ear eames Os Ps 1 Gm. 14 er. 
Zing ‘Sulfate ty spsscis sick Moves asain 125 Gm. 402. ay. 
Boric Acid, in impalpable powder 866 Gm. 27 oz. av. 311 gr. 
Towmake Sates tas crore eee 1000 Gm. 32 02. av. 


Triturate the salicylic acid and the zine sulfate to a very fine 
powder, add the phenol, eucalyptol, menthol, and thymol, previ- 
ously liquefied by trituration. Add the boric acid, and continue 
the trituration until a uniform mixture is obtained; finally pass 
the powder through a very fine sieve. 


Test for antiseptic value—Liquefy about 100 ce. of Standard Agar 
in a suitable flask, and cool to 45° C. in a water bath at constant tem- 
perature; add to ‘the melted agar 0.5 ce. of 24-hour Standard Culture 
of Staphylococcus aureus, and mix well. Transfer approximately 20 
cc. of the liquid agar mixture into each of three sterile petri dishes (of 
approximately 90 mm. inside diameter of bottom dish), and allow it 
to solidify; prepare squares measuring 10 mm. along an edge on 


a to 3 grains). 


x 


_ Zine Cyanide [Zn(CN)2]—A poisonous, white powder. 


ZINC 421 


circles 11 mm. in diameter of surgical gauze (type 1, with warp 44 
threads, and filling 40 threads according to U. S. P. XIII for Absor- 
bent Gauze); sterilize in an oven at 160° C. for one hour. With 
sterile forceps place six of these pieces on the Powder to be tested, 
cover them with additional Powder, and with a sterile spatula thor- 
oughly rub the material into the meshes of the gauze; with sterile 
forceps lift these pieces, shake them gently to remove excess Powder 
and place two pieces in well-separated positions on the hardened agar 
in each of the petri dishes so that the surface of the gauze closely rests 
under the surface of the agar. Incubate the dishes for 24 hours under 
unglazed porcelain tops at 37° C. and then examine for evidence of 
inhibition of growth of bacterial organisms. The average width of 
the six zones of inhibition is not less than 4 mm. 

Storage—Keep the Powder in well-closed containers. 


Uses—This is an antiseptic powder. 


White Lotion N. F. Lotio Alba 
{Lot. Alb.—Lotio Sulfurata, Sp. Locién Blanco] 


Metric Alternative 
JGVINE SY TREY SR a ea 40 Gm. 1 oz. av. 147 gr. 
miuraved Potash... 2. os. . aes ec dae 40 Gm. 1 oz. av. 147 gr. 
Distilled Water, a sufficient quantity, _ 
The, all). eae 1000 cc. 2 pints 


Dissolve the zine sulfate and the sulfurated potash separately, 
each in 450 ec. (14 fl. oz. 192 min.) of distilled water, and filter 
each solution. Add slowly thé sulfurated potash solution to the 
zine sulfate solution with constant stirring. Then add sufficient 
distilled water to make 1000 ce. (2 pints), and mix the product 
well. s 

Note—The Lotion should be freshly prepared and shaken thor- 
oughly before dispensing. For further discussion see Potassa Sulfu- 
rata (page 349). 

Storage—Dispense in tight containers. 


Uses—See Sublimed Sulfur. 


Unofficial Inorganic Zinc Compounds 


Zinc Bromide [ZnBrg]|—White, hygroscopic crystalline powder. 
Soluble in water and in alcohol. Uses: an antepileptic. Dose: 
0.06 to 0.13 Gm. (1 to 2 grains). 

Zinc Carbonate, Precipitated, U. S. P. IX [approximately 5ZnO.- 
2CO2.4H 20]—White impalpable powder. Insoluble in water but 
soluble in dilute acids with effervescence. Uses: relieves skin 
diseases; principally used in ointments; sometimes dusted upon 
inflamed surfaces as an astringent and absorbent. 

Insoluble in 
water or alcohol. Uses: an alterative, antiseptic, and anthelmin- 
tic. Dose: 0.006 to 0.06 Gm. (340 to 1 grain). 

Zinc and Potassium Cyanide [K2Zn(CN)4]—White crystals. Soluble 
in water. Uses: 
acid. Dose: 0.006 to 0.06 Gm. (340 to 1 grain). 

Zinc Ferrocyanide [ZngFe(CN).g]—A white powder. Insoluble in 
water. Uses: an alterative and antiseptic. Dose: 0.03 to 0.13 
Gm. (% to 2 grains). 

Zinc Nitrate [Zn(NO3) 2.6H20]—Colorless, odorless crystals. Soluble 
in about 0.5 part water; freely soluble in alcohol. Uses: an 
escharotic. ; 

Zinc Perborate [Zn(BOg)e|—White, odorless powder. Insoluble in 
water, but slowly decomposed by it, liberating hydrogen peroxide. 
Uses: an antiseptic. 

Zinc Permanganate [Zn(MnO4)2.6H20]—Violet-brown, or almost 
black, hygroscopic crystals. Very soluble in water; decomposed 
by alcohol. Uses: an antiseptic and astringent used in urethritis 
as an injection or douche (1 to 400 solution). 

Zinc Phosphate [Zn3(PO4)2.4H20]—White, odorless, fine powder. 
Insoluble in water or alcohol; dissolved by dilute mineral acids; 
also soluble in ammonia and in alkali hydroxide solutions. Uses: 
an antiseptic and astringent. : 

Zinc Phosphide [ZngP2|—A dark gray powder, having a faint odor 
of phosphorus. Insoluble in water. Dissolved by acids with the 
evolution of hydrogen phosphide. Uses: Alleged to be a tonic to 
the nervous system; a poison for pests. Dose: 0.001 to 0.03 Gm. 
(460 to % grain). ; ‘ 

Zine Salicylate [Zn(C7H503)2.3H20]—White crystalline needles. 
Soluble in water. Uses: an astringent dusting powder. Dose: 

_ 0.03 to 0.06 Gm. (% to 1 grain). 


‘Zinc Sulfide, U. S. P. VIII [ZnS]—White to yellowish white powder. 


Insoluble in water. Uses: a pigment in paints; with zinc oxide it 
constitutes mineral white and with barium sulfate, lithopone. A 
very pure fused product is used in fluorescent lamps. 

Zinc Valerate U. S. P. 1X [Zn(C5H 902) 2.2H20]—White pearly scales 
or a white powder, having the odor of valeric acid. Readily soluble 
in water, but on exposure to air, it loses valeric acid and becomes 
less soluble. Uses: a ‘‘nerve tonic.’’ Dose: 0.06 to 0.2 Gm. (1 


ets Inorganic Zinc Specialties 
Belnol (Schieffelin)-Ointment containing zine oxide, alum, and 


en henol. Uses: antiseptic and astringent. 


It has the medicinal properties of hydrocyanic — 


Burn Ointment (Wyeth)—Ointment containing zinc oxide, zine 
phenolsulfonate, hydrated alumina, ammonium ichthosulfonate, 
lead plaster, phenol, and resin cerate. Uses; . antiseptic analgesic, 


Cala Cream (McKesson)—Cream containing zine oxide, prepared 
calamine, coal-tar solution, glycerin, lime water, and 2 per cent 
phenol. Uses: antipruritic for poison ivy, etc. 


Calamatum (Tailby-Nason)—Non-greasy, rapidly drying cream con- 
taining zine oxide, calamine, camphor, and phenol. Uses: anti- 
pruritic, astringent, and protective. 


Calamine Diasporal Cream (Doak)—Cream containing 12.5 per cent 
zinc oxide, 25 per cent calamine, and 0.5 per cent phenol. Uses: 
antipruritic, antiseptic, and protective. 


Calamoin (Upjohn)—Ointment containing 5 per cent zinc oxide, 5 per 
cent calamine, and 1 per cent camphor-phenol. Uses: antipruritic 
and antiseptic. 


Calizinc (Smith-Dorsey)—This is a preparation containing 40 gr. 
calamine and 20 gr. zinc oxide in each ounce. It is available in 
the following combinations: Kalizinc Lotion, Calizinc Phenolated 
Cream, Calizinc Phenolated Lotion, Calizinc Phenolated Oint= 
ment, Calizinc Phenolated with Ammoniated Mercury Lotion, and 
Calizinc Phenolated with Ammoniated Mercury Ointment. Uses: 
protective and antipruritic. 


Calmazin (Ulmer)—Lotion containing calamine, ammoniated mer- 
cury, phenol, and zine oxide, in a glycerinated vehicle. Uses: 
antipruritic. 


Caloxide (Blue Line)—Lotion or ointment, the lotion containing 14.78 
per cent zine oxide, 2.46 per cent prepared calamine, 1.23 per cent 
liquefied phenol, glycerin, and lime water; and the ointment con- 
taining 10 per cent zinc oxide, 10 per cent calamine, 1 per cent 
glycerin, 0.5 per cent phenol, white petrolatum, and white wax. 
Uses: antipruritic and protective. 


Cal-O-Zin with Phenol (Warren-Teed)—Cream, each ounce contain- 
ing 40 gr. zine oxide, 80 gr. prepared calamine, and 11% per cent 
liquefied phenol. Uses: antipruritic and antiseptic. 


Cal-Zo (Ulmer)—Ointment containing calamine, camphor, phenol, 
and zine oxide, in a special base. Uses: Protective ointment for 
varicose ulcers. 


Camollient Cream (Upjohn)—Water-miscible vanishing cream con- 
taining 5 per cent calamine, 5 per cent zinc oxide, and 1 per cent 
camphor-phenol. Uses: analgesic, antipruritic, and protective in 
sunburn, etc. 


Chig (Smith-Dorsey)—Paste containing zinc oxide, 0.5 per cent 
phenol, pumice, and sodium chloride. Uses: antipruritic for 
chigger and insect bites. 


Comfortine (Rorer)—Ointment containing zinc oxide, boric acid, 
calamine, and lanolin. Uses: antipruritic, mild antiseptic, and 
protective. 


C Z O Lotion (Massengill)—Lotion, each fluidounce containing 20 gr. 
zine oxide, 40 gr. prepared calamine, 5 min. phenol, glycerin, and 
rose water. Uses: antiprurutic and protective. 

C Z O Ointment—Contains the same active ingredients as C' Z O 
Lotion. 


Enzo-Cal (Crookes)—Flesh-colored, greaseless cream or a lotion con 
taining zinc oxide and calamine in semi-colloidal subdivision, with 
3 per cent benzocaine. Uses: antipruritic, healing, and protective 
dressing. 


Eudicalma Cream (United Drug)—Flesh-colored vanishing cream 
containing 18.4 per cent zinc oxide, 8 per cent bentonite, 1 per cent 
benzocaine, 0.5 per cent camphor, and 1 per cent phenol. Uses: 
antipruritic and protective. 

Eudicalma Lotion—Flesh-colored liquid, each fluidounce contain- 
ing 36.6 gr. zine oxide, bentonite, 36.6 gr. prepared calamine, 9.6 
min. glycerin, and water. 

Eudicalma Lotion with Phenol—Zudicalma Lotion with 4.8 min. 
phenol per fluidounce. 


First Aid Powder (Wyeth)—Dusting powder containing zine oxide, 
zine phenolsulfonate, allantoin, alum, bismuth oxyiodide, bismuth 
subgallate, boric acid, eucalyptol, magnesium carbonate, menthol, 
phenol, and thymol. Uses: antiseptic and desiccant. 


Pruranus (McNeil)—Ointment containing zine oxide, benzoin, cam- 
phor, lanolin, oil of cade, salicylic acid, and white petrolatum. 
Uses: antipruritic for pruritus ani. 


Sav-Skin (Doak)—Water-repellent ointment containing 10 per cent 
zinc hydroxide. Uses: protective. 
Say-Skin 42—Oil-repellent ointment containing 10 per cent zine 
hydroxide in a casein base. Uses: protective. 


Zinc Borate (Hille)—Liquid containing 0.2 per cent zine borate kept 
in solution by an inert agent. Uses: astringent. Dose: 4 to 10 
drops in each nostril or eye. ‘ 
Zinc Borate with Ephedrine—Solution containing 0.2 per cent zine 
borate, and 0.3 per cent ephedrine hydrochloride. Uses: astrin- 
gent and nasal vasoconstrictor. 


Zinc Sulfide Compound Lotion, Improved (Upjohn)—Liquid, each 
fluidounce containing 0.8 Gm. total zinc, 1.6 Gm. sulfur (as sulfide, 
polysulfides, and thiosulfate), aluminum hydroxide, aromatic sub- 
stance, boric acid, diethylene glycol, potassium sulfate, sodium 
borate, sodium sulfate, and water. Uses: astringent and anti- 
seborrheic. \ 


MANGANESE 


MANGANESE AND ITS COMPOUNDS 


54.93 (At. no. 25) 


History and Occurrence—Manganese is a corruption 
of the word magnesia, since manganese dioxide, which 
is the principal source of all manganese compounds, 
was once called ‘“‘magnesia nigra.’’ It occurs in nature 
chiefly in the form of its oxides—pyrolusite, which is a 
manganese dioxide [MnO.], hausmannite or mangano- 
manganic oxide [MngQ,], and braunite [3Mn203;/- 
MnSiO,]. The carbonate of manganese, szderite, occurs 
also in the United States. 


Manganese—Mn = 


Hoscriplen and Properties—Manganese is steel-gray in color, very 
hard, and brittle. Its specific gravity is 7.2 and it melts at about 
1260°. It slowly decomposes hot water with the evolution of hydro- 

gen andis dissolved by dilute acids. 

Manganese has several valencies—II, III, IV, VI, and VII. The 
predominant salts of manganese in commerce are the divalent and 
heptavalent, manganousesalts representing the divalent compounds 
and the permanganates the heptavalent. Manganous salts are colored 
rose to pale pink, while permanganates are deep purple-violet. 


Uses—Manganese metal is chiefly used in various al- 
loys. Manganese dioxide which is almost the sole 
source of manganese and its compounds is very exten- 
sively used in the production of ferro-manganese which 
is employed in making iron-manganese alloys. Manga- 
nese dioxide is also extensively employed as an oxidiz- 
ing agent in organic syntheses. 
dioxide was used for the production of chlorine. 


IDENTIFICATION OF MANGANESE COMPOUNDS 


Solutions of manganous salts yield a salmon-colored 
precipitate with ammonium sulfide T.8. This precipi- 
tate is dissolved by acetic acid. When a manganese 
compound is boiled with nitric acid, some red lead 
[Pbs0.], and sodium bismuthate, and then diluted with 
water, the characteristic permanganate color is pro- 
duced. The oxidation to permanganate can also be 
effected by heating a dilute solution with potassium 
periodate, or with ammonium persulfate in the presence 
of a small quantity of silver nitrate. 

Note—Chloride interferes with the oxidation to per- 
manganate, and if present, should be removed by first 
evaporating the compound with sulfuric acid until 
fumes of SOg are completely evolved. 


MANGANESE CITRATE, SOLUBLE N. F.—See 
Organic Salts (page 537). 


MANGANESE GLYCEROPHOSPHATE N. F. 
Mangani Glycerophosphas 


|Mangan. Glycerophos.—Sp. Glicerofosfato de Manganeso] 


Manganese Glycerophosphate, when dried to con- 
stant weight at 110° C., contains not less than 98 per 
cent of MnCsH ;(OH)2PO,4 (225.00). 

Preparation—Manganese Glycerophosphate may be 
prepared by neutralizing glycerophosphoric acid with 
manganese carbonate. It can also be made by adding 
a solution of manganese fluoride to a solution of calcium 
glycerophosphate, filtering off the precipitate of calcium 
fluoride, concentrating the filtrate, and crystallizing 
the salt from solution. 


Description and Properties— Manganese Glycerophosphate is a white 
or pinkish white powder. It is odorless, and nearly tasteless. It re- 
sponds to the identification reactions for manganese and glycero- 
phosphate. ' 

Solubility—It is slightly soluble in water and insoluble in alcohol. 
One Gm. dissolves in 5 cc. of a solution of citric acid in water (1 in 4). 


Formerly manganese _ 


It responds to the identification reactions for manganese and glycero- 
phosphate. 
Tests for Purity— 

Loss on drying at 110°—Not more than 12 per cent. 

Chloride—Not more than 0.14 per cent as Cl. 

Phosphate—Not more than about 0.25 per cent as POg. 

Sulfate—Not more than about 0.25 per cent as SOq. 

Arsenic limit—10 parts per million. ; 

Lead limit—20 parts per million. 
Assay—This salt is assayed by dissolving it in water with the aid of 
nitric acid, then adding an excess of dibasic ammonium phosphate, 
and carefully neutralizing the hot solution with ammonia T.S.. The 
manganese precipitates as the insoluble manganese-ammonium phos- 
phate [MnNH4PO,4].’ After washing the precipitate well with water 
it is dried and ignited to the pyrophosphate [MnegP207]. The weight 
of the manganese pyrophosphate, multiplied by 1.586, represents its 
equivalent of anhydrous Manganese Glycerophosphate. 
Storage—Keep the salt in well-closed containers. 


Uses—This salt has an undeserved reputation as a 


tonic. 
Average Dose—0.2 Gm. (approximately 3 grains). 


MANGANESE HYPOPHOSPHITE N. F. Mangani 
Hypophosphis 

Mangan. Hypophos.—Manganous Hypophosphite, Sp. Hipofosfito 
de Manganeso] 

Manganese Hypophosphite, when dried for 2 hours 
over sulfuric acid, contains not less than 97 per cent 
of Mn(H2PO2)2.H.0 (202.94). 

Caution should be observed in compounding Manganese 
Hypophosphite with other substances, as an explosion may 
occur if it ts triturated or heated with nitrates, chlorates, or 
other oxidizing agents. 

Preparation—It may be prepared by dissolving man- 
ganese carbonate in hypophosphorous acid, in molecular 
proportion and crystallizing from the hot aqueous solu- 
tion or by adding a solution of manganese fiuoride to a 
solution of calcium hypophosphite. 


Ca(HePO2)2 + MnF. oe Mn(H2P02)2 + Cake 
calcium manganese manganese calcium 
hypophosphite fluoride hypophosphite fluoride 


The precipitate of calcium fluoride is filtered off, the 
filtrate containing the manganese hypophosphite is 
evaporated, and the salt is crystallized from solution. 


Description and Properties—Manganese Hypophosphite is a pink 
granular or crystalline powder. It is odorless, and nearly tasteless. 
The solution is acid to litmus. It responds to the identification reac- 
tions for manganese and hypophosphite. 

Solubility—One Gm. is soluble in 6.5 ec. of water or in about 6 cc. 
of boiling water. It is insoluble in alcohol. 

Tests for Purity— 

Loss on drying over sulfuric acid for 2 hours—Not more than 2 per 
cent. 

Carbonate—No effervescence should be produced on adding 5 ce. 
of acetic acid to 0.5 Gm. of the salt. 

Phosphate—To test for this impurity the manganese is first removed 
by boiling a solution of 250 mg. of the salt in 5 cc. of water with sodium 
hydroxide solution. The manganese is precipitated as a mixture of 
manganous and manganic hydroxide. After filtering off the precipi- 
tate, the filtrate is acidulated with hydrochloric acid, boiled to remove 
any COg, then rendered alkaline with ammonia, and magnesia mixture 
T.S8.is added. No precipitate (of magnesium ammonium phosphate) 
should be formed. 

Sulfate—Not more than 0.2 per cent as SO4. 

Arsenic limit—12 parts per million. 

Calcitum—Manganese oxalate is only slightly soluble, therefore the — 
manganese must be removed before applying the oxalate test for 
calcium. Thisis accomplished by gently boiling a solution of 500 mg. 
of the salt in 10 cc. of water with 10 cc. of hydrogen peroxide solution 
and 10 cc. of sodium hydroxide. The manganese is oxidized by the 
peroxide and precipitated by the sodium hydroxide as hydrated man- 
ganese dioxide. The mixture is then acidified with acetic acid to 
dissolve any calcium phosphate that may have been formed, filtered, 
and ammonium oxalate T.S. is added to the filtrate. No turbidity 
should be produced in 1 minute (limit about 0.3 per cent Ca). 
Assay—It is assayed as described under Potassitwm Hypophosphite, 
using about 120 mg. of the salt, previously dried over sulfuric acid for 
2 hours, and accurately weighed. Each ce. of tenth-normal bromine 
consumed corresponds to 2.537 mg. of Mn(H2PO2g)2.H 20. \ 
Storage—Keep the salt in well-closed containers. 


Uses—This salt has an undeserved reputation as a 
tonic. 
Average Dose—0.2 Gm. (approximately 3 grains). 


MANGANESE 


POTASSIUM PERMANGANATE U. S. P. 
Permanganas 


Potassii 


[Pot. Permang.—Permanganate of Potash, Chameleon Mineral, Sp. 
Permanganate de Potasio, Camaléon violeta] 

Potassium Permanganate, when dried over sulfuric 
acid for 18 hours, contains not less than 99 per cent of 
KMn0O, (158.03). 

Great caution should be observed in handling Potassium 
Permanganate, as dangerous explosions are liable to 
occur wf it ts brought into contact with organic or other 
readily oxidizable substances, either in solution or in the 
dry condition. - 

Preparation—The manufacturing process consists of 
two steps. ‘The first step is the production of potassium 
manganate by heating manganese dioxide with potas- 
sium hydroxide and an oxidizing agent such as chlorate 
or nitrate: 


8MnO2 + 6KOH + KCIO3 > 3KeMnO,4 + KCl + 3H20 
manganese otassium potassium potassium potassium water 
dioxide ydroxide chlorate manganate chloride 
In the second step the solution of the potassium man- 
ganate is further oxidized to potassium permanganate 
by passing chlorine or a current of air and carbon dioxide 
through the hot solution: 


2K2Mn0O, + Cle —- 2KMn0O,. + 2KCIl 
potassium chlorine potassium potassium 
manganate permanganate chloride 


Description and Properties—Potassium Permanganate occurs as dark 
purple crystals almost opaque by transmitted light and of a blue 
metallic luster by reflected light. It is more commonly available as 
small crystals of a dark bronze-like color. Potassium permanganate 
is stable in air and light, but is readily decomposed by many reducing 
substances, such as ferrous salts, iodides, oxalates, citrates and most 
other organic substances including alcohol, especially in the presence 
of an acid. It is also decomposed by hydrochloric or concentrated 
sulfuric acid with the liberation of chlorine or oxygen, respectively. 
The color is sometimes modified to a dark bronze-like appearance. 
The dry solid is stable in clean air. The aqueous solution is deep 
violet-red when concentrated and rose color when highly diluted. 
Solutions are unstable. 

Solubility—One Gm. dissolves in 15 ec. of water at 25°, and in 3.5 
cc. of boiling water. 
Tests for Purity— 

Loss on drying over sulfuric acid for 18 hours—Not more than 0.5 per 
cent. 
Assay—An accurately weighed quantity of about 100 mg. of the dried 
Permanganate is dissolved in 25 cc. of distilled water, then 2 cc. of 
sulfuric acid, previously mixed with an equal volume of distilled water, 
is gradually added and followed with exactly 50 cc. of tenth-normal 
oxalic acid. The Permanganate oxidizes an equivalent amount of 
the oxalic acid to carbon dioxide and water according to the equation: 


2KMnO4 + 5HeC204 + 3HeSO4 aon 

potassium oxalic sulfuric 

permanganate acid acid 
10COz. + 8H20 + K.2SO, + 2MnSO, 
carbon water potassium manganese 
dioxide sulfate sulfate 


The excess oxalic acid is then determined by titration with tenth- 
normal potassium permanganate. Each cc. of tenth-normal oxalic 
acid consumed corresponds to 3.161 mg. of KMnOz. 
Storage—Keep Potassium Permanganate in well-closed containers. 
Incompatibilities—Potassium Permanganate is a powerful oxidizing 
agent and under suitable conditions the vigor of its reaction is suf- 
ficient to produce an explosion. It must not be triturated with 
organic matter or such easily oxidizable substances as charcoal, sulfur, 
reduced iron, and hypophosphites. In solution it oxidizes arsenites, 
oxalates, hypophosphites, sulfites, tartrates, mercurous salts, cuprous 
salts, and ferrous salts. Chlorine, iodine, and bromine are produced 
from chlorides, iodides, and bromides, respectively. It liberates oxy- 
gen from hydrogen peroxide. Alcohol is oxidized to acetaldehyde and 
acetic acid, phenol to oxalic acid and carbon dioxide. 


Uses—Potassium Permanganate is a valuable anti- 
septic, which is active by virtue of the fact that it re- 
leases nascent oxygen. Its most common clinical ap- 
plication is in the treatment of urethritis where it is 
_» employed as a douche in a concentration of 1:4000. At 
one time, before the advent of more efficient drugs, 
Potassium Permanganate was highly regarded for the 
treatment of gonorrhea. It was used as a urethral 
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irrigant in concentrations of 1:15,000 to 1:8000.  Irri- 
gation of the bladder with a 1:5000 solution of Potas- 
sium Permanganate is sometimes effective in the treat- 
ment of persistent urinary infections. A 1 per cent 
solution of Potassium Permanganate is sometimes em- 
ployed for the vesicular lesions of epidermophytosis. 
A wet dressing of a 1:10,000 solution is useful in the 
vesicular stage of eczema-dermatitis and in the treat- 
ment of ivy poisoning. 

Potassium Permanganate is capable of oxidizing 
certain drugs and venoms. In the treatment of poison- 
ing following the oral ingestion of barbiturates, chloral 
hydrate, and many of the alkaloids, gastric lavage with 
a 1:5000 solution of Potassium Permanganate helps to 
destroy the poison and thus prevent absorption. Per- 
manganate solutions should not be left in the stomach. 
The application of crystals of Potassium Permanganate 
to snake bites promotes oxidation of the venom and is 
of value, provided the wound is opened widely and 
circulation is stopped by means of a tourniquet. 

In the disinfection of dwellings and similar places 
with formaldehyde solution, Potassium Permanganate 
is added to the formaldehyde contained in a shallow 
dish and the room is immediately closed. The Perman- 
ganate oxidizes the formaldehyde with such energy and 
violence that the greater portion of the formaldehyde 
vaporizes and disperses throughout the room. Potas- 
sium Permanganate is used as an oxidizing agent in 
many organic syntheses, and also as a stain for wood. 


Potassium Permanganate Tablets N. F. Tabelle 


Potassii Permanganatis 
[Tab. Pot. Permang.—Sp. Tabletas de Permanganato de Potasio] 


Potassium Permanganate Tablets’ contain not less 
than 94 per cent and not more than 106 per cent of the 


‘labeled amount of potassium permanganate for tablets 


of 0.3 Gm. or more, and not less than 92.5 per cent and 
not more than 107.5 per cent for tablets of less than 0.3 
Gm. 


Assay—A counted number of the Tablets are dissolved in thoroughly 
boiled and cooled distilled water to make an exact volume, then the 
potassium permanganate content of an accurately measured aliquot 
portion of the solution is determined as described in the assay of 
Potassium Permanganate. 


Average Dose—60 mg. (approximately 1 grain) of 
Potassium Permanganate. 


Unofficial Inorganic Manganese Compounds 


Manganese Carbonate [MnCOg]|—A rose-colored, crystalline powder; 
insolublein water. Uses; asource of other manganese compounds 
and atonic. Dose: 0.3 to 1 Gm. (5 to 15 grains). 

Manganese Chloride [MnClg|—Rose-colored crystals. Soluble in 


water. Uses: used in dyeing and in regenerating manganese di- 
oxide; also in solution as a mouth wash and gargle for syphilitic 
ulcers. 


Manganese Dioxide [MnO 2]—Occurs in nature as the mineral pyro- 
lusite, or it is made axtiGolilys The native product is heavy, steel- 
gray when in lumps, black when powdered; the artificial product 
is a brownish black, fine powder. Both usually contain some 
Mng0O4, and both contain about 80 per cent MnOg, Insoluble in 
water, nitric or cold sulfuric acid; slowly soluble in cold hydro- 
chloric acid with the evolution of chlorine. Uses: The native salt 
is used largely in the manufacture of manganese steel; as an oxi- 
dizer; for making amethyst glass; painting porcelains, etc. The 
artificial product is used in electrotechnics, pigments in rubber 
goods, browning gun barrels, printing, and dyeing textiles. 

Manganese Sulfate [MnSO4.4H 20]—See Reagents (page 1068). 


Inorganic Manganese Specialties 


Colomang (Crookes)—Ampuls (1 and 2 cc.) or vials (30 ec.) containing 
0.25 per cent colloidal manganese hydroxide. Uses; manganese 

- therapy for staphylococcic infections. Dose: 1 cc. weekly, intra- 
muscularly. 

Mangacol (National Drug)—Powder or capsules (234 gr.) containing 
10 per cent colloidal manganese dispersed in monepegiag protein. 
Uses:. manganese therapy for*boils, ete. Dose: or 2 capsules 
with water after meals. 
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Mangacol Sol—Ampuls (25 jec.), each cc. containing 1.5 mg. col- 

loidal manganese. Dose: 14 to % cc. gradually increased to 2 cc., 

intramuscularly. 

These two metals, in addition to the closeness of their 
atomic weights, are in most of their chemical properties 


NICKEL AND COBALT 


very similar to each other. Their compounds, how- 
ever, markedly differ from each other in that the com- 
mon hydrated inorganic salts of nickel a are green, while 
those of cobalt are red. ; 


NICKEL, COBALT, AND THEIR COMPOUNDS 


Nickel—Ni = 58.69 (At. no. 28) 


History and Occurrence—The name nickel is from 
the German term kupfernickel meaning false nickel, be- 
cause of the resemblence of a nickel ore ( Niccolite) to 
an ore of copper. The principal source of the metal is 
the magnetic iron pyrites in the province of Ontario, 
Canada. It is also a constituent of the mineral 
garnierite (or genthite), a hydrated double silicate of 
nickel and magnesium found in New Caledonia, Nova 
Scotia, and Norway, as well as of the mineral niccolite 
found in Germany and Sweden. 


Description and Properties—Nickel is a silvery white, somewhat mag- 
netic metal, and is a fair conductor of heat and electricity. Its 
specific gravity is 8.9 and it melts at 1452°. It is slowly attacked by 
hydrochloric or diluted sulfuric acid and is readily dissolved by diluted 
nitric acid. 
Nickel is divalent and trivalent forming compounds termed nicke- 
lous and nickelic, respectively. In commerce the nickelous salts pre- 
ominate. Most inorganic salts of nickel contain water of hydration 
and are green in color. The halogen salts, the nitrate, and the sulfate 
are freely soluble in water and, with the exception of the sulfate, they 
are also soluble in alcohol. . 


Uses—Nickel is used in a variety of processes; among 
them are nickel plating, the production of coins, stain- 
less steel, storage batteries, and electrical contacts; 
and it functions as a catalyzer for the hydrogenation of 
oils and other organic substances. 


IDENTIFICATION OF NICKEL COMPOUNDS 
With sodium or potassium hydroxide T.S., solutions 


of nickelous salts yield an apple-green precipitate of: 


nickel hydroxide, insoluble in an excess of the reagent, 
but soluble in ammonia water. Sodium cyanide pro- 
duces in a solution of a nickel salt a green precipitate, 
soluble in an excess of the cyanide. Nickel compounds 
produce a reddish brown borax bead when formed in the 
oxidizing portion of the flame. 

The addition of an alcoholic solution of dimethylgly- 
oxime to neutral or alkaline solutions of nickel produces 
a red precipitate, or, when only small quantities of 
nickel are present, a red color. 


Unofficial Inorganic Nickel Compounds 


Nickel Ammonium Sulfate [NiSO4.(NH4)2S0O4.6H20O]—Bluish 
green crystals. Soluble in about 10 parts water; more soluble in 
hot water; insoluble in alcohol. It is one of the principal nickel 
salts of commerce. Uses: electroplating agent. 

Nickel Bromide [NiBre.3H20]—Yellowish green, very deliquescent 
crystals. Freely soluble in water and alcohol. Uses: a nerve 
sedative in epilepsy and nervous insomnia. Dose: 0.3-0.5 Gm. 
(5-8 grains). 

Nickel Carbonate—[approximately NiCO3.2Ni(OH) 9.4H 20]—This is 
a basic salt. A green powder. Insoluble in water; soluble in 
ammonia water and in dilute acids. Uses: used in nickel plating, 
in the preparation of catalyzer for hardening fats, and also for 
coloring enamel glazes. 

Nickel Chloride [NiCl2.6H 20]—Green, deliquescent crystals or 
granules. Soluble in 1 part of water; also soluble in alcohol. 

Nickel Cyanide [Ni(CN)2.4H2O]—Apple-green poisonous powder. 
Insoluble in water; slightly soluble in dilute acids; freely soluble in 
solutions of alkali ‘eyanides, in ammonia, and ammonium carbonate 
solution. Uses: a nickel plating agent. 

Nickel Monoxide, Nickelous Oxide [NiO]—It occurs in nature as the 
mineral Bunsenite. A green powder, yellow when hot. Insoluble 
in water; soluble in mineral acids. 

Nickelic Oxide, Nickel Sesquioxide, Black Nickel Oxide [NigO3]—A 
gray-black powder, decomposed at about 600° into NiO and oxygen. 
Insoluble in water; slowly soluble in cold mineral acids; dissolved 
by hot hydrochloric acid evolving chlorine and by hot sulfuric acid 
or nitric acid evolving oxygen. 

Nickel Nitrate [Ni(NOg)29.6H2O]—Green, 


, C deliquescent crystals. 
Very soluble in water; soluble in alcohol. 


Nickel Sulfate [NiSO4.6H 20]—Emerald-green, transparent crystals. 
Melts at about 100°. Soluble in 1.4 parts water; sparingly soluble 
in alcohol; more soluble in methanol. Uses: occasionally used 
internally in neuralgia and rheumatism; externally, as an anti- 
parasitic. Dose: 30-60 mg. (144-1 grain). 


- 


Cobalt—Co = 58.94 (At. no. 27) 


History and Occurrence—The name cobalt is from 
Kobold, the demon of the German mines. The metal 
is usually found associated with arsenical ores in 
cobaltite [CoAss.CoSz] and smaltite [CoAse]. Some 
cobalt is usually present in nickel ores and vice versa, 


Description and Properties—Cobalt is a gray, magnetic metal. Its 
specific gravity is 8.9, and it melts at 1480°. It is very slowly at- 
tacked by cold hydrochloric or sulfurie acid, but dissolves readily in 
diluted nitric acid. 

Cobalt is divalent and trivalent, forming compounds termed 
cobaltous and cobaltic, respectively. In commerce the cobaltous salts 
predominate. Most i inorganic salts of cobalt contain water of hydra- 
tion and are red in color. The red color of solutions of the soluble 
salts is changed to blue by the addition of an excess of concentrated 


.hydrochloric acid. The halogen salts, the nitrate, and the sulfate 


are freely soluble in water and, with the exception of the sulfate, are 
also soluble in alcohol. 


Uses—The metal is used as an ingredient in certain 
alloys and in the manufacture of cobalt salts and pig- 
ments. 


IDENTIFICATION OF COBALT COMPOUNDS 


With sodium or potassium hydroxide T.S., solutions 
of cobaltous compounds yield a blue precipitate of co- 
balt hydroxide, changing rapidly in color to olive-green, 
but if boiled soon after its formation it becomes rose- 
red. With ammonia water, and the presence of some 
ammonium chloride, the precipitate first formed redis-. 
solves in an excess of the reagent. On adding potas- 
sium nitrite and acetic acid to a solution of a cobaltous 


salt a yellow precipitate of potassium cobaltinitrite is 


produced. Compounds of cobalt color a borax bead 
blue. 
produces in dilute solutions of cobalt salts a purplish 
red precipitate of cobaltic nitroso-G-naphtholate. 


Unofficial Inorganic Cobalt Compounds 


Cobalt Ammonium Sulfate, Cobaltous Ammonium Sulfate [CoSO4.- 
(NH 4)2804.6H20]—Red crystals, soluble in 5 parts of water and 
2 parts boiling water; insoluble in alcohol. 


Cobalt Carbonate, Cobaltous Carbonate—This is a basic salt (ap- - 


proximately 2CoCO3.3Co(OH)2]—A pale red powder, insoluble in 
water; soluble in dilute acids. Uses: enters into the production 
of cobalt pigments. 

Cobalt Chloride, Cobaltous Chloride [CoCl2.6H 20]—Dark red, some- 
what deliquescent crystals. When heated at 110°-120° it be- 
comes anhydrous and blue in color. Very soluble in water, freely 
soluble in alcohol; also soluble in glycerin and acetone. Uses: 
used in the manufacture of sympathetic inks, in barometers, in 
paints for glass and porcelain, and in analytical chemistry as a 
reagent. 

Cobalt Hydroxide, Cobaltous Hydroxide [Co(OH)2]—Rose-red 
powder, gradually becoming brown in the air due to oxidation to a 
copa compound. Insoluble in water, but soluble in diluted 
aci 

Cobalt Nitrate, Cobaltous Nitrate [Co(NO3)2.6H 20]—Red deliques- 
cent crystals or granules, melting at about 55°. Very soluble in 
water and alcohol. Uses: a cobalt pigment and an analytical re- 
agent. 

Cobalt Oxide, Cobaltie Oxide, Cobalt Black [Cog03]—A black pow- 


der, insoluble in water, slowly soluble in hot hydrochloric acid with A 


the evolution of chlorine or in hot sulfuric acid with the evolution 
of oxygen. Uses: basic chemical for the manufacture of cobalt 
salts, and for coloring glass and pottery. 

Cobalt Potassium Nitrite, Cobalt Yellow, Potassium Cobaltinitrite — 


A solution of e-nitroso-6-naphthol in acetic acid — 


NICKEL AND COBALT 


Fischer’s Yellow [approximately Co(NOg)3.3KNO2 + H20]—This 
salt is formed in the identification reaction when potassium nitrite 
and acetic acid are added to a solution of a cobaltous salt. Yellow 
crystals, soluble in about 1000 parts water, very slightly soluble in 
diluted acetic acid; insoluble in alcohol. Uses: formerly given 
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for asthma and dyspnea. Dose; 15-30 mg. (4—-% grain). 

Cobalt Sulfate, Cobaltous Sulfate [CoSO4.7H20]—Red crystals or 
granules. Soluble in 3 parts water; slightly soluble in alcohol; 
more soluble in methanol. Uses: used in the production of cobalt 
pigments, in cobalt plating of iron, and in cobalt glazes. 


CHAPTER LIII 


IRON, CHROMIUM, AND ALUMINUM 


THESE THREE ELEMENTS and their compounds exhibit 
many chemical analogies and are accordingly grouped 
together. 


Iron—Fe = 55.85 (At. no. 26) 


History and Occurrence—The name ron is from words 
of several languages pertaining to anything strong, 
hard, and unyielding. It is one of the most useful and 
abundant of the structural metals. 

Iron is widely ‘distributed in nature, occurring pri- 
marily in combination with other elements. The oxides 
of iron, magnetite [Fes0.] and hematite [Fe2Os], consti- 
tute the most important iron ores. Iron sulfides, 
pyrites and marcasite [FeSg], are also abundant but they 
are not suitable for the extraction of the metal. 


Description and Properties—Iron is grayish white in color, hard, 
malleable, ductile, and of a fibrous texture. Its specific gravity is 7.8. 
It melts at about 1500° C. Commercial grades of iron melt at a lower 
temperature on account of the presence of other elements. 

All commercial forms of iron contain carbon partly in the free state 
and partly in the form of carbide. Wrought iron contains the lowest 
amount of carbon, cast iron the highest amount, and steel an inter- 
mediate proportion. Iron combines with all of the non-metallic 
elements except hydrogen and nitrogen, and with many metals. By 
the action of air and moisture, iron becomes covered with rust, which 
is ferric hydroxide [Fe(OH) 3]. 

Tron is readily dissolved by dilute mineral acids, but is not appreci- 
ably affected by cold concentrated nitric or sulfuric-acid. It is at- 
tacked by most organic acids; it is unaffected by alkali hydroxides or 
carbonates. 

Iron forms divalent and trivalent compounds, designated ferrous 
and ferric, respectively. Ferrous compounds are more or less readily 
oxidized by air, the oxidation being retarded in acid solutions. 
Hydrated ferrous salts are commonly green, whereas hydrated ferric 
salts are usually yellow to brown. 

Incompatibilities—Both ferric and ferrous compounds undergo char- 
acteristic reactions which may be troublesome in prescription practice. 

Ferrous Salts are oxidized by exposure to air, by arsenates and 
mercuric salts in alkaline solution, and by the usual oxidizing agents. 


Inorganic acids generally favor the oxidation; light hinders it, as do ~ 


alcohol, citric acid, glycerin, sugar, and soluble citrates. A darkening 
in the color of a ferrous salt is evidence of oxidation. 

Ferrous salts are precipitated by alkalies as white ferrous hydroxide 
which quickly oxidizes to ferroferric hydroxide, then to the reddish 
brown ferric hydroxide, Sugar, glycerin, and many organic hydroxy 
acids hinder precipitation. In neutral solutions, the soluble carbon- 
ates, phosphates, arsenates, arsenites, and oxalates produce precipitates. 
Tannic acid precipitates ferrous tannate which is quickly oxidized to 
the blue-black ferric salt. Borax gives a white precipitate. Acids 
and the alkali citrates and tartrates favor solution of the precipitates. 

Ferric Salts—The arsenate, arsenite, benzoate, borate, carbonate, 
chromate, ferrocyanide, hydroxide, phosphate, salicylate, sulfite, and tan- 
nate are insoluble or only sparingly soluble. In neutral solutions, 
alkali hypophosphites give a precipitate; in acid, the iron is reduced 
to the ferrous state and the hypophosphite is oxidized to phosphate. 
The alkali citrates and tartrates retard precipitation. Ozalates will 
gradually produce a precipitate with the ferrous iron formed by reduc- 
tion of a ferric salt. 

Ferric salts act as oxidizing agents under suitable conditions. 
Iodine is liberated from hydriodic acid and soluble iodides in the 
presence of an acid, arsenites are partially oxidized to arsenates, and 
organic acids such as citric, lactic, and tartaric are slowly decomposed 
to carbon dioxide and water. Light generally favors the reduction 
of ferric iron to the ferrous state while free acid promotes its stability. 
A solution of ferric chloride is decolorized by phosphoric acid, the 
pene phosphate which is thus formed being soluble in an excess of the 
acid. 

With a great many organic substances, ferric salts produce charac- 
teristic colors, These colors have been indicated, for the most part, 
in the discussions of the specific substances. : 


IDENTIFICATION OF IRON COMPOUNDS 
Solutions of ferrous or ferric salts yield a black pre- 


cipitate with solutions of alkali or ammonium sulfides, 


the precipitate dissolving readily in cold diluted hydro- 
chloric acid. In very dilute solutions of iron salts, a 
green or greenish color is produced by alkali sulfides. 


Ferric salts in acid solutions give a dark blue precipi- 
tate (Prussian blue) with potassium ferrocyanide T.S., 
and with ammonium thiocyanate T.S. they yield a 
deep red color which is not destroyed by mineral acids 
and is extractable by ether. With an excess of sodium 
hydroxide, ferric salts yield a reddish brown precipitate 
of ferric hydroxide. In nearly neutral solutions of fer- 
ric salts, salicylic acid produces a violet-red color. 

Ferrous salts in acid solutions produce a dark blue 
color or precipitate with potassium ferricyanide T-.S. 
(ferric salts give a brown-red color). When free from 
ferric salts no red color is produced with ammonium 
thiocyanate. With an excess of sodium hydroxide 
they yield a greenish white precipitate, the color rapidly 
changing to green and then to brown. 


IRON N. F.. Ferrum 


[Ferr.—Sp. Hierro] 


Elementary Iron [Fe = 55.85] in the form of fine, 
bright wire, filings, or powder. 

Iron, when employed in pharmaceutical operations 
should be of the purest kind; hence the pharmacopeeias 
generally direct that, when wanted in small masses, it 
be in the form of iron wire, which is necessarily made 
from the purest iron, because it is the softest and most 
ductile, and readily cut into pieces. Such wire is very 
flexible and without elasticity. 

The wire clippings and the ends of card teeth obtained 
from the manufacturers of cotton carding machines are 
frequently used for making iron preparations. They 
are very convenient and it may be mentioned inci- 
dentally that they are sometimes used as a substitute 
for sand in sand baths. Iron scraps and waste from 
steel pen factories are also used to make preparations of 
iron. 


IRON AND AMMONIUM ACETATE SOLUTION 
N. F.—See Organic Salts (page 526). 


PEPTONIZED IRON N. F. 


{Ferr. Pepton.—Iron Peptonate, Sp. Peptonato de Hierro] 


Peptonized Iron is a compound of iron oxide and pep- 
tone, rendered soluble by the presence of sodium citrate, 
and yields not less than 16 per cent and no: more than 
18 per cent of Fe. 

Preparation—Peptonized Iron may hes prepared by 
mixing solutions of peptone and ferric chloride, and pre- 
cipitating the peptonized iron by the addition of sodium 
hydroxide. The resulting precipitate is then dissolved 
in sodium citrate solution and evaporated. 


Ferrum Peptonatum 


Description and Properties—Peptonized Iron occurs as dark brown, 
lustrous granules, or as a brown powder of characteristic odor and 
taste. It is discolored by light. The aqueous solution is neutral or 
slightly alkaline to litmus, and yields no blue color upon the addition 
of potassium ferrocyanide, indicating the absence of ionic iron, but if 
the solution is previously warmed with hydrochloric acid a blue color 
is produced. ‘The iron in this preparation is non-ionic and hence 
does not respond to the usual reactions for this element. 
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_ heating with hydrochloric acid and hydrogen peroxide. 
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Solubility—It is freely. soluble in water, yielding a dark colored solu- 
tion; it is almost insoluble in alcohol. 
Tests for Purity— 

Lead limit—50 parts per million. 

Sugar—A solution of 500 mg. of Peptonized Iron in 25 ce. of dis- 
tilled water is made slightly alkaline, if necessary, with sodium hy- 
droxide T.S., and the iron is precipitated with hydrogen sulfide. 
After filtering, 2 cc. of diluted hydrochloric acid is added to the fil- 
trate, to hydrolyze (invert) any sucrose present to dextrose and levu- 
lose, and the solution is evaporated almost to dryness on a steam bath. 
The residue is dissolved in 5 cc. of water and made slightly alkaline 
with sodium hydroxide T.8.; 2 cc. of alkaline cupric tartrate T.S, is 
added, and the solution is heated. No red precipitate of cuprous 
oxide (due to the reduction of the cupric copper by sugar) is produced. 
Assay—About 500 mg. of Peptonized Iron, accurately weighed, is 
ignited to destroy the organic matter. The residue is treated with 10 
ec. of hydrochloric acid and heated until all of the iron is dissolved. 
Then 10 cc. of hydrogen peroxide T.S. is added to oxidize the ferrous 
iron formed by the action of the organic matter during the ignition, 
and the solution is evaporated almost to dryness on a water bath. 
The residue is dissolved by warming with 5 cc. of hydrochloric acid, 
the solution is transferred completely with the aid of 25 cc. of water 
into a glass-stoppered flask, and the assay is completed as described 
under Ferric Chloride Solution. Each cc. of tenth-normal sodium 
thiosulfate corresponds to 5.585 mg, of Fe. 

Storage—Keep Peptonized Iron in tight, light-resistant containers. 


Uses—This compound is used in the preparation of 
the corresponding N. F. solutions. It is erroneously 
supposed to be more readily assimilable than inorganic 
combinations of iron. This preparation is rarely pre- 
scribed in modern therapeutics. See discussion under 
Reduced Iron. 


Average Dose—0.3 Gm. (approximately 5 grains). 


Peptonized Iron and Manganese Solution N. F. 
Liquor Ferri Peptonati et Mangani 
[Liq. Ferr. Pepton. et Mangan.—Iron Peptonate and Manganese 
Solution, Sp. Solucién de Peptonato de Hierro y Manganeso] 
Peptonized Iron and Manganese Solution contains, 
in each 100 cc., not less than 265 mg. and not more than 
325 mg. of Fe. 


Metric Alternative 
Peptonized Iron............. 17.50 Gm. 256 gr. 
Soluble Manganese Citrate... . 8.75 Gm. 128 gr. 
OranvelOilig.te Noni ee bck ees 0.15 cc. 234 min, 
BtnyIbACetate:<., h. okie es ceeds 0.20 cc. 5 min. 
WENT UNTT 65 A a 0.02 Gm. Salil Cae 
ESICOMOL AMT itr sic ciiib thee esse die 6 150 cc 4 fl. oz. 384 min. 
Si TDe a. Seo Re ene Ie 3 tae 1 fl. oz. 288 min. 
ANEVCONI Eien ae ceo os lenslew ls ome 50 - cc. 1 fl, oz. 288 min. 
Distilled Water, a sufficient 
quantity, ; 
MIBOBIID ISOM sg eal aceite eo 4 ne 644 1000 = cc. 2 pints 3 


_ Dissolve the peptonized iron in 500 cc. (1 pint) of distilled 
water, stirring gently. Dissolve the soluble manganese citrate 
in 200 ce. (6 fl. oz. 192 min.) of distilled water and add it to the 
peptonized iron solution; then add the syrup and the glycerin, 
and mix well. Dissolve the oil of orange, the ethyl acetate, and 
the vanillin in the alcohol, and gradually add this solution to the 
aqueous solution, while stirring the latter. Finally, add suf- 
ficient distilled water to make the product measure 1000 ce. (2 
pints), and allow it to stand for 24 hours; filter, if necessary, 
until the product is clear. 


Description and Properties—Peptonized Iron and Manganese solu- 
tion is a dark brown, transparent liquid, having an aromatic odor 
and a pleasant taste. Its specific gravity is about 1.029 at 25° C. 
Assay—Exactly 25 cc. of the Solution is evaporated and ignited. The 
residue, consisting of iron and manganese oxides, is dissolved by 
After dilu- 
tion with about 250 cc. of water, the acid is neutralized with sodium 
carbonate T.S. until a slight precipitate remains after stirring. A few 
‘drops of hydrochloric acid are then added to dissolve the precipitate, 
followed by a solution of about 5 Gm. of sodium acetate in 20 cc. of 
distilled water. The solution is heated to boiling and boiled for 1 
minute. This treatment precipitates the iron as the insoluble basic 
ferric acetate while the manganese remains in solution. After filter- 


- ing and washing with hot water the precipitate is dissolved in warm 


dilute hydrochloric acid, and the iron in the resulting solution is deter- 
mined as described in the assay of Ferric Chloride Solution (page 428). 
Storage—Keep the Solution in tight, light-resistant containers, 


_ Alcohol content—12 to 15 per cent, by volume, of CpHsOH. 


- Uses—Formerly employed as a tonic, this prepara- 
tion is irrational and not employed in modern therapeu- 


_ tics. Manganese deficiency is unknown in man, and 


’ 


better preparations of iron are available for the treat- 
ment of iron-deficiency. anemias. 

Average Dose—8 cc. (approximately 2 fluidrachms) 
corresponding to 24 mg. (3% grain) of iron [Fe] and to 10 
mg. (1 grain) of manganese [Mn]. 


REDUCED IRON N. F. Ferrum Reductum 


[Ferr. Reduct.—Ferrum Redactum, Iron by Hydrogen, Quevenne’s 
Iron, Sp. Hierro Reducido] 

Reduced Iron is obtained by the action of hydrogen 
upon ferric oxide, and contains not less than 90 per cent 
of metallic iron [Fe]. 

History—Reduced iron was first produced by Theo- 
dore Quevenne, head pharmacist of the Paris Charity 
Hospital, about 1850. 

Preparation—Reduced Iron is prepared by passing 
hydrogen through heated ferric oxide [Fe.0s] until the 
reduction is complete. See Remineton’s PRacticE 
or PHARMACY, Sixth Edition, page 862, for full details. 


Fe203 + 3He —> 2Fe + 3H20 
ferric hydrogen iron - water 
oxide 


Native iron oxides are not pure enough for use in 
preparations of Reduced Iron. The oxide is prepared 
from a highly purified grade of iron metal by dissolving 
the latter in sulfuric acid, then roasting the resulting 
ferrous sulfate until the sulfur is completely expelled. 

The value of Reduced Iron is largely dependent upon 
the fineness of its particles, hence it is required to pass 
through a No. 100 standard sieve and to “glow”? when 
heated in a crucible and thrown into the air. 


Description and Properties—Reduced Iron is a grayish black powder, 
all of which must pass through a No. 100 sieve. It is lusterless or 
has not more than a slight luster. When viewed under a lens having 
a magnifying power of one hundred diameters, Reduced Iron appears 
as an amorphous powder, free from particles having a crystalline 
structure. Itis stable in dry air, but in moist air it cakes and oxidizes 
forming ferric hydroxide. It is soluble in diluted mineral acids with 
the evolution of hydrogen, and the solution yields the identification 
reactions for iron. It also conforms to the following test which was 
originally designed to prove the genuineness of the product and its 
fine state of subdivision. About 1 Gm. of Reduced Iron is heated in 
a porcelain crucible with a small Bunsen flame until it assumes a 
bluish black color without glowing, then quickly poured from the 
pruel ples The particles of iron will glow brightly as they fall through 
the air. 

Tests for Purity— 

Reaction—Water shaken with Reduced Iron does not acquire an 
acid or alkaline reaction. 

Insoluble in diluted sulfuric acid—Not more than 1 per cent. 

Arsenic limit—20 parts per million. 

Lead limit—50 parts per million. For the detail of these tests con- 
sult the N. F. VIII. 

Sulfide—When 20 cc. of diluted sulfuric acid is added to 1 Gm. con- 
tained in a small flask and the mouth of the flask immediately covered 
with filter paper moistened with lead acetate T.S., no darkening of 
the paper occurs in 2 minutes (about 0.02 per cent sulfidic sulfur). 
Assay—About 1 Gm. of Reduced Iron, in free-flowing form, is weighed 
accurately, and placed in a 100-cc. volumetric flask; 10 Gm. of finely 
powdered mercury bichloride and 50 cc. of boiling water are added, 
and the mixture is heated for 10 minutes on a water bath, shaking 
frequently. The iron reduces the mercury bichloride to mercurous 
chloride, itself becoming converted to ferrous chloride, thus: 


Fe + 2HgCle — FeCle + 2HgCl 
iron mercury ferrous mercurous 
bichloride chloride chloride 


The flask is filled to the 100-cc. mark with recently boiled and cooled 
water, cooled to room temperature, again filled to the mark with dis- 
tilled water, stoppered, and the contents are well agitated and allowed 
to stand for afew minutes. The mixture is then filtered through a dry 
filter, rejecting the’ first 10 cc. of the filtrate. Immediately after 
filtration the quantity of ferrous chloride formed, as indicated above, 
is determined in exactly. 20 cc. of the filtrate, to which has been added 
20 ec. of diluted sulfuric acid, by titration with tenth-normal potas- 
sium permanganate, as illustrated by the equation given in the assay 
of Ferrous Sulfate. Five times the volume of tenth-normal potassium 
permanganate consumed multiplied by 5.585 (which is the iron equiva- 
lent, in milligrams, of 1 cc. of the permanganate) represents the quan- 
tity of Fe in the weight of the sample taken for the assay. 
Storage—Keep Reduced Iron in well-closed containers. 


' 
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Incompatibilities—In a moist atmosphere, Reduced Iron is slowly oxi- 
dized to a hydrated ferric oxide. Trituration with strong oxidizing 
agents such as potassium chlorate and potassium permanganate may 
cause an explosion. In the presence of moisture salts of bismuth, 
antimony, copper, lead, silver, and mercury are reduced. Ferrous iodide 
is formed with iodine. 


Uses—Reduced Iron is effective in the therapy of 
hypochromic, iron-deficiency anemias, that is, in ane- 
mias characterized by a deficiency of hemoglobin. The 
two most common causes of such anemias are nutri- 
tional (deficient intake, especially in infancy, in child- 
hood, at puberty, during pregnancy, and late in men- 
strual life or at the menopause), and chronic blood loss 
(especially bleeding peptic ulcer, carcinoma of the colon 
or stomach, bleeding from the urinary tract, or excessive 
loss of blood during menstruation). Iron therapy is of 
no particular value in other forms of anemia, such as 
pernicious anemia, unless the patient has entered an 
iron-deficiency stage of his disease. The four most 
common forms of iron therapy employed in the United 
States include Reduced Iron, Ferrous Sulfate, Ferrous 
Carbonate, and Iron and Ammonium Citrates. The 
most important advance in iron therapy in the last two 
decades is the appreciation that very large doses of iron 
are required. In severe iron-deficiency anemias, the 
dose of reduced iron for adults is 1 to 1.5 Gm., 2 or 3 
times daily. If maintenance therapy is needed after 
the patient’s blood count has returned to normal, one- 
half to one-third this amount may be employed. Re- 
duced Iron may be dispensed in compressed tablets, in 
capsules, or in pills. It may also be administered in 
combination with chocolate in the form of lozenges. 
Reduced Jron has also been used for the preparation of 
ferrous iodide syrup, replacing the iron wire and hasten- 
ing the reaction. It is used also for fortifying bread. 

Reduced Iron is used in the Edison storage battery. 

Average Dose—0.5 Gm. (approximately 71% grains). 


Reduced Iron Capsules N. F. Capsule Ferri Reducti 
[Cap. Ferr. Reduct.—Sp. Capsulas de Hierro Reducido] 


Reduced Iron Capsules contain an amount of metal- 
lic iron [Fe] corresponding to not less than 86 per cent 
and not more than 102 per cent of the labeled amount 
of Fe. 


Assay—The content of a counted number of the Capsules is weighed, 

then an accurately weighed portion of the contents equivalent to about 

ate mg. of iron is assayed by the method described under Reduced 
ron. 

Storage—Keep the Capsules in well-closed containers. 


Average Dose—0.5 Gm. (approximately 714 grains) 
of Reduced Iron. 


FERRIC AMMONIUM CITRATE U. S. P.—See 
Organic Salts (page 534). 


FERRIC AMMONIUM CITRATE CAPSULES U. S. P+ 
—See Organic Salts (page 535). 


FERRIC AMMONIUM CITRATE, GREEN N. F.—See 
Organic Salts (page 535). 


FERRIC AMMONIUM CITRATE, GREEN, AMPULS 
N. F.—See Organic Salts (page 535). 


FERRIC CACODYLATE aN: F.—See Organometallic 
Compounds (page 761). 


FERRIC CACODYLATE AMPULS N. F.—See Organo- 
metallic Compounds (page 762). 
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FERRIC CHLORIDE SOLUTION N. F. Liquor Ferri 
Chloridi 


{Liq. Ferr. Chlor.—Iron Perchloride Solution, Sp. Solucién de Cloruro: 
de Hierro] 

Ferric Chloride Solution is an aqueous solution con- 
taining ferric chloride [FeCls], corresponding to not less. 
than 10 per cent and not more than 11 per cent of Fe, 
which is equivalent to 48 to 52.8 per cent of hydrated 
ferric chloride [FeCls.6H.2O = 270.32], and not less than 
3 per cent and not more than 5 per cent of HCl. 

Preparation—Ferric Chloride Solution was formerly 
made by dissolving metallic iron in hydrochloric acid, 
the resulting liquid being subsequently heated with 
nitric acid. 

In the first step of the process, ferrous chloride is pro- 
duced; thus 


2Fe + 4HCl — 2FeCle + 2He 
iron hydrochloric ferrous hydrogen 
acid chloride 


Ferrous chloride is converted into ferric chloride by 


the addition of nitric and hydrochloric acids; thus: 
6FeCle + 6HCl + 2HNO3 => 6FeCls + N2O0e2 +. 4H,O0 
ferrous hydrochloric nitric ferric nitrogen water 
chloride acid acid chloride dioxide 


If this solution, when finished, has a black color, it is 
due to incomplete oxidation, and the remedy is to heat 
it to boiling, adding a few drops of nitric acid until the 
color changes to a clear ruby-red and effervescence 
ceases. If a brown precipitate is deposited upon dilu- 
tion or standing, deficiency of hydrochloric acid is indi- 
cated, and the solution should be heated, and a few 
drops of the acid added until the precipitate is dissolved; 
but a large excess of hydrochloric acid must be avoided 
or the solution will prove unsatisfactory in the prepara- 
tion of ferric citrochloride tincture, producing a reddish 
instead of a green-colored solution. The U.S. P. pro- 
vides limits for the amount of free acid. 

Ferric Chloride and Ferric Chloride Solution are now 
being prepared on a large scale by the action of chlorine 
on iron. The chlorine obtained in the electrolysis of 
sodium chloride for the production of sodium hydroxide 
is partly utilized for this purpose. 


Description and Properties—Ferric Chloride Solution is a yellowish 
brown liquid, having a faint odor of hydrochlorie acid and an acid 
reaction. Its specific gravity is 1.29to0 1.35. It is miscible with alco- 
hol or glycerin, and responds to the identification reactions for ferric 
iron and chloride. 
Tests for Purity— 

Nitrate—A 2.0-ce. portion of the Solution is diluted with 10 ce. of 
water, heated to boiling, and added in small portions to a mixture of 
10 cc. of ammonia T.S. and 10 cc. of water. The mixture is filtered 
and the precipitate washed with hot water until the filtrate measures 
30 ce. To 5 ce. of the mixed filtrate, 0.1 cc. of indigo carmine T.S. 
is added, and cautiously followed with 10 cc. of sulfuric acid. The 
blue color should not disappear in 1 minute (about 0.1 per cent NOs). 

Alkali and alkaline earths—Twenty-five cc. of the filtrate from the 
test for Nitrate, upon evaporation and ignition, leaves not more than 
2 mg. of residue (0.1 per cent): 

Ferrous salts—A few drops of freshly prepared potassium ferricya- 
nide T.S. are added to an aqueous dilution of the Solution (about 1 in 
20); a brown color is produced which does not at once turn green or 
greenish blue. 

Copper and zinc—A 2.0-cc. portion of the Solution is diluted to 50 
ce. with water, the iron is completely precipitated by adding an excess 
of ammonia T.S., and the mixture is filtered. The filtrate is colorless. 
eed and does not yield a precipitate with hydrogen sulfide T.S. 

zine 

Lead limit—50 parts per million. 

Limits for free HCl—The total per cent of chloride, calculated as 
HCl, is determined as described in the assay for chlorides (page 981), 
using about 500 mg. of the Solution accurately weighed. Each cc. of 
tenth-normal silver nitrate corresponds to 3.647 mg. of HCl. The 
percentage of iron indicated by the assay, multiplied by 1.959, repre- 
sents the chlorine combined with the iron. The difference between 
this and the percentage of the total chlorine represents the free hydro- 
gen chloride. 

Assay—The assay for ferric salt i is based on the oxidizing action of 
ferric iron on iodide whereby, for each,atom of nom one atom of 
iodine is liberated as shown by the equation: — 


corresponding to not less than 4.5 Gm. of Fe. 


ion, or the acid reaction of the tincture. 
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2FeCle + 2KI — Ie + 2FeCle + 2KCI 
ferric potassium iodine ferrous potassium 
chloride iodide chloride chloride 


The liberated iodine, representing its equivalent of iron, is titrated 
with tenth-normal sodium thiosulfate. 
I, + 2NaeS203 —> 2Nal + NaeS406 
iodine sodium sodium sodium 
thiosulfate iodide tetrathionate 


To insure completeness of reaction between the Fe+++ and the iodide 
at least 100 per cent excess of iodide must be added and the hydrogen- 
ion concentration increased by the addition of hydrochloric acid. 

The assay of this Solution is accomplished as follows: 

About 2 Gm. of the Solution, accurately weighed, is transferred 
into a glass-stoppered flask with the aid of 25 cc. of water; 5 cc. of 
hydrochloric acid and about 3 Gm. of potassium iodide are added, and 
the flask is stoppered and allowed to stand for 15 minutes. The solu- 
tion is then diluted with 50 cc. of water, and the liberated iodine is 
titrated with tenth-normal sodium thiosulfate, using starch T.S. as 
the indicator. Each cc. of tenth-normal sodium thiosulfate corre- 
sponds to 5.585 mg. of Fe. 

Storage—Keep this solution in tight, light-resistant containers, and 
avoid continuous excessive heat. 

Incompatibilities—See Ferric Salts under Iron (page 1186), and 
Chlorides (page 1185). Difficulties may also be encountered because 
of its acid reaction. 


Uses—This Solution is occasionally used as a hemo- 
static; its principal use, however, is to form, by dilution 
with alcohol, the well-known ferric chloride tincture. 

Styptic Cotton—One hundred Gm. of Purified Cotton 
immersed in a mixture of 80 cc. of Ferric Chloride Solu- 
tion, 16 cc. of glycerin, and 225 cc. of water and then 
dried, was an N. F. V product. It is used as a hemo- 
static in treating small wounds. 

Ferric Chloride Solution is also used in the treatment 
of certain skin disorders. However, when it is em- 
ployed in such conditions as ivy poisoning, permanent 
pigmentation may occur, and its use is therefore not 
advisable in vesicular, bullous, or exudative dermatoses. 

A ferric chloride solution containing about 13 per cent 
of Fe and only about 0.3 per cent free HCl is extensively 
used in photoengraving. 

Average Dose—0.1 cc. (approximately 114 minims). 


FERRIC CHLORIDE TINCTURE N.F. Tinctura 
Ferri Chloridi 


Tr. Ferr. Chlor.—Iron Tincture, Sp. Tinctura de Cloruro de Ferrico] 


Ferric Chloride Tincture is a hydro-alcohol solution 
containing, in each 100 cc., about 13 Gm. of FeCls, 


Metrie Alternative 
Ferric Chloride Solution............. 350 cc. 11 fl. oz. 96 min. 
Alcohol, a sufficient quantity 
HILGELOUR ORME Ny. S02. iss Satara oerclend atte.a 1000 cc. 2 pints 


Mix the solution with enough alcohol to make 1000 cc. 


Note—Aging of the Solution for at least 3 months, 
which was formerly required presumably for the pur- 
pose of developing ethyl chloride, is no longer required 
now. 


Description and Properties—Ferric Chloride Tincture is a bright, 
amber-colored liquid, having a slightly ethereal odor, a very astrin- 
gent, styptic taste, and an acid reaction. The ferric chloride is slowly 
reduced to the ferrous state; exposure to light accelerates reduction. 
Its specific gravity is about 1.00. It responds to the identification 
reactions for ferric iron and chloride. 
Tests for Purity— 

Nitrate—It conforms to the test for nitrate given under Ferric 


- Chloride Solution, using for the test 5 cc. of the Tincture. 


_ Assay—The iron content is determined as described in the assay of 
Ferric Chloride Solution, using exactly 5 ec. of the Tincture. Hach 
ce. of tenth-normal sodium thiosulfate consumed corresponds to 5.585 


_ mg. of Fe, or to 16.22 mg. of FeClg. 


Alcohol content—58 to 64 per cent by volume of C2H50H. 
Storage—Keep the Tincture in tight, light-resistant containers. 
Incompatidilities—These may be due to the ferric ion, the chloride 
Certain of the incompatibili- 
ties of the ferric ion, such as those with tannin, benzoates, or salicyl- 


_ ates, are lacking when ferric citrochloride tincture is used in place of 


Ferric Chloride Tincture. This is due to the fact that the ferric 
compound in the former tincture is only slightly ionized. 


Uses—The soluble salts of trivalent iron are protein 
precipitants and are capable of producing astringent 
and irritant effects on the skin and mucous membranes. 
Therefore Ferric Chloride Tincture is only rarely em- 
ployed internally. Formerly, it was taken orally as a 
hematinic, in the dose of 2 cc., diluted with water, and 
drawn through a glass tube to prevent injury to the 
enamel of the teeth. It is rarely used any more for its 
anti-anemic properties. Better preparations are avail- 
able (see the discussion under Reduced Iron). It is 
occasionally diluted and used as an astringent gargle, 
as with glycerin for local use in pharyngitis. The 
Tincture is also used locally as a styptic in surface 
bleeding. 

Average Dose—0.6 cc. (approximately 10 minims). 


Ferric Citrochloride Tincture N. F.  Tinctura Ferri 


Citrochloridi 


[Tr. Ferr. Citrochlor.—Tasteless Tincture of Ferric Chloride, Tasteless 
Tincture of Iron, Sp. Tinctura de Citrocloruro de Hierro] 
Ferric Citrochloride Tincture is a hydroalcoholic 
solution containing, in each 100 cce., ferric citrochloride 
equivalent to not less than 4.48 Gm. of Fe. 


Metric Alternative 
Ferric Chloride Solution......... 359 cc. 11 fl.oz. 96 min. 
Sodium Citrate con. .st- ye et oe 400) Gil. et 5:07) Van nol eE 
Alcoholime ernest oe eee 159 cc. 4 fl.oz. 384 min. 
Water, a sufficient quantity, 
‘To make a bortis ccs ete Se 1099 cc. 2 pints 


Mix the Ferric Chloride Solution with 150 cc. (434 fl. oz.) of water, 
dissolve the sodium citrate in this mixture with the aid of gentle 
heat, and add the alcohol. When the solution has become cold, 
add sufficient water to make the product measure 1000 ec. (2 
pints). Set the Ferric Citrochloride Tincture aside in a cold 
place for a few days so that the excess of saline matter may sepa- 
rate, and then filter. 

The Ferric.Chloride Solution must not exceed the limit 
permitted for free HCl or the characteristic green color 
will not develop. The direction about aging before use 
is important if subsequent precipitation is to be avoided. 
Assay—Hxactly 5 ce. of the Tincture is placed in a glass-stoppered 
flask, 7 ec. of hydrochloric acid, 25 cc. of water, and 3 Gm. of potas- 
sium iodide are added, then the assay is completed as described under 
Ferric Chloride Solution, beginning with ‘‘the flask stoppered . 


Alcohol content—13 to 15 per cent, by volume, of CgH50H. 
Storage—Keep the Tincture in light-resistant containers. 


Uses—An iron tonic, employed where tannins are 
likely to be present, since this form of iron only slightly 
darkens the preparation. 

Average Dose—0.5 cc. (approximately 8 minims) 
corresponding to 22 mg. (14 grain) of iron. 


Iron, Quinine, and Strychnine Elixir N. F. Elixir Ferri, 
Quinine et Strychnine 


[Elix. Ferr. Quin. et Strych—Elixir I. Q. & S., Sp. Elixir de Hierro, 
Quinina y Hstricnina,] 


Metric Alternative 
Ferric Citrochloride Tincture...... 125 cc. 4 fl. oz. 
Quinine Hydrochloride.......... 8 Gm. SWS sexes 
Strychninersaliate se cece 175 mg. 24% gr. 
Compound Orange Spirit......... 10 cc. 154 min 
Alcohol 2io.ncm metarien tat oe Gr tepekereke 240 cc. 7 fl. oz. 326 min 
Gilly ceritt Angi geree eee es cite coos olers 300 cc. 9 fl.oz. 288 mir? 
Distilled Water, a sufficient quan- 
tity, 
TO In ke) pet ate usPoas cares ay ese hens, 78 1000 cc. 2 pints 


\ 

Dissolve the quinine hydrochloride in the alcohol, add the 
compound orange spirit, then the strychnine sulfate previously 
dissolved in 10 ce. of distilled water. Then add successively the 
glycerin, the ferric citrochloride tincture, and sufficient distilled 
water to make the product measure 1000 cc.; mix well and filter, 
using 10 Gm. of purified tale if necessary to clarify the product. 
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Alcohol Content—From 23 to 26 per cent, by volume, of CoH50H. 
Storage—Keep this Elixir in tight, light-resistant. containers. The 
Elixir must not be dispensed if markedly dark red in color. 

Uses—This Elixir is a hematinic and tonic. 

Average Dose—4 cc. (approximately 1 fluidrachm) 
representing 0.5 cc. of Ferric Citrochloride Tincture, 32 
mg. of Quinine Hydrochloride, and 0.7 mg. of Strych- 
nine Sulfate. 


FERRIC GLYCEROPHOSPHATE N. F. Ferri 
Glycerophosphas 


[Ferr. Glycerophos.—Ferric Glycerinophosphate, Sp. EP Ske ECS 
de Hierro] 

Ferric Glycerophosphate, when dried to constant 
weight at 130°, contains not less than 17 per cent of Fe, 
corresponding to not less than 95 per cent of anhydrous 
ferricglycerophosphate [Fes| CsH 5(OH) 2PO 4]3 = 621.90]. 

Preparation—It may be prepared by adding a solu- 
tion of ferric sulfate to a solution of calcium glycero- 
phosphate, filtering out the calcium sulfate, and evapo- 
rating the filtrate. 


Fe2(S04)3 + 3Ca[CsH5(OH)2P04] > 
ferric calcium 
sulfate glycerophosphate 


3CaSO4 + Fes[CsH5(OH)2PO.4]3 


calcium ferric 
sulfate glycerophosphate 


It is usually obtained with approximately 3 molecules 
of water (about 8 per cent). 


Description and Properties—Ferric Glycerophosphate occurs as amber 
or yellowish green transparent scales, or as a buff-colored or yellowish 
green powder. It is odorless and nearly tasteless. The solution is 


acid to litmus and the salt responds to the identification reactions for 


iron and glycerophosphate. 
Solubility—One Gm. dissolves slowly in about 2 cc. of water; 
insoluble in alcohol. 
Tests for Purity— 
Chloride—Not more than 0.15 per cent as Cl. 
Phosphate—Not more than 0.4 per cent as PO4. 
Sulfate—Not more than 0.02 per cent as SO4. 
Arsenic limit—10 parts per million. 
Lead limit—50 parts per million. : 
Assay—lIt is assayed by determination of its iron content essentially as 
desoried under Ferric Ammonium Citrate. Consult also the N. F. 


it is 


Storage—Keep the salt in tight light-resistant containers. 
Incompatibilities—See Ferric Salts under Jron (page 1186) and 
Glycerophosphates (page 1185). 


Uses—Once prescribed as a tonic and alterative, this 
preparation is very seldom employed in modern thera- 
peutics. 


Average Dose—0.2 Gm. (approximately 3 grains). 


FERRIC HYPOPHOSPHITE N. F. Ferri 
Hypophosphis 
Hypophos.—Ferrum Hypophosphorosum Oxydatum, Sp. 
Hipofosfito de Hierro, Hipofosfito Férrico] 

When dried to constant weight over sulfuric acid 
Ferric Hypophosphite contains not less than 21.8 per 
cent of Fe, corresponding to not less than 98 per cent of 
Fe(H2PO2)s (250.84). 

Caution should be observed in compounding Ferric 
Hypophosphite with other substances, as an explosion may 
occur uf it 1s triturated or heated with nitrates, chlorates, or 
other oxidizing agents. 

Preparation—Ferric Hypophosphite is readily pre- 
pared by precipitating a solution of neutral ferric chlo- 
ride’ with’ a ‘solution’ of -caletum ‘hypophosphite. The 
slightly soluble ferric hypophosphite is precipitated. 


3Ca(H2PO2)2 + 2FeClg — 2Fe(H2PO2)3 + 3CaCle 


calcium ferric ferric calcium 
hypophosphite chloride hypophosphite chloride 


[Ferr. 
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Description and Properties—Ferric Hypophosphite is a white or - 


grayish white, odorless, and nearly tasteless powder. It is permanent 
in the air but is gradually reduced to the ferrous state on exposure to 
sunlight. 
and hypophosphite. 

Solubility—One Gm. of Ferric Hypophosphite is soluble in about 
2300 cc. of water at 25° C., in about 1200 cc. of boiling water, and is 
more soluble in the presence of hypophosphorous acid, or in a warm, 
concentrated solution of an alkali citrate, forming with the latter a 
green solution. 

Tests for Purity— 

Loss on drying over sulfuric acid to constant weight—Not more than 
3 per cent. 

Phosphate—500 mg. of Ferric Hypophosphite is boiled for a few 
minutes with 10 cc. of sodium hydroxide T.S. This treatment con- 
verts the ferric hypophosphite, and any ferric phosphate present, into 
insoluble ferric hydroxide and the soluble sodium salts of these acids. 
The mixture is filtered, and to the filtrate, slightly acidulated with 
hydrochloric acid, 0.5 cc. of magnesia mixture T.S. is added. The 
solution is then rendered alkaline with ammonia T.S8. No crystalline 
precipitate (magnesium ammonium phosphate) is produced. 

Sulfate—Not more than 0.1 per cent SO4. 

Arsenic limit—10 parts per million. 

Lead limit—50 parts per million. 

Assay—The assay of Ferric Hypophosphite is based on the determina- 
tion of the ferric iron by its liberation of iodine from potassium iodide, 
etc., but the hypophosphite would interfere, as it reacts with iodine: 
This interference is eliminated by oxidizing the hypophosphite to 
phosphate by evaporation with nitrohydrochloric acid. 

About 1 Gm. of Ferric Hypophosphite, previously dried to constant 
weight over sulfuric acid and accurately weighed, is evaporated with 
10 cc. of nitrohydrochlorie acid (a mixture of 4 volumes of hydrochloric 
acid and 1 volume of nitric acid) on a steam bath to dryness, the resi- 
due is dissolved in 5 ce. of hydrochloric acid, and the solution is com- 
pletely transferred, with the aid of 20 cc. of water, into a glass-stop- 
pered flask. After adding 4 Gm. of potassium iodide the assay is 
completed as described under Ferric Chloride Solution. Each ce. of 
tenth-normal sodium thiosulfate consumed corresponds to 5.585 mg. 
of Fe or to 25.08 mg. of Fe(H2PO¢9)3. 

Storage—Keep this Salt in well-closed, light-resistant containers. 
Incompatibilities—See Ferric Salts under Iron (page 1186) and Hypo- 
phosphites (page 1186). 


Uses—Ferric Hypophosphite is rarely used except 
as an ingredient of the elixir or syrup of hypophos- 
phites. It has the hematinic action of the iron salts in 
general. 

Average Dose—0.2 Gm. (approximately 3 grains). 


RED FERRIC OXIDE N. F. Ferri Oxidum Rubrum 
[Ferr. Oxid. Rubr.—Sp. Oxido de Hierro Rojo] 


Red Ferric Oxide contains not less than 90 per cent 
of ferric oxide [Fe,03 = 159.70], calculated on the basis 
of the ignited product, the loss on ignition being deter- 
mined on a separate sample. 

Preparation—This Ferric Oxide is a natural product, 
or it is made by heating native ferric oxide or hydroxide 
at a temperature which will yield a product of the de- 
sired color. It can also be made by roasting crude fer- 


_ rous sulfate (copperas). 


The color of Ferric Oxide is governed by several fac- 
tors: the temperature and time of heating, the presence 
and kind of other metals, and the particle size of the 
oxide. High temperatures and long time of roasting 
yield a dark-colored oxide. The presence of manganese 
also favors a dark color. On the other hand, a light- 
colored oxide is said to be produced in the presence of 
small quantities of aluminum. It has also been shown 
that the intensity of the color is a function of the size of 
the particles; the finer the particles the lighter is the 
color. 

Description and Properties—Red Ferric Oxide is a reddish brown pow- 
der closely matching the color of a mixture of 1 part scarlet-red and 18 

parts red mercuric oxide. Practically all of it passes through a 200- 
pasahi standard sieve. 
the identification reactions for ferric iron. 

Solubility—The Oxide is insoluble in water or in cold diluted’ acids. 
It dissolves in hydrochloric acid upon heating, with. the exception of 
a small amount of siliceous matter which is usually present. 4 
Tests for Purity— 

Loss on ignition—Not more than 3 per cent. 


Hydrochloric acid insoluble substances—Not more than 1 per cent. 
Water-soluble substances—Not more than 1 per cent. 


Assay—About 1.5 Gm. of the Oxide, accurately weighed, is digested 


Its solution in hydrochloric acid responds to 


It responds to the identification reactions for ferric iron - 


) 


3 s cent and is discolored in light. 
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on a water bath with 25 cc. of hydrochloric acid to dissolve the oxide. 

Ten cc. of hydrogen peroxide solution is added and the mixture evapo- 
rated almost to dryness on a water bath. The resdiue is dissolved in 
5 cc. of hydrochloric acid, the solution is transferred completely, with 
the aid of water, to a 100-ce. volumetric: flask, water added to the 
mark, and well mixed, ‘A 10-cc. aliquot portion of this solution is 
assayed as described in the assay of Ferric Chloride Solution. Each 
cc. of tenth-normal sodium thiosulfate corresponds to 7.985 mg. of 
Fe203. The amount thus found is calculated on the basis of the 
ignited Oxide. 

Storage—Keep Red Ferric Oxide in well-closed containers. 


Uses—Red Ferric Oxide and Yellow Ferric Oxide 
have no medicinal value. Their only use is for impart- 
ing the desired color to Neocalamine. 


~ YELLOW FERRIC OXIDE N. F. Ferri Oxidum 
Flavum 


{Ferr. Oxid. Flav.—Sp. Oxido de Hierro Amarillo} 


Yellow Ferric Oxide contains not less than 97.5 per 
cent of ferric oxide [Fe203 = 159.70], calculated on the 
basis of the ignited product, the loss on ignition being 
determined on a separate sample. 

Preparation—Yellow Ferric Oxide may be prepared 
by heating ferrous hydroxide or ferrous carbonate in 
air at a low temperature. The ferrous carbonate for 
this purpose is prepared by precipitating a solution of 
ferrous sulfate with sodium carbonate and washing 
with water until practically free of sulfate. 

Description and Properties— Yellow Ferric Oxide is a yellowish orange 
powder, closely matching in color the Reference Yellow Ferric Oxide 
of the Committee on National Formulary. Practically all of it 
passes through a 200-mesh standard sieve. It has the solubilities of 
red ferric oxide, but is more readily soluble in hydrochloric acid than 
the latter, and its solution in the acid responds to the identification 
reactions for ferric iron. 

Tests for Purity— 

Loss on ignition is not more than 12 per cent. 

ae In other respects it conforms to the Vests given for Red Ferric 
cide. 

Assay—This Oxide is assayed in the same manner as Red Ferric Oxide. 

Storage—Keep Yellow Ferric Oxide in well-closed containers. 


Uses—See Red Ferric Oxide. 


SOLUBLE FERRIC PHOSPHATE N. F. Ferri 


Phosphas Solubilis 
(Fer. Phos. Sol.—Ferri Phosphas, Ferric Phosphate with Sodium 
Citrate, Sp. Fosfato de Hierro Soluble] 

Soluble Ferric Phosphate is ferric phosphate rendered 
soluble by the presence of sodium citrate, and yields not 
less than 12 per cent and not more than 15 per cent of 
iron [Fe]. 

' Preparation—To a solution of ferric citrate, prepared 
as deseribed under Ferric Ammonium Citrate (page 534), 
a quantity of sodium phosphate, in the ratio of 1 mol. 


of the phosphate to 1 atom-equivalent of the iron, is 


added, and after it has dissolved, the solution is filtered, 
concentrated, and spread on glass plates to dry, or 
made into the granular form. 

_ As in ferric ammonium citrate the iron in Soluble 
Ferric Phosphate is in the non-ionizable state, and hence 


it does not give all of the usual reactions of iron. 


Description and Properties—Soluble Ferric Phosphate is in the form 
of thin, bright green, transparent scales, or granules. It is odorless, 
and has an acidulous, slightly saline taste. It is moderately deliques- 
Its solution is slightly acid to litmus. 
Solu bility—It is freely soluble in water, but insoluble in alcohol or 
other organic solvents. 
ee ee hen its solution is heated with sodium hydroxide 
S., ferrie hydroxide is precipitated and no ammonia is evolved. The 
at e from the ferric hydroxide responds to the reactions for phos- 
Ammonia T.S. does not produce any precipitation in the 
eous solution. 
sts for Purity— 

mit—50 parts per million. 


beceoved by the anethod described under Ferrie 
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Ammonium Citrate (page 534). Each cc. of tenth-normal sodium: 

thiosulfate corresponds to 5.585 mg. of iron. 

Storage—Keep it in tight, light-resistant containers. 
Uses—Rarely employed in the therapy of iron-de- 

ficiency anemias. See discussion under Reduced Iron 


. (page 427). 


Average Dose—0.25 Gm. (approximately 4 grains). 


Iron, Quinine and Strychnine Phosphates Elixir N. F. 
Elixir Ferri, Quinine et Strychnine Phosphatum 


[Elix. Ferr. Quin. et Strych. Phos.—Elixir I. Q. & 8S. Phosphates] 


Metric Alternative 
Soluble Ferric Phosphate........ 35 Gm. loz. av. 74 gr. 
Quinine Phosphate............. 5 Gm. (ie Sata ws 
Strychnine Phosphate.......... 250 mg 334 gr. 
Orange Oilealerati stake oe ole ies I ce; LS >) min. 
Alcohol ess ok) ccartaetncwokisetets 250 cc 8 fl. oz. 
GIy Cerin aro iets enreac: crniete attic ee 300 cc 9 fl.oz. 288 min. 
Distilled Water, a sufficient quan- 
tity, n 
POvMa kere, <caisclshs oekeue suse seorers 1000 cc. 2 pints 


Dissolve the soluble ferric phosphate in 250 cc. of distilled 
water by cold maceration, and add 75 ce. of glycerin. Dissolve 
the strychnine phosphate in the alcohol, and add the orange oil, 
the quinine phosphate, and the remainder of the glycerin. Shake 
until thoroughly mixed; then add the ferric phosphate solution 
and enough distilled water to make the product measure 1000 ce. 
Allow the mixture to stand during 24 hours, shaking it repeatedly 
until the quinine phosphate is dissolved. Filter, using 10 Gm. 
of purified tale, if necessary, to clarify the product. 


Alcohol Content—From 22 to 25 per cent, by volume, of CopHs50OH. 
Storage—Keep the Elixir in tight, light-resistant containers. The 
Elixir should not be dispensed if markedly. darkened in color. 


Uses—This Elixir is a hematinic and tonic. 

Average Dose—4 cc. (approximately 1 fluidrachm) 
representing 0.14 Gm. of Soluble Ferric Phosphate, 20 
mg. of Quinine Phosphate, and 1 mg. of Strychnine 
Phosphate. 


FERRIC SUBSULFATE SOLUTION N. F. 
Ferri Subsulfatis 


Liquor 


[Liq. Ferr. Subsulf—Monsel’s Solution, Basic Ferric Sulfate 
Solution, Sp. Solucién de Subsulfato de Hierro] 


Ferric Subsulfate Solution is an aqueous solution 
containing, in each 100 cc., basic ferric sulfate [approxi- 
mately Fe.(OH).(SO.4) 5], equivalent to not less than 
20 Gm. and not more than 22 Gm. of Fe. 


Metric Alternative 
FerrotssSalfate <2. msc cote etter 1045 Gm. 34 oz. av. 387 gr. 
Sulfuric: Acid) titi ae edereaiaiere 55 cc. 1 fl. oz. 365 min. 
NitriGeA CLO tite ee sore ot enelork ea exe 
Distilled Water, each, a wificiont: 
quantity, 
To makes tarsi citectetoictesshistetelsrs 1000.cc. 2 pints 


Add the sulfuric acid to 800 cc. (25 fl. oz. 288 min.) of distilled 
water in a capacious porcelain dish, and heat the mixture nearly 
to 100° C.; then add 75 cc. (2 fl. oz. 192 min.) of nitric acid, and 
mix well. Divide the ferrous sulfate, coarsely powdered, into 
four approximately equal portions, and add these portions one at 
a time to the hot liquid, stirring after each addition until effer- 
vescence ceases. If, after the ferrous sulfate has dissolved, the 
solution is of a black color, add nitric acid, a few drops at a time, 
with heating and stirring, until red fumes cease to be evolved. 
Boil the solution until it assumes a red color and is free from 
nitric acid, as indicated by the test below, maintaining the volume 
at about 1000 cc. (2 pints) by the addition of distilled water as 
needed. Cool, and add enough distilled water to make the 
product measure 1000 ce. (2 pints); filter, if necessary, until the 
product is clear. 


Note—Crystallization may take place in the Solu- 
tion at low temperatures, but the crystals will redissolve 
upon warming the solution. 
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The reaction taking place in this process is illustrated 
by the equation: 
12FeSO,4 + 4HNOg + 3H2804 — 


ferrous nitric sulfuric 
sulfate acid acid 


3Fe4(OH)e(SO4)5 + 4NO + 2H20 © 


nitric water 


oxide 


ferric 
subsulfate 


Ferric subsulfate differs from ferric sulfate (tersulfate) 
in that a smaller proportion of sulfuric acid than that 
required to satisfy the ferric iron is used. 


Description and Properties—A dark reddish brown liquid, almost 
odorless, having an acid, strongly astringent taste, and an acid reac- 
tion. Its specific gravity is about 1.548. It is miscible with water or 
alcohol. It responds to the identification reactions for ferric iron 
and sulfate. 

Tests for Purity— : ; : 

Nitrate—A 2-cc. portion of the Solution is diluted with 10 ce. of 
water, heated to boiling, and poured into a mixture of 10 cc. of water 
and 10 ce. of ammonia B.S. The iron is precipitated as the hydroxide 
and any ferric nitrate present is converted into the soluble ammonium 
nitrate. The mixture is filtered while hot and precipitated with hot 
water until the filtrate measures 30 cc. To 5 cc. of the filtrate 2 drops 
of indigo Carmine T.S. are added, followed by 10 cc. of sulfuric acid. 
The blue color does not disappear in one minute (about 0.05 per cent 
NOs). 

sien iron—To 2 cc. of an aqueous dilution (1 in 20) of the Solu- 
tion, a few drops of potassium ferricyanide T.S. are added; a brown 
color is produced without a tinge of green or blue. 

Assay—Exactly 10 ce. of the Solution is diluted with water to 100 cc., 
then a 10-ce. aliquot portion of the dilution is assayed as described 
under Ferric Chloride Solution. Fach cc. of tenth-normal sodium 
thiosulfate consumed corresponds to 5.585 mg. of Fe. 

Storage—Keep the Solution in tight, light-resistant containers at a 
temperature not under 22° (71.6° F). 


Uses—This preparation is probably the most valu- 
able official styptic solution. It is less irritating than 
ferric sulfate solution owing to the smaller proportion 
of sulfuric acid. It is occasionally used to control sur- 
face bleeding, and as an astringent in a variety of skin 
disorders. It should not be used in vesicular, bullous, 
or exudative dermatoses because it may then cause 
permanent pigmentation of the skin. 

This solution is also used as a mordant in dyeing. 


FERRIC SULFATE SOLUTION N. F. 
Tersulfatis 


Liquor Ferri 


Liq. Ferr. Tersulf.—Iron Tersulfate Solution, Sp. Solucién de Sulfat- 
de Hierro] 

An aqueous solution containing ferric sulfate [Fe.- 
(SO,4)3], corresponding to not less than 9.5 per cent and 
not more than 10.5 per cent of Fe (about 14 Gm. Fe in 
100 ce. of the Solution). : 


Metric Alternative 
Kerrous, sulfates... pistes ciate oes 500 Gm. ‘8 oz. av. 
Sulfaric Acid 235 oi.) estas ete 96 Gm, 1 oz. av. 235 gr. 
Nitric Acid, 
Distilled Water, each, a sufficient 
quantity, : 
To make oo bon tetaaeteeio 1000 Gm. 16 oz. av. 


Add the sulfuric acid to about 250 cc. (334 fl. oz.) of distilled 
water in a tared, capacious porcelain dish, heat the mixture 
nearly to 100° C., then add 56 Gm. (392 gr.) of nitric acid, and 
mix well. Divide the ferrous sulfate, coarsely powdered, into 
four approximately equal portions, and add these portions one at 
a time to the hot liquid, stirring after each addition until efferves- 
cence ceases. When all of the ferrous sulfate is dissolved, if the 
solution has acquired a black color, add nitric acid, a few drops 
at a time, heating and stirring until red fumes cease to be evolved, 
and the solution assumes a clear reddish brown color; then boil 
the liquid until it is free from nitric acid, as indicated by the test 
given below. During the heating add distilled water from time 
to time to maintain about the original volume. Lastly, add 
enough distilled water to make the product weigh 1000 Gm. (or 
measure | pint). Filter if necessary. 


The reaction taking place in this process is illustrated 
by the equation: 


6FeSO4 + 3H2SO04 + 2HNOs — 3Fee(SO4)3 + N2Oo + 4H20 
ferrous sulfuric nitric ferric nitrogen water 
sulfate acid acid sulfate dioxide 

This Solution differs from ferric subsulfate solution 
in containing a larger proportion of sulfuric acid: The 
iron in it is present as normal ferric sulfate. 
Description and Properties—A reddish brown liquid, odorless or 
nearly so, having an acid and astringent taste, and an acid reaction. 
Its specific gravity is about 1.43. It is miscible with water or alco- 
hol, and responds to the reactions for ferric iron and sulfate. 
Tests for Purity—The Solution conforms to the tests for Nitrate and 
Ferrous tron described under Ferric Subsulfate Solution (page 431). 
Assay—The Solution is assayed for iron as described under Ferrie 


Chloride Solution (page 428). : 
Storage—Keep this solution in tight, light-resistant containers. 


Uses—This Solution is largely used for preparing fer- 
ric hydroxide, from which many of the iron salts, such 
as ferric ammonium citrate, soluble ferric phosphate, 
etc., are made. It is not used medicinally to any ex- 
tent, the solution of the subsulfate being preferred. . 


FERROUS CARBONATE MASS N. F. Massa Ferri 
Carbonatis 


[Mass. Ferr. Carb.—Vallet’s Mass, Sp. Masa de Carbonato Ferrosol] 


Ferrous Carbonate Mass contains not less than 36 per 
cent and not more than 41 per cent of ferrous carbonate 
[FeCOs = 115.86]. 


Metric Alternative 
1000 Gm. 16 oz. av. 


Monohydrated Sodium Carbonate.... 460 Gm. 7 oz. av. 158 gr. 
Honey ise at cs eee 380 Gm. 6 oz. ay. 35 gr. 
SUuCrOSe ts os 5 Sear eee ee ee 250 Gm. 4 oz. av. 
Syrup 
Distilled Water, of each, a sufficient 
quantity, 
af Woyn ants) :<- eam ERS A ost ic MU rie 1000 Gm. 16 oz. av. 


Dissolve the ferrous sulfate and monohydrated sodium carbo- 
nate inseparate 2000-cc. (1 pint) portions of boiling distilled water, 
and having added 200. ce. (31{0 fl. oz.) of syrup to the solution of 
the iron salt, filter both solutions and cool. Place the solution 
of sodium carbonate in a bottle having a capacity of about 5000 
ce: (3 pints), and gradually add the solution of the iron salt, rotat- 
ing the bottle frequently until carbon dioxide no longer escapes. 
Add sufficient distilled water to fill the bottle, stopper tightly, 
and set it aside so that the ferrous carbonate may subside. Pour 
off the supernatant liquid, and having mixed syrup and distilled 
water in the proportion of 1 volume of syrup to 19 volumes of 
distilled water, wash the precipitate with the mixture by decanta- 
tion until the washings no longer have a saline taste. Drain the 
precipitate on a muslin strainer, and express as much of the water 
as possible. Then mix the precipitate at once with the honey 
and sucrose in a tared dish, and by means of a water bath evapo- 
rate the mixture, with constant stirring, until it is reduced to 
1000 Gm. (16 oz. av.). Theoretically it should contain 41.5 per 
cent ferrous carbonate. 


This preparation consists of ferrous carbonate pro- 
tected from oxidation with the syrup and honey. The 
reaction by which ferrous carbonate is made is illus- 
trated by the equation: 


FeSO, + NagCOg — FeCOg + NasSO4 
ferrous sodium ferrous sodium 
sulfate carbonate carbonate sulfate 


Note—The ferrous carbonate for this Mass may be — 


prepared by other methods if desired. 

Ferrous Carbonate Mass is widely known as Vallet’s 
Mass. A powdered Vallet’s Mass is also available, con- 
sisting of ferrous sulfate and sodium carbonate. ‘ 

A mixture of dried ferrous sulfate and potassium or. 
sodium carbonate in glycerin is a commercial product. 
Under these conditions there is no reaction and to avoid 
surface oxidation a small amount of liquid petrolatum is 
added, which floats on the surface and makes an air- 
tight seal. 


Before administering, this mixture is to be — 
well shaken, then added to water. when the reaction — 


x 
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occurs and freshly precipitated ferrous carbonate is 
made available. 

A formula for a liquid ferrous carbonate, or nascent 
ferrous carbonate, suggested by M. I. Wilbert, is given 
below. Advantage is taken of the solvent properties 
of glycerin to inhibit the reaction and it must be well 
diluted with water before administration. 


Ciranulated Ferrous Sulfate... 6.) .cs.c< 6 oc crete ne ene vies 3.2 Gm 
DPT aEI ee eN ALOT ett st hor ro aectonccstent ok tence osnest crs Stes d veert ae ote pees 
RAs CAar DON Ate 45 7 aka. Tete ine ecannta ales bikes «cle 1.6 Gm. 
WII CCREI RL OMIUG ICO temo nierarsdecicvettertirce la alo stP ous eiescwerece Sone 100 cc. 


Dissolve the ferrous sulfate in the water, add 50 ce. of glycerin, 
and then the potassium carbonate dissolved in the remainder of 
the glycerin. Each 5 ce. of this liquid is the equivalent of an 
official pill of ferrous carbonate. 


Assay—Because of the presence of sugar and honey, which are also 
attacked by permanganate, the iron in this preparation, as well as 
in the other official preparations of ferrous carbonate, cannot be ti- 
trated with potassium permanganate. Use is therefore made of the 
difference in the oxidation. potentials exhibited on ferrous iron by a 
ceric salt and the relatively new indicator orthophenanthroline. 
Ceric salts oxidize ferrous salts to ferric, and change the intensely red 
color of the indicator to blue, but since ferrous iron has a greater 
reduction potential, the indicator will not be affected by the solution 
of the ceric salt as long as any ferrous salt is still present. The reaction 
between ferrous iron and ceric sulfate is illustrated by the equation: 


2FeSO, + 2Ce(SO4)2 — Fee(SO4)3 + Cee(SOa)s 
ferrous ceric ferric cerous 
sulfate sulfate sulfate sulfate 


About 1 Gm. of the Mass, accurately weighed, is dissolved in 15 ce, of 
diluted sulfuric acid, the solution is diluted with water to 150 cc., 
0.1 cc. of orthophenanthroline T.S. is added, and the solution is im- 
mediately titrated with tenth-normal ceric sulfate until the solution 
just acquires a bluish color. Each ce. of tenth-normal ceric sulfate 
is equivalent to 11.59 mg. of FeCO3. 

Storage—Keep this Mass in tight, light-resistant containers. 


_Uses—Ferrous Carbonate Mass, widely known as 
Vallet’s Mass, is a valuable agent for the therapy of iron- 
deficiency anemias, as outlined under Reduced Iron 
(page 427). It may be dispensed in the form of pills or 
capsules, the dose in severe cases being 1 to 4 0.5-Gm. 
capsules, 2 or 3 times daily. As the blood picture im- 
proves, the dose may be reduced. 

Average Dose—0.6 Gm. (approximately 10 grains). 


Ferrous Carbonate Pills N. F. Pilule Ferri Carbonatis 


(Pil. Ferr. Carb.—Chalybeate Pills, Blaud’s Pills, Ferruginous Pills, 
Sp. Pildoras de Carbonato Ferroso, Pildoras Calibeadas, Pildoras 
Ferruginosas] 


Each Pill contains not less than 60 mg. of ferrous 
carbonate [FeCOs]. 


Metric Alternative . 

Ferrous Sulfate, in clear crystals......... 16 Gm 247 er 
Potassium Carbonate .) 6. iu6 ce ce eo es 8 Gm 124 gr 
‘Sucrose, finely powdered................ 4 Gm 62 gr 
Tragacanth, finely powdered............. 1 Gm 15 gr 
Althea, in very fine powder.............. 1 Gm 15 gr 
Glycerin, a sufficient quantity ‘ 

Distilled Water, a sufficient quantity, 

“INS SBOYEN ae) 22 Re eS Hi ae ee ee 100 Pills 100 Pills 


Triturate the potassium carbonate in a mortar with a sufficient 
quantity (about 5 drops) of glycerin, add the ferrous sulfate and 
sucrose, previously triturated together to a uniform, fine powder, 
and mix the mass thoroughly until it assumes a greenish color. 
When the reaction is complete, incorporate the tragacanth and 
althea, and add distilled water, if necessary, to obtain a mass of 
pilular consistence. Divide it into 100 pills. 


Note—The ferrous carbonate for Ferrous Carbonate 
Pills may be prepared by other methods if desired. 


Storage—Keep these pills in well-closed containers. } 
Assay—Five pills are carefully powdered in a mortar and triturated 
with 20 cc. of diluted sulfuric acid until all carbonate is dissolved. 
- The solution is then completely transferred to a beaker and diluted 
with water to approximately 300 cc.; 0.1 cc. of orthophenanthroline 
T.S. is added, and the ferrous iron is titrated immediately with tenth- 
normal ceric sulfate, avoiding excessive stirring. Hach cc. of tenth- 
normal ceric sulfate corresponds to 11.59 mg. of FeCO3. 


Uses—See Ferrous Carbonate Mass. 
Average Dose—5 pills. 


SACCHARATED FERROUS CARBONATE N. F. 
Ferri Carbonas Saccharatus 


[Ferr. Carb. Sacch.—Sp. Carbonato Ferroso Sacarado] 


Saccharated Ferrous Carbonate contains, in each 100 
Gm. not less than 15 Gm. of ferrous carbonate [FeCOs 
== We aclale 


Metric Alternative 

Rerrous) Salfatecpe f2.che hs tat aie ee 50 Gm. 5 _ oz, av. 
SodiimpbicaLbonatenni. cle ee 35 Gm. 31% oz. av. 
aA CtOSG rae Wtiisnaa: widtrciicoeion: MRE Brotseueee 10 Gm. 1 oz, av. 
Sucrose, in fine powder, 
Diluted Sulfuric Acid, 
Distilled Water, each, a sufficient quantity, 

IROMMAK CRE edt ste hte eect bbe Ue heerauete s 100 Gm. 10 oz. av. 


Dissolve 8.5 Gm. (372 gr.) of sucrose in 200 cc. (20 fl. 02.) of hot 
distilled water; then dissolve the ferrous sulfate in that solution, 
add 5 drops of diluted sulfuric acid, mix, and filter the solution. 
Dissolve the sodium bicarbonate in 500 cc. (3 pints) of distilled 
water at a temperature not exceeding 50° C., and filter the solu- 
tion. Gradually add the solution of ferrous sulfate to the solution 
of sodium bicarbonate in a container having a capacity of about 
1000 cc. (6 pints), and mix the contents thoroughly by rotating 
the container. Fill the container with boiling distilled water, 
allow the precipitate to subside, and then decant the clear super- 
natant liquid. Wash the precipitate by decantation with a hot 
mixture consisting of 1 volume of syrup and 19 volumes of dis- 
tilled water, until the decanted liquid gives merely a slight cloudi- 
ness with barium chloride T.S. Drain the precipitate, transfer 
it to a porcelain dish containing 61.5 Gm. (6 oz. av. 66 gr.) of 
sucrose and 10 Gm. (1 oz. av.) of lactose, and mix intimately. 
Evaporate the mixture to dryness on a water bath, reduce it to 
a powder, weigh it and if necessary, mix enough well-dried sucrose 
with it to make the product weigh 100 Gm. (10 oz. av.). To 
minimize oxidation, make this preparation in the shortest possible 
time. 


In this preparation sodium bicarbonate is preferred 
because the evolution of carbon dioxide during the de- 
composition measurably prevents oxidation. 


FeSO4 + 2NaHCOg — NagSO4 + FeCO3 + H20 + COz 


ferrous sodium sodium ferrous water carbon 
sulfate bicarbonate sulfate carbonate dioxide 


The object of boiling the water used for washing 
the precipitate, is to expel the air so that the ferrous 
carbonate may escape its oxidizing action; the evapora- 
tion of the mixture should be conducted as rapidly as 
possible, for the same reason. 

Description and Properties—Saccharated Ferrous Carbonate is a 
light olive-gray, odorless powder. It is gradually oxidized by contact 
with air, but exposure to light retards oxidation. It is partly soluble 
in water (the sugar) and dissolved by diluted acids with effervescence; 
the solution responds to the identification reactions for ferrous iron. 
Tests for Purity— 

Sulfate—Not more than 0.5 per cent SO4q. 

Lead limit—50 parts per million. : 

Assay—Saccharated Ferrous Carbonate is assayed by the method 
described under Ferrous Carbonate Mass, using about 2 Gm. accurately 


weighed. : ‘ ; 4 
Storage—Keep this Carbonate in small tight containers. 


Uses—Saccharated Ferrous Carbonate is used in iron- 
deficiency anemias as outlined under Reduced Iron 
(page 427). 

Average Dose—0.25 Gm. (approximately 4 grains). 


Saccharated Ferrous Carbonate Capsules N.F. Capsule 
Ferri Carbonatis Saccharatis 
[Cap. Ferr. Carb. Sacch.—Sp. CApsulas de Carbonato Ferrosa 
. Sacarado] 

Saccharated Ferrous Carbonate Capsules contain 
FeCOs3 equivalent to not less than 14.25 per cent and 
not more than 15.75 per cent of the labeled quantity of 
saccharated ferrous carbonate. 
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Assay—The contents of a counted number of capsules are weighed, 
then an accurately weighed portion of the contents, equivalent to 
about 2 Gm. of Saccharated Ferrous Carbonate, is dissolved in 15 ec. 
of diluted sulfuric acid, diluted with water to about 150 ec., and im- 
mediately titrated with tenth-normal ceric sulfate using orthophen- 
anthroline T.S. as the indicator. Each cc. of tenth-normal ceric sul- 
fate corresponds to 11.59 mg. of FeCOg. 


Storage—Keep these Capsules in tight containers. 


Average Dose—0.25 Gm. (approximately 4 grains) of 
Saccharated Ferrous Carbonate. 


FERROUS GLUCONATE N. F.—See Organic Salts 
(page 542). 


FERROUS IODIDE SYRUP N. F. 
lodidi 


[Syr. Ferr. tod eceerapus Ferrosi Iodidi Concentratus P.I., Sp. Jarabe 
de Yoduro Ferroso] 

Ferrous Iodide Syrup contains, in each 100 ce., not 
less. than 6.5 Gm. and not more than 7.5 Gm. of Fels, 
representing approximately 5 per cent of Fel. by 
weight. 

Preparation—This Syrup is prepared as follows: a 
solution of ferrous iodide is formed by acting upon iron 
wire with iodine in the presence of water; the green 
solution of ferrous iodide, thus prepared, is then pro- 
tected from oxidation and consequent liberation of i0- 
dine, which is irritating, by the addition of sugar. A 
small amount of diluted hypophosphorous acid is also 
added to aid in its preservation. This Syrup is often 
stored so that it will be exposed to bright daylight, to 
retcrd the separation of free iodine; when an aqueous 
solution of iodine is exposed to light, hydriodic acid, 
which is measurably protected pom oxidation by the 


Syrupus Ferri 


sugar, is formed. 
Metric Alternative 
Iron, in the form of fine, bright wire 20 Gm. 292 er. 
Lodine ao hits cee hice elas 60°Gim. “2ioz~av., . 1) gr: 
Hypophosphorous ACi¢ iad feces SCC 77 min. 
SUCOSC ss sace isie.c nie eon tenes 850 Gm. 28 oz. av. 164 gr. 
Distilled Water, a sufficient quan- 
tity, 
To makes acts ve hve Sale eee ers 1000 cc. 2 pints 


The iron is placed in a flask having a capacity of about 500 cc. 
(1 pint), the iodine and 200 cc. (6 fl. oz. 192 min.) of distilled 
water are added, and the mixture is shaken occasionally; the 
reaction is checked if necessary by placing the flask in cold water. 
When the liquid has acquired a green color and has lost the odor 
of iodine, it is heated to boiling, and 100 Gm. (3 oz. av. 148 gr.) 
of sucrose is dissolved in the hot liquid. The solution is filtered 
at once into a flask graduated to 1000 ec. (2 pints) and containing 
the remainder of the sucrose, and the flask containing the iron 
is rinsed with 240 ce. (7 fl. oz. 326 min.) of hot distilled water in 
divided portions; the rinsings are passed successively through the 
filter. The mixture is agitated until the sucrose is dissolved, 
warmed if necessary, cooled to 25° C., and the hypophosphorous 
acid and enough distilled water to make the product measure 
1000 ce. (2 pints) are added. It is then mixed well and strained. 


For the purpose of retarding discoloration, 1.3 Gm. 
(20 gr.) of citric acid may replace the hypophosphorous 
acid in the above formula. 

Note—Ferrous Iodide Syrup is now also made by di- 
luting a concentrated aqueous solution of ferrous iodide 
containing about 47 per cent of Fel. and a proportion- 
ate amount of hypophosphorous acid, with 15 times its 
volume of the official simple syrup. 

Description and Properties—Ferrous Iodide Syrup is a transparent, 
pale, yellowish green, syrupy liquid, having a sweet, ferruginous 
taste, and a slightly acid reaction. Its specific gravity is about 1.37. 
It responds to the reactions for ferrous iron and iodide. 

Tests for Purity— 


Free iodine—A few drops of starch T.S. added to the Syrup should 
produce no blue color. Z 
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Assay—An accurately measured volume of the Syrup, corresponding 
to about 500 mg. of ferrdus iodide, is placed in a flask and diluted with 
30 ce. of water; 40 ec. of previnens Sas silver nitrate and 5 cc. of nitric 
acid are then added. The mixture is heated on a water bath until 
the precipitate of silver iodide is yellow, indicating that any silver, 
reduced and precipitated by the hypophosphorous acid in the syrup, 
has been redissolved. The solution is then cooled, and the excess 
silver nitrate is determined by titration with tenth-normal ammonium 
thiocyanate, using ferric ammonium sulfate T.S. as the indicator. 
Each ec. of tenth-normal silver nitrate consumed corresponds to 
15.48 mg. of Fela. 

Storage—Keep the Syrup in tight containers. 

Incompatibilities—See Ferrous Salts under Jron (page 426). Ferrous 
Iodide Syrup reacts with oxidizing agents, usually to liberate iodine, 
and gives a precipitate with alkalies, carbonates, phosphates, arsenates, 
arsenites, oxalates, tannic acid, and borax. With nitrites, iodine and 
gaseous oxides of nitrogen are produced. 


Uses—Formerly employed as an alterative tonic, this 
preparation is rarely employed in modern therapeutics. 


Average Dose—I cc. (approximately 15 minims) 
corresponding to about 70 mg. of Ferrous Iodide. 


FERROUS SULFATE U.S. P. Ferri Sulfas 


{Ferr. Sulf.—Iron Sulfate, Green Vitriol, Copperas, Sp. Sulfato 
Ferroso, de sulfato Hierro] 


Ferrous Sulfate [FeSO 4.7H2O = 278.02] contains not 
less than 54.36 and not more than 57.07 per cent of 
anhydrous ferrous sulfate [FeSO.], corresponding to 
not less than 99.5 per cent and to not more than 104.5 
per cent of the hydrated salt. 

Preparation—The salt may be prepared by dissolving 
iron in diluted sulfuric acid. The resulting solution is 
filtered and concentrated, if necessary, to the point of 
crystallization of ferrous sulfate. Commercially, scrap 


iron is used in the process. ‘ 
Description and Properties—Ferrous Sulfate is in the form of pale, 
bluish green crystals or granules. It is odorless, has a saline, styptic 
taste, and effloresces in dry air, becoming white. On exposure to 
moist air it becomes brownish yellow due to oxidation and the forma- 
tion of basic ferric sulfate. When thus deteriorated, it must not be 
used for any official preparations. The solution is acid to litmus. It 
responds to the identification reactions for ferrous iron and sulfate. 

Solubility—One Gm. dissolves in 1.5 ec. of water and in 0.5 ce. of 
boiling water; it is insoluble in alcohol. : 
Tests for Purity— 

Free acid—When 1 Gm. of the well-crushed salt is shaken with aleo- 
hel for 5 minutes and then filtered, the filtrate does not immediately 
redden blue litmus paper. If free acid is present it is extracted by 
the alcohol, whereas ferrous sulfate, which is itself acid, is insoluble 
in the alcohol. 

Heavy metals (Copper and lead)—Not more than 80 parts per million 
as Pb. The test for these metals is based on the fact that, in contra- 
distinction to iron, these metals are precipitated by hydrogen sulfide 
in acid solutions as sulfides, which are black in color, and thus cause 
darkening of the solution. The test is made as follows: 250 mg. of 
the Ferrous Sulfate is dissolved in a mixture of 1 cc. of diluted sulfuric 
acid and 40 cc. of oxygen-free water. To 10 cc. of the solution, 2 cc. 
of standard lead solution (20 micrograms of Pb) is added and diluted 
with water to 30 ce. This solution constitutes the control. Then 
10 cc. of hydrogen sulfide T.S. is added to the solution and to the 
remaining 30 cc. of the ferrous sulfate solution. The color of the 
latter solution is not darker than that of the control. 
Assay—Ferrous compounds, in the presence of acid, are quantitatively 
oxidized by permanganate to the ferric state, the violet colored per- 
manganate being thereby reduced to a colorless manganous salt, as 
illustrated by the following equation: 


10FeSO,4 + 8H2S04 + 2KMnO4 —> 


ferrous ’ sulfuric potassium 
sulfate aci permanganate 
5Fea(SO4)3 + 2MnSO,4 + K2S04 + 8H2O 
ferric Manganese potassium water 
sulfate sulfate sulfate 


Tenth-normal potassium permanganate is usually employed for the 
assay. The permanganate serves also as its own indicator, for when 
all of the ferrous i iron has been oxidized the next drop of the permanga- 
nate solution will coior the solution pink. 

About 1 Gm. of the salt, accurately weighed, is dissolved in a mix- 
ture of 25 cc. each of diluted sulfuric acid and water, then tenth- 
normal potassium permanganate is slowly added from a_burette 
with agitation until a slight permanent pink color is produced. Hach 
cc. of tenth-normal potassium permanganate corresponds to 15.19 
mg. of anhydrous ferrous sulfate or to 27.80 mg. of FeSO4.7H20. 
Storage—Because of its efflorescent and oxidizable character Ferrous 
Sulfate should be kept in tight containers. 


Incompatibilities—Ferrous salts are oxidized by exposure to air, by 
arsenates and mercuric salts in alkaline solution, and by oxidizing 
agents. Inorganic acids generally favor oxidation; light hinders it, 
as do alcohol, citric acid, glycerin, sugar, and soluble citrates. A 
darkening in the color of ferrous salts is evidence of oxidation. Fer- 
rous salts are precipitated by alkalies as white ferrous hydroxide 
which quickly oxidizes to ferroferric hydroxide, then to the reddish 
brown ferric hydroxide. Sugar, glycerin, and many organic hydroxy 
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Metric Alternative 
Rerrous*Suliatew ac, scorch ieaent 40 Gm. 1 oz. av. 147 gr. 
CitriceA cid We oe ede ee 2.1 Gm. 31 gr. 
Peppermint Spirit; meses eae Ze CC, 31 min. 
SUCTOSO Men none se he ce eee 825 Gm. 27 oz. av. 236 gr. 
Distilled Water, a sufficient quan- 
tity, 
Rowmalceare awe cs to dustetefelecoure 1000 cc. 2 pints 


acids hinder precipitation. In neutral solutions, the soluble carbon- 
ates, phosphates, arsenates, arsenites, and oxalates produce precipi- 
tates. Tannic acid precipitates ferrous tannate which is quickly oxi- 
dized to the blue-black ferric salt. Borax gives a white precipitate. 
Acids and the alkali citrates and tartrates favor solution of the pre- 
cipitates. Aqueous solutions of Ferrous Sulfate are acid.in reaction. 
See also Sulfates (page 1188). 


Uses—This salt is one of the most commonly em- 
ployed preparations for the therapy of iron-deficiency 
anemias, as outlined under Reduced Iron. The drug is 
never prescribed in solution, but is dispensed as pills 
or tablets, coated for protection from moisture. The 
salt is sometimes mixed with glucose or lactose to protect 
it against oxidation. For moderately severe hypo- 
ene anemias, the dose is 0.3 Gm., repeated 4 times 

aily. 

Impure ferrous sulfate, called copperas,! is used as a 
disinfectant, also in the manufacture of other iron salts, 
in dyeing fabrics and tanning leather, in the manufac- 
ture of ink, and in photography. 

Average Dose—0.3 Gm. (approximately 5 grains). 


Exsiccated Ferrous Sulfate U. S. P. Ferri Sulfas 


Exsiccatus 


{Ferr. Sulf. Exsic.—Dried Ferrous Sulfate, Sp. Sulfato Ferroso 
Desecado] 


Exsiccated Ferrous Sulfate [approximately FeSO,.- 
2H.O] contains not less than 80 per cent of anhydrous 
ferrous sulfate [FeSO]. 

Preparation—It is made by exposing well-crushed 
erystals of ferrous sulfate to a temperature of 70° to 
80° C., stirring frequently, and then powdering. 


Description and Properties—A grayish white powder. Slowly soluble 
in water, a small amount of undissolved matter, usually basic ferric 
sulfate, remaining. It responds to the identification reactions for fer- 
rous iron and sulfate. 

Tests for Purity— 

Copper and lead—For this test 500 mg. of the salt is dissolved by 

warming on a steam bath with 10 cc. of water and 4 ce. of tenth- 
normal hydrochloric acid. The object of the acid is to dissolve any 
basic salt. The solution is then diluted with water to 40 cc. and fil- 
tered if necessary; 50 mg. of hydroxylamine hydrochloride is added, 
and the solution is boiled for 1 minute. The hydroxylamine serves to 
reduce any ferric iron, which is usually present, to the ferrous state, 
otherwise the ferric iron would subsequently cause precipitation of 
- sulfur from the hydrogen sulfide and obscure the color due to copper 
orlead. After cooling, the solution is diluted with water to 50 cc., and 
to 25 cc. of this solution, 10 ce. of hydrogen sulfide T.S. is added. 
Any color produced is not darker than a control made with 25 mg. of 
hydroxylamine hydrochloride, 2 cc. of tenth-normal hydrochloric 
acid, and 4 cc. of standard lead solution (40 micrograms Pb) and using 
the same final volume as in the test with the sample (approximately 
160 parts per million as Pb). 
Assay—Exsiccated Ferrous Sulfate is assayed by the method de- 
scribed under Ferrous Sulfate. Hach cc. of tenth-normal potassium 
permanganate corresponds to 15.19 mg. of FeSO4. 
Storage—Keep the salt in well-closed containers. 


Uses—It is more stable in air than the fully hydrated 
salt, and is more adaptable for making capsules, pills, 
and tablets. 

Average Dose—0.2 Gm. (approximately 3 grains). 


Ferrous Sulfate Syrup N. F. Syrupus Ferri Sulfatis 
[Syr. Ferr. Sulf.—Sp. Jarabe de Sulfato Ferroso] 


Ferrous Sulfate Syrup contains in each 100 cc. not 
less than 3.75 Gm. and not more than 4.25 Gm. of 
FeSO 4.7H20. 
_1This unfortunate synonym copperas has led to a great many errors 
through the impression that this salt must contain copper. It is often con- 


- founded with the poisonous copper sulfate, or blue vitriol, and they have 
been substituted for each other, : 
ee) 


Dissolve the ferrous sulfate, the citric acid, the peppermint 
spirit, and 200 Gm. of sucrose in 450 cc. of distilled water; and 
filter the solution until clear. Then dissolve the remainder of the 
sucrose in the clear filtrate, and add sufficient distilled water to 
make 1000 cc. Mix well and strain, if necessary, through a 
pledget of cotton. 


Assay—This Syrup is assayed for its ferrous sulfate content by titra- 
tion, in the presence of diluted sulfuric acid, with tenth-normal ceric 
sulfate, using orthophenanthroline as the indicator. Each cc. of 
tenth-normal ceric sulfate corresponds to 27.80 mg. of FeSO4.7H 20. 
Storage—Keep this Syrup in tight containers. 


Uses—See Ferrous Sulfate. 
Average Dose—8 cc. (approximately 2 fluidrachms) 
corresponding to 0.32 Gm. (5 grains) of Ferrous Sulfate. 


Ferrous Sulfate Tablets U.S. P. Tabellz Ferri Sulfatis 
[Tab. Ferr. Sulf.—Sp. Tabletas de Sulfato Ferroso] 


Ferrous Sulfate Tablets contain not less than 95 per 
cent and not more than 110 per cent of the labeled 
amount of ferrous sulfate [FeSO,.7H.O]. An equiva- 
lent quantity of exsiccated ferrous sulfate may be used 
in place of FeSO,4.7H.O in making the Tablets. 


Assay—Since the excipients or diluents employed in making the tab- 
lets may also reduce permanganate, tenth-normal ceric sulfate, which 
is not affected by them, is used for this assay. The chemistry of the 
ceric sulfate titration is explained under Ferrous Carbonate’ Mass 
(page 432). é 

A counted number of the Tablets is weighed and well crushed. An 
accurately weighed portion of the crushed material, equivalent to 
about 500 mg. of ferrous sulfate, is dissolved in a mixture of 20 cc. of 
diluted sulfuric acid and 80 cc. of cold water. The solution is then 
filtered, and the vessel and filter are washed well with a mixture of 
diluted sulfuric acid and water in the above-mentioned proportions. 
To the filtrate 0.1 ec. of orthophenanthroline T.S. is added and the 
ferrous iron is then titrated promptly (to avoid oxidation by air) with 
tenth-normal ceric sulfate until the red color just changes to bluish. 
Each cc. of tenth-normal ceric sulfate corresponds to 27.80 mg. of 
FeSO4.7H 20. 
Storage—To minimize oxidation these tablets should be kept in tight 
containers. 


Average Dose—0.3 Gm. (approximately 5 grains) o 
Ferrous Sulfate. 


Unofficial Inorganic Iron Compounds 


Ferric Ammonium Sulfate, Ferric Alum—See Reagents (page 1067). 

Ferric Chloride, Iron Perchloride—See Reagents (page 1067). 

Ferric Ferrocyanide [Fe4(FeCN g)3}—Commonly called Prussian blue. 
A dark blue powder, insoluble in water. Uses: a pigment in 
paints, in inks, andin bluing. Formerly used in medicine as a tonic. 
Dose: 0.12 to 0.3 Gm. (2:to 5 grains). 

Ferric Ferrocyanide, Soluble, Soluble Iron Ferrocyanide [approxi- 
mately KFe[Fe(CN) 6] + H2O]—A blue powder, soluble in water, 
forming a colloidal solution. 

Ferric Fluoride [FeF3 + H20O]—White to slightly yellow, crystalline 
powder. Slightly soluble in water or in alcohol. 

Ferric Hydroxide, Magma Ferri Hydroxidi N. F. [V—Prepared by 
adding 100 cc. of ferric sulfate solution, previously diluted with 
1000 ec. of cold water, to 138 cc. of ammonia water, which has been | 
diluted with 500 ec. of cold water. Wash the magma thoroughly, 
drain on a strainer, and add water to make 300 Gm. Uses: an 
arsenic antidote. 

Ferric Nitrate [Fe(NOg)g3]—Grayish white crystals; soluble in water. 
Uses; a mordant in dyeing and in calico-printing; also a tonic and 
astringent. 

Ferric Oxide, Saccharated—This preparation was official in the sixth 
and seventh revisions of the N. F. where the following directions 
were given for preparing it: 

Dissolve 11 Gm. of monohydrated sodium carbonate in 150 ce. distilled 
water. Dilute 30 Gm. of ferric chloride solution with 150 ce. of distilled 
water and gradually add, with constant stirring, to the carbonate solution. 
Decant the supernatant liquid and wash the precipitate with distilled water 
until a portion of the washings, when diluted with 5 volumes of distilled 
water, give only a slight opalescence with silver nitrate T.S. Collect the 
precipitate on a cloth strainer, transfer the magma to a porcelain dish on a 
water bath, and add 50 Gm. of sucrose and a sufficient quantity (not more 
than 5 ec.) of a 15 per cent solution of sodium hydroxide to produce a clear 
solution. Evaporate the mixture to dryness upon a water bath and, if neces- 
sary, add sufficient powdered sucrose to make the product weigh 100 Gm, 
When go prepared it contains about 3 per cent of iron [Fe] corresponding to 
about 4.5 per cent of ferric oxide. 
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It occurs as a brown powder which is soluble in water but insoluble 
in alcohol. The iron in this preparation is non-ionic and it does 
not respond to some of the usual reactions for iron. Uses: a hema- 
tinic. Dose: 2 Gm. (30 grains) corresponding to 60 mg. of Fe. 

Ferric Phosphate [FePO4.4H20O]—A nearly white or slightly yellow, 
crystalline powder. Insoluble in water or in acetic acid; soluble 
in mineral acid. Uses: source of iron for the enrichment of foods. 

Ferric Pyrophosphate [Fe4(P207)3.9H20]—Nearly white to slightly 
yellow, crystalline powder. Insoluble in water; soluble in mineral 
acids; also soluble when freshly prepared, in an excess of alkali 
citrate, forming green solutions. 

Ferric Pyrophosphate, Soluble—This is a complex salt of sodium 
ferricitropyrophosphate. It is made by the process described for 
Soluble Ferric Phosphate, replacing the sodium phosphate with 
sodium pyrophosphate. It contains 11 to 13 per cent of iron. The 
iron in this phosphate is, like that in Soluble Ferric Phosphate, 
non-ionic. It occurs as bright green scales or as granules. It is 
freely soluble in water but insoluble in alcohol. Uses: a hema- 
tinic. Dose: 0.25 Gm. (4 grains). 

Ferric Subsulfate [approximately Fe4(SO4)5(OH)e]—Yellow, some- 
what hygroscopic powder, very slowly and usually incompletely 
soluble in water; insoluble in alcohol. Uses: a styptic, and a 
mordant in textile dyeing. - 

Ferric Sulfate [Fe2(SO 4) 3]—Grayish white, very hygroscopic powder. 
Slowly soluble in water, sparingly soluble in alcohol. Uses: em- 
ployed in dyeing, in the manufacture of Prussian blue and inks, 
and in water purification. 

ferrous Ammonium Sulfate—See Reagents (page 1067). 

errous Bromide [FeBreg]|—A yellowish, deliquescent crystalline 
powder. Soluble in water. Uses: alterative and tonic. Dose: 
0.06 to 0.2 Gm. (1 to 3 grains). 

Ferrous Chloride [FeClg.H 20]—Pale green, deliquescent crystals, or 
crystalline powder. Oxidizes on exposure to air. Soluble in 1 part 
water acidulated with hydrochloric acid; incompletely soluble in 


alcohol. Uses: astringent in gargles; also a mordant in printing 
fabrics and in dyeing. 

Ferrous lodide [Felog.4H2g0]—Almost black, very deliquescent 
masses. Decomposes rapidly in air with liberation of iodine. 


Freely soluble in cold water, decomposed by hot water; also soluble 
in alcohol. Uses: an alterative and tonic, generally given in pills 
or capsules. 

Ferrous Phosphate [Feg(PO4)2.8H20]—On account of rapid oxida- 
tion in air the article of commerce contains basic ferric phosphate. 
A grayish blue powder. Insoluble in water, soluble in mineral 
acid. Uses: a hematinic; also used in coloring ceramics. Dose: 
0.3 to 0.5 Gm. (5 to 8 grains). 

Ferrous Sulfide—See Reagents (page 1067). 


Inorganic Iron Specialties 


Note—The following preparations, containing tron per sé, or tron 
supplemented with vitamins and other substances, are used as hema- 
tinics and dietary supplements. The dose varies with the require- 
ments of the individual. 

Aminoferin (J. T. Lloyd)—Liquid containing iron, aminoacetic acid, 
and thiamine hydrochloride in an oat menstruum. 

Beofer (United Drug)—Elixir or tablets, each fluidounce of the elixir 
containing 3 gr. ferrous sulfate, 2 mg. riboflavin, and 1 mg: thi- 
amine hydrochloride; each tablet containing 3 gr. ferrous sulfate, 
5 mg. nicotinic acid, 0.08 mg. pyridoxine hydrochloride, 0.1 mg. 
riboflavin, and 120 U.S. P. units vitamin By. 

Betaferrum (Hart Drug)—Elixir or tablets, each fluidounce of elixir 
containing 20 gr. ferrous sulfate and 3.6 mg. thiamine hydrochlo- 
ride; each tablet containing 3 gr. exsiccated ferrous sulfate and 1.0 
mg. ‘thiamine hydrochloride, 

Betaron (Warren-Teed)—Syrup, each fluidounce containing 1 Gm. 
ferrous sulfate and 3 mg. thiamine hydrochloride. 

Biasyn-C (National Drug)—Sugar-coated tablets containing 3 gr. 
exsiccated ferrous sulfate, 15 mg. ascorbic acid, 3 gr. liver concen- 
trate, 10 mg. niacinamide, 1 mg. riboflavin, and 1 mg. thiamine 
hydrochloride. 

Biatron (National Drug)—Elixir, each fluidounce containing 4 gr. 
green iron and ammonium citrates, 5 per cent alcohol, 4 gr. calcium 
gluconate, 1% gr. manganese glycerophosphate, 5 mg. niacinamide, 
2 mg. riboflavin, 8 mg. thiamine hydrochloride. 

Birol (Schieffelin)—Capsules containing 3 gr. ferrous sulfate, 3 gr. 
liver extract (1:20), and 3 mg. vitamin B}. 

Bironex (Robins)—Syrup or tablets, each fluidounce of syrup contain- 
ing 16 gr. ferrous sulfate and 6 mg. thiamine hydrochloride; each 
tablet containing 3 gr. exsiccated ferrous sulfate and 1 mg. thiamine 
hydrochloride. 

Blaucop (Massengill)—Tablets containing 4 gr. Blaud’s pill mass, 3 
mg. copper sulfate, 8.1 mg. extract cascara sagrada, 16 mg. extract 
gentian, and 4 mg. phenolphthalein. 

‘ Ciagen (Endo)—Ampuls (1 ce. or 2 cc.) for intramuscular use, each 
ec. containing 13 mg. iron cacodylate, 0.63 mg. normal copper ace- 
tate, and 40 mg. sodium cacodylate; ampuls (5 cc. or 10 ec.) for 
intravenous use, the 5-cc, ampuls containing 40 mg. iron cacodyl- 
ate, 0.45 mg. normal copper acetate, and 100 mg. sodium cacodyl- 
ate; the 10-cc. ampuls containing 40 mg. iron cacodylate, 0.9 mg. 
normal copper acetate, and 200 mg. sodium cacodylate. 

Colbron (Cole)—Capsules containing 2 gr. dried ferrous sulfate, 214 
gr. liver concentrate (50 gr. fresh liver), and 0.3 mg. thiamine hydro- 
chloride. 

Cufercole (Cole)—Capsules or tablets containing 3 gr. ferrous sulfate 
and }40 gr. copper sulfate. 

Cupron (Ayerst)—Soft-gelatin capsules containing 0.4 Gm. ferrous 
earbonate and 2.6 mg. cuprous carbonate. 

Cupron with Arsenic and Strychnine—The same as Cupron but 
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each capsule also contains 1.3 mg. arsenous acid and 1.3 mg 
strychnine sulfate. 

Duomin (Rorer)—Enteric-coated tablets containing 3 gr. ferrous sul- 
fate, 0.38 mg. vitamin Bj, and 0.025 mg. vitamin Bo. 

Duoviron (Haskell)—Tablets containing 3 gr. exsiccated ferrous sul- 
fate, 0.125 mg. riboflavin, 1 mg. thiamine hydrochloride, and other 
B complex factors. 

Factimin (Rorer)—Enteric-coated tablets containing 3 gr. ferrous 
sulfate, 0.2 mg. calcium pantothenate, 6.6 mg. niacinamide, 0.1 mg. 
pyridoxine hydrochloride, 1 mg. riboflavin, and 0.5 mg. thiamine 
hydrochloride. 

F.B.L. (Zemmer)—Capsules containing 2 gr. dried ferrous sulfate, 
% setae extract (1 : 125), 0.3 mg. vitamin By, and 0.13 mg. vita- 
min 

Feoplex fWalker Vitamin)—Capsules, drops, or vials (10 cc. for intra- 
muscular use), each capsule containing 3 gr. exsiccated ferrous sul- 
fate, 10 mg. niacinamide, 1 mg. calcium pantothenate, 0.1 mg. 
pyridoxine, 1 mg. riboflavin, and 1 mg. thiamine hydrochloride; 
every 20 drops containing 3 gr. iron and ammonium citrates and 
the vitamins contained in one capsule; each cc. of injection con- 
taining 30 mg. iron cacodylate, 5 mg. calcium pantothenate, 100 
mg. niacinamide, 1 mg. pyridoxine, 2 mg. riboflavin, and 100 mg. 
thiamine hydrochloride. 

Ferad (Burroughs Wellcome)—Sugar-coated tablets (tabloids), No. 1 
containing 1340 gr. anhydrous ferrous sulfate and 240 gr. anhydrous 
sodium carbonate; No. 2 containing 23§ gr. anhydrous ferrous sul- 
fate and 146 gr. anhydrous sodium carbonate. . 
Ferad and Arsenic—Same as No. 1 tablets above with 364 gr. 
arsenic trioxide. 

Ferad and Cascara—Same as No. 1 tablets above with % gr. ex- 
tract cascara sagrada. 

Ferri-Betalin (Lilly)—Elixir, each fluidounce containing 4 cc. ferric 
citrochloride tincture, 11 per cent alcohol, and 14.5 mg. thiamine 
hydrochloride. 

Ferro-Betalin (Lilly)—Chocolate-coated tablets containing 5 gr. fer- 
rous sulfate and 1 mg. thiamine hydrochloride. 

Ferro-Calcium Compound (McNeil)—Capsules containing 2% gr. 
ferrous sulfate, 24 gr. calcium gluconate, 1.667 mg. niacinamide, 
0.333 mg. riboflavin, and 0.167 mg. thiamine hydrochloride. 

Ferrocol (Mulford Colloid)—Capsules (5 gr.) or powder containing 20 
per cent colloidal iron dispersed in soluble protein. 

Ferrocol Sol—Ampuls (25 cc.) for intramuscular use, each cc. con- 
taining 3.5 mg. colloidal ferric oxide. 

Ferro-Desicol (Parke, Davis)—Capsules (kapseals) containing 3 gr. 
ferrous sulfate and 4 gr. Desicol (2 cc. whole bile). 

Ferro-Yeast (Stoddard)—Sugar-coated tablets containing 3 gr. exsic- 
cated ferrous sulfate and 3 gr: desiccated Brewers’ yeast. 

F.V.M. (Drug Products)—Liquid or capsules (pulvoids), each fluid- 
ounce of the liquid containing 16 gr. peptonized iron and manga- 
nese, 3 mg. riboflavin, 3 mg. thiamine hydrochloride, and 0.5 per 
cent sodium benzoate (preservative); each pulvoid containing 1 gr. 
ferrous gluconate, 0.114 gr. manganese hypophosphite, 0.25 mg. 
riboflavin, and 0.3 mg. thiamine hydrochloride. 

Hemabin (Premo)—Capsules containing 5 gr. ferrous sulfate, 10 mg. 
nicotinamide, and 1 mg. vitamin B}. 

Hemalirone (Blue Line)—Capsules or elixir, each capsule containing 
1 gr. exsiccated ferrous sulfate, 4 gr. extract cascara sagrada, and 
5 gr. liver concentrate; each fluidounce of elixir containing 30 gr. 
ferrous sulfate, 55 gr. liver concentrate (1:20), and 8% per cent 
alcohol.. 

Hematogen (Drug Products)—Capsules (pulvoids) containing 206 
mg. ferrous sulfate, 100 mg. ascorbic acid, 50 mg. niacinamide, 5 mg. 
riboflavin, and 10 mg. thiamine hydrochloride. 

Hematone (Chicago Pharmacal)—Liquid, each fluidounce containing 
21 mg. iron hypophosphite, 48 mg. calcium glycerophosphate, 298 
mg. calcium hypophosphite, 48 mg. cinchonidine sulfate, 250 mg. 
hypophosphorous acid, 30 mg. manganese hypophosphite, 110 mg. 
potassium citrate, 239 mg. sodium hypophosphite, 17 mg. strych- 
nine sulfate, and 1.33 min. nux vomica tincture. 

Hematone B—Same as Hematone but also contains thiamine hydro- 
chloride. 

Hematovals (Ulmer)—Capsules containing 2% gr. dried ferrous sul- 
fate, 0.25 mg. calcium pantothenate, 21% gr. liver extract, 3.3 mg. 
niacinamide, 0.05 mg. pyridoxine, 0.333 mg. riboflavin, and 0.333 
mg. thiamine hydrochloride. 

Hembron (Forrest)—Tablets containing 162 mg. exsiccated ferrous 
sulfate, 4 mg. copper sulfate, 3.333 mg. niacinamide, 0.666 mg. 
riboflavin, and 0.333 mg. thiamine hydrochloride. 

Hembron (with Liver Concentrate)—Same as Hembron but each 
tablet also contains 3 gr. liver concentrate (1: 20). 

Hemochromin (Carnrick)—Coated tablets containing 2% gr. ferrous 
sulfate, and 2% gr. liver fraction. 

Heptuna (Roerig)—Soft gelatin capsules containing 292 mg. ferrous 
sulfate, 5000 U. S. P. units vitamin A, 1 mg. vitamin Bj, 0.5 mg. 
vitamin Bg, and 500 U.S. P. units vitamin D, with other B complex 
factors from liver concentrate and dried brewers’ yeast. 

Ilban (Smith-Dorsey)—Capsules or elixir, each capsule containing 
220 mg. exsiccated ferrous sulfate, 0.2 mg. calcium pantothenate, 
194 mg. liver extract, 5 mg. nicotinamide, 0.2 mg. pyridoxine 
hydrochloride, 2 mg. riboflavin, and 2 mg. thiamine hydrochloride; 
each fluidounce of elixir containing 1.17 Gm. peptonized iron, 17 
per cent alcohol, aromatics, 1.17 Gm. liver extract, 30 mg. nicotin- 
amide, 1.2 mg. pantothenic acid, 1.2 mg. pyridoxine hydrochloride, 
6 mg. riboflavin, and 12 mg. thiamine hydrochloride. 

Ionlex (Fellows)—Capsules containing 259 mg. exsiccated ferrous 
sulfate, 3.5 mg. choline, 162 mg. liver concentrate (2:50), mes 
riboflavin, and 0.5 mg. thiamine hydrochloride. 

Ircon (Lakeside)—Sugar-coated tablets containing 220 mg. iron pyro- 
phosphate, 100 mg. calcium gluconate, ‘and 2.7 mg. copper citrate. 
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Iron and Copper (Lilly)—Capsules (enseals) or solution, each enseal 
containing 34 gr. iron pyrophosphate and 762 gr. copper sulfate; 
each fluidounce of solution containing 3 gr. iron pyrophosphate, 10 
per cent alcohol, % gr. copper sulfate, and aromatics. 

Iron and Copper Drops (Warner)—Liquid i in dropper bottle, each cc. 
containing 100 mg. iron and 4 mg. copper. 

Iron Diasporal (Doak)—Ampuls (3 cc.) containing colloidal iron sub- 
hydroxide activated with vanadium .and copper, equivalent to 4 
mg. elemental iron. 

Iron and Thiamine Caplets (Breon)—Capsules (caplets) containing 
200 mg. exsiccated ferrous sulfate and 1 mg. thiamine hydrochloride. 

froplex (Vanpelt and Brown)—Capsules or an elixir, each capsule con- 
taining 200 mg. ferrous sulfate, 0.4 mg. calcium pantothenate, 5 mg. 
nicotinamide, 0.06 mg. pyridoxine, 0.66 mg. riboflavin, and 1 mg. 
thiamine hydrochloride; each fluidounce of elixir containing 1.1 Gm. 
ferrous sulfate, 40 mg. nicotinic acid, 3.2 mg. pantothenic acid, 1.2 
mg. pyridoxime, 0.16 mg. riboflavin, and 5 mg. thiamine hydro- 
chloride. : 

frosul (Haskell)—Tablets containing 3 gr. exsiccated ferrous sulfate. 
Irosul Syrup with B;—HEach fluidounce of syrup contains 18 gr, 
ferrous sulfate and 8 mg. thiamine hydrochloride. 

L-V-I (Hart Drug)—Elixir, each fluidounce containing 2 Gm. pepto- 
nized iron with manganese, 2.5 mg. calcium pantothenate, liver con- 
centrate (60 Gm. fresh liver), 25 mg. niacinamide, 0.25 mg. pyridox- 
ine hydrochloride, 5 mg. riboflavin, rice bran concentrate, and 4.5 
mg. thiamine hydrochloride. 

Neo-Ferinex (Plessner)—Capsules containing 130 mg. exsiccated fer- 
rous sulfate, 0.175 mg. calcium pantothenate, 194 mg. liver concen- 
trate (1:20), 3.3 mg. niacinamide, 0.05 mg. pyridoxine hydro- 
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chloride, 0.333 mg. riboflavin, and 0.333 mg. thiamine hydro 
chloride. 

Neo-Ferrum (Maltine)—Elixir, each fluidounce containing 110 mg. 
elemental iron, 18 per cent alcohol, traces of copper, 22 mg. ele- 
mental manganese, and 1.5 mg. vitamin By. 

Pargran-M (Squibb)—Capsules containing 10.5 mg. iron and 125 mg. 
calcium. 

Sangacin (J. T. Lloyd)—Liquid containing iron and vitamin By in an 
oat Menstruum. : 

Sulferrous (Chicago Pharmacal)—Enteric-coated pills containing 3 
gr. exsiccated ferrous sulfate. 

Surplex Ferrous (Abbott)—Syrup, each teaspoonful containing 194 
mg. ferrous sulfate, 6 mg. nicotinamide, 1 mg. riboflavin, and 1 mg. 
thiamine hydrochlor ide, in a-rice bran concentrate. 

Tamate with Vitamin By, (Merrell) —Tablets containing 324 mg. fer- 
rous sulfate, 149 mg. monosodium glutamate, 75 U. 8. P. units 
vitamin Bj, and traces of cobalt and manganese. 

Thia-Fer (Pitman-Moore)—Liquid or tablets (keratin-coated), each 
fluidrachm of liquid or each tablet containing 194 mg. ferrous sul- 
fate and 0.375 mg. thiamine hydrochloride. 

areal et (United Drug)—Tablets containing 5 gr. exsiccated ferrous 
sulfate. 

Vicaliron (Chicago Pharmacal)—Enteric-sugar-coated tablets contain- 
ing 1% gr. exsiccated ferrous sulfate, 334 gr. dibasic calcium phos- 
phate, and 250 U.S. P. units vitamin D. 

Vitronbex (C. D. Smith)—Liquid or tablets, each fluidrachm of liquid 
or each tablet containing 194 mg. exsiccated ferrous sulfate, 5 mg. 
niacinamide, 1.5 mg. vitamin Bj, 0.5 mg. vitamin Bg, and other 
vitamin B complex factors. 


CHROMIUM AND ITS COMPOUNDS 


Chromium—Cr = 52.01 (At. no. 24) 


History and Occurrence—This element was discov- 
ered by Vauquelin, a French chemist, in 1798. The 
word chromium is derived from the Greek word meaning 
color, alluding to the various colors exhibited by its 
compounds. It occurs in nature as the chrome iron 
ore, Chromite (FeO. Cr20s), deposits of which are found 
in Southeastern Pennsylvania.. The most abundant 
chromium ores are found in Asia Minor, New Caledonia, 
Rhodesia, and Russia. 

Preparation—Chromium metal may be prepared by 
heating chromic oxide [Cr2Os] with carbon in the elec-~ 
tric furnace, or by the alumino-thermic process whereby 
chromium oxide is reduced by finely powdered alumi- 
‘num when they are mixed and ignited. It is also made 
by electrolysis of solutions of chromium trioxide 
{CrOg] in the presence of a small amount of sulfuric acid. 
Description and Properties—It is steel-gray in color and very hard. 
Its specific gravity is about 7. It is soluble in diluted hydrochloric or 
sulfuric acid, but insoluble in nitric acid. It is attacked by the caus- 
tic alkalies as well as by their carbonates. 

Chromium has three valencies, II, III, and VI. In the first two 
valencies it acts as a base, forming salts with acids; these are known 
as chromous and chromic salts, respectively. The chromous salts are 
usually white or nearly so. Chromic salts are green or violet-red. 

In the hexavalent state it is an acid-forming element. Chromic 
acid or chromic anhydride forms well-defined salts with bases, desig- 
nated as chromates or dichromates. The alkali and ammonium chro- 
mates and dichromates are freely soluble in water. Of the alkaline 
earth chromates the barium salt is the least soluble. Lead chromate 
is one of the most insoluble salts known. 

_ Uses—During the past decade chromium metal has 
assumed great importance as a constituent in steel 
alloys. Stainless steel is composed of about 10% 
chromium, 15% nickel, and about 75% iron. Because 
of its non-corrosibility in air, chromium is very exten- 
sively used for plating vessels, hardware, instruments, 
etc. 

Potassium or sodium chromates have a limited ap- 


ae plication i in the rust-proofing of metals and in the pro- 


duction of certain enamels. Sodium and potassium di- 


chromates are extensively used in tanning leather, in _ 


dyeing textiles, in the manufacture of lead chromate 
pigment, in the staining of wood, in the manufacture of 
-chrome-alum, and as an oxidizer in the manufacture of 
sorBanic chemicals. ; 

Chromic oxide is used as a green pigment, and chro- 
Seavacnotassiam sulfate (chrome alum) i is employed in 


te dyeing and water-proofing fabrics, in calico printing, 


and for hardening glue. ; 


IDENTIFICATION OF CHROMIUM COMPOUNDS 


Chromic salts are green to violet in color. The addi- 
tion of sodium hydroxide solution to solutions of chromic 
salts produces a gray-green precipitate of chromic 
hydroxide which is soluble in an excess of the reagent, 
forming a green solution. On the subsequent warming 
of the solution with hydrogen peroxide the green color 
changes to yellow due to the formation of chromate. 

Chromate and Dichromate—Solutions of chromates 
or dichromates free from mineral acids yield, with lead 
acetate T.S., a yellow precipitate of lead chromate 
which is insoluble in acetic acid. When a solution of a 
chromate or a dichromate is acidulated with a few drops 


_of diluted sulfuric acid, and hydrogen peroxide solution 


is added, a transient blue color is produced. Upon 
immediately shaking the solution with ether, the blue 
color passes into the ether layer. 


CHROMIUM TRIOXIDE U.S. P. Chromii Trioxidum 


[Chrom. Triox.—Chromic Anhydride, Chromic Acid, Sp. Triéxido de 
Cromo, Anhidrido Crémico] 

Chromium Trioxide contains not less than 98 per cent 
of CrOs (100.01). 

Caution—Chromium Trioxide should not be brought 
into intimate contact with organic or other readily oxidiz- 
able substances, as serious explosions are likely to result. 

Preparation—Chromium trioxide, or chromic acid as 
it is usually called, may be obtained by mixing 100 vol- 
umes of a cold saturated solution of potassium dichro- 
mate with 150 volumes of sulfuric acid and allowing the 
mixture to cool. The sulfuric acid sets free the chro- 
mium trioxide, which is deposited in crystals. 


KeCreO, + 2HeSO4 — 2CrOs + 2KHSO4 + H20 


potassium sulfuric chromium potassium water 
dichromate acid trioxide bisulfate 


Chromic acid is now produced in large quantities for 
chrome plating. The process employed for its produc- 
tion consists in adding to sodium dichromate sufficient 
concentrated sulfuric acid to form sodium bisulfate, 
then heating in an iron kettle provided with a stirrer 
until the reaction, as expressed in the above equation, is 
complete. The temperature attained is around 200°. 
When the reaction is completed the Chromium Trioxide 
settles and is drawn off through an opening at the bot- 
tom of the kettle. 
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Description and Properties—Chromium Trioxide occurs as dark 
purplish red crystals, often needle-like, or as flakes. It is deliques- 
cent, and is destructive to animal and vegetable tissues. It melts at 
about 195° and decomposes above 230°. It oxidizes many organic 
solvents, sometimes with explosive violence. It responds to the 
identification reactions for chromates. 

Solubility—One Gm. is soluble in 0.6 cc. of water. 

Tests for Purity— 

Alkali salts—Not more than 0.4 per cent. 

Sulfate—On adding 1 cc. of barium chloride T.S. to a solution of 1 
Gm. of Chromium Trioxide in 100 ce. of water, previously mixed with 
3 ce. of hydrochloric acid, no turbidity is produced in 1 minute (about 
0.2, per cent SO4). 

Assay—The assay of Chromium Trioxide and its salts—chromates or 
dichromates—is based on their oxidation of iodides in the presence of 
an acid. This reaction liberates an equivalent amount of free iodine 
which is measured by titration with tenth-normal sodium thiosulfate 


2CrO3; + 12HCl + 6KI — 
chromium hydrochloric potassium 
trioxide acid iodide 
3Ize + 2CrCle + 6KCIl + 6H20 
iodine chromic potassium water 
chloride chloride 
Te + 2NagSe0s — 2Nal + Na2S206 
iodine sodium sodium sodium 
thiosulfate iodide tetrathionate 


About 1.5 Gm. of Chromium Trioxide, accurately weighed (or an 
aliquot portion of a solution), is dissolved in 100 cc. of water in a 500- 
cc. glass-stoppered flask; 5 cc. of hydrochloric acid is added, mixed 
and followed with a solution of 4 Gm. of potassium iodide in 10 ce. of 
water. The mixture is set aside in the dark for 5 minutes, then di- 
luted with 200 cc. of water, and the liberated iodine is titrated with 
tenth-normal sodium thiosulfate, using starch T.S. as the indicator. 
A blank test is made with the same quantities of the reagents, and in 
the same manner, and any necessary correction applied. Each cc. of 
tenth-normal sodium thiosulfate corresponds to 3.334 mg. of CrO3. 
Storage—Keep Chromium Trioxide in tight containers. 
Incompatibilities—Chromium Trioxide is a powerful oxidizing agent. 
If triturated with organic matter or other substances capable of being 
oxidized, it may produce an explosion. It liberates bromine from 
bromides, chlorine from chlorides, and iodine from iodides. The sol- 
uble chromates precipitate some metals, notably lead, silver, and 
mercury, from solutions of their salts. 


Uses—Chromium Trioxide is a powerful caustic and 
antiseptic. It is very effective in destroying warty 
growths. Solutions of Chromium Trioxide are em- 
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Aluminum—AlI = 26.97 (At. no. 13) 


History and Occurrence—Aluminum is from the 
Latin word alumen, signifying alum. The metal is 
found largely in combination with silicic acid, in the 
rocks and clays forming a great portion of the earth’s 
surface. Some of the precious stones and valuable 
minerals are compounds of aluminum; the ruby and 
sapphire, corundum, and emery, are crystallized forms 
of aluminum oxide. Kaolin, clay, and fuller’s earth 
are well-known forms of native materials chiefly com- 
posed of aluminum silicates. Vast quantities of alumi- 
num are chemically combined in the double silicates of 
aluminum and in alkali metal in the form of feldspar and 
mica. ‘The most important economic source of alumi- 
num metal and its compounds is the mineral bauzite 
which is an aluminum hydroxide. 

The metal is obtained by the electrolysis of a fused 

mixture of purified bauxite and cryolite, which is sodium 
aluminum fluoride [3NaF.AIFs3], the latter serving as 
the flux. 
Description and Properties—Aluminum is a silvery white metal with 
a slight bluish tint. It is malleable and ductile. It has a specific 
gravity of 2.7, and melts at 660°. In moist air it oxidizes superficially 
to aluminum hydroxide. The metal is soluble in diluted hydrochloric 
or sulfuric acid, as well as in solutions of the fixed alkali hydroxide, 
with the evolution of hydrogen. It is almost insoluble in nitric or 
acetic acids. ; 

Aluminum is trivalent and its compounds are usually white. Al- 


though aluminum is strongly electro positive, its hydroxide functions 
both as a base (ordinary aluminum salts) and as an acid (aluminates). 


Uses—In recent years the use of this metal has vastly 
expanded so that in some form or other it is found in 
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ployed in dental practice. It is not used internally. A 
10 per cent solution is sometimes employed by topical 
application in the treatment of Vincent’s angina. 
The largest application of chromium trioxide is in 
the chromium plating of various iron and steel products. 
Chromic acid cleaning mixture is prepared as follows: 


Sodium: dichromate x ye. fiiistie hike w oretsiol deel etal ue wierd eae 200 Gm. 
Water in hie siuieta orci Sraterc: ate tana nein eematohe tear atest oeoraae 100 cc. 
Siilfuric acid Foal. viet oc avril saree eee aie 1500 cc. 


The sodium dichromate is dissolved in the water, then 
the sulfuric acid is added slowly and with stirring. 
This mixture is used for cleaning laboratory glassware 
which must be scrupulously free from any organic 
matter. 


Unofficial Inorganic Chromium Compounds 


Chromium Chloride, Chromic Chloride [CrCl3.6H2O]—Dark, 
greenish-black granules. It is deliquescent and soluble in water or 
alcohol. The anhydrous chloride forms violet crystals which are 


insoluble in water. 

Chromium Fluoride Chromic Fluoride [CrF3.4H2O]—A green, 
crystalline powder, slightly soluble in water. Uses: employed 
in printing and dyeing wooden goods. 

Chromium Oxide [Crg03]—Also known as chromium sesquioxide and 
as chrome green. A bright green crystalline powder; insoluble in 
water and in acids. Uses: a green pigment of fine color and great 
permanence. 

Chromium Potassium Sulfate, Chrome Alum [CrK(SO4) 9.12H2g0J— 
Dark, violet-red, slightly efflorescent crystals; ruby-red in trans- 
mitted light; or lavender-colored granules or powder. Soluble in 
4 parts cold water or 2 parts boiling water. Insoluble in alcohol. 
Uses: a mordant for dyeing and water-proofing fabrics; employed 
in leather tanning and in the manufacture of inks and other chro- 
mium compounds. 

Chromium Sulfate, Chromic Sulfate [Cro(SO4)3.15H g0]—Dark green 
scales, granules or powder. Soluble in water. Almost insoluble in 
alcohol. Uses: used in the manufacture of green varnishes, inks, 
and green glaze for porcelain. 

Potassium Chromate [K2CrO4|]—See Reagents (page 1069). 

abe Dichromate, Potassium Bichromate—See Reagents (page 
1069). 

Sodium Chromate [NagCr0O4.4H 20]—Yellow, somewhat deliquescent 
crystals, soluble in about 1 part water; slightly soluble in alcohol. 
Uses: protects iron against corrosion and rusting. 

Sodium Dichromate, Sodium Bichromate—See Reagents (page 1069). 


ITS COMPOUNDS 


every household. It is used in the production of alumi- 
num utensils, airplanes, automobiles, and aluminum 
paints. Owing to its low specific gravity, the metal is 
also used for small weights, because they are much 
larger and thus more easily handled than those made 
from brass. 


IDENTIFICATION OF ALUMINUM COMPOUNDS 


Solutions of aluminum salts yield with ammonia T.S. 
a white precipitate which is insoluble in a moderate 
excess of ammonium hydroxide. Sodium hydroxide 
T.S. or sodium sulfide T.S. produces a similar precipi- 
tate which dissolves in an excess of either of these re- 
agents. < 

When a dilute solution of an aluminum salt is treated 
with a solution of aurintricarboxylic acid (aluminon) in 
the presence of ammonium carbonate a red color is pro- 
duced. A similar color is also produced by sodium 
alizarinsulfonate T.S. 


ALUM U.S. P. Alumen 


- [Alum.—Purified Alum, Sp. Alumbre, Alumbre Amoniacal, 

Potdsico] : 

Alum is either aluminum ammonium sulfate [AINH.- 
(SO 4)2.12H2O 453.32], usually called, Ammonium 
Alum, or aluminum potassium alum [AlK(SO 4)2.12H,O 

= 474.38], usually called Potassium Alum. The label 

on the container must indicate whether it is Ammonium 

or Potassium Alum. Alum contains not less than 99.5 


Alumbre 


ALUMINUM 


per~ cent» of AINH4(804)2:12H2O or of AIK(SO,)2.- 
12H,0. 


History—Potassium Alum was known to the ancients. 
They were also familiar with its styptic property and 
hence it was named stypteria by Discorides. Pliny 
called it alumen. It was used in early times, as it is 
now, as a mordant in dyeing. ° 


Preparation—In former years Alum (potassium) was 
obtained by roasting clay containing iron pyrites 
{FeS.]. The roasting oxidized the sulfur in the pyrites 
to sulfuric acid which converted the aluminum and 
potassium of the clay into their sulfates, and upon 
crystallization yielded Alum. It is now prepared from 
the mineral bauxite (aluminum hydroxide) and sulfuric 
acid, with the addition of ammonium or potassium 
sulfate for the respective Alums. Ammonium Alum 
is prevalent on the market, because of its cheapness. 


Description and Properties—Alum occurs as large, colorless crystals, 
crystalline fragments, or as a white powder. It has a sweetish, 
strongly astringent taste. The solution is acid to litmus. Alum 
responds to the reactions for aluminum and sulfate. Ammonium 
Alum responds to the identification reactions for ammoniun, and Potas- 
sium Alum responds to those for potassium. ® 

Solubility—One Gm. of Ammonium Alum is soluble in 7 cc. of 
water, and 1 Gm. of Potassium Alum is soluble in 7.5 cc. of water. 
Both are soluble in about 0.3 cc. of boiling water but they are insoluble 
in alcohol. Alum is freely but slowly soluble in glycerin. 


Tests for Purity— 

Alkalies and earths—Not more than 0.5 per cent. The aluminum 
is precipitated from a boiling solution of 1.0 Gm. of Ammonium Alum 
in 100 ce. of water by the addition of enough ammonia T.S. to render 
the solution distinctly alkaline to methyl red T.S., and filtered. The 
filtrate is evaporated to dryness, ignited, and weighed. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Iron—The aqueous solution (1 in 150) is not colored blue immedi- 
ately upon the addition of potassium ferrocyanide T.S. (about 0.05 
per cent Fe). 


Assay—About 1 Gm. of Alum, accurately weighed, is dissolved in 250 
ec. of water and 1 Gm. of ammonium chloride is added. The solution 
is heated to boiling, and a slight excess of ammonia T.S. is added to 
precipitate the aluminum hydroxide. Thesprecipitate is collected on 
a filter, washed thoroughly with hot water, dried, ignited, and 
weighed. The weight of the aluminum oxide, multiplied by 8.894, 
indicates its equivalent of Ammoniu n Alum and, multiplied by 9.307, 
its equivalent of Potassium Alum. 


_ Storage—Keep Alum in well-closed containers. 


Incompatibilities—When Alum is dispensed in powders with phenol, 
salicylates, or tannic acid, gray or green-colors may be developed due 
to traces of iron in the Alum. A partial liberation of its water of 
crystallization permits it to act as an acid toward sodium bicarbonate, 
thus liberating carbon dioxide. Ammonia is liberated simultaneously 
from Ammonium Alum. Alkali hydroxides and carbonates, borax, and 
lime waiter precipitate aluminum hydroxide from solutions of Alum. 


_ It possesses the incompatibilities of the sulfates (page 1188). 


t 
{ 


Uses—Alum is a powerful astringent because it 
precipitates protein. It is slightly antiseptic. It is 
sometimes used as a local styptic, and is frequently em- 
ployed in making astringent lotions and injections. 
The dose as an astringent is 0.3 to 1.3 Gm. (approxi- 
mately 5 to 20 grains). 


Alum enjoys extensive use in industry and the arts. 
It is employed in the purification of water, in the tan- 
ning of leather, in baking powders, as a mordant in 
dyeing textiles and calico printing, and in many other 
processes. 


_ Soda alum [AINa(SO,)2.12H.O] has been used as the 


acidic element in the so-called alum baking powders. 
It is known to the trade as S.A.S. (sodium aluminum 


sulfate). Concentrated alum is aluminum sulfate. 


_Styptic pencils are made by fusing Potassium Alum, 
usually with the addition of some potassium nitrate, 

__ and pouring into suitable molds. 

~ Caution—Do not confuse styptic pencils with caustic 


- pencils. The latter consist of silver nitrate. 
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Exsiccated Alum U. S. P. Alumen Exsiccatum 


{Alum. Exsic.—Dried Alum, Burnt Alum, Alumen Ustum, Sp. 
Alumbre Desecado Alumbre Seco, Alumbre Quemado] 


Exsiccated Alum, when dried to constant weight at 
200°, contains not less than 96.5 per cent of anhydrous 
Ammonium Alum [AINH.(SO,)2] or of anhydrous 
Potassium Alum [AIK(SO,)9]. 

The label on the container must indicate whether it 
is Ammonium or Potassium Alum. 

Preparation—Exsiccated Alum may be prepared by 
placing a thin layer of alum in a tared, shallow, porce- 
lain dish, and heating it cautiously on a sand bath until 
liquefied. The heat is then continued at a tempera- 
ture not exceeding 220°, with constant stirring, until 
aqueous vapors cease to evolve and a dry, white, porous 
mass is obtained. When cold, reduce the product to a 
fine powder.~ Care must be observed in the regulation 
of the heat during exsiccation as temperatures appreci- 
ably above 220° produce insoluble basic aluminum 
sulfate. 

Description and Properties—Exsiccated Alum is a white, odorless 
powder. It has a sweetish, astringent taste, and absorbs moisture 
on exposure to air. d 

Solubility—One Gm. is very slowly and usually incompletely soluble 
in 20 cc. of water and.in about 2 cc. of boiling water. It is insoluble 
in alcohol. 

Tests for Purity— 

Loss on drying at 200°—Not more than 10 per cent. : , 

Water-insoluble matter—Not more than 2.5 per cent. This test is 
designated as a check on the amount of basic aluminum sulfate that 
may be formed during exsiccation at too high a temperature. — 

Alkali salts, arsenic, heavy metals, and tron—It complies with the 
Tests and Limits given under Alum, allowance being made for the 
difference in water content. i : 
Assay—Exsiccated Alum, previously dried at 200° to constant weight, 
is assayed as described under Alum, filtering the solution before pre- 
cipitation, if necessary, to remove any water-insoluble matter. The 
weight of the aluminum oxide, multiplied by 4.652, represents its 
equivalent of anhydrous Ammonium Alum and, multiplied by 5.066, 
its equivalent of anhydrous Potassium Alum. 

Storage—Keep Exsiccated Alum in tight containers. 

Uses—Exsiccated Alum is used as an escharotie and 
is more powerful than alum, not only because it is more 
concentrated but, being hygroscopic, it also absorbs 


water from the tissues. 


ALUMINUM ACETATE SOLUTION N. F.—See 
Organic Salts (page 524). 


ALUMINUM CHLORIDE N. F. Alumini Chloridum 
{[Alumin. Chlorid.—Sp. Cloruro de Aluminio] 


Aluminum Chloride, when dried over sulfuric acid 
for 24 hours, contains not less than 95 per cent of 
AlCls.6H2O (241.44). 

Preparation—Aluminum Chloride may be prepared 
by heating aluminum in a current of chlorine, or by dis- 
solving freshly precipitated aluminum hydroxide in 
hydrochloric acid and evaporating off the water, as 
follows: 


Al(OH)s; + 3HCl — AICls + 3H20 
aluminum hydrochloric aluminum water 
hydroxide acid chloride 


Description and Properties—Aluminum Chloride is a white or yellow- 
ish white, deliquescent, crystalline powder. It is nearly, odorless, 
and has a sweetish, very astringent taste. The solution is acid to 
litmus paper. It responds to the identification reactions for alumi- 
num and chloride. : 
Solubility—One Gm. is soluble in about 0.5 ce. of water and in 
about 4 ce. of alcohol. It is also soluble in glycerin. 
Tests for Purity— 
Sulfate—Only a trace. ; ; 
Alkalies and earths—Not more than 0.5 per cent, the test being 
made as described for Alum. 
Arsenic limit—10 parts per million. 
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Heavy metals limit—20 parts per million. 

Tron—It conforms to the test given under Alum, 
Assay—Aluminum Chloride is assayed as directed under Alum. 
The weight of the aluminum oxide multiplied by 4.737 corresponds to 
its equivalent of AlClg3.6H20O. 

Storage—Keep Aluminum “Chloride in tight containers. 
Incompatibilities—Alkali hydroxides and carbonates, borax, and lime 
water precipitate aluminum hydroxide from solutions of Aluminum 
Chloride. It possesses the incompatibilities of the Chlorides (page 
1185.) 

Uses—Solutions of Aluminum Chloride (20 to 30 per 
cent) are extensively employed on the skin as astrin- 
gents and anhidrotics and form the basis for most pro- 
prietary preparations designed for this purpose. The 
basic salt [Al(OH)Cl,] is preferable as an astringent and 
deodorant since it is less acid and therefore less harmful 
to the clothing. 

A 50 per cent solution of Aluminum Chloride is used 
for the “‘carbonization”’ of. wool. 


Aluminum Chloridé«Solution N. F. 
Chloridi 


{Liq. Alumin. Chloride.—Sp. Solucién de Cloruro de Aluminio] 


Aluminum Chloride Solution contains, in each 100 ce., 
not less than 22.5 Gm. and not more than 27.5 Gm. of 
AIC13.6H20. 


Liquor Alumini 


Metrie Alternative 
Aluminium: Chioride . 5. 0806 scan we 250 Gm. 8 oz. av. 150 gr. 
Water, a sufficient quantity, 
Toumakex xt). ciate oe ta ee ees 1000 cc. 2 pints 


Dissolve the aluminum chloride in sufficient water to make the 
product measure 1000 ce. (2 pints); filter, if necessary, until he 
product is clear. 


Description and Properties—The Solution is clear, odorless, and color- 
less, and has an astringent taste and acid reaction. Its specific 
gravity is about 1.2. It is miscible with water or alcohol. It re- 
sponds to the identification reactions for aluminum and chloride. 
Assay—The Solution is assayed by the method described under 
Alum, using an accurately measured volume, equivalent to about 500 
mg. of aluminum chloride. 

Storage—Keep the Solution in tight containers. 


Uses—See Aluminum Chloride. 


ALUMINUM HYDROXIDE GEL U. S. P. Gelatum 
Alumini Hydroxidi 
Alum. Hydrox.—Colloidal Aluminum Hydroxide, Sp. Gel de 
Hidrato de Aluminio, Hidrato de Aluminio Coloidal] 
Aluminum Hydroxide Gel is an aqueous suspension 
of aluminum hydroxide [Al(OH)s = 77.99] containing 
the equivalent of not less than’ 3.6 per cent and not 
more than 4.4 per cent of aluminum oxide [Al,Os3] cor- 
responding to from 5.5 to 6.7 per cent of Al(OH). 
Note—Sufficient oil of peppermint, glycerin, sucrose, 
or saccharin may be added for flavoring and other pur- 
poses. Sodium benzoate in an amount not exceeding 
0.5 per cent may be added as a preservative. 
Preparation—One process for the preparation of 
this type of aluminum hydroxide is as follows: 
Dissolve 35 oz. of sodium carbonate in 1 gal. of hot water and 
filter. Dissolve 28 oz. of ammonium alum in 4 gal. of hot 
water and filter into the carbonate solution with constant stirring. 
Then add 1 gal. of hot water and remove all gas. Dilute to 20 
gal. with cold water. Collect and wash the precipitate and sus- 
pend it in 4% gal. of distilled water flavored with 0.01 per cent 


peppermint oil and preserved with 0.1 per cent of sodium ben- 
zoate. Homogenize the resulting gel. 


Gel. 


The principal property aimed at is a very fine particle 
size to achieve large surface and thus maximum adsorp- 
tion capacity. 


Description and Properties—Aluminum Hydroxide Gel is a white, 
viscous suspension, translucent in thin layers from which small 
amounts of water may separate on standing. It affects both red and 
blue litmus paper slightly but is not reddened by phenolphthalein. 
Its solution in hydrochloric acid responds to the identification reac- 
tions for aluminum. 


ALUMINUM 


Tests for Purity— 

Acid-consuming capacity—About 1.5 ce. of well-shaken Aluminum 
Hydroxide Gel is weighed in a 125-cc. glass-stoppered flask, 50 ce. of 
tenth-normal hydrochloric acid is added, and the temperature of the 
mixture is adjusted to 37.5°. The flask is tightly stoppered and main- 
tained at this temperature for 1 hour. Then 5 drops of bromophenol 
blue T.S. are added and the excess acid is titrated with tenth-normal 
sodium hydroxide. From this result is calculated the number of ce. 
of tenth-normal hydrochloric acid required to neutralize 1 Gm. of the 
Gel and it should be not less than 12.5 ec. and not more than 25.0 ee. 

Chloride—Not more than 0.28 per cent as Cl. 

Sulfate—Not more than 0.05 per cent as SO4. 

Arsenic limit—0.8 part per million. f 

Heavy metals limit—5 parts per million. 

Assay—About 5 Gm. of the Gel, accurately weighed, is heated with 10 
ec. of diluted hydrochloric acid, filtered if necessary, washed well with 
hot water, and diluted with water to about 100 ce. The assay is con- 
tinued as described in the assay of Alum beginning with ‘‘The solution 
is heated to boiling . 

Storage—Keep this Gel in well-closed containers. 
to freeze. 


Do not permit it 


Uses—Aluminum hydroxide was introduced as an 
antacid in the United States in 1929. It is now widely 
employed for intestinal toxemia and for neutralizing the 
gastric contents in the treatment of hyperchlorhydria, 
particularly when associated with peptic ulcer. The 
eompound acts as a physical agent rather than as a 
chemical agent; the reaction which takes place in the 
stomach consists ehiefly in the adsorption of hydro- 
chlorie acid, toxins, gases, and bacteria on the solid 
colloid. The major advantage of aluminum hydroxide 
is that no systemic alkalosis is produced. 

Average Dose—S cc. (approximately 2 fluidrachms). 


Dried Aluminum Hydroxide Gel U. S. P. Gelatum 


Alumini Hydroxidi Siecum 
[Gel. Alum. Hydrox. Sic.—Sp. Gel de Hidrato de Aluminio Desecado] 


Dried Aluminum Hydroxide Gel, when ignited to 
constant weight, yields not less than 50 per cent of 
aluminum oxide [Al,Os], corresponding to about 76.5 
per cent of aluminum hydroxide [Al(OH)s|. 

Preparation—Alunfinum hydroxide, prepared as dis- 
cussed under Alwminum Hydroxide Gel, is dried at a 


low temperature until it has the required amount of 
Al,Os3. 


Description and Properties—Dried Aluminum Hydroxide Gel is a 
white, odorless, tasteless, amorphous powder. The aqueous suspen- 
sion is practically neutral to litmus, and its solution in hydrochloric 
acid responds to the identification reactions for aluminum. 

Solubility—lIt is insoluble in water or organic solvents. It is soluble 
in diluted mineral acids and in solutions of the fixed alkali hydroxides. 
Tests for Purity— 

Acid-consuming capacity—This is determined as described under 
Aluminum Hydroxide Gel, using 200 to 250 mg. of the sample and 100 
ec. of tenth-normal hydrochloric acid, and shaking the mixture in a 
250-ce. flask. Not less than 250 cc. of the acid should be consumed 
per Gm. of the Dried Gel. 

Chloride—Not more than 0.28 per cent as Cl. 

Sulfate—Not more than 0.04 per cent as SO4q. 

Arsenic limit—10 parts per million. 

Heavy metals limit—60 parts per million. 

Assay—About 500 mg. is dissolved by heating with a slight excess of 
hydrochloric acid, the solution is filtered if necessary, then the assay is 
carried out as described under Alum. 

Storage—Keep the Gel in tight containers. 


Uses—See Aluminum Hydroxide Gel. 
Average Dose—0.6 Gm. (approximately 10 grains). 


ALUMINUM PHOSPHATE GEL U.S. P. Gelatum 
Alumini Phosphatis 


(Gel. Alum. Phos.—Sp. Gel de Fosfato de Aluminio] 


Aluminum Phosphate ‘Gel is a water suspension con- 
taining not less than 3.8 per cent and not more than 4.5 
per cent of aluminum phosphate [AIPO, = 121.95]. 

Preparation—The Gel may be prepared by precipita- 
tion from a solution of aluminum chloride with a solu- 
tion of sodium phosphate. The particle size of the pre- 
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ALUMINUM 


cipitate, which is an important factor in its acid adsorp- 
tion, is governed by several factors, e. g., the concentra- 
tion of the reactants, the temperature and pH main- 
tained during the process, as well as the manner of addi- 
tion of the reactants—whether the sodium phosphate 
is added to the aluminum solution or the reverse. The 
soluble salts formed in the reaction are removed by 
washing by decantation with water, or better, by 
dialysis through suitable membranes. 

Note—Sufficient peppermint oil, glycerin, sugar, or 
saccharin may be added for flavoring and other pur- 
poses; also 0.5 per cent of sodium benzoate may be 
added as a preservative. 


Description and Properties—Aluminum Phosphate Gel is a white vis- 
cous suspension. A small amount of water will usually separate 
on standing. Its pH at 25° is between 6.0 and 7.2. When dis- 
solved by warming with nitric acid it responds to the identification 
reactions for aluminum and phosphate. 

Tests for Purity— 

Reaction rate—To 6 Gm. of the Gel 30 cc. of tenth-normal hydro- 
chloric acid is added and the mixture is digested at 37° for 15 minutes. 
After this period the pH of the mixture is between 2 and 2.5. 

Chloride—Not more than 0.16 per cent as Cl. 

Soluble phosphate—Not more than 0.07 per cent as PO. 

Sulfate—Not more than 0.05 per cent as SOq. 

Arsenic limit—0.8 part per million. 

Heavy metals limit—5 parts per million. 

Neutralizing value—To about 250 mg. of the Gel, accurately 

weighed, 1 drop of Thymol Blue T.S. and exactly 30 cc. of tenth- 
normal hydrochloric acid are added, and the mixture is digested at 
37° for 30 minutes. The excess acid is then titrated with tenth-nor- 
mal sodium hydroxide until the color just changes to yellow (pH 
about 2.5). Not less than 5 cc. and not more than 9 cc. is consumed 
per Gm. of the Gel. 
Assay—The Gel is assayed for its phosphate content by a procedure 
usually referred to as the molybdate method (Pemberton). A solu- 
tion of the phosphate, preferably in the presence of some nitric acid, 
is treated with an excess of ammonium molybdate T.S., whereby the 
phosphate [PO4] is precipitated as the complex ammonium phospho- 
molybdate, which is yellow and insoluble in diluted nitric acid, but 
easily soluble even in solutions of alkali hydroxides. 


AIPO, + 12(NH4)2MoO, + 24HNO3 — 
aluminum ammonium nitric 
phosphate molybdate acid 
(NH4)sP04.12M003 + 21NH4NOg + AI(NO3)g + 12H2O 
ammonium ammonium aluminum water 
phosphomolybdate nitrate nitrate 


After filtration, the precipitate is washed to free it from any acid 
and it is dissolved in a measured excess of standard alkali hydroxide. 
Then the excess of alkali is determined by titration with standard acid. 


(NH.4)3P04.12M003 + 23Na0H — 


ammonium sodium 
phosphomolybdate hydroxide 
11NagMo04 + NaNH,4HPO. + (NH4)2Mo04 + 11H.O0 
. sodium sodium ammonium ammonium water 
molybdate hydrogen phosphate molybdate 


To an accurately weighed quantity of the Gel, equivalent to about 
50 mg. of PO4 (2 to 2.5 Gm. of the Gel), nitric acid is added until the 
aluminum phosphate is dissolved. The solution is diluted with 50 
ce. of water, filtered if necessary, and heated to 50-60°. An excess of 
ammonium molybdate T.S. (about 75 cc.) is added and the mixture is 
heated at 60° for 30 minutes. A higher temperature or a longer pe- 
riod of heating may cause precipitation of molybdic acid and thus lead 
to high results. The precipitate is then collected in a crucible with 
an asbestos pad and washed, at first with 3 per cent nitric acid, then 
with a 1 per cent solution of potassium nitrate, until the washings are 
no longer acid to litmus. The potassium nitrite in the wash water 
furnishes an electrolyte to prevent the precipitate from becoming col- 
loidal. The crucible with the precipitate is placed in a beaker, exactly 
- 50 cc. of half-normal sodium hydroxide is added, and the mixture is 
stirred, adding some water if necessary, until the precipitate has dis- 
solved. The excess of sodium hydroxide is then titrated with half- 
normal acid, using phenolphthalein T.S. as the indicator. Hach ce. 
of half-normal sodium hydroxide consumed corresponds to 2.651 mg. 
of AlPO4. 

Storage—Keep the Gel in tight container. 


Uses—Aluminum Phosphate Gel is used as an antacid 
and functions in much the same manner as Alwminum 
Hydroxide Gel (page 440). 

Average Dose—8 cc. (approximately 2 fluidrachms) 

corresponding to about 0.33 Gm. (5 grains) of aluminum 
4 ee 
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ALUMINUM SUBACETATE SOLUTION N. F.—See 
Organic Salts (page 525). 


ALUMINUM SULFATE N. F. Alumini Sulfas 


{Alumin. Sulf.—Coneentrated Alum, Pearl Alum, Pickle Alum, Sp. 
Sulfato de Aluminio] 


Aluminum Sulfate contains not less than 99.5 per 
cent of Als(SO.4)3.18H2O (666.41). 

Preparation—Aluminum Sulfate may be prepared by 
reacting freshly precipitated aluminum hydroxide with 
an equivalent quantity of sulfuric acid. The resulting 
solution is evaporated and allowed to crystallize. 


Description and Properties—Aluminum Sulfate occurs as a white 
crystalline powder, as shining plates, or as crystalline fragments. It 
is odorless and has a sweet, mildly astringent taste. The aqueous 
solution is acid. It responds to the identification reactions for alumi- 
num and sulfate. 

Solubility—One Gm. is soluble in about 1 cc. of water; it is insoluble 
in alcohol. 

Tests for Purity— 

Loss on drying (water of hydration) at 289° to 300° C.—Not less 
Hae 42 per cent and not more than 49 per cent; theoretical—48.7 per 
cent). 

Free acid—A filtered aqueous solution of Aluminum Sulfate (1 in 
10) does not become more than faintly opalescent within 5 minutes 
a the addition of an equal volume of tenth-normal sodium thio- 
sulfate. 

Ammonium compounds—On gently heating 1 Gm. with 10 ec. of 
sodium hydroxide T.S., the odor of ammonia is not perceptible. 

Alkalies and earths—Not more than 0.4 per cent, determined as de- \ 
seribed under Alum. 

Arsenic limit—10 parts per million. 

Heavy metals limit—40 parts per million. 

Iron—lt conforms to the test for Iron given under Alum. 
Assay—Aluminum Sulfate is assayed by the method described under 
Alum. The weight of the aluminum oxide obtained multiplied by 
6.537 indicates its equivalent of Ale(SO4)3.18H 20. 

Storage—Keep Aluminum Sulfate in well-closed containers. 

Incompatibilities— Alkali hydroxides and carbonates, borax, and lime 
water precipitate aluminum hydroxide from solutions of Aluminum 
Sulfate. It possesses the incompatibilities of the Sulfates (page 1188). 


Uses—Aluminum Sulfate is a powerful astringent, 
acting much like alum. It is used in large quantities 
for sizing paper, for purifying water, and as a mordant 
in dyeing textiles. This is the salt used for water 
purification by means of the “alum flocculation” proc- 
ess. 


Unofficial Inorganic Aluminum Compounds 


Aluminum Borate [approx. 2Ale03.B203.3H2:0]—White, granular 
powder, soluble in mineral acids. Water dissolves out the boric 
acid. Uses: employed in glass manufacture and for coating 
ceramics. 

Aluminum Bromide [AlBr3]—White to yellowish deliquescent crys- 
tals; soluble in water. Uses: reagent in organic synthesis. 

Aluminum Chloride, anhydrous [AlClg]—white (technical forms gray 
to yellow) powder or lumps. Strong odor of HCl. Reacts vio- 
lently with water. Soluble in many organic solvents. Uses: An 
important reagent in various organic reactions, e. g., cracking 
processes and Friedel Craft synthesis. 

Aluminum Hydroxide U. S. P. IX [Al(OH)3]—White, bulky amor- 
phous powder; insoluble in water. Uses: a mordant for dyeing, 
a constituent of colors and lakes, a filtering medium, a desiccant 
powder, an absorbent, and an antacid. Dose: 0. 13 to 0.3 Gm. 
(2 to 5 grains). 

Aluminum Nitrate [Al(NOg)3.9H20]—Colorless, deliquescent crys- 
tals, very soluble in water. Uses: employed in the textile and 
leather industries. 

Aluminum Oxide [AlgO3]—A white powder, insoluble in water or 
acids. Uses; a filler for paints and varnishes, a constituent of 
artificial gems and special glasses, and an absorbent for gases. A 
specially prepared grade is used for chromatographic analysis. 

Aluminum Phosphate [AlPO4]—White, crystalline powder, insoluble 
in water. Uses: an ingredient in ceramics and cements in admix- 
tures with plaster of Paris and water glass. 

Aluminum Silicate—Many compounds of aluminum and silica occur 
in nature, differing in the ratio of AleO3 to Si02. Among the most 
important of the aluminum silicates, both medicinally and indus- 
trially, is Kaolin (page 356), a variety of clay which is official now 
a ue N. F. and has the composition of approximately H gAloSigOg.- 

2 


Inorganic Aluminum Specialties 


Alkaopectin (High)—Tablets containing 2 gr. aluminum hydroxide, 
7 gr. colloidal kaolin, and 1 gr. pectin. Uses: antacid, adsorbent, 
and protective. Dose; 2 tablets chewed. 
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Alkapectin (Reserve)—Tablets containing 5 gr. aluminum hydroxide, 
5 gr. kaolin, and 1 gr. pectin. Uses: adsorbent, antacid, and de- 
mulecent. Dose: 1 or 2 tablets. 

Alopectose (Strasenburgh)—Powder or tablets, each ounce of powder 
containing 54 gr. dried aluminum hydroxide, 109 gr. beta-lactose, 
246 gr. osmo-kaolin, 27 gr. pectin, and aromatics; each tablet con- 
taining 2 gr. colloidal aluminum hydroxide, 1 gr. beta-lactose, 7 gr. 
osmo-kaolin, and 1 gr. pectin. Uses: adsorbent, antacid, and 
demulcent. Dose: 1 teaspoonful powder in water or 2 tablets 
chewed. 

Alopectose with Metropine—Same as Alopectose tablets but each 
also contains }{20 gr. methyl atropine nitrate functioning as an 
antispasmodic. 

Al-Si-Cal (Smith-Dorsey)—Powder, each teaspoonful containing 9 gr. 
aluminum hydroxide, 4 gr. benzocaine, 20 gr. calcium carbonate, 
¥% gr. extract belladonna, 20 gr. magnesium oxide, 10 gr. magnesium 
trisilicate, and 4 gr. phenobarbital. Uses: antacid, antispasmodic, 
anesthetic, and sedative. Dose: 1 heaping teaspoonful, in water. 

Al-Si-Mag (Smith-Dorsey)—Suspension or tablets, each fluidounce 
of liquid containing aluminum hydroxide gel (4 per cent) with 45 gr. 
magnesium trisilicate; each tablet containing 7 gr. dried aluminum 
hydroxide gel and 7 gr. magnesium trisilicate. Uses: antacid, 
adsorbent, and protective. Dose: 1 tablespoonful of suspension or 
1 to 2 tablets after meals. 

Altrisil (J. T. Lloyd)—Powder containing aluminum hydroxide, magne- 
sium trisiligate, and peetin. Uses; antacid, adsorbent, and demul- 
cent. Dose: 1 to 2 teaspoonfuls stirred in milk or water 3 times 
daily. 

Aneel (Cole)—Tablets containing 10 gr. aluminum hydroxide gel. 
Uses: adsorbent and antacid. Dose: 1 tablet chewed. 

Aluminiod (Chatham)—Capsules containing 5 gr. colloidal aluminum 
hydroxide. Uses: antacid, adsorbent, and protective. Dose: 2 
capsules 3 times daily. 

Alutabs (Reserve)—Effervescent tablets containing dried aluminum 
hydroxide gel. Uses: antacid, adsorbent, and protective. Dose: 
1 or 2 tablets dissolved in water. 

Astringans (Rorer)—Vaginal suppositories containing 2 gr. ammo- 
nium alum, 2 gr. boric acid, }$0 gr. mercury bichloride, 4 gr. quinine 
sulfate, and 14 gr. thymol. Uses; astringent and antiseptic. 

Char-Al-Ac (Stoddard)—Tablets containing 5 gr. dried aluminum 
hydroxide gel and 24% gr. activated charcoal. Uses: adsorbent, 
antacid, and protective. Dose: 1 or 2 tablets chewed. 

Co-Lu-Gel (Ulmer)—A flavored suspension or tablets, the suspension 
containing 4 per cent aluminum hydroxide gel; each tablet contain- 
ing 10 gr. dried aluminum hydroxide gel. Uses: antacid and de- 
mulcent. Dose: 1 teaspoonful of suspension or 1 tablet (chewed). 

Dermalgen (National Drug)—Yellow dusting powder containing 5 per 
cent alum, 1 per cent acetanilid, 434 per cent bismuth subgallate, 
1 per cent thymol iodide, aromatic oils, boric acid, phenol, and zine 
stearate. Uses: absorbent, astringent, and bacteriostatic. 

Domeboro (Dome)—Ointment containing Burow’s solution; or tab- 
lets containing aluminum sulfate and calcium acetate which yield 
Burow’s solution with a pH of 4.1 when 1 tablet is dissolved in 1 
pint of water. Uses: astringent dressing. 

Drydgel (Fairchild)—Capsules containing 4.6 gr. 
hydroxide gel. Uses: antacid, adsorbent, and demulcent. 
2 or 3 capsules. 

Emocol (Morgenstern)—Powders containing 11 gr. dried aluminum 
hydroxide gel, 11 gr. colloidal aluminum silicate, 20 gr. bismuth 
subnitrate, and }$0 gr. homatropine methylbromide. Uses: ad- 
sorbent, antacid, and antispasmodic. Dose: 1 or 2 powders in 
water after meals. 

Gelumina (A. P. C.)—Mint-flavored suspension of colloidal aluminum 
hydroxide. Uses: antacid and demulcent. Dose: 1 or 2 tea- 
spoonfuls 5 or 6 times daily. 
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Gelusil (Warner)—Liquid or tablets, each teaspoonful of liquid con- 
taining 0.5 Gm. magnesium trisilicate in a 6% per cent aluminum 
hydroxide gel; each tablet containing 4 gr. aluminum hydroxide 
and 0.5 Gm. magnesium trisilicate. Uses: adsorbent, antacid, 
and demulcent. Dose: 2 teaspoonfuls of liquid or 2 tablets. 

Hycola (Columbus)—Tablets containing 74g gr. dried aluminum 
hydroxide gel. Uses: adsorbant, antacid, and demulcent. Dose: 
1 or 2 tablets chewed. 

Hydroxal (Blue Line)—Suspension containing aluminum hydroxide 
gel, Uses: adsorbent, antacid, and demulcent. Dose: 1 to 2 
teaspoonfuls 5 or 6 times daily. 

Kalmojel and Kalmotabs (National Synthetics)—Lemon-flavored 
suspension containing 6 per cent aluminum hydroxide gel; or tab- 
lets containing 10 gr. dried aluminum hydroxide. Uses: antacid, 
astringent, and demulcent. Dose: 1 or 2 teaspoontuls of the liquid 
or 1 to 2 tablets. 

Kalmose (National Synthetics)—Flavored miidee, each teaspoonful 
containing 10 gr. aluminum hydroxide, 10 gr. bassorin, 3 gr. cal- 
cium phosphate, and 3 gr. magnesium oxide. Uses: antacid, 
astringent, and demulcent. Dose: 1 to 2 teaspoonfuls stirred in 
water. 

Kao-Lumin (Columbus)—Tablets containing 24 gr. colloidal alumi- 
num hydroxide, 5 gr. colloidal kaolin, }4000 gr. atropine sulfate, 
¥% gr. phenobarbital. Uses: adsorbent, antacid, and antispas- 
modic. Dose: 1 or 2 tablets. 

Kaomagma (Wyeth)—A fluid dispersion containing 20 Gm. colloidal _ 
kaolin in each 100 ce. of aluminum hydroxide gel. Uses: _adsorb- 
ent, demulcent, and protective in diarrhea. Dose—1 table- 
spoonful after each bowel movement. This preparation is also 
available in combination with liquid petrolatum and phenolphthal- 
ein. 

Majella (United Drug)—Peppermint-flavored tablets containing 772 
gr. dried aluminum hydroxide gel and 744 gr. magnesium trisilicate; 
liquid, each teaspoonful containing 3% er. aluminum hydroxide 
and 10 gr. magnesium trisilicate. Uses: adsorbent and antacid. 
Dose: 1 or 2 tablets or 1 to 2 teaspoonfuls of liquid. 

Neogestin (Morgenstern)—Powders (34 gr.) containing 25 gr. col- 
loidal aluminum silicate, % gr. extract papaya, 5 gr. magnesium 
oxide, 2 gr. concentrated pancreatin, oil of peppermint, and sac- 
charin. Uses: antacid. Dose: 1 powder in water. 

Pectalum (C. D. Smith)—Suspension, each fluidounce containing 20 
gr. aluminum hydroxide, 160 gr. colloidal kaolin, 234 gr. pectin, 0.2 
per cent benzoic acid, 18 per cent glycerin, cocoa, saccharin, and 


vanilla. Uses: adsorbent and antacid. Dose: 1 tablespoonful. 
Phosphalgel. 
Syntrogel, Improved (Hoffman-La Roche)—Mint-flavored tablets 


containing 24 gr. aluminum hydroxide, 10 gr. calcium carbonate, 
134 gr. magnesium peroxide, and 340 gr. Syntropan (page 841). 
Uses: adsorbent, antacid, and demulcent. Dose: 1 or 2 tablets 
with water. 

Thyptol (Wyeth)—Liquid containing kaolin and 0.5 per cent phenol 
in aluminum hydroxide gel. Uses: antipruritic and adsorbent . 
applied topically for ivy, oak, and sumac poisoning. 

Vanogel (Vanpelt and Brown)—A flavored aqueous suspension or 
tablets, the suspension containing 3.6 to 4.4 per cent aluminum 
oxide; each tablet containing 0.67 Gm. dried aluminum hydroxide. 
Uses: antacid, adsorbent, and demulcent. Dose: 4 to 8 ec. of 
suspension or “2 to 1 tablet in water. 

Vikalum (C. D. Smith)—Liquid, each fluidounce containing 778 mg. 
aluminum hydroxide, 6.45 Gm. colloidal kaolin, 4 mg. nicotinic 
acid, 0.55 mg. pantothenic acid, 0.3 mg. vitamin ey 0.02 mg. vita- 
min Bg, and 0.3 mg. Beg, lactose, mucin, and oil of peppermint. 
Uses: adsorbent and antacid. Dose: 2 to 4 teaspoonfuls. 
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CHAPTER LIV 


ARSENIC, ANTIMONY, AND TIN 


THESE THREE elements have the Latin names Arse- 
num, Antemonium, and Stannum. They form a group 
which present several chemical analogies. Arsenic is 
classified by a number of chemists as a non-metallic 
element on account of some of its chemical properties, 
but in some of its physical properties, notably its luster, 
specific gravity, etc., it closely resembles the metals. 


Arsenic—As = 74.91 (At. no. 33) 


History and Occurrence—The name arsenic is prob- 
ably from the Greek word arsen signifying male. The 
yellow sulfide of arsenic was known to Dioscorides who 
called it arsenikon, probably on account of its powerful 
properties. It is found in many minerals, generally as 
the sulfides realgar [As2Se], orpiment [As2Ssl, or arseno- 
pyrite [FeAss]. 


Description and Properties—Arsenic occurs in the form of steel-gray, 
brittle, lustrous, metal-like, crystalline masses. It is also available 
as a grayish black, heavy powder. Its specific gravity is about 5.7. 
Upon exposure to air its surface becomes blackish and dull, When 
heated with air (oxygen) it forms arsenic trioxide. It is not attacked 
by cold hydrochloric or sulfuric acid; it is oxidized to arsenic trioxide 
by hot dilute nitric acid and by hot concentrated sulfuric acid; hot 
concentrated nitric acid produces arsenic acid. 

Arsenic is trivalent and pentavalent. In the trivalent state it func- 
tions both as a base-forming and as an acid-forming element. The 
metal combines readily with free halogens to form the trihalide salts; 
the chloride and bromide of arsenic can also be obtained by distilling 
arsenic trioxide with the corresponding acids. Arsenic trioxide also 
combines with bases forming arsenites which are salts of the hypo- 
thetical arsenious acid [H3AsOg3]. In the pentavalent state arsenic 
functions only as an acid-forming element, giving rise to arsenic acid 
[H3AsO4], the salts of which are known as arsenates. Arsenic forms 
three sulfides: realgar [As2Sol, the trisulfide orpiment [AseSg], corre- 
sponding to arsenic trioxide, and the pentasulfide [AsoS5], correspond- 
ing to arsenic pentoxide. The latter two sulfides, like their oxygen 
prototypes, combine with bases forming thioarsenites and thioarse- 
nates. 

Arsenic trioxide is largely obtained as a by-product in the smelting 
of metal ores. 


Uses—Elementary arsenic is used as an alloying ele- 
ment for making shot and for the manufacture of some 
arsenic compounds, such as the sulfide and triiodide. 


IDENTIFICATION OF ARSENIC COMPOUNDS 


In solutions strongly acidified with hydrochloric acid, 
arsenic compounds (other than those organically com- 
bined) yield with hydrogen sulfide a yellow precipitate 
which is soluble in ammonium carbonate solutions. 
Small amounts of arsenic are identifiable by the U.S. P. 
test for limit of arsenic. In this test the arsenic is re- 
duced by nascent hydrogen to arsine—a gas, and its 
presence is detected by the production of a yellow to 
brown stain on paper impregnated with a solution of 
mercuric bromide. 

For the identification of arsenic in complex organic 
compounds, the substance is heated with sulfuric acid 
until the organic matter is destroyed, then the solution 
is tested as above. 

Arsenites—The addition of silver nitrate T.S. to a 
neutral solution of an arsenite produces a yellow precipi- 
tate which is soluble in ammonia water or in diluted 
nitric acid. Acidified solutions of arsenites react with 
hydrogen sulfide as described above. 

Arsenates—Soluble arsenates yield with silver ni- 
trate a reddish brown (chocolate-colored) precipitate, 
‘which 1 is ‘soluble in diluted nitric acid or in ammonia 


- tilled water. 


T.S. With magnesia mixture a white precipitate is 
produced which, when dissolved in hydrochloric acid, 
yields with hydrogen sulfide a yellow precipitate soluble 
in ammonium carbonate or sulfide solutions. 


ACETARSONE N. F.—See Organometallic Compounds 
(page 760). 

ACETARSONE TABLETS N. F.—See Organometallic 
Compounds (page 761). 


ARSENIC TRIODIDE N. F. Arseni Triiodidum 


[Arsen. Triiodid.—Arseni Iodidum U. S. P. X, Arsenous Iodide, Sp. 
Triyéduro de Arsénico] 


Arsenic Triiodide, when dried to constant weight over 
sulfuric acid, contains not less ‘than 99 per cent of 
AslI3 (455.67). 

Caution—Arsenic Tritodide ts extremely poisonous. 

Preparation—A solution of 10 Gm. of arsenic trioxide 
in 250 ce. of hydrochloric acid is poured into a solution 
of 51 Gm. of potassium iodide in 40 ce. of hot water. 
After cooling, the precipitated arsenic triiodide is filtered 
from the solution and washed with hydrochloric acid 
until free of potassium salt and then cautiously dried, 
or the precipitated arsenic triiodide is extracted with 
chloroform and the chloroform evaporated. 

It may also be made by treating a solution of iodine 
in carbon disulfide with powdered arsenic metal. The 
product obtained by this method is crystalline and very 
pure. 


Description and Properties—Arsenic Triiodide is an orange to red, 
odorless or nearly odorless, crystalline powder. It decomposes on 
exposure to light with the liberation of iodine. One Gm. is soluble 
in about 12 ce. of water at 25° C. It is soluble in alcohol, chloroform, 
ether, and carbon disulfide, but is almost insoluble in concentrated 
hydrochloric acid. Its aqueous solution rapidly discolors in the air 
due to the formation of free iodine. It responds to the identification 
reactions for trivalent arsenic and for iodide. 

Tests for Purity— 

Residue on ignition—Not more than 0.5 per cent. 

Free todine—0.25 Gm. of Arsenic Triiodide is dissolved in 10 cc. of 
freshly boiled and cooled distilled water in a test tube of such size 
that the liquid nearly fills it. While making the solution it should be 
protected from sunlight, otherwise iodine will be liberated. As soon 
as solution has been effected, two drops of starch T.S, are added: no 
blue or wine-red color should develop at once. 

Assay—The chemistry of the assay given under Arsenic Trioxide is 
applicable to the assay. of this trivalent arsenic compound. About 
500 mg. of Arsenic Triiodide, previously dried over sulfuric acid to 
constant weight, and accurately weighed, is dissolved in 60 ce. of dis- 
Then 2 Gm. of sodium bicarbonate is dissolved in the 
solution, starch iodine T.S. is added, and the solution is titrated with 
tenth-normal sodium thiosulfate. Each ec. of tenth-normal sodium 
thiosulfate corresponds to 22.78 mg. of Arsenic Triiodide [AsI3]. 
Storage—Keep Arsenic Triiodide in tight, light-resistant containers 
and avoid excessive heat. 


Uses—The principal use of this salt is in making 
arsenic and mercuric iodides solution (see below). 
Average Dose—5 mg. (approximately 1/9 grain). 


Arsenic and Mercuric Iodides Solution N. F. Liquor 
Arseni et Hydrargyri Iodidorum 


{Liq. Arsen. et Hydrarg. Iodid.—Donovan’s Solution] 


Arsenic and Mercuric Iodides Solution is an aqueous 
solution containing, in each 100 cc., not less than 0.95 


{ 443 


“ , j 


444 


Gm. and not more than 1.05 Gm. of AsIg, and not less 
than 0.95 Gm. and not more than 1.05 Gm. of Hgls. 


Metric Alternative 
Arsenic [rilodide. .¢...)... + sncsniserniies 10 Gm. (hohe Hans 
Red Mercuric Iodide... .. ....). semen 10 Gm. 73 _ er. 
Soditum Bicarbonate... © 52. 400. aee Bey ane 9 Gm. 65.7 gr. 
Distilled Water, a sufficient quantity, £ 
TO MAK; «..< «55.5 atv cpl ee eee 1000 cc. 1 pint 


Triturate the arsenic triiodide and the red mercuric iodide in 
a mortar; add 150 ee. (2% fl. oz.) of distilled water, and continue 
the trituration until solution is effected. Filter the solution, and 
pass sufficient distilled water through the filter to make the 
product measure 800 cc. (18 fl. 0z.). Place the filtrate in an 
open vessel and cautiously stir in the sodium bicarbonate. When 
effervescence has ceased, filter, and add sufficient distilled water 
through the filter to make the product measure 1000 cc. (1 pint). 


Sodium bicarbonate was included in the formula to 
neutralize the arsenious and hydriodic acids produced 
by the hydrolysis of arsenic triiodide. By neutralizing 
this acidity, the discoloration of the preparation is 
materially retarded. 

This solution, in which no chemical change has oc- 
curred, should be of a light straw color; when darker 
than this, free iodine is probably present, and if a 
globule of mercury or a few grains of metallic arsenic 
are dropped into the bottle containing the solution, 
and the whole well agitated and filtered; the proper 
color may be restored. 

Note—The Solution must not be dispensed if darker 
in color than pale yellow. 

Description and Properties—Arsenic and Mercurie Iodides Solution 
is a clear, colorless, or pale yellowish liquid. _On prolonged exposure 
to air and light, iodine is liberated from the arsenic triiodide. The 
Solution responds to the reactions for arsenic; mercury, and iodide. 
Assay for Arsenic Triiodide—The assay is made as described for 
Arsenic Triiodide, using an exactly measured volume of 20 to 25 cc. 
of Arsenic and Mercuric Iodides Solution. ; 

Assay for Mercuric Ilodide—The principles of this assay are: (1) 


Reduction of the mercuric iodide to metallic mercury by formaldehyde 
in the presence of alkali hydroxide, thus: 


Hgle + HCHO + 3KOH — 
mercuric formaldehyde potassium 
iodide hydroxide 
Hg + HCOseK + 2KI + 2H20 
mercury potassium potassium water 
formate iodide 


(2) Solution of the mercury so formed in nitric acid and titration of the 
resulting mercuric nitrate solution with tenth-normal ammonium 
thiocyanate as described in the assay of Mercury with Chalk. For the 
details of the assay consult the N. F. 

Storage—Keep this Solution in tight, light-resistant containers. 


Uses—This Solution is used much less than Fowler’s 
solution. It was formerly employed in the treatment 
of syphilis. 

Average Dose—0.1 cc. (approximately 114 minims). 


ARSENIC TRIOXIDE U.S. P. Arseni Trioxidum 


Arsen. Trioxid.—Arsenious Acid, Arsenious Oxide, White Arsenic, 
Sp. Tridéxido de Arsénico, Acido Arsenioso, Oxido Arsenioso] 


Arsenic Trioxide, when dried at 100° C. for 3 hours, 
contains not less than 99.5 per cent of AsgO3 (197.82). 
Caution—Arsenic Trioxide is extremely poisonous. 

Preparation—Arsenic trioxide, or, as it is commonly 
termed, arsenic, is made by roasting arsenical ores in 
reverberatory furnaces with long, horizontal flues; the 
arsenic trioxide collects as a solid sublimate, which is 
afterward resublimed in cast-iron vessels with conical 
heads. It is also formed by burning metallic arsenic in 
air. In either case the roasting or the burning effects 
a direct combination of arsenic with oxygen as expressed 
by the equation: 

4As 


arsenic 


+ 3802 — 2AsoOg 


oxygen arsenic trioxide 


ARSENIC 


Description and Properties—Arsenic Trioxide is a white, odorless 
powder. It is also available in the form of lumps. When slowly 
heated it sublimes without melting. It is very slowly soluble in 
water, slightly soluble in alcohol or ether, and freely soluble in glycerin. 
It is dissolved by hydrochloric acid and by solutions of alkali hydrox- 
ides and carbonates. It responds to the identification reactions for 
arsenic, 

ae aqueous solution it combines with water forming arsenious acid 
thus: 


Ase2Og 


arsenic trioxide 


+ 3H2O0 =o 


water 


2HsAsO3g 


arsenious acid 


Arsenious acid is a weak acid. Arsenites of most metals are known. 
Tests for Purity— 

Loss on drying at 100° C.—Not more than 1 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Substances insoluble in ammonia (compounds of antimony, lead, 
etc.)}—One Gm. of Arsenic Trioxide should dissolve completely on 
warming with 10 cc. of ammonia T.S. and the solution should also 
be colorless. 

Antimony, cadmium, or tin—About 200 mg. of Arsenic Trioxide is 
dissolved in 50 cc. of distilled water with the aid of 2 ce. of hydro- 
chlorie acid, and the arsenic is completely precipitated from the solu- 
tion with hydrogen sulfide. The precipitate is allowed to subside, 
and the clear liquid is decanted. The moist precipitate dissolves 
completely upon the addition of an excess of ammonium carbonate. 
T.S. (The sulfides of antimony, cadmium, or tin, which are copre- 
piplented with the arsenic sulfide, are insoluble in ammonium ecar- 

onate.) 
Assay—Trivalent arsenic, as represented by Arsenic Trioxide, is oxi- 
dized to the pentavalent state by iodine: 


AsoOx3 + 2I5 + 2H20 —= As2O5 + 4HI 
arsenic iodine water arsenic hydriodiec 
trioxide pentoxide acid 


Arsenic pentoxide is, however, reducible to the trioxide by hydriodie 
acid and the reaction shown in the above equation is, therefore, re- 
versible as indicated by the arrows pointing in both directions. To 
insure complete oxidation of the trivalent arsenic it is necessary to 
have a ‘‘buffer’’ present; that is, a substance which neutralizes the 
hydriodie acid as soon as it is formed. Sodium bicarbonate is well 
adapted for this purpose, because it does not react with iodine: 


‘ha get aaeed Late REN HT CO Smee 


arsenic iodine sodium 
trioxide bicarbonate 
As205 + 4Nal + 4COz2 + 2H20 
arsenic sodium carbon water 
pentoxide iodide dioxide 


The arsenic pentoxide combines with water and excess of sodium bi- 
carbonate forming sodium arsenate [NagHAsQO4]. 

The assay is carried out in the following manner: About 200 mg. 
of Arsenic Trioxide, previously dried to constant weight at 100° C. 
and accurately weighed, is dissolved in 20 cc. of boiling distilled water. 
Sufficient sodium hydroxide T.S. is added to effect complete solution. 
After 2 drops of phenolphthalein T.S. are added, sufficient diluted sul- 
furic acid is added to just discharge the pink color. The solution is 
cooled, 2 Gm. of sodium bicarbonate is dissolved in it, starch T.S. is 
added, and the solution is titrated with tenth-normal iodine until a 
permanent blue color of starch iodide is produced. Each ce. of 
tenth-normal iodine corresponds to 4.946 mg. of AsgO3. 
Storage—Keep Arsenic Trioxide in well-closed containers and locked 
in the ‘poison cabinet.” 


Uses—Inorganic arsenic preparations are not used 
medicinally to the extent that they formerly were em- 
ployed. The value of arsenic as a tonic, its use in the 
treatment of chlorosis and secondary anemia, and the 
application of arsenic pastes in the treatment of cancer 
have been largely discredited. 

Arsenic is of value in the treatment of chronic mye- 
logenous leukemia. It is usually given in the form of 
potassium arsenite solution in a dosage schedule starting 
with 0.3 cc. 3 times daily and then increasing the dose 
slowly until the desired effect is obtained. Potassium 
arsenite solution is also of value in the treatment of 
psoriasis. 

Inorganic arsenic salts are highly toxic, a toxic dose 
being around 100 mg.. Symptoms may be delayed as 
long as 12 hours if arsenic is ingested with a meal. 
They include constriction of the throat, gastric pain, 
persistent and projectile vomiting, progressive diarrhea, 
muscle cramps, anuria, and shock. Improper medica-. 
tion with arsenic can also produce chronic poisoning. 

Arsenic Trioxide is also used in fly papers and as a 


~ 
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rodent poison. It is the primary material used for 
making other arsenic compounds. 
Average Dose—2 mg. (approximately 14 9 grain). 


Arsenic Trioxide Tablets N. F. Tabelle Arseni Trioxidi 


[Tab. Arsen. Trioxid.—Arsenious Acid Tablets, Sp. Tabletas de Tri- 
é6xido de Arsénico] 


Arsenic Trioxide Tablets contain not less than 92.5 
per cent and not more than 107.5 per cent of the labeled 
amount of As.Os. 


\ 

Assay—A counted number of the Tablets is weighed, then powdered, 
avoiding any appreciable loss. A quantity of the powder, equivalent 
to about 60 mg. of arsenic trioxide, is placed in a flask, 40 cc. of dis- 
tilled water is added, and the mixture is boiled until the volume has 
been reduced to about 20 cc. The boiling is to insure solution of the 
arsenic trioxide. The solution is cooled, 35 cc. of hydrochloric acid 
and 6 cc. of chloroform are added, and the mixture is allowed to stand 


for 2 hours. It is then titrated with fiftieth-molar potassium iodate 
until the chloroform is no longer colored. 
AsoOz + KIOg + 2HCl — 
arsenic potassium hydrogen 
trioxide iodate chloride 
AsoEOs + ICl + KCl + #£4#H20 
arsenic iodine potassium water 
pentoxide monochloride chloride 


Each ee.. of fiftieth-molar potassium iodate corresponds to 3.956 mg: 
of arsenic trioxide [As203]. 


Average Dose—2 mg. (approximately 149 grain) of 
Arsenic Trioxide. 


Arsenious Acid Solution N. F. Liquor Acidi Arseniosi 


[Liq. Acid. Arsen.—Liquor Acidi Arsenosi U.S. P. XI, Hydrochlori, 
Solution of Arsenic, Arsenic Chloride Solution, Sp. Solucién de 
Acido Arsenioso] 

Arsenious Acid Solution contains, in each 100 cc., the 
equivalent of not less than 0.975 Gm. and not more than 
1.025 Gm. of Ase2QOs. 


Metric Alternative 
INTE te, SV 4 Ce a 10 Gm. 73 gr. 
Dilutedeilydrochioric Acid. . 0. i iiewce 50 cc. 384 min. 
Distilled Water, a sufficient quantity, 
MSI IGM ee toe Oe kare as 1000 cc. 1 pint 


Mix the diluted hydrochloric acid with 250 ce. (4 fl. oz.) of dis- 
tilled water in a flask, add the arsenic trioxide, and boil the liquid 
until the arsenic trioxide is completely dissolved. Allow the 
solution to cool, transfer it to a 1000-cc. (1-pint) graduated flask 
or cylinder, rinse the vessel in which the solution was boiled with 
several portions of distilled water, and add the rinsings and enough 
distilled water to make the product measure 1000 ce. (1 pint). 
Filter if necessary. 


Description and Properties—Arsenious Acid Solution is a clear, color- 
less liquid, of a strongly acid reaction. It responds to the reactions 
for trivalent arsenic. 

Assay—A 20-cc. portion of Arsenious Acid Solution, accurately meas- 
ured, is diluted with 50 cc. of distilled water, enough sodium bicarbo- 
nate is dissolved in this solution to make it distinctly alkaline (usually 
about 2 Gm.), and it is titrated with tenth-normal iodine, using starch 
T.S. as the indicator. Each cc. of tenth-normal iodine corresponds 
to 4.946 mg. of arsenic trioxide [AsgO3l. 

Storage—Keep the Solution in tightly closed containers. 
_Incompatibilities—The acidity of this solution makes it incompatible 
with substances having an alkaline reaction or being otherwise 
antagonistic to dilute mineral acids. See Arsenic (page 443). 


Uses—See Arsenic Trioxide. 
Average Dose—0.2 ce. (approximately 3 minims), cor- 
responding to 2 mg. (449 grain) of arsenic trioxide. 


Potassium Arsenite Solution U.S. P. Liquor Potassii 
Arsenitis 


{Liq. Pot. oo .—Fowler’s Solution, Solutio Arsenicalis seu Fowleri’ 


P.I., Sp. Solucién de Arsenito de Potasio] 


Potassium Arsenite Solution contains, in each 100 
ce., the equivalent of not less than 0.95 Gm. and not 
~ more than 1.05 Gm. of As2Osz. 

_ History—This preparation was given publicity by 
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Thomas Fowler, M.D., an English physician of the 
latter part’ of the eighteenth century. He based it 
upon a proprietary preparation called ‘‘tasteless ague 
and fever drops” which he analyzed with the aid of a 
local pharmacist named Hughes. He proposed for it 
the name of Liquor Mineralis to conceal the presence of 
arsenic from the patient. 

See “A Century of the United States Pharmacopeeia 
—1820-1920—Liquor Potassii Arsenitis,”’ by G. A. 
Langehan, J. A. Ph. A., 14, 408, 507, and 579 (1925). 


Metric Alternative 
ALSeniceltiOxide ry re oan tea eine tenes LO Ona alo eet. 
Potassium Bicarbonate A Loe i ei 7.6 Gm. 55.5 gr. 
Al COLO sei e dh nie clase earasle eats SOMMCG. 230 min. 
Distilled Water, a sufficient quantity, 
To make 1000 cc. 1 pint 


Boil the potassium bicarbonate and arsenic trioxide in a flask 
with 100 ce. (1% fl. oz.) of distilled water until solution is effected. 
Approximately the following reaction takes place: 


AsoO3 + 2KHCO3 — > 2K AsOo + 2COse + H20 
arsenic potassium potassium carbon water 
trioxide bicarbonate metarsenite dioxide 


Cool the solution, and transfer it to a 1000-cce. (1-pint), graduated 
container, rinsing the flask in which the liquid was boiled with 
several portions of distilled water to make a solution measuring 
950 ce. (15 fl. oz.). Add the alcohol and sufficient distilled water 
to ae the solution measure 1000 ce. (1 pint). Mix thoroughly, 
an ter. 


Alcohol content—From 1 to 3 per cent, by volume, of CepHs50H. 
Description and Properties—Potassium Arsenite Solution is a clear, 
colorless liquid, alkaline to litmus paper. On exposure to air it very 
slowly oxidizes to arsenate. It responds to the identification reac- 
tions for potassium and trivalent arsenic. 

Tests for Purity— 

Arsenate—A 4-cc. portion of the Solution is acidulated with diluted 
nitric acid, 1 cc. of silver nitrate T.S. is added and a layer of ammonia 
T.S. is superimposed upon this liquid: no red or reddish brown color 
is observed at the line of contact. (With arsenate, silver nitrate gives 
chocolate-brown. silver arsenate.) 

Assay—The chemistry of this assay is explained under the assay of 
Arsenic Trioxide. A 20-cc. portion of Potassium Arsenite Solution, 
accurately measured, is diluted with 75 cc. of water and slightly 
acidified with diluted hydrochloric acid to decompose any normal 
carbonate which would interfere by taking up iodine; then 2 Gm. of 
sodium bicarbonate is dissolved in the solution, which is titrated with 
tenth-normal iodine, using starch T.S. as the indicator. Each ce. of 
tenth-normal iodine corresponds to 4.946 mg. of arsenic trioxide 
[As2Og]. 

Storage—Keep this Solution in tight containers. 
Incompatibilities—This Solution has an alkaline reaction and behaves 
accordingly. Alkaloids are precipitated because of the alkalinity 
or by reaction with the arsenite. Most metals except the alkali metals 
are precipitated. Oxidizing agents are reduced with simultaneous 
oxidation of the arsenite to arsenate. Potassiwm iodide, lime water, 
and tannic acid cause a precipitation. 


Uses—See Arsenic Trioxide (page 444). 
Average Dose—0.2 cc. (approximately 3 minims), cor- 
responding to 2 mg. (149 grain) of arsenic trioxide. 


ARSPHENAMINE U. S. P.—See 
Compounds (page 764). 

CARBARSONE U. S. P.—See Organometallic Com- 
pounds (page 761). 


CARBARSONE TABLETS N. F.—See Organometallic 
Conpounds (page 761). 


DICHLOROPHENARSINE HYDROCHLORIDE 
U. S. P.—See Organometallic Compounds (page 764). 


FERRIC CACODYLATE N. F.—See Organometallic 
Compounds (page 761). 

FERRIC CACODYLATE AMPULS N. F.—See Organo- 
metallic Compounds (page 761). 


NEOARSPHENAMINE U. S. P.—See Organometallic 
Compounds (page 765). 


OXOPHENARSINE HYDROCHLORIDE U. S. P. 
—See Organometallic Compounds (page 766). 


Organometallic 
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EXSICCATED SODIUM ARSENATE N. F. — Sodii 


Arsenas Exsiccatus 
(Sod. Arsen. Exsic.—Dried Sodium Arsenate, Sp. Arsenato de Sodio] 


Exsiccated Sodium Arsenate, when dried to constant 
weight at 150° C., contains not less than 98 per cent 
of NasHAsO, (185.91). 

Caution—Exsiccated Sodium Arsenate is very poison- 
ous. 

Preparation—This salt is prepared by adding suff- 
cient sodium carbonate or hydroxide to a solution of 
arsenic acid [HsAsO,] to make the dibasic salt, and 
either evaporating the solution, allowing it to crystal- 
lize, and drying the crystals at about 100°, or directly 
evaporating the solution to dryness. 


Description and Properties—Exsiccated Sodium Arsenate is an odor- 
less, white powder. It is slightly hygroscopic. The aqueous solu- 
tion is alkaline to litmus,and to phenolphthalein. It responds to the 
identification reactions for sodium and arsenate. 

Solubility—One Gm. is soluble in 3.5 ec. of water and in 1.5 ce. of 
boiling water; it is slightly soluble in alcohol and moderately soluble 
in glycerin. 

Tests for Purity— 

Nitrate—To. a solution of 200 mg. in 5 ce. of distilled water 2 ce. 
of ferrous sulfate T.S. is added and the mixture is layered upon 2 cc. 
of sulfuric acid; no brown ring develops at the zone of contact of the 
liquids, 

PAreeniioe Nok more than 0.5 per cent as AsgO3. This is deter- 
mined by adding a saturated sodium bicarbonate solution to a solu- 
tion of 1 Gm. of the arsenate and then titrating with tenth-normal 
iodine and starch T.S. as the indicator. Each cc. of tenth-normal 
iodine corresponds to 4.946 mg. of arsenic trioxide. ; 

Heavy metals—One cc. of sodium sulfide T.S. added to 5 cc. of an 
aqueous solution (1 in 100) of sodium arsenate produces no dark 
coloration. F 
Assay—Arsenic acid and arsenates, in the presence of a strong mineral 
acid, oxidize iodides to free iodine as shown in the equation: 


(1) HgAsO, + 2KI + 2HCl => 
arsenic potassium hydrochloric 
acid iodide acid 
Iz + 2KCl + HeO + HsAsO3 
iodine potassium water arsenious 
chioride acid 


The free iodine formed, representing the equivalent of arsenic acid or 
arsenate, is then determined by titration with tenth-normal sodium 
thiosulfate: 


(2) Io + 2NagSe2Og — Na2S40¢6 + 2Nal 
iodine sodium sodium sodium 
thiosulfate tetrathionate iodide 


Since the reaction between pentavalent arsenic and iodide as indicated 
in equation (1) is reversible, an excess of concentrated hydrochloric 
acid is used in the assay to provide a high hydrogen-ion concentra- 
tion, and thus suppress the reaction between the iodine and the 
arsenious acid. 


Hg3AsOg oe I, 


About 300 mg. of the dried salt is accurately weighed and dissolved 
in 25 ce. of water in a glass-stoppered flesk. The solution is heated 
to 80°, 10 ec. of hydrochloric acid and 3 Gm. of KI are added, and 
the flask is stoppered and allowed to stand for 15 minutes. The solu- 
tion is then cooled and the liberated iodine is titrated with tenth- 
normal sodium thiosulfate, using starch T.S. as the indicator. One 
ce. of tenth-normal sodium thiosulfate corresponds to 9.296 mg. of 
NaeHAsO4. f ‘ 
Storage—Keep the Exsiccated Sodium Arsenate in tight containers. 
Incompatibilities—Arsenates in acid solution are reduced by todides, 
hypophosphites, and other reducing agents to arsenites. Neutral solu- 
tions of nearly all metals except the alkali metals are precipitated as 
arsenates. Sodium arsenate precipitates the alkaloids from solutionse 
of their salts as the free alkaloids or as insoluble arsenates. In gen- 
eral, its solutions, being alkaline in reaction, have the incompatibilities 
of the alkalies. 


+ H 20 HgAsO 4 + 2HI 


——s 
— 


Uses—Exsiccated Sodium Arsenate is used in making 
the official solution (see below). The advantage in us- 


ing it in preference to sodium arsenate is that greater 


accuracy is secured; the latter salt, as found in com- 
merce, is more or less effloresced, and the solution if 
made from it would be variable in its arsenical strength. 
Sixty parts of Exsiccated Sodium Arsenate represent 
about 100 parts of the crystallized salt. 

Average Dose—3 mg. (approximately 149 grain). 


ANTIMONY 


Sodium Arsenate Solution N. F. Liquor Sodii Arsenatis 
[Liq. Sod. Arsen.—Sp, Solucién de Arsenato de Sodio] 


Note—Do not confuse with Pearson’s Solution of 
Arsenic (page 228). 

Sodium Arsenate Solution is an aqueous solution con- 
taining, in each 100 cc., not less than 0.95 Gm. and 
not more than 1.05 Gm. of anhydrous sodium arse- 
nate [Na,sHAsO,]. 


Metric Alternative 
Exsiccated Sodium Arsenate, previously 
dried to constant weight at 150°....... 10 Gm. 146 gr. 
Distilled Water, a sufficient quantity, 
Pormakensnccae sku at lear eee 1000 cc. 2 pints 


Dissolve the exsiccated sodium arsenate in sufficient distilled 
water to make the product measure 1000 cc. (2 pints). 


Description and Properties—A clear, colorless and odorless liquid 
slightly alkaline to litmus. When concentrated by evaporation to 
about one-tenth its volume, it responds to the reactions for sodium 
and arsenate. 
Assay—The sodium arsenate content of this solution is determined as 
described for the assay of Sodiwm Arsenate, using 25 cc. of the Solu- ° 
tion. 
Storage—Keep this Solution in tight containers. 
Uses—Inorganic pentavalent arsenical salts have 
little medicinal value, preference being given to trivalent 
compounds. 
Average Dose—0.2 cc. (approximately 3 minims) 


corresponding to 2 mg. (149 gr.) of sodium arsenate. 


SODIUM CACODYLATE N. F.—See Organometallic 
Compounds (page 762). 

SODIUM CACODYLATE AMPULS N._ F.—See 
Organometallic Compounds (page 762). 

SULFARSPHENAMINE U. S. P.—See Organometallic 
Compounds (page 767). 

TRYPARSAMIDE U. S. P.—See 
Compounds (page 763). 


Organometallic 


Unofficial Inorganic Arsenic Compounds 


Arsenic Acid [HgAsO4]—White, hygroscopic powder. Very soluble 

- in water, alcohol, and glycerin. Uses; starting material for the 
manufacture of arsenates and most organic arsenicals. Poisonous. 

Arsenic Bromide, Arsenic Tribromide [AsBrg]—Yellowish white, 
poisonous crystals; soluble in water. 

Arsenic Chloride, Arsenic Trichloride [AsClg]—A colorless, pungent, 
oily liquid. When poured into a large quantity of water, it depos- 
its arsenious oxide. It is poisonous. \ 

Arsenic Disulfide [AseSe]—An orange-red powder. © Potsonous. 
soluble in water. It occurs in nature-as the mineral realgar. 

a pigment; used in the manufacture of colored fires. 

Arsenic Trisulfide [AsgS3]—Commonly called orpiment. 
or orange-yellow powder, insoluble in water. 
Uses: a pigment, 

Calcium Arsenate [Cag3(AsO4)9]—White powder, slightly soluble in 
water; soluble in dilute acids. Uses: an insecticide, particularly 
useful against insects destructive to plants and trees. Poisonous. 

Copper Arsenite [approx. CuHAsOg— Uses: insecticide, pigment, 
and remedy for diarrhea, cholera morbus, and anemia. Dose: 0.6—-3 
mg. (1400-320 grain). Poisonous. 

Lead Arsenate [approx. PbHAsO4]—White, heavy powder, insoluble 
in water; soluble in nitric acid and in caustic alkalies. Uses: a 

_ constituent of various insecticides for larvee of .gypsy moth, boll 
weevil, etc. Poisonous. ie 

Potassium Arsenite [approx. KAsOg.HAsO2g]—White, hygroscopic 
powder, soluble in water. Uses: reduces the silver salt to metallic 
silver in manufacture of mirrors. Poisonous. 

Sodium Arsenate [NagHAsO4.7H2O0]—Colorless, odorless crystals, 
soluble in 1.3 parts water; soluble in glycerin; slightly soluble in 
alcohol. Uses: an alterative. The technical grade is used in 
dyeing with Turkey-red oil and in printing fabrics. Poisonous. 

Sodium Arsenite, Sodium Metarsenite [approx. NaAsOg]—White or 
grayish white powder. Freely soluble in water, slightly soluble 
in alcohol. Uses and Dose: same as for Arsenic Trioxide. The 
technical grade is used in the manufacture of arsenical soap for use 
on skins, and for treating vines against certain scale diseases. 
Poisonous. 


In- 
Uses: 


A yellow 
It is poisonous. 


Antimony—Sb = 121.76 (At.no.51) 
History and Occurrence—The Latin name for Anti- 


mony is stibiwm. The exact derivation of the name — 


é 


TIN 


antimony is unknown. There is a legend that Basil 
Valentine, its alleged discoverer, used it to poison cer- 
tain monks, and that the name is derived from anti, 
“against,” and moine, “a monk,” so that the name 
antimony means ‘‘monk’s bane.” 

Several centuries ago metallic antimony was em- 
ployed in medicine in pill form. The pills were called 
, Pilule Perpetue or everlasting pills, because they were 
recovered from the stool of the patient, cleansed by 
washing, and used over and over again. 

Antimony is found in nature in the free state; the 

principal source, however, is the sulfide (called anti- 
monite or stibnite). 
Description and Properties—Antimony is an almost silvery white, 
lustrous, hard, brittle metal. Its specific gravity is 6.7, and it melts 
at 631°. It is stable in dry air but slowly tarnishes in moist air. It 
is unaffected by cold dilute acids, but is attacked by hot concentrated 
sulfuric acid, and when finely divided, it dissolves in hot concentrated 
hydrochloric acid. It is soluble in aqua regia. Nitric acid converts 
it into antimonous or antimonic oxides. 

Antimony is trivalent and pentavalent. In both of the valencies it 
functions as a base-forming and an acid-forming element. Com- 
pounds in which antimony functions as a trivalent cation are usually 
designated antimonous and those in which it functions as a pentavalent 
cation, antimonic. They are usually decomposed by water forming 
basic salts and free acid. Powder of Algaroth, which formerly en- 
joyed medicinal use, is antimony oxychloride [SbOCl], made by add- 
ing water to antimony trichloride. The most important antimony 
compounds of commerce are antimony trichloride [SbCl], antimony 
trioxide [Sb203], tartar emetic, and the two sulfides of antimony, 
the trisulfide [Sb2S3] and pentasulfide [SbeSs5]. The latter is known 
as Golden Antimony Sulfide. Unlike the arsenic sulfides, the sulfides 
of antimony are insoluble in ammonium carbonate, but they dis- 
solve in solutions of alkali hydroxides or sulfides. 

Uses—The metal is principally used in the form of 
alloys, such as type metal, Babbitt metal, and bearing 
metal. 


IDENTIFICATION OF ANTIMONY COMPOUNDS : 


In mildly acid solutions of antimony salts, hydrogen 
sulfide produces an orange-red precipitate of antimony 
sulfide which is insoluble in ammonium carbonate but 
dissolves in ammonium or alkali sulfide solutions, or in 
solutions of the caustic alkalies. 

Metallic zine or iron precipitates antimony from its 
solutions as a black powder. - It is precipitated on cop- 
per as a metallic film, which may be dissolved by potas- 
sium permanganate in the presence of dilute sulfuric 
acid, and the resulting solution responds to the reaction 
with hydrogen sulfide. 


ANTIMONY POTASSIUM TARTRATE U. S. P.—See 
Organic Salts (page 558). 

ANTIMONY SODIUM THIOGLYCOLLATE U. S. P. 
—See Organometallic Compounds (page 759). 

ANTIMONY SODIUM THIOGLYCOLLATE INJEC- 
TION U. S. P.—See Organometallic Compounds 
(page 759). 

STIBOPHEN N. F.—See Organometallic Compounds 
(page 760). 

-STIBOPHEN AMPULS N. F.—See Organometallic 

_ Compounds (page 760). 


Unofficial Inorganic Antimony Compounds 


Antimony Fluoride [SbF 3]|—Heavy colorless, deliquescent crystals; 
soluble in water containing potassium fluoride. Uses: a mordant 
for cotton goods; used in ceramics. ; 

Antimony Oxide, Antimony Trioxide [SbzgO3]—A white or grayish- 
white powder, odorless and tasteless. Insoluble in water, alcohol 
or nitric acid. Dissolved by hydrochloric acid, by a warm aque- 
ous solution of tartaric acid, or a boiling aqueous solution of potas- 
sium bitartrate. Uses: starting material for the manufacture of 
other antimony compounds; used for decolorizing glass. : 

Antimony Pentasulfide [SbeS5]—Called golden sulfide of antimony. 
_ An orange-red, insoluble powder. Dissolves in alkali sulfide solu- 

tions. Decomposed by heat, yielding antimony trisulfide and sul- 
fur. Uses: vulcanizing agent for rubber. 
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Antimony Sulfurated, Antimony Oxysulfide, Kermes Mineral—Made 
by dissolving natural antimony trisulfide in sodium hydroxide 
solution and reprecipitating the sulfide with sulfuric acid. A 
brown-red powder, becoming lighter on exposure to air. It is odor- 
less, tasteless, and insoluble in water and alcohol. Uses: an 
alterative and diaphoretic. Dose: 0.06 to 0.3 Gm. (1 to 5 grains). 

Antimony Trichloride [SbCl3]}—Commonly called butter of antimony. 
A colorless, transparent, crystalline mass; decomposed by water, 
yielding the insoluble basic chloride. Uses: a caustic in veteri- 
nary practice; a reagent for vitamins A and D. Its solution in 10 
per cent hydrochloric acid is used for bronzing iron and steel, as a 
mordant, and in furniture polishes. 

Antimony Trisulfide, Purified [SbgS3]—A heavy, grayish black pow- 
der; insoluble in water but dissolved by concentrated hydrochloric 
acid with the evolution of hydrogen sulfide. It is purified by treat- 
ment with ammonia water to remove arsenic. Uses: ingredient of 
condition powders for horses. 

Antimony Trisulfide [SbgS3|—A grayish black, crystalline powder, 
when obtained from natural sources. This is called black antimony. 
When made by precipitation, it is an orange-red, crystalline powder. 
Both forms are insoluble in water. Uses: pigments. 

Calcium Phosphate, Antimonated, James’ Powder—A mixture of 1 
part antimony trioxide and 2 parts precipitated calcium phosphate. 
Greenish gray, odorless, tasteless powder. Insoluble in water. 
Uses: a diaphoretic, alterative, purgative, and emetic. Formerly 
employed in acute rheumatism, catarrh, chronic skin diseases, 
febrile diseases, ete. Dose: 0.2—0.5 Gm. (3-8 grains). 


Tin—Sn = 118.7 (At. no. 50) 


History and Occurrence—The exact origin of the 

word tin is unknown. The Latin name stannwm was 
originally applied to an alloy, but later, to tin proper. 
This metal occurs in nature as stannic oxide [SnOg] 
known as cassiterite or tinstone. ‘This mineral is chiefly 
found in England, in the Malay Peninsula, and in 
Bolivia. 
Description and Properties—Tin is almost silvery white, lustrous, 
soft, very malleable, and easily powdered. When bent it emits a 
peculiar cracking sound termed the ‘‘cry of tin.’’ Its specific gravity 
is 7.3, and it melts at 232° C. It is stable in air, but in powdered 
form it oxidizes in air, especially in the presence of moisture. It is 
slowly soluble in cold hydrochloric acid, in dilute nitric acid, or in hot, 
moderately diluted sulfuric acid; it readily dissolves in concentrated 
hydrochloric acid. Strong nitric acid converts it into insoluble 
metastannic acid. It is also slowly soluble in cold, and more readily 
in hot, solutions of the caustic alkalies. 

Tin is divalent and tetravalent, forming compounds designated as 
stannous and stannic, respectively. Stannous salts are powerful 
reducing agents. Tin also functions as an acid-forming element, giv- 
ing rise to stannous [HgSnO¢e] and stannic [H2SnOsg] acids, salts of 
which are stannites and stannates, respectively. Sodium stannate is 
an article of commerce. Stannic oxide is known in commerce also as 


tin dioxide, or white tin oxide. Stannous chloride [SnCle.2H 20] is the 
most important tin salt of commerce. 


Uses—Tin metal has many applications. Its chief 
uses, however, are for tin plating and the manufacture 
of tin salts and soldering alloys. 


IDENTIFICATION OF TIN COMPOUNDS 


When metallic zinc is placed in a solution of a tin salt, 
acidified with hydrochloric acid, the tin is precipitated 
in metallic form. The precipitated metal is soluble in 
boiling hydrochloric acid, and the resulting solution, 
containing stannous chloride, yields a white or gray 
precipitate with mercuric chloride T.S. 

Stannic salts—Solutions of stannie compounds yield 
with hydrogen sulfide a yellow precipitate, insoluble 
in diluted hydrochloric acid but soluble in solutions of 
alkali sulfides. 

Stannous salts—Solutions of stannous salts yield with 
mercury bichloride T.S. a white or gray precipitate, due 
to the reduction of the mercury salt to calomel or metal- 
lic mereury, and with hydrogen sulfide a brownish » 
black precipitate. 


Unofficial Inorganic Tin Compounds 


Chloride Anhydrous [SnCl4]—Colorless, fuming, caustic 
liquid. Sp. gr. 2.26. Soluble in water with evolution of much 
heat; also soluble in alcohol. Uses: amordant; used in weighting 
silk and tinning vessels; a dehydrating agent in organic synthesis. 

Stannic Oxide, Tin Dioxide [SnOg]—White or slightly gray powder, 
insoluble in water, alcohol, or cold acids; slowly soluble in hot con- 
centrated alkali hydroxide solutions. Uses: polishing agent for 
glass and metals: constituent of milk-colored. ruby. and alabaster 


: 


Stannic 
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glass, enamels, pottery, putty, and finger nail polishes; mordant in 
printing and dyeing fabrics. 

Stannic Sulfide [SnS2]—Golden leaflets with metallic luster; fatty 
to the touch. Insoluble in water or dilute acids; soluble in aqua 
regia, in solutions of alkali hydroxides, or sulfides. Uses: gilding 
and bronzing agent. 

Stannous Chloride [SnClg.2H2O]—White, crystalline masses or pris- 
matic needles. Soluble in water but easily converted into the 
insoluble oxychloride by absorbing oxygen from the.air. Uses: 
a reducing agent and a mordant in textile dyeing; reducing agent 
in the silvering of glass. 

Stannous Sulfide [SnS]—When made by precipitation from stannous 
chloride solution with hydrogen sulfide, it is a dark brown powder. 
When made by heating tin with sulfur, it forms a gray, crystalline 
mass. This compound is of interest as it is the compound found 
in the qualitative identification of stannous salts with hydrogen 
sulfide. 

Sodium Stannate [NagSnO3]—Commonly called preparing salt. It is 
sold as a white, crystalline powder or lumps. Soluble in water. 
Uses: a mordant in dyeing. 


Inorganic Tin Specialties 


The following specialties are all used as antistaphylococcics in the 
non-specific therapy of boils, chronic furunculosis, and intractable 
acne. 


€ 


Neostannin (Harrower)—Tablets, each containing 0.146 Gm. 
(24% gr.) tin proteinate equivalent to 25 mg. tin. Dose: 2 tablets. 

Oxistan (Chicago Pharmacal)—Pills containing 14 gr. metallic tin 
and % gr. tin oxide. Dose: 4 to 6 pills daily, with water. 

Salostan (Patch)—Tablets containing tin and stannous oxide. 
1 or 2 tablets 3 times daily. 

Staman (Drug Products)—Tablets (pulvoids) containing 1% er. 
colloidal tin proteinate and 4 gr. manganous gluconate. Dose: 
2 to 4 tablets every 4 hours. 

Stannine (Blue Line)—Tablets containing 22 mg. tin (as tin protein- 
ate). Dose: 2 tablets 4 times daily. 

Stannxoyl (Anglo-French)—A compound containing 42.5 per cent* 
metallic tin and 7.5 per cent tin oxide, available as ampuls (2 cc.), 
ointment, or tablets (3 gr.). Dose: 2 cc., intragluteally; or 4 to 8 
tablets a day, orally. } 

Stanno-Yeast (Stoddard)—Tablets containing 1 gr. tin proteinate and 
4 gr. desiccated brewer’s yeast. Dose: 8 tablets daily. 

Tin-Guentum (Cole)—Ointment containing 5 per cent tin oxide, 0.5 
per cent aromatic oils, 10 per cent anhydrous lanolin, 20 per cent 
light mineral oil, and amber petrolatum. 

Tinpronate (Searle)—Tablets containing 22 mg. tin (as proteinate). 
Dose: 1 or 2 tablets every 4 hours. 

Tin-Tabs (Cole)—Tablets containing 14¢ gr. metallic tin, 14 gr. tin 
oxide, 1 gr. amylum, and 1 gr. sucrose. Dose: 1 or 2 tablets 3 
times daily. 


Dose: 


CHAPTER LV 


BISMUTH, LEAD, MERCURY, SILVER, COPPER, CADMIUM, THALLIUM, AND TANTALUM 


THE ELEMENTS included in this chapter belong to the 
group of “heavy metals’ and they, as well as their 
compounds, resemble each other in many of their chemi- 
cal properties. They are all precipitated from acid solu- 
tions by hydrogen sulfide, and most of them form only 
slightly soluble halogen salts. Thallium and tantalum 
are also considered here because they resemble this 
group of elements in many of their properties. 


Bismuth—Bi = 209.0 (At. no. 83) 


History and Occurrence—The origin of the name 
bismuth is not definitely known. Miners often call the 
element wismuth and it has been suggested that this 
word comes from wisse or wiesc, meaning “meadow,” 
because it has often been found in the mines covered 
with incrustations of various colors resembling a mea- 
dow covered with flowers. 

Bismuth occurs in nature chiefly in the free state. 
It also occurs as the sulfide known as bismuthinite 
[BieS3] and as the oxide [Bi.O;]. It is obtained as a 
by-product in the refining of copper and considerable 
quantities of it are derived from this source. 

Description and Properties—Bismuth is'silvery white with a reddish 
tinge. It is superficially oxidized by air, frequently becoming irides- 
cent. Its specific gravity is 9.8. It melts at about 271° C. and ex- 
pands on cooling. It is insoluble in hydrochloric or cold sulfuric acid 
and in solutions of alkali hydroxides, but dissolves in moderately 
diluted nitric acid. The bismuth of commerce is of a high degree of 
purity—about 99.8%. Bismuth is trivalent and pentavalent. With 
the exception of sodiwm bismuthate in which the bismuth is penta- 


valent, all bismuth compounds of commerce contain trivalent bis- 
ieeybug ee pes 


Uses—Bismuth is largely used for the preparation of 
bismuth salts, the salts being mostly used medicinally. 
The metal also finds use in the preparation of low- 
melting alloys such as solders. 


IDENTIFICATION OF BISMUTH COMPOUNDS 


When a bismuth salt is dissolved in a slight excess of 
nitric or hydrochloric acid, and the solution considerably 
diluted with water, a white precipitate of bismuth sub- 
nitrate or bismuth oxychloride is formed. This pre- 
cipitate is blackened by hydrogen sulfide (distinction 
from antimony), and the resulting sulfide dissolves on 
warming with a mixture of equal parts of nitric acid 
and water. 

For the identification of bismuth in its complex 
organic compounds it is preferable to ignite the com- 
pound gently, then warm the residue with nitric acid, 
and treat the solution as above. 


BISMUTH POTASSIUM TARTRATE U. S. P.—See 
Organic Salts (page 559). 

BISMUTH POTASSIUM TARTRATE INJECTION 
U. S. P.—See Organic Salts (page 559). 


BISMUTH SUBCARBONATE U. S. P. — Bismuthi 


Subcarbonas 
[Bism. Subcarb.—Basic Bismuth Carbonate, Bismuth Oxycarbonate, 


_ Bismuthyl Carbonate, Sp. Subcarbonato de Bismuto, Carbonato 
; BAsico de Bismuto] 


Bismuth Subcarbonate [approximately (BiO).COs.- 
¥4H20], when dried over sulfuric acid for 18 hours, 
yields upon ignition not less than 90 per cent of bismuth 
oxide [BigOs]. 

Preparation—The washed subnitrate, obtained as de- 
scribed under Bismuth Subnitrate, is added, with con- 
stant stirring, to an excess of an approximately 20 per 
cent solution of sodium carbonate (about 2 parts of 
monohydrated sodium carbonate for each part of bis- 
muth), and allowed to stand for some time. The so- 
dium carbonate converts the subnitrate into subecarbon- 
ate thus: 


bismuth sodium bismuth water 
subnitrate carbonate subcarbonate 


sodium 
nitrate 


After filtering and washing until the washings are neu- 
tral the subcarbonate is dried at about 50°. 


Description and Properties—Bismuth Subcarbonate is a white, or very 
slightly yellowish, odorless, and tasteless powder, and is stable in-air, 
but is slowly affected by light. It responds to the identification reac- 
tions for bismuth and carbonate. 

Solubility—Bismuth Subearbonate is insoluble in water and in 
alcohol and is dissolved by excess of mineral acids, forming the cor- 
responding salts. 

Tests for Purity— 

Loss on drying over sulfuric acid for 18 hours—Not more than 2 per 
cent. 

Chloride—Not more than 0.07 per cent as Cl. 

Nitrate—About 100 mg. of the Subcarbonate is agitated with 5 cc. 
of a mixture of equal volumes of water and ferrous sulfate T.S., and 
the mixture superimposed upon 5 cc. of sulfuric acid; no brownish 
red color appears at the zone of contact of the two liquids (about 0.3 
per cent NOs). 

Alkalies and alkaline earthsx—Not more than 0.5 per cent. To 2 
Gm. of Bismuth Subcarbonate, 40 cc. of a mixture of equal volumes 
of acetic acid and water are added. The mixture is boiled for 2 min- 
utes, then cooled, made up to the original volume with distilled water, 
and filtered. To 20 cc. of the filtrate, 2 cc. of hydrochloric acid is 
added, and any bismuth in solution is precipitated with hydrogen sul- 
fide as the insoluble sulfide, while alkalies and alkaline earths remain 
in solution. The mixture is boiled for 1 minute to coagulate the pre- 
cipitate, and filtered. A few drops of sulfuric acid are added to the 
filtrate (to convert the chlorides or nitrates into the ignition stable 
sulfates). It is evaporated to dryness and ignited to constant weight. 
The weight of the residue does not exceed 5 mg, 

Arsenic limit—10 parts per million. 


For the following tests 5-cc. portions of a solution prepared in the following 
manner are used: Gm. of Bismuth Subcarbonate are dissolved in a suf- 
ficient quantity (about 4 cc.) of warm nitric acid and the solution poured 
into 100 cc.-of water. The white precipitate of bismuth subnitrate is filtered 
off. The filtrate is evaporated on a water bath to 30 cc., again filtered, and 
the filtrate divided into portions of 5 cc. each. 


Sulfate—The addition of a few drops of barium nitrate T.S. does 
not at once produce any turbidity. 

Copper—When a slight excess of ammonia T.S. is added the super- 
natant liquid does not show any bluish tint. 

Lead—The addition of an equal volume of diluted sulfuric acid 
produces no cloudiness. (Lead sulfate is insoluble.) 

Silver—Hydrochloric acid produces no precipitate which is insoluble 
in a slight excess of hydrochloric acid, but soluble in ammonia T.S. 
Assay—A bout 1 Gm. of Bismuth Subcarbonate, previously dried over 
sulfuric acid for 18 hours and accurately weighed, is ignited in a tared 
porcelain crucible to constant weight, whereby the subcarbonate is 
converted into bismuth oxide. The weight of the BigO3 so obtained 
is not less than 90 per cent of the weight of dried Bismuth Subcarbon- 
ate taken for the assay. f 
Storage—Keep Bismuth Subcarbonate in well-closed containers, 


Uses—Bismuth Subcarbonate is used internally as a 
protective and adsorbent. In ulcerative lesions of the 
bowel, the insoluble salt is believed to coat the crater 
of an ulcer and thus afford mechanical protection. Bis- 
muth Subcarbonate is given in the dose of 2 to 5 Gm. 
every 2 to 4 hours in the treatment of enteritis, diarrhea, 
dysentery, and ulcerative colitis. 

Average Dose—1! Gm. (approximately 15 grains). 
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Bismuth Subcarbonate Tablets N. F. Tabellze Bismuth 
Subecarbonatis 


[Tab. Bism. Subcarb.—Sp. Tabletas de Subcarbonato de Bismuto] 


Tablets of Bismuth Subecarbonate yield an amount of 
bismuth oxide [Bi.O3] not less than 83 per cent and not 
more than 97 per cent of the labeled amount of Bismuth 
Subcarbonate. 


Tests for Purity— 

Alkalies and earths (limit 0.5 per cent)—One Gm. of powdered Tab- 
lets is gently ignited to destroy any organic matter. The residue is 
dissolved by warming with 5 cc. of a mixture of equal volumes of dis- 
tilled water and nitric acid, diluted with distilled water to 100 cc., and 
the bismuth completely precipitated with hydrogen sulfide. The 
mixture is filtered and 50 cc. of the filtrate is evaporated to dryness 
and ignited. The weight of the residue should not exceed 5 mg. 
Assay—A counted number of the Tablets is weighed and powdered, 
avoiding an appreciable loss. To a quantity of the powder equivalent 
to about 500 mg. of bismuth subearbonate, accurately weighed, 25 ce. 
each of sulfuric and nitric acids are added and the solution is heated 
in a Kjeldahl flask until it is colorless or only pale yellow. This treat- 
ment serves to destroy any organic matter, such as acacia, etc. After 
cooling, 2 cc. of nitric atid is added to the residue to oxidize any bis- 
muth metal that may have been formed by the action of organic sub- 
stances; the solution is carefully evaporated to dryness on a steam 
bath, then cautiously ignited, avoiding fusion of the bismuth oxide. 
Too strong an ignition will cause the bismuth oxide to melt and 
combine with the porcelain of the crucible. The cooled residue is now 
dissolved in about 3 ce. of nitric acid diluted with 10 cc. of distilled 
water, filtered into a beaker, and washed well with a mixture of 1 
volume of nitric acid and 50 volumes of distilled water. To the com- 
bined filtrate and washings an excess of ammonium carbonate is care- 
fully added in small portions at a time; the mixture is heated on a 
steam bath for 1 hour, then the precipitate, consisting of a mixture of 
bismuth subcarbonate and subnitrate, is collected on a filter, prefer- 
ably a previously ignited and tared Gooch crucible with asbestos pad, 
washed well with distilled water containing 1 per cent ammonium 
carbonate, dried, and ignited to constant weight. 

Note—A preferable procedure for the assay of these Tablets is the 
precipitation of the bismuth as phosphate as described under Bis- 
muth Potassium Tartrate. Each Gm. of bismuth phosphate multi- 
plied by 0.7665 represents its equivalent of bismuth oxide [BigOs3]. 


Average Dose—1I Gm. (approximately 15 grains) of 
Bismuth Subecarbonate. 


BISMUTH SUBGALLATE N. F.—See Organic Salis 
(page 564). 

BISMUTH SUBGALLATE TABLETS N. F.—See 
Organic Salts (page 564). 


BISMUTH SUBNITRATE N. F.—Bismuthi Subnitras 


{Bism. Subnit.—Basic Bismuth Nitrate, Bismuth Oxynitrate, Span- 
ish White, Bismuth Paint, Bismuthyl Nitrate, Sp. Subnitrato de 
Bismuto, Nitrato de Bismuto BAsico] 

Bismuth Subnitrate [approximately Bi(OH).NO3.- 
144H.O0], when dried over sulfuric acid for 18 hours, 
yields upon ignition not less than 79 per cent of bismuth 
oxide [BizOs]. : 

Preparation— Bismuth Subnitrate is the starting ma- 
terial for the preparation of most other bismuth com- 
pounds. The bismuth metal now available is of a high 
degree of purity, 99.7 per cent or higher, and hence the 
process for the manufacture of a Subnitrate of Pharma- 
copeeial quality is simpler than it formerly was. The 
metal is dissolved by adding to it twice its weight of 
nitric acid, the acid having been previously diluted with 
an equal volume of water; a solution of bismuth nitrate 
is thus obtained according to the equation: 


2Bi + 8HNOs — 2Bi(NOs3)3 + 4H20 + NeOg 
bismuth nitric bismuth water nitrogen 
acid nitrate dioxide 


Air is now bubbled through the solution to expel the 
nitrogen dioxide, then diluted with about an equal vol- 
ume of distilled water, and filtered if necessary. The 
solution is cooled to about 15°, and a filtered solution 
of sodium carbonate is slowly added, with continuous 
stirring, to produce a pH of about 5. The stirring is 
continued for an additional hour, then the bismuth 
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subnitrate thus formed is filtered, washed with cold 
water, and dried at about 50° (120° F.). 


Description and Properties—Bismuth Subnitrate is a white, odorless, 
almost tasteless powder, stable in the air. Its suspension in distilled 
water is faintly acid to litmus paper (pH about 5). It responds to the 
identification reactions for bismuth and nitrate. 

Solubility—lIt is insoluble in water or organic solvents, but dissolves 
readily in an excess of hydrochloric or nitric acid. 

Tests for Purity— 

Loss on drying over sulfuric acid for 18 hours—Not more than 3 per 
cent, ; 

Carbonate—It should produce no effervescence when treated with 
nitric acid. 

Chloride—Not more than 0.035 per cent as Cl. : 

Alkalies and earths—Not more than 0.5 per cent, these being deter- 
mined as described under Bismuth Subcarbonate. 

Ammonium—When 100 mg. is boiled with 5 cc. of sodium hydroxide 
T.S. in a test tube, the escaping vapor should not turn moistened red 
litmus paper blue (about 0.1 per cent as NH). 

Arsenic limit—10 parts per million. 

Copper, lead, silver, and sulfate—It conforms to the tests for these 
impurities as described under Bismuth Subcarbonate, 

Assay—About 1 Gm. of Bismuth Subnitrate, previously dried over 
sulfuric acid for 18 hours and accurately weighed, is ignited in a porce- 
lain crucible to constant weight, and the resulting bismuth oxide 
weighed after cooling. The BigOg corresponds to not less than 79 
per cent of the weight of Bismuth Subnitrate taken. 

Storage—Keep in well-closed containers. 

Incompatibilities—Bismuth Subnitrate is slowly hydrolyzed in water 
with the liberation of nitric acid, thus it possesses the incompatibilities 
of the acid. It decomposes carbonates, liberates iodine from iodides, 
and reacts with salts of organic acids. The use of the subcarbonate 
instead of the Subnitrate obviates these difficulties. Hypophosphites 
and other reducing agents darken it with the production of metallic 
bismuth. TYannic acid produces a yellow or gray color. Alkaline 
mixtures containing syrup will slowly darken due to the reducing 
action of invert sugar developed in the syrup. 


Uses—This agent is employed as an adsorbent and 
protective. In the treatment of diarrheas, and intesti- 
nal inflammation and ulcerations, Bismuth Subnitrate 
is sometimes used, the dose being 2 to 5 Gm., taken 
orally suspended in water, repeated at intervals of 2 to 
4 hours. The subcarbonate is preferred to the sub- 
nitrate because, with the latter drug, there is the dis- 
tinct danger of the formation of nitrite ion in the lumen 
of the bowel and the absorption of toxic amounts of 
this ion with resulting hypotension and cyanosis due to 
methemoglobinemia. Fatalities have been reported 
from the oral use of Bismuth Subnitrate, especially in 
infants suffering from severe infectious diarrheas. The 
salt is occasionally used in the treatment of essential 
hypertension, 1 Gm. being given orally 3 times daily. 
The basis of such therapy is the change from nitrate to 
nitrite in the bowel and the hypotensive effect of ab- 
sorbed nitrite ion. Better means of giving nitrites are 
available, and the method cited is not much employed. 
Bismuth Subnitrate is not useful in syphilotherapy. 

Average Dose—1! Gm. (approximately 15 grains). 


Bismuth Magma N. F. Magma Bismuthi 


[Magma Bism.—Milk of Bismuth, Bismuth Cream, Sp. Magma de 
Bismuto] 

Bismuth Magma contains bismuth hydroxide and 
bismuth subcarbonate in suspension in water, and yields 
not less than 5.2 per cent and not more than 5.8 per cent 
of bismuth oxide [Bi.Os]. 


; Metric Alternative 
Bismuth Subnitrate.............. 80 Gm. 2 oz. av. 293 gr. 
NitriceAcid he torte ate here ae 120 cc. 3 fl. oz. 403 min. 
Ammonium Carbonate............ 10 Gm. 146 er. 
Ammonia Water, 
Distilled Water, each, a sufficient 
quantity, 
To make, (S:.v. frecdoeaerketersets ake omer 1000 cc. 2 pints 


Mix the bismuth subnitrate with 60 ce. (1 fl. oz. 442 min.) of 
distilled water and 60 ce. (1 fl. oz. 442 min.) of nitric acid ina 
flask and agitate, warming gently until solution is effected. Pour 
this solution, with constant stirring, into 5000 ec. (10 pints) of 
distilled water containing 60 ce. (1 fl. oz. 442 min.) of nitric acid. 
Dilute 480 ce. (15 fl. oz. 173 min.) of ammonia water with 4000 . 


! 


\ 
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cc. (8 pints) of distilled water in a glazed or glass vessel of at least 
12,000 ce. (3 gallons) capacity. Dissolve the ammonium carbon- 
ate in this solution and then quickly pour the bismuth solution 
into it with constant stirring. If the mixture is not distinctly 
alkaline, add sufficient ammonia water to make it so and allow 
it to stand until the precipitate has subsided, then pour or siphon 
off the supernatant liquid and wash the precipitate twice with 
distilled water, by decantation. Afterward transfer the Magma 
to a strainer of close texture arranged in a container to provide 
continuous washing with distilled water, the outlet tube being 
elevated to prevent the surface of the magma from becoming 
dry, and allow the operation to proceed until the washings cease 
to react with phenolphthalein T.S. Then drain the moist magma, 
transfer it to a graduated vessel and add sufficient distilled water 
to make the product measure 1000 cc. (2 pints). Mix thoroughly, 
transfer to bottles and stopper tightly. 


: Note—The method of preparation may be varied pro- 
anes the product meets the requirements set forth be- 
ow. 


Description and Properties—Rismuth Magma is a white, thick, liquid. 
On standing, the separation of a supernatant aqueous layer usually 
occurs. It is odorless and almost tasteless. It is neutral or slightly 
alkaline to litmus paper and responds to the identification reactions 
for bismuth. 
Tests for Purity— 

Water-soluble salts—Not more than 0.1 per cent. 

Alkalies and earths—Not more than 0.3 per cent, the test being 
made as described under Bismuth Subcarbonate. 

- Lead—To 5 cc. of the Magma warm nitric acid is added dropwise 
until it is just dissolved, and the solution is added to 50 cc. of water. 
After filtering, the filtrate is evaporated on a water bath to 15’cc., 
again filtered from any separated bismuth subnitrate, and to 10 cc. of 
the filtrate an equal volume of diluted sulfuric acid is added. No pre- 
cipitate (of lead sulfate) is formed. 

Assay—An accurately weighed quantity of about 5 cc. of the Magma 

is evaporated to dryness, then gently ignited to constant weight. The 

weight of the residue represents the bismuth oxide. 

Storage—Keep Bismuth Magma in tight containers and at a tem- 
. perature above freezing. 


Uses—See Bismuth Subcarbonate (page 449). 
Average Dose—4 cc. (approximately 1 fluidrachin). 


f 
Bismuth Paste N. F. Pasta Bismuthi 
[Past. Bism.—Beck’s Bismuth Paste, Sp. Pasta de Bismuto] 


Metric Alternative 
Bismuth Subnitrate...>........... 30 Gm. loz.av. 87 gr. 
WIMLOMVVIAR fecasc i stele cies Sela 5 Gm. 87 gr. 
HXTT D7 sicitio CRIES ORCI Reo 5 Gm. 87 er. 
White Petrolatum................ 60 Gm. 2 02. av. 175 gr. 
Mowmakes. «sss Sta Paral soy st ese os 100 Gm. 4 02. av. 


Melt the wax, paraffin, and petrolatum together, and sterilize 
the mixture in an autoclave or by immersing the mixture in a 
suitable container in boiling water for one hour. Cool the mix- 
ture, and incorporate the bismuth subnitrate by thorough tritur 
tion under aseptic conditions. 


Storage—Keep this Paste in a sterile condition in tubes or jars. 


Use—Bismuth Paste is used for diagnosis, and for 
treatment by injection, of fistulas or tubercular sinuses, 
but only under the directions of a physician. 


Tablets N. F. Tabellze Bismuthi 


Bismuth Subnitrate 
; Subnitratis 


[Tab. Bism. Subnit.—Sp. Tabletas de Subnitrato de Bismuto] 


Bismuth Subnitrate Tablets yield an amount of bis- 
muth oxide [BizO;] not less than 73 per cent and not 
more than 85 per cent of the labeled amount of bismuth 
subnitrate (approximately 92 to 106 per cent of bismuth 
subnitrate). 


Description and Properties—The Tablets respond to the identifica- 
tion reactions for bismuth and nitrate. 


- Storage—Preserve these Tablets in well-closed containers. 


-Assay—The tablets are assayed as directed for Bismuth Subcarbonate. 
Tablets. 


_-« Average Dose—I Gm. (approximately 15 grains) of 
_ ‘Bismuth Subnitrate. 


~ 
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BISMUTH SUBSALICYLATE U. S. P.—See Organic 
Salts (page 549). 

BISMUTH SUBSALICYLATE INJECTION U. S. P.— 
See Organic Salts (page 549). 


Unofficial Inorganic Bismuth Compounds 


Bismuth Chloride [BiCl3]—White to yellowish deliquescent crystals. 
Decomposed by water or dilute alcohol into the oxychloride. 
Soluble in hydrochloric acid, nitric acid, absolute alcohol, acetone, 
and ethyl acetate. 

Bismuth Hydroxide [Bi(OH) s]—White to yellowish white, amorphous 
powder, Insoluble in water. When freshly prepared it is soluble 
in glycerin in the presence of sodium hydroxide. Soluble in acids. 

Bismuth Nitrate [Bi(NO3)3.5H 20]—Colorless, lustrous, hygroscopic 
erystals. Soluble in water containing nitric acid; decomposed by 
water alone into subnitrate; soluble in glycerin and dilute acids 
including acetic acid; insoluble in alcohol. 

Bismuth Oxide [BigO3]—A heavy, yellow powder; insoluble in water. 
Uses and Dose: similar to those of Bismuth Subnitrate. 

Bismuth Oxychloride [BiOCl]—Also called bismuthyl chloride and 
pearl white. It is a white, lustrous, crystalline powder; insoluble 
in water. Uses: ingredient of face powders and pigments. 

Bismuth Oxyiodide [BiOI]—Orange to dark red, heavy, odorless 
powder. Insoluble in water, alcohol, and chloroform. Soluble in 
hydrochloric acid. Decomposed by nitric acids or alkalies. Uses: 
an antiseptic. Dose: 0.1 to 0.3 Gm. (1% to 5 grains). 

Bismuth Phosphate [BiPO,]—A white powder. Insoluble in water. 
Uses; an intestinal antiseptic and astringent. Dose: 0.2 to 0.5 
Gm. (3 to 8 grains). 

Bismuth Sodium Iodide [approx. 2NaI.Bils3.6H2O]—Red crystals. 
Soluble in 1 part water, in absolute alcohol, glycerin, and ethylene 
glycol. Insoluble in ether, chloroform, carbon disulfide, petroleum 
benzin, and oils. Uses: antisyphilitic. Dose: 60 mg. (1 grain). 

Bismuth Sulfate [Big(SQ4)3]—White crystals.. Decomposed by 
water or alcohol into basic salt. Soluble in acids. 

Bismuth Sulfide [BigS3]—Blackish brown powder. Insoluble in 
water or alkali sulfides. Soluble in nitric acid, and in boiling con- 
centrated hydrochloric acid. 

Sodium Bismuthate [NaBiO 3]— Yellow to yellowish brown, somewhat 
hygroscopic powder. Slowly decomposes on keeping. Insoluble 
in cold water. Decomposed by hot water, forming BigOg and 
NaOH, and liberating oxygen. Decomposed by acids. Uses: re- 
agent for determining manganese in iron and steel; antisyphilitic. 


Inorganic Bismuth Specialties 


Antacid Powder (Patch)—Powder containing bismuth subcarbonate, 
calcium carbonate, magnesium carbonate, and oil of peppermint. 
Uses: antacid and carminative. Dose: 1 teaspoonful after meals. 

Anusol Hemorrhoidal Suppositories (Schering and Glatz)—Supposi- 
tories containing 2.25 per cent bismuth subgallate, 1.75 per cent 
bismuth resorcin compound, 18 per cent borie acid, cacao butter, 
3 per cent Nicaraguan balsam, and 11 per cent zine oxide. Uses 
hemorrhoidal suppositories. 

Aphco Hemorrhoidal Suppositories (A. P. C.)—Suppositories contain- 
ing bismuth oxyiodide, bismuth resorcin sulfonate, bismuth sub- 
gallate, benzocaine, boric acid, Peruvian balsam, and zinc oxide. 
Uses; hemorrhoidal suppositories. 

Bismagal Powder (Breon)—Mint-flavored powder containing 10 per 
cent bismuth subcarbonate, 55 per cent calcium carbonate, 25 per 
cent magnesium carbonate, and 10 per cent magnesium oxide. 
Uses: antacid. Dose: 1 level teaspoonful in water after meals. 

Bismakaolin (Vale)—Suspension, each fluidrachm containing bis- 
muth equivalent to 2. gr. bismuth subnitrate, also kaolin. Uses: 
antacid, adsorbent, and demulcent. Dose: 1 to 4 teaspoonfuls in 
water. 

Bismoid (Lilly)—Ampuls (1 cc. and 30 cc.) containing 0.025 Gm, bis- 
muth per ec. Uses: antisyphilitic. Dose: 1 cc. every 3 days, 
intragluteally. ‘ 

Bismosal (Blue Line)—Liquid, each fluidounce containing 8 gr. bis- 
muth subcarbonate, 48 gr. calcium carbonate, 4 gr. cerium oxalate, 
8 gr. phenyl salicylate, and 4 gr. zinc phenolsulfonate. Uses: ant- 
acid, astringent, and protective. Dose: 1 to 2 fluidrachms. 

Bismuth Diasporal (Doak)—Suspension of colloidal bismuth hydrox- 
ide in olive oil. Two strengths are available: regular (1 cc. = 50 
mg. Bi) and concentrated (1 ec. = 100 mg. Bi). Uses: antisyphi- 
litic. Dose: 1 cc. of the regular strength, or 4 cc. of the concen- 
trated strength, once or twice a week, intramuscularly. 

Bismuth-Kaolin (Flint, Eaton)—Creamy suspension, each fluidrachm 
containing 5 gr. bismuth subcarbonate and 5 gr. kaolin. Uses: 
antacid, adsorbent, and astringent for diarrhea, ete, Dose: 1 to 4 
fluidrachms. ; 

Bismuth Paste, Surgical N. N. R. (Parke, Davis)—Ointment contain- 
ing 1 part bismuth subnitrate in 2 parts of yellow petrolatum. 
Uses: radiopaque medium; used in the diagnosis and treatment of 
fistular cavities. ope 

Bismuthoidol “Robin” (Fougera)—Ampuls (2 ec.) containing % gr. 
colloidal metallic bismuth in an isotonic sterile aqueous solution. 
yey antisyphilitic. Dose: 2 cc. every 2 or 3 days, intramuscu- 
larly. 


. Cremo-Bismuth N. N. R. (Sharp. and Dohme)—Magma containing 


bismuth hydroxide and bismuth subcarbonate suspended in water. 
Each 100 cc. represents 5.5 per cent bismuth trioxide. Uses: ant- 
acid and astringent. Dose: 1 to 4 teaspoonfuls. 
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Cremo-Carbonates (Sharp.and Dohme)—Palatable liquid, each fluid- 
ounce containing 20 gr. bismuth subcarbonate, 10 gr. calcium car- 
bonate, 1 gr. chloroform, and 20 gr. magnesium carbonate. Uses: 
antacid. Dose: 2 teaspoonfuls 3 times daily after meals. 


lodobismitol with Benzocaine N. N. R. (Squibb)—Ampuls (2 ec.) con- 
taining 0.12 Gm. sodium iodobismuthite, 80 mg. benzocaine, and 
0.24 Gm. sodium iodide in propylene glycol. Uses: antisyphilitic. 
Dose: 2 cc. 2 or 3 times a week, intramuscularly. 

Lac Bismo N. N. R. (E. J. Hart)—Magma, each fluidrachm containing 
2% gr. bismuth hydroxide and 24 gr. bismuth subcarbonate. 
Uses: antacid and protective. Dose: 1 to 4 teaspoonfuls. 

Mammol (Abbott)—Ointment containing 40 per cent bismuth sub- 
nitrate, 30 per cent castor oil, 7 per cent ceresin, 1 per cent balsam 


LEAD AND ITS 


Lead—Pb = 207.21 (At. no. 82) 


History and Occurrence—Lead is one of the metals 
known in antiquity. The name lead is derived from 
several words, meaning a weight ora plummet. The latin 
name plumbum is the root of the common word plumber, 
as he was originally a worker in lead. 

Lead occurs in nature in the form of several minerals. 
Native lead sulfide, galena or galenite, is practically the 
only ore from which lead is obtained. 

Preparation—The metal is produced by roasting lead 
sulfide in a reverberatory furnace until a part of the sul- 
fide is changed into lead oxide and lead sulfate. The air 
supply is then cut off, the temperature increased, and 
the following reaction takes place: 


2PbS + PbSOg + 2PbO — 5Pb + 3502 
lead lead lead lead sulfur 
sulfide sulfate oxide dioxide 


Description and Properties—Lead is a heavy, soft, ductile, bluish 
metal, having a specific gravity of 11.37. It melts at 327° C. and 
boils, in the absence of air, at about 1620° C. It is practically un- 
affected by cold hydrochloric, hydrofluoric, or sulfuric acid, or by cold 
concentrated nitric acid, but it is attacked by almost all acids when 
heated. It is readily dissolv ed by diluted nitric acid and also by ace- 
tic acid in the presence of air. 
and their carbonates. 

Lead is both divalent and tetravalent. In its more important com- 
pounds, it is divalent. Of the tetravalent lead compounds, lead di- 
oxide [PbOg], red lead [Pb304], and lead tetraethyl [Pb(C2H5)a] 
(extremely poisonous) are commercially used. Lead tetra-acetate 
[Pb(C2H 30 9)a4], generally prepared when needed, is used as an oxidiz- 
ing agent in synthetic organic chemistry. Most lead salts are slightly 
or almost insoluble in water, but are transformed into soluble com- 
pounds by the action of fixed alkali hydroxides. 


Uses—Metallic lead is the source of all lead com- 
pounds. The metal is used in type metal, solders, 
storage batteries, acid-proof vessels, and in cable cover- 
ings; it is also employed in the assay of ores for gold 
and silver. 

Note—Lead compounds are poisonous. 

Pure water dissolves appreciable quantities of lead 
through the formation of a slightly soluble hydroxide 
or carbonate. If sulfates or carbonates are present in 
the water, an insoluble coating is formed on the surface 
of the metal, which protects it from further action. 
Lead pipes and lead tanks should be used only for ‘“‘hard 
water.” 

Lead is very toxic when ingested, only small quanti- 
ties, either inhaled or absorbed through the skin, being 
sufficient to produce chronic or acute lead poisoning. 
Painter’s colic is caused by lead compounds being in- 
haled and handlers of tetraethy] lead are liable to poison- 
ing by absorption through the skin. 

The symptoms of lead poisoning are: a blue-black 
line forms on the gums 1 mm. from the margin, analysis 
of the urine may indicate approximately 0.15 mg. of 
lead per Liter of urine, microscopic examination of the 
blood reveals stippled erythrocytes, and anemia and the 
palsy wrist drop are present in severe cases. 


IDENTIFICATION OF LEAD COMPOUNDS 
Aqueous or slightly acid solutions of lead salts yield, 


It is attacked by the caustic alkalies ~ 
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Peru, and 22 per cent wool fat. Uses: 
nursing mothers. 

Mamolient (Smith-Dorsey)—Ointment containing 40 per cent bis- 
muth subnitrate, 1 per cent benzoin, 1 per cent balsam Peru, vege- 
table oil, and wool fat. Uses: emollient for nipples of nursing 
mothers. 

Nitrobar Compound (McNeil)—Enteric-coated tablets containing 5 
gr. bismuth subnitrate, 4% gr. extract lupulus, % gr. extract passi- 
flora, and gr. phenobarbital. Uses: vasodilator and arteriolar 
sedative. Dose: 1 or 2 tablets 3 times daily. 

Sabismul (Pitman-Moore)—Liquid, each fluidounce containing 77 
min. milk of bismuth, 136 gr. salol, and *o gr. zinc sulfocarbolate, 
8 per cent alcohol, and an aromatic base. Uses: astringent and 
sedative for gastroenteritis, etc. Dose: 1 to 4 teaspoonfuls. 


emollient for nipples of 


COMPOUNDS 


with dilute sulfuric acid or a solution of a soluble sulfate, 
a white precipitate of lead sulfate which is blackened by 
hydrogen sulfide (distinction from barium or stron- 
tium). The precipitate also dissolves completely in 
warm solutions of sodium hydroxide or in ammonium 
acetate. In solutions of lead salts, free or nearly free 
from mineral acids, potassium chromate produces a 
yellow precipitate which is insoluble in acetic acid but 
soluble in sodium hydroxide TS. 


LEAD ACETATE U. S. P.—See Organic Salts (page 
527). 

LEAD AND OPIUM LOTION N. F.—See Opium and 
its Alkaloids (page 810). 


LEAD MONOXIDE N. F. Plumbi Monoxidum 


[Plumb. Monoxid.—Plumbi Oxidum, Litharge, Lead Protoxide, Sp. 
Litargirio, Protéxido de Plomo]- 

Lead Monoxide, when freshly ignited, contains not 
less than 97 per cent of PbO (223.21). 

Preparation—Lead Monoxide, usually called litharge 
or less frequently massicot, may be obtained (1) by heat- 
ing lead carbonate, yielding a light yellow product; (2) 
by heating molten lead in the air. The color and den- 
sity of the oxide depend on the temperature used. The 
variety known in the trade as massicot, which is of 
brownish yellow color, is produced when the tempera- 
ture employed is relatively low. If the temperature is 
high enough to melt, the resulting oxide is litharge, 
which is in the form of minute scales and of a reddish 
color. 

-Most of the litharge of commerce is obtained as a 
secondary product in the process for extracting silver 
from argentiferous galenite. After extracting the lead 
from the ore, the alloy is calcined in the open air, where- 
by the lead becomes oxidized, and by fusion passes into 
the state of litharge, while the silver remains unchanged. 
Description and Properties—Lead Monoxide is a heavy, yellowish, or 
reddish powder, or minute scales. Its specific gravity is 9.5. On ex- 
posure to the air, it slowly absorbs moisture and carbon dioxide. 
When heated it becomes darker in color, but assumes its original color 
on cooling. It fuses at 888°. 

Solubility—It is almost insoluble in water, to which, howenee it 
imparts a faintly alkaline reaction and it is insoluble in alcohol. It is 


dissolved by acetic acid, by diluted nitric acid, and by warm solutions 
of the hydroxides of the fixed alkalies, forming plumbites: 


PbO + 2Na0OH — NazPbO2 + H:0 


Its solution in acetic acid responds to the identification reactions 
for lead. 
Tests for Purity— 

Loss on ignition—Not more than 4 per cent. 

Acetic acid-insoluble substances (red lead, metallic lead, or sulfate)— 
Not more than 2 per cent. 

Alkalies or earths —Not more than 0.5 per cent. 
Assay—About 400 mg. of the freshly ignited Lead Monoxide, accu- 
rately weighed, is dissolved in 2 cc. of glacial acetic acid and 25 ce. of 
water, and the assay is carried out as described under Lead Subacetate 
Solution (page 527). Each ee. of tenth-normal oxalic acid consumed 
corresponds to 11.16 mg. of PbO. } 
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The solution prepared as above may also be assayed by the potas- 
sium dichromate method described under Lead Acetate (page 527). 
Each ce. of tenth-normal potassium dichromate consumed corresponds 
to 7.440 mg. of PbO. 

Storage—Keep Lead Monoxide in well-closed containers, 

Uses—Lead Monoxide is used for making several 
preparations, such as Goulard’s extract, lead plaster, 
etc. 

Industrially litharge is used in large quantities as a 
constituent of lead glass and glazes, as a pigment for 
rubber, and with glycerin as a cement for metals. 


‘ 


LEAD OLEATE OINTMENT N. F.—See Organic Salts 
(page 546). 

LEAD OLEATE PLASTER N. F.—See Organic Salts 
(page 546). 

LEAD SUBACETATE CERATE N. F.—See Organic 
Salts (page 528). 

LEAD SUBACETATE SOLUTION N. F.—See Organic 
Salts (page 527). 

LEAD SUBACETATE SOLUTION, DILUTED N. F.— 
See Organic Salts (page 528). 


Unofficial Inorganic Lead Compounds 


Lead Arsenate [approx. PbHAsO4]—White, heavy powder. 
uble in water; 
alkalies. Uses: 
cides (page 1332). 

Lead Borate [approx. Pb(BOeg)2.H20]—White powder. Insoluble 
in water. Soluble in dilute nitric acid. Uses: a drier for paints 
and varnishes. 


Insol- 
soluble in nitric acid, and in solutions of caustic 
a constituent of various insecticides. See Insecti- 
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Lead Bromide [PbBreg]—White, shining needles that darken on ex- 
posure to sunlight. Soluble in about 200 parts of water or 30 parts 
of boiling water. 

Lead Carbonate—See Reagents (page 1067). 

Lead Chloride [PbClg]—A white, crystalline powder. 
parts cold water, in 30 parts boiling water. Uses: 
agent; used in preparing several other lead salts. 

Lead Chromate [PbCrO4]—Commonly called chrome yellow or Leip- 
zig yellow. Yellow crystals or yellow crystalline powder. Insol- 
uble in water. Made by precipitation of a solution of a soluble lead 
salt with a soluble chromate. Uses: a pigment. 

Lead Dioxide—See Reagents (page 1067). 

Lead Iodide [PbI2]—A heavy, bright yellow powder, stable in the air. 
Soluble in 1300 parts of water at 25°, or in 200 parts of boiling 
water. Uses: as 10 per cent ointment used externally on glandu- 
lar enlargements. Dose: 0.065 to 0.2 Gm. (1-3 grains). 

Lead Nitrate [Pb(NOg)2]—Colorless to white erystals or a white 
crystalline powder. Freely soluble in water; very slightly soluble 
in ethyl alcohol; more soluble in methanol. Uses: employed in 
the manufacture of other lead compounds, and in the preparation 
of mordants, pigments, and matches. 

Lead Oxide, Red, Lead Plumbate, Red Lead, Minium [PbgPbO 4]—It 
usually contains some unconverted PbO. A heavy, orange-red 
powder. Almost insoluble in water; insoluble in alcohol. Decom- 
posed by hot hydrochloric acid with evolution of chlorine. Dis- 
solved by nitric acid in the presence of hydrogen peroxide. Uses: 
a paint pigment; also used in the preparation of the N. F. VI Cam- 
phorated Brown Plaster. 

Lead Sulfate [PbSO4]—A white, crystalline powder; insoluble in cold 
water and slightly soluble in hot water; soluble in solutions of am- 
monium acetate or tartrate. It forms an insoluble coating in lead 
pipes that are used for conducting tap water which contains sul- 
fates. Uses: because of its insolubility and permanence it is used 
in paints. 

Lead Sulfide [PbS]—Black powder. Insoluble in water. 
nitric acid and in hot dilute hydrochloric acid. Uses; 
in glazing earthenware and in decolorizing plant acids. 

Lead Thiocyanate, Lead Sulfocyanate [Pb(SCN)2]—White powder, 
darkening on prolonged exposure to light. Soluble in about 300 
parts cold, or 30 parts boiling water. Insoluble in alcohol. Uses: 
employed in the manufacture of cartridges and safety matches. 


Soluble in 95 
analytical re- 


Soluble in 
employed 


MERCURY AND ITS COMPOUNDS 


Mercury—Hg = 200.61 (At. no. 80) 


History and Occurrence—The name mercury is de- 
rived from mythology. Mercury was the messenger of 
the gods, and the ancient chemists symbolized the 
metal by the sign used for the planet Mercury. It is 
frequently called quicksilver. 

Mercury is found in nature in the free state, but the 

principal source of mercury is cinnabar, which is mer- 
curic sulfide [HgS]. Cinnabar is found most abundantly 
in Spain, Italy, California, and Mexico. 
_ Preparation—Ores of mercury of low quality must be 
concentrated by flotation prior to extraction of the 
mercury. The concentrate is then roasted in air 
whereby the sulfur in the ore is converted to sulfur 
dioxide and the mercury is liberated. 


Hgs ap Oz > SO2 ae Hg 
cinnabar oxygen sulfur mereury 
: dioxide 
The mercury which is formed volatilizes and is condensed 
and purified. To separate mechanical impurities, mois- 
ture, or small quantities of oxide, mercury may be 
filtered by collecting it in a clean piece of chamois 
leather and, gathering the corners together, forcibly 
squeezing | the particles through the pores of the leather. 
Mercury i is also purified chemically by allowing it to 
descend in tiny drops through a column of diluted nitric 
acid. This treatment removes any baser metals that 
may be present. and does not seriously attack the mer- 
cury. 
Description and Properties—Mercury is a liquid metal of almost 
_ silvery white color and is slightly volatile at ordinary temperatures. 
_ Its specific gravity is 13.46 and it solidifies at —39°, forming a tin- 
white, ductile mass, which may be cut with aknife. It boils at 357°. 
When pure the metal does not tarnish in the air at ordinary tempera- 
tures. It forms alloys, which are known as amalgams, with most 


metals except iron. The metal combines with sulfur at ordinary tem- 
_ perature, forming black mercuric sulfide, It is not attacked by hydro- 


-chlorie or cold sulfuric acid, but is converted to sulfate by hot con- 
; oe acid, and readily dissolves in moderately dilute 
“nitric aci 


Mercury forms monovalent and divalent compounds, termed 
mercurous and mercuric, respectively. Mercurous chloride, or 
calomel, is the most important mercurous salt. Of the mercuric salts, 
the bichloride, the oxide, and the sulfide enjoy extensive application 
both medicinally and industrially. The red sulfide is known in com- 
merce as vermilion. 

Mercury metal is poisonous, and prolonged inhalation even of minute 
amounts of mercury volatilized from it at room temperature may be 
fatal. If mercury is spilled in a room it should not be allowed to re- 
main there for any length of time. 

With the exception of the sulfide, all mercury salts are poisonous. The 
best antidote for mercury poisoning, particularly the bichloride, is 
Sodium Formaldehyde Sulfoxylate (page 569). 


Uses—The bulk of metallic mercury is used in the 
manufacture of thermometers, barometers, and other 
instruments. It is also the primary material from which 
all mercury compounds are produced. 


IDENTIFICATION OF MERCURY COMPOUNDS 


When a solution of a mercury salt, free from excess of » 
nitric acid, is applied to a bright piece of copper the 
mercury deposits on the latter, forming, after gentle 
rubbing, a bright, silvery coating. If a mercury com- 
pound is mixed with sodium carbonate and the mixture 
heated, vapors of metallic mercury will be formed which 
condense into tiny globules in the cool portion of the 
tube. The addition of stannous chloride solution to 
a solution of a mercury salt produces at first a white 
precipitate of mercurous chloride which, upon further 
addition of the stannous chloride, becomes gray due to 
the formation of metallic mercury. ° 

Mercuric salts—The addition of sodium hydroxide 
T.S. to a solution of a mercuric salt produces a yellow 
precipitate of mercuric oxide. Potassium iodide pro- 
duces a bright red precipitate of mercuric iodide which 
dissolves readily in an excess of the potassium iodide. 

Mercurous salts—Mercurous compounds are decom- 
posed by solutions of alkali hydroxides with the forma- 
tion of a black color. Solutions of mercurous salts 


yield with hydrochloric acid, or a soluble chloride, a 


white precipitate of mercurous chloride (calomel) which 
is blackened by ammonia. 
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MERBROMIN N. F.—See Organometallic Compounds 
(page 768). 

MERBROMIN SOLUTION N. F.—See Organometallic 
Compounds (page 768). 

MERBROMIN SOLUTION, SURGICAL N. F.—See 
Organometallic Compounds (page 769). 


MERCURY U. S. P.—Hydrargyrum 
fHydrarg.—Quicksilver, Sp. Mercurio, Azogue] 


Note—The requirement in the U. 8. P. XI of not less 
than 99.5 per cent of Hg and the assay were omitted in 
the U.S. P. XII, because the proper appearance of the 
metal and its compliance with the tests for impurities 
indicate a purity of at least 99.9 per cent. 

Description and Properties—Mercury is a bright, shining, silvery 
white metal, liquid at: ordinary temperatures, and easily divisible into 
spherical globules. Its specific gravity is about 13.5. For its solu- 
bility and other properties see the preceding monograph. 
Tests for Purity— 

Residue on ignition—Not more than 0.01 per cent. 

Foreign substances—A few globules of Mercury are dropped on 
white paper. They retain their globular form, roll about freely, and 


leave no streaks on the paper. 
Storage—Keep Mercury in strong, well-closed containers. 


Uses—Medicinally, mercury is used only for prepar- 
ing blue mass, gray powder, mercurial ointment, and 
other pharmaceutical preparations. 


Mercury Mass N. F. Massa Hydrargyri 
Mass. Hydrarg.—Blue Mass, Blue Pill, Sp. Masa de Mercurio] 


Mercury Mass contains not less than 31 per cent and 
not more than 35 per cent of mercury [Hg]. 

History—The first pills containing metallic mercury 
were introduced into European medicine by Barbarossa, 
a famous Algerian pirate, who sent the formula to 
Francis I, of France, about the middle of the sixteenth 
century. 


Metric Alternative 
MCL CHPY: Nair ctismide etic ye oid carat ne 330 Gm. 5 oz. av..122 gr. 
Oleate ofiMerncury, woes = cece oe 10 Gm. 70 gr 
Glycyrrhiza, in very fine powder..... 100 Gm. 1 oz. av. 263 gr. 
Althea, in very fine powder......... 150 Gm. 2 oz. av. 175 gr, 
Glyceriniy. Wo cos eres one ae saya lett 90 Gm. 1 z. av. 193 gr, 
Honey, i2 ou tact otha’ saint better 320 Gm. 5/0z. av. 53’gr 
To make 1000 Gm. 16 oz. av. 


Triturate the oleate of mercury in a warm mortar, gradually 
add the mercury, then introduce a small amount of honey, and 
triturate the mixture until globules of mercury are no longer vis- 
ible under a lens magnifying ten diameters. Incorporate the re- 
mainder of the honey and the glycerin, gradually add the glycyr- 
rhiza and althea, and continue the trituration until the mass is 
homogeneous. 


By using the official formula the pharmacist is en- 
abled to make blue mass extemporaneously with very 
little labor. The mass should not be forcibly pressed, 
or the globules of mercury will run together, and will 
grow larger instead of smaller. The mercury is best 
distributed by a rapid, beating motion. 

Mercury may be finely subdivided (extinguished) by 
shaking with the honey in a mechanical agitator. Oint- 
ment of mercury is similarly prepared. Pot mills 
(Fig. 137) are also used on a manufacturing scale for 
subdividing Mercury in making both the mass and the 
ointment. 

Tests for Purity—The N. F. includes tests for mercurous oxide and 
mercuric oxide. 
Assay—About 500 mg. of Mercury Mass, accurately weighed, is 


placed in a Kjeldahl flask of about 300 cc. capacity. Ten cc. of sul- 
furic acid is added and the mixture is heated on a water bath for 10 


minutes, agitating it at frequent intervals to disintegrate the Mass, | 


A small funnel is inserted in the neck of the flask, and 10 ce. of nitric 
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acid is slowly added. The mixture is then heated with a Bunsen 
burner, at first gently, and then more strongly, until the solution is 
colorless or only slightly yellow, adding more nitric acid if necessary. 
and keeping the funnel in the neck of the flask during heating. This 
treatment converts the mercury to sulfate and destroys the organic 
matter. The solution is cooled, and about 30 ce, of water is carefully 
added through the funnel, rinsing the stem of the funnel into the 
flask with a few cc. of water. Potassium permanganate T.S. is added 
dropwise to the warm solution until a slight pink color persists, indi- 
cating the absence of reducing substances or of mercurous mercury. 
The solution is cooled and just sufficient oxalic acid T.S. is added 
dropwise to discharge the pink color. It is now diluted with cold 
water to about 100 cc., 3 ce. of nitric acid and 2 cc. of ferric ammonium 
sulfate T.S. are added, and the solution is titrated with tenth-normal 
ammonium thiocyanate. Each ec. of tenth-normal ammonium 
thiotyanate corresponds to 10.03 mg. of Hg. 

Storage—Keep the Mass in tight containers. 


Uses—Mercury Mass is used to a limited extent as 
a cathartic. 
Average Dose—0.2 Gm. (approximately 3 grains). 


Mercury with Chalk N. F. Hydrargyrum Cum Creta 
[Hydrarg. c. Cret.—Gray Powder, Sp. Mercurio con Creta] ; 


Mercury with Chalk contains not less than 36 per cent 
and not more than 40 per cent of Hg. 


Alternative 


Metric 
Mercury: sagt ee eee o Oe te aes 380 Gm 166 gr. 
Honey ... d50% Hs rope icc Shean 100 Gm 44 gr. 
Prepared Chalkis. Mase co torte eee 570 Gm 249 gr. 
Distilled Water, a sufficient quantity, vi 
To. makew. Teheran co eae ne 1000 Gm. 1 oz. av 


Weigh the mercury and honey successively into a strong bottle 
of the capacity of 1000 cc. (1 fi. oz.) and add 20 ce. (10 min.) of 
distilled water. Stopper the bottle, and shake it for about 30 
minutes at a time until the aggregate time of shaking reaches 
10 hours, or until the globules of mercury are no longer visible 
under a lens magnifying four diameters. The shaking may be 
more conveniently performed by mechanical means. Rub the 
prepared chalk with distilled water in a mortar to a thick, creamy 
paste, add the contents of the bottle, washing out the last portions 
with a little distilled water, and triturate the mixture until uni- 
form. Finally dry the mixture, first between ample layers of 
bibulous paper, and afterward in a dish at ordinary temperature, 
until it weighs 1000 Gm. (1 0z.). Then reduce to a uniform pow- 
der without trituration. 


The intention here is to furnish mercury in a finely 
divided condition in the form of a powder. The above 
process is a very tedious one. Matter’s process is 
simpler but does not yield a product with the U. 8. P. 
requirement for mercury contents—it contains only 
about 35 per cent of mercury. 


In this process 53 grains of powdered acacia are mixed with 53 
grains of chalk, enough water is added to form a thin paste, and 
166 grains of mercury are added and triturated until extinguished. 
Then 166 grains of chalk are made into a paste with water, and 
added to it, and the water is evaporated from the mixture in a 
water bath; it is rubbed to powder when dry. 


Description and Properties—Mercury with Chalk is a light gray, 
rather damp powder, free from grittiness. It is odorless and has a 
slightly sweet taste. It slowly oxidizes in the air, forming first mer- 
curous then mercuric oxides. When treated with acetic acid it effer- 
vesces, and a residue of fine globules of mercury remains; the aqueous 
portion yields the identification reactions for calcium. 

Tests for Purity— 

Mercurous oxide—A 100-mg. portion of the preparation is warmed 
with 20 ec. of acetic acid, filtered, and a few drops of hydrochloric 
acid are added to the filtrate. The solution should not become more- 
than slightly opalescent. (If an appreciable amount of mercurous 
oxide is present a precipitate of calomel is produced by the hydro- 
chloric acid.) 

Mercuric oxide—A portion of 100 mg. is warmed with 20 cc. of di- 
luted hydrochloric acid at 40° for 15 minutes and filtered. The addi- 
tion of hydrogen sulfide T.S. to the filtrate produces not more than a 
slight brown color. 

Assay—The principles underlying the assay and the procedure are 

essentially the same as those explained in the assay of Silver Nitrate. 

To about 1 Gm. of Mercury with Chalk, accurately weighed and — 
placed in a flask, a mixture of 10 ce. of nitric acid and 10 cc. of dis- 
tilled water is slowly added through a funnel inserted i in the neck of - 
the flask. After effervescence has ceased the mixture is heated on a 
water bath until brown fumes are no longer evolved and the solution 
is colorless. The metallic mercury is thereby converted into soluble — 
mercuric nitrate. The solution is cooled, and diluted with 150 cc. of — 
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water; 2 cc. of ferric ammonium sulfate T.S. is added as the indicator, 
and the solution is titrated with tenth-normal ammonium thiocyanate 
until a permanent reddish color is produced. Each ce. of tenth-nor- 
mal ammonium thiocyanate corresponds to 10.03 mg. of mercury. 
Storage—Keep Mercury with chalk in well-closed, light-resistant 
containers. 


Uses—Mercury with Chalk is used to a limited extent 
as a cathartic. 

Average Dose—0.25 Gm. (approximately 4 grains) 
equivalent to about 95 mg. of mercury. 


Mild Mercurial Ointment U. S. P. 
Hydrargyri Mite 


Unguentum 


[Ung. Hydrarg. Mit.—Diluted Mercurial Ointment, Blue Ointment, 
Unguentum Hydrargyri, P.I., Sp. Ungiiento Mercurial Mitigado, 
Ungiiento Mercurial Diluido, Ungtiento Azul] 

Mild Mercurial Ointment contains not less than 9 per 
cent and not more than 11 per cent of Hg. 


’ Metric Alternative 
Strong Mercurial Ointment............ 200 Gm. 87% grains 
Wite Omtment....). 6. ..ccccwee ve cecces 800 Gm. 350 _ grains 

PROBA KEPADOUM Gos, sleiocueje co a'ee ere eres 1000 Gm. 1 07. av. 


Incorporate the strong mercurial ointment with the white oint- 
ment. 


Assay—Mild Mercurial Ointment is assayed by the method described 


under Strong Mercurial Ointment, using about 4 Gm. of ointment, 
accurately weighed. 


Strong Mercurial Ointment U. S. P. 
Hydrargyri Forte 


Unguentum 


{[Ung. Hydrarg. Fort.—Unguentum Hydrargyri, Mercurial Ointment, 
Sp. Ungiiento Mercurial Fuerte] 


Strong Mercurial Ointment contains not less than 
47.5 per cent and not more than 52.5 per cent of Hg. 


Metric Alternative 
MGR CMNEV CHRON tec P i ats, a0 6S sare vers spore evens ale 500 Gm 219 gr. 
IMIEECUGVFOLCATC 2.0). slesis caw ee ee dg a es 40 Gm 18 gr. 
Writs RIL) hee eae ee 300 Gm 131 gr. 
PREC MVR ae Sl. cos, foie la ware oe eehe bv Speile lee 50 Gm 22 gr. 
DVitlesPetrolatumn s <2. o.6 5 cisare s ies sees oats 110 Gm 48 gr. 
REORIMAKOLADOUG:S o0:5,c)e050 8 one © ores Sai tials re 1000 Gm 1 oz. av. 


Triturate the mercury oleate in a warm mortar, add the mer- 
cury gradually, and when all of the mercury is dispersed, set the 
mixture aside for about 15 minutes. Melt together the wool fat, 
white wax, and white petrolatum, allow to cool partially, add 
about 25 Gm. (11 grains) of the wool fat-petrolatum mixture. to 
the mercurial mixture, and continue the trituration until the 
globules of mercury are no longer visible under a lens magnifying 
10 diameters. Then add the remainder of the wool fat-petrola- 
tum mixture, and mix thoroughly. 


The proportions of white wax and white petrolatum 
are usually varied to meet climatic conditions. 


Assay—About 800 mg. of Strong Mercurial Ointment, accurately 
weighed, is placed in a flask and a funnel inserted in the neck of the 
flask. A mixture of 20 cc. of water and 20 cc. of nitric acid is slowly 
added through the funnel and gently warmed until red fumes cease 
to be evolved and the water layer is colorless. After cooling, 100 cc. 
of water is added and the mixture is filtered, to remove the fat and oil, 
through a filter paper previously moistened with dilute nitric acid, 
and the filter is washed with warm water. The solution is then ti- 
trated with tenth-normal ammonium thiocyanate, using 2 cc. of ferric 
ammonium sulfate T.S. as the indicator. Each cc. of tenth-normal 
ammonium thiocyanate corresponds to 10.03 mg. of Hg. 


-Uses—The Strong and Mild Mercurial Ointments are 
used chiefly in syphilis and pediculosis. 


AMMONIATED MERCURY U. S. P. Hydrargyrum 
Ammoniatum 


_ {Hydrarg. Ammon.—White Precipitate, Amminomercuric Chloride, 
Mercurammonium Chloride, ae Seay Amoniacal, Precipitado 
anco 


; ee -Ammoniated Mercury ([HeNH.Cl = 252.09] contains 
not less than 78 per cent and not more than 80 per cent 
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of Hg, corresponding to not less than 98 per cent of 
HgNH.Cl. — 

History—White precipitate was first described by 
Beguin, a chemist and writer, in 1632. A soluble double 
chloride of mercury and ammonium was known to the 
alchemists by the names sal alembroth and sal sapientiz. 

Preparation—The following process for its manufac- 
ture was given in the U. 8. P. VIII. This process is 
also used in large-scale manufacture of the product. 

Dissolve 100 Gm. (1 oz. av.) of mercury bichloride 
in 2000 ce. (20 fl. oz.) of warm distilled water, filter the 
solution, and allow it to cool. Pour the filtered liquid 
gradually, and with constant stirring, into 150 ce. 
(114 fl. oz.) of ammonia water, taking care that the lat- 
ter shall remain in slight excess. Collect the precipi- 
tate on a filter, and, when the liquid has drained from 
it as much as possible, wash it with a mixture of 400 ce. 
(4 fl. oz.) of distilled water and 20 ce. (14% fl. dr.) of 
ammonia water to remove the ammonium chloride. 
Finally, dry the precipitate between sheets of bibulous 
paper, in a dark place, at a temperature not exceeding 
30° C., and keep it in well-stoppered bottles, protected 
from light. 

In this process the ammonium of one-half of the am- 
monium chloride which is formed upon mixing the solu- 
tions has two of its hydrogen atoms replaced by one 
atom of bivalent mercury, NH 4Cl becoming NH 2HgCl. 


HgCle + 2NH,z0OH — NH.«Cl + HgNHeCl + 2H20 


mercury ammonium ammonium mercurammonium 
bichloride hydroxide chloride chloride 


water 


Description and Properties—Ammoniated Mercury occurs in white 
pulverulent pieces, or as a white amorphous powder, sometimes with 
a pearly sheen. It is odorless and stable in air, but is affected by light. 

Solubility—Ammoniated Mercury is insoluble in water or in alcohol 
but is readily soluble in warm hydrochloric, nitric, and acetic acids. 
It also dissolves in a cold saturated solution of sodium thiosulfate 
with the evolution of ammonia, and when the solution is heated for a 
short time red mercuric sulfide is precipitated. 

Tests for Purity— ; 

Residue on ignition—Not more than 0.2 per cent. 

Mercurous compounds—Ammoniated Mercury dissolves completely 
in warm hydrochloric acid (mercurous compounds form insoluble 
calomel with hydrochloric acid). 

Assay—About 400 mg. of Ammoniated Mercury is dissolved in dilute 
acetic acid on a steam bath. The mercury is then reduced by diges- 
tion for 15 minutes with granulated zinc. The liquid layer is then 
decanted, the zinc is washed, and the washings are added to the de- 
eanted liquid. Dilute nitric acid is then added carefully and complete 
solution is effected with gentle heat. The mercury salt is then oxi- 
dized with potassium permanganate T.S. to form mercuric nitrate. 
After cooling, the mercuric salt is titrated with tenth-normal am- 
monium thiocyanate, using ferric ammonium sulfate T.S. as the indi- 
cator. Hach cc. of tenth-normal ammonium thiocyanate is equiva- 
lent to 10.03 mg. of Hg. 

Storage—Keep Ammoniated Mercury in well-closed, light-resistant 
containers. 


Uses—Ammoniated Mercury is used chiefly in the 
form of the official ointment. It is of value in the treat- 
ment of impetigo, ringworm, psoriasis, pruritus ani, 
pinworm, and crab louse infestation. 


Ammoniated Mercury Ointment U. S. P. Unguentum 
Hydrargyri Ammoniati 
[Ung. Hydrarg. Ammon.—White Precipitate Ointment, Sp. Ungltento 
de Mercurio Amoniacal] 

Ammoniated Mercury Ointment contains an amount 
of ammoniated mercury corresponding to not less than 
3.5 per cent and not more than 4.5 per cent of Hg, cor- 
responding to an average of 5 per cent of ammoniated 
mercury. 


Metric Alternative 
Ammoniated Mercury, in very fine powder 5 Gm 22 gr. 
NWO OINat meter rer cis ea cro gete Aovecsicheyo a tePenane 5 Gm 22 gr 
IW NiterOintMre gti cc acier wiswelele aleve eyo lei oto telare 90 Gm 394 gr 
PM oumake sr rtet terete ale eye enka te. vi. «ie CretPolblolaraie 100 Gm 1 oz. av 


Levigate the ammoniated mercury with the wool fat to a 
smooth paste, and then incorporate with the white ointment. 
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Assay—About 3 Gm. of Ammoniated Mercury Ointment, accurately 
weighed, is placed in a separator, warmed slightly to soften it, and 
while rotating, 75 cc. of ether is added to dissolve the ointment base 
and thus separate it from the ammoniated mercury. <A mixture of 5 
ec. of hydrochloric acid and 5 ce. of water is then added to dissolve 
the ammoniated mercury. The aqueous layer, which contains the 
mercury as mercury bichloride, is filtered, and the ether solution is 
washed well with water. The filtrate is diluted with water to about 
200 ce. and the assay is continued as described under Mercury Bi- 
chloride, beginning with ‘‘hydrogen sulfide is passed.’”’ The weight of 
mercuric sulfide obtained, multiplied by 0.8622, represents the 
equivalent of Hg. 


Uses—See Ammoniated Mercury. 


MERCURIC CYANIDE. N. F. Hydrargyri Cyanidum 
{Hydrarg. Cyanid.—Sp. Cianuro de Mercurio] 


Mercurie Cyanide, when dried to constant weight 
over sulfuric acid, contains not less than 99 per cent of 
Hg(CN)e (252.65)'« 


Description and Properties—Mercuric Cyanide occurs as colorless or 
white, odorless, prismatic crystals, or asa white powder. Itisslightly 
affected by light. Its solutions are neutral to litmus paper. When 
slowly heated in a glass tube, it decomposes into metallic mercury and 
eyanogen gas, which burns witha purple flame. Diluted hydrochloric 
acid added to a solution of Mercurie Cyanide liberates hydrogen 
cyanide—Caution! 

Solubility—One Gm. dissolves in about 13 ec. of water, about 13 ce. 
of alcohol, about 3 cc. of boiling water, and about 6 cc. of boiling alco- 
hol. It is soluble in ammonia water, and sparingly soluble in ether. 
Tests for Purity— 

Loss on drying over sulfuric acid—Not more than 1 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Mercuric chloride—The addition of silver nitrate to a solution of 
Mercurie Cyanide acidulated with nitric acid produces no white pre- 
cipitate. 

Mercuric oxide—A solution of 1 Gm. of the Cyanide in a 10 per cent 
solution of sodium chloride is not colored red by a drop of phenol- 
phthalein T.S. The HgO reacts with the NaCl thus: 


HgO + 2NaCl + H2O0 — HgCle + 2Na0H 


and the solution would be colored red by the phenolphthalein. 
Mercuric Oxycyanide—The salt dissolves in ammonia T.S. without 

producing a white precipitate. 

Assay—When a solution of Mercurie Cyanide is treated with an ex- 

cess of potassium iodide the reaction illustrated in the following equa- 

tion takes place: 


Hg(CN)zg + 4KI — KeHglg + 2KCN 
mercuric potassium potassium potassium 
cyanide cyanide erouee cyanide 
iodide 


The potassium cyanide, which is strongly hydrolyzed in aqueous solu- 
tion is then titrated with standard acid using methyl orange T.S. as 
the indicator. Each cc. of tenth-normal hydrochloric acid corre- 
sponds to 12.63 mg. of Hg(CN).. 

Storage—Keep in well-closed, light-resistant containers. 


Uses—Mercuric Cyanide is occasionally employed 
as an antiseptic for the eye or mucous membranes in a 
solution of 1:2000 to 1:4000. It is rarely employed 
in syphilotherapy in a manner and under circumstances 
similar to those outlined for Mercuric Succinimide, 
which is to be preferred. The dose is 0.01 Gm. daily, 
intramuscularly or intravenously, for not over 20 days. 


RED MERCURIC IODIDE N. F. Hydrargyri Ilodidum 
Rubrum 
{Hydrarg. Iodid. Rub.—Biniodide of Mercury, Mercuric Iodide, ed 
Iodide of Mercury, Sp. Yoduro Rojo de Mercurio] 
Red Mercuric Iodide, when dried at 100° for 3 hours, 
contains not less than 99 per cent of HgI. (454.45). 
Caution—Red Mercuric Iodide is extremely poisonous. 
Preparation—Red Mercuric Iodide is prepared by 
reacting mercury bichloride with potassium iodide ac- 
cording to the following equation: 


HgCh + 2KI — Hel, + 2KCl 
mercury potassium mercuric potassium 
bichloride iodide iodide chloride 
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To asaturated aqueous solution of mercury bichloride, 
an aqueous solution of potassium iodide, in the propor- 
tion of 121% parts of KI for each 10 parts of mercury 
bichloride, is added with continuous stirring. The red 
precipitate of mercuric iodide is washed twice by decan- 
tation with distilled water, collected on a filter, washed 
with distilled water until the washings give only a slight 
opalescence with silver nitrate T.S., and then dried in 
the dark at about 40°. 

As mercuric iodide is soluble in solutions both of 

mercury bichloride and of potassium iodide, it is not 
profitable to use an excess of either. It may be ob- 
tained in crystalline form by dissolving it in hot hydro- 
chloric acid until the saturation point is reached and 
then allowing the solution to ccol slowly. 
Description and Properties—Red Mercuric Iodide is a scarlet-red, 
odorless powder. When heated to about 150° it becomes yellow, but 
again assumes a red color on cooling. When it is heated with potas- 
slum hydroxide T.S. and some lactose, metallic mercury is formed. 
Chlorine water added to it liberates iodine, recognizable by the blue 
color it yields with starch T.S. 

Solubility—It is practically insoluble in water. One Gm. dissolves 
in 115 ce. of alcohol, in 910 cc. of chloroform, in about 120 cc. of 
ether, or in 20 cc. of boiling alcohol. It is dissolved by solutions of 
the soluble iodides, mercuric chloride, and sodium thiosulfate. 

Tests for Purity— 

Loss on drying over sulfuric acid for 3 hours—Not more than 2 per 
cent. 

Residue on ignition—Not more than 0.2 per cent. 

Residue insoluble in potassium iodide solution (mercurous iodide)— 
Not more than 0.2 per cent. 

Soluble mercury salts—500 mg. of the Iodide is thoroughly shaken 
with 10 cc. of water, filtered, and 5 cc. of hydrogen sulfide added to 
the filtrate. No darkening should be produced. 

Assay—Red Mercurie Iodide is assayed by the method described in 
the assay of Potassiwm Iodide (page 374), using about 250 mg. of this 
Todide. Each cc. of twentieth-molar potassium iodate corresponds 
to 22.72 mg. of Hglo. 

Storage—Keep this fodide in well-closed, light-resistant containers. 
Incompatibilities—Mercuric Iodide (red) is insoluble in water but 
readily soluble in solutions of alkali iodides. The soluble complex 
formed with potassium iodide is known as Mayer’s reagent and is a 
general precipitant for alkaloids. In solution, it has the incompati- 
bilities of mercuric chloride. 

Uses—Once used in syphilis, this drug is no longer 
employed for this purpose in modern medicine. It is 
occasionally employed as an ointment in 3 per cent 
strength. 


Average Dose—4 mg. (approximately 14 grain). 


Red Mercuric Iodide Tablets N. F. Tabellae: Hydrargyri 
Jodidi Rubri 


[Tab. Hydrarg. Iodid. Rub.—Mercuric Iodide Tablets, Sp. Tabletas 
de Yoduro Rojo de Mercurio] 

Red Mercuric Iodide Tablets contain not less than 91 
per cent and not more than 109 per cent of the labeled 
amount of HgTe. 

Assay—These tablets are assayed for their mercuric iodide content by 
the method described for Red Mercuric Iodide. Each cc. of twentieth- 
molar potassium iodate corresponds to 22.72 mg. of HgIo. 

Average Dose—4 mg. (approximately 146 grain) of 
Red Mercuric Iodide. 


MERCURIC NITRATE OINTMENT N. F. 
_ Unguentum Hydrargyri Nitratis 
(Ung. Hydrarg. Nit.—Citrine Ointment, Sp. Ungiiento de Nitrato de 
Mercurio] 

Mercuric Nitrate Ointment contains an amount of 
mercuric nitrate corresponding to not less than 6.65 
per cent and not more than 7.35 per cent of Hg. 

History—The first preparation under this name ap- 
peared in the London Pharmacopeeia of 1650. It con- 
tained no mercury, however, but was made from a num- 
ber of mineral ingredients including coral, quartz, sea 
shells, marble, white lead, and tragacanth incorporated 
with lard, suet, and chicken fat. : The first ointment of 
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record containing mercuric nitrate was in the Edin- 
burgh Pharmacopeeia of 1722. Other formulas for a 
similar product appeared later in the London, the Dub- 
lin, and the Paris Pharmacopeeias and a variety of in- 
gredients and processes have appeared in the many re- 
visions down to the present time. 


Metric Alternative 
UVM CAI t a asi tea ches, savers a sudwalene abairen hs 7 Gm. 123 gr, 
INRERIGHACL fee cise coy oir stolausr ale alelederdie shes 17 Gm. 298 gr. 
ARG ANeCuTOM WAtOEs. ses sccusisi iets oes 76 Gm. 302. av. 17 gr. 
BIRCH SOA Pie. sr sok /olakats wofeubievos sek aus 100 Gm. 4 OZ. av. 


Warm the lard in a capacious porcelain dish until it has just 
melted, or to about 45° C. Add 7 Gm. (128 gr.) of the nitric acid 
all at once, and continue the heat until the characteristic reaction 
is complete. Hold an inverted glass funnel over the dish during 
the reaction. Withdraw the heat immediately after the rapid 
rise of froth which accompanies the end reaction, and cool the 
treated lard, stirring it until it assumes a bright citrine color. 
Dissolve the mercury in the remainder of the nitric acid, warming 
it, if necessary, to prevent crystallizing, and mix the solution with 
the previously prepared lard. Contact with metallic utensils or 
containers must be avoided. 


Assay—In this assay the fatty constituent (lard) is separated from 
the mercuric nitrate by warming the Ointment with xylene, which 
dissolves the lard. The mercuric nitrate is then brought into solution 
by adding glacial acetic acid and an aqueous solution of potassium 
iodide. Metallic zinc, in the form of filings, is then added and the 


mixture is gently heated. The mercury is precipitated by the zinc- 


and amalgamates with it. After pouring off the liquid, and washing 
the amalgam well by decantation with water, the amalgam is dis- 
solved in diluted nitric acid and the resulting solution titrated with 
tenth-normal ammonium thiocyanate, using ferric ammonium sulfate 
T.S. as the indicator. Each cc. of tenth-normal ammonium thio- 
cyanate corresponds to 10.03 mg. of Hg. For the chemistry of the 
Ae of mercuric salts with thiocyanate see Yellow Mercuric Oxide 
Storage—Keep the Ointment in tight containers, and avoid prolonged 
exposure at above 30°. ; 


Uses—Mercuric Nitrate Ointment is an antiseptic 
and parasiticide. 


RED MERCURIC OXIDE N. F. Hydrargyri Oxidum 
Rubrum 


(Hydrarg. Oxid. Rub.—Red Precipitate, Sp. Oxido de Mercurio Rojo} 


Red Mercurie Oxide, when dried at 120° for 3 hours, 
contains not less than 99.5 per cent of HgO (216.61). 

Preparation—This Oxide may be prepared by dis- 
solving mercury in two-thirds its weight of nitric acid, the 
acid, being previously diluted with an equal volume of 
water, and gently heating the mixture after the first re- 
action has subsided. The solution is then evaporated 
~ to dryness to obtain the mercuric nitrate. 

3Hg + 8HNO; > 3Hg(NOs)je + 2NO + 4H2O 


mercury nitric mercuric nitric water 
acid nitrate oxide 


The dry mass is rubbed into a powder and heated in 
a shallow vessel (stainless steel is excellent for this 
operation) until red vapors are no longer evolved. By 
this time the heat has decomposed the salt, leaving a 
residue of mercuric oxide, thus: 


2Hg(NO3s)2 — 2HgO + 4NOeg + Ov 
mercuric mercuric nitrogen oxygen 
nitrate oxide dioxide 


A technical grade of red mercuric oxide is made by 
precipitating, under suitable conditions of concentration 
and temperature, a solution of mercuric nitrate with a 
solution of sodium hydroxide or carbonate. 

It should be noted that the difference in color between 
_ the red and yellow mercuric oxides is entirely a func- 
tion of the size of the crystalline particles. In the red 
oxide they are coarser than in the yellow and the color 
of the former is lightened by reducing it to fine powder. 


Description and Properties—Red Mercuric Oxide occurs as heavy, 
orange-red, crystalline scales, or as a crystalline powder, acquiring a 
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yellow color when finely divided. It is odorless, and has a slightly 
metallic taste. Its specific gravity is 11.1. Its solution in acid re- 
sponds to the identification reactions for mercuric compounds. 

Solubility—lt is almost insoluble in water and insoluble in alcohol. 
It is readily dissolved by diluted nitric or hydrochloric acid, and by 
solutions of alkali iodides. 

Tests for Purity— 

Loss on drying at 120°—Not more than 1 per cent. 

Residue on ignittion—Not more than 0.2 per cent. 

Nitrate limit (about 0.1 per cent NOs)—One Gm. of the Oxide is 
mixed with 5 cc. of water and 2 cc. of sulfuric acid is added. After 
cooling the mixture 2 cc. of ferrous sulfate T.S. is carefully poured 
upon it so as to form separate layers. No brown color develops at the 
line of contact. 

Assay—Red Mercuric Oxide is assayed by the method described for 
Yellow Mercuric Oxide below. Each cc. of tenth-normal am- 
monium thiocyanate corresponds to 10.83 mg. of HgO. 

stores icon Red Mercuric Oxide in well-closed, light-resistant con- 
ainers. 

Incompatibilities—Mercurous compounds and metallic mercury may 
be formed by trituration with reducing agents. In the preparation of 
ointments, contact with metal must be avoided. Salts are formed with 
many acids. 


Uses—Red Mercuric Oxide has the same chemical 
composition as the yellow oxide. It is used in the form 
of ointment for inflamed eyelids, in skin diseases, and 
for destroying body vermin. There is difficulty in rub- 
bing down the crystalline powder to a smooth ointment, 
and the Pharmacopceia has adopted only the yellow 
oxide for the preparation of its 1 per cent ointment. 
The yellow oxide is largely replacing the red oxide. 

Red Mercuric Oxide is used in the preparation of 
“anti-fouling”’ paints for ship bottoms and as a catalyst 
in a synthetic manufacture of acetaldehyde and acetic 
acid. 


Red Mercuric Oxide Ointment N. F. 
Hydrargyri Oxidi Rubri 


Unguentum 


[Ung. Hydrarg. Oxid. Rub.—Red Precipitate Ointment, Sp. Ungiiento 
de Oxido de Mercurio Rojo] 


Red Mercurie Oxide Ointment contains not less than 
9.5 per cent and not more than 10.5 per cent of HgO. 


Metric Alternative 
Red Mercuric Oxide, in very fine pow- 

JOON AS (ai they Hae ae eT G he eet 100 Gm ower 
LiguidsyPetrolatumive.n. lok see ee 50 Gm 87 gr. 
Viello wa Wiaxwin tins ste ase er eee 50 Gm 87 er. 
IW OOlsbaticcattee cicke mets chorea cde ees 300 Gm. 1 oz. av. 88 gr. 
Petrolatiniaeneeace hee eect a) 1D OOLCilenO Zee 

FRORIn a Ke hye wen treet wa, heatee eer oes). LOOO. Cm. 4 oz. av. 


Triturate the red mercuric oxide with the liquid petrolatum 
until the mixture is smooth and absolutely free from gritty par- 
ticles; then incorporate the wool fat in divided portions, and 
finally incorporate this mixture thoroughly with the mixture of 
yellow wax and petrolatum, previously melted and cooled. Con- 
tact with metallic utensils must be avoided. 


Assay—This Ointment is assayed by the method described under 
Mercuric Nitrate Ointment (page 456). Each ec. of tenth-normal 
ammonium thiocyanate consumed corresponds to 10.83 mg. of HgO. 
Storage—Keep this Ointment in tight containers and avoid prolonged 
exposure to temperatures above 30°. 


YELLOW MERCURIC OXIDE U. S. P. Hydrargyri 
Oxidum Flavum 


[Hydrarg. Oxid. Flav.—Yellow Precipitate, Sp. Oxido de Mercurio 
Amarillo, Oxido Merectirico Amarillo] 

Yellow Mercuric Oxide, when dried to constant 
weight at 110°, contains not less than 99.5 per cent of 
HgO (216.61). 

Preparation—Yellow Mercuric Oxide is made by re- 
acting mercury bichloride with sodium hydroxide ac- 
cording to the equation: 


HgCle + 2NaOH — HgO + 2NaCl + H20 
mercury sodium mercuric sodium water 
bichloride hydroxide oxide chloride 
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To a concentrated aqueous solution of mercury bi- 
chloride a moderate excess of a 5 per cent solution of 
sodium hydroxide is gradually added with continuous 
stirring. The precipitated Oxide is washed a few times 
by decantation with distilled water, then collected on a 
filter and washed with distilled water until the washings 
no longer color red litmus paper bluish and cease to give 
a reaction for chloride with silver nitrate. It is then 
dried in the dark at about 50°. 


The color of the Oxide depends on the concentration 
of the reactants, the temperature, and the rate of addi- 
tion of the sodium hydroxide. Colder temperatures 
during precipitation and higher ‘concentrations favor 
a lighter colored oxide. In practice higher concentra- 
tions of the bichloride are employed, this being attained 
by the use of sodium chloride which increases the solu- 
bility of the mercury bichloride due to the formaticn of 
the freely soluble’sodium mercurichloride [NasgHgCl.4]. 


Description and Properties—Yellow Mercurie Oxide is a yellow to 
orange-yellow, heavy, impalpable powder. It is odorless and is 
stable in air, but decomposes on exposure to light into metallic mer- 
cury and oxygen. Its aqueous suspension is neutral. It responds to 
the identification reactions for mercuric compounds. 

Solubility—It is practically insoluble in water, is insoluble in alco- 
hol, and is readily dissolved by diluted hydrochloric and nitric acids, 
forming colorless solutions. 

Tests for Purity— 

Loss on drying at 110° to constant weight—Not more than 2 per cent. 

Residue on ignition—Not more than 0.2 per cent. 

Acid-insoluble substances—A solution of 500 mg. in 25 cc. of diluted 
hydrochloric acid is clear or not more than slightly turbid. 

Alkali (hydroxide or carbonate)—Yellow Mercuric Oxide, mois- 
tened with warm water, should not exhibit an alkaline reaction to lit- 
mus paper. 

Distinction from red mercuric oxide—One Gm. of oxalic acid is dis- 

solved in a test tube in a mixture of 1 cc. of ammonia T.S. and 10 cc. 
of water, then 500 mg. of Yellow Mercuric Oxide is added and the 
mixture is heated in a water bath for 2 hours, replacing from time to 
time the water lost by evaporation. The oxide is converted into 
white or yellowish white mercuric oxalate. (Red mercuric oxide is 
not converted into oxalate by this treatment and consequently re- 
tains the red color.) 
Assay—The chemical principles and the procedure of this assay are 
similar to those of the assay of Silver Nitrate (page 463). Mercuric 
nitrate, which is formed by dissolving the oxide in nitric acid, is dis- 
sociated in aqueous solution into Hgtt and NOg3g~ ions but mercuric 
thiocyanate is very slightly dissociated. Hence, upon the addition 
of ammonium thiocyanate solution to the mercury nitrate solution 
containing ferric ion the CNS~ ions will first combine with the Hgt* 
ions to form the undissociated mercuric thiocyanate, and when all 
the mercury ions have reacted, the next drop of the thiocyanate will 
react with the ferric ion to form the red ferric thiocyanate. 

About 500 mg. of dried Yellow Mercuric oxide, accurately weighed, 
is dissolved in a mixture of 10 ce. of water and 5 ce. of nitric acid. 
The solution is diluted with 150 cc. of cold water (the end point is 
sharper at lower temperature), and titrated with tenth-normal am- 
monium thiocyanate to a permanent reddish color, using ferric am- 
monium sulfate T.S. as the indicator. Each ce. of tenth-normal 
ammonium thiocyanate corresponds to 10.83 mg. of HgO. 


Storage—Keep Yellow Mercuric Oxide in well-closed, light-resistant: 


containers. 


Incompatibilities—By triturating mercuric oxide with reducing agents 
mercurous compounds and metallic mercury may be formed. 
preparation of ointments, contact with metal must be avoided. 
Salts are formed with many acids. 


Uses—Yellow Mercuric Oxide is used in making mer- 
cury oleate and the official ointment which are employed 
externally for their antiseptic powers. The official oint- 
ment is 1 per cent and is used largely for inflammation 
of the eyelids. A 10 per cent ointment has been used 
for vermin in the hair. 


Yellow Mercuric Oxide Ointment U.S. P. Unguentum 
Hydrargyri Oxidi Flavi 


{Ung. Hydrarg. Oxid. Flay.—Sp. Ungiiento de Oxido de Mercurio 


Amarillo] 


Yellow Mercuric Oxide Ointment contains not. less 
ihe 0.9 per cent and not more than 1.1 per cent of 
gO. 


In the. 


Metric Alternative 
Yellow Mercuric Oxide, in very fine powder 10 Gm. 486 gr. 
Liquid Petrolatum..................... 10 Gm 436 gr. 
Yellow Ointment). oo. 6 ccf ea eit se oe 980 Gm 42834 gr. 
To wake scores sieve accordant creielae 1000 Gm. 1 oz. av. 


Triturate the yellow mercuric oxide with the liquid petrolatum 
until the mixture is smooth, and then incorporate the yellow 
ointment. 

Caution—Mercuric oxide is reduced to metallic mer- 
cury by contact with such metals as copper, iron, zinc, 
etc.; therefore, during its preparation or storage, this 
ointment must not come in contact with metallic 
utensils except those made of tin or tin-coated. 
Assay—To about 10 Gm. of the Ointment, accurately weighed, 50 ce. 
of ether is added and stirred to dissolve the Ointment base. The 
mixture is then filtered through a small paper filter and the mercuric 
oxide adhering to the vessel is completely removed with the aid of 
small pieces of filter paper which are added to the filter. The mer- 
curic oxide is then washed with small portions of ether, the filter 
with the precipitate is placed in a 500-cc. Kjeldahl flask and treated 
with sulfuric and nitric acids as described in the assay of Mercury 
Mass (page 454). Each cc. of tenth-normal ammonium thiocyanate 
corresponds to 10.83 mg. of HgO. 

Storage—Keep the Ointment in tight containers and avoid prolonged 
exposure to temperatures above 30° ‘ 


MERCURIC SALICYLATE N. F.—See Organic Salts 
(page 549). 

MERCURIC SALICYLATE AMPULS N. F.—See 
Organic Salts (page 550). 

MERCURIC SUCCINIMIDE N. F.—See Organo- 
metallic Compounds (page 769). 

MERCURIC SUCCINIMIDE AMPULS N. F.—See 
Organometallic Compounds (page 769). 

MERCUROPHYLLINE INJECTION U. S. P.—See 
Organometallic Compounds (page 769). - 


MILD MERCUROUS CHLORIDE U. S. P. 
Hydrargyri Chloridum Mite 
[Hydrarg. Chlorid. Mit—Mercurous Chloride, Calomel, Protochloride 
of Mercury, Subchloride of Mereury, Sp. Cloruro Mercurioso Miti- 
gado, Calomel, Subcloruro de Mercurio] 

Mild Mercurous Chloride, when dried over sulfuric 
acid for 5 hours, contains not less than 99.6 per cent of 
HgCl (236.07). 

History—Calomel is stated to have been first intro- 
duced into medical practice by Sir Theodore Turquet 
de Mayerne, favorite physician of Henry IV, of Eng- 
land. He was a noted character of his time and was 
one of the compilers of the first London Pharmacopeeia 
of 1618. It was called Aquila Alba or Draco Mitigatus 
by early chemical and medical writers. The name 
Calomel is of doubtful origin. It was also called 
dulcified mercury. 

Preparation—Formerly Calomel was made by mixing 
mercuric sulfate, the preparation of which has been de- 
scribed under Mercury Bichloride, with an equivalent 
amount of metallic mercury whereby mercurous sulfate 
was formed. The mercurous sulfate was then mixed 
with sodium chloride and the mixture subjected to 
sublimation. Calomel was formed and sublimed: 


HgeSO, + 2NaCl — 2HgCl + NaeSO4 
mercurous sodium mercurous sodium 
sulfate chloride chloride sulfate 


Calomel is now made by the direct union of hot mer- 
cury vapors with chlorine gas, the amount of chlorine 
being regulated to be between 5 to 10 per cent in excess 
and thus avoid the possible presence of metallic mercury 
in the final product. The bichloride formed from the 
excess chlorine is eliminated by thorough washing 
with water. ; 
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A very finely divided Calomel may be obtained by 
precipitating a solution of mercurous nitrate with di- 
- luted hydrochloric acid or a solution of sodium chloride. 


Description and Properties—Mild Mercurous Chloride is a white, 
heavy, odorless, impalpable powder, becoming yellowish white when 
triturated with strong pressure. Its specific gravity is 7.1. It is 
stable in air, but gradually darkens when exposed to light. It is 
blackened by contact with alkali or alkaline earth hydroxides or by 
ammonia, and responds to the identification reactions for mercury. 

Solubility—It is insoluble in water, in organic solvents, and in cold 
dilute acids. 
Tests for Purity— 

Loss on drying over sulfuric acid for 18 hours—Not more than 0.5 
per cent. 

Residue on tgnition—Not more than 0.1 per cent. 

Ammonia (amnoniated mercury)—When heated with sodium 
hydroxide T.S. the odor of ammonia should not be perceptible. 

Mercury bichloride (limit approximately 0.015 per cent)—This is 
obviously the most important test in calomel, and is made as follows: 
2 Gm. of Mild Mercurous Chloride is shaken with 20 cc. of ether for 
5 minutes and filtered. Mercury bichloride is soluble in ether and 
if present it will be extracted by this solvent. The filtrate is allowed 
to evaporate spontaneously to prevent loss of bichloride through 
spattering or volatilization with heat. The residue is dissolved in 10 
ec. of water, acidified with a drop of nitric acid, and a few drops of 
silver nitrate T.S. are added. Any turbidity produced is not greater 
than that produced in a control made with 0.1 ce. of fiftieth-normal 
hydrochloric acid. 
Assay—In the official assay for Calomel several reactions take place: 
(1) The iodine oxidizes the mercurous compound to mercuric by simply 
adding itself to the former thus: 


mercurous iodine mercuric mercuric 
' chloride iodide chloride 


(2) The potassium iodide in the iodine solution first decomposes 
the calomel to metallic mercury and mercuric iodide, the latter im- 
mediately combining with the excess of potassium iodide to form the 
very soluble mercuric potassium iodide. 


2HgCl + 4KI — Hg + KeHglg + 2KCl 
mercurous potassium mercury mercuric potassium 
chloride iodide Been chloride |" 
iodide 


The iodine then reacts with the metallic mercury forming mercuric 
iodide 
Pig Sagi Hels 


eee forms, with the excess of potassium iodide, mercuric potassium 
iodide. 

About 700 mg. of Mild Mercurous Chloride, previously dried over 
sulfuric acid for 18 hours, is accurately weighed and well mixed with 
10 ce. of water in a glass-stoppered flask; 50 cc. of tenth-normal iodine 
is added, followed by 5 Gm. of potassium iodide dissolved in 10 ce. of 
water. The potassium iodide serves to dissolve the mercuric iodide 
formed in the reaction. The flask is stoppered and allowed to stand, 
with occasional agitation, until complete solution of the metallic 
mercury takes place, then the excess of iodine is titrated with tenth- 
normal sodium thiosulfate, using starch T.S. as the indicator. Each 
a i tenth-normal iodine consumed corresponds to 23.61 mg. of 

1 

aN ote—The assay is facilitated, it is claimed, by first dissolving the 
Calomel in 50 cc. of 10 per cent sodium chloride solution, warming if 
necessary, and after cooling adding the iodine solution. 
Storage—Keep Caiomel in well-closed, light-resistant containers. 
Incompatibilities—The incompatibilities of this salt are due to both 
oxidation and reduction reactions. It is reduced partially to metallic 
mercury by hypophosphites, sulfites, reduced tron, other metals, and 
many organic substances. Any darkening in color is an indication of 
a possible reaction. Alkali iodides and bromides convert it partially 
to metallic mercury and a soluble complex mercuric salt which is toxic 
in sufficient dose. Moisture hastens the reaction. The position of 
chlorides in this respect is questionable; in view of the fact that several 
factors may be involved such as concentration, temperature, and time, 
it is advisable to choose the safe course and avoid such combinations. 
Although sodiwm bicarbonate in liquid mixtures is reported to react, 
there appears to be no change in dry powders or tablets. 


_ Uses—Calomel is chiefly used as a cathartic in the 
dose of 0.15 Gm. The cathartic action is due to the 
release of small amounts of mercuric ion in the bowel. 
The stools following the administration of Calomel are 
green due to the presence of large amounts of the bile 
pigment biliverdin. This fostered the belief that calo- 
mel stimulated the secretion of bile, a fact that is now 
known not to be true, the green color resulting from the 

failure to convert biliverdin to bilirubin. This conver- 

sion normally occurs in the intestinal tract but is in- 

- hibited by mercury. 

_ Calomel is not used as much as formerly. Other 
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cathartics are safer and equally efficient. The danger 
1s ever present, in using Calomel, of absorbing toxic 
amounts of mercuric ion. Therefore if Calomel fails 
to exert its expected cathartic action, its excretion must 
be hastened by the administration of a saline cathartic. 

Calomel has some action as a diuretic, but the organic 
mercurial diuretics are to be preferred. 

Average Dose—0.12 Gm. (approximately 2 grains). 


Black Lotion N. F. Lotio Nigra 
{Lot. Nig.—Black Wash, Aqua Phagedenica Nigra, Sp. Locién 


Negro] 
Metric Alternative 
Mild Mercurous Chloride.......... 9 Gm. 3 prs 
Acacia, in fine powder............. 1 Gm, 15 er. 
Water: Sneha. creme trom iehiis. uma 100 cc. 3 fl.oz. 96 min. 
Calcium Hydroxide Solution, a suffi- 
_cient quantity, 
Toimakens. aan ene cea 1000 cc. 2 pints 


Triturate the mild mercurous chloride and acacia in a mortar 
Gradually add the water, mixing thoroughly, and then add this 
mixture slowly, with constant agitation, to sufficient of the cal- 
cium hydroxide solution to make 1000 cc. (2 pints). 


Note—Shake Black Lotion thoroughly before dis- 
pensing. Black Lotion should be freshly prepared. 
The precipitate has a tendency to coagulate into larger 
particles on standing for some time. 

Storage—Keep the Lotion in tight containers. 


Uses—Black Lotion was formerly applied as an 
antiseptic dressing to syphilitic sores. 


Compound Mild Mercurous Chloride Pills N. F. 
Pilulea Hydrargyri Chloridi Mitis Composite 


{[Pil. Hydrarg. Chlorid. Mit. Comp.—Compound Cathartie Pills, Sp. 
Pildoras de Cloruro Mercurioso Mitigado Compuestas] 


: Metric Alternative 
Compound Extract of Colocynth.......... 8 Gm 124 ger. 
Mild Mercurous Chloride................ 6 Gm 93 er. 
Jalap Resin, in fine powder.............. 2 Gm 31 er. 
Gamboge, in very fine powder............ 1.5 Gm 23) gt 
Diluted Alcohol, a sufficient quantity, 
TORN AKO Ah terete belt yabensvaiet Poort dons shanarey ereusiohene 100 Pills 100 Pills 


Prepare the pills according to the General Directions (see page 
314). 


Uses—This Pill is a powerful cathartic. 


Average Dose—2 pills, corresponding to 0.16 Gm. of 
Compound Colocynth Extract, 0.12 Gm. (2 grains) of 
calomel, 40 mg. (24 grain) of Jalap Resin, and 30 mg. 
(% grain) of Gamboge. 


Mild Mercurous Chloride Ointment N. F. Unguentum 
Hydrargyri Chloridi Mitis 


{[Ung. Hydrarg. Chlorid. Mit.—Prophylactic Ointment, Calomel 
Ointment, Sp. Ungiiento de Cloruro Mercurioso Mitigado] 


‘Mild Mercurous Chloride Ointment contains not less 
than 28.5 per cent and not more than 31.5 per cent of 
HgCl. 


Metric Alternative 
Mild Mercurous Chloride........... 300 Gm. loz. av. 88 gr, 
Hydrous Wool Fat................- 350 Gm. 1 oz. ay. 175 gr, 
White Petrolatum................. 350 Gm. 1 oz. av. 175 gr, 
To.maken reece aacng hess nike 1000 Gm. ‘4 ou. av. 


Mix the ingredients intimately. 


Assay—This Ointment is assayed by the method described for Mer- 
curic Nitrate Ointment. Tach ce. of tenth-normal ammonium thio- 
cyanate corresponds to 11.80 mg. of HgCl. 

Storage—Keep this Ointment in tight containers, avoiding prolonged 
exposure to temperatures above 30° C. (86° F.). 
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Uses—Mild Mercurous Chloride Ointment is em- 
ployed as a prophylactic to prevent syphilitic infection. 
It was supplied in “pro” kits to the members of the 
armed forces. 


Mild Mercurous Chloride Tablets N. F. Tabelle 


Hydrargyri Chloridi Mitis 
{Tab. Hydrarg. Chlorid. Mit.—Calomel Tablets, Sp. Tabletas de 
Cloruro Mercurioso Mitigado] 

Mild Mercurous Chloride Tablets contain not less 
than 92.5 per cent and not more than 107.5 per cent of 
the labeled amount of mild mercurous chloride [HgCl]. 
Tests for Purity— 4 

Mercuric chloride—A quantity of the powdered Tablets, equivalent 
to 0.2 Gm. of mild mercurous chloride, is triturated for several min- 
utes with 30 cc. of water and filtered. A mixture of 10 ce. of the clear 
filtrate and 1 cc. of albumin T.S. shows no more turbidity, within five 


minutes, than does a 10-cc. control portion of the filtrate without the 
albumin T.S. = * , 

Assay—A counted number of the Tablets is weighed, finely powdered 
without an appreciable loss, and mixed well. An aliquot portion of 
the powder, equivalent to about 300 mg. of Calomel, is mixed with 50 
ec. of water, to dissolve any substances that may interfere with the 
assay. The mixture is then filtered through a paper filter and the 
residue of Calomel washed with water. The filter, with the Calomel, 
is put in a glass-stoppered flask, and exactly 35 cc. of tenth-normal 
iodine is added, followed with a solution of 300 mg. of KI in 10 ce. of 
water and 10 cc. of a saturated solution of sodium chloride. The 
flask is stoppered and allowed to stand with occasional agitation until 
complete solution of the mercurous chloride has taken place. The 
excess of iodine is then titrated with tenth-normal sodium thiosulfate, 
using starch T.S. as the indicator. Each cc. of tenth-normal iodine 
consumed corresponds to 23.61 mg. of HgCl. ‘ 
Storage—Keep Calomel Tablets in tight, light-resistant containers. 


Average Dose—60 mg. (approximately 1 grain) of 
Mild Mercurous Chloride, in tablets usually containing 
a fraction of the average dose. 


Mild Mercurous Chloride and Sodium Bicarbonate 
Tablets N. F. Tabellee Hydrargyri Chloridi Mitis et 
Sodi Bicarbonatis 
{[Tab. Hydrarg. Chlorid. Mit. et Sod. Bicarb.—Calomel and Soda 


Tablets, Sp. Tabletas de Cloruro Mercurioso Mitigado y Bicarbonato 
de Sodio] 


Mild Mercurous Chloride and Sodium Bicarbonate 
Tablets contain not less than 92.5 per cent and not 
more than 107.5 per cent of the labeled amount of mild 
mercurous chloride for tablets containing more than 
15 mg., and not less than 90 per cent and not more than 
110 per cent for tablets containing 15 mg. or less of 
HgCl. 


Assay—These Tablets are assayed for HgCl content by the procedure 
described for Mild Mercurous Chloride Tablets. 


Average Dose—60 mg. (approximately 1 grain) of 
-Mild Mercurous Chloride. 


YELLOW MERCUROUS IODIDE N. F. Hydrargyri 
lodidum Flayum 
{Hydrarg. lodid. Flay.—Mercurous Iodide, Protoiodide of Mercury, 
Yellow Iodide of Mercury, Sp. Protoyoduro de Mercurio] 
Yellow Mercurous Iodide, when dried over sulfuric 
acid for 4 hours, contains not less than 99 per cent of 
Hgl (327.53). 
Preparation—Yellow Mercurous Iodide is made by 
reacting mercurous nitrate with potassium iodide as 
shown in the following equation: 


HyNOsig ee Khe) See el eee NOS 
mercurous potassium mercurous potassium 
nitrate iodide iodide nitrate 


Yellow Mercurous Iodide is decomposed by alkali 
iodides into a mixture of red mercuric iodide and metal- 
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lic mercury, hence an excess of potassium iodide must. 
be scrupulously avoided. Usually about 95 per cent 
of the theoretical amount of potassium iodide is used. 
The weighed mercurous nitrate is dissolved in about 
10 times its weight of distilled water, previously mixed 
with about 1 cc. of nitric acid to each 100 cc. of the 
water. About 95 per cent of the calculated amount 
of potassium iodide is dissolved in 6 times its weight. 
of distilled water, and this solution is slowly added with 
constant stirring to the mercurous nitrate solution. 
The precipitate of mercurous iodide formed is washed 
by decantation with distilled water until the filtrate 
ceases to give a reaction for nitrate. It is then dried 
in a dark place at a temperature not exceeding 40°. 

The mercurous nitrate for this process should be 
freshly prepared. It may be made by the following 
method: 


Twenty cc. each of nitric acid and distilled water are 
mixed and when cold the mixture is added to 50 Gm. 
of mercury. The mixture is set aside in a dark place, 
at a temperature between 25° and 30° with occasional 
agitation, until the reaction ceases. A little metallic 
mercury should remain undissolved to prevent forma- 
tion of mercuric nitrate. Jt is then allowed to stand 
undisturbed until crystallized. 


Green Iodide of Mercury was official in the U. S. P. 
VII. It is mercurous iodide made by triturating 8 
parts of mercury with 5 parts of iodine in the presence 
of alcohol. Some of the mercury, however, remains in 
the metallic state and thereby imparts a dull green color 
to the product. 


Description.and Properties—Yellow Mercurous Iodide is a bright 
yellow powder. It decomposes upon exposure to light. It is black- 
ened by ammonia water or solutions of alkali and alkaline earth 
hydroxides, and is decomposed by solutions of potassium iodide with 
the separation of fine globules of metallic mercury. When chlorine 
water is added to this iodide it becomes red, and with excess of chlo- 
rine water the red precipitate dissolves and iodine is liberated. 

el ned Fo is practically insoluble in water, in alcohol, and in 
ether. 


Tests for Purity— 

Loss on drying over sulfuric acid for 4 hours—Not more than 2 per 
cent. 

_Residue on ignition—Not more than 0.1 per cent. 

Mercuric iodide (limit about 0.3 per cent) —0.5 Gm. of Yellow Mer- 
curous Iodide is gently shaken in a 10-ce. glass-stoppered cylinder, 
with 10 cc. of alcohol by inverting the cylinder 10 times. (The use 
of a 10-ce. cylinder reduces to a minimum the presence of air which 
may oxidize the mercurous iodide to mercuric iodide. Vigorous shak- 
ing or exposure to sunlight will accelerate oxidation to mercuric 
iodide by the little air unavoidably present.) It is allowed to stand 
protected from light for 2 minutes, the cylinder is again inverted 10 
times, then the mixture is filtered at once and refiltered if necessary 
until the filtrate is clear. Mercuric iodide, if present, dissolves read- 
ily inthe alcohol. To 5 cc. of the filtrate an equal volume of hydrogen 
sulfide T.S. is added. The color produced is not darkér than that 
produced by the addition of 5 cc. of hydrogen sulfide T.S: to a mixture 
of 1 ee. of mercuric chloride solution (1 in 2000) and 4 ce. of alcohol. 
Assay—The chemistry and the procedure for the assay of Yellow 
Mercurous Iodide are the same as described under Mild Mercurous 
Chloride (page 458) using about 1 Gm. of the Iodide previously dried 
over sulfuric acid and accurately weighed. Each cc. of tenth-normal 
iodine consumed corresponds to 32.75 mg. of Hel. 


Storage—Keep this Iodide in well-closed and light-resistant con- 
tainers. 


Incompatibilities—Yellow Mercurous Iodide decomposes by exposure 
to light with the formation of metallic mercury and mercuric iodide, 
Reducing agents convert it to metallic mercury in a manner similar 
to mercurous chloride, but more readily. With soluble iodides it 
forms mercuric iodide and metallic mercury. F 


Uses—Once employed as an alterative, this drug is 
no longer used in modern medicine, except rarely in 
the mild treatment of late syphilisin aged or debilitated 
patients. It is then administered orally in the dose 
of 0.02 Gm., 3 times daily. It is never to be employed 
in early syphilis. Oral antisyphilitic bismuth prepa- 
rations are to be preferred to yellow mercurous iodide. 

Average Dose—10 mg. (approximately 1 grain). 
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Yellow Mercurous Iodide Tablets N. F. Tabelle 


Hydrargyri Iodidi Flavi 
(Tab. Hydrarg. lodid. Flavy.—Mercurous Iodide Tablets, Sp. Tabletas 
de Protoyoduro de Mercurio] 

Yellow Mercurous Iodide Tablets contain not less 
than 91 per cent and not more than 109 per cent of the 
labeled amount of HglI. ’ 

Assay—A counted number of the Tablets is weighed and finely pow- 
dered without an appreciable loss. An aliquot portion of the powder, 
equivalent to about 100 mg. of yellow mercurous iodide, is accurately 
weighed, placed in a glass-stoppered flask, and 20 ce. of distilled water, 
50 cc. of hydrochloric acid, and 5 cc. of chloroform are added. The 
mixture is cooled to about 10°, then titrated with fiftieth-molar potas- 
sium iodate until the chloroform is colorless. Each cc. of fiftieth- 


molar potassium iodate corresponds to 8,734 mg. of HglI. 
Note—This assay may not be applicable to coated tablets. 


Average Dose—10 mg. (approximately 1¢ grain) of 
Yellow Mercurous Iodide. 


MERCURY BICHLORIDE N. F. Hydrargyri 
. Bichloridum 

Hydrarg. Bichlorid—Hydrargyri Chloridum Corrosivum U. S. P. 

-~X, Corrosive Mercuric Chloride, Corrosive Sublimate, Mercuric 

Chloride, Perchloride of Mercury, Sp. Bicloruro de Mercurio, Cloruro 

Merctrico Corrosivo, Sublimado Corrosivo, Cloruro Mercitrico] 

Caution—Mercury Bichloride is extremely poisonous. 

Mercury Bichloride, when dried over sulfuric acid for 
18 hours, contains not less than 99.5 per cent of HgCl, 
(271.52). 

History—Although the discovery of corrosive sub- 
limate is credited to Geber of the seventh century, it 
does not appear to have been used in medicine until 
the middle of the eighteenth century, when it was first 
employed for syphilis by Baron von Swieten, a pupil 
of Boerhaave. 

Preparation—Mercury Bichloride was formerly made 
by mixing mercuric sulfate with a moderate excess of 
powdered sodium chloride and heating the mixture, 
whereby the volatile mercuric chloride, which was 
formed, sublimed, sodium sulfate remaining. 


7 HgSO, + 2NaCl — NaeSO, + HegCle 
mercuric sodium sodium mercuric 
sulfate chloride sulfate chloride 


Mercuric sulfate (erroneously called mercury bisul- 
fate) is made by evaporating mercury with 114 times 
its weight to dryness over a gas flame in iron pans. The 
sulfuric acid both oxidizes and combines with the mer- 
cury according to the equation: 


mercury sulfuric mercuric sulfur water 
acid sulfate dioxide 


Mercury Bichloride is now largely made by direct 
combination of mercury in the vapor state with chlo- 
rine. 

Description and Properties—Mercury Bichloride occurs as heavy, 
colorless crystals, crystalline masses, white granules, or powder, The 
aqueous solution is acid to litmus, but becomes neutral upon the addi- 


tion of sodium or potassium chloride due to the formation of sodium 
Mercuric Chloride: 


HgClh + 2NaCl > NasHgCh 


It responds to the identification reactions for mercuric salts and 
chloride. : 
Solubility—One Gm. of Mercury Bichloride dissolves in 13:5 cc. of 
water, in 3.8 cc. of alcohol, in about 12 ce. of glycerin, and in 25 ce. of 
ether, at 25° C., in 2.1 cc. of boiling water, and in 1.6 cc. of boiling 
alcohol. ; 
Tests for Purity— 
Loss on drying over sulfuric acid for 18 hours—Not more than 1 per 
cent. 
Residue on ignition—Not more than 0.1 per cent. } 
_ Ether-insoluble substances—Not more than 0.3 per cent, This test 
is primarily intended as a limit for calomel. The test is made by dis- 
aa the Bichloride in 50 volumes of ether, filtering out the insoluble 
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Assay—Mercury Bichloride is assayed by the sulfide method. An 
accurately weighed quantity of about 500 mg. of the previously dried 
Bichloride is dissolved in 300 ce. of water and 1 cc. of hydrochloric 
acid, and hydrogen sulfide is passed into the solution until the mercury 
is completely precipitated. The mercuric sulfide so formed is filtered 
on a tared filtering crucible, washed with water, then washed with 
alcohol to displace the water in the precipitate (any film of water on 
the particles of the precipitate would prevent contact of the carbon 
tetrachloride subsequently used). It is then washed with carbon 
tetrachloride to dissolve any elemental sulfur formed by air oxidation 
of hydrogen sulfide.~ After again washing the precipitate with alco- 
hol to displace the carbon tetrachloride, it is finally washed with 
ether, dried at 100°, and weighed after cooling. The weight of the 
sulfide, multiplied by 1.167, represents its equivalent of HgClo. 
Storage—Keep Mercury Bichloride in well-closed containers. Do 
not keep Mercury Bichloride and calomel together on the shelf. 
Incompatibilities—Its solubility and stability in water are increased 
by sodium chloride, ammonium chloride, and hydrochloric acid. It 
is precipitated by arsenates, borax, carbonates, hydroxides, and phos- 
phates, as well as by oralates and some other organic salts. Precipita- 
tion is retarded by citrates, glycerin, sugar, and acacia. Albumin, 
gelatin, tannin, eosin yellowish, methylene blue, and some alkaloids are 
also precipitated. Alkali hydroxides in excess produce yellow mer- 
curic oxide, lesser quantities the red oxychloride. Ammonium hydrox- 
ide and ammonium carbonate precipitate white ammoniated mercury. 
Soluble iodides precipitate red mercuric iodide which is soluble in ex- 
cess of the soluble iodide. 

Reducing agents convert mercuric chloride to mercurous chloride 
and, usually, to metallic mercury, as evidenced by a darkening in 
color. Ferrous salts, silver salts, arsenites, nitrites, hypophosphites, 
sulfites, antimony, and potassium tartrate, and contact with certain 
metals as copper, tron, and zinc will reduce it in this fashion. The 
reaction also proceeds slowly with organic substances such as alcohol, 
honey, sugar, and gums. Light catalyzes the reduction. 


Uses—Mercury ‘Bichloride is an antiseptic used 
chiefly for the disinfection of inanimate objects and the 
unabraided skin. It is employed as a surgeons’ hand 
wash in a concentration of 1:2000; for the sterilization 
of clothes, such as diapers, in a concentration of 1: 1000; 
and for the sterilization of certain surgical instruments 
which are harmed by boiling. A 1:1000 solution of 
mercuric chloride in 50 per cent alcohol is useful in 
getting rid of parasites such as the head louse or crab 
louse. 

Mercury Bichloride is used as a preservative in the 
tanning of leather, for the disinfection of seed potatoes, 
and for the production of many mercury compounds. 


Mercury Bichloride Large Poison Tablets N. F. 
Toxitabelle Hydrargyri Bichloridi Magne 


[Toxitabel. Hydrarg. Bichlorid. Mag.—Large Corrosive Sublimate 
Tablets, Large Bichloride Tablets, Sp. Tabletas Venenosas Grandes 
de Bicloruro de Mercurio] 


Mercury Bichloride Large Poison Tablets contain an 
average of not less than 0.42 Gm. and not more than 
0.52 Gm. of HgCl. with a sufficient quantity of a suit- 
able diluent or excipient. Ammonium or sodium 
chlorides are the diluents usually used. 

Mercury Bichloride Large Poison Tablets must be of a 
distinctive color, not white; they must be of an angular 
or irregular shape, not discoid. When sold in small 
quantities, the Tablets must be dispensed in glass con- 
tainers of a distinctive, angular shape, having irregular 
or roughened sides or edges. On the exterior of each 
container must be placed a red printed label bearing the 
word “POISON” and a statement indicating the amount 
of mercury bichloride in each Tablet. 

Note—One Large Poison Tablet of Mercury Bichlo- 
ride added to 475 ce. (1 pint) of water makes approxi- 
mately a 1 to 1000 solution. 

Assay—Ten of the Tablets are weighed, powdered, and mixed well, 
then a quantity of the powder, equivalent to about 500 mg. of HgClo, 
is assayed as described under Mercury Bichloride. To obtain the 
weight of mercury bichloride, multiply the weight of the sulfide by 
be aed of taking an aliquot portion from 10 powdered Tab- 
lets it is more convenient to dissolve 10 Tablets without weighing 


them in water to an exact volume, and use an aliquot portion of the 
solution for the assay. 


- 
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Mercury Bichloride Small Poison Tablets N. F. 
Toxitabelle Hydrargyri Bichloridi Parve 
[Toxitabel. Hydrarg. Bichlorid. Par.—Small Corrosive Sublimate 
Tablets, Small Bichloride Tablets, Sp. Tabletas Venenosas Pequefias 
de Bicloruro de Mercurio] 

Mercury Bichloride Small Poison Tablets contain an 
average of not less than 0.11 Gm. and not more than 
0.14 Gm. of HgCl. with a sufficient quantity of a suit- 
able diluent or excipient. 

Mercury Bichloride Small Poison Tablets must be of 
a distinctive color, not white; they must be of an angular 
or irregular shape, not discoid. When sold in small 
quantities, the Tablets must be dispensed in glass con- 
tainers of a distinctive, angular shape, having irregular or 
roughened sides or edges. On the exterior of each con- 
tainer must be placed a red printed label bearing the word 
“POISON” and a statement indicating the amount of 
mercury bichloride.in each Tablet. 

Note—One Mefcury Bichloride Small Poison Tablet 
added to 120 ec. (4 fluidounces) of water makes a 1 to 
1000 solution. 


Assay—These Tablets are assayed by the method described under 
Large Bichloride Tablets. 


Yellow Lotion N. F. Lotio Flava 
{[Lot. Flay.— Yellow Wash, Aqua Phagedenica Flava, Sp. Locién 


Amarillo] 
Metric Alternative 
Mercury bichloride:iecn aceite eee 3 Gm, 44 er, 
Distilled Waters o00 e6 Gs ee Pee 35 tc. 1 fl. oz. 58-min. 
Calcium Hydroxide Solution, a suffi- 
cient quantity, 
"TOPMAKCs Sine Oe chetrehefene hte ere eterete 1000 cc. 2 pints 


Dissolve the mercury bichloride in the boiling water, and add 
this solution gradually, with constant agitation, to sufficient of 
the calcium hydroxide solution to make the product measure 
1000 cc. (2 pints). 

Note—Shake Yellow Lotion thoroughly before dis- 
pensing. Yellow Lotion should be freshly prepared. 
The precipitate has a tendency to coagulate into larger 
particles on standing for some time. 


Storage—Keep Yellow Lotion in tight containers. 


Uses—This Lotion was formerly used as an antiseptic 
application to syphilitic sores. 


MERCURY OLEATE U. S. P.—See Organic Salts (page 
546). 

MERSALYL U. S. P.—See Organometallic Compounds 
(page 770). 

MERSALYL AND THEOPHYLLINE INJECTION 
Wes. } 


Unofficial Inorganic Mercury Compounds 


Mercuric Bromide [HgBrog]—See Reagents (page 1068). 

Mercuric Oxycyanide N. N. R., Hydrargyri Oxycyanidum [Hg- 
(CN)2HgO]—A white microcrystalline powder, soluble in about 80 
parts of water. Uses: a substitute for mercury bichloride. Its 
antiseptic power is claimed to be greater and it is asserted to be less 
irritating than mercury bichloride because it does not act on albu- 
min to the same extent. It does not corrode steel instruments. 
It is very rarely used in syphilis in the same manner and in the 
same dose as outlined under Mercurie Succinimide. Dose: same 
as mereury bichloride. Locally in solutions of 1 : 5000. 

Note—It explodes when touched with a flame or by percussion; 
hence for ecommerce it is made with an excess of mercuric cyanide 
which eliminates the danger of explosion. 

Mercuric Potassium lodide [KeHeI4]— Yellow, deliquescent crystals. 
Very soluble in water. It is formed when mercuric iodide is dis- 
solved in an excess of potassium iodide solution. Potassium mer- 
euric iodide is the active ingredient in Mayer’s reagent and in 
Nessler’s solution. Uses; a disinfectant in concentrations of 
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1:100 to 1:10,000; employed for the disinfection of inanimate ob- 
jects and for the treatment of skin disorders. 

Mercuric Subsulfate, Yellow, Turpeth mineral [HgSO4.2HgO]—A 
basic sulfate. A yellow powder, practically insoluble. in water. 
The salt reddens when heated, turning yellow again when cooled. 
Decomposes at higher temperatures. 

Mercuric Sulfate [HgSO4]—A white, crystalline powder. Decom- 
posed by water, yielding basic mercuric sulfate as the result of its 
hydrolysis. Uses: employed in the manufacture of calomel and 
corrosive sublimate. 

Mercuric Sulfide, Black, Ethiops Mineral [HgS]—A black powder; 
insoluble in water but soluble i in sodium sulfide solution. Uses: a 
pigment. 

Mercuric Sulfide Red, Vermillion [HgS]—A fine bright scarlet powder, 
insoluble in water. Uses: a pigment in paints and in sealing wax. 

Mercuric Thiocyanate [Hg(SCN)e]l—White, odorless powder. 
Slightly soluble in cold water, more soluble in boiling water, with 
some decomposition. Soluble in dilute hydrochloric acid, and in 
solutions of alkali cyanides and chlorides. Uses: an intensifier i in 
photography; also used for making Pharaoh’s serpents. 

Mercurous Nitrate [HgNO3.H20O]—White or colorless crystals. 
Soluble in water but decomposed by an excess of water, with the 
formation of an insoluble basic nitrate. Uses; a reagent; used 
also in the manufacture of mercurous salts. 

Mercurous Nitrate, Ammoniated, Hahnemann’s Soluble Mercury 
[approx. NHgHggNO3]—Black, heavy powder. Insoluble in water 
or alcohol; soluble in an excess of warm dilute acetic acid with 
separation of some metallic mercury. Uses:  antisyphilitic. 
Dose: 15 to 200 mg. (4 to 3 gr.); also applied as a 4 to 20 per cent 
ointment. 

Mercurous Oxide [Hg2O]—Black or brownish black powder. De- 
composed by light or by heating at 100° into mercuric oxide and 
metallic mercury. Insoluble in water; soluble in dilute nitric acid; 
hydrochloric acid converts it into calomel. 


Inorganic Mercury Specialties 


Calomel Diasporal (Doak)—Ampuls (3 cc.), each cc. containing 1 mg. 
colloidal calomel in dextrose solution. Uses: mercury therapy in 
lichen planus. Dose: 3 cc., intramuscularly. 

Calomentum (Doak)—Greaseless, stainless ointment containing 3334 
per cent calomel. Uses: antisyphilitic. Dose: 5 Gm. per day 
by inunction. 


Colloidal Mercuric Sulfide N. N. R. (Mersulfol) (Hille)—Vials (30, 60, 


and 360 cc.) containing a.2 per cent aqueous dispersion of colloidal 
mercuric sulfide, hydrolyzed protein, and 0.2 per cent tricresol 
(preservative). Uses: antisyphilitic Dose: 2 to 3 cc. twice a 
week, intramuscularly. 

Croleum- Suspensoid Calomel (Hospital Liquids)—An oilsinewnten 
emulsion containing 10 per cent colloidal calomel. Uses: mercury 
therapy for skin disorders, conjunctivitis, etc. 

Dermacol, Colloidal (Drug Products)—Scented lotion containing 
1:2280 parts corrosive mercuric chloride, 1:1500 parts hydroeyanic 
acid, 2 per cent alcohol, borie acid, eucalyptol, glycerin, salicylic 
acid, sodium benzoate, and thymol. Uses: antiseptic. 

Dermatone (Chicago Pharmacal)—Ointment containing 4 per cent 
ammoniated mercury, +12 per cent arsenic trioxide, 6.66 per cent 
boric acid, 4% per cent zinc oxide, lanolin, and petrolatum. Uses; 
antiseptic for skin infections. 

Emollientine (Parke, Davis)—Ointment, each ounce containing 4 gr. 

-mercuric chloride, 4.8 gr. phenol, aluminum hydrate, ichthammol, 
lead oxide, and zinc sulfocarbolate in an ointment base. Uses; 
antiseptic and emollient. 

Kalmerid Tablets N. N. R. (Davis and Geck)—Tablets containing 0.5 
Gm. potassium mercuric iodide, 125 mg. ammonium chloride, 5 mg. 
eosin “Y,”’ and 0.37 Gm. potassium iodide. Uses: disinfectant 
(dissolved i in water). 

Meralkacide (Pitman-Moore)—Tablets containing 14 gr. mercuric 
potassium iodide, potassium iodide, sodium bicarbonate, and 
sodium hydroxide. Uses: antiseptic and disinfectant (dissolved 
in water). 

Merc-Muth Compound Antiseptic Powder (Breon)—Dusting powder 
containing 0.04 per cent mercury oxycyanide, 5 per cent bismuth 
subcarbonate, 0.5 per cent bismuth tribromophenate, 30 per cent 
boric acid, 5 per cent zinc stearate, balsam Peru, starch, and tale. 
Uses: antiseptic application and vaginal insufflation. 

Mercurettes (Parke, Davis)—Briquettes (8 Gm.) containing 50 gr. 
finely divided metallic mercury in cacao butter. Uses: parasiti- 
cide and antisyphilitic by inunction. ~ 

Merpectogel (Poythress)—Pectin jelly (5 per cent) containing a 
1:24,000 concentration of phenyl mercuric nitrate (pH 3.1). Uses: 
trichomonacide. 


Mervenol (Hille)—Oral or parenteral (30- or 60-cc. vials) solution con-— 


taining the sulfides of mercury and copper. Uses: antibacterial 
in upper. respiratory infections. Dose: 20 min. every 3 hours 
orally; or 3 cc. daily, parenterally. 

Novak’s Concentrate and Novak’s Solution (Ulmer)—Liquids, the 
concentrate containing 0.07 per cent mercury bichloride, acetone, 
cresol, acid fuchsin, and eosin ““Y’’; the solution contains alcohol, 
in addition, asa diluent. Uses: topical disinfectant. 

Potassio-Mercuric Iodide Discs N. N. R. (Parke, Davis)—Large and 
small blue-colored disks, the large size containing 97.2 mg. mercuric 


‘iodide, 97.2 mg. potassium iodide, and 2.9 Gm. sodium bicarbonate; _ 


the small size containing 24.3 mg. mercuric iodide, 24.3 mg. potas- 
sium iodide, and 1.04 Gm. sodium bicarbonate. One small disk 
makes 4 ounces and 1 large disk makes a pint of a 1:5000 potassium 
mercuric iodide solution. Uses: antiseptic and disinfectant. 
Profex (McKesson)—Ointment containing 33 per cent calomel and 
0.5 per cent diacetoxy-mercuri-heptyl-phenol in EEE ee 


venereal prophylactic. ‘ i 
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Yellow Oxide of Mercury, Adrenalin Chloride, and Phenol Ointment 
N. N. R. (M. E. S. Co.)—Ophthalmie ointment containing 1 per 
cent yellow oxide of mercury, 2 per cent adrenalin chloride, 0.04 


463 


per cent menthol, 0.2 per cent phenol, 10 per cent anhydrous wool 
fat, and white petrolatum sufficient to make 100 per cent. Uses: 
antiseptic. 


SILVER AND ITS COMPOUNDS 


Silver—Ag = 107.88 (At. no. 47) 


The word silver is derived from a Greek word referring 
to the brightness of the metal. Its Latin name is 
Argentum. It is found in nature in the metallic state, 
and as the sulfide called argentite or silver glance. It is 
found as the mineral hornblende which is silver chloride. 
The sulfide is frequently associated with lead sulfide 
(galena) and considerable quantities of silver are derived 
from this source. 

Description and Properties—Silver is the whitest of all metals. In 
the precipitated form, however, it is yellow to gray. Next to gold it 
is the most malleable and ductile of all metals and it is also the best 
_ known conductor of heat and electricity. It is not affected by air, 

but is readily tarnished by hydrogen sulfide. Its specific gravity is 
10.5, and it melts at 960°. It is not attacked by hydrochloric and 
most other acids, but is readily dissolved by diluted nitric acid and 
slowly attacked by hot concentrated sulfuric acid. It is dissolved by 
solutions of alkali cyanide in the presence of air. 

Silver ismonovalent. Most of its salts are insoluble or only slightly 
soluble in water, the silver halides being among the most water- 
insoluble compounds, with the exception of the fluoride, which is 
soluble in water. Nearly all silver salts are darkened to a greater or 
lesser degree by sunlight. Most silver salts of the inorganic acids, as 
well as the oxide, react with and dissolve in ammonia water; the 
iodide and sulfide, however, do not. 

Uses—ASilver metal is largely consumed in the manu- 
facture of silver coins, silverware, ornaments, and silver 
nitrate from which all other silver compounds are pro- 
duced. It is also used for silver points in electrical 
instruments and one of its very. recent applications is 
for the sterilization of potable water by the Catadyn 
process. See under Bacterial Purification of Water 
(page 329). 

IDENTIFICATION OF SILVER COMPOUNDS 


Solutions of silver salts yield upon the addition of 
hydrochloric acid a white, curdy precipitate which is 
insoluble in nitric acid but easily soluble in ammonia 
water. The precipitate quickly becomes grayish violet 
on exposure to sunlight. If to an aqueous or nitric 
acid solution of silver salts, ammonia T.S. is added until 
the precipitate first formed just redissolves, then a few 
drops of solution of formaldehyde solution added, and 
the mixture warmed, a mirror of metallic silver is de- 
posited upon the sides of the test tube. 


SILVER NITRATE U.S. P. Argenti Nitras 
{Arg. Nitras—Sp. Nitrato de Plata] 


Silver Nitrate, when powdered and dried in the dark 
over sulfuric acid for 4 hours contains not less than 99.8 
per cent of AgNOz (169.89). 

History—This salt was described by Geber in the 
seventh century A.D. It was first used in medicine in 
the eighteenth century in Pilule Lunares. Christopher 
Glaser, the apothecary to Louis XIV of France, first 
prepared it in sticks for use as a caustic. 

Preparation—Silver Nitrate is prepared by the action 
of nitric acid on silver metal, as indicated by the equa- 
tion: 


silver nitric silver nitric water 
acid nitrate oxide 


The nitric acid is diluted to about 30 per cent with dis- 
tilled water. 

-_ It is most economical to use in this process the purest 
silver commercially available. Silver metal of 99.9 per 
cent purity is now readily obtainable from silver smelt- 


ers. With impure silver the cost of purification of the 
silver nitrate is considerable. The nitric acid should 
also be pure, and free from halogens, sulfate, and iron; 
otherwise the product may not be sufficiently pure to 
meet the official standards and even more so the very 
stringent purity required for the manufacture of photo- 
graphic films and silver mirrors. 

By using insufficient nitric acid to dissolve all the 
silver, the nitric acid is more completely utilized, and 
most of the iron present in the silver remains with the 
undissolved silver. The solution, after heating to expel 
nitrous fumes, is filtered while hot and allowed to erys- 
tallize. The crystals are thoroughly drained on a 
filter and dried on trays at about 40° to50°C. If not 
sufficiently pure they are recrystallized from hot dis- 
tilled water. 


Description and Properties—Silver Nitrate is in the form of colorless 
or white crystals. On exposure to light in the presence of organic 
matter it becomes gray or grayish black due to its reduction to metal- 
he silver. Its specific gravity is about 4.3. It melts at 212°. The 
aqueous solution (1 in 10) is neutral to litmus paper and must be clear 
and colorless. It responds to the identification reactions for silver 
and nitrate. 

Solubility—One Gm. is soluble in 0.4 cc. of water, in 30 ce. of alco- 
hol, in about 250 cc. of acetone, in slightly more than 0.1 cc. of boiling 
wae, and in about 6.5 ce. of boiling alcohol. It is slightly soluble in 
ether. 

Tests for Purity— 

Copper—On adding to its aqueous solution (1 in 10) just sufficient 

ammonia T.S. to redissolve the precipitate first formed, the resulting 
solution should be free from any blue color. 
Assay—The official assay of silver compounds, as well as the argento- 
metric assay for halides, depends on the following principle. When a 
solution of substance A is added to a solution containing substances 
B and C, both of which combine with A, forming the compound from 
A and B (AB) which is insoluble, and AC which is soluble, A will be 
taken up by B as long as any of the latter is present, but when B has 
been completely ‘‘satisfied’’ any additional A will combine with the 
substance C to form the soluble product AC. In the assay of silver 
salts by the use of ammonium thiocyanate and a ferric salt as the 
indicator (known as Volhard’s Method) insoluble silver thiocyanate 
is first formed according to the equation: 


AgNO3 + NHsaSCN — AgSCN + NH4,4NO;3 
silver ammonium ‘silver ammonium 
nitrate thiocyanate thiocyanate nitrate 


When this reaction is complete red ferric thiocyanate, which is very 
soluble, is formed. 

For the assay of Silver Nitrate about 700 mg. of the salt, previously 
powdered and dried over sulfuric acid in the dark to constant weight, 
is accurately weighed and dissolved in 50 cc. of water; 2 cc. of nitric 
acid and 2 cc. of ferric ammonium sulfate T.S. are added (the nitric 
acid serves to destroy the brown color of the ferric alum and to de- 
press the dissociation of the ferric thiocyanate and thus intensify the 
color) and the solution is titrated with tenth-normal ammonium 
thiocyanate until a slight, but permanent, reddish color is produced. 
Each ec. of tenth-normal ammonium thiocyanate corresponds to 
16.99 mg. of AgNO3. aie: . q , 
Storage—Keep Silver Nitrate in tight, light-resistant containers. 
Incompatibilities—Silver Nitrate is easily reduced to metallic silver 
by most reducing agents, including ferrous salts, arsenites, hypophos- 
phites, tartrates, sugars, tannins, volatile oils, and most other organie 
substances. It darkens readily under the influence of light. In 
neutral or alkaline solutions, it is precipitated by chlorides, bromides, 
iodides, borax, hydroxides, carbonates, phosphates, sulfates, chromates, 
arsenites, and arsenates. Potassium permanganate, tannic acid, and the 
soluble citrates and sulfates may cause a precipitate if sufficiently con- 
centrated. In acid solution, only the chloride, bromide, and iodide are 
insoluble. Ammonia water dissolves many of the insoluble silver 


salts. 

Uses—Silver Nitrate is used as a caustic, antiseptic, 
germicide, and astringent. In the form of toughened 
silver nitrate, it is valuable for the cauterization of 
wounds and the removal of granulation tissue, warts, 
etc. A 1:10,000 solution is mildly antiseptic and 
astringent. It is employed for irrigation of the bladder 
andurethra. Solutions as strong as 10 per cent are used 
for local treatment of infected ulcers of the mouth. In 
conjunction with tannic acid, Silver Nitrate has been 
employed in the treatment of burns. 
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Silver Nitrate is particularly active against gonococci. 
Most state laws require that a few drops of 1 to 2 per 
cent Silver Nitrate be dropped in the conjunctival sac 
of newborn infants for the prophylaxis of ophthalmia 
neonatorum. The solution is immediately washed 
out with isotonic saline solution. For this purpose the 
N.N. R. accepts a 1 per cent solution of Silver Nitrate 
in beeswax ampuls or capsules, marketed by Abbott, 
Lilly, Parke Davis, Rorer, Sharp and Dohme, and 
Squibb. 

Caustic pencils consist of Silver Nitrate mixed with 
some silver chloride or potassium nitrate to render them 
less brittle. See Toughened Silver Nitrate. 

Silver Nitrate serves for the preparation of all other 
silver salts, including protein silver. The total produc- 
tion of Silver Nitrate in the United States is very large 
(about 40 million ounces annually) and is largely con- 
sumed in the manufacture of photographic films and 
silver mirrors. ~ 


Ammoniacal Silver Nitrate Solution N. F. 
Argenti Nitratis Ammoniacalis 


Liquor 


{Liq. Arg. Nitrat. Ammon.—Ammoniacal Silver Nitrate, Howe; Sp. 
Solucién de Nitrato de Plata Ammoniacal] 
Ammoniacal Silver Nitrate Solution contains, in each 
100 Gm., not less than 28.5 Gm. and not more than 30.5 
Gm. of silver [Ag], and not less than 9.0 Gm. and not 
more than 9.7 Gm. of ammonia [NHs]. 


Metric Alternative 
SilversNitrate a2. acetic aes 704 Gm. 23 oz. av. 176 gr. 
DistillediWater. soe ant eee 245 cc. 7 fl. oz. 403 min. 
Strong Ammonia Solution, about.. 680 cc. 21 fl. oz. 365 min. 
Tommakeaboutremieie me ierereetsier. 1000 cc. 2 pints 


Powder the silver nitrate in a glass mortar and dissolve it in the 
distilled water, warming if necessary. Cool to room temperature 
and add strong ammonia solution from a burette until all but the 
last trace of black precipitate is dissolved. Filter this last trace 
of precipitate from the solution. 


Description and Properties—The Solution is a clear, colorless, almost 
odorless liquid. Its specific gravity is about 1.48. It darkens on ex- 
posure to air due to reduction to metallic silver by dust, etc., from the 
air; the darkening is accelerated by sunlight. It is alkaline to litmus, 
and responds to the identification reactions for silver, ammonia, and 
nitrate. 

Assay for Silyer—lIts silver content is determined as described in the 
assay of Silver Nitrate. 

Assay for Ammonia—The ammonia content may be determined as 
described in the assay of Ammonium Acetate Solution, using about 2 
Gm. of the sample accurately weighed. Each cc. of normal acid con- 
sumed corresponds to 17.03 mg. of ammonia [NHs3]. 

Storage—Keep the Solution in small, light-resistant glass-stoppered 
bottles, or in ampuls. 


Uses—It is applied in admixture with a reducing 
agent, such as 10 per cent formaldehyde solution or 
eugenol, to infected areas in the oral cavity, to produce 
a deposit of finely divided metallic silver which acts as 
a germicide. 


Toughened Silver Nitrate U. S. P. 
Induratus 


Argenti Nitras 


{Arg. Nitras Indur.—Moulded Silver Nitrate, Fused Silver Nitrate, 
Silver Nitrate Pencils, Lunar Caustic, Sp. Nitrato de Plata Endure- 
cido, Nitrato Argéntico Endurecido] 

Toughened Silver Nitrate contains not less than 94.5 
per cent of AgNOs. 

Preparation—The official process for making this 
preparation has been deleted. It was formerly made 
by fusing silver nitrate with the addition of hydrochloric 
acid, added in small proportions to produce a small 
amount of silver chloride, which had the effect of tough- 
ening the fused mass and making the sticks less brittle. 
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E. J. Hughes found that when a small proportion of 
sodium chloride was used instead of the hydrochloric 
acid, the process was very much improved, and the 
preparation was equally efficient. 

In order to keep the sticks from becoming discolored 
during the moulding process, it is advisable to add a 
little diluted nitric acid (1 in 5) occasionally to the 
melted nitrate, and carefully prevent the mass from 
becoming overheated. 

Silver molds are preferably employed’ in molding 
the cones. Potassium nitrate is frequently used 
instead of silver chloride. The pencils made with it 
do not discolor so readily. Silver nitrate pencils made 
with 25 or 33 per cent potassium nitrate are “milder” 
and they are preferred for some applications. 

Description and Properties—Toughened Silver Nitrate occurs in 
white, crystalline masses, generally moulded as pencils or cones. It 
breaks with a fibrous fracture. It becomes gray, bluish gray, or _ 
grayish black on exposure to light, due to the silver chloride. Its 

aqueous solution is neutral to litmus. 2 

Assay—Toughened Silver Nitrate is assayed as described under 
Silver Nitrate. The silver chloride, if present, should be filtered off 
before titration, because it slowly reacts with thiocyanate and inter- 


feres with the end point. i ’ 
Storage—Keep in tight, light-resistant containers. 


Uses—See Silver Nitrate. Silver nitrate is 
toughened to lessen the danger of breakage when 
applied inside the oral cavity, and to provide pencil- 
shaped applicators which may be sharpened. A 
good caustic holder may be made from a glass stirring 
rod of the same diameter as the cone by joining it to 
the cone with a short length of rubber tubing. The 
cone may be protected from the action of the air by slip- 
ping over it another short length of rubber tubing, 
having a very short piece of glass rod in the other end 
as a stopper. 

Death has resulted more than once through the care- 
less use of silver nitrate in cauterizing the throat, the 
cone having slipped out of the fingers and then been 
swallowed by the patient. 

Small wooden sticks, dipped in toughened silver ni- 
trate, sufficient for one application, have also been 
offered. 

“The N. N. R. accepts Szlver Nitrate Applicators, 
manufactured by Arzol, consisting of 3- or 6-inch 
wooden sticks on which is fused a mixture of 75 per 
cent silver nitrate and 25 per cent potassium nitrate. 


Colloidal Silver Preparations 


In these preparations the silver does not exist to any » 
great extent as free ions; therefore, it does not precipi- 
tate chlorides or proteins, and is non-corrosive and rela- 
tively or quite non-astringent and non-irritant, but a 
considerable degree of antiseptic action is retained. 
This is not proportional to the total silver content, and 
varies for the different compounds, suggesting that the 
antiseptic action is due to the liberation of very low 
concentrations of silver ions, which vary for the differ- 
ent compounds. 

The mechanism of these effects is analogous to the 
late action of silver nitrate. This takes place in two 
stages: (1) the immediate irritant and germicidal ef- 
fects produced by the direct application of the free 
silver ions; and (2) the later, milder antiseptic effects 
produced by the re-solution of the protein silver com- 
pounds that were formed in the first stage. If the 
second stage alone is desired (7. e., mild antiseptics 
without irritation), the direct application of the colloid 
compounds may have advantages over their indirect 
production from silver nitrate, aside from the avoidance 
of irritation; for the absence of,any coagulation mem- 
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brane facilitates their access to the cells; they form more 
concentrated solutions than are likely to be formed from 
the re-solution of the silver precipitates in situ; the 
colloidal aggregates may be smaller and therefore more 
reactive; and because of the absence of irritation, they 
are likely to be more frequently applied and would 
for that reason secure a more continuous action. 

The colloidal silver preparations appear to be quite 
efficacious for the prophylaxis against gonorrheal infec- 
tion, evidently killing these organisms on direct contact. 
Culver (J. Lab. & Clin. Med., 3, 487 (May, 1918)) re- 
ports that gonococci in hydrocele broth cultures are 
killed by momentary exposure to 0.5 per cent mild pro- 
tein silver or to 0.25 per cent strong protein silver. As 
regards other organisms, discordant results have been 
reported. 


Metallic silver and insoluble compounds of silver, — 


such as the oxide, the halogen salts (iodide, chloride, 
etc.), and protein-silver precipitates, may be brought 
into ‘‘colloidal solution”; 7. e., if they are sufficiently 
finely divided, they become miscible with water, so 
that they apparently go into solution (such ‘‘colloidal 
solutions” are strictly permanent “‘suspensions”’ of the 
insoluble substance in a state of ultramicroscopic par- 
ticles). 

The commercial preparations are for the most part 
produced by dissolving reduced silver or silver oxide, 
or some protein-silver precipitate, in an excess of a 
denatured protein, and drying zn vacuo. This results 
in substances that dissolve very freely although some- 
what slowly, in water, yielding brown “colloidal solu- 
tions” which contain so little of free silver ions that they 
do not readily precipitate. chlorides or proteins. They 
consist of indefinite mixtures of metallic silver, silver 
oxide, and various silver-protein compounds, all in 

colloidal form. The proportions of these and the prop- 
erties of the mixture vary according to the conditions 
under which they are produced. Although there are 
many gradations, most of the products on the market 
fall into a small number of fairly definite therapeutic 
groups: (A) Protein Silver, Strong Type; (B) Protein 
Silver, Mild Type; (C) Collargol Type; (D) Electric 
Type; (E) Silver Halides. 

A. Protein Silver, Strong Type—Strong protein- 
silver compounds contain the lowest percentage of silver 
(from 7.5 to 8.5 per cent), but have the strongest germi- 
cidal action and are distinctly irritant. They are, 
therefore, therapeutically intermediate between silver 
nitrate and mild protein silver. Protargol belongs to 
this group. 

Protargol is said to be prepared by precipitating a 
“Heptone” (albumose) solution with silver nitrate, or 
with moist silver oxide; dissolving the silver peptonate 
in an excess of protalbumose; and drying zn vacuo 
(Fraenkel). 

B. Protein Silver, Mild Type—Mild protein-silver 
compounds contain from 19 to 25 per cent of silver, 
but are quite non-irritant. The following products 
listed on page 467 belong to this group: Argyn; Car- 
gentos; Silvol; Solargentum-Squibb. Argyn is defined 
as a colloidal compound of silver oxide and serum 
albumin. Solargentum-Squibb is prepared from alkali- 
gelatin, used as a solvent for silver oxide. ‘The solution 
is then concentrated and dried in vacuo. Cargentos is 
prepared by suspending moist silver oxide in a solution 

of casein, and heating the mixture until no precipitate 
is obtained on the addition of solution of sodium chlo- 
ride, and by evaporating the mixture to dryness in an 
air oven. 
©. Collargol Type—This contains a much higher 
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percentage (78) of silver, said to be in the form of metal- 
lic silver, reduced to the colloidal form by chemical 
means, and “stabilized” by ‘‘a small percentage of egg 
albumin with products of oxidation.” However, the 
albumin is denatured, since it does not precipitate on 
boiling; and it presumably constitutes the greater 
part of the 22 per cent that is not silver. Collargol, 
therefore, differs from the preceding class in degree 
rather than in principle, containing a larger proportion 
of silver in the form of colloidal-metal and oxide, and 
a smaller proportion in the form of proteinate. 

D. Electric Type—Metallic silver may be brought 
into colloidal solution electrically, 2. e., by forming an 
are between silver electrodes under water. These solu- 
tions are very dilute and are not sufficiently stable for 
concentration. They are also likely to contain silver 
oxide, and sometimes ionized silver. 

E. Silver Halides—These are mixtures of the col- 
loidal silver salts (10 per cent of silver chloride in 
Lunosol; 18 to 22 per cent of silver iodide in Neo-Silvol) 
with suitable diluents. They are not astringent nor 
irritant, and are used as mild local antiseptics. They 
have the advantage of being colorless. 

Actions and Uses—The colloidal silver compounds are 
used mainly on mucous membranes, for antisepsis. The 
strong protein silver group is most effective in this re- 
spect, but is slightly irritant and stimulant. The mild 
protein-silver group acts largely as mucilaginous de- 
mulcent and protective; and as detergent, by dislodging 
pus. Collargol acts locally like the protein silver, mild 
group, but is used mainly to produce systemic reactions. 


THERAPEUTIC TABLE 


Mild Protein 
Silver, Per Cent 


Strong Protein 
Eye: Silver, Per Cent 


Conjunctivitis, simple pu- 


tulent or gonorrheal 2 to 10 Solution, 25 
Ointment, 10 
Prophylaxis against oph- 
thalmia neonatorum 2 to 10 25 
Prophylaxis before oph- 
thalmic operations 
(several days) Bake 25 
Corneal ulcers Sets 50 
Nose and throat.......... 0.5 to 10 Spray, 10 to 20 
Swab, 25 to 50 
Wounds and ulcers 1 to 10, solution 
10, dusting powder 
Gonorrhea: ; 
Injections—prophylactic 2 10 
Gynecologic practice: 
Solutions 2 to 10 25 (tampons of solu- 
tion in glycerin) 
Tampons 2 
Ointments 5 ; 
Suppositories 5 Suppositories, 20 (0.3 
Gm.) 
Rectal administration: 
Injection 2 10 
Suppositories 5 to 10 20 (0.13 Gm.) 
Pyelography samehs 2 (solargentum) 


50 (cargentos) 


The antiseptic efficiency of the silver compounds and 
their content of silver ions may be conveniently com- 
pared by their restraining effect on gas-formation by 
yeast, according to the method of Dreser, as modified 
by Pilcher and Sollmann (J. Lab. & Clin. Med., 8, 301 
(1923)). According to this, the following solutions ap- 
proximately equal the efficiency of a 1 in 1000 solution 
of silver nitrate in the same media (Jbzd., 9, 260 (1924)): 
protargol in water 1 per cent, in physiological solution 
of sodium chloride 0.125 per cent, in blood 0.9 per cent; 
and silvol in water 36 per cent, in physiological solution 
of sodium chloride 1 per cent, in blood 3 per cent. 

Dosage—The concentrations for mucous membranes 
range from 0.1 to 10 per cent’ for strong protein silver; 


466 


from 5 to 50 per cent for mild protein silver, and from 
0.02 to 1 per cent for collargol. These are applied 
every 2 to 4 hours, if possible. Solutions should be 
recently prepared, and should be protected against 
light. Ointments and suppositories are used with the 
same concentrations as the aqueous solutions. Stains 
on linen are removed by 1 in 1000 solution of mercuric 
chloride. ‘The usual concentration for special purposes 
are shown in the Table on page 465). 

Since the advent of the sulfonamide compounds and 
of penicillin the use of silver salts for the treatment of 
gonorrhea, cystitis, sinusitis, and in gynecologic prac- 
tice has decreased enormously. Moreover the physi- 
cian using silver salts must constantly keep in mind the 
possibilities of later argyria. Because of the danger of 
absorption and possible production of argyria, solutions 
of silver salts should not be used for irrigation of the blad- 
der, of the vaginal tract, or of the intestinal tract. 

(Early Preventive) Treatment of Veneral Diseases— 
The ordinary routine consists in washing the parts thor- 
oughly with soap and water, after which a 2 per cent 
strong protein silver solution is injected into the urethra 
and held there for 5 minutes. The glans is then in- 
uncted with 30 per cent mild mercurous chloride oint- 
ment for 5 minutes. 

The efficacy has been marked if the treatment is ap- 
plied thoroughly within an hour after exposure, and is 
fair up to 3 hours. In the A. E. F. of World War I, 
the ratio of diseases to exposure was about 1 in 30 with- 
out prophylactic treatment, and 1 in 90 with treatment. 
Prophylaxis, therefore, reduced the incidence to about 
one-third (Ashburn, 1919). It is practically useless 
after 5 hours. 

Note—The above discussion of colloidal silver com- 
pounds has been abstracted from New and Nonofficial 
Remedies, 1947. 


COLLOIDAL SILVER CHLORIDE N. F. 
Chloridum Colloidale 


{Arg. Chlorid. Colloid.—Sp. Cloruro de Plata Coloidal, Lunosol] 


Argenti 


Colloidal Silver Chloride is silver chloride rendered 
colloidal by the presence of sucrose or other suitable 
colloid stabilizing agent. It contains not less than 9 
per cent and not more than 11 per cent of AgCl. 


Description and Properties—Colloidal Silver Chloride occurs as a 
white, slightly hygroscopic, granular powder which is darkened by 
light. It is odorless and has a sweet metallic taste. The addition 
of potassium iodide T.S. to its aqueous solution produces a precipitate 
of yellow silver iodide. When ignited with sodium carbonate as de- 
scribed under Colloidal Silver Iodide the filtrate responds to the 
identification reactions for chloride and the residue responds to the 
reactions for silver. 

Solubility—Colloidal Silver Chloride is freely soluble in water, 
forming an opalescent suspension. It dissolves in an excess of am- 
monia T.S. forming a clear and colorless solution. It also dissolves 
in sodium thiosulfate T.S. forming a clear solution. 

Tests for Purity— 

Ionized Silver—To 2 ec. of fresh undiluted egg white, 1 cc. of a solu- 
tion of Colloidal Silver Chloride (1 in 10) is added, the mixture is 
shaken, allowed to stand for 15 minutes, and then diluted with 15 ec. 
of water: no precipitate is produced (ionizable silver salts or ionized 
salts of most other heavy metals coagulate albumin). 

Assay—About 500 mg. of Colloidal Silver Chloride, accur ately 
weighed, is dissolved in 25 cc. of water and 8 cc. of strong ammonia 
water T.S. is added to dissolve any silver chloride remaining in suspen- 
sion.. The solution is then rendered strongly acid with nitric acid. 
The electrolyte, ammonium nitrate, formed from the ammonium 
hydroxide and the nitric acid, and the high hydrogen-ion concentra- 
tion cause the silver chloride to be precipitated in a crystalline non- 
colloidal form, The mixture is boiled to coagulate the silver chloride, 
then filtered. The precipitate is washed with water, dried at 105°, 
and weighed as AgCl. 

Storage—Keep Colloidal Silver Chloride in tight, light-resistant con- 
tainers. 


Uses—See Strong Protein Silver. 
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COLLOIDAL SILVER IODIDEN.F. Argenti lodidum 
Colloidale 


[Arg. Iodid. Colloid—Sp. Yoduro de Plata Coloidal, Neo-Silvol] 


Colloidal Silver Iodide is silver iodide rendered col- 
loidally stable by the presence of gelatin. It contains 
not less than 18 per cent and not more than 22 per cent 
of AglI. 


Description and Properties—Colloidal Silver Iodide occurs as a pale 
yellow, granular powder, and usually has a faint odor. It is slowly 
affected by light. When it is ignited with sodium carbonate and the 
ignited mass after cooling is extracted with hot water and filtered, the 
filtrate responds to the reactions for iodide, and the insoluble residue 
dissolved in nitric acid responds to the reactions for silver. 

Solubtlity—Colloidal Silver Iodide is freely soluble in water forming 
a milky colloidal suspension. It is slowly soluble in glycerin but it is 
insoluble in fixed oils. : 
Tests for Purity— 

Insoluble matter—Not more than 1 per cent. 

Other silver halides—A 1 per cent solution of Colloidal Silver Iodide 
in water is not discolored by exposure to sunlight for 1 hour (silver 
chloride readily discolors in sunlight, and silver bromide more slowly, 
whereas silver iodide is not discolored except on long exposure). 
Assay—About 1 Gm. of Colloidal Silver Iodide, accurately weighed, 
is gently boiled with 100 cc. of water, until it is well dispersed. About 
5 ec. of hydrochloric acid is then added; the mixture is heated to boil- 
ing, and then heated on a water bath for about 30 minutes. This 
treatment with acid partially breaks up (hydrolyzes) the gelatin and 
effects the precipitation and coagulation of the silver iodide, which 
is then filtered, washed with about 3 per cent hydrochloric acid, dried 
at 105° to constant weight, and weighed as AglI. 

Storage—Keep Colloidal Silver Iodide in well-closed, light-resistant 
containers. 


Uses—See Strong Protein Silver. 


MILD SILVER PROTEIN U. S. P. Argentum 
Proteinicum Mite 


[Arg. Prot. Mit.—Mild Protein Silver, Mild Protargin, Sp. Proteinato 
de Plata Mitigado, Protargina Mitigada] 


Mild Silver Protein is silver rendered colloidal by the 
presence of, or combination with, protein. It contains 
not less than 19 per cent and not more than 23 per cent 
of Ag. + 

The preparation and characteristics of Mild Silver 
Protein are discussed under Colloidal Silver Prepara- 
tions (page 464). 


Description and Properties—Mild Silver Protein occurs as dark 
brown or almost black, shining scales or granules. It is odorless, is 
frequently hygroscopic, and is affected by light. 

The addition of sodium chloride solution to a solution of Mild Silver 
Protein produces no turbidity. Mercurie chloride T.S. produces a 
white precipitate, and the supernatant liquid is colorless or nearly so 
(the mercuric chloride precipitates the protein as mercury protein and 
the silver as chloride). Ferric chloride T.S. discharges the dark color 
of the solution and a precipitate gradually forms. The residue re- 
maining upon the ignition of Mild Silver Protein when dissolved in 
nitric acid responds to the identification reactions for silver. 

Solubility—It is freely soluble in water, forming a dark-colored 
solution, but is almost insoluble in alcohol, chloroform, or ether, 
Differentiation from strong protein silver—This test is based on the 
fact that strong protein silver contains a larger proportion of ionizable 
silver than is present in Mild Silver Protein. Consequently, when 
hydrochloric acid is added to a solution of protein silver from which 
the non-ionizable silver protein has been removed, the solution from 
strong protein silver will yield more silver chloride than the solution 
from Mild Silver Protein. The amount of silver chloride produced is 
determined by a comparison of the turbidity of the solution with the 
turbidity resulting from the treatment of a definite amount of silver 
nitrate in the same manner as the silver protein compound. In pre- 
paring the silver protein for this test the non-ionic silver is precipi- 
tated by the salting-out action of a saturated solution of ammonium 
sulfate and filtered. To the filtrate, acacia and hydrochloric acid 
are added, the former serving as a protective colloid to effect a homo- 
geneous dispersion of the finely subdivided particles of silver chloride. 
The degree of turbidity produced from 1 Gm. of Mild Silver Protein 
is not more than that obtained by treating 1.6 cc. of hundredth- 
normal silver nitrate in the same manner as the protein silver (cor- 
responding to 1.23 mg. of ionic silver), The turbidity from strong 
protein silver is required to exceed this concentration. 


- Assay—An accurately weighed sample is ignited in a porcelain crucible 


until all of the organic matter is burned off. The residue of silver 
metal is then cautiously dissolved in nitric acid, the solution is diluted 
with some water, filtered if necessary, and the "residue i is washed well 
with distilled water. Then the filtrate is titrated with tenth-norma} 
silver nitrate, using ferric ammonium sulfate T.S. as the indicator, 
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SILVER 


peek ce. of tenth-normal thiocyanate corresponds to 10.79 mg. of 
silver. ‘ 

Note—This method is not applicable to the silver halide type. For 
ee Sey, of these see Colloidal Silver Chloride and Colloidal Silver 

odide. 

Storage—Keep Mild Silver Protein in tight, light-resistant containers. 
Incompatibilities—Silver protein solutions slowly form a deposit on 
prolonged storage. Dilute solutions of the halides give no precipita- 
tion; if a silver halide is formed it remains in colloidal form. Mercuric 
chloride causes an immediate precipitation; ferric chloride after a time. 
Other silver precipitants may react on standing if in sufficient concen- 
tration. Alkaloids are precipitated from solutions of their salts. 
Solutions are most readily prepared by sprinkling the substance on the 
surface of water and dissolving by rapid stirring. If triturated in a 
mortar a mass is formed which dissolves very slowly. 


Uses—See Strong Protein Silver. 

Caution—The long-continued use of any silver prepara- 
tion may produce irremediable discoloration of the skin 
or mucous membrane (argyria). 

Solutions of Mild Silver Protein should be freshly 
prepared and should be dispensed in amber-colored bottles. 


STRONG PROTEIN SILVER N. F. Argentum 
Proteincum Forte 
[Arg. Prot. Fort.—Strong Silver Protein, Strong Protargin, Sp. 
Proteinato de Plata Fuerte, Proteinato Argéntico Fuerte] 

Strong Protein Silver contains not less than 7.5 per 
cent and not more than 8.5 per cent of Ag. 

Note—On account of the presence of a larger propor- 
tion of ionic silver than in the mild variety, this protein 
silver has a stronger germicidal action and is also dis- 
tinctly irritating; hence the appelation “strong.” 
Description and Properties—Strong Protein Silver occurs as a brown, 
odorless powder. — It is usually somewhat hygroscopic and is affected 
by light. 

Solubslity—It is freely soluble in water, but almost insoluble in 
alcohol, in chloroform, and in ether. 
Differentiation from mild silver protein—The test is made as de- 
scribed under Mild Silver Protein, but the degree of the turbidity is 
greater than that produced by 1.6 ce. of hundredth-normal silver 
nitrate. 
Assay—It is assayed for its silver content by the assay method de- 
scribed under Mild Silver Protein. 
Storage—Keep Strong Protein Silver in tight, light-resistant con- 


tainers. 
Incompatibilities—See Mild Silver Protein. 


Uses—Strong Protein Silver and Mild Silver Protein 
are valued antiseptics for application to mucous mem- 
branes. They are employed in the treatment of con- 
junctivitis, cystitis, gonorrhea, nose and throat infec- 
tions, etc. The terms ‘‘strong’’ and “mild” refer to 
the relative concentrations of ionized silver rather than 
the total silver content. Strong Protein Silver is some- 
what irritant, Mild Silver Protein demulcent. 

The concentrations employed vary with the particu- 
lar purpose for which they are being used and range 
from 0.05 to 10 per cent for the strong and 0.1 to 50 per 
cent for the mild. For more specific information, 
consult N. N. R. 

The indiscriminate use of silver preparation for the 
treatment of upper respiratory infections has led in 
many instances to cases of argyria. In this condition, 
the skin becomes pigmented due to the deposition of 
silver. This cosmetic disfiguration is permanent. 

Caution—Solutions of Strong Protein Silver should be 
freshly prepared and should be dispensed in amber-colored 
bottles. 


Unofficial Inorganic Silver Compounds 


Silyer Acetate [AgC2H3O02]|—Small white crystals or a crystalline 
powder. Slightly soluble in water; freely soluble in hot water. 


Silver Bromide [AgBr]—A pale, yellow, crystalline powder, darkening 


on exposure to light. Very slightly soluble in water but readily 
soluble in solutions of potassium bromide, potassium cyanide, or so- 
dium thiosulfate. Uses: a light-sensitive chemical used in making 
photographic emulsions. 

Silver Carbonate [Age2COg3]—Light yellow powder when freshly pre- 
cipitated, becoming darker on drying and on exposure to light. 
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Insoluble in cold water; soluble in about 2000 parts boiling water: 
readily soluble in dilute nitric acid, ammonia, or alkali cyanides. 
Silver Chloride [AgCl]—A white, granular, or fine powder that dark- 
ens on exposure to light. Practically insoluble in water, but dis- 
solved by ammonia water or by solutions of potassium cyanide or 
sodium thiosulfate. Uses: employed in silver plating and in 

photography. 

Silver Chromate [AggCrO4]—A red, crystalline powder. 
water; dissolved by nitric acid. 

Silver Cyanide [AgCN]—A white powder that darkens on exposure 
to light. Itis poisonous. Insoluble in water, but soluble in alkali 
cyanide solutions and in sodium thiosulfate solutions. Decom- 
posed by dilute hydrochloric acid forming hydrocyanic acid and sil- 
ver chloride. Uses: formerly used in the extemporaneous prepa- 
ration of hydrocyanic acid; largely used now in silver plating. 

Silver Iodate [AglO3]—White, crystalline powder, soluble in 1875 
parts water at 25°, in about 1000 parts of 35 per cent nitric acid; 
freely soluble in 10 per cent ammonia water. Uses: a reagent for 
determining small quantities of chloride, e. g., in blood chemistry. 

Silver Iodide [AgI]—A yellow powder. It does not appreciably 
darken in sunlight. It is insoluble in water but dissolves readily 
in potassium iodide, potassium cyanide, and sodium thiosulfate 
solutions. Uses: chiefly used as a light-sensitive chemical in 
photography; also an ingredient of some of the mild protein-silver 
preparations. 

Silver Nitrate, Mitigated—A diluted form of silver nitrate made by 
fusing together 30 parts of silver nitrate and 60 parts of potassium 
nitrate. Uses: a caustic. 

Silver Oxide [AgeO]—A heavy, brownish black powder, easily re- 
duced by exposure to light. Very slightly soluble in water to which, 
however, it imparts an alkaline reaction; readily dissolved by di- 
luted nitric acid. Uses: an ingredient of some protein-silver com- 
pounds, also used in organic synthesis. 

Silver Phosphate [Ag3PO4]—A yellow powder, turning dark on ex- 
posure to light. Very slightly soluble in water; readily dissolved 
by diluted nitric acid. Uses: formerly used in certain photo- 
graphic emulsions instead of the nitrate. 

Silver Sulfate [AgegSO4]—A white, crystalline powder. 
in 125 parts of water; in 70 parts boiling water. 
analytical chemistry. 


Insoluble in 


Slowly soluble 
Uses: reagent in 


Inorganic Silver Specialties 


The silver preparations below are astringent and antiseptic. They 
are applied topically in solution or in ointments for respiratory infec- 
tions, conjunctivitis, urethritis, gonorrhea, and pruritis ani, etc. 
Argenitis (Strasenburgh)—Tablets, containing a complex salt of silver 

chloride and thiourea. One tablet in 30 cc. water gives a 1:400 

solution. 

Argentide (Parke, Davis)—Liquid, each fluidounce containing 100 gr. 
silver iodide. Applied in dilutions of 1:20 to 1:1000. 

Argyn N. N. R. (Abbott)—Powder, ophthalmic ointment (10 per 
cent), or tablets (6 gr.) containing a colloidal compound of silver 
oxide and serum albumin. Used in 5 to 50 per cent solutions. 

Argyrol (Barnes)—Crystals, tablets (6 gr.), or tablets (for compound- 
ing 5, 10, 15, 20, and 25 per cent solutions), containing a colloidal 
preparation of mild silver protein (20 per cent Ag). Used in 5 to 
25 per cent solutions. 

Cargentos N. N. R. 1945 (Sharp and Dohme)—A granular powder 
consisting of colloidal silver oxide and modified casein. 

Choleval (Merck)—Ampuls (0.2 Gm.) or powder containing colloidal 
silver-sodium cholate (10 per cent silver). Used in 0.25 to 2 per 
cent solutions. 

Colsargen (Crookes)—An aqueous, isotonic, non-staining suspension 
containing 0.05 per cent colloidal metallic silver, Used undiluted 
by spray, tampon, drops, or douche. 

Lunargen (Lilly)—Capsules (6 gr.) or powder containing mild silver 
protein (20 per cent silver). Used in 3 to 50 per cent solutions. 
Lunosol Liquid N. N. R. (Hille)—Liquid, each 100 ce. containing 10 

Gm. colloidal silver chloride, 1 Gm. sodium chloride, 84.5 Gm. 

sucrose, and 47.8 Gm. water; or an ointment containing 10 per 

cent Lunosol Liquid. The liquid is used in 3 to 100 per cent solu- 
tions. 

Mucargol (Campbell Products)—Ointment (10 per cent) or powder 
containing 20 per cent silver iodide, colloidally dispersed in gastric 
mucin. Uses: protective and bacteriostatic; applied topically 
for pruritus ani and superficial fissures. 

Neo-Silvol N. N. R. (Parke, Davis)—Capsules (0.39 Gm.), powder, 
ointment (5 per cent), or vaginal suppositories (5 per cent) contain- 
ing 18 to 22 per cent colloidal silver iodide in a soluble gelatin base. 
Used in 2 to 50 per cent solutions. 

Novoxil (Squibb)—Ophthalmic ointment containing 5 per cent col- 
loidal silver oxide in a paraffin base. : 

Novoxil, Veterinary—Liquid or ointment containing 5 per cent 

colloidal silver oxide. Uses: the liquid is used for catarrhal or 

chronic mastitis in dairy cattle caused by streptococcus agalactiz. 

The ointment is a general antiseptic for skin and eye infections, 

hoof-rot, and ringworm. ; : E 
Penovoxil (Squibb)—Ointment containing Novoxil and cupric oxide. 

Uses: to prevent coccidiosis, ulcerative enteritis, and colitis; also 

used in veterinary practice for the control of white scours and other 

intestinal infections. j . 
Protargol N. N. R. (Merck)—Powder containing 8.3 per cent silver as 

colloidal silver-albumose. Used in*!4 to:10 per cent solutions. 

Sarcol (Ulmer)—Capsules containing 6 gr. milk silver protein. Used 
in 5 to 40 per cent solutions. eto! 

Silloid Ophthalmic Ointment (Upjohn)—Ointment containing 5 or 10 
per cent mild silver protein. ; 

Silvol N. N. R. (Parke, Davis)—Capsules (0.39 Gm. powder, or vaginal 
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suppositories (5 per cent) containing a compound of silver with an 
alkaline protein. Used in 5 to 40 per cent solution. 

Solargentum N. N. R. (Squibb)—Powder or tablets (0.3 Gm.) con- 
taining a colloidal compound of silver and gelatin. Used in 10 to 
50 per cent solutions. 


C/O Pe 


Targesin (Kretchmar)—Powder containing diacetyl-silver-tannin- 
albumin equivalent to 6 per cent metallic silver. Used in 0.2 to 
20 per cent solutions. 

Unguentum Crede (Schering and Glatz)—Ointment containing 15 per 
cent colloidal silver. 


COPPER, CADMIUM, THALLIUM, TANTALUM, AND THEIR COMPOUNDS 


Copper—Cu = 63.57 (At. no. 29) 


History and Occurrence—The word copper comes 

from the Latin word cuprum which in turn is corrupted 
from the Latin aes cyprium alluding to Cyprus, the 
Roman source of the element, in the time of Pliny. It 
is found naturally in its metallic condition, but chiefly 
in combination as sulfide or oxide. It is also found as 
sulfate, carbonate, phosphate, and arsenate. 
Description and Properties—Copper is a reddish, lustrous, malleable 
metal. On exposure to air, due to the action of carbon dioxide and 
moisture, it becomes coated with a green, basic copper carbonate. Its 
specific gravity is about 8.9. It melts at 1083° C. Next to silver, 
copper is the best conduetor of electricity. It is only very slowly at- 
tacked by hydrochloric or diluted sulfuric acid but is readily dissolved 
by diluted nitric acid and converted to the sulfate by hot concen- 
trated sulfuric acid. In the presence of water it is also attacked by 
organic acids. It slowly dissolves in ammonia water. 

Copper forms monovalent and divalent salts designated as cwprous 
and cupric, respectively, the cuprous compounds being, by far, 
the more important of the two. Of the monovalent compounds of 
copper, cuprous oxide [CugO], known commercially as red copper 
oxide and cuprous chloride [CuCl], are the ones most frequently 
used. Practically all cuprous salts are insoluble or only slightly 
soluble in water. 


IDENTIFICATION OF COPPER COMPOUNDS 


On placing bright metallic iron in solutions of cupric 
compounds acidulated with hydrochloric acid a red film 
of metallic copper is deposited upon the iron. The ad- 
dition of an excess of ammonia water to a solution of 
cupric salt produces a blue solution, the intensity de- 
pending upon the amount of copper present. Solution 
of potassium ferrocyanide produces in solutions of 
cupric salts a red precipitate insoluble in dilute acid. 

For the identification of copper in cuprous salts the 
latter are evaporated with nitric acid to oxidize them to 
the cupric form and render them soluble. The above 
tests may then be applied. 


CUPRIC CITRATE U. S. P.—See Organic Salts (page 
534). 

CUPRIC CITRATE OINTMENT U. S. P.—See Organic 
Salts (page 534). = 


-CUPRIC SULFATE U.S. P. Cupri Sulfas 


[Cupr. Sulf.—Copper Sulfate, Bluestone, Blue Vitriol, Blue Copperas, 
Sp. Sulfato Cuprico, Sulfato de Cobre] 


Cupric Sulfate [CuSO 4,.5H.2O0 = 249.71] contains not 
less than 63 per cent and not more than 66.8 per cent 
of anhydrous cupric sulfate [CuSO.] corresponding to 
not less than 98.5 per cent of the hydrated salt. 

Preparation—This salt is generally made by heating 
scrap copper with sulfuric acid, the oxygen of the air 
assisting the reaction, which is expressed by the follow- 
ing equation: 


2Cu + 2HSO, + O2 —~ 2Cu8O, + 2H.0 
copper sulfuric oxygen copper water 
acid sulfate 


In another largely used process the scrap copper is 
‘heated in a reverberatory furnace with sulfur, the reac- 
tion being controlled in order to obtain a maximum 
yield of Sulfate. The mass is then thrown into diluted 
sulfuric acid and any unchanged oxide, sulfide, or metal 
is converted into Cupric Sulfate. 
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Description and Properties—Cupric Sulfate occurs as deep blue crys- 
tals, or as blue, crystalline granules or powder. It has a nauseous, 
metallic taste, and effloresces slowly in dry air. The solution is acid 
to litmus. It responds to the reactions for copper and sulfate. 

Solubility—One Gm. dissolves in 3 ce. of water, in about 500 cc. 
of alcohol, very slowly in 3 cc. of glycerin, and in about 0.5 ce. of 
boiling water. 

Tests for Purity— 

Alkali and earths—Not more than 0.3 per cent determined as fol- 
lows: To a solution of 2 Gm. of Cupric Sulfate in 100 cc. of water, 1 
ec. of diluted hydrochloric acid is added, and the copper is completely 
precipitated with hydrogen sulfide. After filtering, 50 cc. of the fil- 
trate is evaporated to dryness, andignited. The weight of the residue 
does not exceed 3 mg. 

Assay—About 1 Gm. of Cupric Sulfate, accurately weighed, is dis- 
solved in 50 ce. of distilled water, and 4 cc. of acetic acid is added, 

followed by 3 Gm. of potassium iodide. The potassium iodide reduces 
the cupric salt to cuprous iodide with the liberation of an equivalent 
amount of free iodine as shown by the following equation: j 


2CuSO4 + 4KI — 2Cul + I, + 2K2SO04 
cupric potassium cuprous iodine potassium 
sulfate iodide iodide sulfate 


The free iodine thus formed is determined by titration with tenth- 
normal sodium thiosulfate, using starch T.S. as the indicator. 


Ip + 2NagS203 = NazS40¢6 + 2Nal 
iodine sodium sodium sodium 
thiosulfate tetrathionate iodide 


Each ec. of tenth-normal sodium thiosulfate consumed corresponds 
to 15.96 mg. of anhydrous cupric sulfate, to 24.97 mg. of CuSOq.- 
5H20, or 6.357 mg. of Cu. 

Storage—Keep Cupric Sulfate in tight containers. 
Incompatibilities—The copper ion is precipitated as copper hydroxide 
by the alkali hydroaides. Precipitation is retarded by many organic 
substances as, for example, citrates, tartrates, salicylates, glycerin, 
and sugar. Ammonium hydroxide and ammonium carbonate produce 
a precipitate which is soluble in an excess of the reagent due to forma- 
tion of acopper ammineion. Alkali carbonates, phosphates, arsenites, 
borax, tannic acid, and vegetable astringents cause a precipitation. 
Soluble vodides reduce the cupric ion to cuprous which precipitates as 
cuprous iodide with simultaneous liberation of iodine. See also Sul- 
fates (page 1188). 

Uses—Copper Sulfate, known commercially as blue- 
stone or blue vitriol, is employed as an emetic in the dose 
of 0.8 Gm. It may rarely be used as a hematinic in 
certain forms of nutritional anemias, especially in chil- 
The hematinic dose is 3 mg. daily for infants, 
given in milk or fruit juice; for adults, 5 to 10 mg., 3 
times daily, in capsules. Copper Sulfate is also em- 
ployed as an antidote for phosphorus. 

Copper Sulfate also enjoys many industrial applica- 
tions. It is used to the extent of about 20 to 30 parts 
per million for destroying alge in swimming pools, in 
Bordeaux Mixture (page 1226) for treating “white dis- 
ease’”’ of grape vines, in dyeing cotton and silk, and in 
electric batteries. It is also used for preserving wood, 
for preparing Fehling’s and Benedict’s solutions (exten- 
sively used in testing for and the assaying of sugars), 
and for the manufacture of many other copper salts. 


Unofficial Inorganic Copper Compounds 


Ammonium-Cupric Sulfate [CuSO 4.4NH 3.H g0]—Dark blue, crystal- 
line powder. Very soluble in water forming a deep blue solution. 
Uses: hematinic, astringent. Dose: 10 to 60 mg. (36 to 1 grain). 
Cupric Ammonium Chloride [CuCle.2NH4Cl.2H2O|]—Bluish green 
erystals or granules. Soluble in 5 parts water; soluble in alcohol. 


Uses: for determining iron in the analyses of iron and steel. 
Cupric Arsenate [CugAso03.4H 90]—Bluish green powder. Insoluble 
in water or other eM e solvents. It is poisonous. Uses: an 


insecticide. 

Cupric Arsenite, Scheele’s 3 Green [approximately CuH AsO 3]—Yellow- 
ish green powder. Insoluble in water or alcohol. Uses: an 
insecticide. 

Cupric Bromide [CuBrg]—Dark, lustrous crystals resembling iodine; 
very soluble in water, deliquescent. It is converted into cuprous 
bromide by heat, with liberation of bromine. 

Cupric Carbonate Basic [approximately CuCOg.Cu(OH)2.H2O0]— 
Green powder. Insoluble in water or alcohol; soluble in dilute 
acids and in ammonia. Uses: an insecticide and a coloring agent 
in pyrotechny. \ ; 
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CADMIUM, THALLIUM, AND TANTALUM 


Cupric Chloride [CuCly.2H20]—Greenish blue, deliquescent erys- 
tals; very soluble in water. Uses: an ingr edient of sympathetic 
inks, a mordant, an oxidizing agent; used in the production of 
certain aniline dyes. 

Cupric Fluoride [CuF2]|—Blue, crystalline substance. Soluble in 
water. Poisonous. Uses: ingredient of ceramics and enamels. 
Cupric Nitrate [Cu(NO3) 2]—Blue, deliquescent crystals, freely soluble 
in water. Uses: employed in the manufacture of other copper 

compounds, in dyeing, and in ecaclio printing. 

Cupric Oxide [CuO]—Brownish black, amorphous powder. 
uble in water; dissolved by mineral ‘acid or ammonia. 
oxidizing agent in analytical chemistry; 
colors to glass, porcelain, and stoneware. 

Cupric Sulfate, Anhydrous [CuSO4]—Almost white to grayish white 
powder. Hygroscopic. Uses: for the detection of moisture in 
organic liquids, the powder becoming blue if water is present. 

Cuprous Chloride [CugCl2]—Yellowish, crystalline mass. Insoluble 
in cold water. It forms several addition compounds with ammonia 
water and its ammoniacal solution reacts with acetylene to form 
the explosive cuwprous acetylide. Uses: analytically, for the examina- 
tion of furnace gases, and for_the introduction of chlorine into 
organic compounds. 

Cuprous Cyanide [Cu(CN)]—White or slightly greenish powder, in 
soluble in water or cold dilute acids; soluble in hot hydrochloric 
acid, alkali solutions, and ammonia; decomposed by nitric acid. 
Uses: for electroplating copper on iron. 

Cuprous lodide [CugIe]—The only known iodide of copper. 
powder. Practically insoluble in water. 

Cuprous Oxide [CugO]—Dark red, crystalline powder; stable in dry 
air, gradually oxidizing to cupric oxide. Insoluble in water; sol- 
uble in concentrated ammonia to form an almost colorless solution 
which changes rapidly to blue in air. With hydrochloric acid it 
forms cuprous chloride, but with sulfuric acid it forms cupric sulfate 
and metallic copper. Uses: a pigment, and a disinfectant for 
certain plant seeds. 


Insol- 
Uses: an 
imparts green and blue 


A white 


Inorganic Copper Specialties 


Neo-Lucritia (G. M. Campbell)—Liquid containing copper sulfate, 
borax, boric acid, and phenol. Uses: Trichomonacide and 
fungicide employed as a douche (1 to 2 tablespoonfuls to 1 quart 
of warm water). 

Venol (Hille)—Parenteral solution (30-or-60 ec. vials) or oral solution 
(1, 4, or 12 fl. oz.) containing 1 per cent colloidal cupric sulfide, 
hydrolyzed proteoid, and 0.2 per cent cresol. Uses: alterative 
and tonic. Dose: 3 to 5 ce. twice a week, intramuscularly, or 20 
drops in water 3 times daily, orally. 


Cadmium—Cd = 112.41 (At. no. 48) 


Cadmium is from the Greek word kadmia, meaning 
calamine, an ore of zinc with which it is associated. 
Cadmium is almost invariably associated with zinc 
ores and is obtained as a by-product in zine smelting 
operations. 

Description and Properties—Cadmium is a lustrous, silvery white 
metal with a bluish tinge. It is quite soft and can be cut with a knife. 
Its specific gravity is 8.6 and it melts at 331°. It is only slowly sol- 
uble in hydrochloric acid, but readily dissolves in dilute nitric acid. 


The metal is unaffected by cold sulfuric acid, but by heating with the 
concentrated acid it is slowly converted into the sulfate. 


Uses—The metal is used as a constituent of easily 
fusible alloys, such as Abel’s, Lichtenberg’s, Lipowitz’s, 
Newton’s, Rose’s, and Wood’s metals; also as electrodes 
for cadmium vapor lamps and photoelectric cells. 

Cadmium salts have little medicinal application. 
They are chiefly used in photography, process engrav- 
ing, and lithography; also as a reagent in analytical 
chemistry. 


IDENTIFICATION OF CADMIUM COMPOUNDS 


Moderately alkaline or moderately acid solutions of 
cadmium salts produce a yellow precipitate with hydro- 
gen sulfide. This precipitate is insoluble in alkali 
hydroxides or alkali sulfides (difference from antimony, 
arsenic, and stannic sulfides which are also yellow but 
dissolve in these reagents). The cadmium sulfide is 
soluble in moderately diluted nitric or sulfuric acids, as 
well as in hot diluted hydrochloric acid. 


Unofficial Inorganic Cadmium Compounds 


Cadmium Bromide [CdBr2.4H20]—Colorless or white crystals or 
white granules. Effloresces in the air and becomes yellow on long 
exposure to air and light. Very soluble in water; soluble in alco- 
hol and moderately soluble in acetone; slightly soluble in ether. 

Uses: in photography and lithography. 


469 


Cadmium Chloride [CdCle.2!¢H20]—Colorless or white efflorescent 
crystals or white granules. Soluble in 0.7 part water; slightly 
soluble in alcohol. Uses: in photography, in dyeing and print- 
ing on calico, in the manufacture of special mirrors, and in analytical 
chemistry as a reagent. 

Cadmium Iodide [CdI2]|—White lustrous crystals; becomes yellow 
on long exposure to air and light. Melts at about 388°. One Gm. 
dissolves in 1.2 cc. of water or about 2 cc. alcohol. Freely soluble 
in acetone and ether. © Uses: in ointments in chronic arthritis 
and various skin diseases; also used in photography, in lithography, 
and in analytical chemistry as a reagent. 

Cadmium Nitrate [Cd(NOg) 9.4H 20]—Colorless or white hygroscopic 
crystals. Melts at about 60°. Very soluble in water; soluble in 
alcohol; insoluble in concentrated nitric acid. 

Cadmium Oxide [CdO]—Dark brown infusible powder. Specific 
gravity about 8. Insoluble in water; soluble in dilute acids; also 
slowly soluble in ammonia water. Uses: in cadmium galvano- 
plating and in ceramic glazes. 

Cadmium Sulfate [CdSO4. 23gH20]—Colorless or white crystals. 
Except for the loss of Asa it is stable on moderate ignition. 
Soluble in 1.2 parts of water; insoluble in alcohol. Uses: formerly 
given internally in syphilis and rheumatism. Also employed in a 
1 per cent solution as an eye wash instead of zinc sulfate. Used in 
the manufacture of the normal cadmium elements and as a reagent 
in analytical chemistry. Dose: 6-12 mg. (#40 — }% gr.). 

Cadmium Sulfide [CdS]—Light yellow or orange-colored powder. 
Insoluble in water, soluble in hot, moderately dilute mineral acids. 

i a yellow pigment, fast to light, and not affected by hydrogen 
sulfide. 

Cadmium Tungstate [Cd WO,4|—White crystals or powder; insoluble 
in water or in dilute acids. Uses: in the manufacture of X-ray 
screens. 


Thallium—TI = 204.39 (At. no. 81) 


This element was isolated by Sir William Crookes in 
1861, from the flue dust formed in the manufacture of 
sulfuric acid from iron pyrites, which constitutes its 
principal source. He named it thalliwm or green branch 
because he first noticed it by the green line in the spec- 
troscope. It also occurs in the mineral crookeszte, in 
Sweden. 


Description and Properties—Thallium is closely related to lead both 
physically and chemically. Its specific gravity of 11.8 and melting 
point of 303° are close to 11.8 and 290° for lead. It is insoluble in 
water and in hydrochloric acid, but is readily soluble in nitric and 
sulfuric acids. 

Thallium forms two series of compounds, namely, the thallous, in 
which thallium is monovalent and the thallic in which it is trivalent. 

Soluble thallous salts are precipitated by hydrochloric acid or 
chlorides in not too dilute solutions. Iodides completely precipitate 
thallous compounds as the light yellow insoluble thallous iodide. This 
is the most sensitive reaction for thallium. Thallous salts are first 
reduced by iodides and then precipitated as the thallous iodide, 
Thallous salt are precipitated by potassium chromate similar to lead. 

Thallium also possesses, tu a considerable extent, the properties of 
the alkali salts. Its carbonate and hydroxides are soluble in water, 
and the solutions are alkaline. With platinic chloride thallous com- 
pounds yield the slightly soluble thallium chloroplatinate [TlzPtClel. 
Boon: sulfate forms with aluminum sulfate thallium alum [TIAI- 
(SO4)o]. 

Thallium compounds are poisonous, causing toxic gastro enteritis 
and falling out of the hair. 


Uses—Thallium acetate in admixture with 95 to 98 
per cent of inert substances is used as a rodent poison. 


Unofficial Inorganic Thallium Compounds 


Thallium Carbonate, Thallous Carbonate [TlgCO3]—White, heavy 
crystals or crystalline powder. Soluble in about 25 parts of water 
or 4 parts boiling water; insoluble in alcohol. 

Thallium Chloride, Thallous Chloride [TICl]|—White, heavy crystals 
or crystalline powder. Soluble in about 260 parts of cold water, 70 
parts of boiling water; insoluble in alcohol. 

Thallium Nitrate, Thallous Nitrate [TINO 3]—White crystals, melting 
at about 206°. Soluble in 10 parts of cold water; very soluble in 
boiling water; insoluble in alcohol. Uses: a reagent in analytical 
chemistry for the determination of iodide in the presence of bromide 
or chloride. 

Thallium Sulfate, Thallous Sulfate [Tl2gSO4]—White crystals, melting 
at about 630°. Soluble in 20 parts cold water; freely soluble in 
boiling water. Uses: arat poison, and also, similar to the nitrate, 
a reagent for the determination of iodine in the presence of bromide 
or chloride. It has also been used medicinally in acute muscular 
and articular rheumatism. Dose: 12 mg. (46 grain). Poisonous; 
great caution must be exercised in using it. 


Tantalum, Ta = 180.88 (At. no. 73) 


This element was so named by its discoverer, Eck- 
berg, in 1802, because its isolation from the other ele- 
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ments accompanying it in the minerals in which it is 
present was a tantalizing task. 


Description and Properties—Tantalum is a silvery white, ductile 
metal. The presence of a little impurity makes it harder than tool 
steel. In the powdered form it adsorbs several hundred times its 
volume of hydrogen. Its specific gravity is 16.6 and it melts at 
2850°. It is not attacked by acids, including nitrohydrochlorie acid, 
but is slowly attacked by hydrofluoric acid, with the evolution of 
hydrogen. Ii is not affected by solutions of alkali hydroxides, but 
by fusion with alkali hydroxides it is converted into alkali tantalates. 

The best known and most readily available compounds of this ele- 
ment are the tantalates, which are salts of tantalic acid [HTaQOgl. 
The alkali salts are soluble in water. A solution of tantalum in 
hydrofluoric acid yields, upon the addition of potassium hydroxide or 
carbonate, the insoluble potassium fluotantalate [KoTaF 7]. 


TANTALUM 


. 


Uses—Because of the inertness of tantalum metal 
towards acids and alkalies it has recently come into 
use in the construction of chemical apparatus. Since 
it is unaffected by body fluids, the metal in sheet form 
is also used in surgical repair of bones, muscles, and 
nerve tissues. Muscle tissue will attach itself to tanta- 
lum as though it were bone. Dr. C. T. Olson reports 
in Industrial Medicine, 14, 949 (1945), that powdered 
tantalum oxide exerts a very favorable action upon 
damaged tissue. Soon after applying it to third degree 
burns and painful wounds, a crust quickly forms and 
pain ceases. 


CHAPTER LVI 


URANIUM, THORIUM, CERIUM, ZIRCONIUM, TITANIUM, AND BERYLLIUM 


THE ELEMENTS included in this chapter belong more or 
less to the group of “rare metals,’ and their compounds 
share many chemical properties in common. 


Uranium—U = 238.14 (At. no. 92) 


History and Occurrence— Uranium was named by its 
discoverer, Klaproth, in 1789, in honor of the planet 
Uranus. It was first isolated in an elemental state by 
Peligot, in 1841. The principal sources of uranium 
and its compgqunds are the minerals uranite and pitch- 
blende, found in Czechoslovakia, and carnotite which is 
potassium uranovanadate. Radioactivity was dis- 
covered in 1891 by Becquerel when he observed that 
uranium salts affected a photographic plate just as X- 
rays did. In .1898 and 1899 Madame Curie and her 
husband, Professor Curie, showed that these properties 
were not due to the presence of uranium but to another 
substance to which they gave the name radium. 
Description and Properties—Uranium metal is silvery white and 
fairly hard, but not as hard as steel. Its specific gravity is 18.7, it 
melts at about 1850°, and it is soluble in the strong mineral acids. 

It has two valencies, IV and VI, and forms two oxides, the dioxide 
[UOg] and the trioxide [UOg]. The salts derived from tetravalent 
uranium are termed wranous, and those from hexavalent uranium are 
termed wranyl. Uranyl salts, commonly called Uranium salts, are 
actually basic salts containing the divalent group UOg, e. g., 
UOa(NOaz)o. : 

Uranous salts are green, while uranyl salts are yellow with a green 


fluorescence. Uranyl compounds, except the oxides, phosphate, 
sulfide, and uranates, are soluble in water. 


Uses—Uranyl compounds are used in the manufac- 
ture of glass to produce a greenish yellow fluorescent 
glass known as uranium glass. They are also used for 
making a black pigment for china painting, and to some 
extent as intensifiers in photography. The most recent 
use of uranium metal is in the production of atomic 
energy by fission. 


IDENTIFICATION OF URANIUM COMPOUNDS 


Solutions of alkali hydroxides precipitate uranyl salts 
as uranic acid [H2U20,] which combines with excess of 
alkali hydroxide, forming uranates. These uranates are 
insoluble in water, but they are soluble in alkali carbon- 
ate solutions, especially in ammonium carbonate. 
Uranium compounds color a borax bead yellow in the 
oxidizing flame and green in the reducing flame. 


Unofficial Inorganic Uranium Compounds 


Uranium Chloride, Uranyl Chloride [UO 2Cl2.H g0]—Yellow deliques- 
pee crystals. Very soluble in water; also soluble in alcohol and 
ether. _ 

Uranium Dioxide, Uranous Oxide [UOg]—A brown to black powder; 
insoluble in water or dilute acids; soluble in concentrated acids. 
Uranium Nitrate, Uranyl Nitrate [UO2(NOg) 2]—This salt was official 
in the U.S. P. IX. Yellow, odorless, radioactive crystals, melting 
at about 60°. Very soluble in water; freely soluble in alcohol. 
The nitrate is the principal uranium salt of commerce. Uses; a 
reagent in analytical chemistry. Formerly used to a small extent 

medicinally, but this use was abandoned as it is too dangerous. 

Uranium Sulfate, Uranyl Sulfate [UO02804.3H20]—Yellow crystals 
me ae masses. It is freely soluble in water, soluble in alco- 

ol, 


Thorium—Th = 232.12 (At. no. 90) 


History and Occurrence—The name thoriwm was 
given this element by its discoverer, Berzelius, in honor 
_ of the ancient Scandinavian God Thor. It occurs in the 


minerals thorite [ThSiO 4] and thorianite, which contains 
about 70 per cent of ThO, and about 10 per cent of 
uranium dioxide. Its principal source in the United 
States is monazite sand in which it occurs as phosphate 
to the extent of 3.to 9 per cent. 


Description and Properties—Thorium is a white to grayish white 
metal, having a specific gravity of 11.2 and melting at 1845°. It is 
scarcely attacked by hydrochloric or nitric acids but is dissolved by 
nitrohydrochloric acid and converted to sulfate by heating with sul- 
furic acid. 

Thorium is radioactive, yielding a number of disintegration prod- 
ucts, the most important of which is mesothorium. Due to the fact 
that thorium has such a high atomic number (90) its insoluble com- 
pounds, particularly the oxide or hydroxide, are good absorbers of X- 
rays. For this reason suspensions of thorium compounds are used to 
diagnose diseases of the renal pelvis and the urinary tract. 

Thorium is tetravalent and its oxide [ThOg] occurs as the mineral 
thoria. It is used orally or rectally as a contrast medium in roent- 
genography, and is a constituent in the electron-emitting elements of 
radio tubes. It was formerly an important constituent of incandes- 
cent gas mantles. 

Thorium has many properties in common with the alkaline earths 
as well as the iron-aluminum group. With potassium sulfate it forms 
a thorium alum which is only very slightly soluble in water. 


Uses—The soluble thorium salts resemble alum in 
their astringent and irritant properties. Hypodermi- 
cally they usually cause local sloughing, and intrave- 
nously they produce death by coagulation of the blood. 
Thorium double salts, however, are said to be practically 
non-toxic even when injected intravenously and are 
excreted rapidly by the kidneys. 


IDENTIFICATION OF THORIUM COMPOUNDS 


Oxalic or hydrofluoric acid or their salts precipitate 
the insoluble thorium oxalate or fluoride, respectively. 
Solutions of alkali carbonates precipitate a basic tho- 
rium carbonate which is soluble in an excess of the con- 
centrated reagent. 


Unofficial Inorganic Thorium Compounds 


Thorium Chloride [ThCl4]—White crystals. 
alcohol. : 

Thorium Nitrate—See Reagents (page 1070). 

Thorium Oxide, Thorium Dioxide [ThO2g]—This is the most impor- 
tant thorium compound. It is a white, heavy, infusible crystalline 
powder. When heated it is incandescent. Specific gravity, 9.7. 
Uses: a contrast medium in roentgenography. Formerly used in 
incandescent gas mantles. 

Thorium Sulfate [Th(SO4)9.xH20]—Colorless or white crystals. 
Soluble in about 70 parts cold water and 15 parts hot water; in- 
soluble in alcohol. 


Soluble in water or 


Inorganic Thorium Specialties 


Thorotrast (Heyden)—Parenteral dispersion (12- and 25-cc. ampuls, 
100-ce. vials) containing 25 per cent colloidal thorium dioxide. 
Uses: radiopaque medium for x-raying the liver, arteries, and blad- 
der. Dose: in hepato-lienography, 20 to 25 ce., intravenously, 
daily or every other day until 50 to 75 cc. are given; in peripheral 
artiography, 10 cc. to 25 cc. injected into the artery; in cerebral 
artiography, 8 to 15 cc. in the common earotid artery; in cystog- 
raphy, a dilution of 1: 5 is introduced into the bladder. 

Umbrathor (Heyden)—Dispersion containing 25 per cent colloidal 
thorium dioxide. Uses: radiopaque medium for intestine, stom- 
ach, and bladder. Not for parenteral use. Dose: stomach 
mucosa, 20 to 30 cc. orally; intestinal mucosa, a dilution of equal 
parts of Umbrathor and distilled water is injected rectally, 200 to 
400 cc. of the dilution being sufficient; bladder mucosa, a sufficient 
amount is injected into the bladder. In the case of the intestines 
and bladder, the dispersion is held for a time; the parts drained 
and then filled with air. 


_ Cerium—Ce = 140.13 (At. no. 58) 


History and Occurrence—Cerzwm was named by its 
discoverers Hisinger and Berzelius, in 1803, after the — 
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minor planet Ceres which was discovered about the 
same time. It occurs in nature largely in monazite 
and also in the minerals cerite and gadolinite. The 
metal is usually obtained by electrolysis of its chloride. 


Description and Properties—Cerium metal is iron-gray in color. Its 
specific gravity is 6.9 and it melts at 640°. The finely divided metal 
may ignite spontaneously in the air. When scratched with a hard 
steel edge cerium ignites, emitting brilliant sparks, and for this reason 
it is used in sparking friction alloys. The metal is soluble in mineral 
acid, and when finely powdered it is slowly decomposed by cold water 
and rather rapidly by hot water. 

Cerium forms trivalent and tetravalent compounds. The trivalent 
salts, termed cerous, are white; the tetravalent compounds are termed 
ceric, and are yellow in color. Cerium compounds of commerce, 
whether cerous or ceric, generally contain variable quantities of the 
other associated elements such as lanthanum, didymium, etc. 


Uses—The principal use of cerium metal is in spark- 
ing alloys for gas lighters, cigar lighters, etc. Ceric 
salts, because of their high oxidation potential, are well 
adapted for oxidimetry, and volumetric solutions of 
ceric sulfate or ceric ammonium sulfate are extensively 
used for the determination of iron in ferrous compounds 
by direct titration or in ferric compounds after the iron 
is reduced to the ferrous state. 


IDENTIFICATION OF CERIUM COMPOUNDS 


When a cerous salt is mixed with lead dioxide and 
boiled with nitric acid, the liquid becomes yellow due 
to the formation of a ceric salt. Sodium hypochlorite 
solution produces in solutions of cerous salts a yellow 
precipitate of ceric hydroxide which dissolves in hydro- 
chloric acid with the liberation of chlorine. Similarly, 
the addition of hydrogen peroxide and of ammonia to a 
cerous salt produces a dark orange precipitate, consist- 
ing presumably of CeO3.H20. 

Solutions of ceric salts give a yellow precipitate of 
ceric hydroxide with alkali hydroxides, and liberate 
iodine from potassium iodide. 


CERIUM OXALATE N. F.—See Organic Salts (page 
547). 


Unofficial Inorganic Cerium Compounds 


Ceric Ammonium Nitrate [Ce(NOg3)4.2NH4NO3.2H 20|—Orange-red 
crystals or crystalline powder. Very soluble in water but almost in- 
soluble in concentrated nitric acid. Uses: an oxidizing agent in 
analytical chemistry, reacting in the same manner as Ceric Sulfate. 

Ceric Ammonium Sulfate [Ce(SO4) 9.2(NH 4) 92S04.4H 20]—Yellow to 
orange-yellow crystals or crystalline powder. Slowly soluble in 
water; insoluble in alcohol. 

Ceric Oxide, Cerium Dioxide [CeOg]—A pale yellow, heavy powder. 
The article of commerce is usually brown due to the presence of the 
oxides of lanthanum and other associated rare earth oxides. Spe- 
cific gravity about 7.3. Insoluble in water, but soluble in hydro- 
chlorie acid with the evolution of chlorine; also soluble in hot 
moderately diluted sulfuric acid. 

Ceric Sulfate [Ce(SO4)2.4H2O0]—The commercial salt usually con- 
tains variable amounts of the sulfates of the other associated earths. 
It occurs as yellow to orange-yellow crystals. Soluble in a small 
quantity of water, but decomposes in much water with the separa- 
tion of a basic salt. Soluble in diluted sulfuric acid. Uses: in 
dyeing and printing fabrics; in analytical chemistry for the quanti- 
tative determination of nitrite and ferrous salts. 

Cerous Chloride, Cerium Chloride [CeCl3.7H 20]—Colorless or white 
deliquescent crystals. Very soluble in water or alcohol. 

Cerous Nitrate, Cerium Nitrate [Ce(NOg)3.6H20]—Colorless or 
white crystals. Freely soluble in water or alcohol. Uses: in 
dyspepsia, chronic vomiting, particularly in pregnancy, and in 
chronic diarrhea. Dose: 60-300 mg. (1-5 grains). 

Cerous Sulfate, Cerium Sulfate [Ce2(SO4)3.8H 20]— White or slightly 
pink crystals or crystalline powder. Freely soluble in water; in- 
poluble in alcohol. Uses: aids in developing aniline black on 

abrics. 


Zirconium—Zr = 91.22 (At. no. 40) 


History and Occurrence—The oxide of Zirconium was 
first obtained in 1789 by Klaproth from thé mineral 
zircon. ‘The metal was obtained in 1824 by Berzelius 
who fused the potassium zirconium double fluoride 


ZIRCON TUMeAN DOR AN EieM 


with potassium metal. It has also been prepared since 
by electrolysis of its chloride. Zirconium occurs in the 
mineral kingdom largely as a silicate [ZrSiO4] called 
zircon which constitutes the principal source of the 
metal and its compounds. 


Description and Properties—Zirconium metal occurs as an amor- 
phous, black powder or as gray, hard crystals. It has a specific 
gravity of about 6.4, and melts at 1700°. Acids attack it slowly even 
when hot, except hydrofluoric acid, which dissolves it in the cold. 

Zirconium is tetravalent, and in common with most of the other 
metals of the group, it functions both as a base-forming and as an acid- 
forming element; thus we have zirconium chloride [ZrCl4] and potas- 
sium zirconate [K2ZrOgl. 


Uses—Zirconium metal has been used to some extent 
as a deoxidizer in metal castings. Zircons are used as 
watch “jewels.” 


Unofficial Inorganic Zirconium Compounds 


Zirconium Chloride [ZrCl4]—White or colorless crystals. Sublimes 
at 300°. Soluble in water with gradual decomposition into oxy- 
chloride and hydrochloric acid; soluble in alcohol or ether. ; 

Zirconium Nitrate, Zirconyl Nitrate [ZrO(NOg)2.2H2O]—A basic 
nitrate. White, crystalline powder, usually having a strong acid 
odor. Freely but slowly soluble in water; insoluble in alcohol. 
The aqueous solution is strongly acid. Uses: reagent, similar to 
thorium nitrate, for the determination of fluoride; also used in 
smokeless flashlight powders, because the oxide formed from it by 
heat emits an intense white light. 

Zirconium Oxide, Zirconia [ZrO2|—A white, heavy powder. Specific 
gravity about 5.7. Insoluble in water or in mineral acids, but is 
slowly dissolved by hydrochloric acid. When fused with sodium 
carbonate it forms sodium zirconate [NagZrOs] which is soluble 
in water. Uses: instead of lime for the oxy-hydrogen light; also 
an abrasive; used in the manufacture of enamels and refractory 
linings for furnaces. 

Zirconium Potassium Sulfate, Zirconium Alum [Zr(SO4)9.2K2SOq.- 
3H20]—Colorless or white crystals or crystalline powder. Spar- 
ingly soluble in water; insoluble in alcohol. 


Titanium—Ti = 47.90 (At. no. 22) 


History and Occurrence—An oxide of titanium was 

first discovered by Gregor, in 1789, and the element was 
isolated by Moissan. It occurs in the mineral king- 
dom either as the dioxide, as in rutile and_brookzte, or in 
the form of tztanates, e. g., perowskite [CaTiOg] or clmen- 
ite [FeTiOgl. 
Description and Properties—Titanium is a dark gray, very hard 
metal. Its specific gravity is 4.5 and it melts at 1800°. It is soluble 
in dilute mineral acids with the liberation of hydrogen. Similar to 
iron and aluminum, titanium salts are hydrolyzed by boiling with 
large quantities of water, forming metatitanic acid [TiO(OH) 9]. 

Titanium forms four oxides [TiO, TigOg, TiOg, and TiOs3] and salts 
corresponding to the three lower oxides. The most important ti- 
tanium compound is the dioxide, which is official. 

The divalent and trivalent soluble salts of titanium are violet 
colored and are powerful reducing agents. The tetravalent com- 


pounds are readily reduced by hydrogen [Zn + HCl] to the blue tri- 
valent salts, but are not reduced by hydrogen sulfide or sulfur dioxide. 


IDENTIFICATION OF TITANIUM COMPOUNDS 


On adding hydrogen peroxide to a slightly acid solu- 
tion of a titanium salt, preferably in the form of sulfate, ~ 
the solution acquires a yellow to orange-red color, due 
to the formation of TiO3. Alkali acetates precipitate 
titanium from boiling solutions of its salts as metatitanic 
acid. 


TITANIUM DIOXIDE N. F. Titanii Dioxidum 


[Titan. Diox.—Titanie Anhydride, Sp. Oxido de Titanio] 


Titanium Dioxide, when dried at 105° for 3 hours, 
contains not less than 99 per cent of TiOz (79.90). 

Preparation—Titanium Dioxide may be prepared by 
adding ammonia or an alkali carbonate to a solution of 
titanyl sulfate (TiIOSO,). Titanic acid [Ti(OH),4 or 
TiO(OH).] is precipitated, and after filtration and 
washing is dried and ignited. It may also be prepared 
by neutralizing a solution of a titanium salt with sodium 
carbonate and then boiling with a large volume of 


BERYLLIUM 


water. Metatitanic acid [TiO(OH).] is precipitated 
and it. yields the Dioxide on heating. 


Description and Properties—Titanium Dioxide occurs as a white, 
amorphous, tasteless, and odorless powder. Its specific gravity is 
about 4. Its suspension in water is neutral to litmus. When heated 
with sulfuric acid until fumes of SOg are liberated, the residue, dis- 
solved in water, responds to the identification reactions for titanium. 
It is insoluble in water or mineral acids, except hydrofluoric acid. 
Heating with sulfuric acid converts it into the soluble sulfate [TiO- 


4). 
Tests for Purity— 
- Water-soluble substances—Not more than 0.15 per cent. 

Acid-soluble substances—Not more than 0.35 per cent. 

Loss on drying at 105°-—Not more than 0.5 per cent. 

Loss on ignition of the dried oxide—Not more than 0.5 per cent. 

Arsenic limit—10 parts per million. 

Lead limit—20 parts per million. 
Assay—Titanium Dioxide is first heated with sulfuric acid and am- 
monium sulfate to convert it into the soluble titanium ammonium 
sulfate. Water is added, the solution is filtered and the filtrate, con- 
taining the titanium, is passed through a column containing—zine 
amalgam. The titanium is reduced by the generated hydrogen to the 
trivalent state, and the titanous salt solution is received in a solution 
of ferric sulfate. The titanous salt reduces the ferric iron to the fer- 
rous state, itself becoming reoxidized to the titanic state. 


2Ti(8O4)2 + He — Tir(SOs4)3 + HeSO4 
titanic hydrogen titanous sulfuric 
sulfate sulfate acid 
Tis(SO4)3 + Feo(SO4)3 x 2Ti(SOa)o =F 2FeSO4 
titanous ferric titanic ferrous 
sulfate sulfate sulfate sulfate 


The amount of ferrous salt formed is determined by titration with 
tenth-normal potassium permanganate. Each ec. of tenth-normal 
potassium permanganate corresponds to 7.99 mg. of TiOg. 
Storage—Keep in well-closed containers. 


Uses—Titanium Dioxide is used as a white pigment 
in paints, lacquers, rubber, shoe creams, and plastics, 
and in artificial teeth to impart to them a slight yellow 
color. It is also used in dusting and face powders, in 
the manufacture of enamels, glazes, linoleum, and arti- 
ficial leather, and in paper as a filler. 


Unofficial Inorganic Titanium Compounds 


Titanium Potassium Oxalate, Titanyl Potassium Oxalate [K2TiO- 
(C204)2.2H20]—White crystals or crystalline powder. Very 
soluble in water. Uses: a mordant in dyeing cotton and leather. 

Titanium Sulfate, Titanous Sulfate, Titanium Sesquisulfate [Tio- 
(SO4)3] (It also crystallizes as a hydrate with 8H2O)—Green, 
crystalline powder. Insoluble in water or alcohol; soluble in dilute 
hydrochloric or sulfuric acid, forming violet- colored solutions. 
Uses: same as titanium trichloride. 

Titanium Trichloride, Titanous Chloride [TiCls]—Dark violet, un- 
stable, deliquescent crystals. Soluble in water with the evolution 
of heat and forming a reddish violet solution. Soluble in alcohol; 
insoluble in ether. It is usually available as an aqueous solution. 
Titanium trichloride is a very powerful reducing agent. Uses: for 
the volumetric estimation of nitro groups and many dyestuffs. 
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Inorganic Titanium Specialties 


Titanium Dioxide Cream (Doak)—Cream containing 5 per cent ti- 
tanium dioxide, 0.5 per cent menthol, and 0.5 per cent thymol. Uses: 
astringent, antipruritic, and protective. 

Van-Tek (Ulmer)—Vanishing cream containing titanium dioxide, 
lanolin, and magnesium stearate. Uses: protective for the hands 
to prevent dermatitis due to contact with industrial irritants. 


Beryllium—Be = 9.02 (At. no. 4) 


History and Occurrence—This element, also called 
glucinum because of the sweet taste of its salts, was dis- 
covered by Vauquelin, in 1797. It occurs in nature in 
a number of minerals, usually in the form of silicates 
with or without other bases. The best known source of 
beryllium is the mineral beryl [AlzBegSi¢O:s]. 


Description and Properties—Beryllium i is a gray, lustrous, hard metal. 
Its specific gravity is 1.8, andit melts at about 1350°. Iti is soluble in 
diluted mineral acids and, like aluminum, to which it is similar in 
many respects, it dissolves in solutions of the fixed alkali hydroxides. 

Beryllium is divalent. Its halogen salts, nitrate and sulfate, are 
freely soluble in water. Like aluminum it forms a double sulfate 
with potassium-beryllium alum. Its solutions are not precipitated 
by hydrogen sulfide. 


Uses—Beryllium metal has recently come into use as 
an alloy with copper which, because of its high reso- 
nance, 1s used in making piano wire. 


IDENTIFICATION OF BERYLLIUM COMPOUNDS 


Fixed alkali hydroxide produces, in solutions of beryl- 
lium salts, a white precipitate of beryllium hydroxide 
[Be(OH) 2], which is soluble in excess of the alkali hydrox- 
ide. Ammonium carbonate solution produces a precipi- 
tate of beryllium carbonate which readily dissolves in 
an excess of the reagent and in this respect it differs from 
aluminum. 


Unofficial Inorganic Beryllium Compounds 


Beryllium Chloride, Glucinum Chloride [BeClg] (It also occurs with 
4H 20)—White or faintly yellow (due to iron) deliquescent crystals, 
melting at about 440°. Very soluble in water, soluble in alcohol, 


benzene, and ether. 

Beryllium Hydroxide, Glucinum Hydroxide [Be(OH)2]—White 
amorphous powder. Insoluble in water; soluble in mineral acids 
and in solutions of the fixed alkali hydroxides. 

Beryllium Nitrate, Glucinum Nitrate [Be(NOg)2.3H20]—White to 
slightly yellow, deliquescent crystals, melting at about 60°. Very 
soluble in water, freely soluble in alcohol. 

Beryllium Oxide, Glucinum Oxide {[BeO]—White powder, having a 
specific gravity of about 3. Melts at a -very high temperature. 
Insoluble in water; slowly soluble in concentrated acids or in solu- 
tions of the fixed alkali hydroxides. After strong ignition it is 
almost insoluble in these solvents. Uses: for making artificial 
precious stones. 

Beryllium Potassium Sulfate, Beryllium Alum [KBe(SO4)9.2H gO0]— 
Colorless crystals, sparingly soluble in water; insoluble in alcohol. 


CHAPTER LVII 


GOLD, PLATINUM, PALLADIUM, AND OSMIUM 


THESE METALS have many chemical and physical prop- 
erties in common. ‘They possess high specific gravities 
and are not attacked by any single acid. ‘They are 
more or less slowly attacked and dissolved by nitro- 
hydrochloric acid and are precipitated from acid solu- 
tion by hydrogen sulfide. With solutions of fixed alkali 
hydroxides, solutions of auric and platinum salts yield 
precipitates of the corresponding hydroxides which are 
soluble in an excess of the alkali hydroxides, forming 
alkali aurates and platinites or platinates. 

Another interestmg property of these metals is the 
formation of double salts of their halides with the halides 
of the alkali and alkaline earth metals. The double 
salts are theoretically considered to be derivatives of 
hydrogen-halide acids, e. g., chlorauric acid [HAuCl,] 
and chloroplatinic acid [H2PtCl.e]. The ammonium and 
potassium double salts of platinic and palladic chloride 
are but sparingly soluble in water and practically insol- 
uble in alcohol. This property is made use of in sepa- 
rating them from other metals or for the determination 
of potassium and platinum. 


Gold—Au = 197.2 (At. no. 79) 


History and Occurrence—The name gold means yel- 
low in several languages. Gold generally occurs in the 
free state in quartz and in river sands. It is also found 
in small amounts in many pyritic and other sulfide ores. 
Description and Properties—Gold has a specific gravity of 19.3, and 
melts at 1063°. It does not tarnish in the air and is the most ductile 
metal. It is insoluble in single acids, but is dissolved by nitrohydro- 
chloric acid, and is attacked by free halogens forming the correspond- 
ing salts. 

Gold forms monovalent and trivalent compounds. The mono- 
valent halogen salts of gold, termed aurous, are but slightly soluble 
in water, while the trivalent compounds, termed auric, are very sol- 
uble. All gold salts are readily reduced to the metal even by mild 
reducing agents, such as ferrous sulfate and oxalic acid. In the 
presence of alkali, hydrogen peroxide also precipitates metallic gold. 
Auric halides, and especially the chloride and bromide, combine with 
the respective hydrogen halides to form halogen-auric acids, e. g., 
chlorauric acid [HAuCl4]. The double salts of auric halides with 
alkali and alkaline earths are considered to be derivatives of this acid. 


Uses—A mixture of gold and sodium chlorides was 
official from the sixth to the ninth revisions of the Phar- 
macopceia. In recent years the therapeutic use of gold 
compounds has again gained some recognition, and 
several gold salts are now used medicinally, among 
which is gold and sodium thiosulfate. 

A solution of colloidal gold is used to determine the 
protective power of colloids. The Gold Number 
(Zsigmondy), an index of the protective power of col- 
loids, is the number of milligrams of protective colloid 
which just fails to prevent the change in color of 10 ce. 
of gold hydrosol from red to blue upon the addition of 
1 ce. of a 10 per cent solution of sodium chloride. 
Some typical gold numbers are: 


Gelatin 0.005-0.01 Tragacanth 2.0 
Casein 0.01 Dextrins 6 .0-20.0 
Acacia 0.15 -0.5 Starch 25.0 


IDENTIFICATION OF GOLD COMPOUNDS 


The addition of a fixed alkali hydroxide solution to a 
solution of an auric salt produces a precipitate of gold 
hydroxide which dissolves in an excess of the alkali, 
forming the alkali aurate [NaAuO,]. The addition of 


hydrogen peroxide to the alkaline solution, warmed 
slightly, reduces it to metallic gold which, in dilute 
solutions, has a purple or a purplish blue color. The 
most sensitive test for gold salt is the production of 
Purple of Cassius. This test is made by adding stan- 
nous chloride to a dilute solution of the gold salt, where- 
by a purple-colored compound of metallic gold and 
stannic chloride is produced. 


GOLD AND SODIUM THIOSULFATE N. F. Auri et. 
Sodii Thiosulfas 


[Aurous Sodium Thiosulfate, Sodium Aurothiosulfate, Crisalbine, 
Sanocrysin, Aurocidin] 


Gold and Sodium Thiosulfate [AuNag(S20s3) 2.2H2O 
= 526.47] contains not less than 36.7 per cent and not 
more than 37.7 per cent of Au. 

Preparation—It may be prepared by treating aurous 
iodide [AulI], obtained by adding potassium iodide solu- 
tion to a solution of auric chloride, with an aqueous 
solution of sodium thiosulfate in the proportion. of two 
moles of the latter to one mole of the former, then adding 
alcohol. Gold and Sodium Thiosulfate, being only 
slightly soluble in alcohol, slowly precipitates in brilliant 
white crystals. 


Description and Properties—Gold and Sodium Thiosulfate occurs as 
small, white, glistening needle-like crystals. It slowly oxidizes on 
exposure to air and light. Its solution is neutral or slightly alkaline 
to litmus paper. When a solution of the salt is warmed with diluted 
hydrochloric acid, the odor of sulfur dixoide is evolved and a brown 
precipitate of gold sulfide is formed. On evaporating the precipitate ° 
with nitrohydrochloric acid, the resulting residue of gold chloride 
responds to the reactions for gold. ; 
Solubility—One Gm. of the salt dissolves in 2 cc. of water; it is 
insoluble in alcohol and most other organic solvents. 
Assay—About 500 mg. of Gold and Sodium Thiosulfate, accurately 
weighed, is dissolved in 20 ce of water, then 5 cc. of nitric acid is 
slowly added, and the mixture is boiled for 2 minutes. This treat- 
ment decomposes the salt and causes the separation of metallic gold 
which, after washing well with hot water, is dried and ignited to con- 
stant weight. 
Storage—Keep the salt in well-closed, light-resistant containers. 


Uses—Gold and Sodium Thiosulfate is of definite 
value in the treatment of arthritis. Treatment is given 
in courses of 10 to 15 weeks. The salt is administered 
by intravenous injection starting with a dose of 5.mg. 
which is cautiously increased to a maximum of 50 to 75 
mg. Gold therapy may cause severe untoward reac- 
tions and opinion is divided as to whether the thera- 
peutic results obtained are worth the risk involved in 
treatment. Gold and Sodium Thiosulfate is also of 
definite value in lupus erythematosus. The drug is 
given in the same manner as above. 

Average: Dose—To be determined by the prescriber. 


Unofficial Inorganic Gold Compounds 


Gold Potassium Chloride, Potassium Aurichloride [AuClg.KCl.- 
2H2O)—Yellow crystals. Freely solublein water. Uses: tonerin 
photography; pigment in painting on porcelain and glass. 

Gold Sodium Chloride—This salt was official in the U. S. P. [IX and 
consisted of a mixture of gold trichloride (chlorauric acid) and so- 
dium chloride, containing not less than 30 per cent of gold. Itisa 
pale, orange-yellow, crystalline powder; freely soluble in water, 
partially (the gold chloride) soluble in alcohol. It is incompatible 
with silver nitrate, potassium iodide, mercurous salts, alkaloids, 
ferrous sulfate, hypophosphites, etc. Uses: nervine in hysteria 
and neuralgia. Dose: 2.5-10 mg. ($¢4—% grain). 

Gold Sodium Cyanide, Sodium Aurocyanide [AuNa(CN) 2g]—White, 
crystalline powder; soluble in water. ‘Uses: gold electroplating. 


474 


PLATINUM AND PALLADIUM 475 


Gold Tribromide, Auric Bromide [AuBrg]—Brownish black, crystal- 
line powder, melting at about 160° with'decomposition. Freely 
soluble in water, forming a reddish brown solution; also soluble 
in alcohol and glycerin, but is gradually reduced by these solvents. 
Uses: sedative in whooping cough in form of asyrup. Dose: 2-6 
mg. (80—-!40 grain) 3 times daily. 

Gold Tribromide, Acid, Bromaurie Acid [HAuBr4.5H 20|—Contains 
32.4 per cent gold. Dark, reddish brown, odorless, very deliques- 
cent crystals or granules, melting at about 27°. Very soluble in 
water, soluble in alcohol. Uses: an alterative. Dose: 3-8 mg. 
(+20-% grain). 

Gold Trichloride, Auric Chloride [AuCl3.2H20]—Dark, orange-red, 
deliquescent crystals. Soluble in water, in alcohol. 

Gold Trichloride, Acid, Chlorauric Acid [HAuCl4.4H 20|—Contains 
about 48 per cent gold. Golden yellow to reddish yellow, very 
hygroscopic and deliquescent crystals. Very soluble in water and 
alcohol; also soluble in ether. This salt should not be handled 

‘with bare hands as contact with the skin may cause blistering and 
will leave violet spots of gold. Uses: in the “gold reaction’’ for 
the diagnosis of syphilis; also in photography, in gilding on glass 
and porcelain, and as a reagent for alkaloids. Dose: 1-8 mg. 
(260-% gr.) by injection. 

Gold Trioxide, Auric Oxide [AugO3]—A brown powder, decomposing 
into gold monoxide and oxygen when heated above 110°. It is 
insoluble in water; soluble in hydrochloric acid, and also in sodium 
cyanide solutions. 


Inorganic Gold Specialties 


Aubromid Elixir (McNeil)—Non-alcoholic elixir, each fluidounce 
containing 340 gr. bromauric acid. Uses: antispasmodic in 
whooping cough. Dose: % to 2 teaspoonfuls in water 3 times 
daily. 

Auri-Tussin (Zemmer)—Liquid, each 10 min. containing }40 gr. gold 
tribromide. Uses: antispasmodic in whooping cough. Dose: 4 
to 10 drops with glycerin or water 3 times daily. 

Aurol (Hille)—Liquid (oral) or vials (30 or 60 cc.) containing #40 gr. 
colloidal gold in each ce. 

Aurolake (Lakeside)—Vials (5 ec.), each cc. containing 10 mg. gold 
sodium thiosulfate, 34 mg. sodium bisulfite, 50 mg. sodium thiosul- 
fate, 2 per cent benzyl alcohol, and water. Uses: antiarthritic. 
Dose: 0.5 cc. to 5 cc. a week, parenterally. 

Aurol-Sulfide (Hille)—Oral (1 per cent) and parenteral (2 per cent, in 
vials of 15, 30, or 60 cc.) containing 87 per cent gold and 13 per cent 
sulfur as gold sulfide [AugSy]. Uses: antiarthritic. Dose: 20 drops 
3 times daily, orally; 2 to 5 cc. once or twice a week, parenterally. 

Bromaurate Elixir (Gold)—Elixir containing gold tribromide. Uses: 
antispasmodic in whooping cough. Dose: 1 teaspoonful every 3 
hours. 

’ Collodaurum (Kahlenberg)—Oral or parenteral (2- or 5-cc. ampuls) 
solution containing }$00 gr. colloidal gold in each 10 min. 

Collosal Aurum (Crookes)—Oral (0.05 per cent) or parenteral (0.01 
per cent in 2-cc. ampuls or 30-cc. vials) aqueous suspension con- 
taining colloidal metallic gold. Uses: antiarthritic. Dose: 1 
teaspoonful 3 times daily, orally; or 1 cc. every 2 to 4 days, paren- 
terally. 

Gold:Sodium Thiosulfate N. N. R. (Abbott)—Dry ampuls containing 
10, 25, 50, 75, 100, or 250 mg. gold sodium thiosulfate. (Merck)— 
Dry ampuls containing 10, 25, 50, or 100 mg. gold sodium thiosul- 
fate. 

Gold Sodium Thiosulfate with Sodium Thiosulfate Solution 
(Searle)—Ampuls (5 cc.) containing 50 mg. gold sodium thiosulfate, 
278 mg. sodium thiosulfate, U. S. P., 88 mg. sodium sulfite, and 2 
per cent benzyl alcohol. Uses: Gold therapy for the treatment of 
lupus erythematosus and other cutaneous affections considered to 
be tuberculous. Also used to treat rheumatoid arthritis. Dose: 
5 mg. as an initial dose, parenterally, with subsequent weekly in- 
creases of 5 mg. until a maximum of 50 mg. for women and 75 mg. 
for men. } ae, 

Orargol (Anglo-French)—Ampuls (5 or 10 cc. for intramuscular injec- 
tion), oral liquid, or topical liquid containing a colloidal suspension 
of a gold and silver alloy. Uses: Non-specific gold and silver 
therapy. ; a 

Rexaurium (Kahlenberg)—Ampuls (2 cc.) or oral solution containing 
0.1 per cent colloidal gold. Uses:. antiarthritic. Dose: 5 to 30 
drops 3 times daily, orally; 2 cc. 3 times a week, parenterally. 

Tribromauro (Chicago Pharmacal)—Flavored aqueous solution, each 
teaspoonful containing }40 gr. gold tribromide. Uses: bronchial 
antispasmodic. Dose: 1 to 2 teaspoonfuls 4 times daily. 


Platinum—Pt = 195.23 (At. no. 78) 


History and Occurrence—The name platinum is de- 
rived from the Spanish word platina the diminutive 
form in Spanish for silver, referring to its color resem- 
bling silver. Platinum is found in nature exclusively in 
the free state, but frequently in association with other 
metals of the platinum group such as _ palladium, 
rhodium, and ruthenium. 

Description and Properties—The specific gravity of platinum is 21.45 
and it melts at 1755°. It is insoluble in single acids, but slowly at- 
tacked and dissolved by nitrohydrochloric acid or by the halogens in 


the presence of water. 
Platinum forms divalent and tetravalent compounds termed 


platinous and platinic, respectively. The platinous salts are usually 
insoluble in water, but form readily soluble double salts with the 
alkali and alkaline earth metals. Platinic salts are usually very 
soluble in water. Ammonium or potassium salts of chloroplatinic acid 
[HePtCle] are only slightly soluble in water. 


Uses—Platinum metal is exclusively employed in the 
manufacture of apparatus for scientific and industrial 
uses, and in jewelry. In the form of a powder or a 
sponge, it is used as an oxidation catalyst in the manu- 
facture of sulfuric acid. Platinum double salts, espe- 
cially the cyanides, such as barium and potassium 
platinocyanides, are used in radiography for making 
X-ray screens. They have also been used in photog- 
raphy. 


IDENTIFICATION OF PLATINUM COMPOUNDS 


Solutions of potassium chloride produce in not too 
dilute solutions of platinic chloride a yellow crystalline 
precipitate of potassium ‘chloroplatinate [K2PtClg] 
which is but slightly soluble in water. Potassium iodide 
colors solutions of platinic chloride brownish red and 
precipitates black platinic iodide [PtI.4] which is spar- 
ingly soluble in an excess of potassium iodide. 


Unofficial Inorganic Platinum Compounds 


Barium Platinocyanide [BaPt(CN) 4.4H 20]—Occurs in large, dichroic 
crystals, yellowish green by transmitted and bluish violet by re- 
flected light. Soluble in 35 parts of water. Uses: for making 
X-ray screens in radiography. ; 

Platinic Chloride, Chloroplatinie Acid [H2PtClg.6H20]—Brownish 
yellow, very deliquescent crystalline masses. Soluble in water and 
alcohol. Uses: formerly given in syphilis, gonorrhea, and rheuma- 
tism; also used in platinum plating and in photography. An im- 
portant chemical reagent. 

Platinic Potassium Iodide, Potassium Iodoplatinate [PtK gI g.]—Black 
crystals having a graphite-like luster. Soluble in water. Uses: 
reagent for alkaloids. 

Potassium Platinic Chloride [PtKgClg]—Ruby-red crystals, soluble 
in water. Uses: reagent in acid toning baths in photography. 


Palladium—Pd = 106.7 (At. no. 46) 


History and Occurrence—Palladiwm, which was dis- 

covered in 1803 by Wollaston, was named in honor of 
the recently discovered asteroid, Pallus. 
Description and Properties—Palladium is a silvery white, moderately 
ductile, hard metal, somewhat softer than platinum. Its specific 
gravity is 12.0 and it melts at 1555°. In contradistinction to the 
other platinum group metals, palladium metal dissolves slowly in 
nitric acid, forming palladous nitrate. Finely powdered palladium 
metal has the very characteristic property of being able to absorb 
about 700 times its own volume of hydrogen and consequently exerts 
a very strong catalytic effect. 

Palladium forms divalent and tetravalent compounds which are 
similar to the respective platinum salts in their behavior towards 
reagents. The potassium and ammonium double salts of palladic 
chloride are, like those of platinic chloride, only very slightly soluble 
in water. 


Uses—Palladium salts are frequently used for the 
detection of carbon monoxide in gases, and palladous 
salts are used to separate iodine from bromine. 


IDENTIFICATION OF PALLADIUM COMPOUNDS 


In solutions of palladous salts potassium iodide pro- 
duces an almost black precipitate of palladous iodide 
which is insoluble in water or alcohol, but soluble in ex- 
cess of potassium iodide and in ammonia. Solutions of 
mercuric cyanide produce in solutions of palladous salts 
a precipitate of palladous cyanide which is but slightly 
soluble in hydrochloric acid but readily soluble in solu- 
tions of potassium cyanide or in ammonia water. Pal- 
ladium salts are reduced to metal by ferrous sulfate, 
aleohol, and carbon monoxide. ; 


Unofficial Inorganic Palladium Compounds 


Palladium Chloride, Palladous Chloride [PdCl2.2H g0]—Brown crys- 
tals or crystalline powder. Soluble in water, alcohol, or acetone. 
Readily reduced in solution by hydrogen or carbon monoxide to 
metal. Uses: in photography for transferring pictures onto porce- 


476 


lain; in the manufacture of indelible inks; and for galvanoplating 
parts of clocks and watches. 

Palladium Oxide, Palladous Oxide [PdO]—A black powder. Specific 
gravity, 1.83. It is insoluble in water or in the usual acids; soluble 
in concentrated hydrobromic acid. Uses: areduction catalyst; a 
reagent in organic syntheses. 

Palladium Nitrate, Palladous Nitrate [Pd(NOg3)2]—Brown, deliques- 
cent crystals. Soluble in water with turbidity; with much water 
a brown basic salt precipitates; completely soluble in the presence 
of some nitric acid. Uses: similar to those of the chloride. 

Palladium Potassium Chloride, Palladic Potassium Chloride, Potas- 
sium Palladic Chloride) [PdCl4.2KCl or K2PdClg]|—Brown-red 
crystals. Slightly soluble in water, and almost completely insol- 
uble in water containing alkali chlorides; insoluble in alcohol. 


Osmium—Os = 190.2 (At. no. 76) 


History and Occurrence—This element is invariably 
associated with platinum ores. It was discovered in 
1804 by Tennant. 


Description and Properties—Osmium is bluish white in color, and 
has a specific gravity of 22.5—the heaviest of all known substances. 
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OSMIUM 


Unlike the other metals of the platinum group, it is oxidized by heat- 
ing it in air, forming the very poisonous osmium tetroxide, known 
also as osmic acid [OsO4]. Osmium melts at 2700°. It is insoluble 
in acids and is scarcely attacked by nitrohydrochloric acid. It is 
made soluble by fusion with sodium peroxide or by burning in air to 
form osmium tetroxide. 

Osmium possesses the several valencies, but osmium compounds, 
pels than the tetroxide, have very little use and have not been stud- 
ied. 


Uses—Osmium is used chiefly as an alloy with irid- 
ium for pen points and fine machine bearings. 


Unofficial Inorganic Osmium Compound 


Osmium Tetroxide, Osmic Acid [OsO,4]—Occurs in colorless or 
slightly yellow hygroscopic crystals, sensitive to light. It has a 
very pungent chlorine-like odor. Its vapors strongly attack the 
eyes and respiratory organs. Melts at about 40°. Boils at about 
100°. Soluble in water, decomposed by alcohol or ether. Uses: 
in microscopy to blacken fat and medullary substance; a catalyst 
in certain chemical reactions; has been given in sciatica and lum- 
bago. Dose: 3-10 mg. (320—% gr.). 
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CHAPTER LVIII 


TUNGSTEN, MOLYBDENUM, AND VANADIUM 


THESE THREE ELEMENTS have many properties in 
common and therefore they are* grouped together. 
Among such properties is the fact that they act both as 
base-forming and acid-forming elements giving salts with 
acids and with bases. Another property these elements 
have in common is their tendency to form complex 
acids, particularly with phosphoric, arsenic, and silicic 
acids. The most frequently used and best known com- 
pounds of the elements are their acid-forming oxides 
and the salts derived from these oxides. 


Tungsten—W = 183.92 (At. no. 74) 


History and Occurrence—This element, also called 
Wolfram or Scheelium, was first isolated by the d’Elhu- 
jar brothers in 1783. The name tungsten is from the 
Swedish word meaning “heavy stone,’’ because the 
mineral from which it was first obtained is heavy. The 
most common tungsten ores are wolframite, which is 
iron tungstate [FeWO.,], and scheelite, which is calcium 
tungstate [CaWO,]. 


Description and Properties—Tungsten metal is light gray to brown 
in color, hard, and non-magnetic. Its specific gravity is 19.3, and 
it melts at a very high temperature (about 3370°). It is scarcely 
attacked by the single mineral acids, but is dissolved readily by a mix- 
ture of nitric and hydrofluoric acids. The powdered metal dissolves 
also in boiling fixed alkali hydroxide solutions with the evolution of 
hydrogen and the formation of a tungstate. 

The important valence of tungsten is VI. Salts of tungsten are but 
little known, but the tungstates, especially calcium and sodium tung- 
states, are widely used. The alkali tungstates are readily soluble in 
water, but the tungstates of most other metals are insoluble. 


Uses—The metal is used in alloys for imparting 
strength and hardness to steel and for making filaments 
for “tungsten lamps.” It is also used in contact points 
for phonograph needles, and in automotive, telegraph, 
and wireless apparatus. 


Unofficial Inorganic Tungsten Compounds 


Ammonium Tungstate [5(NH4)20.12WO3.11H2O0]—Colorless or 
white crystals, freely soluble in water; insoluble in alcohol. 

Cadmium Tungstate [Cd WO4]—White, heavy crystals or powder. 
Insoluble in water or dilute acids; soluble in solutions of alkali 
cyanides. Uses: in X-ray screens. 

Calcium Tungstate [CaWO,a]—It occurs in nature as the mineral 
scheelite. White, crystalline, heavy powder. Insoluble in water 
or dilute acid, decomposed by concentrated mineral acid. 

Uses: in X-ray screens and photography. : 

Sodium Tungstate—See Reagents (page 1070). Uses: an official 
reagent, extensively used for fireproofing and water-proofing fabrics 
and in analytical and blood chemistry, especially in combination 
with phosphates or silica, as a precipitant for alkaloids, etc. Also 
used for making calcium tungstate. 


Molybdenum—Mo = 95.95 (At. no. 42) 


History and Occurrence—This element was discov- 
ered by Scheele, the famous Swedish pharmacist, in 
1778. The name molybdenum is derived from the 
Greek word which signifies lead or heavy, because the 
minerals in which it occurs are heavy. It occurs as the 
minerals wulfenite, which is lead molybdate [PbMo0O,], 
powelite, which is a mixture of calcium molybdate and 
calcium tungstate, and molybdenite, the disulfide 
[MoS8,]. 
Description and Properties—Molybdenum metal is silvery white and 


malleable. In powder form it is dark gray to nearly black. Its 
specific gravity is 10.2. The metal is not affected by halogen acids 


but is attacked by hot concentrated sulfuric acid. Nitric or nitro- 
hydrochloric acids oxidize it to the trioxide. 

Molybdenum has three valencies, III, IV, and VI. Its best known 
and most frequently used compounds are derived from the hexavalent 
molybdenum trioxide [MO3], which functions as an acid and forms 
salts known as molybdates. Except for the alkali salts, which are 
soluble, most molybdates are insoluble in water or in dilute acids. 


Uses—In the form of ferro-molybdenum the metal 
is used in the manufacture of special steels for tools, 
boiler plates, spark plugs, and screens and grids for 
radios. 


_ IDENTIFICATION OF MOLYBDENUM COMPOUNDS 


If a trace of a molybdenum compound is evaporated 
with 1 or 2 drops of concentrated sulfuric acid almost to 
dryness in a porcelain crucible, the residue is colored 
blue. On adding a few drops of sodium phosphate solu- 
tion to a molybdate solution, strongly acidified with 
nitric acid, a yellow crystalline precipitate of ammo- 
nium phosphomolybdate is produced. The formation of 
the precipitate is accelerated by warming. This pre- 
cipitate dissolves readily in dilute alkali hydroxide solu- 
tions. 


Unofficial Inorganic Molybdenum Compounds 


Ammonium Molybdate [(NH 4) .Mo7024.4H 20]—Colorless or slightly 
greenish or yellowish crystals. Soluble in 2.3 water; insoluble in 
alcohol. Uses: for decorating ceramics; in photography; reagent 
for detecting and determining alkaloids, phosphates, arsenates, 
lead, etc. See Reagents (page 1065). 

Molybdenum Trioxide, Molybdic Anhydride [MoO3]—White or 
slightly yellow to bluish granules or powder. Melts at 795°. 
Soluble in 1000 water, concentrated mineral acids, alkali hydroxides, 
Ga and potassium bitartrate. Uses: see Reagents (page 
1068). 

Molybdic Acid [HgMo04.H20|—White powder, sparingly soluble in 
water; soluble in ammonia water, in solutions of fixed alkali 
hydroxides, and in sulfuric acid. Uses: reagent. 

Sodium Molybdate [NagMo04.2H2gO|—White crystalline powder. 
Soluble in 1.7 cold and 0.9 boiling water, forming a slightly alkaline 
solution. Uses: reagent for alkaloids, ete. 


Vanadium—V = 50.95 (At. no. 23) 


History and Occurrence—The element Vanadium 
was discovered by Seftstrém, in 1830, and named by 
him after a Norse deity, Vanadis. The element is 
widely distributed in nature, and is found in most rocks, 
but only insmallamounts. It is commercially obtained 
from the mineral Chilecte, a sulfide of vanadium, vana- 
dinite, which is a double salt of lead vanadate and lead 
chloride [PbsCl(VO4)s], and carnotite. 


Description and Properties—Vanadium metal is light gray in color 
and is not appreciably affected by moisture and air at ordinary tem- 
peratures. Its specific gravity is 5.96, and it melts at 1710°. It is 
not affected by hydrochloric or cold sulfuric acid; but is slowly 
attacked by the latter acid when hot. It is readily attacked and dis- 
solved by nitric acid. 

Vanadium has several valencies—II, III, IV, and V. Its lower ox- 
ides are bases and form salts with strong acids. Most of these vana- 
dium salts are ory compounds, the radical VO combining with two 
equivalents of a monobasic acid. In its pentavalent capacity it gives 
vanadium pentoxide [V205] and vanadic acid [H3VO4]. The latter, 
like phosphoric acid, exists also in the form of ortho-, meta-, and pyro- 
vanadates. 


Uses—Vanadium metal is used in the manufacture of 
vanadium steel. 
IDENTIFICATION OF VANADIUM COMPOUNDS 


Vanadates, in which form vanadium is chiefly found 
in commerce, are white, and they are reduced by hydro- 
gen sulfide, sulfur dioxide, oxalic acid, etc., to the blue 
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478 VANADIUM 


tetravalent vanadyl salts. The addition of hydrogen 
peroxide to an acid solution of a vanadate produces a 
brownish yellow to red-brown color. This is a very 
delicate reaction for vanadium. 


Unofficial Inorganic Vanadium Compounds 


mmonium Vanadate—See Reagents (page 1065). 

Seale Vanadate, Sodium Metavanadate [NaVO3.4H 2O]—Yellow- 
ish white crystals or crystalline powder. Soluble in water; in- 
soluble in alcohol. Uses: a tonic; also used in photography and 
in the manufacture of ink. Dose: 1 to 2 mg. 


Vanadium Pentoxide [V205]—Yellow to brown crystalline powder. 
Melts at about 690°. Soluble in about 125 parts water, soluble in 
concentrated acids, forming yellow solutions; also soluble in alkali 
hydroxides forming vanadates; insoluble in alcohol. Uses: a 
catalyzer in the oxidation of sulfur dioxide to sulfur trioxide by air 
in the manufacture of sulfuric acid. 

Vanadyl Chloride (Vanadium Oxydichloride [VOCl2 + H20|—Green, 
very deliquescent crystals. Slowly decomposed by water; soluble 
in alcohol and in glacial acetic acid. 

Vanadyl Sulfate, Vanadium Oxysulfate [VOSO 4.2H 20]—Blue crystal- 
line powder. Soluble in water. Uses: a mordant in dyeing 
voxules also used in the manufacture of blue or green glass and 
glazes. 


CHAPTER LIX 


RADIUM AND RADIOACTIVITY 


Radium, Ra = 226.05 (At. no. 88) 


Radium is from the Latin radius, meaning ray, and is 
indicative of the active emanations emitted by this ele- 
ment. Chemically it belongs to the barium group, and 
is a bright white metal, with a melting point of 960° C. 
and a boiling point of 1140°C. It has a specific gravity 
of approximately 5, and a valence of 2, and was first 
obtained in 1911 by Mme. Curie and Debierne by elec- 
trolysis of a solution of radium chloride. 

It was first isolated in the form of a salt by M. and 
Mme. Curie in 1898 from the ore pitchblende, coming 
from North Bohemia. The carnotite sands of Colorado 
yield about 2 per cent of uranium nitrate. The amount 
of radium in uranium is about one part in 3000. 
Richer ores have been found in the Belgian Congo, and 
in the Great Bear Lake region of Canada. Its rarity 


_ explains its high cost. 


Radium is produced commercially as the bromide or 
the chloride, but it may also form such compounds as 
the iodide, the nitrate, the carbonate, or the sulfate. 
Its chief use commercially is in producing self-luminous 
paint, used extensively in painting instrument dials; 
and in the treatment of cancer. In hospital treatment 
radium itself is very seldom used, but one of its emana- 
tions radon is extensively used. Radon is a gas which 
is captured and sealed in small tubes, and, after being 
carefully calibrated, is used directly in the treatment of 
carcinoma. The half life period of radium is 1690 years, 
while that of radon is only 3.8 days. 

Natural Radioactivity—The phenomenon of radio- 
activity, which has been defined as ‘‘the property of 
spontaneously emitting radiations, part of which is 
capable of passing through plates of metal and other 
substances opaque to ordinary light, and which has the 
power of discharging electrified bodies,” was discovered 
in February of 1896 by Henri Becquerel, a Frenchman. 

X-rays, which had been discovered a few months 
before the discovery of radioactivity (December of 
1895), were found to have the property of producing 
fluorescence in various materials such as glass, plati- 
num cyanide, calcium tungstate, etc. Becquerel was 
working with a fluorescent salt of uranium potassium 
sulfate when he discovered that it produced a blacken- 
ing on a photographic plate just like X-rays did. 

Madame Curie, who was then working with Bec- 
querel, took up the search and investigated many ma- 
terials to see if they also had this property of blackening 
photographic plates. In 1898 she was able to reduce 
from several tons of an ore called pitchblende, a material 
which was more active than Uranium. She named this 
new material Polonium, after her native country Poland. 
In December of 1898 she isolated Radium from this 
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Fig. 493—Radioactive Elements. 
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same ore. It was found to be about 2 million times as 
active as Uranium, taken weight for weight. 

Today we know that all of the elements in the periodic 
table with large atomic numbers, 7. e., from 84 to 96, 
have this property of radioactivity, that is, they spon- 
taneously and continuously emit radiations under all 
conditions of temperature, pressure, or chemical com- 
bination. 

The part of the periodic table which is radioactive is 
shown in Fig. 493. The elements which are known to 
be radioactive include Curzum (96), Americiwm (95), 
Plutonium (94), Neptunium (93), Uranium, (92), Proto- 
actinium (91), Thorium (90), Actinium 89, Radium (88), 
Francium (87), Radon (86), A statine (85), and Polonium 
(84). Bismuth (83) and Lead (82), although not radio- 
active, are considered to be the end products of the 
disintegration series, and therefore sometimes have 
radioactive isotopes. 

Costs—The principal Radium containing ores are 
carnotite and pitchblende. Madame Curie isolated her 
original samples of Radium from the pitchblende de- 
posits of Austria. It requires tons of ore to produce a 
single grain of Radium. Up until 1925 the cost of 1 
gram of Radium was about $100,000. In that year 
richer deposits of Radium-bearing ores were discovered 
in the Belgian Congo, and since then the Bear Lake 
region of northern Canada has produced even richer 
Radium-yielding ores. In 1942 the price had been re- 
duced to about $25,000 per gram, but with the Cyclo- 
tron and especially the Uranium pile it is now possible to 
produce artificial radioactivity much more economically. 

Triple Nature of Radioactivity—Radioactive mate- 
rials emit 3 types of radiation, the Alpha (a) particles, 
the Beta (8) particles, and the Gamma (y) rays. The 
Alpha particles are high energy particles having a posi- 
tive charge. Since they are now known to be Helium 
atoms with the two outermost 
electrons stripped off they 
have an Atomic Weight of 4 
and an Atomic Number of 2. 
They produce large amounts 
of ionization and are deflected 
by a magnetic or electrostatic 
field, but because of their large 
relative mass they cannot 
penetrate very great thick- 
nesses of matter. The Beta 
particles are high-speed elec- 
trons. They have a small 
mass and carry a negative 
charge. They are capable of 
penetrating much greater 
thicknesses of material than 
the Alpha particles, but they are also deflected by 
magnetic and electrostatic fields. Also they produce 
small amounts of ionization, and are absorbed by a few 
millimeters of aluminum. The Gamma rays, on the 
other hand, are different from either the Alpha par- 
ticles or the Beta particles. They are not deflected 
by either a magnetic or an electrostatic field, but they 
have the property of penetrating great thicknesses of 
material. They have no mass and carry no charge, 
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but behave like super X-rays or X-rays with very short 
wave lengths. Therefore they are electromagnetic in 
nature, like visible light waves, and behave like them. 

Detection—Radioactivity can be detected by a photo- 
graphic plate, an ionization chamber, an electroscope, 
a Wilson cloud chamber, by scintillations on a fluores- 
cent screen, or by a Geiger-Miiller counter. It also has 
another property, namely, that of giving off small 
amounts of heat. 

Disintegration—Since radioactive materials spon- 
taneously and continuously give off Alpha, Beta, and 
Gamma rays, they are losing mass, charge, and energy 
each time one of these particles is shot off from the 
nucleus of the atom. This gives rise to certain disinte- 
gration series of which there are three well-known ones, 
namely, the Uranium series, the Thorium series, and 
the Actinium series. Whenever an Alpha particle is 
shot out from the nucleus of the atom of an element, the 
element loses 4 mass units, and 2 charge units. Thus 
the Alpha particle is the same as ionized helium, which 
also has an atomic weight of 4 and an atomic number of 
2. For example, if an Alpha particle is shot out from 
the nucleus of Uranium, atomic weight 238, and atomic 
number 92, it is then reduced to an element with atomic 


weight 234, and atomic number 90 which has the name - 


Uranium X,. If a Beta particle is ejected next, as is 
the actual case, the atomic weight remains unchanged, 
but the atomic number is raised one to 91. This prod- 
uct has the name Uranium Xz. When a Gamma ray 
is given off, the element neither loses nor gains either 
atomic weight or atomic number, but it generally does 
lose energy. Since disintegrations are occurring all of 
the time, the ejection of the three rays probably occurs 
at once, and in the readjustment of the new nucleus the 
remaining particles have to adjust themselves into new 
energy levels. 

Radioactive elements disintegrate in a definite known 
sequence until stable configurations of the particles 
comprising the residual atoms are attained. Three 
radioactive series have been established, the Uranium 
(or Radium) series begins with Uranium 238 (92) and 
passes through Radium; the Actinium series begins 
with Uranium-y (an isotope of Thorium) and passes 
through Actinium; the Thorium series begins with 
Thorium itself. Each series ends with a stable isotope 
oflead. Fig. 495 shows the Uranium (or Radium) series. 


Atomic : Range| Energy . 
Name oe aeRT és in| in par bat 
We. |.Noz| Jee Air | M.E.V err 
Uranium I 238 | 92 a 75 Uf 4.05 |4.5 X 10° years 
Uranium Xj 234 | 90 B, ¥ 5 0.12 |24 days 
Uranium Xo 234 | 91 B(y) : LS lel omne 
Uranium II 234 | 92 a 5 4.63 |2 X 108 years 
Tonium 230 | 90 a 3.3 4.5 76 X 10% years 
Radium 226 | 88 ja(B+ y)| 3.19 | 4.7 1690 years 
Radon 222 | 86 a 3.38 | 5.4 3.8 days 
Radium A 218 | 84 a 4.12 | 5.97 |3.05 min 
Radium B 214 | 82 BCy) 4.7 0.037 |26.8 min 
Radium C 214 | 83 By y A 0.04 |16.7 min 
Radium C’ 214 | 84 a 6.97 | 7.68 |10-8 sec. ? 
Radium D 210 | 82 Samay oy 0.07 |16 years ? 
Radium E 210 | 83 B, ¥ 4.58 |5 days 
Ra-F, 
Polonium 210 | 84 a(y) 3.9 5.2 136 days 
Ra-G, Lead 206 | 82 |Inactive oe a0 a lICONs 


Fig. 495—The Uranium Series of Radioactive Elements. 


Half Life Period—The time that it takes for one- 
half of the atoms of a radioactive material to disinte- 
grate is known as its “Half Life Period,” and is a 
measure of rapidity or slowness of the activity of the 
material. As shown in Fig. 495, the half life period of 
Uranium is 4.5 billion years, Radium is 1690 years, 
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Polonium is 136 days, and Radon is 3.8 days. This 
means that if one had 1 gram of Radium today, that 
in 1690 years it would have lost 1% of its activity, and 
therefore would be equivalent in activity to 4% Gm. 
In another 1690 years it would have 4% of the remain- 
ing activity, namely 14, in another 1690 years 4, and 
so on ad infinitum. 

When radioactive materials are used to treat a pa- 
tient, let us say for carcinoma, Radium itself is never 
used. One of the disintegration products of Radium 
is Radon (sometimes called Niton) which is a gas. As 
shown in Fig. 495 it has a very short half life period, 3.8 
days, and in many ways is much easier to handle than 
Radium. In actual hospital treatment the 1 or 2 
grams of Radium, which the hospital may be fortunate 
enough to possess, is kept in a lead-lined safe, generally 
in the form of Radium Chloride. The gas Radon, which 
is one of the disintegration products, is collected 
through a glass pumping and evacuating system_and 
sealed into small capillary tubes about the thickness of 
the lead in a lead pencil, and about 1 cm. long. These 
are known as Radon “‘seeds,”’ and after proper steriliza- 
tion and calibration are “planted” in the patient near 
the tumor or carinoma to be treated. Sometimes the 
glass Radon ‘‘seed”’ is placed within a small gold tube 
before implantation into the patient. 

Dosage—The dosage given a patient must be very 
carefully calculated by a radiologist, who must have 
broad training and knowledge in the fields of Medicine, 
Physics, Chemistry, and Physiology. Radium therapy 
requires the knowledge and experience of skilled special- 
ists, and should never be attempted by the untrained. 
Pharmacists are oftentimes called upon to supply 
Radium salts, Radium emanation devices, or radio- 
active products. 

The dosage prescribed for a certain case is generally 
calculated in terms of milligrams or micrograms, or in 
terms of Curtes, millicuries, or microcuries. A milligram 
is 0.001 Gm., and a microgram is 0.000001 Gm., while 
a millicurie is 0.001 Curie, and a microcurie is 0.000001 
Curie. A Curie is defined as the quantity of emanation 
represented by 1 Gm. of Radium in equilibrium with all 
of its disintegration products. Dosages of 10 to 50 
millicuries are not unusual. 


X-rays and Roentgenography 


X-rays were discovered in the fall of 1895 by Wilhelm 
Konrad Roentgen, Professor of Physics at Wurzburg 
University in Bavaria. Professor Roentgen realized the 
medical importance of his discovery when, during his 
investigation, he saw the bones of his hand clearly out- 
lined on a fluorescent screen. After a thorough study 
of this new phenomenon he telegraphed his findings 
to the London Medical Society, which was then in ses- 
sion, and the world had its first news of this important 
discovery. 

Production of X-rays—X-rays are produced by apply- 
ing a large direct-current voltage across an evacuated 
tube. The positive terminal of the high voltage is con- 
nected to a target which is generally made of some 


“metal with a high melting point such as tungsten or 


molybdenum, or of a metal with a high coefficient of 
conductivity of heat, such as copper. The negative 
terminal is connected to the cathode, which in the 
modern X-ray tubes consists of a heated filament. 
It has been found that a heated filament is a copious 
source of electrons. The electrons are accelerated 
towards the positively charged target, and strike it 
with a velocity which depends upon the voltage applied 
across the x-ray tube. The energy, and therefore the 
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velocity, with which the electrons strike the target is 
given by the following equation: 


6 mv? = Ve 
4 mv is the kinetic energy of the electron, m is its 


mass, v is its velocity, and e is its charge, while V repre- 
sents the voltage applied across the X-ray tube (Fig. 496). 
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Fig. 496—X-ray tube connected in circuit. 


If the applied voltage is above the threshold voltage, 
and if the accelerated electrons have sufficient energy 
to penetrate the atoms composing the target of the 
tube, X-rays are emitted from the target and travel in 
all directions from it, X-rays are electromagnetic in 
nature, and therefore behave just like visible light waves 
except that they are much shorter in wave length. This 
means they travel with the velocity of light, can be 
reflected, refracted, polarized, and absorbed just like 
light waves. 

Absorption of X-rays—The penetrating power of X- 
rays depends on two things, first the voltage applied 
across the X-ray tube, and, second, the absorbing 
ability of the material through which they pass. The 
higher the voltage across the tube the more penetrating 
is the X-ray radiation given off. The very penetrating 
or deep therapy radiation is produced by applying 
100,000 volts or more across the tube, while the soft 
or easily absorbed rays are produced by 20,000 volts or 
less. In the treatment of the various forms of carcinoma 
or malignant growths within the body, or for any deep 
therapy work most hospitals now use 100,000 to 200,000 
volts, or more, across their X-ray tubes. There are 
‘more than 20 hospitals in this country which are now 
using up to 1,000,000-volt radiation, and it seems to be 
the tendency to use even higher voltages than this for 
the effective treatment of internal carcinoma. 


The absorbing ability of a material for X-rays de- 


pends on its atomic weight. The flesh of the human 
body, since it is composed chiefly of the lighter ele- 
ments such as hydrogen, oxygen, carbon, nitrogen, etc., 
has an absorbing power about equal to that of water. 
On the other hand, since the bones of the body are 
composed of materials of higher atomic weights such as 
calcium, phosphorus, etc., they have a higher coefficient 
of absorption than the flesh. Since the absorbing power 
increases with atomic weight, the metals such as gold, 
_ platinum, and lead, which have high atomic weights, 
have high coefficients of absorption for X-rays. The 
_ cheapness of lead, and its high atomic weight, explains 
why it is used to line boxes containing X-ray tubes, 
and X-ray rooms in hospitals. 

It is for this same reason that barium in the form of 
barium sulfate is used as an absorbing material to study 
the intestinal tract, and thorium in the form of thorium 
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dioxide is used to study the urinary tract of a patient. 
Both of these materials have a high coefficient of ab- 
sorption for X-rays because of their high molecular 
weights. For a given wave length of X-rays and for a 
given absorbing material such as lead, for example, the 
absorption of X-rays by a thickness, t, is determined by 
the following equation: 
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where J represents the original intensity, J the inten- 
sity after passing through a thickness ¢, e the Naperian 
base, and u the coefficient of absorption for the material 
through which it passes. 

Diagnostic Use—In addition to the diagnostic use of 
X-rays in the examination of broken and carious bones, 
the teeth, the gums, and the sinuses, there are many 
other useful applications. X-rays can be used diag- 
nostically in conjunction with materials which have the 
ability to strongly absorb them. The X-ray absorbing 
ability of a material depends on its atomic weight. The 
higher the atomic weight, the better it will absorb X- 
rays, other things being equal. The reason the bones 
of the body absorb X-rays better than the flesh and 
muscle is that they are largely composed of calcium, 
phosphorus, etc., which have higher atomic weights 
than hydrogen, oxygen, carbon, and nitrogen, which to 
a large measure are found in the rest of the body. 


COMPOUNDS USED IN ROENTGENOGRAPHY 


Part of Body to Be Examined Diagnostic Opaques 


Head Lipiodol 
Paranasal Sinuses Todochlorol 
Salivary Glands Brominol 
Pharynx ugar 
Esophagus Barium Sulfate 

Umbrathor 
Skiabaryt 
Respiratory System Lipiodol 
Bronchus Todochlorol 
Cavities Brominol 
Fistulas 
Circulatory System Diodrast 
Skull Neo-lopax 
Arms Thorotrast 
Legs 
Hands 
Feet 
Digestive System Rugar 
Esophagus Barium Sulfate 
Stomach Umbrathor 
Duodenum Skiabaryt 
Intestines Gelobarin 
Gall Bladder Stipolac 
Iso-Iodeikon 
Todeikon 

Urinary Tract Skiodan 
Hippuran 
Neo-lIopax 
Todochlorol Emulsion 

Obstetrical Skiodan 
Genital Organs Todochlorol 
Pregnancies Lipiodol 

Brominol 
Hippuran 
Neo-Iopax 


Therefore, for X-ray diagnostic use, it is desirable to 
find materials of high atomic number in a form which 
will have no ill effects on the body. Where liquids are 
desired, some form of iodine and thorium. have proved 
useful, while the non-toxic forms of barium are used 
when an emulsion or a suspension is called for. Com- 
mon preparations of barium sulfate used are Gelo- 
barin, Rugar, and Skiabaryt. Common preparations 
of iodine used, such as iodized cottonseed oil, peanut 
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oil, or poppyseed oil, are Lipiodol, Brominol, and Iodo- 
chlorol. Common preparations of thorium dioxide used 
are Umbrathor and Thorotrast. By the use of these 
or similar materials it is possible to examine the intesti- 
nal tract, the urinary tract, the respiratory system, the 
circulatory system, the digestive system, and other 
parts of the body. The Table on page 481 shows a par- 
tial list of some of these materials now in common use 
for X-ray diagnostic purposes. 

X-rays can also be used to examine the normal func- 
tions of parts or organs of the body. For example, deep 
therapy X-rays can be used to “‘see” the action of the 
muscles, the joints, the diaphragm, and the heart. 
They can also be used diagnostically in the case of preg- 
nancy. Not only is it possible to tell whether or not 
the fetus is growing and developing properly, but is 
possible to tell whether a cephalic or breech delivery is 
to be expected. X-rays also will clearly show whether 
the fetus is a singlet, a doublet, or a triplet. 

Therapeutic Use—X-rays have been successfully 
used in the therapeutic treatment of carcinoma, tumors, 
ringworm, rickets, ulcers, and many other diseases. 
They do not affect the red blood cells, or the nerve 
cells, but they do affect the white blood cells. While 
X-rays have been used successfully to cure skin carci- 
noma, ringworm, etc., it cannot be claimed that they 
are a “‘sure-cure” for deep-seated malignant growths, 
tumors, and carcinoma found within the body. How- 
ever, it has been definitely shown that they retard the 
development of these diseases, and that they give the 
patient temporary relief. 

Dosage—The dosage of X-rays must be carefully 
controlled by a skilled radiologist, otherwise irreparable 
damage may occur. The usual unit of X-ray dosage is 
the Roentgen unit or “R unit.” This is defined as “the 
amount of X-ray radiation which when passed through 
1 cubic centimeter of air under standard conditions will 
produce 1 electrostatic unit of charge, provided the 
effect of secondary electrons is fully utilized, and pro- 
vided the wall effect of the chamber is avoided.”’ The 
maximum dosage which can be given a patient without 
injurious effects varies from one individual to another, 
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but the dosage for the average person varies from 100 to 
200 “R units” per day. 

In the case of overdosage, or too much absorption of 
the soft component of the X-ray beam by the skin, X- 
ray burns occur. On the surface these are similar to 
the erythema produced by overexposure to ultra-violet 
light, or to severe sunburn, but they may be much more 
dangerous. In the case of X-ray burns on the skin, the 
applications of a dermatological paste containing aloe 
vera has been employed as a successful therapeutic 
agent. 

Applications—In addition to their diagnostic and 
therapeutic use X-rays have a wide range of applica- 
tions of interest to the physician, the pharmacist, and 
the chemist. In the first place X-rays have been used 
extensively to examine the structure of atoms, mole- 
cules, and crystals, and to determine the forces and 
actions which are going on within the atom, molecule, 
or crystal. In recent years this method has opened up 
new frontiers which are of considerable importance and 
interest to the manufacturing and pharmaceutical 
chemist. For example, the crystal structure of such 
simple products as sodium chloride, potassium chloride, 
and calcium carbonate has long been known, but re- 
cently the crystal structure of many complex materials 
such as insulin, oxalic acid, and glass have been worked 
out by X-ray analysis. 

Detecting Adulteration—X-rays have a_ practical 
application in the packaging of food and drug products. 
Many companies now examine their packaged products 
with X-rays to make sure that they are in perfect condi- 
tion before they are released to the public. Another 
practical application of X-rays is in the examination 
of bales of crude drugs as they are bought from the 
grower. The addition of lead pipes or plates or other 
metallic parts for illegitimate weighting purposes can 
be easily detected without opening or disturding the 
original bale. 

Since postal and customs inspectors now use X-rays 
for examining mail, packages containing undeveloped 
film should be plainly marked or the film may be ex- 
posed to X-rays and spoiled. 
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CHAPTER LX 


THEORETICAL ASPECTS OF ORGANIC CHEMISTRY 


ORGANIC CHEMISTRY is the study of compounds con- 
taining carbon. Besides carbon, organic compounds 
may contain hydrogen, oxygen, nitrogen, phosphorous, 
sulfur, halogens, and occasionally other elements. 
Iron, for example, is found in hemoglobin, an essential 
constituent of the blood; and the synthetic drug salvar- 
san contains arsenic. It was long believed that organic 
compounds were formed exclusively by the vital action 
of living tissue—hence the term organic—and com- 
pounds not of plant or animal origin were classified as 
inorganic. This artificial barrier between the divisions 
of organic and inorganic chemistry was broken down 
by the classical experiments of Woéhler, who showed that 
inorganic compounds could be transformed into organic 
substances in the laboratory. Thus, in 1828, Wohler 
showed that when the inorganic compound ammonium 
cyanate [NH.CNO] was heated, the organic compound 
urea [NH2CONH,]| was produced. 

There are certain outstanding differences between 
organic and inorganic compounds. Inorganic com- 
pounds are generally rather simple in’ composition, 
containing relatively few atoms per molecule, while 
organic compounds are usually quite complex. Ordi- 
nary table sugar has the composition Cy2H.22011; 
chlorophyll a, one of the important green pigments 
of plants, is CssH72N.0;Mg; and the crystalline pro- 
tein B-lactoglobulin 1s (CrseclélepralNl aassiad® 576: Organic 
compounds are usually less soluble in water than in- 
organic compounds, but more soluble in such organic 
solvents as alcohol and chloroform. Most organic 
compounds burn or char when heated. 

About 500,000 organic compounds have been isolated 
from natural sources or synthesized in the laboratory; 
far less than a tenth as many inorganic compounds is 
known. There are two outstanding reasons for the 
large number of organic compounds. First, carbon 
behaves both as a metal and as a non-metal. It is 
found combined with hydrogen in methane [CH,] and 
with chlorine in carbon tetrachloride [CCl.,]. Even 
more important, however, is the ability of carbon to 
unite with itself, for it is in this way that the thousands 
of organic compounds containing rings and chains of 
carbon atoms are built up. Also, the carbon atom, 
whose valence is almost invariably IV, as in CH,, can, 
by single, double, or treble linkings with other carbon 
atoms in the same molecule, apparently show a valence 
of III, as in C2Hg, IT as in CoH, or even I as in CeHe. 
It requires a study of the graphic, or structural formulas 
of these respective compounds to appreciate their exact 
character, as shown by the following: 


H jal isl Ha 
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H-C—H H—C—C—H H—C—=C—H H—C=C—H 
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methane, ethane, ethylene, acetylene, 
CHs C2H6 C2Hs C:H2 
Isomerism 


In organic compounds, combinations of atoms are 
frequently encountered in which the empirical formula 
is almost meaningless because of the existence of two 
or more compounds which have exactly the same ulti- 
mate composition. When two or more compounds 


have the same empirical formula, but differ in one or 
more properties, they are called zsomers, and the condi- 
tion is called isomerism. Thus there are two compounds 
having the empirical formula C,H. Chemically 
they are much alike (although this is not a necessary 
condition for isomerism), but one has a boiling point 
of +0.6°, while the other boils at —10.2°. The two 
structures are illustrated by the following graphic 


formulas: 
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normal butane (n-butane) b. p. +0.6° 
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iso-butane, b. p. —10.2° 


CH3(CH2)2CH3 


(CHs)s3CH 


Another type of isomerism is that shown by the com- 
pounds of the empirical formula C2H,.O, which is ap- 
plicable either to dimethyl ether or to ethyl alcohol, as 
shown below. These compounds: 
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ethyl alcohol—condensed structural 


dimethyl ether—condensed 
formulas CH3CH20H or C2HsOH 


structural formula (CHs3)20 
differ widely in both physical and chemical properties. 

The ordinary structural formula which has thus far 
been used represents the atoms as arranged upon the 
same plane. This form of representing a compound 
conserves practically all of the requirements for an 
understanding of the compositions of substances and is 
the one generally used. However, it is sometimes de- 
sirable to formulate molecules upon a three-dimensional 
system in order to illustrate certain differences of struc- 
ture that would not otherwise be easily shown. In 
order to do this the carbon atom is assumed to have the 
shape of a tetrahedron, the four apexes of which corre- 
spond to the four valences manifested by carbon. 

This stereochemical formulation must be used in the 
representation of one further type of isomerism, stereo- 
isomerism. This isomerism is dependent upon the 
spatial relation of the constituent atoms in the mole- 
cules, and may be exemplified by the case of the lactic 


acids. 
SO 


| 

Two forms of lactic acid, CHs—CH—CO2H, are 
known which are identical in every physical and chemi- 
cal property save one: each possesses the power of ro- 
tating the plane of polarized light (each is optically 
active), but in opposite directions. The two forms of 
lactic acid in question differ only in the way that the 
four groups—CH;, H, OH, CO,gH—are arranged in 
space about the central carbon atom, as is illustrated 
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below, where the four groups are placed at the apexes of 
regular tetrahedra. The central carbon atom is not 
shown 


CH; CH; 


CO,H 


CO,H 


dextrolactic acid 
(d-lactice acid) 


laevolactic acid 
(l-lactic acid) 


A careful study of the stereochemical formulas should 
convince the reader that the two forms of lactic acid are 
not identical. 

A third isomer of lactic acid, known as a racemic 
modification, or dl-lactic acid, is obtained by mixing 
equal amounts ofthe d- and l-isomers. The dl-form 
does not rotate a beam of polarized light, since the opti- 
cal effect of each active isomer has been neutralized by 
the other. 


Organic Radicals 


In organic chemistry, even more than in inorganic 
chemistry, it is necessary to deal with radicals or groups 
of atoms which confer distinctive properties upon mole- 
cules containing them. Some of these occur so fre- 
quently that it is desirable to describe them here and 
illustrate certain of the compounds in which they are 
found. : 

The Hydroxyl Group [OH|—This radical is found in 
both inorganic and organic compounds. Organic com- 
pounds containing a hydroxyl group attached to an 
aliphatic radical composed of carbon and hydrogen 
belong to the class of alcohols. A well-known example 
is ethyl alcohol [CHsCH2OH]. In the systematic 
nomenclature of organic chemistry, the presence of 
hydroxyl groups in a compound is indicated by the 
suffix -ol. Thus ethyl alcohol is also called ethanol 
(from ethane, CHs—CHs, plus ol); glycerin [C3sH;- 
(OH)s] is better called glycerol, or, most precisely, 
propantriol, because it is derived from propane [CH¢- 
CH.2CHs]; and the better chemical name for “carbolic 
acid” [C.H;OH] is phenol. 

rf 

The Carboxy! Group [CO.H or —C—OH]—This 
group is characteristic of organic acids. The hydrogen 
of the carboxyl group is partially ionized in aqueous 
solutions and is replaceable by metals to form salts and 
by certain organic radicals to form esteys. A monobasic 
organic acid contains one carboxyl group, a dzbasic acid, 
two carboxyl groups, ete. As examples may be cited 
~ acetic acid [CHsCO.H] which is monobasic; tartaric 
acid [HO,CCH(OH)CH(OH)CO.H] which is dibasic; 
and citric acid [HO,CCH.C(OH)(CO.H)CH.CO.H] 
which is tribasic. 

An organic acid may react with an alcohol to give a 
neutral compound called an ester. Thus: 


O 


| 
CH3sCO2H + CoH;0H ee CHsC—O—C2H5 


acetic ethyl ethyl acetate 
acid alcohol 


+ H,20 


The Aldehyde [CHO] Group—This group is found in 
a large number of organic compounds. The hydrogen is 


joined directly to the carbon atom, —C=O, and is not 
replaceable by positive elements or groups. Formalde- 
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hyde [HCHO] and acetaldehyde [CHsCHO] are typical 
aldehydes. Systematically, aldehydes are named by 
adding the suffix -al to the name of the parent com- 
pound. Thus, CHsCH.,CH2CHO is butanal. 

Aldehydes represent the intermediate stage in the 
oxidation of alcohols to acids, as is illustrated in the 
equations below: 


CHsCH2,0H + O — CHsCHO + H20 
ethyl alcohol acetaldehyde 
CH3sCHO + O— CH3CO2H 


acetaldehyde acetic acid 


The Ketone [CO] Group—This group is characterized 
by a carbon atom united to oxygen by two of its bonds, 
and to two other carbon atoms by the remaining bonds. 
For example, acetone [CH3sCOCHs] or dimethylketone 


is a typical ketone. In the systematic nomenclature, 
the ketone group is designated by the termination -one- 
The compound CHsCOCH.CHs3 may be called either 
methyl ethyl ketone or butanone. 

The Amino [NH_.] Group—One or more of the hydro- 
gen atoms of ammonia [NHs] may be replaced by organic 
groups giving derivatives of ammonia of varying types. 
The amines are formed by replacing one or more of the 
hydrogens of NH 3 by hydrocarbon groups such as 
methyl [CHs] or ethyl [C2H;]. The amines are des- 
ignated as primary, secondary, or tertiary, depending 
on the number of hydrogen atoms replaced, as indicated 
below. They are basic compounds, and form salts 
with acids. 

CHsNHz2g Methylamine, a primary amine 

(CHs)zgNH Dimethylamine, a secondary amine 

(CH3)3N Trimethylamine, a tertiary amine 


Amides result from replacing one or more of the hydro- 
gen atoms of ammonia by acid radicals such as CH3sCO. 
CHsCONHsg is acetamide, a compound of this type. 
Amides do not have the typical basicity of amines, but 
may be neutral or weakly acidic. 

A single molecule may, of course, contain two or more 
of these groups, and many compounds of pharmaceutical 
importance contain several. The structure of the alka- 
loid lobeline is given below; the reader should observe 
that this substance is at once an alcohol, a ketone, and 
a tertiary amine. ' 


CHe 


LAS. 
cease 
CgeHs—C—CHe—CH CH—CH.—CH—OH 
Se 
1 
CHg 
Lobeline 


Aliphatic Compounds 


The open chain, fatty, or aliphatic hydrocarbons and 
their derivatives are the simplest of the organic com- 
pounds and will be the first to be considered. A hydro- 
carbon is a substance containing only carbon and hydro- 
gen and the compounds of this type are very numerous. 

The open chain hydrocarbons are sometimes called 
the aliphatic or fatty hydrocarbons because many of 
their derivatives are found in the vegetable and animal 
fats and oils. At the same time there are many open 
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chain compounds that do not show any resemblance 
to the fats or oils in their properties. 

The closed chain hydrocarbons are known also as 
cyclic hydrocarbons. Many of these are derivatives of 
benzene (benzol), CgH., and will be considered later. 

The aliphatic hydrocarbons consist of several series 
of what are known as homologous compounds, each series 
being characterized by a definite relationship between 
the number of carbon and hydrogen atoms in the com- 
pounds belonging in that group. The hydrocarbons in 
any one series are designated homologous compounds 
because each member differs from the members on 
either side of it by a constant factor of CH». In one 
group of hydrocarbons, known as the alkanes, or paraf- 
fins, each member has the general formula C,H, + 2, the 
valence of carbon in such compounds being completely 
saturated. In a second series of aliphatic hydrocar- 
bons, known as the alkenes, or olefins, the general for- 
mula of each member is C,H»,, and as such compounds 
are not saturated with respect to the carbon valence 
bonds, the existence of one double linkage between two 


carbon atoms is postulated. A third series consists of . 


still less saturated aliphatic hydrocarbons known as the 
alkynes, or acetylenes, the general formula for the mem- 
bers of this series being C,He,—2. The existence of a 
treble linkage between two carbon atoms is assumed 
for such compounds. 

A table giving the names and formulas of a few of the 
hydrocarbons belonging to each series follows: 


Alkanes 
(Paraffins) 


Methane, CH4 
Ethane, CoHe 
Propane, C3Hg 
Butane, C4H 10 
Pentane, C5H12 
Hexane, Cc 6H 14 


Alkenes 
(Olefins) 


Alkynes 
(Acetylenes) 


Ethene, CoH4 
Propene, C3sH¢ 
Butene, C4Hg 
Pentene, C5Hio0 
Hexene, CgH 2 


Ethyne (Acetylene), CoHe 
Propyne, CsH4 

Butyne, C4He6 

Pentyne, C5Hg 

Hexyne, CgHio0 


It is not to be understood that all of the members of 
these fundamental series are of common occurrence or 
even that all of them have been prepared, but most of 
them are known and the others could doubtless be pre- 
pared if necessity arose. They are of importance to the 
student as starting points of derivatives, many of 
which are of great economic value and importance in 
pharmacy. 

A brief consideration of some of them will serve to 
emphasize this fact. 

The Alkanes or Paraffins, from Parvum affinis 
(little affinity). The members of this series are satu- 
rated molecules not easily affected by chemical agents. 
Many of them have been found in natural gas and 
petroleum. : 

Methane [CH.,], the first member of the paraffin series, 
is a colorless, odorless gas occurring in natural gas, 
which, in some instances, is nearly pure methane. 
It is also produced by the slow decomposition of cellu- 
lose, and is the gas which forms in the bottom of 
marshes and stagnant pools, whence the name marsh 
gas. When mixed with air, as is sometimes observed 
in coal mines, it constitutes the deadly fire damp, which 
is the frequent cause of explosions in such mines. The 
invention by Sir Humphry Davy of the safety lamp 
which bears his name was for the purpose of minimizing 
this danger. 

Ethane [CoH], propane [CsHs], butane [CaHiol, pen- 
tane [CsHy9], hexane [CeHia4], and heptane [C;Hie] are 
all found in petroleum, and some of them occur in nearly 
pure form in cymogene, rhigolene, petroleum benzin, 
gasoline, and kerosene. The hydrocarbons from CgHis 

* \ 
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to CisHge are present in lubricating oils, and from 
CigHs4 to CooH 42 in petrolatums and in the so-called 
paraffin waxes. 

There is a mathematical gradation of specific gravi- 
ties, boiling points, and other physical properties from 
the lowest to the highest member of the series. The 
derivatives of the paraffin hydrocarbons are frequently 
produced by the direct action of chlorine or bromine, 
the halogen derivatives then being taken as the starting 
point for derivatives of other types. 

The halogen derivatives themselves are frequently 
compounds of considerable importance. The chlorine 
substitution products of methane may be taken to illus- 
trate this fact and also the possibilities of nomenclature 
of organic compounds which is a very important branch 
of their study. 


Methane, CH 4 

Monochloromethane (methyl chloride), CH 3Cl 
Dichloromethane (methylene chloride), CH 2Cle 
Trichloromethane (chloroform), CHClg 
Tetrachloromethane (carbon tetrachloride), CCl4 


Alkyl Derivatives—The name alkyl is given to all 
of the wnvalent groups of atoms or radicals which are 
theoretically obtained by removing one atom of hydro- 
gen from a molecule of a paraffin hydrocarbon. Such 
radicals combine to form oxides called ethers, halogen 
derivatives called alkyl halides, hydroxides called alco- 
hols, carbonyl] derivatives called ketones, etc. 

Individual alkyl derivatives are named by designating 
them as methyl, ethyl, propyl, butyl, pentyl, or hexyl 
derivatives. The following examples in which the 
radicals methyl and ethyl are used for illustration, indi- 
cate some of the different types of compounds produced, 
and their nomenclature. 

Ethers—Ethyl oxide [(C2Hs5)20], commonly called 
ether, a member of the important generic group of 
ethers which may consist of simple ethers, as illustrated 
above, or of mixed ethers, as (CHs)(C2H5)O, which is 
called methylethyl ether. 

Alkyl Halides—Ethyl chloride [C2H;5Cl]. These are 
the mono-halogen substitution products of the paraffin 
hydrocarbons. 

Esters—Ethyl acetate |CH3sCO2CeHs]. This is some- 
times incorrectly called acetic ether. The esters corre- 
spond to the salts of inorganic chemistry. Many are 
of official importance. 

Alcohols—Ethyl alcohol [CzgH;sOH], commonly called 
alcohol, and a member of the important generic group 
of alcohols. It is also called ethanol. 

There are no alcohol isomers of methyl or ethyl 
alcohol. There are two possible alcohol isomers of 
propyl! alcohol, four of butyl alcohol, and the com- 
plexity increases upon ascending the scale. In order 
to distinguish certain types of the isomeric alco- 
hols they are designated as primary, secondary, or 
tertiary. In primary alcohols the CH2OH group is 
joined to only one other carbon atom. In secondary 
alcohols the group CHOH is joined to two carbon 
atoms. In tertiary alcohols the group COH is joined to 
three carbon atoms. 

Illustrations of all three of these forms are found in 
the structural formulas of three of the butyl alcohols. 


Jel el oes tel 
Jel Jal Jel Jae a | ‘i | 
é d d H—C—C—C—C—H 
H C—O—H Rest A 
aes teih *| Hon H 
leh Ash dal del | 
H 
normal primary butyl alcohol, secondary butyl alcohol, 
CH:sCH:CH:CH:0H CHsCH:zCHOHCHs 


486 


H 


| 
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H 
H 


tertiary butyl alcohol, 
(CH3)3COH 
The COH group of the tertiary alcohols is trivalent 
and has the structure =C—-OH; it must not be con- 
fused with the aldehyde group CHO, which is mono- 
valent and in which the hydrogen is united directly 
with the carbon, as in 


<. H 
The alcohols containing two OH groups are known as 
dihydric alcohols or glycols. Each of these alcohols 
yields two acids upon oxidation. Thus ethylene glycol 
gives the following acids: 


CoH4(OH)2 + O2 ~ CH2OHCOOH + He.O 
glycollic acid 
CeH4(OH)e + 202 => (COOH). + 2H2O 


oxalic acid 


Other derivatives of the dihydric alcohols of impor- 
tance in pharmacy are lactic acid, which is an oxidation 
product of propylene glycol, and succinic acid, which is 
an oxidation product of tetramethylene glycol or 
1, 4-butanediol. The first-named acid is monobasic 
and the second is dibasic. 

The oxygen of the alcohols may be replaced by other 
elements, as sulfur. For instance, ethyl alcohol 
[(C2xH;OH] has a corresponding sulfur compound 
{C2H;SH] which is really ethyl hydrosulfide, but which 
is called ethyl mercaptan, the term being used in the 
generic sense also. The mercaptans when oxidized 
form sulfonic acids. Sulfur compounds corresponding 
to ethers are known, such as (CsH5).8, ethyl sulfide. 
The essential oils of garlic, mustard, horse radish, asa- 
fetida, etc., contain organic sulfides which are usually 
strongly odorous or irritating compounds. The mus- 
tard gas of World War I was the halogenated organic 
sulfide, 6,8’-dichlordiethyl sulfide [(C2H 4Cl) 2S]. 

Ketones—Dimethyl ketone [CHsCOCHs], commonly 
called acetone and a member of the important generic 
group of ketones. It is also called propanone. 

Aldehydes—Methyl formaldehyde, or ethanal [CHs- 
CHO], a member of the important generic group of 
aldehydes. It is commonly called acetaldehyde because 
upon oxidation it yields acetic acid. 

Acids— Acetic acid [|CHsCOOH] typifies this group. 

The Alkenes or Olefins—These hydrocarbons are 
also known as the ethylenes (after the first hydrocarbon 
which’ occurs in this homologous series) and have the 
general formula C,He,. They contain one unsaturated 
linkage which is indicated structurally by a double bond 
placed between two of the carbon atoms. The number 
of possible isomers among the alkenes is greater than 
in the alkane series, as isomerism may be due not only 
to the arrangement of carbon atoms in the chain but 
also to the position of the double bond in the chain, 
this position being indicated by a numerical suffix. 
The alkenes are more unstable than the alkanes, their 
instability being evidenced by their tendency to form 
addition compounds in which the double bond is severed 
and the valence of the carbon atoms becomes completely 
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saturated. Thus ethene, or ethylene [C2H,4), can take 
up two atoms of bromine to form ethylene bromide 
[CeH4Br.|. The olefins also form substitution com- 
pounds in which the double linkage is retained. Thus 
alcohols, ethers, esters, aldehydes, acids, etc., may be 
prepared. 

Carbohydrates—Among the more important of the 
complex derivatives of the open chain hydrocarbons are 
the carbohydrates, which derive their name from the fact 
that they contain the three elements carbon, hydrogen, 
and oxygen, the latter two, in general, being in the same 
proportion in which they exist in water. Thus the em- 
pirical formula of sucrose or table sugar [Cy2H2201;] 
might be written Cy2(H2O)i1. This limitation of com- 
position is no longer strictly applicable, as some true car- 
bohydrates are known in which this ratio of hydrogen 
to oxygen does not exist. The term, however, is too well 
fixed in the nomenclature of chemistry to be displaced. 

The carbohydrate molecules are relatively complex. 
The simplest carbohydrates of importance are typified by 
glucose (dextrose) and fructose (levulose). These are 


_hexane derivatives containing five hydroxyl groups and 


an aldehyde or ketone group. The simple structural 
formulas of glucose and fructose will serve for illustration 
of these facts: 


H—C=—O CH,OH 
HUOH C=O 
HOCH HocH 
HUOH HUOH 
HOOH HCOH 
CH,OH bH,0n 


glucose fructose 


Simple sugars’ of this type are known as monosac- 
charides. Disaccharides, of which sucrose is an example, 
are made up of two monosaccharide units. Sucrose, on 
treatment with dilute hydrochloric acid, is split into the 
two simple sugars of which it is composed: 


HCl 
CyeHo20i1 + HeO ———» CeHi206 + CeHi206 


sucrose water glucose fructose 


Starch and cellulose are made up of a large number of 
monosaccharide units; they may be represented as 


(CeH1005)n. 


Cyclic Compounds 

The closed chain, cyclic, or ring hydrocarbons and 
their derivatives form a large and important group of 
organic compounds. When all of the atoms composing 
the ring are of one kind (7. e., carbon), the structure is 
known as zsocyclic. When the closed chain includes 
elements of different kinds it is called heterocyclic. The 
isocyclic compounds may be divided into two classes, 
the alicyclic and the aromatic series. 

Alicyclic Compounds—The simplest alicyclic com- 
pound is cyclopropane [(CHz)s]._ Note that it is iso- 


CH: 
oo, 
CH:—CH2 


meric with the olefin propylene [CsH.]. Cyclopropane 
finds important use as an anesthetic. Cyclohexane has 
six carbon atoms in a ring like benzene (see below) but 
all the carbon atoms are saturated with hydrogen. It 
is written without double bonds as follows: 


\ 
4 
\ 
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There are many derivatives of alicyclic hydrocarbons 
which are of great physiological importance. Among 
these are the terpenes and the steroids, the latter group 
- of compounds including bile acids, sterols, sex hormones, 

cardiac poisons, and the adrenal hormones. See Steroids 
(page 774) andVolatile Oils (page 696). 

Aromatic Compounds—The aromatic group of iso- 

_eyclic compounds is probably the most important of 

the series of hydrocarbons discussed here. It is also 
known as the benzene series, from the name of its funda- 
mental member. Benzene [CgH.] was first prepared 
in 1825 by Faraday from coal gas, and subsequently 
in 1845 by Hofmann from coal tar, which has since 
been the principal source of its supply. 

The chemical nature of benzene has been the subject 
of much controversy. It is known to be cyclic, and 
each carbon atom bears one hydrogen atom. To satisfy 
the valence requirements of carbon, the structure is 
written with three alternating double bonds. However, 
these double bonds differ markedly in their properties 
from the carbon-carbon double bonds of the olefin series. 


This peculiar nature of compounds containing six- 
membered rings with three double bonds is summed up 
in the term aromatic character, and substances of this 
type are referred to as aromatic. It will not be possible 
to treat this fully here; the interested reader will find 
discussions of the subject in any text on organic chem- 
istry. 

For the sake of convenience the cumbersome detailed 
structure as given above is generally replaced by a 
simple hexagon, which is understood to mean CeHe. 


1 


6 Se 
J WE 
4 


The angles of the hexagon, representing the carbon 
atoms, may be numbered from one to six, as shown. 
When one of the hydrogen atoms of benzene is substi- 
tuted by another group, as by a hydroxyl group in the 
formation of phenol from benzene, it is simply repre- 


OH 
2 
Y 


phenol 


sented as shown. In the case of a single substitution, 
the position of the substituent is immaterial. 

Substitution of two of the hydrogen atoms of benzene 
can take place in three different ways, illustrated by the 
three possible dichlorobenzenes: 


Cl 5 ie 
—Cl 
—C] 
Cl 
ortho-or 0- meta-or m- para-or p- 
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The more common way of naming these disubstituted 
benzenes is by use of the prefixes ortho, meta, and para. 
which are often further abbreviated to o0-, m-, and 
p-respectively. Alternatively the numbering system 
previously indicated may be used. Thus the first of 
the compounds above is called either orthodichloro- 
benzene (o-dichlorobenzene) or 1,2-dichlorobenzene. 
The second is metadichlorobenzene or 1,3-dichloro- 
benzene, and the third is paradichlorobenzene or 1,4- 
dichlorobenzene. 

When three of the hydrogen atoms of benzene are 
substituted by the same element or radical, there are 
again three possible isomers, distinguished either by 
name or numbers: 


ie pe OH 
| 
| \—OH | \=0H | \ 
pO ae HO— Wau 
| 
OH 
1,2,3- or 1,2,4- or 1,3,5- or 
vicinal asymmetrical symmetrical 
or v- or as- or sym- 


The first compound, for example, is called 1,2,3-tri- 
hydroxybenzene, vicinal trihydroxybenzene, or v-tri- 
hydroxybenzene. It is also known by the trivial name 
of pyrogallol. 

In order that the reader may familiarize himself 
with the symbols and nomenclature of benzene deriva- 
tives, a number of illustrations are given. Most of these 
are compounds of importance in pharmacy. 


f? J? : Jp? 
raves Take i Os (ars 
| N —OH 
\f 
benzoic acid benzaldehyde nitrobenzene, orthohydroxy- 


benzoic acid, 
salicylic acid 


oil of mirbane 


J? 
OH NHe ica 
| | 
O2.N— | \Yy—NOe2 f ~\ —OH 
| 
SY Y 
| ‘ 
NOg 
2,4,6-trinitrophenol, aminobenzene, orthohydroxymethyl 
picric acid aniline benzoate, methyl 
salicylate 


Benzene is considered to be the first member of a 
homologous series of the general formula C,Hen—.6, of 
which the following are the lower members: 

CeHe, Benzene 

C7Hg8 or CgH5-CH3, Methylbenzene or Toluene 

CgHjoorfourisomers. Three dimethylbenzenes or Xylenes, CgH4- 
(CH¢g)g, and one ethylbenzene, CeH5CoH 5. 

9H 2 or eight isomers. Three trimethylbenzenes, CgeH3(CHs3)3, 


three ethylmethylbenzenes, CgH4(CHs3)(C2Hs5), propylbenzene, 
C.6H5C3Hz7, and isopropylbenzene, CgHsCH(CHs3) 2. 


Many of these homologues of benzene are associated with 
it in the more volatile fractions of coal tar. 
For convenience in naming compounds, C.H;- is 
sometimes referred to as the phenyl group. Thus 
C,.H;COCHs is methylphenylketone. The compounds 
having one or more hydroxyl groups attached directly 
to the benzene ring constitute the class of phenols. 
Phenolic hydroxyl groups are much different chemically 
from ordinary aliphatic hydroxyl groups; for example, 
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they are acidic and the hydrogen atom is replaced by 
a metal when the phenol is treated with an alkali: 
CgH50H + NaOH — CsgH;ONa a H,O 


phenol sodium sodium water 
hydroxide phenolate 


Phenols must not be confused with aromatic alcohols, in 
which the hydroxyl substitution occurs not directly on 
the benzene ring, but in a side chain. C,H,;OH is a 
phenol, but CgH;CH.2OH is an alcohol. ' 

Another important aromatic hydrocarbon is naph- 
thalene [CioHs]. This consists of a double ring in 


gia HEL 
Cie Suet 
Uo SS BVO AE 

ee cee 

or 

HOwaaCoper CE AG |e 
\ VA a a 
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which two benzene nuclei are joined through two com- 
mon carbon atoms. The numbering system is shown 
in the formula. 

The naphthols are hydroxy derivatives of naphtha- 
lene, just as the phenols are hydroxy derivatives of 
benzene. The empirical formula of the simplest naph- 
thol is C;)H,OH. There are two isomers known, alpha 
naphthol and beta naphthol. Both are important in 
pharmacy. 

Many other aromatic ring systems are known. Three 
are given below in the simplified form. eke and 


“ 
As 3,2 
ido < 7: 1’ oN ar408 
Ye ee 
10-4 J aC 
anthracene diphenyl oe ee 


diphenyl, through various of their derivatives, are the 
basis of valuable dyes. Phenanthrene is of interest be- 
cause when the double bonds are saturated by hydrogen, 
it becomes the basis for most of the carbon skeleton 
of the physiologically important steroids (see the struc- 
tural formula for testosterone, page 775). 

In recent years it has been shown that certain com- 
plex aromatic hydrocarbons have the power to induce 
cancer in experimental animals, and these compounds 
are being studied in the hope of finding some answer to 
the problem of the origin and perhaps control of this 


i CH; 


TONES 


op 


disease. A highly potent carcinogenic hydrocarbon, 
methyl cholanthrene, is shown here. Note that it is 
also related to phenanthrene. 
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Heterocyclic Compounds—The heterocyclic group of 
compounds includes many molecules of pharmaceutical 
importance. Some of the most significant ring systems 
are given for reference. 

The reader will find it of interest to study the struc- 
tural formulas of some of the natural products repro- 
duced below. He should observe the various fune- 


CH CH CH CH SG aan 
ae 7 = \A 
O NH CH 
furan pyrrole thiazole 
CH CH. CH N= —— CH 
S VERSIE ES | 
CH CH dal 
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pyridine quinoline pyrimidine 


tional groups which have been mentioned in this chap- 
ter, and should try to identify the ring systems which 
occur in these compounds. Note that in many cases 
the rings will be more or less saturated (7. e., the double 
bonds will be missing), and will bear several substituent 
groups. 
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ascorbic acid 
(vitamin C) 


sodium salt of penicillin G 


NOMENCLATURE OF ORGANIC COMPOUNDS 


In the early decades of organic chemistry, newly dis- 
covered compounds were commonly baptized with 
names which indicated either the source or some out- 
standing property of the compound. Thus, marsh gas, 
wood alcohol, benzoic acid, cadaverine, morphine, 
chlorophyll, and thousands of other similar names were 


invented. As more and more compounds were isolated 
or synthesized, it became apparent, however, that 
some systematic manner of naming organic compounds 
in terms of their structure would have to be devised. 
Early systems of nomenclature, while adequate for the 
period in which they were invented, soon required modi- 
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fication as the number of known compounds increased. 
The result has been that the system (or rather the com- 
bination of systems) now in use represents an evolution 
spreading over several decades. 

With a half million organic compounds already 
known, and thousands of new ones being synthesized 
each year, it is readily understandable that the present 
system of nomenclature is, of necessity, very complex. 
It is therefore impossible to undertake any comprehen- 
sive treatment of the subject in this text, but such treat- 
ment will be found in Chemical Abstracts, 39, 5875 et 
seq. (1945). Only a brief review of the most fundamen- 
tal features of the system can herewith be provided. 

Number of Carbon Atoms in the Molecule—This is 
indicated by means of prefixes. Meth-, eth-, prop-, and 
but- denote 1, 2, 3, and 4 carbon atoms, respectively. 
Beginning with 5 carbon atoms, Greek (occasionally 
Latin) numerical prefixes are employed. Thus we have 
pent- (5), hex- (6), hept- (7), oct- (8), enne- (or non-) (9), 
dec- (10), hendec- (or undec-) (11), dodec- (12), eicos- (20), 
triacont- (30), tetracont- (40), etc. 

Degrees of Saturation—The syllable -ane (or some- 
times -an- when it is not a terminating syllable and the 
next syllable begins with a vowel, as in ethanol) indi- 
cates that the molecule is saturated; 7. e., contains only 
single bonds between the C atoms. 

The syllable -ene (or sometimes -en-) denotes the 
presence of one double bond. Examples: ethene 
{CH.:CH.] and propenyl [CH;.CH: CH—]. 

Similarly, the syllable -yne (or sometimes -yn-) de- 
notes one triple bond. Examples: propyne [CH3.- 
C:CH] and ethynyl [CH:C—]. 

The Use of Numbers—It is common practice to name 
compounds in such a way as to relate them to other 
compounds which are structurally more fundamental. 
To do this adequately, it is necessary to assign num- 


_ bers, indicating position, to the atoms comprising the 


chain in the fundamental structure (reference com- 
pound). These numbers may then be used to locate 
positions of substituting elements or groups, and of 
double and triple bonds, in the compound being named. 
Examples follow: 

it 2 3 4 
CH3.CH:CH.CHs 

uf 4 3 4 5 
CH3.CH2.CH(CHs3).CH2.CHg3 
4 3 2 it 
CHe:CH.CCl: CHe 

3 2 1 
CH3.CH(CHs).CH20H 


2-butene 
3-methylpentane 
2-chloro-1,3-butadiene 


2-methyl-1-propanol 


OH 
pL ix ; 1,3-dihydroxybenzene __ (re- 
[ i sorcinol) 
Ma 70H 
ne 2,4,6-trinitrophenol (picric 
acid) 
O2-¢ *-NOz (Note—The reference com- 
5 ji pound here is actually 
NG phenol, and the OH group 
automatically receives the 
po No. 1 position.) 
“3 ee HN 4, 4’ - diaminobiphenyl 
Han—Z 5 os? —N2H ” (benzidine) 


With ae oiler complexity, the scheme of 
numbering becomes more involved (see examples on 
page 488). This becomes especially apparent with 


- complex cyclic compounds containing several rings. 


In order to establish uniformity and thus increase the 


“a 
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utility of the system, special rules have been adopted 
which prescribe the manner in which all reference 
compounds shall be numbered; and when in doubt as 
to the correct numbering, one has but to consult a 
standard reference work on organic nomenclature. 

Greek letters are often employed instead of numbers 
to show positions of substituents. In modern practice, 
the C atoms are lettered a, 8, etc., beginning with the 
first one attached to the characteristic group of the 
peace compound. Typical elementary examples fol- 
ow: 


B a 

ies ares COOH 
CH, CH(OH), CH, a 
CCH. CH. Ss. CHa. CH 2Cl 


a-aminopropionic acid 
B-hydroxybutyric acid 
8,8’-dichlorodiethyl sulfide 


The use of the prefixes ortho, meta, and pare, and of 
the terms vicinal, symmetrical, and unsymmetrical to 
indicate relative positions of substituents on the ben- 
zene ring has been treated previously on page 487. 

Numerical Prefixes—These are employed to show 
how many of the elements (or groups, or double or 
triple bonds) to which they refer are present in the 


molecule. Their function is illustrated in the following 
examples: 
Monochloromethane CHs3Cl 


( Note—The prefix mono- is often omitted in names. The 
omission is always apparent, and thus the mono-derivative 
is assumed. Example: Ethanolamine, HOCH2.CH2N Ha, 
is actually monoethanolamine.) 


2,2-Dimethylpropane 
1,3-Butadiene 


CH3.C(CHs3)2.CH3 
CH2:CH.CH:CHe 


2,4,6-Tribromophenol 


Tetrachloroethylene 


Hexahydroxy-hexahydrobenzene ae H 
O JX O 
igt jal 


Miscellaneous Prefixes and Suffixes—In addition to 
those previously discussed, many other prefixes and 
suffixes must be used in organic nomenclature. Many 
of these, such as chloro-, hydroxy-, methyl-, ete., indi- 
cate specific elements or radicals, and a list of the more 
important of these will be found on page 491. 

Many others, such as andro- (Greek, man), tauro- 
(Latin, bull), neo- (Greek, new), and pseudo- or wy 
(Greek, false), are of no chemical significance from a 
structural viewpoint, but are often very useful in form- 
ing the so-called trivial or common names for complex 
molecules such as androsterone, taurocholic acid, neo- 
arsphenamine, pseudoglobulin, etc., the correct chemical 
names for which would often be extremely cumbersome. 
Because of their lack of structural chemical significance, 
however, these will not be discussed further here. 

The third group of these miscellaneous prefixes and 
suffixes is of sufficient importance to warrant abbrevi- 
ated treatment, because, like those of the first group, 
these have structural significance and often constitute 
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a necessary part of chemical names. A list of the more 
commonly encountered ones of this group is provided 
below. Many of these have multiple meanings, and the 
definitions given herein represent the commonest sense 
in which they are used in organic chemistry. It must 
also be remembered that the precise meanings shown 
here do not always apply to trivial names. Thus, for 
example, the meaning of -ene or of -ylene does not apply 


to acetylene; 
apply to benzol. 


similarly, the meaning of -ol does not 
Caution must always be exercised in 


interpreting such common names. 


TABLE OF PREFIXES 


a- (or adj-) 
ald- (or aldo-) 
anhydro- 


anti- 
ar- 
as- 


bis- 


cis- 


cyclo- 

de- (or des-) 
A 

dextro- (or d-) 


dl- (or d,!-) 
hetero- 


hom- (or homo-) 


hydro- 
hypo- 


a. 
iso- (rarely, 7-) 
ket- (or keto-) 


levo- (or levo- 
or [-) 


meta- (or m-) 


nN- 
N- 


Oo- 
ortho- (or o-) 


Oxo- 


oxy- (or -oxy-) 


para- (or p-) 

poly- 

racemic (or dl- 
or d,l- or 7-) 

8- 

sec- 


sym- (or s-) 


t- 
tert- (or t-) 


tetrakis- 


trans- (or anti-) 


Abbreviation for adjacent (see vic-) 

refers to aldehyde, as aldoxime and aldohexose 

denotes abstraction of water, as anhydrohydroxy- 
progesterone 

see trans- 

abbreviation for aromatic, as aryl 

abbreviation for asymmetric 

used instead of di-, meaning two, before complex 
expressions, as in bis(m-nitrophenyl)- 

refers to that geometric isomer in which the two 
groups are on the same side, as cis-butenedioic 

CHCOOH 


acid, || 
CHCOOH 

indicates a cyclic structure, as cyclopropane 

see dextro- 

denotes removal of something, as hydrogen in de- 
hydrocholic acid, and oxygen in desoxyephedrine 

(the capital Greek letter delta) used to indicate, or 
focus attention on, double bonds, as in A?-butene 
[(CH3.CH:CH.CHs3] 

signifies dextrorotatory form, as d-glucose 

see racemic 

means different, or not all the same, asin heterocyclic 

indicates a homologue of another compound, as 
homatropine : 

refers to hydrogen, as hexahydrobenzene 

signifies a lower state of oxidation in relation to an- 
other compound, as hypoxanthine 

abbreviation for inactive (see racemic); sometimes 
used instead of iso- (q. v.) 

denotes an tisomer of another compound, as iso- 
butane and isopropyl alcohol 

refers to ketone, as ketoxime or ketohexose 


signifies levorotatory form, as l-ephedrine 

see meta- 

signifies optical inactivity due to internal compensa- 
tion, as mesotartaric acid 

indicates the 1,3- positions in benzene, as in m- 
dihydroxybenzene 

abbreviation for normal, as n-butanol 

refers to nitrogen, as in N-methylaniline, 

H 

—N 

CHsg indicating that the methyl 
group is attached to the nitrogen 

see ortho- 

signifies the 1,2- positions in benzene, as in o- 
hydroxybenzoic acid 

denotes an oxygen atom with both bonds attached 
to the same atom as in aldehydes and ketones 

denotes an —O— configuration, in contrast to an 
oxo- (=O) configuration, as in hydroxybenzene 
and ethoxyethane (ethyl ether) 

see para- 

signifies the 1,4- positions in benzene, as in p-amino- 
benzoic acid 

indicates a union of several identical molecules, as 
in polymers and polysaccharides 

signifies optical inactivity due to equimolecular 
mixture of d- and l- forms 

see sym- 

abbreviation for secondary, as in sec-butyl alcohol 
and sec-amines 

abbreviation for symmetrical, as in sym-dichloro- 
ethane, CICHg.CHe2Cl; specifically signifies the 
1,3,5 positions in benzene, as in sym-trinitro- 
benzene { 

see tert- 

abbreviation for tertiary, as in tert-butyl alcohol 
and tert-amines 3 

used instead of tetra, meaning four, before complex 

_ expressions (see bis-) 

refers to that geometric isomer in which the two 
groups are on opposite sides, as trans-butenedioic 

HCOOH 


acid, {| 
HOOCCH 
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TABLE OF PREFIXES—Continued 


tris- used instead of tri-, meaning three, before complex 
expressions (see bis-) 
uns- 


see unsym- 

abbreviation for unsymmetrical, as in unsym- 
dichloroethane, CH3.CHCle; specifically signi- 
fies the 1,2,4 positions in benzene, as in uwnsym- 


unsym- (or uns-) 


trihydroxy benzene 
0- see vic- 
vic- (or v- or signifies the 1,2,3 positions in benzene as vtc~ 
adj- or a-) trimethylbenzene 
TABLE OF SUFFIXES 
-al indicates an aldehyde, as methanal, HCHO 
-ane indicates saturated hydrocarbon or saturated heterocycle as 
ethane, androstane, and furane 
-ase characteristic ending for enzymes, as zymase, amylase, 
polypeptidase, etc. 
-ene denotes one double bond, as ethene, butadiene, etc. (see also 
-ylene) 
-ine characteristic ending for various basic nitrogen compounds 
such as amines and alkaloids, as histamine, epinephrine, 
; morphine, etc. 
-oic refers to the —COOH group, as in ethanoic, benzoic, etc., 
acids 
-ol characteristic ending for alcohols, phenols, naphthols, etc., 
_ as in ethanol, cyclohexanol, etc. 
-one indicates a ketone, as in propanone, acetophenone, ete. 
-osan generic ending for polysaccharides, as pentosans, hexosans, 
etc. 
-ose characteristic carbohydrate ending, especially for sugars, as 
dextrose, sucrose, etc. ‘ 
-oside generic ending for glycosides, as glucoside, rhamnoside, etc. 
-oyl characteristic ending for acyl radicals, as ethanoyl for 
acetyl, etc. ; : 
-yl indicates a radical, especially an wnivalent hydrocarbon 
radical, as methyl, phenyl, etc. _ P 
-ylene signifies a bivalent hydrocarbon radical with the free bonds 
on different carbon atoms, as in ethylene [—CH2. CH2g—] 
and phenylene | 1; used also to indicate a double 
\ : 
bond in olefin hydrocarbons, as in ethylene [CH2g.CHg@] 
-ylidene signifies a bivalent hydrocarbon radical with the free bonds” 
on the same carbon atom, s in ethylidene [CH3.CH=] 
and benzylidene | 
co 
| 
-yne 


denotes one triple bond, as in ethyne [CH:CH], ethynyl 
[CH :C—, etc. ; 


Radicals in Organic Chemistry 


Reference has already been made to the important 
role of radicals in organic chemistry. Part of this im- 
portance arises out of the fact that, through the utiliza- 
tion of radicals, a logical and very helpful classification 
of the huge number of organic compounds is possible. 
Furthermore, a knowledge of the chemical properties 
of the individual radicals commonly makes possible 
either a prediction or an explanation of the chemical 
properties of compounds; because, in general, the chemi- 
cal properties of a compound are the combined proper- 
ties of the radicals present in the molecule. 


Considering their usefulness, therefore, it is not sur- 
prising that the chemist has given this matter of radicals 
very close. study, with the result that several hundred 
different radicals have been recognized, named, and 
classified. A complete list will be found in Chemical 
Abstracts, 39, 5956 et seq. (1945). 


For purposes of convenient reference, a list of the 
more important radicals encountered in pharmaceutical 
chemistry is provided below. Classification into themi- 
cal types has been sacrificed in favor of an alphabetical 
arrangement in order to facilitate locating any desired 
radical. Included in the list are many inorganic radi- 
cals which are frequently encountered in organic com- 
bination. i . 


' 
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TABLE OF RADICALS 


acetamido 
acetate 
acetoxy 
acetyl 
acyl 


alkoxy 
alkyl 


alkylamino 
allyl 
amide 


amino 


aminoacetate 
aminobenzoate 
n-amyl 
tert-amyl 
arseno 

aryl 


azo 
benzoate 
benzoxy 
benzoyl 
benzyl 
bisulfide 
bisulfite 
bisulfate 


borate 
(orthoborate) 


bromo (bromide) 
n-butyl 

sec-butyl 
tert-butyl 
butyrate 
carbamate 
carbonyl 


carboxyl (carboxy) 


cetyl 
chloro (chloride) 
citrate 


cyano (cyanide) 


decyl 
dialkylamino 
diazo 
epoxy 


~ ethenyl 

ethoxy 

ethyl 

ethylene 
ethylidene 
ethylnyl 

fluoro (fluoride) 
formate 

formyl 


glyceryl 
n-hexyl 
hydrazo 
hydroxy (hydroxyl) 


imide 


iodo (iodide) — 
isoamyl 
isobutyl 
isocyano 
(isocyanide) 


isonitrile 
isopropyl 


CH3sCONH— 

CH gCOO— 

see acetate 

CH 3CO— 

generic term signifying an acid minus its OH 
group or groups as acetyl, CH3CO—, and 
carbonyl, —=CO 

generic term signifying a radical consisting of an 
alkyl joined to oxygen as methoxy, CH30—, 
and ethoxy, CoH 50— 

generic term signifying a saturated hydrocarbon 
radical with a valence of one as methyl, 
CH3—, and ethyl, CoH5s— 

RNH— wherein R is an alkyl 

CHe:CH.CH2e— 

—CONHo:; characteristic group of acid amides 
as acetamide, CH 3sCONHe2 

—NHo; characteristic group of primary amines 
as methylamine, CH3gNH2 

HeNCH2g.COO— 

HeNCgH4COO— (0-, m-, and p-isomers) 

CH 3(CH 2) 4— 

(CeH5)(CH3) 2C— 

—As: As— 

generic term signifying an aromatic hydrocarbon 

ss 

= Wee No 

, o-tolyl, | , etc. 


\ 


radical as phenyl, 


—N:N— 

CgH5COO— 

see benzoate 

CgH5sCO— 

C 6H 5CH 5 — 
SH 


HOSOO— or HSO3- 
HOSO30— or HS804- 


Br— 

CH 3(CH 2) 3— 

(CoH 5)(CH3)CH— 

(CH 3) 3C— 

CH3.CHe.CHe. COO— 

HeNCOO— 

=CO; characteristic group of ketones as acetone 
CH3. CO.CHs 

—COOH; characteristic group of acids as acetic 
acid, CH3COOH 

pea) ie— or CigHs3— 

—OOC Gia: C(OH)(COO—).CH2.COO— or 

650 7° 
.CN; characteristic group of nitriles as aceto- 
nitrile (cyanomethane or methyl cyanide), 


3CN 

CH 3(CH 2) 9— or CypH21— 

ReaN— wherein R’s are alkyls 

—N:N— or N:N= 

—C—C— oxygen united to two different 
NF atoms already united in some 
O other way 

see vinyl 


CoHs0— 


HCOO— or CHO2- 

CHO—; characteristic group of aldehydes as 
es CH 3s.CHO 

—CH 2g. CH— .CH2— or Cshs= 

CH (CHa) s— or CgHi3— 


—OH; characteristic group of alcohols, phenols 


naphthols, ete., as ethanol, CoHs5OH, and 
phenol, CgH50H 
—=NH; characteristic group of acid imides as 
CH2.CO 
succinimide, NH 
CH2.CO 
ie 
(CH3)2. ea CH».CH2— a 
(CH3)2.C Ta 
—NC; NCCE group of the carbylamines 


(isonitriles) as ethyl carbylamine (isocyano- 
ethane or ethyl isocyanide), CoHsNC 

see isocyano 

(CH 3)2CH— 
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TABLE OF RADICALS—Continued 
isothiocyano 
(isothiocyanate) —NCS 
lactate CH3.CH(OH).COO— or CgH503- 
malonyl —CO.CH2.CO— 
mandelate C.gHs5.CH(OH).COO— 
mercapto 
(mercaptan) see thiol 
mercuri —Hg— 
methoxy CH 30-— 
methenyl CH= 
methyl CHg— 
methylene CH = 
naphthyl Ci0H7— (from naphthalene; a and g isomers) 
nitrate —ONO2 
nitrile see cyano 
nitrite —ONO 
nitro —NOe ‘ 
nitroso —NO 
octyl ‘CgHy 
oleate GH 9(CH.) CH: CH(CH g) 7COO— or 
48H 330 97 
oxalyl —CO.CO— 
oxalate —OOC.COO— or C2047 
palmitate CH3(CHeg)14COO— or CigH3102- 
pentyl see amyl 
phenoxy CgH;,0— 
phenyl CgHs— 
phenylene CgH4— (0-, m-, and p-isomers) 
phosphate GOR 
(orthophosphate) O==P—O— or PO4? 
Om 
propenyl CH 3.CH: CH— 
propionate CH 3.CH2.COO— or C3H502- 
propionyl CH3.CH2.CO— 
propoxy CH3.CH2.CH2z0— 
n-propyl CH3.CH»g.CHg— 
propylene CH 3.CH—.CHe— 
salicyl 0- ets a 
salicylate CgH 4(0H)COO— or Cy7H503- 
stearate CH 3(CH 2) 1gCOO— or CisgH3502- 
succinate —OOC.CH2.CHg. COO— or C4H404- 
sulfanilamido p-H2gNCgH4SO2NH— 
sulfanilyl p-H gNCgH 480 2— 
sulfate —OSO 20— or SO4" 
sulfhydryl see bisulfide 
sulfide —S—; characteristic of thioethers as ethyl 
sulfide (ethyl thioether), CoHs—S—CoHs5 
sulfite —OSOO— or SO37 
sulfo see sulfonic acid 
sulfonamido —SO2eNH— 
sulfonate —S0 20— 
sulfone see sulfonyl 
sulfonic acid —S0 20H 
sulfonyl (sulfone) 
(sulfuryl) =S0e 
sulfoxide see thionyl 
sulfuryl see sulfonyl 
tartrate OOC.CH(OH).CH(OH).COO— or C4H40¢- 
thio see sulfide 
thiocyano 
(thiocyanate) —SCN 
thiol —SH; identical with bisulfide; characteristic 


group of thioalecohols (mercaptans) as meth- 
anethiol, methyl thioalcohol, mercaptomethane, 
or methyl mercaptan, CH3SH. 
thionyl (sulfoxide) SO 
tolyl CH 3C 6H 4— (0-, m-, and p-isomers) 
valerate CHs: (CH s)sCOO— or C5H902- 
vinyl CH»: CH— 
xylyl (CH. 3) 2C gH 3— (six isomers) 


The Arrangement of Part V 


This condensed presentation of the principles of 
organic chemistry is introduced as a preface to the de- 
tailed consideration of the many important therapeutic 
agents belonging to this class of compounds. In Part 
V all official organic chemical compounds are arranged 
primarily according to a chemical classification, begin- 
ning with the simplest compounds, the Hydrocarbons 
followed by their derivatives: the Alcohols, Aldehydes, 
Ketones, Ethers, Acids, Esters, Salts, Acid Anhydrides, 
Fixed Oils, Fats, Waxes, Soaps, Halogen Compounds, 
Nitrates and Nitrites, Amines and Amides, Barbiturates, 
Sulfonamides, and Phenols. Next follow the more 
complex Volatile Oils, Resins, Oleoresins, Gum Resins, 
Balsams, Carbohydrates and Organometallic Com- 
pounds, leading by steady progression to the complex 
Steroids, Glycosides, Alkaloids, Hormones, Vitamins, 
Antibiotics, Enzymes, Coloring Principles, and Medicinal 
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Dyes. A chapter, ‘‘Hematics,’’ groups together this 
therapeutically related group of drugs and another chap- 
ter, “Surface-Active Agents,” presents a discussion of 
detergents, surface tension depressants, wetting agents, 
and emulsifiers. 

All official compounds and preparations which are 
useful as flavoring agents and vehicles are listed in the 
chapter, “Official Flavoring Agents.’”’ Those mono- 
graphs which describe official preparations used only 
as flavoring agents are presented here; the other mono- 
graphs are referred to by page number and are pre- 
sented in the proper chemical classification, as Volatile 
Oils, Aldehydes, Amides, ete. 

All the official preparations and products of each drug 
are grouped alphabetically immediately following the 
monograph of the drug. Thus Digitalis is classified 
under the title Cardiac Glycosides and is followed by its 
Capsules, Extract,-Infusion, Injection, Powder, Tablets, 


, 
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and Tincture. As much as possible all related drugs are 
grouped in the same section. This is accomplished effec- 
tively by further subdividing, wherever possible, each 
chemical classification according to the therapeutic 
activity of the drugs listed. For example, under Glyco- 
sides are found Cardiac Glycosides and Cathartic Glyco- 
sides. All preparations are arranged alphabetically in 
each section, no distinction being made between U.S. P. 
and N. F. drugs other than to affix the abbreviation 
after each English title. 

Following the official preparations is an alphabetical 
list, under each heading, of related unofficial drugs and 
chemical compounds, and at the end of each section, 
under the title Speczaltzes, are listed the more important 
proprietary remedies belonging to that section. For 
each of these pharmaceutical specialties the name, 
synonyms, manufacturer, composition, uses, and dose 
are given. 


CHAPTER LXI 


HYDROCARBONS 


AS THE NAME indicates, hydrocarbons are compounds 
of hydrogen and carbon. Chemists divide hydrocar- 
bons into two main groups: (1) aliphatic and (2) 
cyclic, the first being also frequently designated as 
open chain hydrocarbons, and the second as closed chain 
or ring hydrocarbons. Petroleum, paraffin, kerosene, 
ethylene, and acetylene typify the aliphatic hydrocar- 
bons; cyclopropane, benzene, toluene, and naphthalene 
represent the cyclic hydrocarbons. Aromatic hydrocar- 
bons are a special, large class of cyclic hydrocarbons, 
each member of which contains at least one benzene 
nucleus. 

Of the two groups the aliphatic hydrocarbons are 
pharmaceutically the more important. They are either 
directly used as medicinal agents as, for example, heavy 
liquid petrolatum employed as a laxative, or ethylene 
used as an anesthetic, or, more importantly, as vehicles 
for active constituents in medicinal preparations, no- 
tably in ointments. 

Butadiene and isoprene which are important in 
the manufacture of synthetic rubber are aliphatic 
hydrocarbons having the formula CH.:CH.CH:CH, 
and CH2:CH.C(CHs):CHa, respectively. 

Aromatic hydrocarbons have. scarcely any direct 
medical application. They are, however, the basic raw 
materials for many of the most valuable official sub- 
stances such as acetanilid, local anesthetics, medicinal 
dyes, phenol, salicylates, sulfa drugs, and several of the 
vitamins. 

Aliphatic hydrocarbons are usually derived from 
petroleum, while those of the aromatic series are ob- 
tained from coal tar which results from the destructive 
distillation of coal. Recently toluene has been pro- 
duced from petroleum by heating in the presence of 


suitable catalysts. 


Petroleum—Rock Oil 

History—Petroleum has been known from the earliest 
historical period. Within the limits of the United 
States it has long been known to exist in a few localities. 
On the borders of Seneca Lake in the state of New York 
small quantities of it were collected, and to some extent 
used in medicine under the name of Seneca oil. In 
Western Pennsylvania, on Duck Creek in Ohio, near 
Scottsville in Kentucky, and on the Kanawha in Vir- 
ginia, it attracted local attention, and a certain local- 
ity in Western Canada had acquired some notoriety by 
its burning spring. Little attention was paid to it until 
1859, when, the preparation of oil for burning, distilled 
from bituminous shales, and called “coal oil,” having 
proved profitable, and a strong resemblance having 
been shown to exist between this and petroleum, enter- 
prise was directed towards some of the known resources 
of the latter liquid. The first oil well was sunk by 
Drake, in 1859, at Titusville, Pa., and from that arose 
an enormous industry. At first the most productive 
locality of petroleum was in Western Pennsylvania but 


it is now obtained in many states. After the Pennsyl- 
- vania field, in order of development, is that of Ohio; 


but most of the oil produced in this state is from a dif- 
ferent geological stratum and it contains a sulfur im- 
purity. This renders the Ohio oil (known also as Lima 


ee oil, from the town of Lima, Ohio) impracticable to re- 


ne and is hence largely used in the crude state as fuel 
oil. : 

Oil is also produced in several of the middle western 
states—IIlinois, Indiana, Kansas, and West Virginia. 
Large oil deposits have been found in California, 
Louisiana, Oklahoma and Texas. In other countries of 
the Western Hemisphere, oil is obtained in moderately 
large quantities, e. g., Venezuela and Mexico. 

Excepting Rumania and eastern Austria (Galicia), 
Kurope has no oil deposits. Next to the United States 
are the oil resources of western Asia—Iraq, Iran (Per- 
sia), and Caucasia. Oil deposits have also been found 
in the Dutch East Indies. 

Constituents of Petroleum—Petroleum consists of a 
mixture of hydrocarbons; the nature of the hydrocar- 
bons, however, may differ to a smaller or greater extent, 
according to the source. Pennsylvania oil consists al- 
most entirely of aliphatic straight chain hydrocarbons. 
On the other hand, the oil from Caucasia, usually re- 
ferred to as Russian oil, consists largely of alicyclic 
hydrocarbons and naphthenes (page 495). Also, in 
contrast to the Pennsylvania oil, the oil of California 
contains a considerable proportion of unsaturated 
hydrocarbons. 

Properties—Occasionally crude petroleum is almost 
colorless when taken from the earth, but it is generally 
of a greenish color, appearing claret-red by transmitted 
light. The green color may, however, become so dark 
as to be almost black. Its specific gravity varies from 
0.777 to 0.865. 

Processing—The crude petroleum is separated into 
the marketable fractions—petroleum benzin (petroleum 
ether, ligroin), gasoline, kerosene (coal oil), naphtha, 
lubricating oils, etc., by fractional distillation. The dis- 
tillation is carried out in wrought-iron retorts at gradu- 
ally rising temperatures up to about 320° C., whereby 
all the volatile ingredients are distilled leaving from 5 
to 10 per cent of a solid or semi-solid residue. The 
several fractions are further purified by filtration 
through fuller’s earth or by treatment with sulfuric acid, 
or both. 

Owing to the enormous demand for gasoline, the dis- 
tillation of petroleum is now carried out by the so-called 
“cracking process.’’ In this process the oil is distilled 
in the presence of a catalyst which causes the high- 
molecular, high-boiling hydrocarbons to break up into 
smaller and lower-boiling hydrocarbons, and thereby 
yielding a greater proportion of gasoline. With this 
process about 75 per cent gasoline is obtained against 
2 per cent or so obtained by normal distillation, The 
“‘cracking process” also causes the formation of large 
quantities of the unsaturated gaseous hydrocarbons 
such as ethylene, propylene, and butylene which are used 
as raw materials for the manufacture of such important 
chemicals as ethylene glycol, isopropyl alcohol, and 
butyl alcohol. Considerable quantities of ethyl alcohol 
are now produced from ethylene by absorbing the hydro- 
carbon in sulfuric acid and distilling after the addition 
of water. Ether is a side product in this process of 
making alcohol, and a great part of the ether consumed 
in this country is derived from this source. 

Uses—Petroleum is considered to be a stimulating 


493 


494 


antispasmodic, expectorant, and diaphoretic. It was 
used as a folk remedy in the treatment of acute bron- 
chitis, but probably with no beneficial action in this 
condition except by virtue of its nauseating effect. It 
is affirmed that many cases of asthma are much 
benefited by inhaling petroleum vapors. It is a minor 
ingredient in the popular remedy called British Oil. 
This is made as follows: 


British Oil 
Petroleum (Barbados)... seater se keer ek a ieene 1 fi. oz. 
Petroleum (American)... 5 ceca anemone ise <tc eis een 1 fi. oz. 
Qil_of "Turpentine 1s. aes pee nite erin eines fete seeene 2 fl. oz. 
Oil‘of Linseed --o eh v.caneee eieikan tke teleost arate 24 fl. oz. 
Oil of Amber oh le ee ee re oe reso ty eye eae betr citar 8 fl. oz. 
2 fl. 02. 


Oil of Juniper...... Raion ust RETRY. os Oks Ste ee ues % 
Mix them well together. 


PETROLEUM BENZIN U. S. P. Benzinum Petrolei 


Benzin Petrol.—Petroleum Ether, Purified Benzin U. S. P. XII, 
Sp. Bencina de Petréleo, Eter de Petréleo] 


Caution—Petroleum Benzin is highly inflammable and 
its vapor, when mixed with air and ignited, may explode. 

Petroleum Benzin consists of the low-boiling fractions 
of petroleum chiefly of the methane series of hydrocar- 
bons, usually from butane to heptane. 


Description and Properties—A clear, colorless, non-fluorescent vola- 
tile liquid, with an ethylene or faint, petroleum-like odor. Its specific 
gravity is between 0.634 and 0.660 and it distils completely between 
85° and 80°. It is insoluble in water, but is soluble in dehydrated 
alcohol, and is miscible with ether, chloroform, benzene, and with 
fixed and volatile oils except castor oil. 


Tests for Purity— ; . 
Residue on evaporation—Not more than 1 mg. from 50 cc. (about 


0.003 per cent). : 
Oils, fats, and sulfur compounds (Spot Test)—A 10-cc. portion of the 
Petroleum Benzin is allowed to evaporate from a warmed, clean, 
odorless filter paper; no disagreeable odor becomes apparent as the 
last portion disappears from the paper and no greasy stain remains. 
Silver-reducing substances or sulfur compounds—On boiling 10 ce. for 
a few minutes with one-fourth its volume of aleoholic ammonia T.S. 
and a few drops of silver nitrate T.S., the liquid does not turn brown. 
Benzene—Benzene readily reacts with nitric acid forming nitro- 
benzene, whereas petroleum benzin, being an aliphatic saturated 
hydrocarbon, is unaffected by nitric acid. These properties are made 
use of for the detection of benzene in petroleum benzin, as follows: 
5 drops of Petroleum Benzin are added to a mixture of 2 ce. of sulfuric 
acid and 0.5 ec. of nitric acid, warmed for about 10 minutes, allowed 
to stand 30 minutes, and then diluted with water. No odor of nitro- 
benzene is evolved. If benzene is present, nitrobenzene which has a 
characteristic odor will be formed. d 
Storage—Keep Petroleum Benzin in tight containers, remote from 
fire, and at a temperature not above 30°. 


Uses—Petroleum Benzin is a useful solvent for fats, 
resins, oils, caoutchouc, and similar bodies. It is not 
identical with benzene, the product obtained in the 
destructive distillation of coal. The cbject of intro- 
ducing purified petroleum benzin into the Pharma- 
copeeia was to furnish a solvent which would not com- 
municate a disagreeable odor to preparations, as is the 
case when commercial petroleum benzin is used. 

Petroleum Benzin and similar solvents of like origin 
such as gasoline are frequently used in so-called ‘“dry- 
cleaning’ which is a term used to describe cleaning gar- 
ments, ete., without the use of water. Their efficiency 
in this direction is due to the facility with which they 
remove grease spots, and with them the adherent dirt. 
The use of inflammable solvents for such purposes, 
either on the large or small scale is always attended with 
more or less danger. Carbon tetrachloride, which is a 
non-inflammable solvent used for similar purposes, may 
be used as an ingredient for mixing with petroleum dis- 
tillates to reduce their inflammability and at the same 
time augment their grease-dissolving powers. Seventy- 
five per cent of carbon tetrachloride and 25 per cent 
of petroleum benzin makes a non-inflammable mixture 


HYDROCARBONS 


which is an excellent solvent for grease, and may be 
used with perfect safety provided concentrated vapors 
are not inhaled. 


PETROLATUM U.S. P. Petrolatum 


{[Petrolat.—Yellow Soft Paraffin, Amber Petrolatum, Yellow Petro- 
latum, Cosmoline, Vaseline, Petroleum Jelly, Paraffin Jelly Sp. 
Petrolato, Jalea de Petroleo] 


Petrolatum is a purified semi-solid mixture of hydro- 
carbons obtained from petroleum. 

Preparation—The “residuums,” as they are termed 
technically, which are obtained by the distillation of 
petroleum, are purified by melting, usually treating 
with sulfuric acid, and then percolating through re- 
cently burned bone black; this abstracts the odor and 
modifies the color. 


Description and Properties—An unctuous mass of yellowish to light 
amber color. It has not more than a slight fluorescence after being 
melted, and is transparent in thin layers. It is free or nearly free 
from odor and taste. It has a specific gravity of 0.815 to 0.880 at 
60°, and it melts between 38° and 60°. I+ is insoluble in water and 
almost insoluble in alcohol. It is freely soluble in benzene, carbon 
disulfide, chloroform, and turpentine oil. It is soluble in ether, 
petroleum benzin and in most fixed and volatile oils, the degree of 
pate” in these solvents varying with the composition of the petro- 
datum. : 

Tests for Purity— 

Residue on tgnition—Not more than 0.05 per cent. 

Organic acids—The Petrolatum is heated to boiling with diluted 
alcohol to dissolve any acids if present and the mixture is then titrated 
with tenth-normal sodium hydroxide, using phenolphthalein T.S. as 
the indicator, to the production of a permanent pink color in the 
alcohol water layer. Not more than 0.2 cc. of the sodium hydroxide 
is required for 10 Gm. of Petrolatum. 

Acid or alkali—A hot water extract of Petrolatum does not become 
pink upon the addition of methyl orange T.S. or phenolphthalein T.S. 

Fized oils, fats, or rosin—The Petrolatum is heated with about 5 
times its weight of a 20 per cent sodium hydroxide solution; fixed oils 
or fat, if present, are saponified by the sodium hydroxide forming 
water-soluble soaps; rosin, which consists largely of acids, is dissolved 
by the sodium hydroxide. To the aqueous layer, separated from the 
Petrolatum, diluted sulfuric acid is added: no oily or solid matter 
should separate. In the presence of the above-mentioned impurities 
fatty acids or rosin are precipitated from their sodium soaps. 

Color—A 10-Gm. portion of the Petrolatum is melted on a water 
bath and about 5 cc. is poured into a clear glass test tube of 150 X 15 
mm., keeping the Petrolatum melted. The Petrolatum is not darker 
than a solution made by mixing 3.8 cc. of ferric chloride C.S. and 1.2 
ce. of cobaltous chloride C.S. in a similar tube, both being viewed in 
reflected light against a white background. 

Consistency—The consistency of Petrolatum is not less than 100 and 
not more than 275 (page 1051). 

Storage—Keep Petrolatum in well-closed containers. 


Uses—Petrolatum is used as a base for ointments. 
It is, however, not as readily absorbed as are many 
other unctuous bases. * 


Yellow Ointment U. S. P. Unguentum Flavum 
Ung. Flav.—Unguentum Simplex, Simple Ointment, Sp. Ungiiento 


Amarillo] 
Metric Alternative 
Wool 'Ratity tones anges Doon BRS RES Ry ae 50 Gm. 22 gr 
Yellow Wats s yeni eo Mens eee 50 Gm. 22 gr. 
Peirolatanicie. WPA as eae eee 900 Gm. 394 gr 
POMBE ert cuties SAA coh eRe ene 1000 Gm. 1 02. av 


Melt the yellow wax in a suitable dish on a water bath, add the 
other ingredients, warm until they are liquefied, then discontinue 
the heating, and stir the mixture until it begins to congeal. 

Uses—Yellow Ointment is used as an emollient and 
as a vehicle for other ointments. 


WHITE PETROLATUM U.S. P. Petrolatum Album 


[Petrolat. Alb.—White Vaseline, White Petroleum Jelly, White Soft 
Paraffin Sp. Petrolato Blanco, Jalea de Petréleo Blanca] 


White Petrolatum is petrolatum wholly or nearly de- — 
colorized. y 


HYDROCARBONS 


Preparation—It is prepared in the same manner as 
petrolatum, the charcoal treatment being continued 
until the product is practically free from yellow color. 
The product often sold for white petrolatum, made by 
mixing paraffin and liquid petrolatum, is not satisfactory 
for pharmaceutical purposes as it is granular and the 
liquid portion often separates. The U.S. P. test ex- 
cludes this variety. 
Description and Properties—A white or faintly yellow unctuous mass. 
It is transparent in thin layers, even after cooling at 0° C. 
Tests for Purity— 
Color—The color of melted White Petrolatum is not darker than 
a mixture of 0.5 cc. cupric sulfate C.S., 0.7 cc. ferric chloride C.S., and 
3.8 ec. of water, both being observed in matched test tubes in re- 
flected light against a white background. 

Other Tests—In other respects White Petrolatum has the charac- 
teristics of and meets the requirements described under Petrolatum 
(page 494). — 

Uses—White petrolatum is similar to yellow petro- 
latum in uses and characteristics but is often preferred 
because of its freedom from color. It-is employed as a 
base for ointments and cerates. 


Hydrophilic Ointment U.S. P. Unguentum 


Hydrophilicum 
(Ung. Hydrophil.—Sp. Ungiiento Hidréfilo] 
Metric Alternative 
White Petrolatum............ 250 Gm. 4 oz. av. 
DBLCSrYVIPNICOHOL... 2. ee 250 Gm. 402. av. 
MMethyinarabenii..s..6% 1... 0.25 Gm. 13% gr. 
Propylparaben. pte a eae 0.15 Gm 1 er 
Sodium Laurylsulfate «etter 10 Gm. One 
(6) MRO Ans a ee 120 Gm. 1oz. av. 402% gr. 
WEEE. O° oe _ 370 | Gm. 5 oz. av. 402% ar. 
Tormake about.....2......... 1000 Gm 1 lb. av. 


Melt the stearyl alcohol and the white petrolatum on a water 
bath, adjust the melted mixture to about 75°, and add the other 
Ingredients, previously dissolved in the water and warmed to 
75°. Stir the mixture until it congeals. 

Storage—Keep Hydrophilic Ointment in tight containers. 
| 

Uses—Hydrophilic Ointment is used as a basis for so- 
called “washable” ointments. Replacing 50 Gm. of 
stearyl alcohol with 50 Gm. of cetyl alcohol greatly 
increases the stability of this ointment. 


Hydrophilic Petrolatum U. S. P. Petrolatum 


Hydrophilicum 
[Petrolat. Hydrophil.—Sp. Petrolato Hidréfilo] 
Metric Alternative 
White Petrolatum............... 730 Gm. 11 oz. av. 297% er. 
StEALYIOAICONOL (os ia. cae eee 30 Gm. 210 gr. 
WASTES VERE ae Re eRe no 80 Gm. _ 1 oz. av. 122% gr. 
VOL SES SS 6g ee ae ee 150 Gm. 202.ay.175 gr, 
BORIC SECT OM tale, alerecsisie.o aj. + (iss a rle's 10 Gm. Oeer: 
SIRO Vs sis ccre ei dai'este og. i's lalouve 1000 Gm. 1 lb. av. 


Melt the stearyl alcohol, white wax, wool fat, and white petro- 
latum together on a water bath, then add the cholesterol, and stir 
until it completely dissolves, Remove from the water bath, and 
stir until the mixture congeals. 


Uses—This ointment will absorb a large amount of 
water or aqueous solutions of medicating substances, 
forming an oil-in-water emulsion type of cream. See 
Ointments (page 286). 


White Ointment U.S. P. Unguentum Album 


Ung. Alb.—Unguentum U. 8. P. XI, Ointment U. S. P. XI, Simple 
Ointment, Sp. Ungiiento Blanco, Ungiiento Simple] 


ei Metric Alternative 
SVC CULOIALT oo wc vee ie cin eisie sn ni 900 Gm. 394 gr. 
SV GOMIBELA EE eta ioiarsl s\s'= (cies Shairlafoisiajea/e¥e+ oe 50 Gm. 22 gr. 
BME CMY it RericyS 3 [Fas ass aise: «felt oyai,e oinejs © os 50 Gm. 22 er. 
1000 Gm. 1 oz. av. 
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Melt the white wax in a suitable dish on a water bath, add the 
other ingredients, warm until they are liquefied, then discontinue 
the heating, and stir the mixture until it congeals. 


Uses—Emollient, also a vehicle for other ointments. 


LIQUID PETROLATUM U. S. P.  Petrolatum 
Liquidum 


[Petrolat. Liq.—Liquid Paraffin, White Mineral Oil, Heavy Liquid 
Petrolatum, Sp. Petrolato Liquido, Parafina Liquida, Aceite Mineral 
Blanco, Petrolato Liquido Espeso} 


Liquid Petrolatum is a mixture of liquid hydrocarbons 
obtained from petroleum. 

Preparation—After removing the lighter hydrocar- 
bons from petroleum by distillation the residue is again 
subjected to distillation at a temperature between 330° 
and 390° C. and the distillate treated first with sulfuric 
acid, then with sodium hydroxide, and afterward de- 
colorized by filtering through bone black, animal char- 
coal, or fuller’s earth. The purified product is again 
chilled, to remove paraffin, and redistilled at a tem- 
perature above 330° C. In some instances the sulfuric 
acid treatment is omitted. 


Description and Properties—A colorless, transparent liquid, free or 
nearly free from fluorescence. It is tasteless and odorless and de- 
velops not more than a faint odor of petroleum when heated. Its 
specific gravity is between 0.860 and 0.905. It is insoluble in water 
or alcohol. ° It is miscible with most fixed oils, but not with castor 
oil. It is also soluble in volatile oils. 

Tests for Purity— 

Viscosity—The kinematic viscosity of Liquid Petrolatum is not less 
than 38.1 centistokes at 37.8° (page 1062). 

Reaction—Its alcoholic extract is neutral to moistened litmus 
paper. 

Readily carbonizable substances—Consult the U.S. P. for details of 
the test. The color after treating the petrolatum, as therein de- 
scribed, is not darker than a mixture of 3 cc. of ferric chloride T.S., 1.5 
ec. of cobaltous chloride T.S., and 0.5 cc. of cupric sulfate T.S. 

Solid paraffin—An oil-sample bottle of colorless glass and about 
120 ce. capacity is filled with the Liquid Petrolatum previously heated 
at 100° for 2 hours and cooled. The bottle is then stoppered and 
immersed in ice water for 4 hours. At the expiration of this period, 
the Liquid Petrolatum is sufficiently clear so that a black line of 0.5 


. mm. in width held vertically behind the bottle is readily seen. 


Sulfur compounds—To a mixture of 4 cc. of liquid petrolatum and 
2 ce. of dehydrated alcohol, 2 drops of a solution of lead monoxide in 
sodium hydroxide (1 in 5) are added and the mixture is heated at 70° 
for 10 minutes: no darkening is observed. Sulfur compounds, if 
present, would form black lead sulfide. 
Storage—Keep Liquid Petrolatum in tight containers. 


Uses—Liquid Petrolatum is used as a vehicle, espe- 
cially for drugs to be applied to the nasal mucous mem- 
branes, and internally as a laxative. The fact that 
neither of these procedures. is as benign as once sup- 
posed is now appreciated. 

A small portion of mineral oil may be aspirated into 
the lungs after topical application to nasal mucous 
membranes. Here it accumulates and may give rise 
to “lipid” pneumonia. N.N. R. no longer accepts vaso- 
constrictor drugs in a mineral oil base. 

When taken internally, mineral oil, by its mechanical 
action, is a mild laxative. It is probably harmless in 
occasional laxative doses, but if taken continuously in 
large amounts it may impair appetite, reduce somewhat 
the absorption of fat-soluble vitamins and possibly be 
absorbed to an extent sufficient to cause recognizable 
changes in the liver and mesenteric lymph nodes. © 

The so-called ‘‘ Russian Oxl’”’ which consists largely of 
naphthenes is said to make a permanent emulsion and 
give no “leakage” effect. For spraying purposes oils of 
minimum viscosity are used. Because of the wide- 
spread use of liquid petrolatum as a laxative it has been 


‘sold under many special names. 


Average Dose—I15 cc. (approximately 4 fluidrachms). 
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Liquid Petrolatum Emulsion U. S. P. Emulsum 
Petrolati Liquidi 


[Emuls. Petrolat. Liq.—Mineral Oil Emulsion, Sp. Emulsién de 
Petrolato Liquido] 
Metric Alternative 
Liquid Petrolatum. . 22)... «nies 500 cc. I pint 
Acacia, in very fine powder...... 125 Gm. 402. av. 75% gr. 
Nd ee eee a Acid 4 Ato & 100 cc. 3 fl.oz. 96 min. 
Vanillin .2.. ican nos. wet ae 40 mg. 36 or. 
Alcohtol.: .;.’ }..? se end eee mere 60 cc. 1 fl.oz. 442 min. 
Distilled Water, a sufficient quan- 
tity, 
To make. -« siete conte etan tener 1000 cc. 2 pints 


Mix the liquid petrolatum with the powdered acacia in a dry 
mortar, add 250 ce. (8 fl. oz.) of distilled water all at once, and 
emulsify the mixture. Then add, in divided portions and tri- 
turating after each addition, a mixture of the syrup, 50 cc. (1 fl. 
oz. 288 min.) of distilled water and the vanillin, dissolved in the 
alcohol. Finally add sufficient distilled water to make the prod- 
uct measure 1000 ce. (2 pints). 


Note—In preparing Liquid Petrolatum Emulsion, 
other methods of emulsification may be used and the 
quantity of acacia may be reduced or it may be replaced 
by agar, gelatin, tragacanth, or mixtures of any of these 
emulsifying agents, provided the resulting emulsion is 
similar in viscosity and appearance to the emulsion 
made by the formula given. 

Heavy Liquid Petrolatum should be used in prepar- 
ing this emulsion as that variety is preferable for in- 
ternal administration and is less likely to cause “leak- 
age.’ 

Uses—A palatable form of Liquid Petrolatum for 
administration as an intestinal lubricant. 

Average Dose—30 cc. (approximately 1 fluidounce). 


Liquid Petrolatum Emulsion with Phenolphthalein N. F. 
Emulsum Petrolati Liquidi cum Phenolphthaleino 


Emuls. Petrolat. Liq. c. Phenolphthal.—Sp. Emulsién de Petrolato 
Liquido con Fenoltaleina} 


Metric Alternative 
Heavy Liquid Petrolatum....... 500 cc. ib” yovbaye 
AN DAL Re cee shee wes aunts levausle ethos Nets 10 Gm 146 gr. 
Acacia, in fine powder......... 40 Gm. 1 oz. av. 147. gr. 
Phenolphthalein< s.2% 6 seetie<eiere 4 Gm 58 gr 
Alcoholics att anos eiceletaaet 60 cc. 1 fl. oz. 442 min 
Wanillinier. pesvrcnaiccers ie etonsisaamret kets 50 mg. 34 gr 
Saccharitiy chro nits casesloveushshevorete 50 mg 34 or 
Distilled Water, a sufficient quan- 
tity, ; 
FHormiake = por ae crenettherctotnenetess 1000 cc. 2 pints 


Place the agar in a suitable container, graduated to 350 cc. 
(11 fl. oz. 96 min.), and boil it with about 400 cc. (1234 fl. oz.) of 
distilled water for about 20 minutes, or until it has dissolved. 
Continue the heat, if necessary, until the solution measures 350 
ec. (11 fi. oz. 96 min.), allow it to cool to about 45°, stirring it 
frequently to prevent the formation of an agar film on the surface 
and adding additional distilled water if necessary, to maintain 
the volume. Emulsify 160 cc. (5 fl. oz. 58 min.) of the heavy 
liquid petrolatum with the acacia and 80 ce. (2 fl. oz. 269 min.) of 
distilled water. Then add the remainder of the liquid petrolatum 
in portions, emulsifying each portion thoroughly and adding the 
agar solution in portions as required to maintain the proper con- 
sistence. Dissolve the vanillin, saccharin, and phenolphthalein 
in the alcohol, and gradually add the resulting solution to the 
emulsion. 


_ Note—In the preparation of Liquid Petrolatum 
Emulsion with Phenolphthalein, the acacia may be 
partly or entirely replaced with chondrus, gelatin, 
tragacanth, or mixtures of these, provided the emulsion 
is similar in viscosity and appearance to the emulsion 
made by the formula given above. The use of a me- 
chanical mixer or homogenizer greatly facilitates the 
making of this Emulsion. The Emulsion must be 
well shaken before dispensing, as well as before ad- 
ministration. 


HYDROCARBONS 


Storage—Preserve Liquid Petrolatum Emulsion with Phenolphtha- 
lein in tight containers, protected from light, and avoid excessive heat. 
Alcohol content—From 5 to 6 per cent, by volume, of CgH50H. 


Uses—A laxative. The lubricant action of liquid 
petrolatum is fortified with about 1 grain of phenol- 
phthalein in each average dose. Use only the Heavy 
Liquid Petrolatum in its manufacture. 

Average Dose—I5 cc. (approximately 4 fluidrachms), 
containing 7.5 cc. of Liquid Petrolatum and.60 mg. of 
Phenolphthalein. 


Light Liquid Petrolatum U.S.P. Petrolatum Liquidum 
Leve 


[Petrolat. Liq. Lev.—Light Liquid Paraffin, Light White Mineral Oil, 
Sp. Parafina Liquida Liviana, Aceite Mineral Blanco Liviano] 


Light Liquid Petrolatum is a mixture of liquid hydro- 
carbons obtained from petroleum. 


Description and Properties—With the exception of the kinematic 
viscosity, which is not more than 37 centistokes at 37.8°, and the 
specific gravity, which is between 0.828 and 0.880, Light Liquid 
Petrolatum conforms to the Description and Properties and the Tests 
for Purity under Liquid Petrolatum (page 495). 

Storage—Keep Light Liquid Petrolatum in well-closed containers. 


Uses—See Liquid Petrolatum (page 495). 


Solid Petroxolin N. F. Petroxolinum Spissum 


[Petrox. Spiss.—Petrolatum Saponatum Spissum; Solid Petrox] 


Metric Alternative 
Light Liquid Petrolatum........ 200 Gm. 350 gr. 
Vellow-Waxtcon cession eect 350: Gm. 107. ave didomeeete 
Oleic: Acid ook eanie treme aes 320 Gm. 1 oz. av. 122% gr. 
Lavender Oils oe eee 30 cc. 551% min. 
Alcohol... 4:73 222). 26h eee 50 cc. 92 min. 
Strong Ammonia Solution....... 60 cc. 110% min. 
To make abouten ustmemtrmcee 1000 Gm. 4 oz. av. 


Melt the yellow wax with the liquid petrolatum on a water 
bath, incorporate the oleic acid, and transfer the mixture at 
once to a warm mortar; when nearly congealed, add the alcohol 
and the strong ammonia solution which have been previously 
mixed and warmed, and stir continously until cool. Finally in- 
corporate the oil of lavender. 


Storage—Preserve Solid Petroxolin in tight containers. 


Uses—Solid Petroxolin is used as a vehicle in the 
solid petroxolins and other ointments. It is an excel- 
lent pharmaceutical base for ointments containing 
Peruvian balsam. 


PARAFFIN N. F. Para ffinum 
[Paraff.—Paraffin Wax, Hard Paraffin, Sp. Parafina Sélida] 


Paraffin is a purified mixture of solid hydrocarbons 
obtained from petroleum. 


Description and Properties—A colorless or white, more or less trans- 
lucent mass, with a crystalline structure; it is slightly greasy to the 
touch. It is odorless and tasteless and melts between 47° and 65°. 
When heated in a dry test tube with an equal weight of sulfur, hydro- 
gen sulfide is liberated and a black residue of carbon remains. 

Tests for Purity— : 
Readily carbonizable substances—This test is made as described in 
the U.S. P. for Liquid Petrolatum: the acid has no more color than 

the color standard described therein. 

Reaction—Alcohol shaken with melted paraffin remains neutral to 
litmus paper. | 
Storage—Keep Paraffin in tight containers and avoid exposure to 
temperatures above 40° (104° F.). 


Uses—Paraffin is used to deodorize opium tincture. 
It is also of value to increase the consistency of some 


ointments and to form the basis for burn dressings. 
See Paraffin es (page 298). 
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CHLORINATED PARAFFIN N. F.. Paraffinum 
Chlorinatum 


[Paraff. Chlorinat.—Chlorcosane, Sp. Parafina Clorurada] 


Chlorinated Paraffin is a liquid paraffin which has 
been treated with chlorine. 


Description and Properties—Light yellow to light amber, clear, thick, 
oily liquid. It is odorless and stable in air. Its specific gravity is not 
less than 1.00 and not more than 1.07. When Chlorinated Paraffin 
is boiled with alcoholic potassium hydroxide under a reflux condenser, 
then treated with an equal volume of water, the water-alcohol layer 
after acidulation with nitric acid responds to the identification reac- 
tions for chloride. It is insoluble in water and but slightly soluble in 
alcohol. It is miscible with benzene, carbon tetrachloride, chloro- 
form, and ether. 

Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Acids and alkalies—On shaking Chlorinated Paraffin with warm 
water the water remains neutral to litmus paper. 

Chloride—Not more than about 0.004 per cent. This is determined 
by shaking a weighed quantity of the paraffin with about 5 times its 
weight of water, then determining the chloride turbidimetrically in an 
aliquot portion of the water extract. 

Completeness of chlorination—A weighed quantity of dichloramine- 
T is dissolved in a carbon tetrachloride solution of a weighed quantity 
of Chlorinated Paraffin and the mixture is allowed to stand for 4 hours 
at 40° protected from light. After this period the amount of di- 
chloramine-T is determined as directed under the assay of Dichlor- 
amine-T (page 598), running at the same time a parallel blank with 
the same amount of dichloramine-T as used in the test. The differ- 


ence in the volume of sodium thiosulfate consumed by the blank and ' 


the test represents the incompletely chlorinated hydrocarbons. This 
difference should be not more than 0.6 cc. of tenth-normal sodium 
thiosulfate per 10 Gm. of the Chlorinated Paraffin. 

Storage—Keep Chlorinated Paraffin in tight containers. 


Uses—The chlorine of Chlorinated Paraffin is thera- 
peutically without action. Chlorinated Paraffin is used 
as a solvent for dichloramine-T. With it, solutions con- 
taining up to 8 per cent may be prepared. The high 
viscosity of the oil prevents its being readily sprayed 
with a hand spray; the addition of about 10 per cent 
carbon tetrachloride will reduce the viscosity so that 
it can be readily sprayed in an ordinary oil atomizer. 


CYCLOPROPANE U. S. P. Cyclopropanum 


Cycloprop.—Trimethylene, Sp. Ciclopropano, Trimetileno] 


ve 
BR 
H2C————CHe 


Cyclopropane contains not less than 99 per cent by 
volume of C3sH., (42.08). 


The label on the containers of Cyclopropane must 
bear the following statement: Caution—Cyclopropane 
1s inflammable and its mixture with air or oxygen may 
explode when brought in contact with a flame or other 
causes of ignition. 


Description and Properties—A colorless gas resembling petroleum 
benzin in odor. One liter, at 760 mm. pressure and 0°, weighs 1.879 
Gm. One volume of Cyclopropane dissolves in about 2.7 volumes of 
water at 15°. It is freely soluble in alcohol or in fixed oils. 
- Tests for Purity— 

_ Acids, alkalies, carbon dioxide, and carbon monoxide—Cyclopropane 
is tested for these impurities as described under Ethylene and it con- 
forms to the limits described thereunder. 

Propylene and other unsaturated hydrocarbons—A 1000-ce. portion 
of Cyclopropane is passed through 50 cc. of hundredth-normal potas- 
slum permanganate maintained at about 3°, then the potassium per- 
manganate unreacted upon is determined by titration with hundredth- 
normal oxalic acid. Not more than 10 cc. of hundredth-normal potas- 
sium permanganate should be reduced. 

- Halogens—None should be detectable in 1000 cc. of the gas. For 
the details of the test consult the U.S. P. 
Assay—Not less than 99 per cent v/v is absorbed by concentrated 
sulfuric acid. 


ag Uses—Cyclopropane is employed as an inhalation 
anesthetic. It is the most potent of the anesthetic 


gases, being approximately five times as potent as 
ethylene and seven times as potent as nitrous oxide. 
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This fact gives rise to its chief advantage, namely, that 
it allows sufficient room in the gas mixture for a pleni- 
tude of oxygen. Indeed, with proper preanesthetic 
medication, 15 to 20 volumes per cent of Cyclopropane 
permits anesthesia sufficiently deep for most major 
surgical procedures. Cyclopropane requires the use of 
a modern anesthesia machine and an experienced anes- 
thetist. It has the disadvantages that it is highly ex- 
plosive and also that it produces irregularities of the 
heart in the deeper planes of anesthesia. Neverthe- 
less, Cyclopropane is widely used and represents an out- 
standing advance in the field of inhalation anesthesia. 


ETHYLENE U. S. P. Aethylenum 
[Aethylen.—Ethene, Olefiant Gas, Sp. Etileno] 


Ethylene contains not less than 99 per cent by volume 
of HaC—CH,g (28.05). 

Preparation—Ethylene may be prepared by abstract- 
ing one molecule of water from one molecule of ethyl 
alcohol. This may be accomplished by passing alcohol 
through a red-hot tube containing aluminum oxide or 
through a tower of coke impregnated with glacial 
phosphoric acid (metaphosphoric acid). It is now avail- 
able cheaply and in almost unlimited quantities from 
the ‘“‘cracking process’’ of petroleum (page 493). 

The label on the containers of ethylene must bear 
the following statement: Caution—LEthylene is inflam- 
mable, and a mixture of it with air or oxgyen will explode 
when brought in contact with a flame or other causes of 
ignition. ~ 


Description and Properties—Hthylene is a colorless gas, slightly 
lighter than air, and has a slightly sweet odor and taste. A liter of 
Ethylene at 760 mm. pressure and 0° weighs 1.260 Gm. One volume 
of Ethylene dissolves in about 4 volumes of water at 0°, and in about 
9 volumes of water at 25°; in about 0.5 volume of alcohol at 25° and 
in about 0.05 volume of ether at 15°. Ethylene, being an unsaturated 
compound, is absorbed by sulfuric acid forming ethyl sulfuric acid 
(CHgCH2.HSO,4). It is reacted upon by potassium permanganate 
solution or bromine water and with an excess of the ethylene these 
solutions are decolorized. Potassium permanganate oxidizes Ethylene 
to glycol, and with bromine, Ethylene forms dibromoethane (ethylene 
dibromide). 

Tests for Purity— 

Acid or alkali—On passing 2000 cc. of Ethylene through 100 ce. of 
water containing 0.2 cc. of hundredth-normal hydrochloric acid and 
0.1 ec. of methyl red T.S., the solution shows no more color than a 
similar volume of water containing 0.4 cc. of hundredth-normal 
hydrochloric acid and the same volume of methyl red T.S. If a yel- 
low color is produced, it is no deeper yellow than a similar volume of 
water containing 0.1 cc. of methyl red T'S. 

Carbon dioxide—On passing 1000 cc. of Ethylene through 50 ce. of 
clear barium hydroxide T.S. the turbidity produced, if any, is not 
greater than that produced by adding a solution of 1 mg. of sodium bi- 
carbonate to the same volume of barium hydroxide (0.04 per cent 


. 


2). : 

Acetylene, aldehyde, hydrogen sulfide, and phosphine—On passing 
1000 ec. of Ethylene through 25 ce. of silver ammonium nitrate T.S.no 
turbidity or darkening is produced. 

Carbon monoxide—Consult the U.S. P. XIII. oe 
Assay—This assay is based on the ability of Ethylene toreadily absorb 
bromine, forming dibromoethane (ethylene dibromide) which is sol- 
uble in water; saturated gaseous hydrocarbons are only very slowly 
affected by bromine and therefore remain insoluble in water. An 
accurately measured volume of the Ethylene is treated with bro- 
mine water and the amount of unabsorbed gas measured. The differ- 
ence between the volume of the gas taken and the volume of the un- 
absorbed gas represents the Ethylene. 

Storage—Keep Ethylene in cylinders remote from fire, 


Uses—Ethylene is employed as a general inhalation 
anesthetic. It is considerably weaker than cyclopro- 
pane, but stronger than nitrous oxide. Unless sufficient 
preanesthetic medication is employed, Ethylene will not 
produce adequate relaxation for the more painful or 
extensive surgical procedures. Inasmuch as high con- 
centrations must be used (85 to 90 per cent), the avail- 
able space in the mixture for adequate amounts of 
oxygen is encroached upon. Ethylene is probably the 
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most non-toxic of all general anesthetics, and no deaths 
have been reported from its use. It has the disadvan- 
tage of being explosive and fatal accidents have occurred 
from explosions during ethylene anesthesia. 


ICHTHAMMOL N. F. 


{Ichtham.—Ammonium Ichthosulfonate, Sulfonated Bitumen, Ich- 
thyol, Bitumen Sulfonatum N. F, Mi Sp. Ictiol, Ictiosulfonato Amon- 
ico 


Ichthammol 


Ichthammol represents the ammonium salts of sul- 
fonated hydrocarbons, obtained by the destructive dis- 
tillation of certain bituminous shales containing a high 
proportion of sulfur, sulfonation of the distillate, and 
neutralization of the product with ammonia. 

Ichthammol yields not less than 2.5 per cent of am- 
monia, not more tiran 8 per cent of ammonium sulfate, 
and not less than 10 per cent of total sulfur (8). 

History—The prototype of Ichthammol is Ichthyol, 
literally meaning ‘fish oil’? which was first produced 
from the hydrocarbons of a shale found in Seefeld, 
Tyrol. This shale frequently bears impressions of fish, 
hence “ichthy”’ which is derived from the Greek word 
for fish. 

Constituents—Ichthammol belongs to a class of 
preparations containing as their essential constituents 
salts or compounds of a mixture of acids containing sul- 
fur and designated by the group name “‘sulfoichthyolic 
acid” which are formed by the sulfonation of the oil ob- 
tained in the destructive distillation of certain bitumi- 
nous shales. Sulfoichthyolic acid is characterized by a 
high sulfur content, the sulfur existing largely in the 
form of sulfonates, sulfones, and sulfides. 

Description and Properties—A reddish brown to brownish black, vis- 
cous fluid, with a strong, characteristic, empyreumatic odor. Its 
aqueous solution is neutral to litmus. The addition of a mineral 
acid to its aqueous solution precipitates the acid as a dark brown, 
resinous mass which is insoluble in ether and evolves ammonia when 
heated with sodium hydroxide T.S. Ichthammol is miscible with 
water, glycerin, and fixed or volatile oils, but is only partially soluble 
in alcohol or ether. 

Tests for Purity— 

Loss on drying at 100°—Not more than 50 per cent. 

Residue on ignition—Not more than 0:5 per cent. 

Limit of ammonium sulfate—The Ichthammol is treated with alco- 
hol in which the organic constituents are soluble but the ammonium 
sulfate insoluble. After filtering and washing with a mixture of equal 
volumes of alcohol and ether, the insoluble residue is dissolved in hot 
water, acidulated with hydrochloric acid, and the sulfate is determined 
as BaSO4. The weight of the BaSO4 multiplied by 0.5661 represents 
the (NH a4) 2804. 

Assay for Ammonia—The ammonia content is determined by the 
usual method of distilling with sodium hydroxide solution, receiving 
the distillate in a measured volume of standard acid, and titrating the 
excess of acid with standard alkali. Each cc. of half-normal sulfuric 
acid is equivalent to 8.516 mg. of NHg3. 

Assay for Sulfur—The sulfur is determined by oxidizing all of the 
sulfur to sulfate by evaporating with nitric acid and potassium chlo- 
rate, then precipitating the sulfate as BaSO4. The weight of the 
BaSOq multiplied by 0.1374 represents the S. 
Incompatibilities—Icthammol becomes granular in the presence of 
acids, or under the influence of heat. 


Uses—Ichthammol is demulcent, emollient, and 
somewhat antiseptic. It is used alone, or in combina- 
tion with other antiseptics, for the treatment of skin 
disorders such as erysipelas, psoriasis, and lupus erythe- 
matosus, and to promote healing in chronic inflamma- 
tions. 

The current estimate of the effects of sulfoichthyolic 
acid preparations is based largely on the use of ich- 
thyol. The use of sulfoichthyolate preparations is still 
largely empiric. They were formerly used locally under 
the supposition that they secure the absorption of swell- 
ings and effusions in contusions, burns, etc., and espe- 
cially in gynecologic practice. They have been tried 
internally in a great variety of conditions, but there is 
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no evidence that they are of any therapeutic value 
when used in this way. 

A number of more or less related products of sulfur 
have been introduced as substitutes for the sulfoichthyo- 
lates under such titles as ammonium ichthyolate (manu- 
factured by the Meadows Chemical Company), 
hirathiol (sold by the Takamine Laboratory, Inc.), 
ichthynat (manufactured by the Heyden Chemical Com- 
pany), 7sarol (manufactured by the Ciba Company), and 
ichthyol (manufactured by Merck and Co.). 


Ichthammol Ointment N. F. Unguentum Ichthammolis 


[Ung. Ichtham.—Sp. Ungiiento de Ictiol] ‘ 
Alternative 


Metric 
Ichtham nol eee eee oa ee 100 Gm 1 oz, av. 
Wool Fat. 44. roe reeeene eo ae ea oven ee 100 Gm 1 oz. av. 
Petrolatiunmig Zee ea cite ioage sie ieree 800 Gm 8 02. av. 
To Make snasyevr iste eters na sieme irie 1000 Gm. 10 oz. av.. 


Thoroughly incorporate the ichthammol with the wool fat, and 
then combine this mixture with the petrolatum. 


Storage—Keep Ichthammol Ointment in tight containers and avoid 
prolonged exposure to temperatures above 30°. 


Uses—See Ichthammol. 


Unofficial Hydrocarbons 


Acetylene [CH=CH] is made by decomposing calcium carbide (caletwm 
acetylide) with water. Itisa colorless gas which liquefies at 0° under 
a pressure of 21.5 atmospheres. One volume dissolves in about 20 
volumes of water; it is also soluble in other organic solvents (most 
soluble in acetone, in which solvent it is usually furnished for il- 
luminating purposes). Acetylene readily combines with copper 
metal forming the explosive copper acetylide [CuCg] hence the gas 
must not be stored in copper or brass containers. Uses: an illumi- 
nant; used in oxy-acetylene welding and brazing; and in the manu- 
facture of paraldehyde, acetic acid, and other compounds. 

Anthracene [C14H19]—Obtained from coal tar. Colorless leaflets 
with blue fluorescence. Specific gravity 1.25. Melts 217°. Boils 
354 to 355°. Darkens in sunlight. Insoluble in water; 1 Gm. 
dissolves in 67 cc. absolute alcohol, 70 cc. methanol, 62 cc. benzene, 
85 cc. chloroform, 200.cc. ether, 31 cc. carbon disulfide, 86 cc. carbon 
tetrachloride, 125 cc. toluene. Uses: manufacture anthraquinone, 
alizarin and alizarin dyes. 

Benzene [CgH gl, the first in the series of aromatic hydrocarbons, is 
obtained from coal tar. It is a colorless liquid having a charac- 
teristic odor and a specific gravity of 0.87. It boils at 80° and 
solidifies at about 5°. It is very slightly soluble in water, but is 
miscible with the usual organic solvents and with oils. Uses: 
formerly, purified Medicinal Benzene was inhaled in whooping 
cough, administered for leukemia, and applied externally in 
pediculosis and seborrhea. Prolonged exposure to benzene vapors is 
dangerous. It is principally used as a solvent for alkaloids and 
other plant principles; also for the manufacture of aniline, phenol, 
and other important compounds. 7 

Cyclohexane, hexahydrobenzene, hexamethylene [CgH12]—Obtained 
in the distillation of petroleum or by hydrogenation of benzene. 
A coloress liquid, odor of rose oil and chloroform. When cooled it 
solidifies to a crystalline mass. Specific gravity about 0.779. 
Melts at 6.5°. Boils at 81°. Insoluble in water; miscible with 
alcohol and ether. 

Decalin, decahydronaphthalene[C49H1g]—A colorless liquid produced 
by hydrogenation of naphthalene. It occurs as the cis and trans forms 
having the specific gravities of 0.89 and 0.87 and boiling at 193° 
and 185°C. respectively. The commercial product is a mixture of 
the twoforms. Insoluble in water but miscible with organic solvents 
Uses: solvent for resins, in making varnishes and lacquers. 

Naphthalene U. S. P. VIII [CioH sl, or tar camphor, is obtained from 
the high-boiling fraction of coal tar. It is sold as white scales or 
balls. It melts at 80° and boils at 218°. It is insoluble in water, 
soluble in alcohol, and freely soluble in benzene, chloroform, ether, 
carbon tetrachloride, olive oil, and turpentine oil. Uses: moth 
repellent, antiseptic, and anthelmintic; also used in the manufac- 
ture of phthalic and malic acids, which are extensively employed 
‘in the manufacture of plastics, and in the production of indigo and 
other organic chemicals. Dose: 120 to 600 mg. : 

Tetralin, tetrahydronaphthalene [C10Hi2]—It is made by hydro- 
genating naphthalene at an elevated temperature and pressure in 
the presence of a catalyst. A colorless liquid of penetrating odor. 
Specific gravity about 0.973. Boils at 206° to 208° C. Melts at 
—35°. Insoluble in water, miscible with most organic solvents. 
Uses: solvent for fats and waxes in cleaning fabrics. __ re 

Toluene, methyl benzene [CeH5CHsl, a colorless, refractive liquid 
having a benzene-like odor and a specific gravity of 0.866, is ob- 
tained from coal tar and may also be made from petroleum (see 
Chapter LX). It has solubilities similar to those of benzene, 

Uses: solvent; 
portant medicinal and industrial chemicals such as benzaldehyde, 
benzoic acid, and dyes. 3 


also used in the manufacture of many im- _ 


HYDROCARBONS 499 


Xylene, xylol, dimethylbenzene [C gH 4(CH 3) 2]|—Obtained from coal 
tar. The xylene of commerce is a mixture of the 3 isomerides-o-, 
m-, and p-xylenes, the m predominating. A colorless, mobile, in- 
flammable liquid. Specific gravity about 0.86. Boils 137 to 140°. 
Insoluble in water; miscible with absolute alcohol, ether, and 
many other organic liquids. Uses: solvent; manufacture of dyes 
and other organics; sterilizing catgut; with Canada balsam ag 
oil-immerison in microscopy; cleaning agent in microscope technic. 


Hydrocarbon Specialties 


Agarol Emulsion (Warner)—Emulsion containing mineral oil, agar- 

gel, and phenolphthalein. Uses: laxative. Dose: 14 to 1 table- 
- spoonful. : 

Alba-Gar Plain (McKesson)—A flavored emulsion containing 50 per 
cent Albolene (mineral oil). Uses: laxative. Dose: 1 table- 
spoonful. 

Phenolphthalein Alba-Gar—Alba-Gar with 6 gr. phenolphthalein 
per fluidounce. 

Albolene (McKesson)—Mineral oil prepared from crude naphthinie 
base. Uses: laxative. Dose: 1 or 2 teaspoonfuls. 

Albolene Antiseptic Baby OiltAlbolene with chlorobutanol and 
oxyquinoline. Uses: lubricant and cleanser for infant's skin, 
Albolene Cleansing Cream (McKesson)—Cream containing Albo- 
lene with a small amount of ceresin. Uses: skin cleanser. 

Ali-Naph-Zone (Hdzone)—A non-greasy, saponaceous preparation 
containing aliphatic and naphthenic hydrocarbons. Uses: anti- 
septic. 

Angier’s Emulsion (Angier)—Emulsion containing liquid petrolatum, 
glycerin, gum acacia, hypophosphites of calcium and sodium, and 
sodium benzoate. Uses: expectorant. Dose: 1 teaspoonful. 
Angier’s Throat Tablets—Tablets containing liquid petrolatum, 
elmbark, and excipients. 

Emoleo Plain (McKesson)—Liquid containing mineral oil, gum 
benzoin, stearic acid, and zine oxide. Uses: nasal emollient. 
Dose: few drops in each nostril. 

Emoleo with Ephedrine—Also available. 

Emulsero!l (Upjohn)—Emulsion, each fluidounce containing 384 min. 
mineral oil, 5000 U.S. P. units of vitamin A, and aromatics. Uses: 
laxative. Dose: 1 tablespoonful. 

Emulserol with Cascara—Each fluidounce also contains 15 min, 
aromatic cascara sagrada fluidextract. 

Geol (C. D. Smith)—Flavored emulsion containing 50 per cent heavy 
mineral oil. Uses: laxative. Dose: 1 tablespoonful. 
Geol-B—Each fluidounce also contains 1 mg. thiamine hydro- 
chloride, 

Geol with Phenolphthalein—Hach fluidounce also contains 0.324 
Gm. phenolphthalein. 

Ichthalbin (Bilhuber-Knoll)—Grayish brown powder or tablets (0.3 
Gm.) containing ichthyol albuminate. Insoluble in water or weak 
acids, soluble in alkaline intestinal fluids. Uses: topical or intesti- 
nal antiseptic. Dose: 0.6 to 2 Gm. : 

Ichthargan (Merck)—Brown hygroscopic powder containing 30 per 
cent silver as silver-ichthyol. Uses; antiseptic and astringent in 
gonorrhea, posterior urethritis, furunculosis, and trachoma. Dose; 


0.05 to 3 per cent solutions; 5 to 10 per cent ointments. 

Ichtholdine (Sharp and Dohme)—Liquid, each fluidounce containing 
4 gr. ichthammol, +20 min. eucalyptol, 9 gr. boroglycerin glycerite. 
342 gr. hydrastine hydrochloride, 1 gr. iodine, and 4 gr. phenol, 
Uses: topical antiseptic especially for the female genitalia. 

Ichthymall (Mallinckrodt)—Ichthammol N. F. VIII. 

Ichthynat (Heyden)—Ichthammol N. F. VIII. 

Ichthyol (Mereck)—Ichthammol N. F. VIII. 

Inoton Debat (Fougera)—Ointment containing 0.5 Gm. lithol (hyper- 

sulfonated shale oil), 0.25 Gm. ammonium ichtholsulfonate, 0.5 
Gm. colloidal titanium hydroxide, 2.5 Gm. titanium oxide, 0.5 Gm. 
witch hazel extract, 7.5 Gm. zinc oxide, 0.05 Gm. sodium borate, 
and 39 Gm, non-oxidizable base. Uses: antiphlogistic and anti- 
pruritic. 
Inoton Powder—Dusting powder containing 0.03 Gm. lithol, 0.01 
Gm. sulfo-schistol, 1.6 Gm. calcium carbonate, 0.2 Gm. witch hazel 
extract, 0.08 Gm. sodium borate, 0.4 Gm. zing oxide, and 36 Gm. 
magnesium silicate, 

Isarol (Ciba)—Ichthammol N. F. VIII. $ 


Kondremul (Patch)—Emulsion containing 55 per cent mineral oil 
with Irish moss. Uses; laxative and demuleent. Dose: 1 table- 
spoonful. 

Kondremul with Non-Bitter Extract of Cascara—Contains also aro- 
matic cascara sagrada fluidextract. 

Kondremul with Phenolphthalein—Each fluidounce contains also 
2.2 gr. phenolphthalein. 

Loraga Emulsion (Warner)—Emulsion containing mineral oil and 
agar-gel. Uses: laxative. Dose: 1 or 2 tablespoonfuls. 

Nivea Creme or Skin Oil (Duke)—Cream or oil consisting of an 
emulsion of neutral aliphatic hydrocarbons in water with Hucerite 
(wool fat cholesterols). Uses; emollient. 

Olgar (Parke, Davis)—Flavored emulsion containing 65 per cent 
heavy mineral oil. Uses; laxative. Dose; 1 tablespoonful. 
Olgar Compound—Each fluidounce also contains 11% gr. phenol- 
phthalein. 


Para-Syllium (Abbott)—Palatable emulsion containing 80 per cent 
liquid petrolatum and 20 per cent psyllium seed jelly. Uses: laxa- 
tive. Dose: 1 tablespoonful. 

Parresine Lace-Mesh Surgical Dressing N. N. R. (Abbott)—Surgical 
dressing consisting of a lace-mesh gauze impregnated with Parresine 
(94 to 96 per cent paraffin, asphalt, eucalyptol, gum elemi, and 
Japan wax; colored with a solution of alkannin in eucalyptol and 
gentian violet). . Uses: protective dressing. 

Petrogalar Plain N. N. R. (Wyeth)—Emulsion containing 65 per cent 
mineral oil, 0.4 per cent agar-agar, 0.06 per cent sodium benzoate, 
acacia, benzoic acid, glycerin, saccharin, and flavoring. Uses: 
laxative. Dose: 1 tablespoonful. 

Petrogalar Unsweetened—The saccharin is omitted. 

Alkaline Petrogalar—Each 100 ce. also contains 8 cc. magnesia 
magma, and the saccharin and preservative are omitted. 

Cascara Petrogalar—Each 100 cc. also contains 13.2 ec. aromatic 
cascara sagrada fluidextract. 

Phenolphthalein Petrogalar—Each 100 ce. also contains 4 gr. 
phenolphthalein, 


CHAPTER LXII 


ALCOHOLS, ALDEHYDES, 


AucouHons, aldehydes, ketones, and ethers are closely 
related chemically. Ethers are formed from alcohols 
by dehydration, and aldehydes and ketones are formed 
from alcohols by oxidation. Aldehydes and ketones 
form oximes, phenylhydrazones, and semicarbazones. 
The aldehydes form addition compounds with alcohols 
and ammonia but ketones do not. Both compounds 
form addition products with sodium bisulfite and hydro- 
gen cyanide. Aldehydes are oxidized by ‘Tollen’s, 
Fehling’s, and Benedict’s reagents but ketones are not. 
Both aldehydes aiud ketones form condensation prod- 
ucts in the presence of alkali. Aldehydes and ketones 
may be reduced to alcohols. 


ALCOHOLS 


Alcohols are derived from hydrocarbons by the re- 
placement of one or more hydrogens with hydroxyl 
(OH) groups. Alcohols which contain one hydroxyl 
group are termed monohydric (or monatomic). When 
more than one hydroxyl group is present they are desig- 
nated as polyhydric or, preferably, according to the 
number of hydroxyl groups present, viz.: dihydric, 
trihydric, etc. It should be noted at this point that 
not more than one hydroxyl group can be attached to 
the same carbon atom. 

When the hydroxyl group in an alcohol is linked to 
a carbon to which two hydrogens are also attached, it 
is designated as a primary alcohol. If the hydroxyl 
group is linked to a carbon carrying only one hydrogen, 
it is designated as a secondary alcohol, and when it is 
attached to a carbon carrying no hydrogens, it is classed 
as a tertiary alcohol. Primary, secondary, and tertiary 
alcohols with the same number of carbon and hydrogen 
atoms are isomeric. 

Normal aliphatic alcohols containing up to 11 carbon 
atoms are liquids at ordinary temperatures. With an in- 
crease in the number of carbon atoms the melting or 
solidification temperature and the viscosity rise, and 
alcohols containing more than 13 carbon atoms are 
solid. The melting or solidification temperature also 
rises with increase in the number of hydroxyl groups. 
Thus ethyl alcohol solidifies below —120°, while 
ethylene glycol, a dihydric alcohol containing the same 
number of carbon atoms, freezes at about —17° and 
is more viscous. The monohydric alcohol of n-propane, 
n-propyl alcohol, solidifies at about —127°, but anhy- 
drous glycerin, the trihydric alcohol of propane, solidifies 
at about 0°. 

The specific gravity of monohydric alcohols is less 
than that of water, but with an increase in the number 
of hydroxyl groups the specific gravity rises above that 
of water. For instance, the specific gravity of ethyl 
alcohol [CH3CH2OH] is 0.81, while the specific gravity 
of glycol [CH,OHCH.2OH8}], also called ethylene glycol, 
is, 11, 

The solubility of alcohols in water decreases with an 
increase in the number of carbon atoms, but increases 
with an increase in the hydroxyl groups. The sweet- 
ness of alcohols is also increased by a greater number of 
hydroxyl groups. Thus, ethyl or propyl alcohol has 
scarcely any sweet taste, but di- and trihydric alcohols, 
such as glycol and glycerin, have a sweet taste; dex- 
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KETONES, AND ETHERS 


trose, containing five hydroxyl radicals, is still sweeter.. 

Alcohols, although neutral in reaction, behave like 
bases. They combine with acids to form salt-like com- 
pounds which are known as esters. For instance, ethyl 
alcohol, when heated with hydrochloric or acetic acids, 
gives ethyl chloride and ethyl acetate, respectively. 
It is in this form, 7. e., esters, that alcohols usually occur 
in nature. Oils, fats, and waxes are esters of organic 
acids. On the other hand, some of the alcohols, and 
especially those with a low number of carbon atoms, 
have also weakly “‘acidic’’ properties, in that they react 
with the elemental alkali metals replacing the hydrogen 
of the hydroxyl group. These compounds are usually 
referred to as alcoholates. 


ALCOHOL U. S. P. Alcohol 


[Ethanol, Ethyl Alcohol, Spiritus Vini Rectificatus, 8. V. R., Spirit of 
Wine Sp. Alcohol, Etanol, Alcohol Etilico] 


CHs—CH20H 


Alcohol contains not less than 92.3 per cent by weight, 
corresponding to 94.9 per cent by volume, at 15.56° 
(60° F.), of CzH;50H (46.07). 

History—The term alcohol is of Arabic origin, the 
word Al-Kohl being applied to the black antimony sul- 
fide employed by the harem beauties to darken their 
eyebrows and eyelashes. The word in its original sig- 


nificance meant finely divided and is still used in this — 


way in the term alcoholized cron which simply means 
finely divided iron. 

Distillation was first practiced shortly after the begin- 
ning of the Christian Era in Alexandria, but no definite 
record occurs of strong alcoholic liquids prepared by 
distillation until Arnold of Villanova who wrote in the 
latter part of the thirteenth century and who called 
such a product aqua vini or aqua vital and extolled its 
virtues as ‘it strengthens the body and prolongs life.” 
It is said that when Henry II invaded Ireland in the 
twelfth century the inhabitants were making and drink- 
ing a strongly alcoholic liquid which they called uzsge- 
beatha (from the first half of which we get the name 
whisky) which is Gaelic for ‘‘water of life.” 

Preparation—The production of ethyl alcohol, ordi- 
narily termed alcohol, depends on the decomposition 
(fermentation) of the saccharide dextrose into alcohol 
and carbon dioxide in the presence of zymase, an enzyme 
present in yeast cells. 


CeHi1206 


dextrose 


= 


2C2H;0H + 


alcohol 


2COz2 


carbon dioxide 


Intermediate and complex reactions occur in this fer- 
mentation. In addition to’ amyl alcohol, the following 
substances are reported as being produced at different 
stages of the process: acetaldehyde, dihydroxyacetone, 
glyceric aldehyde, glycerin, methyl glyoxal, and pyruvic 
acid. 

On account of the cost, dextrose itself is not em- 
ployed, but substances rich in starch, such as corn, rye, 


barley, and potatoes, are used instead. The starches | 


must, however, first be gelatinized and then hydrolyzed 
to sugars by the action of an amylase, such as diastase, 
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an enzyme present in malt, as in the following reaction 
which is termed saccharification: 


(C6Hi005)n + nHeO — »CeHi206 


starch water dextrose 


This equation shows the final reaction, but actually 
other reactions take place, for among the intermediate 
products formed are dextrins (amylodeztrin, erythro- 
dextrin, and achroédextrin) and maltose. 

In this country molasses is also used for the produc- 
tion of alcohol. Since, however, sucrose, the sugar pres- 
ent in molasses, is not directly fermentable it must first 
be changed to monosaccharides; this is accomplished 
by the use of invertase, an enzyme also present in yeast. 


CyeH22011 + He2O0 — CgHi20¢6 + CeH1206 


sucrose water dextrose levulose 


The monosaccharides, dextrose and levulose, are then 
acted upon by zymase. 

If a liquid in which alcoholic fermentation has oc- 
curred is not properly preserved or if the alcoholic con- 
tent is very low, subsequent fermentation of a different 
character ensues in which the alcohol is converted into 
acetic acid through the influence of the microscopic 
organism known as mycoderma acett. 

This reaction is also expressed in a simple form as: 


CeH;s0H + Os bard CHsCOOH + H.O0 


alcohol oxygen acetic acid water 


Here also intermediate reactions take place—aldehyde 
being one of the products formed. 

The fermented liquid, containing about 15 per cent 
of alcohol, is submitted to distillation in an efficient 
fractionating column, and thus a distillate containing 
95.96 per cent of CHsCH.OH, by volume, is obtained. 
For the production of higher concentrations of CH;CH.- 
OH, as in absolute alcohol, the 95 per cent product is de- 
hydrated by special processes discussed under . De- 
hydrated Alcohol (page 502). 

Fusel Oil, which is a mixture of amyl, butyl, and 
propyl alcohols together with traces of other more com- 
plex organic substances, is produced from proteins 
present in the fermenting liquids from which Alcohol is 
distilled. It must be removed by distillation during the 
refining process; an official test is provided to make cer- 
tain that it is not present in U.S. P. Alcohol. 


Description and Properties—A clear, colorless, mobile liquid with a 
slight, but characteristic odor. It boils at 78° but volatilizes even 
at a low temperature, and is inflammable. When pure, it is neutral 
towards all indicators. The specific gravity of Alcohol at 15.56° (the 
U. 8S. Government standard temperature for alcohol) is not above 
0.816, indicating not less than 92.3 per cent of CgpH5OH, by weight. 
Alcohol is miscible with water, acetone, chloroform, ether, and many 
other organic solvents. 

Tests for Purity— . 

Clarity of diluttion—Upon diluting Alcohol with an equal volume or 
more of water, the mixture is free from cloudiness and remains so 
after cooling to 5° to 10° for 30 minutes. 

Acid—This is determined by titrating the Alcohol, after dilution 
with an equal volume of water, with fiftieth-normal sodium hydroxide, 
using phenolphthalein T.S. as the indicator. Not more than 1.8 ce. 
of the alkali is required for 100 cc. of the Alcohol, corresponding to 


_ approximately 0.003 per cent as acetic acid [CH3sCOOH 


Residue on evaporation—Not more than 2.5 mg. per 100 cc. 

Aldehyde and other readily oxidizable substances—This test is based 
on the ready oxidizability of aldehyde to acid by permanganate, even 
in the cold, and the latter being thereby decolorized. The test is 
made by adding 0.1 cc. of tenth-normal potassium permananate to 
20 cc. of the Alcohol previously cooled to 15° and maintaining the 
mixture at this temperature for 15 minutes. The original pink color 
should not have entirely disappeared at the end of this period. 

Amyl alcohol, fusel oil, carbonizable substances, etc.—Upon mixing 
10 ce. of Alcohol with 5 cc. of water and 1 cc. of glycerin and allowing 
the mixture to evaporate, no foreign odor should be perceptible as the 


_ last traces of the alcohol evaporate (amyl alcohol, fusel oil, etc.). 


Also when 25 cc. of Alcohol is allowed to evaporate spontaneously 
in a small dish until the surface of the dish is just moist, then a few 
drops of sulfuric acid added, no brown color is produced (carbonizable 


- substances). 


\ 


a. _ Ketones (acetone), isopropyl alcohol, and tertiary butyl alcohol—Ke- 
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tones, such as acetone, form a water-insoluble compound with mer- 
curic sulfate. Isopropyl and tertiary butyl alcohols are oxidized by 
hot mercuric sulfate solution to acetone which then forms the insol- 
uble mercury compound with the excess of the reagent. The test is 
made by diluting the Alcohol with 3 volumes of water, adding 10 vol- 
umes of mercuric sulfate T.S., and heating in a steam bath for 3 min- 
utes. No white precipitate should form. 

Methanol—The method of detecting methanol in ethanol rests on 
the following reactions: (1) Methanol is readily oxidized to formalde- 
hyde by dilute potassium permanganate solution. (2) Formaldehyde 
reacts with chromotropic acid to produce a compound which gives a 
violet-colored solution. The test is made as follows: One drop of 
Alcohol is mixed in the order given with 1 drop of water, 1 drop of 
dilute phosphoric acid (1 in 20), and 1 drop of a 5 per cent solution of 
potassium permanganate. After standing for 1 minute, a 5 per cent 
sodium bisulfite solution is added dropwise until the permanganate 
color is discharged. If a brown color remains (due to formation of 
manganese dioxide) another drop of dilute phosphoric acid is added 
and, if necessary, more sodium bisulfite solution until the solution is 


colorless. Then 5 cc. of chromotropic acid T.S. is added and the 
mixture heated at 60° for 10 minutes. No violet color should be 
produced. 


Storage—Keep Alcohol in tight containers remote from fire. 
Incompativilities—Alcohol and preparations containing a high per- 
ceritage of alcohol will precipitate many inorganic salts from an aque- 
ous solution. Acacia is generally precipitated from a hydro-alcoholic 
medium when the alcohol content is greater than about 35 per cent. 

Strong oxidizing agents such as chlorine, nitric acid, permanganate 
or chromate in acid solution react, in some cases violently, with alcohol 
to produce oxidation products. 

Alkalies cause a darkening in color due to the small amount of 
aldehyde usually present in alcohol. 


Uses—Alcohol is used in pharmacy principally for 
its solvent powers (page 218). It is also used as the 
starting point in the manufacture of many important 
compounds, like ether, chloroform, iodoform, ete. 
Cologne Spirit is a brand of Alcohol which is rectified 
particularly for perfumers’ use. It is said to be made by 
diluting the ordinary alcohol with sufficient water to 
bring it to the strength of diluted alcohol, passing this 
through bone black, and then redistilling and concen- 
trating it again to the proper strength in a rectifying 
column and still. Alcohol is also used as a fuel, chiefly 
in the form of denatured alcohol (page 503). 

The pharmacist must be familiar with the regulations 
for the handling of alcohol and alcoholic beverages, as 
established by the state in which he is doing business. 
These are in addition to the federal requirements and 
may be more restrictive than the national regulations. 

Alcohol is a depressant to the central nervous system 
in the same manner as the general anesthetics. Medical 
use is made of this property by employing alcoholic 
beverages for the purposes of causing sedation and 
sleep. Alcoholic beverages and nutrient drinks (egg- 
nogs, etc.) are often used in convalescents to supply 
readily utilizable energy. They are also carminative 
and improve appetite and digestion. Alcohol also has 
antipyretic potency when taken internally, in part due 
to the vasodilatation which it causes, allowing increased 
heat loss. The dilatation of blood vessels is particu- 
larly prominent in the coronary arterial supply of the 
heart, and thus strong alcoholic drinks are very useful 
in patients with coronary arteriosclerosis and angina 
pectoris. Similar use of Alcohol is made in patients 
with peripheral vascular disease. Alcoholic drinks are 
frequently taken to treat or abort “‘colds’’ and prob- 
ably are effective by virtue of the combined effects of 
sedation, sleep, and vasodilatation in chilled cutaneous 
or mucosal surfaces. 

Externally, Alcohol has a number of medical uses. 
It is a solvent for the toxicodendrol causing ivy poison- 
ing, and should be used thoroughly to wash the skin 
soon after contact. Alcohol (25 per cent) is employed 
for bathing the skin for the purposes of cooling and re- 
ducing fevers. In high concentrations it is a rubefacient 
and an ingredient of many liniments. Alcohol (50 per 
cent) is used to prevent sweating in astringent and 
anhidrotic lotions, It is also employed to cleanse and 
harden the skin and is helpful in preventing bedsores in 
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bedridden patients. Alcohol (70 per cent by weight) is 
a good antiseptic for the skin and also for instruments. 
Alcohol is also used as a solvent to cleanse the skin 
splashed with phenol. High concentrations of Alcohol 
are often injected into nerves and ganglia for the relief 
of pain, accomplishing this by causing nerve degenera- 
tion. 


Dehydrated Alcohol N. F. Alcohol Dehydratum 


{Alcohol Dehyd.—Dehydrated Ethanol, ‘“‘Absolute Alcohol,’ Sp. 
Alcohol Deshidratado, Etanol Deshidratado, ‘‘Alcohol Absoluto”’] 
Dehydrated Alcohol is a liquid containing not less 
than 99 per cent by weight of C.H;OH. 
Preparation—This alcohol is incorrectly called abso- 
lute alcohol in the trade. Absolute implies complete 
freedom from water which is difficult to achieve in prac- 
tice. Owing to the very strong affinity existing between 
alcohol and water, the strongest alcohol that can be 
made by fractional distillation contains about 5 per cent 
of water, by volume. At 78° aleohol forms a constant 
boiling mixture with water which distils at the above 
concentration, and in order to free it from the last 5 
per cent of water it is necessary to use some substance 
having a still stronger affinity for water. Formerly 
this was accomplished by means of burned lime [CaO]. 
The strongest and purest alcohol obtainable was perco- 
lated through the lime, out of contact with air, and then 
redistilled and percolated in vacuo. In this way, alco- 
hol may be obtained having a specific gravity as low as 
0.7935 at 15.56° (nearly 100 per cent). In recent years 
this method of preparing Dehydrated Alcohol has been 
supplanted by a process in which benzene [C¢H.] is 
added to alcohol containing water, the mixture then 
being fractionally distilled. The first fraction consists 
of alcohol, water, and benzene, these three substances 
together boiling at a lower temperature than any one 
of the pure substances. The second fraction consists of 
alcohol and benzene, and the third fraction consists of 
Dehydrated Alcohol. By this method an alcohol con- 
centration of about 99.5 per cent or better is attained. 
Description and Properties—Dehydrated Alcohol has the properties 
described under Alcohol, except that it is hygroscopic, and has a spe- 
cific gravity of not more than 0.798 at 15.56° C., corresponding to not 
less than 99 per cent, by weight, of CHgCH2O It also conforms 


to the Tests for Purity prescribed under Alcohol. 
Storage—Keep this alcohol in tight containers remote from fire. 


Uses—<As a solvent where water must be excluded; 
injections into nervous tissue. 


Diluted Alcohol U. S. P. Alcohol Dilutum 
{Alcohol Dil.—Diluted Ethanol, Sp. Alcohol Diluido, Etanol Diluido] 


Diluted Alcohol is a mixture of alcohol and water 
containing not less than 41 per cent and not more than 
42 per cent by weight, corresponding to not less than 
48.4 per cent and not more than 49.5 per cent by volume, 
at 15.56° of CoeH;OH. It may be prepared as follows: 


Metric Alternative 
AlCONO)« occ% sacieh en ieee ecient santo 500 cc. 1 pint 
Distilled: Watérs. Wisc enact caer ces 500 cc. 1 pint 


Measure the alcohol and the distilled water separately at the 
same temperature, and mix them. If the two liquids are measured 
at 25° the mixture, when cooled to the same temperature, will 
measure about 970 ce. 


When equal volumes of alcohol and water are mixed 
together, a rise in temperature and a contraction of 
about 3 per cent in volume take place. In small opera- 
tions the contraction is generally disregarded, in larger 
operations it is very apparent. If 50 gallons of official 
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alcohol are mixed with 50 gallons of water, the product 
will not be 100 gallons of Diluted Alcohol, but only 961/4 
gallons, a contraction of 3°/, gallons. United States 
Proof Spirit differs from diluted alcohol and is stronger; 
it contains 50 per cent, by volume, of absolute alcohol 
at 15.56° (60° F.). This corresponds to 42.5 per 
cent by weight, and has a specific gravity of 0.9341 at 
the same temperature. If spirits have a specific gravity 
lower than that of “proof spirit” (0.9341), they are said 
to be “above proof,” if greater, ‘below proof.” 

Diluted Alcohol may also be prepared from the fol- 
owing: 


Metric Alternative 
Alcohols eicemmies aesmicte 3 aie: tere 408 Gm. 40 0z. av. 350 gr. 
Distilled Water. ompcs ntsc. -caeeeraces 500 Gm. 50 oz. av. 


Rules for Dilution—The following rules are applied 
when making an alcohol of any required lower percent- 
age from an alcohol of any given higher percentage: 


I. By Volume—Designate the volume percentage of the stronger 
alcohol by V, and that of the weaker alcohol by »v. 

Rule—Mix v volumes of the stronger alcohol with distilled 
water to make V volumes of product. Allow the mixture to 
stand until full contraction has taken place, and until it has 
cooled, then make up the deficiency in the V volumes by adding 
more distilled water. 

Example—An alcohol of 30 per cent by volume is to be made 
from an alcohol of 94.9 per cent by volume.—Take 30 volumes of 
the 94.9 per cent alcohol, and add enough distilled water to pro- 
duce 94.9 volumes at room temperature, 

Il. By Weight—Designate the weight-per git of the stronger 
alcohol by W, and that of the weaker alcohol 

Rule—Mix w parts by weight of the Seto A with dis- 
tilled water to make W parts by weight product. 

Exeample—An aleohiol of 50 per cent by weight is to be made 
from an alcohol of 92.3 per cent by weight.—Take 50 parts by 
weight of the 92.3 per cent alcohol, and add enough distilled 
water to produce 92.3 parts by weight. 


Description and Properties—Diluted Alcohol has the properties de- 
scribed for Alcohol, except its specific gravity is between 0.935 and 
0.937 at 15.56°, indicating that the strength of CgQHsOH corresponds 
to that given in the official definition. It also conforms to the Tests 
for Purity given for Alcohol, allowance being made for the difference 
in water content. 
Storage—Keep Diluted Alcohol in tight containers remote from fire. 
Uses—Diluted Alcohol is used as a menstruum in 
making tinctures, fluidextracts, extracts, etc. Its prop- 
erties have been already fully described in connection 
with the various preparations. Its value consists not 
only in its antiseptic properties, but also in its possessing 
the solvent powers of both water and alcohol. See 
Alcohol. 


Alcohol Rubbing Compound N. F. Alcohol 
Fricamentum Compositum 


[Alcohol Fricament. Comp.—Rubbing Alcohol] 


Alcohol Rubbing Compound and all preparations 
coming under the classification of Rubbing Alcohols 
must be manufactured in accordance with the require- 
ments of the Bureau of Internal Revenue, U.S. Treas- 
ury Department, using specially denatured alcohol 
Formula 28-G (3.5 parts by volume of methyl propyl 
ketone, 0.5 part by volume of methyl isobutyl ketone, 
and 100 parts by volume of ethyl alcohol), or Formula 
23- H (8 parts by volume of acetone, 1.5 parts by volume 
of methyl isobutyl ketone, and 100 parts by volume of 
ethyl alcohol). It contains not less than 68.5 per cent 
and not more than 71.5 per cent by volume of absolute 
ethyl alcohol. Alcohol Rubbing Compound contains 
in each 100 ec. not less than 0.355 Gm. of sucrose octa- 
acetate which has a very bitter taste. Alcohol Rubbing 
Compound complies with the requirements of the Bu- 
reau of Internal Revenue of the United States Treasury 
Department. 


ai 2 


? 


5 juice of the grape. 
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Note—Alcohol Rubbing Compound must be packaged, 


labeled, and sold in accordance with the regulations issued 


by the Bureau of Internal Revenue, U. S. Treasury 


Department. 


Description and Properties—A transparent, colorless, mobile, volatile 
liquid, with an extremely bitter taste, and in the absence of added 
odorous substances, a characteristic odor. It is inflammable. The 
specific gravity of Formula 23-G is between 0.8797 and 0.8874, and 
of Formula 28-H, between 0.8691 and 0.8771 at 15.56°. 
Tests for Purity— 
Total solids—Not less than approximately 0.4 per cent. 
Methanol—When diluted with an equal volume of water it meets 
the requirements of the test for Methanol under Whisky (page 504). 
Assay for Sucrose Octadécetate—The residue from the test for Total 
solids is dissolved in neutralized 70 per cent alcohol and refluxed with 
@ measured excess of standard alkali. The excess is then titrated 
with standard acid, using phenolphthalein as the indicator. Each ee. 
of tenth-normal sodium hydroxide is equivalent to 8.478 mg. of su- 
crose octiacetate. 
Storage—Keep Alcohol Rubbing Compound in tight containers, re- 
mote from fire. 


Uses—Rubbing Alcohol is applied externally as a 
cooling, soothing application for bedridden patients 
and athletes. It is also widely used for cleansing the 
surgeon’s hands and instruments. It is a germicide, 
a feeble anesthetic, and a mild counterirritant. See 
Alcohol. 


Denatured Alcohol 


An act of Congress of June 7, 1906, authorizes the 
withdrawal of alcohol from bond, without the payment 
of the internal revenue tax, for certain clearly defined 
uses in the industries and arts, provided such alcohol 
has been mixed, under the prescribed conditions, with 
denaturing substances which render it unfit for bever- 
age purposes. 

Ether and chloroform are now made from suitably 
denatured alcohols, and typical denaturing processes 
consist of preparing U. 8. P. iodine tincture and soft 
soap liniment. The actual denaturing may be con- 
ducted only under government supervision in specially 
licensed establishments. Special formulas for denatured 
alcohol applicable to specific manufacturing operations 
are permitted under government supervision. 

Information may be obtained from the office of the 
Commissioner of Internal Revenue, U. S. Treasury 
Department, Washington, D. C., concerning completely 
and specially denatured alcohols. By federal regulation, 


completely and specially denatured alcohols may be pur- 


chased from a duly established denaturing plant or 
bonded dealer. No permit is required for the purchase 
and use of completely denatured alcohol unless the pur- 
chaser intends to recover the alcohol. Specially de- 
natured alcohol may be obtained only by a person hold- 
ing a permit to use and withdraw specially denatured 
alcohol in accordance with the provisions of Regulations 
No. 3, Article [X, Sec. 182.139 to 155, inclusive. State 
requirements may modify these federal regulations. 


Wines 


Wines are produced by the fermentation of fruit 
juices, either by the addition of ferments or by encour- 
aging the natural fermenting enzymes, which are some- 
times present, to function through the provision of an 
environment suitable for their activity. A concentra- 
tion of alcohol greater than 10 to 15 per cent is not ob- 
tainable by the ordinary methods of fermentation. 

_ The term wine is usually reserved for the fermented 
The plain wines so produced are 
red or white depending on whether the skins are used 
or discarded prior to fermentation. Stronger wines, 
such as port wine and sherry wine which contain up to 
peer cent of alcohol, are Sess by adding brandy 
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or alcohol to plain wines; they are known as fortified 
wines. Champagne and Burgundy are made by adding 
sugar and yeast to plain wines, fermenting further, and 
then adding carbon dioxide under pressure before stor- 
ing, to make them effervescent. 

The clarification or fining of wines is discussed in the 
chapter on “Clarification and Decoloration” (page 200). 


SHERRY WINE N. F. Vinum Xericum 


Sherry Wine is an alcoholic liquid obtained by fer- 
menting the Juice of sound, ripe grapes, fortifying with 
brandy, and containing, at 15.56° C., from 17 to 24 per 
cent, by volume, of C2.H,OH. 

The popular tonic official under the title Beef, Iron, 
and Wine was reintroduced in the N. F. VIII from the 
N. F. IV after it had been replaced in three editions 
with the less palatable Elixir of Beef and Iron. This re- 
quired the standardization of the wine used for making 
the tonic. 


Description and Properties—A pale, yellowish brown or amber- 
colored liquid with a characteristic odor and taste. Its specific 
gravity at 15.56° is between 0.985 and 1.030. Because, however, of 
its high and variable content of solid, the actual alcohol content is 
preferably determined by the U.S. P. method for alcohol determina- 
tion (page 1048). 

Tests for Purity— 

Free acid—A measured volume of the Wine is diluted with about 10 
volumes of water. This dilution is for the purpose of reducing the 
color which otherwise would make the end-point in the titration dif- 
ficult to perceive. The dilution is then titrated with tenth-normal 
sodium hydroxide, and to enhance the pink color of the end-point 
and make it more distinct, 1 cc. of phenolphthalein T.S. instead of the 
usual few drops is used as the indicator. Not less than 40 cc. and 
not more than 80 cc. of the alkali is required per 100 cc. of the Wine 
(equivalent to 300-600 mg. of tartaric acid). 

Total solids, glycerin, and sugar—Not more than 7 Gm. per 100 ec. 
(about 6.5 per cent). 

Residue on ignition—Not more than 0.6 per cent. 

Volatile acids—This is determined by steam distilling a measured 
volume of the wine and titrating the distillate with tenth-normal 
alkali hydroxide, using phenolphthalein T.S. as the indicator. The 
volume of alkali consumed in the titration, calculated as acetic acid 
[CHgCOOH], corresponds to not more than 140 mg. of the acid in 
100 cc. of the Wine (about 0.14 per cent). 

ee determined as barium sulfate, is not more than 0.068 per 
cent. 

Total Sulfur dioxide—A measured volume of 50 to 100 cc. of the 
Wine is diluted with 2 volumes of water in a suitable distilling flask, 
connected with a condenser, the delivery tube of which dips below 
the surface of bromine T.S., a solution of about 1 Gm. of sodium bi- 
carbonate in 15 ec. of water is added, and followed with 10 to 15 cc. 
of hydrochloric acid. The object of the sodium bicarbonate is to 
furnish, by its interaction with the hydrochloric acid, carbon dioxide 
to sweep out the air (oxygen) from the flask, otherwise a portion of the 
sulfur dioxide would be oxidized in the flask by the air and thus fail 
to be detected. The liquid is then distilled until about one-half of 
it has distilled over. After boiling the distillate to expel any remaining 
bromine, the sulfuric acid formed from the oxidation of the sulfur 
dioxide by the bromine is determined by precipitation as barium sul- 
fate. The weight of the latter should not.exceed 127.5 mg. per 100 
cc. of the wine, equivalent to 350 parts per million of total SOg. 

Uncombined sulfur dioxide—Not more than 70 parts per million. 
Storage—Keep Sherry Wine in tight containers. 


Uses—Sherry Wine is employed in preparing Beef, 
Iron, and Wine, and after it has undergone a detannat- 
ing process (see fining, page 200), it is used as a vehicle 
in elixirs of thiamine hydrochloride. 


Unofficial Wines 


* White Wine—An alcoholic liquid made by fermenting the juice of 
fresh grapes, the fruit of Vitis vinifera Linné (Fam. Vitacbe), freed 
from seeds, stems, and skins, and subjected to the usual cellar treat- 
ment for fining and aging. When White Wine is prescribed without 
further specification, it is recommended that a dry White Wine of 
domestic production be employed. 

White Wine should be preserved in well-closed casks, filled as full 
as possible, or in well-stoppered bottles, in a cool place. 

Red Wine—An alcoholic liquid made by fermenting the juice of 
fresh red-colored grapes, the fruit of Vitis vinifera Linné (Fam. Vita- 
cee), in presence of their skins, and subjected to the usual cellar 
treatment for fining and aging. When Red Wine is prescribed without 
further specification it is recommended that a dry Red Wine of 
domestic production be employed. 

Red Wine should be preserved in well-closed casks, filled as full as 
possible, or in well-stoppered bottles in a cool place. 
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Distilled Spirits 


The distilled product of vinous liquors forms the dif- 
ferent ardent spirits of commerce. When obtained from 
wine, it is called brandy from the German branntwein 
(burned wine); from fermented molasses, rum; from 
malted barley, rye, corn, wheat, or other grains, whisky, 
from the Gaelic usigebeatha; from malted barley and 
rye-meal, with hops, and rectified from juniper berries, 
gin; and from fermented rice, arrack. These spirits are 
of different strengths—that is, they contain different 
proportions of alecohol—and have various peculiarities 
by which they are distinguished, chiefly the odor and 
taste. The manufacture and dispensing of these alco- 
holic liquors are permitted only under the regulations 
of the Bureau of Internal Revenue. 


BRANDY N. F. Spiritus Vini Vitis 


[Sp. Vin. Vit.—Spiritus Vini Gallici, Eau de Vie, Spiritus Vini, 
Cognac, Sp. Brandy] 


Brandy is an alcoholic liquid obtained by the distilla- 
tion of the fermented juice of sound ripe grapes and 
containing, at 15.56° C., not less than 48 per cent and 
not more than 54 per cent, by volume, of C2H,;OH. 
It must have been stored in wood containers for a period 
of not less than 2 years. 


Preparation—Brandy varies in quality according to 
the source from which it is obtained. The best Brandy 
is obtained from French wines, and the kind called 
Cognac is most esteemed. Very large quantities of 
brandy are now made in California but the taste is 
peculiar and easily distinguished from that of Cognac. 
The Pharmacopoeia recognizes all spirits when obtained 
from the juice of grapes, if sufficiently strong and pure 
to meet the tests given below. 


Brandy owes its aroma to cenanthic and acetic ethers 
and other volatile products. Cnanthic ether is known 
chemically as ethyl pelargonate [C2HsC 9H,7O2] but in 
commerce it is called oz! of cognac. It is a fragrant, 
ethereal oil, of a greenish color. 


Brandy resembles whisky in some respects and is 
totally unlike it in others. The aging is performed in 
wood containers, but not necessarily in charred wood. 
Hence brandy is much lighter in color than whisky as 
a rule, and is permitted to be colored with caramel and 
even to contain small amounts of sugar. The flavors of 
whisky and of brandy are distinctly different. The 
former, being a grain distillate, owes its predominant 
flavor and odor to constituents peculiar to the grain 
from which it is produced. Brandy, being a wine dis- 
tillate, owes its characteristic aroma and flavor to cer- 
tain esters never found in whisky, of which ethyl pelar- 
gonate is an example. 


The detection of spurious. or of diluted brandy is 
much more difficult than in the case of whisky, unless 
foreign substances included in the list of special denatu- 
rants are found to be present. 


Description and Properties—A pale, amber-colored liquid with a 
characteristic odor and taste and an acid reaction. Its specific 
gravity is between 0.921 and 0.933 at 25° C. 

Tests for purity— 

Free acid is tested for as described under Whisky. Not more than 
15.2 ec. of tenth-normal sodium hydroxide is required per 100 cc., 
porn en ne to not more than about 0.1 per cent as acetic acid 
[CH3gCOOH 

Total solids—Not more than 1.5 Gm. from 100 ce. (1.7 per cent by 
weight). 

Other tests—It conforms to the other tests and requirements given 
under Whisky. 

Storage—Keep Brandy in tight containers. 
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Uses—Brandy is employed as an alcoholic beverage in | 


the same manner as whisky, and is often administered 
with milk, yolk of eggs, etc. See Whisky and Alcohol. 


WHISKY N. F. Spiritus Frumenti 
[Sp. Frum.—Whiskey, Sp. Whisky] 


Whisky is an alcoholic liquid obtained by the distilla- 
tion of the fermented mash of wholly or partly malted 
cereal grains, and containing, at 15.56° C., not less than 
47 per cent and not more than 53 per cent, by volume, 
of CsH;OH. It must have been stored in charred wood 
containers for a period of not less than 2 years. 

Preparation—In this country, cereal grains—corn, 
rye, or wheat—are used in making whisky. The opera- 
tions by which whisky is obtained from grain are techni- 
cally termed: 1. Mashing, by which the starch is con- 
verted into sugar. 2. Fermentation, or the production 
of the alcohol. 3. Dzvstillation, or the separation of 
the crude spirit. 

The crushed grain, mixed with malt, is added to water 
at 15.56° C. and allowed to stand to permit the conver- 
sion of the starch into maltose and dextrose through 
the action of the diastase. The liquid is now termed 
the wort. This is caused to ferment by the addition of 
yeast, and alcohol is gradually formed, carbon dioxide 
escaping. The liquid is then distilled, the distillate 
being termed low wine. This is again distilled, and 
raw whisky is the product. Upon storing, or “‘aging”’ 
the raw product in charred wooden barrels, especially 
in a warm room, the taste and quality are improved 
through the formation of esters and other compounds 
technically called “‘congeners’’ which are supposed to 
communicate an agreeable flavor to the liquid. 


Several years ago a process was proposed in which the | 


“aging” of whisky was supposedly accomplished by 
aerating the raw product in the presence of powdered 
charcoal, the latter acting as a catalyst in accelerating 
the oxidation of aldehydes, ete., to acids which combine 
with the alcohol to form esters. 

The Detection of Imitation Whiskies—Imitation 
whiskies consist of diluted alcohol, colored and flavored 
to resemble the genuine, aged-in-the-wood article. 
imitation whisky has ever been produced which cannot 
be detected by the application of the official tests and 
their intelligent interpretation. The acidity and ester 
value are of particular importance in this connection. as 
is the test for caramel coloring, which is present in 
imitation whisky to give it a fictitious appearance of 
age. The character and amount of the residue upon 
evaporation are also of importance. A number of the 
tests in the N. F. text are designed to detect and exclude 
the specially denatured aleohols which, owing to the 
prohibition amendment formerly in effect, have found 
their way into the manufacture of spurious concoctions 
which were supplied by bootleggers under the name of 
whisky. Methanol, nicotine, quinine, diethyl phthalate, 


isopropyl alcohol, heavy metals, and other special dena- — 


turants have been frequently reported. 

A more difficult type of deception to detect is that of 
diluted whisky, in which a certain proportion of genuine 
whisky is taken and is subsequently reduced by adding 
diluted alcohol of whisky proof. If a very old whisky, 
which possesses a high acidity and high ester value, is 
taken to start with and the dilution or extension is not 
very great, this type of fraud is almost impossible to de- 
tect with certainty, as the factors would still fall within 
the limits of the official standards and would probably 
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be interpreted as indicating a less mature article, but 
still of official quality. Fortunately, for the analyst, 
the temptation to make extra profit by dilution is so 
great that usually it is necessary to add caramel or an 
aniline dye to imitate age, and this enables the fraud 
to be detected, for a properly matured whisky needs no 
caramel or dye to improve its color. 


Description and Properties— A light to deep amber-colored liquid, 
having a characteristic odor and taste, and an acid reaction. Its 
specific gravity is between 0.923 and 0.935 at 25° C. 
Tests for Purity— 

Free Acid—This is determined by diluting the Whisky with 2 vol- 
umes of water to reduce the natural color, and titrating with tenth- 


normal sodium hydroxide, using 5 drops of phenolphthalein T.S. as - 


indicator, to the production of a pink color. Not less than 8 cc. nor 
more than 24 cc. of the alkali is required per 100 cc. of the Whisky, 
corresponding to from 0.05 to 0.15 per cent as acetic acid [CH sCOOH]. 

Esters—100 cc. of Whisky is mixed with 15 cc. of water and dis- 
tilled until 100 ce. of distillate has been obtained. Fifty cc. of the 
distillate is neutralized with tenth-normal sodium hydroxide, using 5 
drops of phenolphthalein T.S. as the indicator, then exactly 20 cc. 
more of the tenth-normal sodium hydroxide is added and the mixture 
is boiled for 1 hour under a reflux condenser. After cooling, the excess 
of alkali is titrated with tenth-normal sulfuric acid. The volume of 
tenth-normal sodium hydroxide consumed is, after correcting for a 
blank, not less than 2 cc. and not more than 8 cc. 

Total solids, sugar, glycerin—Upon evaporating Whisky and drying 
at 100°, the residue amounts to not more than 500 mg. per 100 cc. 
This residue is not sticky; it has a slightly astringent taste but is not 
distinctly sweet or bitter. 

Storage in wood—The residue from the preceding test is treated 
with water; it does not dissolve completely. The mixture is filtered 
and dilute ferric chloride T.S. (1 in 10) is added to the filtrate. The 
liquid acquires a greenish black color due to the tannin derived from 
storage in wood containers. 

Caramel and certain coal-tar dyes—Ten cc. of Whisky is diluted with 
2 cc. of water in a test tube, 15 cc. of a mixture of 100 ec. of amy] alco- 
hol, 3 cc. of phosphoric acid, and 3 cc. of water is added, and gently 
shaken for 2 minutes, then the layers are allowed to separate com- 
pletely. The aqueous layer is colorless or very nearly so. 

Methanol—This is tested for as described under Alcohol, using 1 
drop of the distillate obtained in the test for Esters. 

Acetone, other ketones, isopropyl alcohol, and tertiary buty alcohol— 
A 2-ce. portion of the distillate obtained in the test for Esters is sub- 
‘mitted to the test described under Alcohol. ‘ ) 

Alkaloids—The Whisky is acidulated with hydrochloric acid (to 
render any alkaloids water-soluble) and evaporated to dryness on a 
water bath. It is essential, for this test, to remove the alcohol by 
evaporation because the alkaloid compound formed with iodine 
solution is soluble in alcohol. The residue is dissolved in a little water, 
filtered, and a few drops of iodine T.S. or of mercuric potassium iodide 
T.S. are added to the filtrate. No precipitate should be produced 
(most alkaloids give water-insoluble precipitates with these reagents). 

Heavy metals—10 cc. of Whisky is evaporated to 5 cc., and diluted 
with 10 cc. of water, filtered if necessary, acidulated with 5 drops of 
hydrochloric acid, and 10 cc. of hydrogen sulfide T.S. is added. No 
precipitate should be formed either before or after rendering the mix- 
ture alkaline with ammonia T.S. : 

Formaldehyde—No red color is produced when an alkaline aque- 
ous solution of phloroglucinol is added to Whisky. 

Storage—Keep Whisky in tight containers. 


Uses—Crude or “raw” Whisky is the chief source of 


alcohol which is largely used in the industries and arts. 
See Alcohol. Wears 


Other Aliphatic Alcohols 


The first section of this chapter has been devoted to a 
discussion of ethyl alcohol and the preparations which 
contain it as their chief constituent, such as rubbing 
alcohol, wines, and distilled spirits. The remainder of 
the official aliphatic alcohols are now presented; mono- 
graphs are provided for Amylene Hydrate, Cetyl Alcohol, 
Chlorobutanol, Glycerin, Isopropyl Alcohol Rubbing 
Compound, Oleyl Alcohol, Propylene Glycol, Stearyl 
Alcohol, and Tribromoethanol. 


~~ 


AMYLENE HYDRATE U.S. P. Amyleni Hydras 


{Amylen. Hydr.—Tertiary Amyl Alcohol, Dimethyl Ethylcarbinol, 
Sp. Hidrato de Amileno, Alcohol Amilico Terciario] 
OH 


CHs;CHe 4 (CHs)e 
: Mol. wt. 88.15 
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Preparation—This alcohol is prepared from amylene 
by adding the elements of water to it. The amylene 
is mixed with 2 volumes of 60 per cent H2SO., both pre- 
viously cooled to 0°, for about 1 hour; then neutralized 
with soda, distilled, and the first half of the distillate 
containing most of the amylene hydrate is treated with 
anhydrous potassium carbonate and redistilled. 


eae 
CH3-CH:C(CHs)o + H,O = CH3CHe.C(CHs)e 


amylene water amylene hydrate 


The amylene is obtained along with isomerides by a 
reverse process, namely, the abstraction of H,O from 
fusel oil by distilling it with sulfuric acid or zine chlo- 
ride. 


Description and Properties—A clear, colorless liquid of camphorace- 
ous odor. Its solution is neutral to litmus. Its specific gravity is 
between 0.803 and 0.807, and it boils between 97° and 103°. 1 gm. 
of’ Amylene Hydrate dissolves in 8 cc. of water. It is miscible with 
alcohol, chloroform, ether, and glycerin. 

Identification tests—(1) Amylene hydrate, being a tertiary alcohol, 
yields upon oxidation a ketone (acetone) and acetic acid, the first of 
which is identifiable by the reactions given under acetone, and the 
second by those given under glacial acetic acid. The oxidation is 
made by mixing 2 ce. of the amylene hydrate with 15 cc. of water and 
5 ce. of sulfuric acid, and after adding 10 gm. of potassium or sodium 
dichromate, the mixture is refluxed for 2 hours, then slowly distilled. 
The first 2 ce. of the distillate contain most of the acetone formed in 
the reaction. Upon further distillation, the acetic acid comes over. 

(2) By quickly adding 5 cc. of a solution of vanillin in sulfuric acid 
(1 in 100) to 10 cc. of an aqueous solution of amylene hydrate (1:10), 
a violet-red color is produced. 

Tests for Purity—The U. 8S. P. includes the following tests and limits: 

Water—When Amylene Hydrate is shaken with anhydrous cupric 
sulfate, the latter does not become blue. 

Non-volatile residue—Not more than 50 mg. from 20 ce. 

Aldehyde—An aqueous solution (1 in 20) should not be darkened 
after heating it at 60° with 1 cc. of silver ammonium nitrate T.S. for 
10 minutes. Aldehydes are oxidized to their corresponding acid by 
silver nitrate in the presence of an alkali, the silver nitrate becoming 
thereby reduced to metallic silver which causes a darkening of the 
solution. 

Heavy metals—Not more than 5 parts per million. 

Storage—Keep Amylene Hydrate in tight containers. 


Uses—A sedative-hypnotic which stands midway be- 
tween chloral hydrate and paraldehyde in its depressant 
properties. The hypnotic dose is 1 to 4 grams, admin- 
istered in glycerin, but the drug is almost never used 
for the purpose of sedation or sleep. Its chief use is as 
a solvent for tribromoethanol. See Tribromoethanol 
Solution (page 509). 


CETYL ALCOHOL N. F. Alcohol Cetylicum 
[Palmityl Alcohol] 


Cetyl Alcohol [CHs(CH2)14CH,OH = 242.43] is an 
aliphatic solid alcohol. The official alcohol is a mix- 
ture of solid alcohols consisting chiefly of Cetyl Alcohol. 

Preparation—It may be obtained from spermaceti 
in which it is present as cetyl palmitate, an ester of 
palmitic acid. 


Description and Properties—Unctuous white flakes, granules, cubes 
or castings, having a faint characteristic odor and a bland mild taste. 
It melts between 45° and 50° and not less than 90 per cent distils 
between 316° and 336°. It is insoluble in water; soluble in alcohol, 
chloroform, ether, and vegetable oils. 

Tests for Purity— 

Acid value—Not more than 2. 

Iodine value—Not more than 5. 

Hydroxyl number—This is a measure of the alcohols present. The 
hydroxyl number of Cetyl Alcohol is required to be between 218 and 
238 (theory for pure Cetyl Alcohol is 231). For the method of carry- 
ing out the determination of the hydroxyl number, consult page 989. 
Storage—Keep Cetyl Alcohol in well-closed containers. 


Uses—Similar to Stearyl Alcohol (page 508). Cetyl 
Alcohol also imparts a smooth texture to the skin, and 
is widely used in cosmetic creams and lotions. 
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CHLOROBUTANOL U. S. P. Chlorobutanol 


[Chlorobut.—Trichloro-tertiary butyl alcohol, acetone-chloroform, 
Chloretone, Sp. Clorobutanol, Clorbutol, Acetoncloroformo] 


Cl CHg 

b | 
CL— pel 

bi CHs 

Chlorobutanol [ClsC.C(CHs3)2.OH = 177.47] may be 
anhydrous or it may contain up to about one-half mole- 
cule of water. 

Preparation—It is made by adding coarsely powdered 
potassium hydroxide to a mixture of acetone and chloro- 
form, an excess of acetone usually being employed. 
Addition of the two reactants takes place as shown by 
the equation: : 


o. ie 
CHCls + CHs—CO—CHs3 — CCls—C—OH 
CHg 
chloroform acetone chlorobutanol 


The mixture is well stirred for some time and allowed 
to stand for several days to complete the reaction. 
After filtering off the potassium hydroxide, the filtrate 
is subjected to distillation. Any unreacted acetone and 
chloroform distil over first, then the chlorobutanol is 
steam distilled. 


Description and Properties—Colorless or white crystals, of a charac- 
teristic, somewhat camphoraceous odor. The anhydrous product 
melts at about 97°, while the hemi-hydrate melts at about 78°. 
(The U.S. P. requires not below 76°.) It boils with some decomposi- 
tion at 165°-168°. An aqueous solution treated with sodium hydrox- 
ide T.S. and iodine T.S. yields iodoform (derived from the acetone 
component of the product). When Chlorobutanol is mixed with 
sodium hydroxide solution and a few drops of aniline, and the mixture 
gently warmed, the disagreeable odor of phenylisocyanide (poisonous) 
is formed (this reaction being given by the chloroform portion of the 
product). Alcoholic potassium or sodium hydroxide decomposes it 
into alkali chloride and several organic decomposition products. Its 
aqueous solution is neutral to litmus paper. One Gm. of Chloro- 
butanol dissolves in 125 cc. of water, in 1 cc. of alcohol, or in about 
10 ce. of glycerin. It is soluble in acetone, chloroform, ether, and jn 
volatile oils. 

Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Chioride ions—Not more than 0.07 per cent, as Cl. 
Storage—Keep Chlorobutanol in tight container. . 
Incompatibilities—The anhydrous form must be used in order to pre- 
pare a clear solution in liquid petrolatum. It is decomposed by alka- 
lies; ephedrine is sufficiently alkaline to cause its breakdown with the 
formation of ephedrine hydrochloride which will separate from a 
liquid petrolatum solution. 

It is only slightly soluble in water, hence alcohol must be used to 
dissolve the required amount in certain vehicles. 

A soft mass is produced by trituration with antipyrine, menthol, 
phenol, and other substances. 


Uses—Chlorobutanol has much the same therapeutic 
uses as chloral hydrate with the added advantages that 
it may be somewhat analgesic and that it does not cause 
gastric irritation. In fact, it has local anesthetic 
potency to a mild degree and has been employed as an 
anesthetic dusting powder (1 to 5 per cent) or ointment 
(10 per cent). In addition to being employed as a 
hypnotic, chlorobutanol may be taken by mouth to al- 
lay vomiting due to gastritis. Chlorobutanol is also 
serviceable as a preservative in solutions of epinephrine, 
posterior pituitary, etc. The dose by mouth is 0.3 to 
1.0 Gm., given in tablets or capsules. 

Average Dose—600 mg. (approximately 10 grains). 


GLYCERIN U. S. P. Glycerin 
[Glycerin.—Glycerol, Sp. Glicerina, Glicerol] 
OH—OH—OH 


CH, —CH—OH 


Glycerin is a trihydric aleohol which contains not less 
than 95 per cent of CHzOH.CHOH.CH.OH (92.09). 

Chemically, glycerin belongs to the class of alcohols, 
and is sometimes termed glycerol, or glyceric alcohol. It 
is the hydroxide of the radical glyceryl [C3H | which is 
trihydric, and one, two, or three of the hydroxyl groups 
may be replaced by monad radicals. When glycerin is 
acted on by nitric acid, ntroglycerin, a powerful explo- 
sive, is formed. This is used in the preparation of dyna- 
mite and other high explosives; it is sometimes called 
glonoin and trinatrin. A 1 per cent alcoholic solution is 
official. See Glyceryl Trinitrate Spirit (page 611). 

History—Glycerin came into use in medicine and 
pharmacy about 1846, and it was first obtained on a 
commercial scale, from the washings of lead plaster, by 
Robert Shoemaker of Philadelphia. In making the 
plaster, litharge, olive oil, and water are boiled together, 


when the olein of the oil is decomposed by the lead ox- 


ide, according to the following equation: 
2CsHs5(CisHs302)3 + 3PbO + 8H20 > 


glyceryl oleate (olive oil) lead oxide water 
3Pb(CigHssg02)e + 2C3H5(OHs) 
lead oleate (lead glycerin 
plaster) 

Preparation—This valuable liquid is obtained in 
several ways: (1) By the saponification of fats and oils 
in the manufacture of soap. See Soaps (page 586). 

(2) By the decomposition of fats and oils through 
pressure and superheated steam. This process is the one 
most frequently used for making glycerin. It originated 
with R. A. Tilghman, of Philadelphia, and consists in 
subjecting fatty bodies to the action of water at a high 
temperature under pressure, whereby the fats, which 


are glycerides or esters of the fatty acids, are broken up 


into glycerin and fatty acids, the water supplying the 
elements of hydrogen and oxygen necessary to the 
change. The reaction is expressed as follows in the case 
of a fat like stearin: 

C3H5(CisHg502)3 + 3H20 — CsH5(OH)3 + 3HCigHs502 

stearin water glycerin stearic acid 

(3) By the fermentation of beet sugar molasses in 
the presence of large amounts of sodium sulfite. Under 
these conditions the following reaction takes place: 

Ce6Hi206 —> C3H5(OH)s3 ata CH3sCHO + COg 


glucose glycerin acetaldehyde carbon dioxide 


Description and Properties—A clear, colorless, syrupy liquid with a 


sweet taste and not more than a slight, characteristic odor, which is— 


neither harsh nor disagreeable. When exposed to moist air it absorbs 
water and also such gases as HeS and SOg. Its solutions are neutral. 
Its specific gravity is not below 1.249, corresponding to not less than 
95 per cent CsH5(OH)3. It boils at about 290° with decomposition, 
but can be distilled intact in a vacuum, 

Glycerin is identified by its yielding the intensely pungent unsatu- 
rated aldehyde acrolein when it is heated with powdered potassium 
bisulfate or with anhydrous magnesium sulfate. The acrolein is 
formed through the removal of the elements of water from the glyc- 
erin by the reagent, thus: 


CH,0H.CHOH.CH20H — 2H20 — CHz2=CH.CHO 


glycerin water acrolein 


Glycerin is miscible with water, alcohol, and methanol. One Gm. dis- 
solves in about 12 ec. of ethyl acetate, and in about 15 ce. of acetone. 
It is very slightly soluble in ether, insoluble in mineral oil or vege- 
table oils, in chloroform, or other halogenated hydrocarbons. 

Tests for Purity— 

Color—Not darker than that of a standard made by diluting 0.40 
ce. of ferric chloride C.S. with sufficient water to make 50 ce. 

Residue on ignition—Not more than 0.007 per cent. 

Acrolein, glucose, and ammonium compounds—A mixture of 5 ce. 
of Glycerin and 5 ce. of potassium hydroxide solution (1 in 10) does 
not become yellow when heated at 60° for 5 minutes, and the odor of 
ammonia is not emitted. . 

Readily carbonizable substances—On shaking 5 cc. of Glycerin with an 
equal volume of sulfuric acid for 1 minute and then allowing the mix- 


ture to stand for 1 hour, any resulting color is not darker than match- 


ing fluid H (page 1059). 
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Fatty acids and esters—A mixture of 40 cc, of Glycerin, 50 ce. of 
freshly boiled water, and 5 ce. of half-normal sodium hydroxide, is 
boiled for 5 minutes and cooled, then titrated with half-normal 
hydrochloric acid, using phenolphthalein as the indicator, Not more 
than 1 ce. of the alkali is consumed, correction being made for a blank. 

Chloride and sulfate—Non-detectable in a 10-ce. portion of an aque- 
ous solution (1 in 10). 

Arsenic limit—2 parts per million. 

Heavy metals limit—5 parts per million. 

Storage—Keep Glycerin in tight containers. 

Incompatibilities—An explosion may occur if Glycerin is triturated 
with strong oxidizing agents such as chromium trioxide, potassium 
chlorate, and potassium permanganate. In dilute solutions the oxida- 
tion proceeds at a slower rate forming several decomposition products. 
Tron is an occasional contaminant of Glycerin and may be the cause 
of a darkening in color in mixtures containing phenols, salicylates, tan- 
nin, etc. 

With boric acid or sodium borate, Glycerin forms a complex, generally 
penen . as glyceroborie acid, which is a much stronger acid than 

oric acid. 


Uses—Glycerin is one of the most valuable products 
known to pharmacy. It is solvent and antiseptic, 
searcely inferior to alcohol. Glycerin is useful in keep- 
ing substances moist, owing to its tendency to absorb 
water from the air. It is a valuable emollient in many 
skin diseases, and its agreeable taste and non-poisonous 
properties adapt it for many purposes. The modern 
ice collars and ice bags contain glycerin and water 
hermetically sealed within vulcanized rubber bags. 
The latter are sterilized by dipping in a germicidal solu- 
tion and stored in hospital refrigerators until needed. 


Glycerin Suppositories U.S. P.  Suppositoria Glycerini 
{Supp. Glycerin.—Sp. Supositorios de Glicerina] 


Metric Alternative 
MOL etd rein ates icis hore clan ot ale eae’ 92 Gm. 3 oz. av. 107 gr. 
OUMIDIESTEATALO fois sls oicrac soe cieces 8 Gm. 123) er: 
BIStiedeWiater 2... by.cic se aiea ot vere dee 5 Gm (ilar 
PRORMAKE ADOUts « cice ces cece so cies 30 rectal 30 rectal 
suppositories suppositories 


Heat the glycerin in a porcelain dish, on a water bath, to about 
95° add the sodium stearate, and stir the mixture gently with 
a glass rod, maintaining the specified temperature, until the so- 
dium stearate is dissolved. Then add the distilled water, mix 
thoroughly, and immediately pour the hot liquid into suitable 
molds. Remove the suppositories when they are completely 
cold, and preserve them in tightly stoppered glass containers in 
a cool place. 

Note—If preferred, the sodium stearate for Glycerin 
Suppositories may be prepared during the making of the 
Suppositories by the direct reaction between stearic acid 
and sodium bicarbonate, sodium carbonate, or sodium 
hydroxide, these being taken in correct proportion. 

A typical formula is that of the U. 8. P. X which is 
as follows: 


Metric Alternative 

RUE CELMTIME SERGI Cc veloris sic. sate a piss ale 80 Gm 2 oz. av. 360 gr. 

Monohydrated Sodium Carbonate. . 2 Gm BL er, 

RSLE USC M NOLO oid alin Tee ais sp osl= = ool es 8 Gm. 123 gr, 
SV ACSIUMEEEINE, Sec era ce ate ete sd eres ele ciel ore 10 cc. 162 min. 
PowmMalke cout. isc. eae wets 30 sup- 30 suppositories 


positories 


Dissolve the monohydrated sodium carbonate in the water and 
add it to the glycerin contained in a suitable vessel, placed in a 
water bath in such a way that the vessel is well immersed in the 
boiling water and its contents protected as much as possible from’ 
the steam of the bath. Add the stearic acid and heat the mixture 
for 15 minutes or until the carbon dioxide ceases to be evolved, 
and the liquid is clear. Then pour the melted mass into suitable 
molds, remove the suppositories when they are completely cold, 
and preserve them in tightly stoppered glass vessels in a cool 
place. 


Uses—Employed against constipation. 


ISOPROPYL ALCOHOL RUBBING COMPOUND 
N.F. Alcohol Isopropylicum Fricamentum Compositum 


{Alcohol Isopropyl Fricament. Comp.—Isopropanol Rubbing 
Compound] 


Isopropyl Alcohol Rubbing Compound contains not 


_ less than 68 per cent and not more than 72 per cent of 


isopropyl alcohol, by volume. Small quantities of per- 
fume oils may be added if desired. 


Description and Properties—A transparent, colorless, mobile, volatile 
liquid with a slightly bitter taste and, in the absence of odorous con- 
stituents, a characteristic odor. Its specific gravity is between 0.8690 
and 0.8790, A white precipitate or turbidity is produced when 1 ce. 
of mercuric sulfate T.S. is warmed with a mixture of 2 cc. of the Rub- 
bing Compound and 2 cc. of water. 
Tests for Purity—The N. F, includes the following tests and limits: 
Free acid—Equivalent to not more than 1 ce. of fiftieth-normal 
sodium hydroxide per 100 ce. of the Rubbing Compound. 
Non-volatile residue—Not more than 4 mg. per 100 ce. 
Assay—A measured volume of the Rubbing Compound is diluted 
with water and distilled. The distillate is adjusted to the proper 
volume with distilled water and the specific gravity is taken at 25°. 
It should be between 0.9502 (indicating 72 per cent of isopropyl 
alcohol) and 0.9545 (indicating 68 per cent of the alcohol). 
Storage—Keep Isopropyl] Alcohol Rubbing Compound in tight con- 
tainers. 


Uses—This Compound has the same uses as Alcohol 
Rubbing Compound (page 502). It is used as a solvent 
for creosote in the removal of that substance from the 
skin and as a prophylactic agent against creosote burns. 
As it is said not to affect the potency of insulin solutions 
it is employed as a disinfecting agent when administer- 
ing preparations of this hormone. It is not potable 
and should not be given by mouth. 


OLEYL ALCOHOL N. F. Alcohol Oleylicum 


The official alcohol is a mixture of aliphatic alcohols 
consisting chiefly of Oleyl Alcohol [CH3(CH2),CH== 
CH(CH,),CH.OH = 268.47]. 

Description and Properties—It is a pale, yellow liquid having a faint 
characteristic odor and bland, mild taste. Its specific gravity is 0.850. 
It melts between 13° and 19° and distils between 305° and 370°. 
When strongly heated in air, Oleyl Alcohol is decomposed with the 
production of acrid vapors. It is insoluble in water; soluble in aleo- 
hol, chloroform, ether, and vegetable oils. 

Tests for Purity— 

Acid value—Not more than 2. 

Lodine value—Between 74 and 80. 

Hydroxy! number—210 to 230 (see page 989). 

Storage—Keep Oleyl Alcohol in tight containers. 

Uses—Similar to Stearyl Alcohol (page 508) but does 

not raise the melting points of creams and lotions since 


it is a liquid at ordinary temperatures. 


PROPYLENE GLYCOL N. F. Glycol Propylenum 
[Glycol. Propyl.—1,2-Dihydroxypropane] 
i 
CH3—C—-CH20H 
OH 


Propylene Glycol contains not less than 97.5 per cent 
of CsaHs0e (76.09). 

Preparation—Propylene Glycol may be made by 
heating propylene chloride [CHsCHCl.CH.2Cl] with 
anhydrous sodium acetate, and then saponifying the 
resulting propylene diacetate by heating with water and 
sodium carbonate. The reactions taking place are illus- 
trated in the following equation: 


ree CHg 
CHCl + 2CH,COONa ~ CHO—COCHs + 2NaCl 
| 
CH2Cl H,O0—COCHs 
Pnionidel estate Ainestaee chloride 
Cia Gs 
ee ke eae + 2H2.0 — CHOH + 2CHsCOOH 
CH2z0—COCH3 CH,OH 
propylene water propylene acetic 
diacetate glycol acid ° 
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Description and Properties—A clear, colorless, viscous, and practi- 
cally odorless liquid. Its specific gravity is 1.035 to 1.037 at 25°, and 
it boils at 190°. The N. F. requires that it must completely distil 
between 185° and 195°. It absorbs moisture from the air. When it 
is heated with 50 per cent sulfuric acid or with zine chloride, propion- 
aldehyde having a suffocating odor is evolved. Hydrogen peroxide, 
in the presence of ferrous sulfate, oxidizes it to acetone and propion- 
aldehyde. Propylene Glycol is miscible with water, alcohol, acetone, 
and chloroform. It is soluble in ether, and it dissolves many volatile 
oils, but does not dissolve fixed oils. 

Tests for Purity—The N. F. includes the following tests and limits: 

Residue on ignition—Not more than 0.007 per cent. 

Acid—Equivalent to not more than 2 ce. of tenth-normal alkali per 
100 ce. of the glycol. 

Chloride—Not more than 0.07 per cent Cl. 

Sulfate—Practically none. 

Arsenic limit—2 parts per million. 

Heavy metals limit—5 parts per million, 
Assay—Glycols which have two hydroxyl groups on adjacent carbon 
atoms are oxidized by periodic acid to aldehyde or ketone or both as 
illustrated in the following equation: 


CH3;.CHOH.CH2OH + HIO4 — 


propylene periodic 
glycol acid 
CHg.CO.CH2zO0OH + HIOg + He20O 
hydroxy iodic water 
acetone acid 


This reaction is utilized in the N. F. assay of Propylene Glycol. A 
weighed quantity of the Glycol (or an aliquot portion of an aqueous 
solution) is treated with a measured volume of tenth-molar periodic 
acid in excess of that required for the reaction indicated in the equa- 
tion, and well mixed. A measured excess of tenth-normal potassium 
arsenite is then added together with sodium bicarbonate solution. 
The potassium arsenite reduces the excess of periodic acid as well as 
the iodic acid formed in the reaction to iodide and becoming oxidized 
to arsenate. The excess of the arsenite is then determined by titra- 
tion with tenth-normal iodine (see the assay of arsenic trioxide). A 
blank is run with the same volumes of the reagents. The difference 
between the volume of tenth-normal iodine consumed in the blank 
and in the test with the glycol represents the equivalent of the periodic 
acid consumed by the Propylene Glycol. One cc. of tenth-normal 
iodine corresponds to 3.805 mg. of C3sH gOe. 

Storage—Keep Propylene Glycol in tight containers. 


Uses—Propylene Glycol is chiefly used as a solvent 
and a substitute for glycerin. 


STEARYL ALCOHOL U. S. P. Alcohol Stearylicum 
[Alcohol Stearyl.—Sp. Alcohol de Estarilo] 


Stearyl Alcohol is a mixture of solid alcohols consist- 
ing chiefly of stearyl alcohol [CH3(CH2):1eCH2OH = 
270.48]. 


Description and Properties—Stearyl alcohol occurs as white, unctu- 
ous flakes or granules having a faint characteristic odor and a bland 
taste. It melts between 56° and 60°. Itisinsoluble in water; soluble 
in alcohol, chloroform, ether, and in vegetable oils. 
Tests for Purity—The U. 8. P. includes the following limits: 

Acid value—Not more than 2. 

Iodine value—Not more than 2. 

Hydroxyl number—200 to 220 (see page 989). 
Storage—Keep Stearyl Alcohol in well-closed containers. 


Uses—Stearyl Alcohol is a surface-active agent used 
for emulsifying. It stabilizes emulsions and increases 
their ability to retain large quantities of water. See 
Emulsification (page 178) and Ointments (page 286). 


TRIBROMOETHANOL U. S. P. — Tribromoethanol 


Tribromoeth.—Tribromoethyl Alcohol, Avertin, Sp. 
Tribromoetanol, Alcohol Tribromoetilico] 


oo 
eee 
Br H 
Tribromoethanol, when dried over sulfuric acid for 4 
hours, contains not less than 99 per cent of BrsC.- 
CH.OH(282.79). 


Preparation—This anesthetic may be prepared by 
acting upon solution of bromal with aluminum ethylate 
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(aluminum ethoxide) or preferably aluminum isopropyl- 
ate, whereby the bromal is reduced to tribromoethanol 
and the isopropyl alcohol is oxidized to acetone as illus- 
trated in the following equation: 


CH; 
3Brs0.CHO + 3H.0 + » CHO) ~ 
CH, 


bromal water aluminum isopropylate 
3BrsC.CH2zOH + 8CHsCOCH3 + AI(OH)3 
tribromoethanol acetone aluminum 
hydroxide 


The aluminum hydroxide is removed by filtration and 
the acetone by distillation, and the residual solution 
containing the tribromoethanol is evaporated under 
reduced pressure to crystallization. 


Description and Properties—A white crystalline powder having a 
slight aromatic odor. _It decomposes on exposure to air and light, be- 
coming discolored and acquiring an acid reaction. It is rapidly and . 
similarly decomposed in solution. It melts between 79° and 82°, 
and at a pressure of 10 mm. it boils at about 93°. Upon heating with 
aqueous alkali hydroxides, alkali bromide and various organic decom- 
position products are formed. One gm. of Tribromoethanol dissolves 
in 35 ce. of water. It is very soluble in amylene hydrate; soluble in 
alcohol, ether and benzene. 

Tests for Purity—The U. 8. P. includes the following tests and limits. 

Acid—A 1 in 50 solution prepared with water at 35°—40° gives, im- 
mediately after its preparation, no pink color on the addition of 1 to 2 
drops of methyl red T.S. 

Loss on drying over sulfuric acid for 4 hours—Not more than 1 per 
cent. 

Residue on itgnition—Not more than 0.1 per cent. 

Halogen ions—A freshly prepared solution of 200 mg. in 10 ce. of 
water treated with a few drops of diluted nitric acid and silver nitrate 
T.S. shows no immediate opalescence. 

Aldehyde (bromal)—The test for this impurity is based on the char- 
acteristic reaction of aldehydes with phenylhydrazine whereby spar- 
ingly soluble hydrazones are formed, thus: 


BrsC.CHO + CgH;NH.NH2 — BrsC—CH = N—NH.C,H; 


bromal phenylhydrazine tribromoethanal phenyl hydrazone 


The U.S. P. requires that a freshly prepared solution of 100 mg. of 
Tribromoethanol in 5 ec. of water should yield no precipitate within 
30 minutes upon the addition of phenylhydrazine acetate T.S. 
Readily carbonizable substances—A solution of 100 mg. in 1 ce. of 
sulfuric acid has no more color than matching fluid A (page 1059). 
Assay—The assay is based on the determination of the bromine con- 
tent. After decomposing a weighed quantity of the Tribromoethanol 
by refluxing with sodium hydroxide solution whereby the bromine of 
the compound is converted into sodium bromide, the latter is deter- 
mined by the argentometric assay of halogen salts (page 980). Onecc. 
of tenth-normal silver nitrate corresponds to 9.426 mg. of BrsC.- 
CH.2OH. In order to limit the presence of chloride (as trichloroeth- 
anol) to about 1 per cent, the U.S. P. requires that not more than 108.0 
ec. of tenth-normal silver nitrate should be consumed per 1 Gm. of 
Tribromoethanol. 
Storage—Keep Tribromoethanol in tight, light-resistant container. 


Uses—Tribromoethanol, in the form of Tribromo- 
ethanol Solution, is employed as a basal anesthetic by 
rectal instillation. By “basal anesthesia” is meant a 
degree of central nervous system depression which al- 
lows the patient to be unconscious but not sufficiently 
anesthetized for major surgical procedures. Supple- 
mental inhalation anesthetics or local anesthesia are 
then employed in conjunction with Tribromoethanol. 
The chief advantage of this type of anesthesia is the 
pleasant induction free from apprehension and irritat- 
ing vapors. The dose employed varies with many fac- 
tors but averages 80 mg. per Kg. Very rigid technique 
must be followed for proper preparation and administra- 
tion of this form of anesthesia, and a careful test of the 
solution must first be made to insure freedom from irri- 
tating decomposition products. Tribromoethanol Solu- 
tion contains 1 Gm. of Tribromoethanol and 0.5 Gm. of 
amylene hydrate to every 1.0 cc. of solution, and there- 
fore two drugs are actually being administered. . 

In addition to its use as a basal anesthetic, Tribromo- 
ethanol is employed wherever prolonged, light anes- 
thesia is desirable, as in status asthmaticus, and in cer- 
tain convulsive disorders, particularly tetanus, status 


Fares a 
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epilepticus, and eclampsia. Repeated rectal instilla- 
tions may be required over a period of days. 

Average Dose—Rectal, 60 mg. (approximately 1 
grain) for each kilogram of body weight. 

Caution—The total quantity administered should not 
exceed 8 Gm. for women or 10 Gm. for men, regardless of 
body weight. 


Tribromoethanol Solution U. S. P. Liquor Tribromo- 
zethanolis 
Liq. Tribromozth.—Tribromoethyl Alcohol Solution, Bromethol, 


Avertin with Amylene Hydrate, Sp. Solucién de Tribromoetanol, 
Solucién de Alcohol de Tribromoetilo] 


Tribromoethanol Solution is a solution of tribromo- 
ethanol in amylene hydrate containing, in each 100 cc., 
not less than 99 Gm. and not more than 101 Gm. of 
Br3C c CH.OH. 


Metric Alternative 
Mribromoethanol. 3... ......55 020 os 100 Gm. 4 oz. av. 76 gr. 
Amylene Hydrate, a sufficient quantity, 
8G) TABI) 5 5 Ga ne RCE COR ee en 100 cc. 4 fl. oz. 


Dissolve the tribromoethanol in 50 cc. of amylene 
hydrate, and add sufficient amylene hydrate to make 
100 ce. 

Note—for use as an anesthetic, dilute the Tribromo- 
ethanol Solution with warm distilled water in the propor- 
tion of 2.6 cc. of Solution to 100 cc. of the dilution. Mix 
5 cc. of this dilution with 1 drop of Congo red T.S.; it has 
the same color as a mixture of 5 ce. of distilled water and 
1 drop of the T.S. 


Description aud Properties—A clear, colorless liquid with a camphor- 

like odor and a burning taste. 

ee for Purity—The U. 8. P. includes the following tests and limits: 
cid—One drop of Congo red solution (1 in 1000) added to 5 ce. of 

a i ton of Tribromoethanol Solution (1 in 40 of water) is the same 

color as 1 drop of the reagent added to 5 ce. of water. 

Assay—The Solution is assayed by the method given under T'ri- 

bromoethanol. 

Storage—Keep Tribromoethanol Solution in tight, light-resistant con- 

tainers, carefully dried prior to filling. 


Uses—See T'ribromoethanol. 

Average Dose—Rectal, 0.06 cc. (approximately 1 
minim) for each kilogram of body weight. 

Caution—The total amount administered should not 


exceed 8 cc. for women or 10 cc. for men, regardless of body 
weight. 


Aromatic Alcohols 


The alcohols described in the preceding pages of this 
chapter belong to the aliphatic series of carbon com- 
pounds. The alcohols described in the following pages 
belong to the aromatic or cyclic series of organic chemi- 


cals. ‘The first and simplest of these alcohols is Benzyl 
Alcohol. It is followed by Menthol and Terpin Hy- 


drate. 


BENZYL ALCOHOL N. F. Alcohol Benzylicum 
[Phenylearbinol] 


<__Ncu,0H 


Benzyl Alcohol [C.H;.CH,OH = 
methanol. 

Preparation—Benzyl Alcohol occurs in nature as the 
esters of benzoic and cinnamic acids in storax, Peruvian 
balsam, and tolu balsam. The product on the market 
is made synthetically from benzyl chloride [CeHs.- 


108.13] is phenyl- 


-CH,Cl] by distilling it from an aqueous solution of 
potassium carbonate with thorough agitation: 
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2C,H5.CH2Cl + Ke2COg + H,0 ye 
benzyl chloride potassium water 
carbonate 
2CgHs5.CH20H + 2KCl + COs, 
benzyl alcohol potassium carbon 
chloride dioxide 


Description and Properties—A colorless liquid with a faint aromatie 
odor. Its specific gravity is between 1.04 and 1.05 at 25°. It boils 
between 203° and 206°, and has a refractive index of 1.5385 to 1.5405. 
It slowly oxidizes in the air to benzaldehyde. Its aqueous solution is 
neutral. When treated with potassium permanganate or dichromate 
solution and some dilute sulfuric acid, it is quickly oxidized to benz- 
aldehyde, recognizable by its characteristic odor. One ce. of Benzyl 
Alcohol dissolves in about 25 ce. of water, or 1.5 cc. of diluted alcohol. 
It is miscible with alcohol, ether, and chloroform. 
Tests for Purity—The N. F. includes the following tests and limits: 

Aldehyde—On shaking the alcohol with an equal volume of sodium 
hydroxide T.S. for 1 minute and allowing the mixture to stand for 1 
hour the aqueous layer does not become yellow. 

Chlorinated compounds—It conforms to the test for this impurity 
given under Benzaldehyde (page 718). 

Residue on ignition—A 10-cc. portion of the Alcohol leaves a negli- 
gible residue on evaporation and ignition. 
Storage—Keep Benzyl Alcohol in tight containers. 


Uses—Benzyl Alcohol is a local anesthetic by injec- 
tion and by application to mucous membranes. By 
injection it is administered in a 1 to 4 per cent solution. 
Externally it is applied as an ointment or as a lotion of 
equal parts of Benzyl Alcohol, ethyl alcohol, and water, 
to relieve cutaneous itching. 


CHOLESTEROL U. S. P.—See Steroids (page 775). 


MENTHOL U. S. P. Menthol 
[Peppermint Camphor, Headache Crystals, Sp. Mentol] 


a 


OH 


Hs 


Menthol [CioH200 = 156.26] is a secondary alcohol 
obtained from peppermint or other mint oils or prepared 
synthetically. Menthol may be levorotatory (/-Men- 
thol, from natural or synthetic sources) or racemic 
(dl-Menthol, produced synthetically). 

Preparation—Peppermint oil owes its odor chiefly to 
Menthol which is a stearoptene obtained from it by 
fractional distillation, and allowing the proper fraction 
to crystallize. 

In recent years various synthetic menthols have ap- 
peared on the market. Among the numerous methods 
of synthesis of an optically inactive product are the fol- 
lowing: (1) the catalytic hydrogenation of thymol 
(which may be obtained from natural sources or syn- 
thesized from m-cresol or cresylic acid); (2) the conver- 
sion of piperitone (found in certain eucalyptus oils) to 
menthone, followed by the reduction of this ketone to 
racemic menthol; (3) the reduction of pulegone (found 
in oil of pennyroyal) to menthone or menthol by treat- 
ment with sodium and alcohol; and (4) from either p- 
menthanol-8 or a-terpineol (both of which are present in 
American pine oil). The former compound is first de- 
hydrated to As-menthene, which is then oxidized to 
menthene oxide; this rearranges to menthone, which is 
then reduced to menthol. The preparation from a- 
terpineol involves catalytic hydrogenation. 

The only process capable of producing a synthetic I- 
menthol of U. 8. P. grade is one which employs d- 
citronellal, obtained from Java citronella oil, as the 


Hs 
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starting material. This optically active aldehyde is con- 
verted to a mixture of isopulegols by cyclization; upon 
catalytic hydrogenation an optically active mixture of 
menthols results, from which by suitable esterification 
and further treatment pure /-menthol can be obtained. 

The difficulty arises from the fact that menthol con- 
tains three asymmetric carbon atoms, and there are 
thus eight stereoisomers which are designated as /- and 
d-menthol, [- and d-isomenthol, /- and d-neomenthol, 
and /- and d-neoisomenthol. In order to obtain a prod- 
uct meeting U. S. P. requirements it is necessary to 
separate the /-menthol from its stereoisomers, for which 
purpose fractional crystallization, distillation under 
reduced pressure, or esterification may be used. The 
other stereoisomers differ from the official /-menthol in 
physical properties and possibly to some extent in 
pharmacological action. 

Twelve isomers of menthol are known altogether, 
four of them being “optically inactive; all derived from 
the hydrocarbon hexahydro-p-cymene (p-menthane). 


Description and Properties—Colorless, hexagonal, usually needle-like 
crystals, or fused masses, or a crystalline powder, with a pleasant, 
peppermint-like odor. /-Menthol melts between 41° and 43°, and 
dl-Menthol melts at about 28°. When mixed with about an equal 
weight of camphor, chloral hydrate, phenol, or thymol, Menthol 
forms a “eutectic” mixture melting at room temperature. The spe- 
cifie rotation [a]? p of l-Menthol determined in an alcohol solution con- 
taining 10 Gm. in 100 cc. and using a 200-mm. tube, is between 
—45° and —51°, and that of dl-Menthol is between —2° and +2°. 
Tests for Purity—The U.S. P. includes the following tests and limits: 

Non-volatile substances—Not more than 0.05 per cent. 

Readily oxidizable substances in dl-Menthol—To 10 ce. of a solution 
of potassium permanganate (3 cc. of tenth-normal potassium per- 
manganate per 100 cc.) 500 mg. of dl-Menthol are added and the mix- 
ture is heated with frequent agitation at 45° to 50° for 5 minutes. 
The ey of the permanganate should still remain at the end of this 
period. 

Storage—Keep Menthol in tight containers, preferably not above 30°. 
Incompatibilities—Menthol produces a liquid or soft mass when tri- 
turated with camphor, phenol, chloral hydrate, betanaphthol, ethyl car- 
bamate, pyrocatechol, pyrogallol, resorcinol, thymol, and numerous other 
substances. Chromic acid, potassium permanganate, and other oxidiz- 
ing agents decompose it. It is thrown out of an alcoholic solution as 
an oily liquid by the addition of water. 

Labeling—The label on the container shall state whether the Menthol 
is laevo or racemic. 


Uses—Menthol is extensively used as an ingredient 
of preparations for the nose and throat, in ointments to 
relieve local irritations or for counterirritant purposes, 
and in throat lozenges. Inhalers containing menthol 
compressed into blocks or cones are commonly used for 
the relief of nasal congestion, headache, and neuralgia. 
Small amounts of the drug are contained in the so- 
called ‘‘mentholated cigarettes.” It is now rarely ad- 
ministered internally. 


Compound Menthol Ointment N. F. 
Unguentum Mentholis Compositum 


[Ung. Menthol. Comp.—Inunctum Mentholis Compositum N. F. V. 
Sp. Ungiiento de Mentol Compuesto, Pomada de Mentol y Salicylato 


de Metilo] 
Metric Alternative 
Menthol: sic Seventeen eee 100 Gm 1 oz. av. 262.5 gr- 
Methyl’Salicylatean. ++ acs 100 Gm 1 oz. av. 262.5 gr. 
White: Wax 2 svese2 eect ne eee 50 Gm 350! (gr: 
Hydrous: WooliFata......- meee 750 Gm. 12 oz. av. 
To make wetac osc seaneeccteoate 1000 Gm 1 lb. av. 


Melt the white wax with the hydrous wool fat on a water bath. 
Dissolve the menthol in the methy] salicylate, add it to the melted 
mixture, and stir until it congeals. 


Storage—Keep the Ointment in tight containers, and avoid prolonged 
exposure to temperatures above 30°. 


Uses—This type of preparation is often sold under the 
name Analgesic Balm. It is intended to allay pain. 
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Compound Menthol Spray N. F. Nebula Mentholis 


Composita 
{[Nebul. Menthol. Comp.—Sp. Nebulizacién de Mentol Compuesta] 
Metric Alternative 
Menthol .. tonic pa ctee ee cas mee 10 Gm 146 er. 
Campton sce sinc aeaiPnbeclertenie oranges 10 Gm 146 gr. 
Methyl’Salicylatetves-sueee oe ce ener 5 cc. 77 min. 
Eucalyptolesaasiiansc ace oncrucare ae acres ZAiCCs 31 min. 
Light Liquid Petrolatum, a sufficient quan- 
tity, 
Tosmake).c.¢0.s eais ccvonts oration steers 1009 cc. 2 pints 


Agitate the menthol, camphor, eucalyptol, and methyl salicyl- 
ate with 75 cc. (2 fl. oz. 192 min.) of light liquid petrolatum until 
solution is effected. Then add sufficient light liquid petrolatum 
to make the product measure 1000 ee. (2 pints). Filter the solu- 
tion if necessary. 


Storage—Keep the Spray in tight containers. 


Uses—A stimulating and soothing inhalant. 


TERPIN HYDRATE N. F. Terpini Hydras 
[Terpin. Hyd.—Sp. Hidrato de Terpina] 


CH, 
| 0H 


<—_ OH. HO 


H3sC CHg 


Ci0H2002. H20 Mol. wt. 190.28 


Preparation—The manufacture of Terpin Hydrate is 
based on the hydration of the pinenes in turpentine oil 
(or pine oil). The oil, which should contain a high pro- 
portion of pinene hydrocarbons, is stirred with 2 to 3 
times its volume of about 30 per cent sulfuric acid at a 
temperature of between 20° and 30°.. After continuous 
stirrmg for 4-6 days, at the same time blowing air 
through the mixture to assure intimate contact, crys- 
tals of Terpin Hydrate separate. The yield depends 
on the quality of the oil, as well as on the temperature. 
Higher temperatures than 30° decrease the yield. It is 
generally preferable to work at a temperature of about 
20°, but at this temperature the reaction is slower and 
the stirring has to be continued for a day or two longer. 
The crude Terpin Hydrate is purified by crystallization 
from alcohol. 

The production of Terpin Hydrate from the a-pinene 
present in turpentine oil occurs as follows: 


ie 
C 
WA NK CHs CHs 
HC CH OSO.0H |__o# 
H2SO 
ge eae H20 
a Ge —08020H —OH 
H.C CHe Hs Hg H3C Hs 
ant ee terpin 
C 
H 
a-pinene 


A rupture of the cyclobutane ring and the addition of 
H.SO, at the double bond result in the formation of an 
intermediate addition compound. Upon hydrolysis of 


the latter, two molecules of HSO, are regenerated, 


rahdy 


a cag 


a 
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and the glycol terpin (menthanediol-1,8) is formed. On 
standing, terpin forms the hydrate [C1.H1s(OH)2.H.0] 
which crystallizes out. The official identification test is 
dependent upon the dehydration of terpin to a, B-, 
and y-terpineol, an aromatic mixture of cyclic alcohols. 
Description and Properties—Terpin Hydrate occurs as colorless, lus- 
trous crystals, or as a white powder. It has a‘slight odor, and is ef- 
florescent in dry air. When quickly heated, Terpin Hydrate melts 
between 115° and 117° with the loss of water. One Gm. of Terpin 
Hydrate dissolves in about 200 cc. of water, in 13 cc. of alcohol, in 140 
ec. of chloroform, and in about 140 cc. of ether, at 25°. One Gm. 
dissolves in 35 cc. of boiling water and in 3 ce. of boiling alcohol. 
Tests for Purity—Terpin Hydrate is required to meet specific tests 
for Identification, Ash, Reaction to litmus paper; and Residual Tur- 
pentine. 

Storage—Preserve Terpin Hydrate in tight containers. 


Uses—Terpin Hydrate’s slight solubility in water 
leads to dispensing difficulties. If the solvent is defi- 
cient in alcohol, the Terpin Hydrate crystallizes out; if 
too high in alcohol, sugar will crystallize out if present. 
Terpin Hydrate is used in bronchitis, in doses of 0.125 to 
0.30 Gm. (approximately 2 to 5 grains). Terpin 
Hydrate Elixir contains too little of the Hydrate to be 
effective and is employed mainly as a vehicle for cough 
mixtures. 


Terpin Hydrate Elixir N. F. Elixir Terpini Hydratis 
[Elix. Terpin. Hyd.—Sp. Elixir de Hidrato de Terpina] 


Metric Alternative 
MCEDIG EI YOPAte. cw... ciel s cs cad as 17 Gm 248 er. 
Sweet Orange Peel Tincture....... 20 cc. 307 min. 
Benzaldehyde Spirit... .....0..... 5c. 77 min. 
PEC OMO MPM GL alco Sie ores dee alee aceee 425 cc. 13 fl. oz. 288 min. 
(Oi SST. 25 1) Renee 400 cc. 12 fi. oz. 384 min. 
SS GIES Pre sia peices 5 (56) cave Give eayers 100 cc. 3 fl.oz. 96 min. 
Distilled Water, a sufficient quantity, _ 
Tid) OAS Ce ee ee eee 1000 cc. 2 pints 


Dissolve the terpin hydrate in the alcohol; add successively 
the tincture, the spirit, the glycerin, the syrup, and sufficient dis- 
tilled water to make the product measure 1000 ce. (2 pints); mix 
well and filter until the product is clear. 

Note—The high alcoholic content in this Elixir is required for 
the solution of the Terpin Hydrate. 


Alcohol Content—From 38 to 42 per cent, by volume, of C2H5OH. 
Storage—Keep the Elixir in tight containers. 


Uses—See Terpin Hydrate. 
Average Dose—4 cc. (approximately 1 fluidrachm), 
corresponding to 68 mg. of Terpin Hydrate. 


Terpin Hydrate and Codeine Elixir N. F. 
Elixir Terpini Hydratis et Codeine 


[Elix. Terpin. Hyd. et Codein.—Sp. Elixir de Hidrato de Terpina y 


Codeina] 
Metric Alternative 
COUT . pA SnD eoe AE Sore a as 2 Gm. 29 gr. 
Terpin Hydrate Elixir, a sufficient quantity, 
BIRO BIST ICO be adh oo's¢ p12) 16 10 Win! ees oliejte or eye" lave oe 1000 cc. 2 pints 


Dissolve the codeine in a sufficient quantity of the elixir to make 
the product measure 1000 ce. (2 pints). 


Alcohol Content—From 38 to 42 per cent, by volume, of C2H 50H. 
Storage—Keep the Elixir in tight containers. 


Uses—This Elixir is an expectorant and sedative 


used to allay excessive coughing. Its value resides in its 


content of codeine. 

Average Dose—4 cc. (approximately 1 fluidrachm), 
corresponding to 8 mg. of Codeine and 68 mg. of Terpin 
Hydrate. 


Unofficial Alcohols 


’ _ Allyl Alcohol [CH2=CH .CH20H]—The second (viny] is first) in the 
series of olefinic (unsaturated) alcohols. A colorless liquid with a 


-mustard-like odor, irritating to the eyes. Sp. gr. 0.857 at 15°. 


dll 


Boils between 96° and 97°. Miscible with water, alcohol, ether, 
chloroform, and petroleum benzin. 

Amyl Alcohol, Jsoamyl Alcohol—See Reagents (page 1065). 

Borneol, Bornyl Alcohol [C19H17OH]—A terpene alcohol, found in 
the free state and as esters in several official volatile oils, notably in 
lavender and rosemary oils. White or colorless crystals, melting at 
208° and boiling at 210°. Dextrorotatory. Insoluble in water, but 
freely soluble in alcohol and benzene. 

n-Butyl Alcohol, 1-Butanol—See Reagents (page 1066). 

Citronellol, Rhodanol [Cy9H;9O0H|—An aliphatic unsaturated alco- 
hol, occurring in citronella, geranium, and Java rose oils. A liquid 
with arose odor. Sp. gr. about 0.855. Boils at 222°. Dextrorota- 
Bory or racemic (d/l), Insoluble in water. Miscible with alcohol or 
ether. 

Cyclohexanol, hexalin, hexahydrophenol [CgH,20]—Obtained by 
hydrogenation of phenol. Colorless, hygroscopic crystals; cam- 
phor odor. Specific gravity 0.962. Melts between 23° to 25°. Boils 
at 161°. Soluble in 30 parts of water. Uses: solvent for rubber, 
pucoelluloss: manufacture of celluloid; finishing textiles; insecti- 
cides. 

Geraniol [C;9H17OH]—An unsaturated (olefinic) alcohol, occurring 
in many volatile oils, especially in rose, geranium, citronella, and 
lemon grass oils. Colorless, oily liquid. Sp. gr. about 0.890. 
Boils at 230°. Insoluble in water. Miscible with alcohol or ether. 

Uses: constituent of perfumes. 

Glycol, Ethylene Glycol [HOCH2.CH20H]—A dihydrie alcohol, ob- 
tained by oxidizing ethylene with aqueous solutions of potassium 
permanganate or sodium hypochlorite, or by heating ethylene di- 
chloride [ClICHg.CHe2Cl] with lime. A clear, colorless, sweet, 
syrupy liquid. Sp. gr. 1.117. Boils at 197°. Solidifies at —17°. 
Miscible with water or alcohol; slightly soluble in ether. Uses: 
solvent for artificial waxes, resins, and fruit extracts, and in the dye- 
ing and finishing of textiles; lubricant; antifreeze for automobiles. 

Isobutyl Alcohol, Jsopropylcarbinol—See Reagents (page 1067). 

Isopropyl Alcohol N. N.R., Jsopropanol, 2-Propanol [CH3.CH(OH).- 
CHs3]—Obtained as a product in the petroleum industry, by the 
absorption of olefin gases containing propylene in sulfuric acid, and 
hydrolyzing the resulting sulfuric acid esters. The alcohol is a 
clear, colorless, volatile liquid, having a characteristic odor and a 
slightly bitter taste. Miscible with water in all proportions; also 
miscible with chloroform and ether. Insoluble in salt solutions and 
may be recovered from aqueous mixtures by salting out with sodium > 
chloride, sodium hydroxide, ete. Sp. gr., at 25° C., from 0.780 
to 0.790. Refractive index at 20°, from 1.3770 to 1.3780. Volati- 
lized at low temperatures. Boils at from 71° to 83°. Does not 
affect blue or red litmus paper previously moistened with water 
when diluted with an equal volume of water. 

Uses—Isopropyl alcohol, because it is a solvent for creosote, is 
used in the removal of that substance from the skin as a prophylac- 
tic agent against creosote burns. Isopropyl] alcohol has been recom- 
mended for the disinfection of the skin and of hypodermic syringes 
and needles. As it is said not to affect the potency of solutions of 
insulin, it has been employed as a disinfecting agent in connection 
with the administration of this agent. Until further data are avail- 
able, isopropyl! alcohol should not be relied on to destroy such spore- 
bearing organisms as Clostridium tetani, Clostridiwm welchii or 
Bacillus anthracis. Recent investigations indicate that isopropyl 
alcohol compares favorably with ethyl alcohol so far as anti-infec- 
tive action is concerned. It isnot potable and should not be given 
by mouth. 

It is also used in body rubs, hair and sealp preparations, hand and 
face lotions, after shave lotions, and liniments; also in the extrac- 
tion of alkaloids. 

Methanol, Methyl Alcohol—See Reagents (page 1068). 

n-Propyl Alcohol, 1-Propanol—See Reagents (page 1069). 

Rhodinol—A blend of the two alcohols citronellol and geraniol. Some 
workers give the name as synonymous with geraniol and others 
as synonymous with citronellol. 


Specialties Containing Alcohols 


Arheol (Gallia)—Capsules (0.5 Gm.) or pearls (0.2 Gm.) containing 
santalol, a mixture of two isomeric alcohols prepared from Hast 
Indian (Mysore) sandalwood oil. Uses: urinary antiseptic. 
Dose: orally, 0.6 to 2 Gm. 

Avertin (Winthrop)—Tribromoethanol U.S. P. 

Bal in Oil (Hynson)—Ampuls (4.5 ec.) containing 10 per cent 2,3- 
dimercaptopropanol (“British Anti-Lewisite’) and 20 per cent 
benzyl benzoate, in peanut oil. Uses: arsenic antidote following 
poisoning by arsenicals and arsenotherapy in syphilis; also a mer- 
cury antidote. It forms an addition compound with the poison 
which is excreted by the body. Dose: 3 mg. per kilogram body 
weight as a 10 per cent solution in oil, intromuscularly. See also 
J. Am. Med. Assoc., 131, 824 (1946) and the reviews on BAL by 
Peters, Stocken, and Thompson at the University of Toronto. 

Beclysl (Abbott) in alcohol 5 per cent—Parenteral solution, each 1000 
ec. containing 50 cc. absolute alcohol, 50 Gm. dextrose, 50 mg. nico- 
tinamide, 5 mg. riboflavin, 9 Gm. sodium chloride, and 10 mg. thi- 
amine hydrochloride. Uses: sedative. Dose: 1000 cc., intra- 
venously. —- 

Bromsalizol (Hynson)—Tablets, 0.324 Gm. (5 gr.), containing mono- 
bromsalicyl alcohol. Uses: antispasmodic and local anesthetic, 
for use in spasmodic dysmenorrhea and spasm of the gastro- 
intestinal or urinary tract. Dose: orally, 1 to 3 tablets a day. 

Chloretone N. N. R. (Parke, Davis)—Chlorobutanol U.S. P. 

Chloretone Capsules—0.2 Gm. and 0.3 Gm. 
Chloretone Compound Vaginal Suppositories—Each contains 1 gr. 
Chloretone, 1 gr. acetanilid, }400 gr. hydrastine, 144 gr. zinc borate, 
and 15 min. euthymol in boroglyceride. Uses: astringent, anti- 
septic, and sedative. 
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Chloretone Emollient—Liquid, each fluidounce containing 5 gr. 
Chloretone, and 744 gr. each of camphor and menthol, in liquid 
petrolatum. Uses; emollient dressing. 


Chloretone Inhalant—Liquid, each 100 Gm. containing 1 Gm. 
Chloretone, 2.5 Gm. camphor, 0.04 Gm. cinnamon oil, and 1.8 
Gm. menthol, in liquid petrolatum. Uses; nasal and bronchial 
antiseptic spray. 


ALCOHOLS, ALDEHYDES, KETONES, AND ETHERS 


Jacobson’s Solution (Fougera)—Ampuls (1 ec.) containing 2 per cent 
benzyl alcohol, 1.6 per cent benzyl cinnamate, and 0.5 per cent 
ethyl cinnamate, in olive oil. Uses: For relief of certain forms of 
deafness, tinnitus, and associated dizziness. Dose: 0.3 to 1 cec., 
intramuscularly. 

Sorbitol (Abbott)—Ampuls (50 cc.) containing 50 per cent of a sugar 
alcohol obtained from dextrose or levulose. Uses: osmotic de- 
hydrating agent and diuretic. Dose: 50 cc., intravenously. 


ALDEHYDES 


BENZALDEHYDE N. F.—See Volatile Oils (page 718). 


CHLORAL HYDRATE U. S. P.  Chloralis Hydras 
[Chloral. Hydr.—Chloral, Hydrated Chloral, Sp. Hidrato de Cloral] 


Chloral Hydrate contains not less than 99.5 per cent 
of CCls. CH(OH). (165.42). 

Preparation—Chlgral Hydrate is prepared by the 
action of chlorine on alcohol. An amount of chlorine 
gas, closely approximating that calculated from equa- 
tions 1 and 2 at the end of this paragraph, is slowly 
passed into alcohol. Heating of the alcohol during 
chlorination greatly accelerates the process. When all 
of the chlorine has been absorbed, the oily, crude prod- 
uct is stirred with sulfuric acid which aids in the escape 
of occluded hydrogen chloride and dissolves some of the 
side products. The separated crude chloral is then frac- 
tionally distilled, and the fraction coming over between 
about 95° to 98°, and consisting largely of anhydrous 
chloral, is mixed with the calculated quantity of water 
to form the hydrate (equation 3). It is then allowed 
to stand undisturbed in glass bottles until no more 
crystallizes out. This usually takes several weeks. 


(1) CHsCH,OH + Cle — CHsCHO + £2HCI 
alcohol chlorine acetaldehyde hydrogen 
chloride 
(2) CHsCHO + 3Clz —CCIlsCHO+ # 3HCl 
acetaldehyde chlorine chloral hydrogen 
chloride 
(3) CClsCHO + HesO —- CClgCH(OH)e2 
chloral water chloralhydrate 


_ Actually the chlorination is more complex; several 
intermediate products are formed between the steps 
indicated in equations 1 and 2. 


Description and Properties—Colorless or white crystals, having an 
aromatic, penetrating, slightly acrid odor, and a slightly bitter, caustic 
taste. It melts at about 52°, but liquefies at room temperature when 
triturated with an equal quantity of camphor, menthol or thymol. 
It slowly volatilizes in the air. Chloral Hydrate is decomposed by 
alkali and alkali earth hydroxides into chloroform and a formate of 
the base (see under Assay). When Chloral Hydrate is warmed with 
a few drops each of aniline and sodium hydroxide T.S., phenyl iso- 
cyanide, which has an intensely disagreeable odor, is formed (phenyl 
isocyanide is poisonous). The phenyl! isocyanide is formed by reac- 
tion between the aniline and the chloroform formed by the action of 
the NaOH on the Chloral (see under the assay). One Gm. dissolves 
in 0.25 cc. of water, 1.3 ec. of alcohol, 2 ce. of chloroform, and in 1.5 
ec. of ether. It is very soluble in olive oil, freely soluble in turpentine 
oil, petroleum benzin and in carbon tetrachloride. 

Tests for Purity—The U.S. P. includes the following tests and limits: 

Acid and chloride ton—An alcohol solution of Chloral Hydrate 
(1 in 20) does not at once redden moistened litmus paper (acid) and 
does not at once become opalescent on the addition of silver nitrate 
Se 
Residue on ignition—Not more than 0.1 per cent. 

Readily carbonizable substances—Using 500 mg. of the Chloral 
Hydrate, the color produced in the test (see test for Readily carboniz- 
able substances, page 1058) is not darker than matching fluid P. 

Chloral alcoholate—W hen gently ignited no inflammable vapors (of 
alcohol) are evolved. , 

Assay—As indicated under Description and Properties, Chloral Hy- 
drate is decomposed by alkali hydroxide into chloroform and formate 
according to the following equation: 


CClgCHO + NaOH — CHCl, + HCOONa 
chloral sodium chloroform sodium 
hydroxide formate 


A weighed quantity of Chloral Hydrate is treated with a measured ex- 
cess of standard alkali; the volume of the alkali consumed in the re- 


action, determined by titrating the excess alkali with standard acid, 
represents the Chloral Hydrate content. The assay is conducted by 
dissolving about 4 Gm. of Chloral Hydrate, accurately weighed, in 
10 cc. of water, adding 30 ce. of normal sodium hydroxide, and after 
standing for 2 minutes, titrating the unconsumed sodium hydroxide 
with normal acid, using phenolphthalein T.S. as the indicator. One 
ec. of normal sodium hydroxide corresponds to 165.4 mg. of CgH3- 
Cl3Og. It is important not to let the solution stand longer than 2 
minutes after the addition of the sodium hydroxide, otherwise the ex- 
cess sodium hydroxide will react with the chloroform formed in the 
reaction and lead to high results. 

Storage—Keep Chloral Hydrate in tight containers. 
Incompatibilities—A liquid or a soft mass is produced on trituration 
with acetanilid, acetophenetidin, antipyrine, camphor, menthol, phenol, 
phenyl salicylate, pyrocatechol, thymol, and other organic compounds, . 
as well as certain hydrated salts such as quinine sulfate, sodium phos- 
phate, etc. It softens oil of theobroma in suppository mixtures. 

In aqueous solution, chloral hydrate slowly decomposes with the 
formation of acid. It is slowly decomposed into chloroform and a 
formate by alkalies and alkaline substances. Pharmaceutical prepara- 
tions having an alkaline reaction behave thus. In solution with 
potassium iodide, it is slowly decomposed with the liberation of chloro- 
form and iodine. 

In hydro-alcoholic solutions in the presence of soluble salts, chloral 
alcoholate is formed and may remain in solution or may separate as an 
oily liquid depending on the concentration of the alcohol and the 
amount of salt present. Sugar behaves similarly to salt in this respect. 
In most instances, separation may be prevented by increasing or de- 
creasing the alcohol content or by simple dilution with water. 


Uses—Chloral Hydrate is employed as a sedative 
and soporific. It has little or no analgesic action, and 
should not be used alone in the presence of pain. It is 
frequently employed in persons undergoing withdrawal 
therapy for morphine or alcohol addiction, and has been 
rather widely employed in the management of eclampsia 
(Stroganoff treatment). It is not to be preferred to 
intravenously administered barbiturates in convulsive 
syndromes when convulsions are actually present. 
Patients with serious heart, kidney, or liver disease 
should not be given chloral hydrate. If gastritis is 
present, the drug may be administered by rectum in 
olive oil as a retention enema. Unfortunately, the drug 
is not employed today as frequently as it deserves. 

For oral use, it is usually given in a flavored syrup. 
Chloral Hydrate should not be given in an alcoholic 
vehicle because of the marked potentiation in action 
which results. Also alkalies and alkaline salts are to 
be avoided because of the decomposition of chloral 
hydrate which they cause. The dose is 0.5 to 2.0 Gm. 

Average Dose—600 mg. (approximately 10 grains). 


CN AMALDEHYDE—See Volatile Ozls (page 711). 


FORMALDEHYDE SOLUTION U. S. P. — Liquor 


Formaldehydi 
[Liq. Formaldehyd.—Formalin, Sp. Solucién de Formaldehido] 


Formaldehyde Solution is a solution containing not 
less than 37 per cent of HCHO, with variable amounts 
of methanol to prevent polymerization. 

Preparation—This liquid, commonly known as 
formaldehyde or formalin, is made by mixing the vapor 
of boiling methyl] alcohol, while under pressure, with air 
in proper quantity, and allowing the mixed vapors to 
pass over heated copper tubes, and then condensing the 
vapors by passing them into a copper tank provided 
with the means for cooling the temperature to 0° C, ~ 


ALCOHOLS, ALDEHYDES, KETONES, AND ETHERS 


The reaction is expressed by the following equation: 


2HCH2OH + Og -— 2HCHO + # 2H,0 
methyl alcohol oxygen formaldehyde water 


Sufficient water is added to the product to make it 
contain 37 per cent by weight of HCHO. 


Description and Properties—A clear, colorless or nearly colorless 
liquid, having a pungent, irritating odor. On long standing, especially 
in the cold, the Solution sometimes becomes cloudy due to separation 
of paraformaldehyde (trioxymethylene). It is miscible with water or 
alcohol, and is usually slightly acid. The specific gravity of the Solu- 
tion is about 1.08 at 25°, and when the Solution is evaporated on a 
water bath most of the formaldehyde polymerizes to paraformalde, 
hyde which remains as a white residue. 

Identification—(1) Formaldehyde is a strong reducing agent, and 
when silver ammonium nitrate T.S. is added to a dilute solution of 
formaldehyde, metallic silver is precipitated either as a gray powder 
or as a bright metallic mirror on the test tube (to obtain the silver in 
the latter form the test tube must be scrupulously clean). (2) On 
adding some salicylic acid to 5 cc. of sulfuric acid mixed with a drop 
or two of Formaldehyde Solution and gently warming, a deep red 
color is produced. (38) A very sensitive test for formaldehyde is the 
following: To 10 cc. of a diluted Formaldehyde Solution (1 in 1000), 
1 ec, each of freshly prepared 1 per cent aqueous solutions of phenyl- 
hydrazine hydrochloride and potassium ferricyanide are added and 
ose with 5 cc. of hydrochloric acid. A brilliant red color is pro- 

uce 
Tests for Purity— 

Acid—Not more than 0.23 per cent calculated as formic acid 

(HCOOH). The Solution is diluted with an equal volume of water 
and titrated with standard alkali, using bromothymol blue as the 
indicator. 
Assay—The U. S. P. assay is based on the oxidation of formaldehyde 
by hydrogen peroxide, in the presence of a fixed alkali hydroxide, to 
formic acid, the latter immediately combining with the alkali to form 
an alkali formate, as shown in the following equation: 


HCHO + H20. + NaOH — HCOONa + 2H20 
formaldehyde hydrogen sodium sodium water 
peroxide hydroxide formate 


If, therefore, an accurately measured volume of a standard alkali is 
used, the volume of the alkali neutralized by the formic acid produced 
in the reaction is determined by residual titration with standard acid 
and represents the quantity of formaldehyde in the volume of solution 
taken for the assay. 

About 3 cc. of the Solution is weighed in 10 cc. of water contained 
in a flask to prevent volatilization, then 50 cc. of normal sodium 
hydroxide is added, and followed slowly by 50 cc. of hydrogen per- 
oxide T.S. After heating on a water bath for 5 minutes, the mixture 
is allowed to cool, and the excess alkali is titrated with normal acid, 
using bromothymol blue as the indicator. Each cc. of normal alkali 
consumed represents 30.03 mg. of HCHO. 

Storage—Keep Formaldehyde Solution in tight containers, preferably 
i e ot not below 25° (to prevent separation of paraformal- 
ehyde). 


Uses—Formaldehyde Solution or ‘Formalin’ is ex- 
tensively used as a disinfectant and deodorant. Its 
employment for preserving milk, meat, and other 
articles of food likely to spoil through fermentation, is 
prohibited by both national and state laws. It is, 
however, used for disinfecting apartments which have 
been subjected to infection by spraying it on sheets 
hung in the room or the vapor may be conducted into 
the room from a generator, of which there are numerous 
forms on the market. See Disinfectants. 


METHENAMINE U. S. P. Methenamina 


[Methenam.—Hexamethylenamine, Hexamethylenetetramine, 
Hexamine, Urotropin, Formin, Sp. Metenamina] 


AN 


HOC hee CHe 
: LZ 
| N-CH2 H2C-N 
CHe 


“Methenamine, when dried over sulfuric acid for 4 
_ hours, contains not less than 99 per cent of (CHz)«N« 
Bx 19). 
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Preparation—It is made by adding a moderate excess 
of ammonia water to formaldehyde solution, and evapo- 
rating to dryness. The reaction takes place according 
to the following equation: 


6HCHO + 4NHs — (CHa)gNa + 6H2O 
formaldehyde ammonia hexamethylene water 
tetramine 


The affinity of formaldehyde for ammonia is so strong 
that it will appropriate it even from ammonium salts of 
strong acids, setting free the acid. 


2(NH4)2SO4 -f- 6HCHO = (CHa)gNa a 2HSO04 + 6H20 
ammonium formaldehyde methenamine sulfuric water 
sulfate acid 


This reaction may be used in analytical chemistry to 
determine the NHs3 content of ammonium salts. 


Description and Properties—Colorless or white crystals or a white 
crystalline powder. It is odorless. Its aqueous solution is alkaline to 
litmus. It sublimes at about 260°. When ignited it burns with a 
smokeless flame. On heating Methenamine with diluted sulfuric acid, 
formaldehyde is set free (see under Assay) recognizable by its odor, 
and after boiling off the formaldehyde and then adding an excess of 
sodium hydroxide solution, ammonia gas is evolved. One Gm. of 
Methenamine dissolves in 1.5 cc. of water, in 12.5 cc. of alcohol, and 
parka 10 ce. of chloroform. It is only very slightly soluble in 
ether. 

Tests for Purity—The U.S. P. includes the following tests and limits: 

Loss on drying over sulfuric acid for 4 hours—Not more than 2 per 
cent. 

Residue on ignition—Not more than 0.05 per cent. 

Chloride—Not more than 0.014 per cent as Cl. 

Sulfate—Not detectable in 10 cc. of a 1 in 50 solution. 

Ammonium Salts—For the detection of this impurity the well- 
known reaction between Nessler’s reagent (alkaline mercuric potas- 
sium iodide T.S.) and free ammonia or that liberated from ammonium 
salts with sodium hydroxide is applied; sodium hydroxide does not 
liberate NHg from Methenamine. On adding 1 ce. of the reagent to 
10 ce. of an aqueous Methenamine solution (1 in 20) a color no darker 
than that of a blank is produced. In the presence of ammonium 
compounds an orange to very dark color is produced depending on 
the quantity of the ammonium compound present. 

Heavy metals limit—10 parts per million. 

Assay—The principle of this assay is explained as follows: When a 
sample of Methenamine is heated with a dilute mineral acid it decom- 
poses into the constituents from which it was synthesized, namely, 
formaldehyde and ammonia, the latter combining with the acid to 
form an ammonium salt. This is illustrated by the following equation: 


(CHa)gNa + 2H2SO04 + 6H20 a? 6HCHO + 2(NH4)2SO4 
methenamine sulfuric water formaldehyde ammonium 
acid sulfate 


Note that this reaction is exactly the reverse of that shown in the 
second equation under Preparation. If, therefore, an accurately 
measured volume of a standard acid is used, the volume of the acid 
neutralized by the ammonia derived from the Methenamine, as de- 
termined by the residual titration of the acid with standard alkali, 
represents the quantity of Methenamine in the sample. 

About 1 Gm. of dried Methenamine, accurately weighed, is boiled 
with 40 cc. of normal sulfuric acid, adding water if necessary, until all 
the formaldehyde is expelled. The solution, after cooling, is then 
titrated with normal sodium hydroxide, using methyl red T.S. as the 
indicator. Each cc. of normal sulfuric acid consumed represents 
35.05 mg. of (CHa)6Na. 

Storage—Keep Methenamine in well-closed containers. 
Incompatibilities—Methenamine is alkaline in reaction and forms 
salts with weak acids. Strong acids and concentrated solutions of 
organic acids decompose it with the liberation of formaldehyde. With 
prolonged contact, weak acids also decompose it, as do acidic vehicles. 
A precipitate is formed with tannic acid, most alkaloids, and some 
metallic salts. Ferric, mercuric, and silver salts may be reduced and 
precipitated. 

It liquefies, in some cases with decomposition, when rubbed with 
acetylsalicylic acid, antipyrine, benzoic acid, lithium benzoates, lithium 
carbonate, menthol, phenol, phenyl salicylate, potassium acetate, sodium 
benzoate, sodium salicylate, etc. Ammonium salt and alkalies darken 
it. In capsules, it may slowly combine with the gelatin, thus render- 
ing it insoluble. 


Uses—Methenamine is an effective urinary antiseptic 
provided it is acting in an acid medium. The drug de- 
pends for its action upon the liberation of formaldehyde. 
This occurs to the extent of 20 per cent of theoretical 
at pH 5.0 and not at all at pH 7.6. Consequently, pre- 
caution must be taken to maintain an acid urine during 
medication with Methenamine. This is usually ac- 
complished by the administration of sodium biphos- 
phate. 
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The usual daily dose of Methenamine is 4 to 5 Gm. 
daily, administered in four divided portions in order to 
maintain a fairly constant concentration in the urine. 
Approximately 10 to 30 per cent is converted to formal- 
dehyde by the acid stomach contents unless enteric 
capsules are employed. With a 24-hour urine volume 
of 1200 cc., the above dosage of Methenamine will re- 
sult in a urinary concentration of approximately 1—5000. 

Methenamine is of particular value in the treatment 
of EH. coli infections of the urinary tract. It also is 
especially useful in patients with renal insufficiency. 
Because of its low toxicity, failure to excrete the drug 
causes no harmful consequences. 

Methenamine is marketed under many trade names 
among which are Urotropin, Cystogen, Hexamine, 
Formin, Aminoform, Cystamine, and Uritone. 

Average Dose—0.5 Gm. (approximately 71/2 grains) 


Methenamine Ampuls N. F. Ampulle Methenamins 


{[Amp. Methenam.—Methenamine Injection, Hexamethylenamine 
Ampuls, Sp. Inyeccién de Metenamina, Inyeccién de Hexametileno- 
tetramina] 


Methenamine Ampuls contain a sterile solution of 
methenamine in water for injection, and yield (CH) 6N 4 
equal to not less than 96 per cent and not more than 104 
per cent of the labeled amount of (CHa) ¢N 4. 

Preparation—The solution is prepared and the am- 
puls filled according to the requirements given on pages 
257 to 260. The filled ampuls are sterilized by heating 
to 100° for 30 minutes, or by any other adequate and 
suitable method of sterilization, and they are tested for 
sterility according to the method described on page 261. 

Notes—It is of interest to note that stronger solutions 
of methenamine, 25 per cent and over, may be self- 
sterilized after they have stood for a period of 24 hours. 
Weaker solutions are readily sterilized with a small 
amount of heat. High temperatures should not be used 
since the solution will be decomposed. 

Assay—The Ampuls are assayed for the methenamine content by the 
method given for Methenamine, but using a measured quantity of the 
solution equivalent to about 100 mg. of methenamine, and tenth- 


normal sulfuric acid instead of normal. Each ce. of tenth-normal acid 
is equivalent to 3.505 mg. of (CHa)gN4. 


Uses—This injection is used for infections of the 
urinary tract and is frequently employed in cases as- 
sociated with retention of urine in postoperative cases 
(see also page 513). 


Average Dose—2 Gm. (approximately 30 grains) of 
Methenamine. 


Methenamine Tablets U.S. P. Tabellee Methenaminz 
{[Tab. Methenam,—Sp. Tabletas de Metenamina] 


Methenamine Tablets contain not less than 95 per 
cent and not more than 105 per cent of the labeled 
amount of (CHe)6N. 


Assay—Methenamine Tablets are assayed by the method given under 
Methenamine. 


Uses—See Methenamine. A tablet of Methenamine 
may be conveniently used as a source of heat at the bed- 
side or under other conditions where ordinary means of 
heating are not available. It may be ignited by a 
burning match and burns with a practically smokeless 
flame. While a tablet burns for only a few moments it 
is long enough to heat a small amount of water for a 
hypodermic injection or a test. 


Average Dose—0.5 Gm. (approximately 7!/, grains) 


of Methenamine. 


ALCOHOLS, ALDEHYDES, KETONES, AND ETHERS 


Methenamine and Sodium Biphosphate Tablets N. F. 
Tabelles Methenaminez et Sodii Biphosphatis 
[Tab. Methenam. et Sod. Biphos.—Tablets of Methenamine and Acid 


Sodium Phosphate, Sp. vente iP Metenamina y Bifosfato de 
odio 


Methenamine and Sodium Biphosphate Tablets con- 
tain not less than 92.5 per cent and not more than 107.5 
per cent of the labeled amounts of (CH2)sN4 and 
NaHe2PO. A H.O. 


Tests for Purity— 
Aluminum and caleiwm—Ammonia T.S. does not produce a turbid- 


- ity in a filtered aqueous solution of the Tablets (1 in 10). 


Ammonium salts—In the presence of ammonium salts the assay for 
methenamine yields misleading results as the ammonia derived from 
any ammonium compounds is calculated as methenamine. Hence a 
test for ammonia with Nessler’s solution, similar to that given under 
Methenamine, is included in the N. F. 

Assay for Methenamine—TIn the presence of phosphate the deter- 
mination of the methenamine by the method given for Methenamine 
is not satisfactory. The assay is therefore made by distilling the 
ammonia formed by the hydrolysis of the methenamine. A counted 
number of tablets is boiled with dilute acid until no more formalde-' 
hyde is evolved. The solution is cooled, excess sodium hydroxide is 
added, and the ammonia is then distilled into a measured volume of 
standard acid. The excess acid is then titrated with standard alkali. 
Each ec. of half-normal sulfuric acid is equivalent to 17.52 mg. of 
(CHa)6Na. : : 

Assay for Sodium Biphosphate—After destroying the organic matter 
in the Tablets by heating a quantity of the powdered Tablets equiva- 
lent to 60 mg. of sodium biphosphate with nitric and sulfuric acids, 
the phosphate is determined by the Molybdate Method. 


Uses—See Methenamine. The sodium biphosphate 
lowers the pH of the urine, insuring that the formalde- 
hyde will be liberated from the methenamine. 

Average Dose—0.3 Gm. (approximately 5 grains) 
each of Methenamine and Sodium Biphosphate. 


PARALDEHYDE U. S. P. Paraldehydum 
[Paraldehyd.—Paracetaldehyde, Sp. Paraldehido, Paracetaldehido] 


Paraldehyde [((CHs-CHO)s = 132.16] is a polymer 
(trimer) of acetaldehyde and results from the poly- 
merization of three molecules of ordinary aldehyde. 

Preparation—It may be made by treating acetalde- 
hyde with small quantities of sulfur dioxide, hydro- 
chloric acid, carbonyl chloride, or zinc chloride; almost 
complete conversion occurs, and by freezing the liquid 
and then distilling the crystallized material, if neces- 
sary, pure Paraldehyde is produced. 


Description and Properties—A clear, colorless liquid with a disagree- 
able taste and a strong, characteristic, but not unpleasant or pungent 
odor. Its specific gravity is about 0.99. It congeals not below 11° 
and distils between 120° and 126°. In contact with air it slowly oxi- 
dizes to acetic acid. When it is heated with dilute sulfuric acid it 
breaks up (depolymerizes) into acetaldehyde [CH3CHO]. The latter 
is a gas at room temperature, having a characteristic odor. When 
conducted into silver ammonium nitrate T.S. contained in a clean 
test tube, a “silver mirror” is produced. One cc. of Paraldehyde dis- 
solves in 8 cc. of water, and in 17 cc. of boiling water. It is miscible 
with alcohol, chloroform, ether, and volatile oils. 

Tests for Purity—The U.S. P. includes the following tests and limits: 

Acid—Equivalent to not more than 0.83 cc. of normal sodium 
hydroxide per 10 cc. of Paraldehyde (0.50 per cent as acetic acid, 
CHsCOOB). : 

Acetaldehyde—Not more than 0.44 per cent. The determination of 
this impurity is based on the great affinity of aldehydes for hydroxyl- 
amine. Hydrogen chloride is set free from a solution of hydroxyl- 
amine hydrochloride by aldehydes, as shown by the following equa- 
tion: J 


CH,sCHO + NH.OH.HCl + CH;CH=NOH + HCl +H.0 


acetaldehyde hydroxylamine acetaldoxime hydrogen water 
hydrochloride 2 chloride 
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The amount of acetaldehyde present is determined by titrating the 
liberated hydrogen chloride with standard alkali. The test is 
made by adding 5 cc. of a 1 in 30 solution of hydroxylamine hydro- 
chloride to a solution of 5 cc. of Paraldehyde in 100 ce. of water. 
After shaking, the mixture is titrated with half-normal sodium hy- 
droxide sone methyl orange T.S. as the indicator and correcting for a 
blank. Each cc. of half-normal sodium hydroxide is equivalent to 
22 mg. of acetaldehyde. 

Chloride and sulfate—None detectable in 5-ce. portions of a 1 in 10 
aqueous solution. 

Residue on evaporation—Not more than 0.06 per cent. 

Amyl alcohol—A solution of 1 ec. of Paraldehyde in 10 cc. of water 
at 25° should be complete and clear (1 ec. of amyl alcohol requires 
about 40 cc. of water for complete solution). 

Storage—Keep Paraldehyde in well-filled, tight, light-resistant con- 
tainers holding not more than about 120 Gm. (about 4 oz.) and prefer- 
ably at a temperature not above 30°. The object of restricting the 
size of the packages is to prevent too long an exposure to the air with 
the consequent oxidation to acid. 

Incompatibilities—Alkalies polymerize aldehydes into dark resinous 
masses. Acids convert paraldehyde into acetaldehyde. It reacts 
with oxidizing agents, hydrocyanic acid, and iodides. It liberates free 
iodine from the latter. 


Uses—Paraldehyde is one of the oldest and best 
hypnotics. Its chief disadvantage is that, being in part 
excreted through the lungs, it imparts an odor to the 
exhaled air. Also, Paraldehyde has an unpleasant 
taste and may irritate the throat and gastric mucosa 
unless dispensed in suitable vehicles. Being poorly sol- 
uble in water, it is usually prescribed in combination 
with alcoholic liquors, elixirs, ete. The drug can also 
be taken in milk, fruit juices, iced tea, or with cracked 
ice. Finally, it can be administered as a rectal retention 
enema in olive oil. Paraldehyde is occasionally em- 
ployed as an obstetrical analgesic, in which case larger 
doses are administered, usually by rectum. The drug 
is also frequently used in delirium tremens, and in 
patients undergoing withdrawal therapy for alcoholism. 

_Average Dose—4 cc. (approximately 1 fluidrachm). 


VANILLA U. S. P. and its preparations—See Flavoring 
Agents (page 966). 


VANILLIN N. F. and its preparations—See Flavoring 
Agents (page 967). : 


Unofficial Aldehydes 


Acetaldehyde [CH 3CHO]—Produced by gently warming a mixture 
of alcohol, manganese dioxide, sulfuric acid, and water, and collect- 
ing the vapor which is formed by means of a condenser. If exposed, 
it will gradually be converted into acetic acid. A colorless, and 
very inflammable liquid, having an ethereal odor. Specific gravity 
0.790 at 15°. Boils at 21°. 

Anisaldehyde, anise aldehyde, p-methoxybenzaldehyde [CH 30- 
CgH4aCHO]—A colorless, oily liquid, with an aromatic odor re- 
sembling coumarin. Specific gravity: 1.12. Boils at 248° and 
solidifies at about 0°. Insoluble in water; miscible with alcohol, 
ether. Used in perfumery and toilet soaps. 

Butylchloral Hydrate N. N. R. [CHsCHCl.CClg.CH(OH)g]—A 
crystalline product obtained by the addition of water to liquid 
butyl chloral. Uses: same hypnotic properties and therapeutic 
uses as Chloral Hydrate. Dose: 0.3 to 1.3 Gm., given orally in 
capsules. ; 

Citral, geranialdehyde, geranial [(CH3) 2C:CH.(CH2)eC(CH3)= 
CHCHO]—An important constituent of many volatile oils, such 
as lemon, lemon grass, orange, bay, sassafras, etc. Light yellow 
liquid, of strong lemon odor. Specific gravity: about 0.88. Boils 
at 226°-228°. Extensively used in the manufacture of flavors. 

Citronellal, rhodinal [(CHs)2C:CH(CHe)2CH(CH3)CH2CHO]— 
Chief constituent of citronella oil, also present in lemon, rose, and 
other volatile oils. Colorless or pale yellow, oily liquid. Specific 


gravity: about 0.85. Boils at 204°-208°. Slightly soluble in 
water; miscible with alcohol, ether, and many other organic 
solvents. 


Paraformaldehyde U. S. P. X, Paraform, trioxymethylene—Prepared 
by evaporating an aqueous solution of formaldehyde until it poly- 
merizes in white masses. White, friable masses, or a white powdor 
having a slight odor of formaldehyde. Very slowly soluble in cold 
water, more readily soluble in hot water with the formation of 
formaldehyde; insoluble in alcohol and in ether; soluble in solu- 
tions of fixed alkali hydroxides. When heated, is partly converted 
into formaldehyde and partly sublimed unchanged. Uses: in 

throat lozenges. It is employed for the generation of formaldehyde, 
by heating in an open vessel, over a direct flame for fumigation 
purposes. Also used in throat lozenges. 
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Specialties Containing Aldehydes 


Ammoform Compound (Strasenburgh)—Effervescent powder, each 
ounce containing 0.518 Gm. (8 gr.) Ammoform (methenamine), 8.0 
Gm. (123 gr.) sodium phosphate, 2.6 Gm. (40 gr.) sodium sulfate, 
lithium carbonate, sodium tartrate, and aromatics. Uses: urinary 
antiseptic and diuretic. Dose: 1 to 2 teaspoonfuls in water. 

Amphomate (Winthrop)—Ampuls (20 cc.) containing 40 per cent 
methenamine (hexamethylenetetramine), partially combined with 
camphoric acid. Uses: urinary antiseptic. Dose: intravenously, 
20 to 60 ce. 

Anodyne Ointment (Zemmer)—Ointment, each ounce containing 10 
gr. chloral with camphor, eucalyptol, menthol, and methyl salicy- 
late. Uses; anodyne. 

Bet-U-Lol (Huxley)—Green liquid, each fluidounce containing 8 gr. 
chloral hydrate with menthol, and methyl salicylate. Uses: ex- 
ternal anodyne. 

Buchuform (Strasenburgh)—Tablets, each containing 0.130 Gm. 
(2 gr.) Ammoform (methenamine), 0.016 Gm. (14 gr.) barosmin, and 
0.065 Gm. (1 gr.) resorcinol. Uses: urinary antiseptic and diuretic. 
Dose: 1 tablet with water. 

Chlorolate (Drug Products)—Liniment, each fluidounce containing 8 
gr. chloral hydrate, 53 per cent alcohol, with menthol and methyl 
salicylate. Uses: anodyne. 

Cystodyne (Tyree)—Liquid, each tablespoonful containing 0.259 Gm. 
(4 gr.) hexamethylenamine, 5 per cent alcohol, 0.454 Gm. (7 gr.) 
buchu, 0.194 Gm. (3 gr.) hops, 1.3 mg. (%o gr.) hyoscyamus, 0.146 
Gm. (24% gr.) pareira brava, 0.972 Gm. (15 gr.) potassium acetate, 
and 0.146 Gm. (24% gr.) uva ursi. Uses: urinary antiseptic. 
Dose: 1 tablespoonful. 

Fello-Sed (Fellows)—Iso-alcoholic elixir, each fluidrachm containing 
0.5 Gm. chloral hydrate, 0.5 mg. atropine sulfate, and 1.0 Gm. cal- 
cium bromide. Uses: antispasmodic, hypnotic, and sedative. 
Dose: 2 to 15 ec. 

Formacide (Endo)—Solution containing 3 per cent formaldehyde in 
acetone and alcohol. Uses; disinfectant for surgical instruments. 

Formatropin (Abbott)—Liquid, each fluidounce containing 1.30 Gm. 
(20 gr.) methenamine, 0.52 mg. (8{000 gr.) atropine sulfate, 0.648 
Gm. (10 gr.) lithium benzoate, 13 per cent alcohol, and 2.6 Gm. 
(40 gr.) each of asparagus root, broom corn seed, corn silk, hydran- 
gea, saw palmetto berries, and triticum. Uses: urinary antiseptic. 
Dose: 1 or 2 teaspoonfuls. 

Formin N. N. R. (Merck)—Methenamine U. 8S. P. 

Formohydrion (Upjohn)—Effervescent mixture, each teaspoonful 
containing 0.324 Gm. (5 gr.) methenamine and 1.30 Gm. (20 gr.) 
sodium biphosphate, with sodium phosphate and sodium tartrate. 

Uses: urinary antiseptic. Dose: 1 teaspoonful in water. 

Formohydrion Tablets—Coated tablets, each containing either 0.324 
or 0.486 Gm. (5 or 71% gr.) methenamine, and 0.324 or 0.486 Gm. 
(5 or 7% gr.) sodium biphosphate. Dose: 1 tablet with water. 

Formitol Tablets (Patch)—Tablets containing paraformaldehyde, 
ammonium chloride, benzoic acid, citric acid, guaiac, hyoscyamus, 
menthol, methyl salicylate, oil of eucalyptus, and tannic acid. 
Uses; anodyne for throat irritations. Dose: 1 tablet. 

Helmitol (Winthrop)—Powder or tablets, 0.324 and 0.486 Gm. (5 and 
7% er.) containing a combination of methenamine and anhydro- 
methylene citric acid (Citramin). Uses: urinary antiseptic. 
Dose: 0.648 to 0.972 Gm. (10 to 15 gr.) 

Hexaloids (Lilly)—Tablets, 0.324 and 0.486 Gm. (5 and 7% gr.), 
containing Methenamine U.S. P. 

Methenos (Sharp and Dohme)—Flixir, each fluidounce containing 
0.648 Gm. (10 gr.) methenamine, 0.259 Gm. (4 gr.) ammonium 
salicylate, 9 per cent alcohol, 0.016 Gm. (% gr.) camphor, 0.065 
Gm. (1 gr.) citrated caffeine, 1.55 Gm. (24 gr.) cascara sagrada, 
0.065 Gm. (1 gr.) ipecac, 0.016 Gm. (14 gr.) podophyllin, and 0.518 
Gm. (8 gr.) potassium citrate. Uses: analgesic, antipyretic, and 
laxative. Dose: 1 to 2 teaspoonfuls in water. 

Salihexin (Abbott)—Ampuls (10 cc. with 1 Gm.) or capsules, 0.162 or 
0.324 Gm. (2% or 5 gr.), containing hexamethylenamine-acet- 
aminosalicylic acid. Uses: urinary antiseptic. Dose: orally, 
0.324 to 0.648 Gm. (5 to 10 gr.); intravenously, 1 Gm. 

Somnos (Sharp and Dohme)—Sugar-free elixir, each fluidounce con- 
taining 25 gr. chloral hydrate. Uses: hypnotic and sedative. 
Dose: 1 teaspoonful to 2 tablespoonfuls, orally; 2 fluidounces, 
rectally. 

Uraseptine (Fougera)—Liquid containing hexamethylenetetramine, 
hexamine methylene citrate, diethylenediamine, and sodium and 
lithium benzoates. Uses: urinary antispetic. Dose: 1 to 2 tea- 
spoonfuls. 

Uritone (Parke, Davis)—Tablets (0.324 and 0.5 Gm.) containing 
Methenamine U.S. P. 

Urotropin N. N. R. (Schering and Glatz)—Ampuls, 5 ce. (2 Gm.), 
erystals, and tablets, 0.32 Gm. and 0.5 Gm., containing Methen- 
amine U.S 


ACETONE N. F. Acetonum 


[Dimethylketone, Propanone, s-ketopropane, Sp. Acetona, 
Dimetilquetona] ; 


Acetone contains not less than 99 per cent of 
(CH3)2CO (58.08). 4 

Preparation—This liquid was formerly obtained ex- 
clusively from the destructive distillation of wood. 
The distillate, consisting principally of methanol, acetic 
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acid, and acetone was*neutralized, with lime and the 
acetone was separated from the methyl alcohol, which 
constitutes the principal bulk in the wood spirit, by 
fractional distillation. Additional quantities of acetone 
were obtained by dry distilling the calcium acetate 
formed in the neutralization of the distillate. 


(CH3COO)2Ca > CaCOs + CHs.CO.CHs 


calcium calcium acetone 
acetate carbonate 


Acetone is now largely obtained as a by-product of 
the butyl alcohol industry. This alcohol is obtained in 
the fermentation of carbohydrates such as corn starch, 
molasses, ete., by the action of the bacterium Clos- 
tridium acetobutylicum (Weizmann fermentation) and 
Acetone is always one of the products formed in the 
process. It is also obtained by the catalytic oxidation 
of isopropyl alcohol, which is prepared from propylene 
resulting from the “‘cracking’’ of crude petroleum. 


Description and Properties—A colorless, clear, volatile inflammable 
liquid with a characteristic odor. It has a specific gravity of about 
0.785, boils at about 56°, and congeals at about —95°. Its aqueous 
solution is neutral to litmus paper. Acetone gives two characteristic 
reactions: 

The todoform reaction—Add 1 cc. of sodium hydroxide T.S. to 1 cc. 
of an aqueous solution of Acetone (1 in 200), warm the mixture, and 
add afew cc. ofiodine T.S. A yellow precipitate of iodoform immedi- 
ately appears. 

The nitroprusside reaction—Mix 1 ce. of an aqueous solution of Ace- 
tone (1 in 200) with 5 drops of sodium nitroprusside T.S. and 2 cc. 
of sodium hydroxide T.S., and add a slight excess of acetic acid. A 
deep red color is produced which develops a violet tint when diluted 
with several volumes of water. 

Acetone is miscible with water, alcohol, ether, chloroform, and 
with most volatile oils. 

Tests for Purity—The N. F. includes the following tests and limits: 

Non-volatile residue—Not more than 2 mg. from 50 cc. of Acetone 
{0.004 per cent). 

Substances readily oxidizable by permanganate—Practically none. 
Assay—The N, F. assay of Acetone is based on its quantitative con- 
version into iodoform by iodine solution in the presence of sodium 
hydroxide according to the equation: 


(CHs)eCO + 3Ile + 4NaOH — 
acetone iodine sodium 
hydroxide 
CHIs + CHsCOONa + 3Nal -+ 3H2O 
iodoform sodium sodium water 
acetate iodide 


By employing a measured volume of a standard iodine solution 
containing an excess of iodine over that required for the reaction, then 
determining the amount of iodine consumed by titrating the excess 
with standard thiosulfate, the quantity of Acetone is readily calcu- 
lated from the preceding equation. For the details of the assay con- 
sult the N. F. VIII. 

Storage—Keep Acetone in tight containers, remote from fire. 


Uses—Acetone may be used as the menstruum in the 
preparation of oleoresins in place of ether. It is used 
as a solvent for dissolving fatty bodies, resins, pyroxy- 
lin, acetylene, etc., and also in the manufacture of 
chloroform, chlorobutanol, and ascorbic acid. 


CAMPHOR U.S. P. Camphora 
[Camph.—Gum Camphor, Laurel Camphor, Sp. Alcanfor.] 


CHs 

BC or ae emiae 
pee 

H,C-——C————CH 
H 


Camphor [CioH;,0 = 152.23] is a ketone obtained 
from Cinnamomum Camphora (Linné) Nees et Eber- 
maier (Fam. Lauracex) (Natural Camphor) or produced 
synthetically (Synthetic Camphor). 

Preparation—Natural crude camphor is obtained by 
steam distilling chips of the camphor tree. In some 


- thel, phenol, 
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places the leaves are also used. Upon cooling, the 
camphor and any volatile oils separate. After removal 
of the water, the mixture of the camphor and volatile 
oil is pressed to remove the liquid volatile oil, and the 
crude camphor so obtained is purified, usually by sub- 
limation. In one of the processes the crude camphor is 
mixed with lime before submitting it to sublimation, the 
object of the lime being to bind any water that may be 
present in the crude product. 

Synthetic camphor is produced from pinene [C 10H 1 6] : 
a hydrocarbon obtained from turpentine oil. The pi- 
nene is saturated with hydrogen chloride at 0° C. ha 
forming bornyl] chloride [C1.Hi,Cl]. Upon heating the 
bornyl chloride with sodium acetate and glacial acetic 
acid it is converted into isobornyl acetate, which is sub- 
sequently hydrolyzed to form isobornyl alcohol 
[CioH,,OH]. The latter upon oxidation with chromic 
acid is converted into camphor. 

Synthetic camphor resembles natural camphor in 
most of its properties except that it lacks optical activ- 
ity. 

When camphor is treated in approximately molecu- 
lar proportions with chloral hydrate, menthol, phenol, 
or thymol, liquefaction ensues; such mixtures are 
known as eutectic mixtures. 

Description and Properties—Camphor occurs as colorless or white 
crystals, granules, or crystalline masses; or as colorless to white, 
translucent, tough masses. It has a penetrating, characteristic odor, 
a pungent, aromatic taste, and is readily pulverizable in the presence 
of a little alcohol, ether, or chloroform. Its specific gravity is about 
0.99. It melts between 174° and 179° and slowly volatilizes at ordi- 
nary temperature and in steam. The specific rotation of natural 
camphor determined in an alcohol solution is +41° to +43°. One 
Gm. of Camphor dissolves in about 800 cc. of water, in 1 cc. of alco- 
hol, in about 0.5 cc. of chloroform, and in 1 cc. of-ether. It is freely 
alable in carbon disulfide, in petroleum benzin, and in fixed and vola- 
tile oils. 

Tests for Purity—The U. S. P. includes the following tests and limits: 

Non-volatile matter—Not more than 0.05 per cent. 

; Moisture—A solution of Camphor in petroleum benzin should be 
clear. 

Halogens (derived from the HCl used in the manufacture of the 

synthetic product)—Not more than 0.035 per cent as Cl 
Storage—Keep Camphor in tight containers, and avoid exposure to 
excessive heat. 
Incompatibilities—Camphor forms a liquid or a soft mass when rubbed 
with betanaphthol, chloral hydrate, ethyl carbamate, hydroquinone, men- 
phenyl salicylate, pyrocatechol, pyrogallol, resorcinol, 
salicylic acid, thymol, and other substances. 

It is precipitated from its alcoholic solution by the addition of water. 
It is precipitated from camphor water by the addition of soluble salts. 


Uses—Locally Camphor is weakly antiseptic, mildly 
anesthetic, and rubefacient when rubbed on the skin. 
When taken internally in small amounts it produces a 
feeling of warmth and comfort in the gastrointestinal 
tract, and is therefore used as a carminative. Camphor 
is widely used as a circulatory and respiratory stimulant 
by injecting a 20 per cent solution in oil intramuscu- 
larly. It also possesses a slight expectorant action and 
is a component of paregoric. 

Average Dose—Oral or iniramuscular, 200 mg. (ap- 
proximately 3 grains). 


Camphor Ampuls N. F. Ampulle Camphore 


{Ampul. Camph.—Camphor Injection, Camphor in Oil Ampuls, Sp. 
Inyeccién de Alcanfor] 


Camphor Ampuls contain a sterile solution of cam- 
phor in a suitable fixed oil, and yield not less than 93 per 
cent and not more than 103 per cent of the labeled 
amount of Cio9His0. To prepare the solution, heat a 
quantity of the oil in a suitable container on a water 
bath, introduce the camphor, and dissolve it by agita- 
tion without further heating; add enough of the oil to 
make the required volume of the solution; mix thor- 


oughly and filter the solution, if necessary, to render the 
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product clear. Fill the ampuls and sterilize them by 
heating to 100° for 30 minutes, or by any other ade- 
quate and suitable method of sterilization, and test for 
sterility as given below. In order to avoid loss of part 
of the camphor by volatilization, a stoppered container 
should be used during the process of manufacture. 

Tests for Purity—Camphor Ampuls are required to meet the require- 


ments of a specific Test for sterility and an Assay. For details, see the 
N. F. VIII. 


Uses—This preparation is administered intramuscu- 
larly as a circulatory stimulant in the treatment of col- 
lapse, shock, pneumonia, and typhoid fever. 


Average Dose—0.2 Gm. (approximately 3 grains) of 
Camphor. 


Camphor and Soap Liniment U. S. P.  Linimentum 


Camphore et Saponis 


{Lin. Camph. et Sapon.—Soap Liniment, Liquid Opodeldoc, Cam- 
phorated Tincture of Soap, Sp. Linimento de Alcanfor y Jabén] 


Metric Alternative 
Hard Soap, dried and granulated, 

IRMOWGCLED hc 5 ovis sees dees 60 Gm. 2o0z2z.av. 2 gr. 
Camphor, in small pieces........ 45 Gm. 1 oz. av. 220 gr. 
ROBOT (COE eee 10 cc. 154 min. 
PUPCOMOIM Reis tye aixs is pst ses ose 700 cc. 22 fl.oz. 192 min. 
Distilled Water, a sufficient quan- 

tity, 
BIOMED KOM tage cer o.o.e's. 4 6.6 © 2 stvne 0-6 1000 cc. 2 pints 


Dissolve the camphor and the rosemary oil in the alcohol, add 
the soap, and then sufficient distilled water to make the product 
measure 1000 cc. (2 pints). Agitate the mixture until the soap 
is dissolved, set it aside in a cool place for 24 hours, and filter. 


Only the official hard soap should be used; soaps 
made from animal oils will cause gelatinization. If soap 
shavings from bar soap are used, dry thoroughly and 
then run through a mill or grater, if the U.S. P. process 
is to be followed. 

History—The term opodeldoc sometimes applied to 
this preparation was first used by Paracelsus in connec- 
tion with a plaster which had no connection with soap 
whatever. In the Edinburgh Pharmacopeeia of 1722 a 
formula was provided for an Unguentum Opodeldoch 
which contained soap in addition to a large number of 


_ other ingredients. This was undoubtedly the basis for 


Steer’s Opodeldoc, which was a solid preparation of soap, 
and the Solid Soap Liniment of the N. F. 


Alcohol Content—From 62 to 66 per cent, by volume, of CoH50H. 
Storage—Preserve Camphor and Soap Liniment in well-closed con- 
tainers. 


Uses—An anodyne and mild rubefacient, for sprains, 
bruises, and rheumatism. It also forms the basis for 
other liniments. 


Camphor Liniment U. S. P. Linimentum Camphore 
{Lin. Camph.—Camphorated Oil, Sp. Linimento de Alcanfor] 


Camphor Liniment contains not less than 19 per cent 
and not more than 21 per cent of camphor. 

Caution—This preparation is not intended for hypo- 
dermic use. 


Metric Alternative 

Camphor, in coarse powder............. 200 Gm. 2 oz. av. 
MOMONSCOCH OM, ciate ctelers os Lieve odecreiews.cces 800 Gm. 8 02. av. 
BIND BLID EHC Grewal sirel'sioe16 «: 6 e/e sis iets phaleveus's.e-¥.8,¢ 1000 Gm. _ ‘10 oz. av. 


Pour the cottonseed oil into a suitable dry flask or bottle, heat 
it on a water bath, add the camphor, and stopper the container 
securely. Dissolve the camphor by agitation without the further 
application of heat. This liniment should never be made in an 
open dish, as much of the camphor will be volatilized. 
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Assay—Place approximately 5 ec. of Camphor Liniment in a dried 
and tared 120-cc. Erlenmeyer flask, and weigh accurately. Connect 
the flask with a U-shaped drying tube, place the flask and tube in an 
air oven maintained at 110°, and pass a steady stream of carbon di- 
oxide through the U-tube into the flask for 2 hours. The orifice of the 
gas delivery tube should be about 15 mm. above the surface of the 
Liniment. Remove the flask from the oven, blow out the remaining 
carbon dioxide with dry air, cool the flask in a desiccator, and weigh. 
The loss in weight is not less than 19 per cent and not more than 21 
per cent of the weight of Camphor Liniment taken for the assay. 
Storage—Keep Camphor Liniment in tight containers. 


Uses—A mild counterirritant for inflamed joints, 
sprains, rheumatism, and in other inflammatory condi- 
tions, such as colds in throat and chest, in infants and 
children. 

Although the synonym “camphorated oil” is often 
applied to this liniment, this term is also frequently used 
by physicians to indicate a sterile, 10 per cent solution 
of camphor in olive or other fixed oil. See Camphor 
Am*puls above, which are used hypodermically as a 
stimulant. The two products must not be confused. 


Camphor Ointment N. F. Unguentum Camphore 
{Ung. Camph.—Sp. Ungtiento de Alcanfor] 


Camphor Ointment contains not less than 20.0 per 
cent and not more than 24.0 per cent of camphor. 


Metric Alternative 
Camphor, in coarse powder......... 220 Gm 385 gr. 
White Wax ne actu main ettpaetetes 220 Gm 385 gr. 
Lard): 5. nila talcses eck tee hee 560 Gm. 2 oz. av. 105 gr. 
LO. MAKO ae Soe cet tants eee 1000 Gm 4 oz. av. 


Melt the white wax and lard on a water bath; then dissolve 
the camphor in the melted mixture without further heating, and 
stir the Ointment until it is cold. 


Assay—Place approximately 5 Gm. of Camphor Ointment in a 100-ce. 
weighing bottle, accurately weigh, and fit with a 2-hole rubber stop- 
per. Through 1 hole pass an aeration tube leading to within 15 mm. 
to 20 mm. of the bottom of the weighing bottle. Through the other 
hole pass a glass tube, of the same diameter as that of the aeration 
tube, which will extend about 1 cm. above and below the stopper. 
Connect the aeration tube with a cylinder of air-free carbon dioxide. 
Place the weighing bottle and Ointment thus prepared in an air oven 
at 100° and pass a steady stream of carbon dioxide through the appa- 
ratus for 2 hours or until no further loss of weight is detectable. Re- 
move the apparatus from the oven, blow out the remaining carbon 
dioxide with dry air, cool the weighing bottle in a desiccator, and 
weigh. The loss in weight represents the weight of the camphor. 
Storage—Preserve Camphor Ointment in tight containers, and avoid 
prolonged exposure to temperatures above 30°. 


Uses—An anodyne and counterirritant. 


Camphor Spirit N. F. Spiritus Camphorze 


[Sp. Camph.—Tincture Camphore, Camphor Tincture, Sp. Espfritu 
de Alcanfor] 


Camphor Spirit is an alcohol solution containing, in 
each 100 cc., not less than 9.0 Gm. and not more than 
10.2 Gm. of C10Hi.0, at 2k 


Metric Alternative * 
Camphoriy ery Woratesete are aie. Seetnts sates 100 Gm. 3 oz. av. 148 gr. 
Alcohol, a sufficient quantity, 
Lo: mako sinc ayetercateis se wYoust eres wre 1000 cc. 2 pints 


Dissolve the camphor in about 800 cc. (2514 fl. oz.) of alcohol 
and then add enough additional alcohol to make the product 
measure 1000 cc. (2 pints). Filter if necessary. 


Description and Properties—The specific gravity is between 0.824 and 
0.826 at 25°. 

Tests for Purity—Camphor Spirit is required to meet a specific test 
for Added water. its 
Assay—The Spirit is assayed for its content of camphor by precipitat- 
ing the ketone as the 2,4-dinitrophenylhydrazine, collecting the pre- 
cipitate in a tared filtering crucible, washing, drying, and weighing. 
Each Gm. of camphor dinitrophenylhydrazone is equivalent to 458.0 
mg. of Ci19H1.¢0. 

Alcohol Content—From 80 to 87 per cent, by volume, of CeH50H. 
Storage—Keep the Spirit in tight containers. 
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Uses—A sedative in hysteria and other forms of 
nervous excitement, and as an antispasmodic in diar- 
rhea. It is applied locally to relieve headache and to 
allay the itching caused by insect stings. 

Average Dose—I cc. (approximately 15 minims). 


Camphor Water U.S. P. Aqua Camphore 
[Aq. Camph.—Sp. Agua de Alcanfor] 


Camphor Water is a saturated solution of Camphor in 
distilled water, prepared by solution of the Camphor as 
described under Waters (page 225). 

Uses—A carminative internally and an anesthetic 
and antiseptic in eye lotions. 


Monobromated Camphor N. F.. Camphora 
“= Monobromata 


{Camph. Monobrom.—Camphor Bromate, Bromocamphor, Sp. 
Alcanfor Monobromado] 
CHg 
HC C= = CO 
C(CHs)a 
HeC C- CHBr 
Cy0H;5,0Br H Mol. wt. 231.14 


Preparation—This compound of Camphor may be 
made by adding, gradually, 4 ounces of bromine to a 
retort in which 13 ounces of Camphor have been previ- 
ously placed. In 15 or 20 minutes a brisk reaction will 
commence. When this subsides, 8 or 9 ounces more of 
bromine are to be poured in, in 4 portions, waiting after 
each addition until the reaction ceases. The liquid in 
the retort is now heated to about 132°, then cooled, and 
sufficient petroleum benzin added to dissolve the crystal- 
line mass. The crystals which are formed on cooling 
may be purified by recrystallization from petroleum 
benzin or hot alcohol. 

Description and Properties—Monobromated Camphor occurs as 
colorless, prismatic needles or scales, or as a powder with a mild, but 
characteristic, camphoraceous odor and taste. It is permanent in the 


air, but is decomposed by prolonged exposure to sunlight. One Gm. 
of Monobromated Camphor is soluble in about 6.5 cc. of alcohol, in 


about 0.5 cc. of chloroform, and in about 1.6 cc. of ether, at 25°. It 
is almost insoluble in water. Monobromated Camphor melts between 
74° and 76°. 


Tests for Purity—Monobromated Camphor is required to meet spe- 
cific tests for Identification, for freedom from Bromide ions, and for 
limit of Residue on Ignition. 

Storage—Preserve Monobromated Camphor in well-closed, 
resistant containers. 


light- 


~ Uses—Monobromated Camphor is administered as a 
nerve sedative, especially in neuralgic headaches. 
Average Dose—0.125 Gm. (approximately 2 grains). 


Unofficial Camphor Preparations 


Gamphorated Menthol N. F. VII (Menthol Camphoratum)—Reduce 
50 Gm. of camphor and 50 Gm. of menthol to a powder; mix them, 
and warm the mixture gently on a water bath until solution is ef- 
fected. In this preparation a eutectic mixture is produced having 
a melting point lower than that of its constituents. This phenome- 
non of two solids uniting to produce a liquid is not uncommon 
among organic substances, especially the steroptenes. Uses: A 
rubefacient liniment. Note: the mixture becomes turbid when 
chilled, but upon warming becomes clear again. 
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Camphor Cream—Dissolve 120 gr. of dry and grated castile soap and 
120 gr. of ammonium carbonate (translucent) in 10 fl. oz. of hot 
water and pour into a pint bottle. Dissolve 120 gr. of powdered 
camphor in 1 fl. dr. of thyme oil and 2 fl. oz. of turpentine oil 
(mixed), add to the soap solution, shaking the mixture. Add suffi- 
cient water to make 1 pint. 


Unofficial Ketones 


Acetophenone, phenylmethylketone, hypnone [CgH;COCH3]—A 
colorless liquid above 20°. Boils at 202°. Slightly soluble in 
water, freely soluble in alcohol, chloroform, ether, fatty oils, and in 
glycerin. Uses: formerly as a hypnotic; largely employed in per- 
fumery to impart an orange blossom-like odor. 

Carvone, carvol [C19H,40]—A constituent of caraway and dill oils. 
A eolorless liquid. Specific gravity 0.960294. Boils at 227°. 
Specific rotation +62°. Insoluble in water; miscible with alcohol. 

Cyclohexanone, ketohexamethylene, pimelin ketone [CgH190O}— 
Obtained by the oxidation of cyclohexanol. Colorless, oily Hquid; 
peppermint odor. Specific gravity 0.948: Solidifies at —45°. 
Boils at 155°. Soluble in water, alcohol and ether. 

Ionone [Cy3H2 00]—The odoriferous principle of violets and orris 
root. The commercial product is a mixture of the « and @ isomers. 
Colorless liquid of specific gravity 0.935294. Boils at 140° 8mm. 
Usually marketed in alcohol solution for use in perfumes. 

Menthone [C;9H1g0]—Occurs in several volatile oils such as penny- 
royal and geranium oils, but most notably in peppermint oil. It 
can also be made by oxidation of menthol. A colorless liquid: 
Specific gravity 0.895. Boils at 207° and solidifies at about —6°. 
Slightly soluble in water; soluble in alcohol and many other organic 
solvents. 

Methylethylketone [C2H50CHg3|]—Colorless liquid of acetone-like 
odor; inflammable. Specific gravity 0.805 294. Boils at 79.5°. Sol- 
uble in about 4 parts of water, less soluble in water of higher tem- 
perature; miscible with alcohol, ether, and benzene. Uses; Asoal- 
vent in the production of colorless synthetic resins. 

Pulegone [Ci9H 1¢0]—The characteristic ketone of pennyroyal oil. 
Colorless liquid of specific gravity 0.932 at 20°, boils at 224°. In- 
soluble in water; very soluble in alcohol. 

Rotenone [Cg3H220¢6]—Principal active constituent of derris root, 
cubé, ete. White, odorless crystals. Insoluble in-water; soluble in 
alcohol, acetone, carbon tetrachloride and many other organic 
solvents. Uses: Highly toxic to insects both by contact and through 
stomach, but practically non-toxic to man and animals; also toxie 
to fish (1 part in 20,000,000 kills gold fish in 3 hours). 

Thujone [C19H 1.60] is present in sage, tansy, thuja, and vOLInarage 
oils. Colorless or nearly colorless liquid. Specific gravity 0.915 to 
0.919 at 20°. Boils at 199°-202°. Insoluble in water; soluble in 
aleohol and in many other organic solvents. 


Specialties Containing Ketones 


An-Nu-Tol (Columbus)—Liquid containing camphor, balsam of 
Peru, eucalyptol, menthol, 0.75 per cent phenol, resorcin, and thy- 
mol iodide, in a neutral oil base. Uses: emollient and antiseptic. 

Banalg (Cole)—Liniment containing 2 per cent camphor, 2 per cent 
eucalyptol, 1 per cent menthol, and 5 per cent methyl salicylate, in 
ema ees base. Uses: counterirritant, applied without rub- 

ing. 

Calmitol Liquid (Leeming)—Greenish liquid containing camphorated 
ehloral, camphor, hyoscyamine oleate, and menthol, in an ether- 
alcohol-chloroform vehicle. Uses: local anesthetic and anti- 
pruritic, applied without rubbing. 

Calmitol Ointment—Contains 10 per cent Calmitol Liquid in an 
ointment base. 

Camolus Spray (Wyeth)—Liquid containing camphor, eucalyptol, and 
menthol, in purified mineral oil. Uses: nasal decongestant. 


Dose: 1 or 2 drops in each nostril. 
Camolus Spray with Ephedrine—Contains also 0.5 per cent ephed- 
rine 

Camphella, Modified (Pitman-Moore)—Liquid, each fluidounce 


containing 2 gr. camphor, 14 per cent alcohol, and 1 min. fluid- 
extract belladonna. Uses: sedative expectorant. Dose: 1 to 2 
teaspoonfuls. 

Camphella with Ephedrine—Contains also 2 gr. ephedrine sulfate in 
each fluidounce. 

Cinagill (Massengill)—Ampuls (1 or 2 cc.) containing camphor, 4 per 
cent benzyl alcohol, iodoform in organic combination, menthol, and 
oil of niaoula, in sesame oil. Uses: expectorant. Dose: 1 to 2 
ec., intramuscularly. 

Ronone (Abbott)—Lotion containing 2 per cent rotenone in a muci- 
lage of quince seed, Irish moss, and chloroform. Uses: parasiti- 
cide and scabicide. 

Rotelotion (Rorer)—Lotion containing 2 per cent rotenone in a non- 
oily base.. Uses: parasiticide and scabicide. 

Rotocide Lotion (Blue Line)—Lotion containing 2 per cent rotenone 
dissolved with 6.5 per cent chloroform, in a mucilage of tragacanth 
and quince seed. 


ETHERS 


ANETHOLE N.. F.—See Volatile Oils (page 725). 


ETHER U. S. P. Aéther 
[Ethyl Ether, Diethyl Ether, Sulfuric Ether, Sp. Eter, Eter Etilico] 


Ether contains 96 to 98 per cent of C2H;s.0.C2H5 
(74.12), the remainder consisting of alcohol and water. 


Caution—Ether to be used for anesthesia must be pre- 
served in tight containers of not more than 3 kg. capacety 
and is not to be used for anesthesia if it has been removed 
from the original container longer than 24 hours. Ether 
to be used for anesthesia may, however, be shipped in 
larger containers for repackaging in containers as directed 
above, provided the ether at the time of repackaging meets 
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the requirements of the tests of the U. S. Pharmacopeia. 

History—Valerius Cordus in 1517 described ether or 
a very similar product under the name Olewm Vitriolo 
Dulce. Later it was called Spiritus Vint Atthereius, 
and still later Hther Sulphuricus. 

In 1842 Dr. Crawford Long of Athens, Ga., first 
used ether as a general anesthetic. In 1844 Dr. Horace 
Wells, of Hartford, Conn., used it independently for 
the same purpose and Doctor Jackson of Boston, Mass., 
had also used it earlier. The first hospital operation 
under ether anesthesia was performed in Boston, in 
1846. 

Preparation—Ether is made by acting on alcohol with 
sulfuric acid between the temperatures of 130° and 
137° C., which is known as the etherifying temperature. 
The sulfuric acid is not consumed in the process, but is 
regenerated, so that the making of ether is practically 
continuous. This will be understood when the reactions 
are explained. Ether is the oxide of the monovalent 
ethyl radical, C2H;. Alcohol, as has been already 
stated, is the hydroxide, C.H;OH. 

ee following equation illustrates the production of 
ether: 


Co2H;0H + H.SO4 =. CoHsHSO4 -b H.2O 


alcohol sulfuric ethylsulfuric water 
acid acid 


then 
CoHsHSO, + C2H50H. > (CeH5)20 + H2S04 
ethylsulfuric alcohol ether sulfuric 
acid acid 


A large portion of the Ether produced in the U.S. A. 
is obtained from ethylene. 


Description and Properties—Ether is a transparent, colorless, mobile 
liquid, having a characteristic odor, and a burning, sweetish taste. 
It is highly volatile and inflammable, and its vapor, when mixed with 
air and ignited, may explode violently. It is slowly oxidized by the 
action of air, moisture, and light, with the formation of peroxides. 
The specific gravity of Ether is between 0.713 and 0.716 at 25°, cor- 
responding to a C4H i090 content of 96 to 98 per cent, the lower 
specific gravity of the Ether the higher is the absolute ether content. 
The specific gravity of absolute Ether is 0.7097 at 25°. Ether boils 
at about 35°. It dissolves in about 12 times its volume of water at 
25° C. with slight contraction of volume. It is miscible with alcohol, 
benzene, chloroform, purified benzin, and with fixed and volatile oils. 
Tests for Purity—The U.S. P. includes the following tests and limits: 

Foreign odor—10 cc. of Ether is placed in a clean, dry, evaporating 
dish, and allowed to evaporate spontaneously to a volume of about 
1 cc.: no foreign odor is perceptible. The residue is transferred to 
a piece of clean, odorless absorbent paper: no foreign odor is per- 
ceptible when the last traces of Ether evaporate from the paper. 

Acid—Equivalent to not more than 1.6 ce. of fiftieth-normal so- 
dium hydroxide in 100 ce. of Ether (0.0017 per cent, w/v as acetic acid). 

Residue on evaporation—Not more than 1 mg. from 50 cc. of the 
Ether (about 0.003 per cent). 

Aldehyde—This test is based on the reduction of mercuric com- 

pounds, in the presence of alkali, by aldehydes to finely divided mer- 

cury and is made as follows: To 20 cc. of Ether in a colorless, glass- 
stoppered cylinder, 7 cc. of a mixture of 1 cc. of alkaline mercuric 
potassium iodide T.S. with 17 cc. of a saturated aqueous solution of 
reagent sodium chloride is added, the mixture is shaken vigorously 
for 10 seconds and then set aside for 1 minute; the water layer shows 
no turbidity. 

Peroxide—To 10 cc. of Ether contained ina 25-cc. glass-stoppered 
cylinder 1 cc. of a freshly prepared aqueous solution of potassium 
iodide (1 in 10) is added and the mixture occasionally shaken during 
1 hour, keeping the mixture protected from light. At the end of this 
period no color is present in either liquid when viewed transversely 
against a white background. Peroxides liberate iodine from iodides 
which imparts a yellow color. ’ 

' Storage—Keep Ether in partly filled, tight, light-resistant containers, 
remote from fire. It isrecommended that Ether be kept at a tempera- 
ture not above 25° C. 


Uses— Ether is used principally as an anesthetic, and, 
notwithstanding the many efforts made to supplant it, 
continues to be the most largely used substance em- 

ployed for producing insensibility to pain in surgical 
operations. It is occasionally given by mouth as a 


carminative. It dissolves iodine and bromine freely, and 
_ sulfur and phosphorus sparingly. Its power to dissolve 
corrosive sublimate makes it a useful agent in the 
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manipulations for detecting that poison. It is also a 
solvent of volatile and fixed oils, many resins and bal- 
sams, tannic acid, caoutchouc, and most of the alka- 
loids. 

Official ‘Ether’ to be used for anesthesia is directed 
to be specially packaged to avoid oxidation and the de- 
velopment of aldehydes or peroxides which are believed 
by many to render it unsuited for anesthetic use. (See 
Caution above.) 

While this anesthetic ether may be used as a solvent 
or reagent, the Pharmacopceia includes ‘‘solvent ether’’ 
under the title ethyl oxide, with less rigid tests for alde- 
hydes and peroxides and when required for other than 
anesthesia it should be ordered under the latter title. 

Especial care should be observed in pouring ether 
from one vessel to another in the presence of a flame, as 
the vapor is heavy—two and a half times as heavy as 
air—and it readily ignites with explosive violence, when 
mixed with air. 

Ether as an inhalation anesthetic is the standard 
against which all other anesthetic agents are measured. 
It has the widest field of usefulness, is sufficiently potent 
for the most painful surgical procedures, and is rela- 
tively benign so far as the metabolic processes of the 
body are concerned. Its chief disadvantages are its in- 
flammability and explosibility, and a tendency to cause 
bronchopulmonary irritation. It can be administered 
by the ordinary drip method or by use of a gas machine 
allowing ether to be mixed with oxygen. It can also be 
given rectally in oil to produce anesthesia. 

Ether is also employed as a surface antiseptic and 
cleansing agent. It is sometimes incorporated in rube- 
facient liniments. Finally, ether is occasionally em- 
ployed in expectorant cough mixtures. 


Compound Ether Spirit N. F. Spiritus Attheris 
Compositus 


{Sp. A&th. Comp.—Hoffmann’s Anodyne, Sp. Espiritu de Eter 
Compuesto] 


Metric Alternative 
Ethy le Oxide wee risiccctetrs, ao stis 4 $25 cc. 10 fl. oz. 192‘min-; 
Alcohol Soaps ase onteacies seaecicte 650 cc. 20 fl. oz. 384 min. 
EtherealiOieee aeektess ci eee 25 cc 384 min. 
(Poumakeraboutteuemeryscctscu es sts: 1000 cc 2 pints 
Mix them. 


History—Compound Ether Spirit was based upon a 
secret preparation of Dr. Friedrich Hoffmann of the 
early eighteenth century, called Liquor Anodynus 
Hoffmannit. 

Alcohol Content—From 58 to 63 per cent, by volume, of CopH5O0H. 
Storage—Preserve Compound Ether Spirit in tight containers, pro- 
tected from light. 

Uses—A carminative and stomachic in flatulent 
colic. 

Average Dose—4 cc. (approximately 1 fluidrachm). 


One average metric dose contains about 1.33 cc. of Ethyl Oxide. 


Ether Spirit N. F. Spiritus Autheris 
[Sp. 4ith.—Hoffmann’s Drops, Sp. Espiritu de Eter] 


Metric Alternative 
Eth yl Oxi eparceteeet cts. ssis tec caste besns) oe 325 cc. 10 fl. oz. 192 min. 
Alcohol, a sufficient quantity, 
Shopiad Komeeeaeatr att or: at cisus eh 1000 cc. 2 pints 


Mix the ethyl oxide with a sufficient quantity of the alcohol to 
make the product measure 1000 ce. (2 pints). 


Description and Properties—A transparent, colorless liquid having an 
ethereal odor, and a burning, sweetish taste. The specific gravity of 
the Spirit is between 0.784 and 0.794 at 25°. 
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Tests for Purity—See the N. F. VIII (page 200). 
Alcohol Content—From 60 to 65 per cent, by volume, of CgH50H. 
Storage—Preserve Ether Spirit in tight containers, protected from 


light. - 


Uses—A stomachic and carminative in flatulence. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


One average metric dose contains about 1.33 ec. of Ethyl Oxide. 


ETHYL OXIDE U. S. P. Atthylis Oxidum 
[Aethyl. Oxid.—Solvent Ether, Sp. Oxido de Etilo] 


Ethyl Oxide contains 96 to 98 per cent of CeH>5- 
OCH s (74.12), the remainder consisting of alcohol and 
water. 

Caution—Ethyl Oxide must not be used for anesthesia. 


Description and Properties—Hthyl Oxide agrees in description, prop- 
erties, and tests given under Ether (page 209) with the following excep- 
tions: 

Aldehyde—A 10-ce. portion of Ethyl Oxide is occasionally shaken 
during 2 hours with 1 cc. of potassium hydroxide T.S. in a glass- 
stoppered cylinder protected from light; no color develops in either 
liquid. (This test is not as sensitive as that given under Hther.) 

Peroxides—The test is made as directed under Hither but the time 
for the reaction is only 1 minute—no color should be produced in 
either liquid after shaking for 1 minute. 

Storage—As for Ether. 


Uses—As a reagent or solvent. 


ETHEREAL OIL N. F. Oleum Athereum 
[Ol. ASth.] 


Ethereal Oil is a volatile liquid consisting of equal 
volumes of heavy oil of wine and ether. 


Metric Alternative 
F010) 110) Dn SCA Oe he cin ee ieicomio te CeO e 1000 cc 2 pints 
Sulftrics Acids eres, 5c ancl eee es 1000 cc 2 pints 
Distilled Wiaterssccc baat niece 25 cc 384 min. 


Ether, a sufficient quantity. 


Add 1 volume of sulfuric acid slowly to 1 volume of alcohol, mix 
them thoroughly, and allow the mixture to stand, in a closed flask, 
for 24 hours, or until the liquid is clear; then pour the clear liquid 
into a tubulated retort of such capacity that the mixture nearly 
fills it. Insert a thermometer through the tubulure, so that the 
bulb shall be deeply immersed in the liquid, and, having connected 
the retort with a well-cooled condenser and also having connected 
a bent-glass tube with the receiver for conducting the uncondensed 
gases into water, distil, by means of a sand bath, at a temperature 
between 150° and 160°, until oily drops cease to come over, or 
until a black froth, which forms on the surface, rises in the retort. 
Separate the yellow, ethereal liquid from the remainder of the 
distillate, and expose it to the air for 24 hours, in a shallow dish. 
Then transfer it to a moistened filter, and, when the aqueous por- 
tion has drained off, wash the oil which is left on the filter with 
distilled water, which must be as cold as possible. When this 
also has drained off, transfer the oil to a graduated measure and 
add to it an equal volume of ether. 


If alcohol is distilled with a large excess of sulfuric 
acid, there are formed toward the close of the distillation 
heavy wine oil, sulfurous acid, olefiant gas, and empy- 
reumatic products. The product of the distillation is 
generally in two layers, one consisting of water holding 
sulfurous acid in solution, and the other of ether con- 
taining the heavy wine oil. After separation, the latter 
liquid is exposed for 24 hours to the air, in order to dis- 
sipate the ether by evaporation, and the oil which is 
left is washed with water to deprive it of all traces of 
sulfurous acid. 

In the early stage of the distillation of a mixture of 
sulfuric acid and alcohol, ethylsulfuric acid [C2H sHSO.4] 
is formed. During its progress, this is decomposed so 
as to yield ether. When, however, the alcohol is dis- 
tilled with a large excess of sulfuric acid, the ethyl- 
sulfuric acid is decomposed so as to form a small quan- 
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tity of the heavy wine oil. This is a mixture of ethyl 
sulfate [(C2H5)250.4], ethyl sulfite [(C2H 5) SOs] (the sul- 
furous acid having been formed by reduction of sulfuric 
acid), and polymeric forms of ethylene. 

Description and Properties—A transparent, nearly colorless, partly 
volatile liquid (ether). It has an aromatic, ether odor, and a pun- 
gent, refreshing, bitter taste. Its specific gravity is about 0.9 at 25°, 
and it should be neutral to dry litmus paper. 

Tests for Purity—The expensiveness of Ethereal Oil has been the 
cause of occasional substitution in former years. Substitution can 
usually be detected by adding the Ethereal Oil to water. It usually 
mixes without causing milkiness. The official compound ether spirit 
produces a slight opalescence when 40 drops are added to a pint of 
water, and the peculiar odor of Ethereal Oil is distinctly noticed; but 
castor oil is sometimes added by dishonest manufacturers to circum- 
vent this test. This fraud may be detected by mixing equal parts of 
the suspected liquid and water, and collecting the oil which separates 
on a piece of filtering paper and exposing it to heat. A permanent 
greasy stain indicates a fixed oil, while an Ethereal Oil stain disap- 
pears on heating. 

Storage—Keep Ethereal Oil in tight containers. 


Uses—Ethereal Oil is used solely as an ingredient in 
compound ether spirit. This oil differs from Ether - 
U.S. P. in containing variable proportions of light and 
heavy wine oil, ether, and alcohol. It is obtained as a 
by-product in the manufacture of ether. 

During the rectification of crude ether, the distilla- 
tion is continued as long as ether of the proper specific 
gravity comes over, after which the receiver is changed 
and an additional distillate is obtained, consisting of 
ether and alcohol mixed with a little Ethereal Oil. It is 
this second distillate, variously modified by the addi- 
tion of alcohol, ether, or water, so as to make it con- 
form in taste, smell opalescence, etc., to a standard 
preparation kept by the manufacturer, that is sold as 
Hoffmann’s Anodyne. 


VINYL ETHER U.S. P.  4&ther Vinylicus 
[Divinyl Ether, Divinyl Oxide, Vinethine, Sp. Eter Vinilico] 
CH2=—CHOCH=CHe 


Vinyl Ether for anesthesia consists of about 96 per 
cent of (CH2:CH).2O (70.09) and about 4 per cent of 
dehydrated alcohol. It may also contain 0.025 per cent 
of a harmless preservative. 

Caution—Vinyl Ether to be used for anesthesia must be 
preserved in tight containers of not more than 200 ce. 
capacity and is not to be used if the original container has 
been opened longer than 48 hours. 

Preparation—This olefin ether corresponds to its 
paraffin analogue, ethyl ether (Hither U.S. P.). It is 
made from £,6’-dichloroethyl ether by removing 2 moles 
of HCl. This is accomplished by heating it with a large 
excess of potassium hydroxide when the following reac- 
tion takes place: 


CICH,CHe.O.CHeCH2Cl + 2KOH — 
dichloroethy] ether potassium 
hydroxide 
CHz:CH.O.CH:CHz + 2KCl + 2H20 
vinyl ether potassium water 
chloride 


Because of its unsaturation this ether is prone to de- 
compose by oxidation and to polymerize into a solid 
gel-like substance, especially in the presence of traces 
of acid, but in the presence of a small amount of pre- 
servative (antioxidant) and alcohol it is stable for 2 
years or longer in the unopened container. 

The synthesis of Vinyl Ether was reported in the 
literature several decades ago, but its application as an 
anesthetic and its production on a manufacturing scale 
of a quality suitable for anesthesia were developed in 
the thirties of this century. } 
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Description and Properties—A clear liquid of a characteristic odor. 
It is colorless or has a slight purple fluorescence from the preservative. 
It has a specific gravity of 0.767 to 0.771, and distils between 28° and 
31°. Vinyl] Ether is only slightly soluble in water, but is miscible with 
alcohol, acetone, chloroform, and ether. 


Tests for Purity—The U.S. P. includes the following tests and limits: 


Non-volatile matiter—Not more than 2 mg. from 10 cc. (this non- 
volatile matter consists chiefly of the preservative). 

Acid or alkali—An aqueous extract is neutral to litmus paper. 

Foreign odor—This is tested for as under Ether (page 518). 

Aldehyde (a decomposition product of the Ether)—This impurity 
is tested for by adding to 5 cc. of the Ether, contained in a 10-ce. glass- 
stoppered cylinder (to minimize contact with air), 1 cc. of a solution 
of phloroglucinol (made by dissolving 20 mg. in 4 cc. of 10 per cent 
sodium hydroxide and 46 cc. of water), and after shaking and allow- 
ing separation, the lower (aqueous) layer should have no more color 
than a blank made with 5 cc. of benzene. If aldehyde is present the 
aqueous layer is colored. (Because of the unsaturated reducing char- 
acter of this Ether, alkaline mercuric potassium iodide reagent cannot 
be “ in the test for aldehyde as the Ether itself affects this re- 
agent. 

Chlorine (derived from the dichlorodiethy] ether used in the manu- 
facture of Vinyl Ether) is tested for by the Beilstein test substantially 
as described for chlorinated compounds under Benzaldehyde; the 
flame should show no trace of green color. 

Storage—Keep Vinyl Ether in tight containers of not more than 200 
cc. capacity. 


Uses—Vinyl Ether is employed as a general inhala- 
tion anesthetic, in a manner similar to ethyl ether. It 
is more potent than ether and is more rapid in its action. 
The recovery period is likewise shorter. Vinyl Ether is 
administered by the open drop method (by the use of 
a face mask or a few thicknesses of fluffed gauze), or by 
the closed method with oxygen in a gas machine. When 
anesthesia over one-half hour’s duration is needed 
Vinyl Ether should be given with oxygen by the closed 
technique. It should not be employed longer than 1 
hour, and should not be used repeatedly in the same 
patient due to the danger of cumulative hepatic damage. 
Vinyl Ether finds its main usefulness for short surgical 


procedures, changing of painful dressings, extraction of 


teeth, setting of fractures, etc. Its disadvantages are 
that a trained anesthetist is required for its proper and 
safe use, and that there is possibility of hepatic damage. 
Atropine must be employed with this Ether because the 
latter causes salivation. Finally, this Ether is highly 
volatile and cannot be employed in the tropics. 


Unofficial Ethers 


8,6’-Dichlorodiethyl Ether [ClCH2gCH20CH2CHe2Cl]—Formerly 
this ether was obtained as a by-product in the manufacture of gly- 
col. Its excellent solvent and other desirable properties have cre- 
ated such a demand for it that it is now manufactured on its own 
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merit. This ether is a colorless liquid, with a pungent odor. 
Specific gravity about 1.22. Boils at about 178°. Insoluble in 
water, but soluble in most organic solvents. Dissolves fats, greases, 
etc. Uses: in purification of oils and in scouring of textiles. 

Isopropyl Ether [(CHs)2CHOCH(CH3)2]—A colorless liquid of 
ether-like odor. Specific gravity about 0.72. Boils at 68°-69°. 
Slightly soluble in water; miscible with alcohol, ether, and many 
other organic solvents. 


The Glycol Ethers 


The development of the economic production of glycols in this 
country, made possible by the availability of enormous quantities 
of unsaturated hydrocarbons from the ‘“‘cracking’’ of petroleum, 
has given rise to the synthesis of a number of products based on the 
glycols. Among them, the various alcohol-ethers are playing an 
important role, because of their unique characteristics. One of the 
most outstanding properties of most of these alcohol-ethers is their 
miscibility with water, as well as with organic solvents, including 
mineral oils. This mutual solvent property renders these com- 
pounds especially useful for the incorporation of organic liquids in 
aqueous solvents. They are largely employed as solvents for lac- 
quers, dyes, and resins in dry-cleaning soaps, and in the manufac- 
ture of soluble oil and of unbreakable (laminated) glass. 


_Butyl Carbitol, Diethylene Glycol Monobutyl Ether [HOCH 2CHo- 


‘OCH2CH20C4H9]—A colorless, 
Spesihe gravity 0.955 at 20°. Boils at 231°. Miscible with water, 
oils, etc. 

Carbitol, Diethylene Glycol Monoethyl Ether [HOCH2CH20- 
CH eCH20C2H5]—A colorless, slightly hygroscopic liquid with a 
mild, pleasant odor. Specific gravity 0.990 at 20°. Boils at 202°. 
It is miscible with water and most of the usual organic liquids. 

Cellosolve, Ethylene Glycol Monoethyl Ether [HOCH 2CH 20CeH 5] 
—A colorless, practically odorless liquid. Specific gravity 0.931 


practically odorless liquid. 


at 20°. Boils at 135°. Miscible with water and most of the usual 
organic liquids. 
Diethyl Carbitol, Diethylene Glycol Diethyl Ether [(C2H50- 


CH2CHe)20]—A colorless liquid. Specific gravity about 0.905. 
Boils at 188°. Very soluble in water and in organic solvents. 


EY] 

Dioxane, Diethylene Dioxide [CH2:CH 2—O—CH 2CH20]—A color- 
less liquid of ethereal odor. Specific gravity about 1.03. Boils be- 
tween 101° and 103° and congeals between 9° and 11°. Miscible 
with water and many organic liquids. 


Ethylene Oxide [CH2—CH2]—A colorless liquid below 12°. Spe- 
cific gravity 0.882 at 10°. Soluble in water, alcohol, and ether. 
Used by itself or as a mixture with 7 parts of carbon dioxide to 
fumigate foodstuffs and textiles. 

Methyl Carbitol, Diethylene Glycol Monomethyl Ether [CH 30- 
CH2eCH2z0CH2sCH20OH|]—A colorless, nearly odorless liquid. 
Specific gravity about 1.02 at 20°. Boils at 194°. Mliscible with 
water and the usual organic solvents. 

Methyl Cellosolve, Ethylene Glycol Monomethyl Ether [HO- 
CHsCH20CH3]—A colorless liquid. Specific gravity 0.966 at 
20°. Boils at 125°. Miscible with water and the usual organic 
solvents. 


Specialties Containing Ethers 


Resyl (Ciba)—Syrup, each fluidrachm containing 1% gr. guaiacol- 
glycerol ether. Uses: expectorant. Dose: 1 to 2 teaspoonfuls. 
Vinethene N. N. R. (Merck)—Vinyl Ether U.S. P. 


CHAPTER LXIII 


ORGANIC ACIDS, ESTERS, AND SALTS 


THE ORGANIC ACIDS are widely distributed in nature 
both in the free form and combined as esters and salts. 
Organic acids are found combined in resins, carbohy- 
drate derivatives, proteins, etc., and also as salts of alka- 
loids and other principles in plants. In the animal 
body they are found in combination in nerve tissue, 
in mucous linings, in hormones, in muscle, in cartilage, 
in the blood and other tissues, in the capsules of invad- 
ing organisms, etc. The glycerol esters of the fatty 
acids (glycerides) are discussed in the Chapter on ‘“‘Fixed 
Oils, Fats and Waxes.” 

All organic acids are characterized by the type 
formula RCOOH, where R is an aliphatic, alicyclic 
or aromatic group. The COOH group (often printed 
CO2H) is called the carboxyl group (from carbonyl and 
hydroxyl) and it confers acidic properties on the mole- 
cule since the H atom is more or less ionized in solution 
and is replaced in the presence of bases to form salts. 
The entire OH group can also be replaced. When a 
halogen atom is substituted for the OH group an acyl 
halide is formed, and when the OH group of organic 
acids and an H atom bound to the nitrogen of ammonia 
or an amine are removed as water a condensation occurs 
resulting in the formation of amides (page 484). A 
similar condensation with the H atom of the OH group 
of alcohols results in esterification or the formation of 
esters. When the elements of water are removed from 
two carboxyl groups an acid anhydride (page 567) is 
formed. These reactions are illustrated below: 


RCOOH + NaOH — RCOONa + H:20 
(2) Esterification: RCOOH + Co2H;5,0H => RCOOC2Hs5 + H,0 
(8) Acid anhydride formation: 2RCOOH — (RCO)20 + H2O 
(4) Acyl halide formation: RCOOH + PCls —~ RCOCI] + 


(1) Salt formation: 


HE] --sPOCIs, 


(6) Acid amide formation: RCOOH + NH3 ~ RCONHe + H2O 


The commonly encountered organic acids derive their 
names from their original source. Thus formic acid 
dates from its distillation from ants (formica), butyric 
acid in the form of the glyceryl ester is a normal con- 
stituent of butter, and lactic acid is found in sour milk 
(lac). Others are named according to their structural 
characteristics, as glycolic acid [HOCH2COOH] and tri- 
methylacetic acid [(CHs)sCCOOH]. 

In this chapter the organic acids are arranged alpha- 
betically and under each acid are found the salts and 
esters formed from that acid. Following the acids a 
section on TJ'annic Acid and Tannins is presented, and 
finally a section on Acid Anhydrides. 


ACETIC ACID AND ITS DERIVATIVES 


In the following discussion the term ‘‘acetic acid” 
refers to the chemical CHgsCOOH and not to any par- 
ticular concentration or quality. 

Preparation—Acetic acid is now obtainable by several 
processes among which the following are in commercial 
practice. 

Destructive distillation of wood—The calcium acetate, 
resulting from the neutralization of the crude wood dis- 
tillate called pyroligneous acid with milk of lime, is 
heated with sulfuric acid whereby acetic acid is liber- 
ated according to the equation: 


(CHgCOO)2Ca + HeSO4, —~ CaSO, + 2CHsCOOH 
calcium acetate sulfuric acid caleium acetic acid 
sulfate 

The temperature used for distilling wood may be 
much less than that necessary to produce charcoal. 
The advantages of this process are that the production 
of the empyreumatic substances, which constitute the 
most objectionable impurities in the commercial acid, 
is largely curtailed, the process being at the same time 
more economical, as the residue of slightly darkened 
wood is more valuable than the completely charred 
carbon left by the ordinary process. 

Owing, however, to competition from the synthetic ° 
acid (see below), processes have been developed for the 
direct extraction of the acetic acid from the wood dis- 
tillate by means of solvents such as isopropyl ether 
(Brewster method) or a high-boiling wood-oil fraction 
(Suida process). 

Acetic acid is also made by distilling vinegar, a liquid 
made by the oxidation of dilute alcoholic liquids, such 
as cider, wine, etc. It is also made by mixing alcohol 
with water in the proportion of 8 parts of the former to 
92 parts of the latter, and then pouring it upon beech 
wood shavings which have been impregnated with cul- 
tures of Mycoderma aceti. As the alcoholic liquid 
trickles through, it is oxidized by the action of the air, 
through the agency of the microorganisms. Aldehyde 
is an intermediate product. This ‘‘quick vinegar’ 
process is also orp es for the acetification of “hard 
cider.” 

2CHsCH2OH + O2 > 2CHsCHO + 2H20 
alcohol oxygen aldhy de water 
2CH3CHO + O2 ~ 2CH3COOH 
aldehyde oxygen acetic acid 

The synthetic process, developed during the first world 
war utilizes acetylene as the basic material. The 
greater part of the glacial acetic acid now marketed is 
obtained from this process. See Glacial Acetic Acid. 
The acetylene is passed into diluted sulfuric acid con- 
taining mercuric oxide which catalyzes the union of 
acetylene with water to yield acetaldehyde, thus: 

CH=CH + H,O > CHsCHO 
acetylene water acetaldehyde 
The aldehyde is distilled into another vessel and by 
blowing air through it in the presence of an oxidation 
catalyst, such as a manganese salt, it is oxidized to 
acetic acid: 
CHsCHO + 02. — CH,COOH 


acetaldehyde oxygen acetic acid 


Various strengths of “acetic acid are found in com- 
merce—the official acid. (86 to 37 per cent), which has 
the sp. gr. 1.045 at 25° stronger acids of 60 or 80 
per cent strength, and also the No. 8 acid, as it is called 
(28 per cent), which is still used; the latter has the sp. 
gr. 1.038 at 25° and is weaker than the official acid. 
It is termed ‘‘No. 8” because it was formerly used in the 
proportion of 1 part in 8 to make the ordinary diluted 
acetic acid, equivalent in strength to distilled vinegar, ° 

Acetates—The metallic or organic salts of acetic acid 
are termed acetates. The metal acetates are soluble in 
water, silver acetate being the least soluble. The normal 
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acetates of aluminum, bismuth, iron, and tin are 
hydrolyzed by water, forming insoluble basic acetates. 
Methyl and ethyl acetates are freely soluble in water; 
the solubility of the other alkyl acetates decreases with 
an increase in the number of carbon atoms of the alkyl 
radical. The boiling point of the organic acetates (acetic 
esters) increases with an increase in the number of car- 
bon atoms. 


IDENTIFICATION 


When acetates are warmed with sulfuric acid the 
odor of acetic acid is evolved. If acetic acid or an ace- 
tate is warmed with moderately dilute sulfuric acid and 
aleohol the characteristic odor of ethyl acetate is 
evolved. The addition of a solution of a ferric salt to 
a neutral solution of an acetate produces a deep red 
color which is destroyed by the addition of mineral 
acids. 

For the identification of the acetate radical in organic 
acetates, the latter are heated with aqueous or alcoholic 
potassium or sodium hydroxide solutions, the organic 
base (alcohol) is removed by filtration, distillation, or 
extraction with an immiscible solvent, and the acetate 
identified by the foregoing reactions. 


ACETIC ACID N. F. Acidum Aceticum 
(Acid. Acet.—Ethanoic Acid, Sp. Acido Acetico] 


Acetic acid is an aqueous solution containing not less 
than 36 per cent and not more than 37 per cent of 
CH;COOH (60.05). 

Preparation—This acid is prepared by diluting with 
distilled water an acid of higher concentration, such as 
the 80 per cent product, or more commonly glacial 
acetic acid, using 350 ec. of the latter for each 1000 cc. 
of Acetic Acid. 

Description and Properties—A clear, colorless liquid, having a strong 
characteristic odor and a sharply acid taste. Its specific gravity is 
about 1.045 and it congeals at. about —14°C. Acetic acid is miscible 
with water, alcohol, and glycerin. 
Tests for Purity— 
Non-volatile residue—Not more than 0.005 per cent. 
- Chloride; sulfate—Practically none. 
Heavy metals limit—10 parts per million. : 
: Readily oxidizable substances—This test covers empyreumatic sub- 
stances as well as sulfur dioxide, aldehyde, etc. It is made by dilut- 
ing 4 cc. of the acid with 20 cc. of water and adding 0.3 ce. of tenth- 
normal potassium permanganate. The pink color should not be 
changed to brown at once, and the liquid should not become entirely 
brown or free from a pink tint in less than 30 seconds. 
Assay—The acid is assayed alkalimetrically by titration with standard 
alkali. -See Alhalimetric Assays (page 979). One cc. of normal alkali 
is equivalent to 60.05 mg. of CHgCOOH. | 
Storage—Keep Acetic Acid in tight containers. 
Incompatibilities—See Acids (page 1184). 

Uses—Acetic acid is used in pharmacy as a solvent 
and menstruum, and for making the diluted acetic acid. 
- The crude acetic acid called pyroligneous acid is some- 
times put up under the name of “‘liquid smoke’”’ and 
sold for the purpose of preserving meat, fish, etc., which 
are dipped therein and then dried, instead of subjecting 
them to the customary smoking process. This use of 
pyroligneous acid is prohibited by most food laws. 
Acetic acid is also used as a starting point in the manu- 
_ facture of many other organic compounds, é. g., acetate, 
acetanilid, sulfa drugs, ete. It also finds many applica- 
tions in the textile industry. 


Diluted Acetic Acid N. F. Acidum Aceticum Dilutum 
{Acid. Acet. Dil.—Sp. Acido Acetico Diluido] 


Diluted Acetic Acid is an aqueous solution contain- 
ing, in each 100 cc., not less than 5.7 Gm. and not more 
than 6.3 Gm. of CH;COOH (60.05). 
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Diluted Acetic Acid may be prepared as follows: 


Metric Alternative 
Acetic PACU itera in cheitic auc contain ee 158 cc. 5 fl.oz. 27 min. 
Distilled Water, a sufficient quantity, 
ADs smear tes o arvicisy ey Gralla fc whhar Rote 1000 cc. 2 pints 


Mix the ingredients. 


Note—This acid can also be prepared by diluting 58 
cc. of glacial acetic acid with sufficient water to make 
1000 ce. 


Description and Properties—Diluted Acetic Acid has essentially the 
same properties as acetic acid, but its specific gravity is about 1.008 
and it congeals at about —2°. 

Tests for Purity—This acid conforms to the Tests for Purity under 
Acetic Acid, allowance being made for the difference in strength. 
Assay—It is assayed alkalimetrically. See Alkalimetric Assays 
(page 979). 

Storage—Keep Diluted Acetic Acid in tight containers. 


Uses—Acetic acid is bactericidal to many types of 
microorganisms and is occasionally used in 1 per cent 
solution for surgical dressings of the skin. A 1 per cent 
solution is also actively spermatocidal. 

Diluted Acetic Acid is superior to vinegar as a men- 
struum, and is used officially because of its greater 
purity, more uniform strength, and freedom from color. 

Average Dose—2 cc. (approximately 30 minims). 


Glacial Acetic Acid U.S. P. Acidum Aceticum Glaciale 
{Acid. Acet. Glac.—Sp, Acido Acético Glacial] 


Glacial Acetic Acid contains not less than 99.4 per 
eent of CHsCOOH (60.05). 

Preparation—This acid is termed “‘glacial”’ because of 
its solid glassy appearance when congealed. In one 
process it is produced by distillation of weaker acids to 
which has been added a water-entraining substance such 
as ethylene dichloride. In this method, referred to as 
“azeotropic distillation,’ the ethylene dichloride distils 
out with the water before the acetic acid distils over, 
thereby effecting concentration of the latter. The 
process is based upon the theory that two immiscible 
liquids, in this case ethylene dichloride and water, to- 
gether reach a vapor pressure which exceeds the atmos- 
pheric pressure at a lower temperature than that at 
which acetic acid distils. In effect it is a type of steam 
distillation. 

In another process aqueous acetic acid is mixed with 
triethanolamine and heated. The acetic acid combines 
with the triethanolamine to form a triethanolamine 
acetate. The water is driven off first; then, at a higher 
temperature, the triethanolamine compound is broken 
up to yield Glacial Acetic Acid. 

A greater part of the Glacial Acetic Acid now avail- 
able is made synthetically from acetylene (page 498). 
When acetylene is passed into acetic acid containing a 
metallic catalyst such as mercuric oxide, ethylidene 
diacetate is produced which yields, upon heating, acetic 
anhydride and acetaldehyde. ‘The latter is then oxidized 
by the oxygen in air to form acetic acid. The reactions 
are as follows: 


CeHe + 2CHsCOOH — CHsCH(OCOCHs)2 


acetylene acetic acid ethylidene diacetate 


CHsCH(OCOCHs)2 + heat — (CHsCO)20 + CHsCHO 
ethylidene diacetate acetic anhydride acetaldehyde 


2CHsCHO + O2 — 2CHsCOOH 


acetaldehyde oxygen acetic acid 


The acetic anhydride obtained in the above reaction 
may be converted into two molecules of acetic acid by 
hydration with water. 
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The specific gravity of Glacial Acetic Acid (100 per 
cent) is 1.0471 at 25° C. and the specific gravity of 39 
per cent acetic acid is nearly the same, 1.0474, while 79, 
80, 77, and 76 per cent acids have exactly the same den- 
sity. It will thus be seen that specific gravity cannot 
be relied upon as a criterion for strength. The glacial 
acid may, however, be distinguished from the 39 per 
cent acid by the freezing temperature. The percentage 
of acetic acid, especially in concentrations of 96 per 
cent and over, is also most conveniently determined 
from its freezing (congealing) temperature as given in 
the table at the end of this monograph. 

Description and Properties—A clear, colorless, corrosive liquid with 
a strong characteristic.odor. Its specific gravity is about 1.047 at 
25°. It boils at 118° and congeals at a temperature not lower than 
15.6°, corresponding to a minimum of 99.4 per cent of CHgCOOH. 
It responds to the identification reactions for acetates. It is miscible 
with water, alcohol, acetone, ether, and glycerin. It is insoluble in 
earbon tetrachloride and in chloroform. 

Tests for Purity— 

Non-volatile residue—Not more than 0.005 per cent. 

Chloride; sulfate—Practically none. 

Heavy metals-limit—10 parts per million. 

Readily oxidizable substances—A mixture of 2 cc. of glacial acetic 
acid and 10 cc. water does not entirely decolorize 0.1 cc. of tenth- 
normal potassium permanganate in two hours. 

Assay—The acid is assayed alkalimetrically by titration with stand- 
ard alkali. See Alkalimetric Assays (page 979). One cc. of normal 


alkali corresponds to 60.05 mg. of CHsCOOH. 
Storage—Keep this acid in tight containers. 


Uses—Glacial Acetic Acid is an excellent solvent for 
fixed and volatile oils as well as for many other organic 
compounds. It also dissolves phosphorus, sulfur, and 
halogen acids. Medicinally, it is a caustic and vesicant 
when applied externally and is often sold under various 
disguises as a corn solvent. It is used industrially in 
the manufacture of acetates, acetanilid, acetopheneti- 
din, and other acetyl compounds; also in the blending 
of textiles and the dyeing of silk. 


CONGEALING TEMPERATURES OF VARIOUS 
CONCENTRATIONS OF ACETIC ACID 


% Acetic Congealing % Acetic Congealing 
ci Temperature Acid Temperature 
(CHgCOOH) (in degrees C.) | (CHsCOOH) (in degrees C.) 
100.00 +16.75 97.00 11.81 
99.90 16.57 96.80 11.48 
99.80 16.28 96.60 Wa U6} 
99.70 16.05 96.40 10.83 
99.60 15.84 96 .20 10.50 
99.50 15.65 96.00 10.17 
99.40 15.47 93.50 8.15 
99.30 15.29 90.34 Bella 
99.20 12 85.60 —2.01 
99.10 14.96 80.50 —7.80 
99.00 14.80 76.30 —11.20 
98.80 14.49 70.50 —16.70 
98.60 14.17 62.50 — 24.60 
98.40 13.86 50.20 —20.40 
98.20 13.55 40.40 —15.60 
98.00 13.25 31.40 —12.10 
97.80 12.96 19.70 —6.80 
97.60 12.66 10.52 —3.20 
97.40 12°37 6.10 —1.90 
97.20 12.09 2.52 —0.80 


Aluminum Acetate Solution N. 
Acetatis 


[Liq. Alumin. Acet.—Liquor Burowii, Burow’s Solution, Sp. Solucién 
de Acetato de Aluminio] 


F. Liquor Alumini 


Each 100 cc. of Aluminum Acetate Solution yields 
not less than 1.2 Gm. and not more than 1.45 Gm. of 
aluminum oxide [Al,03], and not less than 4.24 Gm. 
and not more than 5.11 Gm. of acetic acid’ [CHsCOOH]. 
The average of the aluminum oxide content corresponds 

1 The requirement for the amount of acetic acid was introduced in 
N. F. VII to differentiate between this solution and Aluminum Subacetate 


Solution. In the latter solution the ratio of aluminum oxide to acetic acid 
is 1:2.35 whereas in Aluminum Acetate Solution the ratio is 1:3.52. 
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to 5.3 Gm. of aluminum acetate [((CHsCOO) Al] in 100 
cc. of the solution. 

Caution—This Solution should not be confused with 
Liquor Alumini Acetatis N. F. III which is a stronger 
preparation, now recognized under the name of Aluminum 
Subacetate Solution. 


Metric Alternative 
Lead ‘Acetate 24..68 occ ee bee 150 Gm. 5 oz. ay. fe} eqn 
JATIN SMEUO. Sososeacdanosone 87 Gm. 202. av. 395 gr. 
Water, a sufficient quantity, 
‘Loma kert cata eicee ere ere 1000 cc. 2 pints 


Dissolve each salt separately in 525 cc. (16 fl. oz. 384 min.) of 
water, and mix the cold solutions by pouring the lead acetate 
solution in a thin stream, with constant stirring, into the alumi- 
num sulfate solution. Set the mixture aside in a cold place 
(about 10°) for 24 hours. Siphon off 1000 ce. (2 pints) of the 
clear liquid; or, if necessary, transfer the magma to a filter and 
add sufficient water through the magma to make the product 
measure 1000 ce. (2 pints). 


Note—The solution may be stabilized by the addition 
of not more than 0.6 per cent of boric acid. 

Aluminum Acetate Solution may also be prepared a 
follows: 


Metric Alternative . 
Aluminum Subacetate Solution...... 545 cc. 17 fl. oz. 211 min 
GlacialvAcetic Acide iauce. sce eet 15 cc. 231 min. 
Water, a sufficient quantity, 
‘Tormake:. Gastar: caer cts terete 1000 cc. 2 pints 


Add the glacial acetic acid to the aluminum subacetate solution 
and sufficient water to make the product measure 1000 cc. (2 
pints). Mix well and filter, if necessary. 


Note—In preparing Aluminum Acetate Solution 
other methods for producing aluminum acetate may be 
used. When other methods are used the finished prod- 
uct must meet the requirements of this. monograph for 
strength, quality, and purity. This solution should be 
dispensed only when clear. : 

History—The name Burow’s Solution is derived from 
Dr. August Burow of K6nigsberg who prescribed a 
similar solution in 1857. In his original solution alum 
replaced aluminum sulfate, but the latter is preferable, 
as no foreign salts, such as potassium acetate or sulfate, 
remain in solution. 


Description and Properties—Aluminum Acetate Solution is a clear, ~ 
colorless liquid, having an acetous odor, and a sweetish, astringent 
taste. Its specific gravity is about 1.02. The pH is about 4. It 
responds to the identification reactions for aluminum and acetate. 
Tests for Purity— 

Heavy metals limit—10 parts per million. 

Limit for boric acid—An accurately measured volume of the Solu- 
tion is diluted with 3 times its volume of water, 3 cc. of phenol- 
phthalein T.S. is added and half-normal sodium hydroxide run in 
until a slight pink color is produced. The solution is heated to boiling 
and, if necessary, more of the sodium hydroxide solution is added to 
restore the pink color. To the cooled solution 150 cc. of glycerin is 
added, and the solution titrated with half-normal sodium hydroxide 
to the production of a pink color. The volume of alkali consumed 
in the titration after the addition of glycerin represents the boric acid 
(for the chemistry of this assay consult the assay of Boric Acid). 
Each cc. of half-normal sodium hydroxide consumed corresponds to 
30.92 mg. of boric acid [HgBOs3]. 

Assay for Aluminum Oxide—This assay is performed as described 
under Alum; using exactly 5 cc. of the Solution for the assay. 
Assay for Acetic Acid—In this assay the volatile acetic acid is dis- 
placed from the aluminum by distilling with a ‘‘stronger’’ and less 
volatile acid, such as phosphoric acid, then the quantity of acetic 
acid in the distillate is determined by titration with standard alkali. 
It is carried out as follows: 

Exactly 20 cc. of the Solution is placed in a 300-ce. distilling flask 
connected with a distillation trap to a well-cooled condenser which 
dips under the surface of 50 ce. of half-normal sodium hydroxide, ac- 
curately measured and contained in a 500-ce. Erlenmeyer flask. Then 
150 ec. of water and 20 cc. of phosphoric acid are added and distilled 
until 160 to 170 cc. have distilled over. The excess of sodium hydrox- 
ide is then titrated with half-normal sulfuric acid using phenolphtha- 
lein T.S. as the indicator. Each ce. of half-normal sodium hydroxide 
consumed corresponds to 30.03 mg. of acetic acid [CH3COOH]. 
Storage—Keep this Solution in tight containers. 


Uses—For external use only. It is usually diluted 
with about 9 volumes of water and is used as an anti- 
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septic dressing, also as an astringent and antiseptic 
mouth wash and gargle. 


Aluminum Subacetate Solution N. F. Liquor Alumini 
Subacetatis 


[Liq. Alumin. Subacet.—Sp. Solucién de Subacetato de Aluminio] 


Kach 100 cc. of Aluminum Subacetate Solution yields 
not less than 2.30 Gm. and not more than 2.60 Gm. of 
Al.Os3, and not less than 5.48 Gm. and not more than 
6.13 Gm. of CH,COOH. 


Metric Alternative 
AMldauntimeSulfate: . o.oo. es 160 Gm. 502. av. 149 gr. 
ANUS ENC EAS ee cee 160 cc. Ol. OZ. 58 min. 
Precipitated Calcium Carbonate.... 70 Gm. 202. av. 147 gr. 
Water, a sufficient quantity, 
SNOB A Kee Gr. 3... os legac gues Sees s 1000 cc. 2 pints 


Dissolve the aluminum sulfate in 600 cc. (19 fl. 02.) of water, 
filter the solution, and gradually add the precipitated calcium 
carbonate, in several portions, with constant stirring. Then 
slowly add the acetic acid, mix well, and set the mixture aside for 
several days. Siphon off the clear liquid, transfer the magma to 
a strainer, press it, and pass sufficient water through the magma 
to make the product measure 1000 ce. (2 pints). 


Note—Other methods for producing Aluminum Sub- 
acetate Solution may be used. When other methods are 
used the finished product must meet the requirements 
of this monograph for strength, quality, and purity. 
Aluminum Subacetate Solution may be stabilized by 
the addition of not more than 0.9 per cent of boric acid. 
Description and Properties—Aluminum Subacetate Solution is a 
clear, colorless, or faintly yellow liquid, having an acetous odor. It 
gradually becomes turbid on standing, due to separation of a more 
basic salt. Heat accelerates precipitation. It is acid to litmus. 
The solution responds to the reactions for aluminum and acetate. 
Tests for Purity— 

Limit for boric acid—This is determined as described under Alwmi- 
num Acetate Solution. 

Assay for Aluminum Oxide and for Acetic Acid—These assays are 
made as described under Aluminum Acetate Solution. 
Storage—Keep the Solution in tight containers and avoid continuous 
exposure to warm temperatures. 


Uses—For external use as an antiseptic and astrin- 
gent wash usually diluted with about 9 volumes of 
water. 


Ammonium Acetate Solution N. F. Liquor Ammonii 
Acetatis 


[Liq. Ammon. Acet.—Spirit of Mindererus, Sp. Solucién de Acetato 
: de Amonio] 


Ammonium Acetate Solution contains, in each 100 

ec., not less than 6.5 Gm. and not more than 7.5 Gm. of 

ammonium acetate [CH;COONH, = 77.08], with small 
amounts of acetic and carbonic acids. 

Caution—Only a recently prepared Ammonium Acetate 
Solution should be dispensed. 

History—This preparation was devised by Ramond 
Minderer, a citizen of Augsburg, Germany, and medical 
adviser to the Fuggers, great international financiers of 
the period. He was one of the most famous physicians 
of the early part of the seventeenth century. 

He prepared his Spirit of Mindererus from vinegar 

-and hartshorn. 


Metric Alternative 
Ammonium Carbonate, in hard, translucent 
LCCC MMT YN so Sih ahshutia ns0ik vans age aes 5 Gm. 183 gr. 
Diluted Acetic Acid:.....-.....-.......+.+. 100 cc. 8 fl. oz. 


Dissolve the ammonium carbonate in the diluted acetic acid 
without strong agitation. 


Solution of Ammonium Acetate may also be prepared 
as follows: 
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Solution No. 1 
Metric Alternative 
Ammonium Carbonate, in hard, trans- 
lucent DLECCB Mais ch Rl ken ene 50 Gm. 1 0z. av. 293 gr. 
Distilled Water, a sufficient quantity, 
PORTION iyi c-scid 5 celia sur Remote 500 cc. 1 pint 
Solution No. 2 
Metric Alternative 
Acetic INGTON 6.5 oth tesco oie eee ee 160 cc. 5 fl. oz. 58 min. 
Distilled Water, a sufficient quantity, 
BROMINE) KC SMM tse nator, dale ave ouwme rene 500 cc. 1 pint 


Cautiously mix the two solutions in equal volumes in a capaci- 
ous vessel, in quantities sufficient to produce the amount of 
Solution of Ammonium Acetate needed. 


The reaction involved in this process depends upon 
the decomposition of the ammonium carbonate with 
acetic acid; the free carbonic acid is a desirable addition 
to the solution, which should be dispensed in a slightly 
effervescent condition. 


NHzHCO3.NH4NH2CO2 + 3HC2H302 a 


acid ammonium carbonate acetic acid 
and carbamate 


3NH4C2H302 + 2CO2 + H20 


ammonium acetate carbon water 
dioxide 


It will be found in practice that the second formula 
is much more satisfactory than the first. The separate 
solutions keep well, and it is very convenient to mix 
them at the time of dispensing, and thus always be 
enabled to send out a fresh preparation, which retains 
sufficient carbonic acid to be agreeable to the patient. 


Description and Properties—Ammonium Acetate Solution is a clear, 
colorless liquid, free from empyreumatic odor. It has a mildly saline, 
acidulous taste, and an acid reaction to litmus paper. It responds to 
the identification reactions for ammonia and acetate. 
Tests for Purity— 

Residue on ignition—Not more than 0.015 per cent. 
Assay—The assay of this solution for ammonium acetate content is 
based on the fact that stronger and non-volatile bases expel ammonia 
from its salts. By heating the solution with an excess of sodium 
hydroxide, the ammonia from the ammonium acetate is set free as 
shown in the following equation: 


CHsCOONH, + NaOH — CHsCOONa + NHs3s + He20 
ammonium sodium sodium ammonia water 
acetate hydroxde acetate 


The ammonia is distilled into a measured excess of standard acid 
which combines with it to form the ammonium salt of the acid, thus: 


2NHs + HeSOq — (NHa4)2SO4 
ammonia sulfuric ammonium 
acid sulfate 


The excess of the acid is then determined by titration with 
standard sodium hydroxide, using methyl red as the indicator. 
The difference between the volume of standard acid used and that of 
the standard sodium hydroxide represents the volume of the acid 
neutralized by the ammonia. If normal acid is used each cc. con- 
sumed corresponds to 77.08 mg. of ammonium acetate. 
Storage—Keep the Solution in tight containers. 
Incompatibilities—The slight excess of acetic acid in this product 
causes it to have the incompatibilities of the acids. Ferric salts pro- 
duce a deep red color. 


Uses—This solution is used as a diaphoretic, expec- 
torant, and diuretic. 

Average Dose—15 cc. (approximately 4 fluidrachms) 
corresponding to about 1 Gm. of Ammonium Acetate. 


Ethyl Acetate N. F. Aithylis Acetas 
[4thyl. Acet.—Acetic Ether, Sp. Acetato de Etilo] 


Ethyl Acetate contains not less than 99 per cent of 
CH;COOCzH ; (88.10). j 

Ethyl Acetate belongs to the class of organic com- 
pounds known as esters. They are similar to salts but 
the hydrogen of the acid is replaced by an organic 
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radical instead of a metal. Esters are usually made by 
gently heating a mixture of the desired acid and alcohol 
in the presence of sulfuric acid or hydrogen chloride. 
This process is known as “‘esterification.”’ 

Preparation—Ethyl Acetate is usually prepared by 
slowly mixing equal weights of alcohol and sulfuric 
acid, then adding a quantity of glacial acetic acid 
equivalent to that of the alcohol. After allowing the 
mixture to stand overnight it is slowly distilled. The 
distillate of crude ethyl acetate is washed with a small 
volume of cold dilute carbonate solution to remove any 
free acetic acid that may have distilled over, and finally 
fractionally distilled to remove the water as well as 
ethyl ether which is usually formed also in this process. 

The formation of Ethyl Acetate by this process is said 
to take place in the two o stages shown by the following 
equations: 


CoH50H +. Le H2SO4 = CoH 5HSO4 + H,O0 
alcohol sulfuric ethyl hydrogen water 
acid : sulfate 


CeHsHSO4 + CHsCOOH — CHsCOOC2Hs5 + H2S04 


ethyl hydrogen acetic acid ethyl sulfuric 
sulfate acetate acid 


The ester may be prepared most readily from alcohol 
and acetic anhydride since the latter is now inexpensive. 


Description and Properties—Ethyl Acetate is a clear, colorless liquid 
with a fragrant and refreshing fruity odor, and a peculiar acetous taste. 
Its specific gravity is 0.892 to 0.898. It boils between 75° and 77° 
and has a refractive index of not less than 1.3725 and not more than 
1.3745 at 20°. 


It is inflammable and when burned an acetous odor is perceptible. 
One cc. of the ester dissolves in about 10 ec. of water; it is miscible 
with alcohol, acetone, ether, chloroform, fixed and volatile oils. 
Ethyl Acetate is decomposed by alkali hydroxide solutions, more 
readily on warming, into alcohol and the acetate of the alkali thus: 


CHsCOOC2zH; + NaOH — CeHs0H + CHsCOONa 
ethyl sodium : alcohol sodium 
acetate hydroxide acetate 


This reaction, the decomposition of esters into the alcohol and the 
metallic salt of the acid, is termed ‘“saponification,’”’ the term being 
derived from the fact that soap is produced in this way from the 
glyceryl esters of fatty acids. 

Tests for Purity— 

Non-volatile residue—Not more than 0.02 per cent. 

Readily carbonizable impurities—On carefully pouring 2 cc. of 
ethyl acetate on 5 cc. of sulfuric acid contained in a test tube, no dark 
rihg is produced in 15 minutes at the interface of the two liquids. 

Free acid—Not more than 0.03 per cent as acetic acid. 

Amyl or butyl compounds—On allowing 10 ce. to evaporate from 
blotting paper, the final odor should not resemble that of banana 
(amyl acetate) or that of pineapple (butyl acetate). 

Methyl compounds—The Ethyl Acetate is mixed with an excess of 
moderately concentrated solution of sodium hydroxide and allowed 
to stand for a few hours or preferably gently heated under a reflux 
condenser until a homogeneous liquid results. This treatment liber- 
ates the alcohols as shown in the above equation. The liquid is 
then distilled until about one-third of it has distilled over, which is 
then subjected to the test for methanol as described under Alcohol 
(page 501). 

Assay—The assay of Ethyl Acetate is based on the saponification 
principle discussed under Description and Properties. About 1.5 Gm. 
is heated with 50 ec. of half-normal alkali under a reflux condenser 
until it is completely saponified (this reaction usually takes about 1 
hour), then the residual alkali is determined by titration with half- 
normal acid using phenolphthalein T.S. as the indicator. Each ce. of 
half-normal alkali is equivalent to 44.05 mg. of CHsCOOCoH 5. 
Storage—Keep the ester in tight containers and avoid exposure to 
excessive heat. 


Uses—Ethyl Acetate is chiefly used as’ a flavoring 
agent. Its odor is frequently noticed in old tinctures 
and extemporaneous mixtures which have once con- 
tained alcohol and acetic acid. It is used industrially 
in artificial fruit essences, as a solvent for nitrocellulose 
varnishes and lacquers, in the manufacture of smokeless 
powder, and as a solvent in organic chemistry. 


Average Dose—I cc. (approximately 15 minims). 
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Glyceryl Triacetate U.S. P. Glycerylis Triacetas 
[Glyceryl. Triacet.—Triacetin, Sp. Triacetato de Glicerilo] 


H 
HCO.COCHs 


| 
aa eeiea: 
HCO.COCHs 
H 


Glyceryl Triacetate contains not less than 98.5 per 
cent of CoH 40¢ (218.20). 

Preparation—This ester may be prepared by adding 
a slight excess of acetic anhydride to glycerin, then dis- 
tilling under reduced pressure, rejecting the first portion 
of the distillate containing any acetic acid. 


Description and Properties—A colorless, somewhat oily liquid with a 
slight odor of fat and a bitter taste. Its specific gravity is 1.154 to 
1.158. It distils between 257° and 260° and has a refractive index 
of 1.4288 to 1.4296 at 25°. When heated with potassium bisulfate 
the pungent odor of acrolein is evolved (glycerin). The solution, 
produced by heating the ester with sodium hydroxide until it is 
saponified and then neutralizing with hydrochloric acid, responds to 
the identification reactions for acetate. It is soluble in water, mis- 
cible with alcohol, ether, or chloroform; insoluble in carbon disulfide. 
Tests for Purity— 

Moisture—Not more than about 0.15 per cent determined by the 
Toluene Method (page 1061). 

Unsaturated compounds—A solution of bromine in carbon tetra- 
chloride (1 ce. in 100 ec.) is added to 10 ce. of Glyceryl Triacetate with 
shaking until a permanent yellow color is produced, then allowed to 
stand for 18 hours in a dark place. No turbidity or precipitate ap- 
pears. The bromine addition products of many unsaturated com- 
pounds are insoluble. 

Assay—lIt is assayed by the saponification method described under 
Ethyl Acetate, except half-normal alcoholic potassium hydroxide is 
used. One ce. of half-normal alcoholic potassium hydroxide is equiva- 
lent to 36.37 mg. of CgH 140g. 

Storage—Keep Glyceryl Triacetate in tight containers and avoid 
contact with metal (metals such as iron, zinc, etc., decompose glyceryl 
triacetate into metallic acetates). 


Uses—Glyceryl Triacetate is used as a solvent for 
Chloroazodin. Industrially, it is widely employed as a 
solvent for celluloid in the manufacture of photog 
films and as a fixative in perfumery. 


Iron and Ammonium Acetate Solution N. F. 


Liquor Ferri et Ammoni Acetatis 


{Liq. Ferr. et Ammon. Acet.—Basham’s Mixture, Sp. Solucién de 
Acetato de Amonio y de Hierro] 


Iron and Ammonium Acetate Solution yields, from 
each 100 cc., not less than 0.16 Gm. and not more than 
0.20 Gm. of Fe, and not less than 0.6 Gm. and not more 
than 0.8 Gm. of NHs. 

Note—This preparation must not be dispensed unless 
it has been recently prepared. 


Metric Alternative 

Ammonium Acetate Solution......... 500 cc. 16 fl. oz. 

Ferric Chloride Tincture............ 40 cc. 1 fl. oz. 1384 min. 
Diluted AceticsAcidetesanmecee nee 60 cc 1 fl. oz. 442 min. 
AromaticsBlixins awiomtocmiine accra 120 cc 3 fl. oz. 403 min. 
Gly céring Sr Bone ease ee 120 cc 3 fl. oz. 403 min. 
Distilled Water, a sufficient quantity, } 

Tov maker seman kee ae oe 1000 cc. 2 pints 


To the ammonium acetate solution (which must be slightly acid) 
add, successively, the diluted acetic acid, the tincture of 
ferric chloride, the aromatic elixir, and the glycerin, and lastly 
enough distilled water to make the product measure 1000 CG 
(1214 fl. oz.). 


While an excess of acid is necessary to avoid the pre- 
cipitation of basic ferric acetate, yet care should be 
taken to avoid a large excess, since extreme acidity 
makes the solution unnecessarily disagreeable. 

This solution is not intended to be permanent, and 
in time will decompose; besides the freshly prepared 
solution, containing dissolved carbonic acid, is more 
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agreeable to the taste than one which is flat, hence 
the directions to prepare as needed. 


Description and Properties—Iron and Ammonium Acetate Solution 
is a clear, reddish brown liquid, having an aromatic odor and acid 
reaction. It responds to the identification reactions for ferric iron, 
ammonia, and acetate. 

Assay for Ammonia—This assay is conducted as described under 
Ammonium Acetate Solution (page 525). 

Assay for Iron—An accurately measured volume of the Solution is 
evaporated and ignited to destroy the organic matter which would 
interfere with the assay. Hydrochloric acid is added to the residue of 
iron oxides and heated until all of the iron is dissolved. Hydrogen 
peroxide solution is then added to oxidize any ferrous iron to ferric, 
and the solution is evaporated to dryness to expel any remaining per- 
oxide which, if present, will also liberate iodine from the potassium 
iodide and thus indicate a higher iron content than is actually present. 
The residue is dissolved in 5 cc. of hydrochloric acid, warmed if 
necessary, and the solution is transferred to a stoppered flask with 
the aid of 25 cc. of water, then 3 Gm. of potassium iodide is added, and 
ee concluded as outlined under Ferric Chloride Solution (page 
Alcohol Content—From 4 to 6 per cent, by volume, of CgH50H. 
Storage—Keep the Solution in tight, light-resistant containers. 
Incompatibilities—This Solution provides opportunity for innumer- 
able incompatibilities and is best dispensed alone. It has the reac- 
tions of Ferric Iron (page 1186) and for this reason becomes almost 
black on the addition of tannin-containing tinctures, fluidextracts, etc. 
Mineral acids destroy its color and alkalies precipitate ferric hydroxide 
with liberation of ammonia. Soluble quinine salts are precipitated 
as the sparingly soluble quinine acetate. Cvtrates form a brilliant 
green complex salt, 


Uses—Once employed as a hematinic, this prepara- 
tion is little used in modern therapeutics. Better 
preparations are available. See the discussion under 

_ Reduced Tron (page 427). 

Average Dose—15 cc. (approximately 4 fluidrachms) 

corresponding to 27 mg. (34% grain) of iron. 


Lead Acetate U. S. P. “Plumbi Acetas 


{[Plumb. Acet.—Sugar of Lead, Saccharum Saturni, Sp. Acetato de 
Plomo, Azticar de Plomo] 


Lead Acetate [((CHsCOO).2Pb.3H20 = 379.35] con- 
tains not less than 85.31 per cent and not more than 
89.57 per cent of anhydrous lead acetate corresponding 
to not less than 99.5 per cent of the hydrated salt. 

Preparation—This important salt is made by adding 
lead oxide to acetic acid and gently heating the mixture 
until combination takes place. 


PbO + 2CH3COOH — (CH3COO)2Pb + HeO 


lead lead acetate water 


Description and Properties—Lead Acetate occurs as colorless, trans- 
parent crystals, as heavy, white, crystalline masses, or as granules. 
It has a faint odor of acetic acid. It is efflorescent and absorbs car- 
bon dioxide from the air, becoming incompletely soluble in water, due 
to formation of lead carbonate. The aqueous solution is slightly 
alkaline to litmus. It responds to the identification reactions for 
lead and acetate. One Gm. dissolves in 1.6 cc. of water and in about 
30 ec. of alcohol, at 25°, in 0.5 cc. of boiling water, and it is freely 
soluble in glycerin. 


Tests for Purity— { AW 
Carbonate—A 1 in 10 solution prepared with carbon dioxide-free 


water and containing 0.05 cc. of glacial acetic acid in each 10 cc. should 
be clear or not more than slightly turbid. 


acetic acid 


Alkalies and earths—The lead is precipitated from an aqueous solu- - 


tion of a weighed quantity of the salt by means of hydrogen sulfide 
as the insoluble lead sulfide; any alkali or alkaline earths remain in 
solution. After filtration the filtrate, containing the latter compounds, 
is evaporated with a few drops of sulfuric acid and ignited. The 
weight of the residue should not exceed 0.25 per cent of the Lead Ace- 
tate used. : 

Copper or iron—Potassium ferrocyanide T.S. added to the aqueous 
solution produces a white precipitate, free from blue or red coloration. 
Assay—In this assay the lead is precipitated with an excess of tenth- 
normal potassium dichromate as the insoluble chromate, thus: 


2(CHgCOO)2Pb + KeCr207 + H,O <P 


lead potassium water 
acetate dichromate 
2PbCrO4 + 2CHsCOOK + 2CH3;COOH 
lead potassium acetic 
chromate acetate acid 


The excess of the dichromate is then determined by causing it to 
liberate iodine from potassium iodide, 
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KeCreO7 + 6KI + TH2S04 — 
potassium potassium sulfuric 
dichromate iodide acid 
dle + Cre(SO4)3 + 4KoSO4 + 7H2O0 
iodine chromic potassium water 
sulfate sulfate 


and the amount of the liberated iodine is measured by titration with 
tenth-normal sodium thiosulfate, using starch T.S. as the indicator. 
Each cc. of tenth-normal potassium dichromate consumed corre- 
sponds to 10.84 mg. of anhydrous lead acetate or to 12.65 mg. of 
(CH 3gCOg)ePb.3H20. 

Storage—Keep this Salt in tight containers. 

Incompatibilities—Lead Acetate forms precipitates with chlorides, 
bromides, iodides, carbonates, chromates, oxalates, phosphates, sulfates, 
borax, and tannic acid. Precipitates are formed by neutral solutions 
of benzoates, citrates, salicylates, and tartrates. A few substances such 
as sugar, glycerin, and the alkali acetates promote solubility. On 
prolonged storage, Lead Acetate becomes incompletely soluble due 
to the absorption of carbon dioxide from the air. 


Uses—Lead Acetate and lead subacetate are occa- 
sionally applied locally as astringents. Their internal 
use is irrational and exceedingly dangerous. Solutions 
of Lead Acetate in water are usually turbid, due to the 
formation of a trace of carbonate through the carbonic 
acid present in the water; a small amount of acetic 
acid dissolves this precipitate and makes a clear solution. 
It is used for the preparation of Lead Subacetate Solu- 
tion and industrially in dyeing and printing cotton 
textiles, in the manufacture of other lead salts, and as a 
reagent in various analytical procedures. 


Lead Subacetate Solution N. F. Liquor Plumbi 
Subacetatis 


[Liq. Plumb. Subacet.—Goulard’s Extract, Sp. Solucién de Sub- 
acetato de Plomo] P 


Lead Subacetate Solution is an aqueous solution 
containing, in each 100 cc.,. lead subacetate, approxi- 
mately (CH s.COO).2Pb2(OH).2, equivalent to not less 
than 22.5 Gm. of Pb. 

History—This preparation was first prepared and 
used by Thomas Goulard, a surgeon of Montpellier, 
France, in the eighteenth century. He published an 
account of it in a book called The Extract of Saturn. 
The preparation of lead acetate itself, called Saccharum 
Saturni in the older literature, was attributed to Basil 
Valentine. 


Metric Alternative 
BeadtAcetateain siecle ccs ore 220 Gm. 302. av. 294 pr. 
Mead@vonoxid emerasemi) ie aicieesiarany 140 Gm. 2 0z. av. 147 gr. 
Distilled Water, a sufficient quantity, 
TOMMAIKER. Seinen anions UNE 1000 cc. 1 pint 


Triturate the lead monoxide to a smooth paste with 100 cc. 
(11% fl. oz.) of distilled water, and transfer the mixture to a bottle 
of about 1000 ce. (1 pint) capacity, using an additional 100 ce. 
(1% fi. 02.) of distilled water for rinsing. Dissolve the lead ace- 
tate in 700 ce. (11 fl. oz.) of distilled water, and add the solution 
to the lead oxide mixture. .Shake the mixture vigorously for 
five minutes; then set it aside for seven days, shaking frequently 
during this time. Filter, protecting the solution from undue 
contact with the air, and pass enough recently boiled distilled 
water through the filter to make the product measure 1000 ce. 


(1 pint). 
This solution may be prepared as follows: 


Boil the mixture of lead acetate, lead monoxide, and water for 
half an hour in a suitable flask, adding small portions of distilled 
water as necessary to maintain the volume; then cool, and filter. 
The funnel during filtration should be covered to protect the 
solution from COz of the air; pass sufficient recently boiled distilled 
water through the filter to make the product measure 1000 ec. 


(1 pint). 

The object of this preparation is to furnish a concen- 
trated solution of a lead compound containing a small 
proportion of acetic acid. The “‘subacetate” is not a 
definite salt; several subacetates of lead containing 


528 ORGANIC ACIDS, ESTERS AND SALTS 


even less acetic acid are known, and most of the salt 
in this preparation is of the formula indicated in the 
following equation: 


lead lead water lead 
oxide acetate subacetate 


The solution should not be unduly agitated, since this 
brings the salt into contact with an excessive amount of 
the carbon dioxide in the air. It should be filtered into 
a dry bottle or one rinsed with carbon dioxide-free 
water. These precautions are necessary to prevent the 
formation of insoluble lead carbonate. 


Description and Properties—Lead Subacetate Solution is a clear, 
colorless, odorless liquid, having a very sweet, astringent taste. On 
exposure to the air, it absorbs carbon dioxide, which causes the forma- 
tion of a white precipitate of basic lead carbonate. Its specific gray- 
ity is about 1.25. It is alkaline to litmus but not to phenolphthalein 
T.S. _ It responds to the identification reactions for lead and for ace- 
tate. 
Tests for Purity— “. 

Alkaline earths—Not more than 0.25 per cent determined as de- 
scribed under Lead Acetate. 

Copper or tron—The Solution conforms to the test for these metals 
as given under Lead Acetate. 
Assay—The N. F. still uses the oxalic acid assay method which was 
official in U. S. P. X for all lead salts, although the potassium di- 
chromate method official in U.S. P. XIII is preferable. In the N. F. 
assay method, the lead is precipitated as the insoluble oxalate with an 
excess of tenth-normal oxalic acid, thus: 


- Pb(CHsCOO)2.Pb(OH)g + 2(COOH)s — 
lead oxalic 
subacetate acid 
2Pb(COO)2 + 2CH3COOH + 2H2O 
lead acetic water 
oxalate acid 


The excess oxalic acid is then determined by titration with tenth- 
normal potassium permanganate according to the following equation: 


5(COOH)2 + 2KMnO,g + 3H2SO, — 
oxalic potassium sulfuric 
acid permanganate acid 
10CO2g + 2MnSO4 = KeSO04 + 8H20 
carbon manganese potassium water 
dioxide sulfate sulfate 


For the details of the assay see the N. F. VIII. 
Storage—Keep the Solution in small, well-filled, tight containers. 
Incompatibilities—This solution is alkaline in reaction and readily 
absorbs carbon dioxide from the air with the formation of an insoluble 
basie carbonate. See Lead Acetate (page 527). 


_Uses—See Lead Acetate (page 527). 


Diluted Lead Subacetate Solution N. F. 
Liquor Plumbi Subacetatis Dilutus 


[Liq. Plumb. Subacet. Dil—Lead Water, Sp. Solucién de Subacetato 
de Plomo Diluida] 


Diluted Lead Subacetate Solution contains in each 
100 cc., lead subacetate, approximately (CHsCOO).- 
Pb2(OH)s, equivalent to not less than 0.7 Gm. and not 
more than 0.8 Gm. of Pb. 


Metric Alternative 
Lead Subacetate Solution............. 35 cc. 1 fl. oz. 58 min. 
Distilled Water, recently boiled, a suf- 
fient quantity, 
A ow AEN cts re ae Phe & Ons orc NORE eCAT AU 1000 cc. 2 pints 


Mix the lead subacetate solution with sufficient of the recently 
boiled distilled water to make the product measure 1000 cc. (2 
pints). 


Description and Properties—Diluted Lead Subacetate Solution is a 
colorless liquid, having a sweet astringent taste. It is usually slightly 
turbid. Except for the specific gravity it has essentially the same 
properties as the strong solution. 

Assay—This solution is assayed as described under Lead Subacetate 


Solution. ; ; 
Storage—Keep this solution in small, well-filled, tight containers, 


Uses—See Lead Acetate. 


Lead Subacetate Cerate N. F. Ceratum Plumbi 
Subacetatis 


[Cerat. Plumb. Subacet.—Goulard’s Cerate, Lead Subacetate Oint- 
ment, Sp. Cerato de Subacetato de Plomo] 


Metric Alternative 
Lead Subacetate Solution........... 200 Gm. 350 gr. 
WooliiFat :2502 Se, ee ieee eee 200 Gm. 350 gr. 
White:Wax..2..23, 2 sect Dees ae 200 Gm. 350 gr. 
White:Petrolatumins coe eee 380 Gm. 102. av. 227 gr. 
Camphorsas (J eee 20 Gm. 35 gr. 
To, Make 4S No ee eae 1000 Gm. 4 oz. av. 


Melt the white wax and the white petrolatum in a dish on a 
water bath, remove the heat, and dissolve the camphor in the 
warm mixture. Add the wool fat, mix thoroughly, and then 
gradually incorporate the lead subacetate solution by continuous 
stirring. 


Storage—Preserve Cerate of Lead Subacetate in well-closed contain- 
ers at a temperature below 40°. 


Uses—This ointment was formerly used in various 
irritated conditions of the skin. There is always pres- 
ent the danger of lead poisoning when using this and 
other lead preparations. 


Potassium Acetate U. S. P. Potassii Acetas 
[Pot. Acet.—Sp. Acetato de Potasio] 


Potassium Acetate, when dried to constant weight at 

Gel aay not less than 99 per cent of CH;COOK 
98.14). 

Preparation—This salt may be made by adding 
potassium bicarbonate or potassium carbonate to gla- 
cial acetic acid, previously diluted with water, until 
effervescence ceases. After the addition of a slight 
excess of the acid the solution is cautiously evaporated 
to dryness in a porcelain or aluminum evaporating dish 
by means of a sand bath. Great care is necessary to 
avoid contamination with iron and it is best not to use 
an enameled iron dish. 


KHCOs + CH3sCOOH — CH3sCOOK + COs. + H.O 
potassium acetic potassium carbon water 
bicarbonate acid acetate dioxide 


Description and Properties—Potassium Acetate occurs as colorless 
crystals or as a white, crystalline powder, rapidly deliquescing in 
moist air. It has a saline and slightly alkaline taste. Its aqueous 
solution is alkaline to litmus paper, but does not affect phenol- 
phthalein T.S. It responds to the identification reactions for potas- 
sium and acetate. One Gm. dissolves in 0.5 cc. of water and in 3 ce. 
of alcohol and in about 0.2 cc. of boiling water. 
Tests for Purity— 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 
Assay—Potassium Acetate is dried to constant weight at 150°, then 
assayed by the procedure described for the Assay of Alkali Salts of 
Organic Acids (page 980). Each cc. of half-normal sulfuric acid is 
equivalent to 49.07 mg. of CHsCOOK. 
Storage—Keep Potassium Acetate in tight containers. 
Incompatibilities—The addition of potassium acetate to solutions of 
quinine salts causes precipitation of quinine acetate. Hthyl nitrite is 
“‘salted out’’ of the spirit by the addition of much potassium acetate. 
Ferric salts produce red ferric acetate. 


Uses—Potassium Acetate is sometimes used as an 
expectorant, in the dose of from 1 to 2 Gm., every 1 or 
2hours. The salt should be liberally diluted with water 
or fruit juice, to avoid gastric distress, The salt also 
has a limited usefulness as a diuretic. It tends to 
cause alkalosis and an alkaline urine. 

Average Dose—1! Gm. (approximately 15 grains). 


Sodium Acetate N. F. Sodii Acetas 
[Sod. Acet.—Sp. Acetato de Sodio] ‘ 


Sodium Acetate [CHs;COONa.3H.O = 136.09], 
when rendered anhydrous by drying at 120°, contains 
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not less than 99 per cent of anhydrous sodium acetate 
[CHs.COONa = 82.04]. 

Preparation—This salt is now largely obtained as a 
by-product from the manufacture of acetanilid, acetyl- 
salicylic acid, and similar derivatives. It is most easily 
prepared by neutralizing acetic acid with sodium car- 
bonate and evaporating the solution to crystallization. 


2HC2H302 + NagCOg3 a 2NaC2H30e + H,0 + CO2 


acetic sodium sodium water carbon 
acid carbonate acetate dioxide 


The salt in fine crystals or the granular variety is 
more convenient for most purposes and is preferable to 
the large crystals. 


Description and Properties—Sodium Acetate occurs as colorless 
crystals or as a white, granular, crystalline powder. _ It is odorless or 
has a faint, acetous odor. It effloresces in dry air. It melts at about 
60°. One Gm. is soluble in about 0.8 ec. of water and in about 19 ce. 
of alcohol. The pH of its aqueous solutions is about 8.5. It responds 
to the identification reactions for sodium and for acetate. 
Tests for Purity— 

Loss on drying at 120°.—Not less than 36 per cent and not more 
than 41 per cent. 

Arsenic limit—10 parts per million. 

Heavy metals limit—10 parts per million. 

Free alkali—Not more than 0.03 per cent as NagCOs. 

Potasstum—No turbidity should be produced on adding sodium 
bitartrate T.S. to 5 cc. of a clear saturated solution of sodium acetate. 
If potassium is present the slightly soluble potassium bitartrate is 
formed by metathesis with the sodium bitartrate. 
Assay—This salt, after being deprived of its water by heating to con- 
stant weight at 120°, is assayed by the procedure described for the 
Assay of Alkali Salts of Organic Acids (page 980). 
Storage—Keep Sodium Acetate in tight containers. 
Incompatibilities—The incompatibilities experienced by combination 
with acids, ethyl nitrite spirit, ferric salts or quinine salts are discussed 
under Potassium Acetate (page 528). 


Uses—Sodium Acetate is employed as an alkalinizing 
agent and a diuretic salt. It is not as effective as potas- 
sium acetate and is little used. 

Sodium Acetate is also used in metallic heating pads. 
The salt is placed in the container which is heated until 
the sodium acetate melts. While still hot, the stopper 
of the container is screwed down tightly and the unit 
is put away until needed. When required for use, the 
stopper is loosened momentarily and the Sodium Ace- 
tate, which has remained in a liquid condition, immedi- 
ately crystallizes, developing a large amount of heat as 
it does so. After use the unit may be recharged by 
simply reheating the salt. 

Average Dose—1.5 Gm. (approximately 22 grains). 


Zinc Acetate N. F. Zinci Acetas 
' [Zinc. Acet.—Sp. Acetato de Zinc] 


Zine Acetate [((CH3sCOO).Zn.2H2O = 219.50] con- 
tains not less than 82.74 per cent and not more than 
87.32 per cent of the anhydrous salt, corresponding to 
not less than 99 per cent of the hydrated salt. 

Preparation—This salt may be made by adding a 
moderate excess of zine oxide to acetic acid previously 
diluted with water. After digesting the mixture, it is 
heated, filtered while hot, and allowed to crystallize. 
The reaction is expressed by the following equations: 


ZnO + 2CH3COOH — (CHsgCOO)2Zn + HeO 


zinc acetic zinc water 
oxide acid acetate 


Description and Properties—Zinc Acetate occurs as crystals having 
a pearly luster, a faintly acetous odor, and an astringent, metallic 
taste. It gradually effloresces in air. The aqueous solution is neu- 
tral or slightly acid to litmus. It responds to the identification reac- 
tions for zine and for acetate. One Gm. dissolves in 2.5 cc. of water 
and in 30 ce. of alcohol. It is more soluble in the hot solvents. 
Test for Purity— 

Alkalies and earths—Not more than 1 per cent, determined as de- 
scribed under Zinc Sulfate. 

Arsenic limit—10 parts per million. 

Heavy metals limit—50 parts per million as lead (Pb), the deter- 
- mination being made as under Zine Sulfate. 


529 


Assay—Zinc Acetate is assayed as described under Zinc Sulfate. The 
weight of the zinc oxide multiplied by 2.254 indicates the equivalent 
of anhydrous (CH 3COO) 2Zn. 

Storage—Keep Zinc Acetate in tight containers. : 
Incompatibilities—See Zinc Chloride (page 416). Soluble zine salts 
are precipitated as zinc hydroxide by alkalies; the precipitate is sol- 
uble in an excess of the fixed alkali hydroxides and ammonia. Car- 
bonates, phosphates, oxalates, arsenates, cyanides, and tannin cause a 
precipitation. Albumin is coagulated. The precipitation which oc- 
curs with borax can usually be prevented by the addition of glycerin 
equal ti weight to the borax, by which means glyceroboric acid is 
formed. 


Uses—See Zinc Sulfate (page 420). 


Trichloroacetic Acid U. S. P. Acidum 
Trichloroaceticum 


[Acid. Trichloroacet.—Sp. Acido Tricloroacético] 


Trichloroacetic Acid, when dried over sulfuric acid 
for 18 hours, contains not less than 99 per cent of 
ClsC.COOH (163.40). 

Preparation—This acid, discovered by Dumas in 
1838, is usually made by oxidizing chloral hydrate with 
fuming nitric acid. To the chloral hydrate, previously 
fused at about 58°, a little over one-third its weight 
of fuming nitric acid is added and the mixture set aside 
until the red fumes have disappeared; the liquid is then 
distilled, and the portion coming over above 190°, 
which is trichloroacetic acid, is then crystallized. 


Description and Properties—Trichloroacetic Acid is in the form of 
colorless, very deliquescent crystals and of a slight, characteristic odor. 
It is very corrosive to the skin. The Acid melts at about 58° and boils 
at 196°-197°. Itis decomposed by alkali hydroxide solution forming 
chloroform and the carbonate of the alkaliused. The chloroform gives 
the phenyl isocyanide reaction described under Chloral Hydrate. 
One Gm. dissolves in about 0.1 cc. of water; it is soluble in alcohol 
and in ether. 
Tests for Purity— 

Residue on ignition—Not more than 0.05 per cent. 

Chloride—N ot more than 0.035 per cent as Cl. 

Sulfate—Not more than 0.08 per cent as SO4. 
Assay—Like other acids, Trichloroacetic Acid is readily assayed 
alkalimetrically by titration with standard alkali, using phenol- 
phthalein T.S. as the indicator. See Alkalimetric Assays (page 979). 
The U.S. P. specifies in the assay that each Gm. of the dried Trichloro- 
acetic Acid should consume not more than 6.12 cc. of normal sodium 
hydroxide. This limitation on the volume of alkali is to exclude 
monochloroacetic acid which has a lower molecular weight and there- 
fore consumes more alkali per unit weight than trichloroacetic acid. 
Storage—Keep this Acid in tight containers, at a temperature not 
above 30°. 


Uses—Trichloroacetic Acid is used as a caustic in 
solution or in crystals. It is extensively employed as a 
precipitant of protein in the chemical analysis of body 
fluids and tissue extracts, also as a decalcifier and fixa- 
tive in microscopy. 


Unofficial Derivatives and Salts of Acetic Acid 


Aluminum Acetate, Basic, Aluminum  Subacetate [approx. 
(CH 3COO) 4Ale0 .4H20]—A white powder having a slight odor of 
acetic acid. Insoluble in water or alcohol; soluble in dilute mineral 
acids.. Uses: formerly given internally for diarrhea or dysentery; 
also used as a disinfectant by embalmers, as a mordant for dyeing, 
and for fire- or waterproofing fabrics. Dose: 0.3 to 0.6 Gm. (5 to 
10 grains). 

Aluminum Acetotartrate (approx. 70 per cent basic aluminum acetate 
and 30 per cent tartaric acid)—Colorless cyrstals or white powder, 
having a slight acetous odor and astringent taste. Slowly soluble 
in cold water; insoluble in alcohol. Uses: antiseptic and astrin- 
gent. 

Ammonium Acetate—See Reagents (page 1065). 
employed as a diuretic and expectorant. Dose: 
1 to 2 Gm. every 2 hours. 

Amyl Acetate, Isoamyl Acetate [CH 3COO.C5H11]—Colorless liquid 
of pear-like odor. Specific gravity about 0.87; boils when pure at 
142°. Soluble in 400 parts water; miscible with alcohol, amyl alco- 
hol, ether, ethyl acetate, and many other organic liquids. Uses: a 
pear flavor, a solvent for oil colors, lacquers, cellulose, etc. 

Barium Acetate [((CH3COO).Ba.H 2g0]—White crystals or crystalline 
powder. It is poisonous. Soluble in 1.5 parts of cold water; 
very slightly soluble in alcohol. Uses: mordant in dyeing. 

Calcium Acetate [((CH3COO)2Ca.H20O|]—White, odorless crystals or 
crystalline powder. Soluble in about 3 parts of water, less soluble 
in hot water; slightly soluble in alcohol. Upon heating in the ab- 
sence of air it yields acetone. Uses: in dyeing fabrics and in the 
tanning of leather. 


Uses: occasionally 
as an expectorant, 
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Cobaltous Acetate, Cobaltous Acetate [(CHg3COO)2Co.4H 20]—See 
Reagents (page 1066). PAs ye 

Cupric Acetate, Copper Acetate, Crystallized Verdigris [(CH3COO) o- 
Cu.H»,0]—Bluish green crystals or green powder, efflorescing in 
the air and has a slight odor of acetic acid. Soluble in about 20 
parts of water, 5 parts of boiling water; soluble in alcohol and in 
glycerin. Uses: in the production of insecticides and in ceramics. 

Ferric Acetate, Basic [FeOH(C2H 302) 2]—Brown-red erystalline 
scales; solublein water. Uses: formerly asa tonic; also in textile 
dyeing. Dose: 0.2 to 0.6 Gm. (3 to 10 grains). ; 

Magnesium Acetate [Mg(CgH302)2e.4H20]—Colorless, or white, 
deliquescent crystals. Very soluble in water, soluble in alcohol. 

Uses: acathartic. Dose: 0.5 to 4 Gm. (7 to 60 grains). 

Manganese Acetate [((CH3COO) 2Mn.4H20]—Pale red crystals or 
crystalline powder, having a slight, acetous odor. Soluble in water; 
also in aleohol. Uses: a mordant in dyeing, and a dryer in paints 
or varnishes; also a catalyst in certain oxidation processes. ~ _ 

Monochloroacetic Acid [CH2CICOOH]—It is made by the chlorina- 
tion of acetic acid in the presence of a small amount of sulfur or 
iodine as a catalyst. Colorless or white somewhat deliquescent 
crystals. Melts at about 61-62°, and boils at about 189°. It is 
very soluble in water: soluble in alcohol, also soluble in benzene, 
chloroform, and ether. Uses; in the manufacture of various dyes 
including indigo, aminoacetic acid, and some other organic chemi- 
cals. It has recently_been proposed as a preservative for foods, 
but its use is not permitted as its harmlessness has not yet been 
established. 

Nickel Acetate [((CHgCOO) .2Ni.4H20]—Green crystalline masses or 
powder, having a slight acetic acid odor. Freely soluble in water; 
soluble in alcohol. 

Silver Acetate [CH gCOOAg]—White or colorless crystals, or crystal- 
line powder. Soluble in about 100 parts of cold and in 35 parts of 
boiling water; readily soluble in dilute nitric acid; insoluble in 
alcohol. 

Sodium Fluoroacetate (FCH:.COONa) (Compound 1080)—A white 
powder soluble in water. It is claimed to be extremely toxic to 
rodents and other small animals, including fowl, yet is practically 
tasteless to them in the dilutions employed (see Insecticides). 

Strontium Acetate [((CH3COO) Sr. 4H2O]|—White, crystalline pow- 
der, soluble in about 2% parts of water; slightly soluble in alcohol. 


Specialties Containing Acetic Acid and Acetates 


Aci-Jel (Ortho)—Vaginal jelly (pH 4.0) containing acetic acid, ricino- 
leic acid, glycerin, and oxyquinoline sulfate in a vegetable gum base. 
Uses; trichomonacide, applied intravaginally. 

Alminate (Bristol)—Tablets (0.56 Gm.) containing aluminum dihy- 
droxy-aminoacetate. Uses: in hyperacidity. Dose: 1 or more 
tablets with water as required. 

Aslum (Drug Products)—Ointment or powder containing aluminum 
subacetate, boric acid, hydrastine, ichthammol, menthol, methyl 
salicylate, phenol, thymol, and zine sulfate. Uses: antiseptic and 
astringent. Applied topically. 

Azocol Ointment (Patch)—Ointment containing aluminum subace- 
tate, phenol, eucalyptol, ichthynat, and zinc oxide, in a base of wool 
fat and petrolatum. Uses: antiseptic and astringent. 

Buro-Sol (Doak)—Powder (1 teaspoonful in 1 pint of water makes 1 
per cent solution) or greaseless cream containing buffered, soluble 
aluminum acetate. Uses: antiphlogistic and astringent. Dose: 
eas is used in a 1 per cent solution; ointment is applied topi- 
cally. 


AMINOACETIC ACID N. F.—See Amino Acids (page 
669). 
ASCORBIC ACID U. S. P.—See Vitamins (page 911). 


BENZOIC ACID U.S. P. Acidum Benzoicum 


Acid. Benz.—Flowers of Benzoin, Flowers of Benjamin, Sp. Acido 
Benzoico] 


COOH 


Benzoic Acid dried over sulfuric acid for 3 hours, 
contains not less than 99.3 per cent of CsH;COOH 
(122.12). 

Benzoic Acid is the first acid of the aromatic series. 
Although the acid is of minor significance as a medicinal 
agent, its derivatives and salts constitute an important 
group of valuable medicinal agents. Nearly all local 
anesthetic agents have a benzoyl group in the molecule, 
é. g., butacaine, cocaine, procaine, etc. These amino 
derivatives of benzoic acid are described under Local 
Anesthetics (page 619). 


ORGANIC ACIDS, ESTERS AND SALTS 


Another group of benzoic acid derivatives, namely, 
the esters of para-hydroxybenzoic acid, are now exten- 
sively used for the preservation of syrups and a number 
of other pharmaceutical preparations. The esters 
most frequently used are the methyl, ethyl, propyl, 
butyl, and benzyl para-hydroxybenzoates. Two of 
these esters, the methyl and propyl, are official in the - 
U.S. P. under the names of Methylparaben and Propyl- 
paraben, respectively (page 581). 

Preparation—Benzoic Acid is found naturally in 
benzoin, Peru and tolu balsams, storax and several other 
balsamic substances. It may be obtained from these 
by sublimation, but the yield is very small and all 
benzoic acid of commerce is made synthetically by sev- 
eral processes, of which the following are the most prac- 
tical: 

(1) Boiling toluene is chlorinated to benzotrichlo- 
ride, which yields benzoic acid when hydrolyzed with 
water under pressure, preferably in the presence of. 
lime, as shown in the following reactions: 


C.egHsCH3 + 3Cle re CeHs. CClg + 3HCl 
toluene chlorine benzotrichloride hyareriaaa 
aci 


CgHs.CCls + 2H20 wen CeHs.COOH + 3HCl 
benzotrichloride water benzoic acid hydrochloric 
acid r 
The lime [CaO] removes the hydrochloric acid, forming 
calcium chloride. 

(2) Phthalic anhydride, made by the oxidation of 
naphthalene in the vapor state with air in the presence 
of a suitable catalyst, is made into calcium phthalate 
by treatment with waterandlime. The calcium phthal- 
ate is then heated with an excess of lime which results 
in the formation of calcium benzoate and calcium car- 
bonate as shown in the equation: 


O 
( yi, COO 
NG 
Vl a OW H20 | 
2 oa + CaO ——> Ca + 2CaCOg3 
Wee 
o¢ 
O COO 
calcium lime calcium calcium 
phthalate benzoate carbonate 


The calcium benzoate, upon treatment with hydro- 
chloric acid, yields benzoic acid. 

(3) Benzoic acid may also be prepared by direct 
oxidation of toluene or benzyl] chloride [CsHsCH.2Cl] by 
means of chromic acid (NagCr.O, + H.SO,.) or manga- 
nese dioxide and H2SO.. 


Description and Properties—Benzoic Acid occurs in the form of white 
needles or scale-like crystals. It is odorless or may have a slight 
benzaldehyde-like odor. It is somewhat volatile at moderately warm 
temperatures and is freely volatile in steam. It melts between 120° 
and 128° and boils at 250°. One Gm. of benzoic acid dissolves in 275 
ec. of water, 3 ec. of alcohol, 5 cc. of chloroform, in about 3 cc. of 
ether; also in 20 ce. of boiling water and 1.5 cc. of boiling alcohol. 
The acid is soluble in benzene and in fixed and volatile oils, but is 
sparingly soluble in petroleum benzin. 

Tests for Purity— 

Residue on ignition—Not more than 0.05 per cent. 

Chlorinated compounds—Not more than 0.085 per cent as Cl. The 
chlorinated compound most frequently present is chlorobenzoic acid 
produced in the chlorination of toluene to benzotrichloride. The 
chlorine content is determined in the following manner: The acid is 
mixed with 14% times its weight of calcium carbonate and a little 
water, and after evaporating to dryness the mixture is ignited. Any 
organically combined chlorine present is converted by this treatment 
into calcium chloride. The residue is mixed with some water and a 
slight excess of nitric acid added, filtered, and silver nitrate solution 
T.S. added to the filtrate. The turbidity produced is matched against 
controls made with the same quantities of calcium carbonate, nitric 
acid, and known volumes of fiftieth-normal hydrochloric acid. For 
this test the U.S. P. uses 500 mg. of the benzoic acid and allows a tur- 
bidity corresponding to not more than 0.6 ce. of the hydrochloric acid. 


ORGANIC ACIDS, ESTERS AND SALTS 


+ 


Heavy metal limit—20 parts per million. 

Readily carbonizable substances—A solution of 500 mg. of the acid 
in 5 ce. of sulfuric acid has no more color than matching fluid Q 
(page 1059). 

Readily oxidizable substances—100 cc. of water is mixed with 1.5 ce. 
of sulfuric acid, heated to boiling and tenth-normal potassium per- 
manganate added, dropwise, until the pink color persists for 30 sec- 
onds. One gm. of the Acid is then dissolved in this hot solution and 
tenth-normal potassium permanganate added, dropwise, until the 
pink color persists for 15 seconds. Not more than 0.5 ce. of the per- 
manganate is consumed after the addition of the Benzoic Acid. 
Assay—Benzoic Acid is assayed by dissolving it in neutralized diluted 
alcohol and titrating the solution with tenth-normal sodium hydroxide 
using phenolphthalein T.S. as the indicator. Each ec. of tenth- 
normal sodium hydroxide corresponds to 12.21 mg. of CeHsCOOH. 
Storage—Keep the Acid in well-closed containers. 
Incompatibilities—See Sodiwm Benzoate (page 532). 


Uses—Benzoic Acid is used medicinally chiefly in 
the form of Whitfield’s Ointment. It is largely used 
for the manufacture of benzoates, sodium benzoate be- 
ing the most important and extensively used preserva- 
tive for canned foods as well as syrups and similar 
preparations. 


IDENTIFICATION OF BENZOATES 


The addition of a solution of a ferric salt to a neutral 
solution, of a benzoate produces a voluminous salmon- 
colored precipitate of ferric benzoate. Dilute mineral 
acid produces in aqueous solutions of benzoates a white 
precipitate (benzoic acid) which is readily soluble in 
ether and melts between 121° and 123°. 


Benzoic and Salicylic Acid Ointment N. F. 
Unguentum Acidi Benzoici et Salicylici 
(Ung. Acid: Benz. et Salicyl— Whitfield’s Ointment, Compound Oint- 


ment of Benzoic Acid N. F. VI, Sp.Ungiiento de Acido Benzico y 
Salicilico] 


Metric Alternative 
PCT TIC. LNCIGO: ie ar ae ee ae eee eae 12 Gm. 53 er. 
Saitiegilie: NCC a eee ce ae ee 6 Gm PAE Fak 
RV NSCRO MIA PMN i oda cs iraliay Siu s "els ia dyes evo ea byals 5 Gm 22 er. 
White Petrolatum, a sufficient quantity, : 
“Loa TELE 2 ese nn NEEL nena eee 100 Gm. 1 oz. av. 


Powder the acids very finely, and incorporate them with the 
wool fat and a portion of the petrolatum until a smooth, homo- 
geneous mixture is obtained. Add the remainder of the petro- 
latum, and mix intimately. 


_Note—Benzoic and Salicylic Acid Ointment may be 
diluted by incorporating into the Ointment a sufficient 
quantity of white petrolatum to obtain the desired con- 
centration. When diluted, it must be labeled ‘‘Not 
N. F.,” and the concentration of the benzoic acid and 
the salicylic acid must be stated on the label. 


Storage—Preserve Benzoic and Salicylic Acid Ointment in tight con- 
tainers and avoid prolonged exposure to teniperatures above 30° C. 


Uses—Whitfield’s Ointment is widely employed in 
the treatment of ringworm of the scalp, epidermo- 
phytosis, ete. 


Benzyl Benzoate U.S. P. Benzylis Benzoas 
[Benzyl Ben.—Sp. Benzoato de Bencilo] 


<__Scoocn.<_S 


Benzyl Baroaté contains not less than 99 per cent 
of CgHs;COOCH.C .H (212.24). 

Preparation—Benzyl Benzoate is one of the active 
constituents of Peruvian Balsam. It is also present 
in small quantities in other natural balsamic substances. 
The market supply of it, however, is produced syntheti- 
cally by the esterification of benzoic acid with benzyl 
alcohol in a manner similar to the production of ethyl 
acetate. 


t 
= 
~- 
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This ester may also be prepared by the transposition 
between sodium benzoate and benzyl chloride, thus: 


CeHsCOONa + CegHsCHeCl — CeHsCOOCH2C6Hs + NaCl 


sodium benzyl benzyl sodium 
benzoate choride benzoate chloride 


The sodium benzoate is well mixed with about 1.5 mol 
equivalents of benzyl chloride, about 0.5 per cent of a 
tertiary amine such as triethylamine, based on the 
weight of the benzyl chloride, is added and the mixture 
is heated at 120°-140° for 1 hour. The amine func- 
tions as a catalyst and increases the speed of the reac- 
tion. 


Description and Properties—Benzy] Benzoate is a clear, colorless, oily 
liquid having a slight, aromatic odor and a sharp burning taste. Its 
specific gravity is between 1.116 and 1.120, andit congeals at a tem- 
perature not below 18°. Benzyl Benzoate boils at about 320° C. 
with some decomposition. Its solution in alcohol is practically 
neutral to moistened litmus paper. When warmed with potassium 
permanganate T.S. the characteristic odor of benzaldehyde is notice- 
able. On heating Benzyl Benzoate with alcoholic potassium hydrox- 
ide, it is decomposed into potassium benzoate and benzyl alcohol 
and the resulting solution, after evaporation of the alcohol and neu- 
tralization with hydrochloric acid yields a precipitate of benzoic acid. 
It is insoluble in water or glycerin, but miscible with alcohol, ether, or 
chloroferm. 

Tests for. Purity— 

Free acid—Not more than 0.06 per cent as benzoic acid. 
Assay—Benzyl Benzoate is assayed by the method described under 
ethyl acetate, except half-normal alcoholic potassium hydroxide is 
used in place of aqueous alkali. One cc. of half-normal potassium 
hydroxide is equivalent to 106.1 mg. of CgHsCOOCH 2Cg6H 5. 
Storage—Keep Benzyl Benzoate in tight containers and avoid expo- 
sure to excessive heat. 


Uses—This compound, because of the discovery by 
Macht of its relaxing effect on smooth muscle, was 
originally intended for use as an antispasmodic in such 
conditions as asthma, renal or biliary cholic, ete. Its 
present application, however, is almost exclusively con- 
fined to the treatment of scabies. For this purpose it 
is used in the form of a lotion or as saponated prepara- 
tion. 


Benzyl Benzoate Lotion U. S. P. 
Lotio Benzylis Benzoatis 


[Lot. Benzyl. Benz.—Sp. Locién de Benzoato de Bencilo] 


Benzyl Benzoate Lotion contains not less than 26 per 
cent and not more than 30 per cent of CsH;COOCH.- 
C.eHs. 


Metric Alternative 
BenzyiBenzoatevenns secs e 250 cc. 8 fl. oz. ; 
(riethanolamine pees) ocmieteie seers 5 Gm. 73 gr. 
OTCICUA Cider ae Tein ee Berets alee ake 20 Gm. 292 gr. 
Wiater Cee ee cornet: Pe re iC n wate US. 1 750 cc. 24 fl. oz. 
fRhoymia kere bou tomy. ewes ctseecnd tee 1000 cc. 2 pints 


Mix the triethanolamine with the oleic acid, add the benzyl 
benzoate, and mix well. Transfer the mixture to a suitable con- 
tainer of about 2000-cc. capacity, add 250 ce. of water, and shake 
the mixture thoroughly. Finally add the remaining 500 ce. 
of water, and agai...’ ake thoroughly. 


Benzyl Benzoate Lotion may also be prepared as follows: 


SaponatedspenzyinbenzOatear enact ieu tlie sites 275 cc 
Wialen saeratetccte ch mentors Weatcaier sen on te tara vasa ae natens 725 cc 
A DGRIECEW SEN ch sto, RON eC OTE EUENE Crete ecRO Rey a tONe ic aes 1000 cc 


Shake the saponated benzyl benzoate with 250 cc. of water in 
a suitable container of about 2000-cc. capacity, until the benzyl 
benzoate is well emulsified. Add the remaining 475 cc. of water, 
and again shake the mixture thoroughly. 


Assay—The Lotion is assayed by the method described under Benzyl 
Benzoate. Since, however, the oleic acid present would use up alkali 
and thus lead to erroneous results, the benzyl benzoate weighed out 
for the assay is first dissolved in alcohol, cooled to about 15°, a 
few drops of phenolphthalein added, and tenth-normal sodium hydrox- 
ide added until a pink color is just produced. A measured volume of 
half-normal alcoholic potassium hydroxide is then added and the 
assay conducted as under Benzyl Benzoate. 

Storage—Keep this Lotion in tight containers. 
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Uses—This lotion is used for the treatment of scabies. 
It is applied with a brush after the entire body has been 
thoroughly scrubbed with soft soap and hot water. 
A second coat is applied when the first is dry and the 
lotion is left on the body for 24 hours. At the end of 
that time the body is again thoroughly bathed and 
dressed in clean clothes. 


Saponated Benzyl Benzoate U. S. P. 
Benzylis Benzoas Saponatus 


{[Benzyl. Benz. Sap.—Sp. Benzoato de Bencilo Saponificado] 


Saponated Benzyl Benzoate contains, in each 100 cc., 
not less than 97 Gm. and not more than 107 Gm. of 
C.H;sCOOCH2C.Hs. 


Metric Alternative 
Triethanolamines ne cate Ga eee: 20 Gm. 292 gr. 
OleictAcid ee etree ce cra eect 80 Gm. 202. av. 293 gr. 
Benzyl Benzoate, a sufficient quantity, 
MoPma Kiet eer aves wah ocatonelah ean one 1000 cc. 2 pints 


Mix the triethanolamine with the oleic acid, add sufficient 
benzyl benzoate to make 1000 cc., and mix well. 


Assay—This preparation is assayed as Benzyl Benzoate Lotion but 
as it contains much more benzyl benzoate, a correspondingly smaller 
quantity of the preparation is to be taken for its assay. 


Uses—This preparation was originally used by the 


U. S. Army as a concentrate for preparing Benzyl 
Benzoate Lotion. 


Lithium Benzoate N. F. Lithii Benzoas 
{Lith. Benz.— Sp. Benzoato de Litio] 


Lithium Benzoate, when dried at 105° for 3 hours, 
contains not less than 99 per cent of C.H;.COOLIi 
(128.05). 

Preparation—This salt is prepared by the reaction 
between lithium carbonate and benzoic acid thus: 


LigCO3 + 2C.HsCOOH — 2CgHsCOOLi + HeO + COs 


lithium benzoic lithium 
carbonate acid benzoate 


carbon 
dioxide 


water 


Description and Properties—Lithium Benzoate is a white, odorless or 
nearly odorless powder with an alkaline, cooling, sweetish taste. It 
is stable in air. The aqueous solution is alkaline to litmus paper, but 
is not reddened by phenolphthalein T.S. It responds to the identi- 
fication reactions for lithium and for benzoate. One Gm. is soluble in 
3 ec. of water and in 16 cc. of alcohol; slightly more soluble in the hot 
solvents. 

Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

‘Chlorinated compounds—One-half Gm. of the benzoic acid obtained 
from Lithium Benzoate by the method described under Sodium 
Benzoate complies with the U.S. P. limit for chlorinated compounds 
given for Benzoic Acid. 

Other alkalies—The benzoic acid from 0.6 Gm. of the salt is precipi- 
tated from its aqueous solution with diluted hydrochloric acid, filtered 
and washed with water. The test is then continued as directed under 
Lithium. Citrate beginning with “The filtrate and washings are evapo- 
rated.” The weight of the residue is not more than 4 mg. 

Hee metals limit—20 parts per million. 

Assay—Lithium Benzoate is assayed as sodium benzoate. Hach cc. 

GoLeh ne hydrochloric acid corresponds to 64.03 mg. of CgH5- 
gill 

Storage—Keep Lithium Benzoate in well- closed containers. 

Incompatibilities—See Sodiwm Benzoate. Phosphates and carbon- 

ates may cause precipitation of the sparingly soluble lithium phos- 

phate and lithium carbonate. 


Uses—Formerly employed as a diuretic and anti- 
rheumatic. 
Average Dose—1I Gm. (approximately 15 ernee 


Sodium Benzoate U. S. P. Sodii Benzoas 
{[Sod. Benz.—Sp. Benzoato de Sodio] 
Sodium Benzoate, when dried at 110° for 4 hours, 


contains not less than 99 per cent of CsH;COONa 
(144.11). 
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Preparation—Benzoic acid is added to a hot concen- 
trated solution of sodium carbonate until effervescence 
ceases. The solution is evaporated, cooled, and allowed 
to crystallize, or preferably evaporated to dryness and 
granulated. 


2Cg.H5COOH om NaegCO3 —o 2CgH5sCOONa + COzg of H2,0 


benzoic sodium sodium carbon water 
acid carbonate benzoate dioxide 


Description and Properties—Sodium Benzoate is a white, odorless, 
or nearly odorless, granular or crystalline powder. It is stable in air. 
The aqueous solution is slightly-alkaline to litmus (pH about 8). 
It is decomposed by dilute mineral acid liberating benzoic acid, 
Sodium benzoate responds to the identification reactions for sodium 
and for benzoate. One Gm. dissolves in 2 cc. of water, in 75 cc. alco- 
hol, in 50 ce. of a mixture of 47.5 cc. of aleohol, and 3. 7 ec. of water at 
25° C., in 1.4 ce. boiling water. 

Tests for Purity— 

Alkalinity—Not more than 0.05 per cent as NagCO3. 

Heavy metals limit—20 parts per million. 

Chlorinated compounds—This impurity (chiefly in the form of 
chlorobenzoic acid) may be present in the benzoic acid used in its 
preparation if the acid was made by the chlorination of toluene. 
About 1 Gm. of the sodium benzoate is dissolved in water, diluted. 
sulfuric acid is added, the liberated benzoic acid is extracted with 
ether, and the ether solution is evaporated to dryness. The result- 
ing benzoic acid should conform to the limit for chlorinated com- 
pounds prescribed for Benzoic Acid. 

Assay—In the official assay the benzoic acid is liberated from the salt 
by titration with standard acid as shown by the following equation: 


CesHsCOONa + HCl — CsHsCOOH + NaCl 


sodium hydrochloric benzoic sodium 
benzoate acid acid chloride 


The benzoic acid must, however, be removed as soon as it is liberated 
from the sodium benzoate, otherwise no definite end-point can be at- 
tained. This is accomplished by adding ether to the solution which 
dissolves the benzoic acid as it is liberated. 

About 1.5 Gm. of the dried and accurately weighed sodium benzoate 
is placed in a tall beaker, 75 cc. of ether and 5 drops of methyl orange 
T.S. are added and then half-normal hydrochloric acid slowly run in 
from a burette with vigorous stirring until the aqueous layer acquires 
an orange color. Hach ce. of half-normal acid corresponds to 72.06 
mg. of CgH5COONa. 

Storage—Keep Sodium Benzoate in well-closed containers. 
Incompatibilities—Inorganic acids liberate benzoic acid, which may 
precipitate unless sufficient alcohol is present. Solutions of ferric 
salts may precipitate salmon-pink ferric benzoate; alkali citrates and 
tartrates prevent precipitation. Salts of silver, lead, and mercury 
also cause precipitation. Quinine sulfate, when in a nearly saturated 
solution, is precipitated by sodium benzoate. 


Uses—Sodium Benzoate is extensively used as a food 
preservative as it is the only legally authorized pre- 
servative for many classes of food products. To be 
effective it must be used in acid media of pH not above 
4, 


Unofficial Derivatives and Salts of Benzoic Acid 


p-Aminobenzoic Acid, PABA, Amben [HgNCgH4COOH|—See Vita- 
mins (page 902). 

Ammonium Benzoate [CgHsCOONHa4]—Thin, white crystals or 
‘crystalline powder. One Gm. dissolves in 5 ce. of water, 36 cc. 
alcohol, and in about .8 cc. of glycerin. On exposure to air it 
gradually loses some ammonia and becomes incompletely soluble in 
10 parts of water. This salt was official in the U.S. P. to the twelfth 
revision. Uses: formerly as a urinary antiseptic. Dose: 0.3 to 
1.3 Gm. (5 to 20 grains). 

Benzoyl Chloride [CgH5COCI]—For description see Reagents (page 
1065). Uses: for introducing the benzoyl group in organic com- 
pounds such as the local anesthetics and for the identification of 
many alcohols and other compounds by the melting points of their 
benzoic acid esters. 

Benzoyl Peroxide, Benzoyl Superoxide [(CgHs5CO)202]—May be 
prepared by the interaction of benzoyl chloride and a cold solution 
of sodium peroxide. White crystals, melting at 103-106°. May 
explode when heated. Sparingly soluble in water with gradual de- 
composition; soluble in benzene, chloroform, ether, also in carbon 
disulfide and in olive oil. Uses: formerly in the form of a dusting 
powder or ointment for treatment of _wounds, burns, skin diseases, 
varicose leg ulcers, and for ivy poisoning. Its principal application 
now is for bleaching flour and oils. For this purpose it is usually 
diluted with calcium carbonate or sulfate. 

Calcium Benzoate [Ca(C7H 502)2.3H20]—White powder or crystals, 
soluble in water. Uses: formerly as an alterative and antiseptic. 
Dose: 0.3 to 0.6 Gm. (5 to 10 grains). 

Ferric Benzoate, Basic [approximately Fe(CgH5CO00)s. Fe(OH) 3.- 
6H 20]—Brown powder. Insoluble in water; decomposed by dilute 
acids into benzoic acid and the ferric salt of the acid used. Uses: 
formerly as a hematinic. Dose: 0.1 to 0.2 Gm. (1!/2-3 grains). 

Magnesium Benzoate [(CgH5COO)2Mg.3H20]—White powder. 
Soluble in 20 parts of water, soluble in alcohol. Uses: formerly as 


ORGANIC ACIDS, ESTERS AND SALTS 


a laxative in rheumatism, gout and hepatic cirrhosis. “Dose: 0.3 
to 1.3 Gm. (3 to 20 grains). oe 

Mercuric Benzoate [(CgH5COO)2Hg.H20]—White, crystalline 
powder, darkening in sunlight. Soluble in about 90 parts water, 
freely soluble in aqueous sodium chloride solution, also soluble to 
the extent of 1 per cent in 10 per cent aqueous sodium benzoate 
solution; it is decomposed by alcohol or by boiling with water into 
a yellow basic salt. Uses: an antisyphilitic. Dose: 15 to 30 mg. 
dissolved to a 1 per cent solution in a 5 per cent aqueous ammonium 
benzoate or in 2.5 per cent aqueous sodium chloride solution. 


Specialties Containing Benzoates 


B. B. S. (National Drug)—Aromatic emulsion containing 25 per cent 
benzyl benzoate in a water-miscible base. Uses: scabicide, ap- 
plied topically. Caution: avoid contact with eyes and open cuts. 

Benoxal Ointment (Breon)—Ointment containing 12 per cent benzoic 
acid, 5 per cent salicylic acid, and 15 per cent zinc oxide. Uses: 
fungicide for epidermophytosis (athlete’s foot). 

Benylate Lotion (Breon)—Emulsion containing 25 per cent benzyl 
benzoate in an aqueous solution of triethanolamine stearate. 
Uses: scabicide, applied topically. 

Benzylets (Sharp and Dohme)—Soft gelatin capsules (globules) each 
containing 5 min. benzyl benzoate. Uses: antispasmodic. Dose; 
1 or 2 globules. . 

Colebenz (Cole)—Lotion, each 100 cc. containing 33.3 ce. benzyl 
benzoate and 6.5 Gm. anhydrous coconut oil soap, with isopropyl 
alcohol. Uses: fungicide and scabicide. 

Vanzoate Lotion (Vanpelt and Brown)—Quick-drying suspension 
containing 25 per cent benzyl benzoate. Uses; scabicide. 

Zylate (Upjohn)—Lotion containing 33 per cent benzyl benzoate in a 
base of isopropyl alcohol, cetyl alcohol, triethanolamine stearate, 
and distilled water. Uses: parasiticide and scabicide. 


CITRIC ACID U. S. P. Acidum Citricum 
{Acid. Cit—Sp. Acido Citrico] 
CH2.COOH 


| 
HO. ¢. COOH 
CH,.COOH 


Citric Acid contains not less than 99.7 per cent of 
HOOCCH.C(OH)(COOH)CH.COOH.H.O (210.14). 

History—This Acid was first isolated from lemon 
juice by the famous Swedish pharmacist Scheele in 
1784, after having discovered, in the preceding decade, 
several organic acids, among them lactic and tartaric 
acids. 

Preparation—Citric Acid is found in many plants. 
It was, until about 20 years ago, obtained from the 
juice of limes and lemons by a simple process, but one 
requiring careful manipulation. The boiling juice is 
first completely saturated with calcium carbonate (chalk 
or whiting) in fine powder, and the calcium citrate 
formed is allowed to subside. This is then washed 
repeatedly with water, and is decomposed by dilute 
sulfuric acid. An insoluble calcium sulfate is precipi- 
tated, and the liberated citric acid remains in solution. 
This is carefully concentrated under reduced pressure 
and the solution transferred to other vessels to cool 
and crystallize. - : 


.H2,0 


2H3C.6H507 + 3CaCO3 =? Cag(CgH507)2 “ii 3H20 sr 3CO2 


citric acid calcium calcium citrate water carbon 
carbonate dioxide 
Cag(C6H507)2 + 3H2S04 =a 2H3C 6Hs5O, + 3CaSO4 


calcium citrate sulfuric acid citric acid calcium sulfate 


Citric acid has been produced im considerable quanti- 
ties in Hawaii from damaged or otherwise unusable 
“cull” pineapples. 

Since about 1925 increasing quantities of the acid 
have been produced by fermentation of sucrose solution 
including molasses, by fungi belonging to the Asper- 
gillus niger group. This process, often referred to as 
the synthetic process, was developed in this country, 
and now most of the acid used here as well as in many 
_ other countries is produced by this process. Theoreti- 
cally the reaction proceeds as follows: 
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Cy2H22011 


sucrose 


+ 3802 


oxygen 


= 2H3C 6H5O07 


citric acid 


+ 3H20 


water 


but in practice there are deviations from this stoichio- 
metric relationship. Many factors have to be taken 
into consideration and many precautions must be ob- 
served, such as careful selection of fungi, proper prepa- 
ration of a nutrient medium containing small quan- 
tities of various inorganic salts, adjustment of the initial 
hydrogen ion concentration, prevention of contamina- 
tion by other organisms, éte. 

Citric acid contains one molecule of water of crystal- 
lization; it differs in this respect from tartaric acid, 
which contains none. The presence of this molecule 
of water of crystallization makes it valuable in the 
preparation of granular effervescent salts. It is a 
tribasic acid; in other words, three atoms of hydrogen 
are replaceable by metals, three classes of citrates being 
formed accordingly as one, two, or three hydrogen 
atoms are replaced. 


Description and Properties—Citric Acid occurs as large colorless, 
translucent crystals, or as a white, granular to fine crystalline powder. 
It is odorless and has a pleasant acid taste. The Acid effloresces in 
moderately dry air, but is slightly deliquescent in moist air. It 
loses its water of crystallization at about 50°. Dilute aqueous 
solutions of Citric Acid are subject to molding (fermentation), oxalic 
acid being one of the fermentation products. One Gm. of Citric Acid 
dissolves in 0.5 ec. of water, 2 cc. of alcohol and about 30 ce. of U.S. P. 
ether, in 100 cc. of absolute ether, and is freely soluble in methanol . 
Tests for Purity— 

Residue on ignition—Not more than 0.05 per cent. 

Oxalate—None. The test is made by neutralizing with ammonia 
a solution of 1 Gm. of the acid in 10 cc. of water, then adding a few 
drops of diluted hydrochloric acid and after cooling the solution, if 
necessary (to prevent precipitation of calcium citrate) calcium chlo- 
ride T.S. is added. No turbidity should be produced. 

Sulfate—Practically none. 

Heavy metals limit—10 parts per million. 

Readily carbonizable substances—A solution of 500 mg. of the pow- 
dered citric acid in 5 cc. of sulfuric acid is heated at 90° for 1 hour. 
The color of the solution should not be darker than Matching Fluid K 
(page 1059). 

Assay—Citric Acid is assayed by titration with standard alkali 
hydroxide using phenolphthalein as the indicator. One cc. of normal 
sodium hydroxide is equivalent to 70.05 mg. of CgHg07.H20. 
Storage—Keep this Acid in tight containers. 
Incompatibilities—Citric acid reacts with calciwm and strontium salts 
to produce sparingly soluble calcium citrate and strontium citrate 
See also Potassium Citrate (page 537). 


Uses—Citric acid in solution is often used as a sub- 
stitute for lemon juice. It is sometimes called ‘‘salt 
of lemon’? which has led to confusion with some of the 
oxalates which are also called by that name. When any 
inquiry is made for salt of lemon, its proposed use should 
be carefully investigated and in dispensing it the true 
name also should be placed upon the label. 

Citric acid is also known by the synonym ‘‘sour salt,” 
and is sold in small cartons bearing that label for use by 
Jewish cooks in preparing certain sour dishes. The 
dose is from 0.3 to 2 Gm. (5 to 30 gr.). It is rarely 
given in its free state, but is largely used in combination, 
in many solutions and syrups, and in making efferves- 
cent salts. Its aqueous solution, even when concen- 
trated, is not very stable, as it develops fungoid growths. 


IDENTIFICATION OF CITRATES 


On adding calcium chloride to a solution of a citrate 
neutralized, if necessary, with sodium hydroxide to lit- 
mus paper, the solution remains unaffected in the cold, 
but on heating a white precipitate of calcium citrate is 
produced. When potassium permanganate solution 
is added to a hot solution of a citrate mixed with about 
one-tenth its volume of mercuric sulfate T.S. a white 
precipitate is produced. This precipitate is a com- 
pound of mercury and acetone, the latter having been 
formed by the oxidation of the citric acid with the 
permanganate. 
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Citric Acid Syrup U. S. P. Syrupus Acidi Citrici 


[Syr. Acid. Cit.—Sp. Jarabe de Acido Citrico] 


Metric Alternative 
Lenion Tinctures )..').', «202 Uae 10 cc. 154 min. 
Citric. Acide... is 64 aie ee 10 Gm 146 gr. 
Distilled Wiater 2... << ssa eee 10 cc. 154 min. 
Syrup, a sufficient quantity, f 
To - make. 0.2. 4) Sadat Sea eee eae 1000 cc. 2 pints 


Dissolve the citrie acid in the distilled water and mix the solu- 
tion with 950 cc. (30 fl. oz.) of syrup. Add the tincture and 
enough syrup to make the product measure 1000 cc. (2 pints). 
Mix thoroughly. 


Note—This preparation must not be dispensed if it has 
a terebinthinate odor or taste or shows other indications 
of deterioration. 


Storage—Preserve in containers which have previously been washed 
with boiling distilled water. 

Incompatibilities—Thisesyrup has reactions characteristic of the acid 
which it contains. Hence it is not a suitable vehicle for alkaline in- 
gredients such as phenobarbital sodiwm from which substance it pre- 
cipitates phenobarbital. 


Uses—It is employed solely as a pleasant vehicle, 
the formula making it possible to prepare a syrup hav- 
ing the flavor of lemon at all seasons of the year. For 
soda fountain use, however, Lemon Syrup should always 
be freshly made from the fruit as the flavor is much 
more delicate and acceptable. 


Cupric Citrate U.S. P. Cupri Citras 
{Cupr. Cit.—Copper Citrate, Sp. Citrato Ciiprico] 


Cuprie Citrate [Cu2C,.H.0,.244H20 = 360.27] is 
a cupric salt of citric acid and contains not less than 
34 per cent and not more than 37 per cent of Cu. 

Preparation—This copper salt may be prepared in 
the following manner: Dissolve 100 Gm. of sodium 
citrate in 1000 cc. of hot water and dissolve 130 Gm. of 
cupric sulfate in 1000 cc. of hot water. Add the hot 
cupric sulfate solution, with constant stirring, to the 
solution of the sodium citrate, and allow to stand over- 
night. Wash the precipitate of cupric citrate at first 
by decantation with distilled water, then collect it on a 
filter and wash with cold distilled water until the wash- 
ings cease to react for sulfate with barium chloride, and 
dry at a temperature not above 40°. 


Description and Properties—Cupric Citrate occurs as a green, or 
bluish green, fine, crystalline powder. It loses most of its water of 
hydration at about 100°. It dissolves in ammonia T.S. with a blue 
color. When it is dissolved in diluted hydrochloric acid and the 
copper precipitated with hydrogen sulfide, filtered, and the filtrate 
evaporated to dryness on a steam bath, the residue responds to the 
reactions for citric acid. It is slightly soluble in water; more soluble 
in solutions of alkali citrates, forming a greenish blue solution; insol- 
uble in alcohol; readily soluble in diluted mineral acids. 

Tests for Purity— 

Acetate—No odor of acetic acid should be noticeable when 500 mg. 
pt upEl Citrate is heated to boiling with 10 ce. of diluted sulfuric 
acid. 

Carbonate—The addition of diluted nitric acid to the salt should 
produce no effervescence, 

Chloride—Not more than about 0.3 per cent as Cl. 

Nitrate—Practically none. 

Sulfate—Not more than 0.5 per cent as SOq. 

Assay—About 700 mg. of Cupric Citrate, accurately weighed, is dis- 
solved in 10 cc. of hydrochloric acid in a glass-stoppered flask, and 50 
ec. of water and 3 Gm. potassium iodide are added. After allowing 
the mixture to stand for 5 minutes, the liberated iodine is titrated 
with tenth-normal sodium thiosulfate using starch T.S. as indicator. 
A correction is made for a blank. LHach ce. of tenth-normal sodium 
thiosulfate is equivalent to 6.357 mg. of copper (Cu). ‘For the chem- 
istry of the assay consult the assay under Cupric Sulfate. 
Storage—Keep Cupric Citrate in tight containers. 


Uses—Copper Citrate is used in medicine as an 
astringent and antiseptic. It is used in eye ointments 
in strengths of 5 to 10 per cent. 
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Cupric Citrate Ointment U. S. P. Unguentum Cupri 
Citratis 

{[Ung. Cupr. Cit.—Copper Citrate Ointment, Sp.. Ungtiento de Citrato 
Ciuprico] 

Cupric Citrate Ointment contains an amount of Cu 

equivalent to not less than 31 per cent and not more 

than 40 per cent of the labeled amount of cupric citrate. 


Metric Alternative 
Crpric) Citraleieeman as adic sem arene 80 Gm. 1 oz. av. 123 gr. 
Wool Fate fy can Se een oe ey 210 Gm. 302. av. 158 gr. 
Light Liquid Petrolatum............ 210 Gm. 302. av. 158 gr. 
WhitesPetrolatumina eee 500 Gm. 8 oz. av. 
To makex Aetna eane 1000 Gm 1 lb. av. 


Reduce the cupric citrate to a very fine powder, levigate it with 
the wool fat, then incorporate the white petrolatum, previously 
melted and mixed with the light liquid petrolatum, and stir until 
the mixture congeals. 


Assay—A weighed quantity of about 5 Gm. of the Ointment is stirred 
with about 25 cc. of a mixture of equal volumes of chloroform and 
ether-to dissolve the ointment base. After allowing the solids to 
settle, the liquid is decanted through a filter paper. Several portions 
of alcohol-ether mixture are used to wash the residue after it is trans- 
ferred to a filter. The filter with the residue is dried, then ignited to 
destroy the citric acid. The cooled residue of copper oxide is dis- 
solved by heating with diluted nitric acid (1 in 2), then evaporated to 
dryness on a steam bath with 5 cc. of hydrochloric acid to expel any 
nitric acid which also liberates iodine from the potassium iodide and 
thus gives an incorrect assay. Finally, the residue is dissolved in 
water, filtered, potassium iodide added to the filtrate and the liberated 
iodine titrated as described in the assay of Cupric Citrate. 


Uses—An astringent and antiseptic ointment for use 
in the eye. 


Ferric Ammonium Citrate U. S. P. Ferri Ammonii 
Citras 


‘{Ferr. Ammon. Cit.—Soluble Ferric Citrate, Ammonio Ferric Citrate, 


Iron and Ammonium Citrate, Sp. Citrato de Hierro y de Amoniol 


Ferric Ammonium Citrate contains not less than 16.5 
per cent and not more than 18.5 per cent of Fe. 

Preparation—Ferric Ammonium Citrate may be 
made by the following process: 

From a suitable quantity of ferric sulfate or ferric 
chloride or their solutions of known iron content the 
iron is precipitated as ferric hydroxide. After washing 
well, a quantity of citric acid corresponding to one 
molecule of the acid to one atom of iron is added to the 
moist hydroxide and the mixture heated at about 70- 
80° C. until the iron hydroxide has dissolved, and then 
filtered. Ammonia water is then added to the filtrate 
with stirring until the solution has a pronounced odor 
of ammonia. It is then evaporated at about 60° to the 
consistency of syrup and spread on glass plates to dry. 
It may also be obtained in granular form (pearls) by 
suitable methods of drying. 


Description and Properties—Ferric Ammonium Citrate occurs as 
thin, transparent, gar net-red scales or granules, or as a brownish 
yellow powder. It-is odorless and has a saline, mildly ferruginous 
taste. It is deliquescent in air and is affected by light. The aqueous 
solution is slightly acid to slightly alkaline to litmus. It responds to 
the identification reactions for ammonia and citrate, and after acidi- 
fication with hydrochloric acid it responds to the ferrocyanide and 
thiocyanate tests for ferric iron. Ferric Ammonium Citrate is very 
soluble in water, but insoluble in alcohol. 

Tests for Purity— 

Ferric citrate—An aqueous solution of Ferric Ammonium Citrate 
(li 2 100) does not give a blue precipitate with potassium ferrocyanide 
Ss 
Assay—About 1 Gm. of Ferric Ammonium Citrate accurately weighed 
is dissolved in 25 cc. of water in a glass-stoppered flask, 5 ec. of hydro- 
chloric acid and 4 Gm. of potassium iodide are added, the flask stop- 
pered, and the mixture is allowed to stand for 15 minutes in the dark. 
The solution is then diluted with 100 cc. of water and the liberated 
iodine is titrated with tenth-normal sodium thiosulfate, using starch 
T.S. as the indicator, making correction for any iodine liberated in a 
blank. Each ee. of tenth-normal sodium thiosulfate is equivalent to 
5.585 mg. of Fe. 

For the chemistry of the assay see the assay of Ferric Chloride 
Solution. 


x 


ORGANIC ACIDS, ESTERS AND SALTS 


Storage—Keep Ferric Ammonium Citrate in tight, light-resistant 
containers. : 


Uses—Ferric Ammonium Citrate is a useful modifica- 
tion of ferric citrate, the object of adding the ammonia 
water being to make the salt more soluble. As de- 
scribed under Reduced Iron (page 427), Ferric Ammo- 
nium Citrate is one of the preparations commonly em- 
ployed in the United States for iron-deficiency anemias. 
It is free from astringent and irritant properties, and is 
practically tasteless. The dose employed in severe 
anemias is 2Gm., 2 to3 times daily. Being very soluble 
in water, the salt can be dispensed as a solution, a 
drinking tube being used to prevent staining of the 
teeth. See discussion under Reduced Iron. 

Average Dose—1I Gm. (approximately 15 grains). 


Ferric Ammonium Citrate Capsules U. S. P. 
Capsule Ferri Ammonii Citratum 


[Cap. Ferr. Ammon. Cit.—Sp. CApsulas de Citrato de Hierro y de 
Amonio] : 


Ferric’ Ammonium Citrate Capsules contain an 

amount of iron (Fe) corresponding to not less than 15.5 
per cent and not more than 19.5 per cent. of the labeled 
amount of ferric ammonium citrate. 
Assay—The contents of a counted number of the Capsules are com- 
pletely transferred to a volumetric flask and made up to volume with 
water. To an aliquot of the solution, equivalent to about 1 Gm. of 
ferric ammonium citrate, 5 ec. of hydrochloric acid and 10 ce. of 
hydrogen peroxide T.S. are added and the mixture is evaporated to 
dryness onasteam bath. The hydrogen peroxide oxidizes any of the 
iron reduced by sulfur dioxide in the capsule material or other reduc- 
ing substances. The residue is dissolved in 25 ce. of water and 5 ce. 
of hydrochloric acid, the solution completely transferred to a glass- 
stoppered flask with the aid of 25 cc. of water, then 4 Gm. of potassium 
iodide is added and the assay is completed as described under Ferric 
Ammonium Citrate, beginning with ‘‘the flask stoppered.”’ 


Average Dose—! Gm. (approximately 15 grains) of 
Ferric Ammonium Citrate. 


Green Ferric Ammonium Citrate N. F. Ferri Ammonii 
Citras Viridis 


{Ferr. Ammon. Cit. Virid.— Sp. Citrato de Hierro y de Amonio Verde ] 


Green Ferric Ammonium Citrate contains not less 
than 14.5 per cent and not more than 16 per cent of Fe. 

Preparation—The method of manufacturing Green 
Ferric Ammonium Citrate is nearly identical with that 
used in preparing the garnet-red variety except that 
more citric acid is used and only enough ammonia water 
to produce a green solution. The evaporation of the 
solution and final drying are conducted in the absence 
of sunlight. 
Description and Properties—Green Ferric Ammonium Citrate is in 
the form of thin, transparent, green scales, granules, or as a greenish 
yellow powder. It is odorless, has a mildly ferruginous taste, is deli- 
quescent, and is affected by light. The solution is acid (distinction 
from the brown variety which is nearly neutral). It conforms to the 
tests and assay given for Ferric Ammonium Citrate. 


Storage—Keep Green Ferric Ammonium Citrate in tight, light-resist- 
ant containers. 


Uses—Green Ferric Ammonium Citrate is largely 
used in solution in ampuls for intramuscular or sub- 
cutaneous injection. It is claimed to cause less coagu- 
lation of proteins on injection than the brown ferric 
ammonium citrate. The largest permissible single 
dose is 0.1 Gm. Intramuscular injections may be fol- 
lowed by nausea, vomiting, fall in blood pressure, and 
pallor, but these effects usually disappear rapidly. 
The injections are also painful. It is only the very rare 
patient, who cannot tolerate an orally administered iron 


_ preparation, who may have to be given iron by injec- 
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tion. The promiscuous use of iron by injection can only 
be condemned. The conditions in which iron therapy 
is of value are discussed under Reduced Iron (page 427). 
Green Ferric Ammonium Citrate is also largely used 
in conjunction with potassium ferricyanide in making 
blueprint paper. 
Average Dose—Intramuscular, 0.1 Gm. (114 grains). 


Green Ferric Ammonium Citrate Ampuls N. F. 
Ampulle Ferri Ammonii Citratis Viridis 
[Ampul. Ferr. Ammon. Cit. Virid—Ampuls of Green Iron Citrate, 
Green Ferric Ammonium Citrate Injection, Sp. Inyeccién de Citrato 
de Hierro y de Amonio Verde] 

Green Ferric Ammonium Citrate Ampuls contain a 
sterile solution of green iron and ammonium citrate, 
and may contain 0.5 per cent of quinine and urea hydro- 
chloride, in water for injection, and yield Fe, equal to 
not less than 14.5 per cent and not more than 16.0 per 
cent of the labeled amount of green ferric ammonium 
citrate. 

Prepare the solution and fill the cleansed ampuls ac- 
cording to the requirements given on pages 257 to 260. 
Protect the solution from daylight throughout all opera- 
tions. Use ampuls of amber-colored light-resistant 
glass, or if uncolored ampuls are used, the filled ampuls 
must be placed in suitable cartons to protect them from 
light. Sterilize the filled ampuls by Process E (page 
123) or by any other adequate and suitable method of 
sterilization, and test for sterility according to the 
method described on page 126. The Ampuls also con- 
form to the other requirements under Parenteral Solu- 
tions (page 249). 

Assay—When quinine and urea hydrochloride are absent this ampul 
solution can be directly assayed for iron content by the method de- 
scribed for Ferric Ammonium Citrate, using an accurately measured 
volume of the ampul solution equivalent to about 1 Gm. of ferric 
ammonium citrate. If quinine is present, the ampul solution is 
treated with a moderate excess of ammonia to precipitate the quinine 
which is removed by extraction with 2 successive 10-cc. portions of 
chloroform. The water layer is then completely transferred into a 
flask and acidulated with hydrochloric acid. An excess of 5 ce. of the 
acid is added, followed by 3 Gm. of potassium iodide, and the assay 
is completed as described under Ferric Ammonium Citrate. Each 
ec. of tenth-normal sodium thiosulfate corresponds to 5.585 mg. of Fe 
Storage—The solution is very sensitive to sunlight, becoming dis- 
colored and frequently forming a precipitate. It should therefore be 
protected from daylight throughout its manufacture and the ampul 


glass should be light resistant or the sterilized ampuls placed in car- 
tons to protect them from light. 


Average Dose—0.1 Gm. (approximately 11% grains) 
of Green Ferric Ammonium Citrate. 


Lithium Citrate N. F. Lithii Citras 
[Lith. Cit—Sp. Citrato de Litio] 


Lithium Citrate [LisC.H;0,.4H.O = 281.98], when 
dried for 3 hours at 165°, contains not less than 98.5 
per cent of anhydrous lithium citrate [CsH.4.OH.- 
(COOLi)s = 209.92]. 

Preparation—To a hot solution of citric acid, lithium 
carbonate is added in small portions until no more 
effervescence is produced. 


3LigCO3 + 2H3C.6H50, — > 2LigCgH50, + 3H2O + 3CO02 


lithium citric lithium water carbon 
carbonate acid citrate dioxide 


The solution is filtered and evaporated with frequent 
stirring to crystallization. 


Description and Properties—Lithium Citrate occurs as white powder 
oras granules. It is odorless, has a cooling, faintly alkaline taste, and 
is deliquescent. The aqueous solution is slightly alkaline to litmus 
but is not reddened by phenolphthalein T.S. It responds to the 
identification reactions for lithium and citrate. One Gm. is soluble in 
1.5 ce. of water at 25°, and only very slightly soluble in alcohol. 
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Tests for Purity—The N. F. includes the following tests and limits: 
Loss on drying at 165°—Not more than 26 per cent. ae 

Carbonate—No effervescence should be produced on the addition of 
5 ec. of acetic acid to 0.5 Gm. of the salt. 

Arsenic limit—10 parts per million. 

Heavy metals limit—10 parts per million. 

Potassium or sodium—The basis of this test is the insolubility of 
potassium or sodium chlorides in hot amyl alcohol while lithium chlo- 
ride is readily soluble in this solvent To the residue, obtained by 
igniting 0.4 Gm. of Lithium Citrate, 5 cc. of diluted hydrochloric acid 
isadded. The mixture is filtered, and the residue washed with water. 
The combined filtrate and washings are evaporated on a water bath 
to a small volume, then transferred completely with the aid of a little 
water into a flat-bottomed flask of about 50-cc. capacity, and evapo- 
rated almost to dryness on a water bath. Ten cc. of amyl alcohol is 
then added, and cautiously heated until the lower aqueous layer has 
evaporated. The removal of the water from the amyl alcohol mixture 
is facilitated by passing a current of dry air through the hot solution. 
Then 3 drops of hydrochloric acid are added and the solution boiled 
for 3 minutes. If an insoluble residue remains it is filtered, washed 
with amyl alcohol, and dried at 110° to constant weight. Its weight 
is not more than 4 mg. 

Assay—After it has been deprived of its water by drying to constant 
weight at 165° the salt is assayed by the procedure described for the 
Assay of Alkali Salts of Organic Acids (page 980). Each ce. of half- 
normal sulfuric acid copzumed corresponds to 34.99 mg. of anhydrous 
lithium citrate. 

Storage—Keep Lithium Citrate in tight containers. 
Incompatibilities—See Potassium Citrate (page 537). Phosphates and 
carbonates may cause precipitation of the sparingly soluble lithium 
phosphate and lithium carbonate. ‘Trouble. may be experienced in 
dry mixtures due to the deliquescence of lithium citrate. 


Uses—This salt is used for making Lithia Tablets. 


It has little, if any, use therapeutically. 
Average Dose—0.5 Gm. (approximately 71% grains). 


Magnesium Citrate Solution U.S. P. Liquor Magnesii 
Citratis 
{Liq. Mag. Cit.—Citrate of Magnesia, ‘‘Citrate,’”’ Sp. Solucién de 
Citrato de Magnesio] 
Magnesium Citrate Solution contains, in each 100 
cc., an amount of magnesium citrate corresponding to 


not less than 1.6 Gm. and not more than 1.9 Gm. of 
MgO. 


Metric Alternative 

Magnesium Carbonate.......... 15 Gm. 232 gr. 
Citricl Acid Rare Oa a oes ode, Gis © 107. Avee ie eet es 
SYLup $b SPR ey eee eee 60 cc. 2 fl. oz. 
Purified Palems taree ca eee eee 5 Gm Wil. fae 
Oikof Lemon. a see ot ene 0.1 cc. 1.5 min. 
Potassium Bicarbonate.......... 2.5 Gm 39 gr. 
Distilled Water, a sufficient quantity, 

STOMA MKES.. Se econ ty ee Cee 350 cc. 12 fl. oz. 


Dissolve the citric acid in 150 ce. (51% fl. oz.) of hot distilled 
water in a suitable dish, and, having added the magnesium car- 
bonate, previously mixed with 100 ec. (3% fl. oz.) of distilled 
. water, stir until jt is dissolved. Then add the syrup, heat the 
mixed liquids to the boiling point, immediately add the oil of 
lemon, previously triturated with the purified talc, and filter 
the mixture, while hot, into a strong bottle (previously rinsed 
with boiling distilled water) of suitable capacity. Add enough 
boiled distilled water to make the product measure 350 cc. (12 
fl. oz.). Stopper the bottle with purified cotton, allow to cool, 
drop in the potassium bicarbonate and immediately stopper the 
bottle securely. Lastly, shake the solution occasionally until the 
potassium bicarbonate is dissolved. Keep the bottle on its side 
in a cool place, preferably in a refrigerator. 


Note—In this process the 2.5 Gm. of potassium bi- 
carbonate may be replaced by 2.1 Gm. of sodium bicar- 
bonate, preferably in tablet form and, in addition, the 
Solution may be carbonated by the use of COzg, under 
pressure. Carbon dioxide alone, instead of the potas- 
sium or sodium bicarbonates, must not be used, as the 
citrates formed from the latter have a desired thera- 
peutic effect. 

The stability of Magnesium Citrate Solution is im- 
proved by adjusting the quantity of magnesium carbon- 
ate for each 350 cc. of Solution so that it corresponds to 
6.0 Gm. of MgO and by sterilizing the Solution after 
it has been bottled. 
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In this connection it should be noted that official 
Magnesium Carbonate contains the equivalent of 40.0 
to 43.5 per cent of MgO, corresponding to from 6.00 
to 6.47 Gm. of MgO from the 15 Gm. of the carbonate. 
If the pharmacist does not have the facilities for 
sterilization he should at least sterilize the stoppers by 
boiling them in water for 20-380 minutes. 


Fig. 497—T wo styles of magnesium citrate bottles (Armstrong Cork 
Company). 


It has been shown by Tice and Osol, J. A. Ph. A., 25, 
1108 (1936), that solutions containing an ‘amount of 
magnesium oxide approaching the lower official limit 
were more stable than those containing higher percent- 
ages. Precipitation on standing is increased by the 
presence of sucrose and carbon dioxide and decreased 
by sterilization of the finished product. 

This Solution is now largely manufactured by firms 
who make it a specialty. It is made in large quantities 
and the entire process is auto- 
matic, including filtration, 
bottling, carbonating, and ster- 
ilizing. Firms of this kind are 
usually developed locally, es- 
pecially in the larger cities, and 
their service includes regular 
deliveries to the distributors. 
For these reasons the price is 
usually very competitive and 
the guarantee of conformity to 
the official specifications must 
be insisted upon. 

Some pharmacists, however, 
continue to manufacture the 
solution in the smaller quanti- 
ties as required and often gain 
a personal reputation for their 
professional skill. 

Fig. 497 shows two modern 
types of ‘‘citrate bottles.”” The 
patent top of porcelain or glass 
which readily clamps in place 
and which may be easily opened 
and closed without special tools 
is still a popular style for those making their own solu- 
tion. The metal cap, which is crimped into place by a 
special machine, is also very popular. The chief objec- 
tion to the latter is the difficulty in closing it tightly 
after it is once opened. The use of a metal cap re- 
quires a capping machine (Fig. 498). The cap is easily 


Fig. 498—Bottle capping 
Machine 
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removed and, unless it has been bent in its removal, it 
may be sprung back on the bottle by pressing it against 
a flat surface should the patient desire to use only a 
portion of its contents. 

The U. 8. Pharmacopeeia has provided tests and an 
assay for this important solution and pharmacists 
should closely follow the official formula. 


If the official Solution is too acid for the patient, an _ 


additional amount of sugar or syrup will render it more 
palatable. The use of distilled water has been found 
necessary, as precipitation has frequently been traced 
to the use of ordinary water. 

The U.S. P. process attempts by the use of heat to 
eliminate mold spores or other microorganisms which 
are likely to be present in the solution and cause con- 
fervoid growths. If the pharmacist experiences annoy- 
ance and loss from this cause, it may be overcome even 
more effectually by preparing the solution without any 
attempt at sterilization, then bottling, closing the 
bottles with absorbent cotton and afterward sterilizing 
them by heating in a closed vessel containing boiling 
water. 


oT] 
Description and Properties—Magnesium Citrate Solution is a color- 
less to slightly yellow, clear, effervescent liquid, having a sweet, 
acidulous taste and a lemon flavor. It responds to the identification 
reactions for magnesium and for citrate. 
Tests for Purity— 

Chloride—Not more than 0.01 per cent as Cl. 

Sulfate—Not more than 0.015 per cent as SO4q. 

Total citric acid—This is determined by neutralizing an exactly 
measured volume of the Solution with sodium hydroxide after agitat- 
ing it to remove the free carbon dioxide, using phenolphthalein T.S. 
as the indicator, then adding an excess of calcium chloride T.S. and 
boiling. The citric acid is precipitated as calcium citrate which is 
almost insoluble in the hot solution. The precipitate, is washed with 
hot water and ignited, yielding calcium carbonate or oxide. An ac- 
curately measured excess of half-normal hydrochloric acid is added, 
warmed until solution is complete, then the excess of acid is titrated 
with half-normal sodium hydroxide, using phenolphthalein as the indi- 
eator. Not less than 26 cc. of half-normal hydrochloric acid should 
be consumed for 10 cc. of the solution. Each ce. of half-normal 
hydrochloric acid corresponds to 3.503 mg. of citric acid. This cor- 
responds to 9.1 Gm. of citric acid in 100 cc. of the solution or to a 
minimum of 31.85 Gm. of the acid per 350 cc. bottle. 

Assay for Magnesium Oxide—The U. 8. P. XIII abandoned the 
time-honored magnesium ammonium phosphate precipitation method 
in favor of the simpler and equally accurate 8-hydroxyquinoline 
method known as the ‘‘oxime’”’ method. In this assay method the 
magnesium is directly precipitated from the diluted solution, made 
strongly alkaline with ammonia, with an alcoholic solution of 8- 
hydroxyquinoline as the insoluble magnesium oxyquinolinate 
[Mg(CgHgNO)2.2H20] which is washed, dried, and weighed. The 
U.S. P. directs that the precipitate be dried at 105° for 2 hours. At 
this temperature the compound retains 2 molecules of HgO and the 
factor for converting the magnesium oxyquinolinate into MgO is 
0.1157. More concordant results are obtained by drying the pre- 
cipitate at 140° for 4 to 5 hours to expel all the water and using the 
factor 0.1270. pee 
Storage—Dispense Magnesium Citrate Solution in bottles containing 
not less than 340 ce. and not more than 360 cc., or in bottles contain- 
ing not less than 195 ec. and not more than 205 ce. 


- Uses—This is one of the most pleasant of the saline 
cathartics. It is usually given in the dose of 200 to 350 
Ce. 
Average Dose—200 cc. (approximately 7 fluid- 
ounces). 


Soluble Manganese Citrate N. F. Mangani Citras 
Solubilis 


[Mangan. Cit. Sol Manganese and Sod. Citrate] 


‘Soluble Manganese Citrate is a complex salt of man- 
ganous sodium citrate similar to ferric ammonium ci- 
traté. I contains an amount of manganese (14.6 per 
cent to 15.8 per cent) equivalent to not less than 48 per 
cent and not more than 52 per cent of manganese 

citrate, [C3sH 4.0H(COO)s]2Mng (542.99). 
Preparation—This complex salt may be prepared by 
heating 10 parts of freshly prepared manganese carbon- 


ate [MnCOs] with an aqueous solution of 20 parts of 
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citric acid, and gradually adding sufficient sodium 
hydroxide solution until solution is effected. The solu- 
tion is then filtered and the filtrate evaporated to dry- 
ness. 


Description and Properties—A pale pinkish white powder, granules, 
or scales. It is odorless and has a slightly bitter, astringent taste. 
Its aqueous solution is slightly acid or alkaline to litmus paper. It 
responds to identification reactions for manganese and for citrate: 
One Gm. is slowly soluble in about 4 cc. of water, but is somewhat 
more soluble in boiling water. It is only slightly soluble in alcohol. 
Tests for Purity— 

Chloride—Not more than 0.015 per cent as Cl. 

Sulfate—Not more than 0.2 per cent as SO4. 

Arsenic limit—10 parts per million. 

Tron—Practically negligible. 

Lead limit—20 parts per million, determined by the dithizone 
method. 
Assay—In the assay of this salt the manganese is precipitated as 
hydrated manganese dioxide by heating a solution of a weighed, 
quantity of the salt in water with ammonia and hydrogen peroxide. 
The precipitated manganese dioxide is filtered, washed well with hot 
water, and ignited whereby the manganese dioxide is converted into 
manganous manganic oxide [Mn304]. The weight of this oxide, 
multiplied by 2.373, represents the equivalent of [C3H4.OH.(COO) 3] 

ng. 
Storage—Keep Soluble Manganese Citrate in well-closed containers.. 


Uses—Formerly used as a nervine and blood tonic. 
Average Dose—0.2 Gm. (approximately 3 grains). 


Potassium Citrate U. S. P. Potassii Citras 
{Pot. Cit.—Citrate of Potash, Sp. Citrato de Potasio} 


Potassium Citrate [K3C 6«H;07,.H2O = 324.40], when 
rendered anhydrous by drying at 180°, contains not 
less than 99 per cent of anhydrous potassium citrate. 

Preparation—This salt is made by adding potassium 
bicarbonate or carbonate to a solution of citric acid 
until effervescence ceases, filtering the solution and 
evaporating to granulation. 


3KHCO3 + H3C.gH;07 ats K3C.gH507 + 38H2O0 + 38COe 


potassium citric water carbon 
bicarbonate acid dioxide 


potassium 
citrate 


Description and Properties—Potassium Citrate occurs as white 
crystals, or as a white, granular powder. It is odorless, has a cooling, 
saline taste, and is deliquescent in moist air. Its aqueous solution is 
alkaline to litmus, but is not reddened by phenolphthalein T.S. It 
responds to the identification reactions for potassium and citrate. 
One Gm. dissolves in 1 ce. uf water at 25°; almost insoluble in alcohol. 
Tests for Purity— 

Loss on drying at 180°—Not less than 3 per cent and not more than 
6 per cent. 

Tartrate—When acetic acid is added to a moderately concentrated 
solution containing potassium and tartrate ions, the slightly soluble 
potassium bitartrate is formed, the acetic acid furnishing the hydro- 
gen for the bitartrate: 


K2C4H 0, + CH,CO,H > KHC.H.0. + CHsCO.K 


potassium acetic potassium potassium 
tartrate acid bitratrate acetate 


The test is made by adding 1 ce. of acetic acid to a solution of 1 Gm. 
of the citrate in 1.5 cc. and scratching the walls of the test tube with a 
glass rod. No crystalline precipitate should be formed. The 
scratching of the test tube accelerates the formation of potassium bi- 
tartrate. 

Arsenic limit—10 parts per million. 

Heavy metals limit—10 parts per million. 

Assay—This salt, after having been deprived of its water by heating 
at 180°, is assayed by the procedure described for the Assay of Alkali 
Salts of Organic Acids (page 980). Each cc. of half-normal sulfuric 
acid corresponds to 51.07 mg. of anhydrous potassium citrate. 
Storage—Keep Potassium Citrate in tight containers. 
Incompatibilities—Potassium citrate precipitates atropine, morphine, 
codeine, quinine, strychnine, and other alkaloids from aqueous or, in 
some instances, hydroalcoholic solutions. With calcium and stron- 
tium salts, the sparingly soluble citrates will be precipitated. Addi- 
tion of much potassium citrate to hydroalcoholic solutions will cause 


_ separation into two layers, the upper being alcoholic and containing 


whatever alcohol-soluble ingredients are present, the lower being 
aqueous and containing the citrate. Dilution with water will promote 
miscibility. ¢ : 
Uses—Potassium Citrate is employed as an expec- 
torant. It is used in the dose of 1 to 2 Gm. every few, 
hours, diluted with at least one-half glassful of water or. 
fruit juice. In this dose, the salt is also.a diuretic with 
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the properties of causing an alkalosis and an alkaline 
urine. 
Average Dose—1I Gm. (approximately 15 grains). 


Potassium Citrate Solution N. F. Liquor Potassii 
Citratis 
{Liq. Pot. Cit—Sp. Solucién de Citrato de Potasio] 
Potassium Citrate Solution is an aqueous solution 
containing, in each 100 cc., not less than 8 Gm. of 


K3;C.H;0,, with small amounts of free citric and car- 
bonie acids. 


Metric Alternative 
Potassium Bicanbonatemers ae 80 Gm. 292 gr. 
Citric Acids ptapomeut alkene he Aye Berge oF 60 Gm. 219 gr. 
Distilled Water, a sufficient quantity, 4 
To makejt eee : 1000 cc. $ fl. oz. 


Dissolve the potassium bicarbonate and the citric acid, each 
in 400 ce. (3 fl. 0z.) of distilled water. Filter the solutions sepa- 
rately, and wash the filters with enough distilled water to obtain, 
in each case, 500 ce. (4 fl. oz.). Mix the two solutions; when effer- 
vescence has ceased, transfer to a bottle and stopper tightly. 


Note—This preparation must not be dispensed unless 
it has been recently prepared. 

It is convenient in dispensing practice to keep sepa- 
rate stock solutions of citric acid and potassium bicar- 
bonate on hand ready to be mixed when Potassium 
Citrate Solution is needed. The potassium bicarbonate 
solution keeps moderately well but the citric acid solution 
is prone to develop mold growths. A more concen- 
trated solution, however, is quite permanent; one con- 
taining four times the normal citric acid content is satis- 
factory. This preparation is sometimes called Neutral 
Mixture, but in some localities Neutral Mixture is al- 
ways understood to mean a more agreeable preparation 
than this solution. It is made by nearly saturating 
lemon juice with potassium bicarbonate. It was official 
in the U.S. P. 1880 under the name of Mistura Potassi- 
Citratis. 

Description and Properties—Solution of Potassium Citrate is a Clear, 
colorless, odorless liquid, with a slightly acid, saline taste. It re- 
sponds to the identification reactions for potassium and citrate. 
Tests for Purity— : ; 

Tartrate—The solution, after concentration to one-tenth its volume, 
meets the requirements of the test described under Potassium Citrate. 

Arsenic limit—10 parts per million on the basis of the potassium 
citrate content. ‘ we 

Heavy metals limit—1 part per million. ’ 

Assay—10 ce. of the solution accurately measured is evaporated to 


dryness, the residue ignited and treated as in the Assay of Alkali 
Salts of Organic Acids (page 980). 


Uses—See Potassium Citrate. 
Average Dose—I5 cc. (approximately 4 fluidrachms) 
corresponding to 1.2 Gm. of Potassium Citrate. 


Effervescent Potassium Citrate U.S. P. Potassii Citras 


Effervescens 
[Pot. Cit. Eff.—Sp. Citrato de Potasio Efervescente] 
Metric Alternative 
Potassium Citrate’ ws wanes eein i ee 200 Gm. 4 oz. av. 
Sodium Bicarbonate, in dry powder.. . 477 Gm. 9.0z. av. 236 gr. 
Tartaric Acid, in dry powder........ 252 Gm. 50z.av. 18 gr. 
Citric Acid, uneffloresced........... 162 Gm. 302. av. 105 gr. 
TO: Wie Ke 5 .ccte cs ahoate cere ere tetera 1000 Gm. 20 oz. av. 


Dry the potassium citrate on a water bath until it ceases to 
lose weight, and powder the dried salt. Mix this intimately with 
the powdered citric and tartaric acids, and thoroughly incorporate 
the sodium bicarbonate. Place the mixed powders on a plate of 
glass or in a suitable dish in an oven, previously heated to between 
93° and 104°. Manipulate the mixture carefully with a 
spatula which is acid-resistant, until it becomes moist, rub it 
through a No. 6 tinned-iron sieve, and dry the granules at a 
temperature not exceeding 54°. Immediately transfer the salt 
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to suitable containers and seal them tightly. Care must be 
taken to prevent the product from coming in contact with air 
containing moisture. 


Note—The U.S. P. permits variation in the propor- 
tions of tartaric acid and citric acid, if desired, but their 
combined acidity must be equivalent to the acidity 
indicated in the official formula and the percentage of 
potassium citrate must be maintained. 


Storage—Keep Effervescent Potassium Citrate in tight containers. 


Uses—Effervescent Potassium Citrate is a mild 
diuretic due to the action of the potassium ion, mildly 
alkalinizing, due to the presence of sodium bicarbonate 
and potassium citrate, and mildly cathartic, due to the 
presence of tartrate. It is chiefly employed as a 
cathartic in the dose of 4 Gm. 

Average Dose—4 Gm. (approximately 60 grains). 


Sodium Citrate U. S. P. Sodii Citras 
[Sod. Cit.—Sp. Citrato deSodio] 


Sodium Citrate [NagC.H;0,.2H.O = 294.12], when 
dried to constant weight at 150°, contains not less than 
99 per cent of anhydrous sodium citrate [NasCgH;0, = 
258.09]. 

Preparation—This salt is usually prepared by adding 
sodium carbonate to a solution of citric acid until effer- 
vescence ceases, evaporating and granulating the 
product. 

Description and Properties—Sodium Citrate occurs as small white 
crystals, or as a white crystalline powder. It has a cooling, saline 
taste. It is stable in the air. The aqueous solution is slightly alka- 
line to litmus but should not be reddened by phenolphthalein. It re- 
sponds to the identification reactions for sodium and citrate. One 
Gm. dissolves in 1.5 ec. of water at 25°, in 0.6 ce. of boiling water; in- 
soluble in alcohol. 

Tests for Purity — : 

Loss on drying—N ot less than 10 per cent and not more than 13 per 
eent, 

Tartrate—To a solution of 1 Gm. in 2 ce. of distilled water, 1 ec. of 
potassium acetate T.S. and 1 cc. of acetic acid are added and stirred 
well with a glass rod. No crystalline precipitate should be formed. 
The chemistry of this test is discussed in the test for tartrate in potas- 
sium citrate, except that when a sodium salt is being tested a potas- 
sium salt has to be also added to furnish the potassium for the forma- 
tion of the potassium bitartrate. 

Arsenic limit—10 parts per million. 

Heavy metals limit—10 parts per million. 

Assay—This salt, after being deprived of its water by heating at 
150°, is assayed by the procedure described for the Assay of Alkali 
Salts of Organic Acids (page 980). Each cc. of half-normal sulfurie 
acid corresponds to 43.01 mg. of anhydrous sodium citrate. 
Storage—Keep Sodium Citrate in tight containers. 
Incompatibilities—See Potassium Citrate (page 537). 


Uses—Sodium Citrate is used as an expectorant in 
the dose of 1 to 2 Gm., well diluted with water, taken 
every 2 hours. It is used in making compound syrup 
of hypophosphites and other preparations containing 
salts of iron and manganese, these being rendered more 
soluble in the presence of an alkaline citrate or tartrate. 
It is also an important ingredient in Ferric Citro-Chlo- 
ride Tincture, its presence in iron solutions lessening the 
tendency to darken when iron is added to tannins. 
This is illustrated in the Gentian and Iron Elixir where 
its presence makes it unnecessary to use a detannated 
gentian. It is used in Tannin Glycerite also to preven 
undue darkening of the preparation. 2 

Average Dose—1I Gm. (approximately 15 grains). 


Sodium Citrate Solution N. F. Liquor Sodii Citratis 
[Liq. Sod. Cit.—Mistura Sodii Citratis, Potio Riverii, Sp. Solucién de 
Citrato de Sodio] : 
Sodium Citrate Solution is an aqueous solution con- 
taining, in each 100 cce., not less than 2.5 Gm. and not 
more than 3 Gm. of NasC,.H;0,:2H.O. 
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Metric Alternative 
ONE. BNET t SE eat FAB SOs de 20 Gm 37 gr 
ROdiimmebicarponale.r...jccr seks oe ke <i a ice 25 Gm 46 gr 
Distilled Water, a sufficient quantity, 
PGEIIDRICO Mere ete etn e daar. certs ey os, Lo 1000 cc. 4 fl. oz. 


Dissolve the citric acid in the distilled water contained in a 
strong bottle of about 1250 ce. (6 fl. oz.) capacity; add the sodium 
bicarbonate; dissolve it by gentle agitation, and immediately 
stopper the bottle securely. 


Note—This’ preparation should: not be dispensed 
unless it has been recently prepared. 


Description’ and Properties—Sodium Citrate Solution is a slightly 
effervescent, clear, colorless, odorless, aqueous liquid, with a pleas- 
antly acidulous and saline taste. It is slightly acid to litmus and re- 
sponds to the identification reactions for sodium and for citrate. 
Assay—10 ce. of the solution, accurately measured, is evaporated to 
dryness, the residue ignited and treated asin the Assay of Alkali Salts 
of Organic Avid (page 980). 

Storage—Keep Solution of Sodium Citrate in tight containers. 


Uses—See Sodium Citrate. 
Average Dose—15 cc. (approximately 4 fluidrachms). 


Anticoagulant Sodium Citrate Solution U. S. P. 
Liquor Sodii Citratis Anticoagulans 


|Liq. Sod. Cit. Anticoag.—Sp. eo! Anticoagulante de Citrato de 
Sodio] 


Anticoagulant Sodium Citrate Solution is a solution 
of sodium citrate in isotonic solution of sodium chloride 
and contains, in each 100 cc., not less than 2.3 Gm. and 
not more than 2.7 Gm. of sodium citrate [Na3C.H 507. - 
2H.O], and not less than 850 mg. and not more than 
950 mg. of sodium chloride [NaCl]. 


NO. 1—NON-STERILE ANTICOAGULANT SOLUTION OF 


SODIUM CITRATE 

Metric 
25 Gm. 
9 Gm. 


Alternative 
365 gr. 
131 gr. 


PRY AMUN LET ATO. yete ashe foxes eh gute oe doace eee 
Sodium Chloride...... ie Sethe Suetapoane roe Be 
Distilled Water, a sufficient quantity, 


DCT OMI, crete: «hs aso feicesim susie 68s wes 


1000 cc. 2 pints 


The salts are dissolved in sufficient distilled water to make 
1000 cc. (2 pints) and filtered until free from suspended particles 


NO. 2—STERILE ANTICOAGULANT SOLUTION OF SODIUM 
CITRATE NOT FOR PARENTERAL USE 


This solution is prepared as directed under No. 1 and steralized 


preferably by process C. It meets the Sterility Test for Liquids 
(page 126). 


NO. 3—STERILE ANTICOAGULANT SOLUTION OF SODIUM 
CITRATE FOR PARENTERAL USE 


This solution is prepared as directed under No. 1, but using 
Water for Injection in place of distilled water, then sterilized, 
preferably by process C (page 121). It meets the Sterility Test 
for Liquids (page 126) and, when diluted with water for injection 
to contain 0.5 per cent of sodium citrate, meets the Pyrogen Test 
(page 250). It also conforms to the other requirements given 
under Injections (page 249). Bacteriostatic agents must not be 
added. 


Variation in content of sodium citrate—Anticoagulant 
Sodium Citrate Solutions for parenteral use may differ 
in sodium citrate content from that indicated above, 
but they must all conform to the requirements set forth 
in the preceding paragraph, and to the physical proper- 


ties and tests described below. The label of such 


4 


solutions must indicate the percentage or amount of 
sodium citrate per unit of volume, and the content of 
sodium citrate of such solutions, as determined by the 
assay method given below, is not less than 92 per cent 
and not more than 108 per cent of the labeled amount. 

Caution— Unless otherwise specified, No. 3—Sterile 


Anticoagulant Sodium Citrate Solution for Parenteral 


Use must be dispensed. 
ae * 
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Description and Properties—Anticoagulant Sodium Citrate Solution 
is a clear, colorless solution possessing a slightly saline taste. The pH 
of the Solution is not less than 6.7 and not more than 7.5, 

Assay for Sodium Chloride—The sodium chloride content of the Solu- 
tion is determined argentometrically as described under Argento- 
metric Assay (page 980). 

Assay for Sodium Citrate—25 cc. of the solution, accurately measured, 
is evaporated to dryness in a platinum dish and carefully ignited until 
it is thoroughly charred, then the assay completed as described under 
the Assay of Alkali Salts of Organic Acids (page 980). 

Storage—Keep the Sterile Solutions in hermetic or other suitable 
containers. See Containers for Injections (page 255). 


Uses—Anticoagulant Sodium Citrate Solution pre- 
vents the clotting of blood by combining with calcium 
ions. When dissolved in an isotonic solution of sodium 
chloride, the resultant solution both prevents the clot- 
ting of blood and prevents either crenation or swelling 
of the cells. The sterile solution is employed for the 
preparation of banked blood for transfusion and for the 
preparation of citrated human plasma. 


Anticoagulant Acid Citrate Dextrose Solution U. S. P. 
Liquor Acidi Citratis Dextrosi Anticoagulans 


{Liq. Acid. Cit. Dextros. Anticoag.—A. C. D. Solution, Sp. Solucién 
Anticoagulante de Acido Citrico y Dextrosa] 


Anticoagulant Acid Citrate Dextrose Solution is a 
sterile solution of sodium citrate, citric acid, and dex- 
trose. It contains, in each 100 ec., not less than 2 Gm. 
and not more than 2.4 Gm. of sodium citrate 
[NasC.H;O0,.2H.2O], not less than 750 mg. and not 
more than 850 mg. of citric acid [HgC.-H;0,. HO], and 
not less than 2.3 Gm. and not more than 2.6 Gm. of dex- 
trose [Cc ala Oe , H.O] S 


Metric Alternative 
SO GUM CLULALE ewer ae eee race ey a tee 22 Gm. 321 gr. 
CiiriGrA Cid ewe ai onthe cere canis Sass ek 8 Gm 117 gr. 
Diextros esau irr ete e Aa rei ae 24.5 Gm 358 gr. 
Water for Injection, a sufficient quantity, 
MORIA KG een eek: ee een ie reer ete oe 1000 cc. 2 pints 


Dissolve the ingredients in sufficient water for injection to make 
1000 ce. (2 pints) and filter, returning the filtrate until it is free 
from suspended particles. Place the solution immediately in 
suitable, sterile containers, and sterilize, preferably by Process C. 
See Sterilization Processes (page 121). The Solution meets the 
Sterility Test for Liquids (page 126) and, when diluted with water 
for injection to contain.0.5 per cent of sodium citrate, meets the 
Pyrogen Test (page 250). Bacteriostatic agents must not be 
added. 


Description and Properties—A clear, colorless, and odorless liquid of 
acid reaction. It responds to the identification reactions for citrate 
and dextrose. The pH of this solution is 4.5 to 5.5 and contains not 
more than 0.0035 per cent chloride (as Cl). 

Assay for Free Citric Acid—This is determined by titrating a meas- 
ured volume of the Solution with tenth-normal sodium hydroxide 
using phenolphthalein T.S. as the indicator. One cc. of tenth-normal 
sodium hydroxide corresponds to 7.005 mg. of citric acid 

Assay for Sodium Citrate—The sodium citrate content of this solu- 
tion is determined as described under Anticoagulant Sodium Citrate 
Solution. 

Assay for Dextrose—The dextrose concentration is determined polari- 
metrically as described under Deztrose and Sodium Chloride Injection. 
Storage—This Solution is preferably kept in hermetic containers or 
in other suitable containers. 


Uses—See Anticoagulant Sodium Citrate Solution. 
A. C. D. will preserve whole blood for 21 days. 


Unofficial Derivatives and Salts of Citric Acid 


Aluminum Citrate [AlCgH50,7]—White powder or scales. Very 
slowly soluble in cold water; soluble in hot water, readily soluble 
in ammonia water, with the formation of a complex similar to ferric 
ammonium citrate. Uses: anhidrotic. 

Ammonium Citrate Dibasic—See Reagents (page 1065). 

Bismuth Ammonium Citrate U. S. P. 1X [Approx. Bi(NH 3) 2C6H 707. - 
H.O0]—White, lustrous, odorless scales or white powder; loses 
NHg on exposure to air and becomes insoluble in water, but re- 
dissolves on addition of ammonia. Soluble in 3.5 water, slightly in 
alcohol. Keep well closed and protected from light. 

Calcium Citrate [Cas(CgH507)2.4H20]—A white odorless powder, 
‘soluble in a little over 1000 parts water; insoluble in alcohol. 

Ferric Citrate [approx. FeCgH507.5H20]—Garnet-red, transparent 
scales, or pale brown powder, affected by light with reduction of the 
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iron to ferrous. Slowly soluble in cold water, readily in hot water 
and in ammonia water with formation of the complex ferric am- 
monium citrate. Uses: a source of iron in anemias. 

Iron and Sodium Citrate—Similar to the ammonium analogue. Uses: 
employed in the treatment of iron-deficiency anemias in a manner 
similar to iron and ammonium citrates. Dose: the dosage system 
is the same as Iron and Ammonium Citrates (page 534). 

Magnesium Citrate Soluble, Dibasic Magnesium Citrate [Mg- 
HC.gH507.5H20|—The article of commerce usually contains 
somewhat more citric acid than is indicated by the formula to 
render it more readily soluble. A white powder or granules. 
Slowly soluble in about 5 parts water; insoluble in alcohol. It 
becomes less soluble with age or by loss of water. Uses: a cathar- 
tic similar to Magnesium Citrate Solution. Dose: 10-25 Gm. 

Manganese Citrate [MnHCgH507]—A white powder; slightly sol- 
uble in water. Uses: a tonic and astringent. 

Silver Citrate [AggCgH507]—White, crystalline needles or powder. 
Sparingly soluble in cold water, more soluble in boiling water. 
Uses: a non-irritating antiseptic, applied in solution 1 to 4000 
directly to wounds and 1 to 10,000 for urethral injections. 

Triethyl Citrate [(C2Hs)3Ce6Hs507]—A colorless to slightly yellow, 
odorless, bitter, oily liquid. Specific gravity about 1.13. Boils 
at about 295° with some decomposition. Insoluble in water, mis- 
cible with alcohol or ether. Uses; a plasticizer in lacquers. 


Specialties Cantaining Citric Acid and Citrates 


Alka-Dextro (Parke, Effervescent granulation containing 
citric acid, sodium bicarbonate, and 66.7 per cent dextrose. Uses: 
alkalinizing agent. Dose: 2 tablespoonfuls dissolved in water. 

Alka-Zane (Warner)—Hffervescent powder, each 5 Gm. containing 
2.66 Gm. (41 gr.) sodium citrate, 0.116 Gm. (1.8 gr.) calcium glycero- 
phosphate, 0.246 Gm. (3.8 gr.) calcium phosphate, 0.246 Gm. (3.8 
gr.) magnesium phosphate, and 1.64 Gm. (25.3 gr.) sodium bicar- 
bonate. Uses: alkalinizing agent. Dose: 1 heaping teaspoonful 
in water. 

Caknam (Paxton)—Effervescent powder containing 1.5 per cent 
magnesium citrate, 1.4 per cent potassium citrate, 67.5 per cent 
sodium citrate, 2.8 per cent calcium lactate, 23.6 per cent sodium 
bicarbonate, and 3.2 per cent dibasic sodium phosphate. Uses: 
alkalinizing agent. Dose: 1 to 2 teaspoonfuls dissolved in water. 

Citralka (Parke, Davis)—Effervescent disks, 3.9 Gm. (60 gr.), or a 
liquid, each disk containing sodium and potassium citrates and 
tartrates with calcium lactophosphate, lithium benzoate, magne- 
sium sulfate, sodium chloride, and sodium phosphate; each fluid- 
ounce of liquid (pH 4.5 to 5.0) containing 8 Gm, disodium hydrogen 
citrate and 6 Gm. carbohydrates. Uses: alkalinizing agent. 
Dose: 1 to 2 disks, or 1 to 2 teaspoonfuls of liquid. 

Citrocarbonate~(Upjohn)—HEffervescent salt, each teaspoonful con- 
taining 0.972 Gm. (15 gr.) free sodium bicarbonate and 1.64 Gm. 
(25.48 gr.) sodium and potassium as citrates and tartrates; also 
0.162 Gm. (2.5 gr.) calcium lactate, 0.071 Gm. (1.1 gr.) magnesium 
sulfate, 0.084 Gm. (1.3 gr.) sodium chloride, and 0.103 Gm. (1.6 gr.) 
sodium phosphate. Uses: gastric antacid and systemic alkaliniz- 
ing agent. Dose: 1 to 2 teaspoonfuls dissolved in water. This 
preparation is also available as a syrup or tablets. 

Citro-Soda (Abbott)—Lemon-flavored, effervescent salt containing 
sodium citrate, citric acid, sodium bicarbonate, and 21.4 per cent 
tartaric acid. Uses: alkalinizing agent. Dose: 1 to 2 teaspoon- 
fuls in water. 

Citro-Thyme (Pitman-Moore)—Syrup, each fluidounce containing 
2.59 Gm. (40 gr.) sodium citrate, 3.89 Gm. (60 gr.) thyme, 1.8 cc. 
(30 min.) ipecac syrup, 0.25 per cent benzoic acid, and pineapple 
flavor. Uses: expectorant. Dose: 1 to 2 teaspoonfuls in water. 

Cofron Capsules (Abbott)—Each contains 6.5 mg. (49 gr.) iron as 
iron and ammonium citrate, 0.26 mg. (34509 gr.) copper as copper 
sulfate, and whole liver concentrate from 10 Gm. fresh liver. 
Uses: hematinic. Dose: 9 to 15, daily. 

Cofron Dulcets—Each contains 10 mg. iron as saccharated ferrous 
carbonate and 0.4 mg. copper as citrate. Dose: 1 or more. 
Cofron Elixir—Each fluidounce contains 0.065 Gm. (1 gr.) iron as 
iron and ammonium citrate, 2.6 mg. (445 gr.) copper as copper sul- 
fate, 2 Gm. whole liver concentrate from 40 Gm. fresh liver, 15 per 
cent alcohol, and elixir base. Dose: 3 tablespoonfuls, daily. 
Cofron Tablets—Each contains 0.225 Gm. (3'% gr.) soluble iron 
pyrophosphate and 4 mg. (0.06 gr.) copper sulfate. Dose: 4 tab- 
lets, daily. 

Copperin (M. L. Walker)—Capsules “‘A”’ (for adults) and ‘‘B” (for 
children), containing iron and ammonium citrate with copper sul- 
fate. Each capsule contains 32 mg. iron while the ‘‘A”’ contains 1 
mg. and the ‘‘B”’ 144 mg. of copper. Uses: hematinic. Dose: 3 
“A’’ capsules for adults; 1 to 3 ‘‘B”’ capsules for children. 

Copral (Improved) (Brewer)—Elixir, each fluidounce containing 
0.648 Gm. (10 gr.) iron and ammonium citrate, 0.324 Gm. (5 gr.) 
ee citrate, 0.259 Gm. (4 gr.) liver extract (1:20), 333 


Veen: hematinic. Dose: 1 tablespoonful. 

Endoglobin Liquid (Endo)+—Liquid, each ounce containing 1.2 Gm. 
iron and ammonium citrate, 0.3 Gm. peptonized iron, 1.4 Gm. liver 
paste from 2 oz. fresh liver, 5 mg. calcium pantothenate, 2 mg. 


riboflavin, 9 cc. rice bran extract, and 3 mg. thiamine hydrochloride. 


Uses: hematinic and reconstructive. Dose: 1 teaspoonful. 
Naferon Kapseals (Parke, Davis)—Capsules (71/2 gr.) containing 
neutral iron and sodium citrate. Uses: hematinic. Dose: 3 to 
'9 kapseals, daily. 
Sodium Bismuthyl Citrate (Upjohn)—Ampuls (2 ce.), each containing 


24 mg. sodium bismuthyl citrate, 40 mg. benzyl alcohol, 0.5 Gm. 


sucrose, in double distilled water buffered with sodium citrate. 
Contains 55 to 58 per cent elémental bismuth: U'sés:  anti- 
syphilitic. Dose: 2 cc., intramuscularly. : 


S. P. units vitamin Bj, 0.5 mg. riboflavin, and sherry wine. 


ORGANIC ACIDS, ESTERS AND SALTS 


FORMIC ACID N. F.. Acidum Formicum 


{Acid. Formic.—Sp. Acido Formico] 


Formic acid is an aqueous solution containing not 
less than 24 per cent and not more than 26 per cent of 
HCOOH (46.03). 

Preparation—Formic Acid was formerly made by 
heating oxalic acid with glycerin. The oxalic acid de- 
composed into formic acid which combined with the 
glycerin to form glyceryl monoformate. The latter, 
upon heating with water, was hydrolyzed to glyco 
and formic acid which distilled over. 

This Acid is now almost universally produced by 
passing carbon monoxide under 5 to 6 atmospheres 
pressure over finely powdered sodium hydroxide at a 
temperature of about 120°. Sodium formate results 
from the union of the two substances according to the 
following equation: 


NaOH + CO —HCOONa 


sodium carbon sodium 
hydroxide monoxide formate 


The sodium formate is then heated with sulfuric acid 
whereby free formic acid and sodium sulfate are formed. 


2HCOONa + H2S04 — 2HCOOH + NaeSO4 


sodium sulfuric formic sodium 
formate acid acid sulfate 


The formic acid of commerce usually contains 85 to 90 
per cent of HCOOH and has a specific gravity of about 
1.2. The N. F. acid is made by diluting the concen- 
trated acid. 

The name “formic acid”’ is derived from Formica, the 
generic name for ants, because this acid was first ob- 
tained when 8S. Fisher distilled F. rufa in 1670. 


Description and Properties—A clear, colorless liquid with a charac- 
teristic pungent odor; specific gravity about 1.058. Absolute formic 
acid boils at 100.5° and solidifies at about 7°. 

Tests for Purity— 

Non-volatile residue—Not more than 0.01 per cent. 

Chloride, oxalate and sulfate—Practically none. 

Sulfite (sulfurous acid)—Practically none. The test is made by 
adding 1 drop of tenth-normal iodine to 10 ce. of the Acid: a pale 

yellow color should be produced. Sulfite medces iodine to iodide 
euinh is colorless. 

Heavy metals limit—5 parts per million. 

Acetic acid—1 cc. of formic acid is heated on the water bath with 
1.5 Gm. of yellow mercuric oxide and 10 cc. water for 10 minutes with 
frequent shaking and filtered. The filtrate should not be acid to lit- 
mus paper. The formic acid is oxidized by the mercuric oxide to 
COg, the mercuric oxide being reduced to metal. Any acetic acid 
present forms mercuric acetate which, in solution, is acid to litmus 
paper. (Limit about 0.5 per cent acetic acid.) 

Acrolein and allyl formate—These products may be present in formic 
acid made by the glycerin-oxalic acid process and they are tested for 
by making about 1 cc. of the formic acid strongly alkaline with so- 
dium hydroxide; no pungent (acrolein) or empyreumatie odor should 
be noticeable. 

Assay—The acid is assayed by titration with standard alkali hydrox- 
ide using phenolphthalein T.S. as the indicator. One cc. of normal 
sodium hydroxide corresponds to 4.603 mg. of HCOOH. 
Storage—Keep the Acid in tight containers. 


Uses—It is used chiefly to produce the alkaline for- 
mates for making syrups and elixirs, but it has been used 
as an irritant and vesicant when applied locally, and as 
a stimulant, like ammonia, in a dose of 0.3 ec. (5 minims). 
Industrially, the Acid is used as a reducer in dyeing 
wool-fast colors, in the manufacture of leather as well 
as in electroplating. 

Average Dose—0.3 cc. (approximately 5 minims). 


_ IDENTIFICATION OF FORMIC ACID AND FORMATES 


- Formic acid is a powerful reducing agent. When it is 
warmed with mercury bichloride solution, the latter is 
reduced to calomel. When heated with sulfuric acid it 
decomposes into water and carbon monoxide, the latter 
recognizable by its burning with a blue, characteristic 


flame. y 
s 


ORGANIC ACIDS, ESTERS AND SALTS 


Soluble formates, or neutralized solutions of formic 
acid, yield with ferric chloride a deep reddish orange 
color which becomes yellowish orange on the addition 
of mineral acids. 


Formic Acid Spirit N. F. Spiritus Acidi Formici 
[Sp. Ac. Formic.—Spiritus Formicarum; Spirit of Ants] 


Formic Acid Spirit contains, in each 100 cc., not less 
than 0.95 Gm. and not more than 1.05 Gm. of HCOOH. 


Metric Alternative 
LPOUISTNG. ANCIG ES aed A0\cc, 1 soz. 134 mint 
Dystilled Water... eee en 229 CC. OZ.) Gouin: 
Alcohol, a sufficient quantity, 
MIRREN ACMA rok ret ahha i's cewta ensrd oe es 3 1000 cc. 2 pints 


Mix the formic acid with the distilled water, and add sufficient 
alcohol to make the product measure 1000 cc. 2 pints). 


Description and Properties—Formic Acid Spirit is a clear, colorless 
liquid having a strongly acid reaction and a characteristic, pungent 
odor. 

Tests for Identity, Purity and Assay—See Formic Acid. 

Alcohol content—From 66 to 72 per cent, by volume, of CgH;OH. 

. Storage—Keep the Spirit in tight, light-resistant containers. 


Uses—Formic Acid’ Spirit is occasionally employed 
on the skin as a counterirritant and internally as a 
reflex stimulant. The preparation is little used. 

Average Dose—4 cc. (approximately 1 fluidrachm). 


Unofficial Salts of Formic Acid 


Ammonium Formate [HCOONH4]|—Colorless or white crystals; 
Very soluble in water; soluble in alcohol. Uses: in chronic 
paralysis and palsy of sensation and motion. Dose: 0.3 Gm. (5 
grains). 

Sodium Formate [HCOONa]—White, deliquescent crystals or crystal- 
line powder. Usually has a slight odor of formic acid. Melts at 
about 253°. At higher temperatures it decomposes into sodium 
oxalate and hydrogen, then into sodium carbonate. Soluble in 
about 1.3 parts water, soluble in glycerin, slightly soluble in alco- 
hol. Uses: in salt-free diets to replace table salt. See Curtasal 
below. 


Specialties Containing Formates 


Curtasal (Winthrop)—Salt preparation containing calcium formate, 
magnesium oxide, Magnesium citrate, and sodium formate. Uses: 
salt substitute for use in salt-free diets. 

Formac (Drug Products)—Ampuls (1 cc. hyposols), each 1 ce. con- 
taining 5 mg. formic acid, 2.25 mg. silicic acid, and 3.9 mg. sodium 
formate, in water for injection U.S. P. Uses: tissue irritant in 


arthritic, rheumatic, and neuritic conditions. Dose: 1 ce., 
intramuscular. ; ; us 
Neocurtasal (Winthrop)—Sodium-free seasoning agent containing 


potassium chloride, ammonium chloride, potassium formate, cal- 
cium formate, magnesium citrate, and starch. 


GLUCONIC ACID Acidum Gluconicum 
[d-Gluconic Acid, Dextronic Acid, Glycogenic Acid] 


Gluconic Acid [CH,OH(CHOH) ,COOH = 196.16] is 
the organic acid obtained by oxidizing the aldehyde 
(CHO) group of d-glucose to the carboxyl (COOH) radi- 
cal. 

Preparation—Gluconic Acid is prepared by treating 
calcium gluconate with sulfuric acid. The preparation 
of this calcium salt is described under Calcium Gluconate. 


Description and Properties—A colorless, odorless, sour, syrupy: 


liquid. It is dextrorotatory and very soluble in water. Concentra- 
tion of an aqueous solution of the Acid to 50 per cent or more pro- 
duces the lactone [d-gluconolactone], a white solid with a sweetish 


taste which is hydrolyzed by an excess of water or by solutions of 


alkali hydroxides to form gluconic acid or alkali gluconates. 


Uses—Gluconic Acid has no therapeutic uses but 
several of its salts are official. They owe their activity 


to the metallic ions with which the acid radical is 


combined. Industrially the Acid is used in metal 
olishes, leavening agents, and in the manufacture of 
pectin jellies. 
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Calcium Gluconate U. S. P. Calcii Gluconas 
(Calc. Glucon.—Calglucon, Calcinol, Sp. Gluconato de Calcio] 


Calcium Gluconate contains not less than 8.8 per cent 
and not more than 9.3 per cent of calcium [Ca], cor- 
responding to not less than 99 per cent of [(CH2OH- 

Preparation—Gluconic acid, the acid combined with 
calcium in this salt, is the oxidation product of the d- 
glucose (dextrase). 


CH2,0H(CHOH)zCHO + O — CH2,O0H(CHOH),COOH 


glucose oxygen gluconic acid 


If the oxidation is performed in the presence of cal- 
cium carbonate, the acid reacts with it and calcium: 
gluconate results. The oxidation may be effected by 
one of the following: 

(1) Certain molds (usually Aspergillis niger) .” 

(2) A halogen; as indicated in the following equa- 


tion: 
CgHi1206 + Bre + H:,O0 ong! C.6H i207 + 2HBr 
glucose bromine water gluconic hydrobromic 
acid acid 


(3) Electrolysis in the presence of a small amount of 
sodium bromide. 


Process No. 3 is essentially the same as No. 2, the 


‘ oxidation probably being effected by the bromine liber- 


ated from the sodium bromide. 


Description and Properties—Calcium Gluconate is a white, crystal- 
line or granular powder without odor or taste. It is stable in air and 
does not lose its water on drying without suffering decomposition. 
Its solution is neutral to litmus paper (pH 6 to 7). It is decomposed 
by dilute mineral acids into gluconic acid and the calcium salt of the 
mineral acid used. 

Identification—It responds to the identification reactions for cal- 
cium and to the following reaction for gluconic acid: To 5 ce. of a 
warm aqueous solution of Calcium Gluconate (1 in 10) 0.65 ce. of gla- 
cial acetic acid and 1 ce. of freshly distilled phenylhydrazine are added, 
and the mixture is heated on a water bath for 30 minutes. After allow- 
ing it to cool, the inner surface of the tube is scratched with a glass 
stirring rod. Crystals of gluconic acid phenylhydrazide form. 

One Gm. dissolves slowly in about 30 cc. of water and in about 5 
ce. of boiling water. It is insoluble in alcohol and in most other or- 
ganic solvents. 

Tests for Purity— 

Chloride—Not more than 0.07 per cent Cl. 

Sulfate—Not more than 0.05 per cent SOq. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Sucrose and reducing sugars—About 0.5 Gm. of the Gluconate is 
dissolved in 10 cc. of water, 2 cc. of diluted hydrochloride acid is added 
and the solution boiled for about 2 minutes. The boiling with acid 
converts any sucrose present into the reducing sugars dextrose and 
levulose. Sucrose does not reduce alkaline cupric tartrate. The 
calcium is then precipitated with sodium carbonate, filtered, and the 
clear filtrate boiled with alkaline cupric tartrate T. S. (Fehling’s solu- 
tion) for 1 minute. No red precipitate is formed. If sucrose or 
other reducing sugars are present, the cupric copper is reduced to 
cuprous with the resulting formation of insoluble red cuprous oxide. 
Assay—About 0.5 Gm. of the Gluconate, accurately weighed, is dis- 
solved in 100 ce. of water, 2 cc. of hydrochloric acid is added, and the 
assay continued as directed under Calcium Carbonate (page 401), 
beginning with “heated to boiling.” Hach cc. of tenth-normal potas- 
slum permanganate corresponds to 2.004 mg. of calcium [Ca] or to 
22.42 mg. of calcium gluconate. 

Storage—Keep Calcium Gluconate in well-closed containers. 
Incompatibilities—The incompatibilities of the soluble calcium salts 
are discussed under Calcium Bromide (page 401). Calcium Gluconate 
is precipitated from its aqueous solution by the addition of alcohol. 
Due to its limited solubility, this salt must frequently be suspended 
in liquid mixtures and tragacanth is useful as a suspending agent. 


Uses—Calcium Gluconate is used as a source of cal- 
cium ion in the treatment of low-calcium tetany. It is 
less irritating than calcium chloride and may be given 
orally or by intramuscular or intravenous injection. 
For injection purposes, a 10 per cent solution is em- 
ployed. The oral dose is up to 15 Gm. daily; the 
intravenous dose, 10 to 20 ce. 

Average Dose—Oral, 5 Gm. (approximately 75 
grains). Intravenous or intramuscular, 1 Gm. (ap- 


' proximately 15 grains). 
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Calcium Gluconate Injection U. S. P. Injectio Calcii 


Gluconatis 


{Inj. Calc. Glucon.—Calcium Gluconate Ampuls, Sp. Inyeccién de 
Gluconato de Calcio] 


Calcium Gluconate Injection is a sterile solution of 
sxalcium gluconate in water for injection. It contains 
not less than 95 per cent and not more than 105 per cent 
of the labeled amount of calcium gluconate, Ca- 
(CgH1107)2.H.O. It meets the requirements of the 
Sterility Test for Liquids (page 126), and also conforms 
to the other requirements under Injections (page 249). 
Calcium Gluconate Injection is preferably sterilized by 
Process C or Process F (page 121). 

Note—Calcium d-saccharate, or other calcium salts, 
may be added as stabilizers. The amount of such 
added calcium salts, calculated as Ca, should not exceed 
5 per eent of the Ca present as calcium gluconate. To 
insure greater stability of the injection, sufficient so- 
dium hydroxide may be added to produce a pH not above 
8.2. 

The Injection responds to the identification reactions 
described under Calczwm Gluconate. 

Assay—An accurately measured volume of the solution equivalent to 
about 0.5 Gm. of calcium gluconate is diluted to 100 cc. with water, 


2 ec. of hydrochloric acid is added, and the assay is continued as 
directed under Calcium Carbonate beginning with ‘‘heated to boiling.” 


The result should be corrected for any added substances containing - 


calcium. pe? adi 
Storage—Keep the Injection, preferably in single-dose, 
tainers, or in other suitable containers. 


hermetic con- 


Average Dose—IJntramuscular or intravenous, | Gm. 
(approximately 15 grains). 


Calcium Gluconate Tablets N. F. Tabelle Calcii 


Gluconatis 
[Tab. Calc. Glucon.—Sp. Tabletas de Gluconato de Calcio] 


Calcium Gluconate Tablets contain not less than 92.5 
per cent and not more than 107.5 per cent of the labeled 
amount of Ca(C ail 1 107) 2. H,O 


Identification—The Tablets respond to the identification reactions 
given under Calcium Gluconate. 
Assay—A counted number of the Tablets is reduced to a fine powder 
without appreciable loss, then an accurately weighed aliquot, equiva- 
lent to about 500 mg. of Calcium Gluconate, is ignited until nearly 
free from organic matter. The residue is dissolved in a few cc. of 
diluted hydrochloric acid and water, and the assay continued as de- 
scribed under Calcium Carbonate (page 401), beginning with ‘‘The 
solution is diluted with 100 ec. of water.”’ 
Storage—Keep the Tablets in well-closed containers. 


Average Dose—5 Gm. (approximately 75 grains) of 
Calcium Gluconate. 


Ferrous Gluconate N. F. Ferri Gluconas 


Ferrous Gluconate [(CH2OH(CHOH) 4.COO).Fe.- 
2H2O0 = 482.18] contains not less than 11.5 per cent of 
iron [Fe] calculated on an anhydrous basis, the moisture 
being determined on a separate sample by drying at 
105° for 4 hours. 

Preparation—Ferrous Gluconate may be prepared by 
metathesis between hot solutions of calcium gluconate 
and ferrous sulfate whereby ferrous gluconate and in- 
soluble calcium sulfate are formed. The mixture is 
filtered while hot to ‘minimize the solubility of calcium 
sulfate and the filtrate evaporated to crystallization. 

It may also be produced by heating freshly prepared 
ferrous carbonate with the proper quantity of gluconic 
acid in aqueous solution. 


Description and Properties—Ferrous Gluconate occurs as a fine, 
yellowish gray or pale greenish powder, usually possessing a slight 
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burnt-sugar-like odor. It is affected by light and the ferrous iron 
slowly oxidizes to ferric on exposure to air. Its aqueous solution is 
acid. The salt responds to the identification reaction for ferrous 
salts and for gluconic acid as described under Calcium Gluconate. 
One Gm. dissolves in about 4 ec. of water, but is almost insoluble in 
alcohol. 

Tests for Purity— 

Loss on drying—Not more than 10 per cent. 

Chloride—Not more than 0.07 per cent as Cl. 

Sulfate—Not more than 0.1 per cent as SO4 

Oxalate—None detectable in 1 Gm. 

Ferric iron—Not more than 2 per cent as Fe. It is determined by 
adding potassium iodide and hydrochloric acid to a solution of a 
weighed quantity of ferrous gluconate in water and titrating the 
liberated iodine. 

Reducing sugars—A. solution of 0.5 Gm. of the salt in 10 ce. of 
water is treated with ammonium sulfide to precipitate the iron, and 
filtered. The filtrate is boiled with some diluted hydrochloric acid 
until all the hydrogen sulfide is expelled and the solution is then 
treated as described under Calcium Gluconate. 

Assay—A weighed quantity of about 1.5 Gm. of Ferrous Gluconate 
is dissolved in a mixture of water and sulfuric acid, about 0.3 Gm, of 
zine dust is added and the mixture is boiled for 15 to 20 minutes. 
The treatment with zinc reduces any ferric salt to ferrous. The solu- 
tion is then filtered through an asbestos pad coated with zine dust to 
prevent oxidation of the iron, washed with diluted sulfuric acid, and 
the filtrate titrated immediately with tenth-normal ceric sulfate using. 
orthophenanthroline as the indicator. One cc. of tenth-normal cerie 
sulfate corresponds to 5.585 mg. of Fe. For the equation of the reac- 
tion between ferrous and ceric salts see Ferrous Carbonate Mass 
(page 432). 

Storage—Keep Ferrous Gluconate in tight containers. 


Uses—Ferrous Gluconate is used as a hematinic, 
similar to other ferrous salts. 
Average Dose—0.3 Gm. (approximately 5 grains). 


Specialties Containing Gluconates 


Bi-Na-As-Col (Drug Products)—Ampuls (2 ec. hyposols) each con- 
taining colloidal bismuth sodium gluconate and the sodium deriva- 
tive of m-acetylamino-p-hydroxyphenylarsonie acid, each 2 ce. 
representing 25 mg. elemental bismuth, and 10 mg. pentavalent 
arsenic with 2 per cent benzyl alcohol (local anesthetic) dispersed 
in water for injection U.S. P. Uses: antisyphilitic. Dose: 2 ce., 
intragluteally. 

Bi-Na-Gluconate (Drug Products)—Ampuls (2 ec. hyposols) each 
containing colloidal bismuth sodium gluconate representing 25 mg. 
elemental bismuth, with 2 per cent benzyl alcohol, dispersed in 
water for injection U. S. P. Uses: antiluetic. Dose: 2 ee. 
intragluteally. 

Calcicose (Lakeside)—Ampuls (10 cce.), each containing 0.107 Gm. 
calcium as the calcium salt of several organic acids (gluconic, lac- 
tic, etc.), 0.1 Gm. dextrose, and calcium saccharate. Uses: cal- 
cium therapy. Dose: 5 to 10 ce., intramuscularly or intrave- 
nously. 

Caldex (Endo)—Ampuls (10 ec.) and vials (100 ec.), each 10 ce. con- 
taining a solution of the calcium salts of gluconic acid (representing 
56 mg. calcium) and dextrose. Uses: calcium therapy. Dose: 
5 to 10 cce., intragluteally or intravenously. 

Caldexglunate (Drug Products)—Ampuls (10 ce. hyposols) containing 
calcium d-gluconate and 1 per cent calcium d-saccharate, equivalent 
to 100 mg. elemental calcium. Uses: calcium therapy, Dose: 
10 cc., intravenously. 

Fergon (Stearns)—Yellow-green elixir containing 5 per cent ferrous 
gluconate or light green sugar-coated tablets containing either 
0.324 or 0.162 Gm. (5 or 21% gr.) of ferrous gluconate. Uses: 
hematinic. Dose: 4 to 8 teaspoonfuls elixir, or 3 to 6, 0.324 Gm. 
(5 gr.) tablets. 

Ferromang with Vitamins (Drug Products)—Red, sugar-coated tab- 
lets (pulvoids), each containing 1 gr. ferrous gluconate, 4 gr. man- 
ganese hypophosphite, 2 mg. riboflavin, and 1 mg. thiamine 
hydrochloride. Uses: hematinic. Dose; 2 to 4 pulvoids. 

Gluco-Calcium(Lilly)—A solution of calcium salts produced by com- 
bining calcium and glucose. Each 30 cc. contains 0.54 Gm. of avail- 
able calcium. Uses: intravenous or intramuscular calcium therapy 
for neuromuscular hyperexcitability, tetany, certain allergic dis- 
orders, etc. Dose: 2 to 10 ce. daily. 

Gluco-Ferrum (Vanpelt and Brown)—Elixir, or sugar-coated tablets, 
each 3.7 cc. (teaspoonful) of elixir containing 0.15 Gm. ferrous 
gluconate with 0.6 mg. thiamine hydrochloride; and each tablet 
containing 0.3 Gm. ferrous gluconate. Uses: hematinic. Dose: 
2 to 4 teaspoonfuls elixir; 1 to 2 tablets. 

Hemo-Genin (Stearns)—Capsules, each containing 0.133 Gm. ferrous 
gluconate, 0.05 mg. calcium pantothenate, 0.10 Gm. liver concen- 
trate (1:20), 3.5 mg. niacinamide, 0.05 mg. pyridoxine hydrochlo- 
ride, 0.5 mg. riboflavin, and 0.35 mg. thiamine hydrochloride. 
Uses: hematinic. Dose: 2 capsules. 

Man-Na Gluconate (Drug Products)—Ampuls (1 ce. hyposols), each 
containing 25 mg. manganese sodium gluconate representing 3 mg. 
elemental manganese, and 1 per cent procaine hydrochloride in 
water for injection U.S. P. Uses: manganese therapy for sta- 
phylococcie infections. Dose: 1 cc., intragluteally. 

Neo-Calglucon (Sandoz)—Preparation consisting of calcium glu- 
conogalactogluconate supplied as 10 per cent ampuls (2, 5, or 10 
cc.), 20 per cent ampuls (5 and 10 cec.), or a 27.5 per cent syrup. 
Uses: calcium therapy. Dose: 10 to 20 cc. of 10 per cent solution 
or 10 ec. of 20 per cent solution, intramuscularly or intravenously; 
1 teaspoonful of syrup. } 
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LACTIC ACID N. F. Acidum Lacticum 
{Acid. Lact.—Sp. Acido Lactico] 


Lactic Acid is a mixture of lactic acid and lactic an- 
hydride equivalent to a total of not less than 85 per cent 
on se more than 90 per cent of CHsCH(OH)COOH 
90.08). 

History—Lactic Acid, discovered by Scheele in 1780, 
is the acid formed in the souring of milk, hence the 
name lactic, from the Latin name for milk. It results 
from the decomposition of the lactose (milk sugar) in 
milk. This acid is also the acid present in sauerkraut 
and in pickled cucumbers. 

Preparation—A solution of glucose or of starch previ- 
ously hydrolyzed with dilute sulfuric acid is inoculated 
after the addition of suitable nitrogen compounds and 
mineral salts, with Bacillus lactis. Calcium carbonate 
is also added to neutralize the lactic acid as soon as it 
is formed, otherwise the fermentation stops when the 
amount of acid exceeds 0.5 per cent. When the fer- 
mentation is complete, as indicated by failure of the 
liquid to give a test for glucose with Fehling’s solution, 
the solution is filtered, and the filtrate is concentrated 
and allowed tostand. The calcium lactate that crystal- 
lizes out is decomposed with dilute sulfuric acid and 
filtered with charcoal. The lactic acid in the filtrate is 
extracted with ethyl or isopropyl ether, then the ether 
is distilled off and the aqueous solution of the acid con- 
centrated under reduced pressures. 

Other sources and methods for the manufacture of 
this Acid have been proposed from time to time but 
they are apparently not as economical as this. 


Description and Properties—Lactic Acid is a colorless, or faintly 
yellow, odorless or nearly odorless, syrupy liquid. It absorbs water 
on exposure to moist air. When a dilute solution of Lactic Acid is 
concentrated to above 50 per cent, lactic anhydride begins to form. 
In the official acid the anhydride amounts to about 12 to 15 per cent. 
The specific gravity of Lactic Acid is about 1.206. The Acid may be 
distilled without decomposition under reduced pressure. Lactic acid 
is miscible with water, alcohol, and ether, but is insoluble in chloro- 
form. 

Tests for Purity—The N. F. includes the following tests and limits: 

Residue on ignition—Not more than 0.1 per cent. 

Readily carbonizable substances—On superimposing 5 cc. of lactic 
acid on 5 cc. sulfuric acid in a test tube and maintaining the tempera- 
ture at 15° for 15 minutes, no dark color is noticeable at the juncture 
of the two liquids. 

Chloride and sulfate—Practically none. 

Citric, oxalic, phosphoric, or tartaric acids—None detectable. The 
test is made by adding an excess of calcium hydroxide T-.S. to a solu- 
tion of the lactic acid and boiling for 2 minutes. No turbidity is 
produced. The calcium salts of the acids mentioned are insoluble or 
practically insoluble in water, whereas calcium lactate is soluble. 

Heavy metals limit—10 parts per million. 

Sugars—Practically none. The test is made by adding 5 drops of 
the acid to 10 cc. of hot alkaline cupric tartrate T.S. No red preeipi- 
tate is produced. Reducing sugars, if present, produce a red precipi- 
tate of cuprous oxide. 

Assay—Because of the presence of lactic anhydride a direct titration 
of the lactic acid in the cold determines the actual lactic acid and only 
a small portion of the anhydride. To include the anhydride, the 
assay is made as follows: To an accurately weighed quantity of 
about 2-3 Gm. of the lactic acid exactly 50 cc. of normal sodium 
hydroxide is added and boiled for 20 minutes. The boiling with 
sodium hydroxide rapidly hydrolyzes the lactic anhydride to lactic 
acid which immediately combines with the sodium hydroxide to 
sodium lactate. The excess of alkali hydroxide is then titrated in the 
hot solution with normal sulfuric acid using phenolphthalein T.S. as 
indicator. Because of the possible change in the normality of the 
sodium hydroxide by absorption of COg, ete., during the boiling, the 
exact normality should be determined under the same conditions as 
in the assay. One cc. of normal sodium hydroxide corresponds to 
90.08 mg. of CHsCH(OH)COOH. 

Storage—Keep the Acid in tight containers. 


Uses—Lactic Acid has a limited usefulness as a 
spermatocide. It is usually incorporated in a jelly 
base in the concentration of 1 to 2 per cent. It is also 
used in baby milk formulas and as an acidulant in other 
food preparations. Technical grades, containing 22 to 


- 50 per cent of the acid are used in textile and leather 


- manufacture. 
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IDENTIFICATION OF LACTATES 


Solutions of lactates acidulated with sulfuric acid 
evolve, upon warming with potassium permanganate 
T.S., the odor of acetaldehyde. 


Calcium Lactate U.S. P. Calcii Lactas 
[Calc. Lact.—Sp. Lactato de Calcio] 


Calcium Lactate [Ca(CsH;Os)2.5H2O0 = 308.30], 
when dried to constant weight at 120°, contains not 
less than 98 per cent of anhydrous calcium lactate 
[Ca(CsH 5Oz) al 5 

Preparation—Calcium Lactate is made by fermenting 
hydrolyzed starch with a suitable mold in the presence 
of calcium carbonate, and purifying until the product 
meets U..S. P. purity requirements. It is also ob- 
tained now in increasing quantities by fermentation of 
the mother liquors resulting from the production of milk 
sugar. 


Description and Properties—A white, almost odorless powder. It is 
somewhat efHlorescent. The aqueous solution is neutral to litmus. 
Aqueous solutions of calcium lactate are prone to become moldy. It 
responds to the identification reactions for calcium and for lactate. 
One Gm. dissolves in 20 cc. of water at 25°; practically insoluble in 
alcohol. 
Tests for Purity— 

Loss on drying at 120°—Not less than 25 per cent. and not more than 
30 per cent (theory 29.2 per cent). 

Free acid—Not more than 0.45 per cent as lactic acid. 

Volatile fatty acids (butyric, etc.)—On stirring 0.5 Gm. of the Salt 
with 1 cc. of sulfuric acid, no distinct disagreeable odor is evolved. 

Heavy metals limit—15 parts per million. 

Magnesium and alkali salts—Not more than 1 per cent determined 
as described under Calcium Chloride. 
Assay—An accurately weighed quantity of about 0.5 Gm. of the 
dried salt is assayed as described under Calcium Chloride (page 403) 
Each ce. of tenth-normal potassium permanganate corresponds to 
10.91 mg. of anhydrous calcium lactate. 
Storage—Keep Calcium Lactate in tight containers. 
Incompatibilities—Calcium Lactate has the incompatibilities of the 

soluble calcium salts as described under Calctum Bromide (page 401). 


Uses—Calcium Lactate is an excellent source of cal- 
cium ion in the treatment of calcium deficiency. It is 


~ given in the dose of 4 Gm. 3 times daily, usually in 


association with lactose. 


Average Dose—5 Gm. (approximately 75 grains). 


Calcium Lactate Tablets N. F. Tabelle Calcii Lactatis 
[Tab. Calc, Lact.—Sp. Tabletas de Lactato de Calcio} 


Calcium Lactate Tablets contain not less than 92.5 
per cent and not more than 107.5 per cent of the labeled 
amount of calcium lactate [Ca(CsH503)2.5H.2O}. 

Identification—A filtered aqueous solution of the Tablets responds 
to the identification reactions for calcium and for lactate. 

Assay—A counted number of the Tablets is weighed and dissolved in 
water to an exact volume. An accurately measured aliquot of the 
clear solution, equivalent to about 0.5 Gm. of calcium lactate, is di- 
luted with water to about 100 cc., 2 cc. of hydrochloric acid is added, 
and the assay continued as described under the Assay of Calcium 
Carbonate (page.401), beginning with ‘‘heated to boiling.’’ Each cc. 
of tenth-normal potassium permanganate consumed corresponds to 
15.42 mg. of Ca(C3H503)2.5H20. 

Storage—Keep Calcium Lactate Tablets in tight containers. 


Uses—See Calcium Lactate. 
Average Dose—Il Gm. (approximately 15 grains) of 
Calcium Lactate. 


Sodium Lactate Injection U. S. P. ‘Injectio Sodii 
Lactatis 


in}. Sod. Lact.—Sp. Inyeccién de Lactato de Sodio] 


Sodium Lactate Injection is a sterile solution of 
sodium lactate [NaCsH;Os3] in water for injection. It 
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contains not less than 95 per cent and not more than 
110 per cent of the labeled amount of NaC3H;Q3. It 
meets the requirements of the Sterility Test for Liquids 
(page 126). 

Sterilize Sodium Lactate Injection preferably by 
Process © or Process F. See Sterzlization Processes 
(page 121). 

The Injection also conforms to the other requirements 
under Injections (page 249). 

Preparation—A weighed quantity of lactic acid as- 
sayed by the U.S. P. method, sufficient to yield the de- 
sired amount of sodium lactate, is diluted with several 
times its weight of water for injection. A volume of an 
assayed concentrated sodium hydroxide solution equiva- 
lent to the quantity of lactic acid as calculated from the 
assay is then added and the mixture gently boiled until 
all the lactic anhydride also has been converted into 
sodium lactate. After quickly cooling, the solution is 
diluted with watefor injection to the proper volume, 
promptly filtered if necessary, ampuled, and sterilized. 
One part of absolute lactic acid yields 1.24 parts of 
sodium lactate. 


Tests for Purity—The Injection responds to the identification reac- 
tions given under Lactic Acid, and its pH, diluted, if necessary, to 
about fifth molar (25 mg. per cc.), is between 6.0 and 7.3. 
Pyrogen—The Injection, diluted if necessary with water for injec- 
tion to the same concentration as for the pH determination, meets the 
requirement of the pyrogen test. 

Assay—An accurately measured volume of the Injection is evaporated 
to dryness in a suitable dish and the assay carried out as described for 
the Assay of Alkali Salts of Organic Acids (page 980). 
Storage—Keep Sodium Lactate Injection in hermetic or other suit- 
able containers. 


Uses—Sodium Lactate is widely employed as a sub- 
stitute for sodium bicarbonate as a source of fixed base 
in the treatment of acidosis. In the body, the lactate 
ion is oxidized leaving sodium free to combine with bi- 
carbonate. Sodium Lactate is preferred to sodium bi- 
carbonate because of the ease with which solutions can 
be sterilized. 


Unofficial Derivatives and Salts of Lactic Acid 


Ethyl Lactate [CH3sCH(OH)COOCoHs5]—A colorless liquid of a 
characteristic odor. Specific gravity about 1.04; boilsat154°. It 
is miscible with water, alcohol and ether. Uses: a solvent for 
cellulose acetate and nitrocellulose. 

Ferrous Lactate [Fe(C3H503)2.3H2O0]—This salt was official in the 
N.F. VY. Pale, greenish white, crystalline powder or masses, with 
a slight odor. Soluble in about 40 parts cold water, 12 boiling 
water. Freely soluble in solutions of alkali citrates, very slightly 
soluble in alcohol. Darkens on exposure to air and becomes in- 
completely soluble. Uses: a hematinic and tonic. Dose: 0.1- 
0.6 Gm. (1% to 9 grains). 

Lead Lactate [Pb(C3H503)2|—White, heavy powder, soluble in 
water and in hot alcohol. 

Magnesium Lactate [Mg(CsHs503)2.3H20]—A white, crystalline 
powder with a bitter taste. Soluble in water. Uses: a mild laxa- 
tive. Dose: 1 to 3 Gm. (15 to 45 grains). 

Silver Lactate [AgC3H503.H2O0]—A white or grayish white, crystal- 
line powder. Readily darkens in sunlight. Soluble in about 15 
parts of water, slightly soluble in alcohol. Uses: antiseptic and 
astringent in washes and gargles in 1:100 to 1:2000 solutions. 
Similar in its action to Silver Nitrate (page 463). 

Sodium Lactate [NaC3H50g3]—On account of the difficulty of pre- 
paring this salt in the dry form it is offered on the market as a con- 
centrated solution containing 60 to 80 per cent sodium lactate. 
It is miscible with water and alcohol. Uses: industrially, instead 
of glycerin, in calico printing; also used as a plasticizer for casein. 

Strontium Lactate [Sr(CgsH503)2.3H20]—White, practically odor- 
less lumps, granules, or powder. Soluble in 3 parts water; very 
soluble in boiling water but slightly soluble in alcohol. The solu- 
tion is practically neutral. Uses: formerly in the treatment of 
chronic albuminuria and in nephritis. Dose: 0.5 to 1.0 Gm. 
(7% to 15 grains). 


Specialties Containing Lactates 


Calcilact (Abbott)—Effervescent granules containing 25 per cent cal- 
cium lactate and 45 per cent lactose. Uses: calcium therapy. 
Dose: 1 capsule in water. 

. Micapon (Parke, Davis)—Tablets, each containing 28§ Gm. calcium 

lactate and 2} Gm. potassium chloride. Uses: antidiuretic; also 

for migraine or menstrual headache, etc. Provides K and Ca 
ions in the 3:1 ratio found in the blood. Increases blood volume 
and decreases hemoconcentration. Dose: 2 to 6 tablets. 
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LEVULINIC ACID Acidum Levulinicum 
{Levulinice Acid, s-Acetylpropionic Acid] 


Levulinie Acid [CHsCOCH2,CH2zCOOH = 
a y-keto acid obtained from sucrose. 

Preparation—Levulinic Acid is prepared by boiling 
sucrose with hydrochloric acid. 


116.15] is 


Description and Properties—White or colorless plates melting at 
33° to 35° and boiling at 245°. The Acid is optically inactive. It is 
freely soluble in water or alcohol; it is soluble in ether. It should 
be protected from light. 


Uses—This acid is used in the form of its salts which 
owe their therapeutic activity to the metallic cation. 


IDENTIFICATION OF LEVULINATES 


Solutions of levulinates, made alkaline with sodium 
hydroxide and filtered, yield iodoform when iodine is 
added to the filtrate. The dinitrophenylhydrazones 
have definite melting points. 


Calcium Levulinate N. F. Calcii Levulinas 


Calcium Levulinate [(CHs.CO.CHsCH2COO)..Ca- 
2H.O = 306.32] contains, when dried at 105° for 24 
hours, not less than 97.5 per cent and not more than 
100.5 per cent of the anhydrous salt [Ca(C5H,Os)o]. 

Preparation—Calcium Levulinate may be made by 
neutralizing levulinic acid with milk of lime, filtering 
and evaporating under a vacuum to crystallization. 
Levulinic acid is made by boiling sucrose or starch with 
hydrochloric acid. 


Description and Properties—Calcium Levulinate occurs as a white, 
crystalline or amorphous powder, usually having a faint odor of 
burnt sugar. Its solution is slightly alkaline to litmus (pH of 7.0 
to 8.5). Its dinitrophenylhydrazone melts between 198° and 206°. 
Calcium Levulinate is freely soluble in water; slightly soluble in aleo- 
hol; insoluble in ether. 

Tests for Purity— 

Loss on drying—Not less than 10.5 per cent and not more than 12 
per cent. 

Color of solutton—The color of a 10 per cent aqueous solution of Cal- 
cium Levulinate is not darker than the color of a solution prepared 
by diluting 2.5 cc. of ferric chloride colorimetric solution, and 0.1 cc. 
of cobaltous chloride colorimetric solution with sufficient water to 
make 100 cc. 

Water-insoluble substances—Not more than 0.1 per cent. 

Chloride—Not more than 0.07 per cent as Cl. 

Sulfate—Not more than 0.05 per cent as SO4. 

Arsenic limit—10 parts per million. 

Heavy metals limit—20 parts per million. 

Sucrose and reducing sugars—Conforms to the test given under 
Calcium Gluconate (page 541). 

Readily oxidizable substances—The pink color produced by adding 
1 ce. of tenth-normal potassium permanganate to 5 ce, of a solution 
of the salt (1 in 10) at 20° does not disappear in 2 minutes. 
Assay—This salt is assayed by the method described for Calcium 
Chloride (page 403). Each ce. of tenth-normal potassium permanga- 
nate corresponds to 13.52 mg. of Ca(C5H7O3)a. 

Storage—Keep Calcium Levulinate in tight containers. 


Uses—To obtain the therapeutic effects of calcium, 
usually by injection, and is similar to Calciwm Gluconate 
(page 541) in its actions but it is more soluble and con- 
tains a higher percentage of calcium. 

Average Dose—1I Gm. (approximately 15 grains). 


Calcium Levulinate Ampuls N. F. Ampulle Caleii 
Levulinatis 


{Ampul. Calc. Levulin.—Calcium Levulinate Injection, Sp. Inyeccién 
de Levulinato de Calcio] 


Calcium Levulinate Ampuls contain a sterile solution 
of calcium levulinate in water for injection, and yield 
not less than 95 per cent and not more than 105 per cent 
of the labeled amount of (C5H,O3)2Ca.2H.20. 

Prepare the ampul solution and fill the cleansed 
ampuls according to the requirements given on pages — 
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257 to 260. Sterilize the filled ampuls by Process C 
(page 121) or by any other adequate and suitable 
method of sterilization, and test for sterility according 
to the method described on pages 126 to 127. The 
Ampuls also conform to the other requirements under 
Injections (page 249). 

Tests for Purity and Identity—These’ Ampuls respond to the tests 
given under Calcium Levulinate. 


Assay—These Ampuls are assayed by the method described for the 
Assay of Calcium Levulinate. 


Uses—See Calcium Levulinate. 
Average Dose—I Gm. (approximately 15 grains) of 
Calcium Levulinate. 


Specialties Containing Levulinates 


Calcium Diasporal (Doak)—Ampuls (10 cc.) containing 7 per cent 
calcium levulinate and dextrose in a buffered solution. Uses: 
ealcium therapy. Dose; 5 to 10 cc., intravenously. 

Neo-Calcin (Rorer)—Ampuls (10 cc.) containing a 10 per cent solution 
of calcium levulinate. Uses: calcium therapy. Dose: 5 to 10 
e¢c., intramuscularly or intravenously. 


MANDELIC ACID N. F. Acidum Mandelicum 
[Acid. Mandel.—Racemic Mandelic Acid, Sp. Acido Mandélico] 


C Bec HCO0H 


OH 


Mandelic Acid, when dried over sulfuric acid for 4 
hours, contains not less than 99 per cent of C.H;5- 
CH(OH)COOH (152.14). 

History—The name “‘mandelic” is derived from the 
German word mandeln meaning almonds, because this 
acid was first obtained from the glycoside amygdalin, 
which is the mandelonitrile combined with the sugar 
gentiobiose present in almonds. Mandelic Acid was 
introduced into medicinal use by Rosenheim in 1935. 

Preparation—The basic materials for the production 
of this Acid are benzaldehyde and sodium cyanide. 
The benzaldehyde is treated with a solution of sodium 
bisulfite which results in the formation of the water- 
soluble benzaldehyde-sodium bisulfite addition com- 
pound. A solution of sodium cyanide is then added 
and the mixture gently heated for some time. The 
mandelonitrile so produced yields mandelic acid upon 
hydrolysis by heating with hydrochloric acid. The ad- 
dition of sodium bisulfite to the benzaldehyde facili- 
tates the introduction of the cyanogen group. The 
reactions taking place are illustrated in the following 
equations: 


CeHsCHO + NaHSOs — CgHsCH(OH)SO3Na 


benzaldehyde sodium benzaldehyde 
bisulfite sodium bisulfite 


CegHsCH(OH)SO3Na + NaCN — CgHsCH(OH)CN + NagSOs 


benzaldehyde sodium mandelonitrile sodium 
sodium bisulfite cyanide sulfite 
CeHsCH(OH)CN + 2H2O + HCl — 
mandelonitrile water hydrochloric 
acid 

CgHsCH(OH)COOH + NH4Cl 
mandelic ammonium 

acid chloride 


Description and Properties—Mandelic Acid occurs as white crystals 
or a crystalline powder. It is odorless or has a slight, aromatic odor 
and gradually darkens and decomposes on exposure to light. It 
melts between 118° and 120°. One Gm. of Mandelic Acid dissolves 
in about 6.5 ce. of water or in about 1 ce. of alcohol. It is freely sol- 
uble in ether and isopropyl alcohol but is insoluble in chloroform. 
Tests for Purity— 

Ash—Not more than 0.1 per cent. 

Chloride—Not more than 0.1 per cent as Cl. 
described for Benzoic Acid (page 530). 

Heavy metals limit—20 parts per million. 


It is determined as 


] 
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Assay—The dried Acid is assayed by titration in aqueous solution 
with standard sodium hydroxide using phenolphthalein as the indica- 
tor. One cc. of tenth-normal sodium hydroxide corresponds to 15.21 
mg. of CgH;CH(OH)COOH. 

Storage—Keep the Acid in well-closed, light-resistant containers. 


Uses—Mandelic Acid is an efficient urinary anti- 
septic. It is particularly effective against H. Coll, 
Ahrobacter xrogenes, Pseudomonas, Alcaligenes, Sal- 
monella, and Shigella. Streptococcus fecalis and sta- 
phylococcal infections are more resistant. 

Mandelic Acid is bactericidal only when the urine is 
acid. For example, a concentration of 0.25 per cent 
in a urine of pH 5.0 is as effective as a concentration of 
1.0 per cent in a urine of pH 5.7. In clinical practice, 
the therapeutic objective is to keep the pH of the urine 
below 5.5 and the concentration of mandelic acid above 
0.5 per cent. This is accomplished in adults by admin- 
istering 3 Gm. 4 times daily and limiting the fluid intake 
to 1 liter. If caletum or ammonium mandelate are 
employed they are in themselves acidifying and no other 
steps need be taken to render the urine acid. 

Mandelic Acid is usually given in courses lasting no 
more than 10 to 12 days to prevent organisms from 
becoming resistant to the drug. It should not be given 
to patients with poor renal function because of the 
danger of producing an uncompensated acidosis. 

Average Dose—3 Gm. (approximately 45 grains). 


IDENTIFICATION OF MANDELIC ACID AND MANDELATES 


The addition of potassium dichromate T.S. to a solu- 
tion of mandelic acid or one of its salts acidified with 
sulfuric acid produces the odor of benzaldehyde. When 
about 200 mg. of the acid or a mandelate is dissolved 
in 2 ce. of water, 5 cc. of sulfuric acid added and gently 
agitated, then 10 cc. more of sulfuric acid added and 
gently heated, a purple color develops and the odor of 
benzaldehyde becomes apparent. 


Calcium Mandelate U. S. P.. Calcii Mandelas 
{[Calc. Mandel.—Sp. Mandelato de Calcio] 


OH 
€__Scucoo Ca 


Calcium Mandelate, when dried at 100° for 4 hours, 
contains not less than 98.5 per cent of Ca(CgH Os) 
(342.35). 

Preparation—This salt may be prepared by heating 
a solution of mandelic acid and adding to it, in small 
portions, slightly less than the required amount of pre- 
cipitated calcium carbonate. After cooling, the pre- 
cipitate of Calectum Mandelate is filtered from the 


solution, washed with a small quantity of water, and 
dried. 


Description and Properties—Calcium Mandelate is a white, odorless 
powder. Its solution in diluted hydrochloric acid responds to the 
identification reactions for calcium and for mandelic acid. The 
Mandelic Acid obtained from it by the method described in the U.S. P. 
melts between 118° and 120°. Calcium Mandelate is slightly soluble 
in cold water and insoluble in alcohol. One Gm. dissolves in about 
80 ce. boiling water. 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Completeness and clarity of solution—One Gm. of this salt should 
dissolve completely in 100 cc. of boiling water and the resulting solu- 
tion should be colorless. 

Free acid—Not more than 0.76 per cent as mandelic acid. 

Chloride—Not more than 0.02 per cent as Cl. 

Sulfate—Not more than 0.05 per cent as SOq. 

Heavy metals limit—30 parts per million. 

Magnesium and alkali salts—Not more than 2 percent as the sul- 
fates, the determination being made as described under Precipitated 
Calcium Carbonate (page 401). 

Assay—The assay of Calcium Mandelate is based on the determina- 
tion of its calcium content by the procedure described for Calciwm 
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Carbonate (page 401). One ce. of tenth-normal potassium permanga- 
nate consumed in the titration of the calcium oxalate corresponds to 
17.12 mg. of Ca(CgH 703). 

Storage—Keep Calcium Mandelate in well-closed containers. 


Uses—Calcium Mandelate is a salt commonly em- 
ployed when the antiseptic action of mandelic acid in 
the urine is desired. The salt is practically tasteless, is 
non-hygroscopic, and can be conveniently administered 
in tablet form. The calcium is excreted in the intes- 
tine and thus the mandelic acid acidifies the urine which 
is essential for maximal activity. See Mandelic Acid. 

Average Dose—4 Gm. (approximately 60 grains). 


Unofficial Salts of Mandelic Acid 


Ammonium Mandelate [CeHs.CH(OH)CO2NH4]—White, very 
hygroscopic, crystalline powder, odorless or with a slight odor. 


Very soluble in water, sparingly soluble in alcohol. Uses and 
Dose: see Mandelic Acid. 
Sodium Mandelate [CgHs5.CH(OH).COONa|—wWhite, crystalline 


powder, soluble in about 1.1 parts water, in 60 parts alcohol. Uses: 
same as for mandelie acid, in conjunction with an acidifying agent 
such as ammonium ¢hloride. 


Specialties Containing M andelates 


Amdelate (Abbott)—Palatable elixir or syrup, each fluidounce of 
elixir containing 8 Gm., and each fluidounce of syrup containing 12 
Gm. of mandelic acid as ammonium mandelate. Uses: urinary 
antiseptic. Dose: 3 teaspoonfuls of elixir or 2 teaspoonfuls of 
syrup, 4 times daily. 

Ammonium Mandelate Syrup N. N. R. (Wyeth)—Syrup, each 100 ce. 
containing approximately 40 Gm. mandelic acid and 4.5 Gm. 
ammonia with flavoring agents and sugar. Uses: mandelic acid 
therapy without concurrent use of ammonium chloride as a urine 
acidifier. Dose: equivalent to 12 Gm. mandelic acid a day. 

Camdelate (Abbott)—Tablets, containing 0.543 Gm. (8.45 gr.) cal- 
cium mandelate (7.5 gr. mandelic acid) with a supply of test papers 
for determining the pH of the urine. Uses: urinary antiseptic. 
Dose: 6 tablets. : 

Mandechlor Elixir (Vanpelt and Brown)—Elixir, each fluidounce con- 
taining 6 Gm. mandelic acid as the ammonium and sodium salts, 
and 3 Gm. ammonium chloride. Uses: urinary antiseptic. 
Dose: 1 tablespoonful. 

Mandelix (Anglo-French)—Elixir, each 2 fluidrachm containing 3 
Gm. (46% gr.) mandelic acid as ammonium mandelate. Uses: 
urinary antiseptic. Dose: 2 teaspoonfuls in water. 

Mandoket (United Drug)—Syrup, each fluidounce containing 12 Gm. 
(185.2 gr.) mandelic acid asammonium mandelate. Uses: urinary 
antiseptic. Dose: 2 teaspoonfuls. 

Prohydrion (Upjohn)—Tablets, each containing 0.162 Gm. (2% gr.) 
ammonium acid phosphate, 0.324 Gm. (5 gr.) calcium mandelate 
and 0.081 Gm. (114% gr.) methenamine. Uses: urinary antiseptic 
Dose: 4 to 6 tablets. 


NICOTINIC ACID U. S. P.—See Vitamins (page 905). 


OLEIC ACID U. S. P. Acidum Oleicum 
{Acid. Oleic.—Oleinic Acid, Elaic Acid, Sp. Acido Oleico] 


Oleic’ Acid [CH3(CH.2),CH:CH(CHs),COOH = 
282.45] is an unsaturated, liquid acid obtained from 
tallow and other fats. It usually contains variable 
amounts of the other fatty acids present in tallow such 
as linolenic and stearic acids. 

Preparation—Oleic acid is obtained as a by-product 
in the manufacture of the solid stearic and palmitic 
acids used in the manufacture of candles, stearates and 
other products. The crude oleic acid is known as “red 
oil,” the stearic and palmitic acids being separated by 
cooling the mixture and filtering. 


Description and Properties—Oleic Acid is a pale yellow to brownish 
yellow, oily liquid of a peculiar lard-like odor and taste. Its specific 
gravity is about 0.895 and it solidifies at a temperature not above 10°. 
Pure Oleic Acid solidifies at 4°. At atmospheric pressure it decom- 
poses when heated at 80° to 100°. On exposure to air it gradually 
absorbs oxygen, darkens, and develops a rancid odor. The Acid is 
insoluble in water but is miscible with alcohol, chloroform, ether, 
benzene, and fixed and volatile oils. 
Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Neutral fat (unsaponified) or mineral otl—A solution produced by 
eating Oleic Acid with water and a moderate excess of sodium ear- 
bonate is clear or, at most, only opalescent while hot. 


ORGANIC ACIDS, ESTERS AND SALTS 


Mineral acids—None. These are tested for by shaking the acid 
with water and adding to the separated water extract a drop of methyl 
orange T.S. No pink color is produced. 

Acid value—188 to 203. 

Iodine value—85 to 95. 

Storage—Keep the Acid in tight containers. 

Incompatibilities—Oleic Acid reacts with some metals such as cal- 
cium, lead, and zine to form so-called insoluble soaps which are not 
soluble in water but are patie in most fixed oils. It is oxidized to 
various derivatives by nitric a potassium permanganate, and other 
oxidizing agents. Iodine and ee tas: form addition compounds. 


Uses—Oleic Acid is used as the basis for the oleates, 
a number of which are official (see below). The oleates 
are very useful external remedies; they are used in 
various skin diseases, and also for communicating the 
constitutional effects of numerous remedies. Oleic 
Acid is more readily absorbed by the skin than any 
other similar vehicle. 

Technical grades of the acid are sulfonated to form 
Turkey Red Oil, which is extensively used as a detergent 
in textile dyeing. 


Lead Oleate Ointment N. F. Unguentum Plumbi 
Oleatis 


Ung. Plumb. Oleat.—Unguentum Diachylon, Hebra’s Lead Oint- 
ment, Sp. Ungiiento de Oleato de Plomo] 


Metric Alternative 
Lead Oleate Plaster....-:......:. 500 Gm. 2 oz. av. 
LavenderOils a eee ene 10 Gm 17% er. 
WihitesPetrolatunim eae eer 490 Gm. 1o0z. av. 420. gr. 
Tomaketaboutucsser ae een | OOOLGIme 4 oz. av. 


Melt together the lead oleate plaster and the white petrolatum 
with gentle heat; then strain the mixture, allow it to cool but not 
congeal, add the oil of lavender, and stir the Ointment until it is 
cold. 


Storage—Keep the Ointment in tight containers and avoid prolonged 
exposure to temperatures above 40°. 


Uses—Used in eczema and other skin diseases. See 


Lead Subacetate Cerate. 


Lead Oleate P aster N. F. Emplastrum Plumbi Oleatis 


(Emp. Plumb. Oleat.—Lead Plaster, Diachylon Plaster, Sp. Emplasto 
de Oleato de Plomo] 


Metric Alternative 
Lead Monoxides 4.) eee to lee 1000 Gm. 1 Ib. av. 
OlivecOll ern ee ete eee 1000 Gm. 1 lb. ay. 
Lard Seas oc Ee eine Can Ne 1000 Gm. 1 Ib. av. 


Water, a sufficient quantity. 


Heat the olive oil and lard together until liquefied, in a bright 
copper or other suitable vessel of a capacity not less than 4 times 
the bulk of the ingredients. Sift the lead monoxide through a 
fine sieve upon the surface of the hot liquid, and mix thoroughly. 
Then gradually add 350 cc. (6 fl. oz.) of boiling water, and boil 
the mixture, constantly stirring with a wooden spatula and adding 
sufficient boiling water from time to time to replace that lost by 
evaporation, until the mass is homogeneous and a small portion 
removed and dipped into cold water is found to be pliable and 
tenacious. “Then discontinue heating, and wash several times 
with warm water to remove the glycerin. Finally knead the 
mass until it is free from water, roll it into cylinders of suitable 
size, and wrap them in paper. 


Storage—Keep Lead Oleate Plaster in well-closed containers. 


Uses—This plaster was formerly used in diseases of 
the skin. 


Mercury Oleate U.S. P. Oleatum Hydrargyri — 
[Oleat. Hydrarg.—Oleated Mercury, Sp. Oleato de Mercurio] 


Mercury Oleate contains the equivalent of not less 
than 24 per cent and not more than 26 per cent of HgO. 

Caution—Mercury Oleate must not be dispensed if 
globules of mercury have separated. 


/ 
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Metric Alternative 
Yellow Mercuric Oxide, in very fine powder . 25 Gm. ~ 1 ozeay. 
Oleic Acid, a sufficient quantity, 
ING) TET NI oe Rens aero Roe a a 100 Gm. 4 oz. av. 


Mix the yellow mercuric oxide with 75 Gm. (8 oz. av.) of oleic 
acid in a non-metallic vessel, warm the mixture to a temperature 
“not exceeding 50°, stir constantly for 5 minutes, and then con- 
tinue heating, stirring frequently, until the mercuric oxide is dis- 
solved. Add sufficient oleic acid to make the product weigh 
100.Gm. (4 0z. av.) and mix thoroughly. 


Description and Properties—Yellowish brown, somewhat translucent 
substance of ointment-like consistency, and having the odor of oleic 
acid. Itis darkened by light and age, the mercury becoming reduced 
to the mercurous state by the unsaturated oleic acid. It is insoluble 
in water and only slightly soluble in alcohol or ether, but is readily 
soluble in fixed oils. 

Assay—Mercury Oleate is assayed by the method described for Mer- 
cury Mass (page 454). One cc. of tenth-normal thiocyanate corre- 
sponds to 10.83 mg. of HgO. 

Storage—Keep Mercury Oleate in tight, light-resistant containers. 


Uses—Chiefly for the preparation of ointment and 
mass of mercury. Occasionally as a parasiticidal ap- 
plication to the skin. 


Unofficial Salts of Oleic Acid 


Bismuth Oleate [approx. Bi(C17Hg33COO)3]—Contains about 50 per 
cent of bismuth oxide. Yellowish, soft granular mass. Insoluble 
in water, soluble in ether when freshly prepared. Uses: Bismuth 
oleate suspended in olive oil (Oleo-bismuth) is used in the treatment 
of syphilis in a manner described in detail under Bismuth Subsali- 

-cylate. Dose: 0.5 Gm. (2 cc.) once or twice weekly. 

Cupric Oleate [approx. Cu(C;7Hg3COO)2]—A greenish blue mass 
insoluble in water, soluble in ether. Uses: a parasiticide in indo- 
lent ulcers and ring worms; usually employed in the form of a 10 to 
20 per cent ointment. Industrially, it is used for impregnating 
fibers, such as jute, etc., to render them resistant to insects and 
fouling attack. 

Ethyl Oleate [approx. C17H33COO.C2H5]—Yellowish, oily liquid. 
Specific gravity 0.87. Boils at about-205° to 208° with some de- 
composition, but may be distilled intact with reduced pressure. 
Insoluble in water, miscible with alcohol or ether. 

Lead Oleate [approx. Pb(C17H33COO) 9]—Yellowish white, granular, 
wax-like mass. Insoluble in water; soluble when fresh in alcohol, 
benzene, ether and turpentine oil. Uses; in the form of a plaster or 
ointment for the treatment of indolent ulcers and with starch in 
eczema. 

Zinc Oleate [approx. Zn(C1gsH3309)2|—White powder, unctuous to 

'» the touch. Insoluble in water, soluble in alcohol, ether, benzene, 
carbon disulfide. Uses: an antiseptic and astringent. Usually 
employed in the form of an ointment for the treatment of indolent 
ulcers, eczema, pruritus, and excoriated surfaces. 


Specialties Containing Oleates 


Monolate (Abbott)—Ampuls (5 cc.) containing 5 per cent monoeth- 
anolamine oleate and 2 per cent benzyl] alcohol, in aqueous solution. 
Uses: sclerosing agent and anodyne for varicose veins. Dose: 
3 to 5 ec., intravenously. 


OXALIC ACID Acidum Oxalicum 


Oxalic Acid [HOOCCOOH.2H.O0 = 126.07] is the 
first acid in the series of dibasic organic acids. 

Preparation—This acid is present in many plants 
and vegetables usually in the form of the calcium or 
potassium salt. Formerly it was made by fusion of 
cellulose materials, such as sawdust, with sodium 
hydroxide but now it is made by the action of carbon 
monoxide under pressure on sodium hydroxide at about 
350°. At first sodium formate is produced under pres- 
sure and this salt upon heating loses hydrogen and forms 
sodium oxalate. The acid is obtained by decomposing 
the sodium oxalate with sulfuric acid. 

| 

Description and Properties—Oxalic acid occurs in the form of color- 
less crystals or white granules. Jt is poisonous. It can be dehy- 
drated by carefully drying at 100°. At this temperature it begins to 
lublime and at temperatures above 125° it'freely sublimes. One Gm. 
dissolves in about 7 cc. of water, 2 cc. of boiling water, 2.5 cc. of alco- 
cohol, about 100 cc. of ether, or 5.5 cc. of glycerin; it is insoluble in 
chloroform or benzene. ; 

It forms salts called oxalates. The most important of these are the 
three potassium salts—ozalate, binoxalate, and quadroxalate (acid 
potassium oxalate plus free oxalic acid), ammonium oxalate (used as 


a test), and calcium oxalate. The binoxalate and quadroxalate, 
popularly called salt of sorrel or essential salt of lemons, are employed 
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for removing iron stains from linen, and act by their excess of acid, 
which forms a soluble salt with the ferric oxide constituting the stain. 
The name “essential salts of lemon” is a particularly dangerous one, 
as citric acid is also known by the same synonym. Oxalates should 
always bear a poison label when dispensed. 

Oxalic acid in neutral solution combines readily with calcium com- 
pounds, forming an insoluble white precipitate consisting of calcium 
oxalate, which is insoluble in an excess of oxalic or acetic acid, but is 
dissolved by dilute hydrochloric acid. 


Uses—Oxalic acid is rarely used therapeutically. 
It finds its chief uses in various technical operations 
and to some extent as a reagent in analytical chemistry. 
It is produced and used in large quantities in the print- 
ing and dyeing of fabrics, for bleaching straw and 
leather, for removing paints or varnishes and rust or 
ink stains, and in cleaning wood; also in the manufac- 
ture of oxalates. 

The best antidote to poisoning by oxalic acid is a 
paste made by mixing prepared chalk or powdered 
chalk with water or lime water; it must be adminis- 
tered promptly and freely. Magnesia has some anti- 
dotal effect, although it is less valuable than lime. 


Cerium Oxalate N. F. Cerii Oxalas 
{Cerii Oxal.—Cerous Oxalate, Sp. Oxalato de Cerio] 


Cerium Oxalate is a mixture of the oxalates of cerium, 
lanthanum, neodymium, praseodymium, and other 
associated elements. 

Preparation—It may be prepared by adding a solu- 
tion of oxalic acid to a solution of cerous nitrate or sul- 
fate, whereby the insoluble cerous oxalate is precipi- 
tated. 


Description and Properties—Cerium Oxalate is a fine, white, or 
slightly pink, odorless, and tasteless powder. It responds to the 
nitric acid-lead dioxide identification reaction given under Cerium. 
It is insoluble in water, organic solvents, solutions of the alkali 
hydroxides, and diluted mineral acids, but dissolves on heating with 
equal parts of hydrochloric acid and water. 

Tests for Purity— 

Minimum per cent of oxides—Upon ignition cerium oxalate yields 
not less than 47 per cent of residue. 

Carbonates—No effervescence is produced when it is warmed with 
diluted hydrochloric acid. 

Aluminum and zinc—A 300-mg. portion of the salt is boiled with 
15 ec. of sodium hydroxide T.S. and filtered. Any aluminum or 
zinc present dissolves in the sodium hydroxide. To a portion of the 
filtrate ammonium chloride T.S. is added and boiled; no precipitate 
should be formed (aluminum, which is soluble in sodium hydroxide, 
is reprecipitated by the reaction of the sodium hydroxide and the 
ammonium chloride forming sodium chloride and ammonia). The 
addition of sodium sulfide T.S. to another portion of the filtrate should 
produce no precipitate (zine, which would form a white sulfide). 

Arsenic limit—10 parts per million. 

Lead limit—50 parts per million. 

Storage—Keep the Oxalate in well-closed containers. 


Uses—Cerium Oxalate was used formerly as a gastric 
sedative, especially in anti-sea sickness preparations. 
Average Dose—0.2 Gm. (approximately 3 grains). 


Unofficial Salts of Oxalic Acid 


Ammonium Oxalate—See Reagents (page 1065). 

Antimony Potassium Oxalate [K3Sb(C204)3.3H20|—White, crystal- 
line powder, soluble in water. Uses: a mordant in dyeing and 
printing fabrics, instead of tartar emetic. 

Calcium Oxalate [CaCgO04.H20]—White, crystalline powder. In- 
soluble in water or acetic acid; soluble in dilute hydrochloric acid 
or nitric acid. 

Ferric Ammonium Oxalate [((NH4)3Fe(C204)3.3H20]—Green crys- 
tals, soluble in 1 part water; insoluble in alcohol. It is affected by 
light. Uses: in photography and blueprints. 

Ferric Oxalate [Approx. Feo(C204)3.6H20]—Greenish yellow 
scales, very sensitive to light, becoming reduced to ferrous and in- 
soluble. Freely soluble in water; insoluble in alcohol. Uses: in 
making blueprints. 

Ferrous Oxalate [FeC204.2H2O0|—A pale yellow, odorless, crystal- 
line powder; practically insoluble in water. Uses: formerly as a 
tonic and alterative. Dose; 0.12 to 0.3 Gm. (2 to 5 grains). 

Lithium Oxalate [LigC204]—White crystals or crystalline powder, 
soluble in about 15 parts water; insoluble in alcohol. Uses; an 
anticoagulant in blood analysis. ’ 

Magnanese Oxalate [MnC204.2H20]—A white, crystalline powder; 
slightly soluble in water. Uses:, a varnish drier; used in the 
manufacture of metallic manganese. 
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Potassium Oxalate—See Reagents (page 1069). 
Sodium Oxalate—See Reagents (page 1069). 


SALICYLIC ACID U.S. P. Acidum Salicylicum 


{Acid. Salicyl—Orthohydroxybenzoic Acid, Sp. Acido Salicilico] 
COOH 
OH 


Salicylic Acid, when dried over sulfuric acid for 3 
hours, contains not less than 99.5 per cent of C gH 4(OH)- 
COOH (138.12). 

Preparation—Salicylic Acid may be obtained from 
several natural sources such as birch or gaultheria oil, 
but nearly all of the salicylic acid of commerce is ob- 
tained according to Kolbe’s process by treating sodiwm 
phenolate with carpon dioxide. For this purpose, the 
most concentrated caustic soda solution is evaporated 
with the corresponding amount of phenol to a dry pow- 
der. This is then heated to 100° while a stream of dry 
carbon dioxide is passed over it. The temperature is 
gradually raised to 180° and then to 220° as soon as 
phenol distils over, and finally raised to 250° until no 
more phenol distils. Half of the phenol distils over un- 
changed and the residue left in the retort is essentially 
composed of sodium sodio-salicylate [C.eH4(ONa)- 


COONa]. The reactions are expressed as follows: 
CegHs0H + NaOH — C,H;,ONa + H2O 
phenol sodium sodium- water 
hydroxide phenolate 
ONa 
2CaHsON# 00s CeHeOH a CoH a 
COONa 
sodium phenolate carbon phenol sodium sodio- 
dioxide salicylate 


The sodium salt thus obtained is dissolved in water and 
decomposed by hydrochloric acid as follows: 


Ue OH + 2NaCl 
CeH.X + 2HC] > CoH. 
‘COONa COOH 
sodium sodio- hydrochloric salicylic sodium 
salicylate acid acid chloride 


The salicylic acid is then filtered off, washed, and crys- 
tallized from a hot aqueous solution, or more commonly 
purified by sublimation in a current of superheated 
steam. 

In the Kolbe synthesis carbon dioxide is reacted with 
sodium phenolate in closed vessels at a temperature of 
130° forming sodium phenyl carbonate which passes 
into sodium salicylate. By this modification no separa- 
tion of phenol occurs. 

Salicylic acid is also made from gaultheria oil by 
adding to it a strong solution of sodium hydroxide 
whereby sodium salicylate is formed; this is then 
poured into diluted hydrochloric acid and the separated 
salicylic acid purified if necessary by recrystallization. 


Description and Properties—Salicylic Acid occurs as white, fine, 
needle-like crystals or as a fluffy, white, crystalline powder. The Acid 
prepared from natural salicylate may have a slightly yellow or pink 
tint and a faint gaultheria-like odor. The Acid has a sweetish, after- 
ward acrid, taste. It is stable in the air. Salicylic Acid melts be- 
tween 158° and 161°. One Gm. of Salicylic Acid dissolves in 460 ce. 
of water, in 3 ec. of alcohol, in 45 ec. of chloroform, in 3 ce. of ether, 
and 135 cc. of benzene, at 25°. One Gm. of the Acid dissolves in 
about 15 ce. of boiling water. : 
Tests for Purity— 

Residue on ignition—0.05 per cent.. 

Chloride and sulfate—Negligible amounts. 

Heavy metals limit—20 parts per million. 

Readily carbonizable substances—A solution of 500 mg. of salicylic 
acid in 5 ce. of sulfuric acid has no more color than matching fluid C 
(page 1059). \ 


ACIDS, ESTERS AND SALTS 


Assay—Salicylic Acid is assayed by dissolving a weighed quantity 
in neutralized diluted alcohol and titrating the solution with tenth- 
normal sodium hydroxide using phenolphthalein T.S. as the indicator. 
One cc. of tenth-normal sodium hydroxide corresponds to 13.81 mg. 
of CgH4(OH)COOH or HC7H50s3. 

Storage—Preserve Salicylic Acid in well-closed containers. 
Incompatibilities—See Sodium Salicylate (page 552). 


Uses—Salicylic Acid is not employed internally due 
to its local irritating effect on the gastrointestinal tract. 
It is employed externally on the skin, where it exerts a 
slight antiseptic action and a marked keratolytic action. 
The latter property makes salicylic acid a beneficial 
agent in the local treatment of warts, corns, fungus 
infections, and certain forms of eczematoid dermatitis. 
Tissue cells swell, soften, and ultimately desquamate. 


IDENTIFICATION OF SALICYLATES 


Ferric chloride produces a violet color even in dilute 
solutions of salicylic acid or soluble salicylates. The 
addition of dilute mineral acids to moderately concen- 
trated solutions of salicylates produces a white crystal- 
line precipitate of the salicylic acid which, when washed 
with cold water and dried, has the melting point of 
salicylic acid. 


Salicylic Collodion N. F. Collodium Salicylicum 
{Collod. Salicyl.—Corn Collodion] 


Metric Alternative 
SalicylicvA cid i tueceeetn eyo et eee eee 100 Gm. 183 gr. 
Flexible Collodion, a sufficient quantity, 
Dovmake saan tioned a neon on ea eee eae 1000 cc. 4 fl. oz. 


Dissolve the salicylic acid in about 750 ce. (8 fl. oz.) of flexible 
collodion, and add sufficient flexible collodion to make the product 
measure 1000 ce. (4 fl. oz.). Mix the ingredients. 


Storage—Keep Salicylic Collodion in tight containers, and avoid ex- 
cessive heat. 


Uses—I*or the removal of corns. 


Ammonium Salicylate N. F. Ammonii Salicylas 
{[Ammon. Salicyl.—Sp. Salicilato de Amonio] 


Ammonium Salicylate [C.H.«(OH)COONH, = 
155.15], when dried over sulfuric acid for 24 hours, con- 
tains not less than 98 per cent of NH4C,H50s. 

Preparation—This salt may be made by adding 
salicylic acid to ammonia water until nearly saturated, 
and after suitable filtration, if necessary, evaporated to 
crystallization. 


Description and Properties—Ammonium Salicylate occurs as color- 
less, lustrous prisms, or plates, or a white crystalline powder. It is 
odorless, and has at first a slightly saline bitter taste, with a sweetish 
aftertaste. It is stable in dry air. The aqueous solution is slightly 
acid to litmus. It responds to the identification reactions for am- 
monium and for salicylate. One Gm. is soluble in about 1 ce. of 
water and in about 3 ce. of alcohol. 
Tests for Purity— ; 

Free acid—Not more han 0.6 per cent as salicylic acid. 

Residue on ignition—Not more than 0.05 per cent. 

Heavy metals limit—10 parts per million. 
Assay—This salicylate is assayed by the same procedure as Sodiwm 
Sdlicylate (page 552). Each cc. of tenth-normal hydrochloric acid 
consumed corresponds to 15.52 mg. of NH4C7H5Os. 
Storage—Keep Ammonium Salicylate in tight, light-resistant con- 
tainers and avoid excessive heat. 
Lon aaa Ammonium (page 1184) and Salicylates (page 
1187 


Uses—Employed for the salicylate effect, but ata 
used in modern therapeutics. It has no advantage 
over sodium salicylate and should not be preferred to 
the latter. 
Salicylate and Acetylsalicylic Acid. 
Average Dose—1! Gm. (approximately 15 grains). 


The dose is 0.3 to 1.0 Gm. See Sodium — | 
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Bismuth Subsalicylate U.S. P. Bismuthi Subsalicylas 


[Bism. Subsalicyl—Basic Bismuth Salicylate, Sp. Subsalicilato de 
Bismuto] 


Bismuth Subsalicylate [approximately C,H 4(OH).- 
CO2BiO], when dried over sulfuric acid for 18 hours, 
yields upon ignition not less than 62 per cent and not 
more than 66 per cent of bismuth oxide [Bi.Os]. 


Preparation—Bismuth Subsalicylate may be made by 
Thibault’s process, as follows: A suitable quantity of 
bismuth nitrate dissolved in nitric acid is precipitated 
by an excess of solution of sodium hydroxide. After 
boiling, the originally white bismuth hydroxide is 
transformed into the yellow bismuthyl hydroxide. This 
is then thoroughly washed, and a quantity of salicylic 
acid equivalent to ?/; of the weight of the bismuth 
nitrate is levigated with water and added. The whole 
is then left on the water bath, and when no more yellow 
oxide is left, it is thoroughly washed with cold alcohol, 
and dried. 


Description and Properties—Bismuth Subsalicylate is a white or 
nearly white, odorless powder. It is stable in air, but is affected by 
light. Bismuth Subsalicylate is practically insoluble in cold water 
or in alcohol, is gradually decomposed by boiling water into a more 
basic salt and i is decomposed by acids with the liberation of salicylic 
acid. “It responds to the identification reactions for salicylates and 
a solution of the ignited salt in nitric acid responds to the identifica- 
tion reactions for bismuth. 


Tests for Purity— 
Loss on drying—Not more than 3 per cent. 


Pree salicylic acid—Not more than 0.5 per cent. This is determined 
by shaking 1.0 Gm. with 20 ce. of chloroform, filtering, evaporating 
the filtrate to dryness on the water bath,.and weighing the residue. 


Nitrate—About 50 mg. of Bismuth Subsalicylate is triturated with 
0.1 Gm. of sodium salicylate and 5 cc. of water, and the mixture 
superimposed upon 5 ce. of sulfuric acid. No pink or brownish red 
color appears at the juncture of the two liquids. 


Alkalies and earths—Not more than 0.5 per cent, determined as 
under Bismuth Subcarbonate. 


Arsenic limit—10 parts per million. 


Copper, lead, silver, and sulfate—3 Gm. of Bismuth Subsalicylate is 
ignited in a porcelain crucible, cooled, and just sufficient nitric acid 
cautiously added to dissolve the residue upon warming. The solution 
is then poured into 100 cc. of water, filtered, the filtrate evaporated on 
a water bath to 30 cc., again filtered, and the filtrate divided into por- 
tions of 5 cc. each. These portions meet the requirements of the 
tests for sulfate, copper, lead, and silver under Bismuth Subcarbonate. 
Assay—An accurately weighed quantity of about 1 Gm. of dried Bis- 
muth Subsalicylate is ignited in a porcelain crucible. After cooling, 
nitric acid is cautiously added, drop by drop, to the residue and 
warmed until solution has been effected. The solution is then evapo- 
rated to dryness and the residue carefully ignited to constant weight. 
The weight of the residue represents the bismuth oxide. 


Storage—Keep it in well-closed, light-resistant containers. 


Uses—Bismuth Subsalicylate is the most commonly 
employed bismuth salt in syphilotherapy. It is in- 
jected intramuscularly at weekly intervals in the dose 
of 0.2 Gm. In early syphilis, bismuth is almost never 
employed alone, the antisyphilitic arsenicals providing 
the mainstay of treatment, and bismuth being used 
chiefly as an adjuvant between courses of arsenotherapy. 
A course of bismuth therapy usually consists of from 
6 to 10 intramuscular injections, at weekly intervals. 
In certain patients who cannot tolerate arsenical ther- 
apy, bismuth must of necessity become the main thera- 
peutic agent. Bismuth has almost entirely replaced 
mercury in syphilotherapy. Most syphilologists prefer 
an insoluble bismuth preparation, such as the subsali- 
cylate, but occasionally there is need for a soluble bis- 
muth salt. Due to the more rapid absorption and ex- 
cretion of the soluble salts, they are given 2 or 3 times 
weekly, intramuscularly. 


Average Dose—Oral, gastrointestinal, 1 Gm. (ap- 
proximately 15 grains). Intramuscular, antisyphilitic, 
0.1 Gm. (approximately 1/4 grains). 
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Bismuth Subsalicylate Injection U. S. P. 
Bismuthi Subsalicylatis 


Injectio 


[Inj. Bism. Subsalicyl.— Sp. Inyeccién de Subsalicilato de Bismuto 


Bismuth Subsalicylate Injection is a sterile suspension 
of bismuth subsalicylate in oil. It contains an amount 
of bismuth (Bi) equivalent to not less than 53 per cent 
and not more than 62 per cent of the labeled amount of 
bismuth subsalicylate. It meets the requirements of 
the Sterility Test for Liquids and also conforms to the 
other requirements under Injections (page 249). 

Bismuth Subsalicylate Injection is preferably ster- 
ilized by Process C (page 121). 


Identification—The insoluble residue resulting from the treatment 
of the Injection with petroleum benzin to remove the oil, responds to 
the identification reactions for bismuth and for salicylate. 
Assay—Bismuth Subsalicylate Injection is assayed as directed for the 
Oil Suspension of Bismuth and Potassium Tartrate Injection (page 559). 
Storage—Keep the Injection protected from light and, preferably, in 
single-dose hermetic containers, or in other suitable containers. 


Uses—See Bismuth Subsalicylate. 
Average Dose—Intramuscular, 0.1 Gm. (approxi- 
mately 114 grains) of Bismuth Subsalicylate. 


Lithium Salicylate N. F. Lithii Salicylas 
{Lith. Salicyl.—=Sp. Salicilato de Litio] 


Lithium Salicylate [CsH.(HO)COOLi = 144.05], 
when dried at 140° for 2 hours, contains not less than 
99 per cent of LiC,;H;Os. 

Preparation—This salt may be prepared by mixing 
lithium carbonate with distilled water and heating the 
mixture to boiling, then adding salicylic acid and con- 
tinuing the heat until effervescence ceases. The solu- 
tion is then filtered and evaporated to dryness. 


As in the case of sodium salicylate contact with metal 
should be avoided. 


Description and Properties—A white or grayish white powder which 
is deliquescent in moist air. It is odorless, or has a faint characteristic 
odor and a sweetish taste. The aqueous solution is neutral or slightly 
acid to litmus paper. It responds to the identification reactions for 
lithium and for salicylate. It is very soluble in water and in alcohol. 
Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Coloring matter—A freshly prepared aqueous solution (1 in 20) 
should be colorless. 

Arsenic limit—10 parts per million. 

Heavy metals limit—10 parts per million. 

Potassium or sodium—A solution of 0.7 Gm. of the salt in 25 ce. of 
water is treated with 5 cc. of diluted hydrochloric acid to precipitate 
the salicylic acid, filtered, and the precipitate washed with water. 
From this point the test is conducted as directed under Lithium Citrate 
beginning with ‘‘The combined filtrate and washings.’’ The weight 
of the residue is not more than 5 mg. 

Assay—Lithium Salicylate, previously dried at 100° for 2 hours, is 
assayed as described for Sodium Salicylate. Each ce. of half-normal 
hydrochloric acid corresponds to 72.03 mg. of LiC7H 503. 
Storage—Keep Lithium Salicylate in tight containers. 
Incompatibilities—See Salicylates (page 1187). The lithium ion may 
precipitate carbonates and phosphates. Trouble may be experienced 
in powders and capsules due:to the deliquescence of lithium salicylate. 


Uses—This salt is employed for the salicylate action 
which it exhibits. It has no advantage over sodium 
salicylate and is-not to be preferred over the latter. 
See Sodium Salicylate and Acetylsalicylic Acid. 

Average Dose—1 Gm. (approximately 15 grains). 


Mercuric Salicylate N. F. Hydrargyri Salicylas 
{Hydrarg. Salicyl—Meercuric Subsalicylate, Sp. Salicilato Merctrico]} 


Mercuric Salicylate [approximately C,H ,O.COO.Hg 
= 336.71] contains not less than 54 per cent and not 
more than 59.5 per cent of mercury [Hg]. 

The chemical structure of this compound is not yet 
definitely known. The mercury, it is assumed, re- 
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places both carboxyl and hydroxyl hydrogens in the 
salicylic acid. The mercury in it does not respond to 
the usual reactions of the element. It is sometimes 
called salicylated mercury. 

Preparation—Freshly precipitated mercuric oxide is 
prepared by precipitating a cold aqueous solution of 
mercury bichloride with a cold aqueous solution of 
sodium hydroxide containing a quantity of NaOH 
equivalent to 449 of the mercury bichloride. After 
washing well with water the mercuric oxide is mixed 
with some water and a quantity of salicylic acid equal 

554 99 of the mercury bichloride and the mixture is 
gently boiled until it becomes white. The mercury 
subsalicylate so formed is washed until the washings 
are no longer acid and dried at about 50°. 

Description and Properties—A white, slightly yellow, or slightly pink, 
odorless powder. It is affected by light. It is insoluble in water or 
alcohol but is dissolved by solutions of the fixed alkali hydroxides or 
their carbonates, and by solutions of alkali halides. It is decomposed 
by hydrochloric acid with the separation of salicylic acid and the fil- 
trate from the salicylic acid responds to the reactions for mercury. 
Tests for Purity—The N. F. includes the following tests and limits: 

Residue on ignition—Not more than 0,1 per cent. 

Alkali-insoluble substances (other mercury salts)—0.2 Gm. of Mercuric 
Salicylate should dissolve completely in 4 cc. of normal sodium 
hydroxide. 

Foreign mercury compounds—On adding 5 cc. of hydrogen sulfide 
T.S. to 0.1 Gm. of this mercury compound it should not be darkened 
at once. 

Assay—The mercury content of Mercuric Salicylate is determined as 
in the assay of Mercury Mass (page 454). 
Storage—Keep it in well-closed, light-resistant containers. 


Incompatibilities—Mercuric Salicylate is decomposed by mineral 
acids. 


Uses—This salt was once recommended for intra- 
muscular use in syphilotherapy. The intramuscular 
injection of insoluble mercury salts, however, is neither 
advisable nor necessary. Toxic effects are common, 
absorption is uncontrollable, and local pain and scleros- 
ing myositis are frequent. 

Average Dose—Intramuscular, in oil, 0.1 Gm. (ap- 
proximately 11/> grains). 


Mercuric Salicylate Ampuls N. F. Ampullee Hydrargyri 
Salicylatis 


lAmpul. Hydrarg. Salicyl—Mercuric Salicylate Injection, Sp. Inye= 
ccién de Salicilato de Mercurio] 


Mercuric Salicylate Ampuls contain a sterile suspen- 
sion of mercuric salicylate in a suitable fixed oil, and 
yield an amount of mercury [Hg] equivalent to not less 
than 52.5 per cent and not more than 61 per cent of the 
labeled amount of mercuric salicylate. It meets the 
requirements of the Sterility Test for Liquids (page 126). 
It also conforms to the other requirements for Injections 
(page 249). 

The ampuls are preferably sterilized by Process E at 
a temperature not exceeding 65°. See Sterilization 
Processes (page 121). 


Tests for Identity—The residue obtained by washing this Injection 
on a filter with petroleum benzin has the characteristics of mercuric 
salicylate. 

Assay—The contents of a counted number of the Ampuls are com- 
pletely drained into a suitable graduated cylinder and the volume 
occupied by it noted. The suspension is now shaken well, and an 
accurately measured volume equivalent to about 0.5 Gm. of mercuric 
salicylate is immediately withdrawn with a pipette and transferred 
onto a small, dry paper filter. The pipette is washed out with some 
petroleum benzin, adding the benzin to the contents on the filter. 
The filter and its contents are washed with small volumes of petroleum 
benzin to dissolve the oil. The filter with the mercuric salicylate is 
placed in a Kjeldahl flask and the assay continued as described under 
Mercury Mass (page 454). 

Storage—Keep the Injection preferably in single-dose hermetic con- 
tainers, or in other suitable containers, protected from light. 


Uses—This Injection is used intramuscularly in the 
treatment of syphilis. Great care must be observed in 
maintaining a uniform suspension of the salicylate dur- 
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ing the preparation of the ampuls. Similar preparations 
are frequently made by first sterilizing the oil, then pre- 
paring the suspension, and finally fillimg the ampuls by 
aseptic technique. 

Average Dose—IJntramuscular, 0.1 Gm. (approxi- 
mately 1!/. grains) of Mercuric Salicylate, corresponding 
to about 57 mg. of Mercury. 


Methyl Salicylate U. S. P. Methylis Salicylas 


[Methyl. Salicyl.—Gaultheria Oil, Wintergreen Oil, Betula Oil, Sweet 
Birch Oil, Teaberry Oil, Artificial Wintergreen Oil, Synthetic Winter- 
green Oil, Sp. Salicilato de Metilo] 

COOCH3 


OH 


Methyl Salicylate [CgsH «(OH)COOCHs = 152.14] is 
produced synthetically or is obtained by maceration 


and subsequent distillation with steam from the leaves” 


of Gaultheria procumbens Linné (Fam. Hricacex) or from 
the bark of Betula lenta Linné (Fam. Betulacex). It 
contains not less than 98 per cent of CsH,O3. Methyl 
Salicylate must be labeled to indicate whether it was 
made synthetically or distilled from either of the plants 
mentioned above. 

In the U.S. P. gaultheria oil, betula oil, and Methyl 
Salicylate are combined under the same title, as it is 
difficult to distinguish between them chemically, and 
practically the same tests apply to all. There are slight 
differences in the specific gravity and optical activity 
but these factors are not sufficiently characteristic to 
enable the detection of either in a mixture. 

Preparation—Methy] Salicylate is found naturally in 
gaultheria and betula oils and in many other plants but 
the commercial product is synthetic, made by esterify- 
ing salicylic acid with methyl alcohol in the presence of 
sulfuric acid and distilling. 

Description and Properties—A colorless, yellowish, or reddish liquid, 
having the characteristic odor and taste of gaultheria. Specific 
gravity: synthetic, 1.180 to 1.185; from gaultheria or betula, 1.176 
to 1.182. Refractive index: 1.5350 to 1.5380 at 20°. It distils 
between 219° and 224°. Both synthetic Methyl Salicylate and the 
oil from betula are optically inactive. Methyl Salicylate from gaul- 
theria is slightly levorotatory, not exceeding —1.5° in a 100-mm. 
tube. An aqueous extract of Methyl Salicylate yields a deep violet 
color with ferric chloride T.S. Methyl Salicylate is slightly soluble 
in water, is soluble in alcohol and in glacial acetic acid. It is soluble 
in about 7 volumes of 70 per cent alcohol at 25°, the solution having 
not more than a slight cloudiness. 

Tests for Purity— 

Free acid—A 5-cc. portion of the Methyl Salicylate is shaken with 
25 ce. of COe-free water. The water layer, separated from the ester, 
requires not more than 0.45 ec. of tenth-normal sodium hydroxide for 
neutralization, using phenol red as the indicator (about 0.1 per cent 
salicylic acid). 

Heavy metals—It conforms to the requirements of the Jest for 
Heavy Metals in Volatile Oils (page 1055). 

Assay—Methyl Salicylate is assayed by saponification with half 
normal alcoholic potassium hydroxide, followed by titration of the 
residual alkali with half-normal hydrochloric acid. One ce. of half- 
normal potassium hydroxide corresponds to 76.07 mg. of CgHgO3. 
Storage—Keep Methyl Salicylate in tight containers. 


Uses—Methy] Salicylate is used in place of salicylic 
acid in rheumatism, neuralgia, and kindred diseases. 
The synthetic product has largely replaced the natural 
oils, and by many is believed to be identical in its medi- 
cal properties. As a flavoring agent it is equal in every 
respect to wintergreen oil or sweet birch oil. Care must 
be taken to seis a product conte to the official 
tests. 


Wintergreen Water N. F. Aqua Gaultherie 


\ Metric Alternative 
Gaultheria Oil (Methyl Salicylate)........... SyCce 77 min. 
Distilled Water, a sufficient quantity, ; ’ 
Topimig ke gaan ee alee ca ees \... 1000 cc. 


2 pints 


‘ 


ORGANIC ACIDS, ESTERS AND SALTS 


Shake the gaultheria oil with 1000 cc. (2 pints) of distilled water 
in a suitable container, and repeat the shaking several times dur- 
ing a period of about 15 minutes. Set the mixture aside for 12 
hours or overnight, filter through a moistened filter paper, and 
pass enough distilled water through the filter to make the prod- 
uct measure 1000 cc. (2 pints). 


Uses—A flavoring agent. 


Phenyl Salicylate N. F. Phenylis Salicylas 


{Phenyl. Salicyl,—Salol, Sp. Salicilato de Fenilo] 
COOGs SS 
OH 


Preparation—Pheny] salicylate is prepared by heating 
salicylic acid with phenol in the presence of certain acid 
chlorides (phosphoryl chloride or carbonyl chloride); 
the elements of water are withdrawn by this action, and 
the phenyl group is caused to unite with the salicylic 
radical. 

The reaction is expressed thus: 


OH 
20 oon 2 


2CeHs;0H + POCl, — 


salicylic acid phenol phosphorus 
oxychloride 
OH 
2CoH aC DEeELRO. et. 1 3H! 
COOC.H5 
phenyl salicylate metaphospbhorice hydrochloric 
acid acid 


Description and Properties—A white, crystalline powder, having a 
characteristic odor and taste. It melts between 41° and 43°. It 
is decomposed by heating with alkali hydroxide solutions into phenol, 
recognizable by its odor, and salicylic acid, the latter being precipi- 
tated on acidifying the mixture with a mineral acid. In alcoholic 
solution it is neutral to litmus paper and colored violet by diluted 
ferric chloride T.S. One Gm. of Phenyl Salicylate dissolves in about 
6700 cc. of water, 6 cc. of alcohol, 1.5 ec. of benzene, 10 ce. of liquid 
paraffin, or 4 ce. of almond oil. It is very soluble in acetone, chloro- 
form, ether, and in fixed and volatile oils, d 


Tests for Purity— 
Residue on ignition—Not more than 0.1 per cent. 


Loss on drying over sulfuric acid for 4 hours—Not more than 1 per 
cent. 


Free phenol or salicylic acid—1 Gm. of phenyl] salicylate is shaken 
for a few minutes with 50 cc. of water and filtered. The addition of 1 
drop of ferric chloride T.S. to 10 cc. of the filtrate produces no violet 
color (both phenol and salicylic acid are colored violet by ferric salts). 


Chloride and sulfate—Practically none. 


Storage—Keep Phenyl Salicylate in tight containers not above 35°. 
Incompatibilities—See page 552. 


Uses—The main use of phenyl salicylate is pharma- 
ceutical. It is employed to coat pills by rolling them in 
the salol, fused at a low temperature, forming enteric 
pills, intended to pass through the stomach unaltered, 
the salol being insoluble in the acid gastric juice. The 
efficacy of this type of enteric coating is seriously ques- 
tioned, as it is difficult to prevent the digestive fluids 
from penetrating the crevices between the crystalline par- 
ticles. See coating (page 1299) and Capsules (page 312). 


In the alkaline intestinal fluids, phenyl salicylate is 
rapidly hydrolyzed to phenol (40 per cent) and salicylic 
acid (60 per cent). If large doses are ingested orally, 
phenol poisoning may occur. Phenyl salicylate is not 
employed for its systemic effects, sodium salicylate and 
aspirin being preferred. The former use of phenyl 

salicylate as an intestinal antiseptic is irrational and 
dangerous, the drug being readily hydrolyzed and the 
phenol absorbed. 


Average Dose—0.3 Gm. (approximately 5 grains). 
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Phenyl Salicylate Tablets N. F. 
Salicylatis 


[Tab. Phenyl. Salicyl—Salol Tablets, Sp. Tabletas de Salicilato de 
Fenilo] 


Phenyl Salicylate Tablets contain not less than 91 per 
cent and not more than 109 per cent of the labeled 
amount of phenyl salicylate [C.H .(OH)COOC.H5]. 


Tests for Purity and Identity—These Tablets respond to the tests 
given under Phenyl Salicylate. 

Assay—The Tablets are assayed for their phenyl salicylate content 
by determining the yield of salicylic acid, from which the amount of 
phenyl salicylate is calculated. A quantity of the powdered Tablets, 
equivalent to about 0.3 Gm. of phenyl salicylate, is heated with 30 
cc. of sodium hydroxide for 45 minutes on a steam bath. The solu- 
tion is then transferred to a separator, acidified with hydrochloric 
acid, and the precipitated salicylic acid extracted with several portions 
of ether. The ether solution, after being washed with 10 cc. of water 
to remove any sodium hydroxide, is evaporated at a low temperature, 
the residue is dissolved in a few cc. of neutralized alcohol, and the 
resulting solution is diluted with 15 cc. water and titrated with tenth- 
normal sodium hydroxide using phenolphthalein T.S. as the indicator. 
Each ce. of tenth-normal sodium hydroxide corresponds to 21.42 mg. 
of phenyl salicylate [CgH4(OH)COOCg¢Hs]. 


Tabellee Phenylis 


Average Dose—0.3 Gm. (approximately 5 grains) of 
Pheny] Salicylate. 


N. F. Sun Cream. Cremor Solis N. F. 


{Sun Tan Ointment] 


Metric Alternative 
PhenyluSalicylatet nc .tataes oeecier 50 Gm. 350 gr. 
Ethyl Aminobenzoate............. 20 Gm. 140 er. 
(DitaniineDioxide snare. 10 Gm. 70 gr. 
Neocalaniine sot sete tated enero 10 Gm. 70 gr. 
vellow Ferric Oxides, = 2. ace 1 Gm. 7 gr. 
Coumarin® testes tae ce 1 Gm. Th Fat 
Wihites Wax... cies Spor, fe eA casas 20 Gm. 140 gr. 
Mricthanolaminera- sce ae 5 Gm. SD ets 
StearylsAlconolas smn eet cit 80 Gm. 1 oz. av. 122% gr. 
SLCBTICVA CI Graeme ety ee eer teheae seeeee nee 20 Gm. 140 gr. 
GIN Cerin taser oie esate 100 Gm. 1 oz. av. 262% er. 
Distilled Water, a sufficient quan- 
tity, : 
PROM KO esate oka cde cea ee Suekee 1000 Gm. 1 lb. av. 


Warm the triethanolamine and the stearic acid together on a 
water bath for 10 minutes, add the white wax and the stearyl 
alcohol, and continue to heat until completely melted. Dissolve 
the phenyl salicylate, ethyl aminobenzoate, and the coumarin in 
this mixture. Add the titanium dioxide, neocalamine, and yellow 
ferric oxide in a fine state of division and mix well. Add the 
distilled water and the glycerin, which have been previously 
heated together to about 70°, with constant stirring. Con- 
tinue the stirring until the emulsion formed has an ointment-like 
consistency. 


Storage—Preserve N. F. Sun Cream in tight containers and avoid pro- 
longed exposure to temperatures above 30°. 


Uses—This cream protects the skin against sunburn, 
or soothes areas which have been over-exposed to the 
sun. The phenyl salicylate filters out the burning rays 
of the sunlight which have a wave length of about 290 
my to 320 my. Extensive exposure to the ultraviolet 
rays from 320 mu to about 400 my stimulates the fer- 
ment thyrosinase in the skin to act on a dihydroxy- 
phenylglycocoll to form the pigment, melanin. The 
latter then forms a natural screen for the burning rays. 
The anesthesin in this cream acts locally as an anes- 
thetic, the three inorganic oxides are protective and 
screening agents, and the coumarin gives the cream a 
pleasant odor. 


Sodium Salicylate U. S. P.  Sodii Salicylas 
[Sod. Salicyl.—Sp. Salicilato de Sodio] 


Sodium Salicylate [CgH.(OH)COONa = 160.11], 
when dried at 110° for 4 hours, contains not less than 
99.5 per cent of NaC,H;Os. 

Preparation—Salicylic acid is mixed with sufficient 
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distilled water to form a paste, then sufficient pure so- 
dium carbonate is added in small portions to neutralize 
all but a small fraction of the salicylic acid. 


2HC,H503 + NagCOs — 2NaC7H503 + H.O0 + CO, 
salicylic sodium sodium water carbon 
acid carbonate salicylate dioxide 


An excess of sodium carbonate must be avoided or the’ 
Tf an excess of sodium carbonate’ 


salt will not be white. 
has been used, enough salicylic acid should be added 
to be slightly in excess. The solution is filtered through 
a filter free from iron, as even slight contact with iron 
will discolor the product. The filtered solution is 
evaporated at a low temperature to dryness, preferably 
in a vacuum. 


Description and Properties—Sodium Salicylate occurs as a white, 
microcrystalline powder or as scales, but may have a faint, pink tinge. 
It is odorless, or has a faint, characteristic odor, and a sweet, saline 
taste. It is affected by light. The aqueous solution is usually 
slightly acid to litmus paper. It responds to the identification reac- 
tions for sodium and for salicylate. One Gm. dissolves in 1 ce. of 
water, in 10 cc. of alcohol, or in about 4 ce. of glycerin. It is very 
soluble in boiling alcohol. 

Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

Sulfite or thiosulfate—Not more than 0.05 per cent as SOg. The 
test is made by adding 1 ec. of hydrochloric acid to a solution of 1 Gm. 
of the salt in 20 cc. of water, filtering off the precipitated salicylic 
acid, then adding to the filtrate tenth-normal iodine until a yellow 
color is produced. Not more than 0.15 cc. of the iodine is required. 

Heavy metals limat—20 parts per million. 

Assay—The chemistry of the assay of sodium salicylate is the same 
as that discussed in the Assay of Sodium Benzoate (page 532) and the 
assay is conducted as described therein except as follows: After the 
solution has been titrated to the green color of the indicator, the liquid 
is completely transferred to a separator and the aqueous layer drawn 
off. The ether layer is then washed with 5-cc. portions of water and 
added to the water solution. Twenty cc. of ether is added to the 
combined aqueous solutions, and the addition of the half-normal 
hydrochloric acid continued until a permanent pale green color is 
produced in the aqueous layer. Hach cc. of half-normal hydro- 
chloric acid consumed corresponds to 80.05 mg. of CgH4(OH)COONa. 


Storage—Keep Sodium Salicylate in well-closed, light-resistant con- 
tainers. 


Incompatibilities—Solutions of salicylates slowly darken in color due 
to an oxidation reaction influenced by the presence of alkalies or tron. 
Salicylates give a violet or reddish-violet color with ferric chloride, a 
green with copper salts, and a brown with nitric or nitrous acids. 
Spirit of ethyl nitrite gives a yellow color which slowly darkens to red- 
brown. In neutral solutions, ferric, lead; bismuth, and mercury salts 
form insoluble basic ferric salicylate. Mineral acids liberate salicylic 
acid which precipitates unless sufficient alcohol is present. The alkali 
acetates, citrates, nitrates, and phosphates increase the solubility of 
salicylic acid in water. Soluble quinine salts are precipitated as qui- 
nine salicylate. See Salicylates (page 1187). 


Uses—The analgesic and antipyretic actions of the 
salicylates are presented in some detail under Acetyl- 
salicylic Acid (page 555). Like the latter compound, 
sodium salicylate is widely employed for the relief of 
pain and the reduction of fever. It also is serviceable 
in the symptomatic therapy of gout and in acute rheu- 
matic fever. It is about one-third less potent, on a 
weight basis, than acetylsalicylic acid, and therefore 
the equivalent analgesic dose is somewhat higher. The 
sodium salt tends to cause gastric irritation due to the 
liberation of free salicylic acid by the acid gastric juice. 
For this reason, an equivalent amount of sodium bicar- 
bonate is usually employed along with sodium salicylate. 
The drug is dispensed in tablets or capsules. Solutions 
of sodium salicylate are generally to be avoided because 
they have a sweetish nauseant taste which is difficult to 
mask completely, and because they become discolored 
on standing. If bicarbonate is present in the solution, 
a black precipitate may form. The addition of a very 
small quantity of sodium bisulfite or sodium sulfite (1 
grain to an 8-ounce mixture) retards the development 

~of the black color. The dose of sodium salicylate is 
0.5 to 1.0 Gm., repeated every hour or two, if necessary. 
Average Dose—1I Gm. (approximately 15 grains). 
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Sodium Salicylate Ampuls N. F. 
Salicylatis 


Ampulle Sodii 


{[Ampul. Sod. Salicyl—Sodium Salicylate Injection, Sp. Inyeccién de 
Salicilato de Sodio] 


Sodium Salicylate Ampuls contain a sterile solution 
of sodium salicylate in water for injection, and yield 
sodium salicylate [CH .(OH)COONaj], equal to not less 
than 95 per cent and not more than 103 per cent of the 
labeled amount of sodium salicylate. 

The solution is prepared and filled into the cleansed 
ampuls as described on page 257. The filled ampuls 
are then sterilized by heating to 100° for 30 minutes, or 
by any other adequate and suitable method of steriliza- 
tion, and tested for sterility according to the method 
described on page 126. 

Note—For ampul solutions it is necessary to use a 
superior grade of sodium salicylate, especially suitable 
for ampuls, as the solution will otherwise quickly dis- 
color, becoming slightly yellow. The grade sold as a 
“Teagent chemical’ is sometimes used. 

Assay—The solution is assayed by the method described in the Assay 
of Sodium Salicylate, using an accurately measured volume of the 
solution equivalent to about 0.5 Gm. of sodium salicylate and titrat- 


ing with tenth-normal hydrochloric acid. Each ec. of tenth-normal 
acid corresponds to 16.01 mg. of CsHs (OH) COONa. 


Uses—There is rarely any advantage in or necessity 


for giving salicylate medication designed for systemic 


effects by the parenteral route. The intravenous use of 
salicylates is dangerous and unjustified. See Sodium 
Salicylate. Sodium Salicylate Ampuls are sometimes 
employed in the injection treatment of varicose veins, 
3 to 5 cc. of a 20 per cent solution being injected. 

Average Dose—! Gm. (approximately 15 grains) of 
Sodium Salicylate. 


Sodium Salicylate and Iodide Ampuls N. F. 
Ampulle Sodii Salicylatis et Iodidi 


{[Ampul. Sod. Salicyl. et lodid.—Sodium Salicylate and Iodide Injec- 
tion, Sp. Inyeccién de Salicilato y Yoduro de Sodio] 


Sodium Salicylate and Iodide Ampuls contain a 
sterile solution of sodium salicylate and sodium iodide 
in water for injection, and yield CgH «6(OH)COONa and 
Nal equal to not less than 93 per cent and not more 
than 103 per cent of the labeled amount of each. 

The solution is prepared and filled in the cleansed 
ampuls as described on page 257. ‘The filled ampuls are 
then sterilized by Process C (page 121) or by any other 
adequate and suitable method of sterilization, and tested 
for sterility according to the method described on page 
126. 


Assay—The solution is assayed for sodium salicylate as directed in the 
Assay of Sodium Salicylate Ampuls and for sodium iodide as directed 
in the Assay of Sodium Iodide Ampuls (page 385). 


Uses—Formerly employed parenterally for systemic 
actions either of salicylates or the iodide ion. See 
Sodium Salicylate Ampuls. 

Average Dose—I Gm. of Sodium Salicylate and 1 
Gm. of Sodium Iodide. 


Sodium Salicylate and Iodide with Colchicine Ampuls 
N. F. 
Ampulle Sodii Salicylatis et Iodidi Cum Colchicina 


[Ampul. Sod. Salicyl. et Iodid. c. Colchicin.—Sodium Salicylate and 
Iodide with Colchicine Injection, Sp. Inyeccién de Salicilato y 
Yoduro de Sodio con Colchicina] 

Sodium Salicylate and Iodide with Colchicine Ampuls— 
contain a sterile solution of sodium salicylate, sodium 
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iodide, and colchicine in water for injection, and yield 
-CgH 4(OH)COONa and Nal equal to not less than 93 per 
cent and not more than 103 per cent of the labeled 
amounts of each. 

The solution is prepared and filled in the cleansed 
ampuls as described on page 257. The filled ampuls are 
then sterilized by Process C (page 121), or by any other 
adequate and suitable method of sterilization and tested 
for sterility according to the method described on 
page 126. 

Identification of Colchicine—A definite volume of the ampul solution, 
representing about 3 mg. of colchicine, is extracted with 25 cc. of 
chloroform and the chloroform solution evaporated in a porcelain 
dish to dryness with gentle heating. The residue gives the identifica- 
tion reactions described for Colchicine (page 863). 

Assays—Separate, accurately measured volumes of the ampul solu- 
tion containing about 0.25 Gm. each of sodium salicylate and sodium 
iodide are extracted with 25 cc. of chloroform to remove the colchicine, 
then the aqueous layers are assayed, respectively, for sodium sali- 
cylate and for sodium iodide as described under Sodium Salicylate 
and Iodide Ampuls. 


Uses—An unnecessary preparation which should not 
be employed parenterally for the systemic effects of any 
of its constituents. See Sodiwm Salicylate, Sodium 
Iodide, and Colchicine. 

Average Dose—1 Gm. (approximately 15 grains) 
each of Sodium Salicylate and of Sodium Iodide, and 
0.65 mg. (14909 grain) of Colchicine. 


Sodium Salicylate Elixir N. F. Elixir Sodii Salicylatis 
[Elix. Sod. Salicyl.—Elixir de Salicilato de Sodio] 
Sodium Salicylate Elixir contains, in each 100 cc., 


not less than 8 Gm. and not more than 9 Gm. of sodium 
salicylate [C,H .(OH)COONa]. 


Metric Alternative 
Sodium Salicylate............... 85 Gm. 202. av. 366 gr. 
SVS D Ete Gaylene od susls aces @ eos e eu 200 cc. 6 fl. oz. 192 min. 
WISTS CU WaAler : om.s. cg avs cle eh wee 460 cc. 14 fl.oz. 346 min, 
Aromatic Elixir, a sufficient quan- 
tity, 
ROMMUV ROME ean i's cls aes ents 1000 cc. 2 pints 


Dissolve the sodium salicylate in the distilled water, add the 
syrup and sufficient aromatic elixir to make the product measure 
1000 ce. (2 pints); mix well, and filter if necessary until the prod- 
uct is clear. 


Alcohol content—From 5 to 7 per cent, by volume, of CepHs5OH. 
Storage—Keep the Elixir in tight containers. 


Uses—See Sodium Salicylate. 
Average Dose—4 cc. (approximately 1 fluidrachm) 
corresponding to about 0.34 Gm. of Sodium Salicylate. 


Compound Sodium Salicylate and Gelsemium Elixir 
NOR. 


Elixir Sodii Salicylatis et Gelsemii Compositum 


_[Elix. Sod. Salicyl. et Gelsem. Comp.—Sp. Elixir de Salicilato de 
Sodio Compuesto] 


Metric Alternatvie 
SG AY FG es 80 Gm. 2 0z. av. 293 gr. 
POLASSIUMULOGICE. 6 fac. 6 sib veces o's 15 Gm. 219 gr. 
Fluidextract of Cimicifuga......... 32 cc 1 fl. oz. 12 min. 
Fluidextract of Gelsemium........ 16 cc 246 min. 
Aromatic Elixir, a sufficient quan- 
tity, 
BIRO ENINE  KGMery. Gldic%s diets peceele aes 1000 cc. 2 pints 


Dissolve the sodium salicylate and potassium iodide in 800 ce. 
(25 fl. oz. 288 min.) of aromatic elixir, add the fluidextracts and 
then sufficient aromatic elixir to make the product measure 1000 
ce. (2 pints); mix well, let it stand 24 hours, and filter until the 
product is clear. 


Alcohol Content—From 20 to 24 per cent, by volume, of CopH;50H. 
Storage—Keep the Elixir in tight containers. 
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Uses—Formerly used in rheumatic conditions. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


Sodium Salicylate Tablets U. S. P.  Tabelle Sodii 


Salicylatis 
[Tab. Sod. Salicyl.—Sp. Tabletas de Salicilato de Sodio] 


Sodium Salicylate Tablets contain not less than 93 
per cent and not more than 107 per cent of the labeled 
amount of sodium salicylate [CgH .(OH)COONa]. 


Identification—A quantity of powdered Tablets, equivalent to about 
1 Gm. of sodium salicylate, is digested with 20 cc. of distilled water, 
and filtered. The filtrate responds to the identification reactions 
for sodium and for salicylate. 

Assay—A counted number of the Tablets is dissolved in sufficient 
water to make an exact volume. If the tablets are coated, they are 
reduced to a fine powder without appreciable loss, then triturated 
with water, transferred completely to a volumetric flask, made up to 
volume with water, and mixed well. An aliquot of the clear, filtered 
solution, equivalent to about 0.3 Gm. of sodium salicylate, is placed 
in a separator, 2 cc. of diluted hydrochloric acid is added, and the 
liberated salicylic acid is extracted with several 20-cc. portions of 
ether. The ether solution is transferred to a flask, and the ether is 
evaporated with the aid of a current of air, taking care not to volatilize 
any of the salicylic acid. About 3 ce. of neutralized alcohol is added 
to dissolve the residue of salicylic acid, then 15 cc. of water is added 
and the solution is titrated with tenth-normal sodium hydroxide, 
using phenolphthalein T.S. as the indicator. Each ce. of tenth-nor- 
mal sodium hydroxide corresponds to 16.01 mg. of CgH4(OH)COONa. 
Storage—Keep the Tablets in well-closed containers. 


Uses—See Sodium Salicylate. 
Average Dose—I Gm. (approximately 15 grains) of 
Sodium Salicylate. 


Strontium Salicylate N. F. Strontii Salicylas 


[Stront. Salicyl.—Sp. Salicilato de Estroncio] 


Strontium Salicylate, when dried for two hours over 
sulfuric acid, contains not less than 99 per cent of 
(CeH4.OH.COO).Sr.2H20 (397.88). 


Preparation—It may be made by decomposing stron- 
tium carbonate with a strong, hot solution of salicylic 
acid, filtering, and crystallizing. 


SrCO3 + 2HC;Hs503 — Sr(C,HsOs)2 + HeO + COs 


strontium salicylic acid strontium water carbon 
carbonate salicylate dioxide 


Description and Properties—A white, odorless, crystalline powder, 
having a somewhat sweet, saline taste. It is decomposed by dilute 
mineral acid with the liberation of salicylic acid. The aqueous solu- 
tion is neutral or slightly acid to litmus. It responds to the identifica- 
tion reacions for strontium and for salicylate. One Gm. is soluble 
in 19 cc. of water or in about 60 ce. of alcohol, at 25° C.; in 3.7 cc. of 
boiling water or in about 14 ec. of boiling alcohol. 

Tests for Purity— 

Loss on drying—Not more than 3 per cent. 

Free salicylic acid—Not more than 1 per cent. 

Barium—A 2-Gm. portion of Strontium Salicylate is heated with 
10 cc. of diluted acetic acid for a few minutes, cooled and filtered. 
The filtrate, upon the addition of 5 drops of potassium dichromate 
T.S. and agitation, should not become cloudy within 3 minutes. 

Heavy metals limit—20 parts per million. 

Assay—Strontium Salicylate is assayed by the method described for 
Sodium Salicylate. Each ce. of half-normal hydrochloric acid corre- 
sponds to 99.47 mg. of (CgH4.O0H.COO)eSr.2H 20. 

Storage—Keep it in well-closed, light-resistant containers. 
Incompatibilities—This salt has the incompatibilities of the strontium 
ion discussed under Strontium Bromide (page 400). See also Salicyl- 
ates (page 1187). 


Uses—This compound is employed for its salicylate 
action but is rarely used, has no advantage over sodium 
salicylate or acetylsalicylic acid, and is not to be pre- 
ferred to the last-named two compounds. See Acetyl- 
salicylic Acid and Sodium Salicylate. 

Average Dose—1! Gm. (approximately 15 grains). 


Unofficial Derivatives and Salts of Salicylic Acid 


Calcium Salicylate [Ca(C7H503)2.2H20|—White, crystalline pow- 
der. Slightly soluble in water, insoluble in alcohol. Uses: in 
gastroenteritis and the summer diarrhea of children. Dose: 0.5 
to 1 Gm. (8 to 15 grains). 
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Ethyl Salicylate N. N. R., Sal-ethyl [CeH4.O0H.COO.Co2H5]—The 
salicylic acid ester of ethyl alcohol analogous to methyl salicylate 
(oil of wintergreen). A transparent, colorless, volatile liquid, 
possessing a pleasant characteristic odor and taste. Its specific 
gravity is 1.132 at 20° and it boils at from 230° to 232°. It is in- 
soluble in water, but soluble in aleohol. Uses: Ethyl salicylate has 
the same action as methyl] salicylate; but is said to be less irritant 
and less toxic. Dose: 0.3 to 0.6 cc. (5 to 10 minims). 

Ferric Salicylate, Ferri Salicylas [Fe(C7H50g)3|—A _ violet-gray 
powder; slightly solublein water. Uses: an astringent, antiseptic, 
and antirheumatic. Dose: 0.2 to 0.6 Gm. (3 to 10 grains). 

Magnesium Salicylate [Mg(C7H503)2.4H2O]—A white, crystalline 
powder. Soluble in water orin alcohol. Uses: an antiseptic and 
antirheumatic. Dose: 0.5 to 2 Gm. (8 to 30 grains). 

Manganese Salicylate [Mn(C7H503)2l—White, crystalline powder, 
soluble in water and in alcohol. Uses: in anemias, rheumatism, 
and gout. , 

Potassium Salicylate [KC 7Hs503]—White, crystalline powder, 
gradually becoming pink on exposure to air and light. Very soluble 
in water and in alcohol. The solution is neutral or slightly acid to 
litmus paper. 

Sodium Sulfosalicylate [C7H506SNa.2H20|—White crystals. Sol- 
uble in about 30 parts water, almost insoluble in alcohol. Uses: 
in rheumatic fever. Dose: 0.5 to 1 Gm. (8 to 15 grains). 


Specialties Containing Salicylic Acid and Salicylates 
e 


Alysine (Merrell)—Powder, each 30 Gm. containing 2.46 Gm. (38 gr.) 

natural sodium salicylate, 3.44 Gm. (53 gr.) each of natural calcium 
salicylate and natural magnesium salicylate, with 6.15 Gm. (95 
gr.) each of calcium carbonate, magnesium carbonate, and sodium 
bicarbonate. Uses: analgesic, antacid, antipyretic, and diapho- 
retic, indicated in influenza, common colds, arthritis, ete. Dose: 
1 to 2 teaspoonfuls. 
Alysine Elixir—Each 30 ce. contains 2.3 Gm. (36 gr.) natural sodium 
salicylate, 3.38 Gm. (51 gr.) potassium bicarbonate, and 1.1 Gm. (18 
gr.) sodium citrate, in an aromatized elixir with 10 per cent alcohol. 
Dose: 2 to 4 teaspoonfuls. 

Analeptine (Reed and Carnick)—Elixir, each fluidounce containing 
0.778 Gm. (12 gr.) sodium salicylate, 0.648 Gm. (10 gr.) potassium 
acetate, 0.130 Gm. (2 gr.) sodium iodide, 19 per cent alcohol, 0.49 
cc. (8 min.) cascara sagrada fluidextract, 0.37 ec. (6 min.) cimicifuga 
fluidextract, and aromatics. Uses: analgesic and diuretic. Dose: 
1 dessert- or tablespoonful after meals, 3 or 4 times daily. 

Analgesic Balm (Abbott; A. P. C.; J & J; Lilly; McKesson; Mer- 
rell; Parke, Davis; Sharp and Dohme; Squibb; Wyeth)—Oint- 
ment containing methyl salicylate and menthol in a suitable base. 
Uses: anodyne and counterirritant. 

Arthol (Cole)—Tablets, each containing 0.130 Gm. (2 gr.) sodium 
salicylate, 0.065 Gm. (1 gr.) potassium iodide, and 0.130 Gm. (2 gr.) 
sodium bicarbonate. Uses: analgesic and antiarthritic in gout, 
etc. Dose: 1 or 2 tablets. 

Bismogenol (Tosse)—Ampuls (1.2 ee.), bottles (15 ce., 30 ec., 100 
ec.), containing either 60 or 100 mg. per cc. of metallic bismuth as 
bismuth subsalicylate in oil. Uses; antisyphilitic. Dose: 1 to 
2 cc., intramuscularly. 


Bismol (National Drug)—Ampuls (25 and 100 ec.) each cc. containing - 


0.13 Gm. (2 gr.) bismuth subsalicylate, 1 per cent benzocaine, 44 per 
cent guaiacol, 44 per cent sodium ricinoleate, and cottonseed oil. 
Uses: antisyphilitic. Dose: 1 to 2 ce., intramuscularly. 

Calicylates (Drug Products)—Uncoated pink tablets (pulvoids), each 
containing 0.16 Gm. (2% gr.) calcium salicylate, and 0.16 Gm. (2% 
gr.) strontium salicylate. Uses: analgesic. Dose; 2 to 6 pul- 
voids. 

Camphro-Salyl (Fougera)—Ampuls (5 ce.) each containing 0.032 Gm. 
(44 gr.) benzyl] salicylate, 6.5 mg. (1409 gr.) camphor, and 5 ce. olive 
oil. Uses: analgesic. Dose: 5 cc., subcutaneously or intra- 
muscularly. 

_ Cerosal (Kahlenberg)—Ointment containing salicylic acid, cerium 
salicylate, n-butyl p-hydroxybenzoate, chlorobutanol, and thymol, 
in a base of dioctyl sodium sulfosuccinate and eucerite. Uses: 
fungicide in epidermophytosis (athlete’s foot). 

Enterosalicyl (Anglo-French)—Enteric-coated tablets, each contain- 
ing 0.486 Gm. (71% gr.) sodium -salicylate. Uses: analgesic and 
antipyretic. Dose: 2 tablets. 

Exalgin (Morgenstern)—Ointment containing 10 per cent ethylene 
glycol salicylate and 0.03 per cent belladonna alkaloids. Uses: 
analgesic and antiphlogistic, applied with massage.. 

Imadyl Unction (Hoffman-La Roche)—Ointment containing 5 per 
cent acetylglycol-salicylie ester, 1 per cent histamine dihydrochlo- 
ride, synthetic menthol, methyl salicylate, and thymol in a highly 
absorbable base. Uses: analgesic, applied by inunction. 

Lembrose (Wyeth)—Liniment containing the monoglycol ester of 
salicylic acid, methyl salicylate, capsicum, camphor oil, and turpen- 
tine oil. Uses: counterirritant. Caution: Do not use near eyes, 

_ on broken skin, or on mucous membranes. 

Novaspirin (Winthrop)—Powder or tablets (5 gr.) consisting of 
methylene citryl salicylic acid (Salicitrin). Uses: analgesic and 
antirheumatic. Dose: 2 to 3 tablets. 

Phenetsal, Salophen N. N. R. (Winthrop)—White, odorless, tasteless, 
crystalline powder or tablet, 0.325 Gm. (5 gr.) containing the sali- 
cylic acid ester of acetyl para-aminophenol. Uses: analgesic 
and antirheumatic. Exerts mild antiseptic effect as the salicylic 
acid is released in the intestine. Dose: 1 Gm. (15 grains). 

Sal-Ethyl Carbonate N. N. R. (Parke, Davis)—Crystals or tablets, 
0.325 Gm. (5 gr.) consisting of carbonic acid ester of ethyl salicylate. 

Uses: analgesic and antipyretic. Dose: 5 to 15 gr. ; 

Salicionyl (Upjohn)—Effervescent salt, each teaspoonful (60 gr.) repre- 
senting 20 gr. sodium bicarbonate, 10 gr. sodium salicylate, with 
citrates, malates, and tartrates of sodiura and potassium, calcium 
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lactate, sodium, phosphate, and magnesium sulfate. Uses: anal- 
gesic, antipyretic, and antirheumatic. Dose: 1 teaspoonful dis- 
solved in water. 

Salicresin Cream (Upjohn)—Cream containing 2 per cent salicylic 
acid, 2 per cent benzoic acid, 0.1 per cent orthohydroxyphenyl- 
mercuric chloride, and 0.1 per cent secondary-amyltricresols. 
Uses: fungicidal and keratolytic agent in epidermophytosis. 
Salicresin Fluid—Contains the same active ingredients as Sali- 
cresin Cream, with 60 per cent isopropyl! alcohol. 

Salysal N. N. R. (Rare Chemicals)—White, crystalline powder or tab- 
lets, 0.325 Gm. (5 gr.) consisting of salicylic ester of salicylic acid. 
nes analgesic and antipyretic. Dose: 0.3 to 0.6 Gm. (5 to 10 
grains). 

Spiroform (Bischoff)—White, crystalline powder or tablets (7% gr.) 
consisting of acetyl phenylsalicylate. Uses: analgesic and anti- 
pyretic. Dose: 15 to 20 gr. 

Stabisol (Squibb) —Ampuls (1 ec.) or vials (12, 30, and 60 cc.) con- 
taining an oil suspension, each cc. representing 0.13 Gm. (2 gr.) 
bismuth subsalicylate, 3 per cent chlorobutanol, and 0.03 per cent 
mercurated chlorxylenol (preservative). Uses: antisyphilitic. 
Dose: 1 cc., intramuscularly. 


ACETYLSALICYLIC ACID U. S..P. Acidum 
Acetylsalicylicum 


[Acid. Acetylsal.—Aspirin, Acetosal, Acetosalin, Empirin, Acetophen, 
Saletin, Salacetin, Helicon, Saleetogen, Sp. Acido Acetilsalicilico, 
Aspirina] - 


COOH 
CH3gCOO 


Acetylsalicylic Acid, when dried over sulfuric acid for 
5 hours, contains not less than 99.5 per cent of 
HC,H402.CeHs0z2 (180.15). 

Preparation—This acetyl derivative of salicylic acid 
is prepared by the action of acetic anhydride on salicylic 
acid. Condensation takes place as follows: 


OH OCOCHs 

> 2H aC + H20 
COOH COOH 
salicylic acid 


acetyl salicylic acid 


(CHgCO).0 + 2CoH aC 


acetic anhydride water 


The crude material is purified by recrystallization. 

A granulated form of Acetylsalicylic Acid, either 
white or colored, is also available commercially for 
compression into tablets. 


Description and Properties—Acetylsalicylic Acid occurs in the form of 
tabular or needle-like, small crystals or as a white, crystalline powder. 
It is odorless and is stable in dry air, but in moist air it slowly hydro- 
lyzes into snlicylic and acetic acids, the odor of the latter becoming 
noticeable. It melts at about 135°, but the exact melting temperature 
varies with the conditions of the test. An alcoholic solution of the 
Acid is not colored violet by ferric chloride (distinction from salicylic 
acid) but when it is heated with water or on prolonged contact with 
water it hydrolyzes into acetic and salicylic acids and is then colored 
violet by ferric chloride. On boiling Acetylsalicylic Acid with a 
moderate excess of sodium hydroxide and acidulating the solution with 
dilute sulfuric acid the odor of acetic acid becomes noticeable and 
salicylic acid is precipitated. One Gm. of Acetylsalicylic Acid dis- 
solves in about 300 cc. of water, in 5 cc. of alcohol, in 17 ce. of chloro- 
form, and in from 10 to 15 ce. of ether, at. 25°. It is less soluble in 
absolute ether. Acetylsalicylic Acid dissolves with decomposition in 
aqueous solutions of alkali hydroxides and carbonates. 

Tests for Purity— 

Loss on drying over sulfuric acid—Not more than 0.5 per cent. 

Residue on ignition—Not more than 0.05 per cent. 

Readily carbonizable substances—A solution of 500 mg. of the acid 
in 5 ce, of sulfuric acid has no more color than matching fluid Q (page 
1059). bs 

Chloride and Sulfate—Negligible. 

_Free salicylic acid—Not more than 0.1 per cent. For the deter- 
mination of this impurity advantage is taken of the fact, as indicated 
above, that acetylsalicylic acid is not colored by ferric chloride where- 
as salicylic acid is colored violet. The test is made by dissolving 100 
mg. of Acetylsalicylic Acid in 1 ce. of alcohol, diluting the solution with 
50 ec. of cold water to prevent the hydrolysis to salicylic acid and 
adding immediately 1 ec. diluted ferric ammonium sulfate T.S. The 
color so produced should not be more intense than that of a control 
solution containing 0.1 mg. of salicylic acid. 

Heavy metals limit—10 parts per million, 4 

Substances insoluble in sodium carbonate T.S.—A solution of 500 
ae of the Acid in 10 ec. of warm sodium carbonate T.S. should be 
clear. Sue : 
Assay—To about 1.5 Gm. of the previously dried and accurately 
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weighed Acetylsalicylic Acid contained in a flask 50 ce. of half-normal 
sodium hydroxide is added and boiled for 10 minutes. This converts 
the Acetylsalicylic Acid into sodium salicylate and sodium acetate. 
The excess of the sodium hydroxide is then determined by titration 
with half-normal sulfuric acid using phenolphthalein as the indicator. 
The difference between the volume of alkali hydroxide added and 
that of the sulfuric acid used for the residual titration represents the 
Acetylsalicylic Acid. Since 2 equivalents of sodium hydroxide are 
consumed in the hydrolysis of Acetylsalicylic Acid as shown by the 
following equation: 
CzH502 Z CoH302 + 2NaOH — NaC7H503 + NaCeH30e + H2O 
Boe icvlis sodium sodium sodium 


r ( water 
aci hydroxide salicylate acetate 


the equivalent of Acetylsalicylic Acid per ce. of the alkali is half of 
its equivalent for the normality of the alkali. One cc. of half-normal 
sodium hydroxide consumed corresponds to 45.04 mg. of CgHgQ4q. 

When standard alkali hydroxide is boiled as it is in this assay, a 
change in its normality, due to absorption of carbon dioxide, etc., 
frequently occurs. Therefore the exact normality of the sodium 
hydroxide should be determined under the same conditions as in the 
inte Keep the Acid in well-closed containers. 
Incompatibilities—See page 1184. 

Uses—Acetylsalicylic Acid, as well as the salts of 
salicylic acid (for example, sodium salicylate), is em- 
ployed as an antipyretic and analgesic in a variety of 
conditions, the average adult dose being 0.3 to 1.0 
gram, repeated every 3 hours if necessary. The popu- 
lar opinion that aspirin is harmful to the heart has no 
foundation in fact. Likewise, it is not true that aspirin 
prevents or relieves colds or acute respiratory infections, 
although it may afford some symptomatic relief. 
Many individuals employ aspirin as a gargle for sore 
throats, but a warm aqueous moderately hypertonic 
sodium chloride solution does as much good. In gout 
and in acute rheumatic fever, the salicylates, including 
acetylsalicylic acid, have a fairly specific action. In 
gout, large doses must be given fairly often, and the re- 
sults obtained are somewhat less dramatic than with 
cinchophen. In acute rheumatic fever, full doses are 
given every hour until salicylism occurs (ringing in 
ears, dizziness), and then every 4 hours for days or 
weeks. In neither of the above mentioned conditions 
are the salicylates a cure, and other forms of treatment 
are simultaneously employed. 

Aspirin is more potent on a weight basis than the 
salts of salicylic acid, and also is less irritating to the 
gastric mucosa. 

- Salicylate poisoning is not unknown, and may result 
from the promiscuous use of large doses of these agents 
by the laity. In addition, some few people manifest 
idiosyncrasy in the form of an allergic sensitivity to 
salicylates, especially aspirin, and may suffer from seri- 
‘ous if not fatal asthma after ingestion of a single 0.3-Gm. 
dose. 

There are many methods of administering salicylates: 
orally by the use of tablets, capsules, wafers, and pow- 
ders, and rectally by enema. The last-named route is 
occasionally necessary in infants, and a 2 per cent solu- 
tion of sodium salicylate in thin starch or acacia solution 
is used. Acetylsalicylic acid is quite insoluble, has 
many incompatibilities, and is unstable in water solu- 
tions. It is best prescribed alone in dry form. Wax 
paper should be used when the powder is dispensed. 

Average Dose—0.3 Gm. (approximately 5 grains). 


Compound Acetylsalicylic Acid Paste N. F. 
Pasta Acidi Acetylsalicylici Composita 


(Past. Acid. Acetylsal. Comp.—Dental Anodyne Paste] 


; ° Metric Alternative 
Acetylsalicylic Acid, in fine powder . 250 Gm. 1 oz. av. ; 
NE CTHOIMIEM a ties cos > Sop ula ve are Gas 20 cc. 37 min. 
Peruvian Balsam................. 100 Gm. 175 gr. 
VINIEOMUY EXCH iia. c Sela. eta,'s te rscech wissen 100 Gm. 175 gr. 
WoolyFat >. 2.03... Oe nes Tee 530 Gm. 2 oz. av. 52 gr. 

1000 Gm. 4 oz. av. 
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Melt the white wax on a water bath, add the wool fat, heat the 
mixture gently until it liquefies, and then stir it until it congeals. 
Incorporate the eugenol and the Peruvian balsam, all at once, in 
about 300 Gm. (1 oz. av. 88 gr.) of the wool fat mixture, and in- 
corporate the acetylsalicylic acid in the remainder. Finally, 
thoroughly mix the two portions together. 


Note—The directions above must be strictly followed 
to avoid the separation of the resinous portions of the 
Peruvian balsam. 


Storage—Keep the Paste in tight containers. 


Uses—An anodyne used as an application to the 
sockets after the extraction of teeth. The eugenol and 
aspirin act as antiseptics and obtundants and the 
Peruvian balsam promotes granulation. 


Acetylsalicylic Acid Tablets U. S. P. Tabella Acidi 
Acetylsalicylici 


[Tab. Acid. Acetylsal—Aspirin Tablets, Sp. Tabletas de Acido 
Acetilsalicilico 


Acetylsalicylic Acid Tablets contain not less than 
95 per cent and not more than 105 per cent of the labeled 
amount of Cg6H 4(OCOCHs3)(COOH). 


Identification—The acetylsalicylic acid in the Tablets may be 
centmed by the identification reactions given under Acetylsalicylic 
Acid. 

Assay—A counted number of the Tablets is weighed and reduced 
to a fine powder without appreciable loss. An accurately weighed 
quantity of the powder, equivalent to about 500 mg. of acetylsalicylic 
acid, is placed in an Erlenmeyer flask with the aid of 20 cc. of cold 
neutralized alcohol, 3 drops of phenolphthalein T.S. are added, and 
tenth-normal sodium hydroxide is immediately added with agitation 
until a pink color is just produced. This titration is only to neutra- 
lize the acetylsalicylic acid and no exact note need be taken of the 
volume of the alkali used. An accurately measured volume of the 
tenth-normal sodium hydroxide equivalent to about 15 cc. more than 
was used in the neutralization of the acid is now added and heated on 
the steam bath for 15 minutes with frequent agitation. The solution 
is quickly cooled (to minimize absorption of carbon dioxide) and the 
excess alkali determined by titration with tenth-normal sulfuric acid 
to the disappearance of the pink color. The difference between the 
volume of tenth-normal sodium hydroxide added the second time 
and that of the sulfuric acid required for the residual titration repre- 
sents the acetylsalicylic acid. Multiplication of this difference by 
18.02 gives the milligrams of acetylsalicylic acid in the weighed sample 
taken for analysis. The exact normality of the tenth-normal sodium 
hydroxide should be determined under the same conditions as in the 
assay. 

Storage—Keep the Tablets in well-closed containers. 


Average Dose—0.3 Gm. (approximately 5 grains) 
of Acetylsalicylic Acid. 


Specialties Containing Acetylsalicylic Acid 


Acetidine (Sharp and Dohme)—Capsules (5 gr.) or tablets (5 gr.) each 
containing 0.1770 Gm. acetylsalicylic acid, 0.1176 Gm. aceto- 
phenetidin, and 0.0294 Gm. caffeine. Uses: analgesic and anti- 
pyretic. Dose: 1 capsule or tablet. 

Acetidine with Codeine Phosphate—Tablets, each containing 
0.325 Gm. (5 gr.) Acetidine and 44 or ¥% gr. codeine phosphate. 
Acetophen (Smith-Dorsey)—Capsules, each containing 0.194 Gm. (3 
gr.) acetylsalicylic acid, 0.13 Gm. (2 gr.) acetophenetidin, 0.016 
Gm. (\ gr.) caffeine, 8.1 mg. (1% gr.) hyoscyamus extract, and 0.016 
Gm. (4% gr.) phenobarbital. Uses: analgesic, antipyretic, and 

sedative. Dose: 1 capsule. 

Acetonyl (Upjohn)—FEffervescent salt, each drachm containing 0.486 
Gm. (7% gr.) sodium acetylsalicylate, calcium lactate, magnesium 
sulfate, sodium and potassium citrates and tartrates, and sodium 
phosphate. Uses: analgesic and antipyretic. Dose: 1 teaspoon- 
ful dissolved in water. 

Acetyl-Vess (Ames)—Fffervescent tablets, each containing 0.5 Gm. 
(7.7 gr.) acetylsalicylic acid, 0.032 Gm. (44 gr.) magnesium citrate, 
0.13 Gm. (2 gr.) monocalcium phosphate, 0.065 Gm. (1 gr.) potas- 
sium bicarbonate, and effervescent base. Uses: analgesic and 
antipyretic. Dose: 1 tablet dissolved in water. 

Analdyne (Massengill)—Capsules, each containing 0.162 Gm. (2% gr.) 
acetylsalicylic acid, 0.097 Gm. (1% gr.) acetanilid, 0.011 Gm. (% 
gr.) hyoscyamus extract, and 0.016 Gm. (14 gr.) phenobarbital. 
Uses: analgesic. Dose: 1 capsule. 

Analgesic Tablets (United Drug)—Tablets, each containing 0.227 Gm. 
(3% gr.) acetylsalicylic acid, 0.162 Gm. (2% gr.) acetanilid, 0.032 
Gm. (1% gr.) caffeine, and 0.032 Gm. (34 gr.) camphor monobromide. 
Uses: analgesic and antipyretic. Dose: 1 tablet. 


- Anexsia (Massengill)—Tablets, each containing 0.227 Gm. (34% gr.) 


acetylsalicylic acid, 0.162 Gm. (214 gr.) acetophenetidin, 0.032 Gm. 
(% gr.) caffeine, and 0.032 Gm. (% gr.) codeine sulfate. Uses: 
analgesic and antipyretic. Dose: 1 or 2 tablets. 
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Ariphon (Lilly)—Capsules (pulvules), each containing 0.162 Gm. 
(24% gr.) acetylsalicylic acid, 0.032 Gm. (% gr.) citrated caffeine, 
and 0.324 Gm. (5 gr.) sodium citrate. Uses: analgesic and anti- 
pyretic. Dose: 1 or more pulvules. 


A. S. A. Compound (Lilly)—Tablets or capsules (pulvules), each con- 
taining 0.227 Gm. (3% gr.) acetylsalicylic acid, 0.162 Gm. (2% gr.) 
acetophenetidin, and 0.032 Gm. (% gr.) caffeine. Uses: analgesic, 
antipyretic, and antirheumatic. Dose: 1 or 2 pulvules or tablets. 
A. S. A. and Codeine Compound No. 1—Tablets, each containing 
8.1 mg. (1% gr.) codeine phosphate in addition. 

A. S. A. and Codeine Compound No. 2—Tablets, each containing 
0.016 Gm. (1% gr.) codeine phosphate in addition. 

As-Ca-Phen (Ulmer)—Capsules or tablets, each containing 0.227 Gm. 
(3% gr.) acetylsalicylic acid, 0.162 Gm. (21% gr.) acetophenetidin, 
and 0.032 Gm. (% gr.) caffeine. Uses: analgesic and antipyretic. 
Dose: 1 or 2 capsules or tablets. 

Aspacam (Smith-Dorsey)—Capsules, each containing 0.227 Gm. 
(3% gr.) acetylsalicylic acid, 0.162 Gm. (24% gr.) acetophenetidin, 
2.2 mg. (240 gr.) aloin, 0.06 mg. (44000 gr.) atropine sulfate, 8.1 mg. 
(4% gr.) monobromated camphor, 0.013 Gm. (36 gr.) gelsemium, 1.3 
mg. (449 gr.) podophyllin, and 0.25 mg. (3450 gr.) strychnine sul- 
fate. Uses: analgesic and antipyretic. Dose: 1 capsule. 
Aspacam without Laxative—Aspacam without the aloin and podo- 
phyllin. 

Aspirin-Phenacetin-Caffeine (Lederle) (also known as A. P. C. and 
P. A. C.)—Tablets®each containing 0.227 Gm. (3% gr.) acetyl- 
salicylic acid, 0.162 Gm. (21% gr.) acetophenetidin, and 0.032 Gm. 
(4% gr.) caffeine. Uses: analgesic and antipyretic. Dose: 1 or 2 
tablets. 

Aspirocal Compound (McNeil)—Tablets, each containing 0.259 Gm. 
(4 gr.) acetylsalicylic acid, 0.022 Gm. (4% gr.) Butisol (ethyl-sec- 
butyl barbituric acid), and 0.130 Gm. (2 gr.) calcium gluconate. 
Uses: sedative and analgesic. Dose: 1 or 2 tablets. 

Aspirocal Compound, Children—Tablets, each containing 0.065 
Gm. (1 gr.) acetylsalicylic acid, 4 mg. (346 gr.) Butisol, 0.032 Gm. 
(4% gr.) calcium gluconate, and cocoa. Dose: 1 or 2 tablets. 

Aspirofeine Compound (McNeil)—Tablets, each containing 0.243 Gm. 
(334 gr.) acetylsalicylic acid, 0.162 Gm. (2% gr.) acetophenetidin, 
and 0.032 Gm. (% gr.) citrated caffeine. It is supplied in various 
strengths for adults and children; also in combination with Dover’s 
powder. Uses: antipyretic and analgesic. Dose: 1 or 2 tablets. 

Axotal (Warren-Teed)—Tablets, each containing 0.259 Gm. (4 gr.) 
acetylsalicylic acid, 0.13 Gm. (2 gr.) acetophenetidin, and 0.016 Gm. 

4 gr.) phenobarbital. Uses; analgesic, antipyretic, and seda- 
tive. Dose: 1 tablet. 

Barbacet (United Drug)—Tablets, each containing 0.486 Gm. (7% 
gr.) acetylsalicylic acid, and 0.065 Gm. (1 gr.) phenobarbital. Uses: 
analgesic and sedative. Dose: 1 tablet. 

Bellaspro (Vanpelt and Brown)—Tablets, each containing 0.23 Gm. 
acetylsalicylic acid, 0.16 Gm. acetophenetidin, 0.0714 mg. bella- 
donna alkaloids, and 0.032 Gm. caffeine. Uses: analgesic, anti- 
pyretic, and antispasmodic. Dose: 1 or 2 tablets. 

Bellaspro with Codeine No. 1—Tablets, each containing 0.016 Gm. 
(44 gr.) codeine phosphate in addition. 
Bellaspro with Codeine No. 2—Tablets, each containing 0.032 Gm. 
(% gr.) codeine phosphate in addition. 

Bral (Cole)—Tablets, each containing 5 gr. acetylsalicylic acid, 134 gr. 
each of ammonium, potassium, and sodium bromide, and \% gr. 
caffeine. Uses: sedative. Dose: 1 to 3 tablets. 

Calsamate (Lakeside)—Tablets, each containing 0.259 Gm. (4 gr.) 
acetylsalicylic acid and 0.168 Gm. (2.6 gr.) calcium glutamate 
(buffer). Uses: analgesic and antipyretic. Dose: 1 or 2 tablets. 

Edrisal (8. K. F.)—Tablets, each containing 0.162 Gm. (2.5 gr.) 
acetylsalicylic acid, 0.162 Gm. (2.5 gr.) acetophenetidin, and 2.5 
mg. (146 gr.) benzedrine sulfate. Uses: analgesic, antipyretic, 
and stimulant. Dose: 1 or 2 tablets. 

Emocin (Burroughs Wellcome)—Lozenges (tabloids), each containing 
0.130 Gm. (2 gr.) acetylsalicylic acid, in ‘a flavored slippery elm 
base. Uses: analgesic lozenge following tonsillectomy. Dose: 
1 lozenge, slowly dissolved in mouth. 

Empirin Compound (Burroughs Wellcome)—Tablets (tabloids), each 
containing 0.227 Gm. (3% gr.) acetylsalicylic acid, 0.162 Gm. (2% 
gr.) acetophenetidin, and 0.032 Gm. (% gr.) caffeine. Uses; anal- 
gesic and antipyretic. Dose: 1 or 2 with water. 

Empirin Compound with Codeine Phosphate, No. 1, No. 2, and 
No. 3—Tablets containing \%, 4, and % gr., respectively, of 
codeine phosphate. 

Exodyne (Hart Drug)—Tablets, each containing 0.259 Gm. (4 gr.) 
acetylsalicylic acid, 0.13 Gm. (2 gr.) acetophenetidin, 8.1 mg. (4% 
gr.) caffeine, and 3 min. gelsemium tincture. Uses: analgesic and 
antipyretic. Dose: 1 or 2 tablets. : 


Gynodyne (Schering and Glatz)—Tablets, each containing 0.1 Gm. 
acetylsalicylic acid and 0.5 Gm. acetylparaminosalol. Uses; 
analgesic in postpartum pains. Dose; 2 tablets. 

Hemakin Tablets (Winthrop)—Tablets, each containing 0.3 Gm. 
acetylsalicylic acid and 0.3 mg. of menadione. Uses: analgesic 
in neuralgic and muscular pain and in salicylate therapy of rheu- 
matic fever. Dose: 1 or 2 tablets 3 or 4 times a day. 

Lumalgin (Winthrop)—Tablets, each containing 0.324 Gm. (5 gr.) 
acetylsalicylic acid and 0.016 Gm. (14 gr.) Luminal (phenobarbital). 
Uses: potent analgesic. Dose: 1 or 2 tablets. 

Predaten (Patch)—Tablets, each containing 0.13 Gm, (2 gr.) acetyl- 
salicylic acid, 32 mg. (14 gr.) caffeine, 0.2 mg. (3490 gr.) atropine 
sulfate, and 0.2 Gm. (3 gr.) ammonium chloride. Uses: relief of 
symptoms of premenstrual tension. Dose: 2 tablets after meals 
for 5 days prior to menstrual period. : 
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STEARIC ACID U.S. P. Acidum Stearicum 
[Acid. Stearic.—Sp. Acido Estearico] 


Stearic Acid is a mixture of solid acids obtained from 
fats, and consists chiefly of stearic acid [HCigH 3502] and 
palmitic acid [HCi¢H 310.9]. 

Preparation—lIt is usually prepared from tallow and 
similar fats by boiling them with soda lye, separating 
the glycerin and decomposing the resulting soap with 
sulfuric or hydrochloric acid. The stearic acid is sub- 
sequently separated from any oleic acid by cold expres- 
sion. It is also prepared by the hydrogenation of 
olein (page 571). It may be purified by recrystalliza- 
tion from alcohol. 


Description and Properties—Stearic Acid is a hard, white or faintly 
yellow, somewhat glossy and crystalline solid, or a white to faintly 
yellow powder. It has an odor and taste suggestive of tallow. The 
official Acid melts at about 55.5° and should not congeal at a tempera- 
ture below 54°. The pure Acid melts at 69° to 70°. Stearic Acid 
slowly volatilizes at 90°-100°. The Acid is insoluble in water. One 
Gm. dissolves in about 20 cc. of alcohol, 2 ec. of chloroform, 3 ce. of 
ether, 25 cc. of acetone, or 6 cc. of carbon tetrachloride. It is freely 
soluble in carbon disulfide; also soluble in amyl acetate, benzene and 
toluene. 
Tests for Purity— 

Neutral fat, mineral oil and mineral acid—Stearic Acid conforms 
to the requirements for these as given under Oleic Acid (page 546). 

Iodine value—Not more than 4. This is to limit the amount of 
unsaturated acids, such as oleic acid, which occur in tallow and other 
materials from which stearic acid is derived. 
Storage—Keep Stearic Acid in well-closed containers. 
Incompatibilities—Insoluble stearates are formed with many metals. 
Ointment bases made with stearic acid may show evidence of drying 
out or lumpiness due to such a reaction when zinc or calcium salts are 
compounded therein. 


Uses—Its chief use in pharmacy is in the preparation 
of sodium stearate which is the solidifying agent for the 
official glycerin suppositories, and for many other com- 


mercial products, such as toilet creams, solidified alco- 
hol, ete. 


Solid Soap Liniment N. F. Linimentum Saponis 
Spissum 


{Lin. Sapon. Spiss.—Solid Opodeldoc; Camphorated Soap Liniment, 
Sp. Linimento de Jabén Alcanforado Sélido] 


Metric Alternative 
SteariciA cidecuionccm eter aces 50 Gm. 1 oz. av. 293 gr. 
Monohydrated Sodium Carbonate... 10 Gm. 146 er. 
Camphor, in coarse powder........ 25 Gm. 365 gr. 
Waters ot eyed: oe neioraeen 100 cc 3 fl. oz 96 min. 
‘Thyme : Oil iets eernteerree mae 3 cc 46 min. 
RosemaryaOik- cctv ene 6 cc. 92 min. 
Ammonia Diluted Solution........ 50 cc. 1 fl.oz. 288 min. 
Alcohol, a sufficient quantity, 
omaker oh eee ee ele eee 1000 cc. 2 pints 


Dissolve the monohydrated sodium carbonate in the water with 
the aid of heat, add 200 ce. (6 fl. oz. 192 min.) of aleohol and the 
stearic acid, and heat the mixture until effervescence has ceased 
and solution results. Add the oils and camphor, dissolved in 500 
ec. (1 pint) of alcohol, then the diluted ammonia solution and 
sufficient alcohol to make the product measure 1000 ce. (2 pints). 
Mix well, and filter the liniment while warm. Pour the filtered 
iduid into dry, wide-mouthed bottles; stopper, and set aside to 
cool. 


Alcohol Content—From 68 to 76 per cent, by volume, of CoHs50H. 
Storage—Keep the Liniment in tight containers. : 


Uses—A mild stimulating liniment. 


Glyceryl Monostearate N. F. Glycerylis Monostearas 
[Monostearin, Sp. Monoestearato de Glicerilo] 


This ester is a mixture of variable proportions of 
glyceryl monostearate and glyceryl monopalmitate. _ 


Description and Properties—Glyceryl Monostearate is a white, wax- 
like solid or occurs in the form of masses, beads, or flakes. It has a 
slight but agreeable, fatty odor and taste. It melts between 56° and 
58°. Itis affected by light. It is insoluble in water, but may be dis- 
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persed in hot water with the aid of a small amount of soap or other 
suitable surface-active agent. It is slightly soluble in cold alcohol, 
but soluble in hot-alcohol; soluble in acetone, ether, benzene, fixed 
and mineral oils. 
Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Acid value—Not more than 18. 

Saponification value—164 to 170. 

Iodine value—Not more than 6. 
Storage—Keep in tight, light-resistant containers. 


Uses—A thickening and emulsifying agent for oint- 
ments and salves. See Emulsification (page 174). 


Sodium Stearate U. S. P. Sodii Stearas 
[Sod. Stear.—Sp. Estearato de Sodio] 


Sodium Stearate is a mixture of varying proportions 
of sodium stearate [NaCisH3;O2] and sodium palmitate 
{NaCi¢6H3109] c 

Preparation—Sodium Stearate may be prepared by 
heating stearic acid with water until melted, then add- 
ing not quite sufficient sodium hydroxide solution to 
neutralize the acids. The water is then evaporated and 
the Sodium Stearate is powdered. 


Description and Properties—A fine, white powder, soapy to the touch, 
usually having a slight tallow-like odor. It is affected by light. The 
aqueous solution is alkaline to phenolphthalein. The addition of di- 
luted hydrochloric or sulfuric acid to the hot aqueous solution (1 in 20) 
produces an oily precipitate which solidifies on cooling, and when it 
is well washed with water and dried it solidifies at a temperature not 
below 54°. When Sodium Stearate is ignited the odor of burning fat 
is evolved and a residue remains which is alkaline to litmus, effer- 
vesces with acids (due to the formation of sodium carbonate) and 
yields the flame reaction of sodium. The Stearate dissolves slowly 
in cold water or in alcohol, but is readily soluble in these hot solvents. 
_ Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Alcohol-insoluble substances—On boiling 1 Gm. of Sodium Stearate 
with 25 cc. of alcohol under a reflux condenser, it dissolves completely 
and the solution is clear or not more than slightly opalescent. 

Free alkali and free acids—Two Gm. of Sodium Stearate is dissolved 
in 50 ec. of warm neutral alcohol, cooled, and 3 drops of phenol- 
phthalein T.S. added; no pink color is produced (free alkali). The 
solution is then titrated with tenth-normal sodium hydroxide until 
a pink color is produced. This titration should indicate an amount 
of free acid corresponding to between 0.85 per cent and 1.1 per cent 
as stearic acid. One cc. of tenth-normal sodium hydroxide corre- 
ponds to 28.45 mg. of stearic acid. 

Storage—Keep Sodium Stearate in well-closed containers. 
Incompatibilities— Mineral acids liberate stearic acid. The heavy 
metal and the alkaline earth salts cause precipitation. 


Uses—It is used as a solidifying substance in glycerin 
suppositories. It is also the basis for vanishing creams, 
a relatively small amount producing a cream-like prod- 
uct. 


Zinc Stearate U.S. P. Zinci Stearas 
[Sp. Estearato de Zinc] 


Zine Stearate is a compound of zine with variable 
proportions of stearic acid and palmitic acid, corre- 
sponding to not less than 13 per cent and not more than 
15.5 per cent of zinc oxide [ZnO]. 

Preparation—Stearic Acid is heated with water until 
melted, then a slight excess of sodium carbonate over 
that required for complete neutralization is added, in 
small portions, and with continuous stirring. Sodium 
Stearate is thus formed, as follows: 


2Cy7H35 COOH + NagCOg — 2C1,H35COONa + COg + H2.O0 
_ +. stearic sodium sodium carbon water 
acid carbonate stearate dioxide 

Ammonia water may be used instead of sodium carbon- 

ate forming ammonium stearate. 

A solution of zinc sulfate equivalent to the sodium 
carbonate is then added to the sodium stearate solu- 

tion, A metathesis takes place, whereby insoluble zinc 
stearate precipitates: 


Baer : 
Wa s 


3: 
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2Cy,7H35COONa + ZnSO4 — > (Cyq7H35COO)2Zn + NagSO4 


sodium 
stearate 


sodium 
sulfate 


zinc 
stearate 


xine 
sulfate 


The precipitate is washed with water until free of sul- 
fate and dried: at about 60°. 


Description and Properties—Zinc Stearate occurs as a fine, white, 
bulky powder, free from grittiness and has a faint, characteristic odor 
of tallow. It is neutral to moistened litmus paper. Zinc Stearate is 
insoluble in water, in alcohol, or in ether but is soluble in benzene. 

It is decomposed by heating with diluted hydrochloric or sulfuric 
acid, the stearic acid separating on the surface as an oily layer which 
congeals on cooling, and when the stearic acid is washed well with hot 
water and dried, then cooled, it solidifies at a temperature not below 
54°. The filtrate responds to the identification reactions for zinc. 
Tests for Purity— 

Alkali and alkaline earths—Not more than 1 per cent. 
Assay—About 1 Gm. of Zinc Stearate accurately weighed is boiled 
with 50 cc. of tenth-normal sulfuric acid. Water is added, if neces- 
sary, to maintain approximately the original volume until the stearic 
acid layer is clear, indicating complete decomposition. After cooling 
to solidify the stearic acid, the acid is filtered from the solution and 
washed with water until the washings are no longer acid to litmus. 
Then 1 Gm. of ammonium chloride is dissolved in the filtrate. The 
excess of sulfuric acid in the filtrate is next determined by titration 
with tenth-normal sodium hydroxide using methyl red T.S. as the 
indicator. The ammonium chloride prevents local precipitation of 
zinc hydroxide by the sodium hydroxide. One cc. of tenth-normal 
sulfuric acid corresponds to 4.069 mg. of zine oxide [ZnO] 
Storage—Keep Zinc Stearate in well-closed containers. 


Uses—Zinc Stearate is used in the official ointment of 
zinc stearate, and as a dusting powder in dermatologic 
practice, for its desiccating and protective effect. Poi- 
soning has been reported in cases of infants in which the 
powder has been carelessly and freely applied or leaving 
the container within reach of the baby, so that inhala- 
tion of the substance has resulted. A form of container 
having a self-closing aperture has, therefore, been 
adopted by most manufacturers. 


Unofficial Salts of Stearic Acid 


Aluminum Stearate [(Cy7Hgs5COO)g3Al]—White to grayish white 
powder, insoluble in water; when freshly made it is soluble in alco- 
hol, benzene, turpentine oil and mineral oil. Used in waterproofing 
fabrics, ropes, in paints and varnish driers, in thickening lubricating 
oils and in cements; also in making jellies for incorporating carbon 
tetrachloride or tetrachloroethylene in capsules. 

Butyl Stearate [Cy7H35COOC4H9]—Colorless to yellow 
Specific gr avity about 0.85, and melts at 19° to 20°. Insoluble in 
water; soluble in alcohol, acetone, ether, or chloroform. Uses: in 
cosmetics, as a plasticizer for cellulose and polyvinyl derivatives, 
and for paper coating and wax finishes. 

Calcium Stearate [approx. Ca(C;gHg509)2])—White, granular fatty 
powder. Insoluble in water; slightly soluble in hot alcohol. Uses: 
for waterproofing fabrics, as a lubricant in the manufacture of 
tablets, and to prevent the caking of hygroscopic powders. 

Glycol Stearate, Diglycol Stearate S, Glycol Monostearate—A white, 
wax-like solid, melting between 53° and 55°. Insoluble in water, 
but soluble in organic solvents. Uses: a dispersing agent for pig- 
ments and abrasives, a thickening and emulsifying agent in oint- 
ments which can be removed from clothing with water without 
leaving a greasy stain; also used as a lubricant. 

Magnesium Stearate [approx. Mg(C;gH3502)2]—White powder, in- 
soluble in water, decomposed by dilute acids. Uses: in dusting 
powders and a lubricant in tablet manufacture. 

Potassium Stearate (approx. KC;ygH3502)—White powder, usually 
with a slight odor of fat. Slowly soluble in cold water, readily sol- 
uble in hot water or alcohol, 


liquid. 


TARTARIC ACID U. S. P. Acidum Tartaricum 


[Acid. Tart.—Sp. Acido Tartdrico] 
HO.CH.COOH 


HO.CH.COOH 


Tartaric Acid, when dried over sulfuric acid for 3 
hours, contains not less than 99.7 per cent or (Cael AOn 
(150. 09). 

History—This is one of the several organic acids dis- 
covered by Scheele, the famous Swedish apothecary, 
while investigating cream of tartar which had been 
known for many centuries. 

Preparation—This important acid may be prepared 
from argol, the crude cream of tartar deposited on the 
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sides of wine casks during the fermentation of grapes. 
Tartaric Acid is prepared by neutralizing a hot solution 
of argol with calcium carbonate, and decomposing the 

resulting insoluble calcium tartrate by sulfuric acid, 
' which precipitates in combination with the lime as cal- 
cium sulfate, and liberates the tartaric acid. The proc- 
ess, when thus conducted, furnishes only one-half of 
the tartaric acid. The other half may be procured by 
decomposing the neutral potassium tartrate remaining 
in the solution after the precipitation of the calcium 
tartrate by calcium chloride in excess. By. double 
decomposition, potassium chloride will be formed in 
solution, and a second portion of calcium tartrate will 
precipitate, which may be decomposed by sulfuric acid, 
together with the first portion. 


2KHC4H40¢ + CaCOg = 


acid potassium calcium 
tartrate carbonate 
“. KoeC4H40¢ + CaC4H40g + H2.O + COz 
potassium calcium water carbon 
tartrate tartrate dioxide 
KoC4H40¢ + CaCle a> CaC4H40¢6 + 2KCIl 
potassium calcium calcium potassium 
tartrate chloride tartrate chloride 
CaC4H406¢ = H2S04 ar CaSO4 + HeC4H 40, 


calcium tartrate sulfuric acid calcium sulfate tartaric acid 


Calcium sulfate is sometimes substituted for calcium 
chloride in the second stage of the decomposition. 


Description and Properties—Tartaric Acid occurs as large, colorless or 
transparent crystals, or as a white granular to fine crystalline powder. 
It is odorless and is stable in the air. This Acid is dextrorotatory and 
its specific rotation [a]?9 in a 20 per cent aqueous solution is about 
+12°. One Gm. of Tartaric Acid dissolves in 0.8 cc. of water in about 
3 cc. of alcohol, or about 250 cc. of ether. It is freely soluble in 
methanol. 

Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

Residue on ignition—Not more than 0.05 per cent. 

Oxalate—None detectable in1 Gm. This test is made by neutraliz- 
ing a solution of 1 Gm. of the Acid in 10 ce. of water with ammonia 
and adding calcium sulfate T.S. No turbidity is produced. Insuf- 
ficient calcium sulfate solution is used in this test to precipitate cal- 
cium tartrate. 

Sulfate—Practically none. 

Heavy metals limit—10 parts per million. 

Assay—The Acid is assayed by titrating it in aqueous solution with 
standard alkali hydroxide using phenolphthalein T.S. as the indicator. 
One cc. of normal alkali hydroxide corresponds to 75.05 mg. of 
HeC4H 40g. , 

To prevent adulteration of tartaric acid with the now less expensive 
citric acid (because of the production of the latter acid synthetically) 
the U.S. P. includes the following requirement: ‘‘Each gram of Tar- 
taric Acid, previously dried over sulfuric acid for 3 hours, consumes not 
less than 13.28 cc. and not more than 13.40 cc. of normal sodium 
hydroxide.” If citric acid is present, more than 13.40 cc. of the 
sodium hydroxide solution is consumed. 

Storage—Keep the Acid in well-closed containers. 
Incompatibilities—Potassiwm salts cause a precipitation of potassium 
bitartrate; with potassiwm iodide, hydriodic acid is formed and slowly 
liberates iodine. Calciwm and lead salts form insoluble compounds 
with tartrates. Tartaric Acid is amild reducing agent. Although the 
tartrates of many metals are insoluble, an excess of Tartaric Acid 
often produces a soluble complex. 


Uses—Tartaric Acid is chiefly used as the acid in- 
gredient of preparations in which it is neutralized by a 
bicarbonate, as in effervescent salts, and the free acid 
is completely absent or present only in small amounts 
in the finished product. It is also used in baking and 
jelly powders, and in making silver mirrors. 


IDENTIFICATION OF TARTRATES 


In solutions of tartrates, neutralized if necessary to 
litmus, silver nitrate produces a white precipitate. On 
adding just sufficient ammonia to dissolve the precipi- 
tate and warming the solution, metallic silver is de- 
posited on the side of the test tube forming a mirror. 
On adding to a solution of a tartrate, previously acidi- 
fied with acetic acid, one drop of ferrous sulfate T.S., 
then a few drops of hydrogen peroxide T.S., and finally 
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an excess of sodium ‘hydroxide, a purple or violet color 


is produced. Tartaric acid or tartrates are charred by 


concentrated sulfuric acid and the odor of burning 
sugar is emitted. 


Antimony Potassium Tartrate U. S. P. Antimonii 


Potassiu Tartras 


{Antimon, Pot. Tart.—Antimonyl Potassium Tartrate, Tartrated 
Antimony, Tartar Emetic, Sp. Tartrato de Antimonio y de Potasio} 


Antimony Potassium Tartrate contains not less than 
99 per cent of K(SbO)C.H.0,6.4%4H.O (833.94). 

History—Adrian Mynsicht, physician of the early 
seventeenth century, who invented Elixir of Vitriol, is 
also credited with having first discovered and used tartar 
emetic. Glauber in 1648 described in detail the process 
of preparing Mynsicht’s Emetic Tartar as it was then 
called. 

Preparation—This, the most important antimpttel 
compound, may be made by dissolving a mixture of 10 
parts of potassium bitartrate with 8 parts of antimony 
trioxide [Sb2O3] in 75 parts of boiling water, filtering 
while hot and allowing it to crystallize. 


2KHC4H40, + SbeO3 — 2K(SbO)C4H4Og, + He2O 
acid potassium antimonous antimony potassium water 
tartrate oxide tartrate 


Description and Properties—Antimony Potassium Tartrate occurs as 
colorless, odorless crystals, or as a white powder. The crystals ef- 
floresce upon exposure to air. It responds to the identification reac- 
tions for antimony, potassium, and tartrate. One Gm. is soluble in 
12 ce. of water and in about 15 cc. of glycerin, at 25° C., in about 3 
ce. of boiling water and is insoluble in alcohol. The aqueous solution 
is slightly acid to litmus paper. 

Tests for Purity— 

Arsenic limit—200 parts per million. By reduction with hydrogen, 
antimony compounds yield the gas stibine [SbH g] which produces with 
mercuric bromide the same color as arsine. Therefore the usual test 
for arsenic is not applicable to antimony salts and the well-known 
Bettendorf Test is used. It is based on the reduction of arsenic com- 
pounds by stannous chloride to coffee-colored metallic arsenic. The 
test is made as follows: 0.1 Gm. of Antimony Potassium Tartarate is 
dissolved in 5 ec. of hydrochloric acid in a color comparator tube and 
10 ce. of a recently prepared solution of 20 Gm. of stannous chloride 
in 30 cc. of hydrochloric acid added. After mixing well it is allowed 
to stand for 30 minutes. Simultaneously a control is prepared with 
0.02 mg. of arsenic trioxide. The color of the solution tested should 
not be darker than that of the control. 

Iron—The addition of 5 drops of potassium ferrocyanide T.S. to 
10 cc. of its aqueous solution (1 in 100) should not at once produce a 
blue color, 

Assay—The chemistry of the assay of tartar emetic is similar to that 
discussed under the assay of arsenic trioxide and is carried out as fol- 
lows: About 0.5 Gm. of Antimony Potassium Tartrate, accurately 
weighed, is dissolved in 30 cc. of distilled water; 25 cc. of a cold, satu- 
rated solution of sodium bicarbonate and a few drops of starch T.S. 
are added and the solution is immediately titrated with tenth-normal 
iodine to the production of a persistent blue color. Hach cc. of tenth- 
aga iodine consumed corresponds to 16.70 mg. of E(SbO) Cae - 
1/, H 

Storage—Keep this salt in well-closed containers. 
Incompatibilities—Mineral acids, when added to aqueous solutions of 
Antimony Potassium Tartrate, cause a precipitation of basic salts of 
antimony, with possibly some potassium bitartrate. Alkali hydroz- 
ides and carbonates of sufficient concentration precipitate antimony 
trioxide. Precipitation is retarded by citrates, tartrates, glycerin, and 
sugar. Many metallic salts form insoluble tartrates. Addition of 
alcohol to an aqueous solution may cause a precipitation. An insol- 
uble tannate is formed with tannic acid. Mercuric chloride is reduced 
to calomel which precipitates. 


Uses—Antimony salts, especially the tartrates, are 
powerful emetics, chiefly by virtue of their irritant ac- 
tion on the gastrointestinal mucosa. Subemetic doses 
produce an expectorant action due to reflex stimulation 
of the salivary and bronchial glands. Trivalent anti- 
mony compounds are also effective against parasitic 
infections including schistosomiasis, filariasis, leish- 
maniasis, and lymphogranuloma inguinale. See also 
Antimony Thioglycollamide, Antimony Sodium Thio- 
glycollate, and Fuadin. 

Antimony Potassium Tartrate is used as a mordant 
in textile dyeing and also to disinfect gladioli. 
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Average Dose—Oral (as expectorant), 3 mg. (approxi- 
mately 149 grain). Intravenous (for tropical diseases), 
30 mg. increasing to 150 mg. (approximately 14 to 24% 
grains). 


Bismuth Potassium Tartrate U.S. P. Bismuthi 
Potassiu Tartras 


{[Bism. Pot. Tart.—Potassium Bismuth Tartrate, Potassium Bis- 
muthyl Tartrate, Potassium Bismutho Tartrate, Sp. Tartrato de 
Bismuto y de Potasio] 


Bismuth Potassium Tartrate contains not less than 
a ia cent and not more than 64 per cent of bismuth 

i]. 

This is 2 “complex” salt, and its chemical structure 
is still controversial, especially since the bismuth con- 
tent of such complexes may be made to range within 
wide limits. All or the major portion of the bismuth in 
this preparation is not ionized, and hence does not re- 
spond to the usual reactions for bismuth. 


Preparation—One method for the preparation of this 
salt consists in dissolving bismuth tartrate in a calcu- 
lated quantity of potassium hydroxide solution and 
evaporating the solution to dryness. In another process 
the bismuth tartrate is mixed with the desired amount of 
potassium bitartrate and some water, potassium hy- 
droxide solution is added until a clear solution results, 
and the complex bismuth salt is then precipitated by 
alcohol. 


The bismuth tartrate is made by the transposition of 
bismuth subnitrate and tartaric acid solution. 


Description and Properties—Bismuth Potassium Tartrate is a white, 
granular, odorless powder, having a sweetish taste. It darkens on ex- 
posure to light. It is decomposed by dilute mineral acids. The 
aqueous solution is slightly alkaline to litmus or to phenolphthalein 
T.S. It responds to the identification reactions for tartrate and the 
flame test for potassium. A solution of the ignited salt in nitric acid 
responds to the reactions for bismuth. One Gm. dissolves in about 2 
ce. of water. It is insoluble in alcohol, in ether, and in chloroform. 


Tests for Purity— 
Alcohol-soluble extractive—Not more than 0.5 per cent. 
Arsenic limit—10 parts per million. 


Lead—1 Gm. of Bismuth Potassium Tartrate is ignited in a porce- 
lain crucible and nitric acid added until the residue just dissolves 
upon warming. The solution is poured into 40 cc. of water and 
filtered. The filtrate is evaporated on a water bath to 10 cc. and 
again filtered. The addition of 5 cc. of diluted sulfuric acid to 5 ec. 
of the filtrate produces no turbidity. 


Assay—The bismuth content of this salt is determined as the phos- 
phate in the following manner. About 0.4 Gm. of Bismuth Potassium 
Tartrate, accurately weighed, is dissolved in 25 cc. of diluted nitric 
acid, warmed if necessary. Ammonia T.S. is added until a perma- 
nent, white precipitate results, then 2 cc. of nitric acid is added. The 
solution is diluted to 100 cc. with water, heated to boiling, and 50 cc. 
of a boiling aqueous solution of 1.8 Gm. of dibasic ammonium phos- 
phate in 100 cc. of water is gradually added. After heating the mix- 
ture for 1 hour at 80°, the supernatant liquid is decanted through a 
previously prepared, tared Gooch crucible. The precipitate is 
washed three times by decantation, using for each washing 50 ce. of a 
hot 3 per cent aqueous solution of ammonium nitrate. The ammo- 
nium nitrate serves to prevent the precipitate from becoming colloidal. 
The precipitate is then completely transferred with hot water to the 
crucible and the crucible and contents are dried and ignited at a dull 
red heat for 30 minutes. The weight of bismuth phosphate thus ob- 

tained, multiplied by 0.6876, represents the weight of bismuth [Bi] 
present in the sample. 


Storage—Keep this salt in tight, light-resistant containers. 


Uses—Bismuth Potassium Tartrate is used in the 
treatment of syphilis by intramuscular injection. For 
the status of bismuth preparations in syphilotherapy, 
cee discussion under Bismuth Subsalicylate (page 

9). 


_ Average Dose—Intramuscular, 0.1 Gm. (approxi- 
mately 11% grains). 


\ 
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Bismuth Potassium Tartrate Injection U. S. P. 
Injectio Bismuthi Potassii Tartratis 


{Inj. Bism. et Pot. Tart.—Bismuth Potassium Tartrate Ampuls, 
Sp. Inyeccién de Tartrato de Bismuto y de Potasio] 


Bismuth Potassium Tartrate Injection is a sterile 
solution of bismuth potassium tartrate in water for 
injection, or a sterile suspension of bismuth potassium, 
tartrate in oil. It contains an amount of bismuth [Bi] 
equivalent to not less than 57 per cent and not more 
than 66 per cent of the labeled amount of bismuth 
potassium tartrate. It meets the requirements of the 
Sterility Test for Liquids (page 126) and conforms to 
the other requirements under Injections (page 249). 

The oil suspension is preferably sterilized by Process 
C. The aqueous solution is preferably sterilized by 
either Process C or F. 


Assay for the Aqueous Solution—The contents of a counted number 
of the containers are completely drained into a graduated cylinder 
and the volume is noted. An accurately measured volume of the 
contents of the cylinder equivalent to about 0.4 Gm. of bismuth potas- 
sium tartrate is transferred to a beaker, 25 cc. of diluted nitric acid 
added, and the assay conducted as described under Bismuth Potas- 
sium Tartrate, beginning with ‘‘Ammonia 7.8. is added.”’ The weight 
of the bismuth phosphate so obtained, multiplied by 0.6876, repre- 
sents its equivalent of bismuth [Bi]. 

Assay for the Oil Suspension—The contents of a counted number of 
the containers are completely drained into a graduated cylinder and 
the volume is noted. ‘The suspension is now shaken well to homo- 
genize it and an accurately measured volume, equivalent to about 0.4 
Gm. of bismuth potassium tartrate, is withdrawn immediately to pre- 
vent separation of the suspension with a pipette and transferred to 
aseparator. Since, because of the viscous character of the suspension, 
a considerable portion of it adheres to the pipette, the latter is washed 
out well with about 25 cc. of ether, which is added to the separator. 
The ether also serves to dissolve the oil and facilitate its separation 
from the nitric acid-water phase. The suspension in the separator 
is shaken with 20 cc. of diluted nitric acid, then with a few small 
portions of the acid. The nitric acid extracts the bismuth from the 
complex salt. After filtering the acid extracts through a water- 
moistened filter paper the bismuth is determined in the filtrate extract 
as directed in the assay of Bismuth Potassium Tartrate, beginning 
with ‘‘Ammonia T.S. added.” 

Storage—Preserve Bismuth Potassium Tartrate Injection preferably 
in single-dose hermetic containers, or in other suitable containers. 
nee Containers for Injections (page 255). Protect the Injection from 
light. 

Labeling—The title on the label shall indicate whether the Injection 
is a water solution or an oil suspension. 


Average Dose—IJntramuscular, 0.1 Gm. (approxi- 
mately 11% grains) of Bismuth Potassium Tartrate. 


Potassium Bitartrate N. F. Potassii Bitartras 
[Pot. Bitart-——Cream of Tartar, Acid Potassium Tartrate, Sp. 
Bitartrato de Potasio] 


Potassium Bitartrate [KOOC.CHOH.CHOH.COOH 
= 188.18], when ‘dried at 105° for 3 hours, contains not 
less than 99.5 per cent of KHC4H4O<¢. 

Preparation—This salt is made by purifying argol 
or tartar—a substance deposited in wine casks during 
the fermentation of grape juice which consists of about 
80 per cent potassium bitartrate. 


Description and Properties—Potassium Bitartrate occurs as colorless 
or opaque crystals, or as a white, crystalline powder, having a pleas- 
ant, acid taste. Effervescence is produced when the salt is added to 
a moderately concentrated sodium carbonate solution and it responds 
to the identification reactions for potassium and for tartrate. One 
Gm. dissolves in 165 cc. of water; in 8820 cc. of alcohol, or in 16 cc. of 
boiling water. 

Tests for Purity— 

Insoluble matter—0.5 Gm. should dissolve completely in 3 cc. of 
ammonia T.S. (The ammonia combines with the salt, forming potas- 
sium ammonium tartrate which is freely soluble in water.) 

Ammonia—On heating 0.5 Gm. with 5 ce. of sodium hydroxide 
T.S. the odor of ammonia should not be perceptible. 

Heavy metals limit—10 parts per million. 

Assay—The dried salt is assayed alkalimetrically by titrating its hot 
aqueous solution with normal sodium hydroxide, using phenolphtha-- 
lein T.S. as the indicator. Each cc. of normal sodium hydroxide is 
equivalent to 188.2 mg. of KHC4H40¢. 

Storage—Keep in well-closed containers. 

Incompatibilities—Containing an acidic hydrogen, it reacts with 
alkaline substances. Its slight solubility sometimes causes difficulty 
in liquid mixtures. 
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Uses—Potassium Bitartrate is occasionally employed 
as a cathartic. This salt is one of the ingredients in 
compound Jalap powder. It is largely used in baking 
powders and in the manufacture of hard candies. 


Average Dose—2 Gm. (approximately 30 grains). 


Potassium Sodium Tartrate U. S. PP. Potassii Sodii 


Tartras 
{[Pot. Sod. Tart.—Rochelle Salt, Seignette Salt, Sp. Tartrato de 
Potasio y de Sodio] 
Potassium Sodium Tartrate [KOOC.CHOH.- 


CHOH .COONa.4H20 282.23], when rendered an- 
hydrous by drying at 150°, contains not less than 99 
per cent of anhydrous potassium sodium tartrate 
[KNaC,H.O., = 210.17]. 


History—Rocherle Salt was named for the city in 
which it was first discovered and manufactured by 
Peter Seignette, an apothecary of the latter half of the 
seventeenth century. The secret of its composition 
was kept undivulged by him and his descendants for 
nearly a century and it was sold as a proprietary remedy 
or nostrum. He put it up in individual envelopes and 
called it Sal Polychrestum, or the Salt of Many Virtues. 
It has also been called Seignette’s Salt in honor of its 
discoverer. The secret of its composition was divulged 
in 1731 in a paper by Boulduc, a noted Parisian pharma- 
cist, which was deemed of sufficient importance to be 
published by the French Academy of Sciences and the 
Transactions of the Philosophical Society of Great 
Britain. The name Sal Polychrestum had previously 
been applied to potassium sulfate by Christopher Glaser, 
apothecary to Louis XIV of France. The first official 
name of Rochelle Salt in the London Pharmacopeeia 
of 1788 was Natron Tartarizatum, which in the edition 
of 1809 was changed to Soda Tartarizata. 


Preparation—This salt is made by adding potassium 
bitartrate to a hot solution of sodium carbonate: The 
proportions are shown by the following equation: 


2KHC4H406 + NagCO3 > 2KNaC4H40¢ 


potassium sodium 
bitartrate carbonate 


-+ Hs0 + COs 


water carbon 


dioxide 


potassium 
sodium tartrate 


Description and Properties—Potassium Sodium Tartrate occurs as 
colorless crystals, or as a white, crystalline powder, having a cooling, 
saline taste. It effloresces slightly in warm, dry air. The aqueous 
solution is alkaline to litmus paper, but is not reddened by phenol- 
phthalein. It responds to the identification reactions for potassium, 
sodium, and tartrate. One Gm. dissolves in 1 cc. of water at 25°, but 
is practically insoluble in alcohol. 

Tests for Purity— 


Loss on drying at 150°—Not less than 21 per cent and not more than 
27 per cent (theory 25.5 per cent). 

Ammonia—The odor of ammonia should not be noticeable when 
a solution of 0.5 Gm. of the salt in 5 cc. of water is heated with 
sodium hydroxide T.S. 


Heavy metals limit—10 parts per million. 
Assay—Potassium Sodium Tartrate, after depriving it of its water 
content by drying at 150°, is assayed by the procedure for Alkali 
Salts of Organic Acids (page 980). Each ce. of half-normal sulfuric 
acid corresponds to 52.54 mg. of anhydrous potassium sodium tar- 
trate. 


Storage—Keep Potassium Sodium Tartrate in tight containers. 


Incompatibilities— Acids cause a precipitation of potassium bitartrate. 
ea laeeel © sulfate and calciwm salts produce a precipitate. The 
tartrates are weak reducing agents. 


Uses—Potassium Sodium Tartrate is employed as a 
saline cathartic. Compound Effervescent Powders 
(Seidlitz Powders) also owe their cathartic properties 
to the presence of Rochelle Salt. The mechanism of 
action of the saline cathartics is discussed under Magne- 
sium Sulfate (page 412). ; 

Average Dose—10 Gm. (approximately 24% drachms). 
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Compound Effervescent Powders U. S. P. Pulveres 


Effervescentes Compositi 


[Puly. Eff. Co.—Seidlitz Powders, Sp. Polvos Efervescentes Com- 
puestos] 


The mixture in a blue paper weighs not less than 9.5 
Gm. and not more than 10.5 Gm., and contains not 
less than 23 per cent and not more than 27 per cent of 
NaHC0Os, and not less than 73 per cent and not more 
than 78 per cent of KNaC4H40.¢.4H2O (Rochelle salt). 
The white paper contains not less than 2 Gm. and not 
more than 2.4 Gm. of HeC4H4O<g. 

History—The name Sevdlitz Powder was given to this 
preparation by the originator and patentee, Thomas 
Savory, in 1815. Although custom has established its 
use and its legality, the name is incorrect, as the patentee 
misrepresented when he claimed that the powders owed 
their value to the mineral properties of the Seidlitz 
Spring in Germany. The Seidlitz Spring owes its 
therapeutic properties to magnesium sulfate. The 
formula of this patent medicine, for such it was at that 
time, was exposed in a book of recipes published by the 
Philadelphia College of Pharmacy in 1824. 


Metric Alternative 

Sodium Bicarbonate, dry and all pass- 

ing through a No. 60 standard mesh 

BOVE. caliente ne throne 30 Gm. 1 oz. av. 26 gr. 
Potassium Sodium Tartrate, dry and all 

passing through a No. 40 standard 

Mesh: Blevertiwcs ct gh eas some ne 90 Gm. 302. av. 78 gr. 
Tartaric Acid, dry and all passing 

through a No. 40 standard mesh sieve. 26 Gm. 401 gr. 


Mix the sodium bicarbonate intimately with the potassium 
sodium tartrate, divide the mixture into 12 equal parts, and wrap 
each part in a blue paper. Then divide the tartaric acid into 12 
equal parts, and wrap each part in a white paper. 


Assay for Sodium Bicarbonate—To 2 Gm. of the sodium bicarbonate- 
Rochelle Salt mixture, accurately weighed, a measured excess of 
half-normal sulfuric acid is added. The solution is gently boiled to 
expel the carbon dioxide, and then the excess acid is determined by 
titration with half-normal sodium hydroxide, using phenolphthalein 
T.S. as the indicator. Each ce. of half-normal acid consumed cor- 
responds to 42.01 mg. of NaHCO3. 

Assay for Potassium Sodium Tartrate—Approximately 2 Gm. of the 
sodium bicarbonate-Rochelle salt mixture, accurately weighed and 
taken from the same paper used for the Assay for Sodium Bicarbonate, 
is assayed by the procedure for Alkali Salts of Organic Acids (page 
980). From the volume of acid consumed deduct the volume used 
up in the assay for an equivalent amount of bicarbonate. The differ- 
ence represents the Rochelle Salt. Each ce. of half-normal sulfurie 
acid corresponds to 70.56 mg. of Rochelle Salt. Since ranges are al- 
lowed for the contents of both constituents of the mixture, the U.S. P. 
provides a check on their original purity by requiring that the sum of 
the sodium bicarbonate and Rochelle salt be not less than 99 per cent. 
Storage—Keep Compound Effervescent Powders in well-closed con- 
tainers and in a dry place. 


Uses—See Potassium Sodium Tartrate. 

Average Dose—The contents of a white and of a 
blue paper, each dissolved in about 60 ce. (2 fluid- 
ounces) of water, the solutions mixed, and administered 
just after the effervescence begins to subside. 


Unofficial Salts of Tartaric Acid 


Ammonium Tartrate |((NH4)2C4H40.¢]—Colorless crystals or white 
granules. Loses ammonia on exposure to air. Soluble in about 15 
parts of water; slightly soluble in alcohol. 

Bismuth Sodium Tartrate N. N. R. Sodium Bismuthotartrate—The. 
bismuth content of this complex of bismuth and sodium tartrate 
may be made to range within wide limits. The article generally 
used contains 72 to 74 per cent of bismuth [Bi]. It is very soluble 
in water and similar in other respects to the official potassium bis- 
muth tartrate. Uses: A soluble preparation of bismuth employed 
in syphilotherapy. The dose is 0.03 Gm., injected intramuscularly 
two or three times weekly. See discussion under Bismuth Subsali- 
cylate (page 549). 

Calcium Tartrate [CaC4H 40g. 4H 20]—White, crystalline powder. 
Slightly soluble in cold water or in alcohol. Moderately soluble 
in hot water. Readily decomposed by dilute mineral acids. ; 

Cupric Tartrate, Copper Tartrate [(CuC 4H 40g. 3H 20]—This salt i is 
present in the well-known Fehling’s solution which is an alkaline 
solution of cupric tartrate. Cupric tartrate is of very little im- 
portance otherwise. 

Ferric Potassium Tartrate—Garnet-red to reddish brown scales; 
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having a sweet ferruginous taste; soluble in water. Uses: a tonic 
and a hematinic. Dose: 0.3 to 0.6 Gm. (5 to 10 grains). 
Potassium Tartrate, Neutral Potassium Tartrate [KgC4H40«g.- 


3gH2O0]—White, crystalline powder. Freely soluble in water and 
slightly soluble in alcohol (difference from potassium acid tartrate). 

Sodium Bitartrate—See Reagents (page 1069). 

Sodium Tartrate—See Reagents (page 1069). 

Specialties Containing Tartrates 

Binasol (Rorer)—Ampuls (1 cc.) each containing 50 mg. sodium bis- 
muthyl tartrate, in an aqueous solution (pH 4.5), with 2 per cent 
benzyl alcohol (local anesthetic). Each cc. equivalent to 25 mg. 
metallic Bi. Uses: antisyphilitic. Dose: 1 cc., intragluteally. 

Bismolaqueous (Lakeside)— Vials (30 ce.) containing bismuth sodium 
tartrate and benzyl alcohol in aqueous solution representing either 
14g or 3 per cent bismuth. Uses: amntisyphilitic. Dose: 2 ec., 
intramuscularly. 

Bismuth Sodium Tartrate N. N. R. (Searle)—Ampuls (2 cc.) or vials 
(60 ec.) containing either 1.5 or 3 per cent of bismuth sodium tar- 
trate (73.8 per cent bismuth), 2 per cent benzyl alcohol, and 25 per 
cent sucrose. Uses: antisyphilitic. Dose: 30 mg., intragluteally. 
Bismuth Tartrate Sodium (Kirk)—Ampuls (2 ec.) containing 20 
mg., vials (2 fl. oz.). Z 
Slee Sodium Tartrate (Bristol)—Ampuls (2 cc.) and vials (30 
or cc.). 

Bismuth Sodium Tartrate Topical (Searle)—Bottle (15 ec.) contain- 
ing 1.5 per cent solution, 2 per cent benzyl alcohol, and 50 per cent 
glycerin. Applied topically. 

Eudillana Compound (United Drug)—Syrup, each fluidounce contain- 
ing 3.2 mg. (4% gr.) antimony potassium tartrate, 2 min. senega 
fluidextract, 5.2 mg. (0.08 gr.) menthol, 120 min. wild lettuce syrup, 
2.5 ce. (40 min.) cocillana tincture, and 7.4 cc. (120 min.) euphorbia 
piabiers tincture. Uses: expectorant. Dose: 1 to 2 teaspoon- 
uls. 

Eudillana Compound Syrup with Narcotic—Contains 0.016 Gm. 
(44 gr.) codeine sulfate per fluidounce in addition. 

Glyco-Bis (Smith-Dorsey)—Liquid, each fluidounce containing bis- 
muth sodium tartrate equivalent to 2.59 Gm. (40 gr.) bismuth sub- 
nitrate and 0.065 Gm. (1 gr.) zine sulfocarbolate. Uses: intesti- 
nal astringent for diarrhea. Dose: 2 to 3 teaspoonfuls. 


VALERIC ACID. Acidum Valericum 


[Acidum Valerianicum, Isopropylacetic Acid, Isovaleric Acid, Iso- 
pentanoic Acid, Valerianic Acid] 


Valerianic Acid [(CHs)2,CHCH2COOH = 102.13] 
was first obtained from dolphin oil in 1813 by Chevreul. 

Preparation—Valeric Acid is present in valerian and 
in some other plants. It is prepared commercially by 
oxidizing isoamyl alcohol with potassium dichromate 
and sulfuric acid. 
Description and Properties—A colorless liquid with a characteristic, 
disagreeable odor. The anhydrous Acid has a specific gravity of 


0.93, boils at 175° to 177°, and solidifies at about —37°. It is 
soluble in 24 parts of water; soluble in alcohol, chloroform and ether 


Uses—This Acid was formerly employed as a nerve 
sedative, but Acid Ammonium Valerate (see below) is 
the only compound still in use. The ethyl ester of 
Valeric Acid (ethyl isovalerate) has a pleasant fruity odor 
and is used in alcohol solution as a flavoring agent for 
beverages and as a perfume. Valine, one of the essen- 
tial amino acids, is a-aminoisovaleric acid. 


Acid Ammonium Valerate N. F. Ammonii Valeras 
Acidus 


- {Ammon. Valer. Acid.—Ammonium Valerianate, Sp. Valerianato de 
‘ Amonio] 

Acid Ammonium Valerate yields not less than 33 per 
cent and not more than 38 per cent of ammonium valer- 
ate [Cs,H,COONH, = 119.16] and not less than 62 
per cent and not more than 67 per cent of free valeric 
acid [C,H sCOOH = 102.13]. 

Preparation—This valerate, formerly called valerian- 
ate, may be prepared by passing dried gaseous ammonia 
into valeric acid. 

The salt which is found in commerce is usually the 
acid salt; hence, in making a solution of it, as in the 
process for ammonium valerate elixir, the excess of acid 
should be neutralized by the addition of sufficient am- 
monia water. 

* { 
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Note that ‘acid’? ammonium valerate conveys a dif- 
ferent meaning from ammonium acid valerate. The 
latter name would imply that valeric acid had more than 
one replaceable hydrogen (which it does not). Refer 
to ammonium acid carbonate. Acid ammonium valer- 
ate means that the substance is not a true chemical 
compound but a mixture of ammonium valerate and 
valeric acid. 


Description and Properties—Acid Ammonium Valerate occurs as 
colorless, quadrangular plates. It has the characteristic odor of 
valeric acid and a sharp, sweetish taste and deliquesces in moist air. 
The aqueous solution is acid to litmus paper. When the concentrated 
solution (1 in 1) is diluted with about 5 times its volume of water, a 
layer of free valeric acid separates on the surface. It responds to 
the identification reactions for ammonia. One Gm. is soluble in 
about 0.3 cc. of water and in about 0.6 cc. of alcohol, at 25°; it is 
also soluble in ether. 
Tests for Purity— 

Residue on ignition—Not more than 0.05 per cent. 

Heavy metals limit—10 parts per million. 
Assay for Ammonium Valerate—lIn this assay the ammonia content 
is determined as described in the Assay of Ammoniwm Chloride Cap- 
sules and the ammonium valerate is calculated from the volume of 
standard acid neutralized by ammonia. One cc. of half-normal acid 
neutralized corresponds to 59.58 mg. of ammonium valerate. 
Assay for Free Valeric Acid—This is determined by titrating a solu- 
tion of about 0.5 Gm. of Acid Ammonium Valerate, accurately 
weighed, in 50 ce. of water with tenth-normal sodium hydroxide using 
phenolphthalein T.S. as the indicator. One ce. of tenth-normal 
sodium hydroxide corresponds to 10.21 mg. of Cg4HgCOOH. 
Storage—Keep Acid Ammonium Valerate in tight containers and 
avoid continuous excessive heat. 


Uses—Formerly used in hysteria, neuralgia, and 
similar diseases as a nervine. 
Average Dose—0.125 Gm. (approximately 2 grains). 


Ammonium Valerate Elixir N. F. Elixir Ammonii 


Valeratis 


{Elix. Ammon. Valer.—Amnonium Valerianate Elixir, Sp. Elixir de 
Valeranato de Amonio] 


Metric Alternative 
Acid Ammonium Valerate......... 35 Gm. loz.av. (4 gr. 
Chiordtorimin ntact: | ace 2 CC. 31 min. 
Manillaslincture:bant ct 2. eet ie 16 cc. 246 min. 
Compound Cudbear Tincture...... 16 cc 246 min. 
Diluted Ammonia Solution 
Aromatic Elixir, each, a sufficient 
quantity, 
RON BRC IN pee, cheg gs tates tee 1000 cc. 2 pints 


Dissolve the acid ammonium valerate in about 65 ce. (2 fl. oz. 
38 min.) of aromatic elixir, and add diluted ammonia solution, 
drop by drop, until slightly alkaline, as shown by testing with 
litmus paper. To this solution add the chloroform, the vanilla 
tincture, the compound cudbear tincture, and sufficient aromatic 
elixir to make the product measure 1000 cc. (2 pints); mix well 
and filter until the product is clear. 


If the ammonia is not in excess, free valeric acid is 
present and renders the preparation offensive in odor 
and taste. 


Alcohol Content—From 20 to 24 per cent, by volume, of CoH 50H. 
Storage—Keep Ammonium Valerate Elixir in tight containers. 


Average Dose—4 cc. (approximately 1 fluidrachm). 


Unofficial Salts of Valeric Acid 


Ferric Valerate [approx. Fe(OH) 2C5H g02—A basic salt with about 
30 per cent of H2O. It usually contains about 20 per cent of Fe. 
A brownish red amorphous powder, with a valerian-like odor. 
Insoluble in water and decomposed by boiling water into a more 
basic salt; soluble in dilute acids. Uses: formerly as a tonic and 
nervine. Dose: 0.1 to 0.3 Gm. (1% to 5 grains). _ 

Sodium Valerate [NaCs5HgQ2]—White, hygroscopic crystals or 
pieces. Melts at about 140°. Freely soluble in water, soluble in 
alcohol. Uses: as other valerates in hysteria and other neuroses. 
Dose: 0.1 to 0.3 Gm. (11% to 5 grains). / ; 

Zinc Valerate, Zine Isovalerate [Zn(C5H 90g) 2.2H20}— White 
powder or lustrous scales having a valerian-like odor and a sweetish 
taste. Soluble in about 70 parts of water and 20 of alcohol, but as 
it frequently contains some basic salt it is incompletely soluble in. 
these solvents. Readily decomposed by diluted acids. Uses; as 
a sedative and in neuroses similar to other valerates. Dose: 0.1 
Gm. (1% grains). 
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ORGANIC ACIDS, ESTERS AND SALTS 


TANNIC ACID AND TANNINS- . 


The term tannin is used specifically to denote gallo- 
tannic acid or digallic acid (Tannic Acid U.S. P.), or as 
a generic term for a large group of substances possessing 
certain properties in common. The distinguishing 
properties of the tannins have been summarized as fol- 
lows: 


They possess astringent properties. This is their most out- 


standing characteristic. 

They are colloidal. 

They precipitate gelatin from solution and form insoluble com- 
pounds with certain animal tissues, which is taken advantage of 
in conversion of hide into leather. 

They all give dark blue or dark green reactions in solution with 
ferric salts, a fact which is utilized in the manufacture of ink. 

They are precipitated from solution by many metallic salts as 
lead acetate, etc. 

They are precipitated from solution by solutions of potassium 
dichromate or of chromic acid. 

They precipitate a'kaloids from solution and also precipitate 
organic colors of basic character. 

In alkaline solutions they readily absorb oxygen and become 
darker in color. 

With solution of potassium ferricyanide and ammonia, a deep 
red color is produced. 


Tannins are widely distributed in the vegetable king- 
dom. The constitution of many of the tannins is very 
complex. <A simple relationship exists between tannic 
acid from nutgalls (gallotannic acid, the U. 8. P. tannic 
acid) and gallic acid, the former being considered an 
anhydride of the latter as shown by the following reac- 
tion: 

CiaHi009 + HeO — 2C,7HeOs 


gallotannic acid water gallic acid 


This change takes place spontaneously in aqueous 
solutions of tannic acid and is an explanation of the 
necessity of using glycerin as a solvent for stable solu- 
tions of tannic acid, and the use of hydroalcoholic 
menstrua, usually with glycerin also, in the extraction 
uf the astringent drugs. 

Many of the tannins are of a glucosidal nature and 
exist in the plant in combination with carbohydrates. 

Many varieties of tannin are named from the plant 
in which they occur as gallotannic acid, catechutannic 
acid, kinotannic acid, quercitannic acid, caffetannic 
acid, rosatannic acid, etc. — 

Among the decomposition products of the tannins 
are the substances known as phlobaphenes which are 
characterized by a red color and their insolubility in 
water. 

In the tannin-containing drugs these compounds fre- 
quently occur as distinctive coloring matters along with 
the tannins and are named according to their origins as 
kola red, oak bark red, ete. 


he 


TANNIC ACID U.S. P. Acidum Tannicum 


[Acid. Tan.—Gallotannic Acid, Tannin, Digallic Acid, Sp. 
Acido Tanico] 

Tannic Acid is a tannin usually obtained from nut- 
galls, the excrescences obtained from the young twigs 
of Quercus infectorza Olivier, and other allied species of 
Quercus (Fam. Fagaceez). 

Preparation—For the manufacture of U.S. P. grade 
of Tannic Acid the finely powdered galls are stirred with 
sufficient water at 50° to 60° to form a concentrated 
aqueous extract. After filtration the clear liquid is 
agitated with about one-fourth of its volume of ether 
until an emulsion results; After standing for several 
days, the upper ethereal liquid, which contains fatty 
and waxy impurities, as well as any gallic acid usually 


present in small amounts, is removed, and the lower 
layer, which contains the tannin, is run into a still and 
the ether is recovered. After cooling, the syrupy liquid 
is spread out on sheets of tin, and rapidly heated by 
means of a steam coil, when the product rapidly puffs 
up and dries. 


Description and Properties—Tannic Acid occurs as an amorphous 
powder, as glistening scales, and sometimes as spongy masses, the 
color varying from yellowish white to light brown. - It is odorless or 
has a faint characteristic odor and a strong astringent taste. It 
gradually darkens on exposure to air and light and when heated to 
about 215° it decomposes yielding pyrogallol and COg. One Gm. of 
Tannic Acid dissolves in about 0.35 cc. of water or in 1 cc. of warm 
glycerin. The Acid is very soluble in alcohol and acetone, but practi- 
cally insoluble in benzene, chloroform, ether, carbon disulfide or 
carbon tetrachloride. 

Tests for Purity— 

Loss on drying—Not more than 12 per cent. 

Residue on ignition—Not more than 1 per cent. 

Gum or dextrin—A solution of 1 Gm. of Tannic Acid in 5 ee. of hot 
water is clear or not more than slightly turbid, and after cooling and 
filtering it should not be rendered turbid by the addition of 5 ce. alco- 
hol (gum and dextrins are practically insoluble in diluted alcohol). 

Resinous substances—A filtered solution of 1 Gm. of the Acid in 5 
cc. of water does not become turbid upon the addition of 10 ce. more 
of water. 

Storage—Keep the Acid in tight, light-resistant containers. 
Incompatibilities—Tannic acid (Tannin) gives a precipitate with salts 
of heavy metals, most alkaloids, some glycosides, antipyrine, albumin, 
gelatin, pepsin, and starch. Ferric salts produce an intense blue-black 
or green-black color. The color is prevented to a certain extent by 
sodium or potassium citrate or phosphoric acid. Alkali hydroxides 
and carbonates give a precipitate which is soluble in an excess of the 
reagent. With lime water, a blue or pink precipitate is formed, 
These difficulties will be experienced in combinations involving the use 
of a vehicle or other liquid preparation containing relatively large 
amounts of tannin. Syrup of wild cherry has been a frequent offender 
in this respect. 

Most oxidizing agents react with tannin; trituration of such combi- 
nations may produce an explosion. It decomposes with spirit 
ethyl nitrite with the liberation of gases. Iodine is decolorized by tannic 
acid with the formation of hydriodic acid. Solutions of tannic acid 
gradually darken on exposure to air and light. 


Pharmacological Actions—The therapeutic usefulness 
of tannic acid is due to its property of precipitating 
protein. Its most important use is in the treatment of 
burns, for which the free tannic acid must be employed. 
Internally, tannic acid has been used in diarrhea; but 
if tannic acid is given as such, it is rapidly dissolved in 
the stomach, and may then produce excessive gastric 
irritation, nausea, and even vomiting. The desire to 
avoid these effects has prompted the introduction of 
relatively insoluble compounds of tannin, which would 
act but little, if at all, in the stomach; and whose action 
would extend farther down the intestines. This was 
sought to be accomplished by utilizing the differences in 
reaction (hydrogen ion concentration) at the various 
levels of the alimentary tract. It was therefore aimed 
to make the compounds insoluble in diluted acids, and 
soluble in diluted alkalies. This object has not been 
entirely attained and is probably not really desirable, 
in view of the frequent slightly acid reaction of the 
intestinal contents. It is probably more important 
that the compounds should be but slowly soluble in any 
reaction that occurs in the alimentary tract. 

Types of Tannic Acid Derivatives—Four types have 
been marketed: (1) organic esters of tannic acid, repre- 
sented by acetyltannic acid (tannigen); (2) coagulated 
tannin proteinate, represented by exsiccated tannin 
albuminate; (8) tannin caseinate (protan); and (4) a 
heterogeneous group of other compounds, such as bis- 
muth salts of tannic acid, etc. The chief criteria for 


evaluating the tannic acid compounds are their solubili- 


ties or speed of hydrolysis during various reaction peri-. 
ods in acid and alkaline solution, with or without the 
addition of ferments. 

Importance of Differences in Solubility—All of the 
compounds are somewhat soluble in water; but not suf- 
ficiently soluble to affect their therapeutic usefulness. 


ORGANIC ACIDS, ESTHRS AND SALTS 


From the latter standpoint, the solubility in acid gastric 
juice and the solubility in sodium bicarbonate solution, 
representing the maximum alkalinity of the intestines, 
are most important. The speed or slowness of solution 
is at least as important as the absolute solubility. 

Insolubility in acid gastric juice would be desirable, 
theoretically, by precluding gastric side effects. In 
fact, however, it is probably not important, provided 
that the solution is slow, or that the tannin is taken 
with food. Of the three types, the acetyltannic acid is 
the least soluble in gastric juice; albumin tannate is 
fairly soluble, but the solution occurs rather slowly; 
protan is the most soluble, and the solution occurs more 
rapidly. 

The most important point is, therefore, the speed of 
solution. The more rapidly the tannin,is dissolved, the 
more intensely will it act on the upper intestines, and 
the less on the lower portions. In the case of acetyl- 
tannic acid, the ester must also be hydrolyzed before it 
becomes astringent. The rate of this hydrolysis of 
acetyltannic acid is about the same as that of the 
solution of albumin tannate, in both cases requiring 
more than 3 hours for completion. Under clinical 
conditions a larger part of the albumin tannate will 
have been dissolved in the stomach, and it will thus 
exert a rather stronger action in the duodenum, and 
probably extend its action slightly less into the lower 
intestines. Clinically, however, the difference does not 
seem to be large. 

Protan, on the. other hand, dissolves completely 
within half an hour, so that its action would be much 
greater in the upper and much less in the lower intes- 
tines. 

Uses—The sparingly soluble Tannic Acid prepara- 
tions are used in diarrheal affections, particularly those 
of children. They should not be employed as the 
principal curative agent but as an occasional adjunct to 
the proper physical and dietetic remedies, when the dis- 
charges are unduly profuse. 

As has been explained, acetyltannic acid and albumin 
tannate act at all levels of the intestine. Acetyltannic 
acid might be expected to act somewhat more mildly 
in the duodenum, and to extend its action somewhat 
more effectively mto the lower intestine; but clinically 
there does not seen to be much, if any, difference. 
Protan would tend to expend its action mainly on the 
upper intestine. 

Tannic Acid has been extensively employed in the 
treatment of burns. A 10 per cent solution is sprayed 
over the burned area following careful debridement. 
This results in the formation of a firm eschar which 
protects the burned tissue from infection, preserves 
body fluids and adds greatly to the comfort of the 
‘patient. The disadvantage to Tannic Acid is that it is 
not an active germicide. 

An ointment or spray of tannic acid is also effective 
in the treatment of bed sores, weeping ulcers, ete. 

Tannic Acid is used in the manufacture ‘of “iron” 
inks, for clarifying beer or wine by virtue of its precipi- 
tation of the albuminoid substance present in these 
liquids, and as a mordantd in dyeing and in printing fab- 
rics. 


IDENTIFICATION OF TANNIC ACID 


Ferric chloride produces in an aqueous solution of 

4 tannic acid a bluish black color or a precipitate depend- 

ing on the concentration of the acid. Tannic acid, pro-, 

duces a precipitate in solutions of most of the alkaloidal: 

reagents and in solutions of ts gelatin, vand’ 
i ae ay 
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Tannic Acid Glycerite U. S. P. Glyceritum Acidi 


Tannici 
[Glycer. Acid. Tan.—Glycerite of Tannin, Sp. Glicerito de Acid 
TAnico] 
Metric Alternative 
(LanniceA Cid. rear sie coisas cce oe 20 Gm. 2 02. av. 
sodium" Citratees wens Gua dee ae oe 1 Gm 44 gr. 
Exsiccated Sodium Sulfite........... 0.2 Gm 9 gr 
GIV Geri nae menace Gieie eiee onttneee 78.8 Gm. 7o0z. av. 385 gr 
LOMA KGS aie tah Plels xs ahaa ne coe 100 Gm 10 oz. av. 


Rub the tannic acid, exsiecated sodium sulfite, and sodium 
citrate in a porcelain dish with about half of the glycerin until a 
smooth mixture is produced, then add the remainder of the 
glycerin, and mix well. Heat the mixture on a sand bath to a 
temperature between 115° and 120° C., with occasional stirring, 
until solution is complete. 


Storage—Preserve Glycerite of Tannic Acid in tight containers. 


Uses—An astringent, especially useful as a local ap- 
plication in sore throat and in sore mouth, due to 
stomatitis. It is also used to harden the nipples to pre- 
vent soreness during nursing, and as a general astrin- 
gent. 


Tannic Acid Ointment U. S. P. Unguentum Acidi 
Tannici 


[Ung. Acid. Tan.—Sp. Ungiiento de Acido TAnico] 


Caution—During its manufacture and storage this 
Ointment must not come in contact with tron utensils or 
containers. 


Metric Alternative 
RANMICLA CIC ts ae eet tee nites os 200 Gm. 30z2.av. 87.5 gr. 
Glhycerinvcn. We sagen Gk eee 250 Gm. 4 oz. av. 
Exsiccated Sodium Sulfite......... 2 Gm 14 gr 
VellowsOintments..- arcs 548 Gm. 8o0z.av. 336 gr 
‘Eosmakenr. weneteun ctines mine 1000 Gm 1 Ib: av. 


Heat the glycerin on a water bath. Dissolve the tannic acid 
and the exsiccated sodium sulfite in the warm glycerin and incor- 
porate the solution into the yellow ointment. 


Uses—See Tannic Acid. 


GALLIC ACID Acidum Galicium 
COQH 


Ye 
oe 


OH 


Gallic Acid is 3,4,5-trihydroxybenzoic acid [C.gHe- 
(OH)sCOOH-H.O = 188.13]. 

Preparation—Gallic Acid may be prepared as fol- 
lows: Nutgall, in fine powder, is mixed with sufficient 
distilled water to form a thin paste, and the mixture is 
exposed | to the air, in a shallow glass or porcelain vessel, 
in a warm place for a month? occasionally stirring it 
with a glass rod, and adding frdna time to time sufficient 
distilled water to preserve the semifluid consistency. 
The paste is submitted to expression, and the expressed 
liquor ‘is, rejected. The residue is boiled in distilled 
water for a few minutes, and filtered while hot, through 
iron-free animal charcoal. The liquid is set aside to’ 
crystallize, and the crystals are collected and dried. 
If the crystals are not sufficiently free from color, they: 
may be purified by dissolving them in boiling distilled’ 
water, filtering through a fresh portion of purified ani- 
mal charcoal, and again crystallizing. Gallic acid*‘may 
be prepared synthetically. It is closely related to tannic 
acid, and both are usually found in the same plants. | - 
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Description and Properties—Gallic Acid occurs in white to yellowish 
white, silky needles, or as prisms. It is odorless and has an astringent 
taste. It efloresces in warm air. Aqueous solutions of Gallic Acid 
form a bluish black precipitate with ferric salts, but give no color or 
precipitate with ferrous salts free from the ferric ion. When a con- 
centrated aqueous solution of the Acid is made alkaline with sodium 
hydroxide a deep green color gradually develops, which is changed to 
red or brownish red on the subsequent addition of acids. One Gm 
dissolves in about 87 cc. of water, 5 cc. of alcohol, 10 cc. of glycerin, 
100 ec. of ether, or 3 ce. of boiling water, but it is insoluble in chloro- 
form. 

pce liber tts, Aqueous solutions of gallic acid slowly turn black; 
the change is more rapid in the presence of alkali, Ferric chloride 
produces a blue-black derivative which may precipitate. Salts of 
many metals produce insoluble gallates but alkaloids are not precipi- 
tated. 


Uses—It has been used as an internal astringent. 
The average dose is 1 Gm. (15 grains). It is used indus- 
trially for the manufacture of Pyrogallol (page 680), in 
making ink, and as a developer in photography. 


Bismuth Subgallate N. F. Bismuthi Subgallas 


[Bism. Subgall.—Basic Bismuth Gallate, Dermatol, Sp. Subgalato de 
Bismuto] 


Bismuth Subgallate [approximately Bi(OH).C7H ;O 5] 
when dried for 3 hours at 105°, yields upon ignition not 
less than 52 per cent and not more than 57 per cent of 
bismuth oxide [BigQOs]. 

Preparation—Bismuth Subgallate may be made by 
dissolving bismuth subnitrate in diluted acetic acid and 
precipitating the solution with gallic acid. 


Description and Properties—Bismuth Subgallate is a bright yellow, 
odorless and tasteless powder. It is stable in the air, but gradually 
discolors in sunlight. It dissolves with decomposition in moderately 
dilute mineral acids. Treatment of its aqueous suspension with 
hydrogen sulfide converts the salt into insoluble bismuth sulfide and 
free gallic acid. After boiling the filtrate from the bismuth sulfide 
to expel the hydrogen sulfide, cooling, and then adding a drop of ferric 
chloride, a blue-black color results due to the formation of iron gallate 
Giron ink). Bismuth Subgallate is practically insoluble in water, in 
alcohol and in ether. It is readily dissolved by solutions of alkali 
hydroxides, forming a clear, yellow liquid, which rapidly assumes a 
deep red color. 
Tests for Purity— 

Alkalies, earths, and nitrate—It conforms to tests and limits for 
these as given under Bismuth Subcarbonate (page 449). 

Arsenic limit—10 parts per million. 

Free gallic acid—Not more than 0.5 per cent. 

Copper, lead, and silver—It' conforms to the tests and limits for 
these as given under Bismuth Subsalicylate (page 549). 
Assay—The dried Bismuth Subgallate is assayed for bismuth oxide 
by the procedure described for Bismuth Subsalicylate. 
Storage—Keep Bismuth Subgallate in well-closed, 
containers. 


light-resistant 


Uses—Bismuth Subgallate is used for the same pur- 
poses and in the same dosage as Bismuth Subcarbonate 
(page 449). 

Average Dose—1! Gm. (approximately 15 grains). 


Bismuth Subgallate Tablets N. F. Tabella Bismuthi 
Subgallatis 


[Tab. Bism. Subgall.—Sp. Tabletas de Subgalato de Bismuto] 


Bismuth Subgallate Tablets yield an amount of bis- 
muth oxide [Bi2O3] not less than 48 per cent and not 
more than 61 per cent of the labeled amount of bismuth 
subgallate. 

The Tablets respond to the identification reaction for 
bismuth, and give the reaction for gallic acid described 
under Bismuth Subgallate. They also conform to the 
limit for Alkalies and earths given for the latter. 
Assay—The Tablets are assayed for bismuth oxide by the method de- 


scribed for the assay of Bismuth Subcarbonate Tablets (page 450). 
Storage—Keep the Tablets in tight, light-resistant containers. 


Uses—See Bismuth Subgallate. 
Average Dose—I Gm. (approximately 15 grains) of 
Bismuth Subgallate. 
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PYROGALLOL N. F.—See Phenols (page 680). 


GAMBIR N. F. Gambir 
[Catechu B. P. 1932, Pale Catechu] 


Gambir is the dried aqueous extract prepared from 
the leaves and twigs of Uncaria Gambir (Hunter) Rox- 
burgh (Fam. Rubiacez). 

Gambir yields not less than 60 per cent of alcohol- 
soluble extractive, and not less than 70 per cent of an- 
hydrous water-soluble extractive. 


Description and Properties—Unground Gambir occurs as masses, 
approximately cubical or rectangular, from 20 to 30 mm. in diameter; 
externally pale grayish brown to light brown, more or less dull and 
porous; friable, internally light brown or light yellowish orange. 
Inodorous; taste bitterish, very astringent. 

For further description see the N. F. VIII. 

Tests for Purity and Identity— 

Identification—An aqueous extract of Gambir (1 in 50) is colored 
an intense green with ferric chloride T.S. and does not precipitate 
with cupric sulfate T.S. 

Acid-insoluble ash—Not more than 0.5 per cent. 


Assay—Proceed as directed under Water-soluble extractive, and 
Alcohol-soluble extractive (page 1062). 
Uses—Little used in modern therapeutics. Formerly 


employed as an astringent in diarrheas. 

Gambir was introduced to replace catechu, because 
the quality of the former as obtained in commerce is 
much more uniform. It contains catechutannic acid, a 
peculiar form of tannin, which is insoluble in ether and 
turns greenish black with ferric salts. Catechin and 
catechol are also present. Owing to the decomposition 
of the tannic acid, the liquid preparations often gela- 
tinize. 

Average Dose—0.5 Gm. (approximately 7% grains). 


Compound Gambir Tincture N. F. Tinctura Gambir 


Composita 
(Tr. Gambir Comp.—Compound Pale Catechu Tincture] 
Metric Alternative 

Gambir, in dry, moderately coarse 

DOWGEL? Shy: eee oe ee E 200 Gm. 6 oz. av. 296 gr. 
Cinnamon, in fine powder........... 100 Gm. 302. av. 148 gr. 
Glycerin, 
Alcohol, each, a sufficient quantity, 

Lo: Makesrk -27.5 ie wk see eee 1000 cc. 2 pints 


Prepare the Tincture by Process P (page 267), using a mixture of 
9 volumes of alcohol and 1 volume of glycerin as the menstrum. 
Macerate the mixed drugs during 24 hours, and percolate slowly. 


Alcohol Content—From 75 to 80 per cent, by volume, of CegH50H. 
Storage—Keep the Tincture in tight, light- ressitant containers, and 
avoid exposure to direct sunlight or excessive heat. 


Uses—An obsolete preparation formerly used as an 
astringent in diarrheas. 
Average Dose—2 cc. (approximately 30 minims). 


HAMAMELIS LEAF N. F. Hamamelidis Folium 
[Witch Hazel Leaves] 


Hamamelis Leaf is the dried leaf of Hamamelis 
virginiana Linné (Fam. Hamamelidacee). It contains 
small amounts of tannin and bitter principles and a 
volatile oil. 


Description and Properties—Petiole from 1 to 1.5 cm. long; lamina, 
when entire, broadly elliptical or rhomboid-ovate, usually inequilateral, 

mostly from 8 to 12 cm. long; apex usually acute, sometimes rounded 
or acuminate; base slightly heart-shaped and oblique; margin sinuate. 
or sinuate-dentate; upper surface pale or brownish green, with a few 
stiff hairs; lower surface lighter in color, somewhat hairy, with midrib 
and veins prominent, the secondary veins running straight to the 
margin. Odor slight; taste paren Ae es aromatic and bitter. ¢ 
For further description see the N. B. VIIL 


masticated, it colors the saliva pink. 
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Tests for Purity— 
Stems—Not more than 5 per cent. 
Foreign organic matter—Not more than 2 per cent. 
Acid-insoluble ash—Not more than 2 per cent. 


Uses—It has been extensively used as an astringent 
and hemostatic, but its virtues have been greatly exag- 
gerated. 


Average Dose—2 Gm. (approximately 30 grains). 


Hamamelis Leaf Fluidextract N. F. 
Hamamelidis Foli 


Fluidextractum 


[Fldext. Hamam. Fol.—Witch-hazel Leaves Fluidextract] 


Prepare the Fluidextract from hamamelis leaf, in 
moderately coarse powder, by Process B (page 270). 
Use a mixture of 9 volumes of alcohol and 1 volume of 
glycerin as Menstruum I, and alcohol as Menstruum 11; 
macerate the drug 48 hours, and percolate at a moderate 
rate. 

Alcohol content—From 70 to 78 per cent, by volume, of CgpH5OH. 


Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—A mild astringent used locally. 
Average Dose—2 cc. (approximately 30 minims). 


Hamamelis Water N. F. Aqua Hamamelidis 
{[Aq.“Hamam.—Witch Hazel Water; Distilled Witch-hazel Extract] 


Macerate a weighed amount of the recently cut and 
partially dried dormant twigs of Hamamelis virginiana 
for about 24 hours in about twice their weight of water; 
then distil until not more than 850 cc. (27 fl. oz. 96 min.) 
of distillate is obtained for each 1000 Gm. (2 pounds av.) 
of the twigs taken; add 150 ce. (4 fl. oz. 384 min.) of 
alcohol to each 850 cc. (27 fl. oz. 96 min.) of distillate; 
mix thoroughly. 

Hamamelis Water should be clear and colorless. It 
has a characteristic odor. For Tests for Purity see the 
Ney VALI. 


Alcohol content—F rom 14 to 15 per cent, by volume, of CgH5OH. 
Storage—Keep the product in tight containers, in a cool place. 


Uses—This is practically a solution of aleohol and 
water, the volatile oil of the bark coming over in such 


minute amount that it can have no therapeutic value. 


It is used popularly as an embrocation. 


KINOINSE. Kino 


Kino is the dried juice obtained from the trunk of 
Pterocarpus Marsupium Roxburgh (Fam. Leguminose). 


Kino yields not less than 60 per cent of alcohol-. 


soluble extractive and not less than 75 per cent of water- 
soluble extractive. Kino contains kinotannic acid, 
pyrocatechin, kino-red, kinoin, gum, ete. Owing to the 
decomposition of the kinotannic acid, the liquid 
preparations, if not protected, frequently gelatinize. 
Kino tincture is heated to destroy an enzyme which it 
is said induces gelatinization by aiding in the decom- 
position of the kinotannic acid. 


Description and Properties—Small, brittle, angular fragments, usu- 


ally less than 10 mm. in diameter, varying in color from dark reddish 
brown to reddish black; inodorous; taste very astringent; when 


‘For further description and Assay see the N. F. VIII. 


Uses—An astringent, occasionally employed in diar- 
rheas. 


‘ 


fe: _ Average Dose—0.5 Gm. (approximately 7/4 grains). 
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Kino Tincture N. F ‘Tinctura Kino 


[Tr. Kino] 
Metric Alternative 
KORE EER ote eile irs Aicuis& cio horn Se 200 Gm. 1 oz. av. 293 gr. 
Alcohol, 
Glycerin, each, a sufficient quantity, ‘| 
ALOE. Gale oe Rete ya ee nee, ie 1000 cc. 8 fi. oz. 


Prepare a tincture by Process M (page 267), using a mixture 
of 9 volumes of alcohol and 1 volume of glycerin as the solvent. 


Alcohol content—From 70 to 76 per cent, by volume, of C2H5O0H. 
Storage—Preserve Tincture of Kino in a cool, dark place, in small 
tightly stoppered, completely filled bottles. 


Uses—An astringent preparation, occasionally em- 
ployed in diarrheas. 
Average Dose—2 cc. (approximately 30 minims). 


NUTGALL N. F. Galla 
{Gall.—Aleppo Galls, Smyrna Galls] 


Nutgall is the excresence obtained from the young 
twigs of Quercus infectoria Olivier and other allied 
species of Quercus (Fam. Fagacex). Nutgall contains 
about 50 per cent of tannin, 2 per cent of gallic acid, 
sugar, gum, resin, and starch. 

Description and Properties—Nearly globular, from 0.8 to 2.5 cm. in 
diameter, dense, most nutgalls sinking in water; externally dark olive- 
green to dark grayish, tuberculated on upper portion; basal portion 
smooth and contracted into a short stalk; fracture short, horny; 
internally grayish to dark brown, with a central slightly radiate por- 
tion; occasionally with a central cavity connected by a narrow, radial 
canal to the external surface; odor slight; taste strongly and per- 


sistently astringent. 
For further description see the N. F. VIII. 


Uses—It is used as an external astringent. 


Nutgall Ointment N. F. 
{Ung. Gall.] 


Unguentum Galle 


Caution—During its manufacture and storage, this 
Ointment must not come in contact with iron utensils or 
containers. 


Metric Alternative 
Nuotgallean very fine powder=men 60 2 ca 200 Gm 88 gr. 
WooliEat: eetammrs cts ce he darian cits tees 50 Gm 22 gr. 
Viellows Waxes ek ita trate 50 Gm 22. oT 
Petrolatunt: tere eee ae eres cone eee ake _700 Gm 306 gr. 
PROMS KGAA Serene ee Se ML ncoale hoe chs 1000 Gm 1 02. av. 


Melt the yellow wax in a suitable dish on a water bath, then 
add the wool fat and the petrolatum, and continue heating until 
the mixture is liquefied. Stir the mixture until it congeals and * 
then thoroughly incorporate the nutgall. 


Storage—Keep the Ointment in tight containers and avoid exposure 
to temperatures above 30°. 


Uses—An application for hemorrhoids. 4 


Unofficial Tannins and Related Astringent Drugs 


Acetyltannic Acid U. S. P. XI, Acetyltannin, Acetannin, Tannigen 
(Winthrop)—Obtained by the acetylation of tannic acid. A yel- 
lowish white or grayish white, almost tasteless and odorless powder, 
but darkens on exposure to light. Slightly soluble in alcohol but 
insoluble in cold water and dilute acids. Decomposed by solutions 
of alkali hydroxides or carbonates. Uses: intestinal astringent in 
diarrheal affections, particularly those of children. Dose: 0.6 
Gm. (10 grains). 

Agrimony (Agrimonia, Cocklebur, Stickwort)—The herb Agrimonia 
Eupatoria L. (Fam. Rosacex) found in Europe and North America. 
Contains tannin, bitter principle, and a volatile oil. 

Albumin Tannate, U. S. P. XI, Albutannin—This compound of al- 
bumin and tannic acid is a yellowish white, odorless powder; al- 
most insoluble in water and in the usual organic solvents. It is 
decomposed by aqueous solutions of alkali hydroxides and carbon- 
ates. Uses: similar to acetyltannin. Dose: 2 Gm. (30 grains). 

Bismuth Iodosubgallate—A grayish green, bulky powder; decom- 
posed by water. Uses: externally as a dusting powder for wounds 
and ulcers; also in ointments. 
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Bismuth Methylene Digallate, Bismal—A grayish blue, bulky pow- 


der; insoluble in water. Uses: an intestinal astringent. Dose: 
14% to 5 grains. : ; 
Bismuth Tannate—A yellow powder; insoluble in water. Uses: an 


intestinal astringent and antiseptic. 

Bistort (Adder’s Wort, Snakeweed)—The rhizome of Polygonum 
Bistorta L. (Fam. Polygonacez). Grows in Canada and the United 
States. Contains about 20 per cent of tannin. Uses: astringent 
in diarrhea. 

Castanea N. F. VII (Chestnut Leaves)—The dried leaf of Castanea 
dentata Borkhausen (Fam. Fagacez). Contains 9 per cent of 
tannic acid, mucilage, ete. Uses: formerly in whooping cough. 
Dose: 4 Gm. (1 drachm). 

Catechu U. S. P. VII (Black Catechu, Cutch, Kutch)—An extract 
prepared from the heartwood of Acacia Catechu W. (Fam. Legumin- 
ose), a moderate-sized tree indigenous to Eastern India and Burma; 
contains catechutannic acid, acacatechin, quercetin, and catechu red. 
Replaced by Gambir, page 564. 

Chimaphila N. F. VII (Pipsissewa)—The dried leaf of Chimaphila 
umbellata Barton (Fam. Hricacee). Contains 5 per cent of tannic 
acid, chimaphilin, ericolin, arbutin, urson, sugar, gum, etc. Uses: 
formerly in genito-urinary inflammations. Doses 2. Gm. (30 
grains 

Comptonia (Sweet Fern, Meadow-fern)—The leaves of Comptonia 
asplenifolia (Fam, M yricacez). Grows in the Northeastern United 
States. Contains Volatile oil, tannin, etc. Uses: formerly as an 
astringent in diarrhea. 

Diospyros (Persimmon)—The bark of Diospyros virginiana L. (Fam. 
Ebenacez). Grows in the United States. Contains tannin and 
malic acid. Uses: astringent. 

Epigeea (Trailing Arbutus, Ground Laurel)—The herb Epigeza repens 
L. (Fam. Fricacez). Found in North America. Contains tannin 
and other principles as found in Uva Ursi. 

Epilobium (Willow-Herb, Fire Weed)—The leaves and root of Hpi- 
lobium angustifolium {i (Fam. Onagracee). Found in Northern 
Hemisphere. Contains tannin, mucilage, etc. Uses: astringent. 

Epiphegus (Beech Drops, Cancer Root)—A parasitic plant, L’piphe- 
gus virginiana L. (Fam. Orobanchacez). Grows on beech trees. 
Contains tannin, bitter principle, etc. Uses: formerly in cancer. 


Geranium N. F. V. (Cranesbill)—The dried rhizome of Geraniwm 
maculatum L. (Fam. Geraniacee). Contains about 15 per cent of 
tannin, color, starch, sugar, pectin, etc. Uses: astringent. Dose: 
1 Gm. (15 grains). 

Haematoxylon N. F. V.—See Coloring Principles (page 947). 

Hepatica (Liverwort)—The leaves of Hepatica triloba, found in North 
America. Contains tannin, mucilage, etc. 

Heuchera (Alum Root)—The rhizome of Heuchera americana L. 
(Fam. Sazxifragacee). Found in the United States. Contains 
nearly 20 per cent of tannin. Uses: astringent. 


Hieracium (Hawkweed, Rattlesnake Weed)—The leaves and roots of 
Hieracium venosum (Fam. Composite). Found in North America. 
Contains tannin. 

Horse Chestnut (Hippocastanum)—The bark of #sculus 
castanum L. (Fam. Hippocastanacee). Grows in North America. 
Contains tannin, saponin, etc. The glycoside esculin is used in 
patent remedies, in the form of ointments and pastes, to protect the 
skin from sunburn. 

Ilex Paraguariensis (Maté, Paraguay Tea)—The leaves of Ilex para- 
guariensis (Fam. Aquifoliacez), grown in Brazil. Contains tannin 
and caffeine. Uses: as a beverage by the inhabitants of South 
America; formerly in fever, gout, etc. 

Krameria N. F. VII (Rhatany)—The dried root of Krameria triandra 
Ruiz et Pavon (Peruvian Rhatany) or of Krameria argentea Mar- 
tius (Para or Brazilian Rhatany) (Fam. Leguminose). Contains 
krameria-tannic acid, starch, gum, krameric acid, etc. Uses: as- 
tringent in diarrhea and leucorrhea. Dose: 1 Gm. (15 grains). 


Monesia (Buranhem, Guaranham)—A vegetable extract from the 
bark of Pradosia lactescens (Fam. Sapotacex), growing in Brazil. 
Contains tannin, saponin, etc. Uses: astringent and stomachic. 
Dose: 0.125 to 0.6 Gm, (2 to 10 grains). 


Myrobalans (Myrobalanum)—The fruit of various species of TYer- 
minalia (Fam. Combretaceze), growing in Southern Asia. Contains 
= to 45 per cent tannin and a cathartic principle. Uses: in diar- 
rhea. 

Nymphea (Water Lily, Pond~Lily)—The rhizome of Nymphxa 
odorata (Fam. Nymphxacez), growing on ponds in the United 
States. Contains tannin and mucilage. Uses: formerly in diar- 
rhea, leukorrhea, etc. 

Potentilla (Cinquefoil)—The root of Potentilla canadensis, growing 
in the Eastern United States. Contains large amounts of tannin. 
Uses: formerly in diarrhea and catarrh. 

Pulmonaria (Lungwort, Jerusalem Sage, Spotted Comfrey)—The 
leaves of Pulmonaria officinalis (Fam. Boraginacex), growing in 
Europe but cultivated widely. Containstannin. Uses: formerly 
in bronchitis. 

Quercus N. F. V (White Oak Bark, Stone Oak)—The dried inner bark 
of the trunks and branches of Quercus alba L. (Fam. Fagacee). 
Contains quercitannic acid, oak-red, pectin, resin, wax, fat, and a 
sweet cyclic alcohol called quercitol. Uses: formerly as an astrin- 
gent in leukorrhea and hemorrhoids. Dose: 1 Gm. (15 grains). 


Quercus Tinctoria (Black Oak Bark)—The bark of Quercus tinctoria 
(Fam. Fagacee), growing in the United States. The powdered 
bark, deprived of its epidermis and powdered, is known as Quer- 
citron, used in dyeing. Contains tannin, etc. 

Rhus Glabra N. F. IV (Sumac Berries)—The dried, ripe fruit of Rhus 
glabra L. (Fam, Anacardiacex). Contains salts of malic acid, 
tannin, gallic acid, and red color. Uses: formerly as an astrin- 
gent gargle and in diarrhea. 


Hippo- 
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Rosa Centifolia (Pale Rose, Cabbage Rose)—The petals of Rosa 
centifolia L. (Fam. Rosacex#). Contains tannin, volatile oil, sugar, 
etc. Uses: a flavor. 


Rubus N. F. V (Blackberry Bark)—The dried bark of the rhizome and 
roots of the section Hubatus Focke, of the genus Rubus L. (Fam. 
Rosacex). Contains coloring matter, tannin, gum, etc. Uses: 
astringent in diarrhea. 


Rumex N. F. V (Yellow Dock, Curled Dock, Dock Root)—The dried 
root of Rumesx crispus L. or R. obtusifolius L. (Fam. Polygonacez). 
Contains rumicin, emodin, emodin derivatives, etc. Uses: astrin- 
gent. Dose: 4 Gm. (1 drachm). 


Spirea (Hardhack, Steeplebush, Whitecap)—-The root of Spirea 
tomentosa (Fam. Rosacee). Grows along Hastern seaboard of the 
United States and Canada. Contains tannin, etc. Uses: form- 
erly in diarrhea. Dose: 0.32 to 1.3 Gm. (5 to 20 grains). 


Statice (Marsh Rosemary, Sea Lavender, Ink Root)—The root of 
Statice Limonium L. (Fam. Plumbaginacex), growing along sea- 
coast of the United States. Contains 12 per cent of tannin, vola- 
tile oil, ete. Uses: formerly as a local astringent. 


Tormentilla (Tormentil, Septfoil)—The rhizome of Tormentilla erecta. 
Grows in Europe. Contains 20 per cent of tannin, red color, etc. 
Uses: astringent. 


Specialties Containing Tannins or Related Compounds 


Airol Suppositories (Hoffmann-La Roche)—Rectal suppositories, 
each containing 0.324 Gm. (5 gr.) bismuth oxyiodide-subgallate 
compound, 0.097 Gm. (1% gr.) Larocaine, 0.016 Gm. (% gr.) 
Syntropan, and 0.162 Gm. (24% gr.) Thigenol. Uses: hemorrhoidal 
suppositories. 

Amertan (Lilly)—Water-soluble jelly containing 5 per cent tannic 
acid, and 1:5000 Merthiolate (sodium ethyl mercuri thiosalicylate). 
Uses: antiseptic burn therapy. 


Bismu-Cal (Ulmer)—Liquid containing bismuth subgallate, calcium 
carbonate, opium tin¢ture, and ginger as a flavor. Uses: intesti- 
nal astringent in diarrhea. Dose: 1 tablespoonful. 


Burntone (McKesson)—A pale, straw-colored, clear gel containing 
chlorobutanol, oxyquinoline tannate, and tannicacid. Uses: burn 
therapy. % 


Eldoform (Winthrop)—Tablets, 0.324 Gm. (5 gr.) containing a light 
gray, tasteless and odorless powder consisting of a tannin-yeast 
combination (Cervitan). Uses: intestinal astringent. Dose: 2 or 
3 tablets. 


Estivin (Schieffelin)—Aqueous extract of Rosa gallica; its active con- 
stituent is rosatannic acid. Uses: allergy therapy in hay fever. 
Dose: 1 drop in inner canthus of eye. 


Hazeline (Burroughs Wellcome)—Liquid containing the volatile 
principles obtained by distillation from the bark of witch hazel, 
Hamamelis virginiana. Uses: external astringent. Also sup- 
plied as Hazeline Cream, Hazeline Soap, and Hazeline Snow (non- 
greasy and vanishing). 


Hexyltan Jelly (Sharp and Dohme)—Water-soluble jelly containing 

0.1 per cent caprokol (hexylresorcinol) and 5 per cent tannic acid. 
Uses: antiseptic burn therapy. 
Hexyltan Solution—Contains 0.1 per cent caprokol (hexylresorci- 
nol), 4 per cent glycerin and 5 per cent tannic acid. Note: Owing 
to their tannic acid content these preparations will darken with 
age, and contact with iron should be avoided. 


Lenigallol N. N. R. (Bilhuber-Knoll)—White, crystalline powder con- 
sisting of triacetylpyrogallol [CgH3(OCOCHs)3]. Uses: favors 
normal keratinization of non-nuclear epidermal tissues; relieves. 
hyperemia, exudation, and itching. For use in eczema, mycosis 
between toes and fingers, dermatophytosis, ete. Applied in 5 to 10 
per cent ointment, usually with zinc oxide. 

Lenigallol-Zinc Ointment N. N. R.—Contains 6 per cent Lenigallol 
in zinc oxide ointment U.S. P. 

Protan, Tannin Nucleo-Proteid Mulford (Sharp'and Dohme)—Tannic 
acid chemically combined with casein. Made by adding a solution 
of tannic acid to an alkaline solution of casein, collecting and drying 
the precipitate. A light brown, tasteless powder, insoluble in 
water or dilute acids. Free from astringent action on the mouth 
and stomach; does not coagulate albumin or precipitate pepsin or 
peptones. Uses: intestinal astringent in diarrhea. Dose: 1 to 
2 Gm, (15 to 30 grains). 

Tanacar (Endo)—Mint-flavored liquid containing tannic acid and 
phenol. Uses: healing astringent for inflammation of mouth or 
throat, applied as spray or gargle undiluted; as a mouth wash 
diluted with an equal volume of water. 

Tanipaste (Upjohn)—Water-soluble paste containing 10 per cent 
tannic acid and 1 per cent pentacresol (secondary-amyltricresols). 

Uses: tannic acid burn therapy. 

Tannafax (Burroughs Wellcome)—Jelly containing 5 per cent tannic 
acid with 0.02 per cent o-chloromercuriphenol. Uses: tannic acid 
burn therapy. 

Tannalbin (Bilhuber-Knoll)—Powder or tablets (0.3'Gm.) containing 
tannin proteinate (50 per cent tannin). Uses: intestinal astrin- 
gent. Dose: % teaspoonful powder or 3 to 6 tablets. 


Tannigen (Winthrop)—Light gray, almost odorless and tasteless 
powder consisting of acetyltannic acid. Uses; intestinal aes 
gent. Dose: 0.5 to 1 Gm. (8 to 15 grains). 


Tannoform, Tannin-formaldehyde (Merck)—A compound of tatane . 
acid and formaldehyde obtained by adding formaldehyde to an 
aqueous solution of tannic acid and precipitating with hydrochloric 
acid. A reddish brown powder, insoluble i in water. Uses: simi- 


lar to Tannic Acid. Dose: 0.25 to 0:5 Gm. (4 to 8 grains). 
é 
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ACID ANHYDRIDES 


Acid anhydrides are related to acids in the same way 
that ethers are related to alcohols. They are formed by 
the loss of one molecule of water between two carboxyl 
groups, or between an alcoholic or phenolic hydroxyl 
group and a carboxyl group. There are therefore three 
main types of anhydrides: (1) the anhydrides formed 
from monobasic acids, e. g., acetic anhydride; (2) the 
anhydrides formed from dibasic acids, e. g., phthalic 
anhydride; and (3) the inner anhydrides, known as 
lactones, which are formed from gamma hydroxy acids, 
: g., coumarin. Examples of these types are given be- 
ow: 


O 
a" Lee | \ 
O 
ane Na hia hex 5 aio 
\ 
O 
acetic anhydride phthalie coumarin 
anhydride 


Mixed Anhydrides may be formed also. For ex- 
ample, acetyl chloride [CHsCOCI] is the anhydride of 
acetic acid and hydrochloric acid, and acetic-propionic 
anhydride is the anhydride of acetic and propionic acids. 

Some acids, such as lactic acid, always contain a 
certain proportion of their anhydride when they are 
concentrated, hence the special treatment required 
during titration, See the assay under Lactic Acid 
(page 543). 

The anhydrides are hydrolyzed by water to form the 
normal acid, and they react with hydroxyl groups and 
other reactive radicals to form esters and other com- 
pounds. Thus, phthalic anhydride reacts with phenol 
to form phenolphthalein or with resorcinol to form 
fluorescein, and acetic anhydride reacts with amy] alco- 
hol to form amy] acetate. 


CANTHARIDES N. F. Cantharis 
{Spanish Flies, Russian Flies, Pulvis Cantharidis P. I.] 


Cantharides consists of the dried insects, Cantharis 
veiscatoria (Linné) DeGeer (Fam. Meloidex). Can- 
tharides yields not less than 0.6 per cent of cantharidin. 

Caution: Cantharides having an ammoniacal odor 
must not be used. 

Description and Properties—The N. F. VIII gives a description of 
nground and Powdered Cantharides. 
Tests for Purity— 


Mylabris beetles—No insects with black and yellowish orange 
striped elytra are present. 


Moisture—Not more than 10 per cent. CH O 
Assay—An accurately weighed quantity of Can- Dae 3 y, 
tharides in moderately coarse powder, is extracted | eee 
by acidifying and shaking with a warm mixture 
of benzene and petroleum benzin in a pressure O O 
bottle. After cooling, an aliquot portion of the | CG if 
solution of cantharidin is decanted, evaporated to NIA NG 
asmall volume, and an equal volume of chloroform CHgs O 


is added. The crystals of cantharidin, remaining 
after the solvent has evaporated, are washed with 
a mixture of equal volumes of dehydrated alcohol 
and petroleum benzin saturated with cantharidin, dried at 60° for 
30 minutes and weighed. 


cantharidin 


Uses—Cantharides is an irritant. When taken in- 
ternally it is irritant to the gastrointestinal tract and, 
after absorption, to the urinary tract. For the latter 
reason it has an unwarranted reputation as an aphro- 
disiac. Cantharides is highly toxic when taken orally. 
The therapeutic applications of cantharis are limited 
alt to its irritant action on the skin. The drug is used as 


a counterirritant in the form of a plaster. Because of 
the fact that limited absorption can take place through 
the skin, it is even dangerous to use in this manner, 
Mustard is preferable as an irritant, 


Cantharides Cerate N. F. Ceratum Cantharidis 
[Blistering Cerate] 


Metric Alternative 
Cantharides, in very fine powder... 350 Gm. 5 oz. 263 gr. 
Glacial AcetictACidinnsc celctes vem ne 25 cc. 182 min. 
UMEPENLIN GL Olee ss ener cite eee 150 cc. 2 fi. 144 min. 
VCO WA WidKot ort erent ete 175 Gm. 2 02 350 gr 
OSIM Sp an teratners ere esi retaal 175 Gm. 2 02 350 gr 
Benzoinated! Ward a7 one kee ee 200 Gm. 302 88 gr 
KLogmi ake Mamas ant tn Sipe tatous 1000 Gm. 1 av. lb. 


Moisten the cantharides with the turpentine oil and the glacial 
acetic acid, previously mixed, and macerate in a well-covered 
container in a warm place for 48 hours. Melt together the rosin, 
yellow wax, and benzoinated lard, strain the mixture through 
muslin, add the macerated cantharides, and keep the mixture in 
a liquid condition by heating it on a water bath, stirring it occa- 
sionally, until it is reduced in weight to 1000 Gm. Discontinue 
the heating, and stir the Cerate until it congeals. 


plbsabe alice the Cerate in well-closed containers at a temperature 
below 40°, 


Uses—See Cantharids. 


Cantharides Tincture N. F. Tinctura Cantharidis 


(Tr. Canthar.—Tinctura Cantharidis P. I.] 


Metric Alternative 
Cantharides, in fine powder......... 100 Gm. 3 av. oz. 148 gr. 
Glacial Acetic Acid 
Alcohol, each, a sufficient quantity, 
DOSING KO see at Reeve liiorsscVayotoust tues 1000 cc. 2 pints 


Mix the cantharides with 100 ce. (1 fl. oz. 288 m.) of glacial 
acetic acid and 100 ce. (1 fl. oz. 288 m.) of alcohol, and macerate 
the mixture in a suitable closed vessel during 4 days in a warm 
place. Then transfer the mixture to a percolator, and percolate 
slowly, using alcohol as additional menstruum until the Tincture 
measures 1000 cc. Mix the product thoroughly. 


Alcohol Content—From 78 to 84 per cent, by volume, of CopHs5OH. 


Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 


Uses—See Cantharides. 
Average Dose—0.1 cc. (approximately 1'/. minims). 


SANTONIN N. F. Santoninum 


CHg3 
ee 
| 4 “o—Cc—0 
CHs 


Santonin [C,;5H,s03 = 246.29] is the lactone (inner 
anhydride) of santoninic acid. 

Preparation—Santonin is obtained from santonica 
(wormseed), the dried, unexpanded flower heads j*of 
Artemisia Cina, and from other species of Artemisia. 
The principal source of wormseed is the Levant (Asia 
Minor), but within the last two decades the Spanish 
flower has become a keen competitor. For the prepa- 
ration of santonin, the santonica is extracted with 
milk of lime, which converts the santonin into the 
water-soluble calcium santoninate. This salt is found 
in the filtrate and when the latter is acidified with 
hydrochloric acid, santoninic acid is liberated. The 
acid immediately lactonizes to santonin. 

Description and Properties—Santonin occurs as colorless crystals of 


as a white, crystalline powder. It is odorless, and nearly tasteless 
at first, but afterward develops a bitter taste. It is stable in the air, 
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but rapidly becomes yellow on exposure to light. An alcohol solution 
of Santonin is neutral to litmus paper. Santonin melts between 
170° and 173°, and its specific rotation in alcohol is —170° to —175°. 
Solutions of the alkali or alkaline earth hydroxides convert santonin 
into the corresponding salts of santoninic acid. One Gm. of Santonin 


dissolves in about 45 ce. of alcohol, and in about 2 ec. of chloroform, 
at 25°. One Gm. dissolves in about 6.5 cc. of boiling alcohol. It is 
almost insoluble in cold water, and only slightly soluble in boiling 
water. 


) When heated with alcoholic potassium hydrox- 


ide, ared color is produced. (2) A violet color is produced when about 
10 mg. of Santonin is shaken with a cool mixture of 1 ec. each of sulfuric 
acid and water, then a drop of a diluted ferric chloride solution added. 
Tests for Purity— 


Residue on ignition—Not more than 0.1 per cent. 
Alkaloids—A solution prepared by boiling santonin with water, 


acidified with sulfuric acid, then cooled and filtered, gives no cloudi- 
ness on the addition of alkaloidal precipitants, e. g., Mayer’s reagent 
or iodine T.S. 

Storage—Keep it in tight, light-resistant containers. 


Uses—Santonin is one of the oldest anthelmintics. 


It is still extensively employed in the treatment of 
ascaris infestation. It is given on an empty stomach in 
the average adult dose of 0.06 to 1.2 Gm. It should be 
followed by a saline cathartic. 


Average Dose—60" mg. (approximately 1 grain). 


Santonin and Mild Mercurous Chloride Tablets N. F. 


Tabelle Santonini et Hydrargyri Chloridi Mitis 


{Santonin and Calomel Tablets] 


Santonin and Mild Mercurous Chloride Tablets con- 


tain not less than 92.5 per cent and not more than 107.5 
per cent of the labeled amount of santonin [C,5H 1g03| 
and of HgCl. 


Tests for Identity—The presence of santonin and of calomel may be 
ascertained as follows: A 200-mg. portion of the powdered tablets is 
completely extracted with chloroform; the insoluble residue responds 
to the reactions for calomel, and the residue resulting from the evapo- 
ration of the chloroform extract yields the identification reaction de- 
seribed under Santonin. 

Assay for Santonin—A counted number of the Tablets is carefully 
powdered, and a weighed portion of the powder, equivalent to about 
300 mg. of santonin, is completely extracted with hot chloroform. 
The solution is evaporated and the residue of santonin dried and 
weighed, 

Assay for Mild Mercurous Chloride—From a weighed quantity of the 
powdered Tablets, obtained as in the preceding assay and equivalent 
to about 300 mg. of calomel, the santonin is completely extracted with 
warm chloroform, then the insoluble residue assayed for calomel*as 
described in the Assay of Mild Mercurous Chloride. 

Storage—Keep the Tablets in tight, light-resistant containers. 


Average Dose—60 mg. (approximately 1 grain) of 


Santonin; 0.12 Gm. (approximately 2 grains) of Mild 
Mercurous Chloride. 


Santonin Tablets N. F. Tabelle Santonini 


Santonin Tablets contain not less than 92.5 per cent 


and not more than 107.5 per cent of the labeled amount 
of santonin [C;5H 03]. The santonin may be identi- 
fied and determined by the methods described under 
Santonin and Mild Mercurous Chloride Tablets. 


Storage—Keep the Tablets in light-resistant containers. 


Average Dose—60 mg. (approximately 1 grain) of 


Santonin. 


Unofficial Organic Acids 


p-Aminohippuric acid, p-aminobenzoyl aminoacetic acid [HzgNC¢H 4- 


CONHCH sCOOH]— White crystals melting at about 198°. Spar- 
ingly soluble in water or alcohol, very slightly soluble in chloroform 
or ether; soluble in alkali hydroxides or carbonates. Uses: for 
measuring the effectiveness of renal plasma flow and to determine 
the functional capacity of the tubular excretory mechanism. It is 
administered intravenously in the form of the sodium salt. 


Butyric Acid [CH3CH2gCH gCOOH]—Present in butter to the extent 


of 4 to 5 per cent. Colorless liquid of unpleasant, rancid odor. 
Specific gravity 0.96, boils at 162°, and solidifies at about —19°. 
Miscible with water or alcohol. Some esters of this acid serve as 
bases for artificial flavoring ingredient of liqueurs. So-called 
pineapple oil is an alcohol solution of ethy] butyrate. 
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Camphoric Acid, U. S. P. VIII [CgHy4(COOH).2|—Colorless or 
white, odorless crystals. Melts between 186° and 188°. Specific 
rotation in alcohol is about +47°. One Gm. dissolves in about 125 
ec. water, in 10 ec. boiling water, 1 ce. of alcohol, 20 cc. of glycerin; 
also soluble in chloroform, ether, fats, and oils. Uses: formerly 
given orally as an anhydrotic; also, in alcohol solution, as a spray 
or irrigation for nose and throat infections. Dose: 0.5 to 2 Gm. 
(8 to 30 grains). 

Caproic Acid, Hexoic Acid [CH3(CHg)4COOH]|—Its name derives 
from the Latin for goat having been found first in goats’ milk. It 
is also present in coconut oil and in Limburger cheese. A colorless 
to slightly yellow oily liquid of unpleasant odor. Specifie gravity 
0.93, boils at 205°, and solidifies at about —2°. Slightly soluble in 
water, soluble in alcohol or ether. Uses: for the manufacture of 
esters for artificial flavors. 

Cinnamic Acid [(CgHs5CH=CHCOOH]—White crystals of a slight 
cinnamon-like odor. Melts at 133°. Almost insoluble in water; 
soluble in alcohol, methanol, benzene, ether, acetone, carbon disul- 
fide, chloroform. Uses: formerly as an antiseptic and antituber- 
cular. Dose: orally, 0.1 to 0.2 Gm. (1% to 3 grains); by injection 
(of the sodium salt), 2 to 15 mg. }49 to 4% grain). 


2,4-Dichlorophenoxyacetic Acid, 2,4-D Es Maat | 
Fell 


—A white or yellow powder, insoluble in water, but soluble in 
solutions of alkali carbonates or hydroxides, and also in poly- 
ethylene glycols. The sodium salt is soluble in water. Uses: a 
weed killer for lawns. Applied as a 0.1 per cent solution. 

Glutamic Acid—See Amino Acids (page 665). 

Glycollic Acid, Hydroxyacetic Acid {HO.CH2g. COOH]|—A constitu- 
ent of cane sugar juices. Colorless, odorless crystals, melting at 
80°. Freely soluble in water; soluble in alcohol. 

Hippuric Acid, Benzoylaminoacetic Acid [CgH5CO.NH.CHo.- 
COOH]—This acid is present in the urine of herbivorous animals, 
and in earlier times it was a source of benzoic acid which was ob- 
tained from it by hydrolysis. Colorless or white, odorless crystals, 
melts at 187—-188°. Soluble in about 250 parts water; slightly 
soluble in cold alcohol, but freely soluble in hot alcohol; soluble in 
aqueous solutions of sodium phosphate; very slightly soluble in 
ether or chloroform; insoluble in benzene. Sodiwm iodohippurate, 
a derivative of hippuric acid, is used as a contrast medium in X- 
ray examination of kidneys and ureters. 

Indoleacetic Acid, 3-Indolylacetic Acid, 

Heteroauxin—White, odorless or practi- — CH 2COOH 
cally so, leaflets or crystalline powder. 

Insoluble in water but soluble in alcohol wh 

or ether: Melts at 168° to 170°. Fre- \NH 

quently referred to as an auxin or plant : 

hormone. Uses: for promoting and accelerating the rooting of 
plant clippings, in very dilute solutions or in powder form mixed 
with kaolin or other inert material. 

Indolebutyric Acid, 3-Indolylbutyric Acid—Similar in chemical and 
other properties to the above acetic acid derivative. 

Indolepropionic Acid, 3-Indolylpropionic Acid—Similar to the two 
preceding plant hormones. 

Lauric Acid [CH3(CHeg)i9.COOH]—It occurs as the glyceride in 
laurel oil, hence the name /auric acid, in coconut oil, and in some 
other vegetable oils or fats. White, crystalline powder having a 
slight odor of bay oil. Specific gravity about 0.87 at 50°. 
Melts at about 44°. Distillable without decomposition under 
reduced pressure. Insoluble in water; freely soluble in alcohol, 
ether, and benzene. Ethyl lawrate is used as a vehicle for drugs in 
place of vegetable oils. 

Linoleic Acid, Linolic Acid [CH3(CH2)4CH: CHCH CH: CH(CH 9g) 7- 
COOH] and 

Linoleinic Acid [CH3(CH2gCH: CH)3(CHe)7.COOH)] are unsatu- 
rated acids occurring as the glycerides in linseed, cottonseed, 
poppy seed, and most drying oils. They are colorless or practically 
colorless liquids. Specific gravity of linolenic acid is about 0.91. 
Both acids are insoluble in water, but are soluble in organic solvents. 
Vitamin-like physiologic action has been claimed for linoleic acid. 

Maleic Acid, Toxilic acid [HOOCCH=CHCOOH]—Prepared by the 
oxidation of benzene vapor with air in presence of vanadium pent- 
oxide as catalyst. White crystals, melting at 130°. Freely soluble 
in water or alcohol. Somewhat toxic. This acid and its anhydride 
are extensively used in the manufacture of the ‘‘alkyd”’ type resins. 
Uses: In concentrations of 1 in 10,000 it appreciably retards ran- 
cidity of fats and oils. 

Malic Acid, Hydroxysuccinic Acid, Apple Acid ,[HOOCCH(OH)- 
CH 2COOH]—This acid is present in apples, and was discovered 
by the famous Swedish pharmacist, Scheele, in 1785. Maple juice 
is particularly rich in this acid. White crystals, melting between 
99° and 100°. Freely soluble in water, alcohol or ether. Sodium 
malate is available on the market under the trade name Hka Salt 
(page 570). 

Malonic Acid [HOOCCH2COOH]|—Prepared by the interaction of 
monochloroacetic acid and sodium cyanide, followed by the 
hydrolysis of the resulting cyanoacetic acid. White crystals melt- 
ing at about 135° with decomposition; very soluble in water; 
freely soluble in alcohol, ether. Uses: This acid enters into the 
synthesis of barbital and of many other barbiturates. 

B-Naphthoxyacetic Acid [Cy9H7OCH2COOH]|—White, crystalline 
powder. Insoluble in water. Soluble in alcohol. Uses: for 
spraying apple trees to prevent premature dropping of the fruit. 


a-Naphthylacetic Acid [Cio0H7CHgCOOH]—White crystals or ~ 


crystalline powder. Melts at 46° to 49°. Insoluble in water, 
soluble in 30 parts of alcohol, also soluble in acetone, chloroform, 
or ether. Uses: as a spray for apple trees to reduce premature 
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dropping of immature fruits; also promotes rooting of plant cut- 
tings. : 

Palmitic Acid, Cetylic Acid [CH3(CHe)14.COOH]—It occurs as the 
glyceride in many oils and fats, particularly in palm oil from which 
the acid derives its name. White, crystalline scales. Specific 
gravity about 0.85 at. 62°. Melts at 63-64°. The commercial 
acid melts at a lower temperature, depending on the degree of its 
purity. It is insoluble in water, sparingly soluble in cold alcohol, 
freely soluble in hot alcohol, in ether, chloroform, and other alco- 
hols. 

Propionic Acid [CH3gCH2gCOOH]—Colorless liquid with a pungent 
odor. Obtained by oxidizing n-propyl alcohol or propane. Its specific 
gravity is 0.998 at 15°, it boils at 141°, and solidifies at 1 —22°. 
Miscible with water or alcohol. When anhydrous it dissolves in 
chloroform or ether. Uses: in the form of its calcium and sodium 
salts for the prevention of bread molding. The anhydride is used 
in the preparation of the propionates of the sex hormones. Phenyl- 
alanine, one of the essential amino acids, is a derivative of propionic 
acid. 

Ricinoleic Acid [CH3(CHg)5CHOH.CH 2CH: CH(CH 2),COOH]— 
Present as an ester in castor oil and is presumed to be the purgative 
principle of this oil. When pure, it is white and crystalline; the 
acid of commerce is usually a yellow viscid mass. Insoluble in 
water, soluble in alcohol, chloroform, ether. This acid has a 
specific rotation of about +5°. 

Succinic Acid, Amber Acid [HOOC.CH2CH gCOOH]—The name of 
the acid is derived from Succus, the Latin word for amber, having 
been first obtained by the distillation of amber: It is present in 
amber, fossilized wood, turpentine and in many plants. Colorless, 
or white, odorless crystals, melting between 185° and 187°. One 
Gm. dissolves in 13 cc. of water, 1 ec. of boiling water, about 19 cc. 
alcohol, or 6 cc. methanol. Soluble in acetone and glycerin; 
slightly in ether. Uses: in the manufacture of lacquers and esters 
for perfumes; also for the production of several of its salts, such 
as sodium and iron succinates which are used to some extent medi- 
cinally. See Benzyl, Ferric, and Sodium Succinates below. 

Sulfanilic Acid—See Reagents (page 1070). c 

Thioglycollic Acid [HS.CH2COOH]—Made by heating monochloro- 
acetic acid with potassium or sodium hydrogen sulfide. A colorless 
liquid of a strong, unpleasant odor. Miscible with water, and sol- 
uble in alcohol. This acid is a very sensitive reagent for iron. Its 
salts, e. g., antimony or bismuth sodium thioglycollates, are used 
as medicinal agents, and sodium thioglycollate is extensively used 
in the preparation of ‘‘thioglycollate culture medium” in bac- 
teriologic work. ; t 

Undecylenic Acid [CH2g = CH(CHg) sCOOH]— White, crystals with 
an odor suggesting perspiration. Sp. gr. 0.910. Melts at 24.5°. 
Boils at 275°. Insoluble in water; soluble in alcohol, chloroform, 
ether. Zinc undecylenate (white powder resembling zinc stearate) 
and copper undecylenate (bluish green powder) are water repellant. 
Uses: the salts are effective fungicides in the treatment of der- 
matophytosis, dermatomycosis and tinea capitis. See Desenex. 

Uric Acid [C5H4N403]—The chief end-product of nitrogen metabo- 
lism of birds and scaly reptiles, and is, therefore, present in their 
excrement. It is also present in the urine of all carnivorous ani- 
mals. The acid is generally obtained from guano, and occurs as 
white, odorless crystals, decomposing when strongly heated, with 
the evolution of hydrogen cyanide. It is insoluble in water, alco- 
hol, or ether; soluble in glycerin, in solutions of alkali hydroxides 
and their carbonates, as well as in solutions of sodium acetate or 
phosphate. 


Unofficial Derivatives and Salts of Organic Acids 


Benzyl Succinate [CgHsCH2.00C.CH2.CH2g.COO.CH2CeH Al 
(Tablets 0.259 Gm. [4 gr.], by Hynson; and Powder by Merck)— 
White crystalline powder consisting of dibenzyl succinate. Melts 


at 45°. Insoluble in water; soluble in alcohol, ether, chloroform, 
glycerin, and oils. Uses: antispasmodic used to relax smooth 
muscle. Dose: 0.259 Gm. (4 grains). 


Bismuth Ethylcamphorate N. N. R. [Bi(C10H1404C2H 5) 3]—An oil- 
soluble white powder, having a faint aromatic odor. Insoluble in 
water but soluble in chloroform, ether, and in vegetable oils. Its 
bismuth content is about 23 per cent. Uses: antisyphilitic by 
intramuscular injection of its solution in oil. Dose: 2 cc. of a 15 per 
cent solution (about 80 mg. Bi). : ee 

Bismuth Quinine lodide N. N. R., Quinby, Todobismuthate of Quinine, 
Spirobismol—A substance of variable composition containing be- 
tween 18 and 20.1 per cent of bismuth, between 48.7 and 53.5 per 
cent of iodine; and quinine. Uses: an oil-soluble product em- 
ployed in syphilotherapy in the dose of 0.16 to 0.32 Gm., intramus- 
cularly, twice weekly. See discussion under Bismuth Subsalicylate 

age 549). 

Bah epee Thioglycollate—See Thio-Bismol (page 570). 

Calcium Methionate, Calcium methanedisulfonate,[CaCH o(SO 3) 9.- 
2H 2O]—White crystals or crystalline powder, having a slight odor. 
Stable in the air. Soluble in about 21% parts of water to a neutral 
solution; almost insoluble in alcohol. Uses: calcium therapy by 
subcutaneous administration, especially in veterinary medicine. 

Calcium Thioglycollate [((HS.CH2COO)Ca]—A white powder, odor- 
less oy haying a slight sulfidic odor. It is freely soluble in water; 

~ slightly in alcohol. Uses: in hair-waving preparations; also in 
depilatories. ; 

Ferric Malate [Feo(C4H405)3]|—Brown, hygroscopic scales, slowly 
soluble in water or alcohol. Equal parts of ammonium citrate aids 
solution. Uses: formerly as a hematinic and tonic. ‘ 

Ferric Succinate—Basic salt of variable composition. Reddish brown 
‘powder, insoluble in cold, partly decomposed by hot water, forming 

a more basic salt. Soluble in dilute acids. Uses: a tonic. 


Geld and Sodium Thiomalate—See Myochrysine (page 570). Uses: 


s 
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Gold and sodium thiomalate is used for the same purposes and in 
the same manner as Gold and Sodium Thiosulfate. 

Manganese Butyrate [Mn(C4H7O2)2.2H2O|]—Rose-red crystals 
with a slight odor of butyric acid. Freely soluble in water. Oxi- 
dizes in the air and becomes brown and incompletely soluble. 
Uses: formerly in the treatment of dermatologic infections; also 
intramuscularly in gonorrhea. Dose: 1 cc. of a 1 per cent solution, 
Only 2 injections should be given at intervals of 5 days. 

Sodium Alizarinsulfonate—See Reagents. 

Sodium Cinnamate [CgH;5CH:CHCOONa]—White, crystalline 
powder, soluble in about 10 parts water, more soluble in hot 
water or in water containing chlorides or nitrates. Soluble in about 
160 parts alcohol; soluble in glycerin. Uses: formerly as an anti- 
septic in tuberculosis and cystitis. Its value has not been estab- 
lished. Dose: 10-60 mg. (1% to 1 grain). 

Sodium Diethyl Dithiocarbamate—See Reagents. 

Sodium Formaldehyde Sulfoxylate (Merck)—Dry ampuls (10 or 20 
Gm.) containing HOCH 2S02Na. 2H 20, colorless or white crystals, 
soluble in water. Uses: mercury antidote reducing corrosive 
mercuric chloride to insoluble mercurous salts, or metallic mercury 
Also used in the manufacture of Neoarsphenamine and as a reducer 
in dyeing fabrics. See Mercury Bichloride (page 461) under ‘‘ Anti- 
dotes.”’ Dose: 10 Gm. in % glass of water swallowed or in 500 
ce. water administered with a stomach tube and first half of solu- 
tion recovered by siphonage, the last portion remaining in stomach; 
10 Gm. in 150 ce. of sterile, distilled water, intravenously. 

Sodium Glutamate, Sodium Acid Glu‘amate (HOOC._CH(NHog).- 
CH2g.CH2g.COONa)—White or nearly white, crystalline powder, 
very soluble in water, sparingly soluble in alcohol. Uses: imparts 
a meat flavor to foods. 

Sodium Glycocholate (NaCggH42NO¢)—A constituent of ox bile. 
White to yellowish, hygroscopic and deliquescent powder with an 
unpleasant odor and bitter taste. Soluble in water and alcohol. 
Uses: a cholagogue. Dose: 0.2 to 0.3 Gm. (3 to 5 grains). 

Sodium Malate [CgHs(0H)COONa)e.!,H20]—White, granular 
powder, freely soluble in water. Uses: instead of table salt in 
salt-free diets. 

Sodium Ricinate, Sodium Ricinoleate—A mixture of the sodium salts 
of the fatty acids from castor oil which is chiefly ricinoleic acid. It 
is a yellowish, almost odorless powder, which is soluble in water and 
alcohol the aqueous solution being alkaline, pH about 10. See 
Soricin (page 570). Uses: an intestinal detoxicant. 

Sodium Succinate (NagC4H404.6H20)—White, odorless, granules 
or crystalline powder. Soluble in about 5 parts water; insoluble 
in alcohol. Uses: in catarrhal jaundice, gall stones, infection of 
gall bladder, and biliary passages. Dose: 0.3 Gm. (5 grains). 

Sodium Sulforicinate—Mixture of sodium salts of sulfonated acids 
from castor oil. Clear, yellowish brown syrupy liquid. Soluble in 
alcohol, chloroform, and ether. On shaking with water, it forms an 
emulsion. Uses: a local antiseptic in skin diseases. 

Sodium Taurocholate—A constituent of ox bile. Yellowish gray 
powder, very soluble in water or alcohol. Uses: as for Ox Bile. 
Sodium Thioglycollate—See Reagents (page 1070). Uses: in bacterial 

culture media known as thioglycollate medium. 


Specialties Containing Salts of Unofficial Organic Acids 


B.F.1. (Sharp and Dohme)—Dusting powder containing bismuth 
formic iodide, Amol (mono-n-amyl hydroquinone ether), bismuth 
subgallate, boric acid, eucalyptol, magnesium carbonate, menthol, 
potassium alum, thymui, and zine phenolsulfonate. Uses: anti- 
septic, astringent, and fungicide. 

Biliposol (Ulmer)—Ampuls (2 cc.) containing basic alpha-carboxy- 
ethyl-beta-methylnonoate of bismuth (each 2 cc. = 80 mg. Bi). 
Uses: bismuth therapy as an antisyphilitic. Dose: 2-cc., intra- 
gluteally. 

Bismucorbate (Cole)—Parenteral solution containing 30 mg. bismuth 
ascorbate, 2 per cent benzyl alcohol, 0.5 per cent chlorobutanol, 
and 10 per cent glycerin. Uses: antisyphilitic. Dose: 1 ec., 
intragluteally. 

Bismo-Cymol N. N. R. (Abbott)—Ampuls (1 or 2 ce.), bottles (60 and 
500 ce.), each ce. containing 50 mg. of a basic bismuth salt of 
camphocarboxylic acid. It contains from 37 to 40 per cent bis- 
muth. Uses: antisyphilitic. Dose: 2 cc., intramuscularly, for 
adults; 1 ce. for children; 0.1 to 0.2 cc. for infants. 

Bismo-Rhodanol (Hille)—Vials (30 cc. and 100 ce.) containing 2 per 
cent bismuth as colloidal bismuth oxyrhodanite, each cc. containing 
0.022 Gm. (44 gr.) of bismuth. Uses: antisyphilitic. Dose: 2 cc., 
intramuscularly. 

Bismuth Ethylcamphorate N. N. R. (Upjohn)—Ampuls (1 or 2 ec.) 
and vials (30 ce.), containing bismuth ethylcamphorate, each cc. 
equivalent to 40 mg. bismuth, 0.1 Gm. camphor, 0.025 ec. benzyl 
alcohol, and vegetable oil. Uses: antisyphilitic. Dose: 2 cc., 
intramuscularly. 

Bornate (Wyeth)—Emulsion containing isobornyl thiocyanoacetate 
and dioctyl sodium sulfosuccinate. Uses: parasiticidal lotion for 
head, body, or crab lice. Caution: do not use near eyes or mucous 
membranes. 

Calcibronat (Sandoz)—Ampuls (10 cc. containing 1.24 Gm.), granules, 
or effervescent tablets containing a soluble double salt of calcium 
bromide-galactogluconate. Uses: sedative. Dose: 10 to 20 ce. 
of parenteral solution, intragluteally or intravenously; 1 table- 
spoonful of granules or 1 of the effervescent tablets dissolved in 
water. , 

Calciphos (Bilhuber-Knoll)—Powder or tablets, 0.389 Gm. (6 gr.) 
containing calcium and iron salts of phytic acid, representing 19 
per cent calcium, 14 per cent phosphorus, and 2 per cent iron. 
Uses: calcium and phosphorus therapy. Dose; 34 to 1 teaspoon- 
ful of powder, or 3 to 4 tablets. 


570 


Calscorbate Ampuls (Cole)-—Ampuls (5-cc.) containing 500 mg. cal- 
cium ascorbate, 144 per cent benzyl alcohol, and 5 per cent dex- 
trose. Uses: calcium therapy. Dose: 5-cc., intramuscularly 
or intravenously. Caution: Do not inject subcutaneously. Not for 
infants or young children. 

Chondroitin (Wilson)—Capsules containing chondroitin sulfuric acid, 
whose molecular components consist of two molecules of glucuronic 
acid, two N-acetylated galactosamine and two sulfate radicals. 
Aw hite, palatable powder derived from cartilage and other suitable 
sources. Uses: preventive for migraine and idiopathic headache. 
Dose: 9 capsules, daily. 

Cuprex (Merck)—Clear, pale green or colorless, inflammable mixture 
of hydrocarbons, containing a copper salt of a fatty acid in organic 
solvents. Uses: parasiticide; 3 to 4 tablespoonfuls or more ap- 
plied to affected parts, being careful to avoid contact with eyes or 
open wounds. Wash off with soap and water. Guard from open 
flame because of inflammability. \. 

Cyclobis (Winthrop)—Ampuls (2 ce.) and bottles (20, 60, and 240 
cc.), containing a 10 per cent solution of bismuth camphenilanate 
in oil, and representing 30 mg. bismuth per ec. Uses:  anti- 
syphiliti:. Dose: 2 cc., intragluteally. 

Desenex Ointment N. N. R. (Wallace and Tiernan)—Vanishing cream 
base containing 5 per cent undecylenic acid (pH 6.8) and 20 per 
cent zine undecylenate. Uses: fungicide. 

Desenex Powder—Dusting powder containing 2 per cent unde- 
cylenic acid, 20 per cent zinc undecylenate, and 78 per cent talc 
le 
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Eka Salt (Sharp and Dohme)—Salt containing ammonium citrate, 0.5 

per cent magnesium bromide, sodium citrate, and sodium malate. 
Uses: salt substitute for use in salt-free diets. 

Endomin Tablets (Reed and Carnrick)—Tablets, each containing the 
following ingredients as salts of higher fatty acids: 0.03 mg. cobalt, 
0.6 mg. copper, 8 mg. iron, 0.4 mg. manganese, 0.03 mg. nickel, and 
0.3 mg. zinc; also 0.05 mg. sodium germanate. Uses; hematinic. 
Dose: 1 to 3 tablets. ' 

Gaurol (Fougera)—Granules or tablets containing calcium and mag- 
nesium dipropanylphosphite. Uses: calcium therapy. Dose: 
3 tablets daily. 

Lipobin (Lakeside)—Ampuls (1 cce.), each containing 50 or 100 mg. 
bismuth as bismuth tri-a-ethyleaproate in oil solution. Uses: 
antisyphilitic. Dose: 100 mg., weekly, intragluteally. 

Lipo-Bismol (Parke, Davis)—Ampuls (1 and 10 cc.), each cc. contain- 
ing 100 mg. bismuth as bismuth octyloxyacetate, with 20 per cent 
benzyl benzoate, in olive oil. Uses: antisyphilitic. Dose: 1 cce., 
intramuscularly. ; 

Myochrysine (Merck)—Ampuls (1 cc.), each containing either 10, 25, 
50, or 100 mg. of sodium aurothiomalate ,[NaOQOCCH gCHSAu- 
COONa] in aqueous solution. Uses: gold therapy for arthritis 
and lupus erythematosus. Dose: 2 to 100 mg. intramuscularly. 
Caution: The patient should be watched closely for appearance of 
toxic symptoms. 

Novofosfan (Winthrop)—Ampuls (1 cc.) containing 2 per cent of the 
sodium salt of dimethylaminomethylphenylphosphinous acid 
(Phosodyl). . Uses: tonic and alterative. Dose: 1 ce., intra- 
muscularly or subcutaneously. 

Oxo-Ate ’B’ (S. K. F.)—Tablets (0.5 Gm.) containing calcium ortho- 
iodoxybenzoate [(CgH4(I02)COO)2Ca.8H2O]. Uses: analgesic 
and antiarthritic. Dose: 1 tablet. 

Phytin (Ciba)—Tablets containing the calcium magnesium salt of 
inositol hexaphosphoric acid, equivalent to 12 per cent calcium, 
22 per cent phosphorus, and 1.5 per cent magnesium. Uses: cal- 
cium therapy. Dose: 4 tablets, daily. 


ORGANIC ACIDS, ESTERS AND SALTS 


Beaty 4 N. N. R. (Wyeth)—Crystals of silver picrate [CeHa(OAg)- 
NOg)3.H20] containing 30.5 per cent silver. Uses: silver anti- 

septic in vaginal trichomoniasis or moniliasis. Dose; topically, 1 
to 2 per cent powder by insufflation, as solution, or as vaginal sup- 
pository. It is also available in the following forms: 
Picragol Compound Powder N. N. R.—Contains 1 per cent silver 
picrate in kaolin. 
Picragol Jelly—Contains 0.25 per cent silver picrate in water- 
miscible jelly. 
Picragol 22 per cent Soluble Trituration with Borie Acid 80 per 
cent—Consists of weighed units (pondits) for preparing solutions. 
Picragol Vaginal Suppositories N. R.—Contain 0.065 or 0.13 
Gm. (1 or 2 gr.) silver picrate in adult size suppositories, and 0.065 
Gm. (1 gr.) silver picrate in infant size suppositories; with a boro- 
glyceride gelatin base. 

Propion Gel (Wyeth)—A jelly containing propionates and propionic 
acid. Uses: treatment of fungus infections, particularly of the 
vagina. Dose: topically, as indicated. 

Sodium Arabinate 6 per cent in Dextrose 5 per cent (Hospital Li- 
quids)—Parenteral solution (500 cc. in filtrair dispensers) containing 
sodium arabinate (sodium salt of a polymer of aldobionic acid). 
Uses: parenteral solution for shock therapy and edema; diuretic. 
Dose: 500 cce., intravenously. 

Sodium Arabinate 6 per cent in Isotonic Sodium Chloride Solution— 
Also comes in 500-ce. filtrair dispensers. 

Soricin (Merrell)—Capsules (5 and 10 gr.) or enteric-coated tablets, 
containing 5 gr. sodium ricinoleate. Uses: detoxicant for colitis, 
etc. Dose: 60 to 80 grains, daily. 


Soricin Sclerosing Solution—Vials (20 cc.) containing 2 per cent ° 


solution. Uses: sclerosing agent for varicose veins. 

Soricin with Bile Salts—Enteric-coated tablets containing 4% gr. 
sodium ricinoleate and ¥ gr. bile salts. Dose: 1 to 4 tablets. 
Soricin with Bile Salts and Pancreatin—Enteric-coated tablets con- 
taining 3 gr. sodium ricinoleate, 4 gr. bile salts, and 2 gr. pancrea- 
tin. Dose: 1 to 4 tablets. 

Sotradecol (Wallace and Tiernan)—Vials (20 cc.) containing 1, 3, or 
5 per cent solutions of sodium tetradecyl sulfate (2-methyl-7- 

ethylundecyl-4 sulfate) with 2 per cent benzyl alcohol and buffered, 
Uses: sclerosing agent for varicose veins. Dose: several injec- 
tions of 0.5 to 2 cc. at sites 3 to 6 inches apart. Maximum dose of 
3 per cent solution 10 cc., of 5 per cent solution 6 cc. 

Sylnasol (Searle)—Ampuls (5 cc.) or vials (60 cc.), containing a 5 
per cent solution of the sodium salts of the fatty acids of a vegetable 
oil, extracted from a seed of the psyllium group, and 2 per cent 
benzyl alcohol. Uses: sclerosing agent for varicose veins, hemor- 
rhoids, hernia, etc. Dose: 1 to 5 ce., parenterally. 

Thigenol N.N. R. (Hoffmann-La Roche)-—Dark brown liquid contain- 
ing 2.85 per cent sulfur as the sodium salts of synthetic sulfo-oleic 
acids. Uses: emollient, antipruritic, and mild antiseptic. Used 
plain, or as a 5 to 20 per cent solution in glycerin or alcohol, 15 to 
25 per cent ointment, 15 to 25 per cent cacao butter suppositories, 
or on tampons saturated with a 10 to 50 per cent solution in gly- 
cerin or petrolatum. 

Thio-Bismol N. N. R. (Parke, Davis)—Dry ampuls (2 cc. capacity 
with 0.2 or 2.0 Gm. powder) consisting of sodium bismuth thio- 
glycollate [Bi(SCH2COONA)s3], a yellow, hygroscopic powder with 
garlic-like odor, supplied with vials containing sufficient distilled 
water and 0.2 per cent phenol for preparing solutions. Uses: 
antisyphilitic. Dose: 0.2 Gm., intramuscularly. 

Trydecyl (Patch)—A water miscible jelly containing 5 per cent unde- 
eylenic acid, 2 per cent triethanolamine, and 13 per cent zinc 
stearate. Uses: locally, in fungal infections. 
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CHAPTER LXIV 


FIXED OILS, FATS, WAXES, AND PRESERVATIVES 


Fixep o1us and fats are mixtures of glyceryl esters 
of the so-called high fatty acids, 7. ¢., the higher molec- 
ular weight aliphatic acids, especially palmitic, stearic, 
and oleic acids. The individual glyceryl esters them- 
selves are frequently referred to as glycerides. Waxes 
are also composed of esters of high fatty acids, but they 
differ from fixed oils and fats in that the alcohols repre- 
sented in the esters of a wax are high molecular weight 
monohydric alcohols instead of glycerin. 

The difference in consistency between fixed oils and 
fats is caused by the relative proportions of liquid and 
solid glyceryl esters present. Fixed oils contain rela- 
tively high quantities of liquid glycerides, such as 
glyceryl oleate, whereas fats are relatively rich in solid 
glycerides such as glyceryl stearate. Glycerides con- 
taining unsaturated fatty acids have lower melting 
points than those containing saturated acids with the 
same number of carbon atoms. 

Fixed oils are to be distinguished sharply from vola- 
tile oils. Physically, the former are non-volatile under 
ordinary conditions (hence the name fixed oils), in con- 
tradistinction to the latter which, as the name implies, 
are volatile. From the standpoint of composition, the 
volatile oils differ greatly one from the other; but, as a 
group, they differ from fixed oils in that they do not 
contain glyceryl] esters. 


Preparation— Most of the fixed oils and fats are ob- 
tained by expression from the plant or animal tissues in 
which they occur. Generally the material is first ground 
and subsequently submitted to hydraulic pressure, and 
to heat when necessary. 

The oils as obtained by the first expression usually are 
of the highest commercial value, as, for example, olive 
oil where the first pressings are called virgin olive oil, but 
sometimes the expressed oil from plant tissues is crude 
in its character and requires subsequent purification, 
as in the case of cottonseed oil. Fixed oils and fats are 
frequently bleached by treatment with fuller’s earth 
or similar clays, and subsequent filtration. 

Some few oils for technical purposes are not obtained 
by expression but are extracted from the plant tissues by 
means of volatile solvents which are later recovered. 
Animal fats and oils are usually separated from the tis- 
sues by the process known as rendering which consists 
in heating the tissues until the fat melts and separates 
mechanically. 


Analytical Characteristics—The analytical factors of 
greater importance in identifying fixed oils and in 
judging of their quality are the Iodine value (page 
1054), Saponification value (page 1055), Refractive index 
(page 1059), and Acid value (page 1054). The specific 
gravity, color, odor, and congealing point are of little 
or no value. Some oils, such as cottonseed oil and ses- 
ame oil, are identifiable by specific tests, but the identi- 
fication of a fixed oil is only inferentially possible as a 
rule, after taking many physical and chemical factors 
into account. 

Properties—Fixed oils and fats are distinctive in their 
physical properties. They are greasy to the touch and 
leave a permanent oily stain upon filter paper. They 
are all lighter than water and insoluble therein, but are 
soluble in ether, chloroform, and some other water- 


immiscible solvents. A few of them are soluble in alco- 
hol. When purified, they are nearly colorless and of a 
bland odor and taste with very little distinctiveness. 

When heated moderately, fats liquefy and oils be- 
come thinner. When heated strongly, they undergo 
decomposition with the production of acrid, inflam- 
mable vapors; and when ignited, they burn with a sooty 
flame. The acridity of an overheated fixed oil or fat 
is due to the formation of acrolein (acrylic aldehyde). 

The common property of all fats and oils is that of 
undergoing saponification when treated with alkalies. 
(See Glycerin, Lead Plaster, Soap, Soft Soap, etc.) 


Constituents—There are several glycerides which 
are common to many fixed oils. They are olein, palmi- 
tin, and stearin. 

Olein is glyceryl trioleate [CsH 5(CigH3302) a], a liquid at 
ordinary temperatures. It is the predominating con- 
stituent in expressed oil of almond, in lard oil, and in the 
more fluid oils of animal and vegetable origin. It is 
separated and purified by cold expression, the other con- 
stituents being retained by their lack of fluidity at low 
temperatures. 

Palmitin is glyceryl tripalmitate [CsH5(Ci6H3,02)s]. 
It is semi-solid at ordinary temperatures. It predomi- 
nates in palm oil and coconut oil. 

Stearin is glyceryl tristearate [C,H,(C,,H,,0.).]- 
It is solid at ordinary temperatures. It predominates 
in solid fats and is separated by cold expression, which 
removes the olein and palmitin. 

A glance at the chemical formulas of olein and stearin 
will show their close similarity, stearin containing six 
more atoms of hydrogen in each molecule. Olein is 
capable of being converted into stearin by a process 
known as hydrogenation which consists in the action 
upon olein of hydrogen in the presence of a catalyst, 
such as finely divided nickel. Liquid oils are now com- 
mercially transformed by this process into solid fats 
which are much more valuable. “Crisco,” the propri- 
etary cooking fat, is an example of a hydrogenated fat; 
it is said to be made from cottonseed oil. 

Oils and fats, when subjected to pressure at certain 
temperatures, can be fractionated into the glycerides 
composing it. On aging, fixed oils often develop a pre- 
cipitate of stearin which will re-liquefy on warming. 

In the days before artificial refrigeration the oils 
expressed in the summer (at. a higher temperature), 
when the stearin was kept in solution to a greater ex- 
tent, were found to deposit the stearin much more read- 
ily than those pressed in the winter (at a lower tempera- 
ture), and “swmmer pressed” and “winter pressed’’ were 
commercial designations which still obtain, although at 
the present time it is a matter of temperature control 
at the time of pressing, irrespective of the season. 


Drying and Non-Drying Oils—Fixed oils are classified 
into drying and non-drying oils. The former when ex- 
posed to the air undergo oxidation with the formation of 
a tough hard film. Linseed oil is an example of the 
class of drying oils which find their greatest use in the 
manufacture of paints and varnishes. The non-drying 
oils when exposed to the air remain sticky to the touch 
for an indefinite peried and therefore cannot be used 
in paints and varnishes. Olive oil and the expressed oil 
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of almond are examples of non-drying oils. The drying 
quality is caused by the presence of unsaturated fatty 
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EXPRESSED ALMOND OIL U. S. P. 
Oleum Amygdalze Expressum 

Exp.—Sweet Almond Oil, Sp. Aceite de Almendra 
Exprimido, Aceite de Almendra Dulce] 

Expressed Almond Oil is the fixed oil obtained from 
the kernels of varieties of Prunus Amygdalus Batsch 
(Fam. Rosacex). 

Preparation—This oil is obtained equally pure from 
sweet and bitter almonds. The almonds, having been 
deprived of a reddish brown powder adhering to their 
surface, by being rubbed together in a piece of coarse 
linen, are ground in a mill, and then pressed in canvas 
sacks between slightly heated plates of steel. The oil, 
which is at first turbid, is clarified by sedimentation and 
filtration. Sweet almond yields about 40 per cent and 
bitter almond 35 per cent of fixed oil. It is not a dry- 
ing oil and it does not easily turn rancid when kept care- 
fully. 

A colorless oil may be obtained by expressing al- 
monds which have been blanched— 1.e., deprived of their 
teste by soaking them in hot water and slightly press- 
ing, and afterward drying them to evaporate the water. 
The fixed oil from peach or apricot kernels is frequently 
sold for Expressed Almond Oil; it is commercially 
known as Oleum Persica or Oleum Amygdalarum Gal- 
licum. While a useful product, it is not intended by 
the UniSsc PY thateit should be substituted for sweet 
almond oil. 

The sweet almond, Minandale dulcis, is no longer of- 
ficial. It contains about 40 per cent of fixed oil, protein 
substances (conglutin and amandin), sugar and mucilage. 

The integument must be removed by placing the seeds 

in boiling water for a moment before preparing emulsion 
(page 185). 
Description and Properties—A clear, pale straw colored or colorless, 
almost odorless, oily liquid, with a bland taste. It remains clear at 
—10°, and does not congeal until cooled to nearly —20°. Its specific 
gravity is between 0.910 and 0.915. It is slightly soluble in alcohol, 
but is miscible with ether, chloroform, benzene, and petroleum benzin. 
Tests for Purity— 

Foreign kernel oils—Two ce. of Expressed Almond Oil is not more 
than slightly colored when shaken with a mixture of | ce. of fuming 
nitric acid and 1 cc. of water for 5 minutes. 

Cottonseed or sesame oil—It meets the requirements of the Halphen 
test given under Olive Oil (page 575). 

Mineral oil and foreign fatty oils—The Oil is saponified by heating 
with a diluted, alcoholic solution of sodium hydroxide, the alcohol is 
evaporated, and water is added; a clear solution should result (mineral 
oil). The fatty acids, liberated with hydrochloric acid from a solution 
of the saponified oil, washed, clarified by heating, and cooled to 15°, 
remain clear for 30 minutes (foreign fatty oils). The fatty acids yield 
a clear solution with an equal volume of alcohol and the solution does 
not become turbid at 15° upon further addition of alcohol (olive, 
peanut, or other fixed oils). 

lodine value—95 to 105. 


Saponification value—190 to 200. 
Storage—Keep Expressed Almond Oil in tight containers. 


(Ol. Amygd. 


Uses—Expressed Almond Oil is used as an emollient. 
It must never be confused with the essential (bitter) 
almond oil. Many customers wishing this oil, simply 
ask for “almond oil,’ and if the pharmacist dispenses 
the essential oil without asking any questions, an error 
is made which might have serious results. 


The press cake obtained as a by-product in the manu- 


facture of Expressed Almond Oil is sometimes recom- 
mended as a food product for use by diabetics on ac- 
count of its high protein and low carbohydrate content. 
The pharmacist must exercise care in selling almond 
meal for this purpose so that bitter almond meal which 
is poisonous is not supplied. Under the name of “al- 
mond»meal’’-a spurious article consisting of corn meal, 
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acids of a distinctive character such as linoleic and 


linolenic acids. 

OILS 

soap, etc., is marketed for detergent and cosmetic pur- 
poses. 


CASTOR OIL U. S. P. Oleum Ricni 
[Ol. Ricin.—Sp. Aceite de Ricino] 


Castor Oil is the fixed oil obtained from the seed of 
Ricinus communis Linné (Fam. Huphorbiacez). 

History—The Palma Christi tree, as the castor oil 
plant was called, has been identified as Jonah’s Gourd. 
It is certain that the seeds of this plant and the oil 
pressed therefrom were used by the ancient Egyptians 
and are referred to in the Ebers Papyrus. 

The name Ricinus was the Latin name of the dog- 
tick and was applied to these seeds on account of their 
resemblance in appearance to the insect. In Greek the - 
same insect was known as Kroton. The name Castor 
Oil was derived through an erroneous belief during the 
sixteenth and seventeenth centuries that the plant 
which yielded the seeds was Agnus Castus. 

Preparation—Castor Oil is prepared by cold expres- 
sion and subsequent clarification of the oil by heat. It 
contains ricinolein, but not stearin, palmitin, and olein. 
The purgative action is supposed to be due to the 
hydrolysis of ricinolein in the intestine, ricinoleic acid 
being produced. The seeds contain two principles, 
ricin, a poisonous ferment related to the toxalbumins, 
and ricinine, a poisonous base, precipitated from solu- 
tion by mercuric chloride solution and Wagner’s re- 
agent. Other alkaloidal reagents do not affect it. Be- 
cause of the presence of these toxic substances, the seeds 
are definitely poisonous. 

Description and Properties—A pale yellowish or almost colorless, 
transparent, viscid liquid with a faint, mild odor, and a bland but 
usually nauseating taste. Its specific gravity is between 0.945 and 
0.965. It is soluble in alcohol and is miscible with dehydrated alcohol 
and with glacial acetic acid, chloroform, and ether. Castor Oil is 
distinguished from most other fixed oils by being only partly soluble 
in petroleum benzin, but completely soluble in an equal volume of 
alcohol. 

Tests for Purity— 

Free fatty acids—Equivalent to not more than 7.5 ce. of tenth- 
normal sodium hydroxide per 10 Gm. of the Oil. 

Iodine value—83 to 88. 

Saponification value—179 to 185. 

Storage—Keep Castor Oil in tight containers, and avoid exposure to 
excessive heat. 

Uses—Castor Oil is used externally as an emollient, 
internally as a cathartic. The oil is bland and sooth-. 
ing to the skin. When ingested it is hydrolyzed in the 
intestinal tract to ricinoleic acid which is an irritant. 
The local irritant action is responsible for the catharsis. 
The usual dose of Castor Oil is 15 to 30 cc. No harm 
results if this dose is exceeded inasmuch as the cathartic 
action of the first portion of the oil sweeps the remaining 
oil through the intestinal tract. 

Castor Oil is sometimes employed to initiate labor at 
term. Hyperemia of the intestinal tract causes reflex 
stimulation of the uterus. 

The administration of Castor Oil is greatly facilitated 
by adding the dose, extemporaneously, to a small 
amount of “soda water” flavored with ‘‘sarsaparilla”’ 
syrup, as much foam as possible being produced by using 
a fine stream of soda water. The glass should be well 
wetted with water and the oil carefully poured into the 
center of the glass without touching the side. 

It may also be administered in capsules or by mixing. 
it with an equal bulk of aromatic syrup of rhubarb and 
shaking thoroughly before administering. 
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_ Tt is also administered to children in the form of a 
jelly, made by adding 3 per cent of spermaceti and a 
suitable flavor, such as oil of peppermint or made up 
by the following formula: 


Castor Oil Jelly 


Castor (OT Re cehN nts ee ei UP gai Be an ea SULA OPAns PHL eabials 
CEA BACIC. tes MN behest man inate t Chel. feel 
Sodium Hydroxide (U.S. P.)........ 9 gr. 
SVG ATS bales ON, Ae PUI Ope NRT erEE 1% er. 
MylolePeppermin ti. 45% a6) oa othe, : 3. min. 
Bicol lings MMe NT anes cee pg hee RIS 81min. 


Dissolve the sodium hydroxide in the alcohol, add the castor oil 
and stearic acid, heat until combined, add the other ingredients, and 
then cool. 


Average Dose—I5 cc. (approximately 4 fluidrachms). 


Aromatic Castor Oil N. F. Oleum Ricini Aromaticum 


[Ol. Ricin. Arom.—Sp. Aceite de Ricino Aromatico] 


Metric Alternative 
CTT O) | RN ee pe SCG. 46 min. 
Shine (CHS 5 = Sie ete eee ee er ee en Ib ae 15, main, 
Soiulin tii): 9 Cian el oe oe or 0.5 Gm. Uae 
VTE 0" ga er [eet oweeere 
BOPONU MISH CAST PM here) ee, «co's coc feiss Sea lee Bias me 0.1 Gm 1% er. 
PRICOROMME CC lf ofan c aisles os screed wietene wheels 30 «cc. 461 min. 
Castor Oil, a sufficient quantity, 
MME BRYE DISCS ents Paros aces Rts. o5 4 @ Suasumnars 66 1000 cc. 2 pints 


. Dissolve the volatile oils and the solids in the alcohol, add the 
castor oil, and mix thoroughly. 


Alcohol Content—From 2 to 3 per cent, by volume, of CgHs50OH. 
Storage—Keep Aromatic Castor Oil in tight containers. 


Uses—A cathartic. The aromatics assist in its ad- 
ministration by covering the disagreeable taste of the 
castor oil. 

Average Dose—I5 cc. (approximately 4 fluidrachms). 


Castor Oil Capsules N. F. Capsule Olei Ricini 
[Cap. Ol. Ricin.— Sp. CApsulas de Aceite de Ricino] 


Castor Oil Capsules contain not less than 95 per cent 
and not more than 105 per cent of the labeled amount of 
castor oil, and the oil from the Capsules complies with 
the requirements given under Castor Oil, except the test 
for foreign fixed oils does not apply to capsules contain- 
ing 0.6 cc. or less of the oil. 

Assay—The contents of a counted number of Capsules, accurately 
weighed, is carefully and completely removed with the aid of ether, 
and after drying at room temperature, the empty capsules are 
weighed. The difference represents the weight of the castor oil in the 


capsules. ; ; ; 
Storage—Keep Castor Oil Capsules in well-closed containers, prefer- 
ably at a temperature not exceeding 35°. 


Average Dose—15 cc. (approximately 4 fluidrachms) 
of Castor Oil. 


CHAULMOOGRA OIL N.F. Oleum Chaulmoogre 


{Ol. Chaulmoog.—Hydnocarpus On, Sp. Aceite de Chaulmugra, 
; Aceite de Hidnocarpo] 

Chaulmoogra Oil is the fixed oil expressed from the 
ripe seed of Taraktogenos Kurzw King, Hydnocarpus 
Wightiana Blume, or Hydnocarpus anthelmintica Pierre 
(Fam. Flacourtiacex). The fixed oil expressed from the 
ripe seed of other species of Hydnocarpus (Fam. Fla- 
courtiacee) when designated as such and when conform- 
ing with the description and- physical properties, and 
meeting the requirements of the tests prescribed below, 
may be used. 

_.Constituents—In addition to small quantities of the 
glycerides of the fatty acids commonly found in vege- 


‘ 


table fats, chaulmoogra oil contains the glycerides of a 
series of highly unsaturated fatty acids, chiefly chaul- 
moogric acid [CygH 320.2], and hydnocarpic acid 
[CigHegO2]. These fatty acids differ from ordinary 
fatty acids in being optically active and in possessing, as 
part of the molecular structure, a ring of carbon atoms. 
The therapeutic properties of chaulmoogra oil appear to 
be due to these optically active unsaturated fatty acids. 

The sodium salts of the fatty acids of chaulmoogra 
oil and the ethyl esters prepared from these fatty acids 
have been introduced for hypodermic use in the treat- 
ment of leprosy with the claim that they are better 
tolerated than the oil. The ethyl esters of the fatty 
acids of the oil have been used for a number of years. 
Description and Properties—A yellow or brownish yellow liquid, or, at 
temperatures below about 25°, a whitish, soft solid. It has a charac- 
teristic odor, and a somewhat acrid taste. It is affected by light. Its 
specific gravity is between 0.940 and 0.960 at 25°. It dissolves in 
benzene, chloroform, ether, and petroleum benzin, but is only partially 
soluble in alcohol. 

Tests for Purity— 

Specific rotation [a] —+48° to +60°, determined in a chloroform 
solution containing 10 Gm. of the Oil in each 100 cc. 

Castor oil or free fatty acids—Not more than 6 per cent dissolves 
when 1 volume of the Oil is shaken for 10 minutes with 4 volumes of 
alcohol and allowed to stand for 48 hours. 

Free fatty acids— Equivalent to not more than 40 cc. of tenth-normal 
sodium hydroxide per 10 Gm. of the Oil. 

Saponification value—196 to 213. 

Iodine value—93 to 104. 

Storage—Keep Chaulmoogra Oil in well-filled, tight, light-resistant 
containers. 


Uses—Chaulmoogra Oil has been used in the treat- 
ment of leprosy for many years, much of the evidence 
indicating that it is of value, though not having specific, 
curative properties. The fatty acids of Chaulmoogra 
Oil, official as esters under the title Ethyl Chaulmoograte, 
have a destructive action on the bacillus of leprosy, and 
it is to this property that the beneficial effects of chaul- 
moogra oil derivatives in leprosy are probably due. 
Chaulmoogra Oil is given by mouth or by hypodermic 
injection, although the latter procedure is not devoid 
of disadvantages (abscesses). The dose by mouth is 
0.3 cc. (5 drops) in capsules 3 times daily, increasing to 
the point of tolerance. By hypodermic injection it has 
been used mixed with olive oil, the following being a 
typical formula: Chaulmoogra Oil, 500 ce.; olive oil, 
500 cc.; camphor, 5 Gm.; guaiacol, 10 Gm. Such 
mixtures are given by intramuscular injection in doses 
of from 2 to 10 ec. once a week. 

Average Dose—I cc. (approximately 15 minims). 


Ethyl Chaulmoograte N. F. Adthylis Chaulmoogras 


[Aethyl. Chaulmoog.—Ethyl Esters of Hydnocarpus Oil, Chaul- 
mestrol, Moogrol, Oleum Hydnocarpi 4thylicum, Sp. Chaulmugrato 
de Etilo] 


Ethyl Chaulmoograte consists of the ethyl esters of 
the mixed acids of chaulmoogra oil. 

Preparation—The total acids of chaulmoogra oil, con- 
sisting mainly of chaulmoogric and hydnocarpic acids, 
are esterified either directly or indirectly. The crude 
mixture of ethyl esters is then washed with a solution 
of sodium carbonate and purified by vacuum distilla- 
tion. . ; 


Description and Properties—A clear, pale yellow liquid, with a 
slight, fruity odor. Its specific gravity is about 0.904 at 25°. It is 
miscible with alcohol, chloroform, and ether, but is insoluble in water. 
Its specific rotation [«]?} is not less than +44.5°, determined in a 
chloroform solution, containing 5 ce. of Ethyl Chaulmoograte in each 
10 ce. 
Tests for Purity— 

Saponification value—190 to 196. 

Iodine value—90 to 100. 

Free fatty acids—Equivalent to not more than 0.1 ec. of tenth- 
normal sodium hydroxide per 1 cc. of Ethyl Chaulmoograte. 
Storage—Keep Ethyl Chaulmoograte in tight containers. 
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Uses—Ethyl Chaulmoogr ate is used as a substitute 
for chaulmoogra oil in the treatment of leprosy. It 
has the advantage of being less irritating and less vis- 
cous, but is much more expensive. The drug is given 
by intramuscular injection in increasing weekly doses 
until a maximum dose of five cc. is reached. See 
Chaulmoogra Oul. 

Average Dose—Oral or intramuscular, 2 cc. (approxi- 
mately 30 minims). 


COCONUT OIL N. F. Oleum Cocois 
[Cocoanut Oil, Copra Oil, Sp. Aceite de Cocos] 
Coconut oil is the fixed oil obtained by expression or 
extraction from the kernels of the seeds of Cocos nuci- 
fera Linné (Fam. Palme). 


Note—Coconut Oil that has become rancid must not 
be used. 

Preparation—The coconut-palm is widely cultivated 
in the tropics for-its nuts which yield up to 40 per cent 
of Coconut Oil. The latter is usually obtained by com- 
pression from copra, the dried embryo and endosperm 
of the coconut, which yields about 65 per cent of the 
Oil; but in some localities it is produced directly from 
the fresh seeds. 

Constituents—The Oil consists mainly of the glycer- 
ides of the lower fatty acids, lauric and myristic, but 
it also contains small quantities of the glycerides of 
capric, caprylic, caproic, oleic, palmitic, and stearic 
acids. Compression at low temperatures separates the 
Coconut Oil into coconut olein and coconut stearin. 


Description and Properties—A pale yellow to colorless liquid between 
28° to 30°, a semi-solid at 20°, and a hard, brittle, crystalline solid 
below 15°. It is odorless and tasteless or has a faint odor and taste 
characteristic of coconut. It is readily subject to rancidity and is 
affected by light. Its specific gravity is between 0.916 and 0.920 at 
25°. It is readily soluble in alcohol, ether, chloroform, carbon di- 
sulfide, and petroleum benzin, but is insoluble i in water. 
Tests for Purity— 

Refractive index—1.4477 to 1.4495. 

Free fatty acids—Equivalent to not more than 0.55 ce. of tenth- 
normal sodium hydroxide per 10 Gm. of the Oil. 

Saponification value—251 to 262. 

Iodine value—7 to 10. 
Storage—Keep Coconut Oil in tight, light-resistant containers, 


Uses—Coconut Oil is largely employed in ointment 
bases and in the production of soaps, especially marine 
soaps which lather well in hard water. It is also used 
in making transparent soaps, edible fats, chocolate, 
candies, and candles, as a substitute for lard in cooking, 
and as a basis for hair dressings and pomades. 


Cod Liver Oil U. S. P.—See Vitamins (page 897). 


CORN OIL U. S. P. Oleum Maydis 
{[Ol. Mayd.—Sp. Aceite de Maiz] 
The refined, fixed oil expressed from the embryo of 
Zea Mays Linné (Fam. Graminez). 
Corn oil is expressed from the Indian corn embryos 
or germs which are separated from the grain in starch 
manufacture. 


Description and Properties—A clear, light yellow, oily liquid with a 
faint characteristic odor and taste. Its specific gravity is between 
0.914 and 0.921. It is slightly soluble in alcohol, but is miscible with 
ether, chloroform, benzene, and petroleum benzin. 
Tests for Purity— 

Cottonseed oil—It meets the requirements of the Halphen test given 
under Olive Oil U.S. P. (page 575). 

Free fatty acods—Equivalent to not more than 2 cc. of tenth-normal 
sodium hydroxide per 10 Gm. of the Oil. 

Iodine value—112 to 128. 

Saponification value—188 to 193. 

Unsaponifiable matter—Not more than 2 per cent. 
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Storage—Keep Corn Oil in tight containers, and avoid exposure to 
excessive heat, 


Uses—Its main use is in making the official soaps. 
It is used as an edible oil and for burning. , It is a semi- 
drying oil and therefore unsuitable for lubricating or 
mixing with paint. 


COTTONSEED OIL U.S. P. Oleum Gossypii Seminis 


[Ol. Gossyp. Sem.—Cotton Seed Oil, Cotton Oil, Sp. Aceite de Semilla 
e Algodon] 

Cottonseed Oil is the refined, fixed oil obtained from 
the seed of cultivated plants of various varieties of 
Gossypium hirsutum Linné or of other species of Gossy- 
pium (Fam. Malvacez). 

Preparation—This oil is made in the southern part 
of the United States upon a very large scale where cot- 
ton is grown. The seeds contain about 15 per cent of 
oil. 

The teste of the seeds are first separated, and the - 

kernels are exposed to powerful expression in hydraulic 
presses. The crude oil thus obtained has a bright red 
to blackish red color. It requires purification before 
it is suitable for medicinal or food purposes. 
Description and Properties—A pale yellow, oily liquid, with a bland 
taste. It is odorless or nearly so. Particles of solid fat separate 
below 12° and the Oil solidifies at about 0° to —5°. Its specific 
gravity is between 0.915 and 0.921. It is slightly soluble in alcohol, 
but is miscible with ether, chloroform, petroleum benzin, and carbon 
disulfide. 

Identification—(1) Sulfuric acid (Sp. gr. 1.6 to 1.7), added to Cotton- 
seed Oil diluted with an equal volume of carbon disulfide, rapidly 
colors the mixture reddish brown. (2) A red color develops when 2 ce. 
of Cottonseed Oil is mixed in a test tube with 2 cc. of a mixture of 
equal volumes of amy] alcohol and a solution of sulfur in carbon disul- 
fide (1 in 100), and then heated for 5 to 15 minutes in a boiling satu- 
rated solution of sodium chloride ( Halphen test), 

Tests for Purity— 

Iodine value—105 to 114. 

Saponification value—190 to 198. 

Solidification temperature of the fatty acids—28° to 35°. 
Storage—Keep Cottonseed Oil in tight containers, 

Uses—Cottonseed Oil is sometimes taken orally as a 
mild cathartic in the dose 30 cc. or more. : Taken in- 
ternally, digestible oils retard gastric secretion and 
motility and increase the caloric intake. Cottonseed 
oil is also used in the manufacture of soaps, oleomar- 
garine, lard substitutes, glycerin, lubricants, and cosmet-~ 
ics. 


iaaccieae LIVER OIL U. S. P.—See Vitamins (page 
899). 


IODIZED OIL U. S. P.—See Organic Halogen Com- 
pounds (page 605). 


LINSEED OIL N. F. Oleum Lini 


(Ol. Lini—Flaxseed Oil, Raw Linseed Oil, Sp. Aceite de Linaza, 
Aceite de Semilla de Lino, Aceite de Linaza Crudo] 
Linseed Oil is the fixed oil obtained from the dried 
ripe seed of Linum usitatissimum Linné (Fam. Linacez). 
Note—Linseed Oil that has been “boiled” or treated 
with a drier must not be used or dispensed. 
Constituents—Linseed oil is a drying oil, and consists 
mainly of linolein, which, by exposure, becomes linoxyn; 
stearin, myristin, palmitin, and a trace of olein are also 
present. \ 
The National Formulary excludes oil which has been 
boiled, the objection to this arising from the fact that 


\ 
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“boiled oil” is intended for use in paints and varnishes, 
and compounds of lead or manganese are usually added 
to increase the drying property. The presence of any 
foreign substance renders the oil unfit for medicinal 
use. ‘Raw oil” should be ordered. 


Description and Properties—A yellow, oily liquid with a characteristic 
odor and bland taste. When exposed to the air, it gradually thickens, 
darkens in color, and acquires a more pronounced odor and taste. Its 
specific gravity is between 0.925 and 0.935 at 25°. It is slightly 
soluble in alcohol, but is miscible with ether, chloroform, petroleum 
benzin, carbon disulfide, and turpentine oil. 

Tests for Purity— 


Non-drying oils—A thin layer spread on glass in a warm place 
forms a hard, transparent film. 

Mineral or rosin oils—The oil should be completely saponified by an 
alcoholic solution of potassium hydroxide. 

Rosin or rosin oils—No purplish color is produced when sulfuric 
acid is added to acetic anhydride which has been warmed with the 
Oil (Storch-M orawski test). 


Free fatty acids—Equivalent to not more than 7.5 cc. of tenth- 
normal sodium hydroxide per 10 Gm. of the Oil. 

Unsaponifiable matter—Not more than 1.5 per cent. 

Saponification value—187 to 195. 

Iodine value—Not less than 170. 
Storage—Keep Linseed Oil in tight containers. 


Uses—Linseed Oil is occasionally used as a laxative, 
in doses of 30 to 60 cc. (1 to 2 fluidounces), and in 
official preparations such as liniments, cerates, pastes, 
medicinal soft soap, and saponated cresol solution. It 
is largely used in paints, varnishes, putty, linoleum, 
artificial rubber, printing inks, the tanning and enam- 
eling of leather, and in the water-proofing of paper and 
fabrics. 


OLIVE OIL U. S. P. Oleum Olive ° 
[Ol. Oliv.—Sweet Oil, Sp. Aceite de Oliva, Aceite Dulce] 


Olive Oil is the fixed oil obtained from the ripe fruit 
of Olea europxa Linn’ (Fam. Oleacez). 

Preparation—It is obtained by crushing the recently 
collected ripe olives in a mill without breaking the 
putamen, then moderately pressing the pulpy mass. 
This produces the highest grade oil, known as wirgin 
oil, ‘sublime oil,” or ‘first expressed oil.” The mass 
in the press is then mixed with water and again ex- 
pressed with greater pressure, an oil of second quality 
resulting. Any oil remaining in the press cake is finally 
extracted with carbon disulfide, or the mass is thrown 
into large cisterns, mixed with water, and the oil allowed 
to separate. This is sometimes called ‘‘Pyrene oil,” 
“‘bagasses oil,”’ or “huile d’enfer.”’ A few years ago it 
was difficult to obtain pure Olive Oil, but since the 
passage of the Food and Drugs Act it is unusual to find 
original packages labeled ‘‘olive oil’’ which do not con- 
tain Olive Oil. When bought in bulk or from unlabeled 
containers, cottonseed oil, colza oil, grapeseed oil, ses- 
ame oil, or other bland oils are not uncommonly found 
as adulterants. Large quantities of Olive Oil are im- 
ported from Italy and other countries bordering the 
Mediterranean, and it is produced to a limited extent 
in the Southern United States, chiefly in California. 
The finest European oil is imported from Leghorn. 
Description and Properties—A pale yellow or light greenish yellow, 
oily liquid, having a slight characteristic odor and taste. Its specific 
gravity is 0.910 to 0.915. It is only slightly soluble in alcohol, but 
is miscible with carbon disulfide, chloroform, and ether. 

Tests for Purity— sie 

Cottonseed oil—The test for cottonseed oil is known as the Halphen 
test and is made as follows: 5 ce. of Olive Oil is mixed in a test tube 
with 5 cc. of a mixture of equal volumes of amyl alcohol and a 1 per 
cent solution of sulfur in carbon disulfide. The mixture is warmed 
until the carbon disulfide is expelled, then the test tube is immersed 
_ to one-third its length in a boiling saturated solution of sodium chlo- 
ride for 2: hours. No reddish color is discernible at the end of this 
period. i : 

. Peanut oil—This test is based on the fact that arachidic acid, the 


predominant acid in peanut oil, is sparingly soluble in 90 per cent 
alcohol at 15°. The Olive Oil is saponified with sodium hydroxide 
| 


- 
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and after neutralization to phenolphthalein with acetic acid the solu- 
tion is treated with lead acetate which precipitates the lead salts of 
the fatty acids (lead soaps). The lead soaps, after washing with 
water, are digested with ether and filtered. The lead soaps of un- 
saturated acids, such as oleic acid, which is the principal acid of Olive 
Oil, are soluble in ether, whereas the lead soaps of saturated acids, 
such as arachidic acid, are insoluble in ether. After filtering and 
washing the soaps with ether the undissolved lead soap is mixed with 
ether and hydrochloric acid and well shaken. The hydrochloric acid 
decomposes the lead soap into the fatty acids which are dissolved by 
the ether. The ether is evaporated and the residue of fatty acids 
dissolved in alcohol and cooled to 15°. If peanut oil is not present 
no crystals will separate. 

Sesame otl—The test for sesame oil is known as the Baudouin test 
and is based on the interaction of furfural with sesamolin, a constitu- 
ent of the unsaponifiable matter of sesame oil, whereby a red color is 
produced. Instead of furfural, sucrose can be used because when 
sucrose is treated with hydrochloric acid furfural is formed. The test 
is conducted as follows: 10 cc. of Olive Oil is mixed with 10 cc. of 
hydrochloric acid, 0.1 ec. of an alcoholic solution of furfural (1:50) is 
added, and the mixture is well shaken for 15 seconds. No pink or 
red color should appear in the acid layer after the emulsion breaks. 
If a red color is produced in the acid layer, 10 cc. of water is added 
and the mixture is again shaken well. In the absence of sesame oil 
the pink color rapidly disappears, but if present, it will persist. 

Teaseed oil—W hen olive oil is added to chloroform containing acetic 
anhydride and a few drops of sulfuric acid and the mixture heated 
for a few minutes a green color by both reflected and transmitted 
light develops, and after adding absolute ether the green color fades 
to brownish gray. Teaseed oil produces first a brown color which 
after dilution with ether changes to a transient red color. 

Free fatty acids—Equivalent to not more than 5 ce. of tenth-normal 
sodium hydroxide per 10 Gm. of the oil. 

Iodine value—79 to 88. 

Saponification value—190 to 195. 

Solidification range of the fatty acids—17° to 26°. 
Storage—Keep Olive Oil in tight containers. 
Incompatibilities—Olive oil is frequently required to be dispensed 
in combination with numerous other ingredients in a ‘‘lime liniment”’ 
type of preparation. The technique necessary for the manufacture 
of a satisfactory product is discussed in detail under Lotions and 
Liniments in the chapter on Incompatibility. 


Uses—Olive Oil is used in making cerates, ointments, 
liniments, and plasters. It is a bland, agreeable oil, 
well suited for emollient purposes and for food. 


Average Dose—30 cc. (approximately 1 fluidounce). 


PEANUT OIL U. S. P. Oleum Arachidis 


(Ol. Arach.—Arachis Oil, Groundnut Oil, Nut Oil, Earth-Nut Oil, 
Sp. Aceite de Cacahuete] 


Peanut Oil is the fixed oil obtained by cold pressure 
from the peeled seeds of one or more of the cultivated 
varieties of Arachis hypogza Linné (Fam. Leguminose). 


Description and Properties—A colorless or pale yellow, oily liquid, 
with a characteristic nutty odor and a bland taste. Its specific 
gravity is between 0.912 and 0.920 at 25°. It is very slightly soluble 
in alcohol and is miscible with ether, chloroform, and carbon disulfide. 
The crystallized arachidic acid, obtained by saponification of Peanut 
Oil, precipitation with acid, and subsequent purification, melts be- 
tween 74° and 76°. 


Tests for Purity— 
Refractive index—1.4625 to 1.4645. 


Cottonseed oil—It meets the requirements of the Halphen test given 
under Olive Oil U.S. P. 


Rancidity—No red or pink color develops when 1 ce. of a solution 
of phloroglucinol in ether (1 in 1000) is added to a mixture of 1 ce. of 
Peanut Oil in ether (1 in 10) and 1 ce. of hydrochloric acid ( Kreis 
test). 


Free fatty acid—Equivalent to not more than 1 ce. of tenth-normal 
sodium hydroxide per 10 Gm. of the Oil. 


Todine value—88 to 98. 
Saponitfication value—186 to 194. 
Solidification temperature of fatty acids—22° to 33°. 


Storage—Keep Peanut Oil in tight, light-resistant containers and 
avoid excessive temperatures. 


Uses—Peanut Oil is used in preparing oil solutions 
for injection (page 252). It is a non-drying oil and is 
therefore not suitable for use in paints but it is used as 
a fuel for oil lamps and as a lubricant for machinery. 
It is also used for making liniments, ointments, plasters, 
and soaps, as a substitute for olive oil. 


It is frequently used as an adulterant for olive oil. 
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PERSIC OIL U. S. P. Oleum Persicz 


[Ol. Persic.—Apricot Kernel Oil, Peach Kernel Oil, Sp. Aceite Pérsico, 
Aceite de Semilla de Albaricoque, Aceite de Semilla de Melocotén] 


Persic Oil is the oil expressed from the kernels of 
varieties of Prunus Armeniaca Linné (Fam. Rosacex) 
(Apricot Kernel Oil) or from the kernels of varieties of 
Prunus Persica Sieb. et Zucc. (Fam. Rosacex) (Peach 
Kernel Oil). 


Description and Properties—A clear, pale straw-colored or colorless, 
almost odorless, oily liquid with a bland taste. Its specific gravity 
is between 0.910 and 0.918. It is slightly soluble in alcohol, but is 
miscible with ether, chloroform, benzene, and petroleum benzin. 
Tests for Purity— 

Mineral oil—FPersic Oil should be completely saponified by an 
alcoholic sodium hydroxide solution. 

Cottonseed oil and sesame oil—It meets the requirements of the tests 
given under Olive Oil U.S. P. (page 575). 

Iodine value—90 to 108. 

Saponification value—185 to 195. 
Storage—Keep Persic Oil in tight containers. 
Labeling—Persic Oil must be labeled to indicate whether it was de- 
rived from apricot kernels or from peach kernels. 


Uses—Persic Oil*was recognized by the U. 8. Phar- 
macopoeia during World War II as a substitute for ex- 
pressed almond oil. 


SESAME OIL U. S. P. Oleum Sesami 
{Ol. Sesam.—Teel Oil, Benne Oil, Gingili Oil, Sp. Aceite de Sesamo] 


Sesame Oil is the fixed oil obtained from the seeds of 

one or more cultivated varieties of Sesamum indicum 
Linné (Fam. Pedaliacez). 
Description and Properties—A pale yellow, almost odorless, oily 
liquid with a bland taste. Its specific gravity is between 0.916 and 
0.921. It is slightly soluble in alcohol, and is miscible with ether, 
chloroform, petroleum benzin, and carbon disulfide. 

Identificatios—One cc. of Sesame Oil shaken with a solution of 0.1 
Gm. of sucrose in 10 ce. of hydrochloric acid for half a minute produces 
in the acid layer-a bright red color, which changes to dark red on stand- 
ing (difference from most other fixed oils) (Baudowin test). 

Tests for Purity— 

Free fatty acid—Equivalent to not more than 1 ce. of tenth-normal 
sodium hydroxide per 10 Gm. of Sesame Oil. 

Cottonseed oil—It meets the requirements of the. Halphen test given 
under Olive Oil U.S. P. (page 575). 

Saponification value—188 to 193. 

Iodine value—103 to 115. 

Storage—Keep Sesame Oil in tight containers. 


Uses—Sesame Oil is used much like olive oil both 
medicinally and for food. It first replaced cottonseed 
oil in ammonia liniment in the U. 8. P. [X, as it saponi- 
fies more readily and produces a more permanent and 
less sticky emulsion. It does not readily turn rancid. 
Sesame Oil is also used as a solvent for many oil-soluble 
substances which are administered parenterally and it 
is used in the manufacture of cosmetics, iodized oil, 
liniments, ointments, and oleomargarine. 

German sesame oil is a name given to cameline oil; 
from the seeds of Camelina Sativa (Myagnim Sativum). 


LYCOPODIUM N. F. 


[Lycopod.—Sp. Licopodio] 


Lycopodium 


Lycopodium consists of the spores of Lycopodium 
clavatum Linné (Fam. Lycopodiacez). 

Lycopodium contains 47 per-cent of fixed oil which 
contains lycopodic acid, also albumin and carbohydrate. 


Description and Properties—A light, yellow, odorless, tasteless, very 
mobile powder, composed of spores shaped somewhat like a 3-sided 
pyramid with a convex base, from 25 to 40 microns in diameter. The 
outer surface of the spore is reticulate, the reticulations being polyg- 
onal and formed by straight-sided- delicate ridges which form a deli- 
cate fringe at the edges of the spore; when viewed with the rounded 
surface of the spore on the under side, a distinct triangular marking 
is seen, formed by the edges of the flat surfaces of the spore. 
ae dentification—It floats on water but sinks when boiled, 
with a quick flash when thrown into a flame. 


It burns 
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Tests for Purity— 
Pine pollen—Very few or none. 
Starch or dextrin—lodine T.S8. does not color Lycopodium bluish 
purplish, or reddish, after it is boiled with water. 
Sulfur—When ignited, the odor of SO is not emitted. 
Acid-insoluble ash—Not more than 0.75 per cent. 


Uses—Lycopodium is employed as a dusting powder 
to prevent the adhesion of pilular masses when making 
pills and suppositories, although tale is preferred for 
suppositories as it is claimed to be less irritating. It 
has been used as an inert dusting powder for the skin 
and as a diluent for insufflations. It is also used in the 
manufacture of explosives, pyrotechnics, and flashlight 
powders. 


Unofficial Fixed Oils 


Bassia Oil—A greenish oil expressed from the seeds of Bassia longi- 
folia (Fam. Sapotacex). 

Bayberry Oil—An oil and wax are prepared by boiling the fruit of 
Myrica cerifera (Fam. Myricacex; habitat North America) with 
water until the oil collects on the surface. The yield of oil is about 
30 per cent. 

Beech Oil—A yellow oil with a mild odor and taste obtained from the 
fruit.of Fagus sylvatica (Fam. Cupulifere; habitat, Europe). 
yield of oil is about 20 per cent. 

Behen Oil—From the fruit of Moringa Lei 
pomades. 

Ben Oil—A fixed oil obtained from five seeds of Moringa pterygo- 
sperma. Used for the same purposes as olive oil. 

Black Mustard Oil—A yellow or brownish yellow fixed oil, obtained 
from the seeds of Brassica nigra (Linné) Koch (Fam. Cruciferx; 
habitat, Europe). Sp. gr. 0.916. The yield of oil is about 20 per 
cent. 

Brazil Nut—A pale yellow, bland oil obtained from the seeds of 


Used in ointments and 


Bertholletia excelsa (Fam. Lecythidacex; habitat, Brazil). The 
yield of oil is about 50 per cent. 
Candle Nut—From Aleurites triloba (Fam. Huphorbiacex; habitat, 


islands of the Pacific Ocean). The yield of oil is about 60 per cent. 

Cardamom Oil—A fixed oil from the fruit of Hlettarta repens (Fam. 
Zingiberacex). The yield of oil is about 10 per cent. 

Crab Oil—From the seeds of Carapa guianensis, by expression. 

Croton Oil N. F. VII (Oleum Tiglii)—A pale yellow or brownish yellow, 
somewhat viscid and slightly fluorescent fixed oil with a faint, 
characteristic odor, obtained by expression or by percolating the 
ground seeds of Croton Tigliwm Linné (Fam. Euphorbiacex; habitat, 
Southeastern Asia) with carbon disulfide and distilling the perco- 
late. Uses: powerful purgative, rubefacient, and vesicant. 

Cucumber Seed Oil—From the seed of Cucumis sativus (Fam. 
Cucurbitacex; habitat, central Asia). 

Ergot Oil—From Claviceps purpurea. The yield of oil is about 25 per 
cent. 

Hazelnut Oil—Fron Corylus avellena (Fam. Cupuliferx; 
Europe). The yield of oil is about 50 per cent. 

Hemp Seed Oil—From the seed of Cannabis sativa (Fam. Urticacex; 
habitat, Europe and North America). The yield of oil is about 30 
per cent. 

Horse-chestnut Oil—From the kernels of the fruit of Aesculus hip- 
pocastanum (Fam. Sapindacex). .The yield of the oil is about 0.1 
per cent. 

Hydrastis Oil—From Hydrastis ‘canadensis (Fam. Ranunculacex; 
habitat, United States). 

Hyoscyamus Seed Oil—From the seeds of Hyoscyamus niger (Fam. 
Solanacex; habitat, Europe). The yield of oil is about 25 per cent. 

Juglans Oil—From Juglans cinera (Fam. Juglandacex; habitat, 

_ United States). The yield of oil is about 15 per cent. 

Kurung Oil—A thickish, yellow oil obtained from Pongamia glabra 
(Fam. Leguminose; habitat, India). Sp. gr. 0.945. \ 

Larkspur Seed Oil—From the ’seeds of Delphinium consolida (Fam. 
Ranunculaceer; habitat, Central Europe). 

Laurel Oil—From Laurus nobilis (Fam. Lauracex; habitat, Europe). 
Prepared by steeping the fruit in hot water and expressing. 

Mace Oil—From. the aurillus of the fruit of Myristica fragrans (Fam. 
Myristicacex; habitat, Molucea Islands). 

Madia Oil—From Madia sativa (Fam. Composite; habitat, Europe). 
The yield of the oil is about 40 per cent. 

Mangosteen Oil—From Garcinia indica (Fam. Guttifere; 
India). The yield of oil is about 30 per cent. 


habitat, 


habitat, 


Melon Seed Oil—From Cucumis Melo (Fam. Cucurbitacex; habitat, 


Central Asia). 

Neat’s-foot Oil—Prepared*by boiling the feet of cattle, deprived of 
their hoofs, with water, removing the oil which rises to the surface, 
and allowing it to remain for some time in warm water. Uses: 
for softening leather. 

Nicker Seed Oil—From Caesalpinia Bunducella (Fam. Leguminose). 
Nigella Oil—From the seed of Nigella sativa (Fam. Ranunculacex; 
habitat, Southern Europe). The yield of oil is about 30 per cent. 
Niger Seed Oil—From Guizotia oleifera (Fam. Compositz; habitat, 

India). The yield of oil is about 40 per cent. 

Palm Oil—An orange-red, fixed oil or solid fat, having a violet odor 
and bland taste, obtained from the fruit of Elaeis guineensis (Fam. 
Palmzx; habitat, West Africa). Sp. gr. 0.945. 


Peach Oil—An oil, resembling almond oil, obtained from Persica™ 


vulgaris (Fam. Rosacezx). 
Poppy Seed Oil—A yellow, bland, limpid oil obtained from the seed 
of Papaver somniferum (Fam. ‘Papaveracex; habitat, Asia and 
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clear and anhydrous. 
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Europe). The yield is about 45 to 50 per cent. 
dressing and a drying oil employed by artists. 
Pumpkin Seed Oil—A reddish oil obtained from the seed of Cucurbita 
pepo (Fam, Cucurbitacex; habitat, Tropical America). Uses: a 

taenifuge, given in the form of an emulsion. 

Purging Nut Oil—A yellowish, purgative oil obtained from the seed of 
Jatropa Curcas (Fam. Euphorbiacee; habitat, West Indies). The 
yield of oil is about 35 per cent. 

Rape Seed Oil—From the seed of Brassica campestris (Fam. Cru- 
cifere). Uses: for making green soft soap. 

Staphisagria Oil—From the seed of Delphinium Staphisagria (Fam. 
Ranunculaceex; habitat, Europe). The yield is about 30 per cent. 

Stramonium Seed Oil—From the seed of Datura Stramonium (Fam. 
Solanacex; habitat, United States). The yield of the oil is about 
25 per cent. 

Tonka Oil—An odorous fixed oil obtained from the seed of Dipterix 
odorata (Fam. Leguminose; habitat, Guiana). The Tonka beans 
contain coumarin used in making perfumes and flavoring extracts. 

Tucom Oil—A bright red oil with an agreeable odor, obtained from 
the fruit of Astrocaryum vulgare. Habitat, South America. 

Tung Oil (Chinese Wood Oil, Bakoby Oil)—A drying oil obtained by 
expression from the fruit of Aleurites fordii and Aleurites montana 
(Fam. Huphorbiacez; habitat, China). The yield of the oil is 30 


Uses: a salad 


577 


to 40 per cent. Its density and refractive index are very high. 
Sp. gr. 0.939 to 0.943. Index of refraction 1.515 to 1.520. It is 
composed chiefly of glyceryl eleostearate. It is used as a constitu- 
ent of paints, varnishes, and synthetic resins. 

Watermelon Seed Oil—From the seed of Cucurbita Citrullus (Fam. 
Cucurbitacee; habitat, Southern Asia). The yield is about 30 per 
cent. 

White Mustard Oil—From the seed of Sinapis Alba (Fam. Crucif- 
ere; habitat, Asia). The yield of the oil is about 20 per cent. 


Fixed Oil Specialties 


Chaulmestrol (Winthrop)—Oral liquid or parenteral ampuls (1 and 
3 ec.) consisting of Hthyl Chaulmoograte U.S. P. Uses: leprosy 
therapy. 

Neoloid (Lederle)—Emulsion containing 36.4 per cent castor oil, 
Uses: laxative. Dose: 2 to 4 tablespoonfuls. 

Soyola (Wyeth)—Suspension, each 100 Gm. containing 65 Gm. soya 
bean oil and 5 Gm. rice bran concentrate in a flavored aqueous jelly 
with 0.1 per cent benzoic acid as preservative. Uses: dietary 
supplement for deficiency of essential unsaturated fatty acids in 
infantile eczema. Dose: infants, 6 teaspoonfuls; adults, 2 to 3 
tablespoonfuls. 


FATS 


- CACAO N. F.—See Flavoring Agents (page 962). 


LARD U. S. P. Adeps 


[Prepared Lard, Sp. Manteca, Manteca de Cerdo] 


Lard is the purified internal fat of the abdomen of the 
hog, Sus scrofa var. domesticus Gray (Fam. Suide). 

Constituents—Lard, like most animal fat and oils, 
consists of stearin, palmitin, and olein. Its consistency, 
when pure, depends largely upon the relative proportion 
of these principles; olein, being the liquid principle, 
can readily be separated from the other two by subject- 
ing lard in cold weather to strong pressure, when the 
lard oil, consisting principally of olein, is pressed out; 
the solid residue mainly consisting of stearin is used for 
various purposes, particularly for the manufacture of 
soap.. 

Preparation—The adipose matter adhering to the 
kidneys, mesentery, and omentum of the hog is the 
usual source of the best lard. This, after careful re- 
moval of the membranes and adhering flesh, should be 
cut into small pieces, malaxated with successive por- 


tions of cold water until this remains clear, and then 


heated moderately, in a tinned iron or copper vessel, 
over a slow fire, until the melted fat becomes perfectly 
This operation is known as 
rendering. Lastly, it is strained into containers, 
being occasionally stirred as it cools; * these should 
be securely covered with waxed or varnished paper, or 
the lard protected from the air by pouring over it a 
thin layer of melted paraffin, and kept in a cool, dry 
place. 


Description and Properties—A white, soft, unctuous mass, having a 
faint odor and a bland taste, free from rancidity. It melts between 
36° and 42°, forming a clear liquid from which no watery layer sepa- 
rates.. It is insoluble in water, very slightly soluble in alcohol, and 
freely soluble in ether and in chloroform. 

Tests for Purity— 

Free alkali—Water boiled with Lard is not alkaline to litmus. 

Chloride—Not more than 0.035 per cent as Cl. 

Beef stearin—The Lard is crystallized from ether and examined 
microscopically; Lard stearin is in the form of flat, rhomboidal plates, 
terminating obliquely at one end and grouped irregularly, whereas 
beef stearin is in the form of cylindrical rods or needles with sharp 
ends and grouped in fan-shaped clusters. 


_ Cottonseed fats—No reddish or brown color is produced when an 


alcoholic solution of silver nitrate is heated with Lard. 

Free fatty. acid—Equivalent to not more than 2 cc. of tenth-normal 
sodium hydroxide per 10 Gm. of Lard. 

Iodine value—46 to 70. J 

Sapontfication value—195 to 203. 

Solidification temperature of the fatty acids—36° to 42°. 
Storage—Keep Lard in tight containers, preferably below 30°. 


Uses—Lard is used in pharmacy principally as a 


vehicle for ointments but it needs protection from con- 
ditions favoring rancidity. See Benzoinated Lard below. 


o~! ’ 


Lard oil was formerly used in the official process for 
citrine ointment. Its principal uses are as a lubricant, 
especially in the wool industry, and as an illuminant. 


Benzoinated Lard U. S. P.. Adeps Benzoinatus 


{[Adeps Benz.—Sp. Manteca Benzoinada] 


Metric Alternative 

[eat ivcslogs 4 tats laces ost asec anes eee cee ee 1000 Gm. ——:16 oz. av. 
Siam Benzoin, in coarse powder......... 10 Gm. 70 gr. 

TOMA Kena DOUl Aram asco yenc~ venereal le 1000 Gm. = 16 oz. av. 


Thoroughly mix the benzoin with lard previously melted on a 
water bath, cover the container, and keep the mixture at a tem- 
perature near, but at no time above, 60° for 2 hours. Strain 
the liquid through muslin, and stir it occasionally while it cools, 


In the manufacture of Benzoinated Lard for use in 


‘southern latitudes and during the warm season in other 


localities, 50 Gm. (or more if necessary) of the lard may 
be replaced with an equal weight of white wax. If wax 
is added, it must first be melted, then the melted lard 
added and the mixture stirred until it congeals. 

Certain balsamic substances, when digested with 
lard or fats, have the property of preventing or retard- 
ing rancidity; benzoin is most frequently used for this 
purpose. The temperature at which it is digested 
should not exceed 60° or the agreeable vanilla-like 
odor of the benzoin will be dissipated. A specially 
selected benzoin, called Siam benzoin or vanilla-benzoin, 
is preferably used, and is now officially directed by the 
U. S. Pharmacopeia. The method of incorporating 
benzoin tincture with cold lard does not produce a good 
product, for it is darker in color, less fragrant, and some- 
times acts as an irritant when applied in certain skin 
diseases. Nor-dihydro-quaiaretic acid( page 581) is an 
effective preservative in low concentrations. 


Storage—Keep Benzoinated Lard in well-closed containers, preferably 
below 30°. 


PREPARED SUET N. F. Sevum Preparatum 
[Sey. Prap.—Mutton Suet, Sp. Sebo Preparado, Sebo de Carnero 


Prepared Suet is the internal fat of the abdomen of 
the sheep, Ovis arzes Linné (Fam. Bovidz), purified by 
melting and straining. 

Preparation—Prepared Suet is made by a process 
similar to that forlard. See Lard (this page). Benzoi- 
nated Suet, formerly official in the N. F., may be pre- 
pared by mixing 30 Gm. of coarsely powdered benzoin 
with 1000 Gm. of Prepared Suet and allowing it to stand 
at room temperature for 2 hours. Then melt on a water 
bath, at about 50° for 1 hour, frequently stirring; 
finally strain through muslin and stir until cool. 
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Description and Properties—A white, solid fat with a slight, charac- 
teristic odor and taste when fresh. It becomes rancid on prolonged 
exposure to the air. It melts between 45° and 50° and congeals be- 
tween 37° and 40°. It is insoluble in water and cold alcohol, but 1 
Gm. dissolves in 45 ec. of boiling alcohol and in 60 ce. of ether. It 
slowly crystallizes from its solution in petroleum benzin. 
Tests for Purity— 

Saponification value—193 to 200. 

Todine value—33 to 48. 

Free fatty acids—Equivalent to not more than 6 cc. of tenth-normal 
sodium hydroxide per 10 Gm. of Prepared Suet. 
Storage—Keep Prepared Suet in a cold place, in tight containers. 


Uses—Prepared Suet is used in ointments and cerates 
and is firmer than lard, owing to its containing a larger 
proportion of stearin. It must not be used after it has 
become rancid. 


THEOBROMA OIL U. S. P. Oleum Theobromatis 


[Ol. Theobrom.—Cacao Butter, Cocoa Butter, Oil of Theobroma, 
Sp. Aceite de Teobroma, Aceite de Cacao, Aceite de Teobroma] 


Theobroma Oil‘is the fat obtained from the roasted 
seeds of Theobroma Cacao Linn’ (Fam. Sterculiacee). 

Preparation—The Oil is made by grinding the kernels 
of the “chocolate bean’? and expressing in powerful, 
horizontal hydraulic presses. The yield is about 40 per 
cent. It has also been prepared by dissolving the oil 
from the unroasted beans by the use of a volatile solvent. 
This oil, however, is not official in the U.S. P. 

Constituents—Chemically it is a mixture of stearin, 
palmitin, olein, laurin, linolein, and traces of other glyc- 
erides. 


Description and Properties—A yellowish, white solid with a faint, 
agreeable odor and a bland (if obtained by extraction) or chocolate- 
like (if obtained by pressing) taste. It is brittle below 25°. It is 
slightly soluble in alcohol, soluble in boiling dehydrated alcohol, and 
freely soluble in ether and chloroform. 
0.858 and 0.864 at 100°/25° 
Tests for Purity— 

Waz, stearin, or tallow—One Gm. of Theobroma Oil dissolved in 3 
ec. of ether at 17° is clear and when cooled to 0° remains clear for 3 
minutes. After congealing, it forms a clear solution when warmed to 
L525 

Todine value—35 to 40. 

Sapontfication value—188 to 195. 

Solidification temperature of the fatty acids—45° to 50°. 
Storage—Keep Theobroma Oil in well-closed containers. 


Its refractive index is 1.4537 to 1.4585. 


Uses—Owing to its low fusing point, and its property 
of becoming solid at a temperature just below the melt- 
ing point, Theobroma Oil is valuable in pharmacy for 
making suppositories. See Suppositories (page 301). 
In addition to this use, cacao butter is an excellent 
emollient application to the skin when inflamed; it also 
is used in various skin creams, especially the so-called 
“skin foods.” It is also used in massage. Its adulter- 
ants are coconut oil and palm nut oil stearins; also 
stearin and tallow. It is an excellent source of stearic 
acid. 


WOOL FAT U. S. P. Adeps Lane 


[Adeps Lan.—Anhydrous Lanolin, Refined Wool Fat, Sp. Grasa de 
Lana, Lanolina Anhidra, Grasa de Lana Refinada] 

Wool Fat is the purified, anhydrous, fat-like sub- 
stance from the wool of sheep, Ovis aries Linné (Fam. 
Bovide). 

Constituents—Lanolin contains the sterols cholesterol 
[Co;H4,0H] and oxycholesterol as well as triterpene 
and aliphatic alcohols. About 7 per cent of the alco- 
hols are found in the free state, the remainder occurring 
as esters of the following fatty acids: carnaubic, 
cerotic, lanoceric, lanopalmitic, myristic and palmitic 
acids. Some of these acids are found free. The emulsi- 
fying and emollient actions of lanolin are due to the 
alcohols which are found in the unsaponifiable fraction 


Its specific gravity is between . 
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when lanolin is treated with alkali. Constituting ap- 
proximately 50 per cent of this fraction and known as 
wool waz alcohols, each 100 parts contains on the average 
30 of cholesterol, 25 of lanosterol, 3 of cholestanol (dihydro- 
cholesterol), 2 of agnosterol and 40 of various other alco- 
hols. 

Wool Fat, although generally classified with the Fats 
is more accurately classified chemically as a Waz. 

Preparation—This substance, to which the name of 
anhydrous lanolin is applied, is prepared by purifying 
the fatty matter (swint) obtained from the wool of the 
sheep. This natural wool fat contains about 30 per 
cent of free fatty acids and fatty acid esters of choles- 
terol and other higher alcohols. The cholesterol com- 
pounds are the important constituents and, to secure 
these in a purified form, many processes have been de- 
vised. In one of these the crude wool fat is treated 
with weak alkali, the saponified fats and emulsions 


centrifuged to secure the aqueous soap solution, from - 


which, on standing, a layer of partially purified wool 
fat separates. This product is further purified by treat- 
ing it with calcium chloride and then dehydrating by 
fusion with unslaked lime. It is finally extracted with 
acetone and the solvent subsequently separated. by 
distillation. Wool Fat differs from hydrous wool fat in 
containing practically no water. 


Description and Properties—A brownish yellow, tenacious, unctuous 
mass with not more than a slight odor. It melts between 36° and 
42°. Itisinsoluble in water, but mixes without separation with about 
twice its weight of water. It is sparingly soluble in cold alcohol, more 
soluble in hot alcohol, and freely soluble in ether and chloroform. 
Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Free alkali—An ether solution is not colored red with phenol- 
phthalein. 

Chloride—Not more than 0.035 per cent. 

Water-soluble acids or alkalies—An aqueous extract made by 
digesting 10 Gm. of Wool Fat in 50 ce. of water is neutral to litmus. 
The water extract is used for the following tests: 

Ammonia—No ammonia vapor is evolved when a pone of the 
extract is boiled with sodium hydroxide T.S. 

Glycerin—No sweet residue is left when another portion of the ex- 
tract is evaporated. 

Water-soluble oxidizable substances—The violet color is not dis- 


charged within 10 minutes when 0.05 cc. of tenth-normal potassium - 


permanganate is added to 10 ce. of the aqueous extract. 

Petrolatum—500 mg. of Wool Fat forms a clear or not more than 
opalescent solution with 40 cc. of boiling alcohol. 

Free fatty acids—Equivalent to not more than 2 cc. of tenth-normal 
sodium hydroxide per 10 Gm. of Wool Fat. 

Iodine value—18 to 36. 

SAL See Wool Fat in well-closed containers, preferably below 
0°. 

Uses—Wool Fat is largely used as a vehicle for oint- 
ments, especially when a liquid is to be incorporated. 
It is made a part of most of the ointments of the 
U.S. P. and many in the N. F., as it gives a distinctive 
quality to the ointment, increasing its absorption on 
topical application and maintaining a uniform consist- 
ence for the ointment under most climatic conditions. 

A proprietary ointment vehicle, sold under the trade 
name Eucerin, is said to consist of 3 per cent of the free 
alcohols from Wool Fat, incorporated with petrolatum. 
A similar product is called Aquaphor. The claim is 
made that this vehicle will not reduce metallic oxides 
but is capable of suspending large proportions of water. 


Hydrous Wool Fat U. S. P. Adeps Lane Hydrosus 
[Adeps Lan. Hyd.—Lanolin, Sp. Grasa de Lana Hidratado, Lanolina] 


Hydrous Wool Fat is wool fat containing not less than 
25 per cent and not more than 30 per cent of water. 


Description and Properties—A yellowish white, ointment-like mass, 
with not more than a slight odor. 
separates into an upper oily and a lower aqueous layer. When the 
water is evaporated a residue of Wool Fat remains which is trans- 
parent when melted. 


‘ 
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When heated on a water bath it. 
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Tests for Purity— 

Loss on drying—25 to 30 per cent. 

Iodine value—18 to 36. 

Other requirements—It complies with the tests for Free alkali, Water- 
soluble acids or alkalies, Chloride, Ammonia, Glycerin, and Free fatty 
as ends when deprived of its water, the test for Petrolatum under 

ool Fa 
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Storage—Keep Hydrous Wool Fat in well-closed containers, prefer- 
ably below 30°. 


_Uses—This substance is used largely as a vehicle for 
ointments, for which it is admirably adapted, on account 
of the facility with which it is absorbed by the skin. 


WAXES 


SPERMACETI U. S. P. Cetaceum 
[Cetac.—Sp. Esperma de Ballena] 


Spermaceti is a waxy substance obtained from the 
head of the sperm whale, Physeter macrocephalus Linné 
(Fam. Physeteridz). 

History—Spermaceti in the time of Shakespeare and 
previously was called parmcety and was largely used 
internally as well as in ointments and cerates. There 
was considerable mystery as to its real origin for many 
centuries. It was believed by some to be the sperm, 
by others to be the marrow, and by still others to be the 
brain substance of the whale. Some believed it to be 
a solidified form of the froth of foam of the sea. 

Constituents—Spermaceti is a mixture of several con- 
stituents of which cetin, or cetyl palmitate [C.;Hs.- 
COOC;.¢Hss], predominates. When recrystallized from 
alcohol, cetin is obtained, while the mother liquor on 
evaporation deposits an oil, cetin elain, which when 
saponified yields cetin elaic acid, an acid resembling, 
but distinct from, oleic acid. 

Preparation—Spermaceti is obtained by the forcible 
expression of the oleaginous compound found in the 
head of the sperm whale to separate the liquid portion 
which is known as sperm oil, and which is a liquid wax. 
The solid fat is termed cetin (cetyl palmitate) and also 
belongs to the class of waxes. 

Description and Properties—White, somewhat translucent, slightly 
unctuous masses with a crystalline fracture and pearly luster. It has 
a faint odor, a bland, mild taste, and is free from rancidity. Its 
specific gravity is about 0.94. It melts between 42° and 50°. It is 
insoluble in water, nearly insoluble in cold alcohol, and slightly soluble 
in cold petroleum benzin, but it is soluble in boiling alcohol, in ether, 
chloroform, and in fixed and volatile oils. 

Tests for Purity— 

Paraffin and free acids—It dissolves completely in 50 parts of boiling 
ey and the solution is neutral or not more than slightly acid to 
itmus. 

Stearic acid—Melted Spermaceti is shaken with ammonia T.S. to 
convert any stearic acid present to the soluble ammonium stearate, 
and filtered. When the filtrate is acidified with hydrochloric acid, 
no precipitate should be produced, indicating the absence of stearic 


acid. 
Storage—Keep Spermaceti in well-closed containers. 


Uses—Spermaceti is one of the solid fatty substances 
employed to give consistency to cerates and ointments, 
as in the well-known Rose Water Ointment. 


* YELLOW WAX U. S. P. Cera Flava 


Cera Flay.—Beeswax, Yellow Beeswax, Sp. Cera Amarilla, Cera de 
Abejas] 

Yellow Wax is the purified wax from the honeycomb 
of the bee, Apis mellifera Linné (Fam. Apidz). 

Constituents—Beeswax is a mixture of three differ- 
ent substances, which may be separated from one an- 
other by alcohol—zz.: (1) myricin, insoluble in boiling 
alcohol and consisting chiefly of myricyl palmitate 
[(CaiH 63(Cy 6H3102)] and myricyl alcohol [Cs 1H esOH] ; ]; (2) 
cerin or cerotic acid [CogH 5202], formerly called cerin 
when obtained only in an impure state, which is dis- 
solved by boiling alcohol, but crystallizes out on cool- 
ing; 3. cerolein, which remains dissolved in the cold 


alcoholic liquid. This latter is probably a mixture of 
fatty acids, as indicated by its acid reaction to litmus 


paper. | 
Preparation—Yellow Wax is a poculiar secretion of 


bees. It is obtained on the large scale by first ab- 
stracting the honey from the combs by shaving off the 
ends of the cells, draining, and then placing them in 
centrifuges. The honey is rapidly whirled out, water 
is added, and the wax is thoroughly and quickly cleaned; 
it is then melted and strained and run into flat dishes 
or molds to cool and harden. 

Description and Properties—A yellow to grayish brown solid with an 
agreeable, honey-like odor, and a faint, characteristic taste. When 
cold it is brittle and when broken it presents a dull, granular, non- 
crystalline fracture. It becomes plastic from the heat of the hand. 
Its specific gravity is about 0.95 and it melts between 62° and 65°. It 
is insoluble in water and sparingly soluble in cold alcohol, but is com- 
pletely soluble in chloroform, ether, and fixed and volatile oils; partly 
soluble in cold benzene and carbon disulfide, and completely soluble 
in these liquids at about 30°. Its constituents, cerotic acid and myri- 
cin, are soluble in boiling alcohol. 

Tests for Purity— 

Carnauba wax—Yellow Wax crystallizes from n-butanol in the form 
of loose needles or stellate clusters. Carnauba wax forms amorphous 
masses; none of the latter should be apparent. 

Fats or fatty acids, Japan wax, rosin, or soap—When the Wax is 
boiled with sodium hydroxide solution and then cooled, it separates 
leaving a clear liquid and no precipitate forms when the filtrate is 
acidified. 

Acid value—18 to 24. 

Ester value—72 to 77. 

Storage—Keep Yellow Wax in well-closed containers. 

Uses—Yellow Wax is employed as a stiffening agent 
in many official preparations such as cerates, ointments, 


pastes, and petroxolins. 


White Wax U.S. P. Cera Alba 


[Cera Alb.—Bleached Beeswax, White Beeswax, Bleached Wax, 
Sp. Cera Blanca Cera de Abejas Blanqueada] 

White Wax is bleached yellow wax. 

Preparation—The color of yellow wax is discharged 
by exposing it with an extended surface to the combined 
influence of air, light, and moisture. The process of 
bleaching is often conducted upon a large scale. The 
wax, previously melted, is made to fall in streams upon 
a revolving cylinder kept constantly wet, upon which 
it concretes, forming thin layers. These layers are 
spread upon linen cloths stretched on frames and ex- 
posed to the air and light, care being taken to wet and 
occasionally turn them. In a few days they are par- 
tially bleached; but to deprive the wax completely of 
color it is necessary to repeat the whole process one 
or more times. When sufficiently white, it is melted and 
cast into small circular cakes. 
Description and Properties—A yellowish white, nearly tasteless, 
somewhat translucent solid with a faint, characteristic odor. It is 
free from rancidity. 
Tests for Purity— 

Acid value—17 to 24. 

Ester value—72 to 79. 

Other tests—It meets the requirements of the other tests given under 
Yellow Wac. 
Storage—Keep White Wax in.well-closed containers. 

Uses—White Wax is employed as a stiffening agent 
in many of the official preparations such as cerates, 
pastes, and ointments. 


Cerate N. F. Ceratum 


{Simple Cerate, Ceratum Simplex, Ceratum Adipis, Unguentum 


Cereum] 
Metric Alternative 
White. Waxs mettre aah obras oes 300 Gm. 3 OZ. av. 
Benzoinated:Eard tee asin ois aie eee 700 Gm. 7 OZ. av. 
1000 Gm. 100z, av. 


Potmake were aceon ere sod EWA ek oad 
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Melt the white wax on a water bath, add the benzoinated lard 
and heat until it is liquefied. Strain the liquid, if necessary, and 
stir it constantly until it congeals. 


Storage—Keep Cerate in well-closed containers, preferably below 35°. 


Uses—Cerate is employed as a basis for omtments 
when a stiffer consistency than usual is required. 


Unofficial Waxes 


Carnauba Wax—Hard, brittle, brown to yellowish masses obtained 
by treating the leaf buds and leaves of Copernicia cerifera, the so- 
called Brazilian Wax Palm, with hot water. Melts between 84° 
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to 86°, the highest melting point of all waxes. It consists chiefly 
of myricyl cerotate with smaller quantities of myrieyl alcohol, ceryl 
alcohol, and cerotic acid. It takes a high polish. Uses: in polish- 
ing mixtures for coated pills and tablets and especially as an in- 
gredient in floor and furniture polishes. 

Ceresin (Ozokerite, Earth Wax, Cerosin, Mineral Wax, Fossil Wax)— 
A hard, white, odorless solid resembling spermaceti when purified, 
occurring naturally in deposits in the Carpathian Mountains, 
especially in Galicia. It is a mixture of natural complex paraffin 
hydrocarbons. Melts between 61° and 78°. Sp. gr. 0.91 to 0.92. 
Stable towards oxidizing agents. Soluble in 30 per cent alcohol, 
benzene, chloroform, petroleum benzin, and hot oils. Uses: Substi- 
tute for beeswax; in dentistry for impression waxes; in the manufac- 
ture of candles, wax figures, waxed paper, polishes, insulators, and 
bottles for hydrofluorie acid. 


ANTIOXIDANTS AND PRESERVATIVES 


The cause and prevention of rancidity in fats and oils 
has been the subject for a great deal of research, espe- 
cially in the food and drug industries. During World 
War II, which was so stimulating to scientific research, 
much was learned about the preservation of butter, 
lard, and other edible fats and oils; it was demonstrated 
also that there is a toss of vitamin content when oils de- 
compose (Jones and Christiansen, J. A. Ph. A., 24, 
465, 1935). The two great national problems of waste 
and health, therefore, are both concerned in the study 
of rancidity. Closely related to this study, also, is the 
preservation of such pharmaceutical products as hor- 
mones, emulsions, oleovitamins, and oil solutions for 
injection. 

A fat is deseribed as rancid when it contains sufficient 
oxidation products of free short chain fatty acids (alde- 
hydes and ketones, e. g., acrolein) to provide organo- 
leptic evidence of their presence; there is a loss of 
palatability and the appearance of objectionable odors. 
An antioxidant is a substance occurring naturally within 
a fat or one which is added to the fat to retard or prevent 
the formation of rancidity. 

The following discussion of rancidity will be consid- 
ered under two headings: (1) the factors influencing the 
development of rancidity, and (2) a classification of anti- 
oxidants. 


Factors Influencing the Development of Rancidity 


Antioxidants, also known as antzoxygens and inhibi- 
tols, are influenced by their environmental factors. 
These factors, of two types, 7. e., external and internal, 
tend either to destroy the antioxidants and produce 
rancidity or to assist the antioxidants in protecting 
against rancidity. 

Internal Factors—There are three important internal 
factors which influence the decomposition of fats: 
Natural Antioxidants, Natural Pro-oxidants, and the 
Inherent Reactivity of Fats towards Oxygen. 

1. Natural Antioxidants, which tend to prevent the 
formation of rancidity, are found in the unsaponifiable 
fraction of vegetable oils. These natural inhibitors, 
mostly tocopherols, are substances chemically similar to 
vitamin EK, and they will preserve fats for a long time 
if precautions are taken to prevent their destruction by 
heat, light, and oxygen. The tocopherols are most ef- 
fective at low levels of concentration and there is an 
optimum concentration, varying with the oil or fat, at 
which maximum stability is obtained; the addition of 
greater or lesser amounts than are required gives nega- 
tive results. 

2. Natural Pro-oxidants or Ovxidizing Enzymes 
(rancidase) may be present, and under conditions suit- 
able for their activity, 7. e., proper temperature and the 
presence of moisture, oxygen, and light, will produce 
an accelerating effect on the process of decomposition, 
once this has commenced. 

3. Inherent Reactivity towards Oxygen is a property 


possessed by the unsaturated glycerides of fats and oils 
According to some authorities (K. Weber, Die Chem- 
ische Analyse, 40, 114, 1938), unsaturated fats spon- 
taneously interact with atmospheric oxygen to form 
small amounts of peroxides. During the so-called 
induction period, these peroxides destroy the natural 
antioxidants, and when this is accomplished, they then 
initiate rancidity by attacking the glycerides of the fat 
or oil. At this stage the decomposition products pro- 
duce an autocatalytic effect and give great impetus to 
the formation of rancidity by the curve which is practi- 
cally horizontal during the induction period and then 
swings sharply upward as the fat itself begins to decom- 
pose. Saturated fats do not become rancid, since there 
is no double bond for the oxygen to attack; this explains 
the splendid keeping qualities of hydrogenated oils, 
e. g., Crisco. It has been shown that the degree of 
rancidity attained by fats is proportionate to their iodine 
numbers, and increases in logarithmic proportion with 
the number of unsaturated linkages. The iodine value 
of the same kind of fat has been shown to vary con- 
siderably with the diet and environment of the animal. 
The fats of cold-blooded animals have high iodine val- 
ues; fish liver oils, therefore, must be packaged and 
stored with great care. 


External Factors—There are six important external . 
factors which must be considered when attempting to 
prevent the development of rancidity in fats: Oxygen, 
Moisture, Light, Heat, External Pro-oxidants, and 
Microorganisms. 

1. Oxygen is the most important factor contributing 
to the formation of rancidity. Fiero, A. J. Pharm., 
102, 147 (1930), states that rancidity will not develop 
in the absence of oxygen. Oxidation produces decom- 
position products such as alcohols, aldehydes, hydroxy 
acids, ketones, lactones, and short chain fatty acids. 
To prevent access of oxygen, containers for oils such as 
cod liver oil are hermetically sealed and either vacuum 
packed or filled with an inert gas. : 

The Kreis Test is employed to determine the degree 
of rancidity of a fat. In this test 5 cc. of the oil or 
molten fat is shaken vigorously for 30 seconds with 5 
ec. of concentrated hydrochloric acid, then 5 cc. of a 
0.1 per cent solution of phloroglucinol in anhydrous 
ether is added and the mixture is again shaken. The 


-intensity of the pink or red color which is produced in 


the lower acid layer indicates the degree of rancidity. 
This test may be applied more quantitatively by spec- 
trophotometric measurement of the color intensity. 

2. Moisture aids in the hydrolysis of the 
glyceryl esters to produce short chain fatty acids and 
other decomposition products. Rancid fats are always 
acid in reaction. This is the first indication that a fat 
is beginning to decompose. 

3. Light at the blue end of the spectrum, including. 
the invisible ultra-violet rays, with a wave length shorter 
than 4900 A, is an accelerator in developing rancidity. 

4 ¥ 
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Darkness slows down the process and the visible rays 
of light in the red, yellow, and green sections of the 
spectrum have little.or no effect. Infra-red light is in- 
effective. Packaging departments take advantage of 
this fact by using red or yellow cellophane and opaque 
material for wrapping foods and drugs (W. L. Morgan, 
J. Ind. Eng. Chem., 27, 1287 (1935). 

4. Heat hastens the production of rancidity by pro- 
moting more rapid hydrolysis of the fatty constituents 
and by encouraging the development of microorganisms. 
Fats and oils should be preserved in a cool place, 
preferably in a refrigerator. 

5. Hxternal Pro-oxidants, which inadvertently come 
in contact with fats, are frequently responsible for in- 
ducing rancidity. Those most commonly encountered 
are metals (copper is the worst offender), peroxides, 
oxidized fats, and unsaturated fatty substances con- 
taminating the product. These compounds tend to de- 
stroy natural antioxidants which are present. and-also 
any preservatives which may be added. ‘Therefore, the 
practice of mixing the last portion of an old fat, e. g., 
lard, with a new supply, as is sometimes done in the pre- 
scription department, must be condemned, since the 
decomposition products of the old fat tend to initiate 
rancidity in the fresh one. 

6. Microorganisms play a large part in the produc- 
tion of rancidity if the conditions are favorable for their 
growth. It has been shown that sterilization of fats 
prevents the formation of rancidity. It is recom- 
mended, therefore, that all procedures such as steriliza- 
tion, desiccation, and refrigeration, which prevent the 
growth of organisms, be practiced, whenever an oil 
which is particularly susceptible to rancidification is 
being handled. 


Classification of Antioxidants 


Any substance used as an antioxidant for the pres- 
ervation of foods or pharmaceutical preparations must 
be non-toxic, palatable, readily dispersible, in neutral 
reaction, cheap to manufacture, and it must impart no 
color or odor to the product. The most useful com- 
pounds for this purpose are rich in phenolic or enolic 
hydroxyl groups. Many organic acids, phenols, and 
substituted aromatic amines fall into this category; 
hydroquinone, catechol, pyrogallol, and 1,2,4-hydroxy- 
hydroquinone are some of the most familiar ones. 
F. Bergel, Chem. and Ind., 14, 127 (1944), has presented 
a useful classification. Antioxidants may be divided 
into four main groups as indicated below: 

1. The Quinol Group consists of the tocopherols, the 
hydroxychromans, the 5-hydroxycoumarans, the qui- 
nones derived from 65,6-dihydroxychromans, the cou- 
marones, and the iso-coumarones. Olcott, Mattill, and 
Golumbic of the University of Iowa have found that the 
activity of this entire group of chemicals is enhanced 
by the addition of citric or ascorbic acid. Penta- 
methyl 6-hydroxychroman is most active in protecting 
carotene in solution. 

2. The Pyrogallol Group consists of polyphenol 
derivatives of pyrogallol and closely related substances. 
The position of the hydroxyl groups appears to influ- 
ence the antioxygenic activity according to E. Boehm 
and R. Williams, Pharm. J., 151, 53 (1944). The alkyl 
gallates give promise of being very useful. Amyl 
gallate efficiently protects vitamin A. n-Propyl gallate 
(n-propyl 3,4,5-trihydroxybenzoate, known as Nipa 46) 
dissolves readily in oils at a relatively low temperature, 
is an effective antioxidant, produces no discoloration, 
does not change the pH of the oil, and is relatively non- 
toxic and non-irritating. It is used in the oily phase of 
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emulsions and in cosmetic creams. It is claimed to 
be ten times as effective as Szam benzoin, 0.5 per cent 
being adequate for lard stored under normal conditions. 
The antioxidant property of Siam benzoin is said to 
reside in a chemically related substance, conzferyl ben- 
zoate. The preservatives methyl parahydroxybenzoate 
( Nipagin) and propyl parahydroxybenzoate ( Nipasol), the 
N. F., Guaiacol, and the dihydroryphenols also belong 
to this group. A substance, used by the U. S. armed 
forces during World War II for preserving food, is ob- 
tained from the creosote bush Larrea divaricata which 
grows in semi-arid regions of the United States. It is 
called nor-dthydro-quaiaretic acid and is abbreviated 
NDGA. The formula for this substance is: 
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Guaiac which contains 15 per cent of guaiaretic acid is 
also used as an effective preservative by pharmaceutical 
manufacturers. 

3. The Dienols form a water-soluble group, of which 
the most important member is ascorbic acid, a very use- 
ful inhibitor occurring naturally in some vegetable oils 
(soya bean oil, palm oil, and hydrogenated sesame oil). 
It is especially effective in the presence of tocopherols 
and other hydroxychromans, and it was found to delay 
the enzymatic action of linoleic acid. Since its anti- 
oxidant properties are independent of optically or 
sterically different forms, its isomer zso-ascorbic acid 
may be used. The latter form of the acid can be pre- 
pared synthetically from 2-ketogluconic acid which is 
obtainable inexpensively, in high yield, from the action 
of various Pseudomonas species on glucose. When 
ascorbic, maleic, citric, tartaric, and phosphoric acids 
are used with polyphenols or hydroxychromans a 
synergistic action seems to occur which is attributed first 
of all to the removal of traces of metals, particularly 
copper, in the form of the corresponding salts, and sec- 


- ondly to the regeneration of the original structure of the 


antioxidant. 

4. Amines—The alkanolamine esters of the general 
formula ROOC.CHs.NR/R” and aromatic amines are 
used as inhibitors in oils. Casezn and edestin are good 
stabilizers for vitamin C, and kephalin is said to be the 
active principle in crude lecithin. Lecithin itself, which 
is a good emulsifying agent, also functions as a preserva- 
tive. The purines, such as xanthine and uric acid, ‘are 
said to possess antioxidant properties. Oatmeal ex- 
tracts, cottonseed meal, maize, soya bean, and oat flours 
contain inhibiting phospholipins or protein-free com- 
plexes. Hpinephrine has demonstrated greater pre- 
servative powers than pyrocatechol, ~ 


METHYLPARABEN U. S. P. Methylparabenum 


[ Methylparaben.—Methy] Parasept, Solbrol, Methyl Parahydroxy- 
benzoate, Nipagin M, Solbrol, Tegosept M. Sp. Metilparabeno] 


COOCHs 


OH 


Methylparaben, when dried at 80° for 2 hours, con- 
tains not less than 99 per cent of CgsHgOx (152.14). 

Preparation—Methylparaben is made by esterifying 
para-hydroxybenzoic acid with methanol as described 
under Methyl Salicylate. The para-hydroxybenzoic 
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acid is obtained by passing carbon dioxide under pres- 
sure into dry potassium phenolate heated to about 200°. 
The resulting potassium salt is decomposed with 
hydrochloric acid yielding the free para acid. This 
process for preparing the acid is very similar to that 
used in the manufacture of salicylic acid. These two 
acids are isomeric, but differ in their chemical proper- 
ties. For instance, unlike salicylic acid, its solution is 
not appreciably colored by ferric salts. 

Description and Properties—White crystals or crystalline powder. 
It is odorless or has a faint, characteristic odor, and has a slight burn- 
ing taste. It melts between 125° and 128°. The para-hydroxy- 
benzoic acid, obtained by treating the assay solution with diluted 
hydrochloric acid, melts, after washing it with water and drying at 
80°, between 213° and 215°. One Gm. is soluble in 400 cc. of water, 
in 2.4 ec. of alcohol, and in 8 cc. of ether; in 50 cc. of water at 80°. 
It is slightly soluble in benzene and carbon tetrachloride; soluble in 
acetone, glycerin, oils, and fats. 

Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Free acid—When Methylparaben is heated with water at 80° 
for a few minutes the water remains neutral or becomes only slightly 
acid to litmus paper. 

Chloride—N ot,more than 0.035 per cent, as Cl. 

Sulfate—Practically none. 

Assay—Methylparaben is assayed by the method given under 
Methyl Salicylate, but using bromothymol blue as the indicator. In- 
stead of alcoholic potassium hydroxide, aqueous, normal sodium 
hydroxide may be used. One cc. of normal sodium hydroxide cor- 
responds to 152.14 mg. of CgHgO3. 

Storage—Keep Methylparaben in tight containers. 


Uses—Methylparaben is used as a preservative for 
galenicals in concentrations ranging from 0.05 to 0.25 
per cent. It is also used in cosmetic preparations con- 
taining vegetable and animal fats and oils that are 
susceptible to decomposition. When desired to give a 
strong antiseptic effect 3 to 5 times of the above concen- 
tration may be used, as Methylparaben and other esters 
of para-hydroxybenzoic acid are odorless, oil soluble, 
and harmless to the skin in the proportions usually em- 
ployed. The esters are usually dissolved in boiling 
water and then added to the preparation, but when no 
water is present in the formula they may be dissolved 
in alcohol, acetone, triethanolamine, glycerin, perfume 
oils, or melted fats. A combination of two or more 
esters of para-hydroxybenzoic acid has a ‘‘synergistic”’ 
antiseptic value, 7. e., the antiseptic effect of the com- 
bination is greater than the total effect as calculated 
from the values of the individual components; thus a 
preparation containing 0.15 per cent of the propyl ester 
(propylparaben, Tegosept P, Nipasol M) and 0.05 per 
cent of the benzyl ester has a stronger antiseptic value 
than 0.2 per cent of either ester alone. The benzyl ester 
(Nipabenzyl) has a high antiseptic value and is suitable 
for the preparation of antiseptic creams. The ethyl 
ester (Nipagin A).and the butyl ester (Butoben) are also 
used for the same purposes. 


PROPYLPARABEN U. S. P.  Propylparabenum 


[Propylparaben.—Propyl Parasept, Propyl Parahydroxybenzoate, 
Tegosept P, Sp. Propilparabeno] 


COOCH2CH2CHs 


OH 


Propylparaben, when dried at 60° for 2 hours, con- 
tains not less than 99 per cent of Cy9H1203 (180.20). 

Preparation—Same as Methylparaben but using 
propyl alcohol for esterification. 


‘ 


FIXED OILS, FATS, WAXES AND PRESERVATIVES 


Description and Properties—Colorless crystals or a white powder. 
It is odorless or has a faint odor. It melts between 95° and 98° and 
the acid obtained from the assay solution as described under Methyl- 
paraben melts at 213° and 215°. One Gm. of Propylparaben dis- 
bol ae ie 2000 cc. of water. It is soluble in alcohol, acetone, ether, 
and oils. 

Tests for purity—It conforms to the limits for free acid, chloride and 
sulfate given under Methylparaben, and the residue on ignition is not 
more than 0.05 per cent. 

Assay—Propylparaben is assayed by the method given under Methyl- 
paraben. One cc. of normal sodium hydroxide corresponds to 180.20 
mg. of Cj9H 1203. 

Storage—Keep Propylparaben in tight containers. 


Uses—See Methylparaben (page 581). 


SODIUM PROPIONATE N. F. Sodii Propionas 
[Sod. Prop.—Mycoban, Sp. Propionato de Sodio] 


Sodium Propionate, when rendered anhydrous by 
drying at 105° for 1 hour, contains not less than 99 per 
cent of CHsCH.COONa (96.07). 


Preparation—This salt is prepared by neutralizing 
propionic acid with sodium carbonate or hydroxide and 
evaporating to crystallization or to dryness. Propionic 
acid is made by the careful oxidation of propane, as 
well as other hydrocarbons obtainable as a by-product 
in the cracking process of petroleum. 


Description and Properties—Colorless, deliquescent, transparent 
crystals or a granular, crystalline powder. It is odorless, or has a 
faint acetic-butyric odor. One Gm. dissolves in 1 cc. of water or in 24 
cc. of alcohol at 25°, or in 0.65 cc. of water at 100°. When warmed 
with sulfuric acid, propionic acid, recognized by its odor, is evolved. 
A 1 in 20 solution responds to the tests for sodium. Upon ignition, it 
yields an alkaline residue which effervesces with acids. 
Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Free alkali—Not more than 0.12 per cent as NaOH. 

Arsenic limit—10 parts per million. 

Heavy metals limit—10 parts per million, 
Assay—A convenient quantity of dried Sodium Propionate is weighed 
and ignited until a white residue is obtained. The residue is dissolved 
in water and titrated with tenth-normal sulfuric acid, using methyl 
orange T.S. as the indicator. Each ce. of the acid is equivalent to 
9.61 mg. of CHgCH2gCOONa. 
Storage—Keep Sodium Propionate in tight containers. 


Uses—The propionates of calcium and sodium are 
sold under the name of Mycoban to bakers for use in pre- 
venting the molding of bread. Keeny and Broyles, Johns 
Hopkins Hospital Bulletin, 73, 379, 479 (1948), state 
that a number of molds (trichophyton, aspergillus, 
actinomyces, etc.) were inhibited in their growth by 
concentrations of Sodium Propionate ranging from 
0.125 to 2.0 per cent and that these same molds were 
killed by concentrations ranging from 1.25 to 10.0 per 
cent. These workers successfully cured athlete’s foot 
using a 10 per cent ointment in combination with a 10 
per cent powder of Sodium Propionate. 


Antioxidant and Preservative Specialties 


Chemogin and Chemosol (Chemo Puro)—Powder readily soluble in 
water, alcoholic solutions, fats, and oils. Uses: antiseptic and 
germicidal preservative for use in toothpastes, cosmetic creams, 
lipsticks, mucilages, jellies, etc. Chemogin is most effective in oil 
or fatty preparations; Chemosol in aqueous preparations; while 
Chemosol-Chemogin mixture can be used in all emulsions. Used 
in 0.02 to 0.3 per cent concentrations, 


Sopronol Compound Ointment (Wyeth)—Ointment containing 16.4 
per cent sodium propionate, 3.6 per cent propionic acid, 0.1 per 
cent dioctyl sodium sulfosuccinate, 5 per cent zinc stearate, and 
74.9 per cent inert ingredients. Uses: fungicide in epidermo- 
phytosis (athlete’s foot). : 
Sopronol Solution—Contains 16.4 per cent sodium propionate, 3.6 
per cent propionic acid, 0.1 per cent dioctyl sodium sulfosuccinate, 
and 79.9 per cent inert "ingredients. 

Sopronol Powder—Contains 15 per cent calcium propionate, 5 per 
cent zinc > propionate, and 80:per cent inert ingredients. 
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SURFACE-ACTIVE 


SURFACE ACTIVITY 


SURFACE TENSION affects the shape of liquid sur- 
faces, imbibition, spreading (wetting), distribution of 
dissolved substances within a solution, and similar 
properties. Surface-active agents are substances used 
to modify these effects in the direction desired. Their 
main function is to bring about a change in the degree 
of dispersity or in the shape of liquids in contact with 
other liquids or solids. For example, when a layer of 
paraffin oil is placed on pure water no dispersion of oil 
in water or water in oil takes place, and the boundary 
between the two liquids remains a plane. Shaking or 
mixing will disturb the system only temporarily. As 
soon as it ceases, the liquids will separate again. Addi- 
tion of a surface-active agent changes the behavior of 
the system. If oil is shaken with water containing 
soap or a soap-like substance, a more or less stable 
emulsion results, 7. e., one liquid is dispersed in the 
other. See the chapter on ‘‘Emulsification.”’ 

The above example concerned two liquids. An oily 
rag in water is an instance of solid-liquid systems. If 
such a rag is immersed in, and then withdrawn from, 
pure water, it can easily be seen that water did not 
penetrate in the spaces (pores) between the rag fibers. 
Soapy water, however, will penetrate into the pores 
and also in the fibers, because it “‘wets” the fibers, that 
is, it covers them with an aqueous film which displaces 
the oil from the fibers. The ability of soap to assist 
penetration of water into soiled fabrics is the basis of 
its use in laundering and washing. 

The two (related) effects exemplified above are 

aimed at also when surface-active agents are utilized 
in pharmacy. Many pharmaceutical and cosmetic 
emulsions contain surface-active emulsifiers, that is, 
substances which either facilitate formation of many 
droplets or stabilize the droplets after they have 
formed. Other preparations contain similar or identical 
surface-active agents whose role, however, is differ- 
ent. Instead of facilitating formation of droplets they 
facilitate penetration of tiny liquid veins into skin 
pores and thus enable the drug dissolved in the liquid 
to reach deeper layers of the skin. Several liquid anti- 
septics and skin drugs employ this device. The vast 
majority of antiseptic detergents include at least one 
surface-active constituent. 
' The mechanical effects, the formation of droplets 
and veins, discussed above cannot be understood unless 
the influence of surface-active agents on surface ten- 
sion and contact angles is taken into account. There- 
fore in this section, first surface tension and its measure- 
ment and then contact angles and their determination 
are discussed. 


Surface Tension 


Liquid surfaces have the tendency to contract, that 
is, to assume the smallest area possible under the given 
circumstances. This tendency is often obscured by 
gravitational effects but can be demonstrated very 
clearly if the gravitation is made inoperative. An oil 
which has the same specific gravity as water neither 
floats on top of water nor sinks under it but forms 
within the water layer a large spherical drop (Plateau’s 
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experiment). The drop is spherical because, for the 
given volume, the sphere has the lowest surface area 
of all the possible shapes. 

Imagine a line, 1 cm. long, lying on the surface of a 
liquid. The contractile force of the surface at right of 
the line pulls it towards the right, and the contractile 
force at left of the line pulls it towards the left. Each 
of these forces is part of surface tension. The unit of 
force is a dyne, and the unit of surface tension is dyne/ 
cm. (or erg. sq. cm. since erg = dyne X cm.). In 
mathematical formulas surface tension usually is de- 
noted by the Greek letter y. The force on a line / cm. 
long is yl dynes. 

The term surface tension is more correctly applied 
only to boundaries between a liquid and a gas. The 
contractile tendency of a liquid-liquid boundary is 
called interfacial tension. It is because of the interfacial 
tension of the oil-water boundary that oil drops assume 
a spherical shape in water. 

Measurement of Surface Tension—Methods of 
measuring surface tension and interfacial tension are 
numerous. Only three are mentioned here—those for 
which well-known instruments are available. 

1. Fig. 499 illustrates the capillary rise method. The 
liquid, whose surface tension is to be measured, fills 
the lower part of the flask 
and rises despite gravita- 
tion in the central capil- 
lary. The top surface of 
the liquid in the capillary 
is called its meniscus. 
The level difference be- 
tween the surface of the 
main body of the liquid 
and the meniscus is pro- 
portional to the surface 
tension of the liquid. If 
this level difference is h, 
the specific gravity of the 
liquid is d, the radius of 
the capillary is7, and the 
acceleration due to grav- 
ity is g, then the surface 
tension is approximately 
y = Yhdgr. The values 
of g, r, h, and d are ex- 
pressed in c. g. s. units if 
y.is.to be in dynes/cm. 

It may seem strange that the contractile tendency of 
the liquid surface causes the liquid to rise in the capil- 
lary, z.e., to form a long liquid “protuberance.” The 
exact explanation of this apparent contradiction cannot 
be given here but the mechanism of capillary rise can 
be made sufficiently clear by the following reasoning. 
It can be shown that the inner walls of the capillary 
are covered with a liquid film even above the meniscus. 
The lower the meniscus in the capillary, the more ex- 
tensive is the boundary between this film and air. 
The surface tension of this film-air boundary causes the 
liquid column to rise. 

2. The existence of surface tension is clearly demon- 
strated in the ring method (Fig. 500). In the apparatus, 
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Fig. 499.—Capillary rise of a liquid. 
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584 SURFACE- 
known as the “tensiometer,’’ which was developed by 
P. L. du Noiiy in 1919, a horizontal platinum or stain- 
less steel ring suspended on a thread is lowered until it 
touches the liquid surface. To lift it again, a force is 
required which is considerably greater than the weight 
of the ring. When the ring is being lifted from the 
liquid, a liquid film remains attached toit. Any further 
lifting extends this film, that is also the film-air bound- 
ary, and is resisted by the surface tension of the liquid. 
If the force necessary to raise the ring (corrected for the 
weight of the latter) is F and the radius of the ring is r, 


PF ss 
then approximately y = ,—. The force F is measured 


An) 
by means of either an ordinary or a torsion balance. 

3. The drop weight method is often used in biological 
and clinical laboratories. A capillary pipette (prefer- 
ably provided with a special flat end) is filled with the 
liquid to the mark. Then the liquid is allowed to run 
out. If the pipette is dimensioned correctly, the liquid 
does not flow as a continuous jet but forms drops. 
The drops fall when their weight reaches a magnitude 
determined by the dimensions of the capillary tip and 
the surface tension of the liquid. Every drop can 
crudely be imagined as an elastic bag filled with liquid. 
When the amount of liquid within the bag is too great, 
the bag bursts and the liquid escapes. The drops are 
counted. If the pipette was filled with M Gm. of liquid 
and this amount formed n drops, the weight of each 
drop was M/n Gm., and this was the maximum weight 
which could be supported by the surface tension. 
Hence, the greater the drop number n, the smaller the 
surface tension ‘. 

All the above-mentioned methods are used chiefly for 
relative determinations. In method 1 the apparatus 
(Fig. 499) is filled first with pure water and then with 
the liquid under examination. If the level difference 
was ho for water and h, for the other liquid, the surface 
tension of the latter is y1 = Yo(hidi/hodo). In this equa- 
tion the subscripts 0 refer to water and the subscripts 


Fig. 500—The du Noiiy tenslometer, 


1 to the second liquid. In the ring method 7; = Yo X 
(F,/Fo), Fo and F; being the pull necessary for water 
and the other liquid, respectively. In the drop weight 
method yi = Yo(nido/Nod;), if mo and nm, are the drop 
numbers of, respectively, water and the other liquid. 
Surface Tension of Undiluted Liquids and Solutions— 
At room temperature the surface tension of water is 
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greater than that of organic liquids. It is about 72 
dynes/cm. as compared with 22 dynes/cm. for ethyl 
alcohol and 17 dynes/em. for ether. Generally speak- 
ing, low boiling liquids have lower surface tensions than 
less volatile substances. Surface tension is in inverse 
relation to the temperature—the lower the temperature 
the higher is the surface tension: water at 60° C. has 
a tension of 66 dynes/cm. as compared with 72 dynes/- 
cm. at room temperature (about 25°). 
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Fig. 501—Diagrams of contact angles. The diagrams to the left 
illustrate a liquid which has a contact angle of less than 90° and 
therefore ‘‘wets’’ a flat surface and tends to rise in a capillary tube. 
When the contact angle is greater than 90°, as occurs between 
mercury and glass surfaces, then the reverse is true, as illustrated 
in the two diagrams on the right. 


When the surface tension is large as of water, for 
instance, it can be reduced greatly by minute amounts 
of some other substances. These are termed surface- 
active substances. If asurface-active substance possesses 
also other desirable properties (e. g., a low vapor pres- 
sure), it can be used as a surface-active agent. This dif- 
ference can be explained using ether as example. Ether 
vapor lowers the surface tension of water by many 
dynes/em. but ether is not a surface-active ‘agent”’ 
as it volatilizes too rapidly and would not long remain 
in a preparation if put into it. 


Contact Angles 


Contact angles, also called wetting angles, can con- 
veniently be discussed with reference to Fig. 501 which 
represents a drop on a flat solid surface. It is seen that 
the surface of the drop forms angles @ and 180° — 6 
with the surface of the solid. This angle @ is usually 
termed the contact angle; only in special cases, e. g., 
when the drop is surrounded by another liquid, is it 
necesary to specify that the angle is to be taken through 
the'liquid, not through the air around the drop. 

Contact angles are a measure of the spreading of liq- 
uids over solid surfaces. When the angle 6 is small, 
the drop is flat, and covers a greater area of the solid 
than when @ is large. When the angle @ is equal to zero, 
the liquid covers the whole solid surface accessible to it. 
In the capillary rise method mentioned above care must 
be taken to have the contact angle between the liquid 
and the capillary wall equal to zero; then the liquid 
wets the walls also above the meniscus and the mecha- 
nism described on page 583 can operate. 

The contact angle is zero between a clean glass sur- 
face and water, alcohol, or ether, or between a clean 
copper wire and mercury. Mercury on glass forms a 
large contact angle (about 130°) and water makes with 
paraffin wax an angle of about 100 to 110°. All the 
other angles commonly observed in the laboratory are 
confined within the limits 0° and 100°. 

The contact angle values often are extr emely_ sensitive 
to impurities. Merely touching a clean microscope 
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shde with the fingers is sufficient to raise the contact 
angle of water on it from 0° to perhaps 50°. Changes 
of similar magnitude can be produced also by varying 
the relative humidity of the air. There exists also a 
hysteresis of wetting. This means, for instance, that 
the contact angles, made with a solid surface by a drop 
sliding on that surface, are different in front and in the 
rear of the drop. Still, despite their poor reproducibil- 
ity, contact angles are important physically and very 
helpful in understanding imbibition and similar phe- 
nomena. 

Measurement of Contact Angles—The following 
methods are used for measuring contact angles: (1) The 
shadow of a drop is projected on a screen and the 
contact angle is measured with a protractor. (2) The 
volume of the drop and the radius of its base, or this 
radius and the height of the drop, are measured, and 
the contact angle is calculated. It is clear that the 
greater the radius of the base compared with the volume 
of the drop the smaller is 6. (3) A solid plate is partly 
immersed into the liquid and then tilted until the liquid 
surface is flat right to the contact line of air, liquid, and 
solid. The tilt of the plate at which this condition is 
reached, is equal to 0. 


Imbibition and Spreading 


The degree of imbibition and spreading is affected by 
both the surface tension and the size of the contact 
angle. 

The capillary rise of liquids is governed by the equa- 
tion y = M4hdgr (or h = 2y/gdr) only as long as the con- 
tact angle @ is zero. In general, the capillary rise h = 
2y cos 6/gdr. When 6 = 0, then cos 6 = 1 and the 
first equation results. When § = 90°, cos 6 = 0 the 
liquid neither rises nor falls in the capillary. When 
6 >90°, cos is negative and the meniscus in a capillary 
is situated below the plane of the liquid level. This 
phenomenon can readily be seen when a glass capillary 
is pushed into a pool of mercury. 

The equation h = 2y cos 6/gdr shows that the capil- 
lary rise is greater the greater cos @ (7. e., the smaller @) 
and also the greater is the surface tension y. The 
spreading of drops on solids, too, is the more extensive 
the smaller @, but it increases when y decreases. The 
inverse relation between spreading and surface tension 
is readily understood when the kinds of energy involved 
in spreading are considered. It is generally believed 
that when 6 = 90°, the properties of the solid do not 
influence spreading phenomena. In this instance 
there are only two kinds of force affecting the shape of 
a drop sitting on a horizontal solid surface. Gravita- 
tion tends to push the center of gravity of the drop as 
far down as possible, 7. e., to make the drop as flat as 
possible. On the other hand, surface tension acts so as 
to make the surface area as small as possible, that: is, 
to render the drop semi-spherical, as spheres have lower 


surface areas than any other shape of a given volume. 


The actual shape of the drop depends on the relative 
magnitude of these opposing forces, and the smaller the 


- surface tension the flatter is the drop. 
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a sheep’s fleece, ducks do not sink in water; 


Generally speaking, contact angles are more impor- 
tant than surface tension for imbibition and spreading. 
Water readily recedes from human skin, rain runs off 
all these 


‘directly, that is, 
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and innumerable similar phenomena are due to high 
contact angles between air, water, and a greasy skin, 
wool, or feather. When the activity of the sebaceous 
glands is not strong enough or is interrupted by death, 
additional greasing becomes necessary. Long-distance 
swimmers are covered with a grease layer before they 
start races. One of the most important operations of 
the leather manufacture is ‘stuffing’ the leather with 
fat. A large industry deals with making fabrics water 
repellent. 

In very many other instances penetration of water 
into pores and voids is desirable. Here cos 6 should be 
large, 7. e., 9 should be as small as possible. In some 
cases this is achieved by a previous “‘conditioning”’ of 
the solid surface to be wetted. Lithography, flotation, 
and other industrial processes utilize this device. In 
other instances the liquid contains added substances 
which impart to it a higher wetting power. As men- 
tioned above, soap has this function in washing and 
laundering. Substances which lower contact angles are 
called wetting agents. The majority of these compounds 
lower also the surface tension of water and, conse- 
quently, are surface active. The fields of surface-active 
agents, wetting agents, and emulsifying agents overlap 
to a large extent. 

In electroplating, surface-active agents are dissolved 
in the bath to avoid non-uniform coatings. In the ab- 
sence of these agents hydrogen bubbles remain sticking 
for a while to the deposit and leave behind a depression 
(a “‘pit’’) when they finally escape. Surface-active 
agents enable the liquid to penetrate between the bubble 
and the solid, the bubble rises as soon as it has formed, 
and no “pitting” occurs. 

The usual wetting agents belong to soaps or soap-like 
compounds. 

The rate of imbibition and spreading can be measured 
without having recourse to surface 
tensions and contact angles. Three of the methods 
commonly employed in these measurements are 
briefly described here. 

1. In the paper industry, a drop of water, printing 
ink, or other liquid is placed on a sheet of the paper, and 
the time taken for the drop to disappear into the paper 
is recorded. 

2. Inthe paper and textile industries a sheet of paper 
or a piece of fabric is spread over the surface of the 
liquid, and the liquid is either allowed to rise in the por- 
ous membrane freely or is forced through the membrane 
by hydrostatic pressure. The time taken by the liquid 
to reach the upper side of the membrane is noted. 

3. Inthe textile industry, the usual method of deter- 
mining the rate of imbibition employs the buoyancy of 
the air occluded in the pores of fabrics. A glass cylinder 
is filled with the liquid and into it a skein (a bundle of 
fibers), tied at one end to a piece of metal, is introduced. 
The space between the fibers contains air so that the 
skein stands vertically above the metal weight and 
keeps the thread connecting it to the weight taut. 
When enough air has been displaced by the liquid to 
make the skein heavier than the liquid, the skein sinks. 
The time between immersion and sinking is determined. 
The higher the wetting power of the liquid, the shorter 
is the time required for the skein to sink, as well as the 
time intervals measured according to methods 1 and 2. 


TYPES OF SURFACE-ACTIVE AGENTS 


_ Surface-active agents can be divided into three 
groups: (1) anionic, in which the anion or acid radical 
is the surface- active group; (2) cationic, in which the 


te __ cations or the basic radical is surface active; and (3) 


non-ionic. There is also a small group aes amphionie 
surface-active agents, that is, substances in which 
both the anions and the cations exhibit surface activity. 
The largest and most important group comprises 

: 
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anionic agents, that is, compounds which when dis- 
solved in water give surface-active anions and inactive 
cations. Its counterpart is the group of cationic agents 
which dissociate in water forming surface-active cations 
and inactive anions. Non-ionic agents as the name 
indicates are not dissociated in solution into ions. 

The molecule of the common surface-active agents 
contains at least one long hydrocarbon chain (a hydro- 
phobic group with a strong affinity for organic liquids) 
and at least one hydrophilic (polar) group. The car- 
boxyl [COOH], sulfonic acid [SOsH], hydroxyl [OH], 
sulfate [SO.], or hydrohalide radicals constitute the 
usual hydrophilic groups. 

The following names have been applied to these 
agents: cleaning agents, detergents (aid in the loosening 
of particles of dirt), dispersing agents, emulsifiers, pene- 
trants, solubilizers, and surface tension depressants. 


ANIONIC AGENTS 


The most important and the most extensively used 
anionic agents are the ordinary household soaps which 
compose the alkali (usually sodium) salts of one or more 
of the “fatty acids’ with 12 or more carbon atoms. 
Typical component of soaps are sodium stearate, palmi- 
tate or oleate. A soap of naphthenic acids is marketed 
as Nusope (Nuodex-Products Co.). Within the last-two 
decades or so, a new and large class of anionic deter- 
gents has been developed. In these the carboxyl group 
which characterizes ordinary soap is replaced by one or 
several sulfonic acid groups. The anion of the oldest 
of these ‘‘soap substitutes” is formed from cetyl sulfonic 
acid [CH3(CH.2);4,CH2SO3H]. Another and still more 
recently developed group of anionic detergents are the 
sulfates of the long-chain aliphatic alcohols as exempli- 
fied by Sodium Lauryl Sulfate U.S. P., and Dreft, Drene, 
and Teel by Procter and Gamble Co. 

The product sold as Vel is the sodium salt of the 
sulfated monoalkyl ester of glycerol [RCOOCH.CH- 
(OH)CH2,OSO.,0Na], where R consists mostly of the 
lauryl radical. 

The sulfated amides also belong to this group of sur- 
face-active agents. They may be represented by the 
formula RCONHCH.CH.2OSO3Na, where R is a long- 
chain hydrocarbon radical containing 8 to 20 carbon 
atoms. The sulfonated amides contain an SOg3 group 
in place of the SO, group. 

The sodium alkyl sulfonates [RSO3Na] are closely 
related to. the corresponding sulfates. The alkyl aryl 
sulfonates vary considerably in their structure; one of 
the possible groups may be represented by the following 


formula: 
Ri 
NY 


Sulfonated esters are more soluble than the correspond- 
ing alkyl sulfates. The following formula is representa- 
tive: 

Cy7H3g COOCH2CH2S03Na 


Sodium sulfoethyl oleate 
Soap 


Soaps are salts formed from metals, or other base- 
forming compounds, and fatty acids containing eight 
or more carbon atoms. The term “soap” is usually 
understood to mean any soluble salt of the fatty acids 
obtained from animal, marine, or vegetable oils and 
fats. In these soaps the metals or bases are potassium, 
sodium or ammonium. Within recent years soaps 
made with organic bases, e. g., the ethanolamines, have 
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also been widely employed, especially in the prepara- 
tion of emulsions and suspensions. However, the so- 
dium soaps are still most frequently used. The alkali 
metal, ammonium, and triethanolamine soaps are sol- 
uble in water. 

When the metal or base of the soap is other than those 
mentioned above, the soap is insoluble. Lead oleate 
plaster, zinc stearate, and copper undecylenate are 
examples of insoluble soaps. Lime liniment owes its 
characteristic properties to the insoluble calcium soap 
of linseed oil acids. 

Composition—Chemically soap may be represented 
as R—COOM, in which: 

R is a straight chain saturated or unsaturated hydro- 
carbon radical, usually with 8 to 20 carbon atoms. 

—COO is a carboxyl group (minus H) characteristic 
of organic acids. 

Mis a monovalent, base-forming, inorganic or organic 
substance. 

Soaps may also be divided into hard and soft soaps. 
The hard soaps are those in which sodium is the base 
and the soft soaps are those in which potassium is used. 
The predominance of oleic or stearic acid, respectively, 
has some influence upon the consistency of soaps, the 
unsaturated acids, oleic, etc., tending to make the soap 
softer, hence the U.S. P. requirement that the oils used 
in making the official soft soap must have an iodine 
value of not less than 80. 

The fats and oils ordinarily used in the production of 
soaps are the following: 


Animal Fats and Oils Vegetable Oils _ 


Marine oils from seals, whales, Coconut 

and some fish oils Corn 
Mutton tallow (from sheep) Cottonseed 
Tallow (from cattle) Linseed 

. Olive 

Palm 
Palm kernel 
Rapeseed 
Sesame 
Tung 


Preparation—Soap may be made in several ways as 
follows: 


1. Saponification of fats or oils by alkalies, the re- 
sulting glycerin being removed from the soap 
and sold as a by-product. 

2. Saponification of fats or oils by alkalies, the re- 
sulting glycerin being allowed to remain in the 
finished soap. 

3. Direct neutralization of free fatty acids by alkali 
hydroxides or carbonates, no glycerin being 
produced. 

4. Inthe most modern soap-making process, the fat 
or oil is first hydrolyzed in an autoclave with 
steam in the presence of a catalyst at a tem- 
perature of about 230° C. (450° F.) and at a 
high pressure. The resulting acids, after purifi- 
cation, are then neutralized with caustic soda 
as indicated in the preceding equation. 

The reaction involved in the first and second processes 

is illustrated by the following equation: 


CsH;(oleo-palmito-stearate) + 3NaOH — 


fixed oil or fat caustic alkali 


3Na(oleo-palmito-stearate) 


soap 


+ CsH5(OH)s 


glycerin 


The reaction occurring in the third process is ge 
by the following equation: 


CvHssCOOH + NaOH — CrHssCOONa + H.0 


stearic acid caustic alkali sodium stearate water 
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The quality of the soap in a measure depends upon 
the completeness of the saponification and the care 
taken to produce a neutral.or almost neutral soap. 
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Fig. 502—Diagram of soap boiling kettle, crutcher and frame. 


For certain purposes, such as for exceptional detergent 
or germicidal value, as in “soft soap,’ to be used for 
cleansing the hands of a surgeon and in preparing an 
area for a surgical operation, a slight excess of alkali is 
desirable, but for toilet purposes and 
for the laundry the neutrality of the soap 
isessential. Afew soaps are superfatted, 
that is, they contain an excess of fat 
but they are only used for special pur- 
poses, such as to remove an excess of 
machine oil or some such form of dirt. 

The nature of the fatty acids also in- 
fluences the solubilities of soaps and thus 
has a bearing upon their adaptability. 

All soaps except those made from coco- 
nut oil are insoluble in salt (sodium chlo- 
ride) solutions and therefore only coco- 
nut oil or chiefly coconut oil must form I 
the basis for what is known as ‘‘marine 
soap’ to be used with sea water. This 
quality of soaps is taken advantage of in 

their manufacture to separate the glyc- 
erin, salt being added to the saponified 
mixture, causing it to rise to the top of 
the soap-boiling kettles (Fig. 502) in 
more or less granular form, leaving the 
glycerin, ‘“‘spent lye,” and salt solution \ 
at the bottom to be drawn off and 
treated for the glycerin. This stage of 
the process is known as “graining.”’ 
When the glycerin has been removed, 
the separated soap is again heated and 
water is added to restore a uniform con- 
sistency. This warm mixture is then 
drawn off into mixers, known techni- 
cally as ‘‘crutchers” (Fig. 502), where, if 
the soap is a cheap laundry or washing 
soap, an inexpensive perfume may be in- 
corporated, and a better consistency 
secured by actively stirring before the 
_ soap is run into ‘‘frames”’ to cool. 

The “frame” (Fig. 502) into which the 
soap is run to cool usually consists of an 
iron or steel box about 41% feet long, 15 
inches wide, and 4 feet deep, mounted 
on wheels. ‘The sides and ends are removable and each 
frame holds about 1000 pounds of soap. When the soap 
in the frame has cooled sufficiently, the sides are re- 
- moved and in due time the mass of soap is cut into 
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slabs by forcing it against piano wires fitted to a frame, 
and these slabs in turn are cut in the same manner into 
bars weighing about 3 pounds each. In the cheaper 
laundry soaps these bars are further cut into cakes, and 
the cakes roughly stamped by a press, before being 
wrapped and boxed. 

Soap Flakes or Chips—Much laundry soap is now 
being sold in powder and flake form. This not only en- 
ables the user to regulate the exact amount of soap used 
but also provides quick solution and is admirably 
adapted to the modern domestic or laundry washing ma- 
chines. In the production of chip soap it is not neces- 
sary to run the warm fluid soaps into frames to cool, 
as the crutched soap, while still fluid, is run between a 
series of cooled steel rollers and the thin film which dries 
on the rollers is mechanically scraped off at one stage 
of the process.. It then drops to a movable belt and is 
carried into a warm closet, from which it emerges dry 
enough to market as ‘flake’ or “chip” soap (Fig. 503). 

For the production of powdered soap, the flakes are 
more thoroughly dried and are then powdered in the 
usual manner. 

It must be evident to all who know something of the’ 
nature of soap that an important factor in its actual 
value is the percentage of water it contains. Not only 
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Fig. 503—Diagram of soap manufacture. 


does this control the amount of soap available, but when 
a large amount of water is present a soap in cake form 
rapidly disintegrates when used and fails to give ade- 
quate service. Often as much as 80 per cent of laundry 
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soap in cakes is represented by water. In flakes the 
water must be greatly reduced and is not often above 5 
per cent. This is another reason for the preference of 
chip or flake soap over other forms, for laundry pur- 
poses. 

Washing Powders—These were usually mixtures, 
rarely containing more than 20 per cent of soap and 
often less. In addition to the soap they usually contain 
from 25 to 30 per cent of ‘‘soda ash” (sodium carbonate), 
the remainder being water. This combination of soap 
and “soda ash” is particularly efficient in the washing 
of clothes and, even if pure chip soap is used, the ex- 
perts who conduct experiments in laundry methods ad- 
vise the addition of soda ash to the first water. The 
modern washing powders consist of surface-active 
agents. See Dreft and Vel under Anionic Agents. 

Floating Soap—F loating soap is made by beating the 
soap ina crutcher soon after running it from the boiling 
kettles. Air is thus beaten into the soap as it cools and 
the resulting production is thus made lighter than water. 
While this lessens the actual weight of soap in a cake 
it is Justified by adding to the convenience in the use of 
‘the product. 

Toilet Soaps—To produce the higher grade toilet or 
medicinal soaps the bars cut from the frames are reduced 
to chips by a chipping machine or scraped directly from 
the roller (Fig. 503). These are further dried and then 
“milled” (Fig. 503) by passing them repeatedly through 
heavy rollers without heat, until a uniform mass results. 
During this process the coloring matter, if any, is incor- 
porated and also the desired perfume or medicating 
ingredients. 

This soft mass is then forced under heavy pressure 
into bars of the shape and size best suited to form the 
desired cake, the machine being called a ‘‘plodder”’ 
(Fig. 503). These bars, while yet soft from the milling, 
are then cut into cake size and stamped into tablets. 

The raw fatty materials from which commercial 
soaps are made depend to some extent upon the mar- 
ket conditions. The cheapest form of olein or stearin 
obtainable is likely to be employed as the basis for the 
soap. Among these ingredients are bone fat, coconut 
oil, palm kernel oil, palm oil, olive oil, “olive oil 
foots,” peanut oil, cottonseed oil, corn oil, soya bean 
oil, linseed oil, hydrogenated oils, rosin, tallow, and 
fatty acids. 

Curd Soap—Curd soap is a soap separated by salt 
solution, reheated and mixed with sufficient water to 
form a smooth emulsion, run into frames, cooled, and 
cut into bars or cakes. It usually constitutes the bar 
laundry soap. It is frequently high in alkali and usually 
contains fillers, such as sodium silicate. 

Mottled Soap—This is a form of curd soap, showing 
streaks of color irregularly running through the mass. 
Formerly it was caused by the addition of some metallic 
salt, such as ferrous sulfate, manganese dioxide, or 
ultramarine. Originally such soaps were considered to 
be of superior quality, but the effects have been arti- 
ficially produced, so that today mottled soap does not 
necessarily indicate a high-grade soap, often containing 
as little as 20 per cent of actual fatty acid. The mottled 
soaps have nearly disappeared from the American 
market. 

Milled Soap—When a high-grade soap stock has been 
made by the boiling or the cold process, and dried in 
the frames, it is then cut into slabs and bars and subse- 
quently chipped. These chips in turn are milled be- 
tween stone rollers until the soap has acquired a uni- 
form consistency. Such soap is much more lasting 
when finally made into cakes and may be variously 
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colored or perfumed. It is possible, of course, to apply 
this general process to low-class soaps, but whatever 
the basic stock, a milled soap is much more serviceable 
and satisfactory than the same soap cut directly from 
the bars. 

Soft Soap—This soap, made from potash, or mixtures 
of potash and soda, and usually a liquid fat, has already 
been referred to. It is chiefly used medicinally, either 
as a Cleanser for the hands of the surgeon or for prepar- 
ing an operating area or in the treatment of the skin 
or scalp. It is most frequently employed in alcoholic 
solution under the name ‘tincture of green soap.”’ 

Disinfectant Soap—If some form of disinfectant, such 
as cresol or phenol, is added to soap stock during the 
milling, the soap is known as a disinfectant soap, even 
though the amount of added substance is not sufficient 
to produce very effective germicidal action. 

Marine Soap and Hard Water Soap—For use with 
sea water and also for use with water containing lime 
salts, known as “hard’’ water, ordinary soaps are very 
unsatisfactory, because such salts precipitate the soap. : 
It is possible, however, to make a soap which is soluble 
and therefore usable in such water, by employing coco- 
nut oil as the fat and possibly introducing a small 
amount of palm kernel oil. It is this form of soap which 
is sold under the above names. 

Transparent Soap—For many years there have been 
offered soaps which are known as ‘‘transparent”’ soaps. 
These were originally prepared chiefly from mixtures 
of coconut and castor oils and the resulting soap dis- 
solved in alcohol. When the excess of alcohol is dis- 
tilled off, the residue is transparent. It has been found 
possible in recent years to produce much cheaper and 
quite satisfactory transparent soaps from mixtures of 
coconut oil and castor oil by the simple addition of 
sucrose syrup. Such soap has a tendency to “‘fig,”’ that 
is, in time to separate crystalline salts of fatty acids. 

Liquid Soap—A largely used form of soap, chiefly 
because of its economy and sanitary advantages, is 
known as “liquid soap.’’ This is usually an aqueous 
solution of coconut oil-potash soap, suitably colored 
and perfumed. It is found in modern hotels and rail- 
road trains and is used by means of a special apparatus 


which delivers a few drops of the soap without con- 


taminating the remainder. 

Shaving Soap—Soaps for use in shaving are usually ” 
made from carefully selected stock and are carefully 
neutralized to avoid any caustic action when applied 
to the face. These soaps generally contain a large per- 
centage of coconut oil. Tragacanth and milk sugar are 
added in small amounts to shaving creams to increase 
the permanence of the lather. 

Grit or Abrasive Soap—For cleaning the hands, when 
especially soiled with grease or machine work, soaps — 
are offered which contain powdered silica mixed with 
the soap. Such soaps are on the market in paste and 
cake form. 

Dry-Cleaning Soap—Cleansers of he character 
usually consist of an ammonia or possibly a potash 
soap of oleic acid usually dissolved in a volatile solvent 
such as benzine. They are used to remove spots in 
clothing. 

Scouring Powders—Substances of this character sold 
extensively in a box with a perforated top are not actu- 
ally soaps. The makers usually claim freedom from 
alkali or caustic effect. They generally consist of pow- 
dered volcanic lava and serve in a purely mechanical 
function as a cleanser. 

Properties of Soaps—Soaps differ in special proper- 
ties, such as consistency and rate of solubility, depen \ 
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ing on the degree of unsaturation of the fatty acids, the 
number of carbon atoms in the molecule, and the type 
of base as well as the manufacturing method. How- 
ever, they have in common many important properties. 
When dissolved in a large amount of water to form a 
dilute solution, soaps are ionized and partially hydro- 
lyzed. The ionization may be represented as follows: 


RCOONa + £44.20 RCOO- + £Nat 
sodium water fatty sodium 
soap acid anion cation 


With increasing concentration aggregation of the an- 
ions, RCOO-, together with some RCOONa, takes 
place forming large, highly charged colloidal particles 
known as zonic micelles. These micelles have a consider- 
able influence on the physical properties of soaps in 
solution. 

In the hydrolysis of soaps in a concentrated soap solu- 
tion an acid soap is formed. The reaction taking place 
may be represented as follows: 


2RCOONa + H20 (RCOO)eHNa + Na* + OH- 


Minute amounts of ionized NaOH are thus formed, with 
the result that all aqueous soap solutions are alkaline 
even though the soap has been made with the exact 
equivalents of fatty acid and base. This may be demon- 
strated by dissolving pure soap in a non-ionizing solvent 
such as alcohol. The solution will be neutral to phenol- 
phthalein. 

The pH of solutions of “neutral” soaps depends in a 
large measure on the nature of the fatty acids. In gen- 
eral the pH lies between 9 and 11. Soaps made from 
tallow, the fatty acids of which are of high molecular 
weight (256 to 284), have a pH.of less than 11 and are 
milder to the skin than soap made from the low mo- 
lecular weight of the acids of coconut oil. In general pH 
and mildness increase with increasing molecular weight 
of the fatty acids. 

An important chemical reaction of soap is that which 
occurs when soap is placed in hard water. The soap 
reacts with the calcium or magnesium salts in the water 
forming a curdy, sticky ‘insoluble soap”’ which collects 
on the surface as a scum or deposits as a “ring around 
the tub.” 


MgCl. + 2RCOONa — (RCOO)2Mg + 2NaCl 


The oils and fats used in soap making almost invari- 
ably contain unsaturated fatty acids. These acids are 
not undesirable because they favor a greater rate of 
solubility of the soap and influence its consistency. 
Unsaturated acids are essential for the production of 
good quality soft soap. Soaps from fully saturated 
acids, unless the acids are of low molecular weight (and 
such acids do not give a satisfactory soap) dissolve but 
slowly in water. On the other hand, the unsaturated 
fatty acids in the presence of moisture oxidize in the air 
involving a breakdown of the molecule at the unsatu- 
rated linkage and the soap becomes rancid. The first 
stage of the oxidation is believed to be addition of oxy- 
gen on the unsaturated carbon atoms thus: 


CH3(CHz2);CH=CH(CH2)7COONa + Oc 


sodium oleate oxygen 
CEN alicia 
—O 


This product is unstable and further oxidizes forming 
aldehydes [CH3(CH2);CHO and OHC(CH2);COONAa], 


— 


acids [CH,(CH.);COOH and HOOC(CH:);,COONal, 


and other degradation products which cause the soap | 


to become rancid and irritating to the skin. 
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The property that makes soap so indispensable to 
civilized life is its detergent action. Not only is soap 
required in many modern and essential industries, but 
it is vital in sanitation and conservation of health. 
When used for the skin, cleansing soap wets, emulsifies, 
and dissolves the oil and dirt on the surface of the skin. 
A portion of the natural skin oil is emulsified and the 
soap solution enters to some extent the deeper layers of 
the skin. On subsequent rinsing, oil, dirt, dead skin, 
and germs are flushed away. It is primarily in this way 
that cleansing with soap reduces danger of infection. 
Additional protection results from the inherent bacterio- 
static and, in many cases, germicidal action of soap 
toward pathogens. 

Mechanism of the Action of Soap—The modern con- 
ception of the mechanism whereby soap exerts its deter- 
gent action is that it is directly related to its action as a 
disperse agent and as a protective colloid. Soap in 
alcoholic solution is in true solution and in such form it 
is entirely devoid of detergent properties. On the other 
hand, in aqueous solution soap exists in colloidal solu- 
tion and it is in this form that its detergent action is 
manifested. Dirt consists principally of flocculated 
solids and grease. Soap by its dispersive action defloc- 
culates the former creating a colloid suspension and 
emulsifies the latter. The particle size of the dirt is 
in this way reduced, its adhering properties diminished, 
and it is readily removed from the surface or fabric 
being cleaned. The dispersive power of soap may be 
demonstrated by the manner in which a soap solution 
will carry lampblack with it through a filter whereas 
the same lampblack in ordinary water will be retained 
by the filter. 


HARD SOAP U.S. P. Sapo Durus 


[Sapo Dur.—Sapo U.S. P. X, Soap, Castile Soap, Sp. Jahén, Duro 
Jabén] 


Hard Soap is a soda soap. 

The official soap is often called Castile soap because 
it originally came from Castile, Spain. Much of the 
so-called Castile soap on the market is not pure olive 
oil soap but contains coconut oil soap to increase its 
lathering quality. The name olive oil no longer occurs in 
the official name but an olive oil soap is intended. 


Description and Properties—A white or whitish, hard solid, in the 
form of bars, easily cut when fresh, or a fine, white or yellowish white 
powder. It has a faint odor, free from rancidity. It is slowly soluble 
in water and alcohol, more readily with the aid of heat. Its aqueous 
solution is alkaline to indicators. 

Tests for Purity— 4 

Loss on drying—Not more than 36 per cent for unpowdered Soap 
or 10 per cent for powdered Soap. 

Heavy metals—A 1 in 20 solution of Hard Soap is not colored by 
ammonium sulfide T.S. and the filtrate from a similar solution, acidi- 
fied with hydrochloric acid, is not colored by hydrogen sulfide T.S. 

Alcohol-insoluble substances (sodium carbonate, sodium chloride, 
silica, etc.)—-Not more than 1 per cent. A weighed quantity of Hard 
Soap is dissolved in neutralized alcohol. Any undissolved residue is 
washed with boiling neutralized alcohol, dried, and weighed. 

Water-insoluble substances (silica, etc.)—-Not more than 0.15 per 
cent. The residue obtained in the preceding test is washed thoroughly 
with water, dried, and weighed. 

Alkali hydroxides or free fatty acids—Not more than 0.2 cc. of tenth- 
normal sulfuric acid or 0.2 cc. of tenth-normal sodium hydroxide is 
required to neutralize 2.5 Gm. of Hard Soapin 50 cc. of boiling, 
neutralized alcohol. 

Alkali carbonates—Equivalent to not more than 0.8 cc. of tenth- 
normal acid per 1 Gm. of the Soap. The washings from the preceding 
test are titrated with tenth-normal sulfuric acid, using methyl orange 
T.S. as the indicator. 

Solidification temperature of the fatty acids—18° to 23°. 

Acid value of fatty acids—185 to 205. 

Iodine value of fatty acids—83 to 92. 

Storage—Keep Hard Soap in well-closed containers. 
Incompatibilities—Acids decompose soap causing a liberation of the 
fatty acids. Metallic salts other than those of the alkali metals react 
with soap to produce insoluble compounds. 
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Uses—Hard Soap is used in pill masses, in combina- 
tions with resins, to render them soluble and to modify 
their harsh action. It is also used in liniments, plasters, 
cerates, ete. 


MEDICINAL SOFT SOAP U. S. P. 
Sapo Mollis Medicinalis 


{Sapo. Moll. Med.—Soft Soap, Green Soap, Sp. Jabén Blando Medi- 
cinal, Jabén Blando, Jabén Verde] 


Medicinal Soft Soap is a potassium soap made by the 
saponification of vegetable oils, excluding coconut oil 
and palm kernel oil, without the removal of glycerin. 
Soft Soap may be prepared extemporaneously in the 
following manner: 


Metric Alternative 
The VegetableiOilee.. |. «2. > 380 Gm. 120z.av. 70 gr. 
Oleic; Acide roe saat eestor 20 Gm 280 gr. 
Potassium Hydroxide.,........ 91.7 Gm 20z. av. 409 er. 
Glycerin Bar crmis ein sive cycle ene SOMcee 368 min. 
Distilled Water, asufficient quan- 
tity, 
Towmake about... = «© oie 1000 Gm. 1 Ib. av. 


Mix the oil and oleic acid, and heat the mixture to about 80°. 
Dissolve the potassium hydroxide in a mixture of the glycerin 
and 100 cc. of water, and add the solution, while it is still hot, to 
the hot oil. Stir the mixture vigorously until an emulsion is 
formed, using mechanical stirring if desired, then heat the mix- 
ture on a hot plate, with constant vigorous stirring until it be- 
comes homogeneous and a small portion dissolves completely in 
hot water, producing a clear solution. Add sufficient hot dis- 
tilled water to make the soap weigh 1000 Gm. (1 lb. av.) and in- 
corporate the water in the soap until it is uniformly distributed 
and the soap is of the same consistency throughout. 


Note—The vegetable oil to be used in the formula 
given above may be corn, cottonseed, linseed, olive, 
soybean, or similar oils which have a saponification 
value not greater than 205 and an iodine value not less 
than 80. Since glycerin is added only to accelerate the 
saponification, it may be omitted if desired. 

The quantity of potassium hydroxide given in the 
formula is based on an alkalinity equivalent to 85 per 
cent of KOH. If the potassium hydroxide is of any 
other strength, a proportionately larger or smaller 
quantity should be taken. 

A variety of soft soap prepared from green colored 
oils, such as green olive oil, or artificially colored, is 
known as ‘‘Green Soap.” The official soap is not green 
in color. It has been demonstrated that the green color 
adds nothing to the therapeutic value and linseed oil 
soap has long been used with satisfaction. On a large 
scale the soap may be prepared without the addition of 
alcohol or glycerin, heat and concentrated alkali pro- 
ducing saponification. ‘Green olive oil” has been used 
to make a green soap. It should contain a little free 
alkali, but an excess must be avoided; this is regulated 
by the U. S. P. test. 


Description and Properties—A soft, unctuous, yellowish white to 
brownish or greenish yellow, transparent to translucent mass, with 
a slight, characteristic odor, often suggesting the oil from which it 
was prepared, and an alkaline taste. Its solution (1 in 20) is alkaline 
to indicators. 
Tests for Purity— 

Water—Not more than 52 per cent by weight. 

Alcohol-insoluble substances—Not more than 3 per cent. 

Free alkali hydroxides—Not more than 0.25 per cent as KOH. 

Alkali carbonates—Not more than 0.5 ce. of tenth-normal sulfuric 
acid per Gm. See Hard Soap for the method. 
. Unsaponified matter—A 1 in 20 solution in hot water is nearly 
clear. 

Acid value of fatty acids—Not more than 205. 

Iodine value of fatty acids—Not less than 85. 
Storage—Keep Medicinal Soft Soap in well-closed containers. 
Incompatibilities—Medicinal Soft Soap is incompatible with acids, 
which liberate the free fatty acids, and with many metallic salts, which 
form insoluble soaps. 


Uses—Medicinal Soft Soap has three major uses: 

1. The preoperative preparation of operative sites— 
For this purpose there is required a soap that is a good 
fat emulsifier which contains just enough reserve 
alkalinity to make it quickly effective in the removal of 
sebaceous secretions from the skin. Properly made 
surgical soap is itself a germicidal agent. The soap 
must contain such proportions of unsaturated fatty 
acids that it is soluble in and lathers with water and is 
not too easily affected by hard water, and the fatty 
acids must not be of such low molecular weight that 
they are irritating to the skin, yet the amount of free 
alkali must be enough to give prompt detergent activity 
without at the same time having the powerful caustic 
effect of free alkali upon the skin. 

2. The cleansing of the skin in dermatological condi- 
tions—Soft soap is used when it is necessary to remove 
greasy substances or greasy preparations that have 
been added for therapeutic reasons, to produce a clean 
area where other medicinal agents may be used, or to 
remove irritating discharges. 

3. The cleansing of the surgical operator and assist- 
ants—The soap for,this use likewise must have excellent 
detergent power, must be fairly resistant to hard water, 
and must be equally free from irritating effects of fatty 
acids or alkalies upon the surgeon’s hands. 

Coconut and palm oil soaps are excellent detergents 
and they are much less easily affected by hard water 
than are those soaps that are employed in the U.S. P. 
monograph, but they are irritating to the skin. 


Compound Soft Soap Liniment N. F.  Linimentum 


Saponis Mollis Compositum 
[Lin. Sapon. Moll. Comp.—Compound Green Soap Tincture, Tinctura 


Saponis Viridis Composita, Sp. Linimento de Jabén Blando Com- 
puesto, Tinctura de Jabén Verde Compuesta] 


Metric Alternative 
Medicinal Sof@Soapmyeeaaeiwe eee 150 Gm. 65 oz. av. 3 gr. 
Juniperslarseuck increas 20 cc. 307 min. 
Alcohol, a sufficient quantity, R 
NOM AKG. Jahre Opickerk meee eee 1000 cc. 2 pints 


Soften the soap by warming it in a dish on a water bath; re- 
move it from the heat, mix it with 750 ce. (24 fl. oz.) of alcohol, 
and, when it has dissolved, add the juniper tar. Then filter the 
liquid, and wash the filter with sufficient aleohol to make the 
product measure 1000 ce. (2 pints). Mix well. 


Alcohol Content—From 74 to 80 per cent, by volume, of CopH5O0H. 
Storage—Keep Compound Soft Soap Liniment i in tight containers. 


Uses—Compound Soft Soap Liniment is employed 
in treating skin and scalp diseases. 


Soft Soap Liniment U. S. P. 
Mollis 


{[Lin. Sapon. Moll.—Tincture of Green Soap, Tinctura Saponis 
Viridis, Sp. Linimento de Jabén Blando, Tinctura de Jabén Verde] 


Metric Alternative 


650 Gm. 2102. av. 305 gr. 
20 cc. 5 fi. dr. 7 min. 


Linimentum Saponis 


Medicinal’Soft'Soaps.....5/74 seer 
Lavender: Oilaeiiaece cee tee 
Alcohol, a sufficient quantity, 


To’ Makecg.oe saat ahem cede 8 ses 1000 cc. 


Mix the lavender oil with 300 ce. (9 fl. oz. 288 min.) of alcohol, 
dissolve in this the medicinal soft soap by stirring or by agitation, 
and set the solution aside for 24 hours. Then filter it through 
paper, adding sufficient alcohol to make the product measure 
1000 ce. (2 pints). 


\ 
Alcohol Content—From 28 to 32 per cent, by volume of CgH;OH. 


2 pints 


Uses—Soft Soap Liniment is used largely as a soap 
for cleansing the area for an operation, also for washing 


ay 
‘ 
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the surgeon’s hands, for washing the scalp, and for other 
detergent purposes. 


SOLID SOAP LINIMENT N. F.—See Stearic Acid 
(page 556) 

SODIUM STEARATE—See Organic Acids, Esters, and 
Salts (page 557). 

ZINC STEARATE—See Organic Acids, 
Salts (page 557). 


Esters, and 


DIOCTYL SODIUM SULFOSUCCINATE N. F. 
Dioctylis Sulfosuccinas Sodicum 


[Aerosol OT Dry] 
CH2CHs3 


CHgCOOCH2CHCH2CH2CHe2CHs 
NaOsSCHCOOCH2CHCH2CH2CH2CHs3 
H2CH3 


Dioctyl Sodium Sulfosuccinate [CeoH3;,0,SNa= 
444.55] contains not less than 7.00 per cent and not 
more than 7.23 per cent of S. 


Description and Properties—A white, wax-like, plastic solid with a 
characteristic odor. It usually is available in the form of pellets. 
It slowly dissolves in approximately 70 parts of water at room tem- 
perature. It is freely soluble in-alcohol and in glycerin and very 
soluble in petroleum benzin. 
Tests for Purity— 

Léss on drying—Not more than 2.5 per cent. 

Residue on ignition—Between 16 and 17 per cent. 

Saponification value—Between 240 and 253. 
Assay for Sulfur—About 200 mg. of the material, accurately weighed, 
is oxidized in a Parr peroxide bomb, and the resulting sulfate deter- 
mined by precipitation with barium chloride. Each Gm. of BaSO4 
is equivalent to 137.4 mg. of S. 
Storage—Keep Dicotyl pdcdim Sulfosuccinate in well-closed con- 
tainers. 


Uses—A surface-tension depressant used as an emul- 
sifying and wetting agent. 


SODIUM LAURYL SULFATE U.S. P. Sodii Laurylis 
Sulfas 


{Sod. Lauryl Sulf.—Gardinol WA, Duponol C, Irium, Sp. Sulfato 
Laurilico Sddico] 

Sodium Lauryl Sulfate is a mixture of sodium alkyl 
sulfates consisting chiefly of sodium lauryl sulfate 
[CH;(CH.2) TOWEL 20SO gNa]. 

Preparation—The fatty acids of coconut oil, consist- 
ing chiefly of lauric acid, are catalytically hydrogenated 
to form the corresponding alcohols. The latter are then 
esterified with sulfuric acid (sulfated) and converted 
into the sodium salt. Since the linkage between the S 
atom of the acid and the C atom of the alcohol chain is 
through an oxygen atom, the compound is a sulfate. 
The following eka illustrates the process: 


S04 
CHs(CHe)10 CooH = — CHs(CHs)10CH20H cia 


CH3(CHe)ic CH2z08020H 


NaOH 
CH3(CH2)10 CH20S020H dae CHs(CHe2)i0 CH208020Na 


Description and Properties—Small, white or light yellow crystals 
having a slight, characteristic odor. One Gm. dissolves in 10 ce. of 
water, forming an opalescent solution. 

Identification—Sodium Lauryl Sulfate responds to the tests for 
sodium and for sulfate. 
Tests for Purity— 

Free alkali—Not more than 0.6 cc. of tenth-normal hydrochloric 
acid is required to neutralize 1 Gm. dissolved in 100 ce. of water, 
using phenol red T.S. as the indicator. 


Sodium chloride—The per cent of sodium chloride plus the per cent 
of sodium sulfate does not exceed 10 per cent. About 5 Gm. is dis- 
solved in 50 cc. of water, and the solution is neutralized with nitric 
acid (1 in 20). Then the ‘solution is titrated with tenth-normal silver 
nitrate using potassium chromate T.S. as the indicator. Each ce. of 
tenth-normal silver nitrate is equivalent to 5.845 mg. of NaCl. 

Sodium sulfate—The per cent of sodium sulfate plus the per cent 
of sodium chloride does not exceed 10 per cent. To 1 Gm. dissolved 
in 10 cc. of water’is added 100 ce. of alcohol. The mixture is digested 
and filtered while hot. The precipitate is dissolved in 150 cc. of water, 
the solution is acidified with 10 cc. of hydrochloric acid, and 25 cc. of 
barium chloride T.S. is added. The weight of barium sulfate multi- 
plied by 0.6086 represents the weight of NagSOq. 

Unsulfated alcohols—Not more than 4 per cent. Determined by 
extraction with petroleum benzin. The latter is evaporated and the 
residue of alcohols is dried. 

Total alcohols—Not less than 59 per cent. About 5 Gm. is hydro- 
lyzed by refluxing with hydrochloric acid. The alcohols are extracted 
with ether. The latter is evaporated and the residue of alcohols is 
weighed. 

Storage—Keep Sodium Lauryl Sulfate in well-closed containers. 


Note—Sodium Lauryl Sulfate conforming to the 
standards of this monograph is designed for external use 
only. 

Uses—This anionic surface-active agent is employed 
as an emulsifying, detergent, and wetting agent in oint- 
ments, tooth powders, and other pharmaceutical prepa- 
rations, and in the metal, paper, and pigment indus- 
tries. See the chapters on “Ointments” and ‘‘Emulsifi- 
cation.” 


CATIONIC AGENTS 


This group of surface-active agents is largely repre- 
sented by the Quaternary Ammonium Salts (page 660). 
Several of these compounds, probably owing partly to 
their surface activity, are powerful bactericides. <A 
representative of this class is official in the U. 8. P. as 
Benzalkonium Chloride. Among the products of this 
type are: Ceepryn (W.S. Merrell Co.), H 607 (Emulsol 
Corp.), Emulsept (Emulsol Corp.), [sothan Q 15—an N- 
alkyl isoquinolinium salt (Onyx Oil & Chem. Co.), 
Onyx B. T. C.—dodecyl benzyl dimethyl ammonium 
chloride (Onyx Oil & Chem. Co.), Sapamine MS (Ciba), 
Triton K-12 (Resinous Products), Zephiran (Winthrop), 
Phemerol (Parke, Davis), and Quatresin (Upjohn). 


BENZALKONIUM CHLORIDE U. S. P. —See Quater- 
nary Ammonium Bactericides (page 661). 

BENZALKONIUM CHLORIDE SOLUTION U. S. P. 
—See Quaternary Ammonium Bactericides (page 661). 


NON-IONIC AGENTS 


These agents consist of molecules containing hydro- 
philic and hydrophobic fragments which do not ionize 
to any great extent when the agent is placed in water. 
Many long-chain and steroid alcohols are non-ionic 
but they do exhibit surface activity due to the hydro- 
philic OH groups which are attached to the hydro- 
phobic carbon chains or rings. Also included in this 
group are fatty acid esters of alcohols (glyceryl mono- 
stearate) and of the ethanolamines (triethanolamine 
monostearate), ethers (ether of oleyl alcohol and poly- 
ethylene glycol), and the sulfonated and sulfated oils 
and fatty acid amides which have not been neutralized 
with alkali. These treated oils and amides exhibit 
characteristic properties: depending on the location of 
the hydrophilic SO. or SOsH groups in the molecule. 
A few of the non-ionic products are: Arlacel B—a 
monooleate of mannitan (Atlas Powder Co.), Bemul—a 
monostearate of glycerol (Beacon Co.), Glauwrin—a 
monolaurate of ethylene glycol (Glyco Products Co.), 
Spans—the name for a series of long-chain fatty esters 
of mannitan, sorbitan, and similar compounds (Atlas 
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Powder Co.), Tweens—the name for a series of sub- 
stances produced by introducing polyhydroxy radicals 
in the molecule of a “Span” (Atlas Powder Co.). 


CETYL ALCOHOL N. F.—See Alcohols (page 505). 

CHOLESTEROL U. S. P.—See Steroids (page 775). 

GLYCERYL MONOSTEARATE N. F.—See Stearic 
Acids (page 556). 


HYDROXYSTEARIN SULFATE N. F. 
Hydroxystearini Sulfas 


[Sulfated Hydrogenated Castor Oil, SHCA] 


Hydroxystearin Sulfate is a substance prepared by 
sulfating hydrogenated castor oil. When calculated 
on a moisture-free basis, it contains not less than 8.5 
per cent and not more than 9.5 per cent of organically 
combined sulfur trioxide [SOs]. 


SURFACE-ACTIVE AGENTS 


Description and Properties—A pale, yellow-brown, unctuous semi- 
solid mass, a faint odor. Its aqueous solution has a pH of 6.1 to 6.5. 
The free fatty acids of Hydroxystearin Sulfate, isolated as described 
on page 1054, melt between 48° and 54°. 

Tests for Purity— 

Moisture—Not more than 25 per cent. 

Acid value—Equivalent to not more than 9.8 cc. of tenth-normal 
sodium hydroxide per Gm. 

Iodine value—Not more than 8, 

Acetyl value of fatty acids—Between 55 and 95. The acetyl value 
is the same as the hydroxyl value or hydroxyl number and is deter- 
mined in the same manner. 

Assay—Consult the N. F. VIII (page 256). 
Storage—Keep Hydroxystearin Sulfate in well-closed containers. 


Uses—A surface-active agent used in preparing 
hydrophilic ointment bases and other emulsions. 


OLEYL ALCOHOL N. F.—See Alcohols (page 507). 


STEARYL ALCOHOL U. S. P.—See Alcohols (page 
508). 


TABLE OF SURFACE-ACTIVE AGENTS! 


Name Chemical Structure Uses Manufacturer 

Acidol Fatty acid amine (tertiary) Wetting Onyx Oil & Chemical Co., 15 
Exchange Place, Jersey 
City, N. J. 

Aciterge Fatty acid salt of a substituted oxazoline Wetting, detergent Commercial Solvents Corp., 
Terre Haute, Ind. 

Activol Alkyl aryl sulfonate Wetting, detergent Burkart-Schier Chemical Co., 
Chattanooga, Tenn. 

Aerosol AS Isopropyl naphthalene sodium sulfonate Wetting in electrolyte solns. American Cyanamid & Chemi- 

solution cal Corp., 30 Rockefeller 

Plaza, New York, N. Y. 

Aerosol AY Diamy] ester of sodium sulfosuccinic acid Same Same 8 

Aerosol IB Dibutyl ester of sodium sulfosuccinic acid Same Same 

Aerosol MA Dihexyl ester of sodium sulfosuccinic acid Same Same 

Aerosol OS Isopropyl naphthalene sodium sulfonate Wetting, alkaline detergent as- Same 

sistant 
Aerosol OT Dioctyl ester of sodium sulfosuccinic acid Wetting Same 


Ahco Penetrant L Alkyl aryl sulfonate 


Ahcowet SM 
Alframine DCA 


Alkyl aryl sulfonate 
Sulfated glycerylamide 


Fatty acid ester sulfate 


Aliphatic ester sulfate 3 
Fatty amine 


Alkamine SJ 


Alkanol B, Sa, Hg Sodium alkyl naphthalene sulfonate 


Wetting, detergent Arnold, Hota & Co., Ine., 


55 Canal St., Providence, 
Reals 


Wetting, detergent Same 

Detergent Michel Export Co., Inec., 90 
Broad St., New York, N. Y. 

Wetting Onyx Oil & Chemical Co. 

Detergent Amalgamated Chemical 
Corp., Auburn & Trenton 
Aves., Philadelphia, Pa, 

Wetting E. I. du Pont de Nemours & 


Co., Inc., Wilmington, Del. 


Alkanol S Sodium tetrahydronaphthalene sulfonate Wetting, dispersing Same 

Alkanol WXN Sodium hydrocarbon sulfonate Wetting Same 

Alox series Complex methyl esters of high-mol.- Wetting agents for metals & oils Alox Corp., Buffalo & Iroquois 
weight alcohols, acids & lactones Sts., Niagara Falls, N. Y. 

Aminine S Ans Wetting, detergent Commercial Solvents Corp. 


2-Amino-1-butanol 
2-Amino-2-ethyl-1,3-propane- 
diol 
2-Amino-2-methyl-3-hexanol 
2-Amino-2-methyl-1,3- 
propanediol 
2-Amino-2-methyl-1-propanol 
2-Aminoethyl ethanolamine 


Fatty acid soaps of 


Fatty acid soap of 


Sulfated boro fatty acid amide 


Ampo LA 
Aquatergent 


Arctic Syntex A 


Arctic Syntex M 
Arctic Syntex M Liquid 


Arctic Syntex T 


CeH4SO 3Na 


CH 3(CH 2) 7CH: CH(CH g)7j—COOC 2H 4- 
SO3Na 


CH3(CH eg) 1p COOCH gCH(OH)—CH 9- 
3gNa 
CH 3(CHe) 1p COOCH gCH(OH)—CH v:- 
OSO3sNH4 
CH3(CHe)7CH: CH(CH 2g) 7—CON(CHs3)- 


Emulsifying Same 


Carbide & Carbon Chemicals 
Corp., 30 East 42nd St., 
New York, N. Y. 

Commercial Solvents Corp. 

Aqua-Sec Corp., 1450 Broad- 
way, New York, ING Ye 

Colgate-Palmolive-Peet Co., 


Wetting, emulsifying 


Wetting, detergent 
Detergent 


Detergent, wetting, emulsifying 


105 Hudson St., Jersey 
City, N. J. 
Detergent, wetting, emulsifying, Same 
dispersing, lubricating 
Wetting Same 
Detergent, wetting, emulsifying Same 


Areskap Monobutyl phenyl phenol sodium mono- Penetrant Monsanto Chemical Co., St. 
sulfate Louis, Mo. 

Aresket Monobutyl diphenyl sodium monosulfonate Wetting, spreading Same 

Aresklene Dibutyl phenyl] phenol sodium disulfonate Emulsifying Same 

Arlacels A, B, C Anhydrohexitol partial oleates Same Atlas Powder Co., Wilming- 
ton, Del. 

Arylene Alkylated aromatic sulfonate Wetting Hart Products Corp., 1440 
Broadway, New York, N. Y. 

Aurinol Sulfated oleyl alcohol Detergent, wetting Onyx Oil & Chemical Go.\ 

Avitex AD Sodium alkyl sulfates Wetting Du Pont Co. 

Avitone A Sodium hydrocarbon sulfonate Emulsifying Same 
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Name Chemical Structure Uses 

Beaconol A moneys phenyl phenol sodium mono- Detergent, wetting, dispersing 
sulfonate 

Beaconol M Monoethy] phenyl! phenol potassium mono- Same 
sulfonate 

Beaconol S Mopoethy! phenyl phenol aminomonosul- Same 
onate 

Beacono! T Monoethyl1 phenyl phenol guanidine mono- Same 
sulfonate 

Beta Sol Quaternary ammonium salt Wetting, dispersing 


Betasol OT-A 
Cationic Agent C 


Cationic Agent D 
Cerfak 


Cominol 


Darvan No. 1 
Darvan No. 2 


Daxad No. 11 
Daxad No. 21 


Daxad No. 23 


Daxad No. 27 
Deceresol OT 


Detanol 
Diethanolamine 
Diethylenetriamine 
Diethylethanolamine 
Dilex 


Dipex 

Duponol C, D, ES, G, L-142, 
L-144, LS, ME, OS, WA, 
WD, WS 


Dynesol K 50 
Esterol 


Gardinol LS 
‘Gardinol LS, WA, Special 
Gardinol WA, Special WA 
Horn-Kem | 

Hytergen 

Igepal CA 

Igepon AP Extra 


Igepon T 
Integritol 65 


Intracol 

Intrals 222, 231, 233 
Intramine 

Invadine B, C, N 


Janusol 
Lanitol P, S 


Leonil SA 

Lightning Penetrator X 
Lupomin 

Mapro Degum 
Maprofix 

-Mapromin 


Mapromol 
Mercerol 


; ~ Merpentine 


Sulfonated ester of dicarboxylic acid 


Substituted amide of alkyl phosphate (12- 
carbon) 


Substituted amide of alkyl phosphate (18- 
carbon) 

Alkylated aromatic hydrocarbon sulfonate 
(alkyl group is mixed dodecyl] radical) 


Salt of sulfonated higher fatty amide 


Polymerized sodium salts of alkyl naphtha- 
lene sulfonic acids (alkyl short chain) 


Polymerized sodium salts of substituted 
benzoic alkyl sulfonic acids (alkyl long 
chain) 

Polymerized sodium salts of alkyl naphtha- 
lene sulfonic acids (alkyl short chain) 
Polymerized calcium salts of substituted 
benzoic alkyl sulfonic acids (alkyl long 

chain) 

Polymerized sodium salts of substituted 
benzoic alkyl sulfonic acids (alkyl long 
chain) 

Compounded substituted benzoic alkyl 
sulfonic acids (alkyl long chain) 

Dioctyl ester of sodium sulfosuccinic acid 


Salt of sulfonated higher fatty amide 
Fatty acid soaps of 
Purified sulfolignin 


Sodium salts of sulfonated petroleum 
hydrocarbons 
Alkyl sulfates 


Sodium salt of sulfated ester of naphthalene 
Sulfonated ester 


Sodium salt of technical oleyl sulfate 


Sodium alkyl sulfates 

Sodium salt of technical lauryl sulfate 
Purified sulfolignin 

Sulfated fatty acid amide 

Polyether alcohol condensate 


Sodium sulfonate of oleic acid ester of ali- 
phatic compound 

C17Hg3CON(CH3)CeH4SO3Na 

Sulfonated alkylated benzene (alkyl chain 
less than 8 carbon atoms) 

Long-chain fatty acid basic amide 


Polyethers 

Sodium salt of sulfonated lauryl & myristyl 
collamide 

Alkyl phenylene sodium sulfonate 


Cation- & anion-active compound 
Sodium alkyl aryl sulfonate 


Alkyl naphthalene sodium sulfonate (alkyl 
group lower than hexyl) 
Salt of sulfated higher alcohol 


Fatty acid amide salt 


Sulfated cetyl alcohol and auxiliaries 
Sulfated cetyl alcohol 

Sulfated cetyl-oleyl alcohol 

Sulfated oleyl alcohol 


Sodium alkyl naphthalene sulfonate 


Wetting 


Wetting, dispersing 


Same 


Detergent 


Wetting, detergent 


Dispersing 


Same 


Same 


Same 


Dispersing, emulsifying 


Dispersing 

Wetting 

Wetting, detergent 
Wetting, emulsifying 
Dispersing 


Wetting, lubricating 


Detergent, emulsifying, wetting 
Penetrating 
Detergent 


Detergent, wetting, emulsifying 
Wetting, detergent 

Detergent, wetting, emulsifying 
Dispersing, flushing 

Detergent 

Detergent, wetting, emulsifying 
Same 


Detergent 
Wetting, penetrating 


Dispersing, wetting 


Wetting, dispersing, emulsifying 


Detergent, wetting 
Wetting 


Dispersing, emulsifying, wetting 


Detergent 

Wetting, dye 
Wetting, penetrant 
Emulsifying 
Detergent 

Same 

Wetting 


Same 
Same 


Wetting 


Manufacturer 


Beacon Co., 89 Bickford St., 


Boston, Mass. 
Same 


Same 
Same 


Onyx Oil & Chemical Co. 

American Cyanamid & Chemi- 
cal Corp. 

Victor Chemical Works, 141 
West Jackson Blvd., Chi- 


cago, Ill. 
Same 
E. F. Houghton & Co., 3rd, 


American, & Somerset Sts., 
Philadelphia, Pa. 

Commonwealth Color & 
Chemical Co., Nevins, But- 
ler & Baltic Sts., Brooklyn, 
INGYs 

R. T. Vanderbilt /Co., Inc., 
230 Park Ave., New York, 
Nina 


Same 


Dewey & Almy Chemical Co., 
Cambridge B, Mass. 
Same 


Same 


Same 


American Cyanamid & Chemi- 
cal Corp. 

Commonwealth Color & 
Chemical Co. 

Carbide & Carbon Chemicals 
Corp. 

Horn-Kem Corp., 43-42 Tenth 
St., Long Island City, N. Y. 


Stanco, Inc., 1 Park Ave., 
New York, N. Y. 


Du Pont Co. 

Amalgamated Chemical Corp. 

L. Sonneborn Sons, Inc., 88 
Lexington Ave., New York, 
N 


a's 

Procter & Gamble Co., Ivory- 
dale, Ohio 

Du Pont Co. 

Procter & Gamble Co. 

Horn-Kem Corp. 

Hart Products Corp. 

General Dyestuff Corp., 435 
Hudson St., New York, 


Same 

Hart & Harrington, Inc., 925 
Weed St., Chicago, Ill. 

Synthetic Chemicals, Inc., 57 
Wilkinson Ave., Jersey 
City, N. J. 

Same 

Same 


Ciba Co., Inc., P. O, Box 25, 
Station C, New York, N. Y. 

Synthetic Chemicals, Inc. 

Arkansas Co., Inc., Newark, 
N. J. 

General Dyestuff Corp. 

Commonwealth Color & 
Chemical Co. 

Jacques Wolf & Co., 
INR Di 


Onyx Oil & Chemical Co. 

Same 

Same 

Same 

Sandoz Chemieul Works, Inc., 
61 ee Dam St., New York, 


Nay? 
Du Pont Co. 


Passaic, 
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Name Chemical Structure 
Merpol B, C Sodium alkyl sulfate 
Modinal D, ES Sodium alkyl sulfates 


Modinal D, ES 


pe Ongethenolentine | 
Morpholine 

Mulsor 

MP-189, Flakes, -S 
N-25 

Naccolene F 


Nacconol E 
Nacconol EP 
Nacconol NR 
Nacconol NRNO 
Nacconol NRSF 
Naccosol A 
Negamine 


Nekal A 


Nekal BX 
Neomerpin N 
Neutronyx 
Ninol 737 


Ninol 400 
NNO 
Nopco 1067 


Nopco 1073-B 
Nopco 1086-B 
Nopco 1807-C 
Nopco CVT 
Nopco DID 
Novonacco 


Novonacco NN 

Ne S.A. Es 

Oleo Glycerol Sulfate 
Onyxsan C, O, S 
Oranap 

Oratol 

Orthocen K 


Orvus WA 
Penequik 
Penetrol 60 


Penetrol 65 
Penetrolin AC 
Pentamul 6 


Pentamul 9 
Pentamul 87 


Pentamul 88 
Pentamul 126 
Pentamul 145 
Pentamul 147 
Pentamul 149 
Phi-@-Sol W. A. 
Quaker Dianol D 


Quaker Pro-So-Tex 55 
Quaker Pro-So-Tex 58 
Quaker Pro-So-Tex 75 
Quix 


Quixite 
Ramol P. W. 


Resolin B 
Resolin N. F. 
Rinfors L 
Sandopan A 
Sandozol N 
Santol S 


Santomerse 
Santomerse 43 
Sapamine A 
Soapotol 


Solvadine NC Conc. 
SP-315 
SP-717 
Span 20 
Span 40 
Span 60 
Span 80 
Span 85 


Sodium salt of technical lauryl & oleyl sul- 
fates 
Fatty acid soap of 


Sodium hydroearbon sulfonate 
Alkylol amine 
Modified alkyl aryl sulfonate 


Sodium alkyl ary] sulfonate 

Same 

Same 

Same 

Same 

Sodium alkyl naphthalene sulfonate 

Cation-active amino esters of long-chain 
fatty acids 

Sodium alkyl napthalene sulfonate (alkyl 
group lower than hexyl) 

Isobutyl naphthalene sodium sulfonate 

Alkyl naphthalene sulfonic acid 

Non-ionic fatty acid condensate 

Mixed fatty acid (C19—C} 6) alkyl-olamine 
condensate 

Same 

Hexitan partial fatty acid ester 

Long-chain alkyl aromatic sulfonate 


Oleic amine ester 

Short-chain aliphatic ester sulfonate 
Short-chain alkyl aromatic sulfonate 
Oleic amine 

Sulfonated oleic amine 

Modified sodium alkyl naphthalene sulfo- 


nate 
Modified alkyl naphthalene sulfonic acid 
Isopropyl! naphthalene sulfonate 
Fatty ester sulfate 
Alkyl amidoalky] imidazoline | 
Alkyl naphthalene sodium sulfonate 
Sulfonated amide 
Sulfonated higher phenol 


Sodium salt of technical lauryl sulfate 

Sulfonated ester 

Sodium and potassium salts of sulfonated 
esters of dicarboxylic acids 

Sodium and potassium salts of sulforicino- 
leic acids 

Sodium salt of alkylated naphthalene sul- 
fonic acid 

Pentaerythritol monostearate 


Pentek monocaprate 


Pentaerythritol soybean fatty acid mono-_ 


ester 
Pentek monolaurate 
Pentaerythritol monooleate 
Pentek monostearate 
Pentaerythritol monolaurate 
Pentaerythritol monocaprate 
Carboxylic acid ester sulfate 
Sulfonated higher alcohol & Aldehyde con- 

densates 
Aromatic sodium sulfonate 
Sulfonated petroleum derivative 
Alkylated aryl sulfonate 
Sulfonated fatty acid 


Same . 

Condensation product of sulfonated naph- 
thalene 

Substituted hydrocarbon 

Same 


Aryl sodium sulfonate 


Alkylated aryl sulfonate 

Alkyl aryl amine sulfonate 

Diethyl aminoethyl] oleyl amide acetate 
Salt of sulfonated higher fatty amide 


Alkylated aryl sulfonate 
Sodium petroleum sulfonate 
Same I 

Sorbitan monolaurate 
Sorbitan monopalmitate 
Sorbitan monostearate 
Sorbitan monooleate 
Sorbitan trioleate 


Uses 


Wetting, detergent 
Same ‘ Oy 
Detergent, wetting, emulsifying 


Wetting, emulsifying 


Emulsifying, lubricating 
Wetting, dispersing, detergent 
Detergent 

Same 


Same 

Antipitting 

Detergent, dyeing, wetting 
Detergent 

Same 

Wetting 

Dispersing, wetting 


Wetting, emulsifying 


Wetting, dye leveler 
Carbonizing, wetting 
Dispersing, emulsifying 
Wetting, detergent 


Detergent 
Spreading 
Detergent 


Emulsifying 
Wetting 
Wetting 
Same 
Penetrating 
Wetting 


Wetting, carbonizing 
Wetting 

Wetting, dispersing 
Same 

Wetting, detergent 
Same 

Penetrating, wetting 


Detergent, emulsifying, wetting 
Wetting, penetrating 
Wetting, penetrating 


Same 
Wetting 
Emulsifying 


Same 
Same 


Same 

Same 

Same 

Same 

Same 

Wetting 

Wetting, detergent 


Wetting 

Same 

Detergent, wetting 
Wetting 


Detergent 
Dispersing 


Wetting 
Same 
Detergent 
Detergent 
Wetting 
Same 


Wetting, detergent, penetrant 
Wetting, dispersion 


Wetting, detergent 


Wetting 

Emulsifying. 

Dispersing, emulsifying 
Emulsifying, wetting, dispersing 
Emulsifying 

Same 

Same 

Same 


Manufacturer 


Same 
Same 
Procter & Gamble Co. 


Carbide & Carbon Chemicals 
Corp. 

Synthetic Chemicals, Inc. 

Du Pont Co. 

E. F. Houghton & Co. 

National Aniline & Chemical 
Co., Inc., 40 Rector St., 
New York, N. Y. 

Same 

Same 

Same 

Same 

Same 

Same 

Synthetic Chemicals, Inc. 


General Dyestuff Corp. 


Same 

Du Pont Co. 

Onyx Oil & Chemical Co. 

Ninol Laboratories, 638 South 
Federal St., Chicago, Ill. ~ 

Same 

Atlas Powder Co. 

National Oil Products Co., 
Inc., Harrison, N. J. 

Same 

Same 

Same 

Same 

Same 

National Aniline & Chemical 
Co., Ine. 

Same 

Onyx Oil & Chemical Co. 

Same 

Same 

Jacques Wolf & Co. 

Same ~— 

American Aniline & Extract 
Co., F & Venango Sts., 
Philadelphia, Pa. 

Procter & Gamble Co. 

L. Sonneborn Sons, Ine. 

Beacon Co. 


Same 
Arkansas Co., Inc. 


Heyden Chemical Corp., Gar- 
field, N. J. ; 

Same 

Same 


Same 

Same 

Same 

Same 

Same 

Onyx Oil & Chemical Co. 

Quaker Chemical Products 
Corp., Conshohocken, Pa. 

Same 

Same 

Same . 

Naphthole, Ine., Boonton, 
ING AE 


Same 
Jacques Wolf & Co. 


Sandoz Chemical Works, Inc. 

Same 

Same 

Same 

Same 

Charlotte Chemical Labs., 
Inc., Charlotte, N. C. . 

Monsanto Chemical Co. 

Same 


Ciba Co., Ine. 

Commonwealth Color & 
Chemical Co. 

Ciba Co., Inc. 

Stanco, Inc. 

Same 

Atlas Powder Co. 

Same 

Same 

Same - 


Same 


Name 
Stablex A 


Stablex C 
Stablex G 
Stearonyx 
Sulfamine 
Sulfanole 


Sulfatate 
Supersulfate F. S. Powder 


Surfax W. O. 
Tensol 
Tergitol Penetrant 08 


Tergitol Penetrant 4 


Tergitol Penetrant 4T 
Tergitol Penetrant 7 


Tetraethylene pentamine 
Tetranol 1638 

Texol 

Titadine T. A. 


Titamine T. C. P. 
Titan Decitrene 
Titanole R. M. A. 
Titascour 
Titazole S. A. 
Triethanolamine } 
Triethylene tetramine 
Tris(hydroxymethyl) amino- 
methane 
' Triton 729 


Triton 770 
Triton E-79 
Triton K-60 
Triton NE 
Triton W-30 
Turco Acidose 
Tween 20 
Tween 40 
Tween 60, 61 

= Tween 80, 81, 85 
Ultravon K, W 
Ultrawet, 40 
Unitex 
Ww. A. 35A, B, C 
W. A. 58 
Warcosol 
Waroosol 897 
Wetanol 


Wetsit 
Wetting Agent 5-21 


, 


Xynocol \ 
Xynomine 


SURFACE-ACTIVE AGENTS 


Chemical Structure 


Naphthalene sulfonate 


Petroleum sulfonate 
Quaternary ammonium halide 
Sulfated amine 

Sulfated fatty acid amide 


Sodium salt of sulfonated hydrocarbons 


Sulfated aryl alcohol 


Highly sulfated fatty ester 


Sulfonated naphthalene alkyl ether 


C4H 9gCH (CoH 5)CH 250 4Na 


C4H gCH(C2H5)CogH4CHCH2CH(CHs3)e 


iy O4Na 


Triethanolamine derivative of 7-ethyl-2- 


methyl-4-undecanol 


C4H9CH(CeH5)CoH4aCHCH2eCH(Ce2Hs5)2 


O4Na 
Fatty acid soap of 
Sulfonated fatty ester 
Fatty acid condensate 


Mixture of alkyl naphthalene sulfonic acid 


ester & sulfated alcohols 


Derivative of sulfonated alcohol 
Alkylated aromatic sulfonate 
Alkylated aryl sodium sulfonate 
Sodium salt of sulfonic acid 


Sodium alkyl naphthalene sulfonate 


Fatty acid soap of 
Same 


Sodium salt of aryl alkyl polyether sulfo- 


nate 


Sodium salt of aryl alkyl polyether sulfate 


Amine salt of alkyl phenolic ether sulfate 
Cetyl dimethyl benzyl ammonium chloride 


Aryl alky] polyether alcohol 


Sodium salt of aryl alkyl ether sulfate 


Alkyl ary] sulfonate 


Polyoxyalkylene ether of partial lauric acid 


ester 


Polyoxyalkylene ether of partial palmitic 


acid ester 


Polyoxyalkylene ether of partial stearic 


acid ester 


Polyoxyalkylene ether of partial oleic acid 


ester 


Sulfonated complex stearyl alkyl compound 
Alkylated monosodium benzene sulfonate 
(several alkyl groups total 10 carbon) 
Sodium salt of alkylated aromatic sulfo- 

nate 
Phosphorated higher alcohol (octyl) 5Nas5- 
6V20 
Phosphorated higher alcohol (capryl) 5Na5- 
6V20 
Isopropyl naphthalene sodium sulfonate 


Long-chain alkyl sodium sulfonate 
Modified sodium salts of sulfated fatty 


alcohols 
Alkylated aromatic sulfonate 


Mixt. of hydrocarbon sulfonate & a substi- 


tuted aminodioxane 
Sulfated fatty acid amide 


Uses 
Wetting 


Same 
Same 
Same 
Detergent 
Same 


Wetting 
Wetting, detergent 


Wetting 
Wetting, dispersing 
Same 


Same 


Same 


Same 


Wetting, emulsifying 
Wetting 

Wetting detergent 
Wetting 


Wetting, emulsifying 
Wetting 

Same 

Wetting, detergent 
Wetting 

Wetting, emulsifying 


Same 

Detergent, wetting 

Wetting, emulsifying, dispers- 
ing, detergent 

Wetting, emulsifying 

Wetting, dispersing 

Detergent, wetting 


Wetting, dispersing, penetrating 
Wetting 


Emulsifying, wetting, dispers- 
ing, detergent 

Same 

Same 

Same 

Detergent 

Wetting, detergent 

Wetting, detergent 

Wetting, penetrating 

Same 

Wetting 

Same 


Same 


Same 
Wetting, detergent 


Wetting, detergent 
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Manufacturer 
Heveatex Corp., Melrose, 
Mass. 
Same 
Same 


Onyx Oil & Chemical Co. 
L. Sonneborn Sons, Inc. 
Warwick Chemical Co., West 
Warwick, R. I. 
Glyco Products Co., Inc., 148 
Lafayette St., New York, 
Ys 


Laurel Soap Mfg. Co., Inc., 
Tioga, Thompson, & AI- 
mond Sts., Philadelphia, Pa. 

E. F. Houghton & Co. 

Synthetic Chemicals, Inc. 

Carbide & Carbon Chemicals 
Corp. 

Same 


Same 


Same 


Same 

Arkansas Co., Inc. 

Burkart-Schier Chemical Co. 

Titan Chemical Products, 
Inc., Mill Road & Wayne 
St., Jersey City, N. J. 

Same 

Same 

Same 

Same 

Same 

Carbide & Carbon Chemicals 
Corp. 

Commercial Solvents Corp. 


Rohn & Haas Co., Inc., 222 
West Washington Sq., 
Philadelphia, Pa. 

Same 


Same 

Same 

Same 

Same 

Turco Products, Inc., 6135 
South Central Ave., Los 
Angeles, Calif. 

Atlas Powder Co. 


Same 
Same 
Same 


Ciba Co., Inc. 

Atlantic Refining Co., 3144 
Passyunk Ave., Philadel- 
phia, Pa. 

Commonwealth Color & 
Chemical Co. 

Victor Chemica! Works 


Same 

Warwick Chemical Co. 
Same 

Glyco Products Co., Ine. 


Jacques Wolf & Co. 
Commercial Solvents Corp. 


Onyx Oil & Chemical Co. 


1 Adapted from a compilation by F. J. Van Antwerpen, Associate Editor, Ind. Eng. Chem., 35, 126 (1943). 


Note: Other tables of surface-active agents appeared in Ind. Eng. Chem., 31, 66 (1939) and 33, 16 (1941), also in Chem. Ind., 817, Nov. 1947. 


CHAPTER LXVI 


ORGANIC HALOGEN COMPOUNDS 


THE ORGANIC halogen compounds are aliphatic or 
aromatic derivatives which contain halogen atoms di- 
rectly attached to carbon atoms, as in chloroform and 
trichloroethylene, or to other atoms or groups linked to 
carbon, as in the chloramines. 

Chlorine derivatives, resulting from the substitution 
of chlorine for hydrogen in aliphatic hydrocarbons, 
possess anesthetic properties. Derivatives containing 
the so-called ‘positive’ chlorine, formed by substitu- 
tion of chlorine for hydrogen in the sulfonamide group, 
as in Chloramine, in the imide group, as in Succinchlor- 
imide, and in certain other related groups, possess 
antiseptic properties because of their active chlorine 
contents. 

The iodine derivatives, in contrast to the chlorine 
analogues, are devoid of anesthetic effects, but because 
iodine is more or less readily liberated from certain 
combinations, many organic iodine compounds possess 
germicidal properties. Also, owing to their opaqueness 
to X-rays, organic iodine derivatives are extensively 
used as contrast media in radiography: still other 
iodine derivatives, such as calcium iodobehenate, are 
administered for the therapeutic effect of the iodine. 
Organic iodine compounds are usually less stable than 
the corresponding chlorine compounds, resembling in 
this respect the inorganic iodides. They are also less 
soluble and less volatile. 

The monographs which are presented below are con- 
sidered under the following headings: Organic Chlorine 
Compounds, Organic Bromine Compounds, and Organic 
Iodine Compounds. These groups are again subdivided 
according to their uses. For example, all the antiseptic 
chlorine compounds are grouped together and all the 
radiopaque iodine compounds are considered in one 
place. In many instances the introduction of halogen 
into a molecule serves only to accentuate properties 
which are already inherent in the structure of that 
molecule. Some halogen compounds are classified 
elsewhere in the text according to the functional group. 
Thus chlorothymol is grouped with the Phenols, and 
Trichloroacetic Acid with the Acids. 


TEST FOR HALOGENS 


A very sensitive test for halogens, and especially for 
chlorine, in organic compounds is the Beilstein Test. 
A clean copper wire is ignited in a non-luminous flame 
until practically no color is visible. One end of it is then 
dipped in the organic liquid, or in a solution of the sub- 
stance in a halogen-free solvent, and held in the non- 
luminous flame. If a halogen is present, a green color 
is discernible. 


ORGANIC CHLORINE COMPOUNDS 


The organic chlorine compounds are divided into 
two main groups for the purposes of this discussion. 
The first group consists mostly of the simple aliphatic 
derivatives which are used as solvents, anthelmintics, 
anesthetics, etc. The second group consists of the 
official chloramides and related compounds which are 
used as germicides on wounds and in infected cavities 
of the body or for water purification. The chlorine 
atoms attached to the nitrogen atoms in such com- 
pounds are released quickly under proper conditions and 


thus these compounds provide an excellent source of 
readily available chlorine. 


CARBON TETRACHLORIDE N. F. Carbonei 
Tetrachloridum 


[Carbon Tetrachlor.—Tetrachloromethane, Chlorocarbon, 
Sp. Tetracloruro de Carbono] 


Preparation—Carbon Tetrachloride [CCl, = 153.84] 
is prepared by the action of chlorine upon carbon disul- 
fide under the influence of a catalytic agent, such as 
antimony pentachloride, the reaction taking place ac-- 
cording to the following equation: 


Q 
CSe + 3Cle a CCl, + SeCle 
carbon chlorine carbon sulfur 
disulfide tetrachloride chloride 


The two reaction products are separated by fractional 
distillation, the carbon tetrachloride distilling at about 
77° while the sulfur chloride boils at 188°. The medi- 
cinal grade of carbon tetrachloride now available has a 
purity of 99.5 per cent or better. 


Description and Properties—Carbon Tetrachloride is a clear, color- 
less, mobile liquid having an odor resembling that of chloroform. It 
is not inflammable, but is slowly decomposed by light and by various 
metals if moisture is present. Its specific gravity is between 1.588 and 
1.590. It distils completely between 76° and 78° and solidifies at 
about —23°. It is not affected by acids, but is decomposed by alkali 
hydroxides slowly in the cold and more readily on heating, forming 
the chloride and carbonate of the alkali used. Carbon Tetrachloride 
is soluble in about 2000 volumes of water; it is miscible with alcohol, 
acetone, ether, chloroform, benzene. It dissolves most fixed and 
most volatile oils. 

Tests for Purity— 

Non-volatile residue—Not more than 0.0013 per cent. 

Readily carbonizable substances—Conforms to the test as given 
under Chloroform. 

Acid, chloride ton, and free chlorine—An aqueous extract prepared 
by shaking 15 cc. of Carbon Tetrachloride with 25 cc. of recently 
boiled and cooled water is neutral to litmus paper, and separate por- 
tions give no turbidity with silver nitrate (chloride ion) or blue color 
by the addition of a drop of potassium iodide and starch T.S. (free 
chlorine). 

Carbon disulfide—This test is based on the formation of potassium 
xanthate (xanthogenate) by the action of alcoholic potassium hydrox- 
ide on carbon disulfide and the subsequent formation of the almost 
insoluble yellow copper xanthate by reaction with a cupric salt. 
The reactions are illustrated in the following equations: 


N) 
I 
CS. + KOH + CeH;,0H — KSCOCe2Hs, + H20 
carbon potassium alcohol potassium water 
disulfide hydroxide xanthate | 
i i 
2KSCOC2Hs5 + CuSO4 =>, Cu(SCOC2H5)2 + KeS04 
potassium cupric copper potassium 
xanthate sulfate xanthate sulfate 


The test is carried out as follows: 10 cc. of Carbon Tetrachloride is 
mixed with an equal volume of a 10 per cent solution of potassium 
hydroxide in alcohol and allowed to stand for 1 hour. The excess of 
potassium hydroxide is then removed by addition of 5 cc. of acetic 
acid, then 1 cc. of cupric sulfate T.S. added. No yellow precipitate 
should appear within 2 hours. (This test limits the carbon disulfide 
to approximately 0.02 per cent.) 

Storage—Keep Carbon Tetrachloride in tight, light-resistant con- 
tainers. 


Uses—Carbon Tetrachloride is a cheap and effective 
anthelmintic for the treatment of hookworm infestation. 
Inasmuch as carbon tetrachloride causes severe injury. 
to the liver, if absorbed, care must be exerted that the 
drug be taken on an empty stomach and the ingestion 
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of alcohol or fat avoided. The anthelmintic dose is 
0.15 ce. per year of age for children and from 2 to 3 ce. 
for adults. It may be given in hard gelatin capsules 
or emulsified in skimmed milk. It is followed in 2 
hours by a saline cathartic. Three weeks should elapse 
before a second dose is given. Carbon tetrachloride is 
used as a fire extinguisher, a dry-cleaning solvent, as a 
solvent for varnishes and lacquers, and for exterminat- 
ing grain insects. 

Average Dose—Caution: Anthelmintic for adults, 
single dose 2.5 cc. (approximately 40 minims). 


Carbon Tetrachloride Capsules N. F. 
Capsule Carbonei Tetrachloridi 


[Cap. Carbon. Tetrachlor.—Sp. Capsulas de Tetracloruro de Carbono] 


Carbon Tetrachloride Capsules contain not less than 
92 per cent and not more than 108 per cent ofthe 
labeled amount of CCl.. 


_ Identification—When the carbon tetrachloride obtained in the assay 
is treated as described for Tetrachloroethylene Capsules the filtrate 
has the specific gravity given for Carbon Tetrachloride and all of it 
distils between 76° and 78°. 

Assay—Carbon Tetrachloride Capsules are assayed by the method 
described for Tetrachloroethylene Capsules. 

Storage—Keep the Capsules in well-closed containers at a tempera- 
ture not above 35°. 


Uses—See Carbon Tetrachloride. 
Average Dose—2.5 cc. (approximately 40 minims) 
of Carbon Tetrachloride. 


CHLORAL HYDRATE U. S. P.—See Aldehydes (page 
512). 

CHLORINATED PARAFFIN N. F.—See Hydrocarbons 
(page 497). 

CHLOROBUTANOL U. S. P.—See Alcohols (page 506). 


CHLOROFORM U. S. P. Chloroformum 


{Chlorof.—Trichloromethane, Sp. Cloroformo] 


Chloroform [CHCls = 119.39] contains not less than 
99 per cent and not more than 99.5 per cent of CHCls, 
the remainder consisting of alcohol. 

Caution—Care should be taken not to vaporize 
Chloroform in the presence of a naked flame, because of 
the production of noxious gases. 

Preparation—Chloroform was formerly made by the 
action of chlorinated lime (calcium chloro-hypochlo- 
rite) on alcohol at a temperature of about 40°, the forma- 
tion of chloroform taking place in several stages as 
indicated by the following equations 


C2.Hs50H + CaOCle = CaCle + CHsCHO + H2O0 


alcohol chlorinated calcium acetaldehyde water 
lime chloride 


2CHsCHO + 6CaOCle — 3CaCle + 3Ca(OH)2 + 2CCIlsCHO 


acetaldehyde chlorinated calcium calcium trichloro- 
lime chloride hydroxide acetaldehyde 
2CClsCHO + Ca(OH)z — (HCOO)2Ca + 2CHCls 
trichloro- calcium calcium chloroform 
acetaldehyde hydroxide formate 


In the past few decades, however, acetone and cal- 
cium hypochlorite have been advantageously used in- 
stead of alcohol and chlorinated lime. The reaction 
is more rapid and the yield is nearly quantitative. The 
reactions taking place in the acetone process are com- 
plicated, but the overall effect is frequently represented 
_by the following simplified equation: 
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2CH3sCOCHs + 38Ca(OCl)2 — 
acetone calcium 
hypochlorite 
2CHClg + Ca(C2H302)2 + 2Ca(OH)e 
chloroform calcium calcium 
acetate hydroxide 


Chloroform is also being made by the reduction of 
carbon tetrachloride with water and iron. The hydro- 
gen formed by interaction between iron and water re- 
acts with carbon tetrachloride as follows: 


Absolutely pure chloroform readily decomposes on 
keeping, particularly if exposed to moisture and sun- 
light, giving rise to the formation of phosgene or car- 
bonyl chloride [COCl,] and other products. The pres- 
ence of a small amount of alcohol greatly retards or 
prevents this decomposition; hence the U.S. P. re- 
quires that chloroform contains 0.5 per cent to 1 per 
cent of alcohol. The alcohol combines with any phos- 
gene forming ethyl carbonate which is non-toxic. 


Description and Properties—Chloroform is a clear, colorless liquid of 
a characteristic odor and a burning sweet taste. It is not inflam- 
mable but its heated vapors burn with a green flame. It is affected 
by light and by moisture. Its specific gravity is 1.474 to 1.478, indi- 
cating not less than 99 per cent and not more than 99.5 per cent of 
CHCl;. It boils at about 61°. Chloroform is not affected by acids, 
but is decomposed by alkali hydroxide into alkali chloride and sodium 
formate: 


CHCls + 4NaOH — 3NaCl + HCOONa + 2H20 


Chloroform is soluble in 210 volumes of water; it is miscible with alco- 
hol, ether, benzene, petroleum benzin, acetone, and with fixed and 
volatile oils. 

Tests for Purity— 

Residue on evaporation—Not more than 0.0014 per cent. 

Readily carbonizable substances—This test is made by shaking 40 cc. 
of chloroform with 5 cc. of sulfuric acid for 5 minutes. After allowing 
the liquid to separate, the chloroform should remain colorless and the 
Goole should have no more color than matching fluid A (page 
1059). 

Odorous and chlorinated decomposition products—Upon cautiously 
diluting 2 cc. of the acid layer from the preceding test with 5 ce. of 
water, a clear and colorless liquid results, and while hot from the 
mixing emits but a faint vinous or ethereal odor (odorous decomposition 
product). When this is further diluted with 10 cc. of water the solu- 
tion is clear and no turbidity is produced within 1 minute upon the 
addition of 3 drops of silver nitrate T.S. (chlorinated decomposition 
products). 

Acid, chloride ion, and free chlorine—An aqueous extract made by 
shaking 10 ce. of chloroform with 25 ec. of water is neutral to litmus 
paper (acid), and separate portions yield no opalescence with silver 
nitrate T.S. (chloride) or color blue by the addition of a few drops each 
of potassium iodide T.S. and starch T.S. (free chlorine). 

Acid and phosgene—This is determined by adding 20 ce. of chloro- 
form to 10 cc. of water previously neutralized to phenolphthalein 
with hundredth-normal sodium hydroxide, then titrating the mixture 
with hundredth-normal sodium hydroxide to the same pink color as 
that of the water before the chloroform was added. Not more than 
0.2 cc. of the alkali should be required. The acidity is most generally 
due to traces of carbon dioxide entrained in the chloroform. Phos- 
gene, if present, is also included because when treated with water it 
forms hydrogen chloride and carbon dioxide, both of which will con- 
sume alkali when phenolphthalein is used as indicator. 

Aldehyde and ketone (acetone)—The chloroform is agitated with 3 
times its volume of ammonia-free water, and after allowing the layers 
to separate, alkaline mercuric potassium iodide T.S. is added to the 
aqueous liquid. No turbidity or precipitate should develop within 1 
minute. Aldehydes reduce the mercury compound to an insoluble 
mercurous compound, and acetone combines with the reagent form- 
ing an insoluble compound. The reason for requiring ammonia-free 
water in this test is that ammonia, even in minute amounts, produces 
a color or turbidity with the reagent. 

Foreign odor—When chloroform is poured, in small portions, on a 
piece of clean, odorless, filter paper, laid flat upon a warm, glass plate, 
and the plate rocked from side to side until the liquid is completely 
evaporated, no foreign edo becomes perceptible as the last portions 
of the liquid disappear from the paper and the paper remains odorless. 
Incompatibilities—Chloroform is occasionally prescribed in aqueous 
mixtures in which it is insoluble. The difficulty is sometimes over- 
come by the use of a quantity of the spirit equivalent to the required 
amount of chloroform. At times it is necessary to use an alcoholic 
solution of chloroform of greater strength than the official spirit in 
order to avoid too large a volume. One must be sure, in such a case, 
that the chloroform remains in solution in the completed product. 
Storage—Keep Chloroform in tight, light-resistant containers. If 
cork stoppers are used, they should be covered with tin foil or other 
suitable material. It is recommended that Chloroform be kept at a 
temperature which does not exceed 30°, 
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Uses—Chloroform is used as an anesthetic by inhala- 
tion. Although it possesses advantages of non- 
inflammability and great potency, it is rarely used due 
to the serious toxic effects it produces on the heart and 
liver. Taken internally, in small doses, 0.3 to 1 cc. 
(5 to 15 minims), it is a carminative. Externally it is 
irritant and when used in lniments it may produce 
blisters. 

Chloroform is used as a preservative during the aque- 
ous percolation of vegetable drugs to prevent bacterial 
decomposition in the process of manufacture. In most 
instances it is evaporated before the product is finished. 
Chloroform is an excellent solvent for alkaloids and 
many other organic chemicals, and is therefore used in 
the manufacture of these products and in chemical 
analyses. Chloroform is also used in the manufacture 
of organic chemicals such as chlorobutanol. 


Chloroform Linimenut U.S. P. Linimentum Chloroformi 
{[Lin. Chlorof.—Sp. Linimento de Cloroformo] 


Chloroform Liniment contains, at 25°, in each 100 
ec., not less than 27 ec. and not more than 30.5 ce. of 
CHCls. 


Metric Alternative 
Chitoroforninsct seerite Laat eee 300 cc. 9 fl. oz. 288 min. 
Camphor and Soap Liniment....... 700 cc. 22 fl. oz. 192 min. 
EO Makers eye. Sere eeatia sears 1000 cc. 2 pints 


Mix them by agitation. 


Assay—Determine the chloroform in 20 ec. of Chloroform Liniment, 
accurately measured at 25°, as directed under Chloroform Determina- 
tion (page 1051). The volume of chloroform obtained, multiplied by 
5, represents the volume of chloroform in 100 ec. of Chloroform Lini- 
ment. 

Alcohol content—From 48 to 47 per cent, by volume, of CepH50H. 
Storage—Keep the Liniment in tight containers, preferably at a 
temperatiure not above 30°. 


Uses—A stimulant, rubefacient liniment for applica- 
tion to the skin for the production of counterirritation 
in the treatment and relief of myalgias, neuralgias, and 
certain forms of involvement of joints and periarticular 
structures. 


Chloroform Spirit N. F. Spiritus Chloroformi 
[Sp. Chlorof.—Sp. Espiritu Cloroformo] 


Chloroform Spirit contains, in each 100 cc., not less 
than 5.55 ee. and not more than 6.30 ec. of CHCl, at 
25°. 


Metric Alternative 
Chloroform enone oe te eee 60 cc. 1 fl. oz. 442 min. 
Alcohol, a sufficient quantity, 
Town ake atone ie tate tants 1000 cc. 2 pints 


Mix the chloroform with sufficient alcohol to make the product 
measure 1000 cc. (2 pints). 


Assay—See the N. F. VIII, page 142. 

Alcohol Content—From 85 to 91 per cent, by volume, of CeHs50H. 
Storage—Preserve Spirit of Chloroform i in well- closed containers and 
protected from light. 


Average Dose—2 cc. ‘approximately 30 minims). 
Uses—A sedative in cough mixtures. It is also given 
as a carminative. 


Chloroform Water N. F. Aqua Chloroformi 


[Aq. Chlorof.—Sp. Agua de Cloroformo] 


Chloroform 
Distilled Water, each, a sufficient quantity 


To a convenient quantity of distilled water contained in a dark 
amber-colored bottle, add enough chloroform to maintain a 
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slight excess after the mixture has been repeatedly and thor- 
oughly agitated, taking care that there is always an excess of 
chloroform present. 


When Chloroform Water is to be dispensed, decant 
the quantity required from the separated chloroform. 


Storage—Keep Chloroform Water in tight, light-resistant containers. 


Uses—lIt is employed as a sedative in cough, asthma, 
and colic mixtures and as a vehicle for administering 
active remedies. Because of its antiseptic value it 
sometimes replaces water as a menstruum, the chloro- 
form being evaporated during the concentration of the 
percolate. The saturated water contains about 0.5 
per cent of chloroform and is used as a pleasant vehicle 
and preservative. 

Average Dose—15 cc. (approximately 4 fluidrachms). 


CHLOROTHYMOL N. F.—See Phenols (page 683). 


ETHYL CHLORIDE U. S. P. A&thylis Chloridum 
[4Ethyl. Chlor.—Kelene, Sp. Cloruro de Etilo] 


Ethyl Chloride is monochloroethane [C2.H;Cl = 
64.52]. 

Caution—Ethyl Chloride is very inflammable and must 
not be used near a flame. 

Preparation—Ethyl1 Chloride is generally prepared by: 
distilling a mixture of alcohol, sodium chloride, and sul- 
furie acid, the reaction taking place as shown by the 
following equation: 


CeH;50H + NaCl + HeSOg — CeHsCl + NaHSOs + HO 


ethyl alcohol sodium sulfuric ethyl sodium acid water 
chloride acid chloride sulfate 


The Ethyl Chloride is condensed by surrounding the 
receiver with ice or by other refrigeration methods. 


Description and Properties—Ethyl Chloride is a gas at temperatures 
above 12°. At temperatures below 12° or under increased pressure, 
it is a colorless, very mobile liquid, boiling between 12° and 13° at 
ordinary pressure. Its specific gravity is about 0.921 at 0°. Ethyl 
Chloride has a characteristic ethereal odor and a burning taste. When 
it is liberated at ordinary room temperature from its sealed container 
it rapidly vaporizes and produces a lowering of the temperature. It 
burns with a smoky greenish flame and formation of hydrogen chlo- 
ate It is slightly soluble in water; it is freely soluble in alcohol or 
ether. 

Tests for Purity— 

Free acid—An aqueous extract, made by shaking together equal 
volumes Ethyl Chloride and water, both at 0°, is neutral to litmus 
paper. 

Non-volatile residwe—Negligible from 5 cc. 

Chloride ion—None. 

Alcohol—None. The test for alcohol is made by adding a few drops 
of potassium dichromate T.S. and some diluted sulfurie acid to the 
aqueous extract from the test for free acid, and boiling the mixture. 
No odor of acetaldehyde (formed by oxidation of alcohol) is evolved, 
and no greenish or purple color is produced (by the reduction of 
chromate to chromic salt). 

Storage—Keep Ethyl Chloride in tight containers, preferably her- 
metically sealed and remote from fire. 


Uses—Ethyl chloride is used as a local anesthetic by 
“freezing”’; its great volatility requires special meth- 
ods for dispensing; hermetically sealed tubes are used, 
so made that when the end is broken off, or the metallic 
orifice opened, and the tube held in the hand, the heat 
causes expansion and expels the liquid in a fine stream 
which is directed against the part to be anesthetized. 
It is also employed as a general anesthetic by inhalation, 
especially for minor operations. 

However, neither as a local or general anesthetic is 
Ethyl Chloride indispensable. When employed locally, 
Ethyl Chloride actually freezes the tissues, thawing is 
painful, healing is delayed, and tissues may be damaged. 
As a general anesthetic, Ethyl Chloride has potentiali- 
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ties similar to chloroform for causing serious disturb- 
ances of the cardiac rhythm and damage to the liver. 
It is rarely employed as a general anesthetic. 


TETRACHLOROETHYLENE U. S. P. 
Tetrachloroethylenum 


[Tetrachloroethylen.—Perchloroethylene, Tetrachlorethene, 
Ethylene Tetrachloride, Carbon Dichloride, Sp. Tetracloroetileno] 


Tetrachloroethylene contains not less than 99 per cent 
and not more than 99.5 per cent of [CClz:CCl, = 
165.85], the remainder consisting of alcohol. 

Preparation—Tetrachloroethylene may be prepared 
by several methods: (1) By the action of milk of lime 
on pentachloroethane [C,HCl;] whereby 1 molecule of 
HCl is split off. (2) By passing pentachloroethane 
vapors over strongly heated absorbent carbon or over a 
metal chloride catalyst heated to about 300°. 

Pure Tetrachloroethylene is relatively unstable, 
especially in the presence of moisture and, therefore, as 
in chloroform, 0.5 to 1 per cent of alcohol is added to it 
as a preservative. 


Description and Properties—Tetrachloroethylene is a clear, colorless, 
mobile liquid, with a characteristic ethereal odor. It is not inflam- 
mable, but. is slowly decomposed by light and by various metals in 
the presence of moisture. Its specific gravity is between 1.603 and 
1.615, indicating 99 to 99.5 per cent of CeCl4, and not less than 90 
per cent distils between 118° and 122°. It solidifies at about — 22° 
and has:a refractive index of 1.5018 at 20°. It is insoluble in water; 
soluble in an equal volume of alcohol, and is miscible with chloroform, 
ether, petroleum benzin, and benzene. It dissolves most of the fixed 
and volatile oils. 

Tests for Purity— 

Acid—When tested as described under Chloroform for acid and 
phosgene, not more than 0.5 cc. of hundredth-normal sodium hydrox- 
ide is required. 

Non-volatile residue—Not more than 0.0013 per cent. 

Chloride ion—None. The test is made by adding silver nitrate 
T.S. to an aqueous extract of the Tetrachloroethylene: no opales- 
cence should be produced. 

Readily carbonizable substances—On shaking 20 cc. with 5 cc. sul- 
furic acid for 5 minutes, the color of the acid layer is no darker than 
matching fluid A (page 1059). 

Phosgene—To 20 cc. of Tetrachloroethylene contained in a glass- 
stoppered cylinder, 100 mg. of benzidine is added and allowed to stand 
in the dark for 24 hours. The solution should show no turbidity or 
flocculence and is not more deeply colored than matching fluid A 
(page 1059). If phosgene is present, it combines with the benzidine 
forming a reddish compound insoluble in Tetrachloroethylene. 
Storage—Keep Tetrachloroethylene in tight, light-resistant contain- 
ers. 


Uses—Tetrachloroethylene is an anthelmintic used 
chiefly in the treatment of hookworm infestation but 
also of value against oxyuriasis. It is as effective as 
carbon tetrachloride and apparently much less toxic. 
It is given in the same manner and in the same dosage 
as carbon tetrachloride. It is extensively used in 
veterinary medicine for the same purpose. Industrially, 
Tetrachloroethylene is used as a dry-cleaning solvent 
and in degreasing compounds. 

Average Dose—3 cc. (approximately 45 minims). 


Tetrachloroethylene Capsules U. S. P. 


Capsule Tetrachloroethyleni 
[Cap. Tetrachloroethylen.—Sp. CApsulas de Tetracloroetileno] 


Tetrachloroethylene Capsules contain not less than 
94 per cent and not more than 106 per cent of the 
labeled amount of CCl: CCle.. 


Identification—The tetrachloroethylene obtained in the assay is 
shaken with about 1 Gm. of anhydrous sodium sulfate (to absorb any 
water) and filtered through a dry filter into a dry flask. The filtrate 
has the specific gravity given for tetrachloroethylene and not less than 
90 per cent of it distils between 116° and 122°. 

Assay—A sufficient number of the Capsules to yield about 15 cc. of 
tetrachloroethylene is placed in a flask of a toluene moisture apparatus 
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(page 1061) having a graduated receiving tube of 20 cc., then 25 ce. of 
glycerin is added and the flask is heated with a small flame. The 
vapor pressure of the tetrachloroethylene at the temperature of heat- 
ing causes the capsules to burst and the tetrachloroethylene together 
with any water present in the glycerin distils into the receiving tube. 
The heating is continued until the lower layer of the tetrachloroethyl- 
ene in the receiving tube does not increase. After cooling the receiv- 
ing tube to 25° and adjusting the meniscus, if necessary, by washing 
the wall with a spray of a few cc. of water, the volume of the lower 
layer representing the volume of the tetrachloroethylene is noted. 

Storage—Keep the Capsules preferably at a temperature not above 


Soon 
Average Dose—3 cc. (approximately 45 minims) of 
Tetrachloroethylene. 


TRICHLOROACETIC ACID U. S. P.—See Acids 
(page 529). 


TRICHLOROETHYLENE U. S. P. 


Trichlorozthylenum 


[Trichloroethylen.—Chlorylen, Trethylene, Trielin, 
Sp. Tricloroetileno] 


Trichloroethylene contains not less than 99 per cent 
and not more than 99.5 per cent of CICHCCl, (131.40), 
the remainder consisting of alcohol. 

Note—Ammonium carbonate, not in excess of 20 mg. 
per 100 cc., may be added as a preservative. 

Preparation—Trichloroethylene may be prepared by 
the abstraction of the elements of HCl from tetra- 
chloroethane by means of lime. 


2Cl,CHCHCl., + CaO —- 2CICH=CCl. + CaCle + H2O 
tetrachloroethane calcium trichloro- calcium water 
oxide ethylene chloride 


Trichloroethylene, like most of the incompletely 
chlorinated products such as chloroform or tetrachloro- 
ethylene, is unstable in light and moisture. Its de- 
composition may, however, be retarded by alcohol, 
hence 0.5 to 1 per cent of alcohol is added to it as a pre- 
servative. 


Description and Properties—Trichloroethylene is a clear, colorless, 
mobile liquid with a characteristic, chloroform-like odor. It is not 
inflammable, but is slowly decomposed by moisture, light accelerating 
the decomposition. Its specific gravity is between 1.456 to 1.462 
indicating a content of 99 to 99.5 per cent of CICH = CClg. It boils 
between 86° amd 88°, and solidifies at —88°. It has a refractive 
index of 1.4782 at 20°. When Trichloroethylene is shaken with some 
bromine T.S., a precipitate of tribromo-trichloroethane is formed 
in the lower (trichloroethylene) layer after 1 hour (chloroform or car- 
bon tetrachloride being saturated compounds do not combine with 
bromine and hence remain clear under these conditions). It is insol- 
uble in water, but is miscible with alcohol, chloroform, ether, and 
many other organic liquids. It dissolves most fixed and volatile oils. 
Tests for Purity— 

Non-volatile residue—Not more than 0.0014 per cent. 

Acid and chloride ion—It meets the requirements given for Tetra- 
chloroethylene. 

Acetylene—On agitating Trichloroethylene with silver ammonium 

nitrate T.S. no turbidity is formed in either layer within 10 minutes, 
This test is based on the property of acetylene to combine with silver 
nitrate to form silver acetylide which is insoluble (silver acetylide 
when dry is highly explosive). 
Storage—Keep Trichloroethylene in sealed, light-resistant ampuls or 
frangible, light-resistant glass tubes, avoiding prolonged exposure to 
excessive heat. It must be dispensed in the unopened glass container 
in which it was placed by the manufacturer. 


Uses—Trichloroethylene has been sporadically em- 
ployed as a general inhalation anesthetic in a manner 
similar to chloroform and ethyl chloride, but it appears 
to cause serious arrhythmias of the heart when so used. 
It is serviceable in certain cases of trifacial neuralgia, 
for which purpose a frangible glass ampul containing 
1.0 ce. is broken and the contents inhaled. A second 
inhalation may be necessary after a few minutes, if 
relief is not obtained, and further administrations are 
repeated 3 or 4 times daily for several weeks. Its use 
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has also been suggested in angina pectoris and in head- 


ache, but further evidence is needed to justify such 
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Industrially, # is used as a solvent for various organic 
compounds, fats, oils, ete. } 
Average Dose—Inhalation, 1 cc. (approximately 15 


therapy. minims). 
CHLORAMIDES AND CHLORIMIDES 
Na Cl Cl HeN NH» 
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CHLORAMINE-T N. F. Chloramina-T 


{Chloram.-T.—Chloramine, Sodium p-toluenesulfonchloramide, 
Chloroazene, Tolamine, Sp. Cloramina-T] 


Chloramine-T [CHsCgH.SO.NCINa.3H.2O = 281.70] 
contains the equivalent of 11.5 to 13 per cent of active 
chlorine. 

History—Chloramine-T was introduced during World 
War I by H. D. Dakin and his co-workers for disinfec- 
tion of wounds by irrigating them with this solution. 

Preparation—It is made from toluene and hence the 
letter ““T.’’? The toluene is converted into p-toluene- 
sulfonyl chloride by treatment with chlorosulfonic acid. 
The sulfonyl chloride is then treated with ammonia, 
whereby p-toluenesulfonamide is formed. The latter, 
when reacted upon with sodium hypochlorite, yields 
Chloramine-T. The several steps of the process are 
illustrated in the following equations: 


CHs3C.Hs5 + HOSO3Cl os CHs3C.6H4SO02Cl + H,0 
toluene chlorosulfonic p-toluenesulfonyl water 
acid chloride 
CH3C,gH4SO2Cl + NHs + °NaOH — 
CHsCegH.SO2NHe + NaCl +e H2O 


p-toluenesulfonamide 


CHsCeH4SO2NHe + NaOCl — CHsCeH4SO2NCINa + He2O 


sodium sodium p-toluene- 
hypochlorite’ sulfonchloramide 


Description and Properties—Chloramine-T is a white to yellow, crys- 
talline powder, having a slight odor of chlorine. It slowly decom- 
poses on exposure to air and moisture losing chlorine, and it is affected 
by light. At about 95°-100° it loses its water of hydration without 
appreciable decomposition. An aqueous solution of Chloramine-T is 
alkaline to litmus paper and to phenolphthalein T.S. One Gm. dis- 
solves in 7 cc. of water and in about 2 cc. of boiling water; it is soluble 
in eleohol with gradual decomposition; insoluble in chloroform or 
ether. 

Identification—Acids produce in aqueous solutions of Chloramine-T 
a white turbidity or a precipitate which dissolves in alkali hydroxide 
solutions. When Chloramine-T is treated with concentrated mineral 
acids, chlorine is liberated. The addition of an aqueous solution of 
Chloramine-T to potassium iodide T.S. causes the liberation of iodine, 
but no bromine is liberated by the Chloramine-T from solutions of 
alkali bromides unless the solution is first acidified (difference from 
Dichloramine-T), 

Tests for Purity— 

Readily carbonizable substances—The color of a solution of 200 mg. 
of Chloramine-T in 5 cc. of sulfuric acid is not deeper than matching 
fluid A (page 1059). 

Assay—Tl'or the assay of Chloramine-T for its active chlorine content, 
use is made of its property, as mentioned above, of liberating iodine 
from potassium iodide according to the following equation: 


CHsCgH4SOeNCINa + 2KI + 2CHsCO.H > 
Chloramine-T potassium acetic 
iodide acid 

CHs3CgH4SO2.N He + Ig + 2CHgCO2K + NaCl 

toluene iodine potassium sodium 

sulfonamide acetate chloride 


About 500 mg. of Chloramine-T is dissolved in 50 cc. of water, then 5 
ec. of potassium iodide T.S. and 5 cc. acetic acid are added. After 
allowing the mixture to stand for 10 minutes the liberated iodine is 
titrated with tenth-normal sodium thiosulfate, using starch T.S. as 
the indicator. Each cc. of tenth-normal sodium thiosulfate corre- 
sponds to 1.773 mg. of active Cl. 


Incompatibilities—Aqueous solutions of Chloramine-T are alkaline 
in reaction and, therefore, possess the incompatibilities of the alkalies 
as well as those due to its oxidizing power. Acids cause an immediate 
liberation of chlorine. It liberates iodine from soluble iodides with- 
out the addition of acid. Boric acid causes a slow decomposition. 
Storage—Keep Chloramine-T in tight, light-resistant containers. 


Uses—The actions of chloramine-T are essentially 
similar to those of diluted solution of sodium hypo- 
chlorite (see page 338). It has the advantages of 
greater stability, convenience of preparation, and pro- 
duces less irritation. On the other hand, it lacks the 
solvent action of alkaline hypochlorites. It is practi- 
cally non-toxic, but should not be used by mouth, since 
it is decomposed by the gastric juice. It is used in 
0.1 to 4 per cent aqueous solutions. For wounds the 
normal strength is 1 to 2 per cent applied by the same 
technique as the diluted solution of sodium hypochlo- 
rite. It has also been employed for irrigation of the 
urethra, bladder, and uterus, and as a mouth wash. 


CHLOROAZODIN U.S. P. Chloroazodinum 


[Chloroazodin.— Dichloroazo-dicarbonamidine, 


Azochloramid, Sp. 
Cloroazodina] 


Chloroazodin — [CIN: CC(NH2)N:NC(NH,2):NCI = 
183.01] contains the equivalent of not less than 37.5 per 
cent and not more than 39.5 per cent of active chlorine 
[Cl]. 

Preparation—Chloroazodin may be prepared by 
treating a solution of guanidine nitrate |HN—=C(NHo)s.- 


- HNOs] in acetic acid, buffered with sodium acetate and 


cooled to 0°, with sodium hypochlorite solution. 


Description and Properties—Chloroazodin occurs as bright yellow 
needles or flakes, having a faint chlorine-like odor and a slightly burn- 
ing taste. It decomposes explosively at about 155°. Solutions of 
Chloroazodin in glycerin or alcohol rapidly decompose on warming; 
decomposition is accelerated by contact with metal. All solutions of 
Chloroazodin decompose on exposure to light. Chloroazodin is very 
slightly soluble in water. It is sparingly soluble in alcohol, slightly 
soluble in glycerin and in glyceryl triacetate, and very slightly soluble 


‘in chloroform. 


Identification—Addition of a little silver ammonium nitrate T.S. 
to a saturated aqueous solution of Chloroazodin produces a brick- 
red precipitate which is soluble in an excess of ammonia T-S. 
aqueous solution of Chloroazodin does not liberate iodine from potas- 
sium iodide unless the solution is first acidified with dilute hydro- 
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chloric acid. A saturated solution of Chloroazodin is either not af- 
fected by silver nitrate or yields only a slight turbidity, but if the 
Chloroazodin solution is first treated with sulfurous acid until the 
yellow color is just discharged, the solution will then give the reaction 
for chloride with silver nitrate. 


Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. Owing to the 
explosive nature of Chloroazodin the determination of the residue on 
ignition is made by evaporating the Chloroazodin with hydrochloric 
acid to decompose the compound, adding diluted sulfuric acid, and, 
after evaporating, igniting the residue to constant weight. 

Chloride—Not more than about 0.7 per cent as Cl. 

Assay—The active chlorine content of Chloroazodin is determined in 
the same manner as in Dichloramine-T. One cc. of tenth-normal 
sodium thiosulfate corresponds to 1.182 mg. of active chlorine. 


The following equation illustrates the reaction between Chloro- 
azodin and potassium iodide: 


CIN:C(NH2)N:NC(NH2):NCl + 6KI + 4CHsCOOH —> 
Chloroazodin Povoester acetic acid 
iodide 


3le + 4CHsCOOK + 2KCl + HN:C(NHe) NHNHC(NHe):NH 


iodine potassium potassium N, N’-diguanylhydrazine 
acetate chloride 


The reduction is not carried clear to guanidine. This is the reason 


for the 1.182 factor. 
Storage—Keep Chloroazodin in well-closed, light-resistant contain- 
ers, preferably in a cold place. 


Uses—Chloroazodin is a germicide of the same type 
as the Chloramines, and is claimed to have a sustained 
action even in the presence of organic matter, e. g., 
serum. It is usually applied in triacetin solution. 
See Chloroazodin Solution. 


Chloroazodin Solution U. S. P. Liquor Chloroazodini 


{Liq. Chloroazodin.—Sp. Solucién de Cloroazodina] 


Chloroazodin Solution contains, in each 100 ce., not 
less than 0.24 Gm. and not more than 0.28 Gm. of 
CIN: C(NH.)N: NC(NH,): NCI. 

Caution—Chloroazodin Solution should not come in 
contact with metal. 


Metric Alternative 
Cli bate oC) geen Pare 2.6 Gm. 38 gr. 
Glyceryl Triacetate, a sufficient quantity, 
Witcrer er eD COMERS ToS so: os alls hvelav custo e eievacstevele 1000 cc. 2 pints 


Place the glyceryl triacetate in a carefully dried vessel of glass 
or other vitreous material which can be tightly closed and in 
which the solution can be stirred with a minimum of exposure to 
air. Add the chloroazodin, and stir until dissolved, avoiding all 
unnecessary exposure to air and to light. Close the vessel 
tightly, and set aside for at least 30 days, avoiding exposure to 
light. Filter with the aid of suction through filter paper on a 
glass or stoneware filter, and package immediately in tight con- 
tainers. 


- Description and Properties—Chloroazodin Solution is a clear, yellow, 
somewhat oily liquid with a slightly fatty odor and a bitter taste. 
Its specific gravity is between 1.154 and 1.158. On adding, with 
vigorous shaking, a few drops of silver ammonium nitrate T.S., to a 
mixture of 5 cc. of the Solution and 5 ce. of water, a brick-red precipi- 
tate is produced which is soluble in an excess of ammonia T.S. 


Moisture—When determined by the toluene distillation method, 
(page 1061), not more than 0.3 cc. of water is obtained from 150 cc. of 
the Solution. 

Assay—The chloroazodin content of the Solution is determined as 
follows: To exactly 5 cc. of the Solution contained in a glass-stop- 
pered flask 25 cc. of chloroform is added and followed with 10 ce. 
potassium iodide T.S. and 75 cc. of diluted (6 per cent) acetic acid. 
The liberated iodine is then immediately titrated with hundredth- 
normal $6diui thiosulfate, shaking vigorously during the titration 
and adding a few drops of starch T.S. near the end. A blank is run 
and the necessary correction is made. Each cc. of hundredth-normal 
sodium thiosulfate is equivalent to 0.3050 mg. of chloroazodin 
CIN: C(NH2)N: NC(NHe:NCI. 

Storage—Keep the Solution in tight, light-resistant containers. 


- 


Uses—See Chloroazodin. 


DICHLORAMINE-T N. F.  Dichloramina-T 


[Dichloram.-T—Dichloramine, p-Toluenesulfondichloramide, Sp. 
Dicloramina-T] 


Dichloramine-T [CHs;CgH.zSO2.NCl. = 240.11] con- 
tains the equivalent of not less than 28 per cent and 
not more than 30 per cent of active Cl. 

Preparation—Dichloramine-T may be made by treat- 
ing chloramine-T with sodium hypochlorite and hydro- 
chloric acid as shown by the following equation: 


CHsCeHaSO2NNaCl + NaClO + 2HCl — 


sodium p-toluene sodium hydrochloric 
sulfonchloramide hypochlorite acid 


CHgCeH4SO2NCle + 2NaCl + He2O 
p-toluenesulfon- sodium water 
dichloramide chloride 


Description and Properties—Dichloramine-T occurs as pale yellow 
crystals or as a crystalline powder, having the odor of chlorine. It 
gradually decomposes on exposure to air and moisture losing 
chlorine, and is affected by light. It melts at about 80°. Chlorine 
is liberated from Dichloramine-T when it is treated with concentrated 
mineral acids. In contradistinction to Chloramine-T, Dichloramine-T 
liberates bromine from aqueous solutions of alkali bromides. Dichlor- 
amine-T is almost insoluble in water. One Gm. dissolves in about 1 
ce. of chloroform or petroleum benzin and in about 2.5 cc. of carbon 
tetrachloride. It is soluble in alcohol with rapid decomposition. 
Dichloramine-T is soluble in eucalyptol, chlorinated paraffin, and in 
glacial acetic acid. One Gm. of Dichloramine-T should dissolve 
completely. 
Tests for Purity— 

Chloroform-insoluble substances—1 Gm. is completely soluble in 5 
cc. of chloroform. 
Assay—The chemical reactions underlying the determination of the 
active chlorine content of Dichloramine-T are similar to those de- 
scribed under Chloramine-T, About 100 mg. of Dichloramine-T 
accurately weighed, is dissolved in 20 ce. of glacial acetic acid, then 
10 cc. of potassium iodide T.S. and 50 cc. of water are added. After 
allowing the mixture to stand for 10 minutes the liberated iodine is 
titrated with tenth-normal sodium thiosulfate using starch T.S. as 
the indicator. Each cc. of tenth-normal sodium thiosulfate corre- 
sponds to 1.773 mg. of active Cl. 
Incompatibilities—These are similar to those of Chloramine-T. 
Storage—Keep Dichloramine-T in tight, light-resistant container” 


Uses—lIt is an effective germicide due to its content 
of active chlorine. It is used as a solution in chlori- 
nated paraffin. The solution produces a gradual sus- 
tained antiseptic action. 

It is more irritant than chloramine-T, but also more 
solvent. It should not be administered internally. 

Dichloramine-T is claimed to be useful in the pre- 
vention and treatment of diseases of the nose and throat; 
it has been used with success when applied to wounds. 

Dichloramine-T, dissolved in chlorinated paraffin, is 
used in concentrations of from 0.5 to 10 per cent. In 
nasopharyngeal work, from a 1 to 2 per cent solution is 
employed; for application to wounds, a 5 per cent solu- 
tion. The solution of Dichloramine in chlorinated 
paraffin is not very stable and should not be kept for 
more than two or three days. At times the solutions 
may become irritating to the skin because of the forma- 
tion of hydrochloric acid. Both Dichloramine-T powder 
and solution should be protected from sunlight to pre- 
vent decomposition. 


HALAZONE N. F. Halazonum 


Halazone [HOOCC,H.SO2.NCl. = 270.09] contains 
the equivalent of not less than 24 per cent and not more 
than 26.26 per cent of active Cl. 

Preparation—Halazone is similar in its chemical 
structure to Dichloramine-T, the CH, group in the 
latter being replaced by COOH in Halazone. It may 
be prepared by treating benzoic acid with chlorosulfonic 
acid [Cl.SO.,OH]. The resulting p-sulfonyl chloride 
of benzoic acid, upon treatment with ammonia, yields 
the sulfonamide, and when this is dissolved in caustic 
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soda solution, treated with chlorine, and then acidified 
with HCl, Halazone is produced. 


Description and Properties—Halazone is a white crystalline powder 
having a chlorine-like odor. It melts with decomposition at about 
195°, and is affected by light. Like Dichloramine-T it liberates both 
bromine and iodine from solutions of bromides and iodides. Halazone 
is slightly soluble in water orin chloroform. (Dichloramine-T is very 
soluble in chloroform.) It is soluble in solutions of alkali hydroxides 
or carbonates forming the corresponding salts; it is also soluble in 
glacial acetic acid. 
Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

Readily carbonizable substances—On dissolving 100 mg. of Halazone 
in 0.5 ec. of sulfuric acid no blackening occurs. 
Assay—The assay for the active chlorine in Halazone is based on 
similar reactions to those given under Chloramine-T. The Halazone 
is dissolved in water with the aid of sodium hydroxide, and potassium 
iodide T.S. added. Upon adding an excess of acetic acid, iodine is 
liberated which is determined by titration with tenth-normal sodium 
thiosulfate using starch T.S. as the indicator. Each ec. of tenth- 
normal sodium thiosulfate corresponds to 1.773 mg. of active chlo- 
rine. A blank should be run with all the reagents, and any necessary 
correction made. 
Storage—Keep Halazone in tight, light-resistant containers. 


Uses—Halazone is used similarly to Dichloramine T. 


Halazone Tablets N. F. Tabelle Halazoni 


Halazone Tablets contain not less than 90 per cent 
and not more than 135 per cent of the labeled amount 
of HOOCC,H SOeNCle. 


The N. F. requires that Halazone Tablets should dissolve in water 
at room temperature so as to furnish a solution in which each 100 cc. 
contains not less than 2 mg. of Halazone, and the pH of the resulting 
solution should be not less than 7.0. This is attained by incorporat- 
ing in the Tablets a suitable substance (sodium bicarbonate, borax, 
etc.) to neutralize the hydrogen of the carboxyl group. 

Assay—An aliquot of the powdered Tablets from a counted number 
of tablets is assayed as described under Halazone. Each cc. of tenth- 
normal sodium thiosulfate is equivalent to 6.752 mg. of HOOCC.- 
H4SO2gNCle 

Storage—Keep the Tablets in tight, light-resistant containers. 


SUCCINCHLORIMIDE N. F. Succinchlorimidum 


[ie (ee LN Spee a 

Succinchlorimide [COCH2zCH2zCONCI] = 133.54] 
contains not less than 25 per cent and not more than 
27 per cent of active Cl. Wea MMe ecb RA 

Preparation—Succinimide [COCH2sCH2CONH],. ob- 
tained by rapidly distilling ammonium succinate, is 
dissolved in water and treated with sodium hypochlo- 
rite solution. The hydrogen of the NH (imide) group 
is thereby replaced by chlorine as shown by the follow- 
ing equation: 


Prat 3! qiahere ty 
COCH.CH.CONH + NaOCl —COCH,CHsCONCI + NaOH 


succinimide sodium, succinchlorimide 
hypochlorite 


sodium 
hydroxide 


Description and Properties—Succinchlorimide is a white, crystalline 
powder having a chlorine-like odor. It is affected by light and melts 
between 148° and 149°. Its aqueous solution is acid to litmus. One 
Gm. dissolves in about 70 ce. of water, 150 cc. of alcohol, 50 cc. of 
ines it is sparingly soluble in ether, chloroform, and carbon tetra- 
chloride. 

Identification—Succinchlorimide may be identified by the following 
reactions: It liberates iodine and bromine from their respective halide 
salts. When about 2 mg. of Succinchlorimide and 20 mg. of resorci- 
nol are mixed with 5 drops of sulfuric acid in a small test tube and 
heated gently over a small flame for about 1 minute, then cooled, 
diluted with 10 cc. of water and an excess of ammonium hydroxide 
added, a fluorescent red solution is produced. 

Tests for Purity— 

Residue on ignition—From 200 mg. is negligible. 

Readily carbonizable substances—A solution of 100 mg. of Succin- 
chlorimide in 5 cc. of sulfuric acid has no more color than matching 
fluid A (page 1059). 

Assay—Succinchlorimide is assayed for its active chlorine content by 
adding potassium iodide to its acidified solution and then titrating the 
liberated iodine with tenth-normal sodium thiosulfate using starch 
T.S. as the indicator. Each ce. of tenth-normal sodium thiosulfate 
corresponds to 1.773 mg. of active chlorine. The reaction between 
Succinchlorimide and potassium iodide is similar to that illustrated 
by the equation in the Assay of Chloramine-T. : 
Storage—Keep Succinchlorimide in tight, light-resistant containers. 
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Uses—Succinchlorimide is a powerful germicide and 
has been used as tablets for disinfecting drinking water 
in military camps. 


Succinchlorimide Tablets N. F. Tabelle 
Succinchlorimidi 


{[Tab. Succinchlorimid.] 
Succinchlorimide Tablets contain not less than 90 per 


fi. _. ae 
cent and not more than 130 per cent of COCH,.CH2CON- 
Cl. 


Identification—The Tablets respond to the Identification tests and 
are assayed as described under Swuccinchlorimide. Each ce. of 
tenth-normal sodium thiosulfate is equivalent to 6.677 mg. of 


Sitesi aes 
COCH2CHeCONCI. 
Storage—Keep the Tablets in tight, light-resistant containers. 


Uses—See Succinchlorimide. The Tablets usually 
available contain 0.12 and 0.3 Gm. of Succinchlorimide 
(approximately 2 and 5 grains). 


Unofficial Organic Chlorine Compounds 


Benzyl Chloride [CgHsCHe2Cl]—Colorless, very refractive liquid, 
having an irritating odor. Specific gravity 1.100. Boils at 179°, 
and solidifies at about — 50°. Insoluble in water, miscible with 
alcohol, chloroform, ether, ete. Uses: For the manufacture of 
benzyl compounds, e. g., benzyl aleohol, benzyl benzoate, benzalko- 
nium chloride. 

o-Dichlorobenzene [CgH4Cle]—A colorless liquid. Specific gravity 
1.307, boils at 180° to 183° and solidifies at — 17°. Uses: <A sol- 
vent for waxes in the manufacture of varnishes and lacquers; also 
to combat termites. 

p-Dichlorobenzene [CgH4Cle]—Colorless or white crystals with a 
characteristic odor. Melts at 53°. Boils at 174°, and sublimes at 
room temperature. Insoluble in water; freely soluble in alcohol, 
benzene, chloroform, and many other organic solvents. Uses: 
For killing moths and their larvae; for the preservation of woolen 
fabrics from moth attacks, also used against peach tree borers. 

Dichloro-difluoromethane, Freon [CClgFe2|]—Colorless, almost odor- 
less non-corrosive and non-inflammable gas. Insoluble in water. 
Boils at — 29°. Uses: Refrigerant in several makes of refrigera- 
tors. - 

Methyl Chloride [CHgCl]—A gas, compressible to a colorless liquid 
boiling at — 24°. Uses: A refrigerant. 

Monochlorobenzene, Phenyl Chloride [CgH5Cl]—A colorless, refrac- 
tive liquid, having a specific gravity of 1.10. boils at 131° and solidi- 
fies at about — 55°. Insoluble in water; soluble in alcohol, ben- 
zene, chloroform, and ether. 

Phenoltetrachlorophthalein N. N. R.—A dibasic dye formed by the 
condensation of phenol and tetrachlorophthalic acid or its anhy- 
dride. Uses: for the determination of the functional activity of 
the liver; excretion is determined by disappearance from the blood 
stream, excretion in the duodenum by means of a duodenal tube 
or excretion in the stool. Sodium salt given intravenously; should 
not be given subcutaneously or intramuscularly. Dose: <intrave- 
nously, 5 mg. per Kg. of body weight. 


Organic Chlorine Specialties 


Azochloramid N. N. R. (Wallace and Tiernan)—Chloroazodin U.S. P. 

Azochlorasul Ointment (Wallace and Tiernan)—Ointment containing 
0.1 per cent Azochloramid, 40 per cent sulfanilamide, and 0.5 per’ 
cent sodium tetradecyl sulfate. Uses: antiseptic. 

Azochlorasul Powder—Powder containing 0.1 per cent Azochlor- 
amid, 98.4 per cent sulfanilamide, 0.3 per cent sodium tetradecyl 
sulfate, and 1.2 per cent disodium phosphate, in envelopes contain- 
ing 5 Gm. 

Azochlorasul Suspension—Powder in envelopes containing 10 Gm. 
micronized sulfanilamide, and bottles containing a solution with 90 
Gm. Azochloramid in triacetin. The contents of 1 bottle and 1 
envelope are mixed to give a suspension containing 0.05 per cent 
Azochloramid, 10 per cent sulfanilamide, and 0.1 per cent sodium 
tetradecyl] sulfate. 

Chlorazene Powder N. N. R. (Abbott)—Packages No. 1 and No. 2 
containing sufficient Chloramine-T U.S. P. to make 1 and 5 gal- 
lons, respectively, of a 1 per cent solution. Uses: antiseptic, 
deodorant. 
Aromatic Chlorazene Powder N. N. R.—Contains 5 per cent 
Chlorazene, 5 per cent sodium bicarbonate, 87 per cent sodium 
chloride, 2 per cent eucalyptol, and 1 per cent saccharin. 
Chlorazene Tablets N. N..R.—Each contains 0.3 Gm. (4.6 gr.) 
Chlorazene. One tablet in 1 fluidounce water makes a 1 per cent 
solution. \ 

Chlorylen (Schering)—Trichloroethylene U.S. P. , 

Kelene N. N. R. (Merck)—Ethyl Chloride U.S. P. 

Somnoform (Stratford)—Ampul-capsules containing a volatile mix- 
ture of 83 per cent ethyl chloride, 16 per cent methyl chloride, and 
1 per cent ethyl bromide. Uses: inhalation anesthetic. 

Topocide (Lilly)—Solution, each 100 cc. containing 1 Gm. DDT, 12.5 
Gm. benzyl benzoate, 2 Gm. benzocaine, and polyoxyalkylene 
derivatives of sorbitan mono-oleate. Uses: treatment of scabies 
and pediculosis. aa 

Trethylene (Davies, Rose)—Trichloroethylene U. S. P. 


\ 
‘ 
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ORGANIC BROMINE COMPOUNDS 


There are no official organic bromine derivatives 
which owe their therapeutic properties entirely to their 
bromine content. Each compound listed below with a 
page reference is classified and described in the chapter 
which discusses substances with similar chemical struc- 
ture. 


CARBROMAL N. F.—See Amides (page 628). 


MERBROMIN N. F.—See Organo Metallic Compounds 
(page 768). 

MONOBROMATED CAMPHOR N. F.—See Ketones 
(page 518). 


TRIBROMOETHANOL U. S. P.—See Alcohols (page 
508). 
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Unofficial Organic Bromine Compounds 


Ethyl Bromide [C2H5Br]—Colorless, volatile, inflammable liquid, of 
ethereal odor. Specific gravity 1.45. Boils at 38.5° and solidifies 
at —125°. Soluble in 100 parts of water at 0°, less soluble at higher 
temperatures; miscible with alcohol and many organic liquids. 
Uses: medicinally similar to ethyl chloride; now largely used asa 
aS tees and in organic syntheses, as in the preparation of barbi- 

al. 

Bromoform, Tribromomethane [CHBrg]—Prepared by adding bro- 
mine to a mixture of acetone and dilute sodium hydroxide and warm- 
ing. A colorless, heavy liquid with a sweet taste and an odor re- 
sembling chloroform. Sp. gr. 2.902. Boils at 149° to 150°. 
Soluble in 800 parts of water, miscible with organic solvents. Pre- 
served by the addition of 3 to 4 per cent of alcohol. Uses: for- 
merly in whooping cough and seasickness but unreliable. 

Methyl Bromide [CH gBr]—Colorless gas, liquefiable to a colorless 
liquid boiling at 4.5°. Slightly soluble in water; soluble in alcohol 
and many other organic liquids. Uses: in fire extinguishers. 


Organic Bromine Specialties 


Dalyde (Hynson)—Solution containing 0.5 per cent dibromsalicyl- 
aldehyde and 0.75 per cent borax. Ointment and dusting powder 
also available. Uses: treatment of infections due to fungi. 
Dose: applied locally once a day. 


ORGANIC IODINE COMPOUNDS 


SO3H Cl I 
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Chiniofon Todochlorohydroxy- Diodoquin Calcium Iodobehenate 


quinoline (vioform) 


The organic iodine compounds are considered here in 
two groups, the first containing those derivatives which 
are employed for their nutritional, amebicidal, or germi- 
cidal effects, and the second containing all the official 
radiopaque iodine compounds used as contrast media 
in roentgenography. See X-rays and Roentgenography 
(page 479). The members of this latter group are em-. 
ployed only as diagnostic agents and have no thera- 
peutic value. 


CALCIUM IODOBEHENATE U. S. P. 
Calcii lodobehenas 


{Calc. lodobehen.—Calcium Monoiodobehenate, Sajodin, Calioben, 
: Sp. Yodobehenato de Calcio] 


Calcium Iodobehenate consists principally of calcium 
monoiodobehenate [(Ce:H42ICOO)2Ca] and contains, 
when dried at 100° for 2 hours, not less than 23.5 per 
cent of Iodine (I). 

Preparation—Erucic acid [CsiH4;COOH], an un- 
saturated acid obtained from rape seed oil, is the start- 
ing point in the preparation of Calcium Iodobehenate. 
By treating the acid with a mixture of sodium iodide 
and glacial acetic acid in the presence of dry hydrogen 
chloride there is produced, after 2 or 3 days, iodobe- 
henic acid [C2:H42ICOOH], a saturated acid which is 
formed as the result of the addition of HI to erucic acid. 
The calcium salt of iodobehenic acid is obtained from 
this by the addition of an alcoholic solution of calcium 
chloride. 


Description and Properties—Calcium Iodobehenate is a white or 
slightly yellow powder, unctuous to the touch. It is odorless or has 
a slight odor of fat, and discolors in light. Its aqueous solution is 
neutral to litmus paper. It is insoluble in water, very slightly soluble 
in alcohol or ether; it is freely soluble in warm chloroform. | 
_Identification—(1) Dilute mineral acids decompose it with the 
liberation of iodobehenic acid. (2) When the salt is ignited, violet 
vapors of iodine are evolved and white vapors having the odor of 


burning fat. 
for calcium. 
Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Carbonate—None. 

Chloride—Not more than 0.035 per cent. 

Sulfate—Not more than 0.048 per cent. 

Inorganic salts—One Gm. of Calcium Iodobehenate should dissolve 
in 10 ec. of warm chloroform to form a clear or not more than opales- 
cent solution. 

Soluble salts—Not more than 0.25 per cent. 

Magnesium and alkali saits—Not more than 0.3 per cent. 

Assay for lodine—About 500 mg. of the dried Calcium Iodobehenate 
is mixed with about 3 Gm. of anhydrous potassium carbonate and 
after covering with another Gm. of potassium carbonate, the mixture 
is gradually heated to a dull red heat until it is thoroughly carbonized. 
The iodine in Calcium Iodobehenate is thus converted by ignition 
with excess of potassium carbonate into potassium iodide. After 
extracting the KI from the mass with hot water the solution is acidi- 
fied with diluted nitric acid, then potassium permanganate solution 
added until a faint yellow color is produced. The iodine is titrated 
with tenth-normal silver nitrate using starch T.S. as the indicator 
(consult the assay under Chiniofon). Each cc. of tenth-normal silver 
nitrate corresponds to 12.69 mg. of iodine, 

Storage—Keep Calcium Iodobehenate in well-closed, light-resistant 
containers. 


(3) The residue responds to the identification reaction 


Uses—lIt is used as a substitute for morganic iodides, 
the claim being made that it is retainer longer and there- 
fore better utilized. It also causes less gastric irritation. 

Average Dose—0.5 Gm. (approximately 714 grains). 


CHINIOFON U. S. P. Chiniofonum 


[Chiniovon.—Quinoxyl, Yatren, Sp. Quiniofon] 


Chiniofon is a mixture of 7-iodo-8-hydroxyquinoline- 
5-sulfonic acid, its sodium salt, and sodium bicarbonate, 
containing not less than 26.5 per cent and not more than 
29 per cent of iodine (1). 

Preparation—The starting material for making 
Chiniofon is 8-hydroxyquinoline. It is produced by 
the Skrawp synthesis by cautzously heating a mixture 
of glycerin, sulfuric acid, o-aminophenol and o-nitro- 
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phenol at about 140°. The 8-hydroxyquinoline is sul- 
fonated at a low temperature with sulfuric acid, then its 


sy tien 
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8-hydroxy- 8-hydroxy- 7-iodo-8-hydroxy- 
quinoline quinoline-5- quinoline-5- 


sulfonic acid sulfonic acid 


solution, made with the aid of sodium carbonate, is 
iodinated by the addition of iodine dissolved in potas- 
sium or sodium iodide. Upon subsequent acidification 
with an acid the iodohydroxyquinoline-sulfonic acid 
separates. The latter, after washing and drying, is 
mixed with one-fourth of its weight of sodium bicar- 
bonate. 


Description and Properties—Chiniofon is a canary-yellow powder 
with not more than a slight odor and a bitter taste. One Gm. dis- 
solves in 25 cc. of water; it is insoluble in alcohol, ether, and chloro- 
form. 

Identification—(1) When moistened with water it effervesces due 
to the reaction between the sulfonic acid and sodium bicarbonate. 
(2) The addition of mineral acids to a solution of Chiniofon produces 
effervescence and precipitates free iodohydroxyquinoline-sulfonic 
acid. (8) Ferric chloride colors the aqueous solution of a deep emer- 
ald-green, and cupric sulfate T.S. produces a white precipitate. (4) 
The addition of a drop or two of sodium nitrite solution and a few 
ec. of diluted hydrochloric acid to a Chiniofon solution liberates 
iodine. ° 
Tests for Purity— 

Free todine—The addition of a slight excess of diluted hydrochloric 
acid and a drop of ferric chloride T.S. to a solution of Chiniofon, fol- 
lowed by shaking with chloroform, does not color the latter violet. 

Todide—Not more than an opalescence is produced by adding silver 
nitrate T.S. and 1 cc. of diluted nitric acid to 5 ec. of an aqueous solu- 
tion of Chiniofon (1:100). = ; 
Assay for lodine—About 400 mg. of Chiniofon, accurately weighed, 
is dissolved in 15 cc. of sodium hydroxide T.S., gently warmed, and 
25 ec. of a solution of potassium permanganate (1 in 15) added. The 
potassium permanganate liberates the iodine from the Chiniofon 
which immediately combines with the sodium hydroxide and is oxi- 
dized by the permanganate to sodium iodate. After cooling, the solu- 
tion is diluted with 75 cc. of water and strongly acidified with diluted 
sulfuric acid (1 in 2). Sufficient sodium bisulfite solution (1 in 5) is 
then added all at once to decolorize the solution. The sodium bisul- 
fite reduces the iodate to iodide and renders the precipitate of manga- 
nese dioxide soluble in sulfuric acid by reducing it to the manganous 
state. <A diluted solution of potassium permanganate is added drop- 
wise, until a faint yellow color appears. This potassium permanga- 
nate oxidizes to sulfate the excess of bisulfite, which would otherwise 
interfere with the subsequent step, and liberates a trace of free iodine 
which upon the addition of starch T.S. forms blue starch iodide to 
serve as anindicator. The solution is then titrated with tenth-normal 
silver nitrate until the blue color of the starch iodide is just discharged, 
leaving a canary-yellow precipitate of silver iodide. After all the 
sodium iodide in the solution has reacted with the silver nitrate, the 
addition of 1 drop of the silver solution in excess removes the iodine 
from the starch iodide and thus the blue color disappears. The pres- 
ence of moderate amounts of chloride do not interfere with the assay 
because the solubility product of silver iodide is much smaller than 
that of silver chloride; therefore silver nitrate will not react with any 
chloride until the iodine in the starch iodide has first reacted with it. 
Each ec. of tenth-normal silver nitrate corresponds to 12.69 mg. of 
iodine (1). ; : 
Storage—Keep Chiniofon in tight containers. 


Uses—Chiniofon has the same general field of useful- 
ness in amebiasis as Carbarsone, and is relatively non- 
toxic. It is useful only in intestinal amebiasis. In 
amebic abscesses of the liver, lung, or brain, Chiniofon is 
ineffective, and emetine should be employed. Chiniofon 
cures a high percentage of patients with amebic diar- 
rhea or dysentery, mild ambulatory cases, chronic 
cases, and asymptomatic carriers. The drug acts 
against both the motile and cyst forms of Endameba 
histolytica, but is less rapid than emetine in its effects 
on motile forms. Thus, in severe acute amebic dysen- 
tery, emetine therapy may be necessary for the first 
few days or until acute symptoms are under control, 
and then Chiniofon may be started. Chiniofon can be 
given orally, or by rectal instillation as a retention en- 
ema. The dose of Chiniofon is 0.75 to 1.0 Gm., given 
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as tablets 3 times a day with meals. A course lasts for 
from 8 to 12 days. Courses of Chiniofon and Carbar- 
sone may be alternated. Some clinicians consider 
Chiniofon to be the safest and most efficient amebicide. 
See Hmetine and Carbarsone. 

Average Dose—1I Gm. (approximately 15 grains). 


Chiniofon Tablets U. S. P. Tabellz: Chiniofoni 
(Tab. Chiniofon.—Sp. Tabletas de Quiniofén] 


Chiniofon Tablets contain an amount of iodine (I) 
corresponding to not less than 25 per cent and to not 
more than 29 per cent of the labeled amount of chinio- 
fon. 


Identification—Chiniofon Tablets may be identified by the reac- 
tions described under Chintofon. 

Inorganic todine—None. The aqueous solution of the Tablets is 
treated with hydrochloric acid and the precipitate of iodohydroxy- 
quinoline-sulfonie acid is filtered off. The filtrate is shaken with a 
few drops of ferric chloride and a little chloroform. No violet or 
pink color (due to free iodine liberated by ferric chloride from iodides) . 
should be discernible in the chloroform. 

Assay—A counted number of the Tablets are powdered, and an 
aliquot portion equivalent to about 400 mg. of Chiniofon is assayed 
as described under Chiniofon. 

Storage—Keep Tablets in tight containers. 


Uses—See Chiniofon. 
Average Dose—! Gm. (approximately 15 grains) of 
Chiniofon. 


IODOCHLOROHYDROXYQUINOLINE N. F. 
lodochlorohydroxyquinolinum 


[5-Chloro-7-iodo-8-hydroxy-quinoline, Vioform] 


Iodochlorohydroxyquinoline [CsHsNOCII = 305.52] 
contains not less than 38 per cent and not more than 
41.5 per cent of I, and not less than 11.4 per cent and 
not more than 12.2 per cent of Cl. 

Preparation—This product is structurally similar to 
5-sulfono 7-iodo-8-hy droxyquinoline-5-sulfonic acid 
(Chiniofon) and may be made by a similar process. 


Description and Properties—Iodochlorohydroxyquinoline occurs as 
a bulky brownish yellow powder having a slight characteristic odor. 
It melts with decomposition at about 172° and is affected by light. 
When heated with sulfuric acid, iodine vapors are evolved. It is prac- 
tically insoluble in water or alcohol; soluble in hot ethyl acetate and 
hot glacial acetic acid, and slowly soluble on heating with hydrochloric 
acid, evolving the odor of iodine. 
Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

Residue on ignition—N ot more than 0.5 per cent. 
Assay for lodine—Approximately 250 mg. of Iodochlorohydroxy- 
quinoline, accurately weighed, is mixed with 100 ce. water, then 50 ec. 
of 50 per cent sulfuric acid and 100 ee. of a solution of potassium per- 
manganate (6 in 100) are added simultaneously, and the mixture is 
gently boiled until the vapors no longer color starch iodide paper blue. 
The potassium permanganate oxidizes the iodine to iodate and the 
chlorine is liberated as free Cl. When all the chlorine has been ex- 
pelled, as is evidenced by the vapors ceasing to color starch iodide 
paper blue, about 20 cc. of approximately tenth-normal silver nitrate 
is added, followed by sodium sulfite in small portions, with stirring, 
until the permanganate color is completely discharged and no manga- 
nese dioxide remains. The sodium sulfite reduces the iodate, produced 
by the treatment with permanganate, to iodide which reacts with the 
silver nitrate forming silver iodide. The mixture is then boiled until 
the odor of sulfur dioxide is no longer evolved, then to dissolve any 
metallic silver formed by the reduction of sulfur dioxide, nitric acid 
is added and the mixture is boiled for afew minutes. The silver iodide 
is filtered, washed, and dried at 105° to constant weight. The weight 
of the silver iodide, multiplied by 0.5405, represents the iodine. 
Assay for Chlorine—For this assay the same quantity is used as in 
the assay for iodine, to facilitate the subsequent calculations. The 
Iodochlorohydroxyquinoline is heated to boiling with 6 cc. of sodium 
hydroxide solution (1 in 2) and 130 ce. of water, then 70 ce. of potas- 
sium permanganate solution (6 in 100) is added and the boiling con- 
tinued for 20 minutes. The iodine is oxidized to iodate as in the assay 
for iodine, but the chlorine is converted to sodium chloride. From 
this point on the assay is continued as described under the Assay for 
Iodine beginning with the addition of sodium sulfite, but adding 40 
ce. of silver nitrate instead of 20 ce. in order to have sufficient silver 
to combine with both the chlorine and the iodine. From the weight 
of the dried precipitate, which consists of both silver iodide and 
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silver chloride, the weight of the silver iodide obtained in the Assay 
for Iodwne is subtracted; the difference, representing silver chloride, 
multiplied by 0.2474, represents the Cl. . 

Storage—Keep Vioform in tight, light-resistant containers. 


Uses—Vioform has the same uses in amebiasis as 
Chiniofon but it cannot be administered rectally. It is 
effective only in intestinal amebiasis, whether acute or 
chronic, and acts both on motile and cyst forms of 
-amebe. The drug is also effective in the therapy of 
Trichomonas vaginalis vaginitis, administered as an 
ointment or insufflated as a powder (1 part in 9 parts of 
magnesium trisilicate). 

Average Dose—0.25 Gm. (approximately 4 grains). 


Iodochlorohydroxyquinoline Tablets N. F. 
Tabelle Iodochlorohydroxyquinolini 


{[Vioform Tablets] 


lodochlorohydroxyquinoline Tablets contain not less 
than 92.5 per cent and not more than 107.5 per cent 
of the labeled amount of C,H ;NOCII. 


Assay—The Tablets are assayed by determining their iodine content, 
from which the amount of iodochlorohydroxyquinoline is calculated. 
The iodine is determined essentially by the same method as for 
Thyroid (page 881), using a quantity of the powdered tablets equiva- 
lent to about 100 mg. of iodochlorohydroxyquinoline and using for the 
titration tenth-norma]l instead of hundredth-normal sodium thiosul- 
fate. Each ce. of tenth-normal sodium thiosulfate corresponds to 
5.092 mg. of CgH5NOCII. 

Storage—Keep the Tablets in tight, light-resistant containers. 


Uses—See. Iodochlorohydroxyquinoline. 
Average Dose—0.25 Gm. (approximately 4 grains) of 
Iodochlorohydroxyquinoline. 


IODOFORM N. F. lIodoformum 


{lodof.—Triiodomethane, Sp. Yodoformo] 


Iodoform, previously dried over sulfuric acid for 24 
hours, contains not less than 99 per cent of CHIs 
(893.78). 

Preparation—lIodoform was originally produced by 
the action of iodine on alcohol in the presence of sodium 
carbonate. The reactions involved in this process are 
illustrated by the following equations: 


CHsCH20OH + Ie — CHsCHO + 2HI 


ethyl alcohol iodine acetaldehyde  hydriodic 
; acid 
CHsCHO + 38Ig — CIsCHO + 3HI 
acetaldehyde iodine tri-iodo hydriodic 
acetaldehyde acid 
2CIsCHO + NaeCO3 + H,O <> 
tri-iodo sodium water 
acetaldehyde carbonate 
2CHIzg + 2HCOONa + COs 
iodoform sodium formate carbon 
dioxide 


The hydriodic acid formed in the first two steps is 
immediately changed into sodium iodide by the excess 
of alkali present. The three steps are summarized in 
the following equation: 


C2.H;0H -+ Als + 3NaeCOzg —> 


alcohol iodine sodium 
carbonate 
CHIs + HCOONa + 5Nal + 2H20 + 38CO2 
iodoform sodium sodium water carbon 
’ formate iodide dioxide 


i 
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For several decades, however, pure acetone has been 
available at low cost and iodoform has been made ex- 
clusively from that ketone. The acetone process is 
simpler and the yield practically quantitative. The 
acetone is diluted with water to approximately 4 per 
cent, and just sufficient potassium or sodium iodide to 
furnish the necessary quantity of iodine for the forma- 
tion of Iodoform is added. After the mixture is alkalin- 
ized with sodium hydroxide, approximately 1 per cent 
chlorinated soda (sodium hypochlorite) solution is 
slowly run in with stirring until a sample of the filtered 
liquid yields no more Iodoform on the addition of a 
few drops of the chlorinated soda solution. The chlori- 
nated soda liberates free iodine from the sodium iodide 
which reacts with the acetone. 

In this process too, several reactions are involved 
and are summarized in the following equation: 


CHsCOCHs “f 3Nal -+ 3NaClO — 
acetone sodium sodium 
iodide hypochlorite 
CHIs + 3NaCl + CHsCOONa + 2Na0H 
iodoform sodium sodium sodium 
chloride acetate hydroxide 


The precipitate of Iodoform is filtered from the reaction 
products, washed with water until free from soluble 
matter (chlorides), and dried at about 35° to 40°. 

It may be obtained as a very fine powder by making 
a concentrated solution in alcohol, acetone, or one of its 
other solvents, and pouring this into water, collecting, 
washing, and drying the precipitate. 


Description and Properties—Iodoform occurs as a fine, greenish yellow 
powder or lustrous crystals. It has a characteristic, very penetrating 
and persistent odor. Jodoform is slightly volatile, even at ordinary 
temperatures and distils slowly with water vapor. It melts at about 
115° and decomposes at higher temperatures, emitting vapors of 
iodine. Its specific gravity is about 4.1. Iodoform is practically 
insoluble in water to which, however, it imparts its odor and taste. 
One Gm. dissolves in about 60 cc. of alcohol, 80 cc. of glycerin, 10 cc. 
of chloroform, about 7.5 cc. of ether, about 34 cc. of olive oil, and in 
about 16 cc. of boiling alcohol. 

Tests for Purity— 

Loss on drying over sulfuric acid—Not more than 1 per cent. 

Residue on ignition—Not more than 0.2 per cent. 

Coloring matter, acids, and alkalies—When 2 Gm. of Iodoform is 
shaken with 5 cc. of water and filtered, the filtrate is colorless, free 
from bitter taste, and is neutral to litmus paper. 

Assay—In alcohol solution Iodoform reacts with silver nitrate like 
the soluble iodides, forming silver iodide. This reaction, however 
takes place slowly. 


AgNOg 
— 
CHIs HNO, Agl 
iodoform silver 
iodide 


To a solution of 200 mg. of the dried accurately weighed Iodoform 
dissolved in 20 ce. of alcohol, exactly 30 cc. of tenth-normal silver 
nitrate is added and followed with 10 cc. of nitric acid. After allow- 
ing the mixture to stand overnight, it is diluted and the excess silver 
nitrate titrated with tenth-normal ammonium thiocyanate, using 
ferric ammonium sulfate T.S. as the indicator. Each cc. of tenth- 
normal silver nitrate corresponds to 13.13 mg. of CHIg. 
Storage—Keep Iodoform in tight, light-resistant containers and avoid 
exposure to excessive heat. 


Uses—lIodoform has a mild bactericidal action as a 
result of a slow release of elemental iodine. It was 
formerly rather widely employed for the dressing of 
wounds. 


THYMOL IODIDE N. F.—See Phenols (page 683). 
THYROXIN U. S. P.—See Hormones (page 881). 
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IODIZED OIL U. S. P. Oleum Iodatum 
[Ol. lodat.—Sp. Aceite Yodado] 


Iodized Oil is an iodine addition product of vegetable 
oils, containing not less than 38 per cent and not more 
than 42 per cent of organically combined iodine (1). 

Preparation—The methods of preparing Iodized Oil 
depend upon the addition of elemental iodine to the 
unsaturated fatty constituents of a vegetable oil, the 
resulting oil containing chemically saturated iodo- 
glycerides. The oil most generally used is poppy seed 
oil. 


Description and Properties—Iodized Oil is a thick, viscous, oily 
liquid, having an alliaceous odor and an oleaginous taste. It is light 
to dark brown in color, and on exposure to air and light it becomes 
darker due to liberation of iodine. Its specific gravity is about 1.35. 
When a small portion of the oil is mixed with an excess of sodium 
carbonate and gradually ignited the residue responds to the identifica- 
tion reactions for iodides. It is insoluble in water; soluble in ether, 
chloroform, or petroleum benzin. The U.S. P. requires that 1 ce. of 
Iodized Oil should yield a clear solution with 10 ec. of petroleum 
benzin. 

Tests for Purity— 

Free acid—A solution of 1 ce. of the oil in 10 ec. chloroform requires 
for neutralization not more than 0.3 cc. of tenth-normal sodium 
hydroxide, using phenolphthalein T.S. as the indicator. 

Residue on ignitton—Not more than 0.1 per cent. 

Assay for iodine—About 350 mg. of the Iodized Oil, accurately 
weighed, is mixed with 2 Gm. of anhydrous sodium carbonate in a 
crucible and the mixture covered with sufficient sodium carbonate 
to nearly fill the crucible. It is then heated with a strong flame, or 
preferably in a muffle furnace, and maintained at a dull red heat for 
about 20 minutes. The iodine in the oil is thus converted into sodium 
iodide. After cooling, the sodium iodide is completely extracted with 
hot water and filtered. The filtrate after cooling is treated with di- 
luted nitric acid until effervescence ceases, then 2 ec. more of the 
acid is added and followed with potassium permanganate T.S. until a 
faint yellow color, due to free iodine, is produced. After adding 
some starch T.S., the solution is titrated with tenth-normal silver 
nitrate until the blue color of the starch iodide is just discharged. 
For the chemistry of this assay, see Chintofon. Each cc. of tenth- 
normal silver nitrate corresponds to 12.69 mg. of iodine. 
Storage—Keep Iodized Oil in well-filled, tight, light-resistant con- 
tainers. 


Uses—lodized Oil is used as a contrast medium in 
roentgenography, especially in tumors of the spinal 
cord and in the location of bronchial and pulmonary 
lesions. The dose is 1 to 5 cc. or more, according to the 
need. 


IODOPHTHALEIN SODIUM U. S. P. 


lodophthaleinum Sodicum 


{lodophthal. Sod.—Soluble Iodophthalein, Tetraiodophenolphthalein 
Sodium, Tetraiodophthalein Sodium, Tetiothalein Sodium, Iodeikon, 
Sp. Yodoftaleina Sédica] 


Iodophthalein Sodium [CapHsl4O4Nazg.83H20 = 
919.99] is the disodium salt of tetraiodophenolphthalein. 
It contains not less than 85 per cent of tetraiodophenol- 
phthalein. The separated tetraiodophenolphthalein 
contains not less than 60 per cent and not more than 63 
per cent of iodine (I). 

Preparation—Phenolphthalein is dissolved in a mod- 
erately concentrated solution of sodium hydroxide con- 
taining a quantity of NaOH equivalent to the weight of 


the phenolphthalein. The solution is cooled and a con- 
centrated solution of iodine in aqueous potassium 10- 
dide, containing free iodine equivalent to about one 
and one-half the weight of the phenolphthalein, is 
slowly added. After standing overnight, hydrochloric 
acid is added to produce an acid reaction. Tetraiodo- 
phenolphthalein separates. It is filtered, washed, and 
purified by dissolving in sodium hydroxide and repre-- 
cipitating with acid. “The purified product is converted 
into the sodium salt by dissolving it in a solution of 
NaOH containing slightly less than the theoretical 
equivalent of sodium hydroxide, filtering and concen- 
trating to crystallization under a vacuum. 

In another process the iodination is made with iodine 
monochloride dissolved in hydrochloric acid. Only a 
small excess (about 5 per cent) of this reagent is re- 
quired as contrasted with the large excess of iodine in 
the first process, and the precipitated iodophthalein is 
purer and therefore more easily purified. 

Description and Properties—Iodophthalein Sodium is a pale, blue- 
violet, odorless, crystalline powder with a saline and astringent taste. 
On exposure to air it readily absorbs carbon dioxide and gradually 
decomposes, becoming incompletely soluble. Dilute hydrochloric 
or sulfuric acid precipitates from its aqueous solutions cream, or 
nearly white-colored, free iodophthalein. When ignited, the residue 
responds to the tests for sodium. When ignited with an excess of 
sodium carbonate the residue responds to the reactions for iodide. 
One Gm. of Iodophthalein Sodium dissolves in about 7 cc. of water. 


It is but slightly soluble in alcohol; insoluble in chloroform or ether. 
Tests for Purity— 

Free phthalein—1 Gm. should dissolve completely in 50 ce. of 
recently boiled and cooled water. 
Assay for Tetraiodophenolphthalein—About 500 mg. of the Iodo- 
phthalein Sodium, accurately weighed, is dissolved in 50 cc. of water, 
then diluted hydrochloric acid added (about 20 cc.) to precipitate the 
free iodophthalein. The precipitate is filtered, washed well with a 
mixture of equal volumes of water and diluted hydrochloric acid (the 
hydrochloric acid is to prevent the precipitate from becoming col- 
loidal), then dried at 110° to constant weight. 
Assay for Iodine—The iodine in the tetraiodophthalein obtained in 
the preceding assay is determined as described in the Assay of 
Chintofon, using about 200 mg. of the tetraiodophthalein. Hach ce. 
of tenth-normal silver nitrate is equivalent to 12.69 mg. of iodine. 
Storage—Keep Iodophthalein Sodium in tight containers. 


Uses—As a contrast medium in the roentgenographic 
examination of the gall bladder. Following the intra- 
venous injection or, if decomposition is avoided, the 
oral administration, the substance appears in the 
normal gall bladder in sufficient concentration to cast 
a shadow to the roentgen ray. 

Average Dose—Oral, 0.5 Gm. (approximately 714 
grains); Intravenous, 0.3 Gm. (approximately 5 grains) 
for each 10 kilograms of body weight. 


IODOPYRACET INJECTION U. S. P. 


Injectio lodopyraceti 
[Inj. lodopyr.—Diodrast, Sp. Inyeccién de Yodapiracet] 


Iodopyracet Injection is a sterile solution of the dieth- 
anolamine salt of 3,5-diiodo-4-pyridone-N-acetie acid 
[CsH2lzONCH2zCOONH.2(CH2CH2OH)2 = 510.09] in 
water for injection... It contains in each 100 ec. not less 
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than 34 Gm. and not more than 36 Gm. of the salt. 
The separated 3,5-diiodo-4-pyridone-N-acetic acid, 
when dried at 100°, contains not less than 61.5 per cent 
and not more than 63.5 per cent of iodine. It meets the 
requirements of the Sterility Test for Liquids (page 126). 

Sterilize Todopyracet Injection preferably by Process 
C. See Sterilization Processes (page 121). 

The Injection also conforms to the other requirements 
under Injections (page 254). 


Description and Properties—Iodopyracet Injection is a clear and 
SERIA colorless liquid, neutral to litmus. Its specific gravity is 

Identification—(1) The precipitate of 3,5-diiodo-4-pyridone-N- 
acetic acid, obtained by adding diluted hydrochloric acid to the 
diluted Injection (1:1) and washing with cold water and drying at 
100, melts between 245° and 249°. (2) Concentrate about half of 
the filtrate from the preceding test by evaporation on the steam bath 
to a syrupy consistency, then add to it approximately an equal vol- 
ume of absolute alcohol and neutralize with normal sodium hydroxide 
using litmus paper asindicator. Filter and dilute with absolute alco- 
hol to 10 eec., add 1 Gm. of trinitrophenol, heat to boiling, and cool 
in ice water. The resulting precipitate of diethanolamine trinitro- 
phenolate, when recrystallized from alcohol and dried over sulfuric 
acid in vacuum, melts between 108° and 110°. 
Tests for Purity— 

Residue on ignition—Not more than 1 mg. per cc. of the Injection. 

Inorganic iodides—The addition of 2 drops of ferric chloride T.S. 
to 10 cc. of the filtrate from Identification test (2), and shaking with 
1 ce. of chloroform does not color the latter pink or violet. 
Assay for lodopyracet—Exactly 1.0 cc. of the Injection diluted with 
10 ce. of water (or ‘an aliquot portion of a water dilution of the Injec- 
tion equivalent to 1 cc. of the Injection) is gently heated to boiling 
and 12 cc. of tenth-normal silver nitrate added with stirring. After 
cooling the beaker and contents in ice for 30 minutes, the precipitate 
of the silver salt of 3,5-diodo-4-pyridone-N-acetic acid is filtered, 
preferably on a tared Gooch or sintered glass crucible, using the cold 
filtrate to rinse the beaker. The precipitate is washed with 5 cc. of 
ice-cold water and dried to constant weight at 110°. The weight of 
the precipitate, multiplied by 0.9966, represents the iodopyracet pres- 
ent in 1 cc. of the Injection. 
Assay for Iodine—The iodine content of the diiodopyridone-acetic 
acid obtained as described in Identification test (1) is determined as in 
the assay for iodine in Chiniofon, using an accurately weighed quan- 
tity of about 200 mg. of the dried diiodopyridone-acetic acid. Each 
ec. of tenth-normal silver nitrate is equivalent to 12.69 mg. of I. 
Storage—Keep the Injection preferably in hermetic containers or in 
other suitable containers. See Containers for Injections (page 255). 


Use—lIodopyracet is used as a contrast agent for 
intravenous urography. 


Unofficial Organic Iodine Compounds 


Ethyl Iodide [CopHsI]—Made by the action of iodine on absolute 
alcohol in the presence of red phosphorus. A colorless liquid when 
freshly prepared, but becomes red on exposure to air and light due 
to liberation of iodine. Specific gravity about 1.950. Boils at 72°. 
Soluble in 250 parts of water with gradual decomposition; miscible 
with alcohol and most organic liquids. 

Iodoalphionic Acid N. N. R.—See Priodax (Winthrop). 

lodobrassid N. N. R.—See Lipotodine (Ciba). 

Iodol, Tetraiodopyrrole, lodopyrrole—Grayish brown, very light, fine 
powder or yellowish gray, crystalline powder; decomposes at 140° 
to 150°. One Gm. dissolves in 4900 cc. of water, 9 
ec. of alcohol, 1.5 cc. of ether, 105 ec. of chloroform, 
155 cc. of glycerin; soluble in fixed oils. Uses: ex- | Tl 
ternally, in ointments or in suspension like iodoform; IC CI 
internally, instead of potassium iodide in syphilis 
and scrofula. Dose: 0.12 to 0.3 Gm. (2 to 5 grains). 

lodopyracet Compound Solution N. N. R.—See Dio- 
drast Compound Solution (Winthrop). 

lodopyracet Concentrated Solution N. N. R.—See Dicdrast Concen- 

_trated Solution (Winthrop). 

Methiodal Sodium N. N. R.—See Skiodan (Winthrop). . 

Methylene Iodide, Diiodomethane [CHgIg]—A very heavy organic 
liquid having a specific gravity of 3.33. Boils at 180° and solidi- 
fies at about 0°. Soluble in about 50 parts of water; miscible with 
organic liquids. When freshly prepared it is almost colorless, but 
rapidl: Its refractive index is very 


Ne 
NH 


y becomes yellow to pale brown. 
high—1.756. é 
Methyl Iodide [CHgI]—Prepared like the ethyl compound, using 
- methanol instead of ethanol. A colorless liquid turning red or 
brown on exposure to air and light. Specific gravity about 2.28. 
Boils at 42.5°. Soluble in about 50 parts of water, miscible with 
organic liquids. Uses: a methylating agent; used in microscopy 
because of its high refractive index. 3 
Phentetiothalein Sodium N. N. R.—See Jso-Iodeikon (Mallinckrodt). 


Organic Iodine Specialties 


Activin (Bischoff)—Ampuls (1 cc.) containing purified casein with 
organic iodine. Uses: non-specific protein therapy of refractory 
infections. Dose:  cc., intramuscularly. ve : 

- Amiodoxyl Benzoate (Burnham)—Vials (1 Gm.) containing a white 
powder consisting of ammonium orthoiodoxybenzoate (43 per cent 
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iodine). Uses: analgesic, antiarthritic, and antiseptic. 
1 per cent sterile saline solution, intravenously. 

Anayodin (Bischoff)—Yellow pills (0.25 Gm.) or a powder conistings 
of sodium 7-iodo-8-hydroxyquinoline-5-sulfonate (27.5 per cent 
iodine). Uses: amebacide. Dose: 0.25 to 1 Gm. 

Ceradine (Ulmer)—Ointment containing 5 per cent iodine in organic 
combination. Uses: local and systemic iodine therapy. 

Cholemulsion and Cholepulvis (Lafayette)—-Emulsion containing, or 
a powder consisting of, Iodophthalein Sodium U. 8. P. 

Di-lodo-Tyrosine (Roche-Organon)—Tablets (0.1 Gm.) consisting 
of a natural organic iodine compound, one of the constituent amino 
acids of thyroglobulin. Uses: iodine therapy, when given orally 
iodine is largely split off and absorbed. Dose: 1 to 3 tablets daily. 

Dikol (National Synthetics)—Tablets (0.5 Gm.) containing 8-(3,5- 
diiodo-4-hydroxypheny]l)-e-phenyl propionic acid. Uses: chole- 
cystographic medium. Dose: 6 tablets. 

Diodoquin N. N. R. (Searle)—Tablets, 0.21 Gm. (3.2 gr.) containing 
5,7-diiodo-8-hydroxyquinoline (63.9 per cent iodine). Uses: 
eee protozoacide, and trichomonacide. Dose: 10 tablets 

aily. 

Diodrast, Iopyracyl (Winthrop)—lIodopyracet U.S. P. 
Diodrast Sterile Solution N. N. R. (Winthrop)—lIodopyracet Injec- 
tion U.S. P. 
Diodrast Concentrated Solution N. N. R.—Vial (50 cc.) containing 
70 per cent of Iodopyracet. 
Diodrast Compound Solution N. N. R.—Ampuls (20 cc.) containing 
40.5 per cent of Iodopyracet. 

Entodon (Winthrop)—Ampuls (2 ce.) containing a 20 per cent solu- 


Dose: 


tion of hexamethyl diaminoisopropano ~ diiodide (Propiodal). 
Uses: iodine therapy in bronchitis, arthritis, ete. Dose: 2 cc., 
parenterally. 


Ethyl Iodide (Burnham)—Volatile liquid containing CgHsI, purified 
for inhalation. Uses: iodine therapy indicated in mycotic skin 
infections. Dose: 1 to 5 cc., inhaled. 

Floraquin (Searle)—Powder or vaginal tablets, 1.4 Gm. (20 gr.), each 
tablet or 1.4 Gm. (20 gr.) of powder contains 100 mg. (1% gr.) of 
Diodoquin (5,7-diiodo-8-hydroxyquinoline), lactose, boric acid, and 
dextrose. Uses: trichomonacide for leukorrhea and vaginitis. 
Dose: 1 to 2 drams of powder, or several tablets, vaginally. 

Hippuran N. N. R. (Mallinckrodt)—White, crystalline powder con- 
sisting of the sodium salt of orthoiodohippurie acid (34.95 per cent 
iodine). Uses: radiopaque medium for pyelography, cystography, 
and urography. Dose: 12 Gm. 

Hippuran Crystals N. N. R.—Supplied as 12, 100 and 500 Gm. bot- 
tles. 
Sterile Solution Hippuran N. N. R.—Contains 12 Gm. in 25 cc. 

Igomol (Drug Products)—Ampuls (2 cc. hyposols), each containing 
50 mg. Iodized Oil U.S. P., 100 mg. gomenol (niaouli oil solution), 
50 mg. camphor, 30 mg. anhydrous chlorobutanol, 100 mg. guaiacol, 
60 mg. eucalyptol, and 50 mg. menthol, in olive oil. Uses: expec- 
torant in bronchitis, etc. Dose: 2 cc., intramuscularly only. 

Iodeikon N. N. R. (Mallinckrodt)—Bottles or ampuls containing 

Iodophthalein Sodium U. S. P. 
Iodeikon Emulsion Powder (Abbott)—Vials (12 Gm.) containing 
33.3 per cent Iodophthalein Sodium U.S. P., in a vehicle com- 
posed of 37.3 per cent malt sugar, 18.3. per cent powdered 
cocoa, 0.07 per cent menthol, 0.54 per cent saccharin, 8.25 per cent 
tartaric acid, and 2.2 per cent vanillin. Uses: cholecystographie 
medium. Dose: 12 Gm. in 1 fluidounce of water, orally. 

Iodex (Menley and James)—Ointment containing iodine in organic 
combination with a fatty acid. Uses: antiseptic, applied topi- 
cally. Also available as Iodex with Methyl Salicylate, Iodex 
Pessaries, lodex Soap, and Iodex Suppositories. 

lodicin (Burroughs Wellecome)—Capsules, 0.194 Gm. (3 gr.), or choco- 
late flavored tablets (30 mg.) containing calcium iodo-ricinoleate 
(33.3 per cent iodine). Uses: iodine therapy. Dose: Orally, as 
required. 

lodithesin (Searle)—Lozenges, each containing 20 mg. iodicalcium, 15 
mg. anesthesin, 1.5 mg. powdered ipecac, 6 mg. magnesium creo- 
sote sulfonate, and 3 mg. magnesium guaiacol sulfonate. Uses: 
anesthetic and antiseptic lozenges. Dose: 1 dissolved in mouth. 

Iodizem Benzocaine Compound (Zemmer)—Lozenges, each containing 
0.016 Gm. (% gr.) Iodizem (15 per cent iodine with calcium), 0.01 
Gm. (% gr.) benzocaine, coltsfoot, extract licorice, and aromatics. 
Uses: anesthetic and antiseptic lozenge. Dose: 1 dissolved on 
tongue. 

lodobismitol with Benzocaine N. N. R. (Squibb)—Ampuls (2 cc.) or 
bottles (50 ce. rubber capped), each 2 cc. containing 0.12 Gm. so- 
dium iodobismuthite, 0.08 Gm. benzocaine, propylene glycol and 
0.24 Gm. sodium iodide. Uses: antisyphilitic. Dose: 2 ec., 
intramuscularly. . 

Iodochlorol (Searle)—Liquid containing a purified peanut oil with 27 
per cent iodine and 7.5 per cent chlorine in organic combination. 
Specific gravity 1.25. Uses: radiopaque medium for gynecologic, 
sinus, and bronchial radiography. Dose: 5 to15 ce. 

lodoformal (Warner)—Dusting powder containing bismuth subiodide, 
hydroxyquinoline-iodosulfate, acetanilid 2.77 Gm. (43 gr.) per 
ounce, amylphenol, boric acid, paraformaldehyde, salol, thymol 
iodide. Uses: analgesic, antiseptic, and astringent. 
lodoformal Suppositories—Cocoa butter rectal suppositories, each 
containing 0.324 Gm. (5 gr.) Iodoformal and 0.065 Gm. (1 gr.) ace- 
tanilid. ¥ . 

Iodolate (Iodocholeate)—Ointment, dusting powder, or solution con- 
taining iodocholeate. Uses: fungicide and germicide. 

loform (Drug Products)—Tablets, 0.032 Gm., 0.13 Gm. or 0.324 Gm. 
(4%, 2, or 5 gr.) containing 50 per cent iodine combined with 50 per 
cent methenamine. Uses: iodine therapy. Dose: 0.032 to 
0.324 Gm. (1% to 5 gr.). [2 I te ; 

Iotanagen (Searle)—Water-miscible liquid containing iodine, witch 
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hazel extract, glycerin, and tannic acid. Uses: antiseptic and 
astringent, applied as dressing, gargle, spray, or vaginal tampon. 
lotanagen with Phenol—Also contains also 5 per cent phenol. 

lothesin Lozenges (Drug Products)—Lozenges containing Iodocal 
(15 per cent iodine with 15 per cent methenamine), benzocaine, and 
calcium carbonate, in a demulcent base. Uses: anesthetic loz- 
enges. Dose: 1 dissolved in mouth. 

Iothion Oil, Iopropane (Winthrop)—Oil consisting of 10 parts each 
of iothion (diiodohydroxypropane) 80 per cent iodine; and chloro- 
form and 80 parts of cottonseed oil. Uses: systemic iodine 
therapy; applied externally without friction or heavy covering. 

Iso-lodeikon N. N. R. (Mallinckrodt)—Bronze-purple, hygroscopic 
granules available in bulk or in 2.5-Gm. dry ampuls, and consisting 
of phenoltetraiodophthalein sodium. Uses: radiopaque medium 
for gall-bladder and hepatic function, simultaneously. Dose: 40 
mg. per kilogram body weight, dissolved in water and given intra- 
venously. 

Keraphen (Picker)—Peppermint-flavored bluish powder containing 
Iodophthalein Sodium U.S. P. Uses: cholecystographic medium. 
Available in 3 package forms: Keraphen ‘‘A’’ for shadows of aver- 
age density, containing 5 Gm.; Keraphen ‘‘B”’ for denser shadows 
or heavier patients, containing 7 Gm.; Keraphen ‘‘X”’ for double 
doses, containing 4 Gm. 

Lipiodol 40 per cent Iodine N. N. R. (Fougera)—Ampuls 1, 2, 3, and 
5 cc., or neoprene-capped flask (20 cc.) containing an iodized poppy- 
seed oil with 40 per cent iodine. Uses: radiopaque medium in 
roentgenographic exploration of body cavities and radiolucent soft 
tissues. Dose: 1 to 5 ec. or more as needed, by instillation. 
Lipiodol Capsules, 40 per cent Iodine N. N. R.—Capsules (0.5 Gm.), 
each containing lipiodol equivalent to 0.2 Gm. of iodine. Dose: 
2 to 5 capsules, daily. 

Lipiodol, 40 per cent Iodine, Radiologique Descendant N. N. R.— 
Vials (5ec.). Uses: Subarachnoid injection for roentgen examina- 
tion to recognize intradural tumors. 

Lipiodol, 10 per cent Iodine, Radiologique Ascendant N. N. R.— 
Vials (5ec.). Uses: A contrast medium of lesser density for recog- 
nizing intradural tumors. 

Lipiodol Calcium—Chocolate-flavored tablets, 
0.04 Gm. iodine. 

Lipoiodine Ampuls N. N. R. (Ciba)—Ampuls (1.5 ce.), each containing 
0.3 Gm. of the ethyl ester of diiodobrassidie acid (Lipoiodine con- 
taining 41 per cent iodine). Uses: iodinetherapy. Dose: 1.5cc., 
intramuscularly. ; 

Lipoiodine Tablets N. N. R.—Uncoated tablets (0.3 Gm. of Lipo- 
iodine). Dose: 1 to 6 tablets, daily. ; 
Lipoiodine Diagnostic N. N. R.—Bottle (10 cc.) containing a 60 per 
cent solution of lipoiodine in sesame oil. Uses: radiopaque me- 
dium. Dose: 10 to 20 cc. / 

Lyxanthine (Gallia)—Effervescent granules, each 100 Gm. containing 
12 Gm. sodium iodopropanol sulfonate, 9 Gm. lysidine bitartrate, 
12 Gm. calcium gluconate, 6 Gm. citric acid, 9 Gm. powdered sugar, 
37 Gm. sodium bicarbonate, 15 Gm. tartaric acid, and lemon oil 
flavoring. Uses: solvent for uric acid and source of iodine in 
arthritis, rheumatism, gout, etc. Dose: 1 teaspoonful dissolved 
in water. 

Neo-lopax N. N. R. (Schering)—Ampuls (10 or 20 cce.), each cc. 
containing either 0.5 or 0.75 Gm. of disodium N-methyl-3,5-diiodo- 
4-pyridone-2,6-dicarboxylate. Uses: radiopaque medium in 
intravenous and retrograde urography and retrograde pyelography. 
Contains 51.1 per cent iodine. Dose: 20 cc., injected intrave- 
nously, slowly into cubital vein. ‘ 

Neo-Riodine (Gallia)—Ampuls (5 ec.), each ce. containing 0.1 Gm. 


each containing 
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sodium iodopropanolsulfonate (0.039 Gm. iodine). Uses: sys- 
temic iodine therapy. Dose: 1 to 5 cc., intravenously. 

Oridine N. N. R. (Lilly)—Powder or tablets, each containing the cal- 
cium salt of iodized fatty acids of cottonseed oil (24 per cent iodine) 
equivalent to 0.01 Gm. (10 mg.) iodine. Uses: iodine therapy 
for simple goiter. Dose: 1 to 3 tablets, daily. 

Pantopaque (Kelly-Koett)—Ampuls containing a mixture of the 
ethyl esters of isomeric iodophenylundecylic acids. Uses: radio- 
paque medium for myelography, given by subarachnoid injection. 

Priodax N. N. R. (Schering)—Tablets (0.5 Gm.) containing p-(4- 
hydroxy-3,5-diiodophenyl)-a-phenylpropionic acid (51.38 per cent 
iodine). Uses: cholecystographic medium. Dose: 6 tablets. 

Quinoxyl (Burroughs Wellcome)—Powder, 5-Gm. “‘soloids,”’ or 0.25- 
Gm. ‘“‘tabloids” containing Chiniofon U.S. P. 

Riodine Pearls N. N. R. (Gallia) .Capsules (0.2 Gm.) containing a 66 
per cent solution in oil of an iodine addition product of castor oil 
(17 per cent iodine). Uses: systemiciodine therapy. Dose: 2 to 
6 pearls, daily. 

Sajodn N. N. R. (Winthrop)—Powder, chocolate-flavored tablets (1 
gr.), or tablets (8 gr.) containing Calcium Iodobethante U.S. P. 

Shadocol (Davies, Rose)—Lemon-flavored powder containing Iodo- 
phthalein Sodium U. S. P. 

Siomine N. N. R. (Pitman-Moore)—Capsules, 60 mg., 0.13 Gm., and 
0.3 Gm. (1, 2, and 5 gr.) containing hexamethylenetetramine tetra- 
iodide (78.5 per cent iodine). Uses: iodine therapy. Dose: 0.3 
Gm. (5 gr.). 

Skiodan Powder N. N. R., Methiodal (Winthrop)—White crystalline 
powder consisting of sodium mono-iodomethane sulfonate (52 per 
cent iodine). Uses: radiopaque medium for excretion urography 
or retrograde pyelography. Dose: for intravenous urography, 20 - 
to 40 Gm. in 100 cc. sterile water (2 Gm. for each 15 pounds body 
weight); for retrograde pyelography,10 to 20 Gm. in 100 cc. sterile 
water. 

Skiodan Sterile Solution N. N. R.—Bottles (50 cc.) containing 40 
per cent Skiodan powder in sterile aqueous solution. 

Skodian Sterile Solution—Bottle (50 cc.) for making a 20 per cent 
solution of Skiodan. 

Skiodan Tablets N.N.R.—Tablets (1 Gm.) for making a 20 per 
cent solution for retrograde pylography. 

Skiodan Acacia Solution—Ampuls (10 cc.) containing 4 Gm. Skio- 
dan and 2 Gm. of acacia. ; 

Stearodine (Parke, Davis)—Chocolate-flavored tablets, each contain- 
ing calcium iodostearate equivalent to 0.01 Gm. iodine. Uses; 
iodine therapy for simple goiter. Dose: 1 to 2 tablets. 

Vioform N. N. R. (Ciba)—Dusting powder or oral tablets (0.25 Gm.) 
containing 7-iodo-5-chloro-8-hydroxyquinoline (40 per cent iodine). 
Uses: antiseptic, amebacide. See Jodochlorohydroxyquinoline 
N.F. Dose: orally, 12 tablets, daily. 

Vioform Insufflate N. N. R.—Insufflate containing 25 per cent Vio- 
form, 10 per cent boric acid, 42.5 per cent lactose, 2.5 per cent lactic 
acid, and 20 per cent zinc stearate. Uses: trichomonacide applied 
vaginally. 

Vioform Vaginal Inserts N. N. R.—Inserts, each containing 250 mg. 
Vioform, 100 mg. boric acid, and 25 mg. lactic acid. Used in con- 
junction with Vioform InsufHfate. 

Yatren-Casein (Winthrop)—Ampuls (1 cc.) or bottles (25 cc.) contain- 
ing a combination of Chiniofon U.S. P. with a highly purified 
casein. The ampuls contain a strong solution, each cc. represent- 
ing 0.03 Gm. Chinifon and 0.05 Gm. casein; the bottles contain a 
weak solution, each cc. representing 0.03 Gm. Chiniofon and 0.025 


Gm. casein. Uses: non-specific protein therapy in arthritis, 
rheumatic disease, etc. Dose: 0.5 cc. of weak to 5 cc. strong solu- 
tion. 


CHAPTER LXVII 


NITRATES AND NITRITES 


NITRATES AND NITRITES are esters formed by the 
action of nitric and nitrous acids, respectively, on alco- 
hols. Water is lost between the hydroxyl groups of the 
acid and alcohol as indicated in the following equation: 


ROH + HONO — RONO + 4H,0O 
alcohol nitrous nitrite water 
acid ester 


The nitrites are easily formed, even in the presence of 
water, by the action of nitrous acid (sodium nitrite and 
dilute sulfuric acid) on the alcohol, but the production 
of the nitrates requires the use of concentrated nitric 
and sulfuric acids, the function of the latter acid being 
to absorb the water formed in the reaction of the alcohol 
with the nitric acid. 

The esterification of hydroxy groups with nitric and 
nitrous acids greatly alters the physical and chemical 
properties of the parent substance. The nitrates and 
nitrites of the lower alcohols frequently possess a charac- 
teristic odor, but the esters of the higher molecular 
weight compounds are odorless. The solubility of the 
esters in water is usually less than that of the alcohols 
from which they are made, e. g., ethyl nitrite is much 
less soluble than ethyl alcohol, but the solubility in 
other solvents may be increased. For example, cellu- 
lose nitrate (pyroxylin) dissolves in a mixture of ether 
and alcohol to form collodion. The introduction of the 
nitrate radical produces compounds which are inflam- 
mable and highly explosive in the dry state. Thus 
glyceryl trinitrate is the basic ingredient of dynamite, 
cellulose tetranitrate (guncotton) is used in smokeless 
powders, and erythrityl tetranitrate must be diluted 
with an inert powder before it is shipped or compressed 
into tablets. The nitrites oxidize in the air, especially 
in the presence of moisture, forming aldehydes, nitro- 
gen oxides, and free acids, whereas the nitrates are 
stable under these conditions. 

Therapeutically, the official nitrites and nitrates 
(except pyroxylin) are used for their vasodilator action 
in hypertension and for relief in angina pectoris. 


AMYL NITRITE U. S. P. Amylis Nitris 


{Amyl. Nitris—Isoamyl Nitrite, Sp. Nitrito de Amilo, Ester 
Isoamilnitroso] 

Amy] Nitrite contains not less than 90 per cent of 
CsHiiNO,2 (117.15). It consists chiefly of isoamyl 
nitrite [((CHs)2CHCH2CH.NO.], but other isomers are 
also present. 

Preparation—A good grade of commercial amy] alco- 
hol (isoamyl alcohol) boiling above 125° is mixed with 
an aqueous solution of sodium nitrite sufficient to fur- 
nish 15 to 20 per cent excess nitrous acid. While stir- 

-ring, diluted sulfuric acid (1 in 3) is slowly added to the 
mixture. The odor of amyl alcohol should completely 
disappear; if it does not, more sodium nitrite and acid 
should be added. After allowing the liquids to separate, 
the upper layer of Amyl Nitrite is washed with a cold 
solution of sodium carbonate to remove free sulfuric 
acid, then with cold water, and finally shaken with 
anhydrous potassium carbonate to absorb the water 
held by the ester. 


Two chemical reactions, indicated in the following 
equations, are involved in this process: 


2NaNOzs + H2S804 a NaesO4 + 2HONO 


sodium sulfuric sodium nitrous 
nitrite acid sulfate acid 
C5H,,0H + HONO > C5H1,0NO + HzO 
amyl nitrous amyl water 
alcohol acid nitrite 


Description and Properties—Amyl Nitrite is a clear, yellowish liquid 
with a peculiar, fruity odor and a pungent, aromatic taste. It boils 
at about 97° but is volatile even at low temperatures and it is inflam- 
mable. It slowly decomposes on exposure to air andlight. Moisture 
accelerates decomposition. The specific gravity of Amyl Nitrite is 
between 0.865 and 0.875. The specific gravity of pure Amyl Nitrite 
is 0.875. It is almost insoluble in water but is miscible with alcohol, 
chloroform, and ether. 

Identification—On adding 2 cc. of sulfuric acid to a layer of 2 drops 
of Amy] Nitrite and 2 drops of water and then cautiously diluting the 
mixture with a few cc. of water, the characteristic odor of amyl 
valerate is evolved. (2) When a few drops of Amyl Nitrite are added 
to a mixture of 1 cc. of ferrous sulfate T.S. and 5 cc. of diluted hydro- 
chloric acid a greenish brown color is produced (nitrite). 

Tests for Purity— 

Acid—A 5-cc. portion of Amy] Nitrite is added to alayer of 1 cc. of 
normal sodium hydroxide and 10 cc. of water containing a drop of 
phenolphthalein T.S. After mixing a few times the water layer should 
still have a red tint. 

Aldehyde—This test is based on the fact that aldehydes reduce 
silver nitrate in ammonia solution to silver metal and thus impart a 
dark color to the solution. The test is made as follows: To1.5 cc. of 
silver nitrate T.S., 1.5 ec. of aldehyde-free alcohol is added, followed 
with ammonia T.S., dropwise, until the precipitate first formed is 
just redissolved. ‘Then 1 cc. of amy] nitrite is added and the mixture 
gently heated for 1 minute; no brown or black color is produced. 
Assay—The old gasometric assay for nitrites has been reinstated in 
the U.S. P. XIII. The assay is based on measuring the volume of 
NO produced by decomposition of a weighed quantity of the nitrite. 
From this volume the Amy] Nitrite content is calculated. For de- 
tails of the assay and method of calculation see page 989. 
Storage—Keep Amy] Nitrite in tight containers, preferably in a cool 
place. 


Uses—Amy] Nitrite, being exceedingly volatile, can 
be inhaled in order to obtain the therapeutic effects of 
the nitrite ion in the body rapidly. In actual practice 
however, Amyl Nitrite is employed but rarely, except, 
in the treatment of attacks of angina pectoris. An 
unusual but at times life-saving use for Amyl Nitrite is 
in the emergency treatment of cyanide poisoning, where 
nitrites are given to produce methemoglobin which 
temporarily inactivates the toxic cyanide ion by com- 
bining with it to form cyanmethemoglobin. For this 
purpose, sodium nitrite is employed intravenously, but 
Amyl Nitrite may be inhaled while the solution of so- 
dium nitrite is being prepared. In angina pectoris, pain 
is eased by the vasodilatation of the coronary arteries 
produced by Amyl Nitrite. It is administered by 
crushing a glass pearl of amyl nitrite in a handkerchief 
and inhaling the liquid which volatilizes, or by dropping 
a small quantity on a handkerchief and inhaling the 
vapor. 

Average Dose—Inhalation, 0.2 cc. (approximately 3 
minims). 


ERYTHRITYL TETRANITRATE TABLETS U.S P. 


Tabelle Erythritylis Tetranitratis 


[Tab. Erythrit. Tetranit—Erythrol Tetranitrate Tablets, Tetranitrol 
Tablets, Sp. Tabletas de Tetranitrato de Eritritilo] 


Erythrityl Tetranitrate Tablets contain not less than 
93 per cent and not more than 107 per cent of the labeled 
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amount of erythrityl tetranitrate [Cs4H.(NOs)4 — 
302.12]. 

Preparation—Erythrityl tetranitrate is made by 
nitrating erythritol, a tetrose sugar, with a mixture of 
nitric and sulfuric acids (8 parts of concentrated HNO; 
and 5 parts of H2804), technically called ‘nitration 
acid.” 


Cu ee Was + HNO3s — iio + 4H2O 
| 
OH OH OH OH NOzg NO3 NOs NOg 
erythritol nitric erythrityl 
acid tetranitrate 


water 


The sulfuric acid takes no part in the reaction, but it 
“absorbs” the water formed, thus making the nitration 
more complete. Immediately after preparation, the 
tetranitrate is mixed with 9 parts of lactose as a “stabi- 
lizer”’ to decrease its explosive tendency. 

Erythritol occurs as an ester in many lichens, espe- 
cially in rocella species, also in certain seaweeds, but is 
usually made synthetically. It forms wh te crystals or 
a crystalline powder, melting at about 120° and very 
soluble in water. 

Owing to its very explosive nature, erythritol tetra- 
nitrate is available on the market only in tablets. 

Erythrityl Tetranitrate Tablets are partially soluble 
in water (the lactose) and partially soluble in alcohol 
and in ether (the erythrityl tetranitrate). A portion of 
the residue of erythrityl tetranitrate obtained in the 
assay yields the identification reactions for nitrate 
(page 1057). 

Assay—From an aliquot of the powdered Tablets equivalent to about 
250 mg. of Erythrityl Tetranitrate, the latter is extracted by careful 
trituration with ether, the ether extract evaporated at a temperature 
not exceeding 35°, then dried over sulfuric acid in a vacuum desic- 


cator for 18 hours and weighed. 
Storage—Keep the Tablets in well-closed containers. 


Uses—This preparation is employed almost exclu- 
sively for its vasodilator property, and thus is used in 
the management of patients with certain forms of high 
blood pressure, and also for the prophylaxis of angina 
pectoris. It has the same general actions as nitrogly- 
cerin, but it has a slower onset of action and a more pro- 
longed duration of action. The dose of the tetranitrate 
is from 0.03 to 0.06 Gm. every 4 hours. Like nitro- 
glycerin and many organic nitrates, it is a violent explo- 
sive. It is sold in the form of tablets only. 

Average Dose—30 mg. (approximately 4% grain) of 
Erythrityl Tetranitrate. 


ETHYL NITRITE SPIRIT N. F. 
Spiritus Athylis Nitritis 


itrit—Spirit of Nitrous Ether, Sweet Spirit of Nitre, 
Sp. Espiritu de Nitrito de Etilo] 


[Sp. 2th. 


Ethyl Nitrite Spirit is an alcohol solution of ethyl ni- 
trite containing 3.5 to 4.5 per cent of C2zH sNOz (75.07). 

History—The first record of this preparation is found 
in the writings of Raymond Lully in the thirteenth 
century. It was also discussed by Basil Valentine in 
the following century. It was first introduced into 
medical practice by Doctor Silvius of Leyden, who sold 
it for a very high price. In the P. L. 1746 it was offi- 
cially recognized as Spiritus Nitri Dulcis, which was 
changed in 1788 to Spiritus Attheris Nitrosi and in 1809 
to Spiritus Aitheris Nitrict. It has been made by vari- 
ous processes. 

Preparation—Ethyl Nitrite Spirit is made from ethyl 
nitrite, called in commerce “concentrated nitrous ether 
1 to 21 (1 to 21 means that 1 part of the ““concentrated”’ 
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ethyl nitrite is mixed with 21 parts of alcohol to make 
the official spirit). Concentrated nitrous ether contains 
about 90 per cent of ethyl nitrite, the balance consist- 
ing chiefly of alcohol added as a stabilizer. 

For use by retail pharmacists who make their own 
Spirit the concentrated ethyl nitrite is available in 
glass, sealed tubes containing the required amount (22 
Gm.) of ethyl nitrite to make 1 pint of the Spirit. 

In making the Spirit the concentrated nitrous ether 
should be thoroughly cooled before adding it to the 
alcohol, and it is also good practice to cool the alcohol 
also since ethyl nitrite, boiling at about 17°, rapidly 
vaporizes, even from alcohol solution, at room tempera- 
ture when exposed to the air. 

If in a tube, wrap the tube well with a towel dipped 
in ice water before opening, as at times the tube ex- 
plodes violently, especially if more than six months old. 
The tubes usually contain the exact volume of ethyl 
nitrite to make 1 pint of the official Spirit, but consider- 
able skill is required to avoid loss of the very volatile . 
ester during the mixing. It is preferable to open the 
tube under the surface of the alcohol contained in a 
large graduate or jar, or, if possible, in a bottle. The 
tubes are usually dated and the pharmacist cautioned 
not to use old stock. 

Ethyl nitrite is made essentially by the process ori- 
ginally given in the U.S. P. 1890 as follows: 


Sodinm=Nitrites.,. ....csce peas te 95 Gm. 302. av. 153 gr. 
Distilled, Water a7... ee ae 150 cc 5 fl: oz. 33 min. 
Alcohol 253).\3. Misono coe eae * 90 cc 3 fl. oz. 20 min. 


Dissolve the sodium nitrite in the water, in a suitable flask. 
Add the alcohol. Connect the flask to a condenser and when the 
joints are tight, the condenser cooled, and a small receiving flask 
arranged in an ice bath, add the foltowing mixture, in portions 
and very eae through a funnel tube: 


45 cc. 
150 cc. 


1 fl. oz. 
5 fl. oz. 


250 min. 
33 min, 


If necessary toward the end of the reaction, warm the flask 
gently until all of the ethyl nitrite has been distilled. 

Wash the distillate in the receiving flask, first with 15 ce. (4 fl. 
dr.) of ice-cold water, to remove any alcohol, then with 15 cc. 
(4 fl. dr.) of a 4 per cent solution of sodium carbonate, to remove 
any acid, and carefully separate the ethyl nitrite from the aque- 
ous liquid. 

As any water remaining in the ethyl nitrite would ac- 
celerate its decomposition, it is shaken with about 2 to 
3 per cent of anhydrous potassium carbonate and al- 
lowed to stand with it for a few days. 

The chemistry of the process is the same as discussed 
under amyl nitrite, and it may le summarized by the 
following equation: 


2C2H;0H + 2NaNOo + H2SO04 —— 


alcohol sodium nitrite sulfuric acid 
2C2H 5NOe + NagSO4 + 2H20 
ethyl nitrite sodium sulfate water 


Pure ethyl nitrite is pale yellow, has the odor of apples, 
boils at 18° (note that this is below the body tempera- 
ture), and has the specific gravity 0.900 at 15.56° C. 
The relative density of its vapor (air = 1.00) is 2.627. 
Litmus is not affected by it. It is soluble in 48 parts 
of water, andis miscible with alcohol. Itis highly inflam- 
mable and burns with a white flame without residue... 
When kept, the pure ethyl nitrite and also the Spirit 
become acid in a short time, as shown by litmus, and 
nitric oxide is given off, which often causes the bottle to 
burst. Exposure to light and air greatly accelerates 
the decomposition of ethyl nitrate into ethyl alchol, 
acetaldehyde, nitrous acid, acetic acid, nitrogen oxides, 
etc. Contract with alkalies also rapidly hydrolyzes the 
ester. These facts show the necessity of preserving 
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the Spirit in small, well-stoppered, dark amber-colored 
bottles, in a cool and dark place, remote from fires, and 
in warm weather, of cooling the stock bottle thoroughly before 
opening it. The pharmacist should not keep the Spirit in 
the regular glass-stoppered shop bottle, partially filled and 
exposed to heat and light. This need not be a hardship, 
as the Spirit may be placed in suitable small bottles, 
as soon as prepared, and be ready for dispensing or sale 
without further handling. 


Description and Properties—Ethyl Nitrite Spirit is a clear, pale yel- 
low or faintly greenish yellow mobile, neutral liquid, having a fra- 
grant, ethereal and pungent odor free from acridity and a sharp burn- 
ing taste. It is very volatile and inflammable, and rapidly decom- 
poses on exposure to light and air, acquiring an acid reaction. The 
specific gravity of Ethyl Nitrite Spirit is not more than 0.823. 

Identification—When a test tube half filled with the Spirit is im- 
mersed in a water bath heated to 65° until the Spirit has acquired 
this temperature, the solution should distinctly boil upon the addition 
of a few small pieces of broken glass, indicating the presence of the 
low boiling ethyl nitrite. 
Tests for Purity— 

Free acid—No effervescence is produced on adding a crystal of 
potassium bicarbonate to the Spirit. : 

Aldehydes—On mixing the Spirit with half its volume of potassium 
hydroxide T.S. which has been diluted with an equal volume of 
water, the mixture assumes a yellow color but should not become 
decidedly brown upon standing overnight. 
Assay—The Spirit is assayed gasometrically as described on page 989. 
Alcohol content—85 to 93 per cent, by volume, of CegHsOH. 
Storage—Keep Ethyl Nitrite Spirit in small, well-filled, tight con- 
tainers in a cold, dark place, remote from fire. 


Incompatibilities—See Nitrites (page 1187). 


Uses—This nitrite is little used in modern medicine. 
Formerly, it was widely employed as a diuretic and 
diaphoretic. More reliable agents are available for 
these purposes. 


Average Dose—2 cc. (approximately 30 minims). 


GLYCERYL TRINITRATE TABLETS U. S. P. 
Tabellz Glycerylis Trinitratis 


{Tab. Glyceryl. Trinitrat—Nitroglycerin Tablets, Trinitrin Tablets, 
Sp. Tabletas de Trinitrato de Glicerilo] 


Glyceryl Trinitrate Tablets contain not less than 80 
per cent and not more than 112 per cent of the labeled 
amount of glyceryl trinitrate [C3H 5(NOs)s]. 


Identification—To identify the glyceryl trinitrate, the powdered 
Tablets are extracted with ether, sodium hydroxide T.S..is.added, 
and the ether solution is evaporated to dryness on a steam bath. 
The residue gives the reactions for glycerin and nitrate as described 
under the Spirit. 


Assay—An aliquot portion of the powdered Tablets, equivalent to 
about 50 mg. of glyceryl trinitrate, is extracted with ether. After 
evaporating most of the ether (but not all), water, sodium hydroxide 
solution, and potassium permanganate solution are added and the 
remaining ether is expelled by evaporation. The sodium hydroxide 
hydrolyzes the nitrate ester into a mixture of sodium nitrate and 
glycerin. The potassium permanganate destroys any foreign organic 
matter. Then the solution is treated with powdered Devarda’s 
alloy whereby the nitrate is reduced to NHg which is distilled into a 
measured volume of standard acid. The excess acid is then titrated 
with standard sodium hydroxide, using methyl] red T.S. as the indi- 
eator. Each ee. of fiftieth-normal acid neutralized by the ammonia 
from the glyceryl trinitrate, after correcting for a blank, represents 
1.514 mg. of glyceryl trinitrate. For details of the assay consult the 
Wass Pb XxtitT. 


Storage—Keep the Tablets in well-closed containers. 


_ Uses—Two or more of these Tablets are placed under 
the tongue in angina pectoris. About 3 minutes are 
required for the effect of the glyceryltrinitrate to be ap- 
parent. The Tablets are also administered in vascular 
and other circulatory disorders. — 


Average Dose—0.4 mg. (approximately 459 grain) 
of Glyceryl Trinitrate. 
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GLYCERYL TRINITRATE SPIRIT N. F. 
Spiritus Glycerylis Trinitratis 


[Sp. Glyceryl. Trinitrat.—Spirit of Glonoin, Nitroglycerin Spirit 
Solutio Nitroglycerini Set P.I., Sp. Espiritu de Trinitrato de 
licerilo 


Glyceryl Trinitrate Spirit is an alcohol solution con- 
taining not less than 1 per cent and not more than 1.1 
per cent of glyceryl trinitrate [C;sH;(NOs3)3 = 227.09]. 

Caution—Great care must be exercised in dispensing, 
handling, packing, transporting, and storing this Spirit, 
as a dangerous explosion may result if any considerable 
quantity of rt 1s spilled, and the alcohol wholly or partly 
lost by evaporation. If, through accident, it is spilled, a 
solution of potassium or sodium hydroxide should be 
poured over it at once to decompose the glyceryl trinitrate. 

Glyceryl Trinitrate Spirit should not be tasted, as even 
a small quantity is likely to produce a violent headache; 
the same effect 1s produced when it ts applied to the skin. 

Preparation—Glyceryl trinitrate (nitroglycerin) is 
made by nitrating glycerin with a mixture of nitric and 
sulfuric acids called “nitration acid.” This acid usually 
consists of 3 parts of concentrated nitric acid and 5 parts 
of sulfuric acid, the latter acid acting as a dehydrating 
agent thus making the nitration more complete. 


H2SO 
CH,GHCHs +.3HNO, ———> CHs—CH—CHs +880 
OH OHOH ONO2ONO20NO2 


glycerin nitric acid glyceryl trinitrate water 


Nitroglycerin is a practically colorless, odorless liquid 
with a sweet taste. 


Description and Properties—Glyceryl Trinitrate Spirit is a clear, 
colorless liquid having the odor of alcohol. It is neutral to moistened 
litmus paper and is affected by light. Its specific gravity is between 
0.814 and 0.820. 

Identification—On mixing 10 cc. of Glyceryl Trinitrate Spirit with 

11 ec. of water both previously cooled to 15°, a clear solution results, 
but upon the addition of 2 cc. more of water the mixture becomes 
turbid at 15°. When the residue, obtained by evaporating Glyceryl 
Trinitrate Spirit with potassium hydroxide T.S., is mixed with potas- 
sium bisulfate and heated the pungent odor of acrolein is evolved 
(glycerin). A portion of the residue from the preceding test is dis- 
solved in water and acidified with diluted sulfuric acid, a few drops of 
diphenylamine T.S. are added, and the mixture is layered on con- 
centrated sulfuric acid; a dark blue ring is formed at the zone of con- 
tact (nitrate). 
Assay—To about 25 ce. of the Spirit, accurately weighed, 3 cc. of an 
aqueous solution of sodium hydroxide (1 in 5) is added and the mixture 
is stoppered and allowed to stand for 1 hour. This treatment de- 
composes the glyceryl trinitrate into sodium nitrite, nitrate, acetate, 
and formate as shown in the following equation: 


C3H5(NOs)3 + 5NaOH — 
glyceryl sodium 
trinitrate hydroxide 
2NaNOze + NaNOs + CHsCOONa + HCOONa + 3H20 
sodium sodium sodium sodium 
nitrite nitrate acetate formate 


The solution so obtained is assayed for the amount of nitrite formed 
as described under the Nitrite Assay (page 989). Each cc. of tenth- 
normal sodium thiosulfate corresponds to 11.35 mg. of glyceryl tri- 
nitrate [C3H5(NO3)3l. 

Alcohol Content—From 88 to 95 per cent, by volume, of CgH50H. 
Storage—Keep the Spirit in tight, light-resistant containers, prefer- 
ably at a temperature not above 30°. 


Uses—Employed in angina pectoris, threatened apo- 
plexy, and other severe circulatory disorders. It is not 
a heart stimulant but lowers blood pressure. 

Average Dose—0.06 cc. (approximately 1 minim) cor- 
responding to 0.6 mg. (149 grain) of Glyceryl Trinitrate. 


PYROXYLIN U. S. P.—See Carbohydrate Derivatives 
(page 775). 
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Unofficial Organic Nitrate 


Mannitol Hexanitrate N. N. R., Mannitol nitrate [CgHg(NO3)6]— 
Made by nitration of the sugar, mannitol. A white powder insol- 
uble in water, soluble in alcohol. Like erythrityl tetranitrate and 
nitroglycerin it is very explosive, and is found on the market either 
in a 10 per cent mixture with lactose or in the form of tablets. It 
has the same actions and uses as Hrythrityl Tetranitrate Tablets 
Us S. P. (page 609) but a longer onset time and a longer duration 
of action. 


Specialties Containing Organic Nitrates, and Nitrites 

Erythrol Tetranitrate N. N. R. (Merck)—Erythrityl Tetranitrate 
Tablets U.S. P. 

Hexanitrol (Drug Products)—Tablets, 0.032 Gm. (% gr.) containing 

mannitol hexanitrate. Uses: coronary vasodilator. Dose: 1 to 
2 tablets. 
Hexanitrol with 0.016 or 0.032 Gm. (14 or 144 gr.) Phenobarbital— 
Uncoated segmented tablets containing 0.032 Gm. (1% gr.) mannitol 
hexanitrate and 0.016 or 0.032 Gm. (14 or \% gr.), respectively, of 
phenobarbital. Dose: 1 to 2 tablets. 

Manexin (Massengill)—Tablets, each containing 0.032 Gm. (\% gr.) 
mannitol hexanitrate. Uses: coronary vasodilator in essential 
hypertension and angina pectoris. Dose: 1 tablet. 

Manicole (Cole)—Tablets, 0.032 Gm. (% gr.) containing mannitol 
hexanitrate. Uses: coronary vasodilator. Dose: 1 to 2 tablets. 
Manicole with Phenobarbital—Each tablet also contains 0.016 
Gm. (44 gr.) phenobarbital. 

Mannitol Hexanitrate (Breon; Lederle; Pitman-Moore; Rorer; 
Smith-Dorsey; and Squibb)—Tablets, 0.032 Gm. (1% gr.) contain- 
ing mannitol hexanitrate. The Squibb product is also supplied 
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as 0.016-Gm. (144 gr.) tablets. Uses: coronary vasodilator in 
angina pectoris and high blood pressure. Dose: 0.016 to 0.194 Gm. 
(4 to 3 gr.), daily. 

Mannitol Hexanitrate with Phenobarbital (Lederle; Smith-Dorsey; 
and Squibb)—Tablets, each containing 0.032 Gm. (¥% gr.) mannitol 
hexanitrate and 0.016 Gm. (14 gr.) phenobarbital. 

Mannitol Nitrate N. N. R. (Abbott)—Tablets containing 16 or 32 mg. 
of mannitol hexanitrate. 

Manobarb (Cavendish)—Tablets, each containing 0.032 Gm. (% gr.) 
eee Ne hexanitrate and 8.1 mg. (% gr.) phenobarbital. See 
above. . 

Maxitate (Strasenburgh)—Tablets, 0.016 or 0.032 Gm. (14 or ¥% gr.), 
containing mannitol hexanitrate. See above. 

Nibarb (Breon)—Tablets, each containing 0.032 Gm. (1% gr.) mannitol 
hexanitrate and 0.016 Gm. (14 gr.) phenobarbital. See above. 

Nitranitol (Merrell)—Scored tablets, 0.032 Gm. (% gr.), containing 
mannitol hexanitrate. See above. 

Nitranitol with Phenobarbital—Scored tablets also containing 
0.016 Gm. (1% gr.) phenobarbital. 

Octrite Inhaler (Hynson)—Inhaler, each containing 2 cc. of octyl 
nitrite absorbed on fiber pledgets. Uses: coronary vasodilator 
for angina pectoris and paroxysmal hypertension, applied by inhala- 
tion. 

Trinitrine Caffeinated ‘‘Dubois’’ (Anglo-French)—Pills, each con- 
taining 0.04 Gm. nitroglycerin and 0.02 Gm. caffeine. Uses; 
coronary vasodilator. Dose: 1 to 3 pills well masticated. 

Vasodilator Compound (Burroughs Wellcome)—Tablets (tabloids) 
each containing 0.032 Gm. (1% gr.) sodium nitrite, 8.1 mg. (% gr.) 
erythrityl tetranitrate, 0.016 Gm. (44 gr.) mannitol nitrate, and 
0.065 Gm. (1 gr.) ammonium hippurate. Uses: 
dilator for angina pectoris, angiospasm, etc. Dose: 1 tabloid. 


— 
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CHAPTER LXVIII 
AMINES AND AMIDES 


AMINES AND AMIDES, exclusive of alkaloids, constitute 
the largest and most important group of medicinal 
agents. Their physiological actions and uses are in 
many instances closely related, and they may there- 
fore be conveniently classified as follows: 

1. Analgesics, as exemplified by acetanilid and 

aminopyrine. 

Local anesthetics; e. g., procaine and tetracaine. 

Sedatives, represented by the barbiturates and 
other urea derivatives. 

Sympathomimetic agents such as ephedrine and 
epinephrine. 

Parasympathomimetic agents such as the choline 
derivative neostigmine (prostigmine). 

Anti-infectives such as the sulfonamides and the 
quaternary ammonium bactericides. 

Antihistaminic agents (antiallergens). 

Amino acids and proteins. 

Miscellaneous amines and amides such as solvents 
and emulsifying agents. 

The various compounds and preparations which com- 
prise these groups are discussed under the above head- 
ings in the text. The formulas have been grouped at 
the beginning of each section where it is possible to 
emphasize chemical relationships, and the same order 
of presentation is followed as that enumerated above. 

The local anesthetics may be divided into three gen- 
eral groups: (1) those which produce anesthesia 
through the production of cold, such as Hther and 
Ethyl Chloride, (2) certain protoplasmic poisons such as 
Quinine, and (8) those which specifically affect the 
sensory nerves or their endings, such as Cocaine and 
the large number of synthetic local anesthetics. This 
latter group is considered below. 

The chemist and pharmacologist have attempted to 
produce substances which are less toxic, more stable, 
and less injurious to the tissues than cocaine. The most 
important of these are based on the discovery that the 
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local anesthetic action of cocaine is due to the combina- 
tion of a benzoic acid radical and a basic nitrogen- 
containing group. The synthetic compounds described 
below are all derivatives of p-aminobenzoic acid; how- 
ever, certain other structures also have local anesthetic 
properties. Some are less powerful than cocaine, but 
others are even more potent. Dilation of blood vessels 
by some local anesthetics that differ from cocaine 
leads to a ready absorption, shorter duration of action 
and greater toxicity. In these cases epinephrine may 
be added to the solutions. 

The synthetic local anesthetics may be divided into 
two groups: the soluble and the slightly soluble com- 
pounds. Only the soluble compounds of relatively low 
toxicity should be injected. The insoluble compounds 
are used for local application, since their slow absorp- 
tion renders them safe for use on ulcers, wounds, and 
mucous surfaces. The anesthesia which they induce 
is not as complete as that induced by the soluble com- 
pounds, but it is more lasting. As a group, they are 
practically non-irritant and non-toxic. Ethyl Amino- 
benzoate and Orthoform are about equally effective 
through intact mucous membranes; Butyl Amino- 
benzoate is claimed to be more effective than the ethyl 
ester. They are used for painful wounds, ulcers, etc., 
of the skin and accessible mucous membranes; for ex- 
ample, after dental operations. 

Many, if not all, local anesthetics occasionally give 
rise to dermatitis. When this is severe, the use of the 
anesthetic should be discontinued. 

The local anesthetics can be used with safety in nearly 
all suitable cases if precautions are observed; but ex- 
treme caution is imperative when any local anesthetic 
is injected into the traumatized urethra or under condi- 
tions in which trauma is likely to occur. The details 
of dosage of any of the several local anesthetics should 
be learned with reference to various modifications for 
different applications. 


ANALGESIC AMINES AND AMIDES 


ee 
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ACETANILID U. S. P. Acetanilidum 


[Acetanil. —Antifebrin, Acetanilide, Phenylacetamide, Sp. 
Acetanilida]: 


eetanitid [CeHsNHCOCH, = 185.16] is N-acetyl- 
aniline. 
Preparation—Acetanilid is made by the prolonged 


heating of a mixture of aniline and glacial acetic acid 
at the boiling point; the cooled, congealed residue is 
purified by sublimation or recrystallization. 

The reaction is illustrated by the following equation: 


CHsCOOH + CeHsNHe 7 CHsCONHC.Hs5 + H,O 


acetic acid aniline acetanilid water 
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Description and Properties—Acetanilid occurs as white, shiny scale- 
like crystals or as a white, crystalline powder. It is odorless and is 
stable in the air. It melts between 114° and 116° and boils at about 
304°. It is hydrolyzed by acids or alkali hydroxides into aniline and 
acetic acid or acetate. Its aqueous solution is neutral. One Gm. 
dissolves in 190 cc. of water, 3.5 ec. of aleohol, 4 ec. of chloroform, 
about 17 cc. of ether, about 5 cc. of glycerin, in 20 ce. of boiling water, 
and about 0.6 ec. of boiling alcohol; only slightly soluble in petroleum 
benzin. 

Identification—Acetanilid may be identified by the following reac- 
tions. (1) On boiling it with sodium hydroxide T.S. the characteristic 
odor of aniline becomes noticeable. On subsequent addition of a 
few drops of chloroform and again heating, the disagreeable odor of 
phenyl] isocyanide (a poisonous gas) develops (carbylamine reaction). 


CeHsNHe + CHCls + 38NaOH —> 
aniline chloroform sodium 
hydroxide 
CeHsNC + 38NaCl + 3H20 
pheny! iso- sodium water 
cyanide chloride 


(2) The addition of bromine T.S. to a saturated solution of Acetanilid 
produces a white crystalline precipitate of p-bromoacetanilid. 
Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 


Readily carbonizable substances—A solution of 500 mg. of Acetanilid 
in 5 cc. of sulfuric acid has no more color than matching fluid A (page 
1059). 

Storage—Keep it in well-closed containers. 
Incompatibilities—Acetanilid forms a wet mass when triturated with 


acetylsalicylic acid, antipyrine, chloral hydrate, menthol, phenol, phenyl 


salicylate, pyrocatechol, resorcinol, thymol or urethane. 

In solution with ethyl nitrite spirit or nitrous acid (from a nitrite in 
acid medium), it develops a yellow color which gradually changes to 
red. With tincture of ferric chloride a red color is produced. 

Iodine, iodides, and bromides, in large excess, produce precipitates. 

Strong alkalies decompose acetanilid to form aniline. 

Uses—Acetanilid is an antipyretic and analgesic. 
When in very fine powder, it is occasionally used as an 
antiseptic application to wounds. It is- largely em- 
ployed in popular headache remedies, but should al- 
ways be used with caution as an overdose is dangerous. 
Acetanilid is used in very large quantities for the manu- 
facture of the sulfonamides. Chronic poisoning is not 
uncommon, and is characterized by anemia and cya- 
nosis, the latter being due to methemoglobin. 

Average Dose—0.2 Gm. (approximately 3 grains). 


Compound Acetanilid Powder N. F. Pulvis Acetanilidi 


Compositus 
{[Pulv. Acetanil. Comp.—Sp. Polvos de Acetanilida Compuestos] 
Metric Alternative 
Acetaniiidhir.. con. a eee 700 Gm 2 oz. av. 350 gr. 
Caiteine cts Wer coca een tare ence 100 Gm 175 gr. 
Sodium) bicarbonate seer 200 Gm 350 gr. 
TOMB Ke 5 heen eRe ere err ee 1000 Gm 4 oz. av. 


Reduce the ingredients to a fine powder and mix them thor- 
oughly. 

The presence of acetanilid and caffeine may be ascertained by ap- 
plying the identification reactions described under the respective 
monographs. The presence of bicarbonate is proved by the efferves- 
cence produced on the addition of acid to the powder. That the 
effervescence is due to bicarbonate and not to normal carbonate is 
shown by the following test: About 1 Gm. of the powder is mixed 
with 10 cc. of cold water and filtered. To the filtrate, containing the 
sodium bicarbonate, 2 to 3 cc. of mercuric chloride T.S. is added. 
No precipitate is formed. With sodium carbonate, mercuric chloride 
yields a basic mercuric carbonate which is yellow to orange in color. 
Storage—Keep this Powder in well-closed containers. 


Uses—An analgesic, often employed in the treatment 
of headaches. 

Average Dose—0.3 Gm. (approximately 5 grains). 
One average metric dose contains 0.21 Gm. (3 grains) 
of Acetanilid, 30 mg. (1% grain) of Caffeine, and 60 mg. 
(1 grain) of Sodium Bicarbonate. 


Acetanilid Tablets N. F. Tabelle Acetanilidi 
{Tab. Acetanil.—Sp. Tabletas de Acetanilida] 


Acetanilid Tablets contain between 92.5 and 107.5 
per cent of the labeled amount of acetanilid. 


ANALGESIC AMINES AND AMIDES 


The acetanilid in the tablets may be identified by 
the phenyl isocyanide reaction described under Acetani- 
lid. 


Assay—An aliquot of the powdered tablets equivalent to about 300 
mg. of acetanilid is completely extracted with chloroform in which 
only the acetanilid is soluble, and the other ingredients of the tablets 
such as the fillers, etc., are insoluble. The chloroform solution is 
then evaporated to a few cc., 10 cc. of dilute sulfuric acid (1 in 10) is 
added, and the solution is digested on a steam bath for 3 hours. 
Water is added from time to time as necessary to maintain at least a 
4-cc. volume. The addition of water may be avoided by attaching a 
reflux condenser to the flask. The digestion with the sulfuric acid 
hydrolyzes the acetanilid into aniline (sulfate) and acetic acid. About 
20 ce. of water and 10 cc. of hydrochloric acid are then added and the 
solution titrated with bromate-bromide solution until a distinct and 
permanent yellowish color (free bromine) is produced. Prior to the 
development of a permanent color, the liberated bromine is reacting 
with the acetanilid to form p-bromoacetanilid. The bromate-bromide 
solution is standardized against acetanilid in the same manner as the 
assay, omitting, of course, the extraction with chloroform. The 
amount of acetanilid present in the portion of the powdered tablets 
taken for the assay is calculated from the acetanilid equivalent of the 
standardized bromate-bromide solution. 

The bromate-bromide solution is prepared by dissolving 14 Gm. of 
potassium bromate and. 55 Gm. of potassium bromide in sufficient 
water to make 1000 cc. 

Storage—Keep the Tablets in well-closed containers. 


Average Dose—0.2 Gm. (approximately 3 grains) of 
Acetanilid. 


ACETOPHENETIDIN U. S. P. 
[Acetphen.—Acetphenetidin, Phenacetin, Sp. Acetofenetidina] 
[CoH 5- 


Acetophenetidinum 


Acetophenetidin is p-acetamidophenetole 
OC,.H.zNH.-COCH, = 179.21]. 

Preparation—The starting material for the produc- 
tion of this chemical is p-nitrophenol. It is made by - 
either of the following processes: (1) Phenol is nitrated 
with a mixture of nitric and sulfuric acids (the sulfuric 
acid acts as a dehydrating agent only). A mixture of 
o- and p-nitrophenols is thus obtained. When it is sub- 
jected to steam distillation, the ortho compound distils 
with the steam leaving the para compound. (2) Ine 
modern practice p-nitrophenol is produced by nitrating 
monochlorobenzene, and after separating the p-nitro- 
chlorobenzene from the ortho compound the former is 
heated with sodium hydroxide solution, whereby the 
chlorine is replaced by a hydroxyl group, resulting in 
p-nitrophenol. 

The p-nitrophenol, dissolved in sodium hydroxide 
solution, is treated with ethyl chloride (or bromide) or 
diethyl-sulfate, resulting in the substitution of an ethyl 
group [C2H;] for the hydrogen in the hydroxyl group. 
The nitrophenetole so obtained is reduced to p-pheneti- 
din by treatment with sodium sulfide solution or with 
iron and hydrochloric acid (hydrogen). The last step 
is the acetylation of the phenetidin. This is accom- 
plished by either boiling it for several hours with an 
excess of glacial acetic acid, or, better, by refluxing it 
at about 10° with the required amount of acetic an- 
hydride. 
trated by the aac 
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The principal steps of the process are illus- — 


ANALGESIC AMINES AND AMIDES 


Description and Properties—Acetophenetidin occurs as white, scale- 
like crystals, or as a fine, white, crystalline powder. It is odorless and 
stable in the air, and its saturated solution is neutral to litmus. It 
melts between 134° and 136°. It is hydrolyzed by acids or alkali 
hydroxides into p-phenetidin and acetic acid or acetates. One Gm. 
dissolves in about 1300 cc. of water, 85 cc. of boiling water, 15 cc. of 
alcohol, 3 cc. of boiling alcohol, 15 ce. of chloroform, and about 130 cc. 
of ether ; also soluble in glycerin. 

Identification—A bout 100 mg. of Acetophenetidin is boiled with 1 
cee. of hydrochloric acid for 1 minute, then diluted with about 10 cc. of 
water and filtered. A drop of potassium dichromate T.S. added to 
the filtrate slowly develops a ruby-red color. The boiling with hydro- 
chloric acid hydrolyzes the acetophenetidin into phenetidin which 
contains a free amine group and the oxidation of this amine with 
chromate produces the red color. 

Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

Residue on Ignition—Not more than 0.05 per cent. 

Readily carbonizable substances—A solution to 500 mg. of Aceto- 
phenetidin in 5 cc. of sulfuric acid has no more color than matching 
fluid T (page 1059). 

Acetanilid—About 500 mg. of acetophenetidin is boiled with 10 ce. 
of water, cooled, filtered, then bromine T.S. added drop by drop to 
the filtrate. No turbidity or precipitate should result. 
Storage—Keep in well-closed containers. 
Incompatibilities—Acetophenetidin forms a wet mass when triturated 
with acetylsalicylic acid, aminopyrine, chloral hydrate, phenol or pyro- 
catechol. It is slowly decomposed by strong acids or alkalies. Oxidiz- 
ing agents usually produces a red color. Ethyl Nitrite spirit slowly 
gives a yellow color which finally deepens into a reddish brown. With 
todine, an insoluble compound is formed. 


Uses—Acetophenetidin, or phenacetin, is an anal- 
gesic and antipyretic having the same general field of 
usefulness as the salicylates. It is given in the adult 
oral dose of 0.3 to 1.0 Gm., repeated every 3 hours if 
necessary. Acetophenetidin, however, lacks the specific 
effect on the polyarthritis of acute rheumatic fever, 
and therefore is not used in this syndrome. Also, it 
lacks the uricosuric action of the salicylates and cincho- 
phen in gout, and is not employed in this disease. In 
general, the compound is more toxic than salicylates 
and cannot be employed so continuously or in such 
large doses. 

Average Dose—0.3 Gm. (approximately 5 grains). 


Acetophenetidin Tablets U.S. P. Tabelle 
Acetophenetidini 


[Tab. Acetphen.—Phenacetin Tablets, Sp. Tabletas de 
Acetofenetidina] 


Acetophenetidin Tablets contain between 94 and 106 
per cent of the labeled amount of acetophenetidin. 


‘dentification—The presence of acetophenetidin in the Tablets may 
be ascertained by extracting a portion of the powdered Tablets first 
with a small quantity of ether to remove any lubricant, etc., then with 
alcohol to dissolve the acetophenetidin. The residue obtained after 
evaporating off the alcohol responds to the identification test given 
for Acetophenetidin and has the melting point of acetophenetidin. 

The absence of acetanilid may be ascertained by the test given 
under Acetophenetidin. 

Assay—An accurately weighed aliquot of the powdered Tablets equiva- 
lent to about 300 mg. of acetophenetidin is first extracted with two 
10-ce. portions of petroleum benzin to remove lubricants. The resi- 
due containing the acetophenetidin is then extracted by maceration 
with several portions of chloroform, filtering each portion. The 
chloroform extract is evaporated, dried at about 60°, and the aceto- 
phenetidin thus obtained is cooled and weighed. 

Storage—Keep the Tablets in well-closed containers. 


Average Dose—0.3 Gm. (approximately 5 grains) of 
Acetophenetidin. 


Acetophenetidin and Phenyl Salicylate Tablets N. F. 
Tabelle Acetophenetidini et Phenylis Salicylatis 
Tab. Acetophen. et Phenyl. Salicyl—Phenacetin and Salol Tablets, 
Sp. Tabletas de Acetofenetidina y de Salicilato de Fenilo] 

Acetophenetidin and Phenyl Salicylate Tablets con- 
tain between 90 to 110 per cent of the labeled amount of 
acetophenetidin, and of pheny] salicylate. 

Identification—The presence of acetophenetidin and of phenyl- 


- salicylate may be ascertained by applying the identification test given 
under Acetophenetidin and for Phenyl Salicylate, respectively. 
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Assay for Acetophenetidin—From an accurately weighed quantity of 
the powdered Tablets, equivalent to not more than 80 mg. of phenyl 
salicylate, the acetophenetidin and the phenyl] salicylate are com- 
pletely extracted with chloroform. The chloroform is evaporated and 
the residue heated on a water bath with 10 cc. of 2.5 per cent aqueous 
sodium hydroxide for 15 minutes. By this treatment the pheny] 
salicylate is hydrolyzed into phenol and sodium salicylate (both water 
soluble) but the acetophenetidin is not affected. It is important that 
the volume and concentration of the sodium hydroxide and the time 
and temperature of heating be closely adhered to, otherwise some of 
the acetophenetidin will also be hydrolyzed, resulting in incorrect 
assays. The solution is immediately and quickly cooled under run- 
ning water to prevent hydrolysis of the acetophenetidin, and promptly 
shaken out with several portions of chloroform, which dissolves the 
acetophenetidin, while the sodium salicylate and the phenol remain 
in the alkaline aqueous phase. After evaporating the chloroform ex- 
tract and drying at 60° the residue of acetophenetidin is weighed. 
Assay for Phenyl Salicylate—The combined alkaline solution and 
washings remaining after the extraction of the acetophenetidin in 
the Assay for Acetophenetidin is transferred to a separator and the 
assay conducted as described under Phenyl Salicylate Tablets (page 
551) beginning with ‘‘Transfer the mixture... .” 

Storage—Keep the Tablets in tight containers at a temperature not 
above 35°. . 


Average Dose—0.15 Gm. (approximately 24 grains) 
each of acetophenetidin and phenyl salicylate. 


AMINOPYRINE U. S. P. Aminopyrina 
{[Aminopyrin.—Amidopyrine, Pyramidon, Sp. Aminopirina] 


Aminopyrine is dimethylamino-antipyrine [Ci3H1,- 
N;,0 = 231.29]. It differs from antipyrine in that a 
dimethylamino group [(CHs)2N] replaces a hydrogen in 
the 4-position in the pyrazolon portion of the molecule. 

Preparation—Aminopyrine is prepared from anti- 
pyrine by treating it with nitrous acid (NaNOz + HCl) 
which produces nitroso-antipyrine. This is subse- 
quently reduced with zinc dust and acetic acid to form 
aminoantipyrine. After purification the aminoanti- 
pyrine is treated with a methyl halide or dimethyl sul- 
fate, thereby replacing the two hydrogens in the amino 
group by two methyl groups. 


Description and Properties—Aminopyrine occurs as colorless or white, 
small crystals or as a white crystalline powder. It is stable in the air 
but is slowly affected by light. It melts between 107° and 108°. 
The presence of the amino group renders it readily oxidizable by rela- 
tively mild oxidizing agents such as ferric chloride or silver nitrate, 
forming highly colored products. Its solutions are slightly alkaline 
to litmus. One Gm. of Aminopyrine dissolves in 18 cc. of water, in 
1.5 ce. of alcohol, in 1 ec. of chloroform, and in 13 ce. of ether. 

Identification—The addition of ferric chloride T.S. to its solution 
acidified with hydrochloric acid produces a bluish violet color. On 
the subsequent addition of a few drops of diluted sulfuric acid the 
color changes to violet-red. Silver nitrate T.S. produces in solution 
of aminopyrine a deep violet color and a grayish black precipitate of 
metallic silver is gradually formed on standing. When a solution of 
aminopyrine is added to potassium ferricyanide T.S. containing a 
small quantity of ferric chloride, a dark blue color is produced due to 
the formation of Prussian blue from the ferricyanide and the ferrous 
chloride formed by the reduction of the ferric chloride T.S. to ferrous 
by the aminopyrine (difference from antipyrine). 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.15 per cent. 

Chloride—Practically none. 

Heavy metals limit—20 parts per million. 

Readily carbonizable substances—A solution of 100 mg. of amino- 
pyrine in 1 ce. of sulfuric acid is colorless. 

Antipyrine—To 100 mg. of aminopyrine, 100 mg. of vanillin, 5 ee. 
of water, and 2 cc. of sulfuric acid are added and the mixture heated 
to boiling. Any color produced is not darker than that obtained in a 
blank. 

Storage—Keep it in well-closed, light-resistant containers. 
Incompatibilities—Aminopyrine forms a wet mass when triturated 
with acetylsalicylic acid, chloral hydrate, phenol, thymol, resorcinol, 
phenyl salicylate, or salicylic acid. 

A blue or violet color is produced with acacia, ferric chloride, spirit 
of ethyl nitrite, and other oxidizing agents. It has certain of the chem- 
ical properties of the alkaloids, being precipitated by iodine, potassium 
mercuric iodide, mercuric chloride, tannic acid, and other alkaloidal 
precipitants. 


Uses—Once widely employed as an antipyretic, 
analgesic, and antirheumatic, Aminopyrine has almost 
completely lost favor as a medicament and its use re- _ 
quires a physician’s prescription in a number of states. 
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The reason for this is that Aminopyrine can cause seri- 
ous toxic effects on the white blood cells, resulting in 
the syndrome known as agranulocytic angina (malig- 
nant neutropenia). While it is true that the inci- 
dence of this serious disorder is low, nevertheless the 
mortality rate is so high that Aminopyrine should not 
be employed. Furthermore, the drug has very few 
advantages over the salicylates and related analgesic 
drugs. 
Average Dose—0.3 Gm. (approximately 5 grains). 


Aminopyrine Elixir N. F. Elixir Aminopyrine 
[Elix. Aminopyrin.—Amidopyrine Elixir, Sp. Elixir de Aminopirinal 


Aminopyrine Elixir contains, in each 100 cc., not less 
than 3.7 Gm. and not more than 4.3 Gm. of C;3H1,N,0. 


Metric Alternative 
Amitropyrinere, sorter areca 40 Gm. loz.av. 147 er. 
Compound Orange Spirit. 3 (CG. 46 min. 
Alcohol :7) ete eon cave 200 cc 6 fl.oz. 192 min, 
GIy cerin Feit ee ees 60 cc 1 fl.oz. 442 min. 
SYLGD case eae 400 cc 12 fl.oz. 384 min. 
Compound Cudbear Tincture. . 10 cc 154 min. 
Distilled Water, a sufficient 
quantity, 
"Touma ke resets eteccteretre aint ate 1000 cc. 2 pints 


Dissolve the aminopyrine in the alcohol, add the compound 
spirit of orange, the compound tincture of cudbear, the glycerin, 
the syrup, and sufficient distilled water to make the product 
measure 1000 cc. (2 pints). Mix well and filter, if necessary, to 
make the product clear. 


Alcohol content—17 to 20 per cent, by volume, of CgHs50H. 
Assay—The Elixir is assayed for aminopyrine content by alkalinizing 
an accurately measured volume with ammonia, and then extracting 
with chloroform, etc., as described under Aminopyrine Tablets. 
Storage—Keep the Elixir in tight containers. 
Incompatibilities—This elixir possesses the color 
aminopyrine which it contains. See page 615. 


reactions of the 


Uses—See Aminopyrine. 
Average Dose—4 cc. (approximately 1 fluidrachm) 
corresponding to about 0.16 Gm. of Aminopyrine. 


Aminopyrine Tablets U. S. P. Tabellee Aminopyrine 


[Tab. Aminopyrin.—Amidopyrine Tablets, Sp. Tabletas de 
Aminopirina] 


Aminopyrine Tablets contain 93 to 107 per cent of 
the labeled amount of aminopyrine [C,3H,,N,0]. 


Identification—The presence of aminopyrine in the Tablets may be 
ascertained by applying the identification test given for Aminopyrine, 
and the aminopyrine obtained in the assay should melt between 106° 
and 109°. 

Assay—An accurately weighed portion of the powdered Tablets 
equivalent to about 1 Gm. of aminopyrine is transferred into a 100- 
cc. volumetric flask, 60 ec. of normal hydrochloric acid is added, and 
the mixture is shaken until no more dissolves. The flask is then filled 
to the 100-cc. mark with normal hydrochloric acid, shaken, and the 
solution filtered. To 25 cc. of the filtrate in a separator, ammonia 
T.S. is added until it is distinctly alkaline, and the aminopyrine is 
completely extracted with several portions of chloroform. The 
chloroform extract, after washing with a small quantity of water (to 
remove any ammonium chloride) is evaporated on the steam bath, 
dried at 100° for 15 minutes, and cooled. The residue of amino- 
pyrine is weighed. 

Storage—Keep the Tablets in well-closed, light-resistant containers, 


Average Dose—0.3 Gm. (approximately 5 grains) of 
Aminopyrine. 


ANTIPYRINE N. F. Antipyrina 


Parodyne, Analgesine, 


Fenazona] 


Phenazone, Sedatine—Sp., Antiparina, 
Antipyrine is 1-phenyl-2,3-dimethylpyrazolon [Cy1- 
H,2N20 = 188.22]. 


Preparation—Antipyrine, discovered by Knorr in 
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1883, is made by condensing equivalent quantities of 
ethyl acetoacetate and phenylhydrazine, the latter 
being used in a benzene solution. After heating to 
evaporate the benzene, 1-phenyl-3-methylpyrazolon is 
obtained which, upon methylation with a suitable 
methylating agent (methyl iodide or dimethyl sulfate), 
yields Antipyrine. The reactions taking place in the 
process may be represented as follows: 


CeH5sNH.NH2 
CHsCOCH2,COOC2H; ——_————> pared gece ys + H20 


ethyl acetoacetate 
N 
>s 
NHC,.H5 
| nat 
ea 
CH3sC—N ani BENG 
| N—CeHs his | Dae 
oor H—C—C= 
O 
antipyrine 1-phenyl-3-methylpyrazolon 


Description and Properties—Colorless crystals or a white crystalline 
powder. It is odorless and has a slightly bitter taste. It melts 
between 111° and 113°. Its aqueous solution is neutral to litmus 
paper. One Gm. of Antipyrine-dissolves in less than 1 cc. of water, 
in 1.3 of alcohol, in 1 cc. of chloroform, and in 48 ce. of ether, at 25°. 

Identification: (1) The addition of tannic acid T.S. to an aqueous 
solution of Antipyrine produces an abundant white precipitate. 
(2) Mix 100 mg. of sodium nitrite and 12 cc. of an aqueous solution 
of Antipyrine (1 in 100) and add 1 cc. of diluted sulfuric acid. A green 
color is produced due to the formation of nitrosoantipyrine. (3) To 
100 mg. of Antipyrine add 100 mg. of vanillin, 5 ce. of water, and 2 
ec. of sulfuric acid, and heat to boiling. An orange-yellow precipitate 
is produced. (4) A drop of ferric chloride T.S. added to 2 ce. of a 
dilute aqueous solution of Antipyrine (1 in 1000) produces a reddish 
orange color which, upon the addition of 10 drops: of sulfuric acid, 
becomes greenish yellow. 

Tests for Purity— 

Residue on ignition—Not more than.0.15 per cent. 

Loss on drying—Not more than 1 per cent. 

Heavy metals limit—20 parts per million. 

Completeness and color of solutton—Antipyrine is completely soluble 
in its own weight of water, the solution being colorless or not more 
than slightly yellow. 

Storage—Keep it in tight containers. 

Incompatibilities—Antipyrine liquefies or forms a soft mass when 
triturated with acetanilid, betanaphthol, chloral hydrate, ethyl carbam- 
ate, phenol, phenyl salicylate, piperazine, resorcinol, sodium salicylate, 
or thymol. When triturated with calomel in the presence of (atmos- 
pheric) moisture, the powder darkens and the calomel is partially 
decomposed into mercuric chloride and metallic mercury. 


Uses—Antipyrine is an analgesic and antipyretic. 
Its field of usefulness is similar to that for sodium sali- 
cylate and aspirin, except that it is not employed in 
gout or acute rheumatic fever. Antipyrine is tradi- 
tionally employed more for its antipyretic action than 
for analgesia, but there is no sound pharmacological 
basis for this practice. It shares the local antiseptic 
property of the salicylates, but is too weak in its action 
to be of medicinal value. Antipyrine is also a weak 
local anesthetic, but the former practice of using it on 
the mucosa of the mouth, nose and throat is obsolete. 

Average Dose—0.3 Gm. (approximately 5 grains). 


CINCHOPHEN N. F. Cinchophenum 


{[Phenylcinchoninie Acid, Phenyl-quinoline-carboxylic Acid, Atophan, 
Quinophen, Sp. Cincofeno] 


Cinchophen, when dried to constant weight at 105°, 
contains not less than 99.5 per cent of CoH;sN(C oH s)= 
(COOH)-2,4 (249.26). 

Preparation—This chemical, also known as Atophan, 
is made by the interaction in alcoholic solution of mole- 
cular equivalents of aniline, benzaldehyde, and pyruvic 


\ 
5 
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acid [CH3CO.COOH]. The alcohol solution is boiled 
for several hours, and upon cooling crude cinchophen 
crystallizes out. It is purified by solution in sodium 
hydroxide, filtration, reprecipitation with acid and re- 
crystallization from alcohol. It may also be prepared 
by condensing in alkaline solution acetophenone [C,.H;- 
COCH,] with isatin, the latter being readily obtained 
by the oxidation of indigo with sodium dichromate and 
sulfuric acid. 


Description and Properties—Cinchophen occurs as small, white or 
almost white, needle-like crystals, or as a fine powder, and is stable 
in the air. It is nearly odorless, has a slightly bitter taste, and is af- 
fected by light. It melts between 213° and 216°. Cinchophen is 
practically insoluble in water. One Gm. dissolves in about 120 ce. 
alcohol, 100 cc. ether, and 400 cc. chloroform. It is soluble in hydro- 
chloric ‘acid and in alkali hydroxide solutions. 

Identification—(1) On warming about 100 mg. of Cinchophen with 
a mixture of 3 ec. of hydrochloric acid.and 2 cc. of water, a yellow 
solution is formed. On the addition to the cooled solution of an 
equal volume of bromine T.S., an orange-red precipitate is produced. 
(2) To a solution of about 500 mg. of Cinchophen in 3 cc. of sodium 
hydroxide T.8. add 3 ec. of ammonium chloride T.S. A white pre- 
cipitate of ammonium phenylcinchoninate gradually forms, which re- 
dissolves upon the addition of 10 cc. of water. On allowing this solu- 
tion to stand for several hours the ammonium salt is hydrolyzed and 
Cinchophen precipitates out. (3) A saturated solution of Cinchophen 
in diluted hydrochloric acid gives with platinic chloride T.S. a pre- 
cipitate of yellow-brown crystals. 

Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Not more than 0.25 per cent. 

Readily carbonizable substances—A solution of 100 mg. in 5 ce. of 
sulfuric acid has no more color than matching fluid O. 

Aniline compounds and clarity of solution—A solution of 1 Gm, of 
Cinchophen in a warm mixture of 5 cc. of sodium hydroxide T.S. and 
20 cc. of distilled water is clear and almost colorless, and on adding 
15 ce. of sodium hypochlorite T.S. the solution remains clear and does 
not turn yellow-brown. 

Assay—Cinchophen is assayed alkalimetrically by dissolving it in 
alcohol and titrating with standard alkali. One cc. of tenth-normal 
sodium hydroxide corresponds to 24.93 mg. of CgHsN(Cg6Hs)- 
(COOH)-2,4. 

Storage—Keep it in well-closed, light-resistant containers. 
Incompatibilities—Cinchophen is practically insoluble in water and 
but slightly soluble in alcohol. It forms precipitates with Ammonium 
salts, iodine, and potassiwm chlorate. 


Uses—This substance, chemically known as phenyl- 
cinchoninic acid, is useful in acute gout; it relieves pain 
in this disease, acting more promptly than colchicum 
and without undesirable by-effects. In non-uratic 
joint affections, particularly acute articular rheuma- 
tism, favorable results are reported, while the chronic 
forms seem to yield to Cinchophen only in isolated cases. 

Excessive doses or the long-continued use _ of 
moderate amounts may cause damage to the kidney 
and occasionally may give rise to acute yellow atrophy 
or to dangerous or fatal hepatitis, usually characterized 
by the late and relatively abrupt onset of symptoms, 
the most frequent being jaundice. The promiscuous 
use of Cinchophen by the public for the relief of pain 
is obviously dangerous. Fewer cases of poisoning have 
been reported after neocinchophen, but the relative 
danger of these two has not been determined satisfac- 
torily. 

Cinchophen shares with the salicylates and the ‘‘coal 
tar” analgesics the ability to relieve many types of 
pain, to reduce fever, and to relieve symptoms in 
acute rheumatic fever. However, inasmuch as 
Cinchophen does cause a serious and often fatal type 
of toxic hepatitis, it is rarely used any more in modern 
therapeutics. The reason for this is that one cannot 
tell beforehand which patient will respond with a fatal 
liver injury, and once symptoms begin, immediate ces- 
sation of Cinchophen therapy does not alter the out- 
come. Also, the continued use of Cinchophen without 
mishap in a given case is no assurance of safety. Fi- 
nally, the analgesic, antipyretic, and antirheumatic 
actions of Cinchophen can be replaced by the use of 
salicylates and related compounds, and acute attacks of 
an can be fairly well managed by employing colchi- 
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cine. The latter drug, however, is ineffective in chronic 
gout, and it is in this syndrome that certain physicians 
continue to employ Cinchophen despite its potentiality 
as a hepatotoxic agent. They feel that the risk from 
the progressive effects of gout incurred in allowing pa- 
tients to go without Cinchophen medication is greater 
than the risk of liver damage from the drug. 

Average Dose—0.5 Gm. (approximately 71% grains) 
repeated several times daily, and taken with ample 
water. Between doses of Cinchophen, enough sodium 
bicarbonate should be administered to make the urine 
alkaline, to prevent precipitation of urate calculi. 


Cinchophen Tablets N. F. Tabelle Cinchopheni 
[Tab. Cinchophen.—Sp. Tabletas de Cincofeno] 


Cinchophen Tablets contain between 92.5 and 107.5 
per cent of cinchophen. 


Identification—The presence of cinchophen in the Tablets may be 
ascertained as follows: A convenient quantity of the powdered Tab- 
lets is extracted with 2 to 3 small portions of chloroform to remove 
lubricant. The residue is then extracted with hot alcohol, the alcohol 
solution concentrated by evaporation to a small volume and allowed 
to crystallize. The crystals so obtained have the melting range of 
and respond to the identification reactions given for Cinchophen. 
Assay—A weighed quantity of the powdered Tablets is first extracted 
with two small portions of cold chloroform to remove lubricants, etc., 
without dissolving any appreciable amounts of the cinchophen. The 
cinchophen in the residue is then dissolved by heating with alcohol, pref- 
erably under a reflux condenser, using about 200 cc. of neutral alco- 
hol for each Gm. of cinchophen. The solution is filtered hot and the 
insoluble residue washed with several portions of hot alcohol to com- 
pletely extract the cinchophen. The alcohol solution is now titrated 
with tenth-normal sodium hydroxide, using phenolphthalein T.S. as 
the indicator. One cc. of 0.1 NaOH corresponds to 24.93 mg. of 
cinchophen. 


Uses—See Cinchophen. 


Average Dose—0.5 Gm. (approximately 7% grains) 
of Cinchophen. 


NEOCINCHOPHEN U. S. P. Neocinchophenum 


[Neocinchophen.—Neoquinophan, Tolysin, Neoatophan, 
Sp. Neocincofeno] 


Neocinchophen [C,H4N(CgHs)(COOC2H;)(CHs)- 
2,4,6 = 291.33] is the ethyl ester of methylcinchophen. 

Preparation—Neocinchophen, also known as WNeo- 
atophan, is the ethyl ester of methylphenylcinchoninic 
acid for the preparation of which see Cinchophen. It 
is made by esterifying the latter with ethyl alcohol. 
As in all esterification processes the presence of a 
dehydrating agent is necessary to produce a satisfactory 
yield. In the esterification of cinchophen and similar 
acids of high molecular weight, dry hydrogen chloride 
is passed through the alcohol solution of cinchophen 
as a current of gas. It is said to be preferable to sul- 
furic acid. : 


Description and Properties—Neocinchophen is a white to pale yellow, 
crystalline powder. It is odorless and tasteless, is permanent in air, 
but is affected by light. It must not melt below 74°. It is decom- 
posed by heating with alkali hydroxide solutions into sodium cin- 
chophenate and ethyl alcohol. Neocinchophen is nearly insoluble in 
water, is soluble in hot alcohol, and is very soluble in ether and in 
chloroform. 

Identification—(1) Ferric chloride T.S. produces in an alcohol solu- 
tion of Neocinchophen a yellow color (cinchophen gives a reddish 
brown color). (2) On adding an excess of bromine TS. to a solution 
of Neocinchophen in sulfuric acid a yellow precipitate of a bromo 
compound is produced. (3) The ethyl group may be identified by 
boiling Neocinchophen for a short time with sodium hydroxide (to 
split off the CgHs5 as ethyl alcohol) and adding iodine T.S. when a 
yellow precipitate of iodoform will be produced. 

Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Cinchophen—On warming Neocinchophen with a moderate excess 
of ammonia T.S., then filtering and neutralizing the filtrate with 
hydrochloric acid, no precipitate should form. If cinchophen is 
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present it dissolves in the ammonia, forming the water-soluble am- 
monium salt which will be in the filtrate, and upon neutralizing the 
filtrate, cinchophen, being insoluble in water, will be precipitated. 
Storage—Keep it in well-closed, light-resistant containers. 


Uses—Neocinchophen resembles cinchophen in all 
its pharmacological actions and therapeutic uses. The 
discussion under cinchophen of the danger of liver dam- 
age also holds with respect to Neocinchophen. The 
alleged greater safety of Neocinchophen is still a moot 
point, and the burden of proof rests on those who make 
such a claim. The use of Neocinchophen is for gout. 
See Cinchophen. 

Average Dose—0.3 Gm. (approximately 5 grains). 


Neocinchophen Tablets U. S. P. Tabellee 
Neocinchopheni 


[Tab. Neocinchophen.—Sp. Tabletas de Neocincofeno] 


Neocinchophen Tablets contain not less than 94 per 
cent and not more than 106 per cent of the labeled 
amount of neocinchophen. 


Identification—The presence of neocinchophen in the Tablets may 
be ascertained as follows: A portion of the powdered tablets is first 
extracted with small volumes of petroleum benzin to remove tablet- 
lubricant. The neocinchophen is subsequently extracted with ether 
and the ether evaporated. The dry evaporation residue melts at 
not below 74°, and gives the identification reactions described under 
Neocinchophen. 

Assay—The neocinchophen content of the Tablets is determined by 
saponifying an alcohol extract, obtained from a weighed quantity of 
the powdered Tablets, with a measured excess of standard alcoholic 
potassium hydroxide, then back-titrating the excess of potassium 
hydroxide with standard acid using phenolphthalein as the indicator. 
A correction is made for a blank. The equivalent per cc. of tenth- 
normal alkali is 29.13 mg. of neocinchophen. 

Storage—Keep the Tablets in well-closed containers. 


Uses—See Neocinchophen.. ‘ 
Average Dose—0.3 Gm. (approximately 5 grains) of 
Neocinchophen. 


Specialties Containing Analgesic Amines and Amides 


Adanon Hydrochloride (Winthrop)—Tablets (2.5, 5, 7.5, and 10 mg.), 
elixir (1 mg. per ce.), syrup (10 mg. per 30 cc.), ampuls (2 ce. with 
10 mg.), and vials (10 ce. with 100 mg.) containing 6-dimethyl- 
amino-4,4-diphenyl-3-heptanone hydrochloride. Uses: analgesic 
comparable to morphine for the relief of intractable pain. Dose: 
orally, intramuscularly, or intravenously, 2.5 to 10 mg. 

Am-Ce-Lax (Stoddard)—Tablets, each containing 0.065 Gm. (1 gr.) 
acetanilid, 5.4 mg. (442 gr.) aconite root, eucalyptol, 5.4 mg. (42 


gr.) camphor, 0.065 Gm. (1 gr.) cascara extract, 9.7 mg. (340 gr.) . 


sage extract, 3.2 mg. (340 gr.) stramonium extract, 0.130 Gm. 
(2 gr.) sodium bicarbonate, and 0.021 Gm. (85 gr.) sodium salicy- 
late. Uses: antipyretic and diaphoretic. Dose: 1 or 2 tablets. 

Amidophen (Lilly)—Capsules (pulvules), each containing 0.227 Gm. 
(314 gr.) aminopyrine, 0.065 Gm. (1 gr.) acetophenetidin, 0.032 
Gm. (34 gr.) caffeine, and 0.016 Gm. (34 gr.) hyoscyamus extract. 
Uses: analgesic and antipyretic. Dose: 1 to 2 pulvules. 

Amidotal Compound (Rorer)—Tablets, each containing 0.130 Gm. 
(2 gr.) acetanilid, 0.065 Gm. (1 gr.) aminopyrine, 8.1 mg. (% gr.) 
each of caffeine, gelsemium extract, and hyoscyamus extract, and 
0.032 Gm. (34 gr.) sodium barbital. Uses: analgesic and sedative. 
Dose: 1 tablet. 

Amifeine (McNeil)—Capsules, each containing 0.227 Gm. (3% gr.) 
aminopyrine, 0.065 Gm. (1 gr.) caffeine, and 6.5 mg. (340 gr.) oleo- 
resin ginger. U8es: analgesic and antipyretic. Doses: 1 to 2 
capsules. 

Am-Phen-Al (Stoddard)—Tablets, each containing 0.162 Gm. (214 
gr.) aminopyrine and 0,016 Gm. (34 gr.) phenobarbital. Uses: 
ee antipyretic, and sedative. Dose: 1 or 2 tablets with 
water. 

Am-Phen-Al with Hyoscyamus—Tablets, each also containing 
0.016 Gm. (% gr.) hyoscyamus. 

Anoretic (Stoddard)—Tablets, each containing 0.065 Gm. (1 gr.) 
acetanilid, 1.6 mg. (340 gr.) each of belladonna leaves extract and 
stramonium extract, 0.194 Gm. (3 gr.) sodium bicarbonate, 0.021 
Gm. (845 gr.) sodium salicylate, aconite root, bryonia root, 9.7 mg. 
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(39 gr.) cimicifuga, colechicum root, 4.9 mg. (340 gr.) colocynth 
extract compound, and gelsemium. Uses: antipyretic and dia- 
phoretic. Dose: 1 or 2.tablets. 

Auralgan and Auralyt (Doho)—Ear drops in dropper-bottles, each 
fluidounce containing 0.87 Gm. antipyrine and 0.23 Gm. benzo- 
caine, in specially dehydrated glycerol. Uses: analgesic, anti- 
phlogistic, and decongestant in acute otitis media and inflammations 
of the middle ear. Dose: fill entire ear canal. 

Aurazine (Smith-Dorsey)—Ear drops in bottles with a dropper, each 
fluidounce containing 5 per cent antipyrine, 0.5 per cent benzocaine, 
and dehydrated glycerin. Uses: local anesthetic and decongestant 
for use in simple earache. Dose: 2 or 3 drops in ear canal. 

Axar (McKesson)—White tablets, each containing 0.194 Gm. (3 gr.) 
acetophenetidin, 0.162 Gm. (234 gr.) acetylsalicylic acid, 8.1 mg. 
(4% gr.) caffeine, and 0.121 Gm. (1% gr.) calcium gluconate. Uses: 
analgesic. Dose: 1 or 2 tablets. 

Cafotan (Premo)—Tablets, each containing 0.194 Gm. (3 gr.) aceto- 
phenetidin, acetylsalicylic acid, caffeine alkaloid, and quinine sul- 
fate. Uses: analgesic. Dose: 1 or 2 tablets. 

Cibalgine (Ciba)—Ampuls (2 cc.), elixir, or tablets, each cc. of ampul 
solution, fluidrachm of elixir, or tablet containing 0.227 Gm. (314 
gr.) aminopyrine and 0.032 Gm. (3% gr.) Dial (diallylbarbituric 
acid). Uses: analgesic, antipyretic, and sedative. Dose: orally, 
1 to 2 tablets or teaspoonfuls of elixir; intramuscularly, 1 to 2 ce. 
Should not be injected subcutaneously. 

Compral (Winthrop)—Tablets, 0.324 Gm. (5 gr.) containing Cyrinal, 
a molecular compound of Pyramidon (aminopyrine) and trichlor- 
oven urethane. Uses: analgesic and sedative. Dose: 1 tab- 
et. : 

Coryzine (Blue Line)—Tablets, each containing 0.130 Gm. (2 gr.) 
acetanilid, 5.4 mg. (442 gr.) aloin, 14 min. aconite tincture, 3.2 mg. 
(249 gr.) powdered capsicum, 0.016 Gm. (14 gr.) cascarin, 0.016 Gm. 
(44 gr.) citrated caffeine, 2 min. gelsemium tincture, and 2.7 mg. 
1444 gr.) podophyllin. Uses: analgesic, antipyretic, and laxative. 
Dose: 1 or 2 tablets, with water. 

Darol Capsules (McKesson)—Chocolate-coated capsules, each con- 
taining 0.065 Gm. (1 gr.) acetanilid, 4.0 mg. ( 4. gr.) aloin, 0.016 
Gm. (4 gr.) cayenne pepper, 0.016 Gm. (34 gr.) caffeine, 8.1 mg. 
\% gr.) henbane extract, and 0.065 Gm. (1 gr.) monobromated cam- 
pe Uses: analgesic and antipyretic in colds. Dose: 1 cap- 
sule. 

Epragen (Lilly)—Capsules (pulvules), each containing 0.227 Gm. 
(3% gr.) acetophenetidin, 0.130 Gm. (2 gr.) acetylsalicylic acid, 
0.049 Gm. (3% gr.) amytal, and 0.022 Gm. (44 gr.) ephedrine hydro- 
chloride. Uses: antipyretic, antispasmodic, and sedative. Dose: 
1 pulvule. 

Farastan (Farastan)—Capsules, 0.243 Gm. (334 gr.) containing a 
combination of 14 parts cinchophen and 1 part monoiodo-cincho- 
phen. Uses: analgesic, antipyretic, and antiarthritic. Dose: 
1 or 2 capsules. 

Larodon (Hoffman-La Roche)—White, odorless, crystalline powder of 
slightly bitter taste, or tablets, 0.324 Gm. (5 gr.), containing phenyl- 
dimethyl-isopropyl-pyrazolon. Uses: analgesic and antipyretic. 
Dose: 0.324 to 0.648 Gm. (5 to 10 gr.). 

Novaldin (Winthrop)—Tablets, 0.325 Gm. (5 gr.), or ampuls (2 cc. 
of 50 per cent solution) containing phenyldimethylpyrazolon 
methylaminomethane sodium sulfonate. Uses: analgesic, anti- 
pyretic, and antirheumatic. Dose: orally, 1 tablet; intramuscu- 
larly or subcutaneously, 2 cc. of 50 per cent solution. 

Optalidon (Sandoz)—Tablets, each containing 0.125 Gm. amino- 
pyrine, 0.05 Gm. Sandoptal (isobutylallyl barbituric acid), and 
cous Gm. caffeine. Uses: analgesic and sedative. Dose: 1 
tablet. 

Oxyl-Iodide (Lilly)—Tablets, 0.194 Gm. (3 gr.) containing cincho- 
phen hydriodide. Uses: analgesic, antirheumatic, and anti- 
pyretic. Dose: 2 tablets. 

Oxyl-Iodide and Cinchophen—powder containing 50 per cent of 
each; capsules (Pulvules) and enteric-coated capsules (Enseals) 
containing 0.194 Gm. (38 gr.) of each. 

Phenacetin (Winthrop)—Acetophenetidin, U.S. P. 

Phenopyrine (Cole)—Tablets, each containing 0.162 Gm. (234 gr.) 
aminopyrine, and 0.016 Gm. (34 gr.) phenobarbital. Uses: anal- 
gesic and sedative . Dose: 1 tablet. i 

Pyramidon N. N. R. (Winthrop)—Aminopyrine, U.S. P. 

Pyraminal (Winthrop)—Tablets or elixir, each tablet or teaspoonful 
of elixir containing 0.162 Gm. (2% gr.) Pyramidon, and 8.1 mg. 
(4% gr.) Luminal (phenobarbital). Uses: analgesic and sedative. 
Dose: 1 to 2 tablets, 44 to 1 teaspoonful elixir. 

Salcetol (Stoddard)—Tablets, each containing 0.162 Gm. (234 gr.) 
acetanilid, 0.052 Gm. (4 gr.) sodium salicylate, and 0.078 Gm. 
(14 gr.) sodium bicarbonate. Uses: analgesic and antipyretic. 
Dose: 1 to 3 tablets. 

Salipyrin (Riedel)— Powder, or tablets, 0.486 Gm. (714 gr.), containing 
antipyrine salicylate. Uses: analgesic, antipyretic, and anti- 
rheumatic. Dose: 0.486 to 0.972 Gm. (74% to 15 gr.). 

Tolysin (Lederle)—Tablets, 0.324 Gm. (5 gr.) containing Neocin- 
chophen U.S. P. 

Tolysin Plus Phenacetin—Tablets, each containing 0.227 Gm. (344 
gr.) Tolysin and 0.097 Gm. (134 gr.) phenacetin. 
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BUTACAINE SULFATE U. S. P. Butacainz Sulfas 


[Butacain. Sulf.—Butyn, Sp. Sulfato de Butacaina] 


Butacaine Sulfate is the sulfate of y-di-n-butylamino- 
propyl-p-aminobenzoate [(CigsHg30N 202) 2H2SO,4 
710.95]. 

Preparation—This local anesthetic may be prepared 
by refluxing a benzene solution of p-nitrobenzoyl chlo- 
ride and y-di-n-butylaminopropanol. The mixture is 
then extracted with acid and the NOz group is reduced 
to NHz by the action of stannous chloride, or iron and 
hydrochloric acid, on the alcohol solution of the nitro 
compound. , 


Description and Properties—Butacaine Sulfate is a white, odorless, 
crystalline powder, which darkens in light and melts between 100° 
and 103°. It rapidly produces numbness when placed upon the 
tongue. Its aqueous solution is practically neutral to litmus paper. 
Butacaine Sulfate is slowly soluble in less than its own weight of 
water; heat accelerates solution; it is soluble in alcohol, acetone; it 
is slightly soluble in chloroform and insoluble in ether. ; 

Identification—(1) To a solution of about 100 mg. of Butacaine 
Sulfate in 5 ce. of water, add 2 drops of diluted hydrochloric acid and 
2 drops of a 10 per cent solution of sodium nitrite, then add this mix- 
ture to a solution of 200 mg. of 6-naphthol in 10 cc. of 10 per cent so- 
dium hydroxide solution. <A scarlet-red precipitate of an azo dye is 
formed. This reaction is characteristic of nearly all aromatic com- 
pounds containing a free amino group, but the color of the resulting 
dye varies with the different amines. The course of this reaction is 
illustrated by the following: 


NaNOz 
RNHz —— RN-Cl 
HCl 


diazonium 


chloride 


amino 
compound 


OH 
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(2) Alkali hydroxides or carbonates liberate the free base butacaine 
as a colorless oil from its solutions; with alkali bicarbonates a crystal- 
line precipitate of butacaine carbonate is produced. (3) Butacaine 


Sulfate yields colored precipitates with several of the alkaloidal pre- 
cipitants, such as iodine (brown), Mayer’s reagent (white), gold chlo- 
ride (brown), and trinitrophenol (yellow). 

Tests for Purity— 

Residue on ignition—Not more than 0.2 per cent. 

Readily carbonizable substances—A solution of 500 mg. of Butacaine 

Sulfate in 5 ec. of sulfuric acid has no more color than matching fluid 
G (page 1059). 
Storage—Keep Butacaine Sulfate in tight, light-resistant containers. 
Incompatibilities—Alkalies and many alkaline-reacting substances 
liberate the free base as an oily liquid from solutions of Butacaine 
Sulfate. Bicarbonates precipitate butacaine carbonate. Iodine pro- 
duces a brown precipitate. Chlorides react to form the almost insol- 
uble butacaine chloride, which may precipitate. 


Uses—Butacaine Sulfate is a local anesthetic chiefly 
used for application to mucous membranes, especially 
the eye. It is employed in 2 per cent solution. It may 
also be used for block anesthesia, but less toxic com- 
pounds are available for this purpose. 


BUTYL AMINOBENZOATE U. S. P.  Butylis 
Aminobenzoas 


(Butyl. Aminobenz.—Butesin, Sp. Aminobenzoato de Butilo] 


Butyl Aminobenzoate is n-butyl-p-aminobenzoate 
[(Cy:3H1,02N — 193.24]. 
Preparation—It may be made by esterifying p-nitro- 
benzoic acid with n-butyl alcohol, then reducing the 
nitro group with stannous chloride or iron filings and 
hydrochloric acid. 


Description and Properties—A white, odorless, and tasteless crystal- 
line powder, melting between 57° and 59°. When boiled with water it 
lowly hydrolyzes into aminobenzoic acid and butyl alcohol; alkali 
ydroxides accelerate the hydrolysis. One Gm. of Butyl Amino- 
benzoate dissolves in about 7000 cc. of water; it is soluble in dilute 
acids, in alcohol, chloroform, or ether, and in fatty oils. 
Identification—(1) It responds to Identification test (1) given under 
Butacaine Sulfate. (2) The addition of iodine T.S. to a solution ot 
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Butyl Aminobenzoaté in tenth-normal hydrochloric acid and shaking 
of the mixture produces a dark brown precipitate which upon standing 
changes into large reddish brown prisms, (Hthyl Amiéinobenzoate 
under the same conditions gives lustrous scales.) 
Tests for Purity— 

Residue on ignition—Not more than 0.15 per cent. 

Completeness and color of solution—A solution of 1 Gm. in 30 cc. 
of alcohol or in 30 cc. of ether is complete and colorless. 

Chloride—Practically none. 

Heavy metals limit—10 parts per million. 
Storage—Keep Butyl Aminobenzoate in well-closed containers. 


Uses—Butyl Aminobenzoate is a local anesthetic of 
low solubility used in the same manner and for the 
same purposes as Ethyl Aminobenzoate. 


COCAINE U. S. P. Cocaina 


[Cocain.—Cocain, Methylbenzoylecgonine, Sp. Cocaina] 


Cocaine [Cy,H2NO4 = 303.35] is an alkaloid ob- 
tained from the leaves of Erythroxylon Coca Lamarck 
and other species of Hrythroxylon (Fam. Erythroxyla- 
cee), or by synthesis from ecgonine or its derivatives. 

History—Cocaine was isolated by Gaedken in 1844 
from Brazilian coca leaves and until two decades ago 
the latter was the only source of cocaine. Today the 
alkaloid is obtained principally from Java coca leaves. 
Brazilian coca leaves contain from 0.5 to 1 per cent of 
methyl benzoyl ecgonine or cocaine, whereas the Java 
leaves contain very little cocaine as such. However, 
there are present in the latter such derivatives as ben- 
zoyl ecgonine, cinnamyl ecgonine, methyl ecgonine, etc., 
to the extent of 1.5 to 2 per cent, all of which are con- 
verted to methyl benzoyl ecgonine in the manufacturing 
process. 

Preparation—It may be made by moistening ground 
coca leaves with sodium carbonate solution, percolat- 
ing with benzene or other solvents such as petroleum 
benzin, shaking the liquid with diluted sulfuric acid, 
and adding to the separated acid solution an excess of 
sodium carbonate. The precipitated alkaloids are 
removed with ether, and, after drying with sodium 
carbonate, the solution is filtered and the ether distilled 
off. The residue is dissolved in methyl] alcohol and the 
solution heated with sulfuric acid or with alcoholic 
hydrogen chloride. This treatment splits off any acids 
from the ecgonine and esterifies the carboxyl group. 
After dilution with water, the organic acids which have 
been liberated are removed with chloroform. The aque- 
ous solution is then concentrated, neutralized, and 
cooled with ice, whereupon methyl ecgonine sulfate 
crystallizes. This is now benzoylated by heating with 
benzoyl chloride or benzoic anhydride at about 150° C. 
Upon adding water and sodium hydroxide, methyl 
benzoyl ecgonine or cocaine is precipitated. The co- 
caine is extracted with ether and the solution concen- 
trated to crystallization. For the purification of 
cocaine, recrystallization from a mixture of acetone and 
benzene is generally preferred. 


@ 

Description and Properties—Cocaine occurs as colorless to white 
crystals, or as a white, crystalline powder and is odorless. It melts 
between 96° and 98° and its solution in diluted hydrochloric acid is 
levorotatory. Its saturated solution is alkaline to litmus paper. 
One Gm. of Cocaine dissolves in about 600 cc. of water, in 7 cc. of 
alcohol, in 1 cc. of chloroform, in 3.5 cc. of ether, in about 12 ce. of 
olive oil, and in from 80 to 100 ce. of liquid petrolatum. It is very 
soluble in warm alcohol. Nee 

Identification—(1) When about 100 mg. of powdered Cocaine is 
heated with 1 cc. of sulfuric acid for 5 minutes at 100°, then cau- 
tiously mixed with 2 cc. of water, the aromatic odor of methyl benzoate 
is evolved, and upon cooling crystals of benzoic acid are formed. 
(2) When to a solution of 100 mg. of Cocaine in 0.4 cc. of normal 
hydrochloric acid and enough water to make 5 cc., 5 drops of a solu- 
tion of chromium trioxide (1 in 20) are added, a yellow precipitate is 
produced which redissolves on shaking. On the subsequent addition 
of 1 ec. of hydrochloric acid a permanent, orange-colored, crystalline 
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precipitate is formed. (3) Ten mg. of Cocaine is dissolved in 1 ce. of 
fiftieth-normal hydrochloric acid, and the solution evaporated just 
to,dryness on a water bath. The residue is dissolved in 2 drops of 
water, and 1 cc. of tenth-normal potassium permanganate is added: 
a violet, crystalline precipitate forms, which appears brownish violet 
when collected on a filter, and shows characteristic violet-red crystal- 
line aggregates under the low power of a microscope. 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Negligible from 500 mg. 

Readily carbonizable substances—A solution of 500 mg. of Cocaine 
Hydrochloride in 5 ce. of sulfuric acid has no more color than match- 
ing fluid F (page 1059). 

Cinnamyl-cocaine and other reducing substances—This test is 
based on the fact that cinnamyl, being an unsaturated acyl, is oxidized 
by permanganate, whereas benzoyl, the acyl of cocaine, is saturated 
and therefore does not reduce permanganate. The test is made by 
dissolving 300 mg. of Cocaine in 1 cc. of normal hydrochloric acid and 
diluting with water to 15 cc. with the aid of heat if necessary, then 
adding 0.1 cc. of tenth-normal potassium permanganate to 5 cc. of 
this solution mixed with 0.3 cc. of normal sulfuric acid. The violet 
color should not disappear within 30 minutes. 

Isoatropyl-cocaine—About 5 cc. of the solution of Cocaine pre- 
pared in the test for cinnamyl-cocaine is diluted with water, 0.2 ce. 
of ammonia is added, and the mixture stirred. A crystalline precipi- 
tate of Cocaine develops and the supernatant liquid is clear. 
Storage—Keep Cocaine in well-closed, light-resistant containers. 


Uses—Cocaine was the first local anesthetic to be 
discovered. At present it is considered too toxic for 
any anesthetic procedure requiring injection, but it is 
still extensively employed for anesthesia of the nose 
and throat. For this purpose a 10 per cent solution of 
the hydrochloride is employed. Cocaine is also em-. 
ployed for corneal anesthesia, but many substitutes are 
superior. 


Cocaine is a central stimulant, but is never employed 
clinically for this purpose. Cortical stimulation from 
Cocaine is of such a nature as to be indulged in licen- 
tiously by certain individuals. Addiction and a certain 
amount of tolerance result. Because of these properties, 
the sale of Cocaine is regulated by the Harrison Nar- 
cotic Act. 


Cocaine Hydrochloride U. S. P. Cocaine 
Hydrochloridum 


[Cocain. 


Hydrochlor.—Cocaini Hydrochloridum P.I., Neurocaine 
Hydrochloride, Sp. Clorhidrato de Cocaina] 


Cocaine Hydrochloride [Cy7H2:NO4HCl = 339.81] 
is the hydrochloride of methyl benzoyl ecgonine. 

Preparation—It may be made by adding cocaine to a 

alcoholic solution of hydrochloric acid and crystallizing 


Description and Properties—Cocaine Hydrochloride occurs as color- 
less crystals or as a white crystalline powder; usually it is odorless. 
It melts at about 190° to 195° and has a specific rotation of —71° to 
—73° in water. Aqueous solutions of Cocaine Hydrochloride respond 
to the Identification tests described under Cocaine. One Gm. of Co- 
caine Hydrochloride is soluble in 0.5 cc. of water, in 3.5 cc. of alcohol, 
and in 15 ce. of chloroform, in 2 ce. of alcohol at 60°. It is soluble in 
glycerin and insoluble in ether. 

Tests for Purity—Cocaine Hydrochloride conforms to the Tests for 
Purity given under Cocaine. It should also contain not more than 
0.07 per cent Free acid as HCl. 

Storage—Keep Cocaine Hydrochloride in well-closed, light-resistant 
containers. 


Uses—Cocaine Hydrochloride is used as a local 
anesthetic when applied to the mucous membrane or 
injected hypodermically; it is also a cerebral stimulant. 
See Cocaine. Because of the habit-forming character 
of this drug the sale of cocaine or Cocaine Hydrochlo- — 
ride is regulated by the Harrison Narcotic Act. 


Cocaine Hydrochloride Injection—Solutions of cocaine hydrochloride 
should be maintained on the acid side, preferably at a pH of about 
4. Hydrolysis and liberation of the base occurs on prolonged 
aging and is increased as the pH is raised. High temperatures also 
accelerate the decomposition. It is reported that the solution 
may be sterilized at 100° and remains comparatively stable for 
several months. However, process E or process F are undoubtedly 
preferable for preparations of. this type. 


M 


« 
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Cocaine Hydrochloride Tablets N. F. 
Tabellze Cocaine Hydrochloridi 


Tab. Cocain. Hydrochlor.—Sp. Tabletas de Clorhidrato de Cocaina] 


Cocaine Hydrochloride Tablets contain not less than 
91 per cent and not more than 109 per cent of the labeled 
amount of C@;,H.,NO ala Koll, 


Identification—The presence of Cocaine Hydrochloride in the tab- 
lets may be ascertained by applying the Identification tests described 
under Cocaine to aqueous solutions of the tablets in the concentrations 
there given, ° 
Assay—The solution of a counted number of the Tablets is alkalinized 
with ammonia and the precipitated cocaine base completely extracted 
with ether. After evaporating the ether extract to one-half its vol- 
ume, the cocaine is abstracted from the ether with a measured volume 
of standard acid (0.1 or 0.05 N), the salt of cocaine formed with the 
acid being soluble in water but insoluble in ether. The aqueous layer 
is drawn off and the ether layer washed with a small volume of water 
to completely extract the cocaine from the ether adding the washings 
to the main water solution. The excess of acid is then titrated with 
fiftieth-norma] sodium hydroxide using methyl red T.S. as the indi- 
cator. Hach cc. of twentieth-normal acid corresponds to 16.99 mg. of 
cocaine hydrochloride. 

Storage—Keep the Tablets in well-closed, light-resistant containers. 


Uses—See Cocaine. 
Average Dose—15 mg. (approximately 14 grain) of 
Cocaine Hydrochloride. 


ETHYL AMINOBENZOATE U. S. P. 
AEthylis Aminobenzoas 
[4thyl. Aminobenz.—Benzocaine, Anesthesin, Sp. Aminobenzoato 
de Etilo] 

Ethyl Aminobenzoate [CyH;,02N = 165.19] is the 
ethyl ester of p-aminobenzoic acid. 

Preparation—p-Nitrobenzoic acid, obtained by nitra- 
tion of toluene and oxidation of the resulting p-nitro- 
toluene, is converted into the ethyl ester by heating 
with alcohol and sulfuric acid. ’ The resulting ethyl p- 
nitrobenzoate is treated with tin and hydrochloric acid. 
This reduces the nitro to the amino group. The crude 
product so obtained is recrystallized from alcohol. 
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Description and Properties—Ethyl Aminobenzoate occurs as small, 
white, odorless crystals or as a white crystalline powder. It melts 
between 88° and 90°, and it is stable in the air. It is decomposed by 
alkali hydroxides into the salt of the acid and alcohol. One Gm. dis- 
solves in about 2500 cc. of water, 5 cc. of alcohol, 2 cc. of chloroform, 
4 cc. of ether, 30 to 50 cc. of expressed almond oil or olive oil; also 
soluble in dilute mineral acids. ; ’ 

Identification—Ethyl Aminobenzoate responds to Identification 
test (1) given under Butacaine Sulfate. Its solution, in a slight excess 
of diluted hydrochloric acid, yields a precipitate with iodine T.S. 
Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Free acid—Practically none. 

Residue on ignition—Not more than 0.1 per cent. 

Chloride—Practically none. ; 

Heavy metals limit—10 parts per million. ; 

Readily carbonizable substances—A solution of 500 mg. of the ester 
in 5 cc. sulfuric acid has no more color than matching fluid A (page 

“1059). 
: Biorkee Seep Ethyl Aminobenzoate in well-closed containers. 


; 
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Incompatibilities—A soft or liquid mass is produced by trituration 
with menthol, phenol, camphor or resorcinol. It may be hydrolyzed 
by alkalies into alcohol and p-aminobenzoic acid. In capsule mix- 
tures it may darken due possibly to a partial oxidation. Thus, with 
a mixture of acetylsalicylic acid and acetophenetidin, it produces a 
hard, shrunken, black mass. With either ingredient alone, it appears 
to be stable. Ethyl Aminobenzoate is but poorly soluble in water or 
glycerin in which it is sometimes prescribed; 30 to 50 parts of olive 
or almond oil dissolve it with the aid of gentle heat. 

There is evidence that derivatives of p-aminobenzoic acid have an 
inhibiting effect on the action of sulfa drugs, hence Ethyl Amino- 
benzoate is contraindicated during therapy with these substances. 


Uses—The slight solubility of benzocaine renders it 
unsuitable for injection, but its slow absorption renders 
it safer than other anesthetics, especially for ulcers, 
wounds, and mucous surfaces. The anesthesia is 
usually not so complete as with the soluble local anes- 
thetics but is more lasting. 

They are used for painful wounds, ulcers, etc., of 
the skin and accessible mucous membranes; for in- 
stance, after dental operations. They have all been 
used to relieve or control the pain of gastric ulcer or 
cancer and other gastralgias, but here their efficiency 
is doubtful. 


Ethyl Aminobenzoate Ointment U. S. P. 
Unguentum Aithylis Aminobenzoatis 


[Ung. thyl Aminobenz.—Benzocaine Ointment, Sp. Ungiiento de 
Aminobenzoato de Etilo] 


Metric Alternative 
Ethyl Aminobenzoate in very fine 
DOWGOELs See te ery rate etter 50 Gm 87 gr, 
\dovetO bodega a oa bd on oda acue 950 Gm. 302. ay. 350 gr. 
Rosin ake as. phi roe eke 1000 Gm 4 oz. av. 


Levigate the ethyl aminobenzoate with a portion of the white 
ointment until smooth and then incorporate the remainder of the 
base. 


Uses—See Ethyl Aminobenzoate. 


EUCAINE HYDROCHLORIDE N. F. 
Eucaine Hydrochloridum 


{ Eucain. Hydrochlor.—Betaeucaine Hydrochloride, Sp. Clorhidrato 
de Eucaina | 


Eucaine Hydrochloride when dried at 105° for 3 
hours, contains not less than 99 per cent of C,;;H2,02N.- 
HCl (283.79). 

Preparation—Diacetonamine is prepared by con- 
densing acetone with ammonia gas in the presence of 
anhydrous calcium chloride to absorb the water formed 
in the reaction. Upon boiling it with acetaldehyde, 
preferably in the form of acetal [CHsCH(OC2H5).e| 
2,2,6-trimethyl-4-oxopiperidine is produced. When this 
is treated with hydrogen, in the presence of a catalyst, 
the CO group is reduced to CHOH, giving the cor- 
responding alcohol, which yields eucaine upon conden- 
sation with benzoyl chloride. 
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Description and Properties—Small, white, odorless crystals or crystal- 
line powder, stable in the air but affected by light. It melts at about 
270° with decomposition. Its aqueous solution is practically neutral 
to litmus paper. One Gm. dissolves in 30 cc. of water, 35 cc. of alco- 
hol, or 6 ce. chloroform. It is more soluble in boiling alcohol and 
boiling water. : 

Identification—(1) It responds to the test for presence of benzoic 
acid described under Cocaine. (2) The saturated aqueous solution of 
Eucaine Hydrochloride yields a white, curdy precipitate with mer- 
curic chloride T.S., and a yellowish, curdy precipitate with a mixture 
of equal volumes of potassium chromate T.S. and diluted sulfuric acid. 
(3) The aqueous solution of Eucaine Hydrochloride (1 in 100) yields 
a white precipitate, which is insoluble in nitrie acid, with silver ni- 
trate T.S. 

Tests for Purity— 

Cocaine hydrochloride—On triturating Eucaine Hydrochloride with 
about 5 times its weight of calomel and then moistening the mixture, 
no black color is produc qd. 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Negligible from 500 mg. 

Cocaine and alpha-eucaine—The addition of mercuric chloride T.S. 
to an aqueous solution of eucaine produces no permanent precipitate. 

Readily carbonizable substances—A solution of 100 mg. in 1 ce. of 
sulfuric acid is colorless. 

Assay—Advantage is taken of the fact that the HCl in Eucaine Hy- 
drochloride is somewhat loosely bound and can therefore be titrated 
in aleoholic solution with standard alkali hydroxide using phenol- 
phthalein T.S. as the indicator. Each ce. of tenth-normal sodium 
hydroxide is equivalent to 28.38 mg. of Cj5H2102N.HCl. 
Storage—Keep Eucaine Hydrochloride in tight, light-resistant con- 
tainers. 


Uses—Eucaine Hydrochloride is a synthetic local 
anesthetic, less toxic, less active and more irritating 
than cocaine. It is not very extensively employed. It 
is used in the eye in a concentration of 2.0 per cent and 
for the nose and throat in a concentration of 5 to 10 
per cent. 


PHENACAINE HYDROCHLORIDE U. S. P. 
Phenacainz Hydrochloridum 


Phenacain. Hydrochlor.—Holocaine Hydrochloride, Sp. Clorhidrato 
de Fenacaina] 


Phenacaine Hydrochloride [CigsH22N202.HCl.H2O 
= 352.85], when dried at 105° for 6 hours contains 
not less than 87.5 per cent and not more than 90.5 
per cent of phenacaine base [CisH22N 20s], correspond- 
ing to not less than 98 per cent of CisHeeN2O2.HCl. 

Preparation—Phenacaine results from the condensa- 
tion of phenetidin (see under Acetophenetidin) with 
acetophenetidin, using phosphorus oxychloride as the 
condensing agent. 


Description and Properties—Almost small, white, odorless crystals 
or crystalline powder. It has a faintly bitter taste, producing tran- 
sient numbness of the tongue. Its melting temperature is not below 
190°. Itisstable in air. One Gm. dissolves in 50 ce. of water; it is 
freely soluble in alcohol or in chloroform; insoluble in ether. 

Identification—(1) The addition of alkali hydroxide to an aqueous 
solution of the salt produces a white precipitate of the base which 
when recrystallized from hot alcohol and dried melts between 116° 
and 118°. (2) On adding a few drops of sodium hypochlorite TS. 
to a saturated solution of Phenacaine Hydrochloride, a flesh-colored 
precipitate is produced changing to violet, and on shaking the mixture 
with ether the latter becomes deep red. 
Tests for Purity— 

Free acid—Not more than 0.037 per cent as HCl. 

Loss on drying—Not more than 7 per cent. 

Residue on ignition—Not more than 0.15 per cent. 

Acetophenetidin—Boil about 50 mg. of the salt with 2 cc. of hydro- 
chlorie acid for 2 minutes, cool, and add 1 drop of potassium dichro- 
mate T.S. No ruby-red color is produced. 
Assay—A suitable quantity of the dried Phenacaine Hydrochloride 
dissolved in water is alkalinized with ammonia and the base so pro- 
duced is completely extracted with chloroform. The chloroform is 
py appuited and the residue of phenacaine base is dried at 105° and 
weighed. 
Storage—Keep Phenacaine Hydrochloride in well-closed containers. 
Incompatibilities—This substance is precipitated by alkaloidal pre- 
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cipitants and by alkalies. The alkalinity of a glass container may be 
sufficient to cause precipitation of the base from aqueous solutions 
of Phenacaine Hydrochloride. 


Uses—Phenacaine is one of the oldest of the synthetic 
local anesthetics. It is used in a 1 per cent solution 
mainly for producing local anesthesia of the eye. 


PROCAINE HYDROCHLORIDE U. S. P. 
Procaine Hydrochloridum 
[Procain. Hydrochlor.—Procaine, Novocaine, Ethocaine, Neocaine, 
Syneaine, Sp. Clorhidrato de Procaina] 

Procaine Hydrochloride is the hydrochloride of di- 
ethylaminoethyl p-aminobenzoate [Ci3H2.N202.HCl 
= 272.77); 

Preparation—This local anesthetic is produced by 
the following process: Diethylaminoethanol is made by 
reacting ethylene chlorohydrin or bromohydrin with 
diethylamine. The diethylaminoethanol is then heated 
with p-nitrobenzoyl chloride forming. diethylamino- 
ethyl-p-nitrobenzoate. By reducing the NOzg group 
with iron or tin and hydrochloric acid, Procaine Hydro- 
chloride is obtained. The several stages of the process 
are illustrated in the following: 
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SS HOCH2CH2Cl p-nitro- 
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Procaine Hydrochloride 


Description and Properties—Small, white, odorless crystals or a 
crystalline powder. It melts between 153° and 156°. It is stable 
in air and its aqueous solution is practically neutral to litmus paper. 
It exhibits local anesthetic properties when placed on the tongue. 
Procaine is readily differentiated from cocaine by the fact that its solu- 
tion acidulated with dilute sulfuric acid decolorizes permanganate 
solution while cocaine does not decolorize it. One Gm. dissolves in 
1 ce. of water or in 30 ce. of alcohol; it is slightly soluble in chloroform; 
almost insoluble in ether. 

Identification—(1) Procaine gives the reaction described in Identifi- 
cation test (1) under Butacaine Sulfate. (2) Its aqueous solution is 
not affected by the addition of sodium bicarbonate solution but with 
sodium carbonate T.S. or sodium hydroxide T.S. the base is precipi- 
tated in the form of oil drops which become crystalline on standing. 
(3) It is precipitated from aqueous solutions by the alkaloidal re- 
agents, gold chloride T.S., iodine T.8., mercuric potassium iodide 
T.S., and trinitrophenol T.S. 

Test for Purity— 

Loss on drying—Not more than 1 per cent. 

Free acid—Not more than 0.037 per cent. 

Residue on ignition—Not more than 0.15 per cent. 

Heavy metals limit—20 parts per million. 

Readily carbonizable substances—A solution of 500 mg. of Procaine 
Hydrochloride in 5 cc. of sulfuric acid has no more color than matching 
fluid G (page 1059). 

Storage—Keep Procaine Hydrochloride in well-closed, light-resistant 
containers. 

Incompatibilities—Alkaloidal. reagents including solutions of iodine 
and mercuric chloride cause a precipitation and alkalies liberate in- 
soluble procaine base. Because of its relationship to p-aminobenzoic 
acid, a known inhibitor of sulfa drug activity, procaine is contrain- 
dicated during sulfa drug therapy. 


Uses—Procaine Hydrochloride is one of the least 
toxic and most widely employed of the local anes- 
theties. It is not very effective when applied to mucous 
membranes, but is used extensively for infiltration, 
nerve block, and spinal anesthesia. It is usually em- — 
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ployed in a solution containing epinephrine, 1:50,000, 
or some other vasoconstrictor drug. In this manner 
absorption is retarded, the anesthetic solution remains 
in contact with nerve fibers for a longer period of time, 
and the duration of action is very much prolonged. 
The usual concentrations of solutions of Procaine 
hydrochloride employed for infiltration anesthesia are 
0.25 to 0.5 per cent. for nerve block 1.0 to 2.0 per cent. 
A total of 0.5 Gm. or more may be conservatively em- 
ployed during the course of a surgical procedure. For 
spinal anesthesia, the average dose of procaine is 100 
to 150 mg. 


Procaine Hydrochloride Ampuls N. F. 
~  Ampulle Procainzee Hydrochloridi 


{Ampul. Procain. Hydrochlor.—Procaine Hydrochloride Injection, 
Sp. Inyeccién de Clorhidrato de Procaina] 


Procaine Hydrochloride Ampuls contain a sterile 
solution of procaine hydrochloride in water for injec- 
tion or other suitable solvent, and yield not less than 
95 per cent and not more than 105 per cent of the 
labeled amount oi C,3;H2.N202.HCl. 

The ampuls are sterilized by Process D (page 122) 
or by any other adequate and suitable method of sterili- 
zation. The Ampuls also conform to the other re- 
quirements under Parenteral Solutions (page 249). 

Note—Procaine solutions are decomposed with high temperatures 

and, accordingly, process D is suggested as the method for steriliza- 
tion. Sterilization by filtration is sometimes used, adding a bacterio- 
static agent as a precautionary measure. The addition of 0.1 per 
cent of sodium bisulfite helps to stabilize epinephrine if present in the 
injection. The pH of the solution should be maintained at about 4, 
decomposition increasing as the pH is raised and as the temperature 
is raised. 
Assay—An accurately measured volume of the Injection is alkalinized 
with ammonia and the precipitated oily procaine base extracted with 
chloroform. After evaporating the chloroform in a current of warm 
air, the residue is dissolved in alcohol and an accurately measured 
excess of tenth-normal sulfuric acid is added. The excess of acid is 
then titrated with fiftieth-normal sodium hydroxide using methyl 
red as the indicator. Each cc. of tenth-normal sulfuric acid corre- 
sponds to 27.28 mg. of procaine hydrochloride. 


Uses—See Procaine Hydrochloride. 
Average Dose—20 mg. of Procaine Hydrochloride. 


Procaine Hydrochloride Solution N. F. 
Liquor Procaine Hydrochloridi 


{Liq. Procain. Hydrochlor.—Sp. Solucién de Clorhidrato de Procaina] 


Procaine Hydrochloride Solution contains, in each 
100 cc., not less than 1.9 Gm. and not more than 2.1 
Gm. of GaystliegNeO>s.H Cl. 


; Metric Alternative 
Procaine Hydrochloride................. 20 Gm. 292 gr. 
Isotonic Sodium Chloride Solution, a suf- 
ficient quantity, 
MURCIBTTOS COMMS Scheie She) olevevelstevclac «cies saree 1000 cc. 2 pints 


Dissolve the procaine hydrochloride in the isotonic sodium 
chloride solution, and boil for 10 minutes under aseptic conditions. 
Then cool, and add sufficient sterilized distilled water to make the 
product measure 1000 cc. (2 pints). : ; 

Note: It is customary to add about 0.01 cc. of epinephrine 
hydrochloride solution to each cc. of Procaine Hydrochloride 
Solution just before its use parenterally. 


Identification—The Solution responds to the identification reactions 
given under Procaine Hydrochloride. The addition of 2 cc. of chlori- 
nated lime solution (1 in 20) to 2 ce. of Procaine Hydrochloride Solu- 
tion produces an orange precipitate (difference from cocaine and many 

other alkaloids). The addition of 3 drops of diluted sulfuric acid and 5 
drops of diluted sulfuric acid and 5 drops of potassium permanga- 
nate T.S. to 5 cc. of Procaine Hydrochloride Solution discharges the 
purplish color (difference from cocaine hydrochloride). F 

The Solution is assayed as described under Procaine Hydrochloride 
Ampuls. “A 3 ; $ é ; 

_ .Storage—Keep the Solution aseptically in containers complying with 

the requirements for ampul glass. 
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Uses—See Procaine Hydrochloride. 
Average Dose—Parenteral, 1 cc., corresponding to 20 
mg. of Procaine Hydrochloride. 


Procaine Hydrochloride Tablets N. F. 
Tabelle Procaine Hydrochloridi 


[Tab.'Procain. Hydrochlor.—Sp, Tabletas de Clorhidrato de Procaina 


Procaine Hydrochloride Tablets contain not less 
than 92.5 per cent and not more than 107.5 per cent of 
the labeled amount of procaine hydrochloride [Ci3H 2o- 
N2O2.HCl]. 


Identification—The presence of Procaine Hydrochloride in the 
Tablets may be ascertained by preparing a filtered aqueous solution 
and applying the identification. reactions described under Procaine 
Hydrochloride Solution. 

Assay—A counted number of the tablets is dissolved in water, filtered 
if necessary, and the filtrate assayed as described under Procaine 
Hydrochloride Ampuls. 

Storage—Keep the Tablets in tight, light-resistant container. 


Uses—See Procaine Hydrochloride. 
Average Dose—50 mg. (approximately 34 grain) of 
Procaine Hydrochloride. 


TETRACAINE HYDROCHLORIDE U. S. P. 
Tetracaine Hydrochloridum 


[Tetracain. Hydrochlor.—Amethocaine Hydrochloride, Pontocaine 
Sp. Clorhidrato, de Tetracaina] 


Tetracaine Hydrochloride, when dried over sulfuric 
acid for 4 hours, contains not less than 86.5 per cent 
and not more than 88.5 per cent of C15H24N2Osz, corre- 
sponding to not less than 98.4 per cent of C;sH24N202.- 
HCl (800.82). 

Preparation—Tetracaine Hydrochloride is closely 
related in its chemical structure to Procaine Hydro- 
chloride. These two anesthetics differ as follows: one 
H atom of the p-amino group of Procaine has been re- 
placed with a butyl group and instead of a diethylamino 
group, Tetracaine Hydrochloride has a dimethy]l- 
amino group. 

Tetracaine Hydrochloride is prepared by the follow- 
ing reaction: 


H CHs 
\ Van 
NC_Scocl + HOCH,CHsN cs 
Va x 
C4Ho CHg 
p-butylaminobenzoy! dimethylamino 
chloride ethanol 
lel ’ CHg3 ]+ 
cs lea tee, 
NC __Scoocu.cu:NH Cl 
/ ms 
C4aHg CHg 


Tetracaine 


Description and Properties—White, odorless, crystalline powder 
melting between 147° and 150°. It has a slightly bitter taste fol- 
lowed by a sense of numbness and is slowly affected by light, becoming 
discolored. Its aqueous solution is neutral to litmus. It is very 
soluble in water, soluble in alcohol; insoluble in ether and in benzene. 

Identification—Tetracaine thiocyanate, prepared by adding a solu- 
tion of an alkali or ammonium thiocyanate to a 1:50 solution of 
Tetracaine Hydrochloride, melts after recrystallization from hot 
water, between 130° and 132°. 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. . 

Residue on ignition—Note more than 0.1 per cent. f 
Assay—A suitable quantity of the dried Tetracaine Hydrochloride, 
dissolved in water, is alkalinized with sodium hydroxide T.S. and 
the precipitated base completely extracted with several portions of 
ether. The ether extract is evaporated with a current of air, and the 
oily residue of the base dried over sulfuric acid and weighed. 
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Storage—Keep Tetracaine Hydrochloride in tight, light-resistant 
containers, 


Uses—Tetracaine Hydrochloride is a local anesthetic 
which may be employed in the eye in a concentration 
of 0.5 per cent, for the nose and throat in a concentra- 
tion of 2.0 per cent, and for spinal anesthesia in the 
dose of 10 to 20 mg. 


Unofficial Local Anesthetic Amines and Amides 


Amydricaine Hydrochloride N. N. R., Alypin Hydrochloride, 2- 
benzoxy-2-dimethylaminomethyl-1-dimethylaminobutane hydro- 
chloride—Occurs as a white, crystalline powder, soluble in water, 
alcohol, and chloroform, but insoluble in ether. Aqueous solutions 
are stable to boiling for not more than 5 minutes. Two to 4 per 
cent aqueous solutions are stable but weaker solutions are likely 
to become moldy. Uses: local anesthetic equal to cocaine, but 
not a mydriatic. Dose: ophthalmology, 2 to 4 per cent; rhino- 
laryngology, 5 to 10 per cent; urology, 1 to 4 per cent; dentistry, 
2 per cent; and minor surgery, 0.5 to 2 per cent solutions. 

Dibucaine Hydrochloride N. N. R., Nupercaine Hydrochloride, 2-n- 
butoxy diethylaminoethylamide of quinolinecarboxylic acid hydro- 
chloride—Occurs as a fine, white crystalline powder, soluble in 
water, alcohol, acetone, and chloroform. Uses; local anesthetic 
acting like cocaine when applied to mucous membranes but several 
times more active; acting like procaine or cocaine when injected, 
but many times more active than procaine when injected subcu- 
taneously and about 5 times more toxic than cocaine when injected 
intravenously. Dose: infiltration anesthesia, 1:1000 to 1:2000 
solutions but not more than 100 ce. of a 1: 1000 solution to be in- 
jected; spinal anesthesia, not more than 7.5 to 10 mg. in a 1: 1500 
solution; sacral anesthesia, 25 to 35 cc. of a 1: 1000 solution. 


Specialties Containing Local Anesthetic Amines and Amides 


A-C (Abbott)—Troches, each containing 0.016 Gm. (14 gr.) Anesthe- 
sin, 0.022 Gm. (1% gr.) ecalcidin, licorice, and aromatics. Uses: 
catarrhal cough. 

Adrocaine Solution (Parke, Davis)—Solution containing 1.5 per 
cent procaine and 1:100,000 adrenalin. Uses: local anesthesia 
as for procaine. 

Adrocaine Prescription A—Ampuls (1 cc.) containing 2 per cent 
procaine and 1:50,000 adrenalin, or hypodermic tablets (1 dis- 
solved in 1 ce. water) making a solution equal to the contents of one 
ampul. 

Adrocaine Prescription B—Hypodermic tablets (1 dissolved in 30 
cc. water) making a solution half the strength of above. 

Alevar Ointment (United Products)—A creamy ointment containing 
benzocaine,.coal tar, phenol, menthol, and lanolin. Uses: local 
analgesic dressing. 

Alypin Hydrochloride N, N. R. (Winthrop)—Powder or tablets (22 mg.) 
containing Amydricaine H Aceh hhh N iP. 

Amylsine Hydrochloride N. N. R. (Novocol), Amylcaine Hydrochlo- 
ride (not wb. P.), Re eee Altatiee cape caer oats hydro- 
chloride—Fine white powder, readily soluble in water, sparingly 
soluble in ethanol, and insoluble in ether, benzene, and chloroform. 
Uses: similar to those of cocaine hydrochloride, but not mydriatic; 
restricted to use in ophthalmology. Available as powder or solu- 
tions (2 or 4 per cent) Dose: 1 or 2 drops of a 2 to 4 per cent 
solution. 

Anesthesin N. N. R. 
CRISP: 
Anesthesin Jelly N. N. R.—Water-soluble jelly containing 10 per 
cent Anzsthesin. 

Aneskreme (Abbott)—Oimtment containing 1 per cent Anesthesin 
combined with sodium borate, menthol, thymol, camphor, and 
methyl salicylate. 

Anespray (Abbott)—Oil solution containing 2 per cent Anesthesin 
with camphor, menthol, thymol, thymol iodide, and methyl] salicy- 
late. 

Anesthesin N. N. R. (Abbott)—Same as Hthyl Aminobenzoate U.S. P. 

Apothesine Hydrochloride (Parke, Davis), y-diethylaminopropy] cin- 
namate hydrochloride—White crystals, soluble in water and alco- 
hol. Uses: local anesthetic ineffective for surface anesthesia but 
effective for infiltration anesthesia; relatively low toxicity. Avail- 
able as hypodermic tablets, 0.081 Gm. (1% gr.), and solution (1.5 
per cent). Dose: subcutaneously, 0.5 to 2 per cent solution; in 
dentistry, 1 to 2 per cent; topically, 2 to 4 per cent; and for spinal 
anesthesia, 2 cc. of a 4 per cent solution. 

Ben-Caine (Ulmer)—Creamy, white ointment containing 1 per cent 
benzocaine with benzoic acid. Uses: anesthetic dressing in burns, 
cuts, and minor skin affections, applied topically. 

Benzocomp Ointment (Maltbie)—Ointment containing 1 per cent 
benzocaine, 1 per cent phenol, 5 per cent zinc oxide, and aromatics. 

Uses: topical analgesic and antiseptic. 

Benzolin Ointment (Breon)—Ointment containing 2 per cent benzo- 
caine. Uses: local anesthetic, applied topically. 

Benzo-Picrol (Smith-Dorsey)—Ointment containing 1 per cent benzo- 
caine benzoate, 0.5 per cent picric acid, and 0.5 per cent sodium 
borate. Uses: local analgesic and antiseptic dressing for first 
degree burns, applied topically. 

Butesin N. N. R. (Abbott)—Same as Butyl Aminobenzoate U.S. P. 

Butesin Picrate N. N. R. (Abbott)—A compound consisting of one 
molecule of trinitrophenol (picric acid) and two molecules of the 
normal butyl ester of 4-aminobenzoic acid. Uses: local anesthesia 
of the eye; anesthesia of burns and ulcers. Various combinations 
are available. Dose: ophthalmologically, 1:2000 solution; topi- 
cally, 1 per cent ointment. 


(Winthrop)—Same as Hthyl Aminobenzoate 


Butritannic Ointment (Rorer)—Ointment containing 5 per cent pro- 
caine butyrate, 0.5 per cent ephedrine, 1.25 per cent tannic acid, 
0.62 per cent ammonium alum, and 1.25 per cent liquefied phenol. 
Uses: local anesthetic in hemorrhoids, applied topically. 

Butyn Sulfate N. N. R. (Abbott)—Powder, solution (2 per cent), or 
tablets (0.2 Gm.) containing Butacaine Sulfate U.S. P. Available 
in various combinations. 

Butyn Sulfate Ointments (M. E. 8. Co.)—Ophthalmologic oint- 
ments available in various combinations. 

Caligesic Ointment (Sharp and Dohme)—Greaseless ointment, each 
100 Gm. containing 3 Gm, benzocaine, 8 Gm. calamine, and 0.05 
Gm. hexylated metacresol. Uses: analgesic and protective for 
relief of local dermatitis. 

Cal-O-Nol Cream with Benzocaine (Barlow-Maney)—Water-mis- 
cible ointment containing 3 per cent benzocaine, 0.5 per cent phenol, 
0.5 per cent camphor, 15 per cent zinc oxide, and 19 per cent-cala- 
mine. Uses: analgesic and protective for eczema, etc., applied 
topically. 

Col-Vi-Nol (Ulmer)—Ointment containing 0.1 per cent benzocaine, 
0.5 per cent phenol, and, in each ounce, 3600 U.S. P. units vita- 
min D. Uses: anesthetic dressing for burns, wounds, and sore 
nipples, applied topically. 

Dermesthetic Ointment (Cutter)—An analgesic and bacteriostatic 
ointment containing benzocaine, benzyl alcohol, and phenol. 

Diothane Hydrochloride N. N. R. (Merrell), piperidinopropanediol- 
diphenylurethane hydrochloride—White, crystalline powder, sol- 
uble in alcohol and water. Uses: local anesthetic similar to co - 
caine but produces more prolonged anesthesia; toxicity by intra- 
venous injection 3 times that of procaine hydrochloride. Avail- 
able in various combinations. Dose: topically, 1 per cent solu- 
tion; parenterally, 0.5 per cent solution. 

Eucupin (Rare Chemicals), isoamylhydrocupreine base—White 
powder, soluble in alcohol, ether, and vegetable oils but insoluble 
in water. Uses: surface and infiltration anesthesia. Available 
as powder and in ampuls (5 cc.) of an oil solution. 

Eucupin Dihydrochloride (Rare Chemicals), isoamylhydrocupreine 
dihydrochloride—Colorless needles, soluble in water and alcohol. 
Uses: local anesthetic having bacteriostatic properties. Avail- 
able as powder and tablets (0.1 Gm.). 

Eucupin Ointment—Absorbable ointment containing 1 per cent 
Eucupin Dihydrochloride, and 1 per cent ethyl aminobenzoate. 
Eucupin Suppositories—Each containing 1 per cent Eucupin Di- 
hydrochloride, 2 per cent ethyl aminobenzoate, and 5 per cent bis- 
muth subgallate. 

Eudicaine Ointment (United Drug)—Ointment containing 3 per cent 
benzocaine, 0.05 per cent phenylmercuric acetate, with titanium 
dioxide, balsam of Peru, and menthol.’ Uses: analgesic dressing. 

Euphagin (Winthr op)—Tablets, each containing 0.1 Gm. benzocaine, 
0.0125 Gm. sodium borate, and 2.6 mg. menthol. Uses: topical 
analgesic in painful conditions of the mouth and throat. Dose: 
1 tablet allowed to dissolve in the mouth. 

Hasacaine (Haskell)—Absorbable ointment containing 2 per cent 
benzocaine, 1 per cent chlorobutanol, 0.25 per cent chlorothymol, 
and 0.25 per cent menthol. Uses: local anesthetic dressing for 
burns, hemorrhoids, sunburn, ete. 

Holocaine Hydrochloride N. N. R. (Winthrop)—Powder or solution 
(1 per cent) containing Phenacaine Hydrochloride U.S. P. 
Holocaine Ointment 1 Per Cent N. N. R. (M. E. 8S. Co.)—Ophthal- 
mologic ointment containing 1 per cent phenacaine hydrochloride. 
Also available with combinations. 

Holocaine Hydrochloride (Abbott, Lilly)—Ophthalmologic oint- 
ment containing 2 per cent phenacaine hydrochloride. 

Holocaine and Epinephrine (Zemmer)—Ophthalmologic ointment, 
each ounce containing 0.259 Gm. (4 gr.) phenacaine hydrochloride 
and 1.2 ec. (20 min.) 1:3000 solution epinephrine chloride. 

Intracaine Hydrochloride (Squibb), Diethoxin, 6-diethylaminoethyl- 
p-ethoxy benzoate hydrochloride. Uses: local anesthetic of low 
toxicity, about twice as potent as procaine hydrochloride with ef- 
fects lasting about twice as long. Available as ampuls (50 mg. or 
1 Gm.), sterile oil solutions (2 and 5 per cent), and ointment (2 and 
5 per cent). Dose: infiltration anesthesia, 0.3 to 1 per cent solu- 
tion; spinal anesthesia, 25 to 50 mg. as 2.5 per cent; caudal anes- 
thesia, 1.5 per cent, and in dental anesthesia, 1 per cent solution. 

Larocaine Hydrochloride (Hoffman-LaRoche), y-diethylamino-f-g- 
dimethylpropyl-p-aminobenzoate hydrochloride—White, crystal- 
line powder, soluble in water and alcohol. Uses: local anesthetic 
similar to procaine and cocaine. Available as powder or tablets 
(0.25 Gm.). Dose: ophthalmological anesthesia, 2 to 5 per cent 
solution; urological, 0.75 to 1 per cent; and for conduction angs- 
thesia, 0.25 to 2 per cent solution. 

Medrocaine (Lakeside)—Solution containing 2 per cent procaine 
hydrochloride, and 0.1 per cent Methadren. Uses: local anes- 
thetic in dental and minor surgery, applied topically. 

Metycaine Hydrochloride N. N. R. (Lilly), benzoyl-y-(2-methyl- 
piperidino)-propanol hydrochloride—White, crystalline powder, 
soluble in water and alcohol. Uses: local anesthetic which pro- 
duces prompt anesthesia either by subcutaneous inj ection or topical 
application; subcutaneous toxicity comparable to that of procaine; 
intravenous toxicity 3 times that of procaine. The equivalent of 
procaine for spinal anesthesia. Available in various combinations. 
Dose: ophthalmological, 2 to 4 per cent solution; nose and throat, 
2 to 10 per cent; urethral, 1 to 4 per cent; infiltration, 0.5 to 1 per 
cent; nerve block, 1 to 2 per cent; and for spinal anesthesia, 1.5 to 
5 per cent with maximum of 0.75 mg. per pound of body weight. 

Monocaine Formate N. N. R. (Novocol), 2-y-aminobenzoxy-N-iso- 
butylethylamine formate—White crystals, freely soluble in water 
and alcohol. Uses: spinal anesthetic qualitatively identical with 
procaine but quantitatively having about 44 more anesthetic and 
toxic potency. Available as ampuls (50, 100, 150, and 200 mg.). 
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Dose: *%4 that for procaine. 
Sterile Solution Monocaine Formate 5 Per Cent N. N. R.—Ampuls 
(2 ce.) containing 100 mg. Monocaine Formate. 

Monocaine Hydrochloride N. N. R. (Novocol), 2-p-aminobenzoxy-N- 
isobutylethylamine hydrochloride—White crystalline powder only 

, slightly soluble in water and alcohol. Uses: local anesthetic 
qualitatively identical with procaine in pharmacological activity 
but quantitatively having about 144 more anesthetic and toxic 
potency. Dose: minor surgery nerve block, 1.0 per cent with 
1:75,000 epinephrine; major surgery nerve block, 1.5 per cent with 
1:100,000 epinephrine. 

Monocaine Hydrochloride Solution | Per Cent with Epinephrine 
1: 75,000 N. N. R.—Ampuls, Anestubes (syringe cartridge), Nov- 
ampuls (ampul type syringe), and bottles of various sizes. 
Monocaine Hydrochloride Solution 1.5 Per Cent with Epinephrine 
1: 100,000 N. N. R.—Same as above. 

Naphthocaine Hydrochloride Jelly (Parke, Davis)—A water soluble 
jelly containing 1 per cent naphthocaine hydrochloride. Uses: 
anesthetic for local application particularly following hemorrhoid- 
ectomy and prior to cystoscopic examination. 

Neocaine (Anglo-French)—Ampuls (various weights, dry crystals) 
containing Procaine Hydrochloride. : 

Neurocaine Billets (Schieffelin)—Billets containing 5.4 mg. (12 gr.) 
cocaine hydrochloride. Uses: pressure anesthesia in dentistry, 
applied by inserting into tooth cavity. ‘ 

Nidoxital (Ortho)—Sugar-coated tablets, each containing 100 mg. 
benzocaine, 50 mg. pyridoxine hydrochloride, 25 mg. nicotinamide, 
100 mg. d,/-methionine, and 15 mg. pentobarbital sodium. Uses: 
control of nausea and vomiting of pregnancy. Dose: 1 tablet 30 
minutes before meals. 

Novocain N. N. R. (Winthrop)—Powder, tablets, and solutions, of 
various strengths and combinations, containing Procaine Hydro- 
chloride U.S. P. 

Nupercainal (Ciba)—Ointment containing 1 per cent Nupercaine base. 
Uses: local anesthetic ointment, applied topically; not more than 
1 ounce in 24 hours over extensive lesions. 

Nupercaine Hydrochloride N. N. R. (Ciba)—Powder, tablets (50 mg.), 
or ampuls (various strengths and sizes) containing Dibucaine 
Hydrochloride N. N. R. 

Orthoform N. N. R. (Winthrop), Orthoform-New, methyl-m-amino-p- 
hydroxybenzoate—White crystals, insoluble in water, soluble in 
alcohol and ether. Uses: surface anesthetic which penetrates 
tissues very slowly; no action on unbroken skin; non-toxic in ordi- 
nary doses; applied topically. Dose: 5 to 25 per cent mixtures. 

Panthesine (Sandoz), methanesulfonate of n-diethyl-leucinolester of 
p-aminobenzoic acid—Stable powder, freely soluble in water. 
Uses: local anesthetic of low toxicity. Available as powder and 
ointment (5 per cent). Dose: infiltration, 0.2 per cent solution; 
lumbar block, 5 to 6 cc. of 0.5 per cent; surface application, 10 per 
cent; and eye anesthesia, 1 or 2 drops of 2 per cent solution. 

Pontocaine Hydrochloride ‘‘Niphanoid”’ N. N. R. (Winthrop)—Am- 
puls (10, 20, and 250 mg.), solution (0.5, 1, and 2 per cent), and 
tablets (0.1 Gm.) containing Tetracaine Hydrochloride U.S. P. 
Pontocaine Base Eye Ointment N. N. R.—Petrolatum ointment 
containing 0.5 per cent tetracaine base. 

Pontocaine Compound Ointment—Ointment containing 0.5 per cent 
tetracaine base and 0.5 per cent menthol. 
Pontocaine Ophthalmic Ointment (M. E. S. Co.)—Ointment con- 
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taining 0.5 per cent tetracaine hydrochloride. 

Procaine Borate (Winthrop), p-aminobenzoyl-diethylaminoethanol- 
borate— Uses: local and infiltration anesthesia similar to procaine. 
Dose: infiltration, 0.5 to 1 per cent solution; nerve block, 1 to 2 
per cent; eye, 2 to 5 per cent; and for nose and throat, 2 to 10 
per cent solution. 

Procaine Butyrate (Rorer), p-aminobenzoyl-diethylaminoethanol 
butyrate—White crystals, soluble in water, alcohol, and vegetable 
oils. Uses: similar to procaine hydrochloride but more prolonged 
and of greater usefulness for surface application. Available as oint- 
ments, solutions, and suppositories in a number of combinations. 
Dose: infiltration anesthesia, 0.5 to 5 per cent solution; ophthal- 
mologically, 2 per cent; topically, 50 per cent; and rectally, 10 
per cent as suppository or ointment. 

Proctocaine (Columbus)—Ampuls (5 cc.) containing sweet almond 
oil solution with 1.25 per cent procaine base, 4.17 per cent Isocaine 
(isobutyl-p-aminobenzoate) and 4.17 per cent benzyl alcohol. Uses: 
local anesthetic in rectal surgery. Dose: subdermally, 3 to 5 ce. 

Propaicain (Chicago Pharmacal)—Ampuls (5 cce.), each containing 
0.075 Gm. procaine base, 0.30 Gm. propyl aminobenzoate, and 0.25 
Gm. benzyl alcohol in vegetable oil. Uses: local anesthetic in 
rectal surgery. Dose: 5 to 10 cc. injected locally. 

Tanicaine Ointment (Upjohn)—Ointment, each ounce containing 

0.324 Gm. (5 gr.) phenacaine hydrochloride, 0.016 Gm. (44 gr.) 
atropine, 2.33 Gm. (36 gr.) nutgall, 0.389 Gm. (6 gr.) phenol, 0.454 
Gm. (7 gr.) camphor, 0.13 Gm. (2 gr.) synthetic menthol, and 5.18 
Sie ol gr.) zinc oxide. Uses: treatment of hemorrhoids, applied 
locally. 
Tanicaine Suppositories—Each containing 0.022 Gm. (4% gr.) 
phenacaine hydrochloride, 1.1 mg. (40 gr.) atropine, 0.162 Gm. 
(2% gr.) nutgall, 0.013 Gm. (3% gr.) phenol, and 0.389 Gm. (6 gr.) 
zinc oxide. ‘ 

Tanurol Ointment (Breon)—Ointment containing 1 per cent benzo- 
caine, 3 per cent tannic acid, and 0.75 per cent phenol. Uses: 
local analgesic for external hemorrhoids, applied locally. 

Trithesia (Breon)—Ampuls (5 ce.) containing an injectable oil solu- 
tion with 1.5 per cent procaine base, 4 per cent propyl-p-amino- 
benzoate, and 5 per cent benzyl alcohol. Uses: local anesthetic 
of prolonged action for infiltration into the anal area. 

Tutocaine Hydrochloride N. N. R. (Winthrop), Butamin, y-dimethyl- 
amino -a@ - 8 - dimethyl - propyl - p - aminobenzoatehydrochloride— 
Ivory, crystalline powder, soluble in water but difficultly soluble in 
alcohol. Uses: local anesthetic belonging to the procaine group; 
effective in low concentrations and considerably less toxic than 
cocaine. Available as tablets (50 and 100 mg.). Dose: eye, nose, 
and throat, 2 to 5 per cent solution; urethra, 0.5 to 2 per cent; and 
for infiltration anesthesia, 0.2 per cent solution. 

Tablets Tutocaine Hydrochloride with Suprarenin Bitartrate 
N. N. R.—Tablets, each containing 30 mg. Tutocaine Hydrochlo- 
ride and 0.15 or 0.06 mg. Suprarenin Bitartrate. 

Ultracain Ointment (Chatham)—A partially, absorbable ointment con- 
taining 0.7 per cent amyl-p-aminobenzoate, 0.2 per cent benzocaine, 
2 per cent sodium propionate, and 20 per cent cod liver oil. Uses: 
anesthetic, bacteriostatic and fungistatic ointment. 

Zylcaine (Abbott)—Ampuls (5 cc.) or container (100 ce.), each 5 cc. 
containing a peanut oil solution of 0.075 Gm. procaine base, 0.3 Gm. 
Butesin, and 0.25 Gm. benzyl alcohol. Uses: rectal anesthesia. 
Dose: 5 to 20 ce. injected into deep subcutaneous tissues. 
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The Barbiturates and Related Hypnotics 


THE BARBITURATES are chemically classified as 
ureides. They are all related to barbituric acid (mal- 
onylurea), which was first synthesized by A. Bayer in 
1863. The name of the acid is said to have been de- 
rived from urea which is one of its components and the 
fact that its synthesis was accomplished on St. Bar- 
bara’s Day, supposedly the patron saint of gunners in 
Germany. It is prepared by condensing malonic ester 
and urea in the presence of sodium ethoxide according 
to the following: 


i 
C—OCoH5 H2N 
of SX NaOC2Hs 
HeC =F C= Sates 
is we 
eae HoaN 
O 
malonic ester urea 
i 
C—NH 
Hoe ps4 
HeC C=O + 2C2H;,0H 
ae 
rials 
O 


barbituric acid ethanol 


The hypnotic barbiturates are derived from barbituric 
acid by replacement of the two hydrogens on the carbon 
in the 5-position with alkyl, aryl, or other alicyclic 
groups leading to the formation of an infinite number 
of barbiturates with the general structure indicated in 
T below. 


1 T 
Rit. NH Ri GaN 
eS NaOH SGA a SS 
(Oi 20 —— } C—ONa 
Var Se Sart HCI Van aa 
R ioe R aaa 
O 
I II 


The substituent groups may be the same as in Bar- 
bital—the first barbiturate prepared by Conrad and 
Gutzeit in 1882, or different, as in phenobarbital and in 
most other commonly used barbiturates. In thiobarbi- 
turates, the oxygen on carbon 2 is replaced by sulfur. 


The two structures are readily interconvertible by 
the use of acid or alkali, as indicated in the above 
equation. The “acid”? compounds of general structure 
I are only sparingly soluble in water but the sodium 
salts of general structure II are freely soluble com- 
pounds. 
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It will be noted that in the official and in the unofficial 
barbiturates most generally used, at least one of the 
substituent groups in 5 position is an alkyl group. 

Uses—The barbiturates can be employed as somnifa- 
cients or sedatives without manifesting untoward reac- 
tions on the processes essential to life; this fact has re- 
sulted in their extensive use in medical practice. 

Barbiturates are classified, rather arbitrarily, by the 
duration of their clinical effects into ‘long,’ ‘“‘intermedi- 
ate,’ “short,” and “ultra-short”’ acting compounds. 
Comparison of experimental with clinical data on the 
duration of activity shows considerable variation be- 
tween different investigators. However, certain general 
conclusions can be reached from which a table such 
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as the one presented in this section may be prepared. 

It is observed that there is some overlapping in the 
compounds classified as having intermediate activity; 
for example, Alurate, Dial, Ipral, Neonal, and Nostal 
have a duration of action somewhat longer than the 
other members of that series. 

The rapidity of onset of their therapeutic effects, for 
the most part, parallels their duration of action. A 
long-acting drug, such as phenobarbital, may require 
30 to 60 minutes for induction following the oral ad- 
ministration of a somnifacient dose. The “‘sleep’’ may 
last 4 to 6 hours or longer and leave a moderate ‘‘hang- 
over” period. Those drugs of intermediate duration, 
€. g., pentobarbital, usually produce their effects in 


THE OFFICIAL BARBITURATES AND RELATED HYPNOTICS 


er Lt eet 
| | 
CoH /C_N GN os HsCHsCH,CH. C—N 
aHste / x Sek & CHsCHeCHeCH. N 
C C=0 C C=O C C—ONa 
CoH,” See, Gee So=N CoH,” og 
| | I 
O H OeeEl Of 
Barbital Phenobarbital Pentobarbital Sodium 
i i sal del O 
i. | 
‘\ 
CHsCH2gCH2CH C—N. CoH B N. CoH C—N. CoHs SO2C2H 
3 2 2 Ne wh Naan, 2 Nr v7 r Nae 2 5X yy ee ane 2th BN uh 2vetts 
YA i : 
CHy Serna C,H ye aanC CoH” ‘oN CH,” S02C.Hs 
H O H O H 
Thiopental Sodium Carbromal Barbital Sodium Trional 
i (ee 
CH /SO2C2H —N a 
SR ee Toa aes 
aS BD Sipe CN 
He’ S02CeHs Sb nN” Nene 
DAE jae 
CoH 
H ets 
Sulfonal Diphenylhydantoin Sodium Mesantoin 
THE RELATION OF STRUCTURE AND ACTIVITY OF BARBITURATES 
Compound Chemical Name Substituents* Oe 
R R’ Other 
4 Groups 
Barbital 5,5-Diethylbarbituric acid CH3CH2— CH 3CHe— ‘ Long 
Phenobarbital | 5-Ethyl-5-phenyl-barbituric acid CH3CH2— — 
Amytal 5-Ethyl-5-isoamyl-barbituric acid CH3sCH2a— CH 3)2CHCH gCH 2a— if i 
Delvinal 5-Ethyl-5-(1-methyl-1-butenyl)-barbituric si < : 7 ee 
f acid CH 3CH gp— CH3CH2sCH=C(CH 3)— ss 
Ipral Calcium | Calcium 5-ethyl-5-iospropyl-barbituric acid CH3CH2s— (CH 3) eCH— ‘e 
Nembutal Sodium salt of 5-Ethyl-5-(1-methylbutyl)- 
barbituric acid CH 3sCH2— CH3CH2CH gCH(CH 3)— Na a 
Neonal 5-Ethyl-5-n-butyl-barbituric acid CH 3CH g— CH gCH2CH epCH 2g— = 
Ortal 5-Ethyl-5-n-hexyl-barbituric acid CH3CHe— | CH3sCH2gCH2sCH2eCHeCHs— C a 
Phanodorn 5-Ethyl-5-cyclohexenyl-barbiturie acid CH 3CHg— < Ss ka “ 
Alurate 5-Allyl-5-isopropyl-barbituric acid CHg=CHCH»s— CH 3) 2CH— od 
Dial 5,5-Diallyl-barbituric acid CH>—CHCHs— cHs-chen,— A 
Sandoptal 5-Allyl-5-isobutyl-barbituric acid CH2=CHCH »— (CH 3) :CHCH 2— * 
ostal 5-8-Bromallyl-5-isopropyl-barbituric acid CH 2g=CBrCH 2p— (CH 3) 2eCH— rs 
Pernoston 5-8-Bromally1-5-sec-butyl-barbituric acid CH ga=CBrCH »— CH 3CH2eCH(CH 3)— > 
Evipal N-methyl-5-methyl-5-cyclohexenyl- pias Sate Oe ae 
barbituric acid CH 3— < SS CH3— | Short 
Seconal 5-Allyl-5-(1-methylbutyl)-barbituric acid CHe=CHCH 2e— CHsCH2CH gCH(CH 3)— es 
Evipal N-methyl-5-methyl-5-cyclohexenyl- = 
ae barbituric acid CH3— < SS ee eer 
Pentothal poy -(1-methylbutyl)-thiobarbituric 
ee aci CH3CH2— CH 3CH 2gCH 2gCH(CH 3)— = si Oy 
Thio-ethamyl 5-Ethyl-5- isoamyl-thiobarbituric acid CH oor es ica CACH ACH, — S= oe nes 


* The substituents usually occur in the number 5 position (see Structure I above), but a few useful barbiturates have substituent groups in the T-ppaitiont 


(Evipal), the 2-position (Pentothal), ete. 
t Anesthetic doses are given intravenously. 
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from 15 to 30 minutes and cause a sleep of 2 to 4 hours 
often without the postsomnial lassitude. By reason of 
this dissimilarity in therapeutic activity the physician 
is enabled to select the drug which most satisfactorily 
fits the situation. 

The elixirs of certain barbiturates have proved satis- 
factory as somnifacients and sedatives for children. 
Their palatability combined with the other desirable 
therapeutic effects have been found of aid in the relief 
of colic, excitation, and restlessness due to illness. 
Sedative doses may be administered as frequently as 3 
to 4 times a day in cases of pylorospasm, whooping 
cough, nausea, and vomiting of functional origin, etc. 
Small doses administered orally or, if necessary, rec- 
tally have proved of value in pediatric office proced- 
ures in which little or no pain is occasioned. 


BARBITAL U. S. P. Barbitalum 


[ Barbital—Barbitone, Diethylmalonylurea, Veronal, Sp. Barbital] 


eel [CsHigN2O3 = 184.19] is diethylbarbituric 
acid. 

Preparation—Monochloracetic acid is treated with 
sodium cyanide; the resulting cyanoacetic acid is 
treated with hydrochloric acid in the presence of alco- 
hol, yielding the diethyl ester of malonic acid. 


CHeCICOOH + NaCN — CHeCNCOOH + NaCl 


monochloracetic sodium cyanoacetic sodium 
acid cyanide acid chloride 
COOC2Hs 
CHsaCNCOOH + 2C.H;0H + HCl — CHe + NH,.Cl 
cyanoacetic alcohol hydrogen | ammonium 
acid . chloride COOC2Hs chloride 
diethyl 
malonate 


The ester, in absolute alcohol solution, is treated with 
the theoretical quantity of metallic sodium to replace 
one hydrogen of the CHz group, and thereupon a slight 
excess of the theoretical amount of an ethylating agent, 
such as ethyl bromide, is added. The second hydrogen 
is then similarly replaced. The diethyl ester of. di- 
ethylmalonic acid thus obtained is heated in an alcoholic 
solution and in the presence of sodium with urea. 
Sodium barbital is formed, from which the barbital is 
liberated with hydrochloric acid. 


GOOCH COOC2Hs 
CHe + Na — HCNa + H 
sodium | hydrogen 
OOC2H5 COOC2H 5 
diethyl diethylmalonate 
malonate sodium 
COOC2H5 COOC2H5 
| os 
HCNa + CeHsBr — HC + NaBr 
| ethyl | sodium 
COOC2Hs5 bromide COOCz2Hs bromide 
diethylmalonate diethyl ester of 
sodium - ethylmalonie acid 
COOC2Hs5 COOC2Hs 
Na and C2HsBr CaHs5 
Me—OHene 
Side as above C2Hs5 
a OOC2Hs COOC2Hs 
diethyl ester of diethylester of 
ethylmalonic acid diethylmalonic acid 
COOC2Hs NHe CO NH 
Jot 5 ~ | /CeHs | ' 
CC Bei COM ats cK CO + 2C,H,0H 
' SCoH 5. | | \CoHs | alcohol 
- .. COOC2Hs NHe NH - 
-___ diethy] ester of urea diethylmalonylurea 


_diethylmalonic acid (barbital) 
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The alkylation of the CH. group of the malonic ester, 
whether the alkyls be both the same as in barbital or 
different as in pentothal, is done in two stages, intro- 
ducing one alkyl group at a time. 


Description and Properties—Barbital occurs as colorless, white crys- 
tals or as a crystalline powder. It is odorless, has a slightly bitter 
taste, and is stable in the air. It melts between 188° and 192°. An 
aqueous solution of Barbital is acid to litmus. One Gm. dissolves 
in 130 cc. of water, about 15 cc. alcohol, 75 cc. chloroform, 35 cc. 
ether, also in about 13 ce. boiling water. It is soluble in acetone and 
in ethyl acetate. 


Identification—When boiled with sodium carbonate or sodium 
hydroxide or when fused with them, Barbital, as well as most other 
barbiturates, is decomposed with the evolution of ammonia from the 
urea portion of the molecule. A saturated solution of Barbital yields 
with mercuric nitrate T.S. a white precipitate which is soluble in 
ammonia T.S. This reaction also is more or less general for the 
barbiturates. 


Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Readily carbonizable substances—A solution of 500 mg. of Barbital 
ae ae sulfuric acid has no more color than matching fluid A (page 
1059). 


Benzene derivatives—On shaking 500 mg. of Barbital with 5 cc. of 
nitric acid the mixture should not become yellow. If benzene 
derivatives are present they form nitro compounds with the nitric 
acid and these are generally colored yellow. 


Storage—Keep Barbital in well-closed containers. 


Incompatibilities—Barbital is decomposed by alkalies with the libera- 
tion of ammonia. 


Uses—Barbital is the oldest of the barbiturates used 
in therapeutics. It is an efficient sedative and hyp- 
notic, and as such is widely employed in a variety of 
diseases and syndromes where sedation or sleep is 
needed. For example, it is useful in insomnia, hyper- 
thyroidism, acute maniacal states, delirium tremens- 
certain psychiatric disorders, etc. In itself, it is not 
analgesic and should not be employed alone in the 
presence of pain, or delirium may result. But in com- 
bination with the so-called coal-tar analgesics, it may 
potentiate the analgesic effects of the latter drugs. 
Barbital and related compounds are very useful in the 
management of convulsive disorders, and when certain 
types of acute convulsions are present, a solution of 
the sodium salt of barbital or a derivative of it may be 
injected intravenously. Such conditions include tet- 
anus, eclampsia, status epilepticus, poisoning by con- 
vulsant drugs, etc. Barbital and its congeners also 
protect against the toxic effects of local anesthetics, 
and should routinely be given by mouth in full sedative 
doses for this prophylactic purpose whenever local 
anesthesia is contemplated. Soluble barbiturates are 
also injected intravenously to control convulsions which 
may occur as a result of the systemic absorption of toxic 
amounts of local anesthetics. Barbital itself is not 
serviceable in the management of patients with epi- 
lepsy,- but two of its derivatives are so employed— 
phenobarbital and Mebaral. Barbiturates have a 
number of uses in anesthesia, namely, for preanesthetic 
medication to insure sleep and rest, for basal anesthesia, 
for obstetrical amnesia, and for complete surgical 
anesthesia. For the latter purpose, the long-acting 
barbiturates, such as barbital and phenobarbital, are 
not used, but preference is given to the ultra-short 
acting drugs such as evipal and pentothal, which are 
widely employed for surgical operations of short dura- 
tion. 

Inasmuch as barbital and its derivatives can cause 
acute and chronic poisoning, and also because some 
patients manifest idiosyncrasy to the barbiturates, 
their indiscriminate use must be avoided. Many 
states require a physician’s prescription before barbitu- 
rates may be dispensed. 


Average Dose—0.3 Gm. (approximately 5 grains). 
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Barbital Elixir N. F. Elixir Barbitali 
[Elix. Barbital.—Sp. Elixir de Barbital] 
Barbital Elixir contains, in each 100 cc., not less than 
3.2 Gm. and not more than 3.8 Gm. of CgHi2N20s. 


Metric Alternative 
Barbital’....¢ sivss/. eau pee 35 Gm. loz. av. 74 grains 
Caramel. Ne 20 Gm. 292 grains 
Compound Vanillin Spirit . Sao LAC 30 cc. 461 min. 
Alcohol. soln seats 335 cc. 10 fl. oz. 346 min. 
Glycerin, a sufficient ‘quantity, ; 2 
To maker eat sche 1000 cc. 2 pints 


Mix the barbital with the alcohol and the compound vanillin 
spirit, add 600 ec. (1 pint 3% fl. oz.) of the glycerin, and agitate 
until the barbital is dissolved; add the caramel and sufficient 
glycerin to make the product measure 1000 cc. (2 pints). Mix 
well and filter, if necessary, to make the product clear. 


Assay—A measured volume of Barbital Elixir is made alkaline with 
sodium hydroxide T.S., previously saturated with sodium chloride. 
The mixture is washed with ether. The aqueous layer is acidified 
with dilute hydrochloric acid and the barbital is completely extracted 
by shaking with portions of a solvent composed of 1 volume of ether 
and 9 volumes of chloroform. The extract is washed with water 
which is acidified with 1 drop of hydrochloric acid, and filtered. The 
filtrate is evaporated on a water bath, the residue is dried to constant 
weight at a temperature of 100°, and weighed as CgH ;2N003. 
Alcohol Content—From 31 to 34 per cent, by volume, of Coll5OH., 
Storage—Keep the Elixir in tight containers. 


Uses—See Barbital. 
Average Dose—4 cc. (approximately 1 fluidrachm), 
equivalent to about 140 mg. of Barbital. 


Barbital Tablets U. S. P. Tabelle Barbitali 
[Tab. Barbital.—Sp. Tabletas de Barbital] 


Barbital Tablets contain not less than 94 per cent 
and not more than 106 per cent of the labeled amount, 
of barbital [CsH12N 20s]. 


Identification—The presence of barbital in the Tablets may be as- 

certained as follows: One or more powdered Tablets are first extracted 
with small quantities of petroleum benzin to remove lubricants. The 
residue containing the barbital is then extracted with alcohol and the 
alcohol evaporated. The residue of barbital so obtained melts be- 
tween 188° and 192° and responds to the Identification tests given for 
Barbital. 
Assay—The following is an outline of a general assay method applic- 
able to the determination of barbiturates in tablet form. This 
method is also generally used for tablets of barbiturate sodium com- 
pounds. For details of the assay consult U. 8. P. XIII (page 60). 

An accurately weighed portion of the powdered Tablets, equivalent 
to about 300 mg. of barbital, is dissolved in 10 ce. of a 2 per cent solu- 
tion of sodium hydroxide saturated with sodium chloride, and the 
solution is extracted with small portions of ether. The sodium hy- 
droxide serves to dissolve and hold in solution the barbital while the 
ether extracts any lubricant (other than stearates). The sodium 
chloride serves to decrease the solubility of the barbital in water after 
it is reprecipitated by the addition of HCl. A moderate excess of 
hydrochloric acid is then added to the alkaline solution, and the 
barbital so precipitated is completely extracted with several portions 
of chloroform. The chloroform is evaporated on a steam bath, dried 
at 100° for 2 hours, and the residue of barbital is weighed. 

When stearic acid or stearates are present as lubricants the results 
are generally high because they are extracted along with the barbital. 
Therefore the correction described in the Assay of Phenobarbital 
Tablets is applied. 

Storage—Keep the Tablets in well-closed containers. 


Uses—See Barbital. 
Average Dose—0.3 Gm. (approximately 5 grains) of 
Barbital. 


BARBITAL SODIUM U. S. P. Barbitalum Sodicum 


[Barbital. Sod.—Soluble Barbital, Soluble Barbitone, 
Sodium, Sp. Barbital Sdédico] 

Barbital Sodium contains not less than 88 per cent 
and not more than 90 per cent of barbital (CsH:2N2Os), 
corresponding to not less than 98.5 per cent of CgH,,- 
N2O3Na (206.18). 

Preparation—Barbital Sodium may be prepared by 
dissolving barbital in an aqueous solution of sodium 
hydroxide, containing the calculated amount of NaOH, 
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then adding to the solution several volumes of alcohol. 
The precipitate of Barbital Sodium is filtered off and 
dried. 


Description and Properties—White, odorless powder having a bitter 
taste. It is stable in the air. Its aqueous solution is alkaline to lit- 
mus and to phenolphthalein T.S. (pH about 10.5). It responds to the 
identification reactions given under Barbital, and the precipitate of 
barbital obtained by precipitating its moderately concentrated aque- 
ous solution with a slight excess of hydrochloric acid washing, filter- 
ing and drying, melts between 188° and 192°. When ignited, the 
residue responds to the tests for sodium. One Gm. of Barbital So- 
dium dissolves in about 5 cc. of water, in 2.5 ec. of boiling water, in 
about 400 cc. of alcohol; it is insoluble in ether. 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Readily carbonizable substances—A solution of 500 mg. of Barbital 
Sodium in 5 cc. sulfuric acid has no more color than matching fluid 
A (page 1059). 

Free barbital—Not more than 0.6 per cent. This is tested for by 
extracting the Barbital Sodium with ether, free barbital being soluble 
in ether, but the sodium compound is insoluble in it. 

Heavy metals limit—20 parts per million. 

Assay—A weighed quantity of about 500 mg. of Barbital Sodium 
dissolved in 10 to 15 cc. of water is treated with 2 cc. hydrochloric 
acid to precipitate the barbital. The precipitate is then completely 
extracted by shaking with several portions of chloroform, the chloro- 
form evaporated, the residue of barbital dried at 100° for 2 hours and 
WOHNEC: This weight multiplied by 1.119 represents barbital so-— 
ium. 
Storage—Keep Barbital Sodium in well-closed containers. 
Incompatibilities—Same as for Phenobarbital Sodium. 


Uses—Barbital Sodium has the same uses as barbital, 
but is more readily absorbed because it is more soluble. 
In sterile solution, it can be injected subcutaneously, 
intramuscularly or intravenously for the production of 
central nervous system depression, as outlined under 
Barbital. The intravenous injection of sodium barbital 
is usually reserved for the control of convulsive dis- 
orders. See Barbitalum. 

Average Dose—0.3 Gm. (approximately 5 grains). 
Barbital Sodium Injection—Solutions of barbital sodium are not 

permanent and therefore should be prepared extemporaneously as 

required for use. A 10 per cent solution, pH about 10.1, heated at 


100° for 1 hour, loses about 2.5 per cent of its activity. The de- 
composition increases with increasing pH. 


Barbital Sodium Tablets U. S. P. Tabelle Barbitali 
Sodici 


[Tab. Barbital. Sod.—Sp. Tabletas de Barbital Sodico] 


Barbital Sodium Tablets contain not less than 94 
per cent and not more than 106 per cent of the labeled 
amount of barbital sodium [CsH,,;N203Na]. 


Identification—The barbital in the Tablets may be identified by 
preparing a solution of the Tablets, filtering, then adding diluted 
hydrochloric acid to the filtrate. The white precipitate of barbital, 
so obtained, after filtering, washing with cold water and drying, melts 
between 188° and 192° and also responds to the Identification tests 
given under Barbital. 

Assay—Barbital Sodium Tablets are assayed by the method described 
for Barbital Tablets. The weight of the barbital obtained multiplied 
by 1.119 represents barbital sodium. 

Uses—See Barbital. 

Average Dose—0.3 Gm. (approximately 5 grains) of 


Barbital Sodium. 


CARBROMAL N. F. Carbromalum 
[Carbrom.—Uradal, Adalin, Bromadal, Sp. Bromodietilacetilurea] 


Carbromal is Bromodiethylacetylurea [H2NCO.- 
NH.CO.C(Br)(C2Hs5)2, = 237.11]. 

Preparation—When diethylmalonic acid, obtained , 
by saponifying diethylmalonic ester (see Barbital) with 
sodium hydroxide and acidifying the solution with sul- 
furic acid, is heated between 180° and 190° it loses car- 
bon dioxide and diethylacetic acid is produced. This 
acid, upon being brominated (with bromine and phos-. 
phorus) is converted into bromodiethyl acetyl bromide. 
When the latter is mixed with the proper quantity of 


b 
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urea and allowed to stand at about 50° with frequent 
stirrmg Carbromal is formed. The principal reactions 
in this synthesis are shown in the following equations: 


; COOH Heat Brg 
(CaH)CC fee (CH, | CHCOOH 4 COs) 9 


diethyl acetic acid 
diethylmalonie acid 


urea 
(C2Hs)2CBrCOBr ———> (C2Hs5)2C—C—NH—C=0O 
bromodiethyl- | I | 
acetylbromide Br O NHe 
carbromal 


Description and Properties—A white, odorless, crystalline powder, 
melting between 116° and 119°. Its saturated aqueous solution is 
neutral to litmus. It is decomposed by boiling with sodium hydrox- 
ide solution with the evolution of ammonia. When it is ignited with 
sodium carbonate the residue responds to the reactions for bromide. 
One Gm. of Carbromal dissolves in about 3000 cc. of water, in 18 ce. 
of alcohol, in 3 cc. of chloroform, and in 14 ce. of ether. It is very 
soluble in boiling alcohol, and dissolves in sulfuric, nitric, or hydro- 
chlorie acid, from which acid solutions it is precipitated by the addi- 
tion of water. It is dissolved by solutions of alkali hydroxides. 
Tests for Purity— 

Free acid—None. 

Residue on ignition—Not more than 0.1 per cent. 

Readily carbonizable substances—A solution of 500 mg. in 5 cc. of 
sulfuric acid has no more color than matching fluid A (page 1059). 

Chloride—Not more than 0.028 per cent. 

Sulfate—Not more than 0.039 per cent. 
Storage—Keep Carbromal in well-closed, light-resistant containers. 


Uses—Carbromal is a weak hypnotic and is but in- 
frequently used in modern therapeutics. It is readily 
oxidized to urea in the body and is practically non-toxic. 
Due to its feeble depressant effects, its action is often 
unreliable and disappointing. 

Average dose—0.5 Gm. (approximately 714 grains). 


DIPHENYLHYDANTOIN SODIUM U. S. P. 
Diphenylhydantoinum Sodicum 
[Diphenylhydant. Sod.—Soluble Phenytoin, Dilantin Sodium, 
Alepsin, Espanutin, Eptoin, Sp. Difenilhidantoina Sdédica] 

Diphenylhydantoin Sodium [C,;Hi,;N2.0.Na = 
274.25], when dried at 100° for 4 hours, contains not 
less than 90.5 per cent and-not more than 92 per cent 
of diphenylhydantoin [(CysHi2N202 = 252.26] 4 

Preparation—The basic components for the produc- 
tion of this chemical are benzaldehyde and urea. By 
treating benzaldehyde with a solution of sodium cyan- 
ide, 2 moles of benzaldehyde are condensed (benzoin 
condensation) into one mole of benzoin (phenylbenzoyl- 
carbinol) not the balsamic resin, benzoin. Upon treat- 
ing the benzoin with nitric acid or cupric sulfate it is 
oxidized to benzil (dibenzoyl). The benzilis then heated 
with urea in the presence of sodium ethoxide or isopro- 
poxide in an excess of the alcohol, resulting in the forma- 
tion of diphenylhydantoin. In the latter step two reac- 
tions take place: the benzil is first converted into an 
ester of benzilic acid (diphenylglycolic acid) which then 
condenses with the urea. The course of the process is 
illustrated in the following: 


oe 
—CHO ata Rocarer HNO3 
H 
benzaldehyde benzoin 
Ono oe 
a 
LAX oh gee NaOCoH EE (es eS CON) a 
| : Per ehe | ae ee 
sc \ A C=0' \/ NaOCoHs 
benzil 0 CoHs 


benzilic acid ester 
(ethyl diphenylglycolate) 
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dipheny! hydantoin sodium 


Diphenylhydantoin is not a barbiturate but it 
resembles them chemically and possesses similar physio- 
logical activity. It is a ureide—a derivative of urea, 
hence it is included with the barbiturates. Phenyl- 
ethylhydantoin, Nzrvanol, was one of the first hyp- 
notices produced synthetically. 


Description and Properties—Diphenylhydantoin Sodium occurs as a 
white, odorless powder. It is somewhat hygroscopic and on exposure 
to air gradually absorbs carbon dioxide with the liberation of di- 
phenylhydantoin, When ignited, the residue responds to the tests for 
sodium, The precipitate of diphenylhydantoin, obtained by adding 
diluted hydrochloric acid to an aqueous solution of Diphenylhydan- 
toin Sodium, after washing and drying, melts between 292° and 299° 
with some decomposition. Diphenylhydantoin Sodium is freely 
soluble in water, the solution usually being somewhat turbid due to 
partial hydrolysis. It is soluble in alcohol, but practically insoluble 
in ether and in chloroform. 


Tests for Purity— 
Loss on drying—Not more than 2.5 per cent. 


Clarity and color of solution—One Gm. is dissolved in 20 ce. of car- 
bon dioxide-free water, and tenth-normal sodium hydroxide slowly 
added until the hydrolyzed diphenylhydantoin is dissolved. Not 
more than 4 cc. of the alkali is required to produce a clear and color- 
less solution. 


Heavy metals limit—20 parts per million. 

Assay—The diphenylhydantoin content is determined in the dried 
material in the same manner as the barbital in Barbital Sodiwm, using 
absolute ether as the extracting medium, and drying the residue of 
diphenylhydantoin at 100° to constant weight. Absolute ether is 
used because diphenylhydantoin is quite soluble in alcohol and ordi- 
nary ether contains about 3.5 per cent alcohol. The weight of the 
diphenylhydantoin multiplied by 1.087 represents Diphenylhydantoin 
Sodium. 

Storage—Keep Diphenylhydantoin Sodium in tight containers. 


Incompatibilities—This compound presents little difficulty in this 
respect since it is almost invariably prescribed alone. Otherwise, its 
incompatibilities are similar to those of the barbiturates. See 
Phenobarbital Sodium, page 632. 


Uses—Diphenylhydantoin Sodium is employed in 
the symptomatic therapy of epilepsy. Other uses for 
it have not been clearly established. The drug is at 
least as effective in preventing major convulsive seiz- 
ures (grand mal) as phenobarbital or bromide. It is 
more effective in controlling psychomotor equivalent 
seizures, a form of epilepsy in which phenobarbital or 
bromide rarely is of benefit and often makes the patient 
worse. The benefit brought about in petit mal by 
Diphenylhydantoin is not so striking as in grand mal. 
The drug has the outstanding advantage over bromide 
or phenobarbital in that it does not cause drowsiness 
or sedation. It is not effective in convulsions other 
than those associated with epilepsy. It is often com- 
bined with phenobarbital, ketogenic diet, or other 
measures employed in epilepsy. Many epileptic pa- 
tients manifest mental improvement as a result of tak- 
ing the drug. Among the toxic reactions to it may be 
mentioned hyperplasia of the gums, giddiness, ataxia, 
diplopia, slurring of speech, tremors, apathy, confu- 
sion, acute gastric upsets (due to alkalinity of the drug), 
dermatitis with fever and leukocytosis, purpura, ex- 
foliative cutaneous lesions, and hirsutism in adolescent 
girls. The dose is 0.1 Gm., 2 to 6 times daily. Most 
cases require 0.3 to 0.4 Gm. daily. Very small chil- 
dren may be started on 0.03 Gm. twice daily. The drug 
should be taken with meals and with half a glass of 
water to lessen gastric irritation. 


Average Dose—0.1 Gm. (approximately 114 grains). 
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Diphenylhydantoin Sodium Capsules U. S. P. 
Capsule Diphenylhydantoini Sodici 


[Cap. Diphenylhydant. Sod. —Dilantin Capsules, Sp. Capsulas de 
Difenilhidantoina Sédica] 


Diphenylhydantoin Sodium Capsules contain not 
less than 93 per cent and not more than 107 per cent 
of the labeled amount of diphenylhydantoin [Cy5Hii- 
N.2O.Na]. 


Identification—The identity of the contents of the Capsules may be 
ascertained by determining the melting temperature of the precipitate 
obtained by adding hydrochloric acid to its aqueous solution. It 
should melt between 292° and 299° with some decomposition. When 
ignited, the residue effervesces and responds to the flame test for 
sodium. 

Assay—The contents of a counted number of the Capsules are trans- 
ferred as completely as possible into a beaker and any residual mate- 
rial in the Capsules is washed out with alcohol in which diphenyl- 
hydantoin sodium is soluble but the capsule material (gelatin) 
is insoluble. The alcohol solution is added to the beaker con- 
taining the powder removed from the Capsules and the alcohol is 
evaporated. The residue is dissolved in water with the aid of a few 
ec. of sodium hydroxide 7.8. made up to a definite volume with water. 
In an aliquot of the solution the diphenylhydantoin content is deter- 
mined as described in the Assay of Diphenylhydantoin Sodium. 
Storage—Keep the Capsules in tight containers. 


Uses—See Diphenylhydantoin Sodium. 
Average Dose—0.1 Gm. (approximately 114 grains) 
of Diphenylhydantoin Sodium. 


PENTOBARBITAL SODIUM U. S. P. 
Pentobarbitalum Sodicum 


[Pentobarb. Sod.—Soluble Pentobarbital, Nembutal, Sp. 
Pentobarbital Sédico] 


Pentobarbital Sodium [C,,;Hi,N20;Na = 248.26] 
contains not less than 90 per cent and not more than 92 
per cent of pentobarbital [Ci,HigN 203], calculated on 
a moisture-free basis, corresponding to not less than 
98.8 per cent of Cii3Hi7N203Na. 

Preparation—This barbiturate is prepared by the 
process given for barbital, using 2-bromopentane [CHg,- 
(CHe) 20H Br(CH3)| to react with one of the hydrogens 
in the CH. of the malonyl group instead of one of the 
CH;CH2Br molecules. It is then converted into the 
soluble sodium salt by the addition of the required 
amount of sodium hydroxide. 


Description and Properties—White, odorless, crystalline granules 
or a powder with a slightly bitter taste. Its solution is alkaline to 
litmus and to phenolphthalein. Pentobarbital Sodium is very soluble 
in water, freely soluble in alcohol, practically insoluble in ether. 

Identification—It yields the reactions with mercury bichloride T.S. 
or silver nitrate described under Phenobarbital. The addition of 
hydrochloric acid to its aqueous solution produces a white precipitate 
of pentobarbital which, when washed with cold water and dried, 
melts between 126° and 130°. When ignited, the residue effervesces 
upon the addition of diluted hydrochloric acid and responds to the 
tests for sodium, 
Tests for Purity— 

Loss on drying at 90°—Not more than 5 per cent. 

Readily carbonizable substances—A solution of 500 mg. in 5 ce. of 
sulfuric acid has no more color than matching fluid B (page 1059). 

Free pentobarbital—Not more than 0.5 per cent. This test is made 
as for Free barbital under Barbital Sodium. 

Heavy metals limit—30 parts per million. 
Assay—This barbiturate is assayed by the method described for 
Barbital Sodium. The weight of the pentobarbital multiplied by 
1.097 represents pentobarbital sodium. 
Storage—Keep Pentobarbital Sodium in tight containers. 
Incompatibilities—A queous solutions of Pentobarbital Sodium decom- 
pose on standing. Acids precipitate pentobarbital from solutions 
of the sodium derivative. 


Uses—Pentobarbital has the same hypnotic and 
sedative uses as barbital. Inasmuch as its onset and 
duration of action are shorter than those of barbital, 
it has certain advantages over the latter drug. It is 
given parenterally for the control of convulsive syn- 
dromes as outlined under Barbitalum, but like barbital 
has neither analgesic potency nor anti-epileptic action. 
It is used orally as a hypnotic in the dose of 0.1 to 0.3 


SEDATIVE AMINES AND AMIDES 


Gm. It can also be instilled rectally in solution in the 
dose of 0.8 Gm. The drug is frequently employed in 
veterinary medicine as a surgical anesthetic in the 
intraperitoneal dose of 35 to 40 mg. per Kg. 

Average Dose—0.1 Gm. (approximately 11% grains). 


Pentobarbital Elixir N. F. Elixir Pentobarbitali 
{Elix. Pentobarb.—Sp. Elixir de Pentobarbital] 


Pentobarbital Elixir contains, in each 100 ec., not less 
than 0.33 Gm. and not more than 0.40 Gm. of pento- 
barbital [C,H igN 20s]. 


Metric Alternative 
Pentobarbital Sodium........... 4 Gm 58.4 gr. 
Sweet Orange Peel Tincture..... 30 cc. 461 min. 
Alcoholesr sear Ave occa ct rete 125 cc 4 fl. oz. 
Glycerin’ seater cst ciktoeas 450 cc. 14 fl.oz. 192 min. 
SYLUP ae ee eee eee aren eens 150 cc. 4 fl.oz. 384 min. 
Diluted Hydrochloric Acid 6 cc 92 min. 
Caramel carn ancviceutssinven, tects 2 Gm 29 gr. 
Distilled Water, a sufficient quan- 
tity, i 
Tosmakes tacts nearer oreo 1000 cc. 2 pints 


Dissolve the pentobarbital sodium in 200 cc. (626 fl. oz.) of 
distilled water, then add the glycerin, alcohol, sweet orange peel 
tincture, caramel, and syrup: Mix thoroughly, and add the 
diluted hydrochloric acid and sufficient distilled water to make 
the product measure 1000 cc. (2 pints). Mix well and filter, if 
necessary, to obtain a clear elixir. 


Assay—A measured volume of Elixir is acidified with diluted hydro- 
chloric acid, saturated with sodium chloride. The pentobarbital is 
completely extracted with chloroform. The extract is evaporated to. 
dryness, and the residue is dried to constant weight at 90°. The 
weight of the pentobarbital thus obtained is the weight of pentobarbi- 
tal [C11H1gN 203] in the portion of Elixir taken for the assay. 
Alcohol Content—From 12 to 15 per cent, by volume, of CgpH50H. 
Storage—Keep the Elixir in tight, light-resistant containers. 


Uses—See Pentobarbital. 
Average Dose—4 cc. (approximately 1 fluidrachm), 
equivalent to 14.5 mg. of Pentobarbital. 


Pentobarbital Sodium Capsules U. S. P. 
Capsule Pentobarbitali Sodici 


[Cap. Pentobarb. Sod.—Soluble Pentobarbital Capsules, Nembutal 
Capsules, Sp. CApsulas de Pentobarbital Sédico] 


Pentobarbital Sodium Capsules contain not less than 
90 per cent and not more than 105 per cent of the 
labeled amount of pentobarbital sodium [C,,H,,N20;- 
Na]. 


Identification—The pentobarbital in the Capsules may be identified 
by dissolving the contents of one or more Capsules in water, filtering 
and adding to the filtrate a slight excess of diluted hydrochloric acid. 
The white precipitate of pentobarbital so formed, after filtering, 
washing with water and drying, melts between 125° and 130°, and 
responds to the Identification tests given for Pentobarbital Sodium. 
When the contents of the Capsules are ignited, the residue effervesces 
with acids and responds to the tests for sodium. 

Assay—The contents of a counted number of the Capsules are dis- 
solved in water and made up to volume. The pentobarbital sodium 
is determined in an aliquot portion of the solution corresponding to 
300 mg. of pentobarbital sodium as described in the Assay of Barbital 
Sodium. The weight of the pentobarbital so obtained multiplied by 
1.097 represents the pentobarbital sodium [C,1;H17N203Nal]. 
Storage—Keep the Capsules in well-closed containers. 


Uses—See Pentobarbital Sodium. 
Average Dose—0.1 Gm. (approximately 11% grains) 
of Pentobarbital Sodium. 


Pentobarbital Sodium Tablets U. S. P. 
Tabelles Pentobarbitali Sodici 


[Tab. Pentobarb. Sod.—Soluble Pentobarbital Tablets, Sp. Tabletas. 
de Pentobarbital Sédico] 


Pentobarbital Sodium Tablets contain not less than 
90 per cent and not more than 105 per cent of the 


added. 
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labeled amount of pentobarbital sodium [C,,H,,- 
N.2O3Na]. 


Identification—The pentobarbital in the Tablets may be identified 
by treating an approximately 10 per cent filtered solution as described 
under Pentobarbital Capsules. 

Assay—Pentobarbital Tablets are assayed in the same manner as 
Barbital Sodium Tablets. The weight of the residue of pentobarbital 
multiplied by 1.097 represents pentobarbital sodium. 

Storage—Keep the Tablets in tight containers. 


Uses—See Pentobarbital Sodium. 
Average Dose—0.1 Gm. (approximately 114 grains) 
of Pentobarbital Sodium. 


PHENOBARBITAL U. S. P. Phenobarbitalum 


{Phenobarb.—Phenylethylmalonylurea, Phenobarbitone, Luminal, 
Gardinal, Sp. Fenobarbital] 


Phenobarbital is phenylethylbarbituric acid [Cy2H1.- 
N2O3 = 232.23]. It differs from barbital in that one of 
the ethyl [C2H;] groups in the latter is replaced by a 
phenyl [C.H5] group. 


Preparation—Benzyl chloride is converted into 
phenylacetic ester by treating with sodium cyanide and 
then hydrolyzing with acid in the presence of alcohol. 


CeHsCHeCl + NaCN — C.sHsCHeCN + NaCl 
benzyl sodium benzyl sodium 
chloride cyanide cyanide chloride 
CgHsCHeCN + C,.H;0H + HCl + H,0— 

benzyl alcohol hydrogen 

cyanide chloride 
CeHsCH.COOC.Hs + NH,Cl 
ethylphenylacetate ammonium 
chloride 


The ethylphenylacetate is condensed in the presence 
of alcohol and metallic sodium with ethyl oxalate, form- 
ing sodium phenyloxaloacetate. 


cts 
CgeHsCH2COOC2H;, + COOCsHs + CeHs0Na —> 
ethylphenyl ethyl sodium 
acetate oxalate ethylate 
Na 
| ,COOC.Hs 
syaaes K + 2C2H;0H 
CO; COOC2Hs alcohol 


sodium phenyl- 
diethyloxaloacetate 


Hydrochloric acid is added to liberate the liquid diethyl 
phenyloxaloacetate which, on being distilled at about 
180°, splits off carbon monoxide, and phenylmalonic 
ester [CsH;CH(COOCG2H 5).] is formed. The hydrogen 
of the CH in the phenylmalonic ester is then ethylated 
_and the resulting phenylethyl malonic ester condensed 
with urea as described under Barbital. 


Description and Properties—Phenobarbital is usually in the form of 
a white odorless, crystalline powder. It is stable in air, and melts 
between 174° and 178°. Its saturated, aqueous solution is acid to 
litmus. One Gm. dissolves in about 1000 cc. of water, in 10 ce. alco- 
_ hol, about 40 cc. chloroform and in 15 cc. ether. It is soluble in solu- 
tions of the fixed alkali hydroxides or carbonates. 
Identification—When boiled with sodium hydroxide, ammonia is 
evolved. The addition of mercuric nitrate T.S. to a filtered solution 
of Phenobarbital prepared: by shaking about 300 mg. with 1 cc. of 
normal sodium hydroxide yields a white precipitate which is soluble 
in ammonia T.8. The addition of silver nitrate to a similarly pre- 
pared solution produces a white precipitate which at first redissolves 
but becomes insoluble when an excess of the silver nitrate has been 
Distinction from barbital—A. portion of dry Phenobarbital 
is boiled on a water bath for 20 minutes with potassium nitrate and 
sulfuric acid. The mixture is cooled, and water and ammonia are 
_ added cautiously until the mixture is alkaline. The mixture is boiled 
until the evolution of nitrogen ceases, then cooled and 2 drops of color- 


less ammonium sulfide T.S. are added without mixing. A brown-red . 


ring is formed which gradually diffuses to an orange-red precipitate. 
No colored ring or precipitate is formed by barbital. 
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Tests for Purity— 

Loss on drying and readily carbonizable impurities—It meets the 
requirements as given for Barbital. 

Residue on ignition—Not more than 0.15 per cent. 


Phenylbarbituric acid—On boiling 2 Gm. of Phenobarbital with 10 
ec. of alcohol under reflux condenser for 3 minutes a clear and com- 
plete solution results. 


Storage—Keep Phenobarbital in well-closed containers. 


Incompatibilities—Most of the difficulties encountered in the use 
of Phenobarbital arise from its limited solubility in vehicles of low 
alcohol content. The fault may be remedied either by addition of 
alcohol, by substitution of phenobarbital sodium, or by the use of a 
suspending agent. The addition of alcohol, provided too large a 
quantity is not required, is usually the method of choice. Phenobarbi- 
tal sodium can be used only in neutral or alkaline media since it is 
converted to Phenobarbital in the presence of acid. 


Uses—Phenobarbital has the same field of usefulness 
as a sedative and hypnotic as barbital, and these uses 
are outlined under Barbital. In addition, Phenobarbi- 
tal has specific usefulness in the symptomatic therapy 
of. epilepsy. It is especially helpful in grand mal, less 
so in petit mal, and may make psychomotor equivalent 
seizures worse. It differs from diphenylhydantoin in 
that effective doses usually produce a certain degree of 
drowsiness or sluggishness. Phenobarbital is often 
employed in epilepsy in combination with a ketogenic 
diet, Dilantin or other therapeutic measures. If large 
doses are required to control attacks, the drowsiness 
they entail can be abolished by the concomitant use of 
amphetamine. With the exception of Mebaral, Pheno- 
barbital is the only barbiturate effective in epilepsy. 
Like other barbiturates it lacks analgesic potency and 
should not be given alone in the presence of pain. See 
Barbital. 


The dose is 0.03 tc 0.2 Gm. for sedative-hypnotic purposes and 
in epilepsy, 0.1 Gm. twice or more daily. 


Average Dose—30 mg. (approximately 1 grain). 


Phenobarbital Elixir U. S. P. Elixir Phenobarbitali 
‘[Elix. Phenobarb.—Sp. Elixir de Fenobarbital] 


Phenobarbital Elixir contains in each 100 cc., not less 
than 0.37 Gm. and not more than 0.43 Gm. of Cy2Hi2- 
N2Os. 


Metric Alternative 
Phenobarbitaleser .oec coe oe ee 4 Gm, 58 gr. 
Sweet Orange Peel Tincture...... 30 cc. - 461 min. 
Amaranth Solution.............. 10 cc. 154 min. 
Al coholigmeytee. eS oniee eh see aie 125 "cc. 4 fl. oz. : 
GIy cerinse edocs hice kite itis 450 cc. 14 fl. oz. 192 min. 
SY LUD eee eee ee ene ates 150 cc. 4 fl. oz. 384 min. 
Distilled Water, a sufficient quantity, 
Aixayh cots tela, Gener ea Ihe ee ee 1000 cc. 2 pints 


Dissolve the phenobarbital in the alcohol, add the sweet orange 
peel tincture, the glycerin, the syrup, the amaranth solution, and 
sufficient distilled water to make the product measure 1000 ce. 
o pints). Mix well and filter, if necessary, to produce a clear 

ixir. 


Assay—The phenobarbital content of the Elixir is determined as fol- 
lows: A measured volume of the Elixir is acidified with hydrochloric 
acid and saturated with sodium chloride to depress the solubility of 
the phenobarbital in the medium. The barbiturate is then completely 
extracted with several portions of chloroform, the latter evaporated, 
and the residue of phenobarbital dried at 100° and weighed. 

Alcohol Content—12 to 15 per cent, by volume, of CgH5OH. 
Storage—Keep the Elixir in tight, light-resistant containers. 
Incompatibilities—The alcohol content of this preparation is almost 
the very minimum required to keep the phenobarbital in solution. 
Consequently the addition of water or a liquid of lower alcohol con- 
tent may cause a precipitation. 


Uses—See Phenobarbital. 


Average Dose—4 cc. (approximately 1 fluidrachm) 
corresponding to 16 mg. of Phenobarbital. 


Phenobarbital Tablets U. S. P. 
Phenobarbitali 


[Tab. Phenobarb.—Sp. Tabletas de Fenobarbital] 


Tabelle 


Phenobarbital Tablets contain not less than 94 per 
cent and not more than 106 per cent of the labeled 
amount of phenobarbital [Cy2H2N 20g]. 


Identification—The phenobarbital in Tablets may be identified as 
follows: The powdered Tablets are first extracted with small quanti- 
ties of petroleum benzin to remove lubricants, etc. The residue is 
then warmed with sodium carbonate solution to dissolve the pheno- 
barbital, and filtered. Hydrochloric acid is added to the filtrate 
until no more precipitate is produced. The precipitate after filtering, 
washing with cold water, and drying should melt between 174° and 
178° and responds to the Identification tests given for Phenobarbital. 
Assay—Phenobarbital Tablets are assayed by the method described 
for Barbital Tablets. If stearic acid or stearates are present as lubri- 
cants, the results will be too high because these lubricants are par- 
tially extracted along with the chloroform, and a correction for this 
is made as described in the U. 8. P. 

Storage—Keep the Tablets in well-closed containers. 


Uses—See Phenobarbital. 
Average Dose—30 mg. (approximately 14 grain) of 
Phenobarbital. 


PHENOBARBITAL SODIUM U. S. P. 
Phenobarbitalum Sodicum 


{Phenobarb. Sod.—Soluble Phenobarbital, Soluble Phenobarbitone, 
Luminal Sodium, Sp. Fenobarbital Sédico] 


Phenobarbital Sodium contains not less than 89 per 
cent and not more than 91.5 per cent of phenobarbital 
[Cy2Hi2N20s3] calculated on a moisture-free basis, cor- 
responding to not less than 98.5 per cent of phenobarbi- 
tal sodium [C12H,1,;N203Na = 254.22]. 


Preparation—Phenobarbital Sodium may be _ pre- 
pared by dissolving phenobarbital in a calculated 
amount of sodium hydroxide solution in alcohol and 
evaporating at a low temperature. 


Description and Properties—White flaky crystals, crystalline gran- 
ules or powder. It is odorless, has a bitter taste and is hygroscopic. 
It decomposes on exposure to air and moisture with the formation 
of free phenobarbital. Its solution is alkaline to litmus and to phenol- 
phthalein. When ignited, the residue effervesces with acids and re- 
sponds to the tests for sodium. The addition of hydrochloric acid to 
its aqueous solution produces a precipitate of phenobarbital which, 
when filtered, washed with cold water and dried, melts between 174° 
and 178° and responds to the Identification tests and test for Distinc- 
tion from Barbital, given for Phenobarbital. It is very soluble in 
water, also soluble in alcohol but insoluble in ether or chloroform. 
Tests for Purity— 

Loss on drying at 140°—Not more than 7 per cent. 

Readily carbonizable substances—It meets the requirements as 
given under Barbital Sodium. 

Free phenobarbital—This is tested for and conforms to the limit 
as given for free barbital in Barbital Sodium. 

Heavy metals limit—30 parts per million. 

Assay—Phenobarbital Sodium is assayed by the method given for 
Barbital Sodium. The weight of the phenobarbital obtained multi- 
plied by 1.095 represents Phenobarbital Sodium. 

Storage—Keep Phenobarbital Sodium in tight containers. 
Incompatibilities— Phenobarbital Sodium in aqueous solution, has 
an alkaline reaction and exhibits the incompatibilities of alkalies, 
usually resulting in the precipitation of phenobarbital. Thus, it 
reacts with acids, acid salts including many alkaloidal salts, and many 
.of the common vehicles such as compound elixir of pepsin, elixir of 
pepsin and rennin, syrup of citric acid, syrup of orange, and innumer- 
able proprietary liquids. All eliwirs of thiamine hydrochloride liberate 
phenobarbital from the sodium compound and subsequent solution 
or precipitation of this substance depends on the alcohol concentra- 
tion of the elixir. However, even if precipitation does not occur in 
such an elixir, the combination is incompatible due to the neutralizing 
effect of the sodium compound on the acidity of the elixir with result- 
ant destruction of the vitamin. The proper procedure in such an in- 
stance is to use phenobarbital in place of the sodium compound and, 
if necessary, add sufficient alcohol to keep it in solution. It may also 
be necessary to add thiamine hydrochloride equivalent to that con- 
tained in the vehicle being replaced by alcohol. 

Phenobarbital sodium liberates ammonia from ammonium. salts 
and decomposes chloral hydrate with the formation of chloroform. 
With alkaloidal salts, phenobarbital and the free alkaloid are produced 
and may be precipitated. Aqueous solutions slowly hydrolyze to 
form therapeutically inactive products. 

e 
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Uses—See Barbital. Because of its solubility it may 
be administered hypodermically. The sodium salt 
can also be injected intravenously for the control of 
acute convulsive syndromes. 

Average Dose—30 mg. (approximately 14 grain). 
Phenobarbital Sodium Injection—Solutions of phenobarbital sodium 

are comparatively unstable, decomposition being accelerated by 

heat. The autoclave is reported to produce 20 per cent decomposi- 

tion, heating at 100° for 1 hour 10 per cent, and boiling for 15 


minutes 1 per cent. Injections, therefore, should preferably be 
sterilized by process I’ and prepared for extemporaneous use only. 


Phenobarbital Sodium Tablets U. S. P. 
Phenobarbitali Sodici 


[Tab. Phenobarb. Sod.—Soluble Phenobarbital Tablets, Sp. Tabletas 
de Fenobarbital Sdédico] 


Tabellee 


Phenobarbital Sodium Tablets contain not less than 
90 per cent and not more than 105 per cent of the 
labeled amount of phenobarbital sodium [C;2Hii- » 
N2O3Na]. 


Identification—The phenobarbital in the Tablets may be identified 
as follows: A suitable quantity of the powdered Tablets is digested 
with water to dissolve the phenobarbital sodium, and filtered. The 
filtrate is treated with diluted hydrochloric acid which precipitates 
the phenobarbital. This precipitate, after filtering and washing well 
with cold water and drying, melts between 174° and 178° and re- 
sponds to the Identification tests given for Phenobarbital. 
Assay—Phenobarbital Sodium Tablets are assayed by the method 
described for Barbital Tablets. The weight of the phenobarbital 
multiplied by 1.095 represents phenobarbital sodium. 

Storage—Keep the Tablets in tight containers. 


Uses—sSee Barbital. 
Average Dose—30 mg. (approximately 14 grain) of 
Phenobarbital Sodium. 


SULFONETHYLMETHANE N. F. 
Sulfonethylmethanum 


[Sulfonethylmeth.—Trional, Sp. Trional, Metilsulfonal] 
CoHs SO.2C2Hs 
oe a 
C 
Re 
CHg3 


NY 

SO2gCeHs5 

Sulfonethylmethane is  diethylsulfon-methylethyl- 
methane [(CsH 1,0 282 1 242.34]. 

Preparation—Sulfonethylmethane or Trional is made 
by the same process as that employed in making sul- 
fonal (see below), except that in making the mercaptol, 
acetone is replaced by methylethylketone, thus substi- 
tuting an ethyl for a methyl group. 


Description and Properties—Colorless, shining crystalline scales or 
as a white crystalline powder. It is odorless, has a bitter taste, and 
melts between 74° and 76°. Its saturated aqueous solution is neutral 
to litmus. It responds to the Identification tests given for Sulfon- 
methane. One Gm. dissolves in about 200 cc. of water; it is more sol- 
uble in boiling water and is soluble in alcohol or ether. 

Tests for Purity—The tests for purity given for Sulfonmethane apply 
also to this compound. 

Storage—Keep Sulfonethylmethane in well-closed containers. 
Incompatibilities—A soft mass or a liquid is produced by trituration 
with chloral hydrate, phenyl salicylate, ethyl carbamate, and other 
substances. ; 


Uses—It is used as a hypnotic like Sulfonal but it is 
more soluble than the latter and acts more quickly. 
It should be administered in a hot liquid and is said 
to be usually effective within 1 or 2 hours. However, 
the drug is rarely used in modern therapeutics. It has 
the same toxic potentialities as Sulfonmethane, and 
much more efficient and less toxic hypnotics are avail- 
able. 


Average Dose—0.75 Gm. (approximately 12 grains). 
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SULFON METHANE N. F. Sulfonmethanum 
{Sulfonmeth.—Sulfonal, Sp. Sulfonal, Sulfonmetano] 


CHg SO2C2H5 
Wed 
C 
a / fe OaNS 
CHg3 SO.C2H5 


Sulfonmethane is diethylsulfon-dimethylmethane. 

Preparation—The components used for making Sul- 
fonmethane or Sulfonal are acetone and ethyl mercap- 
tan, the latter being prepared by the interaction of 
ethyl bromide or diethyl sulfate with potassium hydro- 
sulfide [KHS]. The mercaptan is mixed with the ace- 
tone and hydrogen chloride gas is passed into the mix- 
ture. The resulting mercaptol is treated with a solu- 
tion of potassium permanganate whereby two oxygen 
atoms are added to each sulfur resulting in sulfonal. 
The synthesis of this product is illustrated by the fol- 
lowing equations: 


CHg CHg SCeHs5 
d HSCo2Hs5 HCl 
On rs Cc + H.O 
l HSC.H, 
CHg3 CHg3 SCeHs 
acetone ethyl mercaptan acetone-ethyl water 
mercaptol 
CH3 SCoHs CHg SO2CoHs5 
oe am 202 a Nc 
CHg SCoHs CHgs SO2eCoH5 
acetone-ethyl mercaptole oxygen sulfonal 


Description and Properties—Sulfonmethane occurs as white, odorless 
erystals or white powder. It is odorless and nearly tasteless, and 
melts between 124° and 126°. Its saturated aqueous solution is 
neutral to litmus paper. One Gm. dissolves in about 365 cc. of water, 
about 60 cc. alcohol, about 11 ec. chloroform, about 64 cc. ether, also 
in about 16 cc. boiling water and about 3 cc. boiling alcohol. It is 
soluble in benzene. 

Identification—When strongly heated the odor of sulfur dioxide is 
evolved. When it is heated with an equal weight of powdered char- 
coal, the latter removes the oxygen and results in the formation of 
ethyl mercaptan, recognized by its very unpleasant odor. 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.05 per cent. 

Readily oxidizable substances (and decomposition products)—On 
boiling 2 Gm. with 100 cc. of water no odor should develop. On add- 
ing sufficient water to the cooled solution to make the volume 100 cc. 
and filtering the addition of 0.5 cc. of tenth-normal potassium per- 
manganate to 20 cc. of the filtrate, representing 400 mg. of the Sul- 
fonmethane, the pink color should not disappear immediately. 

Chloride—Practically none. 

Sulfate—Not more than 0.1 per cent as SO4. 

Storage—Keep Sulfonmethane in well-closed containers. 
Incompatibilities—Sulfonmethane liquefies on trituration with cer- 
tain ingredients. 


Uses—lIt is used as a hypnotic but not being readily 
soluble it is slowly absorbed and its hypnotic action is 
but slowly established. When it is used frequently, the 
administration should be suspended once every 2 to 3 
days to permit complete elimination. The reason for 
this is that cumulative poisoning of a severe type occurs 
with the continued use of these agents. It is not em- 
ployed to any significant extent in modern therapeutics. 
Much more reliable and less toxic hypnotics and seda- 
tives are available. 

Average Dose—0.75 Gm. (approximately 12 grains). 


THIOPENTAL SODIUM U. S. P. 
- Thiopentalum Sodicum 


_ Thiopental. Sod.—Thiopentone Soluble, Pentothal Sodium. Sp. 


Sédico Tiopental] 
-Thiopental Sodium contains not less than 89 per cent 


and not more than 92 per cent of thiopental [CiiHie- 


| 'N,0,8], calculated on a moisture-free basis, correspond- 
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ing to not less than 97 per cent of Ci,Hi7N2O25Na 
(264.32). 

Preparation—Thiopental is made in the same manner 
as Barbital, using 2-bromopentane [CH3(CH2)2CHBr- 
(CHs)] to react with one of the hydrogens in the CHz 
group instead of one C2H;Br molecule, and the ethyl-1- 
methylbutyl malonic ester is condensed with thiourea 
[((H2N) CS] instead of urea. 


Description and Properties—Thiopental Sodium is a yellowish white 
hygroscopic powder, and has a disagreeable odor. Its aqueous solu- 
tion is alkaline and slowly hydrolyzes with precipitation of free thio- 
pental; boiling hastens the decomposition. Carbon dioxide also. 
causes precipitation in the solution. Thiopental Sodium is soluble in 
water and in alcohol. It is insoluble in absolute ether, in benzene, and 
in petroleum benzin. 

Identification—Its aqueous solution (1:100) gives a white precipi- 
tate with mercury bichloride T.S., which dissolves in an excess of 
ammonia T.S. When diluted sulfuric or hydrochloric acid is added to 
an aqueous solution of Thiopental Sodium, thiopental is precipitated 
as a white crystalline powder which, after washing well with water 
and drying, melts between 156° and 159°. The residue obtained by 
igniting about 500 mg. of Thiopental Sodium in a test tube yields the 
reactions for sodium and sulfide. 

Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Free thiopental—Not more than 0.5 per cent, the test being made as 
for free barbital in Barbital Sodium. 

Heavy metals limit—20 parts per million. 

Assay—The thiopental content is determined in the dried product as 
described in the assay of Barbital Sodium, but the residue of thiopental 
is dried at 70° to constant weight. The weight of the thiopental 
multiplied by 1.091 represents Thiopental Sodium. 

Storage—Keep Thiopental Sodium in tight containers. 


Uses—Pentothal Sodium is employed in therapeutics 
almost exclusively as an intravenous anesthetic, for 
short operative procedures. It must be administered 
by an anesthetist thoroughly trained in its use and well 
acquainted with its contraindications and dangers. 
The duration of action is quite brief. Pentothal So- 
dium should not be used as a surgical anesthetic in office 
practice, or for operations of long duration. Facilities 
for intratracheal oxygen administration should always 
be at hand when injecting Pentothal Sodium intrave- 
nously. Usually, a 5 per cent solution is employed, and 
2 to 3 cc. are injected in about 10 or 15 seconds. The 
full effect is usually seen in 30 seconds. Increments of 
2 or 3 cc. are injected slowly as needed to obtain or 
maintain the desired degree of anesthesia and muscular 
relaxation. 


STERILE THIOPENTAL SODIUM U. S. P. 
Thiopentalum Sodicum Sterile 
Thiopental. Sod. Steril.—Sterile Thiopentone Soluble, Sp. Tiopental 
Sddico, Estéril] 

Sterile Thiopental Sodium is a mixture of thiopental 
sodium with anhydrous sodium carbonate as a buffer. 
It contains not less than 84 per cent and not more than 
87 per cent of thiopental [C1,HisN 20.8], calculated on 
a moisture-free basis, corresponding to not less than 
91.7 per cent of C,,H,,N2O.25Na. It meets the re- 
quirements of the Sterility Test for Solids (page 127). 

Sterile Thiopental Sodium conforms to the Descrip- 
tion and Identification Tests and meets the requirements 
for Loss on drying, Heavy metals, and Free thiopental 
under Thiopental Sodium. 

Since this product is for parenteral administration its 
solution cannot be filtered in the sick room without risk 
of bacterial contamination; the U.S. P., therefore, in- 
cludes the following additional requirement: 

Completeness of solution—Place 2 Gm. of Sterile Thiopental Sodium 
in a glass-stoppered, 25-ce. cylinder, nearly fill the cylinder with car- 
bon dioxide-free water, stopper the cylinder, and shake gently until the 
Sterile Thiopental Sodium is dissolved: the solution is clear. 
Assay—Same as for Thiopental Sodium. 


Storage—Sterile Thiopental Sodium is kept in tight containers so 
closed that the sterility of the product is maintained until the pack- 
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age is opened for use. Each package contains not more than 10 Gm, 
of Sterile Thiopental Sodium. The container may be of such size as 
to permit solution within the container. ‘ 
Labeling—The quantity of Sterile Thiopental Sodium and the lot 
number must be stated on the label of each package. 


Average Dose—For anesthesia, to be determined by 
the physician according to the needs of the patient. 


UREA U. S. P. Urea 
[Carbamide, Sp. Urea] 


Urea is the amide of carbonic acid [CO(NHe)s. = 
60.06]. 

History—Rouelle in 1773 discovered the presence of 
urea in urine. It occurs chiefly in the urine of carniv- 
ora. Human urine contains about 2.5 per cent, and 
results from decompositioN of proteins. In 1825 
Wohler obtained it by evaporating a solution of potas- 
sium cyanate with ammonium sulfate. The following 
reaction took place: 


A 
+ (NH4)2S04 — 2CO(NHa)e 


2KCNO + KeSO4 
’ potassium ammonium urea potassium 
cyanate sulfate sulfate 


This was the first synthesis of an organic compound and 
the beginning of the most extensive branch of chemistry. 
Nearly one-half million organic syntheses have since 
been recorded and their number is rapidly growing. 
There is no limit to the number of organic compounds 
that may be prepared. 

Preparation—Urea is now prepared on a large scale 
by heating calcium cyanamide with water under pres- 
sure: 


Ca:N.C:N + 38Hg0 — O:C(NHa)e + Ca(OH)e 
calcium water urea calcium 
cyanamide hydroxide 


Description and Properties—Urea occurs as colorless or white, pris- 
matic crystals or as a white crystalline powder. It is odorless and 
has a cooling, saline taste. It may gradually develop a slight odor of 
ammonia, especially in the presence of moisture. It melts between 
131° and 133°. Its aqueous solution is neutral to litmus paper, but 
on standing or on heating, it decomposes into NHg and COp. Urea 
and certain compounds similar to urea are characterized by giving 
what is known as the biwret reaction which is carried out as follows: 

The urea is cautiously heated in a test tube until it liquefies and 
the odor of ammonia is evolved. The heating is continued until the 
liquid becomes turbid. After cooling, the fused mass is dissolved in 
a few cc. of water to which 1 cc. of 10 per cent sodium hydroxide has 
been added, then 1 drop of cupric sulfate T.S. is added. The solution 
acquires a reddish violet color. Urea is also characterized by yield- 
ing with a moderate excess of nitric acid a white precipitate of urea 
nitrate. ; 

One Gm. dissolves in 1.5 ce. of water, in about 10 cc. alcohol, and 
in 1 ce. of boiling alcohol. It is almost insoluble in chloroform or 
ether. 

Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Alcohol-insoluble matter—Not more than 0.04 per cent, 

Chloride—0.007 per cent as Cl. 

Sulfate—Not more than 0.01 per cent as SO4. 

Heavy metals limit—20 parts per million. 

Storage—Keep Urea in well-closed containers. 


Uses—Urea is an effective diuretic. It is largely re- 
jected by the renal tubules and in the course of its 
excretion carries fluid with it. It is devoid of toxicity 
and thus can be given in high dosage. It is usually ad- 
ministered in fruit juices or syrups to mask its taste in 


the single dose of 20 Gm. taken 2 to 5 times daily.’ 


Industrially it is employed in the manufacture of barbi- 
turates and plastics, and as a'stabilizer in explosives and 
celluloid products. sin ii 

Average Dose—8 Gm. (approximately 2 drachms). 


SEDATIVE-AMINES AND AMIDES 


URETHANE U. S. P. Urethanum 
[Ureth.—Ethyl Carbamate U.S. P. XII, Sp. Uretano] 


O 


| 

Urethane is ethyl carbamate [C,.H;OCNH, = 
89.09]. 

Preparation—Ethyl chloroformate is prepared by 
reacting carbonyl chloride (phosgene) with absolute 
alcohol. This, upon treatment with an excess of am- 
monia, yields urethane. The two steps of the process 
are illustrated in the following equations: 


O 
| 
carbonyl ethyl ethyl hydrogen 
chloride alcohol chloroformate chloride 
| O 
| 
CAHOUG! + 2NHs3 =, OHOUNT: + NH,Cl 
ethyl ammonia urethane ammonium 
chloroformate chloride 


Urethane may also be prepared by the interaction of 
alcohol with carbamyl chloride, the latter being pre- 
pared by treating ammonium chloride with phosgene. 


Description and Properties—Urethane occurs as colorless, columnar 
crystals or as a white granular powder. It is odorless, or nearly so, 
and has a cool, saline taste. It melts between 48° and 50°, and 
boils at about 183°. Its aqueous solution is neutral to litmus paper. 

Identification—On heating with sulfuric acid it decomposes with 
the evolution of COg and the formation of (NH 4)28O4. When heated 
with sodium hydroxide T.S. ammonia is evolved and sodium carbon- 
ate isformed. When asmall quantity of iodine is added to an aqueous 
solution of Urethane previously mixed with some sodium carbonate 
and warmed, yellow crystals of iodoform, formed from the alcohol 
liberated by the sodium carbonate, are produced. One Gm. dissolves 
in 0.5 ec. of water, 1 cc. alcohol, 3 cc. of glycerin, about 1 cc. of chloro- 
form, and in about 2 cc. ether; it is also soluble in about 35 ce. of 
olive oil. ; 
Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Completeness and color of solution—A solution of 1 Gm. in 5 ec. of 
alcohol is practically complete and is colorless. 

Chloride—Not more than 0.014 per cent. 

Nitrate—Practically none. 

Heavy metals limit—10 parts per million. 

Urea—The test for urea is based on the fact that the nitrate of 
urea is only slightly soluble in concentrated nitric acid. The U.S. P. 
requires that the addition of 5 ce. of nitric acid to a solution of 2 Gm, 
of Urethane in 2 cc. of water should not cause the formation of a 
white precipitate. 
Storage—Keep Urethane in well-closed containers preferably at a 
temperature not above 30°. : 


. 


Uses—Urethane is a hypnotic agent, but its action is 
so feeble in man that it is but very rarely used in modern 
therapeutics. It is extremely safe, however, and is 
quickly oxidized in the body to carbon dioxide and 
urea. The adult dose is 2 to 4 Gm. In animals, Ure- 
thane is rapid and potent in its action, and is thus often 
employed as a laboratory anesthetic. Urethane is also 
combined with quinine hydrochloride as a sclerosing 
solution for the treatment of varicose veins. 


Unofficial Preparations Containing Barbiturates 


Butabarbital Sodium N. N. R.—See Butisol Sodium (McNeil) 

Hexobarbital Soluble N. N. R.—See Evipal Soluble (Winthrop) 

Probarbital Calcium N. N. R.—See Ipral Calciwm (Squibb) 

Probarbital Sodium N. N. R.—See Ipral Sodium (Squibb) 

ag Sodium N. N. R.—See Delvinal Sodiwm (Sharp and 
Dohme) 


Specialties Containing Barbiturates and Related Sedatives 


Abasin (Winthrop)—Tablets, 0.259 Gm. (4 gr.), containing acetyl- 
bromdiethylacetylearbamide (acetylearbromal). Uses; sedative. 
Dose: 1 or 2 tablets. 

Adalin N. N. R. (Winthrop)—Powder or tablets, 0.324 Gm. (65 gr.), 
consisting of Carbromal N. F. 

Adalin-Luminal—Tablets containing 0.324 Gm. (5 gr.) Adalin and 
0.016 Gm. (34 gr.) Luminal. S 


Allonal (Hoffmann-La Roche)—Tablets, each containing 0.065 Gm. ~ 


(1 gr.) allyl-isopropyl-barbituric acid and 0.194 Gm. (3 gr.) aceto- 
pean Uses: analgesic, hypnotic, and sedative. Dose: 1to 
2 tablets. 7 


\ 
> 
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; SEDATIVE AMINES AND AMIDES 


Alphenal Sodium (Massengill)—Capsules, each containing 0.194 Gm. 
(3 gr.) sodium 5-allyl-5-phenylbarbiturate. Uses: hypnotic, pre- 
anesthetic, and analgesic in obstetrics. ose: 1 or 2 capsules. 

Alurate N. N. R. (Hoffmann-La Roche)—Powder, tablets, 0.065 Gm. 
(1 er.), or elixir, 0.032 Gm. (3% gr.) per fluidrachm, containing allyl- 
isopropyl-barbituric acid. Uses: hypnotic and sedative. Dose: 
1 to 2 tablets; or 144 to 4 teaspoonfuls elixir. 

Alurate Sodium N. N. R.—Capsules, 0.227 Gm. (314 gr.), contain- 
ing monosodium-5-allyl-5-isopropylbarbiturate. Uses: hypnotic 
and sedative. Dose: 0.113 to 0.454 Gm. (134 to 7 gr.);_ preopera- 
tively, 10 mg. per kilogram body weight. 
Sodium Alurate Tablets—Each containing 0.113 or 0.227 Gm. 
(134 or 3% gr.) Sodium Alurate. 
Amytal N. N. R. (Lilly)—Powder (14-02. vial), tablets, 8.1 mg., 0.016 
m., 0.032 Gm., 0.049 Gm., or 0.097 Gm. (%, 4, %, 3%, or 1% 
gr.), and elixir, 0.130 Gm. or 0.259 Gm. (2 or 4 gr.)-per fluidounce, 
containing 30 and 34 per cent alcohol, respectively, and iso-amyl- 
ethylbarbituric acid. Uses: short-acting hypnotic and sedative. 
Dose: 8.1 mg. to 0.778 Gm. (1% to 12 gr.). : 
Amytal Sodium N. N. R.—Ampuls (0.065 or 0.125 Gm., plain; 
0.25, 0.5, or 1 Gm. with ampul of distilled water); powder in bulk: 
capsules (pulvules), 0.065 or 0.194 Gm. (1 or 3 gr.); and supposi- 
_ tories, 0.194 Gm. (3 gr.), containing monosodium isoamylethyl 
barbiturate. Uses: antispasmodic, hypnotic, and_ sedative. 
Dose: as sedative, 0.065 to 0.194 Gm. (1 to 3 gr.); as hypnotic, 
0.13 to 0.194 Gm. (2 to 3 gr.); intramuscularly or subcutaneously 
0.25 to 0.5 Gm. in 10 per cent solution; in tetanus convulsions, 
0.4 to 0.8 Gm.; intravenously, 0.065 to 0.5 Gm. as 5 or 10 per cent 
solution, slowly; rectally, 1 suppository. 
Be eruine and Amytal—Capsules (pulvules), each containing 
0.032 Gm. (44 gr.) Amytal and 0.097 Gm. (144 gr.) aminophylline 
Amytal and Acetylsalicylic Acid—Capsules (pulvules), each con- 
taining 0.049 Gm. (34 gr.) Amytal and 0.324 Gm. (5 gr.) acetyl- 
salicylic acid. 
Amytal and Aminopyrine—Capsules (pulvules), each containing 
0.097 Gm. (14% gr.) Amytal and 0.227 Gm. (31% gr.) aminopyrine. 

Antrocol (Poythress)—Tablets, each containing 0.016 Gm. (14 gr.) 
phenobarbital, 0.32 mg. (4400 gr.) atropine sulfate, and 0.022 Gm. 
(% gr.) colloidal sulfur. Uses: sedative and antispasmodic. 
Dose: 1 tablet. 

Barbenz (Columbus)—Tablets, each containing 0.016 Gm. (1% gr.) 
sodium phenobarbital, 0.016 Gm. (1% gr.) benzocaine, 0.194 Gm. 
(3 gr.) calcium carbonate, 0.065 Gm. (1 gr.) cerium oxalate, 0.13 
Gm. (2 gr.) magnesium carbonate, and aromatics. Uses: gastric 
antacid, local anesthetic, and sedative. Dose: 1 or 2 tablets. 

Barbidonna (Vanpelt and Brown)—Tablets, each containing 0.016 
Gm. (4% gr.) phenobarbital and belladonna alkaloids equal to 7 
min. belladonna tincture. Uses: antispasmodic and sedative. 
Dose: 1 or 2 tablets. 

Barbisodite (Chicago Pharmacal)—Enteric and sugar-coated tablets, 
each containing 0.065 Gm. (1 gr.) sodium barbital and 0.13 Gm. 
(2 gr.) sodium nitrite. Uses: sedative and vasodilator. Dose: 
1 or 2 tablets. 

Barbromid (Columbus)—Tablets, each containing 0.032 Gm. (1% gr.) 

- phenobarbital, 0.13 Gm. (2 gr.) aminopyrine, and 0.13 Gm. (2 gr.) 
valeryl urea bromide. Uses: analgesic, antispasmodic, and seda- 
tive. Dose: 1 tablet. 

Beva Capsules (Columbus)—Capsules, each containing 0.032 Gm. 
(4% gr.) sodium phenobarbital, 0.65 mg. (400 gr.) aspidospermine, 
0.024 Gm. (3 gr.) ephedrine hydrochloride, and 0.13 Gm. (2 gr.) 
valeryl urea bromide. Uses: antispasmodic and_ sedative. 
Dose: 3 or 4 capsules, daily. 

Bromobarb (Hart Drug)—Elixir, each fluidounce containing 0.13 
Gm. (2 gr.) phenobarbital and 3.9 Gm. (60 gr.) sodium bromide. 
Uses: hypnotic and sedative. Dose: 1 to 4 teaspoonfuls. 

Bromural N. N. R. (Bilhuber-Knoll)—Powder or tablets (0.3 Gm.) 

~consisting of monobromisovalerylurea [(CH3)e:CH.CHBr.- 
CONH.CONHs:]. Uses: hypnotic and sedative. Dose: 1 tab- 
let as sedative; 2 to 4 tablets as hypnotic. 

Bunesia (McNeil)—Tablets, each containing 20 mg. Butisol sodium 

- 2.5 mg. homatropine methylbromide, 300 mg. magnesium hydrox- 
ide, and aromatics. Uses: antispasmodic, sedative, and antacid. 
Dose: orally, 4 to 6 tablets a day. 

Butisol Sodium N. N. R. (McNeil)—Capsules, 0.097 Gm. (11% gr.), 

Y elixir, 0.194 Gm. (3 gr.) per fluidounce, or tablets, 8.1 mg., 0.016 
-Gm., or 0.049 Gm. (%, 4, or % gr.), containing sodium 5-ethyl-5- 
secondary butyl barbituric acid. Uses: hypnotic and sedative, 
with minimum ‘‘hangover.’’ Dose: 1 to 2 capsules as hypnotic 

or sedative; 4% to 1 teaspoonful elixir as sedative and antispasmodic. 

3 teaspoonfuls as hypnotic; 8.1 mg. to 0.194 Gm. (4% gr. to 3 gr.) 

- tablets as sedative and hypnotic. 

Butisol Belladonna—Tablets (bisected), containing 0.016 Gm. 

_ (4 ger.) Butisol sodium and 0.011 Gm. (% gr.) belladonna extract. 

; Geek sedative, antispasmodic, and antiemetic. Dose: 1 to 2 tab- 
ets. 

_ Butisol-Ephedrine Compound—Capsules, each containing 0.016 

Gm. (1% gr.) Butisol, 0.162 Gm. (2% gr.) acetylsalicylic acid, and 
ee Gm. (3 gr.) ephedrine hydrochloride. Dose: 1 or 2 cap- 
sules. 

_ Butisol-Hyoscyamus—Tablets, each containing 0.016 Gm. (34 gr.) 
Butisol and 0.022 Gm. (14 gr.) hyoscyamus extract. 

Cal-Sed (Columbus)—Capsules No. 1 and No. 2, each containing 

0.016 to 0.032 Gm. (% to % gr.), respectively, of calcium pheno- 

barbital and 0.016 to 0.032 Gm. (1% to ¥% gr.) of hyoscyamus ex- 
tract. Uses: antispasmodic and sedative. -Dose: 1 capsule. 

Carbrital (Parke, Davis)—Capsules (Kapseals), each containing 

_ 0,259 Gm. (4 gr.) carbromal and 0.097 Gm. (1% gr.) pentobarbital 
sodium. Uses; hypnotic and sedative. Dose; 1 or more Kap- 


~ seals. ; 
___Cyclopal (Upjohn)—Capsules, 0.049 or 0.146 Gm. (34 or 234 gr.), and 
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scored tablets, 0.146 Gm. (2% gr.), containing cyclopentenylallyl- 
barbituric acid. Uses: hypnotic and sedative. Dose: as hyp- 
notic, Wied Gm. (2% gr.); as sedative, 0.049 to 0.097 Gm. (3% to 
1% gr.). 

Cyclopen (Massengill)—Capsules, 0.097 Gm. (1% gr.), containing 
eyclopentenylallylbarbituric acid. Uses: hypnotic and sedative. 
Dose: 0.097 to 0.292 Gm. (1% to 4% er.). 

Delvinal Sodium Capsules N. N. R. (Sharp and Dohme)—Capsules 
0.032, 0.097, and 0.194 Gm. (44, 1%, and 3 egr.), containing vin- 
barbital sodium. Uses: hypnotic and sedative, with little ‘‘hang- 
over.”’ Dose: 0.032 to 0.389 Gm. (% to 6 gr.). 

Delvinal Sodium Elixir N. N. R.—Each fluidounce contains 0.259 
Gm. (4 gr.) Delvinal and 27 per cent alcohol. 

Dial N. N. R. (Ciba)—Elixir, 0.049 Gm. (3 gr.) per fluidrachm; 
powder, or tablets, 0.032 and 0.097 Gm. (4% and 1% gr.), containing 
5,5-diallylbarbituric acid. _ Uses: hypnotic and sedative. Dose: 
as hypnotic, 0.097 to 0.292 Gm. (11% to 4% er.), or 2 to 6 fluidrachms 
of elixir; as sedative, 0.032 Gm. (% gr.) tablet, or 4 to 1 fluidrachm 
of elixir. Maximum dose 0.486 Gm. (7% gr.) or 10 fluidrachms. 
Dial with Urethane N. N. R.—Ampuls (1 or 2 cc.), each ce. contain- 
ing 0.097 Gm. (1% gr.) Dial, 0.4 Gm. urethane, and 0.4 Gm. 
monoethylurea. Dose: 1 to 2 cc., intramuscularly (never sub- 
cutaneously). May be given intravenously in emergencies as 
tetanus and strychnine poisoning. 

Dilantin Sodium-N. N. R. (Parke, Davis)—Hermetically sealed cap- 
sules (Kapseals), each containing either 30 or 100 mg. Diphenyl- 
hydantoin Sodium U.S. P. 

Dilantin in Oil—Soluble gelatin capsules, each containing 0.1 Gm. 
Dilantin base. 

Donnatal (Robins)—Tablets, each containing 0.016 Gm (1% gr.) 
phenobarbital and belladonna alkaloids equal to 0.032 Gm. (34 gr.) 
belladonna leaves. Uses: antispasmodic and sedative. Dose: 
3 tablets, daily. ey : we 

Dormelix (United Drug)—Elixir, each fluidrachm containing 0.016 
Gm. (4% gr.) phenobarbital and 26 per cent alcohol. Uses: hyp- 
notic and sedative. Dose: as hypnotic, 1 dessertspoonful to 1 
tablespoonful; as sedative, 1 to 2 teaspoonfuls. 

Elixsed (Chicago Pharmacal)—Elixir, each fluidounce containing 
0.259 Gm. (4 gr.) barbital sodium, 1.30 Gm. (20 gr.) ammonium 
bromide, 2.0 mg. (442 gr.) hyoscyamine hydrobromide, and 1.30 
Gm. (20 gr.) potassium bromide. Uses: mild hypnotic and seda- 
tive. Dose: 1 teaspoonful. 

Ethalyl (Premo)—Capsules, 0.130 Gm. (2 gr.), containing a combina- 
tion of phenobarbital (phenylethylbarbituric acid) and pentobarbi- 
tal (ethyl [1-methylbutyl] barbituric acid). Uses: hypnotic and 
sedative. Dose: 1 capsule. 3 
Ethalyl Compound—Capsules, each containing 0.049 Gm. (34 gr.) 
Ethalyl and 0.024 Gm. (% gr.) ephedrine sulfate. 

Ethanacol (Blue Line)—Cane sugar syrup, each fluidounce containing 
1.55 Gm. (24 gr.) ethyl carbamate, 0.518 Gm. (8 gr.) ammonium 
chloride, 0.259 Gm. (4 gr.) sodium benzoate, aromatics, and flavor- 
ing. Uses: sedative expectorant. Dose: 1% to 1 teaspoonful. 

Eudital (United Drug)—Tablets, each containing 0.162 Gm. (2% gr.) 
monobromisovalerylearbamide and 0.162 Gm. (2% gr.) acetyl- 
salicylic acid. Uses: analgesic, hypnotic, and sedative. Dose: 
1 to 4 tablets. ey ; 

Evicyl (Winthrop)—Tablets, each containing 0.065 Gm. (1 gr.) Evi- 
pal (N-methyleyclohexenylmethyl barbituric acid) and 0.486 Gm. 
(7% gr.) acetylsalicylic acid. Uses: analgesic and sedative. 
Dose: 1 or 2 tablets. P 

Evidorn (Winthrop)—Capsuies or tablets, each containing 0.259 Gm. 
(4 gr.) Evipal (N-methyleyclohexenylmethyl barbituric acid) and 
0.097 Gm. (1% ger.) calcium Phanodorn calcium (cyclohexenyl- 
ethyl barbituric acid). Uses: hypnotic. Dose: 1 capsule or 
tablet. 

Evipal (Winthrop)—Tablets, 0.259 Gm. (4 gr.), containing N-methyl- 
cyclohexenylmethyl barbituric acid (Cyclural). Uses: hypnotic 
and sedative. Dose: 1 to 1% tablets. 

Evipal Soluble N. N. R. (Winthrop)—Ampuls (0.5 or 1 Gm.) of the 
powder, supplied with or without an ampul of sterile, distilled water, 
and containing Evipal sodium (N-methyleyclohexenylmethyl 
barbituric acid). Uses: intravenous anesthetic of short duration. 
Dose: 3 to 6 ec. of 10 per cent solution, intravenously; not to 
exceed 10 ce. ‘ ; 

Evipal Soluble—Vials containing 3 Gm. Evipal Soluble for rectal 
anesthesia. ni ; 

Heliobrom Powder (Doak)—Powder consisting of urea dibromtan- 
nate. Uses: antipruritic. Dose: topically in 10 per cent alco- 
holie solution, or 5 to 10 per cent ointment.., 

Heliobrom Lotion—Contains 2 per cent Heliobrom Powder, 5 per 
cent coal tar solution, 17.5 per cent talcum, and 17.5 per cent zine 
oxide. 

Ipral Calcium N. N. R. (Squibb)—Tablets, 0.049 or 0.130 Gm. (34 or 
2 gr.), containing calcium 5-ethyl-5-isopropylbarbiturate. Uses: 
hypnotic and sedative. Dose: 0.12 to 0.25 Gm. (2 to 4 gr.). 

Ipral Aspirin—Tablets, 0.389 Gm. (6 gr.), each containing 0.065 
Gm. (1 gr.) Ipral and 0.324 Gm. (5 gr.) acetylsalicylic acid. 

Ipral Sodium N. N. R. (Squibb)—Elixir, 0.065 Gm. (1 gr.) per tea- 
spoonful,with 22 per cent alcohol or tablets, 0.259 Gm. (4 gr.), con- 
taining sodium 5-ethyl-5-isopropylbarbiturate. Uses: hypnotic 
and sedative. Dose: 0.12 to 0.25 Gm. (2 to 4 gr.). a 

Lectusol Syrup (McNeil)—Liquid, each fluidounce containing 0.032 
Gm. (4% gr.) Butisol sodium (sodium ethyl-sec-butyl barbiturate), 
6 min, diluted hydrocyanic acid, 1 min. chloroform, 0.016 Gm. 
(44 gr.) belladonna extract, 1.94 Gm. (30 gr.) potassium citrate, 30 
min. ipecac syrup, and 60 min. lactucarium syrup. Uses: seda- 
tive expectorant. Dose: 1 to 2 teaspoonfuls. 

Luminal N. N. R. (Winthrop)—Elixir, 0.016 Gm. (14 gr.) per tea- 
spoonful; powder, or tablets, 0.016, 0.032, or 0.097 Gm. (14, 4, or 
1% gr.) containing Phenobarbital U.S. P. -. 


636 


Luminal Capsules—Each contains 0.097 Gm. (14% gr.) Luminal. 
Adalin-Luminal—Tablets, each containing 0.016 Gm. (4 gr.) 
Luminal and 0.324 Gm. (5 gr.) Adalin (carbromal). 

Luminal Sodium N. N. R. (Winthrop)—Dry ampuls, 0.130 or 0.324 
Gm. (2 or 5 gr.); ampuls (solution in propylene glycol, 2 cc. each 
with 0.324 Gm. [5 gr.]); powder in bulk; tablets, 0.016, 0.032, or 
0.097 Gm. (44, %, or 1% gr.); and hypodermic tablets, 0.065 Gm. 
(1 gr.); containing Phenobarbital Sodium U.S. P. 

Lumodrin (Winthrop)—Tablets, each containing 0.016 Gm. (14 gr.) 
Luminal, 0.024 Gm. (3 gr.) ephedrine hydrochloride, and 0.130 
Gm. (2 gr.) Pyramidon (aminopyrine). Uses: antispasmodic and 
sedative. Dose: 1 to 2 tablets. 

Mebaral (Winthrop)—Tablets, 0.032, 0.097, or 0.194 Gm. (4%, 14%, or 
3 gr.), containing N-methylethylphenylbarbituric acid (Mepho- 
barbital). Uses: anticonvulsant and sedative. Dose: as seda- 
tive, 0.032 to 0.065 Gm. (4% to 1 gr.); as anticonvulsant in epi- 
lepsy, 0.194 to 0.389 Gm. (3 to 6 gr.). 

Medinal N. N. R. (Schering and Glatz)—Elixir (0.13.Gm. per tea- 
spoonful), powder, rectal suppositories (0.65 Gm.), arid tablets 
(0.32 Gm.), containing Barbital Sodium U.S. P. 

Mesantoin (Sandoz)—A drug (3-methyl-5-ethyl-5-phenyl-hydantoin) 
which appears to be less toxic and more effective than Dilantin in 
the treatment of epileptic.seizures. Mesantoin seems to be particu- 
larly effective in the control of grand mal seizures. 

Napental (Massengill)—Capsules, 0.049 Gm. (34 gr.) or 0.097 Gm. 
(1% ger.); or elixir, 0.13 Gm. (2 gr.) per fluidounce of Pentobarbital 
Sodium U.S. P. ™ 

Nembudeine Tablets (Abbott)—Tablets, each containing 0.032 Gm. 
(4% gr.) Nembutal (pentobarbital sodium), 0.324 Gm. (5 gr.) 
acetophenetidin, and 0.016 Gm. (4 gr.) codeine sulfate. Uses: 
sedative and analgesic. Dose: 1 tablet. 

Nembutal (Abbott)—Dry ampuls (0.25 or 0.5 Gm.), ampuls (5 ce. 
with 334 gr.), capsules, 0.032, 0.049, or 0.097 Gm. (%, 34, or 14% 
gr.); elixir, 0.016 Gm. (14 gr.) per teaspoonful, or suppositories, 
0.032, 0.065, 0.130, or 0.194 Gm. (%, 1, 2, or 3 gr.), containing 
Pentobarbital sodium U.S. P. 

Ephedrine and Nembutal—Capsules, each containing 0.024 Gm. 
(3% gr.) Nembutal and 0.024 Gm. (34 gr.) ephedrine hydrochloride. 
Uses: antispasmodic and sedative for bronchial asthma. Dose: 
1 capsule. 

Glucophylline and Nembutal—Tablets, each containing 0.016 Gm. 
(14 gr.) Nembutal and 2.34 or 4.68 gr. Glucophylline (water-soluble 
derivative of theophylline). 
Nembutal and Aspirin—Capsules, each containing 0.032 Gm. (4% 
gr.) Nembutal and 0.324 Gm. (5 gr.) acetylsalicylic acid. 


Nembutal-C (Abbott)—Tablets, 0.097 Gm. (1% gr.), or enteric-coated 
tablets (enterabs), 0.049 or 0.097 Gm. (34 or 1% gr.), containing 
calcium ethyl (1-methylbutyl) barbiturate and pentobarbital cal- 
cium. Uses: hypnotic and sedative. Dose: 0.032 to 0.389 Gm. 
(1% to 6 gr.). : 

Neonal N. N. R. (Abbott)—Tablets (0.1 Gm.), containing 5-n-butyl- 
5-ethylbarbiturie acid. Uses: hypnotic and sedative. Dose: 
0.05 to 0.1 Gm. F 
Neonal Elixir—Hach fluidounce contains 0.259 Gm. (4 gr.) Neonal 
and 25 per cent alcohol. Dose: 1% to 3 teaspoonfuls. 
Amino-Neonal—Tablets, each containing 0.032 Gm. (% gr.) 
Neonal and 0.162 Gm. (24% gr.) aminopyrine. Uses: analgesic, 
antipyretic, and sedative. Dose: \% to 1 tablet. 

Ephedrine and Neonal—Tablets, each containing 0.016 -Gm. 
(44 gr.) Neonal and 8.1 mg. (% gr.) ephedrine hydrochloride. 
Uses: antispasmodic and sedative in asthma. Dose: 1 tablet. 
Neonal and Aspirin—Capsules, each containing 0.049 Gm. (34 gr.) 
Neonal and 0.324 Gm. (5 gr.) acetylsalicylic acid. Uses: analgesic 
and sedative. Dose: 1 or 2 capsules. 

Nervinal (Morgenstern)—Tablets, each containing 0.016 Gm. 
(4 gr.) phenobarbital, 0.130 Gm. (2 gr.) Bromural, 8.1 mg. (1% 
gr. ephedrine hydrochloride, 0.032 Gm. (% gr.) benzyl succinate, 
and 0.130 Gm. (2 gr.) calcium glycerophosphate. Uses: sedative 
and antispasmodic. Dose: 1 or 2 tablets. 

Neuralin (Walker Vitamin)—Tablets, each containing 0.032 Gm. 
(4% gr.) phenobarbital, 3 mg. thiamine hydrochloride, and 0.097 
Gm. (1% gr.) tribasic calcium phosphate. Uses: sedative in 
simple neuroses. 

Neurinase (Fougera)—Liquid or tablets, each teaspoonful containing 
0.15 Gm. (214 gr.) sodium barbital dissolved in valerian fluidex- 
tract; each tablet containing 0.20 Gm. (3% gr.) sodium barbital 
and 0.50 Gm. (734 gr.) valerian extract. Uses: sedative. Dose: 
1 teaspoonful or 1 tablet. 

Neuronidia (Schieffelin)—An elixir containing in each teaspoonful 0.13 
Gm. (2 gr.) barbital and 35 per cent alcohol. Uses: sedative and 
hypnotic. Dose: sedative, 4% to 1 teaspoonful; hypnotic, 2 
teaspoonfuls. ee 

Nevrotose (Vale)—Capsules (capsutabs), each containing 0.032 Gm. 
(4% gr.) phenobarbital, 0.016 Gm. (14 gr.) hyoscyamus extract, 
0.016 Gm. (4 gr.) valerian extract, 0.016 Gm. (34 gr.) passiflora 
extract, and 8.1 mg. (4g gr.) monobromated camphor. Uses: 
sedative and hypnotic. Dose: 1 or 2 capsutabs. 

Nostal N. N. R. (Riedel-de Haen)—Tablets, 0.097 Gm. (1% gr.), con- 
taining 5-isopropyl-5-8-bromallyl barbituric acid. Uses: hyp- 
notic and sedative. Dose: as hypnotic, 1 to 4tablets; as sedative, 
4% or 1 tablet. é 

Nurokardiac (Rorer)—Tablets, each containing 0.016 Gm. (14 gr.) 
phenobarbital, 8.1 mg. (14 gr.) nux vomica extract, and 0.389 Gm. 
(6 gr.) Carbenzyme (diastase, papain, sodium carbonate). Uses: 
sedative and digestant. Dose: 1 tablet. | 

Optodorm (Hildebrand)—Tablets, each containing 0.3 Gm. Carbromal 


N.F. 
Ortal Sodium N. N. R. (Parke, Davis)—Capsules, 0.049, 0.194, or 
0.324 Gm. (3, 3, or 5 gr.), containing sodium 5-n-hexyl-5-ethyl 
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barbituric acid. Uses: hypnotic and sedative. Dose: as hyp- 
notic, 0.324 to 0.648 Gm. (5 to 10 gr.); as sedative, 0.049 to 0.097 
Gm. (3 to 1% gr.). 

Ortal Sodium with Phenacetin Kapseals—Contains 0.097 Gm. (1% 
gr.) Ortal sodium and 0.194 Gm. (3 gr.) acetophenetidin. Uses: 
barbiturate-analgesic combination. Dose: 1 or 2 Kapseals. 


Passiphen Compound (McNeil)—Sugar-coated, orange tablets, each 
containing 0.016 Gm. (44 gr.) phenobarbital, 8.1 mg. (% gr.) 
hyoscyamus extract, 0.065 Gm. (1 gr.) passiflora extract, and 0.065 
Gm. (1 gr.) valerian extract. Uses: antispasmodic and sedative. 
Dose: 1 to 2 tablets. 

Pembules (Novocol)—Capsules, containing 0.032 Gm (%  gr.), 
poe oe (34 gr.), and 0.097 Gm. (1% ger.) Pentobarbital Sodiwm 

Pental (Vanpelt and Brown)—Capsules, 0.049 or 0.097 Gm. (34 or 14% 
gr.), containing Pentobarbital Sodium U.S. P. 

Pentothal Sodium N. N. R. (Abbott)—Dry ampuls (0.5 or 1 Gm.) and 
multiple dose ampuls (5 Gm.), containing monosodium 5-ethyl-5- 
(1-methylbutyl) thiobarbiturate, and buffered with anhydrous 
sodium carbonate. Uses: quick-acting anesthetic known as 
Truth Serum when used in proper dosage. Dose: 2 or 8 ce. of a 
freshly prepared 2% or 5 per cent solution, intravenously only. 


Pernoston N. N. R. (Riedel-de Haen)—Tablets, 0.194 Gm. (3 gr.), 

containing 5-sec-butyl-5-8-bromallyl barbituric acid. Uses:’ hyp- 
notic and sedative lasting 5to 8 hours. Dose: 1 tablet. 
Pernoston Sodium N. N. R.—Ampuls (2 cc.), containing a 10 per 
cent solution of the sodium salt of Pernoston. Dose: 
12.5 kilogram of body weight, intravenously, at rate of 1 ec. per 
minute until patient sleeps or full dose has been injected. Intra- 
muscularly, the full dose may be injected at once. 

Phanodorn N. N. R. (Winthrop)—Tablets, 0.194 Gm. (3 gr.), con- 
taining cyclohexenylethylbarbituric acid (eyclobarbital). Uses; 
hypnotic and sedative. Dose: 0.097 to 0.389 Gm. (14% to 6 gr.) 
for insomnia, 

Rubitone (Lascoff)—Elixir, each fluidrachm containing 0.016 Gm. 
(44 gr.) phenobarbital, 0.130 Gm. (2 gr.) ammonium salicylate; 
20 mg. ascorbic acid, 144 min. chloroform, 0.065 Gm. (1 gr.) terpin 
hydrate, 18 per cent alcohol, glycerin, and honey. Uses: anodyne, 
expectorant, and sedative. Dose: 1 to 2 teaspoonfuls. 

Sandoptal N. N. R. (Sandoz)—Tablets (0.2 Gm.), containing isobutyl- 
allyl barbituric acid. Uses: hypnotic. Dose: 1 or 2 tablets. 


Seconal Sodium N. N. R. (Lilly)—Powder, capsules (pulvules), 50 or 
100 mg., or rectal suppositories, 0.13 Gm. (2 gr.), containing mono- 
sodium 5-allyl-5-(1-methylbutyl) barbiturate. Uses: short-acting 
hypnotic and sedative. Dose: 0.1 to 0.2 Gm.; in obstetrics, 0.3 
to 0.7 Gm.; as preoperative hypnotic, 0.2 to 0.3 Gm. Total dose 
0.778 Gm. (12 gr.). : ; 

Elixir Seconal N. N. R.—Contains 0.130 Gm. (2 gr.) Seconal So- 
dium per fluidounce. 

Seconal Sodium Ampuls N. N. R.—Each containing 0.25 or 0.5 Gm. 
powder used to prepare a 5 per cent solution by the addition of 5 
or 10 ec., respectively, of sterile distilled water. 

Seconal Sodium Enseals—Enteric-coated tablets containing 0.049 
or 0.097 Gm. (34 or 14% gr.) Seconal Sodium. 

Sedatal (Smith-Dorsey)—Capsules, each containing 0.016 Gm. 
(44 gr.) phenobarbital, 8.1 mg. (4 gr.) hyoscyamus extract, and 
5.4 mg. (42 gr.) belladonna extract. Uses: sedative and anti- 
spasmodic. Dose: 1 capsule. : 
Sedatal—tablets, same composition except 0.032 Gm. (14 gr.) 
phenobarbital. 

Sedormid (Hoffmann-La Roche)—White powder, almost tasteless, 
or scored tablets, 0.259 Gm. (4 gr.), containing allyl-isopropyl- 
acetyl-carbamide. Uses: sedative, for milder cases of nervous- 
ness and excitation. Dose: 1 to 2 tablets. 

Sigmodal Sodium (Riedel-de Haen)—Ampuls (12 cc.), containing 
sodium sec-amyl-8-bromallyl barbiturate. Uses: rectal hypnotic. 
Dose: in obstetrics, 8 to 10 cc., rectally; in surgery, to 1.3 cc. per 
10 kilogram body weight. 

Solfoton (Poythress)—Tablets, each containing 0.016 Gm. (34 gr.) 
phenobarbital and 0.022 Gm. (44 gr.) colloidal sulfur. Uses: 
sedative. Dose: 1 tablet. 

Somnifene (Hoffmann-La Roche)—Ampuls (2 ce.) or vials (12 ec.), 
each cc. containing a solution with 0.097 Gm. (144 gr.) each of the 
diethylamine salts of diethylbarbituric acid (barbital) and allyl- 
isopropyl-barbituric acid (Alurate). Uses: hypnotic and seda- 
tive. Dose: 20 to 40 drops in water, orally or rectally; 1 to 2 
cc., intramuscularly or intravenously (slowly and with caution). 


Sulfonal (Winthrop)—Powder consisting of Sulfonmethane N. F. 
Trional (Winthrop)—Powder consisting of Sulfonmethylmethane N. F. 


Tuinal (Lilly)—Capsules (pulvules), 0.097 or 0.194 Gm, (144 or 3 gr.), 
containing a combination of Seconal Sodium (sodium propyl- 
methyl-carbinyl allyl barbiturate) and Sodium Amytal (sodium 
isoamyl ethyl barbiturate), in equal proportions, Uses: hypnotic 
and sedative. Dose: as hypnotic, 0.097 Gm. (1!4 gr.); in ob- 
stetrics, 0.194 to 0.389 Gm. (3 to 6 gr.); and as preoperative hyp- 
notic, 0.097 to 0.194 Gm. (1% to 3 gr.). , 

Ureajel (Breon)—A water-soluble jelly containing 10 per cent urea 
and 0.5 per cent phenol. Uses: suppurative wounds to lessen 
foul odor and to stimulate granulation. ; 

Veronal N. N. R. (Winthrop)—Elixir, 0.130 Gm. (2 gr.) per teaspoon- 
ful; powder, or tablets, 0.324 Gm. (5 gr.), containing Barbital 
Ua Sak 


Veronal Sodium N. N. R.—Powder or tablets, 0.324 Gm. (5 gr.), 
containing Barbital Sodium U.S. P. \ 
Visnico (Drug Products)—Sugar-coated, orange, oval-shaped tablets 
(pulvoids), each containing 0.016 Gm. (14 gr.) phenobarbital, 0.032 
Gm. (% gr.) crataegus oxyacantha extract, 0.130 Gm. (2 gr.) potas- 
sium nitrate, 0.016 Gm. (44 gr.) powdered viscum album extract, 


1 cc. per: 
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and 0.065 Gm. (1 gr.) sodium nitrite. Uses: 
dilator. Dose: 1 or 2 pulvoids, : 


Zantrate (Upjohn)—Tablets, each containing 0.032 Gm. (% gr.) 


sedative and vaso- 
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cyclopentenylallylbarbituric acid, 0.024 Gm. (% gr.) ephedrine 
sulfate, and 0.130 Gm. (2 gr.) theophylline. Uses: bronchial 
antispasmodic and vasoconstrictor. Dose: 1 or 2 tablets. 


SYMPATHOMIMETIC AMINES 


The sympathomimetic amines are organic compounds 
which elicit responses in the body similar to those re- 
sulting from stimulation of the adrenergic nerves. 
In addition, several of the compounds produce pro- 
nounced effects on the central nervous system. AlI- 
though these compounds resemble each other struc- 
turally and physiologically in many respects, each 
possesses unique properties which are often specific 
in their therapeutic application. These characteristic 
properties often may be anticipated by correlating 
pharmacological activity and chemical structure. 
Sympathomimetic amines may be basically related in 
structure to $-phenylethylamine, phenylisopropyl- 
amine, an aliphatic amine, or an imidazoline com- 
pound, the first two named having the most representa- 


fact that the effect of a particular substitution usually 
varies when other alterations are made in the molecule. 
However, a number of generalizations are useful in pre- 
dictions concerning the effect of structure on activity: 
‘1. The substitution of an alkyl group on the a- or 6- 
position of the phenylethylamine side chain reduces the 
pressor action. A single methyl group in the e-position 
confers oral activity, increased duration of action, 
analeptic action, and the property of tachyphylaxis. 
2. In general, the activity is increased by the substi- 
tution of a hydroxyl group in the £-position. 
3. Activity is reduced by substitutions on the amine 
group in the side chain. 
4, When a single hydroxyl group is present in the 
aromatic nucleus activity increases progressively when 


tives among the commonly used agents of this group. _ located at the ortho-, para-, or meta-position. In gen- 
THE RELATION OF STRUCTURE AND ACTIVITY OF SYMPATHOMIMETIC AMINES* 
H 
B a | Relative Duration 
Compound R CH Gla N Pressor of 
Y Y y Activity Action 
g-Phenylethylamine LED Nik H H H 495 8 Short 
Tyramine HO GD SES H H H 5-50 27 Short 
Synephrin Eis = i EAE, OH H CH3 10—40 25 Short 
; HO; 
l-Neosynephrine << S OH H CHs3 100-200 150 Short 
HO= 
Cobefrin Ho OH CHs3 H 250 250 Short 
HO 
Epinephrine Hoe Ze S= OH H CHs3 1000 1000 Short 
HO 
Arterenol Ho S— OH H H 1000-1500 1200 Short 
Benzedrine Gees. CH3 H 4-5 5 Long 
dl-Desoxyephedrine Z Magi oes CH CH3 1-2 1 Long 
Propadrine <2 OH CHg H 3-7 5 Long 
Ephedrine < S OH CHs CH3 oe7 5 Long 
Tuamine (2-Aminoheptane, Lilly) CH 3CH2CH 2CH p— H CH3 H 3-4 S Long 


* From Research Today Vol. IV, No. 1, 75 (1947) published by Eli Lilly and Co. 


Compounds possessing the 8-phenylethylamine struc- 
tural skeleton have pharmacological activities qualita- 
tively resembling those of epinephrine. Compounds 
having the phenylisopropylamine structural skeleton 


ea Ce 


NHe 
Phenylisopropylamine 


resemble the 6-phenylethylamine series in pharmaco- 
logical activity but differ in certain ways which seem 
to be attributable to the three-carbon isopropyl side 
chain. Some of these differences are: an increase in 
duration of activity, activity on oral administration, 
the property of exhibiting tachyphylaxis, and a tend- 
ency to show analeptic action in varying degrees. 
The difficulty of giving generalizations relating 
structure to pharmacological activity, sufficiently broad 
in scope to cover the field of sympathomimetic amines 
containing an aromatic nucleus, is complicated by the 


eral, phenolic compounds are more toxic than non- 
phenolic. Dihydroxyl derivatives exhibit maximum 
activity when the hydroxyl groups are in the 3,4-posi- 
tions. 

Generalizations relating structure to activity in the 
aliphatic amines seem to bear a relationship to those 
of the aromatic series: 

1. Substitution of a methyl group at the a-position 
increases the pressor action and its duration, but larger 
alkyl groups decrease the activity. 

2. Substitution of alkyl groups at the 6-position de- 
creases the activity. 

3. Substitutions on the amino nitrogen decrease 
the activity. 


EPHEDRINE U. S. P. Ephedrina 
[Ephedrin.—Ma huang, Sp. Efedrina] 


Ephedrine is an alkaloid obtained from Ephedra 
equisetina Bunge, Ephedra sinica Stapf, and other spe- 
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cies of Hphedra (Fam. Gnetacex), or produced syn- 
thetically. It is anhydrous, or contains not more than 
one-half molecule of water of hydration. 

Anhydrous Ephedrine contains not less than 98.5 
per cent of CioHisNO (165.23). Hydrated Ephedrine 
contains not less than 94 per cent of Cio>H,;NO. 

Preparation—Ephedrine was first obtained by Nagai 
in 1887 from a Chinese herb, ma huang. Structurally, 
it is closely related to epinephrine, but it is more stable. 
Ephedrine may be obtained by alkalinizing powdered 
ma huang with milk of lime or sodium carbonate solu- 
tion, and extracting the base with alcohol or benzene. 
It is now, however, almost exclusively produced by 
synthetic methods. The most economic (patented) 
process for synthetic production is by fermenting a 
mixture of benzaldehyde and molasses. The keto- 
alcohol CgHsCH(OH)COCHs, is formed. This is 
mixed with a solution of monomethylamine [CHsNH¢| 
and treated with byvdrogen. The oxygen of the keto 
group is thereby replaced with the methylamino group 
and a hydrogen, thus forming ephedrine. 


Description and Properties—Ephedrine occurs as an unctuous, almost 
colorless solid, or white crystals or granules. It gradually decomposes 
on exposure to light. It melts between 33° and 40°, the variability 
in the melting point being due to differences in the moisture content, 
anhydrous Ephedrine having a lower melting point than the hemi- 
hydrate of Ephedrine. Its solution is strongly alkaline to litmus. 
Ephedrine is soluble in water, in alcohol, in chloroform, and in ether, 
and is moderately and slowly soluble in liquid petrolatum, the solu- 
tion in the latter becoming turbid if the Ephedrine contains more than 
about 1 per cent of water. 

Identification—(1) On adding 2 drops of cupric sulfate T.S., fol- 
lowed by 1 cc. of sodium hydroxide T.S., to a solution of about 10 
mg. of Ephedrine in 1 cc. of water and 2 drops of diluted hydrochlorie 
acid, a purplish red color is produced. On subsequently adding 1 cc. 
of ether and shaking, the ether will be purple and the water blue. 
(2) When a chloroform solution of Ephedrine is allowed to stand over- 
night and then spontaneously evaporated, white crystals of ephedrine 
hydrochloride are formed by the reaction between the ephedrine and 
the chloroform. 

Tests for Purity— 

Specific rotation—The specific rotation of the hydrochloride, ob- 
tained by evaporating Ephedrine with a slight excess of hydrochloric 
acid to dryness on a steam bath, is between —33° and —35.5°. 

Residue on ignition—Not more than 0.1 per cent. 

Chloride—Not more than 0.03 per cent as Cl. 

Sulfate—Practically none in 100 mg. f 
Assay—A weighed quantity of Ephedrine is deabived in a few ce. of 
neutralized alcohol, and a measured excess of standard acid is added. 
Then the excess of the acid is titrated with standard alkali, using 
methyl red T.S. as the indicator. Each ce. of tenth-normal acid cor- 
responds to 16.52 mg. of CjgHi5NO. 

Storage—Keep Ephedrine in tight, light-resistant containers, in a 
cold place. 

Labeling—The label shall declare whether the Ephedrine is hydrated 
or anhydrous. When the quantity of Ephedrine is indicated in the 
labeling of any preparation of Ephedrine, this shall be understood to 
be in terms of anhydrous Ephedrine. 

Incompatibilities—Ephedrine differs from most alkaloids in being 
soluble in water, producing a solution which has a strongly alkaline 
reaction. Incompatibilities may occur because of this alkalinity. 
Rosin, Eger, and Mack, J. A. Ph. A., 30, 275 (1930), have recorded 
the solubility of the anhydrous alkaloid in light liquid petrolatum at 
20° as 2.2 Gm. in 100 ce. of solution. The hemihydrate which con- 
tains about 5 per cent of water was soluble only to the extent of 0.84 
Gm. in 100 ce. of solution at the same temperature. Both substances 
were more soluble at 25°. This striking difference in solubility indi- 
cates the importance of using the anhydrous variety in the prepara- 
tion of oil solutions. 

After frequent and prolonged exposure to a moist atmosphere, 
Ephedrine may absorb sufficient moisture to prevent the preparation 
of a clear solution in oil due to the separation of droplets of water. 
Anhydrous calcium chloride has been suggested as a means of clarify- 
ing such'‘a solution. The alkaloid is rendered more soluble in liquid 
petrolatum by trituration with an equal weight of oleic acid. Cam- 
phor, menthol, thymol, oil of cinnamon, and oil of thyme also increase 
its solubility. 

A compound insoluble in either water or oil is formed with iodine. 
Tannic acid precipitates the alkaloid but not its salts. Ephedrine 
reduces silver salts in aqueous solution to metallic silver. (See also 
Ephedrine Hydrochloride). Because of its alkalinity, ephedrine is 
incompatible with chlorobutanol causing that substance to decompose 
with the liberation of hydrochloric acid. In an oil solution the ephed- 
rine hydrochloride thus formed is insoluble. 


Uses—Ephedrine is a sympathomimetic amine which 
shares some of the actions and uses of epinephrine, but 
which differs from the latter drug in several important 
ways. Ephedrine, due to its stability, can be given by 
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mouth, a distinct advantage when chronic therapy is 
required. The duration of action of Ephedrine is 
longer than that ordinarily obtained with epinephrine. 
The constrictor effect of Ephedrine on arterioles is less 
prominent than that of epinephrine; but Ephedrine 
does not have a biphasic action on small blood vessels, 
such as has epinephrine which, for example, results in 
late vascular congestion (‘‘after-congestion’’) of mucosze 
after initial shrinkage. Ephedrine exerts a mydriatic 
action of value in ophthalmology, an effect elicitable 
with epinephrine only under special circumstances. 
Ephedrine also possesses a powerful central nervous 
system stimulant action, and thus has uses not enjoyed 
by epinephrine such as in narcolepsy, and in the 
therapy of poisoning by central nervous system depres- 
sants. Finally, Ephedrine differs from epinephrine in 
that it is of value in the treatment of myasthenia 
gravis. 

The therapeutic uses made of the actions of Ephed- 


rine on the cardiovascular system are numerous. 


Ephedrine is employed to bolster the blood pressure 
in patients undergoing spinal anesthesia. It is also 
employed in postural hypotension. When wisely em- 
ployed, it may be of benefit in certain forms and certain 
stages of shock. It is also used in patients with com- 
plete heart block. The bronchodilator actions of 
Ephedrine are made use of in the treatment of bronchial 
asthma. The constrictor action of Ephedrine on the 
small blood vessels is applied therapeutically in hay 
fever, acute coryza, acute rhinitis, acute sinusitis, ete. 
In such conditions, sprays, solutions and jellies are of 
value to relieve the troublesome mucosal congestion. 
Ephedrine is applied in ophthalmology as a mydriatic, 
frequently in combination with homatropine. Ephed- 
rine is a powerful cortical and respiratory stimulant 
useful in treating morphine and barbiturate overdosage 
and similar types of drug poisoning. In narcolepsy, 
Ephedrine counteracts the irrepressible desire to sleep, 
relieves the inversion of the sleep cycle, and abolishes 
the cataplectic seizures. In myasthenia gravis, Ephed- 
rine may give moderate to dramatic symptomatic relief 
in selected cases, but is not as generally useful as neo- 
stigmine. It is often combined with neostigmine 
therapy. Finally, Ephedrine is an important agent 
used to prevent or treat a variety of allergic syndromes, 
including angioneurotic edema, drug reactions, chronic 
urticaria, etc. 

As a rule, the salts of Ephedrine, particularly the sul- 
fate or hydrochloride, are employed for the systemic 


effects of the alkaloid, and usually administered as tab- 


lets or capsules. The dose varies from 10 to 50 mg. 
Sterile solutions may be injected subcutaneously, intra- 
muscularly, or intravenously. Topical application to 
the conjunctival or respiratory mucosa is common. 
Locally applied solutions vary in strength from 0.5 to 
3.0 per cent. The stronger solutions tend to be irritat- 
ing. Ephedrine base is employed in oil solutions (usu- 
ally 1 to 3 per cent in liquid petrolatum) for topical use. 


Ephedrine Spray N. F. Nebula Ephedrine 
[Nebul. Ephed.—Sp. Pulverizacién de Efedrina] 
Ephedrine Spray contains, in each 100 ec., not less 


than 0.90 Gm. and not- more than 1.10 Gm. of CyoH,;- 
NO. 


Metric Alternative 


Ephedrine, dried over sulfuric acid. ...... 10Gm. 73 gr, 
Methyl Salicylatesc 2 205. ac.f ence eee 2 cc. 15 min. 
Light Liquid Petrolatum, anhydrous, a suf- ~ 

ficient quantity rane: 

To make...... SoS ibibo age UM eee , 1000 cc. 1 pint 


Peers) 2 
ee tee 


SYMPATHOMIMETIC AMINES 


Warm the ephedrine and the methyl salicylate in a suitable 
container on a water bath at 40° until.a solution is obtained. 
Then add sufficient light liquid petrolatum, rendered anhydrous 
but not heated at a temperature above 40° to make 1000 cc. 

' (1 pint), and agitate the mixture until the solution is clear. 


Assay—A measured volume of the Spray is extracted with several 
small portions of dilute sulfuric acid in the presence of some ether to 
hold the methyl salicylate. The acid solution now containing the 
Ephedrine is assayed as described under Ephedrine Sulfate. 
Storage—Keep the Spray in tight, light-resistant containers, and 
avoid exposure to excessive heat. 


° 


Uses—A spray or nebula for local application to the 
mucous membrane of the nostrils, shrinking the con- 
gested mucosa in rhinitis and sinusitis. See Ephedrine. 


Compound Ephedrine Spray N. F. Nebula Ephedrine 
Composita 
{[Nebul. Ephed. Comp.—Compound Ephedrine Inhalant, Sp. 
Pulverizacién de Efedrina Compuesta] 
Compound Ephedrine Spray contains, in each 100 


ec., not less than 0.90 Gm. and not more than 1.10 Gm. 
of GagkliaeN©: 


Metric Alternative 
Ephedrine, dried over sulfuric acid..... 10 Gm Wags 
CATT LOT c. Siete eae ee nee 6 Gm 44 gr. 
INNES TEL EG) 5) 6 Gi OSIRIS NERC Ce eee 6 Gm 44 er, 
SW igeine (OFky 8 GN nee cna ere SECC: 23 min. 
Light Liquid Petrolatum, anhydrous, a suf- 
ficient quantity, 
Tey THEDUSS «5, CSRS Eee area 1000 cc. 1 pint 


Warm the ephedrine, camphor, menthol, and thyme oil in a 
suitable container on a water bath at 40° until a uniform liquid 
is obtained. Then add sufficient light liquid petrolatum, rendered 
anhydrous but not heated at a temperature above 40°, to make 
1000 cé. (1 pint) and agitate the mixture until the solution is 
clear. 


Assay—This preparation is assayed for its ephedrine content as de- 
scribed in the assay of Ephedrine Spray. 5 
Storage—Keep the Spray in tight, light-resistant containers, and 
avoid exposure to excessive heat. 


Uses—In addition to the ephedrine action on the 
mucous membranes this preparation possesses the 
stimulating and soothing value of the other ingredients. 
See Ephedrine. 


EPHEDRINE HYDROCHLORIDE U. S. P. 
Ephedrine Hydrochloridum 


{Ephedrin. Hydrochlor.—Sp. Clorhidrato de Efedrina] 


Ephedrine Hydrochloride (Ci1pH1sNO.HCl= 201.69), 
when dried at 100° for 3 hours, contains not less than 
80.4 per cent and not more than 82.5 per cent of an- 
hydrous ephedrine [C:.H:1;NO], corresponding to not 
less than 98 per cent of CioHisNO.HCL. 


Description and Properties—Ephedrine Hydrochloride occurs as fine, 
white, odorless crystals or powder. Itis affected by light. Its specific 
rotation is between —33° and —35.5°. The aqueous solution is 
practically neutral to litmus. Ephedrine Hydrochloride responds to 
identification test (1) described under Ephedrine and responds to the 
tests for chloride. One Gm. of Ephedrine Hydrochloride dissolves 
in about 3 cc. of water and in about 14 cc. of alcohol. It is insoluble 
in ether. 

‘Tests for Purity— 

Loss on drying—Not more than 2 per cent. . 

_ Pree acid or free base—Equivalent to not more than 0.2 ce. of fiftieth- 
normal alkali or 0.1 cc. of fiftieth-normal acid per Gm. of Ephedrine 
Hydrochloride. 

Residue on ignition—Not more than 0.1 per cent. 
Sulfate—Practically none in 50 mg. : ; , 
Assay—lIts ephedrine base content is determined as described in the 
assay of Ephedrine Sulfate. One cc. of tenth-normal acid corresponds 
to 16.52 mg. of Ci9pHi5NO or to 20.17 mg. of the hydrochloride. 
Storage—Keep Ephedrine Hydrochloride in well-closed, light- 
resistant containers. } ! ; 
_Incompatibilities—Ephedrine salts differ from the base in being 
insoluble in liquid petrolatum and in the fact that their aqueous 
solutions are slightly acid in reaction. Ephedrine sulfate appears 
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to be compatible with silver salts whereas the base has a reducing 
action upon them and the hydrochloride gives a precipitate. Col- 
loidal silver chloride or iodide (Neo-Silvol) is compatible with ephed- 
rine sulfate. 

Iodine and other alkaloidal precipitants cause a precipitation. 


Uses—See Ephedrine Sulfate. 
Average Dose—25 mg. (approximately 34 grain). 


Ephedrine Hydrochloride Tablets N. F. 
Ephedrine Hydrochloridi 


[Tab. Ephed. Hydrochlor.—Sp. Tabletas de Clorhidrato de Efedrina] 


Ephedrine Hydrochloride Tablets contain not less 
than 91 per cent and not more than 109 per cent of the 
labeled amount of C1o>H,;NO.HCI. 


Assay—An accurately weighed portion of at least 20 powdered Tabe 
lets is dissolved in water and the solution made up to an exact volume. 
In an aliquot of the solution the ephedrine is determined as described 
in the assay of E’phedrine Sulfate. Each cc. of tenth-normal acid cor- 
responds to 20.17 mg. of ephedrine hydrochloride. 

Storage—Keep the Tablets in tight, light-resistant containers. 


Average Dose—25 mg. (approximately 3¢ grain) of 
Ephedrine Hydrochloride. 


Tabelle 


EPHEDRINE SULFATE U. S. P. Ephedrinz Sulfas 
[Ephedrin. Sulf.—Sp. Sulfato de Efedrina] 


Ephedrine Sulfate [(CioHi1sNO)2.H2S804 = 428.53] 
when dried at 100° for 3 hours, contains not less than 
75.5 per cent and not more than 77.3 per cent of an- 
hydrous ephedrine [CioH,;NO], corresponding to not 
less than 98 per cent of (C1oHi5NO)2.H2SO.. 


Description and Properties—Hphedrine Sulfate occurs as fine, white, 
odorless crystals or powder. It is affected by light, and its aqueous 
solution is practically neutral to litmus paper. Ephedrine Sulfate has 
a specific rotation of —29.5° to —32.0°. It responds to the identifica- 
tion reaction described under Ephedrine, and yields the reactions for 
sulfate. One Gm. of Ephedrine Hydrochloride dissolves in about 3 
cc. of water and in about 14 ce. of alcohol. It is insoluble in ether. 
Tests for Purity— 

Loss on drying, Free acid or free base, and Residue on ignition—It 
conforms to the limits given for these in Ephedrine Hydrochloride. 

Chloride—Not more than 0.14 per cent as Cl. 
Assay—A weighed quantity of about 400 mg. of the dried Sulfate is 
dissolved in 10 cc. of water saturated with sodium chloride. The lat- 
ter decreases the water solubility of the ephedrine base formed by the 
subsequent treatment with sodium hydroxide. Sodium chloride de- 
creases the water solubility of practically all alkaloids and many other 
substances as well. To the solution is then added a moderate excess 
of sodium hydroxide T.S. which liberates ephedrine base, and the latter 
is completely extracted with several portions of ether (chloroform 
cannot be used because ephedrine reacts with it forming ephedrine 
hydrochloride—see Ephedrine). The combined ether solutions are 
washed with two 5-cc. portions of sodium chloride-saturated water to 
remove any sodium hydroxide that may have been carried over into 
the ether. These combined washings are shaken with 10 cc. of ether 
to extract any ephedrine that may have been dissolved by the water 
during the washing (ephedrine is relatively soluble in water), and this 
ether extract is added to the main ether solution. The ephedrine is 
now extracted from the ether by shaking in a separator with an accu- 
rately measured volume of tenth-normal acid, in excess of that re- 
quired to combine with the ephedrine in the ether. The acid solution 
is carefully withdrawn from the separator; the ether is then washed 
with small portions of water to withdraw all of the acid and added 
to the main acid solution. The volume of acid combined with the 
ephedrine is then determined by titrating the excess of acid with 
tenth-normal alkali, using methyl red T.S. as the indicator. Each 
ec. of tenth-normal acid corresponds to 16.52 mg. of ephedrine base 
or to 21.43 mg. of Ephedrine Sulfate. 
Storage—Keep Ephedrine Sulfate in well-closed, light-resistant con- 
tainers. 


Uses—See Ephedrine. 
Average Dose—25 mg. (approximately 3 grain). 


Ephedrine Sulfate Ampuls N. F. Ampulle Ephedrine 
Sulfatis ‘4 


{Ampul. Ephed. Sulf.—Ephedrine Sulfate Injection, Sp. Inyeccién de 
Sulfato de Efedrina] 


Ephedrine Sulfate Ampuls contain a sterile solution 
of ephedrine sulfate in water for injection, and yield 
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CyoHi5NO, equal to not less than 73.0 per cent and 
not more than 80.0 per cent of the labeled amount of 
(CioH,,;NO)2.H2804. 


Sterilize the injection by Process D (page 122), or by any other 
adequate and suitable method of sterilization. The Ampuls also con- 
form to the other requirements under Parenteral Solutions (page 249). 
Assay—The Ampuls are assayed as described in the assay of Ephedrine 
Sulfate. 


Uses—As in the previous ampul solution, it is desir- 
able to use a hard glass ampul for this preparation. 
Although the sulfate contains less actual ephedrine 
than the hydrochloride, it is used in preference to the 
hydrochloride since it produces less reaction in the form 
of a stinging sensation when injected. The preparation 
is used in the treatment of asthma and hay fever, and 
is sometimes used for raising the blood pressure during 
spinal anesthesia. See Ephedrine. 

Average Dose—50 mg. (approximately 34 grain) of 
Ephedrine Sulfate. 


Ephedrine Sulfate Capsules N. F. Capsule Ephedrine 
Sulfatis 


[Cap. Ephed. Sulf.—Sp. CApsulas de Sulfato de Efedrina] 


Ephedrine Sulfate Capsules contain not less than 91 
per cent and not more than 109 per cent of the labeled 
amount of (CioHisNO)2.H2804. 


Identification—The presence of ephedrine sulfate may be ascer- 
tained by extracting the contents of one or more Capsules with warm 
alcohol, in which ephedrine sulfate is soluble but the gelatin of the 
C apsule i is insoluble. The alcohol solution upon evaporation yields a 
residue which responds to the identification reactions for ephedrine 
and sulfate. 

Assay—Consult the N. F. VIII (page 191) for details. These Capsules 
are assayed for their ephedrine content by the Kjeldahl method. 
Storage—Keep the Capsules in well-closed containers. 


Average Dose—25 mg. (approximately °¢ grain) of 
Ephedrine Sulfate. 


Ephedrine Sulfate and Phenobarbital Capsules N. F. 
Capsule Ephedrine Sulfatis et Phenobarbitalis 


(Cap. Ephed. Sulf. et Phenobarb.—Sp. Capsulas de Sulfato de 
Efedrina y Fenobarbital] 


Ephedrine Sulfate and Phenobarbital Capsules con- 
tain not less than 91 per cent and not more than 109 
per cent of the labeled amounts of (Cio0HisNO)s.- 
lasts and of Cralal aan O's. 


Identification—(1) Mix the contents of a sufficient number of Cap- 
sules equivalent to about 200 mg. of ephedrine sulfate with 25 ec. of 
water. Filter, and add 2 cc. of ammonia T.S. and extract with chloro- 
form. Filter, and then evaporate the chloroform: white crystals 
of ephedrine hydrochloride are produced. (2) Mix the contents of a 
number of Capsules, equivalent to 0.5 Gm. of phenobarbital, with 25 
cc. of water and 4 cc. of sodium hydroxjde T.S. Filter and extract 
the filtrate with ether to remove the ephedrine. Acidify the aqueous 
solution with hydrochloric acid. Extract with chloroform and evapo- 
rate the chloroform extract to dryness. The residue responds to the 
tests for Identification under Phenobarbital (page 631). 

Assay for Phenobarbital—The contents of 20 Capsules are put in a 
beaker and mixed well with dilute sodium hydroxide solution. Filter, 
and add water, ether, and hydrochloric acid to render the aqueous 
layer of the filtrate acid. Extract the aqueous layer with ether. 
Wash the combined ether extracts with very dilute hydrochloric acid. 
Retain the aqueous layer for the determination of ephedrine sulfate. 
Transfer the ether extracts to a beaker, evaporate to dryness, dry the 
residue to constant weight at 105°, and weigh as CygH129No003. 
Assay for Ephedrine Sulfate—Transfer the aqueous layer, equivalent 
to 0.3 Gm. of ephedrine sulfate, from the Assay for phenobarbital, to a 
Kjeldahl flask and assay by the Kjeldahl method as directed under 
Ephedrine Sulfate Capsules (page 191, N. F. VIII). Each ce. of fifti- 
aon ee acid is equivalent to 4.285 mg. of (C19Hi5- 

2.H25 
Storage—Keep the Capsules in well-closed containers. 


Uses—See Ephedrine. 
Average Dose—25 mg. (approximately 34 grain) of 


Ephedrine Sulfate; 30 mg. (approximately 144 grain) 
of Phenobarbital. 


SYMPATHOMIMETIC AMINES 


Ephedrine Sulfate Jelly N. F.. Gelatum Ephedrine 


Sulfatis 
[Gel. Ephed. Sulf.—Ephedrine Jelly, Sp. Gel de Sulfato de Efedrina] 


Ephedrine Sulfate Jelly yields, from each 100 Gm., 
not less than 0.65 Gm. and not more than 0.85 Gm. of 
CioH15NO. 


Metric Alternative 
Ephedrine =Sultate ae ae Oe Ginn: 70 gr. 
Tragacanth? -oa nee eerie 10 Gm 70 gr. 
NVEtRY I Salicylaterntiemietacve ste OF ec. 749 min, 
Eucalyptol oe... anew eee liece: 7 min. 
Dwarf Pine Needle Oil........ Ou ce. %{o min. 
Glycerine... eee 150 Gm 2 0z. av. 175 gr. 
Distilled: Watetiacunaeae eee S3Om cc: 12 oz. av. 351 min. 
Mowmnakera bout ertaewiere as 1000) =Gm. 16 oz. av. 


Dissolve the ephedrine sulfate in the distilled water, add the 
glycerin, the tragacanth, and the remaining ingredients. Mix 
well, and keep in a closed container for 1 week, with occasional 
agitation or mixing. 

Note—To each 1000 Gm. of Ephedrine Sulfate Jelly, 1.6 Gm. 
of Sodium Phosphate may be added as a stabilizer. 


Assay—Transfer into a separator about 10 Gm. of the Jelly, accu- 
rately weighed, with the aid of small portions of water. Then add 10 
ec. of sodium hydroxide solution (1 in 10), completely extract the 
ephedrine with several portions of ether, and proceed as in the Assay 
under Ephedrine Sulfate. 

Storage—Keep the Jelly in tight containers, preferably in collapsible 
dispensing tubes. 


Uses—See Ephedrine. 


Ephedrine Sulfate Solution N. F. Liquor Ephedrine 
Sulfatis 


[Liq. Ephed. Sulf.—Sp. Solucién de Sulfato de Efedrina] 


Ephedrine Sulfate Solution yields, from each 100 cc., 
not less than 2.1 and not more than 2.4 Gm. of Ci9H5- 


NO. 
Metric Alternative 
Ephedrine Sulfate>- 44. 22-36 eee 30 Gm. loz.av. 1 gr 
Chiorobutanolfmrseacmere eae 5 Gm 73 gr. 
Sodiuim~sChloridemecsaaree a eee 3.6 Gm 53 gr. 
Distilled Water, a sufficient quan- 
tity, 
To: make:54,2.chedesias wreath eekinns 1000 cc. 2 pints 


Dissolve the salts and the chlorobutanol in sufficient distilled 
water to make the product measure 1000 cc. (2 pints), and filter if 
necessary, until the product is clear. 


Description and Properties—Ephedrine Sulfate Solution is a clear, 
colorless solution with a slightly camphoraceous odor and taste. It 
is neutral or slightly acid to litmus paper. The specific rotation of 
the ephedrine sulfate in the solution is between —29° and —32°, 
The presence of ephedrine sulfate may be ascertained by the identifi- 
cation reactions given for Ephedrine and for sulfate. 

Assay—The Solution is assayed as described under Ephedrine Sulfate. 
Storage—Keep the Solution in tight containers. 


Uses—For use on mucous membranes this solution is 
diluted with an equal volume of isotonic sodium chloride 
solution. 


Ephedrine Sulfate Syrup N. F.  Syrupus Ephedrinz 


Sulfatis 
[Syr. Ephed. Sulf.—Sp. Jarabe de Sulfato de Efedrina] 

5 Metric Alternative 
Ephedrine:Sulfates.c-acemeererranerei ee 4 Gm. 58 gr. 
Distilled [Water ey crctauisiete cece sister yerescuctohe 20 cc. 308 min. 
‘Alcohol A.4..0eakes phe Giek ole ters ew sss 20 cc. 308 min. 
Cherry Syrup, a sufficient quantity, 

Toi make icc echraciee trcro readioveys aoe Seve 1000 cc. 2 pints 
Dissolve the ephedrine sulfate in the distilled water; add the 
solution and the alcohol to a sufficient quantity of the cherry 


syrup to make the product measure 1000 cc, (2 pints), and mix 
well, ‘ 
Alcohol Content—2 to 4 per cent, by volume, of CepHs50H. 
Storage—Keep the Syrup in tight, light-resistant; containers, and 
avoid excessive heat. ; 


, 
a 


SYMPATHOMIMETIC AMINES 


Uses—See Ephedrine. 
Average Dose—4 cc. (approximately 1 fluidrachm) 
corresponding to 16 mg. of Ephedrine Sulfate. 


Ephedrine Sulfate Tablets U.S. P. Tabellee Ephedrine 
Sulfatis 


[Tab. Ephedrin. Sulf.—Sp, Tabletas de Sulfato de Efedrina] 


Ephedrine Sulfate Tablets contain not less than 93 
per cent and not more than 107 per cent of the labeled 
amount of (CioH:;NO).. H2S04. 


Identification—The presence of ephedrine sulfate in the Tablets 
may be ascertained as follows: From a portion of the powdered Tab- 
lets the lubricant is extracted by trituration with 2 to 3 small volumes 
of chloroform. The residue is then extracted with hot alcohol which 
dissolves the ephedrine sulfate. Upon evaporation of the alcohol the 
residue responds to the identification reactions described under 
Ephedrine, and yields the reactions for sulfate. 
Assay—Consult the U. S. P. XIII (page 195). 
to that given for Hphedrine Sulfate. 


The assay is similar 


Uses—See Ephedrine. 
Average Dose—25 mg. (approximately *¢ grain) of 
Ephedrine Sulfate. 


EPINEPHRINE U. S. P. Epinephrina 


{Epineph.—Adrenalin, Suprarenalin, Nephridine, Sp. Epinefrina] 

Epinephrine is [-8-(3,4-dihydroxyphenyl)-g-hydroxy- 
N-methyl-ethylamine [CoH1203N a 183.20]. 

History—Epinephrine, the  blood-pressure-raising 
constituent of the suprarenal glands, originally trade- 
marked as adrenalin, was discovered by Dr. John J. 
Abel. Fuerth also claimed the discovery of an active 
principle which he called swprarenin (suprarenalin) and 
Takamine obtained and introduced it as a crystalline 
substance and named it adrenalin. These substances 
proved to be identical and the official name is that given 
to it originally by Abel. 

Preparation—Epinephrine is prepared by digesting 
finely cut adrenal gland with acidulated water. The 
acid combines with the epinephrine which is a base to 
form a water-soluble salt. The mixture is then heated to 
coagulate albuminoid material and filter-pressed. The 
digestion with acidified water is repeated to effect a 
more complete extraction.. The liquid, freed from fats, 
is concentrated in a vacuum, mixed with alcohol to 
precipitate inert ingredients, filtered, and made alka- 
line with ammonia to precipitate the epinephrine. The 
crude product so obtained is purified by dissolving in 
acidified alcohol and reprecipitating with ammonia. 
Epinephrine is also prepared synthetically. 


Description and Properties—Epinephrine occurs as a white or light 
brownish, microcrystalline, odorless powder, gradually darkening on 
exposure to air. It combines with acids, forming salts which are 
readily soluble in water, and from these solutions the base may 
be precipitated by ammonia water or by alkali carbonates. Its 
solutions are slightly alkaline to litmus. It is affected by light. 
The specific rotation of Epinephrine, determined in a solution of 1 
Gm. of the sulfuric acid-dried material in 20 cc. of half-normal hydro- 
chlorie acid, is between —50° and —53.5°. Since Epinephrine is a 
phenol it displays a strong color reaction with ferric salts. On adding 
a drop of ferric chloride T.S. to a 1 in 1000 solution of Epinephrine, 
made with a slight excess of hydrochloric acid, an emer ald-green color 
- is produced which change to cherry-red and finally to brown. Other 
oxidizing agents, ¢. g., potassium ferricyanide and dilute nitric acid, 
produce red, pink, or ‘violet colors which change to brown. Epine- 
phrine is very slightly soluble in water and in alcohol. It is insol- 
uble in ether, in chloroform, and in fixed and volatile oils. 

Test for Purity— 

Loss on drying (in vacuum over sulfuric acid)—Not more than 2 per 
cent. 

Residue on ignition—Negligible from 100 mg. 

Plant alkaloids—A 1 in 1000 acid solution of Epinephrine gives no 
turbidity with alkaloidal reagents such as trinitrophenol, mercuric 
potassium iodide, phosphomolybdic acid, platinic chloride, or tannic 
acid solutions. 
pupae en Epinephrine in tight, licht-nesistant containers. 
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Incompatibilities—Epinephrine is easily oxidized when in solution 
with the development of a pink and, finally, a brown color. The oxi- 
dized product is inert. An excess of acid retards the oxidation. Air, 
light, and heat promote its deterioration. Excess of acid also de- 
creases the conversion to the racemic form which is less active than 
the official laevorotary variety. 

Metals, notably copper, iron, and zinc, rapidly destroy its activity. 

Uses—Epinephrine, the hormone of the adrenal 
medulla, mimics in its actions the effects of sympathetic 
nerve impulses in the body. It acts on smooth muscle 
cells, gland cells, and the heart to produce responses 
similar to those evoked by stimulation of the corre- 
sponding sympathetic (adrenergic) nerves. Thus 
Epinephrine stimulates the heart, increases the heart 
rate, raises the blood pressure, constricts the arterioles, 
relaxes the musculature of the bronchi and intestine, 
etc. Its therapeutic applications are thus manifold, 
but like other drugs which act on many organs, not 
much selectivity of response is possible. Thus, in order 
to obtain the effects on the heart, it is necessary to 
tolerate the many other actions of Epinephrine in the 
body. To some extent this disadvantage can be over- 
come by local application of Epinephrine, as to the 
nasal or bronchial mucosa. 

The actions of Epinephrine on the cardiovascular 
system have numerous therapeutic applications. The 
drug is employed topically in the control of superficial 
hemorrhages, as, for example, to obtain a clear field 
in operative procedures on the nose or throat. Freshly 
prepared solutions or 1:50,000 to 1:2000 may be used 
for this purpose. In acute coryza, sinusitis, hay fever, 
allergic rhinitis, ete., a solution of Epinephrine topically 
applied gives considerable symptomatic but brief relief, 
and may be followed by more mucosal congestion than 
before the epinephrine. Ephedrine or neosynephrine 
is to be preferred. An extremely important use of 
Epinephrine is in combination with local anesthetic 
solutions. By causing local vasoconstriction, Epi- 
nephrine keeps the local anesthetic in the desired area 
thus prolonging its action and preventing it from being 
absorbed and exerting toxic systemic effects. In shock 
and circulatory collapse, Epinephrine is not of much 
value and its injudicious use may be harmful. In com- 
plete heart block, Epinephrine is very valuable. It is 
of less service in ‘resuscitation after cardiac arrest, and 
of very little value in acute heart failure, although it is 
frequently employed in these two syndromes. In those 
cases of cardiac asthma in which an element of bron- 
chial spasm may be operative, small doses of Epi- 
nephrine may be used as an adjuvant to more primary 
therapy, such as morphine, theophylline, and digitalis. 

The use of Epinephrine in bronchial asthma is quite 
extensive, and the drug not only gives dramatic relief 
in most acute cases, but also may be life saving as in 
status asthmaticus. The drug can be injected subcu- 
taneously as the 1: 1000 aqueous solution or as the 1: 500 
oily solution; or it may be inhaled from an all-glass 
nebulizer as the 1: 100 aqueous solution. 

Epinephrine is of benefit in a variety of allergic dis- 
orders, giving symptomatic relief in many cases of giant 
urticaria, serum reactions, serum sickness, angioneurotic 
edema, etc. It has a number of miscellaneous uses 
including the prevention and control of nitritoid reac- 
tions occurring from arsphenamine therapy, the hasten- 
ing of the onset of inoculation malaria (by contraction 
of the splenic capsule and extrusion of plasmodia into 
the blood stream), the temporary relief of hypoglycemic 
reactions (by mobilization of liver glycogen), ete. 

Epinephrine may be injected subcutaneously, intra- 
muscularly, or intravenously as the 1:1000 solution; 
injected subcutaneously or intramuscularly (prefer- 
able) as the 1: 500 solution in oil; inhaled as the 1: 100 
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aqueous solution; applied topically, usually in solution 
in water; or used in ointment, suppository, jelly, or 
emulsion form. Epinephrine is inactive when taken 
orally. The dose for systemic effects by the hypodermic 
route varies from 0.1 to 0.5 ce. of a 1:1000 solution. 
Not over 0.2 ce. of a 1: 1000 solution should be injected 
intravenously. Epinephrine solutions deteriorate rap- 
idly when diluted, deterioration being accompanied by 
a reddish or brownish discoloration. 


Epinephrine Inhalation U.S. P. Inhalatio Epinephrine. 


{Inhal. Epineph.—Epinephrine Solution 1:100; Epinephrine Hydro- 
chloride Spray U.S. P. XII, Sp. Inhalacién de Epinefrina] 


Epinephrine Inhalation is a solution of epinephrine 
in distilled water prepared with the aid of hydrochloric 
acid. It has a potency equivalent to a solution con- 
taining 1 Gm. of U.S. P. Epinephrine Reference Stand- 
ard in each 100 ce. 


Epinephrine Inhalation conforms to the Description 
and Identification test under Epinephrine Solution. 


Assay—LEpinephrine Inhalation is assayed for its epinephrine content 
by the assay method described in the U. S. P. under Epinephrine 
Solution (U.S. P. XIII, page 198). 

Note—In the absence of other optically active substances the esti- 
mation of the epinephrine content may be rapidly accomplished, and 
with a reasonable degree of accuracy, by determining the specific 
rotation of the Inhalation and calculating the result from the specific 
rotation of a similar solution prepared with a known quantity of U. 
S. P. Epinephrine Reference Standard. 


Storage—Keep the Inhalation in small, well-filled, light-resistant con- 
tainers. 


Uses—Epinephrine hydrochloride spray is employed 
for the inhalation therapy of bronchial asthmatic at- 
tacks, as described under Epinephrine. It is effective 
by virtue of shrinking the congested bronchial mucosa 
and relaxing the bronchial musculature. 


Epinephrine Injection U. S. P.  Injectio Epinephrine 
(Inj. Epineph.—Epinephrine Hydrochloride Injection U. S. P. XII 
Sp. Inyeccioén de Epinefrina] 


Epinephrine Injection is a sterile solution of epi- 
nephrine in water for injection prepared with the aid of 
hydrochloric acid. Its potency shall be stated on the 
label of the container in terms of the quantity of U.S. P. 
Epinephrine Reference Standard to which it is equiva- 
lent. It meets the requirements of the Sterility Test for 
Inquids (page 126). 


Sterilize Epinephrine Injection preferably by Process 


i or Process F. See Sterilization Processes (page 


Note—This solution is extremely sensitive to air, light, and alkali 
and its decomposition is activated by heat. At a pH of about 4 to 
4.5 the solution will be amply protected against the possible alkalin- 
ity of the glass even when sterilized by heat. The addition of 0.1 per 
cent of sodium bisulfite preserves the solution almost indefinitely, 
maintaining a colorless solution. At times it has been filled under 
COg or N but this procedure is probably not necessary any longer 
where the sodium bisulfite is used. 

Identification—The presence of epinephrine is indicated by applying 
ae beet with ferric chloride T.S. as described under Hpinephrine 

olution. 


Assay—The Injection is assayed for epinephrine content by the 
assay method described in the U. 8. P. under Epinephrine Solution. 
Storage—Keep the Injection preferable in single-dose, hermetic con- 
tainers, or in other suitable containers. See Containers for Injection 
(page 255). Protect the Injection from light. 


Uses—See Epinephrine. 


Average Dose—Subcutaneous or intramuscular, 1 mg. 
(approximately 1é9 grain) of Epinephrine. 


SYMPATHOMIMETIC AMINES 


Epinephrine Solution U. S. P. Liquor Epinephrine 

[Liq. Epineph. Hydrochlor.—Epinephrine Solution 1:1000; Solution 

of Epinephrine Hydrochloride oe sins XII, Sp. Solucién de Epine- 
rina 


Epinephrine Solution is a solution of epinephrine in 
distilled water prepared with the aid of hydrochloric 
acid. It has a potency equivalent to a solution con- 
taining 1 Gm. of U.S. P. Epinephrine Reference Stand- 
ard in each 1000 ce. 

Note—If the solution is brown in color, or contains a 
precipitate, it must not be used. 


Description and Properties—Epinephrine Solution is a nearly color- 
less, slightly acid liquid, gradually turning dark on exposure to air 
and light. The addition of a drop of ferric chloride T.S. to 10 cc. of 
the Solution produces an emerald-green color which soon changes to 
cherry-red and finally to brown. 

Assay—Epinephrine Solution is assayed biologically by determining 
the volume of the Solution required to produce a rise in the blood pres- 
sure of dogs equivalent to 30 to 60 mm. of mercury. Consult the 
U.S. P. for details. 

Storage—Keep the Solution in small, well-filled, light-resistant, tight 
containers, ; 


Uses—This preparation is non-sterile and cannot be 
employed for injection, its use being reserved for topical 
administration. See Epinephrine. 


Unofficial Sympathomimetic Amines 


Amphetamine N. N. R., Benzedrine, racemic desoxynor-ephedrine, 
a-methylphenethylamine, 1-phenyl-2-aminopropane—A _ syntheti- 
cally prepared racemic mixture of bases having the formula 
CegHsCH2eCH(NH2)CH3. Uses: Amphetamine is a synthetic drug 
which has sympathomimetic properties related to those of epineph- 
rine and ephedrine. It thus stimulates smooth muscles and 
gland cells innervated by sympathetic (adrenergic) nerves. In addi- 
tion, it has a potent excitatory effect on the central nervous system. 
Amphetamine does not share all the actions of ephedrine and related 
compounds and thus is not useful in asthma, or, with a few excep- 
tions, for cardiovascular or gastrointestinal purposes. It does con- 
strict small vessels when applied locally and thus, in the form of the 
inhaler or solution in oil, is employed to shrink mucosa in hay 
fever, acute coryza, vasomotor rhinitis, acute sinusitis, etc. It can 
also be employed in orthostatic hypotension, and in syncope due to 
abnormal carotid sinus reflexes. In ophthalmological work, the drug 
is used as a mydriatic in a 1 per cent aqueous solution. Amphet- 
amine is also helpful in myasthenia gravis. Its use in epilepsy 
along with phenobarbital represents a definite therapeutic advance. 
It is also fairly specific for the oculogyric crises of postencephalitic 
parkinsonism, and is often prescribed in this disorder in combina- 
tion with belladonna alkaloids. Other uses of the central actions of 
amphetamine include the treatment of acute poisoning by central 
nervous system depressant drugs, such as morphine and barbitu- 
rates; the symptomatic treatment of narcolepsy; psychogenic dis- 
orders, including acute and chronic alcoholism; and migraine. 

Amphetamine can be administered orally, hypodermically, or 
topically, depending on the purposes of therapy. Aqueous 1 per 
cent solutions of the sulfate salt are used in the conjunctival sac 
and on the nasal mucosa. Inhalers containing the volatile alkaloidal 
base may be used to shrink the nasal mucosa. The sulfate salt 
of amphetamine is employed for oral or parenteral administration. 
Dose: 10 to 30 mg. for adults; the parenteral dose, 10 mg. Intra- 
venous injections are not recommended. 

Amphetamine Sulfate N. N. R.—The sulfate salt of a-methylphen- 
ethylamine. See Amphetamine N. N. R. 

Naphazoline Hydrochloride N. N. R., Privine Hydrochloride, 2(1- 
naphthyl-methyl)imidazoline hydrochloride—A vasoconstrictor 
which causes prolonged reduction of swelling and congestion when 
applied to mucous membranes of the nose. Rebound congestion 
will occur after prolonged use. Insufficient drug is absorbed to 
cause a rise in blood pressure. Dose: applied topically in 0.05 or 
0.1 per cent solutions. Should not be used in atomizers made of 
aluminum. 

Phenylephrine Hydrochloride N. N. R., Neo- N—CHe2 
Synephrine Hydrochloride, /-e-hydroxy-s- Ye 


methylamino-3-hydroxy ethylbenzene hy- CH2C 
drochloride,/-(m-hydroxyphenyl)-2-methyl- SS 
aminoethanol hydrochloride—A synthetic N—CH 
sympathomimetic amine occurring as S 2 
white, odorless crystals readily soluble in | : 
water and alcohol. Uses: the pharmaco- H 

logical actions of phenylephrine hydrochlo- \} 

ride are similar to those of Hpinephrine Privine 


U.S. P. In contrast to epinephrine the 

drug causes less effect on the heart and compensatory reflexes slow 
the heart rate below normal, cardiac arrhythmias are less likely to 
occur, incidence of untoward reactions such as nervousness and 
anxiety is low, stability is greater, and responses are of longer dura- 
tion. Phenylephrine hydrochloride causes contraction. of small 
blood vessels when applied locally to mucous membranes and is thus 
useful to reduce nasal congestion accompanying sinusitis, vaso- 
motor rhinitis, and hay fever. In surgery the drug is useful for in- 
jection, in combination with’ a soluble local anesthetic, to retard — 
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SYMPATHOMIMETIC AMINES 


the systemic absorption of the anesthetic, It may be injected 
alone for vasopressor effects as a preliminary or supportive measure 
to combat acute hypotension in spinal anesthesia. It may also be 
used as a mydriatic in the eye preliminary to fundoscopic examina- 
tion and in conjunction with cycloplegics in the detection of refrac- 
tive errors. Dose: intravenously, 0.5 mg.; subcutaneously or intra- 
muscularly, 5 mg.; orally, 20 to 50 mg.; topically to mucous mem- 
branes, 0.25 per cent solution and in the eye, 1 to 2.5 per cent solu- 
tion; and in combination with local anesthetics, 1:5000. 
Racephedrine N. N. R., Racemic Ephedrine, di-Ephedrine—A color- 
less, crystalline substance readily soluble in water, alcohol, and 
ether. Uses: the actions, uses, and doses of Racephedrine are 
similar to those of Ephedrine U.S. P. 
Racephedrine Hydrochloride N. N. R., Racemic Ephedrine Hydro- 
chloride—See Ephedrine Hydrochloride U.S. P. 
Racephedrine Sulfate N. N. R., Racemic Ephedrine Sulfate—See 
Ephedrine Sulfate U.S. P. 


Specialties Containing Sympathomimetic Amines 


Adnephrin (Stearns)—Capsules, each containing 20 mg. (349 gr.) 
Neo-Synephrine Hydrochloride, 16 mg. (14 gr.) phenobarbital, and 
194mg. (3 gr.) aminophylline. Uses: bronchial antispasmodic and 
sedative.. Dose: 1 capsule. 

Adrenalin N. N. R. (Parke, Davis)—Same as Epinephrine U. 8. P. 
Various preparations are available. 

Adrephine (Parke, Davis)—Ampuls (1 cc.) containing 1:2500 Adren- 

alin and 3 per cent ephedrine hydrochloride; or bottles containing 
1:10,000 Adrenalin and 2 per cent ephedrine sulfate, for topical 
use. Uses: vasoconstrictor and antispasmodic. Dose; intra- 
muscularly or subcutaneously, 0.5 to 1 ce. - 
Adrephine Inhalant—glycerin solution containing 1:10,000 Adren- 
alin, 1 per cent ephedrine hydrochloride, and 1 per cent benzocaine. 
Adrephine Suppositories—each containing 0.22 mg. (3400 gr.) 
Adrenalin, 0.011 Gm. (1% gr.) ephedrine hydrochloride, 0.052 Gm. 
(46 gr.) benzocaine, and 0.032 Gm. (14 gr.) chloretone in a cocoa 
butter base. 

Adrin Solution (Sharp and Dohme)—Ampuls (1 cc.) containing 1: 1000 
epinephrine hydrochloride in isotonic solution sodium chloride with 
0.5 per cent chlorobutanol and 0.1 per cent sodium bisulfite as pre- 
servatives. Uses: vasoconstrictor and antispasmodic. Dose: 
subcutaneously or intramuscularly, 0.06 to 1 ce.; intracardially, 0.5 


ce. 

Albomist Nasal Jelly (McKesson)—A vegetable gum jelly containing 
1.0 per cent ephedrine sulfate, camphor, menthol, thymol, and 
sodium benzoate (preservative). - Uses: nasal decongestant, ap- 
plied topically. 

Alephed (Massengill)—Capsules, each containing 0.024 Gm. (34 gr.) 
ephedrine sulfate and 0.024 Gm. (3, gr.) Alphenal (allylphenyl- 
barbituric acid). Uses: bronchial antispasmodic. Dose: 1 to 3 
capsules. 

Amesec (Lilly)—Pulvules (capsules) or Enseals (enteric-coated cap- 
sules), each containing 0.024 Gm. (3% gr.) ephedrine hydrochloride, 
0.130 Gm. (2 gr.) aminophylline and 0.024 Gm. (3 gr.) Amytal. 
Uses: antispasmodic and sedative. Dose: 1 to 3 capsules daily. 

Amodrine (Searle)—Tablets, plain or enteric-coated, each containing 
25 mg. racephedrine hydrochloride, 100 mg. aminophylline, and 8 
mg. phenobarbital. Uses: bronchial antispasmodic and sedative. 
Dose: 1 or 2 tablets. 

Aqua Drin (McKesson)—An isotonic solution containing 1 per cent 
ephedrine, lactic acid, menthol, and acetoxy-mercuri-4-8-ethyl- 
hexyl-phenol sulfonic acid. Uses: nasal decongestant, applied 
topically. 

Arlcaps (Arlington)—Capsules (5 gr.) each containing 0.026 Gm. 
(38 gr.) ephedrine hydrochloride, 0.026 Gm. (2 gr.) phenobarbital, 
and 0.130 Gm, (2 gr.) acetylsalicylic acid, in an alkaline base. 
Uses: bronchial antispasmodic and sedative. Dose: 1 capsule. 

Asminyl (Cole)—Tablets, each containing 0.032 Gm. (14 gr.) ephed- 
rine sulfate, 0.032 Gm. (1% gr.) phenobarbital sodium, and 0.194 
Gm. (3 gr.) theophylline sodio-salicylate. Uses: bronchial anti- 

: spasmodic and sedative. Dose: 1 tablet. 

Asthmolysin (Beisner)—Ampuls (1 cc.) containing a sterile, injectable 
solution of an extract of suprarenal gland in combination with an 

extract of whole pituitary gland. Uses: bronchial antispasmodic. 
Dose: subcutaneously, 1 cc. repeated once. 

Azodrine (Premo)—Nebutabs (tablets) and vials of liquid to make a 
1:100 solution of epinephrine hydrochloride. Uses: antispas- 
modic in bronchial asthma. Dose: 1 to 2 cc. by inhalation during 

_ _ 3 to 10 minutes. 

' Barbephine (Chicago Pharmacal)—Tablets, each containing 0.024 
Gm. (3% gr.) ephedrine, 8.1 mg. (1% gr.) phenobarbital, and 0.13 Gm. 
(2 gr.) theophylline. Uses: bronchial antispasmodic and sedative. 
Dose: 1 or 2 tablets. 

Barbradine (Barlow-Maney)—Tablets, each containing 0.024 Gm. 
(% gr.) racephedrine hydrochloride, 8.1 mg. (% gr.) phenobarbital 
and 0.097 Gm. (11% gr.) aminophylline. Uses: bronchial anti- 
spasmodic. Dose: 1 or 2 tablets. 

Barbradine Suppositories—Each containing 0.024 Gm. (% gr.) 
racephedrine hydrochloride, 0.016 Gm. (14 gr.) phenobarbital, and 
0.486 Gm. (7% gr.) aminophylline. Dose: rectally, 1 suppository. 

Belphedribarb (Haskell)—Tablets, each containing 0.024 Gm. (%% 
gr.) ephedrine sulfate, 0.032 Gm. (1% gr.) phenobarbital, and bella- 
donna alkaloids equivalent to 0.5 cc. belladonna tincture. Uses: 
bronchial antispasmodic. Dose: 1 or 2 tablets. 

Benzedrine Inhaler N. N. R. (S. K. F.)—Tubes, each containing 250 
mg. amphetamine, 12.5 mg. menthol, and aromatics. See Amphet- 

amine N. N. R. 4 
Benzedrine Solution—Containing 1 per cent amphetamine, 2.2 per 
cent oleic acid, 0.3 per cent lavender oil, and aromatics. aa 

_ Benzedrine Sulfate N. N.R. (S. K. F.)\—Tablets (5 and 10 mg.), elixir 
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(each 5 ee. containing 2.5 mg.), and powder of amphetamine sulfate. 

Beva Capsules (Columbus)—Capsules, each containing 0.024 Gm. 
(% gr.) ephedrine hydrochloride, 0.032 Gm. (14 gr.) phenobarbital 
sodium, 0.13 Gm. (2 gr.) valeryl urea bromide, and 0.65 mg. (4400 
gr.) aspidospermine. Uses: antispasmodic and sedative. Dose: ° 
3 or 4 capsules daily. 

Bracodin (McNeil)—Elixir, each fluidounce containing 0.016 Gm. 
(4 gr.) ephedrine hydrochloride, 14.8 ec. (240 min.) quebracho 
tincture, and 1.458 Gm. (2214 gr.) potassium iodide. Uses: respir- 
ees stimulant and saline expectorant. Dose: 1 to 3 teaspoon- 

s. 

Butanefrine Hydrochloride (Winthrop)—Ampuls (1 cc.) and vials 
(30 ce.) containing a 1:500 solution of butanefrine hydrochloride. 
Uses: bronchodilatation in bronchial asthma. Dose: subcutane- 
ously or intramusculary, 1 cc.; intravenously, 0.5 to 2.5 ce. 

Cobefrin Hydrochloride (Winthrop)—Racemic 3,4-dihydroxy-phenyl- 
propanolamine hydrochloride—A synthetic amine related chemi- 
cally to epinephrine; similar qualitatively but differing quantita- 
tively in pharmacologic activity. Uses: vasoconstrictor in local 
anesthesia in dentistry and hemostat in treatment of capillary 
hemorrhage. Dose: as vasoconstrictor, 1:10,000 solution; as 
hemostat, 1: 200 solution. 

Coryphedrine (Wallau)—Tablets, each containing 0.015 Gm. ephe- 
drine hydrochloride and 0.5 Gm. acetylsalicylic acid. Uses: bron- 
chial antispasmodic and analgesic. Dose: 1 to 4 tablets daily. 

Daldrin (Sharp and Dohme)—A sugar-free solution, each fluidounce 
containing 1 gr. each Propadrine Hydrochloride, codeine phosphate, 
and chloroform, 34, gr. menthol, 20 gr. sodium citrate, and 2 min. 
ipecac fluidextract. Uses: bronchial antispasmodic and sedative. 
Dose: 1 teaspoonful. 

Desafrin (Endo)—Tablets (2.5 mg.) containing d-desoxyephedrine 
hydrochloride. Uses: analeptic in depressive states. Dose: 1 or 
2 tablets daily. 

Desoxyn (Abbott)—Tablets (2.5 mg.) containing d-desoxyephedrine 
hydrochloride. Uses: central nervous system stimulant. Dose: 
2.5 to 5 mg. daily. 

Desyphed Hydrochloride (Winthrop)—Tablets (2.5 mg.) containing 
desyphed hydrochloride. Uses: central nervous system stimu- 
lant for use in narcolepsy, and chronic alcoholism. Dose: orally, 
2.5 to 5 mg. a day. 

Dexedrine Sulfate Tablets (S. K. F.)—Tablets containing 5 mg. d- 
amphetamine sulfate. Uses: central nervous system stimulant. 
Dose: 5 to 25 mg. daily. 

Disco (Abbott)—Tablets, each containing 8.1 mg. (14 gr.) ephedrine 
hydrochloride, 0.097 Gm. (11% gr.) acetophenetidin, and carmina- 
tives. Uses: bronchial antispasmodic and analgesic. Dose: 2 
tablets. 

Drinalfa (Squibb)—Scored tablets, each containing 5 mg. d-desoxy- 
ephedrine hydrochloride. Uses: central nervous system stimu- 
lant. Dose: orally, 5 to 10 mg. before lunch. 

Efedron (Hart Drug)—Water-soluble jelly containing 0.6 per cent 
ephedrine hydrochloride, 0.5 per cent chlorobutanol, 0.85 per cent 
sodium chloride, menthol, and cinnamon oil. Uses: nasal de- 
congestant, applied topically. 

Efemist (Hart Drug)—Physiological salt solution containing 1 per 
cent ephedrine hydrochloride, 0.5 per cent chlorobutanol, menthol, 
eucalyptol, and sucrose. Uses: nasal decongestant, applied as 
drops or spray. 4 
Iso-Efemist—lIsotonic sodium chloride solution containing 1 per 
cent ephedrine sulfate and 0.5 per cent chlorobutanol. 
Neo-Efemist—Aromatized aqueous solution containing 1 per cent 
ephedrine sulfate, 5 per cent mild silver protein, and 0.5 per cent 
chlorobutanol. 

Ephcaben (Kretschmar)—Tablets, each containing 0.024 Gm. (% 
gr.) ephedrine hydrochloride, 0.049 Gm. (34 gr.) theophylline, 0.097 
Gm. (11% gr.) aminopyrine, 0.097 Gm. (11% gr.) benzyl succinate, 
and 0.049 Gm. (34 gr.) calcium lactate. Uses: bronchial anti- 
spasmodic and bronchodilator. Dose: 1 or 2 tablets daily. 


Ephedrate (Upjohn)—Tablets, each containing 0.024 Gm. (3 gr.) 
ephedrine sulfate and 0.032 Gm. (14 gr.) cyclopentenylallylbarbi- 
turie acid. Uses: antispasmodic, vasconstrictor, and sedative. 
Dose: 1 or 2 tablets. ‘ 

Ephedrine-Calcium lodized Compound (McNeil)—Capsules, each 
containing 0.024 Gm. (% gr.) ephedrine sulfate, 0.22 mg. (400 gr.) 
atropine sulfate, 8.1 mg. (14 gr.) phenobarbital sodium, 0.032 Gm. 
(4% gr.) iodized calcium, and 0.259 Gm. (4 gr.) calcium gluconate. 
Uses: antispasmodic and sedative. Dose: 1 or 2 capsules. _ 

Ephedrine Glycerole (Patch)—A liquid, each fluidounce containing 
0.032 Gm. (1% gr.) ephedrine hydrochloride in a base of Irish moss 
(Chondrus crispus) and glycerin. Uses: expectorant and demul- 
cent. Dose: 1 teaspoonful. Ne 

Ephedrital (Sherman)—Tablets, each containing 0.024 Gm. (3 gr.) 
ephedrine sulfate and 0.016 Gm. (4% gr.) phenobarbital. Uses: 
bronchial antispasmodic and sedative. Dose: 1 or 2 tablets. 


Ephedrol with Codeine (Lilly)—Syrup, each fluidounce containing 
3.89 Gm. (60 gr.) Ma Huang, 0.065 Gm. (1 gr.) codeine sulfate, 
0.518 Gm. (8 gr.) potassium guaiacol sulfonate, 1.85 ec. (80 min.) 
squill syrup, 3 per cent alcohol, with menthol and Tolu balsam. 
Uses: antispasmodic, sedative, and expectorant. Dose: 1 to 2 
teaspoonfuls. He : 

Ephedromal (Blue Line)—Capsules, each containing 0.024 Gm. (% 
gr.) ephedrine hydrochloride and 0.324 Gm, (5 gr.) carbromal. 
Uses: bronchial antispasmodic and sedative. Dose: 1 capsule. 

Ephenate Elixir (Hart Drug)—Elixir, each teaspoonful containing 8.1 
mg. (14 gr.) ephedrine hydrochloride and 8.1 mg. (% gr.) phenobar- 
bital. Uses: bronchial antispasmodic and sedative. Dose: 2 to 
4 teaspoonfuls. ae 

Ephetal (Abbott)—Tablets, each containing 0.024 Gm. (% gr.) 
ephedrine hydrochloride and 0.016 Gm. (4 gr.) phenobarbital. 
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Uses: Dose: 1 or 2 tab- 
lets. rs ’ 
Ephetonin (Merck)—Tablets, 0.049 Gm. (34 gr.), containing racemic 
ephedrine hydrochloride; prepared synthetically. See Ephedrine 

Hydrochloride U.S. P. 

Epinine (Burroughs Wellcome)—A 1:100 solution containing 3,4- 
dihydroxy-phenyl ethyl methylamine, a synthetic amine of the 
epinephrine group. Uses: same as for Epinephrine U.S. P. 
Epinine Hydrochloride—Ampuls (1 ce.) containing a 1:100 solution 
of 3,4-dihydroxyphenyl ethyl methylamine hydrochloride. Uses: 
same as for Epinephrine U.S. P. Dose: subcutaneously or intra- 
muscularly, 5 to 15 min.; intravenously, 1 cc. in 500 cc. normal sa- 
line. 

Epiphedrine Compound (Rorer)—A solution containing 1:2000 epi- 
nephrine and in each cc. 0.024 Gm. (3 gr.) ephedrine hydrochloride. 
Uses: bronchial antispasmodic. Dose: subcutaneously, | ce. 

Eprinal (United Drug)—Solutions (1:100 and 1:1000) containing 
epinephrine hydrochloride with chlorobutanol and sulfurous acid 
in normal saline. Uses; antispasmodic and vasoconstrictor, ap- 
plied topically. 

Fepetal (Massengill)—Capsules, each containing 0.016 Gm. (% gr.) 
ephedrine sulfate, 0.016 Gm. (14 gr.) pentobarbital sodium, 0.194 
Gm. (3 gr.) acetophenetidin; and 0.43 mg. (4450 gr.) atropine sul- 
fate. Uses: antispasmodic and analgesic. Dose: 1 capsule. 

Franol (Winthrop)—T pblets, each containing 0.022 Gm. (% gr.) 
Bephedin (benzylephedrine), 8.1 mg. (44 gr.) Luminal (phenobarbi- 
tal), and 0.13 Gm. (2 gr.) theophylline. Uses: bronchial anti- 
spasmodic. Dose: 1 or 2 tablets. 

Gelatin-Epinephrine (Rorer)—Vials (1 and 10 ce.) containing 1:500 
epinephrine hydrochloride in an aqueous gelatin base. Uses: 
prolonged action bronchial antispasmodic. Dose: subcutaneously 
or intramuscularly, 1 ce. 

Gluco-Fedrin (Parke, Davis)—Isotonice solution containing 1 per 
cent ephedrine (as the lactate), 0.5 per cent chlorobutanol, 3 per 
cent dextrose and menthol. Uses: nasal decongestant, applied 
topically. 

Gluco-Fedrin with Phemerol—Also contains 1:5000 Phemerol 
See re eee eae chlo- 
ride). 

Gluco-Fedrin with Sulfathiazole—Also contains 5 per cent sulfa- 
thiazole and 1:50,000 phenylmercuric lactate. 

I-Sedrin Compound (Lilly)—Isotonic solution containing 1 per cent 
ephedrine, 1:5000 Merthiolate (sodium ethyl mercuri thiosalicyl- 
ate), gluconic acid, and dextrose. Uses: nasal decongestant, 
applied topically. 

I-Sedrin Plain—Same except 0.5 per cent chlorobutanol in place 
of the Merthiolate. 

Isofedrol (Blue Line)—An aqueous, isotonic solution containing 1 per 
pone ephedrine sulfate. Uses: nasal decongestant, applied topi- 
cally. 

Isohalant (Abbott)—An aqueous, isotonic solution containing 1 per 
cent ephedrine sulfate, 0.5 per cent chlorobutanol,-and dextrose. 

Uses: nasal decongestant, applied topically. 

Iso-Phedrizem (Zemmer)—An isotonic solution containing 1 per cent 
ephedrine sulfate, 0.5 per cent chlorobutanol, and sodium chloride. 
Uses: nasal decongestant, applied topically. 

Kephrine Hydrochloride Powder (Winthrop)—A powder composed of 
5 parts Kephrine Hydrochloride (1-(m-p-dihydroxyphenyl)-1-keto- 
2-methylaminoethane hydrochloride) and 95 parts tricalcium phos- 
phate. Uses: a vasoconstrictor used only locally; less powerful 
but more prolonged in action than epinephrine. 

Kephrine Hydrochloride Rectal Suppositories—Suppositories con- 
taining 3 parts Kephrine Hydrochloride, 1 part belladonna extract, 
and 96 parts suppository base. 

Lobiodrin (Breon)—Tablets, each containing 0.016 Gm. (14 gr.) 
ephedrine hydrochloride, 0.016 Gm. (14 gr.) lobelia extract, 0.097 
Gm. (1% gr.) calcium iodobehenate, and 8.1 mg. (1% gr.) sarsapa- 


bronchial antispasmodic and sedative. 


rilla extract. Uses: bronchial antispasmodic. Dose: 1 or 2 
tablets. 
Manadrin (Endo)—An aqueous, isotonic solution of ephedrine. Uses: 


nasal decongestant, applied topically. 

Metaphedrin Aqueous (Abbott)—An aqueous solution containing 1 
per cent ephedrine with 1:5000 Metaphen (anhydride of 4-nitro-3- 
hydroxy-mercuri-o-cresol). Uses: nasal decongestant, applied 
topically. 

Metaphedrin Inhalant No. 99—Light mineral oil containing 1 per 
cent ephedrine with 1:2500 Metaphen. 

Metaphedrin Isotonic—Isotonic sodium chloride solution contain- 
ing | per cent ephedrine with 1:5000 Metaphen. 

Metaphedrin Isotonic No. 2—Half strength of above. 

Nafedrose (Bristol)—An isotonic, aqueous solution containing 1 per 
cent ephedrine sulfate, 0.5 per cent chlorobutanol, and lactose. 
Uses: nasal decongestant, applied topically. 

Nasafedrin (Zemmer)—Jelly containing 1 per cent ephedrine hydro- 
chloride, 1 per cent procaine hydrochloride, 0.04 per cent phenol, 
menthol, and eucalyptol. Uses: nasal decongestant, applied 
topically, 

Nebulin-A (Stearns)—See Suprel Solution. 

Neo-Synephrine Hydrochloride N. N. R. (Stearns)—Same as Phenyl- 
seine Hydrochloride N. N. R. Various preparations are avail- 
able. f 
Neo-Synephrine Sulfathiazole—An isotonic solution containing 0.6 
per cent /-a-hydroxy-s-methylamine-3-hydroxy ethylbenzene-2- 
sulfanilamido thiazolate. 

Nethacetin (Merrell)—Tablets, each containing 0.043 Gm. (34 gr.) 
Nethamine (methylethylamino-phenylpropanol) hydrochloride, 
0.227 Gm. (31% gr.) acetophenetidin, and 0.130 Gm. (2 gr.) acetyl- 
salicylic acid. Uses: primary dysmenorrhea, bronchial asthma, 
allergic rhinitis, ete. Dose: 1 tablet. 


SYMPATHOMIMETIC AMINES 


Nethacol (Merrell)—A sugar-free’ solution containing in each fluid- 
ounce 0.065 Gm. (1 gr.) Nethamine Hydrochloride, 0.065 Gm. (1 gr.) 
chloroform, 0.06 cc. (1 min.) ipecac fluidextract, 0.65 Gm. (10 gr.) 
ammonium chloride, and 8.1 mg. (% gr.) menthol. Uses: broncho- 
dilator and expectorant. Dose: 1 to 2 teaspoonfuls. 

Nethamine Hydrochloride (Merrell)—Tablets, 0.049 Gm. (34 gr.), _ 
containing methylethylamino-phenylpropanol hydrochloride (/- V- 
ethylephedrine hydrochloride), a synthetic sympathomimetic 
amine closely related to ephedrine. Uses: as for ephedrine but 
has een vasopressor and central nervous system effects. Dose: 
1 tablet. 

Normadrine (Vanpelt and Brown)—An isotonic solution containing 
1 per cent ephedrine and sucrose, buffered with phosphate to pH 
5.5 to 6.5. Uses: nasal decongestant, applied topically. 


Norodin (Endo)—Tablets, 2.5 or 5 mg., containing d-desoxyephedrine 
hydrochloride. Uses: central nervous system stimulant. Dose: 
2.5 to 25 mg. a day. 

Novalene (Prof. Drugs)—Tablets, each containing 0.025 Gm. ephed- 
rine sulfate, 0.015 Gm. phenobarbital, and 0.15 Gm. each of potas- 
sium iodide and calcium lactate. Uses: bronchial antispasmodic, 
sedative, and expectorant. Dose: 2 tablets. pe: 

Oenethyl Hydrochloride (Bilhuber-Knoll)—Ampuls (1 ce.) containing 
50 mg. 2-methylaminoheptane hydrochloride, a vasopressor amine 
salt. Uses: hypotension in spinal anesthesia. Dose: intrave- 
nously or intramuscularly, 5 to 10 mg. at 15- to 30-second intervals 
to a total dose of 50 mg. , 

Padrophyll Tablets (Sharp and Dohme)—Tablets, each containing 
0.032 Gm. (% gr.) Propadrine (phenylpropanolamine) hydrochlo- 
ride and 0.130 Gm. (2 gr.) theophylline. Uses: bronchial anti- 
spasmodic. Dose: 1 tablet. 

Parasma Tablets (Raymond)—Tablets, each containing 8.1 mg. 
(% gr.) ephedrine hydrochloride, 0.065 Gm. (1 gr.) aminophylline, 
and 0.194 Gm. (3 gr.) sodium bromide. Uses: bronchial anti- 
spasmodic. Dose: 3 tablets. , 

Paredrine Hydrobromide Aqueous (S. K. F.)—An isotonic solution 
containing 1 per cent Paredrine (p-hydroxy-a-methylphenethyl- 
amine hydrobromide), 1:100,000 sodium ethyl mercuri thiosalicyl- 
ate (preservative), and sodium chloride. Uses: a sympathomi- 
metic amine producing no central nervous system stimulation 
but pronounced vasopressor effects. Given prior to spinal anes- 
thesia it helps support the blood pressure; is of value in treating 
various types of shock. A potent mydriatic; a nasal deconges- 
tant. Dose: 2 to 5 drops in each nostril or as spray. 

Paredrine Hydrobromide Ophthalmic, 1 Per Cent with Boric Acid— 
Tear-isotonic solution containing 1 per cent Paredrine Hydro- 
bromide, 2 per cent boric acid, and 1:50,000 sodium ethyl mercuri 
thiosalicylate (preservative). . 
Paredrine-Sulfathiazole Suspension—An isotonic suspension of 5 
per cent sulfathiazole, 1 per cent Paredrine Hydrobromide, and 
1:20,000 sodium ethyl mercuri thiosalicylate. 

Par-Pen (S. K. F.)—Buffered, isotonic solution containing 1 per cent 
Paredrine Hydrobromide and in each cc. 800 units penicillin cal- 
cium. Uses: acute sinusitis, applied by irrigation or on tampon. 

Paxonin (Lederle)—Tablets, each containing 0.024 Gm. (% gr.) 
ephedrine sulfate, 0.13 Gm. (2 gr.) aminophylline, and 0.016 Gm. 
(4 gr.) phenobarbital. Uses: bronchial antispasmodic. Dose: 

tablet. 

Pentaphedrine (Flint, Eaton)—Licorice-flavored solution containing 
0.032 Gm. (% gr.) ephedrine hydrochloride, 0.032 Gm. (% gr.) 

“pentobarbital sodium, and 0.518 Gm. (8 gr.) calcium iodide. Uses; 
bronchial antispasmodic and sedative. Dose: 1 to 2 teaspoonfuls. 

Pervitin Hydrochloride (S. K. F.)—Tablets (5 mg.) containing d- 
desoxyephedrine hydrochloride. Actions and Uses: as for Am- 
phetamine N. N. R. Dose: % to 1 tablet. 

Phedretal (Rorer)—Tablets, each containing 0.024 Gm. (% gr.) 
ephedrine hydrochloride and 0.016 Gm. (1% gr.) phenobarbital 

Uses: bronchial antispasmodic. Dose: 1 tablet. 

Phedros (Sharp and Dohme)—A liquid, each fluidounce containing 
40 min. ephedra fluidextract, 3 min. squill fluidextract, 2.8 min. 
ipecac fluidextract, 2 gr. chloroform, and 8 gr. ammonium chloride. 
Uses: antispasmodic and expectorant. Dose: 1 teaspoonful. 


Phyllofed (United Drug)—Capsules or enteric-coated tablets, 
each containing 0.032 Gm. (% gr.) ephedrine sulfate, 0.032 Gm. 
(44 gr.) phenobarbital sodium, and 0.194 Gm. (3 gr.) theophylline 
and sodium acetate. Uses: antispasmodic. Dose: as indicated. 


Pit-Ren (Drug Products)—Capsules containing a combination of 
epinephrine hydrochloride and desiccated posterior pituitary with 
tribasic caleium phosphate and sodium bisulfite. Uses: vaso- 
constrictor in asthma. Dose: 1 or 2 capsules. ; 

Privine Hydrochloride Solution N. N. R. (Ciba)—Isotonic, buffered 
solutions (0.1 and 0.05 per cent) containing Naphazoline Hydro- 
chloride N. N. k. : 
Privine Hydrochloride Nasal Jelly N. N. R.—A buffered, water- 
soluble base containing in each Gm, 0.5 mg. Naphazoline Hydro- 
chloride and 0.01 mg. Merthiolate. 

Prohexinol (Sharp and Dohme)—Isotonic solution containing 1.5 per 
cent Propadrine Hydrochloride and 1:3000 hexylresorcinol. Uses: 
nasal decongestant, applied topically. 

Propadrine Hydrochloride N. N. R. (Sharp and Dohme)—Capsules, 
0.024 Gm. (% gr.) and 0.049 Gm. (% gr.), containing phenyl- 
propanolamine hydrochloride (Norephedrine hydrochloride), a 
sympathomimetic amine having an action similar to that of Hphed- 
rine Hydrochloride U. S. P., but more prolonged and less likely 
to cause side effects such as nervousness, insomnia, and excitation. 
Uses: bronchial antispasmodic and nasal decongestant. Dose: 
34 to 84 gr. at 3- to 4-hour intervals. 

Propadrine Hydrochloride Elixir N. N. R.—Each fluidounce con- 
taining 0.130 Gm. (2 gr.) Propadrine Hydrochloride. 
Propadrine Hydrochloride Nasal Jelly N. N. R.—A water-soluble 
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base containing 0.66 per cent Propadrine Hydrochloride. 
Propadrine Hydrochloride Solution N. N..R.—Solutions containing 
1 or 3 per cent Propadrine Hydrochloride. 

Prothricin (Sharp and Dohme)—Isotonic, buffered solution contain- 
ing 1.5 per cent Propadrine Hydrochloride and 0.02 per cent 
een Uses: antibiotic nasal decongestant, applied topi- 


Pe qauephedrine Hydrochloride (Burroughs Wellcome)—Tablets, 
0.032 Gm. (% gr.) and 0.065 Gm. (1 gr.), containing 1-phenyl-2- 
methylaminopropanol-1 hydrochloride (isoephedrine hydrochlo- 
ride), a stereoisomer of ephedrine. Uses: as for ephedrine but has 
less pressor and central nervous system stimulant effects. Used as 
oe ea antispasmodic. Dose: 0.032 Gm. (1% gr.) to 0.065 Gm. 

gr.). 

Riona parties (Sharp and Dohme)—Capsules, each containing 
0.049 Gm. (% gr.) Propadrine Hydrochloride, 0.130 Gm. (2 gr.) 
acetophenetidin, and 0.194 Gm. (3 gr.) acetylsalicylic acid. Uses: 
simple dysmenorrhea, neuralgia, etc. Dose: 1 capsule. 

Supranephrin Solution 1:1000 (Rorer)—Ampuls (1 cc.) or vials 
(30 ec.) containing a 1:1000 solution of epinephrine hydrochloride. 
See Epinephrine Solution U.S. P 
Supranephrin Solution |: 100-~Vials (6 cc.) containing a 1 per cent 
solution of epinephrine hydrochloride in normal saline. 

Suprarenalin N. N. R. (Armour)—Same as Epinephrine U. S. P. 
Various preparations available. 

Suprarenin N. N. R. (Winthrop)—Same as Epinephrine U.S. P. 
Various preparations available. 

Suprel Solution (Stearns)—An aqueous solution containing 1:100 
epinephrine hydrochloride, with chlorobutanol, alcohol, and gly- 
cerin. Uses: bronchial antispasmodic administered by inhala- 
tion. 

Symedral (Lederle)—Isotonic solution containing 1 per cent ephed- 
rine sulfate preserved with 0.2 per cent chlorobutanol. Uses: 
nasal decongestant, applied topically. 

Sympatol (Stearns)—Tablets (0.1 Gm.) or solution (10 per cent) con- 
taining synephrine tartrate (p-methylaminoethanolphenol tartr ate), 
an orally effective sympathomimetic agent. Uses: peripheral cir- 
culatory stimulant without central nervous system stimulation. 
Dose: 1 to 3 tablets or 1 to 2 cc. of solution. 

Sympatol 6 Per Cent Solution (Parenteral)—Ampuls (1 cc.) con- 
taining 60 mg. p-methylaminoethanolphenol tartrate. Dose: sub- 
cutaneously, 1 cc. 

Tedral (Maltine)—Tablets, scored or enteric coated, each containing 
0.024 Gm. (% gr.) ephedrine hydrochloride, 8.1 mg. (1% gr.) 
phenobarbital, and 0.130 Gm. (2 gr.) theophylline. Uses: bron- 
chial antispasmodic. Dose: 1 or 2 tablets. 

Teprin (Endo)—Tablets, enteric-coated, each containing 0.024 Gm. 
(% gr.) ephedrine hydrochloride, 8.1 mg. (44 gr.) phenobarbital, 
and 0.097 Gm. (1% gr.) theophylline. Uses: bronchial anti- 
spasmodic. Dose: 1 or 2 tablets. 

Thalfed (Massengill)—Tablets, plain or enteric-coated, each contain- 
ing 0.024 Gm. (3% gr.) ephedrine hydrochloride, 8.1 mg. (% gr.) 
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phenobarbital, and 0.130 Gm. (2 gr.) theophylline. Uses: bron- 
chial antispasmodic. Dose: 1 tablet. 

Theascorb Tablets (Nion)—Tablets, each containing 0.012 Gm, 
(346 gr.) racephedrine hydrochloride, 0.048 Gm. (34 gr.) theophyl- 
line, 125 mg. ascorbic acid, and 0.5 mg. thiamine hydrochloride. 
Uses: bronchial antispasmodic. Dose: 6 tablets daily. 

Theofenedrine (Premo)—Tablets or enteric-coated tablets (Enerels), 
each containing 24.3 mg. (% gr.) ephedrine, 130 mg. (2 gr.) theo- 
phylline, and 8.1 mg. (% gr.) phenobarbital. Uses: relief of 
bronchial asthma attacks. Dose: as directed; enteric-coated 
tablets for delayed action. 

Theoprofedrine (National Drug)—Tablets, each containing 0.024 
Gm. (3 gr.) ephedrine hydrochloride, 8.1 mg. (1% ‘gr.) phenobarbi- 


tal, and 0.097 Gm. (11% gr.) theophylline isopropanolamine. Uses: 
bronchial antispasmodic and vasoconstrictor. Dose: 1 or 2 tab- 


lets. 

Tuamine N. N. R. (Lilly), Racemic 2-aminoheptane—An aliphatic 
sympathomimetic amine. Occurs as a volatile, pale yellow liquid 
which is sparingly soluble in water but freely soluble in ether, 
ethanol, chloroform, and benzene. 

Tuamine Inhaler N. N. R.—Plastic inhaler containing 2-amino- 
heptane carbonate equivalent to 325 mg. 2-aminoheptane, 32 mg. 

menthol, and 65 mg. ylang ylang oil. Uses: nasal decongestant 
and vasoconstrictor by inhalation. 

Tuamine Sulfate Solution N. N. R. (Lilly)—Buffered solution (1 or 2 
per cent) containing 2-aminoheptane sulfate, methyl and propyl- 
hydroxybenzoate (preservatives), and sodium chloride. Applied 
topically in 0.2 to 2 per cent solution, by spray, dropper, or tampon. 

Vasodrine (Premo)—Ampuls (1 ec.), vials (30 cc.), or bottles (30 cc.) 
containing a 1:1000 isotonic solution of epinephrine with 0.5 per 
cent chlorobutanol (preservative) and sodium chloride. Uses: as 
for Epinephrine U.S. P. 

Vonedrine N. N. R. (Merrell), 1-methylamino-2-phenylpropane—A 
volatile sympathomimetic amine. Occurs as a pale yellow liquid 
slightly soluble in water but soluble in ether, ethanol, and benzene. 
Pharmacologically it is free from central nervous system and 
cardiovascular stimulation and causes no local irritation to mucous 
membranes. 

Vonedrine Inhaler N. N. R.—Inhaler containing 0.25 Gm, 1- 
methylamino-2-phenylpropane in combination with aromatics. 
Uses: nasal decongestant. 

Vonedrine Solution with Ceepryn—Isotonic solution containing 
0.5 per cent 1-methylamino-2-phenylpropane combined with 
levulinic acid and 1:5000 cetylpyridinium chloride. Uses: nasal 
decongestant, applied topically. 

Zantrate (Upjohn)—Tablets, each containing 0.024 Gm. (% gr.) 
ephedrine sulfate, 0.032 Gm. (4% gr.) Cyclopal (cyclopentenylallyl 
barbituric acid), and 0.130 Gm. (2 gr.) theophylline. Uses: 
bronchial antispasmodic. Dose: 1 or 2 tablets. 

Zobro (Standard Products)—Isotonic, neutral solution containing 1 
per cent ephedrine in Locke-Ringer’s solution. Uses: nasal decon- 
gestant, applied topically. 
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The discovery of the action of acetylcholine to stimu- 
late structures innervated by parasympathetic nerves 
has caused considerable research in this field during the 
past two decades. The main objective of the research 
has been to produce potent compounds which (1) are 
_ capable of oral administration, (2) are less susceptible 

to physiological inactivation than acetylcholine, and 
(3) geplay specificity with respect to the nerves stimu- 
ated. 

Of the many compounds synthesized and tested, four 
are now recognized in the U. 8. P. Two of these, 
Carbachol and Methacholine Chloride, are closely re- 
lated chemically to the natural stimulator, acetylcho- 
line. The other two, Neostigmine Bromide and Neo- 
stigmine Methylsulfate, are derivatives of the m- 
_dimethylaminopheny! ester of dimethylearbamic acid 
(Neostigmine), a synthetic showing some structural 
similarities to the alkaloid physostigmine which is also 
a parasympathetic stimulant. 


CARBACHOL U. S. P. Carbacholum 


(Carbachol.—Doryl, Lentin, Sp. Carbacol] 


-  Carbachol is carbamylcholine chloride [NH.CO- 
OCH.CH2N(CHs)3Cl = 182.65]. 
Preparation—Ethylenechlorohydrin is treated with 
phosgene. The resulting chloroethyl chloroformate 
upon treatment with ammonia is converted into chloro- 


ethyl urethane, which gives Carbachol when mixed 


with aqueous trimethylamine. The steps in this process 
are illustrated in the following equations: 
CHeCICH2Z0H + COCl. — CHeClCH2zOCOCI 


ethylenechlorohydrin phosgene chloroethy! chloroformate 


+ NHs3 — CHgClICH2z0CON He (+ HCl) 


chloroethy] urethane 


+ N(CHs3)3 — NHeCOOCH2CH2N(CHs)3sCl 


trimethylamine carbamylcholine chloride 


(+ HCl) 


Description and Properties—Carbachol occurs as white or faintly 
yellow crystals or as a crystalline powder. It is odorless and hygro- 
scopic. Its solutions are neutral to litmus paper. It melts between 
200° and 203°. One Gm. of Carbachol dissolves in about 1 ce. of 
water and in 50 ce. of alcohol. It is almost insoluble in chloroform 
and in ether. 

Identification—(1) Ammonium Reineckate T.S. produces in its 
aqeuous solution a red precipitate which is soluble in acetone. (2) 
Gold chloride T.S. produces in a 1 to 10 aqueous solution of Carbachol 
a yellow crystalline precipitate (the aurichloride) which when re- 
crystallized from hot water melts between 183° and 185°. (3) When 
it is gently boiled with alcoholic potassium hydroxide the odor of 
trimethylamine (fishy) is evolved and a precipitate of potassium 
carbamate, formed from the carbamic acid portion of the molecule, 
isproduced. (4) It also yields the identification reactions for chloride. 
Tests for Purity—The U.S. P. includes the following tests and limits: 

Loss on drying—Not more than 0.5 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Heavy metals limit—30 parts per million. 

Nitrogen content determined by the Kjeldahl method (page 989)— 
From 15.0 to 15.5 per cent (theoretical—15.34 per cent) corresponding 
to 98 to 101 per cent of Carbachol. 

Storage—Keep Carbachol in tight containers. 


Uses—Carbamylcholine chloride shares with acetyl- 
choline the property of stimulating those smooth 
muscles and gland cells of the body which are innervated 
by cholinergic (parasympathetic) nerves. However, 
Carbachol is much more stable and shows considerable 
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specificity of action, and stimulates particularly the 
urinary bladder and intestinal tract. It is employed in 
urinary retention, intestinal paresis, and _ peripheral 
vascular disease, and topically in ozena and glaucoma. 
See Methacholine Chloride U. S. P. It is applied 
topically to the eye or nasal mucosa, 0.1 per cent solu- 
tion. 

Average Dose—Oral, 2 mg. (approximately 149 
grain); Subcutaneous, 0.25 mg. (approximately 1450 
grain). 


Carbachol Injection U. S. P. 
[Inj. Carbachol.—Sp. Inyeccién de Carbacol] 


Carbachol Injection is a sterile solution of carbachol 
in water for injection. It contains not less than 90 
per cent and not more than 110 per cent of the labeled 
amount of CgsHisCIN2O2. It meets the requirements of 
the Sterility Test for Liquids (page 126). 

Sterilize Carbachol Injection preferably by Process C 
or Process F. See Sterilization Processes (page 121). 

The Injection also conforms to the other requirements 
under Injections (page 249). 


Injectio Carbacholi 


Identification—The presence of carbachol may be ascertained by 
evaporating a volume of the Injection, equivalent to about 2 mg. of 
carbachol, to about 1 ec. and precipitating with a few drops of gold 
chloride T.S. The aurichloride so obtained, after centrifuging, wash- 
Ase a few drops of water and drying, melts between 182° and 
Assay—An accurately measured volume of the Injection equivalent 
to about 8 mg. of carbachol is diluted with water, if necessary, to 20 
cc. and gently refluxed with 3 cc. of Sodium Hydroxide T.S. This 
treatment hydrolyzes the carbachol into choline chloride which is 
determined by the general assay method for Chlorides (page 981). The 
quantity of choline chloride found, multiplied by 1.308, represents 
the carbachol. 

Storage—Keep the Injection in hermetic or other suitable containers. 
See Containers for Injections (page 255). 


Uses—See Carbachol. 
Average Dose—Subcutaneous, 
mately 14459 grain) of Carbachol. 


0.25 mg. (approxi- 


Carbachol Tablets U.S. P. Tabelle Carbacholi 
[Tab. Carbachol.—Sp. Tabletas de Carbacol] 


Carbachol Tablets contain not less than 90 per cent 
and not more than 110 per cent of the labeled amount 
of CgHisCIN Ox. 


Identification—The presence of carbachol in the Tablets may be 
established by the following test: Triturate a number of the Tablets, 
equivalent to about 20 mg. of carbachol, with 25 cc. of methanol, 
filter, and wash with 25 cc. of the methanol. Evaporate the filtrate 
to dryness on a steam bath, dissolve the residue in 10 cc. of cold water, 
and filter. Add to the filtrate 1 ce. of gold chloride solution (1 in 
10), and place in a refrigerator for 30 minutes. Centrifuge, decant 
the supernatant liquid, and wash the precipitate twice with 1-cc. 
portions of water. The aurichloride so obtained melts between 182° 
and 185°. 

Assay—A solution prepared from a counted number of the Tablets 
equivalent to about 8 mg. of carbachol is refluxed for about 20 min- 
utes with 6 ec. of normal sodium hydroxide to hydrolyze the carbachol 
into choline chloride which is then determined by the general assay 
method for Chlorides (page 981). The quantity of choline chloride 
found multiplied by 1.308 represents the carbachol. 

Storage—Keep the Tablets in tight containers. 


Uses—See Carbachol. 
Average Dose—2 mg. (approximately 149 grain) of 
Carbachol. 


METHACHOLINE CHLORIDE U. S. P. 
Methacholinze Chloridum 


[Methachol. amis eas eaet Sp. Cloruro de Meta- 
colina 
Methacholine Chloride is acetyl-6-methylcholine chlo- 
ride [CHsCOOCH(CHs)CH.(CHs)sNCl = 195.69]. 
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Preparation—This choline derivative may be pre- 
pared from propylene chlorohydrin (or propylene oxide 
+ HCl), trimethylamine and acetic anhydride by the 
steps shown in the following equations: 


(1) CHeCICHOHCHs + N(CHs)3 — 


propylene chlorohydrin trimethylaminé 


HOCH(CH3)CHa(CH3)3NCl 
B-methylcholine chloride 


(2) -+- (CHsCO)20 — CH,COOCH(CHs)CH2(CHs)3NCl 


acetic anhydride acetyl-8-methylcholine chloride 


Description and Properties—Methacholine Chloride occurs as color- 
less or white crystals, or as a white, crystalline powder. It is odorless 
or has a slight odor, and is very deliquescent. Its solutions are neu- 
tral to litmus paper. It melts between 170° and 173°. It is hydro- 
lyzed by alkali hydroxide solutions with the splitting off of the acetyl 
group and chloride; it is similarly but slowly affected by water. 
Methacholine Chloride is very soluble in water and freely soluble in 
alcohol and in chloroform. 

Identification—(1) To about 100 mg. of Methacholine Chloride on 
a watch glass add 3 cc. of platinic chloride T.S. previously diluted 
with 2 cc. of water; small rhombohedric plates are formed (difference 
from acetylcholine chloride which forms needles radiating from 4 
central point, and from choline chloride which forms no crystals). 
(2) When it is heated with alcohol and sulfuric acid the odor of ethyl 
acetate is perceptible. (3) When heated with an excess of potassium 
hydroxide solution (1 in 2) the odor of trimethylamine (fishy) becomes 
perceptible. It also responds to the tests for chloride. 

Tests for Purity— 

Loss on drying at 110°—Not more than 1.5 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Acetylcholine Chloride—Add 3 ce. of 1 in 5 sodium perchlorate 
solution to 2 cc. of a 1 in 10 aqueous Methacholine Chloride solution, 
shake well, and immerse in an ice bath for 5 minutes. No precipitate 
is formed. 

Per cent acetyl group [CH 3CO] in the dried substance—Not less than 
21.6 per cent and not more than 22.3 per cent (corresponding to 98.2 
to 101.4 per cent of Methacholine Chloride). Consult the U.S. P. 
XIII for the method for its determination. 

Per cent chlorine—Not less than 17.8 and not more than 18.4 per 
cent (theoretical—18.1). 

Storage—Keep Methacholine Chloride in tight containers. 


Uses—Acetyl-6-methylcholine chloride resembles 
acetylcholine in its actions in the body in that it stimu- 
lates those organs innervated by parasympathetic 
(cholinergic) nerves. It is much more stable than 
acetylcholine and is thus the preferred choline ester for 
therapeutic use. It is employed in certain disorders of 
cardiac rhythm (especially paroxysmal tachycardia), 
in peripheral vascular diseases (Raynaud’s disease, 
thromboangiitis obliterans), in intestinal ileus, in 
atonic constipation, in megacolon, in urinary retention, 
etc. It is also used locally by iontophoresis (0.25 to 1 
per cent aqueous solution) in certain arthritides. Atro- 
pine is a complete pharmacological antagonist to 
mecholyl. 


Average Dose—Oral 0.2 Gm. (approximately 3 
grains); Subcutaneous, 10 mg. (approximately 4 grain). 


Methacholine Chloride Capsules U. S. P. 
Capsule Methacholine Chloridi 


[Cap. Methachol. Chlorid.—Sp. CApsulas de Cloruro de Metacolina] 


Methacholine Chloride Capsules contain not less 
than 90 per cent and not more than 110 per cent of the 
labeled amount of CgsHigClO.N. 

Note—The preparation of these tablets may be 
facilitated by mixing the Methacholine Chloride, im- — 
mediately before capsuling, with about twice its weight 
of lactose or anhydrous sodium sulfate or calcium pyro- 
phosphate. 


Identification—A quantity of the contents of the Capsules, equiva- 
lent to about 100 mg. of Methacholine Chloride, is twice extracted 
with 20-ce. portions of warm chloroform which dissolves the drug leay- 
ing any usual fillers undissolved. The chloroform extract is evapo- 
rated and the residue added to a mixture of 0.5 ce. of water and 0.5 
ec. of platinie chloride T.S. Crystals of the platinic chloride double 
salt separate, which when filtered, washed with a small volume of 
meee alcohol, and dried over sulfuric acid, melt between 220° 
an 
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Assay—The contents of a counted number of the capsules are com- 
pletely transferred with the aid of chloroform into a flask, sufficient 
chloroform added to make about 100 cc. per Gm. of the drug, and 
digested at about 50° for 30 minutes. After cooling to room tem- 
perature the solution is made up to an exact volume with chloroform, 
and mixed. An aliquot of the clear solution is evaporated and the 
residue is dried at 110° and weighed. Asa check on the identity and 
purity of the Methacholine Chloride so obtained, the chloride in the 
residue is determined volumetrically with tenth-normal silver nitrate, 
and the quantity of Methacholine Chloride calculated from the chlo- 
ride assay should correspond within 5 per cent above or below the 
quantity found by weight. Hach cc. of tenth-normal silver nitrate 
corresponds to 19.57 mg. of Methacholine Chloride [CgHigClO2N]. 
Storage—Keep the Capsules in tight containers. 


Uses—See Methacholine Chloride. 
Average Dose—0.2 Gm. (approximately 3 grains) 
of Methacholine Chloride. 


Methacholine Chloride Injection U. S. P. 
Injectio Methacholing Chloridi 


{Inj. Methachol. Chlorid.—Sp. Inyeccién de Cloruro de Metacolina] 


Methacholine Chloride Injection is a sterile solution 
of methacholine chloride in water for injection. It 
contains not less than 90 per cent and not more than 
110 per cent of the labeled amount of CgHisClO.N. 
It meets the requirements of the Sterility Test for 
Liquids (page 126). 

The Injection may be buffered with sodium acetate, 
sodium citrate, or other suitable, harmless buffers to 
minimize hydrolysis. 

Sterilize Methacholine Chloride Injection preferably 
by Process C or Process F. See Sterilization Processes 
(page 121). 

The Injection also conforms to the other require- 
ments under Injections (page 249). 


Identification—The Methacholine Chloride in the Injection may be 
identified by evaporating a volume of it, equivalent to about 50 mg. 
of methacholine chloride, to dryness on a steam bath, extracting the 
residue with warm chloroform, and determining the melting range of 
the crystals of the platinic chloride derivative obtained as described 
under Methacholine Chloride Capsules. 

Assay—A measured volume of the Injection, equivalent to about 100 
mg. of Methacholine Chloride, is evaporated to dryness on a steam 
bath and the Methacholine Chloride in the residue completely ex- 
tracted with small volumes of warm chloroform. The chloroform is 
evaporated, the residue dried at 110°, weighed, and its purity checked 
by the chloride determination as described under Methacholine Chlo- 
ride Capsules. 

Storage—Preserve Methacholine Chloride Injection in hermetic or 
other suitable containers. See Containers for Injections (page 255). 


Uses—See Methacholine Chloride. 
Average Dose—Parenteral, 10 mg. (approximately 
Yé grain) of Methacholine Chloride. 


NEOSTIGMINE BROMIDE U. S. P. 
Neostigminez Bromidum 


{Neostig. Bromid.—Prostigmin, Sp. Bromuro de Neostigmina] 
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Neostigmine Bromide, when dried for 3 hours at 100°, 
contains not less than 98 per cent of CieHioBrN20e2 
(303.20). ; 

Preparation—It may be prepared by reacting di- 
methylearbamylechloride [(CHs)z,NCOCI] with the po- 
tassium salt of 3-hydroxyphenyl-dimethylamine, then 
reacting methyl bromide with the resulting product to 
form the trimethylammonium bromide (Neostigmine 
Bromide). 


~ 


(CH3)gNCOC] + KOCgH4N(CHs3)2 — 
(CHs)eNCOOCgH4N(CHa)2 (+ KCl) + CHsBr — 
(CH3)2gNCOOC,gH4N(CHs)sBr 


Description and Properties—Neostigmine Bromide is a white, crystal- 
line powder. It is odorless, and has a bitter taste. Its solutions are 
neutral to litmus paper. It melts with decomposition at about 167°. 
One Gm. of Neostigmine Bromide dissolves in about 1 cc. of water. 
It is soluble in alcohol but practically insoluble in ether. 

Identification—(1) Place about 1 mg. of Neostigmine Bromide in a 
small porcelain dish, add 2 ec. of water and 0.5 cc. of a solution of 
sodium hydroxide (2 in 5), and evaporate to dryness on a water bath. 
Then transfer the residue to a small test tube, and quickly heat in an 
oil bath to 250°, continuing at that temperature for about 30 seconds. 
Cool, and dissolve the residue in 0.5 cc. of water, cool again in ice 
water, and add 1 ce. of diazobenzenesulfonic acid T.S.: a cherry-red 
color is produced. (2) It also responds to the identification reactions 
for bromide. 
Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Not more than 0.15 per cent. 

Sulfate—Practically none in 250 mg. of the salt. 
Assay—When Neostigmine is heated with aqueous sodium hydroxide 
a molecule of dimethylamine is split off (from the carbamyl group) 
and distils with the water vapor. This amine is a strong base and 
can be directly titrated with standard acid, using methyl red as the 
indicator. It is preferable, however, to receive the distillate in a 
measured excess of standard acid, thus immediately absorbing the 
amine and obviating any possibility of loss through volatilization. 
The excess of the acid is then titrated with standard alkali hydroxide. 
Each ce. of tenth-normal acid corresponds to 30.32 mg. of Neostig- 
mine Bromide [Cy2H i 9BrN 209]. 
Storage—Keep Neostigmine Bromide in tight containers. 


Uses—Neostigmine shares in common with physo- 
stigmine the property of inhibiting the enzyme (cholin- 
esterase) in the body which hydrolyzes acetylcholine 
to choline and acetic acid. Thus, acetylcholine is pro- 
tected by Neostigmine from hydrolytic destruction, 
and persists and accumulates at loci in the body where 
it functions as a chemical transmitter of nerve impulses 
of parasympathetic nerves to smooth muscles and 
secretory gland cells; of spinal nerves to skeletal mus- 
cles; and of preganglionic visceral nerves to auto- 
nomic ganglia. At all these anatomical sites, the action 
of Neostigmine to inhibit cholinesterase is exerted to 
preserve and intensify the action of acetylcholine or 
the action of the appropriate nerve impulses. Thus 
Neostigmine has widespread actions, but fortunately 
its effects are more prominent on certain structures 
than on others, being particularly useful on the bowel, 
urinary bladder, and skeletal muscle, and not affecting 
to any significant degree the pupil, the heart blood 
pressure, secretions, etc. Neostigmine is used in con- 
ditions of urinary bladder atony due to postanesthetic 
depression or to neurological disorders; in the preven- 
tion and treatment of post-anesthetic intestinal paresis; 
and in the symptomatic therapy of myasthenia gravis. 
In the latter disorder Neostigmine is almost specific, 
and can be employed as a diagnostic test, especially 
after symptoms have been purposely accentuated by 
the administration of quinine. Neostigmine has also 
been used in atrophic rhinitis, in ozena, as a diagnostic 
test of early pregnancy, in peripheral vascular diseases, 
and as a diagnostic test agent in myotonia congenita, 
in which condition Neostigmine aggravates the symp- 
toms. 

Neostigmine is injected subcutaneously or intramus- 
cularly as the methylsulfate salt, in doses of 0.25 to 1.0 
mg., repeated as necessary. It is given orally as the 
bromide salt, in doses of 7.5 to 60 mg., repeated as 
necessary. Jt is not to be injected intravenously, and 
should not be employed along with acetyl-6-methyl- 
choline (Methacholine) or other choline esters. Solu- 
tions of the methylsulfate have also been used topically 
as a nasa] spray. 

Neostigmine is a very potent drug and must be ad- 
ministered with care. Atropine will antagonize com- 
pletely only the muscarine-like actions of Neostigmine. 
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Average Dose—Oral, 15 mg. (approximately 14 


grain). 
Neostigmine Bromide Tablets U. S. P. 
Tabellee Neostigminze Bromidi 
[Tab. Neostig. Bromid.—Prostigmin Tablets, Sp. Tabletas de 


Bromura de Neostigmina] 


Neostigmine Bromide Tablets contain not less than 
93 per cent and not more than 107 per cent of the 
labeled amount of Cy;2.Hi9BrN2O0xz. 


Identification—The presence of neostigmine bromide in the Tablets 
may be ascertained as follows: Triturate a quantity of powdered 
Tablets, equivalent to about 300 mg. of neostigmine bromide, with 
three 5-cc. portions of ether to remove lubricants. Macerate the 
residue with several 10-ce. portions of alcohol, filtering after each 
maceration. Evaporate the alcohol filtrates on a steam bath, and 
dry the residue at about 80°. The residue of neostigmine bromide 
so obtained melts at abeut 167°, with decomposition, and responds 
to the Identification tests under Neostigmine Bromide. 

Assay—A counted number of the Tablets are carefully powdered 
avoiding any appreciable loss. The neostigmine bromide is extracted 
from the powdered material with acidified 70 per cent alcohol. The 
alcohol extract is evaporated to a small volume which is then sub- 
jected to distillation with sodium hydroxide solution and the assay is 
continued as described under Neostigmine Bromide. 

Storage—Keep the Tablets in tight containers. 


Uses—See Neostigmine Bromide. 
Average Dose—I5 mg. (approximately 14 grain) of 
Neostigmine Bromide. 


NEOSTIGMINE METHYLSULFATE U. S. P. 
Neostigminz Methylsulfas 


Methylsulf.—Prostigmin Methylsulfate 
Metilsulfato de Neostigmina] 
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Neostigmine Methylsulfate, when dried at 100° for 
3 hours, contains not less than 98 per cent of CisHee- 
N20.5 (334.38). 
Preparation—It is made by the method outlined 
under Neostigmine Bromide, using dimethyl sulfate in 
place of methyl bromide. 


{Neostig. Tablets, Sp. 


Description and Properties—Neostigmine Methylsulfate is a white, 
crystalline powder. It is odorless, and has a bitter taste. Its solu- 
tions are neutral to litmus paper. _ It melts between 142° and 145°. 
One Gm. dissolves in 10 ec. of water. It is less soluble in alcohol. 

Identification—It responds to Identification test (1) given under 
Neostigmine Bromide. ‘The sulfate in this compound is not present 
as the SO4 radical but as CH38O4. The latter does not give SO4 
ions, and therefore the usual reactions for sulfate are not directly 
applicable. To obtain the SOq in ionizable form the substance is 
ignited with sodium carbonate. The SOq is thus converted into so- 
dium sulfate which responds to the reactions for sulfate. 
Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Chloride—Practically none in 10 ce. 

Sulfate ion—Barium Chloride T.S. should produce no turbidity in 
10 ce. of its solution acidified with hydrochloric acid. 


Assay—This neostigmine compound is assayed by the same proce- 

dure directed for Neostigmine Bromide. One cc. of tenth-normal acid 

ag ge to 33.44 mg. of Neostigmine Methylsulfate [C13H2o- 
2065 


Storage—Keep Neostigmine Methylsulfate in tight containers. 


Uses—See Neostigmine Bromide. 


Average Dose—Subcutaneous or intramuscular—0.5 
mg. (approximately 1499 grain). 


PARASYMPATHOMIMETIC AGENTS 


Neostigmine Methylsulfate Injection U. S. P. 
Injectio Neostigmine Methylsulfatis 
{Inj. Neostig. Methylsulf.—Prostigmin Methylsulfate Injection, 
Sp. Inyeccién de Metilsulfato de Neostigmina] 

Neostigmine Methylsulfate Injection is a_ sterile 
solution of neostigmine methylsulfate in water for in- 
jection. It contains not less than 90 per cent and not 
more than 110 per cent of the labeled amount of 
CisH22N20,8. It meets the requirements of the 
Sterility Test for Liquids (page 126). 

Sterilize Neostigmine Methylsulfate Injection prefer- 
ably by Process C or Process F. See Sterzlization 
Processes (page 121). The Injection also conforms to 
the other requirements under Injections (page 249). 

The Neostigmine Methylsulfate may be identified and assayed as 
described under Neostigmine Methylsulfate. 

Storage—Keep Neostigmine Methylsulfate Injection preferably in 
single-dose, hermetic containers or in other suitable containers. 
ce for Injections (page 255). Protect the Injection from 

Uses—See Neostigmine Bromide. 

Average Dose—Subcutaneous or intramuscular, 0.5 
mg. (approximately 14 99 grain) of Neostigmine Methyl- 
sulfate. 


PHYSOSTIGMINE SALICYLATE U. S. P. 
Physostigminz Salicylas 


[Physostig. Salicyl.—LEserine Salicylate, Sp. Salicilato de Fisostigminal 
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Physostigmine Salicylate [C,;;H2:N302.HC,H;03 = 
413.46] is the salicylate of an alkaloid usually obtained 
from the dried ripe seed of Physostigma venenosum Bal- 
four (Fam. Leguminose). 

Caution—Physostigmine Salicylate 7s extremely poi- 
sonous. 

Preparation—Physostigmine is prepared by extract- 
ing powdered Physostigma seeds with hot alcohol. After 
distilling off the alcohol, the residue is mixed with 
sodium carbonate and extracted with ether, from which 
solution the physostigmine is removed by means of di- 
lute sulfuric acid. The free alkaloid may be obtained 
by alkalinizing the acid solution. The salicylate may 
be made by adding 2 parts of physostigmine to a solu- 
tion of 1 part of salicylic acid in 35 parts of boiling dis- 
tilled water, and allowing the salt to crystallize on cool- 
ing. 


Description and Properties—White or faintly yellow, shining odorless 
crystals. It acquires a red tint when exposed to light and air. Its 
specific rotation in aqueous solution is between —91° and —94°, 
Its solution is neutral or only slightly acid to litmus paper. One Gm, 
of Physostigmine Salicylate dissolves in 75 ce. of water, 16 cc. of alco- 
hol, 6 ce. of chloroform, and about 250 ec. of ether. 

Identification—(1) When 5 mg. of Physostigmine Salicylate is 
evaporated on a water bath with a few drops of ammonia T.8., a 
blue residue remains which, when dissolved in alcohol, yields a red, 
fluorescent solution upon the addition of an excess of acetic acid. 
(2) When a few drops of sodium hydroxide T.S. are added to 5 ec. of 
a cold, saturated solution of Physostigmine Salicylate a pink color 
rapidly develops, due to oxidation of the base by oxygen of the air. 
(3) Ferric chloride T.S. produces a violet color in a solution of the 
alkaloid. 
Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Negligible from 100 mg. 

Sulfate—Practically none. 

Readily carbonizable substances—A solution of 100 mg. in 5 ce. of 
sulfuric acid has no more color than matching fluid I. 
Storage—Keep Physostigmine in tight, light-resistant containers 
which hold not more than 1 Gm. (15 grains). 

\ 


2 


PARASYMPATHOMIMETIC AGENTS 


7 


Incompatibilities—Aqueous solutions of Physostigmine Salicylate 
tend to develop a red color on standing; a pink solution is not entirely 
ineffective but rapidly loses its value as its color deepens to red. 
Alkali-free glass containers should be used and, where practical, a few 
grains of boric acid added to the solution. It is precipitated by the 
usual alkaloidal precipitants. See Alkaloids (page 805). 


Uses—Like neostigmine (prostigmine), Physostig- 
mine exerts its actions in the body by preventing the 
enzymatic destruction of acetylcholine by cholinester- 
ase. This mechanism of action and the resultant 
pharmacological effects of physostigmine and neostig- 
mine are fully discussed under Neostigmine, and need 
not be repeated here. Physostigmine shares with neo- 
stigmine marked stimulatory actions on the bowel, but 
causes more secretion of glands, more effect on blood 
pressure, more constriction of the pupil, and less action 
on skeletal muscle. Its main use in medicine is locally 
in the eye, to reduce intraocular pressure in glaucoma 
(0.02 to 2.0 per cent solution). Lamella may also be 
employed. In alternation with atropine, physostigmine 
(0.1 to 1.0 per cent solution) is used to break adhesions 
between the iris and lens. The alkaloid is occasionally 
employed to bring a drug-dilated pupil back to normal 
size. It is also prescribed for marginal corneal ulcers. 
Occasionally, physostigmine is employed for intestinal 
distention or paresis, but prostigmine is preferred due 
to its fewer side-effects. The same important precau- 
tions as outlined for neostigmine should be observed in 
the use of physostigmine. 

The salicylate salt of physostigmine has the advan- 
tage that it is more stable and less likely to deliquesce. 
The addition of a few grains of boric acid to a solution 
of the salt is said to inhibit the formation of the red 
decomposition product which is produced by alkalies 
and which frequently occurs in solutions of physostig- 
mine salts which have been dispensed upon prescrip- 
tions. A red or discolored solution should not be used. 
The dose for internal administration (oral or by hypo- 
dermic injection) should not exceed 2.0 mg. Atropine 
is an effective antagonist to all the muscarine-like ae- 
tions of physostigmine. 


PILOCARPINE HYDROCHLORIDE N. F. 
Pilocarpinee Hydrochloridum 


[Pilocarpin. Hydrochlor.—Sp. Clorhidrato de Pilocarpina] 
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Pilocarpine Hydrochloride [Cii1HigO2Ne.HCl = 
244.72] is the hydrochloride of an alkaloid obtained from 
the dried leaflets of Pilocarpus Jaborandi Holmes, or of 
Pilocarpus microphyllus Stapf (Fam. Rutacez). 

Preparation—It is prepared as described under Pzlo- 
carpine Nitrate, but hydrochloric acid is used in place 
of the nitric acid. 


Description and Properties—Colorless, translucent, odorless, faintly 
bitter crystals. It is hygroscopic and is affected by light. Its aque- 
ous solutions are acid to litmus paper. It melts between 200° and 
203°, and has a specific rotation of about +83°. Pilocarpine Hydro- 
chloride responds to the Identification Test for pilocarpine given under 
the Nitrate, and also gives the reactions for chloride. One Gm. dis- 
solves in 0.3 cc. of water, about 3 cc. of alcohol, or about 366 cc. of 
chloroform; also in 1.5 ce. of alcohol at 60°. It is insoluble in ether. 
Tests for Purity— 

Loss on drying—Not more than 3 per cent. 

Residue on ignition—Negligible from 100 mg. . 

Readily carbonizable substances—The color of a solution produced 
by dissolving 250 mg. in 5 ce. of sulfuric acid is not deeper than 
matching fluid B. : P : 
Other alkaloids—Conforms to the test given under Piloearpine 


Ye _ Nitrate. 
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Storage—Keep Pilocarpine Hydrochloride in tight, light-resistant 
containers. 


Incompatibilities—See Alkaloids, page 805. Since the free alkaloid 
is quite soluble in water, alkalies do not readily cause a precipitation 
when added to solutions of its salts. It reduces silver nitrate. Per- 
manganate destroys it. 


Uses—Pilocarpine acts in the body to stimulate all 
smooth muscles and gland cells innervated by para- 
sympathetic (cholinergic) nerves, and thus shares many 
of the properties of acetylcholine and muscarine. Clin- 
ically, however, its uses are pretty much limited to its 
actions en the eye to cause miosis, on the salivary glands 
to cause secretion, and on the sweat glands to cause pro- 
fuse diaphoresis. The applications of pilocarpine in 
therapy are thus much limited, and the drug is not 
indispensable. It is employed as a 0.5 to 3.0 per cent 
solution in the eye, or as an ophthalmic ointment or in 


‘lamelle. The oral dose for adults for systemic effects 


is 5 to 10 mg. Atropine is a complete antagonist. 
The uses are the same as for the Nitrate, but because 
of hygroscopicity it is less convenient to handle. 


Average Dose—5 mg. (approximately 1/9 grain). 


PILOCARPINE NITRATE U. S. P. 
Pilocarpinz Nitras 


{Pilocarpin. Nitras.—Sp. Nitrato de Pilocarpina] 


Pilocarpine Nitrate [Ci,HieN2O2.HNOs = 271.27] 
is the nitrate of an alkaloid obtained from the dried 
leaflets of Prlocarpus Jaborandi Holmes, or of Pilo- 
carpus microphyllus Stapf (Fam. Rutacex). See Pilo- 
carpine Hydrochloride for the structural formula. 


Preparation—The total alkaloids are extracted with 
alcohol containing a small amount of hydrochloric acid. 
The solvent is distilled off, the aqueous residue neutral- 
ized with ammonia, and allowed to stand until the resins 
are all deposited. It is then filtered, and the filtrate 
evaporated to a small bulk. Ammonia is added in ex- 
cess and the free alkaloids extracted with chloroform. 
After removing the solvent by distillation, the residue 
is dissolved in a smal! quantity of dilute nitric acid and 
allowed to erystallize. 


Pilocarpine base is a colorless, oily liquid which boils 
at 260° C. under 5 mm. pressure, and has a specific 
rotation of +100°. It is soluble in water, alcohol, and 
chloroform but is practically insoluble in ether. 


Description and Properties—Shining, white crystals. It is stable 
in air but is affected by light. Its solutions are slightly acid to litmus 
paper. Pilocarpine Nitrate melts between 170° and 173° and has a 
specific rotation of about +80°. One Gm. of Pilocarpine Nitrate 
dissolves in 4 cc. of water and 75 ce. of alcohol. It is insoluble in 
chloroform and ether. 

Identification—(1) Dissolve about 15 mg. of Pilocarpine Nitrate in 
2 ec. of water in a test tube, add 2 ce. of faintly acid hydrogen per- 
oxide T.S., cover the mixture with about 1 ce. of benzene, then add 
3 or 4 drops of a solution of potassium dichromate (1 in 300), and shake 
gently: the benzene layer acquires a violet color, while the water 
layer remains yellow (Pilocarpine). (2) It also responds to the ferrous 
sulfate test for nitrate (page 1057). 
Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Negligible from 200 mg. 

Chloride—Practieally none in 100 mg. 

Readily carbonizable substances—The solution of 100 mg. dissolved 
in 5 ce. of sulfuric acid has no more color than matching fluid A. 

Foreign alkaloids—The addition of a few drops of ammonia T.S. 
or of potassium dichromate T.S. to separate 10-cc. portions of an 
aqueous solution of the Pilocarpine Nitrate (1 in 100) produces no 
turbidity. 
Storage—Keep Pilocarpine Nitrate in tight, light-resistant containers, 
Incompatibilities—See Pilocarpine Hydrochloride. 


Uses—See Pilocarpine Hydrochloride. 
Average Dose—5 mg. (approximately 1/9 grain). 
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Unofficial Parasympathomimetic Agents 
Acetylcholine Bromide—The acetyl ester of choline bromide. 
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White, 


odorless, deliquescent crystals, very soluble in water and alcohol; 
decomposed by heat and alkali. Acetylcholine is a natural con- 
stituent of animal tissues and has been identified as the substance 
released at the terminals of parasympathetic and certain other 
nerves. It is believed to be the mediator of the nerye impulses 
across synapses and at the junction with effector cells. Uses: 
produces the pharmacological effects similar to those resulting 
from parasympathetic nerve stimulation. See Methacholine Chlo- 
ride U.S. P. It is less suitable for clinical use than Methacholine 
Chloride U.S. P. because of transient and variable effects, and of 
much lower potency. Dose: 50 to 200 mg. intramuscularly or 
subcutaneously. Intravenous injections have been given but the 
safety of this route has not been established. 

Acetylcholine Chloride—The acetyl ester of choline chloride. 
Acetylcholine Bromid?. 


See 


Specialties Containing Parasympathomimetic Agents 


A-B-M-C Ointment (Wyeth)—An ointment containing 0.25 per cent 
acetyl-g-methylcholine chloride (Methacholine Chloride U.S. P.), 
5.5 per cent menthol, 11 per cent methyl salicylate, 0.1 per cent 
thymol, and 1 per cent eucalyptol. Uses: counterirritant rube- 
facient, applied without rubbing but with heat, topically. 

Acecoline (Anglo-French)—Ampuls (1 cc.) containing 0.02, 0.05, 0.1, 
or 0.2 Gm. acetylcholine chloride with saligenin (salicyl alcohol) 
in propylene glycol. Uses; to obtain effects of parasympathetic 
nerve stimulation. Dose: average 0.1 Gm. subcutaneously or 
intramuscularly (not intravenously). 

Acecoline-Camphor—Ampuls (1 cc.) containing 0.1 Gm. Acecoline 
and 0.2 Gm. camphor. Uses: stimulant. 


THE SULFONAMIDES 


Acecoline=Sparteine—Ampuls (1 cc.) containing 01 Gm. Acecoline 
and 0.05 Gm. sparteine sulfate. 

Carcholin (Merck)—Bottle (0.5 Gm.) containing Carbachol U.S: P. 

Doryl (Merck)—Ampuls (1 cc. containing 0.25 mg.), bottle (0.45 Gm.), 
and tablets (2 mg.) of Carbachol U.S. P. 

Esertropin (Endo)—Hypodermic tablets, each containing 0.65 mg. 
physostigmine salicylate and 0.4 mg. atropine sulfate. Uses; 
muscle antispasmodic in rheumatoid arthritis and post-traumatic 
disability. 

Furmethide (S. K. F.)—Ampuls (1 cc. with 5 mg.), or tablets (10 mg.), 
containing furfuryl trimethylammonium iodide. Uses: ‘This drug 
possesses parasympathomimetic properties similar to other quater- 
nary ammonium compounds, but appears to have a fairly selective 
action on the musculature of the urinary bladder, the effects on the 
cardiovascular system and gastro-intestinal tract not being promi- 
nent after doses causing increased bladder tone and the desire to 
urinate. Unpleasant side-effects, so characteristic after administra- 
tion of the choline esters such as mecholyl, are not uncomfortably 
prominent when therapeutic doses of furmethide are given, although 
flushing of the skin and sweating may be noted. The drug has been 
employed with encouraging results in disturbances of urinary blad- 
der function characterized by paralysis or atony, and for the control 
of urinary retention after abdominal operations. Dose: the oral 
dose for adults is 10 to 25 mg. and the subcutaneous dose is 3 to 


5mg. Theoral dose may be repeated in 4 hours; the parenteral dose, 
ae 1 hour. Dose: subcutaneously, 3 to 5 mg.; orally, 1 to 3 
tablets. 


Mecholyl Bromide Tablets N. N. R. (Merck)—Tablets, each contain- 
ing 0.2 Gm. Mecholyl Bromide N. N. R. (acetyl-s-methylcholine 
bromide). Uses: paroxysmal auricular tachycardia, rheumatoid 
arthritis, and vasospastic conditions of the extremities. Dose: 
orally, 0.2 to 0.5 Gm. 

Mecholyl Chloride N. N. R. hea earnas es (25 mg.) or crystals of 
Methacholine Chloride U. S. P 

Prostigmin Bromide Tablets N. N. R. (Hoffmann-LaRoche)—Tablets 
containing 15 mg. Neostigmine Bromide U.S. P. 

Prostigmin Bromide—Ophthalmic solution containing 5 per cent 
Prostigmin Bromide and 1 per cent boric acid. 

Prostigmin Methylsulfate Solution N. N. R. (Hoffmann-LaRoche)— 
Ampuls (1 ec.) containing a 1: 2000 or a 1: 4000 solution of Neostig- 
mine Methylsulfate U.S. P. 


THE SULFONAMIDES 


History—The compound  p-aminobenzenesulfon- 
amide, now known as sulfanilamide, was first synthe- 
sized in 1908, but it was many years before its thera- 
peutic value was discovered. In 1932, a German firm 
prepared a red dye, 4-(4’-sulfamylphenylazo)-m-phenyl- 
enediamine or p’-sulfamylchrysoidine, and in 1935 
Domagk reported remarkable curative effects of this 
compound and named it Prontosil. In the same year, 
a group of French investigators (Trefouel, et al.) found 
that the bactericidal property of the drug resided in the 
p-aminobenzenesulfonamide portion of the molecule. 
In 1937 Ewins and Phillips of England synthesized 
sulfapyridine, which was the first sulfonamide used 
with great success in combating pneumonia. Then fol- 
lowed sulfathiazole, sulfadiazine, and a large number of 
other sulfonamides. Over 3300 sulfonamides have since 
been prepared, but only a few have been accepted for 
medicinal use. 

All the official, and generally all the therapeutically 
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chlorosulfonic p-acetamidobenzenesulfonyl chloride 


useful, sulfonamides are characterized by the following 


structure: 
EN JH 
N— —SO,—N 
R/ Nr’ 


R may be a hydrogen, an acyl, or aryl group, and 
R/ a hydrogen or a cyclic group. In sulfanilamide both . 
R and R’ are hydrogen; in sulfathiazole R’ is 2-thia- 
zolyl, and in succinylsulfathiazole R is the so-called 
“succinyl” ,[HOO—CH,—CH2—-CO—]. 

-Preparation—p-Acetamidobenzenesulfonyl chloride, 
made by treating acetanilid with chlorosulfonic )— 
acid, is the basic intermediate of all the sulfona- | 
mides. This is treated with the desired amine — 
in the presence of a weak base such as pyridine, S 
and the resulting acetyl compound is heated with thiazole 
an acid or an alkali to remove the acetyl group by hy- 
drolysis. The reactions taking place in the synthesis of 
sulfathiazole are illustrated by the following equations: 


—S802Cl + H20 


water 


CH,COHN—<_S—80,01 + oN 4) pee cnpom€—>-snsn Jeno 
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N‘4-acetylsulfathiazole 
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N‘-acetylsulfathiazole 


Description and Properties—The sulfonamides are 
slightly soluble to almost insoluble in water; they are 
more soluble in alcohol or acetone, but are insoluble i in 
water-immiscible solvents such as chloroform, ether, etc. 


sodium acetate sulfathiazole 


The hydrogen next to the SOz in the official sulfon- 
amides, with the exception of sulfaguanidine, is readily 
replaceable by alkali metals. This substitution renders 
them water soluble; hence they are readily soluble in 
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solutions of the fixed alkali hydroxides, and some are 
also soluble in solutions of ammonia. On the other 
hand, by virtue of the presence of the NH. or NHR 
group in the para position, they are also generally sol- 
uble in dilute mineral acids, except when R is an acyl 
group, as in succinylsulfathiazole. 


The sulfonamides are white, non-hygroscopic, and not 
appreciably affected by moisture. Most of the sulfon- 
amides darken on exposure to light. .- 


The sodium sulfonamides, prepared by treating sulfon- 
amides with sodium hydroxide, are very soluble in 
water with a strongly alkaline reaction. They are pre- 
cipitated from their solutions even by weak acids, in- 
cluding carbon dioxide. On exposure to moist air they 
absorb carbon dioxide with the liberation of the free sul- 
fonamide, and they therefore become incompletely 
soluble in water. 


Actions and Uses.—According to New and Non- 
official Remedies, the exact mode of action of the sulfon- 
amide compounds on susceptible bacteria is still uncer- 
tain. Experimental evidence indicates that these com- 
pounds may interfere with the proper functioning of 
certain enzyme systems essential to the multiplication 
or survival of bacteria. Thus, if a sulfonamide drug is 
present in the tissues in relatively low concentrations 
(as is generally true when administered by the oral 
route), the rate of multiplication of susceptible bacteria 
is decreased (bacteriostatic effect), while if the drug is 
present in high concentrations (as occurs when local 
application of sulfonamide drugs is employed) an actual 
killing (bactericidal) effect may be noted on susceptible 
microorganisms. 

In addition to this primary or direct effect of sulfon- 
amide compounds on certain bacteria, a secondary fac- 
tor, namely the host effect, may play a part in ridding 
the infected individual of invading bacteria. This has 


been especially studied in the instance of hemolytic 


streptococcus infections, in which it has been demon- 
strated that the phagocytosis of streptococci noted in 
the course of sulfonamide therapy of streptococcic in- 
fections constitutes an important mechanism in bring- 
ing about the complete elimination of the infection. 
To what extent phagocytosis is important in other in- 
fections which are known to be susceptible to sulfon- 
amide therapy has not as yet been established. 

It has been demonstrated in the test tube that the 
addition of substances to culture mediums which act as 
growth factors for bacteria may decrease the bacterio- 
static or bactericidal effects of the sulfonamides. p- 
Aminobenzoic acid, a simple organic chemical which has 
been isolated from yeast and which is probably widely 
distributed throughout nature, ‘possesses marked anti- 


- sulfonamide effects and is capable of neutralizing rela- 


tively large amourits of the various sulfonamide com- 
pounds. This observation is of especial importance 
when one considers that many local anesthetics (pro- 
caine is a good example) are esters of p-aminobenzoic 
acid and hence break down in part to the parent sub- 
stance when injected into the tissues. Pus and necrotic 
tissue have also been demonstrated to possess anti- 


sulfonamide properties. For this reason it is of impor- 


tance to remove pus and necrotic tissue before sulfon- 
amides are administered locally. 

The choice of the sulfonamide compound which is to 
be used in the control of known infections should not 
be based on caprice or chance but on bacteriological 


diagnosis, experience dictated by knowledge of the 


experimental therapeutic background of these drugs, 


their pharmacologic properties in man, their clinical 
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efficacy, and finally, the variety, frequency, and severity 
of the toxic reactions which may be produced by the 
drug. 


When all these factors are taken into consideration, 
the following recommendations may be made at the 
present time concerning the selection of the proper drug 
for treating a given systemic infection. 


In hemolytic streptococcus infections due to Lancefield’s Group A 
organisms, sulfadiazine is the drug of choice, with sulfanilamide sec- 
ond, sulfapyridine third, and sulfathiazole fourth. 


Pneumococcic infections are best treated with sulfadiazine. Sulfa- 
thiazole is the second drug of choice in these infections, and sulfa- 
pyridine third. 


On the basis of existing evidence sulfathiazole is the drug of choice 
in the treatment of gonococcie infections, sulfapyridine is second, 
and the status of sulfadiazine in the therapy of such infections is in 
the stage of clinical investigation. Sulfanilamide should never be used 
in the treatment of gonococcic infections unless the above-mentioned 
sulfonamide drugs are unavailable. 


Sulfadiazine or sulfathiazole is the drug of choice in the treatment 
of staphylococcic infections. 


Meningococcic infections respond well to therapy with sulfadiazine, 
sulfathiazole, sulfanilamide, or sulfapyridine, but current evidence 
indicates that sulfadiazine is the drug of choice. 


Sulfadiazine is indicated for use in Friedlinder’s bacillus infections, 
with sulfapyridine second and sulfathiazole third. Shigella dispar 
and H. influenzal infections are among those most likely to respond 
to sulfadiazine therapy. 


Recently a number of authors have proposed the oral administra- 
tion of sulfadiazine for the treatment of gonococcal ophthalmia. It 
is believed that such use of sulfonamides shortens the period of active 
infection and ‘diminishes the likelihood of ophthalmic complications. 


In tissue infections (other than subacute bacterial endocarditis) 
produced by the so-called ‘‘mouth varieties” of the organism, sulfanil- 
amide, sulfadiazine, sulfathiazole, and sulfapyridine seem to be about 
equally effective. 


Sulfanilamide is the drug of choice in the treatment of chancroid, 
although other sulfonamides are effective. 


Acute bacillary dysentery responds well to sulfadiazine, sulfathi- 
azole, succinylsulfathiazole, and sulfaguanidine. 


Sulfanilamide or sulfapyridine should, on the basis of current evi- 
dence, be used in the therapy of actinomycosis. 


In general, urinary tract infections respond best to the sulfonamide 
drugs which are recommended for use in tissue infections produced by 
the same organism. Anaerobic streptococcus infections, regardless of 
their location, do not respond to sulfonamide therapy. 


Four diseases of probable viral origin—trachoma, follicular con- 
junctivitis, lymphogranuloma venereum, and molluscum contagio- 
sum—respond to sulfonamide therapy. 


Sulfadiazine has been demonstrated as an effective agent against 
the carriers of the meningococcus organism. Two grams a day for 
two days is usually adequate for treating carriers. 


A solution of sulfadiazine has been used with some success in the 
treatment of burns. The burned areas are sprayed at regular inter- 
vals for 3 or 4 days with the solution until a thin eschar is formed. 
It should be remembered that such spraying will result in considerable 
absorption of sulfadiazine and a substantial blood level of the drug. 
Routine recognized treatment for burns should not be neglected be- 
cause of the use of this preparation. 


Crystalline sulfonamides have been used extensively in the local 
treatment of certain bacterial infections. Crystalline sulfanilamide 
is highly effective as a topical agent in the therapy of superficial open 
hemolytic streptococcus infections, while crystalline sulfathiazole is 
the drug of choice for the local therapy of staphylococcic infections. 


Sulfonamide Sodium Salts—The preferred method of administering 
the sodium salts of sulfonamide compounds is by the intravenous route 
as 5 per cent solutions in sterile distilled water. As boiling or other 
methods of sterilization may result in the breakdown of the sodium 
salts, it is considered unwise and even unnecessary to attempt to 
sterilize 5 per cent solutions of these salts. 


Administration by the intravenous route should be carried out 
carefully because these solutions, being highly alkaline (pH 9 to 11), 
are definitely irritating to the tissues and, if they are permitted to leak 
outside the vein, may cause necrosis of the tissues with sloughing. 
Solutions of such strength should never be given by the subcutaneous, 
intramuscular or intrathecal route because of the danger of producing 
a chemical necrosis of the tissues. 


The sodium salts°of sulfonamide compounds are used in those 
instances of severe infection in which it is desired to obtain promptly 
adequate blood concentrations of these drugs, or for patients who by 
reason of disturbances of the gastrointestinal tract, such as vomiting, 
are not obtaining proper concentrations of these drugs when they are 
given orally and, finally, for patients in whom the absorption of these 
drugs is poor or their rate of conjugation is such that adequate con- 
centrations cannot be obtained in the blood and tissues by other 
routes of administration. 

Frequent and repeated injections of the drug are not generally ad- 
vised, because such injections tend to produce thrombosis of the 
veins. 
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SUCCINYLSULFATHIAZOLE U. S. P. 
Succinylsulfathiazolum 


[Succinylsulfathiazol—Sulfasuxidine, Sp. Succinilsulfatiazol] 


Succinylsulfathiazole, when dried at 100° for 18 
hours, contains not less than 99 per cent of CisHis- 
N30 582 (855.37). 

Preparation—This sulfonamide may be made by 
condensing sulfathiazole with succinic anhydride thus: 


CH2CO 
RNAse 
CH2CO 


succinic 
anhydride 


do — R—NHCO(CH;)2COOH 


sulfathiazole succinylsulfathiazole 


Description and Properties—Succinylsulfathiazole occurs as a white 
or yellowish white, crystalline powder, which melts with decomposi- 
tion between 185° and 195°. It is odorless and is stable in air, but 
slowly darkens on exposure to light. It is hydrolyzed by hot mineral 
acids and by solutions of alkali hydroxides into sulfathiazole and suc- 
cinic acid or alkali succinate. One Gm. of Succinylsulfathiazole dis- 
solves in about 4800 cc. of water. It is soluble in solutions of alkali 
hydroxides and in solutions of sodium bicarbonate with the evolution 
of carbon dioxide. It is sparingly soluble in alcohol and in acetone 
and is insoluble in chloroform and in ether. 

Identification—When Succinylsulfathiazole is heated with sodium 
hydroxide T.S. for about 1 hour it is hydrolyzed, and when the cooled 
solution is neutralized with diluted hydrochloric acid, a precipitate 
of sulfathiazole is produced. After the precipitate is washed and 
dried it melts between 198° and 204° and responds to the other identi- 
fication reactions given under Swulfathiazole. Succinylsulfathiazole 
responds also to the following test for the succinic acid portion of the 
molecule, the test being given by the pyrrole formed by the action of 
zinc on the succinimide produced by the evaporation of succinic acid 
with ammonia: Gently boil 500 mg. of Succinylsulfathiazole with 10 
ee. of diluted hydrochloric acid for 10 minutes, then evaporate to 
dryness on a steam bath. Treat the residue with 5 cc. of ammonia 
T.S., evaporate to dryness in a small dish, and dry at 100° for 30 min- 
utes. Thoroughly mix the resulting residue with 2.5 Gm. of zine 
powder, transfer the mixture to a test tube, and heat it gently over a 
free flame, while exposing to the escaping vapors a pine wood shaving 
previously well moistened with hydrochloric acid: the pine wood 
shaving becomes red to brownish red. 

Tests for Purity— 

Acids—Equivalent to not more than 2 cc. of tenth-normal sodium 
hydroxide per Gm. 

Loss on drying—Not more than 7 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Clarity and color of solution—A solution of 1 Gm. in a mixture of 5 
ec. of sodium hydroxide T.S. and 20 cc. of water is clear and not more 
than slightly yellow. 

Chloride—Not more than 0.014 per cent as Cl. 

Sulfate—Not more than 0.04 per cent as SO4. 

Heavy metals limit—20 parts per million. 

Assay—A weighed quantity of the dried Succinylsulfathiazole is dis- 
solved in a moderate excess of 20 per cent sodium hydroxide and 
heated on a steam bath for 2 hours to hydrolyze it into sodium suc- 
cinate and sulfathiazole which contains an NHe group. It is then 
assayed by the diazotization method used for the official sulfonamides 
(page 990). Each cc. of tenth-molar sodium nitrite corresponds to 
35.54 mg. of Ci3H igsN305So. 

Storage—Keep Succinylsulfathiazole in well-closed, light-resistant 
containers. 

Incompatibilities—See Sulfanilamide. 


Uses—Succinylsulfathiazole has the same uses in 
therapy as sulfaguanidine, namely, in acute bacillary 
dysentery and in the preoperative and postoperative 
management of patients undergoing intestinal surgery. 
It apparently is ineffective in typhoid fever, and its 
value in chronic ulcerative colitis is in question. Suc- 
cinylsulfathiazole has advantages that allow the antici- 
pation that it will replace sulfaguanidine in therapy. 
It is less capricious in behavior, is absorbed from the 
intestinal tract to a negligible extent, and is almost non- 
toxic when properly employed. 

Succinylsulfathiazole passes through the stomach and 
small intestine without absorption or change, but is 
hydrolyzed in the lumen of the colon to yield succinic 
acid and sulfathiazole. It is the sulfathiazole which ex- 
erts the chemotherapeutic effect. Large concentrations 
of this agent can be obtained in the colon without sys- 
temic toxicity because sulfathiazole is absorbed with 
great difficulty into the blood stream from the colon. 
Thus it remains locally to exert its action on bacteria, 
and may reach a concentration in the feces of 100 to 200 
mg. per cent or more. 


Succinylsulfathiazole is effective against ‘coliform 
bacteria and certain other components of the bacterial 
flora of the colon. Thus, after its administration in 
adequate amounts, the bacterial count drops precipi- 
tously so that 1 Gm. of wet stool contains less than 1000 
coliform organisms rather than the normal of 1 million 
to 100 million. The stool also undergoes a remarkable 
change, and becomes small in bulk, semi-fluid, gelati- 
nous in appearance, and relatively odorless. Further- 
more, the abdomen of*the patient will be found to be 
flat, and the bowel free from gas and gross fecal matter. 
Thus, after several days of medication, the patient is in 
proper condition for intestinal surgery, and exhausting 
enemas and dehydrating purgatives need not be em- 
ployed. Failure is only likely to occur when intractable 
diarrhea is present, but this is usually controllable with 
opiates. Mineral oil should not be used when Succinyl- 
sulfathiazole is employed. 


The usual dose prior to operative procedures on the 
intestinal tract is an initial dose of 0.25 Gm. per Kg. of 
body weight, followed by a maintenance dose of 0.25 
Gm. per Kg. divided into 6 equal portions and given at 
4-hour intervals. In conjunction with a low residue 
diet, such therapy will yield proper results in from 3 to 
7 days. Postoperatively, the drug is again administered 
as soon as the patient can take sufficient warm water by 
mouth. The postoperative course is unusually smooth, 
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abdominal distension is absent, gas pains are mild, and 
peritonitis and deep abscesses do not develop even if 
the open technique for intestinal anastomoses has been 
employed. Few toxic reactions ever occur, and these 
are mild and similar to those described for sulfathiazole. 
Average Dose—2 Gm. (approximately 30 grains). 


Succinylsulfathiazole Tablets U. S. P. 


Tabelle Succinylsulfathiazoli 
[Tab. Succinylsulfathiazole.—Sp. Tabletas de Succinilsulfatiazol] 


Succinylsulfathiazole Tablets contain not less than 
95 per cent and not more than 105 per cent of the labeled 
amount of (Grelat na) Boe : lal(O} 


Identification—The presence of succinylsulfathiazole in the Tablet 
may be ascertained by the application of the following test: A suit- 
able quantity of the powder is warmed with sodium hydroxide T.S. 
which dissolves and hydrolyzes the drug. After cooling and filtering, 
the filtrate is neutralized with diluted hydrochloric acid. A white pre- 
cipitate is produced which after washing and drying, melts between 
198° and 204° and responds to the identification reaction described 
under Sulfathiazole. The Tablets also give the test for succinic acid 
as described under Succinylsulfathiazole. 

Assay—These tablets are assayed by the diazotization method used 
for the official sulfonamides (page 990). Each ec. of tenth-molar 
sodium nitrite is equivalent to 37.34 mg. of C1gHi3gN305Se.H2O. 

Storage—Keep the Tablets in well-closed, light-resistant containers. 


Uses—See Succinylsulfathiazole. 
Average Dose—2 Gm. (approximately 30 grains) of 
Succinylsulfathiazole. 


SULFADIAZINE U. S. P. Sulfadiazinum 


[Sulfadiazin.—Sp. Sulfadiacina] 


Sulfadiazine, when dried at 100° for 4 hours, contains 
not less than 99 per cent of CioHioN 40.8 (250.27). 

Preparation—Sulfadiazine is prepared by combining 
p-acetamidobenzenesulfonyl chloride (see page 650) 
with 2-aminopyrimidine (2-amino-1,3-diazine) in the 
presence ofa mild alkaline agent, then splitting off the 
acetyl group by hydrolyzing with acid or alkali. 


Description and Properties—Sulfadiazine occurs as a white or slightly 
yellow powder. It is odorless or nearly so, and is stable in air, but 
slowly darkens on exposure to light. It melts between 252° and 256°. 
One Gm. of Sulfadiazine dissolves in about 13,000 ce. of water and 
is sparingly soluble in alcohol and in acetone. One Gm. of Sulfa- 
diazine dissolves in about 620 cc. of human serum at 37°. It is freely 
soluble in dilute mineral acids and in solutions of potassium and 
sodium hydroxides and in ammonia T'S. 

Identification—Carefully heat about 50 mg. of Sulfadiazine in a 
small test tube over an open flame or in a sand bath until it melts: a 
reddish brown color develops. The fumes evolved during the de- 
composition do not discolor moistened lead acetate test paper 
(distinction from sulfathiazole). 

Gently heat about 1 Gm. of Sulfadiazine in a small test tube over a 
small flame until a sublimate is formed. Collect a few mg. of the 
sublimate with a glass rod and mix it in a test tube with 1 cc. of an 
alcohol solution of resorcinol (1 in 20)., Then add 1 ce. of sulfuric 
acid, and mix by shaking: a deep red color appears at once. Cau- 
tiously dilute the mixture with 25 cc. of ice-cold water and add an 
excess of ammonia T.S.: a blue or reddish blue color is produced. 
Tests for Purity—The U.S. P. includes the following tests and limits: 

Clarity and color of solution—A solution of 1 Gm. of Sulfadiazine in 
20 ce. of water and 5 cc. of sodium hydroxide T.S. is clear and not 
more than pale yellow. 

Acid—Equivalent to not more than 0.4 cc. tenth-normal sodium 
hydroxide per Gm. 

Loss on drying—Not more than 0.5 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Chloride—Not more than 0.014 per cent as Cl. 

Sulfate—N ot more than 0.04 per cent as SOq. 

Heavy metals limit—20 parts per million. 

Assay—lIt is assayed by the general assay method for sulfonamides 
(page 990). Each cc. of tenth-molar sodium nitrite corresponds to 
25.03 mg. of Cyi0H10N 4028. y 
Storage—Keep Sulfadiazine in well-closed, light-resistant containers. 
Incompatibilities—See Sulfanilamide. 


~Uses—Sulfadiazine resembles sulfapyridine in cer- 
tain of its pharmacologic effects. When administered 


_ orally its rate of absorption from the gastrointestinal 


~ 
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tract is slower and less complete than that of sulfa- 
thiazole or sulfanilamide, but it does pass into the 
cerebrospinal fluid in about the same manner as does 
sulfanilamide. 

It is excreted quite readily by the kidneys. Rela- 
tively high concentrations of sulfadiazine are easily ob- 
tained in the blood of patients to whom the drug is ad- 
ministered, because it is not evenly distributed in the 
tissues of the body. 

Sulfadiazine causes fewer toxic reactions than does 
sulfanilamide, sulfapyridine, or sulfathiazole. Patients 
receiving sulfadiazine should be kept out of the sun. 

Sulfadiazine is poorly soluble and hence must be ad- 
ministered by the oral route. In adults suffering from 
pheumococcic pneumonia, severe hemolytic strepto- 
coccus infections, severe staphylococcic infections, or 
meningococcic meningitis, the initial dose should be 
based on 0.10 Gm. per kilogram of body weight. Then, 
if the patient is suffering from pneumococcic pneumonia, 
1.0 Gm. should be given every 4 hours day and night 
until the temperature has been normal for 72 hours. 
In severe streptococcic, staphylococcic, and meningo- 
coccic infections, subsequent dose after the initial dose 
is 1.0 to 1.5 Gm. every 4 hours day and night until the 
temperature has been normal for from 5 to 7 days. 

The incidence of oliguria, hematuria, and anuria fol- 
lowing sulfadiazine therapy may prove to be great under 
conditions where the output of urine cannot be main- 
tained above 600 or 800 cc. per day, as in tropical cli- 
mates or where a shortage of water exists. It is recom- 
mended that under conditions where such complica- 
tions are being encountered the attending physician shall 
administer an initial dose of 4 Gm. of sodium bicarbon- 
ate together with an initial dose of sulfadiazine, and 
shall follow this with 2 Gm. of sodium bicarbonate every 
4 hours regardless of the dosage of sulfadiazine being 
employed. Crystalluria is also prevented by administer- 
ing alkalinizing agents such as sodium lactate, bicarbon- 
ate, etc. 

Average Dose—2 Gm. (approximately 30 grains). 


Sulfadiazine Tablets U.S. P. Tabelle Sulfadiazini 
[Tab. Sulfadiazin.—Sp. Tabletas de Sulfadiacina] 


Sulfadiazine Tablets contain not less than 95 per cent 
and not more than 105 per cent of the labeled amount of 
CioHioN 4028. 


Identification—T he presence of Sulfadiazine in the Tablets may be 
ascertained as follows: A suitable quantity of the powdered Tablets 
is extracted with 2 or 3 small portions of chloroform to remove lubri- 
cant material. The residue is then triturated with diluted ammonia 
T.S. which dissolves the sulfadiazine. The solution is filtered; then 
the filtrate is gently heated to expel ammonia and acidified with acetic 
acid. A white precipitate is produced which when washed and dried 
responds to the identification reactions and melts within the range 
given for Sulfadiazine. 

Assay—The Tablets are assayed for Sulfadiazine content by the gen- 
eral assay method for sulfonamides (page 990). 
Storage—Keep the Tablets in light-resistant containers, 


Uses—See Sulfadiazine. 


Average Dose—2 Gm. (approximately 30 grains) of 
Sulfadiazine. 


SULFADIAZINE SODIUM U. S. P. 


Sulfadiazinum Sodicum 
[Sulfadiazin. Sod.—Sp. Sulfadiacina Sédica] 


Sulfadiazine Sodium, when dried at 105° for 4 hours, 
contains not less than 99 per cent of CiopH oN ,O.5Na 
(272.26). 
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Preparation—This sulfonamide may be prepared by 
dissolving sulfadiazine in the required quantity of so- 
dium hydroxide solution and evaporating to dryness or 
precipitating the solution with alcohol. 


Description and Properties—Sulfadiazine Sodium occurs as a white 
powder. On prolonged exposure to humid air it absorbs carbon di- 
oxide with the liberation of sulfadiazine and becomes incompletely 
soluble in water. Its solutions are alkaline to phenolphthalein. It is 
affected by light. On adding acetic acid to a solution of sulfadiazine 
sodium a white precipitate of sulfadiazine is formed which when 
washed and dried melts between 252° and 256° and responds to the 
identification reactions given under Sulfadiazine. The residue 
formed by ignition responds to the tests for sodium. One Gm. of 
Sulfadiazine Sodium dissolves in about 2 cc. of water. It is only 
slightly soluble in alcohol. It conforms to the Limit for heavy metals 
and Loss on drying as given for Sulfadiazine, and may be assayed by 
the general assay method for Sulfonamides (page 990). One cc. of 
tenth-molar sodium nitrite corresponds to 27.23 mg. of CygHgN402- 
SNa. 

Storage—Keep Sulfadiazine Sodium in tight, light-resistant contain- 
ers. 


Uses—See Sulfadiazine. 
Average Dose—2 Gm. (approximately 30 grains). 


Sterile Sulfadiazine Sodium U. S. P. 


Sulfadiazinum Sodicum Sterile 


(Sulfadiazin. Sod. Steril.—Sterile Sodium Sulfadiazine, Sp. 
Sulfadiacina Socida, Estéril] 


Sterile Sulfadiazine Sodium, when dried at 105° for 4 
hours, contains not less than 99 per cent of CioH oN 4- 
O.SNa, and meets the requirements of the Sterzlity 
Tests for Solids (page 127). ; 

Sterile Sulfadiazine Sodium conforms to the Descrip- 
tion and meets the Identification tests and other re- 
quirements under Sulfadiazine Sodium. The same 
Assay method is employed. 

Since this product is for parenteral administration 
and its solution cannot be readily filtered in the sick 
room without the risk of bacterial contamination, the 
U.S. P. includes the following additional requirement: 


Completeness of solution—Place 5 Gm. of Sterile Sulfadiazine So- 

dium in a glass-stoppered, 25-cc. cylinder, nearly fill the cylinder with 
carbon dioxide-free water and shake gently until dissolved: the solu- 
tion is clear. 
Storage—Keep Sterile Sulfadiazine Sodium in tight containers so 
closed that the sterility is maintained until the package is opened for 
use. Each package contains not more than 10 Gm. of Sterile Sulfa- 
diazine Sodium. The container may be of such size as to permit solu- 
tion within the container. 


Average Dose—Intravenous, 2 Gm. (approximately 
30 grains). 


SULFAGUANIDINE U.S. P. Sulfaguanidinum 
{Sulfaguanidin.—Sp. Sulfaguanidina] 


Sulfaguanidine [C;,H:o.N.0.28.H2O = 232.26] when 
dried at 105° for 4 hours, contains not less than 99 per 
cent of Cz7HioN 4028 (214.24). 

Preparation—It may be prepared as indicated for 
sulfadiazine using guanidine [HN:C(NH4).] instead of 
2-aminopyrimidine. 


Description and Properties—Sulfaguanidine occurs as a _ white, 
needlelike, crystalline powder. It is odorless or nearly so, and is 
stable in air, but slowly darkens on exposure to light. It melts be- 
tween 190° and 193°. It is insoluble in sodium hydroxide solutions 
at room temperature but when boiled with the reagent it dissolves 
with the evolution of ammonia (difference from the other official 
sulfonamides). One Gm. of Sulfaguanidine dissolves in about 1000 
ec. of water at 25° and in about 10 cc. at 100°. Itis sparingly soluble 
in alcohol and in acetone. It is freely soluble in dilute mineral acids, 
but insoluble in solutions of sodium hydroxide at room temperature. 
Tests for Purity— 

Clarity and color of solution—A solution of 1 Gm. of Sulfaguanidine 
in a mixture of 5 cc. of hydrochloric acid and 5 cc. of water is clear 
and not more than faintly yellow. 
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Acid—Equivalent to not more than 0.2 cc. of tenth-normal sodium 
hydroxide per Gm. 

Loss on drying—Not less than 6 per cent and more than 8 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Chloride—Not more than 0.014 per cent as Cl. 

Sulfate—Not more than 0.04 per cent as SO4. 

Heavy metals limit—20 parts per million. 
Assay—lIt is assayed by the general assay method for sulfonamides 
(page 990). One cc. of tenth-molar sodium nitrite corresponds to 
21.42 mg. of C7Hi10N 4028. 
Storage—Keep Sulfaguanidine in well-closed, light-resistant con- 
tainers. 
Incompatibilities—See Sulfanilamide. 


Uses—Sulfaguanidine can be given by mouth and is 
quite soluble in the intestinal contents, while at the 
same time itis poorly absorbed from the gastrointestinal 
tract, thus permitting the drug to exert its bacterio- 
static and bactericidal action locally in the gastro- 
intestinal tract. 

When the drug is properly administered the concen- 
trations of sulfaguanidine in the blood rarely exceed 5 
mg. per 100 cc.; sulfaguanidine is the least toxic of all 
commonly used sulfonamide drugs. . 

The prophylactic use of sulfaguanidine as well as 
other sulfonamides in dysentery has been established. 
In bacillary dysentery the initial dose by mouth is 
0.05 Gm. per Kg. of body weight followed by a main- 
tenance dose of 0.05 Gm. per Kg. every 4 hours day and 
night until the number of stools is 5 or less daily; then 
0.05 Gm. per Kg. every 8 hours for at least 3 days. If 
improvement does not occur within 7 days it is unlikely 
that the drug will be effective on further administration. 

When sulfaguanidine is being used as a prophylactic 
agent prior to operations on the colon, the recom- 
mended dosage is 0.05 Gm. per Kg. of body weight by 
mouth every 8 hours day and night for 5 days before 
the operation. Then, as soon as possible after the opera- 
tion, the drug should be started by mouth in the same 
dosage and continued for 7 days. 

Average Dose—2 Gm. (approximately 30 grains). 


Sulfaguanidine Tablets U.S. P. Tabelle Sulfaguanidini 


{Tab. Sulfaguanidin.—Sp. Tabletas de Sulfaguanidina] 


Sulfaguanidine Tablets contain not less than 95 per 
cent and not more than 105 per cent of the labeled 
amount of C;HioN.0.8.H.0. 


Identification—The presence of sulfaguanidine in the Tablets may 
be ascertained as follows: Triturate a quantity of finely powdered 
Tablets, equivalent to about 500 mg. of sulfaguanidine, with 5 cc. of , 
chloroform, and transfer to a small filter. Wash with another 5-cc. 
portion of chloroform, and discard the filtrate. Triturate the residue 
with 10 ce. of diluted hydrochloric acid, add 5 cc. of water, and filter. 
Add to the filtrate a solution of 3 Gm. of ammonium acetate in 3 cc. of 
water, and allow to stand in a cold place for 30 minutes: a precipitate 
is formed which after washing and drying has the melting range and 
Sante to the identification reactions described under Sulfaguani- 

ine. ; 
Assay—The Tablets are assayed by the general method for sulfon- 
amides. Each cc. of tenth-molar sodium nitrite is equivalent to 
23.23 mg. of Cy7Hi09N4028.H20 (page 990). 
Storage—Keep the Tablets in well-closed, light-resistant containers. 


Average Dose—2 Gm. (approximately 30 grains) of 
Sulfaguanidine. 


SULFAMERAZINE U. S. P. Sulfamerazinum 


(Sulfameraz.—Sulfamethyldiazine, Sp. Sulfameracina] 


Sulfamerazine, when dried at 100° for 4 hours, con- 
tains not less than 99 per cent of C1:Hi2N 4028 (264.30). 

Preparation—Sulfamerazine may be prepared by the 
method described for Sulfadiazine, using 4-methyl-2- 
aminopyrimidine instead of 2-aminopyrimidine. 


a 
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Description and Properties—Sulfamerazine occurs as white or faintly 
yellowish white crystals or powder. It has a slightly bitter taste and 
is odorless or nearly so. It is stable in air, but slowly darkens on 
exposure to light. It melts between 234° and 238°. One Gm. of 
Sulfamerazine dissolves in about 6250 cc. of water at 20° and in 
about 3300 cc. at 37°. It is readily soluble in dilute mineral acids 
and in solutions of potassium, ammonium, and sodium hydroxides. 
It is sparingly soluble in acetone, slightly soluble in alcohol, and very 
slightly soluble in ether and in chloroform. 

Identification—To about 20 mg. of Sulfamerazine add 5 cc. of 
water, and, dropwise, sodium hydroxide T.S. until dissolved, then 
add 2 or 3 drops of cupric sulfate T.S. An olive-green precipitate 
forms which becomes dark gray on standing. 

Place about 500 mg. of Sulfamerazine in a test tube, wrap the upper 
portion of the test tube with wet filter paper, and heat the tube in a 
bath at a temperature of 240° to 280°, until a white, crystalline sub- 
limate forms in the neck of the tube. The vapors evolved during 
sublimation do not darken moistened lead acetate paper (distinction 
from Sulfathiazole) and the sublimate melts between 153° and 157°. 

It conforms to the tests and limits for Clarity and color of solution, 
Loss on drying, Residue on ignition, Chloride, Sulfate, and Heavy 
metals limit as given for Sulfadiazine. 

Acid—Equivalent to not more than 1 cc. of tenth-normal sodium 
hydroxide per Gm. 

Assay—lt is assayed by the general method for sulfonamides (page 
990). Each ce. of tenth-molar sodium nitrite corresponds to 26.43 
mg. of Ci1Hy2N4028. 

Storage—Keep Sulfamerazine in well-closed, light-resistant contain- 
ers. 

Incompatibilities—See Sulfanilamide. 


Uses—The oral administration of equal doses of 
Sulfamerazine and sulfadiazine produces in the blood a 
sulfonamide concentration twice as great with Sulfa- 
merazine as with sulfadiazine. Sulfamerazine is more 
rapidly and more completely absorbed from the gastro- 
intestinal tract but is excreted more slowly than sulfa- 
diazine. Thus it may be given in smaller amounts and 
less frequently. 


The acetylated form of Sulfamerazine is more soluble 
in urine at pH 7 or less than either the free or acetylated 
forms of sulfadiazine, and free Sulfamerazine is more 
soluble than sulfadiazine in neutral or acid urine. The 
formation of drug concretions and renal parenchymal 
injury seems to be less likely to occur with Sulfamerazine 
than with sulfadiazine if equal blood concentrations of 
the drug are maintained. 


Sulfamerazine may be used in the treatment of 
pneumogoccal, streptococcal, meningococcal, and gono- 
coccal infections. In the treatment of acute pneumo- 
coccic, streptococcic, and meningococcic infections, the 
maintenance of a concentration of Sulfamerazine in the 
blood of 10 to 15 mg. of the drug per 100 cc. of blood 
will usually be sufficient. Blood serum concentrations 
of this magnitude may be attained within 4 hours by 
the oral administration of 3 or 4 Gm. of Sulfamerazine as 
an initial dose, followed by 1.0 Gm. every 8 hours. This 
dosage should be continued for 72 hours after the tem- 
perature, pulse, and respiration rates return to normal. 

Average Dose—2 Gm. (approximately 30 grains). 


Sulfamerazine Tablets U.S. P. Tabelle Sulfamerazini 
(Tab. Sulfameraz.—Sp. Tabletas de Sulfameracina] 


Sulfamerazine Tablets contain not less than 95 per 
cent and not more than 105 per cent of the labeled 
amount of GirtieN 028. 


Identification—The Tablets are extracted in the manner described 
for Sulfadiazine Tablets but sodium hydroxide T.S. is used instead of 
ammonia. The precipitate after washing and drying melts between 
233° and 238° and also responds to the Identification tests given for 
Sulfamerazine. ‘ 

Assay—The Tablets are assayed for sulfamerazine content by the 
general method for sulfonamides (page 990). ; . 
Storage—Keep the Tablets in well-closed, light-resistant containers. 


- Uses—See Sulfamerazine. 
_ Average Dose—2 Gm. (approximately 30 grains) of 


_ Sulfamerazine. 


Sulfamerazine Sodium U. S. P. 


Sulfamerazinum Sodicum 
[Sulfameraz. Sod.—Sp. Sulfameracina Séddica] 


Sulfamerazine Sodium, when dried at 105° for 4 
hours, contains not less than 99 per cent of Ci,HiiNe 
O.SNa (286.29). : 

Preparation—This sulfonamide is prepared from 
Sulfamerazine and sodium hydroxide in the same man- 
ner as Sulfadiazine Sodium. 


Description and Properties—Sulfamerazine Sodium occurs as white 
or faintly yellowish white crystals or a crystalline powder which 
slowly darkens on exposure to light. It is odorless or nearly so and 
has a bitter taste. On prolonged exposure to humid air, it absorbs 
carbon dioxide with the liberation of Sulfamerazine and becomes in- 
completely soluble in water. Its solutions are alkaline to phenol- 
phthalein T.S. The addition of acetic acid or a slight excess of diluted 
hydrochloric acid to an aqueous solution of Sulfamerazine Sodium 
produces a white precipitate which after washing and drying, melts 
between 234° and 238° and responds to the Identification tests given 
for Sulfamerazine. When ignited the residue responds to the tests: 
for sodium. One Gm. of Sulfamerazine Sodium dissolves in about 3: 
ec. of water. It is slightly soluble in alcohol, and is insoluble in ether 
and in chloroform. 
Tests for Purity— 

Loss on drying—Not more than 2.5 per cent for the anhydroug 
form, nor more than 7 per cent for the monohydrated form. 

Heavy metals limit—20 parts per million. 
Assay—It is assayed by the general method for sulfonamides (page 
990). Each cc. of tenth-molar sodium nitrite corresponds to 28.63 
mg. of Cy11H11N4028Na. 
Storage—Keep Sulfamerazine Sodium in tight, light-resistant con- 
tainers. 
Labeling—Sulfamerazine Sodium containing one molecule of water 
(5.9%) is also marketed. Since this is a potent drug and administered 
in large doses, the pharmacist and physician should be given the 
information as to the amount of inert matter contained therein so 
that they may adjust the dose accordingly. Hence, the U. S. P. 
requires that Sulfamerazine Sodium containing 1 molecule of water 
shall be so labeled. 


Uses—See Sulfamerazine. 


Sterile Sulfamerazine Sodium U. S. P. 


Sulfamerazinum Sodicum Sterile 
{Sulfameraz. Sod. Ster.—Sp. Sulfameracina Sdédica, Estéril] 


Sterile Sulfamerazine Sodium, when dried at 105° for 
4 hours, contains not less than 99 per cent of C,,H:- 
N,O025Na. It meets the requirements of the Sterility 
Test for Solids (page 127). 


Sterile Sulfamerazine Sodium conforms to the description and meets 
the Identification Tests and other requirements given under Sulfa- 
merazine Sodium, (page 654), and it also conforms to the requirements 
for Completeness of solution, Storage, and Labeling given under Sterile 
Sulfadiazine Sodium. 


Uses—See Sulfamerazine. 
Average Dose—Intravenous, 2 Gm. (approximately 
30 grains). 


SULFANILAMIDE U. S. P. Sulfanilamidum 


{Sulfanilamid.—Sulfamidyl, Sulphonamide, Prontosil Album, 
p-Aminobenzenesulfonamide, Sp. Sulfanilamida] 


Sulfanilamide, when dried at 100° for 4 hours, con- 
tains not less than 99 per cent of CgHsN20.S (172.20). 

Preparation—Sulfanilamide is prepared by treating 
p-acetamidobenzenesulfonyl chloride (page 650) with 
ammonia, then splitting off the acetyl group by hydroly- 
sis with acid or alkali. 


Description and Properties—Sulfanilamide occurs as white crystals, 
granules or powder. It is odorless and is affected by light. It melts 
between 164.5° and 166.5°, and its saturated aqueous solution is 
neutral to litmus paper. One Gm. of Sulfanilamide dissolves in 
about 125 ec. of water, about 37 cc. of alcohol, and about 5 cc. of ace- 
tone. It is also soluble in glycerin, hydrochloric acid, and solutions 
of potassium and sodium hydroxides. It is very soluble in boiling 
water. It is insoluble in chloroform, ether, and benzene. 
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Identification—(1) Since Sulfanilamide contains a free NH 2 group it 
gives the azo dye reaction discussed under Butacaine Sulfate, the re- 
action being carried out as follows: About 100 mg. is gently boiled 
with 5 cc. of diluted hydrochloric acid until dissolved. The solution 
is cooled in an ice bath, then 4 cc. of a solution of sodium nitrite (lin 
100) is added, the mixture is diluted with water to 10 cc. and placed 
in an ice bath for 10 minutes. Then a solution of 50 mg. of betanaph- 
thol in 2 cc. of a solution of sodium hydroxide (1 in 10) is added. An 
orange precipitate is produced. (2) Carefully heat about 50 mg. of 
Sulfanilamide in a small test tube over an open flame until it melts: 
an intense violet-blue color develops. On further heating, the odors 
of ammonia and of aniline are evolved. 

Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Chloride—Not more than 0.014 per cent as Cl. 

Sulfate—Not more than 0.04 per cent as SO4. 

Heavy metals limit—20 parts per million. 

Assay—It is assayed by the general method for sulfonamides (page 
990). Each ce. of tenth-molar sodium nitrite corresponds to 17.22 
mg. of CegHgN 208. 
Storage—Keep Sulfanilamide in well-closed, light-resistant contain- 
ers. 

Incompatibilities—Sulfanilamide and Related Compounds—These sub- 
stances are rarely prescribed in combination with other drugs, there- 
fore incompatibilities are*seldom encountered. The sodium deriva- 
tives are soluble in water, invariably imparting to it a marked alka- 
linity. Hence such solutions are incompatible with all acidic sub- 
stances. In combination with alkaloidal salts such as ephedrine 
sulfate, both the free alkaloid and the sulfonamide are precipitated 
in most instances. Aqueous solutions of the sodium derivatives de- 
teriorate rapidly. Solutions of the sulfonamides obtained by the 
addition of acid or alkali may undergo hydrolytic or other decomposi- 
tion. 

Although not all of the therapeutic incompatibilities of the sulfon- 
amides have been ascertained, sufficient evidence has been presented 
to indicate that no unproved combinations should be used. The sul- 
fur-containing saline cathartics such as sodium sulfate are definitely 
contraindicated. Conflicting reports have appeared concerning such 
drugs as magnesium sulfate, gold, arsenic, bismuth, antipyrine, amino- 
pyrine, and alcohol. Local anesthetics related to para-aminobenzoic 
acid, a well-known inhibitor of sulfanilamide activity, may antagonize 
the action of this substance. Procaine, larocaine, tutocaine, butyn, 
ethyl aminobenzoate, and orthoform are so related. 


Uses—Sulfanilamide when administered by mouth 
is readily absorbed from the gastrointestinal tract, 
within about 4 hours. The drug is evenly distributed 
in all body tissues with the exception of the brain, fat, 
and bone. 

No patient should be treated with Sulfanilamide un- 
less arrangements are made for daily attention by a 
physician. This is necessary because of the serious 
toxic effects of this drug, which, while not frequent, are 
generally unpredictable in their occurrence and prob- 
ably result from an idiosyncrasy to sulfanilamide. 
Many patients receiving Sulfanilamide will have signs 
and symptoms of central nervous system disturbances 
such as headache, dizziness, nausea, vomiting, mild de- 
pressions or elations and in a few instances, severe 
toxic psychoses. Because of these toxic manifestations, 
patients who are receiving the drug should be warned 
against driving automobiles, piloting or riding in air- 
planes, and doing any heavy or dangerous work in 
which a spell of dizziness might result in a serious acci- 
dent. Practically all individuals who receive thera- 
peutic doses of the drug develop some degree of cyanosis, 
generally apparent in the lips and nail beds, but in some 
cases suffusing the entire integument. It is not a seri- 
ous complication and rarely serves as an indication that 
treatment should be discontinued. Drug fever is a not 
infrequent toxic manifestation. Rashes, which may 
vary in their type and which may be accompanied by 
fever, are not infrequently seen in the course of Sulfanil- 
amide therapy. As these rashes are sometimes the 
result of a photosensitization of the skin, it is probably 
best for patients who are receiving Sulfanilamide to 
keep out of the sun, and they should not receive ultra- 
violet irradiation. 

Acidosis may be produced by the drug in certain indi- 
viduals. This is probably brought about by the action 
of Sulfanilamide in inhibiting the enzyme carbonic an- 
hydrase. The routine, concurrent use of sodium bicar- 
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bonate generally prevents this complication of drug 
therapy. Hepatitis, accompanied by jaundice and, in 
a few instances, ending fatally, is one of the rarer com- 
plications of Sulfanilamide therapy. Acute hemolytic 
anemia occurring from the first to the twenty-first day 
of therapy, is not uncommon and. is noted more fre- 
quently in Negro patients than in white patients. A 
severe leukopenia may occur at any time during the 
course of therapy, and granulocytopenia has been 
described not uncommonly as a toxic manifestation. 

As far as is known, practically all other drugs may be 
prescribed concurrently with Sulfanilamide. With very 
few exceptions, however, such drugs are given separately 
rather than in combination with Sulfanilamide. 

The dose of Sulfanilamide depends on the type and 
severity of the infection. It is suggested that in cases 
of serious infection an initial peroral dose of 0.1 Gm. per 
Kg. of body weight be administered, this to be followed 
by doses of the drug of one-sixth the amount of the 
initial dose given at 4-hour intervals day and night 
until the temperature has been normal for 72 hours. 
Then the dose of the drug may be gradually decreased. 

Average Dose—2 Gm. (approximately 30 grains). 


Sulfanilamide Tablets U. S. P. Tabelle Sulfanilamidi 
[Tab. Sulfanilamid.—Sp. Tabletas de Sulfanilamida] 


Sulfanilamide Tablets contain not less than 95 per 
cent and not more than 105 per cent of the labeled - 
amount of CgHsN20.S. 


Identification—The sulfanilamide in the Tablets may be identified 
as follows: A quantity of finely powdered Sulfanilamide Tablets is 
triturated with chloroform, filtered, and the filtrate discarded. The 
residue is macerated with acetone, filtered, the filtrate is evaporated 
on a steam bath with the aid of a current of air, and the residue is 
dried at about 80°. The sulfanilamide so obtained melts between 
164.5° and 166.5° and responds to the Identification tests given for 
Sulfanilamide. 

Assay—The Tablets are assayed for sulfanilamide content by the 
general method for sulfonamides (page 990). Each cc. of tenth-molar 
sodium nitrite is equivalent to 17.22 mg. of CgHgN2028. 


Average Dose—2 Gm. (approximately 30 grains) of 
Sulfanilamide. 


SULFAPYRIDINE N. F. Sulfapyridinum 
[Sulfapyridin.—Sp. Sulfapiridina] 


Sulfapyridine, when dried at 105° for 4 hours, con- 
tains not less than 99 per cent of C1;H1:N3028 (249.28). 

Preparation—Sulfapyridine is made by the same proc- 
ess as sulfanilamide, but the ammonia is replaced with 
2-aminopyridine. The latter compound may be made 
by slowly adding sodamide [NH:Na] to pyridine, form- 
ing hydrogen and the product NC;sH,zNHNa. The 
latter, upon treatment with water, yields aminopyridine 
(and NaOH). 


Description and Properties—Sulfapyridine occurs as white or faintly 
yellowish white crystals, granules, or powder. It is odorless or nearly 
so, and is stable in air, but slowly darkens on exposure to light. It 
melts between 191° and 193°. One Gm. of Sulfapyridine dissolves 
in about 3500 cc. of water, about 440 cc. of alcohol, and about 65 ce. 
of acetone at 25°. It is freely soluble in dilute mineral acids and 
aqueous solutions of potassium and sodium hydroxides. 

Identification—(1) It responds to the azo dye identification reaction 
described under Sulfanilamide, but the color of the precipitate is 
orange-red. (2) Carefully heat about 50 mg. of Sulfapyridine in a 
small test tube over an open flame or in a sand bath until it melts: a 
brown color develops. On further heating, yellow fumes appear 
and an odor of sulfur dioxide is evolved. (Sulfanilamide produces a 
blue-violet color and the odor of ammonia.) (3) Suspend about 20 
mg. of Sulfapyridine in 5 cc. water, add, dropwise, sodium hydroxide 
T.S. until dissolved, then add 2 or 3 drops of cupric sulfate T.S.: a 
green precipitate is formed which becomes grayish on standing. 
(Sulfathiazole gives a purple precipitate and sulfanilamide gives a 
blue color or precipitate.) \ 
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Tests for Purity— 

Free Acid—Equivalent to not more than 0.2 cc. of tenth-normal 
sodium hydroxide per Gm. 

It meets the requirements for Loss on drying, Residue on ignition, 
Chloride, Sulfate, and Heavy Metals limit given under Sulfathiazole, 
and it also meets the requirement for Clarity of solution given but 1 
Gm. of sulfapyridine and 5 cc. of sodium hydroxide solution are used. 
Assay—Sulfapyridine is assayed by the general method for sulfon- 
amides (page 990). Each cc. of tenth-molar sodium nitrite corre- 
sponds to 24.93 mg. of C11;H11N3028. 

Storage—Keep Sulfapyridine in well-closed, light-resistant contain- 
ers. 
Incompatibilities—See Sulfanilamide. 


Uses—In contrast with sulfanilamide, Sulfapyridine 
is irregularly and often poorly absorbed. No patient 
should be treated with Sulfapyridine unless arrange- 
ments have been made for daily attention by a physi- 
cian. The toxic manifestations of Sulfapyridine ther- 
apy are essentially those previously noted in the course 
of sulfanilamide therapy, and while, in general, the oc- 
currence of toxic manifestations are not as frequent 
when Sulfapyridine is used, they may be very severe. 
As far as is known, Sulfapyridine can be used concur- 
rently with other drugs except rutin and p-amino- 
benzoic acid derivatives. 

In adults suffering from lobar pneumonia large 
initial doses such as 4 Gm. are given in a single dose fol- 
lowed by 1 Gm. of the drug every 4 hours by mouth, 
this to be continued until the temperature has been 
normal for at least 72 hours. Concentrations of 4 to 6 
mg. of free sulfapyridine for each hundred cubic 
centimeters of blood seem to be necessary for prompt 
therapeutic responses to the drug. 

In the treatment of gonococcie infections in adults 
Sulfapyridine has been shown to give good results. 

Average Dose—2 Gm. (approximately 30 grains). 


Sulfapyridine Tablets N. F. Tabella Sulfapyridini 
[Sp. Tabletas de Sulfapiridina] 


Sulfapyridine Tablets contain not less than 95 per 
cent and not more than 105 per cent of the labeled 
amount of C,:Hi,N,028. 


Identification—The presence of sulfapyridine in the Tablets may be 
established by treating a few of the powdered Tablets as described 
under Sulfadiazine Tablets. The precipitate melts between 191° 
Sy 193° and responds to the Identification tests given for Sulfapyri- 

ine. 
Assay—The Sulfapyridine content may be determined by the general 
assay method for sulfonamides (page 990). Each ec. of tenth-molar 
sodium nitrite corresponds to 24.93 mg. of C;13H 11N 3008. 
Storage—Keep the Tablets in well-closed containers. 


Average Dose—2 Gm. (approximately 30 grains) of 
Sulfapyridine. 


STERILE SULFAPYRIDINE SODIUM N. F. 
Sulfapyridinum Sodicum Sterile 


{Sulfapyridin. Sod. Steril—sSterile Sodium Sulfapyridine, Sp. 


Sulfapiridina Sddica, Estéril] 


Sterile Sulfapyridine Sodium [Ci:HioN3028Na.- 
H.O = 289.29], when dried at 105° for 4 hours, contains 
not less than 99 per cent of anhydrous sulfapyridine 
sodium [Cii;H;.0N30.SNa]. It meets the requirements 
of the Sterility Tests for Solids (page 127). 

Preparation—This sulfonamide is produced by the 

process given for Sulfadiazine Sodium starting with 
sulfapyridine. 
Description and Properties—White, odorless crystals or powder. 
On prolonged exposure to humid air it absorbs carbon dioxide with 
the liberation of sulfapyridine and becomes incompletely soluble in 
water. An aqueous solution of Sterile Sulfapyridine Sodium is alka- 


‘line to phenolphthalein. It is affected by light. On adding acetic 
acid to a solution of sulfapyridine sodium a precipitate of sulfapyride 
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is formed which after washing and drying melts between 191° and 
193° and responds to the Identification tests given under Sulfapyridine. 
One Gm. dissolves in about 1.5 ce. of water and in about 10 ce. of 
alcohol at 25°. 
Tests for Purity— 

Loss on drying—Between 5 and 7 per cent. 

Chloride—Not more than 0.14 per cent. 

Sulfate—Not more than 0.04 per cent. 

Heavy metals limit—20 parts per million. 
Assay—lt is assayed, after drying at 105°, by the general method for 
sulfonamides (page 990). Each ec. of tenth-molar sodium nitrite 
corresponds to 27.13 mg. of anhydrous sulfapyridine sodium [C1 1H j0- 
N302SNal. 
Storage—See Sterile Sulfadiazine Sodium. 


Average Dose—2 Gm. (approximately 30 grains) of 
Sulfapyridine Sodium. 


SULFATHIAZOLE Us: S. P. Sulfathiazolum 
[Sulfathiazol.—sS>p. Sulfatiazol] 


Sulfathiazole, when dried at 100° for 4 hours, contains 
not less than 99 per cent of CgHgNs3028e (255.31). 

Preparation—The process for the manufacture of 
sulfathiazole is described on page 650. The 2-amino- 
thiazole required for the production of this sulfonamide 
may be made as follows. Vinyl acetate is chlorinated to 
dichloroethyl acetate which, on hydrolysis, yields mono- 
chloroacetaldehyde. Upon condensing the latter with 
thiourea, 2-aminothiazole results. These reactions are 
illustrated in the following equations: 
+> CHsCOOCHCICH,Cl +22, 

dichloroethyl acetate 


CICHzCHO + CHsCOOH + #£HCl 


monochloroacetal- acetic hydrochloric 
dehyde acid acid 


CHsgsCOOCH=—CHe + Cle 


vinyl acetate chlorine 


N— 
CICHgCHO + (NHe)2CS ax } Sp JG Se Jako) 
SS) 


monochloro- thiourea 


acetaldehyde 


2-aminothiazole 


Description and Properties—Sulfathiazole occurs as white or faintly 
yellowish white crystals, granules, or powder. It is odorless or nearly 
so, and is stable in air, but slowly darkens on exposure to light. It 
melts between 200° and 204°. One Gm. of Sulfathiazole dissolves 
in about 1700 ce. of water, and in about 200 cc. of alcohol. It is sol- 
uble in acetone, and freely soluble in diluted mineral acids, in aqueous 
solutions of potassium and sodium hydroxides, and in ammonia T.S. 

Identification—(1) Sulfathiazole, after hydrolysis, responds to the 
azo dye reaction with betanaphthol; an orange-red precipitate is 
formed. (2) Carefully heat about 50 mg. of Sulfathiazole in a small 
test tube over an open flame until it melts. A brown to red color de- 
velops, and on further heating the odors of ammonia, aniline, and 
hydrogen sulfide are evolved. (Sulfanilamide produces a blue-violet 
color and the odor of ammonia, and sulfapyridine evolves the odor of 
sulfur dioxide.) (3) To about 20 mg. of Sulfathiazole suspended in 5 
ec. of water add. dropwise, sodium hydroxide T.S. until dissolved, 
then add 2 or 3 drops of cupric sulfate T.S.: a purple precipitate 
forms. (Sulfapyridine gives a green precipitate, and sulfanilamide 
gives a blue color or precipitate.) 
Tests for Purity— 

Acid—Equivalent to not more than 1 cc. of tenth-normal sodium 
hydroxide per Gm. 

Clarity and color of solution—A solution of 500 mg. of Sulfathiazole 
in 3 ce. of sodium hydroxide and 20 cc. of water is clear and colorless. 

It also meets the requirements of Loss on drying, Residue on igni- 
tion, Chloride, Sulfate, and Heavy metals limit as given for Sulfadiazine. 
Assay—lIt is assayed by the general methods for sulfonamides (page 
990). Hach ce. of tenth-molar sodium nitrite corresponds to 25.53 
mg. of CoHogN3028e. 
Storage—Keep Sulfathiazole in well-closed, light-resistant containers. 
Incompatibilities—See Sulfanilamide. 


Uses—Sulfathiazole resembles sulfanilamide in cer- 
tain of its pharmacologic effects. In most patients it 
is rapidly absorbed when administered by mouth, maxi- 
mum concentrations of the drug in the blood being ob- 
tained in 3 to 6 hours after the administration of a 
single dose. It is fairly evenly distributed throughout 
most of the body tissues with the exception that it does 
not pass readily into the spinal fluid. 
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The toxic. manifestations noted in the course of 
Sulfathiazole therapy are similar to those previously 
noted in the course of therapy with sulfanilamide or 
sulfapyridine. 

Patients who are receiving this drug, should be seen 
daily by their physicians in order that any possible toxic 
effects arising may be noted and appropriate steps 
taken to eliminate the drug. A curious toxic manifesta- 
tion, which has not been reported in the course of 
therapy with sulfanilamide or sulfapyridine, gives the 
appearance of the disease “pink eye.” 

Sulfathiazole is poorly soluble and hence must be 
administered by the oral route. In the treatment of 
pheumococcic pneumonia in adults the initial dose of 
Sulfathiazole should be 4 Gm., to be followed by 1 Gm. 
every 4 hours day and night tntil the patient’s tempera- 
ture has been normal for 72 hours. 

Surgical measures, both supportive and operative, 
must be used in the treatment of staphylococcic infec- 
tions in conjunction with Sulfathiazole whenever indi- 
cated. 

The drug should not be used for the peroral treatment 
of minor staphylococcie infections, such as localized 
boils and small carbuncles or any mild furunculosis. 
It is used in large boils or carbuncles, in diffuse staphylo- 
eoccic cellulitis, lymphangitis, or acute osteomyelitis, 
and in staphylococcic bacteremia. Sulfathiazole is at 
the present time the drug of choice in the treatment of 
gonorrhea. When used in this infection the first day’s 
dose is 3 Gm., and 2 Gm. should be administered for the 
following 9 days. If at the end of 5 days a pronounced 
improvement has not been noted, a shift should be made 
to either sulfapyridine or sulfadiazine. 

It is very important to control the administration of 
Sulfathiazole by determining its concentration in the 
blood of patients who are receiving it. In pneumonia, 
concentrations of from 4 to 6 mg. per hundred cubic 
centimeters of the drug in the blood should be sought. 

Average Dose—2 Gm. (approximately 30 grains). 


Sulfathiazole Tablets U. S. P. Tabelle Sulfathiazoli 
[Tab. Sulfathiazol.—=Sp. Tabletas de Sulfatiazol] 


Sulfathiazole Tablets contain not less than 95 per cent 
and not more than 105 per cent of the labeled amount 
of CAEN Osses 


Identification—The presence of sulfathiazole in the Tablets may be 
established by treating a few of the powdered Tablets as described 
under Sulfadiazine Tablets. The precipitate melts between 200° and 
204° and responds to the Identification tests given for Sulfathiazole. 
Assay—The sulfathiazole content of the Tablets may be determined 
by the general assay method for sulfonamides (page 990). Hach ce; 
of tenth-molar sodium nitrite is equivalent to 25.53 mg. of CgHo9- 
Ng3098So. 

Storage—Keep the Tablets in well-closed containers. 


Average Dose—2 Gm. (approximately 30 grains) of 
Sulfathiazole. ° 


Sulfathiazole Sodium U.S. P. Sulfathiazolum Sodicum 
[Sulfathiazol. Sod.—Sp. Sulfatiazol Sdédico] 


Sulfathiazole Sodium [CyoHsN30.S82Na.1!/sH20 = 
304.32], when dried at 100° for 5 hours, contains not 
less than 99 per cent of anhydrous sulfathiazole sodium 
[C oHsN A) 2 2Na] 5 

Preparation—Sulfathiazole is dissolved in the re- 
quired quantity of aqueous sodium hydroxide, and the 
resulting solution evaporated to crystallization. 


Description and Properties—Sulfathiazole Sodium occurs as a white 
to faintly yellowish white powder or granules. On prolonged expo- 
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sure to humid air, it absorbs carbon dioxide with the liberation of 
sulfathiazole and becomes incompletely soluble in water. It is af- 
fected by light. Its solutions are alkaline to phenolphthalein T.S. 
The addition of acetic acid to a solution of Sulfathiazole Sodium 
produces a white precipitate which, when washed and dried, melts 
between 200° and 204° and responds to the Identification tests given 
for Sulfathiazgle. When Sulfathiazole Sodium is ignited, the residue 
responds to the tests for sodium. One Gm. of Sulfathiazole Sodium 
dissolves in about 2.5 cc. of water and in about 15 cc. of alcohol. 
Tests for Purity— 

Loss on drying—Between 6 and 9 per cent. 

Heavy metals limit—20 parts per million. 
Assay—It may be assayed, after drying at 100°, by the general assay 
method for sulfonamides (page 990). Each cc. of tenth-molar sodium 
nitrite corresponds to 27.73 mg. of anhydrous sulfathiazole sodium 
[CoH gN3028eNal]. 
Storage—Keep Sulfathiazole Sodium in tight, light-resistant con- 
tainers. 


Uses—See Sulfathiazole. 
Average Dose—2 Gm. (approximately 30 grains). 


Sterile Sulfathiazole Sodium U. S. P. 


Sulfathiazolum Sodicum Sterile 


[Sulfathiazol. Sod. Steril.—Sterile Sodium Sulfathiazole, Sp. 
Sulfatiazol Sédico, Estéril] 


Sterile Sulfathiazole Sodium is, substantially, an- 
hydrous sulfathiazole sodium. When dried at 100° for 
5 hours, it contains not less than 99 per cent of CoH¢- 
N;0.8.2Na (277.30), and meets the requirements of the 
Sterility Tests for Solids (page 127). 

Sterile Sulfathiazole Sodium conforms to the Descrip- 
tion and meets the Identification tests and other require- 
ments under Sulfathiazole Sodiwm (above), except 
that when dried at 100° for 5 hours, the loss in weight 


corresponds to not more than 0.2 per cent. 

For the reason stated under Sterile Sulfadiazine Sodium, Sterile 
Sulfathiazole Sodium should meet the test for Completeness of solution 
given under the former and it is also subject to the same Storage re- 
quirements. 

Assay—Same as for Sulfathiazole Sodium. Each ce. of tenth-molar 
sodium nitrite is equivalent to 27.73 mg. of CgHgNgO02SeNa. 


Uses—See Sulfathiazole. 
Average Dose—Intravenous, 2 Gm. (approximately 
30 grains). 


Unofficial Sulfonamides - 


Sulfapyrazine N. N. R. (Mead, Johnson)—Tablets (0.5 Gm.) contain- 
ing p-amino-N-2-pyrazinylbenzenesulfonamide [Cy9H19N4028 = 
250.27]. Uses: Sulfapyrazine is probably as effective as sulfa- 
diazine in the treatment of pneumococcal, hemolytic streptococcal, 
and B. coli infections. Further it appears to be effective against 
Shigella paradysentertae, even when these strains are resistant to 
other sulfonamides, and in the presence of meningococcic meningitis. 
Dose: Initial dose for adults is 2 to 4 Gm., followed by 1-Gm. 
doses at 4 to 6-hour intervals. Treatment should be continued 
unt the temperature, pulse, and respiration have been normal for 

ays. 

Sulfacetamide—See Sulamyd (Schering) below. 

Sulfapyrazine Sodium N. N. R.—The monohydrated sodium salt of 
2-sulfanilamidopyrazine. Uses: see Sulfapyrazine N. N. R. 
Dose: intravenously, 0.05 Gm. per Kg. of body weight in a 5 per 
cent solution initially, then 0.025 Gm. per Kg. of body weight in a 
5 per cent solution. 

Sulfapyridine Sodium N. N. R.—The monohydrated sodium salt of 2- 
sulfanilamidopyridine, Uses: see Sulfapyridine N. F. Dose: 
intravenously, 0.05 Gm. per Kg. of body weight in a 5 per cent 
solution at the rate of 5 cc. per minute. 


Specialties Containing Sulfonamides 


The following specialties possess the antibacterial activities described 
under the official sulfonamides. They are used, therefore, to combat 
infections susceptible to sulfonamide therapy. The flavored preprations 
are particularly suitable for pediatric use. Uses are briefly discussed 
only for those preparations containing combinations of the sulfonamides 
with other substances. 

Aldiazol (Massengill)—Liquid, each teaspoonful containing 0.25 Gm. 
each of sulfadiazine and sulfathiazole, 0.5 Gm. sodium citrate and 
0.6 Gm. sodium lactate. Dose: 2 to 4 tablespoonfuls reduced to 
2 teaspoonfuls. 

Alginex Sulfathricin Compound (Pitman-Moore)—An alginate cream 
containing 10 per cent sulfathiazole, 0.05 per cent tyrothricin, 0.1 
per cent 2-chloro-4-phenylphenol, and 0.1 per cent methyl-p- 
hydroxybenzoate. Uses: ulcers, impetigo, and epidermophytoses. 
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Alkamid (Hart Drug)—Tablets, each containing 0.324 Gm. (5 gr.) 
sulfanilamide and 0.324 Gm. (5 gr.) sodium bicarbonate. 

Allantomide (National Drug)—Preparations containing sulfonamides 
and allantoin. Supplied as Allantomide Film for use as topical 
dressing; Allantomide Liquid with Ephedrine for use as nose drops; 
Allantomide Ointment for topical use; Allantomide with Sulfathia- 
zole Ointment for topical use; and Allantomide Vaginal Cream for 
vaginal use. 

Alulotion Sulfathiazole 5 per cent (Wyeth)—Lotion containing sulfa- 
thiazole [CsHgNSNHSO2CgH4NHg] in aluminum hydroxide gel 
and kaolin. Uses: impetigo and other skin infections. 

Auramide (Drug Products)—EHar drops containing 5 per cent sulfanil- 
amide, 10 per cent urea, 3 per cent anhydrous chlorobutanol, 0.43 
per cent procaine base, 0.1 per cent sodium bisulfite, glycerin, and 
water. Uses: middle ear and external auditory canal infections. 

Calthiazol (Massengill)—Aqueous, non-greasy ointment containing 
10 per cent sulfathiazole and 10 per cent calamine. Uses: im- 
petigo, dermatitides, folliculitis, and fungus infections, applied 
topically. 

Carbathiazole Ointment (Rorer)—An ointment containing 5 per cent 
sulfathiazole and 1 per cent coal tar. Uses: infected eczemas, 
folliculitis, etc. 

Coco-Diazine (Lilly)—Chocolate-flavored suspension, each fluidrachm 
containing 0.324 Gm. (5 gr.) sulfadiazine. 

Coco-Thiazole (Lilly)—Chocolate-flavored suspension, each fluid- 
ounce containing 0.324 Gm. (5 gr.) sulfathiazole. 

Codiazine (Massengill)—Cocoa-flavored suspension, each fluidrachm 
containing 0.324 Gm. (5 gr.) crystalline sulfadiazine. 

Codiazole (Schieffelin)—Ointment containing 5 per cent microcrystals 
of sulfathiazole and 70 per cent cod liver oil. Uses: burns and 
chronically infected wounds, applied topically. 

Combisul-DM (Schering)—Tablets, each containing 0.25 Gm. sulfa- 
diazine and 0.25 Gm. sulfamerazine. Dose: 8 tablets decreased 
to 2 tablets. 

Combisul-TD (Schering)—Tablets, each containing 0.25 Gm. sulfa- 
ee and 0.25 Gm. sulfadiazine. Dose: 8 tablets decreased to 2 
tablets. 

Cremosuxidine (Sharp and Dohme)—Liquid containing 10 per cent 
succinylsulfathiazole, 1 per cent pectin, and 10 per cent kaolin. 
Uses: treatment of specific and non-specifie diarrheas. Dose: 
as indicated. 

Diazprin Wafers (Squibb)—Wintergreen-flavored chewing wafers, 
each containing 0.324 Gm. (5 gr.) sulfadiazine and 0.194 Gm, (3 gr.) 
acetylsalicylic acid, in a paraffin base. Uses: acute tonsillitis 
and pharyngitis. Dose: 1 to 3 wafers daily, after meals, chewed 
for 1 to 2 hours. 

Duosulfon (Haskell)—Preparations containing equal parts of sulfanil- 
amide and sulfathiazole. Supplied as Duosulfon Ointment for 
impetigo, furunculosis, etc.; Duwosulfon Suspension for rhinitis, 
acute sinusitis, gonorrhea, and dermatoses; and Duosulfon Suspen- 
sion with Ephedrine for use as nasal decongestant and bacteriostat. 

Ephedazole (Warren-Teed)—Jelly containing 3 per cent sulfathiazole 
and 1 per cent ephedrine hydrochloride. Uses: nasal decongestant 
and bacteriostatic agent, applied topically high in the nostril and 
snuffed sharply. 

Epithene (Wilson)—Greaseless jelly containing 5 per cent sulfathi- 
azole and sodium 2-hydroxy diphenyl in a base containing glycerin, 
diglycol stearate, and protein from beef aorta. Uses: burn ther- 
apy, applied topically. 

Eskadiazine (S. K. F.)—Orange-flavored aqueous suspension, each 
teaspoonful containing 0.5 Gm. (7.7 gr.) sulfadiazine. 

Gadazine (Columbus)—Ointment containing 5 per cent sulfadiazine 
and 50 per cent cod liver oil. Uses: burns, ulcers, wounds, etc., 
applied topically. 

Gluco-Sulfadiazine (Donley-Evans)—A suspension containing 2 Gm. 
sulfadiazine, 2.24 Gm. sodium lactate, and glucose in each fl. oz. 
Sodium lactate alkalinizes the urine, tending to prevent the forma- 
tion of sulfadiazine crystals in the urine (crystalluria). 
Gluco-Sulfamerazine—same formula as above with sulfamerazine 
in place of the sulfadiazine. 

Gluco-Sulfathiazole—same formula as above with sulfathiazole in 
place of the sulfadiazine. 

Liquoid Mer-Diazine (McNeil)—Liquid, each fluidounce containing 
1.5 Gm. microcrystalline sulfamerazine and 1.5 Gm. microcrystal- 
line sulfadiazine. Uses: sulfonamide therapy, particularly suit- 
able for children. Dose: for children, 30 mg. total sulfonamides 
per pound body weight in 24 hours divided into 6 doses. 

Lozamid (Patch)—Chocolate-flavored troches, each containing 1 gr. 
sulfanilamide, 3 gr. sulfathiazole, and 1 gr. sodium bicarbonate. 
Uses: sulfonamide therapy in oral and pharyngeal infections. 
Dose: 1 troche dissolved on the tongue every 1 to 2 hours. 

Luciderm (Wallace and Tiernan)—Transparent hydrophilic film con- 
taining approximately 10 per cent sulfanilamide and 15 per cent 
sulfacetimide. Uses: wounds, burns, skin grafts, cigarette drains in 

_ external cavities, etc., applied topically. at 

Magmoid (Pitman-Moore)—A viscous, sweetened mixture containing 
in each fl. oz. 1.8 Gm. sulfadiazine, 1.2 Gm. sulfathiazole, and 2.0 
Gm. sodium lactate. Sodium lactate alkalinizes the urine, tending 
to prevent crystalluria. A 

Morumide (Massengill)—Ointment containing 10 per cent sulfanil- 

_ amide and cod liver oil concentrate. Uses; burns, wounds, and 
ulcers, applied topically. Caution: Should not be applied to the 
eyes. 

Morumide and Phenacaine (Ophthalmic)—An ophthalmic oint- 
ment containing 5 per cent sulfanilamide, and 1 per cent phenacaine 
hydrochloride in a cod liver oil concentrate. 


j Morusulfa (Hart Drug)—Ointment containing 5 per cent sulfathi- 


azole and the unsaponifiable principles of fish liver oil. Uses: 
burns, ulcers, wounds, and osteomyelitis, applied topically. 


_ Neofonamide (McNeil)—Smooth, quick-drying lotion containing 2.5 
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per cent each of sulfanilamide and sulfathiazole, 5 per cent glycerin 
0.5 per cent phenol, 10 per cent neocalamine, 5 per cent urea, and 
a water. Uses: in pyogenous skin infections, applied topi- 
cally. 

Neoprontosil (Winthrop)—Capsules, 0.194 Gm. (3 gr.) or tablets, 

0.324 Gm. (5 gr.) containing a dark red, odorless and tasteless 
powder consisting of disodium 4-sulfamido-phenyl]-2-azo-7-acetyl- 
amino-l-hydroxy-naphthalene 3,6-disulfonate (Azosulfamide). 
Dose: 50 to 80 gr., decreased to 15 gr. in severe infections; and 5 
to 10 gr. in milder cases. 
Neoprontosil Solution—Ampuls (5 and 10 cc.), containing a 2.5 per 
cent solution and ampuls (5 cc.) containing a 5 per cent solution of 
Neoprontosil, also bottles (50 cc.). Dose: 7.5 to 20 cc. of 5 per 
cent solution intramuscularly in severe infections; 5 to 10 cc. of 
2.5 per cent solution, subcutaneously or intramuscularly in milder 
cases. 

Neo-Sulfarea (Drug Products)— Water-soluble vanishing cream con- 
taining 2 per cent each of micronized sulfanilamide and sulfathi- 
azole and 10 per cent urea. Uses: burns, ulcers, pyogenic skin in- 
fections, applied topically. 

Oralets Sulfacomp (C. D. Smith)—Tablets, each containing 0.25 
Gm. sulfathiazole, 0.0065 Gm. benzocaine, 0.648 Gm. urea, and 
0.0008 Gm. menthol. Uses: infections of the mouth, applied 
by dissolving 1 or 2 tablets on the tongue. 

Otomide (White)—Liquid containing 5 per cent sulfanilamide, 10 
per cent urea, and 3 per cent chlorobutanol, in glycerin. Uses: 
middle ear and external auditory canal infections, otitis media, 
furunculosis, etc., applied topically. 

Otosmosan (Doho)—Specially prepared glycerol of the highest ob- 
tainable specific gravity containing 20 per cent sulfathiazole car- 
bamide. Uses: in chronic suppurative otitis media, postoperative 
mastoidectomy, furunculosis of external ear canal, etc., applied 
topically. 

Otozole (Hart Drug)—Ear drops containing 3 per cent sulfathiazole 
and 5 per cent saligenin in a propylene glycol base. Uses: anti- 
bacterial, analgesic, and dehydrating agent in otitis media and 
middle and outer ear infections. 

Pharynol (Smith-Dorsey)—Nose drops containing 5 per cent sulfa- 
thiazole, 1 per cent ephedrine sulfate, and 0.005 per cent sodium 
ethyl mercuri thiosalicylate (preservative). Uses: bacteriostatic 
agent and nasal decongestant, applied topically. 

Pragmasul (S. K. F.)—Oil-in-water emulsion base ointment contain- 
ing 5 per cent sulfathiazole and 1:20,000 sodium ethyl mercuri 
thiosalicylate (preservative). Uses: impetigo, folliculitis, pustu- 
lar acne, etc., applied topically. 

Prontylin (Winthrop)—Powder, repurified or not repurified, and tab- 
lets, 0.324 or 0.486 Gm. (5 or 714 ger.) consisting of Sulfanilamide 
VOI teh 1B, 

Pyricain (Columbus)—Ear drops containing 3 per cent sulfathiazole, 
2 per cent benzocaine, 3 per cent phenol, and 5 per cent antipyrine 
in a water-miscible base. Uses: middle ear infections. 

Rhinazine (Lederle)—Nose drops containing 1 per cent sodium sulfa- 
diazine, 0.1 per cent sodium sulfathiazole, 0.1 per cent desoxy- 
ephedrine HCl, and 1 per cent exsiccated sodium sulfite, in an 
aqueous, glycerin-alcohol base (pH 9). Uses; antibacterial and 
vasoconstrictor. Dose: 1 to 3 drops in each nostril. 

Sclorea (Drug Products)—Emulsion (emulsoid) containing 2 per cent 
micronized sulfathiazole, 2 per cent sulfanilamide, 30 per cent cod 
liver oil, and 10 per cent urea. Uses: pyogenous wounds, ulcers, 
burns, etc., applied topieally on dressings or vaginal pack. 

Solvazole (Specific)—Ampuls (5 cc.) containing 1 Gm. anhydrous 
sodium sulfathiazole in aqueous solution; pH 9.8 to 10.1. Dose: 
5 cc. intravenously initially, followed by 5 cc. intramuscularly 
every 4 hours. 

Sulamyd (Schering)—White, odorless, crystalline powder of slightly 
acid taste, or tablets (0.5 Gm.) containing sulfacetamide (p-amino- 
pen senceuie peace a 2e) Dose: 2 Gm,, daily, increased to 

m. 

Sulfacaine Lozenges (Brewer)—Lozenges containing 0.243 Gm. 
(33/4 gr.) sulfathiazole and 0.016 Gm. (14 ger.) benzocaine. Uses: 
infections of mouth and throat. : 

Sulfa-Ceepryn (Merrell)—Vanishing cream containing 10 per cent 
each of sulfanilamide and sulfathiazole, and 0.2 per cent cetyl- 
pyridinium chloride. Uses: bacteriostatic and detergent for 
pyozgenous skin infections, applied topically. 

Sulfadiabate (Anglo-French)—Tablets containing 0.486 Gm. (71% gr.) 
sulfadiazine and 0.065 Gm. (1 gr.) ascorbic acid. The ascorbic acid 
is intended to reduce renal complications. 

Sulfadiazine Methocel Jelly (Lederle)—Methy] cellulose and ethanol- 
amines containing 3 per cent sulfadiazine. re 

Sulfadrine (Vanpelt and Brown)—A buffered solution containing 5 
per cent sulfathiazole and 1 per cent ephedrine sulfate, pH 5.5 to 
6.5. Uses: bacteriostatic agent and nasal decongestant, applied 
topically. 

Sulfaguen (Fellows)—A vanishing cream containing 4 per cent sul- 
fanilamide, 3 per cent sulfathiazole, and 0.5 per cent urea peroxide. 
Uses: burns, impetigo, acne, etc. 

Sulf-Alka-Plex (Pitman-Moore)—Orange-flavored tablets, each con- 
taining 0.15 Gm. sulfadiazine, 0.10 Gm. sulfathiazole, and 0.324 
Gm. sodium citrate. Uses: sulfonamide therapy particularly 
for children. Dose: as indicated. 

Sulfallantoin (Schuylkill)—White crystalline powder containing p- 
amino benzene sulfonamide glyoxyldiureide [NHaCgH4SO2NH 2- 
CO(NH2)COCHNHCONHsg]. Uses: bacteriostatic and cell pro- 
liferant, applied topically as dusting powder, insufflation, or 0.8 
per cent aqueous solution, by spray or as wet dressing. 
Sulfallantoin Ointment—Contains 2 per cent Sulfallantoin, and 
¥% per cent chlorobutanol. 

Sulfamidazole (Rorer)—A crystalline double salt of 40 per cent sul- 
fanilamide and 60 per cent sulfathiazole intended for local therapy. 
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Available as crystals and in dry ampuls (1 and 4 Gm.), 
Sulfamidazole-Ephedrine Suspension—A suspension containing 
2.5 per cent sulfamidazole, 0.5 per cent ephedrine sulfate, and 0.3 
per cent menthol. Uses: bacteriostatic agent and nasal decon- 
gestant. 

Sulfamone (Parke, Davis)—An aqueous solution containing 2.5 per 
cent sodium sulfathiazole sesquihydrate, 0.125 per cent dl-desoxy- 
ephedrine hydrochloride, and 2 per cent anhydrous sodium sulfite. 
Uses: nasal vasoconstrictor and bacteriostatic. Dose: by spray 
or dropper, 0.5 to 1 cc. in each side of nose; by tampon, 2 to 3 ce. 
on each pack. 

Sulfapac (Abbott)—Acacia-glycerin paste containing 60 per cent 
sulfathiazole, 3 per cent benzyl alcohol, and 1:5000 metaphen (4- 
nitro-3-hydroxymercuri-ortho-cresol anhydride). Uses: post- 
operative dressing in large sockets after tooth extractions; also for 
“dry socket,’’ applied into cavity. 

Sulfarea (Drug Products)—Ointment containing 2 per cent each of 
micronized sulfanilamide and sulfathiazole and 10 per cent urea. 
Uses: for wounds, burns, pyogenous skin infections, etc., applied 
topically. 

Sulfarea Ophthalmic Ointment—Tip tube containing Sulfarea. 

Sulfasuxidine N. N. R. (Sharp and Dohme)—Powder or tablets (0.5 
Gm.) containing Succinylsulfathiazole U.S. P. 

Sulfathalidine (Sharp and Dohme)—Powder or tablets (0.56 Gm.) con- 
sisting of phthalylsu'fathiazole. Uses: enteric bacteriostatic 
agent for E. colt, clostridia, and related organisms used in ulcerative 
colitis, regional ‘leitis, amebiasis, etc. Dose: 0.05 to 0.1 Gm. per 
kilogram of body weight, daily. 

Sulfathiadox (Warner)—A water-washable ointment containing 5 per 
cent sulfathiazole, 1 per cent urea peroxide, and 0.5 per cent chloro- 
butanol. Uses: burns, skin infections, ete. 

Sulfathiazole Gum (White)—Chewing-gum tablets, each containing 
0.243 Gm. (334 gr.) sulfathiazole. Uses: for sore throat, tonsil- 
litis, gingivitis, stomatitis, ete. 

Sulfathiazole-Urea Ointment (Winthrop)—Oxycholesterol-petrola- 
tum base containing 5 per cent sulfathiazole and 30 per cent urea, 
pleasantly scented and water soluble. Uses: impetigo, folliculitis, 
acne, etc. 

Sulfavitin (Chicago Pharmacal)—A lanolin-petrolatum ointment con- 
taining 10 per cent sulfathiazole and vitamin A and vitamin D 
equivalent in potency to 10 per cent U.S. P cod liver oil. Uses; 
ulcers, infected wounds, etc. 

Sulfedex (Abbott)—Dropper-bottle containing a buffered solution of 
2.5 per cent sodium sulfathiazole, 0.125 per cent dl- desoxyephed- 
rine, and 2 per cent sodium sulfite. Uses: vasoconstrictor and 
bacteriostat in nose and throat infections, applied in form of a 
spray or by dropper. 

Sulfonasol (National Drug)—A fruit-flavored, aqueous preparation 
containing approximately 2 Gm. of sulfadiazine in each fl. oz. 

Sulf-Opto (Abbott)—Aqueous solution containing 1 per cent sodium 
sulfathiazole and 0.1 per cent dl-desoxyephedrine. Uses: in 
conjunctivitis, epidemic keratoconjunctivitis, blepharitis, and 
keratitis, applied locally in full strength or mixed with equal parts 
of isotonic sodium chloride solution. 

Sulmefrin (Squibb)—Aqueous liquid containing 1.25 per cent each of 
anhydrous sodium sulfathiazole and sodium sulfadiazine, and 0.125 
per cent dl-desoxyephedrine HCl. Uses: for chronic and acute 
sinusitis. 

Sulmefrin Ophthalmic—Aqueous liquid containing 0.5 per cent 
each of anhydrous sodium sulfathiazole and sodium sulfadiazine, 
and 0.1 per cent di-desoxyephedrine HCl. Uses: chronic and 
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5 per cent sulfathiazole and 5 per cent solution of coal tar. Uses: 
for eczema, etc. 

Sulthigel (Breon)—Water-soluble preparation containing 5 per cent 
sodium sulfathiazole, 15 per cent propylene glycol, and methyl 
cellulose. Uses: for pyogenous skin infections, burns, etc., applied 
topically. 

Sulzadestrin Ointment (Breon)—An ointment containing 5 per cent 
sulfathiazole and fish liver oil concentrate in an oxycholesterol base. 
Uses: burns and chronically infected wounds. 

Tarzole (Columbus)—A white, greaseless ointment containing 3 per 
cent sulfathiazole and 5 per | cent crude coal tar. Uses: skin infec- 
tions, eczema, eczematoid ringworm, etc. 

Thiasulfamix (Patch)—A water-miscible cream containing 3.75 per 
cent sulfanilamide and 1.25 per cent sulfathiazole. Uses; skin 
infections. 

Thiazinc (Hart Drug)—An aqueous, non-fatty ointment containing 
10 per cent sulfathiazole and 10 per cent prepared calamine. Uses: 
impetigo, eczema, acne, etc. 

Thiazoint (Hart Drug)—An emulsion base ointment containing 10 per 
cent sulfathiazole. Uses: infected superficial wounds, impetigo, 
ulcers, etc. 

Thizodrin (Lilly)—A clear, aromatized solution containing 2.5 per 
cent sodium sulfathiazole sesquihydrate, 0.125 per cent dl-desoxy- 
ephedrine HCl, and 2 per cent anhydrous sodium sulfite. Uses: 
nasal decongestant and bacteriostatic agent applied topically as 
spray, drops, or on tampon. 

Tricobeta (Cole)—Vaginal inserts, each containing 0.324 Gm. (5 gr.) . 
sulfathiazole and 0.972 Gm. (15 gr.) B-lactose. Uses: for use in 
gonorrheal vaginitis. 

Trynasin (Abbott)—An ointment containing approximately 2.5 per 
cent sulfathiazole and 1.5 per cent butyn sulfate, with aluminum 
sulfocarbolate and atropine sulfate. Uses: proctitis, papillitis, 
eryptitis, and adjunct in treatment of hemorrhoids, anal fissure, 
and rectal fistula, applied topically or injected into the rectum. 

Ultarzole (Ulmer)—A vanishing cream containing 5 per cent sulfa- 
thiazole and 1 per cent purified coal tar. Uses: eczema and der- 
matoses. 

Vadzole (Ulmer)—A. vanishing cream containing 5 per cent sulfa- 
thiazole and fish liver oils equivalent in vitamin A and D content 
to U.S. P. cod liver oil. Uses: skin infections. 

Vana-Diazine (Vitamix)—A vanilla-flavored syrup containing in each 
fl. oz. 2.59 Gm. sulfadiazine, 24 mg. thiamine hydrochloride, and 
sodium lactate to M/6 concentration. Sodium lactate alkalinizes 
the urine and tends to prevent crystalluria. 

Viazole (Vanpelt and Brown)—A water-dispersible ointment contain- 
ing 5 per cent each sulfanilamide and sulfathiazole, 2 per cent urea, 
and fish liver oils equivalent to approximately 700 U.S. P. units 
vitamin D per oz. Uses: wounds, burns, ulcers, and skin infec- 
tions. 

Westhiazole (Westwood)—Sterile sulfathiazole solutions in poly- 
ethylene glycol, forming water-soluble, practically neutral prepara- 
tions. 

Westhiazole-20—A dermatologic jelly containing 20 per cent sulfa- 

thiazole. 

Westhiazole-E. N. T.—a liquid containing 5 per cent culfiathiaroies 

applied topically to the ear, nose, and throat. 

Westhiazole Ophthalmic—a liquid containing 5 per cent sulfa- 

thiazole, applied by instillation in the conjunctival sac. 

Westhiazole Vaginal—a jelly containing 10 per cent sulfathiazole, 

3 per cent lactic acid, and 1 per cent acetic acid with a pH of 4.0. 
Zolide (Massengill)—An ointment containing 5 per cent each sulfa- 
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Ceepryn 


Phemerol Chloride 


The discovery of the high germicidal power of the 
quaternary ammonium compound Benzalkonium Chlo- 
ride U.S. P. (Zephiran) led to the production of numer- 
ous compounds of this type, and their use as bacteri- 
cides and as surface active agents is expanding. Many 
of them, e. g., Benzalkonium Chloride, are made by re- 
acting long-chain alcohols (usually obtained by cata- 
lytic hydrogenation of the fatty acids of oils) with 
hydrochloric acid, treating the resulting halide with 
dimethylamine, and finally reacting the tertiary amine. 
which is formed, with benzyl chloride. 


The large number of quaternary ammonium com- 
pounds that have been synthesized during the past sev- 
eral years is chiefly the result of varying the substitu- 
ents attached to the nitrogen nucleus. The general 
formula for the quaternary ammonium compounds may 
be represented as follows: 
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where R, Ri, Re, and Rg are substituent groups con- 
taining aliphatic or aromatic radicals, X is an acid 
radical such as Cl, SO4, or Br, and n ig 1 or more, de- 
pending on the valence of the acid radical. Where N 
is part of a ring structure, then some of the R’s will be 
missing because of the N bonds utilized in ring forma- 
tion. The bracketed radical is a positive ion (cation) 
in solution and is the bactericidal portion of the mole- 
cule; the acid radical forms the anion. These com- 
pounds are therefore cationic surface active agents. See 
Surface Active Agents (page 583). 

The quaternary bactericides include (1) compounds 
containing the cyclic amines: pyridine, picoline, luti- 
dine, etc., of which type cetyl pyridinium chloride 
(Ceepryn) is an example; (2) compounds in which long- 
chain alkyl radicals (Cg to Cig) are introduced on the 
nitrogen atom to give a series of alkyl dimethyl-benzyl- 
ammonium chlorides (Zephiran); (8) those compounds 
in which oxygen atoms are introduced in the long chain 
as amide linkages, e. g., the lauric acid esters of col- 
aminoformylmethylpyridinium chloride; (4) compounds 
containing an aromatic ring in the long chain, such as 
p-tert-octylphenoxy ethoxyethyl dimethyl benzylam- 
monium chloride (Phemerol Chloride); and (5) com- 
pounds containing unsaturated links in long-chain 
alkyl groups, e. g., 9-octadecenyl dimethyl benzylam- 
monium chloride. 

Properties—Many of the quaternary ammonium dis- 
infectants are odorless, colorless, non-irritating and 
non-toxic in germicidal concentrations. Solutions re- 
main stable over long periods of storage, and the active 
constituents are non-volatile and unaffected by boiling 
or autoclaving. 


BENZALKONIUM CHLORIDE U. S. P. 
Benzalkonii Chloridum 


{Benzalkon. Chlorid.—Alkyldimethyl-benzylammonium Chloride, 
Zephiran Chloride, Sp. Cloruro de Benzalkonio} 


Benzalkonium Chloride is a mixture of alkyl di- 
methyl-benzylammonium chloride of the general for- 
mula, CsHs;CH2N(CHs)2RCl, in which R represents a 
mixture of the alkyls from CsgH,7 to CisHs37. It con- 
tains, when calculated on a moisture-free basis not less 
than 97 per cent and not more than 103 per cent of 
CeHsCH.2N(CHs)2RCl. 


Description and Properties—Benzalkonium Chloride occurs as a 
white, amorphous powder, or in the form of gelatinous pieces. It 
has an aromatic odor, and a very bitter taste. Its solution is slightly 
alkaline to litmus paper and strongly foams when shaken. Benzalko- 
nium Chloride is very soluble in water, in alcohol, or in acetone; it is 
almost insoluble in ether, and is slightly soluble in benzene. 
Identification—(1) Addition of dilute nitric acid or of mercuric chlo- 
ride to an aqueous solution (1 in 100) of Benzalkonium 
Chloride produces a white precipitate which is soluble in alcohol. 
(2) Dissolve about 200 mg. of Benzalkonium Chloride in 1 cc. of sul- 
furic acid, add 100 mg. of sodium nitrate, and heat on a steam bath 
for 5 minutes. The benzyl portion of the compound is thus nitrated 
in the ring to OgNCgH4CH2—. On diluting the mixture with water 
and warming with zine powder the NOg is reduced to NHg (amine) 
and the product then responds to the azo-dye reaction, as described 
under Butacaine Sulfate (page 619). 
Tests for Purity— 
Loss on drying at 110°—Not more than 15 per cent, 
Residue on ignition—Not more than 0.2 per cent. 
Inorganic ammonium compounds (and also some amine salts)— 
en 5 ce. of a 1 in 50 Benzalkonium Chloride solution is heated to 
boiling with an excess of sodium hydroxide T.S. the odor of ammonia 
should not be evolved. 
Assay—The assay is based on the fact that benzalkonium ferricyanide, 
formed by the transposition of the chloride with potassium ferri- 
cyanide, is insoluble in water. Hence by adding to a solution of an 
accurately weighed quantity of Benzalkonium Chloride dissolved in a 
buffered solution a measured excess of a standard potassium ferricya- 
nide solution and then determining the excess of the latter, the dif- 
_ ference between the volumes of the ferricyanide solution added and 
_ the excess found represents the amount combined with the Benzalko- 
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nium Chloride. The course of the assay is indicated in the following 


equations: 
3(R4N)Cl + Keg[Fe(CN).] — (R4N)s[Fe(CN).6] + 3KCl 


The excess of potassium ferricyanide is estimated by adding potassium 
iodide to the acidified filtrate from the benzalkonium ferricyanide, 
whereby an amount of iodine equivalent to the excess of ferricyanide 
present is liberated with the reduction of the ferricyanide to ferro- 
cyanide, 


2K3[Fe(CN).6] + 2KI — 2K4[Fe(CN)6] + Ie 


and the amount of iodine so set free is determined, after addition of 
zine sulfate solution, by titration with a standard sodium thiosulfate 
solution, thus: 


To + 2NaeS203 —> 2Nal fe NazS40¢6 


The zine sulfate combines with the ferrocyanide as soon as it is 
formed, forming insoluble zine ferrocyanide. This prevents the liber- 
ated iodine from oxidizing the ferrocyanide and tends to drive the 
reaction to completion. Using tenth-molar potassium ferricyanide 
each cc. consumed corresponds to 55 mg. of alkyl dimethyl benzyl- 
ammonium chloride. To insure that the assay represents benzalkon- 
ium chloride of the desired composition, the U.S. P. directs that the 
chloride (Cl) be determined also by titration with tenth-normal silver 
nitrate. Each cc. of tenth-normal silver nitrate is equivalent to 35.4 
mg. of alkyl dimethyl benzylammonium chloride, and the quantity of 
this salt multiplied by 2 corresponds to within 3 per cent above or 
below the percentage found by the ferricyanide assay. 
Storage—Keep Benzalkonium Chloride in tight, light-resistant con- 
tainers. 

Incompatibilities—A white precipitate is formed in a 1:3000 aqueous 
solution with nitrates when these are present in concentrations 
greater than the equivalent of 0.5 per cent of ammonium nitrate. 


Uses—Benzalkonium Chloride is a cationic detergent 
and germicide of high bactericidal and bacteriostatic 
potency. Its phenol coefficient at 37° for Hberthella 
typhosa is 429 and for Staphylococcus aureus 407. In 
addition, it has high detergent and fat emulsifying 
properties. It is used in preoperative disinfection of 
the skin (Tincture or Aqueous Solution 1:1000), on 
the denuded skin and mucous membranes (Aqueous 
dilution 1:10,000 to 1:2000), for surgeon’s hand and 
arm soak (Stainless Tincture or Aqueous Solution 
1:1000), and for vaginal instillation and irrigation 
(Aqueous dilution 1:5000 to 1:2000). It is also used 
in Urology for irrigation (Aqueous dilution 1:20,000 
to 1:5000) and lavage (Aqueous dilution 1:40,000 to 
1: 20,000); in dermatology for fungus infections (Tinc- 
ture 1:1000), open infections (Aqueous dilution 1:5000 
to 1:2000), and for wet dressings (Aqueous dilution 
1:10,000 to 1:5000). It is used in irrigation of the 
eye, ear, nose, or throat (Aqueous dilution 1:10,000 
to 1:3000). It is used in the sterile storage of metallic 
and rubber instruments (Aqueous solution 1:1000) and 
for operating room equipment (Aqueous solution 1:- 
1000) and for operating room equipment (Aqueous 
dilution 1:5000). 


Benzalkonium Chloride Solution U. S. P. 
Liquor Benzalkonii Chloridi 


[Liq. Benzalkon. Chlorid.—Sp. Solucién de Cloruro de Benzalkonio] 


Benzalkonium Chloride Solution is a solution con- 
taining not less than 93 per cent and not more than 107 
per cent of the labeled amount of benzalkonium chlo- 
ride, including all tolerances. 


Description and Properties—Benzalkonium Chloride Solution is a 
clear, colorless liquid. It has an aromatic odor, and a bitter taste; 
it is slightly alkaline to litmus. The Solution, concentrated or evapo- 
rated if necessary to dryness on a steam bath, responds to the identi- 
fication reactions and conforms to the test for inorganic ammonium 
compounds described under Benzalkonium Chloride. 

Assay—The content of benzalkonium chloride of the Solution is de- 
termined by the ferricyanide assay method described under Benzal- 
konium Chloride. If the Solution is too dilute an accurately measured 
volume is concentrated by evaporation to a 1 in 100 concentration. 
To insure that the assay represents benzalkonium chloride of the 
desired composition and purity, the U. 8. P. requires that the weight 
of residue obtained by evaporating an accurately measured volume 
of the Solution on the steam bath and drying at 110° should be 


662 


within 3 per cent above or below the quantity of benzalkonium chlo- 
ride present in the same volume as calculated from the assay. 
Storage—Keep the Solution in tight, light-resistant containers. 


Uses—See Benzalkonium Chloride. 


Unofficial Quaternary Ammonium Bactericide 


Cetavlon, CTAB, cetyl-trimethyl ammonium bromide—White crys- 
tals having a melting point of 235-237° C.; commercial supply a 
brown powder. Uses: synthetic detergent and bactericide of the 
cationic type. At pH 8.0 its phenol coefficient against Staphylo- 
coccus aureus at 37° C. is 1200; Gram-positive and Gram-negative 
organisms were equally affected. Presence of organic matter con- 
siderably lessens its antiseptic activity. It is not irritant to tissues 
when applied to normal skin and to wounds. 


Specialties Containing Quaternary Ammonium Bactericides 


Ceepryn (Merrell), cetylpyridinium chloride—White, crystalline pow- 
der, soluble in water and alcohol. Uses: relatively non-toxic 
germicide and fungicide with detergent and wetting action, facili- 
tating penetration of the intact skin and bacterial membrane. 
Dose: preoperative preparation of the skin, 1:200 tincture or 
1:1000 aqueous solution; application to mucous membranes, 
1:2000 to 1:5000 aqueous solution; minor cuts and bruises, 1:200 
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tincture or 1:1000 jelly; urological procedures, 1:10,000 aqueous 
solution; and in specific and non-specific vaginitis, 5 Gm. of 0.5 per 
cent powder by insufflation and 0.1 per cent suppository. 

Cepacol (Merrell)—Solution containing 1:4000 cetylpyridinium chlo- 
ride and sodium phosphate with flavoring agents. Uses: germi- 
cidal throat spray or gargle. 

Narakon (Baybank)—Isotonic aqueous solution containing 1:3500 
benzalkonium chloride and allantoin buffered to a pH of 6. Also 
available with 1 per cent dl-desoxyephedrine hydrochloride. Uses: 
nasal therapy for symptomatic relief in head colds or other simple 
congestion. Dose: 2 to 3 drops repeated every 2 to 6 hours. 

Phemerol Chloride N. N. R. (Parke, Davis), p-(1,1,3,3-tetramethyl- 
butyl)-6-phenoxyethoxyethyl dimethyl benzylammonium chloride 
monohydrate—Colorless crystals, soluble in water, alcohol, and 
chloroform. Uses: relatively non-toxic germicide and detergent 
of the cationic group. Available as aqueous solutions or tincture. 
Dose: general purpose germicide, 1:500 tincture or 1:1000 aqueous 
solution; application to nose or eye, 1:1000 aqueous solution di- 
luted with four parts of water. 

Quatresin (Upjohn)—Tincture (1:500) and solution (1: 1000) contain- 
ing myristyl-y-picolinium chloride. Uses: disinfectant for skin 
and mucous membranes and antiseptic for first aid. Dose: un- 
diluted or diluted up to 1:10. 

Zephiran Chloride N. N. R. (Winthrop)—Same as Benzalkonium 
Citorsds U.S. P. Available as aqueous solutions, tinctures, and 
jelly. 


MISCELLANEOUS ANTI-INFECTIVES 


In addition to the sulfonamides and the bactericidal 
quaternary ammonium compounds, there are several 
other official amines and amides which are used as anti- 
infective agents. ‘These are assembled in this section 
as a miscellaneous group. 


ACRIFLAVINE N. F.—See Medicinal Dyes (page 952). 

ACRIFLAVINE HYDROCHLORIDE N. F.—See Me- 
dicinal Dyes (page 953). 

ARSPHENAMINE U. 8S. P.—See 
Compounds (page 764). 

CHLORAMINE-T N. F.—See Organic Halogen Com- 
pounds (page 600). 

DICHLORAMINE-T N. F.—See Organic 
Compounds (page 601). 

HALAZONE N. F.—See Organic Halogen Compounds 
(page 601). 

METHENAMINE U. S. P.—See Aldehydes (page 513). 


Organometallic 


Halogen 


PHENOTHIAZINE N. F. Phenothiazina 
[Phenothiaz.—Sp. Fenotiazina] 
H 
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Phenothiazine [CizH NS = 199.26] is thiodiphenyl- 
amine. 

Preparation—Phenothiazine is prepared by heating 
diphenylamine and sulfur at about 180° using a 
trace of iodine as a catalyst. Hydrogen sulfide is 
evolved and the crude Phenothiazine is purified by 


washing with carbon tetrachloride or similar solvent 
to remove the excess sulfur. 


Description and Properties—A pale greenish yellow to dark greenish 
gray powder, granules, or flakes. It is tasteless and has a slight char- 
acteristic odor. It is slowly oxidized when exposed to the air over a 
long period of time, the color becoming darkened. The freezing point 
is not less than 179°. One Gm. of Phenothiazine dissolves in 75 cc. 
of alcohol, 5 ce. of acetone, 20 cc. of chloroform, and 45 cc. of toluene. 
It is usually incompletely soluble in ether and insoluble in water. 

Identification—(1) A drop of ferric chloride T.S. added to 10 ce. of 
an alcohol solution of Phenothiazine (1 in 2000) produces a green 
solution. (2) 20 cc. of an alcohol solution of Phenothiazine (1 in 
100) is added to a mixture of 5 ec. of hydrogen peroxide and 1 cc. 
of hydrochloric acid diluted to 100 cc. with water, and warmed ana 
stirred. A deep red solution is produced due to the oxidation of 
Phenothiazine. 


Tests for Purity— 
Loss on drying—Not more than 1 per cent. 
Residue on tgnition—Not more than 0.2 per cent. 
Ether-insoluble substances—Not more than 1.5 per cent. 


Uses—Phenothiazine was introduced into therapy 
as a urinary antiseptic and as an anthelmintic for the 
treatment of pinworm infestation. It has proved to 
be toxic, however, causing a severe anemia. It is still 
of value for the treatment of helminthiasis in sheep and 
other domestic animals. 

Average Dose—Based on the weight of the Animal— 
Cattle, 50 to 80 Gm. (approximately 13 to 20 
drachms). 
Horses and Mules, 30 to 50 Gm. (approximately 8 
to 13 drachms). 
Calves, 24 to 40 Gm. (approximately 6 to 10 
drachms). 
Swine, 4 to 30 Gm. (approximtaely 1 to 8 drachms). 
Sheep and Goats, 25 Gm. (approximately 6144 
drachms). 
Lambs, (up to 60 lbs.), 15 Gm. (approximately 4 
drachms). 
_ Chickens, 0.5 Gm. (approximately 71 grains). 

Caution: Animals should be treated with Phenothi- 

azine only upon the advice of a veterinarian. 


PROFLAVINE DIHYDROCHLORIDE N. F.—See 
Medicinal Dyes (page 953). 

PROFLAVINE SULFATE N. F.—See Medicinal Dyes 
(page 953). 

SUCCINCHLORIMIDE N. F.—See Organic Halogen 
Compounds (page 602). 

SULFARSPHENAMINE U. S. P.—See Organo Metallic 
Compounds (page 767). 


SURAMIN SODIUM U. S. P. Suraminum Sodicum 


{Suramin. Sod.—Naphuride, Bayer 205, Fourneau 309, Germanin, 
Sp. Suramina Sédica] ‘ 


Suramin Sodium contains not less than 88 per cent of 
the sodium salt of symmetric bis-(m-aminobenzoyl-m- 
amino-p-methyl-benzoyl-1-naphthylamino -4, 6, 8-trisul- 
fonic acid) carbamide [Cs:,Hs4N eOesSgsNacg = 1429.17]. 

Preparation—1-Naphthylamine-4,6,8-trisulfonic acid 
is condensed with m-nitro-p-toluyl chloride in presence 
of sodium acetate. The resulting nitro compound is’ 
reduced, and the amino compound so obtained is con- 
densed with m-nitrobenzoyl chloride. The resulting 
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product is reduced, then 2 moles of it are condensed 
with one mole of carbonyl chloride (phosgene). The 
carbamide derivative thus obtained is then made into 
the sodium salt. 


Pea ie aia 
, condense and 
— 
HO,S— ==Ni Os: reduce 
SO3H Ha 
es NH ie 
Ve A os) condense with m-nitrobenzoyl 
HOS x | y x NH chloride and reduce es 
| 
SO3H CHs 
a co 
é \ “~ —NHe COCle 
| | RRs 
Vs x then NaOH 
| | PX | 
SOsH CH3; NH—C=0O 
pee nage er 
S 6) mies 
C=O 
NaOsS—\ V § 
Gees es NH— i 
Suramin Sodium 2 


Description and Properties—A white or slightly pink, odorless powder, 
Its aqueous solu- 


having a slightly bitter taste. Light discolors it. 


\normal sodium nitrite as described under Sulfanilamide. 
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tion is practically neutral to litmus. It is decomposed by mineral 
acids with the liberation of the acid of suramin. This acid is insoluble 
in water and in most neutral solvents. 

Identification—By virtue of its amino groups Suramin Sodium gives 
the following reaction: About 50 mg. is boiled with diluted hydro- 
chloric acid (1 in 2) for a few minutes. The solution is cooled, then 
20 ce. of sodium nitrite solution (1 in 100) added, and allowed to stand 
for 2 minutes. The treatment with sodium nitrite produces the diazo- 
nium compound, which, on the subsequent addition of a solution of 
10 mg. of a-naphthylamine hydrochloride and 500 mg. of sodium ace- 
tate in 5 cc. of acetic acid, produces a purplish red color. To 1 ce. of a 
1 per cent Suramin Sodium solution add 2.5 cc. of orthophenanthroline 
T.S. Ared precipitate forms. 

Tests for Purity— 

Loss on drying at 150°—Not more than 12 per cent. 

Completeness and reaction of solution—1 Gm. should dissolve com- 
pletely in 100 cc. of CO:-free water and the solution should have a 
pH between 5.5 and 7.0. 

Free amine—Equivalent to not,more than 0.5 cc. of tenth-molar 
sodium nitrite per 5 Gm. of Suramin Sodium. The test is carried out 
essentially as described in the Assay of Sulfanilamide. 

Chloride—Not more than 1.2 per cent. 

Sulfate—None. 

Heavy metals limit—20 parts per million. 

Assay—The U.S. P. does not include an assay for Suramin Sodium. 
It may, however, be assayed as follows: About 500 mg. of Suramin 
Sodium is refluxed with 20 cc. of 10 per cent solution of sodium hy- 
|Groxide for 5hours. This treatment converts the NH gr oupsinto NHs 
isnd the SOgNa into OH. The solution is cooled with ice, 15 cc. of 
laydrochloric acid is added, and the solution titrated with tenth- 
One cc. of 
the nitrite corresponds to 23.82 mg. of Suramin Sodium. 
Storage—Keep Suramin Sodium in tight, light-resistant containers 
and avoid exposure to excessive heat. 


Use—As a trypanosomicide. For African sleeping 


sickness. It has also been used in the treatment of 
pemphigus. 

Average Dose—Intravenous, 1 Gm. (approximately 
15 grains). 


Specialities Containing Miscellaneous Anti-Infectives 


Ansadol Ointment (Rorer)—A penetrating ointment containing 4.5 
per cent salicylanilide. Uses: treatment of fungus infections. 
Salicylanilide-Phemerol Cream (Parke, Davis)—A water-miscible 
cream containing salicylanilide and Phemerol. Uses: fungicide 

and germicide in fungus infections of the scalp. 


HISTAMINE AND ANTIHISTAMINIC AGENTS 


Following the suggestion by Dale and Laidlaw in 1911 
that the symptoms of histamine shock resembled those 
in anaphylaxis many experimenters added findings 
tending to substantiate the concept that release of 
histamine from the tissues is responsible for the ana- 
phylactic reaction. It is true that some of the 
manifestations of anaphylaxis cannot be explained 
by histamine effect, but it was argued that hista- 
mine is at least the major mechanism. The his- 
tamine concept was gradually adopted to explain 
the allergic reaction in man after Lewis, in 1924, 
claimed that the histamine effects in man were 
identical with those of allergy. Many attempts 
were then made in animals and man to raise the 
tolerance to histamine by injections of the latter. 
The preponderance of evidence indicates that a 
tolerance to histamine cannot always be acquired 
in that manner. The concept of obtaining such 
tolerance by the administration of conjugated hista- 
mine (histamine-azo-protein or Hapamine) has not been 
satisfactorily established. 

In the last few years a rather intensive search has 
been going on for an-ideal antihistaminic substance. 
The search has been directed mainly to the type of 
chemical which is structurally constituted so as to dis- 
place histamine from the cell. The amino acids histi- 
dine, cysteine, and arginine, first proposed in 1937, were 
actually such agents, but were entirely too weak in 
their antihistaminic action and too toxic. In France, 
Fourneau and his collaborators more than 15 years ago 

_ began to synthesize new compounds which displayed 
_ antihistaminic and antianaphylactic activity. Their 
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first compounds, however, were too toxic for clinical 
use. 

The more recent, and apparently useful histamine 
antagonists are those with the following related struc- 
tural formulas: 
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Benadryl Pyribenzamine 


The first two are of French origin, the latter two, 
American. 

They have been found useful symptomatic remedies 
in allergy. They give relief to a large percentage of 
cases of urticaria (hives), atopic eczema, penicillin and 
sulfonamide reactions, many cases of hay fever and 
non-seasonal allergic rhinitis, and are of aid in the treat- 
ment and prevention of constitutional allergic reactions. 

It is important to bear in mind that so far these 
drugs are apparently only palliative, each dose being 
effective for only a few hours, and that in severe allergic 
states and in asthmatic conditions they may not give 
even symptomatic relief. 

These antihistaminics are available as hydrochlorides 
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and therefore are soluble in water. Neoantergan is sold 
as the maleate. They are white, colorless, and practi- 
cally neutral. They are administered orally in doses 


of 50 to 100 mg. one to several times daily. 


HISTAMINE PHOSPHATE U. S. P. 
Histaminze Phosphas 


(Histamin. Phos.—Histamine Acid Phosphate, Sp. Fosfato de 
Histamina] 
eee ee eee .2H3PO4 
HC CH 
N 
H 


Histamine phosphate is the salt obtained from two 
molecules of phosphéric acid and one molecule of B- 
4-imidazolylethylamine [C;H »N3:2HsPO,4, = 307.15]. 

Preparation—Histamine occurs in very small 
amounts in ergot. It is among the products of the bac- 
terial decomposition of histidine, and this constitutes 
one of the methods for its production. It is also pro- 
duced synthetically by the Pyman method, J. Chem. 
Soc., 99, 668 (1911), or by a modification of it. 


Description and Properties—Colorless, odorless crystals or white 
crystalline powder melting at about 130°. It is stable in the air but 
is affected by light. Its aqueous solution is acid to litmus. One Gm. 
dissolves in about 4 cc. of water. 

Identification—(1) A solution of Histamine Phosphate (1 in 50) 
is precipitated by phosphotungstic acid T.S. (2) Dissolve 100 mg. of 
Histamine Phosphate in 7 cc. of water and 3 cc. of sodium hydroxide 
T.S., and add the solution to a mixture of 50 mg. of sulfanilic acid, 10 
ee. of water, 2 drops of hydrochloric acid, and 2 drops of a solution 
of sodium nitrite (1 in 10): a deep red color is produced. This reac- 
tion is given by imidazole compounds and is known as Pauly’s test. 
(3) Dissolve 50 mg. of Histamine Phosphate in 5 cc. of hot water, add 
a hot solution of 50 mg. of picrolonie acid in 10 ce. of alcohol, and 
allow to crystallize. The crystals, after filtering with suction and 
washing with a small amount of ice-cold water and drying, melt be- 
tween 265° and 268°. It also responds to the identification reactions 
for phosphate. 

Tests for Purity— 

Loss on drying—Not more than 1.5 per cent. 

Storage—Keep Histamine Phosphate in tight, light-resistant con- 
tainers. 


Uses—Histamine exerts a marked action on the circu- 
lation. It causes an extreme dilatation of the capil- 
laries accompanied by a fall in blood pressure. It also 
causes a copious secretion of hydrochloric acid by the 
gastric glands. Histamine is present in most tissues of 
the body. It is thought to be the cause of the hypere- 
mia which follows injury to the skin. At one time it 
was also thought to be the cause of shock from extensive 
injury to tissue. 

The therapeutic uses of Histamine are limited. It 
is employed chiefly as a test for the functional capacity 
of the gastric glands. If no acid is secreted following 
the injection of 0.25 to 0.5 mg., a true gastric achylia 
exists. 

Certain allergic conditions are thought to be the re- 
sult of the liberation of Histamine in the body, espe- 
cially physical allergies as, for example, cold allergy. 
Histamine has been successfully Cpbloyscs) in desensi- 
tizing such individuals. 

The drug has been tried in a aie of other condi- 
tions, but its true worth is not yet established. In- 
cluded in this category are rheumatoid arthritis and 
Meniére’s disease. 

Upon local application, Histamine causes vasodilata- 
tion. It has been incorporated in an ointment base for 
the treatment of indolent ulcers. 

Average Dose—Intramuscular, 0.3 mg. 


(approxi- 
mately 4490 grain). 


HISTAMINE AND ANTIHISTAMINIC AGENTS 


Histamine Phosphate Injection U. S. P. 
Injectio Histamine Phosphatis 


[Inj. Histamin. Phos.—Histamine Phosphate Solution, Histamine 
Acid Phosphate Injection, Sp. Inyeccién de Fosfato de Histamina] 


Histamine Phosphate Injection is a sterile solution 
of histamine phosphate in water for injection. it 
meets the requirements of the Sterility Test for Liquids 
(page 126). 


Metric Alternative 
Histamine Phosphate................-. 1 Gm. 14.6 gr. 
Water for Injection, a sufficient quantity, 
To. maker sc ncuhsiats oe ues oer 1000 cc. 2 pints 
Prepare a solution, filtering if necessary, until clear. Sterilize 


Histamine Phosphate Injection preferably by Process C or 
Process F. See Sterilization Processes (page 121). The Injection 
at) conforms to the other requirements under Injections (page 
249). 


Description and Properties—Histamine Phosphate Injection is a 
colorless or nearly colorless, slightly acid liquid, responding to the 
identification test given for Histamine Phosphate. 

Storage—Keep the Injection preferably in hermetic containers or in 
other suitable containers (see Containers for Injection) and protected 
from light. 


Uses—See Histamine Phosphate. 
Average Dose—Intramuscular, 0.3 mg. (approxi- 
mately 14499 grain), of Histamine Phosphate. 


Unofficial Antihistaminic Amine 


Diphenhydramine Hydrochloride N. N. R., Benadryl Hydrochloride, 
B-dimethylaminoethyl benzohydryl ether hydrochloride—White, 
crystalline powder, soluble in water, alcohol, and chloroform. 
Uses: antagonizes many of the pharmacologic effects of histamine, 
Useful in symptomatic treatment of urticaria, angioneurotic edema, 

«seasonal allergic rhinitis, serum reactions, and similar allergic 
states; principal side reaction is somnolence. Dose: smallest to 
control symptoms; average 50 mg. 3 or 4 times a day. 


Specialties Containing Histamine and Antihistaminic Amines and 
Amides 


Angiomone (Christina)—Ampuls (1 cc.), each cc. containing 10 mg. of 
the soluble extractives of desiccated heart muscle, and 0.5 per cent 
benzyl alcohol. Uses: coronary vasodilator. Dose: intramus- 
cularly or subcutaneously, 1 to 2 cc., daily. 

Anthallan (Medico), 3/-di(n-butyl)aminomethyl-4,5,6-trihydroxy- 
benzo-(1,2)furan-1’-one— Uses: symptomatic treatment of seasonal 
and non-seasonal hyperesthetic rhinitis, hay fever, and urticaria. 
oe as capsules (0.085 Gm.). Dose: orally, 0.255 to 0.850 

m 

Benadryl tiydrochloride N. N. R. (Parke, Davis)—Capsules Ge and 
50 mg.) containing Diphenhydramine Hydrochloride N. N. R 
Elixir Benadryl Hydrochloride N. N. R.—EHach 100 ce. containing 
0.25 Gm. Benadryl Hydrochloride with alcohol, glycerin, sugar, 
and flavoring oils. Dose: children under 12, 1 to 2 teaspoonfuls 
3 or 4 times daily. 

Carnacton (Cavendish)—Parenteral solution in ampuls (1 or 2 cc.) 
and oral solution in vials (30 and 50 cc.), containing diaphragm 
muscle extract. Uses: coronary vasodilator. Dose: orally, 45 to 
90 drops, daily; then intragluteally, 1 cc. daily. 

Ergamine Acid Phosphate (Burroughs Wellcome)—Ampuls (1 ce. 
ye each cc. containing 0.003 Gm. Histamine Phosphate 


Hapamine (Parke, Davis)—Rubber-capped vial (5 cc.) containing a 
chemical combination of histamine and despeciated horse serum 
globulin. Uses: allergy therapy to produce histamine antibodies. 
Dose: subcutaneously 0.01 to 1.5 ce. 

Hydryllin (Searle)—Tablets, each containing 25 mg. diphenhydramine 
and 100 mg. aminophyllin. Uses: antihistaminic in allergic con- 
ditions. Dose: 1 to 2 tablets 3 or 4 times a day. 

Imadyl Unction (Hoffmann-La Roche)—Readily absorbed ointment 
containing 1 per cent histamine dihydrochloride, 5 per cent acetyl- 
glycol salicylate, synthetic menthol, methyl salicylate, and thymol, 
in a base of petrolatum, wax, water, and woolfat. Uses; analgesic 
for arthritis, etc., applied with massage. 

Imido (Hoffmann-La Roche)—Ampuls (1 cc. of 1:1000 solution), or 
vials (0.1 and 1 Gm.), containing histamine dihydrochloride. 
Uses: allergy therapy, and secretagogue in gastric function tests. 
Dose: subcutaneously 0.25 and 1 ce. (of a 1:1000 solution). 

Pyribenzamine (Ciba), N’-pyridyl-N’-benzyl-N, N-dimethyl-ethylene- 
diamine monohydrochloride—White, crystalline, stable compound, 
freely soluble in water. Uses: antihistaminic, antiallergic agent 
for the symptomatic treatment of urticaria, hay fever, bronchial » 
asthma, and other forms of allergy. Toxicity low, but side effects, 
including nausea, fatigue, nervousness, and diarrhea, have been 
noted. Available as scored tablets (50 mg.). Dose: 200 mg. daily 
in four doses. \ y 
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AMINO ACIDS AND PROTEINS 


The ubiquity of the complex nitrogen-containing 
compounds known as proteins in all manifestations of 
life—from unicellular organisms to thelargest, most com- 
plex vertebrates—putsthem in the forefront of substances 
of pharmaceutical interest. Usually recognized as col- 
loidal macromolecules with molecular weights ranging 
from several thousands to many millions, their chem- 
istry is particularly complex. To compress the enor- 
mous volume of research in protein chemistry within 
the limits of a single chapter is impossible. This treat- 
ment will present, in generality, the most basic ele- 
ments of the chemistry involved as a prelude to a dis- 
cussion of the pharmaceutical applications of maximal 
interest. Details of many facets of the subject will be 
found in the volumes by Schmidt,! Cohn and Edsall,? 
and in the serial publication, Advances in Protein 
Chemistry.2 Other manifestations of their protein 
character are presented by Mitchell and Hamilton,* 
Landsteiner,® and others. 

Classification of Proteins—Methods for systematic 
classification of proteins have been modified repeatedly 
as newer techniques have been evoked in their study. 
Categorical separations of protein species have been 
based on (1) solubility characteristics; (2) nature of 
prosthetic groups, if any; (38) biochemical activities, as 
hormones or enzymes; (4) molecular weight, as deter- 
mined by diffusion, osmotic, or ultracentrifugal meas- 
urements; or (5) various physicochemical properties 
such as mobility in electric field, dielectric moments, or 
viscosity. 

In these ways, we have. come to recognize, for ex- 
ample: (1) water-soluble albuwmins, salt-soluble globu- 
lins, aqueous alcohol-soluble prolamines, insoluble 
keratins; (2) heme-combined hemoglobin, pigment- 
combined chromoproteins, nucleotide-combined nucleo- 
proteins, sugar-containing glycoproteins; (8) protein 
hormones like insulin. thyroglobulin, etc.; enzymes like 
urease, pepsin, trypsin, etc., and filterable viruses, like 
the tobacco mosaic virus; (4) small molecules such as 
Cytochrome C, mol. wt. 15,000; larger molecules such as 
serum globulin, mol. wt. 192,000; and giant molecules 
such as hemocyanin, mol. wt. 6,000,000. 

The section on Blood Fractions (page 1319) exemplifies 
well the utilization of variations and combinations of 
these methods in the practical separation of important 
proteins. 

Hydrolysis of Proteins—Intensive studies on the 
breakdown of proteins by means of acids, alkalies, or 
enzymes have revealed many facts of fundamental 
importance. Two items of especial significance are (1) 
that virtually all of the nitrogen in proteins is found in 
the form of simple organic acids characterized by con- 
taining amino (—NH.) or imino (~—NH) groups at- 
tached to the carbon atom @ to a carboxyl group (the a- 
amino acids) and (2) that these amino acids are linked 
in chains by the peptide linkage: 


Ri Bake tales : H 
Bao OH + H! HN —C—C—OHaws 
ae 
Ry H 
HNC 


| 
C—N |—C—C—OH + H,0 
es d 
O H| Re 


| where the removal of the elements of water from two 
amino acids, as shown on the left, gives rise to the pep- 


| 
H 


* Superscript figures refer to the References on page 669. 
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tide linkage, indicated on the right. (In these for- 
mulas, R; and Re represent any of the various substitu- 
ent groups characteristic of a-amino acids.) 

Careful analyses of the amino acids separable from 
the products of hydrolysis of proteins have established, 
without question, the existence of twenty a-amino acids 
and two a-imino acids. Before proceeding to considera- 
tion of the individual amino acids, it is instructive to 
consider the ‘‘zwitterion’”’ concept of amino acid struc- 
ture which explains so many of the properties of pro- 
teins as well as amino acids. According to this con- 
cept an amino acid in solution exists as an equilibrium 
mixture arising from its intrinsic properties and the 
pH of the environment, according to the formula: 


R R R 
ere i geese | H+ | 
H3;N—C—COOH +s HsN—C—COO- ss; HeaN—C—COO- 
| OHS | OH- | 
H H H 


zwitterion 


In strongly acid solutions equilibrium is displaced to 
the left and the positively charged structure predomi- 
nates to the exclusion of the other forms; as the pH is 
increased (decreasing acidity) equilibrium shifts to the 
right until the so-called isoelectric point is reached. 
Here the number of positively charged groups equals the 
number of negatively charged groups; the central 
“‘zwitterion’’? structure predominates and _ electrical 
neutrality prevails. If the pH is raised still further 
(the solution made alkaline), equilibrium proceeds 
further to the right and the negatively charged ions 
assume ascendency. It is obvious that this simple 
equilibrium would be modified by the nature of the 
‘*R”’ substituent. 


The extension of this concept to more complex com- 
pounds formed from several amino acids joined by pep- 
tide linkages to form di-, tri-, tetra-, or higher peptides 
is readily effected, and such models have been studied. 
The electrical properties of proteins, too, are well ex- 
plained by invoking this zwitterion hypothesis, which 
was first laid down by Bjerrum in 1923. 


In proteins, that pH at which the equilibrium reaches 
the point where the number of —NH3* groups equals 
the number of —COO- groups (the molecule is electri- 
cally neutral) is known as the isoelectric point. At this 
point, too, many properties of the protein, such as 
electric mobility, optical rotation, solubility, coagula- 
bility, viscosity, show maxima or minima. 


Also noteworthy is the fact that if R is any substitu- 
ent other than hydrogen, the carbon atom to which it 
is attached is asymmetric and the molecule is optically 
active. All amino acids (except glycine which has no 
asymmetric carbon; R is hydrogen) isolated from natu- 
ral proteins have had their configurations established 
and belong to the L-variety, relating them to L-serine. 
This relationship, it should be noted, is purely configura- 
tional and bears no relation to the direction of rotation 
of polarized light. Indeed, this observable property 
is subject to variation depending on the medium in 
which the acid is dissolved and on the conditions of 
measurement. 


Individual Amino Acids—The naturally occurring 
amino acids may be classified in terms of the functional 
groups they carry. Such a tabulation listing both com- 
mon and systematic names of the individuals and their 
empirical formulas follows: 
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ALIPHATIC AMINO ACIDS 
Monoamino monocarboxylic acids 
1—Without other functional growps 
Glycine (aminoacetic acid), CeH502N 
Alanine (a-amino propionic acid), CgH7O2N 
Valine (a-amino isovaleric acid), C5sH1,;0eN 
Isoleucine (a-amino 8-methy] valeric acid), CgH1302aN 
Leucine (a-amino isocaproic acid), CgH 1302 
2—With other functional groups 
Serine (a-amino-8-hydroxypropionic acid), CgH7O3N 
Threonine (a-amino-§-hydroxybutyric acid), CaH9O03N 
Cysteine (a2-amino-f-thiol propionic acid), CgsH7O2NS 
Methionine (e-amino-S-methyl-y-thiol butyric acid), C5H11;02NS 
Arginine (a-amino-é-guanidino valeric acid), CgH14029N4 
Monoamino dicarboxylic acids 
Aspartic Acid (a-aminosuccinic acid), C4H7O04N 
Glutamic Acid (a-aminoglutarie acid), CsH904N 
Diamino monocarboxylic acid 
Lysine (a,e-diamino-caproic acid), CgH1402Ne 
Diamino dicarboxylic acid 
Cystine ((6,8’-diamino- “6s B’-dicarboxy diethyl] disulfide), CgH1204- 
N2Se 
AROMATIC AMINO ACIDS 
Phenylalanine (a-amino-8-phenyl propionic acid), CoH ;,;02N 
Tyrosine (@-amino-g-(p-hydroxyphenyl) propionic acid), CgH11;03N 
Diiodotyrosine (a-amino-§-(3,5-diiodo-4-hydroxyphenyl) propionic 
acid), CgHgO3NIo 
Thyroxine (a-amino-s-(3,5-diiodo-4-(3’,5’-diiodo-4’/-hydroxy-phen- 
oxy)-phenyl) propionic acid), C735H1,04NI4 
HETEROCYCLIC AMINO ACIDS 


Histidine (2-amino-6-imidazole propionic acid), CeH902N3 
Tryptophan (a-amino-g-3-indole propionic ack C11H1202Ne 
Proline (pyrrolidine-carboxylic acid), Cs5H 902 

Hydroxyproline (3-hydroxy-pyrrolidine- SaEDeTgue acid), CsH9gO3N 

Tests for Proteins and Amino Acids—Many tests 
have been found useful for the qualitative and quantita- 
tive estimation of proteins. The choice of test is predi- 
cated on the nature of the protein and the purpose of 
the assay. Roughly, such tests may be grouped ac- 
cording to basis as either physical or chemical. The 
former are invoked chiefly when the problem is differen- 
tiation of protein species in a mixture, where ultracentri- 
fugal or electrophoretic techniques are profitably used. 
Total protein concentrations in body fluids , e. g., serum 
or plasma, are successfully inferred from measurements 
of specific gravity or refractive index. Simpler methods 
based on solubility are frequently used, also, in attack 
on this problem, e. g., Howe’s method for the separation 
of albumin and globulin. 

Precipitates formed by the addition of various agents, 
such as ammonium or sodium sulfates, heavy metal 
salts, picric, phosphotungstic, trichloroacetic, or sulfo- 
salicylic acids, are often regarded as presumptive evi- 
dence for the presence of proteins or some of their 
intermediate split products, the proteoses and peptones. 
Coagulation of proteins by acid.and heat is a characteris- 
tic common to many proteins. 

Color reactions are frequently used to detect the pres- 
ence of proteinaceous material. These, in the main, 
depend on the occurrence of particular amino acids in 
the protein and where an amino acid is missing any 
test requiring its presence naturally fails. Unique 
among the color reactions is the biuret test which rests 
on the presence of peptide linkages. Some of the com- 
monly encountered tests follow with, in parentheses, 
the names of the amino acids involved: Mullon (tyro- 
sine), zanthoprotein (tyrosine, phenylalanine), Pauly 
diazo (tyrosine, histidine), basic lead (cystine, cysteine, 
methionine), Sakaguchi (arginine), ninhydrin (any a- 
amino acid). Since the tests are given by particular 
groupings their interpretation must always be consid- 
ered in terms of the effects of possible contaminating 
reactors; ¢. g., a positive ninhydrin color test will be 
given by glucosamine or ammonium salts. 
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Amino Acid Composition of Proteins—Concomitant 
with the observations leading to the conclusion that 
protein building blocks are amino acids, the logical 
corollary of examining different proteins to ascertain 
variation in content of particular amino acids gave rise 
to increasing accumulation of data. Unfortunately the 
development of reliable analytical methods has been 
slow and as a consequence only few proteins, which have 
been isolated in a high degree of purity, have been well 
characterized with respect to amino acid content. 
Nevertheless a vast corpus of valuable comparative 
data exists. Enormous impetus has recently been 
given this phase of the subject by the development of 
microbiological assay techniques, while chemical meth- 
ods for those amino acids susceptible to such procedures 
have been brought to a high degree of perfection. 
Fundamental data of optimal reliability are being ob- 
tained by the use of isotopes, and such values are par- 
ticularly useful at the present time as primary stand- 
ards. The determination of individual amino acids in 
the mixtures arising from the hydrolysis of proteins is a 
highly specialized task requiring great biochemical 
subtlety and skill. Table I presents analyses for amino 
acids in several proteins of particular interest. (The 
addition of water during hydrolysis causes the totals 
in nearly complete analyses to exceed 100 per cent.) 
Comparisons reveal the extent of variation in amino 
acid composition quite strikingly. 

With the chemistry of these vital substances thus 
summarily disposed, some of the enormously important 
biological functions are to be noted. In these connec- 
tions especial emphasis will be placed on studies in 
mammalian species; where possible, on man himself, 
Consideration of the relation of proteins and amino 
acids to physiology, immunology, pharmacology, and 
nutrition will be briefly evaluated. The implications 
of these relationships to pharmacy will be self-evident. 

Physiology—No human action from the involuntary 
respiratory action of the reader, to the voluntary pas- 
sage of his eyes across this line and the transmission of 
the printed thought to the higher brain centers is exe- 
cuted without the mediation of enzymes (page 934). 
Available evidence supports the hypothesis that all 
enzymes are either simple or conjugated proteins. It 
follows, then, remorselessly that proteins (and amino 
acids, by implication) are absolutely indispensable to 
life as we know it. The equal importance of other ma- 
terials should not thereby be minimized since all organic 
function depends on a well-integrated interplay of many 
essential substances. 

Besides their participation in vital enzyme processes 
numerous indications of the importance of proteins and 
amino acids exist. Many of the products of the glands 
of internal secretion (the hormones) are amino acids or 
proteins. To assess their significance one need only 
enumerate, as examples, Thyroxine (page 881), Insulin 
(page 874), Prolactin (page 878), the various Pituitary 
secretions (page 877). 

In addition, the delicate mechanisms which maintain 
body fluid balance rest on equilibria among the plasma 
proteins. Further, both the supply of nutrients to all 
body cells as well as the removal of waste products of 
cellular metabolism are dependent on the circulation 
of protein-containing fluids in both the vascular bed 
and in the lymphatic system. For example, it is well 
known that transport of oxygen to the cells and removal 
of carbon dioxide is a function of the circulating hemo- 
globin, a conjugated protein. : 

Consideration of the pathways of nitrogen metabo- 
lism, involving the sequence ingestion, digestion, ab- 


> 
+ 


negative balance when the reverse is true. 
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AMINO ACIDS AND PROTEINS 


sorption, transport, utilization, breakdown, and excre- 
tion will not be undertaken here. These processes are 
discussed in detail in many standard texts, such as that 
by Best and Taylor.$ 

Nutrition—It is impossible to dissociate growth and 
maturation of the organism from accumulation of ex- 
ternal supplies of protein, as foodstuff, and deposition 
of new protein. Also processes of repair, subsequent to 
any type of trauma, require the conversion of exogenous 
supplies of protein (amino acids) to host tissue. The 
mechanism of the details of these conversions is still 
obscure in many respects. Broad agreement exists in 
that the sequence of events involves many enzyme sys- 
tems, first to split ingested protein to its constituent 
amino acids or, at least, to small peptides; and second, 
to recombine these fragments after absorption through 
the gut to manufacture the particular type of protein 
required. 

Maintenance of the physiological integrity of the 
mature organism also requires exogenous protein sup- 
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Extension and elaboration of the earlier experiments led 
to categorical differentiation of the amino acids into 
those which the animal body could synthesize and those 
which could not be manufactured either at all or at rates 
commensurate with requirement. Study of several 
species revealed some interesting differences as well as 
striking similarity in the nature of these “essential” 
amino acids. Experimental data likewise suggest 
that within a species the amino acid requirements for 
growth may be different from those for maintenance. 

Rose’s classical experiments’ have established the 
amino acids essential for rat growth, and, more recently, 
for maintenance of human adult nitrogen balance. 
With respect to the latter, eight amino acids—isoleucine, 
leucine, lysine, methionine, phenylalanine, threonine, 
tryptophan, valine—have been defined as essential, while 
rat growth requires, in addition, arginine and histidine. 
Currently, attempts to quantitate the requirements for 
human nitrogen balance are under way in Rose’s labora- 
tory. 


TABLE I*—AMINO ACID COMPOSITION OF PROTEINS 


Protein 
Human Human Horse 
Serum Y- Hemo- Wheat Animal 
Amino Acid Albumin globulin globin Casein Gelatin Insulin Gluten Muscle 
Glycine iL ale} 4.2 5.6 PP el PH gs) 4.6 4.3 4.0 
Alanine an? a ie Bh 9.3 8 ud Pr 
Valine Bok 9.7 10.7 6.7 DI 8.8 4.6 3.4 
Isoleucine that PH 0 5.8 Meee 2.9 4.9 3.4 
Leucine 11.9 Ors isvqal 9.5 3.6 13.4 24.7 eal 
Serine Sid 11.4 a 5.8 3.L 5.8 id eet 
Threonine 5.0 8.4 a 4.5 222 Se 4.0 iB) 
Cysteine and Cystine 6.3 Ball te 0.4 at 11.6 1.2 ils! 
Methionine les} Tl ie Bel 0.9 0 lind BD 
Arginine Gag 4.8 aha ef Shy 7 9.2 Shy) 3) 7.2 
Aspartic Acid 10.4 8.8 10.3 Ua? 6.8 6.8 ae = 
Glutamic Acid 17.4 11.8 8.5 ib oe) 11.0 20K2 245 15.0 
Lysine 12.33 8.1 8.6 len 5.8 2.6 oa 58) 
Phenylalanine 7.8 4.6 6.8 5.6 2.2 Lo) 6.6 4.5 
Tyrosine 4.7 6.8 3.0 Gre 0.3 me) 6.2 Sell 
Histidine 35 Bb (ira 2D) 0.6 Ome ik afl Be i 
Tryptophan 0.2 2.9 oa he 0 (0) 0.6 172 
Proline yet 8.1 se?) 15.5 2.9 ee xe 


* This table represents a selection of values from the extensive summaries given by Brand, Annals N. Y. Acad. Sci., 47, 187, (1946) except for the last two 


columns which are taken from Block and Bolling, The Amino Acid Composition of Proteins and Foods, Springfield, Ill., Thomas, (1945). 
per 100 Gm. of protein except the values for wheat gluten and animal muscle which are in Gm. per 16 Gm. total nitrogen. 


indicate lack of reliable data. 


ply, without which tissue decay and atrophy would 
ensue. The sum of nutrients ingested by the mature 
animal enters a metabolic pool where dynamic equilibria 
exist. Grossly, these conditions are expressible in 
terms of balance. 

Positive nitrogen balance is observed when total 
dietary nitrogen intake exceeds total nitrogen output; 
During 
growth, pregnancy, lactation, and repair, attainment 
and maintenance of positive balance are essential. 
Negative balance is the consequence of such conditions 
as malnutrition, trauma, fever, thyrotoxicosis. 

All vital processes require energy. Of the main 
types of foodstuffs (proteins, carbohydrates, and fats) 
only protein is capable of conversion to energy as well 
as utilization for its specific functions. Accordingly, 
since energy requirements take precedence in the nutri- 
tion of the organism, additional energy sources are 
needed in the diet to permit the utilization of protein 
as such. This leads to the well-known concept of the 
protein-sparing action of carbohydrates and fats. 

Early in the experimental study of protein nutrition 
it was found that all proteins were not equally useful in, 
for example, promoting the growth of young animals. 


Explanation of the observed differences was sought 


_ in terms of the amino acid compositions of proteins. 
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All values are in Gm. 
No entries for some amino acids 


It should be noted that certain isotope studies have 
suggested the essentiality of histidine in human nutri- 
tion. The two types of experiments—isotope studies 
and nitrogen balance tests—have yet to be reconciled 
and the essentiality of histidine remains moot. 

Meanwhile estimates of the orders of magnitude in- 
volved have been deduced by others from nitrogen bal- 
ance studies on young adults with various proteins and 
the amino acid analyses of these proteins. These pre- 
liminary estimates, in Gm. amino acid per 70 Kg. adult 
per day are as follows: Arginine, 1.2; histidine, 0.5; 
isoleucine, 1.2; leucine, 1.7; lysine, 0.8; methionine, 
0.5; cystine, 0.2; phenylalanine, 1.4; tyrosine, 1.0; 
threonine, 1.0; tryptophan, 0.4; and valine, 1.1. In 
this listing cystine and tyrosine are included since they 
specifically affect the requirement for methionine and 
phenylalanine, respectively, and arginine and histidine 
values are reported because of the interest attached to 
their importance in small animal (mouse, rat, dog) 
nutrition. 

It is to be emphasized that these are minimal esti- 
mates and make no implications as to the requirements 
for other functions, such as growth, pregnancy, or lacta- 
tion, where it seems reasonable to suppose that require- 
ments may not only be quantitatively greater but might 
also be qualitatively more extensive. Recognition 
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of these possibilities is to be found in the reeommenda- 
tions of the National Research Council for protein in- 
take to provide optimum nutrition (Table II). Com- 
parison of species and function requirements suggests 
that the growing rat requires proportionately more 
methionine and tryptophan than other species, and 
makes caution mandatory in extrapolating laboratory 
results to other species or functions. 

Substantial confirmation that the nutritional value 
of proteins for a species and function may be expressed 
in terms of their amino acid content, once the amino 
acid requirements for that species and function are 
reasonably well estimated, is to be found in a recent 
report by Mitchell and Block. Remarkable correla- 
tion exists between observed$ nutritive value and that 
calculated from amino acid makeup for some 40-odd 
food proteins. Useful predictions of biologic adequacy 
of proteins can thus be made from amino acid analyses. 


TABLE II—RECOMMENDED PROTEIN ALLOWANCES* 


Merr(CZORK 25) hie. c aber tans © ut Soc eet Men gears toeee 70 Gm, 
Worle nl! (ONK2.) . chain Serus telah ona Mere erree erie 60 Gm. 
Prepnaneya(atter bal’). ya etme nieniniet aan 85 Gm. 
actation xc tis oe ct. cite cee ee oe 100 Gm. 
Children 
Minder dl kya... ars cede er nee serie tack ek ene ee 3-4 Gm. / Kg. 
LSB T tad Richey ete orig a oad SOU ae eRe ee eae 40 Gm. 
Ee gua TaS PE SAT AD ee Ce cis cnn’ cio 50 Gm. 
[to as ee SOM Gain Key Mera we Oh aS OU 60 Gm. 
IOS Taig ord a, Mee ee eect mer arcticiss Ser ta chs tro oko ils 70 Gm. 
Girls 
Bes Wiig RO hen ern en ees Serer, AN cl ole aay A 80 Gm. 
Soa OP neat ei ae eRe Charesterois MiGmtan d ciao Gil dae’ c 75 Gm. 
Boys 
ees LE ER CMe Sek een a 85 Gm. 
IST OY Mew an atic oe Ree eG Ae eT EM Lee cero ay 100 Gm. 


* Taken from National Research Council, Reprint and Circular Series, 
Number 122, August, 1945. 


The biological value of proteins is dependent, in part, 
also, on the completeness with which a protein can be 
digested by the animal. To this extent, at least, esti- 
mates based on amino acid analyses may be in error, 
since such analyses are independent of digestibility of 
sample. Further, the fact that amino acid analyses 
must be carried out on the products of hydrolysis of 
proteins interjects another uncertainty in such esti- 
mates. 

The relationship between nutritive value and amino 
acid content likewise explains the ability of one protein 
to supplement another. Practical use is made of this 
supplementing effect in the combination of milk protein 
with wheat protein in bread manufacture. Reference 
to Table I shows how a mixture of casein and wheat 
gluten will balance out the low lysine content of gluten 
and provide a better assortment of amino acids. From 
the protein viewpoint the mixture of proteins should be 
better than white flour alone, and the conclusion is 
amply verified experimentally and in practice. 


Amino Acid Preparations 


Increased awareness of the necessity of maintaining 
nitrogen nutrition at high levels during the times when 
physiologic stresses are maximal has given rise to what 
are commonly called Amino Acid Preparations. Since 
periods of stress-heightened protein demand—evoked 
by natural or unnatural processes such as acute or 
chronic malnutrition, repair following accidental or 
deliberate (surgical) trauma, pregnancy, lactation, 
hepatitis, renal disorders, gastrointestinal dysfunction— 
often coincide with periods when normal processes of 
nitrogen metabolism are at ebb, the use of partially or 
completely hydrolyzed (pre-digested) proteins offers 
an effective mode of dietary therapy. Such products 
are available in forms suitable for intravenous use as 
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well as oral use. The maintenance of nitrogen alimenta- 
tion when oral feedings are contraindicated is put on the 
same basis as supply of energy by dextrose infusion, 
with even greater benefit to the patient, while substan- 
tial increase in oral intake can be achieved by the use 
of hydrolysates either as the sole source of dietary nitro- 
gen or as supplement to regular or special hospital diet. 
There is some evidence that orally administered protein 
hydrolysates may be valuable adjuncts to ulcer therapy, 
acting possibly both as nutrient bathing the lesion and 
as potential physiologic antacid. 

Preparation—Protein hydrolysates are made by 
either partial (enzymatic or acid) or by complete (acid) 
hydrolysis. In any event, they must meet rather strict 
criteria of adequacy and safety, the tests for many of 
which have not yet been definitively established. Re- 
gardless of type, these products should be nutritionally 
adequate, 2. ¢., they should contain adequate amounts 
of all of the essential amino acids in utilizable form, and 


they should not contain excessive ash, particularly - 


sodium ions. Since processes of acid hydrolysis lead to 
destruction of tryptophan, it is necessary that products 
manufactured in that way be fortified with that amino 
acid. Biological assay of these materials to meet stand- 
ards of nutritional adequacy, by growth tests on rats 
or nitrogen balance tests on dogs, should also supply 
evidence of the absence of acute or chronic toxic fac- 
tors. 

Preparations for parenteral use must, in addition, 
be sterile, free from pyrogenic contaminants, non-anti- 
genic, and capable of being administered in adequate 
quantities (at least 12 to 18 Gm. of nitrogen) at reason- 
able rates without causing nausea or vomiting. Such 
hydrolysates should be administered together with dex- 
trose to prevent use of the injected nitrogen for energy 
purposes (see p. 667). Requirements that they be 
sterile, non-pyrogenic, and well tolerated are self-evi- 
dent; that they be non-antigenic is necessary to pre- 
clude the likelihood of possibly fatal anaphylactic shock 
which might ensue on subsequent administration to a 
previously sensitized individual. 

Much basic work is being carried out with mixtures 
of crystalline amino acids, but the expense of such mix- 
tures is, perhaps, a temporary deterrent to the accumu- 
lation of greater experience along these promising lines. 

Among the fundamental questions yet to be resolved 
are (1) the effect of the extent of hydrolysis, as measured 
by free amino groups in the mixture, on utilization by 
the organism, (2) the improvement in efficiency of util- 
ization of parenterally administered nitrogen to the 
same level as that attained for the same product ad- 
ministered orally, (3) the relationship of tests on labora- 
tory animals to performance in humans, and (4) the 
role of different types of hydrolysates in fulfilling certain 
specific functions of protein, such as specific regenera- 
tion of albumin or globulin. 

With respect to products designed for oral use, the 
major problems are (1) the development of palatable 
preparations of wide acceptability and (2) the establish- 
ment of what clinical conditions are more responsive to 
partially or completely hydrolyzed proteins than to un- 
hydrolyzed proteins. 

That interest in this field is widespread and growing 
is attested by the spate of pharmaceutical specialties 
embodying protein hydrolysates, only a few of which are 
listed at the end of this chapter. 

Pharmacology—It has already been pointed out that 


the potent thyroid drug, thyroxine, is an amino acid, — 


and the hormone, znsulin, is a protein. These are typi- 


cal of substances of great pharmacologic interest which — 


‘ 


‘. 


\ 
S\ 
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are treated elsewhere in this volume. 

The demulcent properties of proteins like egg white 
make them valuable non-specific antidotes for many 
types of poisons. The aggregation of amino acids iso- 
lated from cultures of Bacillus brevis known as tyro- 
thricin is a valuable antibiotic widely used as a local 
anti-infective. 

In medical practice it is a common observation that 
certain types of liver dysfunction are associated with 
extensive fatty deposition in that organ. Mobilization 
of such fat deposits can, in many cases, be effected by 
increase in the protein intake; specifically, by higher 
methionine intake. 

Recognition must be given, too, to the interaction of 
proteins and amino acids with vitamins. The various 
vitamins enter into combination with protein to consti- 
tute conjugated protein enzymes, such as Warburg’s 
yellow enzyme (riboflavin plus protein) or rhodopsin 
(vitamin A plus protein; involved in the processes of 
vision). The complex interrelations between trypto- 
phan and niacin, and between methionine and choline 
should be noted. 

Possible further specific pharmacologic applications 
are still being sought for the various individual amino 
acids. Experiments on brain metabolism as well as 
limited clinical experiences indicate possible usefulness 
of glutamic acid in the treatment of petit mal epilepsy. 

Great importance may be attached to the role of 
amino acids in conjugation (detoxication) mecha- 
nisms. Chief among the amino acids involved in these 
reactions are glycine, cysteine, and glutamine, the mono- 
amide of glutamic acid. 

Although the amino acids, essential or otherwise, are 
common elements of foodstuffs, definite toxic effects are 
noted when large quantities of some are ingested. 
Whether the p-isomers are more toxic than the corre- 
sponding natural forms has yet to be established. 
Parenteral administration of certain amino acids (not- 
ably glutamic acid) might be responsible for the nausea 
and vomiting sometimes observed when protein hy- 
drolysates are injected too rapidly. 

Immunology—Although potent chemotherapeutic 
agents such as the sulfa drugs, penicillin, and strepto- 
mycin have largely supplanted the processes of passive 
immunization such as those formerly used extensively 
in the treatment of the pneumonias, many immunologic 
techniques are extensively used as preventive measures. 
The active principle in the lymph used for smallpox 
vaccination as well as the modified toxins (toxoids) and 
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the toxin-antitoxin mixtures used in immunization 
against tetanus, diphtheria, pertussis, and influenza are 
all proteins. 

Diagnostic preparations used for blood grouping, in 
bacterial agglutination tests, in Schick tests for diph- 
theria susceptibility, and as reagents in the Wasser- 
mann, Kahn, and Kline tests for syphilis depend for 
their effectiveness on protein components in the im- 
munologic systems. 

Virtually all human ailments, with few major excep- 
tions, are traceable to trauma, nutritional deficiency, or 
infection. The various clinical syndromes grouped 
under the name Allergy constitute one exception. Here 
the basis is immunologic. In many forms the sufferer 
exhibits evidence of the presence of an antibody com- 
ponent (reagin, a protein) in the blood stream which is 
formed as a consequence of the stimulus of foreign 
agents (pollens, foods, simple chemical substances) 
introduced into the body by any of a variety of means. 
In other forms, no such circulating antibodies are detec- 
table. Nevertheless the susceptibility of the clinical 
condition to improvement in most cases following paren- 
teral therapy with extracts which contain either pro- 
teins or some sort of amino acid complexes emphasizes 
the immunologic aspects and once more affirms the role 
of proteins and amino acids. 

Preparations Used in Pharmacy—Most of the prep- 
arations mentioned above are considered elsewhere in 
this volume under such headings as Hormones, Vac- 
cines, Antibiotics, Toxins, Toxoids, Antitoxins, or Al- 
lergy. With respect to Unofficcal Preparations and 
Specialites no pretense to completeness is made since 
the situation is in an extraordinary state of flux. 
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THE ESSENTIAL AMINO ACIDS 
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phenylalanine tryptophan arginine lysine histidine 


AMINOACETIC ACID N. F. Acidum Aminoaceticum 
[Acid. Aminoacet.—Glycocoll, Glycine, Sp. Acido Aminoacetico] 


_. Aminoacetic Acid [HzgNCH.2COOH = 75.07], when 
dried at 105° for 4 hours, contains not less than 18.4 per 
cent and not more than 18.8 per cent of nitrogen, cor- 


responding to not less than 98.5 per cent of H2NCH.- 
COOH. 
Preparation—This acid occurs in small quantities in 
sugar cane, in the muscles of certain edible clams, and 
in combination with cholic acid it is present in the bile 
as Glycocholic Acid (page 776). It is claimed to constitute 


670 AMINO ACIDS AND PROTEINS 


about 50 per cent of the total amino acids obtainable by 
hydrolysis of gelatin. The acid of commerce is, how- 
ever, produced synthetically by the action of aque- 
ous ammonia on monochloroacetic acid as shown in the 
following equation: 


CICH,COOH + 2NHs— He2NCH2COOH + NH,.Cl 


monochloroacetic ammonia aminoacetic ammonium 
acid acid chloride 


The solution so obtained is boiled with lead oxide which 
converts the ammonium chloride into lead chloride and 
expels all of the ammonia. After cooling well and filter- 
ing, the filtrate is treated with hydrogen sulfide to re- 
move the lead, filtered, and the filtrate evaporated to 
crystallization. Instead of lead oxide, the solution may 
be treated with a solution of lead acetate, filtered, and 
the filtrate treated as described before. 


Description and Properties—A white, odorless, crystalline powder 
having a sweetish taste. Its aqueous solution is acid to litmus (pH 
4to 5). Aminoacetic Acid is a relatively stable compound; it is not 
affected by mineral acids except by hot concentrated H2gSO4, nor by 
solutions of alkali hydroxide. By virtue of its amino group it forms 
salts with strong acids such as hydrochloric acid. One Gm. dissolves 
in about 4 cc. of water, but it is very slightly soluble in alcohol or in the 
usual organic solvents. 

Identification—(1) When an aqueous solution of aminoacetic acid 
is treated with a small quantity of phenol and followed with sodium 
hypochlorite T.S. a blue color, due to the formation of indophenol is 
produced. (2) Ferric chloride produces in an aqueous solution of the 
acid a deep wine-red color which is discharged by the addition of an 
excess of diluted hydrochloric acid, but the red color reappears on the 
subsequent addition of anexcessofammoniaT.S. (3) Being an amino 
acid, a constituent of protein, it also yields the ninhydrin reaction for 
proteins (see page 666), and evolves nitrogen when treated with hydro- 
chloric acid and sodium nitrite. 

Tests for Purity—The N. F. includes the following tests and limits: 
Loss on drying—Not more than 0.2 per cent. ; 
Residue on ignition—Not more than 0.1 per cent. 

Readily carbonizable substances—No color is produced when 500 mg. 
of the acid is dissolved in 5 cc. of sulfuric acid. 

Chloride—Not more than 0.007 per cent as Cl. 

Sulfate—Not more than 0.007 per cent as SOq. 

Heavy metals limit—20 parts per million. 

Hydrolyzable substances—An aqueous solution (1 in 10), boiled for 

1 minute and set aside for 2 hours remains clear. 
Assay—Aminoacetic Acid is assayed by determining the nitrogen by 
the Kjeldahl method as described on page 989. The per cent of nitro- 
gen found, multiplied by 5.359, represents the percentage of the acid, 
or each cc. of tenth-normal acid neutralized in the assay is equivalent 
to 7.507 mg. of HeNCH2COOH. 
Storage—Keep the Acid in well-closed containers. 
Incompatibilities—Aqueous solutions of aminoacetic acid are acid in 
reaction. Due to its sparing solubility in alcohol, aminoacetic acid 
may precipitate fron aqueous solutions on the addition of alcoholic 
liquids. Ferric salts produce a wine color which disappears on the 
addition of acids; nitrites in the presence of acid may liberate nitro- 
gen. 


Uses—The only therapeutic use of Aminoacetic 
Acid is in the therapy of myasthenia gravis. It is 
much less effective than Ephedrine or Neostigmine, but 
is sometimes used’in combination with one of these two 
agents. The mechanism of action of glycine in myas- 
thenia gravis is unknown. 

Average Dose—30 Gm. (approximately 8 drachms). 


Aminoacetic Acid Elixir N. F. Elixir Acidi Aminoacetici 


{Elix. Acid. Aminoacet.—Glycocoll Elixir, Sp. Elixir de Acido Amino 
acetico] 


Aminoacetic Acid Elixir contains, in each 100 cc., not 
less than 12.1 Gm. and not more than 14.2 Gm. of 
H.NCH..COOH 


Metric Alternative 

Aminoacetic Acid>...+...ce0eee 131.5 Gm. 402. av. 171 gr. 
Raspberry Syfilpicaccve cin ere 75 cc. 2 fl.oz. 192 min, 

YUP. situ hee oo cee eae 60 (fe 1 fl.oz. 442 min, 
Alcohol: 2.0 :covmeneeeee cre eee 53 Cc. 1 fl.oz. 334 min, 
Benzoic Acid =. 4s. .56%> 58 agi ea 2 Gm. 29 gr. 
‘Compound Orange Spirit....... 5 scc 23 min. 
WVaniillitis i" bos Se hep ete 0.15 Gm, 236 gr. 
Distilled Water, a sufficient quan- 

tity, 
Monmake or. osi steelers olelg atats 1000 cc. 2 pints 


Dissolve the aminoacetic acid in 700 cc. (22 fl. oz. 192 min.) of 
water, add the syrup and the raspberry syrup, and mix well. 
Dissolve the benzoic acid and the vanillin in the alcohol and the 
compound orange spirit, and add to the previously prepared 
mixture. Filter, if necessary, and add sufficient distilled water 
to make 1000 ce. (2 pints). 


Assay—About 2 Gm. of activated charcoal is added to 25 cc. of the 
Elixir diluted to volume. The mixture is well shaken and filtered. 
Then an aliquot portion is transferred to a flask and water and 3 drops 
of phenolphthalein T. S. are added. The mixture is titrated with 
tenth-normal sodium hydroxide. Another aliquot portion is trans- 
ferred to a flask, and formaldehyde and 3 drops of phenolphthalein 
T.S. are added. It is titrated with tenth-normal sodium hydroxide 
until the color matches that of the first titration. A blank is run on 
the formaldehyde solution. The volume of sodium hydroxide re- 
quired for the first titration is subtracted from that required for the 
corrected titration in the presence of the formaldehyde T. S. to obtain 
the volume of alkali required to neutralize the aminoacetic acid. Each 
ec. of tenth-normal sodium hydroxide is equivalent to 7.507 mg. of 
HeNCH2COOH. 

Alcohol Content—From 5 to 7 per cent, by volume, of CoHs50OH. 
Storage—Keep the Elixir in tight containers. 


Uses—See Aminoacetic Acid. 


Average Dose—15 cc. (approximately 4 fluidrachms) | 


containing about 2 Gm. of Aminoacetic Acid. 


BEEF EXTRACT N. F. Extractum Carnis 
[Ext. Carnis] 


Beef Extract is a residue from beef broth obtained by 
extracting fresh, sound, lean beef by cooking with water 
and evaporating the broth at a low temperature, usu- 
ally in vacuum, until a thick pasty residue is obtained. 


Description and Properties—A yellowish brown to dark brown, 
slightly acid, pasty mass, having an agreeable meat-like odor and 
taste. Twenty-five Gm. of the Extract, dissolved in water to make 
250 cc., yields a nearly clear solution, free from sediment. 

Tests for Purity— ; 

Nitrate—No blue color is produced when 1 drop of the filtrate from 
the solubility test is added to 3 drops of a diphenylamine solution (1 
in 100) in sulfuric acid. 

Total solids—Not less than 75 per cent. 

Ash—Not more than 30 per cent of the total solids. 

Chlorides calculated as sodium chloride—Not more than 6 per cent 
of the total solids. 

EME Te eee solids—Not more than 10 per cent of the total 
solids. 

Nitrogen content of alcohol-soluble substances—Not less than 6 per 
cent. 

cers as ammonia—Not more than 0.35 per cent of the total 
solids. 

Storage—Keep the Extract in tight, light-resistant containers. 


Uses—Formerly used as a nutrient. 


BEEF, IRON AND WINE N. F. 
Caro, Ferrum et Vinum 


Beef, Iron and Wine contains, in each 100 cc., an 
amount of ferric ammonium citrate corresponding to 
not less than 0.75 Gm. and not more than 0.975 Gm. of 
Fe. 


Metric — Alternative 
Beef Extract. 2 ieee acs teers 30 Gm. 1 oz. av. ieeeers 
Distilled (Waters eyes: cite 60 cc. 1 fl.oz. 442 min. 


Ferric Ammonium Citrate....... 50 Gm. 1o0z. av. 293 gr. 
Syrdpe sae Cee eee 100 cc. 3 fl. oz. 96 min. 
Alcohola ee a ERR TE PEAS DOK: _ 50 ce. 1 fl.oz. 288 min. 
Compound Orange Spirit........ lecc: 15% min. 
Diluted Ammonia Solution, 
Sherry Wine, each, a sufficient 
quantity, 
Towmake #2 52,n0 tatatiaeaies tae 1000 cc. 2 pints 


Dissolve the beef extract in the distilled water with the aid of 
heat, cool, and add the compound orange spirit, the syrup and the 
alcohol, previously mixed. Dissolve the ferric ammonium 


citrate in 750 cc. of sherry wine, and add this solution to the mix- _ 
ture just prepared. Add sufficient diluted ammonia solution to ~ 


render the resulting product neutral or slightly alkaline to litmus 
paper and then add enough sherry wine to make 1000 ce. (2 pints). 
Set the solution aside for 2 days and filter. 
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Assay—Exactly 10 cc. of Beef, Iron and Wine is evaporated and then 
ignited until free from organic matter. The residue of iron oxide is 
dissolved in 20 ce. of hydrochloric acid and hydrogen peroxide T:.S. 
is added to the mixture which is then evaporated. The residue is 
dissolved in 6 cc. of hydrochloric acid and 25 cc. of water. The solu- 
tion is transferred to an iodine flask and 3 Gm. of potassium iodide 
is added. The liberated iodine is titrated with tenth-normal sodium 
thiosulfate, using starch T.S. as the indicator. Each cc. of tenth- 
normal sodium thiosulfate is equivalent to 5.585 mg. of Fe. 

Alcohol Content—From 17 to 25 per cent, by volume, of CopH;OH. 
Storage—Keep Beef, Iron and Wine in tight, light-resistant contain- 
ers. 


Uses—Formerly employed as a ‘‘tonic.”’ 
Average Dose—8 cc. (approximately 2 fluidrachms). 


One average metric dose contains 0.24 Gm. of Beef Extract and 0.4 Gm. 
of Ferric Ammonium Citrate. 


GELATIN U. S. P. Gelatinum 
[Gelat.—Glutin, Sp, Gelatina] 


Gelatin is a product obtained by the partial hydrolysis 
of collagen, derived from the skin, white connective 
tissue, and bones of animals. Gelatin derived from an 
acid-treated precursor exhibits an isoelectric point 
between pH 7 and pH 9, while gelatin derived from an 
alkali-treated precursor has an isoelectric point between 
pH 4.7 and pH 5. 

Preparation—The treatment given to the various sub- 
stances mentioned above is quite different and as a 
result the gelatins prepared from them possess strikingly 
different physicochemical properties. © 

In the animal organism the softer tissues are sup- 
ported and protected by the albwminoids, fibrous pro- 
teins which are subdivided into collagens (supporting 
tissue of skin, tendons, and bones which is converted by 
boiling with water, acids, or alkalies into the soluble, 
readily digested proteins, the gelatins), elastins (present 
in elastic tissues such as arteries and tendons), and 
keratins (found in horn, nails, feathers, etc., insoluble in 
acids, alkalies, and water, and not readily digested). 

The alteration of collagen into gelatin appears to be 
merely a physical change and does not involve hydroly- 
sis. 
Bone Gelatin—Bones which are to be used in the 
manufacture of gelatin are first treated with hydro- 
chloric acid to remove most of the calcium salts, the 
residue being termed ossein. The ossein is now sub- 
jected to a prolonged treatment with milk of lime which 
dissolves the extraneous albuminous materials, leaving 
practically pure collagen. This collagen is finally 
washed, adjusted to the proper pH, and heated with 
water. This solution is clarified by filtration, and con- 
centrated by vacuum evaporation to such a degree that 
upon cooling it produces a stiff jelly. This is cut into 
slabs and dried on aluminum wire netting in electrically 
controlled hot air ovens in which both the humidity 
and temperature are carefully controlled. The dried 
sheets may be marketed as such, showing the indenta- 
tions produced by the netting, or they may be cut, 
granulated, or powdered. 

Calfskin Gelatin—Calfskin stock receives practically 
the same treatment as ossein and a gelatin prepared 
from this material is almost identical with one made 
from bones. Both calfskin and bone gelatins are 
therefore derived from an alkali-treated precursor. 

Porkskin Gelatin—Porkskins are becoming increas- 
ingly more important as a raw material for the manufac- 
ture of a high-grade gelatin. The fresh skins are swollen 


with acid, washed until the pH reaches the proper level, - 


and finally extracted with hot water to yield gelatin. 


Gelatin of this type differs greatly from a bone or calf- 


_ skin product, possessing a different isoelectric point 
yas ’ 
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which confers on it many distinctive features. 

Low-grade gelatin is sometimes prepared by the use 
of bleaching agents such as sulfur dioxide, and such 
material sometimes contains injurious amounts of 
metallic impurities such as copper, lead, zinc, and arse- 
nic, which are excluded by the official text. For cap- 
sule making only, a special form of gelatin is permitted 
in which the bright sparkling appearance and freedom 
from decomposition is produced by the use of a limited 
amount of sulfur dioxide. 


Description and Properties—Sheets, flakes, shreds, or a coarse or fine 
powder. Itiscolorless or yellowish, and has a very slight, characteris- 
tic odor and taste. When dry it is stable in the air, but when moist or 
in solution it is subject to bacterial decomposition. Gelatin is insol- 
uble in cold water, but swells and softens when immersed in it, gradu- 
ally absorbing from 5 to 10 times its own weight of water. It is sol- 
uble in hot water, in acetic acid, and in a hot mixture of glycerin and 
water. It is insoluble in alcohol, in chloroform, in ether, in benzene, 
in carbon disulfide, and in fixed or volatile oils. 

Identification—(1) An aqueous solution of Gelatin (1 in 100) is pre- 
cipitated by a solution of chromium trioxide or by trinitrophenol T.S. 
(2) Even a very dilute solution of Gelatin (1 in 5000) is at once ren- 
dered turbid by the addition of tannic acid T.S. 

Tests for Purity— 

Residue on ignition—Not more than 2 per cent. 

Odor and water-insoluble substances—A. hot solution (1 in 40) is 
free from any disagreeable odor and is only slightly opalescent when 
viewed in a layer 2 cm. thick. 

Sulfite—Not more than 0.004 per cent of SOg. 

Arsenic limit—1 part per million. 

Heavy metals limit—50 parts per million. 

Gel strength—No movement is observed when 10 cc. of a gel (1 in 
100) kept at 0° for 6 hours is inverted in a test tube 12 mm. in diam- 
eter. 

Bacterial content—Not more than 10,000 per Gm. total count. 
Escherichia coli is not present in 10 mg. or less. 

Storage—Keep Gelatin in well-closed containers in a dry place. 


Uses—Gelatin is largely used in pharmacy to coat 
pills and form capsules, and as a vehicle for supposi- 
tories. It is also recommended as an emulsifying agent. 
See Pharmagel A and B in the chapter on “Emulsifica- 
tion” (page 184). 

Note—Gelatin to be used in the manufacture of cap- 
sules in which to dispense medicines or for the coating 
of pills, may be colored with a certified dye and contain 
not more than 0.15 per cent of sulfur dioxide. 


Glycerinated Gelatin U.S. P. Gelatinum Glycerinatum 
[Gelat. Glycerin—Glycerin Jelly, Sp. Gelatina Glicerinada] 


Metric Alternative 

Gelatin as ic erase ae erheRaetashsteets Bad 500 Gm. 4 07, av. 

Gilly Cer iti povicusitres oi fs care coon eusasl eve eters 500 Gm. 4 oz. av. 
Water, a sufficient quantity, ; 

TOLMalkeetrne.28 ee lotto anes = eiatecsne aleve 1000 Gm. 8 02. av. 


Pour upon the gelatin sufficient distilled water to cover it, allow 
it to stand for one hour, pour off the water, and allow the gelatin 
to drain for a few minutes. Then transfer it to a dish, add the 
glycerin, and heat on a water bath until the gelatin is dissolved. 
Strain the solution while hot, transfer it to a tared dish, and heat 
it on a water bath until the product weighs 1000 Gm. (8 oz. av.). 
When the mass has cooled, cut it into pieces. 

Storage—Preserve Glycerinated Gelatin in well-closed containers. 


Uses—This preparation forms the basis for glycer- 
inated gelatin suppositories. 


HISTIDINE MONOHYDROCHLORIDE N. F. 
Histidinee Monohydrochloridum 


Histidine Monohydrochloride [CsH»N30,.HCIH,.O. 
209.64] contains not less than 21.5 per cent and not 
more than 22.2 per cent of N, calculated on a moisture- 
free basis, corresponding to not less than 98 per cent 
of C.eH »N202.HCL 
Description and Properties—Small, glistening, colorless crystals 
which are nearly odorless and possess a salty taste. Its aqueous solu- 
tion (1 in 20) is acid to litmus paper. The specific rotation is not less 


than +9.7 and not more than +11.2. One Gm. dissolves in 8 ce. of 
water. It is insoluble in alcohol, ether, and chloroform. 


672 


Identification—(1) Bromine T.S. is added dropwise to an aqueous 
solution (1 in 500) until the appearance of a yellow color. Upon heat- 
ing, the solution becomes progressively colorless, red, and dark red, 
and finally dark, amorphous particles separate. (2) The addition 
of silver nitrate T.S. to an aqueous solution (1 in 10) produces a 
curdy, white precipitate insoluble in nitric acid but soluble in am- 
monia T.S. 

Tests for Purity— 

Loss on drying—Not more than 9 per cent. 

Residue on ignition—Negligible from 1 Gm. 

Sulfate—Practically none. 

Heavy metals limat—20 parts per million. 

Alkaloids—None detectable. 

Protein—None detectable. 

Histamine—Histidine Monohydrochloride causes no greater fall in 
blood pressure when injected intravenously into cats on the basis of 
10 mg. per Kg. than the equivalent of 0.1 microgram per Kg. of hist- 
amine base. 

Assay—This amino acid is assayed by the Kjeldahl method (page 
989). Each ec. of hundredth-normal sulfuric acid is equivalent to 


0.1401 mg. of N. 
Storage—Keep Histidine Monohydrochloride in well-closed con- 


tainers. 


Uses—Histidine is one of the essential amino acids. 
It has been used asa 4 per cent parenteral solution under 
the trade name of Larostidin in the treatment of peptic 
ulcers, postoperative jejunal ulcers, and tuberculous 


enterocolitis. 
Average Dose—0.2 Gm. (approximately 3 grains). 


THYROXINE U. S. P.—See Hormones (page 881). 


Unofficial Amino Acids and Proteins 


p-Aminobenzoic Acid—See under Vitamins (page 902). 

Cow’s Milk N. F. VII (Lac Vaccinum)—The fresh, unpasteurized or 
pasteurized milk of the domestic cow, Bos taurus Linné (Fam. 
Bovide), without modification, and complying with the legal stand- 
ards of the state or community in which it is sold. 

Egg N. F. VII (Ovum)—Hen’s Egg is the recently laid egg of Gallus 
domesticus Temminck (Fam. Phasianide). Uses: preparation of 
Acetic Turpentine Liniment. ‘ 

Egg Yolk Glycerite N. F. VII, Glyconin (Glyceritum Ovi Vitelli)— 
About 50 Gm. of fresh egg yolk is reduced to a smooth paste and 
strained through muslin. To 45 Gm. of the strained egg yolk is 
added 55 Gm. of glycerin, in portions, mixing thoroughly after each 
addition. 

Fresh Egg Albumen N. F. V—The freshly separated liquid white, or 
albumen, of the recently laid egg of the hen, Gallus domesticus 
Temminck (Fam. Phasianide). About 15 per cent consists of a 
proteid compound with minute amounts of fat, sugar, and inorganic 
salts. It is precipitated by most acids and coagulated by alcohol, 
heat, tannin, phenol, heavy metals, etc. Uses: preparation of 
albuminates and peptonates of iron and other metals. 

Fresh Egg Yolk N. F. VI (Ovi Vitellus Recens)—The freshly separated 
yolk of the recently laid egg of Gallus domesticus Temminck (Fam, 
Phasianide). Uses: preparation of Cod Liver Oil Emulsion with 
Egg and Egg Yolk Glycerite. 

Glutamic Acid (Parke-Davis)—Tablets (0.5 Gm.) containing natural 
glutamicacid. Uses: Anticonvulsant; reduces number of attacks 
of petit mal. Dose: 8 tablets 3 times daily. 

Glutamic Acid Hydrochloride (Breon, Smith-Dorsey, Squibb, United 
Drug)—Capsules (0.3 Gm.) of glutamic acid hydrochloride. Uses: 
As a source of hydrochloric acid in achlorhydria due to pernicious 
anemia or other causes, and in hypochlorhydria. Dose: 1 or more 
capsules 3 times daily, during or immediately after meals. Also 
available under several trade names, as Acidogen (Abbott), Acidu- 
lin (Lilly), Aclor (Cole), Gastuloric (Warren-Teed), Glutan H-C-L 
(Lederle), Hydrionic (Upjohn), Muriamic (Pitman-Moore). 

Hemoglobin—The coloring matter of the red blood corpuscles com- 
bined with iron. Uses: formerly as a substitute for iron in the 
treatment of anemia. It consists of protein, globulin, and hematin. 

Isinglass (Ichthyocolla)—The swimming bladder of Actpenser Huso 
Linné, and of other species of Acipenser (order Sturtones). Uses: 
in making tsinglass or court plaster. 

Meonine (Wyeth)—Tablets (0.5 Gm.) containing dl-methionine. 
Uses: Prevention and treatment of liver damage. Dose: 1 to 3 
tablets 3 times a day. 

dl-Methionine (National Drug)—Tablets (0.5 Gm.) containing dl- 
methionine. Uses: Prevention and treatment of liver damage. 
Dose: 1 to 2 Gm. daily, or more. 

dl-Methionine (National Drug)—Crystals for preparation of intra- 
venous injection. Dose: 3 to 6 Gm. daily, intravenously. 

Methionine (Walker Vitamin)—Capsules (0.5 Gm.) containing dl- 
methionine. Uses: Prevention and treatment of liver damage. 
Dose: 1 to 2 Gm. daily, or more. 


Specialties Containing Amino Acids and Proteins 


Amigen N. N. R. (Mead Johnson)—Powder or solutions (5 and 10 per 
cent) containing a dried pancreatic hydrolysate of casein. Uses: 
dietary nitrogen supplement. Dose: 1.3 Gm. (equivalent to 1 Gm. 
protein) per kilogram of body weight per day. 


AMINO ACIDS AND PROTEINS 


Amino-Concemin Elixir (Merrell)—Elixir containing 15 per cent pro- 
tein hydrolysate, vitamin B complex, and iron. Uses; dietary 
supplement and source of iron, vitamin B complex, and nitrogen. 
Dose: 1 tablespoonful 3 times a day. 

Aminoids (Arlington)—Powder containing 45 per cent amino acids 
and peptides derived from enzymatic degradation of milk, beef, 
wheat, and yeast, with 40 per cent carbohydrates. Uses: nutrient 
dietary nitrogen supplement. Dose: 1 tablespoonful 3 times a 

ay. 

Aminonat (National Drug)—Powder containing 94 per cent protein 
hydrolysate, 2 per cent sodium chloride, and flavoring agents. 
Uses: dietary nitrogen supplement. Dose: 1 to 2 tablespoonfuls 
4 times a day. 

Aminoprod (Drug Products)—Powder containing 90 per cent yeast 
hydrolysate with vitamins A, B complex, C, and D, to calcium, 
and phosphorus. Uses: dietary supplement. Dose: 1 heaping 
teaspoonful 3 times a day. 

Aminosol, 5 Per Cent with Dextrose, 5 Per Cent (Abbott)—Sterile 
intravenous solution (1000 cc.) containing 5 per cent beef or pork 
blood fibrin hydrolysate and 5 per cent dextrose. Uses: mainte- 
nance of nitrogen equilibrium. Dose: intravenously, 40 drops per 
minute increasing to 60 drops after 30 minutes, if well tolerated. 

Aminotabs (Walker Vitamin)—Tablets (2 Gm.), each containing pro- 
tein hydrolysate, vitamin B complex, and dextrose. Uses: for 
boosting protein intake. 

Aminovite (National Drug)—Powder containing 70 per cent protein 
hydrolysate with yeast, minerals, vitamins and carbohydrates. 
Uses: dietary supplement. Dose: 1 to 2 tablespoonfuls 4 times a 


ay. 

Amiprote (U. S. Vitamin)—Powder containing 65 per cent enzymatic 
hydrolysate of beef, casein, lactalbumin, and yeast, with 30 per cent 
carbohydrates. Uses: dietary supplement. Dose: 3 tablespoon- 
fuls daily. 

Amiron (National Drug)—Solution containing 5 per cent protein 
hydrolysate, liver concentrate, iron, and carbohydrates. Uses: 
dietary supplement, hematinic, and source of vitamin B,;. Dose; 
1 tablespoonful 2 or 3 times a day. 

Amprodiscs (Rorer)—Discs, each containing 1.5 Gm. enzymatic pro- 
tein hydrolysate derived from soya, with vitamin B complex, 
carbohydrates, and flavoring agents. Uses: dietary supplement. 

Boramin-Powdered (Borcherdt)—Powder containing protein hydroly- 
sates of beef, casein, and yeast with malt extract. Uses: dietary 
nitrogen supplement. Dose: 1 tablespoonful 3 times a day. 

Casein Hydrolysate (Squibb)—Enzymatic protein hydrolysate de- 
rived fromeasein. Uses: dietary nitrogensupplement. Dose: as 
required. 

Debamin (Debruille)—Packets (10 Gm.) containing a protein hydroly- 
sate of casein and yeast with vitamin B complex. Uses: dietary 
nitrogen and vitamin B complex supplement. Dose: 1 packet 5 
times a day. 

Delcos Granules (Sharp and Dohme)—Granules containing 50 per 
cent protein hydrolysate derived from casein and lactalbumin and 
30 per cent carbohydrates. Uses: dietary nitrogen supplement. 
Dose: 20 to 30 Gm. 3 or 4 times a day. 

Essenamine (Stearns)—Powder containing a protein hydrolysate de- 
rived from lactalbumin. Uses: dietary nitrogen supplement.’ 
Dose: as required. 

Gastric Mucin (Armour, Burroughs Wellcome, Stearns, Wilson)— 
Powder or granules containing the alcohol-insoluble fraction of the 
pepsin-hydrochloric acid hydrolysate of hog gastric mucosa. 
Uses: peptic ulcer. Dose: 2.5 Gm. every 2 hours. 

Gerilac (Borden)—Powdered milk fortified with vitamins and miner- 
als. Uses: dietary supplement for the aging. Dose: 11 table- 
spoonfuls in 1 pint of water. 

High Protein Mixture (Valentine)—Powder containing 82 per cont 
beef extract, 10 per cent liver extract, 4 per cent salt mixture, and 
celery seed. Uses: dietary protein’ supplement. Dose: orally, 
as required. 

Hydramin Amino Acids with Vitamins (Nion)—Powder containing 
about 44 per cent amino acids with vitamin B complex and vitamin 

Uses: dietary nitrogen supplement. Dose: 1 heaping tea- 
spoonful 3 times a day. 

Hydrolyzol (Vitamin Corp.)—Packets (12 Gm.) containing 47 per 
cent protein hydrolysate with vitamin B complex and whole milk 
solids. Uses: dietary nitrogen and vitamin supplement. Dose; 1 
or 2 packets 3 times a day. 

Hyprotigen (Don Baxter)—Solution (5%) of an enzymatic digest of 
caseine fortified with dil-methionine and [-histidine. Uses: dietary 
nitrogen supplement. Dose parenterally, as required. 

Lactamin (Wyeth)—Powder containing the enzymatic protein 
hydrolysate derived from lactalbumin. Uses: dietary nitrogen 
supplement. Dose: 1 to 10 ounces daily. 

Larostidin (Hoffman-LaRoche)—Ampuls (5 ec.) containing a sterile 
4 per cent isotonic solution of histidine hydrochloride. See 
Histidine Monohydrochloride U.S. P. 

Ledinac (Lederle)—Chocolate-flavored granules, each tablespoonful 
containing the equivalent of 1.7 Gm. available protein obtained 
from the digestion of liver. Uses: dietary protein supplement. 
Dose: 1 Gm. of protein per kilogram of body weight. 

Liquid Peptonoids (Arlington)—Solution containing 10 per cent pro- 
tain hydrolysate derived from beef, milk, and wheat with 21 per 
cent carbohydrate. Uses: nutritive tonic. Dose: % to 1 table- 
spoonful 3 times a day. 

Liquid Peptonoids with Creosote—Also containing creosote and 
eset Uses: nutritive expectorant. Dose: 1 teaspoonful 
ourly. ; 

Meonine (Wyeth)—Tablets (0.5 Gm.) containing d,/-methionine. 
Uses: prevention and treatment of liver damage. Dose: 1 to 3 
tablets 3 times a day. 

\ 
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MISCELLANEOUS AMINES AND AMIDES 


Methischol (U. S. Vitamin)—Capsules and syrup, each 3 capsules 
or 1 tablespoonful of syrup containing 333 mg. dl-methionine, 250 
mg. choline, 166 mg. inositol, with vitamin B complex obtained 
from liver. Uses: liver injury conditions. Dose: 3 capsules or 
1 tablespoonful of syrup 3 times a day with meals. 


Mucotin (Harrower)—Tablets, each containing 0.16 Gm. gastric 
mucin, 0.26 Gm. dried aluminum hydroxide, and 0.45 Gm. magne- 
sium trisilicate. Uses: treatment of peptic ulcer and gastric 
hyperacidity. Dose: 2 tablets every 2 hours. 


Myorgal (Winthrop)—Tablets containing nucleosides which are de- 
rivatives ofnucleicacid. Uses: angina pectoris; suitable for pro- 
longed administration. Dose: 1 tablet 2 or 3 times a day. 


Nitrolysin (Rorer)—Granules containing 60 per cent enzymatic pro- 
tein hydrolysate derived from yeast and soya, 30 per cent carbo- 
hydrates, and vitamin B complex. Uses: dietary nitrogen sup- 
plement. Dose: 1 tablespoonful 4 or 5 times a day. 


Nutragest (Burroughs Wellcome)—Powder, each 100 Gm. containing 
45 Gm. protein hydrolysate, 48.5 Gm. carbohydrate, 5000 units 
vitamin A, 500 units vitamin D, 1 mg. thiamine hydrochloride, 2 
mg. riboflavin, 10 mg. nicotinamide, 50 mg. ascorbic acid, 1.12 Gm. 
calcium gluconate, 28 mg. iron, and 0.39 Gm. magnesium sulfate. 
Uses: dietary protein supplement. Dose: 3 to 4 tablespoonfuls 
every few hours. 

Panopepton (Fairchild)—Sterile solution containing a readily assimil- 
able form of all the proteins of beef with the carbohydrates of whole 
wheat berry. Uses: nutrient. Dose: 1 tablespoonful several 
times daily. 

Parenamine N. N. R. (Stearns)—Bottle (100 cc.) containing a sterile, 
injectable, 15 per cent solution of an acid hydrolysate of casein, sup- 
plemented with 0.15 per cent d,l-tryptophane. Uses: maintain- 
ing nitrogen balance. Dose: intravenously or intrasternally, 1 Gm. 
of amino acids per kilogram of body weight, diluted with dextrose 
solution, normal saline, Ringer’s solution, or water; not to exceed 
15 Gm. per hour. 

Pendarvon (Nutrition Research)—Granules containing enzymatic 
hydrolysates of yeast, casein, and lactalbumin with added d,l- 
methionine and vitamin B complex. Uses: dietary nitrogen 
supplement. Dose: 2 heaping teaspoonfuls 3 times a day. 

Peptonal (Armour)—Liquid containing predigested lean beef and 
malt extract. Uses: nutrient. Dose: 1 to 3 teaspoonfuls 3 or 
4 times a, day. 

P. H. V. Granular (I. V. C.)—Granules containing 43 per cent enzy- 
matic protein hydrolysate of yeast and meat, 46 per cent carbo- 
hydrates, and vitamin B complex. | Uses: dietary nitrogen supple- 
ment. Dose; 2 tablespoonfuls 1 to 3 times a day. 
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Pro-Aminate Modified (Schieffelin)—A protein hydrolysate contain- 
ing 25.5 per cent hydrolysate protein, 6 per cent vegetable protein, 
carbohydrates, and flavoring. Uses: dietary protein supplement. 
Dose: 2 to 6 tablespoonfuls 3 times a day. 

Proral (Abbott)—Powder containing protein hydrolysate and vitamin 
B complex factors and minerals naturally present in yeast. Uses: 
dietary protein supplement. 

Protein Hydrolysate (M. R. T.)—Powder containing 11 per cent total 
nitrogen obtained from protein hydrolysates with vitamin B com- 
plex. Uses: dietary nitrogen supplement. Dose: 1 to 2 table- 
spoonfuls as required. 

Protein Hydrolysate with Vitamins and Minerals (Walker Vitamin)— 
Powder containing 60 per cent enzymatic protein hydrolysate of 
casein with vitamins and minerals. Uses: dietary nitrogen sup- 
plement. Dose: 1 heaping teaspoonful 3 times a day. 

Protein S-M-A (Wyeth)—Powder containing milk proteins, vitamins, 
and minerals. Uses: infant feeding. 

Protogest (Burroughs Wellcome)—Powder containing a protein 
hydrolysate with salt and flavoring, each 100 Gm. equivalent to 
77 Gm. of unhydrolyzed protein. Uses: dietary protein sup- 
plement. 

Protolac (Borden)—Powder containing mixed food proteins and pro- 
tein hydrolysates with cystine and choline. Uses: As special 
dietary supplement. Dose; 35 Gm. 3 times daily. 

Protolysate N. N. R. (Mead-Johnson)—Powder containing an enzy- 
matic digest of casein. Uses: As a source of readily absorbed 
food nitrogen. Dose: As required. 

Robocoll (Buffington)—Liquid, each fluidounce containing 3.6 Gm. 
(56 gr.) aminoacetic acid. Uses: myasthenia, muscle dystrophies, 
and chronic fatiguability. Dose: orally, 2 tablespoonfuls 4 or 5 
times a day. 

Somatose (Winthrop)—Packages (2 ounce) containing meat albu- 
moses in a powder form. Uses: nutrient tonic. Dose: 6 to 12 
Gm. daily. 

Synodal (Winthrop)—Ampuls (6 cc.) containing a combination of 
lipoproteins and 0.065 Gm. (1 gr.) emetine hydrochloride. Uses: 
gastric and duodenal ulcer. Dose: intravenously, 6 cc. 

Trophonine (Reed and Carnrick)—Liquid containing 5 per cent pro- 
tein hydrolysate, 12 per cent carbohydrates, and 19.5 per cent alco- 
hol. Uses: food supplement. Dose: 1 to 2 tablespoonfuls. 
Trophonine X—Protein hydrolysate fortified with vitamin B 
complex. Uses: dietary supplement. Dose: 2 to 4 tablespoon- 
fuls daily. 

Valentine’s Meat Extract (Valentine)—Liquid containing 4.6 to 5.6 
per cent total protein, 3.4 to 4.5 per cent phosphoric acid, 1.8 to 
2.6 per cent sodium chloride, and 9 per cent glycerin. Uses: food 
adjuvant. Dose: 1 teaspoonful 3 times a day. 


MISCELLANEOUS AMINES AND AMIDES 


This group of compounds consists of those amines and 
amides which do not fall into any of the above general 
classes. The official members of this group are simple 
amines, which are used primarily as pharmaceutical 
necessities, such as solvents, emulsifying agents, etc. 
In this section, also, are grouped the unofficial amines 
and amides and related specialties which cannot be 
classified in any of the categories previously considered. 


ETHYLENEDIAMINE SOLUTION U. S. P. 
Liquor Athylenediaminz 


[Liq. Hthylenediam.—Sp. Solucién de Etilenediamina] 


Ethylenediamine Solution contains not less than 67 
per cent and not more than 71 per cent of ethylene- 
diamine [H.N.CH2.CH2.NH. = 60.10]. 

Preparation—Ethylenediamine may be prepared by 
the interaction of ethylene dichloride with ammonia as 
illustrated in the equation: 


ClH2C.CH2Cl + 2NH3 — HCl. NHgH2C.CHeNHe. HCl 


ethylene ammonia ethylenediamine 
dichloride dihydrochloride 


On distilling the solution with sodium hydroxide, 
ethylenediamine and water vapor distil over. 


Description and Properties—Ethylenediamine Solution is clear, 
colorless, or only slightly yellow liquid, and has an ammonia-like 
odor and strong alkaline reaction. It is miscible with water and 
alcohol. Anhydrous ethylenediamine boils between 116° and 117° 
‘and solidifies at about 8°. It is volatile with steam. Ethylenedi- 
amine is a strong base and readily combines with acids to form salts 
with the evolution of much heat. ‘ 
Identification—When added to a cupric sulfate solution it forms a 
purplish blue colored solution. 
Tests for Purity— 
Non-volatile matter—Not more than 1.0 mg. from 5 cc. 
Ammonia and other bases—For this test an excess of diluted hydro- 


chloric acid is added to a weighed quantity of the Solution, then alco- 
hol is added to facilitate expulsion of water. The solution is evapo- 
rated to dryness on a steam bath and dried to constant weight at 
110°. The weight of the ethylenediamine dihydrochloride so ob- 
tained multiplied by 0.4517 represents the weight of the ethylene- 
diamine in the quantity of the solution taken. This weight should 
be within 0.5 per cent above or below the percentage of ethylene- 
diamine found by the assay. If an appreciable amount of ammonia 
is present the weight of the ethylenediamine dihydrochloride would 
be less, since the molecular weight of 2 molecules of ammonium chlo- 
ride is less than that of ethylenediamine dihydrochloride. On the 
other hand, if amines of higher molecular weight than ethylenediamine 
are present in appreciable amount, the weight of the hydrochloride 
would be greater. 

Heavy metals limit—Not more than 20 parts per million. 
Assay—The content of ethylenediamine in the Solution is determined 
by titration with normal hydrochloric acid, using bromophenol blue 
T.S. as the indicator (color changes from blue to yellow). One cc. of 
normal acid is equivalent to 30.05 mg. of ethylenediamine. 
Storage—Keep the Solution in tight containers. 


Uses—Ethylenediamine Solution is used in the 
U.S. P. to stabilize Aminophylline Injection (page 847). 
Anhydrous Ethylenediamine is used as a solvent for 
albumin, casein, shellac, sulfur, etc. It is also used as 
an emulsifier, an inhibitor in antifreeze solutions, and 
in textile lubricants. 


NICOTINAMIDE U. S. P.—See Vitamins (page 913). 

SACCHARIN U. S. P.—See Flavoring Agents (page 
966). 

THIAMINE HYDROCHLORIDE U. S. P.—See Vita- 
mins (page 916). 


TRIETHANOLAMINE U. S. P. Trizthanolamina 


[Triethanolam.—Sp. Trietanolamina] 


Triethanolamine is a mixture of alkanolamines con- 
sisting largely of triethanolamine [N(C.H.4OH)s], ad- 


/ 
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mixed with various amounts of diethanolamine [NH- 
(C2H,OH).2] and monoethanolamine [NH2C2H,4OH]. 

Preparation—It is produced, along with some mono- 
and diethanolamine, by the action of an excess of am- 
monia on ethylene oxide. 


O 
fox 
38CH2CHe + NHs —> N(CHe . CH20H)s 
ethylene oxide * ammonia triethanolamine 


Description and Properties—Colorless to pale yellow, viscous, hygro- 
scopic liquid having a slight odor of ammonia. Its aqueous solution 
is very alkaline. Melts at 20° to 21°. Its specific gravity is 1.1204 
to 1.1284 and the refractive index 1.481 to 1.486 at 20°. Triethanol- 
amine is a strong base and readily combines even with weak acids to 
form salts. When heated it volatilizes and the vapors turn moistened 
litmus paper blue. It is miscible with water or alcohol; soluble in 
chloroform but slightly soluble in ether or benzene. 

Identification—The addition of a few drops of cupric sulfate T.S, 
to about 1 cc. of triethanolamine produces a blue color, which is 
permanent when the solution is boiled. With cobalt chloride T.S. a 
carmine-red color is produced. 

Tests for Purity— 

Residue on ignition—Trom 1 Gm. is negligible. 
Assay—Triethanolamine is assayed, like ammonia, by titration with 
normal acid, using methyl red T.S. as the indicator. The U.S. P. 
required that for each gram of Triethanolamine, not less than 6.7 cc. 
and not more than 7.2 cc. of normal acid be consumed. The stipu- 
lated maximum volume of the acid per gram limits the proportions 
of mono- and diethanolamines which, being of a lower molecular 
weight than the triethanolamine, require more acid per gram. 
Storage—Keep Triethanolamine in tight, light-resistant container. 


Uses—It is used in combination with a fatty acid, 
é. g., Stearic acid, as an emulsifier; the triethanolamine 
soap formed lowers the surface tension of the aqueous 
phase. 


Unofficial Miscellaneous Amines and Amides 


Allantoin, Glyoxyldiureid, cordianine, 5-ureidohydantoin.—This 
amide is found in tobacco seeds, sugar beets, wheat sprouts, about 
0.8 per cent in comfrey; also in allantoic fluid, fetal urine and 
excretions of maggots. Produced by oxidation of uric acid with 
alkaline KMn0O4g followed by acidifi- 


cation. Colorless or white, lustrous, CO—NH 
odors Rastclese grystals OF pow- We 

er; optically inactive. Melts be- 
tween 230 to 236° with some de- NE CO NEC g 
composition. One Gm. dissolves in . 

190 ce. water, 500 ce. alcohol; more NH—CO 


soluble in the hot solvents, freely in 

alkalies; almost insoluble in ether. The aqueous solution is prac- 
tically neutral to litmus. Uses: To stimulate cell proliferation in 
0.3 to 0.5 per cent aqueous solution for ulcers, non-healing 
wounds, fistulas, etc.; also as powder applied by dusting or 
insufflation; also as an ointment. 

Aniline [CgH;sNH2]—Made by nitrating benzene and reducing the 
resulting nitrobenzene with iron filings and hydrochloric acid. It 
is also produced by heating monochlorobenzene with ammonia 
under high pressure using a catalyst. For its properties see 
Reagents (page 1065). 

Ethyl, methyl, butyl, etc., amines—These amines, extensively used 
in the synthesis of important medicinal agents, are available as 
primary, secondary, and tertiary (or mono-, di-, and tri-amines) 
and are represented-as RNHe, ReNH, and RgN where R is the 
alkyl group. They range from gases to liquids, have an ammoniacal 
odor, and are strong bases. They are soluble in water or in alcohol 
and combine with acids to form salts. 

Guanidine, carbamidine, iminourea [HN:C(NHg)2]—Colorless or 
white, deliquescent crystals, freely soluble in water or alcohol. It 
is a strong base which absorbs carbon dioxide from the air, forming 
a carbonate. 

Guanidine nitrat —White or colorless crystals melting at about 
214° and solub.e in 10 parts of water; also soluble in aleohol. The 
physiologically important crvatine and creatinine, constituents of 
muscular tissue, are derived from guanidine. Guanidine nitrate or 
hydrochloride is used in the synthesis of many important organic 
chemicals. 

Hydroxylamine Hydrochloride [HONH2.HCl]—Forms white crys- 
tals, melting at about 150°. Very soluble in water, soluble in alco- 
hol, almost insoluble in ether. Extensively used for the identifica- 
tion of the carbonyl group (ketones or aldehydes) by the formation 
of oximes. 

8-Hydroxyquinoline, Oxyquinoline, Quinophenol, Oxine [CgH zON]— 
White crystals or cryst. powder. Melts 73-75°. Boils about 
267°. Almost insoluble in water, ether; freely soluble in alcohol, 
acetone, chloroform, benzene, also in aq. mineral acids. Uses: 
for pptg. and separating metals and as a reagent for Bi with which 
it yields a red-orange or red-violet color. 

8-Hydroxyquinoline Sulfate, Oxyquinoline Sulfate, Chinosol [(CgH7- 
ON )2.H2S04]— Yellow, eryst. powder; - slight saffron odor; burn- 
ing taste. Melts 175-178°. Freely soluble in water; soluble in 
about 100 glycerin, slightly in alcohol; insoluble in ether. Uses: 
As bacteriostatic: extern. usually in 1: 1000 soln.; as nasal spray, 


\ 


MISCELLANEOUS AMINES AND AMIDES 


douche or eyewash 1: 3000; gargle 1: 2000; vaginal douche 1— 1000 
increasing if required. Septic. 

Monoethanolamine Oleate Injection—This has come into rather ex- 
tensive use to replace sodium morrhuate as a sclerosing agent. 
It is reported as being less toxic to rabbits, produces a good 
thrombus, causes no allergic reactions and is more stable in solution 
than is sodium morrhuate which in itself is of rather indefinite 
character. Two per cent of benzyl alcohol is usually added as a 
local anesthetic. 

Piperazine, diethylenediamine—Forms colorless, hygroscopic crys- 
tals, melting at 105° when anhydrous, It boils at 145° to 146°, 
and is very soluble in water or glycerin, less soluble 
in alcohol, insoluble in ether. From water piperazine 
crystallizes with 6H2O in colorless crystals called 
Piperazine Hydrate, melting at 44° and boiling be- 
tween 125° and 130°. It is incompatible with salts 
of heavy metals, alkaloidal salts, also incompatible 
with acetanilid, phenacetin and nitrites. Uses: 
formerly as an antirheumatic. Dose: 0.3 to 1 Gm. 

Propylthiouracil, 6-n-propylthiouracil (Lederle)—A derivative of 
thiouracil, shown to be 3 to 5 times more active than thiouracil in 
the treatment of thyrotoxicosis. This derivative is tolerated by 
patients unable to take thiouracil, and the number of untoward re- 
actions is greatly reduced. Dose: 0.1 to 0.15 Gm. initially per day. 

Thiouracil N. N. R., 2-thiouracil, (Abbott; Parke, Davis; Rorer; 
Squibb; Winthrop)—A white crystalline powder possessing a bitter 
taste. Thiouracil is only slightly soluble in water but is readily 
soluble in alkaline solutions. It is insoluble in 
ether, alcohol, and acids. It is stable as a powder 
and in solution. Uses: Thiouracil interferes | | 
with the formation of thyroxin by the thyroid S=C CH 
gland but it does not interfere with the action of had 
thyroxin already formed and stored in the gland. | I 
Therefore, the effects of thiouracil medication do 
not appear until the store of thyroxin has been 
utilized. Itis useful in the treatment of hyperthyroidism, thyrotox- 
icosis, and thyroiditis. Thiouracil can be recommended only for 
preoperative treatment or for those patients for whom an opera- 
tion is contraindicated. Thisrecommendation is based on the facts 
that not all patients experience a permanent remission following 
thiouracil therapy and because a high percentage of patients ex- 
perience adverse reactions to therapy with the drug. The most fre- 
quent complications are granulocytopenia, leukopenia, drug fever, 
and dermatitis. Dose: 0.4 Gm. initially per day reduced to 0.1 to 
0.2 Gm. after the basal metabolic rate is within normal range. Cau- 
tion: patients should be instructed to cease medication and report 
to their physician immediately if any adverse symptoms such as 
sore throat, fever, coryza, or malaise are experienced. 
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Specialties Containing Miscellaneous Amines and Amides 


Allansol (Strasenburgh)—Cream, jelly, or saturated solution contain- 
ing allantoin. Uses: tissue stimulant, applied topically. 
Allansol with Pectin—Saturated and buffered solution containing 
allantoin and non-hydrolyzed apple pectin. Uses: gastrointesti- 
nal healing agent, taken orally. 

Allantoin Compound Ointment (Upjohn)—Non-greasy ointmentcon- 
taining 2 per cent allantoin, 0.5 per cent secondary-amyltricresols, 
and 1.82 per cent cod liver oil concentrate. Uses: tissue stimu- 
lant for use in wounds, slow healing ulcers, and bed sores. Applied 
locally to affected areas. 

Allantoin Cream with Metaphen (Abbott)—Non-greasy stearate oint- 
ment containing 2 per cent allantoin, 2 per cent benzyl alcohol, and 
1:5000 Metaphen. Uses: tissue stimulant, applied topically. 

Allanturea (Hart Drug)—Emulsion base ointment containing 2 per 
cent allantoin, 10 per cent urea, benzocaine, and chlorobutanol. 
Uses: tissue stimulant, applied topically. 

Andoin (Ulmer)—Ointment containing 1 per cent allantoin, and vita- 
mins A and D equivalent in potency to U.S. P. cod liver oil. Uses: 
tissue stimulant, applied topically. 

Bon-Du (Warren-Teed)—Powder containing 0.01 per cent oxyquino- 
line benzoate, 16.6 per cent ammonium alum, 0.01 per cent berbe- 
rine bisulfate, 78 per cent boric acid, 1 per cent eucalyptol, 1 per 
cent menthol, 1 per cent methyl salicylate, 2 per cent phenol, and 
0.04 per cent thymol. Uses: trichomonacide and antiseptic, ap- 
plied as vaginal douche. 

Broxolin Vaginal Douche Powder (Breon)—Powder containing 2 per 
cent oxyquinoline sulfate, 5 per cent boric acid, 88 per cent dried 
magnesium sulfate, 5 per cent sodium chloride, and aromatics. 
Uses: vaginal cleanser and antiseptic. Dose: 1 tablespoonful in 
quart of water. 

Cavosept (Cavendish)—Vaginal tablets containing dichlorylsulfamide 
benzoate. Uses: trichomonacide. Dose: 1 to 3 tablets daily, 
intravaginally. 

Chlor-Ethamine (Pitman-Moore)—Keratin-coated tablets containing 
0.324 Gm. (5 gr.) ethylenediamine dihydrochloride. Uses: uri- 

nary acidifying agent. Dose: 1 to 3 tablets, daily. 

Codalltoin (Amfre)—Ointment containing allantoin, cod liver oil, and 
phenol. Uses: emollient and tissue stimulant, applied topically. 
Eburol (Bischoff)—Ointment containing 0.2 per cent thio-urea, 0.45 
per cent cholesterol, 0.5 per cent chlorobutanol, and 6.76 per cent 

linseed oil. Uses: tissue stimulant, applied topically, 

Etalate (Parke, Davis)—Ampuls (2 and 5 ec.) containing a 5 per cent 
solution of ethylamine oleate with 2 per cent benzyl alcohol. Uses: 
sclerosing agent for varicose veins and internal hemorrhoids. 
Dose: 0.5 to 5 cc., parenterally. 

Eutonon (Anglo-French)—Ampuis (1 ec.) and vials (10 ce.) containing 
7.5 per cent purified liver extract with a vasodilator principle and 
2.5 per cent dextrose. Uses: Coronary,vasodilator. Dose: intra- 
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venously, 2 cc. in 20 cc. of a 5 per cent glucose solution; or intra- 
muscularly, 2 cc. é 

Fibrolysin (Merck)—Ampuls (2.3 cc.) containing a sterile 15 per cent 
aqueous solution of thiosinamine and sodium salicylate. Hach 2.3 
cc. contains 0.2 Gm. thiosinamine [CS(NH2)NHCH2CH: CHa]. 
Uses: cicatrix resolvent for scars, adhesions, cicatrices, etc. 
Dose: intramuscularly 2.3 ce. 

Furacin (Eaton)—Bright, yellow crystals which decompose above 
227°. One of a series of compounds, the nitrofurans, exhibiting 
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antibacterial properties [CgHgN404]. Uses: chemotherapeutic 
compound for the treatment of wound and surface infections. 
Applied in a water-soluble base. 

Guanidine Hydrochloride (Davies, Rose)—Tablets (0.125 Gm.) con- 
taining NH:C(NH2) 2-HCl. Uses: muscle strengthening agent 
for myasthenia gravis. Dose: 10 mg. per kilogram body weight. 

Livural (Hart Drug)—Emulsion base ointment containing 1 per cent 
allantoin, 5 per cent urea, 1 per cent benzocaine, 0.5 per cent chloro- 
butanol, and fish liver oil concentrate. Uses: tissue stimulant, 
applied topically, s 

Mandelasol Elixir with Chlor-Ethamine (Pitman-Moore)—Glycerin- 
ated elixir, each fluidounce containing ethylenediamine mandelate 
equivalent to 4.86 Gm. (75 gr.) mandelic acid, 2.43 Gm. (37% gr.) 
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ethylenediamine dihydrochloride, and 7 per cent alcohol. Uses: 
urinary antiseptic. Dose: 2 teaspoonfuls in water. 

Naphuride Sodium N. N. R. (Winthrop)—Dry ampuls (1 Gm.) con- 
pining Suramin Sodium U.S. P. (page 662). Uses: trypanosomi- 
cide. 

Octin Hydrochloride (Bilhuber-Knoll)—Ampuls (1 cc. with 0.097 
Gm. [1% gr.]) or vials (10 cc.) of oral solution (10 per cent), contain- 
ing methylamino-iso-octene. Uses: antispasmodic by direct re- 
laxation of smooth muscle, for vesical and ureteral spasms of func- 
tional and organic origin, etc. Dose: orally, 15 to 20 drops of 10 
per cent solution; subcutaneously or intramuscularly, 1 cc. 

Octin Mucate—Tablets, 0.130 Gm. (2 gr.) for oral treatment. 
Dose: 1 tablet. 

Oralator (S. K. F.)—Individual tubes containing 350 mg. 2-amino-6- 
methylheptane. Uses: relief in coughs due to colds and other 
respiratory inflammations. Dose: as directed. 

Permyase (Anglo-French)—Ampuls (2 or 5 cc.) or jelly containing the 
active principles of maggot therapy, pH 5.8 to 6.3. Uses: tissue 
stimulant, applied topically. 

Promin (Parke, Davis)—Ampuls (15 cc. with 2 Gm.) or jelly (5 per 
cent) containing p,p’-diamino-diphenyl-sulfone-N, N’-di(dextrose 
sodium sulfonate). Uses: antibacterial, against Mycobacterium 
lepre and Mycobacterium tuberculosis. Dose: intravenously, 5 to 
12.5 ec. of 40 per cent solution; topically, apply 5 per cent jelly. 

Uralanum (Merrell)—Ointment containing 0.5 per cent allantoin, 
10 per cent urea, and 0.2 per cent Ceepryn (cetylpyridinium chlo- 
ride). Uses: antiseptic and cell proliferant. 

Urantoin-Violet (Irwin, Neisler)—An ointment containing 0.6 per 
cent allantoin, 15 per cent urea, and 1:1000 erystal violet. Uses: 
minor burns and skin irritations. 


CHAPTER LXIX 


PHENOLS 


PHENOLS are derived from aromatic hydrocarbons by 
the replacement of one or more of the hydrogens of an 
aromatic nucleus with hydroxyl. Like alcohols they 
form mono-, di- and polyhydric phenols according to 
the number of hydroxyl groups attached to the rings. 
Unlike alcohols, in which the OH may be esterified with 
acids, the hydroxyl of phenols is weakly acidic, hence 
they dissolve in solutions of the fixed alkalies and alka- 
line earths, forming phenolates by replacement of the 
hydroxyl hydrogen with the metal. 


€ ‘SoH + NOH -—= € YONa + 4,0 


phenol sodium sodium water 
hydroxide phenolate 


The acid nature is enhanced by the entrance of certain 
groups, such as NOz in picric acid. In contrast to 
phenols, the aromatic alcohols, in which the hydroxyl 
replaces a hydrogen in the side chain, approach the 
aliphatic alcohols in their properties. 
Occurrence—Some phenols occur as phenolsulfonic 
acids in the urine of mamalia. During the catabolic 
processes of the latter, many organic bodies are oxidized 
to phenols and their derivatives. Phenols are formed 


in the decay of albuminous matter. Several important 
phenols, such as eugenol, occur naturally in essential 
oils. 

Preparation—They are produced in the dry distilla- 
tion of wood, particularly hardwoods, and of coal. 
The greater portion of phenol [C.H;OH], of which sev- 
eral hundred millions of pounds are consumed annually 
in the United States, is produced synthetically from 
benzene. Other important phenols such as catechol, 
resorcinol, pyrogallol, the naphthols, etc., are also pro- 
duced synthetically. 

Properties—Phenols containing no other functional 
groups are colorless or white, when pure. 
bility in water varies. The benzene and monohydric 
toluene phenols are soluble in water. All, or nearly all, 
phenols are soluble in aqueous sodium or potassium 
hydroxides, and in alcohol. They give characteristic 
colors with dilute ferric chloride solution in aqueous or 
alcoholic solutions. 

The medicinal applications of coal and wood tars 
depend to a considerable degree, on the presence of 
phenolic bodies, and for this reason they are included in 
the phenol section of this book. 


THE OFFICIAL PHENOLS 
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BETANAPHTHOL U. S. P.  Betanaphthol 
[Betanaph.—p-Naphthol, Isonaphthol, Sp. Betanaftol] 


Preparation—When naphthalene is digested with 
fuming sulfuric acid, two acids may be obtained; at a 
temperature of 80° to 90° C. a-naphthalene sulfonic 
acid is chiefly formed, but at 160° to 190° C. the beta 
variety is the principal product, and when this latter 
acid is fused with an alkali hydroxide and hydrochloric 
acid added, the official compound, betanaphthol, i 


obtained. 
Ha804 ‘\SOsH NaOH 
190 190° A 
YA 
NA 6-naphthalene 


sulfonic acid 
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f —————+. 
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sodium B-naphthol 


B-naphtholate 


The fusion of the betanaphthalene sulfonic acid with 
caustic alkali, and the subsequent liberation of the 
betanaphthol by treatment with mineral acid, involves 
reactions that are typical in the synthetic production 
of the phenols. They are illustrated in the following: 


Description and Properties—White to pale buff-colored, shining 
crystalline leaflets, or a white or yellowish white, crystalline powder. 
It has a faint, phenol-like odor, and is stable in air, but darkens on 
exposure to sunlight. It melts between 120° and 122°, sublimes read- 
ily when heated, and is volatile with water or alcohol vapors. One 
Gm. of Betanaphthol dissolves in about 1000 cc. of water, in 1 cc. of 
alcohol, in about 17 cc. of chloroform, and in 1.5 ec. of ether. One 
Gm. of it is soluble in about 80 ce. of boiling water. It is soluble in 
glycerin and in olive oil and is readily dissolved by solutions of alkali 
hydroxides. 

Identification—(1) A cold, saturated solution of Betanaphthol, 
when mixed with ammonia T. S., develops a faint, bluish fluorescence. 
(2) Add about 100 mg. of Betanaphthol to 5 cc. of a solution of potas- 
sium hydroxide (1 in 4), then add 1 cc. of chloroform, and gently 
warm the mixture: the water layer acquires a blue color which 
changes successively to green and brown. (3) Ferric chloride T.S. 
produces a greenish color in a cold, saturated solution of Betanaph- 
thol, and, after some time, causes "the separation of whitish fakes 
which turn brown when heated. 

Tests for Purity— 

Acid—None, as shown by the. neutral reaction of its saturated 

aqueous solution toward litmus paper. 
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Their solu- - 
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Residue on ignition—Not more than 0.1 per cent. 

a- Naphthol—Boil 100 mg. of Betanaphthol with 10 cc. of water 
until dissolved, allow to cool, filter, and add to the filtrate 0.3 cc. of 
normal sodium hydroxide, followed by 0.3 cc. of tenth-normal iodine. 
No violet color is produced in the mixture. 

Naphthalene or other organic impurities—On shaking 500 mg. of 
Betanaphthol with 30 cc. of ammonia T.S. it dissolves completely and 
the solution has a color not deeper than pale yellow. 

Storage—Keep Betanaphthol in well-closed, light-resistant contain- 
ers. 


Uses—Betanaphthol is germicidal and fungicidal. 
It is employed in an ointment base in a concentration of 
5 or 10 per cent for the treatment of ringworm, psoriasis, 
and pediculosis. The compound was at one time exten- 
sively used as an anthelmintic in the treatment of hook- 
worm infestation in the dose of 1 to 2 Gm. given twice 
and followed by a saline cathartic. It has largely been 
replaced by safer and more effective drugs. 

Average Dose—0.12 Gm. (approximately 2 grains). 


EUGENOL U.S. P. Eugenol 


[Synthetic Oil of Cloves—Sp. Eugenol] 


Eugenol [(CioH:202 = 164.20] is a phenol obtained 
from clove oil and from other sources. 

Preparation—Eugenol is found in the volatile oils 
from clove, pimenta, bay leaves, Ceylon cinnamon, 
camphor, sassafras, massoy bark, canella, culilawan, 
and other oils. It is principally obtained, however, 
from clove oil. The oil is treated with an excess of 
sodium hydroxide solution which dissolves the Kugenol 
and the mixture is then shaken with ether to remove the 
other constituents. The aqueous solution of sodium 
eugenol is treated with hydrochloric acid, and the 
separated Eugenol is purified by repeated washing. 
Description and Properties—Eugenol is a colorless or pale yellow 
liquid, having a strongly aromatic odor of clove and a pungent, spicy 
taste. Exposure to air causes it to become darker and thicker. 
Eugenol is optically inactive. Its specific gravity is 1.064 to 1.070. 
Its refractive index is 1.5400 to 1.5420 at 20°. Eugenol distils be- 
tween 250° and 255°. Eugenol is slightly soluble in water, but is mis- 
cible with alcohol, chloroform, ether, and with fixed oils. It is soluble 
in twice its volume of 70 per cent alcohol. 

Test for Purity— 

Hydrocarbons—Dissolve 1 cc. of Eugenol in 20 cc. of half-normal 
sodium hydroxide in a 50-cc. stoppered tube, add 18 cc. of water, and 
mix. A clear solution results but it may become turbid when ex- 
posed to air. 

Phenol—Shake 1 cc. of Eugenol with 20 cc. of water, filter, and add 
1 drop of ferric chloride T.S. to 5 ce. of the filtrate. A transient 


grayish green color but not a blue or violet color is produced. 
Storage—Keep Eugenol in tight, light resistant containers. 


Uses—Eugenol is used extensively to replace clove 
oil, principally by dentists, who also employ it for its 
disinfectant action in filling root canals. Zinc-Eugenol 
Cement is used in filling root canals. Eugenol is only 
rarely administered internally. Eugenol is the basic 
material in one of the processes for the production of 
vanillin. 


GUAIACOL N. F. Guaiacol 
[Sp. Guayacol] 


Guaiacol [C;,H,O2 = 124.13] is a liquid consisting 
principally of CsH4(OH)(OCHs)-1:2, usually obtained 
from wood creosote, or a solid, consisting almost entirely 
of CsH,(OH) (OCHS) 1:2, usually prepared synthetically. 

_ Preparation—It may be obtained from wood creosote 
by fractional distillation and purification. It is also 
‘prepared synthetically from o-nitrophenol. This sub- 
stance is methylated by treatment with methyl chloride 
or dimethyl sulfate in an autoclave at a temperature of 
90° to 100° C. and in the presence of sodium hydroxide 
and alcohol. The nitro-anisole thus formed is reduced 
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by means of iron filings and dilute hydrochloric acid to 
ortho-anisidine, the latter then being diazotized with 
sodium nitrite and sulfuric acid. By pouring the diazo- 
tized solution into a concentrated solution of cupric 
sulfate, guaiacol is formed which is removed by steam 


distillation. The steps in the synthesis may be sum- 
marized as follows: 
CH3Cl 
HOCHH NOge 2 SnCH-OCCH NOt eee! > 
o-nitrophenol o-nitroanisole HCl 
HN 
G@HOG HANH <5 CH.OG.HEN  NCWe oS 
o-anisidine diazo derivative 
CHs0C,H40H 
guaiacol 


Description and Properties—Liquid Guaiacol is colorless or yellowish. 
Solid Guaiacol is crystalline and is colorless or yellowish. Guaiacol 
becomes darker on exposure to light. The liquid obtained by melting 
solid Guaiacol does not readily crystallize even upon chilling. Guaia- 
col has an agreeable, aromatic odor. The specific gravity of liquid 
Guaiacol is not less than 1.112, and the specific gravity of melted 
solid Guaiacol is about 1.132. Solid Guaiacol melts at about 28°. 
Not less than 85 per cent of liquid Guaiacol distils between 200° and 
210° when determined by Method II, under Boiling or Distilling 
Temperatures (page 1050). Solid Guaiacol distils between 204° and 
206°. Ferric chloride T.S. produces a blue color in an alcoholic solu- 
tion of Guaiacol, which changes to green and finally becomes yellow- 
ish. One Gm. of Guaiacol dissolves in from 60 to 70 cc. of water and 
in about 1 ce. of glycerin, at 25°, but it separates from the glycerin 
solution when water is added. It is miscible with alcohol, with chloro- 
form, with ether, and with glacial acetic acid. 

Tests for Purity— 

Hydrocarbons and other impurities—One cc. of Liquid Guaiacol or 
of melted solid Guaiacol dissolves in 2 cc. of potassium hydroxide 
solution (15 in 100) when heated for 1 minute in boiling water, and, 
on cooling, the solution congeals to a nearly white mass. Much 
coloration or failure to congeal indicates the presence of impurities. 
The mass thus obtained forms a clear solution with 25 cc. of water. 
On shaking 2 cc. of liquefied solid Guaiacol with 4 ec. of petroleum 
benzin, the mixture separates into 2 distinct, clear layers. Permanent 
turbidity, or failure to separate into layers, indicates the presence of 
impurities. 

Residue on ignition—Not more than 0.1 per cent. 

Storage—Keep Guaiacol in tight, light-resistant containers. 


Uses—Guaiacol is employed in a manner similar to 
creosote, of which it is a major constituent. It is em- 
ployed as a stimulant expectorant for which purpose it is 
administered internally in a manner similar to creosote. 
No clinical use is made of its weak antiseptic or anti- 
pyretic action, but it is sometimes employed as a local 
anesthetic in dentistry, similar to thymol. Guaiacol 
is of no value in pulmonary tuberculosis and is no 
longer given for this disease. However, its use has been 
revived in the therapy of non-tuberculous acute and 
chronic lung abscesses, for which purpose free Guaiacol 
has been given intravenously. The dose is 0.3 to 0.6 
Gm. dissolved in 2 cc. of 95 per cent ethyl alcohol, and 
diluted with 18 cc. of a 1.0 per cent solution of sodium 
iodide. The injection may be repeated every third day. 

Poisoning from large doses of Guaiacol resembles 
phenol intoxication, and is treated similarly. See 
Creosote. 

Average Dose—0.5 cc. (approximately 8 minims). 


HEXYLRESORCINOL U.S. P. Hexylresorcinol 


[Hexylresorcin.—Caprokol, Sp. Hexilresorcinol] 


Hexylresorcinol [Ci2H:gs02 = 194.26], when dried to 
constant weight over sulfuric acid, contains not less than 
98 per cent of CysHigQsc. 

Caution— Hexylresorcinol is irritating to the respira- 
tory tract and to the skin, and an alcoholic solution has 
vesicant properties. 

Preparation—Resorcinol is heated with caproic acid 
[CH3(CH.2) 4COOH] in the presence of zine chloride as a 
condensing agent. The resulting caproylresorcinol is 
then heated with amalgamated zine and hydrochloric 
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acid (Clemensen’s reduction) whereby the CO of the 
caproyl group is reduced to CHg yielding Hexylresorci- 
nol. 


Description and Properties—Hexylresorcinol occurs as white, or 
yellowish white, needle-shaped crystals. It has a faint, fatty odor 
and a sharp, astringent taste, and produces a sensation of numbness 
when place! on the tongue. It acquires a brownish pink tint on ex- 
posure to light and air. It melts between 62° and 67°. One Gm. of 
Hexylresorcinol dissolves in about 2000 cc. of water. It is freely 
soluble in alcohol, methanol, glycerin, ether, chloroform, benzene, 
and vegetable oils. 

Identification—(1) Addition of nitric acid to a saturated aqueous 
solution of Hexylresorcinol produces alight red color. (2) Bromine 
T.S. produces in the solution a yellow precipitate of dibromo-hexyl- 
resorcinol which dissolves on the addition of ammonia, producing a 
yellow solution. 

Tests for Purity— 

Acid—Equivalent to not more than 4 cc. of fiftieth-normal sodium 
hydroxide per Gm. of’ Hexylresorcinol. 

Resorcinol and other phenols—lIts saturated aqueous solution gives 
no red or blue color with ferric chloride T.S. 

Residue on ignition—Not more than 0.1 per cent. 

Assay—The chemistry underlying the assay of Hexylresorcinol and 
the procedure are essentially the same as those discussed under 
Phenol, except that in tuis case a dibromo compound is formed; also 
since Hexylresorcinol is only very slightly soluble in water its solu- 
tion for the assay is effected with methanol. Each cc. of tenth-normal 
bromine corresponds to 4.857 mg. of Hexylresorcinol [Cj2H 180g]. 
Consult the U. S. P. for details of the assay. 

Storage—Keep Hexylresorcinol in tight, light-resistant containers. 


Uses—Hexylresorcinol is a valued odorless and stain- 
less antiseptic, commonly employed in a dilution of 
1:1000. It is also one of the most efficient anthelmin- 
tics being effective against hookworm, ascaris, oxyuris, 
dwarf tapeworm, and whipworm. Due to its low tox- 
icity, it can be used repeatedly at 3-day intervals. Itis 
given in the adult dose of 1.0 Gm. followed in 2 hours 
by a saline cathartic. Care should be taken that the 
capsules containing the drug are swallowed whole or 
painful ulceration of the oral mucous membrane may 
result. 

Hexylresorcinol has a limited value as a urinary anti- 
septic. 

Average Dose—Anthelmintic, 1 Gm. (approximately 
15 grains). 


Hexylresorcinol Pills U.S. P. Pilulee Hexylresorcinolis 
[Pil. Hexylresorc.—Caprokol Pills, Crystoids Anthelmintic, Sp. 
Pildoras de Hexilresorcinol] 


Hexylresorcinol Pills contain crystalline hexylresorci- 
nol and are covered with a tough gelatin coating. 
Hexylresorcinol Pills contain not less than 91 per cent 
and not more than 109 per cent of the labeled amount 
of hexylresorcinol [Cy2Hig0.]. 


Identification—The presence of hexylresorcinol in the Pills may be 
ascertained as follows: The Pills, after removal of the gelatin coating, 
are extracted by refluxing with petroleum benzin and filtered while 
hot. Upon allowing the benzin solution, concentrated if necessary, 
to stand in a refrigerator for 2 to 3 hours, the hexylresorcinol crystal- 
lizesout. The crystals, after washing with small portions of petroleum 
benzin and air drying, melt in the range given for Hexylresorcinol and 
respond to the Identification test described there. 

Assay—The well-crushed Pills are thoroughly extracted with meth- 
anol to dissolve the hexylresorcinol, the solution made up to an exact 
volume with methanol, and the hexylresorcinol content determined in 
an aliquot portion of the solution by the Assay method for Hezyl- 
resorcinol. 

Storage—Keep Pills in well-closed containers. 


Uses—An anthelmintic. See Hezrylresorcinol. 
Average Dose—A nthelmintic, 1 Gm. (approximately 
15 grains) of Hexylresorcinol. 


PHENOL U.S. P. Phenol 
[Carbolic Acid—Sp. Fenol] 


eee contains not less than 98 per cent of CsH;,0H 
94.11). 
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Preparation—This valuable product belongs to a 
well-marked class of phenols of which it is the proto- 
type. For many years it was made only by distilling 
crude carbolic acid from coal tar and separating and 
purifying the distillate by repeated crystallizations, but 
it is now prepared synthetically by treating benzene or 


benzol with fuming sulfuric acid to produce benzene- . 


sulfonic acid as follows: 


CeHe + H2S04 >, C.H 59020H + H20 
benzene sulfuric benzene sulfonic water 
acid acid 


This acid is neutralized with sodium carbonate, form- 
ing sodium benzenesulfonate. 
2(CgHsSO20H) + NazCO3 > 2(CeHsSO20Na) + COzg + H2O 


benzenesulfonic sodium sodium benzene- carbon water 
acid carbonate sulfonate dioxide 


The sodium benzenesulfonate is fused with caustic 
soda, whereby sodium phenolate and sodium sulfite are 
formed as follows: 
2(CgH5SO20Na) a 4Na0H > 2H20 + 2NaeSO3 te 2CgeH;ONa 


sodium sodium water sodium sodium 
benzenesulfonate hydroxide sulfite phenolate 


Hydrochloric acid is finally added to the sodium 
phenolate, liberating the phenol, which is further puri- 
fied by distillation. The last reaction is expressed as 


follows: 
CeHsONa + HCl — C,gH;0H + NaCl 
sodium hydrochloric phenol sodium 
phenolate acid chloride 


A more recent process utilizes chlorobenzene as the 
starting point in the manufacture of phenol. The 
chlorobenzene is heated with sodium hydroxide solution 
at a temperature of 350° to 380° and at a pressure 
of 5000 pounds per square inch. Under these conditions 
the chlorine atom is replaced by the ONa group, pro- 
ducing sodium phenolate from which phenol is obtained 
by acidification. Because of the possibility of forming 
other derivatives, careful control of the details of the 
process must be observed. 

When perfectly pure, phenol is devoid of the odor of 
cresol, but it has a peculiar, aromatic odor, which is not 
disagreeable. 


Description and Properties—Colorless to light pink, interlaced, or 
separate, needle-shaped crystals, or a white or light pink, crystalline 
mass. It has a characteristic odor. When undiluted, it whitens and 
cauterizes the skin and mucous membranes. When gently heated, 
Phenol melts, forming a highly refractive liquid. It is liquefied by 
the addition of 10 per cent of water. Its vapor is inflammable. 
Phenol gradually darkens on exposure to light and air. The specific 
gravity of Phenol is 1.07 and it boils at 182°. It congeals at a tem- 
perature not lower than 39°. Ferric chloride T.S. produces a violet- 
blue color in an aqueous solution of Phenol; bromine water produces 
a white precipitate which at first redissolves but becomes permanent 
as more of the bromine is added. The precipitate so formed is ¢tri- 
bromophenol [HOC gH 2Brs]. One Gm. of Phenol dissolves in 15 ce. of 
water. It is very soluble in alcohol, glycerin, chloroform, ether, and 
need and volatile oils. It is soluble in petrolatum and in liquid petro- 
atum. 
Tests for Purity— 

Non-Volatile Residue—Not more than 0.05 per cent. 

Clarity of solution and reaction—A solution of Phenol (1 in 15) is 
clear, and neutral or only faintly acid to litmus paper. 
Assay—The assay is based on the property of phenol mentioned 
above, to combine with bromine, with replacement of three hydrogens 
to form tribromophenol. By using an excess of standard bromine 
solution and then determining the quantity of unconsumed bromine, 
the quantity of phenol is calculated from the amount of bromine com- 
bined with the phenol. After completion of the reaction, the excess 
of bromine is determined by adding potassium iodide, from which the 
excess bromine liberates iodine, then titrating the iodine with stand- 
ard sodium thiosulfate solution. The reactions taking place in the 
assay are shown in the following equations: 


KBrO3 + 5KBr + 6HCl — 3Breg + 6KCl + 3H20 
HOC.Hs5 + 3Bre = HOC.H2Br3 + 3HBr 


phenol tribromophenol 
Brg + 2KI — I, + 2KBr ‘ 
Io + 2Na2S203 => NazS406 + 2Nal 


sodium 
tetrathiqnate 
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Each cc. of tenth-normal bromine consumed corresponds to 1.569 
mg. of Phenol. : 
Storage—Keep Phenol in tight, light-resistant containers. 


Phenol Coefficient—The disinfectant value of phenol 
and other germicides largely depends upon their ability 
to destroy bacteria and other organisms. For a com- 
parison of values pure phenol has been generally adopted 
as the standard, and the ‘phenol coefficient” is the 
ratio of the germicidal power of a disinfectant to the 
germicidal power of phenol. See Methods of Analysis, 
A. 0. A. C., p. 86 (1945) for reagents, apparatus, and 
a standard procedure. 

Uses—Phenol was at one time widely employed as a 
germicide, but now has few therapeutic uses. Crude 
earbolic acid is sufficiently inexpens ve to use for the dis- 
infection of excrement. In full strength, a few drops of 
liquefied Phenol may be used to cauterize small wounds. 
Dilute aqueous solutions of Phenol (1 to 2 per cent) are 
antipruritic and it is for this purpose that Phenol is 
placed in some calamine lotions. Phenol has been em- 
ployed for sclerosing hemorrhoids, but it is not the drug 
of choice for this purpose. The drug has no legitimate 
internal uses. 

Large amounts of Phenol are used in the manufacture 
of plastics, for the production of salicylates and many 
other important organic medicinal and industrial com- 
pounds. 


Camphorated Phenol N. F. Phenol Camphoratum 
{Phenol Camph.—Camphor-Phenol, Sp. Fenol Camforazada] 


Metric Alternative 
OU AETTIO oo 4s6y0 ORO 300 Gm. 1 oz. av. 110 gr. 
NPANED WO eis are se toe kes hogs eine ays aus 600 Gm. 20z. av. 220 gr. 
Liquid Petrolatum, a sufficient quan- 
tity, 
MINOR CIMA wre ca/s.avn bs 6 Glee bea dims bs 1000 cc. 4 fl. oz. 


Triturate the phenol and the camphor together until they 
liquefy, add sufficient liquid petrolatum to make the product 
measure 1000 ce. (4 fl. oz.), and mix it thoroughly. 


Storage—Keep Camphorated Phenol in tight containers. 


Uses—An antiseptic in dental practice. It is non- 
irritating in topical application, even to mucous mem- 
brane. 


Liquefied Phenol U. S. P. Phenol Liquefactum 
[Phenol Liq.—Liquefied Carbolic Acid, Sp. Fenol Licuado] 


Liquefied Phenol is phenol maintained in a liquid 
condition by the presence of 10 per cent of water. It 
contains not less than 88 per cent of C.H;OH. 

Preparation—Liquefied Phenol may be prepared by 
the following method: 


Phenol, a convenient quantity. 
Distilled Water, a sufficient quantity. 


Liquefy the phenol by placing the unstoppered container in a 
water bath and applying heat gradually. Transfer the liquid to a 
tared vessel, weigh, and add 1 Gm. (1 oz. av.) of distilled water 
for each 9 Gm. (9 oz. av.) of phenol and mix thoroughly. 


Note—When phenol is to be mixed with a fixed oil, 
liquid petrolatum, or vpetrolatum, melted crystalline 
Phenol, should be used instead of Liquefied Phenol. 


Description and Properties—A colorless liquid, which usually de- 
velops a red tint upon aging. It has a characteristic, somewhat aro- 
matic odor. When undiluted it cauterizes and whitens the skin and 
mucous membranes. The specific gravity is about 1.065, and when 
it is subjected to distillation, the boiling temperature does not rise 
above 182° which is the boiling temperature of Phenol. It partially 
solidifies at about 15°. Liquefied Phenol is miscible with alcohol, 
ether, glycerin. A mixture of Liquefied Phenol and an equal volume 
of glycerin is miscible with water. 
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Liquefied Phenol conforms to the Identification tests, requirements 
for Non-volatile residue, Clarity of solution, and Reaction described 
unde Enero. It is assayed for phenol content as directed under 

enol. 
Storage—Keep Liquefied Phenol in tight, light-resistant containers. 


Uses—Liquefied phenol was introduced into the 
Pharmacopeeia to furnish a uniform and convenient 
method of using phenol in a concentrated liquid form. 
The practice of adding 10 per cent of water to crystal- 
lized phenol has long been followed, this liquid being 
often more convenient for compounding prescriptions 
than the crystals. In using it, allowance must, of 
course, be made for the presence of 10 per cent of water. 


Phenolated Oil N. F. Oleum Phenolatum 


{[Ol. Phenol.—Oleum Carbolatum, Carbolized Oil, 
Sp. Oleo Fenolazada] 


: Metric Alternative 
Phenol oy mrarcre erent he se nero eaareke 50 Gm, 91 gr. 
Olive Oil, a sufficient quantity, 

Monmake errs cece tler 8 ate eine ae Bieiraceaes 1000 cc. 4 fl. oz. 


Melt the phenol with gentle heat and mix it with enough olive 
oil to make the product measure 1000 cc. (4 fl. oz.). 


Storage—Keep Phenolated Oil in tight containers. 


Uses—An antiseptic oil for external use. 


Phenolated Water N. F. Aqua Phenolata 


{Aq. Phenol.—Carbolic Acid Water, Solutio Phenoli P.I., 
Sp. Aqua Fenolazada] 


Phenolated Water contains, in each 100 cc., not less 
than 1.8 Gm. and not more than 2.3 Gm. of C.H;OH. 


Metric Alternative 
Liquefiedebhenolmaaren concer WD) ee 338 min. 
DistilledeWiaterteurcn sac ease. 978 cc. 31 fl. oz. 142 min. 
TOVINaKe Aes ey tw Mente etter 1000 cc. 2 pints 


Mix the ingredients. 


Assay—Same as for Phenol. 
Storage—Keep Phenolated Water in tight containers. 


Uses—Phenolated Water is an effective antipruritic. 


Phenol Glycerite N. F. Glyceritum Phenolis 
[Glycer. Phenol.—Carbolic Acid Glycerite, Sp. Glicerito de Fenol] 


Phenol Glycerite contains, in each 100 cc., not less 
than 16.8 Gm. and not more than 20.6 Gm. of C.H;- 
OH. 


. Metric Alternative 
LiquetiediPhenols crac cee 2090 cc. 384 min. 
SodimmyCitratemerae aye tee 10 Gm 18 gr. 
Distilled! Waten sewer 10 cc. 19 min. 
Gly cerim. A ee ance eer eee 790 cc.. 3 fl.oz. 76 min. 

Mopmakera bOuUbae eee een eee 1000 cc. 4 fl. oz. 


Dissolve the sodium citrate in the hot distilled water, and in- 
corporate this solution with the mixture of glycerin and liquefied 
phenol. 


Description—A colorless or nearly colorless, viscous liquid having the 
characteristic odor of phenol and a sweetish taste. 

Assay—It is assayed for phenol content as outlined under Phenol. 
Storage—Keep Phenol Glycerite in tigat containers. 


Uses—Phenol Glycerite is miscible with water and 
is used in preparing antiseptic dilutions of Phenol, and 
as an addition to gargles and mouth washes. 


Phenol Ointment U. S. P. . Unguentum Phenolis 
{Ung. Phenol.—Carbolic Acid Ointment, Sp. Ungiiento de Fenol] 


Phenol Ointment contains not less than 1.8 per cent 
and not more than 2.2 per cent of CgH;OH. 
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Phenoltee aes ee. . a Le eee 20 Gm 9 er. Alcohol content—5 to 7 per cent, by volume, of CogHs5OH. 
Glycerine ne ae) hae een 20 Gm 9 gr. Storage—Keep this Syrup in tight containers, and avoid excessive 
White Ointment........ 0c. on, fone 960 Gm. 420 gr. heat. 
Tommake sje vo. sie 2 ie eee 1000 Gm 1 oz. av. 


Dissolve the phenol in the glycerin and incorporate the solution 
into the white ointment. 


Assay—About 2 Gm. of the Ointment is accurately weighed and com- 
pletely transferred with the aid of 25 cc. of petroleum benzin into a 
separator. About 25 cc. of water is then added, gently shaken and 
allowed to separate into two layers. The water dissolves the phenol 
while the white ointment is held by the petroleum benzin. The water 
layer is drawn off into a volumetric flask and the benzin layer is 
washed a few times with water to completely extract the phenol. 
After diluting the combined water extracts to volume, the phenol is 
determined in an aliquot portion of the dilution as outlined in the 
Assay of Phenol. 


Uses—An antiseptic ointment. 


POTASSIUM -GUAIACOLSULFONATE N. F. 
Potassii Guaiacolsulfonas 


[Pot. Guaiacolsulf, Sp. Guayacolsulfonate de potasio] 


Potassium Guaiacolsulfonate [C;H,O;SK = 242.28], 
when dried over sulfuric acid for 24 hours, contains not 
less than 95 per cent of (HO)(CH30)CeHsSOsK. 

Preparation—Guaiacol is treated with sulfuric acid 
at a temperature of 70° to 80° to form guaiacolsulfonic 
acid. After dilution with water the excess of sulfuric 
acid is removed by adding barium carbonate which 
converts the sulfuric acid to the insoluble barium sul- 
fate. After removing the barium sulfate by filtration, 
sufficient potassium carbonate is added to neutralize 
the guaiacolsulfonic acid and to precipitate any excess 
barium. After a second filtration, the solution of potas- 
sium guaiacolsulfonate is concentrated to crystalliza- 
tion. 

Description and Properties—White crystals, or a white crystalline 
powder. It has a slightly aromatic odor, and a slightly bitter taste. 
It is affected by light. One Gm. is soluble in about 7.5 ce. of water at 
25°. It is insoluble in alcohol or ether. Its aqueous solution is neu- 
tral or slightly alkaline to litmus paper. Igniting the residue imparts 
a violet color to a flame, characteristic for potassium. Ferric chloride 
T.S. produces a violet-blue color in an aqueous solution (1 in 100) of 
the salt. 

Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Sulfate—Practically none. 

Heavy metals limit—20 parts per million. 

Assay—About 0.5 Gm. of the dried salt is cautiously treated with 15 
ec. of nitric acid and then evaporated to dryness. This treatment con- 
verts the sulfonic sulfur to sulfate which is determined by precipita- 
tion as barium sulfate in the usual manner. The weight of the barium 
sulfate obtained, multiplied by 1.038, represents the quantity of 
potassium guaiacolsulfonate in the weight of the sample taken. 


Storage—Keep Potassium Guaiacolsulfonate in well-closed light- 
resistant containers. 


Uses—A stimulant expectorant. It does not disturb 
digestion, is comparatively tasteless, and is not toxic. 
See Guazacol. 


Average Dose—0.5 Gm. (approximately 71% grains). 


Potassium Guaiacolsulfonate Syrup N. F. 
Syrupus Potassii Guaiacolsulfonatis 


[Syr. Pot. Guaiacolsulf, Sp. Jarabe de Tuayacol-sulfonato de potasio] 


Metric Alternative 
Potassium Guaiacolsulfonate...... 75 Gm. 202. av. 221 gr: 
Distilled “Watenwis tae wae eet 100 cc. 3 fl. oz. 96 min. 
Aromatic Eriodictyon Syrup, a suf- 
ficient quantity, 
To.make;’ Seen ect cite siete 1000 cc. 2 pints 


Mix the potassium guaiacolsulfonate with the water, add the 
syrup, and shake the mixture until the salt is dissolved; then 
filter through cotton, passing enough of the aromatic eriodictyon 
syrup through the filter to make the product measure 1000 cc. 
(2 pints). Mix well. 


Uses—An expectorant in bronchitis. 

Average Dose—4 cc. (approximately 1 fluidrachm) 
corresponding to 0.3 Gm. of Potassium Guaiacolsulfon- 
ate. 


PYROGALLOL N. F. Pyrogallol 
[Pyrogallic Acid, Sp. Pirogalol] 
OH 
4 OH 
\ 7OH 


Pyrogallol is 1,2,3-trihydroxybenzene [Cg¢H3(OH)s3 = 
126.11]. . 

Preparation—W hen dried gallic acid is heated at about 
200° carbon dioxide splits off leaving pyrogallol. 


CegH2(OH)sCOOH + heat > C.eH3(OH)s + CO2 
gallic acid pyrogallol carbon 
dioxide 


Description and Properties—White or nearly white, odorless, needie- 
like crystals, leaflets, or crystalline powder. It is sublimable. On 
exposure to air and light it acquires a gray or brownish tint. An 
aqueous solution of Pyrogallol is similarly affected by light and air 
and acquires also an acid reaction due to the formation of acetic and 
oxalic acids. The absorption of oxygen and change of color of the 
aqueous solution occur very rapidly when the solution is made alka- 
line with alkali hydroxides. It melts between 130° and 131°. Pyro- 
gallol is a powerful reducing agent; it reduces solutions of silver, gold, 
and mercury, even in the cold. Its solution is colored blue by freshly 
prepared ferrous sulfate T.S. but with ferric salts only a brownish red 
color is produced. . One Gm. dissolves in about 2 cc. of water, in 
about 1.5 cc. of alcohol, and in about 2 ce. of ether, at 25°. It is very 
soluble in boiling water and boiling alcohol. 

Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Free acid and color of solution—A freshly prepared solution of pyro- 
gallol 1:20 in recently boiled water is colorless or, at most only slightly 
yellow, and is neutral or only slightly acid to litmus paper. 
Storage—Keep Pyrogallol in tight, light-resistant containers. 


Uses—Pyrogallol is used in the form of an ointment 
in the treatment of psoriasis, although its use is not 
without danger. Industrially, it is chiefly used as a 
developer in photography. 


RESORCINOL U.S. P. Resorcinol 


[Resorcin.—Resorcin, m-dihydroxybenzene, Sp. Resorcinol] 


Resorcinol, when dried over sulfuric acid for 4 hours, 
contains not less than 99.5 per cent of CgH4(OH)e 
(110.11). 

Preparation—Resorcinol is a dihydric phenol iso- 
meric with pyrocatechol and hydroquinone. It is usually 
prepared by fusing sodium m-benzenedisulfonate with 
sodium hydroxide; it may be made in several other 
ways—by the destructive distillation of brazilin, or by 
the fusion of either galbanum, ammoniac, sagapenum, 
asafetida, or acroides with caustic potash. 

The first method of preparation referred to is a general 
one for the production of phenols and may be illustrated, 
as applied to resorcinol as follows: 


SO3sH ONa OH 
NaOH HCl Vl 
A 
SOsH ONa \ JOH 
m-benzene- sodium resorcinol ’ 
disulfonic acid resorcinolate 


Description and Properties—Resorcinol occurs as white, or nearly 
white, needle-shaped crystals, or powder. It has a faint, characteris- 
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tic odor and a sweetish, followed by a bitter, taste. It acquires a pink 
tint on exposure to light and air. It melts between 109° and 111°, 
and its aqueous solution (1 in 20) is neutral or only faintly acid to lit- 
mus paper, and does not emit the odor of phenol when warmed. One 
Gm. of Resorcinol dissolves in 1 cc. of water and in about | cc. of alco- 
hol. It is freely soluble in glycerin and in ether, and is slightly soluble 
in chloroform. 

Identification—(1) To a solution of Resorcinol in 2 cc. of sodium 
hydroxide T.S. add a drop of chloroform, and heat the mixture: an 
intense crimson color is produced, which changes to pale yellow on the 
addition of a slight excess of hydrochloric acid. (2) The addition of 
3 drops of ferric chloride T.S. to 10 cc. of an aqueous solution of Re- 
soreinol (1 in 200) produces a bluish violet color, which becomes 
brownish yellow on the addition of ammonia T.S. 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.05 per cent. 

Catechol—On adding 0.5 cc. of lead acetate T.S. to 10 cc. of al in 
20 solution of Resorcinol previously acidified with 2 drops of 6 per 
cent acetic acid no turbidity should be produced. 

Assay—Same as for phenol, the bromine compound formed being 
2,4,6-tribromoresorcinol [CgHBr3(OH) gl. 
Storage—Keep Resorcinol in well-closed, light-resistant containers. 


Uses—Resorcinol is a bactericide and fungicide. _ It 
is employed as an ointment, paste, or lotion in concen- 
trations ranging from 1 to 10 per cent (usually 5 per 
cent) in the treatment of ring worm, eczema, psoriasis, 


seborrheic dermatitis, etc. It has no legitimate internal 
uses. 


Compound Resorcinol Ointment N. F. 
Unguentum Resorcinolis Compositum 


[Ung. Resorcin Comp.—Sp. Ungiiento de Resorcinol Compuesto] 


Metric Alternative 

Re EC ATIONMME EE Pe 8 og ic ake biel nas 60 Gm 105 gr. 
FE Se (ODS, 2 a ee 60 Gm 105 gr. 
Bismuth Subnitrate.. . 60 Gm 105 gr. 
Rectified Birch Tar Oil. Rik 60 Gm 105 gr. 
Ma ORY VEL. 3) en 100 Gm 7b -er, 
OLIN LADMIR Ecos fess exes os Oe ee ea 250 Gm. 1 oz. av. 

VMETO BRO on ce, 280 Gm. 1 oz. av. .52 gr: 
‘CURWORID) 0.8 Ai 130 Gm 227 gr. 

RIN ERIN A SOMME ia ets Glee i vliece tie a's 1000 Gm 4 OZ. av. 


Melt the yellow wax and wool fat in a dish on a water bath. 
Triturate the zinc oxide and bismuth subnitrate with the petro- 
latum until smooth, and add it to the melted mixture. Dissolve 
the resorcinol in the glycerin; incorporate the solution with the 
warm mixture just prepared; then add the rectified birch tar 
oil, and stir the Ointment until it congeals. 


Storage—Keep Compound Resorcinol Ointment in tight containers 
and avoid prolonged exposure to temperatures above 30°. 
Uses—See Resorcinol. 


Note—The Supplement to the N. F. VIII authorizes the replacement of 
Rectified Birch Tar Oil by Juniper Tar 20Gm. The Petrolatum is then altered 
from 250 to 290 Gm. 


Mild Resorcinol Paste N. F. Pasta Resorcinolis Mitis 


{Past. Resorcin. Mit.—Lassar’s Mild Resorcinol Paste, Sp. Pasta de 
Resorcinol Mitigada] 

Mild Resorcinol Paste contains, in each 100 Gm., not 
less than 9.5 Gm. and not more than 10.5 Gm. of CgH.4- 
(OH)s, and not less than 24 Gm. and not more than 26 
Gm. of ZnO. 


{ 


Metric Alternative 
Bee MECEIN OER YA Se tae fo: f, ss-scere soe om 8° 100 Gm. 175 gr. 
TUNWE (ORCC SOR Ae ne 250 Gm. 1 oz. av. 
SSYONGL. © oy Spa 250 Gm. 1 oz. av. 
Light Liquid Petrolatum........... 400 Gm. 1 oz. av. 262 gr. 
MURCVEEIAPUCOMEST A als avsei eisle cis, Sievsye Sto a es 1000 Gm. 4 oz. av. 


Thoroughly triturate the zinc oxide with sufficient of the liquid 

petrolatum to make a thin, smooth paste. Reduce the resorcinol 

_ to a very fine powder, mix it with the starch, add the mixture to 

the zine oxide paste, and triturate until a uniformly smooth prod- 

uct is obtained. Then gradually incorporate the remainder of 
the liquid petrolatum. 


This paste is assayed for Resorcinol and Zinc Oxide as directed in 
the Assays under Strong Resorcinol Paste. 
Storage—Keep the Paste in well-closed containers. 


Uses—See Resorcinol. 
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Strong Resorcinol Paste N. F. Pasta Resorcinolis 
Fortis 


[Past. Resorcin. Fort.—Lassar’s Stronger Resorcinol Paste, Sp. Pasta 
de Resorcinol Fuerte] 


Strong Resorcinol Paste contains, in each 100 Gm., 
not less than 19 Gm. and not more than 21 Gm. of 
C.eH.(OH)s, and not less than 19 Gm. and not more 
than 21 Gm. of ZnO. 


Metric Alternative 
Resoncinol are raatcetsce ae eee 200 Gm. 350 gr. 
ZinciO xidetpiet ce thine coe 200 Gm. 350 gr. 
Star chewy seee ete cbse ore oe ae os tere 200 Gm. 350 gr. 
Light Liquid Petrolatum 400 Gm. 102. av. 262 gr, 
Mo mia ketene ee ate A ety oka Ree 1000 Gm. 4 oz. ay. 


Thoroughly triturate the zinc oxide with sufficient of the liquid 
petrolatum to make a thin, smooth paste. Reduce the resorcinol 
to a very fine powder, mix it with the starch, add the mixture to 
the zine oxide paste, and triturate until a uniformly smooth prod- 
uct-is obtained. Then gradually incorporate the remainder of 
the liquid petrolatum. 


Assay for Resorcinol—The resorcinol is extracted from a weighed 
quantity of the Paste with hot water, then determined in the cooled 
solution or in aliquot portion of it by the method given in the Assay 
for Resorcinol. 

Assay for Zinc Oxide—An accurately weighed quantity of the Paste 
(about 1 Gm.) is carefully ignited until practically free from carbon. 
The residue, consisting of zinc oxide and possibly some metallic zine 
formed through reduction by the carbonaceous matter, is then as- 
sayed by the assay method described under Zinc Oxide. 
Storage—Keep the Paste in well-closed containers. 


Uses—See Resorcinol. 


Resorcinol Monoacetate N. F. Resorcinolis Monoacetas 
[Resorecin Monoacetate, Euresol, Sp. Monacetato de de Resorcinol] 


Resorcinol Monoacetate [CsHsO3 = 152.14] is mono- 
acetyl resorcinol. 

Preparation—It may be prepared by gently heating 
resorcinol with an equal weight of acetic anhydride and 
about 20 per cent of glacial acetic acid, then washing 
with small quantities of cold water to remove the acetic 
acid and drying at a low temperature. 


Description and Properties—A viscous, pale yellow or amber liquid 
with a faint characteristic odor and a burning taste. Its specific 
gravity is between 1.203 and 1.207. It boils at about 283° with de- 
composition. A saturated aqueous solution is acid to litmus paper. 
Resorcinol Monoacetate dissolves in alcohol and in most organic 
solvents. It is sparingly soluble in water. 

Identification—Mix a few drops of Resorcinol Monoacetate with 
300 mg. of phthalic anhydride and about 50 mg. of zine chloride and 
heat until well fused. Fluorescein is formed, recognizable by the 
intense blue fluorescence produced on dissolving a small portion of 
the fusion in 10 cc. of sodium hydroxide T.S. When gently heated 
with a little alcohol and a few drops of sulfuric acid, the odor of ethyl 
acetate is evolved. 

Tests for Purity— 

Loss on drying—Not more than 2.5 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Free Acid—A solution of Resorcinol Monoacetate in benzene is 
shaken well with water and then titrated with tenth-normal sodium 
hydroxide to the production of a yellow color, using methyl] orange as 
the indicator. Not more than 0.5 cc. of the sodium hydroxide is re- 
quired per 10 ce. of Resorcinol Monoacetate. 

Storage—Keep Resorcinol Monoacetate in tight, light-resistant con- 
tainers. 


Uses—This ester of resorcinol is widely used in 
treating alopecia, psoriasis, eczema, and other skin 
conditions, particularly of the scalp. 


THYMOL U.S. P. Thymol 


[Thyme Camphor, Sp. Timol] 


Thymol [Cio0Hi1.0 = 150. 21) is chemically 3-methyl- 
6-isopropylphenol. 

Preparation—Thymol is obtained from the volatile 
oil of Thymus vulgaris Linné (Fam. Labiatx) and some 


682 


other volatile oils by fractional distillation, which sepa- 
rates the terpenes. The portion distilling above 190° 
is collected, agitated with sodium hydroxide solution 
to separate more of the terpenes, and cooled. The com- 
pound of Thymol with sodium hydroxide is then reacted 
with hydrochloric acid, and the Thymol recrystallized 
from alcohol. Thymol has also been obtained from 
Monarda didyma Linné, M. punctata (horsemint), Ammi 
copticum, Ocymum basilicum, and Ptychotis agowan. 
A process for the synthesis of Thymol consists of react- 
ing equivalent quantities of m-cresol and isopropyl 
chloride at —10° in the presence of a solvent, using 
aluminum chloride as the catalyst. This is an applica 
tion of the Friedel Crafts reaction. Thymol may also 
be prepared from p-cymene. 
Description and Properties—Thymol occurs as colorless crystals, 
often large, or as a white, crystalline powder, having an aromatic, 
thyme-like odor and a pungent taste. It is affected by light. It 
melts between 48° and 51°, but when melted it remains liquid at a 
considerably lower temperature. Thymol is heavier than water, but 
when liquefied by fusion it is lighter than water. Its solution in alco- 
hol is neutral to litmus paper. When Thymol is triturated with an 
equal weight of camphor, menthol, chloral hydrate, and some other 
substances, the mixture liquefies. One Gm. of Thymol dissolves in 
about 1000 cc. of water, in 1 cc. of alcohol, in 1 cc. of chloroform, in 
cc. of ether, and in about 2 cc. of olive oil. Itis soluble in glacial acetic 
acid and in fixed or volatile oils. 

Identification—(1) To a solution of a very small crystal of Thymol in 
1 cc. of glacial acetic acid, add 6 drops of sulfuric acid and 1 drop of 
nitric acid. A deep bluish green color appears when viewed by re- 
flected light. (2) To a warm solution of about 100 mg. of thymol in 
1 cc. of sodium hydroxide solution (1 in 10) add 1 to 2 drops of chloro- 
form and shake gently. A violet color is produced. 
Tests for Purity— 

Non-volatile matter—Not more than 0.05 per cent. 
Storage—Preserve Thymol in tight, light-resistant containers. 


Uses—Thymol is a powerful germicide, chiefly used 
in mouth washes. Its phenol coefficient is about 50. 
It is employed internally as an intestinal antiseptic and 
vermifuge, especially against the hookworm. 

Average Dose—Anthelmintic, divided into 3 doses, 
2 Gm. (approximately 30 grains). 


Alkaline Aromatic Solution N. F. 
Liquor Aromaticus Alkalinus 


(Liq. Arom. Alk.—Liquor Antisepticus Alkalinus, N. F. IV, Alkaline 
Antiseptic Solution] 


Metric Alternative 
Phy ml sei crchse tn eter hee eee 0.5 Gm 7 gr. 
Potassium Bicarbonate........... 20.0 Gm 292 er. 
Sodium Borate a aneeec ee soe 20.0 Gm 292 gr. 
Eucalyptoln heated ete 1.0 cc 15 min 
MethyltSalicylatemsnrrntier eerie 0.5 cc 8 min. 
Amaranth :Solutione «rocco 14.0 cc 215 min. 
Micohol, Ae Ry eae eee ets eee 60.0 cc 1 fl.oz. 442 min. 
GIy Cetin ct pcos bene otro eodties iter 100.0 cc 3 fl. oz. 96 min. 
Distilled Water, a sufficient quan- 
tity, 
DOrMakews eg chehieie die te tewbeart er 1000 cc. 2 pints 


Mix the potassium bicarbonate and sodium borate with 100 ce. 
(3 fl. oz. 96 min.) of distilled water, and add the glycerin; when 
the effervescence has ceased, add the mixture to 500 ce. (1 pint) 
of distilled water. Dissolve the thymol, eucalyptol and methyl 
salicylate in the alcohol; then add the solution of the salts to the 
alcoholic solution, with constant agitation; finally add the 
amaranth solution and sufficient distilled water to make the prod- 
uct measure 1000 cc. (2 pints). Allow the mixture to stand, with 
occasional shaking during 24 hours; then filter, using 10 Gm. (146 
gr.) of tale, if necessary, to clarify the product. 


Description and Properties—A clear, bright red liquid, with an aro- 
matic odor and taste. It is alkaline to litmus paper. Its specific 
gravity is abont 1.042. 
Tests for Purity— 

Residue on ignition—Not less than 1.8 per cent and not more than 
2.2 per cent. 
Alcohol Content—From 4 to 7 per cent, by volume, of C:H;OH. 
Storage—Keep Alkaline Aromatic Solution in tight containers. 


Uses—This Solution is approximately isotonic with 
the body fluids and is, therefore, not irritant to mucous 
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membranes. It is extensively used as a nasal douche 
and throat gargle. 

For Oral Use—Undiluted; or for use in a dental 
spray bottle, diluted with 5 volumes of water. 


N. F. Antiseptic Solution 
Liquor Antisepticus N. F. 


{Liq. Antisept. N. F.] 


Metric Alternative 
Thy mole ae ee ee eee 0.5 Gm. 7% er: 
BoricvAcid' warrant ce act. 25.0 Gm 365 gr. 
Chlorothyimolaeeere ne 0.5 Gm 7% ger. 
Menthol: eerie eee 0.5 Gm. 7% gr. 
Eucalyptol. ee oa 0.1 cc. 1% min. 
Methyl Salicylate . Meee Sats ciate 0.2 cc. 3 min 
Thyme. Oil eee 0.01 cc. 349 min. 
Alcoholeh Ct aice iteee ee hee 300.0 cc 9 fl. oz. 288 min 
Distilled Water, a_ sufficient 
quantity, 
To-make sis eee et. 1000 cc. 2 pints 


Dissolve the boric acid in 650 ce. (20 fl. oz. 384 min.) of hot dis- 
tilled water and allow the solution to cool. Dissolve the other 
ingredients in the alcohol. Mix the two solutions and add suf- 
ficient distilled water to make the product measure 1000 cc. (2 
pints). Keep the product in a tightly closed container during 2 
hours or more; cool to 10°, then filter it at this temperature, using 
tale, if necessary, to clarify the product. 


Note—Specially denatured alcohol Formula No. 38- 
B (6 lb. of boric acid. 114 lb. each of thymol, chloro- 
thymol, and menthol in 100 gal. of ethanol) has been 
approved by the U.S. Treasury Department as suitable 
for use in this preparation provided that adjustment be 
made for the quantities of the formula ue SEN pres- 
ent in the denatured alcohol. 
Description and Properties—A clear, colorless liquid having an aro- 
matic odor and a characteristic taste. Its specific gravity is about 
0.971. It is acid to litmus paper. 
Tests for Purity—For details of the Quantitative test for boric acid and 
the Test for antiseptic value, see the N. F. VIII. 


Alcohol Content—From 26 to 29 per cent, by volume, of CepH;0OH. 
Storage—Keep N. F. Antiseptic Solution in tight containers. 


Uses—For external or oral use, undiluted. This is 
used chiefly as a mouth wash and for halitosis, and to in- 


sure germicidal action it must be used undiluted. 


Chlorothymol has been added to the formula to in- 
crease its antiseptic and germicidal efficiency. 


Aromatic Spray N. F. Nebula Aromatica 


(Nebul. Arom.—Aromatic Oil Spray, Aromatol, Sp. Pulverizacién 
Aromatica] 
Metric Alternative 
Thy mols nak ote an Oe en eee 1 Gm. 15 gr. 
Phenolsx3 etna aec teen eee 2 Gm 29 gr. 
Menthol tant sh. ener eee be 2 Gm. 29 gr. 
Calmphor® ai4n.ctte adie Bl eae ee ene 3 Gm 44 gr. 
BenzoiczA cid tye oe ee ee 3 Gm. 44 gr, 
Eucalyptol site mina act ee, cates ZiCCs 31 min. 
Cinnamon: O34 .6. oh nee ea ee 2 CC 31 min. 
Clove: Oil ee ke hc pean io seue enter 2 cc 31 min. 
Methyl Salicylate mea ean tere tear 5icc 77 min. 
Light Liquid Petrolatum, a sufficient quan- 
tity, : 
To malieyer ee cere nies ere oes ahh omer 1000 cc. 2 pints 


Mix the phenol, menthol, thymol, and camphor in a flask; warm 
the mixture on a water bath until liquefied; then add the aro- 
matic oils, eucalyptol, methyl salicylate, benzoic acid, and suf- 
ficient light liquid petrolatum to make the product measure 1000 
cc. (2 pints); mix thoroughly and filter if necessary. 


Storage—Keep Aromatic Spray in tight containers. ‘ 


Uses—A soothing inhalant, for catarrh of the nose 
and throat. 
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Chlorothymol N. F. Chlorothymol 
[Monochlorothymol—Sp. Clorotimol] 


Chlorothymol [Ci.Hi30Cl = 184.66] is 3-methyl-4- 
chloro-6-isopropylphenol. 

Preparation—This derivative of thymol is prepared 
by the action of swlfonylchloride on thymol dissolved in 
carbon tetrachloride or petroleum benzin as illustrated 
in the following equation: 


CeHs(CHs)(OH)(CsH7) + SO2Cla — 


thymol sulfonyl 
chloride 
CgHeCl(CHs)(OH)(C3H7) + HCl + #£SOe2 
chlorothymol hydrogen sulfur 
chloride dioxide 


Description and Properties—Chlorothymol occurs as white crystals, 
or as a crystalline, granular powder, possessing a characteristic odor, 
and an aromatic, very pungent taste. It usually becomes discolored 
with age, acquiring a yellowish or brownish color, and is affected- by 
light. Chlorothymol melts between 59° and 61°. An aqueous ex- 
tract of chlorothymol (1 in 20) is neutral to litmus paper. One Gm, 
of Chlorothymol dissolves in about 0.5 cc. of alcohol, in about 2 ec. 
of benzene, in about 2 cc. of chloroform, in about 1.5 cc. of ether, and 
in about 10 ce. of petroleum benzin. One-tenth Gm. of Chlorothymol 
dissolves completely in 100 cc. of a mixture of 1 volume of alcohol and 
3 volumes of distilled water. It is soluble in dilute aqueous solutions 
of sodium hydroxide, but is almost insoluble in water. 

Identification—(1) It responds to Identification test given under 
Thymol; a pink color is produced which becomes red or brownish red 
on standing. (2) The residue, obtained from a fusion with sodium 
carbonate, is extracted with dilute nitric acid. Silver nitrate T.S. 
produces a copious, white precipitate of AgCl in the filtrate. 
Tests for Purity— 

Residue on ignition—Not more than 0.05 per cent. 
Storage—Keep Chlorothymol in well-closed, light-resistant con- 
tainers, and avoid continuous exposure to excessive heat. 


Uses—This substance has greater germicidal value 
than thymol and is added to N. F. Antiseptic Solution 
to increase its efficiency as an antiseptic and germicide. 

The phenol-coefficient value of Chlorothymol with 
typhoid as the test organism, without organic matter 
present, is 63.3; with organic matter present it becomes 
21.7. With staphylococcus as the test organism, with- 
out organic matter present, the phenol-coefficient has 
been determined as 158, and with organic matter pres- 
ent, as 57.3. 


Thymol Iodide N. F. Thymolis lodidum 
[Thymol. Ilodid.—Aristol, Sp. Yoduro de timol] 


Thymol Iodide is a mixture of iodine derivatives of 
thymoi, principally dithymoldiiodide [(CsH2.CHs.- 
C3H,.01)2], containing, when dried over sulfuric acid 
for 18 hours, not less than 48 per cent of iodine. 

Preparation—Thymol Iodide is prepared by dissolv- 
ing 10 parts of thymol and 12 parts of potassium hy- 
droxide in 120 parts of water and adding to the clear 
solution a solution of 40 parts of iodine and 55 parts of 
potassium iodide in 120 parts of water. The precipitate 
of thymol iodide is washed well with water until the 
washings cease to give a reaction for iodide, then dried 
at about 50°. ; 


Description and Properties—Thymol Iodide occurs as a reddish brown 
or reddish yellow, bulky powder, with a very slight, aromatic odor. 
It is affected by light. It is not affected by cold hydrochloric or sul- 
furic acids; but when heated with the latter acid it decomposes with 
the liberation of iodine. Thymol Iodide is readily soluble in chloro- 
form, in ether, in collodion, and in fixed and volatile oils, usually 
leaving a slight residue. It is slightly soluble in alcohol. Thymol 
Iodide is insoluble in water and in glycerin; and in cold and in hot 
solutions of the fixed alkali hydroxides. 
Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Not more than 1.5 per cent. _ 

Alkali hydroxide or carbonates—None indicated by litmus paper. 

Free iodine—The addition of starch T.S. to an aqueous extract of 
Thymol Iodide (1 in 20) should produce no blue color. : 

Soluble halide—Not more than 2 per cent as KI. Determined tur- 
bidimetrically with silver nitrate. : , 
Assay—The Thymol Iodide is mixed with 10 to 15 times its weight of 
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anhydrous potassium carbonate and heated at a dull red heat. The 
Thymol Iodide is decomposed and the iodine is converted into KI. 
The latter is completely extracted from the charred mass with hot 
water and the solution heated with a moderate excess of potassium 
permanganate solution which oxidizes the potassium iodide to iodate. 
The excess of permanganate is removed by the addition of alcohol 
which is oxidized by it to acetate (and aldehyde). The solution is 
filtered and made up to a definite volume with water, and the iodate 
determined in the filtrate or an aliquot portion by adding potassium 
iodide and excess diluted sulfuric and titrating the liberated iodine 
with tenth-normal sodium thiosulfate. Hach cc. of tenth-normal 
sodium thiosulfate is equivalent to 2.115 mg. of iodine. This equiva- 
lent is 4 of the normal equivalent of 12.692 mg. for tenth-normal 
sodium thiosulfate because one molecule of iodate, derived from one 
atom of iodine, liberates six iodine atoms. See the following equation: 


(1) For complete combustion: 
(CyoH i201) 2 + K2COg3 + 241602 — 2KT + 12H2O + 21CO2g 


thymol potassium potassium water carbon 
iodide carbonate iodide dioxide 


(2) KI + 2KMnO, + H2O — KIO3 + 2KOH + 2MnOzg 


potassium potassium water potassium potassium manganese 
iodide permanganate iodate hydroxide dioxide 


(3) KIO3 + 5KI + 6H2SO4 > 3lg + 6KHSO4 + 3H20 


‘potassium potassium sulfuric iodine potassium water 
iodate iodide acid bisulfate 
(4) Ig + 2NaeS203 — 2Nal + NagS40g 
iodine sodium sodium sodium 
thiosulfate iodide tetrathionate 


Storage—Keep Thymol Iodide in tight, light-resistant containers. 


Uses—Thymol Iodide is used in antiseptic surgery as 
a substitute for iodoform as an external application to 
ulcerations and various skin infections. It is sometimes 
used as a dusting powder in nose and throat diseases. 


TRINITROPHENOL N. F. Trinitrophenol 
[Trinitrophen.—Picric Acid, Sp. Trinitro Fenol, Acido Picrico] 


Caution—Trinitrophenol explodes when heated. rap- 
idly or when subjected to percussion. For safety in trans- 
portation, Trinitrophenol is usually mixed with from 10 
to 20 per cent of water. 

Trinitrophenol [CgH2(NOs)s0H = 229.11] is 2,4,6- 
trinitrophenol. 

Preparation—Picric Acid is obtained by nitrating 
phenolsulfonic acid, which is made by the action of 
concentrated sulfuric acid on phenol. 

It may also be prepared from benzene by converting 
it first to monochlorobenzene [CgH5Cl] which upon 
nitration forms 1-chloro-2,4-dinitrobenzene [C.H3Cl- 
(NOs)2|.. This substance is converted to 2,4-dinitro- 
phenol upon boiling with a sodium carbonate solution 
and finally, upon further nitration, Trinitrophenol is 
produced. 


Description and Properties—Trinitrophenol occurs as pale, yellow 
prisms or scales. It is odorless and has an intensely bitter taste. An 
aqueous solution is acid to litmus paper. It melts between 121° and 
122°. The yellow color of its aqueous solution becomes more intense 
on the addition of alkali salts and red on the addition of ammonium 
sulfide. With the latter reagent ammonium picramate [NH40C.6H 2- 
(NOg)eNHg] is formed: with alkali cyanides the potassium salt of 
iwsopurpuric acid is produced. Picric acid dyes the skin, wool, and 
other animal fibers yellow but not cotton fibers. Aqueous solutions 
of picric acid produce precipitates with solutions of most alkaloidal 
salts. One Gm. of Trinitrophenol dissolves in 80 cc. of water, 12 cc. 
of alcohol, 35 cc. of chloroform, or in about 65 cc. of ether, One Gm. 
dissolves in about 15 ce. of boiling water. 
Tests for Purity— 

Insoluble matter—Not more than 0.2 per cent insoluble in benzene. 

Sulfate—Practically none. 
Storage—Keep Trinitrophenol in well-closed containers and avoid ex- 
posure to excessive heat. 
Incompatibilities—Albumin, gelatin, and most alkaloids are precipi- 
tated. Trinitrophenol may explode if triturated or heated with sub- 
stances which are easily oxidized. ; 


Uses—Trinitrophenol is both germicidal and anes- 
thetic. It finds special usefulness in the treatment of 
burns and exudative wounds for which purpose it is 
employed as a 1 per cent aqueous solution. A 5 per cent 
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alcoholic solution is of value in skin disorders such as 
the vesicular stage of epidermophytosis, eczema, etc. 
Picric acid is highly toxic if absorbed and should not 
be applied too extensively. 

In urinalysis it is employed as a reagent to detect and 
estimate albumin. It is very explosive when dry, there- 
fore the above caution concerning Transportation must 
be observed. 


ZINC PHENOLSULFONATE N. F. 
Zinci Phenolsulfonas 


(Zinc. Phenolsulf.—Zinc Sulfocarbolate] 


Zine Phenolsulfonate [Zn(HOC.H.8O3)2.8H20 = 
555.83] contains not less than 73.7 per cent and not 
more than 77.4 per cent of anhydrous zinc phenolsulfon- 
ate [Zn(HOC.H.8O3s)2 = 411.70], corresponding to 
not less than 99.5 per cent of the hydrated salt. 

Preparation—It is made by dissolving zine or zine 
oxide in phenolsulfonie acid. 


2HOC,.H4aSO3H + Zn =. (HOC.gH48S03)2oZn + He 
phenolsulfonic zine zinc hydrogen 
aci phenolsulfonate 


Phenolsulfonic acid is made by mixing phenol with con- 
centrated sulfuric acid in molecular proportions and 
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keeping the mixture at about 50° until the reaction is 
practically complete. 


HOC.H5 ot H2S04 —* HOC,.H4SO03H + H,O0 


phenol sulfuric phenolsulfonic water 
acid aci 


Any unreacted sulfuric acid is removed by the addition 
of just sufficient barium phenolsulfonate. 


Description and Properties—Colorless prisms or tabular crystals, or 
as white granules or powder. It is odorless, and has an astringent, 
metallic taste. When exposed to the air it effloresces, and upon ex- 
posure to light and air, may become slightly pink. Its solution (1 in 
10) is acid to litmus. The salt responds to the identification reactions 
for zinc, and its aqueous solution (1 in 100) is colored pale violet by 
ferric chloride T.S. (phenolsulfonie acid). A white precipitate is pro- 
duced when ammonium carbonate T.S. is added to an aqueous solu- 
tion of the salt (1 in 20), and completely redissolves upon addition of 
an excess of the reagent. One Gm. dissolves in 1.6 cc. of water, 1.8 ec. 
of alcohol, or 0.4 ec. of boiling water. 
Tests for Purity— 

Sulfate—Not more than 0.04 per cent as SO4. 

Arsenic limit—10 parts per million. 
Assay—See Assay under Zinc Sulfate. The weight of the zine oxide 
obtained multiplied by 5.059 represents its equivalent of anhydrous 
zinc phenolsulfonate. 
Storage—Keep Zinc Phenolsulfonate in tight, light-resistant con- 
tainers. 


Uses—It is used as an antiseptic, astringent, and 
stimulant. Internally, it may be given in doses of 2 
grains. 

Average Dose—0.125 Gm. (approximately 2 grains). 


THE PHTHALEINS 
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Fluorescein Sodium 


Sulfobromophthalein Sodium 


The first compound of this class, phenolphthalein, 
was synthesized by Bayer in 1871 from phenol and 
phthalic anhydride, hence the name phthalein. This is 
now a generic name for products resulting from the con- 
densation of phenols with phthalic anhydride or its 
substituted derivatives as in phenolsulfonphthalein, 
iodophthalein, or sulfobromophthalein. 

The color of the free phthaleins and of their aqueous 
or alcoholic solutions is colorless to red, but they all 
give intensely colored solutions by the addition of a 
small amount of alkali hydroxides or carbonates, due 
to the formation of a quinoid structure. Free phthaleins 
are insoluble in water, but dissolve readily in solutions 
of alkali hydroxides and in alcohol. The addition of 
concentrated alkali hydroxide usually causes the color 
to disappear. 

Owing to the eifferented in the color of their acid (or 
neutral). and alkaline solutions, phthaleins are exten- 


sively used as indicators in volumetric analysis of acids 
and bases as well as in the determination of pH. Some 
of them are also used as dyes. 


FLUORESCEIN SODIUM U. S. P. 
Fluoresceinum Sodicum 


[Fluoresc. Sod. —Soluble Fluorescein, Resorcinolphthalein ae 
Uranin, Uranine Yellow, Sp. Fluoresceina sodica] 


Fluorescein Sodium [CeoHi00s;Naz = 376.27], when 


dried to constant weight at 105°, contains not less than — 


98.5 per cent of Goypls lng) 5Nas. 

Preparation—lIt is prepared by heating 7 parts of 
resorcinol with 5 parts of phthalic anhydride at 195° to 
200° until the mixture solidifies. The mass is then dis- 
integrated and boiled with water to remove soluble 
impurities. The residue is treated with sodium hydrox- 
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ide solution and filtered. From the filtrate the fluores- 
cein is precipitated with acid, and, after purification by 
dissolving in sodium hydroxide and reprecipitating with 
acid, the fluorescein is dissolved in the required amount 
of sodium hydroxide solution and evaporated to dryness 
on a steam bath. 


Description and Properties—Fluorescein Sodium is an orange-red, 
odorless powder. It is hygroscopic. Its aqueous solution is strongly 
fluorescent even in extreme dilution; the fluorescence disappears 
when the solution is made acid, and reappears when the solution is 
again made alkaline. On placing 1 drop of a solution of Fluorescein 
Sodium (1 in 2000) upon a piece of filter paper, a yellow spot is 
produced, which, when exposed while moist to the vapor of bromine 
for 1 minute and then to ammonia vapor, becomes deep pink in color. 
Fluorescein Sodium is freely soluble in water and sparingly soluble 
in alcohol. 

Tests for Purity— 

Loss on drying—Not more than 7 per cent. 

Acriflavine—The addition of a few drops of sodium salicylate 
solution (1 in 10) to a solution of 10 mg. of Fluorescein Sodium in 5 cc. 
of water produces no precipitate. 

Zinc—The test for absence of zinc is designed to exclude zine fluores- 
cein which has been used in diplobacillus conjunctivitis. The 
U.S. P. requires that the filtrate, obtained by dissolving 100 mg. of 
Fluorescein Sodium in 10 ce. of saturated aqueous sodium chloride 
solution and adding hydrochloric acid to precipitate the fluorescein 
and filtering, should give no turbidity (zinc ferrocyanide) on the addi- 
tion of 1 ce. of potassium ferrocyanide T.S. The object of using 
water saturated with NaCl is to more completely precipitate the 
fluorescein which otherwise would be precipitated with the ferro- 
cyanide and mistaken for zinc. 

Assay—The fluorescein is precipitated from the aqueous solution of 
a weighed quantity of the dried compound by the addition of hydro- 
chloric acid. The precipitate is completely extracted with several por- 
tions of a mixture of equal volumes of isobutyl alcohol and chloroform, 
the solution is evaporated on the steam bath, and the residue of 
fluorescein is dried at 105° and weighed. The weight multiplied by 
1.132 represents Fluorescein Sodium. 

Storage—Keep Fluorescein Sodium in tight containers. 


Uses—Soluble Fluorescein in 2 per cent aqueous solu- 
tion has been used for the diagnosis of corneal lesions 
and the detection of minute foreign bodies embedded 
in the cornea.! While a weak solution of fluorescein will 
not, stain the normal cornea, ulcers or parts deprived of 
epithelium will become green and remain so for a time; 
foreign bodies will appear surrounded by a green ring; 
loss of substance in the conjunctiva is indicated by a 
yellow hue. Fluorescein also reveals defects or disease 
of the endothelium of the cornea, producing a deep 
coloration of the diseased area. 


IODOPHTHALEIN SODIUM U. S. P.—See Radio- 
paque Iodine Compounds (page 606). 


PHENOLPHTHALEIN U. S. P. 
Phenolphthaleinum 


Phenolphthal.—Sp. Fenolftaleina] 
Preparation—Phenolphthalein [CooHi,04 = 318.31] 


results from the condensation of phthalic anhydride 
with phenol. 


C.eH40H 
1 a C—C,.H,0H 
x phenol Ni water 
C==)) C=0 
pkthelic phenolphthalein 
anhydride | 


A mixture of 10 parts of phenol, 5 parts of phthalic 
anhydride, and 4 parts of sulfuric acid is heated at 120° 
for 10 or 12 hours. The product is extracted with 
- boiling water, then the residue dissolved in dilute so- 
~ dium hydroxide solution, filtered, and precipitated with 
acid. 
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Description and Properties—Phenolphthalein occurs as a white or 
faintly yellowish white, crystalline powder. It is odorless, and is 
stable in air. It melts not lower than 258°. Phenolphthalein dis- 
solves in solutions of alkali hydroxides or carbonates with a red color 
which is discharged by an excess of acid or by heating with zinc dust, 
the decolorization with the latter agent resulting from reduction. 
Phenolphthalein is almost insoluble in water. One Gm. of it dissolves 
in 15 ce. of alcohol, and in about 100 cc. of ether. 
Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on tgnition—Not more than 0.1 per cent. 

_Arsenic—10 parts per million. 

Heavy metals limit—15 parts per million. 


Color of solution—A solution of 500 mg. of Phenolphthalein in 30 ce. 
of alcohol is colorless. 


Sensitiveness—A mixture of 50 cc. of carbon dioxide-free water and 
0.5 ce. of an alcohol solution of Phenolphthalein (1 in 100) requires 
not more than 0.25 cc. of fiftieth-normal sodium hydroxide to produce 
a pink color. 

Fluorane (the anhydride of phenolphthalein)—None. One-half 
Gm. of phenolphthalein dissolves completely in 4 cc. of sodium 
hydroxidé T.S. mixed with 50 ce. of water. 

Storage—Keep Phenolphthalein in well-closed containers. 


Uses—Phenolphthalein is one of the most widely 
used of the cathartic drugs, being the basis of many pro- 
prietary laxatives. When taken orally, it is dissolved 
by the intestinal juices and bile and stimulates the 
intestinal musculature, chiefly that of the colon. It 
acts within 4 to 8 hours after ingestion. In susceptible 
individuals, Phenolphthalein may cause a skin rash. 
It should also be remembered that Phenolphthalein 
colors an alkaline urine red, and small portions may 
appear in the urine after oral ingestion. The cathartic 
dose is 0.1 to 0.2 Gm. It is also used as an indicator in 
volumetric analysis. 

Average Dose—60 mg. (approximately 1 grain). 


Phenolphthalein Tablets N. F. Tabelle 
Phenolphthaleini 


[Tab. Phenolphthal.—Sp. Tabletas de Fenolftaleina] 


Phenolphthalein Tablets contain not less than 92.5 
per cent and not more than 107.5 per cent of the labeled 
amount of phenolphthalein [C2o.H; 404]. 


Identification—T he Phenolphthalein in the tablets is readily identi- 
fied by the red color produced with solutions of alkali hydroxide or 
carbonate and which is discharged upon adding a slight excess of acid. 
Assay—The tablets are assayed for their phenolphthalein content by 
reacting upon the latter with iodine solution and weighing the result- 
ing tetraiodophenolphthalein: A weighed portion of the counted and 
powdered tablets is gently refluxed with alcohol to dissolve the phenol- 
phthalein. After cooling, the solution is made up with alcohol to an 
exact volume, and an aliquot portion of the solution is evaporated to 
dryness. The residue is dissolved in just sufficient concentrated potas- 
sium hydroxide solution. An excess of a concentrated iodine-potas- 
sium iodide solution is added, followed by potassium hydroxide 
solution until the iodine color is discharged. Tetraiodophthalein 
(iodophthalein) thus formed is precipitated upon acidification of the 
solution with hydrochloric acid. Fat from the tablets is removed with 
petroleum benzin. The precipitate, after suitable purification, is 
filtered, washed, dried, and weighed. Its weight multiplied by 0.3872 
represents the phenolphthalein. 

Storage—Keep the Tablets in.tight containers. 


Uses—See Phenolphthalein. 
Average Dose—60 mg. (approximately 1 grain) of 
Phenolphthalein. 


PHENOLSULFONPHTHALEIN U. S. P. 
Phenolsulfonphthaleinum 


[Phenolsulfonphthal.—Phenol Red, Sp. Fenolsulfonftaleina] 


Preparation—Phenolsulfonphthalein [C,.H:,0;8 = 
354.36] may be made by fusing the anhydride of o0- 
sulfobenzoic acid with phenol. The o-sulfobenzoic 
anhydride may be obtained by heating the acid with 
phosphorus pentoxide whereby OH from the COOH 
and the hydrogen from the SOsH are abstracted as 
H,0. 
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Description and Properties—A crystalline powder, varying in color 
from bright to dark red. Itisstablein air. One Gm. of Phenolsulfon- 
phthalein dissolves in about 1300 ce. of water and in about 350 ce. of 
alcohol. It is almost insoluble in chloroform and in ether. It is 
readily soluble in solutions of alkali hydroxides and their carbonates. 

Identification—(1) It dissolves in solutions of alkali hydroxides and 
carbonates producing deep red to violet-tinted red solutions accord- 
ing to the concentration of the Phenolsulfonphthalein. The red color 
of these solutions is changed to orange or yellow by the addition of a 
slight excess of acid. (2) To about 5 mg. of Phenolsulfonphthalein in 
a few drops of sodium hydroxide T.S. add 2 cc. of tenth-normal bro- 
mine and 1 ce. of diluted hydrochloric acid, shake well, and allow to 
stand for 5 minutes. Make the solution alkaline with sodium hydrox- 
ide T.S.: an intense blue-violet color is produced. 

Tests for Purity— : 

Sensitiveness—Add 1 ec. of an alcohol solution of Phenolsulfon- 
phthalein to 100 ce. of carbon dioxide-free water, then add 0.5 cc. of 
fiftieth-normal sodium hydroxide. An intensely red color is produced. 

Arsenic limit—10 parts per million. 

Residue on ignition—Not more than 0.2 per cent. 

Loss on drying—Not more than 1 per cent. 

Substances insoluble in sodium bicarbonate solution—Not more than 


0.2 per cent. nb ge ; 
Storage—Keep Phenolsulfonphthalein in well-closed containers. 


Uses—Phenolsulfonphthalein is used for determining 
the functional actrvity of the kidney. When injected 
intramuscularly or intravenously, it begins to be ex- 
creted in normal cases in from 5 to 10 minutes. In case 
of a deficient functional activity, the first appearance 
of its secretion is delayed. In normal cases, after intra- 
muscular injections, almost the total amount is ex- 
creted within 2 hours (from 60 to 80 per cent). Failure 
to excrete nearly the full amount within 2 hours indi- 
cates a deficient functional activity, and the degree of 
this functional deficiency may be estimated by the 
proportionate amount excreted within 2 hours. ‘The 
average normal eliminations after intravenous adminis- 
tration are from 35 to 45 per cent in 15 minutes, from 
50 to 65 per cent in 30 minutes, and from 65 to 80 per 
cent in the first hour. 

Dose—One cc. of a sterile solution, containing 0.006 
Gm. (approximately 149 grain) of Phenolsulfonphthalein 
as the monosodium salt, is injected into the lumbar 
muscles. Great care must be taken that all of the solu- 
tion is injected. 

From 20 minutes to half an hour before administering 
the test, the patient is given from 200 to 400 ce. of water 
in order to insure free urinary excretion; otherwise de- 
layed time of appearance may be due to lack of excre- 
tion. 

Under aseptic precautions a catheter is introduced 
and the bladder is completely emptied, or the patient is 
allowed to empty it voluntarily. The time is noted, and 
1 cc. of a carefully prepared solution of the Phenolsul- 
fonphthalein containing 6 mg. to the ce. is accurately 
administered intramuscularly or intravenously by means 
of an accurately graduated syringe. 

The urine is allowed to drain into a test tube in which 
has been placed a drop of 25 per cent sodium hydroxide 
solution, and the time of the appearance of the first faint 
pinkish tinge is noted. 

In patients having no urinary obstruction, the 
catheter is withdrawn at the time of the appearance of 
the drug in the urine. If injection is made intramuscu- 
larly, the patient is instructed to void into a receptacle 
at the end of 1 hour and 10 minutes, and into a second 
receptacle at the end of the second hour. If injection is 
made intravenously, the patient is instructed to void into 
a receptacle at the end of 15 or 30 minutes or 1 hour. . 

When the passing of a catheter is disagreeable and 
no urinary retention is present, its use can be dispensed 
with and the time of appearance of the drug can be dis- 
regarded. 

The urine collected is made alkaline with a 25 per 
cent solution of sodium hydroxide and then diluted to 
1 liter. The solution is thoroughly mixed and a small 
filtered portion taken to compare with the standard 
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which is used for all of these estimations. Comparison 
is made in a colorimeter, a special form of which has 
been devised for this purpose. 


Phenolsulfonphthalein Injection U. S. P. — Injectio 


Phenolsulfonphthaleini ; 
{Inj. Phenolsulfonphthal.—Sp. Inyeccion de Fenolsulfonftaleina] 


Phenolsulfonphthalein Injection is a sterile solution 
of phenolsulfonphthalein rendered soluble with soduim 
bicarbonate or sodium hydroxide in isotonic sodium 
chloride solution made with water for injection. It 
contains not less than 95 per cent and not more than 
105 per cent of the labeled amount of C,9H,,0;S. It 
meets the requirements of the Sterility Test for Liquids 
(page 126). 

The Injection may be prepared as follows, using pro- 
portional quantities for other strengths: 


Metric Alternative 
Phenolsulfonphthalein............... 6 Gm 88 er. 
Sodium Chioridesoqeenncnce sens 9 Gm 131 gr. 
Sodium Bicarbonate . 4.010. 0 meen 1.43 Gm 21 gr. 
Water for Injection, a sufficient quan- 
tity, 5 eR eR i 
Tofmaked teeing eee eee 1000 CCS 2 pints 


To the phenolsulfonphthalein contained in a beaker of about 
500 ce. capacity, add 100 cc. of water for injection, then dissolve 
the sodium bicarbonate, added in small portions, and with stir- 
ring. Add the sodium chloride, and boil the mixture gently until 
the volume of the solution has been reduced to about 70 ec. 
Filter through a pledget of sterile cotton into a suitable flask, and 
wash the filter with water for injection. Dilute to about 950 cc. 
with water for injection, and test the solution for sensitiveness 
as directed below. If necessary, adjust the solution so that it 
will conform to the test for sensitiveness by adding sufficient weak 
solution of sodium hydroxide. Then dilute with water for injec- 
tion to 1000 ce., mix well, distribute in suitable containers, and 
earn preferably by Process C. See Sterilization Processes (page 
121). 


Note—The 1.43 Gm. of sodium bicarbonate may be 
replaced by 17 ec. of normal sodium hydroxide. 

The Injection also conforms to the other require- 
ments under Injections (page 249). 


The Injection responds to the Identification tests given under 

Phenolsulfonphthalein, and meets the following test: 

~ Sensitiveness—Dilute a portion of the Injection with water to a 
concentration of about 1 mg. of phenolsulfonphthalein per 1 cc. of 
the dilution. Add 0.2 ec. of this dilution to 50 cc. of carbon dioxide- 
free water, then add 0.2 cc. of fiftieth-normal sodium hydroxide. 
A strong violet-tinted pink color is produced, which changes to pale 
yellow upon the addition of 0.2 cc. of fiftieth-normal sulfuric acid. 
Assay—The assay method is based on the property of phenolsulfon- 
phthalein to combine with 4 atoms of bromine, with the replacement 
of 4 hydrogens, forming phenolsulfontetrabromophthalein [Ci9H 0- 
Br4O58], the substitution taking place in the phthalic acid portion of 
the compound. An accurately measured volume of the Injection, 
equivalent to 40 to 50 mg. of phenolsulfonphthalein, is diluted with 
some water and 15 cc. of tenth-normal bromine is added, followed with 
2 ec. of hydrochloric acid to liberate the bromine. The mixture is 
shaken for 1 to 2 minutes and the excess of bromine is then deter- 
mined by adding potassium iodide solution to the mixture and titrat- 
ing the liberated iodine with tenth-normal sodium thiosulfate (see the 
Assay under Phenol). Each cc. of tenth-normal bromine consumed 
corresponds to 4.429 mg. of phenolsulfonphthalein [C}9H1405S]. 
Storage—Keep the Injection preferably in single-dose, hermetic con- 
tainers, or in other suitable containers. See Containers For Injec- 
tions (page 255). 


Uses—See Phenolsulfonphthalein. 


Average Dose—Dviagnostic—Intravenous or intra- 
muscular, 6 mg. (approximately 149 grain). 


SULFOBROMOPHTHALEIN SODIUM U. S. P. 
Sulfobromophthaleinum Sodicum 


[Sulfobromophthal. Sod.—Bromsulfalein Sodium, Bromtetragnost, Sp. 
Sulfobromoftaleina Sdédica] 


Sulfobromophthalein Sodium [CooHsBrs01082Naz =~ 
838.04] is disodium phenoltetrabromophthalein disu]. 
fonate. : 


¥ 
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Preparation—Tetrabromophthalic anhydride, made 
by brominating phthalic anhydride in alkaline solution 
(sodium phthalate) and precipitating with acid, is con- 
densed with phenol by a process similar to that used 
for fluorescein. The resulting phenoltetrabromo- 
phthalein is sulfonated by treatment with sulfuric acid, 
and the disulfonic acid so obtained converted into the 
sodium salt with sodium carbonate. 


Description and Properties—Sulfobromophthalein Sodium occurs as 
a white, crystalline powder. It is odorless and has a bitter taste. It is 
hygroscopic. Sulfobromophthalein Sodium is soluble in water, but is 
insoluble in alcohol and in acetone. 

Identification—(1) On adding a few drops of sodium hydroxide T:S. 
to a solution of about 1 mg. of Sulfobromophthalein Sodium in 50 ce. 
of water an intense bluish purple color is produced. (2) When ignited 
with sodium carbonate and the charred mass extracted with hot water, 
the solution will yield the reactions for bromide. (3) It responds to 
the flame test for sodium. 

Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Sensitiveness—Add 0.2 cc. of an 0.1 per cent aqueous solution of 
Sulfobromophthalein to 50 cc. of carbon dioxide-free water, then add 
0.2 ce. of fiftieth-normal sodium hydroxide: a strong violet color is 
produced, which is discharged by the addition of 0.2 cc. of fiftieth- 
normal sulfuric acid. 

Color and completeness of solution—A solution of 200 mg. of Sulfo- 
bromophthalein Sodium in 10 cc. of water is complete and colorless. 

Halide ions—Practically none. 

Sulfate—Practically none. 

Storage—Keep Sulfobromophthalein Sodium in tight containers. 


Uses—Sulfobromophthalein is used for the deter- 
mination of liver function. It is injected intravenously 
as a 5 per cent solution in the dose of 2.0 mg. per kilo- 
gram of body weight. Thirty minutes later a sample 
of blood is drawn and the dye content of the alkalinized 
serum is compared with a series of standards. The 
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normal liver excretes most of the dye within a period of 
30 minutes. 


Sulfobromophthalein Sodium Injection U. S. P. 
Injectio Sulfobromophthaleini Sodici 


[Inj. Sulfobromophthal. Sod.—sSp. Inyeccién de Sulfobromoftaleina 
Sédica] 


Sulfobromophthalein Sodium Injection is a colorless, 
or almost colorless, sterile solution of sulfobromophthal- 
ein sodium in water for injection. It contains not less 
than 94 per cent and not more than 106 per cent of the 
labeled amount of CaoHsBraOio0S2Nae. It meets the 
requirements of the Sterzlity Test for Liquids (page 126). 

Sterilize Sulfobromophthalein Sodium Injection pref- 
erably by Process F. See Sterilization Processes (page 
121). 

The Injection also conforms to the other requirements 
under Injections (page 249). 

Identification—The presence of sulfobromophthalein can be estab- 
lished by the Identification tests given under Sulfobromophthalein. It 
also meets the requirements for Sensitiveness described there. 
Assay—This Injection is assayed for its content of sulfobromo- 
phthalein by evaporating a measured volume to dryness on a steam 
bath, drying the residue at 100° and weighing it. 

Storage—Keep Sulfobromophthalein Sodium Injection preferably in 


single-dose, hermetic containers or in other suitable containers. 
See Containers for Injections (page 255). 


Average Dose—TIntravenous, 2 mg. (approximately 
4 grain) of Sulfobromophthalein Sodium for each 
kilogram of body weight. 


COAL TAR, ITS DERIVATIVES, AND RELATED SYNTHETIC SUBSTANCES 


Coal is fossil fuel, which is found in the earth at vari- 
ous depths, and which has been formed by the decom- 
position of prehistoric cellulose and lignin, under the 
changing influences of moisture, temperature, and pres- 
sure to which it has been subjected. The differences in 
the structure and composition of coal are undoubtedly 
due to the variations in these influences, as well as to 
the variations in the character of the vegetable tissues. 

When bituminous coal is destructively distilled, an 
exceedingly important group of fractions and products 
is obtained as explained by the accompanying illustra- 
tion and in the following paragraph under coal tar. 

Coal tar is a by-product of the coking of coal for the 
steel and illuminating gas industries. At one time it 
was considered worthless and large sums were spent 
in getting rid of it. Organic chemists had experimented 
with it because of its complex character and the inter- 
esting compounds obtainable from it. In 1856, the 
English chemist, W. H. Perkin, while making an inef- 
fectual attempt to synthesize quinine, accidentally 
discoyered the first coal-tar color while experimenting 
with one of the derivatives of coal tar. The value of 
coal tar became evident and at present it is so necessary 
to organic chemical manufacture that even if gas were 
no longer used for domestic purposes, coal would be 
subjected to destructive distillation for the sake of the 
coal tar. 

When coal tar is subjected to fractional distillation, 
a number of valuable commercial products are obtained 
directly from it. These are properly termed coal tar 
fractions. The substances of value which are produced 
by chemical reactions, using these coal tar fractions as 
the starting point, are called coal tar derivatives. Some 
substances not actually existing in coal tar are so fre- 
quently used in the manufacture of synthetic products 
that they are known as coal tar intermediates. The 
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term coal tar product has been loosely and indefinitely 
applied to any member of these groups. The first frac- 
tions obtained in the distillation of coal tar are complex 
mixtures in themselves and are called light oils, middle 
or carbolic oils, heavy or creosote oils, and anthracene 
oils; a non-volatile residue called piuch remains in the 
still. 

Each of these fractions is subjected to redistillation 
and the simple products are separated from each other 
by various chemical and physical methods. Ammonium 
sulfate is obtained from the aqueous portions of the 
distillate from coal and a small additional amount is 
separated from the coal tar itself. Among the fractions 
of the light oils are carbon disulfide, pentane, hexane, 
acetonitrile, benzene, toluene, xylene, cumene, and other 
hydrocarbons of the paraffin and benzene series. 


From the middle oils are obtained naphthalene, 
phenols, and cresols. The heavy oils yield naphthalene, 
dinaphthalene, methylnaphthalene, xylenol, naphthol, 
and paraffins. The “‘heavy oil’ finds its principal use as 
a timber preservative, as wood when impregnated with 
the material under pressure resists decay, and is known 
as creosoted lumber. It will be noted that no creosote, 
such as obtained from wood tar, is present in this frac- 
tion, so the term is a misnomer. 

The anthracene oils contain a small amount of phenol, 
but the main constituent, anthracene, is one of the most 
valuable of all the coal tar fractions. There are also 
present small amounts of methylanthracene, phenan- 
threne, diphenyl, naphthalene, pyrene, retene, carbazol, 
pyridine, quinoline, and aniline. 

Among the more important of the intermediates 
previously mentioned are a-naphthylamine, a-nitro- 
naphthalene, aniline, benzidine, Cleve’s acid, cresotinic 
acid (also known as cresotic, homosalicylic, or toluic. 
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acid), dianisidine, dimethylaniline, dinitrobenzene, di- 
nitrochlorobenzene, dinitrophenol, dinitrotoluene, di- 
phenylamine, gamma acid, H acid, Laurent’s acid, m- 
mtraniline, m-phenylenediamine, m-toluenediamine, 
mixed mononitrotoluenes, mixed tolucdines, monochloro- 
benzene, Neville and Winter’s acid, nitrobenzene, o- 
mitrotoluene, o-toluidine, p-aminophenol, p-nitraniline, 
p-nitrochlorobenzene, p-nitrotoluene, p-toluidine, picric 
acid, salicylic acid, sodium metanilate, sodium naphthio- 
nate, sodium picramate, sulfanilic acid,monochlorobenzene, 
dichlorobenzene, and toluidine. 

Some of these have valuable uses in medicine and 
pharmacy, and some are found as coal tar fractions but 
in amounts too small to be of value, and hence must 
be prepared synthetically to satisfy the commercial 
demands. 

The coal tar industry, meaning the industry in which 
coal tar is used as a starting point, is one of the most im- 
portant of the chemical industries. It links together the 
production of synthetic medicines, of artificial dyes and 
colors, of cosmetics, and of munitions. 


COAL TAR U.S. P. Pix Carbonis 


(Pix Carbon.—Pix Lithanthracis N. F. IV, Gas Tar, Sp. Brea de 
Hulla] 


Coal Tar is the tar obtained as a by-product during 
the destructive distillation of bituminous coal. 


Description and Properties—A nearly black, thick liquid, heavier 
than water, with a characteristic naphthalene-like odor and a sharp 
burning taste. On ignition it burns with a reddish, luminous, and 
very smoky flame. Coal tar is only slightly soluble in water, to which 
it imparts its characteristic odor and taste and a faintly alkaline re- 
action. It is but partially dissolved by alcohol, acetone, methanol, 
petroleum benzin, carbon disulfide, chloroform, or ether; to the ex- 
tent of about 95 per cent by benzene, and entirely by nitrobenzene 
with the exception of a small amount of suspended matter. 
Tests for Purity— 

Residue on ignition—Not more than 2 per cent. 
Storage—Keep Coal Tar in tight containers. 


Uses—It is applied, in the form of an ointment (or 
solution), in the treatment of chronic skin diseases. 


Coal Tar Ointment U.S. P. Unguentum Picis Carbonis 
(Ung. Pic. Carbon.—Ungiiento de Brea de Hulla] 


Metric Alternative 
‘COMI IRS 23 Sigs eee 50 Gm 1.oz. av. 263 gr. 
STIMGGD. ho cit See een eine eee 250 Gm 8 OZ. av. 
(kine OFA RS ee 250 Gm 8 oz. av. 
WikhitewPerolatum: «2. 3.66 ee 450 Gm. 14 oz. av. 175 gr; 
Ng TTeRE SS SAI ce Sn 1000 Gm 2 |b. av. 


Incorporate the starch and the zinc oxide with the white petro- 
latum to a smooth paste, then add the coal tar and mix thor- 
oughly. 


Note—If desired by the physician, the Ointment may 
be made with washed coal tar. To wash the coal tar, 
stir or agitate it with about 5 times its volume of dis- 
tilled water, then pour off the separated water. The 
process may be repeated a number of times. The coal 

_tar may then be dried by heating on a water bath. 

Uses—Employed in eczema and certain other chronic 

cutaneous disorders. 


Coal Tar Solution N. F. Liquor Picis Carbonis 


[Liq. Pic. Carbon.—Liquor Carbonis Detergens, Sp. Solucién de 
Brea de Hulla] 


: Metric Alternative 
OM IMLAL Me eae 5 sia Satis oe Raton, so 8 200 Gm. 602. av. 296 gr. 
Quillaja, in moderately coarse powder 100 Gm. 3 oz. av. 148 gr. 
Alcohol, a sufficient quantity, 
1000 cc. 2 pints 
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Mix the coal tar with 700 cc. (22 fl. oz. 192 min.) of alcohol, add 
the quillaja, and macerate the mixture during 7 days in a closed 
vessel, with occasional agitation. Then filter, and wash the con- 
tents of the filter with sufficient alcohol to make the produet 
measure 1000 cc. (2 pints). 


Description and Properties—A reddish orange, alcoholic liquid, 
with a characteristic, empyreumatic odor. On mixing it with 20 parts 
of water an opalescent liquid results, which froths abundantly when 
shaken in a closed vessel. The addition of acids or alkalies in small 
amounts does not noticeably affect the frothing property. 

Alcohol Content—From 83 to 88 per cent, by volume, of CogH5OH. 
Storage—Preserve Coal Tar Solution in tight containers. 


Uses—It is used externally, diluted with 9 volumes 
of water, in the treatment of chronic skin diseases. 


Chloroformic Coal Tar Solution N. F. 
Carbonis Chloroformicus 


Liquor Picis 


(Liq. Pic. Carbon. Chlorof.—Sp. Solucién de Brea de Hulla] 


Metric Alernative 
CoalhTan selanimuatstecthitiieps te djeteeereaenes 50 Gm. 1 02z. av. 293 gr. 
Chloroform, a sufficient quantity, 
To makewnewmeatissctut soto mae 1000 cc. 2 pints 


Mix the coal tar with 800 cc. (25 fl. oz. 288 min.) of chloro- 
form, and shake until dissolved. Filter if necessary, and add suf- 
ficient chloroform through the filter to make 1000 ce. (2 pints) of 
solution. 


Description and Properties—A yellowish brown solution with the 
empyreumatic odor of coal tar, associated with the characteristic odor 
of chloroform. 

Storage—Keep the Solution in tight containers. 


Uses—It is used eternally in the treatment of skin 
diseases, by painting the undiluted solution on the skin. 


CRESOL U.S. P. Cresol 
[Cresylol, Tricresol, Sp. Cresol] 


Cresol [CHsCsHiOH = 108.13] is a mixture of iso- 
meric cresols obtained from coal tar. 

History—Soon after the introduction of phenol (car- 
bolic acid) into use as an antiseptic it was discovered 
that some of the homologous constituents of crude 


- carbolic acid were more active than the phenol which it 


contained. Cresol or cresylic acid, as it was then called, 
was the most important among these, and experience 
has developed its value. Official cresol consists of a 
mixture of three isomers, existing according to Schulze 
in coal tar approximately in the proportion of 40 per 
cent of m-cresol, 35 per cent of o-cresol, and 25 per cent 
of p-cresol. Cresol has a higher boiling point than 
phenol and is separated from it by fractional distilla- 
tion. U.S. P. Cresol usually contains 3 to 4 per cent 
phenol. 

Laws in some states require that preparations of this 
type shall state upon the label their germicidal activity 
as compared with phenol. This figure is known as the 
Phenol Coefficient (page 679). 

The official cresol usually shows a phenol coefficient 
varying from 2 to 3, but higher boiling fractions, known 
as ‘‘tar acids,’’ are also commercially available and these 
frequently show a phenol coefficient of from 12 to 25. 
This greatly increased germicidal activity, while indi- 
cated by the test organism, the typhoid bacillus, is not 
equally manifest with other common organisms and is 
therefore misleading. The U. S. P. has intentionally 
retained a rather limited boiling-point product, of uni- 
form and dependable activity, so that when the official 
products are directed by physicians they may agen 
upon their efficiency. 

Description and Properties—A colorless, or yellowish to brownish 
yellow, or a pinkish, highly refractive liquid, becoming darker with 
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age and on exposure to light. It has a phenol-like, sometimes empy- 
reumatic odor. Its specific gravity is between 1.030 and 1.038, and 
not less than 90 per cent of it distils between 195° and 205°. A satu- 
rated aqueous solution of Cresol is neutral or slightly acid to litmus 
paper and gives a bluish violet color with ferric chloride. One ce. of 
Cresol dissolves in about 50 cc. of water, usually forming a cloudy 
solution. It is miscible with alcohol, with ether, and with glycerin, 
and is dissolved by solutions of the fixed alkali hydroxides. 

Tests for Purity— 

Hydrocarbons—A limit for hydrocarbons, which includes also high 
boiling Cresols, is provided by the U. S. P. based on the fact that 
while Cresol is soluble in water, hydrocarbons, etc., are insoluble. 
The U.S. P. accordingly requires that a solution of 1.0 cc. of Cresol 
in 60 cc. of water should have no more turbidity than is produced in 
58 ec. of water by the addition of 1.5 cc. of fiftieth-normal sulfuric 
acid and 1 cc. of barium chloride T.S. 

Storage—Keep Cresol in tight, light-resistant containers. 


Uses—Cresol is antiseptic and resembles phenol in its 
medicinal properties, but owing to its greater insolubil- 
ity in water, it is nearly always employed in combination 
with alkalies associated with fatty bodies, or soaps 
which render it very soluble (see Saponated Cresol Solu- 


tion). Cresol has been used in doses of 0.06 cc. (1 min- - 


im). 


Saponated Cresol Solution U. S. P. 
Saponatus 


Liquor Cresolis 


Liq. Cresol. Sap.—Compound Cresol Solution, Liquor Cresolis 
Compositus U.S. P. X, Sp. Solucién de Cresol Saponificada] 

Saponated Cresol Solution contains, in each 100 cc., 
not less than 46 cc. and not more than 52 ce. of cresol. 
It is prepared by the saponification of a mixture of 
cresol with vegetable oils, or the mixed fatty acids de- 
rived therefrom, excluding coconut and palm kernel 
oils. The vegetable oil may be corn, cottonseed, lin- 
seed, or soya bean, or similar oils which have a saponi- 
fication value not greater than 205, and an iodine value 
not less than 100. 

Saponated Cresol Solution may be prepared extem- 
poraneously in the following manner. 


Metric Alternative 
GCresolet eee ton So ee ee 500 cc. 16 fl. oz. 
ihe VercetablesOily sean eee 350 cc. 11 fl. oz. 96 min. 
Alcohol). ¥e. st See eee 55:ccs 1 fl.oz. 365 min. 
Potassium Hydroxide. .... 73 Gm 2 oz. av. 191 gr. 
Distilled Water, a sufficient quan- 
tity, 
Tormaken 5. kpc torte e omar ee lOOOlccs 2 pints 


Mix the vegetable oil and the alcohol. Dissolve the potassium 
hydroxide in 100 ee. of distilled water and immediately add the 
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hot solution to the oil while vigorously stirring the mixture with 
a mechanical stirrer. Continue the stirring until a small portion 
of the soap dissolves in hot distilled water to form a clear solution. 
Add the cresol to the soap, stir until a clear solution is obtained, 
and add sufficient distilled water to make the Solution measure 
1000 cc. 

Note—If desired, 58 Gm. of the potassium hydroxide may be 
replaced by 37 Gm. of sodium hydroxide. It is also permissible 
to omit the alcohol, in which case the oil should be warmed to 
85° before the addition of the solution of the alkali hydroxides, 
and the mixture heated, if necessary, to complete saponification. 

The quantities of potassium hydroxide and sodium hydroxide 
here directed have been determined upon the basis of the official 
minimum percentages of strength, namely, 85 per cent and 95 
per cent, respectively. If either or both of the hydroxides used 
should have a different percentage of strength, corresponding 
alterations in the quantities should be made. 

Characteristics of the liberated fatty acids—For the production of a 
satisfactory preparation, the vegetable oils should be of the ‘“‘drying’’ 
or ‘“‘semi-drying” type, that is, those which contain glycerides of 
unsaturated fatty acids such as linoleic, linolic, ete. The U.S. P 
therefore includes a requirement that the fatty acids obtained from 
this preparation have a minimum iodine value of 95 and a maximum 
acid value of 205. 

Assay for Cresol—The assay is based on the property of cresol to dis- 
til with kerosene, while the soap does not distil. The amount of’ 
cresol in the kerosene distillate is measured by shaking the latter 
with a measured volume of sodium hydroxide solution. The sodium 
hydroxide, by combining with the cresol to form a cresolate, abstracts 
it from the kerosene, the volume of the sodium hydroxide solution 
thereby increasing in proportion to the volume of cresol in the kero- 
sene distillate. For details of the assay consult the U.S, P. The 
U. S. P. provides the requirement that at least 90 per cent of the 
cresol obtained in the assay distils between 195° and 205° thereby 
excluding “thigh boiling tar acids’? which are not suitable for the 
official solution. 

Alcohol Content—Not more than 5 per cent, by volume, of CepH50H. 
Storage—Keep this Solution in tight containers. 


Uses—Saponated Cresol Solution is widely used for 
disinfecting inanimate objects and excrement. A 1:500 
solution is sometimes used as a mildly antiseptic vaginal 
douche. 

This liquid was introduced into the Pharmacopceia.to 
supply a need for an antiseptic solution which will 
mix readily with water; it closely resembles Lysol, Creo- 
lin, Solveol, and Solutol in its medicinal uses. Some of 
these preparations produce a milky mixture when added 
to water, due to the presence of rosin soap instead of an 
olein soap. Creolin is a preparation of this type usually 
employed in from 1 to 3 per cent aqueous solutions. 
Saponated Cresol Solution must be used with caution 


‘as it is about equal to phenol in its poisonous character. 


Similar preparations are used extensively as a sheep 
dip for the destruction of parasitic organisms in the 
wool of sheep. 


PHENOL PRODUCTS OBTAINED FROM WOOD 


eee 


WOOD TAR 


CHARCOAL GASES 


Simple Distillation Distillation 


AR, OY i J i 
J A, erauakmots SPIRITOUS HEAVY 


BLACK 
PITCH ACID LIQUORS LIQUORS 


Fractional 


ACETIC ACID ACETONE GUAIACOL 
ACETATES METHANOL CREOSOTE 


When wood is distilled in a closed vessel many prod- 
ucts are obtained. These vary with the kind of wood 
used, the care used in the distillation, and the tempera- 


ture at which the distillation is effected. When dry’ 


hard woods (oak, walnut, or beech) are distilled, about 
25 per cent of charcoal is obtained; the liquid portion 
amounts to about 53 per cent, while the remainder, 22 
per cent, is represented by waste products, principally 
uncondensable gases, carbon dioxide, carbon monoxide, 


etc. The principal solid, liquid, and gaseous products 
are shown above, and by the following list: 

Solids—Charcoal, inorganic salts, etc. Liquids—1. 
Aqueous liquid, containing acetic, formic, butyric, 
crotonic, caproic, and propionic acids; acetone, methyl 
alcohol, furfural, methylamine, pyrocatechol, and some 
small quantities of empyreumatic oils and resins. 2. 
Tarry liquid, containing toluene, xylene, cumene, methol, 
mesitylene, pseudocumene, phenol, cresol, guaiacol, creosol, 
phlorol, methylcreosol, naphthalene, pyrene, chrysene, 
retene, and mesitylene. Gases—Carbon dioxide, carbon. 
monoxide, methane, acetylene, ethylene, propene, an 
others. 

The most important products are charcoal, tar, acetic 
acid, acetone, methyl alcohol, and creosote. 


CHRYSAROBIN U.S. P. Chrysarobinum 
[Chrysarob.—Sp. Crisarobina] 


Chrysarobin is a mixture of neutral principles ob- 
tained from Goa powder, a substance deposited in the 


f 
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~wood of Andira Araroba Aguiar (Fam. Leguminosz). 

These neutral principles are irritant phenolic bodies; 

chief among them are chrysophanolanthranol, emodin, 
and other reduction products of chrysophanic acid. 


“oe ae 
\ S74 p—CHs Z \4n 
i HO ie CHg 
chrysophanic emodin 
acid 


Description and Properties—A brownish to orange-yellow, micro- 
crystalline powder. It is odorless and tasteless, and is irritating to 
the mucousmembrane. Chrysarobin is very slightly soluble in water. 
One Gm. of it dissolves in 400 ce. of alcohol, in 30 ce. of benzene, in 
180 ce. of carbon disulfide, in 15 cc. of chloroform, and in 160 ce. of 
ether, at 25° C. 

I dentification —Chrysarobin dissolves in solutions of alkali hydrox- 
ides and in sulfuric acid, producing deep red solutions. When the 
sulfuric acid solution is "poured into water, Chrysarobin separates 
from the mixture. 

Mix about 2 mg. of Chrysarobin with 2 drops of fuming nitric acid, 
note the color of the mixture, then add a few drops of ammonia T.S.: 
the mixture is red-brown in color before the addition of the ammonia 
and violet-red afterward (difference from chrysophanic acid, which 
produces a yellow liquid). 

Tests for Purity— 

Acid—Boil 100 mg. of Chrysarobin with 20 ce. of distilled water, 
and filter the mixture: the filtrate is neutral to litmus paper. 

Residue on ignition—Not more than 0.3 per cent. 
Storage—Preserve Chrysarobin in well-closed containers. 


Uses—Chrysarobin has been largely used in certain 
skin diseases, notably psoriasis. It has fallen into dis- 
use mainly on account of the almost indelible stain pro- 
duced upon the skin and clothing when it is employed. 
Internally, chrysarobin was formerly used as a cathartic, 
in the dose of 0.03 Gm. 


Chrysarobin Ointment U. S. P. Unguentum 


Chrysarobini 
{Ung. Chrysarob.—Sp. Ungiiento de Crisarobina] 
nf Metric Alternative 
CHEVSATODIN:S «co oiere Sone oe See ie 60 Gm 420 gr. 
AGEIIGEOLORINIE GAY, ooo. isi ince Seeks ans be 70 Gm loz ave) O02.) or. 
Yellow Ointment... 0.0.5.0... 05. 870 Gm. 1302. av. 402.5 gr. 
ORGS AOWE.-.0.- 6 6 6 as 'a eres os 1000 Gm Vl avs 


Triturate the chrysarobin with the chloroform, and gradu- 
ally incorporate the previously melted yellow ointment, stirring 
until the mixture congeals. So far as possible avoid the loss of 
chloroform by evaporation. 


_Uses—An antiparasitic. 


a CREOSOTE N. F. Creosotum 


[Creasote, Wood Creosote, Sp. Creosota] 


Creosote is a mixture of phenols obtained from wood 
tar. 

Preparation—This is a product of the distillation of 
wood tar, consisting mainly of the following phenols: 
guaiacol, CzHgOz, boiling at 200°; creosol, CgH1002, 
boiling at 217°; methylcreosol, CoH1202, boiling. at 
214° to 218°; phlorol, CsH100, boiling at 219°. 

Wood tar, preferably that from beechwood, is dis- 
tilled until about one-half passes over and the dense 
vapors of higher boiling constituents appear. The dis- 
tillate separates into three strata, the lower of heavy, 


the upper of lighter oily liquid, with an aqueous acid — 


layer between. The upper layer contains ewpion, whichis 
aliquid consisting chiefly of pentane. The heavy oilis 
_ then shaken with a concentrated solution of sodium 
- carbonate, to neutralize the acetic acid, the separated 
ME ols pads is again distilled, and only the portion heay- 
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ier than water collected. The distillate is now treated 
with potassium hydroxide, in which the creosote dis- 
solves, the hydrocarbons separating: Sulfuric acid is 
now added to neutralize the potassium hydroxide and 
the separated creosote is washed well with water and re- 
distilled, the portion coming over between 200° and 
220° C. being collected. Formerly much of the liquid 
sold for and labeled ‘‘creosote”’ in the market was im- 
pure phenol (carbolic acid), or so-called “‘coal-tar creo- 
sote.”’ In view of the extensive use of wood creosote in 
large doses internally the liability of administering a 
large dose of phenol and causing death through this 
substitution is very great. Phenol may be distinguished 
from true wood creosote by the tests given below. The 
odor of each is distinctive and characteristic. 
Description and Properties—An almost colorless or yellowish, highly 
refractive, oily liquid, having a penetrating, smoky odor, and a burn- 
ing, caustic taste. It does not readily become brownish on exposure 
to light. Creosote is inflammable, burning with a luminous, smoky 
flame. It is neutral or acid to moistened litmus paper. It has a 
specific gravity of not less than 1.076, and at least 90 per cent by 
volume distils between: 203° and 220°. Creosote is slightly soluble in 
water, but is miscible with alcohol, ether, and fixed or volatile oils 
and soluble in solutions of the fixed alkali hydroxides. 
Identification—A saturated aqueous solution of Creosote yields 
with a drop of ferric chloride T.S. a transient purple color; the liquid 


then rapidly becomes cloudy and the color changes from blue through 
green and finally a brown precipitate is produced. 


_ Tests for Purity— 


So-called coal-tar creosote—Mix 4 cc. of Creosote and 4 cc. of glyc- 
erin, add 1 cc. of water, shake the mixture gently, and allowit to stand. 
The volume of the creosote layer which separates, equals or exceeds 
the volume of the Creosote taken. 

Hydrocarbons and bases—Two cc. of Creosote 1 require between 10 
and 18 ce. of one-normal sodium hydroxide to produce a clear liquid, 
which remains clear on diluting it with 50 cc. of water. 

Phenol and so-called coal-tar creosote—No permanent coagulum is 
produced when equal volumes of Creosote and collodion are mixed. 

Other impurities—These include catechol, pyrogallol ethers and 
cerulignol (the 1,5-dimethyl ether of pyrogallol). The test is made 
as follows: Shake gently 1 cc. of Creosote with 2 cc. of petroleum 
benzin and 2 ce. of freshly prepared barium hydroxide T.S. until a 
uniform mixture results: upon standing, the liquid separates into 
3 distinct layers, the upper layer being neither blue nor brown. 
Storage—Keep Creosote in tight, light-resistant containers, and avoid 
exposure to excessive heat. 

Incompatibilities—See page 1187. When dispensed in capsules the 
Creosote may be mixed with twice its volume of olive or almond oil 
to prevent permeation of the capsule walls. 


Uses—At one time, Creosote was taken internally for 
the treatment of pulmonary tuberculosis, but this 
therapy has fallen into deserved discard. The bacterio- 
static and germicidal potency of Creosote is low. Its 
chief use is as an expectorant, for which purpose it is 
employed empirically to lessen the amount of mucus in 
the chronic stages of bronchitis and bronchiectasis. 
It should not be employed in acute stages of these dis- 
orders because of the hyperemia it induces. The irrita- 
tion Creosote causes may be the basis for the stimulant 
healing effect in the chronic stages of inflammation. 
It is administered internally as Calcium Creosotate 
or Creosote Carbonate, but is frequently prescribed for 
its stimulant expectorant action as a constituent of a 
steam inhalant. High concentrations are quite irritat- 
ing, and not over 4 cc. should be prescribed in a pint 
of hot water. Creosote can also be mixed with an equal 
volume of alcohol and 0.5 or 1.0 cc. of the mixture 
poured onto a chloroform inhaler mask, inhalations 
lasting 15 to 30 minutes and continued at intervals. 

The antiseptic action of Creosote is weak and not 
clinically useful. The same applies to its antipyretic 
action. Occasionally, it has been employed as a local 
anesthetic in dentistry, in a manner similar to thymol. 

Creosote causes poisoning when ingested in large 
amounts. The character and treatment of Creosote 
poisoning are similar to those for phenol. Side effects 
from clinical doses are mainly referable to irritation of 
the gastrointestinal tract. In large doses, cardiovascu- 
lar collapse is prominent. 
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It is occasionally employed externally for its disin- 
fectant action. It is applied upon cotton to exposed 
nerve tissue in teeth, when it acts as a local anesthetic. 
It is also hemostatic when applied to bleeding surfaces. 
When taken internally, undiluted, and in large doses, 
it is a powerful poison. The administration of mucilagi- 
nous drinks, and the prompt evacuation of the stomach 
by the stomach pump, would be the best treatment, no 
antidote to poisoning by Creosote being known. 

Average Dose—0.25 cc. (approximately 4 minims). 


Creosote Carbonate N. F. Creosoti Carbonas 
[Creosot. Carb.—Sp. Carbonato de Creosota] 


Creosote Carbonate is a mixture of the carbonates of 
various constituents of creosote. 

Preparation—It is prepared by passing a current of 
carbonyl] chloride ‘phosgene) into a solution of creosote 
in sodium fedronde and washing the product with weak 
soda solution and water. 

The local action and toxicity of creosote are mini- 
mized by masking the active OH group, through the re- 
placement of the H group with an acid radical as in this 
official product. These compounds are insoluble in 
water and inactive but are saponified in the intestines 


and gradually liberate their active constituents. 
Description and Properties—A clear, colorless or yellowish, viscid 
liquid. It is odorless and tasteless, or has a slight odor and taste of 
creosote. On prolonged exposure to a low temperature, it may de- 
posit crystals, which redissolve on warming. Its specific gravity is 
not less than 1.145. When it is heated with alcoholic potassium 
hydroxide it decomposes into creosote with the separation of potas- 
sium carbonate. Creosote Carbonate is insoluble in water but is 
miscible with alcohol, petroleum benzin, fixed oils, chloroform, and 
benzene. 

Tests for Purity— 

Boiling range of the creosote—Not less than 85 per cent of the creo- 
sote obtained by decomposing Creosote Carbonate with alcoholic 
potassium hydroxide should distil between 200° and 220°. 

Free creosote—An alcohol solution is neutral to moistened ltmus 
paper and should give only a greenish yellow color on the addition of 
a drop of ferric chloride T.S. Free creosote, by virtue of its phenolic 
OH, gives a purple, etc., color with this reagent (see under Creosote). 

Residue on ignition—Not more than 0.1 per cent. 

Storage—Keep Creosote Carbonate in tight containers. 


Uses—It is used as a stimulant expectorant, the dose 
being 0.5 to 1.0 ce. orally (in milk) every 4 hours. It is 
also sold under the name Creosotal. See Creosote. 

Average Dose—1 Gm. (approximately 15 grains). 


GUAIACOL N. F.—See Phenol, page 677 


JUNIPER TAR U.S. P. Pix Juniperi 


[Pix. Junip.—Cade Oil, Oleum Juniperi Empyreumaticum, Sp. Brea de 
Enebro] 


Juniper Tar is the empyreumatic volatile oil obtained 
from the woody portions of Juniperus Oxycedrus Linné 
(Fam. Pinacee). 


’ 

Description and Properties—A dark brown, clear, thick, liquid, 
having a tarry odor, and a warm, faintly aromatic, bitter taste. Its 
specific gravity is between 0.950 and 1.055. Its aqueous solution is 
acid to litmus. The filtrate, obtained by shaking Juniper Tar with 
20 parts of warm water and filtering, gives a black color with silver 
ammonium nitrate T.S. due to reduction to metallic silver, and a red 
precipitate of cuprous oxide on heating with alkaline cupric tartrate 
T.S. Juniper Tar is very slightly soluble in water, partially soluble 
in petroleum benzin, soluble in 9 volumes of alcohol, and miscible in 
all proportions with amyl alcohol, chloroform, and glacial acetic acid. 
It is almost completely soluble in 3 volumes of ether with not more 
than a slight, flocculent residue. 
Tests for Purity— 

Rosin or rosin oils—Triturate 1 ec. of Juniper Tar with 15 ce. of 
petroleum benzin, filter, add to the filtrate an equal volume of cupric 
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acetate solution (1 in 100), shake, and allow the liquids to separate. 
Decant the benzin layer into a test tube, and add to it an equal vol- 
ume of ether. The liquid does not become intensely green, and is not 
darker than brown. 


Storage—Keep Juniper Tar in tight, light-resistant containers and 
avoid exposure to excessive heat. 


Uses—It is a stimulant oil used in ointments for 
certain chronic skin disorders. 


PINE TAR U.S. P. Pix Pini 
[Pix Pin.—Pix Liquida, Sp. Brea de Pino] 


Pine Tar is a product obtained by the destructive 
distillation of the wood of Pinus palustris Miller, or of 
other species of Pinus (Fam. Pinaceg@). 

History—An aqueous extract of tar was claimed by 
George Berkeley, Bishop of Cloyne, in the early part of 
the eighteenth century, to be a panacea for all human 
ills and he wrote a book on Tar Water which makes very 
interesting reading as an example of misbelief and 
credulity. 

Preparation—Tar is Serie: obtained as a by-product 
in the manufacture of charcoal or acetic acid from wood. 
It is a complex mixture of phenolic bodies for the most 
part insoluble in water. Among these are creosol, 
phlorol, guaiacol, pyrocatechol, cerulignol, and pyro- 
gallolethers. Traces of phenol and cresols are also pres- 
ent as well as hydrocarbons of the paraffin and benzene 
series. 


Description and Properties—A very viscid, blackish, brown, non- 
crystalline liquid. Itis translucent in thin layers, but becomes granu- 
lar and opaque with age. It has an empyreumatic, terebinthinate 
odor, a sharp, empyreumatic taste, and is more dense than water. 
Its solution i is acid to litmus. On shaking the tar with water for sev- 
eral minutes and filtering, the filtrate on the addition of a drop of 
ferric chloride T.S. will acquire a green color which changes to brown 
(indicating phenolic constituents). Pine Tar is miscible with alcohol, 
ether, chloroform, glacial acetic acid, and with fixed and volatile 
oils. It is slightly soluble in water, the solution being pale yellowish 
to yellowish brown. 
Tests for Purity— 

Residue on ignition—Not more than 0.3 per cent. 
Storage—Keep Pine Tar in well-closed containers. 


Uses—The volatile products of tar are expectorant, 
and tar inhalations were formerly used. Externally, tar 
is stimulating and antiseptic and is used in skin diseases. 
This preparation is now also used in veterinary medi- 
cine. 


Pine Tar Ointment U.S. P. Unguentum Picis Pini 
(Ung. Pic. Pin.—Unguentum Picis Liquide, Sp. Ungtiento de Brea 


de Pino] 
Metric Alternative 
Pine (Tar ais sions es tered tease hoo arene 500 Gm. 219 er. 
Yellow; Waxth wien Sate oie e ee eee 150 Gm. 66 gr. 
Yellow: Ointment, so ascites a tet eeees eae 350 Gm. ‘ 153 gr. 
To maketarPrasva Mules re tactoa eee 1000 Gm. 1 oz. av. 


Melt the yellow wax and the yellow ointment together on a 
water bath, mix well, remove from the heat, and stir until it 
congeals. Then add the pine tar. 


Uses—A stimulant ointment useful in a variety of 
chronic dermatoses. 


Pine Tar Syrup N. F. Syrupus Picis Pini 


[Syr. Pic. Pin.—Syrupus Picis Liquide, Tar Syrup, Sp. Jarabe de 
Brea de Pino] 


Metric Alternative 
Rectified Tar) Oils ca. ore Peer 15 min. 
SuCrOSe Sahih cence encleedete araaets 850 Gm. 28 oz. av. 164 gr. 
Distilled Water, a sufficient quan- Be 
tity, 
+ Losmakels aly. verde ihionaeratncters 1000 cc. 2 pints 
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Mix the oil with 450 ce. of distilled water, and agitate the mix- 
ture frequently during 15 minutes. Then set it aside for 24 hours, 
shaking it occasionally during that time. Filter, dissolve the 
sucrose in the clear filtrate without heating, and add sufficient 
distilled water to make the product measure 1000 cc. (2 pints). 
Mix thoroughly and strain. 


Storage—Keep Pine Tar Syrup in tight containers, preferably at a 
temperature not above 25°. 


Uses—A stimulant expectorant in bronchitis. 
Average Dose—10 cc. (approximately 2!/, flu- 
idrachms). 


RECTIFIED BIRCH TAR OIL N. F. 
Oleum Betulz Empyreumaticum Rectificatum 


{[Ol. Bet. Empyr. Rect.—Rectified Pyroligneous Birch Oil, Russian 
Leather Oil, Oleum Rusci] 


Rectified Birch Tar Oil is the pyroligneous oil ob- 
tained by the dry distillation of the bark and wood of 
Betula pendula Roth and related species of Betula 
(Fam. Betulacex), and rectified by steam distillation. 


Description and Properties—A clear, dark brown liquid with a pene- 
trating, empyreumatic odor. Itsspecific gravity is between 0.886 and 
0.950. When it is mixed with 7 to 10 volumes of alcohol or 3 volumes 
of petroleum benzin, the solution is not more than slightly turbid, 
but when it is mixed with 3 volumes of methanol, a decided turbidity 
is produced. The filtrate, obtained by warming 2 cc. of the tar with 
10 ce. of water, cooling, and filtering, is colorless, has a strong empy- 
reumatic odor and an acid reaction. On adding 2 drops of potassium 
dichromate to 4 cc. of the filtrate a yellowish orange solution is pro- 
duced which soon becomes darker and turbid. The addition of 1 drop 
of diluted ferric chloride T.S. (1 in 100) to a few ce. of the filtrate pro- 
duces a yellow-green color which changes to yellowish brown and the 
solution becomes turbid. Rectified Birch Tar Oil yields clear mix- 
tures with 3 volumes of dehydrated alcohol, and with ether, chloro- 
form, glacial acetic acid, amyl] alcohol, turpentine oil, and benzene. 
Storage—Keep Rectified Birch Tar Oil in tight light-resistant con- 
tainers. Owing to the action of the phenols and acids of the tar on 
metals, Rectified Birch Tar Oil stored in metal containers rapidly 
darkens and becomes unsuitable for use. 


Uses—It is used externally, similar to Juniper Tar, 
in the form of an ointment for eczema and other skin 
infections. 


RECTIFIED TAR OIL N. F. 
Oleum Picis Rectificatum 


{Ol. Pic. Rect.—Oleum Picis Liquide Rectificatum, Sp. Esencia de 
Brea de Rectificada] 


Rectified Tar Oil is the volatile oil from pine tar 
rectified by steam distillation. 
Description and Properties—A thin liquid, having a dark reddish 
brown color, and a strong, empyreumatic odor and taste. An alcohol 
solution of Rectified Tar Oil is acid to moistened blue litmus paper. 
Its specific gravity is between 0.960 and 0.990. It is insoluble in 


water, but miscible with alcohol. 
Storage—Keep this Oil in tight containers. 


Uses—The constituents of Rectified Tar Oil are 
complex and numerous; the residue left after the distil- 
lation of tar is black pitch. The oil is preferred to tar 
for most medicinal uses, because the insoluble and inert 
substances have been separated. 


Compound Tar Ointment N. F.  Unguentum Picis 
Compositum 


[Ung. Pic. Comp.—Sp. Ungiiento de Brea Compuesto] 


Metric Alternative 
NectimeambariOil.), coast. le ies 40 Gm. 70 gr. 
GH ZOMMUINCEULE:.... i202 ss kos ae 20 Gm Oo LT. 
PES OSS TG) <5 ae eo ee Se ne a eae 30 Gm. 52 gr. 
PEE MONVEOWV AX ck ic thic cok a) oie db eos ene 250 Gm. 1 oz. av. 
| Li bo ai SiO eee SEO nee 320 Gm. 1oz. av. 122 gr, 
Cottonseed Oil..................,. _ 340Gm. loz. av. 158 gr, 
sRogmstke: BbOUb sf. i isa hen ve eg 1000 Gm. 4 oz. av. 
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Melt the yellow wax and lard with the cottonseed oil at a 
gentle heat, and add the benzoin tincture. Then withdraw the 
heat, add the rectified tar oil, and incorporate this mixture gradu- 
ally with the zinc oxide so that when cool, a smooth, homogene- 
ous ointment results, 


Storage—Keep Compound Tar Ointment in’ tight containers and 
avoid prolonged exposure to temperatures above 30°. 


Uses—An antiparasitic, stimulant and slightly anti- 
septic ointment. 


Unofficial Phenols and Derivatives 


Aluminum Phenolsulfonate [Al(CgH4(OH)SOg) 3]—White to reddish 
white powder having a slight phenol odor and strongly astringent 
taste. Soluble in water, alcohol, and glycerin. Uses: an astrin- 
gent and antiseptic. 

Bismuth g-Naphthol U. S. P. XI—A buff-colored to grayish brown, 
amorphous powder; odorless and tasteless. Nearly insoluble in 
water and alcohol. Uses: intestinalantiseptic. Dose: 0.5to1 
Gm. (8 to 15 grains). 

Calcium Creosotate N. F. VII, Calcii Creosotas—Mixture of the cal- 
cium compounds of the constituents of creosote. A loose chemical 
combination obtained by combining equal weights of creosote and 
lime. Uses: similar to creosote without the same gastric distress 
and vomiting. Expectorant in bronchitis. When administered the 
creosote is liberated slowly which may account for the relatively 
large dose. Dose: 0.5 Gm. 

Calcium Phenolsulfonate, Calcium Sulfocarbolate [Ca(CgH4- 
((OH)SO3)2.H20]—White, odorless powder; soluble in water. The 
solution is neutral to litmus. Uses: intestinal antiseptic and 
astringent in dysentery, etc. Dose: 0.3 to 1 Gm. (5 to 15 grains) 
in a 1 per cent aqueous solution. 

Compound Crude Cresol Solution—Melt 300 Gm. rosin without 
stirring, and add to it the warmed solution of 45 Gm. potassium 
hydroxide in water, allow the effervescence to continue for a few 
minutes until all of the rosin has been saponified. Immediately 
dissolve the rosin soap in 600 cc. of crude carbolic acid, using as 
little heat as possible. Finally add water to make 1000 cc. Uses: 
disinfectant solution. 

Cresolated Formaldehyde N. F. V, Formaldehydum Cresolatum— 
Mix o-cresol 40 cc. and Formaldehyde Solution 60 cc. Uses: 
toothache remedy, applied to cavity on absorbent cotton. 

Cupric Phenolsulfonate, Copper Phenolsulfonate [Cu(CgH4(OH)- 
SO 3) 26H 20)]—Bluish green crystals or powder. Soluble in water. 

Uses: externally as a styptic and as an antiseptic like zine phe- 
nolsulfonate; also as a vaginal injection in gonorrhea. 

Guaiacol Carbonate N. F. VII, Guaiacolis Carbonas—Small, colorless 
crystals or white, crystalline powder. It is odorless and tasteless, 
or is but slightly aromatic in odor and taste. It is insoluble in 
water. One Gm. is soluble in 60 cc. of alcohol, 1 cc. of chloroform, 
18 ec. of ether. Freely soluble in boiling alcohol or benzene, and 
slightly soluble in glycerin or fixed oils. Melts between 86° and 
88° C. Uses: expectorant. Dose: 1 Gm. 

8=Hydroxyquinoline, oxyquinoline, quinophenol, oxine[CgH7ON|]— 
White crystals or crystalline powder. Melts between 73 to 75°. 
Boils about 267°. Almost insoluble in water, ether; freely soluble 
in alcohol, acetone, chloroform, benzene and in aqueous mineral 
acids. Uses: for precipitating and separating metals and as a 
reagony for bismuth with which it yields a red-orange or red-violet 
color. 

8=Hydroxyquinoline Sulfate, oxyquinoline sulfate chinosol [ (CgH7ON) 
2.H2S04]—Yellow, crystalline powder; slight saffron odor; burning 
taste. Melts between 175° to 178°. Freely soluble in water; 
soluble in about 100 parts of glycerin, slightly in alcohol; insoluble 
in ether. Uses: a bacteriostatic; externally, in 1:1000; solution; 
as nasal spray, douche or eyewash 1:3000; gargle 1:2000; vaginal 
douche 1:1000 increasing if required. 

Orthocresol N. F. V—Made from coal tar by fractional distillation 
and crystallization. White crystals, or a colorless or yellow to 
brown, highly refractive liquid, having a phenol-like odor. Slightly 
soluble in water; soluble in alcohol, ether, and chloroform. Mis- 
cible with an equal volume of solution of formaldehyde forming a 
transparent solution. Uses: disinfectant and antiseptic similar 
in use to Cresol. 

Phenolsulfonic Acid, p-phenolsulfonic acid, sulfocarbolic acid [CgH 4- 
(OH)SOsH]—Made by warming phenol with the theoretical quan- 
tity of concentrated sulfuric acid. In commerce it is available as 
an aqueous solution containing about 30 per cent of the acid. It 
is colorless or nearly so, and miscible with water and alcohol. Uses: 
in caries or necrosis of the bone, and in chronic abscesses; in den- 
tistry for enlarging root canals. 

Potassium Phenolsulfonate [CgH4(OH)SO3K.H20|—White, odor- 
less crystals, soluble in water and alcohol. 

Sheep Dip—Dissolve 1 lb. av. soap in 1 gal. boiling water, add 16 
fl. oz. crude carbolic acid, and stir thoroughly. Add water to make 
100 quarts. Uses: disinfectant dip. Keep mixture well thinned 
when using, and do not let it get into the eyes, mouth, or nostrils of 
the sheep. 

Sodium Phenolate (CgH5;0Na)—White crystalline granules; some- 
what efflorescent in dry air. Soluble in water. ,Uses: an antifer- 


mentative or intestinal antiseptic. Dose: 0.25 to 1.3 Gm. (4 to 
20 grains). 
Sodium Phenolsulfonate [CgH4(OH)SO3Na]—Colorless or white, 


odorless crystals, somewhat efflorescent in dry air. One Gm. dis- 
solves in 4.2 ec. water, in 140 ce. alcohol, in 14 cc. boiling alcohol, in 
5 ec. glycerin. Uses; feeble antiseptic for wounds and inflamed 
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mucous membranes generally; internally, it has been used in 
flatulence. Dose: 0.3 to 1 Gm. (5 to 15 grains). 


Specialties Containing Phenols and Phenolic Compounds 


Aci-Jel (Ortho)—Vaginal jelly (pH 4.0) containing acetic acid, ricino- 
leic acid, glycerin, and oxyquinoline sulfate in a vegetable gum base. 
Uses: trichomonacide, applied intravaginally. 

Allatuss (Sharp and Dohme)—Liquid, each fluidounce containing 10 
gr. (0.648 Gm.) potassium guaiacol sulfonate, 1 gr. (0.065 Gm.) 
chloroform, 2 min. ipecac fluidextract, 16 min. dilute phosphoric 
acid, and 20 gr. (1.30 Gm.) potassium citrate. Uses: expectorant. 
Dose: 1 teaspoonful. 

Alpicain (Drug Products)—Petrolatum-stearin base ointment con- 
taining phenol, aluminum subacetate, benzocain, calendula, 
ichthammol, picric acid, zinc oxide, and aromatic oils. Uses: 
anodyne and antiseptic, applied topically. 

Alumnol (Winthrop)—White powder consisting of aluminum beta- 
naphthol disulfonate. Uses: antiseptic and astringent for wounds, 
ulcer, erosion, acne, etc. Dose: applied in 0.25 to 20 per cent 
solutions; 2.5 to 20 per cent ointments, or mixed with starch and 
French chalk, 

Analax (McKesson)—Troches (Pastilles) containing phenolphthalein, 
agar agar, apple butter, citric acid, citrus pectin, raspberry essence, 
valerian fluidextract, grape iice, nulomoline, sugar, and vanillin. 
Uses: laxative. Dose: 1 to 2 pastilles. 

Anthralin N. N. R. (Ab)ott)—Vanishing cream (0.1, 0.25, or 0.5 per 
cent), or ointment (0.1, 0.25, 0.5, or 1 per cent) containing 1,8- 
dihydroxyanthranol. Uses: antipsoriatic and fungicide, applied 
topically. 

Antiseptic Ointment (McKesson)—Lanolin-petrolatum base oint- 
ment containing tertiary-butyl-m-cresol, cedar leaf oil, clove oil, 
eucalyptus oil, menthol, and scarlet red. Uses: antiseptic and 


soothing ointment for minor cuts, simple burns, etc., applied topi-: 


cally. 

Aristol N. N. R. (Winthrop)—Powder composed of thymol iodide 
See Thumol Iodide N.F. 

Asapo (Drug Products)—Aqueous solution containing 0.25 per cent 
phenol, 1:5000 mercury cyanide, 1:3000 mercuric oxycyanide, and 
sulfonated castor oil. Uses: antiseptic and detergent, applied 
topically, undiluted or diluted with water 1:2. 

Benzosol (Winthrop)—Colorless crystals with faint aromatic odor 
and almost tasteless, consisting of guaiacol benzoate. 
pectorant and intestinal antiseptic. Dose: 0.324 to 0.648 Gm. 
(5 to 10 gr.). 

Betanaphthol Benzoate (Mallinckrodt and Merck)—White, crystal- 
line, almost tasteless powder of faint aromatic odor, consisting of 
CgHsCOOC10Hi7. Uses: antiseptic and parasiticide in dysen- 
tery, as a vermifuge, or as a scabicide. Dose: orally, 0.259 to 
0.518 Gm. (4 to 8 gr.); topically, as 3 to 10 per cent ointment. 

Bismuth Thymol lodide (Strasenburgh)—Dusting powder containing 
8 per cent bismuth subiodide, 88 per cent boric acid, and 4 per 
cent thymol iodide. Uses: antiseptic, applied topically. 

Bis-Thiodide Ointment (Strasenburgh)—Ointment containing 2 per 
cent bismuth oxyiodide, 1 per cent thymol iodide, and 1 per cent 
boric acid. Uses: antiseptic, applied topically. 

Bor-Oxyquin Vaginal Jelly (Breon)—Jelly containing 0.33 per cent 
oxyquinoline sulfate, 0.38 per cent acacia, 3 per cent boric acid, 15 
per cent glycerin, and 1.3 per cent tragacanth. Uses: antiseptic, 
applied intravaginally. 

Bromsulphalein (Hynson)—Ampuls (3 cc.) containing a sterile 5 per 
cent solution of phenoltetrabromphthalein disodium sulfonate 
[OCOCgBr4C(CgHs(OH)SOgNa)e]. White crystalline powder, sol- 
uble in water, insoluble in alcohol and acetone. Uses: liver func- 
tion test. When intravenously introduced about 94 per cent is 
eliminated from the circulation in about one hour if the liver is 
functioning normally. Dose: intravenously, 0.005 Gm. (as 5 per 
cent solution) per kg. of body weight. 

Calcreose (Maltbie)—Tablets (4 gr. plain or enteric-coated) contain- 

ing calcium creosotate. Uses: expectorant. Dose: 2 tablets 
with water. 
Compound Syrup of Calcreose—Each fluidounce containing 160 
min. Calcreose solution, 134 per cent alcohol, %9 min. chloroform, 
16 Gm, (250 gr.) sugar, 1.30 Gm. (20 gr.) wild cherry bark, caramel, 
and aromatics. Dose: 1 to 2 teaspoonfuls. 

Calox Antiseptic and Germicide (McKesson)—Red-colored liquid 
containing amyl phenol, heptyl phenol, and octyl phenol, benzoic 
acid, and sodium chloride, in a 30 per cent water-alcohol vehicle. 

Uses: antiseptic dressing for cuts, wounds, etc.; also for general 
oral hygiene. Use undiluted or mix with 1 or 2 parts water. 


Caprokol Capsules (Sharp and Dohme)—Capsules, each containing 
0.15 Gm. hexylresorcinol in a 25 per cent solution in olive oil. Uses: 
urinary antiseptic and analgesic. Dose: 2 to 4 capsules. Do not 
take on empty stomach. 
Caprokol Jelly— Water-soluble jelly containing 1:1000 hexylresorci- 
nol in 5 per cent glycerin, quince seed, and tragacanth. Uses: 
vaginal antiseptic, applied topically. 
Caprokol Oil—Containing 2.5 per cent hexylresorcinol in olive oil. 
Uses: urinary antiseptic for children. Dose: 1 to 3 teaspoonfuls. 

Carbismoquin with Gum Sterculia (Fougera)—Tablets, 0.616 Gm. 
(9.5 gr.), containing 0.09 Gm. (1.438 gr.) bismuth oxyquinolinate, 
0.185 Gm. (2.86 gr.) activated charcoal, and 0.052 Gm. (0.81 gr.) 
gum sterculia. Uses: intestinal adsorbent. Dose: 2 to 3 tablets. 

Chloro-Hexol (Stearns)—Colorless, non-staining, oily tincture con- 
taining 2-chloro-4-n-hexylphenol [Cy2H,7OCl]. Uses: antisep- 
tic, applied topically on cuts and abrasions and for preoperative 
skin sterilization. 

Chlorothol (Stoddard)—Tablets, each containing 6.5 mg. (349 gr.) 
betanaphthol, 0.259 Gm. (4 gr.) sodium bicarbonate, 0.259 Gm 
(4 gr.) sodium chloride, camphor, eucalyptol, and menthol. Uses? 


Uses: ex-~ 
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antiseptic mouth wash, gargle, spray, or douche, applied topically. 
Dose: 2 or more tablets dissolved in a glass of hot water. 

Cignolin (Winthrop)—Yellow, crystalline powder consisting of 1,8- 
dihydroxyanthranol (Anthralin), a potent substitute for chrysaro- 
bin. Uses: antipsoriatic and fungicide, applied topically as 0.1 
to 1 per cent ointment, benzol solution, in collodion or water-sol- 
uble varnishes. 

Citro-Thiocol (Hoffmann-La Roche)—Mixture, each fluidounce con- 
taining 1.56 Gm. (24 gr.) Thiocol (potassium o-guaiacolsulfonate), 
1144 min. chloroform, 0.324 Gm. (5 gr.) citric acid, 0.032 Gm. (1% gr.) 
codeine phosphate, 1.30 Gm. (20 gr.) sodium citrate, and aromatic 
vehicle. Uses: sedative expectorant. Dose: 1 to 2 teaspoonfuls. 


Clymocol (Merck)—Clear, light amber, slightly aromatic, stable 
liquid vara containing 6 per cent chlorothymol [Cl.CHg.- 
C3H7.CgH2OH]. Uses: antiseptic, applied topically, as irriga- 
tion or wot eoehes as 2 per cent solution; as bladder irrigation, 
vaginal douche, cavity instillation in 0.5 per cent solution; as dis- 
infectant for operating room and surgical instruments in 2 to 5 per 
cent solution. 

Cormatal Lotion (McNeil)—Stainless, odorless lotion containing 
resorcinol, boric acid, sodium thiosulfate, and zinc oxide in a 
glycerinated solution. Uses: antiseptic and analgesic in treat- 
ment of contagious skin infections in infants, applied topically. 
Caution: Avoid contact with eyes. 

Co-Tar-Ox (Ulmer)—Ointment, each ounce containing 1.42 Gm. (22 
gr.) crude coal tar and 1.81 Gm. (28 gr.) zine oxide. Uses: coal 
tar therapy in eczema, etc., applied topically. 

Cot-Tar (Doak)—Viscous preparation containing 5 per cent coal tar. 

Uses: coal tar therapy in eczemas, etc., forming a flexible non- 
peeling coat of tar after application. 

Cre-A-Mel (Pitman-Moore)—Liquid, each fluidounce containing 2.07 
Gm. (32 gr.) ammonium creosote sulfonate, 1.04 Gm. (16 gr.) am- 
monium chloride, and 5.4 mg. {2 gr.) tartar emetic. Uses: ex- 
pectorant. Dose: 1 to 2 teaspoonfuls in hot water or other liquid’ 


Creo-Derma Ointment (Massengill)—Ointment containing 2 per cent 
cresol, 5 per cent coal tar distillate, 1.5 per cent bismuth subgallate, 
1.5 per cent cade oil, 15 per cent sulfur, and 5.5 per cent zinc oxide. 
Uses: antipruritic and astringent, applied topically. 


Creodol (Ulmer)—Liquid vehicle containing 50 per cent Cresol 
U.S. P. Uses: deodorant and germicide, applied in 1 per cent 
solution as an antiseptic for hands, or as a douche; applied in 2 
per cent solution as a disinfectant to surgical instruments, linens, 
etc. 

Creosoap—Soap containing 1 per cent cresol in a coconut oil and 
castor oil liquid soap. Uses: antiseptic. 

Creolin-Pearson (Merck)—Dark brown liquid, of tar odor, containing 
high-boiling coal tar phenols and oils rendered emulsifiable with 
water. Uses: antiseptic and deodorant, applied to minor wounds 
in 1 to 2 per cent solution; as general disinfectant in 1 to 3 per cent 
solution in water; used as disinfectant and deodorant, 2 to 4 table- 
epoontaly in a gallon of water; used as a douche, 1 teaspoonful to 
a liter. 

Creosotal (Winthrop)—Clear yellow, honey-like, almost odorless 
liquid consisting of creosote carbonate. ‘Uses: antiseptic expec- 
torant. Dose: % to 4 teaspoonfuls (2 to 16 Gm.), daily. May 
be given pure, in capsules, or in emulsion, milk, coffee, wine, or cod 


liver oil. 
Cresatin Metacresylacetate (Sulzberger) N. N. R. (Sharp. and 
oily liquid consisting of m-cresyl acetate. 


Dohme)—Colorless, 

_Uses: analgesic and antiseptic with prolonged action for infec- 
tions of the nasopharynx, mycollic infections of external auditory 
canal and feet, disinfection of root canals and sockets of the teeth. 

Creothyol (Strasenburgh)—Sugar-free liquid containing creosote, 27 
per cent alcohol, 1 min. per fluidrachm dilute hydrocyanic acid, and 
ichthyol. Uses: expectorant, bronchial sedative and antispas- 
modic. Dose: 1 to 2 teaspoonfuls. 

Crystoids Anthelmintic (Sharp and Dohme)—Pills (0.1 and 0.2 Gm.) 
containing Caprokol (hexylresorcinol). Formerly called Caprokol 
Pills. Uses: anthelmintic for hookworm, roundworm, dwarf 
tapeworm, whipworm, pinworm, and beef and pork tapeworm. 
Dose: 1 Gm. for adults; 0.1 to 0.8 Gm. for children, swallowed 
whole with water, never crushed or chewed. 

Darol Syrup (McKesson)—Coffee-colored, pleasant tasting, sugar 
alcohol, water syrup mixture, each fluidounce containing 0.162 Gm. 
(2% gr.) potassium creosote sulfonate, 0.259 Gm. (4 gr.) ammonium 
chloride, 0.130 Gm. (2 gr.) chloroform, 0.648 Gm. (10 gr.) cocillana, 
0.259 Gm. (4 gr.) mullein leaves, 0. 324 Gm. (5 gr.) senega, 4 mg. 
(/1e gr.) tartar emetic, and 0.259 Gm. (4 gr.) thyme. Uses: ex- 
pectorant. Dose: 1 to 2 teaspoonfuls. 

Dermal Penatrin (Zemmer)—Water-miscible ointment containing 3 
per cent resorcin, 1 per cent carbolic acid, 5 per cent zinc oxide, 
glycerin, and menthol. Uses: antipruritic and antiseptic in acne, 
insect bites, etc., applied topically. 

Dimol (Anglo-French)—Syrup, 0.02 Gm. (0.3 gr.) per dram; “A” 
tablets, 0.065 Gm. (1 gr.) enteric-coated; or ‘‘B”’ tablets, "0.065 


Gm. (1 gr.), erin containing dimethylmethoxyphenol [CeH2- 
(CH 3)2(0CH3)OH]. Uses: intestinal antiseptic in gastroenteritis, 
etc. Decse: 2 to 4 tablets with water, for adults; 114 to 3 tea- 


spoonfuls of syrup for children. 

Duotal (Winthrop)—Tablets, 0.324 Gm. (5 gr.), containing guaiacol 
carbonate. Uses: intestinal antiseptic and bronchial expectorant. 
Dose: 1 to 3 tablets. 


_ Eugallol (Bilhuber-Knoll)—Liquid containing 67 per cent pyrogallol- 


monoacetate [CeH3(OH)2CH3COg] in acetone. Uses: keratolytic 
in psoriasis, scaly eczema, etc., applied topically, painted undiluted _ 
or diluted with acetone, and dusted with zinc oxide. 

Euresol (Bilhuber-Knoll)— Viscous, amber-colored, oily liquid consist- 
ing of acetylresorcinol [Cg0H4(OH)(OCOCH: 3)]. Uses:  anti- 
pruritic, antiseptic, and astringent, for use in treatment of eczema, 
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dandruff, etc., applied topically, 5 to 50 per cent in ointments and 
in acetone solution. 

Euresol pro Capillis N. N. R.—Oily liquid containing Euresol, 6 per 
cent isopropyl alcohol, and perfume. Uses: scalp lotion in eczema, 
cee etc., applied as inunction or as 3 per cent alcoholic solu- 
ion. 

Exderma (Buffington)—Non-greasy lotion containing phenol, sali- 
cylic acid, and zinc stearate in an aromatic protective base. Uses: 
antipruritic for pruritus, insect bites, etc., applied topically. 

Femiceptin (Reed and Carnrick)—Jelly containing 0.0044 per cent 

4-methyl-1-tertiary-amyl-phenol, and 0.06 per cent oxyquinoline 
sulfate, in glycerin, gum karaya, and gum tragacanth. Uses: 
vaginal analgesic and antiseptic. 
Femiceptin Powder—Tablets (femettes), each containing 0.0227 per 
cent oxyquinoline sulfate, 0.0014 per cent 4-methyl-1l-tertiary- 
amyl-phenol, boric acid, buffer salts, and urea, Uses: vaginal 
cleanser and deodorizing agent. Dose: 1 femette in 2 quarts warm 
water used as a douche. 

Guaiacose (Winthrop)—Dark brown liquid of agreeable aromatic 
taste, containing calcium guaiacol sulfonate and Somatose (meat 
albumoses). Uses: antiseptic expectorant, and nutritive for dis- 
eases of the respiratory organs. Dose; 3 or 4 teaspoonfuls, daily. 

Istizin (Winthrop)—Orange-yellow, odorless, tablets (0.15 Gm.) con- 
sisting of 1,8-dihydroxyanthraquinone (Danthron). Uses: laxa- 
tive. Eliminated as a harmless dye which colors the urine red. 
Dose: 1 to 3 tablets, after supper. ‘ 

Kresival Syrup (Winthrop)—Palatable syrupy liquid containing 6 
per cent calcium cresol sulfonates. Uses: expectorant and anti- 
catarrhal agent. Dose: 2 to 4 teaspoonfuls, with water. 
Kres-Lumin—Kresival Syrup with 4 mg. (44, gr.) Luminal (pheno- 
barbital) per teaspoonful. Dose: 2 to 3 teaspoonfuls, with water. 

Mazon (Belmont)—Ointment, each ounce containing tars, 0.022 Gm. 
(44 gr.) mercury salicylate, benzoic acid, salicylic acid, and sodium 
stearate. Uses: antipruritic and antiseptic, applied topically and 
rubbed in until it disappears. Caution: Do not get into the eyes. 
Mazon Soap—For use as shampoo in dandruff and skin cleansing 
preliminary to use of Mazon ointment. 

Neorobin (Abbott)—Tubes, 0.324 Gm. (5 gr.), containing a powdered 
derivative of chrysarobin, Uses: antipsoriatic applied in psoriasis, 
dermatitis, etc. Dose: 0.065 to 0.324 Gm. (1 to 5 gr.) incorporated 
in 1 ounce of petrolatum and applied topically. 

Oral Pentacresol (Upjohn)—Liquid, each 100 cc. containing 0.1 Gm. 
secondary-amyl-tricresols, 0.92 Gm. salts of Ringer’s solution, and 
15 ce. alcohol. Uses: antiseptic mouthwash, gargle, or nose and 
throat spray, diluted with 1 to 3 parts of water. 

Pentacresol Instrument Disinfecting Solution—Each 100 cc. con- 
tains 0.2 Gm. secondary-amyi-tricresols, 0.15 Gm. sodium nitrite, 
90 ec. isopropyl alcohol, and 10 cc. distilled water. Immerse in 
undiluted solution for 15 minutes. 

Pentacresol Lubricating Jelly—Contains 0.05 per cent secondary- 
amyl-tricresols in chondrus, glycerin, and tragacanth, buffered 
with sodium citrate. 

Phenoco (West)—A mixture of coal tar creosote and higher phenol 
homologues, in soap solution. It contains about 20 per cent coal 
tar creosote, 50 per cent phenol homologs, and 30 per cent soap. 

Uses: antiseptic and germicide, from 15 to 16 times stronger than 
phenol. Used in minor surgery and diseases of the skin. 

Phenolor (Squibb)—Liquid with a pleasant odor and containing a 
derivative of phenol. Uses: disinfectant that is non-corrosive 
and non-staining, used for disinfecting, sterilizing, and controlling 
objectionable odors in hospitals. 

Pixalbol Liquid (Bilhuber-Knoll)—Thin, pale yellow liquid, miscible 
with alcohol and petrolatum, containing coal tar. Uses: coal tar 
therapy for eczemas, etc., applied topically as 3 to 5 per cent oint- 
ment, or in alcoholic solution. 

Pix-Gel (Pitman-Moore)—Colorless, non-staining, greaseless vanish- 
ing type ointment containing 1.9 per cent volatile distillate equiva- 
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lent to 5 per cent crude coal tar, and 10 per cent zinc oxide. Uses: 
coal tar therapy in dermatitis, etc., applied topically. gs 

Pragmatar (S. K. F’.)—Oil-in-water type emulsion base, non-staining 
ointment containing 4 per cent cetyl alcohol-coal tar distillate, 
representing 0.35 per cent coloriess fractions of coal tar, 3 per cent 
salicylic acid, and 3 per cent near-colloidal sulfur. Uses: kerato- 
lytic in dermatitis, eczema, fungus infections, etc., applied topi- 
cally. 

Quinolor Compound Ointment (Squibb)—Ointment containing 0.5 per 
cent quinolor (chlor-hydroxy-quinoline) and 10 per cent benzoyl 
peroxide in equal parts of deodorized, anhydrous lanolin and petro- 
latum album. Uses: antiseptic and fungicide in treatment of 
impetigo, athlete’s foot, etc., applied as a dressing. ey 
Quinolor Lubricant—Jelly containing 0.025 per cent quinolor 
(chlor-hydroxy-quinoline), used as antiseptic dressing and as a 
lubricant for instrumental and digital examinations. fr 

S. T. 37 Antiseptic Solution (Sharp and Dohme)—Solution containing 
1:1000 Caprokol (hexylresorcinol). Uses: antiseptic, applied as 
a spray, gargle, irrigation, wet dressing, or topical application. 

Sucrets Antiseptic Throat Lozenges (Sharp and Dohme)—Troches 
containing 1:1000 hexylresorcinol, each lozenge containing 2.4 mg. 
Caprokol. Uses: local antiseptic and analgesic. | 

Supertah Ointment (Tailby-Nason)—White, non-staining ointment 
containing 5 or 10 per cent crude coal tar concentrate, starch, and 
zinc oxide. Uses: coal tar therapy, applied topically. ; 

Taralba B (Upjohn)—Ointment containing 1.5 per cent steam distil- 
‘late equivalent to 15 per cent crude coal tar, 25 per cent starch, 
and 15 per cent zinc oxide. Uses: antipruritic in eczema and 
other dermatologic conditions, applied topically. 

Taralba C—Contains 0.6 per cent steam distillate and 6 per cent 
zinc oxide. 

Tarbonis Cream (Tarbonis)—Colorless, odorless, non-staining, non- 
irritating greaseless, vanishing cream containing 5 per cent coal 
tar solution in lanolin and menthol. Uses: coal tar therapy in 
dermatitis, etc., applied topically by gentle massage. 

Taroxide (Abbott)—Ointment supplied in two strengths, the mild 
form containing 1.5 per cent coal tar distillate, 24.5 per cent starch, 
15 per cent zinc oxide, and 59 per cent petrolatum; the strong oint- 
ment containing 5 per cent coal tar distillate, 12.5 per cent starch, 
15 per cent zinc oxide, and 67.5 per cent petrolatum. Uses: coal 
tar therapy for use in the treatment of chronic eczemas, applied 
topically. 

Thiate (Merrell)—Syrup, each fluidounce containing 0.389 Gm. (6 
gr.) potassium guaiacol sulfonate, 0.324 Gm. (5 gr.) sodium mono- 
benzyl succinate, 0.907 Gm. (14 gr.) sodium salicylate, and 0.016 
Gm. (}{ gr.) benzocaine, in a mentholated base. Uses: sedative 
expectorant, local analgesic, and antispasmodic. Dose: 1 to 2 
teaspoonfuls. : 

Thiate with Codeine—Ejach fluidounce contains 2.59 Gm. (40 gr.) 
potassium guaiacol sulfonate and 0.065 Gm. (1 gr.) codeine phos- 
phate in a palatable syrup menstruum. 

Thiocol (Hoffmann-La Roche)—White, crystalline, water-soluble 
powder of slightly aromatic odor and slightly bitter taste, or tablets, 
0.324 Gm. (5 gr.), containing potassium o-guaiacolsulfonate 
[(CgH3(OH)(OCH3)(SOgK))]. Uses: expectorant. Dose: 0.324 
to 0.648 Gm. (5 to 10 gr.). 

Thiocol Syrup—Containing 0.389 Gm. (6 gr.) Thiocol in each fiu- 
idrachm. Dose: 1 to 2 teaspoonfuls, children 14 to 1 teaspoonful. 

Triv-Sulfate and Triv-Tabs (Drug Products)—Powder or vaginal 
tablets containing oxyquinoline citrate, calcium lactate, colloidal 
kaolin, and dextrose, Uses: deodorant and trichomonacide, 
Dose: % to 1 teaspoonful powder, or 1 to 2 moistened tablets, 
applied intravaginally. 

Xeroform N. N. R. (Schering and Glatz)—Bright yellow powder 
consisting of equal parts of bismuth tribromphenate and bismuth 
oxide. Uses: antiseptic dressing used plain or in 5 to 10 per cent 
ointment. 


CHAPTER LXX 


VOLATILE OILS 


VOLATILE OILS, or essential oils, are found in various 
plant organs and tissues. In some countries they are 
called olea etherea. In some instances they are called 
Essences, a name which conflicts with our ordinary use 
of that word which designates an alcoholic solution of 
a volatile oil. In Germany they are called dtherische 
éle or fluchtige 6le; in France they are called huzles 
essentielles or huiles volatiles; in Italy they are called ola 
distillatt or oli volatili; and in Spain they are called 
aceites volatiles, aceites eseneciales, or aceites elereos. They 
usually constitute the sapid and odorous principles of 
the plants in which tney exist, and they either pre-exist 
in the tissues or are produced by the reaction of certain 
constituents when the tissues are brought into contact 
with water. Volatile oils are sometimes formed through 
destructive distillation, as the oils of tar and of amber, 
these being occasionally referred to as pyrolea. 


The Chemistry of Volatile Oils 


In some volatile oils, as thyme, a separation into a 
solid and a liquid portion occurs on standing in the cold. 
The solid portion is frequently known by the name 
stearoptene, and the liquid portion is called eleoptene. 
Some of the stearoptenes are of commercial importance 
(examples: thymol, camphor, menthol). The eleop- 
tenes are often used as adulterants of volatile oils (ex- 
amples: oil of camphor and dementholized oil of 
peppermint). 

The following groups of compounds occur in the vola- 
tile oils: hydrocarbons, alcohols, acids, esters, alde- 
hydes, ketones, phenols and phenol ethers, oxides, lac- 
tones, nitrogen compounds, sulfur compounds. 

The hydrocarbons of chief importance are the ter- 
penes (CyoH 16) and the sesquiterpenes (Ci5He,4; literally, 
“one and one-half terpenes’). The terpenes, which 
have the formula of saturation C,Hex—4, can occur 

‘theoretically in the following configurations: (1) three 
double bonds and no eycle, e. g., myrcene (found in 
myrcia oil) and ocizmene (found in the volatile oil from 
the leaves of Ocimum gratissimum); (2) two double 
bonds and one cycle, e. g., limonene (of widespread occur- 
rence, but especially in the citrus oils); (8) one double 
bond and two cycles, e. g., either a-pinene or B-pinene 
(the first of which is of very widespread occurrence; to- 
gether, these two terpenes comprise at least 90 per cent 
of the bulk of turpentine oil); and (4) three cycles. No 
examples are known of terpenes having this structure. 

The sesquiterpenes have the formula of saturation 
CyHoen— 6, and can therefore theoretically occur in an 
even more varied configuration. Although a number of 
examples of this group of hydrocarbons have been iso- 
lated, in many instances the structure is not definitely 
known. Among those of known structure may be men- 
tioned’ zingiberene (from ginger oil) and bzsabolene 
(from Bisabol myrrh oil). 

A hydrocarbon possessing the limit formula of satura- 
tion, C,H an+ 2, is n-heptane (C7H16), which occurs in the 
volatile oil obtained from the oleoresin of Pinus 
Sabiniana and P. Jeffreyi and from the fruits of 
Pittosporum resiniferum (the so-called ‘‘petroleum nuts” 
of a tree growing in the Philippines). 


The terpenes and sesquiterpenes in general are prac- 
tically insoluble in water, but soluble in alcohol, ether, 
chloroform, benzene, petroleum benzin, and the fixed 
and volatile oils. 


Many of the essential oils, however, owe their charac- 
ter and their value to constituents other than hydro- 
carbons. Among these will be found organic acids, 
such as acetic, benzoic, cinnamic, phenylacetic, etc.; 
alcohols like benzyl alcohol, borneol, cinnamic alcohol, 
citronellol, geraniol, linalool, menthol, phenylethy] 
alcohol, terpineol, etc.; aldehydes such as anisic alde- 
hyde, cinnamic aldehyde, benzaldehyde, citral, piper- 
onal or heliotropin, salicylic aldehyde, vanillin, etc.; — 
ketones like carvone, camphor, thujone, pulegone, etc.; 
esters such as bornyl acetate, methyl salicylate, benzyl 
benzoate, geranyl acetate, linalyl acetate, etc.; phenols 
such as thymol, carvacrol, chavicol, etc.; phenol ethers 
like anethol, eugenol, safrol, etc.; and many other more 
complex compounds, such as coumarin, indol, ete. 
Most of these products are found in flower oils and are 
used in the production of synthetic perfumes. 


It is beyond the scope of this book to attempt an ex- 
haustive presentation of the chemistry of the numerous 
constituents occurring in the volatile oils. In the case 
of those compounds which are official, the structural 
formulas are given in the respective monographs. In 
certain other instances, substances such as thujone, 
carvone, borneol, and linalyl acetate are mentioned in the 
official text; and since their structures are not provided, 
it may be instructive to consider a few of the more 
important of them. 
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Alcohols . 
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Phenols and Phenol Ethers 
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Properties of Volatile Oils 


Color of Volatile Oils—Most oils are colorless when 
pure and fresh, or can be made colorless by redistilla- 
tion. Upon exposure to the air they acquire various 
colors, becoming green, as in oil of wormwood; yellow, 
as in oil of peppermint; red, as in oil of origanum; 
brown, as in oil of cinnamon. The blue color of oil of 
chamomile is an inherent property of the oil even when 
freshly distilled and is said to be due to the highly un- 
saturated hydrocarbon azulene or cerulein (CisHis). 

Odor—The odors of volatile oils are extremely vari- 
able. It is their most characteristic feature. The odor 
of an oil is sensibly modified by exposure to the air. 
Oil of turpentine may be rectified by redistillation in 
an atmosphere of carbon dioxide, or in vacuo, so that 
it will be almost odorless, or have an agreeable, fragrant 
odor. A very slight exposure to the air is sufficient, 
however, to restore the well-known unpleasant odor. 
Other terpene-containing oils are quickly oxidized and 
the delicacy and fineness of their flavor and odor seri- 
ously impaired. This is especially true of orange and 
lemon oils. f 

Taste—The tastes of volatile oils are almost as vari- 
able as their odors. Some are sweet, others have a 
mild, pungent, hot, acrid, caustic, or burning taste. 

Density—The specific gravity of official volatile oils 
also varies (from 0.842 to 1.172). The majority of them 
are lighter than water. 

Optical Activity—This important physical factor, is 
used in determining the purity of many oils. It is ex- 
plained at length under the U.S. P. Test (see Chapter 
1058). Some oils, however, possess almost no optical- 
activity. 

Refractive Index—This factor is of increasing impor- 
tance, as it serves as a delicate test for both the identity 
and purity of oils and fats. It is explained under the 
U.S. P. Test (see Chapter 1059). 

Boiling Point—This factor is also variable. The oils 
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volatilize to some extent at ordinary temperatures and 
diffuse their peculiar odors. Owing to the fact that 
most volatile oils consist of complex mixtures of many 
types of compounds, the boiling point is of small sig- 
nificance. On heating in a distillation apparatus, the 
constituent having the lowest boiling point distils 
first; then the temperature rises until the boiling point 
of the next higher boiling compound is reached; and 
so on. 

Solubilities—Water is a poor solvent for volatile 
oils, although it acquires a decided odor and flavor when 
brought in contact with the oil in a finely divided state, 
as has been shown under medicated waters. Alcohol, 
ether, chloroform, glacial acetic acid, petroleum benzin, 
benzene, and many other organic solvents will dissolve 
volatile oils. Alcohol is a better solvent for the oxy- 
genated oils than for the terpenes. Many of the official 
oils are required to meet specific solubility tests in 70, 
80, or 95 per cent alcohol. Volatile oils freely dissolve 
fixed oils, fats, resins, camphors, sulfur, and phosphorus. 

Deterioration—Exposure to light and air impairs the 
quality and destroys the fragrance of volatile oils. 
Peroxides frequently develop in oils containing terpenes, 
and, after extended exposure, the oils thicken and 
become resinified, or deposit crystalline compounds. 
The whitening of corks, inserted for a long time in 
bottles containing certain volatile oils, is due to the 
bleaching action of the peroxides which are gradually 
produced during their decomposition. This is true. only 
of oils containing notable amounts of terpenes. Volatile 
oils should be kept in well-filled, tightly stoppered, 
amber-colored bottles, ina cool place. A suggestion has 
been made to replace the air with nitrogen in original 
packages to prevent oxidation. Storage in tin cans 
causes pronounced deterioration in odor and the de- 
velopment of color. 

Volatile oils do not deteriorate so readily when mixed 
with alcohol, and it is the practice of some pharmacists 
to preserve them in this manner. Fixed oils, when pres- 
ent to the extent of 5 or 10 per cent, have a remarkable 
preserving power, even upon such easily decomposed 
oils as those of the citrus family. In using oils so pre- 
served allowance must be made for the dilution. It 
should be kept in mind, however, that the presence of 
fixed oil may present difficulties in the manufacture of 
certain preparations. 

Action of Acids, Alkalies, Etc.—Nitric acid, if strong, 
decomposes volatile oils with great rapidity. Iodine 
reacts with some oils with explosive violence. Alkalies 
affect volatile oils containing esters or phenolic com- 
pounds, as the oils from lavender, gauitheria, clove, 
thyme, etc. 

Terpeneless and Sesquiterpeneless Oils—Certain of 
the volatile oils are available commercially in a form 
known as terpeneless oils and sesquiterpeneless oils. In 
the first type, only the terpenes have been removed; 
in the latter, both the terpenes and sesquiterpenes have 
been eliminated. This procedure involves distillation 
under high vacuum, washing with dilute alcohol (in 
which the oxygenated constituents are soluble, but not 
the hydrocarbons), elimination of the plant waxes, and 
other processes held secret by the various producers. 

Terpeneless and sesquiterpeneless oils are much more 
‘expensive than the original oils, but they possess certain 
_ advantages which render them ah BS useful. They have 

much higher flavoring and odoriferous properties than 
ordinary oils, in some instances up to 35 or 40 times as 
much. Because the portion of the original oil which 
is least stable towards oxidation has been removed, the 
resulting product maintains its characteristic odor and 
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taste for a much greater time. The deterpenated oils 
have a much greater solubility in low-proof alcohol 
than the ordinary type, a factor of importance in the 
manufacture of toilet waters and soft beverages. 

Adulterations—The volatile oils are costly enough 
to tempt the cupidity of some manufacturers of these 
products. A fixed oil is sometimes used to adulterate 
the volatile oil. This adulteration may be detected 
by dropping the suspected oil on a piece of filter paper. 
The stain of a pure volatile oil is not permanent. By 
slightly heating the volatile oil it should vaporize; if 
fixed oil is present, the stain remains after the odor has 
disappeared. Alcohol may be detected by shaking the 
mixed oil in a graduated tube with glycerin or water. 
The volume of the oil will be diminished, and that of 
the water or glycerin correspondingly increased, in 
proportion to the amount of alcohol present. This 
test is not susceptible of fine determination, because of 
a slight solubility of volatile oils in water and in mix- ° 
tures of alcohol and water. Metallic sodium, calcium 
chloride, aniline red have all been used to show the 
presence of alcohol and traces of water in volatile oils. 
The adulteration of volatile oils by the addition of 
cheaper grades of the same oil, or by using a cheaper 
oil having a similar odor, is largely practiced. The only 
reliable test here is the use of the senses of smell and 
taste, applied to dilutions of the oil in various media. 
By practice, the sense of smell can be highly developed 
by the pharmacist, perfumer, or analyst. The optical 
rotation, the index of refraction, the specific gravity, 
the iodine value, the saponification value, the acid value, 
and the ester value are all useful constants, wherever 
appropriate, for the purpose of detecting adulterations. 
The detection of adulterations in volatile oils is difficult, 
and as a rule those who practice this nefarious art are 
very skilful. The U.S. P. has included a number of 
assays to indicate the required percentage of the valu- 
able constituents. 


Preparation of Volatile Oils 


Volatile oils are generally obtained from plants by 
the following methods: 1. Distillation with steam. 
2. Distillation per se. 3. Expression. 4. Extrac- 
tion. 

1. Distillation with Steam—This is the method most 
frequently employed. The general procedure is as fol- 
lows: Place the substance from which the oil is to be 
extracted into a still (see Distillation, page 105), and 
add enough water to cover it; then distil by a regulated 
heat into a large condenser. Separate the distilled oil 
from the water which comes over with it. 

The substances from which the volatile oils are ex- 
tracted may be employed in either the recent or the 
dried state. Certain flowers, however, such as orange 
flowers and roses, must be used fresh, or preserved with © 
salt or by means of glycerin, as they afford little or no 
oil after desiccation. Dried substances, such as sandal- — 
wood, clove, cinnamon bark, etc., before being sub- 
mitted to distillation, require to be macerated in water 
until they are thoroughly penetrated by this fluid; and, to 
facilitate the action of the water, it is necessary, when 
of a hard or tough consistence, that they should be 
properly comminuted. 

The water which is added to the substance to be dis- 
tilled answers the double purpose of preventing the 
decomposition of the vegetable matter by regulating 
the temperature, and of facilitating the volatilization 
of the oil, which, though in most instances it readily 
rises with the vapor of boiling water, requires, when 
distilled alone, a considerably higher temperature, and 
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is at the same time liable to be partly decomposed. 
Some oils, however, will not ascend readily with steam 
at 100° C. (212° F.), and in the distillation of these it is 
customary to use water saturated with common salt, 
which does not boil under 108.4° C. (227.1° F.) (see 
page 94). Other oils, again, may be volatilized with 
water at a temperature below the boiling point and 
may be distilled with the aid of a partial vacuum. To 
prevent injury from heat, it has been recommended 
to suspend the substance containing the oil in a basket, 
or to place it upon a perforated shelf, in the upper part 
of the still, so that it may be penetrated by the steam 
without being in direct contact with the water. Steam 
can be very conveniently applied for this purpose by 
causing it to pass through a coil of tube, of an inch or 
three-quarters of an inch bore, placed in the bottom of 
a common still (see page 111). In some instances it is 
desirable to conduct the steam immediately into the 
still near the bottom, by which the contents are kept in 
a state of brisk ebullition (see page 111). The distilla- 
tion of volatile oils is now conducted on a large scale 
with enormous stills. (For description and illustrations 
see Gildemeister and Hoffmann, ‘The Volatile Oils,” 
translated from the German by Prof. Edward Kremers.) 

The quantity of water added is of importance. Too 
large an amount causes loss by holding the oil in solution 
when the mixed vapors: are condensed. On the con- 
trary, if the quantity is too small, there will be danger 
of the substance in the still adhering to the sides of the 
vessel and thus becoming burnt. A wire cage will 
be found useful in this connection. Where the yield 
of oil is very small, the process of cohobation is 
applicable; this consists in repeatedly returning the 
aqueous portion of the distillate to the still, the water 
in this way becoming supersaturated, and the yield of 
oil increased. Fig. 504 illustrates one method of dis- 


Fig. 504—Distillation of volatile oils. 


tilling volatile oils from plants. A shows the fire box, 
B the steam boiler, C the tank containing the plant on 
the slat or perforated bottom, and D the condenser. | 

2. Distillation per se—By this is meant the distilla- 
tion of certain bodies without the use of water (per se, 
“by itself”). This is done in the cases of certain oleo- 
resins, copaiba, etc., water not being required in the 
process, and always being difficult to separate from the 
distillate. 

3. Expression (see page 202)—This method is very 
limited in its application and generally produces the 
most fragrant products, because there are very few 
volatile oils whose aroma is not injuriously affected by 
the action of heat. The volatile oils of the Citrus 
family (orange, lemon, bergamot, and lime) are gener- 
ally obtained by expressing the rind of the fresh fruit. 
These are usually known as “hand pressed.” Three 
methods are practiced: (a) the sponge process; (b) the 
écuelle method; and (c) the machine process. 

In the sponge process the rind is removed from the 
fruit, and, after dipping in water, is pressed by hand, 
the oil collecting in a shallow bowl from which it is 
transferred to a larger container for separation. 

= In the écuelle method the fruit is rolled about in hollow 
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bowls, the walls of which are covered with spikes. The 
oil cells are punctured and the oil which exudes is col- 
lected in the hollow handle. 

In the machine process either the sponge or the écuelle 
processes are adapted to machines which perform the 
operation on a larger scale. The machine process, as 
practiced by the California Fruit Growers Exchange, is 
conducted as follows: 

The fruit, after being washed, is conveyed mechani- 
cally to crushers, which reduce the whole fruit to a pulp. 
The pulpy mass passes over a system of heavy, horizon- 
tal rollers, where it is thinned out. Solid particles ad- 
here to the cylinders and are removed by scraping. The 
liquid portion consists of an emulsion of the volatile 
oil in the juice of the fruit. 

The liquid portion is then centrifuged in a battery of 
Sharples centrifuges. It is important that the oil and 
juice must not remain in contact with each other for a 
great length of time, because the citral would partially 
dissolve in the juice, resulting in a loss of this valuable 
constituent, and further because citral is quite easily 
converted to p-cymene by the action of acids in the 
presence of water. 

The press residues of the crushed fruit are subjected 
to steam distillation in order to recover additional vola- 
tile oil. This product is sold separately, since it is not 
as fine a grade as the cold-pressed oil. 

4. Extraction—Some volatile oils are so readily de- 
composed that they are dissociated by distillation, or 
exist in such minute traces as to make their commercial 
production impracticable. In such cases the odorous 
principle may be extracted by some form of solution or 
absorption. This may be effected by maceration, diges- 
tion, percolation with an appropriate immiscible sol- 
vent, enfleurage, or extraction with a volatile solvent. 

Maceration—In obtaining volatile oils by maceration, 
the odorous portions of the plant (generally fragrant 
flowers) are allowed to remain in contact with a bland, 
inodorous, fixed oil or fat; the oil or fat absorbs the 
odor, and after a certain length of time the oil is strained 
and is subsequently used in the manufacture of per- 
fumes in a manner similar to pomades. The flowers ex- 
tracted by this method are chiefly cassie, rose, violet, 
orange flowers, narcissus, and lily of the valley. 

Digestion—This process is similar to maceration, ex- 
cept that a moderate heat is employed, by the use of a 
salt bath, to aid in the extraction. 

Enfleurage was at one time largely used for extracting 
the odors of very delicate flowers. It is a cold process, 
and consists in spreading a thin layer of purified inodor- 
ous fat (a mixture of beef tallow 40 per cent and lard 
60 per cent) upon both sides of sheets of glass, held in 
frames, known as a chassis. These resemble an ordi- 
nary window sash, with one pane of glass in each. 
The flowers, deprived of calices, are spread lightly upon 
the surface of the fat, and a number of chassis thus pre- 
pared is arranged in tiers so that the flowers are be- 
tween layers of fat. The whole is left undisturbed for 
a time varying from twelve hours to four days. The 
flowers continue to live for a period of time varying 
from one to several days, giving off their volatile oil. 
The length of time that the flowers remain on the 
chassis is variable: 24 hours for jasmine, 48 hours for 
jonquil, and 72 hours for tuberose. The resulting fatty 
product impregnated with the floral odor is called a 
‘‘nomade.’’ When strong pomades are desired, the 
flowers are replaced daily by fresh lots, as long as the 
absorption continues, the old flowers being removed by 
the use of a vacuum. .The fat is usually exposed thirty 
times. The pomades are known commercially as Nos. 
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6, 12, 18, 24, and 36, the numbers indicating the rela- 
tive strength. The absorbed volatile products are then 
obtained from the pomade by washing in pure alcohol 
in an appropriate mixing device. The alcohol dissolves 
out the floral oils and leaves only a trace of the fat 
behind, and this trace may be separated by subjecting 
it to a cold atmosphere in a refrigerator, when the con- 
gealed fat can be filtered out. The enfleurage process 
is used for jasmine, tuberose, cassie, rose, violet, 
jonquil, lily of the valley, orange flowers, and a few 
others. It has been observed that jasmine and tube- 
rose give good yields only with the enfleurage process. 
On the other hand, rose, cassie, and violet can be treated 
equally well with warm fat or volatile solvents. 

The pomades are mostly imported from Grasse, 
France, but their use today is very limited, having been 
largely replaced by concretes and absolutes. 

Percolation with Volatile Solvents—The chief solvent 
employed is a highly purified petroleum benzin of a 
specific gravity of 0.650. The solvent is allowed to 
flow through the flowers which are arranged on trays in 
the apparatus. The extraction requires about eight 
hours. This process is used for rose, Parma and Vic- 
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toria violets, orange blossom, cassie, mignonette, and 
occasionally for carnation, lily of the valley, heliotrope, 
and afew others. The volatile solvent is then removed 
by vacuum distillation and the resulting product is 
known as a concrete. 

These concretes contain the plant or flower waxes, 
which are removed by dissolving the odorous portion 
in strong alcohol and separating the insoluble waxes by 
filtration. Small quantities of alcohol-soluble waxes 
are removed by chilling to —20° C.; the resulting 
products are known as absolutes. These products, al- 
though very costly, are largely used in perfumery, their 
great odor value making their employment econom- 
ically possible. 


Synthetic Perfumery 


Many of the constituents of volatile oils, already 
enumerated, and other alcohols, aldehydes, ketones, 
esters, etc., are now manufactured synthetically for use 
in perfumery. This has become an extensive business 
and requires a comprehensive knowledge of organic 
synthesis and methods for the purification of the result- 
ing compounds. 


PRODUCTS FROM THE CHENOPODIACE4 


CHENOPODIUM OIL N. F. Oleum Chenopodii 
{Ol. Chenopod.—American Wormseed Oil, Sp. Esencia de Quenopodio] 


Chenopodium Oil is the volatile oil distilled with 
steam from the fresh, over-ground parts of the flowering 
and fruiting plant of Chenopodium ambrosioides Linné 
var. anthelminticum (Linné) A. Gray (Fam. Cheno- 
podiacex). It contains not less than 65 per cent, by 
weight, of ascaridol [C1o0H 1.602]. 

Constituents—The chief constituent is the cyclic 
peroxide ascaridol [C1o0H1.602], an oily liquid which has 
the property of exploding when heated with acids or 
heated alone to 130-150°. The remainder of Cheno- 
podium Oil consists of p-cymene 15 to 22 per cent, 
ascaridol glycol 5 per cent, ascaridol glycol anhydride, 
a-terpinene 5 per cent, A? § ®-menthadiene (a levorota- 
tory terpene), traces of butyric acid, and occasionally 
traces of d-camphor and safrol. 


Description and Properties—A liquid of pale yellow to orange-yellow 
color, having a peculiar, unpleasant odor, and a bitter, burning taste. 
Specific gravity: from 0.950 to 0.980 at 25°. Optical rotation: 
from —4° to —8° ina 100-mm. tube. Refractive index: 1.4740 to 
1.4790 at 20°. The Oil dissolves in 8 volumes of 70 per cent alcohol. 
Tests for Purity—The Oil is required to meet the test for Heavy metals 
in volatile oils. 


Assay—Place about 2.5 Gm. of Chenopodium Oil, accurately weighed, 


in a 50-ce. volumetric flask, fill to the mark with 90 per cent acetic 
acid, mix well, and transfer a portion of this freshly prepared solution 
to a burette, graduated in 20ths of acc. Into a glass-stoppered tube, 
about 150 mm. in length and 25 mm. in diameter, measure, from 
graduated pipettes, 3 cc. of a solution of potassium iodide (prepared 
by dissolving 8.3 Gm. of potassium iodide in sufficient distilled water 
to make 10 cc. of solution), 5 cc. of hydrochloric acid, and 10 ce. of 
glacial acetic acid. Immerse the tube in a freezing mixture until the 
temperature is reduced to —3°, add about 5 cc. of the acetic acid solu- 
tion of the Oil, mix it with the cooled reagent as rapidly as possible, 
and observe the volume drawn from the burette after 2 minutes, to 
allow for draining. Set the stoppered tube aside at a temperature 
between 5° and 10° for exactly 5 minutes, then, without diluting, 
titrate the liberated iodine with tenth-normal sodium thiosulfate. 
At the same time, conduct a blank test, but dilute the reagent with 
20 ce. of distilled water before titrating the liberated iodine. The 
difference between the two titrations represents the iodine liberated 
by ascaridol. Each cc. of tenth-normal sodium thiosulfate is equiva- 
lent to 6.65 mg. of ascaridol [C19H 1,09]. 


In this assay, which was developed by determinations performed on- 


a sample of pure ascaridol, each molecule of this compound first 
liberates two atoms of iodine from the acidified solution of potassium 
iodide. A second reaction then occurs, the mechanism of which is not 
well understood, in which a further liberation of iodine takes place. 
Dilution of the reaction mixture results in a reabsorption of iodine. 

Experimentally, each cc. of tenth-normal sodium thiosulfate has 
Pee found to be equivalent to an average. value of 6.65 mg. of ascari- 

ol. 


Storage—Preserve the Oil in tight containers and avoid exposure to 
excessive heat. 


Uses—lIt is used as an anthelmintic, being adminis- 
tered either in capsules or as an emulsion preferably 
flavored with methyl salicylate or other aromatic oils. 
In the preparation of the emulsion the Chenopodium 
Oil should first be mixed with twice its volume of olive 
oil. The Oil has caused death in doses of half a flui- 
drachm. 


Average Dose—Caution! As an anthelmintic for 
adults, single dose, 1 cc. (approximately 15 minims). 


Chenopodium Oil Capsules N. F. Capsule Olei 
; Chenopodii 


[Cap. Ol. Chenopod.—American Wormseed Oil Capsules, Sp. Capsulas 
de Esencia de Quenopodio] 


Chenopodium Oil Capsules contain not less than 95 
per cent and not more than 105 per cent of the labeled 
amount of Chenopodium Oil, and the oil from the Cap- 
sules contains not less than 65 per cent of ascaridol 
[CioH16O2]. Chenopodium Oil Capsules must not con- 
tain bulking agents, diluents, or similar substances. 


Assay—The Capsules are assayed for their content of ascaridol in the 
same manner as that prescribed for the Oil. 


Storage—Preserve the Capsules in a well-closed container, and pro- 
tect the oil in the Capsules from light. Keep the Capsules preferably 
at a temperature which does not exceed 35°. 


Uses—A convenient dosage form of the Oil, which is 
an anthelmintic. 


Average Dose—I cc. (approximately 15 minims) of 
the Oil. . 


Unofficial Product from the Chenopodiacee 


American Wormseed (Chenopodium)—The fruit of Chenopodium 
ambrosioides Linné, and variety anthelminticum Gray. Contains 
a volatile oil which is official, resin and a bitter principle. Used as 
an anthelmintic. Dose: 1.3 to 2.6 Gm. ; 
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PRODUCTS FROM THE COMPOSITA 


MRNIGAGN] ES cArnica 


[Arnica Flowers, European Arnica, American Arnica, Leopardsbane, 
Mountain Tobacco, Wolf’s Bane, Sp. Arnica] 


Arnica is the dried flower head of Arnica montana 
Linné, known in commerce as European Arnica or of 
Arnica fulgens Pursh, Arnica sororia Greene, and 
Arnica cordifolia Hooker, known in commerce as 
American Arnica (Fam. Composite). 

Constituents—A yellow, crystalline, bitter principle 
termed arnicin, the phytosterol arnisterin, up to 0.14 
per cent of volatile oil, resin, tannin, ete. 

Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Arnica and establishes limits for Foreign 
impuritres. 

Uses—The drug is now rarely administered inter- 
nally, but has been given in an average dose of 0.2 Gm. 
(approximately 3 grains). The tincture is applied 
externally as an embrocation in sprains and bruises. 


Arnica Fluidextract N. F. 


[Fldext. Arnic.—Arnica Flowers Fluidextract, Sp. Extracto Fluido de 
Arnica] 


Fluidextractum Arnice 


Prepare the Fluidextract from Arnica, in coarse 
powder, by Process A (page 270). Use a mixture of 3 
volumes of alcohol and 1 volume of water as the men- 
struum, macerate the drug during 48 hours, and perco- 
late slowly. 


Alcohol Content—From 60 to 66 per cent, by volume, of C.H;OH. 


Uses—A stimulant and alterative, rarely used. 
Average Dose—0.1 cc. (approximately 1144 minims). 


Arnica Tincture N. F. Tinctura Arnice 
(Tr. Arnic.—Sp. Tintura de Arnica] 


Metric Alternative 
Arnica, in moderately coarse powder. 200 Gm. 6 oz. av. 296 gr. 
Alcohol, 
Water, each, a sufficient quantity, 
“Nay Sia FRE ee A a a 1000 cc. 2 pints 


Prepare the Tincture by Process P (page 267). Use a mixture 
of 3 volumes of alcohol and 1 volume of water as the menstruum, 
macerate the drug during 48 hours, percolate slowly, and repeat 
the maceration during 24 hours after 500 ce. (1 pint) of percolate 
has been collected. 


Alcohol Content—From 63 to 69 per cent, by volume, of C;.H,OH. 


Uses—Externally as an embrocation in bruises. 
Average Dose—0.5 cc. (approximately 8 minims). 


ECHINACEA N. F. Echinacea 


{[Echin.—Purple Cone Flower] 


/ 


Echinacea consists of the dried rhizome and roots of 
Echinacea pallida (Nuttall) Britton, or of Hchinacea 
angustifolia (De Candolle) Heller (Fam. Composite). 

Note—Kchinacea which has lost its characteristic 
odor and taste must not be dispensed. 

Constituents—The drug contains about 0.1 per cent 
of betaine; approximately 2 per cent of a resin consisting 
of 2 isomeric phytosterols, a phytosterolin, and oleic, 
linoleic, cerotic, and palmitic acids; and 1.3 to 1.5 per 
cent of a volatile oil which consists principally of an 
aliphatic tetrahydrosesquiterpene having the formula 

~C,sHes. No physiologically active substance appears 
to be present. 


Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Echinacea and establishes limits for Foreign 
organic matter and Acid-insoluble ash. 


Uses—KEchinacea has been used as an alterative in 
the treatment of boils and ulcers, and in eczema. It has 
also been used as an analgesic, diaphoretic, and aphro- 
disiac. It is now believed to possess little, if any, 
therapeutic value. 

Average Dose—I Gm. (approximately 15 grains). 


EUPATORIUM N. F. Eupatorium 


[Eupator.—Thoroughwort, Boneset] 


Eupatorium consists of the dried leaves and flowering 
tops of Hupatorium perfoliatum Linné (Fam. Composi- 
tx). 

Constituents—This plant contains a volatile oil, resin, 
the glycoside ewpatorin, gum, tannin, sugar, etc. Alco- 
hol, diluted alcohol, and water extract its virtues. 
Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Eupatorium and establishes limits for 
Foreign impurities. 

Uses—It is used as a diaphoretic and mild laxative. 

Average Dose—2 Gm. (approximately 30 grains). 


GRINDELIA N. F. Grindelia 
[Grindelia Robusta] 


Grindelia consists of the dried leaves and flowering 
tops of Grindelia camporum Greene, of Grindelia humilis 
Hooker and Arnott, or of Grindelia squarrosa (Pursh) 
Dunal (Fam. Composite). 

Constituents— Resin, volatile oil, an alkaloid called 
grindeline, tannin, etc. 

Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Grindelia and establishes limits for 
Foreign impurities. 

Uses—A mild expectorant. The fluidextract is used 
in lotions mixed with water (1 to 10), for the treatment 
of ivy or rhus poisoning. 

Average Dose—2 Gm. (approximately 30 grains). 


Grindelia Fluidextract N. F. Fluidextractum Grindelize 
(Fldext. Grindel.] 


Prepare the Fluidextract from Grindelia, in moder- 
ately coarse powder, by Process A (page 270). Use a 
mixture of 3 volumes of alcohol and 1 volume of water 
as the menstruum, macerate the drug during 48 hours, 
and percolate at a moderate rate. 

Alcohol Content—From 57 to 63 per cent, by volume, of CgH50H. 


Storage—Keep Grindelia Fluidextract in tight, light-resistant con- 
tainers and avoid exposure to direct sunlight or to excessive heat. 


Uses—For bronchial catarrh and asthma. 
Average Dose—2 cc. (approximately 30 minims). 


MATRICARIA N. F. Matricaria 


{Hungarian Chamomile, German Chamomile, Wild Chamomile] 


Matricaria is the dried flower-head of Matricaria 
Chamomilla Linnée (Fam. Composite). 

Constituents—A blue-colored, alcohol-soluble vola- 
tile oil containing the highly unsaturated, blue-colored 
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hydrocarbon azulene [C,5His]; a bitter principle called 
anthemic acid; isobutyl and isoamyl alcohols occurring as 
the esters of angelic and tiglic acids; malic acid; tannin, 
etc. 
Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Matricaria and establishes limits for 
Foreign impurities. 

Uses—lIt is used chiefly in domestic practice as a 
mild aromatic and diaphoretic. 

Average Dose—I5 Gm. (approximately 4 drachms). 


PYRETHRUM N. F. Pyrethrum 
[Pyrethrum Flowers, Insect Flowers] 


Pyrethrum is the dried flower-head of Chrysanthe- 
mum cinerarizfolium (Trev.) Boce., Chrysanthemum 
coccineum Willdenow (Chrysanthemum roseum Web. et 
Mohr), or of Chrysarthemum Marschallit Aschers (Fam. 
Composite). Pyrethrum yields not less than 0.5 per 
cent of total pyrethrins (Pyrethrin I and Pyrethrin II). 

Constituents—The insecticidal property of pyreth- 
rum flowers is now known to reside in the group of 
principles termed pyrethrins, although earlier investi- 
gators mistakenly ascribed this activity to the volatile 
oil present. 

In 1924 the Swiss chemists Staudinger and Ruzicka 
reported the isolation of two closely related compounds 
which they named Pyrethrin I and Pyrethrin II, both 
of which were found to be potent insecticides. Study 
of their chemistry revealed them to be esters of the 
ketone-alcohol pyrethrolone with two acids. In Py- 
rethrin I the combined acid is chrysanthemum mono- 
carboxylic acid (2,2-dimethyl-3-rsobutenylcyclopropane-1- 
carboxylic acid, CioH1¢O2); in Pyrethrin II it is the 
methyl ester of chrysanthemum dicarboxylic acid 
[C11Hi604]. : 

More recent researches by numerous workers have 
confirmed the structure of these acids, but it now ap- 
pears that three isomeric pyrethrolones [C1:H140¢2] are 
present as esters, as well as two closely related com- 
pounds [Ci oHi40.], also as esters. In addition, 
palmitic and linoleic acids are present both free and as 
esters of the pyrethrolones. 

La Forge and Barthel have designated as ‘‘Pyrethro- 
lone C” the isomer present in the largest proportion. 
The pyrethrolone isomers are believed to differ in the 
position of the double bonds in the side chain. There 
is a difference of opinion among various investigators 
as to the point of attachment of the side chain on the 
five-membered ring. In addition, although Staudinger 
and Ruzicka considered the ring structure in pyrethro- 
lone to be saturated, later workers formulate it with 
one double bond. Pyrethrin I thus has the formula 
CraléladQe or (Crplele Ou: (mol. wt. 330.45 or 328. 43); 
Pyrethrin iBe Csalaled Oe or CeplialatO)s (mol. wt. 374.46 
or 372.44). 


CHgs CHg 
pe VRB 
en CHg3 
COOH 
chrysanthemum monocarboxylic acid 
CHg CHs 
C—CH—CH =C 
CHA ae \COOCHs 
doox 


methyl ester of chrysanthemum dicarboxylic acid 
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S 
HeC C—CH2,—CH—CH—CH =—CHe 


HO—C——C=0O 
H 


Pyrethrolone C 
(La Forge and Barthel) 


For an excellent résumé of the chemistry involved, as 
well as a discussion of the production of pyrethrum, its 
evaluation, and of the preparation of insecticidal 
sprays containing it, the reader is referred to the two- 
volume work of Gnadinger.} 

The terms ‘‘Pyrethrin I’’ and “‘Pyrethrin II’’ must 
be regarded as pertaining to groups of compounds 
characterized according to the acid component, which 
is in each case esterified with more than one, and prob- 
ably with several, pyrethrolones. 


Description and Properties—For a complete description of the un- 
ground and the powdered drug see the N. F. VIII. 

Tests for Purity—Powdered Pyrethrum is required to meet specific 
tests for freedon from Powdered daisy flowers. Limits are also estab- 
lished for the percentage of Stems, Foreign organic matter, and Acid- 
insoluble ash in the drug. 

Assay (Pyrethrin I)—An accurately weighed sample of finely pow- 
dered Pyrethrum is subjected to continuous extraction with petroleum 
benzin in a Soxhlet extractor. The solvent is then evaporated, and 
the pyrethrins present in the residue are saponified with alcoholic 
half-normal sodium hydroxide in order to liberate the two acids from 
them. The reaction mixture is then diluted with water, boiled, treated 
with barium chloride solution and purified siliceous earth, brought to 
a specified volume, and filtered. A specified volume of filtrate is col- 
lected, acidified with dilute sulfuric acid, and filtered. The organic 
acid liberated from Pyrethrin I is extracted from the filtrate by shak- 
ing out with petroleum benzin; the other acid from Pyrethrin II re- 
mains in the acid-aqueous portion, which is therefore retained for the 
assay of this substance. 

The chrysanthemum monocarboxylic acid from Pyrethrin I is ex- 
tracted from the petroleum benzin by shaking out with tenth-normal 
sodium hydroxide. It is assayed by a mercury reduction method in 
which mercuric sulfate T.S. is used. The exact reaction which occurs 
is not completely understood by investigators, but the assay of numer- 
ous samples of the pure acid has shown that the method yields reliable 
and reproducible results. The empirical factor given in the official 
assay was derived in this manner. 

Sodium chloride is added for the purpose of precipitating the mer- 
cury as mercurous chloride. The precipitate is filtered off, washed, 
and transferred to a flask. Hydrochloric acid, water, iodine mono- 
chloride T.S., and chloroform or carbon tetrachloride are added, and 
the mixture is titrated with hundredth-molar potassium iodate until 
the reddish brown color of iodine has disappeared from the chloroform 
or carbon tetrachloride layer. In this procedure potassium iodate 
reacts with mercurous mercury to form mercuric mercury, accom- 
panied by the liberation of free iodine. The further addition of the 
iodate in the presence of hydrochloric acid oxidizes iodine to iodine 
monochloride. The addition of iodine monochloride does not change 
the volume relationship between mercurous mercury and the iodate 
solution, and aids in determining the end-point in the titration of small 
quantities of mercury. 


2HgeCle + KIO3 + 6HCl > 4HgCle + IC] + KCl + 3H,0 


Each ce. of hundredth-molar potassium iodate is equivalent to 5.7 
mg. of Pyrethrin I. 

(Pyrethrin II)—The acid-aqueous portion reserved from the assay 
for Pyrethrin I is subjected to a purification process, after which the 
free organic acid is removed from its acidified aqueous solution by 
shaking out repeatedly with ether. The combined ether portions are 
evaporated to dryness, the residue consisting of free chrysanthemum 
dicarboxylic acid, since the saponification procedure frees it from its 
combination as the methyl ester. 

The dicarboxylic acid is then dissolved in neutralized alcohol and 
titrated with fiftieth-normal sodium hydroxide, using phenolphthalein 
as the indicator. Each cc. of the alkali solution is equivalent to 


4 
sea or 3.74 mg. of Pyrethrin II. 


For details of the assay see the N. F. VIII. 


Uses—This drug is not to be confused with one for- 
merly official as Pyrethrum (Pellitory), the root of 
Anacyclus Pyrethrum DC. (Fam. Composite). 

The pyrethrins are soluble in petroleum benzin, 
ether, alcohol, and several other organic solvents. . 
1 Gnadinger, C. B., Pyrethrum Flowers, 2nd ed., 3rd printing, 1945, and 
Pyrethrum Flowers: Supplement to Second Edition, "1936-1945, McLaughlin, ; 
Gormley King Co., Minneapolis, Minn., 1945. 
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Many of the commercial insecticidal sprays represent 
solutions of the pyrethrins in kerosene or other petro- 
leum fractions. See Insecticides (page 1223). An ex- 
tract containing the pyrethrins from one pound of high 
grade pyrethrum flowers (e. g., 0.90 per cent pyrethrins) 
in one gallon of the appropriate solvent is said to be a 
satisfactory product for household use. For a live- 
stock spray the concentration of drug recommended is 
from 12 ounces to one pound per gallon. It is claimed 
that the addition of 5 per cent of pine oil (page 715) to 
a cattle spray increases the repellent action, the insecti- 
cidal property, and the ‘“‘knockdown”’ of insects. 

During World War II aerosol bombs were devised, 
particularly for use in malarial control. These contain- 
ers are filled with a mixture which contains DDT for its 
action as a nerve poison, pyrethrins for their knock- 
down effect since they are contact poisons for insects, 
a suitable solvent, and a propellant such as Freon (page 
1235). Other substances are sometimes added. The 
following is a typical formula: 


Pyrethrum Extract (20 per cent pyrethrins).......... 1 ee. 
veeraene (ORGS oo a Sic te Se nnnre nie Ica PPC Rca nee nen eae 5 ce. 
RevaTOME CATION OM ai cire eriitelcats si aes Oe eeials ae ae SS aes 5 ce. 
I UCHSEINCTOSCNOCs cuscta sis oe aie eh le bo eialis Sek alee ve 5 ce. 
ISIS | Oe oo SOLO Etats Mere AS Lee eee 5 ce. 
TETROVRTITID oS GASP OIE RO eae 79 ce. 


Pyrethrum Specialty 


Pyrethrum Ointment N. N. R. (Upsher Smith Co.)—Ointment con- 
taining 27 per cent of an extract obtained from Chrysanthemum 
cinerarizfolium, representing 0.75 per cent of Pyrethrins I and II, 
and 73 per cent of an ointment base composed of hydrous wool fat, 
petrolatum, and paraffin. It is claimed that the preparation is 
effective in scabies, penetrating the burrows and killing both the 
mites and eggs. 


Unofficial Products from the Composite 


Absinthium N. F. [1V—The dried leaves and flowering tops of Arte- 
misia Absinthium. (See Wormwood below.) 

Arnica Oil—From the root and flowers of Arnica montana. 
tains the dimethyl ether of thymohydroquinone. . 

Arnica Root (Arnice Radix)—The rhizome and roots of Arnica 
montana Linné. It contains 1 per cent of volatile oil, a bitter 
principle arnicin, acrid resin, ete. It possesses the same constitu- 
ents and properties as the flowers. p 

Calendula N. F. VII (Marigold, Hollygold, Marybud)—The dried 
ligulate floret of Calendula officinalis Linné. It contains a little 
volatile oil, a bitter principle, resin, and calendulin (a gummy, al- 
most tasteless substance which is not the active principle). Uses: 
It is a mild aromatic and diaphoretic. Dose: 1 Gm. (approxi- 
mately 15 grains). i : 5 

Chamomile Flowers (Roman Chamomile, Anthemis)—The dried 
flower heads of Anthemis nobilis Linné, collected from cultivated 
plants. It contains a volatile oil, anthemide, and a bitter principle 
called anthemic acid. Uses: a bitter tonic. Dose: 2 Gm. (ap- 
proximately 30 grains). 


It con- 
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Chamomile Oil—From the flower heads of Anthemis nobilis. Con- 
tains anthemol, anthemene, and esters of angelic and tiglic acids. 
Cyna Oil—From the flowers of Artemisia maritima. A pale yellow oil. 
Dahlia Oil—From the tubers of Dahlia pinnata. 
Erigeron (Erigeron)—The leaves and tops of Hrigeron canadensis. 
Uses: diuretic, tonic, astringent. Dose: 4 Gm. (approximately 1 
drachm). 

Erigeron Oil (Fleabane Oil)—From the fresh flowering herb Hrigeron 
canadensis Linné. It consists chiefly of d-limonene and it also con- 
tains an oxygenated portion. Uses: hemostatic in uterine hemor- 
rhage. Dose: 1 cc. (approximately 15. minims). 

Farfara N. F. V (Coltsfoot, Tussilago Leaves)—The dried leaf of Tus- 
silago Farfara Linné. Contains volatile oil, resin, tannin, etc. 
Uses: employed by the laity for coughs: Dose; 4 Gm. 

Feverfew (Parthenium)—The flowering herb of Pyrethrum parthe- 
mium growin: in waste placesin Hurope. It contains volatile oil and 
bitter principle. 

Gnaphalium (Life Everlasting)—The dried flowering herb of Gnapha- 
lium obtusifolium Linné and of Anaphalis margaritacea (L.) Benth. 
and Hook. commonly known as Pearly Everlasting. Contains 
volatile oil, bitter principle, tannin, etc. Uses: for catarrh, diar- 
rhea, and as a fomentation for bruises. Dose: 4 Gm. 

Golden Ragroot (Life Root Plant, Senecio N. F. V)—The dried plant 
of Senecio aureus Linné. It contains a volatile oil and a bitter prin- 
ciple. Uses? an emmenagogue in doses of 4 Gm. (approximately 
60 grains). 

Inula N. F. V (Elecampane)—Consists of the dried rhizome and roots 
of Inula Helenium Linné. Inula contains a volatile oil, 20 to 40 
per cent of inulin, a soft acrid resin, and some minor constituents. 
Uses: formerly employed in amenorrhea, diphtheria, and tuber- 
culosis, but it is probably of no value. Externally it has been used 
as a aS Dose: 0.6 to 2 Gm. (approximately 10 to 30 
grains). 

Inula Oil—From the root of Inula helenium. Contains alantol. 

Lactucarium U. S. P. IX (Wild Lettuce)—The dried milk-juice of 
Lactuca virosa. Gactucarium is a complex substance. It contains 
volatile oil, a bitter resinous principle, lactucin [C1;H1203.H 20], 
lactucic acid (bitter and crystalline), lactucopicrin (bitter and amor- 
phous), lactucerin or lactucon in large quantity, nearly 60 per cent 
(this principle is inert and crystallizable), caoutchouc, resin, aspara- 
gin, mucilage, etc. Uses; a sedative in coughs but has little if any 
action. Mostly used in pastes. Contrary to the popular opinion 
it bears no relationship to opium and contains no narcotic principle 
of importance or value. Dose: 1 Gm. (approximately 15 grains). 

Matricaria Oil—A deep blue oil from the flowers of Matricaria chamo- 
milla. Contains azulene, several terpenes, paraffin hydrocarbons, 
methoxycoumarin, etc. 

Tansy (Tanacetum)—The leaves and tops of Tanacetum vulgare 
Linné. The bitter principle is tanacetin. The volatile oil contains 
tanaceton, borneol, and camphor. 

Wormwood (Absinthium N. F. IV, Mugwort)—The dried leaves and 
flowering tops of Artemisia Absinthium Linné. It contains 1 per 
cent or more of a volatile oil, bitter and disagreeable in taste, con- 
taining absinthol, thujone [C19H1¢0], phellandrene, and small 
amounts of other constituents. The drug also contains a glycoside, 
absinthin [Cj5Hg904]. Uses: formerly as an anthelmintic. A 
narcotic poison in overdoses. Absinthe is a liqueur containing 
angelica, anise, marjoram, and wormwood oils. Dose: 2 Gm. 
(approximately 30 grains). 

Yarrow (Achillea)—A perennial herb, Achillea millefolium, growing in 
America and Europe. It contains achilleine. 

Yarrow Oil (Oleum Achilleze)—A blue or dark green volatile oil con- 
sisting mostly of cineol, obtained from Achillea millefolium (Fam. 
Composit). The yield is about }{9 per cent. The color is due to 
azulene. Formerly employed as a sudorific. Dose: 10-15 min. 


PRODUCTS FROM THE CRUCIFER 


BLACK MUSTARD U. S. P. Sinapis Nigra 


{Sinap. Nig.—Brown Mustard, Black Mnstard Seed, Red Mustard 
Seed, Sp. Mostaza Negra] 

Black Mustard is the dried ripe seed of Brassica nigra 
(Linné) Koch or of Brassica juncea (Linné) Czerniaew, 
or of varieties of these species (Fam. Cruciferz). Black 
Mustard yields not less than 0.6 per cent of allyl iso- 
thiocyanate [CsH;NCS]. ; 

Constituents—Black Mustard contains the glycoside 
sinigrin or potassium myronate [KCioHigNS20o], the 
enzyme myrosin, 30 to 35 per cent of fixed oil, mucilage, 
etc. Under the influence of the myrosin and water, the 
potassium myronate is converted into allyl «sothio- 
cyanate, or volatile mustard oil. This reaction takes 
place at ordinary temperature, and explains the pun- 
gent odor and taste of aqueous mixtures of ground mus- 
tard. Mustard Plaster is official in the U.S. P. 

The U. S. P. gives a description of Unground and 
Powdered Black Mustard and establishes limits for 
Foreign impurities. 

— i red form, preferabl 
: ed eine sack, SoS tec topes tightly, andl 
co, % 


macerate for 2 hours at about 37°. Then add 20 ce. of alcohol, and 
distil about 70 cc. into a 100-cc. graduated flask containing 10 ce. of 
ammonia T.S. and 20 cc. of tenth-normal silver nitrate. Mix thor- 
oughly, stopper the flask, allow the mixture to stand overnight, then 
heat it in a bath of boiling water, cool, add water to make 100 cc. of 
mixture, and filter through a dry filter, rejecting the first portions of 
the filtrate. Acidify 50 cc. of the filtrate, representing 2.5 Gm. of 
Black Mustard, with about 5 ce. of nitric acid, and titrate the mixture 
with tenth-normal ammonium thiocyanate, using 2 cc. of ferric am- 
monium sulfate T.S. as the indicator. Each cc. of tenth-normal silver 
nitrate is equivalent to 4.958 mg. of allyl isothiocyanate. 

, In this assay the allyl isothiocyanate produced in the manner ex- 
plained above reacts with ammonia to produce thiosinamine; the 
latter, when heated with ammoniacal silver nitrate solution, is con- 
pried quantitatively to allyl cyanamide and hydrogen sulfide, as 
follows: 


H H 
N—CsHs _/N—CoHg 
CsHsNCS + NH, + C=S eC + HS 
NEU RAE Ny 


The liberated hydrogen sulfide combines with the silver oxide 
which is present to form silver sulfide: 


2AgNOs + 2NH,OH — AgeO + 2NH4NO3 + H.O 
AgoO + HS — AgeS + H20 
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The recinitated silver sulfide is removed by filtration, and the ex- 
cess of tenth-normal silver nitrate in the filtrate is determined by 
titration with tenth-normal ammonium thiocyanate. The end-point 
is shown by the appearance of the red color characteristic of ferric 
thiocyanate, formed by the reaction between the thiocyanate and the 
ferric ammonium sulfate, used as the indicator: 


AgNOs + NH4SCN — AgSCN + NH4NOg 
FeNH4(SO4)2 + 3NH4SCN — Fe(SCN)s + 2(NH4)2S04 


Since the molecular weight of allyl isothiocyanate is 99.15, and its 
hydrogen equivalent is 2, each cc. of tenth-normal silver nitrate con- 


Ailf 
TERT or 4.958 mg. of CgH5NCS. 


Uses—It is used as a condiment, stimulant, and 
emetic; externally, itis rubefacient. When Brown Mus- 
tard is prepared as a condiment by the addition of 
vinegar, salt, and water, the product is known as Ger- 
man Prepared Mustard. Both white and black mustard 
are used in making homemade poultices. It is chiefly 
used as a counterirritant in the form of ‘mustard 
plasters,” made by. mixing it with varying amounts of 
wheat flour and adding sufficient tepid water to make a 
paste. It is occasionally used as a gastric and intestinal 
stimulant. It is an active, although unpleasant emetic, 
in an average dose of 10 Gm. (approximately 214 
drachms), especially useful in certain poisonings. 


sumed is equivalent to 


Mustard Plaster U. S. P. Emplastrum Sinapis 
[Emp. Sinap.—Mustard Paper, Sp. Emplasto de Mostaza] 


Mustard Plaster is a uniform mixture of powdered 
black mustard, deprived of its fixed oil, and a solution 
of a suitable adhesive, spread on paper, cotton cloth, 
or other suitable backing material. Each 100 square 
centimeters of spread plaster contains not less than 2.5 
Gm. of black mustard deprived of its fixed oil. 

When moistened thoroughly with tepid water and 
applied to the skin, the Plaster produces a decided 
warmth and reddening of the skin within 5 minutes. 

Hot water would destroy the enzyme, myrosin, and 
would not permit the development of the volatile 
mustard oil to which the rubefacient action is due. 


Storage—Preserve Mustard Plaster in well-closed containers, prefer- 
ably at a temperature not above 35°. Protect it from direct sunlight. 


Uses—A rubefacient. A common substitute for the 
manufactured Mustard Plasters is the mustard poultice 
of the home, usually prepared by mixing equal parts of 
ground mustard and flour, moistening with tepid water 
to form a paste, and applying to the skin in a muslin bag. 

Note— Before it 1s applied, Mustard Plaster should be 
thoroughly moistened with tepid water. 


Allyl Isothiocyanate N. F. Allylis Isothiocyanas 


{ Volatile Mustard Oil, Sp. Isotiocianato de Alilo, Aceite Volatil de 
Mostaza] 


Allyl Isothiocyanate is the oil obtained by maceration 


with water and subsequent distillation of the dried ripe: 


seed (free from fixed oil) of Brassica nigra (Linné) Koch 
or of Brassica juncea (Linné) Czerniaew (Fam. Cru- 
cifere), or prepared synthetically. It contains not less 
than 93 per cent of CH.==CH—CH,.—N=—C=S 
(99.15). Allyl Isothiocyanate must be labeled to indi- 


cate whether it was made synthetically or distilled from 
either of the plants mentioned above. 

Caution—Great care must be exercised in smelling 
Allyl Isothiocyanate. It should be tasted only when 
highly diluted. 

Preparation—Synthetically this product is made by 
distilling sodium or potassium thiocyanate with allyl 
chloride or sulfate, transposition taking place accord- 
ing to the following equation: 


NaSCN + CHe:CH.CH2Cl — 


sodium allyl 
thiocyanate chloride 


CHe:CH.CHeNCS + NaCl 


; allyl sodium 
isothiocyanate chloride 


Description and Properties—A colorless or pale yellow, strongly re- 
fractive liquid, having a very pungent, irritating odor, and an acrid 
taste. It is optically inactive. Specific gravity: 1.013 to 1.020 at 
25°, Refractive index: 1.5275 to 1.5310 at 20°. It is miscible with 
alcohol, with ether, and with carbon disulfide. Salts of copper, mer- 
cury or ‘silver abstract from Allyl Isothiocyanate its sulfur forming the 
corresponding heavy metal sulfides and allyl cyanide. When it is 
cautiously mixed in the cold with an equal volume of sulfuric acid 
and then agitated, the odor of sulfur dioxide is evolved and the pun- 
gent odor of Allyl Isothiocyanate disappears. 

Tests for Purity—Allyl Isothiocyanate is required to meet specific 
tests for Identification, and freedom from Alcohol, Chloroform, 
Petroleum, or Fatty oils, and Phenols. 

Assay—The assay of Allyl Isothiocyanate is essentially the same as 
that of Black Mustard (page 703). 

Storage—Preserve Allyl Isothiocyanate in tight containers. 


Uses—This oil is a powerful rubefacient, and must be 
handled with great care. It is not administered in- 
ternally. 


Unofficial Products from the Crucifere 


Bitter Candytuft—Jberis amare contains a sulfurated volatile oil. 
Uses: the seeds were formerly used in asthma and bronchitis. 
Dose: 0.1 Gm. 

Common Scurvy Grass—From the herb of Cochlearia officinalis. 
Habitat, Europe. Contains butyl isothiocyanate and vitamin C. 
Uses: in scurvy. 

Cher aabee seed of Lepidum sativum. Contains a sulfurated volatile 
oil. 

Hedge Garlic—Alliaria officinalis. 
oil similar to that of mustard. 
diuretic, and expectorant. 


The root contains a sulfurated 
Uses: the seeds are diaphoretic, 


Horseradish Oil—From the root of Cochlearia Armoracia. Habitat, 
Europe. The yield is about 3%9 per cent. The oil is allyl iso- 
thiocyanate and is produced in the same manner as in Black Mus- 
tard (see above). 

Radish— Raphanus sativus contains a sulfurated volatile oil. 

Shepherd’s Purse—The seeds of Capsella bursa-pastoris contain a 
sulfurated volatile oil. 

pal Ow ere sine seed of Cheiranthus cheiri contains a sulfurated vola- 
tile oil. 

White Mustard (Sinapis Alba U. 8. P. IX, Yellow Mustard)—The 
ripe seeds of Sinapis alba Linné (Fam. Crucifere), without the 
presence or admixture of more than 5 per cent of other seeds or 
other foreign matter. Constituents: White mustard seed contains 
sinalbin [Cg390H44Ne20i6S8e], a crystalline glucoside, which, under 
the influence of a peculiar enzyme, myrosin, and water, is split into 
acrinyl isothiocyanate [CgH7. NOS], which is a pungent, non-volatile 
substance (this is not the official mustard oil), sinapine sulfate 
[Cy1gHe3sNOs5sH 2804], and glucose. The seed contains in addition 
20 per cent of fixed oil, mucilage, gum, etc., but no starch. White 
Mustard does not yield allyl isothiocyanate upon distillation with 
steam (distinction from Black Mustard). Uses: It is used as a 
stimulant, condiment, and emetic; externally, it is rubefacient, but 
it is inferior to the black mustard. Hot water destroys the enzyme, 
myrosin, and prevents the development of the pungent principle. 
The emetic dose is 10 Gm. (approximately 244 drachms) mixed with 
a little water. When prepared as a condiment with vinegar, salt, 
and water, the product is commonly known as English Prepared 
Mustard. . 

Wild Mustard—The seed of Sisymbrium nasturtium contains a sul- 
furated volatile oil. 

Wild Radish—The seed of Raphanus Raphanistrum contains a sul- 
furated volatile oil. 


PRODUCTS FROM THE LABIATAE 


CATARIA N. F. Cataria 
[Catnip, Catnep, Catmint] 


Cataria consists of the dried leaves and flowering tops 
of Nepeta Cataria Linné (Fam. Labiate). 


Description and Properties—The N. F. provides a description of 
Unground and Powdered Cataria. It also establishes limits for Stems 


over 4 mm. in diameter, other Foreign organic matter, and Acid-' 


insoluble ash. 


Uses—Cataria is an aromatic used in infantile colic, 
mostly as a household remedy. 
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Average Dose—4 Gm. (approximately 60 grains). 


Cataria and Fennel Elixir N. F. 
Feeniculi 


Elixir Catarize et 


[Elix. Catar. et Feenic.—Catnip and Fennel Elixir] 


Metric Alternative 
Cataria, in moderately coarse powder. 100 Gm. 3 0z. av. 148 gr. 
Fennel, in coarse powder........... 40 Gm. 1 oz. ay. 147 gr. 
Spearmint, in moderately coarse pow- 

CLOT ort Sore lh tea aw sand oe 20 Gm 292 gr. 
Sodium Bicarbonate............... 18 Gm 263 gr. 
GCLOSGIII, «iste 's i c'slets € cthicrs os ele sess 170 Gm. 5 oz. av. 295 gr. 
Alcohol, 

Distilled Water, each, a _ sufficient 
quantity, 
IMS: GUD ae nee, Seen ae 1000 cc. 2 pints 


Mix 1 volume of alcohol with 3 volumes of distilled water, and 
use the mixture as the menstruum for extracting the mixed drugs 
by Process P for Tinctures (page 267). Dissolve the sodium bi- 
carbonate and the sucrose by gentle agitation in the first 850 cc. 
(27 fl. oz.) of the percolate collected. . Then add sufficient of the 
percolate to make the product measure 1000 cc. (2 pints), mix 
well and filter, if necessary, until the product is clear. 


Alcohol Content—From 17 to 20 per cent, by volume, of CaH50H. 
Storage—Keep Cataria and Fennel Elixir in tight containers. 


Uses—This Elixir is administered in infantile colic. 
Average Dose—0.5 cc. (approximately 8 minims) for 
infants. 


LAVENDER OIL U. S. P. Oleum Lavandule 


[Ol. Lavand.—Lavender Flowers Oil, Sp. Esencia de Espliego] 


Lavender Oil is the volatile distilled with steam from 
the fresh flowering tops of Lavandula officinalis Chaix 
ex Villars (Lavandula vera DeCandolle) (Fam. Labiatz). 
It contains not less than 30 per cent of esters calculated 
as linalyl acetate [C19Hi7.C2H30.]. 

Constituents—Lavender Oil is a product of consider- 
able importance in perfumery. A fine grade is pro- 
duced at Mitcham, England; in general, English oils 
command higher market prices than the French. Lin- 
alyl acetate is the chief constituent, occurring to the ex- 
tent of 6 to 10 per cent in English oils, though larger 
amounts have been reported by some investigators; up 
to 44 per cent of this compound occurs in French oils. 
Cineol appears to be a normal constituent of the Eng- 
lish oils, having been reported to occur to the extent of 
23 to 32 per cent; the French oil contains only traces. 
Free linalool is also an important compound, although 
present in only small amounts. Other constituents in- 
clude the following: amyl alcohol; d-borneol (small 
amount); geraniol; acetic, butyric, valeric, and caproic 
acids (combined as esters); traces of d-pinene, limonene 
(in English oils only), and the sesquiterpene caryophyl- 
lene; ethyl-n-amyl ketone; and an aldehyde (probably 
valeric aldehyde). 

Spike Lavender. oil is obtained by steam distillation 
from the wild plant Lavandula latifolia Vill. (L. Spica 
var. B. Linné). It is an inferior grade of lavender oil, 
having a somewhat camphoraceous odor, and is used 
largely as a soap perfume. 

- Description and Properties—A colorless or yellow liquid, having the 
characteristic odor and taste of lavender flowers. The Oil is soluble 
in 4 volumes of 70 per cent alcohol. Specific gravity: 0.875 to 
0.888. Optical rotation: from —3° to —10° in a 100-mm. tube at 
25°. Refractive index: 1.4590 to 1.4700 at 20°. 

Tests for Purity—The Oil is required to meet a specific test for 

adulteration with Alcohol and a determination of the amount of 

Foreign water-soluble esters present. 

Assay—The Oil is assayed for its content of esters, calculated as linalyl 
acetate, by the method used for Peppermint Oil (see page 706). For 


details of the procedure, see the U.S. P. : 
Storage—Preserve Lavender Oil in tight containers. 
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Uses—The Oil is used as an aromatic and carminative 
in doses of 0.1 cc. (approximately 1144 minims) and as a 
perfume. 


Compound Lavender Tincture U.S. P. Tinctura 
Lavandula Composita 


[Tr. Lavand. Co.—Compound Lavender Spirit, Sp. Tintura de 
Espliego Compuesta] 


Metric Alternative 
avend ert Qiligercn. tes oie ts eis. en ons aianers (3) (ep 123 min. 
RosemaryaQ il Wea. ota oe he eee ee 2 cc. 31 min. 
Cinnamon, in moderately coarse powder... 20 Gm 292 er. 
Clove, in moderately coarse powder....... 5 Gm F(Bh feat, 
Myristica, in moderately coarse powder... . 10 Gm 146 gr. 
Red Saunders, in moderately coarse pow- 

GOR A eee ike tare tctate fi arteoueyeye Sie 10Gm. 146 gr. 
Losin ake sa So ae eperneren xorrea tate eee is eras 1000 cc. 2 pints 


Prepare a Tincture by Type Process M (page 267), macerating 
the mixed drugs in a mixture of 750 cc. (24 fl. oz.) of alcohol, in 
which the oils have been dissolved, and 250 cc. (8 fl. oz.) of water. 
Complete the preparation with a menstruum of 3 volumes of 
alcohol and 1 volume of water. 


Alcohol Content—From 67 to 72 per cent, by volume, of C2H50H. 


History—This was originally a very complex prepa- 
ration, containing more than 25 ingredients. It was 
included in the London Pharmacopceia of 1721 and was 
at one time called Palsy Drops. 

Uses—Employed in nausea and flatulence in a dose of 
2 ce. (approximately 30 minims). 


Lavender Spirit U.S. P. Spiritus Lavandule 
[Sp. Lavand.—Sp. Espiritu de Espliego] 


Lavender Spirit contains, in each 100 cc., not less than 
4 ec. and not more than 6 cc. of lavender oil. 


Metric Alternative 

Vavender Oil tiem cron ae co exocenet ot imetsueheteva tual 50%cc; ¥ fl. oz. 
Alcohol, a sufficient quantity, 

To MaKe s pee ee cae ahs ial nator at on atars 1000 cc. 10 fl. oz. 


Mix the oil with sufficient alcohol to make the product measure 
1000 ce. [10 fl. oz.]. 


Assay—This preparation is assayed for its content of volatile oil by 
the method used for Peppermint Spirit. For explanation, see page 707. 
Alcohol Content—From 85 to 92 per cent, by volume, of CgH50H. 
Storage—Preserve Lavender Spirit in tight containers, protected 
from light. 


Uses—A stimulant and carminative. The dose is 


2 cc. (approximately 30 minims). 


PEPPERMINT U. S. P. Mentha Piperita 


[Menth. Pip.—American Mint, Lamb Mint, Brandy Mint, 
Sp. Menta Piperita] 


Peppermint consists of the dried leaf and flowering 
top of Mentha piperita Linné (Fam. Labiatz). 
Description and Properties—The U.S. P. XIII gives a description 


of Unground and Powdered Peppermint, and establishes a limit for 
Foreign impurities. 


Uses—The properties of Peppermint are due to the 
presence of about 2 per cent of a volatile oil, much of 
which is lost on drying the leaves in air. The oil con- 
tains the official stearoptene menthol. Peppermint is 
widely cultivated both in the United States and Europe. 
It is an aromatic stimulant and carminative, being 
largely used in the form of the official spirit. Pepper- 
mint is given in a dose of 1 drachm (4 Gm.). 
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PEPPERMINT OIL U. S. P.. Oleum Menthe 
Piperite 


[Ol. Menth. Pip.— Sp. Esencia de Menta Piperita] 


Peppermint Oil is the volatile oil distilled with steam 
from the fresh over-ground parts of the flowering plant 
of Mentha piperita Linné (Fam. Labiatez), rectified by 
distillation and neither partially nor wholly demen- 
tholized. 

It yields not less than 5 per cent of esters, calculated 
as menthyl acetate [Cio0H1i9.C2H30.], and not less than 
50 per cent of total menthol [Cio9H;,.OH], free and 
as esters. 

Constituents—This is one of the most important of 
the group of volatile oils. The chief constituent is 
Menthol (page 509) which occurs in the laevorotatory 
form; its ester, menthyl acetate, is present in a much 
smaller amount. Other compounds which are present 
include the ketone, menthone, a-pinene, I-limonene, 
phellandrene, cadinene, menthyl isovalerate, isovaleric 
aldehyde, acetaldehyde, cineol, an unidentified lactone 
[CioH1 602], and probably amyl acetate. Dimethyl sul- 
fide and certain other constituents, objectionable from 
the standpoint of flavor, are largely removed by the 
steam distillation which is required for rectification. 
The higher the menthol content of an oil, usually the 
lower is its percentage of menthone. 

Peppermint Oil is distilled in large quantities in 
Michigan, Indiana, New York, and Ohio from culti- 
vated plants. It is also produced in England, France, 
Italy, Russia, Spain, China, and Japan. The Japanese 
oil, which is distilled from Mentha arvensis var. piper- 
ascens, is the cheapest of all peppermint oils, but it is 
not suitable for all purposes because of the bitter taste 
which it possesses. Japanese peppermint oil contains 
75 to 90 per cent of menthol, of which 40 to 50 per cent 
can be separated by freezing. The U.S. P. contains a 
test to differentiate the official Peppermint Oil from 
that obtained from Mentha arvensis. Menthol from 
Mentha arvensis oil is now being obtained from Brazil, 
where the plant is extensively cultivated. 

The eleoptene or so-called ‘‘dementholized” oil has 
at times been sophisticated in whole or in part for the 
genuine Oil. It has been shown that the polariscope is 
an uncertain guide in determining the quality of a 
sample of Peppermint Oil. For this purpose it is neces- 
sary to assay one sample for its content of esters, calcu- 
lated as menthyl acetate, and a second sample for its 
content of total menthol, free and as esters. 


Description and Properties—Peppermint Oil is a colorless liquid, 
having a strong, penetrating odor of peppermint, and a pungent taste, 
followed by a sensation of cold when air is drawn into the mouth. 
Specific gravity: 0.896 to 0.908. Optical rotation: from —18° to 
— oe in a 100-mm. tube at 25°. Refractive index: 1.4590 to 1.4650 
at : 

Tests for Purity—In addition to a specific test for Reaction to litmus 
paper, the Oil is required to meet the following tests: 

Dementholized or impure Peppermint Oil—Peppermint Oil is clearly 
soluble in 3 volumes of 70 per cent alcohol, by volume, showing no 
separation of oil globules. 

Dimethyl sulfide—Distil 1 cc. from 25 cc. of Peppermint Oil and 
carefully superimpose the distillate on 5 cc. of mercury bichloride 
T.S. in a test tube: a white film does not form at the zone of 
contact within 1 minute. 

Distinction from Mentha arvensis oil—Prepare a 2 per cent solution 
of freshly redistilled aniline in glacial acetic acid. Add 5 ce. of this 
solution to 0.1 cc. of Peppermint Oil in a test tube. Shake well and 
allow the contents to stand for 5 minutes. If oil from Mentha 
arvensis is present, the mixture will turn pink, but if no oil from 
Mentha arvensis is present, the color will remain pale yellow. 

Assay for Esters—Place 10 cc. of Peppermint Oil in a tared, 125-cc. 
Erlenmeyer flask, and weigh it accurately. Add 25 cc. of half-normal 
alcoholic potassium hydroxide, connect the flask with a reflux con- 
denser, and boil the mixture on a water bath for exactly 1 hour. 
Allow the mixture to cool, and titrate the excess of alkali with half- 
normal sulfuric acid, using 10 drops of phenolphthalein T-S. as the 
indicator. Determine the normality of the alcoholic potassium 
hydroxide in the same manner as in the test. The number of cc. 
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of half-normal alcoholic potassium hydroxide consumed in the 
saponification, multiplied by 0.09915, indicates the number of Gm, of 
esters, calculated as menthyl acetate, in the Oil taken for the assay. 
Assay for Total Menthol—Place 10 cc. of Peppermint Oil in an acet- 
ylization flask of 100 cc. capacity, and add 10 ce. of acetic anhydride 
and 1 Gm. of anhydrous sodium acetate. Boil the mixture gently for 
exactly 1 hour, cool, disconnect the flask from the condenser, transfer 
the mixture to a small separator, rinsing the acetylization flask with. 
3 successive, 5-cc. portions of warm distilled water, and add the rins- 
ings to the separator. When the liquids have completely separated, 
reject the water layer, and wash the remaining Oil with successive 
portions of sodium carbonate T.8., diluted with an equal volume of 
distilled water, until the last washing is alkaline to 2 drops of phenol- 
phthalein T.S. Dry the resulting Oil with anhydrous sodium sulfate 
and filter. Transfer 5 cc. of the dry acetylized oil to a tared, 100-cc. 
Erlenmeyer flask, note its exact weight, add 50 cc. of half-normal 
alcoholic potassium hydroxide, connect the flask with a reflux con- 
denser, and boil the mixture on a water bath for exactly 1 hour. Al- 
low the mixture to cool, and titrate the excess of alkali with half- 
normal sulfuric acid, using 10 drops of phenolphthalein T.S. as the 
indicator. Determine the normality of the alcoholic potassium 
hydroxide in the same manner as in the test. Calculate the per 
cent of menthol by the following formula: 


Per cent of total menthol in the Oil tested = 


INSETS 
B— (Ax 0.021 * [1 — @ X 0.0021] 


A is the result obtained by subtracting the number of cc. of half- 
normal sulfuric acid required in the above titration from the number 
of cc. of half-normal alcoholic potassium hydroxide originally taken, 
B is the weight of acetylized oil taken, and £ is the percentage of 
esters calculated as menthyl acetate (Cj9H19.C2H 30g). ; 

In the first of the above assays, the esters present (chiefly menthyl 
acetate) are saponified to the free alcohol (menthol) and potassium 
acetate. The excess of the half-normal alkali used is determined by 
a residual titration with half-normal acid, using phenolphthalein T.S. 
as indicator, and from this value the amount. of half-normal alkali 
consumed in the saponification procedure is thus known. The equiva- 
lent 0.09915, by which the number of cc. of half-normal alkali con- 
sumed is multiplied, is derived as follows: 

The molecular weight of menthyl acetate is 198.30. Thus, 1 ce. 


of half-normal alcoholic KOH is equivalent to eee or 99.15 mg. 


2 x 1000 
of menthyl acetate. 

In the assay for total menthol, all of this alcohol present in the free 
state is acetylized to the ester, menthyl acetate. After esterification 
is complete, a sample of the Oil is saponified with half-normal alcoholic 
alkali, and the total menthol present is computed by using the for- 
mula. The equivalent 7.813 is derived from the fact that the molecu- 
lar weight of menthol is 156.26, and therefore 1 cc. of half-normal 
alcoholic KOH is equivalent to samy OF 7.813 Gm. of menthol. 
The factor 0.021 represents the amount of acetyl radical present in 
the acetylized oil which is equivalent to 1 cc. of half-normal KOH. 
It is derived by subtracting 156.26 (the molecular weight of menthol) 
from 198.30 (the molecular weight of menthyl acetate), and dividing 
the resulting value (42.04) by 2 X 1000. The expression [1 — (EB x 
0.0021)] is a correction for the amount of acetyl radical in the original 
Oil. 

Storage—Keep Peppermint Oil in tight containers. 


Uses—Peppermint Oil is'a carminative, antiseptic, 
and local anesthetic. It is also extensively used as a 
flavor in candy, chewing gum, ete. Its dose is 0.1 ce. 
(approximately 114 minims). 


Peppermint Spirit U.S. P. Spiritus Menthe Piperite 


[Sp. Menth. Pip.—Essence of Peppermint, Sp. Espiritu de Menta 
Piperita, Alcohol de Menta Piperita] 


Peppermint Spirit contains, in each 100 cc., not less 
than 9 cc. and not more than 11 cc. of peppermint oil. 


Metric Alternative 
Péppermint: Oil > a..eee eee ene 100 cc. 3 fl.oz. 96 min. 
Peppermint, in coarse powder...... 10 Gm 146 gr. 
Alcohol, a sufficient quantity, 
AO INAS: 4 SAU sane arene ean hacs ot chercs 1000 cc. 2 pints 


Macerate the peppermint leaves, freed as much as possible 
from stems and coarsely powdered, during 1 hour in 500 ce. (1 
pint) of distilled water, and then strongly express them. Add the 
moist, macerated leaves to 900 cc. (about 29 fl. oz.) of alcohol, 
and allow the mixture to stand during 6 hours with frequent 
agitation. Filter, and to the filtrate add the oil and sufficient 
alcohol to make the product measure 1000 ce. (2 pints). \ 

The maceration of the peppermint leaves with water 
is for the purpose of removing brownish colored pig- 


+ 


\ 


> 
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ments. If this processing were not performed, the 
finished product would not possess a brilliant green 
color, since the undesirable pigments are also soluble in 
alcohol. On the other hand, the maceration with water 
does not remove chlorophyll. For the same reason, 
maceration with water is performed with spearmint 
leaves in preparing Spearmint Spirit (page 708). 
Assay—This preparation is assayed by a salting-out procedure in a 
Babcock bottle. Acidified calcium chloride solution is added to throw 
the peppermint oil from solution; it rises to the surface of the mixture 
together with 1 cc. of kerosene which is also added. It is necessary to 
subtract 5 divisions from the total number of divisions occupied by 
the oily layer in the neck of the Babcock bottle because the 1 cc. of 
kerosene represents 5 divisions, each of which represents 0.2 cc. The 
value 4.2 is a factor necessary to correct for an error introduced by 
the slight solubility of the peppermint oil-kerosene layer in the aque- 
ous portion, and also by a slight contraction in volume which occurs 
when the immiscible solvents are mixed The volume of peppermint 
oil in divisions of the scale, multiplied by 4.2, gives the volume of oil 
in 100 cc. of the Spirit. For details, see the U. S. P. XIII. 
Alcohol Content—From 79 to 85 per cent, by volume, of CoHs0H. 
Storage—Preserve Peppermint Spirit in tight containers, protected 
from light. 

Uses—A valuable carminative and gastric stimulant 
in flatulence and nausea. 


Average Dose—1 cc. (approximately 15 minims). 


Peppermint Water U. S. P. Aqua Menthe Piperite 


[Aq. Menth. Pip.— Sp. Agua de Menta Piperita] 

f 

Peppermint Water is a clear, saturated solution of 
peppermint oil in distilled water, prepared by one of the 
processes described under Waters (page 225). 

Uses—A flavored vehicle, mildly sedative to the 
stomach. The dose is 15 cc. (approximately 4 flu- 
idrachms). 


ROSEMARY OIL U. S. P. Oleum Rosmarini 
{Ol. Rosmar.—Sp. Esencia de Romero] 


Rosemary Oil is the volatile oil distilled with steam 
from the fresh flowering tops of Rosmarinus officinalis 
Linné (Fam. Labiatx). It yields not less than 1.5 per 
cent of esters calculated as bornyl acetate [CioH17.- 
C2H30.], and not less than 8 per cent of total borneol 
[Ci9H1,0H], free and as esters. 

History—Under the name Aqua Regine Hungarie 
or Hungary Water, a spirit prepared from rosemary 
was very popular several centuries ago. 

Constituents—The amount of esters, calculated as 
bornyl acetate, and of total borneol, respectively, varies 
somewhat with the geographic source of Rosemary Oil. 
Of the former, French oils contain from 1 to 4.9 per cent; 
Spanish, 1 to 3.5 per cent; English, 4.9 per cent. Of 
the latter, French oils contain 8 to 11 per cent; Spanish, 
10 to 14 per cent; English, 13.7 per cent. Cineol is pres- 
ent to the extent of about 19 to 25 per cent, depending 
on the source. The terpenes d- and [-a-pinene, dipen- 
tene, and camphene, and the ketone camphor also occur 
‘in this Oil, 17 per cent of the latter constituent having 
been found in a sample of Sicilian origin. 


Description and Properties—A colorless or pale yellow liquid, having 
the characteristic odor of rosemary, and a warm, camphoraceous taste. 
Specific gravity: 0.894 to 0.912. Optical rotation: from —5° to 
+10° in a 100-mm, tube at 25°. Refractive index: 1.4640 to 1.4760 
at “ve The Oil is soluble in 10 volumes of 80 per cent alcohol by 
volume. 


- Assay—The Oil is assayed for its content of esters, calculated as 


bornyl acetate, and of total borneol by the method used for assaying 
Peppermint Oil (page 706). For details of the procedure see the 
LU ASE eke. @ § ; f 

Storage—Preserve Rosemary Oil in well-filled, tight containers and 


avoid exposure to excessive heat. 


. contain 1.4 per cent. 
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Uses—Rosemary Oil is used as a perfume, chiefly in 
rubefacient liniments. The French and English Oils 
are more esteemed as perfume constituents than the 
Spanish, and command a higher market price. The Oil 
is rarely administered internally, but may be given in a 
dose of 0.1 cc. (approximately 114 minims). 


SALVIA N. F. Salvia 


[Garden-sage] 


Salvia is the dried leaf of Salvia officinalis Linné 
(Fam. Labiatxe). It yields not less than 1.25 cc. of 
volatile oil from each 100 Gm, of drug. 

Constituents—The yield of volatile oil from Dalma- 
tian sage leaves is 1.3 to 2.5 per cent; German leaves 
Quantitatively, the most im- 
portant constituents of the latter oil are d-8- and [-a- 
thujone, which together comprise 50 per cent of its bulk. 
Salvene [CioHis], d-a-pinene, and cineol have also been 
isolated from the German oil. About 8 per cent of 
borneol and some d-camphor have been obtained by 
cohobation of the aqueous distillate from Dalmatian oil. 
English Salvia yields an oil which is claimed to contain 
a considerable amount of the sesquiterpene cedrene, only 
a little terpene, and but traces of oxygenated constitu- 
ents. 

Description—The N. F. VIII provides detailed descriptions of Un- 
ground and Powdered Salvia. 

Tests for Purity—The N. F. VIII includes limits and tests for Other 
Salvia species, Stems, Foreign organic matter, Crude fiber, Total ash, 
and Acid-insoluble ash. 


Assay—The drug is assayed for its content of volatile oil by Process A. 
See Thyme (page 708). 


Uses—It is used as a condiment. An infusion of 
Salvia has been used in sore throat. 


Average Dose—4 Gm. (approximately 60 grains). , 


SPEARMINT U. S. P. Mentha Viridis 


[Menth. Vir.—Spearmint Leaves, Spearmint Herb, Mint, Sp. 
Yerbabuena] 
Spearmint consists of the dried leaf and flowering top 
of Mentha spicata Linné (Mentha viridis Linné) (Fam. 
Labiatz). 


Description and Properties—The U. S. P. XIII gives a description 
of Unground and Powdered Spearmint and establishes a limit for 
Foreign impurities. 

Uses—Spearmint is the mint of culinary use in pre- 
paring mint sauce, and also the well-known mint julep. 
The volatile oil is the only constituent of importance in 
this plant; the yield is from 4% to 1 per cent. The dose 
is 4 Gm. (approximately 1 drachm). 


SPEARMINT OIL U. S. P. Oleum Menthe Viridis 
[Ol. Menth. Vir.—Sp. Esencia de Yerbabuena] 


Spearmint Oil is the volatile oil distilled with steam 
from the fresh, over-ground parts of the flowering plant 
of Mentha spicata Linné (Mentha viridis Linné) (Fam. 
Labiatz). It yields not less than 50 per cent, by 
volume, of carvone [CioH,40]. 

Constituents—The chief odoriferous constituent of 
this Oil is the ketone [-carvone [Ci1oH140], which occurs 
to the extent of 35 to 66 per cent in oils of American and 
German origin. Russian oil, however, contains only 5 
to 10 per cent of this substance. American oil also con- 
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tains dihydrocarveol acetate [C1o9H17.C2H3Ogl , I-lamonene 
[CioH1i¢], a small amount of phellandrene [C1oH1.6], and 
traces of esters of valeric and caproic acids. The acetate 
of dthydrocuminic alcohol [C1oH15.C2H Og] is present in 
German oil. Cineol [eucalyptol, C1o9H1sO] occurs in both 
Russian and German oil. From 50 to 60 per cent of 
the alcohol [-linalool [C10H1g0] is found in Russian oil. 


Description and Properties—A colorless, yellow or greenish yellow 
liquid, having the characteristic odor and taste of spearmint. The 
Oil is soluble in 1 volume of 80 per cent alcohol, forming a clear solu- 
tion. Specific gravity: 0.917 to 0.934. Optical rotation: from 
— 48° to —59° in a 100-mm. tube at 25°. Refractive index: 1.4840 
to 1.4910 at 20°. 
Tests for Purity—The Oil is required to meet a specific test for Reac- 
tion to litmus paper. 
Assay—Place 10 cc. of Spearmint Oil, measured from a pipette, in a 
100-ce. cassia flask, and add 50 cc. of a saturated solution of sodium 
sulfite, which has been carefully rendered neutral to 2 drops of 
phenolphthalein T.S. by means of a 30 per cent sodium bisulfite solu- 
tion. Heat the mixture in a bath containing boiling water, and shake 
the flask repeatedly, neutralizing fhe mixture from time to time by the 
addition of a few drops of the 30 per cent sodium bisulfite solution. 
When no coloration appears upon the addition of a few more drops of 
phenolphthalein T.S. and heating for 15 minutes, cool to room tem- 
perature, and when the liquids have separated completely, add suf- 
ficient of the sodium sulfite solution to raise the lower limit of the 
oily layer within the graduated portion of the neck. The oily layer 
measures not more than 5 cc., indicating the presence in the Oil of not 
less than 50 per cent, by volume, of carvone [C1 9H 40]. 

This assay is based upon the property of ketones to form a water- 
soluble addition product with sodium sulfite. Thus, the /-carvone 
present in the Oil reacts as follows: 


hae 'CHg 
ONa 
7 S==() & 
tw NagSO3 = OSO2Na 
| 
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H3C CHeg H3C CHe 


The addition product tends to undergo hydrolysis with the water 
present, with the liberation of sodium hydroxide, as is shown by the 
development of a pink color in the presence of phenolphthalein: 
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The presence of the free alkali is undesirable because it promotes a 
reversal of the addition reaction and also forms water-soluble com- 
pounds with any phenols present, thereby introducing an error in the 
assay. The neutralization of the free sodium hydroxide by sodium 
bisulfite is therefore directed: 


NaHSOs3 + NaOH — NasSO3 + He2O0 


The supernatant oily layer present at the end of the assay repre- 
sents the non-ketone portion of the 10-cc. sample of the Oil, and con- 
sequently the /-carvone in the sample is found by subtracting the 
value noted for the oily layer from 10. The difference is multiplied 
by 10 because a 10-cc. sample was taken; this figure is the per cent 
of /-carvone present. 

Storage—Preserve Spearmint Oil in tight containers. 

Uses—Spearmint Oil is used as a carminative in 
doses of 0.1 ce. (approximately 114 minims), and exten- 


sively as a flavor, especially in chewing gum. 


Spearmint Spirit U. S. P. Spiritus Menthe Viridis 
[Sp. Menth. Vir.—Sp. Espiritu de Yerbabuena] 


Spearmint Spirit contains, in each 100 cc., not less 
than 9 cc. and not more than 11 ce. of spearmint oil. 


Metric Alternative 
Spearmint. Oils yeerctacrrn aoe 100 cc. 3 fl.oz. 96 min. 
Spearmint, in coarse powder....... 10 Gm. 146 gr. 
Alcohol, a sufficient quantity, 
ALG aT AUK OTS. s crene'e sensaterrencetere 1000 cc. 2 pints 


VOLATILE OILS 


Macerate the spearmint leaves, freed as much as possible from 
stems and coarsely powdered, during 1 hour in 500 ee. (1 pint) of 
distilled water, and then strongly express them. Add the moist, 
macerated leaves to 900 cc. (about 29 fl. oz.) of aleohol, and allow 
the mixture to stand during 6 hours with frequent agitation. 
Filter, and to the filtrate add the oil and sufficient alcohol to 
make the product measure 1000 ce. (2 pints). 


For the explanation of the maceration of the spear- 
mint leaves in water, see Peppermint Spirit (page 706). 
Assay—This preparation is assayed for its volatile oil content in the 
same manner as Peppermint Spirit. See page 706 for explanation. 
Alcohol Content—From 79 to 85 per cent, by volume, of CopH50H. 
Storage—Preserve Spearmint Spirit in tight containers, protected 
from light. 

Uses—Spearmint Spirit is used as a carminative. 

Average Dose—I cc. (approximately 15 minims). 


Spearmint Water U. S. P. ‘Aqua Menthe Viridis 
{[Aq. Menth. Vir.—Sp. Agua de Yerbabuena] 


Spearmint Water is a clear, saturated solution of 
spearmint oil in distilled water, prepared by one of the 
processes described under Waters (page 225). 

Uses—A flavored vehicle. The dose is 15 ce. (ap- 
proximately 4 fluidrachms). 


THYME N. F. Thymus 
{Common Thyme, Garden Thyme, Sp. Tomillo] 


Thyme consists of the dried leaves and flowering tops 
of Thymus vulgaris Linné (Fam. Labiatz). It yields 
not less than 1.5 cc. of volatile thyme oil from each 100 
Gm. of drug. 

Constituents—Thyme contains about 2 to 2.5 per 
cent of volatile oil, tannin, ete. 

Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Thyme and establishes limits for Foreign 
impurities. 

Assay—Thyme is assayed for its content of volatile oil by Process A 
of the N. F. This is a distillation procedure in which a special con- 
denser and separator are employed. For a description of the process 
and equipment, see the N. F. VIII (page 764). Process A is used for 
products containing but little starch or mucilage; Process B, for prod- 
ucts containing considerable starch or mucilage; Process C, for fluid 
preparations containing volatile oil. The U. S. P. XIII (page 715) 
describes similar apparatus for this purpose. 

Uses—As a carminative, emmenagogue, antispas- 
modic, and condiment. 


Average Dose—4 Gm. (approximately 60 grains). 


Thyme Fluidextract N. F. Fluidextractum Thymi 
[Fldext. Thymi—Sp. Extracto Fluido de Tomillo] 
Prepare the Fluidextract from thyme, in moderately 
coarse powder, by Process C (page 271). Use a mixture 
of 3 volumes of alcohol and 1 volume of water as the 
menstruum, macerate the drug during 48 hours, and 
percolate at a moderate rate. 


Alcohol Content—From 58 to 63 per cent, by volume, of CoHs50H. 
Storage—Preserve Thyme Fluidextract in tight, light-resistant con- 
tainers and avoid exposure to direct sunlight or to excessive heat. 


Uses—In chronic bronchitis and whooping cough. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


Thyme Syrup N. F. Syrupus Thymi 
[Syr. Thymi—Sp. Jarabe de Tomillo] 


Metric Alternative 
Thyme Fluidextract...-.:../::.. 200 cc. 6 fl.oz. 192 min. 
Magnesium Carbonate... .. sah he 10 Gm. 146 gr. 
Sucrose ties te or econ 800 Gm. 26 0z. ay. 308 gr. 
Distilled Water, a sufficient quan- 
tity, 
Tormake:ccre teh cielo aan: ree . 1000 cc. 2 pints 


VOLATILE OILS 


Triturate the fluidextract with the magnesium carbonate and 
60 Gm. (2 0z. av. 1 gr.) of the sucrose, add 280 ce. (8 fl. oz. 462 
min.) of distilled water, and stir until the sucrose is dissolved. 
Filter the solution, dissolve the remainder of the sucrose in the 
clear filtrate by means of agitation, without the aid of heat, and 
add sufficient distilled water, if necessary, to make the product 
measure 1000 cc. (2 pints). Mix well. 


Alcohol Content—From 11 to 13 per cent, by volume, of CgH;OH. 


Storage—Preserve Thyme Syrup in tight containers, and avoid ex- 
cessive heat. 


Uses—A carminative and antispasmodic. 


; The dose 
is 4 cc. (approximately 1 fluidrachm). 


THYME OIL N. F. Oleum Thymi 
{Common Thyme Oil, Garden Thyme Oil, Sp. Esencia de Tomillo] 


Thyme Oil is a volatile oil distilled from the flowering 
plant of Thymus vulgaris Linné or Thymus Zygis Linné 
and its var. gracilis Boiss (Fam. Labiatx). It yields not 
less than 40 per cent, by volume, of phenols. 


‘Constituents—The Oil, as prepared in the south of ° 


France, is known commercially as Oil of Origanum. It 
is, after one distillation, of a reddish brown color, and is 
called the red oil, but when again distilled is colorless, 
and in this condition is distinguished as the white oil. 
The specific gravity of the red or common oil is stated 
to be 0.905, but probably varies, as the Oil is a complex 
body. The more volatile portion, that coming over 
below 180° during distillation, is a mixture of cymene 
[(CyoHi4], boiling at 175°, and l-a-pinene [C1oH 1.6], boil- 
ing at 161°. The less volatile and most valuable por- 
tion is Thymol (page 681) [C10Hi,0], the stearoptene, 
a white, crystalline solid, melting at 50°, and possessing 
a pungent taste. Carvacrol, an isomer of thymol, is also 
present, at times replacing part or all of the thymol, and 
in addition lznalool and bornyl acetate have been found 
in small amounts. Thymol is also found in oil of 
monarda (horsemint). 


Description and Properties—Thyme Oil is a colorless, yellow, or red 
liquid with a characteristic, pleasant odor, and a pungent, persistent 
taste. It is affected by light. Specific gravity: 0.910 to 0.935. 
Optical rotation: slightly laevorotatory; does not exceed —3° ina 
100-mm. tube at 25°. Refractive index: 1.4950 to 1.5050 at 20°. 
Thyme Oil is miscible with 2 volumes of 80 per cent alcohol. 

Tests for Purity—The Oil is required to meet a specific test for the 
presence of Water-soluble phenols. 

Assay—The oil is assayed for its content of phenols by the following 
procedure: A 10-cc. sample of the oil is pipetted into a cassia flask, 
75 cc. of potassium hydroxide T.S. is added, and after stoppering the 
flask its contents are shaken thoroughly and allowed to stand over- 
night. Then sufficient potassium hydroxide T.S. is added to raise 
the lower limit of the oily layer within the graduated portion of the 
neck of the flask. After the alkaline layer has become clear, it is 
adjusted to the temperature at‘which it was measured, and the vol- 
ume of the residual supernatant oily layer is noted. This should be 
no more than 6 cc., indicating the presence of not less than 40 per cent 
of phenols. 

This procedure depends upon the property of phenolic substances to 
form water-soluble phenolates in the presence of alkali hydroxides, 
whereby they are removed from the oil in which they occur. Both 
thymol and carvacrol respond to this assay. The non-phenolic con- 
stituents are incapable of reacting with the alkali under the conditions 
of the assay; and since their densities are less than that of the alkali 
solution, they form an oily supernatant layer. r 
Storage—Preserve the Oil in tight containers, protected from light. 


Uses—Thyme Oil is a powerful germicide but is 
chiefly used in liniments as a stimulant. 


PRODUCTS FROM 


CINNAMON U. S. P. Cinnamomum 


[Cinnam.—Saigon Cinnamon, True Cinnamon, Saigon Cassia, 
China Cinnamon Sp. Canela, Canela de Saigén] 

_ Cinnamon is the dried bark of Cinnamomum Lou- 

eirii Nees (Fam. Lauracex). Cinnamon yields, from 

each 100 Gm., not less than 2.5 cc. of cinnamon oil. 
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Average Dose—0.1 cc. (approximately 114 minims). 


Unofficial Products of the Labiate 


Brunella (Heal-all, Self heal)—The herb of B. (Prunella) vulgaris. 
Found in North America, Asia, and Europe. 

Calamintha (Wild Basil)—The herb of C. clinopodium. One of the 
sources of French Marjoram Oil. 

Catnep Oil—From the leaves and tops of Nepeta cataria. Habitat, 
Europe. Contains a- and £-citral, citronellol, nerol, limonene, 
several of the lower fatty acids, etc. 

Collinsonia (Horsebalm, Stone Root, Knot Root)—The herb of 
Collinsonia canadensis, grown in North America. Uses: diuretic, 
diaphoretic, tonic. Dose: 2 Gm. 

Cunila (Dittany)—From C. Mariana, found in the United States. It 
contains volatile oil andresin. Uses: carminative and diaphoretic. 

Glechoma (Ground Ivy)—From G. hederacea and others, grown in 
Europe. It contains volatile oil, resin, etc. 

Hedeoma (American Pennyroyal)—The dried leaves and:flowering tops 
of Hedeoma pulegioides (Linné) Persoon. It contains a volatile oil. 
Uses: stimulant and aromatic. Dose: 8 Gm. (2 drachms). 

Hedeoma Oil (Pennyroyal Oil)—A volatile oil distilled from the leaves 
and flowering tops of Hedeoma. A pale yellow limpid liquid of 
characteristic, pungent, mint-like odor and taste. Contains pule- 
gone and hedeomol. Specific gravity: 0.920 to 0.935 at 25°. It 
forms a clear solution with 2 volumes or more of 70 per cent alcohol. 
Dextrogyrate, the angle of rotation varying from about +18° to 
+22° in a 100-mm. tube, at a temperature of 25°. This is an 
oxygenated oil. Uses: principally to protect the exposed parts 
of the body from the bites of flies, mosquitoes, fleas, ete. Carmina- 
tive, emmenagogue, and stimulant. Dose: 0.06 to 0.2 cc. (ap- 
proximately 1 to 3 minims). 

Hyssop Oil—From the herb of Hyssopus officinalis. Colorless or 
greenish yellow oil containing /-pinonic acid and l/-pinocamphene. 

Hyssopus (Hyssop)—From H. officinalis, indigenous to Southern 
Europe. It contains about 4% per cent of volatile oil, etc. Uses: 
stimulant, carminative. 

Lavender (Lavandula)—The flowers of Lavandula spica (Lavandula 
officinalis or Lavandula vera). It contains a volatile oil with the 
principle constituent /-linalyl acetate. Uses: perfume. 

Leonurus (Motherwort)—The herb of L. cardiaca, grown in Europe. 
It contains a volatile oil and a bitter principle. Uses: stimulant, 
bitter tonic. Dose: 3 Gm. 

Lycopus (Bugleweed)—The herb of L. virginicus, found in the United 
States. It contains a volatile oil, resin, etc. 

Marrubium (Horehound, White Hoarhound)—The dried leaves and 
flowering tops of Marrubium vulgare. Habitat, Europe and Asia. 
Contains volatile oil, the bitter principle marrubin, resin, tannin, 
etc. Uses; expectorant and bitter tonic. Dose: 4 Gm. 

Melissa (Balm)—The leaves and tops of Melissa officinalis Linné. 
Possesses a volatile oil containing citral. Uses: diaphoretic in 
the form of a tea. 

Melissa Oil (Lemon Balm Oil)—From the leaves and tops of Melissa 
officinalis. WHabitat, Europe and United States. Uses: stimu- 
lant and diaphoretic. Dose: 2 min. 

Mentha pulegium (European Pennyroyal)—This plant yields an oil 
which must not be confounded with the American oil of the same 
name. 

Monarda (Horsemint)—The leaves and tops of M. punctata, indige- 
nous to the United States. It contains thymol and a volatile oil, etc. 

Origanum (Wild Marjoram)—The dried leaves and flowering tops of 
Origanum vulgare. Contains a volatile oil with the constituents 25 
to 85 per cent carvacrol and cymene. Uses: the oil is used in 
liniments. 

Patchouli Oil—Distilled from Pogostemon Patchouly. Habitat, 
East India. Thick, brownish yellow oil containing azulene and 
patchouli alcohol. Uses: to confer lasting qualities on perfumes. 

Rosemary (Rosemarinus)—The leaves of Rosmarinus officinalis. It 
was formerly official, and contains a volatile oil which contains 
borneol. + Uses: stimulant, carminative. Dose: 4 Gm. 

Scutellaria N. F. VII (Skullcap)—The dried over-ground portion of 
Scutellaria lateriflora. It contains a volatile oil, tannin and the 
bitter, amorphous glycoside scutellarin. Uses: bitter tonic and 
antispasmodic. Dose: 1 Gm. 

Summer Savory—The herb of Satureja hortensis cultivated as a culi- 
nary flavor. Resembles thyme in both flavor and odor. 

Sweet Basil Oil—From Ocymum basilicum. Habitat, Asia and 
Africa. Contains /-linalool and methyl cinnamate. Uses: condi- 
ment. The herb is used as a flavoring agent in foods. 

Sweet Marjoram (Majorana)—The dried leaves from Origanum 


marjorana. Contains volatile oil, tannin, etc. The oil contains 
camphor and borneol. Uses: poultry seasoner. Stimulant and 
carminative. Dose: 4 Gm. 


Wild Thyme (Creeping Thyme)—The dried leaves and flowering tops 
of Thymus serpyllum. Contains 0.5 per cent volatile oil which con- 
tains carvacrol and cymene but no thymol, bitter principle, tannin, 
ete. Uses: antispasmodic in whooping cough. Dose; 2 Gm, 


THE LAURACEA 


Description and Properties—The U. 8. P. XIII gives a description 
of Unground and Powdered Cinnamon and establishes limits for 
Foreign impurities. 


Assay—The drug is assayed for its content of volatile oil by a distilla- 
tion procedure discussed under Thyme (page 708). 


Storage—Preserve Cinnamon in well-closed containers, preferably in 
a cool, dry place. 
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Uses—Cinnamon owes its virtue to a volatile oil. 
There are also present tannin, mucilage, sugar, etc. 
It is used chiefly as a flavor, also as a local stimulant 
and mild astringent in certain types of diarrhea in doses 
of 0.25 Gm. (approximately 4 grains). 


Cinnamon Tincture N. F. Tinctura Cinnamomi 


[Tr. Cinnam.—Sp. Tintura de Canela] 


Metric Alternative 
Cinnamon, in coarse powder...... 200 Gm. 602. av. 296 gr. 
GI Y CeTiN 6, .5.,c\acescrtecaeternsreiar te tens 75 cc. 2 fl.oz. 192 min. 
Alcohol, : 
Water, each, a sufficient quantity, 
Tosa nics ei Sieestersuaneie sate teen 1000 cc. 2 pints 


Prepare the Tincture by Process P (page 267). Use a mixture 
of 3 volumes of alcohol and 1 volume of water as the menstruum, 
macerate the drug during 2 hours, and percolate rapidly, collect- 
ing 925 cc. (2914 fl. oz.) of percolate. To this add the glycerin 
and mix thoroughly. “« 


Alcohol Content—From 60 to 66 per cent, by volume, of CgHs5O0H. 


Uses—A flavoring agent used especially in diarrhea, - 


mixtures. oy 
Average Dose—I cc. (approximately 15 minims). 


CEYLON CINNAMON N. F. Cinnamomum 
Zeylanicum 


[Cinnam. Zeylan.—Sp. Canela de Ceylan] 


Ceylon Cinnamon is the dried inner bark of the shoots 
of coppiced trees of Cinnamomum zeylanicum Nees 
(Fam, Lauracee). Ceylon Cinnamon yields not less 
than 0.5 ce. of volatile Ceylon Cinnamon oil from each 
100 Gm. of the drug. 


Description and Properties—The N. F. provides a description of 
Unground and Powdered Ceylon Cinnamon. Test for Other :cinna- 
mons, Meals, Foreign organic matter, and Acid-insoluble ash are 
also provided. 

Assay—The drug is assayed for its content of volatile oil by a distilla- 
tion procedure discussed under Thyme (page 708), using the separator 
for oils heavier than water (page 212). 

Storage— Preserve Ceylon Cinnamon in well-closed containers. 


CINNAMON OIL U. S. P. Oleum Cinnamomi 


{[Ol. Cinnam.—Cassia Oil, Sp. Esencia de Canela] 


Cinnamon Oil is the volatile oil distilled with steam 
from the leaves and twigs of Cinnamomum Cassia 
(Nees) Nees ex Blume (Fam. Lauracezx), rectified by 
distillation. It contains not less than 80 per cent, by 
volume, of the total aldehydes of Cinnamon Oil. 

Constituents—There are two Cinnamon Oils in 
commerce: one procured from the Ceylon cinnamon 
(Cinnamomum zeylanicum), the other from the Chinese 
cinnamon (Cinnamomum Cassia). The latter (cassia 
oil) is now the only official one. The Chinese cinnamon 
is much the cheaper and more abundant of the two and 
will probably continue to be generally employed, not- 
withstanding the fact that the Ceylon product has the 
finer flavor. The value of cassia oil depends upon the 
percentage of Cinnamic Aldehyde (page 711) which it 
contains. Cinnamyl acetate and cinnamic acid are also 
present, as well as small amounts of phenylpropyl ace- 
tate and the methyl ether of orthocumaric aldehyde, the 
latter a crystalline substance which deposits on aging. 
In the Ceylon Cinnamon Oil, cinnamic aldehyde is the 
chief constituent, but eugenol is present to the extent of 
over 5 per cent, and phellandrene has also been reported. 
Cinnamon leaf oil contains much eugenol and very little 
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cinnamic aldehyde, safrol and benzaldehyde being pres- 
ent as minor constituents. Moderate oxidation of the 
Oil yields the corresponding cinnamic acid [CoHgQOo], 
but more energetic oxidation yields benzoic acid 
[C,H 604]. é , : 

Both the Ceylon and Chinese Cinnamon Oils have a 
slightly acid reaction. Ceylon Cinnamon Oil has a 
specific gravity between 1.023 and 1.040. It is readily 
soluble in alcohol, and contains between 65 and 75 per 
cent of cinnamic aldehyde and from 4 to 8 per cent of 
eugenol. When cooled to —10° it remains clear, but at 
a lower temperature a solid portion separates from it. 
Chinese Cinnamon Oil (cassia oil) has similar proper- 
ties, the marked difference being that its specific gravity 
is between 1.045 and 1.063, the aldehyde content being 
80 per cent or above, and that it contains no eugenol. 
The odor and taste are not quite so agreeable as that of — 
the Ceylon variety. Since lead containers are usually 
used when the Oil is shipped from China, a test for 
Heavy metals is necessary. Ceylon Cinnamon Oil, when ~ 
not very fresh, contains cinnamic acid in sufficient 
quantity to give a permanent cloudiness to cinnamon 
water made from it. 

Description and Properties—A yellowish or brownish liquid, becom- 
ing darker and thicker by age or exposure to the air, and having the 
characteristic odor and taste of cassia cinnamon. Specific gravity: 
1.045 to 1.063 at 25°. Optical rotation: from +1° to —1° in a 100- 
mm. tube at 25°. Refractive index: 1.6020 to 1.6135 at 20°. The 
Oil is soluble in an equal volume of alcohol, in 2 volumes of 70 per cent 
alcohol, and in an equal volume of glacial acetic acid. 

Tests for Purity—The official Cinnamon Oil is required to meet spe- 
cific tests for Reaction to litmus paper, the limit of Heavy metals in 
volatile oils, and the presence of Halogens and of Rosin or rosin oils. 
Assay—lt is assayed for its content of total aldehydes by the sodium 
sulfite method, using a cassia flask. For the explanation of this assay, 
see Spearmint Oil (page 707). 


Storage—Preserve Cinnamon Oil in well-filled, tight containers and 
avoid exposure to excessive heat. 


Uses—Cinnamon Oil is used as a flavor and to modify 
the action of griping or drastic drugs. Also used in 
flatulent colic. 

Average Dose—0.1 cc. (approximately 1144 minims). 


Cinnamon Spirit U. S. P. Spiritus Cinnamomi 
[Sp. Cinnam.—Sp. Espiritu de Canela] 


Cinnamon Spirit contains, in each 100 cc., not less 
than 9 cc. and not more than 11 cc. of cinnamon oil. 


Metric Alternative 
CinnamontOilleins esti yrocwi ae ees 100 cc. 3 fl. oz. 96 min. 
Alcohol, a sufficient quantity, 
To make isc cies wets ecataiela eterna 1000 cc. 2 pints 


Mix the oil with sufficient alcohol to make the product measure 
1000 ce. (2 pints). 


Assay—This Spirit is assayed by the Babcock bottle method. Most 
of the alcohol is evaporated, 1 cc. of kerosene and sufficient saturated 
acidified calcium chloride solution are added to bring the separated oil 
into the neck of the bottle. After centrifuging, the volume of the oil 
is read in the stem, 5 divisions are subtracted for the kerosene, and 
the remaining number of divisions are multiplied by 4.2 to obtain the 
volume of cinnamon oil in 100 cc. of the Spirit, 

Alcohol Content—From 80 to 87 per cent, by volume, of CoH50H. 
Storage—Preserve Cinnamon Spirit in tight containers, protected 
from light. 


Uses—A pleasantly flavored alcoholic vehicle. 
Average Dose—I cc. (approximately 15 minims). 


Cinnamon Syrup N. F. Syrupus Cinnamomi 
[Syr. Cinnam.—Sp. Jarabe de Canela] 7 


Metric Alternative 
Cinnamon: Oil cage tee 0.5 cc. 8 min. 
Compound Amaranth Solution. .... 60 cc. 1 fl.oz. 442 min. 
Syrup, a sufficient quantity, 
To -makeset yen cence eee 1000 cc. 2 pints 
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Mix well the Cinnamon Oil with the compound amaranth 
solution and a sufficient quantity of syrup to make the product 
measure 1000 cc. (2 pints). 


Alcohol Content—From 1 to 2 per cent, by volume, of CoH50H. 
Storage—Preserve Cinnamon Syrup in tight containers and avoid ex- 
cessive heat. 


Cinnamon Water U.S. P. Aqua Cinnamomi 
(Aq. Cinnam.—Sp. Agua de Canela] 


Cinnamon Water is a clear, saturated solution of cin- 
namon oil in distilled water, prepared by one of the 
processes described under Waters (page 225). 


Cinnamaldehyde N. F. Cinnamaldehydum 


Cinnamal.—Cinnamic Aldehyde, Cinnamyl Aldehyde, Sp. 
s Cinnamaldehido] 


CH—CHCHO 


Cinnamaldehyde contains not less than 98 per cent 
of CsH,CHO (132.15). 

Preparation—Cinnamaldehyde is obtained from cin- 
namon oil in which it is present to the extent of at least 
80 per cent. This aldehyde is also present in patchouli 
oil. It may be prepared synthetically by the conden- 
sation of acetaldehyde with benzaldehyde in the pres- 
ence of dilute alkali hydroxide solution or by saturat- 
ing the mixture with dry HCl. The reaction, which is 
an aldol condensation, occurs as follows: 


CeHsCHO + CHsCHO — C,gH;CH(OH)CH2CHO — 


benzaldehyde acetaldehyde intermediate 
product 
CgH;CH=CH.CHO + H20 
cinnamaldehyde water 


Description and Properties—A yellow, strongly refractive liquid, 
having an odor resembling that of cassia oil, and a burning, aromatic 
taste. It is affected by light. Its specific gravity is 1.048 to 1.052 
and its refractive index is 1.618 to 1.623 at 20°. It boils at about 
250° with partial decomposition and solidifies at about —8°. Vola- 
tile with steam. On exposure to air it oxidizes to cinnamic acid. 
Cinnamaldehyde dissolves in about 700 parts of water and is miscible 
with alcohol, chloroform, ether, or volatile oils. It dissolves in 7 
volumes of 60 per cent alcohol, forming a clear solution. It is also 
soluble in isopropyl and other liquid alcohols. 
Tests for Purity— 

Chlorinated compounds—Not more than 0.0035 per cent as Cl. 

Hydrocarbons—For this test, use is made of the fact that aldehydes 
readily combine with sodium bisulfite to form a water-soluble com- 
pound, while hydrocarbons, if present, are unaffected, and remain un- 
dissolved. The test is made by adding about 75 cc. of a hot 12 per 
cent solution of sodium bisulfite to 10 cc. of the Cinnamaldehyde 
contained in a 100-cc. volumetric flask, and after shaking until no 
more dissolves, sufficient of the bisulfite ‘solution i is added to raise the 
liquid within the neck of the flask. No oily layer should be present. 
Assay—Cinnamaldehyde is assayed as directed under Benzaldehyde 
(page 718). Each cc. of half-normal acid corresponds to 66.08 mg. of 

siz 
Storage—Preserve Cinnamaldehyde in well-filled, tight, light-resistant 
containers protected from excessive heat. 


Uses—Cinnamaldehyde, sometimes called Synthetic 
Cassia Oil, is often used to replace the natural oil as a 


flavor, but does not possess as delicate a flavor as the 
official cinnamon oil. 


SASSAFRAS N. F. Sassafras 


[Sassat=9p) Sasafrés] 


Sassafras is the dried bark of the root of Sassafras 
albidum (Nuttall) Nees (Fam. Lauracex). It yields 
not less than 4 cc. of sassafras oil from each 100 Gm. of 
drug. 
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Constituents—The drug contains from 4 to 8 per cent 
of an oxygenated volatile oil, tannin, a decomposition 
product of tannic acid called sassafrid, starch, resin, etc. 
Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Sassafras and establishes limits for Foreign 
organic matter, and Acid-insoluble ash. 


Assay—Sassafras is assayed for its content of volatile oil by Process 
A, as described under Thyme (page 708) 


Uses—Sassafras is used principally because of its 
high content of volatile oil which serves to disguise the 
taste of disagreeable substances. An infusion (‘‘sassa- 
fras tea’”’) was formerly extensively used as a home rem- 
edy, particularly in the southern states. 

Average Dose—10 Gm. (approximately 214 drachms). 


SASSAFRAS OIL U. S. P. Oleum Sassafras 
[Ol. Sassaf.—Sp. Esencia de Sasafras] 


Sassafras Oil is the volatile oil distilled with steam 
from the root of Sassafras albidum (Nuttall) Nees 
(Fam. Lauracez). 

Note—If the Oil has solidified in whole or in part, 
carefully warm it at a low temperature until it is lique- 
fied, then thoroughly mix tt before dispensing. 

Constituents—This Oil is produced by the steam dis- 
tillation of the wood and bark of the root of the sassafras 
tree, particularly in the southern part of the United 
States; the yield of Oil from the root bark is from 6 to 9 
per cent; from the root wood, less than 1 per cent. The 
Oil consists mainly of safrol [C1oH1002|, which is 3,4- 
methylene-dioxyallylbenzene; this compound occurs 
to the extent of about 80 per cent. The terpenes a- 
pinene and phellandrene together comprise about 10 per 
cent of the Oil, and d-camphor about 6 to 7 per cent. 
The Oil also contains 0.5 per cent of ewgenol, and is be- 
lieved to contain a sesquiterpene, possibly cadinene. 

Safrol, sometimes called Artificial Sassafras Oil, is ob- 
tained by chilling this Oil, camphor oil, or other safrol- 
containing oils. The non-safrol portion of the oil 
(commercially termed ‘‘tailings’’) is filtered off with suc- 
tion, after which the crystals of safrol are transferred to 
a container and allowed to melt (m. p. about 11°). 
Safrol is a colorless or slightly yellow, highly refractive 
liquid with an odor reminiscent of Sassafras Oil. It 
boils at 231.5-232°, has a specific gravity of 1.100 at 
42, a refractive index of 1.5383 at 20°, and is optically 
inactive. 

Safrol is used for scenting soaps and as a substitute 
for Sassafras Oil. Considerable amounts of safrol are 
used for the preparation of heliotropin (also called 
ptperonal), a substance possessing the odor of heliotrope, 
and hence used in the perfumery industry. 

In recent years rather large amounts of a Sassafras 
Oil of Brazilian origin have been imported, said to be 
obtained by steam distillation of the wood of Ocotea 
pretiosa. ‘This Oil does not coincide with the require- 
ments of the U.S. P., and hence is not granted official 
recognition. It differs somewhat in its chemistry from 
the American Oil, particularly in its content of safrol 
(about 90 per cent). 

Description and Properties—A yellow or reddish yellow liquid, having 
the characteristic odor and taste of sassafras. Specific gravity: 
1.065 to 1.077 at 25°. Optical rotation: from +2° to +4° in a 100- 
mm. tube at 25°. Refractive index: 1.5250 to 1.5350 at 20°. The 
Oil is soluble in 2 volumes of 90 per cent alcohol. 

Tests for Purity—The Oil is required to meet specific tests for Reac- 


tion to litmus paper and for the presence of Heavy metals. 
Storage—Preserve Sassafras Oil in tight containers. 


Uses—Sassafras Oil is used as a flavor by confec- 
tioners, particularly in hard candies. Either the Oil or 
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safrol is used as a preservative in mucilage and library 
paste, being far superior to methyl salicylate for this 
purpose. Since the Oil is a powerful antiseptic, it is 
sometimes employed in conjunction with other agents 
for local application in diseases of the nose and throat; 
safrol is also so used. The Oil may be given internally 
in a dose of 0.1 ec. (approximately 14% minims). 


VOLATILE OILS 


Unofficial Products of the Lauracee 


hyn. Ge Oil—From the preparation of crude camphor. Habitat, 

sia. 

Laurel (Laurus, Sweet Bay)—The leaves and fruit of L. nobilis, in- 
digenous to the Levant. It contains volatile and fixed oils, also resin, 
etc. Uses: culinary flavor. 

Laurel Oil (Oil of Sweet Bay)—A pale yellow oxygenated oil. Specific 
gravity: 0.91. The yield is about 2 per cent. Contains pinene, 
phellandrene, eugenol, cineol, geraniol, etc. 


PRODUCTS FROM THE MYRISTICACE 


MYRISTICA U. S. P. Myristica 
[Myrist.—Nutmeg, Nux Moschata Sp. Nuez Moscada] 


Myristica is the dried ripe seed of Myristica fragrans 
Houttuyn (Fam. Myristicacee), deprived of its seed- 
coat and arillode and with or without a thin coating of 
lime. Myristica yields not less than 25 per cent of non- 
volatile, ether-soluble extractive. 

Constituents—Most of the Nutmeg and mace of 
commerce are obtained from the Dutch East Indies, 
although considerable amounts come from British 
Malaya, especially Penang, and from the West Indies, 
particularly Granada. The purpose of the coating of 
lime is to protect the drug from insect attack; West 
Indian Nutmegs and those from Penang, however, are 
not limed. 

Nutmeg contains from 7 to 16 per cent of an oxy- 
genated volatile orl, and about 35 per cent of fatty oil. 
Toxicity has been reported from the ingestion of only 
4 to 5 grams of Nutmeg. This is attributable to the 
presence of myristicin [C11H 1203, ] which has been shown 
to be 3-methoxy-4,5-methylenedioxy-1-allylbenzene; this 
principle causes a fatty degeneration of the liver. 
Description and Properties—The U. §S. P. XIII gives a description 


of Unground and Powdered Myristica and establishes limits for 
Acid-insoluble ash. : 

Assay—Mpyristica is assayed for its content of non-volatile, ether- 
soluble extractive by a general method described by the U. 8. P. 
XIII. The procedure is as follows: 

Extract completely 2 Gm. of the prepared drug (t. e., in No. 20 
powder, and sampled according to U.S. P. specifications), which has 
been dried over sulfuric acid for not less than 12 hours, by subjecting 
it, during 20 hours, to the action of absolute ether in a continuous ex- 
traction apparatus. Transfer the ether solution to a tared porcelain 
dish and allow the solvent to evaporate spontaneously. Then dry it 
over sulfuric acid during 18 hours and weigh the total ether extract. 
Now heat the extract gradually up to 110° until the weight becomes 
constant. The weight of the extract represents the non-volatile por- 
tion of the total extract. 


Uses—Nutmeg is widely used as a flavor in foods. It 
is a stimulating aromatic. Its average dose is 0.5 Gm. 
(approximately 8 grains). 


MYRISTICA OIL U. S. P. Oleum Myristice 


Myrist.—Nutmeg Oil, East Indian Nutmeg Oil, West Indian 
Nutmeg Oil, Sp. Esencia de Nuez Moscada] , 


[ Ol. 


Myristica Oil is the volatile oil distilled with steam 
from the dried kernels of the ripe seed of Myristica 
fragrans Houttuyn (Fam. Myristicacee). 

Constituents—The composition of the volatile oils of 
nutmeg and mace is practically identical, and no dis- 


tinction is made between them in commerce. Nutmeg 
Oil is derived from the dried kernels of the seed; mace 
oil, from the dried exterior coating (arillode) of the thin, 
brown shell which contains the seed. 

Nutmeg Oil contains 80 per cent of d-pinene and d- 
camphene, 8 per cent of dipentene, about 6 per cent of 
the alcohols d-borneol, geraniol, d-linalool, and terpineol, 
4 per cent of myristicin, 0.6 per cent of safrol, 0.3 per 
cent of myristic acid free and as esters, 0.2 per cent of 
eugenol and zsoeugenol and traces of the alcohol ter- 
pinenol-4, a citral-like aldehyde, and several acids, all 
of which are present as esters. These include formic, 
acetic, butyric, and octoic acids; also a monocarboxylic 
acid of the formula C,3H,,03. 

Expressed Nutmeg Oil, known also as expressed Mace 
Oil, or Nutmeg Butter, is made by expressing nutmegs 
between hot plates, or macerating them in carbon disul- 
fide, and distilling the liquid to get rid of the solvent. 
It has been reported as containing the glyceride of 
myristic acid [CysHegO.]. It contains both fixed and 
volatile oil and is. said to contain a toxic principle. 
Nutmeg Butter is an article of commerce in England, 
being used externally as a mild stimulant of pleasant 
odor, and in hair tonics. 

Description and Properties—A colorless or pale yellow liquid, having 
the characteristic odor and taste of Nutmeg. Specific gravity: East 
Indian Oil—0.880 to 0.910; West Indian Oil—0.854 to 0.880. Optical 
rotation: East Indian Oil—+10° to +30°; West Indian Oil—+30° 
to +50°. Both sets of values apply to determinations made in a 100- 
mm. tube at 25°. Refractive index: East Indian Oil—1.4740 to 
1.4880 at 20°; West Indian Oil—1.4690 to 1.4760 at 20°. Myristica 
Oil, East Indian, is soluble in an equal volume of alcohol and in 3 vol- 


umes of 90 per cent alcohol, by volume. Myristica Oil, West Indian, 
is soluble in 4 volumes of 90 per cent alcohol. 


Tests for Purity—The Oil is required to meet specific tests for Residue 
on evaporation and Reaction to litmus paper. 


Storage—Preserve Myristica Oil in tight containers. Myristica Oil 
me: be labeled to indicate whether it is East Indian or West Indian 

Uses—Mpyristica Oil is an ingredient of Aromatic 
Ammonia Spirit (page 394). It is used as a carminative 
and local stimulant to the gastrointestinal tract. The 
Oilis also employed as a flavor in foods, certain alcoholic 
beverages, dentifrices, and tobacco; to some extent, it 
is also used in perfumery. In overdoses it acts as a 
narcotic poison. This Oil is very difficult to keep and 
even if slightly terebinthinate is unfit for flavoring pur- 


poses. Its average dose is 0.03 cc. (approximately 4% 
minim). 


Unofficial Products of the Myristicacese 


Mace N. F. IV (Macis)—The arillode of the seed of Myristica fragrans 
Houttuyn. Contains volatile oil, fixed oil, resin, mucilage, etc. 
Uses: aflavor and aromatic. Dose: 0.5 Gm. (approximately 8 
grains). 


PRODUCT FROM THE MYRTACEA2 


CLOVE U. S. P. Caryophyllus 
[Caryoph.—Cloves, Sp. Clavo, Clavo de Especial] 


Clove is the dried flower-bud of Hugenia caryophyl- 
lata Thunberg (Fam. Myrtacee). Clove yields, from 
each 100 Gm., not less than 16 ce. of clove oil. 

Constituents—The East African islands of Zanzibar 


and Pemba produce most of the world’s supply of 
Clove. Clove contains from 16 to 19 per cent of a 
volatile oil, a crystalline substance termed caryophyllin 
[CsoH 4803], about 13 per cent of gallotannic acid, vanil- 
lin, calcium oxalate, etc. 


Description and Properties—The U.S. P. XIII gives a description 
of Unground and Powdered Clove and, establishes limits and tests 


: 
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for Foreign matter, Crude fiber, Acid-insoluble ash, Clove stems, and 
Clove fruit or cereals. 


Assay—Clove is assayed for its content of volatile oil by a procedure 


tee is essentially the same as that described under Thyme (page 


Storage—Preserve Clove in well-closed containers and avoid exposure 
to excessive heat. 


Uses—It is used as an aromatic in doses of 0.25 Gm. 
(approximately 4 grains), and as a condiment in foods. 


- CLOVE OIL U. S. P. Oleum Caryophylli 
[Ol. Caryoph.—Oil of Cloves, Sp. Esencia de Claro] 


Clove Oil is the volatile oil distilled with steam from 
the dried flower buds of Eugenia caryophyllata Thun- 
berg (Fam. Myrtacex). It contains not less than 82 per 
cent, by volume, of eugenol [Ci9H1204). 

When recently distilled, Clove Oil is a thin, colorless 
liquid. On aging it becomes yellowish, ultimately ac- 
quiring a reddish brown color, and a more viscous na- 
ture. 


Constituents—The chief constituent is the phenol 
Eugenol (page 677) which occurs in amounts up to 85 
per cent, and is official in the U.S. P. The odor of the 
Oil is modified by the presence of less than 1 per cent 
of methyl-n-amyl ketone [CHg.CO.C5H,,|. Other con- 
stituents include about 3 per cent of aceteugenol, a mix- 
ture of the sesquiterpenes a- and 6-caryophyllene, and 
small amounts of furfural, furfurol, methyl-n-heptyl 
ketone, methyl-n-amyl carbinol, the methyl esters of 
salicylic and benzoic acids, the benzyl ester of phenyl- 
acetic acid, vanillin, and caryophyllin [CgoH 4g03|. The 
percentage of eugenol present is regarded as an index 
to the quality of Clove Oil. 


Description and Properties—A colorless or pale yellow liquid, becom- 
ing darker and thicker by age or exposure to the air, and having the 
characteristic odor and taste of clove. Specific gravity: 1.038 to 
1.060 at 25°. Optical rotation: does not exceed —1° 30’ in a 100- 
mm. tube at 25°. Refractive index: 1.5300 to 1.5350 at 20°. The 
Oil is soluble in 2 volumes of 70 per cent alcohol. 
Tests for Purity—The Oil is required to meet specific tests for Re- 
action to litmus paper and for the presence of Heavy metals and of 
Phenol. 

Assay—The Oil is assayed for its content of eugenol by the formation 
of its water-soluble potassium compound. See Thyme Oil (page 
709) for the explanation of this assay. \ 


Storage—Preserve Clove Oil in well-filled, tight containers and avoid 
exposure to excessive heat. 


Uses—Clove Oil is a powerful germicide but is too 
irritant for most purposes. It is largely used as a rem- 
edy for toothache (see Toothache Drops N. F.). It 
produces relief if the pain is caused by an exposed den- 
tine, and may be used by applying a little upon cotton 
to the affected tooth. The average dose is 0.1 cc. (ap- 
proximately 114 minims). 


N. F. Toothache Drops. Odontalgicum 
[Odontalg.] 
Metric Alternative 
DISEODMLATION, Nis o,f e 2 sce ds ee diols hele 3% 25 Gm. 1 oz. av. 19 gr. 


Clove Oil, a sufficient quantity, 


To make 100 cc. 


4 fl. oz. 


Dissolve the chlorobutanol in the Clove Oil. 


Storage—Preserve N. F. Toothache Drops in tight containers. 


-Uses—Applied on a pledget of cotton to the cavities 


of aching teeth. 


- 
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EUCALYPTUS OIL U. S. P. Oleum Eucalypti 
[Ol. Eucalypt.—Sp. Esencia de Eucalipto] 


Eucalyptus Oil is the volatile oil distilled with steam 
from the fresh leaves of Hucalyptus Globulus Labillar- 
diére, or from other species of Hucalyptus (Fam. 
Myrtacez). Eucalyptus Oil contains not less than 70 
per cent of eucalyptol [Ci .H1,0]. 


Constituents—The most important constituent of 
this Oil is ewcalyptol (cineol), a substance which is official 
in the U.S. P. (see below). Other compounds present 
include d-a-pinene, eudesmol, pinocarveol, and several 
aldehydes, particularly valeraldehyde and probably 
butyraldehyde and capronaldehyde. 


Description and Properties—A colorless or pale yellow liquid, having 
a characteristic, aromatic, somewhat camphoraceous odor, and a 
pungent, spicy, cooling taste. Specific gravity: 0.905 to 0.925 at 25°. 
Refractive index: 1.4580 to 1.4700 at 20°. The Oil is soluble in 5 
volumes of 70 per cent alcohol. 
Tests for Purity—The congealing point test is recognized as a useful 
criterion for the quality of the Oil. The congealing point of Euca- 
lyptus Oil does not fall below —15.4°, indicating not less than 70 per 
cent of eucalyptol [Cj9Hig0]. In addition to the test below, the 
Oil is required to meet the tests for the limit of Heavy metals in volatile 
oils and for Reaction to litmus paper. 

Phellandrene—Mix 2.5 cc. of Eucalyptus Oil with 5 ec. of petroleum 
benzin, add 5 cc. of a solution of sodium nitrite made by dissolving 5 
Gm. of sodium nitrite in 8 cc. of water, then gradually add 5 ce. of 


glacial acetic acid: crystals of phellandrene nitrite do not form in the 
mixture within 10 minutes. 


Storage—Preserve Eucalyptus Oil in tight containers. 


Uses—Eucalyptus Oil is used as an expectorant in 
chronic bronchitis in an average dose of 0.5 cc. (approxi- 


mately 8 minims). Some prescribers prefer Hucalyptol 
(see below) to the Oil. 


Eucalyptol U.S. P. Eucalyptol 


[Cineol, Terpane, Cajeputol, Sp. Eucaliptol, Cayuputol] 
a 
| | CHs 
CHs'< 0K 
CHs3 


Eucalyptol [CioHigO = 154.24] is obtained from 
eucalyptus oil and from other sources. 


Preparation—Eucalyptol may be obtained from many 
volatile oils, and for that reason chemists prefer to call 
it cineol. It may be separated from the purified vola- 
tile oils by taking advantage of its property of forming 
crystals when subjected to a low temperature (see the 
Congealing point requirement below). 


Description and Properties—A colorless liquid, having a characteris- 
tic, aromatic, distinctly camphoraceous odor, and a pungent, cooling, 
spicy taste. Eucalyptol is soluble in 5 volumes of 60 per cent alcohol. 
It is miscible with alcohol, chloroform, ether, glacial acetic acid, and 
with fixed and volatile oils. It is insoluble in water. Specific grav- 
ity: 0.921 to 0.924 at 25°. Eucalyptol boils between 174° and 177°. 
Congealing point: not below 0°. Optical rotation: not more than 
+0.3° ina 100-mm. tube at 25°. Refractive index: 1.4550 to 1.4600 
at 20°. One cc. of Eucalyptol placed in a test tube, in a freezing mix 
ture, and an equal volume of phosphoric acid gradually added pr 
duces a solid, white, crystalline mass of eucalyptol-phosphoric acid, 
from which Eucalyptol separates upon the addition of warm water. 
Tests for Purity—Eucalyptol is required to meet specific tests for its 
Reaction to litmus paper and for the presence of Phenols. 
Storage—Preserve Eucalyptol in tight containers. 


Uses—Eucalyptol is used internally as a stimulating 
expectorant. Locally it is employed for its antiseptic 
effect in inflammations of the nose and throat and in 
certain skin diseases. It is sometimes used by inhala- 
tion in bronchitis. Dose, 0.3 cc. (5 minims). 


MYRCIA OIL N. F. Oleum Myrcize 
[Ol. Myrc.—Bay Oil, Oil of Bay] 


Myrcia Oil is a volatile oil distilled from the leaves of 
Pimenta racemosa (Miller) J. W. Moore (Fam. Myrtacez). 
It yields not less than 50 per cent and not more than 65 
per cent, by volume, of phenols. 

Constituents—The phenolic compounds. present in 
this Oil are Hugenol (page 677) and chavicol; their 
methyl ethers, methyl eugenol and methyl chavicol, also 


occur. ‘The hydrocarbon portion of the Oil contains the 
terpenes myrcene and l-phellandrene. Some citral is also 
present. 


The bay tree flourishes in the West Indies and Vene- 
zuela; leaves produced in St. John, Puerto Rico, and 
Dominica are considered the best source of the Oil. 


Description and Properties—A yellow or brownish yellow liquid with 
a pleasant, aromatic oor, and a pungent, spicy taste. Specific 
gravity: 0.950 to 0.990 a O59. Optical rotation: laevorotatory, but 
he angle of rotation of the Oil in a 100-mm., tube at 25° does not ex- 
ceed —3°. Refractive index: 1.5070 to 1.5160 at 20°. The Oil 
yields solutions that are clear or but slightly turbid with equal volumes 
of alcohol or of glacial acetic acid. 

Tests for Purity—The Oil is required to meet specific tests for 

Identification and for Reaction towards litmus paper. 

Assay—The Oil is assayed for its content of phenols by the formation 
of their water-soluble potassium compounds. For explanation of this 
assay, see Thyme Oil (page 709). 

Storage—Preserve the Oil in tight, light-resistant containers, 


Uses—A perfume, used chiefly in the preparation of 
Bay Rum. 


Compound Myrcia Spirit N. F. Spiritus Myrcie 


Compositus 
[Sp. Myrc. Comp.] 


Metric Alternative 
Miyrcia. Oil. 3% se nton ete tee sort st Smeacce 123 min. 
Oranve Oil Soheaer ate ee ree On Scce 8 min. 
Pimenta* Oi oy eich ee ee ORSce 8 min. 
IATCOOR SiS. peices ates 610 cc. 19 fl. oz. 250 min. 
Water, a sufficient quantity, 
POsmMake ssc: voeede steele He Mew wyeesack 1000 cc. 2 pints 


Mix the oils with the alcohol, and gradually add water until the 
product measures 1000 cc. (2 pints). Set the mixture aside in a 
well-closed container for 8 days, and then filter, using 10 Gm. 
(146 gr.) of tale, if necessary, to render the product clear. 


Alcohol Content—From 54 to 59 per cent, by volume, of CeH5OH. 
Storage—Preserve the Spirit in tight, light-resistant containers. 


PRODUCTS FROM THE 
CEDAR LEAF OIL U. S. P. Oleum Cedri Folii 


[ Ol. Ced. Fol.—Arbor Vite Oil, Thuja Oil, Sp. Esencia de Hoja de 
Tuya, Esencia de Hoja de ‘Cedro] 


Cedar Leaf Oil is the volatile oil distilled with steam 
from the fresh leaves of Thuja occidentalis Linné (Fam. 
Pinacex). Cedar Leaf Oil contains not less than 60 
per cent of ketones, calculated as thugone [CioH1 60}. 

Constituents—The chief constituent is thujone; this 
ketone and its isomer l-fenchone comprise at least 60 
per cent of thujaoil. d-a-Pinene and esters of l-borneol 
are also present. This Oil is produced in North 
America, primarily in northern and eastern Vermont. 
The yield of Oil varies from 0.4 to 0.65 per cent. 


Description and Properties—A colorless or yellow liquid, having the 
characteristic odor of arbor vite. Specific gravity: 0.910 to 0.920. 
Optical rotation: from —10° to —13° in a 100-mm. tube at 25°. 
Refractive index: 1.4560 to 1.4590 at 20°. The Oil is soluble in 3 
volumes of 70 per cent alcohol. 

Assay—The Oil is assayed for its content of ketones, calculated as 
thujone, by the hydroxylamine hydrochloride method, as described 
for Benzaldehyde (page 718). 
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Uses—Commonly sold for Bay Rum. Genuine Bay 
Rum is a distillation of bay leaf and Demerara rum. It 
is used to give perfume to external applications, also as 
a lotion after shaving and as an alcohol rub. 


PIMENTA OIL N. F. Oleum Pimente 
[Ol. Piment.—Pimento Oil, Allspice Oil] 


Pimenta Oil is a volatile oil distilled from the fruit 
of Pimenta officinalis Lindley (Fam. Myrtacex). It 
yields not less than 65 per cent, by volume, of phenols. 

Constituents—The chief constituent of this Oil is 
Eugenol (page 677) which occurs in amounts ranging 
from 65 to 78 per cent. Between 9 and 10 per cent of 
methyl eugenol is present. Small quantities of cineol, 
l-a-phellandrene, caryophyllene, and palmitic acid have 
also been isolated. The dried, ripe fruits of pimenta, a 
shrub indigenous to the West Indies, yield, on distilla- 
tion, from 3 to 4.5 per cent of volatile oil. 
Description and Properties—A colorless, yellow, or reddish yellow 
liquid, becoming darker with age, and with the characteristic odor and 
taste of allspice. It is affected by light. Specific gravity: 1.018 to 
1.048 at 25°. Optical rotation: from 0° to —4° in a 100-mm. tube 
at 25°, Refractive index: 1.5270 to 1.5400 at 20°. The Oil dissolves 
in alcohol and in 2 volumes of 70 per cent alcohol. 

Assay—The Oil is assayed for its content of phenols by the formation 
of their water-soluble potassium compounds. This assay is explained 


under T'hyme Oil (page 709). 
Storage—Preserve the Oil in tight, light-resistant containers. 


Uses—The Oil is used as a carminative and stimulant 
and also as a condiment in foods. 
Average Dose—0.1 cc. (approximately 114 minims). 


Unofficial Products from the Myrtacee 

Allspice N. F. V (Pimenta)—The dried, nearly ripe fruit of Pimenta 
officinalis Lindley. An aromatic fruit containing about 3 per cent 
of a volatile oil. Uses: as an adjuvant in tonics and purgatives. 
Dose: 1 Gm. (approximately 15 grains). 

Cajuput Oil U. S. P. X—From Melaleuca Leucadendron Linné. It 
contains cajuputol identical with eucalyptol. Uses: for local 
application in skin disease, also as a stimulating expectorant. 
Dose: 0.5 ce. (approximately 8 minims). 

Eucalyptus U. S. P. X (Blue Gum Tree, Fever Tree)—The dried leaves 
of Eucalyptus Globulus Labillardiére, containing volatile oil, bitter 
principle, resin, etc. Uses: carminative, expectorant, rubefacient. 
Dose: 2 Gm, 

Eugenia Chequen (Cheken)—The leaves of Hugenia cheken, grown in 
Chili. It contains volatile oil, bitter principle, chekenon, chekenin, 
chekenetin, and cheken-bitter. Uses: in bronchitis. Dose of 
fluidextract: 4 to 12 cc. (approximately 1 to 3 fluidrachms). 

Myrtle Oil—Distilled from Myrtus communis. Sold under the trade 
name of Myrtol. Uses; stimulant in bronchitis, cystitis, ete. 
Dose; 1% minims. 


PINACEA (CONIFER AE) 


Storage—Preserve Cedar Leaf Oil in well-filled, tight containers and 
avoid exposure to excessive heat. 


Uses—This Oil has been used medicinally as an 
ingredient of inhalants, and in such technical products 
as floor waxes, shoe polishes, and soaps. 


DWARF PINE NEEDLE OIL N. F. Oleum Pini 
Pumilionis 
[Ol. Pin. Pumil.—Pine Needle Oil, Dwarf Pine Oil] 


Dwarf Pine Needle Oil is the volatile oil distilled 
with steam from the fresh leaves of Pinus Mugo Turra 
(Pinus Pumilio Haenke) (Fam. Pinacex). It contains 
not less than 3 and not more than 10 per cent of esters 
calculated as bornyl acetate [CioHi7.C2H3Og]. 

Constituents—This Oil is produced in the Austrian 
Tyrol; the yield of Oil from the needles and twigs is 
from 0.4 to 0.7 per cent. It contains the terpenes /-a- 
pinene, l-phellandrene, and pee ieee (though 


» . . . . 
gin contains Juniper oil. 
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some authorities believe that the isomeric A*-carene, 
not sylvestrene, is present), the ester bornyl acetate, and 
the ketone pumilone [CgsH140]. The odor of the Oil is 
due to this ketone. 


Description and Properties—A colorless or faintly yellowish liquid, 
having a pleasant, aromatic odor and a bitter, pungent taste. Specific 
gravity: 0.853 to 0.871 at 25°. Optical rotation: from —5° to 
—15.5° in a 100-mm. tube at 25°. Refractive index: 1.4750 to 
1.4800 at 20°. The Oil dissolves in from 4.5 to 10 volumes of 90 per 
cent alcohol, often with turbidity. 
Tests for Purity— 

pea iation limits—Less than 10 per cent of the Oil distils below 


Assay—The Oil is assayed for its content. of esters, calculated as 
bornyl acetate, by the procedure used for the determination of esters 
in Peppermint Oil (page 706). 

Storage—Preserve the Oil in tight containers. 

Uses—Dwarf Pine Needle Oil is used chiefly as an 
inhalant in bronchial affections. The N. F. VIII in- 
cludes it in the formula for Ephedrine Sulfate Jelly. 
The Oil has been used locally and internally in chronic 
rheumatic conditions. 


JUNIPER N. F. 


[Junip.—Juniper-berries, Horse Savin Berries, Sp. Enebro] 


Juniperus 


Juniper is the dried ripe fruit of Juniperus communis 
Linné (Fam. Pinacex). It yields not less than 0.5 cc. 
of volatile juniper oil from each 100 Gm. of drug. 

Juniper contains a volatile oil which is officially 
recognized. The average yield of oil on steam distilla- 
tion of Juniper from various sources is as follows: 
French and Bosnian 2 per cent; Italian 1—1.5 per cent; 
Bavarian 1-1.2 per cent; Hungarian 0.8-1 per cent. 
About 10 per cent of resin and a yellow coloring matter 
called guniperin are also present. 

Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Juniper and establishes limits for Foreign 
organic matter, Acid-insoluble ash, and Immature or discolored frutts. 


Assay—Juniper is assayed for its content of volatile oil by Process A, 
as described under Thyme (Page 708). 


Uses—A stimulant. diuretic. The alcoholic liquor 

In the process of manufac- 

ture, the oil distils from fermented Juniper-berries. 
Average Dose—4 Gm. (approximately 60 grains). 


JUNIPER OIL N. F. Oleum Juniperi 
(Ol. Junip.—Juniper Berry Oil, Sp. Esencia de Enebro] 


Juniper Oil is the volatile oil distilled with steam from 
the dried ripe fruit of Junzperus communis Linné and its 
var. depressa Pursh (Fam. Pinacez). 

-Constituents—The chief constituents of Juniper Oil 
are a-pinene [CioHie] and cadinene [CisHo4]. The 
characteristic flavor and odor of the Oil are not due to 
these, however, but are believed to be attributable to 
the oxygenated constituents borneol, isoborneol, and 
terpinenol-4. Camphene[CioHi¢] is also present. Juni- 
per camphor, a stearoptene melting at 165-166°, has 
been observed to separate in crystals from old samples 
of the Oil. Small amounts of unidentified substances 
also occur. 

Description and Properties—A colorless or yellowish liquid, having 
the characteristic odor and taste of juniper berries. Specific gravity: 


0.854 to 0.879. Optical rotation: from 0° to —15° in a 100-mm. 
tube at 25°. Refractive index: 1.4740 to 1.4840 at 20°. Itis soluble 


in 4 volumes of alcohol with either cloudiness or turbidity, and when 


diluted to 10 volumes, shows no separation of oily globules after 
standing for 12 hours. 
‘Tests for Purity—The Oil is required to meet specific tests for Reac- 


tion to litmus paper and for Heavy metals. 


Storage—Preserve Juniper Oil in well-filled, tight containers and avoid 


exposure to excessive heat. 
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Uses—Juniper Oil has diuretic and stimulant proper- 
ties; it increases the urinary excretion by the irritation 
of the kidney tissues which it produces. It was con- 
tained in the Juniper Spirit and Compound Juniper 


- Spirit, both of which were formerly official preparations. 


The average dose is 0.1 cc. (approximately 114 minims). 


PINE OIL N. F. Oleum Pini 
[Ol. Pin.] 


Pine Oil is a volatile oil composed chiefly of tertiary 
and secondary terpene alcohols obtained by extraction 
and fractionation or by steam distillation of the wood 
of Pinus palustris Miller and other species of Pinus 
(Fam. Pinacez). 

Constituents—The source of pine oil is the resinous 
heartwood of various species of Pinus, principally the 
longleaf southern pine (P. palustris), although the slash 
pine (P. heterophylla), the shortleaf pine (P. echinata), 
and others have been used. After trees of these species 
have been felled for timber, the stumps which remain 
furnish additional products and revenue. Their wood 
is chipped or shredded, and upon steam distillation 
yields an oily layer which is then fractionally steam dis- 
tilled, yielding pine oil and wood turpentine oil. The 
latter product has a somewhat different composition 
than the official turpentine oil derived from the oleo- 
resin. 

The chips which remain are extracted with a solvent, 
usually a light petroleum distillate. The extract is then 
fractionated into solvent and pine oil; the latter product 
is, said to contain small amounts of solvent. By use of 
this process the rosin of the wood is also recovered. 

The mixture which constitutes the official pine oil 
comprises less than 2 per cent of the total volume of the 
steam-distilled wood turpentine oil. It is a high-boiling | 
fraction consisting mainly of the tertiary alcohol a- 
terpineol [CyoH1,0H], b. p. 221°; the secondary alcohols 
borneol [CioHi,0H], b. p. 212°, and fenchyl alcohol 
[CioH1,0H], b. p. 201°, are present in smaller amounts. 
Small amounts of methyl chavicol [Ci1oH120], b. p. 215- 
216° (also known as esdragol, estragol, and p-allylanisole) 
may also occur. 


CH 
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a-terpineol fenchy] alcohol 


Description and Properties—A colorless to light amber liquid having 
a characteristic pinaceous odor. It is miscible with alcohol in all pro- 
portions. Specific gravity: 0.925 to 0.937 at 25°. Refractive index:’ 
1.4810 to 1.4840 at 20°. 

Tests for Purity—Pine “Oil is required to meet a test for Distillation 
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range in which, under specified conditions, at least 95 per cent distils 
between 200° and 225°. It is also required to meet a specific test for 
Unpolymerized residue in which the terpene derivatives are oxidized 
and polymerized by the action of 38 WN sulfuric acid. Any paraffin 
hydrocarbon solvents present are not affected by the acid and form 
an oily supernatant layer constituting not more than 2.5 per cent of 
the sample taken. For details see the N. F. VIII. 
Storage—Preserve Pine Oil in tight containers. 


Uses—Pine Oil is a valuable disinfectant in veteri- 
nary practice, for which purpose the official emulsion 
concentrate is used in diluted form. As an insecticide, 
pine oil is useful in cattle sprays as a carrier for pyreth- 
rins, rotenone, or derris root. The oil is also used in 
flotation processes in mining, in the preparation of wet- 
ting and emulsifying agents in textile manufacture, as 
a source of substances used in the essential oil and per- 
fume industries, and also in the manufacture of certain 
paints and synthetic resins. 


Pine Oil Emulsion Goncentrate N. F. Emulsum Olei 
Pini Concentratum 


[Emuls. Ol. Pin. Conc.] 


Pine Oil Emulsion Concentrate is the concentrate pre- 
pared from pine oil and water, using soap, sulfonated 
oil, or other suitable emulsifying agent. It contains 
not less than 65 per cent, by volume, of pine oil and not 
more than 10 per cent of water. 

Description and Properties—A clear, colorless, or pale yellow liquid 


having the odor of Pine Oil. 
Tests for Purity— 


Emulsifying property—A stable emulsion results when 10 ce. of the 
Concentrate is mixed with 190 cc. of distilled water at 20°. ; 
Assay—The preparation is assayed for its content of pine oil by treat- 
ing a 5-cc. sample with 1.5 cc. of hydrochloric acid (1 in 2) and 100 ce. 
of distilled water, using the apparatus prescribed by the N. F. for 
the determination of volatile oils lighter than water. The hydro- 
chloric acid breaks up the emulsion, releasing pine oil which distils 
with water vapor and collects in the graduated trap. The quantity 
of pine oil thus collected is required to be not less than 3.25 cc., cor- 
responding to 65 per cent, by volume. 

The preparation is also assayed for its content of water by the 
toluene distillation method prescribed by the N. F., and using a 20-cce. 
sample. The quantity of water collected is required to be no more 
than 2 ce., corresponding to 10 per cent. 


Uses—This product furnishes a convenient means of 
preparing, by dilution with water, a disinfectant widely 
used in veterinary practice. The phenol coefficient of 
such emulsions is stated to be from 4 to 6 when freshly 
prepared, although they deteriorate somewhat on aging. 


TURPENTINE OIL N. F. Oleum Terebinthinze 


Ol. Tereb.—‘‘Spirits of Turpentine,’ Sp. Esencia de Trementina, 
Aceite Esencial de Trementina, ‘‘Expiritu de Trementina’’] 


Turpentine Oil is the volatile oil distilled from the 
oleoresin (turpentine) obtained from Pinus palustris 
Miller and other species of Pinus (Fam. Pinacez) which 
yield terpene oils exclusively. 

Note—Rectified Turpentine Oil rs to be dispensed when 
Turpentine Oil is required for internal use. 

Preparation—When turpentine from Pinus palustris 
is subjected to distillation, preferably with steam, a vola- 
tile fraction distils over and a residue of rosin remains. 
The distillate, consisting of cyclic hydrocarbons of the 
terpene series (chiefly d-a-and 8-pinenes), and amounting 
to about 20 per cent, constitutes Turpentine Oil. 

Constituents—Turpentine Oil consists almost en- 
tirely of the isomeric terpenes a-pinene and B-pinene 
[CioH1¢] which are present to the extent of 55-65 per 
cent and 25-35 per cent, respectively. Small amounts 
of other terpenes also occur. a-Pinene in the pure state 
distils at 155-156°; the 163-166° fraction consists 
chiefly of /-6-pinene (also called nopinene). The optical 


- become turbid must not be dispensed. 
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rotation of the a-pinene which is present depends upon 
the source of the Oil; the d-form predominates in Ameri- 
can, Greek, and Spanish Oils, while the /-form is char- 
acteristic of French Oils. Turpentine Oil when old be- 
comes ‘‘ozonized”’ by the formation of a peroxide in 
the presence of air and water, and produces a charac- 
teristic bleaching action upon the cork stopper of the 
bottle containing it. Upon long exposure it ultimately 
thickens and partly resinifies by oxidation. 


Description and Properties—A colorless liquid, having a characteristic 
odor and taste, both of which become stronger and less pleasant as the 
Oil ages or is exposed to air, due to oxidation and the development of 
acidity; it also becomes more colored and viscous by polymerization. 
Specific gravity: 0.854 to 0.868 at 25°. Optical rotation: optically 
active, but its rotation is variable. Refractive index: 1.4680 to 
1.4780 at 20°. Turpentine Oil is insoluble in water, soluble in 5 vol- 
umes of alcohol, in chloroform, ether, and in glacial acetic acid. 
Tests for Purity — 

Reactton—An alcoholic solution of the Oil is neutral or only slightly 
acid to moistened litmus paper. 


Distillation range—Not less than 90 per cent distils between 154° 
and 170°. 


Fixed oils—A few drops of the Oil placed on unsized paper and - 


exposed to air leave no permanent stain. . 

Mineral oil—This test is based on the solubility of Turpentine Oil 
in fuming sulfuric acid while mineral oils are insoluble in this solvent. 
When subjected to this test (consult the N. F. for details) not more 
than 1 per cent should remain undissolved. 

Mineral or rosin oils—When a 5-cc. portion is evaporated on 2 water 
baths, not more than 100 mg. of residue remains (about 2.4 per cent). 

Other foreign substances (aldehydes, etc.)—When the Oil is shaken 
with an equal volume of potassium hydroxide T.S., no darker color 
than light straw-yellow should develop within 24 hours, and no darker 
color than this develops in 5 minutes when the Oil is shaken with an 
equal volume of hydrochloric acid. 

Storage—Preserve the Oil in tight containers. 


Uses—Paint store “turpentine” or “turps”’ frequently 
consists of a mixture of turpentine and a petroleum dis- 
tillate. Wood turpentine oil made by distilling old 
stumps, pine sawdust, or finely ground resinous waste- 
wood, etc., with steam, also constitutes much of the 
cheap turpentine oil of the market. This variety, al- 
though closely resembling genuine turpentine oil in its 
physical properties, is considered unsuitable for medic- 
inal use. Turpentine Oil is widely used in paints and 
for naval stores. The property of the terpenes occur- 
ring in this Oil to form peroxides, which are believed to 
release oxygen during the drying of a paint film, is used 
to advantage in causing the oxidation of the unsaturated 
or drying oils present in paints, thus producing a tough, 
dry film much more rapidly than would otherwise be the 
case. 

Externally, Turpentine Oil is used in liniments as a 
stimulant and counterirritant. For internal use, only 
the Rectified Oil should be dispensed. 


. 


Rectified Turpentine Oil N. F. Oleum Terebinthine 
Rectificatum 


[Ol. Tereb. Rect.—Sp. Esencia de Trementina Rectificada] 
Rectified Turpentine Oil may be prepared as follows: 


Turpentine Oil, a convenient quantity, 
Sodium Hydroxide, 
Distilled Water, of each, a sufficient quantity 


Prepare a solution of sodium hydroxide, containing 5.3 Gm. of 
95 per cent NaOH in each 100 ec., and equal in volume to the Oil 
to be rectified. Mix this solution and the Oil in a suitable still 
provided with a well-cooled condenser. Recover about three- 
fourths of the Oil by distillation, and separate the clear Oil from 
the water. Dry the Oil by shaking it with anhydrous calcium 


chloride or with anhydrous sodium sulfate, and filter the product. ~ 


Note—Rectified Turpentine Oil zs to be dispensed when 
Turpentine Oil is required for internal use. Oil that has 


Description and Properties—Rectified Turpentine Oil is a colorless 
liquid which has the properties of and responds to the tests under 


a 


VOLATILE OILS 


Turpentine Oil (page 716), Specific gravity and Mineral or rosin oils 
excepted. Specific gravity: 0.853 to 0.862 at 25°. 

Tests for Purity—The Oil is required to meet a specific test for Non- 
volatile residue (not more than 0.35 per cent). 

Storage—Preserve Rectified Turpentine Oil in well-filled, tight con- 
tainers and avoid exposure to excessive heat. 


Uses—Rectified Turpentine Oil is used as a stimu- 
lant diuretic, carminative, and expectorant. The 
Rectified Oil provides a purer form of the Oil for internal 
administration; its odor is much more fragrant and less 
objectionable than that of the crude Oil. The alkali 
with which the crude Oil is treated in the distillation 
process holds back the resinous oxidation or polymeriza- 
tion products which form on aging. As this Oil deterio- 
rates upon keeping, by ozonizing and finally resinifying, 
it should not be kept on hand for too long a time before 
using. 

Average Dose—0.3 cc. (approximately 5 minims). 


Acetic Turpentine Liniment N. F. Linimentum 
Terebinthinze Aceticum 


{[Lin. Terebinth. Acet.—Linimentum Album, Stoke’s Liniment, St. 
John Long’s Liniment, White Liniment, Sp. Linimento de Trementina 


Compuesto] 
Metric Alternative 

SMC PETUBEVOIL sis. setts we eae 400 cc. 12 fl. oz. 384 min. 
MPC IOT BOs seas ie oo ole ee epee apee 16 cc 246 min. 
PNCELICHACIG Ms «si s8iieis e.g ais eles ere eee 80 cc 2 fl. oz. 269 min. 
Egg, : : 

Water, each, a sufficient quantity, 

POMEL ICOM Eye NS a oi dsl ave fndsiye'ecajore’ ae 1000 cc. 2 pints 


Triturate or agitate the contents of 2 eggs and the yolks of 2 
others with the turpentine oil and the lemon oil until they are 
thoroughly mixed. Then incorporate the acetic acid and 400 cc. 
(12 fl. oz. 384 min.) of water and strain, if necessary. Finally add 
sufficient water to make 1000 ce. (2 pints), and mix it thoroughly. 

Note—Shake the Liniment before dispensing. 


History—John St. John Long, an Irish physician of 
prominence in London about a century ago, used this 
preparation as a secret remedy in his very extensive 
practice and at his death the rights to its manufacture 
were sold for $50,000 and the preparation was continued 
as a proprietary remedy. The formula now in use is 
based upon one devised by Doctor Fownes, the famous 
English chemist. 


Storage—Preserve Acetic Turpentine Liniment in tight containers. 


Uses—A strong counterirritant. 


Turpentine Liniment N. F. Linimentum Terebinthine 


{Lin. Terebinth.—Kentish Ointment, Ger. Terpentinliniment, Sp. 
Linimento de Trementina] 


TAM, 


Metric Alternative 

ROSINNCELALCY.| Ace ches = ccrot DL 650 Gm 13 oz. av. 
Miurpentines Ouse Aas oe eee ene 350 Gm 7 OZ. av. 
LORIMAK CMe Aree omer thle «een ates 1000 Gm. 20 oz. ay. 


Melt the rosin cerate on a water bath, add the turpentine oil, 
and mix them thoroughly. 


Storage—Preserve Turpentine Liniment in tight containers, 

Uses—This preparation was formerly advocated as 
an application for burns but has now been supplanted 
by other medication for this purpose. It is sometimes 
used as a stimulant application in erysipelas. 


Turpentine Oil Emulsion N. F. Emulsum Olei 


Terebinthine 
{[Emuls. Ol. Tereb.—Sp. Emulsion de Esencia de Trementina] 
Metric Alternative 
Réctiiied iiurpentinesOilie ise eile sees 150 cc. 288 min. 
Acacia, in very fine powder.............. 50 Gm. 91 gr. 
Distilled Water, a sufficient quantity, ‘ 
OLIMAR K Cue tee icte the mene aveneserelore ein eras ehoks 1000 cc. 4 fl. oz. 


Place the powdered acacia in a dry bottle, add the turpentine 
oil, mix thoroughly, add 100 ec. (192 min.) of distilled water, 
stopper, and agitate briskly until an emulsion forms. Then 
gradually add sufficient distilled water to make the product meas- 
ure 1000 cc. (4 fl. oz.), and mix thoroughly. 


The N. F. process is that known for many years as 
Forbes’ Method for Emulsions. If the bottleis dry, the 
emulsion is quickly formed. 

Uses—A carminative in flatulent colic, also a stimu- 
lant expectorant in bronchitis. The rectified oil only 
should be used for internal administration as the crude 
oil frequently contains rosin. 

Average Dose—2 cc. (approximately 30 minims). 


Unofficial Products from the Pinacez 


Red Cedar (Juniperus Virginiana)—The tops of J. virginiana, grown 
in Canada and the United States. It contains volatile oil, resin, 
etc. 

Red Cedar Oil—Distilled from the wood of Juniperus virginiana. 
Uses: counterirritant. When evaporated to the proper consist- 
ency it forms Immersion Oil for use with high power microscopes. 

Rosin Oil (Retinol)—A yellowish oil, boiling above 280°, obtained by 
distilling Resina. Mildly antiseptic. Good solvent of phosphorus. 

Savin U. S. P. VIII (Sabina)—The tops of Juniperus sabina Linné. 
It contains a terpene, resin, and a trace of tannin. Dose: 0.5 Gm. 
(approximately 8 grains). 

Savin Oil U. S. P. VIII (Oleum Sabinsze)—A volatile oil distilled from 
the fresh tops of Savin. Uses: a stimulant emmenagogue; has 
been used to produce abortion. It should never be sold except 
upon the order of a physician. Dose: 0.06 to 0.03 cc. (approxi- 
mately 1 to 5 minims). 

Templin Oil—From the shoots of Pinus pumilio. <A colorless or 
yellowish green oil, of an agreeable, somewhat terebinthinate odor. 
Similar in use and properties to Dwarf Pine Needle Oil. 

White Cedar (Arbor Vite, Thuja N. F. V)—The dried leafy young 
twigs of Thuja occidentalis Linné. It contains a volatile oil, resin 
and tannin. A diuretic and emmenagogue. Dose: 2 Gm. (ap- 
proximately 30 grains). 


PRODUCTS FROM THE ROSACE4 


BITTER ALMOND OIL N. F. Oleum Amygdale 


Amare 
_ [Ol. Amygd. Amar.—Sp. Esencia de Almendra Amarga] 


Bitter Almond Oil is the volatile oil obtained from 
the dried ripe kernels (deprived of fixed oils) of Prunus 
Amygdalus Batsch var. amara (DC.) Focke (Fam. 
Rosacezx), or from other kernels containing amygdalin, 
by maceration with water and subsequent distillation 
with steam. It contains not less than 80 per cent of 
benzaldehyde [CgH;.CHO], and not less than 2 per 
cent and not more than 4 per cent of hydrogen cyanide 


HON 


Oil in which crystals have formed must not be dis- 
pensed. 


— Caution—This Oil is intended for medicinal use and 


aN, 
3% 


neither it nor its solution should be used or sold for flavor- 

ing foods. 

Preparation—Bitter Almond Oil is produced as the 
result of the reaction of the enzyme emulsin on the 
glycoside amygdalin in an aqueous mixture of ground 
almond; it therefore does not pre-exist in the almond 
and cannot be obtained from sweet almond, because 
amygdalin is not present in the latter. It is now per- 
mitted to be made from other kernels containing amyg- 
dalin, such as peach and apricot kernels, but the source 
must be stated upon the label. 

CooHa7NOi1 + 2H20 a CzH,O + 2C 6H i206 + HCN 
amyegdalin water benzaldehyde dextrose by drocyants 
The process consists in taking a mixture of the bitter 

almond press cake (obtained after the fixed oil has been 
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extracted) with water, and distilling it by passing a cur- 
rent of steam through it. The proportions of benzalde- 
hyde and hydrocyanic acid in the Oil are recognized as 
valuable tests (see official assay below, also Benzalde- 
hyde, on this page). 


Description and Properties—A clear, colorless, or yellow, strongly re- 
fractive liquid, having the characteristic odor and taste of benzalde- 
hyde. Specific gravity: 1.038 to 1.060 at 25°. Optical rotation: 
from 0° to + 0.167° in a 100-mm. tube at 25°. Refractive index: 
1.5410 to 1.5442 at 20°. The Oil is slightly soluble in water and is 
miscible with alcohol and with ether. It forms a clear solution with 2 
volumes of 70 per cent alcohol. 
Tests for Purity—The Oil is required to meet specific tests for Reaction 
to litmus paper and for the absence of Heavy metals, Halogens, and 
Nitrobenzene. 
Assay for Benzaldehyde—Add 75 cc. of hydroxylamine-bromophenol 
blue T.S. to a flask containing about 1 Gm. of Bitter Almond Oil, 
accurately weighed, and mix thoroughly. Allow the mixture to stand 
10 minutes and titrate with ‘half-normal hydrochloric acid to the 
production of a greenish yellow color. Perform a blank determination 
using 75 cc. of hydroxylamine-bromophenol blue T.S. Subtract the 
number of cc. of half-normal hydrochloric acid used in the titration 
of the sample from the number of cc. used in the blank. Lach ce. of 
half-normal hydrochloric acid is equivalent to 53.06 mg. of CeH5CHO. 
In this assay each mole of benzaldehyde reacts with an equimo- 
lecular quantity of hydroxylamine to form the oxime. Since the 
hydroxylamine has been present as its hydrochloride, it follows that 
for each mole of hydroxylamine base liberated from the hydrochloride, 
one mole of hydrogen chloride is equivalent to one mole of benzalde- 
hyde [CgH5.CHO = 106.12]. 
Assay for Hydrogen Cyanide—Dissolve 0.75 Gm. of magnesium sul- 
fate in 45 cc. of distilled water, add 5 cc. of half-normal sodium 
hydroxide and 2 drops of potassium chromate T.S., and titrate the 
solution with tenth-normal silver nitrate to the production of a per- 
manent reddish tint. Pour this mixture into a 100-cc. flask containing 
1 Gm. of Bitter Almond Oil accurately weighed, mix well, and titrate 
again with tenth-normal silver nitrate until a red tint, which does not 
disappear on shaking, is produced. Conduct this titration as rap- 
idly as possible. Each cc. of tenth-normal silver nitrate is equivalent 
to 2.703 mg. of HCN. b 
The magnesium sulfate and sodium hydroxide react to form magne- 
sium hydroxide, which then reacts with the benzaleyanhydrin present 
in the Oil, according to the following equations: 


MgSO, + 2NaOH — Mg(OH)2 + NaeSOz 


2CgHsCH(OH)CN + Mg(OH)s — 
Mg(CN)2 + 2CeHsCHO + 2H20 


The magnesium cyanide liberated in the second reaction is titrated 
with tenth-normal silver nitrate; when all of the former has been con- 
sumed, the end-point is reached, as shown by the formation of a red- 
colored precipitate of silver chromate: 


Mg(CN)2 + 2AgNOs > 2AgCN + Mg(NOs)2 
KeCrO. + 2AgNO3 — AgeCrOs + 2KNO3 


Since the molecular weight of hydrocyanic acid is 27.03, each cc. 


; ‘ , : 27.03 
of tenth-normal silver nitrate is equivalent to fo x 1000 °° 2.703 mg. 


of HCN. { 
Storage—Preserve the Oil in well-filled, tight containers and avoid 
exposure to excessive heat. 


Uses—Bitter Almond Oil is an ingredient of the 
official Bitter Almond Water. Since it contains hydro- 
cyanic acid, it must not be used as a flavor for foods. 
It is used to some extent in perfuming creams, lotions, 
etc. For flavoring foods, either benzaldehyde or the 
commercially available Bitter Almond Oil from which 
the HCN has been removed should be used. The aver- 
age dose is 0.03 cc. (approximately 4% minim). 


Bitter Almond Water N. F. Aqua Amygdale Amare 
[Aq. Amygd. Amar.—Sp. Agua de Almendra Amarga] 


Metric Alternative 
BittersAlmondtOilteesn eee eee ee are 1 cc. 15 min. 
Distilled Water, recently boiled, a sufficient 
quantity, ; 
TO: Make ies che whahie tues Mole eee toneaata 1000 cc. 2 pints 


Dissolve the'bitter almond oil, by agitation, in a sufficient quan- 
tity of recently boiled distilled water to make 1000 ce. (2 pints), 
and filter. 


Note—Bitter Almond Water contains only a trace of 
hydrocyanic acid and differs from the preparation of 
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the same name, recommended by the International 
Protocol, which contains 0.1 per cent of hydrocyanic 
acid. 

Uses—A flavoring agent which masks disagreeable 
odors. 


Benzaldehyde N. F. Benzaldehydum 
[Benzald.—Artificial Essential Almond Oil Sp. Benzaldehido 
CHO 


C 
\ 
Benzaldehyde contains not less than 98 per cent of 
C.eHsCHO (106.12). 


Preparation—Artificial benzaldehyde may be made 
by the interaction of benzal chloride with lime. 


CeHsCHCle + Ca(OH)e — CsHsCHO + CaCle + H20 
benzal chloride calcium benzaldehyde calcium water 
hydroxide chloride 


Benzal chloride is obtained by treating boiling toluene 
with the proper amount of chlorine. 

Artificial benzaldehyde is free from hydrocyanic acid, 
but is liable to retain traces of chlorine compounds. 
This product must not be confounded with nitrobenzene 
(nitrobenzol), or oil of mirbane, which is made by react- 
ing benzene with nitric acid. Nitrobenzene is made in 
large quantities for perfuming soap, polishing com- 
pounds, ete. Its odor is similar to, but by no means 
identical with, that of bitter almond oil or Benzaldehyde. 


Description and Properties—A colorless, strongly refractive liquid 
with an odor resembling that of bitter almond oil, and having a burn- 
ing aromatic taste. Its specific gravity is 1.041 to 1.046 at "25°, It 
boils at about 180°, solidifies at about —20°, and has a refractive 
index of 1.5440 to 1.5465 at 20°. Benzaldehyde is volatile with steam 
and on exposure to air it gradually oxidizes to benzoic acid. It re- 
duces silver ammonium nitrate T.S. to metallic silver. It dissolves in 
about 350 volumes of water, and is miscible with alcohol, ether, chlo- 
roform, fixed and volatile oils. 

Tests for Purity— 

Chlorinated compounds—The method of testing for this impurity, 
as prescribed in the N. F., is usually known as the Beilstein test. It is 
based on the fact that when a chlorine compound is ignited in the 
presence of metallic copper it imparts a green color to a non-luminous ~ 
flame. The test is made in the following manner: A copper wire is 
wound into a spiral at one end and held in a non-luminous flame until 
it glows without coloring the flame green. The wire is cooled, then 
the spiral dipped into Benzaldehyde, ignited, allowed to burn outside 
of the flame, and then the spiral brought into contact with the lower, 
outer edge of the non-luminous flame: not even a transient green 
color is imparted to the flame. 

Hydrogen cyanide—About 0.5 cc. of Benzaldehyde is shaken with 
water, then about 0.5 ec. of sodium hydroxide T:S. is added, followed 
by a few drops of ferrous sulfate T.S. and the mixture is gently 
warmed. Any hydrogen cyanide present is thus converted into so- 
dium ferrocyanide. Diluted hydrochloric acid is then added to the 
mixture. If cyanide is present the ferrocyanide formed from it reacts 
with the ferric iron, formed by oxidation of some of the ferrous sulfate, 
to form the blue-colored ferric ferrocyanide. The N. F. requires 
that no blue-green color should be produced. 

Nitrobenzene—For this test Benzaldehyde is dissolved in diluted 

alcohol; zine and diluted sulfuric acid are added, and the mixture is 
allowed to stand for about 1 hour. The hydrogen generated by the 
zine and acid reduces nitrobenzene to aniline. After filtering off the 
zinc the filtrate is boiled to evaporate the alcohol (which would inter- 
fere in the subsequent reaction), then a drop of potassium chromate 
T.S. is added. If nitrobenzene is present the aniline resulting from 
it would give a violet color with the chromate. 
Assay—For the quantitative determination of this and other alde- 
hydes advantage is taken of the fact that aldehydes react with hy- 
droxylamine hydrochloride whereby hydrogen chloride is set free in 
an amount corresponding to the quantity of the aldehyde used, as 
shown in the following equation: 


benzaldehyde hydroxylamine 
hydrochloride 
HCl + CgHsCH:N.OH + H20 
hydrogen benzaldoxime water 
chloride 


The liberated HCl, determined by titration with standard alkali 
(using bromophenol blue as the indicaton), represents the aldehyde. _ 
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« 


The N. F. uses a hydroxylamine hydrochloride solution previously 
mixed with half-normal potassium hydroxide which neutralizes the 
liberated HCl. The amount of KOH consumed for the neutralization 
is determined by titrating the residual alkalinity and that of an equal 
volume of the hydroxylamine hydrochloride solution. Using half- 
normal acid (or alkali by the direct method), each cc. corresponds to 
53.06 mg. of CgH5CHO. 

Storage—Preserve Benzaldehyde in tight, light-resistant containers. 


Uses—Benzaldehyde is used in place of bitter almond 
oil for flavoring purposes; it is much safer than the 
latter because it contains no hydrocyanic acid. It is 
also extensively used in perfumery and in the manufac- 
ture of dyestuffs and many other organic compounds, 
among which is mandelic acid. 

Average Dose—0.03 cc. (approximately 4% minim). 


Benzaldehyde Spirit N. F. Spiritus Benzaldehydi 
[Sp. Benzald.—Sp. Espiritu de Benzaldehido] 


Metric Alternative 
RVC ZANUCNYV OC... rset ce Mig te ape oe 10 cc. 154 min. 
ENGI 5 RO eee 800 cc. 25 fl. oz. 288 min. 
Distilled Water, a sufficient quantity, _ 
OMIM Or ee OS Si ac vk die haces 1000 cc. 2 pints 


Dissolve the benzaldehyde in the alcohol, and add sufficient 
distilled water to make the product measure 1000 ee. (2 pints). 


Alcohol Content—From 71 to 78 per cent, by volume, of CeHs5OH. 


Storage—Preserve Benzaldehyde Spirit in tight, light-resistant 
containers. 


Uses—A flavoring agent. 
Average Dose—0.5 cc. (approximately 8 minims). 


Compound Benzaldehyde Elixir N. F. 
Elixir Benzaldehydi Compositum 


{Elix. Benzald. Comp.—sSp. Elixir de Benzaldehido Compuesto] 


Metric Alternative 
Benzaldehyde....4.....2...... 0.5 cc. 8 min. 
ESL MEUUME EE ne. dere Gok wld ces I Gm 15 gr. 
LAE GS |. 5p 5 Oia Cc: 1 fl. oz. 288 min. 
VAL PEEE RS shes ssc cs oe oe 400 cc 12 fl. oz. 384 min. 
Distilled Water, a sufficient quan- 
tity, 
PINBTIVEVICOMIP ray. sys cle eoeie ea a 1000 cc. 2 pints 


Dissolve the benzaldehyde and the vanillin in the alcohol; add 
the syrup, and sufficient distilled water, in several portions, 
shaking the mixture thoroughly after each addition, to make 
the product measure 1000 cc. (2 pints); then filter, if necessary, 
until the product is clear. 


Alcohol Content—From 3 to 5 per cent, by volume, of CepH5OH. 
Storage—Preserve Compound Benzaldehyde Elixir in tight con- 
tainers. 


Uses—This is a useful vehicle for administering 
bromides and other salts, especially when a low alcoholic 
content is desired. 


ROSE N. F. Rosa 
[Red Rose Petals, French Rose, Rosa Gallica, Sp. Rosa] 


Rose consists of the dried petals of Rosa gallica Linné 
(Fam. Rosacex), collected just before the expansion of 
the flowers. 

Constituents—Red Rose contains quercitrin and 
quercitannic acid. The pale red coloring matter is 
made bright red by the addition of sulfuric acid. 
Description and Properties—The N. F. VIII gives a description of 
Unground Rose and establishes limits for Foreign organic matter 


and Acid-insoluble ash. : 
Storage—Preserve Rose in tight, light-resistant containers. 


Uses—It is slightly astringent, but is used chiefly for 
its odor and color. 
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ROSE OIL U. S. P. Oleum Rosze 
[Ol. Ros.—Otto of Rose, Attar of Rose Sp. Esencia de Rosa] 


Rose Oil is the volatile oil distilled with steam from 
the fresh flowers of Rosa gallica Linné, Rosa damascena 
Miller, Rosa alba Linné, and Rosa centifolia Linné, and 
varieties of these species (Fam. Rosacez). 

Constituents—From the quantitative standpoint the 
chief components of Rose Oil are the alcohols geraniol 
[CoH 180] and citronellol [Cy>.H 2.0]. The sesquiterpene 
alcohols farnesol and nerol occur to the extent of 1 per 
cent and 5 to 10 per cent, respectively. Together, the 
four alcohols constitute 70 to 75 per cent of the Oil. 
Phenylethyl alcohol, which comprises 1 per cent of the 
Oil, is an important odoriferous constituent. Other 
compounds present are linalool, eugenol, nonyl aldehyde, 
traces of cztral, and two solid hydrocarbons of the paraf- 
fin series. 

The finest grade of Oil is the Bulgarian, which is ob- 
tained from the damask Rose. French Rose Oil is pre- 
pared from Rosa centifolia, and differs from the Bul- 
garian Oil in that it contains but little phenylethy1 alco- 
hol, which fact causes it to have an inferior quality of 
odor. Much of this constituent resides in the aqueous 
portion of the distillate because of the manner in which 
the operation is conducted in France. This produces, 
however, a Rose water of high grade. 

The principal adulterants of Rose Oil are geraniol, 
citronellol, and phenylethyl alcohol, all of which raise 
the specific gravity and lower the melting point. In 
consequence of these peculiar factors paraffin wax and 
spermaceti are sometimes added as adulterants. 
Description and Properties—Rose Oil is a colorless or yellow liquid, 
having the characteristic odor and taste of Rose. At 25° it is a liquid. 
Upon gradual cooling it changes to a translucent, crystalline mass, 
which may be easily liquefied by warming. Specific gravity: from 
0.848 to 0.863, at 30° compared with water at 15°. Optical rotation: 
it varies from —1° to —4° in a 100-mm. tube at 25°. Refractive 
index: from 1.457 to 1.4630, at 30°. One ec. of Rose Oil mixes with 
1 ce. of chloroform without turbidity. Upon the addition of 20 cc. of 
90 per cent alcohol to this solution, the resulting liquid is neutral 
or faintly acid to moistened litmus paper and deposits a crystalline 


residue upon standing. : 
Storage—Preserve Rose Oil in well-filled, tight containers. 


Uses—Rose Oil is principally used in perfumery. It 
is officially recognized for its use as an ingredient in 
Rose Water Ointment. 


Rose Water U.S. P. Aqua Rose 
[Aq. Ros.—Sp. Agua de Rosa] 


Stronger Rose Water . 
Distilled Water, each, 1 volume 


Mix them immediately before use. . 


Allowance being made for its dilution, Rose Water 
conforms to the description of, and meets the require- 
ments of the tests under Stronger Rose Water. 

Uses—Because of its delightful Rose odor it is largely 
employed for its perfume value in eye and skin lotions. 


Stronger Rose Water U. S. P. Aqua Rose Fortior 
[Aq. Ros. Fort.—Triple Rose Water, Sp. Agua de Rosa Concentrada] 


A saturated solution of the odoriferous principles of 
the flowers of Rosa centifolia Linné (Fam. Rosacee), 
prepared by distilling the fresh flowers with water and 
separating the excess volatile oil from the clear, water 
portion of the distillate. Its odor is best preserved by 
allowing a limited access of fresh air to the container. 

Rose Water is sometimes prepared extemporaneously 
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from concentrates or from Rose Oil, but such water is 
not official and rarely compares favorably with the fresh 
distillate from Rose petals. 

Description and Properties—Stronger Rose Water is nearly colorless 
and clear, possessing the pleasant odor and taste of fresh Rose Blos- 
soms. It must be free from empyreuma, mustiness, and fungoid 
growths. 


Tests for Purity—The Water must meet specified tests for Reaction 
to litmus paper, Residue on evaperation, and limit of Heavy metals. 


Uses—As a perfume in cold creams and lotions. 


Rose Water Ointment U. S. P. Unguentum Aque 


Rose 
[Ung. Aq. Ros.—Cold Cream, Galen’s Cerate, Sp. Ungiiento de Agu 
de Rosa] ; 
; Metric Alternative 
Rosé: Water. cece oe SOn CC. 368 min 
Spermaceth= 33.2 hat Mae 125 Gm. 2 oz. av. 
White: Wax. 5.0-fe saree ce 120 Gm. loz. av. 403 gr. 
Expressed Almond Oil....... 560 Gm. 8&o02z. av. 420. gr. 
Sodium Borates ee eee aoe 52 cin. Doma Te 
Distilled Wateraour me oo eae 140 cc. 2 fl. oz. 71 min. 
Rose: Oi reward votre ces achata oes 0.2 cc. 1% min. 
Mopmake spouts sic tacts ee 1000 Gm. 16 oz. av. 


Reduce the spermaceti and the white wax to small pieces and 
melt them on a water bath; add the expressed almond oil, and 
continue heating until the temperature of the mixture is raised to 
70°. Dissolve the sodium borate in the distilled water and Rose 
Water, warmed to the temperature of the melted wax and fat, 
and gradually add the warm solution to the melted mixture, stir- 
ring rapidly and continuously until it has cooled to about 45°. 
Then incorporate the Rose Oil. 


PRODUCTS FROM 
BERGAMOT OIL N. F. Oleum Bergamottz 


[Ol. Bergam.—Sp. Esencia de Bergamota] 


Bergamot Oil is a volatile oil obtained by expression 
from the rind of the fresh fruit of Citrus Bergamia 
Risso et Poiteau (Fam. Rutacee). 

Bergamot Oil yields not less than 36 per cent of 
esters, calculated as linalyl acetate [CioHi7.C2H30o]. 

Constituents—This Oil contains from 35 to 40 per 
cent of l-linalyl acetate, together with some free linalool 
(comprising nearly 14 per cent of the Oil from unripe 
fruits, but only about 6 per cent of that from ripe 
fruits), dihydrocumic alcohol [C1oH1 60], nerol [C1oHi80] , 
and. terpineol [CioHis0]. In addition, the hydrocar- 
bons d-limonene, l-a-pinene, camphene, octylene [CsH16], 
and bisabolene are also present. Bergaptene [Ci2zHs04l, 
a non-volatile, crystalline substance of known structure, 
occurs in the Oil to the extent of 4 to 5 per cent. A 
second crystalline compound, bergaptin, of unknown 
structure is also present. The Oil from ripened fruits 
possesses a wine-yellow or golden color; that from green 
fruits is green or even brown, depending upon the 
maturity and grade of fruits used. The green color is 
believed to be due to chlorophyll. 


Description and Properties—This volatile oil is a yellowish brown to 
green liquid, having a characteristic, fragrant odor, and an aromatic, 
bitter taste. It is affected by light. Bergamot Oil dissolves in alco- 
hol, in 2 volumes of 90 per cent alcohol, and in glacial acetic acid. 
Specific gravity: 0.875 to 0.880 at 25°. Optical rotation: from 
+8° to +24° in a 100-mm. tube at 25°. Refractive index: 1.4650 to 
1.4675 at 20°. 

Tests for Purity—The Oil is required to meet specific tests for Reac- 
tion to litmus paper and for the presence of Fixed oil. 

Assay—The Oil is assayed for its content of esters by saponification 
with alkali, followed by a residual titration. For explanation, see 
Peppermint Oil (page 706). 

Storage—Preserve Bergamot Oil in tight, light-resistant containers. 


Uses—It is a constituent of Cologne Water, and is ex- 
tensively used as a perfume in pomades, hair dressings, 
and toilet preparations for men. 


V OT AS i be Ogi 


History—This preparation was originated by Galen, 
the famous Roman physician-pharmacist of the first 
century A.D., and was known for many centuries by 
the name of Unguentum or Ceratum Refrigerans. It has 
changed but little in proportions or method of prepara- 
tion throughout many centuries. . 


Storage—Preserve Rose Water Ointment in collapsible tubes which 
do not interact physically or chemically with the Ointment so as to 
alter its quality or purity. 

Incompatibilities— Acids and salts of the heavy metals react with the 
soluble soaps contained in this preparation. 


Note—The official requirement to keep and dispense 
only in tin tubes is based upon the evidence that this 
Ointment will not decompose or dry under such condi- 
tions. It will rapidly lose its neutrality and consist- 
ency in an open container. Rose Water Ointment must 
be free from rancidity. If the Ointment has been 
chilled, warm it slightly before attempting to incorpo- 
rate other ingredients with it. 

Uses—An emollient and ointment base. 


Unofficial Products from the Rosacez 


Laurocerasus (Cherry Laurel)—The leaves of Prunus Laurocerasus, 
found in Western Asia. It contains volatile oil, resin, a glycoside 
prulaurasin, and an enzyme prunase. The latter causes the de- 
composition of the glycoside into benzaldehyde and hydrocyanic 
acid. Uses: same as Bitter Almond. 


Rosa Centifolia (Pale Rose)—The dried petals and nearly mature 
flower buds or the fresh flowers of Rosa centifolia Linné. Contains 


volatile oil, rosa-tannic acid, mucilage, etc. Uses: for preparing 
Stronger Rose Water. 


THE RUTACE 


Perfumed Spirit N. F. Spiritus Odoratus 


[Sp. Odorat.—Cologne Water, Aqua Coloniensis, Sp. Alcohol de 
Cidra Compuesto, Agua de Colonia oficinal] 


Metric Alternative 
Bergamot Oil Asc aatsces mieten tae 15 cc. 230 min. 
Lemont Oil 43 53 facets meee 8 cc. 123 min. 
Rosemary-Oil yess aemets eee ese Z.6C; 108 min. 
Lavender! Oil aa8 4a bee oe oe Alcc, 61 min. 
Orange Flower Oil eae nee ere 4 cc 61 min. 
Ethyl/Acetates. 7 fairs. wmntata cieieuoede 2 cc 31 min. 
Water. ©. oceania De ree 120 cc 3 fl. oz. 403 min. 
Alcohol? jh. osG eee ene teens 840 cc. 26 fl. oz. 422 min. 
Tonmmakeaboute. a ace oeeoene 1000 cc 2 pints 


Dissolve the oils and the ethyl acetate in the alcohol, and add 
the water. Set the mixture aside in a tight container for 8 days, 
and then filter. 


Alcohol Content—From 74 to 81 per cent, by volume, of CgH50H. 
Storage—Preserve Perfumed Spirit in tight, light-resistant contain- 
ers. 


Uses—This pleasant perfume, sold most frequently as 
Eau de Cologne, is employed externally for the relief of 
headache and neuralgic pains. It functions as a mild 
counterirritant but it is probably most valuable from a 
psychological standpoint. 


BUCHU N. F. Buchu 
{Buchu Leaves, Long and Short Buchu, Bookoo, Sp. Bucht, Bucco} 


Buchu is the dried leaf of Barosma betulina (Thun- 
berg) Bartling et Wendland, known in commerce as 
Short Buchu, or of Barosma crenulata (Linné) Hooker, 
known in commerce as Oval Buchu, or of Barosma 
serratifolia (Curtis) Willdenow, known in commerce as 
Long Buchu (Fam. Rutacex). Buchu yields not less 
than 1.25 ec. of volatile Buchu oil from each 100 Gm. of 
drug. 

.Constituents—Buchu contains up to 2.5 per cent of 
volatile oil which is composed,of about 50 per cent of 
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l-menthone, from 17 to 30 per cent of the stearoptene 
diosphenol (an optically inactive cyclic compound which 
yields a dark green color with ferric chloride), and the 
terpenes d-limonene and dipentene. The crystalline 
glycosides hesperidin and diosmin and some mucilage 
also occur. 

Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Buchu and establishes limits for Stems, 
Foreign organic matter and Acid-insoluble ash. 


Assay—Buchu is assayed for its content of volatile oil by Process A. 
For a description of this process, see Thyme (page 708). 


Uses—Buchu is used chiefly as a diuretic in the treat- 
ment of cystitis. Its action is credited to diosphenol. 
Average Dose—2 Gm. (approximately 30 grains). 


Buchu Fluidextract N. F. Fluidextractum Buchu 
[Fldext. Buchu—Sp. Extracto Fliido de Buch] 


Prepare the Fluidextract from Buchu, in moderately 
coarse powder, by Process C as modified for assayed 
fluidextracts (page 271). Use a mixture of 9 volumes 
of alcohol and 1 volume of water as the menstruum, 
macerate the drug for 24 hours, and percolate at a 
moderate rate. Adjust the concentrated fluid by 
dilution with alcohol or a mixture of alcohol and water 
so that the Fluidextract contains 75 per cent, by vol- 
ume, of C.H;OH. 

Alcohol Content—From 71 to 78 per cent, by volume, of C2H5O0H. 
Storage—Preserve Buchu Fluidextract in tight, light-resistant con- 
tainers and avoid exposure to direct sunlight or to excessive heat. 

Uses—In inflammations of the bladder. This prep- 
aration is one of the best forms for administering 
Buchu. 

Average Dose—2 cc. (approximately 30 minims). 


Buchu, Juniper, and Potassium Acetate Elixir N. F. 
Elixir Buchu, Juniperi et. Potassii Acetatis 


[Elix. Buchu, Junip. et Pot. Acet.—Sp. Elixir de Bucht, Enebro, y 
Acetato de Potasio] 


Metric Alternative 
Buchu, in moderately coarse powder. 150 Gm. 5 oz. av. orgr. 
Juniper, in moderately coarse pow- 

CEI so sc ok ha ee are 75 Gm. 202. av. 221 gr. 
Potassium Acetate............... 50 Gm. 1 oz. av. 293 gr. 
BUIECTOSCMEMEI © i0s'> fcuc > e.0tee dua celane bie 225 Gm. 702: av. 224 er. 
Compound Orange Spirit......... 10 cc 154 min. 
Alcohol, 

Water, each, a sufficient quantity, ’ 
PIRCMEALEN OPIN 3 yor s.'6 foes 5) e\iult\ ope ve 1000 cc. 2 pints 


Mix the compound orange spirit with 400 cc. (12 fl. oz. 384 
min.) of alcohol, and add 400 cc. (12 fl. oz. 384 min.) of water. 
Use this mixture as Menstruum I for extracting the mixed drugs 
by Process P for Tinctures (page 267), and diluted alcohol as 
Menstruum II for completing the extraction; macerate the mixed 
drugs 24 hours, and percolate at a moderate rate. Dissolve the 
sucrose and the potassium acetate by agitation in the first 850 cc. 
(27 fl. oz. 96 min.) of the percolate. Then add sufficient of the 
percolate to make the product measure 1000 cc. (2 pints), mix 
well, and filter, if necessary, until the product is clear. 


Alcohol Content—From 35 to 38 per cent, by volume, of CegH5OH. 
Storage—Preserve Buchu, Juniper, and Potassium Acetate Elixir in 
tight containers. ' 
Uses—In chronic inflammation of the genito-urinary 
tract and as a diuretic. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


One average metric dose contains the equivalent of 0.6 Gm. of Buchu, 0.3 
Gm. of Juniper, and 0.2 Gm. of Potassium Acetate. 


LEMON PEEL U. S. P. Limonis Cortex — 
(Limon. Cort.—Fresh Lemon Peel, Sp. Corteza de Limén] 
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Lemon Peel is the outer yellow rind of the fresh ripe 
fruit of Citrus Limon (Linné) Burmann filius (Fam. 
Rutacee). 

Constituents—It contains a volatile oil and hesperidin. 


Description and Properties—See the U.S. P. XIII. 


Uses—Lemon Peel in the form of the official tincture 
is used to impart flavor to Citric Acid Syrup. 


Lemon Tincture U. S. P. Tinctura Limonis 


(Tr. Limon.—Lemon Peel Tincture, Tinctura Limonis Corticis, Sp. 
Tintura de Limén] 


Metric Alternative 
Lemon Peel, the outer yellow rind 
grated or pared from the fresh 
LEUT ar eau. h vee cnet ter siete Oke eae, RAINS 500 Gm. 1602. av. 302 gr. 
BL OVI a Keirwaeais, Senarencateeotancaste ai eue 1000 cc. 2 pints 


Prepare a Tincture by Type Process M (page 267), macerating 
the drug in 900 ce. (28 fl. oz. 384 min.) of alcohol, and completing 
the preparation with alcohol. Use purified cotton or tale as the 
filtering medium. 


The white portion of the rind must not be used, as the 
proportion of oil, which is found only in the yellow rind, 
is reduced and the bitter principle, hesparidin, intro- 
duced. 

Alcohol Content—From 70 to 75 per cent, by volume, of CepHsOH- 


Storage—Preserve the Tincture in tight, light-resistant containers, 
and avoid exposure to direct sunlight and to excessive heat. 


Uses—This Tincture is intended to replace lemon oil 
as a flavor, its fineness of flavor being assured as it 
comes from the fresh fruit, and being an alcoholic solu- 
tion it is more stable than the oil. 


LEMON OIL U. S. P. Oleum Limonis 


[Ol. Limon.—Sp. Esencia de Limén] 


Lemon Oil is the volatile oil obtained by expression, 
without the aid of heat, from the fresh peel of the fruit 
of Citrus Limon (Linné) Burmann filius (Fam. Rutacee), 
with or without the previous separation of the pulp and 
the peel. 

Note—Lemon Oil which has a terebinthinate odor 
must not be used or dispensed. 

Constituents—From the standpoint of odor and 
flavor, the most noteworthy constituent is the aldehyde 
citral, which is present to the extent of about 4 per cent. 
About 90 per cent of d-limonene is present; small 
amounts of l-a-pinene, B-pinene, camphene, B-phellan- 
drene, and y-terpinene also occur. About 2 per cent of 
a solid, non-volatile substance called citraptene or 
lemon-camphor, which is dissolved out from the peel, is 
also present. In addition, there are traces of several 
other compounds: a-terpineol; the acetates of linalool 
and geraniol; citronellal, octyl and nonyl aldehydes; the 
sesquiterpenes bzsabolene and cadinene; and the ketone 
methylheptenone. 

When fresh, the Oil has the fragrant odor of lemons. 
Because of the instability of the terpenes present, the 
Oil readily undergoes deterioration by oxidation, ac- 
quiring a terebinthinate odor. This development may 
be retarded by the addition of 5 per cent of alcohol and 
separation of any resulting sediment. Alternatively, 5 
per cent of either olive or cottonseed oil may be added, 
though possible incompatibilities may arise in the manu- 
facture of certain preparations because of the presence 
of the fixed oil. 

Italian Lemon Oil from Messina, a “hand-pressed”’ 
Oil, has always brought a premium price in the market, 
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although the California Oil is now claimed to compare 
favorably with it in quality. The latter is produced with 
the aid of machines. (See page 699 for a discussion of 
the machine method of expression of the citrus oils.) 

Originally, the Italian hand-pressed Oil was the only 
one which could meet the U. 8. P. requirements. The 
Italian product contained about 4 per cent of cztral, 
but the California Oil had a lower content of this con- 
stituent. The latter, however, contained certain un- 
identified substances which gave the product a distinc- 
tive flavor value lacked by the Italian Oil. The U.S. 
Department of Agriculture recognized this fact and 
revised its standards, which were then adopted by the 
USS 2? 

Lemon Oil produced by the machine method is much 
more yellow in color than the hand-pressed oil. The 
solid portion resulting from the process consists princi- 
pally of pectin, which finds important uses in food prod- 
ucts and in pharmacy. 


Description and Properties—A pale yellow to deep yellow or greenish 
yellow liquid, with the characteristic odor and taste of the outer part 
of fresh lemon peel. Specific gravity: 0.849 to 0.855. Optical rota- 
tion: +57° to +65.6° in a 100-mm. tube at 25°. Refractive index: 
1.4740 to 1.4755 at 20°. It is soluble in 3 volumes of alcohol, and 
in all proportions in dehydrated alcohol, carbon disulfide, or glacial 
acetic acid. 

Tests for Purity—It is required to meet specific tests for Reaction 
to litmus paper and the presence of Foreign oils. 

Storage—Preserve Lemon Oil in well-filled, tight containers and avoid 
exposure to excessive heat. 


Uses—As a flavor in the official preparations and in 
certain candies and foods. The dose is 0.1 ce. (approxi- 
mately 114 minims). 


BITTER ORANGE PEEL U. S. P. Aurantii Amari 
Cortex 


[Aurant. Amar. Cort.—Bitter Orange, Curacao Orange Peel, Bigarade 
Orange, Sp. Corteza de Naranja Amarga] 


Bitter Orange Peel is the dried rind of the unripe 
fruit of Citrus Aurantium Linné (Fam. Rutacee). 

Constituents—The inner part of the peel from the 
bitter orange contains a volatile oil and the glycoside 
hesperidin [CogsH34015]. This, upon hydrolysis in the 
presence of sulfuric acid, yields hesperetin [Ci6H 140 6| 
and rhamnose [C6H1205]. 


Description and Properties—The U. S. P. XIII gives a description 
of Unground and Powdered Bitter Orange Peel. 


Uses—Bitter Orange Peel is employed as a flavoring 
agent and as a bitter tonic. Dose, 0.6 to 2.6 Gm. (ap- 
proximately 10 to 40 grains). 


Bitter Orange Peel Tincture U. S. P. Tinctura Aurantii 
Amari 


Tr. Aurant. Amar.—Sp. Tintura de Corteza de Naranja Amarga] 


Metric Alternative 
Bitter Orange Peel, in moderately 
COATS POWUCL ewes ae oe eee 200 Gm. 6 oz. av. 296 gr. 
Tovmaker Joa. 5 eee or ae ee 1000 cc. 2 pints 


Prepare a tincture by Process P (page 267), using a mixture of 2 
volumes of alcohol and 1 volume of water as the menstruum. 
Macerate the drug from 12 to 16 hours, and percolate at a 
moderate rate. 


Alcohol Content—From 58 to 62 per cent, by volume, of CoHs5OH. 
Storage—Preserve the Tincture in tight, light-resistant containers, 
and avoid exposure to direct sunlight and to excessive heat. 


ness. The average dose is 4 ce. 


Uses—An adjuvant; used for its flavor and bitter- 
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BITTER ORANGE OIL N. F. Oleum Aurantii Amari 


{[Ol. Aurant. Amar.—Sp. Esencia de Naranja Amarga] 


Bitter Orange Oil is a volatile oil obtained by expres- 
sion from the fresh peel of the fruit of Cztrus Aurantium 
Linné (Fam. Rutacez). 

Note—Bitter Orange Oil which has a terebinthinate 
odor must not be used or dispensed. 

Constituents—The composition of this oil is practi- 
cally identical with that of the oil derived from Sweet 
Orange Peel (this page), although the respective botani- 
cal origins represent different species. 


Description and Properties—A pale yellow or yellowish brown liduid: 
with the characteristic, aromatic odor of the Seville orange, and an 
aromatic, somewhat bitter taste. Bitter Orange Oil having a terebin- 
thinate odor is not to be dispensed. Specific gravity: 0.845 to 0.851 
at 25°. Optical rotation: from +88° to +98° in a 100-mm. tube at 
25°. Refractive index: 1.4725 to 1.4755 at 20°. The Oil is miscible 
with about 4 volumes of alcohol, in all proportions with dehydrated 
alcohol, and with an equal volume of glacial acetic acid. Itis affected 
by light and its alcohol solutions are neutral to litmus paper. 
Tests for Purity—The Oil is required to meet specific tests for Identi- . 
fication ah a distillation procedure, and for the presence of Washed 
citrus oils. 


Storage—Preserve the Oil in tight, light-resistant containers. 


Uses—An adjuvant and flavor. 
Average Dose—0.1 cc. (approximately 1144 minims). 


Bitter Orange Elixir N. F. Elixir Aurantii Amari 


[Elix. Aurant. Amar.—Elixir Curassao, Elixir of Curacao, Sp. Elixir de 
Naranja Amarga] 


Metric Alternative 
bitter OrangevOiltm. eee eee leices 15 min. 
Bitter Orange Peel Tincture........ 20 cc 307 min. 
Alcoliolic shens ee eee te eee ene 300 cc 9 fl. oz. 288 min. 
SYrllDccas- ein tne ee ae 400 cc. 12 fl. oz. 384 min. 
Distilled Water, a sufficient quantity, 

To make.0 Paci ctenae ee enee 1000 cc. 2 pints 


Mix the bitter orange oil and the bitter orange peel tincture 
with the alcohol; add the syrup and then sufficient distilled water 
in several portions, shaking the mixture after each addition, to 
make the product measure 1000 cc. (2 pints); let it stand 24 
hours, and then filter, using 10 Gm. (146 gr.) of tale, if necessary, 
to clarify the product. : 


Alcohol Content—From 26 to 30 per cent, by volume, of CeH5OH. 
Storage—Preserve Bitter Orange Elixir in tight containers. 


History—Under the name Elixir Aurantit Composi- 
tum, the celebrated Dr. Friedrich Hoffmann, in the 
early part of the eighteenth century, introduced a simi- 
lar preparation which he also called Elixir Viscerale 
Hoffmanni. 

Uses—A pleasantly flavored vehicle. 


SWEET ORANGE PEEL U. S. P. Aurantii Dulcis 


Cortex 
{Aurant. Dulc. Cort.—Sp. Corteza de Naranja Dulce] 


Sweet Orange Peel is the fresh, outer rind of the non- 
artificially colored, ripe fruit of Citrus sinensis (Linné) 
Osbeck (Fam. Rutacez). 

Note—The inner white portion of the rind should be 
excluded. 

Constituents—Sweet Orange Peel contains a volatile 
oil which occurs in the epidermis. The glycoside 
hesperidin occurs in the white portion of the rind, and 
this portion is therefore discarded, since a bitter taste 
would be produced in any preparation containing Sweet 
Orange Peel in which this principle was present. 


Description and Properties—The U.S. P. XIII gives a description 
of the whole peel. 


\ 
* 
. 


NOD AD Ni h O VIE ihe: 


Uses—Sweet Orange Peel is used exclusively as a 
flavoring substance. It imparts a yellowish color to 
preparations containing it. The 50 per cent tincture, 
prepared from the freshly grated rind, has a finer flavor 
than the oil, and is much less likely to become terebin- 
thinate. 


Sweet Orange Peel Tincture U. S. P. Tinctura 
Aurantii Dulcis 


(Tr. Aurant. Dulc.—Sp. Tintura de Corteza de Naranja Dulce] 


Metric Alternative 
Sweet Orange Peel, the outer yellow 
rind grated or pared from the fresh 
PU Ger ere =< 4 VCH bake bee Oa ages Oe 500 Gm. 1602. av. 302 gr. 
“LGs) LED e 2 ee eR ER eee 1000 cc. 2 pints 


Prepare a tincture by Process M (page 267), macerating the 
drug in 900 ce. (28 fl. oz. 384 min.) of alcohol and completing the 
preparation with alcohol. Use purified cotton or tale as the filter- 
ing medium. 


The white portion of the rind must not be used, as the 
proportion of oil, which is only in the yellow rind, is 
reduced, and the bitter principle hesperidin is intro- 
duced. 


Alcohol Content—From 73 to 76 per cent, by volume, of CgH50H. 
Storage—Preserve the Tincture in tight, light-resistant containers. 
and avoid exposure to direct sunlight and to excessive heat. 


Uses—A flavor, used in syrups, elixirs, and emulsions. 
This Tincture was introduced to insure a delicate orange 
flavor direct from the fruit instead of depending upon 
orange oil which so frequently is terebinthinate and 
unfit for use. The Tincture keeps well. 


Orange Syrup U. S. P. Syrupus Aurantii 
[Syr. Aurant.—Syrup of Orange Peel, Sp. Jarabe de Naranja] 


Metric Alternative 
Sweet Orange Peel Tincture..... 50 cc 1 fl. oz. 288 min. 
GTEC ENGI Gar sao. So lsinihie s cos slates 5 Gm. 73 gr. 
TIC. oon IS oo 15 Gm 219 gr. 
BSICHOSCMI ie ws ots oe alle sb ee es 820 Gm. 27 oz. av. 163 gr. 
Distilled Water, a sufficient quan- 
tity, 
PUQBITIAICO es cess hee Se on eine 1000 cc. 2 pints 


Triturate the talc with the tincture and citric acid, and gradu- 
ally add 400 ce. (12 fl. oz. 384 min.) of distilled water. Then filter, 
returning the first portions of the filtrate until it becomes clear, 
_and wash the mortar and filter with enough distilled water to 
“make the filtrate measure 450 cc. (1414 fl. 0z.). Dissolve the 
sucrose in this filtrate by agitation, without heating, and add 
enough distilled water to make the product measure 1000 cc. (2 
pints). Mix thoroughly and strain. 


Note—This preparation must not be dispensed if it 
has a terebinthinate odor or taste or shows other indica- 
tions of deterioration. 

‘ Alcohol Content—From 2 to 5 per cent, by volume, of CepHs5OH. 


Storage—Preserve Orange Syrup in tight containers, preferably at 
_a temperature not above 25°. 


Uses—A pleasant vehicle. 


- ORANGE OIL U. S. P. Oleum Aurantii 


Ol. Aurant.—Sweet Orange Oil, Sp. Esencia de Naranja, Aceite 
Hsencial de Naranja Dulce] 


Orange Oil is the volatile oil obtained by expression 
from the fresh peel of the ripe fruit of Citrus sinensis 
(Linné) Osbeck (Fam. Rutacez). 

Note—Orange Oil which has a terebinthinate odor 
- must not be used or dispensed. 

Constituents—This Oil consists of d-limonene to the 
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extent of at least 90 per cent; in the remaining 5 to 10 
per cent are the odorous constituents, among which 
are n-decylic aldehyde, one of the most important, d- 
linalool, l-terpineol, d-terpineol, n-nonyl alcohol, methyl 
anthranilate, and traces of caprylic acid esters. 

Kept under the usual conditions Orange Oil is very 
prone to decompose, and rapidly acquires a terebinthi- 
nate odor. It may be perserved by shaking it with one- 
eighth of its volume of distilled water, allowing it to 
separate, then removing the essential Oil, filtering rap- 
idly if necessary, and mixing the filtered Oil with 95 per 
cent alcohol in the proportion of 1 volume of the Oil to 
7 volumes of alcohol. 

It may also be preserved by adding 10 per cent of its 
volume of olive oil. In this case, however, the presence 
of the fixed oil may result in incompatibilities in the 
filling of certain prescriptions or the manufacture of 
preparations. 

Description and Properties—Orange Oil is an intensely yellow, orange, 
or deep orange liquid, having the characteristic odor and taste of the 
outer part of fresh sweet orange peel. Specific gravity: 0.842 to 
0.846 at 25°. Optical rotation: +94° to +99° in a 100-mm. tube 
at 25°. Refractive index: 1.4723 to 1.4737 at 20°. It is miscible 
with dehydrated alcohol and with carbon disulfide; it dissolves in an 
equal volume of glacial acetic acid. A 1 in 5 solution of the recently 
expressed Oil in dehydrated alcohol is neutral to moistened litmus 
paper. 

Tests for Purity—The Oil meets the requirements of the tests for 
Heavy metals in volatile oils and the presence of Washed citrus oils or 
Foreign oils. 


Storage—Keep the Oil in well-filled tight containers and avoid expo- 
sure to excessive heat. 


Uses—It is used as a flavoring agent in elixirs and 
other preparations. The average dose is 0.1 ec. 


Compound Orange Spirit U. S. P. Spiritus Aurantii 


Compositus 
[Sp. Aurant. Co.—Sp. Espiritu de Naranja Compuesto] 
Compound Orange Spirit contains, in each 100 cc., 


not less than 25 ce. and not more than 30 cc. of the 
mixed oils. 


Metric Alternative 
Oran verOileae te eh on hearer 200 cc. 6 fl. oz. 192 min. 
Lemon: Oilteoarpencenincet: see se oe 50 cc. 1 fl. oz. 288 min. 
Coriander Oil cca teeya Seco ee oe 20 cc. 307 min. 
AniiSer Oil Steere bos carcaets aca hars cremate Ly eer, 77 min. 
Alcohol, a sufficient quantity, 
Norma Kept teres ie ciske <b cote 1000 cc. 2 pints 


Mix the oils with sufficient alcohol to make the product meas- 
ure 1000 ce. (2 pints). 


Assay—Same procedure as that specified for Peppermint Spirit, which 
is explained on page 706. For details, see the U. S. P. XIII. 

Alcohol Content—From 65 to 70 per cent, by volume, of CgH5OH. 
Storage—Preserve Compound Orange Spirit in tight containers, pro- 
tected from light. 

Uses—A flavor for elixirs. An alcoholic solution of 
this kind permits the uniform introduction of small 
proportions of oils and also preserves orange and lemon 
oils from rapid oxidation. These two oils should be 
bought in small quantities by the retail pharmacist, 
since this spirit is most satisfactorily made from oils 
taken from bottles not previously opened. This will 
insure that delicacy of flavor which should always be 
characteristic of elixirs. 


ORANGE FLOWER OIL N. F. Oleum Aurantii 


Floris 
(Ol. Aurant. Flor.—Neroli Oil, Sp. Esencia de Flor de Naranja] 


Orange Flower Oil is a volatile oil distilled from the 
fresh flowers of Citrus Aurantium Linné (Fam. Ruta- 
cee). 


\ 
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Constituents—The constituents of this Oil are l[- 
pinene, l-camphene, dipentene, l-linalool, geraniol, farne- 
sol, d-terpineol, phenylethyl alcohol, nerol, nerolidol, de- 
cyclic aldehyde, jasmone, methyl anthranilate, indole, 
acetic esters of the alcohols present, and traces of esters of 
benzoic, phenylacetic, and palmitic acids. 

Description and Properties—A pale yellow, slightly fluorescent liquid, 
which becomes reddish brown on exposure to light and air. It has a 
distinctive, fragrant odor, similar to that of orange blossoms, and an 
aromatic, at first sweet, then somewhat bitter, taste. The Oil may 
become turbid or solid at low temperatures. Specific gravity: 0.863 
to 0.880 at 25°. Optical rotation: +1.5° to +9.1° in a 100-mm. 
tube at 25°. It is miscible with an equal volume of alcohol and 
with about 2 volumes of 80 per cent alcohol, the solution becoming 
cloudy on the further addition of alcohol of the same percentage. 
Tests for Purity—An alcoholic solution of the Oil has a violet fluores- 
cence and a neutral reaction to litmus paper. 


Uses—lIt is used as a perfume, being one of several 
volatile oils contained in the official Perfumed Spirit 
(Cologne Water). Several less valuable varieties of the 
Oil are commercially*known. These are designated as 
Bigarade (from the fresh flowers of the bitter orange, the 
ordinary neroli oil), Portugal (from the fresh flowers of 
sweet orange), and Petzt-grain (from the leaves and 
young shoots of the bitter orange). The finest variety 
is known as Petale. 


ORANGE FLOWER WATER U. S. P. Aqua Aurantii 
Florum 


[Aq. Aurant. Flor.—Stronger Orange Flower Water, Triple Orange 
Flower Water, Sp. Agua de Azahar] : 


Orange Flower Water is a saturated solution of the 
odoriferous principles of the flowers of Citrus Aurantiwm 
Linné (Fam. Rutacex), prepared by distilling the fresh 
flowers with water and separating the excess volatile 
oil from the clear, water portion of the distillate. Its 
odor is best preserved by allowing a limited access of 
fresh air to the container. 

This product must not be confused with the Orange 
Flower Water of the U.S. P. IX, since the latter prepa- 
ration is only one-half the strength of the Water now 
official. This Water should be nearly colorless, clear, 
or only faintly opalescent; the odor should be that of 
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the orange blossoms. Unless the Water is free from 
mustiness and fungoid growths it should not be used. 


Tests for Purity—It must meet specific tests for the limit of Residue 
and of Heavy metals, and for Reaction to litmus paper. : 


Uses—lIt is employed as a flavor in syrups, elixirs, 
and solutions.. 


Orange Flower Syrup U. S. P. Syrupus Aurantii 
Florum 


{Syr. Aurant. Flor.—Sp. Jarabe de Azahar] 


Metric Alternative 
Orange Flower Water........... 225NCCe 7 fl. oz. 96 min. 
Sucrose sie. 3% eee oie can 850 Gm. 28 oz, av. 164 gr. 
Distilled Water, a sufficient quan- 
tity, 
Tormakess sancieg mevaletetere atewskeress 1000 cc. 2 pints 


Mix the orange flower water with 225 cc. (7 fl. oz. 96 min.) of 
distilled water, dissolve the sucrose in the mixture by agitation, — 
without heating, and add sufficient distilled water to make the 
product measure 1000 ce. (2 pints). Mix thoroughly and strain. 

Orange Flower Syrup may also be made in the following man- 
ner: Prepare a percolator in the manner described under Syrup 
(page 235). Pour the mixture of orange flower water and dis- 
tilled water upon the sucrose, and, when all of the liquid has run 
through, return portions of the percolate, if necessary, to dissolve 
all of the sucrose. Then pass enough distilled water through the 
cotton to make the product measure 1000 cc. (2 pints). Mix 
thoroughly. 


Storage—Preserve Orange Flower Syrup in tight containers, prefer- 
ably at a temperature not above 25°. 


Uses—A flavored vehicle. 


Unofficial Products from the Rutacez 


Prickly Ash Bark, Pepperwood, Toothache Tree (Xanthoxylum N. F. 
VII)—The dried bark of Zanthoxylum americanum Miller, known in 
commerce as Northern Prickly Ash Bark, or of Zanthoxylum Clava- 
Herculis Linné, known in commerce as Southern Prickly Ash Bark 
(Fam. Rutacex). It contains an acrid volatile oil, a phenolic prin- 
ciple termed zanthoxylin, and two resins. Uses: It is used as an 
alterative. The bark is chewed for relieving toothache. Dose: 2 
Gm. (approximately 30 grains). 

Prickly Ash Berries (Xanthoxylum Fruit N. F. VII)—The dried, full- 
grown fruit of Zanthoxylum americanum Miller, known in commerce 
as Northern Prickly Ash Berries, or of Zanthoxylum Clava- Herculis 
Linné, known in commerce as Southern Prickly Ash Bark (Fam. 
Rutacex). It contains a volatile oil (one of the constituents of 
which is citral) and resin. Uses: an alterative and diaphoretie. 
Dose: 1 Gm, (approximately 15 grains). 


PRODUCT FROM THE SANTALACE 


SANTAL OIL N. F. Oleum Santali 
(Ol. Santal—Sandalwood Oil, Sp. Esencia de SAndalo] 


Santal Oil is the volatile oil distilled with steam from 
the dried heartwood of Santalum album Linné (Fam. 
Santalacez). It yields not less than 90 per cent of alco- 
hols calculated as santalol [C,;H2;0H]. 

Constituents—Santal Oil has a complex composition. 
It contains a number of alcohols, of which a- and B- 
santalol [C15HesO0H] form the greater part; other alco- 
hols present are teresantalol [C1o0H 1.60], which is a solid 
substance melting at 111-112°, and santenol, melting 
point 58-62°. In addition, the following compounds 
have been identified: the hydrocarbons  santene 
[CoH], nortricycloeksantalane [C,,H,s], and a- and p- 
santalene [CisHe4];_ the aldehydes isovaleric aldehyde, 
santalal [C15H220], and nortricycloeksantalal [C11H, 40] ; 
the ketones santalone [C1,Hi,0] and _ santenone 
[CoH1.0]; and the acids teresantalic acid [C1oH 1402] 
and santalic acid [C:sH240e], both of the latter occur- 
ring partly in the free state. The yield of Oil from 
Sandalwood is from 3 to 5 per cent. 


Description and Properties—A pale yellow, somewhat viscid, oily 
liquid having the characteristic odor and taste of Sandalwood. It is 


affected by light. Specific gravity: 0.965 to 0.980 at 25°. Optical 
rotation: from —15° to —20° ina 100-mm. tube at 25°. Refractive 
index: 1.500 to 1.510 at 20°. The Oil is soluble in 5 volumes of 
70 per cent alcohol. ; 

Australian Sandalwood Oil is obtained from the wood of Hucarya 
Spicata Sprague and Summerhayes. It is also erroneously called 
Santalum Spicatum. It is not a variety of Sandalwood at all. Itisa 
large bush found in West Australia. When the volatile oil is obtained 
by distillation and rectification, it occurs as a colorless or pale yellow 
oily liquid, with an unpleasant taste and a characteristic odor. 
oil contains alcohols which are isomeric with the santalols. It is 
official in the British Pharmacopeeia 1932, which standardizes it as © 
containing not less than 90 per cent w/w of free alcohols, calculated 
as Cy5H240. Its specific gravity is about 0.970 and it is slightly 
levogyrate. The refractive index is 1.498 to 1.508 at 20°. It is 
soluble in 3 to 6 volumes of 70 per cent alcohol. It has properties 
similar to those of Sandalwood Oil and is used for the same purposes, 
especially in perfumery, but has not been officially recognized in this 
country. ; 

Tests for Purity—The Oil is required to meet a specific test for Reac- 
tion to litmus paper. . 

Assay—Santal Oil is assayed for its content of alcohols, calculated as 
santalol, by the procedure specified in the U. S. P. assay of Pepper- 
mint Oil for total menthol, as described on page 706. In making the 
calculation, the following formula yields the per cent of alcohols: 


_ AX 11.017 __ 
B — (A X 0.021) 


The quantities A and B have the same significance in this assay that 
they do in the Peppermint Oil assay. The value 11.017 is derived 
from the fact that the molecular weight of santalol is sae er ee 
k 20. 


follows that 1 cc. of half-normal KOH 16 equivalent to 2x 1000 


= 


‘Tiises 
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0.11017 Gm. of santalol. This figure is multiplied by 100 in order to 
give the result in percentage. As in the Peppermint Oil assay, the 
expression B — (A X 0.021) is a correction for the weight of acetyl 
radical in the sample of acetylized oil. 

Storage—Preserve the Oil in tight, light-resistant containers. 


Uses—Santal Oil is eliminated chiefly by the kidneys 
and is a fairly effective urinary antiseptic. It is used 
particularly in subacute or chronic urethritis and cys- 
titis. The Oil, at times, is disturbing to the stomach 
and medicinal doses may cause irritation of the bladder 
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with dysuria and pain in the kidney region and urethra. 
It is also less frequently employed in bronchitis. It is 
generally administered in capsules or pearls. 

Average Dose—0.5 cc. (approximately 8 minims). 


Unofficial Products from the Santalacez 


White Sandalwood (Santalum Album N. F. VII)—The heartwood of 
Santalum album Linné. Contains 3 to 5 per cent of Sandalwood 
Oil. Uses: as a source of santal oil, in the arts, and in perfumes. 
Dose: 4 Gm. 


PRODUCTS OF THE UMBELLIFER4& 


The aromatic plants belonging to the Umbelliferz 
family are all characterized by the very distinctive 
properties of the volatile oils obtained by, distilling 
their fruits (sometimes called ‘‘seeds” because of their 
seed-like appearance) with water. These oils are 
oxygenated, and are soluble in alcohol. Cumin and dill 
are unofficial oils which belong to this class. 


ANISE N. F. Anisum 
[Aniseed, Anise Seed, European Aniseed, Sweet Cumin, Sp. Anis] 


Anise is the dried ripe fruit of Pimpinella Anisum 
Linné (Fam. Umbelliferx). It yields not less than 1.75 
cc. of anise oil from each 100 Gm. of drug. 

Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Anise and establishes limits for Foreign 
organic matter and Acid-insoluble Ash. 

Tests for Purity— 

_ Conium maculatum fruit—Heat 1 Gm. of Anise with 10 ce. of potas- 
sium hydroxide T.S.: no mouse-like odor develops. This test is for 
the purpose of detecting the presence of the fruit of the poisonous 
Conium maculatum as an adulterant; the volatile alkaloid coniine 
[CgHi7N], recognizable by its odor, is liberated by the treatment 
with alkali. ¢ 
Assay—Anise is assayed for its content of volatile oil by Process A, 
as discussed under Thyme (page 708). 


Uses—Anise contains about 2 per cent of a volatile 
oil which is used as a flavor, particularly in licorice 
candies. Its use in this connection has caused the laity 
to identify erroneously the taste of anise as that of 
ticorice. The Oil also has carminative properties. The 
drug contains about 3 per cent of fixed oil. The average 
dose is 0.5 Gm. (approximately 8 grains). 


ANISE OIL U. S. P. Oleum Anisi 
[Ol. Anisi—Star Anise Oil, Sp. Esencia de Anis] 


Anise Oil is the volatile oil distilled with steam from 
the dried ripe fruit of Pimpinella Anisum Linné (Fam. 
Umbellifere) or from the dried ripe fruit of Illeccum 
verum Hooker filius (Fam. Magnoliacee). 

Note—If solid material has separated, carefully warm 
the mixture at a low temperature until it is completely 
liquefied, and mix it thoroughly before using. 

Constituents—The official Oil varies somewhat in 
composition, depending upon whether it was obtained 
from the official anise (Pimpinella Anisum) or the non- 
official star anise ([llicitwm verum). Anethole (para- 
propenyl anisole), whichis officially recognized (this page), 
is the chief constituent of both oils, occurring to the 
extent of 80 to 90 per cent. Methyl chavicol, an isomer 
of anethole, and anisic ketone [C1oH120¢] are also found 
in both oils. Old samples of either Oil are likely to con- 
tain anisic aldehyde and anisic acid, formed by the oxida- 
tion of anethole; such samples congeal with greater dif- 
- fieulty than freshly distilled oil. Acetaldehyde, mal- 
odorous sulfurated products, and possibly traces of 


terpenes may be present in the first fractions of the Oil 
distilled from Pimpinella Anisum. 

In addition to the compounds already mentioned, star 
anise oil contains d-a-pinene, l-a- and [-6-phellandrene, 
l-lemonene, dipentene, p-cymene, an unidentified sesqui- 
terpene, a-terpineol, cineol, hydroquinone ethyl ether, and 
traces of safrol. The congealing point test of the U.S. P. 
depends upon the anethole content of the Oil and is thus 
a means of determining the quality of the sample. 
Anise Oil is usually shipped in lead containers and may 
thus become contaminated with that metal; hence the 
official test for heavy metals. 

Description and Properties—A colorless or pale yellow, strongly re- 
fractive liquid, having the characteristic odor and taste of anise. 
Specific gravity: 0.978 to 0.988. Optical rotation: from —2° to 
+1° in a 100-mm., tube at 25°. Refractive index: 1.5530 to 1.5600 
at 20°. Congealing temperature: not below 15°. (For details of this 
procedure see the U.S. P. XIII.) Anise Oil is soluble with not more 
than a faint cloudiness in 3 volumes of 90 per cent alcohol. 

Tests for Purity—The Oil is required to meet specific tests for the 
presence of Heavy metals and for Phenols. 


Storage—Preserve the Oil in well-filled, tight containers and avoid 
exposure to excessive heat. 


Uses—Anise Oil is extensively used as a flavor, par- 
ticularly for licorice candies. It may be given as a car- 
minative in a dose of 0.1 cc. (approximately 1144 minims). 


Anise Spirit N. F. Spiritus Anisi 
[Sp. Anisi—Sp. Espiritu de Anis] 


Anise Spirit contains, in each 100 cc., not less than 9 
ec. and not more than 11 cc. of anise oil. 


Metric Alternative 
AniS@rO ilyexpancvanRetete dca chars couse Siero 100 cc. 3 ff. oz. 96 min. 
Alcohol, a sufficient quantity, 
"TROL AON gers ctr eder agin vane encreteeneichenaes 1000 cc. 2 pints 


Mix the oil with sufficient alcohol to make the product meas- 
ure 1000 cc. (2 pints). 


Assay—This preparation is assayed for its volatile oil content by the 
same method used for Peppermint Spirit (page 706). 
Alcohol Content—From 80 to 87 per cent, by volume, of CopHs5OH. 
Storage—Preserve Anise Spirit in tight, light-resistant containers. 
Uses—A stomachic and carminative. 
Average Dose—I cc. (approximately 15 minims). 


Anise Water U.S. P. Aqua Anisi 
[Aq. Anisi—Sp. Agua de Anis] 
Anise Water is a clear, saturated solution of anise oil 
in distilled water, prepared by one of the processes de- 
scribed under Waters (page 225). 


Uses—A flavored vehicle, especially pleasing to 
children. 


Anethole N. F. Anethole 
[Anise Camphor] 


CHOC _SCH=CHCHs 
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Anethole [CyoH;20 = 148.20] is of p-propenyl ani- 
sole. It is obtained from anise oil and other sources, or 
is prepared synthetically. 


Preparation—Anethole is the principal constituent of 


anise and fennel oils and is usually obtained from these 
sources by fractionating and chilling the proper fraction 
whereby it crystallizes out. 


Description and Properties—A colorless or faintly yellow liquid at or 
above 23°. It has an odor of anise and a sweet taste. It is affected 
by light. Its specific gravity is 0.983 to 0.988. It boils between 231° 
and 237° and congeals at not less than 20°. Refractive index: 1.5570 
to 1.5610 at 25°. Anethole is practically optically inactive, and its 
alcohol solution is neutral to litmus. Anethole is slightly soluble in 
water; it is soluble in alcohol, acetone, benzene, petroleum benzin, 
and ethyl acetate, and it is miscible with chloroform or ether. It 
yields a clear solution with 2 volumes of alcohol. 

Tests for Purity— 

Aldehydes and ketones—The underlying chemistry on this test is 
the same as in the test for hydrocarbons in Cinnamaldehyde (page 
711; it depends on the solubility of aldehydes and ketones in sodium 
bisulfite solution and the insolubility of Anethole in this solution. 
An accurately measured volume of the Anethole in a graduated 
cylinder is shaken well With several times its volume of a saturated 
aqueous solution of sodium bisulfite and allowed to stand for 6 hours. 
ia none eee” of the Anethole taken should not be appreciably dimin- 
ished. 

Phenols—An aqueous extract of Anethole should not be colored 
purple or purplish by ferric chloride T.S. Phenols give a purple color 
with solutions of ferric salts. 

Storage—Preserve Anethole in tight, light-resistant containers. 


Uses—Its uses are similar to those of anise oil. It is 
sometimes sold as Synthetic or Artificial Anise Oil for 
flavoring. 

Average Dose—0.1 cc. (approximately 14% minims). 


CARAWAY U. S. P. Carum 


[Caraway Seed, Caraway Fruit, Kimmel, Sp. Alcaravea, Fruto de 
Alcaravea, Semilla de Alcaravea] 


Caraway is the dried ripe fruit of Carum Carvi Linné 
(Fam. Umbellifere). 

Constituents—This fruit contains about 5 per cent of 
volatile oil, with a little fixed oil and other constituents. 
Description and Properties—The U.S. P. XIII gives a description of 
Unground and Powdered Caraway and establishes limits for Foreign 
organic matter and Acid-insoluble ash. 


Storage—Preserve Caraway in well-closed containers. 


Caraway is 
susceptible to attack by insects. 


Uses—It is used as a carminative and stimulant. 
The average dose is 1 Gm. (approximately 15 grains). 


CARAWAY OIL N. F. Oleum Cari 
[Ol. Cari—Sp. Esencia de Alcaravea] 


Caraway Oil is a volatile oil distilled from the dried, 
ripe fruit of Carum Carvi Linné (Fam. Umbellifere). It 
yields not less than 50 per cent, by volume, of carvone 
[(CioH140]. 

Constituents—The chief odoriferous component of 
the Oil is the ketone d-carvone [Cio0H1 40], which is the 
optical isomer of the laevorotatory variety occurring in 
Spearmint Oil. The remainder of the Oil consists 
mainly of the terpene d-lemonene [C10H 16], known in the 
earlier literature as ‘“‘carvene.”’ From 1 to 2 per cent 
of a mixture of dihydrocarvone [Ci0H1 60] , dihydrocarveol 


[CyoHig0], and possibly carveol [Ci1o0H1i6O] also is pres- 


ent. The d-carvone may be extracted from the Oil 
by means of its crystalline addition product with hydro- 
gen sulfide; the ketone is then regenerated by means of 
alcoholic potassium hydroxide, and steam distilled. 
Carvone also forms a crystalline, water-soluble addition 
product with sodium sulfite, and this forms the basis 
of the official assay for the Oil. Sulfides are found in 


VOLATILE OILS 


the aqueous distillate which comes over with the Oil’ 
as are also several constituents which are ordinarily 
considered only to accompany destructive distillation 


‘products, as methyl alcohol, acetaldehyde, ete. 


Description and Properties—A colorless or pale yellow liquid, with 
the characteristic odor and taste of caraway. Specific gravity: 0.900 
to 0.910 at 25°. Optical rotation: from +70° to +80° ina 100-mm. 
tube at 25°. Refractive index: 1.484 to 1.488 at 20°. One volume 
of the Oil is soluble in 8 volumes of 80 per cent alcohol. 

Assay—The Oil is assayed for its percentage of carvone by means of 
ae Sieers sulfite method, as described under Spearmint Oil, (page 


Uses—This Oil, sometimes called oil of kiimmel, is 
used in making caraway water and as a flavor in several 
N. F. preparations. It was a constituent of compound 
spirit of juniper, which was formerly official. 

Average Dose—0.1 cc. (approximately 114 minims). 


CORIANDER N. F. Coriandrum 
{Coriand.—Coriander-seed, Sp. Fruto de Cilantro] 


Coriander is the dried ripe fruit of Coriandrum 
sativum Linné (Fam. Umbellifere). It yields not less 
than 0.25 ec. of volatile coriander oil from each 100 Gm. 
of drug. 

The yield of volatile oil from crushed Hungarian seed 
ranges from 0.4 to 1.1 per cent. About 10 per cent of 
fixed oil is also present. 


Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Coriander and establishes limits for Foreign 
organic matter and Acid-insoluble ash. 

Assay—Coriander is assayed for its content of volatile oil by Process 
A. For a discussion of this procedure, see Thyme (page 708). 


Uses—The fruit is seldomi used alone, but is some- 
times combined with other remedies, chiefly as a flavor. 
It is also used as a condiment and flavor in cooking. 

Average Dose—2 Gm. (approximately 30 grains). 


CORIANDER OIL U. S. P. Oleum Coriandri 


{[Ol. Coriand.—Sp. Esencia de Cilantro] 


Coriander Oil is the volatile oil distilled with steam 


from the dried ripe fruit of Corzandrum sativum Linné 
(Fam. Umbellifere). 


Constituents—The alcohol d-linalool (formerly 
termed “‘coriandrol’”’) is the chief constituent of this Oil, 
occurring in amounts varying from 60 to 80 per cent. 
l-Borneol is also present; acetic aced occurs in the form 
of esters. Other oxygenated compounds reported to 
be present are geraniol and decyclic aldehyde. Pinene 
is found in its dl-a-, d-a-, and B-modifications. Minute 
amounts of p-cymene and dipentene have been identified ; 
both a- and y-terpinene are also present. The presence 
of terpinolene and phellandrene is indicated, but has not 
been definitely established. 


Description and Properties—A colorless or pale yellow liquid, having 
the characteristic odor and taste of coriander. Specific gravity: 
0.863 to 0.875. Optical rotation: from +8° to +15° in a 100-mm. 
tube at 25°. Refractive index: 1.4620 to 1.4720 at 20°. The Oil 
is soluble in 3 volumes of 70 per cent alcohol. 

Tests for Purity—The Oil is required to meet the test for Heavy 
metals in volatile oils. 


Storage—Preserve the Oil in well-filled, tight containers and avoid 
exposure to excessive heat. 


Uses—The Oil is used as a carminative, stomachic, 
corrective, and flavor in a dose of 0.1 cc. (approximately 
114% minims). It is also used in perfumes. 
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*FENNEL N. F. Foeniculum 
[Fennelseed, Sp. Hinojo] 


Fennel is the dried ripe fruit of cultivated varieties 
of Feniculum vulgare Miller (Fam. Umbellifere). 

Constituents—Fennel contains from 4 to 6 per cent 
of an oxygenated volatile oil and 10 per cent of fixed oil. 
Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Fennel and establishes limits for Foreign 


organic matter and Acid-insoluble ash. 
Storage—Preserve Fennel in tight containers. 


Uses—Fennel is used as a flavor and to modify the 
action of purgatives. 
Average Dose—1 Gm. (approximately 15 grains). 


FENNEL OIL U. S. P. Oleum Feeniculi 


[Ol. Foenic.—Sp. Esencia de Hinojo} 


Fennel Oil is the volatile oil distilled with steam from 

the dried ripe fruit of Feniculum vulgare Miller (Fam. 
Umbellifere). 

Note—If solid material has separated, carefully warm 
the Oil at a low temperature until it is completely lique- 
fied and thoroughly mix it before using. 

Constituents—A nethole [C1o0H120] is the chief con- 
stituent, occurring to the extent of 50 to 60 per cent. 
The terpenes d-a-pinene, camphene, a-phellandrene, and 
dipentene are present in Galician oil; methyl chavicol 
may also be found. The ketone d-fenchone [Cio0Hi60], 
an oily liquid with an intense camphoraceous odor and 
a bitter taste, is present in Galician oils, but absent in 
French and Macedonian oils. It is this compound 
which imparts a disagreeable taste to the oils in which it 
occurs. Much of the Oil in commerce is stated to be 
of Galician and Rumanian origin. Old samples of the 
Oil may contain anisic aldehyde and anisic acid, which 
are oxidation products of anethole, and traces of acet- 
aldehyde; the latter substance can usually be detected 
by its odor. The quality of Fennel Oil is estimated by 
the official requirement for its congealing temperature. 
Description and Properties—A colorless or pale yellow liquid, having 
the characteristic odor and taste of fennel. Specific gravity: 0.953 
to 0.973. Optical rotation: from +12° to +24° in a 100-mm. tube 
at 25°. Refractive index: 1.5280 to 1.5380 at 20°. The congealing 
temperature of Fennel Oil is not below 3°. The Oil is soluble in 8 
volumes of 80 per cent alcohol and in 1 volume of 90 per cent alcohol. 
Tests for Purity—Fennel Oil is required to meet specific tests for 


Reaction to litmus paper and for Heavy metals in volatile oils. 
Storage—Preserve Fennel Oil in tight containers. 


Uses—Fennel Oil is used as a stimulant and flavor 
and also to overcome flatulence and modify the action 


of purgatives. The average dose is 0.1 cc. (approxi- 
mately 114 minims). 
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Fennel Water U. S. P. Aqua Foeniculi 
[Aq. Fenic.—Sp. Agua de Hinojo] 


Fennel Water is a clear, saturated solution of fennel 
oil in distilled water, prepared by one of the processes 
described under Waters (page 225). 


Unofficial Products from the Umbellifere 


Angelica Fruit N. F. V (Angelice Fructus)—The dried, ripe umbel- 
liferous fruit of Angelica Archangelica Linné and other species of 
Angelica. Anaromatic. Dose: 1 Gm. (approximately 15 grains). 

Angelica Root N. F. V (Angelic Radix, Archangel)—The dried rhi- 
zome and roots of Angelica Archangelica Linné and other species of 
Angelica. An aromatic and emmenagogue. Dose: 2 Gm. (ap- 
proximately 30 grains). 

Asafetida Oil—Distilled from Asafetida. Habitat, Western Tibet. 
The yield is about 6 to 9 per cent. 

Carrot Fruit (Carota U.S. P. 1870)—The fruit of Daucus Carota, in- 
digenous to Northern Asia, and commonly known as Queen Anne’s 
Lace in the U. 8. where it grows wild in many areas. 

Carrot Oil—An oxygenated, yellow to brownish, volatile oil obtained 
by distillation from the fruits of Daucus Carota. 

Celery Fruit N. F. VII (Apii Fructus, Celery Seed)—Celery Fruit is: 
the dried ripe fruit of Apium graveolens Linné. Habitat, Europe. 
Contains not more than 5 per cent of foreign organic matter, and 
yields not more than 3 per cent of acid-insoluble ash. Uses: a 
ees and a nerve sedative. Dose: 2 Gm. (approximately 30 
grains). 

Celery Oil—Distilled from the fruit of Apiwm graveolens. 
d-limonene, sedanolid, and sedanonic anhydride. 

Cow Parsnip (Heracleum, Masterwort)—The root of Heraclewm 
lanatum, grown in the United States. It contains a volatile oil, 
resin, etc. Uses: formerly in epilepsy. Carminative. 

Cumin (Cuminum)—The fruit of Cuminum Cyminum, indigenous to 
Egypt. Uses: an aromatic. Dose: 1-2 Gm. 

Cumin Oil—Consists of cuminic aldehyde, cuminic alcohol, and several 
terpenes. The yield is about 2 per cent. 

Dill B. P.—The fruit of Anethum graveolens, indigenous to Southern 
Hurope. The herb is used in flavoring the variety of salt pickles 
Le bear the name ‘‘dill pickles.”” Uses: carminative and aro- 
matic. 

Dill Oil B. P. (Oleum Anethi)—An oxygenated oil obtained from Dill 
enn contains 50 per cent of carvone. The yield is about 4 per 
cent. 

Lovage (Levisticum)—The root of Levisticum officinale, indigenous to 
Southern Europe. It contains volatile oil and soft and pungent 
resins. Uses; carminative and diuretic. 

Parsley Fruit U. S. P. 1Xx—The dried ripe fruit of Petroselinum sativum 
Hoffman. The oleoresin is known as Apiol. 

Parsley Root N. F. 1V—The dried root of Petroselinum sativum Hoff- 
man. Uses: diuretic. Dose: 2 Gm. 

Pimpernel Root N. F. 1¥V—The dried rhizome and roots of Pimpinella 
saxifraga Linné, or Pimpinella magna Linné. It contains resin and 
a volatile oil having a disagreeable odor and a bitter, acrid taste. 
Uses: carminative. Dose: 1 Gm. (approximately 15 grains). 

Sumbul N. F. VII (Musk-Root)—Sumbul consists of the dried rhizome 
and roots of Ferula Swmbul (Kaufmann) Hooker filius, or of other 
closely related species of Ferula possessing a characteristic musk- 
like odor. This Asiatic root contains about 0.5 per cent of volatile 
oil and about 10 per cent of a resinous compound having a musky 
odor. Uses: a nervine, especially in uterine disorders. Dose: 2 
Gm. (approximately 30 grains). 

Sweet Cicely Oil—Distilled from Osmorrhiza longistylis, and sold as 
Anise Oil. 

Water Fennel (Phellandrium)—The fruit of @nanthe Phellandrium, 
grown in Hurope. It contains about 1}4 per cent of volatile oil 
containing phellandrene, a volatile alkaloid, and resins. 

Water Hemlock (Cicuta, Cowbane)—The herb of Cicuta virosa, found 
in Europe; C. maculata (spotted cowbane), C. bulbifera, and other 
species are found in the U.S. They contain the poisonous neutral 
bitter principle cicutoxin. 


Contains 


OFFICIAL PRODUCTS FROM THE ZINGIBERACEA 


‘CARDAMOM SEED U. S. P. Cardamomi Semen 


[Cardam. Sem.—Cardamom, Ceylon or Malabar Cardamom, Sp. 
Semilla de Cardamomo] 


Cardamom Seed is the dried ripe seed of Hlettarza 
Cardamomum Maton (Fam. Zingiberacex). Cardamom 
Seed should be recently removed from the capsules. 

Constituents—This valuable aromatic is imported 
from India. It contains a volatile oil, the yield of which 
is 1.3 per cent from Malabar-Ceylon Seeds and 2.6 per 
cent from Mysore-Ceylon Seeds. Fixed oil is present 
to the extent of 10 per cent, also starch, mucilage, etc. 
Owing to the presence of the fixed oil, the Seeds are very 
difficult to powder alone, hence the practice in preparing 


compound powders containiag Cardamom of mixing 


mr. 


‘ 


the other ingredients with it, so that they may absorb 
the oil. An oil of Cardamom which is a mixture of 
both volatile and fixed oils, is sometimes made by per- 
colation with ether. This must not be confused with 
the official volatile oil. 


Description and Properties—The U.S. P. XIII gives a description 
of Unground and Powdered Cardamom Seed and establishes limits 
for Foreign impurities. 


Uses—It is a flavor, aromatic, stomachic, and car- 
minative. The average dose is 1 Gm. (approximately 15 
grains). 
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Compound Cardamom Tincture U. S. P. Tinctura 
Cardamomi Composita 


[Tr. Cardam. Co.—Sp. Tintura de Cardamomo Compuesta] 


Metric Alternative 
Cardamom Seed, in moderately coarse 
DO WET Ss ciate osc ects. ote Ara aro 20 Gm 292 gr. 
Cinnamon, in fine powder. ............--- 25 Gm 365 gr. 
Caraway, in moderately coarse powder... . 12 Gm Lorre. 
Gochineal,m. fine: powder. ae cece 5 Gm 73 gr. 
NO MASKC A. «ssa s abides OR ae eke 1000 cc 2 pints 


Prepare a tincture by Process M (page 267), macerating the 
mixed powders in 750 cc. (24 fl. oz.) of a mixture of 50 cc. (1 fl. 
oz. 288 min.) of glycerin and 950 cc. (30 fl. oz. 192 min.) of diluted 
alcohol, and completing the preparation by using first the re- 
mainder of the mixture prepared as directed above, and then 
diluted alcohol. 


Alcohol Content—From 43 to 47 per cent, by volume, of CgH50H. 

Storage—Preserve Compound Cardomom Tincture in tight, light- 
resistant containers, ant, avoid exposure to direct sunlight and 
to excessive heat. 


Uses—An agreeable aromatic and carminative; also 
used as a vehicle because of its pleasant flavor and 
beautiful color. 

Average Dose—4 cc. (approximately 1 fluidrachm). 


CARDAMOM OIL N. F.. Oleum Cardamomi 


{[Ol. Cardam.—Sp. Esencia de Cardamomo] 


Cardamom Oil is a volatile oil distilled from the seed 
of Elettaria Cardamom (Linné) Maton (Fam. Zingibera- 
cee). 

Constituents—There is said to be little difference in 
composition between the Malabar-Ceylon and Mysore- 
Ceylon varieties of this Oil. These contain d-a-ter- 
pineol [CioH,,OH] both free and as the acetate, from 
5 to 10 per cent of cineol [CioHigO0], and limonene 
[CioHiel. The Ceylon Oil, however, contains the alco- 
hol terpinenol-4 [C1o0H17OH], the terpenes terpinene and 
sabinene, and acetic and formic acids, probably combined 
as esters. 


Description and Properties—Cardamom Oil is a colorless or very pale 
yellow liquid with the aromatic, penetrating, and somewhat cam- 
phoraceous odor of Cardamom, and a persistently pungent, strongly 
aromatic taste. It is affected by light. Specific gravity: 0.917 to 
0.947 at 25°. Optical rotation: from +22° to +44° in a 100-mm. 
tube at 25°. Refractive index: from 1.4630 to 1.4660 at 20°. 
Cardamom Oil is miscible with alcohol. It dissolves in 5 volumes of 
70 per cent alcohol. 

Tests for Purity—The Oil is required to meet a specific test for Re- 
action to litmus paper. 

Storage—Preserve the Oil in tight, light-resistant containers. 


Uses—lIt is used as a flavor and as a stomachic. 


VOLATILE OILS 


Compound Cardamom Elixir N. F. Elixir Cardamomi 


Compositum 
{Elix. Cardam. Comp.—Sp. Elixir de Cardamomo Compuesto] 
Metric Alternative 
Compound Cardamom Spirit........ 10 cc 154 min. 
Alcohol isk. the okee cee Deer 90 cc 2 fl. oz. 422 min. 
Syrups eke Pea thas rth rosie 400 cc. 12 fl. oz. 384 min. 
Distilled Water, a sufficient quantity, 
Po make wa get, sticker eee 1000 cc. 2 pints 


Mix the compound cardamom spirit with the alcohol; add the 
syrup and sufficient distilled water, in several portions, shaking 
the mixture thoroughly after each addition, to make the product 
measure 1000 cc. (2 pints); let it stand 24 hours, shaking occa- 
sionally; then filter, using 10 Gm. (146 gr.) of talc, if necessary, 
to clarify the product. 


Alcohol Content—From 7 to 9 per cent, by volume, ‘of CoH50H. 
Storage—Preserve Compound Cardamom Elixir in tight containers. 


Uses—An elixir of pleasant flavor, but of low alcoholic 
content. 


Compound Cardamom Spirit N. F. Spiritus Cardamomi 


Compositus 
[Sp. Cardam. Comp.—Sp. Espiritu de Cardamomo Compuesto] 
Metric Alternative 

Cardamom! Oiltc. 40 0. tee rene 100. cc. 384 min. 
OrangesOil: Sean eee 100 cc. 384 min. 
Cinnamon Olli are see oe nee eee Opec. 38 min. 
Clove Oil 5s ook a ete oe ee 5amce. 19 min. 
Anethole:3 oo. cee ie ee Sik ee 19 min. 
Caraway, Oil 3 enka. hehe ee eee 0.5 cc. 2 min. 
Alcohol, a sufficient quantity, , 

Tovmakes. Mass wines stokes anche er essere 1000 cc. 8 fl. oz. 


Mix the oils and the anethole with sufficient alcohol to make the 
product measure 1000 cc. (8 fl. oz.). 


Alcohol Content—From 68 to 74 per cent, by volume, of C2H50H. 
Storage—Preserve the Spirit in tight, light-resistant containers. 


Uses—The flavor for a vehicle elixir of the same 
name. See Compound Cardamom Elixir above. 


GINGER U. S. P.—See Oleoresins (page 737). 


Unofficial Products from the Zingiberacee 


Curcuma (Turmeric)—The rhizome of Curcuma longa. . Habitat, 
India. Contains volatile oil, curcumin, ete. Curcumin forms a 
deep yellow solution in alcohol; it colors boric acid reddish brown, 
the color changing to greenish blue upon the addition of alkalies. 
Uses: condiment, coloring agent. Turmeric papers are used to 
test for boric acid and alkalies. 

Galanga N. F. V (East India Catarrh Root, Galangal)—The dried 
rhizome of Alpinia officinarum Hance contains 0.5 per cent of a 
volatile oil, resin, etc. Uses: an aromatic and carminative. 
Dose: 1 Gm. (approximately 15 grains). 

Zedoary N. F. V (Zedoaria)—The rhizome of Curcuma Zedoaria. 
Habitat, East India Islands. Contains volatile oil, resin, fixed oil, 
etc. Uses: stimulant and carminative. Dose: 1 Gm. 


PRODUCTS CONTAINING VOLATILE OIL WITH RESIN OR EXTRACTIVE 


ARALIA N. F. Aralia 


{American Spikenard, Spignet] 


Aralia consists of the dried rhizome and roots of 
Aralia racemosa Linné (Fam. Araliacez). 


Constituents—The principal constituents are. resin, 
a little volatile oil, a glycosidal saponin termed araliin, 
tannin, pectin, and starch. 


Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Aralia and establishes limits for Foreign 
impurities. , 


Uses—A mild aromatic and diaphoretic. 
Average Dose—2 Gm. (approximately 30 grains). 


CALAMUS N. F. Calamus 


[Sweetflag, Sweet Root, Sweet Cane, Sweet Myrtle, 
Sweet Cinnamon] 


Calamus is the peeled, dried rhizome of Acorus 
Calamus Linné (Fam. Aracee). 

Note—Calamus intended for extractive preparations 
may be unpeeled. Such unpeeled Calamus yields not 
more than 2 per cent of acid-insoluble ash, and in all 
other respects meets the requirements for peeled Cala- 
mus. Calamus yields not less than 1.2 cc. of volatile 
Calamus oil from each 100 Gm. of drug. 

Constituents—The drug contains from 1.5 to 3.5 per 
cent of a volatile oil containing eugenol, asaryl aldehyde, 
and asarone; the glycoside acorin; resin, starch, and 
tannin. bd } 


‘ 


VOLATILE OILS 


Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Calamus and establishes limits for Foreign 
impurities. 

Assay—Calamus is assayed for its content of volatile oil by Process A. 
For a description of this process, see Thyme (page 708). 


Uses—A carminative and aromatic, used chiefly as a 
home remedy in colic. The dose is 3 Gm. (approxi- 
mately 45 grains). 


ORRIS N. F. Iris 


{Orris Root, Florentine Orris, Verona Orris] 


Orris is the peeled and dried rhizome of [ris florentina 
Linné, [ris germanica Linné, or Iris pallida Lamarck 
(Fam. Iridacez). 

Constituents—Orris contains about 0.1 to 0.2 per cent 
of a yellowish-white volatile oil called orris butter. This 
substance, which is nearly solid at room temperature, 
contains myristic acid and the ketone zrone [C,4H220] ; 
the fragrant odor of Orris is due to the latter compound. 
Other constituents include the crystalline glycoside 
tridin [Cos4H26013|, mucilage, tannin, an acrid resin and 
from 20 to 50 per cent of starch. 


Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Orris and establishes limits for Foreign 
impurities. 

Uses—In sachets, toilet powders, and dentifrices. 
The volatile oil is used in perfumery to impart a violet 
odor. Orris is now rarely administered internally, al- 
though it has been used as a diuretic and errhine. 


SERENOA N. F. Serenoa 


[Seren.—Saw Palmetto Berries, Sabal] 


Serenoa is the partially dried, ripe fruit of Serenoa 
repens (Bartram) Small (Fam. Palme). 

Constituents—The fresh fruit contains about 1.2 per 
cent of volatile oil, although old, dried samples contain 
none. A number of free fatty acids have been isolated: 
caproic, caprylic, capric, lauric, palmitic, and olevc. 
Description and Properties—The N. F. VIII gives a description of the 


whole and powdered fruit and establishes limits for Immature fruits, 
Moisture, Foreign organic matter, and Acid-insoluble ash. 


Uses—Serenoa is a diuretic given in genito-urinary 
diseases; it is milder in its action than cubeb. 
Average Dose—1! Gm. (approximately 15 grains). 


Compound Serenoa and Sandalwood Elixir N. F. 
Elixir Serenoe et Santali Compositum 


{Elix. Seren. et Santal. Comp.—Compound Elixir of Saw Palmetto and 
Santal, Sabal-Santal Elixir] 


Metric Alternative 

Serenoa Fluidextract............... 250 cc. 8 fl. oz. 
OAMEIICOXULACT 2 io. cs vcleelswes 00 06 250 cc. 8 fl. oz. ; 
REC AMOI LEM a chciiniohs, aie)s,oilel ieee heise STS. 2 cc. 31 min. 
Compound Orange Spirit............ Suces 77 min. 
Glycerin’ 3.55%. PM tel orcetatiel ahah SIaVeagi 8 doko 150 cc. 4 fl. oz. 384 min. 
PR OCEY LEC Ea 211s, oy 5", laliar.0'¥ rele; pyece ob taver 175 cc. 5 fl. oz. 288 min. 
Distilled Water, a sufficient quantity, 

BEMBER ICO Sry fo t0 = a/s, shajey'a a6: elaitacokoysyets. » 1000 cc. 2 pints 


Mi the santal oil and the compound orange spirit with the 
alcohol, add the Serenoa fluidextract, the zea fluidextract, the 
glycerin, and sufficient distilled water to make the product meas- 
ure 1000 ce. (2 pints); mix well, allow the mixture to stand 24 
hours, and filter, if necessary, until the product is clear. 


Alcohol Content—From 38 to 42 per cent, by volume, of CgH50H. 
Storage—Preserve the Elixir in tight containers. 
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Uses—A urinary antiseptic. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


One average metric dose contains 1 cc. each of Serenoa Fluidextract and 
Zea Fluidextract. 


Serenoa Fluidextract N. F. Fluidextractum Sereno 


[Fldext. Seren.—Saw Palmetto Berries Fluidextract] 


Prepare the Fluidextract from Serenoa, in moderately 
coarse powder, by Process A (page 270). Use a mixture 
of 4 volumes of alcohol and 1 volume of water as the 
menstruum, macerate the drug during 48 hours, and 
percolate at a moderate rate. 


Alcohol Content—From 61 to 68 per cent, by volume, of CepH50H. 


Uses—In genito-urinary diseases and occasionally in 


bronchitis. 
‘Average Dose—I cc. (approximately 15 minims). 


SERPENTARIA N. F. Serpentaria 
[Texas Snakeroot, Virginia Snakeroot] 


Serpentaria consists of the dried rhizome and roots of 
Aristolochia Serpentaria Linné, known in commerce as 
Virginia Snakeroot, or of Aristolochia reticulata Nuttall, 
known in commerce as Texas Snakeroot (Fam. Aris- 
tolochiacee). 

Constituents—It contains, when fresh, about 1 per 
cent of a volatile oil containing borneol; the bitter prin- 
ciple aristolochin; the alkaloid aristolochine; resin; 
tannin; starch, etc. 

Description and Properties—The N. F. gives a description of Un- 


ground and Powdered Serpentaria and establishes limits for Over- 
ground stems, Foreign organic matter, and Acid-insoluble ash. 


‘Uses—A bitter tonic. * 
Average Dose—1! Gm. (approximately 15 grains). 


VALERIAN N. F.  Valeriana 
[Valer.—Garden Valerian] 


Valerian consists of the dried rhizome and roots of 
Valeriana officinalis Linné (Fam. Valerianacez). 

Constituents—Valerian yields from 1 to 2 per cent of 
volatile oil containing valeric, formic, and acetic acids 
both free and combined with the alcohol borneol as the 
respective esters; the alcohol also occurs in the free 
state. The oil also contains the terpenes camphene 
and pinene. Valerian also contains the alkaloids 
valertanine and chatinine, a glycoside, resin, tannin, and 
sugar. 
Description and Properties—The N. F. VIII gives a description of 


Unground and Powdered Valerian and establishes limits for Foreign 
organic matter and Acid-insoluble ash. 


Uses—Valerian is used as a nervine and sedative in 
nervousness and hysteria. Alcohol and ether are good 


solvents for its active principles. 
Average Dose—0.75 Gm. (approximately 12 grains). 


Ammoniated Valerian Tincture N. F.  Tinctura 
Valeriane Ammoniata 
{Tr. Valer. Ammon.] 
Metric Alternative 
Valerian, in moderately coarse powder 200 Gm. 6 oz. ay. 296 gr. 
Aromatic Ammonia Spirit, a sufficient 
quantity, 
TO; MAK Okwinaerternisag & «atsk ayalens 6 «0 1000 cc. 2 pints 
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Prepare the Tincture by Process P (see page 267). Use Aro- 
matic Ammonia Spirit as the menstruum, macerate the drug 
during 24 hours, and percolate at a moderate rate. 


Alcohol Content—From 62 to 65 per cent, by volume, of C2H50H. 
Storage—Preserve the Tincture in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—A sedative used in nervous conditions, as in 
hysteria. 
Average Dose—2 cc. (approximately 30 minims). 


Valerian Fluidextract N. F. Fluidextractum Valerian 
[Fldext. Valer.] 


Prepare the Fluidextract from Valerian, in moderately 
coarse powder, by Process A (page 270). Use a mixture 
of 4 volumes of alcohol and 1 volume of water as the 
menstruum, macerate the drug during 48 hours, and 
percolate at a moderate rate. 
Alcohol Content—From 61 to 68 per cent, by volume, of C2H50H. 
Storage—Same as for the Ammoniated Tincture. 

Uses—In hysteria and nervousness. 

Average Dose—I cc. (approximately 15 minims). 


Valerian Tincture N. F. Tinctura Valerians 
[Tr. Valer.] 


Metric Alternative 
Valerian, in moderately coarse powder 200 Gm. 6 oz. av. 296 gr. 
Alcohol, 7 ! : 
Water, each, a sufficient quantity, 
To ;mMaketc.<....qsne wou tyes ne 1000 cc. 2 pints 


Prepare a Tincture by Process P (page 267), using a mixture 
of 3 volumes of alcohol and 1 volume of water as the menstruum. 
Percolate the drug at a moderate rate. 


Alcohol Content—From 66 to 70 per cent, by volume, of CepH50H. 
Storage—Same as for the Ammoniated Tincture. 


Uses—A sedative in hysteria and nervousness. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


ZEA N. F. Zea 
[Corn-silk] 


Zea consists of the fresh styles and stigmas of Zea 
Mays Linné (Fam. Graminee). Zea should be collected 
when the corn is in milk and used in the green condition 
for the manufacture of pharmaceutical preparations. 

Constituents—A small amount of volatile oil, fixed oil, 
resin, marzenic acid, sugar, and gum. 

Description and Properties—The N. F. VIII gives a description of 
the whole drug and provides a specific Identification test. 

Uses—Zea is used’ in inflammation of the bladder. 
Preparations of the fresh drug are more active than 
those made from the dry drug, as the volatile principles 
are retained. 

Average Dose—4 Gm. (approximately 1 drachm). 


Zea Fluidextract N. F. Fluidextractum Zee 
[Fldext. Zezee—Corn-silk Fluidextract] 


Prepare the Fluidextract from Zea, finely cut, by 
Process A (page 270). Use diluted alcohol as the men- 
struum, macerate the drug during 48 hours, and perco- 
late at a moderate rate. 


Alcohol Content—From 27 to 32 per cent, by volume, of C2pHs50H. 
Storage—Same as for Ammoniated Valerian Tincture above. 
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Uses—A diuretic. } 
Average Dose—4 cc. (approximately 1 fluidrachm). 


Unofficial Products Containing Volatile Oils with Resin or Extractive 


Allium N. F. V (Garlic)—The fresh bulb of Alliwm sativum Linné (Fam. 
Liliacee), It contains a sulfurated volatile oil having an exceed- 
ingly pungent odor and strong acrid taste. Uses: a rubefacient, 
carminative, and condiment. Dose: 2 Gm. (approximately 30 
grains). Garlic Oil, Allyl sulfide [(C3H5) 2S] may be obtained arti- 
ficially by decomposing allyl iodide with an alcoholic solution of 
potassium sulfide. : : ; 

Artemisia (Mugwort)—Artemisia vulgaris. It contains volatile oil, 
bitter principle, etc. Uses: formerly in epilepsy and chorea. _ 

Asarum N. F. VII (Wild Ginger, Canada Snakeroot)—The dried rhi- 
zome and roots of Asaruwm canadense Linné (Fam. Aristolochiacez). 

Uses: Afeeble aromatic. Dose: 2Gm. (approximately 30 grains). 

Bayberry Bark N. F. V (Wax Myrtle Bark, Candleberry Bark, 
Myrica)—The dried bark of the root of Myrica cerifera Linné or 
Myrica carolinensis Miller (Fam. Myricacez). It contains a vola- 
tile oil, an acrid resin, tannin, and myricinic acid. Uses; a sialo- 
ated tonic, and astringent. Dose: 0.5 Gm. (approximately 8 
grains). 

Canella N. F. V (Wild Cinnamon)—The dried rossed bark of Canella 
Winterana (Linné) Gaertner (Fam. Canellacew). Uses: a mild 
aromatic. Dose: 2 Gm. (approximately 30 grains). 

Cannabis U. S. P. XI (Cannabis Indica, Guaza, Ganjah, Bhang, 
Hasheesh, Charas, Indian Hemp, Hemp, Bangue Hemp, Halish)— 
The dried flowering tops of the pistillate plants of Cannabis Sativa 
Linné (Fam. Moracex). Contains cannabinol, cannabidiol, and 
cannabol. Uses: analgesic, sedative. Habit forming. Dose: 
0.06 Gm. 

Cascarilla N. F. 1V (Sweet Bark)—The dried bark of Croton Hluteria 
(Linné) Bennett (Fam. Huphorbiacex) without the presence of more 
than 5 per cent of adhering wood. Habitat, Bahama Islands. It 
contains tannin, a bitter principle called cascarillin, resin, and about 
1.6 per cent of volatile oil, greenish yellow in color. Specific grav- 
ity: about 0.938. Uses: aromatic and tonic. Dose: 2 Gm. 
(approximately 30 grains). 

Citronella Oil—Distilled from the leaves of Cymbopogon Winterianus 
and Andropogon nardus (Fam.Graminex). Habitat, Ceylon. Con- 
tains geraniol, citronellal, and a heptoic aldehyde. Uses: asa per- 
fume in some soaps and as a mosquito repellent. 

Civet (Civetta)—An odorous substance obtained from two animals of 
the genus Viverra which inhabit the East Indies. It is a semi- 
solid, unctuous, yellowish, becoming brown and thicker by expo- 
sure to air; of a very strong, peculiar odor and a bitterish acrid, and 
nauseous taste. It contains volatile oil, and resinous and other 
matters. Uses: in perfumery. : 

Crowfoot, (Buttercup, Ranunculus)—From Ranunculus bulbosus 
(Fam. Ranunculacee) found in North America. It contains a 
golden yellow, acrid, volatile oil containing the poisonous lactone of 
2,4-pentadienoic acid. 

Cubeb Oil U. S. P. IX—A volatile oil distilled from unripe fruit of 
Piper Cubeba Linné filius (Fam. Piperacez), a colorless or a pale 
green to yellowish green liquid. Specific gravity: 0.905 to 0.925 
at 25°. Uses: a stimulant for the throat in the form of lozenges. 
Dose: 1 to 4 Gm. (approximately 15 to 60 grains). 

Damiana N. F. VII (Turnera)—The dried leaf of Turnera diffusa 
Willdenow et Schultes, or of Turnera aphrodisiaca Ward (Fam. 
Turneracex). It contains an amorphous bitter principle called 
damianin, volatile oil, a hard and a soft resin, tannin, ete. Uses: 
The drug has been used as an aphrodisiac, but is of doubtful value. 
It has a stimulant and laxative action. Dose: 2 Gm. (approxi- 
mately 30 grains). 

Dioscorea N. F. VII (Wild Yam Root)—The dried rhizome of Dios- 
corea villosa Linné (Fam. Dioscoreacex). It cont ains an acrid resin 
and a saponin-like principle. © Uses: formerly in hepatic disorders 
and in rheumatism. Dose: 4 Gm. (approximately 60 grains). 

Dyers’ Broom (Green Weed, Genista)—The flowering tops and seeds 
of Genista tinctoria (Fam. Leguminose), indigenous to Asia and 


Europe. It contains a yellowish green volatile oil. Uses: purga- 
uve aad emetic. Flowering tops for dyeing yellow. Dose: 5 Gm. 
of seeds. 


Elder Oil—From the flowers of Sambucus nigra (Fam. Caprifoliacez). 
Habitat, Europe. Solid at ordinary temperatures. 

Euphrasia (EKyebright)—Hwuphrasia officinalis (Fam. Scrophularia- 
cee), indigenous to Europe. Uses; in conjunctivitis. 

Helianthemum N. F. IV (Frost Weed, Rock-rose)—The dried herb of 
Helianthemum canadense (Linné) Michaux (Fam. Cistacex). It 
contains a volatile oil, a fixed oil, tannin, and an alkaloidal prin- 
ciple. Uses: supposed to possess alterative properties. Dose: 4 


m. 

Heliotrope Oil—From the flowers of Heliotropium peruvianum and 
H. grandiflorum (Fam. Borraginacee). 

Humulus N. F. VII (Hops)—The dried strobile of Humulus Lupulus 
Linné (Fam. Moracex), bearing its glandular trichomes. It con- 
tains 0.3 to 1 per cent of a volatile oil, a bitter principle called 
lupamaric acid, trimethylamine, tannin, resins, etc. Uses: an 
aromatic bitter, chiefly in atonic dyspepsia. Dose: 2 Gm. (ap- 
proximately 30 grains). 

Jasmine Oil—From the flowers of Jasminium grandiflorum and J. 
fragrans (Fam. Jasminex). Used in perfumery. 

Liatris (Blazing Star, Prairie Pine)—Tuberous root from different 
species of Liatris, indigenous to North America. Uses: diuretic. . 

Lilac Oil—From the flowers of Syringa vulgaris (Fam. Oleacez). 
Used in perfumery. 

Lily of the Valley Oil—From the flowers of Convallaria majalis (Fam. 


Liliacex). Used in perfumery. 2 
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Linden Oil—From the inflorescence of different species of Tilia 
(Fam. Tiliacez). Habitat, Hurope and America. 

Lupulin N. F. ViI—The glandular trichomes separated from the 
strobiles of Humulus Lupulus Linné (Fam. Moracex), It yields 
from 0.14 to 0.38 per cent of volatile oil which contains myrcene, 
e-caryophyllene (humulene), the alcohol myrcenol both free and 
as ester, acetic, butyric, capric, valeric, caprylic, pelargonic, and 
oenanthylic acids; and in the higher boiling fractions the ketone 
luparone [CjsH220], the sesquiterpene alcohol luparenol 
[Ci5He240], and the phenol luparol [C}gH220]. Uses: asof Hops. 

Marsh Tea Oil—From the leaves of Ledum palustre (Fam. Hricacez). 
Habitat, Europe and Asia. 

Matico N. F. V—The dried leaf of Piper Angustifolium Ruiz et Pavon 
(Fam. Piperacez). It contains about 2 per cent of a volatile oil, 
a pungent resin, artanthic acid, and tannin. Uses: a stimulant 
and hemostatic. Dose: 4 Gm. (approximately 1 drachm). 

Mignonette Oil—From the flowers of Reseda odorata (Fam. Reseca- 
cex). Habitat, Southern France. The yield is very small. Used 
in perfumery. 

Mountain Balm Oil—From the leaves of Eriodictyon californicum 
(Fam. Hydrophyllacee). Habitat, California. 

Myrrh Oil—From the gum-resin of Commiphora myrrha (Fam. 
Burseracex). Habitat, Arabia. 

< Aelag Oil—From Boswellia Carterit (Fam. Burseracex). Habitat, 

abia. 

Paracoto N. F. 1V—The dried bark of an unidentified tree indigenous 
to Northern Bolivia. It contains a volatile oil, a volatile alkaloid, 
propylamine, phenylcoumarin, piperonylic acid, and _ cotoin 
Cy4H1204]. Cotoin is obtained by extraction with ether and 
purified. Dicotoin is an impure mixture. Uses: an intestinal 
ee used in diarrhea. Dose: 0.32 Gm. (approximately 5 
grains). 

Pepper (Black Pepper N. F. V, Piper)—The dried, unripe fruit of 
Piper nigrum Linné (Fam. Piperacee). It contains 2 per cent of a 
volatile oil and a pungent resin. It contains a feebly basic sub- 
stance known as piperine. Uses: intestinal stimulant and condi- 
ment. Dose: 0.5 Gm. (approximately 8 grains). 

Primrose (Primula)—From Primula officinalis (Fam. Primulacez), 
indigenous to Europe and Asia. It contains a volatile oil, primu- 
lin, primin, and the glycosides primeverin and primulaverin. 

Pulsatilla N. F. VII (Wind Flower, Pasqueflower, Prairie Anemone)— 
The dried herb of Anemone pulsatilla Linné, Anemone pratensis 
Linné, or Anemone patens Linné (Fam. Ranunculacez). It con- 
tains an acrid volatile oil containing a crystalline vesicant principle 
called anemonol (pulsatilla camphor) which, in the presence of 
water, is quickly decomposed into anemonin [Cy 9H g04] and iso- 
anemonic acid [C15H 1407]. Uses: It is used in the treatment of 
amenorrhea and dysmenorrhea. In overdose it is an active irritant 
causing vomiting and purging. Dose: 0.3 Gm. (approximately 
5 grains). 

Rhodium Oil—From the root of Convoloulus Scoparius. Habitat, 
Canary Islands. Rhodium oil sold in pharmacy is usually a facti- 
tious article, made by mixing 1 part of rose oil with 20 parts of 
copaiba oil. Uses: a lure for rats. 

Rue Oil (Oleum Rutz)—A volatile oil from Ruta graveolens (Fam. 
Rutacee). Specific gravity: 0.880. More soluble in water than 
most volatile oils. It is mostly methyl-nonyl-ketone [CH3.CO.- 
Cg9Hj9]. Uses: powerful irritant. 

Saffron Oil—From Crocus sativus (Fam. Iridex). Habitat, Europe. 

Sambucus N. F. VII (Elder Flowers)—The air-dried flower of Sam- 
bucus canadensis Linné, or of Sambucus nigra Linné (Fam. Capri- 
foliacez). It contains small amounts of volatile oil, resin, sugar, 
and mucilage. Uses: formerly in the form of an infusion as a 
diaphoretic, and also in ointment and poultice form. Elder 
Flower water may be prepared from it by distillation. The drug 
has little medicinal value. Dose; 4Gm. (approximately 1drachm). 


Serpentaria Oil—From the rhizome and roots of Aristolochia Ser- 
pentaria and A. reticulata (Fam. Aristolochiacez). 
ginia. 


Habitat, Vir- 


Stillingia N. F. VII (Queen’s Delight, Queensroot)—The dried root of 
Stillingia sylvatica Linné (Fam. Euphorbiacez). It contains 3 to 4 
per cent of volatile oil, an acrid fixed oil, an acrid resin called sylva- 
crol, 10 to 12 per cent of tannin, starch, etc. Uses: an alterative. 
Dose: 2 Gm. (approximately 30 grains). 

Ten Aer ee the leaves of Thea sinensis (Fam. Theacex). Habitat, 

ina. 

Trillium N. F. VII (Bethroot, Wake Robin)—The dried rhizome and 
roots of Trilliwm erectum Linné, or of other species of Trillium 
(Fam. Liliacez). It contains a small amount of volatile oil, a 
saponin principle called ‘‘tillin,’”’ resin, tannin, etc. Uses: an 
emmenagogue. Dose: 2 Gm. (approximately 30 grains). 

Water Avens (Geum)—The rhizome of Geum rivale, grown in America 
and Europe. It contains volatile oil and bitter principle. 

Winter’s Bark (Wintera)—The bark of Drimys Winteri, grown in 
South America. 

Winter’s Bark Oil—The yield of volatile oil is about 114 per cent. 

Wood Oil (Gurjun Oil, Gurjun Balsam)—From Dipterocarpus tur- 
binatus. It contains up to 80 per cent of volatile oil and resin. 

Ylang-Ylang—aA tree (Cananga odorata, Fam. Anonacex) of Malay- 
sia, the Philippines, etc. Jt has greenish yellow, very fragrant 
flowers, and is often planted for shade. Also the name for an es- 
sence or perfume distilled from the flowers of this tree. 


Volatile Oil Specialties 


Albatum (McKesson)—Stainless ointment containing camphor, 
menthol, oils of cedar leaf, eucalyptus, nutmeg, and thyme, and 
rectified oil of turpentine, in a compound white petrolatum vehicle. 
Uses: counterirritant for chest and head colds, applied with 
gentle massage. 

Alisatin (Sandoz)—Tablets (0.55 Gm.) each containing garlic prin- 
ciples equivalent to 1 Gm. fresh garlic in vegetable charcoal. Uses: 
intestinal antispasmodic. Dose: 2 tablets. 

Allimin (Van Patten)—Enteric-coated tablets, each containing 434 
gr. dehydrated garlic concentrate, 234 gr. dehydrated parsley con- 
centrate, and excipient. Uses: vasodilator of peripheral blood 
vessels in hypertension. Dose: 2 tablets with water. 

Arheol (Gallia)—A mixture of two isomeric sesquiterpene alcohols 
(Santalol), the chief constituents of East Indian (Mysore) sandal- 
wood oil. An almost colorless oleaginous liquid. It is almost in- 
soluble in water, but is freely soluble in alcohol. Uses: urinary 
antiseptic, used in the treatment of subacute and chronic gonor- 
rheal cystitis, prostatitis, and urethritis; also in other genito- 
urinary infections. Dose: 0.6 to 2 Gm. at meal times, 3 times 
daily. Caution: overdosage may produce gastric or renal irritation 
and skin eruptions. 

Cajandol (Squibb)—Oily liquid, containing 5 per cent oil of cajeput, 
and 0.1 per cent propyl para-hydroxybenzoate (preservative) in 
peanut oil. Uses: anodyne and antiseptic in genito-urinary in- 
fections, applied by catheter into bladder. Dose: 10 to 15 ce. 

Capsi-Phor (Ulmer)—Ointment containing camphor, oils of croton 
and turpentine, and capsicum oleoresin. Uses: counterirritant. 

Capsolin (Parke, Davis)—Mustard plaster substitute in ointment 
form containing camphor, croton, cajeput, and turpentine oils, 
and capsicum oleoresin. Uses: counterirritant. 

Pineoleum Plain (Pineoleum)—Oily liquid containing 0.5 per cent 
camphor, 0.5 per cent menthol, oils of cassia (0.07 per cent), 
eucalyptus (0.56 per cent), and pine needles (1 per cent), in a liquid 
petrolatum base. Uses: soothing, protective, and nasal decon- 
gestant, applied by dropper, nasal applicator, nebulizer, or spray 
in colds, ‘‘dry nose,”’ ete. 

Pineoleum with Ephedrine (0.5 per cent) and Pineoleum Ephedrine 
Jelly are also marketed. ? 
Santyl (Bilhuber-Knoll)—Capsules (6 min.) or oily liquid in vials 
consisting of santalyl salicylate. Uses: antiseptic and urinary 

sedative. Dose: 4 to 8 capsules or 1.5 to 3 cc. 


CHAPTER LXXI 


RESINS, OLEORESINS, GUM RESINS, AND BALSAMS 


Resins are natural or induced solid or semi-solid 
exudations from plants, characterized by being insoluble 
in water, mostly soluble in alcohol or ether, often un- 
erystallizable, and softening or melting at a moderate 
heat. They range in specific gravity from 0.90 to 1.25. 
Ignited in the air they burn with a smoky flame. They 
are usually the oxidized terpenes of the volatile oils 
of plants, and, owing to their insolubility in water, have 
little taste; they show no uniformity of chemical com- 
position; some of them are acids, and combine with 
alkalies, forming soaps, as in the case of common rosin. 


Resins, when pure, are usually transparent; when 
they contain water, they are opaque, and no longer 
hard and brittle. They are non-conductors of elec- 
tricity, but when rubbed they become negatively elec- 
trified. 


A clear distinction must be made between natu- 
ral resins and prepared resins. A natural resin is 
one which occurs as an exudation. Of this class Mastic 
N. F. is an official example. .A prepared resin may be 
made by exhausting a drug, which owes its activity to 
resinous constituents, with alcohol, pouring the con- 
centrated alcoholic percolate into an excess of water, 
collecting, washing, and drying the precipitate. The 
resins of podophyllum, jalap, etc. (pages 739 and 
741), are examples of this class. A prepared resin may 
also be derived from a natural oleoresin by driving 
off the volatile oil by heat. Rosin N. F. is an ex- 
ample of this class. 


Natural oleoresins are mixtures of volatile oils and 
resin, generally obtained by incising the trunks of the 
trees in which they are found. Turpentine and Copaiba 
are natural oleoresins recognized by the N. F. 


A distinction must be made also between the natural 
and prepared oleoresins. The prepared oleoresins are a 
class of powerful liquid preparations made by percolat- 
ing drugs, naturally containing both volatile oil and 
resin, with an appropriate solvent, 7. e., acetone, ether, 
or alcohol, and concentrating the percolate until the 
solvent has been dissipated. Examples of prepared 
oleoresins are Aspidium Oleoresin U. 8. P. and Capsi- 
cum Oleoresin N. F. (pages 733 and 735). 


Gum resins are natural mixtures of gum and resin, 
usually obtained as exudations from plants, as myrrh, 
asafetida, etc. 


Balsams are resinous substances which contain ben- 
zoic or cinnamic acids or their esters, as Tolu Balsam 
U.S. P., Peruvian Balsam U.S. P., etc. 


Much faulty nomenclature occurs in the ordinary 
trade designations for many of these drugs. The word 
gum is frequently the one most misapplied as in gum 
thus for turpentine oleoresin, gum guaiac for resin 
of guaiac, gum asafetida for oleo-gum-resin of asafetida 
(see also Acacia, page 750). The word balsam is also 
wrongly applied to certain oleoresins, such as Copaiba 
and Canada turpentine, neither of which contains any 
of the constituents characteristic of balsams. 


The official resins, oleoresins, gum resins, and bal- 
sams will now be considered. 


ASAFETIDA N. F. Asafcetida 
[Asafeet.—Gum Asafetida, Fetty, Devil’s Dung, Sp. Asafétida] 


Asafetida is the oleo-gum-resin obtained by incising 
the living rhizomes and roots of Ferula Assa-fetida 
Linné and Ferula fetida (Bunge) Regel and of other 
species of Ferula (Fam. Umbellifere). Asafetida yields 
not less than 50 per cent of alcohol-soluble extractive. 

Constituents—Asafetida contains up to 60 per cent 
of resin, 25 per cent or more of gum, and from 3 to 9 
per cent of volatile oil. The resin consists chiefly of the 
ferulic acid ester of the alcohol asaresinotannol; small 
amounts of both the acid and alcohol occur in the free 
state. Ferulic acid has been identified as 4-hydroxy-3- 
methoxycinnamic acid. Vamnillin is present in traces. 

The volatile oil contains a number of disulfides: 
C,H, Se (45 per cent), C1;HeSe (20 per cent), CsHi6Se, 
CioHisSs, and hexenyl disulfide (C eH 11) Sry The odor 
of the drug is said to be due chiefly to the two com- 
pounds first mentioned. An unidentified substance 
[(CioH1.0], is present to the extent of 20 per cent. The 
presence of pinene is considered probable. 


Description and Properties—A soft mass, sometimes almost semi- 
liquid, or irregular, more or less pliable masses composed of aggluti- 
nated tears imbedded in a weak brown to moderate yellowish brown 
matrix, or as loose ovoid tears, from 1 to 4 cm. in diameter, with a few 
vegetable fragments. It becomes hard and occasionally brittle on 
drying. The surface of the freshly fractured tears white to moderate 
yellowish brown, changing gradually on exposure to air or light to a 
strong pink and finally to a moderate yellowish brown.. When 
moistened with water the tears become moderate orange to weak yel- 
low. Odor persistent, alliaceous; taste bitter, alliaceous, and acrid. 
Tests for Purity—Asafetida is required to meet three specific tests 
for Identity, tests for freedom from Most foreign resins, Galbanum, 
Ammoniac, and Rosin, and for limit of Acid-insoluble ash. 

Assay—An accurately weighed sample of Asafetida is completely ex- 
tracted with alcohol in a Soxhlet apparatus; the insoluble residue is 
then oven-dried and weighed. The amount of moisture in another 
sample of the drug is determined by means of the toluene distillation 
method (page 1061); the weight of water present in the first sample is 
subtracted from the original weight. The difference between this re- 
sult and the weight of insoluble residue represents the weight of 
alcohol-soluble extractive. For details, see the N. F. VIII. 


Uses—The active principles of Asafetida are soluble 
in alcohol. Because of its high content of gum, the 
drug can be emulsified with water. Asafetida cannot 
be powdered and allowed to stand without losing most 
of its volatile oil. The drug is used as an antispasmodic. 

Average Dose—0.4 Gm. (approximately 6 grains). 


Asafetida Pills N. F. Pilulee Asafoetidze 


[Pil. Asafoet.—Sp. Pildoras de Asafétida] 


Metric Alternative 
ASafetida. Gscnt ccces ais queen mana. 20 Gm. 309 gr. © 
Hard) Soap;infine powdersn ss eee 6 Gm. 93 er. 
Distilled Water, a sufficient quantity, - 
To make Bis. cea septa ie crie ny atrtrs 100 Pills 100 Pills 


Prepare the Pills according to the General Directions (page 
314), and coat them with a suitable coating, preferably of gelatin. 
Note—The pill mass may also be dispensed in gelatin capsules. 


Uses—Antispasmodic. 


Average Dose—2 pills. 


One average dose contains 0.4 Gm. of Asafetida. 
\ 
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Asafetida Tincture N. F. Tinctura Asafoetidze 
[Tr. Asafoet.—Sp. Tintura de Asafétida] 


Metric Alternative 
Asafetida, comminuted...... 200 Gm. 602. av. 296 gr. 
Alcohol, a sufficient quantity, 
BCE ST KG gens sts, Oe chs Anes Sr 1000 cc. 2 pints 


Prepare the Tincture by Process M (page 267), using alcohol as 
the menstruum, 


Alcohol Content—From 78 to 85 per cent, by volume, of C2H;OH. 
Storage—Preserve Asafetida Tincture in tight, light-resistant con- 
tainers and avoid exposure to direct sunlight or to excessive heat. 


Average Dose—I cc. (approximately 15 minims). 


ASPIDIUM U. S. P. Aspidium 


Male Fern, Malefern Root, Male Shield Fern, Bear’s Paw Root, 
Sweet Brake, Knotty Brake, Shield Root, Sp. Aspidio] 

Aspidium consists of the rhizome and stipes of 
Dryopteris Filix-mas (Linné) Schott, known in com- 
merce as European Aspidium or Male Fern, or of 
Dryopteris marginalis (Linné) Asa Gray, known in com- 
merce as American Aspidium or Marginal Fern (Fam. 
Polypodiacex). Aspidium yields not less than 1.5 per 
cent of crude filicin. 

Constituents—The literature on the chemistry of 
Aspidium reveals that our knowledge of this drug is in 
an imperfect state. For standardization, the active 
constituents are assumed to be crude filicin; actually, 
the extractive represents a complex mixture. 

All of the following substances have been reported as 
constituents of Aspidium, but authors disagree on the 
composition: amorphous filzczc acid, crystalline filicic 
acid (also termed filicin or filicinic acid [CgH00s]), 
filic acid, aspidinin, albaspidin, aspidin, aspidinol 
[CyeH1 604], filmaron, filkxic acid [CgsH 40019], flav- 
aspidic acid (also called polystichocitrin; this has the 
formula Cz24H2s0g and occurs in a- and £8-forms), 
phloraspin [CosHegOg], and flavaspidin. Some authors 
consider that the two substances last mentioned may 
be identical. 

Filicin, flavaspidic acid, albaspidin, and aspidinol are 
phloroglucinol derivatives. Filicin is stated to exist 
in 3 forms: triketo, monoenol, and dienol. 

In the case of Aspidium Oleoresin any sediment 
which has separated consists of active constituents and 
should be incorporated before dispensing. ‘The oleo- 
resin may be administered in the form of an emulsion 
made with the aid of acacia. 

History—Male Fern was first known to medicine in a 
patent medicine about 1770 called Madame Nouffer’s 
Cure for Tapeworm. King Louis XVI of France gave 
the proprietress a sum equal to about $3500 for the 
secret, which was then given freely to the physicians of 
France. It had been mentioned as far back as the time 
of Dioscorides but had fallen into disuse for many cen- 
turies. 


Description and Properties— Unground Aspidium—Rhizome, 1 to 3 
em. in thickness, cylindraceous and nearly straight, or curved and 
tapering towards one end, usually split longitudinally and showing 
large, angular stipe-scars, in which the ends of vascular bundles are 
often visible, and, occasionally, adhering feathery masses of reddish 


brown ramenta. Stipes, nearly cylindrical, but tapering towards one - 


end, nearly straight or somewhat curved, 3 to 5 em. in length, and 
about 8 mm. in thickness; externally weak reddish brown to brownish 
gray, or, if peeled, light brown to weak yellow; fracture short, inter- 
nally pale green to weak greenish yellow or brown, spongy, and ex- 
hibiting an interrupted circle of from 2 to 13 vascular bundles; odor 
slight; taste, at first sweetish and astringent, then bitter and acrid. 
For further description see the U.S. P. XIII. ; ; 

Tests for Purity—Aspidium is required to meet specific requirements 
for Foreign organic matter and Acid-insoluble ash. : 
Assay—Prepare an ether extract from 40 Gm. of Aspidium as directed 
under Aspidiwm Oleoresin and assay it as directed under the Oleo- 


resin, using all of the Oleoresin obtained for the assay. 
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Uses—It is used as a teniafuge in the form of the 
oleoresin. 


Aspidium Oleoresin U. S. P. Oleoresina Aspidii 


[Oleores. Aspid.—Male Fern Oleoresin, Marginal Fern Oleoresin, 
Sp. Oleorresina de Aspidio] 


Aspidium Oleoresin yields not less than 24 per cent 
of crude filicin. 


Alternative 
16 oz. av. 


Metric 
Aspidium, recently reduced to coarse powder. 500 Gm. 


Ethyl Oxide, a sufficient quantity. 


Place the Aspidium in a cylindrical glass percolator provided 
with a stopcock, and with a cover and a receptacle suitably ar- 
ranged for safe use with volatile liquids. Pack the powder firmly, 
and percolate slowly with ethyl oxide added in successive portions 
until the drug is exhausted. Recover the greater part of the 
ethyl oxide from the percolate by distillation on a water bath, 
and, having transferred the residue to a dish, allow the remaining 
ethyl oxide to evaporate spontaneously in a warm place, remote 
from a naked flame. 


Description and Properties—A dark green, thick liquid, usually de- 
positing a granular, crystalline substance, which must be thoroughly 
mixed with the liquid portion before use. Specific gravity: not less 
than 1.00. Not less than 85 per cent of the Oleoresin is soluble in 
petroleum benzin. 

Assay—Warm the Oleoresin on a water bath, and stir until it is 
thoroughly mixed. Transfer about 3 Gm. of it, accurately weighed, 
to a 250-ce. flask, and dissolve it in 40 cc. of ether. Add 75 cc. of a 
3 per cent solution of barium hydroxide, and shake the mixture vigor- 
ously for 5 minutes. Transfer the mixture to a separator, allow the 
liquids to separate completely, and draw off and filter the barium 
hydroxide layer. Rinse the flask with two 25-cc. portions of a 3 per 
cent solution of barium hydroxide, transfer each rinsing separately 
to the separator, shake the mixture for 1 minute, allow the liquids to 
separate completely, and draw off and filter the barium hydroxide 
layer. Transfer the combined filtered barium hydroxide solutions to 
a separator, render distinctly acid to litmus paper by the addition of 
hydrochloric acid, and extract with 3 successive portions of 30, 20, 
and 15cc.ofether. Filter the combined ether solutions, and wash the 
filter with ether. Evaporate the filtrate and washings, and dry the 
residue to constant weight at 100°. The weight of the crude filicin 
so obtained is not less than 24 per cent of the weight of Oleoresin taken 
for the assay. 

Storage—Preserve Aspidium Oleoresin in well-closed containers. 


Uses—A teniafuge. It must be used with caution, 
as it becomes a violent poison if allowed to remain in 
the alimentary canal until absorbed. It is usually ad- 
ministered after 12 to 24 hours of fasting and must be 
followed within a few hours by an active purge. Castor 
oil, however, should not be used, as it promotes absorp- 
tion. 

Average Dose—Caution! 
proximately 60 grains). 


Single dose, 4 Gm. (ap- 


BENZOIN U. S. P. Benzoinum 
[Benzoin.—Gum Benjamin, Benzoe, Sp. Benjui] 


Benzoin is the balsamic resin obtained from Styraxr 
Benzoin Dryander, known in commerce as Sumatra 
Benzoin, or from Styrax tonkinensis (Piérre) Craib ex 
Hartwich, or other species of the Section Anthostyrax 
of the genus Styrax, known in commerce as Siam Ben- 
zoin (Fam. Styracex). Sumatra Benzoin yields not less 
than 75 per cent of alcohol-soluble extractive. Siam 
Benzoin yields not less than 90 per cent of alcohol- 
soluble extractive. . 

Constituents—Siam Benzoin contains about 68 per 
cent of the crystalline ester coniferyl benzoate 
[(Cy7H1 60.4]; up to 10 per cent of an amorphous form of 
this compound is also present. Some authorities be- 
lieve that coniferyl alcohol (m-methoxy-p-hydroxycin- 
namyl alcohol, m. p. 73-74°) occurs in the free state as 
well. Other compounds which have been isolated are 
free benzoic acid 11.7 per cent, d-staresinolic acid 6 per 
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cent, cinnamyl benzoate 2.3 per cent, and vanillin 0.3 per 
cent. 

Sumatra Benzoin has been reported to contain the 
benzoic and cinnamic acid esters of the alcohol benzo- 
resinol and probably also of coniferyl alcohol, free 
benzoic and cinnamic acids, styrol [CgHg|, 2 to 3 per cent 
of cinnamyl cinnamate (also called ‘styracin), 1 per cent 
of phenylpropyl cinnamate, 1 per cent of vanillin, a trace 
of benzaldehyde, a little benzyl cinnamate, and the alcohol 
d-sumaresinol [C3o0H 480 4]. 


Description and Properties— Unground Sumatra Benzoin—Blocks or 
lumps of varying size, made up of tears, compacted together with a 
reddish brown, reddish gray, or grayish brown resinous mass; tears 
externally yellowish or rusty brown, milky white on fresh fracture; 
hard and brittle at ordinary temperatures, but softened by heat and 
becoming gritty on chewing; odor aromatic. When digested with 
boiling water, the odor suggests cinnamates or storax; taste aromatic 
and slightly acrid. 

Unground Siam Benzoin—Pebble-like tears of variable size, com- 
pressed, yellowish brown to rusty brown externally, milky white on 
fracture, separate or very~slightly agglutinated, hard and brittle at 
ordinary temperatures but softened by heat and becoming plastic on 
chewing; odor agreeable, balsamic, vanilla-like; taste aromatic and 
slightly acrid. 

An alcoholic solution of Benzoin is acid to litmus paper and becomes 
milky upon the addition of water. 

Tests for Purity—Benzoin is required to meet limits of Acid-insoluble 
ash and Foreign organic matter. The two varieties may ‘be distin- 
guished by a Sublimation test and a Color reaction with sulfuric acid. 
Specific tests are provided for the presence of free Cinnamic acid in the 
Sumatra variety and for the percentage of free Benzoic acid in both 
varieties. 

Assay—The alcohol-soluble extractive present in Benzoin is deter- 
mined by completely extracting with alcohol an accurately weighed 
sample of the drug in a Soxhlet apparatus, using a procedure similar 
to that specified for Asafetida (page 732). A small amount of sodium 
hydroxide is placed in the receiving flask; this forms the sodium salt 
i the penzoln acid extracted by the alcohol. For details see the 
Storage—Preserve Benzoin in well-closed containers. Label Benzoin 
to indicate whether it is Sumatra Benzoin or Siam Benzoin. 


Uses—Benzoin is used chiefly as a local application 
for irritations of the skin. The tincture and compound 
tincture are sometimes used in boiling water as steam 
inhalants for their expectorant action. 


Compound Benzoin Tincture U. S. P. Tinctura 


Benzoini Composita 


(Tr. Benzoin. Co.—Sp. Tintura de Benjui Compuesta] 


Metric Alternative 
Benzoin, in moderately coarse powder 100 Gm. 3 oz. av. 148 gr 
Aloe, in moderately coarse powder.. . 20 Gm. 292 gr. 
SCOP ARG ie akei ee ere ee reads 80 Gm. 202. av. 293 gr. 
ola. Balsam i. seu A aos eee 40 Gm. 1 oz. av. 147 gr. 
oma ke 4 ease ene 1000 cc. 2 pints 


Prepare a Tincture by Process M (page 267), using alcohol as 
the menstruum. 


History—This popular preparation has had more dif- 
ferent Latin titles and synonyms since its origin in the 
fifteenth or sixteenth century than any other official 
preparation... Many of these are significant of its uses 
or its originators, introducers, or patrons, for it has 
figured as a nostrum as well as in the pharmacopceias 
of the past 300 years. Among these names are: 
Balsamum. Equitis Sancti Victoris, Balsamum Com- 
mendatoris, Balsamum Catholicum, Balsamum Trau- 
maticum, Balsamum Vulnerartum, Balsamum Persicum, 
Balsamum Suecium, Balsamum Friar1, Balsamum 
Vervaim, Gutte Nader, Gutte Jesutarum, Tinctura 
Balsamica, Balsam of the Holy Victorious Knight, 
Commander's Balsam, Friar’s Balsam, Turlington’s 
Drops, Persian Balsam, Swedish Balsam, Vervain 
Balsam, Turlington’s Balsam of Life, Balsam de 
Maltha, Ward’s Balsam, Jerusalem Balsam, Saint Vic- 
tor’s Balsam, Wade’s Drops, Wound Elixir, and Bal- 
samic Tincture. Some of the older formulas contained 
myrrh, olibanum, angelica root, and St. John’s-wort 
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flowers in addition to the present ingredients. Peruvian 
balsam sometimes replaced the tolu balsam. 

Alcohol Content—From 74 to 80 per cent, by volume, of CoH;OH. 
Storage—Preserve Compound Benzoin Tincture in tight, light-resist- 


ant containers, and avoid exposure to direct sunlight and to excessive 
eat. 


Uses—Especially valuable in acute laryngitis, as in 
croup, when added to hot water and the vapor inhaled. 
By adding a teaspoonful of the Tincture to boiling 
water in a teapot, and drawing the vapor through the 
spout into the throat, very effective results may be ob- 
tained. Also administered, in sugar, for throat and 
bronchial inflammation and as a local application, when 
mixed with glycerin and water, for ulcers, bedsores, 
cracked nipples, and fissures of the lips and anus. 


Benzoin Tincture U. S. P. Tinctura Benzoini 


[Tr. Benzoin.—Sp. Tintura de Benjui] 


Metric Alternative 
Benzoin, in moderately coarse powder 200 Gm. 6 02. av. 296 gr. 
Toma kes." Rosie eee Oe 1000 cc. 2 pints 


Prepare a Tincture by Process M (page 267), using alcohol as 
the menstruum. 


Alcohol Content—F'rom 75 to 83 per cent, by volume, of CgH50H. 
Storage—Preserve Benzoin Tincture in tight, light-resistant contain- 
ers, and avoid exposure to direct sunlight and to excessive heat. 


Uses—Chiefly employed in the preparation of toilet 
lotions when combined with rose water and glycerin. 
The Sumatra Benzoin is preferable for this purpose, 
the Siam variety not containing sufficient gum to pro- 
duce a satisfactory suspension. 


BRYONIA N. F. Bryonia 
[Bryony Red Bryony, Bryony Root] 


Bryonia is the dried root of Bryonia alba Linné, or of 
Bryonia dioica Jacquin (Fam. Cucurbitacee). 

Constituents—Some authorities state that the purga- 
tive action of the drug is probably due to a resin. The 
published reports of the constituents of this drug are 
somewhat at variance. Both species contain the amor- 
phous glycoside bryonin, which on hydrolysis yields 
bryogenin, a resinous substance. In addition, B. alba 
is said to contain a second glycoside, bryonidin, and 
also both amorphous and crystalline bitter principles. 
B. dioica is reported to contain, in addition, an alka- 
loid or alkaloid-like substance termed bryonicin; an 
alcohol called bryonol [C22H3604];  ceryl alcohol; a 
phytosterol; two isomeric substances termed a- and 6- 
bryone [Ci9H1 60]; fat, containing olezc, linoleic, palmitic, 
and stearic acids; and several enzymes. Sugar, gum, 
and starch are also present. : 
Description and Properties—For a complete description of the whole 

and powdered drug see the N. F. VIII. 
Tests for Purity—Bryonia is required to meet a specific test for 


Identification and limits of Foreign organic matter and Acid-insoluble 
ash. 


Uses—Bryonia is an active irritant hydragogue 
cathartic. It has also been used in eclectic practice in 
the treatment of pectoral conditions such as bronchitis, 
whooping cough, etc. : 

Average Dose—1I Gm. (approximately 15 grains). 


CAPSICUM N. F. Capsicum — 
[Cayenne Pepper, African Chillies, Sp. CApsico, Pimienta de Cayena] 


Capsicum is the dried ripe fruit of Capsicum frutes- 
cens Linné, known in commerce as African Chillies, or of 
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Capsicum annuum Linné var. conoides Irish, known in 
commerce as Tobasco Pepper, or of Capsicum annuum 
var. longum Sendt, known in commerce as Louisiana 
Long Pepper, or of a hybrid between the Honka variety 
of Japanese Capsicum and the Old Louisiana Sport 
Capsicum known in commerce as Louisiana Sport 
Pepper (Fam. Solanacex). Capsicum must be labeled 
to indicate which of the above varieties is contained in 
the package. Capsicum yields not less than 12 per cent 
of a non-volatile ether-soluble extractive. 

Constituents—The principal constituents of Capsi- 
cum are capsaicin [CigHe7O3sN], traces of a volatile 
alkaloid and a volatile oil, fixed oil, resin, coloring matter, 
etc. Capsaicin occurs in colorless crystals, is volatile, 
intensely acrid, and soluble in alcohol, ether, and fixed 
oils. It has been demonstrated by synthesis to be a 
decylenic vanillyl amide. 


Description and Properties—The N. F. VIII gives a description of 
the whole and powdered drug and establishes limits for foreign 
impurities. 

Assay—The drug is assayed for its content of non-volatile ether- 
soluble extractive according to the method of the U.S. P. The organ- 
oleptic assay formerly official for Capsicum was abandoned because 
it was too inaccurate. 

L. F. Tice, Am. J. Pharm., 105, 320 (1933), has described an assay 
of Capsicum for its capsaicin content based upon a color reaction of 
this compound with a solution of vanadium oxytrichloride [VO Clg]. 
In this procedure 5-cc. quantities of a 2 per cent (w/v) acetone ex- 
tract of the Capsicum to be tested are placed in each of 4 matched 
test tubes, and to them are added, respectively, 12, 14, 16, and 18 
drops of a freshly prepared 1 per cent solution of vanadium oxytri- 
chloride in carbon tetrachloride. At least one of the tubes should 
develop a greenish blue color of equal or greater intensity than that 
observed in a standard tube containing 5 cc. of a 0.014 per cent solu- 
tion of capsaicin in acetone, colored with non-pungent paprika, and to 
which has been added 14 drops of the vanadium oxytrichloride solu- 
tion. 

Storage—Preserve Capsicum in well-closed containers, adding a few 
drops of chloroform or carbon tetrachloride from time to time to pre- 
vent attack by insects. 


Uses—Capsicum is used internally as a gastric and 
intestinal stimulant. Externally it is much used as a 
rubefacient and is the basis of numerous liniments and 
stimulating salves. 

Average Dose—60 mg. (approximately 1 grain). 


Capsicum Ointment N. F. Unguentum Capsici 
(Ung. Capsic.—Sp. Ungiiento de CApsico] 


Metric Alternative 
Capsicum Oleoresin............... 50 Gm. 87 gr. 
| EnaUT TNT: 3 0:5 4.0 DORR ee eee ae 100 Gm. 175 gr. 
HP EEGOUALITIME Phe 6 one ie pio iste 8 ayela dicdens 850 Gm. 3 oz. av. 176 gr. 
Be TINEG KE ora c oon. Gocteiieniahavel Salalah 0) erate 1000 Gm. 4 oz... av. 


Melt the paraffin, add the petrolatum, and continue the heat 
until completely liquefied. Then remove from the heat, add 
the capsicum oleoresin, mix thoroughly, and stir frequently until 
the Ointment congeals. 


Storage—Preserve Capsicum Ointment in well-closed containers and 
avoid prolonged exposure to temperatures above 30°. 


Uses—A rubefacient. 


Capsicum Oleoresin N. F. Oleoresina Capsici 
[Oleores. Capsic.—Sp. Oleorresina de CApsico] 


Extract the Oleoresin from Capsicum, in coarse pow- 
der, by percolation, using either acetone or ether as the 
menstruum. Recover the greater part of the volatile 
solvent from the percolate by distillation, transfer the 
residue to a dish, and allow the remainder of the volatile 
solvent to evaporate spontaneously in a warm place, 
remote from flame. Separate the liquid oleoresin from 

_ the fatty matter by decantation or by draining in a 


_ funnel provided with a pledget of absorbent cotton, and . 
reject the fatty matter. 
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Storage—Preserve Capsicum Oleoresin in tight containers. 


Uses—Applied to the skin it is a powerful rubefacient. 
It is usually applied in ointments. Internally it is a 
stomachic, producing a warmth over the entire body. 
It is used on plaster for neuralgia and as a toothache pad. 

Average Dose—I15 mg. (approximately 14 grain). 


Capsicum Tincture N. F. Tinctura Capsici 


{Tr. Capsic.—Sp. Tintura de CApsico] 


Metric Alternative 
Capsicum, in moderately coarse pow- 
LOT SAY Mndnes he eae RATA AL 26 Ss aS ok, 100 Gm. 3 oz. av. 148 gr. 
Alcohol, 
Water, each, a sufficient quantity, 
To make Qe heen iets s oo 1000 cc. 2 pints 


Prepare the Tincture by Process P (page 267), using a mixture 
of 9 volumes of alcohol and 1 volume of water as the menstruum. 
Macerate the drug during 3 hours, and then percolate rapidly. 


Alcohol Content—From 80 to 85 per cent, by volume, of CepH50OH. 
Storage—Preserve Capsicum Tincture in tight, light-resistant con- 
tainers and avoid exposure to direct sunlight or to excessive heat. 


Uses—A gastrointestinal stimulant. Also employed 
as a local counterirritant by applying it on blotting 
paper. 

Average Dose—0.5 cc. (approximately 8 minims). 


COPAIBA N. F. Copaiba 


[Copaiba Balsam, Balsam of Copaiba, Copaiva, Balsam Copaiva, 
Sp. Copaiba] 


Copaiba is an oleoresin obtained from South Ameri- 
can species of Copaifera Linné (Copaiba Adanson) 
(Fam. Leguminose). 

Constituents—This natural oleoresin is imported 
from Para, Brazil, and Maracaibo, Venezuela. It con- 
tains from 40 to 70 per cent of a laevorotatory volatile 
oil which consists mainly of the sesquiterpene caryo- 
phyllene and from 30 to 60 per cent of resins. The resins 
contain copaivic acid [CeaoHso0O2] and B-copaivic acid 
[C11Hi.02]. Copaivic acid forms a series of amorphous 
salts; Mass of Coparba, which was official in the N. F. V, 
represented the magnesium salt of this acid. Copaivic 
acid may be obtained by exposing a mixture of 9 parts 
of Copaiba and 2 parts of an aqueous ammonia solution 
(specific gravity 0.95) to a temperature of 10°. 

Copaiba Oil was official in the U. 8. P. VIII. Itisa 
colorless or pale yellow laevorotatory volatile oil hav- 
ing the characteristic odor of Copaiba and an aromatic, 
slightly bitter and pungent taste. Its specific gravity 
is from 0.895 to 0.905 at 25°, increasing with age. Its 
therapeutic uses were the same as those of Copaiba. 
Description and Properties—A pale yellow to yellowish brown, more 
or less viscid liquid, either without fluorescence or with only a slight 
greenish fluorescence. It has a peculiar, aromatic odor, and a per-~ 
sistent bitter, acrid taste. Specific gravity: from 0.915 to 0.995 at 
25°. Copaiba dissolves in carbon disulfide, in fixed or volatile oils, 
in chloroform, and in ether. It dissolves in an equal volume of petro- 
leum benzin, the further addition of the solvent producing a flocculent 
precipitate. It is almost completely soluble in dehydrated alcohol, 
partially soluble in alcohol, but is insoluble in water. 

Tests for Purity—Copaiba is required to meet specific tests for Paraf- 
fin, turpentine or fatty oils, Paraffin oils, Gurjun balsam, Dehydrated 


alcohol-insoluble matter, and African Copaba. 
Storage—Preserve Copaiba in tight containers. 


Uses—Copaiba has a stimulant action upon the 
mucous membranes of the genito-urinary passages. 
It was once extensively used in the treatment of gonor- 
rhea. It is also used in the arts in manufacturing lac- 
quer and varnishes. 

Average Dose—I cc. (approximately 15 minims). 
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Copaiba Mixture N. F. Mistura Copaibee 
[Mist. Copaib.—Lafayette Mixture, Sp. Mixtura de Copaiba] 


Metric Alternative 
Copalbal tate cris sies «sou.» wiete ohefaenere W250. 4 fl. oz. 
Sod mm Nitrite's, <<. « s..:00 ero etncnertens 3 Gm 44 gr, 
Compound Lavender Tincture..... 125 cc. 4 fl. oz. 
Potassium Hydroxide Solution... . 30 cc. 461 min. 
SVU ciate tec oc + cyte ieee Ieee 300 cc. 9 fl. oz. 288 min. 
Acacia, in fine powder............ 35 Gm. loz.av. 74 gr. 
Distilled Water, a sufficient quan- 
tity 
T oranake:, chasers SRY ots c 1000 cc. 2 pints 


Make an emulsion of the Copaiba with the acacia and 70 ce. 
(2 fl. oz. 113 min.) of distilled water. Add the potassium hydrox- 
ide solution and then in portions, 200 cc. (6 fl. oz. 192 min.) of dis- 
tilled water in which the sodium nitrite is dissolved; finally add 
the syrup, the tincture, and sufficient distilled water to make 
the product measure 1000 cc. (2 pints). Mix well after each addi- 
tion. 


Alcohol Content—From 8 to 10 per cent, by volume, of CgH50H. 
Storage—Preserve Copai'ya Mixture in tight containers. 

Uses—In gonorrhea. 

Average Dose—8 cc. (approximately 2 fluidrachms). 


One average dose contains 1 cc. of Copaiba, 24 mg. of Sodium Nitrite, and 
0.24 cc. of Potassium Hydroxide Solution. 


CUBEB N. F. Cubeba 


Cubebs, Cubeb-berries, Java Pepper, Tailed Cubebs, Tailed Pepper, 
Sp. Fruto de Cubeba] 


Cubeb is the dried, nearly full-grown, unripe fruit of 
Piper Cubeba Linné filius (Fam. Piperacee). Cubeb 
yields not less than 13.0 cc. of volatile cubeb oil from 
each 100 Gm. of drug. 

Constituents—Cubeb contains up to 18 per cent of a 
volatile oil believed to consist chiefly of sesquiterpenes, 
with traces of pinene and dipentene. Old samples of this 
oil may deposit a solid sesquiterpene alcohol called 
Cubeb camphor [Ci1sH2.60], melting point 67°. Cubeb 
also contains cubebic acid and a bitter principle termed 
cubebin; both of these substances yield a red color with 
concentrated sulfuric acid. In preparing or dispensing 
Cubeb Oleoresin, any sediment should be discarded, 
since it consists of the inert cubebin. Other constitu- 
ents of Cubeb include about 3 per cent of resin, fixed 
oil, gum, and starch. 

Description and Properties—The N. F. VIII gives a description of 
the whole and powdered fruit and establishes limits for foreign im- 
purities. An identification test is also prescribed. 


Assay—Cubeb is assayed for its content of volatile oil by Process A. 
For a description of this process, see Thyme (page 708). 


Uses—Cubeb is used as a stimulant in inflammatory 
states of the genito-urinary tract. It has a diuretic 
action, producing this effect by an irritation of the kid- 
neys. In the form of lozenges or cigarettes, it is em- 
ployed as a stimulant to the mucous membrane of the 
throat and bronchi, for the relief of asthma. 

Average Dose—2 Gm. (approximately 30 grains). 


Cubeb Oleoresin N. F. Oleoresina Cubebze 
[Oleores. Cubeb.—Sp. Oleorresina de Cubeba] 


Cubeb Oleoresin yields not less than 50 cc. of volatile 
Cubeb oil from each 100 Gm. of Oleoresin. 

Preparation—Extract the Oleoresin from Cubeb, in 
moderately coarse powder, by percolation with alcohol 
as the menstruum. Recover the greater part of the 
alcohol from the percolate by distillation, transfer the 
residue to a dish, and allow the remaining alcohol to 
evaporate in a warm place, stirring frequently. Allow 
the extract to stand for at least 24 hours; then separate 
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the liquid portion from the waxy and crystalline pre- 
cipitate by decantation or by draining in a funnel pro- 
vided with a pledget of absorbent cotton, and reject 
the waxy and crystalline portion. 
Assay—The Oleoresin is assayed for its content of volatile oil by 
Process A. For a description of this process, see Thyme (page 708). 
Storage—Preserve the Oleoresin in tight containers. 
Uses—A urinary antiseptic and stimulant; also in the 
form of lozenges for throat troubles. 

Average Dose—0.5 Gm. (approximately 71% grains). 


ERIODICTYON N. F._ Eriodictyon 
Weed, Mountain Balm] 


Eriodictyon is the dried leaf of Hriodictyon californi- 
cum (Hooker et Arnott) Torrey (Fam. Hydrophyllacez). 
Constituents—A bitter resin, volatile oil, eriodictyon- 
one [CyegHi4aO0¢, also called homoeriodictyol], fixed oil, 
tannin, gum, etc. 
Description and Properties—The N. F. VIII gives a description of 


the whole and powdered leaf and establishes limits for foreign impuri- 
ties. 


[Eriodict—Yerba Santa, Consumptives’ 


Uses—Preparations of Eriodictyon have been em- 
ployed to disguise the taste of quinine. The drug is 
given in doses of 1 to 4 Gm. (approximately 15 to 60 
grains) as an expectorant or stimulating tonic. 


Aromatic Eriodictyon Syrup N. F. Syrupus nega 


Aromaticus 
{[Syr. Eriodict. Arom.—Aromatic Yerba Santa Syrup, Syrupus 
Corrigens] 
Metric Alternative 
Eriodictyon Fluidextract....... 32 cc. 1 fi. oz. 12 min. 
Potassium Hydroxide Solution. . PAST Woe 384 min. 
Compound Cardamom Tincture. Commcc. 2 fl.oz. 38 min. 
Sassairas Oily ae 055: ce; 8 min. 
Lemony Oil nae save diteregee stare 0.5 cc. 8 min. 
Clove: Oiler. teeters ji. Koes 15 min. 
Alcohol winds evcnd oe eebtaor S2MeCes 1 fl. oz. 12 min. 
Sucrose: no anc cnctnpecthe canto 800 Gm. 26 02. ay. 309 gr. 
Magnesium Carbonate..... Gm {oh Fea, 
Distilled Water, a sufficient 
quantity, 
To makes eiaterais acs exes enata acces 1000 cc. 2 pints 


Dissolve the oils in the alcohol, add the fluidextract and the 
tincture, then the potassium hydroxide solution and 325 cc. (10 
fl. oz. 192 min.) of distilled water. Add the magnesium carbon- 
ate, shake the mixture, allow it to stand overnight, filter, and add 
sufficient distilled water through the filter to make the liquid 
measure 500 cc. (1 pint). Pour this filtrate upon the sucrose 
contained in a bottle, and dissolve by placing the bottle in hot 
water, agitating the contents frequently. Cool the solution, and 
add sufficient distilled water to make the product measure 1000 
ce. (2 pints). 


Alcohol Content—From 6 to 8 per cent, by volume, of CgHs0H. 
Storage—Preserve the Syrup in tight, light-resistant containers, and 
avoid excessive heat. 

Incompatibilities—This syrup is alkaline in reaction due to the potas- 
sium hydroxide used in its manufacture. Acids are neutralized with 
usually a concurrent precipitation of the resins of the syrup. The 
tannin which it contains introduces the incompatibilities of that sub- 
stance. 


Uses—A. pleasantly flavored vehicle, especially 
adapted to the administration of bitter substances like 
quinine. 

Average Dose—8 cc. (approximately 2 fluidrachms). 


Eriodictyon Fluidextract N. F. Fluidextractum 
Eriodictyi 
[Fldext. Eriodict—Yerba Santa Fluidextract] 


Metric Alternative 


Eriodictyon, in moderately coarse 
powder, #s:5 ese Mains @ slate whee 


1000 Gm. 16 oz. av. 302 gr 
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Prepare the Fluidextract by Process A (page 270), using a 
mixture of 4 volumes of alcohol and 1 volume of water as the 
menstruum. Macerate the drug during 48 hours, then percolate 


at a moderate rate, and reserve the first 800 cc. (12 fl. oz. 384 min.) 
of percolate. 


Alcohol Content—From 57 to 62 per cent, by volume, of CpH;0H. 
Storage—Preserve the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight and excessive heat. 


Uses—A peculiar, aromatic flavor, used in syrups and 
elixirs, especially for masking the taste of bitter drugs 
like quinine. Because of its resinous character it re- 
quires an alkali to render it soluble in aqueous mixtures. 
It is sometimes used as an expectorant. 

Average Dose—I cc. (approximately 15 minims). 


GAMBOGE N. F. Cambogia 


[Cambog.—Pipe Camboge, Gummi Gutta, Sp, Gomo-resina guta, 
Guta gamba] 


Gamboge is the gum resin obtained from Garcinia 
Hanburyi Hooker filius (Fam. Cuttifere). Gamboge 
yields not less than 65 per cent of alcohol-soluble ex- 
tractive. 

Constituents—The drug contains from 70 to 80 per 
cent of a resin which was formerly called gambogic acid 
but is now considered to consist of e-, B-, and y-garcin- 
olic acids. The resin is soluble in alkaline solutions, 
with the development of a red color; acids precipitate it 
from such solutions. It is also soluble in alcohol, 
ether, and other organic solvents. Gamboge also con- 
tains from 15 to 23 per cent of a water-soluble gum 
which is not identical with acacia. 


Description and Properties—For a complete description of the whole 
and powdered drug see the N. F. VIII. 

Tests for Purity—Gamboge is required to meet specific tests for 
Identification, absence of Starch, and limits of Foreign organic matter 
and Acid-insoluble ash. 

Alcohol-soluble extractive—An accurately weighed sample of Gam- 
boge is macerated with alcohol, filtered, and the filtrate made up to a 
specified volume. An aliquot of the filtrate is evaporated to dryness, 
dried to constant weight at 105°, and the percentage of alcohol- 
soluble extractive from 1 Gm. of the drug is calculated. For details 
see the N. F. VIII. 


Uses—Gamboge is a drastic hydragogue cathartic, 
usually given in combination with other cathartics. It 
may produce nausea and vomiting or griping when 
administered in the full dose. 


Average Dose— Human, 0.125 Gm. (approximately 


grains). 
Cattle, 15 Gm. (approximately 14 
ounce). 


GINGER U. S. P. Zingiber 
[Zingib.—Sp. Jengibre] 


Ginger is the dried rhizome of Zingiber officinale 
Roscoe (Fam. Zingiberacex) known in commerce as 
Jamaica Ginger, African Ginger, and Cochin Ginger. 
The outer cortical layers are often either partially or 


- completely removed. Ginger contains not less than 


4.5 per cent of ether-soluble extractive and not less than 

12 per cent of cold-water extractive. 
Constituents—The pungent principles of Ginger re- 

side in a soft, aromatic resin which is soluble in alcohol 


or ether, but they are not found in the volatile oil ob- 
- tained by steam distillation. The name “gingerol’”’ has 


been applied to the pungent substance; chemically, this 
is an unstable mixture of 6-hydroxy-ketones in which a 
phenolic residue is combined with a molecular propor- 
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tion of a saturated aliphatic aldehyde, mainly n-heptal- 
dehyde. 

Jamaica Ginger contains about 1 per cent of volatile 
oil; African Ginger, 2 to 3 per cent. The oil contains 
the terpene d-camphene and the sesquiterpenes - 
phellandrene and zingiberene. The oxygenated con- 
stituents cztral [C1oH1 60], cineol [C1opHigO0], and borneol 
[C1o0H1,0H] contribute to the aroma of the oil. 


Description and Properties—The U. S. P. XIII gives a description 
of Unground and Powdered Ginger. 

Assay for Cold-Water Extractive—Place 4 Gm. of ground Ginger in a 
200-ce. flask, fill to the mark with water, and agitate at 30-minute 
intervals during 8 hours. Allow the mixture to stand for 16 hours, 
and filter it. Evyvaporate 50 cc. of the filtrate, representing 1 Gm. of 
ae drug, on a water bath, and dry the residue to constant weight at 
Assay for Ether-Soluble Extractive—Place 20 Gm. of Ginger, in fine 
powder, and accurately weighed, in an extraction thimble of a Soxhlet 
or similar extractor, and extract with ether for 6 hours, Evaporate 
the ether extract on a steam bath until the odor of ether is no longer 
perceptible, then dry the residue in a desiccator over sulfuric acid for 
18 hours: the weight of the extract so obtained is not less than 900 
mg. 


Uses—As an intestinal stimulant and carminative in 
colic, and in diarrhea. 
Average Dose—0.6 Gm. (approximately 10 grains). 


Ginger Fluidextract U.S. P. Fluidextractum Zingiberis 
[Fldext. Zingib.— Sp. Extracto Fldido de Jengibre] 


Ginger Fluidextract yields, from each 100 cc., not less 
than 4.5 Gm. of ether-soluble extractive. 


Metric Alternative 


Ginger, in moderately coarse pow- 


Clea Bites ea kata ale Mae eee ei 1000 Gm. 16 oz. av. 302 gr. 


Prepare a fluidextract by Process A (page 270), using a mixture 
of 9 volumes of alcohol and 1 volume of water as the menstruum. 
Macerate the drug overnight, and percolate at a moderate rate. 


Assay—The percentage of ether-soluble extractive in the Fluid- 
extract is determined by evaporating the alcohol from a sample over 
the water bath, extracting the residue repeatedly with ether, evapo- 
rating the solvent from the combined ether extracts over the water 
bath, drying over sulfuric acid in a desiccator, and weighing. 

Alcohol Content—From 69 to 76 per cent, by volume, of CepH5OH. 
Storage—Preserve the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight and to excessive heat. 


Uses—A carminative and stomachic, but chiefly 
used in the making of other preparations of Ginger. 
Average Dose—9.6 cc. (approximately 10 minims). 


Ginger Oleoresin N. F. Oleoresina Zingiberis 
[Oleores. Zingib.—Sp. Oleorresina de Jengibre] 


Ginger Oleoresin yields not less than 18 ec. and not 
more than 35 cc. of volatile ginger oil from each 100 
Gm. of Oleoresin. 

Preparation—Extract the Oleoresin from Ginger, in 
moderately fine powder, by percolation, using either ace- 
tone, alcohol, or ether as the menstruum. Recover the 
greater part of the volatile solvent from the percolate 
by distillation, transfer the residue to a dish, and allow 
the remaining volatile solvent to evaporate spontane- 
ously in a warm place, remote from flame. 


Assay—The Oleoresin is assayed for its content of volatile oil by 
Process A. For a discussion of this process, see T’hyme (page 708). 
Storage—Preserve Ginger Oleoresin in tight containers. 


Uses—Mainly employed as a flavor, especially in 
carbonated beverages. 
Average Dose—30 mg. (approximately 1% grain). 


Ginger Syrup N. F. Syrupus Zingiberis 


[Syr. Zingib.— Sp. Jarabe de Jengibre] 


Metric Alternative 
Ginger: Lintiextract.= =). 4) + eee 30 cc. 461 min- 
Alcohol, Rese. hs. aac ott en ee 20 cc. 307 min- 
Magnesium Carbonate............ 10 Gm. 146 er. 
SUCTOSCALS otise sk eet noe 820 Gm. 27 oz.av.163 gr. 
Distilled Water, a sufficient quantity, 
TROSIMA KG 2 ered sare ela eee 1000 cc. 2 pints 


Mix the fluidextract and the alcohol, and triturate the liquid 
in a mortar with the magnesium carbonate and 60 Gm. (2 oz. av.) 
of the sucrose. Then gradually add 480 cc. (138% fl. oz.) of dis- 
tilled water with canstant trituration, until the sucrose is dissolved. 
Filter the solution, and dissolve the remainder of the sucrose in 
the clear filtrate with the aid of gentle heat; strain the syrup 
while warm; and when it is cold, add enough distilled water 
through the strainer, if necessary, to make the product measure 
1000 ce. (2 pints). Mix well: 


Alcohol Content—From 3.5 to 4.5 per cent, by volume, of CeHs5OH. 
i ne Ginger Syrup in tight containers, and avoid exces- 
sive heat. 


Uses—As a vehicle especially in prescriptions for 
colic and diarrhea. 

Average Dose—10 cc. (approximately 21%  flui- 
drachms). 


One averag®_metric dose represents 0.3 ec. of Ginger Fluidextract. 


GUAIAC N. F. Guaiacum 
[Guaiac.—Guaiac Resin! 


Guaiac is the resin of the wood of Guajacum officinale 
Linné, or of Guajacum sanctum Linné (Fam. Zygophyl- 
lacex). Guaiac yields not more than 15 per cent of 
alcohol-insoluble residue. 

History—lIn the early part of the sixteenth century 
Guaiac was esteemed as highly effective in the treat- 
ment of syphilis. It sold for a price equivalent to $25 
a pound. 

Constituents—This resin may be obtained by boiling 
Guaiac chips in salt water; the resinous scum is col- 
lected, melted, and strained. It contains from 50 to 70 
per cent of a mixture of a- and B-guaiaconic acids 
[CooH2406 or (Craltla iO and CoiH260s], about 11 per 
cent of a mixture of guaiaretic [CeoH2.04} and di- 
hydroguaiaretic acids, about 11 per cent of guaracinic 
acid (also known as {-resin), 0.7 per cent of guaiac yel- 
low, small amounts of guaiacic acid and vanillin, about 9 
per cent of gum, 0.7 per cent of volatile oil, and a trace 
of a saponin. 


Description and Properties—Guaiac occurs in irregular masses en- 
closing fragments of vegetable tissues, or in large, nearly homogeneous 
masses, and occasionally in more or less rounded or ovoid tears; ex- 
ternally brownish black to dusky brown, acquiring a greenish color on 
long exposure, the fractured surface having a glassy luster, the thin 
pieces being translucent and varying in color from brown to yellowish 
orange. Powder moderate yellowish brown, becoming olive-brown 
on exposure to the air. Odor balsamic; taste slightly acrid. Guaiac 
dissolves readily in alcohol, ether, chloroform, creosote, solutions of 
the alkalies, or chloral hydrate T.S. It is slightly soluble in carbon 
disulfide or benzene. Guaiac melts between 85° and 90°. 

Tests for Purity—Guaiac is required to meet specific tests for Identity, 
for Acid-insoluble ash, and for absence of Rosin. 

Assay—The percentage of alcohol-insoluble residue is determined by 
completely extracting with alcohol an accurately weighed sample of 
the drug in a Soxhlet apparatus, and weighing the oven-dried residue. 
For details see the N. F. VIII. 


Uses—An alcoholic solution of Guaiac is colored blue 
by oxidizing agents; this behavior is due to the guaia- 
conic acid it contains. For this reason it is a valuable 
reagent in testing for the presence of occult blood, a 
peroxidase in the latter responding to the test. It has 
also been used in the treatment of rheumatism and as 
a diaphoretic and expectorant. 

Average Dose—I Gm. (approximately 15 grains). 
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Ammoniated Guaiac Tincture N. F. Tinctura Guaiaci 
Ammoniata 


[Tr. Guaiac. Ammon.] 


Metric Alternative 
Guaiac, in moderately coarse powder. 200 Gm. 6 0z. av. 296 gr. 
Aromatic Ammonia Spirit, a sufficient 


quantity, 


1000 cc. 2 pints 


Prepare the Tincture by Process M (page 267), using Aromatic 
Ammonia Spirit as the menstruum. 


Alcohol Content—From 58 to 64 per cent, by volume, of CgH50H. 


Uses—In chronic rheumatism and amenorrhea. 
Average Dose—2 cc. (approximately 30 minims). 


IPOMEA N. F. 


[Orizaba Jalap, Mexican Scammony, Sp. Purge Macho] 


Ipomoea 


Ipomea is the dried root of Ipomea orizabensis 
Ledenois (Fam. Convolvulaceez). 

Ipomea yields not less than 15 per cent of the total 
resins of Ipomea. 

Constituents—The drug contains from 6.5 to 22 per 
cent of resin (usually about 17-18 per cent), to which 
the activity of the drug is due. The resin contains the 
glucosides and methylpentosides of jalapinolic acid 
{hydroxyhexadecylic acid, C1sHs0(0H)COOH] and its 
methyl ester. In the earlier literature the resin was 
termed jalapin, scammonin, or orizabin. From the 
resin have also been isolated the hydrocarbon hentri- 
acontane [CsiH.64]; a phytosterol [Ca;7H4a¢0]; cetyl 
alcohol; and linoleic, oleic, palmitic, and stearic acids. 
Ipomea also contains the methyl ester of 3,4-dihydroxy- 
cinnamic acid; a substance termed scopoletin; volatile 
oil; and sugar. 

Description and Properties—For a complete description of the whole 
and powdered drug see the N. F. VIII. 

Tests for Purity—Ipomea is required to meet a limit of Acid-insoluble 
ash. 

Assay—An accurately weighed sample of Ipomea is refluxed over a 
water bath with an alcohol-water mixture, after which the drug and 
solvent are transferred to a percolator and percolated with additional 
solvent until the percolate measures a specified volume. An aliquot 
of the percolate is shaken out first with a chloroform-hydrochloric 
acid mixture and then with a chloroform-alcohol mixture. The com- 
bined chloroform extractions are evaporated and dried to constant 


weight at 100°, the weight representing the yield of total resins from 
the aliquot taken. For details see the N. F. VIII. 


Uses—Ipomea is the source of the official Ipomea 
Resin. 
Average Dose—1 Gm. (approximately 15 grains). 


IPOMEA RESIN N. F. Resina Ipomcez 


[Mexican Scammony Resin] 


Extract the resin from Ipomea, in moderately coarse 
powder, by percolation, using a mixture of 9 volumes of 
alcohol and 1 volume of water as the menstruum. Con- 
centrate the percolate to the consistence of thin syrup, 
and pour this slowly, with constant stirring, into twice 
its volume of hot water. Allow the precipitated resin 
to settle, decant the supernatant liquid, and wash the 
precipitate twice with fresh portions of the same volume 
of hot water. Collect the resin, and dry it thoroughly. 
Description and Properties—Translucent masses or fragments of a 
brown to yellowish orange color, breaking with a glossy, resinous frac- 
ture; the odor is characteristic, and the tasteisacrid. Ipomea Resin 
dissolves in alcohol and in chloroform. 

Tests for Purity—Ipomea Resin is required to meet specific tests for 


Identification, Loss on drying, limits of Residue on ignition, Alcohol- 
insoluble residue, Ether-soluble residue, and Benzin-soluble residue, and 
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absence of Water-soluble impurities, Aloin, Guaiac, Rosin, or Other 
resins. : 
Storage—Preserve Ipomea Resin in well-closed containers. 


Uses—An obsolete purgative. Ipomea Resin is 
stated to be more irritant and nauseating than true 
scammony. 

Average Dose—0.2 Gm. (approximately 3 grains). 


JALAP N. F. Jalapa 
[Jalap Root] 


Jalap is the dried tuberous root of Hxogonium purga 
(Wenderoth) Bentham (Fam. Convolvulacez). 

Jalap yields not less than 9 per cent of the total resins 
of Jalap. 

Constituents—The purgative properties of the drug 
reside in its resin, the percentage of which varies from 
8 to nearly 16 per cent. The resin, to which the names 
convolvulin and jalapin have been given, is now believed 
to consist of a complex mixture. According to recent 
investigations, two amorphous glycosides have been 
isolated from it; these are convolvulin [C54H96Q27; 
me p. 152°) and jalapin [CssHoeQi6s; m. p. 128°]. 
Other substances present are tpurganol [CoiH3.0>2- 
(OH).], which is probably a phytosterolglycoside; up 
to 19 per cent of non-crystallizable sugar; malic acid; 
mannitol; gum; and starch. 

Description and Properties—For a complete description of the whole 
and powdered drug see the N. F. VIII. 
peers for Purity—Jalap is required to meet the limit for Acid-insoluble 


Assay—Jalap is assayed for its percentage of total resins by the 
method specified for I[pomea (page 738). 


Uses—Jalap is the mildest of the resinous cathartics. 
It causes a fluid stool within 3 or 4 hours after adminis- 
tration with comparatively little gastric or intestinal 
irritation. 

Average Dose—1 Gm. (approximately 15 grains). 


Compound Jalap Powder N. F.  Pulvis Jalapze 
Compositus 


[Puly. Jalap. Comp.] 


Metric Alternative 
Jalap, in very fine powder.......... 350 Gm. _ 1 oz. av. 175 gr. 
Potassium Bitartrate, in fine powder. 650 Gm. 2 oz. av. 262 gr. 
GNGRTAICOM VATS ico les slits el els soo a> 1000 Gm. 4 OZ. av. 


Mix the ingredients thoroughly by titration. 


Description and Properties—A very pale to weak yellowish orange 
powder. For a more complete description see the N. F. VIII. | 
' Storage—Preserve Compound Jalap Powder in well-closed containers. 


Uses—A cathartic. 
Average Dose—2 Gm. (approximately 30 grains). 


One average metric dose contains 0.7 Gm. of Jalap and 1.3 Gm. of 
Potassium Bitartrate. 


Jalap Resin N.F. Resina Jalapz 


{Res. Jalap.] 


Extract the resin from jalap, in fine powder, by per- 
colation, using a mixture of 9 volumes of alcohol and 1 
volume of water as the menstruum. Concentrate the 
percolate to about one-fourth of the weight of the drug 
taken, and pour it slowly, with constant stirring, into 
about 12 times as much hot water. Allow the precipi- 
tated resin to subside, decant the supernatant liquid, 
and wash the resin twice with hot water, using about 
one-third as much each time as was used for the first 
precipitation. Collect the resin, and dry it thoroughly. 
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Description and Properties—Masses or fragments, breaking with a 
resinous, glassy fracture; translucent at the edges, and orange to 
reddish brown in color; or as a yellowish gray to brown powder. It 
has a slight, peculiar odor, a somewhat acrid taste, and is permanent 
in air. It dissolves in alcohol; it is insoluble in carbon disulfide, ben- 
zene, and fixed or volatile oils. 

Tests for Purity—Jalap Resin is required to meet specific tests for 
limit of Solubility in chloroform, Loss on drying, limit of Acid resins, 
pecrace of Guaiac, Rosin, Other resins, Water-soluble impurities, and 

oin. 
Storage—Preserve Jalap Resin in well-closed containers. 


Uses—A drastic cathartic. 
Average Dose—0.125 Gm. (approximately 2 grains). 


KAMALA N. F. Kamala 
[Rottlera, Glandule Rottlere] 


Kamala consists of the hairs obtained from the cap- 
sules of Mallotus philippinensis Miller Argoviensis 
(Fam. Huphorbiacex). Wamala yields, when dried to 
constant weight at 100°, not less than 66 per cent of 
non-volatile ether-soluble extractive. 

Constituents—Kamala contains up to 80 per cent of 
a reddish yellow resin, the chemistry of which is still 
not completely known. It contains rottlerin (known as 
mallotoxin in the earlier literature), which is said to be 
a phloroglucinol derivative; according to the most re- 
cent report its formula is either CgoH2gOg or C3i3H 300s, 
although it has also been stated to be CsasHaoO9. A 
yellow-colored principle termed isorottlerin [Cs:H 300s, 
a wax which is possibly the ceryl ester of cerotic acid, 
two resins (one of which is dark red, the other yellow), 
and coloring matter are also present. 


Description and Properties—A finely granular, moderate reddish 
brown powder, almost without odor or taste. For a complete de- 
scription see the N. F. VIII. 

Tests for Purity—Kamala is required to meet the limit for Acid- 
insoluble ash. 

Assay—A weighed sample of Kamala is subjected to continuous ex- 
traction with dehydrated ether for a specified time. The solvent is 
allowed to evaporate, and the non-volatile ether-soluble extractive is 
dried to constant weight at 100°. For details see the N. F. VIII. 


Uses—In full doses, Kamala is actively purgative. 
It is used chiefly as a teniafuge in veterinary practice. 
Average Dose—Human, 7.5 Gm. (approximately 2 
drachms). 
Fowls, 0.5-1.0 Gm. (approximately 
716-15 grains). 


LEPTANDRA N. F. Leptandra 
[Culversroot] 


Leptandra consists of the dried rhizome and roots of 
Veronicastrum virginicum (Linné) Farwell (Veronica 
virginica Linné) (Fam. Scrophulariacez). 

Constituents—The drug contains about 6 per cent 
of a brown resin, from which have been isolated a 
phytosterol termed verosterol [Co7H 460], m. p. 135- 
136°, 3,4-dimethoxycinnamic acid; d-mannitol; a fat 
containing oleic, linoleic, palmitic, and stearic acids; a 
bitter-tasting, amorphous substance; and volatile ovl. 

The active principle of the drug is not known. The 
substance known as “leptandrin” is said to be a resin 
consisting of a mixture of compounds, and is prepared 
by adding water to a strong alcoholic tincture of the 
drug. 


Description and Properties—For a complete description of the whole 
and powdered drug see the N. F. VIII. 

Tests for Purity—Leptandra is required to meet specified limits of 
Stem bases, Foreign organic matter, and Acid-insoluble ash. 
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Uses—Leptandra is a cathartic. According to some 
writers the drug is credited with possessing special 
effects on the liver, and hence has been used either as a 
substitute for the mercurial drugs, or in conjunction 
with them. 

Average Dose—1 Gm. (approximately 15 grains). 


Leptandra Extract N. F. Extractum Leptandre 
[Ext. Leptand.—Culversroot Extract, Powdered Leptandra Extract] 


One Gm. of the Extract represents 4 Gm. of leptandra. 

Preparation—Prepare the Extract from leptandra, in 
moderately coarse powder, by percolation and evapora- 
tion. Use a mixture of 3 volumes of alcohol and 1 vol- 
ume of water as the menstruum, macerate the drug 
during 24 hours, and percolate at a moderate rate. 
Evaporate the percolate to dryness at a temperature 
not exceeding 70°. Reduce the residue to a fine pow- 
der, and mix it thoroughly, if necessary, with sufficient 
dry starch to make the Extract weigh one-fourth of the 
weight of the leptandra taken. 


Storage—Preserve Leptandra Extract in tight, light-resistant con- 
tainers, preferably at a temperature not above 30°. 


* Uses—A cathartic. 
Average Dose—0.25 Gm. (approximately 4 grains). 


MASTIC N. F. Mastiche 
[Mastich Mastix, Pistacia Galls—Sp. AlmAciga] 


Mastic is the concrete resinous exudation from 
Pistacia Lentiscus Linné (Fam. Anacardiacex). Mastic 
yields not more than 3 per cent of ether-insoluble resi- 
due, and not more than 20 per cent of alcohol-insoluble 
residue. 

Constituents— Mastic contains the amorphous a- and 
B-mastichic acids, a- and B-masticonic acids, a crystalline 
acid, the amorphous a- and 6-masticoresene, and from 1 
to 3 per cent of volatile oil. The chief constituent of the 
latter is d-a-pinene; dl-a-pinene and another unidentified 
terpene are also present. 

Description and Properties—In subglobular, lenticular, elongated, or 
pear-shaped tears, about 3 mm. in diameter; moderate yellow to pale 
greenish yellow, transparent, with a glass-like luster, the surface some- 
times slightly dusty. It is brittle, becoming plastic when chewed. 
Odor slightly balsamic; taste mildly terebinthinate. 

Tests for Purity—Mastic is required to meet specific tests for Foreign 
organic matter and Acid-insoluble ash. 

Acid number—Not less than 50. For details, see the N. F. VIII. 
Assay for Alcohol-Insoluble Residue—A weighed sample of Mastic is 


extracted with alcohol in a Soxhlet apparatus in a manner similar to 
ae prescribed for Asafetida (page 732). For details see the N. F. 


Assay for Ether-Insoluble Residue—A weighed sample of Mastic is 
ee with dehydrated ether as above. For details see the N. F. 


Uses—The drug is used in Aloe and Mastic Pills to 


modify the action of the aloe; in the arts and in den- 
tistry it is employed to form a varnish. 


MEZEREUM N. F. Mezereum 


{Mezereon, Spurge Olive] 


Mezereum is the dried bark of Daphne Mezereum 
Linné, of Daphne Gnidium Linné, or of Daphne Laureola 
Linné (Fam. Thymeleacez). 

Constituents—The glycoside daphnin [CisHi¢6Q9.- 
2H.O0]; a greenish brown, acrid resin called mezerein, 
which is the vesicant principle; malic acid; fixed oil; 
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starch, ete. Alcohol is the best menstruum for extract- 
ing the active principles of the drug. 


Description and Properties—The N. F. VIII gives a description of 
Unground and Powdered Mezereum and establishes limits for Foreign 
organic matter and Acid-insoluble ash. 


Uses—Mezereum is a vesicant and counterirritant. 
Locally it is sometimes employed to stimulate sluggish 
ulcers. Mezereum is rarely given internally alone, being 
usually combined with other drugs as an alterative, 
especially in Compound Sarsaparilla Fluidextract. 

Average Dose—0.6 Gm. (approximately 10 grains). 


MYRRH U. S. P. Myrrha 
[Myrrh.—Gum Myrrh, Sp. Mirra] 


Myrrh is an oleo-gum-resin obtained from Commi- 
phora molmol Engler, Commiphora abyssinica (Berg) 
Engler, or from other species of Commiphora (Fam. 
Burseracex). Myrrh yields not less than 30 per cent 
of alcohol-soluble extractive. 

Constituents—Myrrh contains from 27 to 50 per cent 
of resin, from 40 to 60 per cent of gum, from 2.5 to 10 per 
cent of volatile oil, and a bitter principle. The resin 
contains a-, 8-, and y-commiphoric acids, the first two 
having the formula C1 4HisO, and the latter Ci;7H2205; 
commiphorinic acid (believed to be present as the ester); 
a- and B-heerabomyrrolic acids; the resin phenols a- and 
B-heerabomyrrhol; and heeraboresene. 

The volatile oil contains up to 24 per cent of two 
sesquiterpenes, about 11 per cent of dipentene, d-limo- 
nene, 1 per cent of pinene, 0.2 per cent of eugenol, up to 1 
per cent of cuminic aldehyde, cinnamic aldehyde, and 
up to 1 per cent of m-cresol. Acetic, palmitic, and 
myrrholic acids are present as esters. 

The gum present in the drug has been stated to con- 
tain 14 per cent of pentosans, 12 per cent of galactan, a 
considerable amount of zylan, some araban, and an 
oxidizing enzyme. 


Description and Properties— Unground Myrrh—Rounded or irregu- 
lar tears or masses of agglutinated tears, moderate yellow to dark or 


reddish brown and more or less covered with a lighter-colored yellow- 


ish dust; fracture waxy, granular, conchoidal; internally yellowish 
or reddish brown, sometimes marked with nearly white spots or lines, 
oily, translucent at the edges; odor balsamic, aromatic, not terebin- 
thinate; taste aromatic, bitter, and acrid. For further description 
see the U.S. P. 

Tests for Purity—Myrrh is required to meet specific tests for limit 
ane ale ash and for Identity. For details see the U.S. P. 
Assay—Myrrh is assayed for its content of alcohol-soluble extractive 
by a procedure similar to that prescribed for Asafetida (page 732). 
For details see the U. S. P. XIII. 


Uses—Myrrh is used as a local stimulant in diseases 
of the mouth and as an application for sore gums. It 
was formerly administered internally in the treatment 
of amenorrhea and as an ingredient of cathartic pills. 
The volatile oil is used in perfumes of the oriental type | 
and as a fixative. 


Myrrh Tincture U.S. P. Tinctura Myrrhe 
[Tr. Myrrh.—Sp. Tintura de Mirra] 


Alternative 


Metric 
Myrrh, in moderately coarse powder. 200 Gm. 6 oz. av. 296 gr. 
‘To makes ..)stte ance att ace etets 1000 cc. ~ 2 pints 


Prepare a tincture by Process M (page 267), using alcohol as 
the menstruum., 


Alcohol Content—From 83 to 88 per cent, by volume, of CgpH50H. 
Storage—Preserve Myrrh Tincture in tight, light-resistant containers, 
and avoid exposure to direct sunlight and to excessive heat. 


a. 
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Uses—A local stimulant application to indolent 
ulcers, sore gums, sore mouth, and ulcerated sore throat. 
Average Dose—2 cc. (approximately 30 minims). 


PERUVIAN BALSAM U.S. P. Balsamum Peruvianum 


{[Balsam. Peruvy.—Peru Balsam, Balsam of Peru, Indian Balsam, 
Black Balsam, Sp. BAlsama Peruviano] 


Peruvian Balsam is obtained from Myroxylon Pe- 
reire (Royle) Klotzsch (Fam. Leguminose). 

Constituents—This Balsam contains from 60 to 64 
per cent of a volatile oil termed cinnamein and from 20 
to 28 per cent of resin. The higher the content of 
volatile oil, the greater is the market price of the drug. 
Cinnamein i is a mixture of numerous compounds, among 
which the following have been identified: the esters 
benzyl benzoate, benzyl cinnamate, cinnamyl cinnamate 
(styracin), and the alcohol peruviol (considered by some 
authorities to be identical with the sesquiterpene alco- 
hol nerolidol, C,sHe69) as ester; free cinnamic acid; 
about 0.05 per cent of vanillin; and a trace of cou- 
marin. The presence of the following compounds has 
also been claimed: dihydrobenzoic acid, farnesol (a 
sesquiterpene alcohol), styrol (phenylethylene), and a 
phytosterol. The resin consists of the benzoic and cin- 
namic acid esters of the alcohol peruresinotannol, to- 
gether with some free cinnamic acid. 
Description and Properties—Peruvian Balsam is a dark brown, viscid 
liquid. It is transparent and appears reddish brown in thin layers. 
It has an agreeable odor resembling vanilla, a bitter, acrid taste, with 
a persistent after-taste, and is free from stringiness or stickiness. It 
does not harden on exposure to air. Water becomes acid to litmus 
paper when agitated with Peruvian Balsam. Specific gravity 1.150 
to 1.170. Peruvian Balsam is nearly insoluble in water, but is soluble 
in alcohol, in chloroform, and in glacial acetic acid, with not more 
than an opalescence. It is only partly soluble in ether and in petro- 
leum benzin. 
Tests for Purity—The Balsam is required to meet specific tests for 
freedom from Fixed oils, Rosin, and Turpentine. 

Acid value—56 to 84. 

Saponification value of cinnamein—230 to 240. For details see the 
Uses. XTit, 


Storage—Preserve the Balsam in tight containers and avoid exposure 
to excessive heat. 


_Uses—Peruvian Balsam is a valuable dressing to 
promote the growth of epithelial cells in the treatment 
of indolent ulcers, wounds, and certain skin diseases, 
é. g., scabies. Ointments containing both Peruvian 
Balsam and sulfur present a problem in compounding, 
‘since the resinous part of the Balsam tends to separate. 
This difficulty may be overcome by mixing the Balsam 
with an equal amount of castor oil, prior to incorporat- 
_ing it into the base; or alternatively, by mixing it with 
‘solid petroxolin. 

The Balsam is seldom given internally in modern 
practice, but has been used as a stimulating expectorant 
in doses of 0.3 to 1 cc. (approximately 5 to 15 minims), 
preferably in the form of an emulsion. 


PODOPHYLLUM N. F. Podophyllum 
{Podoph.—Mandrake, May Apple, Sp. Podofilo] 


Podophyllum consists of the dried rhizome and roots 
of Podophyllum peltatum Linné (Fam. Berberidacez). 

Podophyllum yields not less than 5 per cent of podo- 
phyllum resin. 

Constituents—The only crystallizable substance ex- 
isting as such in the drug is podophyllotoxin. Some in- 
vestigators consider it to be a complex tricyclic com- 
pound having the formula CosH2.08; others believe it 
to be represented by C,5H,,0,¢..2H.O. Upon hydroly- 


Z sis He aqueous alkali, podophyllotoxin yields podophyllic 
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acid [CosH2.0, or Ci5Hi.07]; if alcoholic alkali is 
used, the hydrolysis product is picropodophyllin. This 
compound is isomeric with pedophyllotoxin and is the 
lactone of podophyllic acid. A yellow coloring prin- 
ciple termed podophylloquercitin, now considered to be 
identical with quercitin, is also present. 

Although podophyllotoxin has been demonstrated to 
possess marked cathartic and toxic properties, it is be- 
lieved that not it, but an amorphous resin, called 
podophylloresin, is the chief cathartic principle of the 
drug. 

Description and Properties—For a complete description of the whole 
and powdered drug see the N. F. VIII. , 

Tests for Purity—Podophyllum is required to meet specific tests for 
the absence of Indian Podophyllum and for limits of Foreign organic 
matter and Acid-insoluble ash. 

Assay—Podophyllum is assayed for its content of resin by extracting 
a 10-Gm. sample of the finely powdered drug with 35 cc. of alcohol 
under reflux, transferring to a percolator, percolating with warm alco- 
hol, and collecting exactly 100 cc. of percolate. A 10-cc. aliquot is 
then subjected to a shaking-out and washing procedure with a chloro- 
form-dilute hydrochloric acid mixture and several portions of an 
alcohol-chloroform mixture. Upon evaporation of the alcohol-chloro- 
form layer, contained in a tared vessel, followed by drying to constant 
weight at 80°, the weight of the residual resin is determined. This 


represents the weight of resin in 1 Gm. of drug. For details see the 
N. F. VII. 


Uses—Podophyllum is a resinous cathartic, the’ de- 
gree of action of which is proportionate to dosage. 
Doses up to 5 mg. of the resin produce copious soft 
stools within 12 to 24 hours unaccompanied by marked 
intestinal irritation. Larger doses produce a watery 
stool which may be tinged with blood, Individuals vary 
greatly in their response. The dose of the crude drug is 
0.12 to 0.6 gram. It is usually administered in the form 
of Podophyllum Resin. 


PODOPHYLLUM RESIN N. F. Resina Podophylli 
{Res. Podoph.—Podophyllin, Sp. Resina de Podofilo] 


Metric Alternative 
Podophyllum, in fine powder............ 1000 Gm. 32 OZ. av. 
Elydrochioric2 Acid’ mae-ia. eine eet e 10 cc. 2% fi. dr. 


Alcohol, 
Water, each, a sufficient quantity. 


Extract the drug by slow percolation until it is exhausted of 
its resin, using alcohol as the menstruum. Concentrate the per- 
colate by evaporation until the residue has the consistence of a 
thin syrup, and pour this, with constant stirring, into 1000 cc. 
(2 pints) of water containing the hydrochloric acid and previously 
cooled to a temperature below 10°. Allow the precipitate to 
settle, decant the clear liquid, and wash the precipitate with two 
1000-ce. (2-pint) portions of cold water. Dry the resin and 
powder it. 


Description and Properties—An amorphous powder, varying in color 
from light brown to greenish yellow, turning darker when subjected 
to a temperature exceeding 25° or when exposed to light. It has a 
slight, peculiar, faintly bitter taste. Jt is very irritating to the eye, 
and to mucous membranes in general. It dissolves in alcohol with only 
slight opalescence. Itis only partially soluble in ether and in chloro- 
orm. 

Tests for Purity—The Resin is required to meet specific tests for 
Identification, Residue on ignition, Reaction to litmus paper, and 
Difference from resin of Podophyllum emodi. 

Storage—Preserve the Resin in tight, light-resistant containers, and 
avoid excessive heat. 


Uses—Podophyllum resin is an active cathartic 
which produces a watery stool. It is prone to produce 
griping. It is frequently administered in combination 
with aloe or cascara. Also used on soft warts. 

Average Dose—10 mg. (approximately 1 grain). 


POPLAR BUD N. F. Populi Gemma 


Gem.—Balsam Poplar Buds, Balm of Gilead Buds, Black 
Poplar Buds, Willow Poplar Buds] 


Poplar Bud is the air-dried, closed, winter leaf bud of 
Populus candicans Aiton, known in commerce as Balm 


[Popul. 
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of Gilead Buds, or of Populus Tacamahacca Miller 
(Populus balsamifera Linné), known in commerce as 
Balsam Poplar Buds (Fam. Salicacex). Poplar Bud 
yields not less than 40 per cent of anhydrous alcohol- 
soluble extractive. 

Constituents—The drug contains a volatile oil con- 
sisting mainly of a-caryophyllene, salicin, mannitol, a 
balsamic resin, fixed orl, gallic acid, etc. 

Description and Properties—The N. F. VIII gives a description of 
the whole drug and establishes limits for Flower buds, Foreign organic 
matter, and Acid-insoluble ash. 


Assay—The drug is assayed for its yield of anhydrous alcohol-soluble 
extractive by the method specified under Gamboge (page 737). 


Uses—A stimulating expectorant. It has been used 
in an ointment for application to sluggish sores. 
Average Dose—4 Gm. (approximately 60 grains). 


ROSIN N. F. Resina 


[Resin.—Colophony, Georgia Pine Rosin, Yellow Pine Rosin, Sp. 
Colofonia] 


Rosin is a solid resin obtained from Pinus palustris 
Miller, and from other species of Pinus (Fam. Pinacez). 

Constituents—According to a recent investigation, 
American rosin contains amorphous. sylvic acid 
[CooH 3002], a-, B-, and y-abietic acids [CygH2gO2 or 
CaoH 3002], y-pinic acid (from which a- and B-pinic acids 
are gradually formed), and resene. Some authorities 
also include pimaric acid [CooH3002] as a constituent. 
French rosin is called galipot. 
Description and Properties—Sharply angular, translucent, amber- 
colored fragments, frequently covered with a yellow dust; fracture 
brittle at ordinary temperatures, shiny and shallow-conchoidal. The 
odor and taste are slightly terebinthinate. Rosin is easily fusible and 
burns with a dense, yellowish smoke. Specific gravity: 1.07 to 1.09 
at 25°. Rosin is freely soluble in alcohol, in ether, in benzene, in 
glacial acetic acid, and in fixed or volatile oils. It is also soluble in 
dilute solutions of the fixed alkali hydroxides. 
Tests for Purity—Rosin is required to meet a specific test for Reaction 
to litmus paper and requirements for limit of Residue on ignition and 
for Acid value. 
Storage—Preserve Rosin in well-closed containers. 


Uses—Rosin is a component of plasters, cerates, and 
ointments to which it adds adhesive qualities. . Its 
principal industrial uses are in sizing, waterproofing, 
soap making, etc. Powdered Rosin is useful as an ap- 
plication to belts on machinery to prevent slipping. 


Rosin Cerate N. F. Ceratum Resinze 


[Cerat. Res.—Resin Cerate, Basilicon Ointment, Sp. Cerato de 
Colofonia] 

Metric Alternative 

ROSIN ease oe ee Ce ee et 350 Gm 3% OZ. av. 

WG ILOW Wax pecs aroha rorieee mone oie 150 Gm. 1% oz. av. 

WET 6 | catg ea eee AR Ate Gon sto cen eae 500 Gm. 5. oz. av. 

4 Roh co ee, ye ee eo cio com ome cee 1000 Gm. 10 oz. av. 


Melt the rosin, add the yellow wax and lard, and heat the mix- 
ture until it is liquefied, then strain the liquid through muslin, and 
stir it occasionally until it congeals. 


Storage—Preserve Rosin Cerate in well-closed containers. 


Uses—A protective. 


Compound Rosin Cerate N. F. Ceratum Resine 


Compositum 
Cerat. Res. Comp.—Deshler’s Salve, Sp. Cerato de Colofonia 
Compuesto] 

Metric Alternative 
IOSUE sooo c faheye cher eee TORO Res 230 Gm. 3002. av. 297 gr. 
Wiellow!. Wiak..© 0 cas Garis ane kare 220 Gm. 302. av. 227 gr. 
Erepated, Sitet,.;. sarcoennesctnenas 300 Gm. 402. av. 350 gr. 
MMrpeTtiNe: ssc eee eatin o 120 Gm. 1 oz. av. 402 gr. 
Wistseed Oily Vi Is.che ee oe eee 130 Gm. 202. av. 37 gr. 

PRO iMalkelseckt..< crdcta steno eae 1000 Gm. 16 oz. av. 
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Melt the rosin, yellow wax, and prepared suet; add the linseed 
oil and turpentine, and continue the heat, if necessary, until the 
mixture is liquefied. Strain it through coarse muslin, and then 
stir until it begins to congeal. 


Storage—Preserve Compound Rosin Cerate in well-closed containers 
at a temperature below 40°. 


STORAX U. S. P. Styrax 
{Liquid Storax, Sweet Gum, Prepared Storax, Sp. Estoraque] 


Storax is a balsam obtained from the trunk of 
Inquidambar orientalis Miller, known in commerce as 
Levant Storax, or of Liquidambar styraciflua Linné, 
known in commerce as American Storax (Fam. Ham- 
amelidacez). 

Constituents—The following constituents occur in 
both varieties of Storax: styracin (cinnamyl cinnamate), 
styrol (phenylethylene, CsHg), a- and 6-storesin (the cin- 
namic acid ester of an alcohol called storesinol), phenyl-. 
propyl cinnamate, free cinnamic acid, and vanillin. In 
addition to these, Levant Storax contains ethyl czn- 
namate, benzyl cinnamate, free storesinol, tsocinnamic 
acid, ethylvanillin, styrogenin, and styrocamphene. This 
variety of Storax yields from 0.5 to 1 per cent of volatile 
oul; from this have been isolated styrocamphene, vanal- 
lin, the cinnamic acid esters of ethyl, phenylpropyl, 
benzyl, and cinnamyl alcohols, naphthalene, and styrol. 

American Storax contains, in addition to the sub- 
stances previously enumerated as common to both varie- 
ties, styraresin (the cinnamic acid ester of the alcohol 
styresinol, an isomer of storesinol) and styresinolic acid. 
It yields up to 7 per cent of a dextrorotatory volatile 
oil, the composition of which has not been completely 
investigated. Styrol and traces of vanillin have been 
isolated from it. 

Description and Properties—A semi-liquid, grayish to grayish brown, 
sticky, opaque mass, depositing on standing a heavy dark brown layer 
(Levant Storax); or a semi-solid, sometimes a solid mass, softened by 
gentle warming (American Storax). Storax is transparent in thin 
layers, has a characteristic odor and taste, and is more dense than 
water. Storax is insoluble in water, but soluble, usually incom- 
pletely, in an equal weight of warm alcohol. It is also soluble in ace- 
tone, in carbon disulfide, and in ether, some insoluble residue usually 
remaining. An accurately weighed sample (about 2 Gm.) of Storax 
lees not more than 20 per cent of its weight on drying for 2 hours at 
Tests for Purity—Storax is required to meet a specific test for the 
absence of Rosin or Rosin oil, and to comply with requirements for 
Alcohol-insoluble substances (not more than 5 per cent) and Alcohol- 
soluble substances (not less than 70 per cent). The purified Storax ob- 
tained in the last test has an Acid value of 50 to 85 (Levant Storax) 
or 36 to 85 (American Storax) and a Saponification value of 160 to 200. 


It meets the requirements of a specified procedure for the isolation 
and identification of cinnamic acid. For details see the U.S. P. XIII. 


Uses—It is an expectorant but is used chiefly as a 
local remedy, especially in combination with benzoin. 
It may be used, like benzoin, to protect fatty substances 
from rancidity. 


TOLU BALSAM U. S. P. Balsamum Tolutanum 
[Balsam. Tolu.—Tolu, Sp. Balsamo de Told] 


Tolu Balsam is obtained from Myroxylon Balsamum 
(Linné) Harms (Fam. Leguminose). 

Constituents—Tolu Balsam contains up to 80 per 
cent of resin, about 7 per cent of volatile oil, from 12 to 
15 per cent of free cinnamic and benzoic acids, and 0.05 
per cent of vanillin. The volatile oil is composed 
chiefly of benzyl benzoate and benzyl cinnamate; ethyl 
benzoate, ethyl cinnamate, a terpene called tolene (pos- 
sibly identical with phellandrene), and the sesquiterpene 
aleohol farnesol have also been reported to be present. 
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Description and Properties—Tolu Balsam is a brown or yellowish 
brown, plastic solid; transparent in thin layers and brittle when old, 
dried, or exposed to cold temperatures. It has a pleasant, aromatic 
odor resembling that of vanilla, and a mild, aromatic taste. An al- 
coholic solution of the Balsam (1 in 20) isacidtolitmuspaper. Tolu 
Balsam is nearly insoluble in water and in petroleum benzin. It is 
soluble in alcohol, in chloroform, and in ether. It dissolves in solu- 
tions of sodium and potassium hydroxides, usually leaving an in- 
soluble residue. 

Tests for Purity—The Acid value varies from 112 to 168; the Saponi- 
fication value varies from 154 to 220. It is required to be free from 
Rosin, Rosin oil, or Copaiba. For details see the U. 8S. P. XIII. 
Storage—Preserve the Balsam in tight containers and avoid exposure 
to excessive heat. 


Uses—In the form of the official syrup, it is used as a 
stimulating expectorant in doses of 1 Gm. (approxi- 
mately 15 grains). 


Tolu Balsam Syrup U.S. P. Syrupus Balsami Tolutani 
[Syr. Balsam. Tolu.—Syrup of Tolu, Sp. Jarabe de Balsamo de Tolt] 


: Metric Alternative 
Tolu Balsam Tincture........... 50 cc. 1 fl.oz. 288 min. 
Magnesium Carbonate.......... 10 Gm. 146 er. 
SIGTORS. 6.4 OE eee 820 Gm. 27 oz. av. 163 gr. 
Distilled Water, a sufficient quan- 

tity, ; 
BGENIAICON NS. sres acs ce ee nae os 1000 cc. 2 pints 


Mix the tincture intimately with the magnesium carbonate and 
60 Gm. (2 oz. av.) of sucrose ina mortar. Gradually add 430 cc. 
(13% fl. oz.) of distilled water with trituration, and filter. Dis- 
solve the remainder of the sucrose in the clear filtrate with gentle 
heating, strain the syrup while warm, and add sufficient distilled 
water through the strainer to make the product measure 1000 ce. 
(2 pints). Mix thoroughly. 


Tolu Balsam Syrup may also be made in the following 
manner: 


Prepare a percolator as described under Syrup (page 234). 
Pour the filtrate, obtained as directed in the formula above, 
upon the remainder of the sucrose contained in the percolator, 
and when all of the liquid has run through, return portions of the 
percolate, if necessary, to dissolve all of the sucrose. Then pass 
enough distilled water through the cotton to make the product 
measure 1000 ce. (2 pints). Mix thoroughly. 


Alcohol Content—From 2 to 4 per cent, by volume, of CopH50H. 
Storage—Preserve the Syrup in well-closed containers, preferably at a 
temperature not above 25°. 

Uses—Used chiefly for its agreeable flavor in cough 
syrups in doses of 10 cc. (approximately 214 flui- 
drachms). 


Tolu Balsam Tincture U. S. P. Tinctura Balsami 


Tolutani 
[Tr. Balsam. Tolu—Tolu Tincture, Sp. Tintura de Balsamo de Tolti] 
Metric Alternative 
‘Tialitn (SANSA TNS 9 ois eee 200 Gm. 602. av. 296 gr. 
WlnermtR COR nwsaci cape: ss aise. sje Sb ea wes 1000 cc. 2 pints 


Prepare a Tincture by Process M (page 267), using alcohol as 
the menstruum. 


Alcohol Content—From 77 to 83 per cent, by volume, of CgpH5OH. 
Storage—Preserve Tolu Balsam Tincture in tight, light-resistant con- 
tainers, and avoid exposure to direct sunlight and to excessive heat. 

Uses—A balsamic preparation employed as an addi- 
tion to expectorant mixtures. Also used in the prepara- 
tion of the syrup and in applying a coating to oxidizable 
pills. 

Average Dose—2 cc. (approximately 30 minims). 


TURPENTINE N. F. Terebinthina 
-[Terebinth Gum Thus, Gum Turpentine, Sp. Trementina] 


- Turpentine is the concrete oleoresin obtained from 
Pinus palustris Miller and from other species of Pinus 
(Fam. Pinacez). 
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Constituents—Turpentine contains from 10 to 30 per 

cent of a volatile oil recognized by the N. F. under the 
title Turpentine Oil (page 716). The remainder con- 
sists almost entirely of a resin composed of modifications 
of the anhydride of abietic acid [CooH3002]; this is 
official in the N. F. as Rosin (page 742). A bitter 
principle is also present. 
Description and Properties—Turpentine occurs as yellowish orange 
to yellow, opaque masses lighter internally, more or less glossy, 
sticky when warm, brittle in the cold. Odor and taste characteris- 
tic. Turpentine is freely soluble in alcohol, ether, chloroform, and 
glacial acetic acid. An alcohol solution is acid to litmus. 


Tests for Purity—Turpentine is required to meet a specific test for 
Alcohol-insoluble substances and for Foreign organic matter. 


Uses—Turpentine is an ingredient in Compound 
Rosin Cerate and in some unofficial plasters. It is 
chiefly used as the source of the official Turpentine Oil 
and Rosin. 


WHITE PINE N. F._ Pinus Alba 
[White Pine Bark] 


White Pine is the dried inner bark of Pinus Strobus 
Linné (Fam. Pinacez). 

Constituents—White Pine contains tannin, gum, 
resin, and the glycoside coniferin [CigH220s]. The 
latter yields vanillin upon oxidation. Emulsin cleaves 
coniferin to coniferyl alcohol [C1oHi203] and glucose. 
Description and Properties—The N. F. VIII gives a description of 


the whole and powdered drug and establishes limits for Foreign 
organic matter, Outer bark, and Acid-insoluble ash. 


Uses—White Pine is used as an expectorant. 
Average Dose—2 Gm. (approximately 30 grains). 


Compound White Pine Syrup N. F. Syrupus Pini Albe 


Compositus 
[Syr. Pin. Alb. Comp.—Syrupus Pini Strobi Compositus] 
Metric Alternative 

White Pine, in moderately coarse 

DOWGCIE Verne as cis ies 85 Gm. 202. av. 366 gr. 
Wild Cherry, in moderately coarse 

DOWGCI eer ec ee hee 85 Gm. 202. av. 366 gr. 
Aralia, in moderately coarse pow- 

(6 (sob Aol ay ecg Sorel eee orate ener 10 Gm. 146 er. 
Poplar Bud, in moderately coarse 

DO WCE sc eovat sine cee en opens ate 10 Gm. 146 er. 
Sanguinaria, in moderately coarse 

POW GCE tA acest ee cea 8 Gm. 117 gr. 
Sassafras, in moderately coarse 

DOWGGEE prem sen Poaceae ce 10 Gm. 146 er. 
AMatanthes OlILLO fener eer 10 cc. 154 min. 
Chioroformepreee ees: 6 cc. 92 min. 
SUCroseakes sheen e eee Ge 625 Gm. 20 oz. av. 378 gr. 
Glycerin tee retical tosis 100 cc. 3 fl. 07, 96 min. 
Alcohol, 
Distilled Water, each, a sufficient 

quantity, 
Top Mia ker He, Srest cota oh Sateen 1000 cc. 2 pints 


Mix the vegetable drugs, and moisten the powder with a suf- 
ficient quantity of a menstruum composed of the glycerin, 100 ce. 
(3 fl. oz. 96 min.) of alcohol, and 200 ce. (6 fl. oz. 192 min.) of dis- 
tilled water; pack the damp drug in a percolator, and macerate 
during 12 hours. Then percolate, using first the remainder of the 
menstruum and then a mixture of 1 volume of alcohol and 3 vol- 
umes of distilled water until the percolate measures 600 ce. (19 
fl. oz. 96 min.). Filter the percolate, if necessary. In the clear 
percolate dissolve the sucrose, add the chloroform, the amaranth 
solution, and sufficient distilled water to make the product meas- 
ure 1000 ce. (2 pints), and mix well. 


Alcohol Content—From 10 to 12 per cent, by volume, of CgH5OH. 
ee ae eS the Syrup in tight containers, and avoid excessive 
eat. 


Uses—An expectorant. 
Average Dose—4 cc. (approximately 1 fluidrachm). 
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One average metric dose represents 0.34 Gm. each of White Pine and of 
Wild Cherry, 40 mg. each of Aralia, Poplar Bud, and Sassafras, 32 mg. of 
Sanguinaria, and 0.024 ec. of Chloroform. 


Compound White Pine Syrup with Codeine N. F. 
Syrupus Pini Albee Compositus cum Codeina 


[Syr. Pin. Alb. Comp. c. Codein.—Syrupus Pini Strobi Compositus 
cum Codeina] 


Metric Alternative 
Codeine Phosphate4o- oe eee eee 2 Gm. 29 gr. 
Distilled. Water 20, 45 tone eee 10 cc. 154 min. 
Compound White Pine Syrup, a sufficient 
quantity, 
To make. 3402 onc shen ee ene 1000 cc. 2 pints 


Dissolve the codeine phosphate in the distilled water with the 
aid of heat, and mix the solution with the Compound White 
Pine Syrup. 


Alcohol Content—From 10 to 12 per cent, by volume, of CpH;50OH. 
Storage—Preserve the Syrup in tight containers, and avoid excessive 
heat. 


Uses—This exempt narcotic preparation is used as an 
expectorant. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


One average metric dose contains 8 mg. of Codeine Phosphate. 


Unofficial Products Containing Resins, Oleoresins, Gum Resins, and 
Balsams 


Agaric N. F. V (White Agaric, Larch Agaric, Agaricus)—Agaric is the 
dried fruit of Polyporus officinalis Fries (Fam. Polyporacex), de- 
prived of its outer rind. Agaric contains not more than 5 per cent 
of foreign organic matter. It yields to boiling alcohol not less than 
50 per cent of a non-volatile resinous extract. It contains an 
active principle known as agaracin, also resin. Uses: formerly to 
control the night sweats of phthisis. Dose: 0.3 to 0.6 Gm. (ap- 
proximately 5 to 10 grains). 

Amber (Succinum)—A fossil which contains succinic acid, and a vola- 
tile oil (Otl of Amber) which is stimulant and antispasmodic, or 
rubefacient when applied externally. 

Ammoniac (Ammoniacum)—A gum resin obtained from Dorema 
Ammoniacum Don (Fam. Umbellifere). It contains 25 per cent 
gum, 70 per cent resin, and about 3 per cent volatile oil. Uses: 
expectorant and stimulant. Dose: 1 Gm. (approximately 15 
grains). 

Ava (Kava)—An intoxicating liquid, made from the root of Piper 
mete rere (Fam. Piperacee) by the natives of the South Sea 
Islands. 

Bdellium (Bdellium)—A gum-resin obtained from Balsamodendron 
Mukul and Commiphora species grown in India. It contains vola- 
tile oil and resin. Uses; similar to myrrh. 

Blue Flag N. F. VII (Fleur de Lys)—The dried rhizome of Iris versi- 
color Linné, or of Iris virginica Linné (Fam. Iridacez). It contains 
about 25 per cent of acrid resins, volatile oil, tannin, etc. Uses: 
a cathartic, hepatic stimulant, and emetic. Dose: 2 Gm. (approxi- 
mately 30 grains). 

Burgundy Pitch (Pix Burgundica)—The prepared resinous exudation 
of Abies excelsa Poiret (Fam. Pinacex). Uses: in plasters. 
Rubefacient. 

Canada Pitch (Hemlock Spruce Pitch)—The resinous exudation from 
Abies canadensis (Fam. Pinacex). Habitat, Canada. Contains 
volatile oil and resin. Oil of Spruce is obtained by distillation from 
the tree. Uses: rubefacient. 

Canada Turpentine (Terebinthina Canadensis)—A liquid oleoresin 
obtained from Abies balsamea (Linné) Miller (Fam. Pinacee) known 
as the Fir Balsam or Canada Balsam. Contains 15 to 20 per cent 
of volatile oil, composed mostly of l-pinene and bornyl acetate, and 
resin. Uses: a cement and a mounting medium for histological 
specimens. 

Copal—A resinous substance, obtained from a variety of trees, 
brought principally from the East Indies. Uses: for making 
varnish. 

Cypripedium N. F. V (Ladyslipper Root)—Cypripedum consists of 
the dried rhizome and roots of Cypripedium bulbosum Miller, C. 
pubescens Willdenow, or of C. parviflorum Salisbury (Fam. Orchi- 
dacex). This rhizome contains resins, an acid principle, volatile 
oil, tannin, starch, ete. Diluted alcohol extracts its virtues. Uses: 
a nerve sedative. Dose: 1 Gm. (approximately 15 grains). 

Dragon’s Blood (Resina Draconis)—The resin from the fruit of 
Daemonorops species and Calamus Draco, It contains a peculiar 
resin, CooH e002, etc. Uses: for coloring varnishes and lacquers, 
in engraving, in incense, etc. 

Drosera N. F. V (Sundew)—Drosera is the air-dried flowering plant 
of Drosera rotundifolia Linné, frequently mixed with the closely 
allied species Drosera anglica Hudson and Drosera longifolia Linné, 
or at times wholly replaced by these (Fam. Droseracex). It con- 
tains an acrid resin, citric and malic acids, and a ferment. It is 
used in chronic bronchitis and whooping cough but is apparently of 
little value. 

Elemi (Gum Elemi)—From Canariwm commune, grown in the Philip- 
pine Islands. It contains 20-25 per cent of volatile oil, consisting 
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chiefly of several terpenes, and 30-35 per cent of resin. Uses 


similar to turpentine. 

Eucalyptus N. F. V (Red Gum, Eucalyptus Kino, Eucalypti Gummi)— 
Eucalyptus gum is a dried gummy exudation from Hucalyptus 
rostrata Schlecht and other species of Eucalyptus (Fam. Myrtacez). 
It contains gum, kino-tannic acid, and coloring matter. Uses: a 
mild astringent in diarrhea but most frequently employed in 
lozenges and gargles to relieve a relaxed condition of the pharynx. 
Dose: 0.6 Gm. 

Euphorbium (Euphorbium Resin)—From Huphorbium_resinifera, 
found in Morocco. It contains 18 per cent of gum and 38 per cent 
of resin, etc. Uses: vesicant. 

Frankincense (Olibanum)—From several species of Boswellia (Fam. 
Burseracex), found in Africa. _It contains 6 per cent of volatile 
caeret 56 per cent of resin. Uses: similar to turpentine. Dose: 

m 

Galbanum (Galbanum Gum-Resin)—From Ferula galbaniflua. It 
contains 8 per cent of volatile oil and 85 per cent of resin. Uses: 
acne and rubefacient. Dose: 1 Gm. (approximately 15 
grains 

Gutta Percha—The purified, coagulated, milky exudate of various 
trees of the genus Palaquium Blanco (Fam. Sapotacee). Uses: an 
adhesive, used for the preparation of Gutta Percha solution. 

Gutta Percha Solution—Prepared by dissolving 15 Gm. of Gutta 
Percha in 75 cc. of chloroform, adding 17 Gm. of lead carbonate 
previously mixed with 25 cc. of chloroform. Shake the mixture 
phoroughhy and set it aside to clarify by subsidence. Uses: an ad- 

esive. 

India Rubber, Rubber (Elastica)—The prepared milk-juice of several 
species of Vebea Aublet (Fam. Huphorbiacex), known in commerce 
as Para Rubber. Uses: the base for machine-made plasters. 

Juniper Gum (Sandarac)—A resinous material which exudes naturally 
from Tetraclinis articulata (Fam. Pinacee). Habitat, northwestern 
Africa. Uses: chiefly as a varnish and as incense. Formerly 
given internally, and used in ointments and plasters. 

Kava N. F. V (Methysticum, Kava Kava)—Kava is the dried rhizome 
and roots of Piper methysticum (Fam. Piperacex). Kava contains 
not more than 1 per cent of foreign organic matter. Its chief con- 
stituent is a resin present to the extent of 8 per cent. Small 
amounts of other principles, glucosidal and alkaloidal in character, 
are said to be present. Uses: astimulant diuretic. Dose: 1 Gm. 
(approximately 15 grains). 

Labdanum—Resinous exudate from Cistus species (Fam. Cistacez). 
Habitat, Greece. Uses: stimulant expectorant. At present used 
only in plasters and perfumery. 

Lacca (Lac)—A reddish brown resinous exudate from Laccifer lacca 
(Fam. Coccide). Uses: formerly used in medicine, but at present 
used chiefly for making varnish; also in making sealing wax. 

Lignum Vitae (Guaiac Wood)—The heart-wood of Guajacum officinale 
Linné or of Guajacum sanctum Linné (Fam. Zygophyllacex). The 
chief constituent is the resin, which is official as Guaiac. 

Mitchella N. F. VII (Squawvine)—The dried plant of Mitchella repens 
Linné (Fam. Rubiacez). It contains resin, wax, mucilage, and a 
Peer principle. Uses: a diuretic, tonic, and astringent. 
Dose: 2 Gm. (approximately 30 grains). 

Sagapenum—A gum-resin from Ferula Persica (Fam. Umbelliferz). 
The yield of volatile oil is small. Uses: externally in plasters; 
formerly in amenorrhea. Dose: 1.0 Gm. 

Strassburg Turpentine—The oleoresin from Abies pectinata (Fam. 
Pinacez), known as the European Silver Fir. Uses: similar to 
the official turpentine. French oil of turpentine (Hssence de Temp- 
line) is distilled from it. 

Venice Turpentine N. F. IV (Larch Turpentine)—A viscid oleoresin 
obtained from Larix europea De Candolle (Fam. Pinacex). A 
nearly transparent, yellowish or yellowish green, thick liquid, 
heavier than water. Uses: a stimulant diaphoretic and diuretic. 

Water Plantain (Alisma)—From Alisma plantago-aquatica (Fam. 
Alismacezx), indigenous to Europe. Contains an acridresin. Uses: 
rubefacient. 


Specialties Containing Resin, Oleoresins, Gum Resin, and Balsam 


A-200 Pyrinate (McKesson)—Greenish brown ointment containing 
0.5 per cent oleoresin of parsley fruit, 1 per cent pyrethrins, and 
dinitroanisole in a petroleum base. Uses: parasiticide for lice 
and their eggs; apply and let remain 15 minutes. 

Cactina Pillets (Od Peacock)—Pills containing a homeopathic prepa- 
ration of Cactus grandiflorus (Mexicana). Uses: myocardial 
stimulant and diuretic. Dose: 1 to 4 pillets. 

Diatussin (Bischoff)—Vials (6 cc.), containing an alcoholic extract of 
Drosera rotundifolia and Thymus vulgaris; and syrup, each flui- 
drachm (3.7 cc. teaspoonful), containing 2 drops of the extract. 
Uses: expectorant. Dose: 1 tablespoonful of syrup, or 7 drops of 
extract. 

Embro-Sol (Drug Products)—Ointment containing capsicum, aconite, 
camphor, turpentine, and aromatic oils in a petrolatum-lanolin- 
stearin base. Uses: counterirritant in neuralgia, etc., applied by 
rubbing in gently and covering with woolen cloth or flannel. 

Euphorbia and Squill Compound Syrup (Sharp and Dohme)—Syrup, 
each fluidounce containing 120 min. euphorbia tincture, 3 min. 
squill fluidextract, 2 gr. (0.130 Gm.) chloroform, 23% gr. (0. 178 Gm. ) 
ipecac, 16 gr. (1.04 Gm.) Jamaica dogwood, and % gr. (8.1 mg.) 
menthol. Uses: analgesic expectorant. Dose: 1 teaspoonful. 

Ivyol (Sharp and Dohme)—Vials containing the purified active vesi- 
cant principle of poison ivy (1:1000) in sterile olive oil. Uses: 
prophylaxis and treatment of poison ivy and poison oak dermatitis. 
Dose: prophylaxis, 1 vial, intramuscularly, weekly for 4 weeks; 
treatment, | vial, intramuscularly, daily until relieved. 
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brosides) and other compounds. 


CHAPTER LXXII 


CARBOHYDRATES 


CARBOHYDRATES are polyhydroxy aldehydes or ke- 
tones, or organic compounds which yield polyhydroxy 
aldehydes or ketones on hydrolysis. The name derives 
from the general formula which may be written 
(C,H2,0,) or C,(H.20),. This formula led to the belief 
that these substances were hydrates of carbon, hence 
the name, but this supposition has since been proved 
false, for many carbohydrates do not correspond to the 
formula and certainly none of them is a carbon hydrate. 

Carbohydrates, such as cellulose and lignin, form the 
framework of the roots, stems, leaves and other parts 
of plants. They are also found in the plant kingdom 
combined in glycosides (page 781), plant pigments, 
glycoproteins, gums, pectins, mucilages, galactans, 
mannans, etc. Ascorbic acid or vitamin C is a deriva- 
tive of xylose and several antibiotics contain carbo- 
hydrates as portions of their molecules. 

In the animal body carbohydrates are found in 
combination with proteins (glycoproteins), lipids (cere- 
The identity of the 
carbohydrates found in combination is established 
after the various compounds have been isolated and 
hydrolyzed. Thus nucleic acid found in the nuclei of 
all cells when hydrolyzed yields ribose as one product, 
chitin which is the main constituent of crab and lobster 
shells yields glucosamine, chondroitin sulfuric acid is 
obtained from cartilage, and glycogen which is stored 
as a source of energy in liver and muscle yields glucose. 

Classification—The classification of carbohydrates 
is based upon their chemical constitution and behavior 
towards hydrolytic agents such as mineral acids or 
enzymes. Sugars are distinguished by sweetness of 
taste and solubility in water. 

There are a number of naturally occurring sugars 
containing 3 to 6 carbon atoms that cannot be split up 
any further by hydrolysis—these are called monosac- 
charides, e. g., dextrose [CgHi20.]. Other sugars are 
known to split up under the influence of hydrolysis into 
two molecules of monosaccharides. Such sugars are 
known as disaccharides, e. g., sucrose [C12H 22011], which 
splits up according to the following equation: 

Ci2H2011 + HeO — CeHi206 + CeHi206 


sucrose water dextrose levulose ¢ 


The following synopsis gives an outline of the relation- 
ships among the carbohydrates: 


Trioses [C3Hg¢Os], glycerose 

Tetroses [C4HgQO4], erythrose, thre- 
ose 

Pentoses [C5H1005], arabinose, xy- 
lose, ribose, lyxose, etc. 

{| Hexoses [CgH 1206], dextrose, levu- 
lose, sorbose, galactose, mannose, 
ete. 

Ci2H22011, sucrose, lactose, mal- 
tose, isomaltose, trehalose, cello- 
biose, gentiobiose, melibiose, etc. 
11H 200 10, glucoxylose, primeve- 
rose, vicianose, etc. 

Trisaccharides [C;3H320 16, raffinose, gentianose, me- 
lezitose, etc. 
Tetrasaccharides [Co4H 42021], saphaoses ete. 
Artificial sugars belonging to the former groups and also 
| to higher groups have been synthesized 
{ [(CgH1005]n, starches, dextrin, inulin, glycogen, 

II. Non-sugars or | galactosan, mannosan, etc. 

Polysaccharides {Gums (a) natural gums and pentosans 

° (b) marilneee and pectin compounds 

Celluloses [(CgH1005)n] 


Monosaccharides 


I. Sugars 
Disaccharides 


Still other sugars upon hydrolysis yield three, four, 
or more monosaccharides. These are termed, respec- 
tively, trisaccharides, tetrasaccharides, etc. Sugars with 
3 carbon atoms are called trioses, those with 4 carbon 
atoms tetroses, etc. 

Starch and cellulose bear a close chemical relationship 
to the sugars and by hydrolytic change can be converted 
into many molecules of glucose. They are therefore 
termed polysaccharides. 

Isomerism and Structure—Stereoisomerism is a 
common phenomenon in the carbohydrates and espe- 
cially in the sugars. The latter are characterized by 
their optical activity which is determined by the 
polariscope (Fig. 973). This instrument is also used in 
their quantitative determination. 

In the formula for glucose there are 4 unlike asym- 
metric carbon atoms (each atom is bonded to 4 differ- 
ent groups of atoms), therefore there are 24 or 16 dif- 
ferent optical zsomers forming 8 pairs of mirror images 
or enantiomorphs. The p and ut isomers of glucose are 
shown on page 746. 

Nomenclature—The nomenclature of these sugars is 
based on the 5-carbon. All isomers with the configura- 
tion of p-glyceric aldehyde are referred to as p-isomers 
whether they are dextrorotatory or levorotatory. 
Thus, of the 8 p-aldohexoses (aldehyde 6-carbon sugars), 
viz., glucose, mannose, allose, altrose, galactose, talose, 
gulose, and zdose, the first six are dextrorotatory (+) 
and the last two are levorotatory (—). 

The nomenclature becomes a little more complex 
when it is realized that these 16 isomers, of which glu- 
cose is one, form cyclic lactols (hemiacetals) by internal 
condensation between the aldehyde group and one of 
the OH groups, thus giving rise to another asymmetric 
carbon atom which may take the pD or L configuration. 
The two new isomers of each sugar formed are desig- 
nated a and g. The three isomers of p-glucose (Dez- 
trose U.S. P.), found in equilibrium in solutions of this 
sugar, may be represented as follows: 


CH20H 
x don 
aaa, 

OH H C—H 
DSi Vv 
HO C— 

h On 


CH,0OH a i CH,OH as 
; A Or kee 

OH OH VA 
IN be wg SG 


ae, : ae He +) glucose 


The basic structure of the above rings is pyran and 
therefore such sugars are called pyranoses, e. g., a-D(+) 
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glucose is also known as a-p(+) glucopyranose and the 
6 isomer as B-D(+) glucopyranose. The former has a 
specific rotation of +113.4° and the latter +19°. 
When either sugar is placed in solution the specific 
rotation changes until an equilibrium mixture of the 
two sugars is formed with an optical rotation of +52.5°. 
This phenomenon of conversion from a pure isomer to 
an equilibrium mixture of the isomers is known as 
mutarotation. Thus the official Dextrose is an equilib- 
rium mixture of the a and g isomers. The pure alde- 
hyde form has not been isolated and only traces exist 
in solution. 

Fructose similarly forms a pyranose, and in the disac- 
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charide sucrose it is present in the furanose form (5- 
membered ring). 

Reactions of Carbohydrates—Sugars are sometimes 
classified as reducing sugars or non-reducing sugars. 
The reagent used is Fehling’s solution or one of the 
similar alkaline copper solutions. The reduction is evi- 
denced by a visible change in which the blue cupric 
solution loses its color, and cuprous oxide is formed as 
ared precipitate. This is used as a quantitative as well 
as a qualitative test. See Urinalysis. 

Phenylhydrazine is used as a reagent for identifying 
and differentiating sugars, a series of compounds known 
as osazones being produced. 
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DEXTROSE U. S. P. Dextrosum 


[Dextrose.—d-Glucose, Grape Sugar, Bread Sugar, Cerelose, Starch 
Sugar, Corn Sugar, Sp. Dextrosa] 


Dextrose [CgH1205-H2O0 = 198.17] is a sugar usually 
obtained by the hydrolysis of starch. 

Note—It is permissible to use a dextrose which does 
not conform to the official requirements for water of hydra- 
tion, provided the product meets all other official requare- 
ments for purity and also provided suitable allowance is 
made for the difference in water content. If a Dextrose 
injection ts labeled with respect to its dextrose content, the 
label should indicate the number of Gm. of U. S. P. 
(hydrous) Dextrose contained in each 100 ce. 

Preparation—See Liquid Glucose. 


Description and Properties—Colorless crystals or a white, crystalline 
or granular powder. It is odorless, and has a sweet taste. Its specific 
rotation is between +52.5° and +53°. The attainment of constant 
rotation is hastened by boiling the solution, and is effected at once by 
the addition of a small quantity of ammonia or caustic soda. Hence 
in preparing the solutions of dextrose or lactose for determining their 
specific rotation the U.S. P. directs the addition 0.2 cc. of ammonia, 
so that the rotation will become constant at once. Anhydrous dex- 
trose melts at 146°. Dextrose slowly reduces alkaline cupric tartrate 
T.S. in the cold and rapidly on heating, producing a red precipitate 
of cuprous oxide (difference from sucrose). One Gm. of Dextrose 
dissolves in about 1 cc. of water and in about 60 cc. of alcohol. It is 
more soluble in boiling water and in boiling alcohol. 

Tests for Purity— 

Acid—Equivalent to not more than 0.3 cc. of fiftieth-normal so- 
dium hydroxide. 

Color of solution—Dissolve 25 Gm. of Dextrose in sufficient water 
to make exactly 50 cc. of solution; the solution has no more color than 
a mixture of 47 cc. of water with 3 cc. of a solution prepared by mixing 
1.0 cc. of cobaltous chloride C.S., 3.0 cc. of ferric chloride C.S. and 
2.0 ce. of cupric sulfate C.S. with sufficient water to make 10 cc. The 
comparison must be made by viewing the solutions downward in 
matched Nessler tubes, against a white surface. 

Loss on drying—Between 8 and 10 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Chloride—Not more than 0.018 per cent as Cl. 

Sulfate—Not more than 0.025 per cent as SO4. 

Arsenic limit—1.3 parts per million. 

Heavy metals limit—5 parts per million. 

Dezxtrin—1 Gm. of Dextrose should dissolve completely when 
boiled with 15 cc. of alcohol under a reflux condenser. This test also 
eliminates the presence of any substantial amounts of sucrose. 

Soluble starch, sulfites—On adding 1 drop of iodine T.S. to a solution 
of 1 Gm. of Dextrose in 10 ce. of water, the solution should become 
yeney (soluble starch produces a blue color, and sulfite decolorizes 
iodine). : 
Storage—Keep Dextrose in well-closed containers. 


Uses—See Dextrose Ampuls. It is also used, instead 
of lactose, as a supplement to milk for infant feeding. 


Dextrose Injection U. S. P. Injectio Dextrosi 
{Inj. Dextros.—Sp. Inyeccién de Dextrosa] 


Dextrose Injection is a sterile solution of dextrose in 
water for injection. It contains not less than 95 per 
cent and not more than 105 per cent of the labeled 
amount of CgHi20,.-H2O. It meets the requirements 
of the Sterility Test for Liquids (page 126). 

Sterilize Dextrose Injection preferably by Process C 
or-Process F. See Sterilization Processes (page 121). 

The Injection also conforms to the other require- 
ments under Injections (page 249), but bacteriostatic 
agents must not be added. 

This undoubtedly represents one of the most exten- 
sively used injections, especially in hospital practice. 
The strength of the solution may vary from 5 per cent, 

*which is generally considered satisfactory as an iso- 
tonic solution, to 10 per cent, 20 per cent, 25 per cent, 
and 50 per cent. It is usually the 5 per cent solution 
which is used in hospitals, and the quantities which are 
administered may vary from 100 ec. to 1000 ce. or more. 
With such large amounts being administered, a hospital 
will require considerable quantities of this solution 
daily, and many short-cuts have been developed for 
its manufacture. It is general practice to prepare con-_ 
centrated solutions and then to dilute these with water 
for injection, thus saving an immense amount of labor 
and time, particularly in the filtration operation. 

Care should be exercised in the selection of dextrose. 
since the sugar itself may be a source of pyrogens and 
extreme care must be observed throughout the prepara- 
tion of the dextrose injections to prevent contamination 
for the conditions are practically ideal for the develop- 
ment of bacteria and therefore pyrogens. 

Weaker solutions may be sterilized in an autoclave 
without producing any change in color, but with the 
more concentrated solutions there is greater possibi- 
lity of producing a slight change in color on sterilization 
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with high temperatures. Consequently, sterilization 
by filtration is often resorted to in these cases. 

__ The pH of dextrose solutions is lowered upon heating 
and in the past buffers were frequently used in an at- 
tempt to maintain stability. At present, however, 
buffers are seldom added directly to the solution during 
its preparation since this was often the cause of dis- 
coloration and the buffer was frequently used up after 
the solution had stood for a period of time. Where 
buffers are desired, they should be dispensed separately 
so that the physician may add the buffer extemporane- 
ously when the preparation is to be administered. 
Dextrose solutions should be tested for mold. Bacterio- 
static agents are prohibited since such large quantities 
of dextrose are administered at one time that excessive 
doses of the bacteriostatic agent would thus be given. 
Tests for Purity— 

Pyrogen—The Injection, diluted, if necessary, with water for injec- 
tion to contain 5 per cent of dextrose, meets the requirements of the 
Pyrogen Test (page 250). 

Heavy metals limit—5 parts per million on the basis of the dextrose 
content. 

Assay—The Injection is assayed for dextrose as described under 
Dextrose and Sodium Chloride Injection. 

Storage—Keep Dextrose Injection preferably in single-dose, hermetic 
containers, or in other suitable containers. See Containers for Injec- 
tions (page 255). 

Uses— Dextrose is employed intravenously usually as 
a 5 per cent solution which is isotonic with blood serum. 
Since large quantities of dextrose are administered at 
one time, bacteriostatic substances are not permitted 
to be added to the solution as preservatives, as exces- 
sive doses of these substances would thus be given. 

Dextrose provides a readily combustible form of car- 
bohydrate that can be administered parenterally. 
During periods of inanition the intravenous injection 
of isotonic solutions of glucose eas fluid and carbo- 
hydrate. This spares body protein and prevents starva- 
tion acidosis. Dextrose is usually administered in 
solution with isotonic saline in order to maintain water 
and electrolyte balance. This is especially important 
if the patient is dehydrated. 

Hypertonic dextrose solutions are administered intra- 
venously for their diuretic action. Sugar is excreted 
in the urine and this is accompanied by fluid. The 
usual diuretic dose is 50 cc. of a 50 per cent solution. 

Hypertonic dextrose solutions are also used for their 
sclerosing action in the obliteration of varicose veins. 


Dextrose and Sodium Chloride Injection U. S. P. 
Injectio Dextrosi et Sodii Chloridi 


[Inj. Dextros. et Sod. Chlorid.—Sp. Inyeccién de Dextrosa y Cloruro 
de Sodio] 


Dextrose and Sodium Chloride Injection is a sterile 
solution of dextrose and sodium chloride in water for 
injection. It contains not less than 95 per cent and not 
more than 105 per cent of the labeled amount of 
C.Hi20.-H2O and of NaCl. It meets the require- 
ments of the Sterility Test for Liquids (page 126). 

Caution—The sodium chloride content of this Injection 
is sometimes of high concentration. Dextrose and Sodium 
Chloride Injection containing a sodium chloride concentra- 
tion corresponding to the sodium chloride content of iso- 
tonic sodium chloride solution is to be labeled ‘Dextrose 
Injection in Isotonic Sodium Chloride Solution.” 

Sterilize Dextrose and Sodium Chloride Injection 
preferably by Process C or Process F. See Sterilization 
Processes (page 121). 

_ The Injection also conforms to the other require- 
ments under Injections (page 249), but bacteriostatic 
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sclerosing agent. 

This preparation may represent a highly concentrated 
solution for use as a sclerosing agent, or it may represent 
much weaker solutions to be used in a manner similar 
to the usual 5 or 10 per cent dextrose solution. This 
may be a mixture of equal parts of isotonic sodium 
chloride solution and isotonic dextrose solution, or it 
may represent 5 per cent of dextrose in isotonic sodium 
chloride solution. Both of these latter solutions are used 
in relatively large quantities and should be prepared 
according to the suggestions given for the preparation 
of Dextrose Injection. 


Tests for Purity— 

Pyrogen—The Injection, diluted, if necessary, with water for injec- 
tion to contain not more than 0.9 per cent of sodium chloride and not 
more than 5 per cent of dextrose, meets the requirements of the 
Pyrogen Test (page 250). 

Heavy metals linvit—5 parts per million on the basis of the dextrose 
content. 

Assay for Dextrose—To an accurately measured volume of the Injec- 
tion, equivalent to 2 to 5 Gm. of dextrose, 0.2 cc. of ammonia T.S. 
is added, the solution is diluted with water to exactly 100 cc., and 
after 30 minutes the angular rotation is determined in a 200-mm. tube 
at 25°. The rotation in degrees, multiplied by 1.0425, represent the 
weight of CgH120g.H20 in 100 ce. of the dilution. 

Assay for Sodium Chloride—The sodium chloride content is deter- 
mined argentometrically as described in the general method for 
chloride (page 981). Each cc. of tenth-normal silver nitrate is 
equivalent to 5.845 mg. of NaCl. 

Storage—Keep Dextrose and Sodium Chloride Injection preferably 
in single-dose, hermetic containers, or in other suitable containers. 
See Containers for Injections (page 255). Dextrose and Sodium Chlo- 
ride Injection for use as a sclerosing agent may be dispensed in 
multipule-dose containers holding not over 30 cc. of the Injection. 


Uses—See Dextrose Injections. 


LIQUID GLUCOSE U. S. P. 


[Glucos. Liq.—Glucose, Starch Syrup, Corn Syrup, Sp. Glucosa 
Liguida] 


Glucosum Liquidum 


Liquid Glucose is a product obtained by the incom- 
plete hydrolysis of starch. It consists chiefly of dex- 
trose [d-glucose, CgHi20.¢], with dextrins, maltose, and 
water. 

Preparation—Liquid Glucose is obtained commer- 
cially by the action of very weak sulfuric acid or hydro- 
chloric acid on starch. 

One of the processes for the manufacture of glucose 
is as follows: The starch, usually from corn, is mixed 
with 5 times its weight of water containing less than 1 
per cent of hydrochloric acid, the mixture is heated to 
about 45°, and then transferred to a suitable lead-lined 
vessel into which steam is passed under pressure until 
the temperature reaches 120°. The temperature is 
maintained at this point for about an hour, or until 
tests show the complete disappearance of starch. The 
mass is then heated to volatilize most of the hydro- 
chloric acid, sodium carbonate or calcium carbonate is 
added to neutralize the remaining traces of acid, the 
liquid is filtered, then decolorized in charcoal or bone- 
black filters, as is done in sugar refining, and finally 
concentrated in vacuum to the desired consistency. 

Liquid Glucose, when made by the above process, 
contains about 30 to 40 per cent of dextrose mixed with 
about an equal proportion of dextrin, together with 
small amounts of other carbohydrates, notably maltose. 
By varying the conditions of hydrolysis, the relative 
proportions of the sugars also vary. 

If the crystallizable dextrose is desired, the conversion 
temperature is higher and the time of conversion longer. 
The term glucose as customarily used in chemical or 
pharmaceutical literature usually refers to dextrose 
[CgH120.¢], the crystallizable product. 

Dextrose can be obtained as a hydrate in small and 
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laminated crystals from aqueous solution, and in an- 
hydrous form in hard crystalline masses either from 
alcoholic solution or from very concentrated aqueous 
solution. It is less sweet than cane sugar. It is also 
less soluble in water, and much more soluble in alcohol. 
Strong mineral acids hardly act on dextrose, but rapidly 
destroy cane sugar. On the other hand, dextrose is 
destroyed by alkalies, whereas cane sugar forms definite 
compounds with alkalies called sucrates. When dis- 
solved in water and subjected to prolonged ebullition, 
dextrose undergoes very little alteration. It is dextro- 
rotatory in aqueous solution and is capable of under- 
going vinous fermentation directly, without passing 
through any intermediate state. 

The name grape sugar is sometimes applied to the 
solid commercial form of dextrose because the princi- 
pal sugar of the grape is dextrose, although the fruit 
has never been used as a source of the “commercial 
supply. 

Description and Properties—A colorless or yellowish, thick, syrupy 
liquid. It is odorless, or nearly so, and has a sweet taste. Iti is very 
soluble in water, but sparingly soluble in alcohol. Liquid glucose 
differs from sucrose in that it readily reduces hot alkaline cupric 
tartrate T.S. producing a red precipitate of cuprous oxide. 

Tests for Purity— 

Acid—Equivalent to not more than 0.6 cc. of tenth-normal sodium 
hydroxide per 5 Gm. of Liquid Glucose. 

Loss on drying—Not more than 21 per cent. 

Residue on ignition—Not more than 0.5 per cent. 

Arsenic limit—1.3 parts per million. _ 

Heavy metals limit—10 parts per million. 

Sulfite—Not more than about 100 parts per million as SOg deter- 
mined by adding 0.2 cc. of tenth-normal iodine followed by a few 
drops of starch solution. A blue color should be produced. 

Starch—Dissolve 5 Gm. of Liquid Glucose in 50 ce. of water, boil 
the solution for 1 minute, and cool: the addition of 0.2 cc. of tenth- 
normal iodine produces no blue color. 5 
Storage—Keep Liquid Glucose in tight containers. 

Uses—lIt is used officially as a diluent in pilular ex- 
tracts and commercially it has replaced glycerin in 
many pharmaceutical preparations. It is sometimes 
given per rectum as a food in cases were feeding by 
stomach is impossible. It should not be used in the 
place of dextrose for intravenous injection. 


HONEY N. F. Mel 
[Clarified Honey—Strained Honey, Sp. Miel] 


Honey is a saccharine secretion deposited in the 
honeycomb by the bee, Apis mellifera Linné (Fam. 
Apidx). It must be free from foreign substances such as 
parts of insects, leaves, etc., but may contain pollen 
grains. 

The nectaries of flowers contain a sweet substance, 
which is extracted by the bees and stored up in the hive 
in what are known as the honeycombs, which are com- 
posed of beeswax. Large quantities of honey are ob- 
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tained from California, the southern states, and the 
West Indies. Before the passage of the Food and Drugs 
Act, large amounts of artificial honey were manufac- 
tured from glucose by flavoring and coloring, but the 
rigid enforcement of this law has practically eliminated 
the spurious article from the market. Honey consists 
largely of znvert sugar with small quantities of sucrose 
and dextrin. 

History—Honey is one of the oldest of food and 
medicinal products and has been in use as a vehicle for 
disguising medicines since before the days of Tut-ank- 
Amen. Many curious theories were held as to its origin. 
It was credited with many medicinal virtues of its own 
during the sixteenth and seventeenth centuries when it 
was recommended as a cure for almost everything from 
baldness to worms. 

For many years the Pharmacopceia included a process 
for clarifying honey which consisted of mixing the crude 
honey with paper pulp, heating to 70° C., removing the 
scum from the surface, adding water to restore the 
volume, straining, and finally mixing with 5 per cent 
of glycerm. The Food and Drugs Act requirements 
have ensured the production of ample quantities of pure, 
high-grade honey, mostly separated from the comb by 
centrifuging so that the heating process is no longer 
required. 


Description and Properties—Honey is a thick, syrupy liquid of a 
light yellowish to reddish brown color. It is translucent when fresh, 
but frequently becomes opaque and granular through crystallization 
of dextrose. It has a characteristic odor and a sweet, faintly acrid 
taste. Honey is levorotatory, and is acid to litmus paper. The 
specific gravity of honey diluted with exactly twice its weight of water 
is not less than 1.099, and the mixture is only moderately turbid. 
Tests for Purity— 

Free acid—HEquivalent-to not more than 0.5 cc. of normal sodium 
hydroxide per 10 Gm. of honey. 

Residue on ignition—Not more than 0.3 per cent. 

Chloride—Not more than 0.014 per cent as Cl. 

Sulfate—Not more than 0.02 per cent as SO4. 

Artificial honey—Artificial honey is made with “invert sugar.’ 
This sugar results from the hydrolysis of sucrose with dilute see 
and contains equal amounts of dextrose and levulose, and the N. F. 
test is based on the reaction of the levulose with resorcinol. The test 
is made as follows: About 1 Gm. of Honey is triturated with 20 ce. 
of ether in a mortar, and filtered. The ether i is allowed to evaporate, 
and 1 drop of freshly prepared resorcinol T.S. is added to the residue. 
Only a pink color is produced which disappears in 30 seconds, but 
not an orange, reddish orange, or reddish brown color, 

Foreign coloring matier—An aqueous solution of Honey (1 in 2) does 
not immediately change its color when mixed with an equal volume of — 
ammonia T.S. 

Azo dyes—A reddish color is not produced immediately by the addi- 
cee of ; few drops of hydrochloric acid to 5 cc. of an aqueous solution 

in 

Starch or dextrins—The addition of a drop of iodine T.S. to a boiled 
and cooled solution of about 1 Gm. of Honey in 10 cc. of water pro- 
duces no blue, green (starch) or reddish (dextrin) color. 
Storage—Keep Honey in well-closed containers. ' 


Uses—It is used in the preparation of Ferrous Car- 
bonate Mass. Its reducing action tends to maintain the 
iron in the ferrous state. 
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LACTOSE U. S. P. Lactosum 


[Lactos.—Saccharum Lactis, Milk Sugar, Sp. Lactosa] 


Lactose [Cy2H22011-H2O0 360.31] is a sugar ob- 
tained from milk. It is a disaccharide consisting of one 
B-galactose unit and one a-glucose unit. 

Preparation—Sugar of milk is prepared by the addi- 
tion of diluted hydrochloric acid to skim milk to pre- 
cipitate the casein. After the removal of the casein by 
filtration, the reaction of the whey is adjusted to a pH 
of about 6.2 by the addition of lime and the remaining 
albuminous matter is coagulated by heating; this is 
filtered out and the liquid set aside to crystallize. Ani- 
mal charcoal is used to decolorize the solution in a 
manner similar to that used in purifying sucrose. 

Another form of lactose, known as 6-lactose, has ap- 
peared on the market. It is the 6-galactoside of 6- 
glucose instead of a-glucose. It is reported that this 
variety is sweeter and more soluble than ordinary lac- 
tose and for that reason is preferable in pharmaceuti- 
cal manufacturing where lactose is used. Chemically, 
B-lactose does not appear to differ from ordinary a- 
lactose. It is manufactured in the same way as a- 
lactose up to the point of crystallization, then the solu- 
tion is heated to a temperature above 93.5° this 
being the temperature at which the alpha form is con- 
verted to the beta variety. The beta form occurs only 
as an anhydrous sugar whereas the alpha variety may be 
obtained either in the anhydrous form or as a mono- 
hydrate. 


Description and Properties—White, hard, crystalline masses or as a 
white powder. It is odorless, and has a faintly sweet taste. It is 
stable in air, but readily absorbs odors. Its solutions are neutral to 
litmus paper. The specific rotation of Lactose is between +52.2° and 
+52.5° when determined in a solution, containing 10 Gm. of Lactose, 
previously dried to constant weight at 80°, and 0.2 cc. of ammonia in 
each 100 ce. of solution, using a 200-mm. tube. See Deztrose. A hot- 
saturated aqueous solution of Lactose when warmed with an equal 
volume of sodium hydroxide T.S. becomes yellow then brownish red, 
and on adding a few drops of cupric sulfate T.S. to the solution the 
copper is reduced and a red precipitate of cuprous oxide forms. One 
Gm. of Lactose dissolves in 5 cc. of water, in 2.6 cc. of boiling water. 
It Ha very slightly soluble in alcohol and insoluble in chloroform or 
ether. 
Tests for Purity— 

Clarity and color of solution—A solution of 3 Gm. of Lactose in 10 
ec. of boiling water is clear, colorless, and odorless. 

Dextrin or starch—No blue, violet, or red color is produced when 
a drop of diluted iodine T.S. is added to a solution of 1 Gm. of the 
Lactose in 10 cc. of water. 

Dextrose and sucrose—None detectable by the tests given in the 
U.S. P. for these sugars. 

Residue on ignition—Not more than 0.1 per cent. 

Heavy metals limit—5 parts per million. 
Storage—Keep Lactose in well-closed containers. 


Uses—Lactose, more commonly known as sugar of 
milk, is a useful diluent largely used in medicine and 
pharmacy. Lactose is generally an ingredient of the 
medium used in penicillin production. It is extensively 
used as an addition to milk for infant feeding. 


SUCROSE U. S. P. Sucrosum 


{Sucros.—Saccharum, Sugar, Cane Sugar, Beet Sugar, Sp. Sacarosa] 


Sucrose [Ci2H22011 342.30] is a sugar obtained 
from Saccharum officinarum Linné (Fam. Graminez), 
Beta vulgaris Linné (Fam. Chenopodiacex), and other 
sources. It is a disaccharide consisting of one a-glucose 
unit and one #-fructose unit. 

Preparation—Sucrose is prepared commercially from 
the sugar cane, beet root, and sorghum. Originally 
sugar cane was the only source; but at present the root 
of Beta vulgaris is largely used in Europe, and to an 
increasing degree in this country, for making sucrose. 
_ The sugar cane is crushed and the juice amounting to 
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about 80 per cent is expressed with roller mills. The 
juice after “defecation” with lime and removal of excess 
of lime by carbonic acid gas, is run into vacuum pans 
for concentration and the saccharine juice is evaporated 
in this until it begins to crystallize. After the crystal- 
lization is complete, the warm mixture of crystals and 
syrup is run into centrifuges, in which the crystals of 
raw sugar are drained and dried. The syrup resulting 
as a by-product from raw sugar is known as molasses. 
Raw beet sugar is made by a similar process, but is 
more troublesome to purify than that made from sugar 
cane. 

The refined sugar from either raw cane or beet sugar 
is prepared by dissolving the raw sugar in water, clarify- 
ing, filtering, and finally decolorizing the solution by 
passing it through bone-black filters. The water-white 
solution is finally evaporated under reduced pressure 
to the crystallizing point and then forced to crystallize 
in small granules which are collected and drained in a 
centrifuge. 

For making troches, confectioner’s sugar or XX XX 
sugar, a very finely powdered sugar, is now generally 
available. Pulverized sugar, as it is called, is unfitted 
for such a purpose. 

When sugar is crystallized in regular, large, mono- 
clinic prisms, it is called rock candy, and has the specific 
gravity 1.606. Ultramarine was formerly added by 
refiners to save the expense of using bone black. A 
sugar so blued is readily detected, for the syrup is 
slightly yellow, and a sediment is deposited. When 
heated to 185° cane sugar melts into a viscid, color- 
less liquid, which on being suddenly cooled forms a 
transparent amorphous mass, called barley sugar. At a 
higher temperature, between 204.4° and 215.5° it 
loses 2 molecules of water, and is converted into a very 
thick, black liquid, called caramel, which is used largely 
for coloring aqueous or hydro-alcoholiec liquids and is 
official in the N. F. At a still higher heat it yields 
combustible gases, carbonic acid, empyreumatic oil, 
and acetic acid, and there remains about one-fourth of 
its weight of charcoal, which burns without residue. 

Sucrose is fermentable, and in dilute aqueous solu- 
tions it ferments into alcohol and eventually acetic 
acid, if carelessly exposed to warm, dust-laden air. 

Cane and beet sugar are chemically and physically 
identical and therefore cannot be distinguished from 
each other in the refined product. 

Sucrose may be distinguished from grape sugar by 
Trommer’s Test, which consists in the use of copper sul- 
fate and caustic potash. If a solution of cane sugar is 
mixed with a solution of copper sulfate, and potassium 
hydroxide added in excess, a deep blue liquid is obtained, 
which on being heated deposits, after a time, a little 
red powder. A solution of grape sugar, similarly 
treated, yields, by heat, a copious greenish precipitate, 
which rapidly changes to reddish orange, and eventually 
to dark red. 

The sucrose content of raw sugar, syrups, and other 
preparations is usually evaluated polarimetrically. 
Description and Properties—Colorless or white crystals, crystalline 
masses or blocks, or a white, crystalline powder. It is odorless, has a 
sweet taste, is stable in air, and its solutions are neutral to litmus 
paper. It melts at 185°, and has a specific gravity of about 1.57. 
The specific rotation of Sucrose at 20° is not less than +65.9°. Un- 
like the other official sugars (dextrose, lactose), Sucrose does not reduce 
Fehling’s solution even in hot solutions. It also differs from these 
sugars in that it is darkened and charred by sulfuric¢ acid in the cold. 
Sucrose is hydrolyzed by dilute mineral acids, slowly in the cold, and 
rapidly on heating into one molecule each of dextrose and levulose. 
This process is technically known as ‘‘inversion”’ and the product 
is referred to as “invert sugar’; the term inversion being derived 
from the change, through the hydrolysis, in the optical rotation from 


dextro of the sucrose to levo of the hydrolyzed product. One Gm, 
of Sucrose dissolves in 0.5 cc. of water and in 170 cc. of alcohol. It 


dissolves in slightly more than 0.2 ce. of boiling water, and is insoluble 
in chloroform and in ether. 
Tests for Purity— 

Residue on ignition—Not more than 0.05 per cent. 

Insoluble salts, ultramarine or Prussian blue—None, indicated by 
the absence of color or at most only a faint yellow color, in a lin 1 
aqueous solution, and the absence of sediment after the solution has 
stood for several days. 

Chloride—Practically none. 

Sulfate—Not more than 0.006 per cent as SO4. 

Calcitum—Practically none. 

Heavy metals limit—5 parts per million. 

Invert sugar—Not more than 0.3 per cent. This test is based on 
the ability of invert sugar, in contrast to sucrose, to reduce alkaline 
cupric tartrate T.S. (Fehling’s solution) to cuprous oxide. For the 
technique of this test consult the U.S. P. 

Storage—Keep Sucrose in well-closed containers. 


Uses—In pharmacy Sucrose is principally used for 
making syrups, confections, masses, troches, etc. When 
hydrolyzed to a mixture of dextrose and levulose (in- 
verted) the resulting solution is frequently injected as 
a sclerosing agent. 

Invert sugar develops an acid reaction on steriliza- 
tion and if an alkali or buffers are used the acid is re- 
ported to increase. Therefore, it is proposed to use a 
process which will invert sugar and sterilize the prepa- 
ration at the same time. The following directions 
have been given for preparing an 80 per cent solution 
by this procedure: 


INVERT SUGAR INJECTION 


Dissolve 760 Gm. of sucrose in water for injection and add 1 
ce. of one-normal hydrochloric acid and sufficient water to make 
1000 cc. This solution should produce an orange color with 
methyl orange, T.S. The solution is filtered, filled into ampuls, 
and sterilized by process C. 


CARBOHYDRATES 


SYRUP U. S. P. Syrupus 


{Sirup, Simple Syrup, Sp. Jarabe] 


Metric Alternative 
Sucroseigiiiacawie sete ae eee ee ee 850 Gm. 7 lbs. 1%oz. av. 
Distilled Water, a sufficient quantity, 
Top malkkeNnc 4. cee eae 1000 cc. 8 pints 


Insert into the neck of a percolator of suitable size a pledget 
of purified cotton, not too tightly, but in such a manner that the 
cotton nearly fills the neck of the percolator, and moisten it with 
afew drops of distilled water. Place the sucrose in the percolator, 
make its surface level without shaking or jarring, then carefully 
pour upon it 450 cc. of distilled water, and regulate the flow of 
the liquid, if necessary, so that it will drop rapidly. Collect the 
percolate in a 1000-cc. graduated container and, if necessary, 
repass portions of it through the percolator to dissolve all of the 
sucrose. Then pass enough distilled water through the cotton to 
make the product measure 1000 cc. (8 pints). Mix thoroughly. 

Syrup may also be prepared in the following manner: 

Heat 450 ec. of distilled water to boiling, add the sucrose, and 
continue to heat it cautiously, stirring continuously, until the 
sucrose is dissolved and the syrup has a temperature of 100°. 
Then filter it through purified cotton or other suitable filter, and 
rinse the container with small portions of hot distilled water, 
passing the rinsings through the filter until the product measures 
1000 ce. when cold. Mix thoroughly. 


Specific gravity—The specific gravity of Syrup is about 1.313. 
Storage—Keep Syrup in tight containers, preferably at a tempera- 
ture not above 25°. 


Uses—Employed as a sweetening agent, as an excipi- 
ent in pills, and as the basis for many flavored and 
medicated syrups. 


POLYSACCHARIDES 


ACACIA U. S. P. Acacia 
[Acac.—Gum Arabic, Sp. Acacia, Goma Ardbiga] 


Acacia is the dried gummy exudation from the stems 
and branches of Acacia Senegal (Linné) Willdenow, or 
of some other African species of Acacia (Fam. Legumz- 
nNOsSe). 

Constituents—This gum consists mostly of the cal- 
cium salt of arabic acid (arabin) which yields arabinose, 
galactose, and arabinosic acid when hydrolyzed. 


Description and Properties—The U.S. P. XIII includes a description 
of Unground Acacia, Flake Acacia, and Powdered Acacia. Acacia is 
insoluble in alcohol, but almost completely soluble in twice its weight 
of water at room temperature; the resulting solution flows readily 
and is acid to litmus paper. 

Identification—A flocculent, or curdy, white precipitate is immedi- 
ately produced when 0.2 cc. of diluted lead subacetate T. a is added 
to 10 cc. of a 2 per cent cold solution of Acacia. 

Tests for Purity— 

Total ash—Not more than 4 per cent. 

Acid-insoluble ash—Not more than 0.5 per cent. 

Moisture—Not more than 15 per cent when determined by drying 
at 105°. 

Optical rotatton—A 10 per cent solution shows but slight levorota- 
tion. 

Insoluble residue—Not more than 1 per cent insoluble in water. 

Starch or dextrin—A 2 per cent aqueous solution when boiled does 
not give a bluish or reddish color with iodine T.S. 

Tannin-bearing gums—No blackish coloration or precipitate is 
produced when 0.1 ce. of ferric chloride T.S. is added to 10 ce. of a 
2 per cent solution of Acacia. 

Incompatibilities—see page 1183. 


Uses—In pharmacy, Acacia is extensively used for the 
suspension of insoluble substances in water, and for the 
formation of pills and troches. Two kinds of powdered 
acacia are used, one a coarse powder called granulated, 
the other finely dusted. The granulated dissolves more 
readily in water, because it has lost during desiccation 
only a part of its moisture, while in preparing the 
“finely dusted”? powder, the high heat necessarily used 

to dry it thoroughly drives off nearly all of the water. 
Its easy solubility and its absence of tendency to form 
‘Jumps’? cause the coarse powder to be preferred for 


solutions, emulsions, etc. Acacia is used as a binding 
agent in emulsions, pills, troches, ete. 

It is used for its demulcent action in inflammations 
of the throat or stomach. 

The osmotic pressure of solutions of acacia are ap- 
proximately the same as equal concentrations of serum 
protein. Consequently, acacia has received clinical 
trial as a substitute for serum protein in the treatment 
of shock and as a diuretic in hypoproteinemic edema. 
In each field, it has a limited usefulness but with the ad- 
vent of dried stable preparations of human serum pro- 
tein, the medicinal importance of acacia has diminished. 

Solutions containing 6 per cent of acacia in isotonic 
sodium chloride solution were used. The following 
formula for a concentrate is satisfactory: 

Note—This injection vs to be diluted with three volumes 
of water for injection before using. 


CONCENTRATED ACACIA INJECTION 


Sodium’ Chlorides ssaec Seer eee ee eee 36 Gm. 
Acacia, ‘select tears: Se Ate na eect Oro ine ee ae 240 Gm. 
Water for Injection, a sufficient quantity, 

To. makes ck .eee dae ene Ce eee 1000 cc. 


Dissolve the sodium chloride in about 950 ce. of hot water for 
injection, add the acacia and stir until dissolved. Adjust to a 
pH between 7.0 and 7.2, and autoclave at 15 pounds pressure for 
90 minutes. Add about 40 Gm. of kieselguhr and filter the hot 
mixture through filter paper placed in a Biichner funnel, adding 
sufficient water for injection to make 1000 ce. Again adjust to 
a pH between 7.0 and 7.2, if necessary, and filter the solution 
through a No. 50 Whatman filter paper. * Fill into suitable con- 
tainers and autoclave at 5 pounds pressure for 45 minutes. 


Acacia Mucilage U. S. P. Mucilago Acacize 


[Mucil. Acac.—Mucilage of Gum Arabic, Sp. Mucilago de Goma 
Arabiga] 
Metric Alternative 
Acacia, in small fragments....... 350 Gm. 11 o0z. av. 299 gr. 
Benzoici Acid. sake oe 2 Gm. 29.2 gr. 
Distilled Water, a sufficient quan- 
tity, 
To: make lant G22) ees eee 1000 cc. 2 pints 


CARBOHYDRATES 


Place the acacia in a graduated bottle having a wide mouth 
and a capacity not greatly exceeding 1000 cc., wash the drug with 
cold distilled water, allow it to drain, and add enough warm dis- 
tilled water, in which the benzoic acid has been dissolved, to 
make the product measure 1000 ce. (2 pints). After stoppering, 
lay the bottle on its side, rotating it occasionally, and when the 
acacia has dissolved strain the mucilage. 

Acacia Mucilage may also be prepared by adding 400 cc. of 
distilled water, in which the benzoic acid has previously been dis- 
solved with the aid of heat, to 350 Gm. of powdered or granular 


. acacia, in a mortar, and triturating until the acacia is dissolved. 


Then add sufficient distilled water to make the product measure 
1000 cc. (2 pints). 


Caution—Acacia Mucilage must be free from mold or any other 


indication of decomposition. 
Storage—Keep the Mucilage in tight containers. 


Uses—A demulcent; also employed as an excipient 
in making pills and troches, and as an emulsifying 
agent for cod liver oil and other substances. 

Average Dose—15 cc. (approximately 4 fluidrachms). 


Acacia Syrup N. F. Syrupus Acaciz 
[Syr. Acac.—Sp. Jarabe de Acacia] 


Metric Alternative 
Acacia, granulated or powdered. . 100 Gm. 302. av. 148 gr. 
Sodium Benzoate.............. 1 Gm. 14.6 gr. 
PATNA MINHCLUTC:. 2.5.0.2 3 sie os DICG. 76.8 min. 
POMCNOSE MER Pct Sa es asks ales os 800 Gm. 26 0z. av. 308 gr. 
Distilled Water, a sufficient quan- 
tity, 
IND Te ae 1000 cc. 2 pints 


Mix the acacia, sodium benzoate, and sucrose; then add 425 
ec. (18 fl. oz. 288 min.) of distilled water, and mix well. Heat the 
mixture on a water bath until solution is completed. When cool, 
remove the scum, add the vanilla tincture and sufficient distilled 
water to make the product measure 1000 ce. (2 pints), and strain, 
if necessary. 


Storage—Keep the Syrup in tight containers, and avoid excessive 
heat. 


Uses—A vehicle and demulcent. 


AGAR U. S. P. Agar 


Agar-Agar—Vegetable Gelatin, Gelosa, Chinese or Japanese Gelatin, 
Sp. Agar] 


Agar is the dried hydrophilic, colloidal substance ex- 
tracted from Gelidiwm cartilaginewm (Linné) Gaillon 
(Fam. Gelidiacex) and from related red alge (Class 
Rhodophycez). — 

-Constituents—This substance is a galactan which 
yields galactose when hydrolyzed. 


Description and Properties—The U.S. P. XIII includes a description 
of Unground Agar, Histology, and Powdered Agar. ~ Agar is insoluble 
in cold water, but soluble in boiling water. 

Identification—(1) Iodine T.S. colors some fragments bluish black 
with some areas reddish to violet. (2) When boiled with 65 times its 
weight of water for 10 minutes, with constant stirring, and adjusted 
to 14% per cent, by weight, with hot water, agar forms a clear liquid 
which congeals at 32° to 39° to form a firm, resilient gel, which does 
not melt below 85° C. 

Tests for Purity— 

Moisture—Not more than 20 per cent by Method VII (page 1061) 
by drying at 105°. 

Acid-insoluble ash—Not more than 0.5 per cent. 

_ Total ash—Not more than 6.5 per cent. 
Foreign organic matter—Not more than 1 per cent. 


Foreign insoluble matter—Not more than 1 per cent insoluble in - 


water. 
Foreign starch—None detectable in 100 mg. with iodine T.S. ; 
Gelatin—None detectable in a 1 per cent solution, with picric acid 


Sas. 


Water absorption—lt absorbs at least 5 times its weight of water. 


~ Uses—lIt is used in culture media for bacteriological 
work (see the chapter on “Diagnostic Reagents’; also 


administered internally, in doses of two to three 


-drachms (8 to 12 Gm.), to give moisture and bulk to 


the intestinal contents in chronic constipation. 


a ad 
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Average Dose—4 Gm. (approximately 1 drachm). 


ALTHEA N. F. Althaea 
[Marsh Mallow Root, Sp. Altea, Raiz de Altea] 


Althea is the dried root of Althea officinalis Linné 
(Fam. Malvacex) deprived of the brown corky layer and 
small roots. 


Description and Properties—The N. F. VIII includes a description of 
Unground Althea, Histology, and Powdered Althea. 
Identification—The mucilage obtained by mixing 1 Gm. of Althea 
with 10 ce. of cold water, stirring during 30 minutes, and then filter- 
ing, has a weak yellow color and is only slightly acid to litmus paper. 
It assumes a moderate to strong yellow color when treated with 
ee hydroxide T.S. and has neither a sour nor an ammoniacal 
odor. 
Tests for Purity— 
Foreign organic matter—Not more than 1 per cent. 
Acid-insoluble-ash—Not more than 1 per cent. 
Storage—Preserve Althea against attack by insects. 


Uses—A demuleent and filler for pill masses. 


Althea Syrup N. F. Syrupus Althe 


Syr. Althae.—Sp. Jarabe de Altea] 


Metric Alternative 
Althea, cut into small pieces..... 50 Gm 1 oz.'av. 293 gr. 
AlCOnOle eric nt eet are seca BOLCC. 461 min. 
Glycerin Fee tie heae. ate oreo 100 cc. 3 fl. oz. 96 min. 
SUCTOSE wee ee rime Sea 700 Gm. 23 oz. av. 161 gr. 
Distilled Water, a sufficient quan- 
tity, ; 
"Po-make na werectehe or sien 8 ors 1000 cc. 2 pints 


Wash the althea with cold distilled water. Mix 400 cc. of dis- 
tilled water with the alcohol and macerate the althea in this solu- 
tion for 3 hours at room temperature, without stirring it. Strain 
without expressing the residue, and dissolve the sucrose in the 
strained liquid by agitation, without heat. Add the glycerin 
and sufficient distilled water to make the product measure 1000 
ce. (2 pints), and mix thoroughly. 


Alcohol Content—From 2 to 3 per cent, by volume, of CopH50H. 
Storage—Keep the Syrup in tight containers, and avoid excessive 
heat. 


Uses—A demulcent. 


CHONDRUS N. F. Chondrus 
[Irish-moss] 


Chondrus is the dried, bleached plant of Chondrus 
crispus (Linné) Stackhouse, or. of Gigartina mamillosa 
(Goodenough et Woodward) J. Agardh (Fam. Gigartina- 
Cex). 


Description and Properties—Matted masses of entire plants from 5 to 
15 cm. in length, with slender stalks from which arise a series of 
dichotomously branching, more or less flattened segments having 
emarginate or deeply cleft tips up to 10 mm. in width; translucent, 
frequently coated with a calcareous deposit which effervesces with 
hydrochloric acid; sometimes with sporangia embedded near the 
apex of the segments (in C’.. crispus) or with sporangia borne on short 
stalks, scattered over thé upper portion of the segments (in G. mamil- 
losa). The plants are somewhat cartilaginous and have a pale yellow 
to moderate yellow color, a slight, seaweed-like odor, and a salty, 
mucilaginous taste. 

Identification—(1) Upon boiling 1 part of Chondrus for about 10 
minutes with 30 parts of water, maintaining the volume, the strained 
liquid after cooling forms a thick jelly. (2) When softened in cold 
water, it becomes gelatinous and transparent, the thallus remaining 
nearly smooth and uniform, and not swollen except slightly at the 
tips. 

Tests for Purity— 

Gelatin and starch—The filtrate produces no precipitate on the 
addition of tannic acid T.S. (gelatin), and no blue color on the addi- 
tion of iodine T.S. (starch) when 0.3 Gm. is boiled in 100 cc. of water 
for 1 minute and filtered. ; 

Sulfites—No bluish purple color is developed within 15 minutes 
by the vapors acting on potassium iodate-starch paper when 5 Gm. 
jis warmed with 30 cc. of water and 5-cc. of phosphoric acid. A tran- 
sient color usually indicates a higher sulfite content than a permanent 
color. 
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Foreign organic matter—Not more than 2 per cent. 
Acid-insoluble ash—Not more than 2 per cent. 


Uses—Chondrus is used principally as an emulsifying 
agent for liquid petrolatum and for cod liver oil, the 
mucilage being used. 


Chondrus Mucilage N. F. Mucilago Chondri 
{[Mucil. Cond.—Irish Moss Mucilage] 


Ghondrus.... 5. oe BAG so ee ee Metric Alternative 
Water, a sufficient quantity,.......... 30 Gm. 1.02. av. 1 gr 
ALO! MAO 05 calRseana ere aeevacforeee nen 1090 cc. 2 pints 


Wash the chondrus quickly with cold water. Place it in a suit- 
able vessel, add 1000 cc. (2 pints) of boiling water, and heat the 
mixture on a water bath during 10 minutes, stirring it frequently. 
Then strain it through muslin with pressure, add sufficient hot 
water through the strainer to make the product measure 1000 ce. 
(2 pints), and mix it thoroughly. 


Storage—Keep the Mucilage in tight containers. 


Uses—An emulsifying agent and demulcent. 


ELM N. F. Ulmus 
[Elm Bark, Slippery Elm] 


Elm is the dried inner bark of Ulmus fulua Michaux 
(Fam. Ulmacee). 


Description and Properties—The N. F. includes a description of 
Unground Elm, Histology, and Powdered Elm. 

Identification —T he mixture obtained by macerating 1 Gm. with 
40 cc. of water for 1 hour is of a thick mucilaginous consistency and 
yellowish brown in color. 

Tests for Purity— 
Outer bark—Not more than 2 per cent. 
Acid-insoluble ash—Not more than 1 per cent. 


Uses—Demulecent and emollient. 


LINSEED N. F. Linum 


[Flaxseed] 


Linseed is the dried ripe seed of Linum usitatissimum 
Linné (Fam. Linacez). 

Linseed yields not less than 30 per cent of non-vola- 
tile, ether-soluble extractive, of which not more than 2 
per cent is unsaponifiable matter. 


Description and Properties—The N. F. includes a description of 
Unground Linseed, Histology, Powdered Linseed, and Linseed Meal. 
Tests for Purity— 

Cottonseed meal— Linseed Meal and Powdered Linseed do not show 
irregular epidermal cells with thick stratified yellowish walls and 
brown contents, twisted hairs or palisade cells, in excess of the toler- 
ance on foreign seeds. 

Cruciferous seed meals—Linseed Meal and Powdered Linseed do 
not show the histologieal characteristics of cruciferous seeds in an 
amount in excess of the tolerance on foreign seeds. 

Starch or starch-bearing seeds—Not more than a faint blue color is 
produced when iodine T.S. is added to the filtrate obtained by boiling 
50 ce. of distilled water with 1 Gm. of Linseed Meal. 

Foreign seed and foreign organic matter—Not more than 2 per cent. 

Acid-insoluble ash—Not more than 1 per cent. 

Assay—Proceed as directed for the determination of Non-volatile, 
Ether-soluble Extractive (page 1062) using 20 Gm. of Linseed. 


Uses—Demulcent and emollient. 


PECTIN N. F. Pectinum 


Pectin is a purified carbohydrate product obtained 
from the dilute acid extract of the inner portion of the 
rind of citrus fruits or from apple pomace. It consists 
chiefly of partially methoxylated polygalacturonic acids. 

Pectin yields not less than 7 per cent of methoxyl 


CARBOHYDRATES 


groups and not less than 78 per cent of galacturonic acid 
when calculated on a moisture- and ash-free basis. 

Note—Commercial pectin for the production of 
jellied food products is standardized to the convenient 
“150 jelly grade” by addition of dextrose or other sugars 
and sometimes contains sodium citrate or other buffer 
salts. This monograph refers to the pure pectin to 
which no such additions have been made. 


Description and Properties—A coarse or fine powder, yellowish white 
in color, almost odorless, and with a mucilaginous taste. It is almost 
completely soluble in 20 parts of water at 25°, forming a viscous, 
opalescent, colloidal solution which flows readily ‘and is acid to litmus 
paper. It is insoluble in alcohol or in diluted alcohol, and in other 
organic solvents. It dissolves in water more readily if first moistened 
with alcohol, glycerin, or simple syrup, or if first mixed with 3 or more 
parts of sucrose. 

Identification—(1) A stiff gel is formed when 1 Gm. of Pectin is 
heated with 9 cc. of water until a solution is formed, the volume being 
maintained, and then cooled. (2) A translucent, gelatinous precipi- 
tate is formed when an aqueous solution (1 in 100) is treated with an 
equal volume of alcohol (difference from most gums). (3) A stable pre- 
cipitate or gel forms when 1 ce. of thorium nitrate T.S. is added to 


10 cc. of an aqueous solution (1 in 100), stirred, and allowed to stand _ 


for 2 minutes (difference from gums). (4) A transparent gel or semi- 
gel forms when 1 ee. of a potassium hydroxide solution (1 in 50) is 
added to 5 ec. of an aqueous solution (1 in 100) and allowed to stand 
at room temperature for 15 minutes (difference from tragacanth). 
(5) A voluminous, colorless, gelatinous precipitate forms, which upon 
boiling becomes white and flocculent (pectic acid) when the gel from 
the preceding test is acidified with diluted hydrochloric acid. (6) 
Fifty cc. of an aqueous solution (1 in 50) is heated to 70° and 5 ee. of 
sodium hydroxide solution (1 in 5) is added. The mixture is allowed 
to stand 10 minutes and then slightly acidified with sulfuric acid. 
Then it is distilled until 5 cc. of distillate is collected. The entire 
distillate when tested as directed under Alcohol responds to the test 
for Methanol (page 501). 
Tests for Purity— 

Loss on drying—Not more than 10 per cent. 

Ash—Not more than 4 per cent. 

Acid-insoluble ash—Not more than 0.4 per cent. 

Arsenic—Not more than 20 parts per million. 

Lead—Not more than 5 parts per million. 

Starch—Not even a transient blue color is produced when a few 
drops of iodine are added to a boiled 1 per cent solution. 

Sugars and organic acids—Not more than 15 per cent. 
Assay for methoxyl groups—Five Gm. of Pectin is stirred with a mix- 
ture of 5 cc. of hydrochloric acid and 100 cc. of 60 per cent alcohol. 
The precipitate is filtered off, washed with the acid-alcohol mixture, 
then with alcohol and dried. Exactly one-tenth of the dried sample 
(representing 0.5 Gm. of the original) is moistened with 2 cc. of alcohol 
and 100 cc. of water is added. Then 5 drops of phenolphthalein 
T.S. is added and titrated with 0.5 N sodium hydroxide and the 
results recorded as the initial titer. Then 20 cc. of 0.5 N sodium 
hydroxide is added and the mixure allowed to stand for 15 minutes. 
Then 20 cc. of 0.5 N hydrochloric acid is added and the mixture is 
shaken until the pink color disappears. After adding 3 drops of 
phenolphthalein T.S. the mixture is titrated with 0.5 N sodium 
hydroxide to a pink color which persists after vigorous shaking; this 
value is the saponification titer. Hach ce. of 0.56 N sodium hydroxide 
used in the saponification titer is equivalent to 15.5 mg. of OCH on 
an undried basis. 
Assay for galacturonic acid—Hach cc. of 0.5 N sodium hydroxide 
used in the total titration (the initial titer added to the saponification 
titer) is equivalent to 97.07 mg. of C5sH9O05;COOH on an undried 
basis. 
Storage—Keep Pectin in tight containers. 
Incompatibilities—Pectin is precipitated from solution by an excess 
of alcohol. Metals, particularly the heavy metals, form insoluble 
derivatives. In the presence of alkalies, Pectin undergoes progressive 
hydrolysis resulting in a demethylation followed by a splitting of the 
glycosidic linkages « of the galacturonic acid units. In cold acid solu- 
tion it is more stable; prolonged heating of such a solution causes 
hydrolysis. 


Uses—Pectin is of value in the treatment of diar- 
rhea in infants and children. 


has been suggested as a colloidal type of solution for 
use as a substitute for electrolyte solutions for blood and 


blood plasma to prevent and treat shock: 


Pectin Injection 


Dissolve 10 Gm. of pectin in 1000 ce. of cold water, filter, heat 
in an Arnold sterilizer for 4 hours, filter through No. 50 paper, 
and repeat the treatment three times. Finally filter the solution 
through Seitz filters into containers with sodium chloride to make 
0.9 per cent sodium chloride concentration. The resultant solu- 
tion is almost water-clear, showing no yellow color and has a 
pH of approximately 3.5. Add the following buffer solution 
before using: NaHePO4gH2O0 285 Ges water for injection 100 
ec.; dissolve and adjust to pH 7 with sodium hydroxide. 


The following solution | 


CARBOHYDRATES 


Pectin Paste N. F. Pasta Pectini 


[Past. Pectin.] 


aa Metric Alternative 
Pectin. 2 Sona as ORS Aly fey eto RU Oho Po 75 Gm. loz. av. 88 gr: 
RUG e TIPS era pees. NL eh yi, 180 Gm. 2 oz. ay. 385 gr: 
RETUZOICHA Cid ye) ac iis ey SN wrk 2 Gm 14 gr: 
Ringer’s Solution, a sufficient quantity, 
EROpnaa Ke AOU Ge icc snake wea el 1000 Gm. 1 lb. av. 


Dissolve the benzoic acid in 825 ce. of the Ringer’s Solution 
heated to 100°. Mix the pectin and glycerin in a large dry con- 
tainer until all of the particles of pectin are covered. Then, while 
stirring, add all of the hot Ringer’s Solution containing the ben- 
moe ee and continue the stirring until a homogeneous paste is 

ormed. 


Storage—Keep the Paste in tight containers and avoid excessive heat 
It may deteriorate and after a few months show some liquefaction. 


Thin Pectin Paste N. F. Pasta Pectini Fenuis 


[Past. Pectin. Ten.] 


Metric Alternative 
1 RELI og) A ie a 35 Gm 245 er. 
RUBY COTE ee tif ociateecoite's oO es as 70 Gm.. loz. av. 53 gr. 
ROH ZOIGEN CIO oho tsetse) oy ile hese ehh 2 Gm 14 er. 
Ringer’s Solution, a sufficient quan- 
tity, 
Biommeakera Outs). s010s 0.66. shale 1000 Gm. 1 lb. av. 


Dissolve the benzoic acid in 950 ce. (1414 fl. 02.) of the Ringer’s 
Solution heated to 100°. Mix the pectin and glycerin in a large 
dry. container until all the particles of pectin are coated. Then, 
while stirring, add all of the hot Ringer’s Solution containing the 
benzoic acid, and continue the stirring until a homogeneous paste 
is formed. 


Storage—Keep the Paste in tight containers and avoid excessive 
pee It may deteriorate and after a few months show some lique- 
action. 


PLANTAGO SEED N. F. Plantaginis Semen 
[Plantag. Sem.—Psyllium Seed, Plantain Seed] 


Plantago Seed is the cleaned, dried, ripe seed of 
Plantago Psyllium Linné, or of Plantago indica Linné 
(Plantago arenaria Waldstein et Kitaibel), known in 

“commerce as Spanish or French Psyllium Seed; or of 
Plantago ovata Forskal, known in commerce as Blond 
Psyllium or Indian Plantago Seed (Fam. Plantaginacez). 
Description and Properties—The N. F. includes a description of 
Unground Plantago Seed and Histology 
Tests for Purity— 

Test for quality—The seeds of Plantage Psyllium occupy a volume 
of not less than 14 cc., those of Plantago ovata not less than 10 cc., 
and those of Plantago indica not less than 8 cc. when 1 Gm. of Plan- 
tago Seed is placed in water | 
Foreign organic matter—Not more than 0.5 per cent. 


Total ash—Not more than 4 per cent. 
Acid-insoluble ash—Not more than 1 per cent. 


Uses—Plantago Seed, by virtue of its indigestibility 
and mucilaginous character, acts as a mild laxative. 
Average Dose—7.5 Gm. (approximately 2 drachms.) 


STARCH U. S. P. Amylum 
[Corn Starch—Sp. Almidon] 


Starch consists of the granules separated from the 
grain of Zea Mays Linné (Fam. Graminez). 

Starch is present in many drugs, and is an important 
constituent of many vegetable foods. 

‘Starch, when moistened with diluted acids and 
heated, or through the action of diastase, or even when 
heated alone, is converted into dextrin, a substance re- 

-sembling gum in appearance and properties. Dextrin 


i 
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is largely dissolved by water, hot or cold, and forms a 
viscous solution, from which it is precipitated by alcohol. 
Large quantities of dextrin are now made both in 
America and. abroad, and used for various purposes in 
the arts, under the name of artificial gum or British gum. 
It is found in the market in the form of a white, brilliant 
powder, or in small masses or fragments resembling 
natural gum. It may be distinguished from gum arabic 
by the taste and the peculiar, harsh sensation when 
rubbed in the hand. 


Inulin, (CeHi00s)n, is a substance closely allied to 
starch. It is found in some of the plants belonging to 
the family Composite, as Inula, Taraxacum, Pyre- 
thrum, Lappa, etc. It has also been found, according 
to Kraus, in plants of the Campanulacee, Goodeniacex, 
Lobeliacex, and Stylidacee. It differs from starch in 
the following particulars: it is colored yellow by iodine, 
does not gelatinize with water, and is not found in 
plants in the form of granules having concentric layers 
like starch. 


Preparation—In making starch from corn, the germ 
must be separated mechanically and the cells then 
softened so as to permit the escape of the starch gran- 
ules. This is generally done by permitting it to become 
sour and decomposed, stopping the fermentation be- 
fore the starch is affected. Upon the small scale, 
starch may be made from wheat flour by making a stiff 
ball of dough and kneading it while a small stream of 
water trickles upon it. The starch is carried off with 
the water, while the gluten remains as a soft, elastic 
mass; the latter may be purified and used for various 
purposes to which gluten is applicable. The quantity 
of commercial starch largely depends upon the purity 
of the water used in its manufacture. Starch may be 
made from potatoes by first grating them, and then 
washing the soft mass upon a sieve, which separates 
the cellular substances and permits the starch granules 
to be carried through. The starch must then be thor- 
oughly washed by decantation, and the quality of this 
starch also depends largely upon the purity of the water 
that is used in washing it. 


Description and Properties—Irregular, angular, white masses or a 
fine powder, consisting chiefly of polygonal, rounded, or spheroidal 
grains from 3 to 35 microns in diameter and usually with a circular 
or several-rayed central cleft. It is odorless, and has a slight, charac- 
teristic taste. Starch is insoluble in cold water and in alcohol. When 
it is boiled with about 20 times its weight of hot water for a few min- 
utes and than cooled a translucent, whitish jelly results. _Its aqueous 
suspension is neutral to litmus. The most outstanding chemical 
characteristic of starch is the purplish blue or deep blue color it gives 
with iodine T.S. The iodine is, however, loosely bound and is removed 
by solutions of sodium thiosulfate, sulfites, silver salts, etc. By 
hydrolysis with dilute mineral acids, starch is converted into dextrose 
(glucose). 
Tests for Purity— 

Loss on drying—Not more than 14 per cent. 

Residue on ignition—Not more than 0.5 per cent. ie 

Tron—None detectable in 500 mg. of Starch with acidified potas- 
sium ferrocyanide T.S. (Prussian blue is not formed.) 
Storage—Keep Starch in well-closed containers. 


Uses—Starch is used in a number of official prepara- 
tions chiefly because of its absorbent properties; also 
used as a filler or diluent in tablets and, in the latter, 
as a disintegrator (see Tablets). It is used externally as 
an absorbent, and is applied to the skin by dusting. 
It is also used to make pastes for applying in skin dis- 
eases. 


Industrially starch is consumed in large quantities in 
sizing and laundering of cotton fabrics and garments, In 
preparation of adhesives (mucilages) and in production 
of corn syrup and dextrose. 
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Starch Glycerite U.S. P. Glyceritum Amyli 
[Glycer. Amyl.—Sp. Glicerito de Almidén] 
Metric Alternative 

Starches ce e's bs cisterns 100 Gm 1 oz. av. 262.5 er. 
Benzoice ACidserei cyc.cm\s a cra eer 2 Gm. ete 
DistifedmWater= .... 0. - 2 .nreeer 200 cc. 3 fl. oz. 34 min. 
GIV Genin eeies OF c's ciele afosicioomtent 700 cc. 10 fi. oz. 359. min. 

To make about.............. 1000 Gm. 1 lb. av. 


Rub the starch and the benzoic acid with the distilled water in 
a porcelain dish until a smooth mixture is produced, then add 
the glycerin, and mix well. Heat the mixture on a sand bath to 
140° to 144° with constant but gentle stirring until a translucent, 
jelly-like mass results, and then strain through muslin. 

Starch Glycerite should be freshly prepared. 


Storage—Keep Starch Glycerite in tight containers. 


Uses—Used as a substitute for fatty ointment ve- 
hicles, also as a pill excipient, and as a basis for enemas. 


STERCULIA GUM N. F. Gummi Sterculiz 
{Gum Karaya] 


Sterculia Gum is the dried gummy exudation from 
Sterculia urens Roxburgh, Sterculia villosa Roxburgh, 
Sterculia tragacantha Lindley or other series of Sterculia 
(Fam. Sterculiacee), or from Cochlospermum gossyptum 
De Candolle, or other species of Cocheospermum (Fam. 
Bixacez). 


Description and Properties—Tears of variable size or in broken irregu- 
lar pieces having a somewhat crystalline appearance, the latter being 
known in commerce as ‘‘crystal’’ gum. It is pale yellow to pinkish 
brown, translucent and horny and admixed with a few darker frag- 
ments and occasional pieces of bark. A ‘slightly acetous odor and 
a mucilaginous and slightly acetous' taste. 
Powdered Sterculia Gum—Light gray to pinkish gray and when, 
mounted in alcohol exhibits irregular, polygonal, semi-transparent, 
colorless fragments, the larger fragments polarizing light without a 
play of colors, and a few: lignified stone cells, fibers, and trachesr. 
It swells in water but is insoluble in alcohol and chloroform. 
Identification—(1) A granular, stiff, slightly opalescent mucilage 
containing occasional brownish cellular fragments is formed by soak- 
ing 2 Gm. in 50 ce. of water. (2) A white curdy precipitate is pro- 
duced when a few drops of Mercurie Nitrate T..S. are added to an 
aqueous solution (1 in 100). (3) A brewn color and a fruity charac- 
teristic odor are produced when an excess of sodium hydroxide is 


added to the Gum hydrolyzed by warming in diluted hydrochloric 


acid and boiling. 

Reaction—An aqueous solution is acid to litmus paper, the pH being 
about 4.5. 

Tests for Purity— 

Swelling properties—This test and the following Water absorption 
test are applicable only to the ‘‘crystal gum.”’ Two Gm. of fragments 
greater than 30—but less than 10—standard mesh are added to 500 
cc. of water. The mixture is allowed to stand undisturbed for 18 
hours. The volume to which the gum has swollen should not be less 
than 125 ce. 

Water absorption—The water is drained from the preceding test. 
Two Gm. of Sterculia Gum should absorb not less than 50 ec. of water. 

Moisture—Not more than 20 per cent. 

Foreign gums—lIt swells in 60 per cent alcohol by volume (distinc- 
tion from other gums). 

Starch—No blue color is produced when iodine T.S. is added to an 
aqueous solution (1 in 100). 

Bark and foreign organic matter—Not more than 3 per cent. 

Acid-insoluble ash—Not more than | per cent. 

Chlorides—Not more than 0.03 per cent. 

Sulfate—Practically none. 

Storage—Store the Gum in a dry place. 


Uses—An indigestible mechanical laxative which 
swells when moistened. Employed in waveset lotions, 
inks, etc. 


TRAGACANTH U. S. P. Tragacantha 
[Trag.—Gum Tragacanth, Hog Gum, Goat’s Thorn, Sp. Tragacanto] 


Tragacanth is the dried gummy exudation from 
Astragalus gummifer Labillardiére, or other Asiatic spe- 
cies of Astragalus (Fam. Leguminose). 

This gum consists of bassorin, and a soluble gum 
(not arabin). Introduced into water, it absorbs a cer- 
tain proportion of that liquid, swells very much, and 
forms a soft adhesive paste, but does not dissolve. If 


CARBOHYDRATES 


agitated with an excess of water, this paste forms a uni- 
form mixture; but in the course of one or two days the 
greater part separates, and is deposited, leaving a por- 
tion dissolved in the supernatant fluid. The finest 
mucilage is obtained from the whole gum or flake 
tragacanth. Several days should be allowed for ob- 
taining a uniform mucilage of the maximum gel strength. 
Tragacanth is wholly insoluble in alcohol. A common 
adulteration is Indian Gum, and the Pharmacopeeia 
has introduced tests to detect its presence. 


Description and Properties—The U. 8. P. XIII includes a descrip- 

tion for Unground Tragacanth, Histology, and Powdered Tragacanth. 
Identificattion—1 Gm. of tragacanth added to 50 cc. of water swells 

and forms a smooth, nearly uniform, stiff, opalescent mucilage free 

from cellular fragments. 

Tests for Purity— 

Karaya gum—No pink or red color is developed when 5 ce. of 
hydrochloric acid is boiled with a solution formed by boiling 1 Gm. 
of Tragacanth with 20 cc. of water. 

Uses—Tragacanth, in the form of a glycerite, affords 
an excellent pill excipient; the powder itself is often’ 
used to stiffen a pill mass and render it adhesive. It is 
also used as a suspending medium in lotions, mixtures, 
and in extemporaneous preparations and prescriptions. 
It is used with emulsifying agents largely to increase 
consistency and retard creaming. It is sometimes used 
as a demulcent in sore throat. 


% 


Tragacanth Glycerite N. F. Glyceritum Tragacanthe 
[Glycer. Trag.—Sp. Glicerito de Tragacanto] 


Metric , Alternative 
Tragacanth, in fine powder........ - 125 Gm. 402. ay. 179 gr. 
Glycerin 26. eke ee renee Tih TA, 26 fl. oz. 99 min. 
Distilled Watery. scycyctesrreteer iene 185 cc. 6 fl.oz. 123 min. 


Mix the tragacanth and glycerin thoroughly, add the water, 
and stir the mixture until a homogeneous, thick paste results. 


Storage—Keep the Glycerite in tight containers. 


Uses—An excellent pill excipient. 


Tragacanth Mucilage U.S. P. Mucilago Tragacanthe 
[Mucil. Trag.—Sp. Mucilago de Tragacanto] 


Metric Alternative 
Tragacanth nc. cnce eae theo tease 60 Gm. 420 er. 
BenZoics Acid ssa cert cia heietereiccas 2 Gm. 14 gr. 
Glycerin: ty5 Le occas tee tioupscreerre 180 Gm. 2 oz. av. 385 gr. 
Distilled Water, a sufficient quantity, 
Toma Keseencntnn onsite oe oh meee 1000 Gm. 1 lb. av. 


Mix the glycerin with 750 cc. (11 fi. oz. 260 min.) of distilled 
water in a tared vessel, heat the mixture to boiling, discontinue 
the application of heat, add the tragacanth and the benzoic acid, 
and macerate the mixture during 24 hours, stirring occasionally. 
Then add enough distilled water to make the mixture weigh 
1000 Gm. (1 lb. av.), stir actively until of uniform consistency, 
and strain forcibly through muslin. 


Storage—Keep the Mucilage in tight containers. 


Uses—Used pharmaceutically almost exclusively as 
a pill or troche excipient. 


TRITICUM N. F.. Triticum 
[Tritic—Couchgrass, Dog-grass] 


Triticum consists of the dried rhizome and roots of 
Agropyron repens (Linné) Beauvois (Fam. Graminee). 


Description and Properties—The N. F. VIII gives a description 
of Unground Triticum, Histology, and Powdered Triticum. Triticum 
contains T'riticin (a carbohydrate built up from fructose units), ino- 
site, gum, etc. 
Tests for Purity— 
Starch grains—Few or absent. : 
Foreign organic matter—Not more than\2 per cent. 
Acid-insoluble ash—Not more than 3 per cent. 


CARBOHYDRATES 


Triticum Fluidextract N. F. Fluidextractum Tritici 


[Fldext. Tritic.—Couchgrass Fluidextract] 


The Fluidextract is prepared from triticum, finely cut, 
by Process D (page 271). The aqueous percolate is 
evaporated to 80 per cent of the volume of the finished 
Fluidextract; when it is cold, alcohol is added equal to 
20 per cent of the volume of the finished Fluidextract, 
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and sufficient water is added, if necessary, to make the 

product measure the full volume of the finished Fluid- 

extract. 

Alcohol Content—From 17 to 20 per cent, by volume, of CgH50OH. 

Storage—Keep the Fluidextract in tight, light-resistant containers 

and avoid exposure to direct sunlight or to excessive heat. 
Average 


Dose—10 cc. (approximately 214  flui- 
drachms). 


CARBOHYDRATE DERIVATIVES 


PYROXYLIN U. S. P. Pyroxylinum 
[Pyroxylin.—Soluble Guncotton, Sp. Piroxilina] 


Pyroxylin is a product obtained by the action of a 
mixture of nitric and sulfuric acids on cotton, and con- 
sists chiefly of cellulose tetranitrate [C12H10.6(NOs) 4]. 

Shonbein, in 1846, first pointed out the fact that nitric 
acid acts on cotton and produces a soluble eompound. 
It was subsequently proved that this substance, pyroxy- 
lin, or guncotton, belongs to a series of closely related 
nitrateS in which the nitric acid radical replaces the 
hydroxy] of the cellulose formula. This is usually indi- 
cated as taking the double empirical formula for cellu- 
lose Ci2H 20010 with the displacement of the OH thus: 


Ci2Ha00i0 + 4HNO3s — CieHiegOg(NOs)4 + 4H20 
cellulose nitric cellulose water 
acid tetranitrate 


The pyroxylin used in preparing collodion is a vary- 
- ing mixture of the di-, tri-, tetra-, and pentanitrates, but 
is mainly tetranitrate. The hexanitrate is the true ex- 
plosive guncotton, and is insoluble in ether, alcohol, ace- 
tone, or water. 

The U.S. P. of 1890 gave the following process for the 
preparation of Pyroxylin: 


Metric Alternative 
Pare AR COLCON voter. c.ae icisie se ee eh ec ae 100 Gm. 1 OZ. av 
NBS he We Ya Ee ea 1400 cc. Ceeiletoze 
SERIE ANGIE te 1s a 2200 cc. 1” Aozes 


Alcohol, Ether, Water, each, a sufficient quantity 


Mix the acids gradually in a glass or porcelain vessel, and, 
when the temperature of the mixture has fallen to 32° add the 
purified cotton. Using a glass rod, imbue the cotton thorougly 
with the acids, and allow it to macerate until a sample of it, 
taken out, thoroughly washed with a large quantity of water, 
and subsequently with alcohol, and pressed, is found to be soluble 
in a mixture of 1 volume of alcohol and 3 volumes of ether. Then 
remove the cotton from the acids, transfer it to a larger vessel, 
and wash it, first with cold water, until the washings cease to have 
an acid taste, and then with boiling water, until they cease to 
redden blue litmus paper. Finally, drain the Pyroxylin on filter 
paper, and dry it in small, detached pellets, by means of a water 
bath or steam bath at a temperature not exceeding 60°. 
Description and Properties—A yellowish white, matted mass of fila- 
ments, resembling raw cotton in appearance, but harsh to the touch. 
It is exceedingly inflammable, burning, when unconfined, very rapidly 
and with a luminous flame. When kept in well-closed bottles and 
exposed to light, it is decomposed with the evolution of nitrous 
vapors, leaving a carbonaceous residue. Pyroxylin is insoluble in 
water. It dissolvesslowly but completely in 25 parts of a mixture of 3 
volumes of ether and 1 volume of alcohol. It is soluble in acetone and 
in glacial acetic acid, and is precipitated from these solutions by water. 
Tests for Purity— f 

Residue on ignition—Not more than 0.3 per cent. Since Pyroxylin 
may violently explode on heating the U. S. P. describes a special 
procedure for this test. 

Free acid and water-soluble substances—On stirring 1 Gm. of Pyroxy- 
lin with 20 cc. of water for 10 minutes and filtering, the filtrate is 
neutral to litmus paper, and on evaporating 10 cc. of the filtrate to 
dryness on a water bath, not more than 1.5 mg. (0.3 per cent) of 
residue remains. 

Storage—Keep Pyroxylin loosely packed in cartons. 


Uses—Pyroxylin has been used very largely by 
photographers for producing the basis upon which the 
sensitized emulsion is spread. It is now replaced to a 
great extent by cellulose acetate. The composition 
known as celluloid, which was employed so largely for 
useful and ornamental articles, is made from pyroxylin 
and camphor heated together under pressure. The 
camphor, which acts as a plasticising medium, has been 


replaced to some extent by other organic compounds, 
such as triphenyl phosphate and allied compounds. 


Collodion U. S. P. Collodium 
[Collod.—Sp. Colodién] 


Collodion contains not less than 5 per cent of pyroxy- 
lin. 


Metric Alternative 
Pyroxylin erty tee a ee eek 40 Gm. 1 oz. av. 147 gr. 
Eth ylOxidearn sc tine fee eo 750 cc. 24 fl. oz. 
Alcoholaee etic aces een en ed akc 250 cc. 8 fl. oz. 
hopmakera boubmracarccseretersisterceks 1000 cc. 2 pints 


Add the alcohol to the pyroxylin contained in a suitable bottle, 
shake the mixture thoroughly, add the ethyl oxide, and again 
shake the mixture until the pyroxylin is dissolved. Stopper the 
bottle well, and set it aside until the liquid becomes clear. Fin- 
ally decant the clear portion from any sediment which may have 
deposited, and promptly transfer it to tight containers. 


History—In 1847 a German chemist named Sch6n- 
bein discovered pyroxylin and within a year or two 
thereafter an American medical student at Boston, 
Mass., showed how a solution of the substance in ether 
and alcohol could be utilized in surgery, and the collo- 
dions came into use soon thereafter. 

Caution—It is highly inflammable. 


Description and Properties—A clear, or slightly opalescent, syrupy 


_ liquid. It is colorless, or slightly yellowish, and has the odor of ether. 


Its specific gravity is between 0.765 and 0.775. When exposed to air 
in a thin layer, it leaves a transparent, tenacious film. The film of 
pyroxylin so obtained burns rapidly, with a yellow flame. When 
mixed with an equal volume of water, it yields a viscid, stringy mass 
of pyroxylin. 

Tests for Purity— 

Free acid—On adding collodion to an equal volume of water, the 
liquid separated from the precipitated pyroxylin is not acid to litmus. 
Assay for pyroxylin—About 10 ce. of Collodion is quickly poured into 
a tared flask, stoppered, and accurately weighed. It is then warmed 
on a water bath, and the residue is dried to constant weight at 110°. 
Alcohol Content—From 22 to 26 per cent, by volume, of CgH50H. 
Storage—Keep Collodion in tight containers, at a temperature not 
above 30°, remote from fire. 


Uses—Chiefly employed to seal small wounds or for 
the preparation of medicated collodions. 


Collodion Specialties 


Celloidin (Hynson)—Shreds kept under water consisting of pyroxylin 
used to make collodion by drying and dissolving one ounce in 400 
ec. of a mixture containing equal parts of ether and 95 per cent 
alcohol. 

Parlodion (Mallinckrodt)—Pyroxylin for making collodion extem- 
poraneously. - 


Flexible Collodion U. S. P. Collodium Flexile 
[Collod. Flex.—Sp. Colodion Flexible] 


Metric Alternative 
Gamnphoritnc cic scores eed srs) se terayeusiats 20 Gm 140 gr. 
CastoriOileiy ad Mepee tic ates sents eas 30 Gm 210 gr. 
Collodion, a sufficient quantity, 
Tosmake net ec else siete lew etens 1000 Gm. 1 lb. av. 


Weigh the ingredients, successively, into a dry, tared bottle, 
stopper the bottle, and shake the mixture until the camphor is 
dissolved. 


Alcohol Content—From 21 to 25 per cent, by volume, of CepH;OH. 
Storage—Keep Flexible Collodion in tight containers, at a tempera- 
ture not above 30°, remote from fire. 
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Uses—Applied externally as a covering to cuts and 
small burns. Its application is accompanied by con- 
siderable pain, but is effective as an antiseptic and for 
excluding air from open wounds. See also Salzcylzc 
Collodion N. F. (page 548). 


SODIUM ALGINATE N. F. Sodii Alginas 
[Algin, Kelgin, Manucol, Norgine] 


Sodium Alginate is the purified carbohydrate product 
extracted from giant brown seaweeds by the use of dilute 
alkali. It consists chiefly of the sodium salt of alginic 
acid, a polyuronic acid composed of 6-d-mannuronic 
acid residues linked so that the carboxyl group of each 
unit is free while the aldehyde group is shielded by a 
glycosidic linkage. 

Description and Properties—Near ly odorless and tasteless, coarse or 


fine powder, yellowish white in color. It dissolves i in water, forming 
a@ viscous, colloidal solution. It is insoluble in alcohol and in hydro- 
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alcoholic solutions in which the alcohol content is greater than about 
30 per cent by weight. It is insoluble in chloroform, ether, and acids 
when the pH of the resulting solution becomes lower than about 3. 

Identification—(1) A voluminous gelatinous precipitate is produced 
immediately by adding 1 cc. of calcium chloride T.S. to 5 ce. of an 
aqueous solution (1 in 100). (2) A heavy gelatinous precipitate is 
produced by adding 1 cc. of diluted sulfuric acid to 10 cc. of an aque- 
ous solution (1 in 100). 
Tests for Purity— 

Loss on drying—Not more than 15 per cent. 

Ash—Between 18 and 24 per cent. 

Insoluble matter—Not more than 0.2 per cent. 

Arsenic limit—10 parts per million. 

Heavy metals limit—Not more than 20 parts per million. 

Starch—Not even a transient blue color is produced by the addition 
of 1 drop of iodine T.S. to 5 cc. of an aqueous solution (1 in 1000). 

Gelatin—No precipitate is produced within 5 minutes by the addi- 
tion of 1 cc. of an aqueous solution of ammonium molybdate (1 in 20) 
to 5 ec. of an aqueous solution. 
Storage—Keep Sodium Alginate in tight containers. 


Uses—Employed in the ice cream industry to give 
smoothness and body; and prevent formation of ice 
particles. Its.water-binding, thickening, and emulsi- 
fying properties are also made use of in cosmetics, the 
rubber industry and elsewhere. 


UNOFFICIAL POLYSACCHARIDES 


Cellulose 


The woody fiber of plants, which forms the skeleton or 
framework for the vegetable tissues, is termed cellulose 
((CgH1005),].!. During the natural growth of the plant, 
the cells become filled with coloring matter, starch, 
gums, organic acids, fixed oils, volatile oils, glycosides, 
alkaloids, and other active principles peculiar to the 
particular plant, and these give to the plant properties 
which render it useful in medicine. Pharmacy was 
formerly concerned with methods of extracting the 
valuable principles from plants and leaving behind or 
eliminating by appropriate methods those which are 
inert. Cellulose constitutes the greater part of the 
inert residues. See Percolation. 

The term lignin was formerly applied to cellulose; 
indeed, three words, lignin, cellulin, and cellulose, were 
used synonymously; a distinction, however, is now 
made, the substances which are found adhering to the 
cellulose skeleton of plants and vegetable tissues being 
called lignin so that lignin may be considered an altera- 
tion product of cellulose. The latter is less digestible 
than cellulose, and varies from it somewhat in chemical 
composition. Fungin, from fungi, hordein, from barley, 
medullin, from the pith of various plants, pollenin, from 
pollen granules, are special forms of cellulose. The lig- 
nin in plant chemistry is estimated and calculated as 
crude fiber. 

Preparation—Cellulose of a high degree of purity 
may be obtained by extracting the fats and waxes from 
raw cotton with organic solvents, removing the pectin 
and other saccharides by the action of dilute alkali,:and, 
finally, bleaching the product with hypochlorite solu- 
tion. Cellulose from wood is prepared by heating chips 
of the latter either with a solution containing a bisulfite 
and sulfurous acid, as in the swlfite process, or with a 
solution of caustic soda, as in the soda process. The re- 
sulting pulp is further bleached, treated with alkali to 
remove resin, lignin, saccharides, and coloring matters. 
In some cases further purification is effected by treat- 
ment with warm, dilute acids and extraction with 
organic solvents. Wood is the chief source of cellulose 
for the paper industry. 

Structure—Cellulose is classified as a polysaccharide 
of the hexosan group. Its chemical reactions confirm 
that it is composed of hundreds of glucose units Joined 
in chains by 6-glucoside linkages; it is probably synthe- 


1 The formula for cellulose is given with an unkown factor because its 
molecular weight has never been determined exactly. 


sized in plants by the condensation of glucose molecules 
with the elimination of water. Partial hydrolysis yields 
cellobiose, a disaccharide which is a 6-glucosido-glucose. 
It differs from maltose only in the fact that it contains 
a B instead of an a linkage. Each of the glucose groups 
in the cellulose chains contains 3 OH groups which can 
be esterified with acids forming important cellulose esters 
such as the nitrates (pyroxylin or guncotton) and ace- 
tates. By treating cellulose with caustic alkali so-called 
alkali cellulose is produced and this may be made to 
react with alkyl esters of inorganic acid, to form cellu- 
lose ethers as, for example, methyl cellulose. 
Properties—Cellulose, when pure, is white or trans- 
lucent, odorless, and has a specific gravity of 1.5. It is 
insoluble in water, alcohol, or in the usual organic sol- 
vents. It is dissolved, however, by ammoniacal cupric 
oxide solution (Schweitzer’s reagent) and by concen- 
trated zine chloride solutions. When cellulose is treated 
with strong sulfuric acid or phosphoric acid, it is con- 
verted into dextrin, and when it is heated with moder- 
ately diluted hydrochloric acid dextrose is produced. 


Derivatives—If cellulose in the form of unsized paper 
is passed through a mixture made from two parts of sul- 
furic acid of specific gravity 1.840 and one part of water 
(both by volume), and the whole cooled to 15°, parch- 
ment paper is produced. This paper, after thorough 
washing, is useful as a dialyzing medium. 

Celluloid is one of the oldest cellulose products, but 
on account of its inflammability it has been almost en- 
tirely displaced by the more recent derivatives. It 
was made by dissolving pyroxylin and camphor in an 
alcohol-ether mixture or in acetone and allowing the 
solvents to evaporate. 


Cellophane is produced by forcing a viscose solution 
through narrow slits into an acid bath; the resulting 
sheets are washed and then passed through a glycerin 
solution, which is in part absorbed, and finally dried on 
diums and rolled. Various thicknesses may be pre- 
pared, and the sheets may be made moistureproof by 
applying a lacquer coating to the surface. Cellophane 
may be used as a protective dressing for wounds; it is 
obtainable in a moisture- and greaseproof dressing suit- 
able for use in place of oiled silk, rubber tissue, and 
gutta percha. 


Artificial Silks (Rayon and Celanese)—These are 
made by dissolving cotton or one of its derivatives in 
an appropriate solution and then extruding this through 
small openings called “spinnerets” into a bath which 
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precipitates continuous filaments of the cellulose or a 
derivative of it. 

In the acetate process the cellulose is esterified to form 
cellulose acetate which is dissolved in acetone and this 
solution forced through the spinnerets into warm air so 
that the acetone will evaporate and leave filaments of 
cellulose acetate. The cuprammonium process utilizes 
the solubility of cellulose in ammoniacal copper oxide 
solution, the filaments of cellulose being formed by pre- 
cipitation in an acid or caustic alkali bath. In the 
viscose process the cellulose is converted to a xanthate 
by the action of sodium hydroxide and carbon disulfide; 
the resulting viscous solution is extruded into a bath 
of sulfuric acid and sodium sulfate to form, eventually, 
filaments of cellulose. 

The official cellulose products, such as absorbent cot- 
ton and bandages, are described in the chapter-on 
“Surgical Dressings.”’ 

Methyl Cellulose, Methocell (Dow)—A cellulose 
ether made by the reaction of methyl chloride or of di- 
methyl] sulfate on cellulose dissolved in sodium hydrox- 
ide. Since cellulose has 3 hydroxyl groups per glucose 
residue several methyl celluloses can be made, varying, 
among other properties, in their solubility and viscosity. 
The type of greatest value now contains | to 2 methoxy 
radicals per glucose residue. It is soluble in cold water 
forming a colloidal solution, but insoluble in hot water. 
Aqueous methyl cellulose solutions are miscible with 
many other colloidal solutions. When the solution is 
heated to 50° the cellulose ether coagulates, but ‘‘re- 
dissolves” on cooling. Salts of mineral acid and par- 
ticularly of polybasic acids, phenols as well as tannins 
coagulate solutions of methyl cellulose, but this can be 
prevented by the addition of alcohol or of glycol acetate. 

Methyl cellulose is used as an emulsifying and thick- 
ening agent and in the preparation of adhesives. 


Unofficial Carbohydrates 


d-Arabinose, Pectinose, Pectin Sugar [C5H1905]—A pentose obtained 
from mesquite gum, beet pulp, cherry gum, and acacia by boiling 
with dilute sulfuric acid. Colorless crystals. Freely soluble in 
water, slightly in aleohol; insoluble in ether. [el]? is +105°. 

Dextrin, British Gum, Starch Gum, Leiocom [(CgH 100 5)n] —Produced 
by the incomplete hydrolysis of starch with dilute acids, or by 
heating dry starch. White or yellow, amorphous powder. The 
white is practically odorless; the yellow has a characteristic 
odor. Itisdextrorotatory. [a]7~ generally above 200°. Soluble in 
3 parts boiling water forming a gummy solution; less soluble in 
cold water; insoluble in alcohol and ether. Does not reduce 
Fehling’s solution; gives. a reddish brown color with iodine. 
Uses: excipient for dry extracts and pills; for preparing emulsions 
and dry bandages; for thickening dye pastes and mordants used 
in printing fabrics; sizing paper and fabrics; manufacture of 
printers’ inks and mucilage; in matches, and explosives. 

Galactose, Lactoglucose [CgH120.¢.H 20]—First prepared by Pasteur 
in 1856 from milk sugar. Occurs as a component of pectins, gums, 
and mucilages. Obtained by hydrolysis of milk sugar. Colorless 
or white crystals. Melts at 118 to 120°, 165° when anhydrous. 
[a]#° is +81°. Soluble in about 3.5 parts of water; soluble in pyri- 
dine, slightly in alcohol. Uses: for diagnosing hepatic function. 
The patient takes 40 Gm. galactose in 420 cc. tea in the morning 
and fasts until urine has been passed every hour for 4 hours. The 
‘sugar in the urine is then quantitatively determined in the portions 
showing its presence. ; 

Levulose, d-Fructose, Fruit Sugar [CgeHi20¢6]—Occurs in a large 
number of fruits; prepared from sucrose or by the hydrolysis of 
inulin. White, crystalline powder. [a]3, is —92°. Very soluble 
in water; freely in alcohol and acetone. Uses: asweetening agent 
for diabetics; as a test for hepatic efficiency. Dose: 30 to 60 Gm. 
(1 to 2 oz.) or less according to carbohydrate or nutritional require- 
ments. 

Maltose, Malt Sugar [C12H22011.H2O]—Obtained by the action of 
diastase on starch. White, crystalline powder. [a]7 is +128.6°. 
Very soluble in water; slightly soluble in alcohol; insoluble in ether. 

' Uses: nutrient, sweetener; in culture media. } 

Mannitol, d-Mannite, Manna Sugar (CgH1406]—An alcohol widely 
distributed in nature; obtained from manna. White crystals. 
[a]2° is +23 to +24° in a solution containing 10 Gm. of the alcohol, 
12.8 Gm. borax, and sufficient H2O to make 100 ce. One Gm. dis- 
solves in about 5.5 cc. water, 83 ec. alcohol; more soluble in hot 
water; insoluble in ether. Uses: mild laxative; employed in the 

manufacture of artificial resins, plasticizers; with boric acid in 
electrolytic condensers. Dose: 15 to 30 Gm. 
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Rhamnose, Isodulcite [CgH 1205. H2O]—A methyl pentose occurring 
in many glycosides (rhamnosides). White crystals. Soluble in 
about 1.5 parts water, in alcohol. The aqueous solution is at first 
RO ey (—7°), but in a few minutes becomes dextrorotatory 

d-Ribose [C5H,905]—A pentose, forming a constituent part of 
nucleotides and nucleosides. White crystals. Melts 95°. [a] p is; 
— 20° to —21.5°. Soluble in water; slightly soluble in alcohol. 

d-Sorbitol, d-Sorbite [CgH140.6]—An alcohol isomeric with mannitol 
and dulcitol. Crystallizes. Occurs in ripe mountain ash berries, 
cherries, plums, pears, apples, etc. Produced from dextrose by 
treating with hydrogen under pressure. Colorless or white, sweet 
crystals. [e]7~ is —2.0°in H2O. In the presence of molybdate the 
[«]7) is increased to +56°. Soluble in water, hot alcohol. Uses: 
manufacture of ascorbic acid, synthetic plasticizers, and resins; 
as a moisture conditioner on printing rolls, in leather, tobacco, etc. 

d-Sorbose, Sorbitose [CgH120.¢|—Non-fermentable sugar produced 
by fermentation of sorbitol. Colorless or white, rhombic erystals. 
Melts 165°. [a]? is +42.9°. Freely soluble in water, slightly in 
alcohol. Reduces Fehling’s solution. 

d-Xylose, Woon Sugar [C5H1905]—Obtained by boiling bran, straw, 
and particularly corncobs, with dilute acids. White needles or 
crystalline powder; sweet taste. [a]?? is +19°. Does not fer- 
me : Reduces warm Fehling’s solution. Soluble in water or hot 
alcohol. 


Specialties Containing Carbohydrate and Mucilaginous Drugs 


Alerdex (Wyeth)—Powder containing 50 per cent maltose, 47 per cent 
dextrins, 0.05 per cent hydrolyzed protein nitrogen, 2.5 per cent 
moisture, and 0.4 per cent ash. Each ounce provides 110 calories. 
Uses: in protein-sensitive infants’ formulas. 

Appella Apple Powder (Stearns)—Pleasant-tasting, dehydrated apple 
powder containing 6.7 per cent pectin, 52 per cent reducing sugars, 
6 per cent uronic acids, 5 per cent added kaolin, and 2 per cent 
moisture. Uses: gastrointestinal astringent for diarrheas. 
Dose: 4 teaspoonfuls mixed with cooled boiled water. 

Arhemapectine (Fougera)—Ampuls (20 cc.), each containing 0.3 
Gm. pectin, 0.01 Gm. calcium chloride, and 0.14 Gm. sodium chlo- 
ride, in sterile water. Uses: hemostatic. Dose; orally, 20 to 40 
cc. in sweetened water, lemon or orange juice; intramuscularly 
or intravenously, 5 to 20 ce. 

Aseptic Jelly Lubricant (Wyeth)—Non-greasy, non-irritant, water- 
miscible jelly containing tragacanth and phenol. Uses; lubricant 
for surgical and hygienic use. 

Baravit (Schering)—Granules containing bassorin granules (0.25 mg. 
thiamine hydrochloride per Gm.), with vitamin B complex factors. 

Uses: laxative. Dose: 1 to 2 teaspoonfuls with water. 
Baravit with Cortex Frangula—Granules containing Baravit and 
frangula bark. 

Bassoran (Merrell)—Granular powder containing 87 per cent sterculia 
gum and 8.7 per cent magnesium trisilicate. Uses: laxative and 
adsorbent. Dose: 1 to-2 teaspoonfuls with water. 

Bassoran with Cascara—Contains 75 per cent sterculia gum, 7.5 
per cent magnesium trisilicate, and 120 min. aromatic cascara sa- 
grada fluidextract per ounce. 

Betajel (Floratose)—Granular powder containing the fibrous, gel- 
forming part of psyllium seed, betalactose, and dextrose. Uses: 
laxative and demulcent. Dose: 1 to 2 teaspoonfuls in water. 

Betakar (Endo)—Granules consisting of karaya gum coated with 
vitamin B complex. Uses: laxative. Dose: 1 to 2 teaspoonfuls. 

Dexin (Burroughs)—Finely divided, non-hygroscopic, white powder 
containing 75 per cent dextrins, 24 per cent maltose, 0.25 per cent 
mineral ash, and 0.75 per cent moisture. Each ounce provides 115 
calories. Uses; supplement to infants’ formulas, 

Echtisia (Merrell)—Liquid, each fluidounce containing 120 gr. (7.78 
Gm.) Echinacea angustifolia, 24 gr. (1.56 Gm.) Baptisia tinctoria, 
and 16 er. (1.04 Gm.) each of Phytolacca decandra and Thuja 
occidentalis. Uses: internally as alterative and externally as wet 
dressing for wounds. Dose: orally, 144 teaspoonful in water; topi- 
cally, diluted with equal parts of water. 

Imbicoll with Cascara (Upjohn)—Granular powder containing 
sterculia gum, and the equivalent of 15 min. cascara sagrada fluid- 
extract per teaspoonful. Uses: laxative. Dose: 1 teaspoonful, 
with water. F 
Imbicoll with Vitamin B;—Each teaspoonful also contains approxi- 
mately 100 I. U. vitamin B}. 

I-So-Gel (Fougera)—Granules consisting of mucilaginous tropical 
seeds. Uses: laxative. Dose: 2 teaspoonfuls to 2 tablespoonfuls 
in water or other liquid. 

Jelex (Strasenburgh)—Jelly containing 1:3000 oxyquinoline sulfate 
in a glycerinated tragacanth base. Uses: antiseptic lubricant 
for instruments or digital examination. 

Karabim (Breon)—Granules containing karaya, 5 per cent kaolin, 
and 0.3 mg. vitamin B, per teaspoonful. Uses: adsorbent and 
laxative. Dose: 1 to 2 teaspoonfuls with water. 

Karabim with Cascara—Contains Karabim, with 12 min. (0.74 ce.) 
cascara sagrada fluidextract per teaspoonful. 

Konsyl (Burton, Parsons)—Powder prepared from Plantago ovata. 
Uses: lubricant and laxative. Dose: 1 heaping teaspoonful in 
cold water, milk or other fluids. 

K-Y Lubricating Jelly (J & J)—Water-soluble, sterile jelly containing 
chondrus, tragacanth, boric acid, and glycerin. Uses: surgical 
lubricant for gloves and instruments. ‘ 

Levodex (Endo)—Ampuls (10 cc.), each containing 8.0 Gm. invert 
sugar. Uses: sclerosing agent for varicose veins. Dose; 5 to 20 
cc., intravenously. 

Maltine (Maltine)—Liquid consisting of concentrated malted barley 
extract, oats, and wheat. Uses: dietary supplement. Dose: 8 to 
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16 ec. Also supplied in the following combinations: Maltine-B; 
Maltine Ferrated; Maltine with Cascara Sagrada; Maltine with 
Cod Liver Oil; Maltine with Cod Liver Oil and Iron Iodide; 
Maltine with Creosote: Maltine with Iron Iodide; Maltine with 
Spleen Marrow; and Maltine with Vitamin Concentrates. 

Metamucil N. N. R. (Searle)—Powder containing a mixture of 50 per 
cent powdered mucilaginous portion from blond psyllium seed 
(Plantago ovata, Forsk), and powdered anhydrous dextrose, with 
0.04 per cent benzyl benzoate, 0.33 per cent citric acid, 0.25 per cent 
monobasic potassium phosphate, and 0.2 per cent sodium bicarbon- 
ate. Uses: laxative and demulcent. Dose: 1 rounded teaspoon- 
ful (5 to 7 Gm.), with water, milk, or fruit juice. 

Mucara Plain (W. yeth)—Granules consisting of refined karaya gum, 
pleasantly flavored. Uses: laxative. Dose: 1 heaping teaspoon- 
ful with water. 

Mucara with Cascara—Also contains 2 per cent aromatic cascara 
sagrada fluidextract. 

Mucilose (Stearns)—Non-digestible, non-absorbable, non-allergenic 
flakes or granules (flavored), containing a highly purified hemicellu- 
lose obtained from psyllium seed (Plantago loeflingit). Uses: 
laxative and lubricant. Dose: 1 to 2 teaspoonfuls flakes or gran- 
ules with water. 

Nutri-Sal (Ortho)—Douche powder in vials containing glucose, cal- 
cium gluconate, potassium chloride, and sodium chloride. Uses: 
agent to promote fertility by providing a balanced salt solution to 
aid the survival and migration of sperm after insemination. Dose; 
contents of 1 vial in pint of water, used as precoital douche. 

Pomaco (Breon)—Syrupy Jiquid containing 1 per cent pectin, 25 per 
cent bland apple syrup, 20 per cent corn syrup, and 0.5 per cent 
malic acid, with 0.18 per cent sodium benzoate as preservative. 
Uses: intestinal adsorbent and astringent. Dose: 1 tablespoon- 
ful. 

Siblin (Parke, Davis)—Granular powder containing the water-absor- 
bent material from psyllium seed with 0.45 mg. thiamine hydro- 
chloride per heaping teaspoonful (about 4.5 Gm.). Uses: laxa- 
tive. Dose: 2 teaspoonfuls with water. 

Tomectin (Ayerst)—Powder, each Gram containing 150 mg. nickel 
pectinate, 50 mg. sodium chloride, and 800 mg. dried fresh tomato 


pulp. Uses: treatment of non-specific diarrheas and bacillary 
dysentery. Dose: 1 to 2 heaping tablespoonfuls in water every 
2 to 4 hours. 


Tritigen (Searle)—Liquid consisting of a concentrated aqueous infu- 
sion of couchgrass (Triticum repens). Uses: genito-urinary seda- 
tive. Dose: 30 to 60 ce. (1 to 2 oz.), diluted with liberal amounts 
of water, 

Varisol (Abbott)—Ampuls (10 ce.) containing 30 per cent invert sugar, 
10 per cent sodium chloride, and 1 per cent benzyl carbinol. Uses: 
sclerosing agent for varicose veins. Dose: 2 to 20 cc., intrave- 
nously. 

Vi-Jelax (Drug Products)—Granular powder containing the mucilagi- 
nous portion of blond psyllium (Plantago ovata), dextrose, and vita- 
min B complex. Uses: laxative and demulcent. Dose: 1 tea- 
spoonful with water, milk, or fruit juice. 


Unofficial Polysaccharides 


Acorn—From the genus Quercus. Acorns contain besides starch a 
peculiar saccharine substance, quercite. 

Barley— Hordeum vulgare. Contains 60 to 68 per cent of starch, 
glutin, gum, and sugar. 

Canna—From the rhizome of Canna edulis (Fam. Marantaceex, 
Cannacex). Indigenous to Australia. The starch granules are 
very large, and exhibit a glistening or satiny appearance. It 
forms a cloudy but very tenacious jelly with boiling water. 

Cassava (Tapioca, Manioc)—From the root of Manihot Mutilissima 
(Fam. Huphorbiacex). Habitat, ‘Tropical America. The starch 
granules are about half the size of the potato starch granules. 
Pearl or flake tapioca occurs in somewhat translucent pieces, in- 
odorous, having an insipid taste. 

Diastase—A mixture containing amylolytic enzymes obtained from 
an infusion of malt. It converts not less than 50 times its weight 
of potato starch into sugars. Another form of diastase known by 
the proprietary name of taka diastase is the product of the growth 
of a fungus, aspergillus oryze, upon steamed rice. It is not identi- 
cal with malt diastase either in composition or digestive properties. 
Malt diastase acts upon gelatinized starch at a temperature of 45° 
to 55° C. with the result that the starch is transformed first into 
amylodextrin, erythrodextrin, achroddextrin, and finally into maltose. 
A yellowish white amorphous powder or in translucent scales. It 
converts starch into dextrin and maltose. Odorless and tasteless. 
Diastase gradually loses its amylolytic power on keeping; this 
power is destroyed by heating its solutions above 85° C. (185 °F.) 
or by the addition of much acid and is diminished by the presence 
of acids or alkalies. Soluble in water, the solutions being more or 
less turbid; almost insoluble in alcohol. Uses: a digestant for 
starchy foods. Dose: 0.06 to 0.5 Gm. 

Malt U. S. P. X—The partially germinated grain of one or more varie- 
ties of Hordeum vulgare Linné (Fam. Graminee) and contains 
amylolytic enzymes. Yellowish or amber-colored grains, having 
a characteristic odor and a sweet taste. The evaporated aqueous 
extract constitutes malt extract. 

Manna N. F. VIl—The dried exudation of Fraxinus Ornus (Fam. 
Oleacex). Mannitol, the principal constituent, is white, inodorous, 
erystallizable in semi-transparent needles, of a sweetish taste, sol- 
uble in 5 parts of cold water, scarcely soluble in cold alcohol, but 
readily dissolved by hot alcohol and deposited when it cools. It 


CARBOHYDRATES 


belongs to the class of hexahydric alcohols. Mannitol is found in 
many plants, and may be converted by oxidation into mannose, 
a fermentable sugar. Uses: a laxative, and often added to senna 
leaves to make a cathartic infusion. Dose: 15 to 30 Gm. 

Maranta Arrowroot—From the rhizome of Maranta arundinacea 
(Fam. Marantacex). Indigenous to West Indies and tropical 
America. Prepared by removing the scales from the rhizome, 
mashing and grinding in a mill until reduced to a pulp, then sus- 
pending this in water and separating the fibrous portion, either 
hand or sieve; lastly, washing thoroughly, and drying with a 
gentle heat. The yield is from 13 to 20 per cent of fecula. It 
forms an opaque jelly with concentrated hydrochloric acid. 

Oat N. F. VII (Avena)—The grain of Avena sativa (Fam. Graminex). 
The grain contains 64 to 66 per cent of starch, besides protein com- 
pounds, fats, salts, ete. Uses: in the form of meal, known as 
oatmeal, it affords a nutritious bland food, which from its somewhat 
laxative tendency is often preferable to other amylaceous prepara- 
tions. Dose: 4 Gm. 

Potato Starch—F rom Solanum tuberosum. Granular powder consisting 
of starch grains of characteristic shape and appearance when ex- 
amined microscopically. 

Rice Starch—From Oryza sativa. Prepared by heating rice with soda- 
lye, which dissolves the nitrogenous impurities and leaves pure 
starch, then adding a solution of borax to facilitate the separation 
of the starch from the gluten. The yield is about 88 per cent. 

Sago—From the pith of Metroxylon Rumphii and M. leve (Fam, 
Palme). Prepared by powdering the pith of the tree, washing 
with water to remove woody tissue and other impurities; 
drying carefully and granulating. 


Unofficial Mucilaginous Substances 


Althea Leaves N. F. V—The dried leaves of Althxa Officinalis Linné 
eee Malvacex). Uses: a demulcent and protective. Dose: 
2 Gm. 

Bael-fruit—The dried, half-ripe fruit of Mgle Marmelos (Fam. 
Rutacene). Habitat, Himalaya Mountains. Uses: principally 
in dysentery. Dose: fluidextract, 4 to 8 cc. 

Baobab—From Adansonia digitata (Fam. Bombacacex). Habitat, 
Tropical Africa. Uses: as a tonic. 

Benne Leaves—From Sesamum Indicum (Fam. Pedaliacex). Habi- 
tat, India. Uses: an emollient. 

Blue-weed—From Echium vulgare. 
as an emollient and protective. 

Borage—From Borago officinalis (Fam. Boraginacex). Habitat, 
Southern Europe. Uses: chiefly as an emollient and protective. 

Cashew-nut—From Anacardium occidentale (Fam. Anacardiacene) 
Habitat, Tropical America. Uses: externally and as a vermifuge. 

Dextrin White N. F. V (Artificial Gum, British Gum)—A mixture of 
soluble carbohydrates amylodextrin, achroédextrin, erythrodextrin, 
and maltodextrin, with a variable amount of unconverted starch. 
Uses: in making dermatological pastes and for making ‘‘library 
paste.” 

Evening Primrose—From 4/nothera biennis (Fam. Onagracex). Habi- 
tat, North America. 

Fenugreek—The seeds of T'rigonella Fenum-grecum (Fam. Legumino- 
se). Habitat, Western Asia. Uses: an emollient, and in condi- 
tion powders. 

Fucus N. F. V (Bladderwrack)—The dried thallus of Fucus vesiculosus 
Linné, Fucus serratus Linné, Fucus nodusus Linné, or Fucus 
siliqnosus Linné (Fam. Fucacex). Popularly employed as an 
“antifat” but is probably of little value. Dose: 0.6 Gm. 

Galega N. F. V (European Goat’s Rue)—The dried flowering herb of 
Galega officinalis Linné (Fam. Leguwminose). Uses: diaphoretic 
and galactagogue. Dose: 4 Gm. 

Hound’s Tongue—From Cynoglossum officinale. Habitat, Europe and 
United States. Uses: an emollient and protective. 

Indian Gum (Ghatti Gum)—A gummy exudation from the stem of 
Anogeissus latifolia. 
formulas, producing a more viscid but less adhesive mucilage than 
the latter. It is found in the form of tears or as a powder, soluble 
in water, and gelatinized by alcohol. 

Locust Bean—A gum used in the cosmetic trade. It is similar to the 
eee gums”’ but does not produce such a firm mucilage as do the 

atter. 

Mallow Leaves N. F. V (Malvee Folia)—The dried leaves of Malva 
sylvestris Linné and of Malva rotundifolia Linné (Fam. Malvacee). 
Uses: an emollient and demulcent. 

Mezquite Gum—From Prosppis juliflora. Habitat, Texas. 

Mullein Flowers N. F. V. (Verbasci Flores)—The dried corollas with 
adhering stamens of Verbascum phlomoides Linné, or of Verbascum 
thapsiforme Schraeder (Fam. Scrophulariacez). Uses: a demulcent 
and expectorant. Dose: 8 Gm. 

Mullein Leaves N. F. V (Verbasci Folia)—The dried leaves of Ver- 
bascum Thapsus Linné (Fam. Scrophulariacee). Uses: a demul- 
cent and expectorant. Dose: 4 Gm. 

Quince Seed (Cydonium)—The seed of Cydonia vulgaris (Fam. 
Rosacex). Uses: for Mucilago Cydonti, 2 per cent quince seed, 
98 per cent water. 

Salep—From the tubers of Orchis mascula. Is very mucilaginous, 
only four grains being sufficient to make one fluidounce of water: 
gelatinous. 

Sassafras Pith N. F. V (Sassafras Medulla)—The dried pith of Sassa- 
fras vartifolium (Salisbury), O. Kuntz (Fam. Lauracex). The pith 
contains a delicate mucilage which is not precipitated from an 
aqueous solution by alcohol. Uses: mucilage used as an eye wash. 


Habitat, Europe. Uses: chiefly 


lastly, 


It is used in place of acacia in numerous | 
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CHAPTER LXXIII 


ORGANOMETALLIC COMPOUNDS 


ORGANOMETALLIC compounds are organic compounds 
containing a metallic element directly linked to carbon. 
In all official organic arsenic compounds and in nearly 
all of the organic mercury compounds described in this 
chapter the metals are linked in this manner and are 
therefore in true organometallic combination. In anti- 
mony sodium thioglycollate and in stibophen the metal 
(antimony) is linked to sulfur and oxygen, respectively, 
and accordingly is not in true organometallic combina- 
tion. However, these substances are customarily 
classed with the organometallic compounds and-are 
therefore included in this chapter. In several of the 
organic antimony derivatives listed under the non- 


ANTIMONY 


ANTIMONY SODIUM THIOGLYCOLLATE U. S. P. 
Antimonii Sodii Thioglycollas 


[Antimon. Sod. Thioglycol.—Sp. Tioglicolato de Sodio y Antimonio] 


SE _ “S.CH2. COC COO 


Antimony Sodium Thioglycollate, when dried at 
100° for 4 hours, contains not less than 35.5 per cent 
and not more than 38.5 per cent of Sb, corresponding 
to not less than 94.7 per cent of C,H,O,.NaS.Sb (324.95). 

Preparation—Antimony Sodium Thioglycollate may 
be prepared by dissolving antimony trioxide in a solu- 
tion of a mixture of sodium thioglycollate and thiogly- 
collic acid. The reaction is shown by the following 
equation: 


Sb203 + 2HSCHsCOONa + 2HSCH2,COOH — 


antimony sodium thioglycollic 
trioxide thioglycollate acid 
SCH2COONa 
28 mn + 3H,0 
_ “SCH2COO water 


— sodium 
thioglycollate 


Description and Properties—A white or pink powder, discolored by 
light. It is odorless or having a faint mercaptan odor. It is freely 
soluble in water and insoluble in alcohol. 

Identification—(1) Hydrogen sulfide produces in the aqueous solution 
of Antimony Sodium Thioglycollate an orange precipitate of anti- 
mony sulfide which is insoluble in ammonium carbonate T.S. 
(difference from arsenic) but soluble in sodium hydroxide T.S. 
(2) The addition of a drop of ferric chloride T.S. to a slightly acidi- 
fied solution of Antimony Sodium Thioglycollate (1 in 100) produces 
a transient blue color, and on the subsequent addition of a drop of 
dilute ammonia T.S. a deep red color is produced (Thioglycollic acid). 
(3) A white precipitate is produced by the addition of sodium hy- 
droxide T.S. 

Loss on drying—Not more than 2 per cent. 

Assay—From a weighed quantity of the dried salt dissolved in water 
containing a little hydrochloric acid and tartaric or citric acid, the 
antimony is precipitated with H9S, as the trisulfide [SbeS3]. The pre- 
cipitate, after filtering and washing with water, is freed from any 
coprecipitated sulfur (resulting from oxidation of HeS) by washing 
first with alcohol (to remove moisture which otherwise would prevent 
the carbon disulfide, subsequently used for dissolving the sulfur, 
from penetrating through the antimony sulfide), then ether, then with 
carbon disulfide, and finally with alcohol and ether to remove adher- 
ing CSe2 and accelerate the subsequent drying. The precipitate is 
then dried at 100° and weighed. The weight of the SbeS3 multiplied 
by 0.7169 represents the antimony. 

N Storage—Keep Antimony Sodium Thioglycollate i in tight light-resist- 
ant containers. 


Uses—The trivalent organic antimony compounds 
are effective against all parasitic infestations which 


yield to antimony therapy. The mechanism of action 
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official organometallic compounds the metal is linked 
to carbon and these are in true organometallic combina- 
tion. 


A distinctive property of metals in true organo- 
metallic combination is that they do not respond to the 
usual reactions characteristic or specific for the metal. 


The first of this group of compounds was synthesized 
in 1849 by Frankland. He prepared diethyl zinc from 
zine metal and ethyl iodide. Since that time organo- 
metallic derivatives have been prepared from nearly 
every metal and they have found wide application in 
organic syntheses. 
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in protozoan infections is not understood. The drugs 
themselves are not directly parasiticidal and are not 
activated by contact with tissues or serum. Apparently 
some mechanism is involved in which antimony holds 
the infection in check and thus allows the defensive 
mechanisms of the body to operate more effectively. 

Antimony Sodium Thioglycollate, a trivalent anti- 
mony compound, is used in the treatment of schistosom- 
iasis and filariasis. It is also used in treating lympho- 
granuloma inguinale and kala azar (leishmaniasis), a 
tropical disease caused by a protozoan, Leishmania 
donovani and characterized by high fever, secondary 
anemia and severe leukopenia. In the treatment of 
lymphogranuloma inguinale, the drug is administered 
intramuscularly or intravenously in courses of 15 to 25 
injections given at 3 to 4 day intervals. 

Average Dose—50 mg. (approximately 24 grain) cor- 
responding to about 19 mg. of antimony. 


Antimony Sodium Thioglycollate Injection U.S P. 

Injectio Antimonii Sodii Thioglycollatis 
Antimon. Sod. Thioglycol.—Sp. Inyeccién de Tioglicolato de 

Sodio y Antimonio] 

Antimony Sodium Thioglycollate Injection is a 
sterile solution of Antimony Sodium Thioglycollate in 
water for injection. It contains an amount of anti- 
mony [Sb] equivalent to not less than 33.7 per cent and 
not more than 40.0 per cent of the labeled amount of 
C4H,O.NaS.Sb. It meets the requirements of the 
Sterility Test for Liquids (page 126). 

One per cent of sodium citrate and 0.1 per cent of 
thioglycollic acid may be used as a preservative. 

Sterilize Antimony Sodium Thioglycollate Injection 
preferably by Process C or Process F. See Sterzliza- 
tion Processes (page 121). ; 

The Injection also conforms to the other require- 
ments under Injections (page 249). 


[Inj. 


The antimony and the thioglycollic acid may be identified by the 
Identification tests described under Antimony Sodium Thioglycollate, 
and the Injection is also assayed for its antimony content as outlined 
there. 

Storage—Keep the Injection in hermetic or other suitable contain- 
ers. See Containers for Injections (page 255). 


Uses—See Antimony Sodium Thioglycollate. 

Average Dose—50 mg. (approximately 34 grain) 
of Antimony Sodium Thioglycollate corresponding to 
about 19 mg. of antimony. 
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STIBOPHEN N. F. Stibophenum 


[Fuadin, Neoantimosan] 


NaO3sS— —SO3gNa 
Sb | .7H20 
I oe ta 
O NaO | 
O3Na SO3Na 


Stibophen [Ci2H,01.65.SbNa;5.7H2O = 895.25] con- 
tains not less than 15.6 and not more than 16.0 per cent 
of trivalent Sb, calculated on a water-free basis, the 
moisture being determined on a separate portion. 

Preparation—This trivalent antimony compound is 
chemically sodium antimony b7s-catechol-3,5-disulfon- 
ate. According to the patentee it is prepared by the 
reaction between antimonous oxide [Sb2O3], sodium 
catechol-3,5-disulfonwte and sodium hydroxide. 


Description and Properties—Stibophen is a white, odorless, crystal- 
line powder. It is affected by light. Its aqueous solution is alkaline. 
Owing to its phenolic character and the presence of sulfonic acid 
groups it is discolored by ferric iron. It is freely soluble in water; 
nearly insoluble in alcohol, ether, and chloroform. 

Identification—(1) An orange-red precipitate of antimony sulfide is 
produced by hydrogen sulfide in an aqueous solution of Stibophen 
slightly acidified with hydrochloric acid. (2) A drop of ferric chloride 
T.S. added to a 1 in 100 solution produces a bluish green color which 
changes to brownish red on addition of ammonia T.S. (catechol). 
(3) Mercurous nitrate T.S. produces in an aqueous solution of Stibo- 
phen a black precipitate (the —ONa group). 

Tests for Purity— 

Loss on drying—Not less than 14 per cent, and not more than 16 
per cent. 

Chloride—Not more than 0.007 per cent as Cl. 

Calcitum—Practically none. 

Assay—The chemistry of this assay is discussed under the Assay of 
Antimony Potassium Tartrate, i. e., oxidation of the trivalent Sb to 
pentavalent by iodine. A weighed quantity of about 500 mg. of 
Stibophen is dissolved in water, a few cc. of acetic acid are added to 
remove the alkalinity due to the —ONa group and the Sb solution is 
titrated with tenth-normal iodine, using starch T.S. as the indicator, 
Each ee. of tenth-normal iodine corresponds to 6.088 mg. of antimony. 
Storage—Keep Stibophen in tight, light-resistant containers. Avoid 
bringing it into contact with iron or its compounds, which discolor 
it. 


Uses—Stibophen is a trivalent antimony compound 
used in the treatment of granuloma inguinale and 
schistosomiasis. Its action is reported to be more rapid 
and efficient in early granuloma inguinale than in the 
later stages when there is scar formation. It is neces- 
sary to continue the treatment for some time after all 
evidence of the disease has disappeared. In schistoso- 
miasis it is used with iron as the treatment of choice in 
the intestinal stage of the disease. See Antimony 
Sodium Thioglycollate. 

Average Dose—0.2 Gm. (approximately 3 grains) 
corresponding to about 32 mg. of antimony. 


Stibophen Ampuls N. F. Ampulle Stibopheni 
[Stibophen Injection] 


Stibophen Ampuls contain a sterile solution of Stibo- 
phen in water for injection, and yield antimony [Sb] 
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equal to not less than 12.9 per cent and not more than 
14.3 per cent of the labeled amount of Stibophen. It 
meets the requirements of the Sterility Test for Liquids 
(page 126). 

Sterilize the Injection by Process C, or by any other 
adequate and suitable method of sterilization. The 
Injection also conforms to the other requirements under 
Injections (page 249). 


The presence of stibophen may be established by applying the 
Identification tests given under Stibophen, and the Injection is assayed 
for its antimony content by the Assay method outlined there. 
Storage—Keep the Injection in hermetic or other suitable containers, 


Uses—See Stibophen. 
Average Dose—0.2 Gm. (approximately 3 grains) of 
Stibophen corresponding to about 32 mg. of antimony. 


Unofficial Antimony Organometallic Compounds 


Antimony Thioglycollamide N. N. R. (Hynson)—The triamide of 
antimony thioglycollic acid containing not less than 30 per cent 
antimony. Uses: See Antimony Sodium Thioglycollate U. S. P.- 
Dose: intramuscularly or intravenously, 0.08 Gm. dissolved in 20 
ce. sterile distilled water until 15 to 25 injections have been given. 

Ethylstibamine N. N. R., Neostibosan—Yellow powder, soluble in 
water, composed of a mixture of p-aminophenylstiboniec acid, p- 
acetylaminophenylstibonic acid, antimonic acid, and diethylamine 
in the approximate molar ratio of 1:2:1:3. Uses: in the treat- 
ment of leishmaniasis; mode of action not known. It should be 
injected slowly; side effects include fever, nausea, skin eruptions, 
abdominal pain, nephritis, jaundice, etc. “3 although it is usually 
tolerated. Dose: intravenously (5 per cent solution) intramuscularly 
(25 per cent solution), 0.2 Gm. initially up to 0.3 Gm. for 
subsequent doses for adults. Solutions must be fresh. 

Stibamine Glucoside N. N. R.—Pale cream powder, soluble in water, 
composed of a nitrogen glucoside of sodium p-aminophenylstibon-~ 
ate. A product of incompletely defined structure prepared by the 
condensation of p-aminophenylstibonic acid and glucose. Uses; 
in the treatment of leishmaniasis, particularly kala-azar; less toxic 
than trivalent organic antimony compounds. Dose: intraven- 
ously or intramuscularly, 0.1 Gm. per 100 pounds body weight, ad- 
ministered as a freshly prepared 4 per cent solution; course not to 
exceed 3 Gm. per 100 pounds body weight. 


Specialties Containing Antimony Organometallic Compounds 


Fuadin N. N. R. (Winthrop)—Ampuls (3.5 or 5 ce.), each ec. contain- 
ing 63 mg. Fuadin and 0 125 per cent sodium bisulfite. See Stibo- 
phen N. F 

Neostam Stibamine Glucoside N. N. R. (Burroughs Wellcome)— 
Vials (0.1, 0.2, or 0.5 Gm.) containing the nitrogen glucoside of 
sodium eye ee See Stibamine Glucoside N. N.R. 

Neostibosan N. N. (Winthrop)—Ampuls ee 3 Gm.) containing 
ethylstibamine ses Ethylstibamine N. N. R 


Specialties Containing Bismuth Organometallic Compounds 


Arseno-Bismulak (Lakeside)—Ampuls (2 ec.) or vials (30 or 60 cc.) 
containing bismuth sodium p-aminophenylarsonate ; each 2 cc. 
representing 21.8 mg. bismuth and 7.8 mg. arsenic. Uses: anti- 
syphilitic. Dose: intramuscularly, 2 ec. twice a week. 

Bismarsen N. N. R. (Abbott)—Ampuls (0.1 or 0.2 Gm.) accompanied 
by ampuls (1 or 134 cc.) of a sterile aqueous solution of 0.25 per cent 
butyn sulfate as the solvent, containing bismuth arsphenamine 
sulfonate, the sodium salt of a bismuth derivative of arsphenamine 
methylene sulfonic acid; containing 13 per cent arsenic and 24 per 
cent bismuth. Uses: antisyphilitic. Dose: intramuscularly, 0.1 
Gm. initially followed by 0:2 Gm. a week. 

Sobisminol Solution N. N. R. (Lilly)—Ampuls (50 ce.) containing a 
solution of the products of the interaction of sodium bismuthate, 
tri-isopropanolamine and propylene glycol; each cc. representing 
20 mg. bismuth. Uses: antisyphilitic; free from unusual dis- 
comfort. Dose: intramuscularly, 2 cc. 

Sobisminol Mass N. N. R.—Pulvules (capsules) (0.75 Gm.) repre- 
senting 150 mg. bismuth. Dose: orally, 2 to 3 capsules 3 times a 
day with plenty of water. 


PENTAVALENT ARSENIC COMPOUNDS 


HNCOCHs O re) CHg CHg 
HO SAs=O0  HaNCNH AsO HsNCCHNH@ __SAs= Dae ne Fe » O=As—ONa.3H20 
‘oH Nou \ou CHa tae Hs 
Acetarsone Carbarsone Tryparsamide Ferric Cacodylate Sodium Cacodylate 


ACETARSONE N. F. Acetarsonum 
[3-Acetamido-4-hydroxyphenylarsonic Acid, Stovarsol, Acetarsol] 


Acetarsone [CgHioAsNO;5 = 275.08], when dried over 
sulfuric acid for 3 hours, contains not less than 26.9 per 


cent and not more than 27.6 per cent of As. 
Preparation—A solution of 3-nitro-4 -hydroxyphenyl- 
arsonic acid (see under Neoarsphenamine), dissolved in 
sodium carbonate, is heated with ferrous sulfate or glu- 
cose, whereby the NOgi is reduced 'to NH». The amino 
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compound is then acetylated with acetic anhydride 
and purified by redissolving in sodium carbonate and 
reprecipitating with acid several times. 


Description and Properties—Acetarsone occurs as a white or slightly 
yellow, odorless powder. It is stable in the air and its saturated 
aqueous solution is acid to litmus paper. Acetarsone is slightly sol- 
uble in water and insoluble in alcohol, but is soluble in solutions of 
alkali hydroxides or carbonates forming the alkali salt of Acetarsone. 

Identificatton—(1) When a solution of Acetarsone in a slight excess 
of sodium hydroxide T.S. is heated with sodium hydrosulfite, a yellow 
precipitate is formed which dissolves in an excess of sodium hydroxide 
solution. (2) The solution resulting from the Assay for Arsenic 
yields with hydrogen sulfide a yellow precipitate which is soluble in 
ammonium carbonate T.S. (3) The residue obtained by evaporating 
Acetarsone with an excess of sodium hydroxide T.S. on a water bath, 
when warmed with alcohol and sulfuric acid gives ethyl acetate, 
recognizable by its odor. 

Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Not more than 0.2 per cent. 

Solubility in sodium carbonaie—One Gm. of Acetarsone dissolves 
almost completely in 10 cc. of sodium carbonate T.S. and the solution 
is not darker than pale yellow. 

Amino-hydroxyphenylarsonic acid—The addition of 2 drops of 
potassium dichromate T.S. to the filtrate obtained by shaking 1 Gm. 
of Acetarsone with 10 cc. of about 5 per cent HCl (to dissolve the 
amino acid) produces no red or brown color (oxidation through the 

Ho). 

Inorganic arsenates—No precipitate is formed in its solution in 
ammonia T.S. when magnesia mixture T.S. is added, but after heating 
for 10 or 15 minutes a precipitate is formed. 

Assay—The arsenic content of Acetarsone is determined by the 
method for Neoarsphenamine. Each cc. of tenth-normal sodium 
pew auete corresponds to 3.746 mg. of As or to 13.75 mg. of CgHj0- 
As 5. 

Storage—Keep Acetarsone in well-closed containers. 


Uses—Acetarsone has been reported to produce 
favorable effects in the treatment of amebic dysentery. 
Its use in the treatment of sarcoid has been recom- 
mended by various dermatologists. Acetarsone has 
been proposed for use both in prophylaxis and in treat- 
ment in certain cases of syphilis. The drug has also been 
employed for the treatment of Trichomonas vaginalis 
vaginitis in the form of a powder containing 12.5 per 
cent Acetarsone in a mixture of equal parts of kaolin 
and sodium bicarbonate, administered by insufflation 
in the single dose of 4 Gm. of the mixture. Acetarsone 
has also been recommended for the local treatment of 
Vincent’s angina, as a paste. However, Carbarsone is 
safer than Acetarsone in amebiasis and is the arsenical 
of choice. Furthermore, although Acetarsone has the 
advantage in syphilotherapy of oral administration, it 
is more toxic than other antisyphilitic arsenicals and 


gives poorer results. It cannot be recommended for the 


therapy of any form of syphilis. 
Average Dose—0.25 Gm. (approximately 4 grains). 


Acetarsone Tablets N. F. Tabelle Acetarsoni 


[Tab. Acetarson.] 


Acetarsone Tablets contain not less than 92.5 per cent 
and not more than 107.5 per cent of the labeled amount 
of acetarsone [CsHioAsNO3]. 


Identification—The presence of acetarsone in the Tablets may be 
ascertained by shaking the powdered Tablets with sodium hydroxide 
T.S. to extract the acetarsone, filtering, and subjecting the filtrate 
to the Identification test described under Acetarsone. 

Assay—The Tablets are assayed by the method given under Acetar- 
sone. Each cc. of tenth-normal sodium thiosulfate corresponds to 
13.75 mg. of acetarsone [CgH i 9AsNOs5]. 
Storage—Keep the Tablets in tight containers. 

Uses—See Acetarsone. 

Average Dose—0.25 Gm. (approximately 4 grains) of 


Acetarsone. 


CARBARSONE U. S. P. Carbarsonum — 
- [Carbarson.—N-Carbamylarsanilic acid, Sp. Carbarsén] 


Carbarsone [C7H »AsN2O4 = 260.07], when dried at 


80° for 6 hours, contains not less than 28.1 per cent 
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and not more than 28.8 per cent of arsenic [As], corre- 
sponding to not less than 97.6 per cent of C;7H sAsN 20.4. 

Preparation—Carbarsone may be prepared by the 
action of sodium cyanate on arsanilic acid in the pres- 
ence of hydrochloric acid thus: 


H2N.CeH4.AsO(OH)2 + NaOCN + HCl — 


arsanilic acid sodium 
cyanate 
HN.CeH4.AsO(OH)e + NaCl 
CONHe 
carbarsone 


It may also be made by heating sodium arsanilate 

with ethyl chloroformate, and then treating the resulting 
N-carbethoxyarsanilic acid with ammonia thereby re- 
placing the C2H; with NHz as illustrated in the equa- 
tion given under Tryparsamide. 
Description and Properties—Carbarsone is a white, odorless, powder 
having an acid reaction and taste. It is reasonably stable in dry air- 
Carbarsone is slightly soluble in water and in alcohol, and is nearly 
insoluble in chloroform and in ether. It is soluble in solutions of 
alkali hydroxides and carbonates. 

Identification—(1) The solution resulting from the Assay yields 
with hydrogen sulfide a yellow precipitate of arsenic sulfide, soluble 
in ammonium carbonate T.S. (2) When warmed, in the presence of 
sodium hydroxide T.S., with sodium hydrosulfite, a light yellow pre- 
cipitate is formed which is insoluble in an excess of sodium hydroxide 
T.S. (difference from Acetarsone). (3) Ammonia is evolved when it 
is warmed with sodium hydroxide T.S. 

Tests for Purity— 

Loss on drying—Not more than 1.5 per cent. 

Inorganic arsenate—No precipitate is produced within 30 minutes 
upon shaking magnesia mixture vigorously with a solution of Car- 
barsone in ammonia T.S. 

Assay—The arsenic content of Carbarsone is determined by the Assay 
method given under Tryparsamide. Each cc. of tenth-normal iodine 
corresponds to 3.746 mg. of arsenic [As] or to 13.004 mg. of C7H9- 
AsN2Ou.. = 

Storage—Keep Carbarsone in well-closed containers. 

Uses—Carbarsone is probably the most useful, 
potent, and safe of the amebicidal drugs employed in 
the therapy of intestinal amebiasis, and can be given 
both orally and rectally. It is easily the most potent 
and least toxic amebicidal arsenical, and rarely causes 
serious reactions. Carbarsone therapy requires no spe- 
cial adjuvants, bed rest, or diet, and is therefore pre- 
ferred in the treatment of carriers and mild ambulatory 
cases. It is also capable of relieving severe acute cases 
of amebic dysentery, but acts somewhat more slowly 
than emetine. In the intestinal tract, Carbarsone acts 
against both motile and cystic forms of Hndameba 
histolytica. It is ineffective in the therapy of amebic 
abscess of the liver, brain, or lung. 

Average Dose—0.2 Gm. (approximately 3 grains). 

Ld 


Carbarsone Tablets N. F. .Tabelle Carbarsoni 
[Tab. Carbarson.—Sp. Tabletas de Carbarsén] 


Carbarsone Tablets contain not less than 92.5 per 
cent and not more than 107.5 per cent of the labeled 
amount of C7H sAsN 20 4. 


Identification—To 1 Gm. of the pulverized Tablets are added 10 
ec. of sodium hydroxide T.S. and 10 cc. of water. The mixture is agi- 
tated and filtered. To the clear filtrate is added 2 Gm. of sodium 
hydrosulfite and the mixture is warmed. A light yellow precipitate is 
formed which is insoluble in an excess of sodium hydroxide T.S. 
Assay—The same method as for the Assay of Acetarsone. Each ce. of 
tenth-normal iodine is equivalent to 13.004 mg. of C7HgAsNoO4. 
Storage—Keep the Tablets in well-closed containers. 


Average Dose—0.2 Gm. (approximately 3 grains) of 
Carbarsone. 


FERRIC CACODYLATE N. F. 


[Iron Cacodylate] 


Ferric Cacodylate [Fe|(CH3)2AsOs]3 = 466.78], when 
dried to constant weight at 105°, contains not less than 


Ferri Cacodylas 
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11 per cent and not more than 16 per cent of Fe, and not 
less than 41 per cent and not more than 45 per cent of 
As. 

Preparation—It is prepared by dissolving, with the 
aid of heat, the required quantity of freshly prepared 
ferric hydroxide in an aqueous solution of cacodylic acid, 
filtering and evaporating to dryness at a low tempera- 
ture. 


Description and Properties—Ferric Cacodylate is a yellowish, amor- 
phous powder. It is soluble in 30 parts of water forming a brown 
solution. It is very slightly soluble in alcohol. Ferric Cacodylate re- 
sponds to the Identification tests described under Sodium Cacodylate, 
and yields the reactions of ferric iron. 
Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Chloride—Not more than 0.02 per cent as Cl. 

Sulfate—Practically none. 

Arsenate or phosphate—After removing the iron by precipitation 
with ammonia T.S. the filtrate gives no turbidity within 1 hour on the 
addition of magnesia mixture. 

Monomethyl-arsenate [Selt of CH3AsO(OH)2|—It contorms to the 
test for this impurity described under Sodium Cacodylate 
Assay for Iron—The iron is precipitated as the hydroxide with am- 
monium hydroxide T.S., filtered, and washed. The precipitate is dis- 
solved in diluted hydrochloric acid, and the iron determined in the 
resulting solution as described in the Assay of Ferric Chloride Solution. 
Bach ee. of tenth-normal sodium thiosulfate is equivalent to 5.585 
mg. of Fe 
Avery for Arsenic—Since iron interferes with a direct volumetric 
determination of arsenic, the latter is separated from the iron in the 
following manner: A weighed quantity of the dried Ferric Cacody- 
late is decomposed by heating with sulfuric acid, potassium-sulfate 
and starch as in the Assay of Sodiwm Cacodylate. When decomposi- 
tion is complete, the solution is diluted with some water, 5 Gm. of 
ferrous sulfate, 1 Gm. of sodium bromide, 30 Gm. of sodium chloride, 
and 25 ec. of hydrochloric acid are added. The mixture is distilled 
into a receiver containing cold water. The trivalent arsenic distils 
over as arsenic trichloride and tribromide, and is determined in the 
distillate, after neutralization with sodium hydroxide, by titration 
with tenth- normal iodine in the presence of sodium bicarbonate. The 
object of the ferrous sulfate is to maintain the arsenic in the trivalent 
state, as pentavalent arsenic does not distil with hydrochloric acid. 
Each cc. of tenth-normal iodine consumed is equivalent to 3.746 mg. 
of As. 

Storage—Keep Ferric Cacodylate in tight containers. 


Uses—Ferric Cacodylate was used in the treatment 
of leukemia, lymphadenosis (Hodgkin’s disease, syphi- 
lis), serious anemias and as a tonic in debilitated and 
neurasthenic conditions. It has also been used in the 
treatment of acute subdeltoid bursitis. 

Average Dose—60 mg. (approximately 1 grain) cor- 
responding to about 25 mg. of As and about 8 mg. of Fe. 


Ferric Cacodylate Ampuls N. F. Ampulle Ferri 
Cacodylatis 
[Amp. Ferr. Cacodyl.—Ferric Cacodylate Injection, Iron Cacodylate 
Ampuls] 

Ferric Cacodylate Ampuls contain a sterile solution 
of ferric cacodylate in water for injection, and yield As 
equal to not less than 38.7 per cent and not more than 
47.3 per cent of the labeled amount of Fe[(CH3)2AsOe]s. 
It meets the requirements for the Sterility Test for 
Liquids (page 126). 


Sterilize the Injection by Process C, or by any other 


adequate and suitable method for sterilization. 

The Injection also conforms to the other require- 
ments under Parenteral Solutions (page 249). 
Assay—The Injection is assayed for arsenic content by the assay 
method under Ferric Cacodylate. 
Storage—Keep the Ampuls in light-resistant containers. 

Average Dose—60 mg. (approximately 1 grain) of 
Ferric Cacodylate. 


SODIUM CACODYLATE N. F. Sodii Cacodylas 
{[Sod. Cacodyl.—Sodium Dimethylarsinate] 


Sodium  Cacodylate [Na(CHs)2AsO.-3H20 = 
‘214.02] contains not less than 72 per cent and not more 


than 75 per cent of Na(CH3)2AsOz, the remainder con- 
sisting chiefly of water. 

Preparation—A mixture of arsenic trioxide and potas- 
sium acetate is dry-distilled. The distillate of cacodylic 
oxide [(CH3)sAsOAs(CHs)2] boiling at 150°, is received 
in a suspension of mercuric oxide in water, ’ whereby it 
is oxidized to cacodylic acid with the separation of 
metallic mercury. The filtered solution is treated with 
the required quantity of alkali hydroxide or carbonate 
and concentrated to crystallization. 

In another method monosodium methanearsonate 
[CHsAsO(OH)ONa|] is reduced with sulfur dioxide to 
arsenosomethane [CHsAsO] then methylated in the 
presence of sodium hydroxide with dimethylsulfate: 


CHsAsO + (CHg)eSO4 + 2NaOH — 


arsenoso- dimethyl sodium 
methane sulfate hydroxide 
(CHg)gAsOoNa + NaCHsSO4 + H2O . 
sodium sodium water 
cacodylate methylsulfate 


Description and Properties—Sodium Cacodylate occurs as white 
crystals, or as a white, granular powder. It is odorless or has a slight 
characteristic odor, and is deliquescent. It melts at about 60°. The 
aqueous solution is neutral or slightly alkaline to litmus. One Gm. of 
Sodium Cacodylate dissolves in about 0.5 cc. of water and in about 
2.5 ec. of alcohol. 

Identification—(1) Sodium Cacodylate burns with a bluish flame 
and emits a garlic-like odor. (2) The disagreeable odor of cacodyl 
(CH 3)2As. As(CH3)9] slowly develops by the addition of the reduc- 
ing agent hypophosphorous acid to an aqueous solution of Sodium 
Cacodylate. 

Tests for Purity— 

Free acid or alkali—Equivalent to not more than 0.5 ec. of either 
tenth-normal sodium hydroxide or hydrochloric acid per Gm., using 
phenolphthalein as the indicator. 

Monomethylarsenate—Calcium chloride T.S. produces no precipi-~ 
tate in an aqueous solution (1 in 20) of sodium cacodylate either when 
cold or on heating. 

Arsenate or phosphate—Magnesia mixture T.S. causes no turbidity 
in its aqueous solution (1 in 20) within 1 hour. 

Chloride—Not more than 0.02 per cent as Cl. 

Sulfate—Practically none. 

Assay—The official assay for Sodium Cacodylate i is based on the de- 
termination of the arsenic, after ‘‘liberating”’ it from organic com- 
bination and reduction to the trivalent state, by titration with stand- 
ard iodine solution. To a weighed quantity of the arsenical (about 
200 mg.) placed in a Kjeldahl flask about 300 mg. of starch, 10 Gm. of 
potassium (or sodium) sulfate, and 20 ce. of sulfuric acid are added, 
and the mixture heated over a low flame until colorless or nearly so. 
The object of the starch is to provide sufficient SOg, by the action of 
the carbon of the starch on the hot sulfuric acid, to insure complete 
reduction of the arsenic to the trivalent state. The potassium sulfate 
serves to raise the boiling temperature of the sulfuric acid and thus 
facilitate the destruction by ‘‘wet combustion” of the organic matter. 
The solution, after cooling, is cautiously diluted with water, made 
alkaline with sodium hydroxide, then made acid to litmus with di- 
luted sulfuric acid. The solution is cooled (heat produced by the 
neutralization of the acid with NaOH), 2 Gm. of sodium bicarbonate 
is added, and the mixture is titrated with tenth-normal iodine using 
starch T-S. as the indicator. (See the Assay under Arsenic Trioxide.) 
Each cc. of tenth-normal iodine corresponds to 7.999 mg. of anhy- 
drous Sodium Cacodylate. 

Storage—Keep Sodium Cacodylate in tight containers. 


Uses—Sodium Cacodylate is an organic pentavalent 
arsenical which slowly releases inorganic arsenic in the 
body. Due to this slow release, Sodium Cacodylate is 
less toxic than an inorganic arsenical, if injected. How- 
ever, when taken orally, a rapid release of arsenic occurs 
in the gastrointestinal tract. For this reason, the oral 
dose (60 mg.) is much less than the hypodermic (300 
mg.). For the therapeutic uses of inorganic arsenic, see 
Arsenic Trioxide (page 444). 

Average Dose—60 mg. (approximately 1 grain) cor- 
responding to about 21 mg. of As. 


Sodium Cacodylate Ampuls. N. F. Ampullee Sodii 
Cacodylatis 


{[Ampul. Sod. Cacodyl.—Sodium Cacodylate Injection] 


Sodium Cacodylate Ampuls contain a sterile solution — 
of sodium cacodylate in water for injection, and yield 
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Na(CHs)2AsOzg, equal to not less than 71 per cent and 
not more than 77 per cent of the labeled amount of 
Na(CHs3)2AsO2.3H2O. It meets the requirements of 
the Sterility Test for Liquids (page 126). 


Sterilize the Injection by Process C, or by any other adequate and 
suitable method of sterilization. The Injection also conforms to the 
other requirements under Parenteral Solutions (page 249). The 
Injection is assayed as described under Sodium Cacodylate. 


Uses—See Sodium Cacodylate. 
Average Dose—0.3 Gm. (approximately 5 grains) of 
Sodium Cacodylate. 


TRYPARSAMIDE U.S. P. Tryparsamidum 


(Tryparsam.—Monosodium N-Carbamylmethylarsanilate, Sp. Tri- 
parsamida] 


Tryparsamide [CgsH,.AsN.0.Na.44H.2O0 = 305.09], 
dried to constant weight at 110°, contains not less 
than 25.1 per cent and not more than 25.5 per cent of 
arsenic [As], corresponding to 99.2 per cent of CgH4o- 
AsN2O.4Na. 

Preparation—Tryparsamide is made by the inter- 
action of arsanilic acid with chloroacetamide. Arsanilic 
acid is prepared by heating aniline with arsenic acid, 
the union taking place at the para position in the ani- 
line. Chloroacetamide is obtained by the action of ice- 
cold ammonia water on ethyl chloroacetate, the latter 
being made by the esterification of monochloroacetic 
acid with ethanol in the presence of sulfuric acid. 


HeNC eHs5 + HsgAsO4 Pamg HeNCgH4AsO(OH)s + H,0 
aniline otras arsanilic acid water 
aci 


CH2CI.CO.OC2H5 + NH3 =. CH2Cl. CONHe + Co2H;0H 

ethyl chloroacetate ammonia chloroacetamide ethanol 
The arsanilic acid suspended in water is dissolved with 
just sufficient sodium bicarbonate, a moderate excess 
of chloroacetamide is added and heated until the reac- 
tion shown in the equation below is complete. 


vee 
He.NCegH.4AsO .ONa + CHeCICON He => 


sodium arsanilate chloroacetamide 


HeNCOCH2. HNCgH4AsO(OH)e2 


tryparsamide acid 


+ NaCl 


sodium chloride 


The tryparsamide acid so formed is dissolved in just 
sufficient sodium hydroxide solution, about 2 volumes of 
alcohol are added, and the solution is allowed to crystal- 
lize. , 

Description and Properties—Tryparsamide occurs as a white, odor- 
less, crystalline powder. Itis slowly affected by light, and reasonably 
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stable in the air. Its aqueous solution is neutral] to litmus (pH about 
6.5). One Gm. of Tryparsamide dissolves in about 2 cc. of water. It 
is slightly soluble in alcohol, but is insoluble in ether and in chloro- 
form. 

Identification—(1) Addition of hydrochloric acid to its aqueous 
solution (1 in 20) produces a white precipitate of the acid of Try- 
parsamide (distinction from sodium cacodylate). (2) The solution 
of Tryparsamide remaining after the Assay, acidified with sulfuric 
acid, heated with sulfurous acid to reduce the pentavalent arsenic 
to the trivalent state, and boiled to expel the excess of SOg gives with 
hydrogen sulfide a yellow precipitate of arsenic trisulfide soluble in 
ammonium carbonate T.S. (3) On adding calcium chloride T.S. to 
its aqueous solution (1 in 10) a white, microcrystalline precipitate of 
calcium tryparsamide is gradually formed. (4) The odor of ammonia 
is evolved on boiling Tryparsamide with sodium hydroxide solution. 
Tests for Purity— 

Loss on drying—Between 2.5 and 3.5 per cent. 

Arsanilic acid—The presence of the NHg» group in arsanilic acid 
renders it responsive to the azo-dye reaction discussed under Buta- 
caine Sulfate. The test is performed in the following manner. To 
5 ec. of a solution of Tryparsamide (1 in 10) add 0.3 cc. of a solution 
of sodium nitrite (1 in 10), and cool in ice water. Add 5 cc. of diluted 
hydrochloric acid and a solution of 500 mg. of betanaphthol in 10 ce. 
of a solution of sodium hydroxide (1 in 10). No red color is produced 
(limit about 0.03 per cent). 

Arsenate—Addition of magnesia mixture to a solution of Trypars- 
amide produces no precipitate in the cold, but on warming a precipi- 
tate of magnesium Tryparsamide forms. 

Arsphenamine compounds—No blue color is produced when 0.2 cc. 
of ferric chloride T.S. is added to 1 cc. of a solution of Tryparsamide 
(1 in 10) but a brown precipitate is obtained which dissolves upon the 
further addition of ferric chloride T.S. 

Assay—A weighed quantity of about 200 mg. of the dried Trypars- 
amide is heated with sulfuric acid and fuming nitric acid to destroy 
the organic matter. The excess of nitric acid is removed by adding 
about 2 Gm. of ammonium sulfate and heating further. The NHg of 
the ammonium sulfate is oxidized by the nitric acid to free nitrogen 
and water. The pentavalent arsenic is reduced by adding potassium 
iodide (see Assay under Hxsiccated Sodium Arsenate), and after addi- 
tion of water the liberated iodine is expelled by boiling. The solution, 
now containing the arsenic in trivalent form, is neutralized, sodium 
bicarbonate is added, and the mixture is titrated with tenth-normal 
iodine. Hach cc. of tenth-normal iodine corresponds to 3.746 mg. of 
arsenic [As] or to 15.25 mg. of Tryparsamide. For details of the assay 
consult the U.S. P. XIII. : 

Storage—Keep Tryparsamide in tight containers, preferably at a 
temperature not above 20° and protected from light. 

Labeling—The container label must bear the official title, the quantity 
in grams of the Tryparsamide in the container, the lot number of the 
product, the name and address of the manufacturer, and the expira- 
tion date for the product. 

The expiration date (the date beyond which the contents cannot 
be expected beyond reasonable doubt to retain its stability) is not 
more than 5 years from the date of manufacture. 


Uses—Tryparsamide is of particular value in the 
treatment of central nervous system syphilis, especially 
early paresis, either prior to or subsequent to malario- 
therapy. It lacks the serious toxic effects of the ars- 
phenamines but may cause severe damage to the optic 
nerve, sometimes resulting in blindness. It must not 
be used in patients with optic damage. It has no value 
in forms of syphilis other than that of the nervous sys- 
tem. Tryparsamide is also highly effective in certain 
trypanosomal diseases, especially African sleeping sick- 
ness. 

Average Dose—Caution. 
proximately 30 grains). 


Intravenous, 2 Gm. (ap- 


TRIVALENT ARSENIC COMPOUNDS 


NHe. HCl NH2: HCl NHe Baer tee NHCH20S02gNa NHCH2OSO2Na 
| | | 
HOS NAs=AsCDOH.2HL0 © HOY As=As__ OH HO _YAs=As OH 
Arsphenamine Neoarsphenamine Sulfarsphenamine 
NH2. HCl NHg2. HCl 
Cl | | 
p ; DAs _ DOH O=As@__YOH 
: . Cl 

Dichlorophenarsine Oxophenarsine 

Hydrochloride Hydrochloride 
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ARSPHENAMINE U.S. P. Arsphenamina 
[Arsphen.—3,3’-Diamino-4,4’-dihydroxyarsenobenzene Dihydrochlo- 


ride, 606, Salvarsan, Arsaminol, Arsenobenzene, Sanluol, Sp. Arsphen- 
amina] 
Arsphenamine [CizHieAseN2O2.2HCl.2H,O = 


475.01] contains not less than 30 per cent and not more 
than 32 per cent of arsenic [As]. 

Preparation—The arsphenamine base, obtained as 
described under Neoarsphenamine, is dissolved in 
hydrochloric acid and the dihydrochloride formed is pre- 
cipitated by the addition of 2 to 3 volumes of methanol. 

Arsphenamine is subject to the same licensing re- 
quirements and regulations of the United States Public 
Health Service as those applied to Neoarsphenamine 
(page 765). 

Description and Properties—Arsphenamine occurs as a light yellow, 
odorless or practically so, hygroscopic powder. It oxidizes on expo- 
sure to air becoming darker and more toxic. For this reason it is 
packaged sealed in ampuls under vacuum or nitrogen. Its aqueous 
solution has an acid reaction. Arsphenamine is soluble in water, 
alcohol, and glycerin and practically insoluble in chloroform and ether. 

Identtfication—(1) The solution resulting from the Assay yields 
with hydrogen sulfide a yellow precipitate of arsenic sulfide, soluble 
in ammonium carbonate T.S. (2) Ferric chloride T.S. added to a 
solution of arsphenamine produces a brownish violet color rapidly 
changing to deep red. (3) Silver nitrate T.S. oxidizes Arsphenamine 
with the production of a red color (but no precipitate is formed) and 
on subsequent addition of nitric acid and boiling, a white precipitate 
of silver chloride is formed. (4) Diluted sulfuric acid or a solution of 
an alkali sulfate precipitates Arsphenamine from its solution as the 
sulfate. Diluted hydrochloric acid does not produce a precipitate 
until an excess is present (difference from Neoarsphenamine). 

Tests for Purity— 

Total acid—This is determined by titrating an aqueous solution of 
Arsphenamine with tenth-normal sodium hydroxide using phenol- 
phthalein as the indicator. Not less than 3.9 cc. and not more than 
4.3 cc. of the standard solution per 100 mg. of the Arsphenamine is 
required. 

Completeness of solubility—Arsphenamine produces a complete 
solution within 15 minutes upon adding 600 mg. to 20 cc. of water 
and agitating. 

Assay for Arsenic—The arsenic in Arsphenamine is determined as 
described under the Assay for Neoarsphenamine. 

Note—The requirement for thermostability mentioned under Neo- 
arsphenamine applies also to this arsenical. 

Storage and Labeling—Arsphenamine conforms to the requirements 
for these as given under Neoarsphenamine, but the expiration date 
for Arsphenamine is 5 years. 


Uses—Arsphenamine is the oldest of the antisyphi- 
litic arsenicals, and is one of the most powerful. How- 
ever, it must be injected intravenously in large volume 
and only after careful alkalinization of the acid salt. 
Failure to prepare solutions of Arsphenamine properly 
may result in serious illness or death. Also, consider- 
able time is required for each injection, and a gravity 
apparatus is required. For these reasons, Arsphen- 
amine has been largely replaced by other arsenicals in 
the office and clinic treatment of syphilitic patients. 
In patients with early syphilis, proper use of Arsphen- 
amine, according to the schemes of therapy devised and 
approved by the United States Public Health Service 
and certain cooperating syphilis clinics, results in actual 
biological cure of the disease in the large majority of 
patients. Less intensive therapy is employed in other 
forms of syphilis, and usually the best that can be 
hoped for in the later stages is arrest of the disease and 
freedom from symptoms. A large variety of early and 
late toxic reactions occur in Arsphenamine therapy and 
some of these are serious in nature and may end fatally. 
Certain types of reactions necessitate the immediate 
and permanent cessation of Arsphenamine therapy. 
Certain types of syphilis, especially cardiovascular 
syphilis, cannot be treated with Arsphenamine because 
the drug is too potent and too toxic. 

In addition to its efficacy in syphilis, Arsphenamine 
is also of value in other spirochetal and spirillum infec- 
tions, including yaws, relapsing fever, and pulmonary 
abscess or gangrene due to Vincent’s organisms. It is 
also employed in Vincent’s angina. 
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Dosage—Usually from 3 to 6 grains (0.2 to 0.4 Gm.); 
though 0.6 Gm. (9 grains) may be given, the smaller 
doses are more extensively used. 

For children from 3 to 5 grains (0.2 to 0.3 Gm.). In 
infants doses of from 14 to 114 grains (0.02 to 0.1 Gm.) 
may be used. The dose should be varied according to 
the strength and condition of the patient. The intra- 
venous method is, on the whole, preferable and is 
especially to be recommended. 

For intravenous injection one should proceed thus: 

The ampul containing the drug is immersed in alco- 
hol, in order to be sure that a cracked tube is not being 
used; then the tube is carefully wiped off, the neck 
filed across and broken off, and the contents sprinkled 
on sterile distilled water (10 ce. for each 0.1 Gm. of the 
drug used), contained in a sterile Erlenmeyer flask. 
The drug is allowed to dissolve with little or no agita- 
tion. Normal sodium hydroxide is then added to the 
solution, using 0.85 ec. to every 0.1 Gm. of the drug.- 
Thus 0.6 Gm. of the drug would require 5.1 cc. of 
normal alkali. A precipitate of the base is first formed, 
which, after the contents are carefully agitated, is again 
brought into solution, the fluid being strongly alkaline. 
Filter the alkalinized solution through sterile gauze, 4 
ply, and dilute the filtrate with sterile distilled water to 
make 25 cc. for each 0.1 Gm. of the drug. It should 
stand 30 minutes before using. At least one minute 
should be allowed for each 25 cc. of the solution to flow 
into the vein, using the gravity method. The directions 
accompanying the drug as to temperature of the water, 
etc., should be followed. The contents of a tube should 
be used at once after opening, and under no circum- 
stances should the contents of a tube damaged in 
transportation or any remnants of the powder from 
previously opened tubes be used. A few syphilologists 
use intramuscular injections, but these are not recom- 
mended for general use. In all cases the skin should be 
disinfected with iodine tincture or with alcohol. 

Average Dose—Intravenous, 0.3 Gm. (approximately 
5 grains). Prior to injection the solution must be alkalin- 
ized with 0.85 cc. of normal sodium hydroxide for each 
0.4 Gm. of Arsphenamine. 
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DICHLOROPHENARSINE HYDROCHLORIDE 
U.\S.0P. 
Dichlorophenarsine Hydrochloridum 


{[Dichlorophenarsin. Hydrochlor.—Clorarsen, 3-amino-4-hydroxy- 
phenyl dichloroarsine hydrochloride, Sp. Clorhidrato de Diclorofen- 
arsina] 


Dichlorophenarsine Hydrochloride [C.H,¢AsCle- 
NO.HCl = 290.41] when dried in a vacuum desiccator 
over phosphorus pentoxide for 24 hours, contains not 
less than 25.3 per cent and not more than 27 per cent of 
total arsenic [As]. 

Dichlorophenarsine Helrechioaon is usually distrib- 
uted as a mixture with buffering agents and suitable 
substances to render its solution physiologically com- 
patible with human blood. The label must indicate the 
names of the admixed substances, and the composition 
of the mixtures (containing Dichlorophenarsine Hydro- 
chloride as the only active therapeutic agent) shall be 
approved by the National Institute of Health. Mix- 
tures contain total arsenic equivalent to not less than 
92.5 per cent and not more than 107.5 per cent of the 
labeled amount of Dichlorophenarsine Hydrochloride. 
Mixtures also meet the requirements for identification, 
loss on drying, completeness of solubility and storage. 

Dichlorophenarsine Hydrochloride and its mixtures 
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must be prepared in an establishment licensed for the 
purpose by the United States Government upon the 
recommendation of the Surgeon General of the United 
States Public Health Service. Each lot of the product 
before being offered for sale must comply with the 
toxicity, labeling, and other requirements of the Na- 
tional Institute of Health, and be released by the Insti- 
tute. 

Preparation—It may be prepared by treating oxo- 
phenarsine base (see under Oxophenarsine Hydrochlo- 
ride) with a benzene solution of a phosphorus chloride 
which replaces the oxygen atom with two chlorine 
atoms. 


Description and Properties—Dichlorophenarsine Hydrochloride 
occurs as a white, odorless powder. It is soluble in water, solutions 
of alkali hydroxides and carbonates, and in dilute mineral acids. The 
aqueous solution is acid. 

Identification—(1) The solution resulting from the Assay yields 
with hydrogen sulfide a yellow precipitate of arsenic sulfide, soluble 
in ammonium carbonate T.S. (2) The addition of sodium hydrosul- 
fite to a solution of Dichlorophenarsine Hydrochloride produces a 
salmon-colored precipitate which rapidly changes to yellow. (3) A 
nearly white to yellow precipitate is produced by the addition of hypo- 
Pe ephorous acid to a solution of this arsenical in diluted hydrochloric 
acid. 

Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

Completeness of solubility—Completely soluble in water in a concen- 
tration as great as is recommended for its intravenous administration. 

Percentage of trivalent arsenic—Between 25 and 27 per cent on the 

basis of the dried compound. It is determined by titrating the solu- 
tion of the compound in a mixture of 1 volume of diluted sulfuric acid 
and 2 volumes of water with tenth-normal iodine to the production of a 
permanent pale yellow color. Each cc. of tenth-normal iodine corre- 
sponds to 3.746 mg. of arsenic [As]. 
Assay for Total Arsenic—About 150 mg. of the dried Dichlorophen- 
arsine Hydrochloride, accurately weighed, is dissolved in 20 ce. of a 
mixture of equal volumes of sulfuric acid and water, 15 cc. of 30 per 
cent H2QOg is added and heated to fumes of SOg. The hydrogen per- 
oxide aids in the destruction of the organic matter and by its oxidation 
of the arsenic to the pentavalent state prevents it from volatilizing 
as arsenic trichloride. The pentavalent arsenic is then reduced to 
the trivalent with an excess of hydrazine sulfate, and the excess is 
destroyed by heating to fumes of SOg. The solution, diluted with 
water, is titrated with tenth-normal potassium bromate, using methyl] 
orange T.S. as the indicator. The red color of the indicator will per- 
sist until all the trivalent arsenic has been oxidized and only then will 
the bromate react with the indicator and decolorize it. 


3Ase03 + 2K BrOs3 + H2S04 —* 3Ase05 + KeSO4 + 2H Br 


Each ce. of tenth-normal potassium bromate corresponds to 3.746 mg. 
of arsenic [As] or to 14.52 mg. of Dichlorophenarsine Hydrochloride 
Storage—Keep Dichlorophenarsine Hydrochloride at a temperature 
preferably not above 25°, in hermetic containers of colorless glass 
which have been sterilized prior to filling, and from which the air has 
been excluded either by the production of a vacuum or by displace- 
ment with a non-oxidizing gas. 

Labeling—The ampul label must bear the official title, the amount in 
grams or milligrams of the Dichlorophenarsine Hydrochloride con- 
tained in the ampul, the lot number of the product, and the nam of 
the manufacturer. 

’ The label on the outside of the container of one or more ampuls 
must bear the official title, the amount in grams or mil.igrams oj the 
Dichlorophenarsine Hydrochloride contained in the individual ampul, 
the names of the admixed substances, if any, the lot number of the 
product, the name and address of the manufacturer, the U. S. license 
number of the manufacturer, and the expiration date for the product. 
Expiration Date—The expiration date (the date beyond which the 
contents cannot be expected beyond reasonable doubt to retain its 
quality) shall not be more than 3 years from the date of release of that 
lot by the National Institute of Health. 


Uses—Dichlorophenarsine is an antisyphilitic arseni- 
cal closely related to Oxophenarsine, differing from the 
latter in having two chlorine atoms substituted for oxy- 
gen on the arsenic. Dichlorophenarsine Hydrochloride 
must be buffered before injection to neutralize its acid- 
ity. 

The preparations now available on the market con- 
tain sufficient alkaline buffering agent to make neutral 
a prepared solution for injection. They contain ap- 
proximately 26 per cent of trivalent arsenic. On the 

addition of sterile distilled water to an ampul contain- 
ing the mixture of dry Dichlorophenarsine Hydrochlo- 
ride and alkaline buffer a reaction takes place, with the 
result that arsenoxide a clinical term for oxophenarsine 
is supposed to be formed. It has been claimed that the 
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latter agent is the therapeutically active part of the 
compound. 

Average Dose—Intravenous, 45 mg. (approximately 
34 grain). 


NEOARSPHENAMINE U. S. P. 


[Neoarsphen.—Neosalvarsan, Novarsenobenzol, 914, Sp. 
Neoarsfenamina] 


Neoarsphenamina 


Neoarsphenamine consists chiefly of sodium 3,3/’- 
diamino-4,4’-dihydroxyarsenobenzene-N-methanal sul- 
foxylate. It contains not less than 19 per cent of arsenic 
[As]. 

Neoarsphenamine must be prepared in an estab- 
lishment licensed for the purpose by the United States 
Government upon recommendation of the Surgeon 
General of the United States Public Health Service. 
Each lot of the product before being offered for sale 
must comply with the toxicity, labeling, and other re- 
quirements of the National Institute of Health, and be 
released hy the Institute. 

Caution—Solutions of Neoarsphenamine must be 
freshly prepared when required for use. The solution 
should not be shaken during its preparation. 

Preparation—Phenol is heated with about twice its 

weight of 95 to 98 per cent arsenic acid at 120° to 130° 
resulting in the formation of p-hydroxybenzenearsonic 
acid [|HOC,.H4AsO(OH),.]. After suitable purification 
this acid, dissolved in sulfuric acid, is nitrated by slow 
addition of the required quantity of nitric acid to pro- 
duce the mono-nitro derivative, namely 3-nitro-4- 
hydroxybenzenearsonic acid. The latter acid is dissolved 
in sodium carbonate solution and an excess of a solution 
of sodium hydrosulfite [NazS204|is added. This power- 
ful reducing agent reduces the nitro groups to amino 
groups and all the oxygens not directly attached to 
carbon, thus producing 3,3’-diamino-4,4’-dihydroxy- 
arsenobenzene, frequently designated as arsphenamine 
base. The base is dissolved in acetic or hydrochloric 
acid and a concentrated solution of sodium formalde- 
hyde-sulfoxylate [CH20HSO2Na] is added. The latter 
condenses with the amino group, with the removal of 
one molecule of water, yielding the final product. 
The Neoarsphenamine is precipitated from the solution 
with ethanol, filtered, washed with alcohol, and dried 
at a low temperature under reduced atmospheric pres- 
sure. 
Description and Properties—Neoarsphenamine is a yellow powder, 
odorless or practically so. Its aqueous solutions are neutral or slightly 
alkaline to litmus paper. It is readily oxidized on exposure to air 
becoming darker and more toxic, higher temperatures accelerating 
the oxidation. Hence, it is packaged in ampuls sealed under vacuum 
or nitrogen. It is readily decomposed by acids. It is very soluble 
in water, soluble in glycerin, slightly soluble in alcohol and almost in- 
soluble in absolute alcohol, chloroform, and ether. ’ F 

Identification—(1) The solution resulting from the assay yields with 
hydrogen sulfide a yellow precipitate of arsenic sulfide, soluble in 
ammonium carbonate T.S. (2) Ferric chloride T.S. produces in an 
aqueous solution (1:1000) of Neoarsphenamine a purple or purplish 
red color changing to dark red. (3) An odor of sulfur dioxide is 
produced by warming a solution of Neoarsphenamine with diluted 
hydrochloric acid solution (1 in 100). (4) A heavy precipitate is 
formed on addition of 0.5 cc. of diluted hydrochloric acid to 20 cc. of 
1 in 100 solution (distinction from Sulfarsphenamine). 

Tests for Purity— ; ; 

Loss on drying—(Water, an excess of moisture, causes relatively 
rapid deterioration, especially in warm climates.) Not more than 
1.5 per cent. ‘ ; 

Completeness of solubility—A complete solution is produced 
within 5 minutes upon adding 600 mg. of Neoarsphenamine to 3 cc. of 
water and gently rotating. . 

Note—The U.S. Public Health Service regulations also require that 
Neoarsphenamine as well as Arsphenamine and Sulfarsphenamine 
conform at the time of the release of the lot for sale to the following 
requirement designated as ‘‘Thermostability”’: Expose the ampuled 


product at a temperature of 70° for 96 hours: it shows no marked 
change in color, consistency, and solubility. This test was designed 
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to insure that the product will retain its therapeutic efficacy within 
the period of the expiration date. 
Assay for Arsenic—The Neoarsphenamine is oxidized with potassium 
permanganate in the presence of sulfuric acid, converting the trivalent 
arsenic to the pentavalent form. The excess permanganate and the 
manganese dioxide formed are removed by the addition of hydrogen 
peroxide and most of the latter is destroyed by boiling. Any remain- 
ing trace of peroxide is decomposed with a slight excess of permanga- 

nate which in turn is destroyed with tenth-normal oxalic acid. 
Potassium Iodide is added which reacts with the pentavalent arsenic 
liberating iodine and reducing the pentavalent arsenic to the trivalent 
state, thus; 

H2S04 
HsAsO4 + 2KI ——> HgAsOg + I, + KeS04 + H.O 


The liberated iodine is titrated with tenth-normal sodium thiosulfate 
without the use of starch as an indicator. Each ce. of 0.1 N sodium 
thiosulfate corresponds to 3.746 mg. of arsenic [As]. For the details 
of the assay consult the U.S. P. XIII, and for a fuller discussion of 
the chemistry of the reaction between pentavalent arsenic (arsenic 
acid) and potassium iodide see under the Assay of Hasiccated Sodium 
Arsenate. 

Storage—Keep Neoarsphenamine at a temperature preferably not 
above 25° in hermetic containers of colorless glass, from which the 
air has been excluded either by the production of a vacuum or by dis- 
placement with a non-oxidizing gas. 

Labeling—The ampul label must bear the official title, the amount in 
grams or milligrams of the Neoarsphenamine contained in the ampul, 
the lot number of the product, and the name of the manufacturer. 

The label on the outside of the container of one or more ampuls 
must bear the official title, the amount in grams or milligrams of the 
Neoarsphenamine contained in the individual ampul, the lot number 
of the product, the name and address of the manufacturer, the U. 8. 
license number of the manufacturer, and the expiration date for the 
product. 

The expiration date (the date beyond which the contents cannot 
be expected beyond reasonable doubt to retain its stability) shall not 
be more than 3 years from the date of release of that lot by the Na- 
tional Institute of Health. 


Uses—Neoarsphenamine is a modified soluble com- 
pound of arsphenamine; its actions and uses are thase 
of Arsphenamine and Mapharsen. It is given in larger 
doses than arsphenamine because it contains less arsenic 
and is less toxic. The average dose for men is 12 grains 
(0.75 Gm.), with 9 grains (0.6 Gm.) and 14 grains (0.9 
Gm.) as the usual minimum and maximum doses. For 
women 9 grains (0.6 Gm.) is the average, with 7 grains 
(0.45 Gm.) and 12 grains (0.75 Gm.) as minimum and 
maximum. Children may be given from 21% grains 
(0.15 Gm.) to 5 grains (0.3 Gm.). 

Neoarsphenamine may be administered by intra- 
venous or intramuscular injection, the former being 
considered decidedly preferable; it must not be admin- 
istered subcutaneously. For intravenous injections, 
12.5 cc. of freshly distilled water should be used for each 
0.1 Gm. of ‘Neoarsphenamine. For the intramuscular 
injections, 3 cc. of freshly distilled water should be used 
for each 0.15 Gm. of Neoarsphenamine, this yielding 
an approximately isotonic solution. 

Neoarsphenamine may be employed intravenously 
in concentrated solutions. For this purpose as much as 
0.1 Gm. may be dissolved in 0.5 ce. of sterile freshly dis- 
tilled water; the injection is made with a syringe in- 
stead of by gravity. It is well to draw out an equal 
amount of blood into the syringe containing the Neo- 
arsphenamine solution before reinjecting into the 
blood stream. It should be injected very slowly. 

The ampul containing the drug is immersed in alco- 
hol to detect a possible crack, then carefully wiped off; 
the neck filed across and broken off; and the contents 
sprinkled on the surface of cool, sterile distilled water 
and allowed to dissolve without shaking the solution. 
Any product incompletely soluble should be discarded. 
Solutions of Neoarsphenamine must be injected zmmedt- 
ately after their preparation. Neoarsphenamine must 
not be warmed and the temperature of the injected 
fluid should not be more than 20° to 22° (68° to 71.6° F.). 

Neoarsphenamine may undergo deterioration in the 
ampul, and care should be exercised to use a drug of 
normal color and free solubility. The drug in fresh 
solution should be of canary-yellow color. This drug 
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should preferably be kept in a cool dark room or ice 
box and be not more than 6 months old. 

Average Dose—IJntravenous, 0.45 Gm. 
mately 7 grains). 


(approxi- 


OXOPHENARSINE HYDROCHLORIDE U. S. P. 
Oxophenarsine Hydrochloridum 


[ 


Oxophenarsin. Hydrochlor.—3-Amino-4-hydroxyphenylarsine oxide 
Hydrochloride, Mapharsen, Sp. Clorhidrato de Oxofenarsina] 


Oxophenarsine Hydrochloride [C,H ,AsO.N.HCl = 
235.49], when dried in a vacuum desiccator over phos- 
phorus pentoxide for 24 hours, contains not less than 30 
Pe and not more than 32 per cent of total arsenic 
As]. 

Oxophenarsine Hydrochloride is usually distributed 
as a mixture with buffering agents and suitable sub- 
stances to render its solution physiologically compatible 
with human blood. The label must indicate the names 
of the admixed substances, and the composition of the 
mixtures (containing Oxophenarsine Hydrochloride as 
the only active therapeutic agent) shall be approved by 
the National Institute of Health. Mixtures contain 
total arsenic equivalent to not less than 92.5 per cent 
and not more than 107.5 per cent of the labeled amount 
of Oxophenarsine Hydrochloride. The mixtures also 
meet the requirements for Identification, Completeness 
of solubility, and Packaging and storage. 

Oxophenarsine Hydrochloride and its mixtures must 
be prepared in an establishment licensed for the purpose 
by the United States Government upon the recom- 
mendation of the Surgeon General of the United States 
Public Health Service. Each lot of the product before 
being offered for sale must comply with the toxicity, 
labeling, and other requirements of the National Insti- 
tute of Health, and be released by the Institute. 

Preparation—An acid solution of 3-nitro-4-hydroxy- 
benzenearsonic acid, made as described under Neoars- 
phenamine, is treated with sulfurous acid (sulfur di- 
oxide and water or sodium bisulfite solution) whereby the 
acid is reduced to oxophenarsine base as shown in the 
following equation: 


2 
| 
HO _SAsO (Oe = HSOs—= 


3-nitro-4-hydroxy- sulfurous 
benzenearsonic acid aci 
NH» 
| 
HOC _SAsO + HaS0q + HAO 
oxophenarsine sulfuric 
base acid 


The base is combined with HCl and purified. 


Description and Properties—Oxophenarsine Hydrochloride is a white 
or nearly white, odorless powder. _ It is acid to litmus and methyl 
red but alkaline to congo red. It is unstable in air, becoming dis- 
colored; and hence it is packaged in ampuls under a vacuum or nitro- 
gen. Oxophenarsine Hydrochloride is freely soluble in water, in solu- 
tions of alkali hydroxides and carbonates, and in dilute mineral acids; 
sparingly soluble in alcohol, insoluble in ether. 

Identification —Oxophenarsine Hydrochloride is identified by the 
same tests as those given for Dichlorophenarsine Hydrochloride. 
When Oxophenarsine Hydrochloride is gently boiled in a test tube 
with acetone, the escaping vapors do not redden blue litmus paper 
(difference from Dichlorophenarsine Hydrochloride). 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. 
than 0.5 per cent. 

Completeness of solubility—Completely soluble in water in a concen- 
tration as great as is recommended for its intravenous administration. 

Percentage of trivalent arsenic—29.5 to 32 per cent. It is determined 

as directed under Dichlorophenarsine Hydrochloride. 
Assay for Total Arsenic—As described!under Dichlorophenarsine 


Mixtures—not more 
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Hydrochloride. Each cc. of tenth-normal potassium bromate is 
equivalent to 3.746 mg. of Arsenic [As] or to 11.77 mg. of Oxophen- 
arsine Hydrochloride. 

Storage and Labeling—Oxophenarsine Hydrochloride conforms to the 
requirements for these as given under Dichlorophenarsine Hydro- 
chloride, except that its expiration date is 214 years. 


Uses—Mapharsen, although not an arsphenamine, 
has the same general field of usefulness in the treatment 
of syphilis as arsphenamine and neoarsphenamine. 
(see Arsphenamine). It probably represents the active 
antispirochetal partial oxidation product of arsphen- 
amine, 7. ¢., the arsenoxide by virtue of which arsphen- 
amines exert their therapeutic effects. Mapharsen is at 
present the safest and most generally useful antisyphi- 
litic arsenical, and can be employed even in cases 
where the further use of an arsphenamine is barred due 
to serious toxic reactions. Mapharsen has largely been 
substituted for the arsphenamines in courses of anti- 
syphilitic therapy, the character and duration of treat- 
ment depending on the type of syphilis being treated. 
Mapharsen is easy to administer and its solution can be 
prepared quickly and without difficulty. The route is 
intravenous. The dose is roughly one-tenth that for 
arsphenamine, the full single dose being 45 mg. for 
males and 30 mg. for females. Mapharsen is also used 
in the treatment of Vincent’s angina. 

Average Dose—Intravenous, 45 mg. pprexumately 


34 grain). 


SULFARSPHENAMINE U. S. P.  Sulfarsphenamina 


[Sulfarsphen.—Sulfarsenol, Sp. Sulfarsfenamina] 


Sulfarsphenamine consists chiefly of disodium 3,3’- 
diamino-4,4’-dihydroxyarsenobenzene-N ,N’ -di-methyl- 
enesulfonate. It contains not less than 19 per 
cent of arsenic [As]. It must meet the licensing and 
other requirements of the National Institute of Health 
as given under Neoarsphenamine. 

Preparation—It is prepared by the same process as 
that given for Neoarsphenamine, except that the so- 
dium formaldehyde sulfoxylate is replaced by sodium 
bisulfite and formaldehyde or formaldehyde sodium 
bisulfite [CH,OHSO;Na], the latter having one more 
atom of oxygen than the former. 

Sulfarsphenamine is subject to the same licensing re- 
quirements and regulations of the U. 8. Public Health 
Service as apply to Neoarsphenamine. 

Description and Properties—Sulfarsphenamine is a yellow powder, 
odorless or having a faint odor of sulfur dioxide. It is slowly oxidized 
by exposure to air becoming dark and more toxic. Its solution is 
slightly acid to litmus paper. Sulfarsphenamine is more resistant 
to oxidation than arsphenamine or neoarsphenamine. It is very 
soluble in water, slightly soluble in alcohol and insoluble in ether 
Sulfarsphenamine responds to the Identification tests described 
under Neoarsphenamine, except that its solution is not precipi- 
tated by hydrochloric acid. ’ 

Tests for Purity—Sulfarsphenamine conforms to the limit for Loss 
on drying and to the test for Completeness of solubility as given under 
Neoarsphenamine. 

Assay—The arsenic content of Sulfarsphenamine is determined by 
the method given under Neoarsphenamine. 

Storage and Labeling —Sulfarsphenamine conforms to the require- 


ment for these as given under Neoarsphenamine, but the expiration 
_ date is 5 years. 


Uses—Due to the high incidence of serious and oc- 
casionally fatal reactions caused by Sulfarsphenamine, 
this compound has been almost completely abandoned 
in the therapy of syphilis. Its sole advantage is that 
it can be injected intramuscularly, which facilitates its 
use in infants. Fortunately, the incidence of toxic reac- 
tions to Sulfarsphenamine in infants is considerably 
lower than in adults. The drug is the least desirable of 
the antisyphilitic arsenical group. 

Average Dose—I niramuscular, 0.45 Gm. (approxi- 
e. mintely v grains). 


Unofficial Arsenic Organometallic Compounds 


Phenarsone Sulfoxylate N. N. R., Aldarsone—A white powder con- 
sisting of sodium 3-amino-4-hydroxyphenylarsonate-N-methanal 
sulfoxylate; soluble in water, dilute acid, and alkali, insoluble in 
alcohol. It contains from 17 to 18.5 per cent arsenic. Uses: a 
pentavalent arsenical useful in the treatment of Trichomonas 
vaginalis vaginitis and syphilis, The patient should be watched for 
signs of arsenic toxicity. Dose: intravenously for syphilis, 1 Gm. 
in 10 cc. sterile distilled water once a week for 40 to 50 weeks; 
intravaginally for vaginitis, 3 Gm. (0.5 Gm. Aldarsone and 2.5 Gm, 
kaolin) by insufflation and 0.13 Gm. suppositories. 

Silver Arsphenamine N. N. R., Silver-Salvarsan—Brownish black 
powder consisting of the sodium salt of silver diaminodihydroxy- 
arsenobenzene; unstable in air, soluble in water yielding a dark 
brown solution. It contains 19 per cent arsenic and 12 to 14 per cent 
silver. Uses: same as for arsphenamine but slightly higher chemo- 
therapeutic index because of the silver. Dose: intravenously, 0.1 
Gm. gradually increasing at intervals of 4 days to 0.2 Gm. maximum 
in women and 0.3 Gm. in men. Dissolve in 5 cc. cool water and 
make up to 20 cc. with 0.4 per cent sodium chloride solution; heat- 
ing and shaking must be avoided. 


Specialties Containing Arsenic Organo-Metallic Compounds 


Acetylarsan (Merck)—Ampuls, 2 cc. (0.04 Gm. arsenic) or 3 ec. (0.150 
Gm. arsenic), containing practically neutral, aqueous-solutions of 
diethylamine hydroxyacetylaminophenylarsonate (20.4 per cent 
arsenic). Uses: antisyphilitic. Dose: intramuscularly, 2 to 3 ce. 
twice a week. 

Aldarsone N. N. R. (Abbott)—Dry ampuls (0.5 and 1 Gm.) and 
vaginal suppositories (0.13 Gm.) containing phenarsone sulfox- 
ylate. See Phenarsone Sulfoxylate N. N. R. 

Aldarsone with Kaolin N. N. R.—Glass tubes containing 0.5 Gm. 
phenarsone sulfoxylate and 2.5 Gm. kaolin, suitable for use with 
insufflator. 

Arsoplasma (Tosse)—Ampuls (1 cc.) each containing 50 mg. sodium 
monomethylarsonate, 1.7 mg. sodium phosphate, and 0.5 mg. potas- 
sium phosphate. Uses: arsenic therapy. Dose: intramuscu- 
larly, 1 cc. 2 or 3 times a week. 

Bisarphen (Endo)—Ampuls (2 cc.) containing a solution of p-glycyl- 
arsanilic acid with bismuth tartrate made soluble by the addition 
of sodium hydroxide and stabilized with mannitol. Each 2 ee. 
equivalent to 10 mg. arsenic and 26 mg. bismuth. Uses: anti- 
syphilitic. Dose: wintragluteally, 2 cc. twice a week. 

Carsiron (Lakeside)—Ampuls, 1 or 5 ec., each containing, respectively, 
0.04 or 0.065 Gm. iron dimethylarsenate and 0.74 mg. or 0.96 mg. 
copper dimethylarsenate. Uses: hematinic and arsenic therapy. 
Dose: intramuscularly, 1-cc. ampul; intravenously, 5-cc. ampul. 

Clorarsen N. N. R. (Squibb)—Single-dose ampuls (0.045 or 0.067 
Gm.) or multiple-dose ampuls (0.45 or 0.67 Gm.) containing 2- 
amino-4- er Met goats dichloroarsine. See Dichlorophenarsine 
Hydrochloride U.S. 

Coliron (Cutter)—Vial af ec.), each cc. containing 0.162 Gm. (214 
gr.) colloidal iron cacodylate. Uses: hematinic and arsenic ther- 
apy. Dose: intramuscularly, 4% to 1 cc. 

Devegan (Winthrop)—Powder or tablets (0.25 Gm. arsenical) con- 
taining acetylaminohydroxyphenylarsonic acid with hydrolyzed 
carbohydrates and boric acid. Uses: trichomonacide. Dose: 1 
tablet inserted into vagina. 

Diarsenol N. N. R. (Diarsenol)—Ampuls (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 
1.0, 2.0, and 3.0 Gm.) containing arsphenamine. See Arsphen- 
amine U.S. P. 

Dichlor-Mapharsen (Parke, Davis)—Ampuls (0.05, 0.075, or 0.75 
Gm.) containing dichlorophenarsine hydrochloride. See Dichloro- 
phenarsine Hydrochloride U.S. P. 

Ferophos (Abbott)—Ampuls (5 ce.) each containing 0.032 Gm. (¥% gr.) 
iron cacodylate, 0.324 Gm. (5 gr.) sodium cacodylate, and 0.097 Gm. 
(1% gr.) sodium glycerophosphate. Uses: hematinic and arsenic 
therapy. Dose: intravenously, 5 cc. a week. 

Ferritone (High)—Ampuls (1 cc.), each containing 25 mg. iron mono- 
methylarsenate, 25 mg. sodium monomethylarsenate, and 1 mg. 
strychnine glycerophosphate. Uses: hematinic and arsenic ther- 
apy. Dose: intramuscularly, 1 ce. 

Ferro-Arsen (Breon)—Ampuls (5 or 10 cce.), each 5 ce. containing 0.16 
Gm. sodium cacodylate, 0.075 Gm. ferric chloride, with calcium. 
potassium, and sodium chlorides. Uses: hematinic and arsenic 
therapy. Dose: intravenously, 5 cc. 

Fersenic (Anglo-French)—Ampuls (2 or 5 ce.), either ampul contain- ~ 
ing 0.065 Gm. iron cacodylate (ferric dimethylarsenate). Uses: 
arsenic therapy and hematinic. Dose: intravenously, 0.032 to 
0.065 Gm.; intramuscularly, 0.016 to 0.032 Gm. 

Fraisse Ferruginous Compound (Fougera)—Ampuls (1 ce.) each con- 
taining 0.01 Gm. iron cacodylate, 9.1 Gm. sodium glycerophos- 
phate, 0.0005 Gm. strychnine cacodylate, and 0.003 Gm. cacodylice 
acid. Usés: hematinic and arsenic therapy. 

Hemo-Cyto-Sol ‘‘Corbiere’’? (Anglo-French)—Ampuls (5 cce.), each 
containing 0.3 Gm. anhydrous sodium cacodylate, 0.01 Gm. iron 
dimethylarsenate, and 1 mg. strychnine sulfate in normal saline. 
Uses: hematinic and alterative. Dose: intramuscularly, 5 cc.; 
Pgnihep erat 2 to 3 ce. 

apharsen N. N. R. (Parke, Davis)—Ampuls (40 and 60 mg. or 0.6 
m. multiple dose) containing 3-amino-4-hydroxyphenyl arsine- 
oxide hydrochloride. See Oxophenarsine Hydrochloride U.S. P. 

Mety-Carsiron (Lakeside)—Ampuls (2 cc. or 5 ec.), each containing 
0.04 Gm. iron dimethylarsenate, 0.74 mg. copper dimethylarsenate, 
0.2 Gm. sodium dimethylarsenate, with 2 per cent benzyl alcohol. 
Uses: hematinic and alterative. Dose: intramuscularly, 2-cc. 
ampul; intravenously, 5-cc. ampul. 

Neodiarsenol N. N. R. (Diarsenol)—Ampuls (0.15, 0.3, 0.45, 0.6, 0.75, 
0.9, 1.5, 1.8, 3.0, and 4.5 Gm.) containing neoarsphenamine. See 
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Neoarsphenamine U.S. P. 

Neosalvarsan N. N. R. (Winthrop)—Powder or ampuls (0.15, 0.3, 
0.45, 0.6, 0.75, 0.9, 1.5, 1.8, 3.0, and 4.5 Gm.) containing neoars- 
phenamine. See Neoarsphenamine U.S. P. 

Optarson (Winthrop)—Ampuls (1 cc.), each containing ammonium 
heptenchlorarsonate equivalent to 4%. gr. arsenous acid and 
lg, gr. strychnine nitrate. Uses: alterative. Dose: subcu- 
taneously or intramuscularly, 1 ec. every other day. 

Salvarsan N. N. R. (Winthrop)—Powder or ampuls (0.1, 0.2, 0.3, 0.4, 
0.5, 0.6, 1.0. 1.2, 2.0, and 3.0 Gm.) containing arsphenamine. See 
Arsphenamine U.S. P. 

Silver-Salvarsan N. N. R. (Winthrop)—Ampuls (0.1, 0.15, 0.2, 0.25, 
0.3, and 0.6 Gm.) containing silver arsphenamine. See Silver 
Arsphenamine N. N. R. 

Soamin (Burroughs Wellcome)—Powder or tabloids (tablets), 0.065 
Gm. (1 gr.) or 0.194 Gm. (3 gr.), each containing sodium p-amino- 
phenylarsonate. Uses: trypanocide. Dose: subcutaneously or 
intramuscularly, 0.065 to 0.194 Gm. (1 to 3 gr.) dissolved in sterile 


water, increased to 0.389 to 0.518 (6 to 8 gr.) every other day; orally, 


0.016 to 0.065 Gm. (4% to 1 gr.) with maximum daily dose 0.194 Gm. 
(3 gr.). 
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Solarson (Winthrop)—Ampuls (1 ce.) containing a 1 per cent isotonic 
solution of ammonium heptenchlorarsonate. Uses: arsenic ther- 
apy. Dose: subcutaneously or intramuscularly, 1 ce. 

Stovarsol N. N. R. (Merck)—Powder or tablets (25, 50, or 100 mg.) 
containing acetarsone. See Acetarsone N. F. 

Thioarson (Christina)—Vial, 10 cc. (1 Gm.), containing an aqueous 
solution of the sodium salt of an organic ester of aminosulfonic 
arsonic acid [CgH3(AsOsH)N:N(NHCO)(SO3)e]. Uses: anti- 
syphilitic. Dose: intramuscularly, 10 cc.; intravenously, 0.2 Gm. 
increased to 1 Gm. once or twice a week. 

Thiopentarson (Christina)—Ampuls (2 cc.), vials (30 or 100 cce.), or 
topical solution (1 per cent), the ampuls and vials containing a 2 
per cent solution of the sodium salt of bismuthyl amino sulfonic 
acid ester of benzylarsonic acid. Uses: antispyhilitic. Dose: 
intramuscularly, 2 cc. twice a week. 

Tonotrin (Lakeside)—Vials (60 cc.) each ce. containing 0.011 Gm. 
iron dimethylarsenate, 0.14 mg. copper sulfate, 0.032 Gm. sodium 
glycerophosphate, and 0.52 mg. strychnine sulfate. Uses: hema- 
tinic and arsenic therapy. Dose: intramuscularly, 1 ce. 

Treparsol (Wallau)—Tablets (0.02, 0.1, or 0.25 Gm.) containing the 
formyl and acetyl amides of m-amino-p-oxyphenyl] arsinic acid. 
Uses: amebacide. Dose: 1 tablet 3 times a day for 4 days. 
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MERBROMIN N. F. Merbrominum 


[Mercurochrome, Mercuranin, Sp. Merbromina] 
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Merbromin [C2o0H,0.Br2NazHg = 750.70] is the di- 
sodium salt of 2,7-dibromo-4-hydroxymercurifluores- 
cein. When dried to constant weight at 110°, Merbro- 
min contains not less than 24 per cent and not more than 
26.7 per cent of mercury [Hg] and not less than 18 per 
cent and not more than 21.3 per cent of bromine [Br]. 

Preparation—Dibromofluorescein is dissolved in just 
sufficient dilute sodium hydroxide solution to form the 
sodium salt. Then the required quantity of mercuric 
acetate, dissolved in water, is added and the solution 
is boiled until a sample of the filtered mixture gives no 
reaction for mercury ions. The precipitate of the-acid 
mercury compound, after filtering and washing well 
with water, is dissolved in the required amount of 
sodium hydroxide solution and evaporated to dryness, 
preferably under reduced pressure. 


Description and Properties—Merbromin occurs as iridescent, green 
scales or granules. It is odorless and permanent in the air. Its dilute 
aqueous solution (1 in 2000) has a yellow-green fluorescence. Mer- 
bromin is freely soluble in water, practically insoluble in alcohol and 
acetone, and insoluble in chloroform and ether. 

Identification—Dilute mineral acids precipitate the reddish orange 
Merbromin acid from aqueous solutions of Merbromin. Since the 
mercury in Merbromin is in organic combination it does not give the 
usual reactions for mercury. 

The residue remaining after the incineration responds to the tests 
_ for sodium, bromide, and carbonate. 

Tests for Purity— 

Loss on drying—Not more than 5 per cent, 

Bromide and mercury tons—Separate portions of the filtrate ob- 
tained by adding dilute sulfuric acid to 10 ce. of a 1 in 50 aqueous solu- 
tion of Merbromin and filtering yield no turbidity with a few drops of 
diluted nitric acid and silver nitrate T.S. (halide ions) and no dark 
color with hydrogen sulfide T.S. (mercury ions). 

Assay for Mercury—To a weighed quantity of the dried Merbromin, 
dissolved in a few ce. of water, 10 cc. of sulfuric acid is added, fol- 
lowed with small portions of powdered potassium permanganate until 
the characteristic color of permanganate persists. This treatment 
decomposes the Merbromin and liberates the mercury from its organic 
combination. The mixture is then diluted with ammonium chloride 
solution (1 in 20) and the excess permanganate (and any MnOg) is 
destroyed by the addition of small portions of oxalic acid. The mer- 
cury is then precipitated from the solution with hydrogen sulfide, 
and the mercuric sulfide is filtered, washed, and dried as described 
under Mercuric Bichloride. The weight of the mercuric sulfide multi- 
plied by 0.8622 represents the mercury [Hg]. 

Assay for Bromine—About 0.5 Gm. of the dried and powdered 
Merbromin, accurately weighed, is mixed in a crucible with about an 
equal weight of a flux consisting of 1 part of anhydrous sodium car- 
bonate and 2 parts of light magnesium oxide, the mixture covered 


with about 1 Gm. of reduced iron, the crucible covered and slowly ig- 
nited at first then at a full red heat for 20 minutes. The magnesium 
oxide serves to give more surface to the mixture thus facilitating the 
combustion of the Merbromin, and the heat generated by the burning 
of the iron powder also insures complete decomposition of the Mer- 
bromin. The bromine is thus converted into sodium bromide, which 
is thoroughly extracted with several portions of hot water. After 
acidification of the filtered extract with nitric acid, the bromine is pre- 
cipitated with silver nitrate T.S. as silver bromide, the precipitate 
filtered, washed, dried, and weighed. The weight of the silver bro- 
mide, multiplied by 0.4256, represents the bromine. 

Storage—Keep Merbromin in tight containers. 
Incompatibilities—See page 1186. 


Uses—Merbromin is a non-irritating moderately 
active antiseptic. When applied to the skin, mucous 
membranes, and wounds it exerts bacteriostatic and 
bactericidal action. The 2 per cent aqueous solution 
acts more slowly than iodine tincture U.S. P., but has 
more prolonged bacteriostatic effect. -The aqueous- 
alcohol-acetone solution called merbromin surgical 
solution is more rapid in its action than the aqueous 
solution and may be used for preoperative skin disinfec- 
tion. Merbromin penetrates significantly only into 
dying or dead tissue. 

The drug is tolerated in a strength of 1 per cent by 
the bladder, renal pelvis, and urethra; a 2 per cent solu- 
tion applied to the anterior urethra causes only tem- 
porary discomfort. No systemic effects have been 
observed following its local application in the human. 
Merbromin has been used in cystitis and urethritis; 
also in affections of the eye and ear, such as otitis 
media. Although Merbromin has been used intraven- 
ously, it may be followed by severe toxic symptoms. 


Merbromin Solution N. F. Liquor Merbromini 
{[Liq. Merbrom.] 


Merbromin Solution contains, in each 100 ce., not 
less than 1.8 Gm. and not more than 2.2 Gm. of mer- 
bromin [CaoHg0.BregNazHg]. The merbromin contains 
not less than 24 per cent and not more than 26.7 per 
cent of mercury [Hg] and not less than 18 per cent and 
not more than 21.3 per cent of bromine [Br]. 


Metric Alternate 
Merbrominie. ota dean eae 20 Gm. 292 gr. 
Water, a sufficient quantity, 
‘Potmmalkey cing ace nth ee ae e a ee ae 1000 cc. 2 pints 


Dissolve the merbromin in sufficient water to make the finished 
product measure 1000 ce. (2 pints). 


Description and Properties—A clear red liquid, with a yellow-green 
fluorescence. Its specific gravity is between 1.010 and 1.015. The 
Solution responds to the Identification tests and conforms to the tests 
for Bromide and mercury ions described under Merbromin. 

Assay for Merbromin, Mercury and Bromine—An accurately meas- 
ured volume of the solution is evaporated to dryness on a steam bath, 
dried at 110°, and weighed. The M erbromin so obtamed: is assayed 
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for Mercury and for Bromine as described under Merbromin. 
Storage—Keep the Solution in tight containers. 


Uses—See Merbromin. 


Surgical Merbromin Solution N. F. Liquor Merbromini 
Chirurgicalis 


[Liq. Merbrom. Chir.] 


Surgical Merbromin Solution contains, in each 100 
cc., not less than 1.8 Gm. and not more than 2.2 Gm. 
of merbromin [C2o.HsO0.Brz2.NazHg]. The merbromin 
contains not less than 24 per cent and not more than 
26.7 per cent of mercury [Hg], and not less than 18 
Ee cent and not more than 21.3 per cent, of bromine 

r]. 


Metric Alternative 
WACSTELDOEET Fl een a 20 Gm 292 gr. 
ACCT MEER Se cS iale card os a waa 350 cc. 11 fl.oz. 96 min. 
LCDI. 9 Se ee 100 cc. 3 fl.oz. 96 min. 
Neutralized Alcohol, a sufficient 
quantity, 
‘NO TROVEIEC 5 ecue ERED een ae eee 1000 cc. 2 pints 


Dissolve the merbromin in the water. Add the acetone and 
sufficient neutralized alcohol to make the product measure 1000 
ce. (2 pints). 


Description and Properties—A clear, red liquid with a yellow-green 
fluorescence. Its specific gravity is between 0.9110 and 0.9140. This 
solution responds to the Identification tests, tests for Bromide and 
Mercury ions described under Merbromin. The presence of acetone 
can be ascertained by distilling a few ce. of the solution and applying 
to the distillate the reactions described under Acetone. (This test 
distinguishes this Solution from Merbromin Solution.) 
Assay for Merbromin, Mercury and Bromine— 

See under Merbromin Solution. 
Storage—Keep the Surgical Solution in tight containers. 


Uses—See Merbromin. 


MERCURIC SUCCINIMIDE N. F. 
Succinimidum 


Hydrargyri 


{Hydrarg. Succinim.] 
H,C—CO OC—CHe. 
AS ih 
N.Hg.N 
Zi SS 

OC—CHe2 


HeC—CO 
Mercurie Succinimide [CgHsN.O,Hg = 396.77], 


when dried over sulfuric acid for 18 hours, contains not 
less than 49.5 per cent and not more than 51 per cent 
of Hg, corresponding to not less than 98 per cent of 
CsHgN 20 Hg. 

Preparation—Succinimide, obtained as described 
under Succinchlorimide, is dissolved in about 10 parts 
of water. The required quantity of freshly precipi- 
tated mercuric oxide is then added and the mixture is 
boiled until no more of the oxide dissolves. After 
filtering while hot the solution is allowed to crystallize. 


Description and Properties—Small, white crystals or a white powder. 
It is odorless and is stable in air, but darkens on exposure to light. 
Its aqueous solution (1 in 25) is neutral to litmus paper. One Gm. of 
Mercurie Succinimide dissolves in 20 cc. of water or about 5 ce. of 
boiling water. It is slightly soluble in alcohol; insoluble in ether. 

Identification—(1) The addition of sodium hydroxide T. S. to an 
aqueous solution of Mercuric Succinimide (1 in 25) produces a yellow- 
ish white precipitate which upon heating is reduced to metallic mer- 
cury. (2) Heated with about 5 times its weight of zinc dust, Mercurie 
Succinimide evolves pyrrole, which imparts a red color to a pine 
shaving moistened with hydrochloric acid and held in the vapor. 
(3) Decompose about 0.5 Gm. of finely powdered Mercurie Succini- 
mide, suspended in 50 ce. of cold ether, with hydrogen sulfide and filter. 
Evaporate the clear filtrate to dryness, and dry for 1 hour at 105°. 
The residue of succinimide so obtained melts between 123° and 125°. 
(4) A yellow precipitate is produced, by the addition of potassium 
iodide T.S., dropwise, to a solution (1 in 25), which dissolves on the 
addition of. an excess of the reagent. 
Tests for Purity— 

Loss on drying—Not more than 2 per cent. 
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Residue on ignition—Not more than 0.1 per cent. 

Chloride—Practically none in 200 mg. 

Mercury salts (e. g., chloride, nitrate, acetate)—No turbidity should 
be produced by the addition of 5 drops of clear albumen TS. to 5 ce, 
of an aqueous solution (1 in 25) of mercuric succinimide. Mercury 
salts are precipitated by albumen. 

Assay—Mercury Succinimide is assayed by titration of its solution, 
in the presence of nitric acid with tenth-normal ammonium thiocyan- 
ate using ferric ammonium sulfate T.S. as the indicator (see the 
Assay of Mercuric Oxide). Each cc. of tenth-normal ammonium 
thiocyanate is equivalent to 10.03 mg. of mercury [Hg] or to 19.84 mg. 
of Mercurie Succinimide. 

Storage—Keep Mercurie Succinimide in tight, light-resistant con- 
tainers. 


Uses—Very rarely, this salt may be injected intra- 
muscularly or intravenously in the treatment of certain 
forms of syphilis. The dose is 0.01 Gm. daily for not 
more than 20 days. Early toxic symptoms are not un- 
usual. The succinimide salt is probably less toxic and 
less irritating to the veins than the other preparations 
of mercury employed for the same purpose. The use 
of mercury in this manner is confined to patients with 
late cardiovascular, hepatic, or central nervous system 
syphilis, in whom prompt institution of treatment is 
required but in whom arsenicals are initially contra- 
indicated. Satisfactory soluble bismuth preparations 
have superseded this form of mercury therapy. 

Average Dose—Intramuscular, 15 mg. (approxi- 
mately 14 grain). 


Mercuric Succinimide Ampuls N. F. 
Ampulle Hydrargyri Suecinimidi 


{Ampul. Hydrarg. Succinim.—Mercuriec Succinimide Injection] 


Mercurie Succinimide Ampuls contain a sterile solu- 
tion of mercuric succinimide in water for injection and 
yield an amount of Hg, equivalent to not less than 48 
per cent and not more than 52 per cent of the labeled 
amount of mercuric succinimide [CsHgN20.Hg]. 

The Injection conforms to the requirements under Injections. 

The Injection responds to Identification Test (1), and the residue 
resulting from the evaporation of the Injection to dryness on the steam 
bath yields reactions (2) and (3) described under Mercuric Succin- 


imide. It is also assayed as outlined there. 
Storage—Keep the Injection in hermetic containers. 


Uses—See Mercuric Succinimide. 
Average Dose—I5 mg. (approximately 14 grain) of 
Mercurie Succinimide. 


MERCUROPHYLLINE INJECTION U. S. P. 
Injectio Mercurophyllinze 
[Inj. Mercurophyll.—Mercupurin, Novurit, Sp. Inyeccién de 
Mercurofilina] 

Mercurophylline Injection is a sterile solution in 
water for injection of the sodium salt of 6-methoxy-7- 
hydroxymercuripropylamide of trimethyl cyclopen- 
tane dicarboxylic acid [C,,H2s,NO;HgNal] (the mercuri 
compound) and of theophylline in approximately mo- 
lecular proportions. 

It contains mercury [Hg] equivalent to between ay 
and 42 per cent of the labeled amount of the mercuri 
compound, and theophylline equivalent to between 93 
and 107 percent of the labeled amount of theophylline 
[C,HgN 4O2.H2O]. It meets the requirements of the 
Sterility Test for Liquids (page 126). 

Sterilize Mercurophylline Injection preferably by 
Process D. See Sterilization Processes (page 121). The 
Injection conforms to the other requirements under 
Injections (page 249). 

Description and Properties—Mercurophylline Injection is a clear, 


faintly yellow, odorless liquid and has a slightly alkaline reaction (pH 
about 8.0 to 9.0). 
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Identification—(1) Toa volume of Mercurophylline Injection equiv- 
alent to about 200 mg. of the mercuri compound, is added 6 ce. of a 
mixture of 1 cc. of glacial acetic acid, 9 cc. of water, and 500 mg. of 
ammonium chloride. The mixture is heated on a steam bath, and 
hydrogen sulfide is passed through the solution to precipitate all the 
mercury as the black sulfide. It is filtered while hot, and the filtrate 
is placed in a refrigerator overnight. Itis filtered again. The crystals 
are washed with a small volume of ice-cold water, and dried at about 
80°. The crystals so obtained melt between 157° and 159°. (2) The 
Injection gives the Murexide Reaction described under Theophylline. 
(3) The theophylline is best identified by completely precipitating 
with hydrogen sulfide the silver in the nitric acid solution of the 
precipitate, obtained in the assay for theophylline, filtering while 
hot and concentrating the filtrate to a small volume. Upon allowing 
to stand, crystals are formed which have the properties and melting 
range of theophylline. 

Tests for Purity— ; 

Mercury ton—No deeper color than yellow and no precipitate 

should be formed when 0.5 cc. of sodium sulfide T.S. is added to a 
volume of the Injection equivalent to about 200 mg. of the mercuri 
compound. 
Assay—The Injection is assayed for Mercury and for Theophylline 
by the methods outlined under Mersalyl and Theophylline Injection. 
Storage—Keep the Injection preferably in single-dose, hermetic 
containers, or in other suitable containers. See Containers for Injec- 
tions (page PRBS). 


Uses—This combination of organic mercury and 
theophylline is a diuretic. It is used in the same manner 
and dosage as Mersalyl Theophylline Injection. Also 
see Mersalyl. 

Average Dose—Intramuscular, 
curophylline equivalent to: 

0.1 Gm. (approximately 114% grains) of mercuri com- 

pound 

40 mg. (approximately 24 grain) of Theophylline. 


an amount of mer- 


MERSALYL U. S. P. Mersalyl 
[Salyrgan, Sp. Mersalil] 


OCH2COONa 
Tse aise 
O OCHs 


Mersalyl [CisH; NOg-HgNa = 505.87] is sodium o- 
(y - hydroxymercuri - 8 - methoxypropylearbamy]l)- 
phenoxy acetate. It contains, when dried over sulfuric 
acid for 18 hours, between 38.5 and 40.5 per cent of Hg, 
corresponding to not less than 97 per cent of CisHie- 
NO,HgNa. 

Preparation—It may be prepared by refluxing salicyl- 
allyl amide-o-acetic acid with a methanol solution of 
the required amount of mercuric acetate until the filtrate 
from a small portion of the mixture ceases to react with 
hydrogen sulfide. After filtering and washing, the pre- 
cipitate of the acid mercury compound is dissolved in 
sodium hydroxide solution and evaporated on the steam 
bath. 


Description and Properties—A white or almost white, erystalline 
powder. It is odorless, and has a bitter taste. Mersalyl issomewhat 
deliquescent, and is gradually decomposed by light Its solutions 
are alkaline to litmus paper. One Gm. of Mersalyl dissolves in about 
1 ce. of water, and 2 ce. of alcohol. It is insoluble in chloroform and 
in ether. 

Identification—(1) To about 500 mg. of Mersalyl, dissolved in 5 
cc. of water, is added 5 cc. of formic acid. The mixture is boiled 
under a reflux condenser for 15 minutes: a gray precipitate of me- 
tallic mercury is formed due to reduction of the mercury by the formic 
acid. The hot solution is decanted through a filter and the filtrate 
is allowed to cool. Salicylallylamido-o-acetic acid crystallizes out. 
When filtered and washed with small portions of cold water and dried 
over sulfuric acid, the crystals melt between 119° and 122°. (2) The 
filtrate from Test, (1) responds to the reactions for mercury. 

Tests for Purity— 

Loss on drying—Not more than 7 per cent. 

Chloride and sulfate—Practically none in 100 mg. 

Mercury ton—No darkening is produced immediately by the addi- 
tion of sodium sulfide T.S. to an aqueous solution of Mersalyl. The 
mercury of the latter, being in organic combination, does not react 
with the reagent. 

Readily oxidizable substances—A solution of 500 mg. of mersalyl 
in 10 ce. of water and 1 cc. of diluted sulfuric does not decolorize 
0.05 cc. of tenth-normal potassium permanganate. 
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Assay for Mercury—The mercury in this compound is determined as 
described in the Assay of Merewry Mass. Each ce. of tenth-normal 
ammonium thiocyanate is equivalent to 10.03 mg. of Hg or to 25.29 
mg. of Mersalyl. 

Storage—Keep Mersalyl in tight, light-resistant containers. 


Uses—Mersaly] belongs to the group of organic mer- 
curials used as diuretics. These drugs are employed to 
promote the excretion of edema fluid in such conditions 
as heart failure, renal disease, etc. They act by supress- 
ing reabsorption in the tubules of the kidneys. By in- 
creasing the flow of urine, edema fluid is drawn into the 
circulation and excreted by the kidney. Mersalyl is 
given in 10 per cent solution by intravenous or intra- 
muscular injection. A test dose of 0.5 cc. is usually 
given the day before the full therapeutic dose of 1 to 2 
ec. is administered. Organic therapeutic dose of 1 to 
2 cc. is administered. Organic mercurials are often 
given in conjunction with acid-forming salts. 

Organic mercurials have the potentiality of causing 
mercury poisoning. They are therefore contraindicated 
in patients with inadequate renal.function. There 
should also be a lapse of 3 or 4 days between doses 
to avoid the possibility of accumulation of mercury in 
the body. 


Mersalyl and Theophylline Injection U. S. P. 
Injectio Mersalylis et Theophylline 


[Inj. Mersal. et Theophyll.—Sp. Inyeccién de Mersalil y Teofilina] 


Mersalyl and Theophylline Injection is a sterile solu- 
tion in water for injection of approximately 2 parts by 
weight of mersalyl [CisHieNO«gHgNa] to each 1 part by 
weight of theophylline [C;7HgN .Oz.H2O]. It contains 
mercury [Hg] equivalent to not less than 37 per cent 
and not more than 42 per cent of the labeled amount 
of mersalyl and not less than 93 per cent and not more 
than 107 per cent of the labeled amount of theophylline. 
It meets the requirements of the Sterility Test for Lig- 
uids (page 126). 

Sterilize Mersalyl and Theophylline Injection prefer- 
ably by Process D. See Sterilization Processes (page 
121). The Injection also conforms to the other require- 
ments under Injections (page 249). 


Identification—(1) The presence of mersalyl may be established by 
applying the Identification Test described under Mersalyl. (2) The 
presence of theophylline may be ascertained as follows: Any mercury 
in the filtrate is precipitated with hydrogen sulfide from the crystals 
of the salicylallylamide-o-acetic acid, as obtained in the preceding 
identification test, and filtered. The filtrate is evaporated, if neces- 
sary, to about 20 cc. and cooled. The solution is transferred to a small 
separator, 10 Gm. of sodium acetate is added and the solution is ex- 
tracted with 3 successive, 10-ce. portions of chloroform. The com- 
bined chloroform extracts are evaporated nearly to dryness, and dried 
over sulfuric acid for 24 hours: the residue melts between 270° and 
274° and responds to the tests under Theophylline (page 851). 
Tests for Purity— 

Reaction—One drop of Mersalyl and Theophylline Injection pro- 
duces a blue color with 1 drop of bromothymol blue T.S., and a full 
yellow color with 1 drop of thymol blue pH indicator, corresponding 
to a pH of not less than 7.6 and not more than 8.0. 

Mercury ton—The addition of 0.5 cc. of diluted acetic acid and 0.3 
ec. of sodium sulfide T.S. to 5 ce. of the Injection produces only a very 
faint coloration at once. 

Assay for Mercury—See under Mersalyl. 

Assay for Theophylline—This assay is based on the property of 
theophylline to combine with silver nitrate forming theophylline 
silver which is insoluble in water. The quantity of theophylline in 
the washed precipitate is determined from the amount of silver com- 
bined with it by using a measured volume of standard silver nitrate 
solution to precipitate the theophylline and titrating the excess of 
silver nitrate. To a measured volume of the Injection equivalent to 
about 200 mg. of theophylline is added 1 ce. of sulfuric acid and 50 ce. 
of water, and hydrogen sulfide is bubbled through the solution until 
all the mercury is precipitated. The solution is boiled gently until 
no more hydrogen sulfide is expelled, filtered while hot, and washed 
with five 10-cc. portions of hot water. To the combined filtrates is 
added 5 Gm. of ammonium acetate to buffer the sulfuric acid and 
exactly 20 cc. of tenth-normal silver nitrate. The mixture is evapo- 
rated on a steam bath to a volume of about 50 cc., and filtered while 
still warm. The filter is washed with three 10-ce. portions of hot 
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water, 5 cc. of nitric acid is added to the filtrate and the solution is 
allowed to cool to room temperature. The excess of silver nitrate is 
titrated with tenth-normal ammonium thiocyanate, using 2 cc. of 
ferric ammonium sulfate T.S. as the indicator. Each cc. of tenth- 
normal silver nitrate is equivalent to 19.82 mg. of theophylline 
[C7yHgN 402. H20]. d 

Storage—Keep Mersalyl and Theophylline Injection preferably 
in single-dose, hermetic containers, or in other suitable containers. 
See Containers for Injections (page 255). 

Labeling—Mersalyl and Theophylline Injection must be labeled to 
indicate the amount each of mersalyl and of theophylline per cc. of 
the Injection. 


Uses—This combination of drugs is used as a diuretic. 
Theophylline hastens the absorption of Mersalyl and 
thus somewhat potentiates its action. The dose is 1 to 
2 ec. given by intramuscular or intravenous injection. 
See Mersalyl. 

Average Dose—IJntramuscular, an amount of mersalyl 
and theophylline equivalent to: 


Mersalyl....... 0.2 Gm. (approximately 3 grains). 
Theophylline. ..0.1 Gm. (approximately 11% grains). 


NITROMERSOL N. F. Nitromersol 
n [Metaphen] 
O—Hg 


CHg NOze 

Nitromersol [C;H;0sNHg = 351.73] is the anhydride 
of 4-nitro-3-hydroxymercuri-o-cresol. When dried to 
constant weight at 105°, Nitromersol yields not less 
than 56 per cent and not more than 57.4 per cent of Hg, 
corresponding to not less than 99.6 per cent of C;H;O3- 
NHg. : 

Preparation—Nitromersol may be prepared by mer- 
curation of p-nitro-o-cresol as follows: The nitrocresol 
is dissolved in just sufficient sodium hydroxide to form 
a solution and the required quantity of mercuric acetate, 
dissolved in water, is added. The mixture is heated 
until the supernatant liquid is substantially free of 
mercuric ions. The precipitate of Nitromersol is 
filtered, washed, and purified by dissolving in sodium 
hydroxide, filtering and reprecipitating from the filtrate 
with diluted acid. The reaction between the nitro- 
cresol and the mercuric acetate is illustrated in the 
following equation: 


ONa 


CHs NOs 


Sodium nitrocresolate 
O—Hg 
+ CHsCOONa 


sodium acetate 


+ CH;COOH 


acetic acid 


CHg NOzg 
nitromersol 


Description and Properties—A yellow to brownish yellow powder or 
granules. It is odorless, tasteless, and stable in the air It is insoluble 
in water, and practically insoluble in alcohol and the usual organic 
solvents. Nitromersol dissolves in solutions of alkali hydroxides, 
including ammonia, by opening the anhydride ring and formation of 
a salt thus: 


CHs 


CHs 
O —ONa 
| + NaOH — 
Hg —HgOH 


NOz NOz 


Identification—(1) An aqueous solution (1 in 1000) made with so- 
dium hydroxide T.S. has a reddish orange color. On the addition ofa 
moderate excess of diluted hydrochloric acid to the solution the color 
disappears and a yellowish powder of Nitromersol is precipitated. 


(2) When a solution of Nitromersol in sodium hydroxide T-.S. is 
heated with sodium hydrosulfite, metallic mercury forms. 


Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Mercury ton—To a solution of 250 mg. of Nitromersol in 2.5 cc. of 
sodium hydroxide T.S. and 20 cc. of water is added 3 ce. of hydro- 
chloric acid. The mixture is filtered and to the filtrate is added an 
equal volume of hydrogen sulfide T.S. No darkening is produced but 
a small amount of a flocculent, light yellow precipitate may form, 

Alkali-insoluble substances—Not more than 0.1 per cent when 1 
Gm. is added to 7 cc. of sodium hydroxide T.S. and diluted to 20 ce. 
with water. 

Uncombined nitrocresol—Not more than 1 per cent. It is deter- 
mined by shaking a weighed quantity of Nitromersol with benzene, 
filtering, evaporating the filtrate and weighing the residue. 
Assay—lIt is assayed for mercury content by the method described 
under Mercury Mass. 

Storage—Keep Nitromersol in tight containers. 


Uses—Nitromersol is used only in the form of the 
sodium salt, which is claimed to be more germicidal 
than mercuric chloride when tested on cultures of 
Staphylococcus aureus and EHberthella typhosa. It is 
stated to be relatively non-irritating when applied to 
mucous membranes or the skin and to be without dele- 
terious action on metallic instruments or rubber. It 
is claimed to be relatively non-toxic. 

Nitromersol is proposed for use in the treatment of 
gonorrhea and other infections of the eye; for the dis- 
infection of skin, surgical instruments and rubber if 
no sporulating pathogenic organisms are present. 


Nitromersol Solution N. F. Liquor Nitromersolis 
{Liq. Nitromersol.—Metaphen Solution] 


Nitromersol Solution yields, from each 100 cc., not 
less than 0.100 Gm. and not more than 0.125 Gm. of 
Hg. 


Metric Alternative 
Nitromrers ole cer oe teaetoee oee cae 2 Gm. 29.2 gr. 
Sodiuni Tydroxides en een eerie 0.4 Gm 5.8 gr. 
Monohydrated Sodium Carbonate..... 4.25 Gm G2 ele 
Distilled Water, a sufficient quantity, 
Tosmake vero arnctster tote hns oh aloe 1000 CGe 2 pints 


Dissolve the sodium hydroxide and the monohydrated sodium 
carbonate in 50 ce. of distilled water, add the nitromersol, and 
stir until dissolved. Gradually add a sufficient quantity of dis- 
tilled water to make 1000 ce. (2 pints). 


Description and Properties—A clear, reddish orange solution, af- 
fected by light. Its specific gravity is between 1.005 and 1.010. 
Identification—(1) A yellowish precipitate is obtained by adding 3 
ec. of diluted hydrochloric acid to 100 cc. of the Solution. (2) When 
the precipitate is dissolved in sodium hydroxide T.S. and heated with 
sodium hydrosulfite, metallic mercury is formed. 
The filtrate from Test (1) conforms to the test for Mercury ions given 
under Nitromersol. 
Assay for Mercury—An accurately measured volume of the solution 
(50 ce.) is evaporated in a Kjeldahl flask to about 5 cc., 10 to 15 ce. 
Se eae acid is added and the assay continued as under Mercury 
M ass. 
Storage—Keep the Solution in tight, light-resistant containers. 


Caution: Dilutions of Nitromersol Solution should be 
prepared as needed as they tend to precipitate upon stand- 
ing. 

Uses—See Nitromersol. 


Nitromersol Tincture N. F. Tinctura Nitromersolis 


Nitromersol Tincture yields, from each 100 cc., not 
less than 250 mg. and 316 mg. of mercury [Hg], cor- 
responding to between 445 and 537 mg. of nitromersol. 


Metric Alternative 
Nitromersoli mae cemetta sca 5 Gm. iS er. 
Sodium Hydroxide........ PNA Grn 14.6 er. 
IA COLONES Weta remupda arches Seccecs Nees us 100 cc. 3 fl.oz. 96 min. 
Alcoholic pricey ott: dec lules 500 cc. 16 fl. oz. 
Distilled Water, a sufficient quan- 
tity, 
orida kel seam yet yet.) 6ite ee 1000 cc. 2 pints 


Dissolve the nitromersol in a mixture of the acetone, alcohol, 
and the sodium hydroxide dissolved in 50 ce. of distilled water, 


¢ 
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and finally add a sufficient quantity of distilled water to make the 
product measure 1000 ee. (2 pints). 


Description and Properties—A clear, brilliant-red liquid having the 
odor of acetone and alcohol. It is affected by light. Its specific 
gravity is between 0.9050 and 0.9150. The Tincture responds to the 
Identification Test described under Nitromersol Solution and is as- 
sayed for mercury content as indicated there. 

Storage—Keep the Tincture in tight, light-resistant containers. 


Uses—See Nitromersol. 


PHENYLMERCURIC CHLORIDE N. F. 
Phenylhydrargyri Chloridum 


Nagel 


Phenylmercurie Chloride [CgsHsHgCl = 313.17] con- 
tains not less than 63.5 per cent and not more than 64.5 
per cent of Hg, corrésponding to not less than 99 per cent 
of CesH sHgCl. 

Preparation—It is prepared by treating phenyl- 
mercuric acetate, obtained as described under Phenyl- 
mercuric Nitrate, with hydrochloric acid. 


Description and Properties—White, leafy crystals, affected by light. 
It melts between 250° and 252°. Its solution in diluted nitric acid 
yields the reaction for chloride, and when a portion of the solution is 
neutralized with sodium hydroxide T.S. and heated with ammonium 
sulfide T.S. a black precipitate of mercuric sulfide is formed. Phenyl- 
mercuric Chloride is practically insoluble in water, is slightly soluble 
in hot alcohol and in ether, sparingly soluble in benzene, ether, or 
pyridine. 

Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Mercury ion—When 5 cc. of a saturated solution of Phenylmercuric 
Chloride in diluted nitric acid is neutralized with sodium hydroxide 
T.S. and 5 ce. in excess is added, no yellow precipitate is produced 
(mercuric vons) and the solution does not darken (mercurous ions). 
Assay for Mercury—Owing to the interference of chlorine the mercury 
in this compound cannot be directly titrated with thiocyanate. Ac- 
cordingly the mercury is first liberated from the compound by re- 
fluxing a weighed quantity of the Phenylmercuric Chloride suspended 
in 15 to 20 cc. of water with 5 cc. of formic acid and 1 Gm. of zine 
powder. These reagents reduce the mercury to metal which immedi- 
ately amalgamates with the zinc. When the reaction is complete, 
usually in about 30 minutes, the amalgam is washed with water until 
free of chloride, and then cautiously dissolved in nitrie acid (1 in 2). 
Since the presence of nitrogen oxide [N 203], formed during the solu- 
tion of the amalgam in nitric acid, interferes with the subsequent titra- 
tion with thiocyanate, it is removed by adding urea to the hot solu- 
tion, thereby decomposing the piLOz ee oxide into nitrogen as shown 
in the following equation: 


A 
N2O3 aa CO(N He)2 =>. 2Ne + COg a 2H.20 
nitrogen urea nitrogen carbon water 
oxide dioxide 


To insure the complete absence of nitrogen oxide, potassium perman- 
ganate solution is added until a pink color is produced, the permanga- 
nate oxidizing any remaining N2QOzg to nitric acid. After cooling, the 
excess of permanganate is removed by the dropwise addition of hydro- 
gen peroxide T.S., and the solution is then titrated with tenth-normal 
ammonium thiocyanate using ferric ammonium sulfate as the indica- 
tor. Each ec. of the ammonium thiocyanate is equivalent to 10.03 
mg. of mercury [Hg] or to 15.66 mg. of Phenylmercuric Chloride. 
Storage—Keep Phenylmercuric Chloride in tight, light-resistant con- 
tainers. 


Uses—See Phenylmercuric Nitrate. 


PHENYLMERCURIC NITRATE NF. 
Phenylhydrargyri Nitras 


[Merphenyl Nitrate] 


Phenylmercuric Nitrate is a mixture of phenyl- 
mercuric nitrate and phenylmercuric hydroxide con- 
taining not less than 62.75 per cent and not more than 
63.5 per cent of Hg. 

This chemical is really not a “mixture” but a basic 
compound of a fairly definite composition, namely, 
C.eHsHgOH.C,.HsHgNOs containing theoretically 
63.3 per cent of Hg. The normal nitrate, CgHs;sHgNOs, 
has also been prepared, but is apparently unstable, de- 
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composing rapidly into the basic compound on contact 
with water. 

Preparation—Phenylmercuric Nitrate is generally 
prepared by refluxing benzene with mercuric acetate, 
producing the following reaction: 


<_S + (CH3000)Hg = 


benzene mercuric acetate 
O 
€__Nng0ccHs + CH,COOH 
phenylmercuric acetic acid 
acetate 


By the addition of ammonium nitrate to the benzene 
solution of the phenylmercuric acetate, the latter is 
converted to phenylmercuric nitrate which is hydro- 
lyzed by water into the basic salt thus: 


2¢—  SHeNOw 2 HO 


phenylmercurie water 
nitrate 
basic phenylmercuric nitrate nitric acid 


Description and Properties—A white, crystalline powder, affected 
by light. Its saturated aqueous solution is acid to litmus paper. It 
melts between 175° and 185°. One Gm. of phenylmercurie nitrate 
dissolves in about 1250 ec. of water. It is slightly soluble in alcohol 
and in glycerin, but is more soluble in the presence of either nitric acid 
or alkali hydroxides. 

Identification—(1) On adding sulfuric acid to phenylmercuric 
nitrate a yellow color is produced and the odor of nitrobenzene is 
evolved. (2) The addition of hydrochloric acid to its saturated aque- 
ous solution produces a white precipitate of phenylmercurie chloride 
which is insoluble in a moderate excess of hydrochloric acid or am- 
monia water. (3) A black precipitate is produced by heating for 10 
minutes 5 ce of a saturated aqueous solution with 5 cc. of ammonium 
sulfide T.S 
Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Mercury ion—Addition of sodium hydroxide T.S. to a saturated 
aqueous solution of phenylmercuric nitrate produces no dark color 
or yellow precipitate. 

Phenylmercuric ion—Not less than 87 per cent and not more than 
87.9 per cent. Determined by titrating a weighed amount of Phenyl- 
mercuric Nitrate, dissolved in dilute nitric acid with ammonium 
thiocyanate, using ferric ammonium sulfate T.S. as the indicator. 
Assay—A weighed quantity of about 400 mg. of the Phenylmercuric 
Nitrate is dissolved in 100 cc. of water and 10 to 15 ce. of nitric acid 
and the mercury is titrated with tenth-normal ammonium thiocya- 
nate using ferric ammonium sulfate as the indicator. Each ec. of the 
thiocyanate solution is equivalent to 10.03 mg. of Hg, to 13.89 mg. of 
phenylmercuric ion [CgH5.Hg], or to 15.9 mg. of the basic salt 
[CgH 5HgOH * C.eH 5sHgNO 3]. 

Storage—Keep Phenylmercuric Nitrate in tight, light-resistant con- 
tainers. 


Uses—Phenylmercurie Nitrate is recognized for 
external use in solution or ointment as an antiseptic 
for the prophylactic and therapeutic disinfection of the 
skin, superficial abrasions, lacerations, wounds, and 
infections. It is also the basis of some lozenges which 
are slowly dissolved in the mouth in certain inflamma- 
tory conditions of the throat. 


Unofficial Mercury Organometallic Compounds 


Meralluride N. N. R., Mercuhydrin—White powder composed of a 
compound derived from equimolecular quantities of mercurated 
allylsuccinylurea and theophylline, with 31 to 33 per cent mercury; 
soluble in hot water, insoluble in water, alcohol, and ether. Uses: 
diuretic in such cases as cardiorenal disease, nephrosis, ete. Dose: 
of the solution, intramuscularly or intravenously, 1 or 2 ec. depend- 
ing on the condition of the patient and the route. - 

Meralluride Sodium Solution N. N. R.—Sterile aqueous solution 
containing 119 mg. meralluride and 13 mg. theophylline per ce., 
adjusted to pH 7.5 with sodium hydroxide. 

Phenylmercuric Borate Tincture 1:500 N. N. R.—Tincture consisting 
of 0.2 per cent phenylmercuric borate, 1.0 per cent each boric acid 
and sodium acid phosphate, 4.6 per cent acetone, 43.2 per cent 
alcohol, and 50 per cent water. Uses: antiseptic for disinfection 
of the skin, superficial injuries and wounds. Dose: topically, 
1:500; for mucous membranes or wet dressings, 1: 24,000. 

Phenylmercuric Picrate Tincture 1:200 with Picric Acid N. N. R.— 
Tincture consisting of 0.5 per cent phenylmercuric picrate, 1.2 per 
cent picric acid, 10 eee cent acetone, 50 per cent alcohol, and 38.3 
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per cent water. Uses: preoperative preparation of the skin and 
for recent abrasions, lacerations, and wounds. Dose; topically, 
1:200; for wet dressings or continuous irrigation, 1:15,000. 


Specialties Containing Mercury Organo-Metallic Compounds 


Chlormercrol (Smith-Dorsey)—Ointment containing 1 per cent chlor- 
mercuri carvacrol (52 per cent mercury). Uses: treatment of 
fungous infections such as athlete’s food, applied topically. 

Merbak Tincture (Schieffelin)—Tincture (1:1000) containing 2- 
acetoxy-mercuri-4-diisobutylphenol in alecohol-acetone. Uses: bac- 
tericide effective against many pathogens with relatively low tox- 
icity, applied topically in 1:1000 dilution. 

Mercarbolide (Upjohn)—Aqueous solution (1:1000) or tincture (1:- 
1000) containing orthohydroxyphenylmercuric chloride (61 per cent 
mercury). Uses: germicide and fungicide, applied topically. 

Mercresin (Upjohn)—Cream, tincture, or stainless tincture contain- 
ing 0.1 per cent secondary amyltricresols and 0.1 per cent ortho 
hydroxyphenylmercuric chloride. Uses: antiseptic and germicide, 
applied topically undiluted or diluted up to 1/40 as required. 

Mercuhydrin N. N. R. (Lakeside)—A mercurial derived from equi- 
molecular quantities of mercurated allyl-succinylurea and theo- 
phylline. See Meralluride N. N. R. 

Mercuhydrin Sodium Solution N. N. R.—Ampuls (1 or 2 cc.) con- 
pte pide sodium. See Meralluride Sodium Solution 

Mercupurin (Campbell Products)—Ampuls (1 or 2 ec.) or enteric- 
coated tablets (120 mg. equivalent to 0.74 ce. of solution) containing 
mercurin and theophylline in equimolecular proportions. See 
Mercurophylline Injection U.S. P. 

Mercurin Suppositories (Campbell Products)—Each containing 0.4 
Gm. of a mixture of 20 per cent @-methoxy-y-hydroxymercuripropyl- 
amide of trimethylcyclopentanedicarboxylic acid with 80 per cent 
of the sodium salt. Uses: diuretic in edema of congestive heart 
failure, etc. Dose: 1 suppository 1 or 2 times a week. 

Mercurochrome N. N. R. (Hynson)—Powder, aqueous solution (2 per 
cent), surgical solution (2 per cent in alcohol-acetone), or tablets 
(0.3 Gm.) containing merbromin. See Merbromin N. F. 

Mercurophen (Sharp and Dohme)—Powder or tablets (0.065 Gm.) 
containing sodium oxymercuri-o-nitrophenolate (NaOCgH3NOo- 
HgOH); about 43 per cent mercury. Uses: germicide. Dose: 
sterilization of instruments, 1:5000 solution; topically for pyogenic 
ae oe 1:1000, for application to mucous membranes 

Mercuzanthin N. N. R. (Campbell) —Ampuls (1 or 2 ce.) or enteric- 
coated tablets (equivalent to 0.74 cc. of solution) containing mer- 
curophylline. See Mercurophylline Injection U.S. P. 

- Merodicein Solution (Hynson)—Solution containing 0.2 per cent 
monohydroxymercuridiiodoresorein-sulfonphthalein sodium in iso- 
tonic saline. Uses: infections of the nasopharynx and sinuses, 
applied topically. 

Merphenyl Borate Tincture 1:500 N. N. R. (Hamilton)—Tincture 
containing 0.2 per cent phenylmercuric borate with 1 per cent boric 
acid. See Phenylmercuric Borate Tincture N. N. R. 

Merphenyl Nitrate (Basic) N. N. R.—Aqueous solution (1:1500) 

. or ointment (1:1500) containing phenylmercuric nitrate. See 

» Phenylmercuric Nitrate N. F. 

Merphenyl Picrate Tincture 1:200 with Picric Acid N. N. R.— 
Tincture containing 0.5 per cent phenylmercuric picrate with 1.2 
per cent picric acid. See Phenylmercuric Picrate Tincture 1:200 
with Picric Acid N. N. R. 

Merseptal (Lederle)—Cream (1:1500), solution (1:1500), or tincture 
(1:500) containing ee ea borate. See Phenylmercuric 
Borate Tincture N. N. R 

Merthiolate N. N. R. (Lilly)—Preparations containing sodium ethyl- 
mercurithiosalicylate (49.15 to 49.65 per cent mercury). Uses: 
germicide and fungicide relatively non-toxic. Dose: disinfection of 
instruments, 1:1000 aqueous solution; application to wounds, 
1:1000, to mucous membranes, 1:5000, and for urethral irrigations 
1:30,000 to 1:5000 aqueous solution; application to intact skin 
1:1000 tincture. Available as jelly (1:1000), ophthalmic ointment 
(1:5000), cream (1:1000), glycerites (1:1000), ointment (1:1000), 
solution (1:1000), suppositories (1:1000), or tincture (1:1000). 
Incompatibilittes—Merthiolate is incompatible with acids, with 
the salts of heavy metals, and with iodine. It should not be used 
in combination with or following their application. 

Mertol (McKesson)—Aqueous solution containing ecelony nce 
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2-ethyl-hexyl-phenol sulfonic acid. 
topically. 

Mertoxol (McKesson)—Aqueous isotonic solution (0.1 per cent), oil 
(0.04 per cent), or tincture (0.5 per cent) containing acetoxy- 
mercuri-2-ethyl-hexyl-phenol sulfonic acid. Uses: antiseptic and 
germicide, applied topically. 

Mertricone (Rorer)—Solution containing 0.157 per cent phenyl- 
mercuric borate and 0.237 per cent sodium pentachlorophenate. 
Uses: disinfection of surgical or dental instruments exclusive of 
aluminum, rubber, or plastic materials. 

Merythrol (Chemico)—Aqueous solution (1:2500) or tincture 
(1:3500 or 1:1000) containing mercury salicylophenylformie acid. 
Uses: antiseptic and germicide, applied topically. 

Metaphen N. N. R. (Abbott)—Preparations containing nitromersol. 
See Nitromersol N. F. Available as ampuls (10 cc., 1:1000), 
solutions (1:500 or 1:2500), oil solutions (1:1000, 1:4000, or 1:- 
5000), ophthalmic ointment (1:3000), ointment (1:500), supposi- 
tories (1:2000) or tincture (1:200). 

Metoso (Abbott)—A pleasantly flavored solution of metaphen 
1:2000 with 14 per cent alcohol. Uses: oral antiseptic in mouth 
hygiene. Dose: gargle full strength or diluted one-half. 

Riasol (Shield)—Liquid containing 0.45 per cent mercury chemically 
combined with soaps, 0.5 per cent phenol, and 0.75 per cent cresol. 
Uses: in treatment of psoriasis, applied topically. 

Salyrgan-Theophylline N. N. R. (Winthrop)—Tablets, each contain- 
ing 80 mg. mersalyl and 40 mg. theophylline and coated with shellac. 
Solution Salyrgan-Theophylline N. N. R.—Ampuls (1 or 2 cc.), 
each ce. containing 0.1 Gm. mersalyl and 50 mg. theophylline. 
See Mersalyl and Theophylline Injection U.S. P. 

Sulfo-Merthiolate (Lilly)—Surgical dusting powder containing 1:1000 
sodium p-ethyl mercuri thiophenylsulfonate in kaolin, sodium bi- 
carbonate, magnesium stearate, and benzoin. Uses: germicide 
and fungicide, applied topically. 

Thantis Lozenges (Hynson)—Lozenges, each containing 8.1 mg. (% 
er.) Merodicein and 0.065 Gm. (1 gr.) Saligenin. Uses: antiseptic 
and anesthetic to mucous membranes of the mouth and throat. 
Dose: 1 lozenge dissolved in the mouth as often as desired. 


Uses: antiseptic, applied 


Specialties Containing Gold Organo-M etallic Compounds 


Aurocein (Christina)—Ampuls (2 cc.) containing a sterile 5 per cent 
solution of sulfhydryl gold naphthyl derivative with about 0.5 
per cent gold. Uses: antiarthritic. Dose: intramuscularly; 3, 2, 
and 1 injections on successive weeks, then 1 a week until 12 injec- 
tions have been given. 

Lauron (Endo)—Four vials (5 cc.), #1 containing 50 mg. and #2, 3, 
and 4 containing 150 mg. per cc. of aurothioglycolanilide (CgH5- 
NHCOCH2SAu); with approximately 54 per cent gold. Uses: 
antiarthritic. Dose: intramuscularly, in graduated doses. 

Solganal-B (Schering)—Ampuls; 11% ce. (10, 25, or 50 mg.), 2 ce. 
(100 mg.), or vials, 10 cc. (10 or 100 mg. per cc.), containing auro- 
thioglucose (CgH1105SAu) suspended in oil. Uses; in arthritis 
and lupus erythematosus. Dose: intramuscularly, 10 mg. twice 
a week increased to 100 mg. a week by the fourth week until 1.0 
to 1.2 Gm. are given. For lupus erythematosus starting dosage is 
2 mg. 3 times a week and then as above. 

Triphal N. N. R. (Winthrop)—Ampuls (0.025 or 0.1 Gm.) containing 
sodium aurothiobenzimidazole carboxylate (CgH3N:NHCSAu- 
COONa), with 44 to 47 per cent gold. Uses: rheumatoid arthritis 
and lupus erythematosus. Dose: intravenously, 5 mg. initially 
increased gradually to 75 mg. once a week. 


Specialty Containing a Magnesium Organo-Metallic Compound 


Chloresium (Rystan)—Preparations containing the water-soluble 
derivatives of chlorophyll ‘ta’ (C55H7205N4Mg). Uses: accele- 
ration of healing in wounds, burns, ulcers, eczemas, etc. Dose: 
applied topically. 

Chloresium Solution (Plain)—Isotonic Saline solution. 
Chloresium Nasal Solution—Isotonic, buffered saline solution. 
Chloresium Ointment—In a hydrophilic base. 


Specialty Containing a Tin Organo-Metallic Compound 


Chondro-Stann (Christina)—Ampuls (1 cc.) containing a 6 per cent 
aqueous solution of sclero-sulfhydryl proteins organically combined 
with tin, each representing 6 mg. tin. Uses: treatment of car- 
buncles, furuncles. aene. and other staphylococcal infections. 
Dose: intramuscularly, 1 cc. twice a day. 


CHAPTER LXXIV 


THE STEROIDS 


THE STEROIDS are those naturally occurring com- 
pounds, obtained from plants and animals, which con- 
tain the cyclopentanoperhydrophenanthrene (cyclo- 
pentenophenanthrene) nucleus. Members of this 
group of substances include adrenal substances, alka- 
loids, antirachitic vitamins, bile acids, cardiac glyco- 
sides, cholesterol, saponins, sex hormones, and toad 


poisons. The general formula for the steroids is shown 
below: 
on R20,21,22, ete. 
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General] steroid formula 


The rings are conventionally lettered and numbered as 
indicated, and the Greek letter A is often used to indi- 
cate the location of the double bonds. Since usually 
one or more rings are completely saturated, several 
asymmetric carbon atoms are frequently present, re- 
sulting in rather complex stereochemical relationships. 
This chapter will introduce the student to the chemis- 
try of many steriods discussed in the next few chapters 
of this text. 

Classification—Different workers in the chemistry of 
the steroids use slightly different methods of classifying 
these compounds. One method is to divide them into 
five groups according to the type of substituent group 
at carbon 17, 2. e., group R. 

1. Sterols—R is an aliphatic side chain. These are 
alcohols on account of one or more OH groups attached 
to saturated rings. 

2. Sex Hormones—C,, bears a ketonic or hydroxyl 
group or carries a two-carbon side chain. 

3. Cardiac Glycosides—R is a lactone ring. The 
glycosides also contain sugars linked through oxygen 
in other parts of the molecule. Hydrolysis yields this 
sugar and the cardiac aglycone. 

4. Bile Acids—R is a five-carbon side chain termi- 
nating in a carboxylic acid group. 

5. Sapogenins—R is an ethereal ring system. 

The sterols are solid alcohols containing the cyclo- 
pentenophenanthrene nucleus and are usually found in 
the unsaponifiable portion of fixed oils and fats, either 
free or in combination as glycosides and esters. Those 
obtained from animal sources are called zoosterols and 
those from plants are known as phytosterols. The 
official representative of the zoosterols is cholesterol 
(see below), first prepared from gallstones by Fourcroy 
in 1785. Itis closely related to its derivative 7-dehydro- 
cholesterol which yields vitamin Dg when activated by 
ultraviolet irradiation. This vitamin is found in irradi- 
ated milk and in fish liver oils. The phytosterol, 
ergosterol (38-hydroxy-24-methyl-5,7,22-cholestatriene), 
found in yeast, bread, and plants, yields calczferol or 


vitamin D, when irradiated and is similar in structure _ 


to cholesterol, except for double bonds at positions 7 and 
22 and a methyl group on carbon 24. The following 
compounds of similar chemical structure also yield 
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antirachitic products when irradiated: _7-dehydro- 
cholesterol, 7-dehydrositosterol, and 22-dihydroergos- 
terol. Another phytosterol, stigmasterol, is 3-hydroxy- 
24-ethyl-5,22-cholestadiene. It is obtained from calabar 
and soya beans, and other legumes. Several of the sex 
hormones have been prepared from this and other 
sterols. Miescher of Switzerland has recently (1948) 
announced a practical synthesis! of estrone. 


774 


THE STEROIDS 


CHOLESTEROL U. S. P. . Cholesterol 
Cholest.—Cholesterin, Sp. Colesterol] 
CHg 


| 
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CHa| CH; 
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Cholesterol [Co7H450H = 386.64] is a steroid alcohol 

widely ee in the animal organism. In addition 
to cholesterol and its esters several closely related 
steroid alcohols, have been found in the yolk of eggs, 
the brain, milk, fish oils, wool fat (10 to 20 per cent), etc. 
These closely resemble it in properties. Cholesterols 
may therefore be regarded as a fundamental constituent 
of every animal cell and an essential nutrient factor. 
Fish oils constitute one of the principal sources of 
cholesterol. 


Description and Properties—Cholesterol occurs as white or faintly 
yellow, almost odorless, pearly leaflets or granules. It usually ac- 
quires a yellow to pale, tan color on prolonged exposure to light or to 
elevated temperatures. Cholesterol melts between 47° and 50°, and 
has a specific rotation of —28° to —31° in dehydrated alcohol. 
Cholesterol is insoluble in water and sparingly soluble in alcohol; it 
is soluble in acetone, hot alcohol, chloroform, ether, ethyl acetate, 
petroleum benzin, and in vegetable oils. 

Identification—Cholesterol gives the following characteristic color 
reactions: (1) When 1 cc. of sulfuric acid is added to a solution of 10 
mg. of Cholesterol in 1 cc. of chloroform the chloroform acquires a 
blood-red color and the sulfuric acid shows a green fluorescence. 
(2) When about 5 mg. of Cholesterol, dissolved in 2 cc. of chloroform, 
is acidified with 1 cc. of acetic anhydride, followed with 1 drop of 
sulfuric acid, a pink color is produced which rapidly changes to red, 
then to blue, and finally to a brilliant green. 

Tests for Purity— 

Loss on drying—Not more than 0.3 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Solubility in alcohol—A solution of 500 mg. of Cholesterol in 50 ce. 
of warm alcohol should remain clear and free from any deposit after 
standing for 2 hours. 

Acid—Equivalent to not more than 3 cc. of tenth-normal alkali 
per Gm. of Cholesterol. It is determined by adding an excess of a 
measured volume of tenth-normal sodium hydroxide to a mixture of a 
weighed quantity of the Cholesterol with ether, and after shaking well 
for 1 to 2 minutes, the ether is evaporated, water added, and the ex- 
cess of alkali titrated with tenth-normal acid, using phenolphthalein 
T.S. as the indicator. 

Storage—Keep Cholesterol in well-closed, light-resistant containers, 
and avoid exposure to excessive heat. 


Uses—lIt is largely used as an absorption base for the 
incorporation and emulsification of medicinal products 
in oils or fats. See the chapter on “‘Emulsification.”’ 


SEX HORMONES 
and 
HORMONES OF THE ADRENAL CORTEX 


The sex hormones are described fully in the chapter 
on “Hormones.’”’ This section merely outlines the 
structural relationships between the estrogens, the 
adrenal cortical hormones and other steroids. The sex 
hormones may be classified into the following groups, 
according to chemical and physiological differences: 


(1) Estrogenic hormones (female). 
(2) Corpus luteum hormones (female). 
(3) Androgenic hormones (male). 


The sex hormones all possess oxygen on Cs. 
ring of all the estrogens is aromatic whereas the A ring 
of the androgens and the hormones of the corpus luteum 
and adrenal cortex always has an a-8 unsaturated 
ketonic group, the saturation of which causes complete 
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loss of physiological activity and makes both Cg, and 
Cs asymmetric. The 3-hydroxy group may be cvs (8) 
or trans (a) with respect to the Cy) methyl group. The 
a and 6 configurations are denoted conventionally by 
the use of a dotted and solid line, respectively. The 
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Synthetic Estrogenic Hormones 
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various stereoisomers differ in both physical and physio- 
logical properties. The saponin digitonin precipitates 
the 3(8)-hydroxysteroids from solution. 

Estrone, the first hormone isolated, was obtained by 
Doisy from the urine of pregnant women in 1929. 
Estrone is readily reduced to estradiol. Equilenin was 
isolated from the urine of pregnant mares by Girard in 
1932 and was the first hormone to be prepared syntheti- 
cally. Bachman prepared it first in 1939 using as his 
starting material 1-naphthylamine-6-sulfonic acid. Es- 
trone may be prepared from equilenin, but in such 
poor yields that this method of synthesis is not practical. 
Other sex hormones are also obtained synthetically 
from sterols (desoxycorticosterone and progesterone 
from stigmasterol and testosterone from cholesterol), 
bile acids, and strophanthidin. ; 

Several ‘‘synthetic sex hormones’’ have been pre- 
pared which are not chemically related to the naturally 
occurring compounds described above. It is not neces- 
sary, therefore, for a compound to have a steroid 
nucleus in order to be a physiologically active sex hor- 
mone. However, there is still a relation between the 
structures when suitably arranged (see Diethylstilbes- 
trol). Dodds and co-workers in 1938 found that the 
estrogenic activity of p,p’-dihydroxystilbene was in- 
creased by placing substituent groups on the two ali- 
phatic carbons. The most active compounds were 
those with an ethyl group on each carbon, e. g., Diethyl- 
stilbestrol. 

The cardiac glycosides consist of one or more sugars 
(glucose, cymarose, sarmentose, digitoxose, rhamnose, 
ete.) in combination with a physiologically active strue- 
ture known as the aglycone or genin. The latter consists 
of a cyclopentanoperhydrophenanthrene nucleus to 
which is attached an unsaturated four- or five-carbon 
lactone ring at C,,. A hydroxyl group is always at- 
tached to C,,4 and one is frequently attached to Cg also. 
Position 19 usually consists of a methyl [CHs3] group as 
in the digitalis and squill aglycones but it may be an 
aldehyde [CHO] group as in strophanthidin. 

These glycosides occur naturally in many plants, 
including Digitalis purpurea, Strophanthus hispidus, S, 
kombé, Scilla maritima, Helleboris niger, Convallaria 
majalis, Apocynum cannabinum, Adonis vernalis, Anti- 
aris toxicaria, Neriuwm odorum, Acocanthera schimperi, 
and Erythrophloeum quineense. 

In addition to the cardiac glycosides, other classes of 
steroids, such as the toad poisons and sapogenins enu- 
merated above, are also cardioactive. Digitogenin and 
other sapogenins possess a side chain at Ci7 consisting 
of two hydrofuran rings, one of which is fused with ring 
D. Sarsapogenin from Sarsaparilla and amolonin from 
California soap plant are similar in structure; the former 
is used as starting material for the synthesis of proges- 
terone and desoxycorticosterone. 

The bile, a viscid, bitter, alkaline (pH 7.8) fluid, iso- 
tonic with the blood and yellowish brown to a golden 
yellow in color is excreted by adults at the rate of 500 
to 1100 cc. in 24 hours. The principal organic constitu- 
ents are bile acids (as salts), bile pigments, cholesterol, - 
lecithin, mucin, neutral fats, nucleoproteins and phos- 
phatides. The principal inorganic constituents are 
sodium, calcium, copper, iron, magnesium, potassium, 
bicarbonate, phosphate, and sulfate. 

The bile acids, present as the sodium salts of a mix- 


_ture of acids, are divided into two groups: (1).the gly- 


cocholic acids and (2) the taurocholic acids. The first 
group consists of the various cholic acids combined 
through peptide linkages with the amino acid glycine 
[Hz.NCH2COOH] and the second group consists of the 
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DIGITALIS GLYCOSIDES 
Digitalis [anata 


| 


Lanatoside A we B Ne Cc 
Deacetyllanatoside A Acetyldigitoxin pen Ao .. Cc eA ee 
Purpurea Glycoside A) (a + 6 forms) (a + y forms) 

Deacetyllanatoside B Acetylgitoxin 
(Purpurea, Glycoside B) eo + 6 forms 
Sa SSS 
Digitoxin ries hare 
feu —C= fri — C= Ve ee ee 
C C C ee 
\\cH.—O \cH.—0 pro CHa-O 
CHs CHs OH | CHg 
VV AX. SVN 
Als | ots CH, he 
ve “as Ha 
OH OH | OH 
WAS ANW A ye DA SAINT & 
OH H OH H H 
Digitoxigenin Gitoxigenin Digoxigenin 
Digitoxin Gitoxin Gitaligenin 
(Gitoxigenin hydrate) 
Purpurea Glycoside A Purpurea Glycoside B Gitalin 
(Deacetyllanatoside A) (Deacetyllanatoside B) i 


Complex of Genuine Glycosides of Digitalis Purpurea 
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SQUILL GLYCOSIDES 
Bulbs of Scilla maritima ( Urginea maritima) 
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* Color obtained with Liebermann’s Reaction. 


BILE ACIDS AND CHOLESTEROL 
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cholic acids combined in a similar manner 
with taurine [Hz.NCH2CH.SO3H]. The 
composition of. bile varies considerably 
with the species of animal; the glycochol- 
ates predominate in human bile whereas 
the reverse is true of the bile of carnivora. 
The bile salts can be isolated as stable 
crystals soluble in water. The free bile 
acids can be obtained; they are only 
slightly soluble in water. These acids 
combine with the fatty acids in varying 
proportions, depending on the size of the 
aliphatic acid molecule, by means of 
secondary valence forces to form choleic 
acids. The latter are responsible for 
emulsifying, dispersing, and thus promot- 
ing the absorption of fats, cholesterol, and 
vitamins A and D. 


OX BILE EXTRACT U.S. P. Extractum 
Fellis Bovis 


° [Ext. Fel. Bov.—Powdered Oxgall Extract, Sp. 
Extracto de Bilis de Buey] 


Ox Bile Extract contains an amount 
of the sodium salts of ox bile acids 
equivalent to not less than 45 per cent of 
cholic acid (C.,H 400) rae 

The bile of man, of the ox, and of several 
other mammals contains, asthe chief active 
principles, the sodium salts of several of 
the cholic acids. In ox bile, glycocholic 
and taurocholic acids are the predomi- 
nant constituents. Fresh ox bile contains 
about 4 per cent of the first and about 2 
per cent of the latter of these acids. In 
the bile of sheep taurocholic acid is said to 
predominate. These acids are dextroro- 
tatory. 


Description and Properties—Ox Bile Extract is a brownish yellow, 
greenish yellow or brown powder, having a bitter taste. It is freely 
soluble in water, soluble in alcohol. Not more than 0.1 per cent of it 
is insoluble in 80 per cent alcohol. The solutions are neutral or- slightly 
acid to litmus paper and foam when shaken. In moderately concen- 
trated aqueous solutions of Ox Bile Extract, mineral acids produce a 
white pr ecipitate of the bile acids and these acids are soluble in 60 
pe cent acetic acid in alcohol, but almost insoluble in ether or chloro- 
orm, 

Identification—(1) All the bile acids give the following reaction, 
known as Pettenkoffer’s test: A little of the bile salt or of the bile ex- 
tract is dissolved in 1 to 3 cc. of sulfuric acid, and heated to 60° to 
70°. A 10 per cent sucrose solution is then added dropwise and with 
continuous stirring. A brilliant red color is produced which persists 
for afew hours. (2) Another characteristic test is the blue color pro- — 
duced with furfural on which property the assay for cholic acid is 
based. This test may be applied in the following manner: A few 
mg. of the bile material are dissolved in a few ce. of alcohol, and for 
each cc. of the solution 1 drop of a 1:100 aqueous furfural solution and 
1 ec. of sulfuric acid are added with stirring and the mixture cooled. 
A blue color is produced. 

Tests for Purity—The U.S. P. includes the following test and limits: 
Sebi a substances—Not more than 0.1 per cent in 80 per cent 
alcohol. 
Assay—For the determination of the content of cholic acids of Ox 
Bile Extract advantage is taken of their property to condense with 
furfural, in the presence of sulfuric acid forming blue-colored com-- 
pounds. The intensity of the color or the ‘‘light absorption”’ is pro- 
portional, under the same conditions, to the amount of cholic acids 
present, and is measured with a suitable spectrophotometer at a 
definite wave length. The quantity of cholic acid represented by the 
color intensity of the sample being tested is obtained from a curve 
prepared by graphing the color intensities of solution against known 
concentrations obtained by treating in the same manner as in the test 
several progressive and known quantities of U. S. P. Cholic Acid 
Reference Standard. For bbe details and technique of the assay 
consult the U.S. P. 
Storage—Keep the Extract in tight containers. 


Uses—Bile is essential for the normal digestion of 
fats and the absorption of fatty acids. The presence of 
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bile in the intestine is also necessary for optimal ab- 
sorption of the fat-soluble vitamins. For example, in 
the absence of bile, a vitamin K deficiency may develop 
(see Menadione). In addition, it has been claimed that 
bile has an antiputrefactive action and is mildly cathar- 
tic. The actions of bile are chiefly due to the bile salts 
which are combinations of the bile acids with amino 
acids. The bile acids are in themselves active. The 
most important bile acid is cholic acid. 

Ox bile is the source of Ox Bile Extract, the form 
which is used in therapy. In addition to this crude 
preparation, various purified products of bile salts and 
bile acids are available. 

Bile salts are extensively employed in various types 
of hepatic disorders. Bile salts increase the flow of bile 


-and are employed as choleretics. The choleretic action 


is of value in infections of the biliary tract unassociated 
with hepatitis for the purpose of preventing ascending 
infection, for outlining the biliary ducts at operations, 
for removing small calculi inhibiting the flow of bile 
through the common duct, ete. In obstructive jaun- 
dice, bile salts may be employed to promote the absorp- 
tion of vitamins, especially vitamin K. However, at the 
same time, the production of bile salts by the liver may 
be enhanced. This is undesirable in that with the secre- 
tion of bile impeded, the blood level of bile salts may 
rise. Bile salts exert a toxic action in the systemic 
circulation. Bile salts have also been used in the treat- 
ment of functional hepatic insufficiency, hepatic jaun- 
dice, chronic passive congestion of the liver, etc., but 
their true worth in these conditions is difficult to evalu- 
ate. 
Average Dose—0.3 Gm. (approximately 5 grains). 


Ox Bile Extract Tablets U. S. P. 
Tabelle Extracti Fellis Bovis 


(Tab. Ext. Fel. Bov.—Sp. Tabletas de Extracta de Bilis de Buey] 


Ox Bile Extract Tablets contain an amount of ox bile 
extract which will yield upon assay a quantity of cholic 
acid corresponding to not less than 40 per cent of the 
labeled amount of the extract. 
Assay—The Tablets are assayed for cholic acid by the method given 
above for Ox Bile Extract. 
Storage—Keep the Tablets in tight containers. 

Uses—See Ox Bile Extract. 


Average Dose—0.3 Gm. (approximately 5 grains). 


CARCINOGENIC STEROIDS 
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Coal tar was shown to possess cancer-producing 
hydrocarbons, of which those shown above are repre- 
sentative. Further research is being carried on to deter- 
mine whether the sex hormones and other steroids are 
involved in cancerous growths. Cancer has been pro- 
duced in mice by injections of estrone benzoate, and 


many other substances have been found to produce 
carcinomas, including tetraphenylmethane, 2-amino-5- 
azotoluene, and 1,2,5,6-dibenzanthracene. 


Unofficial Steroids 


Dehydrocholic Acid N. N. R.—An oxidation product of cholic acid 
derived from natural bile acids. Colorless, crystalline powder 
sparingly soluble in alcohol and glacial acetic acid. Uses: hydro- 
choleretic*but not a cholagogue in action; its choleretic action is 
uncertain; has mild diuretic action and potentiates the action of 
mercurials when given with them. Dose: from 0.25 to 0.5 Gm. 
2 or 3 times a day after meals for a period of 4 to 6 weeks. 

Sodium Dehydrocholate N. N. R.—Colorless, crystalline powder 
having a very bitter taste; soluble in water and alcohol. Uses: 
same as those for dehydrocholic acid; also useful diagnostic aid 
in the determination of arm to tongue circulation time. Dose; 

. intravenously, 5 to 10 cc. of a 20 per cent solution followed by 10 cc. 
on the second and third day; as diagnostic aid, 3 to 5 ec. injected 
rapidly into cubital vein, time noted to bitter taste perception. 


Specialties Containing Bile Products 


Note—The following preparations are used as choleretics, hydro- 
choleretics, cholagogues, or mild laxatives. According to individual re- 
quirements doses representing 0.18 Gm. (2 gr.) to as high as 2.6 Gm. 
(40 gr.) of bile salts are administered daily in divided doses, after meals 


_ and at bedtime, along with copious quantities of water. 


Agocholan (Bilhuber-Knoll)—Tablets, each containing 0.097 Gm. 
(1% er.) strontium cholate, 0.032 Gm. (1% gr.) strontium salicylate, 
and 0.026 Gm. (36 gr.) phenolphthalein diacetate. 

Atrocholin (Blue Line)—Tablets, each containing 0.13 Gm. (2 gr.) 
dehydrocholiec acid and 0.65 mg. (3400 gr.) homatropine methyl- 
bromide. 

Bicarex (Massengill)—Tablets, each containing 0.065 Gm. (1 gr.) ox 
bile extract, 0.130 Gm. (2 gr.) papain, 0.032 Gm. (% gr.) each cas- 
cara sagrada extract and phenolphthalein, 4 mg. (34. gr.) nux vom- 
ica extract, and 1.6 mg. (40 gr.) capsicum oleoresin. 

Bicholate (Blue Line)—Tablets, each containing 0.146 Gm. (214 gr.) 
desiccated oxgall, 0.065 Gm. (1 gr.) sodium salicylate, and 0.032 
Gm. (% gr.) each phenolphthalein and bitter cascarin. 

Bicol (McNeil)—Enteric-coated tablets, 0.162 Gm. (21% gr.) or 0.324 
Gm. (5 gr.), containing a fresh ox bile concentrate composed chiefly 
of sodium glycocholate and sodium taurocholate, combined with 
about 15 per cent starch. 

Bidupan (Cavendish)—Tablets, each containing 0.130 Gm. (2 gr.) 
each ox bile extract and pancreatin, 0.032 Gm. (1% gr.) duodenal 
substance, and 0.065 Gm. (1 gr.) charcoal. 

Bi-Ketolan (Merrell)—Tablets, each containing 0.243 Gm. (334 gr.) 
of a mixture of oxidized ketocholanic acids obtained from ox bile. 
Bilaticol (Forrest)—Tablets, each containing 0.097 Gm. (114 gr.) bile 
salts compound, 0.016 Gm. (4 gr.) cascarin, 0.011 Gm. (% gr.) 
podophyllin, and 8.1 mg. (4% gr.) each aloin and ginger oleoresin 

Bilcain (Cole)—Tablets, each containing 0.194 Gm. (3 gr.) partially 
purified ox bile, 8.1 mg. (3 gr.) aloin, and 0.032 Gm. (1% gr.) cascara 
sagrada extract. 

Bilein N. N. R. (Abbott)—Sugar- or enteric-coated tablets, 0.194 Gm. 
(3 gr.), or capsules, 0.324 Gm. (5 gr.), containing an ox bile concen- 
trate composed chiefly of sodium glycocholate and sodium tauro- 
cholate. See Ox Bile Extract U.S. P. 

Bilicholan (Harrower)—Tablets, each containing 0.097 Gm. (11% gr.) 
dehydrocholic acid and 0.227 Gm. (3% gr.) bile extract. 

Bilron (Lilly)—Pulvules (capsules), 0.324 Gm. (5 gr.), containing a 
compound of iron and bile acids. 

Bisalco (McNeil)—Tablets, each containing 0.065 Gm. (1 gr.), each 
Bicol and sodium salicylate, and 0.032 Gm. (% gr.) each phenol- 
phthalein and cascara sagrada extract. 

Brengal (Winthrop)—Tablets, each containing 0.065 Gm. (1 gr.) bile 
salts, 0.130 Gm. (2 gr.) pancreatin, 0.011 Gm. (4% gr.) Bephedin 
(benzylephedrine), 0.032 Gm. (1% gr.) phenolphthalein, and 0.016 
Gm. (14 gr.) cascara sagrada extract. 

B. S. P. Tablets (A. P. C.)—Tablets, each containing 0.065 Gm. 
(1 gr.) ox bile extract, 0.032 Gm. (4% gr.) phenolphthalein, 0.065 Gm. 
(1 gr.) papain, 0.016 Gm. (4 gr.) cascara sagrada extract, and 1.6 
mg. (140 gr.) capsicum oleoresin. 

Cal-Extract (Anglo-French)—Tablets, each containing ox bile ex- 
tract, pancreatin, calomel, and other ingredients. 

Carica-Bile (United Drug)—Tablets, each containing 0.065 Gm. (1 
gr.) bile salts, 0.130 Gm. (2 gr.) papain, 0.032 Gm. (1% gr.) each 
cascara sagrada extract and yellow phenolphthalein, 4.0 mg. 
(44.6 gr.) nux vomica, and 1.6 mg. (240 gr.) capsicum oleoresin. 

Caroid and Bile Salts (Am. Ferment)—Tablets, each containing 
0.073 Gm. (1% gr.) bile salts, 0.081 Gm. (114 gr.) Caroid (papain) 
4.0 mg. (4.6 gr.) nux vomica extract, 0.032 Gm. (14 gr.) phenol- 
phthalein, 0.040 Gm: (5 gr.) cascara sagrada extract, and 6.5 mg. 
(Yo gr.) capsicum. % 

Cholacole (Cole)—Capsules, each containing 0.324 Gm. (5 gr.) ox 
bile extract. ; 

Chola=K (Buffington)—Tablets, each containing 0.324 Gm. (5 gr.) 
bile salts and 0.25 mg. menadione. 

Cholan-DH (Maltbie)—Tablets, 0.243 Gm. (334 gr.), containing de- 
hydrocholic acid. See Dehydrocholic Acid N. N. R. 

Cholanox (Maltbie)—Tablets, each containing 0.113 Gm. (1% gr.) 
each ketocholanic acids and dehydrated ox bile. 

Cholaphen (Stoddard)—Tablets, each containing 0.086 Gm. (114 gr.) 
purified bile salts, 0.097 Gm. (114 gr.) each methenamine and 
sodium salicylate, and 0.016 Gm. (4 gr.) phenolphthalein. 

Cholatol (Upjohn)—Capsules, 0.324 Gm. (5 gr.), containing bile salts 
principally sodium glycocholate and sodium taurocholate. 
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Cholatol Compound—Capsules, each containing 0.130 Gm. (2 gr.) 
bile salts, 0.022 Gm. (14 gr.) phenolphthalein, 0.065 Gm. (1 gr.) 
papain, and 4 mg. (346 gr.) ginger. 

Chola-Zem (Zemmer)—Keratin-coated tablets, each containing 
0.065 Gm. (1 gr.) sodium glycocholate and taurocholate, 0.324 Gm. 
(5 gr.) magnesium sulfate, and 0.13 mg. (400 gr.) each nitroglyc- 
erin and atropine sulfate. 

Choleol—Liquid, each fluidounce containing same as 1 capsule 
above except that iron chloride replaces iron lactate. 

Ce (C. D. Smith) Capsuls, each containing 0.024 Gm. 
(3 gr.) bile salts, 0.049 Gm. (34 gr.) calumba, 0.105 Gm. (15¢ gr.) 
chamomile flowers, and 0.049 Gm. (% gr.) iron lactate. 

Cholmodin (Riedel-de Haen)—Tablets, each containing 0.1 Gm. 
deaeecbche acid (3,12-dihydroxycholanic acid) and 0.05 Gm. aloes 
extract. 

Chologestin (Strong)—Liquid, 1 tablespoonful containing 0.130 Gm. 
(2 gr.) sodium glycocholate, 0.162 Gm. (2% gr.) sodium salicylate, 
and 0.324 Gm. (5 gr.) each pancreatin and sodium bicarbonate. 
Tablogestin—Each 3 tablets containing the equivalent of 1 table- 
spoonful as above. 

Cholo-Glyco with Cathartics (Breon)—Tablets, each containing 
0.076 Gm. (1% gr.) ox bile salts, 0.032 Gm. (1% gr.) each phenol- 
phthalein and cascara sagrada, 0.016 Gm. (44 gr.) dioscorein, and 
0.065 Gm. (1 gr.) sodium succinate. 

Charnonotate (Searle)\—Tablets, each containing 15 mg. sodium 
glycocholate, 7.5 mg. Sodium taurocholate, 30 mg. bile salts, 15 mg. 
phenolphthalein, 60 mg. sodium succinate, and 15 mg. dioscorein. 

Chovanol (Winthrop)—Fablets, each containing 0.03 Gm. cholic acid, 
0.02 Gm. Rivanol (2-ethoxy-6,9-diamino-acridine lactate), 0.01 Gm. 
cinnamy! ephedrine, and 0.002 Gm. peppermint oil. 

Colalin (Schieffelin)—Tablets, 0.016 Gm. (% gr.) or 0.032 Gm. (1% 
gr.), containing a mixture of oxidized ox bile acids, with magnesium 
carbonate. 

Colalin Laxative—Tablets, also containing podophyllin and ecascara. 

Colopo (Carnrick)—Tablets, each containing 0.065 Gm. (1 gr.) each 
bile salts and cascara extract. 

Crescefel (Ayerst)—Tablets, 0.324 Gm. (5 gr.), containing purified 
bile salts. 

Decholin N. N. R. (Riedel-de Haen)—Tablets, 0.243 Gm. (33% gr.) 
containing Dehydrocholic Acid N. N. R 

Decholin Sodium {20 Per Cent Solution x. 'N. R. Ampuls (3, 5, or 10 
ec.) containing 20 per cent Sodiwm Dehydrocholate N. N. R. 

Degalol (Riedel-de Haen)—Tablets, 0.097 Gm. (1% gr.) containing 
desoxycholic acid (3,12-dihydroxycholanie acid). 

Dehychol (United Drug)—Tablets, 0.243 Gm. (334 gr as containing de- 
hydrocholice acid. See Dehydrocholic Acid N. N. 

Depancol (Maltine)—Enteric-coated tablets, each a toe 0.022 
Gm. (14 gr.) dehydrocholic acid, 0.097 Gm. (1% gr.) bile salts, and 
0.292 Gm. (414 gr.) pancreatin. 

Desicol (Parke, Davis)—Kapseals (capsules), each containing 0.325 
Gm. (5 gr.) desiccated bile. 

Doxychol-K (Breon)—Tablets, each containing 0.2 Gm. ketocholanic 
acids and 65 mg. desoxycholie acid. 

Dunokol (Cole)—Enteric-coated tablets, each containing 0.13 Gm. 
(2 gr.) ox bile extract, 0.065 Gm. (1 gr.) pancreatin, 2.0 mg. (442 
gr.) nux vomica extract, 0.016 Gm. (1% gr.) duodenal substance, 
0.032 Gm. (4% gr.) sodium bicarbonate, and 0.13 Gm. (2 gr.) calcium 
phosphate. 

Duochol (Plessner)—Tablets, each containing 0.13 Gm. (2 gr.) each 
bile salts and sodium salicylate, 0.032 Gm. (14 gr.) cascara sagrada 
extract, 1449 min. capsicum oleoresin, and 3499 min. peppermint oil. 

Felamine (Sandoz)—Tablets (0.3 Gn.), each containing a molecular 
complex of 0.075 Gm. crystalline cholic acid and 0.225 Gm. methen- 
amine 

Glox (Cole)—Tablets, each containing 0.043 Gm. (34 gr.) ox bile 
extract, 0.032 Gm. (1% gr.) each phenolphthalein and cascara 
sagrada extract, and 8.1 mg. (% gr.) aloin. 

Glycophen (Strasenburgh)—Tablets, each containing 0.032 Gm. (1% 
gr.) each of sodium glycocholate, sodium taurocholate, cascara 
sagrada extract, and phenolphthalein; and 0.065 Gm. (1 gr.) 
sodium salicylate; and menthol. 

Glycotauro N. N. R. (Hynson)—Enteric-coated tablets (0.078 Gm.) 
or capsules (0.085 Gm.) containing sodium glycocholate and sodium 
taurocholate in the proportions occurring in concentrated ox bile. 
See Ox Bile Extract U.S. P. 

Hepasal (Rorer)—Tablets, each containing 0.130 Gm. (2 gr.) sodium 
glycocholate and taurocholate, 0.032 Gm. (1% gr.) sodium succinate, 
0.097 Gm. (1% gr.) sodium salicylate, 0.065 Gm. (1 gr.) sodium 
oleate, 0.022 Gm. (14 gr.) phenolphthalein, and menthol. 

Ketochol (Searle)—Tablets (250 mg.) containing a combination of 
oxidation products of unconjugated bile acids. 

Neo-Probilin (Schering and Glatz)—Tablets, each containing 0.113 


TH BS TiO Dis 


Gm. bile salts, 0.016 Gm. sodium salicylate, 0.021 Gm. phenol- 
phthalein, and 0.013 Gm. menthol. 

Neo-Torocol (Plessner)—Tablets, each containing 0.065 Gm. (1 gr.) 
each bile salts and cascara sagrada, 449 min. capsicum oleoresin, 
and 14099 min. peppermint oil. 

Nucolex (Cole)—Tablets, each containing 0.065 Gm. (1 gr.) ox bile 
extract, 0.022 Gm. (4% gr.) each of phenolphthalein and cascara 
sagrada extract, 2.2 mg. (349 gr.) menthol, and 0.032 mg. (34000 
gr.) eserine salicylate. 

Oxabil (Blue Line)—Tablets, 0.324 Gm. (5 gr.), containing ox bile ex- 
tract 

Oxachol (Columbus)—Liquid, each fluidounce containing’ 0.518 Gm. 
(8 gr.) oxgall, 2.59 Gm. (40 gr.) cascara sagrada, 0.259 Gm. (4 gr.) 
each pepsin and papain, 1.29 Gm. (20 gr.) taraxacum, 0.032 Gm. 
(4% gr.) podophyllin, and 1 cc. (16 min.) nux vomica tincture. 

Oxiphen (Pitman-Moore)—Tablets, each containing 0.016 Gm. (4% 
gr.) each sodium glycocholate and sodium taurocholate, 0.032 Gm. 
(4% gr.) each phenolphthalein and compound cascara extract, and 
8.1 mg. (% gr.) aloin. 

Oxolax (Blue Line)—Tablets, each containing 0.065 Gm. (1 gr.) 
desiccated oxgall, 0.022 Gm. (4% gr.) aloin, 0.011 Gm. (% gr.) 
podophyllin, 3.2 mg. (340 gr.) nux vomica extract, and 8.1 mg. (4 
gr.) each strammonium extract and ginger oleoresin. 

Oxycholin (Blue Line)—Tablets containing 0. 1 Gm. (2 gr.) dehydro- 
cholic acid. See Dehydrocholic Acid N. N. 

Pancrobilin (Reed and Carnrick)—Liquid, aa fluidounce contain- 
ing 2.59 Gm. (40 gr.) fresh pancreas extract, and 0.13 Gm. (2 gr.) ox 
bile extract. 

Pancrobilin—Pills, each containing 0.091 Gm. (136 gr.) ox bile 
extract, and 0.032 Gm. (1% gr.) desiccated pancreas. 

Pancroid (Strasenburgh)—Cellutate-coated (enteric-coated) tablets, 
each containing 0.130 Gm. (2 gr.) dehydrocholic acid, 0.097 Gm. 
(1% gr.) ox bile extract, and 0.194 Gm. (3 gr.) pancreatin. 

Panoxolin (Smith-Dorsey)—Tablets, each containing 0.248 Gm. (334 
gr.) of a mixture of oxidized bile acids. 

Plebilin (Plessner)—Tablets containing 0.194 Gm. (3 gr.) purified bile 
salts obtained from oxgall. 

Procholon (Squibb)—Tablets, 0.248 Gm. (334 gr.), ne de- 
hydrocholic acid. See Dehydrocholic Acid N. N. 

_Procholon Sodium Solution 20 Per Cent (Sqcibb)e Aan (5 ee.) 
containing 20 per cent sodium dehydrocholic acid. See Sodium 
Dehydrocholate N. N. R. 

Procholon Sodium Solution 5 Per Cent—Ampuls (10 cc.) containing 
5 per cent sodium dehydrocholic acid solution. 

Tablogestin (Strong)—See Chologestin. 

Taurglypan (Sherman)—Tablets, each containing 0.065 Gm. (1 gr.) 
purified bile salts, 0.13 Gm. (2 gr.) papain, 0.032 Gm. (1% gr.) each 
phenolphthalein and cascara sagrada extract, 0.011 Gm. (% gr.) 
nux vomica extract, and 1.6 mg. (349 gr.) capsicum oleoresin. 

Taurophen (Drug Products)—Pulvoids (tablets), each containing 
sodium glycocholate, taurocholate, glycodeoxycholate, taurodeoxy- 
cholate, and other bile salts present in bile; sodium succinate; 
sodium salicylate; cascara extract; phenolphthalein; and menthol. 

Taxol (Lobica)—Enteric-coated tablets, each containing 0.065 Gm. 
(1 gr.) bile extract, 0.026 Gm. (36 gr.) aloes, 5 mg. (143 gr.) hyoscy- 
oe extract, and 0.049 Gm. (34 gr.) desiccated pancreas and duo- 

enum. 

Thaleocolates (Tailby-Nason)—Tablets containing sodium glyco- 

_ cholate, sodium taurocholate, sodium succinate, cascara sagrada, 
and phenolphthalein. 

Torocol (Plessner)—Tablets, each containing 0.065 Gm. (1 gr.) each 
bile salts, cascara sagrada extract, and phenolphthalein; 49 min. 
capsicum oleoresin; and 1499 min. peppermint oil. 

Tri-Hep-Chol (Lloyd)—Liquid, each teaspoonful containing 0.194 
Gm. (3 gr.) bile salts compound, and 0.648 Gm. (10 gr.) active in- 
gredients each of Chionanthus virginica and Chelidonium majus. 

Triketol (Hndo)—Powder or tablets, 0.248 Gm. (334 gr.), containing 
a combination of purified, unconjugated triketocholanic acids. 

Valachol (Vale)—Capsules, 0.243 Gm: (334 gr.), containing a mixture 
of oxidized ox bile acids. 

Veracolate (Marcy)—Tablets, each containing 0.097 Gm. (1% gr.) 
sodium glycocholate and taurocholate, 0.032 Gm. (4 gr.) each 
cascara sagrada extract and phenolphthalein, and 0.05 min. 
capsicum oleoresin. 

Wyalin (Wyeth)—Tablets, each containing 0.065 Gm. (1 gr.) each bile 
salts and cascara sagrada extract, 3.2 mg. (1¢0 gr.) nux vomica 
extract, and 0.130 Gm. (2 gr.) pancreatic enzymes. 

Zilatone (Drew)—Tablets, each containing 0.073 Gm. (14% gr.) bile 
salt compound, 0.3 mg. (3417 gr.) strychnine, 4.0 mg. (34.5 gr.) nux 
vomica extract, 0.0832 Gm. (1% gr.) phenolphthalein, 0.040 Gm. 
(% gr.) cascara sagrada extract, 0.057 Gm. (% gr.) pancreatin, 9.6 
mg. (340 gr.) pepsin (1:10,000), and 6.5 mg. (3409 gr.) capsicum. 


CHAPTER LXXV 


GLYCOSIDES 


THE GLycosIDES are complex organic plant prin- 
ciples derived from the combination of hydroxy com- 
pounds and sugars, which upon hydrolysis yield a sugar 
and one or more other substances frequently of an 
aromatic nature. When a sugar is combined with a 
non-sugar the latter is termed an aglycone. When a 
sugar is combined in glycosidal combination with one 
or more other sugars, the resulting compound is a di-, 
tri-, or polysaccharide (see Carbohydrates, page 745). 

Examples of several types of glycosides are found 
in the following: : 

Salicin, which yields saligenin and dextrose: 


Cy3H i807 + HzO => CgHi20¢6 + CgH4a(OH)CH20H 


salicin water dextrose saligenin 


Digitonin which yields digitogenin, dextrose, and 
galactose: 
CseHo2029 + 5H20 — Co7H4405 + 4CeHi206 + CsHi005 


digitonin water digitogenin galactose xylose 
Quercitrin which yields quercetin and rhamnose: 
Ce1H20011 + HeO — CisHi007 + CeHi205 


quercitrin water quercetin. rhamnose 


The glycosides are devoid of nitrogen except in the 
case of a small group known as cyanogenetic glycosides, 
exemplified by amygdalin which splits up as follows: 


CspHeyNOi + 2H20 > 2CeHi206 + CeHsCHO + HCN 
amygdalin water dextrose benzaldehyde hydrocyanic 
acl 

The reaction by which glycosides are split up into 

their constituent parts is a hydrolytic reaction. 
It may be brought about by boiling with dilute 
mineral acids or, in some cases, by alkalies. In 
the plants which contain glycosides the decomposi- 
tion is effected by means of suitable ferments (such 
as emulsin, etc.), which often exist in the same 
part of the plant, but usually in different cells 
from the glycosides. 

Glycosides are widely distributed in the plant 
kingdom. Many fruits, vegetables,.and various 
parts of plants contain them. The pigments of flowers 
(anthocyanins) are of glycosidic character. Glycosides 
of animal origin are scarcely known. The aglycones 
of the majority of glycosides are of cyclic (aromatic) 
_ structure. 

Structure of Glycosides—Two series of glycosides 
are known, the a- and g-glycosides which are stereo- 
isomers. Taking methylglycosides as the simplest 


HO 


example, they are represented by the following for- 
mulas: 


H OCHsg CH;0 H 
Se BN, 
1 Nee 
een HCOH 
| 
Sige Oo-— HOCH O 
HCOH | HCOH 
Ho nb 
HOH. bu,on 


a-methylglucoside B-methylglucoside 


Ji 
big 


The sugar in a large number of glycosides is p-glucose 
(dextrose), hence the former designation “glucosides,” 
but many important glycosides derived from various 
sugars are now known: 


D-Glucose is the sugar constituent of amygdalin, arbutin, sali- 
cin, sinigrin, etc. 
Galactose is found in convallamarin, digitonin, sapotoxin, 


p-Arabinose (a pentose sugar) or methyl pentoses constitute 
the sugar portion of barbaloin and gentiin; a glycoside of gentian 
root, quinovin; and a glycoside from cinchona bark. 

Digitoxose is found in digitoxin and other digitalis glycosides, 


Cymarose is the sugar of the glycoside cymarin found in several 
species of apocynum. 


Rhamnose occurs in baptisin, convallamarin, frangulin, oua- 
bain, quercitrin, rutin, and strophanthin. 


Glycosides are hydrolyzed by enzymes which occur in 
the same plant, but generally in different cells. When 
the structure of the plant is destroyed by grinding or 
other means the enzyme soon exerts its hydrolytic 
action, and it is, therefore, necessary to destroy the 
enzymes before attempting to isolate the glycoside 
principle. The same enzyme is often able to hydrolyze 
different glycosides, but the a- and $-stereoisomers of 
the same glycoside are usually not hydrolyzed by the 
same enzyme. Hmulsin for instance, has been found 
to hydrolyze all @-glycosides and therefore, those 
glycosides which are attacked by emulsin are regarded 
as B-glycosides. Maltase hydrolyzes only a-glycosides. 

The synthesis of amygdalin was announced in 1924, 
It was shown to have the following structure: 


CH20OH 
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amygdalin 


The glycosidic linkage is considered to be 8 since it is 
hydrolyzed by emulsin, therefore the formula is written 
as shown above with the linking oxygen on the same 
side of the plane of the ring as the CH,OH group. This 
compound is also optically active due to the asymmetric 
carbon to which the phenyl, nitrile, hydrogen and di- 
saccharide are attached. Salicin is another 6-glycoside: 


on H CH,0H 
ae 


salicin 

There are no simple identifying tests for glycosides, 
except characterization of the cleavage products in 
some cases. Methods for the detection of glycosides 
and for their quantitative determination involve the 
estimation of reducing sugars before and after the solu- 
tion is hydrolyzed by boiling with dilute acids, or by 
the action of enzymes. 
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GLYCOSIDES 


EXAMPLES OF GLYCOSIDES 


Glycoside 


Source 


ésculin, Cc 1 5H 1 609 
Amygdalin, Cc 20H 27NO 1 
Arbutin, C;2gH1.607 
Coniferin, Cc 1 gH 220 8 
Convolvulin, C54H 96027 
Daphnin, Cy5H1609 
Datiscin, Co7H300;5 
Dhurrin, Cc 14H 1 7NO 7 
Digitalin, Cg5H56O14 
Digitonin, Cs5gH 92029 
Elaterin, CooH2805 
Fraxin, CigH 18010 
Gentiopicrin, C1gH 2009 
Globularin, C;5H200g8 
Glyeyrrhizin, approx. C4a4Hg4NOi9 
Gratiolin, C4g3H70015 

Grat iosolin, C aoe sawee 
Helicin, CisH 1607 
Indican, Cj4Hi7NO¢ 
Jalapin, C44H 560 16 
Lotusin, CesH3,;NOig 
Ononin, Ce5H26011 “e 
Phillyrin, Co7H 340 ital 
Phloridzin, Ce iH 240 10 
Pinipicrin, Co2eH 360 a Ob 
Populin, Cea0H 22 
Prophetin, C 23H 3 Ae) 7 
Quercitrin, Ce13H20011 
Quinovin, C3sHeo 

Salicin, C 1 3H 1 30 7 
Saponarin, Coa7He4012 
Sinigrin, C 10H 1 60 gNKSe 
Thujin, CeaopH22012 
Xanthorhamnin, C34H42020 


From 4/sculus hippocastanum 
From Prunus amygdalus 

From Uva ursi and other species of Ericacese 
From Coniferous woods 

From Hxogoniwm purga 

From Daphne mezereum 

From Datisca cannabina 

From Sorghum vulgare 

From Digitalis purpurea 

From Digitalis purpurea 

From Ecballium elaterium 

From Fraxinus excelsior 

From Gentiana lutea 

From Globularia Alypum 

From Glycyrrhiza glabra 

From Gratiola officinalis 

From Gratiola officinalis 

From Salicin 

From Indigofera anil 

From ELxogonium purga 

From Lotus arabicus 

From Ononis spinosa 

From Phillyria latifolia 

From the bark of the pear, apple, cherry, and plum tree 
From Thuja occidentalis 

From different species of Populus 
From Cucumis prophetarum 
From Quercus tinctoria 

From the bark of Cinchonas 
From different species of Salix and Populus 
From Saponaria officinalis 

From Brassica nigra 

From Thuja occidentalis 

From Rhamnus amygdalinus 


Aglycone 
“sculetin 
Benzaldehyde and hydrocyanie acid 
Hydroquinone 


Coniferyl alcohol 

Convolvulinic acid and methylethyl acetic acid 
Daphnetin 

Datiscetin 

Para-hydroxymandelonitrile 

Digitaligenin 

Digitogenin 


Fraxetin 
Gentiogenin 
Globularetin 
Glyeyrrhetin 
Gratiogenin 
Gratiosoletin 
Salicyl aldehyde 
Indigo 

Jalapinolie acid 
Lotoflavin and hydrocyanic acid 
Formonetin 
Phillygenin 
Phloretin 

Ericinol 

Benzoic acid, saligenin 
Prophoretin 
Quercetin 

Quinovie acid 
Saligenin 
Saponaretin 

Allyl isothiocyanate 
Thujetin 
Rhamnetin 


Saponins—The saponins are a group of glycosides. 
which are amorphous colloidal substances, readily sol- 
uble in water and producing a froth when the aqueous 
solution is agitated. They are excellent emulsifying 
agents and the aqueous solutions of some of them are 
used as detergents to replace soap (see Quillaja). They 
are acrid in taste and in powder form cause sneezing. 
The majority are homologous substances having the 
general formula C,Hon—gO10. 

Many of the saponins are markedly toxic in their 
physiological action. They are called sapotoxins, and 
when hydrolyzed by dilute acids their aglycones are 
called sapogenins. They usually possess a powerful sol- 
vent action on red blood corpuscles, an action known as 
hemolysis. 

The saponins are widely distributed in the botanical 
kingdom. 

The commercial product Saponin is prepared from 
the yucca plant or from Quillaja. 


Properties—The greater portion of the known glyco- 
sides, when pure, are colorless or white, optically active 
and soluble in alcohol or in diluted alcohol. They are 
extracted from the plant material by water, alcohol, or 
a mixture of the two. The glycosides occur in the plant 
in small amounts, and their isolation in a pure state is 
usually difficult and laborious. The processes used for 
their production and purification vary according to the 
nature of the material and the glycoside. 

The most important groups of botanical drugs which 
owe their activity to the presence of glycosides are: (1) 
the cardiac drugs such as digitalis, squill, and stro- 
phanthus; (2) the cathartic drugs, chief among which 
are aloe, cascara, rhubarb, and senna. A number of the 
botanicals used as flavoring agents, tonics, and bitter 
principles (amaroids) such as gentian, etc., largely owe 
their characteristic properties to the glycosides they 
contain. 


THE CARDIAC GLYCOSIDES 


APOCYNUM N. F. Apocynum 
[Black Indian Hemp, Canada-hemp] 


Apocynum consists of the dried rhizome and roots of 
Apocynum cannabinum Linné or of Apocynum andro- 
semifolium Linné (Fam. Apocynacee). Apocynum 
possesses a potency such that 0.1 Gm. of it is equivalent 
to not less than 2 U. 8. P. XIII Digitalis Units. 

Constituents—The glycoside cymarin [Cgo0H 440 9] is 
stated to be the chief active principle; other principles 
present are cynotoxin [CooH2s0¢], apocynamarin [Cao- 
H440.], and apocynin (acetovanillone) [CoH100s]. 
Resin, volatile oil, tannin, and starch are also found. 
Description—The N. F. VIII gives a description of Unground Apo- 
cynum, Histology, and Powdered Apocynum and establishes limits for 
Stem bases (not more than 5 per cent), Foreign organic matter (not 
more than 2 per cent), and Acid-insoluble ash (not more than 2 per 
any a Biological Assays (page 1002). 

Uses—It was formerly used as a cardiac stimulant in 
heart diseases and as a diuretic in dropsy. 


Average Dose—60 mg. (approximately 1 grain). 


DIGITALIS U. S. P. Digitalis 


[Digit—Foxglove, Digitalis folium P.I., Fairy Cap, Lady’s Glove, 
Fingers, Thimbles, Bells, Sp. Digital] 

Digitalis is the dried leaf of Digitalis purpurea Linné 
(Fam. Scrophulariacez). 

The potency of Digitalis is such that, when assayed 
as directed, 0.1 Gm. shall be equivalent to not less than 
1.0 U.S. P. Digitalis Unit. One United States Pharma- 
coperal Digitalis Unit represents the potency of 0.1 Gm. 
of the U.S. P. Digitalis Reference Standard (page 1059). 

Note—When Digitalis is prescribed, Powdered Digi- 
talis is to be dispensed. 

History—The common name Foxglove is a corrup- 
tion of an old vernacular name “foxes glew’’ which 
meant ‘foxes music.” The Norwegian name means 
“fox bells.” The German name ‘finger hut’? means 


< 


+ are) 


respond well. 
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thimble, and Fiiches, a German botanist of the sixteenth 
century, Latinized this name as Digitalis. It was first 
official in the London Pharmacopeeia of 1650. Its later 
extensive use in medicine arose from the publicity 
given it by Dr. William Withering, Birmingham, Eng- 
land, in 1785; hence the infusion has often been called 
Withering’s infusion. 

Constituents—Digitalis has been the subject of ex- 
haustive investigation. 
now recognized as being of the greatest importance as 
cardiovascular agents are digitorin [C4:H 6401s], gitoxin 
[(C41H62.014], digoxin [also CaiH 640,14], and lanatoside C 
[CaoH76O20]. The latter two are obtained from Digi- 
talis lanata. Digitoxin (the most active principle), 
Digoxin, and Lanatoside C are official in the U. 8. P. 
XII. The French Digitalis of Nativelle (Homolle’s 
digitalin) consists chiefly of digitoxin and is very active. 

Digitonin, or digitin [CssHo0Veo], a saponin-like 
glycoside of digitalis, is practically devoid of digitalis 
action. Other constituents of digitalis are digitoflavin, 
digitophyllin, fat, etc. German digitalin is a purified 
mixture of the glycosides of digitalis seed. It is soluble 
in water but is much less active than French. digitalis 
of Nativelle. Dzgitalin True (Schmiedeberg’s Digitalin 
or Digitalinum Verum Kulianc) originally assumed to 
be a pure, individual principle, was probably also some- 
what of a mixture of the glycosides from the seed of 
Digitalis purpurea. 

Description and Properties— 

Unground Digitalis—More or less crumpled or broken; blades 
ovate-lanceolate, mostly 10 to 35 cm. in length and 4 to 11 cm. in 
width and contracted into a winged petiole; margin crenate or irregu- 
lar; the lower surface densely pubescent, upper surface wrinkled, 
finely hairy; venation conspicuously reticulate, the mid-rib and prin- 
cipal veins broad and flat and the lower veins continued into the wings 
of the petiole; color of the upper surface dark green, of lower surface 
grayish from the dense pubescence, the larger veins often purplish; 


odor slight when dry, peculiar and characteristic when moistened; 
taste very bitter. 


ound Digitalis is dark green in color, showing numerous irregular 


fragments of epidermis. 
Tests for Purity— 

Moisture—Not more than 6 per cent. 

Acid-insoluble ash—Not more than 5 per cent. 

Foreign organic matter (browned leaves, flowers, stems, etc.)— 
Not more than 2 per cent. 
Assay—See Biological Assays (page 1002). 
Storage—Keep Digitalis under all conditions of storage and trans- 
portation under such conditions as will maintain not more than the 
specified moisture content, provided that Digitalis to be used exclu- 
sively for the manufacture of glycosides and labeled ‘‘Digitalis—To 
be used only in the manufacture of glycosides,” is exempt from the 
moisture and storage requirements. 
Incompatibilities—The moisture contained in powdered digitalis is 
sometimes an unexpected source of difficulty in powder mixtures con- 
taining ingredients affected by water. 


Uses—The chief therapeutic use for Digitalis is in 
the treatment of congestive heart failure. It is of value 
regardless of whether the failure is predominantly of 
the right or left side of the heart. The type of rhythm 
exhibited by the decompensated heart is secondary in 
importance, and Digitalis exerts its salutary effects on 
the failing heart with normal sinus rhythm as well as 
on the failing heart exhibiting auricular fibrillation. 
Arrhythmias and valvular defects may modify the re- 
sponse to Digitalis, but their presence neither indicates 
nor contraindicates the use of the drug. However, it 
is generally true that the most dramatic responses are 
seen in patients with both auricular fibrillation and 
congestive heart failure. Badly damaged hearts do not 
When the failure is due to an acute 
toxic or infectious process, like typhoid fever or diph- 
theritic myocarditis, rather than to a chronic degenera- 
tive process like arteriosclerosis or failure secondary to 
hypertensive heart disease, Digitalis may give poor re- 
sults and may even be contraindicated. Congestive 
failure in patients with myxedema, hyperthyroidism, 


ae Viana A 


The constituents which are 


and thiamine deficiency is likewise not much benefited. 
Also, heart failure secondary to cardiovascular syphilis 
yields poorly to Digitalis therapy. Digitalis is not 
indicated in peripheral circulatory collapse, shock, ete. 

The mechanism by which Digitalis and all allied 
cardiac glycosides exert beneficial effects on the failing 
heart is identical, namely, a direct cardiotonic action on 
the myocardium to increase the force of contraction 
and to increase cardiac tone. Concomitantly refrac- 
tory period of cardiac muscle is prolonged, the muscle 
is less excitable to abnormally frequent impulses trans- 
mitted over the conduction system, and the improved 
coronary blood supply which comes in the wake of a 
compensated circulation improves the nutrition and 
strength of the heart. Slowing of the cardiac rate occurs 
only when the rate was originally rapid due to the fail- 
ure. When the failure is abolished, there is no longer 
any need for the compensatory tachycardia and conse- 
quently the heart rate slows to normal. This slowing 
has mistakenly been attributed to a ‘‘vagal action” 
of Digitalis. The toxic dose of Digitalis may slow the 
heart by a direct action on auriculoventricular conduc- 
tion or on the sino-auricular node. 

The signs and symptoms of heart failure are in large 
measure abolished by Digitalis, but bed rest, sedatives, 
and often diuretics and restriction of fluid intake may 
be required to obtain best results... Exertional and 
paroxysmal nocturnal dyspnea disappears, cough, 
cyanosis, ascites, edema, and chronic passive congestion 
of the lungs and abdominal viscera are relieved, the 
enlarged diastolic size of the heart is decreased, en- 
gorged veins due to increased venous pressure are re- 
turned to normal, cardiac output, stroke volume, and 
circulatory velocity are enhanced, and the diastolic rest 
period in each cardiac cycle is prolonged. All this is 
accomplished by the direct action of Digitalis or its 
allied cardiac glycosides on the heart muscle, an action 
which tends to make the heart a more efficient pump. 
Digitalis is not a diuretic, even though it increases urine 
flow and abolishes edema. It acts to improve the 
circulation so that the mechanism of edema formation 
no longer operates. It also relieves chronic passive 
congestion of the kidneys and permits more normal renal 
function. 

Once Digitalis is required to alleviate congestive heart 
failure, it must usually be taken for the remainder of 
one’s life. There is some evidence that elderly people 
with arteriosclerosis or hypertension who sooner or 
later develop heart failure may be benefited by the 
prophylactic use of Digitalis. In patients with auricu- 
lar fibrillation, the indication for the use of Digitalis 
rests not on the arrhythmia but on the presence or ab- 
sence of congestive failure. Digitalis glycosides do not 
cure the arrhythmia, but they improve the heart and 
abolish the failure. The auricular fibrillation usually 
persists. In an occasional case of auricular flutter, the 
proper use of fairly large doses of Digitalis may abolish 
the arrhythmia. Digitalis also occasionally stops at- 
tacks of paroxysmal tachycardia. In the presence of 
acute coronary thrombosis, Digitalis must be used with 
caution and then in reduced amounts. The presence of 
angina pectoris is not a deciding factor in itself as to 
whether Digitalis is indicated in any particular patient. 
The practice of routinely employing Digitalis in patients 
with pneumonia is obsolete and often dangerous, as 1s 
also the practice of using it routinely prior to surgical 
operations as a supportive “‘heart tonic.” 

The choice of preparation offers considerable diffi- 
culty to many practitioners. It may be stated rather 
categorically that a well-standardized U.S. P. prepara- 
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tion of powdered Digitalis or tincture of Digitalis will 
give excellent results in the vast majority of cases, and 
that the choice should rest with these two galenical 
preparations. They are adequately absorbed when 
given in suitable amounts, exert their characteristic 
salutary effects on the myocardium, and have sufficient 
cumulative action and persistence of effects to permit 
safe chronic medication when wisely prescribed. Fur- 
thermore, they are cheap and readily available. Even 
when parenteral therapy is required, the tincture can be 
diluted and given by rectum. Only when intravenous 
medication is essential, and this is extremely rare, is it 
necessary to resort to the use of purified digitalis prin- 
ciples or allied cardiac glycosides such as ouabain or 
strophanthin. The burden of proof rests on those who 
claim that the purified glycosides are superior to pow- 
dered Digitalis or tincture of Digitalis. 

It is true, however, that the purified principles make 
acceptable Digitalis preparations. By and large, they 
are more expensive and ‘are usually employed for 
parenteral medication. Their action on the heart is no 
different from that obtainable by the use of Digitalis 
powder itself. The active principles are no less toxic, 
and the statement that they may revert auricular 
fibrillation to normal is not proved. 

The lanatosides, native glycosides derived from Digz- 
talis lanata, have received considerable attention in 
late years. They do not differ in any essential respect 
from similar glycosides of Digitalis purpurea, and in 
fact both groups share two glycosides in common, 
namely, digitoxin and gitoxin. In addition, each group 
yields one distinctive glycoside as follows: gitalin, in 
the case of D. purpurea; digoxin, in the case of D. 
lanata. It is digilanid C, called lanatoside C and also 
cedilanid, which yields digoxin, and the claim that the 
latter is a unique, more effective, and safer cardiac 
principle is entirely unfounded. While it is true that 
the mixture of digilanids A, B, and C constitutes an 
acceptable Digitalis preparation for oral use, the claims 
for cedilanid itself are exaggerated. Being soluble, it 
can be employed parenterally and in this respect per- 
haps deserves to be placed in the same category as 
ouabain and strophanthin. It is also true that, being 
a pure crystalline principle, it can be assayed gravi- 
metrically. This is no great advantage over bio-assay, 
however, due to the fact that the dose of Digitalis varies 
considerably from patient to patient and therefore 
clinical assay must be performed in each patient. 

Digitalis leaf is used for making the various digitalis 
preparations; also for the production of digitoxin. 
Ordinary powdered digitalis leaf should not be dis- 
pensed on prescriptions; instead only the official stand- 
ardized Powdered Digitalis should be used. 

Dose—Two types of Digitalis dosage are recognized, 
initial dose for digitalization, and maintenance dose for 
chronic therapy. Initial digitalization may be accom- 
plished rapidly or slowly, depending on the urgency of 
the case. The vast majority of patients with congestive 
heart failure are not in extremis and can be digitalized 
over a period of several days to a week. Digitalization 
is usually complete when the patient has ingested the 
equivalent of a total of 1.2 Gm. (12 U. 8. P. XIII units) 
of powdered Digitalis in a period of 48 to 96 hours. 
This amount can be divided into several equal daily 
doses, and the total daily dose is usually divided into 
two or three equal amounts. For example, one U.S. P. 
unit may be taken three times daily with meals for four 
days, at the end of which time full Digitalis effects will 
usually be evident. A larger increment of the digitaliz- 
ing dose may have to be given at one time if the case 
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requires, and it is not unusual to digitalize a patient in 
12 or 24 hours by giving half the calculated dose at 
once, and the remainder in two or three divided doses at 
intervals of 6 hours. No fixed formula or rule of thumb 
can be employed. Lach case is a law in itself, and the 
physician must constantly watch his patient to observe 
the developing effects of the drug, and to prevent un- 
pleasant or serious toxic effects from overdosage. 
Usually the patient should be seen immediately before 
an additional dose is given, when the rapid method of 
digitalization is employed. 

In rare cases it may be necessary to inject intraven- 
ously ouabain, strophanthin, ecedilanid, or some other 
purified parenteral preparation in order to save life 
(see Injection of Digitalis). Such patients are usually 
in extremis and may die before Digitalis given by mouth 
can exert its effect (within 2 hours). Small doses are 
employed as a rule and digitalization is then com- 
pleted by the oral route. 

By maintenance dose is meant that daily dose which 
will give optimal digitalis effects and replace the glyco- 
side which is constantly being destroyed or excreted. 
Optimal effects can be obtained without toxic effects, 
and the optimal dose is not necessarily the largest toler- 
ated dose. It can be found only by careful observation 
of the patient. It is usually the equivalent of 0.08 to 
0.1 Gm. of U.S. P. XII Powdered Digitalis, given once 
or twice daily, but it may vary from one-third to four 
times this amount given daily. 


Powdered Digitalis U. S. P. Digitalis Pulverata 
(Digit. Pulverat.—Sp. Digital Pulverized] 


Digitalis, dried at a temperature not exceeding 60° 
reduced to a fine or a very fine powder, and adjusted, if 
necessary, to conform to the official potency by ad- 
mixture with sufficient lactose, starch, or exhausted mare 
of digitalis, or with a powdered digitalis having either 
a lower or a higher potency. Powdered Digitalis con- 
tains not more than 5 per cent of moisture. 

The potency of Powdered Digitalis is such that, when 
assayed as directed, 0.1 Gm. shall be equivalent to 1.0 
U.S. P. Digitalis Unit. 

Note—When Digitalis 1s prescribed, Powdered Digi- 
talis is to be dispensed. 

Assay—It is assayed as directed under Digitalis. 
Storage—Keep Powdered Digitalis in tight, light-resistant conte 
A suitable cartridge or device, containing a non-liquefying, inert, 


hydrating substance, may be used in the container to maintain iow 
humidity. 


Uses—See Digitalis. 
Average Dose—0.1 Gm. (approximately 11% grains). 


Digitalis Capsules U. S. P. Capsule Digitalis 
[Cap. Digit—Sp. CApsulas de Digital] 

Digitalis Capsules contain an amount of powdered 
digitalis corresponding to not less than 95 per cent and 
not more than 105 per cent of the labeled amount of 
powdered digitalis. 

Digitalis Capsules are available filled either with 
dry powdered digitalis or with digitalis suspended in 
water-immiscible media as fat or wax. 


Assay—Digitalis Capsules are assayed by the official cat assay method 


(page 1002). a: 
Storage—Keep Digitalis Capsules in well-closed containers. 


th 


Uses—See Digitalis. 


Average Dose—0.1 Gm. (approximately 1% eaine 


of Digitalis. 


3 
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Digitalis Extract N. F. Extractum Digitalis 
{Ext. Digit— Sp. Extracto de Digital] 


Digitalis Extract, when assayed by the prescribed 
method, possesses a potency such that 0.1 Gm. of it is 
equivalent to 3 U.S. P. Digitalis Units. 

One Gm. of the Extract represents 3 Gm. of powdered 
digitalis, U.S. P. 

Extract the fat from powdered digitalis by percola- 
tion with petroleum benzin until a few drops of the 
percolate leave no greasy stain when evaporated from 
filter paper. Air-dry the defatted drug until the odor 
of benzin is no longer noticeable, and prepare the Ex- 
tract from it by percolation and evaporation. Use 
alcohol as the menstruum, macerate the drug during 
24 hours, and percolate slowly. Evaporate the perco- 
late to a dry residue at a temperature not exceeding 60°, 
Reduce the residue to a fine powder, assay it, and adjust 
it, by admixture with sufficient dry starch or other 
suitable diluent, so that 0.1 Gm. is equivalent to 3.00 
U.S. P. Digitalis Units. 
ea tincture is prepared and assayed by the cat method (page 


Storage—Keep Digitalis Extract in tight, light-resistant containers, 
preferably at a temperature not above 30°. 


Uses—This is an obsolete and unnecessary prepara- 
tion of digitalis which is practically never prescribed. 
See discussion under Digitalis. 

Average Dose—30 mg. (approximately 4% grain). 


Digitalis Infusion N. F. Infusum Digitalis 


{Inf. Digit—Sp. Infusién de Digital] 


_ Metric Alternative 
Powdered Digitalis............. 15 Gm. 219 Gr. 
Alcohols a. c. .. ss Piastoys achtiote catcbe nieve 100 cc. 3 fl.oz. 96 min. 
CAINNAMIONLOPIFIE s Ni2)5 he koa coals 8 5. CC. 77 min. 
Distilled Water, a sufficient quan- 
tity, 
PROMETIOIC Oly «seis 6-214 care lolarse o's 1000 cc. 2 pints 


Pour 900 ce. of boiling distilled water upon the powdered digi- 
talis, contained in a suitable vessel; cover tightly, and infuse one 
hour in a warm place. Then add the alcohol, in which the cin- 
namon spirit has been dissolved; filter, and pass enough distilled 
water through the residue on the filter to make the product 
measure 1000 cc. 


Caution—Only the U.S. P. XIII Powdered Digitalis 
is to be used in this preparation, and the Infusion must 
not be dispensed unless freshly prepared. 

Alcohol Content—From 7 to 10 per cent. 
Storage—Dispense Digitalis Infusion in tight containers. 
~Uses—This is an obsolete and unnecessary prepara- 
tion of digitalis which is practically never prescribed. 
See discussion under Dzgitalis. 
Average Dose—6 cc. (11% fluidrachms). 


Digitalis Injection U.S. P. Injectio Digitalis 


{Inj. Digit—Sp. Inyeccion de Digital] 


Digitalis Injection is a sterile solution in water for 
injection of a mixture of glycosides or therapeutically 
desirable and cardio-active constituents of digitalis. 
Its potency is to be indicated on the label in terms of 
U.S. P. Digitalis Units. Digitalis Injection meets the 
requirements of the Sterility Test for Liquids (page 126). 

Sterilize Digitalis Injection preferably by Process F. 
See Sterilization Processes (page 121). 

Digitalis Injection may contain not more than 10 per 


gene of alcohol as a preservative. 


ane Tnjection also conforms to the other BoE oi 


under Injections (page 249) except at times it may show 
signs of a slight turbidity or precipitate. 

Caution—For the purposes of standardization, Digi- 
talis Injection is assayed by the U. 8. P. biological 
method and its potency is expressed in terms of U.S. P. 
Digitalis Units. Preparations of this type are intended 
for parenteral administration and when injected may 
show an effect much greater than that of an equivalent 
number of U. 8. P. Digitalis Units when administered 
orally in the form of digitalis leaf or digitalis leaf 
preparations. The dosage, therefore, should be that 
recommended in the labeling. 

Assay—Digitalis Injection is assayed as directed for Digitalis Tinc- 


ture, a 20 per cent variation from the labeled potency being per- 
mitted. 


Storage—Keep Digitalis Injection preferably in single-dose, hermetic 
containers, or in other suitable containers. See Containers for Injec- 
tions (page 255). 

Uses—This preparation of digitalis is reserved for 
emergency use in patients with congestive heart failure 
who are in extremis, as outlined in the discussion 
under Digitalis. The intravenous dose is one U. 8. P. 
unit, and this may have to be repeated at one-half or 
one-hour intervals, for several doses. As soon as bene- 
ficial effects are evident, digitalization should be com- 
pleted by using oral preparations of digitalis. Digitalis 
Injection is for intravenous use, the subcutaneous or 
intramuscular administration usually being unreliable 
and poorly absorbed, and causing local irritation and 
even sterile abscess formation. Great care should be 
exercised to inject digitalis intravenously only when 
absolutely necesSary and in patients who have not had 
digitalis previously (or within several weeks). The 
intravenous route of digitalis administration is by far 
the most dangerous. See Digitalis for further discus- 
sion of principles of dosage and selection of preparations. 

Average Dose—The dose recommended on the label. 


Digitalis Tablets U. S. P. Tabelle Digitalis 
[Tab. Digit Sp. Tabletas de Digital] 


Digitalis Tablets contain an amount of powdered 
digitalis corresponding in potency to not less than 95 
per cent and not more than 105 per cent of the labeled 
amount of powdered digitalis. 

Assay—An alcohol solution of the Tablets is prepared (see the U.S. P.) 
which is assayed as described under Digitalis Tincture. A variation 


of 25 per cent from the labeled potency is permitted. 
Storage—Keep Digitalis Tablets in tight containers. 


Uses—See Digitalis. 
Average Dose—0.1 Gm. (approximately 14% ees) 
of powdered digitalis. 


Digitalis Tincture U.S. P. Tinctura Digitalis 


(Tr. Digit—Tinctura Digitalis P.I., Tincture of Foxglove, Sp. Tintura 
de Digital] 
The potency of Digitalis Tincture shall be such that, 
when assayed as directed, 1 cc. of the Tincture shall 
be equivalent to 1.0 U. 8. P. Digitalis Unit. 


Metric Alternative 
Digitalis, in fine powder............ 100 Gm. 302. av. 148 gr. 
Moumeaker a bo Utes acts sictetcuersle se 1000 cc. 2 pints 


Prepare a Tincture by Process P, as modified for assayed tine- 
tures (page 267), using a mixture of 4 volumes of alcohol and 1 
volume of water as the menstruum. Finally adjust the Tincture 
to conform to the specified potency. 


Assay—Digitalis Tincture is assayed for potency by the cat method 
described on page 1002. The Tincture is considered to conform to the 
Pharmacopceial requirement if the result of the assay does not vary 
more than 20 per cent from such requirement. 
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Storage—Keep Digitalis Tincture in tight, light-resistant containers 
and avoid exposure to direct sunlight and to excessive heat. 
Alcohol Content—From 70 to 75 per cent, by volume, of CgHs5OH. 


Uses—See Digitalis. 

Caution—It is sometimes prescribed in much larger 
doses than that mentioned. In such cases the pharma- 
cist should assure himself that the dose prescribed is 
intended. 

Average Dose—I cc. (approximately 15 minims). 


DIGITOXIN U. S. P. Digitoxinum 
[Digitox.x— Sp. Digitoxina] 


Digitoxin is either pure digitoxin [C4:H.6s0Oi13 = 
764.92] or a mixture of cardioactive glycosides obtained 
from Digitalis purpurea Linné (Fam. Scrophulariacex) 
and consisting chiefly of digitoxin. The potency of 
Digitoxin corresponds to the potency of an equal weight 
of U.S. P. Digitoxin Reference Standard. 

Caution—Digitoxin is extremely poisonous. 


Description and Properties—A white or pale buff, odorless, micro- 
crystalline powder. Pure digitoxin has a specific rotation of +18° 
to +19° in chloroform solution. Digitoxin is insoluble in water; 1 
Gm. dissolves in about 60 cc. of aleohol or 40 ce. of chloroform. It is 
very slightly soluble in ether. . 

Identification—On dissolving about 1 mg. of Digitoxin in 2 ce. of 
a mixture of 0.5 ce. of ferric chloride T.S. and 100 ce. of glacial acetic 
acid and underlaying with 2 ce. of sulfuric acid, a brown color is pro- 
duced at the zone of contact of the two liquids. This color changes to 
light green then to blue and finally the entire acetic acid layer acquires 
a blue color. This color reaction is given by the other two official 
digitalis glycosides, namely, digoxin and lanatoside C. : 
Tests for Purity— . 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Negligible from 100 mg. of Digitoxin. 

Completeness of solution in chloroform—A. 100 mg. portion of Digi- 
toxin dissolves in 5 cc. of chloroform within 24 hours to form a clear or 
opalescent solution. 

Digitonin—To a solution of 10 mg. of Digitoxin in 2 ec. of alcohol 
in a test tube free from scratches, 2 cc. of a solution of cholester ol in 
alcohol (1 in 200) is added and mixed by gentle agitation. No precipi- 
tate is formed within 10 minutes. The fact that digitonin is precipi- 
tated by cholesterol is applied, in the reverse manner, to the deter- 
mination of cholesterol in fats, etc., by precipitating the latter with 
digitonin. Digitonin precipitates 3(8)-hydroxy-steroids. 
Assay—Digitoxin is assayed biologically by the cat method (page 
1002) but U.S. P. Digitoxin Reference Standard is used in place of the 
Digitalis Reference Standard and the lethal dose is expressed in terms 
of mg. per Kg. of body weight. Because of the differences in the de- 
gree and rate of absorption by the animal body of digitalis and digi- 
toxin neither is suitable as a comparison reference for the other. The 
solution of the Digitoxin for the assay (1 in 2000) is prepared with di- 
luted alcohol. Digitoxin is considered to conform to the Pharmaco- 
poeial requirement if the result of the assay by the above procedure 
does not vary more than 20 per cent from such requirement. 
Storage—Keep Digitoxin in well-closed containers. 


Average dose—Oral, 0.1 mg. (approximately léoo 
grain). Intravenous, to be determined by the physician 
according to the needs of the patient. 


Digitoxin Injection U. S. P. Injectio Digitoxini 


{Inj. Digitox.—Sp. Inyeccion de Digitoxina] 


Digitoxin Injection is a sterile solution of digitoxin 
in 40 to 50 per cent alcohol. Glycerin may also be pres- 
ent. The Injection contains in each ce. the labeled 
amount of Digitoxin. It meets the requirements of the 
Sterility Test for Liquids (page 126). 

Sterilize Digitoxin Injection preferably by Process C. 
See Sterilization Processes (page 121). The Injection 
also conforms to the other requirements under Injec- 
tions (page 249). 

Assay—The potency of the Injection is determined by the assay 
method outlined for Digitorin. An assay tolerance of 20 per cent is 
permitted. 

The U.S. P. includes also a colorimetric assay method designated 
Colorimetric Control for the Injection as well as for Digitoxin Tablets 
originally intended as a preliminary assay for control of the manufac- 


turing process. Two such methods are given by the U.S. P. either 
of which may be used and they are quite accurate. These Colori- 


metric Controls are described on page 990. The U. S. P. requires that 
the results obtained by the Colorimetric Control should correspond to 
not less than 90 and not more than 110 per cent of the labeled amount 
of Digitoxin. 

Storage—Keep Digitoxin Injection in hermetic or other suitable con- 
tainers and protected from light. 


Average Dose of Digitoxin—Jntravenous, to be deter- 
mined by the physician according to the needs of the 
patient. 


Digitoxin Tablets U. S. P. Tabellee Digitoxini 


[Tab. Digotox.—Sp. Tabletas de Digitoxina] 


Digitoxin Tablets contain the labeled amount of digi- 


toxin. 


Assay—The digitoxin content of the Tablets is determined by the 
method given under Digitoxin. The solution of the Tablets for the 
assay is prepared by extracting a counted number of the Tablets with 
80 per cent alcohol. 


The Colorimetric Control assay discussed under Digitoxin Injection 


applies also to Digitoxin Tablets, except an assay tolerance of 25 per 
cent is permitted. 
Storage—Keep Digitoxin Tablets in well-closed containers. 


Average Dose—0.1 mg. (approximately lé9o9 grain) 
of Digitoxin. 


DIGOXIN U. S. P. Digoxinum 
[Digox.— Sp. Digoxina] 


Digoxin [C4,;H,640i14 = 780.92] is a glycoside ob- 
tained from the leaves of Digitalis lanata, Ehrh. (Fam. 
Scrophulariacez). 

Caution—Digoxin is extremely poisonous. 


Description and Properties—Colorless to white crystals or a white 
crystalline powder. It is odorless. Its specific rotation, fe], in 
freshly distilled pyridine solution is between +13.4° and +13.8°. 
It melts with decomposition at about 265°. Digoxin is insoluble in 
water, chloroform, or ether, but is freely soluble in pyridine and also 
soluble in dilute alcohol. It gives the color reactions with ferric chlo- 
ride described under Digitoxin. 
Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

Residue on ignition—Negligible from 100 mg. of Digoxin. 
Storage—Keep Digoxin in tight, light-resistant containers. 


Average Dose—Oral, 0.5 mg. (approximately Yoo 
grain). Intravenous, to be determined by the physician 
according to the needs of the patient. 


Digoxin Injection U. S. P. Injectio Digoxini 


{Inj. Digox.—Sp. Inyeccion de Digoxina] 


Digoxin Injection is a sterile solution of digoxin in 
70 per cent alcohol. The Injection contains, in each ee., 
the labeled amount of digoxin. It meets the require- 
ments of the Sterility Test for Liquids (page 126). 


Sterilize Digoxin Injection preferably by Process C. 
See Sterilization Processes (page 121). The Injection 
also conforms to the other requirements under Injec- 
tions (page 249). 


Assay—The potency of Digoxin Injection is determined by the assay 
method given for Digitalis Tincture, but U. S. P. Digoxin Reference 
Standard is used in place of Digitalis Reference Standard, and the 
lethal dose is expressed in terms of mg. per Kg. of body weight of cat. 
Storage—Keep Digoxin Injection in single-dose, hermetic containers 
and protect from light. 

Alcohol Content—From 67 to 73 per cent, by volume, of CpH;50H. 


Average Dose of Digoxin—Intravenous, to be deter- 


mined by the physician according to the needs of the 
patient. a 


pe 


~may also be present. 
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Digoxin Tablets U.S. P. Tabellse Digoxini 
{[Tab. Digox.—Sp. Tabletas de Digoxina] 


Digoxin Tablets contain the labeled amount of 
digoxin. 
Assay—The digoxin content of the Tablets is determined by the 
method given for Digoxin Injection. The solution for the assay (1 to 
1000) is prepared by extracting a counted number of the Tablets with 


70 per cent alcohol. An assay tolerance of 25 per cent is permitted. 
Storage—Keep Digoxin Tablets in well-closed containers. 


Average Dose—Oral, 0.5 mg. (approximately 199 
grain) of Digoxin. 


LANATOSIDE C U.S. P. Lanatosidum C 
[Digilanid C, Cedilanid, Sp. Lanatosida C] 


Lanatoside C.[Ca9H 76020 = 984.58] is a glycoside 
obtained from the leaves of Digitalis ltanata Ehrh. 
(Fam. Scrophulariacez). 

Caution—Lanatoside C is extremely poisonous. 


Description and Properties—Colorless or white crystals or a white 
erystalline powder. It is odorless. Lanatoside C is hygroscopic and 
will absorb about 7 per cent of water on exposure to air. 
in alcohol solution is between +33.4° and +33.7°. It melts with 
decomposition at about 250°. One Gm. dissolves in 20,000 ce. of 
water; one Gm. dissolves in about 45 cc. of alcohol, in 20 ec. of meth- 
anol, and in about 2000 ce. of chloroform. It is readily soluble in 
pyridine and dioxane, and practically insoluble in ether and petroleum 
benzin. It gives the color reactions with ferric chloride described 
under Digite rin. 
Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Negligible from 100 mg. 
Storage—Keep Lanatoside C in tight, light-resistant containers. 


Uses—Lanatoside C (Cedilanid, Digilanid C) is one 
of the so-called ‘native’ glycosides obtained from the 
lanata species of digitalis. It has the same therapeutic 
uses as official galenical preparations of Digitalis 
purpurea, but can also be employed parenterally inas- 
much as it is water soluble and purified. It is admin- 
istered in certain rare cardiac emergencies by intraven- 
ous injection, in a manner similar to ouabain and stro- 
phanthin, over which it has no compelling advantages. 
For a complete discussion of the actions and uses of 
digitaloids, and the principles governing the choice of 


preparations, see Digitalis. 


Average Dose—Oral, 0.5 mg. (approximately l4o9 
grain). Parenteral, to be determined by the physician 
according to the needs of the patient. 


Lanatoside C Injection U. S. P. 
Injectio Lanatosidi C 


[{Inj. Lanatosid. C—Sp. Inyeccién de Lanatosida C] 


Lanatoside C Injection is a sterile solution of lanato- 
side C in 10 per cent, by volume, of alcohol. Glycerin 
The Injection contains, in each 
ec., the labeled amount of lanatoside C. It meets the 
requirements of the Sterility Test for Liquids (page 
126). 

Sterilize Lanatoside C Injection preferably by Process 
F. See Sterilization Processes (page 121). The Injec- 
tion also conforms to the other requirements under 
Injections (page 249). ; 


Assay—The potency of Lanatoside C Injection is determined by the 
assay method given for Digitalis Tincture, but U. 8. P. Digitoxin 


- Reference Standard is used in place of Digitalis Reference Standard, 


and the lethal dose is expressed in terms of mg. per Kg. of body weight 
of cat. An assay tolerance of 20 per cent is permitted. 


'Storage—Keep Lanatoside C Injection in single-dose, hermetic con- 


tainers and protected from light. 


_ Average Dose of Lanatoside C—To be determined 


by the physician according to the needs of the patient. 


Its [a] : 
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Lanatoside C Tablets U. S. P. Tabellew Lanatosidi C 
[Tab. Lanatosid. C—Sp. Tabletas de Lanatosida C] 


Lanatoside C Tablets contain the labeled amount of 
lanatoside C. 
Assay—The lanatoside C content of the Tablets is determined as out- 
lined under Lanatoside C Injection. The solution for the assay (1 mg. 
lanatoside C to 5 cc. of solution) is prepared by extracting a counted 
number of the Tablets with 70 per cent alcohol. An assay tolerance 


of 25 per cent is permitted. 
Storage—Keep Lanatoside C Tablets in well-closed containers. 


Average Dose—Oral, 0.5 mg. (approximately 499 
grain) of Lanatoside C. 


OUABAIN U. S. P. Ouabainum 
[Ouabain.—G-Strophanthin, Sp. Ouabaina] 


Ouabain [Co9H44012.8H20 = 728.77] is a glycoside 
obtained from the seeds of Strophanthus gratus (Wall. 
et Hook.) Baillon (Fam. Apocynacez). 

Caution—Ouabain is extremely poisonous. 

Description and Properties—White, odorless crystals, or as a crystal- 
line powder. Itis stable in air, but is affected by light. Its solutions 
are neutral to litmus paper. It melts indistinctly and with decom- 
position at about 190°. The specific rotation, [a]%, of anhydrous 
Ouabain in aqueous solution is between —31° and —32.5°. One Gm. 
dissolves slowly in about 75 cc. of water, and in about 100 ce. of aleo- 
hol. It is more soluble in hot water and in hot alcohol. 

Identification—(1) On dissolving about 2 mg. of Ouabain in 2 cc. of 
sulfuric acid, a color develops which is dark red by transmitted light 
and shows a greenish fluorescence in reflected light. (2) When about 
100 mg. of Ouabain is heated with 5 ce. of diluted sulfuric acid until 
solution is complete, and then boiled for 1 or 2 minutes, the solution 
becomes brownish and a turbidity due to separation of the aglycone 
develops. On filtering the solution, making the filtrate alkaline with 
sodium hydroxide, adding 3 cc. of alkaline cupric tartrate T.S. and 
boiling, a red precipitate of cuprous oxide forms caused by sugar 
which is hydrolyzed from the glycoside. 

Tests for Purity— 

Loss on drying at 130°—Between 18 and 22 per-cent. 

Residue on ignition—Negligible from 100 mg. of Ouabain. 

Alkaloids—No precipitate is formed in a solution of Ouabain (1 in 
100) with tannic acid T.S. or with iodine T.S. 

Storage—Keep Ouabain in tight, light-resistant containers. 


Uses—This cardiac glycoside has actions on the heart 
identical to those exhibited by digitalis. Its oral use is 
unsafe because of its slow and irregular absorption from 
the gastrointestinal tract. Being water soluble, its 
chief use is for parenteral administration when rapid 
digitalis-like effects are required with congestive heart 
failure in extremis. The dose of Ouabain varies from 
0.1 mg. to 0.25 mg., repeated if necessary, depending 
on the urgency of the case, and digitalization is usually 
completed by the oral route. The precautions to be ob- 
served are outlined under Digitalis Injection. The ac- 
tions and uses of the cardiac glycosides and the choice 
of preparations are discussed under Digitalis. 

Average Dose—Intravenous, 0.25 mg. (approximately 


1650 grain). 


OUABAIN INJECTION U. S. P. 
Injectio Ouabaini 


[Inj. Ouabain.—Sp. Inyeecién de Ouabaina] 


Ouabain Injection is a sterile solution of ouabain in 
water for injection. The Injection contains, in each cc., 
the labeled amount of ouabain. It meets the require- 


* ments of the Sterility Test for Liquids (page 126). 


Sterilize Ouabain Injection preferably by Process D-1 
or Process F. See Sterilization Processes (page 121). 
The Injection also conforms to the other requirements 
under Injections (page 249). 


Assay—The ouabain concentration of the Injection is determined by 
the assay method given for Digitalis Tincture, but U. 8. P. Ouabain 
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Reference Standard is used in place of Digitalis Reference Standard, 
and the lethal dose is expressed in mg. of Ouabain per Kg. of live body 
weight of cat. Ouabain Injection conforms to the Pharmacopoeial re- 
quirement if the result of the assay by the above procedure does not 
vary more than 20 per cent from such requirement. 
Storage—Preserve Ouabain Injection preferably in single-dose, her- 
metic containers, or in other suitable containers. See Containers for 
Injections (page 255). Protect the Injection from light. 


Uses—See Ouabain. 
Average Dose—IJntravenous, 0.25 mg. (approximately 
1459 grain) of Ouabain. 


CONVALLARIA N. F. Convallaria 
[Convall.—Lily-of-the-Valley Root, Sp. Convalaria] 


Convallaria consists of the dried rhizome and roots of 
Convallaria majalis Linné (Fam. Liliacez). 

Convallaria posseeges a potency such that 0.1 Gm. of 
it is equivalent to not less than 3 U.S. P. XIII Digitalis 
Units. 

Constituents—Three glycosides have been found in 
Lily-of-the-Valley Root; Convallarin [Cg4H 62014], 
Convallamarin [CesH44012], and Convallatoxin, the 
last named being the main cardioactive principle. 
Description and Properties— Unground Convallaria shows a horizontal 
or oblique rhizome, elongated, usually branched, cylindrical, and 
from 1 to 3mm. in diameter. Externally it is light brown to moderate 
yellow. The rhizome shows nodes with an occasional circular, hollow 
stem-scar, and with 3 to 9 thin, tortuous, branching roots moderate 
brown to moderate yellowish brown in color, or root remnants or 
root-scars at each node; occasional terminal or lateral buds up to 8 
mm. in thickness and with numerous scales and occasional groups: of 
annulate leaf-sears. The fracture is short or somewhat fibrous. 

Powdered Convallaria is light brown to moderate yellowish brown. 
It has a faint odor and a sweetish taste; becoming bitter and acrid. 
Tests for Purity— 

Acid-insoluble ash—Not more than 6 per cent. 

Foreign organic matter—Not more than 5 per cent. 

Assay—The potency of Convallaria is determined in terms of U.S. P. 
Digitalis Units, as directed for Digitalis. Convallaria is considered 
to conform to the National Formulary requirement if the result of 
the assay does not vary more than 20 per cent from such requirement. 


Uses—Convallaria contains a cardiac glycoside, 
convallatoxin, which possesses digitalis-like actions on 
the heart. However, Convallaria is not employed in 
modern therapeutics. See Dzgztalis. 

Average Dose—30 mg. (approximately 14 grain). 


SQUILL N. F. Scilla 
[Scilla bulbus P.Il.—Sea Onion, White Squills, Sp. Bulbo de Escila] 


Squill consists of the cut and dried fleshy inner scale 
of the bulbs of the white variety of Urginea maritima 
(Linné) Baker, known in commerce as white or Mediter- 
ranean Squill, or of Urginea indica Kunth, known in 
commerce as Indian Squill (Fam. Liliaceez). 

Constituents—A number of active glycosides have 
been reported as present in Squill, such as Scillin, 
Scillipicrin, Scillemin, Scillimarin, and Scillitoxin. Ac- 
cording to recent investigations by Stoll and co-workers 
some of these are only purified extracts while others 
were probably obtained from dried Squill in which 
alterations or decomposition by enzymatic action or 
otherwise have occurred. Using fresh Squill this in- 
vestigator isolated one crystalline glycoside which he 
named Scillaren-A, and one amorphous called Scillaren- 
B, the latter being probably a mixture of two or more 
compounds. Scillaren-A, which constitutes about two- 
thirds of the total Squill glycosides, is readily split by 
enzyme action or by hydrolysis into other compounds. 


Description and Properties—Unground Squill occurs as irregular 
curved or flattened pieces (White Squill) or in more or less shrivelled, 
curved, or sickle-shaped strips, separated or connected, often several 
together to a portion of the short axis (Indian Squill); from 0.5 to 5 


' 45°, until a soft extract remains. 
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cm, in length; weak yellowish orange to pale yellow; brittle when dry, 
and tough and flexible when damp. 

Powdered. Squill is yellowish white to very pale brown, having a 
slight odor, and a bitter, mucilaginous, and acrid taste. It is very 
hygroscopic and cakes in moist atmosphere. 

Tests for Purity— 

Acid-insoluble ash—Not more than 2 per cent. 

Red Squilli—No fragments of red, pink, or purplish epidermal or 
parenchymatous bulb-seale tissue should be present. 

Foreign organic matter—Not more than 2 per cent. 

Storage—Keep Squill in well-closed containers and in a dry place. 
Uses—The use of Squi]l or its galenical preparations 
is obsolete and such preparations have no value in 
modern therapeutics. Squill contains two cardiac 
glycosides not unlike the digitalis glycosides in their 
actions on the heart, but Squill itself is not employed 
for its cardiac effects. In former times, Squill was used 
as an expectorant, emetic, and diuretic. It has also 


been employed as a rat poison. 


Squill Fluidextract N. F.  Fluidextractum Scilla» 
{Fldext. Scill—Sp. Extracto Fliido de Escila] 


Prepare the Fluidextract from squill, in moderately 
coarse powder, by percolation. Use a mixture of 2 
volumes of alcohol and 1 volume of water as the men- 
struum, macerate the drug during 48 hours, and perco- 
late slowly. Concentrate the percolate by evaporation 
under reduced pressure, and at a temperature not ex- 
ceeding 45° to a volume equal to about three-fourths 
of the finished Fluidextract; to this concentrate, add 4 
times its volume of alcohol slowly and with constant 
stirring. Mix thoroughly, and set aside during 2 or 3 
days, stirring several times during this period. Decant 
the clear liquid, and wash the residue with 2 portions 
(about 300 ce. each for 1000 Gm. of drug) of a mixture 
of 4 volumes of alcohol and 1 volume of water. Combine 
the clear alcoholic liquids, and distil off the alcohol under 
reduced pressure, and at a temperature not exceeding 
Dissolve this in a 
sufficient quantity of a mixture of 525 volumes of alco- 
hol and 475 volumes of water to make the complete 
volume of the finished Fluidextract, and filter. 

Alcohol Content—From 46 to 52 per cent, by volume, of CgH5.0OH. 


Storage—Keep Squill Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight. or to excessive heat. 


Uses—The use of this preparation is obsolete. It 
was formerly employed for its digitalis-liike action on 
the heart, and also was used as a diuretic and expecto- 


rant. See Scilla. 
Average Dose—0.1 cc. (approximately 114 minims). 


Squill Syrup N. F. Syrupus Scilla 
[Syr. Scill_—Sp. Jarabe de Escila] 

Metric 

450 cc. 


Alternative 


14 fl.oz. 192 min. 


Sucrose techs et aan eRe coe 800 Gm. 26 oz. av. 308 gr. 
Distilled Water, a sufficient quan- i ; 
tity, 
Townakes. aeosyis acetone 1000 cc. 2 pints 


Dissolve the sucrose in the squill vinegar with the aid of a 
gentle heat, strain the syrup, and, when cold, add enough dis- 
tilled water through the strainer to make the product measure 
1000 ce. (2 pints). Mix thoroughly. 

Storage—Keep Squill Syrup in tight containers. 
Incompatibilities—This Syrup has the incompatibilities of the weak 
acids (see page 1184) due to the’acetic acid in the squill vinegar from 
which it is prepared. « . : 


Uses—This preparation was formerly employed as a 
stimulant expectorant. It is not used in modern thera- 
peutics. See Sczlla. net ne 

Average Dose—2 cc. (approximately 30 minims). 


One average metric dose contains 0.9 cc. of Squill Vinegar. 
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Compound Squill Syrup N. F.  Syrupus Scilla Com- 


positus 
[Syr. Scill. Comp.—Hive Syrup, Coxe’s Hive Syrup] 
Metric Alternative 

Squill Fluidextract............ 80 cc. 2 fl.oz. 269 min. 
Senega Fluidextract........... 80 cc. 2 fl.oz. 269 min, 
Antimony Potassium Tartrate... 2 Gm. 29 er. 
DINERO SCM at i tos ccs gcc ase niet eieys 720 Gm. 24 oz. av. arene 
Distilled Water, a sufficient quan- 

_ tity, 

0) GA SOE Go rae eicaioicos 1000 cc, 2 pints 


Dissolve the antimony potassium tartrate in 360 ce. (11% fl. 


_ 02.) of distilled water, add the fluidextracts, and allow the mix- 


ture to stand for 12 hours with occasional shaking. Filter, dis- 
solve the sucrose in the clear filtrate by agitation, and add suf- 
ficient distilled water to make the product measure 1000 cc. (2 
pints). Mix thoroughly and strain. ; 


Alcohol Content—From 7 to 8 per cent, by volume, of CgH50H. 
Storage—Keep Compound Squill Syrup in tight containers, and avoid 
excessive heat. 


Uses—The use of this preparation is obsolete. It was 
formerly employed as an emetic, diaphoretic, and ex- 
pectorant. See Scilla. 

Average Dose—2 cc. (approximately 30 minims). 


One average metric dose contains 0.16 ce. each of Squill Fluidextract and 
Senega Fluidextract, and 4 mg. of Antimony Potassium Tartrate. 


Squill Vinegar N. F. Acetum Scille 


{Acet. Scill.—Acetum Scillz P.1I.] 


Metric 
100 Gm, 


Alternative 
Squill, in coarse powder............ 302, av. 148 gr. 
Diluted Acetic Acid, a sufficient quan- 

tity, 


PRIBEEEUICO I si idiaveio, ooveie ¢ s.s'se-k,0 60.3 1000 cc. 2 pints 


Macerate the squill with 900 ce. (29 fl. oz.) of diluted acetic 
acid during seven days with frequent agitation. Then strain the 
mixture, and wash the mass on the strainer with enough diluted 
acetic acid to make the strained liquid measure nearly 1000 ec. 
(2 pints). Heat this liquid to boiling, filter while hot, and when 
cold add sufficient diluted acetic acid to make the product meas- 
ure 1000 ce. (2 pints). 


Storage—Keep Squill Vinegar in tight containers. 


Uses—Used chiefly in the preparation of the syrup. 


See Scilla. 


Average Dose—| cc. (approximately 15 minims). 


STROPHANTHIN N. F. Strophanthinum 
[Sp. Estrofantina] 


A glycoside or a mixture of glycosides obtained from 
Strophanthus Kombé Oliver (Fam. A pocynacez). 

Strophanthin, when assayed as directed, shall possess 
a potency per mg. equivalent to 0.5 mg. of U.S. P. 
Ouabain Reference Standard (page 1059). Strophanthin, 
adjusted to conform to the specified potency, will be 
considered to conform to the National Formulary re- 
quirement if the result of the assay does not vary more 
than 20 per cent from the specified potency. 

Caution: Strophanthin is extremely poisonous. 
Description and Properties—A white or yellowish powder containing 
varying proportions of water, (usually about 10 per cent) which it does 
not lose entirely without decomposition. It is stable in air, but is 
affected by light. Its aqueous solution is dextrorotatory and neutral 


tolitmus paper. Strophanthin is soluble in water and in diluted alco- 
hol, but is less soluble in dehydrated alcohol. It is nearly insoluble in 


_ chloroform, ether, and benzene. 


Identification—(1) Sulfuric Acid added to Strophanthin produces 
an emerald-green color which changes to brown. (2) On adding a 


_ trace of ferric chloride T.S. and a few cc. of sulfuric acid to an aqueous 
solution of Strophanthin (1 in 50) a red precipitate is produced which 
becomes dark green in 1 to 2 hours. 
_ Strophanthin is heated with a little hydrochloric acid at about 70° 
_ it is hydrolyzed into the aglycone strophanthidin which precipitates, 


(3) When an aqueous solution of 
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and a sugar capable of reducing alkaline cupric tartrate T.S. remains 
in solution. 

Assay—Strophanthin is assayed for potency by the cat method as 
used for digitalis, but U. S. P. Ouabain Reference Standard is used. 
Consult the N. F. VIII for the detail of the assay. Strophanthin 
adjusted to the specified potency is considered to conform to the re- 
quirement if the result of the assay does not vary by more than 20 
per cent from such requirement. 

Storage—Keep Strophanthin in tight, light-resistant containers. 
Incompatibilities—Strophanthin readily undergoes hydrolysis in the 
presence of either acids or alkalies. An aqueous solution is quite 
stable within a pH range of 5.0 to 7.0; the alkalinity of the glass has 
been shown to cause its deterioration in ampuls. 


Uses—Strophanthin shares the same cardiac actions 
as the glycosides of digitalis, and is employed for the 
same purposes. It is almost entirely reserved for ad- 
ministration by the intravenous route in certain rather 
rare cardiac emergencies as outlined under Digitalis 
and Ouabain. . See Strophanthin Injection, Digitalis, 
Digitalis Injection, Ouabain and Ouabain Ampuls. The 
oral dose varies from 0.3 to 1.0 mg. The intravenous 
dose varies from 0.25 to 0.5 mg. 

Average Dose—Intravenously, 0.5 mg. (approxi- 
mately 1499 grain). 


Strophanthin Ampuls N. F. 


{[Amp. Strophanthin.—Strophanthin Injection, 
Estrofantina] 


Ampulle Strophanthini 


Sp. Inyeccién de 


Strophanthin Ampuls contain a sterile solution of 
strophanthin in water for injection. Its potency shall 
be stated on the label of the container in terms of the 
quantity of U. S. P. Ouabain Reference Standard to 
which it is equivalent. It meets the requirements of the 
Sterility Test for Liquids (page 126). 

Sterilize Strophanthin Injection preferably by Proc- 
ess D-1 or Process F. See Sterilization Processes (page 
121). The Injection also conforms to the other require- 
ments under Injections (page 249). 

Assay—The Ampuls are assayed as directed in the Assay under 
Strophanthin. Strophanthin Injection, adjusted to conform to the 
labeled potency, will be considered to conform to the National 


Formulary requirement if the result of the assay does not vary more 
than 20 per cent from the labeled, potency. 


Uses—This preparation is employed in the same 
manner and for the same purposes as the purified water- 
soluble glycosides of digitalis which are administered 
intravenously in certain rather rare cardiac emergencies. 
The dose is 0.25 to 0.5 mg. See Strophanthin, 
Digitalis, Ouabain. 

Average Dose—IJntravenously, 0.5 mg. 
mately 499 grain) of Strophanthin. 


(approxi- 


STROPHANTHUS N. F. Strophanthus 
[Strophanthus Seed, Sp. Estrofanto] 


Strophanthus is the dried, ripe seed of Strophanthus 
Kombé Oliver, or of Strophanthus hispidus De Candolle 
(Fam. Apocynacee), deprived of the awns. 

Strophanthus, when assayed by the prescribed 
method, possesses a potency, per gram, equivalent to 
not less than 55.0 mg. of U. 8. P. Reference Ouabain. 

Constituents—Strophanthus owes its activity to the 
glycosides it contains, the principal one being Strophan- 
thin. This glycoside from S. hispidus differs, however, 
from that of S. Kombé in the sugar portion of its mole- 
cule, the aglycone fragment being the same in both. 
The presence of an acid saponin named Strophanthic 
acid in 8S. hispidus has been reported. 


Description and Properties— Unground Strophanthus (Kombé) occurs — 
as oblong-lanceolate, flattened, and obtusely edged seeds; from 8 to 
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25 mm. in length, from 2.5 to 5 mm. in width, and from 0.5 to 2.0 
mm. in thickness, the raphe ridge extending from near the center of 
one side to the apex. They are pale yellow, with a greenish tinge, a 
few seeds being light brown to light olive, having a silky luster owing 
to a dense coat of closely appressed hairs. 

Unground Strophanthus (hispidus) is light brown to dark brown; 
and otherwise resembles S. Kombé seed, excepting that it is smaller 
and has fewer and smaller hairs. 

Powdered Strophanthus is dusky yellow to light olive. 
and has a very bitter taste. 

Identification—The endosperm is colored olive-green to yellowish 
green with sulfuric acid. Prismatic crystals of calcium oxalate are 
absent in the seed-coat. 

Assay—A tincture is prepared by the process described for the prep- 
aration of Strophanthus Tincture, and is then assayed by the method 
described for that tincture. 


It is odorless 


Uses—Strophanthus has no therapeutic advantage 
over digitalis and is seldom used in modern medicine. 
The intestinal absorption of this drug is unpredictable, 
and diarrhea is frequently noted after its ingestion. 
In contrast, the purified glycosides of Strophanthus are 
quite valuable. 

Average. Dose—6U' mg. (approximately 1 grain). 


Strophanthus Tincture N. F. Tinctura Strophanthi 


[Tr. Strophanth.—Tinctura Strophanthi P.I., Sp. Tintura de 
Estrofanto] 

Strophanthus Tincture, when assayed by the method 
given below, possesses a potency, per cc., equivalent to 
not less than 5.4 mg. and not more than 5.6 mg. of 
U.S. P. Reference Ouabain. 


Metric Alternative 
Strophanthus, in moderately coarse : 
DOW GELS arora tale Becerra 100 Gm. 302. av. 148 er. 
Petroleum Benzin, 
Alcohol, each, a sufficient quantity, 
TO WAkG Pale Wlcerrsmta optice seas 1000 cc. 2 pints 


Extract the fat from the strophanthus by percolation with 
petroleum benzin. Dry the defatted drug, and prepare from it 
the Tincture by Process P, as modified for assayed tinctures (page 
267). Use alcohol for the menstruum, macerate the drug during 
48 hours, and percolate slowly. Adjust the percolate to conform 
to the above standard. 


Assay—Strophanthus Tincture is assayed for potency by the frog 
method which was the official assay procedure for digitalis and its 
preparations in the 9th to the 11th Revisions of the Pharmacopeeia. 
For the details and technique of the assay consult the N. F. VIII. 
Alcohol Content—From 88 to 92 per cent, by volume, of CoHs5OH. 
Storage—Keep Strophanthus Tincture in tight, light-resistant con- 
tainers and avoid exposure to direct sunlight and to excessive heat. 


Uses—This preparation is seldom used in modern 
therapeutics, and is not to be preferred to digitalis. 
Its intestinal absorption is irregular and diarrhea may 
follow its administration. See Strophanthus. 

Average Dose—0.5 cc. (approximately 8 minims). 


Unofficial Cardiac Drugs Containing Glycosides 


Adonis N. F. VII (Pheasant’s Eye)—Dried overground portion of 
Adonis vernalis Fam. Ranunculacex. It contains adonin or adoni- 
din, also adonitic acid. Uses: An obsolete drug, once used as a 
substitute for digitalis, slowing the heart and increasing the heart 
beat, and as a diuretic. Dose: 0.125 Gm. 

Black Hellebore (Helleborus)—Rhizome of Helleborus niger. It con- 
tains a crystalline glycoside, helleborin. Uses: formerly used as a 
cardiac tonic similar to digitalis, more dangerous than beneficial. 

Cactus Grandiflorus (Night-blooming Cereus)—Fresh succulent stem 
of the wild growing Selenicereus grandiflorus Fam. Cactacew. Uses: 
an obsolete drug that is therapeutically inert. At one time it was 
used as a substitute for digitalis. 

Convallaria Flowers (Lily-of-the-Valley Flowers)—Dried inflorescence 
of Convallaria majalis Fam. Liliacee. Uses: cardiac stimulant. 
Dose: 0.5 Gm. 

Coronilla—From Coronilla scorpioides Fam. Leguminose. It con- 
tains the glycoside, coronillin. Uses: coronillin exerts a digitalis- 
like effect on the heart, also a diuretic effect. 


Specialties Containing Cardiac Gilycosides 


Cardigin (National Drug)—Tablets (0.2 mg.) containing digitoxin. 
See Digitoxin U.S. P 

’Cedilanid Sinton eae (0.4 or 0.8 mg.) or tablets (0.5 mg. ), con- 
taining crystalline lanatoside C. See Lanatoside C U.S. P 

Convallan (Kretschmar)—Dragees (cigarettes) containing the total 


glycosides of Convallaria majalis. Uses: myocardial stimulant, in 
cardiac edema. Dose: 2 to 3 dragees a day. 

Crystodigin (Lilly)—Tablets (0.2 mg.) containing digitoxin. See 
Digitoxin U.S. P 

Digalen Tablets N. PAY, R. (Hoffmann-LaRoche)—Tablets (% or 1 cat 
unit) containing the purified cardioactive glycosides of digitalis 
leaves free of inert material. Uses: those of digitalis. Dose: 1 to 
2 cat units with a maximum daily dose of 6 cat units. 

Digalen Solution N. N. R.—Each cc. representing 1 cat unit of 
digitalis glycosides. 
Digalen Solution Injectable N. N. R.—Ampuls (2 cc.) representing 
1 cat unit of digitalis glycosides. Dose: intramuscularly or intra- 
venously, 1 cat unit. 

Digicardium (Rorer)—Capsules or tablets, 0.065 or 0.097 Gm. (1 or 
1% gr.), containing the cardioactive glycosides of digitalis leaves; 
physiologically standardized. Uses: those of digitalis. Dose: 
for maintenance usually 1 U. 8. P. unit. 

Digicardium with Theobromine—Tablets, each containing 0.032 or 
0.065 Gm. (4% or 1 gr.) Digicardium and 0.324 Gm. (5 gr.) theo- 
bromine. 

Digiclara (Chemico)—Tablets (14 or 1 U.S. P. unit) containing whole 
leaf Digitalis purpurea. Uses and Dose: same as for digitalis. 
Digicotin (Grant)—Enteric-coated tablets, 0.097 Gm. (1% gr.), con- 

taining whole leaf digitalis assayed to contain 1 cat unit per tablet. 
Uses and Dose: same as for digitalis. 
Digifolin N. N. R. (Ciba)—Ampuls (2 ec.), solution, or tablets, con- 


taining the desirable constituents of digitalis standardized so that . 


each 2 cc. ampul, cc. of solution, and tablet contain 1 U.S. P. Digi- 
talis Unit. Uses: those of digitalis. Dose: orally, 1 tablet or 1 
ec. of solution 3 to 4 times a day; intramuscularly, 2 cc. 1 to 4times a 
day; intravenously, 2 ec. per 100 pounds of body weight. 

Digifortis (Parke, Davis)—Ampuls or kapseals (1 U.S. P. unit), tab- 
lets (44 or 1 U.S. P. unit), or tincture (14% U.S. P. unit per cc.), 
containing a fat-free preparation of digitalis leaf. Uses and Dose: 
same as for digitalis. 

Digiglusin (Lilly)—Ampuls (1 U.S. P. unit), oral liquid (1 U.S. P. 
unit per cc.), or tablets (44, 1, or 14% U.S. P. units), containing the 
active principles of digitalis leaves but free of inert material. 
Uses and Dose: same as for digitalis. 

Digilanid N. N. R. (Sandoz)—Ampuls (1.2 or 2.4 cat units), liquid (1 
cat unit per c¢.), suppositories (1.5 cat units), or tablets (1 cat unit), 
containing a mixture of the isomorphous, crystallized cardioactive 
glycosides in the proportion 47 per cent lanatoside-A, 16 per cent 
lanatoside-B, and 37 per cent lanatoside-C. Uses: those of digi- 
talis. Dose: orally, 2 to 4 cat units; intravenously, 2.4 cat units; 
intramuscularly, 1.2 cat units twice a day; Lec, 1 or 2 supposi- 
tories a day. 

Diginutin (Burroughs Wellcome)—Liquid, each cc. equivalent to 1 
U.S. P. Digitalis Unit, containing the total cardioactive glycosides 
of digitalis leaf. Uses and Dose: same as for digitalis. 

Digipoten N. N. R. (Abbott)—Tablets, 0.05 Gm. (44 U. S. P. unit), 
containing a mixture of the digitalis glycosides in soluble form. 
Uses and Dose: same as for digitalis. 

Digiseals (Harvey)—Capsules, 0.049 or 0.097 Gm. (% or 1 U.S. P. 
unit), containing a suspension of powdered digitalis leaf in corn oil. 
Uses and Dose: same as for digitalis. 

Digisidin (Winthrop)—Tablets (0.1 or 0.2 mg.) containing digitoxin. 
See Digitoxin U.S. P. 

Digitaline Nativelle N. N. R. (Varick)—Ampuls, 1 or 2 cc. (0.2 mg. per 
cc.), solution (1 mg. per cc.), or tablets, 0.1 or 0.2 mg., containing 
the crystalline glycoside digitoxin. See Digitoxin U. 'S. P. 

Digitalis Duo-Test (McNeil)—Tablets (144, 1, or 14% gr.) or capsules 
(1 gr.), containing standardized digitalis leaf. Uses and Dose: 
same as for digitalis. 

Digitalis Injection (Upjohn)—Ampuls (2 or 10 cc.) containing a solu- 
tion of digitalis in phosphate buffer. Each cc. is equivalent to 
0.032 Gm. (1% gr.) Digitalis U.S. P. Uses and Dose: same as for 
digitalis. 

Digitalin Potent (Merck)—Powder prepared from digitalis with a 
potency 10 times that of Digitalis U.S. P. Uses and Dose: same 
as for digitalis. 

Digitalone (Parke, Davis)—Ampuls (1 ec.) or sterile solution, contain- 
ing a non-alcoholic extract of digitalis leaves standardized to a 
potency equivalent to Digitalis Tincture U.S. P. Uses and Dose: 
as for digitalis. 

Digitan N. N. R. (Merck)—Ampuls (1 ec.), powder, or tablets, 0.097 
Gm. (1% gr.), containing a purified extract of digitalis with 85 per 
cent of the inert material removed; physiologically standardized 
according to U. 8. P. procedure so that 0.1 Gm. of powder, | ce. of 
solution, or 1 tablet contains 1 U.S. P. unit. Usesand Dose: same 
as for digitalis. 

Digitan Tincture—Each cc. representing 1 U.S. P. unit. 

Digitol N. N. R. (Sharp and Dohme)—Tincture of digitalis free of fat, 
containing 73 per cent alcohol. Each ec. represents 1 U.S. P. 
Digitalis Unit. Uses and Dose: as for digitalis. 

Digitora (Upjohn)—Tablets, 0.85 gr. (0.55 U.S. P. unit) br 1.28 gr. 
(0.83 U.S. P. unit), containing powdered digitalis leaves; physio- 
logically standardized. Uses and Dose: same as for digitalis. 


Enterdigalis (Chicago Pharmacal)—Enteric-coated pills, 0.097 Gm. 
(1% egr.), each containing defatted digitalis leaf equivalent to 1 cat 
unit. Uses and Dose: same as for digitalis. 

Gitalin (Amorphous) N. N. R. (Rare Chemicals)—Tablets, 0.8 mg. 
(40 gr.), containing the cardioactive glycoside gitalin, free of 
saponins, chlorophyll, and other undesirable substances; equivalent 
to 0.73 U.S. P. Digitalis Unit. Uses: those of digitalis. Dose: 
orally, 2 to 3 tablets a day for 3 or 4 days for full digitalization or 
1% to 1 tablet a day as a maintenance dose. 

Natibaine ‘‘Nativelle” (Fougera)—Solution containing 1 part Digita- 
line ‘‘Nativelle’’ and 2 parts Ouabaine ‘\Arnaud. Uses: cardioac- 
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tive agent combining the action of digitoxin and ouabain. Dose: 


orally, 10 to 25 drops as required. 


Pasanol (Tilden)—Liquid, each 100 cc. containing 0.6 mg. digitoxin, 
8.5 mg. each strophanthin and strychnine sulfate, 17.0 mg. nitro- 
glycerin, 0.11 mg. cactus grandiflorus and 15 per cent alcohol. 
Uses: myocardial insufficiency, cardiac arrhythmias, and mainte- 
nance of digitalization. Dose: orally, 1 to 2 teaspoonfuls repeated 
as required. 

Purodigin (Wyeth)—Tablets (0.1 or 0.2 mg.) containing digitoxin, 
See Digitoxin U.S. P. 

Scillaren N. N. R. (Sandoz)—Tablets (0.8 mg.) or solution (0.8 mg. 
per cc.), containing the cardiac glycosides derived from squill, 
Urginea maritima, consisting of 2 parts Scillaren-A, the water- 
insoluble, crystalline component, and 1 part Scillaren-B, the water- 
soluble amorphous component. Uses: those of digitalis but the 
effect is less persistent. Dose: orally, 1.6 mg. 3 to 4 times a day 
until compensation is established, then 0.8 mg. 2 to 4 times a day. 
Scillaren-B N. N. R.—Ampuls (1 cc.) containing 0.5 mg. of the 


amorphous component found in Urginea maritima. Dose: intra- 
venously, 0.5 mg. in 24 hours. 

Strophalen (Tosse)—Ampuls (1 cc.) containing 0.25 or 0.5 mg. of 
ouabain. See Ouabain U.S. P. 

Urginin Indica (Lederle)—Tablets (1 mg.) containing a biologically 
standardized, water-insoluble glycoside derived from squill ( Ur- 
ginea indica). Uses: those of digitalis. Dose: 1 mg. every 6 
hours; maintenance dose 1 mg. a day. 

Uvatalis (Blue Line)—Liquid, each fluidounce containing 0.259 Gm. 
(4 gr.) each digitalis and caffeine, 1.94 Gm. (30 gr.) potassium ace- 

‘tate, 2.59 Gm. (40 gr.) each scoparius, corn silk, and uva ursi, and 
0.648 Gm. (10 gr.) squill. Uses: diuretic and myocardial stimu- 
Jjant. Dose: orally, 3 to 5 teaspoonfuls a day. 

Virgitalis (Vanpelt and Brown)—Tablets, 0.097 Gm. (11% gr.), con- 
taining the equivalent of 1 U.S. P. Digitalis Unit of the powdered 
leaf of Digitalis lanata, the active components being lanatosides 
IN, 38). and C. Uses: those of digitalis. Dose: orally, for com- 
plete digitalization 15 tablets during first 24 hours; maintenance 
dose 1 or 2 tablets a day, or as required. 


THE CATHARTIC GLYCOSIDES 


The official drugs containing cathartic glycosides are 
aloes, cascara sagrada, rhubarb and senna. AlIl contain 
characteristic anthraquinone derivatives which are 
present in the free state or combined as glycosides. 
These drugs are frequently referred to as the ‘‘anthra- 
quinone purgatives’” and their laxative or purgative 
action is generally attributed to the anthraquinone 
principles. It seems probable, however, that their 
cathartic action is not due to these compounds as such 
sinee the latter in the pure state exhibit but little 
activity. The action of the drugs is probably associated 
with the content of resinous principles, but it is possible 
that the resins contain the anthraquinones in some 
combination. 

Among the anthraquinone derivatives that have been 
isolated from the above-mentioned drugs are the fol- 
lowing: 
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ALOE U. S. P. Aloe 
[Aloes, Sp. Aloe] 


Aloe is the dried juice of the leaves of Aloe Perryz 
Baker, known in commerce as Socotrine Aloe, or of Aloe 
Barbadensis Miller (Aloe. vera ‘‘Linne’’), known in 
commerce as Curagao Aloe, or of Aloe ferox Miller 
and hybrids of this species with Aloe africana Miller and 
Aloe spicata Baker, known in commerce as Cape Aloe 
(Fam. Liliaceez). 

Aloe yields not less than 50 per cent of water-soluble 
extractive. 

Constituents—The active principles of Aloe are the 
pentosides (glycosides in which the sugar fragment is a 
pentose): aloin (barbaloin, socaloin, or capaloin 
[C2oHie0 9]), beta-barbaloin, and iso-barbaloin. Accord- 


- ing to Viehoever the resin content of Aloe is also an ac- 


tive constituent of the drug. 


SS History—This drug was mentioned by Dioscorides 


in the first century of the Christian Era. He advised 
its use in doses of from 1 to 3 drachms, especially for 
urbani et literatim cupidi (city men and men of letters) 
2. é., those of sedentary habits. It was an ingredient in 
the ancient hieras (see Powder of Aloes and Canella) 
and in many compound pills and other laxative prepara- 
tions. 


Description and Properties— Unground Socotrine Aloe is in the 
form of reddish black to brownish black, opaque, smooth, and 
glistening masses; fractured surface somewhat conchoidal; odor 
characteristic. 

Unground Curacao Aloe occurs as brownish black, opaque masses; 
fractured surface uneven, waxy, somewhat resinous; odor characteris- 
tic, disagreeable. 

Unground Cape Aloe is in the form of dusky to dark brown irregu- 
lar masses, the surfaces of which are often covered with a yellowish 
powder; fracture smooth and glassy; odor characteristic, somewhat 
sour and disagreeable. 

Powdered Aloe is dark yellow, yellowish brown to olive-brown; 
mounted in a bland expressed oil it appears as greenish yellow to red- 
dish brown angular or irregular fragments, the hues of which depend 
to some extent upon the thickness of the fragments. 

Identification—(1) Powdered Aloe dissolves in nitric acid with effer- 
vescence, forming a reddish brown to brown or green solution. (2) 
About 1 gm. of finely powdered Aloe is intimately mixed with 25 ce. 
of cold water, agitated occasionally during 2 hours, filtered, and the 
filter and residue washed with sufficient cold water to make the filtrate 
measure 100 cc. The color of the filtrate, viewed in the bulb of a 100- 
cc. volumetric flask, is dark yellow with Socotrine Aloe, dark orange 
with Curacao Aloe, and greenish yellow with Cape Aloe. The filtrate 
darkens on standing. (3) To 5 cc. of the filtrate obtained in Test (2), 
is added 2 ce. of nitric acid: the solution becomes orange-yellow with 
the Socotrine Aloe, reddish orange with Curagao Aloe, and reddish 
brown which changes rapidly to green with Cape Aloe. (4) A green- 
ish yellow or yellowish green fluorescence (which acquires a yellowish 
orange to brown color on standing) is produced when 20 cc. of sodium 
borate solution (1 in 20), diluted with 45 cc. of water, is added to 5 ce. 
of the filtrate obtained in Test (2). 

Tests for Purity— 

Moisture—Not more than 12 per cent. 

Ash—Not more than 4 per cent. 

Alcohol-insoluble matter—Not more than 10 per cent. 

Assay—The water-soluble extractive is determined as described on 
page 1062. 


Uses—Aloe is a cathartic which is widely employed, 
either alone or in a number of irrational mixtures. The 
active principle is aloin, a glycoside which upon hydroly- 
sis in the intestine yields an anthraquinone derivative 
which is responsible for the cathartic action. The action 
of Aloe is accompanied by intestinal griping and pelvic 
vascular congestion. The latter property has given to 
aloe the undeserved classification of an emmenagogue. 
The cathartic action of Aloe occurs 8 to 12 hours after 
ingestion. 

Aloin is often combined with strychnine and bella- 
donna as a cathartic mixture. The purpose of the 
strychnine is to add tone to the smooth muscle of the 
bowel, an action which it does not possess. Belladonna 
is present. to prevent griping, but this action would be 
manifest and over before the cathartic action of aloin 
is exerted. Mixtures of this type are therefore irra- 
tional. In the form of candy-covered pills they have 
often been the cause of fatal strychnine poisoning in 
children. 
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Average Dose—0.25 Gm. (approximately 4 grains). 


Aloe Pills N. F. Pilulze Aloes 
[Pil. Aloe.—Sp. Pildoras de Aloe] 


Metric Alternative 
Aloe, finely, powdered .. yt. cresiaaioris ietenier 13 Gm. 201 gr. 
Hard Soap, finely powdered.............- 13 Gm 201 gr. 
Distilled Water, a sufficient quantity, 
Kotte cot: 8 eee A rin Moir Cho cittcasiio oc 100 Pills 100 Pills 


Prepare the pills according to the General Directions (page 314). 


History—These pills were introduced in 1831 by 
J. Blaud, a French physician, as a remedy for chlorosis. 
Various excipients have been used in order to increase 
the stability of these pills which should not be dispensed 
if they are reddish brown in color within. When prop- 
erly made and protected they are very stable. 

Uses—See Aloe. ~ 

Average Dose— pills. 


One average dose contains 0.26 Gm. of Aloe. 


Aloe and Mastic Pills N. F. 
Pilule Aloes et Mastiches 


Lpit, Aloe. et Mastic.—Lady Webster Dinner Pills, Sp. Pildoras de 
Aloe y AlmAciga] 


Metric Alternative 
Aloe sine POW Ger sreeter ers seine roe 13 Gm 201 gr. 
Mastic, 1mitine) powders enn me ner onda 4 Gm 62 er. 
Rose) idinespow dere eaemaccm eae 3 Gm 46 gr. 
Glycerin, 
Distilled Water, each, a sufficient quantity, 2 
MO NALCO Ay sradatedecces heres uah PNA BEn adele eee her 100 pills 100 pills 


Prepare the pills according to the General Directions (see page 
314). 


History—Lady Webster Dinner Pills were first 
official in the 1758 edition of the Paris Pharmacopeeia, 
under the name Purlulez Stomachice or Pilule ante 
cibum. 

Average Dose—2 pills. 


One average dose contains 0.26 Gm, of Aloe and 80 mg. of Mastic. 


Aloe Tincture N. F. Tinctura Aloes 
[Tr. Aloe.—Sp. Tintura de Aloe] 


Metric Alternative 
Aloe, in moderately coarse powder... 100 Gm. 3o0z. av. 148 gr. 
Glycyrrhiza, in moderately coarse 
DOWGET acne rclenie cyte ote ni ahs Nene 200 Gm. 6 oz. av. 296 gr. 
Diluted Alcohol, a sufficient quantity, 
osm ak6:) cscs hint keene ten octers 1000 cc, 2 pints 


Prepare the Tincture by Process M using diluted alcohol as the 
menstruum. 


Identification—The presence of Aloe may be ascertained by the 
following test: To 10 cc. of the Tincture, 1 ce. of diluted sulfuric acid 
is added and shaken with 20 cc. of ether in a separator. The lower 
layer is drawn off, 20 cc. of sodium borate solution (1 to 15) is added 
to the ether solution, and shaken. On separation, the sodium borate 
solution shows a yellowish green fluorescence. 

Alcohol content—From 44 to 48 per cent, by volume, of CgH50H., 
Storage—Keep Aloe Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 


Average Dose—2 cc. (approximately 30 minims). 


ALOIN U. S. P. Aloinum 
[Sp. Aloina] 


Aloin is a mixture of active principles obtained from 
aloe. It varies in chemical composition and in physical 
and chemical properties according to the variety of aloe 
from which it is obtained. 


GLYCOSIDES 


Constituents—Aloin consists of one or more of the 
pentosides present in aloe, the principal one being 
barbaloin. Upon hydrolysis in acid solution Aloin 
yields, among other products, aloe-emodin and d- 
arabinose. 


Preparation—Aloin is usually made by dissolving 1 
part of aloe in 10 parts of boiling water acidulated with 
hydrochloric acid, and, after cooling, the liquid is de- 
canted from the resinous matter, evaporated to about 2 
parts, and set aside for 2 weeks for crystals to form. 
The crystals are washed with acetic ether and dried. 
Socaloin and nataloin are not often found in commerce, 
as the aloes from which they are prepared are scarce 
and the products are therefore expensive. 


Description and Properties—A lemon-yellow to dark yellow, micro- 
crystalline powder, or minute crystals. It is odorless, or has a slight 
odor of aloe. Its taste is intensely bitter. Aloin darkens on exposure 
to light and air. A saturated solution of Aloin is yellow but becomes 
brown on standing. The solution.is neutral or not more than faintly | 
acid to litmus paper. Aloin is soluble in water, in alcohol, and in 
acetone, the degree of solubility varying with its composition. It is 
slightly soluble in ether. 

Identificattion—Aloin is soluble in ammonia T.S. and in solutions of 
alkali hydroxides, forming red solutions (or yellow solutions that be- 
come red) having a green fluorescence. A drop of ferric chloride 
Aes added to an alcohol solution of Aloin produces a brownish green 
color. 

Tests for Purity— 

Residue on ignition—Not more than 0.6 per cent. 

Water-insoluble substances—Not more than 1.5 per cent. 

Emodin—Not more than a trace (consult the U.S. P. for the details 
of the test). 

Storage—Keep Aloin in tight, light-resistant containers. 


Uses—See Aloe. 
Average Dose—I5 mg. (approximately 14 grain). 


Aloin, Belladonna, Cascara and Podophyllum Pills N. F. 
Pilulee Aloini, Belladonne, Cascarze et Podophylli 


[Pil. Aloin. Bella. Casc. et Podoph.—Hinkle’s Pills] 


Metric Alternative 


AL OLIN iat, Stairs nate ote area Giclee eekae ne eas 
PodophyllumsResing2.- ce eee eae 1 
Belladonna@sxtract nee ieee 
Ginger Oleoresing a... eee eee 
Glycyrrhiza, in fine powder................ 1 
Glucose, a sufficient quantity 

To make 100 pills. 


Prepare the pills according to the General Directions (page 314). 
Uses—See Aloe and Cascara Sagrada. 
Average Dose—1 pill. 


One average dose contains 16 mg. each of Cascara Sagrada Extract and o 
Aloin, 10 mg. of Podophyllum Resin, 8 mg. of Belladonna Extract, and 4 mg 
of Ginger Oleoresin. é 


Aloin, Strychnine and Belladonna Pills N. F. 
Pilulee Aloini, Strychning et Belladonnse 


[Pil. A. S. et B.] 


Metric Alternative 

Alolat Socata icin veh eee ian volopraig (olicle Sonar oe meres 1.3 Gm. 20) gr. 

Strychnine, in fine powder...............-. 0.1 Gm. 1% er. 

BelladonnasExtractine «ccacrieateae rere 0.8 Gm. V2 ets 

Glycyrrhiza, in fine powder................ 4.5 Gm 70 * gr. 
Glucose, a sufficient quantity, 

Monmakeseans ol avaleavafiars spe ceiehes dhs scosdtallots ceiaun 100 Pills 100 Pills 


Prepare the pills according to the General Directions (page 314). 
Uses—See Aloe. 7 ; 
Average Dose—I pill. 


One average dose contains 13 mg. of Aloin, 1 mg. of Strychnine, and 8 mg. of 
Belladonna Extract. 


/ 
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Aloin, Strychnine, Belladonna and Cascara Pills N. F. 
Pilule Aloini, Strychnine, Belladonne et Cascarze 


[Pil. A. S. B. et C.] 


Metric Alternative 
POMPE eccRetshoda fot shale vert. 4c seeft.cie'9 0/00 ls '9o)8 5 a6 lou Gin. 20 gr. 
Strycunine, mn fine powder. ......0....-6% 0.05 Gm 34 gr. 


OMMMORITAD EXT a Clr weenie cates ekeveiencic & sks 
Cascara sacrada Extracts... .22.660c0005 
Glycyrrhiza, in fine powder............:.. 
Glucose, a sufficient quantity, 


: : WP) Fae 
3.25 Gm. SO men. 
1.5 Gm. 2505 20. 


“100 Pills. 100 Pills 


Prepare the pills according to the general directions (page 314). 


Uses—See Aloe. 
Average Dose—I pill. 


One average dose contains 13 mg. of Aloin, 0.5 mg. of Strychnine, 8 mg. of 
Belladonna Extract, and 32.5 mg. of Cascara Sagrada Extract. 


Aloin, Strychnine, Belladonna and Ipecac Pills N. F. 
Pilule Aloini, Strychnine, Belladonne et Ipecacuanhe 


[Pil. A. S. B. et I—A. 8S. B. and I. Pills, Pilule Laxative Composite] 


Metric Alternative 

NIGIIT 3 sos ceca a ne 1.6 Gm 24 gr. 
Sinyehnine, in fine powder... .............. 0.1 Gm 1% er. 
BrOMACOUHAGEXLLACE. .yccte hs 604i ss, a0'e-s ers eas 0.8 Gm. UPI fas 
Ipecacwinfine powder. ..0... sc. c66. keds en es 0.4 Gm. Geer: 
Glycyrrhiza, in fine powder................ 3.6 Gm 55% er. 
Glucose, a sufficient quantity, 

ABEL SCO Ma ori We s¥etleje otheess ei4 Fie 6). vile ee 68 100 Pills 100 Pills 


Prepare the pills according to general directions (page 314). 


Uses—See Aloe 
Average Dose—| pill. 


One average dose contains 16 mg. of Aloin, 1 mg. of Strychnine, 8 mg. of 
Belladonna Extract, and 4 mg. of Ipecac. 


CASCARA SAGRADA U. S. P. 


[Casc. Sagr.—Rhamnus Purshiana, Sacred Bark, Chittem, Dogwood, 
Coffee-berry, Bear-berry, Bitter Bark, Bear-wood, Sp. Cdascara 
Sagrada] 

Caseara Sagrada is the dried bark of Rhamnus 
Purshiana De Candolle (Fam. Rhamnacez). 

Cascara Sagrada should be collected at least one year 
before being used in medicinal preparations. 

Constituents—The identity of the active principles 
of cascara has engaged the attention of several investi- 
gators, and the following substances isolated from the 
drug have been reported: Aloe-emodin (1,8-dihydroxy- 
3 - hydroxymethyl - anthraquinone), chrysophanic acid 
(1,8 - dihydroxy -3-methylanthraquinone), 7so-emodin 
(3,5,8 = trihydroxy -2-methylanthraquinone), methyl- 
hydrocotoin (2,4,6-trimethoxybenzophenone), and purs- 
hianin, a glycoside forming red-brown crystals, melting 
at 237°. Caseara also contains several resins, one of 
which is very bitter and gives a bright-red color with 
potassium hydroxide solution. 


Cascara Sagrada 


Description and Properties— 

Unground Cascara Sagrada—Usually in flattened or transversely 
curved pieces, occasionally in quills; bark from 1 to 5 mm. in thick- 
ness; outer surface brown, purplish brown, or brownish red, longitudi- 
nally ridged, with grayish or whitish lichen patches, sometimes with 
numerous lenticels and occasionally with moss attached; inner sur- 
face longitudinally striate, light yellow, weak reddish brown or moder- 
ate yellowish brown; fracture short with projections of bast fiber 
pandies in the inner bark; odor distinct; taste bitter and slightly 
acrid. 

Powdered Cascara Sagrada is moderate yellowish brown to dusky 
yellowish orange consisting of broken bast fiber bundles with the 
ppp openying crystal fibers containing monoclinic prisms of calcium 
oxalate. 

Identification—(1) Shake 100 mg. of powdered Cascara Sagrada 
with 10 ce. of hot water until it is cold, then filter, dilute the filtrate 
with sufficient water to measure 10 cc., and add 10 cc. of ammonia 
T.S.: anorange color is produced. (2) Cascara gives a red to reddish 
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water, boil, then cool and filter and shake the filtrate with 10 cc. of 
ether; the ether becomes a greenish yellow. Shake 3 cc. of this ether 
solution with 3 cc. of ammonia T.S., and dilute the separated aqueous 
abe with 20 cc. of water: the mixture has a distinct orange-pink 
color. 
Tests for Purity— 

Foreign organic matter—Not more than 4 per cent. 


Uses—Cascara Sagrada is a widely used cathartic. 
Of its many official preparations, the fluidextract or 
aromatic fluidextract is perhaps the most effective. 
The action of Cascara is mild and is unaccompanied by 
discomfort or griping. A therapeutic dose causes a 
single evacuation of the bowel in approximately 8 
hours. The stool may be solid or semi-fluid. 

Note—When ground Cascara Sagrada is moistened 
and mixed with magnesium or calcium hydroxide the 
drug loses its intensely bitter taste, the acid constitu- 
ents being neutralized and apparently rendered insol- 
uble. Such treatment seems to lessen its activity. 


Aromatic Cascara Sagrada Fluidextract U. S. P. 
Fluidextractum Cascare Sagrade Aromaticum 


; [Fldext. Casc. Sagr. Arom.—Aromatic Rhamnus Purshiana 
Fluidextract, Sp. Extracto FlGido Aromdtico de CAscara Sagrada] 


Metric Alternative 


Cascara Sagrada, in very 


Coarse DOWdEer. jase ce =e Gm. 33 oz. av. 167 gr. 


Magnesium Oxide.......... 120 Gm. 402. av. 2% gr. 
Pure Glycyrrhiza Extract.... 40 Gm Loz av. 147° gr. 
Saccharittan.s cree cereus tiauecers 2 Gm. 29 gr. 
Anise "Oil soccae ea oneletten 6 0.65 cc. 10 min, 
Coriander’ Oil yar sctenar oe 0.15 cc. 214 min. 
Methyl Salicylate........... ODI cc: 114% min. 
ALCOHOL Ao ax deies toe tiaveleciaaise 200 cc 6 fl.oz. 192 min. 
Water, a sufficient quantity, 
Molmake yetictacitere sce oie 1000 cc. 2 pints 


Thoroughly mix the cascara sagrada with the magnesium oxide, 
moisten it uniformly with 2000 cc. (4 pints) of boiling water, and 
set it aside in a shallow container for 48 hours, stirring it occa- 
sionally. Pack it in a percolator, and percolate with boiling water 
until the drug is exhausted. Evaporate the percolate, at a tem- 
perature not exceeding 100°, to 750 cc. (11% pints), and at once 
dissolve in it the pure glycyrrhiza extract. “When the liquid has 
cooled, add the alcohol, in which the saccharin, methyl salicylate, 
and oils have been dissolved, and finally sufficient water to make 
the Fluidextract measure 1000 cc. (2 pints). Mix thoroughly. 
Alcohol Content—From 17 to 19 per cent, by volume, of CgHs5OH. 
Storage—Keep Aromatic Cascara Sagrada Fluidextract in tight, light- 
resistant containers, and avoid exposure to direct sunlight and to ex- 
cessive heat. 


Average Dose—2 cc. (approximately 30 minims). 


Cascara Sagrada Elixir N. F. Elixir Cascare Sagrade 
[Elix. Casc. Sagr.—Sp. Elixir de CAscara Sagrada] 


, Metric Alternative 
Aromatic Cascara Sagrada Fluidextract..... 500 cc. 1 pint 
Glycyrrhiza Syrup, a sufficient quantity, 
BNO, dn a Os Ay, 7, Cetera Neh anh coe tel cha oes ee eke fous, 1000 cc.. 2 pints 


Mix the ingredients and filter, if necessary, until the product is 
clear. 


Alcohol Content—From 11 to 13 per cent, by volume, of CepH50H. 
Storage—Keep Cascara Sagrada Elixir in tight containers. 


Average Dose—4 cc. (approximately 1 fluidrachm). 


One average dose contains 2 cc. of Aromatic Cascara Sagrada Fluidextract. 


Cascara Sagrada Extract U. S. P. 
Extractum Cascare Sagrada 


[Ext. Casc. Sagr.—Powdered Cascara Sagrada Extract, Rhamnus 
Purshiana Extract, Sp. Extracto de Cascara Sagrada] 


One Gm. of the Extract represents 3 Gm. of cascara 


_ brown color when treated with ammonia T.S. (3) Macerate 100 mg. 
‘vr _~ of powdered Cascara Sagrada with 10 drops of alcohol, add 10 ce. of 


Pee? tay Stee 


sagrada. 
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Mix 900 Gm. (30 oz. av.) of cascara sagrada, in coarse 
powder, with 4000 cc. (8 pints) of boiling water, and 
macerate the mixture during 3 hours. Then transfer it 
to a percolator, allow it to drain, and exhaust it by per- 
colation, using boiling water as the menstruum and 
collecting about 5000 cc. (10 pints) of percolate. Evapo- 
rate the percolate to dryness, reduce the extract to a 
fine powder, and add sufficient starch, dried at 100°, 
to make the product weigh 300 Gm. (10 oz. av.). Mix 
the powders thoroughly and pass the Extract through 
a fine sieve. 


Storage—Keep Cascara Sagrada Extract in tight light-resistant con- 
tainers, preferably at a temperature not above 30°. 


Average Dose—0.3 Gm. (approximately 5 grains). 


Cascara Sagrada Extract Tablets U. S. P. 
Tabelle CaS8care Sagrade Extracti 


[Tab. Casc. Sagr. Ext.—Cascara Tablets, Sp. Tabletas de Extracto de 
CaAscara Sagrada] 


Cascara Sagrada Extract Tablets are prepared from 
cascara sagrada extract. 


Storage—Keep Cascara Sagrada Extract Tablets in well-closed con- 
tainers. 


Average Dose—0.3 Gm. (approximately 5 grains) of 
Caseara Sagrada Extract. 


Cascara Sagrada Fluidextract U. S. P. 
Fluidextractum Cascare Sagradee 
{Fidext. Casc. Sagr.—Rhamnus Purshiana Fluidextract, Sp. Extracto 
de Cascara Sagrada, Fliido] 
Metric Alternative 


Cascara Sagrada, in very coarse 


powder. Set Seach een 1000 Gm. 1602. av. 302 gr. 


Prepare a fluidextract by Process D (page 271). Evaporate the 
percolate until it measures 800 ce. (13 fl. 0z.), and when it is cold, 
gradually add 200 ce: (8% fl. oz.) of alcohol and, if necessary, suf- 
ficient water to make the product measure 1000 ce. (1 pint). Mix 
thoroughly. 


Alcohol Content—From 17 to 19 per cent, by volume, of CgH50H. 
Storage—Keep Cascara Sagrada Fluidextract in tight, light-resistant 
containers, and avoid exposure to sunlight and to excessive heat. 


Uses—A mild and effective cathartic, especially valu- 
able because it does not produce habitual or after- 
constipation. Although this preparation is intensely 
bitter, it is sometimes desired for its stomachic effect. 
See Cascara Sagrada. 

Average Dose—I cc. (approximately 15 minims). 


RHUBARB U. S. P. Rheum 
[Rhubarb Root, Sp. Ruibarbo] 


Rhubarb consists of the dried rhizome and roots of 
Rheum officinale Baillon or of Rheum palmatum Linné 
(Fam. Polygonacee) or of other species (excepting 
Rheum Rhaponticum Linné) or of hybrids of Rheum, 
grown in China and Tibet, deprived of periderm tissues. 

Rhubarb yields not less than 30 per cent of diluted 
alcohol-soluble extractive. 

Constituents—Rhubarb is one of the prominent 
anthraquinone drugs. It contains emodin (1,6,8- 
trihydroxy-3-methylanthraquinone), an emodin mono- 
methyl ether, aloe-emodin (1,8-dihydroxy-3-hydroxy- 
methylanthraquinone, chrysophanic acid  (chryso- 
phanol), and glycosides of the latter two; rhein 
which is a dihydroxyquinone carboxylic acid; rhabar- 
beron, possibly an impure aloe-emodin. It has been 


GLYCOSIDES 


reported, however, that the chief cathartic principle of 
rhubarb is a non-glycosidal resin which upon hydrolysis 
yields several anthraquinone derivatives. The astrin- 
gent properties of rhubarb are due to rheotannic acid 
[CogHea6Qi4]; calcium oxalate is also present in variable 
proportion. 


Description and Properties— Unground Rhubarb is in the form of sub- 
cylindrical, barrel-shaped, or flattened pieces, frequently showing a 
perforation; from 5 to 17 cm. in length and from 4 to 10 em. in diam- 
eter; the outer surface is yellowish brown with lighter colored stria- 
tions and occasional patches of brown cork, more or less covered by 
a yellowish brown powder. It is hard; fracture uneven and granu- 
lar, the fractured surface having a pinkish brown color; the smoothed, 
transverse surface of the rhizome showing a cambium line near the 
periphery traversed by radiate medullary rays projecting for a short 
distance within it; the large area within this circle of medullary rays 
containing stellate vascular bundles from 2 to 4 mm. in diameter; 
the stellate bundles being arranged in a more or less continuous circle 
(Rheum palmatum) or scattered irregularly (Rheum officinale). 
Rhubarb has an aromatic odor and a bitter, astringent taste. 

Powdered Rhubarb is dusky yellowish orange to moderate yellowish 
brown in color. 

Identification—(1) Rhubarb becomes red upon the addition of alka- 
lies, indicating the presence of anthraquinone compounds. (2) 100 ~ 
mg. of powdered Rhubarb is boiled with 10 cc. of a solution of potas- 
sium hydroxide (1 in 100), cooled, filtered, the filtrate acidified with 
hydrochloric acid, and the mixture shaken with 10 cc. of ether; the 
ether layer becomes yellow as it stands. This ether solution is shaken 
with 5 cc. of ammonia T.S.: the latter is colored red, indicating the 
presence of emodin and the ether layer remains yellow indicating the 
presence of chrysophanic acid. 

European Rhubarbs—Unground Rhubarb is firm in texture, and 
shows more or less definite reticulation on the outer surface. 
Assay—The dilute alcohol-soluble extractive of Rhubarb is deter- 
mined as described under Diluted Alcohol-soluble Extractive (page 1062). 
Storage—Preserve Rhubarb against attack by insects. 


Uses—Rhubarb is a cathartic, unique in that its vari- 
ous preparations contain tannin and thus have an 
astringent as well as cathartic action. Consequently, 
the evacuant action of Rhubarb may be followed by a 
period of constipation. The action of Rhubarb is mild, 
accompanied by little discomfort or griping, and occurs 
from 4 to 8 hours after the administration of a cathartic 
dose. There are many official preparations of Rhubarb, 
several of them being extensively employed for children 
because of their mild action. The adult dose of rhu- 
barb is 1 Gm. 


Aromatic Rhubarb Tincture U. S. P. 
Tinetura Rhei Aromatica 


[Tr. Rhei Arom.—Sp. Tintura de Ruibarbo Aromatic o] 


Metric Alternative 
Rhubarb, in moderately coarse pow- 
Gere steer Ae rato adorei oe eee 200 Gm. 602. ay. 296 gr. 
Cinnamon, in moderately coarse pow- 
ar a tiie cere cee eee eres 40 Gm. 1 oz. av. 147 er. 
Clove, in moderately coarse powder... 40 Gm. 102. av. 147 gr. 
Myristica, in moderately coarse pow- 
(6 (1 SRI eR INDE O Sho No 4 ete 20 Gm. 292 gr. 
To Makes sce sare ofeleterr reece steers 1000 cc. 2 pints 


Prepare a tincture by Process P (page 267), using a mixture of 
100 ce. (3 fl. oz. 96 min.) of glycerin, 500 ce. (1 pint) of aleohol, 
and 400 cc. (12 fl. oz. 384 min.) of water as the first menstruum, 
and diluted alcohol as the second menstruum. Macerate the 
dampened drugs during 4 hours and then percolate rapidly. 
Alcohol Content—From 48 to 46 per cent, by volume, of CgH5OH. 
Storage—Keep Aromatic Rhubarb Tincture in tight, light-resistant 
containers, and avoid exposure to direct sunlight and to excessive 
heat. 

Ocoee ed almost exclusively in preparing Com- 


pound Rhubarb Syrup. 


Aromatic Rhubarb Syrup U. S. P. 
Syrupus Rhei Aromaticus 


[Syr. Rhei Arom.—Spiced Syrup of Rhubarb, Sp. Jarabe de Ruibarbo 


AromAtico] 
Metric Alternative 
Aromatic Rhubarb Tincture........ 150 cc. 4 fl. oz, 384 min, 
Potassium Carbonate.............. 1 Gm. 15 gr. 
Syrup, a sufficient quantity, ; : 
To makescgawernn ac OS rere Ae tenets 1000 cc. 2 pints 


GLYCOSIDES 


Dissolve the potassium carbonate inthe tincture and add to 
the mixture enough syrup to make the product measure 1000 ec. 
(2 pints). Mix thoroughly. 


Alcohol Content—From 6 to 7 per cent, by volume, of Co2H50H. 

Storage—Keep Aromatic Rhubarb Syrup in tight containers, prefer- 

ably at a temperature not exceeding 25°. 

Incompatibilities—Aromatic Rhubarb Syrup neutralizes acids with 

ae liberation of carbon dioxide due to its content of potassium car- 
onate. 


Uses—A laxative syrup of special value for chil- 
dren in summer diarrhea because of its combined astrin- 
gent and laxative action. It is especially adapted to 
the treatment of infants but is too weak for adults. 
When mixed with an equal volume of castor oil, it makes 
a palatable laxative which is readily administered, even 
to children. 

Average Dose—1l0 cc. (approximately 24% flui- 
drachms). 


Compound Rhubarb Powder N. F. 
Pulvis Rhei Compositus 


[Pulvy. Rhei Comp.—Gregory’s Powder] 


Metric Alternative 
Rhubarb, in very fine powder....... 250 Gm. 1 oz. av. 
MWraonesiam: Oxide. . i050 35. 6s. bee oso 650 Gm. 202. av. 262 gr. 
Ginger, in very fine powder......... 100 Gm 175 er. 
Bin COP ies <acss ds <la.c wissen sedis os 1000 Gm 4 oz. av. 


Triturate the rhubarb and ginger together; gradually add the 
magnesium oxide, continuing the trituration lightly until the 
ingredients are thoroughly mixed. 


History—A prescription frequently written by Dr. 
James Gregory of Edinburgh who practiced more than 
100 years ago. 


Storage—Keep Compound Rhubarb Powder in tight containers. 


Uses—See Rhubarb. 
_ Average Dose—2 Gm. (approximately 30 grains). 


One average dose contains 0.5 Gm. of Rhubarb, 1.3 Gm. of Magnesium Oxide 
and 0.2 Gm. of Ginger. 


Rhubarb Extract N. F. 
Extractum Rhei 


[Ext. Rhei—Powdered Rhubarb Extract, Sp. Extracto de Ruibarbo] 


Each Gm. of Rhubarb Extract represents 2 Gm. of 
rhubarb. 

Prepare an extract by percolating 1000 Gm. (82 oz. 
av.) of rhubarb, in-moderately coarse powder, using a 
mixture of 4 volumes of alcohol and 1 volume of water 
as the menstruum. Macerate the moistened drug 
during 48 hours, and then percolate it at a moderate 
rate. Evaporate the percolate to dryness at a tempera- 
ture not exceeding 70°. Powder the residue, and add 
sufficient starch, dried at 100°, to make the product 
weigh 500 Gm. (16 oz. av.). Mix thoroughly and pass 
the Extract through a fine sieve. 


Storage—Keep Rhubarb Extract in tight, light-resistant containers, 
preferably at a temperature not above 30°. 


Average Dose—0.5 Gm. (approximately 714 grains). 


Rhubarb Fluidextract N. F. 
Fluidextractum Rhei 


Fldext. Rhei—Sp. Extracto Fliido de Ruibarbo] 


Prepare the Fluidextract from rhubarb, in moderately 
coarse powder, by Process A. Use a mixture of 4 vol- 
umes of alcohol and 1 volume of water as the men- 


-_ struum, macerate the drug during 12 hours, and perco- 


late rapidly. 
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Alcohol Content—From 55 to 63 per cent, by volume, of C2H;OH. 
Storage—Keep Rhubarb Fluidextract in tight, light-resistant con- 
tainers and avoid exposure to direct sunlight and to excessive heat. 


Average Dose—I cc. (approximately 15 minims). 


Alkaline Rhubarb Elixir N. F. Elixir Rhei Alkalinum 


[Elix. Rhei Alk.—Neutralizing Cordial, Mistura Rhei Alkalina, 
Alkaline Rhubarb Mixture] 
Metric Alternative 
Rhubarbybluidextractszse.c. 47) esos 16 cc. 246 min. 
hiydrastissbluidextracts,. 08) ee 8 cc. 123 min. 
Potassium Carbonate.............. 16 Gm. 234 gr. 
Cinnanions linctures anne es ee 64 cc. NiVAOZ eo DIN. 
Peppesmintes piriteeee eee ae 8 cc. 123 min. 
SYTUP Rea te eee lake oe ce ds 250 cc. 8 fl. oz. 
Diluted Alcohol, a sufficient quantity, 
IRounia kev weet eee ere Aka 1000 cc. 2 pints 


Dissolve the potassium carbonate in the syrup; add the solu- 
tion to a mixture of the fluidextracts, the tincture, the spirit, and 
625 ce. (1 pint 4 fl. oz.) of diluted alcohol. Mix well, add sufficient 
diluted alcohol to make the product measure 1000 cc. (2 pints), 
and filter until the product is clear. 


Alcohol Content—From 34 to 38 per cent, by volume, of CopH50H. 
Storage—Keep Alkaline Rhubarb Elixir in tight containers. 


Uses—A laxative and antacid, also a carminative for 
children. See Rhubarb. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


One average dose contains 0.064 cc. of Rhubarb Fluidextract, 0.032 ec. of 
Hydrastis Fluidextract, and 64 mg. of Potassium Carbonate. 


Rhubarb and Soda Mixture N. F. 
Mistura Rhei et Sodee 


[Mist. Rhei et Sod.—Compound Mixture of Rhubarb] 


Metric Alternative 
Rhubarb Pluidextract... 1.22. ...s.: L5uCce 230 min. 
Ipecac Elurdextracten as ae Ad (ele 46 min. 
Sodium Bicarbonate.............. 35)Gm., ioz. av. 74 er: 
Peppermint Spitit..+..-- cee SONCCs il sek (yA. 58 min. 
Gly GO rie ere nie etic are eae et eee ars 200 cc. 6 fl.oz. 192 min. 
Distilled Water, a sufficient quan- 
tity, 
‘DOUM akon tam entta emcresisre as 1000 cc. 2 pints 


Dissolve the sodium bicarbonate in about 500 ce. (1 pint) of 
distilled water; add the fluidextracts, the glycerin, the peppermint 
spirit, and sufficient distilled water to make the product measure 
1000 ce. (2 pints); mix it thoroughly. 


Alcohol Content—From 2 to 4 per cent, by volume, of CgpH5OH. 
Storage—Keep Rhubarb and Soda Mixture in tight containers. 
Incompatibilities—This preparation has the incompatibilities of the 
sodium bicarbonate which it contains. (See page 1185.) 

Uses—A laxative, antacid, and carminative mixture. 
See Rhubarb. 

Average Dose—4 cc. (approximately 1 fluidrachm). 

One average dose contains 0.06 cc. of Rhubarb Fluidextract, 0.012 ce. of 


Ipecac Fluidextract, 0.14 Gm. of Sodium Bicarbonate, and 0.14 ec. of Pepper- 
mint Spirit. 


Rhubarb Syrup N. F. Syrupus Rhei 
[Syr. Rhei—Sp. Jarabe de Ruibarbo] 


Metric Alternative 
Rhubarbyelaidextractae.. cece eae 100 cc. 3 fl.oz. 96 min. 
(Qh SW gone coGotes oSGos AqGCs 611% min. 
Potassium Carbonate............. 10 Gm. WEY fae 
Distilledawiatera an eric... accrde sao 50 cc. 1 fl.oz. 288 min. 


1000 cc. 2 pints 


Mix the cinnamon spirit with the fluidextract, add the potas- 
sium carbonate, previously dissolved in the water, and add to this 
mixture enough syrup to make the product measure 1000 cc. 
(2 pints). Mix well. 


Alcohol Content—From 5 to 7 per cent, by volume, of CgH50H. 
Storage—Keep Rhubarb Syrup in tight containers, and avoid exces- 
sive heat. 
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Incompatibilities—Syrup of Rhubarb has an alkaline reaction and 
possesses incompatibilities accordingly. It neutralizes and effervesces 
with acids and may precipitate alkaloids from solutions of their salts. 

Uses—A laxative syrup of special value for children 
in summer diarrhea because of combined astringent and 
laxative actions. 

Average Dose—10 cc. Seas 2%  flui- 
drachms). 


One average dose contains 1 cc. of Rhubarb Fluidextract. 


Rhubarb Tincture N. F. Tinctura Rhei 
[Tr. Rhei—Sp. Tintura de Ruibarbo] 


Metric Alternative 

Rhubarb, in moderately coarse pow- 

(sR Ra AMT Co re tetntann Me ha 200 Gm. 6 0z. av. 296 gr. 
Cardamom Seed, in moderately 

coarse powder....... i Ee 30 Gm. 1 oz. av. 
Glycerine heer te ec eee ee 100 cc. 3 fl. oz. 96 min. 
Alcohol, 
Diluted Alcohol, 
Water, each, a sufficient quantity, 

EEGs Make) css ciesesy cshatetotas roles s 1000 cc. 2 pints 


Prepare the Tincture by Process P (page 267). Use a mixture 
of the glycerin, 500 ce. (1 pint) of alcohol, and 400 ce. (18 fl. oz.) 
of water as the first menstruum, and complete the percolation 
with diluted aleohol; macerate the mixed drugs during 12 hours, 
and percolate rapidly. 


Alcohol Content—From 43 to 46 per cent, by volume, of CeHs0H. 
Storage—Keep Rhubarb Tincture in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—It is employed in constipation and diarrhea, 
but rhubarb is usually administered in some form other 
than the tincture. 

Average Dose—4 cc. (approximately 1 fluidrachm). 


Sweet Rhubarb Tincture N. F. Tinctura Rhei Dulcis 
[Tr. Rhei Dulc.] 


Metric Alternative 

Rhubarb, in moderately coarse pow- 

(0 (jubed = SSA abie feats. e aa ore Soros ore 100 Gm. 302. av. 148 ger. 
Glycyrrhiza, in moderately coarse 

ING son goedaganus odduOoT 40 Gm. 1 oz. av. 147 gr. 
Anise, in coarse powder........... 40 Gm. 102. av. 147 gr. 
Cardamom Seed, in coarse powder. . 10 Gm. 146 gr. 
Glycerin St epet aya oe eeeet 100 cc. 3 fl. oz. 96 min. 
Alcohol, 
Water, 
Diluted Alcohol, each, a sufficient 

quantity, 
Toimakies, ceric, sdemberincoiene octets 1000 cc. 2 pints 


Prepare the Tincture by Process P. Use a mixture of 100 ce. 
(3 fl. oz. 96 min.) of glycerin, 500 ce: (1 pint) of aleohcl, and 400 ce. 
(12 fl. oz. 8384 min.) of water as the first menstruum, and complete 
the percolation with diluted alcohol; macerate the mixed drugs 
12 hours, and percolate rapidly. 


Alcohol Content—From 42 to 46 per cent, by volume, of CegHs5OH. 
Storage—Keep Sweet Rhubarb Tincture in tight, light-resistant con- 
tainers and avoid exposure to direct sunlight and to excessive heat. 


Average Dose—4 cc. (approximately 1 fluidrachm). 


SENNA U. S. P. Senna 


[Senn.—Senna Leaves, Sp. Sen] 


Senna consists of the dried leaflets of Cassia acutifolia 
Delile, known in commerce as Alexandria Senna, or of 
Cassia angustifolia Vahl, known in commerce as Tinne- 
velly Senna (Fam. Leguminose). 

Constituents—The principal cathartic constituents of 

Senna are: aloe-emodin and rhein and their glycoside 
derivatives; emodin and an emodin glycoside; chryso- 
phanic acid (chrysophanol). Cathartic acid was formerly 
believed to be the chief purgative principle. Also 
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present are sennacrol and sennarhamnetin, kaempferol 
[Ci5H.02(OH) 4], and its glycoside kaempferin, and a 
small amount of an essential oil. When senna leaves 
are macerated in strong alcohol, the principles which 
produce griping and give odor and taste are said to be 
dissolved while the purgative properties are unaffected. 
Water and diluted alcohol are good solvents for its 
aciive principles. 


Description and Properties—Unground Alexandria Senna—In- 
equilaterally lanceolate or lance-ovate, frequently broken; from 1.5 
to 3.5 cm. in length and from 5 to 10 mm. in width, unequal at the 
base, with very short, stout petiolules; acutely cuspidate, entire, 
brittle, subcoriaceous; hairs short and somewhat appressed, few 
on the upper surface, more numerous on the lower surface, where they 
occur spreading on the midrib, especially on the lower part; color 
weak yellow to light grayish green to pale olive; odor characteristic; 
taste mucilaginous, slightly bitter. 

Unground Tinnevelly Senna is usually unbroken, from 2 to 5 cm. 
in length, from 6 to 15 mm. in width; acute at the apex, slightly 
hairy; weak yellow to pale olive color and otherwise resembling 
Alexandria Senna. 

Powdered Senna is dusky greenish yellow to light olive-brown color. 

Identification—Mix 500 mg. of powdered Senna with 10 cc. of an 
alcohol solution of potassium hydroxide (1 in 10), boil the mixture for 
about 2 minutes, dilute it with 10 cc. of water, and filter. Acidify the 
filtrate with hydrochloric acid, shake it with ether, remove the ether 
layer, and shake it with 5 cc. of ammonia T.S.: the latter is colored 
orange or bluish red. 

Tests for Purity— 

Acid-insoluble ash—Not more than 3 per cent. 

Senna stems, pods, or other foreign organic matter—Not more than 
8 per cent of senna stems and not more than 2 per cent of senna pods 
or other foreign organic matter. 

Storage—Preserve Senna against attack by insects. 


Uses—Senna is an active cathartic causing a single 
thorough evacuation of the bowels accompanied by 
considerable griping within 6 hours after administra- 
tion. 


Average Dose—2 Gm. (approximately 30 grains). 


Compound Senna Powder N. F. 
Pulvis Senne Compositus 


{[Pulv. Sen. Comp.—Compound Licorice Powder] 


Metric Alternative 
Senna, in very fine powder.......... 180 Gm 315 gr. 
Glycyrrhiza, in very fine powder..... 236 Gm. 413 gr. 
Washed: Sulfur. See a eee eee 80 Gm. 140 gr. 
Fentel(Oilc ete Set ce ata ae 4Gm 7 gr. 
Sucrose, finely powdered........... 500 Gm. 2 oz. av. 
To:make iicvs,Aerasveis site teverdtooer ania’ 1000 Gm. 4 07%. av. 


Mix the fennel oil thoroughly with about one-half of the sucrose, 
then add the remainder of the sucrose and the other ingredients, 
and mix thoroughly. Finally pass the powder through a No. 80 
sieve, pulverize the residue if any should be left on the sieve, add 
it to the sifted powder, and mix thoroughly. 


Note—Three per cent of the sucrose in the above 
formula may be replaced by powdered starch. The 
powder should not be dispensed if it becomes hard and 
compact. 

History—This preparation first appeared in the Prus- 
sian Pharmacopeceia of 1799, having been devised by a 
famous physician of Berlin, but based upon a similar 
preparation which was recognized in the first London 
Pharmacopoeia in 1618 under the title Compound Senna 
Powder. 


Description and Properties—A weak yellow or dusky yellow powder 
with a fennel-like odor. On moistening about 100 mg. of Compound 
Senna Powder with 2 ce. of alcohol, then boiling with 10 cc. of alcohol, 
cooling, and filtering, a 
becomes yellowish orange or yellow on the addition of 1 drop of 
potassium hydroxide T.8. 

Storage—Keep Compound Senna Powder in tight panier 


Uses—See Senna. 
Average Dose—4 Gm. (approximately 1 drachm). 


One average dose contains 0.72 Gm. of Senth, 0.94 Gm. of Glycyrrhiza, 0.32 
Gm. of Washed Sulfur, and 0.016 ce. of Fennel ote 


greenish yellow filtrate is obtained which~ 


ad — upper surface and numerous roots from all surfaces. 


$ heer? 4 
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Senna Fluidextract U. S. P. 


[Fldext. Senn.—Sp. Extracto Fliiido de Sen] 


Metric 
1000 Gm. 


Fluidextractum Senne 


Alternative 


Senna, in coarse powder.......... 16 oz. av. 302 gr. 


Prepare a fluidextract by Process A, using a mixture of 1 vol- 
ume of alcohol and 2 volumes of water as the menstruum. Mac- 
erate the drug for 24 hours, then percolate at a moderate rate, and 
reserve the first 800 cc. (12 fl. oz. 384 min.) of percolate. 


Alcohol Content—From 23 to 27 per cent, by volume, of CgHs50H. 

Storage—Keep Senna Fluidextract in tight, light-resistant containers, 

and avoid exposure to direct sunlight and to excessive heat. 
Uses—A cathartic, frequently producing griping 

when used alone. It is chiefly used to make other 

- preparations. 

Average Dose—2 cc. (approximately 30 minims). 


Senna Syrup U.S. P. Syrupus Senne 
{[Syr. Senn.—Sp. Jarabe de Sen] 


Metric Alternative 
Senna Fluidextract............0+ 250 cc. 8 fl. oz. 
POIANA CINOM cc acec dcr s gisele Bice. 77 min. 
SOCIO SYE - it eee 635 Gm. 2102. av. 87 gr. 
Distilled Water, a sufficient quan- 
tity, : 
WR GRESTTERICOEIRS oy orcee.de-e ccecosres ene 8 1000 cc. 2 pints 


Mix the coriander oil with the fluidextract, and gradually add 
330 cc. of distilled water. Allow the mixture to stand for 24 hours 
in a cool place, with occasional agitation, then filter, and pass 
enough distilled water through the filter to obtain 580 cc. of 
filtrate. Dissolve the sucrose in this liquid, and add sufficient 
distilled water to make the product measure 1000 cc. Mix well 
and strain. 


Alcohol Content—From 5 to 7 per cent, by volume, of CgH50H. 
Storage—Keep Senna Syrup in tight containers, preferably at a tem- 
perature not above 25°. 


Uses—As a laxative; frequently in combination with 
other drugs. Coriander is usually added to senna on the 
assumption that. it lessens its griping action. 


Average Dose—S cc. (approximately 2 fluidrachms). 


Unofficial Cathartic Drugs Containing Glycosides 


American Senna (Cassia Marilandica)— Uses: cathartic in form of 
infusion. 


Cassia Fistula N. F. V—Dried fruit of Cathartocarpus Fistula Fam. 


Leguminose. It yields about 25 per cent of pulp, which contains 
pectin, sugar, albuminous principles, salts, ete. Uses: the pulp is 
alaxative. Dose: 4 Gm. 


Colutea (Bladder Senna)—The leaves of Colutea arborescens Fam. 
Leguminose. Uses: purgative. Dose: in infusions, 1 ounce to 
1 pint. 

Elaterium—The sediment from the juice of the fruit of Hcballiwm 
Elaterium commonly known as the wild or squirting cucumber. 
When the fruit of the squirting cucumber is sliced and placed upon 
a sieve, a limpid and colorless juice flows out which becomes turbid, 
and in a few hours deposits a yellowish white sediment which is 
collected and called elaterium. It was known in the time of Hip- 
pocrates but was reintroduced into medicine by Dr. Clutterbuck 
in the latter part of the nineteenth century. 
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Elaterinum U. S. P. X (Elaterin, momorcidin)—A substance obtained 
from the juice of the fruit of Hcballiwm Elatertwm Fam. Cucurbita- 
cex, It is made by evaporating an alcoholic tinctune of elaterium 
to a thin consistency and pouring it into a weak, boiling solution 
of potassium hydroxide. The elaterin crystallizes as the solution 
cools. It may also be made by exhausting elaterium with chloro- 
form and precipitating the elaterin by the addition of ether. Uses: 
purgative. Dose: 0.003 to 0.005 Gm. 

Euonymus N. F. VII (Wahoo Bark)—Dried bark of the root of 
Huonymus atropurpureus Fam. Celastracex. It contains resins, 
a bitter principle called ewonymin, ewonic acid, starch, asparagin, 
and pectin. Uses: an obsolete toxic cathartic. Dose: 0.3 to 1 

m. 

Fig N. F. V (Ficus)—The clean, sound, partially dried fruit of Ficus 
Carica Fam. Moracee. It contains mucilaginous constituents, 
sugar, fat, gum, etc. The seeds are effective as roughage. Uses: 
nutritious demulcent and laxative. 

Frangula N. F. VII (Buckthorn Bark)—Dried bark of Rhamnus 
Frangula Fam. Rhamnacex. Uses: an obsolete drug, claimed to 
be an emetic when fresh, a cathartic when old. 

Gratiola (Hedge H: ssop)—Herb of Gratiola officinalis. It contains the 
glycosides gratiolin and gratiosolin; gratioloic acid, a fat and a resin. 
Uses: a drastic cathartic and emetic. Dose: 1 to 2 Gm. 

Juglans N. F. V (Butternut Bark)—Dried inner bark of the root of 
Juglans cinera Fam. Juglandacee. It contains a crystalline resin, 
juglandic acid, gum, sugar, etc. Uses: formerly asa mild cathartie 
and hepatic stimulant. Dose: 4 Gm. 

Manna N. F. VII (Manna Ash)—Dried exudation of Fraxinus Ornus 
Fam. Oleacex. Uses: alaxative, sometimes employed in combina- 
tion with senna as an infusion. It is little used today. 

Prune N. F. V (Prunus)—Partially dried ripe fruit of Prunus domestica 
Fam. Rosaceex. It contains sugar, malic acid, pectin, salts, ete. 
Uses: laxative, nutrient. 

Rhamnus Cathartica N. F. VI[—Dried, ripe fruit of Rhamnus cathar- 
tica Fam. Rhamnacex. It contains rhamnonigrin, a glycoside, also 
emodin, coloring matter, fat, pectin, gum, etc. Uses: a cathartic 
in veterinary practice. Dose: 1 Gm. 


Specialties Containing Cathartic Glycosides 


Alkarhein (Merrell)—An elixir, each fluidounce containing 20 gr. 
Indian rhubarb (not U. 8. P.), 18 gr. sodium bicarbonate, 12 gr. 
hydrastis, 8 min. pancreatin glycerite, and peppermint and cin- 
namon oils. Uses: antacid, stomachic. Dose: 1 to 2 table- 


spoonfuls. 

Alophen Pills (Parke, Davis)—Pills, each containing 0.016 Gm. 
(4 gr.) aloin, 0.032 Gm. (1% gr.) phenolphthalein, 2.7 mg. (344 gr.) 
belladonna extract, and 4.3 mg. (%5 gr.) ipecac. Uses: laxative. 
Dose: 1 or 2 pills. 

Cas-Evac (Parke, Davis)—A bitterless liquid preparation of cascara 
sagrada in which the bitter glycoside has been removed and replaced 
with a bitterless glycoside; approximately twice as strong as aro- 
matic cascara. Uses: laxative. Dose: % to 1 teaspoonful. 

Castaloids (Merrell)—Tablets, each containing 0.032 Gm. (% gr.) 
cascara extract, 0.016 Gm. (4 gr.) each aloin and phenolphthalein, 
0.011 Gm. (% gr.) podophyllin, 8.1 mg. (4% gr.) belladonna extract, 
4.0 mg. (46 gr.) each nux vomica extract and ipecac, and ginger 
oleoresin. Uses: laxative. Dose: 1 or 2 tablets. 

Emodex (Raymond)—Tabiets, each containing 2 gr. aloin, 134 
gr. cascara sagrada extract, 1144 gr. rhubarb extract, and \& gr. 
phenolphthalein. Uses: laxative. Dose: 3 tablets. 

Glysennid (Sandoz)—Tablets containing 6 mg. each of chemically 
pure sennosides A and B, the glycosides of senna (Cassia angusti- 
folia). Uses: laxative. Dose: 1 or 2 tablets. 

Kasagra (Stearns)—A palatable extract of cascara sagrada. Uses: 
laxative. Dose: 1% teaspoonful. 

Lapactic Pills (Sharp and Dohme)—Pills, each containing 0.016 Gm. 
14 gr.) aloin, 4 mg. (346 gr.) ipecac, and 5.4 mg. (42 gr.) belladonna 
extract. Uses: laxative. Dose: 1 or 2 pills. 

Nucarpon (Standard)—Tablets, each containing rhubarb extract, 
senna, precipitated sulfur, peppermint oil, fennel oil, and activated 
charcoal. Uses: laxative and adsorbent. Dose: 1 or 2 tablets. 

Peristaltin (Ciba)—Ampuls, 1.5 cc. (234 gr.), or tablets, 0.097 Gm. 
(1% gr.), containing the water-soluble glycosides from cascara 
sagrada. Uses: laxative. Dose: orally, 1 or 2 tablets; sub- 
cutaneously or intramuscularly, 1.5 ce. 


MISCELLANEOUS GLYCOSIDES 


‘CAULOPHYLLUM N. F. Caulophyllum 
[Cauloph.—Blue Cohosh, Papoose Root, Squaw Root] 


Caulophyllum consists of the dried rhizome and roots 
of Caulophyllum thalictroides (Linné) Michaux (Fam. 

_ Berberidacez). 

- Constituents—It contains the saponins Caulosaponin 
~ [CsaHes017] and Caulophyllosaponin [Ce6H10407], the 
alkaloid Caulophylline which is identical with methyl- 
-_eytisine [CyeH,.N20], also resin, starch, etc. 

Description ‘and Properties—Unground Caulophyllum shows a rhi- 

24 ~zome of horizontal growth, from 7 to 25 cm. long and from 5 to 15 


_ mm. thick, much branched, with large cup-shaped stem-scars on the 
It is dusky 


brown to light yellowish brown in color. The fracture of the rhizome 
is rough and woody, and of the roots is tough. Internally it is light 
brown to light yellowish brown with a waxy luster. It shows a thin 
bark; a narrow xylem zone consisting of numerous thin wood-wedges 
and medullary rays; and a large, parenchymatous pith. The roots 
occur in a tangled or matted mass, and are long, tortuous, thin, wiry, 
dusky brown to light yellowish brown in color. 

Powdered Caulophyllum is pale brown to weak yellowish orange. 
It is odorless, but sternutatory, and has a bitter and acrid taste. 
Tests for Purity— 

Acid-insoluble ash—Not more than 4 per cent. 

Foreign organic matter—Not more than 3 per cent. 


Uses—Caulophyllum is an obsolete drug that is little 
used in modern therapeutics. It was formerly em- 
ployed as an antispasmodic and emmenagogue. 


Average Dose—0.5 Gm. (approximately 71% grains). 
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CIMICIFUGA N. F. Cimicifuga 
[Black Cohosh, Black Snakeroot, Macrotys] 


Cimicifuga consists of the dried rhizome and roots of 
Cimicifuga racemosa (Linné) Nuttall (Fam. Ranuncula- 
cex). 

Constituents—According to a recent investigation, 
the drug contains a water-insoluble glycoside which 
has a cardiotoxic action in dogs when administered 
intravenously; a water-soluble glycoside, a glycoside- 
tannin containing a phlobaphene, and a soluble acid 
saponin are also present. Earlier workers have reported 
the presence of 15 to 20 per cent of a resin called czmici- 
fugin or macrotin, a crystallizable bitter principle termed 
racemosin, a phytosterol, three crystalline substances 
which are apparently alcohols, and indications of an 
alkaloid. 

Description—The N. r VIII gives a description of Unground Cimi- 


cifuga and Powdered Cimicifuga and establishes limits for Attached 
stem bases, Foreign organic matter and Acid-insoluble ash. 


Uses—It is used as a sedative and alternative in 


chronic rheumatism and. chorea. 
Average Dose—I Gm. (approximately 15 grains). 


Cimicifuga Fluidextract N. F. 
Fluidextractum Cimicifugee 


Cimicif—Black Cohosh Fluidextract, Black Snakeroot 


[Fldext. 
Fluidextract] 


Prepare the Fluidextract from Cimicifuga, in moder- 
ately coarse powder, by Process A. Use a mixture of 9 
volumes of alcohol and 1 volume of water as the men- 
struum, macerate the drug during 48 hours, and perco- 
late at a moderate rate. 

Alcohol Content—From 71 to 78 per cent, by volume, of CepHs50H. 
Storage—Keep the Fluidextract in tight, light-resistant containers 
and ayoid exposure to direct sunlight or to excessive heat. 

Uses—Used for chorea or St. Vitus’ dance. 
tive in chronic rheumatism. 

Average Dose—I cc. (approximately 15 minims),. 


A seda- 


COTTON ROOT BARK N. F. 
Gossypii Radicis Cortex 


[Gossyp. Rad. Cort.] 


Cotton Root Bark is the recently gathered, air-dried 
bark of the root of one or more of the cultivated varie- 
ties of Gossypium hirsutum.Linné, or of other species of 
Gossypium (Fam. Malvacee). 

Constituents—Cotton Root Bark contains the glyco- 
side quercimeritrin [CaiH 20012], also several phenolic 
compounds among which are salicylic acid, a phytos- 
terol, palmitic and oleic acids, and a sugar. 


Description and Properties—Unground Cotton Root Bark occurs 
as flexible bands or quilled pieces, attaining a length of 30 cm. and 
a thickness of about 1mm. It shows an outer surface weak brown to 
moderate yellowish brown in color, sometimes smooth, but usually 
finely wrinkled, fissured longitudinally and roughened from the 
tendency of the corky layers to exfoliate; and an inner surface light 
brown to pale yellowish orange, longitudinally striate. The fracture 
: tough and fibrous; and the inner bark readily separable into fibrous 
ayers. 

Powdered Cotton Root Bark is light yellowish brown, has a slight 
odor and a very slightly acrid taste. 
Tests for Purity— 

Acid-insoluble ash—Not more than 2 per cent. 

Wood and other foreign organic matter—Not more than 5 per cent. 


Uses—An obsolete drug of questionable activity, 
formerly used as an emmenogogue. 
Average Dose—2 Gm. (approximately 30 grains). 


GENTIAN U. S. P. Gentiana 


Yellow Gentian Root, Bitter Root, 


[Gentian.—Gentian Root, 
Sp. Genciana] 


Gentian is the dried rhizome and roots of Gentiana 
lutea Linné (Fam. Gentianacez). 

Gentian yields not less than 30 per cent of water- 
soluble extractive. 

Constituents—Gentian contains the glucoside gentio- 
picrin [Ci6H200 9] which splits, when heated with dilute 
acids, into gentiogenin and glucose, gentisic acid 
[C,H,.04.3H20], pectin, sugar (gentianose), and a little 
fixed oil. A dark green coloration is produced when a 
ferric salt is added to a preparation of gentian; this is 
said to be due to the reaction with gentisic acid. If the 
preparation is treated with ferric hydroxide, and then 
filtered, or if mixed with an alkaline citrate, the tend- 
ency to become discolored is lost. 


Description and Properties— Unground Gentian is in nearly ecylindri- 
cal pieces, sometimes branched, entire or longitudinally split, from 


5 to 40 mm. in thickness; the rhizome portions annulate from leaf-- 


scars frequently ending in a bud, the rhizome and roots longitudinally 
wrinkled, sometimes twisted; externally moderate brown to weak 
brown; brittle when dry, tough and flexible when damp; internally 
yellowish brown to dusky yellowish orange, with a bark from 0.5 
to 2.5 mm. in thickness, separated from a porous wood by a dark 
cambium zone and radiate in appearance, especially in the region of 
the cambium; odor strong and characteristic; taste slightly sweet at 
first, then strongly and persistently bitter. 

j Eoveged gentian is moderate yellowish brown to yellowish orange 
in color. 

Identification—Microsublimation of powdered Gentian yields pale, 
greenish yellow, acicular crystals, 10 to 150 microns in length, 
straight to slightly curved, and insoluble in water, alcohol, and ether 
but soluble in chloral hydrate and potassium hydroxide solutions. 
Tests for Purity— ; 

Moisture—Not more than 15 per cent. 

Foreign organic matter—Not more than 2 per cent. 

Assay—The water-soluble extractive is determined as described on 
page 1062. 


Uses—Gentian owes its medicinal value to its tonic 
action as a bitter. Substances with a bitter taste, when 
taken before meals supposedly enhance the secretory 


‘activity of the gastrointestinal tract and increase the 


appetite. There are many preparations of gentian 
including the fluidextract, elixir, and tincture. 


Compound Gentian Tincture U. S. P. 
Tinctura Gentianz Composita 


[Tr. Gentian. Co.—Sp. Tintura de Genciana Compuesta] 


Metric Alternative 
Gentian, in moderately coarse pow- 
Gere rn AeA toa opt srt aie Matias elohe 100 Gm. 3 oz. av. 148 gr. 
Bitter Orange Peel, in moderately 
GOALSC POWGOLE ten crreeien ter wales 40 Gm. 1 oz. av. 147 gr. 
Cardamom Seed, in moderately 
COATES. POW GCE a, cite eestor relete nots a 10 Gm. 146 er. 
TO Take sek he archaea cheer atehopetenotels 1000 cc. 2 pints 


Prepare a tincture by Process P (page 267), packing the mixed 
drugs lightly and using a mixture of 100 ce. (3 fl. oz. 96 min.) of 
glycerin, 500 ce. (1 pint) of alcohol, and 400 ce. (12 fl. oz. 384 min.) 
of water as the first menstruum, and completing the percolation 
with diluted alcohol. Macerate the drugs from 12 to 16 hours 
and then percolate at a moderate rate. 


History—This was originally a patent medicine in | 


England in 1712 under the name of Stoughton’s Great 
Cordial Elixir, later shortened to Stoughton’s Elixir. 


Alcohol Content—From 43 to 47 per cent, by volume, of CoH 50H. 
Storage—Keep Compound Gentian Tincture in tight, light-resistant 
containers, and avoid exposure to direct sunlight and to excessive 


heat. 
Uses—A bitter tonic, much used in dyspepsia. See 


Gentian. : 
Average Dose—4 cc. (approximately 1 fluidrachm). 


H 
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Gentian Extract N. F. Extractum Gentian 
[Ext. Gentian.—Sp. Extracto de Genciana] 


One Gm. of the Extract represents 2 Gm. of gentian. 


Pilular Gentian Extract—Prepare the Extract from gentian, in 
coarse powder, by percolation and evaporation. Use water as the 
menstruum, macerate the drug during 3 hours, and percolate 
rapidly. Evaporate the percolate at 100° until it weighs about 
twice the weight of the drug taken, and strain it; then evaporate 
it to a pilular consistency. 'Thorcughly mix this mass, if neces- 
sary, with enough liquid glucose to make the Extract weigh one- 
half of the weight of the gentian taken. 


Powdered Gentian Extract—Prepare the percolate as directed 
above and evaporate it to a thick, syrupy mass. To this add 
about one-fourth of its weight of dry starch, and continue the 
evaporation to dryness. Reduce the residue to a fine powder and, 
if necessary, mix it thoroughly with sufficient dry starch to make 
the Extract weigh one-half of the weight of the gentian taken, 


Storage—Keep Gentian Extract in tight, light-resistant containers 
preferably at a temperature not above 30°. 


Average Dose—0.5 Gm. (approximately 71% grains). 
Gentian Fluidextract N. F. Fluidextractum Gentian 
[Fldext. Gentian.] 


Prepare the Fluidextract from gentian, in moderately 
coarse powder, by Process A. Use diluted alcohol as 
the menstruum, macerate the drug during 48 hours, 
and percolate at a moderate rate. 


Alcohol Content—From 33 to 39 per cent, by volume, of CeHs5OH. 
Storage—Keep Gentian Fluidextract in tight, light-resistant con- 
tainers and avoid exposure to direct sunlight or to excessive heat, 


Average Dose—I cc. (approximately 15 minims). 


Gentian Elixir N. F. Elixir Gentianse 


{Elix. Gentian.] 


Metric Alternative 
Gentian Fluidextract.............. 3D CCs 1 fl. oz. 58 min. 
Compound Cardamom Spirit...... LSscc, 230 min. 
Syl Ot (© GE Co ar 30 Gm. 1 oz. av. 
Ftc). «NRA er 50 cc. 1 fl.oz. 288 min. 
STAT). 2 woo CUBR EOL ne 250 cc. 8 fl. oz. 
EN IGS Go ott Sn Ree 150 cc 4 fl.oz. 384 min. 
Distilled Water, a sufficient quan- 
tity, 
BRERETI A KOMI ie lenceria’ o 5 ens doi ye ses 1000 cc. 2 pints 


Dissolve the sodium citrate in 350 cc. (11 fl. oz. 96 min.) of 
distilled water; to this solution add the alcohol with which the 
compound cardamom spirit has been mixed; then add the gen- 
tian fluidextract, the syrup, the glycerin, and sufficient water to 
make the product measure 1000 cc. (2 pints); mix well and filter, 
using 10 Gm. (146 gr.) of purified tale, if necessary, to clarify the 
product. : : 

Note—The presence of sodium citrate in this elixir permits 
the addition of ferric salts without the production of a black 
color. In former revisions this preparation was treated with 
ferric hydroxide to precipitate the tannin-like constituents of 
the gentian so that the elixir could be mixed with ferric salts, but 
this treatment was laborious and also removed much of the bititer- 
ness of the gentian. 


Alcohol Content—From 14 to 17 per cent, by volume, of CgH5OH. 
Storage—Keep Gentian Hlixir in tight containers. 


Uses—A vehicle and bitter tonic adjuvant. See 


Gentian. 
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Glycerinated Gentian Elixir N. F. 
Elixir Gentiane Glycerinatum 
{Elix. Gentian. Glycerin.] 
Metric Alternative 
Gentian Fluidextract............ 10 cc. 154 min. 
Taraxacum Fluidextract......... retort, 230 min, 
Compound Cardamom Tincture... 60 cc. 1 fl.oz. 442 min. 
Ra&SpDeORIveS VI Dase sins tot ciiece els 60 cc. 1 fl.oz. 442 min. 
Sweet Orange Peel Tincture..... Louccs 230 min, 
PNOSDHORLCHACIO Mi attiiatetes sien Brccs 77 min. 
ELA VIGACOCALC MER iain «i alictie e100 Inccs 15 min. 
GIVCORIT ore odh Vics at ereieree. qiacs 400 cc 12 fl. oz. 384 min. 
SUCHOS Caminita aces sees oie er ayeuelnse 200 Gm. 6 oz. av. 296 gr. 
AICO NO leah iriots (so ere 100 cc. 3 fl. oz. 96 min. 
Distilled Water, a sufficient quan- 
tity, 
Op AG reper terchuvantishsh dancers oy 1000 cc. 2 pints 


Dissolve the sucrose in 200 ee. (6 fl. oz. 192 min.) of water, and 
add the glycerin and the alcohol containing the sweet orange peel 
tincture; then add the other ingredients and sufficient water to 
make the product measure 1000 ce. (2 pints); mix well and filter, 
if necessary, until the product is clear. 


Alcohol Content—I'rom 12 to 15 per cent, by volume, of CopH5OH. 
Storage—Preserve Gentian Fluidextract in tight containers. 


Alcohol Content—F'rom 12 to 15 per cent, by volume, 
of C2H;OH. 

Uses—Said to be the original formula for the Glycerin 
Tonic Compound of Doctor Gray of Boston, which has 
been popularized as a tonic by advertising. See Gen- 
tian. 


QUASSIA N. F. Quassia 
[Bitter Wood, Bitter Ash, Sp. Cuasia, Cuasia Amarga] 


Quassia is the heart-wood of Pzcrasma_ excelsa 
(Swartz) Planchon, known in commerce as Jamaica 
Quassia, or of Quassza amara Linné, known in commerce 
as Surinam Quassia (Fam. Simarubacez). 

History—The drug was sent to Linnzeus in 1763 by 
one of his correspondents in Surinam, with the state- 
ment that it was the basis of a valuable secret remedy 
employed by a negro slave named “Quassi.”’ Linneeus, 
therefore, named the plant Quassia. 

Constituents—The bitter principles of this drug are 

picrasmin [Co2H3006¢], which is intensely bitter and 
soluble in water and in alcohol, and quassin and neo- 
quassin which are apparently isomers of picrasmin. 
There are also present resin, mucilage, ete. 
Description and Properties—Unground Jamaica Quassia usually 
occurs as chips, raspings, or shavings, and occasionally in billets. It 
is pale yellow to moderate yellow with a few yellowish gray pieces 
some being somewhat coarsely grained. The fracture is tough and 
fibrous. 

Unground Surinam Quassia resembles Jamaica Quassia except 
that the billets aré usually thinner, the trachez single or in pairs and 
smaller, the medullary rays usually 1 to 2 cells wide, and from 10 to 
30 rows deep, and the calcium oxalate crystals few or entirely absent. 

Powdered Quassia is weak yellow; has a slight odor and a very bit- 
ter taste. 

Tests for Purity— 
Acid-insoluble ash—Not more than 0.5 per cent. 
Foreigh organic matter—Not more than 1 per cent. 


Uses—Quassia is employed for its tonic action as a 
bitter. 
Average Dose—0.5 Gm. (approximately 71% grains). 


« 


QUILLAJA N. F. Quillaja 
{Soaptree-bark, Soapbark, Sp. Quilaya, Corteza de Panama] 


Quillaja is the dried inner bark of Quillaja Saponaria 
Molina (Fam. Rosacex). 

Constituents—This South American bark owes its 
activity to sapotorin [Ci7He6Qi0] (usually called 
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saponin), a toxic glycoside, and quillaic acid [C19H 30010] 
which splits upon heating with dilute acid into sapo- 
genin and sugar. Saponin is a sternutatory, white 
powder soluble in alcohol and hot water; its aqueous 
solutions froth when agitated, like soap suds; it is found 
in several other drugs. Quillaja also contains calcium 
oxalate and calcium sulfate. 


Description and Properties— Unground Quillaja occurs as flat pieces 
of variable length, from 3 to 10 mm. in thickness, or in small chips. 
The outer surface is weak reddish brown to weak yellowish orange, 
sometimes showing a very few small patches of cork attached, other- 
wise being nearly smooth. The inner surface is weak yellowish orange 
to yellowish white, nearly smooth, with occasional circular depres- 
sions and conical projections or transverse channels. The fracture is 
uneven and strongly fibrous, the lamine being oblique to each other. 
Powdered Quillaja is very pale orange, has a slight odor, a very acrid 
taste, and is very sternutatory. 


Tests for Purity— 

Outer bark—Not more than 5 per cent. 

Acid-insoluble ash—Not more than 2 per cent. 

Foreign organic mat*zr (other than adhering outer bark)—Not more 
than 1 per cent. 


Uses—In pharmacy it is used as an emulsifying 
agent, but it is unfitted for this purpose because saponin 
is not an inert substance.. Its principal use is for clean- 
ing silk, in fire extinguishers, in shampoo liquids, ete. 
The drug has no legitimate use in modern therapeutics, 
but was formerly employed as a nauseating expectorant. 


SALICIN N. F. Salicinum 


CH.,OH CH.OH 
OH OC.Hi105 
saligenin salicin 


Salicin [C,3H,307 = 286.27] is a glycoside obtained 
from several species of Salix and Populus (Fam. Salica- 
cee). Upon hydrolysis with dilute acid it splits up into 
dextrose and the aglycone, saligenin (salicyl alcohol). 

Preparation—A boiling concentrated decoction of 
Salix or Populus bark is treated with lead oxide or 
basic lead acetate until it becomes nearly colorless. 
Gum, tannin, and extractive matter are thus precipi- 
tated and filtered off, while a portion of the lead oxide 
is dissolved, in combination probably with the salicin. 
The filtrate is treated first with sulfuric acid to decom- 
pose any combination of salicin with lead and to pre- 
cipitate most of the lead as the sulfate, then with barium 
sulfide to precipitate all remaining lead as the sulfide, 
filtered, and the filtrate evaporated. Salicin is depos- 
ited, and may be purified by repeated recrystallizations. 
It may also be prepared by boiling the bark with milk 
of lime to remove tannin, evaporating the filtrate to a 
soft extract, digesting this with alcohol, distilling off the 
alcohol, and obtaining the salicin in crystals from the 
residue. 


Description and Properties—Colorless, silky needles or prisms, or a 
white crystalline powder. It is odorless, and has a very bitter taste. 
An aqueous solution (1 in 30) of Salicin is neutral to litmus paper. 
It melts between 199° and 202°, and has an [e]} in water between 
—62° and —67°. One Gm. dissolves in about 25 cc. of water and 
in 90 ce. of alcohol, in about 3.3 cc. of water at-80°, or in about 30 cc. 
of alcohol at 60°. It is insoluble in chloroform and in ether. 

Identification—(1) On gently heating Salicin in a test tube until it 
turns brown, then adding a few cc. of water and 1 drop of ferric 
chloride T.S., a red-purple color is. produced. (2) With sulfuric acid, 
Salicin produces a red color which disappears on the addition of water. 
(3) When Salicin is heated with potassium dichromate and diluted 
sulfuric acid the fragrant odor of salicylaldehyde develops. 
Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Not more than 0.05 per cent. 

Alkaloids—No reaction with the usual alkaloidal reagents. 

Salicylic acid—Its aqueous solution should not be colored purplish 
by a drop of ferric chloride T.S. 


GLYCOSIDES 


Heavy metals limit—30 parts per million. 
Storage—Keep Salicin in tight containers. 


Uses—Salicin is not employed in modern therapeu- 
tics. The saligenin (salicylic alcohol) which it liberates 
upon hydrolysis has the same pharmacological effects 
as the salicylates. See Acetylsalicylic Acid and Sodium 
Salicylate. 


Average Dose—I Gm. (approximately 15 grains). 


s 


SARSAPARILLA U. S. P. Sarsaparilla 


[Sarsap.—Sp. Zarzaparrilla] 


Sarsaparilla is the dried root of Smilax aristolo- 
chiefolia Miller, known in commerce as Mexican Sarsa- 
parilla; or of Smilax Regelii Killip and Morton, known 
in commerce as Honduras Sarsaparilla; or of undeter- 
mined species of Smilax, respectively known in com- 
merce as Ecuadorian and Central American Sarsaparilla 
(Fam. Liliacez). 


Constituents—Sarsaparilla contains a glucoside of 
the saponin group, sarsasaponin; parillin and smilacin 
are impure forms of sarsasaponin. When boiled with 
dilute acids, it splits into parigenin and grape sugar. 
There are also present starch, resin, coloring matter, 
and extractive 


History—This drug was first used in Europe in the 
sixteenth century as a much-vaunted remedy for syphi- 
lis. The origin of the name is in doubt. 


Description and Properties—Sarsaparilla is nearly odorless, has a 
mucilaginous, somewhat sweetish and acrid taste. Powdered Sarsa- 
parilla is pale brown to weak yellowish orange. The U.S. P. includes 
a description of Ungrownd Mexican, Unground Ecuadorian, Un- 
ground Hondurian, and Unground Central American Sarsapariilla, 
Histology, and Powdered Sarsaparilla. 
Tests for Purity— 
Acid-insoluble ash—Not more than 4 per cent for Mexican Sarsa- 
parilla. In the other varieties it should not exceed 2 per cent. 
Foreign Organic Matter (other than rhizomes or crown portions)— 
Not more than 2 per cent. The amount of rhizomes and aerial stem 


portions in Ecuadorian and Mexican Sarsaparilla should not exceed 


10 per cent. 
Storage—Preserve Sarsaparilla against attack by insects. 


Uses—This agent is without pharmacological actions, 
and is not employed in modern therapeutics, although 
the laity is inclined to attribute certain therapeutic - 
virtues to its use. 


Sarsaparilla Fluidextract U. S. P. 
Fluidextractum Sarsaparillee 
[Fldext. Sarsap.—Sp. Extracto Fliido de Zarzaparilla] 


Alternative 
16 oz. av. 302 gr. 


* Metric 


Sarsaparilla, in very coarse powder.. 1000 Gm, 


Prepare a fluidextract by Process A (page 270), using diluted 
alcohol as the menstruum. Macerate the drug during 48 hours 
and percolate at a moderate rate. 


Alcohol Content—From 37 to 42 per cent, by volume, of CogpH50H. 


Storage—Keep Sarsaparilla Fluidextract in tight, light-resistant con- 
tainers, and avoid exposure to direct sunlight and to excessive heat. 


Uses—It has been used as an alterative but possesses 
little or no medicinal value. It was introduced into 
the U. S. P. as a pharmaceutical necessity for the mak- 
ing of the compound syrup which is employed chiefly 
as a vehicle for iodides. ) 
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Metric Alternative 
Sarsaparilla Fluidextract.......... 200 cc. 6 fl. 0z. 192 min. 
Glycyrrhiza Fluidextract.......... HEY (ete; 230 min. 
DAGRAINASEOMo cee oot hi vis <pe sols 0.2 cc 3 min. 
“ite QL: .3 telean ees eee ee 0.2 cc 3 min. 
Meth wiesalicylate.. 3... ic... es 0.2 cc 3 min. 
ENTOGIIG) | AG Gag Sgn 19.4 cc 298 min. 
SGD. ch. AA Ree een ae 765 cc. 24 fl. oz. 230 min. 
Pommtakerabout. 2.02 ects. 0 be crete 1000 cc. 2 pints 


GLYCOSIDES 


Compound Sarsaparilla Syrup U. S. P. 
Syrupus Sarsaparillee Compositus 


[Syr. Sarsap. Co.—Sp. J arabe de Zarzaparrilla Compuesto] 


Mix the fluidextracts and add the alcohol, in which the methyl 
salicylate and the oils have been dissolved. Gradually add this 
solution to the syrup, and mix thoroughly. 


Alcohol Content—From 8.5 to 11 per cent, by volume, of CopH50H. 
Storage—Keep Compound Sarsaparilla Syrup in tight containers, 
preferably at a temperature not above 25°. 


Uses—It is employed chiefly as a vehicle for the alka- 
line iodides and other saline drugs and in itself possesses 
little, if any, therapeutic activity. 


SENEGA N. F. Senega 


|Seneca-snakeroot, Senega Root, Rattlesnake Root, Mountain Flax, 
Sp. Senegal] 


Senega is the dried root of Polygala Senega Linné 
(Fam. Polygalacez). 

Constituents—Senega owes its virtues to the saponin 
glycosides senegin [CooH320.], senegenin [CaoH46QOsl, 
and polygalic acid, also a glycoside. The drug also con- 
tains methyl salicylate, pectose, fixed oil, ete. Alcohol 
and water are good menstrua for extracting its active 
principles. Liquid preparations of senega are very apt 
to gelatinize, owing to the presence of pectin; this is 
obviated by using potassium hydroxide solution or other 
alkali to dissolve it. 


Description and Properties— Ungrownd Senega is slenderly conical 
with an enlarged crown; from 3 to 15 cm. in length and from 2 to 10 
mm. in thickness; tortuous, somewhat branched, and bears a few 
rootlets; crown knotty with numerous buds and short stem-bases; 
externally it is weak brown to weak yellowish orange, the crown 
darker and sometimes rose tinted. It is longitudinally wrinkled; the 
eerie is short, showing pale yellowish orange to yellowish white 
wood. 

Powdered Senega is pale brown to weak yellow. It has an odor sug- 
gesting methyl salicylate, a sweetish, afterward strongly acrid taste, 
and is somewhat sternutatory. 

Tests for Purity— 4s 

Acid-insoluble ash—Not more than 2 per cent. 

Stem bases—Not more than 5 per cent. 

Foreign organic matter (other than attached stem bases)—-Not more 
than 2 per cent, 


Uses—Once employed as an expectorant, this drug 
is little used in modern therapeutics. 
Average Dose—1 Gm. (approximately 15 grains). 


Senega Fluidextract N. F.  Fluidextractum Senegee 


[Fldext. Seneg.—Fluidextract of Seneca-snakeroot] 


Prepare the Fluidextract from senega, in moderately 
coarse powder, by Process A (page 270). Use a mixture 
of 2 volumes of alcohol and 1 volume of water as the 
menstruum, macerate the drug during 48 hours, and 
percolate at a moderate rate. Before adjusting to the 
final volume of the Fluidextract, cautiously add am- 
monia water until the product is alkaline to litmus 
paper and has a slight odor of ammonia. 

Alcohol Content—From 43 to 50 per cent, by volume, of Co2H50H. 
Storage—Keep Senega Fluidextract in tight, light-resistant containers 


and avoid exposure to direct sunlight or to excessive heat. 
Incompatibilities—The slight alkalinity of this product causes it to 


: react with acid substances. 
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Uses—Once employed as an expectorant, this prep- 
aration is little used in modern therapeutics. 


Average Dose—1 cc. (approximately 15 minims). 


Senega Syrup N. F. Syrupus Senegee 


[Syr. Seneg.] 
Metric Alternative 
Senega Fluidextract............ 200 cc. 6 fl. oz. 192 min. 
Diluted Ammonia Solution........... 10 cc. 154 min, 
Syrup, a sufficient quantity, 
TT OMMAKGN er ene atta tsk eca eyecare 1000 cc. 2 pints 


Mix the diluted ammonia solution with the fluidextract, add 
the syrup, and mix well. 


Alcohol Content—From 8 to 10 per cent, by volume, of CopH;5O0H. 


Storage—Keep Senega Syrup in tight containers, and avoid excessive 
heat. 


Incompatibilities—Its alkaline reaction makes this syrup incompatible 
with acids. It precipitates some alkaloids from solutions of their 
salts, 


Uses—Once employed as an expectorant, this prepa- 
ration is little used in modern therapeutics. 


Average Dose—4 cc. (approximately 1 fluidrachm). 


One average metric dose contains 0.8 cc. of Senega Fluidextract. 


Taraxacum N. F. Taraxacum 
[Tarax.—Dandelion Root, Lion’s Tooth, Puff Ball] 


Taraxacum consists of the dried rhizomes and roots 
of Taraxacum officinale Weber, or Taraxacum leviga- 
tum DC. (Fam. Composite). 

Constituents—Taraxacum owes its bitterness to. 
taraxacin, an acrid crystalline principle soluble in alco- 
hol and water. It also contains a saponin, pectin, a 
sugar levulin [Ce6H100s5], resin, and p-hydroxyphenyl- 
acetic acid. 


Description and Properties— Unground Taraxacum is cylindrical or 
somewhat flattened, gradually tapering, from 6 to 15 cm. in length 
and from 5 to 15 mm. in thickness, though usually broken; externally 
brownish black to moderate yellowish brown, longitudinally wrinkled, 
and has numerous roots and rootlet scars. The crown is simple or 
branched and has numerous leaf-bases showing annulate markings. 
The fracture is horny and non-fibrous. ; 

Powdered Taraxacum is pale brown to weak yellowish orange. It 
is odorless and has a bitter taste. 
Tests for Purity— 

Acid-insoluble ash—Not more than 4 per cent. 

Foreign organic matter—Not more than 2 per cent. 


Uses—Taraxacum is an obsolete drug of questionable 
activity formerly employed as cholagogue and diuretic. 


Average Duse—4 Gm. (approximately 1 drachm). 


Taraxacum Fluidextract. Fluidextractum Taraxaci 


[Fldext. Tarax.— Dandelion Root Fluidextract] 


Prepare the Fluidextract from taraxacum, in moder- 
ately coarse powder, by Process B (page 270). Use a 
mixture of 1 volume of glycerin, 5 volumes of alcohol, 
and 4 volumes of water as Menstruum I, and diluted 
alcohol as Menstruum II; macerate the drug during 48 
hours, and percolate at a moderate rate. 


Alcohol Content—From 32 to 38 per cent, by volume, of CgH50H. 


Storage—Keep Taraxacum Fluidextract in tight, light-resistant 
containers and avoid exposure to direct sunlight or to excessive heat. 


Average Dose—4 cc. (approximately 1 fluidrachm). 
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Compound Taraxacum Elixir N. F. 
Elixir Taraxaci Compositum 


{Elix. Tarax. Comp.] 


Metric Alternative 
Tataxacuni Fluidextract. 02... .)... 7s 35 cc. 1 fl.oz. 58 min- 
Wild Cherry Fluidextract............ 20 cc 307 min- 
Glycyrrhiza Fluidextract............ 60 cc. 1 fl.oz. 442 min- 
Sweet Orange Peel Tincture......... 60 cc. 1 fl. oz. 442 min- 
Cinnamon’ Tincturenc..a eee 30 cc 461 min. 
Compound Cardamom Tincture...... 30 cc. 461 min. 
Glycerin!) Bats one eee 100 cc. 3 fl.oz. 96 min. 
Aromatic Elixir, a sufficient quantity, 
TO MakGihvacncicn ee eter 1000 cc. 2 pints 


Mix the fluidextracts, and add the tinctures, the glycerin, and 
sufficient aromatic elixir to make the product measure 1000 ce. 
(2 pints); mix well, let it stand 24 hours, and filter, if necessary, 
until the product is clear. 


Alcohol Content—From 25 to 28 per cent, by volume, of CgpHs5OH. 
Storage—Keep Compound Taraxacum [Elixir in tight containers. 
‘ * 
UVA URSIN. F. Uva Ursi 
[Bearberry, Rockberry, Mountain Box, Sp. Gayubal] 


Uva Ursi is the dried leaf of Arctostaphylos Uva-ursi 
(Linné) Sprengel or its varieties coactylis and aden- 
otricha Fernald and MacBride (Fam. Ericacee). 

Constituents—Uva Ursi contains tannic acid (about 
6 per cent) gallic acid, ericolin, myricetin (myricyl 
palmitate), quercetin, gum, and resin. There are also 
present the glycosides arbutin, also called wursin 
[Cy2H1607.4%4H2O], and methylarbutin. Ursolic acid 
(urson) [Cso0H 4803] has also been found in this drug. 
Description and Properties— Unground Uva Ursi is usually un- 
broken, obovate, oblong or spatulate, from 12 to 30 mm. in length, 
from 5 to 13 mm. in breadth. The apex is obtuse or rounded, the 
margin entire and slightly revolute; the base cuneate tapering into a 
short stout petiole. The upper surface is olive-brown to olive, waxy, 
glabrous, finely reticulate; the under surface paler, glabrous (A. Uva- 
urst), or pubescent, especially on the midrib and petiole (var. coactylis 
and var. adenotricha). The texture is coriaceous and the fracture 
short. 

Powdered Uva Ursiv is dusky yellow to light olive. It has a slightly 
aromatic tea-like odor, and an astringent, somewhat bitter taste. 
When subjected to sublimation, a erystalline sublimate of hydro- 
quinone is obtained. A filtered aqueous extract of Uva Ursi yields a 
precipitate with ferrous sulfate solution. 

Tests for Purity— 

Acid-insoluble matter—Not more than 1.5 per cent. 

Stems—Not more than 3.5 per cent. 

Foreign organic matter (other than stems)—Not more than 2 per cent. 


Uses—An obsolete urinary antiseptic. An Uva Ursi 


Fluidextract is official in the N. F. It has an average 
dose of 2 cc. 


VIBURNUM OPULUS N. F. 


[Viburn. Op.—High-bush Cranberry Bark, True Cramp Bark] 


Viburnum Opulus is the dried bark of Viburnum 
Opulus Linné var. americanum (Miller) Aiton (Vibur- 
num trilobum Marshall) (Fam. Caprifoliacez). 

Constituents—Resin containing formic, acetic, va- 
leric, capric, caprylic, oleic, linoleic, cerotic, and palmitic 
acids. From the unsaponifiable portion have been iso- 
lated myricyl alcohol, a phytosterol [C33H 560 6], a phytos- 
terol [Co7H4¢0.H2O], and a trace of a paraffin. The 
glycoside viburnin, an enzyme which cleaves viburnin 
into valeric acid and glucose, an unidentified crystalline 
acid [Ci9Hs0.], tannin, and from 0.1 to 0.3 per cent 
of volatile oil are also present. 


Viburnum Opulus 


Description—The N. F. VIII gives a description of Unground and 
Powdered Viburnum Opulus and establishes limits for foreign impuri- 
ties. This bark is similar in appearance to that of the mountain maple 
Geo? spicatum Lam.) and for many years the latter was substituted 
or it. 


Uses—It is used as an antispasmodic and in the treat- 
- ment of dysmenorrhea. 


GLYCOSIDES 


Average Dose—4 Gm. (approximately 60 grains). 


VIBURNUM PRUNIFOLIUM N. F. 
Viburnum Prunifolium 


[Viburn. Prun.—Blackhaw, Viburnum] 


Viburnum Prunifolium is the dried bark of the root 
or stem of Viburnum prunifolium Linné or of Viburnum 
rufidulum Rafinesque (Fam. Caprifoliacee). 

Constituents—A glycoside which exhibits a uterine 
sedative action, wiburnin, an enzyme which cleaves 
viburnin to valeric acid and glucose, volatile oil, free 
valeric acid, resin, tannin, ete. Alcohol is the best sol- 
vent for the active principles of the drug. 
Description—The N. F. VIII gives a description of Unground 
and Powdered Viburum Prunifolium and establishes limits for foreign 
impurities. 

Uses—It is used as a uterine sedative and in men- 
strual disorders. 

Average Dose—4 Gm. (approximately 60 grains). 


Viburnum Prunifolium Fluidextract N. F. 
Fluidextractum Viburni Prunifolii 


[Fildext. Viburn. Prun.—Fluidextract of Blackhaw] 


Prepare the Fluidextract from Viburnum Prunifol- 
ium, in moderately coarse powder, by Process A (page 
270). Use a mixture of 2 volumes of alcohol and 1 vol- 
ume of water as the menstruum, macerate the drug dur- 
ing 48 hours, and percolate at a moderate rate. 

Alcohol Content—From 51 to 57 per cent, by volume, of CgH50H. 


Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—In uterine disorders. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


Viburnum Prunifolium Elixir N. F. 
Elixir Viburni Prunifolii 


(Elix. Viburn. Prun.—Elixir of Blackhaw] 


Metric Alternative 
Viburnum Prunifolium Fluidextract... 125 cc. 4 fl. oz. 
Compound Cardamom Tincture...... 75cc. 2 fl.oz. 192 min. 
Glycerin. > Eee Rc Ch RO aap Mista Ir: 150 cc. 4f1. oz. 384 min. 
Atomatic Elixir, a sufficient quantity, 
Toy AAC Pitas, Pee et neers nore Sereacc ieee 1000 cc. 2 pints 


Mix the fluidextract, the tincture, and the glycerin; add a suf- 
ficient quantity of the aromatic elixir to make the product meas- 
ure 1000 cc. (2 pints); mix well, let it stand 24 hours, and filter, 
if necessary, until the product is clear. 


Alcohol Content—From 25 to 28 per cent, by volume, of CepHs5OH. 
Storage—Preserve the Hlixir in tight containers. 
Uses—Employed in dysmenorrhea, but of doubtful 
value. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


One average metric dose contains 0.5 ce. of Viburnum Prunifolium Fluid- 
extract. 


WILD CHERRY U.S. P. Prunus Virginiana 


[Prun. Virg.—Wild Black Cherry Bark, Prunus Serotina, Sp. Cerezo 
Silvestre] 


Wild Cherry is the stem bark of Prunus serotina 
Ehrhart (Fam. Rosacex) collected in autumn and care- 
fully dried. Borke, if present, should be removed. 

Constituents—Wild Cherry bark contains the glyco- 
side l-mandelonitrile [Cs5H;.CHOH.CN], the enzyme 


GLYCOSIDES 


emulsin, tannin, a bitter principle,.starch, resin, ete. 
In the British Pharmacopeeia and the English literature 
this drug has been termed “Virginian Prune’’—a literal 
but incorrect translation of the older botanical name. 


Description—The U. 8. P. provides a description of Unground and 
Powdered Wild Cherry. 
Storage—Preserve Wild Cherry in well-closed containers, 


Uses—As with bitter almond, contact with water, in 
the presence of emulsin, results in the production of 
benzaldehyde and hydrocyanic acid. All preparations 
of Wild Cherry should be made without heat, in order 
to avoid destruction of the enzyme which is responsible 
for the production of the free active principles. An in- 
soluble precipitate of altered tannin is often noticed in 
an old fluidextract. Wild Cherry is often used in cough 
syrups but is of little value except as a flavoring agent. 


Wild Cherry Fluidextract N. F. 
Fluidextractum Pruni Virginians 


[Fldext. Prun. Virg.—Sp. Extracto Fldido de Cerezo Silvestre] 


_ Prepare the Fluidextract from wild cherry, in coarse 
powder, by Process B (page 270). Moisten the drug 
with a mixture of 1 volume of glycerin and 2 volumes of 
water using about 600 cc. (9 fl. oz. 288 min.) of the mix- 
ture for 1000 Gm. (16 oz. av. 302 gr.) of drug; pack loosely 
in a cylindrical percolator, and macerate during 1 hour. 
Then add a mixture of 2 volumes of alcohol and 1 volume 
of water (375 cc. (6 fl. oz.) per 1000 Gm. (16 oz. av. 302 
er.) of drug), and macerate during 2 hours longer. 
Percolate rapidly, and complete the extraction with 
a mixture of 1 volume of alcohol and 3 volumes of water 
as the menstruum. 

Alcohol Content—From 14 to 18 per cent, by volume, of CegH50H. 


Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—A cough sedative of doubtful utility. 
Average Dose—2 cc. (approximately 30 minims). 


Wild Cherry Syrup U. S. P. 
Syrupus Pruni Virginian 


[Syr. Prun. Virg.—Sp. Jarabe de Cerezo Silvestre] 


Metric Alternative 
Wild Cherry, in coarse powder... . 150 Gm. 5 oz. av. 3 gr. 
RUIVGOTIMEM tries cisions ics ca wielew eee « 150 cc. A fl.oz. 384 min. 
PUHGROSOMOAN SG cis ea ijee soc cae wees 675 Gm. 22 oz. av. 233 gr. 
NK GVIG) 9. 5 5 ICL eee 20 cc. 307 min. 
Water, a sufficient quantity, 
SIMO MEUACO RR yates ss elavs © 0's 8 secs 1000 cc. 2 pints 


Moisten the wild cherry with 100 ce. (3 fl. oz. 96 min.) of water, 
pack in a cylindrical percolator, and pour sufficient water upon 
it to saturate the powder and leave a water stratum above it. 
Close the lower orifice, cover the percolator, and macerate the 
drug for 1 hour. Then allow the percolation to proceed rapidly, 
and collect 400 ce. (12 fl. oz. 384 min.) of percolate, using addi- 


tional water asthe menstruum. Filter the percolate, if necessary, 


add the sucrose, and dissolve it by agitation, then add the glyc- 
erin, the alcohol, and sufficient water to make the finished product 
measure 1000 ce. (2 pints). Strain the Syrup if necessary. 


Wild Cherry Syrup may also be made in the follow- 
ing manner: 


Prepare a second percolator as described under Syrup (page 
234), place the sucrose in this percolator, arrange it below the 


percolator containing the drug, and after the drug has macerated, 
allow the percolate to drop on the sucrose, and collect the Syrup 


yy 


~ in a bottle which has been graduated to 1000 cc. (2 pints), and in 
_ which the alcohol and glycerin have been placed. Add water to 
the drug, as necessary, to make the finished Syrup measure 1000 


ce. (2 pints). 
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Alcohol Content—From 1 to 2 per cent, by volume, of CoHs5OH. 
Storage—Preserve Wild Cherry Syrup in tight containers, preferably 
at a temperature not above 25°. 

Incompatibilities—Many of the incompatibilities of this syrup have 
been eliminated by the change in the method of manufacture which 
decreases the extraction of tannin. The usual concentrations of 
alkaloids are no longer precipitated as was the case with the product 
formerly official. 


Uses—Employed chiefly as a vehicle for cough syrups. 
If the Syrup is not properly stored it rapidly loses the 
hydrocyanic acid which it contains. It is to be noted 
that heat is avoided in the manufacture of this prepara- 
tion, lest the enzyme emulsin be inactivated. If this 
should happen, the preparation would contain no free 
hydrocyanic acid, upon which its action as a sedative 
for coughs mainly depends. For a discussion of the 
chemistry involved, see Wild Cherry (page 802). The 
hydrocyanie acid is so fleeting in its effects and so often 
absent that the therapeutic value of this preparation 
can rarely be depended upon. 


Unofficial Drugs Containing Miscellaneous Glycosides 


Aletris N. F. VII (True Unicorn-root, Stargrass)—The dried rhizome 
and roots of Aletris farinosa Fam. Liliacex. Uses: in flatulence 
and various uterine disorders. Dose: 1.3 to 2 Gm. 

Arbutin—A glucoside [C12H1g07. %4%H2O] occurring in the leaves of 
Arctostaphylos ura urst, and other genera of the Fam. Hricacex. 
Uses: urinary antiseptic and diuretic. Dose: 0.2 to 0.5 Gm. 3 or 
4 times a day. 

Azedarach—The bark of the root of Melia Azedarach. 
putter principle. Uses: emetic and anthelmintic. 


It contains a 
Dose: 1to2 


m. 

Brayera N. F. V (Kousso, Cusso)—Dried panicle of the pistillate 
flowers of Hagenia abyssinica Fam. Rosacee. It contains a bitter, 
resinous principle, kosin, tannin, volatile oil, gum, ete. Uses: 
an anthelmintic. Dose: 15 Gm. 

Cannabis (Marihuana)—Dried flowering tops of the pistillate plants 
of Cannabis sativa Fam. Moracee. Uses: no rational or indispens- 
able therapeutic use in modern medicine. Formerly used in mi- 
grain, insomnia, neuralgia, and other syndromes, the drug is no 
longer prescribed. Its sale and use are controlled by federal regula- 
tions. The drug is frequently smoked in the form of cigarettes. 
SanaabE causes habituation but not true addiction, as does mor- 
phine. 

Cascara Amarga N. F. VI—The dried bark of Sweetia panamensis 
Fam. Leguminosiz. Uses: obsolete, was used for ulcers and 
chronic skin diseases. 

Centaury N. F. V—Dried flowering herb of Erythrea Centaurium 
Fam. Gentianacee. It contains a bitter glycoside similar to that in 
gentian and chirata. Uses: abittertonic. Dose: 2Gm. 

Chimaphila (Pipsissewa)—Dried leaf of Chimaphila umbellata Fam. 
Ericacee. It contains tannic acid, chimaphilin, ericolin, arbutin, 
urson, Sugar, gum, ete. Uses: an obsolete and therapeutically 
inactive drug, formerly used in inflammatory diseases of the 
genito-urinary organs. 

Chionanthus N. F. VII—Dried bark of the root of Chionanthus vir- 
ginicus Fam. Oleacee. It contains a bitter principle and a saponin. 
Uses: an obsolete and therapeutically useless agent formerly used 
as a diuretic and hepatic. Dose: 2 Gm. 

Chirata N. F. V—Dried plant of Swertia Chirayita Fam. Gentianaceex. 
It contains a bitter glycoside, chiratin, and a bitter principle. 
Uses: a bitter tonic. Dose: 1 Gm. 

Cocillana N. F. V (Grapebark)—Dried bark of Guarea Rusbyi Fam. 
Meliaceex. It contains resins and an active principle claimed to 
be an alkaloid. Uses: an expectorant. Dose: 1 Gm. 

Condurango N. F. ViIl—Dried bark of Marsdenia Condurango Fam. 
Asclepiadacex. It contains resin, tannin, and a bitter glycoside 
condurangin. Uses: an obsolete drug formerly used as an altera- 
tive and stomachic. Dose: 4 Gm. 

Cornus N. F. V (Dogwood Bark)—Dried root bark of Cornus florida 
Fam. Cornacee. It contains a bitter principle, cornin or cornic 
acid, resin, tannin, etc. Uses: a mild astringent and stomachic. 
Dose: 2 Gm. 

Corydalis N. F. VII (Turkey-corn)—Dried tuber of Dicentra cana- 
densis or of Dicentra cucullaria Fam. Fumariacee. It contains 
bulbocapnine, corydine, isocorydine, and bicuculline. Uses: an ob- 
solete and therapeutically inactive drug, formerly used as a tonic 
and antisyphilitic. Dose: 0.6 to 2 Gm. 

Crocus N. F. VII (Saffron)—Dried stigma of Crocus satiwus Fam. 
Tridacee. It contains a bitter principle, picro-crosin or saffron- 
bitter, and crocin, a glycoside and volatile oil. . Uses: an anodyne, 
antispasmodic, and emmenagogue, but is of little value. It is also 
used as a coloring agent. 

Dioscorea N. F. VII (Wild Yam Root)—Dried rhizome of Dioscorea 
villosa Fam. Dioscoreacee. It contains a glycoside, dioscin, that 
yields the aglycone, diosgenin. Uses: in hepatic disorders and 
rheumatism. Dose: 4 Gm. 

Farfara N. F. V (Coltsfoot Leaves, Tussilago Leaves)—Dried leaf of 
Tusstlago Farfara Fam. Composite. It contains a bitter glycoside, 
pene resin, gum, etc. Uses: a demulcent and tonic. Dose: 

m. * 
Frasera (American Columbo)—Root of Frasera caroliniensis Fam. 
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Gentianacex. It contains gentisic acid and gentiopicrin. Uses: a 
simple bitter. Dose: 4 Gm. 

Gillenia—Rhizome of Gillenia trifoliata and others. It contains the 
bitter principle, gillenin, resin, tannin, etc. Uses: an emetic. 
Dose: 1.3 to 2 Gm. 

Helonias N. F. VII (Blazing Star, False Unicorn)—Dried rhizome and 
roots of Chamezlirium luteum. It contains an amorphous glycoside, 
chamezlirin. Uses: not used today, but was used in dropsy and 
as a vermifuge in tape worm. Dose: 2 Gm. 

Holly (Ilex)—The leaves of different species of Jlex. It contains 
tlixanthin and ilicic acid. Uses: in large doses acts as an emetic. 

Hydrangea N. F. VII (Seven-Barks)—Dried rhizome and roots of 
Hydrangea arborescens Fam. Saxifragacee. It contains about 1 
per cent of a glycoside, hydrangin. Uses: obsolete but was used 
as a diuretic. Dose: 2 Gm, 

Ivy (Hedera)—Ivy of Hedera helix Fam. Araliacez. The berries 
contain the glycosides, hederin and hederagenin. Uses: leaves were 
used in skin diseases and ulcers. 

Lappa—Dried, first-year root of Arctiwm lappa or of Arctium minus 
Fam. Composite. Uses: a useless and obsolete drug, formerly 
employed as a diuretic and alterative, especially in chronic skin 
diseases. Dose: 2 Gm. 

Ledum (Marsh Tea)—The leaves of Ledum palustre Fam. Ericacex, 
It contains the glycoside, ericolin, and about 1 per cent volatile 
oil. Uses: a domes%i ic remedy for catarrhal conditions. 

Ligustrum (Privet)—Leaves of Ligustrum vulgare. It contains 
ligustrin. Uses: as a decoction for sore throat and scorbutic 
ulceration of the mouth. 

Liriodendron (Tulip Tree Bark)—Bark of Liriodendron tulipifera. It 
contains liriodendrin, which occurs in white prisms and an alka- 
loid, tulipiferine. Uses: chronic rheumatism and dyspepsia. 
Dose: 2 to 8 Gm. 

Lupinin—A glycoside obtained from Lupinus species Fam. Legu- 
minose. 

Megarrhiza Californica (Man Root)—It contains a resinous substance 
called megarrhizitin, and a glycoside, megarrhin, possessing mydri- 
atic properties. 

Melilotus N. F. V (Yellow Melilot, Yellow Sweet Clover)—Dried 
leaf and flowering top of Melilotus officinalis Fam. Leguminose. 
It contains coumarin. Uses: in the form of cigarettes for asthma 
and bronchitis. It was formerly used internally in diarrhea, dys- 
menorrhea, and rheumatism, but is probably useless. 

Menyanthes (Buckbean, Marsh Trefoil)—Dried leaves of Menyanthes 
trifoliata Fam. Gentianacex. The chief constituents are the glyco- 
sides menyanthin and meliatin. Uses: tonic. Dose: 1 Gm. 

Panax (Ginseng)—Root of Panax Quinquefolium. It contains 
panaquilon. Uses: a demulcent. 

Phlorhizin—A glycoside from the root of the apple, pear, cherry, 
etc. Uses: it was used in malaria but of no value. It is used to 
produce experimental diabetes and to test the functional activity 
of the kidney. Dose: 0.005 Gm. in 1 ce. of 0.5 per cent solution 
of sodium carbonate, by injection, for kidney test. 

Phytolacca N. F. VII (Poke Root)—Dried root of Phytolacca ameri- 
cana Fam. Phytolaccacex. It contains a glycosidal substance 
similar to saponin, also an alkaloid, phytolaccine, and phytolaccic 
acid. Uses: an obsolete and useless drug, formerly used as an 
alterative and emetic. Dose: 0.1 Gm. to 1 Gm 

Piscidia (Jamaica Dogwood) —Piscidia erythrina. It contains 
piscidin, a mixture of two glycosides. Uses: narcotic, anodyne. 
Dose: fluidextract, 4 cc. 

Prinos (Black Alder)—Bark of Prinos verticillatus. Uses: 
astringent, and alterative. 


a tonic, 
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Prunus Cerasus N. F. Vi—The fresh fruit of Prunus Cerasus Fam. 
Rosacex from which cherry juice is expressed. 

Rhus Toxicodendron (Poison Ivy)—Fresh leaves of Rhus radicans 
Fam. Anacardiacex. It contains toxicodendric acid, fixed oil, etc. 

Uses: it is a toxic, irritant rubefacient. Dose: 0.32 Gm. 

Rubus Ideus N. F. VI—The entire fresh ripe fruit of varieties of 
Rubus ideus. Uses: raspberry juice is the liquid expressed from. 
the fruit. 

Rue (Ruta)—Leaves of Ruta graveolens. It contains a volatile oil 
and rutin, which occurs in needle-shaped crystals. Uses: emmena- 
gogue. Dose: 1 to 2 Gm. 2 or 3 times a day, preferably given in 
infusion. 

Rutin—A glycoside found in tobacco, buckwheat and many other 
plants. It has vitamin P activity (see page 924). A yellow, taste- 
less, crystalline powder, decomposing at 214 to 215°. Crystallizes 
from boiling water; soluble in alcohol; nearly insoluble in chloro- 
form and ether. Affected by light. On hydrolysis it yields a flavone 
(quercitin) and rutinone, a disaccharide which hydrolyzes into 
rhamnose and glucose. Uses: decreases capillary fragility. Dose: 
20 mg. three times a day. 

Sabbatia (American Centaury)—The herb of Sabbatia angularis Fam. 
Gentianacee. Uses: a simple bitter. Dose: 4 Gm. given in the 
form of a fluidextract or decoction. 

Salix (Willow)—The bark of Salix alba and other species of Saliz. 
It contains a glycoside, salicin. Uses: a simple bitter and astrin- 
gent. Dose: 1 to 2 cc. of the fluidextract. 

Santonica—The dried, unexpanded flower-heads of Artimesta pauci- 
flora Fam, Compositz. It contains santonin, a volatile oil, and a 
crystalline principle, artimesin. Uses: a vermifuge. 

Saponaria (Soapwort, Bouncing Bet)—The plant Saponaria officinalis 
which contains a glycoside, saponin. 

Simaruba—The bark of the root of Simaruba officinalis. 
a bitter principle, volatile oil, etc. Uses: tonic. Dose: 
Gm. given in an infusion. 

Taxus (Yew)—¥rom Taxus baccata. It contains volatile oil, a glyco- 
side, taxicatin, and a very poisonous alkaloid taxine. 

Trifolium N. F. VII (Red Clover Blossoms)—Dried inflorescence of 
Trifolium pratense Fam. Leguminose. It contains sugars and a 
bitter principle but the constituents are not very active. Uses: an 
obsolete drug formerly thought to be an expectorant and alterative. 

Ustilago (Corn Smut)—From Zea Mays. It contains a principle 
pees to scleriotic acid. Uses: a parturient. Dose: 1 to 2 

m. 

Verbena (Blue Vervain)—Dried over-ground portion of Verbena 
hastata Fam. Verbenacex. 

Viola Tricolor (Pansy)—Flowering herb of Viola tricolor. It contains 
a bitter principle, salicylic acid, etc. Uses: -an expectorant and 
alterative. Dose: 1 to 2.6 Gm. 

White Ash Bark—The dried bark of Fraxinus americana Fam. 
Oleacez and other species, deprived of the corky layer. It contains 
a bitter glycoside, fraxin, and fraxetin, tannin, etc. Uses: a bitter 
tonic and astringent. Dose: 2 Gm. 


Specialties Containing Miscellaneous Glycosides 


Hesperidin-C (National Drug)—Tablets, each containing 50 mg. each 
of hesperidin and ascorbic acid. Uses: decreasing capillary fra- 
gility in hemorrhagic purpura and in hypertension under treat- 
ment with various agents causing increased capillary fragility. 
Dose: 2 to 4 tablets a day. 


It contains 
1.3 to 4 


Pevigram (neratn Pablete (30 or 100 mg.) containing hese a 
orally, 


(vitamin P). Uses: decreasing capillary fragility. Dose: 


as indicated. 
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CHAPTER LXXVI 


ALKALOIDS AND ALKALOIDAL DRUGS 


SPRTURNER’S paper, in 1817, ‘“Morphis, a New Salt- 
forming Substance, and Meconic Acid, as the Chief 
Constituents of Opium,” opened a new era of discovery 
in organic plant chemistry. His description of the 
first alkaloid separated was immediately followed by 
the isolation of narcotine by Robiquet and strychnine 
by Pelletier and Caventou. These basic principles were 
at first called vegetable alkalies, but were later renamed 
alkaloids, meaning alkali-like. It is of special interest 
to note that many of the most important alkaloids were 
discovered by pharmacists. 

Alkaloids as the active principles of many plants were 
- isolated and announced in rapid succession by various 
investigators until today they number hundreds, a few 
being obtained from Cryptogams (flowerless plants), but 
mainly from. the Phanerogams (flowering plants), most 

of those isolated being from dicotyledons. 
Notwithstanding the many extremely valuable syn- 
thetic medicinal and antibiotic agents that have been 
added to the list of weapons against disease, the alka- 
loids still constitute an indispensable and most potent 
group of substances for the treatment and mitigation of 
functional disturbances and relief from suffering. 

Alkaloids are largely derived from plants although a 
few are found in the living animal body, e. g., epineph- 
rine, and others result from decomposition of animal 
tissue. The term lewcomaines is generally applied to 
those: from living animal tissues and ptomaines to the 
product of decomposition in dead animal tissues. 
When found in plants, they occur in nearly all of the 
organs, and several theories, each of which has support- 
ing facts, have been advanced as to the mode of forma- 
tion. A more detailed discussion of these can be had 
by consulting one of the more extensive treatises on 
alkaloids, such as those referred to later. A few alka- 
loids are also made synthetically and there are also a 
number of synthetic drugs of an alkaloidal character 
which do not occur in nature. 

Chemically they are all closely related to some simpler 
- compound such as pyridine or quinoline, yet classifica- 
tion is difficult, as they often contain conflicting nuclei. 
The classification adopted below for the more common 
alkaloids is based upon the chemical structure of their 
main nucleus. 

Phenylalkyamine—Ephedrine and amphetamine. 

Pyridine—Piperine, Arecoline, pelletierine and nico- 
tine. 

Tropine—Atropine and the other solanaceous alka- 
loids, also cocaine and the coca alkaloids. 

Quinoline—Quinine and other cinchona alkaloids. 

Tsoquinoline—Papaverine, narcotine, hydrastine, 
- berberine, and narceine. . 

Phenanthrene—Morphine, codeine, and thebaine. 
_ Purine—Caffeine, theobromine, and theophylline.' 
 Imidazole—Pilocarpine. : 
_ Indole—Physostigmine, ergotoxine, yohimbine, stry- 
_ehnine and Brucine. 
aa Caffeine, theobromine, and theophylline are grouped under alkaloids as 
_ they are similar in many respects and are still classed as such by many authori- 


_ ties. They, however, lack certain properties that most alkaloids possess; this 
is recognized by the Pharmacopeeia in describing them as ‘“‘feebly basic sub- 
Y ” 


Li stances. * 


The distinctive chemical and physical features of 
alkaloids are the following: 

1. In addition to carbon and hydrogen they all con- 
tain nitrogen and generally also oxygen. The nitrogen 
confers the alkali-like properties to alkaloids. 

2. Most of the non-volatile alkaloids are solid; the 
volatile ones are mainly liquid and some contain no 
oxygen. 

3. Alkaloids unite with acids to form additive salts. 
They are alkaline in reaction and are freed from their 
acid combinations by the addition of alkalies. 

4. Most of them are physiologically active, some 
being extremely poisonous. In the majority of in- 
stances they are the medicinally important substances 
of the plants from which they are derived. 

5. They are mainly crystallizable, though a few are 
liquid while some are amorphous. 

6. They are generally colorless though berberine is 
yellow and sanguinarine, itself colorless, yields red 
salts. 

7. They are either insoluble or sparingly soluble in 
water (a few exceptions, as colchicine) but soluble in 
alcohol, chloroform, benzene, some in ether, and a few 
in petroleum benzin. Their salts behave conversely in 
the matter of solubility. 

8. Nearly all alkaloids exhibit definite optical activ- 
ity, only a few being inactive. Some alkaloids, when 
salified, exhibit an optical activity directly opposite 
that shown in the free state. 

9. They are precipitated by one or more of the fol- 
lowing reagents; with some they form definite chemical 
compounds which are used for their identification: mer- 
curic-potassium iodide (Mayer’s reagent); potassium- 
cadmium iodide (Marme’s reagent); potassium-bismuth 
iodide (Dragendorff’s reagent); phosphomolybdie acid 
(Sonnenschein’s reagent); a solution of iodine with 
potassium iodide (Wagner’s reagent); phosphotungstic 
acid (Scheibler’s reagent); gold chloride; tannic acid; 
and picric acid. 

To identify separated alkaloids which have been 
properly purified, the melting point of the free alkaloid 
and of one of its salts may be obtained; also some other 
factors, as optical rotation, crystalline form, solubility 
in various solvents, etc. Most alkaloids show charac- 
teristic specific rotation and the microscopic examina- 
tion of the erystals obtained from the use of alkaloidal 
solutions of known concentration using suitable pre- 
cipitants has given exceptionally good results.’ 

Color reactions are also used in establishing identity, 
but they should not be relied on solely, since the effect 
noted is often produced by impurities which might not 
always be present. 

The manufacture of alkaloids is highly specialized. 
It requires skill and many years of toil and experience 
to establish an alkaloid production process on an eco- 
nomic basis. The operations involved are based on the 
physical as well as the chemical properties of the alka- 
loids sought. In many instances their commercial 
production requires merely a large-scale operation simi- 


2 For further information the reader is referred to one of the following books, 
Commercial Organic Analysis, Allen; Microchemical Test for Alkaloids, Stephen- 
son; Plant Alkaloids, Henry; Chemistry and Analysis of Drugs and Medicines, 
Fuller; Vegetable Alkaloids, Pictet-Biddle. 
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lar to the methods employed in proximate assaying. 

Purification is usually accomplished by the erystal- 
lization of the alkaloidal salts. A few alkaloids are 
made synthetically, as homatropime and codeine, and 
there are also numerous synthetic drugs of an alkaloidal 
character which do not occur naturally in any plants. 

The alkaloids will be considered in this chapter in the 
following order: 


1. Opium and Its Preparations. 


2. Opium Alkaloids. 
3. Cinchona and Related Alkaloids. 


ALKALOIDS AND ALKALOIDAL DRUGS 


Solanaceous and Related Synthetic Alkaloids. 
Central Nervous System Stimulants. 

Uterine Alkaloids. 

Miscellaneous Alkaloids. 


Mpa iE 


The latter group of alkaloids contains all the official 
and non-official alkaloids which are not included in the 
first 6 major groups. The Local Anesthetics, Sympatho- 
mimetic Alkaloids, and Parasympathomimetic Alkaloids 
have been considered under Amines and Amides (page 
613). 


OPIUM AND ITS PREPARATIONS ” 


OPIUM U. S. P. Opium 
[Gum Opium, Sp. Opio] 


Opium is the a‘y-dried milky exudation obtained by 
incising the unripe capsules of Papaver somniferum 
Linné or its variety album De Candolle (Fam. Papa- 
veracee). It yields not less than 9.5 per cent of anhy- 
drous morphine. 

History—Opium as a medicinal drug has been known 
and cultivated for many centuries, but it was not until 
the investigations of Sertiirner, published in 1817, that 
it was known that the drug contained certain definite 
principles now called alkaloids. 

Dioscorides, in the second century, was the first 
writer to discuss opium and its uses at length. He gave 
the recipe for a preparation called diacodion which is 
the prototype of the formerly official syrup of poppies. 
Paracelsus used opium extensively in the fifteenth cen- 
tury and referred to it as the “stone of immortality.” 
Van Helmont, early in the seventeenth century, used 
opium so freely that he was referred to as Doctor Opi- 
atus. Sydenham, a little later in the same century, 
praised opium as the most valuable gift of God to man- 
kind. 

The principal opium exporting countries are: Tur- 
key, Iran (Persia), Yugoslavia, and India. The Turkish 
and Yugoslav products are nearly alike in their physical 
properties: color, odor, and consistency. Persian and 
Indian opiums, while closely resembling each other, 
differ from the former in physical properties—they are 
darker, have a somewhat different odor and consistency. 
There is also a marked difference between the two 
groups in the amounts of the principal opium alkaloids 
as shown in the following table: 


Per Cent Per Cent Per Cent Per Cent 


Exporting Per Cent Narco- Cod- Papayv- The- 
Country Morphine tine eine erine baine 
Turkey 11 -12 3-4 Ob8 =e Sled) eel O15 
Yugoslavia 13 -15 3 L.J=155. 1=1.5 0-78-1..2 
Iran 9.5-10.5 5-6 2.5-4 2-2.5 3 -4 

India 10 -I11 ae 2.5-3.5 0.8 0.5-1 


Note—For medicinal preparations only Turkish or Yugoslav opium is used. 


Opium owes its value to the narcotic alkaloids pres- 
ent in it. More than 25 alkaloids have been proved to 
exist in various kinds of opium, and several more have 
been announced, but their existence has not been con- 
firmed. Three acids combined with the alkaloids are 
found in opium—~. e., meconic, lactic, and sulfuric acids; 
there are also present meconin [CioH 100 4], meconoiosin 
[CsH1i002], both neutral principles, pectin, glucose, 
mucilage, caoutchouc, wax, and odorous, fatty, and 
coloring matters. Meconic acid i is colored red by ferric 
salts, the color not being discharged by solution of mer- 
curic chloride. A solution of potassium thiocyanate is 
colored in a similar manner by ferric salts, but this color 


is discharged by solution of mercuric chloride. The 
known alkaloids are as follows: 

Morphine [C17Hi9NOs3] Laudanidine [Cga9H2504N] 
Codeine [Cy1gH21NOs3] Codamine [(CooH 2504 

Neopine [C;sH2103N] Papaveramine [Cg1;Ha50¢6N] | 


Xanthaline (Papaveraldine) 
[C20H1905N] 
Protopapaverine iw 19H1904N] 
Meconidine [Cg13H2304 
Lanthopine [CosHoe504 
Protopine [Cga9H1905N] 
Cryptopine [Co13H2805N] 
Rheadine [C 2 ,;H 2 1O 6N] 
Hydrocotarnine [C12H,503N] 
Porphyroxine [C19H2304N] 


Pseudomorphine [C34H360.6N 9] 

Thebaine [C 1 9H 2 re) 3N] 

Narcotine [Co2H2307N] 

Gnoscopine (di-narcotine) 
[Coo2He307N] 

Oxynarcotine [CggH230gN] 

Narceine [C 23H 2 7O 8 

Papaverine [C29H2104N] 

Laudanosine [Cg13H29704N] 

Laudanine [Co9H2504N] 


The use and sale of opium, its alkaloids and deriva- 
tives, and other narcotics and habit-forming drugs are 
subject to rigid federal regulation under the Harrison 
Narcotic Act, and by many states which have enacted 
similar regulations. 


Description and Properties—More or less rounded or flattened masses 
usually 8 to 15 cm. in diameter. It is usually dark brown in color 
(Indian opium is nearly black), and when fresh it is more or less 
plastic, becoming brittle or tough on keeping. The surface of the 
pieces is frequently covered with fragments of poppy leaves. Opium 
has a characteristic ‘‘narcotic’’ odor and a bitter taste. 

Assay—Unlike the alkaloids in most other alkaloidal drugs, the alka- 
loids of Opium are present as water-soluble salts; hence for the assay 
the Opium is extracted with water alone as the solvent. The water 
extract, after concentration, is treated with calcium hydroxide (slaked 
lime). Morphine combines with lime forming calcium morphinate 
which is freely soluble in water, while most of the other alkaloids— 
narcotine, papaverine, thebaine, etc.—are precipitated by the hme. 


-The lime also serves to precipitate the liberated meconic acute as 
he_ 


insoluble calcium meconate as well as some of the resins, ete 
morphine is recovered from the calcium morphinate solution by the 
addition of ammonium chloride, a reaction taking place according to 
the following equation: 


Ca(Cyi7Hig03N)e + 2NH4Cl > 2C,7Hi903N + CaCle oe 2NH3 


calcium morphine calcium ammonia 
morphinate chloride 


ammonium 
chloride 


and the morphine is precipitated as the base. To free the morphine 
from co-precipitated calcium hydroxide or carbonate, ete., which 
would consume acid and lead to erroneous result, the morphine is 
dissolved from the filter with hot methanol. The lime impurities, 
being insoluble in this solvent, remain on the filter. The quantity of 
morphine in the methanol solution is then determined by titration 
with standard acid. 

The detailed assay of opium as given in the U.S. P. is as follows: 

Weigh accurately 6 Gm. of Opium which, if fresh, should be in very 
small pieces and, if dry, in a fine powder. Place the Opium in a mor- 
tar and triturate it with about 40 cc. of warm water for 15 minutes. 
Transfer the contents of the mortar completely with the aid of 30 ec. 
of water into a flask, stopper the flask, and shake it every 10 minutes, 
or continuously in a mechanical shaker during 1 hour. The extraction 
of the Opium may also be made in the following manner: Place the 
comminuted opium as described above in a flask with 70 cc. of Water, 
add a few glass beads, if desired, and shake every 10 minutes, or con- 


tinuously in a mechanical shaker during 2 hours, and allow to stand 
overnight, then on the following morning shake the flask for 30 mine - 


utes. 

Pour the contents of the flask as evenly as possible upon a wetted 
filter of 10 to 11 cm. diameter, and, when the liquid has drained off 
well, wash the residue with about 20 cc. of water, carefully dropped 
upon the edges of the filter and its contents. Transfer the residue on 
the filter as completely as possible into the flask with the aid of about 
40 ec. of water, shake it thoroughly during 10 minutes, and filter 
through the original filter. 
be facilitated by the use of a centrifuge. When the liquid has drained 
off, wash the flask and residue with small portions of water until the 
washings are nearly colorless. (The total filtrate will usually measure 
300 to 350 ce.) Evaporate the filtrate and washings in a tared dish 
to about 30 Gm., and allow to cool. Now add 3 Gm. of calcium 


Filtration and washing of the residue may 


! 
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ALKALOIDS AND ALKALOIDAL DRUGS 


hydroxide, triturate for 15 minutes, then transfer the mixture com- 
pletely to a tared flask with the aid of small portions of water. Add 
sufficient water to make 54 Gm., and mix well. Filter through a dry 
filter of 10 to 11 cm. diameter, collecting the filtrate in a dry cylinder 
or a small flask. During the filtration keep the funnel covered with 
a glass plate and its stem well within the neck of the receiving vessel. 

Place 34 Gm. of the filtrate, corresponding to 4 Gm. of Opium, in 
an Erlenmeyer flask of suitable capacity, add 2 cc. of alcohol and 15 
ec. of ether, and, after shaking, add 1 Gm. of ammonium chloride. 
Stopper the flask, shake it frequently during 10 minutes, and set 
aside overnight at a temperature of 5° to 10°. Remove the stopper 
and brush any adhering erystals back into the flask. Decant the ether 
layer through a small filter paper or through a sintered glass crucible, 
rinse the flask and contents with 15 cc. of ether, and pass these wash- 
ings through the filter. Again wash the filter and precipitate with an 
additional 10 cc. of ether. When all of the ether has passed through 
the filter, pour the water layer on the filter without trying to remove 
the crystals from the flask. Wash the crystals in the flask and the 
contents of the filter with small portions of water saturated with mor- 
phine, using a total of 40 cc. of the morphinated water. Then add, 
dropwise, 1 cc. of cold water to displace the morphinated water. 

Add to the flask containing the crystals about 15 cc. of boiling re- 
agent methanol, agitate to dissolve as much of the morphine as pos- 
sible, and pour the boiling solution over the morphine on the filter, 
receiving the filtrate in a suitable dry flask or beaker. Repeat this 
treatment with boiling reagent methanol eight to ten times, using 5 
to 7 ec. each time, until all of the morphine has been dissolved. Cool 
the methanol solution, and add to it exactly 25 cc. of tenth-normal 
sulfuric acid. Dilute with 75 cc. of water, and boil carefully, or evapo- 
rate on a steam bath, to a volume of about 50 cc. Cool, and titrate 
the excess of acid with tenth-normal sodium hydroxide, using methyl 
red T.S. as the indicator. Each cc. of tenth-normal sulfuric acid is 
equivalent to 28.53 mg. of anhydrous morphine. 


Uses—Opium owes its chief pharmacological effects 
to its content of morphine, other alkaloids not being 
present in sufficient amount to modify significantly the 
morphine type of action. Thus Opium has many of the 
same uses as morphine, but the latter drug is nearly 
always preferred, inasmuch as it can be given in a vari- 
ety of ways. The average adult dose of Opium is 0.06 
Gm., taken orally. This is the equivalent of 6 mg. of 
morphine. Opium in the form of the tincture is more 
commonly employed than the powder itself. 
phine, Opium has analgesic and narcotic effects. It 
acts as an antiperistaltic agent by virtue of the fact that 
it causes spasm of the bowel musculature and prevents 
propulsive movements. Traditionally Opium or its 
tincture is used for diarrheas and dysenteries rather 
than morphine. Opium produces sedation and sleep. 
Tt also controls cough and dyspnea. Opium thus has 
a variety of therapeutic uses in medicine and surgery. 
Tts sale and use, like those of all Opium derivatives, are 
subject to rigid federal regulations under the Harrison 
Narcotic Act, and under laws passed by many states. 
It should not be dispensed except upon presentation 
of a physician’s prescription. See Morphine. 


GRANULATED OPIUM U.S. P. Opium Granulatum 
[Opium Gran.—Sp. Opio Granulado] 


Opium, dried at a temperature not exceeding 70°, 
and reduced to granules, all of which will pass through 
a number 16 standard mesh sieve and not more than 10 
per cent through a number 60 standard mesh sieve. 

Granulated Opium yields not less than 10 per cent 
and not more than 10.5 per cent of anhydrous morphine. 
Granulated Opium of a higher morphine percentage may 
be reduced to the official standard by admixture with 
granulated opium of a lower percentage, or with any 
of the diluents permitted for powdered extracts under 
Extracts (page 276). 

Description and Properties—Brown granules, having the properties 
of Powdered Opium, except size of particles. 
Assay—lIt is assayed for morphine as described under Opium (page 


806). . 
Storage—Keep Granulated Opium in well-closed containers. 


‘Uses—See Opium and Morphine. : 
Average Dose—60 mg. (approximately 1 grain). 
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POWDERED OPIUM U. S. P. Opium Pulveratum 
[Opium Puly.—Opii *ulvis P.I., Sp. Opio Pulverizado] 


Opium, dried at a temperature not exceeding 70°, 
and reduced to a very fine powder. 

Powdered Opium yields not less than 10 per cent and 
not more than 10.5 per cent of anhydrous morphine. 
Powdered opium of a higher morphine percentage may 
be reduced to the official standard by admixture with 
powdered opium of a lower percentage, or with any of 
the diluents permitted for powdered extracts under 
Extracts (page 276). 


Description and Properties—Light brown to moderate yellowish 
brown, consisting chiefly of yellowish brown to yellow, more or less 
irregular and granular fragments, varying from 15 to 150 microns in 
diameter and having the characteristic odor of opium. 
Assay—Powdered Opium is assayed for morphine as described under 
Opium (page). 

Storage—Keep Powdered Opium in well-closed containers. 


Uses—See Opium and Morphine. 
Average Dose—60 mg. (approximately 1 grain). 


Opium Extract N. F. Extractum Opi 


[Ext: Opii—Powdered Opium Extract, Extractum Opii Aquosum 
P.I., Sp. Extracto de Opio] 

Opium Extract contains, in each 100 Gm., not less 
than 19.5 Gm. and not more than 20.5 Gm. of anhydrous 
morphine. 

One Gm. of the Extract represents about 2 Gm. of 
opium. 

Preparation—Prepare the Extract from opium, cut 

into small pieces, by maceration or percolation with 
hot water. Evaporate the liquid extract to dryness 
at a temperature not exceeding 100°. Reduce the resi- 
due to a fine powder and assay it. Mix it thoroughly, 
if necessary, with sufficient dry starch to make the Ex- 
tract contain, in each 100 Gm., 20 Gm. of anhydrous 
morphine. 
Assay—Opium Extract is assayed for morphine content as described 
under Opium. Since, however, the Extract contains twice as much 
morphine as opium, and it is ail or nearly all soluble in water, only a 
3-Gm. portion is used which, after dissolving it in 30 cc. of water, is 
directly treated with 3 Gm. of calcium hydroxide, and the assay con- 
tinued as under Opiwm, beginning with ‘‘triturate for 15 minutes,” 


Storage—Keep Opium Extract in tight, light-resistant containers 
preferably at a temperature not above 30°. 


Uses—See Opium. 
Average Dose—30 mg. (approximately 14 grain). 


Opium Tincture U.S. P. Tinctura Opu 


[Tr. Opii—Laudanum, Deodorized Opium Tincture, Denarcotized 
Opium Tincture, Tinctura Opii P.I., Sp. Tintura de Opio] 


Opium Tincture yields, from each 100 cc., not less 
than 0.95 Gm. and not more than 1.05 Gm. of anhydrous 
morphine. 


Metric Alternative 
Granulateds@ prime crest 100 Gm. 3o0z. av. 148 gr. 
Mo smilailketa DOU; tts. ablstarsiatste cele ais 1000 cc. 2 pints 


Heat 500 ce. (1 pint) of water to boiling, pour it on the 
granulated opium contained in a suitable vessel, and stir the mix- 
ture frequently during 24 hours. Transfer the mixture to a per- 
colator, and, when the liquid has ceased to drop, continue the 
percolation slowly, using water as the menstruum, until the opium 
is exhausted. 

Concentrate the percolate by evaporation until it measures 
400 ce. (12 fl. oz. 384 min.). Boil it actively for at least 15 min- 
utes, and then allow it to stand overnight. Then heat the mix- 
ture to 80°, add 50 Gm. (1 oz. av. 293 gr.) of paraffin, and con- 
tinue the heating until the paraffin is melted. Then beat the 
mixture thoroughly and set it aside to cool. , 

Remove the paraffin and rinse it with a few ce. of water, adding 
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the rinsings to the liquid. Filter, and add a sufficient quantity 
of water through the filter to make the product measure 750 ec. 
(1% pint). Add 188 ce. (6 fl. oz.) of aleohol to the filtered liquid, 
and assay a portion of this liquid as directed below. Dilute the 
remainder of the liquid with such a quantity as a mixture of 1 
volume of alcohol and 4 volumes of water as the calculations from 
the assay indicate is necessary to produce a Tincture containing 
1 Gm. of anhydrous morphine in each 100 ec. Mix thoroughly. 


History—The name Laudanum was invented by 
Paracelsus who applied it to a solid preparation of secret 
composition. The Laudanums of the early editions of 
the London Pharmacopoeia (Seventeenth century) ,were 
solid preparations of opium. 

The first liquid preparation of opium to be called 
Laudanum was the crocated tincture of opium formerly 
official in the N. F. and originated by Doctor Syden- 
ham about 1670. 

Black Drop and Quaker Laudanum were the synonyms 
for Vinegar of Opium which is no longer official, but 
which was originally three times the strength of ordi- 
nary laudanum. 

The word laudanum, according to Quercetanus who 
wrote a pharmacopeeia in 1619, is derived from the 
Latin laudo to praise, on account of the praiseworthy 
character of the remedy. 

The original deodorized tincture of opium had its 
origin in a secret preparation made by a London drug- 
gist named Battley, under the name Liquor Opii 
Sedativus. 

Assay—An accurately measured volume of 60 ce. of the tincture 
(representing 6 Gm. of opium) is evaporated on a water bath until 
the alcohol is removed. About 20 cc. of water is then added, mixed 
well and filtered through a wetted filter of 10 to 11 cm. diameter. 
The assay is then continued as described under Opium, beginning 
with ‘‘and when the liquid has drained off.’’ The quantity of mor- 
phine found multiplied by 2.5 represents the quantity of anhydrous 
morphine present in 100 cc. of the Tincture. 

Alcohol Content—From 17 to 19 per cent, by volume, of CgHs0H. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to excessive heat. 

Uses—Opium Tincture has the same therapeutic 
uses as opium itself, as discussed under the latter drug. 
The adult dose is 0.3 to 2.0 cc. taken orally. Tradi- 
tionally, Opium Tincture or powdered opium is em- 
ployed in diarrheas and dysenteries, rather than mor- 
phine. 

Caution—The sale and use of Opium Tincture are 
subject to the rules and regulations of the Federal Har- 
rison Narcotic Act, and it should never be used or dis- 
pensed without a physician’s prescription. See Opium 
and Morphine. 

Average Dose—0.6 cc. (approximately 10 minims) 
corresponding to 6 mg. of anhydrous morphine. 


Camphorated Opium Tincture U. S. P. 
Tinctura Opii Camphorata 
{Tr. Opii Camph.—Paregoric, Paregoric Elixir, Tinctura Opii Benzoica 
I., Sp. Tintura de Opio Aleanforada] 
Camphorated Opium Tincture yields, from each 100 
cec., not less than 35 mg. and not more than 45 mg. of 
anhydrous morphine. 


Metric Alternative 
Opittm Dinctires tac aac 40 cc. 1 fl. oz. 134 min. 
Anise: Oil Settee ese Amit Asari ALCG. 61 min. 
Benzoic Acidin.ash.aosce ec ee 4 Gm 58 gr. 
Cam photic pains crete 4Gm 58 gr. 
Glycerin aa) Fee oe ee 40 cc. 1. fl. oz. 134 min. 
Diluted Alcohol, a sufficient quan- 
tity, 
To make. ep veu cistae ae eee 1000 cc. 2 pints 


Dissolve the first four in 900 ce. (28 fl. oz. 384 min.) of diluted 
alcohol, add the glycerin, and then sufficient diluted alcohol to 
saat product measure 1000 cc. (2 pints). Agitate the mixture 
and filter it. 


ALKALOIDS AND ALKALOIDAL DRUGS 


Camphorated Opium Tincture may be prepared as 
follows: 


Metric Alternative 
Powdered! Opittmi)..... oc act eee eae 4.3 Gm. 62.8 gr. 
Anise Oils cecik tron crore tat ooh aah cae 3.8 cc. 58.4 min. 
BenZoicrA Cid@iae sata: cc dapta oreo 3.8 Gm. 55:5)er. 
Camphor:nseor ne mie sue st or mee 3.8 Gm: 5b,o0ers 
Torta koma taeercas octe Sects, sea te stot ete tere 1000 cc. 2 pints 


Macerate the ingredients for 5 days, with occasional agitation, 
in a mixture of 900 cc. (28 fl. oz. 384 min.) of diluted alcohol and 
38 cc. (1 fl. oz. 104 min.) of glycerin. Then filter, and pass enough 
diluted alcohol through the filter to obtain 950 ce. (30 fl. oz. 192 
min.) of total filtrate. Assay a portion of this filtrate as directed 
below, and dilute the remainder with a sufficient quantity of di- 
luted alcohol containing, in each 100 cc., 0.4 ce. of anise oil, 400 mg. 
of benzoic acid, 400 mg. of camphor, and 4 cc. of glycerin, to pro- 
duce a Tincture containing, in each 100 ec., 40 mg. of anhydrous 
morphine. 


History—This preparation was originated by Profes- 
sor LeMort of the University of Leyden about 1715. 
It was official in the 1721 edition of the London Phar- 
macopoeia under the name Elixir Asthmaticum, which 
name was changed to Elixir Paregoricum, meaning 
soothing elixir, in 1746. It has also been known as 
Tinctura Camphore Composita and Tinctura Opti 
Benzoica, and the formula has changed in minor details 
many times since its introduction into medicine. The 
word Paregoric was used by the ancient writers on phar- 
macy and medicine in a generic sense to denote an 
anodyne or soothing preparation. 


Assay—Owing to the small amount of morphine in this tincture and 
the presence of the other ingredients the assay method used for Opium 
Tincture is not applicable to this preparation and the following 
method is prescribed in the U.S. P. for the determination of the mor- 
phine content: 

Measure accurately 100 cc. of the Tincture, add 2 cc. of approxi- 
mately normal sulfuric acid, and evaporate to 10 ce. Transfer the 
residue completely to a separator with the aid of small quantities of 
a mixture of equal volumes of approximately normal sulfuric acid and 
water, using a total of 15 cc. of the acid-water. Finally, wash the 
dish with several cc. of a mixture of 85 volumes of chloroform and 15 
volumes of alcohol, and add these washings to the separator. Dis- 
solve 2 Gm. of sodium chloride in the liquid in the separator, neutral- 
ize to litmus paper with stronger ammonia T.S., and then add several 
drops of the ammonia in excess. Immediately extract the mixture 
with 25-cc. portions of a mixture of 85 volumes of chloroform and 15 


‘volumes of alcohol until the residue obtained by evaporating 1 ce. of 


the last extract gives a negative test for morphine with sulfuric acid 
which contains in each cc. 1 drop of formaldehyde T.S., and collect 
the extracts in a second separator. Usually four extractions will suf- 
fice, but if more than four are required, increase the quantities and 
volumes of all subsequent reagents to maintain the proportions here 
prescribed. 

Dissolve 25 Gm. of sodium hydroxide in 1000 cc. of water, saturate 
the solution with sodium chloride, and filter. Remove the morphine 
from the combined chloroform-alcohol extracts by shaking with sev- 
eral successive, 15-cc. portions of the alkaline salt solution, collecting 
the latter in a separator. Wash the combined alkaline salt solutions 
with 10 cc. of chloroform, and discard the chloroform. Neutralize 
the alkaline salt solution to litmus paper by the addition of hydro- 
chloric acid, and finally add a slight excess of acid. Cool the solution 
to 25°, and shake it with 10 cc. of chloroform. Remove the chloro- 
form to another separator, and shake it with 5 cc. of saturated sodium 
chloride solution, to which a few drops of hydrochloric acid have been 
added. Discard the chloroform, and add the acid salt solution to the 
combined acidulated solution. 

Now add the stronger ammonia T.S. to the solution until it is 
neutral to litmus paper, and then add a slight excess of the ammonia. 
Cool the solution to 25°, and immediately extract the alkaloids with 
successive portions of the chloroform-alcohol mixture. Filter each 
extract into a container through purified cotton, wetted with the 
chloroform-alcohol mixture, and when completely extracted, discard 
the liquid in the separator. ; : 

Evaporate the combined chloroform solutions on a water bath to 
a volume of about 1 cc., then add 10 cc. of alcohol, neutral to methyl 
red T.S., and warm the mixture to dissolve the alkaloids and to re- 
move the last traces of chloroform. Add exactly 20 cc. of fiftieth- 
normal sulfuric acid, and warm, if necessary, to dissolve the alkaloid 
completely. Guard against the presence of undissolved particles. 
Cool, add 15 to 20 cc. of recently boiled and cooled water, and titrate 
the excess of acid with fiftieth-normal sodium hydroxide, using 
methyl red T.S. as the indicator. Each ce. of fiftieth-normal sulfuric 
acid is equivalent to 5.707 mg. of anhydrous morphine. 
Storage—Keep Camphorated Opium Tincture in tight, light-resistant 
containers, and avoid exposure to direct sunlight and to excessive 


heat. } 
Alcohol Content—From 44 to 46 per cent, by volume, of CpHs50H. 


ALKALOIDS AND ALKALOIDAL DRUGS 


Uses—A mild anodyne in cough, nausea, and abdomi- 
nal pains. It should never be used to quiet restless in- 
fants, as a habit may be induced. It contains 0.4 of 1 
per cent of opium. Paregoric is one of the exempted 
preparations under the Harrison Narcotic Act, but its 
sale is subject to strict regulations under the Act, and 
the pharmacist is held strictly accountable for its legiti- 
mate distribution. It represents a needlessly complex 
therapeutic survival of a former day. 

Average Dose—4 cc. (approximately 1 fluidrachm). 


Carminative Mixture N. F. Mistura Carminativa 


{Mist. Carminat.—Dalby’s Carminative] 


Metric Alternative 
Magnesium Carbonate.......... 65 Gm. 202. av! 74 gr. 
Potassium Carbonate........... 4p (ONT 44 gr: 
OMTMIMIMMINCHULe. fo 6G cade ees IS (ee 384 min 
CAEN COLTS 6 CRC eee O5rcce 8 min 
HST MO) i 0.5 cc 8 min 
rary worthy (0) | ee 0.5 cc 8 min 
SAAD 1 ob Ao DOI eee * 160 cc. 5 fi. oz. 58 min. 
Distilled Water, a sufficient quan- 
tity, 
BIRCMINURI OMe ve nies, ss) s:;s 6 ata ece cae 1000 cc. 2 pints 


Triturate the oils with the magnesium carbonate and 750 ec. 
(24 fl. oz.) of the water, gradually added. Then add the other 
ingredients and sufficient distilled water to make the product 
measure 1000 cc. (2 pints), and mix thoroughly. 


Alcohol content—Not more than 1 per cent, by volume, of CgH;0H, 
Storage—Keep this mixture in tight containers, 


_ Uses—A mild anodyne, especially for young children. 
It is improperly named, as its effect is not that of a 
carminative but chiefly as an opiate. This preparation 
is rarely employed in modern therapeutics. 
Average Dose—For infants: 0.5 cc. (approximately 
8 minims). 


One average metric dose (for infants) contains 32.5 mg. of Magnesium Car- 
bonate, 1.5 mg. of Potassium Carbonate, and 0.0125 ce. of Opium Tincture. 


Compoumd Opium and Glycyrrhiza Mixture N. F. 
Mistura Opii et Glycyrrhize Composita 


[Mist. Opii et Glycyrrh. Comp.—Brown Mixture, Mistura Glycyr- 
rhize Composita U. 8. P. X, Compound Mixture of Glycyrrhiza] 


Metric Alternative 
Glycyrrhiza Fluidextract....... 120 CC. 3 fl.oz. 403 min 
Antimony Potassium Tartrate. . 0.24 Gm. 3% gr. 
Camphorated Opium Tincture.. 120 (Her, 3 fl.oz. 403 min 
BEiviaNitnice Spirit: ... 2... 3... 30 jcc. 461 min 
RUIVEGEIMAGOVIS als a ose s ea ese 120 cc. 3 fl.oz. 403 min 
Distilled Water, a _ sufficient 
quantity, 
Tomake..... Peet rials nc 1000 cc. 2 pints 


Dilute the fluidextract with the glycerin and 500 ce. (1 pint) of 
distilled water, add the antimony potassium tartrate, dissolved 
in 12 cc. (184 min.) of hot distilled water, then add the other 
ingredients, and enough distilled water to make the product 
measure 1000 ce. (2 pints). 


Alcohol Content—From 9 to 11 per cent, by volume, of CoHsOH. 
Storage—Keep Compound Opium and Glycyrrhiza Mixture in tight 
containers. 


This formula in which the extract of glycyrrhiza is 
replaced by the fluid-extract will contain little precipi- 
tate, but it is intended to be dispensed without filter- 
ing to retain its universally known classification as a 
mixture. 

Uses—This preparation is a needlessly complex 
therapeutic survival of another day, although occasion- 
ally employed by certain physicians. It is prescribed 
for coughs, often combined with ammonium chloride. 

It contains only a minute trace of opium and there- 
fore belongs to the “exempt class” under the Harrison 
Narcotic Act, but, as the laws of some states do not 
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permit opium in any amount to be sold without a pre- 
scription, it is customary in these states to omit the 
opium and state that fact upon the label. Such an 
“opium-free Brown Mixture’”’ cannot, however, be sold 
as a U.S. P. product. The title was changed in the 
U.S. P. XI to emphasize to the public the fact that the 
product does contain opium. The preparation was 
not admitted to the U. 8. P. XII. 

Average Dose—4 cc. (approximately 1 fluidrachm). 


One average metric dese contains 0.96 mg. of Antimony Potassium Tartrate, 
0.48 ec. of Camphorated Opium Tincture, and 0.12 cc. of Ethyl Nitrite Spirit. 


Expectorant Mixture N. F. Mistura Pectoralis 
[Mist. Pect.—Stoke’s Expectorant] 


Metric Alternative 
Ammonium Carbonate............. 18 Gm 263 gr. 
Senega Eluidextract: J). .-:0000 ooo. ECGs 1 fl. oz. 58 min. 
Saulblsidextract wn aneiacnaea DORCCs 1 fi. oz. | 58 min. 
Camphorated Opium Tincture...... WAS) (eer 5 fl. oz. 288 min. 
DistilledsWiateré 229 facie utente gays « 85 cc. 2 fl. oz. 346 min 
Tolu Balsam Syrup, a sufficient quan- 
tity, 
{LO TNAK GMa theberene mics fotolsacnane sthioveye 1000 cc. 2 pints 


Mix the fluidextracts with the camphorated opium tincture, 
and add the ammonium carbonate, previously dissolved in the 
water; then add sufficient tolu balsam syrup to make the 
product measure 1000 cc. (2 pints), and mix it thoroughly. 


Alcohol Content—From 10 to 12 per cent, by volume, of CopH;OH. 
Storage—Keep Expectorant Mixture in tight containers. 


Uses—Formerly advised as an expectorant, this 
preparation is needlessly complex, and is practically 


never employed in modern therapeutics. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


One average metric dose contains 72 mg. of Ammonium Carbonate, 0.14 cc. 
each of Senega Fluidextract and Squill Fluidextract, and 0.7 cc. of Camphorated 
Opium Tincture. 


Ipecac and Opium Powder N. F. 
Pulvis Ipecacuanhe et Opii 


[Pulv. Ipecac. et Opii—Dover’s Powder, Pulvis Opii et Ipecacuanhse 
Compositus P.I.] 


Metric Alternative 
Ipecac, in very fine powder....... 100 Gm. 175 gr. 
Powdered| Opium... 0-1: ese 100 Gm 175 gr. 
Lactose, coarsely powdered....... 800 Gm. 302z.av. 87% gr. 
‘To make: yyy oot ie hoe eee 1000 Gm 4 oz. av. 


Triturate the ingredients together thoroughly until the mixture 
is reduced to a very fine, uniform powder. 


Description and Properties—Ipecac and Opium Powder occurs as a 
very pale brown powder, exhibiting coarse, angular, frequently more 
or less cone-shaped, colorless fragments up to 400 microns in length. 
It is very slowly soluble in water and in chloral hydrate T.S., and 
polarizing light with a strong display of color (fragments of lactose). 
Storage—Preserve Ipecac and Opium Powder in well-closed con- 
tainers. 


History—This preparation was first introduced by 
Thomas Dover, an English physician of the early part 
of the 18th century. He originally called it Puls 
Diaphoreticus or diaphoretic powder, and gave it in doses 
from 60 to 100 grains. Dover is noted particularly for 
having rescued Alexander Selkirk in 1709, while engaged 
in privateering, and Defoe immortalized the story in the 
classic “Robinson Crusoe.” 

Uses—A diaphoretic and sedative, no longer exten- 
sively used. 

Caution—This powder is subject to the rules and regu- 
lations of the Narcotic Act and should never be used or 
dispensed without a physician’s prescription. 

Average Dose—0.3 Gm. (approximately 5 grains). 


One average metric dose contains 30 mg. each of Ipecac and of Opium, 
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Ipecac and Opium Syrup N. F. 
Syrupus Ipecacuanhe et Opi 


[Syr. Ipecac. et Opii—Dover’s Powder Syrup] 


Metric Alternative 
Ipecac and Opium Tincture.......... 85 cc. 2 fl. oz. 346 min. 
Ginnamon Spirit... eeeenee ene eee 5iices 77 min. 
Syrup, a sufficient quantity, 
To make «ac «sone eee 1000 cc. 2 pints 


Mix the tincture and the spirit, add sufficient syrup to make the 
product measure 1000 ce. (2 pints), and mix thoroughly. 


Alcohol Content—1 to 2 per cent, by volume, of CoH50H. 

Stor tc this Syrup in tight containers, and avoid excessive 
Uses—A diaphoretic and sedative expectorant. 
Note—This preparation can be dispensed only under 

the provisions of the Harrison Narcotic Law. 

Average Dose—4 cc. (approximately 1 fluidrachm). 


P 
One average metric dos@ contains 0.34 cc. of Ipecac and Opium Tincture. 


Ipecac and Opium Tincture N. F. 
Tinctura Ipecacuanhe et Opi 


(Tr. Ipecac. et Opii—Dover’s Powder Tincture] 


Metric Alternative 
Opin glinctare te. eee ee 1009 cc. 2 pints 
Ipecac Eluidextract) m> oat ae 100 cc. 3 fl. oz. 96 min. 
Diluted Alcohol, a sufficient quantity, 
Tovmake's., Atse ok etiaetete eee e 1000 cc. 2 pints 


Evaporate the opium tincture in a tared dish on a water bath 
until it measures 580 cc. (18 fl. oz. 269 min.). When it has cooled, 
add to it the ipecac fluidextract and sufficient diluted alcohol 
to make the product measure 1000 cc. (2 pints), and filter. 
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Alcohol Content—19 to 22 per cent, by volume, of CgHs5OH. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 

Uses—aAs a diaphoretic and sedative. This prepara- 
tion is rarely used in modern therapeutics. 

Note—This preparation can only be dispensed under 
the provisions of the Harrison Narcotic Act. 

Average Dose—0.5 cc. (approximately 8 minims). 


One average metric dose represents 0.5 ec. of Opium Tincture and 0.05 ce. of 
Ipecac Fluidextract. 


Lead and Opium Lotion N. F. Lotio Plumbi et Opii 
{Lot. Plumb. et Opii—Lead and Opium Wash] 


Metric Alternative 
Lead \Acetates 44th oes = te ie Gunite, 263 gr. 
Opium wMlinctures- ee ee eee 35 cc. 1 fl.oz. 58 min. 
Distilled Water, a sufficient quantity, 
Tost aks, teu eer Cee ec ree 1000 cc. 2 pints 


Dissolve the lead acetate in about 650 cc. (20 fl. oz. 384 min.) of 
distilled water, add the opium tincture and sufficient distilled 
water to make the product measure 1000 ce. (2 pints). 


Note—Shake Lead and Opium Lotion thoroughly be- 
fore dispensing. 

Alcohol Content—Less than 1 per cent, by volume, of CgH;OH. 
Storage—Keep this Lotion in tight containers. 

Uses—Formerly used externally as an astringent and 
local analgesic, this preparation is obsolete and its use 
not only irrational but attended with danger. Lead 
should never be employed medicinally, and opium or 
its alkaloids have no local analgesic action. 


OPIUM ALKALOIDS AND DERIVATIVES 


ear Si <i <i 
BE ED My ee CN ls 
d ‘ a va SS 
HO Sey OH CH30 ee OH CH,CH.O ee 
Morphine Codeine ase rite 
(Methyl Morphine) (Ethyl Morphine) 
ae N—CH; N—CHs 
N— | we 
fie ie INP ss 
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HO OH ie Tl Tl 
Apomorphine Dilaudid O O 
(Dihydromorphinone) Heroime 
(Diacetylmorphine) 


The many alkaloids obtained from Papaver somnif- 
erum, the opium poppy, have been listed in the previ- 
ous section. They may be divided into two distinct 
chemical groups, the phenanthrene and the benzyliso- 
quinoline derivatives. The most important alkaloids 


CE ae 


N 
phenanthrene 


Yee 
isoquinoline 
contained in the former group are morphine, codeine, 
and thebaine. The better known alkaloids derived from 
benzylisoquinoline are papaverine, narcotine, and nar- 
ceine. In addition to these products, several closely re- 
lated derivatives of natural alkaloids, possessing certain 
advantages are available. These are listed in the fol- 
lowing table: 


TABLE OF OPIUM ALKALOIDS 


Phenanthrene Group 
Codeine (methylmorphine) 
Morphine 
Thebaine (dimethylmorphine) 
Benzylisoquinoline Group 


Narceine 
Narcotine 
Papaverine 
Derivatives of Natural Alkaloids 
Apomorphine 
Dilaudid (dihydromorphinone) 
Dionine (ethylmorphine) 
Heroine (diacetylmorphine) 
Metopon (methyldihydromorphinone) 


Analysis indicates that the morphine molecule con- 
sists of a partially hydrogenated phenanthrene nucleus 
to which are attached an oxygen bridge, an ethanamine 
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chain with a methyl group attached to the nitrogen 
atom, and two hydroxy groups, one phenolic and one 
alcoholic. The formulas above indicates the more im- 
portant chemical relationships existing between the 
various alkaloids of the opium group. 


MORPHINE 


History—Morphine was the first alkaloid discovered. 
In the 17th and 18th centuries many attempts were 
made to separate from opium the principle to which 
its activity was due. Preparations claimed to represent 
these active principles, but which were really extracts, 
were employed in medicine under the name of Magis- 
tertum Opw. Bucholz was the first to endeavor to ob- 
tain a crystalline product from opium. About 1800 a 
number of learned apothecaries of the time were devot- 
ing their attention to the separation of the suspected 
active principle. In 1806, Friedrich William Adam 
Serturner, an apothecary of Eimbeck, Germany, an- 
nounced the separation of a basic crystalline substance 
which existed in opium in combination with a special 
acid. He later published, in 1817, the results of further 
investigation in which he named the substance mor- 
phium and described it as a vegetable alkali. Liebig, in 
1831, assigned to it the formula C3s4H3¢0.N, which was 
later modified by Laurent to Cy,Hi19O3N 


Preparation—The isolation of morphine from opium 
in a quality and purity to meet official standards re- 
quires skill and experience. Several processes are in 
use. In all or nearly all of them the morphine and most 
of the other opium alkaloids are extracted from the 
opium with water alone or with slightly acid water. 
In one of the processes, the extract after concentration 
is neutralized, excess of a solution of calcium chloride 
is added, and the mixture is filtered and further con- 
centrated. Crude morphine chloride crystallizes out 
and is purified by precipitation with ammonia and re- 
crystallization as the sulfate or hydrochloride. In an- 
other process the concentrated water extract is mixed 
with alcohol and made strongly alkaline with ammonia. 
The morphine, being but slightly soluble in dilute alco- 
hol, separates out while the greater part of the other 
alkaloid remains in solution. The crude morphine so 
obtained is purified by repeated crystallization as the 
sulfate or chloride and reprecipitation if necessary in 
the presence of alcohol. 


Description and Properties—Morphine occurs in colorless or white, 
shining, rhombic prisms, in fine needles, or as a crystalline powder, 
permanent in the air. A saturated aqueous solution of morphine is 
alkaline to litmus. It melts with decomposition at about 250°. In 
methanol solution (1 per cent) morphine has a specific rotation of 
about —132° and in diluted sulfuric acid —116°. One Gm. of mor- 
phine dissolves in about 5000 cc. of water, 210 cc. of alcohol (more sol- 
uble in methanol), 1220 cc. of chloroform, about 6500 cc. of ether, 
and 100 ce. of lime water; also 1075 cc. of boiling water and 98 cc. of 
boiling alcohol; insoluble i in benzene; readily soluble in solutions of 
_ the fixed alkali and alkaline earth hydroxides from which it is repre- 
_cipitated by ammonium chloride or sulfate. 


Identification—In addition to giving precipitates, even in dilute 
solutions, with most of the alkaloidal precipitants, morphine is par- 
ticularly characterized by the following color reactions which may be 
obtained with a few mg. or less of morphine: (1) Sulfuric acid, con- 
taining 5 mg. of selenous acid per ec. (Mecke’s reagent), gives with 
Morphine Sulfate a blue color, changing to green and then to brown 
(codeine yields a green color, changing to blue and afterward to grass- 
green). (2) Sulfuric acid, containing 5 mg. of molybdic acid per cc. 
(Frohde’s reagent), gives with Morphine Sulfate a purple color, chang- 
ing to blue. (3) Sulfuric acid, each ce. containing one drop of for- 
maldehyde T.S. (Marquis’ reagent), yields an intensely purple color 
with Morphine Sulfate. (4) Add potassium ferricyanide T.S., con- 

_ taining 1 drop of ferric chloride T.S. in each cc., to an aqueous solu- 
tion of Morphine Sulfate (1 in 100): a deep blue color is produced at 
once (difference from codeine), due to reduction by morphine of ferri- 


tia 


811 


cyanide to ferrocyanide which gives Prussian Blue with the ferric 
chloride. (5) Morphine solutions acidified with sulfuric acid give a 
yellow to brown color on the addition of 1 to 2 drops of an aqueous 
ee of potassium iodate or of iodic acid (codeine gives a green 
color). 


Uses—Morphine is one of the most important drugs 
in the physician’s armamentarium, and few would care 
to practice medicine without it. When wisely used, it 
can do great good; when unwisely prescribed, it can 
do untold harm. It is almost indispensable for the 
relief of pain, analgesia being one of its main actions. 
Unfortunately Morphine causes euphoria and addiction, 
and its repeated administration is fraught with the pos- 
sibility that the patient may become addicted to the 
alkaloid. No other drug is so generally useful in reliey- 
ing various categories of severe pain. Morphine is 
also a sedative and soporific, and causes tranquil relaxa- 
tion and in larger doses stupefaction. It also depresses 
the respiration. Use is made of this last-named prop- 
erty in the treatment of cough, and certain forms of 
dyspnea, especially cardiac (but not bronchial!) asthma. 
Yet the respiratory depression constitutes the chief 
drawback and hazard in the use of Morphine, and death 
from acute overdosage is due to depression of breathing. 
Morphine stimulates smooth muscles of the bronchi, 
biliary tract, enteric tract, and ureters. For example, 
it acts on the bowel to cause spastic constipation. 
This particular side-effect of Morphine is put to thera- 
peutic use in the treatment of diarrheas and dysen- 
teries. Morphine should not be employed in the treat- 
ment of convulsant disorders or of acute poisoning by 
stimulants of the nervous system, such as strychnine. 
Preference is given to the barbiturates. Morphine is 
almost routinely used prior to anesthesia, usually 
combined with a belladonna alkaloid. 


Morphine should be given for the least period of time 
compatible with the needs of the patient’s illness. The 
patient as a rule need not be told that he is being given 
a narcotic. Under no circumstances should the patient 
be allowed to inject the drug himself, if injections are 
required. Morphine is not a specific therapy, and gives 
only symptomatic relief. Its misuse may obscure symp- 
toms or the progress of the disease. This is especially 
true if given for abdominal pain before an accurate 
diagnosis is made. In eases of hopeless diseases such as 
cancer, where Morphine must be given in ever larger 
doses, one expects that addiction will occur. This is 
permissible, and represents the price that must be paid 
for relief of pain. The search for effective analgesic 
substitutes for Morphine without addicting liability is 
a primary field of endeavor of pharmacologists and 
synthetic chemists. 


The federal narcotic regulations must be scrupulously 
observed in the sale and use of Morphine. It must not 
be dispensed except upon presentation of a physician’s 
prescription, properly written. 


The salts of Morphine are used rather than the alka- 
loidal base. The salt most commonly employed is the 
sulfate. (See Morphine Sulfate.) Morphine salts can 
be given orally, sublingually, hypodermically, and 
intravenously (in an emergency). The dose varies from 
2 to 30 mg., and the usual dose is 15 mg. A large vari- 
ety of morphine-containing preparations are official, 
many having little or no advantage over Morphine 
itself. A: large number of derivatives of Morphine are 
available, the only ones having any special virtue 
being codeine, ethylmorphine, and Dilaudid. The 
actions of opium are in large measure attributable to 
its Morphine content. 
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MORPHINE HYDROCHLORIDE N. F. 


Morphinz Hydrochloridum 


{Morph. Hydrochlor.—Sp. Clorhidrato de Morfina] 


Description and Properties—Morphine Hydrochloride [C17H1903N.- 
HC13H2O = 375.84] occurs as white, silky, glistening needles or 
cubical masses, or as a white crystalline powder. It is odorless, has a 
bitter taste, and is permanent in the air but is affected by light. It 
has a specific rotation of —111°. Morphine Hydrochloride gives the 
color reactions described under Morphine and responds to the Identi- 
fication Tests for chloride. In the test with selenous acid the Mor- 
phine Hydrochloride (a few mg.) should be first heated on the steam 
bath with about 0.5 cc. of diluted sulfuric acid for 5 minutes to expel 
the HCl which interferes with the reaction. The addition of a few 
drops of freshly prepared ferric chloride T.S. to an aqueous solution 
(1 in 100) produces a blue color, which is destroyed by acids, alcohol, 
or heat. One Gm. dissolves in about 17.5 ec. of water, about 52 cc. 
of alcohol, about 0.5 cc. of boiling water, and about 46 cc. of alcohol 
a It is soluble in glycerin, but insoluble in chloroform and in 
ether. : 

Test for Purity—Morphine Hydrochloride conforms to the tests and 
limits for Residue on ignition, Free acid, Ammonium salts, Foreign 
alkaloids and Mecondve as described under Morphine Sulfate. It is 
also required to meet the following tests: 

Loss on drying—Not more than 15 per cent. 

Apomorphine—This test is based on the property of apomorphine 
to oxidize readily, and especially in alkaline solution, forming an in- 
tensely green compound. The test is made as follows: To 5 ce. of 
the aqueous solution of Morphine Hydrochloride (1 in 50) 100 mg. of 
sodium bicarbonate is added followed by 0.1 cc. of iodine T.S. Upon 
shaking the mixture with an equal volume of ether, neither layer 
should give even a transient green color. 

Storage—Keep Morphine Hydrochloride in tight, light-resistant con- 
tainers. 


Uses—See Morphine Sulfate and Morphine. 
Average Dose—8 mg. (approximately 14 grain). 


MORPHINE SULFATE U. S. P. Morphine Sulfas 
[Morph. Sulf.—Sp. Sulfato de Morfina] 


Preparation—See Morphine (page 811). 


Description and Properties—Morphine Sulfate [(Ci7H1903N)o.- 
H2SO04.5HeO = 758.82] occurs as white, feathery, silky crystals, as 
cubical masses of crystals, or as a white crystalline powder. It is 
odorless and when exposed to air gradually loses water of hydration. 
It darkens on prolonged exposure to light. Morphine Sulfate is 
levorotatory and it has a specific rotation of —94.5° in aqueous solu- 
tion. The pH of morphine sulfate solution is about 4.8. One Gm. 
of Morphine Sulfate dissolves in 16 ec. of water and 570 cc. of alcohol. 
One Gm. dissolves in 1 cc. of water at 80° and about 240 ce. of alco- 
hol at 60°. It is insoluble in chloroform and in ether. 

Identification—It responds to the Identification Tests given under 
Morphine (page 811) and to the reaction for sulfate. 

Tests for Purity— 

Loss on drying at 130°—Not more than 12 per cent. 

Free acid—Equivalent to not more than 0.1 per cent as HeSQOx4. 

Residue on ignition—Negligible from 500 mg. 

Ammonium salts—No odor of ammonia is perceptible when 200 mg. 
of Morphine Sulfate is warmed with 5 cc. of sodium hydroxide T.S. 

Meconate—Meconic acid is the principal acid in opium (see page 
806), and if the morphine sulfate is not properly purified small 
amounts of the acid may accompany the morphine sulfate. The acid 
is characterized by giving with ferric chloride a red color even in the 
presence of hydrochloric acid. To insure the absence of the acid the 
U.S. P. requires that the addition of a few drops of ferric chloride 
T.S. to a solution of morphine sulfate (1 in 30) previously mixed with 
an equal volume of diluted hydrochloric acid should produce no red 
color. The hydrochloric acid is used to destroy the blue color which 
is produced in neutral morphine solutions by the ferric iron. 

Foreign alkaloids—Codeine is practically the only foreign alkaloid 

present in morphine salts. It is difficult and expensive to eliminate 
it entirely; the U. 8S. P. therefore allows the presence of an 
amount of codeine equivalent to slightly less than 2 per cent as 
hydrated codeine sulfate. The test for foreign alkaloids is based on 
the property of morphine to form morphinates with solutions of the 
fixed alkali or alkaline earth hydroxides which are insoluble in chloro- 
form while codeine, because of the absence of a free phenolic OH, does 
not combine with alkalies and is readily extracted with chloroform 
from aqueous solutions made alkaline with sodium hydroxide. The 
test is performed in the following manner: 
__ Dissolve 1.00 Gm. of Morphine Sulfate in 10 cc. of sodium hydrox- 
ide T.S. in a separator, and shake the solution with three successive 
portions of 15, 10, and 10 ce. of chloroform, passing the chloroform 
solutions through a small filter previously moistened with chloroform. 
Shake the combined chloroform solutions with 5 cc. of water, sepa- 
rate the chloroform, and evaporate it carefully to dryness on a water 
bath. Add to the residue thus obtained 10 cc. of fiftieth-normal sul- 
furic acid, heat gently until dissolved, cool, add 2 drops of methyl 
red LS: and titrate the excess of acid with fiftieth-normal sodium 
Rae not less than 7,5 cc. of the sodium hydroxide solution is 
required. 
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Storage—Keep Morphine Sulfate intight, hght-resistant containers. 
Incompatibilities—See Alkaloids (page 1184). Morphine reduces 
todates, chlorates, alkaline permanganate, and other oxidizing agents. 
Silver nitrate is reduced and gives a red color. Morphine is precipi- 
tated from fairly concentrated solutions of its salts by codeine alkaloid. 
bcd acid and spirit of ethyl nitrite give a yellow color; ferric chlo- 
ride a blue. : 


Uses—Morphine Sulfate is much more largely pre- 
scribed in the United States than any other salt of mor- 
phine. The dose is 0.008 to 0.015 Gm. (% to 4 of a 
grain). The solution of morphine sulfate formerly 
official was made by dissolving | grain of morphine sul- 
fate in 1 fluidounce of distilled water. Although the 
solution is more stable than that of any other of the 
morphine salts in use, it will in time deteriorate, either 
through the presence of fungi or from other causes and, 
hence, it is not desirable to keep it on hand. This solu- 
tion must not be confounded with Magendie’s solution, 
which is sixteen times as strong—i. e., 16 grains In a 
fluidounce and is used in many hospitals in place of 
hypodermic tablets of morphine sulfate. It is carefully 
prepared under aseptic conditions and is usually dis- 
pensed in 30- or 60-cc. rubber-capped serum bottles of 
non-soluble glass. Magendie’s solution should be pre- 
served with 0.03 Gm. (1% grain) of salicylic acid to each 
30 cc. (1 fluidounce) of solution since it deteriorates 
within a few days if no preservative is added. See 
Morphine. 


Average Dose—10 mg. (approximately 1 grain). 


Morphine and Atropine Sulfates Tablets N. F. 
Tabellze Morphine et Atropine Sulfatum - 


[Tab. Morph. et Atrop. Sulf.—Sp. Tabletas de Sulfatos de Morfina y 
Atropina] 


Morphine and Atropine Sulfates Tablets contain not 
less than 91 per cent and not more than 109 per cent 
of the labeled amount of morphine sulfate [(Ci7Hio- 
O3N)2.H2SO04.5H.0]. x 


The presence of morphine may be ascertained by applying the color 
reactions described under Morphine. If interfering substances are 
present the morphine is extracted as described under Morphine Sul- 
fate Tablets and the reactions applied to the residue. The atropine 
i Senter its effect on the cat’s eye as described under Atropine 

ulfate. 


Assay—Since atropine, because of its alkaloidal properties, interferes 
with the morphine determination, it is first removed by extracting 
with several portions of ether the solution of a counted number of the 
powdered tablets in dilute aqueous sodium hydroxide saturated with 
sodium chloride. The atropine dissolves in the ether but the morphine 
is retained in the alkaline aqueous layer. The alkaline solution is then 
acidified with hydrochloric acid, made alkaline with stronger ammonia 
T.S. The morphine is then extracted with chloroform-alcohol and 
determined by the volumetric method given under Assay of Tablets 
(page 998). 


Storage—Keep the Tablets in tight containers. 


Uses—See Morphine and Atropine. This combina- 
tion of alkaloids invites the same objection that all 
drug mixtures do, namely, that of fixed dosages. Never- 
theless, atropine and morphine are commonly used to- 
gether, especially for preanesthetic medication, and for 
the relief of visceral pain, where atropine relaxes smooth 
muscles and hence counteracts the spasmodic effect of 
morphine. Thus, for example, morphine and atropine 
together give smoother relief of pain in gall bladder 
colic or ureteral colid than does morphine alone 


Average Dose—Morphine sulfate, 15 mg. (approxi- 
mately 14 grain). Atropine sulfate, 0.4 mg. (approxi- 
mately 1459 grain). } 
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Morphine Injection U. S. P. Injectio Morphine 


{Inj. Morph.—Sp. Inyeccién de Morfina] 


Morphine Injection is a sterile solution of a suitable 
salt of morphine in water for injection. It contains 
not less than 93 per cent and not more than 107 per 
cent of the labeled amount of the morphine salt, the 
name of which must be stated on the label. A suitable 
preservative, not to exceed 0.5 per cent, may be added. 
It meets the requirements for Sterility Tests for Liquids 
(page 126). 

Sterilize Morphine Injection preferably by Process 
C or Process F. See Sterilization Processes (page 121). 
The Injection also conforms to the other requirements 
under Injections (page 249) and its pH must be between 
4.3 and 5.7. This injection is usually made with mor- 
phine sulfate or less commonly with morphine hydro- 
chloride or tartrate. Solutions of morphine sulfate at 
a pH above 7 decompose quickly even at room tem- 
perature. At a pH of less than 5.5 no change is reported 
in a | per cent solution heated for 1 hour. Steriliza- 
tion should be conducted with a minimum of heat. 

Identification—The presence of morphine may be ascertained by ap- 
plying the color reactions described under Morphine to the residue ob- 
tained by extracting the injection alkalinized with ammonia with 
chloroform-alcohol, etc. as described under Morphine Sulfate Tablets. 
Assay—The morphine salt content of the Injection is determined by 
the volumetric method given under Assay of Solutions Containing 
Alkaloids (page 997), using ammonia as the alkalinizer, and extract- 
ing the alkaloid with chloroform-alcohol mixture. 


Storage—Keep the Injection in hermetic or other suitable containers 
and protected from light. See Containers for Injections (page 255). 


Uses—See Morphine. 
Average Dose—10 mg. (approximately 14 grain) of 
the morphine salt. 


Morphine Sulfate Tablets U. S. P. 
Tabellz Morphine Sulfatis 


[Tab. Morph. Sulf.—Tabletas de Sulfato de Morfina] 


Morphine Sulfate Tablets contain not less than 93 
per cent and not more than 107 per cent of the labeled 
amount of (C;,H;,903N)2.H.S0O4.5H.0. 


Identification—The presence of morphine sulfate in the tablets may 
be ascertained by applying the color reactions described under 
Morphine directly to the powdered tablets. They also respond to the 
reactions for sulfate. If the tablets contain substances which inter- 
fere with the color reaction, proceed as follows: A quantity of pow- 
dered Morphine Sulfate Tablets is digested with 10 cc. of water acidi- 
fied with 2 drops of hydrochloric acid, and filtered. The filtrate is 
rendered alkaline with ammonia T.S., and extracted with 25 cc. of the 
chloroform-alcohol solvent described in the assay. The chloroform- 
alcohol solution is evaporated to dryness on a steam bath, and the 
residue is used for the Identification Tests. : , 
Assay—The morphine sulfate content of the Tablets is determined by 
the volumetric method given under Assay of Tablets Containing 
Alkaloids (page 998), using ammonia as the alkalinizer, and extracting 
the alkaloid with chloroform-aleohol mixture. For other than hypo- 
dermic tablets, a suitable modification of the assay may be necessary. 
Storage—Keep the Tablets in tight containers. 


Uses—See Morphine and Morphine Sulfate. 


Average Dose—10 mg. (approximately 1 grain) of 
Morphine Sulfate. 


APOMORPHINE HYDROCHLORIDE U. S. P. 
Apomorphine Hydrochloridum 


{[Apomorph. Hydrochlor.—Sp. Clorhidrato de Apomorfina] 


Apomorphine Hydrochloride = [Ci7H17O2N.HCL.- 
YH.O = 312.79] is the hydrochloride of an alkaloid 
prepared from morphine. ' 

Preparation—It may be made by heating morphine 
in a closed tube with a great excess of hydrochloric acid 
for 2 or 3 hours at a temperature of 140° to 150° C. 
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The elements of one mole of H2O are abstracted from 
the morphine, resulting in a change in the molecular 
structure. Upon cooling, crude Apomorphine Hydro- 
chloride crystallizes out, being less soluble in hydro- 
chloric acid than in water. The alkaloid is purified by 
recrystallization from water in the presence of HCl. 


Description and Properties—Minute, white or grayish white, glisten- 
ing erystals or white powder. It gradually acquires a green color on 
exposure to light and air. It is odorless. Its solution is neutral to 
litmus. Apomorphine Hydrochloride is levorotatory in aqueous 
solution having an [a]? of —47° to —48°. One Gm. of Apomorphine 
Hydrochloride dissolves in about 50 ec. of water and in about 50 ce. 
of alcohol. One Gm. dissolves in about 20 cc. of water at 80°. It is 
very slightly soluble in chloroform and in ether. 

Identification—(1) On adding a few cc. of sodium bicarbonate solu- 
tion to a few ec. of Apomorphine Hydrochloride solution (1 in 100) a 
white or greenish white precipitate is formed. On the subsequent ad- 
dition of a few drops of iodine T.S., a green solution is produced (com- 
pare test for apomorphine under Morphine Hydrochloride). On shak- 
ing the green solution with ether, the ether layer becomes colored a 
deep ruby-red while the water retains its green color. (2) Addition of 
nitric acid to the salt produces a dark purple solution. (3) With 
silver nitrate T.S., a white precipitate of silver chloride is produced 
which soon darkens (reduction to metallic silver), the reduction being 
accelerated by the addition of ammonia. 

Tests for Purity— 

Color of solution—Former revisions of the U. S. P. required that 
“Apomorphine Hydrochloride must be rejected if it at once imparts 
an emerald-green color to 100 parts of distilled water when shaken 
with it in a test tube.’ Because, however, of the somewhat indefinite- 
ness of the term ‘‘emerald-green’’ as to the intensity and shade of 
color, the U.S. P. XIII makes a comparison of the color of the 1 in 100 
solution with the green color produced by oxidizing a known quantity 
of apomorphine hydrochloride. The test is performed as follows: 

Preparation of color standard: Dissolve 5.0 mg. of Apomorphine Hydrochlo- 
ride in 100 ec. of water. Transfer exactly 1 cc. of this solution to a suitable test 
tube, dilute with 6 cc. of water, then add 1 cc. of sodium bicarbonate solution 
(1 in 20) and follow with 0.5 cc. of iodine T.S. Allow to stand for 30 seconds, 
then add 0.6 ce. of tenth-normal sodium thiosulfate, and dilute with water to 


0 ce. 


Test: Place 100 mg. of Apomorphine Hydrochloride in a test tube of the 


same size as used for the preparation of the color standard, add 10 ec. of oxygen- 
free water, and agitate gently until dissolved: the color of the resulting solution, 
observed promptly after the Apomorphine Hydrochloride has dissolved, is not 
more intense than that of the standard. 


Residue on ignition—Negligible from 200 mg. 

Decomposition products—On shaking 100 mg. of Apomorphine 
Hydrochloride with 5 cc. of ether, the latter acquires not more than a 
pale reddish color. 

Storage—Keep Apomorphine Hydrochloride in small, tight, light- 
resistant vials containing not more than 350 mg. (approximately 5 
grains). Larger sizes are likely to be kept for a longer time, and 
through admission of air when opening the container for withdrawals 
of portions of the contents, the Apomorphine will become oxidized 
and unfit for use. 

Incompatibilities—A green color is rapdily developed in alkaline 
solution. It is precipitated by tannic acid and other alkaloidal pre- 
cipitants and decomposed by oxidizing agents. 


Uses—Apomorphine is an expectorant in doses of 
0.001 Gm. and a powerful emetic in doses of 0.005 Gm. 
It should be employed with caution because in certain 
conditions (depression of the nervous system from 
poisons or overdoses of hypnotics). Apomorphine may 
fail to cause emesis and will then cause further depres- 
sion of the central nervous system. Collapse, coma, and 
even death have occurred from the injudicious use of 
this powerful alkaloid. If vomiting does not occur from 
the first dose, a second should not be given. It is bet- 
ter to administer a gastric tube and lavage the stomach 
than to employ emetic drugs. 

Average Dose—Emetic, subcutaneous, 5 mg. (ap- 
proximately 145 grain). 


Apomorphine Hydrochloride Tablets U. S. P. 
Tabelle Apomorphine Hydrochloridi 
[Tab. Apomorph. Hydrochlor.—Sp. Tabletas de Clorhidrato de Apo- 
morfina] / 

Apomorphine Hydrochloride Tablets contain not less 
than 90 per cent and not more than 110 per cent of the 
labeled amount of Apomorphine Hydrochloride [C wHair- 
O2N.HCI1.%4H.0]. 
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The Tablets respond to the identification reactions and conform to 
the test for Color of solution as given under Apomorphine Hydrochlo- 
ride. 

Assay—The apomorphine hydrochloride content of the Tablets is 
determined by the Volumetric method given under Assay of Tablets 
Containing Alkaloids (page 998) using sodium bicarbonate as the 
alkalinizer, and ether for extracting the alkaloid. 

Storage—Keep the Tablets in tight, light-resistant containers. 


Uses—See Apomorphine Hydrochloride. 
pyerate Dose—E metic, subcutaneous, 5 mg. (approxi- 
mately 149 grain) of Apomorphine Hydrochloride. 


Apomorphine Hydrochloride Injection—Solutions of apomorphine 
hydrochloride should be slightly acidified. For this purpose 0.002 
N hydrochloric acid is sometimes used as a solvent. Sterilization 
is preferably accomplished by filtration. The addition of 0.05 per 
cent of sodium bisulfite is useful as a preservative. 


CODEINE N. F. Codeina 
{ Codein.—Methylmorphine, Sp. Codeina] 


Codeine [CigH2i03sN.H20 = 317.37] is an alkaloid 
obtained from opium or prepared from morphine by 
methylation. 

History—Codeine was isolated from opium by the 
French chemist Robsquest in 1832, and the name given 
it by the discoverer is derived from the Greek word 


meaning poppy capsules. 

Preparation—While some Codeine is obtained from 
opium directly the quantity is not sufficient to meet the 
extensive use of this alkaloid as a very valuable medici- 
nal agent. Two to three times as much Codeine is used 
as morphine. This need is met by making it from mor- 
phine by methylating the phenolic OH of the latter. 
The methylating agent generally used is trimethyl 
phenylammonium sulfate or chloride, which is made by 
heating under pressure a solution of dimethyl aniline 
and dimethyl] sulfate or methyl chloride in alcohol or 
toluene. Dry morphine is dissolved in the theoretical 
amount of potassium hydroxide dissolved in absolute 
alcohol, the required quantity of the methylating agent 
added and heated at about 180°. After cooling, water 
is added, the solution is acidified with sulfuric acid, the 
dimethylaniline formed is separated, and the alcohol is 
removed by distillation. Treatment with caustic soda 
solution precipitates the Codeine, while any unreacted 
morphine is held in solution by the sodium hydroxide. 
The crude Codeine is purified by crystallization as the 
sulfate. 


Description and Properties—Colorless or white crystals, or a white, 
crystalline powder. It effloresces slowly in dry air and is affected 
by light. When rendered anhydrous by drying at 80° it’ melts be- 
tween 154° and 156°. Codeine is levorotatory and the specific rota- 
tion in acid or alcohol is —137° and in chloroform —112°. A satu- 
rated aqueous solution of Codeine is alkaline to litmus paper. The 
pH of the saturated aqueous solution is about 9.8. One Gm. of 
Codeine dissolves in 120 cc. of water, 2 cc. of alcohol, about 0.5 cc. of 
chloroform, 50 cc. of ether, and about 20 cc. of benzene. When 
heated in an amount of water insufficient for complete solution, 
Codeine melts to oily drops which crystallize on cooling. 

Identification—Codeine, like morphine, is particularly character- 
ized by the following color reaction which may be obtained with a 
few mg. or less of codeine or its salts: 

(1) Sulfuric acid containing 5 mg. of selenous acid per cc. (Mecke’s 
reagent) produces with Codeine a green color, which changes rapidly 
to blue, then slowly back to green. (2) Sulfuric acid (3 cc.) con- 
taining 2 drops of formaldehyde 40 per cent (Marquis reagent) gives 
with codeine a carmine-red color, changing to violet-blue, then to 
yellowish and finally to brown. (8) On adding a drop of ferric chloride 
solution to a solution of a few mg. of codeine in 2 to 3 ce. of sulfuric 
acid and warming, a blue color is produced which changes to reddish 
brown on the addition of a drop of nitric acid. (4) With sulfuric acid 
(5 ce.) containing 5 mg. of molybdenum trioxide (Frohde’s reagent) 
codeine gives a green color, changing to blue and then to yellow or 
brownish. 

Tests for Purity— 

Loss on drying—Not more than 6 per cent. 

Residue on ignition—Negligible from 500 mg. 

Readily carbonizable substances—A solution of 10 mg. of codeine in 
5 ce. of sulfuric acid is not darker than matching fluid S (page 1059). 

Morphine—Dissolve about 50 mg. of potassium ferricyanide in 10 
cc. of distilled water, and add 1 drop of ferric chloride T.S. and 1 cc. 
of a neutral or slightly acid aqueous solution of Codeine (1 in 100) 
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macs with the aid of sulfuric acid: no blue color is produced immedi- 
ately. 

Storage—Keep Codeine in tight, light-resistant containers. 
Incompatibilities—Codeine is precipitated from its aqueous solution 
by most of the alkalotdal precipitants but not by sodium, potassium, 
or ammonium carbonate or sodium bicarbonate. Aqueous solutions 
are sufficiently alkaline to precipitate other less soluble alkaloids from 
sores of their salts. Ammonia may be liberated from ammonium 
salts. 


Uses—Codeine may be viewed as a weakened mor- 
phine, which fails to produce proportionately greater 
narcotic effects as the dose is increased. Indeed, large 
amounts of Codeine may cause excitement. Average 
doses are sedative and analgesic, and have obtunding 
effect on the excitability of the cough reflex. Codeine 
is only one-sixth as analgesic as morphine, on a weight 
basis, and if 60 mg. of the drug fails to relieve pain, 
larger doses are unlikely to do so. Like morphine, 
Codeine also produces cortical and respiratory depres- 
sion, but serious degrees of either are practically un- 
known. Codeine is less apt than morphine to cause 
nausea, vomiting, constipation, and miosis. Both toler- 
ance and addiction occur to Codeine, however, and the 
same precautions should be observed in its use as for 
morphine. Codeine, like morphine, is employed as an 
analgesic, sedative, hypnotic, antiperistaltic, and anti- 
tussic agent. The Federal Narcotic Regulations must 
be observed when selling or using Codeine. The dose 
varies from 10 to 60 mg., and the drug may be taken 
orally or injected parenterally as a solution of one of 
its water-soluble salts, such as the phosphate or sulfate. 
See Morphine. 

Average Dose—30 mg. (approximately 14 grain). 


CODEINE PHOSPHATE U.S. P. Codeinz Phosphas 
{Codein. Phos.—Sp. Fosfato de Codeina] 


Codeine Phosphate [CigH2,:03sN.H3sP0.4.14%H20 = 
424.38] contains not less than 70 per cent of anhydrous 
codeine [CigH2i03N]. 

Preparation—It may be prepared by dissolving co- 
deine in an equimolecular quantity of aqueous phosphoric 
acid, adding alcohol and allowing the salt to crystallize 
from solution. 

Description and Properties—Fine, white, needle-shaped crystals or a 
white, crystalline powder. It is odorless. It readily loses water of 
hydration on exposure to air and is affected by light. Its solution is 
acid to litmus paper and levorotatory. Codeine Phosphate responds 
to the Identification tests described under Codeine, and when its solu- 
tion is neutralized to litmus paper with ammonia it gives a yellow 
precipitate with silver nitrate T.S. (silver phosphate). One Gm. of 
Codeine Phosphate dissolves in 2.5 cc. of water, and in 325 ce. of alco- 
hol. One Gm. dissolves in 0.5 ec. of water at 80°, and in 125 ce. of 
boiling alcohol. 

Test for Purity— 

Chloride and sulfate—Practically none. 

Morphine—It conforms to the test given under Codeine Sulfate. 
Assay—lIt is assayed for codeine by the Volumetric method of Assay 
of Alkaloid Salts (page 997). 


Storage—Keep Codeine Phosphate in tight, light-resistant containers. 
Uses—See Codeine and Morphine. Being more sol- 

uble than codeine sulfate, codeine phosphate is often 

preferred to the sulfate. : 
Average Dose—30 mg. (approximately 14 grain). 


Codeine Phosphate Tablets U. S. P. 
Tabellze Codeine Phosphatis 


[Tab. Codein. Phos.—Sp. Tabletas de Fosfato de Codeina] 


Codeine Phosphate Tablets contain not less than 93 
per cent and not more than 107 per cent of the labeled 
amount of Codeine Phosphate [CisH2i:0sN.HsPO..- 
1144 H.0.]. } 


- from the interfering substances as follows: 
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Identification—Owing to the presence of interfering substances 
(lactose, etc.) in the tablets the identification of the codeine cannot 
be made directly, hence, for these tests the codeine is first separated 
A quantity of the pow- 
dered Tablets equivalent to about 50 mg. of codeine phosphate is di- 
gested with 15 cc. of water and 5 cc. of diluted sulfuric acid for one 
hour and filtered if necessary. The filtrate is rendered alkaline with 
ammonia and extracted with several small portions of chloroform and 
the chloroform solution containing the codeine is evaporated to dry- 
ness on the steam bath. The residue responds to the Identification 
Tests described under Codeine. The tablets also conform to the test 
for Morphine described under Codeine Sulfate. A 
Assay—The codeine phosphate content of the Tablets is determined 
by the Volumetric method of Assay of Tablets Containing Alkaloids 
(page 998). : 
Storage—Keep the Tablets in well-closed containers. 


Uses—See Codeine. 
Average Dose—30 mg. (approximately 14 grain) of 
Codeine Phosphate. 


CODEINE SULFATE U. S. P. Codeinz Sulfas 
[Codein. Sulf.—Sp. Sulfato de Codeina] 


Preparation—Codeine Sulfate [(CigH2103N)2.H2S04.- 
5H.2O = 786.87] is made by crystallization from a solu- 
tion of codeine in diluted sulfuric acid. 


_ Description and Properties—White crystals, usually needle-like, or 


as a white, crystalline powder. It effloresces in dry air and is affected 
by light. Its aqueous solution is practically neutral or only slightly 
acid to litmus paper. Codeine Sulfate has a specific rotation of —101°. 
It responds to the Identification Tests described under Codeine and 
gives the reactions of sulfate. One Gm. of Codeine Sulfate dissolves 
in 30 cc. of water and: 1280 cc. of alcohol. One Gm. dissolves in 6.5 
ec. of water at 80°. It is insoluble in chloroform and ether. 

Tests for Purity— 

Free acud—Equivalent to not more than 0.06 per cent as H2SQOq. 

Loss on drying—Not more than 12 per cent. 

Residue on ignition—Negligible from 500 mg. 

Readily carbonizable substances—A solution of 10 mg. of Codeine 
Sulfate in 5 cc. of sulfuric acid has no more color than matching fluid 
S (page 1059). 

Morphine—To a solution of about 50 mg. of potassium ferricyanide 
in 10 cc. of water, add 1 drop of ferric chloride T.S. and 1 cc. of Codeine 
Sulfate solution (1 in 100). No blue color is produced at once in the 
solution. 

Storage—Keep Codeine Sulfate in tight, light-resistant containers. 
Incompatibilities—See Alkaloids (page 1184). Codeine Sulfate reacts 
with phenobarbital sodium to produce the free alkaloid and phenobarbi- 
tal, both of which may precipitate unless the vehicle contains a moder- 
ate proportion of aléohol. The tannic acid of wild cherry syrup pre- 
pared according to the U. 8S. P. XI method was a frequent cause of 
precipitation. The formula official in the U. S. P. XIII overcomes 
this difficulty. 


Uses—See Codeine and Morphine. 
Average Dose—30 mg. (approximately 1% grain). 


Codeine Sulfate Tablets U. S. P. 
Tabelle Codeine Sulfatis 


; [Tab. Codein. Sulf.—Sp. Tabletas de Sulfato de Codefna] 


Codeine Sulfate Tablets contain not less than 93 per 
‘cent and not more than 107 per cent of the labeled 
amount of (CygH2103N)2.H2SO ryila lO) 


Identification—The presence of Codeine in the Tablets may be 
identified as described under Codeine Phosphate Tablets. The tablets 
also give the reactions of sulfate. .The absence of morphine is proved 
_by applying the test for it as described under Codeine Sulfate. 
Assay—The codeine sulfate content of the Tablets is determined by 
the Volumetric method of Assay of Tablets Containing Alkaloids 


(page 998). 
_ Storage—Keep the Tablets in well-closed containers. 


Uses—See Codeine Sulfate. 


_ Average Dose—30 mg. (approximately 14 grain) of 


Codeine Sulfate. 
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COTARNINE CHLORIDE N. F. 
Cotarninz Chloridum 


[Cotarn. Chlorid.—Cotarnine Hydrochloride, Stypticin, Sp. 
Clorhidrato de Cotarnina] 


Cotarnine Chloride [Ci2H1.0sNCI1.2H.O = 291.73] 
is the chloride of an alkaloid obtained by the oxidation 
of narcotine. 

Preparation— When narcotine is heated with moder- 
ately dilute nitric acid or with manganese dioxide and 
sulfuric acid, it is oxidized and split into two products: 
cotarnine and opianic acid [(CHs0)2Ce¢H2(CHO)- 
COOH]. The mixture is treated with an excess of so- 
dium hydroxide or carbonate solution and the cotarnine 
is extracted with ether and converted into the chloride 
with hydrochloric acid. 

It will be noted that this alkaloid salt, unlike other 
alkaloid salts of halogen acids, is designated ‘‘chloride”’ 
and not hydrochloride. The reason is that. cotarnine 
base contains a quarternary ammonium OH group, and 
in combining with hydrochloric acid one molecule of 
water is eliminated and the chlorine adds onto the ni- 
trogen, forming an ammonium type of compound. 


Description and Properties—A weak greenish yellow, odorless, crys- 
talline powder. It is deliquescent in moist air and is affected by light. 
An aqueous solution of Cotarnine Chloride (1 in 20) is neutral to lit- 
mus paper. One Gm. of Cotarnine Chloride dissolves in about 1 cc. of 
water a9d in about 4 cc. of dehydrated alcohol. 

Identification—(1) Sodium hydroxide solution (15 in 100) produces 
in its aqueous solution (1 in 29) a yellow precipitate which dissolves 
upon agitation, but is reprecipitated after standing for some time, 
leaving a clear, greenish yellow supernatant liquid. (2) Cotarnine 
periodide, formed by the addition of an excess of iodine T.S. to an 
aqueous solution of Cotarnine Chloride, after washing and drying 
over HeSO4, melts between 142° and 144°. 

Tests for Purity— 5 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Negligible from 100 mg. 

Storage—Keep Cotarnine Chloride in tight, light-resistant containers, 


Uses—lIt is used to check bleeding from small blood 
vessels, in certain forms of nose bleeding and slow 
hemorrhages. The efficacy of this drug is open to seri- 
ous question. 

Average Dose—60 mg. (approximately 1 grain). 


Cotarnine Phthalate—Styptol [CgH4(COO)o2(C12H1403gN)2= 604.59]. 
Yellow powder. Freely soluble in water. Use: As of the Chloride. 
Dose: 50 to 200 mg, (34 to 3 grains). 


DIHYDROMORPHINONE HYDROCHLORIDE 
io. 


Dihydromorphinoni Hydrochloridum 


[Dihydromorph. Hydrochlor.—Dilaudid, Sp. Clorhidrato de 
Dihidromorfinona] 


Preparation— Dihydromorphinone Hydrochloride 
[Ciz7H1903N.HCl = 321.80] is made by passing hydro- 
gen into a solution of morphine hydrochloride in the 
presence of palladium as a catalyst. 


Description and Properties—A fine, white, odorless, crystalline pow- 
der, affected by light. Its aqueous solution is practically neutral or 
only slightly acid to litmus paper. One Gm. dissolves in about 3 ce. 
of water It is sparingly soluble in alcohol, and nearly insoluble in 
ether. 

Identification—(1) Dihydromorphinone base obtained by precipi- 
tating an aqueous solution of the hydrochloride with ammonia melts, 
after washing and drying, at about 260°. (2) The oxime of the base 
prepared as described in the U. S. P. melts, with decomposition, be- 
tween 230° and 235°. -(3) Dihydromorphinone, like morphine, pos- 
sesses reducing action and consequently gives a blue color with ferri- 
eyanide-ferric chloride (see under Morphine). 

Tests for Purity— 

Loss on drying—Not more than 1.5 per cent. 

Residue on ignition—Negligible from 200 mg. 

Free acid—Wquivalent to not more than 0.07 per cent as HCI. 

Sulfate—Practically none. 

Ammonium Salts—No odor of ammonia is evolved when 100 mg. of 
the salt is heated to boiling with 5 ce. of sodium hydroxide T.S8. 
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Codeine—The addition of 1 drop of ferric chloride T.S. to a solution 
of 20 mg. of the salt in 5 cc. of sulfuric acid produced no blue color. 
Storage—Keep_ Dihydromorphinone Hydrochloride in tight, light- 
resistant containers. 

Incompatibilities—Reactions characteristic of alkaloids are generally 
applicable to this substance. See Alkaloids (page 1184). 

Uses—Dihydromorphinone (Dilaudid) is allied both 
chemically and pharmacologically to morphine and has 
the same general actions and uses as morphine. How- 
ever, it differs in certain respects. It is more analgesic 
and more toxic on a weight basis and hence is given in 
doses one-fourth as large as for morphine. The dura- 
tion of analgesia is definitely shorter than for morphine 
and thus the interval between doses may have to be 
shorter. Slower absorption and hence longer relief from 
pain can be obtained from the use of Dilaudid in sup- 
pository form. Dilaudid causes less tendency to sleep 
than morphine when given in equivalent analgesic 
doses, and thus reliémfrom pain can be obtained without 
sleep or stupefaction. It is claimed that Dihydromor- 
phinone causes less constipation and vomiting than mor- 
phine. Also, it produces less euphoria. However, 
tolerance and addiction do occur with Dilaudid, and the 
drug must be used with the same precautions as for 
morphine. Its use and sale come under the federal 
narcotic regulations. It can be given by mouth, by rec- 
tum in suppository form, or injected hypodermically 
or intravenously (in emergency). The average adult 
does is 2 to 4 mg. 

Note—This drug, being a morphine derivative, is 
subject to the Harrison Narcotic Act. 


Average Dose—2 mg. (approximately 149 grain). 


Dihydromorphinone Hydrochloride Tablets U. S. P. 
Tabelle Dihydromorphinoni Hydrochloridi 
{Tab. Dihydromorph. Hydrochlor.—Sp. Tabletas de Clorhidrato de 
Dihydromorfinona] 

Dihydromorphinone Hydrochloride Tablets contain 
not less than 90 per cent and not more than 110 per 
cent of the labeled amount of  dihydromorphinone 
hydrochloride [C1;,H1903N.HCl]. 

Identification—The dihydromorphinone base obtained by precipi- 
tating an aqueous solution of the Tablets, filtered if necessary, with 
ammonia melts with decomposition at about 260°, and the aqueous 
solution of the tablets (1 in 100) responds to the Identification tests 
given under Dihydromorphinone Hydrochloride. 

Assay—The dihydromorphinone hydrochloride content of the Tab- 

lets is determined by the Volumetric method given under Assay of 

Tablets Containing Alkaloids (page 998). 

Storage—Keep the Tablets in tight, light-resistant containers. 
Uses—See Dihydromorphinone HU Caan de: 
Average Dose—2 mg. (approximately 149 grain) of 

Dihydromorphinone Hydrochloride. 


ETHYLMORPHINE HYDROCHLORIDE U. S. P. 
Ethylmorphinze Hydrochloridum 


[4athyl morph. Hydrochlor.—Dionin, Sp. Clorhidrato de Etilmorfina] 


Preparation—This alkaloid [C,,H2303N.HCI1.2H.O 
= 385.88] may be prepared by ethylation of morphine 
with diethyl sulfate in the presence of sodium ethylate. 
The crude ethylmorphine hydrochloride obtained in 
either process is purified by treating its solution with 
decolorizing charcoal. 


Description and Properties—A white, or faintly yellow, odorless 
microcrystalline powder. It melts with decomposition at about 123°; 
when anhydrous it melts at about 170°. Ethylmorphine hydrochlo- 
ride has a specific rotation of —104°. One Gm. dissolves in 10 ce. of 
water and 25 cc. of alcohol. It is slightly soluble in ether and in 
chloroform. 

Identification—(1) On adding a drop of ferric chloride T.S. to a solu- 
tion of about 10 mg. of Ethylmorphine Hydrochloride in 10 ce. of 
sulfuric acid, and warming it on a water bath, a green color is pro- 
duced which changes to deep violet-blue, after the addition of a 
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drop of nitric acid to deep red. (2) The addition of ammonia T.S- 
to an aqueous solution of Ethylmorphine Hydrochloride (1 in 25) 
produces at once a white precipitate of ethylmorphine base (differ- 
ence from codeine hydrochloride which is not precipitated by am~ 
monia), and this base is insoluble in sodium hydroxide solution (dif- 
ference from morphine which is readily soluble in sodium hydroxide 
solution). 

Tests for Purity— 

Loss on drying—Not more than 10 per cent. 

Free acid—E.quivalent to not more than 0.04 per cent as HCl. 

Residue on ignition—Negligible from 200 mg. 

Ammonium compounds—On heating 5 ce. of a 1 in 20 solution of 
the alkaloid salt with 5 ec. of sodium hydroxide T.S., the escaping 
vapor should not at once turn moistened red litmus paper blue. 

Morphine—-It, conforms to the test for morphine described under 
Codeine Sulfate. 

Storage—Keep Ethylmorphine Hydrochloride in well-closed con- 


tainers. 


Uses—This. alkaloid is commonly sold under the 
name Dionin, and is used as a substitute for morphine, - 
as it is less likely to cause nausea and depression. In 
its systemic actions, Dionin very closely resembles 
codeine, but does not enjoy the wide use of the latter 
alkaloid. When Dionin is applied locally to mucous 
membranes or abraded skin, it causes irritation and 
marked hyperemia. Clinical use is made of this prop- 
erty, and practically the only therapeutic application of 
Dionin is in chronic inflammatory conditions of the eye 
(indolent corneal ulcers, uveal exudates, vitreous opaci- 
ties), where the reactive hyperemia produced by Dionin 
has beneficial effects. A 2 to 10 per cent solution or 10 
per cent ointment is employed. See Codevne. 

Note—As a derivative of morphine it is subject to the 
Harrison Narcotic Act. 

Average Dose—I5 mg. (approximately 14 grain). 


PAPAVERINE HYDROCHLORIDE U. S. P. 
Papaverine Hydrochloridum 


[Papaver. Hydrochlor.—Sp. Clorhidrato de Papaverina] 


nee 
Sao as 
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Papaverine Hydrochloride [CeoHeiNO,4.HCl = 


375.84] is the hydrochloride of an alkaloid obtained from 
opium or prepared synthetically. 

Preparation—Papaverine, along with narcotine, the- 
baine, and some other opium alkaloids, is found in the 
mother liquors remaining after the precipitation of 
morphine with ammonia from the aqueous opium ex- 
tract in the presence of dilute alcohol, or in the precipi- 
tate obtained by treating the opium extract with sodium 
acetate. It may be roughly separated from the ac- 
companying alkaloids in alcohol solution as the acid 
oxalate and the base obtained from it purified by 
crystallization from alcohol. 

The great demand for papaverine is now largely satis- 
fied through synthetic preparation using vanillin as 
the starting material, and involving 10 to 12 major 
steps. | Homoveratryl-homoveratroylamine is the 
final intermediate from which papaverine is produced 
by ring closure and dehydrogenation. 

_ Papaverine was synthesized from o-dimethoxyben- 
zene (veratrol) by Pictet and Gams in 1909. 

Description and Properties—-White crystals or a white, crystalline 
powder. It is odorless, and has a slightly bitter taste. It is optically — 
inactive. Its solutions are acid to litmus paper. One Gm. is soluble 
in about 30 cc. of water. It is soluble in alcohol and in chloroform, 
but is practically insoluble in ether. 


Identificattion—(1) Its aqueous solution (1 in 50) yields precipitates 
with mercury bichloride, iodine, potassium ferricyanide, and picric 


| 


4 


h 


hydrochloride [CeoH2:NO4.HCl]. 
- quirements of the Sterility Test for Liquids (page 126). 
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acid Test Solutions. (2) Papaverine base, obtained by extracting an 
alkalinized solution of the Hydrochloride with ether and evaporating 
the latter, melts between 145° and 148°. (38) Dissolve about 1 mg. 
of Papaverine Hydrochloride in 0.1 ec. of sulfuric acid containing 1 
drop of formaldehyde T.S. in each ce.: a colorless or a faintly yellow- 
ish green solution is produced. This gradually changes to deep rose 
and finally becomes brown (difference from morphine and its esters, 
which give purple or violet colors). 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.5 per cent. 

Cryptopine, Thebaine, or other organic impurities—A solution of 50 
mg. of Papaverine Hydrochloride in 2 cc. of sulfuric acid has a color 
not darker than pale pink or not more than slightly brown. 

Morphine—To a solution of about 10 mg. of Papaverine Hydro- 
chloride in 10 cc. of water, add a few drops of hydrochloric acid and a 
few drops of a saturated solution of iodine pentoxide, and shake with 
5 ce. of carbon tetrachloride. The latter is not colored violet. 
Storage—Keep Papaverine Hydrochloride in tight, light-resistant 
containers. 


Uses—Papaverine Hydrochloride relaxes smooth 
muscle in general, although different organs are affected 
in a varying degree. 

It is most effective in hypertonic conditions, while it 
does not interfere materially with the normal move- 
ments, for instance, of the intestines. It is also a rather 
feeble central analgesic and a local anesthetic. Its 
toxicity is low, and neither tolerance nor habituation has 
been reported. These actions have prompted its use, 
with reported success, in various spasmodic conditions 
of the smooth muscles, especially in all kinds of gastric 
and intestinal spasms, in biliary colic, and in bronchial 
spasm. Perhaps the chief use of Papaverine is in pe- 
ripheral arterial or pulmonary embolism, where it may be 
life-saving. Its action is to dilate the arteries and allow 
collateral blood supply to reach the obstructed region. 
For this purpose, it is given intravenously. Papaverine 
also dilates the coronary arteries, and is useful in angina 
pectoris when given orally in larger doses than those 
usually recommended, namely, 0.1 Gm., 3 or 4 times 
daily. The alkaloid also affects the refractory period 
of cardiac muscle, and is useful in the treatment of 
extra systoles, particularly of ventricular origin. 

In general, the more successful therapeutic applica- 
tions of the actions of Papaverine are those listed above 
for the heart and blood vessels, rather than for relief of 
spasm of smooth muscle of the bronchi, ureter, or gastro- 
intestinal tract. More effective antispasmodics are 
available for these last-named structures. The content 
of Papaverine in Opium or in Pantopon is not sufficient 
to impart to these drugs the actions of Papaverine. 

Although it is not a narcotic, Papaverine requires a 
physician’s narcotic prescription before it can be dis- 
pensed, and inasmuch as it is an alkaloid of opium, its 
sale and use come under the federal narcotic regulations. 

Papaverine may be administered orally in the dose 
of 0.03 to 0.15 Gm. It can be injected hypodermically 
or intravenously in the dose of 0.02 to 0.1 Gm. 

Average Dose—Oral and intravenous, 0.1 Gm. (ap- 
proximately 11% grains). 


Papaverine Hydrochloride Injection U.°S. P. 


Injectio Papaverinee Hydrochloridi 


{Inj. Papaver. Hydrochlor.—Sp. Inyeccién de Clorhidrato de 
; Papaverina| 
Papaverine Hydrochloride Injection is a sterile solu- 
tion of papaverine hydrochloride in water for injection. 
It contains not less than 95 per cent and not more than 
105 per cent of the labeled amount of papaverine 
It meets the re- 


 Sterilize Papaverine Hydrochloride Injection prefer- 


ably by Process C. See Sterilization Processes (page 
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121). The Injection also conforms to the other require- 
ments under Injections (page 249). 


Identification—The presence of papaverine in the Injection may be 
ascertained by the proper melting temperature of the base and by 
applying to it the Identification Test described under Papaverine 
Hydrochloride. 

Assay—The Injection is assayed for papaverine hydrochloride con- 
tent by the method described under Assay of Solutions Containing 
Alkaloids (page 997). Since papaverine is a very weak base it cannot 
by titrated with acids and therefore the base obtained in the assay 
is weighed. The weight multiplied by 1.107 represents papaverine 
hydrochloride. 

Storage—Keep the Injection preferably in single-dose, hermetic con- 
tainers, or in other suitable containers. See Containers for Injections 
(page 255). 


Uses—See Papaverine Hydrochloride. 
Average Dose—Intravenous, 0.1 Gm. (approximately 
11% grains) of Papaverine Hydrochloride. 


Unofficial Opium Alkaloids and Derivatives 


Benzylmorphine Hydrochloride, Peronin [Cg4H2503N .HCl]— White 
crystalline powder. One Gm. dissolves in about 100 ec. water, 270 
cc. alcohol or chloroform, 120 cc. methanol; slightly soluble in 
acetone, ether, amyl alcohol. Uses: where contraindications or 
idiosyncrasy to morphine exist; also to relieve cough when indi- 
cated in phthisis, bronchitis and whooping cough. Does: 20 to 
40 mg. 

Codamine [Cgo9H25NO4]—Isomeric with laudanine and laudanidine. 
Crystallizes from ether in hexagonal prisms. Melts at 126°. 
Moderately soluble in water and soluble in alcohol; colored green 
with nitric acid and ferric chloride. 

Codeine Hydrobromide [C,;gH2i;03N.HBr.2H20O|]—White crystals. 
The anhydrous salt melts at 190 to 192°. [eli” is —96.6°. One 
Gm. dissolves in 60 cc. water, 110 ec. aleohol. Uses and Dose: 
as for the sulfate, especially in nervous cough. 

Codeine Hydrochloride [CygsH21;03N.HCl.2H20]—White, fine, 
small needles. Melts at about 280° with some decomposition, 
[a]?? is +10.8°. One Gm. dissolves in 20 cc. water, lec. boiling water. 
180 ce. alcohol. pH about 5. Uses and Dose: as for the sulfate. 

Codeine Methylbromide, Eucodin [CygH2103N.CHg3Br]—White 
crystals or powder. Melts about 260°. Soluble in water (2 to 3 


parts), hot methanol, sparingly in alcohol; insoluble in chloro- 
form, ether. Uses: instead of codeine for coughs. Dose: 20 to 
50 mg. 


Cryptopine [C2;H2305N]—Produces a blue color with sulfuric acid; 
it is but slightly soluble in water or alcohol. Optically inactive, 
melting at 218°. It is narcotic. 

Demerol Hydrochloride, also called 
Dolantin Dolantol, or Isonipecaine, is Ethyl-1-methy]-4-phenyl- 
piperidine-4-carboxylate hydrochloride. A white, crystalline 
powder, soluble in water, the solution being acid to litmus paper. 
It melts between 186° and 189°. Uses: Demerol is a new syn- 
thetic analgesic drug which bears chemical and pharmacological 
resemblances both to morphine and to atropine. It causes sedation 
and analgesia, and has antispasmodic properties not only as a result 
of a parasympatholytic action (like atropine) but also because of a 
direct depressant action on smooth muscle (like papaverine). 
Drowsiness and sleep occur from relatively large doses, but con- 
fusion and after-depression do not seem to result. Analgesia is 
possible with doses which do not cause stupefaction, a decided 
advantage over morphine. Demerol is far more analgesic than the 
salicylates and related compounds, and approaches morphine in 
its potency. All types of pain are relieved, and the drug has been 
provisionally employed in many thousands of patients in a manner 
similar to morphine. Pain due to smooth muscle spasm is relieved 
not only by a direct. central analgesic action, but also by a local 
spasmolytie action. In this respect, demerol differs sharply from 
morphine which causes spasm of many smooth muscles. 

Demerol further differs from morphine in not depressing respira- 
tion, and large doses even cause excitement, tremors, and convul- 
sions. Nausea and vomiting occur in about 5 per cent of patients. 
Like morphine, demerol causes euphoria, and has addicting liabil- 
ity. Therefore it must be employed with considerable caution. 
Its ability to cause drug addiction, however, is less than for mor- 
phine. Tolerance also develops to demerol but not to a significant 
extent. It hasno untoward renal, metabolic, hepatic, or respiratory 
effects in the body. In general, it has all the uses of morphine, 
except that it has no antiperistaltic action and is not useful to stop 
cough or relieve dyspnea. See Morphine. Dose: average adult 
dose, 50 to 100 mg., orally or intramuscularly. Pain is usually re- 
pore within 20 minutes to one hour, analgesia lasting from 2 to 5 

ours. 

Diacetylmorphine, Heroin—An alkaloid prepared from morphine 
by acetylization. When alkaloidal morphine is heated with 
acetylchloride, the synthetic alkaloid, diacetylmorphine, is pro- 
duced. A white crystalline powder. Without odor. Its saturated 
alcoholic solution is alkaline to moistened litmus paper. One Gm. 
of Diacetylmorphine dissolves in about 1700 cc. of water, 31 cc. of 
alcohol, 1.4 ce. of chloroform, and in 100 ce. of ether at 25° C. 
Uses: This alkaloid, usually known as heroin or heroine, was 
formerly much used as a sedative in cough mixtures and to relieve 
moderate pain, but a Federal law was passed in 1925 prohibiting 
its importation and the importation of opium for its manufacture 
because of its dangerous habit-forming character. Codeine is 
largely used in its place. Dose: was 0.003 Gm. 


Meperidine Hydrochloride, 
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Diacetylmorphine Hydrochloride, Heroin Hydrochloride, Diamor- 
phine Hydrochloride [C23H2305N.HCl.H20]—White, odorless, 
bitter, crystalline powder. Melts about 230° with decomposition. 
[a]? is —153° in water. Soluble in 2 parts water; soluble in alcohol; 
insoluble in chloroform, ether. The manufacture or importation 
of this narcotic is prohibited by Federal law. It was official in 
U.S. P. [IX and was used like morphine sulfate in doses of 3 to 5 


mg. 

Dicodid, Dihydrocodeinone [CygH2i03N]—Prepared by heating 
dehydrothebaine with HCl, the dehydrothebaine being made from 
thebaine—an alkaloid of opium. White, crystalline powder. Melts 
at 197 to 198°. Insoluble in water; soluble in alcohol, dilute acids. 
Its physiological action is midway between codeine and morphine. 
Uses: wherever morphine or codeine is indicated, particularly 
preliminarily to operations, to relieve postoperative pain, cough in 
tuberculosis, etc. Usually used in the form of the bitartrate or 
hydrochloride. Dose: 15 mg. subcutaneously. 

Dihydromorphine [C}7H21303N.H20]—Obtained by reducing mor- 
phine with hydrogen in presence of palladium. White crystals. 
Melts about 155° with decomposition. Insoluble in water; soluble 
in acetone, alcohol, chloroform, dilute acids. 

Dihydromorphine Hydrochloride, Paramorphan [C,7H21i03N. HCl] 
—wWhite crystalline powder. Soluble in water, slightly in alcohol. 
Uses: like morphine and is said to be less toxic, but not well 
tolerated. “es 

Eukodal, Eucodal, Dihydro-hydroxycodeinone Hydrochloride [Cj,- 
H2e104N.HCl}—White, crystalline powder. Melts about 270° 
with decomposition. Soluble in 10 parts water; soluble in alcohol. 
Uses: a sedative, analgesic, narcotic. Internally for spasmodic 
cough, bronchitis, pleurisy, dyspnea, pain. Useful in gallstone 
and renal colics. Dose: 3 to 5 mg. 

Eupayerine [Cy9H;gNO4.HCl.H2O]—A synthetic alkaloid similar 
in structure and physiologic action to papaverine. White crystals 
slowly soluble in cold, readily in warm water, moderately 
soluble in aleohol. Uses: an antispasmodic for smooth muscle. 
Dose: 30 to 60 mg. 


Hydrocotarnine, C;2H;15NO3—is soluble in alcohol, acetone, chloro- . 


form, petroleum benzin, and ether. It melts at 55°, and loses at 
a somewhat greater heat the half molecule of water with which it 
crystallizes. Sulfuric acid dissolves it, coloring it yellow in the 
cold, and erimson-red if heated. Nitric acid colors it yellow; ferric 
chloride does not affect its color. : 

Gnoscopine, di-narcotine, [Cg2H2g3NO7|—This alkaloid is produced 
from narcotine by racemization. Colorless needles, melting at 229°. 

Lanthopine [C23H25NO4]—Sparingly soluble in chloroform, melting 
at 200°. With sulfuric acid a pale violet color is given which 
changes to brown on heating. 

Laudanidine, Tritopine [C29H25NO4]—Occurs with laudanine, of 
which it is supposed to be the levo-form. Melts at 184° to 185°, 
[a]> —87.8° in chloroform. Tritopine was formerly considered to 
have the formula (Cg13H2703N) 20 but later investigations showed 
it to be identical with laudanidine. 

Laudanine [C29H25NO4]—Crystallizes from dilute alcohol in prisms, 
melting at 166°; [a]p 0°. Soluble in chloroform, benzene, or alco- 
hol. Gives a deep red color with sulfuric acid and iron oxide. 
A strong tetanic poison. 

Laudanosine [Cg13H2g7NO4]—Produces rose color with sulfuric acid, 
violet when heated; insoluble in water, soluble in ether, [a]p> +103 
in alcohol, and melting at 89°. 

Meconidine [Cg23Hg3NO4]—Amorphous; easily soluble in alcohol, 
ether, benzene, and chloroform; melting at 58°, colored olive-green 
by sulfuric acid, orange-red by nitric acid. 

peepee ane Hydrochloride N. N. R.—See Demerol Hydrochloride 
above. 

Metopon Hydrochloride, Methyldihydromorphinone Hydrochloride 
—A phenanthrene derivative made from thebaine, an alkaloid of 
opium. It is a white crystalline powder soluble in water. Uses: 
qualitatively like morphine even to the properties of tolerance and 
addiction liability, but differs from it quantitatively, having an 
analgesic effectiveness at least twice that of morphine. In thera- 
peutic doses it produces little or no respiratory depression and is 
relatively highly effective by oral administration. Dose: 6 to 9 
mg. to be repeated only on recurrence of pain. 


Morphine Acetate [Cy7H1903N.C2H402.3H20]—Yellowish white 
powder; slight acetic odor. Poisonous! Decomposes with age, 
losing acetic acid and discoloring. [a]+ is —77° in water. OneGm 
dissolves in 2.25 ec. water, 2 cc. boiling water, 22 cc. alcohol, 2 ce. 
alcohol at 60°, 4.5 ce. glycerin, 4.75 cc. chloroform; insoluble in 
ether. Uses and Dose: as for the sulfate. 

Morphine Hydrobromide [C17H1903N.HBr.2H20]—White, crys- 
talline powder. Loses its water at 100° and becomes yellowish. 
[a]? is —100.4°. One Gm. dissolves in 25 ec. water, 1 ec. boiling 
water, 50 cc. alcohol, 10 cc, boiling aleohol. Uses and Dose: as 
for the sulfate. 

Morphine Tartrate [(C17Hi903N)2.C4H60..3H20]—White, crys- 
talline powder. Poisonous. Soluble in 11 parts of water; slightly 
soluble in alcohol; insoluble in chloroform, ether, carbon disulfide. 
Uses and Dose: as for the sulfate. 

Morphine Valerate, Morphine Isovalerate [Cy7H1903N.C5H100¢] 
—Colorless crystals; valeric acid odor. Decomposes with age and 
quickly darkens on exposure to air and light. Soluble in about 5 
water; soluble in alcohol. Uses and Dose: as for the sulfate. 


Narceine [CogH27NOg.3H20]—Discovered by Pelletier in 1832. 
_Grystallizes from alcohol in white, silky crystals, inodorous, of a 
bitter taste, [#]p 0°, melting at 170°, and volatizable at 215°. 
Soluble in 800 parts of cold and 220 of boiling water, slightly 
soluble in cold 80 per cent alcohol, and insoluble in ether. It 
forms a bluish compound with a little iodine, the color of which 
is destroyed by heat and the alkalies. It is rendered blue by the 
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action of mineral acids diluted so as not to decompose it; but, un- 
like morphine, it does not become blue by the action of ferric salts, 
or red by that of nitric acid. ; 

Narceine Hydrochloride [Ces3H27NOg.HCl|—Crystallizes from 
water with 3 to 5% moles H20; also with 1 mole CgHsOH from 
alcohol. White, granular powder. Melts, when anhydrous, at 
about 190°. Uses: hypnotic, sedative, antispasmodic; much 
weaker than morphine. It was used in coughs, colds, neuralgia, 
whooping-cough, rarely used now. ; : 

Narceine Sulfate [CogH27NOg. H2804.10H20]—White, crystalline 
powder. Soluble in water, in hot alcohol, or in ether. : 

Narcotine [Ce2He3NO7]—Derosne, in 1803, obtained from opium a 
substance, ‘‘opium salt,” which was a mixture of narcotine and 
morphine. He erroneously supposed it to be the narcotic prin- 
ciple, and did not recognize its alkaloidal character. Narcotine 
was isolated by Robiquet in 1817. It is white, tasteless, and in- 
odorous, and crystallizes in silky, flexible needles, usually larger 
than the crystals of morphine, [a]p —198° in chloroform, + 50° in 
1 per cent hydrochloric acid, melting at 176°. Insoluble in cold 
water, soluble in 400 parts of boiling water, in 100 parts of cold 
alcohol, and in 24 parts of boiling alcohol, which deposits it upon 
cooling, and in 166 parts of ether at 16°, readily soluble in benzene, 
acetone, or ethyl acetate. When opium is extracted with water to 
obtain the morphine and codeine, the narcotine remains in the 
insoluble residue. It is colored red by a mixture of sulfuric and 
nitric acids. It is not narcotic, but is said to be antiperiodic. 

Narcotine Hydrochloride [Co2Ha3NO7.HCl]—It crystallizes with 
lto4H.2O. White, lustrous crystals. Soluble in water, alcohol, 
and chloroform. ; 

Narcotine Sulfate, Narcotine Bisulfate [Co2H2g307N.HeSO4]— 
White crystalline powder, soluble in water with strongly acid re- 
action. 

Neopine, 8-Codeine [CjgH2;NOxs]—An alkaloid which is isomeric 
with codeine, soluble in water, alcohol, ether, chloroform, or ben- 
zene. It gives color reactions similar to those of codeine. 

Oxynarcotine [Cg2H23NOg|—Nearly insoluble in water, alcohol, 
chloroform, and benzene, but soluble in alkaline solutions. ; 

Papaveris Fructus, Poppy Capsules—The dried, fully grown, unripe 
fruit of Papaver somniferum Linné (Fam. Papaveracex) from which 
the seeds have been separated. It contains a small amount (about 
0.2: per cent) of morphine; also minute amounts of narcetine, 
narceine, papaverine, rheadine, codeine, and meconic acid. A nar- 
cotic similar to opium. Dose: 1 Gm. 

Papaverine [C29H21NO4|—was isolated by Merck in 1848. Crystal- 
lizable in needles, melting point 147°, [a]p 0°, and volatilizable at 
154°. It is insoluble in water, very sparingly soluble in cold alco- 
hol or ether, more soluble in these liquids when boiling hot, and 
deposited by them on cooling: soluble in acetone, benzene, and 
chloroform. Dissolves in pure cold sulfuric acid to a colorless 
solution, becoming rose-red at 110°, and violet at 200°, the color 
being discharged by water. It is narcotic. In 1926 Spiath and 
Polgar proved that the alkaloid which had been previously desig- 
nated pseudopapaverine [C21H2104N], was in reality papaverine. 

Papaverine Sulfate [Ca9H21NO4.H2SO4] (Papaverine Bisulfate)— 
Papaverine does not form a neutral sulfate. White, crystalline 
powder. Soluble in water, alcohol, chloroform; insoluble in ether. 
It is used as the hydrochloride. 


Papaveramine [Co;H25NO¢]—Colorless prisms. Melting point 
128° to 129° C. Insoluble in water, soluble in alcohol and chloro- 
form. 


Perparine [Co4H29NO4.HCl]—is also a synthetic alkaloid having a 
structure similar to papaverine and claimed to exert stronger 
physiologic action than the latter. It is in the form of a white 
powder, soluble in water. . 

Prophyroxine [Cy9H2g3NO4|—Faintly yellow or colorless prisms, 
soluble in water and in chloroform. Slightly soluble in alcohol. 
Melts at 134°, [a]Jp—140°. Soluble in sulfuric acid with the pro- 
duction of a red color. aah 

Protopapaverine [Cj9gH19NO4]—Chemically this substance is papay- 
erine in which a methoxy group is replaced by anOH. | 

Protopine [Co9H jg9NOs]—is insoluble in water, soluble in alcohol 
and chloroform. Optically inactive, melts at 208°. Concentrated 
eure acid produces a yellow color at first, changing to bluish 
violet. 

Pseudomorphine, Oxydimorphine, Dehydromorphine [CgzH 360 6Ne] 
—isolated by Pelletier in 1835 shows several reactions like morphine. 
It dissolves in concentrated nitric acid with an intense orange-red 
color, and in solution of ferric chloride with a blue color. It may 
be prepared by oxidation of morphine [2Ci17HigNO3 + O = 
CgaHseN20¢ + HeO]. Silky crystals, insoluble in water or 
organic sglvents but soluble in aqueous or alcoholic ammonia. 
It is tasteless and physiologically inactive. : 

Rheeadine [C2;3H21NO¢|—Nearly insoluble in water, alcohol, ether, 
petroleum benzin, and chloroform; melting at 245° to 247°. With 
sulfuric acid or hydrochloric acid it turns a purple color. . It is non- 
toxic. 

Thebaine [Cy9H21NOg]—This alkaloid was obtained originally by 
Thiboumery, who named it paramorphine. Crystallized from alco- 
hol in white leaflets of an acrid and styptic rather than bitter taste, — 
[e]p —218.6° in alcohol, melting at about 193°, scarcely soluble 
in water, very soluble in alcohol, chloroform, and benzene, and 
sparingly soluble in ether when cold, and even more insoluble when 
heated. Alkalies precipitate it from its acid solutions, and, unless 
in very concentrated solution, do not dissolve it when added in 
excess. Unlike morphine, it is not reddened by nitric acid, nor 
does it become blue with solutions of ferric salts. It is colored 
blood-red by sulfuric acid which on warming turns orange-yellow 
and finally olive-green. It is not narcotic, but in its effects on the 
system is closely analogous to strychnine, producing tetanic spasms | 
in the dose of 60 mg. : 
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Thebaine Hydrochloride [C;9H21NO3.HCl.H2O|]—White to slightly 
yellow, levorotatory, crystalline powder. Poisonous! [a]?° —163° 
in aqueous solution, soluble in about 12 parts of water, in alcohol; 
the solutions are neutral to litmus. 

Xanthaline, Papaveraldine [C29H19NO5|]—Colorless scales; melting 
point 210°. Insoluble in water. 


Specialties Containing Opium Alkaloids and Derivatives 


Amercid (Massengill)—Liquid, each fluidounce containing 0.032 Gm. 
(% gr.) codeine phosphate, 1.04 Gm. (16 gr.) ammonium chloride, 
and 2.7 mg. (44 gr.) tartar emetic. Uses: sedative expectorant. 
Dose: 1 teaspoonful. 

Caspad (Stoddard)—Tablets, each containing 6.5 mg. (40 gr.) 
Dover’s powder, 8.1 mg. (% gr.) acetanilid, 0.32 mg. (4400 gr.) 
strychnine sulfate, 0.11 mg. (4600 gr.) atropine sulfate, and 0.016 
Gm. (4% gr.) camphor. Uses: analgesic and antipyretic in acute 
head colds. Dose: as required. 

Ceratex (Drug Products)—Syrup, each fluidounce containing 1 gr. 
codeine phosphate, 12 gr. each ammonium chloride and potassium 
guaiacolsulfonate, }{2 gr. antimony and potassium tartrate, and 
32 gr. sodium citrate. Uses: sedative expectorant. Dose: 2 
teaspoonfuls. 

Cerose (Wyeth)—Liquid, each fluidounce containing 0.065 Gm. (1 
gr.) each codeine phosphate, ipecac, and eucalyptus, 0-162 Gm. 
(2% gr.) each horehound and wild cherry, 0.518 Gm. (8 gr.) lobelia, 
and 10 per cent alcohol. Uses: sedative expectorant. Dose: 1 
teaspoonful. 

Cetro-Cirose (Wyeth)—Liquid, each fluidounce containing 0.032 Gm. 

_ (% gr.) codeine phosphate, 1 min. ipecac fluidextract, 114 min. 
chloroform, 0.518 Gm. (8 gr.) potassium guaiacolsultonate, 1.17 
Gm. (18 gr.) sodium citrate, and 0.389 Gm. (6 gr.) citric acid, 

Uses: sedative expectorant. Dose: 1 teaspoonful. 

Cheracol (Upjohn)—Syrup, each fluidounce containing 0.065 Gm. (1 
gr.) codeine phosphate, 0.130 Gm. (2 gr.) chloroform, 0.518 Gm. 
(8 gr.) each potassium guaiacolsulfonate and ammonium chloride, 
5.4 mg. (42 gr.) antimony and potassium tartrate, with white pine 
and wild cherry bark. Uses: sedative expectorant. Dose: 1 to 
3 teaspoonfuls. 

Cherasate (Buffington)—Liquid, each fluidounce containing 0.032 
Gm. (4% gr.) codeine phosphate, 2 min. chloroform, 1 min. ipecac 
fluidextract, 0.324 Gm. (5 gr.) citric acid, 1.04 Gm. (16 gr.) potas- 
sium citrate, and 0.518 Gm. (8 gr.) potassium guaiacolsulfonate. 
Uses: sedative expectorant. Dose: 1 or 2 teaspoonfuls. 

Cidicol (Upjohn)—Liquid, each fluidounce containing 0.016 Gm. (14 
gr.) ethylmorphine hydrochloride, 0.518 Gm. (8 gr.) potassium 
guaiacolsulfonate, 1.30 Gm. (20 gr.) potassium citrate, 0.389 Gm, 
(6 gr.) citric acid, and an aromatic vehicle. Uses: sedative expec- 
torant free from sugar. Dose: 1 to 2 teaspoonfuls. 

Citronin (Parke, Davis)—Liquid, each fluidounce containing 0.016 
Gm. (44 gr.) ethylmorphine hydrochloride, 1.30 Gm. (20 gr.) so- 
dium citrate, 0.259 Gm. (4 gr.) citric acid, 0.518 Gm. (8 gr.) potas- 
sium guaiacolsuifonate, 6 min. Cas-Evac, 3 min. ipecac fluidex- 
tract, and 10 per cent alcohol. Uses: sedative expectorant. 
Dose: 1 teaspoonful. 

Citro-Thiocol (Hoffmann-LaRoche)—Liquid, each fluidounce con- 
‘taining 0.032 Gm. (1% gr.) codeine phosphate, 1.55 Gm. (24 gr.) 
Thiocol, 1.30 Gm. (20 gr.) sodium citrate, 0.324 Gm. (5 gr.) citric 

‘acid, 0.092 cc. (14% min.) chloroform, and an aromatic vehicle. 
Uses: sedative expectorant. Dose: 1 or 2 teaspoonfuls. 

Codessin (Warren-Teed)—Syrup, each fluidounce containing 65 mg. 
codeine sulfate, 2.27 Gm. sodium salicylate, 0.518 Gm. ammonium 
chloride, 8 mg. tartar emetic, and 5 per cent alcohol. Uses: seda- 
tive expectorant. Dose: 1 teaspoonful. 

Copavin (Lilly)—Pulvules or tablets, each containing 0.016 Gm. (14 
gr.) each codeine sulfate and papaverine hydrochloride. Uses: 
cope depressant and bronchial relaxant. Dose: 1 tablet or pul- 
vule. 

Copavin Compound—HElixir, each fluidounce equivalent to 2 tab- 
lets and also containing 0.016 Gm. (14 gr.) aloin and 1.3 Gm. (20 
gr.) sodium salicylate. 

Cosadein (Parke, Davis)—Liquid, each fluidounce containing 0.065 
Gm. (1 gr.) codeine phosphate, 0.130 Gm. (2 gr.) chloroform, 2.08 
Gm. (32 gr.) each white pine and wild cherry, 1.04 Gm. (16 gr.) 
eriodictyon, 0.259 Gm. (4 gr.) poplar bud, and 120 min. glycerin. 
‘Uses: sedative expectorant. Dose: 1 teaspoonful. 

Cosanyl (Parke, Davis)—Liquid, each fluidounce containing 0.016 
Gm. (4% gr.) ethylmorphine hydrochloride, 120 min. each euphorbia 
pilulifera tincture and wild lettuce syrup, 24 min. compound squill 
syrup, 20 min. cocillana tincture, 0.518 Gm. (8 gr.) cascarin, and 

' 5.2 mg. (345 gr.) menthol. Uses: sedative expectorant. Dose: 
1 or 2 teaspoonfuls. 

Cren (Cole)—Liquid, each fluidounce containing 0.065 Gm. (1 gr.) 

_ codeine phosphate, 0.123 ec. (2 min.) chloroform, 0.518 Gm. (8 gr.) 
each potassium guaiacolsulfonate and ammonium chloride, 4.0 
mg. (46 gr.) each antimony and potassium tartrate and menthol, 
3.7 ec. (60 min.) compound white pine syrup, and 1.42 Gm. (22 gr.) 
wild cherry. Uses: sedative expectorant. Dose: 1 to 3 tea- 
spoonfuls. 

Daldrin (Sharp and Dohme)—Liquid, each fluidounce containing 
0.065 Gm. (1 gr.) each codeine phosphate, chloroform, and propa- 
drine hydrochloride, 0.012 Gm. (34 gr.) menthol, 0.123 ce. (2 min.) 
ipecac fluidextract, and 1.30 Gm. (20 gr.) sodium citrate. Uses: 

sedative expectorant. Dose: 1 teaspoonful. 

_ Demerol Hydrochloride N. N. R. (Winthrop)—Ampuls, 2 cc. (100 
_-mg.), elixir (25 mg. per cc.), hypodermic tablets (50 or 100 mg.), 
- and tablets (50 mg.) containing meperidine hydrochloride. See 

_ _ Meperidine Hydrochloride N. N. R. 

_ Dicodid (Bilhuber-Knoll)—Powder or tablets, 5.4 mg. (42 gr.), con- 


____ taining the hydrochloride or bitartrate, respectively, of dihydro- 
Rete, Bg 
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codeinone. Uses: those of codeine; analgesic and cough sedative. 
Dose: 5.4 to 10.8 mg. (42 to 3 gr.). 

Dilaudid Hydrochloride N. N. R. (Bilhuber-Knoll)—Ampuls, 1 ce. 
(2 mg.), powder, suppositories (2.5 mg.), hypodermic tablets (1, 2, 
3.2, or 4 mg.), and oral tablets (2.5 mg.) containing dihydromor- 
eae hydrochloride. See Dithydromorphinone Hydrochloride 

Dionin (Merck)—Powder containing ethylmorphine hydrochloride. 
See Hthylmorphine Hydrochloride U.S. P. 

Dioterpine (Schieffelin)—Liquid, each dessertspoonful containing 4 
mg. (446 gr.) ethylmorphine hydrochloride and 0.13 Gm. (2 gr.) 
terpin hydrate. Uses: sedative expectorant. Dose: 1 dessert- 
spoonful. 

E. M. E. Syrup (Abbott)—Syrup, each fluidounce containing 0.016 
Gm. (4% gr.) ethylmorphine hydrochloride, 0.032 Gm. (1% gr.) 
ephedrine hydrochloride, 0.52 cc. (8 min.) ipecac fluidextract, and 
0.065 Gm. (1 gr.) chloroform with thyme and menthol. Uses: 
sedative expectorant. Dose: 1 teaspoonful. 

Emeracol (Upjohn)—Liquid, each fluidounce containing 0.032 Gm. 
(4% er.) codeine phosphate, 0.065 Gm. (1 gr.) chloroform, 0.518 Gm. 
(8 gr.) each potassium guaiacolsulfonate and ammonium chloride, 
2.7 mg. (44 gr.) antimony and potassium tartrate, and an aro- 
matic vehicle. Uses: sedative expectorant. Dose: 1 or 2 tea- 
spoonfuls. 

Glykeron (M. H. Smith)—Liquid, each teaspoonful containing 8.1 mg. 
(44 gr.) codeine phosphate, 0.065 Gm. (1 gr.) hyoscyamus, 0.194 
Gm. (3- gr.) ammonium hypophosphite, 0.016 Gm. (14 gr.) tolu 
balsam, 0.227 Gm. (31% gr.) white pine bark, 0.015 Gm. (343 gr.) 
gentian, and glycerin. Uses: sedative expectorant. Dose: 1 or 
2 teaspoonfuls. ; 

Hycodan Bitartrate (Hndo)—Powder or tablets (5 mg.) containing 
dihydrocodeinone bitartrate. Uses: cough depressant. Dose: 
5 to 15 mg. 

Ipesandrine (Sandoz)—Liquid, each fluidounce containing 5.4 mg. 
morphine hydrochloride, 4.1 mg. narcotine hydrochloride, 0.6 mg. 
papaverine hydrochloride, 0.5 mg. codeine hydrochloride, 0.2 mg. 
narceine hydrochloride, 2.2 mg. emetine hydrochloride, and 16.2 
mg. ephedrine hydrochloride with tolu balsam and cherry laurel 
water. Uses: cough depressant, expectorant, and antispasmodic, 
Dose: 1 teaspoonful. 

Linctus Compound (Sharp and Dohme)—Liquid, each fluidounce con- 
taining 0.032 Gm. (1% gr.) codeine sulfate, 0.130 Gm. (2 gr.) chloro- 
form, 16 min. diluted phosphoric acid, and 2 min. each ipecac and 
squill fluidextract. Uses: sedative expectorant. Dose: 1 or 2 
teaspoonfuls. a 

Mar-Phedaco (Strasenburgh)—Liquid, each fluidounce containing 
0.032 Gm. (1% gr.) codeine sulfate, 1.94 Gm. (30 gr.) ephedra, and 
0.324 Gm. (5 gr.) calcium guaiacolsulfonate with marrubium, 
menthol, and aromatics. Uses: sedative and expectorant. 
Dose: 1 teaspoonful. 

Natridol (Warren-Teed)—Syrup, each teaspoonful containing 11 mg. 
codeine sulfate and 0.378 Gm. sodium salicylate. Uses: analgesic 
cough depressant. Dose: 1 teaspoonful. 

Pantopon (Hoffmann-LaRoche)—Ampuls, 1 cc. (34 gr.), powder, 
bypodermic tablets, 0.022 Gm. (3% gr.), or oral tablets, 0.011 Gm. 
(4 gr.), containing the total alkaloids of opium as soluble hydro- 
chlorides in the same proportion in which they occur in nature, but 
free from inert material. Uses: analgesic and narcotic. Dose: 
orally, 0.022 Gm. (#4 gt.); subcutaneously, 2.7 mg. (324 gr.) to 
0.022 Gm. (3 gr.). ; 

Papine (Battle)—Liquid, each fluidounce containing 0.065 Gm. (1 gr.) 
morphine hydrochloride and 0.217 Gm. (3.35 gr.) chloral hydrate. 
Uses: analgesic and sedative. Dose: as indicated. 

Perparin Hydrochloride (Campbell Products)—Ampuls, 2 ce. (0.026 
Gm,), powder, or tablets (0.026 Gm.), containing 6,7-diethoxy-1- 
(3’, 4’-diethoxybenzyl)-isoquinoline hydrochloride. Uses: similar 
to papaverine; antispasmodic acting directly upon smooth muscle. 
Dose: orally, 1 or 2 tablets 3 times a day; parenterally, 1 to 2 cc. 
as required. t 

Pinus-Codeia Compound (Stoddard)—Liquid, each fluidounce con- 
taining 0.065 Gm. (1 gr.) codeine acetate, extract representing 0.016 
Gm. (14 gr.) belladonna leaves, 0.259 Gm. (4 gr.) each white pine 
bark, wild cherry bark, senna, and magnesium sulfate, and 0.032 
Gm. (1% gr.) each ipecac and terpin hydrate. Uses: sedative ex- 
pectorant. Dose: 1 or 2 teaspoonfuls. oe 

Sedaco (Strasenburgh)—Syrup, each fluidounce containing 8.1 mg. 
1 gr.) ethylmorphine hydrochloride, 0.130 Gm. (2 gr.) chloroform, 
and 0.259 Gm. (4 gr.) ammonium chloride with terpin hydrate, 
tolu syrup, and wild cherry syrup. Uses: sedative expectorant. 
Dose: 1 teaspoonful. } : 

Sedacof (Massengill)—Syrup, each fluidounce containing 0.016 Gm. 
(4 gr.) morphine hydrochloride, 1.04 Gm. (16 gr.) sodium citrate, 
0.130 Gm. (2 gr.) ammonium chloride, 0.065 Gm. (1 gr.) ephedrine 
hydrochloride, 4 mg. (4%. gr.) antimony and potassium tartrate, 
3.2 mg. (420 gr.) pilocarpine hydrochloride, and aromatics. Uses: 
sedative expectorant. Dose: 1 or 2 teaspoonfuls. ba 

Sedadein (Smith-Dorsey)—Syrup, each fluidounce containing 0.065 
Gm. (1 gr.) codeine phosphate, 1.04 Gm. (16 gr.) sodium citrate, 
0.518 Gm. (8 gr.) each potassium guaiacolsulfonate and citric acid, 
1% min. each squill and senaga fluidextracts, and 2.0 mg. (142 gr.) 
menthol. Uses: sedative expectorant. Dose: 1 teaspoonful. 

Sed-A-Pine (Smith-Dorsey)—Syrup, each fluidounce containing 
0.012 Gm. (3{¢ gr.) codeine sulfate, 1 min. chloroform, 20 min. 
squill tincture, 8 min. ipecac tincture, and 16 min. diluted phos- 
phorie acid with pineapple juice, syrup, and aromatics. Uses: 
sedative expectorant. Dose: 1 teaspoonful. 

Senodin Syrup (Squibb)—Syrup, each fluidounce containing 0.043 
Gm. (34 gr.) codeine sulfate with squill, senega, sanguinaria, ipecac, 
and menthol. Uses: sedative expectorant. Dose: 1 teaspoonful 
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Sodacitrol (Flint, Eaton)—Liquid, each fluidounce containing 0.016 
m. (14 gr.) morphine sulfate, 2 min. chloroform, 1.04 Gm. (16 gr.) 
each potassium guaiacolsulfonate and sodium citrate, and 0.389 
Gm. (6 gr.) citric acid. Uses: sedative expectorant. Dose: 1 
teaspoonful. 


Spasmalgin (Hoffmann-LaRoche)—Ampuls (1 ec.) or tablets, each 
containing 0.022 Gm. (14 gr.) papaverine hydrochloride, 0.011 Gm. 
(46 gr.) Pantopon, and 2.2 mg. (140 gr.) Atrinal (atropine sulfuric 
acid). Uses: analgesic and antispasmodic. Dose: orally, 1 or 2 
tablets a day; intramuscularly and subcutaneously, 1 or 2 ce. 


Synephricol (Stearns)—Syrup, each 4 ce. containing 8.7 mg. codeine 
phosphate, 5 mg. neo-synephrine hydrochloride, 70 mg. each potas- 
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sium guaiacolsulfonate and ammonium chloride, and 1 min. chloro- 
form. Uses: sedative expectorant and decongestant. Dose: 
1 or 2 teaspoonfuls. ; 
Tussadine (Vanpelt and Brown)—Syrup, each fluidounce containing 
065 Gm. codeine phosphate, 0.389 Gm. ammonium chloride, 
1.04 Gm. potassium guaiacolsulfonate, 0.325 Gm. citric acid, 0.12 
cc. chloroform, and 5 mg. menthol. Uses: sedative expectorant 
and antispasmodic. Dose: 1 or 2 teaspoonfuls. 

Vinotal (Christina)—Capsules, each containing 0.243 Gm. (334 gr.) of 
a mixture of 25 per cent benzyl diethylamido-dicarboxylie acid 
ester and 75 per cent isobromo-n-propyl acetic acid amide. 
Uses: as for papaverine as sedative and antispasmodic. Dose: 
1 or 2 capsules. 


CINCHONA ALKALOIDS AND RELATED ANTIMALARIALS 
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There are more than twenty alkaloids obtainable 
from the bark of various species of Cinchona and Remajia 
(Cuprea) and many of these are convertible by chemical 
processes into closely related, useful, synthetic deriva- 
tives. 

The most important alkaloids of cinchona are two 
pairs of stereoisomers, quinine and quinidine, and 
cinchonine and cinchonidine. 
Quinidine and cinchonine are 


CH \, _ dextrorotatory whereas quinine 

| and cinchonidine are levorota- 

CHe \y? tory. The structural formulas 

| given above indicate the close 

Rae AS relationships between the 
quinuclidine quinoline 


various members of this group 
of alkaloids. Analysis of these compounds shows that 
they all contain a quinoline ring attached through a 
methanol group to a quinuclidine ring. By altering 


the side chains attached to these rings and by esterifica- 
tion of the alcohol group, a very large number of com- 
pounds may be produced. 

Quinine and quinidine each have a methoxy group 
attached to the quinoline ring and a vinyl group at- 
tached to the quinuclidine ring differing only in their 
optical rotation due to the configuration about the 
asymmetric carbon of the alcohol group. Cinchonine- 
and cinchonidine differ from these two alkaloids in that 
they do not have a methoxy group on the quinoline 
ring. Hydroquinine, obtained from quinine by reduc- 
tion with hydrogen and a catalyst, has the same struc- 
ture as quinine except the vinyl group is reduced to an 
ethyl group. Cupreine, another naturally occurring 
cinchona alkaloid, has an OH group in place of the 
methoxy group and hydrocupreine is cupreine with an- 
ethyl group instead of a vinyl group. Thus quinine is 
methyl cupreine and hydroquinine is methyl hydro- 
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cupreine. Quinine was first synthesized in 1944 by 
Woodward and Doering but as yet the process is too 
costly for commercial use. See J. Am. Chem. Soc., 67, 
860 (1945). 

The salts of these alkaloids are formed similarly to 
ammonium salts, 7. e., the hydrogen of the acid attaches 
itself to the tertiary nitrogen atom forming an 
ammonium radical which forms an ionic compound with 
the negative radical of the acid. Since there are two 
nitrogen atoms present in the molecules of the cinchona 
alkaloids it is possible to form salts containing two or 
more equivalents of acid, e. g., sulfates, dihydrochlorides, 
tersulfates, and hydrochlorphosphates. 


CINCHONA N. F. Cinchona 
{Cinchona Bark, Peruvian Bark, Sp. Quina] 


Cinchona is the dried bark of the stem or of the root 
of Cinchona succirubra Pavon et Klotzsch or its hybrids, 
known in commerce as Red Cinchona, or of Cinchona 
Ledgeriana (Howard) Moens et Trimen, Cinchona 
Calisaya Weddell or hybrids of these with other species 
of Cinchona, known in commerce as Calisaya Bark or as 
Yellow Cinchona (Fam. Rubiacez). 

Cinchona yields not less than 5 per cent of the alka- 
loids of Cinchona. 

History—This drug derives its name from the Count- 
ess of Chinchon, who was instrumental in introducing it 
into European medical practice in 1640. It was also 


called Jesuit’s Bark in recognition of the fact that it was - 


used by the members of this ecclesiastical order in treat- 
ing fever and ague. Its adoption as a valuable official 
remedy followed the purchase by Louis XIV, in 1680, 
of the secret of a proprietary remedy sold by an Eng- 
lish apothecary’s clerk named Robert Talbor, which 
contained cinchona as a basis. The romance of Cin- 
chona has been published in various books and is well 
worth perusal. 

Constituents—The alkaloids listed below have been 
isolated from cinchona barks. Some of these are 
found in only one kind of bark, as cupreine, and some 
are doubtless ‘split products’’—that is, not existing 
naturally in the bark, but the result of the action of 
chemical agents upon it. 


Cusconidine, Cc 23H 2 6N20 4 
Concusconine, CegHegN204 
Aricine, Co3Ha6gN 204 
Paricine, C13gHi1gN 20 
Hydroquinine, CepHea6gN 202 
Hydroquinidine, CepHe6gN202 
Cinchotine, CjgH24Ne0 
Hydrocinchonine, Cy9gH24N 20 
Hydrocinchonidine, Cj}gH24N 20 
Diquinidine, Cc 4 oH 4 6N 40 3 
Cupreine, CjgHgeN 202 


Quinine, C 20H 24Ne20 2 
Quinidine, Ce oH 24N 20 2 
Cinchonine, Cj9gH g2N20 
Cinchonidine, Cc 1 9H 2 oN 20 
Quinamine, Cy9gH24N 202 
Conquinamine, C;9H94N 202 
Homoquinine, Cs9H4agN 404 
Cinchonamine, Ci9He4Ne 
Paytine, Co3He4N20.H 20 
Homocinchonidine, CjgH2g2N20 
Cusconine, CosHegN 204 


The acids present are quinic acid [C7H120¢], which 
is chemically herahydro-1,3,4,5-tetrahydroxy-benzorc acid, 
quinotannic acid, and quinovic acid. Also present are 
quinovin-aglycoside, cinchona-red, other coloring matter 
and a volatile oil. 

The quinine and total alkaloid content is highest in 
bark from cultivated cinchona. In bark from the un- 
cultivated plant cinchonine and cinchonidine predomi- 
nate. Java bark, representing highly cultivated cin- 
chona, contains 7 to 10 per cent of total alkaloids of 
which about 70 per cent is quinine. 

Quinine, quinidine, cinchonine, and cinchonidine are 
the most important alkaloids found in cinchona and are 
frequently referred to as the “crystallizable cinchona 


alkaloids.” Cinchonidine, cinchonine, and quinidine 
a usually spoken of as the ‘‘minor cinchona alka- 
oids.’ 

Quinine and its stereoisomer quinidine are charac- 
terized (1) by the blue fluorescence of their solutions in 
dilute sulfuric or other oxy-acids and (2) by the thalleio- 
quin reaction (see under Quinine). They are differenti- 
ated by the rotation and by their behavior toward alkali 
tartrate. In neutral or slightly acid solutions quinine 
is precipitated by this reagent, while quinidine is not. 
(3) On the other hand, quinidine in moderately dilute 
solution is precipitated by soluble iodides but quinine 
is not affected. The same differences as in (1) and (2) 
are exhibited by cinchonidine and its isomer cinchonine; 
the former is levorotatory and, like quinine, it is pre- 
cipitated by alkali tartrates while cinchonine is unaf- 
fected by the reagent and is dextrorotatory. 


Descriptions and Properties— 

Unground Cinchona occurs as quills or chips, curved pieces or 
broken fragments. The bark is from 2 to 9 mm. in thickness; ex- 
ternally weak reddish brown to moderate yellowish brown, usually 
with lighter colored lichens (stem bark) more or less roughened with 
corky ridges or protuberances, and with transerse or irregular fis- 
sures, rarely numerous or much intersected and having their sides 
sloping (Red Cinchona stem bark), or with numerous intersecting 
transverse and longitudinal fissures having nearly vertical sides 
(Yellow Cinchona stem bark). The inner surface is moderate brown 
to dusky yellowish orange and striate. The fracture is short and gran- 
ular in the outer region, rather splintery in the inner region of the 
stem bark or finely fibrous in root bark. The inner surface of the 
root bark is frequently fissured. 


Powdered Cinchona is light brown to moderate yellowish brown, 
has a faintly aromatic odor and an astringent, bitter taste. 


Identification—On heating about 500 mg. of ground Cinchona in a 
test tube over a free flame red-purple vapors (similar to iodine fumes) 
arise which condense in red to orange drops on the walls of the upper 
part of the test tube. The distillate is soluble in diluted alcohol. 
For this test the presence of the tannic acid or of some of the other 
acids in the bark is required, and is not given by the alkaloids alone. 


Tests for Purity— 
Foreign organic substances—Not more than 2 per cent. 
Acid-insoluble ash—Not more than 2 per cent. 


Assay—Place 5 Gm. of Cinchona, in fine powder, and 15 ce. of 3 per 
cent hydrochloric acid in a 500-cc. flask and heat the mixture on a 
water bath for 1 hour. Cool and add 200 ce. of ether-chloroform 
solution (ether 3 volumes, chloroform 1 volume) and 10 cc. of stronger 
ammonia T.S. Stopper the flask tightly and shake it for 1 hour in a 
mechanical shaker. Allow the mixture to stand overnight, again 
shake it for 30 minutes, and then allow the drug to settle. (If the 
supernatant liquid is not clear, add a few ce. of distilled water, again 
shake the contents of the flask vigorously, and allow the drug to 
settle.) 


Quickly decant 160 cc. of the clear, ether-chloroform solution, 
measured at approximately the same temperature as the original 
ether-chloroform solution and representing 4 Gm. of the drug. 
Transfer the solution to a separator, rinse the measuring vessel with 
a small quantity of the original menstruum, and add the rinsings to 
the separator. Completely extract the alkaloids with approximately 
5 per cent sulfuric acid, and collect the acid solution of the alkaloids 
in a second separator. 


Make the acid solution strongly alkaline with ammonia T.S., and 
completely extract the alkaloids with chloroform. Evaporate or dis- 
til the chloroform in a tared beaker or flask and dry the alkaloidal 
residue to constant weight at 100°. The weight obtained, multiplied 
by 25, represent the per cent of the alkaloids of Cinchona in the drug. 


Uses—Cinchona is little used in modern therapeutics 
in the United States, but is elsewhere employed as a 
cheap substitute for quinine. It shares the antimalarial, 
antipyretic, and analgesic actions of quinine, but the 
alkaloidal salts are to be preferred to the galenical 
preparations. See Quinine Bisulfate. 

One of the principal difficulties in preserving galenical 
preparations of cinchona arises from the alteration and 
precipitation which the cinchotannic acid and its com- 
pounds undergo upon keeping. Glycerin has proved 
to be very useful by dissolving and holding these in 
solution, and hence it is present in nearly every one of 
the preparations. 


Average Dose—1I Gm. (approximately 15 grains). 
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Cinchona Alkaloids Elixir N. F. 


Elixir Cinchone Alkaloidorum 
[Elix. Cinch. Alk.—Elixir Calisaya, Alkaloidal] 


Metric Alternative 
Oninine Sultates nce a) ieee 2 Gm. 29 gr. 
Cinchonidine Sulfate..)...2..22.... 1 Gm. 15 gr. 
Cinchonine Sulfate’... 2) geen 1 Gm. 15 gr. 
Compound Cudbear Tincture....... 50 cc. 1 fl. oz. 288 min. 
Aromatic Elixir, a sufficient quantity, 
‘Toc ake..c04:).essacn Lae eee 1000 cc. 2 pints 


Dissolve the alkaloidal salts in 900 cc. (28 fl. oz. 384 min.) of 
aromatic elixir; add the compound cudbear tincture and sufficient 
aromatic elixir to make the product measure 1000 cc..(2 pints), 
and filter until the product is clear. 

This elixir replaces a former elixir of cinchona or calisaya which 
was made directly from the bark. This formula is preferable 
because tannin is absent and this permits its admixture with iron 
preparations without darkening. 


Alcohol Content—From 20 to 24 per cent, by volume, of CepH5OH. 
Storage—Keep Cinchona Alkaloids Elixir in tight containers. 


Uses—A bitter tonic. 
Average Dose—8 cc. (approximately 2 fluidrachms). 


One average metric dose contains 16 mg. of Quinine Sulfate, and 8 mg. each 
of Cinchonidine Sulfate and Cinchonine Sulfate. 


Compound Cinchona Tincture N. F. 


Tinctura Cinchonze Composita 


Tr. Cinch. Comp.—Huxham’s Tincture, Tincture of Berns Sp. 
Tintura de Quina Compuesta] 


Compound Cinchona Tincture yields, from each 100 
cec., not less than 400 mg. and not more than 500 mg. of 
the alkaloids of cinchona. 


Metric Alternative 

Cinchona, in moderately coarse pow- 

GOR 0 edie cee) Serva RNC Oe earn 100 Gm. 30z. av. 148 gr. 
Bitter Orange Peel, in moderately 

COaTSe POWdeLS. fe eee 80 Gm. 202. av. 293 gr. 
Serpentaria, in fine powder......... 20 Gm. 292 gr. 
Alcohol, 
Glycerin, 
Water, 
Diluted Hydrochloric Acid, each, a 

sufficient quantity, 
Monamnia Kees OUln aint tata t nee 1000 cc. 2 pints 


Dampen the mixed drugs with sufficient of a mixture of 130 
ce. (4 fl. oz. 77 min.) of alcohol, 15 ec. (230 min.) of diluted hydro- 
chloric acid, and 50 ce. (1 fl. oz. 288 min.) of water, pack in a per- 
colator, pour on the remainder of the above menstruum, and 
macerate the drugs during 2 hours. Then percolate rapidly, 
completing the extraction with a mixture of 2 volumes of alcohol 
and 1 volume of water and collecting 875 cc. (28 fl. oz.) of perco- 
late. To this add 70 ce. (2 fl. oz. 115 min.) of glycerin; mix well, 
and assay. 

Finally adjust the Tincture by dilution with a mixture of 20 
volumes of alcohol, 2.5 volumes of glycerin, 0.5 volume of diluted 
hydrochloric acid, and 7 volumes of water so that it will contain, 
in each 100 cc., 450 mg. of the alkaloids of cinchona. 


History—This preparation was devised by Dr. John 
Huxham and published in his essay on Fevers in 1755 
and was first adopted in the London Pharmacopceia of 
1788 as an official preparation. 


Assay—Exactly 50 cc. of Compound Cinchona Tincture is evaporated, 
at a temperature not exceeding 100° to about 10 ce. Sufficient asbes- 
tos fiber or paper pulp is then added to absorb the liquid and the 
evaporation: continued until dry. The residue is then completely 
transferred to a 500-cc. bottle and the assay is continued as de- 
scribed under Cinchona beginning with “‘and add 200 ce. of ether- 
chloroform solution... . 

Alcohol Content—From 56 to 62 per cent, by volume, of CopH;OH. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 
Incompatibilities—This product has an acid reaction due to the 
hydrochloric acid used in its manufacture and is, therefore, incom- 
patible with alkaline substances. The tannic (quinotannic) acid is also 
a source of difficulty. 


Uses—See Cinchona. It should not be dispensed 
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with forms of iron which combine with tannin to form 
inky products. 
Average Dose—4 cc. (approximately 1 fluidrachm). 


CINCHONIDINE SULFATE N. F. 


Cinchonidine Sulfas 
[Cinchonid. Sulf.] 


Cinchonidine Sulfate [(C 1 oleh 2aN 20) Splish 20 40H 0) 
= 740.89] is the sulfate of an alkaloid obtained from 
cinchona. 

Preparation—Cinchonidine is obtained as the tartrate 
by adding Rochelle salt to the concentrated mother 
liquors remaining after the crystallization of the quinine 
sulfate. The tartrate is converted by sodium hydroxide 
into the base and the latter is made into sulfate by dis- 
solving it in a slight excess of hot dilute sulfuric acid. 
The sulfate is purified by recrystallization. 


Description and Properties—White, glistening, silky needles, or 
prisms. It is odorless, has a very bitter taste, and is affected by light. 


-It is levorotatory. The aqueous solution is neutral or slightly alka- 


line to litmus paper. One Gm. dissolves in about 65 cc. of water, 
about 90 ec. of aleohol, and about 620 cc. of chloroform at 25°. One 
Gm. dissolves in about 22 cc. of water at 80°, and in about 41 cc. of 
alcohol at 60°. It is nearly insoluble in ether. 

Identification—There are no specific tests for the characterization 
of cinchonidine. It is differentiated from quinine by the slight solu- 
bility in ether of the cinchonidine base, produced by adding ammonia 
to an aqueous solution of the sulfate al in 100), and by the absence 
of a vivid blue fluorescence in its solution in dilute sulfuric acid. It 
differs from cinchonine by being l#vorotatory and by being pre- 
cipitated from neutral solution by sodium tartrate solution. 

Tests for Purity— 

Loss on drying—Not more than § per cent. 

Residue in ignition—Not more than 0.1 per cent. 

Readily carbonizable substances—A solution of 250 mg. in 5 ce. of 
sulfuric acid is no deeper in color than matching fluid E (page 1059). 

Cinchonine and quinidine sulfates—Macerate 500 mg. of Cinchoni- 
dine Sulfate, with frequent agitation, in 20 cc. of water; then add 500 
mg. of potassium sodium tartrate, allow to stand with repeated 
agitation for 1 hour at 15°, and filter: the addition of 1 drop of am- 
monia T.S. to the filtrate produces not more than a slight turbidity. 

Quinine or quinidine—A solution of Cinchonidine Sulfate (1 in 1000) 
in diluted sulfuric acid produces only a faint blue fluorescence. 
Storage—Keep Cinchonidine Sulfate in tight, light-resistant contain- 
ers. 


Uses—This drug is little employed in therapy, al- 
though it shares the antipyretic and analgesic effects of 
quinine, and approaches the latter alkaloid in anti- 
malarial potency. See Quinine Bisulfate. 
(approximately 21 grains). 


. 


CINCHONINE SULFATE N. F. 
{Cinchonin. Sulf.] 


Cinchonine Sulfate [ (Cy aHeeN20) 2-H2SO PPA GAO) = 
722.87] is the sulfate of an alkaloid obtained from cin- 
chona. 

Preparation—Cinchonine occurs in all of the varieties 
of cinchona, although it occurs in largest amounts in 
Cinchona micrantha. Due to the solubility of the sul- 
fate, it remains in the mother liquor after the crystal- 
lization of quinine sulfate, from which it is recovered by 
special processes. ; 


Cinchonine Sulfas 


Description and Properties— White, lustrous, prismatic crystals, and 
is permanent in the air. It is odorless, has a very bitter taste, and 
is affected by light. It is dextrorotatory and its aqueous solution is 
neutral or slightly alkaline to litmus paper. One Gm. dissolves in 
about. 60 ce. of water, in about 12.5 ce. of alcohol, in 47 cc. of chloro- 
form, or in about 32380 cc. of ether at 25°. One Gm. dissolves i in 33 
ce. of water at 80°, and in 7 ce. of alcohol at 60°. 

i dentificatton—(1) Cinchonine, like cinchonidine, gives no character- 
istic reactions. It differs from its isomer cinchonidine by being 
dextrorotatory and by not being precipitated by sodium tartrate. 
(2) It differs from quinine and quinidine by producing only a slight 
blue fluorescence in its solutions in dilute sulfuric acid. When 1 or 
2 drops of bromine T.S. are added to 5 ce. of an aqueous solution of 
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Cinchonine Sulfate (1 in 1000) followed be 1 ee. of ammonia T.S8., no 
emerald-green color (thalleioquin) is produced. 
Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Residue on ignition and Readily carbonizable substances—It con- 
forms to the tests for these as given under Cinchonidine Sulfate. 

Quinine and cinchonidine sulfate—One-tenth Gm. of powdered 
Cinchonine Sulfate dissolves completely, or nearly so, when shaken 
with 10 ce. of chloroform at ordinary temperatures. 

Quinine or quinidine—A solution of Cinchonine Sulfate (1 in 1000) 
in diluted sulfuric acid produces only a slight blue fluorescence. 
Storage—Keep Cinchonine Sulfate in tight, light-resistant containers 


Uses—Cinchonine Sulfate shares the same type of 
therapeutic actions as quinine, but is considerably 
weaker in its antimalarial potency. It is but little em- 
ployed i in modern therapeutics in the United States, but 
is elsewhere used as a cheap substitute for quinine. 
See Quinine Bisulfate. 

Average dose—0.15 Gm. eenra tina tety 21% grains). 


ETHYLHYDROCUPREINE HYDROCHLORIDE 
N. F. 


Aethylhydrocupreinz Hydrochloridum 
[Akthylhydrocup. Hydrochlor.—Optochin Hydrochloride] 


Ethylhydrocupreine Hydrochloride [C2:HegN2O0z.- 
HCl = 376.92] contains, when dried over sulfuric acid 
for 4 hours, not less than 90 per cent of ethylhydro- 
cupreine [Cz:H2gN 202], corresponding to not less than 
99.5 per cent of the hydrochloride. 

Preparation—This salt is a synthetic derivative of 
cupreine [Ci9H22N202]. Cupreine is an alkaloid occur- 
ring together with quinine in the bark of Remijia 
pedunculata. Ethylhydrocupreine may also be syn- 
thetically made from quinine as follows: quinine sul- 
fate, dissolved in dilute sulfuric acid, is reduced to 
hydroquinine using hydrogen under pressure and pal- 
ladium as a catalyst. After suitably purifying the 
latter it is demethylated by boiling with moderately 
dilute sulfuric acid until a sample of the solution gives 
a complete solution with an excess of sodium hydroxide. 
From the resulting hydrocupreine sulfate solution, the 
base is precipitated with ammonia, and after washing 
and drying it is ethylated in alcohol solution using 
diethyl sulfate in the presence of sodium hydroxide. 


Description and Properties—A white or light yellowish white, odor- 
less, crystalline powder, having a very bitter taste. It is affected by 
light. An aqueous solution (1 in 20) is neutral or alkaline to litmus 
paper. It is levorotatory. One Gm. dissolves in about 2 cc. of 
water, in about 5 cc. of alcohol, and in about 2.5 cc. of chloroform. 
It is nearly insoluble in ether and in petroleum benzin. 

Identification—It responds to the thalleioquin test described under 
Quinine. The base, precipitated with sodium hydroxide T.S. from 
an aqueous solution of Ethylhydrocupreine Hydrochloride, is insol- 
uble in an excess of the reagent (distinction from cupreine) and melts, 
after washing and drying, between 124° and 128°, and in alcohol solu- 
tion has an [a]?? of about —136°. 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.15 per cent. 

Readily carbonizable substances—A solution of 250 mg. of the salt in 
5 ec. of sulfuric acid is no deeper in color than matching fluid O. 

Ammonium salts—On heating a solution of 500 mg. of the salt in 5 
cc. of water with 5 cc. of sodium hydroxide T.S. no ammonia should 
be evolved. 

Quinine salts and readily oxidizable substances—To a solution of 100 
mg. of the salt in 20 cc. of water add 0.3 cc. of tenth-normal potassium 
permanganate: the color of the latter persists for at least 1 minute. 
Assay—The ethylhydrocupreine content of the salt is determined 
gravimetrically by the Assay of Alkaloid Salts (page 997). The 
weight of the residue is not less than 90 per cent of the weight of the 
Ethylhydrocupreine Hydrochloride taken for the assay. 
Storage—Keep Ethylhydrocupreine Hydrochloride in tight, light- 

_ resistant containers. 


Uses—Ethylhydrocupreine Hydrochloride has a 


definite value in the treatment of pneumococcic infec- 
tions of the eye. For application to the eye and instil- 


pes lation into the conjunctival sac, a freshly prepared 1 or 


2 per cent solution is used. It is not recommended for 
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Ethylhydrocupreine has the antimalarial and anesthe- 
tic actions of quinine. Toxic symptoms, however, such 
as tinnitus, deafness, amblyopia or amaurosis (retinitis), 
are more liable to occur than with quinine. While these 
are generally transient, retinitis may result in permanent 
impairment of vision. This demands caution in the 
administration of the drug. Ethylhydrocupreine has 
a specific bactericidal effect on the pneumococcus in 
vitro and it exerts a protective and curative action in 
animals experimentally infected with virulent strains 
of pneumococci. The value of the drug in the internal 
treatment of lobar pneumonia in man has not been 
established. Indeed, clinical results have been disap- 
pointing, and the incidence of blindness in some series 
has been alarmingly high. Therefore, the drug should 
never be employed for its systemic action, and should 
only be used topically, as indicated. The advent of 
sulfonamide therapy has almost completely replaced 
Ethylhydrocupreine as an antipneumococcal agent. 


PAMAQUINE NAPHTHOATE N. F. 


Pamaquinze Naphthoas 


{[Pamaquin. Naphth.—Aminoquin Naphthoate, Plasmochin, 
Plasmoquin] 


Pamaquine Naphthoate [C42H4s;N307 = 703.8] is the 
methylene-bis-6-hydroxynaphthoate of 6-methoxy-8- 
(1-methyl-4-diethylamino) butylaminoquinoline. It 
contains, when dried at 105° for 6 hours, not less than 
43 per cent and not more than 45 per cent of 6-methoxy- 
8-(1-methyl-4-diethylamino) butylaminoquinoline (pam- 
aquine base) and not less than 53 per cent and not 
more than 57 per cent of methylene-bis-8-hydroxy- 
naphthoic acid (pamaquine acid). 


Description and Properties—Yellow to orange-yellow, odorless, prac- 
tically tasteless powder. It has a local anesthetic action when placed 
on the tongue. It is darkened by exposure to light. It is insoluble 
in water, but soluble in alcohol and in acetone. 

Identification—(1) Addition of hydrochloric acid to a 1 in 10 solu- 
tion of Pamaquine Naphthoate in acetone produces a pale yellow pre- 
cipitate of the pamaquine,acid. After diluting with water, filtering 
and adding a potassium iodate solution to the filtrate (containing an 
equal volume of the pamaquine base), an intense violet color is sud- 
denly produced on standing several minutes. (2) The salt gradually 
produces a green Be es on addition of sulfuric acid and formaldehyde. 
(3) The pamaquine base obtained by evaporating the ether extract of 
a solution of the compound in sodium hydroxide T.S. when dissolved 
forms in dilute acetic acid a hot solution of chloranil in glacial acetic 
acid (1 in 60) and heated yields an intense blue color. 

Tests for Purity— 

Loss on drying—Not more than 4. per cent. 

Residue on ignition—Not more than 1 per cent. 

Assay for Pamaquine Acid—About 1 Gm. of.the dried compound, 
accurately weighed, is digested overnight with 15 ce. of diluted hydro- 
chloriec acid. The compound is decomposed by the acid into the 
pamaquine acid which is insoluble and pamaquine base which combines 
with the acid forming the soluble hydrochloride of the base. After 
adding about 100 cc. of water, the pamaquine acid is collected on a 
tared filter, washed with water until free of chloride, dried, and 
weighed. : 
Assay for Pamaquine Base—Pamaquine base contains an aromatic 
amine group which permits a quantitative determination by diazotiza- 
tion with nitrous acid, The filtrate from the assay for the pama- 
quine acid which contains the pamaquine base (as the hydrochlo: tde) 
is subjected to the assay described for Sulfonamides (page 990). 
Each ce. of tenth-molar sodium nitrite corresponds to 31.54 mg. of 
pamaquine base [Cy9Heg9N 30]. , 
Storage—Keep Pamaquine Naphthoate in tight, light-resistant con- 
tainers. 


Uses—Pamaquine, a synthetic antimalarial, is a valu- 
able adjuvant to quinine in the treatment of malaria 
but cannot be considered as a substitute for quinine. 
It is only moderately effective when given alone against 
benign tertain and quartan malaria, but fails to destroy 
the parasites causing the symptoms of malignant tertian 
or estivoautumnal malaria. Furthermore, when given 
in full doses, rather unpleasant reactions are common 
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and relapses are frequent. Pamaquine, however, has 
the distinct advantage over quinine of destroying the 
sexual forms of the parasite and this is important from 
the public health standpoint, because it is the sexual 
form which is capable of infecting mosquitoes and thus 
continuing the life cycle of the plasmodium. Further- 
more, Pamaquine does not cause cinchonism, does not 
act as an oxytocic, and may be employed in patients 
with blackwater fever in whom quinine proves too toxic. 
Pamaquine is often combined with quinine in the treat- 
ment of malaria, the dose and toxicity of each thereby 
being reduced, and both sexual and asexual forms of the 
plasmodium being attacked. In this way, the disease 
and its transmission through carriers are better con- 
trolled. It is also used with atabrine, but in alternation 
rather than in combination. It is very doubtful whether 
Pamaquine has any prophylactic value. 

For adults, 60 mg. is given daily, in 3 doses of 20 mg. 
each. Medication should not be continued without 
rest periods for more than 14 days. The daily dose is 
cut in half when Pamaquine is employed along with 
quinine. When a course of Pamaquine follows atabrine 
therapy of the acute attack, 20 mg. daily for 5 days are 
employed. : 

Average Dose—20 mg. (approximately 14 grain). 


QUINACRINE HYDROCHLORIDE U. S. P. 


Quinacrinze Hydrochloridum 


{ Quinacrin. Hydrochlor.—Mepacrine Hydrochloride Atabrine, 
Atabrine Dihydrochloride ‘“‘Winthrop,”’ Chinaerin, Sp. Clorhidrato de 
Quinacrina] 
CH3 H 
| | /CeHs 
NHeCHCH2zCH2CH2N 


onr \ 


Quinacrine Hydrochloride contains not less than 77 
per cent and not more than 80.2 per cent of quinacrine 
base [CosHgoClN 30], corresponding to not less than 98 
per cent of CosH3o0CINs0.2HCI.2H.2O (508.91). 

Preparation—2,4-Dichlorobenzoic acid is condensed 
in alkaline solution with p-anisidine, and the resulting 
product on treatment with phosphorus oxychloride is 
cyclized to methoxy-dichloro-acridine. This is heated 
with 2-amino-5-diethylaminopentane in phenol solution 
and the reaction mixture is added to acetone containing 
hydrochloric acid. Quinacrine is precipitated as the 
dihydrochloride while the phenol is held in solution by 
the acetone. 


++ 


CoH 5 Clea 


Description and Properties—Bright yellow, odorless, bitter, crystal- 
line powder. One Gm. dissolves in about 35 ec. of water; it is soluble 
in alcohol and almost insoluble in chloroform or acetone. The aqueous 
solution (1 in 100) has a pH of about 4.5. 
_ Identification—The following identity tests are performed with a 1 
in 40 aqueous solution of the salt: (1) Ammonia T.S. precipitates 
quinacrine base, as a yellow to orange oily precipitate, which is 
soluble in ether. (2) The addition of diluted nitric acid produces a 
yellow crystalline precipitate of quinacrine nitrate. (3) Mercury bi- 
chloride T.S. produces a yellow precipitate of a double salt. 
Tests for Purity— 

Loss on drying—Between 6 and 8 per cent. 

Residue on ignition—Negligible from 200 mg. 
Assay—The assay is based on the insolubility of quinacrine dichro- 
mate in water. A weighed quantity of Quinacrine Hydrochloride is 
dissolved in water containing an acetate buffer in a volumetric flask, 
then a measured volume of tenth-normal potassium dichromate in 
excess of that theoretically required, is added. After making up to 
volume with water the mixture is filtered, and the excess of dichromate 
determined iodometrically in an aliquot of the filtrate. See Lead 
Acetate (page 524). For the details of the assay consult the U.S. P. 
Each ce. of tenth-normal dichromate corresponds to 6.666 mg. of 
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Ce3HgoClN30 (quinacrine base) or to 8.482 mg. of Co3Hgo CIN30. 
2HCI.2H 20. 

Storage—Keep Quinacrine Hydrochloride in tight, light-resistant 
containers. : 

Uses—Quinacrine Hydrochloride (Atabrine), an im- 
portant synthetic antimalarial especially in wartime, is 
used in the prophylaxis and: treatment of malaria in a 
manner similar to quinine and its salts. Being a syn- 
thetic drug, its use is independent of available sources 
of cinchona. Quinacrine is more pleasant to take than 
quinine, and is well tolerated. It does not cause cin- 
chonism, and lacks the intense bitter taste of quinine. 
Inasmuch as it has no oxytocie action, it can be em- 
ployed in pregnancy. It is not employed for any other 
purpose than malariotherapy, with the single exception 
that it is highly effective in curing intestinal giardiasis. 
Quinacrine appears to be about as effective as quinine in 
the three common forms of malaria. It is even thought 


by some to be more efficient in curing malaria and pre-- 


venting relapses. There appears to be reason for be- 
lieving quinacrine to be superior to quinine in the therapy 
of malignant or subtertain malaria. Similar to quinine, 
quinacrine has no pronounced effect on the sexual forms 
of the plasmodia, and therefore does not prevent the 
transmission of the disease to mosquitoes. Likewise, it 
does not prevent infection of humans, but prevents 
clinical manifestations of the disease from appearing. 

Prolonged administration of quinacrine may cause the 
skin to turn yellow, inasmuch as the drug is a yellow 
acridine dye. Other toxic effects produced by quina- 
crine include gastrointestinal upsets, headache, anor- 
exia, and rarely psychoses. 

Pamaquine therapy is often alternated with courses 
of quinacrine, as described under Pamaquine. The 
relapse rate is thought to be reduced by such treatment. 

The usual dose of quinacrine for adults in the therapy 
of malaria is 0.1 Gm., given orally in capsules or tablets 
after meals, and repeated 3 or 4 times daily for 5 to 8 
days. This constitutes a course and should not be re- 
peated for several weeks. For purposes of prophylaxis, 
0.2 Gm. of quinacrine may be given on two consecutive 
days of each week. When intravenous medication is 
required in severe malaria, the drug may be given by 
vein, as a 10 per cent solution injected slowly, in a dose 
not. exceeding 0.1 Gm., and not repeated more than 
twice in 24 hours. Quinacrine may also be administered 
intramuscularly (0.2 Gm. in 10 ce. of solution). 

Average Dose—0.1 Gm. (approximately 11% grains). 


Quinacrine Hydrochloride Tablets U. S. P. 


Tabelle Quinacrine Hydrochloridi 


(Tab. Quinacrin. Hydrochlor.—Sp. Tabletas de Clorhidrato de 
Quinacrina] 


Quinacrine Hydrochloride Tablets contain not less 
than 95 per cent and not more than 110 per cent of the 
labeled amount of quinacrine hydrochloride [CesHgo- 
CIN30.2HCI1.2H,O]. 


Identification—(1) To a water extract of the Tablets is added 2 ce. 
of ammonia T.S.; a yellow, oily precipitate is formed. The mixture 
is shaken with chloroform until the water layer is colorless. The 
chloroform is evaporated, and to the residue is added diluted HCl. 
The crystals obtained respond to Identification tests 1, 2, and 3 under 
Quinacrine Hydrochloride. 

Assay—A weighed aliquot of the powdered tablets (obtained by 
powdering a counted number of the tablets) equivalent to about 250 
mg. of quinacrine hydrochloride is dissolved in 25 ce. of water, 3 ce. 
of diluted hydrochloric acid added and any lubricants, etc., removed by 
shaking out with 2 small portions of chloroform. The addition of 
hydrochloric acid is for the purpose of rendering the quinacrine hydro- 
chloride completely insoluble in the chloroform (see Alkaloid Drug 
Assays). The aqueous solution containing the drug is now alkalinized 
with ammonia and the quinacrine base completely extracted with 
chloroform. After evaporating off the chloroform the residue of 
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quinacrine is dissolved by warming with about 2 cc. of glacial acetic 
acid, then the assay continued as under Quinacrine Hydrochloride. 
One cc. of tenth-normal potassium dichromate corresponds to 8.482 
mg. of quinacrine hydrochloride. 

Storage—Keep Quinacrine Hydrochloride Tablets in tight containers. 


Average Dose—0.1 Gm. (approximately 11% grains) of 
Quinacrine Hydrochloride. 


QUINIDINE SULFATE U. S. P. 
Quinidinz Sulfas 
{Quinidin. Sulf.—Sp. Sulfato de Quinidina] 


Quinidine Sulfate [((CooH24N 202) a JBlstO) A PABULAO) = 
782.92] is the sulfate of an alkaloid obtained from vari- 
ous species of Cinchona and their hybrids and from 
Remiia pedunculata Fliickiger (Fam. Rubiacex), or pre- 
pared from quinine. 

Quinidine is a stereoisomer of quinine and occurs in 
cinchona bark in amounts ranging from 0.3 to over 1 per 
cent, although in some barks it may be practically ab- 
sent. Quinidine of commerce is usually accompanied by 
about 25 per cent of hydroquinidine (which is quininidine 
with an ethyl group replacing the vinyl) which, however, 
is therapeutically as potent as quinidine and no more 
toxic. 

Preparation—Quinidine may be made from quinine 
by “inverting” the rotation of the latter by heating 
with sodium in any alcohol solution. Although the 
U. 8. P. admitted the alkaloid made from quinine be- 
cause of the war emergency, actually no significant 
quantities have ever been produced by this process and 
none is made now because of the expensiveness of the 
process, and the availability of the natural product. 

Quinidine is obtained from the mother liquors remain- 
ing after removal of the quinine sulfate and is separated 
from cinchonine and the other alkaloids by special 
processes. 


Description and Properties—Fine, needle-like, white crystals, fre- 
quently cohering in masses. It is odorless, has a very bitter taste, and 
darkens on exposure to light. Its solutions are neutral or slightly 
alkaline to litmus paper. One Gm. dissolves in about 100 cc. of water, 
and 10 ce. of alcohol, in 15 ce. of boiling water. It is soluble in chloro- 
form, but almost insoluble in ether. 

Identification—(1) Like quinine, a solution of Quinidine Sulfate 
acidified with sulfuric acid exhibits a vivid blue fluorescence. (2) It 
responds to the thalleioquin reaction described under Quinine. (3) It 
differs from the latter in being dextrorotatory in aqueous solution (qui- 
nine is levorotatory). (4) Its aqueous solution (1 in 100) does not 
form a precipitate with alkali tartrates. (5) On adding 1 ce. of silver 
nitrate T.S. to 5 cc. of a 1 in 100 aqueous solution and stirring with a 
glass rod, a white crystalline precipitate (of a double salt) is produced 
(difference from many other alkaloids). 

Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Inorganic salts—Same as for Quinine Sulfate. 

Readily carbonizable substances—Same as for Quinine Sulfate. 

Other cinchona alkaloids—This test is based on the difference in the 
solubilities of the hydriodides of cinchona alkaloids. Quinidine 
hydriodide is only soluble in about 1300 parts of water, whereas the 
hydriodides of cinchonine, cinchonidine, and of quinine are much more 
soluble. When, therefore, potassium iodide solution is added to a 
concentrated solution of a quinidine salt, the latter will separate as 
the hydriodide while the other alkaloids remain in solution and their 
presence will be indicated by the formation of a precipitate on the 
addition of ammonia to the filtrate from the quinidine hydriodide. 
The test is conducted as follows. Dissolve 500 mg. of Quinidine Sul- 
fate in 15 ce. of boiling water, and add a solution of 500 mg. of potas- 
sium iodide in 5 ec. of water, which, if necessary, has previously been 
neutralized to litmus paper with tenth-normal sulfuric acid: a white 
precipitate appears. Mix well, cool to 15°, and keep the mixture at 
this température for 1 hour with frequent agitation. Filter, and add 
2 drops of ammonia T.S. to the filtrate: no turbidity is produced 
within 1 minute. (Addition of more ammonia than indicated should 


be avoided as these cinchona alkaloids are soluble in an excess of 


ammonia.) , : 
Storage—Keep Quinidine Sulfate in well-closed, light-resistant con- 
tainers. 


- Labeling—Label Quinidine Sulfate to indicate whether the product 


was obtained from natural sources or was produced from quinine. 
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Uses—Quinidine, like quinine, is a_ protoplasmic 
poison. It affects protozoa more than bacteria but less 
powerfully than quinine. At one time it was used, to 
some extent, as a substitute for quinine because it was 
then the much cheaper preparation. 

Quinidine acts upon the heart in such a manner as to 
bring about cessation of fibrillation of the auricles in a 
certain proportion of instances. Quinidine and other 
cinchona alkaloids are the only drugs known to have 
this specific effect. Quinidine is also employed in 
auricular flutter, paroxysmal tachycardia, and extra- 
systoles, and to prevent the onset of ventricular tachy- 
cardia or extrasystoles in patients with acute coronary 
thrombosis. 

Average Dose—0.2 Gm. (approximately 3 grains). 


Quinidine Sulfate Tablets U. S. P. 


Tabelle Quinidine Sulfatis 
[Tab. Quinidin. Sulf.—Sp. Tabletas de Sulfato de Quinidina] 


Quinidine Sulfate Tablets contain not less than 94 per 
cent and not more than 106 per cent of the labeled 
amount of quinidine sulfate [(CooH24N 202) 2.H.SO,.- 
2H.0]. 


Identification—The presence of quinidine in: the tablets may be 
ascertained as follows. Render a filtered aqueous solution of the 
tablets alkaline with ammonia, shake out the alkaloid with chloroform 
and extract the chloroform with about 10 ce. of approximately tenth- 
normal sulfuric acid. The resulting acid solution responds to the 
Identification tests described under Quinidine Sulfate. 

Assay—The quinidine sulfate content of the tablets is determined 
gravimetrically by the method of Assay of Tablets containing Alka- 
loids (page 998). The weight of the quinidine multiplied by 1.207 
represents the quinidine sulfate. 

Storage—Keep the Tablets in well-closed containers. 

Labeling—The label of the container of Quinidine Sulfate Tablets 
must indicate whether the quinidine was obtained from natural sources 
or produced from quinine. 


Uses—See Quinidine Sulfate. 
Average Dose—0.2 Gm. (approximately 3 grains) of 
Quinidine Sulfate. 


QUININE N. F. Quinina 
[Quin.—Sp, Quinina] 


Quinine [CeaoH2s02Ne.3H.O = 378.46] is an alka- 
loid usually obtained from species of Cinchona. 

History—In 1820 Pelletier and Caventou, the famous 
French pharmacists, investigated the alkaloid cincho- 
nine which had been announced in 1811 by Gomez of 
Lisbon, and found it to be a mixture of two alkaloids, 
the second of which they named Quinine. Quinidine 
was discovered by Henry in 1833 and cinchonidine by 
Winckler in 1844. Pasteur gave the latter alkaloid its 
name and discovered the artificial cinchona alkaloids 
quinicine and cinchonicine. 

This alkaloid, the most important one of cinchona, 
was obtained in an impure state by Foureroy in 1792, 
but the importance of the discovery and the identity 
and properties of the substance were not realized. 

Preparation—Finely powdered cinchona bark is 
mixed with about one-third of its weight of freshly 
slaked lime and the mixture moistened with dilute so- 
dium hydroxide solution. The lime may be replaced 
with sodium carbonate. It is then extracted with hot 
high-boiling mineral oil until the bark is completely 
exhausted of alkaloids. From the oil solution the alka- 
loids are extracted with diluted sulfuric acid, and upon 
neutralizing the acid solution with caustic soda crude 
quinine sulfate crystallizes out on cooling. The impure 
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sulfate is purified by two or more recrystallizations, 
from hot water slightly acidified with sulfuric acid. 

The alkaloid (base) is made from the purified quinine 
sulfate by dissolving the latter in dilute sulfuric acid 
and adding the solution with continuous stirring to an 
excess of ice-cooled ammonia water. 

Quinine and the other “crystallizable” cinchona alka- 
loids (page 821) combine readily with two equivalents of 
a monobasic acid, as in the official quinine dihydro- 
chloride, and with at least three equivalents of polybasic 
inorganic acids as in quinine tersulfate [CooH2esN 2Qze.- 
2H.SO.4] or in quinine hydrochlorophosphate [(CooH24- 
N2O2)2. 2HsPO.HCI). 


Description and Properties—White, microcrystalline powder. 
odorless, and has a bitter taste, which is intense and persistent. It is 
efflorescent in dry air and is affected by light. Solutions of quinine 
are levorotatory and its alcohol solution (1 in 10) is alkaline to litmus 
paper. One Gm. dissolves in 1560 ec. of water, in 1 ce. of alcohol, in 
about 1 ec. of chloroform, in 1890 ®@c. of dilute ammonia solution and 
in about 800 ce. of boiling water; it is freely soluble in ether. 

Identification—(1) Solutions of quinine in dilute oxyacids, e. g., 
sulfurie or nitric acid, have a vivid blue fluorescence which is de- 
stroyed by the addition of an excess of a halide salt such as sodium 
chloride or bromide. (2) On adding 2 to 3 drops of bromine T.S. or of 
chlorine water to a few ce. of a dilute aqueous or acid solution of qui- 
nine (1 in 1000) and then making strongly alkaline with ammonia, a 
green color is produced. This color is due to the formation of thalleto- 
quin, a compound whose exact composition is not yet known (Thal- 
leioquin Test). 

Tests for Purity— 

Loss on drying—Not more than 15 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Ammonium Salts—On heating 200 mg. with 2 cc. of sodium hydrox- 
ide T.S., the odor of ammonia should not be evolved. 

Other cinchona alkaloids—1.5 Gm. of dried Quinine is dissolved in 
25 ec. of alcohol, the solution diluted with 50 cc. of water and neu- 
tralized with sulfuric acid, using methyl red T.S. as the indicator. 
The solution is evaporated to dryness on the steam bath, the residue 
digested with 20 cc. of water at 65° for 30 minutes and the test com- 
pleted as described under Quinine Sulfate. 

Storage—Keep Quinine in tight, light-resistant containers. 


It is 


Uses—The alkaloid quinine is usually an ingredient of 
preparations in which it remains undissolved and there- 
fore tasteless. See Quinine Bisulfate. 

Average Dose—1 Gm. (approximately 15 grains). 


QUININE AND UREA HYDROCHLORIDE N. F. 


Quininz et Urez Hydrochloridum 
[Quin, et Urea. Hydrochlor.—Sp. Clorhidrato de Quinina y de Urea] 


Quinine and Urea Hydrochloride [CeoHe 4N 20 2.HCl.- 
CO(NH2)2-HCI5H20 = 547.48] is a double salt of 
quinine and urea hydrochlorides. It contains not less 
than 58 per cent and not more than 65 per cent of an- 
hydrous quinine [CapHe4N 20g]. 

Preparation—This double salt may be prepared by 
dissolving 40 parts of quinine hydrochloride in 30 parts 
of 10 per cent hydrochloric acid, adding 6 to 6.1 parts 
of urea, warming to form a solution, filtering if neces- 
sary, and allowing the salt to crystallize from solution. 


Description and Properties—Colorless, 
granules, or a white powder. 
and is affected by light. 
mus paper. 
hol. 

Identification—(1) It responds to the Identification tests for Quinine 
and for chloride. (2) On adding 2 cc. of nitric acid to a cold solution 
of 1 Gm. of the compound in 2 cc. water and chilling to 0°, crystals of 
urea nitrate separate on standing. When the precipitate, after wash- 
ing with a cold solution of nitric acid (1 in 2), is dissolved in water and 
mercuric nitrate T.S. is added, followed with sodium hydroxide 
T.S. until the solution is nearly neutral, a white precipitate of mer- 
cury-urea nitrate is produced. 

Tests for Purity— 

Residue on ignition—Not more than 0.15 per cent. 

Readily carbonizable substances—A solution of 200 mg. of Quinine 
and Urea Hydrochloride in 5 ce. of sulfuric acid is no deeper in color 
than matching fluid M (page 1059). 

Ammonium compounds—No odor of ammonia is immediately 
‘evolved when a solution of 500 mg. of the double salt in 10 ec. of water 
is warmed with 5 cc. of sodium hydroxide to 50°. 


translucent prisms, white 
It is odorless, has a very bitter taste, 
An aqueous solution (1 in 20) is acid to lit- 
One Gm. dissolves in 1 ce. of water and in 3 ce. of alco- 
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Other cinchona alkalovds—Same as for Quinine H sc ancchaanes except 
about 3 Gm. of this compound is dissolved in 30 ce. of water for the 
test. 


Assay—It is assayed for quinine by the gravimetric method given 
under Assay of Alkaloidal Salts. 

Storage—Keep Quinine and Urea Hydrochloride in tight, light-resis- 
tant containers. 


Uses—This compound is occasionally employed as a 
local anesthetic because it is one of the most soluble and 
least irritating of the quinine salts. Some irritation 
precedes the onset of anesthesia. ‘The anesthetic action 
is of long duration and several weeks may elapse before 
nerve function is completely restored. Local tissue re- 
actions are common and the drug is not benign. More 
efficient and safer local anesthetic drugs are available. 
However, its properties may be an advantage in treating 
such conditions as pruritis ani. Solutions over 1.0 per 
cent in strength may cause necrosis. The solution is 
not to be used for systemic effects. 


Quinine and Urea Hydrochloride Ampuls N. F. 
Ampulle Quinine et Ure Hydrochloridi 


{[Ampul. Quin. et Urea. Hydrochlor.—Quinine and Urea 
Hydrochloride Injection] 


Quinine and Urea Hydrochloride Ampuls contain a 
sterile solution of quinine and urea hydrochloride in 
water for injection, and yield an amount of anhydrous 
quinine [CeaopH2,N2O.] equal to not less than 56 and 
not more than 65 per cent of the labeled amount of 
quinine and urea hydrochloride [CooH24N2O2.HCL- 
CO(NH.)s.HCl.5H.O]. 

The Ampuls meet the requirements of the Sterility 
Test for Liquids (page 126). 

Quinine and Urea Hydrochloride Ampuls are prefer- 
ably sterilized by Process EH, or by any other adequate 
and suitable method of sterilization, at a temperature 
not exceeding 65°. They also conform to the other 
requirements under Injections (page 249). 

Assay—The quinine content of the Ampuls is determined by the 
gravimetric method given under Assay of Solutions Containing Alka- 
loids (page 997). 

-Note—This solution, like those of many quinine salts, is frequently 
the source of annoyance. It decomposes above 65° and is subject to 
the development of a green color. The salt may hydrolyze in solu- 


tion, liberating quinine hydrochloride. An adjustment to a pH of 
about 3.1 is recommended. 


Uses—See Quinine and Urea Hydrochloride. 
Average Dose—0.5 Gm. (approximately 714 grains) 
of Quinine and Urea Hydrochloride. 


QUININE AND URETHANE INJECTION U. S. P. 


Injectio Quinine et Urethani 


[Inj. Quin. et Ureth.—Quinine Hydrochloride and Ethyl Carbamate 
Injection U.S. P. XII, Sp. Inyeccién de Quinina y Uretano] 


Quinine and Urethane Injection is a sterile solution 
in water for injection of approximately two parts of 
quinine hydrochloride and one part of urethane. It 
contains not less than 95 per cent and not more than 105 
per cent of the labeled amount of quinine hydrochloride 
[CooHa4N20e.HCl.2H.O] and of urethane [C3H,O.N]. 
It meets the requirements of the Sterility Test for 
Liquids (page 126). 

Sterilize Quinine and Urethane Injection preferably 
by Process F or Process E at a temperature not exceed- 
ing 65°. See Sterilization Processes (page 121). 

The Injection also conforms to the other requirements 
under Injections (page 249). 

The urethane re to make the quinine Solus and 
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since the concentration is usually at a critical point 
crystals may frequently form. ‘These may be redis- 
solved by slightly warming the solution. Sterilization 
is suggested at a temperature not exceeding 65°, for 
higher temperatures will quickly decompose the solution 
and may cause the ampuls to explode. The bluish or 
bluish green color, frequently noticed with certain qui- 
nine preparations, may form in this solution. This has 
been attributed to traces of copper and to oxygen but 
apparently the slightly colored solution is in no way 
injurious. It has been suggested that freshly boiled 
water be used and that the solution be saturated with an 
inert gas to protect it from air. 

The urethane also acts as a local anesthetic which is 
helpful when these Ampuls are employed in the treat- 
ment of varicose veins. 


Assay for Quinine Hydrochloride—The quinine is determined gravi- 
metrically by the Assay of Alkaloidal Salts (page 997). The weight of 
the quinine multiplied by 1.2236 represents the quinine hydrochloride 
[CeoHe4No0e9. HCl. 2H 90]. 

Assay for Urethane—For this assay the urethane is hydrolyzed in a 
Kjeldahl flask into ammonium sulfate, carbon dioxide, and alcohol 
by refluxing a measured volume of the Injection with dilute sulfuric 
acid. The solution is then made alkaline with sodium hydroxide (30 
per cent) and heated. 


HN 6 Co S OC:H; + H:O0 — NH; + CO, + C.H;OH 
urethane © water ammonia ele alcohol 
ioxide 


. The NH3s0 formed is distilled into an excess of a measured volume of 
tenth-normal sulfuric acid and the excess acid titrated with tenth- 
normal sodium hydroxide, using methyl red T.S. as the indicator. 
Each ce. of tenth-normal sulfuric acid is equivalent to 8.909 mg. of 
urethane [CgsH7O2N]. 

Storage—Keep Quinine and Urethane Injection preferably in single- 
dose, hermetic containers, or in other suitable containers. See Con- 
tainers for Injections (page 255). 


Uses—This preparation is used as a sclerosing agent 
in the treatment of varicose veins. 


QUININE BISULFATE U. S. P. Quininz Bisulfas 
Quin. Bisulf.—Quinine Acid Sulfate, Sp. Bisulfato de Quinina] 


Quinine Bisulfate [CooHe aN 202. 250 nsvAal AO) —. 
548.60] is the bisulfate of an alkaloid usually obtained 
from cinchona. 

Preparation—This salt is made by adding to quinine 
sulfate, suspended in water, just sufficient sulfuric acid 
to make the bisulfate, evaporating the solution, and 
setting it aside to crystallize. 


Description and Properties—White or colorless crystals, usually 
needle-like, or a white, crystalline powder. It is odorless, and has a 
very bitter taste. It effloresces on exposure to dry air, and turns yel- 
low on exposure to light. Its solutions are strongly acid to litmus 
paper. One Gm. dissolves in 10 ce. of water, in 25 cc. of alcohol, in 
about 15 cc. of glycerin, and in about 625 cc. of chloroform, in 1 cc. 
of boiling water, and in 1 ec. of boiling alcohol. 

Identification—It responds to the Identification tests for Quinine 
(page 825) and for sulfate. 

Tests for Purity— 

Loss on drying—Not more than 24 per cent. 

. Residue on ignition—Not more than 0.05 per cent. 

Ammonium salts—No odor of ammonia should be evolved when 300 
mg. of Quinine Bisulfate is heated with 3 cc. of sodium hydroxide on 
a water bath. 

Readily carbonizable substances—A. solution of 200 mg. of Quinine 
Bisulfate in 5 cc. of sulfuric acid has no more color than matching 
fluid M (page 1059). 

Other cinchona alkaloids—The salt is converted to the sulfate by 
ne 2.02 Gm. (equivalent in alkaloidal content to 1.8 Gm. of 
quinine sulfate) in a mixture of 20 cc. of alcohol and 50 cc. of hot water 
and neutralizing with normal sodium hydroxide using methyl red as 
the indicator. The alcohol aids in redissolving the quinine alkaloid 
which precipitates when the sodium hydroxide is added. The neutral- 
- ized solution is evaporated to dryness, and the entire residue is pow- 
dered and treated as described under Quinine Sulfate beginning with 
the addition of 20 cc. of water.’ 

Storage—Keep Quinine Bisulfate in tight, light-resistant containers. 


_ Uses—Quinine Bisulfate has been introduced into 
medicine in preference to the normal sulfate, because of 
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its greater solubility. Being about 80 times more sol- 
uble, it is better adapted for making into pills than is 
the sulfate. It contains about 15 per cent less of the 
alkaloid than does the sulfate. The difference is to some 
extent compensated for by the greater solubility, and 
the dose given is usually the same as that of the sulfate. 

The therapeutic uses of quinine and its salts may 
conveniently be discussed under Quinine Bisulfate. 
Quinine is used as an analgesic and antipyretic in the 
same manner as the salicylates and related coal-tar 
analgesics. The dose for this purpose is from 0.3 to 
0.6 Gm. However, it lacks the antirheumatic action of 
the salicylates and is ineffective in gout. Quinine also 
is sometimes effective in auricular fibrillation, auricular 
flutter, and premature systoles, but quinidine is pre- 
ferred for these arrhythmias. Quinine is a local anes- 
thetic, as discussed under Quinine and Urea Hydro- 
chloride. It is also a sclerosing agent employed in the 
treatment of varicose veins, as discussed under Quinine 
and Urethane Injection. Quinine is an oxytocic and is 
occasionally employed to initiate labor. It enjoys some 
lay popularity as an abortifacient but is most unreliable 
in this regard. In the symptomatic treatment of a rare 
myopathy known as myotonia congenita, or Thom- 
sen’s disease, quinine is almost a specific. Quinine is 
also used as a diagnostic test for still another myop- 
athy known as myasthenia gravis, in which syndrome 
the symptoms are markedly aggravated by quinine but 
characteristically relieved by neostigmine (Prostig- 
mine). It occasionally benefits patients with spasmodic 
torticollis (torsion spasm). Quinine is a frequent con- 
stituent of bitter tonics and stomachic preparations. 
It is occasionally employed in rectal suppositories to 
relieve the pain of hemorrhoids, and also to relieve con- 
stipation. Its use in “hair tonics” is irrational and has 
caused severe skin rashes in hypersensitive indi- 
viduals. 

The main use of quinine is in the treatment of malaria. 
Quinine is still the drug of choice in acute malaria. 
The dose is usually 0.65 Gm. orally 2 or 3 times daily 
for 3 or 4 days, or until acute symptoms are controlled. 
Then a single dose is given daily for several weeks. 
Quinine is often given in combination with Pamaquine, 
as described under the latter drug. Quinine is also used 
in the prophylaxis of malaria, where it acts not to pre- 
vent infection but to prevent the appearance of actual 
symptoms of the disease. The oral prophylactic dose 
in adults is 0.5 to 0.65 Gm. daily. It is usually dis- 
pensed in capsules, and due to its bitterness, quinine 
is rarely prescribed in solution. In certain types of per- 
nicious or cerebral malaria, quinine must be adminis- 
tered without delay, and it is in such cases that paren- 
teral administration of quinine finds its sole valid use. 
For this purpose quinine dihydrochloride is preferred, 
and it is injected intravenously very slowly in the dose 
of 0.65 Gm. in 10 to 20 ec. of physiological sodium 
chloride solution. It is not to be repeated more than 3 
times in 24 hours. In all other instances where the 
systemic effects of quinine are desired, the oral route is 
employed. Subcutaneous or intramuscular administra- 
tion cannot be used because quinine damages tissue, 
and necrosis and abscess formation result. 

Quinine causes a number of toxic reactions. The 
most common effects of overdosage constitute a syn- 
drome known as ‘‘cinchonism,” characterized by ring- 
ing in the ears, disturbed vision, headache, nausea, and 
vertigo. Skin rashes are not infrequent. Other affects, 
some quite dangerous, may also occur. The promiscu- 
ous use of quinine in many analgesic and headache 
nostrums may result in quinine poisoning. Also, idio- 
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synerasy to quinine is fairly frequent. 
Average Dose—! Gm. (approximately 15 grains). 


QUININE DIHYDROCHLORIDE U. S. P. 


Quinine Dihydrochloridum 


[ Quin. Dihydrochlor.—Acid Quinine Hydrochloride, Sp. Biclorhidrato 
de Quinina] 


Quinine Dihydrochloride [CeaoH2sNeO2.2HCl = 
397.34] is the dihydrochloride of an alkaloid usually ob- 
tained from cinchona. 

Preparation—It may be made by adding to a hot 
aqueous solution of quinine hydrochloride sufficient 
hydrochloric acid to produce the dihydrochloride and 
evaporating to crystallization or to dryness. 


Description and Properties—Aewvhite, odorless powder, having a very 
bitter taste. It is affected by light. Its solutions are strongly acid to 
litmus. One Gm. dissolves in about 0.6 ce. of water and in about 12 
ec. of aleohol. It is slightly soluble in chloroform and very slightly 
soluble in ether. 

Identification 
Quinine (page 825) and to the reactions for chloride. 

Tests for Purity— 

Loss on drying—Not more than 3 per cent. 

Residue on ignition, readily carbonizable substances, barium, and 
sulfate—It meets the tests for these as given under Quinine Hydro- 
chloride. 

Other cinchona alkaloids—The alkaloid contained in 1.8 Gm. of the 
salt is extracted with chloroform after making its solution alkaline 
with ammonia T.S., the chloroform is evaporated and the residue 
dissolved in 25 ce. alcohol and 50 ce. hot water, and the test completed 
as under Quinine Hydrochloride beginning with the neutralization 
with normal sulfuric acid. 

Storage—Keep Quinine Dihydrochlor ide in well-closed, light- resist- 
ant containers. 


Uses—The uses of Quinine Dihydrochloride are the 
same as those of other quinine salts, and are discussed 
in some detail under Quinine Bisulfate. The great solu- 
bility of the Dihydrochloride salt makes it one of the 
commonly employed salts of quinine, and a particular 
favorite when quinine must be administered by the 
intravenous route. The circumstances dictating this 
use and the dose employed are described in the discus- 
sion under Quinine Bisulfate. 

Average Dose—! Gm. (approximately 15 grains). 


Quinine Dihydrochloride Ampuls N. F. 
Ampullz Quinine Dihydrochloridi 


Quin. Dihydrochlor.—Quinine Dihydrochloride Injection, 


{Ampul, 
Sp. Inyeccién de Biclorhidrato de Quinina] 


Quinine Dihydrochloride Ampuls contain a sterile 
solution of quinine dihydrochloride in water for injec- 
tion. It yields an amount of anhydrous quinine 
[CooHo4N 202], equal to not less than 78 per cent and 
not more than 84 per cent of the labeled amount of 
CaoHo4N 202.2HCl. 

Sterilize Quinine Dihydrochloride Injection prefer- 
ably by heating at 100° for 30 minutes or by any other 
adequate and suitable method. 

The Injection conforms also to the other requirements 
under Injections. 

Note—This solution is strongly acid in reaction, 
having a pH of about 2.5 in the high concentrations 
usually employed (50 per cent). It cannot be adjusted 
as the acid is required to maintain the solubility of the 
quinine which precipitates when the pH is raised. 

This solution frequently becomes green, due perhaps 
to several causes, among them being excessive heat, 
concentration, copper, air, and light. The ampuls are 

often filled with CO. or some other inert gas. 
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Assay—The Injection is assayed by the gravimetric method of Assay 
for Solutions Containing Alkaloids (page 997). 


Uses—See Quinine Dihydrochloride. 
Average Dose—0.5 Gm. (approximately 71% grains) 
of Quinine Dihydrochloride. 


QUININE ETHYLCARBONATE N. F. 


Quinine Athylcarbonas 
[Quin. Athylcarb.—Euquinine] 


Quinine Ethyl carbonate [CesH2sN20, = 396.47] is 
the ethylcarbonate of an alkaloid usually obtained from 
cinchona. 

Preparation—This salt is prepared by the action of 
ethyl chloroformate (ethyl chlorocarbonate) [Cl.CO.- 
OCzHs5] on quinine dissolved in ether. The hydro- 
chloride so formed is dissolved in water, and treated 
with sodium carbonate. The product is purified by 
crystallization from alcohol. 

Description and Properties—White, odorless, fine soft needles, mat- 
ted together in fleecy masses. It is odorless and practically tasteless. 
It darkens on exposure to light and it is alkaline to litmus paper. 
Quinine Ethylearbonate melts between 89° and 91° and is levorota- 
tory in alcohol or chloroform solutions. One Gm.-dissolves in 3 ec. 


of aleohol, about 1 cc. chloroform, and in 10 cc. ether. It dissolves 
readily in dilute acids but is only slightly soluble in water. 


Identification—(1) Its solution in dilute sulfuric acid responds to the 


reactions described under Quinine. (2) When 200 mg. of Quinine 
Ethylearbonate is warmed with 2 cc. of sodium hydroxide T.S. and 
5 ec. of iodine T.S. the odor of iodoform is evolved indicating the 
presence of an ethoxy, group. (3) The carbonate group is identified 
by gently heating about 1 Gm. of the alkaloid with alcoholic potas- 
sium hydroxide (1 in 20). Potassium carbonate separates. 
Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Not more than 0.2 per cent. 

Chloride and sulfate—Practically none. 
Storage—Keep Quinine Ethylcarbonate in tight, light-resistant con- 
talners. 
Incompatibilities—Quinine Ethylearbonate is decomposed by acids 
and alkalies. Encapsulated with aspirin, it tends to form a hard mass. 


Uses—The action of quinine is essentially the same 
in all of its compounds. The soluble salts have the dis- 
advantage of the bitter taste, and of producing a local 
action on the stomach and other tissues. To obviate 
these difficulties, insoluble compounds like the alkaloid, 
the tannate, or the ethylearbonate have been used, 
since these pass the mouth and stomach without offend- 
ing the taste or disturbing the stomach. The same ob- 
ject is obtained more or less completely in a number of 
synthetic compounds in which the quinine radical is 
combined with other radicals, such as those of carbonic 
acid, to form insoluble, and, therefore, tasteless esters. 
In the intestines these esters are broken up more or 
less rapidly into the alkaloid quinine and the other com- 
ponents. The rapidity with which this decomposition 
occurs will determine to a large extent the intensity of 
the therapeutic effect and the liability to produce cin- 
chonism. This official ester is of the type which is 
rapidly broken up in the intestine. The uses and dose 
are the same as for the other quinine salts. 
Bisulfate, for actions and dosages. 

Average Dose—1 Gm. (approximately 15 grains). — 


QUININE HYDROBROMIDE N. F. 


Quinine Hydrobromidum 
[Quin. Hydrobrom.—Sp. Bromhidrato de Quinina] " 
Quinine Hydrobromide [CeoH2.N2O2.HBr.H,0 = 


423.35] is the hydrobromide af an alkaloid usually ob- 


tained from cinchona. ‘ 


See Quinine 


ALKALOIDS AND ALKALOIDAL DRUGS 


Preparation—This salt is made-by metathesis be- 
tween a hot solution of quinine sulfate and a solution of 
barium bromide. After filtering off the barium sulfate, 
formed in the reaction, the filtrate containing the Qui- 
nine hydrobromide is concentrated and set aside to 
crystallize. 


Description and Properties—Small, white needles or scale-like crys- 
tals. It is odorless, has a very bitter taste, effloresces on exposure 
to the air, and is affected by light. Its aqueous solution (1 in 50) is 
neutral or alkaline to litmus paper. One Gm. dissolves in 40 cc. of 
water, 1 cc. of alcohol, 7 cc. of glycerin, 1 cc. of chloroform, and 25 
ec. of ether. One Gm. dissolves in 3.2 cc. of water at 80°. 

Identification—(1) It responds to the Identification tests described 
under Quinine. (2) The filtrate, obtained by precipitating a warm 
aqueous solution of the salt with sodium hydroxide and filtering, 
yields the identification reactions for bromide. 

Tests for Purity— ; 

Loss on drying—Not more than 5 per cent. 

Residue on ignition—Not more than 0.05 per cent. 

Readily carbonizable substances—A solution of 250 mg. of Quinine 

Hydrobromide in 5 cc. of sulfuric acid is no deeper in color than 
matching fluid M (page 1059). Barium, inorganic salts and sulfate— 
Same as for Quinine Hydrochloride. 
Other cinchona alkaloids—Same as for Quinine Hydrochloride, ex- 
cept about 3 Gm. of the salt is dissolved in 80 cc. of water for the test. 
Storage—Keep Quinine Hydrobromide in tight, light-resistant con- 
tainers. ; 


Uses—The actions, uses, and dosages of this salt are 
similar to those of quinine and are discussed at length 
under Quinine Bisulfate. The hydrobromide salt of 
quinine is rarely prescribed. 

Average Dose—0.3 Gm. (approximately 5 grains). 


QUININE HYDROCHLORIDE U. S. P. 
Quinine Hydrochloridum 
[Quin. Hydrochlor.—Sp. Clorhidrato de Quinina] 


Quinine Hydrochloride [CooH2sN202,HCl.2H,0 = 
396.91] is the hydrochloride of an alkaloid usually ob- 
tained from cinchona. 

Preparation—This salt is prepared in the same man- 
ner as quinine hydrobromide, but barium chloride is 
used instead of barium bromide. 


Description and Properties—White, silky, glistening needles. It is 
odorless, has a very bitter taste, and effloresces when exposed to 
warm air. Its solutions are neutral or slightly alkaline to litmus paper. 
One Gm. dissolves in 16 ec. of water, 1 cc. of alcohol, 7 cc. of glycerin, 
1 ec. of chloroform, 350 cc. of ether; and in about 0.5 cc. of boiling 
water. 

Identification—It responds to the Identification tests described under 
Quinine (page 825) and to the reactions for chloride. 

Tests for purity— 

Loss on drying—Not more than 10 per cent. 

Residue on ignition—Not more than 0.15 per cent. 

Readily carbonizable substances—A solution of 100 mg. of Quinine 
Hydrochloride in 2 ce. of sulfuric acid is no deeper in color than match- 
ing fluid M (page 1059). 

Tnorganic salis—1 Gm. dissolves completely in 7 ce. of a mixture of 
2 volumes of chloroform and 1 volume of dehydrated alcohol. 

Barium—Practically none. 

Sulfate—Not more than 0.05 per cent as SO. 

Other cinchona alkaloids—A bout 2.5 Gm. of Quinine Hydrochloride. 
is dissolved in 60 cc. of water and 10 cc. of ammonia T-S. is added. 
The precipitated alkaloids are extracted with chloroform and the 
chloroform solution is evaporated to dryness on a water bath. A 
1.5-Gm. portion of the powdered residue is dissolved in a mixture of 
25 ec. of alcohol and 50 cc. of hot water, and the solution is made 
slightly acid to methyl red indicator with normal sulfuric acid. The 
excess acid is neutralized with normal sodium hydroxide, the solution 
is evaporated to dryness, and the residue is powdered and treated as 
under Quinine Sulfate, beginning with the addition of 20 cc. of water. 


Storage—Keep Quinine Hydrochloride in tight, light-resistant con- . 


\ 


tainers. 


Uses——The actions, uses, and doses of this salt are 
the same as those discussed at length under Quinine 
Bisulfate. 

Average Dose—Oral, 0.6 Gm. (approximately 10 
grains). Intramuscular, 0.2 Gm. (approximately 3 
grains). 
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QUININE PHOSPHATE N. F. Quininz Phosphas 
[Quin. Phos.—Sp. Fosfato de Quinina] 


Quinine Phosphate [(CooH2esN202)3.2H3P04.5H20 
= 1259.31] yields not less than 74 per cent and not 
ee ae 78 per cent of anhydrous quinine [CeoHe.4- 

2 2I> 

Preparation—This salt may be prepared by adding 
the required quantity of phosphoric acid to a solution 
of quinine in dilute alcohol. 


Description and Properties—Small, white crystals, or a white crystal- 
line powder. It is odorless and has a bitter taste. It is affected by 
light. A saturated aqueous solution of Quinine Phosphate is acid to 
litmus paper. One Gm. dissolves in about 600 cc. of water and in 
about 60 ce. of boiling alcohol. 

Identification—It responds to the Identification tests described 
under Quinine, and the filtrate obtained by adding an excess of sodium 
hydroxide T.S. to a solution of the salt in diluted nitric acid and 
filtering yields the reactions of phosphate. 

Tests for Purity— 

Readily carbonizable substances—A solution of 250 mg. of Quinine 
Phosphate in 5 ce. of sulfuric acid is no deeper in color than matching 
fluid N (page 1059). 

Chloride—Not more than 0.024 per cent as Cl. 

Sulfate—Not more than 0.1 per cent as SOq. 

Other cinchona alkaloids—Dissolve 2.5 Gm. of Quinine Phosphate 
in a mixture of 25 cc. of water and 25 cc. of diluted hydrochloric acid, 
add a slight excess of ammonia T.S., and proceed as directed in the 
test for Other vinchona alkaloids under Quinine Hydrochloride. 
Assay—It is assayed for its quinine content gravimetrically by the 
Assay of Alkaloidal Salts (page 997). 

Storage—Keep Quinine Phosphate in tight, light-resistant containers. 


Uses—Same as for Quinine Bisulfate. This salt is 


rarely prescribed. 
Average Dose—0.3 Gm. (approximately 5 grains). 


QUININE SALICYLATE N. F. Quinine Salicylas 
[Quin. Salicyl—Sp. Salicilato de Quinina] 


Quinine Salicylate [CzoH24N202.C6H4(OH)COOH.- 
H.O = 480.55] is the salicylate of an alkaloid usually 
obtained from cinchona. 

Preparation—This salt may be prepared by adding a 
solution of the required quantity of sodium salicylate 
to a hot aqueous solution of quinine sulfate. The pre- 
cipitate of quinine salicylate, after cooling, is filtered 
by suction and washed with cold water until free of sul- 
fate. It may also be made by mixing an ether solution 
of quinine with a similar solution of the required 
amount of salicylic acid, and distilling off the ether. 


Description and Properties—White needles or powder. It is odorless, 
and has a bitter taste. It often assumes a pink color upon aging and 
is affected by light. A saturated aqueous solution is alkaline to litmus 
paper. It is slightly soluble in water. One Gm. dissolves in about 
15 cc. of alcohol, 13 ce. of glycerin, 25 ec. of chloroform, and 160 ce. 
of ether. 

Tdentification—It responds to the Identification tests for Quinine 
and for salicylic acid. 

Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Residue on ignition—Not more than 0.05 per cent. 

Readily carbonizable substances—A solution of 250 mg. of Quinine 
Salicylate in 5 ec. of sulfuric acid is no deeper in color than matching 
fluid M (page 1059). 

Chloride—Not more than 0.07 per cent. 

Sulfate—Not more than 0.1 per cent. ; _ é 

Other cinchona alkaloids—Suspend about 2.5 Gm. of Quinine Sali- 
cylate in 60 cc. of water in a separator, and proceed as in the test for 
Other cinchona alkaloids under Quinine H ydrochloride. ’ 
Storage—Keep Quinine Salicylate in tight, light-resistant containers. 


Uses—Same as for Quinine Bisulfate. This salt is 


rarely prescribed. : 
Average Dose—0.3 Gm. (approximately 5 grains). 


QUININE SULFATE U. S. P. Quinina Sulfas 
[Quin. Sulf.—Sp. Sulfato de Quinina] 


The sulfate of an alkaloid [(CooH24N 202) 2.H2SO«.- 
2H.O = 782.92] usually obtained from cinchona. 
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Preparation—The crude sulfate, obtained as de- 
scribed under Quinine, is recrystallized once or twice 
from hot water slightly acidified with sulfuric acid. 
Quinine Sulfate is the primary material for all other 
quinine compounds. 

Quinine Sulfate crystallizes from water with 8 moles 
of the solvent (16.2 per cent), but loses about one mole 
of the water very rapidly. The salt official in the 
U.S. P. until the 11th Revision (and still official in many 
other countries) was the heptahydrate. However, even 
the latter readily loses all but 2 moles of H.O at ordi- 
nary temperatures, with the result that the pharmacist, 
after having opened the container a few times dispenses 
about 10 per cent excess of the drug. This situation 
was corrected in U. 8. P. XI by making the dihydrate 
official. This is stable under normal conditions of stor- 
age even at summer temperatures. 


Description and Properties—White, fine, needle-like crystals, usually 
lusterless, making a light and readily compressible mass. It is odor- 
less, and has a persistent, very bitter taste. Its solution in dilute 
hydrochloric or sulfuric acid is levorotatory. When exposed to 
light, Quinine Sulfate acquires a brown tint. A saturated solution is 
neutral or slightly alkaline to litmus paper. One Gm. dissolves in 
810 ce. of water, in 120 cc. of alcohol, in 35 cc. of water at 100°, and 
in about 10 cc. of alcohol at 80°. It is slightly soluble in chloroform 
and in ether, but is freely soluble in a mixture of 2 volumes of chloro- 
form and 1 volume of dehydrated alcohol. 

Identification—It responds to the identification reactions described 
under Quinine and responds to the tests for sulfate. 

Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Residue on ignitton—Not more than 0.05 per cent. 

Readily carbonizable substances—A solution of 200 mg. of Quinine 
Sulfate in 5 cc. of sulfuric acid has no more color than matching fluid 
M (page 1059). 

Inorganic salts—Not more than 0.1 per cent. This is determined 
by dissolving 2.0 Gm. of the Quinine Sulfate in 15 cc. of a mixture of 2 
volumes of chloroform and 1 volume of dehydrated alcohol and warm- 
ing at 50° for 10 minutes to aid solution. The solution is then filtered 
with the aid of suction on a tared glass filter, the residue washed with 
five 10-cc. portions of the chloroform-alcohol, dried at 100° for 1 
hour, and weighed. 

Other cinchona alkaloids—The presence of these alkaloids is indi- 

cated by the Kerner test (1862). It depends on the fact that the other 
alkaloids (cinchonidine, cinchonine, quinidine) are less soluble in 
ammonia water than quinine and the reverse is true of their neutral 
sulfates in water. Quinine Sulfate is the least soluble in water but the 
alkaloid (base) is the most soluble in ammonia water. The official 
test is as follows: Dry Quinine Sulfate at 50° for 2 hours, and then 
agitate 1.8 Gm. of the dried salt with 20 cc. of water at 65° for 30 
minutes. Cool the mixture to 15°, allow it to stand at this tempera- 
ture for 2 hours with occasional shaking, and then filter through a 
filter paper 8 to 10 cm. in diameter. Transfer 5 cc. of the filtrate, at 
a temperature of 15°, to a test tube and mix gently, without shaking, 
with 6 ce. of ammonia T.S., previously cooled to 15° and added all 
at once; a clear solution results. The ammonia T.S. must contain 
not less than 10 per cent and not more than 10.2 per cent of NH3. 
Storage—Keep Quinine Sulfate in well-closed, light-resistant con- 
tainers. 
Incompatibilities—The free alkaloid is liberated from solutions of qui- 
nine sulfate by alkalies. A precipitation is caused by alkaloidal pre- 
cipitants such as tannic acid, iodides, ete., and by acetates, citrates, 
tartrates, benzoates, and salicylates. For a full discussion see Alka- 
loids, page 1184. 


Uses—The actions, uses, and doses of this salt are the 
same as for Quinine Bisulfate and are described at 
length under the latter drug. If the sulfate salt is dis- 
pensed in solution, it is better to suspend it in syrup 
without using acid, with the addition of a little fluid- 
extract of glycyrrhiza and a small quantity of ammonia 
water. Quinine salts are usually dispensed in capsules 
or tablets to conceal their nauseatingly bitter taste. 

Average Dose—0.6 Gm. (approximately 10 grains). 


Quinine Sulfate Capsules N. F. 
Capsule Quinine Sulfatis 


[Cap. Quin. Sulf.—Sp. C&psulas de Sulfato de Quinina] 


Quinine Sulfate Capsules contain not less than 94 per 
cent and not more than 106 per cent of the labeled 
amount of quinine sulfate [(CeoH2sNeO2)2. H2SOq.- 
2H,.0]. 
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Identification—The presence of quinine may be ascertained by ap- 
plying the Identification tests described under Quinine. 
Assay—The contents of a counted number of the capsules are com- 
pletely transferred into a volumetric flask, dissolved in diluted sulfuric 
acid and made up to exact volume with water. In an aliquot portion 
of the solu:ion the quinine is determined gravimetrically by the 
Assay of Alkaloidal Salts (page 997). The weight of the quinine 
multiplied by 1.207 represents quinine sulfate. 
Storage—Keep the Capsules in tight containers. 


Uses—See Quinine Sulfate. 
Average Dose—0.6 Gm. (approximately 10 grains) of 
Quinine Sulfate. 


Quinine Sulfate Tablets U. S. P. 


Tabelle Quinine Sulfatis 
[Tab. Quin. Sulf.—Sp, Tabletas de Sulfato de Quinina] 


Quinine Sulfate Tablets contain not less than 94 per 
cent and not more than 106 per cent of the labeled 
amount of quinine sulfate [(CaoHesN2O02)e.H2S04.- 
2H.0]. 


Identification—The presence of quinine may be ascertained by ap- 
plying the Identification tests described under Quinine. 
Assay—The quinine sulfate content of the tablets is determined 
gravimetrically by the method given under Assay of Tablets Contain- 
ing Alkaloids (page 998). The weight of the quinine multiplied by 
1.207 represents quinine sulfate. 
Storage—Keep the Tablets in well-closed containers. 


Uses—See Quinine Sulfate. 
Average Dose—0.6 Gm. (approximately 10 grains) of 
Quinine Sulfate. 


TOTAQUINE U. S. P. Totaquina 


[Totaquin.—Sp. Totaquina] 


Totaquine is a mixture containing not less than 10 
per cent of anhydrous quinine and not less than 70 per 
cent and not more than 80 per cent of total anhydrous 
crystallizable cinchona alkaloids, the remainder con- 
sisting substantially of diluents, preferably lactose, 
starch, or sucrose. 

History—An extract representing the total alkaloids 
of cinchona bark was first used in India in about 1860 
as an inexpensive antimalarial and febrifuge prepara- 
tion. It was made from the bark Cinchona succirubra, 
then the most available species of cinchona, and con- 
sisted of cinchonine with smaller amounts of quinine 
and cinchonidine and one-fourth to one-third of the 
total made up of the amorphous alkaloids. To make 
available a cheap antimalarial to poorer populations of 
malarial regions the League of Nations in 1931 recom- 
mended the recognition by Pharmacopceias of a mixture 
of cinchona alkaloids under the name of Totaquine, and 
the British Pharmacopoeia of 1932 was the first to make 
it official. Totaquine was included in U. 8. P. XII pri- 
marily for use in the Philippines, then a protectorate of 
the United States. When supplies of cinchona bark 
from Java for manufacture of quinine were shut off at 
the commencement of the war with Japan, Totaquine 
from South American cinchona was produced and uti- 
lized in this country as a replacement for quinine sulfate. 

The Totaquine of U.S. P. XII was composed of the 
total alkaloids including 15 to 25 per cent of the amor- 
phous alkaloids (quinoidine). The latter were subse- 
quently found to produce nausea and other gastro- 
intestinal disturbances frequently, so the U.S. P. XIII, 
by means of a modified assay, has virtually eliminated 
the presence of the undesirable constituents, and the 
Totaquine official in the U. S. P. XIII is a mixture of 
the somewhat crude, crystallizable!alkaloids of cinchona 
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reduced to the U. 8S. P. standard with lactose or other 
suitable diluents. 


Description and Properties—White to grayish white or a slightly 
yellowish white powder. It-is odorless, or nearly so, has a bitter 
taste, and is darkened by light. It is almost insoluble in water; most 
of it (the alkaloids) dissolves in warm alcohol and in chloroform; it is 
also partly soluble in ether (the quinine and quinidine) and is prac- 
tically completely soluble in dilute mineral acids. 

Identification—A solution of about 100 mg. of Totaquine in 3 ce. 
of diluted sulfuric acid and sufficient water to make 100 cc. has a dis- 
tinct blue fluorescence in sunlight and 5 cc. of the solution gives the 
thalleioquin test described under Quinine. 

Tests for Purity— 

Loss on drying—Not more than 5 per cent. 

Residue on ignition—Not more than 5 per cent. 

Assay for Quinine and Total Crystallizable Cinchona Alkaloids— 
Consult U.S. P. XIII (page 580). 


Storage—Keep Totaquine in well-closed, light-resistant containers. 


Uses—This mixture of alkaloids of cinchona bark is 
used in the treatment of malaria in a manner similar to 
quinine and its salts. In peacetime, it represents a 
cheap substitute for quinine but is little employed in the 
United States where preference is given to the purified 
alkaloidal salts. In wartime, when the supplies of cin- 
chona were limited, its use became a necessity. See 
Quinine Bisulfate, Pamaquine, and Quinacrine for a 
discussion of the use of cinchona derivatives and syn- 
thetic antimalarials in the therapy of malaria. 

Average Dose—0.6 Gm. (approximately 10 grains). 


Totaquine Capsules U. S. P. 
_ [Cap. Totaquin.—Sp. Capsulas de Totaquina] 


Capsule Totaquinze 


Totaquine Capsules contain an amount of anhydrous 
quinine corresponding to not less than 9.5 per cent of 
the labeled amount of totaquine, and an amount of 
total anhydrous crystallizable cinchona alkaloids corre- 
sponding to not less than 66 per cent and not more than 
84 per cent of the labeled amount of totaquine. 


The content of the capsules responds to the Identification Tests 
given under TJotaquine. 


Assays for Quinine and Total Crystallizable Cinchona Alkaloids— 
ConsaltsU..S: Ps XIII. * 


Storage—Keep the Capsules in well-closed, light-resistant containers. 
. Uses—See Totaquine. : 
Average Dose—0.6 Gm. (approximately 10 grains). 


Totaquine Tablets U.S. P. Tabelle Totaquine 
[Tab. Totaquin.—Sp. Tabletas de Totaquina] 


Totaquine Tablets contain an amount of anhydrous 
quinine corresponding to not less than 9.5 per cent of 
the labeled amount of totaquine, and an amount of total 
anhydrous crystallizable cinchona alkaloids correspond- 
ing to not less than 66 per cent and not more than 84 
per cent of the labeled amount of totaquine. 


The Identification, Assays, Storage, Uses, and Doses are the same 
as for Totaquine Capsules. 


‘ Unofficial Cinchona Alkaloids and Related Antimalarials 


Chinoidine, Quinoidine—A mixture of HgC CoH5 
alkaloids, mostly amorphous, ob- NG S- 
tained as.a by-productin the manu- CH(CH2)3N 
ue of as aoe W SS 
oids from cinchona. Dose: 0.32 to 
2Gm. NH CoHs5 

Chloroquine, Aralen, SN 7618—is 
7-chloro-4-(4-diethylamino- 1-meth- N 
ylbutylamino)-quinoline. It is us- 
ually available in the form of the 
soluble pee ocniorice. Uses: cele Cl \NZ 

-roquine is said to be superior to , 
quinocrine or quinine because it chloroquine 


causes an abrupt terraination of ’ 
vivar malaria, and will cure falciparum malaria (often fatal but not 
relapsing) when administered for only 1 or 2 days. Chloroquine 
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initial dose of 0.6 Gm. is recommended, followed after 6 hours 
by an additional 0.3 Gm. and a single dose of 0.38 Gm. on each of 2 
consecutive days. Chloroquine is no more toxic than quinacrine 
and does not discolor the skin like quinacrine. 

Cinchonidine [CjgH22N20]—A stereoisomer of cinchonine. White, 
very bitter crystals, melting at about 210° with decomposition, 
and having a specific rotation of —107° in alcohol solution. It 
darkens in sunlight. Insoluble in water, soluble in 15 parts of alco- 
hol, 200 parts of ether; soluble in chloroform and in dilute acids. 
It is usually used in the form of its salts. Uses: see Cinchonidine 
Sulfate. 

Cinchonidine Bisulfate, Acid Cinchonidine Sulfate [Cy9H22N20- 
H2804.5H20]—White, striated prisms. Freely soluble in water 
or alcohol. 

Cinchonidine Dihydrobromide [Cy9H22NOzg.2HBr]—Crystallizes 
also with 1 and 2 moles HO. Yellowish, crystalline powder. 
One Gm. dissolves in 5 cc. water or 20 ce. alcohol. Protect from light. 

Cinchonidine Dihydrochloride [Cy9gHg2gNO2.2HCl]—White or 
slightly yellow crystals or powder. Freely soluble in water or alco- 
hol. Protect from light. 

Cinchoridine Hydrobromide [C;gH22N20.HBr.H20O|—White crys- 
tals. One Gm. dissolves in 50 cc. water; freely soluble in alcohol. 
The aqueous solution is practically neutral. 

Cinchonidine Hydrochloride [CygHe2gN20.HCl.2H20; 
366.68|—White crystalline powder; loses all of its H2O at 120°. 
[a] 1s —117.5° in water. One Gm. dissolves in 25 cc. water, 
more soluble in boiling water; soluble in alcohol, chloroform, 
slightly in ether. The aqueous solution is practically neutral. 

Cinchonidine Salicylate [CygH22N20.C7Hg03]—White to slightly 
pink crystals or crystalline powder. Slightly soluble in water; 
soluble in alcohol. Uses: antirheumatic. Dose: 1to1.3Gm.a 
day. 

Cinchonine [C1gH22N20]—Discovered by Gomez in cinchona bark 
in 1811. It-is a stereoisomer of cinchonidine. White to faintly 
yellow, bitter needles or prisms, or crystalline powder. Melts at 
about 260°; begins to sublime at 220°. The alkaloid and its salts 
generally darken onexposuretolight. [ea] p is +229°inalcohol. Al- 
most insoluble in water or in ammonia water. -One Gm. dissolves 
in 60 ce. alcohol, 25 cc. boiling alcohol, 110 cc. chloroform, 500 cc. 
ether. Protect from light. Uses: Antiperiodic, bitter tonic, 
etc., like quinine. Dose: antiperiodic 1 to 2Gm.; tonic 60 to 120 
mg. Asareagent for bismuth; for determination of tungsten. 

Cinchonine Bisulfate [C1gH22aN20.H2804.4H20|—White, odorless, 
efflorescent crystals or powder; very bitter taste. Freely soluble in 
water or alcohol. 

Cinchonine Dihydrobromide [CjgH2g2eNe0.2HBr.H2O|]—White or 
slightly yellow, crystalline powder. Freely soluble in water; sol- 
uble in alcohol. 

Cinchonine Hydrobromide [Cy9gHe2gN2e0.HBr]—White crystals. 
Freely soluble in water or alcohol. The aqueous solution is practi- 
cally neutral. : 

Cinchonine Hydrochloride [CjgHg2No0.HCl.2H20]—White, fine 
crystals. Melts, when anhydrous, at about 215° with decomposi- 
tion. One Gm. dissolves in 20 cc. water, 3.5 cc. boiling water, 
1.5 ec. alcohol, 20 cc. chloroform; slightly soluble in ether. The 
aqueous solution is practically neutral. : 

Cinchonine Salicylate [CygHg2N20.C7H60s]—White to slightly 
pink erystals or crystalline powder. Slightly soluble in cold water; 
soluble in hot water or alcohol. Uses: See Quinine salicylate. 

Diquinine Carbonate, Aristochine—An insoluble salt of quinine and 
therefore relatively tasteless. Uses: same as those for quinine. 
See Quinine. im 

Paludrine, Chlorquanide—An antimalarial developed by British chem- 
ists. It is chemically 1-(p-chlorophenyl)-5-isopropylbiguanide. 
It is used in the form of the hydrochloride which is a white crystal- 
line powder soluble in water. It is claimed to be 3 times as power- 


ci7 NH NH 
\ J C6 —onn, 


mol. wt. 


ful as quinacrine (atabrine), 10 times as powerful as quinine, and 
less toxic than either. It is also said to be effective in preventing 
relapses of benign tertian malaria—one of the commonest forms of 
malaria for which other antimalarials are ineffective in case of 


relapse. : 2 
Pentaquine, SN 13276, is 6-methoxy-8-(5-isopropylaminoamyl- 
amino)quinoline. It is usually available as the acid phosphate, 


which is a light yellow crystalline powder, melting between 189° 
and 190° and soluble in about 30 parts of water, but only slightly 
soluble in alcohol. Uses: an 
antimalarial, more potent than CH;07 ~ 
quinine or pamaquine (plasmo- | 
chin) but is also more toxic. Xo 


7 
Dose: not more ae 60 mg. aay ) SNA 
with 1 to 2 gm. of quinine sul- 
fate. apt NH CH3 

Quinidine, Conquinine, 8-Quinine, \ VA 

Pitayine [CooH2402N 2]—An (CHz);NHCH 
isomer of quinine; present in ; 
cinchona barks to the extent of OH 
0.25 to 1 per cent. Discovered Dentaqtine 3 


by Henry and Delondre in 1833. 
From dilute alcohol it crystallizes with 2 moles H2O = 10 per cent; 
from strong alcoholwith 1 mole H2O = 12.5 percent. White crys- 
tals or crystalline powder. Slowly darkens on exposure to light. 


“a __ effectively suppresses falciparum malaria when administered only 


Melts at 170 to 171° when anhydrous, [a]p of anhydrous is about 
-. once weekly in doses of 0.3 Gm. Dose: In acute attack an 


+265° in absolute alcohol, about + 320° in dilute HCl solution. 
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2000 ec. cold water, 800 cc. boiling 
1.6 cc. chloroform; very soluble 


One Gm. dissolves in about 
water, 36 ec. alcohol, 56 cc. ether, 
in methanol; insoluble in petroleum benzin. Its solutions, in 
dilute oxyacids, have a strong fluorescent blue color. Protect from 
light. Uses and Dose: As for the sulfate) also in chill tonics. 

Quinidine Bisulfate [CoopHo4OoNe.He504.4H20]—White, bitter 
crystals. Soluble in 8 water with fluorescence. 

Quinidine Hydriodide [C29 Hgs02gNe2.HI]—White to slightly yel- 
low, granular powder. Soluble in about 1250 parts water, very 
slightly in alcohol. 

Quinidine Hydrobromide [Cg0H2«402Ne2.HBr]—White 
Soluble in 90 parts water, in alcohol. 

Quinidine Hydrochloride (CagHasOaNa- HCl.H20]—White, lus- 
trous crystals or crystalline powder. Soluble in about 60 ce. cold 
water; freely soluble in hot water, in alcohol, chloroform; slightly 
soluble in ether. The aqueous solution is neutral to litmus. 

Quinidine Hydrochloride Injection—The following formulas have 
been reported: 


crystals. 


(LD), Quinidine Hydrochlomde tcc. irctiia tence terete ister ters 15 Gm. 
Antipyritie;. oc -.5 (0 son ctoanlo mele pimeree octet eae erecta 15 Gm 
[Of u-+: eee Saat cnn oA Geb one fce.o hour c 20 Gm. 
Water for injection. to Male) oa. o.-u -<1teko aie iele 100 ce 
Sterilize by Process F. 

(2), Quinidine) Elydrochlonidemeniwie atic ert rete ees 10 Gm 


Propylene.Glycolawnesne . a Siero Gg Oa Coons 75 ce. 


Quinine Acetate, [CgaopHaa4NeO02.CHsCOOH|]—White  erystals: 
slight odor of acetic acid. Loses some of the acid at 70 to 80°. 
Soluble in about 600 cold, 20 boiling water, 6 alcohol. 

Quinine Bismuth lodide—Composed of approximately 1 mole each 
of quinine-hydroiodide and bismuth triiodide. Contains about 32 
per cent anhydrous quinine, about 20 per cent bismuth, about 50 
per cent iodine. Red powder. Insoluble in water and most or- 
ganic solvents. Uses: to obtain systemic effect. of bismuth in 


syphilis. 

Quinine Carbonate [CO(CeoH2g302Nea)e2], Aristoquin, Diquinine 
Carbonate.—White, tasteless powder. Melts at 189°. Insoluble 
in water or ether; slightly soluble in cold, more in hot alcohol and 
hot chloroform; soluble in dilute acids. 

Quinine Citrate [CopH2g402Nea)2.CgHg07.7H20]—White, needle- 
like crystals or crystalline powder. 

Quinine Dihydrobromide, Quinine Dibromide or Acid Hydrobromide 
[Ce9pHe4N 202.2HBr.3H 2O]—White to yellowish, odorless powder. 
Soluble in 3 water, 10 alcohol, the solution being strongly acid. 
Keep well closed and protected from light. Uses: Chiefly in 
malignant malaria by intravenous or intramuscular injection. 
(Caution: sloughing.) Dose: 60 to 300 mg. 

Quinine Glycerophosphate, Kineurine [(Ce9pH2eaNe0e)2e.3CH5- 
HePO.¢.4H 20]—White needles or crystalline powder; efflorescent; 
becomes anhydrous at 100°. One Gm. dissolves in 00 cc. water, 
75 ce. aleohol; freely soluble in boiling alcohol, slightly in chloro- 
form or ether. Uses: tonic, antiperiodic; in nervous debility 
following malaria; also in malarial headache and in neurasthenia. 
ae tonic, 0.1 to 0.2 Gm.; in malaria and neuralgia, 0.3 to 0.6 

m. 

Quinine Hydrochlorphosphate, Quinine Phosphochloride [(Co9He4- 
OeNoe)2.HCl.2Hg3gP04.3H20]—White or slightly yellow crystals. 
Soluble in 2 parts of water, the solution being strongly acid. 
Uses and Dose: Similar to other soluble quinine salts. 

Quinine Hydrochlorsulfate, Quinine Sulfochloride (CaoH24Ne209)a. - 
2HCl.H2804.3H20]—White, fine, odorless needles. Soluble in 
1.1 ee. water, in alcohol, the solutions being strongly acid. Uses: 
Particularly subcutaneous in pernicious malaria; also has been 
used orally in influenza and pneumonia. Dose: 1 to 2 ce. of 10 


to 30 per cent solution, daily. 
HsPO2.2H20]}—White, fine, 


Quinine Hypophosphite [CoopH24No02a. 
silky crystals. Loses portion of its water on exposure to air. One 


Gm. dissolves in about 35 cc. water, 13 ce. aleohol, 27 ce. chloro- 
form; almost insoluble in ether. The aqueous solution is practically 
neutral. Keep well closed and protected from light. Uses: 
malaria and asa general tonic. Dose: Tonic, 0.1 Gm.; antimalar- 
ial, 1 Gm, 

Quinine lodosulfate, Herapathite, Iodoquinine Sulfate [4Coa9H24- 
Ne202.3H2804.2HI.I14.6H20|—Named after its discoverer, 
Herapath, an English physician. Plate-like crystals of pale olive- 
green color by transmitted light and of a brilliant green to reddish 
green by reflected light. The crystals polarize light 5 times as 
much as tourmaline. Loses its water at 100° and becomes red. 
Almost insoluble in water; soluble in about 1000 cc. boiling water 
zn ate ec. cold, 50 cc. boiling alcohol, in 60 ec. hot glacial acetic 
acid. 

Quinine Tannate—Contains about 33 per cent anhydrous quinine. 
Yellowish white, amorphous, odorless powder; tasteless or nearly 
tasteless; astringent taste. Slightly soluble in water, chloroform, 
or ether; somewhat more soluble in alcohol. Uses: chiefly for 
children or where a comparatively tasteless salt of quinine is neces- 
sary. It is slowly dissociated in the intestines. Less active than 
the more soluble salts. Dose: 0.06 to 0.6 Gm. 

Quinine Tartrate [2(Co90H24N202).C4HeO0¢6.2H20]—White crystal- 
line powder. Soluble in about 950 ec. water; more soluble in hot 
water; soluble in alcohol. 

Quinine Valerate [CopHea4aNe02.Cs5H1902.H20|—White, bitter 
crystals or powder; slight valerian odor. Melts at about 95°. 
Soluble in about 70 cold, 40 boiling water, in 2 alcohol, 10 ether. 
Uses: In nervous headache, hysteria, malaria with neuroses. 
Dose: 0.12 to 0.5 Gm. single; 1 Gm. daily. 


Specialties Containing Cinchona Alkaloids and Related 
Antimalarials 


Aralen Diphosphate (Winthrop), Chloroquine, SN 7618, 7-chloro-4- 
(4-diethylamino-1l-methylbutylamino) quinoline diphosphate— 
White crystalline powder, readily soluble in acidified water; avail- 
able in the form of tablets (0.25 Gm.). Uses: antimalarial about 
3 times more potent than atabrine, and of relatively low toxicity. 
Dose: for treatment, 1.0 Gm. initially followed by up to a total 
of 2.5 Gm. in 3 days; for suppression, 0.5 Gm. once weekly. 

Atabrine Dihydrochloride N. N. R. (Winthrop)—Ampuls (0.2 Gm.) or 
tablets (0.05 or 0.1 Gm.) conkeining quinacrine hydrochloride. 
See Quinacrine Hydrochloride U.S. P. 

Chinoplasmin (Winthrop)—Tablets, each containing 0. 011 Gm. (% 
gr.) plasmochin naphthoate equivalent to 0.0054 Gm. (%2 gr.) of 
the hydrochloride and 0.162 Gm. (2% gr.) quinine sulfate. Uses: 
antimalarial. Dose: for treatment, 2 tablets 3 or 4 times a day; 
for prophylaxis, 2 tablets a day or on alternaté days. 

Coco-Quinine N. N. R. (Lilly)—A suspension, each fluidounce con- 
taining 0.648 Gm. (10 gr.) quinine sulfate in a syrup flavored with 
chocolate, yerba santa, and vanillin. Uses: antimalarial, espe- 
cially for children. Dose: 1 teaspoonful several times a day. 

Euquinine N. N. R. (Merck)—Powder containing quinine ethylcar- 
bonate. See Quinine Hthylcarbonate N. F. 

Optochin Hydrochloride (Rare Chemicals)—Powder or Tablets (0.1 
Gm.) containing ethylhydrocupreine hydrochloride. See Ethyl- 
hydrocupreine Hydrochloride N. F. 

Plasmochin Naphthoate (Winthrop)—Tablets (0.02 or 0.04 Gm.) con- 
tang pamaquine naphthoate. See Pamaquine Naphthoate 

F 


_Plasmochin Naphthoate with Quinine Sulfate—Tablets, each con- 
taining 0.02 Gm. plasmochin naphthoate and 0.13 Gm. quinine 
sulfate. 

Quinicardine (Fougera)—Tablets, each containing 0. oe Gm. (3% 

gr.) quinidine sulfate. See Quinidine Sulfate U.S. P 

Quiitisal (Merck)—Tableis (4 gr.) containing quinine di-salicylo- 
salicylate. Uses: antipyretic, analgesic, and antiseptic. Dose: 
1 or 2 tablets every 2 hours as required. 


SOLANACEOUS AND RELATED SYNTHETIC ALKALOIDS 
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ALKALOIDS AND ALKALOIDAL DRUGS 


The natural as well as many of the synthetic alka- 
loids of this group are all closely related chemically. 
Most of them are esters formed from mandelic acid or 
tropic acid and tropine or scopine. For example, atro- 
pine is the racemic variety of tropine tropate, hyoscy- 
amine is the optically active variety of the same com- 
pound, and scopolamine is scopine tropate. Scopine is 
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tropine 


epoxytropine, the only difference being the oxygen 
bridge. It is therefore to be expected that these three 
alkaloids give the same color reactions (see under 
Atropine). Eumydrine is also closely related; it is the 
methyl nitrate of atropine. In this type of compound 
a methyl group, hydrogen atom of an acid, or other 
positive group attaches to the nitrogen forming a qua- 
ternary ammonium radical with a positive charge which 
then unites with a negative radical to form the salt. 

Homatropine is tropine mandelate and Novatropine 
is the methyl bromide of homatropine. Eucatropine is 
a substituted piperidine ester of mandelic acid, Trasen- 
tin is the hydrochloride of the diphenylacetic acid ester 
of diethylaminoethanol and Syntropan is the phosphate 
of the tropic acid ester of 3-diethylamino-2,2-dimethyl- 
1-propanol. The above relationships are more clearly 
observed if reference is made to the group of structural 
formulas at the beginning of this section. 

Belladonna, hyoscyamus, and stramonium yield 
mydriatic alkaloids, characteristic of the Solanacex 
Family. There are also many other plants of this 
group which are being used largely in the manufacture 
of the various alkaloids. The alkaloids of the most im- 
portant plants and their distribution are as follows: 


DISTRIBUTION OF SOLANACEOUS ALKALOIDS 


Part Per cent Most 

yielding of total important 

Plant alkaloid alkaloid alkaloids 

Atropa Belladonna Leaves 0.15 -0.6 Hyoscyamine 

Root 0.1 -0.7 Hyoscyamine 

Seeds About 0.8 Hyoscyamine 

Datura Metel Leaves 0.25 —0.55  Scopolamine 

(Hyoscine) 

Datura Stramonium Leaves 0.2 -0.45 Hyoscyamine 

Seeds 0.2 -0.5 Hyoscyamine 

Duboiso myoporoides Seeds 0.2 -0.5 Hyoscine and 
hyoscyamine 

Hyoscyamus muticus Leaves 1 -1.4 Hyoscyamine 

. Hyoscyamus niger Leaves 0.045-0.08 Hyoscyamine 

Tops 0.07 —0.10 Hyoscine 


Atropine rarely occurs as such in any of the plants, 
but is always the product of the racemization of the 
levo-isomeride, hyoscyamine, which is converted into 
atropine by the action of weak alkalies. In this country 
stramonium is the principal source of the hyoscyamine 
used in the manufacture of atropine. Scopolamine 
(hyoscine) is produced to a large extent from Datura 
Metel as well as from the mother liquors remaining 
after crystallization of the hyoscyamine. Other alka- 
loids of lesser importance present in various members 
of the Solanaceex include atropamine, belladonnine, 

meteloidine, and several others. 
The most characteristic physiological property of the 
Solanaceous alkaloids is their mydriatic effect (dilation 
of the pupil of the eye). This property is the basis for 
the most sensitive test for their identification. As little 
as one drop of a 1 in 25,000 solution will cause a distinct 
dilation of the pupil of a cat’s eye. 


\ 
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ATROPINE U. S. P. 
Atropina 


[Atrop.—Sp. Atropina] 


Atropine [C,7H2303N = 289.36] is an alkaloid usually 
obtained from Atropa Belladonna Linné, from species of 
Datura and Hyoscyamus (Fam. Solanacee), or produced 
synthetically. 

Caution— Atropine is extremely poisonous. 

Preparation—Atropine was isolated by Vaquelin in 
1809 and its alkaloidal nature recognized by Brandes in 
1819. It is claimed that the alkaloid does not occur as 
such in any of the solanaceous plants, but is the prod- 
uct of the racemization of l-hyoscyamine present in 
these plants. Hyoscyamus muticus from Egypt is the 
preferred source for the manufacture of atropine be- 
cause of its high alkaloid content, with stramonium next 
in order. The powdered drug is thoroughly moistened 
with an aqueous solution of sodium carbonate and ex- 
tracted with ether or benzene. The alkaloidal bases 
are extracted from the solvent with acetic acid, the acid 
solution is shaken with ether as long as the latter takes 
up coloring matter, then precipitated with sodium car- 
bonate. ‘The precipitate of the bases, after washing and 
drying, is dissolved in ether or acetone, the solution de- 
hydrated with anhydrous sodium sulfate, and filtered. 
After concentration and cooling of the solution, the 
bases consisting of atropine and hyoscyamine, crystal- 
lize from solution. The crude crystalline mass is filtered 
off and dissolved in alcohol, sodium hydroxide solution 
is added, and the solution is allowed to stand until 
racemization is complete (as indicated by absence of 
optical activity). The crude atropine is purified by 
erystallization from acetone. 


Description and Properties—White crystals, usually needle-like, or a 
white, crystalline powder. Its saturated solution is alkaline to phenol- 
phthalein T.S. It is optically inactive, but usually contains some 
levorotatory hyoscyamine. It melts between 114° and 116°. One 
Gm. dissolves in 460 cc. of water, 2 ec. of alcohol, about 27 cc. of 
glycerin, 1 cc. of chloroform, and in about 25 ce. of ether. One Gm. 
dissolves in 90 cc. of water at 80°. It is also soluble in hot benzene. 

Identification—(1) The following test is characteristic of atropine, 
hyoscyamine, and scopolamine (hyoscine) but the presence of other 
alkaloids obscures the color effects. The test is known as the Vital 
test: Add a few drops of nitric acid to about 5 mg. of Atropine con- 
tained in a small porcelain dish, and evaporate the mixture to dryness 
on a water bath; a yellow residue is obtained. Add to the cooled 
residue a few drops of alcoholic potassium hydroxide T.S. and a frag- 
ment of potassium hydroxide: the mixture is intensely violet in color. 
(2) Gold chloride T.S. produces in a 1 in 50 solution of Atropine in di- 
luted hydrochloric acid a lusterless precipitate (hyosecyamine yields 
a lustrous precipitate). 

Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Readily carbonizable substances—A solution of 200 mg. of the alka- 
loid in 5 ce. of sulfurie acid is not darker than matching fluid A, and 
does not become more than light yellow on the addition of 0.2 cc. of 
nitric acid. 

Other alkaloids—A solution of 200 mg. of Atropine in | ce. of normal 
hydrochloric acid with sufficient water to make 15 cc. meets the test 
for Other alkaloids described under Atropine Sulfate. 

Limit of hyoscyamine—The angular rotation of a solution of 1.00 
Gm. of Atropine, previously dried over sulfuric acid, in sufficient 50 
per cent alcohol by weight to make 20 cc. of solution, measured in a 
200 mm. tube at 25°, does not exceed —0.70°. 

Storage—Keep Atropine in light-resistant containers. 
Incompatibilities—The difficulty which is sometimes experienced in 
preparing solutions in liquid petrolatum is overcome by the use of 
oleic acid. The alkaloid is dissolved in a drop or two of alcohol and 
warmed with a little oleic acid until the alcohol has evaporated. 
Additional oleic acid is then added to make the product 25 times the 
weight of the Atropine, and this solution is dissolved in the liquid 
petrolatum. 


Uses—Galenical preparations of belladonna are 
active chiefly by virtue of their content of Atropine, a 
potent and useful alkaloid. Atropine typifies in its 
actions the entire group of belladonna alkaloids. It has 
two main types of actions, one on the central nervous 
system to cause respiratory stimulation and selective 
sedation (in certain diseases), and the other to depress 
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smooth muscles and secretory glands innervated by 
parasympathetic (cholinergic) nerves. . Having such 
widespread effects in the body, Atropine enjoys many 
therapeutic uses but does not exert much selectivity of 
action. Thus if it is employed for its effects on the 
bowel, the unwanted actions on the eye, the salivary 
glands, heart, etc., must be tolerated. 

The central actions of Atropine are employed to 
stimulate the respiration, to give symptomatic relief 
in paralysis agitans and postencephalitic parkinsonism, 
and in certain types of spastic and rigid states due to 
central nervous system injury or disease. 

The peripheral actions of atropine are concerned with 
the eye, the bronchial muscles, the secretions of the 
bronchio-respiratory glands, the heart, the gastro- 
intestinal tract, the urinary tract, the sweating mecha- 
nism, and the uterus. In ophthalmology, Atropine is 
used to dilate the pupil and to paralyze the accommoda- 
tion. It is usually administered topically for this pur- 
pose as a 1.0 per cent solution of the sulfate salt, but 
occasionally the free alkaloidal base is used in oil solu- 
tion, or as an ointment, or gelatin disks (lamelle) con- 
taining Atropine are instilled in the conjunctival sac. 
Atropine is sometimes combined with cocaine, amphet- 
amine, or paredrine for ophthalmic use. In bronchial 
asthma, Atropine causes relaxation of the bronchial 
muscles and drying up of bronchial secretions. It is not 
as effective as epinephrine but is used in mild or chronic 
cases, or in the intervals between attacks. In acute 
coryza, hay fever, and rhinitis, Atropine is sometimes 
employed to dry up-the annoying excessive secretions. 
Proprietary ‘‘cold” tablets often contain atropine for 
this purpose. Atropine is almost routinely employed 
prior to inhalation anesthesia to inhibit excessive saliva- 
tion or bronchial secretions. 

With respect to the heart, Atropine is sometimes em- 
ployed to abolish extra systoles, partial or complete 
heart block, or syncope due to hyperactive carotid 
sinus reflexes. Abnormal cardiac slowing due to drugs 
or to poisoning by certain species of mushrooms may 
also yield to Atropine therapy. 

In spastic conditions of the bowel, Atropine is widely 
employed, particularly for spastic colitis, pylorospasm, 
cardiospasm, etc. It is also of limited value in the 
therapy of ulcer of the stomach or duodenum. Atro- 
pine counteracts to some extent the intestinal spasm of 
lead colic, morphine constipation, and similar states. 
The extract and tincture of belladonna are very com- 
monly employed for their antispasmodic effects on the 
bowel. Atropine is often used to relieve ureteral colic, 
frequently in combination with morphine. It is also 
employed to control enuresis in children, and to relieve 
urinary frequency and urgency. It is a frequent con- 
stituent of drug mixtures for the relief of dysmenorrhea. 
Finally Atropine is given to suppress sweating, and also 
to control excessive salivation. 

Atropine is usually employed in the form of its sulfate 
salt. It can be given orally, hypodermically, or intra- 
venously, and in the case of the eye it is applied topi- 
cally. The average adult oral dose is 0.3 to 1.0 mg. 

Average Dose—0.4 mg. (approximately 1/50 grain). 


ATROPINE SULFATE. U. S. Pi Atropine Sulfas 
[Atrop. Sulf.—Sp. Sulfato de Atropina] 


Caution— Atropine Sulfate is extremely poisonous. 

Preparation—Atropine Sulfate [(Cy,Hes03N)>.- 
H.80.4.H,O = 694.82] is prepared by dissolving atropine 
base in warm acetone and adding just sufficient dilute 
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sulfuric acid to furnish the necessary amount of H,.SO.4 
and water of hydration. The salt is then allowed to 
crystallize from solution. 


Description and Properties—Colorless or white crystals or a white 
crystalline powder. It effloresces in dry air and is affected by light. 
When previously dried at 110° for 4 hours it melts at a temperature 
not below 188°. The aqueous solution of Atropine Sulfate is practi- 
cally neutral or only faintly acid to litmus paper. It yields the 
Identification tests described under Atropine and gives the reactions of 
sulfate. One Gm. of Atropine Sulfate dissolves in 0.5 cc. of water, in 
5 cc. of alcohol, and in about 2.5 cc. of glycerin. One Gm. dissolves 
in 2.5 ce. of boiling alcohol. 

Tests for Purity— 

Free acid—Equivalent to not more than 0.03 per cent as HeSO4. 

Loss on drying—Not more than 4 per cent. 

Residue on ignition—Not more than 0.2 per cent. 

Readily carbonizable substances—Conforms to the test given under 
Atropine. 

Other alkaloids—Dissolve 250 mg. of Atropine Sulfate im 1 ce. of 
tenth normal hydrochloric acid and sufficient water tomake1l5ec. To 
5 cc. add a few drops of platinic chloride T.S. No precipitate is 
formed. To another 5-cc. portion add 2 ec. of ammonia T.S. and 
shake vigorously. A slight opalescence may be produced but no 
turbidity. 

Limit of hyoscyamine—The angular rotation of a solution of 1.00 
Gm. of Atropine Sulrate, previously dried over HeSO4 to constant 
weight, in sufficient water to make 20 cc., in a 200 mm. tube at 25°, 
does not exceed —0.60°. 

Storage—Keep Atropine Sulfate in tight, light-resistant containers. 


Uses—See Atropine. ; 
Average Dose—0.5 mg. (approximately 4/99 grain). 


Atropine Sulfate Tablets U. S. P. 


Tabelle Atropine Sulfatis 
[Tab. ‘Atrop. Sulf.—Tabletas de Sulfato de Atropina] 


Atropine Sulfate Tablets contain not less than 93 per 
cent and not more than 107 per cent of the labeled 
amount of atropine sulfate [(C1,H2303N):2.H2S0,.- 
H,0] for tablets of 20 mg. or more; and not less than 90 
per cent and not more than 110 per cent of the labeled 
amount for tablets of less than 20 mg. 


Identification—(1) The U.S. P. identifies the presence of Atropine 
in the Tablets by requiring that the instillation of 1 drop of a solution 
of the Tablet, equivalent to 1 mg. of Atropine Sulfate in 10 cc. of 
water, into the eye of a cat or other animal should cause a noticeable 
dilation of the pupil within 2 hours. (2) It may also be identified 
chemically by applying the Vitali test described under Atropine to the 
residue obtained by making a filtered solution of the Tablets alkaline 
with ammonia, extracting with chloroform and evaporating the latter 
to dryness on the steam bath. 

Assay—-Atropine Sulfate Tablets are assayed volumetrically by the 
Assay for Tablets Containing Alkaloids (page 998). See also the 
Un Sexi 

Storage—Keep the Tablets in well-closed containers. 


Uses—See Atropine. 
Average Dose—0.5 mg. (approximately 14909 grain) 
of Atropine Sulfate. 


BELLADONNA LEAF U. S. P. Belladonnz Folium— 


[Bellad. Fol.—Deadly Nightshade Leaf, Belladonne Folium P.I., 
Black Cherry Leaf, Dwale, Dwayberry Leaf, Sp. Hoja de Belladona] 


Belladonna Leaf consists of the dried leaf and flower- 
ing or fruiting top with branches of Atropa Belladonna ~ 
Linné (Fam. Solanacez). 

Belladonna Leaf yields not less than 0.3 per cent of 
the alkaloids of Belladonna Leaf. 


Description and Properties— 

Unground Belladonna Leaf—Usually matted together, crumpled 
or broken; leaves mostly light green to moderate olive-green, from 
5 to 20 em. in length, and from 4 to 12 em. in width, broadly ovate, 
apex acute, margin entire, narrowed into the petiole, with few hairs, 
the latter more abundant along the veins, and numerous light-colored 
dots (crystal cells) visible with a lens: stems more or less hollow and 
flattened, finely hairy when young; flowers with capanulate corolla 
possessing 5 small, reflexed lobes, yellowish purple, becoming faded 
to brown or dusky yellow, usually subtended by the five-lobed calyx; 
fruit nearly globular, dark yellowish brown to dusky red or purplish 
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black with numerous, flattened, somewhat reniform seeds, the latter 
up to 2 mm. in width; odor slight, somewhat tobacco-like when 
moistened; taste somewhat bitter and acrid. 

Powdered Belladonna Leaf—Light olive-brown to moderate olive- 
green in color. 

Tests for Purity— 

Belladonna stems—Not more than 25 per cent. 
per cent over 10 mm. in diameter. 

Acid-insoluble ash—Not more than 3 per cent. 
Assay—Place 20 Gm. of Belladonna Leaf in moderately coarse pow- 
der in an extraction thimble, and insert the thimble in a Soxhlet, or 
similar extractor. Moisten the drug with a mixture of 8 cc. of stronger 
ammonia T.S., 10 cc. of alcohol, and 20 ce. of ether, and mix thor- 
oughly. Macerate overnight, then extract with ether for not less 
than 3 hours or until the alkaloids are completely extracted. The 
following alternative process may be used: Moisten 10 Gm. of Bella- 
donna Leaf in moderately coarse powder (if a powder finer than 
‘moderately coarse’’ is used for the assay, washed sand or asbestos 
fibers may be used to facilitate extraction) with a mixture of 8 cc. 
of stronger ammonia T.S., 20 cc. of ether, and 10 cc. of chloroform, 
in a small percolator, the outlet of which has been packed with a 
pledget of purified cotton. Macerate overnight, pack it in the perco- 
lator, and extract by percolating slowly with a mixture of 3 volumes 
of ether and 1 volume of chloroform. Continue the percolation until 
the 3 or 4 cc. of percolate last passed, when evaporated to dryness and 
the residue dissolved in approximately half-normal sufuric acid and 
treated with mercuric iodide T.S., shows only a faint turbidity. 

If the volume of liquid obtained by either the Soxhlet or percolation 
method of extraction is large, reduce it to a convenient volume by 
evaporating on a water bath. Transfer the liquid to a separator, 
rinse the container with one or more small volumes of the solvent, 
and add the rinsings to the separator. Completely remove the alka- 
loids from the immiscible solvent by extracting with successive por- 
tions of approximately half-normal sulfuric acid, filtering each portion 
drawn off. Render the combined acid solutions distinctly alkaline 
with ammonia T.S., and completely remove the alkaloids at once by 
extracting with successive portions of chloroform. Evaporate the 
combined chloroform extractions to dryness on a water bath and then 
heat in a bath of boiling water for 15 minutes. Dissolve the residue 
in a small volume of chloroform, evaporate to dryness on a water 
bath, and heat in a bath of boiling water for 15 minutes. Dissolve 
the resulting residue in a few cc. of chloroform, add 15 ce. of fiftieth- 
normal sulfuric acid, remove the chloroform by evaporation, cool, and 
titrate the excess acid with fiftieth-normal sodium hydroxide, using 
methyl red T.S. as the indicator. Each cc. of fiftieth-normal acid is 
equivalent to 5.787 mg. of the alkaloids of Belladonna Leaf. 
Storage—Keep Belladonna Leaf in well-closed containers. 


Uses—Same as those for Belladonna Tincture, Bella- 
donna Extract, and Atropine. See Atropine for discus- 
sion of actions and uses. Belladonna leaf itself is rarely 
employed. The average single dose for adults is 0.06 
Gm. (approximately 1 grain). 


Belladonna Extract U. S. P. Extractum Belladonns 


{Ext. Bellad.—Extractum Belladonne Foliorum, Extractum 
Belladonne P.I., Sp. Extracto de Belladona] 
Belladonna Extract yields, from each 100 Gm., not 
less than 1.15 Gm. and not more than 1.35 Gm. of the 
alkaloids of belladonna leaf. 


PILULAR BELLADONNA EXTRACT 


Prepare an extract by percolating 1000 Gm. of bella- 
donna leaf, using a mixture of 3 volumes of alcohol and 
1 volume of water as the menstruum. Macerate the 
drug during 16 hours and then percolate it at a moderate 
rate. Evaporate the percolate to a pilular consistency 
under reduced pressure and at a temperature not ex- 
ceeding 60°, and adjust the remaining extract, after 
assaying, by dilution with liquid glucose so that the 
finished Extract will contain, in each 100 Gm., 1.25 Gm. 
of the alkaloids of belladonna leaf. 


Assay—Weigh accurately 3 Gm. of Pilular Belladonna Extract and 
mix it with a suitable quantity of an adsorbent. Transfer completely, 
with the aid of a few cc. of alcohol or ether, to an extraction thimble, 
insert the thimble in a Soxhlet or similar "extractor, moisten with a 


mixture of 3 cc. of stronger ammonia T.S., 5 cc. of alcohol, and 10 cc.” 


of ether, and mix thoroughly. Macerate overnight, and extract it for 
not less than 3 hours or until completely extracted, using ether as the 
solvent. Then proceed as directed under the Assay for Belladonna 


Beet, pecinning with the words, ‘‘Transfer the liquid to a separator. 


Each ce. of fiftieth-normal acid is equivalent to 5.787 mg. of 
the alkaloids of belladonna leaf. 


POWDERED BELLADONNA EXTRACT 


ee ~ Prepare an extract by percolating 1000 Gm. of bella- 


donna leaf, using alcohol as the menstruum. Macerate 


Not more than 3° 
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the drug during 16 hours and then percolate it slowly. 
Evaporate the percolate to a soft extract under reduced 
pressure and at a temperature not exceeding 60°, add 
50 Gm. of dry starch, and continue the evaporation, at 
the same ‘temperature, until the product is dry. Pow- 
der the residue. The extract may be deprived of its fat 
by treating either the soft extract first obtained, or the 
dry and powdered extract, as directed under Extracts 
(page 276). Assay the powdered residue and add sufh- 
cient starch, dried at 100°, to make the finished Extract 
contain, in each 100 Gm., 1.25 Gm. of the alkaloids of 
Belladonna leaf. Mix the powders thoroughly and 
pass the Extract through a fine sieve. 

Assay—Weigh accurately about 3 Gm. of Powdered Belladonna Ex- 
tract, place it in an extraction thimble, insert the thimble in a Soxhlet 
or similar extractor, moisten the Extract with a mixture of 3 ce. of 
stronger ammonia T.S., 5 ce. of alcohol, and 10 cc. of ether, mix thor- 
oughly, then proceed as directed under the Assay for Belladonna Leaf. 
beginning with ‘‘Macerate overnight. . 


Storage—Keep Belladonna Extract in ‘tight containers, preferably at 
a temperature not above 30°. 


Uses—Extract of belladonna has essentially the same 
uses and actions as Atropine (page 833). The U.S. P. 
has introduced both Pilular and Powdered Extracts of 
Belladonna Leaves under the one Latin title. This pro- 
vides the powdered form for pills and capsules should 
the pharmacist prefer to use it and the Pilular Extract, 
which contains no insoluble diluent, and consequently 
is much better adapted for the making of ointments or 
suppositories. 

Average Dose—15 mg. (approximately 14 grain). 


Belladonna Leaf Fluidextract N. F. 


Fluidextractum Belladonne Folii 
[Fldext. Bellad. Fol.—Sp. Extracto Fliido de Hoja de Belladona] 


Belladonna Leaf Fluidextract yields, from each 100 
cc., not less than 270 mg. and not more than 330 mg. of 
the alkaloids of belladonna leaf. 

Prepare the Fluidextract from belladonna leaf, in 
moderately coarse powder, by Process A, as modified 
for assayed fluidextracts (page 270), or by Process E 
(page 271). 

By Process A, use a mixture of 3 volumes of alcohol 
and 1 volume of water as the menstruum, macerate the 
drug during 48 hours, and percolate at a moderate rate. 

By Process E, use a mixture of 2 volumes of alcohol 
and 1 volume of water as the menstruum and proceed 
as follows: Mix 1000 Gm. of ground drug with 400 cc. 
of the menstruum, so that it is evenly and distinctly 
damp. Allow the dampened drug to stand for about 1 
hour, then pack into a cylindrical percolator, or a ser- 
ies of such percolators joined together, with a length 
equal to about 30 times the diameter. Saturate the 
drug at a slow rate by forcing the menstruum under 6 
to 15 pounds of air pressure through the packed drug. 
Allow to macerate during 48 hours, and proceed with 
percolation by forcing the menstruum through under 
pressure at a rate of about 1.5 cc. per minute until 950 
ec. has been collected. 

Adjust the concentrated fluid to contain, in each 100 
cc., 300 mg. of the alkaloids of belladonna, and 60 per 
cent by volume, of C2H;OH. 


Assay—Evaporate 10 cc. of Belladonna Leaf Fluidextract, accurately 
measured on a water bath until the alcohol is all remo ved. Transfer 
this extract to 20 cc. of chloroform in a separator, using about 15 ce. 
of water and 1 cc. of ammonia T.S. to complete the transfer. Shake 
the mixture vigorously for 1 minute, separate the chloroform layer, 
and complete the extraction of the alkaloid with successive portions 
of chloroform. From the combined chloroform extractions in a 
separator, extract the alkaloids completely by shaking with successive 
small portions of dilute sulfuric acid (about 1 in 100). Filter the acid 
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solutions successively through a small filter or pledget of cotton into 
aseparator. Then proceed as described under Belladonna Leaf begin- 
ning with ‘‘Render the combined acid solutions distinctly alkaline 
with ammonia T.S...”’ 
Alcohol Content—From 57 to 63 per cent, by volume, of CogHs50H. 
Storage—Keep the Fluidextract in tight, light-resistanf containers 
and avoid exposure to direct sunlight or to excessive heat. 
Uses—The fluidextract of belladonna leaf is rarely 
employed and is not preferred to the tincture or extract 
of belladonna, or to the purified alkaloids such as atro- 
pine or scopolamine. The actions and uses of bella- 
donna alkaloids are discussed under Atropine (page 833). 
Average Dose—0.06 cc. (approximately 1 minim). 


Belladonna Liniment N. F. Linimentum Belladonnze 


[Lin. Bellad.—Sp. Linimento de Belladona] 


Metric Alternative 
Can phor iano ae ee mete 50 Gm. 1 oz. av. 293 gr. 
Belladonna Root Fluidextract, a suf- 
ficient quantity, 
ABO. railcar ew Yes cir as eres te rc Mevetere 1000 cc. 2 pints 


Dissolve the camphor in about 800 ce. (2514 fl. oz.) of the fluid- 
extract, and then add enough of the latter to make the product 
measure 1000 ce. (2 pints). Mix them thoroughly. 


Alcohol Content—From 62 to 67 per cent, by volume, of CopH50H. 
Storage—Keep the Liniment in tight containers. 


Uses—An external counterirritant, due to the content 
of camphor. The inclusion of belladonna is irrational 
because it has mild local anesthetic properties which 
would tend to nullify the salutary effects of the counter- 
irritation. The local use of belladonna in ointments, 
plasters, and suppositories, though formerly rather ex- 
tensive, is almost obsolete. 


Belladonna Ointment U.S. P. Unguentum Belladonne 


{Ung. Bellad.—Unguentum Belladonne P.I., Sp. Ungtiento de 
: Belladona] 

Belladonna Ointment yields not less than 0.110 per 
cent and not more than 0.140 per cent of the alkaloids of 
belladonna leaf. 


Metric Alternative 
Pilular Belladonna Extract..,.... 100 Gm 1 oz. av. 263 gr. 
DilitedbAlcoholye yeas ee ee ee 50 cc. 368 min. 
Yellow sOintnient- arenes 850 Gm. 13 02. av. 268 gr. 
Ro umakerabouteas ae nae 1000 Gm 1 lb: av. 


Triturate the extract with the diluted alcohol until a smooth 
mixture is obtained, and then incorporate it with the yellow oint- 
ment. 


Assay—Weigh accurately about 20 Gm. of Belladonna Ointment. 
Add about 40 ec. of warm, approximately half-normal sulfuric acid, 
and heat on a water bath for 15 minutes with frequent agitation. 
Cool until the fatty material separates in a solid layer. Pierce the fat 
layer, and filter through a pledget of cotton into a separator. Repeat 
this extraction in the same manner until all alkaloids are removed, 
using successive portions of 40, 30, 20, and 20 cc. of approximately 
half-normal acid, and filtering each portion into the separator through 
the filter previously used. Complete the assay as directed under 
Belladonna Leaf, beginning with the words, ‘‘Render the combined 
acid solutions distinctly alkaline with ammonia T.S...’’ Each cc. of 
fiftieth-normal acid is equivalent to 5.787 mg. of the alkaloids of 
belladonna leaf. 


Uses—The local use of belladonna in ointments, 
plasters, and suppositories for relief of pain, though 
formerly rather extensive, is almost obsolete. 


_ Belladonna Plaster N. F. Emplastrum Belladonne 


{[Emp. Bellad.— Sp. Emplasto de Belladona] 


Belladonna Plaster is a mixture of adhesive plaster 
mass and an extract prepared from belladonna root, 
spread evenly upon fine cotton cloth or other suitable 
backing material. The plaster mass yields not less 
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than 0.25 per cent and not more than 0.30 per cent of 

the alkaloids of belladonna root. ; 
Each 100 square centimeters of the spread plaster 

contains at least 2.5 Gm. of the belladonna plaster mass. 


Assay—See the N. F. VIII (page 75). 


Uses—Formerly employed as a local anodyne in rheu- 
matic and neuralgic pain, this preparation is little used 
in modern therapeutics. The local use of belladonna in 
ointments, plasters, and suppositories for relief of pain, 
though formerly rather extensive, is almost obsolete. 


Belladonna Tincture U. S. P. Tinctura Belladonne 


[Tr. Bellad.—Belladonna Leaf Tincture, Tinctura Belladonne P.I., 
Sp. Tintura de Belladona] 


Belladonna Tincture yields, from each 100 cce., not 


less than 27 mg. and not more than 33 mg. of the. 


alkaloids of belladonna leaf. 


; * Metric Alternative 
Belladonna Leaf, in moderately coarse 
DOW eI. 2. Raa vere aren ticaee ee 


Toumakeraboutauccsecte eee cae 


100 Gm. 


3 0z. av. 148 gr. 
1000 cc. 


2 pints 


Prepare a tincture by Process P as modified for assayed tinc- 
tures (page 267) using a mixture of 3 volumes of alcohol and 1 
volume of water as the menstruum. Finally adjust the Tincture 
to contain, in each 100 cc., 30 mg. of the alkaloids of belladonna 
leaf. 

Assay—Measure accurately 100 cc. of Belladonna Tincture, and evap- 
orate it at a temperature not exceeding 100°, to a volume of about 10 
ec. Transfer the liquid to a separator containing 25 cc. of chloroform, 
rinse the container with small portions of diluted alcohol, and add the 
rinsings to the separator. Add 25 cc. of water, render the mixture 
alkaline by the addition of ammonia T.S., then completely extract 
the alkaloids with successive portions of chloroform. Complete the 
assay as directed under Belladonna Leaf (page 834) beginning with 
the words, ‘‘Completely remove the alkaloids from the immiscible 
solvents. ...’’ Each ce. of fiftieth-normal acid is the equivalent of 
5.787 mg. of the alkaloids of belladonna leaf, 

Storage—Tincture in tight, light-resistant containers, and avoid ex- 
posure to direct sunlight and to excessive heat. 

Alcohol Content—From 65 to 70 per cent, by volume, of CgH50H. 


Uses—The tincture of belladonna is one of the few 
galenical preparations of belladonna which is widely 
employed in medicine. It is used especially for its 
antispasmodic effect on the gastrointestinal tract, which 
it exerts chiefly by virtue of its atropine content. The 
actions of Belladonna Tincture are discussed under 
Atropine (page 833). 

Average Dose—0.6 cc. (approximately 10 minims). 


BELLADONNA ROOT N. F.  Belladonnz Radix 
[Deadly Nightshade Root, Sp. Raiz de Belladona] 


Belladonna Root is the dried root of Atropa Bella- 
donna Linné (Fam. Solanacezx). 

Belladonna Root yields not less than 0.45 per cent 
of the alkaloids of Belladonna Root. 


Description and Properties— 
Unground Belladonna Root is cylindrical or tapering, slightly 


branched, often split longitudinally or broken transversely; from 0.5 ~ 


to 4 cm. in thickness; weak brown to moderate yellowish brown ex- 
ternally, light yellowish brown to pale yellow internally; somewhat 
wrinkled longitudinally, the soft periderm being frequently abraded. 
The fracture is short and mealy, emitting a puff of dust consisting 
chiefly of starch grains. 

Powdered Belladonna Root is pale brown to weak yellow; nearly 
odorless when dry but having a characteristic odor when moistened, 
and a sweet, then bitter and acrid taste. 

Tests for Purity— 

Phytolacca root—Contains neither raphides nor rosette aggregates 
of calcium oxalate nor trachese with diamond-shaped pores. ’ 

Stem bases —Not more than 10 per cent of its stem bases and woody 
crowns, 

Foreign organic matter—Not more than 2 per cent of foreign organic 
matter, other than stem bases and woody crowns. 

Acid-insoluble ash—Not more than 4 per cent. 


Assay—Belladonna Root is assayed for its alkaloid content by the — 
' assay method described for Belladonna Leaf. 


Storage—Preserve the Root against attack by insects. 
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Uses—Belladonna Root is little used in therapeutics, 
preference being given among the galenical preparations 
of belladonna to the extract and fluidextract of bella- 
donna leaf. The actions and uses of belladonna and its 
alkaloids are discussed under Atropine (page 883). 


Belladonna Root Fluidextract N. F. 


Fluidextractum Belladonne Radicis 
[Fldext. Bellad. Rad.—Sp. Extracto Fliido de Raiz de Belladona] 


Belladonna Root Fluidextract yields, from each 100 
cc., not less than 405 mg. and not more than 495 mg. of 
the alkaloids of belladonna root. 

Prepare the fluidextract from belladonna root, in 
coarse powder, by Process A, as modified for assayed 
fluidextracts (page 270). Use a mixture of 4 volumes of 
alcohol and 1 volume of water as the menstruum, 
macerate the drug during 48 hours, and percolate at a 
moderate rate. 

Adjust the concentrated fluid to contain, in each 100 
ec., 450 mg. of the alkaloids of belladonna root, and 69 
per cent, by volume, of C.H;OH. 


Assay—Proceed as directed in the Assay under Belladonna Leaf 
Fluidextract. 

Alcohol Content—From 66 to 71 per cent, by volume, of CpH;OH. 
Storage—Keep the Fluidextract in tight, light-resistant containers, 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—See Belladonna Root. 
Average Dose—0.05 cc. (approximately 34 min.). 


EUCATROPINE HYDROCHLORIDE U. S. P. 
Eucatropinz Hydrochloridum 


{[Eucatrop. Hydrochlor.—Euphthalmine Hydrochloride, Sp. 
Clorhidrato de EKucatropina] 


Eueatropine Hydrochloride [C,,H2;O;sN.HCl = 
327.84], when dried over sulfuric acid for 4 hours, con- 
tains not less than 86.5 per cent and not more than 89 
per cent of eucatropine [C,7H2;03N], corresponding to 


not less than 97 per cent of Eucatropine Hydrochloride. 

Preparation—This synthetic mydriatic is the hydro- 
chloride of the mandelic acid ester of N-methyl-vinyl 
diacetone alkamine (a substituted piperidine) and may 
be obtained by heating the two components in alcohol 
solution. 


Description and Properties—A white, granular, odorless powder. Its 
melting temperature is not lower than 183°. It is stable in air but 
is affected by light. Its aqueous solution is neutral to litmus paper. 
It is very soluble in water, freely soluble in alcohol or chloroform, 
insoluble in ether. 

Identificattion—(1) Solutions of alkali hydroxides produce in its 
aqueous solution a white precipitate of eucatropine base which when 
recrystallized from petroleum benzin melts at a temperature not 
below 111°. (2) Its aqueous solution yields precipitates with iodine 
T.S., trinitrophenol T.S., mercuric potassium iodide T.S., sodium 
carbonate T.S., and many other alkaleidal reagents. 

Tests for Purity— ' 

Residue on ignition—Not more than 0.1 per cent. 

Atropine, scopolamine or hyoscyamine—Eucatropine Hydrochloride 
gives no violet color when subjected to the Vitali test described in the 
Identification tests under Atropine. 

Assay—lt is assayed for the content of eucatropine base by alkaliniz- 
ing the aqueous solution with ammonia T.S., completely extracting 
with ether, and weighing the residue of the base after evaporating the 
ether and drying to constant weight at 80°. The weight of the base 
pacrepliod by 1.125 represents the weight of Eucatropine Hydrochlo- 
ride. 

Storage—Keep Eucatropine Hydrochloride in tight, light-resistant 
containers. 


Uses—Eucatropine produces prompt mydriasis free 
from anesthetic action, pain, corneal irritation, or in- 


crease in intra-ocular tension. It has little or no effect 
on accommodation, and such effect as it has disappears 
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more rapidly than with atropine, cocaine, homatropine, 
etc. It is useful as an aid in ophthalmoscopic examina- 
tions in place of atropine, homatropine, etc. Two or 
three drops of a 5 to 10 per cent solution are instilled 
in the eye. 


HOMATROPINE HYDROBROMIDE U. S. P. 
Homatropine Hydrobromidum 


{Homatrop. Hydrobrom.—Sp. Bromhidrato de Homatropina] 


Homatropine Hydrobromide [C,¢H2,03;N.HBr = 
356.26] is tropine mandelate. 

Caution— Homatropine Hydrobromide is extremely 
poisonous. 

Preparation—It is made by heating tropine [CsH,5- 
ON] with mandelic acid in the presence of hydrochloric 
acid; ammonia is added, and the homatropine which 
is liberated is dissolved out by chloroform; the solution 
is evaporated, hydrobromic acid added, and the crys- 
tals of Homatropine Hydrobromide purified by re- 
crystallization. 


Description and Properties—White crystals, or a white crystalline 
powder. It is affected by light. It melts at about 212° with partial 
decomposition. Its aqueous solution is practically neutral or only 
faintly acid to litmus paper. One Gm. dissolves in 6 ec. of water, 
Sone of alcohol, and about 420 cc. of chloroform. It is insoluble in 
ether. 

Identification—(1) Add a slight excess of ammonia T.S. to 1 ce. of 
a solution of Homatropine Hydrobromide (1 in 100), shake with 
chloroform, and evaporate the chloroform solution to dryness on a 
water bath. Warm the residue with 1.5 cc. of a solution made by dis- 
solving 1 Gm. of mercuric chloride in 50 ce. of a mixture of 5 volumes 
of alcohol and 3 volumes of water: The mixture is at first yellow and 
finally becomes brick-red. (Atropine, hyoscine, and hyoscyamine 
give the same test, but Homatropine is differentiated from these by 
the test given below.) (2) Its solution gives a brown precipitate with 
iodine T.S. (3) It responds to the tests for bromide. 

Test for Purity— 

Free actd—Equivalent to not more than 0.03 per cent as HBr. 

Loss on drying—Not more than 1.5 per cent. 

Residue on ignition—Negligible from 200 mg. 

Atropine, hyoscyamine, or scopolamine—lt does not respond to the 
Vitali test for these alkaloids as given under Atropine. 

Most other alkaloids—A solution of Homatropine Hydrobromide 
(1 in 20) is not precipitated by tannic acid T-.S., or, after acidifying 
with HCl, by platinic chloride T.S. 

Storage—Keep Homatropine Hydrobromide in tight, light-resistant 
containers. 


Uses—Homatropine may be viewed as a weakened 
atropine in its pharmacological actions. The drug is 
used solely for its mydriatic effects on the eye and is em- — 
ployed as a 1 or 2 per cent solution, or in the form of 
gelatin lamella. It is sometimes preferred to atropine 
because its effects are shorter in duration, and there is 
no protracted cycloplegia. It is often combined with 
paredrine, ephedrine, or amphetamine in ophthalmic 
work. 


HOMATROPINE METHYLBROMIDE N. F. 
Homatropine Methylbromidum 


[Novatropine, Novatrin, Sp. Metilbromuro de Homatropina] 


Homatropine Methylbromide [Ci;7H2sO;3NBr = 
370.29], when dried at 105° for 3 hours, contains not 
less than 3.7 per cent and not more than 3.85 per cent 
of nitrogen [N], and not less than 21.3 per cent and not 
more than 21.9 per cent of bromine [Br]. 

Preparation—This synthetic antispasmodic may be 
prepared by adding a moderate excess of methyl bro- 
mide to an alcohol or ether solution of homatropine 
base. The methyl bromide adds on to the nitrogen, 
which is thereby changed from trivalent to pentavalent. 
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Description and Properties—An odorless, white, crystalline powder 
having a bitter taste. It is affected by light. It melts between 191° 
and 192° with slight decomposition. It dissolves in water and alco- 
hol, but is insoluble in ether. 

Identification—(1) An aqueous solution (1 in 50) yields a white pre- 


cipitate with mercuric-potassium iodide T.S., but is not affected by 
sodium carbonate T.S., sodium hydroxide T.S., or trinitrophenol 
T.S. (distinction from most alkaloids of the atropine type). (2) A 
slight excess of ammonia T.S. is added to 1 cc. of an aqueous solution 
(1 in 100) and the mixture is shaken with chloroform and then evapo- 
rated. The residue is dissolved with 1.5 cc. of a solution made by 
dissolving 1 Gm. of mercuric chloride in 50 cc. of a mixture of 5 vol- 
umes of alcohol and 3 volumes of distilled water. The mixture does 


not develop a yellow or red color (distinction from homatropine 
hydrobromide, atropine, and scopolamine). 
Test for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Atropine, hyoscyamine, or scopolamine—lt does not respond to the 
Vitali test for these alkaloids as described under Homatropine Hydro- 
bromide. 

Homatropine—When treated as described in Identification Test (1) 
under Homatropine Hydrobromide no»red color is produced. 

Assay for Nitrogen—The nitrogen is qharniied in 300 to 400 mg. of 
the dried sample by the Kjeldahl method (page 989). 

Assay for Bromine—The bromine content is determined by precipitat- 
ing the bromine with silver nitrate and weighing the silver bromide. 
The weight of the latter multiplied by 0.4256 represents the bromine. 
Storage—Keep Homatropine Methylbromide in tight, light-resistant 
containers. 


Uses—Novatropine is said to be less active than atro- 
pine on the central nervous system. Like homatropine, 
it is a weaker and less toxic autonomic blocking agent 
than atropine. It is used mainly for gastrointestinal 
disorders for which it can be employed in the same man- 
ner as atropine. 

Average Dose—2.5 mg. (approximately 144 grain).. 


Homatropine Methylbromide Tablets N. F. 


Tabelles Homatropine Methylbromidi 


{[Novatropine Tablets, Sp. Tabletas de Metilbromuro de Homa- 
tropina | 


Homatropine Methylbromide Tablets contain an 
amount of nitrogen [N] equal to not less than 3.5 and 
not more than 4.04 per cent of the labeled quantity of 
homatropine methylbromide [Cy,H24O3N Br]. 
Assay—The Tablets are assayed for nitrogen preferably by a semi- 
micro Kjeldahl determination (page 990). Each ce. of hundredth- 


normal sulfuric acid is equivalent to 0.1401 mg. of N. 
Storage—Keep the Tablets in well-closed, light-resistant containers. 


Uses—See under Homatropine Methylbromide. 
Average Dose—2.5 mg. (approximately 444 grain) of 
Homatropine Methylbromide. 


HYOSCYAMUS U. S. P. Hyoscyamus 


[Hyosc.—Henbane, Hyoscyami Folium P.I., Poison Tobacco, Henbell, 
Sp. Belefio] 


Hyoscyamus is the dried leaf, with or without the 
tops, of Hyoscyamus niger Linné (Fam. Solanacex). 

Hyoscyamus yields not less than 0.040 per cent of the 
alkaloids of Hyoscyamus. 

Constituents—Hyoscyamus contains hyoscyamine 
[(CizHosNOs], hyoscine [CizHeiNO,], hyoscypicrin 
[(Ce7H 52014], chlorophyll, mucilage, extractive, etc. 


Description and Properties— 

Unground Hyoscyamus—Usually much wrinkled, matted and 
broken, frequently consisting of leaves, stems, and flowering and 
fruiting tops. Leaves ovate or ovate-lanceolate, inequilateral, with 
petioles up to one-third the length of the blade, or sessile; apex acute, 
margin irregularly dentate or pinnatifid with acute triangular lobes; 
hairy, densely so on the lower surface; upper surface dark green, 
lower surface light gray-green; stems from 2 to 7 mm. in thickness, 
cylindrical or somewhat compressed, longitudinally wrinkled, hairy, 
gray-green; flowers nearly sessile, with an urn-shaped, hairy, un- 
equally 5-toothed calyx and a campanulate, slightly zygomorphic 
corolla, yellowish with purplish veins; fruit, a 2-locular pyxis enelosed 
in the calyx; odor distinctive; taste bitter and acrid. 

Powdered Hyoscyamus—Grayish green to dark green. 
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Tests for Purity— 

Hyoscyamus stems—Not more than 25 per cent and none over 7 
mm. in diameter. 

Acid-insoluble ash—Not more than 12 per cent. 
Assay—Hyoscyamus is assayed for its alkaloid content by the method 
described for Belladonna Leaf, but 25 Gm. of Hyoscyamus is used. 


Uses—Hyoscyamus and its galenical preparations 
are Zarely employed in modern therapeutics, and are not 
recommended because of their uncertain action. Hyos- 
cyamus is active chiefly by virtue of its content of 
scopolamine (hyoscine), and shares the same types of 
actions as scopolamine and atropine. 

Average Dose—0.2 Gm. (approximately 3 grains). 


Hyoscyamus Extract N. F.  Extractum Hysocyami 


[Ext. Hyosc.—Henbane Extract, Extractum Hyoscyami P.I., Sp. 
Extracto de Belefio] 


Hyoscyamus Extract yields, from each 100 Gm., not 
less than 185 mg. and not more than 175 mg. of the 
alkaloids of hyoscyamus. 


PILULAR HYOSCYAMUS EXTRACT 


This Extract is prepared by the method described under Pélular 
Belladonna Extract (page 835), adjusting the finished product to 
contain, in each 100 Gm., 155 mg. of the alkaloids of hyoscyamus. 
Assay—lt is assayed by the method given under Pilular Belladonna 
Extract (page 835); using 5 Gm. of this Extract for the assay. 


POWDERED HYOSCYAMUS EXTRACT 


This Extract is prepared by the method described under Powdered 
Belladonna Extract (page 835), adjusting the finished product to con- 
tain in each 100 Gm., 155 mg. of the alkaloids of hyoscyamus. 
Assay—lIt is assayed by the method given under Powdered Belladonna 
Extract (page 835), using 5 Gm. of this Extract for the assay. 
Storage—Keep Hyoscyamus Extract in tight, light-resistant con- 
tainers, preferably at a temperature not above 30°. 


Uses—See Hyoscyamus. 
Average Dose—50 mg. (approximately 34 grain). 


Hyoscyamus Fluidextract N. F. 


Fluidextractum Hyoscyami 


[Fldext. Hyosc.—Henbane Fluidextract, Sp. Extracto Fldido de 
Belefio] : 


Hyoscyamus Fluidextract yields, from each 100 cc., 
not less than 35 mg. and not more than 45 mg. of the 


- alkaloids of hyoscyamus. 


Prepare the Fluidextract from hyoscyamus, in coarse 
powder, by Process A, as modified for assayed fluid- 
extracts (page 270). Use a mixture of 3 volumes of 
alcohol and 1 volume of water as the menstruum, — 
macerate the drug during 48 hours, and percolate at a 
moderate rate. 

Adjust the concentrated fluid so as to contain, in each 
100 ec., 40 mg. of the alkaloids of hyoscyamus and 60 
per cent, by volume, of C2gH;OH. 


Assay—lIt is assayed by the method given under Belladonna Leaf 
Fluidextract (page 835), but using 25 ec. of this Fluidextract for the 


assay. 

Alcohol Content—From 57 to 63 per cent, by volume, of CepHs50H. 
Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—See Hyoscyamus. 
Average Dose—0.2 cc. (approximately 3 minims). 


Hyoscyamus Tincture U. S. P. Tinctura Hyoscyami 


[Tr. Hyosc.—Tincture of Henbane, Tinctura Hyoscyami P.I., Sp. 
Tintura de Belefio] 


Hyoscyamus Tincture yields, from each 100 ce., not 
less than 3.4 mg. and not more than 4.6 mg. of the alka- 
loids of hyoseyamus. 
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Metric Alternative 


Hyoscyamus, in moderately coarse 
100 Gm. 302. av. 148 gr. 
1000 cc. 2 pints 


Prepare a tincture by Process P, as modified for assayed tinc- 
tures (page 267), using a mixture of 3 volumes of alcohol and 1 
volume of water as the menstruum. Finally adjust the Tincture 
to contain, in each 100 cc., 4 mg. of the alkaloids of hyoscyamus. 


Assay—lIt is assayed by the method given under Belladonna Tincture 
(page 836) but 250 cc. of this Tincture is used for the assay. 

Alcohol Content—From 65 to 70 per cent, by volume, of CoHs50H. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight and to excessive heat. 


Uses—See Hyoscyamus. 
Average Dose—2 cc. (approximately 30 minims). 


SCOPOLAMINE HYDROBROMIDE U. S. P. 


Scopolaminz Hydrobromidum 


[Scopol. Hydrobrom.—Hyoscine Hydrobromide, Sp. Bromhidrato de 
Escopolamina] 


Scopolamine Hydrobromide © [Cy,H2:NO,.HBr.- 
3H20 = 438.32] is the hydrobromide of an alkaloid ob- 
tained from plants of the Solanacez. 

Caution—Scopolamine Hydrobromide is extremely 
povsonous. 

-Preparation—This alkaloid is recovered from the 
mother liquors remaining after crystallization of hyoscy- 
amine. It is, however, most economically prepared 
from the leaves of Dutura Metel, India, or from D. 
meteloides (Mexico) as the alkaloid content of these 
plants is predominantly scopolamine (hyoscine). 
Description and Properties—Colorless or white crystals or a white, 
granular powder. It is odorless, and is slightly efflorescent in dry air. 
The anhydrous salt melts between 194° and 197° in a bath preheated 
to 180°, and the [a«]#3, determined in an aqueous solution and calcu- 
lated to the anhydrous salt, is —24° to —26°. One Gm. dissolves in 
1.5 ec. of water and 20 cc. of alcohol. It is slightly soluble in chloro- 
' form and insoluble in ether. 

Identification—It responds to the Vitali test described under Atro- 
pine, and gives the reactions for bromide. 

Test for Purity— 

Free acid—Hquivalent to not more than 0.16 per cent as HBr. 

Loss on drying—Not more than 13 per cent. 

Residue on ignition—Negligible from 100 mg. 

Apoatropine—The color produced by adding 0.05 ec. of tenth- 
normal permanganate to 15 ec. of a 1 in 100 aqueous solution of 
Scopolamine HBr does not completely fade in 5 minutes. 

Other foreign alkaloids—Ammonia T.S. produces no turbidity in a 
1 in 20 solution, and the addition of potassium hydroxide to a separate 
portion causes only a transient, whitish turbidity. 

Storage—Keep Scopolamine Hydrobromide in tight, light-resistant 
containers. ‘ 


Uses—Scopolamine Hydrobromide (hyoscine hydro- 
bromide) is similar to atropine in many ways but differs 
in the following important respects, which represent 
the basis for its selective therapeutic uses. Scopolamine 
differs from atropine in that it is a powerful sedative 
and tranquilizing depressant to the central nervous sys- 
tem. In its peripheral actions, Scopolamine depresses 
smooth muscles and secretory glands innervated by 
parasympathetic (cholinergic) nerves, but differs from 
atropine in that it is a stronger blocking agent for the 
iris, ciliary body, and salivary, bronchial and sweat 
glands. On the other hand, Scopolamine is weaker than 
atropine in its action on the heart, the intestinal tract, 
and bronchial musculature. 

Scopolamine is employed for its central actions as a 
sedative and tranquilizing agent. Frequently it is given 
for this purpose to prevent seasickness or airsickness and 
prior to anesthesia, under which circumstances it also 
inhibits secretions. It is used in maniacal states, in 
delirium tremens, in obstetrics (combined with mor- 
_ phine as “twilight sleep’’), and to obtain criminal con- 

fessions. It is also employed in paralysis agitans, in 
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postencephalitic parkinsonism, and in certain spastic 
states due to nervous system injury. It is used for its 
peripheral actions on the eye in ophthalmology, as a 
mydriatic and cycloplegic, for which purpose a 0.1 to 
0.5 per cent solution is administered topically. My- 
driasis is somewhat shorter in duration and intraocular 
pressure is affected less markedly than is the case after 
atropine. 0.6m 4 

Average Dose—@.5mg. (approximately Aer grain). 

‘e 


Scopolamine Hydrobromide Tablets N. F. 


Tabellee Scopolamine Hydrobromidi 


[Tab. _Scopol. Hydrobrom.—Hyoscine WHydrobromide Tablets, 
Sp. Tabletas de Bromhidrato de Escopolamina] 


Scopolamine Hydrobromide Tablets contain not less 
than 91 per cent and not more than 109 per cent of the 
labeled amount of scopolamine hydrobromide [C,,H.:- 
NO,.HBr.3H.O] for tablets containing 1.2 mg. or 
more, and not less than 88 per cent and not more than 
112 per cent for tablets containing less than 1.2 mg. 


Identification—The presence of scopolamine in the tablets may be 
ascertained by its property of dilating the pupil of the eye, as de- 
scribed under Atropine Sulfate Tablets. It may be differentiated from 
the latter as well as hyoscyamine by its aurochloride compound which 
is formed even in dilute solutions of scopolamine salts (1 in 1000); 
atropine and hyoscyamine are not precipitated by gold chloride except 
in higher concentration. 

Assay—The Tablets are assayed by the Assay for Alkaloid Tablets 
and Solutions (page 997). 
Storage—Keep the Tablets in tight, light-resistant containers. 


Uses—See Scopolamine Hydrobromide. 
Average Dose—0.6 mg. (approximately 1499 grain) 
of Scopolamine Hydrobromide. 


STRAMONIUM U. S. P. Stramonium 


[Stramon.—Jimson Weed, Jamestown Weed, Thorn Apple, Peru 
Apple, Sp. Estramonio] 


Stramonium consists of the dried leaf and flowering or 
fruiting tops with branches, of Datura Stramonium 
Linné (including Datura Tatula Linné) (Fam. Solana- 
Cex). 

Stramonium yields not less than 0.25 per cent of the 
alkaloids of Stramonium. 

History—Stramonium was probably known to the 
ancients as a poison. It certainly has been known and 
used in India for many centuries. Dioscorides confused 
it with henbane. 

Constituents—Stramonium contains hyoscyamine, 
hyoscine, and atropine; the mixed alkaloids were form- 
erly called daturine. The leaves contain albumin, muci- 
lage, malic acid, and potassium nitrate. In the seeds, 
which are no longer official, there is found about 25 per 
cent of fixed oil, with resins, mucilage, etc. 


Description and Properties— 

Unground Stramonium—More or less matted, wrinkled, and 
crushed; leaves petiolate, ovate, or triangular-ovate; apex acuminate, 
base unequal; margin sinuate, toothed, or angled, the teeth few, 
acute, and with rounded sinuses; the lamina usually shows small, 
circular perforations, surrounded by cork or sometimes filled with 
cork, surfaces usually sparsely hairy, the hairs mostly upon the veins; 
color of both upper and lower surfaces of lamina, grayish green to 
light olive-brown to dusky olive-green. Flowers solitary in the forks 
of the branches on a short pedicel; calyx green, 5-toothed; corolla 
white or purplish, plicate, funnel-shaped; stamens 5, epipetalous; 
pistil bicarpellate with a conical ovary covered with short, stiff emer- 
gences. Stems often flattened, longitudinally wrinkled, occasionally 
with one or more deep furrows; light olive-brown to purplish brown. 
Odor distinct, heavy and narcotic; taste unpleasant and nauseous. 

Powdered Stramonium—Bright green or light olive-brown to dusky 
yellowish green. 

Tests for Purity— 

Stramonium stems—Not more than 3 per cent of stems over 8 mm. 

in diameter. ¢ 
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Acid-insoluble ash—Not more than 4 per cent. 
Assay—lIt is assayed for alkaloid content by the method given under 
Belladonna Leaf (page 834). 


Uses—Stramonium is active chiefly by virtue of its 
content of atropine. It resembles belladonna in its 
therapeutic effects, but is employed for its central ac- 
tions in parkinsonism and paralysis agitans, and as a 
constituent of proprietary powders and cigarettes sold 
for the relief of asthma. See Belladonna and Atropine. 
The dose is 0.06 to 0.2 Gm. 


Stramonium Capsules N. F. Capsule Stramonii 


[Cap. Stramon.—Sp. CApsulas de Estramonio] 


Stramonium Capsules contain a quantity of stramo- 
nium which will yield, upon assay, a quantity of thealka- 
loids of stramonium correspording to not less than 0.238 
and not more than 0.288 per cent of the labeled amount 
of stramonium. 

Assay—Transfer, as completely as possible, the contents of a suf- 
ficient counted number of Stramonium Capsules to yield about 10 
Gm. of stramonium into an extraction thimble and insert the thimble 
in a Soxhlet or similar extractor, and proceed as directed in the Assay 
under Belladonna Leaf (page 834), beginning with ‘ ‘Moisten the drug 


with a mixture of 3 cc. of stronger ammonia T.8.... 
Storage—Keep the Capsules in well-closed containers. 


Uses—See Stramoniuni. 
Average Dose—75 mg. (approximately 114 grains) of 
Stramonium. 


Stramonium Extract U. S. P. Extractum Stramonii 
{Ext. Stramon.—Sp. Extracto de Estromonio] 


Stramonium Extract yields, from each 100 Gm., not 
less than 0.90 Gm. and not more than 1.10 Gm. of the 
alkaloids of stramonium. 


PILULAR STRAMONIUM EXTRACT 


This Extract is prepared by the method given for Pilular Bella- 
donna Extract (page 835), adjusting the finished Extract to contain 
in each 100 Gm., 1.0 Gm. of the alkaloids of stramonium. 

Assay—lIt is assayed by the method given under Pilular Belladonna 
Extract (page 835). 


POWDERED STRAMONIUM EXTRACT 


This Extract is prepared by the method given for Powdered Bella- 
donna Extract (page 835), adjusting the finished Extract to contain 
in each 100 Gm., 1.0 Gm. of the alkaloids of stramonium. 

Assay—lIt is assayed by the method given under Powdered Bella- 
donna Extract (page 835). 

Storage—Keep the Extract in tight, light-resistant containers, prefer- 
ably at a temperature not above 30°. 


Uses—See Stramonium. 
Average Dose—20 mg. (approximately 14 grain). 


Stramonium Fluidextract N. F. 


Fluidextractum Stramonii 
[Fldext. Stramon.—Sp. Extracto Fliido de Estramonio] 


Stramonium Fluidextract yields, from each 100 cce., 
not less than 220 mg. and not more than 280 mg. of the 
alkaloids of stramonium. 

Prepare the Fluidextract from stramonium, in mod- 
erately coarse powder, by Process A, as modified for 
assayed fluidextracts (page 270). Use a mixture of 3 
volumes of alcohol and 1 volume of water as the men- 
struum, macerate the drug during 48 hours, and perco- 
late at a moderate rate. 

Adjust the concentrated fluid so as to contain, in each 
100 ce., 250 mg. of the alkaloids of stramonium and 60 
per cent, by volume, of C2H;OH. 
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Assay—lIt is assayed by the method given under Belladonna Lea 


Fluidextract (page 835). 

Alcohol Content—From 57 to 63 per cent, by volume, of CopHs5OH. 
Storage—Keep the Fluidextract in tight, light-resistant containers. 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—See Stramonium. 
Average Dose—0.075 cc. (approximately 114 minim). 


Stramonium Ointment N. F. Unguentum Stramonii 


[Ung. Stramon.—Sp. Ungiiento de Estramonio] 


Metric Alternative 
Pilular Stramonium Extract....... 100 Gm 175 gr, 
Dilated Alcoholeeenas ie eee 50 cc. 92 min. 
Wool Eat. tt see ts eae 50 Gm 87 gr. 
Yellow, Waxciaaatenmnaas Morea 50 Gm 87 gr. 
Petrolatum: yacht ite ee aes 750 Gm. 3 oz. av. 
Tio make! a bout eerie cna eee 1000 Gm 4 oz. av. 


Triturate the pilular stramonium extract with the diluted aleo- 
hol until a smooth mixture is obtained; incorporate the wool fat 
thoroughly with this mixture; then add the mixture of yellow 
wax and petrolatum, previously melted and cooled, and mix thor- 
oughly. 


Storage—Keep the Ointment in tight containers and avoid prolonged 
exposure to temperatures above 30°. 


Uses—Formerly employed as a local anodyne oint- 
ment for painful ulcers, hemorrhoids, ete., this prepara- 
tion is little used today. The local use of belladonna 
and stramonium alkaloids in ointments, plasters, and 
suppositories for the relief of pain, though formerly 
rather extensive, is almost obsolete. See Stramoniwm. 


Stramonium Tincture U. S. P. Tinctura Stramonii 
[Tr. Stramon.—Sp. Tintura de Estramonio] 


Stramonium Tincture yields, from each 100 ce., not 
less than 22 mg. and not more than 28 mg. of the alka- 
loids of stramonium. 


Metric Alternative 
Stramonium, in moderately coarse 
POW GER: poeta Riek icines oieka ein 100 Gm. 3 oz. av. 148 gr. 
Mosmake’ abOubere meena cette: 1000 cc. 2 pints 


Prepare a tincture by Process P, as modified for assayed tine- 
tures (page 267), using a mixture of 3 volumes of alcohol and 1 
volume of water as the menstruum. Percolate the drug at a 
moderate rate. Finally adjust the Tincture to contain, in each 
100 ce., 25 mg. of the alkaloids of stramonium. 


Assay—This Tincture is assayed by the method given under Bella- 
donna Tincture (page 836). 
Alcohol Confent—From 64 to 70 per cent, by volume, of C2H;0H. 


Unofficial Solanaceous Alkaloids 


Atropine Methylbromide, Methylatropine Bromide [CygH2003N- 
(CHg)2Br]—White crystals. Very poisonous! Melts at 222° to 
223°. Solublein 1 part water; slightly soluble in alcohol: almost in- 
soluble in chloroform, ether. Uses: Mydriatic, anhidrotic, anti- 
spasmodic. Externally instead of sulfate in ophthalmology. 
Dose: Internally, 1 to 2 mg., subcutaneously, 0.1 to 0.3 mg. 

Atropine Methylnitrate, Eumydrin [CygH260¢6N g|—White, crystal- 
line powder. Very poisonous! Melts at 163°. Freely soluble in 
water or alcohol, very slightly in chloroform, ether. Uses: a 
mydriatic, anhidrotic, antispasmodic. Dose: 1 to 2.5 mg. as 
anhidrotic; as mydriatic in 1 to 5 per cent solution. 

Atropine Nitrate [Cy7H2303N.HNO3|]—White, crystalline powder. 
Soluble in water, alcohol. Uses: same as the sulfate. 

Atropine Oleate—A 2 per cent solution of atropine in equal parts 
oleic acid and olive oil. Insoluble in water; soluble in benzene, 
chloroform, ether, oils. Uses: a mydratic, sedative, anodyne. 

Daturine—The mixed alkaloids of stramonium:  hyoscyamine, 
hyoscine, and atropine, were formerly called daturins. See Stra- 
monium. Dose: 0.001 Gm 

Homatropine, Tropine Mandelate [Ci6H2103sN]—White crystals. 
Poisonous! Melts at 99° to 100°. Slightly soluble in water; 
soluble in alcohol, benzene, chloroform, ether, acetone, dilute acids. 

Homatropine Hydrochloride N. N. R.—Small white crystals, soluble 
in water and alcohol. Uses: to cause paralysis of accommodation 
in ophthalmological procedures; recovery from cycloplegic effect 
is complete in one day. Must be used with care in persons dis- 
posed to glaucoma. Dose: topically, to the eye in 1 per cent solu- 
tion. : 
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Homatropine Sulfate [(C1gH2103N)2.H2SO4]—White crystals. 
Melts at 222° to 226°. Freely soluble in water, alcohol. 

’ Hyoscine—An alkaloid obtained from Hyoscyamus niger in the 
process for obtaining hyoscyamine, and also by boiling hyoscyamine 
with baryta water, when decomposition takes place, forming 
hyoscine and hyoscinic acid. Dose: 0.001 Gm. 

Hyoscyamine—Isomerice with atropine. Tropine ester of J/-tropic 
acid. White needles. Poisonous! Melts at 107° to 108.5°. 
[aly is —22°. One Gm. dissolves in 281 cc. water, 69 cc. ether, 
150 ec. benzene, 1 cc. chloroform; freely soluble in alcohol. 

Hyoscyamine Hydrobromide U. S. P. IX [C17H2303N.HBr]—White 
erystals; deliquescent on exposure to air. Poisonous! Melts at 
151° to 152°. Very soluble in water; freely soluble in alcohol, 
chloroform; almost insoluble in ether (1 Gm. in 2260 cc). Uses: 
hypnotic, mydriatic, sedative. To quiet excitability, especially in 
Peace; also used like atropine, but is less active. Dose: 0.25 
to 1 mg. 

Hyoscyamine Sulfate [((C17H2303N)2.H2804.2H20]—White, fine, 
crystalline powder. Poisonous! Melts at 206° when anhydrous. 
One Gm. dissolves in 0.5 ce. water, about 5 cc. alcohol; very slightly 
soluble in-chloroform or ether. Uses and Dose: as of the hydro- 
bromide. 

Stramonium Seed—The seed of Datura Stramoniwm Linné (Fam. 
Solanacee). Similar to the leaves in action and constituents; it 
contains in addition about 25 per cent of fixed oil. 


Specialties Containing Autonomic Blocking Alkaloids 


Amethone (Abbott)—Ampuls, 2 cc. (0.1 Gm.), or capsules (50 mg.) 
containing 3-s-diethylaminoethyl-3-phenyl-2-benzofuranone hydro- 
chloride. Uses: smooth muscle spasmolytic, especially effective 
for relaxation of spasms of kidney, ureter, and bladder. Dose: 
orally, 50 to 100 mg. at 3-hour intervals; intramuscularly, 100 mg. 
at 3-hour intervals. 

Atrobutin Compound (Stoddard)—Tablets, each containing 8.1 mg. 
(4g gr.) belladonna leaf extract, 6.5 mg. (0 gr.) arbutin, and 0.130 
Gm. (2 gr.) potassium citrate. Uses: urinary antispasmodic and 
alkalinizing agent. Dose: 1 to 3 tablets 4 times a day. 

‘Belbarb (Haskell)—Capsules, tablets, or elixir, each capsule, tablet, 
or teaspoonful containing atropine, hyoscyamine, and scopolamine 
equal to 0.5 cc. (8 min.) belladonna tincture and 0.016 Gm. (14 gr.) 
phenobarbital. Uses: antispasmodic and sedative. Dose: 2to9 
capsules, tablets, or teaspoonfuls a day. 

Bellabulgaria (Lederle)—Tablets containing 0.4 mg. total alkaloids 
from Bulgarian belladonna root. Uses: antispasmodic. Dose: 1 
tablet increased 1 a day until optimum results are obtained. 

Belladenal (Sandoz)—Tablets, each containing 0.25 mg. (4450 gr.) 
Bellafoline and 0.049 Gm. (34 gr.) phenobarbital. Suppositories 
double strength of tablets. Uses: antispasmodic and sedative. 
Dose: orally, 2 to 4 tablets a day; rectally, 1 or 2 suppositories. 

Bellafoline (Sandoz)—Ampuls, 1 ce. (0.5 mg.), oral solution (1: 2000), 
suppositories (0.5 mg.), or tablets (0.25 mg.),each containing the total 
levorotatory alkaloids of belladonna leaves in the form of malic 
acidsalts. Uses: those of belladonnaalkaloids. Dose: orally, 1 or 
2 tablets or 10 or 20 drops solution; parenterally, 1% to 2 ce.; rec- 
tally, 1 or 2 suppositories a day. 

Bellal (Vanpelt and Brown)—Tablets, each containing 0.134 mg. 
(48s gr.) belladonna alkaloids. Uses: antispasmodic. Dose: 
1 or 2 tablets 3 times a day. 

Bellergal (Sandoz)—Tablets, each containing 0.1 mg. Bellafoline, 0.3 
mg. Gynergen, and 0.02 Gm. phenobarbital. Uses: antispasmodic 
and sedative. Dose: 3 to 4 tablets a day. 

Camatropine (G. M. Campbell)—Powder or tablets, 2.7 mg. (144 gr.), 
containing homatropine methyl bromide. See Homatropine 
Methylbromide N. F. 

Companol (Winthrop)—Tablets, each containing 0.2 mg. scopolamine 
+hydrobromide, 0.16 mg. atropine sulfate, and 32 mg. Luminal. 
Uses: prevention of travel or motion sickness. Dose; 1 tablet; 
limited to 4 a day. 

Donnatal (Robins)—Tablets, each containing belladonna alkaloids 
equivalent to 0.032 Gm. (% gr.) belladonna leaves and 0.016 Gm. 
(44 gr.) phenobarbital. Uses: antispasmodic and _ sedative. 
Dose: 3 tablets a day. 

Eumydrin (Winthrop)—Powder or tablets (1 mg.) containing atro- 
pine methyl nitrate. Uses: Eumydrin is occasionally employed 
as a mydriatic in 0.5 per cent solution, its action being less potent 
and less persistent than that of atropine. It has also been used 
in the treatment of pyloric stenosis in infants. Dose: for congeni- 
tal pyloric stenosis 1 to 3 cc. of a 1:10,000 solution; for mydriasis, 
1 to 5 per cent solution. 

Euphthalmine Hydrochloride N. N. R. (Schering and Glatz)— Powder 
containing eucatropine hydrochloride. See Hucatropine Hydro- 
chloride U.S. P. 

Genoscopolamine (Lobica)—Ampuls, 1 cc. (1 or 3 mg.), or pellets 
(0.6 mg.), containing scopolamine aminoxide hydrobromide. Uses: 
those of scopolamine; gradually reduced in the body to scopolamine. 
Dose: orally, 1 or 2 mg. increased to 3 or 4mg.; subcutaneously, 
1 to 3 mg. 

Homabital (Schieffelin)—Tablets, each containing 2.5 mg. homatro- 
pine methylbromide and 15.0 mg. phenobarbital sodium. Uses: 

. antispasmodic and sedative. Dose: 1 to 2 tablets 3 times a day. 

Hom-Atro-Barb (Pitman-Moore)—Tablets, each containing 2.5 mg. 
homatropine methylbromide and 16 mg. phenobarbital. Uses: 
antispasmodic and sedative. Dose: 1 tablet before meals. 

Intocostrin N. N. R. (Squibb)—Purified Chondodendron tomentosum ex- 


~ tract in aqueous diluent. Uses: typical. curare action consisting _ 
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of interruption of nervous impulses to skeletal muscles at the myo- 
neural junction; results in paralysis of skeletal muscles, the dia- 
phragm and intercostals being the last affected. Available in vials 
(5 or 10 ce.), each ce. equivalent to 20 units (20 mg. standard cur- 
are). Dose: in softening convulsions of shock therapy, intra- 
venously, 4% unit per pound of body weight; muscular relaxation 
in surgery, intravenously, 70 units; relief of spastic states in children, 
intramuscularly, 4% to 114 units per pound of body weight at 4 day 
intervals. 

Lascodonna (Lascoff)—An alcoholic decoction, each cc. containing 
0.16 mg. of belladonna alkaloids from belladonna root. Uses: 
antispasmodic. Dose: 2 to 3 cc. increased to 20 cc. a day if neces- 
sary. 

Lusyn (Maltbie)—Tablets, each containing 2.7 mg. (144 gr.) homatro- 
pine methylbromide, 8.1 mg. (1¢ gr.) phenobarbital, and 0.324 Gm. 
(5 gr.) Alukalin (activated kaolin). Uses: antispasmodic, sedative, 
and gastric adsorbent. Dose: 1 or 2 tablets 3 times a day. 

Mesopin (Endo)—Powder or tablets (2.5 mg.) containing homatropine 
methylbromide. See Homatropine Methylbromide N. F. 

Metanite (Drug Products)—Tablets, 0.54 or 1.1 mg. (2420 or Mo gr.), 
containing atropine methyl nitrate. Uses: antispasmodic 1é9 
as toxic as atropine. Dose: 0 gr.; not more than 8 such doses 


a.day. 

Methatropin (Pharmedic)—Powder or tablets, 2.5 mg. (145 gr.), 
containing homatropine methylbromide. See Homatropine Meth- 
ylbromide N. F. 

Metropine (Strasenburgh)—Tablets, 0.54 or 1.1 mg. (420 or léo 
gr.), containing methyl atropine nitrate. Uses: antispasmodic; 
léo as toxic as atropine. Dose: not to exceed 16 gr. a day. 

Novatrin N. N. R. (Campbell Products)—Ampuls, 1 ce. (5 mg.), pow- 
der, or tablets, 2.7 mg. (144 gr.), containing homatropine methyl- 
bromide. See Homatropine Methylbromide N. F. 

Pavatrine (Searle)—Tablets (125 mg.) containing 6-diethylamino- 
ethyl fluorene-9-carboxylate hydrochloride. Uses: antispasmodic, 
relatively free from side effects of the belladonna alkaloids. Dose: 
1 or 2 tablets 3 to 4 times a day. 

Phenocyamus (Cole)—Tablets, each containing 0.016 Gm. (14 gr.) 
each hyoscyamus extract and phenobarbital. Uses: antispasmodic 
and sedative. Dose: 1 or 2 tablets. 

Rabellon (Sharp and Dohme)—Tablets, each containing 0.45 mg. 
hyoscyamine hydrobromide, 0.04 mg. atropine sulfate, and 0.01 
mg. scopolamine hydrobromide. Uses: antispasmodic. Dose: 
14 tablet increased to 3 tablets or even, gradually, to 15 tablets a 
day in resistant cases. 

Scopolamine Stable N. N. R. (Hoffmann-LaRoche)—An aqueous solu- 
tion of scopolamine hydrobromide, protected against decomposition 
by the addition of 10 per cent mannite. See Scopolamine Hydro- 
bromide U.S. P. 

Scopiodrene Tablets (Lobica)—Tablets, each containing 0.1 mg. 
scopolamine aminoxide hydrobromide, 16 mg. ephedrine hydro- 
chloride, and 130 mg. iodocasein. Uses: for relief of asthmatic 
paroxysms and sapsmodic bronthial coughs. Dose: 1 or 2 tablets. 

Scopodex (Debruille)—Pellets (0:5 mg.) containing scopolamine 
aminoxide hydrobromide. Uses: treatment and prevention of 
motion sickness. Dose: 2 pellets. 

Syntronal (Hoffmann-LaRoche)—Tablets, each containing 50 mg. 
Syntropan and 15 mg. phenobarbital. Uses: antispasmodic and 
sedative. Dose: 1 or 2 tablets 3 or 4 times a day. 

Syntropan N. N. R. (Hoffmann-LaRoche)—The phosphate of dl- 
tropic acid ester of 3-diethylamino-2,2-dimethyl-l-propanol. Avail- 
able as ampuls, 1 ec. (75 mg.), powder, or tablets (50 or 100 mg.). 
Uses: This synthetic alkaloid bears close resemblance to the local 
anesthetics in chemical structure and indeed has mild local anes- 
thetic action. However, its chief effect, and the one which is ap- 
plied clinically, is its ability to relax smooth muscle, especially when 
the muscle isin spasm. In this respect it resembles atropine, and 
is used as a substitute for the belladonna alkaloids. Its actions 
are more specific for smooth muscle than those of atropine, and it 
acts as a direct spasmolytic as well as a parasympatholytic agent. 
One can obtain effects on the bowel, for example, without altering 
the heart rate, pupils, sweat glands, salivary secretions, etc. Thus, 
much more discrete therapeutic results may be obtained than with 
atropine. Syntropan has been used to relax the biliary and gastro- 
intestinal musculature in a variety of disorders, to relieve the pain 
of spastic dysmenorrhea, and to relax urethral and vesical spasm. 
Dose: orally, 100 to 200 mg. 3 times a day; subcutaneously or 
intramuscularly, 75 to 150 mg. 

Trasentine (Ciba)—Ampuls, 1.5 cc. (50 mg.), suppositories (100 mg.) 
or tablets (75 mg.), containing diphenylacetyldiethylaminoethanol 
hydrochloride. Uses: synthetic antispasmodic substitute for 
atropine similar in action to Syntropan. Dose: orally, 75 to 150 
mg. 2 or 2 times a day; intramuscularly, 50 mg.; rectally, 100 mg. 

Vasano (Schering)—Tablets, each containing 0.394 Gm. hyoseyamine 
camphorate and 0.106 Gm. scopolamine camphorate. Supposi- 
tories double strength of tablets. Uses: prevention and treatment 
of travel sickness. Dose: prevention, 2 tablets 2 hours before de- 
parture; treatment, 2 to 4 tablets or 1 or 2 suppositories in 24 
hours. 

Vinobel (Merrell)—Tablets (0.4 or 0.8 mg.) containing a wine extract 
of the total alkaloids of belladonna root. Uses: those of bella- 
donna. Dose: 2.4 to 4.0 mg. 

Wyanoids (Wyeth)—Suppositories containing 0.5 per cent belladonna 
extract, 0.1 per cent ephedrine sulfate, zine oxide, borie acid, bis- 
muth oxyiodide, bismuth subcarbonate, balsam of Peru, and cocoa 
butter. Uses: treatment of uncomplicated hemorrhoids. Dose: 
rectally, as needed. 
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CENTRAL NERVOUS SYSTEM STIMULANTS 


The central nervous system stimulants included in 
this section are the alkaloids obtained from Strychnos 
Nuzx-vomica, the neutral principle picrotoxin obtained 
from Anamirta Cocculus, the xanthine derivatives, and 
several synthetic products, including coramine and 
metrazol. In addition to the compounds discussed in 
these several subdivisions there are many others which 
stimulate various portions of the central nervous system. 
Camphor (page 516), Ephedrine (page 634), Amphet- 
amine (page 639), Cocaine (page 617), and Carbon 
Diowide (page 354) are just a few examples of compounds 
classified elsewhere in the text which exhibit this prop- 
erty either as a primary or secondary one. Although 
picrotoxin is not an alkaloid it is included here because 
of the similarity of its physiological activity. 

The alkaloids of nux vomicarand picrotoxin will be 
discussed first, then the xanthines will be considered as 
a group, and finally the miscellaneous synthetic and 
unofficial stimulants. in this category will be briefly 
presented. 


NUX VOMICA N. F. Nux Vomica 


{[Nux. Vom.—Strychni Semen P.I., Dog Button, Quaker Button, 
Poison Nut, Sp. Nuez Vémica] 


Nux Vomica is the dried ripe seed of Strychnos Nua- 
vomica Linné (Fam. Loganiaceex). Nux Vomica con- 
tains not less than 1.15 per cent of strychnine. 

Nux Vomica contains the alkaloids strychnine, bru- 
cine, probably loganin, igasuric acid, protein com- 
pounds, gum, fixed oil, sugar, ete. Of the total alka- 
loids from Nux Vomica, strychnine usually represents 
about 40 per cent, most of the remainder being brucine. 
(See also Strychnine.) : 


Description and Properties— 

Unground Nux Vomica—The seed is orbicular, nearly flat, occa- 
sionally somewhat bent, from 10 to 30 mm. in diameter, and from 3 
to 6 mm. in thickness. Externally it is grayish, or from pale brown 
to pale olive and is covered with appressed hairs, giving it a silky 
luster. The hilum is indicated by a circular scar at the center of the 
seed and is connected with the micropyle by a radial raphe. The seed 
is very hard when dry. 

Powdered Nux Vomica—The powder is pale brown to yellowish 
gray, and is inodorous, but possesses an intensely and persistently 
bitter taste. It consists chiefly of thick-walled endosperm cells con- 
taining globules of fixed oil and a few small aleurone grains up to 30 
microns in diameter, fragments of strongly lignified, non-glandular 
hairs, the walls of which possess large, circular, or long, slit-like pores. 
Tests for Purity— 

Foreign organic matter—Not more than 1 per cent. 

Acid-insoluble ash—Not more than 1 per cent. : 

Assay—For the determination of the strychnine, the total alkaloid 
content is isolated and purified as described under Assay of Alkaloidal 
Drugs (proximate assays). The final chloroform solution containing 
the alkaloids is evaporated to dryness on a steam bath and the brucine 
destroyed with nitric acid. The strychnine, which is not appreciably 
affected by the nitric acid at room temperature, is then extracted 
from the alkalinized solution with chloroform and finally determined 
volumetrically. The detailed assay procedure is as follows: 

Place 15 Gm. of Nux Vomica, in coarse powder, in a flask or bottle, 
add 150 cc., measured at 25°, of a mixture of 3 volumes of ether and 
1 volume of chloroform, tightly stopper the flask, shake the mixture, 
and allow it to stand for about 2 minutes. Then add 10 cc. of stronger 
ammonia T.S., stopper the flask tightly, shake frequently, but gently, 
during 1 hour, and allow the mixture to stand overnight at a tempera- 
ture not over 25°. Again shake the flask gently for 15 minutes, and 
allow the liquids to separate at 25°. Then quickly transfer to a 
separator exactly 100 cc. of the liquid, representing 10 Gm. of Nux 
Vomica, rinse the measuring vessel with a little chloroform, and add 
the rinsings to the separator. Add about 40 cc. of approximately one- 
normal sulfuric acid to the separator, and shake the mixture gently 
for 5 minutes, then allow the liquids to separate, and draw off the 
acid into another separator. Repeat the extraction with successive 
portions of the acid, until the ether solution is completely extracted. 

To the combined acid solutions in the separator, add a small piece 
of red litmus paper and 50 ce. of chloroform, and follow with sufficient 
ammonia T.S. to render the aqueous layer alkaline, and after gently 
shaking, add 2 or 3 ce. more of the ammonia T.S. Now shake the 

- mixture thoroughly, but gently, for about 10 minutes, and allow the 
liquids to separate. Draw off the chloroform into a container, and 
repeat the extraction with additional portions of chlorofrom until all 


of the alkaloid 1s extracted. Extract the combined chloroform solu- 
tions with successive portions of approximately one normal sulfuric 
acid until completely extracted. Then render the combined acid 
solutions alkaline with ammonia T.S., add 2 or 3 cc. more of the am- 
monia T.S., and completely extract the alkaloids with successive por- 
tions of chloroform. 

Carefully evaporate the combined chloroform extracts to dryness 
on a water bath, dissolve the residue by warming with 15 ce. of ap- 
proximately 3 per cent sulfuric acid, cool to 25°, and add 3 ce. of a 
mixture of equal parts of nitric acid and a 5 per cent solution of 
sodium nitrite in distilled water. Thoroughly stir this mixture, and 
allow it to stand for exactly 10 minutes at room temperature. At 
the expiration of this period, pour the red solution at once into a 
separator containing 50 cc. of chloroform and 15 cc. of sodium hydrox- 
ide solution (1 in 10), and rinse the flask with distilled water, adding 
the rinsings to the separator. Add sufficient sodium hydroxide solu- 
tion (1 in 10) to the contents of the separator to render it distinctly 
alkaline to litmus paper, and then add a few cc. more of the sodium 
hydroxide solution. Shake the mixture gently for 10 minutes and 
allow the liquids to separate. Draw off the chloroform layer into 
another separator and repeat the extraction with additional portions 
of chloroform until the alkaloid is completely removed. Add 10cc. of 
distilled water to the combined chloroform extract, shake the mixture 
gently, and add a small piece of red litmus paper. The litmus paper 
should indicate not more than a slight alkalinity. If the water, after 
shaking with the chloroform, is strongly alkaline, draw off the chloro- 
form into another separator, and shake it with another 10 cc. of dis- 
tilled water. Draw off the chloroform, passing it through a filter 
paper moistened with chloroform, into a container. Wash the filter 
paper with warm chloroform, and add these rinsings to the container. 
Now shake the combined aqueous extract with 5 cc. of chloroform and 
draw off this chloroform, passing it through the chloroform-moistened 
filter paper into the main chloroform solution. 

Evaporate the combined chloroform extracts very carefully on a 
water bath nearly, but not quite, to dryness. Add to the moist residue 
7 cc. of tenth-normal sulfuric acid, accurately measured, follow with 
30 ce. of distilled water, and heat the mixture on a water bath until 
the alkaloid is dissolved and the odor of chloroform is dissipated. 
Cool to room temperature, and titrate the excess acid with fiftieth- 
normal sodium hydroxide, using 1 drop of methyl red T.S. as the indi- 
cator. Each cc. of tenth-normal sulfuric acid is equivalent to 33.44 
mg. of Co,H2202Ne. 


Uses—Nux Vomica is used in therapy for its strych- 
nine content in the average dose of 0.1 Gm. See 
Strychnine. 


Nux Vomica Alkaloids Solution N. F. 


Liquor Nucis Vomice Alkaloidorum 


{Liq. Nuc. Vom. Alk.—Nux Alkaloids Solution] 


Nux Vomica Alkaloids Solution contains, in each 100 
cc., not less than 1.5 Gm. and not more than 1.7 Gm. 
of Strychnine Sulfate {(Co:H22N 202) 2.H25O0 4.0H 20] 
and not less than 1.5 Gm. and not more than 1.7 Gm. of 
brucine sulfate [CosHegN204)2,.H2S04.7H 20]. 


Metric Alternative 
Brucine*Sulfates=.3 0 eae 16 Gm. 234 gr. 
Strychnine*Sulfateweeeer sess ee 16 Gm. 234 gr. 
Glycerine See err deena 500 cc 1 pint 
Resorcin Brown Solution............. SNGCs 77 min 
Distilled Water, a sufficient quantity, 
OUI AKENS Samdtete ee aetshen ee haa genes 1000 cc. 2 pints 


Dissolve the alkaloidal salts in 475 ce. (15 fl. oz. 96 min.) of 
distilled water and the glycerin, add the resorcin brown solution 
and sufficient distilled water to make the product measure 1000 
ce. (2 pints). Filter if necessary, until the product is clear. 


Description and Properties—A clear, yellowish orange solution with ~ 
a very bitter taste. It is neutral or acid to litmus paper. 

Assay for Brucine and Strychnine Sulfates—See the N. F. VIII 
(page 360). 

Storage—Keep the Solution in tight containers. 


Uses—This solution was prepared for veterinary use: 


Average Dose—based on the weight of the animal— 
Horses and Cattle, 2 to 4 cc. (approximately 44 to 1 

fluidrachm).° - 
Sheep and Swine, 0.5 to 1 tc. (approximately 8 to 
15 minims). : 
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Nux Vomica Extract N. F. Extractum Nucis Vomice 


{Ext. Vom.—Powdered Nux Vomica Extract, Extractum 


Strychni P.I.] 


Nuc. 


Nux Vomica Extract contains, in each 100 Gm., not 
less than 7 Gm. and not more than 7.75 Gm. of strych- 
nine. 

Extract the fat from nux vomica, in moderately 
coarse powder, by percolation with petroleum benzin 
until a few drops of the percolate leave no greasy stain 
when evaporated from a filter paper. Air-dry the 
defatted drug until the odor of benzin is no longer 
noticeable. Extract the dry defatted drug by Process B 
(page 270), using a mixture of 750 cc. of alcohol, 10 cc. 
of acetic acid, and 240 ce. of distilled water as Men- 
struum I, and a mixture of 3 volumes of alcohol and 1 
volume of distilled water as Menstruum IT. Macerate 
the drug during 24 hours, and then percolate it at a 
moderate rate until extraction is complete. Combine 
the reserve and weak percolates, and concentrate this 
liquid at a temperature not exceeding 100° to a volume 
of about 200 cc. Evaporate this pilular extract to dry- 
ness at a temperature not exceeding 60°. Powder the 

-product, assay, and adjust the extract by the addition 

of sufficient dry starch to contain in each 100 Gm. 7.4 
Gm. of strychnine. 
Assay—About 1.5 Gm. of the Extract accurately weighed is dissolved 
by warming with 10 ce. of diluted alcohol and 1 to 2 cc. ot acetic acid. 
After transferring the solution completely to a separator with the aid 
of diluted alcohol and diluting with water it is alkalinized with am- 
monia, the alkaloids extracted with chloroform, and the assay con- 
tinued as described in the Assay of Nux Vomica, beginning with 
‘‘Add about 40 cc. of approximately 1 normal sulfuric acid... .”’ 


Storage—Keep the Extract in tight, light-resistant containers, pref- 
erably at a temperature not above 30°. ; 


Uses—See Nux Vomica and Strychnine. 


Average Dose—15 mg. (approximately 14 grain). 


Nux Vomica Fluidextract N. F. 
Fluidextractum Nucis Vomice 
[Fldext. Nuc. Vom.] 


Nux Vomica Fluidextract contains, in each 100 ce., 
not less than 1.05 Gm. and not more than 1.25 Gm. of 
strychnine. 

Prepare the Fluidextract from nux vomica, in moder- 
ately coarse powder, by Process B, as modified for 
assayed fluidextracts (page 270). Use a mixture of 2 
volumes of acetic acid, 3 volumes of water, and 15 
volumes of alcohol as Menstruum I, and a mixture of 3 
volumes of alcohol and 1 volume of water as Men- 
struum II; macerate the drug during 48 hours, and 
percolate at a moderate rate. Chill the percolate until 
the fat is separated, and filter while cold. ’ 

Adjust the concentrated fluid so as to contain, in 
each 100 cc., 1.15 Gm. of strychnine and 60 per cent, 
by volume, of C.H;OH. 


Assay—A 10-cc. portion of the Fluidextract, accurately measured, and 
diluted with 5 to 10 cc. of water, is alkalinized with ammonia and 
completely shaken out with chloroform. Then the assay is continued 
as described under Nux Vomica, beginning with ‘‘Add about 40 cc. of 
approximately one normal sulfuric acid ....” 

Alcohol Content—From 57 to 63 per cent, by volume of CpH5OH. 
Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 
Incompatibilities—See Nux Vomica Tincture. 


Uses—See Nux Vomica and Strychrine. 
= Average Dose—0.1 cc. (approximately 114 minims). 
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Nux Vomica Tincture N. F. Tinctura Nucis Vomicz 
[Tr. Nuc. Vom.—Tinctura Strychni P.I.] 


Nux Vomica Tincture contains, in each 100 cc., not 
less than 105 mg. and not more than 125 mg. of strych- 
nine. 


Metric Alternative 
Nux Vomica, in moderately coarse ; 
DOW. G Olmbicrtysiaiae sro mache eas 100 Gm. 302. av. 148 gr. 
Alcohol, 
Hydrochloric Acid, 
Water, each, a sufficient quantity, 
ED Omar aK Cra OOUU eects). sts-2 ia sanctee ols oe ce 1000 cc. 2 pints 


Prepare a tincture by Process P, as modified for assayed tinc- 
tures (page 267). Macerate the drug during 24 hours in a mixture 
of 7.5 ec. of hydrochloric acid, 150 cc. of alcohol, and 42.5 ce. of 
water, then percolate slowly, using a mixture of 3 volumes of alco- 
hol and 1 volume of distilled water as the menstruum. Finally 
adjust the Tincture by the addition of sufficient of 4 mixture of 
0.8 ce. of hydrochloric acid, 75 cc. of alcohol, and 24.2 ce. of water 
to make each 100 cc. contain 115 mg. of strychnine. Keep the 
Tincture at a temperature of 5° for 30 minutes, and filter. 


Assay—Exactly 100 cc. of the Tincture is evaporated on a water 
bath to about 20 ce. It is then transferred completely with the aid of 
small portions of diluted alcohol into a separator, diluted with about 
20 cc. of water, made strongly alkaline with ammonia, the alkaloids 
completely extracted with chloroform, and the assay continued as in 
the Assay under Nux Vomica, beginning with ‘‘Add 40 cc. of approxi- 
mately one normal sulfuric acid... .”’ 
Alcohol Content—From 67 to 72 per cent, by volume, of CeHs5OH. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 
Incompatibilities—The acid reaction of this product, caused by the 
inclusion of hydrochloric acid in the menstruum, makes it incompat- 
ible with alkaline substances. Of outstanding importance is the 
fact that neutralization of this acidity, particularly if accompanied by 
dilution with water or liquid of low alcoholic content, may result in 
the precipitation of potent alkaloids. There is a danger that insuf- 
ficient agitation of a container holding such a mixture may permit the 
patient to get a toxic dose of the precipitated material as the bottle is 
nearly emptied. . 

A darkening in color occurs in the presence of iron salts due to the 
formation of ferric tannate. 5 


Uses—See Nux Vomica and Strychnine. 
Average Dose—| cc. (approximately 15 minims). 


BRUCINE SULFATE N. F. Brucinze Sulfas 
{Brucin. Sulf.] 


Brucine Sulfate [(CosHogN20 4) 2. H2SO 4.7H201013.10] 
is an alkaloid obtained from Strychnos Nuax-vomica 
Linné (Fam. Loganiacez) 

Preparation—Brucine bisulfate which is obtained as 
a by-product in the mother liquors remaining after the 
crystallization of strychnine, as described under the 
preparation of Sérychnine, is dissolved in hot water 
and neutralized to form the normal salt. The solution 
is then concentrated and the Brucine Sulfate is allowed 
to crystallize from solution. 


Description and Properties—Small, white crystals or powder. It is 
odorless and has a very bitter taste. It is affected by light. It is 
lg#vorotary. The aqueous solution is practically neutral to litmus 
paper. One Gm. dissolves in about 70 cc. of water at 25°; it is more 
soluble in boiling water, but sparingly soluble in alcohol. 

I dentification—The following color reactions are very characteristic 
for brucine. A vivid red color is produced when a few drops of nitric 
acid are added to about 10 mg. of Brucine Sulfate. A reddish purple 
color is produced when the red solution is diluted with a few drops of 
water and a few drops of stannous chloride T.S. are added. 

Tests for Purity— 

Free acid—Equivalent to not more than 0.1 per cent as HgSO4. 

Loss on drying—Not more than 13 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Strychnine—For this test the brucine is first destroyed by adding 
5 ce. of a mixture of equal volumes of nitric acid and water to a solu- 
tion of 500 mg. of the Brucine Sulfate in 15 cc. of water and 5 ce. of 
diluted sulfuric acid, the solution having been previously cooled to 
20 to 25° to prevent any strychnine, if present, from being affected 
by the nitric acid. After 10 minutes, the solution is made alkaline 
with 10 per cent sodium hydroxide solution and shaken with 3 por- 
tions of chloroform to extract any strychnine present. Any residue 
remaining on the evaporation of the chloroform solution should not 
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give the purple color reaction with potassium dichromate as described 

in Identification test (2) under Strychnine. 

Storage—Keep Brucine Sulfate in tight, light-resistant containers. 
Uses—Brucine shares the actions of strychnine, but 

to a much lesser degree. It is seldom used in therapy. 
Average Dose—2 mg. (approximately 149 grain). 


STRYCHNINE N. F. Strychnina 
[Strych.—Sp. Estricnina] 


Strychnine [Ce:Ha2aNeO2 = 334.40] is an alkaloid 
obtained chiefly from Nux Vomica. The above formula 
is the one currently accepted. 

Caution—Strychnine is extremely poisonous. 

History—This alkaloid was first discovered in Ignatia 
bean in 1818 by the French pharmacists, Pelletier and 
Caventou, who gave it at that time the name which it 
still bears. They discovered brucine in 1819. It occurs 
in numerous plants belonging to the Strychnos species. 
In nux vomica seeds (Strychnos Nuax-vomica) a little 
less than one-half of the alkaloid is Strychnine, while 
in Ignatia beans (Strychnos Ignatia) and in Nux Vomica 
from Saigon about two-thirds is strychnine; each con- 
tains from 2 to 3 per cent of total alkaloids. Both bru- 
cine and Strychnine are present in other portions of the 
plants. These species are mainly Asiatic, while the 
bark of a South American species furnishes the product 
Curare (page 869). 

Preparation—Comminuted Nux Vomica is_ thor- 
oughly moistened with sodium carbonate and extracted 
with hot mineral oil or toluene. The alkaloids are re- 
moved from these solvents with diluted sulfuric acid 
and the acid solution is concentrated. The less soluble 
brucine bisulfate crystallizes from solution first. Upon 
neutralization and concentration of the mother liquor, 
strychnine sulfate crystallizes out, and is properly 
purified. The alkaloid is made from it by precipitation 
with ammonia. Nearly all Strychnine salts except the 
sulfate are made from the base by combining it with 
the desired acid. 


Description and Properties—Colorless, transparent, prismatic crys- 
tals, or a white, crystalline powder. It is odorless, has a very bitter 
taste, and is stable in the air. Strychnine melts when rapidly heated 
between 285° and 288°, and has a specific rotation of —139° in 
chloroform. Saturated solutions of Strychnine are alkaline to litmus 
paper. One Gm. dissolves in about 6420 cc. of water, about 136 ce. 
of alcohol, about 5 ce. of chloroform, and about 180 cc. of benzene, 
at 25°; it is soluble in about 3100 ce. of boiling water, and in about 
34 ce. of boiling alcohol. It is very slightly soluble in ether. 

Identification—(1) Sulfuric acid containing 1 per cent of ammonium 
vanadate produces with Strychnine a deep violet-blue color, chang- 
ing to a deep purple, and finally to a cherry-red. (2) When a small 
fragment of potassium dichromate is added to a solution of about 50 
mg. of Strychnine in 1 ce. of sulfuric acid, a deep blue color is momen- 
tarily produced which changes to deep violet, then to purplish red, 
cherry-red, and finally to orange or yellow. 
Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Readily carbonizable substances—A solution of 250 mg. in 5 ce. of 
sulfuric acid is not deeper in color than matching fluid M. 

Brucine—On adding 1 ce. of a mixture of equal volumes of nitric 
acid and distilled water, to about 100 mg. of Strychnine, a yellow 
color may be produced but not a red or reddish color. 
Storage—Keep Strychnine in well-closed containers. 


Uses—Strychnine is one of the most powerful of the 
central nervous system stimulants. Although it acts 
on all portions of the cerebrospinal axis, its chief locus 
of action is on the spinal cord. Here the nature of its 
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action is such that after toxic doses an incoming sen- 
sory stimulus discharges all motor nerves with the re- 
sult that all the voluntary muscles of the body contract 
simultaneously. The actions of the stronger muscles 
will predominate and a spinal convulsion results. With 
subconvulsive doses of Strychnine, all spinal reflexes are 
exaggerated. Therapeutic doses of strychnine have 
little pharmacodynamic action. 

Strychnine has no other outstanding actions except 
for that on the spinal cord. It has no effect on the 
cardiovascular system, does not stimulate the muscula- 
ture of the bowel as was once believed, and has no effect 
on voluntary muscle except for its action through the 
nervous system when given in large amounts. 

Strychnine has been widely employed in therapy, but 
there is no unanimity of opinion as to its efficacy. It 
is used chiefly as a tonic. Several actions supposedly 
contribute to its value as a tonic. The bitter taste of 
Strychnine solutions presumably may stimulate appe- 
tite and gastric secretion. However, it is doubtful 
whether any action on smooth or voluntary muscle 
results from its use, nor is nervous activity favorably 
affected. Despite these facts, it continues to be widely 
used and will probably remain entrenched in therapy. 
The usual tonic dose of Strychnine is 1.0 to 2.0 mg. 
The doses of galenical preparations of nux vomica 
which are commonly employed for the tonic action of 
Strychnine are listed under the individual preparations. 

Strychnine is also widely employed in combination 
with cathartic drugs. It is added for the purpose of 
increasing the tone of the bowel. This is an irrational 
use of the drug. 

As a cardiovascular stimulant, Strychnine is without 
value unless the circulatory failure is of central origin. 

Strychnine is of definite value in the treatment of 
poisoning from central nervous system depressants, 
especially the barbiturates. Under such circumstances, 
large doses may be administered without fear of causing 
convulsions and the degree of depression is very much 
reduced. The drug may be given intravenously or 
intramuscularly in the form of a soluble salt. The dose 
must be adjusted to the individual patient. As much 
as 10 mg. at a time, repeated at intervals, may be toler- 
ated. Strychnine is contraindicated in morphine poi- 
soning. The alkaloid is largely used for destroying agri- 
cultural rodents and predatory animals and for trap- 
ping fur animals. 

Average Dose—1.5 mg. (approximately 149 grain). 


STRYCHNINE NITRATE N..F.  Strychninz Nitras 
[Strych. Nitras—Sp. Nitrato de Estricnina] 


Caution: Strychnine Nitrate is extremely poisonous. 
Preparation—Strychnine Nitrate [C2iH22N202.- 
HNO; = 397.42] is made by dissolving strychnine in 
just sufficient warm dilute nitric acid to form the ni- 


trate, evaporating, and allowing the salt to crystallize 
from solution. ; 


Description and Properties—Colorless, glistening needles or a white, 
crystalline powder. It is odorless, has a very bitter taste, and is 
stable in the air. It is levorotatory, and the aqueous solution is 
neutral to litmus paper. The residue of strychnine obtained by 
alkalinizing a solution of the nitrate extracting with chloroform and 
evaporating to dryness, gives the identification reactions described 
under Strychnine. When the Nitrate is heated with hydrochloric acid 
a bright red color is produced. A blue color is produced at the zone 
of contact when an aqueous solution of Strychnine Nitrate is super- 
imposed on diphenylamine T.S. One Gm. dissolves in about 45 ce. 
of water, about 150 ce. of alcohol, about 50 ce. of glycerin, and about 
105 cc. of chloroform, at 25°. One Gm. is soluble in about 10 ce. of 


poring water, and about 80 ce. of alcohol at 60°. It is insoluble in 
ether. 


— 


ALKALOIDS AND ALKALOIDAL DRUGS 845 


Tests for Purity— 

Residue on Ignition—Not more than 0.1 per cent. 

Chloride and sulfate—Practically none. 

Free acid—Not more than 0.13 per cent as HNOsg. 

Brucine—Conforms to the test under Strychnine. 

Readily carbonizable substances—A solution of 250 mg. of Strych- 
nine Nitrate in 5 cc. of sulfuric acid is not deeper in color than a 
matching fluid consisting of 25 cc. of cobaltous chloride C.S., 2.3 ce. 
of ferric chloride C.S., and 0.2 ce. of cupric sulfate C.S. 
Storage—Keep Strychnine Nitrate in well-closed containers. 


Uses—See Strychnine. 
Average Dose—2 mg. (approximately 149 grain). 


Strychnine Nitrate Tablets N. F. 


Tabelle Strychnine Nitratis 
[Tab. Strych. Nitrat.—Sp. Tabletas de Nitrato de Estricnina] 


Strychnine Nitrate Tablets contain not less than 92.5 
per cent and not more than 107.5 per cent of the labeled 
amount of strychnine nitrate for tablets containing 20 
mg. or more; not less than 91 per cent and not more 
than 109 per cent for tablets containing less than 20 mg., 
but not less than 1.2 mg.; and not less than 88 per cent 
and not more than 112 per cent for tablets containing 
less than 1.2 mg. of strychnine nitrate. 


Identification—The presence of strychnine in the Tablets may be 
ascertained as described under Strychnine Sulfate Tablets, and the 
nitrate identified by the diphenylamine reaction given under Strych- 
nine Nitrate. 


Assay—The strychnine nitrate content of the Tablets is determined 


ele by the Assay of Tablets Containing Alkaloids (page 
998). 


Storage—Keep the Tablets in well-closed containers. 


Uses—See Strychnine. 
Average Dose—2 mg. (approximately 149 grain) of 
Strychnine Nitrate. 


STRYCHNINE PHOSPHATE N. F. 


Strychnine Phosphas 
{[Strych. Phos.] 


Strychnine Phosphate C2iHesNeO2. HsPO4.2H20 
= 468.44] yields not less than 70 per cent and not more 
than 73 per cent of Strychnine. 

Caution: Strychnine Phosphate is extremely poisonous. 


Description and Properties—White crystals, or a white powder. It 
is odorless, has a very bitter taste, and is stable in the air. Its aque- 
ous solution (1 in 50) is acid to litmus paper. It responds to the 
Identification tests described under Strychnine, and the filtrate ob- 
tained by precipitating its aqueous solution with sodium hydroxide 
and filtering responds to the reactions for phosphate. One Gm. is 
slowly soluble in about 30 cc. of water; slightly soluble in alcohol. 
Tests for Purity— he 

Chloride—Not more than 0.03 per cent as Cl. 

Sulfate—Not more than 0.1 per cent as SO4. 

Brucine—It conforms to the test given under Strychnine. 

Readily carbonizable substances—A. solution of 250 mg. in 5 cc. of 
‘sulfuric acid has no darker color than matching fluid A (page 1059). 
Assay—lIt is assayed for strychnine by the Assay of Salts Containing 
Alkaloids (page 997). ; 
Storage—Keep Strychnine Phosphate in well-closed containers. 


Uses—See Strychnine. say cate 
Average Dose—2 mg. (approximately 440 grain). be 


.» _ STRYCHNINE SULFATE U. S. P. 
‘ ne Strychnine Sulfas 
tet {Strych. Sulf.—Sp. Sulfato de Estricnina] 


ss yitec 


; fs Strychnine Sulfate [(CorHaeN 20 2)2.H 280 4- 5H.O. = 
856.96] is the sulfate of an alkaloid obtained chiefly 
from the ripe seed of Strychnos Nux-vomica Linné (Fam. 

_ Loganiacez). Reni se Lapa Bi 


Caution—Strychnine Sulfate is extremely poisonous. 
Preparation—See under Strychnine. 


Description and Properties—Colorless or white crystals, or a white, 
crystalline powder without odor, and efflorescent in dry air. It is 
levorotatory and slowly affected by light. The aqueous solution is 
practically neutral to litmus paper (pH about 5.5). It responds to the 
identification reactions described, under Strychnine, and gives the 
reactions for sulfate. One Gm. dissolves in 35 cc. of water, 85 cc. of 
alcohol, and about 220 cc. of chloroform. One Gm. dissolves in 7 cc. 
of boiling water, and 25 cc. of alechol at 70°. It is freely soluble in 
glycerin but insoluble in ether. 
Tests for Purity— 

Free acid—Equivalent to not more than 0.1 per cent as H2SO4. 

Loss on drying—Not more than 11.5 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Readily carbonizable substances—A solution of 200 mg. in 5 ee. of 
sulfuric acid has no darker color than matching fluid A. 

Brucine—Strychnine Sulfate conforms to the test described under 
Strychnine. 
Storage—Keep Strychnine Sulfate in tight, light-resistant containers. 
Incompatibilities—Soluble iodides and bromides cause a precipita- 
tion that may not appear for several days and which is often pre- 
vented by alcohol. 


Uses—See Strychnine. 
Average Dose—2 mg. (approximately 149 grain). 


Strychnine Sulfate Tablets U. S. P. 


Tabellez Strychnine Sulfatis 
[Tab. Strych. Sulf.—Sp. Tabletas de Sulfato de Estricnina] 


Strychnine Sulfate Tablets contain not less than 93 
per cent and not more than 107 per cent of the labeled 
amount of strychnine sulfate [(C2:H22N 202) 2.H2SO.4.- 
5H.20] for tablets of 20 mg. or more; and not less than 
90 per cent and not more than 110 per cent for tablets 
of less than 20 mg. 


Identvfication—The presence of strychnine in the Tablets may be 
ascertained by thoroughly moistening the powdered tablets with 
ammonia, then triturating well with 5 to 10 cc. of chloroform, filter- 
ing the chloroform solution and evaporating it to dryness on a steam 
bath. The residue responds to the identification reactions described 
under Strychnine. 

Assay—The Strychnine Sulfate content of the Tablets is deter- 
mined volumetrically by the Assay of Tablets Containing Alkaloids 
(page 998). 

Storage—Keep the Tablets in well-closed containers. 


Uses—See Strychnine. 
Average Dose—2 mg. (approximately 149 grain) of 
Strychnine Sulfate. 


PICROTOXIN U. S. P. Picrotoxinum 


[Picrotox.—Cocculin, Sp. Picrotoxina] 


Picrotoxin [CgoH3.0i13 = 602.57] is an active prin- 
ciple obtained from the seed of» Anamirta Cocculus 
(Linné) Wight et Arnott (Fam. Menispermacez). 

Preparation—According to Clark, Picrotoxin may be 
prepared as follows: The ground berries (seeds) are 
boiled with alcohol and filtered hot. The filtrate is con- 
centrated and two volumes of hot water added. After 
cooling with ice it is filtered and the filtrate evaporated 
under reduced pressure. Picrotoxin crystallizes out 
during evaporation and is purified by solution in hot 
acetone and precipitation with water. The yield is 
about 1.4 per cent. 


Description and Properties—Flexible, shining, prismatic crystals or 
a micro-crystalline powder. It is odorless, and stable in air, but is 
affected by light. Its solutions are neutral to litmus paper. Picro- 
toxin melts between 198° and 200°. One Gm. dissolves in about 350 
ec. of water, in about 35 ce. of boiling water, in 3 ce. of boiling alcohol. 
It is soluble in caustic alkalies, but sparingly soluble in ether or 
chloroform. : 
Identification—(1) Concentrated sulfuric acid dissolves Picrotoxin, 
forming a golden yellow solution which changes gradually to reddish 
brown. (2) Mix about 200 mg. of potassium nitrate with 3 or 4 drops 
of sulfuric acid in a suitable porcelain dish. Sprinkle a few particles 
of Picrotoxin on the mixture, add sodium hydroxide solution: (1 in 
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4), dropwise, until it is in excess: the particles of Picrotoxin acquire 
a red color which gradually fades. (3) Dilute 2 cc. of alkaline cupric 
tartrate T.S. with 10 cc. of water, and add a few particles of Picro- 
toxin: a red precipitate forms slowly in the cold, but rapidly upon 
boiling. 
Tests for purity— 
Residue on ignition—Negligible from 200 mg. of Picrotoxin. 
Alkaloids—A saturated solution of Picrotoxin yields no precipi- 
tate with platinic chloride T.S., tannic acid T.S., or mercuric potas- 
sium iodide T.S. 
Storage—Preserve Picrotoxin in well-closed, light-resistant contain- 
ers. 


Uses—Picrotoxin is a powerful central nervous sys- 
tem stimulant, acting on all portions of the central 
nervous system. So pronounced is its action that its 
uses in medicine are confined to its antidotal action in 
the treatment of poisoning from central depressants, 
especially barbiturates.- Picrotoxin is usually admin- 
istered intravenously in solution in isotonic saline solu- 
tion, each cc. containing 3 mg. *Although the average 
dose is stated as 2 mg., the actual dose depends on the 
condition of the patient and may greatly exceed this 
figure. 


Picrotoxin Injection U. S. P.  Injectio Picrotoxini 


[Inj. Picrotox.—Sp. Inyeccién de Picrotoxina] 


Picrotoxin Injection is a sterile solution of picrotoxin 
in isotonic sodium chloride solution. It contains in 
each cc. not less than 90 per cent and not more than 
110 per cent of the labeled amount of picrotoxin 
Tone. 
Test for Liquids (page 126). 

Sterilize Picrotoxin Injection preferably by Process F. 
See Sterilization Processes (page 121). Alcohol or chloro- 
butanol may be added as a preservative. The Injection 
also conforms to the other requirements under Injec- 
tions (page 249). 

To render this Injection isotonic the U. 8. P. requires 
the presence of 85 to 95 mg. of sodium chloride in 100 
cc. of the Injection. 

Identification—The presence of picrotoxin may be ascertained by 

applying to the residue obtained in the assay the identification reac- 
tions described under Picrotoxin. The residue should also have the 
same melting range as picrotoxin. 
Assay—The principle underlying this assay is that picrotoxin can 
be entirely removed from its aqueous solution by shaking with 
several portions of chloroform. If the Injection contains alcohol it 
should first be expelled by evaporation. A measured volume of the 
Injection, acidified with hydrochloric acid, is shaken out with several 
portions of chloroform, the chloroform evaporated and the residue 
of picrotoxin, after drying at 100° for 2 hours, is weighed. 


Storage—Keep the Injection preferably in hermetic, single-dose con- 
tainers, or in other suitable containers and protected from light. 


Uses—See Picrotoxin. j 
Average Dose—Intravenous. To be determined by 
the physician according to the needs of the patient. 


THE PURINE BASES 
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Caffeine 
(3,7-dimethylxanthine) (1,3,7-trimethylxanthine) 


The xanthines illustrated above are all oxygen deriva- 
tives of the organic base purine and are usually classi- 


It meets the requirements of the Sterility 
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fied as alkaloids; xanthine itself is 2,6-dioxypurine. 
The three official alkaloids of this group possess the 
greatest physiological activity; they are methyl deriva- 
tives of xanthine, 7. e., theophylline (1,3-dimethyl- 
xanthine), theobromine (3,7-dimethylxanthine), and 
caffeine (1,3,7-trimethylxanthine). The formulas given 
above indicate the structural relationships clearly. 

Other bases closely related to purine are hypoxanthine 
(6-oxypurine), adenine (6-aminopurine), and guanine 
(2-amino-6-oxypurine), all of which are normally found 
in animal tissues. The last two bases are constituents 
of nucleic acids and nucleoproteins which are found in 
cell nuclei and hypoxanthine is produced in the body 
during the first stage of adenine oxidation. Further 
oxidation yields xanthine then uric acid. In man, the 
end product of protein metabolism is urea. In certain 
animals (cows) the end product is allantoin, formed by 
further oxidation of the uric acid. The structures of 
these compounds are illustrated below. 


tua ae 
HO, j0——NC™ one 
| | "OH | i "OH. 
y, reas Gree 

Purine Adenine 
(6-aminopurine) 

HN==C=0 HN@= Osa) 
a Lg vant a 
[oe he 

Hypoxanthine Guanine 


(6-oxypurine) (2-amino-6-oxypurine) 


HN = C0 NH, 
te alee Me: oben 


Uric Acid Allantoin 

(2,6,8-trioxypurine) < 
Properties—The xanthines are very weak bases but 
form salts with strong acids. The resulting salts are 
unstable, however, and are rapidly hydrolyzed by 
water into the base and free acid. By tautomeric shift 
of hydrogen from nitrogen to keto oxygen a weakly 
acidic H is formed on the resulting OH group. Thus 
the oxypurines and their derivatives except caffeine 
also form salts with strong bases. The xanthines are 
characterized by the murexide reaction described below 
under caffeine. This reaction is given by uric acid as 
well as the alkaloids described below. : 


AMINOPHYLLINE U. S. P. Aminophyllina 


{[Aminophyl.—Theophylline Ethylenediamine U. S. P. XII, Sp. — 
Aminofilina] 


Aminophylline [(C7HsN 4O2)sCeH4(NHe)e.2H2O = 
456.46] is a compound of theophylline and ethylene- 
diamine. It contains not less than 75 per cent and 
not more than 82 per cent of anhydrous theophylline 
[C7HgN .O2], and not less than 12.3 per cent and not 
more than 13.8 per cent of ethylenediamine [C.H 4- 
(NH2)2]. 

Preparation—Aminophylline :may be prepared by 
adding, with vigorous stirring, a weighed quantity of | 


4 
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theophylline to a volume of ethylenediamine solution 
containing about one mole equivalent of the diamine 
previously diluted with several volumes of anhydrous 
alcohol. After standing a few hours, the precipitate of 
aminophylline is filtered with suction, washed with cold 
alcohol, and dried at a low temperature. 

Description and Properties—Aminophylline occurs as white or 
slightly yellowish granules or powder, having a slight ammoniacal 


odor and a bitter taste. On exposure to air it absorbs carbon dioxide 
with liberation of free theophylline. Its solution is alkaline to litmus 


paper. One Gm. dissolves in about 5 cc. of water, but the solution 
ee become turbid on standing. It is insoluble in alcohol and in 
ether, 


Identification—The theophylline obtained by neutralizing a solu- 
tion of Aminophylline (1 in 20) with diluted hydrochloric acid re- 
sponds to the murexide test described under Caffeine, and when re- 
crystallized from hot water and dried it melts between 270° and 274°. 
Tests for Purity— 

Residue on Ignition—Not more than 0.15 per cent. 

Assay for Theophylline—Weigh accurately about- 250 mg. of 
Aminophylline, place it in a 250-cc. Erlenmeyer flask, add 50 cc. of 
water and 8 cc. of ammonia T.S., and gently warm the mixture on a 
steam bath until complete solution is effected. Add exactly 20 ce. of 
tenth-normal silver nitrate, mix, and continue to warm on the bath 
for 15 minutes to coagulate the precipitate of silver theophylline. 
Filter through a filtering crucible with suction while still warm, and 
wash the precipitate with three 10-cc. portions of water. Acidify the 
combined filtrate and washings with nitric acid, and add 3 cc. of the 
acid in excess. Cool, add 2 cc. of ferric ammonium sulfate T.S., and 
titrate the excess of silver nitrate with tenth-normal ammonium thio- 
cyanate. One cc. of tenth-normal silver nitrate corresponds to 18.02 
mg. of anhydrous theophylline [C7HgN 40g]. 

Assay for Ethylenediamine—Ethylenediamine is a strong base but it 
is loosely bound in aminophylline and behaves towards indicators 
like the free base. Therefore it is readily determined by titration 
with standard acid, using methyl red T.S. as the indicator. One cc. 
of tenth-normal acid corresponds to 3.005 mg. of CopH4(NHga)o. 
Storage—Keep Aminophylline in tight, light-resistant containers. 
Incompatibilities—Its aqueous solutions are alkaline and display the 
incompatibilities of the alkalies. Acids cause a precipitation of theo- 
phylline; even carbon dioxide of the air behaves thus. Acid-reacting 
vehicles cannot therefore be used. A capsule containing theophylline 
ethylenediamine, potassium iodide, and phenobarbital enjoys a cer- 
tain degree of popularity but is unstable unless dry ingredients are 
used and atmospheric moisture is excluded by means of an airtight 
container. A grain of light magnesium carbonate in each capsule is 
also of value in attaining stability. 


Uses—See Theophylline. 

Average Dose—Oral, 0.2 Gm. (approximately 3 
grains). Intramuscular or intravenous, 0.25 Gm. (ap- 
proximately 4 grains). 


Aminophylline Injection U. S. P. 
Injectio Aminophyllinz 


{Inj. Aminophyl.—Theophylline Ethylenediamine Injection U.S. P. 
XII, Sp. Inyeccién de Aminofilina] 


' Aminophylline Injection is a sterile solution of amino- 

phylline in water for injection. It contains an amount of 
anhydrous theophylline [C;HsN 402] equivalent to not 
less then 73 per cent and not more than 83 per cent of 
the labeled amount of aminophylline [Cie¢He4N100..- 
2H.0]. It meets the requirements of the Sterility Test 
for Liquids (page 126). For the purpose of stabilization, 
the Injection may contain added ethylenediamine 
amounting to not more than 60 mg. of C2H.4(NH2)e for 
each 1 Gm. of aminophylline. 

Sterilize Aminophylline Injection preferably by 
Process C or Process F. See Sterilization Processes 
(page 121). 

The Injection also conforms to the other require- 
ments under Injections (page 249). ; 

Stabilization—The aminophylline in this injection 
‘absorbs carbon dioxide from the air resulting in the 

_ liberation of free theophylline. The U.S. P. recognizes 
the difficulties experienced with the aminophylline 
injection and, for purposes of stabilization, permits the 
use of additional ethylenediamine to the extent of 60 
mg. for each 1 Gm. of aminophylline. However, even 
this amount may not solve the problem. 
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Since aminophylline absorbs carbon dioxide, thus 
liberating free theophylline, every precaution should 
be taken to protect this substance from undue exposure 
to air and, as far as possible, fresh stock should be 
used. In this respect it might even be advisable to 
prepare the solution directly from calculated quantities 
of theophylline and of ethylenediamine, thus entirely 
eliminating the possibility of previous absorption of 
carbon dioxide. 

It has been found helpful to ampul the solution while 
hot, seal it at once, thus producing a slight vacuum in 
the ampul, and then immediately sterilize the ampul by 
autoclaving before seed crystals can start to form. 
Some operators prefer to repeat the sterilization opera- 
tion, believing that this also helps to prevent subsequent 
precipitation. 

Identification—The presence of theophylline is ascertained by 
applying the identification test described under Aminophylline. The 
Injection is assayed for theophylline and ethylenediamine by the 
assay methods given for Aminophylline. 


Storage—Keep the Injection preferably in single-dose hermetic con- 
tainers, or in other suitable containers. 


Uses—See Theophylline. 
Average Dose—Intramuscular or Intravenous, 0.25 


. Gm. (approximately 4 grains) of Aminophylline. 


Aminophylline Tablets U. S. P. 


Tabellae Aminophyllinze 


{[Tab. Aminophyl.—Theophylline Ethylenediamine Tablets U. 8. P. 
XII, Sp. Tabletas de Aminofilina] 


Aminophylline Tablets contain an amount of an- 
hydrous theophylline [C;HgN 4.0.2] equivalent to not 
less than 73 per cent and not more than 84 per cent of 
the labeled amount of aminophylline [C,g¢H24Ni004.- 
2H.O]. 

Identification—The presence of theophylline may be ascertained by 
applying the identification test described under Aminophylline. 
Assay for Theophylline—The theophylline content of the Tablets is 


determined by the assay method described under Aminophylline. 
Storage—Keep Aminophylline Tablets in tight containers. 


Uses—See Theophylline. 
Average Dose—0.2 Gm. (approximately 3 grains) of 
Aminophylline. 


CAFFEINE, U. S. P. Caffeina 
[Caff.—1,3,7-Trimethylxanthine, Theine, Sp. Cafeina] 


Caffeine [CsHi.N 402 = 194.19] is anhydrous, or con- 
tains not more than 8 per cent of water of hydration. 

History—This alkaloid was discovered by Robiquet 
in coffee in 1821 while searching for quinine which he 
believed to be present. In 1827 Oudry found an alka- 
loid in tea and called it theine. In 1838 Jobst and 
Miilder proved the identical character of the two prin- 
ciples. : 

Dronamition = Cartene (trimethylxanthine) is obtained 
from tea and coffee, chiefly the former. It also occurs in 
some other plants, e. g., Kola and Guarana. Percent- 
ages of caffeine in various substances are as follows: in 
tea, 1 to 4.8; in kola nuts, 2.7 to 3.6; in coffee, 1 to 1.5; 
in maté, 1.25 to 2; in guarana, 3 to 5. 

Caffeine may be prepared from tea or coffee by. boiling 
with water in the presence of lime or magnesium oxide, 
which serves to precipitate the tannins and some of the 
coloring matter. After filtration, the crude caffeine 
which separates is recrystallized from hot water after 
treatment with decolorizing charcoal. The source of 
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the commercial supply is lar gely tea Ree or sweepings, 
although increasing quantities of caffeine are now ob- 
tained as a by-product in the manufacture of ‘“decaf- 
feinized coffee.”’ It is also produced by methylation of 
theobromine. 


Description and Properties—White crystalline powder or glistening 
needles, usually matted. It is odorless and has a bitter taste. Solu- 
tions of caffeine are neutral to litmus. The hydrate is efflorescent in 
air and loses all its moisture at 80°. . Caffeine when rendered anhy- 
drous by drying melts between 235° and 237.5°. One Gm. of hydrated 
caffeine dissolves in about 50 cc. water, 6 cc. of water at 80°, in 75 ce. 
of alcohol, in about 25 ce. of alcohol at 60°, in about 6 cc. of chloro- 
form, and in 600 ee. of ether. 

Being a weak base caffeine does not form stable salts, and even its 
salts of strong acids, such as the hydrochloride or hydrobr omide, are 
readily hydrolyzed by water. The solubility of caffeine in water is 
increased by the presence of organic acids or their alkali salts, e. g., 
benzoates, salicylates, cinnamates, or citrates and this is the reason 
for the official recognition of several such preparations. 

Identification—(1) The murexide reaction is characteristic of caffeine 
and other purine derivatives. It depeids on the oxidation of the 
substance to purpuric acid, the ammonium salt of which has a deep 
purple color. To about 10 mg. of caffeine, 1 ec. of hydrochloric acid 
is added, followed with about 100 mg. of potassium chlorate, and the 
mixture is evaporated in a porcelain or glass dish to dryness on a 
steam bath. The dish is then inverted over a vessel containing a few 
drops of ammonia T.S. The residue becomes purple, this color 
disappearing on the addition of sodium hydroxide T.S. or changing 
to blue on adding a fragment of KOH. (2) A saturated solution of 
Caffeine yields, with tannic acid T.S., a precipitate which is soluble in 
an excess of the reagent. (3) To 5 cc. of a saturated solution of Caf- 
feine add 5 drops of iodine T.S.: 
add 3 drops of diluted hydrochloric acid; a red-brown precipitate is 
produced, which redissolves when a slight excess of sodium hydroxide 
T.S. is added. 
Tests for Purity— 

Loss on drying at 80°-—Not more than 8 per cent of the hydrate and 
not more than 0.5 per cent of the anhydrous caffeine. 

Residue on Ignition—Not more than 0.1 per cent. 

Heavy metals limit—20 parts per million. 

Readily carbonizable substances—A solution of 500 mg. in 5 ce. of 
sulfuric acid is not darker than matching fluid D. 

Other alkaloids—No precipitate is produced by Mayer’s reagent in 
a solution of Caffeine (1 in 50). 
Storage—Preserve hydrous Caffeine in tight containers. 
Caffeine may be preserved in well-closed containers. 
Labeling—The label shall declare whether the Caffeine is anhydrous 
or hydrous. When the quantity of Caffeine is indicated in the labeling 
of any preparation of Caffeine, this shall be in terms of anhydrous 
Caffeine. 


Anhydrous 


Uses—Caffeine belongs to a group of drugs known as 
the xanthines, the other important members being 
theobromine and theophylline. All possess certain 
actions in common, but to different degrees. They 
stimulate the central nervous system, are myocardial 
stimulants, increase blood flow through the coronary 
arteries, relax the smooth muscle of bronchi, and are 
active diuretics. In the case of Caffeine, its action on 
the central nervous system is the most prominent and 
the drug is used almost exclusively as a central stimu- 
lant. For oral administration, Caffeine itself or citrated 
caffeine is employed. Caffeine and sodium benzoate is 
the preparation of choice for parenteral injection. 

Caffeine is often used in combination with analgesic 
drugs for the relief of headaches. Although not analge- 
sic in itself, it apparently potentiates the action of anal- 
gesics, presumably by affecting cerebral circulation. 

Average Dose—0.2 Gm. (approximately 3 grains). 


CAFFEINE AND SODIUM BENZOATE U. S. P. 
Caffeina et Sodii Benzoas 


Caff. et Sod. Benz.—Caffeine with Sodium Benzoate, Caffeine 
Sodio-Benzoate, Sp. Cafeina y Benzoato de Sodio] 


Caffeine and Sodium Benzoate is a mixture of caf- 
feine and sodium benzoate which contains, when dried 
at 80° to constant weight, not less than 47 per cent 
and not more than 50 per cent of anhydrous caffeine 
[CsHioN 402]; and not less than 50 per cent and not 
more than 53 per cent of sodium benzoate [C.eH;5- 
COONa]. The sum of the percentages of anhydrous 


no precipitate is produced. Now, 
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caffeine and sodium benzoate is not less than 98 and 
not more than 102. 

Preparation—It may be prepared by triturating to- 
gether equal parts of caffeine and sodium benzoate, in 
a mortar, with enough alcohol to form a smooth paste, 
drying at a moderate heat, and powdering. 


Description and Properties—A white, odorless powder with a slightly 
bitter taste. Its solution is practically neutral to litmus and is not 
reddened by phenolphthalein T.S. One Gm. dissolves in 1.2 ce. of 
water with partial precipitation of the caffeine on standing, and in 
about 30 ee. alcohol. It is partly soluble in chloroform (the caffeine). 

Identification—(1) A portion of the residue obtained in the assay 
for caffeine responds to the murexide reaction described under Caf- 
feine, and another portion when recrystallized from hot water melts 
between 135° and 137.5°. (2) Caffeine and Sodium Benzoate yields 
the reactions for benzoate. 

Tests for Purity— 

Loss on drying at 80°—Not more than 3 per cent. 

Chlorinated compounds—It conforms to the limit for chlorinated 
compounds as given under Sodiwm Benzoate, using about 1.5 Gm, of 
the drug for the test. 

Heavy metals limit—20 parts per million. 

Readily car bonizable substances—A solution of 500 mg in 5 ce. of 
sulfuric acid is not darker than matching fluid A (page 1059). 

Assay for Caffeine—About 1 Gm. of the dried material, accurately 
weighed, is dissolved in about 10 cc. of water and dilute sodium 
hydroxide added until the solution is just alkaline to phenolphthalein 
T.S.. The addition of excess alkali converts any free benzoie acid 
which is soluble in chloroform to chloroform-insoluble sodium benzo- 
ate, and this prevents extraction of the acid with the caffeine. The 
caffeine is then extracted in the usual manner with chloroform, leay- 
ing the sodium benzoate completely in the water layer. The chloro- 
form extracts are evaporated almost to dryness, 2 cc. aleohol added 
to help expel the last traces of chloroform, and the residue dried at 
80° and weighed. 

Assay for Sodium Benzoate—The water layer containing the sodium 
benzoate is assayed as described under Sodiwm Benzoate (page 529), 
using tenth-normal acid. One cc. of tenth-normal acid corresponds 
to 14.41 mg. of sodium benzoate. 

Storage—Keep Caffeine and Sodium Benzoate in well-closed con- 
tainers. 

Incompatibilities—Thus the addition of acid causes a precipitation of 
benzoic acid and, usually caffeine. Ferric chloride produces a salmon- 
colored precipitate of ferric benzoate. 


Uses—See Caffeine. 


Average Dose—Oral or intramuscular, 0.5 Gil (ap- 
prox. 71% grains). 


Caffeine and Sodium Benzoate Injection U. S. P. 


Injectio Caffeine et Sodii Benzoatis 


[Inj. Caff. et Sod. Benz.—Sp. ee de Cafeina y de Benzoato de 
odio 


Caffeine and Sodium Benzoate Injection is a sterile 
solution of caffeine and sodium benzoate in water for 
injection. It contains an amount of anhydrous caffeine 
[CsHioN 402] equivalent to not less than 45 per cent 
and not more than 52 per cent, and an amount of so- 
dium benzoate [CgH;COONa] equivalent to not less 
than 47.5 per cent and not more than 55.5 per cent of 
the labeled amount of caffeine and sodium benzoate, 
including all tolerances. It meets the requirements of 
the Sterility Test for Liquids (page 126). 

Sterilize Caffeine and Sodium Benzoate Injection 
preferably by Process C or Process F. See Sterilization 
Processes (page 121). 


The Injection also conforms to the other requirements 


under Injections (page 249). 5 


Identification—The presence of caffeine and of benzoate may be 


‘ascertained by applying the identification tests described under the 


preceding monograph. 

Assay for Caffeine and Sodium Beusoatese These are determined as 
described in the respective assays under. Caffeine and Sodium Benzo- 
ate. 

Storage—Keep OGutene and Sodianwt Benzoate Injection preferably 
in single-dose, hermetic containers, or in other suitable containers. 


Uses—See Caffeine. 


Average Dose—Intramuscular, 0.5 Gm. ‘(approxi- 
mately 71% grains) of Caffeine and Sodium Benzoate, 
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Caffeine and Sodium Benzoate Tablets N. F. 


Tabelle Caffeinz et Sodii Benzoatis 


[Tab. Caff. et Sod. Benz.—Sp. ‘eiegel de Cafeina y de Benzoato de 
odio] 


Caffeine and Sodium Benzoate Tablets yield an 
amount of anhydrous caffeine [CgsHi0N 402] correspond- 
ing to not less than 43.5 per cent and not more than 53.5 
per cent of the labeled amount of Caffeine and Sodium 
Benzoate. 


_ Identification—The presence of Caffeine and of Benzoate in the Tab- 
lets may be ascertained by applying to a filtered solution of the Tab- 
let the Identification tests described under Caffeine and Sodium Benzo- 
ate. 4 


Assay for Caffeine—The caffeine content of the Tablets is determined 
as described under Caffeine and Sodium Benzoate. 


Uses—See Caffeine. 


Average Dose—0.3 Gm. (approximately 5 grains) of 
Caffeine and Sodium Benzoate. 


CAFFEINE AND SODIUM SALICYLATE N. F. 


Caffeina et Sodii Salicylas 
[Caff. et Sod. Salicyl.—Sp. Cafeina y Salicilato de Sodio] 


Caffeine and Sodium Salicylate, when dried to con- 
stant weight at 80°, contains between 48 and 52 per 
cent of anhydrous caffeine [CsHi.N 402] and between 
48 and 52 per cent of Sodium Salicylate [C.gH .(OH)- 
COONa]. 


Metric Alternative 

Caffeine, dried to constant weight at 80° C. 50Gm. 2 oz. av. 

PICTUS ALEC VIALO Sooo ots tes ee faite eb apeteie cs 50 Gm. 2 oz. av. 
Alcohol, a sufficient quantity, 

PGI SO PUR Care eee sterile Saige eases iyluaus a seed» 100 Gm. 4 oz. av. 


Triturate the caffeine with the sodium salicylate and this mix- 
ture with a sufficient quantity of alcohol to produce a smooth 
paste. Dry the paste by exposure to the air in a moderately warm 
place. Reduce the dry mass to a powder. 


Description and Properties—A white or faintly pink, odorless powder: 
One Gm. dissolves in about 2 cc. of water and in about 50 cc. alcohol: 
The solution is practically neutral to litmus paper. 
Identification—(1) The residue obtained in the assay for caffeine 
responds to the Identification tests described under Caffeine and So- 
dium Benzoate. (2) The drug also responds to the tests for salicylate. 
Assay for Caffeine—lIt is assayed for caffeine content as described 
under Caffeine and Sodium Benzoate. 
Assay for Sodium Salicylate—The water solution from the assay for 
caffeine containing the sodium salicylate is transferred completely to 
a 100-cc. volumetric flask, diluted with water to exactly 100 cc., and 
mixed well. A suitable aliquot of the solution is placed in a 500-cc. 
long-necked flask (to prevent escape of bromine) or in an iodine flask 
and a measured excess of tenth-normal bromine is added, followed 
with 10 cc. of hydrochloric acid. The flask is immediately stoppered, 
gently shaken, and allowed to stand for 30 minutes. The bromine 
set free by the hydrochloric acid and the salicylic acid react according 
to the following equation: 


CeHa(OH)COOH + 3Bre — BrsCgH(OH)COOH + 3HBr 


salicylic acid bromine tribromosalicylic acid hydrogen 
; bromide 


The excess of bromine is determined by adding potassium iodide to 
the solution and determining the liberated iodine by titration with 
tenth-normal thiosulfate. Each cc. of tenth-normal bromine corre- 
sponds to 2.667 mg. of sodium salicylate. 

Storage—Keep Caffeine and Sodium Salicylate in tight containers. 
Incompatibilities— Acids cause a precipitation of salicylic acid and 
caffeine from an aqueous solution of this product. It also possesses 
the incompatibilities of the salicylates. 


Uses—See Caffeine. 
_ Average Dose—0.2 Gm. (approximately 3 grains). 


One average metric dose contains about 0.1 Gm. each of Caffeine and of 
- £odium Salicylate. 
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CITRATED CAFFINE U. S. P. 
[Caff. Cit.—Sp. Cafeina Citratada] 


Caffeina Citrata 


Citrated Caffeine is a mixture of caffeine and citric 
acid containing, when dried to constant weight at 80°, 
not less than 48 per cent and not more than 52 per cent 
of anhydrous caffeine [CgHioN 402], and not less than 
48 per cent and not more than 52 per cent of anhydrous 
citric acid [H3C.H;O,]. The sum of the percentages of 
anhydrous caffeine and anhydrous citric acid is not less 
than 98.5 and not more than 101. 

Preparation—The formula of the U.S.P. IX is as 
follows: 


Metric Alternative 
Caffcinewerrertewictae.: Aes ate Geet cach ene 50 Gm 1 oz. av. 
CACREGSA CLG eee ei NTE ee reo aces Pica het arrs 50 Gm 1 oz. av. 
Distulle deWaterwhoteremr twit. jotaoseek. as 100 cc PRUE CYA, 


Dissolve the citric acid in the hot distilled water, add the caf- 
feine, and evaporate the resulting solution to dryness on a water 
bath, constantly stirring towards the end of the operation. Re- 
duce the product to a fine powder and transfer it to well-closed 
containers. It is, however, usually prepared by mixing equal 
preven of finely powdered anhydrous caffeine and anhydrous 
citric acid. 


Description and Properties—White odorless powder having a slightly 
bitter, acid taste, and an acid reaction. One Gm. dissolves in 4 cc. 
warm water, the caffeine gradually precipitating on diluting the solu- 
tion with an equal volume of water but redissolving on further dilu- 
tion with sufficient water. 

Identification—(1) It gives the murexide reaction described under 
Caffeine. (2) The residue obtained in the assay for caffeine after 
recrystallization from hot water melts between 235° and 237.5°. 
(3) Citrated Caffeine also yields the reactions for citric acid. (4) A 
white precipitate is produced when 1 cc. mercuric sulfate T.S. is 
heated with 5 ce. of a 1 in 100 solution of Citrated Caffeine and 1 cc. 
of potassium permanganate is added. 

Tests for Purity— 

Loss on drying at 80° C.—Not more than 5 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Heavy metals limat—Not more than 15 parts per million. 

Readily carbonizable substances—Heat 250 mg. with 5 cc. sulfuric 
acid, in a porcelain dish, protected from dust, on a water bath. The 
color should not be darker than matching fluid K. 

Note—This test was originally intended for tartaric acid which 
until about a decade ago was cheaper than citric acid, but now the 
oumer acid is more expensive than the latter, and the test is super- 

uous. 
Assay for Caffeine—A weighed portion of about 1 Gm. of Citrated 
Caffeine is dissolved in 10 ce. of water. The solution is made alkaline 
with sodium hydroxide T.S., the caffeine is extracted with chloroform, 
and the assay is continued as described under Caffeine and Sodium 
Benzoate. 
Assay for Citric Acid—The citric acid is determined alkalimetrically 
by titration with standard alkali, using phenolphthalein T.S. as the 
indicator. Each ce. of tenth-normal sodium hydroxide is equivalent 
to 6.404 mg. of citric acid [H3CgH50 4]. 
Storage—Keep Citrated Caffeine in tight containers. 


Uses—See Caffeine. 
Average Dose—0.3 Gm. (approximately 5 grains). 


Citrated Caffeine Tablets N. F. 


Tabelle Caffeinz Citrate 
[Tab. Caff. Cit— Sp. Tabletas de Cafeina Citratada] 


Citrated Caffeine Tablets yield an amount of an- 
hydrous caffeine [CgH1oN 402] corresponding to not less 
than 45 per cent and not more than 55 per cent of the 
labeled amount of citrated caffeine. 


Identification—The presence of Caffeine may be ascertained by 
applying the murexide reaction to the residue obtained in the assay 
for Caffeine, and the melting temperature of 235° to 237.5° of a por- 
tion of the residue after recrystallization from hot water. A filtered 
solution of the tablets responds to the test for citrate. 

Assay for Caffeine—The caffeine content is determined on the filtered 
solution of an aliquot of powdered tablets by the method outlined 
under C%trated Caffeine. 

Storage—Keep the Tablets in tight containers. 


Uses—See Caffeine. 
Average Dose—0.3 Gm. (approximately 5 grains) of 
Citrated Caffeine. 
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KOLA N. F. Kola 
{Cola, Kolanuts—Sp. Nuez de Kola] 


Kola is the dried cotyledon of Cola nitida (Ventenat) 
Schott and Endlicher, or of other species of Cola (Fam. 
Sterculiacezx). 

Kola yields not less than 1 per cent of anhydrous 
caffeine [CgH10N 40g]. 


Description and Properties— 

Unground Kola—Unground Kola occurs as irregularly plano-con- 
vex or somewhat globular cotyledons from 2.5 to 5 em. in length; 
heavy, hard, and tough. The cotyledons are reddish black to light 
brown, smooth or somewhat wrinkled, the edges being slightly in- 
curved and sharp. 

Powdered Kola is light brown to moderate yellowish brown, odor- 
less, and has a mildly astringent taste. It shows numerous starch 
grains which are characteristic. 
Tests for Purity— 

Foreign organic matter—Not more than 1 per cent. 

Acid-insoluble ash—Not more than 0.5 per cent. 

Assay—Place 12 gm. of powdered Kola in a flask, add 120 cc. of 
chloroform, allow to stand about 5 minutes, and then add 6 ce. of 
ammonia water and 6 cc. of water. Shake continuously for 1 hour or 
intermittently during 2 hours, and allow to stand overnight. Shake 
intermittently during 30 minutes, separate 100 cc. of the clear chloro- 
form solution, representing 10 gm. of Kola, and evaporate the chloro- 


‘ 
= 


form. Warm the residue with 10 cc. of sulfuric acid (1 in 100) to dis- - 


solve the caffeine, filter the cooled‘solution into a separator, and wash 
the dish and filter with small portions of water until no test for alka- 
loid is obtained with iodine T.S. Make the combined filtrates alka- 
line with ammonia T.S., and again extract the alkaloid completely 
with chloroform. Evaporate the combined chloroform solutions 
nearly to dryness, add about 1 cc. of alcohol, continue evaporation 
to dryness, and dry the residue of caffeine to constant weight at 80°. 


Uses—Kola is useful as a central nervous system 
stimulant by virtue of its caffeine content. It is seldom 
employed, preference being given to pure alkaloidal 
salts. 


Average Dose—4 Gm. (approximately 60 grains). 


THEOBROMINE Theobromina 


Theobromine [C;HgN 40g] is 3,7-dimethylxanthine and 
is isomeric with theophylline (page 846). It is derived 
from cacao beans in which it is present to the extent of 
1 to 3 per cent. It is also present in small proportions 
in Kola nuts and in tea. 


Preparation—Theobromine as such is said to be 
absent in the unfermented seeds, but develops in the 
curing process through the splitting up of a glycoside. 
It is usually obtained from the cacao bean residues re- 
maining after the extraction of the fat which is used in 
the manufacture of chocolate. The residue is first 
allowed to ferment, then boiled with water and lime; 
the latter dissolves Theobromine, but forms insoluble 
salts with any remaining fat and precipitates acids as 
well as some other principles. After filtration the solu- 
tion is acidified with hydrochloric acid. The theobro- 
mine gradually precipitates and is purified by dissolv- 
ing with the aid of lime and reprecipitating with acid. 
It is sometimes expedient to remove some of the im- 
purities in the crude theobromine by extraction with 
alcohol. 


Description and Properties—Theobromine is a white, odorless, bitter 
crystalline powder, subliming at 290° to 295° without melting. It is 
an even weaker base then caffeine, and its salts are decomposed by 
water. Unlike caffeine, however, it forms soluble compounds with 
the fixed alkali and alkaline earth hydroxides. The compounds so 


formed are, however, loosely combined and the alkali in them acts as - 


if it were in the free state. One Gm. of theobromine dissolves in about 
2000 cc. of water, 150 ce. boiling water, 2220 cc. alcohol, or in 105 ce. 
of chloroform. It is readily soluble in solutions of the fixed alkali 
hydroxide, also in concentrated acids; moderately soluble in ammonia 
water. It yields the murexide reaction described under Caffeine. 


Uses—See Theobromine and Sodium Salicylate. 
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THEOBROMINE AND SODIUM ACETATE U. S. P. 


Theobromina et Sodii Acetas 
[Theobrom. et Sod. Acet.—Sp. Teobromina y Acetato de Sodio] 


Theobromine and Sodium Acetate is a hydrated 
mixture. of. theobromine sodium. [C;,H;NyO2Na] and 
sodium acetate [CH3;COONa] in approximately molec- 
ular proportions. It yields not less than 55 per cent 
and not more than 65 per cent of theobromine [C,;H¢- 
N Og]. 

Preparation—A quantity of sodium hydroxide equiv- 
alent in NaOH content to the quantity of theobromine 
to be used is dissolved in alcohol and the theobromine 
is then dissolved in this solution. An equivalent amount 
of sodium acetate is added and the mixture evaporated 
on a steam bath with frequent stirring. The dry resi- 
due is then quickly powdered and put into tight con- 
tainers. 


Description and Properties—A white practically odorless, bitter, 
crystalline powder. It is somewhat hygroscopic. On exposure to 
air, the powder or its solution gradually absorbs carbon dioxide with 
liberation of theobromine. It is alkaline to phenolphthalein T.S. 
Weak acids will precipitate the theobromine from its aqueous solution. 
one cam dissolves in about 1.5 cc. of water. It is slightly soluble in 
alcohol. 

Identification—(1) The residue obtained in the assay for theobro- 
mine responds to the murexide reaction described under Caffeine. 
(2) The filtrate of a solution neutralized with diluted sulfuric acid re- 
sponds to the test for acetate. 

Tests for Purity— 

Alkalinity—(Representing the alkali combined with the theobro- 
mine.) Equivalent to not more than 3.6 ec. of normal hydrochloric 
using phenolphthalein T.S. as the indicator for the titration. 

Color and completeness of soluttion—A freshly prepared solution in 
COo-free water is colorless, or practically so, and clear or not more 
than opalescent. 

Caffeine—Not more than 0.5 per cent. It is determined by ex- 
tracting a solution of 1 Gm. of the compound, to which a few drops 
of sodium hydroxide T.S. have been added, with 10 ec. of chloroform. 
Theobromine is not-extracted with chloroform from sodium hydroxide, 
while caffeine is. The chloroform extract is evaporated, the residue 
dried at 80° for 1 hour, and weighed. 

Assay—An accurately weighed quantity of 2 to 2.2 Gm. of Theobro- 
mine and Sodium Acetate is dissolved in 10 cc. of water, 2 drops 
phenolphthalein T.S. added and normal hydrochloric acid added 
until the pink color of the solution is just discharged. The theo- 
bromine held in solution by the alkali is thereby precipitated. After 
standing 3 hours at 20° to 25°, the precipitate is filtered off, washed 
with 4 portions of 5 ec. each ice-cold water to minimize the amount of 
theobromine dissolved, and dried at 100°. To the weight so obtained 
15 mg. is added to compensate for the solubility of the theobromine in 
the volume of water used in the test. 

Storage—Keep Theobromine and Sodium Acetate in tight, light- 
resistant containers. 

Incompatibilities—Its aqueous solutions are alkaline and display the 
incompatibilities of the alkalies. Acids, including carbon dioxide 
from the air, liberate the theophylline. Liquids having an acid reac- 
tion are therefore not suitable as vehicles. 


Uses—Theobromine and Sodium Acetate is used for 
the same purposes and in approximately the same dos- 
age as Theobromine with Sodium Salicylate. 

Average Dose—0.5 Gm. (approximately 71/4 grains). 


Theobromine and Sodium Acetate Capsules U. S. P. 
Capsule Theobromine et Sodii Acetatis 


[Cap. Theobrom. et Sod. Acet.—Sp. Capsul4s de Teobromina y 
Acetato de Sodio] : 


Theobromine and Sodium Acetate Capsules contain 
an amount of theobromine [C;HgN ,02] equivalent to 
not less than 53 per cent and not more than 67 per cent 
of the labeled amount of theobromine and sodium ace- 
tate. : 


Identification—The presence of theobromine and of acetate may be 
ascertained by applying to the contents of the capsules the respective 
reactions described under the preceding monograph. 

Assay—The contents of a counted number of the capsules are dis- 
solved in water containing some sodium hydroxide T.S. and the solu- 
tion made up to an exact volume with water. The theobromine is 
then determined in a 10-cce. filtered aliquot equivalent to 2 Gm. of 
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theobromine and sodium acetate as described under Theobromine 
and Sodium Acetate. 
Storage—Keep the Capsules in well closed containers. 


Uses—See Theobromine and Sodium Acetate. 
Average Dose—0.5 Gm. (approximately 71% grains) 
of Theobromine and Sodium Acetate. 


THEOBROMINE AND SODIUM SALICYLATE N. F. 
Theobromina et Sodii Salicylas 


[Theobrom. et Sod. Salicyl—Theobromine Sodio-Salicylate, Sp. 
Teobromina y Salicilato de Sodio] 


Theobromine and Sodium Salicylate is a mixture of 
theobromine sodium [C;H;,N,402Na] and sodium sali- 
eylate [NaC7H5;Osg] in approximately molecular propor- 
tions. It yields, when dried to constant weight at 110°, 
not less than 46.5 per cent of theobromine [C;HgN 402} 
and not less than 35 per cent of salicylic acid [HC,H ;Os]. 

Preparation—This preparation, known as diuretin, is 
made in the same manner as theobromine and sodium 
acetate, but replacing the sodium acetate with the 
equivalent of sodium salicylate. 


Description and Properties—Theobromine and Sodium Salicylate is 
a white powder, having a sweetish salty and somewhat alkaline taste. 
It is odorless or has a slight peculiar (ozone-like) odor. On exposure 
to air it absorbs COg and becomes incompletely soluble in water. Its 
solution is alkaline. One Gm. dissolves in about 1 cc. of water. It 
is slightly soluble in alcohol. 

Identification—(1) The residue obtained from the assay for theo- 
bromine corresponds to the mureaxide reaction described under Caf- 
feine. (2) Al per cent aqueous solution slightly acidified with acetic 
acid responds to the ferric chloride reaction for salicylates. 

Tests for Purity— 

Loss on drying—Not more than 10 per cent. 

Color and completeness of solution—Same as for Theobromine and 
Sodium Acetate. 

Limit for Caffeine—Same as for Theobromine and Sodium Acetate, 

Alkalinity— Equivalent to not more than 2.75 ec. of normal hydro- 
chloric acid per Gm. of the dried product (see under Theobromine and 
Sodium Acetate). 

Assay for theobromine—The theobromine content of the preparation 
is determined as in Theobromine and Sodium Acetate, using 2 to 2.2 
Gm. of the dried material. 

Assay for salicylic acid—The filtrate and washings containing the 
sodium salicylate obtained in the assay for theobromine is made up 
to an exact volume with water and an aliquot extracted with chloro- 
form after acidification with diluted sulfuric acid to liberate the sali- 
eylic acid. The chloroform extract is evaporated at about 40° to 
about 5 cc., 25 cc. neutralized alcohol added, and the solution titrated 
with tenth-normal sodium hydroxide using phenolphthalein T.S. as 
the indicator. Each cc. of tenth-normal sodium hydroxide is equiva- 
lent to 13.81 mg. of salicylic acid. 

Storage—Keep Theobromine and Sodium Salicylate in tight, light- 
resistant containers. . 
Incompatibilities—Its aqueous solutions are alkaline and have the in- 
compatibilities of the alkalies. Acids cause a precipitation of theo- 
bromine and salicylic acid. Difficulties have sometimes occurred be- 
cause of attempts to use acidic liquids such as fruit syrups as vehicles 
for this product. The vitamin elixirs, and many tinctures and 
fluidextracts are incompatible with it for this same reason. Even 
carbon dioxide from the air causes its decomposition with the separa- 
tion of theobromine. Alkali carbonates, bicarbonates, sodium borate, 
sodium phosphate, and many metallic salts cause a precipitation. A 
violet or red color is produced with ferric chloride. Salts of silver and 
mercury are reduced. 


Uses—Theobromine is a xanthine derivative and 
possesses actions common to this group of drugs (see 
Caffeine). Its action on the central nervous system 
is minimal, however, and thus it can be used for its 
other effects without the attending side-action of central 
stimulation. Theobromine is extensively employed as 
a diuretic, its action on the kidney being more lasting 
than the other xanthines. It acts by inhibiting reab- 
sorption in the renal tubules. It is practically devoid 
of toxicity and thus can be employed on occasions when 
the more toxic diuretics are contraindicated, as, for 
example, when renal function is poor. The diuretic 
a of theobromine is 1.0 Gm. given orally, 3 to 5 times 

aily. 
~ Theobromine salts are also employed to some extent 


_ for their action on the coronary arteries. The xanthines _ 


851 


increase coronary blood flow and for this reason are used 
in the treatment of angina pectoris to reduce the num- 
ber and severity of anginal attacks. Their value in this 
condition is a controversial subject. If theobromine 
salts are employed, they are administered orally in the 
dose of 0.6 Gm. 3 times daily. Xanthine preparations 
are apt to cause gastric irritation and are best given 
during meals. The salts are less irritating than the 
alkaloidal bases. 
Average Dose—1! Gm. (approximately 15 grains). 


One average dose contains about 0.47 Gm. of theobromine and about 0.42 
Gm. of sodium salicylate. 


THEOPHYLLINE U. S. P. Theophyllina 
[Theophyll.—Sp. Teofilina] 


Theophylline [C;,HgN.O2.H20 = 198.18] is 
dimethylxanthine and is isomeric with theobromine. 

Preparation—Theophylline is present in tea but in 
too small an amount to make it an economical source. 
It has been made from caffeine, but is more successfully 
produced by “total synthesis.”’ In one of these proc- 
esses cyano-acetyl-dimethylurea is produced by the 
condensation of dimethylurea with cyanoacetic acid in 
the presence of phosphorus oxychloride. Treatment 
with sodium hydroxide and following with acetic acid 
yields  1,3-dimethyl-4-amino - 2,6 - dioxypyrimidine. 
Upon reduction of the oximino derivative of the latter, 
the 4,5-diamino compound is formed, and when this is 
condensed with formic acid and the resulting product 
heated theophylline is formed. 
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Description and Properties—A. -white, odorless, crystalline powder 
having a bitter taste. It melts between 270° and 274°, and its satu- 
rated aqueous solution is neutral or slightly acid to litmus paper. 
Theophylline is weaker as a base than caffeine or theobromine and 
scarcely forms salts even with the strong acids, but is more “‘acidic’’ 
than these and readily dissolves in ammonia water. Theophylline 
gives the murexide reaction described under Caffeine. It is differenti- 
ated from caffeine, theobromine, and xanthine by its complete solu- 
bility in ammonia T-.S. or in potassium hydroxide T.S8., using for the 
test 200 mg. of theophylline and 5 ee. of the alkali solutions. 
Tests for Purity— 

Acid—Equivalent to not more than 1 cc. of fiftieth-normal sodium 
hydroxide per Gm., using methyl red T.S. as the indicator. 

Loss on drying—Not more than 9.5 per cent. 

Residue on ignition—N ot more than 0.15 per cent. 

Readily carbonizable substances—A solution of 200 mg. of Theo- 
ares in 5 ce. of sulfuric acid has no more color than matching 

ul : 

Storage—Keep Theophylline in well-closed containers. 


Uses—Theophylline is the most versatile of the xan- 
thine alkaloids and is employed more widely than any 
other member of the group. It is an effective diuretic, 
having a more powerful but somewhat less sustained 
action than theobromine. As a diuretic it is used in the 
treatment of cardiac and nephrotic edema. The 
diuretic dose of Theophylline itself is 0.25 Gm. 3 to 5 
times daily, taken orally. The dose of its various salts 
is 0.5 Gm. 3 to 5 times daily. 

Theophylline is used in the treatment of angina pec- 
toris, but the same limitations apply for this drug as for 
theobromine. The average dose of the theophylline 
salts is 0.25 Gm. 3 times daily. 

Theophylline is more effective than any other xan- 
thine in relaxing bronchial muscle. It is of special 
value in cases of status asthmaticus that are resistant 
to epinephrine. The particular preparation employed 
is theophylline ethylenediamine. It is given by slow 
intravenous injection in the dose of 0.25 to 0.50 Gm. 
Theophylline salts are also effective in the prophylaxis 
of asthma. For this purpose, they are given orally in 
the dose of 0.25 Gm. 3 times daily. 

The cardiac actions of Theophylline are of value in 
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the treatment of paroxysmal nocturnal dyspnea result- 
ing from left ventricular failure. In this instance 
stimulation of the myocardium and relaxation of bron- 
chial muscles contribute to the symptomatic relief. 
Theophylline ethylenediamine is used for this purpose. 
It is given by intramuscular or intravenous injection 
in the dose of 0.25 to 0.50 Gm. The central actions of 
Theophylline are of value in the treatment of Cheyne- 
Stokes respiration, this type of periodic respiration 
being immediately relieved by the injection of theo- 
phylline ethylenediamine. 
Average Dose—0.2 Gm. (approximately 3 grains). 


THEOPHYLLINE TABLETS U.S. P: 
Tabella Theophylline 


[Tab. Theophyll.—Sp. Tabletas de Teofilina] 


Theophylline Tablets contain not less than 94 per 
cent and not more than 106 per cent of the labeled 
amount of theophylline (C;HgN 4O2.H.20). 


Identification—The presence of theophylline may be ascertained 
as follows: A suitable quantity of the powdered Tablets is first ex- 
tracted with petroleum benzin to remove lubricating agents, ete. 
The powder is then triturated with diluted ammonia to dissolve the 
theophylline, and filtered. Upon evaporation of the filtrate to a small 
volume and neutralization with acetic acid if necessary, a crystalline 
precipitate separates after cooling which responds to the murexide 
reaction described under Caffeine, and after washing and drying 
melts between 270° and 274°. 

Assay for theophylline The theophylline is extracted from a weighed 
portion of the powdered Tablets with ammonia T.S., washed, and 
filtered. A measured excess of tenth-normal silver nitrate is added 
to the filtrate. The silver salt of theophylline which is insoluble 
in ammonia precipitates. The precipitate is filtered off, washed with 
water, and the excess silver nitrate in the filtrate and washings, after 
acidification with nitric acid, is determined by titration with tenth- 
normal ammonium thiocyanate, using ferric alum as the indicator, 
Each ce. of tenth-normal silver nitrate corresponds to 19.82 mg. of 
CyiHgN409.H2O. (See the Assay for Theophylline under Amino- 
phylline.) 

Storage—Keep the Tablets in well-closed containers. 


Uses—See Theophylline. 
Average Dose—0.2 Gm. (approximately 3 grains) of 
Theophylline. 


THEOPHYLLINE AND SODIUM ACETATE U. S. P. 
Theophyllina et Sodii Acetas 


Theophyll. et Sod. Acet.—Theophylline with Sodium Acetate, Sp. 


Teofilina y Acetato de Sodio 


Theophylline and Sodium Acetate is a hydrated mix- 
ture of theophylline sodium [C,H,N ,02Na] and sodium 
acetate [CHsCOONa] in approximately molecular pro- 
portions. It yields not less than 55 per cent and not 


more than 65 per cent of anhydrous theophylline 
[C;HgN 40g]. 

Preparation—It may be prepared as described for 
Theobromine and Sodium Acetate, using theophylline 
instead of theobromine. 


Description and Properties—A white, odorless, crystalline powder 
having a bitter, salty taste. It absor bs COg from the air and liber- 
ates free theophylline. Its solution is alkaline to phenolphthalein 
T.S. One Gm. dissolves in 25 cc. of water. It is insoluble in the 
usual organic solvents. 

Identification—(1) The precipitate of theophylline, produced by 
neutralizing an aqueous solution of the compound with diluted acetic 
acid, gives the murexide reaction, and when washed and dried, it 
melts between 270° and 274°. (2) On gently boiling about 100 mg. of 
the compound with 2 cc. of 70 per cent alcohol and a few drops of 
sulfuric acid, the odor of ethyl acetate is evolved. 

Tests for Purity— 

Caffeine—The residue obtained by extracting a solution of 500 mg. 
in 15 ce. of water and 10 cc. of sodium hydroxide with 10 ce. of chloro- 
ee and evaporating to dryness corresponds to not more than 0.5 per 
cent. 


ALKALOIDS AND ALKALOIDAL DRUGS 


Assay for theophylline—It is assayed for theophylline according to 
the method given under Aminophylline. 

Storage—Keep Theophylline and Sodium Acetate in tight, light-resist- 
ant containers. 


Uses—See Theophylline. 
Average Dose—0.2 Gm. (approximately 3 grains). 


Theophylline and Sodium Acetate Tablets U. S. P. 


Tabelle Theophylline et Sodii Acetatis 


[Tab. Theophyll. et Sod. Acet.—Sp. Tabletas de Teofilina y Acetato 
de Sodio] 


Theophylline and Sodium Acetate Tablets contain an 
amount of anhydrous theophylline [C;HgN 402] cor- 
responding to not less than 53 per cent and not more 
than 67 per cent of the labeled amount of theophylline 
and sodium acetate. 


Identification—The presence of theophylline may be ascertained 
by applying Identification test (1) under the preceding monograph 
to the precipitate obtained by neutralizing a filtered solution of the 
powdered Tablets. To insure extraction of the theobromine the solu- 
tion is prepared with water containing some ammonia. 

Assay for theophylline—The theophylline content of the Tablets is 
determined as outlined under Theophylline Tablets. 
Storage—Keep the Tablets in tight containers. 


Uses—See Theophylline. 
Average Dose—0.2 Gm. (approximately 3 grains) of 
Theophylline and Sodium Acetate. 


Unofficial Alkaloids Stimulating the Central Nervous System 


Brucine [CogHagNe04.4H2O]—An alkaloid of Nux Vomica. It 
differs from strychnine in that it contains 2 methoxy groups. The 
alkaloid occurs as colorless crystals or as a white, crystalline pow- 
der, losing its water of crystallization at 100°. When anhydrous 
it melts at about 178° and has a specific rotation of —119° 
to —127° in alchol. Brucine is more soluble in water than 
strychnine. One part is soluble in 320 parts of water; it is freely 
soluble in alcohol or chloroform. It gives the color reactions de- 
scribed under Brucine Sulfate. Uses: Until about 2 decades ago 
brucine was a useless by-product and a nuisance in the manufac- 
ture of strychnine. Since that time, however, it has been in con- 
siderable demand as a denaturant for alcohol and imported inedible 
vegetable oils. It is used as a reagent for nitrate and for resolving 
the optical isomerides of some organic acids. 

Coffea Tosta N. F. V, Coffee, Roasted Coffee—Dried ripe seed of 
Coffea arabica Linné or Coffea liberica Bulliard (Fam. Rubiacez), 
deprived of most of seed coat and roasted until dark brown color 
and characteristic aroma are developed. It contains from 1 to 3 
per cent of caffeine. It also contains tannic acid, and caffeic and 
quinic acids. Uses: chiefly for its flavor and stimulating effects. 

Ethyl-oxy-Caffeine—Called also Ethoxycaffeine. Uses: given in 
migraine. Dose: 0.38 to 0.5 Gm. 

Guarana’N. F. VII—A dried paste consisting chiefly of the crushed 
seed of Paullinia Cupana Kunth (Fam. Sapindacez). It contains 
caffeine of the extent of 3 to 5 per cent and 25 per cent tannin, 
with resin, mucilage, starch, volatile oil, saponin, etc. Uses: 
formerly as a nerve stimulant because of its caffeine content. 
Dose: 2 to 4 Gm. 

Guaranine—From Paullinia Cupana. Identical with caffeine. 

Ignatia N. F. V, Ignatia Bean, Saint Ignatius Bean)—The dried ripe 
seed of Strychnos Ignatii Bergius (Fam. Loganiacee). It contains 
about 2 ver cent of alkaloids. Constituents are similar to those of 


nux vomica. Uses: similar to nux vomica. Dose: (0.06 Gm.). 
Strychnine Acetate [Ce;HeeaNe02.CeH402]—White, crystalline 
powder. Violent poison!, Soluble in 20 water; soluble in alcohol. 


Strychnine Bisulfate [Co3H2eeaNe02.H2804.2H 20]—White needles. 
Violent poison! Soluble in water; less soluble in dilute HeSO4. 
Strychnine Citrate [Co:HeeN202.CgHg07]— White crystals. Vio- 

lent poison! Soluble in water or alcohol. 

Strychnine Glycerophosphate [Co13H92eN202)2.C3H5(OH) gPO4He.- 
6H20}]—White crystals or crystalline powder. Violent poison! 
One Gm. dissolves in about 350 cc. water, about 310 cc. alcohol; — 
slightly soluble in chloroform, very slightly in ether. Uses and 
Dose—as for the sulfate. $ F 

Strychnine Hydriodide [Co3H2g2eN202.HI.H20]—White to slightly 
yellow leaflets. Violent poison! Slightly soluble in water; freely 
soluble in alcohol. 


Strychnine Hydrobromide [Co1H22N 20g. HBr. H20]—Colorless 
crystals or white powder. Violent poison! Soluble in about 50 
water; slightly soluble in alcohol. The solution is almost neutral. 


Uses: as for the sulfate. 

Strychnine Hydrochloride [Coi;HeeNe2Oe. “HCl. 2H 20]|—Colorless 
crystals or white powder. Violent poison! One Gm. dissolves 
in about 40 ce. water, about 80 cc. aleohol; insoluble in ether. The 
solution is almost neutral. Uses and Dose: as for the sulfate. — 

Strychnine Hypophosphite [Co:He2Ne02.H3gPO022H20]—White 
crystals or powder. Violent poison! Freely soluble in water, 
slightly in alcohol. Use and Dose: as for the sulfate. 


Dose: 2to6mg 
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Strychnine Methyliodide [Co,H2g2gNe.O2CHgl; mol. wt. 476.13]— 
Strychnine, 70.19 per cent; iodine, 26.66 per cent; methyl iodide, 
29.5 per cent. 

White, lustrous crystals. Violent poison! Slightly soluble in 
water or ether; soluble in alcohol. Protect from light. 

Theine—The most important principle in tea is the substance dis- 
covered by Oudry and by him called theine, but which is now known 
to be identical with caffeine (see Caffiene). 


Specialties Containing Central Nervous System Stimulant Alkaloids 


; Note— Unless otherwise specified the following specialties are prin- 
cipally used as central nervous system stimulants to produce the effects 
of diuresis, myocardial stimulation, and coronary vasodilation. A 
barbiturate is often combined for its sedative effect in allaying nervous 
excitement. 


Agurin (Winthrop)—Powder containing theobromine sodium acetate. 
See Theobromine and Sodium Acetate U.S. P. 

Artrial Preparations (Hildebrand)—A series of preparations of theo- 
pene and phenobarbital, alone or in combination with other 

rugs. 

Barbtheo (C. D. Smith)—Capsules or tablets, each containing 0.324 
Gm. (5 gr.) theobromine sodium acetate, 0.162 Gm. (2% gr.) di- 
calcium phosphate, and 0.016 Gm. (14 gr.) phenobarbital. Dose: 
1 capsule. or tablet. 

Brozanthine (Blue Line)—Tablets, each containing 0.324 Gm. (5 gr.) 
theobromine, 0.065 Gm. (1 gr.) carbromal, and 0.143 Gm. (21% gr.) 
calcium urea iodide. Dose: 1 tablet 3 or 4 times a day. 

Calpurate (Maltbie)—Powder or tablets, 0.486 Gm. (714 gr.), contain- 
ing equimolecular proportions of calcium theobromine and calcium 
gluconate. Dose: 0.486 to 0.972 Gm. 4 times a day. 


-Cardinate (Christina)—Capsules, each containing 0.015 Gm. amino- 


phyllin, 0.05 Gm. calcium gluconate, and 0.015 Gm. Vinotal. 
Dose: 1 capsule 3 times a day. 

Coramine (Ciba)—Ampuls (1.5 or 5.0 ec.) or liquid containing the 
diethylamide of nicotinic acid. See Nikethamide N. N. R. 

Diurbital (Grant)—Enteric-coated tablets, each containing 0.194 Gm. 
(3 gr.) theobromine sodio-salicylate, 0.016 Gm. (14 gr.) phenobarbi- 
tal, and 0.097 Gm. (11% gr.) calcium lactate. Dose: 2 or 3 tablets 
3 times a day. 

Diuretic 401 (Foster-Milburn)—Tablets, each containing 0.065 Gm. 
(1 gr.) each theobromine sodium salicylate and buchu extract, 
0.194 Gm. (3 gr.) uva ursi extract, and 900 U.S. P. units vitamin A, 
Dose: 2 tablets 3 times a day. 

Diuretin (Bilhuber-Knoll)—Powder or tablets (0.5 Gm.) containing 
a double sodium salt of theobromine and salicylic acid. Dose: 0.5 
to 1 Gm. after meals. 

Diurodan (Bilhuber-Knoll)—Tablets, each containing 0.486 Gm. (714% 
gr.) Theocalcin and 0.097 Gm. (11% gr.) potassium sulfocyanate. 
Dose: 1 tablet 3 times a day. 

Glarb (Cole)—Tablets, each containing 314 gr. theobromine, 14 gr. 
phenobarbital, and 124 gr. calcium gluconate. Dose: 1 or 2 tab- 
lets 3 times a day. 

Glucophylline (Abbott)—Ampuls, 2 ec. (0.732 Gm.) or 10 cc. (0.366 
Gm.), enterabs or tablets (0.15 Gm.), or suppositories (0.5 Gm.) 
containing a double salt composed of equal proportions theophylline 
and methyl glucamine. Dose: orally, 0.3 Gm. 3 to 4 times a day; 
rectally, 1 suppository morning and evening; parenterally, as re- 
quired. 

locapral (Winthrop)—Tablets,. each containing 0.324 Gm. (5 gr.) 
theobromine, 0.042 Gm. (34 gr.) Mebaral (N-methylethylphenyl 
barbiturie acid), and 0.130 Gm. (2 gr.) calcium iodide di-triethanol- 
amine. Dose: 1 tablet 2 or 3 times a day. 

lozanthal (Haskell) —Tablets, each containing 0.324 Gm. (5 gr.) theo- 
bromine, 0.032 Gm. (1% gr.) phenobarbital, and 0.065 Gm. (1 gr.) 
ethyl diiodobrassidate. Dose: 2 to 4 tablets a day. 

Kola (Gallia)—Granules containing a concentrated extract of the 
African kola nut diluted with sugar. Dose: 2 teaspoonfuls a day. 

Luasmin (Brewer)—Capsules or enteric-coated tablets, each contain- 
ing 0.194 Gm. (3 gr.) theophylline sodium acetate, and 0.032 Gm. 
(% gr.) each ephedrine sulfate and phenobarbital sodium. Uses: 
bronchial asthma. Dose: 1 capsule and 1 tablet morning and night. 

Magnephylline (Sherman)—Tablets, 0.097 Gm. (1% gr.), containing 
& Magnesium compound of theophylline. Dose: 1 or 2 tablets 3 
or 4 times a day. 


Meditabs (Medicone)—Tablets, each containing 0.065 Gm. (1 gr.) . 


theophylline, 8.1 mg. (14 gr.) phenobarbital, 0.016 Gm. (14 gr.) 
ephedrine hydrochloride, and 0.32 mg. (4400 gr.) atropine sulfate. 
Uses: antispasmodic in bronchial asthma. Dose: 1 tablet every 
3 hours. 

Metrazol N. N. R. (Bilhuber-Knoll), pentamethylenetetrazol— White 
crystals; freely soluble in water. Uses: as a central nervous sys- 
tem stimulant in the treatment of poisoning by central nervous 
system depressants and as an analeptic to lessen the degree of 
anesthesia; it is rapidly detoxified in the body and therefore its 

~ action can be well controlled. It is of doubtful value in circulatory 
collapse other than that due to central vasomotor depression. The 
drug has been used extensively in the treatment of schizophrenia in 
doses which induce convulsions. The cautious use of curare before 
the use of metrazol helps to eliminate the dangers of bodily injury 
from the effects of the convulsions. Available as a 10 per cent 
solution for oral use, injection (sterile solution), or in ampuls (1 or 

5 ee: or as tablets (0.1 Gm.). Dose: orally or parenterally, 0.1 to 

3 Gm 


_ Nikethamide N. N. R., Coramine, N,N-diethyl nicotinamide—A 


clear, practically colorless liquid miscible in all proportions with 
water, alcohol, and ether. Uses: as a respiratory stimulant in 
the event of excessive depression resulting from the use of central 
_ depressants; not as effective as strychnine, caffeine, metrazol, or 
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picrotoxin. It is of little value as a cardiovascular stimulant. The 
drug acts as an analeptic and is particularly effective against the 
respiratory depression caused by morphine and volatile anesthetics. 
Toxic doses (10 times the minimal effective dose) may cause con- 
vulsions and death by respiratory paralysis. Available as a 25 per 
cent w/v aqueous solution in bulk or sterile ampuls. Dose: orally 
or parenterally, preferably intravenously, 1 to 3 cc. 

Phyllicin (Bilhubear-Knoll)—Powder or tablets, 0.259 Gm. (4 gr.), con- 
taining theophylline-calcium salicylate. Dose: 0.259 Gm. 2 to 4 
times a day. 

TCS (Poythress)—Tablets, each containing 0.389 Gm. (6 gr.) theo- 
bromine salicylate, 0.065 Gm. (1 gr.) calcium salicylate and 0.016 
Gm. (24 gr.) phenobarbital. Dose: 1 tablet 3 or 4 times a day. 

Theacitin (Rorer)—Plain or enteric-coated tablets, 0.162 Gm. (214 
gr.), containing theophylline sodium acetate. See Theophylline and 
Sodium Acetate U.S. P. 

Theamin (Lilly)—Ampuls, 10 or 20 cc. (0.025 Gm. per cc.); powder; 
pulvules, 0.032, 0.065, or 0.097 Gm. (1%, 1, or 1% er.); and tablets, 
0.194 Gm. (3 gr.) containing theophylline monoethanolamine. 
Dose: orally, 0.065 to 0.194 Gm.; intravenously, 0.25 to 0.5 Gm. 

Thebital (Merrell)—-Tablets, each containing 0.324 Gm. (5 gr.) theo- 
bromine and 0.016 Gm. (14 gr.) phenobarbital. Dose: 1 or 2 tab- 
lets 3 times a day. 

Theobarb (Vanpelt and Brown)—Tablets, each containing 0.325 Gm. 
theobromine and 0.032 Gm. phenobarbital. Dose: 1 to 4 tablets. 

Theobarbide (Cole)—Tablets, each containing 0.324 Gm. (5 gr.) 
theobromine, 0.016 Gm. (14 gr.) phenobarbital, and 0.097 Gm. (1144 
gr.) potassium iodide. Dose: 1 tablet 2 or 3 times a day. 

Theobutin Compound (Stoddard)—Tablets, each containing 0.130 
Gm. (2 gr.) theobromine with sodium salicylate, 0.016 Gm. (14 gr.) 
digitalis, 6.5 mg. (140 gr.) arbutin, and 0.032 Gm. (1% gr.) potassium 
nitrate. Dose: 1 to 3 tablets. 

Theocalbital (Forrest)—Tablets, each containing 0.227 Gm. (31% gr.) 
theobromine, 0.016 Gm. (14 gr.) phenobarbital sodium, and 0.065 
Gm. (1 gr.) calcium lactate. Dose: 1 or 2 tablets 3 times a day. 

Theocalcin N. N. R. (Bilhuber-Knoll)—A double:salt or mixture of 
calcium theobromine and calcium salicylate. Uses: those of 
theobromine; solubility greater than theobromine but less than 
theobromine with sodium salicylate and thus less likely than the 
latter to cause gastric irritation. Available as powder and tablets 
(0.56 Gm.). Dose: 0.5 to 1 Gm. 3 times a day. 

Theocin N. N. R. (Winthrop)—Powder or tablets (0.1 Gm.) contain- 
ing theophylline. See Theophylline U.S. P. 

Theocin Soluble N. N. R.—Powder or tablets (0.16 Gm.) contain- 
ing theophylline sodium acetate. See Theophylline and Sodium 
Acetate U.S. P. 

Theodigital (Drug Products)—Tablets, each containing 0.097 Gm. 
(1% gr.) theobromine, 8.1 mg. (1g gr.) phenobarbital, 0.162 Gm. 
(21% gr.) calcium salicylate, and 0.016 Gm. (14 gr.) digitalis leaf. 
Dose: 1 or 2 tablets 3 times a day. 

Theolaphen (Massengill)—Enteric-coated tablets, each containing 
0.194 Gm. (3 gr.) theobromine sodio-salicylate, 0.097 Gm. (1% gr.) 
calcium lactate, and 0.016 Gm. (14 gr.) phenobarbital. Dose: 1 
or 2 tablets 3 or 4 times a day. 

Theominal (Winthrop)—Tablets, each containing 0.324 Gm. (5 gr.) 
theobromine and 0.032 Gm. (1% er.) Luminal, Dose: 1 tablet 2 
or 3 times a day. 

Theomine (Smith-Dorsey)—Tablets, each containing 0.324 Gm. 
(5 gr.) theobromine, 0.016 Gm. (14 gr.) phenobarbital, and 0.162 
Gm. (21% gr.) potassium iodide. Dose: 1 tablet every 4 to 6 hours. 

Theontrate (Columbus)—Liquid, each 0.61 cc. (10 min.) containing 
0.13 Gm. (2 gr.) each theobromine sodium salicylate and potassium 
nitrate, 0.065 Gm. (1 gr.) sodium nitrite, and 0.3 cc. (5 min.) 
crataegus tincture. Dose: 5 to 10 min. 3 times a day. 

Theontrin (Columbus)—Tablets, each containing 0.13 Gm. (2 gr.) 
each theobromine sodium salicylate and potassium nitrate, 0.032 
Gm. (14 gr.) sodium nitrite, 0.06 mg. (4000 gr.) nitroglycerin, and 
0.3 ce. (5 min.) crataegus tincture. Dose: 1 or 2 tablets. 

Theophen (Vale)—Tablets, each containing 0.324 Gm. (5 gr.) theo- 
bromine sodio-salicylate, 0.016 Gm. (14 gr.) phenobarbital, and 
0.162 Gm. (2% gr.) calcium carbonate. Dose: 1 or 2 tablets. 

Theopropanol (National Drug)—Ampuls, 2 cc. (0.518 Gm.) or 10 ce. 
(0.259 Gm.), or tablets, 0.097 or 0.194 Gm. (134 or 3 gr.), contain- 
ing theophylline isopropanolamine. Dose: orally, 1 tablet; %n- 
tramuscularly or intravenously, 0.259 to 0.518 Gm. 

Theorate (Robins)—Tablets, each containing 0.324 Gm. (5 gr.) theo- 
bromine and 0.016 Gm. (14 gr.) phenobarbital. Dose: 2 to 4 tab- 
lets a day. 

Theotal (Smith-Dorsey)—Tablets, each containing 0.324 Gm. (5 gr.) 
theobromine and 0.032 or 0.016 Gm. (34 or 4 gr.) phenobarbital, 
Dose: 1 tablet every 4 to 6 hours. 

Theoviscum (Drug Products)—Tablets, each containing 114 gr. each 
theobromine and calcium salicylate, 14 gr. each phenobarbital 
sodium, viscum album, and crataegus oxyacantha, and 1 gr. sodium 
nitrite. Dose: 1 or 2 tablets 3 times a day. 

Thephyldine (Kretschmar)—Ampuls, 2 ce. (0.48 Gm.) or 10 ee. (0.24 
Gm.), powder, suppositories (0.36 Gm.), and tablets (0.1 or 0.2 
Gm.), containing theophylline ethylenediamine. See Amino- 
phylline U.S. P. ; 

Thesodate (Brewer)—Enteric-coated tablets, 0.243 or 0.486 Gm. 
(334 or 71% gr.), containing theobromine and sodium acetate. See 
Theobromine and Sodium Acetate U.S. P. 

Thesodide (Smith-Dorsey)—Tablets, each containing 0.162 Gm. 
(21% gr.) each theobromine and potassium iodide, 0.130 Gm. (2 gr.) 
sodium bicarbonate, and 0.016 Gm. (14 gr.) phenobarbital. Dose: 
1 tablet every 4 to 6 hours. 

Thol (Cole)—Tablets, each containing 0.216 Gm. (814 gr.) theobro- 
mine and 0.108 Gm. (134 gr.) calcium gluconate. Dose: 1 or 2 
tablets 3 times a day. 
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Xan-Ca-Cyl (Pitman-Moore)—Tablets, 0.065 Gm. (1 gr.) containing 
a water-soluble double salt of calcium theobromine and calcium 
salicylate. Uses: diuretic, particularly for children. Dose: 
under 2 years, 1 tablet, older children, 2 tablets 3 or 4 times a 


day. 

Xancylate (Pitman-Moore)—Tablets, each containing 0.324 Gm. (5 
gr.) calcium theobromine-calcium salicylate, 0.016 Gm. (4 gr.) 
phenobarbital, and 0.032 Gm. (1% gr.) ethylenediamine dihydrio- 
dide. Dose: 1 or 2 tablets 2 or 3 times a day. 

Xaniomine (Pitman-Moore)—Tablets, each containing 0.162 Gm. 
(21% gr.) theobromine and 0.032 Gm. (% gr.) ethylenediamine di- 
hydriodide. Dose: 1 or 2 tablets. 

Xaniophen (Pitman-Moore)—Tablets, each containing 0.162 Gm, 
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(21% gr.) theobromine, 0.032 Gm. (1% gr.) ethylenediamine di- 
hyanodids, and 0.016 Gm. (14 gr.) phenobarbital. Dose: 1 or 2 
tablets. 

Zanthimal (Haskell)—Tablets, each containing 0.324 Gm. (5 gr.) 
theobromine and 0.032 Gm. (1% gr.) phenobarbital. Dose: 2 to 4 
tablets a day. 

Storage—Keep the Tincture in tight, light-resistant containers, and 
avoid exposure to direct sunlight and to excessive heat. 


Uses—See Stramonium. 


Average Dose—0.75 cc. (approximately 12 minims). 


UTERINE ALKALOIDS 


ERGOT N. F. Ergota 


[Rye Ergot, Secale Cornutum P.I., Rye Mother, Rye Smut, Spurred 
Rye, Horn-seed, Sp. Cornezuelo de Centeno] 


Ergot is the dried sclerotium. of Claviceps purpurea 
(Fries) Tulasne (Fam. Hypocreacex) developed on rye 
plant. 

Ergot is produced by a fungus growing on rye grains. 
The malady that ‘‘devoured by an invisible fire’ and 
known to the ancients as St. Anthony’s fire was the 
result of milling into flour, for breadmaking, rye con- 
taminated with ergot. 


A great number and variety of chemical compounds, 
some of them physiologically very active, have been 
isolated from ergot, so that it has frequently been 
referred to as a storehouse of chemicals. 


Constituents—Ten alkaloids of Ergot have been iso- 
lated and identified. They consist of five pairs of opti- 
cally active isomers. The greatest activity resides in 
the levo forms. These are as follows: ergotoxine, 
ergotamine, ergosine, ergocristine, and ergonovine. In 
addition, there are present in the crude drug glycerides, 
sterols (ergosterol and fungisterol) acids, amino acids 
(tyrosine, histidine, etc.), basic amino compounds 
(tyramine, histamine, etc.), choline and related com- 
pounds, and sugars (mannitol, etc.). 


THE ALKALOIDS OF ERGOT 


Physiologically active and 
levorotary 

Ergocristine [Cs5H39N505] 

Ergonovine [Cy9gHe3N302] 
(ergometrine, ergobasine, 

ergostetrine) 

Ergosine [Cg9Hg7N505] 

Ergotamine [C33H35N505] 

Ergotoxine [C35H39N505] 


Physiologically inactive and 
dextrorotary 

Ergocristinine [C35H39N50s5] 

Ergometrinine [Cy9H23N 302] 


Ergosinine [Cgo0H37N505] 
Ergotaminine [C33H35N505] 
Ergotinine [(Cg5H 39N505] 


1 According to recent investigations by Stoll ergotoxine, hitherto considered 
to be a single alkaloid, is composed of 3 alkaloids having almost identical 
levorotation; they are: ergocornine [C3i1Hg9N505], ergocristine and ergo- 
eryptine [CggH41N505]. Ergocristine is listed twice because it was isolated 
ane pe alkaloid prior to Stoll’s separation of ergotoxine into its component 
alkaloids. 


ial 


hydrogen 
lysergic acid 


Until comparatively recently nothing was known con- 
cerning the chemical structure of the ergot alkaloids. 
COOH The presence of the water-soluble and 
potent ergonovine was discovered in 1935 
NCH, simultaneously in the United States. 
— and in England. Jacobs and Craig 
Vz of the Rockefeller Institute of Medical 
| | . Research have shown that all the alka- 
CATS loids of ergot contain a common frag- 
N ment which they named lyrsergic acid. 
This acid has the empirical formula 
CieHisN20z. 

These investigators as well as Stoll have also established — 
the identity of the other components of the alkaloids 

as shown in the following tabulation: 


Ergonovine — Lysergic acid + p-2-aminopropanol 


Ergosine — Lysergic acid + u-leucine + pyrumic acid + p-proline | 


Hs 

Ergotamine — Lysergic acid + I-phenylalanine + isobutylformic 
acid + p-proline + NH s 

Ergocornine — Lysergic acid + t-valine + isobutyl- 
formic acid + p-proline + NHg 

Ergocristine — Lysergic acid + u-phenylalanine + 
isobutylformic acid + p-proline + NHg 

Ergocryptine — Lysergic acid + t-leucine + isobutyl- 
formic acid + p-proline + NH 3 


Ergotoxine 


Description and Properties— 

Unground Ergot is cylindraceous, obscurely 3-angled, somewhat 
eurved, and usually tapers towards both ends, the ends being more or 
less obtuse. The sclerotium is from 0.7 to 4.5 em. in length and up to 
5mm. thick. It is longitudinally furrowed, occasionally transversely 
fissured, and is nearly black or purplish brown externally. The frac- 
ture is short and the internal color is usually white, although occa- 
sional sclerotia may be tinged with pink, lavender, or gray. 

Powdered Ergot is grayish to purplish brown and has a characteristic 
odor, free from mustiness or rancidity, and an oily, somewhat acrid, 
disagreeable taste. 

Identification—When 1 Gm. of Powdered Ergot is shaken in a 
closed flask for about 5 minutes with 20 ce. of ether and about 15 
drops of 20 per cent sulfuric acid, filtered, and the filtrate shaken 
thoroughly with 15 drops of a cold, saturated aqueous solution of 
sodium bicarbonate, the separated lower aqueous layer is red or violet 
(sclererythrin). ; 

Tests for Purity— 

Decomposition products—When crushed or powdered, Ergot does 
not develop a rancid or ammoniacal odor upon the addition of hot 
water. 

Seeds, fruits, and other foreign organic matter—Not more than 4 
per cent. 

Moisture—Not more than 8 per cent. 

Assay—All ergot preparations, especially those containing water, de- 
teriorate with age. It is necessary, therefore, to standardize them, 
and the date of assay should be indicated on the container. No 
satisfactory chemical method of standardization is available, and it 
is therefore necessary to use biological methods. A number of dif- 
ferent methods have been proposed, but if the current belief is con- 
firmed that the activity of ergot as used clinically is due chiefly if not 
solely to the alkaloids present, then a method of assay should be used 
which is a measure of the alkaloidal content. In this country the 
cock’s comb method or the Broom-Clark method (paralysis of the 
motor effect of epinephrine upon the isolated uterus of the rabbit) are 
commonly employed for this purpose. 

Storage—Keep Ergot in a dry place under all conditions of storage 
and transportation. The N. F. storage requirement is to prevent the 
deterioration certain to occur if Ergot becomes moist. It must be 


.dry or_practically dry when packaged else decomposition and. the 


formation of mold will be hastened. 


Uses—Ergot contains a number of pharmacologically 


active ingredients. The most important of these are 
the ergot alkaloids. The other substances present con- 
tribute little to the pharmacological actions of Ergot, 
in spite of the fact that several are physiologically 
active. All Ergot alkaloids are similar in action, but 
each possesses outstanding features. Only two are used 
in therapy—ergotamine and ergonovine. Ergotoxine 
ethanesulfonate appears in the U.S. P. as a reference 
standard for the bioassay of ergot and in the colori- 
metric assay of ergonovine preparations. 

The outstanding action of the Ergot alkaloids is on 
the uterus. They are classified as oxytoxics in that they 
are capable of causing the uterus to contract. Even an 
immature uterus is stimulated by these alkaloids. After 
small doses uterine contractions are strong, but quite 
normal in character, relaxation occurring after each. 
After large doses, the contractions are more powerful 
and spasm may occur. Spastic contractions of the preg- 
nant uterus can be very dangerous. Therefore, the 
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therapeutic use of the Ergot alkaloids is reserved until 
after delivery of the foetus and placenta. At this time 
they are used to reduce postpartum bleeding and to 
hasten involution of the uterus. The relative advan- 
tages of the various preparations are discussed under 
the individual drugs. 

All of the Ergot alkaloids with the exception of 
ergonovine are able, in large dosage, to block the effects 
of epinephrine and the effects of stimulation of sympa- 
thetic nerves. The amounts necessary to accomplish 
this are large, however, and cannot be used in therapy. 
These drugs also have an action on small peripheral 
blood vessels, causing them to contract and actually 
causing pathological changes in the intima of the vessels. 
As a result, if they are used in too large doses, or over 
too long a period of time, gangrene of the hands or feet 
may occur. During the middle ages, epidemics of 
gangrene swept over Europe as a result of the consump- 
tion of rye harboring the Ergot fungus. The disease 
was called St. Anthony’s Fire. Ergonovine is the only 
active alkaloid of ergot which does not possess this ac- 
tion on blood vessels to a marked degree. 

Ergotamine is also of value in the treatment of mi- 
graine. The drug possibly acts by decreasing the pulsa- 
tions of the cerebral arteries. Dosage is discussed 
under Ergotamine. 

Crude ergot is usually employed in the form of the 
fluidextract. 


Ergot Extract N. F. Extractum Ergote 
[Ext. Ergot.—Sp. Extracto de Cornezuelo de Centeno] 


Ergot Extract is prepared so that 1 Gm. is made from 
4 Gm. of ergot. 

Extract the fat from ergot, recently ground and in 
coarse powder, in a cylindrical percolator, by slow per- 
colation with petroleum benzin until a few drops of the 
percolate leave no greasy stain when evaporated from 
filter paper. Air-dry the defatted drug until the odor 
of benzin is no longer noticeable. Extract the dry de- 
fatted drug by Process C (page 271), using a menstruum 
consisting of 2 volumes of hydrochloric acid and 98 
volumes of diluted alcohol. Concentrate this liquid 
extract to a pilular consistency at a temperature not 
exceeding 60° in a suitable acid-resistant container, and 
preferably at a reduced pressure. Mix the mass thor- 
oughly, and adjust it by admixture with a suitable dilu- 
ent, so that 1 Gm. of the finished product is equivalen 
to 4 Gm. of ergot. : 


Storage—Keep the Extract in tight, light-resistant containers, 
preferably at a temperature not above 30°. 


Uses—Ergot Extract is seldom employed, preference 
being given to the fluidextract. See Hrgot. 
Average Dose—0.5 Gm. (approximately 714 grains). 


Ergot Fluidextract N. F. Fluidextractum Ergote 


{Fldext. Ergot.—Extractum Secalis Cornuti Fluidum Acidum P.I., 
Sp. Extracto Flaido de Cornezuelo de Centeno] 


Pack the ergot, recently ground and in coarse powder, 
in a cylindrical percolator, and slowly percolate with 
petroleum benzin until a few drops of the percolate last 
collected leave no greasy stain when evaporated from 
filter paper. Reject the benzin solution, remove the 
drug from the percolator, and dry by exposure to the 
air. Then make a fluidextract by Process C (page 271), 
using a menstruum consisting of 2 volumes of hydro- 
_chloric acid and 98 volumes of diluted alcohol, macerat- 
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ing during 48 hours and obtaining 1000 cc. of finished 
Fluidextract. 

This Fluidextract may also be prepared as follows: 

Prepare a Fluidextract by Process C (page 271), 
using a menstruum consisting of 2 volumes of hydro- 
chloric acid and 98 volumes of diluted alcohol. Chill the 
1000 cc. of combined reserve percolates to —14°, and 
remove the congealed fat by filtration, maintaining the 
temperature at —14°. Finally add sufficient of. the 
original menstruum to make the finished Fluidextract 
measure 1000 cc. 
Alcohol Content—From 37 to 42 per cent, by volume, of C2H50H. 
Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 
Incompatibilities—This preparation has an acid reaction due to the 
hydrochloric acid used in the menstruum. Since this acidity is essen- 


tial to the stability of the product alkaline substances are incompat- 
ible with it. 


Uses—Ergot Fluidextract is used for its action on the 
uterus. It is of value, following the delivery of the 
foetus to reduce postpartum bleeding and to hasten 
involution of the uterus (see Ergot). Ergot Fluidextract 
is given orally. Until recently, it was the only prepara- 
tion of ergot which was effective by mouth and there- 
fore was rather widely employed. It is now known that 
much of the activity of Ergot Fluidextract is due to the 
presence of ergonovine, an alkaloid which was not iso- 
lated until 1935. Inasmuch as ergonovine is a crystal- 
line product which is stable and does not require bio- 
assay, it has largely replaced Ergot Fluidextract in 
therapy. 

Average Dose—2 cc. (approximately 30 minims). 


Prepared Ergot N. F. Ergota Preparata 
[Ergot. Prep.—Powdered Defatted Ergot] 


Prepared Ergot is Ergot which has been powdered 
and immediately deprived of most of its fat. 

Percolate Ergot, recently reduced to a moderately 
coarse powder (No. 40), with petroleum benzin until 1 
cc. of the percolate, leaves not more than a barely per- 
ceptible film, when evaporated in a beaker. Dry the 
powder by exposure to air at a temperature not exceed- 
ing 40°. 

Description and Properties—Prepared Ergot conforms to the de- 
scription of Powdered Ergot under Ergot. 
Tests for Purity— 

Fat—Not more than 5 per cent when extracted with petroleum 
benzin in a continuous extraction apparatus. 

Moisture—Not more than 6 per cent. 

Storage—Keep Prepared Ergot in tight containers in a cool place. 


A suitable cartridge containing a non-liquefying, inert, dehydrating 
substance may be inserted in the container to maintain low humidity. 


Uses—See Ergot. 
Average Dose—1.5 Gm. (approximately 22 grains). 


ERGONOVINE MALEATE U. S. P. 


Ergonovinze Maleas 


[Ergonoy. Mal.—Ergometrine Maleate, Sp. Maleato de Ergonovina] 


af 
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Ergonovine Maleate is the maleate of an alkaloid 
obtained from Ergot. When dried over sulfuric acid 
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for 4 hours, it contains not less than 98 per cent of 
C.,HogN.0.C.H.0. 44.47) 


Description and Properties—A white, or faintly yellow, odorless, 
microcrystalline powder. It is affected by light. It has a specific 
rotation [a], of +48° to +57° in aqueous solution. One Gm. dis- 


solves in about 36 cc. of water, and about 120 cc. of-alcohol. It is 
insoluble in ether and in chloroform. 
Identification—Dissolve about 1 mg. in 10 ec. of water. The solu- 


tion has a blue fluorescence. To 1 cc. of the solution, add 2 cc. of p- 
dimethylaminobenzaldehyde T.S. A deep blue color is produced in 10 
minutes. 

Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Ergotoxine and ergotamine—(1) No precipitate is produced by mer- 
curic potassium iodide T.S. in a solution of Ergonovine Maleate (1 in 
10,000). (2) When Ergonovine Maleate is heated with sodium hy- 
droxide solution the odor of ammonia should not be evolved (ergotoxine 
and ergotamine both evolve NHg when heated with sodium hy- 
droxide). 

Assay—HErgonovine Maleate is assayed for ergonovine by the Assay 
of Alkaloidal Salts (page 997) by dissolving it in a few ce. of alcohol, 
adding 50 ce. of saturated sodium chloride solution to decrease the 
solubility of the alkaloid in water, and using ether as the extraction 
solvent. Each ce. of fiftieth-normal hydrochloric acid is equivalent to 
8.829 mg. of Ci gH 23N 302.C4H404. 

Storage—Keep Ergonovine Maleate in tight, light-resistant con- 
tainers. 


Uses—Ergonovine is the most valued of the ergot 
alkaloids for obstetrical use. It is a powerful uterine 
stimulant and is active after both oral or parenteral 
administration. It is less toxic than the other active 
alkaloids of ergot and is much less prone to cause gan- 
grene (see Ergot). Ergonovine Maleate is given after 
the delivery of the placenta for the purpose of contract- 
ing the uterus in order to reduce postpartum bleeding. 
It may also be administered during the puerperium to 
promote involution of the uterus. 

Average Dose—Intravenous or intramuscular, 0.2 mg. 
(approximately 1499-grain). Oral, 0.5 mg. (approxi- 
mately 1499 grain). 


Ergonovine Maleate Injection U. S. P. 


Injectio Ergonovine Maleatis 


{Inj. Ergonoy. Mal.—Sp. Inyeccién de Maleato de Ergonovina] 


Ergonovine Maleate Injection is a sterile solution of 
ergonovine maleate in water for injection, It contains 
not less than 90 per cent and not more than 110 per cent 
of the labeled amount of ergonovine maleate, [Cy 9H253- 
N302.C.H.4O,]. It meets the requirements of the 
Sterility Test for Liquids (page 126). 

Sterilize Ergonovine Maleate Injection preferably by 
Process D-1. See Sterilization Processes (page 121). 

The Injection also conforms to the other require- 
ments under Injections (page 249), and responds to the 
Tests for Purity indicating the absence of Ergotoxine 
and Hrgotamine (and other foreign alkaloids responding 
to these tests), given. under EHrgonovine Maleate. 


Identification—The presence of Ergonovine in the injection may be 
ascertained as follows: (1) Concentrate a volume of the Injection by 
evaporation on a water bath so that the resulting solution will contain 
about 5 mg. of ergonovine maleate in 15 cc.: the concentrated solu- 
tion has a blue fluorescence. (2) The Injection concentrated or di- 
luted to a concentration of 1 mg. of ergonovine maleate in 10 cc. gives 
the Identification reaction (2) described under Ergonovine Maleate. 
Assay—Dilute an accurately measured volume of the Injection equiva- 
lent to about 2 mg. of ergonoyine maleate with sufficient water to 
make exactly 100 cc. Transfer exactly 2 cc. of this solution to a suit- 
able tube and add 4 cc. of p-dimethylaminobenzaldehyde T.S., mix; 
and allow to stand in subdued light for 1 hour. Perform parallel 
control tests with 0.9 cc. and 1.1 cc. of a solution made by dissolving 
6.0 mg. of U. S. P. Ergotoxine Ethanesulfonate Reference Standard 
in 20 ce. of alcohol and sufficient water to make exactly 100 ce. The 
solution obtained with the Injection, when viewed transversely 
against a white background, is not lighter in color than the control 
made with 0.9 cc. and not darker than the control made with 1.1 ce. 
of the ergotoxine ethanesulfonate solution. The color comparison is 
preferably made in suitable colorimeters. 

Storage—Keep the Injection preferably in single-dose, hermetic con- 
tainers, or in other suitable containers. See Containers for Injections 
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(page 255). Protect the Injection from light and maintain at a tem- 
perature above 0°, but preferably not exceeding 12°. 

Labeling—The label for Ergonovine Maleate Injection shall state a 
date of expiration which must not be later than 2 years after the date 
of removal for distribution from the manufacturer’s place of storage, 
which shall be maintained at a temperature between 0° and 12°. 


Uses—See Ergonovine Maleate. 
Average Dose—Intravenous or intramuscular, 0.2 mg. 
(approximately 4499 grain) of Ergonovine Maleate. 


Ergonovine Maleate Tablets U. S. P. 
. Tabelle Ergonovine Maleatis 


[Tab. Ergonoy. Mal.—Sp. Tabletas de Maleato de Ergonovina] 


Ergonovine Maleate Tablets contain not less than 90 
per cent and not more than 110 per cent of the labeled 
amount of Ergonovine Maleate [Ci>HesN 302.C.4H 404]. 


Identification—The presence of ergonovine may be ascertained by 
the blue fluorescence of a filtered aqueous solution of the Tablets; also 
by applying identification reaction (2) given under Ergonovine Male- 
ate to the residue obtained by extracting a filtered and alkalinized 
solution of the Tablets with ether and evaporating the ether. 
Assay—A quantity of the powder, obtained by carefully powdering 
a counted number of the Tablets, equivalent to 6.66 mg. of ergonovine 
maleate, is dissolved in sufficient dilute alcohol (1 in 5) to make ex- 
actly 100 cc. and filtered, rejecting the first 10 cc. of the filtrate. 
Exactly 1 cc. of the subsequent filtrate is diluted with 1 cc. of water, 
then continued as described in the assay of Ergonovine Maleate Injec- 
fo beginning with ‘‘add 4 cc. of p-dimethylaminobenzaldehyde 
Ts ” 


Storage—Keep the Tablets in well-closed containers. 


Uses—See Ergonovine Maleate. 
Average Dose—0.5 mg. (approximately 1499 grain) 
of Ergonovine Maleate. 


ERGOTAMINE TARTRATE U. S. P. 
Ergotamine Tartras 


[Ergotam. Tart.—Gynergen, Sp. Tartrato de Ergotamina] 


Ergotamine Tartrate [((CssHs 5N 50 5) AC vltal AO) 6 = 
1313.39] is the tartrate of an alkaloid obtained from 
Ergot. 


Description and Properties—Colorless eevntalone or a white, crystalline 
powder, usually containing solvent of crystallization. These crystals 
lose the solvent of crystallization in a high vacuum. It melts between 
177° and 184° with decomposition. The [a]*9 of ergotamine base in 
chloroform solution, obtained by suspending Ergotamine Tartrate in 
sodium bicarbonate solution (1 in 20) and extracting the liberated 
alkaloid with chloroform, is not less than —150°. One Gm. of Ergot- 
amine Tartrate dissolves in about 500 cc. of water and in 500 ce. of 
alcohol. 

Identification—(1) To 1 ce. of a solution of about 1 mg. of Ergot- 
amine Tartrate in a mixture of 5 cc. of glacial acetic acid and 5 cc. of 
ethyl acetate is added, with stirring and cooling, 1 ce. of sulfuric acid. 
A blue color with a red tinge develops. Then 0.1 ce. of ferric chloride 
T.S., previously diluted with an equal volume of water, is added: the 
red tinge becomes less apparent and the blue color more pronounced. 
(2) To 2 ce. of a solution of Ergotamine Tartrate (1 in 10,000) is added 
0.1 ce. of mercuric potassium iodide T.S.: a slight turbidity appears. 
(3) The crystals of ergotamine base obtained as described in the 
U.S. P. in test for Foreign substances, when heated darken at 174° and 
decompose at 181° with evolution of gas. 

Storage—Keep HErgotamine Tartrate in well-closed, light-resistant 
containers. 


Usce oreoimanine Tartrate possesses the charac- 
teristic actions of the ergot alkaloids (see Ergot). At 
one time it was extensively employed in obstetrics, but 
ergonovine has proved to be a more valued preparation, 
chiefly because of more rapid onset of action, better 
absorption after oral administration, and lessened tox- 
icity. 

Ergotamine Tartrate is an effective drug in the treat- 
ment of migraine, for which purpose ergonovine cannot 
be substituted. Its mechanism of action is unknown, 
but may be related to reduced pulsation of the cranial 
arteries. The drug is most effective if given early in the 
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course of the attack. It is best administered by sub- 
cutaneous or intramuscular injection in the dose of 0.25 
to 0.5 mg. No more than 1 mg. should be given during 
a 24-hour period. Ergotamine Tartrate may also be 
given sublingually in the initial dose of 3.0 mg. The 
toxic potentialities of this drug are discussed under 
Ergot. 

Average Dose—Intramuscular, 0.5 mg. (approxi- 
mately oo grain). Oral, | mg. (approximately lé 
grain). 


Ergotamine Tartrate Tablets U. S. P. 
Tabelle Ergotamine Tartratis 


[Tab. Ergotam. Tart.—Tabletas de Tartrato de Ergotamina] 


Ergotamine Tartrate Tablets contain not less than 90 
per cent and not more than 110 per cent of the labeled 
amount of Ergotamine Tartrate [CssHs;N505)>.- 
C4H.Ogl. 


Identification—(1) The presence of ergotamine may be ascertained 

by applying Identvfication test (1) described under Ergotamine Tartrate 
to about 1 mg. of the residue obtained in the Assay of the Tablets. 
(2) A distinet turbidity is produced by the addition of a few drops of 
mercuric potassium iodide and of trinitrophenol T.S. to separate 2-cc. 
portions of a solution of about 2 mg. of the residue obtained in the 
gene in 5 ce. of water containing a few drops of diluted hydrochloric 
acid. 
Assay—From a weighed quantity of the powder, obtained by care- 
fully powdering a counted number of the Tablets equivalent to about 
30 mg. of ergotamine tartrate, any lubricant is extracted with 2 to 3 
small volumes of petroleum benzin. The ergotamine tartrate in the 
residue is then extracted with ammoniacal chloroform and the chloro- 
form evaporated. The residue is dried over sulfuric acid and weighed. 
The weight multiplied by 1.129 represents ergotamine tartrate. 


Uses—See Hrgotamine Tartrate. 
Average Dose—l mg. (approximately lo grain) 
of Ergotamine Tartrate. 


HYDRASTIS N. F. Hydrastis 


[Goldenseal, Hydrastidis Rhizoma P.I., Yellow Root, Yellow Puccoon, 
Indian Turmeric, Eye Balm, Sp. Hidrastis] 


Hydrastis consists of the dried rhizome and roots of 
Hydrastis canadensis Linné (Fam. Ranunculacez). 

Hydrastis yields not less than 2.5 per cent of the an- 
hydrous ether-soluble alkaloids of Hydrastis. 

Constituents—Hydrastis contains hydrastine |[Co:Hai- 
ON), berberine [CooH1905N], and canadine [CeoHei- 
O,N], sugar, starch, resin, coloring matter, etc. Hydras- 
tis usually contains at least 1.5 per cent of hydrastine 
and 2.5 per cent of berberine. The ether-soluble alka- 
loids upon which the value of the drug is based are 
hydrastine and canadine. The salts of hydrastine are 
white; those of berberine are bright yellow. 


Description and Properties— 

Unground Hydrastis shows a flexuous, subcylindrical rhizome, from 
1 to 5 em. in length and from 2 to 10 mm. in thickness; more or less 
annulate and wrinkled longitudinally; brown to dusky yellowish 
orange; marked by numerous stem-scars or occasional stem or leaf 
bases and numerous roots, the latter frequently broken, leaving circu- 
lar yellowish brown to yellow scars or short protuberances. The frac- 
ture is short and waxy. The roots are numerous, filiform, up to 35 
em, in length and 1 mm. in diameter; curved, twisted, and matted 
together or broken. The fracture is short and brittle, and the roots 
and rhizomes are weak yellowish orange to moderate greenish yellow 
internally. : 

Powdered Hydrastis is dark yellow to moderate greenish yellow and 
has a distinctive odor and a bitter taste. It shows fragments of 
starch. ; 

Identification—(1) When viewed in filtered ultra-violet light, using 
-a Corex No. 986 filter or its equivalent, broken or abraded surfaces 
of Hydrastis exhibit a brilliant yellow fluorescence. (2) When 
Hydrastis is moistened with water and mounted in sulfuric acid, 
numerous acicular crystals up to 200 microns in length are formed. 
Tests for Purity— 

- Acid-insoluble ash—Not more than 3 per cent. 

Foreign organic matter—Not more than 4 per cent. 
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Assay—To 10 Gm. of Hydrastis, in fine powder and accurately 
weighed, is added 100 cc. of ether, the mixture is allowed to stand 
about 5 minutes, and 10 cc. of ammonia T.S. is added. The mixture 
is shaken for 1 hour in a mechanical shaker or during 2 hours inter- 
mittently, and then set aside overnight. Again it is shaken during 30 
minutes, the drug is allowed to settle, and 50 cc. of the clear ether solu- 
tion representing 5 Gm. of the Hydrastis is decanted. The alkaloids 
are extracted from the ether by shaking with 5 successive 20-cc. por- 
tions of about 1 per cent sulfuric acid. The acid solutions are com- 
bined in a separator, about an equal volume of ether is added, a 
slight excess of ammonia T.S. is added, and the mixture is immedi- 
ately shaken to extract the alkaloids. The ether layer is separated 
and extraction of the alkaloids from the aqueous layer is completed 
by shaking with 6 or more successive 20-cc. portions of ether. The 
ether solutions are filtered, the ether is evaporated, and the residue 
of the alkaloids dried to constant weight at 105°. 


Uses—Hydrastis and one of its alkaloids, hydrastine, 
have been employed as uterine hemostatics to prevent 
excess uterine bleeding. The drugs supposedly act by 
stimulating the uterine musculature and thus compress- 
ing blood vessels. They are of doubtful value. They 
are also employed as bitter stomachics. 

Average Dose—2 Gm. (approximately 30 grains). 


Hydrastis Extract N. F. Extractum Hydrastis 


[Ext. Hydrast.—Goldenseal Extract, Powdered Hydrastis Extract, 
Sp. Extracto de Hidrastis] 


Hydrastis Extract yields, from each 100 Gm., not 
less than 9 Gm. and not more than 11 Gm. of the ether- 
soluble alkaloids of hydrastis. 

Prepare the Extract from hydrastis, in moderately 
coarse powder, by percolation and evaporation. Use 
alcohol as the menstruum, macerate the drug during 48 
hours, and percolate slowly. Evaporate the percolate 
to a soft extract at a temperature not exceeding 70°. 
To this add about one-fifth of its weight of a mixture of 
1 part of magnesium oxide and 3 parts of dry starch or 
other permitted diluent, mix thoroughly, and evaporate 
to dryness at a temperature not exceeding 70°. Reduce 
the residue to a fine powder, and assay it. Thoroughly 
mix it, if necessary, with sufficient of the diluent to make 
the Extract contain, in each 100 Gm., 10 Gm. of the 
ether-soluble alkaloids of hydrastis. 

Assay—To 2 Gm. of Hydrastis Extract, accurately weighed, add 10 
ce. of ammonia T.S. to soften it, then add 100 cc. of ether, and proceed 
as directed in the Assay under Hydrastis beginning with ‘‘The mixture 
is shaken for 1 hour... .’’ The weight obtained represents the yield 
of anhydrous ether-soluble alkaloids from 1 Gm. of Hydrastis Extract. 


Storage—Keep the Extract in tight, light-resistant containers prefer- 
ably at a temperature not above 30°. 


Uses—See Hydrastis. 
Average Dose—0.5 Gm. (approximately 71 grains). 


Hydrastis Fluidextract N. F. Fluidextractum Hydrastis 


[Fldext. Hydrast.—Goldenseal Fluidextract, Extractum Hydrastidis 
Fluidum P.I., Sp. Extracto Fliido de Hidrastis] 


Hydrastis Fluidextract yields, from each 100 cc., not 
less than 2.25 Gm. and not more than 2.75 Gm. of the 
ether-soluble alkaloids of hydrastis. 

Prepare the Fluidextract from hydrastis, in mod- 
erately coarse powder, by Process A, as modified for 
assayed fluidextracts (page 270). Use a mixture of 2 
volumes of alcohol and 1 volume of water as the men- 
struum, macerate the drug during 48 hours, and perco- 
late slowly. 

Adjust the concentrated fluid so as to contain, in each 
100 cc., 2.6 Gm. of the ether-soluble alkaloids of hy- 
drastis and 54 per cent, by volume, of C2H;OH. 
Assay—It is assayed by the method given for the Extract, but 10 cc. 
of the Fluid extract is used. The weight obtained represents the 


weight of anhydrous ether-soluble alkaloids from 5 cc. of Hydrastis 
Fluidextract. fe Br AL eee i 
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Alcohol Content—From 51 to 57 per cent, by volume, of CeH50H. 
Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—See Hydrastis. 
Average Dose—2 cc. (approximately 30 minims). 


Hydrastis Tincture N. F. Tinctura Hydrastis 


{Tr. Hydrast.—Goldenseal Tincture, Tinctura Hydrastidis P.I., 


Sp. Tintura de Hidrastis] 


Hydrastis Tincture yields, from each 100 cc., not less 
than 450 mg. and not more than 550 mg. of the ether- 
soluble alkaloids of hydrastis. 


Metric Alternative 
Hydrastis, in fine powder........... 200 Gm. 6 0z. av. 296 gr. 
Alcohol, ~ 
Water, each, a sufficient quantity, 
Toi make iabouti).i50-0 «tern ceuktie aan 1000 cc. 2 pints 


Prepare the Tincture by Process P, as modified for assayed 
tinctures, (page 267). Use a mixture of 2 volumes of alcohol and 
1 volume of water as the menstruum, macerate the drug during 
48 hours, and percolate slowly. 

Adjust to make the tincture contain, in each 100 cc., 500 mg. of 
the ether-soluble alkaloids of hydrastis. 


Assay—Evaporate 50 cc. of Hydrastis Tincture, accurately measured, 
to about 20 cc., transfer completely with the aid of a mixture of 10 ce. 
of water and 10 cc. of ammonia T.S. to a suitable container, and add 
10 cc. of ammonia T.S. and 100 ce. of ether. Proceed as directed in 
the Assay under Hydrastis (page 857), beginning with ‘‘The mixture 
is shaken for 1 hour....’’ The weight obtained represents the yield 
of anhydrous ether-soluble alkaloids from 25 cc. of Hydrastis Tinc- 
ture. 

Alcohol Content—From 57 to 63 per cent, by volume, of CgH50H. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 


Uses—See Hydrastis. 
Average Dose—8 cc. (approximately 2 fluidrachms). 


‘ HYDRASTINE HYDROCHLORIDE N. F. 


Hydrastine Hydrochloridum 
[Hydrastin. Hydrochlor.—Sp. Clorhidrato de Hidrastina] 
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Hydrastine Hydrochloride [Ce:H20O.N.HCl = 


419.85] is the hydrochloride of an alkaloid obtained from 
hydrastis. 


Description and Properties—A white or yellowish white powder, 
odorless, bitter, and hygroscopic. Its solutions are acid to litmus 
paper. It melts at about 116° and is affected by light. 
specific rotation of +127°. Itis very soluble in water and in alcohol, 
slightly soluble in chloroform, and very slightly soluble in ether. 

Identification—(1) Sulfuric acid, added to Hydrastine Hydrochlo- 
ride, produces a yellow color which ‘becomes redder on heating; (2) sul- 
furic acid containing 5 mg. of molybdic acid in each cc. produces a 
green color, changing to brown; (8) sulfuric acid containing 5 mg. of 
selenous acid in each cc. gives a light green color, changing to brown; 
(4) Nitric acid produces an orange color. 
Tests for Purity— 

Loss on drying—Not more than 2 per cent. 

Residue on ignition—Negligible from 100 mg 

| Hydrastinine—A solution of about 100 mg. in 10 cc. of diluted aie 
furie acid shows no blue fluorescence, but on the gradual addition of 


It has a. 
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potassium permanganate T.S., avoiding excess, a blue fluorescence 
develops. 

Berberine—An aqueous solution of Hydrastine Hydrochloride (1 in 
20) is not reddened by chlorine T.S. 
Storage—Keep Hydrastine Hydrochloride in tight, light-resistant 
containers. 


Uses—See Hydrastis. 


Average Dose—10 mg. (approximately 1é grain). 


Unofficial Uterine Alkaloids 


Cornutine Citrate—An alkaloid from ergot, the activity of which is 
probably due to ergotoxin. 

Ergotoxine [Cg5H4,;N50¢6]—An active alkaloid obtained from ergot. 

Hydrastine [C2;H2,;NO¢6]—From hydrastis or prepared synthetically. 
In white to creamy white, glistening prisms or as a white, micro- 
crystalline powder; permanent in the air. Almost insoluble in 
water; 1 Gm. is soluble in 170 cc. of alcohol, 1.4 ec. of chloroform, 
and in 175 cc. of ether at 25°, also in 22 cc. of alcohol at 60°. 
For uses see Hydrastine Hydrochloride. 


Hydrastine Sulfate [(Co;H210¢gN)2.H2SO4]—Yellowish white, 
hygroscopic powder. Freely soluble in water, alcohol. Uses and 
Dose: as of the hydrochloride. 


Hydrastinine [C1;13H;303N]—Obtained by oxidation of hydrastine. 
White, optically inactive crystals. Melts at 116° to 117°. Insol- 
uble in cold; moderately soluble in hot water; freely soluble in 
alcohol, chloroform, ether, dilute acids. 

Hydrastinine Chloride [C;;H 1202NCI; mol. wt. 225.56]—Yellowish 
white, hygroscopic, crystalline powder or light yellow needles. 
Melts about 212° with decomposition. Very soluble in water, 
alcohol, sparingly in chloroform; slightly soluble in ether. Uses: 
systemic hemostatic, in hemorrhages, menorrhagia, metrorrhagia, 
hemoptysis, hematemesis, epistaxis. Dose: 30 mg. 


Specialties Containing Uterine Alkaloids 


Basergin (Sandoz)—Ampuls, 1 cc. (0.2 mg.), or tablets (0.25 mg.),. 
containing ergonovine tartrate. Uses: oxytocie. Dose: orally, 
1 tablet 2 to 4 times a day; intravenously or intramuscularly, 0.2 mg. 

Dihydroergotamine (D. H. E.) (Sandoz)—Ampuls, 1 ce. (1 mg.) con- 
taining dihydroergotamine methanesulfonate in an aqueous solu- 
tion. Uses: potent sympathicolytic agent used in aborting at- 
tacks of migraine; minimal uterotonic effects. Dose: subcutane- 
ously, intravenously, or intramuscularly, 1 to 2 cc, 

Ergaloid (Upjohn)—Ampuls (1 cce.), each containing 1.2 mg. total 


ergot alkaloids, calculated as ergotoxine ethanesulfonate. Uses: 
oxytocic; to prevent postpartum hemorrhage. Dose: intraven- 
ously, 1 ec. 


Ergoapiol (M. H. Smith)—Capsules, each containing 0.065 Gm. (1 
gr.) ergot extract, 8.1 mg. (36 gr.) aloin, 0.5 min. savin oil, 3 min. 
apiol, and castor oil. Uses: to control postpartum hemorrhage; 
in delayed involution; dysmenorrhea. Dose: orally, 1 or 2 cap- 
sules 3 to 4 times a day. 

Ergoklonin (Wyeth)—Solution, each cc. containing 0.1 mg. ergono- 
vine and not more than 0.1 mg. ergotoxine alkaloids. Uses: oxy- 
tocic. Dose: orally or rectally, 1 teaspoonful in 2 ounces water, 
administered postpartum. 

Ergone (Parke, Davis)—Ampuls (1 ec.) containing an aqueous solu- 
tion of an equimolecular mixture of ergotamine and ergotamuinine, 
biologically standardized. Uses: oxytocic. Dose: intramuscu- 
larly, 1 cc. 

Ergot Aseptic N. N. R. (Parke, Davis)—Ampuls (1 ce.) containing a 
liquid extract of ergot, biologically standardized. Uses: oxytocic. 
Dose: intramuscularly, 1 or 2 ec. 

Ergotole (Sharp and Dohme)—Ampuls (1 cc.) or solution containing 
an extract of ergot of rye, each cc. containing the water-soluble 
constituents of 2.4 Gm. ergot. Uses: oxytocic. Dose: orally, 
4 cc.; subcutaneously, 1 cc. 2 or 3 times a day. 

Ergotora (Upjohn)—Tablets, each containing 1.2 mg. of total ergot 
alkaloids, calculated as ergotoxine ethanesulfonate. Uses: oxy- 
tocic. Dose: orally, 2 tablets every 4 to 6 hours. 

Ergotoxine Ethanesulfonate (Burroughs Wellcome)—Oral tablets 
(0.5 mg.) or hypodermic tablets (0.65 mg.) containing the ethane- 
sulfonic acid salt of ergotoxine. Uses: in postpartum hemorrhage. 
Dose: orally, 0.5 mg.; intramuscularly, 0.65 or 1.3 mg 

Ergotrate (Lilly)—Ampuls, 1 cc. (0.2 mg.) or tablets (0. 5 mng.), con- 
taining ergonovine maleate. See EHrgonovine Maleate U.S. P. 

Ernutin (Burroughs Wellcome)—Solution containing 0.033 per cent 
ergotoxine ethanesulfonate, 0.0097 per cent histamine diethane- 
sulfonate, and 0.301 per cent tyramine ethanesulfonate. Uses: 
control of postpartum hemorrhage. Dose: orally, 1.8 to 3.7 cc. 
Ernutin Injection—Ampuls (0.6 cc.) containing 0.1 per cent ergo- 
toxine ethanesulfonate, 0.029 per cent histamine diethanesulfonate, 
and 0.905 per cent tyramine ethanesulfonate. Dose: subcutane- 
ously or intramuscularly, 0.3 to 0.6 ec. 

Gynergen N. N. R. (Sandoz)—Ampuls, 0.5 or 1 cc. (0.25 or 0.5 mg.), 
liquid (1 mg. per cc.), or tablets (1 mg.), containing ergotamine 
tartrate. See Hrgotamine Tartrate U.S. P. 

Neo-Gynergen (Sandoz)—Ampuls (1 cc.) or tablets, each containing 
0.26 mg. (3250 gr.) ergotamine tartrate and 0.130 mg. (300 gr.) 
ergonovine tartrate. Uses: control of postpartum hemorrhages 
1o hasten involution. Dose: orally, 1 tablet 2 or 3 times a day; 
intramuscularly or subcutaneously, 1 cc. 
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MISCELLANEOUS ALKALOIDS 


ACONITE N. F. Aconitum 


Aconite Root, Monkshood, Aconiti Tuber P.I., Wolfsbane, Friar’s 
Cap, Blue Rocket, Sp. Acénito] 


Aconite is the dried tuberous root of Aconitum 
Napellus Linné (Fam. Ranunculacez). 

The potency of Aconite shall be such that 0.1 Gm. 
shall possess an activity equivalent to not less than 0.15 
mg. of Reference Aconitine. 

Aconite is found both on the European and American 
continents. It has been used medicinally since medieval 
times and is said.to have been used as an arrow poison 
by the Chinese. 

Constituents—The drug contains aconitine [C3aH47- 
O1,N] as its principal alkaloid. Several others are pres- 
ent, namely, zsaconitine, benzaconine, (benzoylaconine), 
aconine, and methyl benzoylaconine. These are all de- 
composition products. The physiological action of the 
other alkaloids is antagonistic to aconitine. Aconitine 
is readily decomposed into the other alkaloids, which 
are inert or less active and for this reason the N. F. has 
a biological assay for the drug and its preparations to 
indicate the minimum activity. Aconitic acid [Cg5H.O«] 
is also present, together with resins, sugar, fat, coloring 
matter, etc. Aconitic acid may be produced by heating 
citric acid to 155°. Alcohol is the best menstruum for 
preparations of aconite. 

Description and Properties— 

Unground Aconite occurs as a more or less conical root, from 4 to 10 
em. in length, and from 1 to 3.5 cm. in diameter at the crown; ex- 
ternally weak brown to moderate brown, smooth or longitudinally 
wrinkled, the upper end with a bud, or remains of bud-scales and stem- 
scar. The other portions possess numerous root-scars or short root- 
lets. The fracture is short, horny, or somewhat mealy; and the inter- 
nal color is yellowish white through very pale orange to moderate 
yellowish brown. The bark is 1 to 2 mm. in thickness, and the cam- 
bium zone is usually 5- to 8-angled. 

Powdered Aconite is pale brown to weak yellowish orange, and has 
a very slight odor and a sweet taste soon becoming acrid and develop- 
ing a tingling sensation, followed by numbness. (Taste cautiously.) 
Tests for Purity— 

Foreign organic matter—Not more than 2 per cent, other than aco- 
nite stems. 

Aconite stems—Not more than 5 per cent. 


Assay—The drug is assayed by preparing a tincture and then assay- 
ing it as directed under Aconite Tincture. 


Uses—The use of Aconite is obsolete in modern thera- 
peutics. The drug exerts its effects on the cardiovascu- 
lar system only by virtue of a toxic action. It is very 
poisonous. Formerly it was rather widely used to 
depress the rapid heart action in fevers, and to lower 
the blood pressure in hypertensive states. These uses 
are dangerous. Aconite has also been applied locally for 
the relief of neuralgias, toothache, and similar pains. 
Due to the possibility of absorption and toxic systemic 
effects, Aconite should not even be used on the surface 
of the body. 

Average Dose—60 mg. (approximately 1 grain). 


Aconite and Chloroform Liniment N. F. 
Linimentum Aconiti et Chloroformi 


[Lin. Aconit. et Chlorof.] 


Metric Alternative 
Aconite Fluidextract.............., 45 cc 1 fl. oz. 211 min. 
PAU OMO UES tas, s cys 8 casas secels iin woaleve 80 cc. 2 fl. oz. 269 min. 
TT ORONOTIING so S506 ores os pam dicls eielia is 125 cc. 4 fi. oz. 
Camphor and Soap Liniment........ 750 cc. 24 fl. oz. 
MES OMEIT COM eveue eisai ks slevesleie axsitevare done’ 1000 cc 2 pints 


_ Mix the ingredients. 


Alcohol Content—From 55 to 62 per cent, by volume, of CeoHs50H. 
Storage—Keep the Liniment in tight containers. 


Uses—An obsolete and dangerous preparation. 
Aconite. 


See 


Aconite Fluidextract N. F. Fluidextractum Aconiti 
[Fidext. Aconit.—Sp. Extracto Fldido de Acénito] 


Aconite Fluidextract possesses a potency per cc., 
equivalent to 1.5 mg. of Reference Aconitine. 

Prepare the Fluidextract from aconite, in moderately 
coarse powder, by Process C, as modified for assayed 
fluidextracts (page 271). Use a mixture of 3 volumes of 
alcohol and 1 volume of water.as the menstruum, macer- 
ate the drug during 48 hours, and percolate at a moder- 
ate rate. 

Add sufficient hydrochloric acid to adjust the hydro- 
gen ion concentration of the percolate to fall within the 


range of pH 2.75 and pH 3.25. Adjust the concentrated 


fluid to contain, in each 1 cc., a potency equivalent to 
1.5 mg. of Reference Aconitine and 63 per cent, by vol- 
ume, of C2H;0H. Then readjust the hydrogen ion 
concentration so that it is within the range previously 
stated. 

Assay—Proceed as directed in the Assay under Aconite Tincture (page 
859), using the Fluidextract properly diluted with distilled water. 
Alcohol Content—From 60 to 66 per cent, by volume, of CoHs5O0H. 
Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 
Incompatibilities—The acid contained in this preparation is essential 
to the stability of the aconitine contained therein. Consequently any 
alkaline substance which would tend to neutralize this acid is uncom- 
patible with the product. Of lesser importance is the fact that the 
alkaline substance would likewise lose its identity through reaction 
with the acid. 


Uses—An obsolete and dangerous preparation. See 
Aconite. 


Average Dose—0.06 cc. (approximately 1 minim). 


Aconite Tincture N. F. Tinctura Aconiti 
[Tr. Aconit.—Tinctura Aconiti P.I., Sp. Tintura Acénito] 
Aconite Tincture possesses a potency per cc. equiva- 


lent to 0.15 mg. of Reference Aconitine. 


Metric 
100 Gm. 


Alternative 


Aconite, in fine powder............. 30z. av. 148 gr. 
Alcohol, 
Water, each, a sufficient quantity, 
ee RonmakerabOubency-relerenied skye teres 1000 cc. 2 pints 
Prepare the Tincture by Process P as modified for assayed tinc- 
tures (page 267), using a mixture of 3 volumes of alcohol and 1 
volume of water as the menstruum. Macerate the drug during 
24 hours, and then percolate it at a moderate rate. Immediately 
add sufficient hydrochloric acid to this percolate to produce a 
pH of 3 + 0.2. Assay a portion of the percolate, and adjust the 
volume of the remaining liquid by dilution with the above men- 
struum, including sufficient hydrochloric acid to produce a 
pH of 3 = 0.2; so that the finished Tincture will conform to the 


above biological standard, 


Assay—In this assay use guinea pigs weighing from 250 Gm. to 350 
Gm. from a colony of guinea pigs kept under identical conditions. 
For each assay the animals used for both the preparation being tested 
and for the reference aconitine must not vary by more than 50 Gm. in 
weight. ; 

Dilute a portion of the percolate (or of Aconite Tincture if the 
finished Tincture is being assayed), using sufficient distilled water to 
make the dose about 1 cc., and inject this dilution under the skin of 
the abdomen of the guinea pigs. ‘be 

Prepare a solution of reference aconitine in 70 per cent alcohol, by 
volume, in a proportion of exactly 15 mg. of the aconitine in each 
100 cc., and adjust the pH of the solution, by the addition of hydro- 
chloric acid, to 3 + 0.2. This alcohol solution may be preserved in 
sealed ampuls, but such solutions must be checked for potency against 
freshly prepared solutions at least every 6 months, and discarded if 

f standard potency. ast 

not tute this Betation Ot aconitine with sufficient distilled water to 
make the dose about 1 cc., and inject it as directed for the preparation. 

By this means determine the doses of the reference aconitine and of 
the preparation being assayed which will kall not more than 7 and 
not less than 3 animals of groups of 10 animals, within 6 hours. If 
the respective mortalities from the reference standard and the prep- 
aration being assayed differ by not more than 2 animals the doses 

onsidered equivalent. . By eh. ; 

aay epee to Saha variable factors in this assay which make it 
difficult for different operators to obtain identical results, the evidence 
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of potency within 20 per cent above or 20 per cent below the standard 
is accepted. 

Alcohol Content—From 65 to 70 per cent, by volume, of CgH5OH. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 


Uses—An obsolete and dangerous preparation. See 
Aconite. 

An assayed tincture only should be dispensed, as 
aconite is easily rendered inert through the decomposi- 
tion of the aconitine. 

In the U.S. P. 1890 Tincture of Aconite, each 100 ce. 
represented 35 Gm. of drug, so that the tincture was 
three and one-half times stronger than the present 
official tincture. In certain cases this former strength 
may be required. It is used frequently by dentists. 

Average Dose—0.6 cc. (approximately 10 minims). 


_ 
ARECA N. F. Areca 
{[Arecanut, Betelnut, Areca Seed] 


Areca is the dried ripe seed of Areca Catechu Linné 
(Fam. Palme). 


Areca yields not less than 0.35 per cent of ether-sol- 


“uble alkaloids calculated as arecoline. 


Description and Properties— 

Unground Areca—The seed is rounded-conical, up to 3.5 cm. in 
length and up to 3 cm. in diameter. Externally it is weak reddish 
brown to light yellowish brown and is marked with a network of 
paler lines. Adhering portions of the silvery brittle endocarp and 
fibers of the mesocarp are usually found at the base of the seed. The 
seed is hard, the cut surface exhibiting a marbled appearance (rumi- 
nate endosperm) of brownish tissue alternating with whitish tissue. 

Powdered Areca is weak reddish brown to light brown, has a slight 
odor, and an astringent, slightly bitter taste. 

Tests for Purity— 

Pericarp—Not more than 2 per cent. 

Foreign organic matter—Not more than 1 per cent. 

Total Ash—Not more than 2.5 per cent. 

Assay—To 8 Gm. of Areca, in moderately coarse powder and accu- 
rately weighed, is added 80 cc. of ether and 4 cc. of ammonia T.S., and 
the mixture is shaken during 10 minutes. Then 10 Gm. of anhydrous 
sodium sulfate is added and the mixture is shaken during 5 minutes. 
The mixture is allowed to settle and the ether is quickly decanted 
into a glass-stoppered flask. Then 0.5 Gm. of tale is added to the 
ether solution, shaken during 3 minutes, then 2.5 cc. of water is 
added and shaken during 3 minutesmore. The mixture is allowed to 
stand until clear, 50 cc. of the ether is quickly decanted, equivalent to 
5 Gm. of Areca, and about two-thirds of the ether is evaporated. 
The remaining ether solution is extracted in a separator with exactly, 
15 cc. of fiftieth-normal] sulfuric acid and three 5-cc. portions of water. 
The 15 cc. of the acid may be added directly to the ether in the glass- 
stoppered flask and the flask shaken for 10 minutes, after which its 
contents are then transferred to the separator. The flask is then 
washed with the three 5-cc. portions of water, each being passed suc- 
cessively through the separator. The excess of acid is then titrated 
with fiftieth-normal sodium hydroxide using methyl red as the indi- 
cator. Each ce. of fiftieth-normal sulfuric acid is equivalent to 3.108 
mg. of alkaloids calculated as arecoline. 


Uses—Areca is not employed on man. It is used as 
a vermifuge in animals. The dose in dogs is 2 to 4 Gm.; 
in sheep, 4 to8 Gm. The expulsion of worms is accom- 
plished by the marked stimulation of peristalsis which 
the drug induces. 
Average Dose—based on the weight of the animal— 
Dogs, 2 to 4 Gm. (approximately 30 to 60 grains). 
Sheep, 4 to 8 Gm. (approximately 1 to 2 drachms). 


ARECOLINE HYDROBROMIDE N. F. 
Arecoline Hydrobromidum 


[Arecol. Hydrobrom.—Sp. Bromhidrato de Arecolina] 
COOCHs os 
g ‘y pee is 
7 CH. 


Arecoline Hydrobromide [CgH,3;02.N.HBr = 
is the hydrobromide of an alkaloid obtained from the 


236.12] « 
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dried ripe seed of Areca Catechu Linné (Fam. Palme) 
or produced synthetically. 

Preparation—Finely ground Areca, moistened with 
sodium carbonate solution, is extracted with ether. 
The ether solution is then extracted with acetic acid, 
the extract is diluted with water to separate fatty sub- 
stances, and filtered. The filtrate is shaken with ether 
or benzene to remove tarry matter, then it is made alka- 
line with sodium carbonate and re-extracted with ether, 
which removes the arecoline. After distilling off the 
ether the residue of arecoline is then treated with alco- 
holic hydrogen bromide and crystallized. 

Description and Properties—A white, crystalline powder, or in the 
form of white crystals. It is odorless and has a bitter taste. It is 
affected by light. It melts between 170° and 175°. An aqueous 
solution (1 in 50) yields a reddish brown precipitate with iodine T.S. 
and an orange precipitate with bromine T.S. One Gm. of Arecoline 
Hydrobromide dissolves in about 1 cc. of water, in about 10 ce. of 
alcohol at 25°, and in about 2 ce. of boiling alcohol. 
soluble in ether or chloroform. 

Tests for Purity— 

Free acid—Equivalent to not more than 0.32 per cent as HBr. 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.5 per cent. 

Sulfate—Practically none. 

Other alkaloids—The addition of ammonia T.S. or of sodium 
hydroxide T.S. to 5 cc. of an aqueous solution of Arecoline Hydro- 
bromide (1 in 20) produces no precipitate or turbidity. 


Storage—Keep Arecoline Hydrobromide in tight, light-resistant con- 
tainers. 


Uses—This drug is not employed in human thera- 
peutics. It is used in veterinary medicine, particu- 
larly as a vermifuge. See Areca. 

Average Dose— Horses, 30 mg. (approximately 4% 
grain), subcutaneously. Dogs, 1.5 mg. per Kg. (ap- 
proximately 1g grain per pound). 


Arecoline Hydrobromide Tablets N. F. 
Tabellee Arecoline Hydrobromidi 


[Tab. Arecol. Hydrobrom.—Sp. Tabletas de Bromhidrato de 
Arecolina] 


Arecoline Hydrobromide Tablets contain not less than 
91 per cent and not more than 109 per cent of the 


labeled amount of arecoline hydrobromide [CgH1302N -- 


HBr]. 


Assay—The N. F. assay for the Tablets is the argentometric titration 
of the bromide ion (page 980). Each ec. of tenth-normal silver nitrate 
corresponds to 23.61 mg. of arecoline hydrobromide. 

Storage—Keep the Tablets in tight, light-resistant containers. 


Uses—See Arecoline Hydrobromide. 

Average Dose— Horses, 30 mg. (approximately 14 
grain) subcutaneously. Dogs, 1.5 mg. per Kg. (ap- 
proximately 1¢9 grain per-pound) of Arecoline Hydro- 
bromide. 


CALUMBA N. F. Calumba 
[Colombo] 


Calumba is the dried root of Jateorrhiza palmata 
(Lamarck) Miers (Fam. Menispermacee). 

Constituents—This African root contains the alka- 
loids calumbamine, jateorhizine, and palmatine. Also 
present are columbin (bitter principle), columbic acid, 
starch, anda mucilage. The latter is often troublesome 
during percolation, and therefore when percolating with 
dilute alcohol Calumba must not be in very fine powder. 


Description and Properties— Unground Calumba occurs as circula 
or oval disks, attaining a diameter of 10 cm. and seldom exceeding 
cm. in thickness; or as longitudinal or oblique slices, attaining a 
length of 30cm. The edge is pale reddish brown to light olive-brown 
and roughly wrinkled; the cut surfaces are weak yellowish orange to 
moderate greenish yellow, indistinctly radiate in the region of the 
dark cambium, and often depressed in the central portion. The frac- 
ture is short and mealy. 


It is slightly. 
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Powdered Calumba is dusky yellow to moderate greenish yellow, 
has a slight odor and a slightly aromatic and very bitter taste. 
Tests for Purity— 

Acid-insoluble ash—Not more than 2.5 per cent. 

Foreign organic matter—Not more than 1 per cent. 


Uses—A bitter tonic. 
Average Dose—I Gm. (approximately 15 grains). 


COLCHICUM CORM N. F. Colchici Cormus 
[Colchicum-root, Meadow Saffron Corm, Sp. Bulbo de Célchico] 


Colchicum Corm is the dried corm of Colchicum 
autumnale Linné (Fam. Liliacee). 

Colchicum Corm yields not less than 0.35 per cent 
of anhydrous colchicine. 

History—The name of this plant is derived from Col- 
chis, an ancient Caucasian Kingdom where it was used, 
like the Solanaceous drugs, in poison potions. This 
drug is referred to by Dioscorides who simply knew it 
as a poison. It was called Hermodactylus by several 
writers in the sixth and seventh centuries and was 
recommended at that time in the treatment of gout. It 
was the basis of a celebrated proprietary remedy in the 
latter part of the eighteenth century, which was put 
up in 2-drachm bottles (containing two doses) which 
sold for the equivalent of $4.00 a bottle. The prepara- 
tion was called Husson’s Hau Medicinale. Its composi- 
tion was exposed shortly after the beginning of the 
nineteenth century. 

Constituents—The alkaloid colchicine [Co2H25O.N] 
is present in all parts of the colchicum plant, but is 
found in greatest amounts in both the corm and seed. 
It is the active principle. There has been extracted a 
second alkaloid colchiceine [CoiH2es0.N.4H.O] the 
actual presence of which is doubtful, as colchicine can 
be readily converted into it by heating with dilute sul- 
furic acid. There are present in the corm, starch, fat, 
sugar, resin, etc. In the seed, a fixed oil is found in ad- 
dition to the other principles. The toughness of the 
seeds is due to their composition and structure, being 
composed chiefly of horny albumin made up of cells 
having very thick walls and surrounded by a closely 
adherent testa. The seeds may be exhausted of their 
active principle by digesting them in hot alcohol with- 
out bruising or powdering them. ; 
Description and Properties— 

Unground Colchicum Corm usually occurs as reniform transverse 
slices or as ovate longitudinal slices from 2 to 5 mm. in thickness. 
The flat surfaces are yellowish white to pale yellowish orange, slightly 
roughened and of a crystalline appearance under a hand lens. The 
epidermal surface is pale brown to dusky yellowish orange and finely 
wrinkled. 

Powdered Colchicum Corm is weak yellowish orange and has a slight 
odor and a bitter acrid taste. 

Tests for Purity— 
Acid-insoluble ash—Not more than 0.5 per cent. 


Soe is assayed for colchicine as described under Colchicum 
eed. 


_ Uses—Employed in the treatment of acute attacks of 


gout. Less dependable than colchicine. See Colchicum 
Seed and Colchicine. ' 


Colchicum Corm Fluidextract N. F. 
Fluidextractum Colchici Cormi 


[Fldext. Colch. Corm.—Sp. Extracto Fliido de Bulbo de Célchico 
Colchicum Corm Fluidextract yields, from each 100 

cc., not less than 300 mg. and not more than 400 mg. of 

~ colchicine. 

Prepare the Fluidextract from colchicum corm, in 

ately coarse powder, by Process A, as modified for 


s) 


assayed fluidextracts (page 270). Use a mixture of 2 
volumes of alcohol and 1 volume of water as the men- 
struum, macerate the drug during 48 hours, and perco- 
late slowly. 

Adjust the concentrated fluid to contain, in each 100 
cc., 350 mg. of colchicine and 54 per cent, by volume, of 
C.H,;OH. 

Assay—This Fluidextract is assayed by the method given under 
Colchicum Seed Fluidextract. 
Alcohol Content—From 51 to 57 per cent, by volume, of C2H;OH. 


Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—Employed in the symptomatic treatment of 
acute attacks of gout. Less dependable than colchicine. 
See Colchicine. 

Average Dose—0.25 cc. (approximately 4 minims). 


Strong Colchicum Corm Tincture N. F. 
Tinctura Colchici Cormi Fortis 


{Tr. Colch. Corm, Fort.] 


Note—Strong Colchicum Corm Tincture may be dis- 
pensed when Colchicum Corm Wine is ordered. 

Strong Colchicum Corm Tincture yields, from each 
100 ec., not less than 120 mg. and not more than 160 
mg. of colchicine. 


Metric Alternative 
Colchicum Corm Fluidextract........ 400 cc. 12 fl. oz. 384 min. 
Alcohol, 
Water, each, a sufficient quantity, 
Noma ker sot tack seis ta eeteiens exe 1000 cc. 2 pints 


Mix the fluidextract with 400 cc. (12 fl. oz. 384 min.) of water, 
allow to stand one hour, and filter. Wash the filter with sufficient 
of a mixture of 1 volume of alcohol and 3 volumes of water to 
obtain 950 ce. (80% fl. oz.) of Tincture. 

Adjust to make the tincture contain, in each 100 cc., 140 mg. 
of colchicine. 


Assay—Evaporate 45 ec. of the Tincture to about 15 cc., then proceed 
as directed in the assay of Colchicum Seed Tincture beginning with 
“Cool, dissolve the residue... .”’ 

Alcohol Content—From 24 to 28 per cent, by volume, of CgpH5OH. 
Storage—Keep the Strong Tincture in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—Employed in the symptomatic treatment of 
acute attacks of gout. Less dependable than colchicine 
in its therapeutic action. See Colchicine. 

Average Dose—0.6 cc. (approximately 10 minims). 


COLCHICUM SEED N. F. Colchici Semen 
[Colchici Semen P.I., Meadow-Saffron Seed, Sp. Semilla de Célchico] 


Colchicum Seed is the dried ripe seed of Colchicum 
autumnale Linné (Fam. Liliacee). 

Colchicum Seed yields not less than 0.45 per cent of 
colchicine. 


Description and Properties— 

Colchicum Seed is ovoid or irregularly globular in shape, amphi- 
tropous, minutely pointed at the hilum, and with a distinct beak or 
caruncle, approximately opposite the hilum; from 2 to 3 mm. in 
diameter and, when fresh, has a tendency to cohere in small clumps. 
It is tough and of bony hardness finely pitted and weak reddish brown 
to dark brown externally and pale yellow, yellowish gray or light 
brown internally. 

Powdered Colchicum Seed is dark yellowish brown to moderate 
brown, nearly inodorous and has a bitter and acrid taste. 

Tests for Purity— 
Foreign organic matter—Not more than 1 per cent. 
Acid-insoluble ash—Not more than 1 per cent. 
Assay—Weigh accurately 15 Gm. of Colchicum Seed, in moderately 
fine powder, and place it in a suitable flask. Add exactly 290 ce. of 
distilled water and exactly 10 cc. of lead subacetate T.S., and weigh 
the flask and contents. Digest the mixture at a temperature of from 
60° to 70° for 3 hours with frequent agitation. Cool, add distilled 
water to the flask to restore the original weight, and filter into a dry 
flask, rejecting the first 20 cc. of the filtrate. To 200 cc. of the clear 
filtrate add, in small portions, sufficient. sodium phosphate (about 2 
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Gm.) to precipitate the lead completely, shake the mixture frequently 
during 30 minutes, and filter into a dry flask, rejecting the first 20 cc. 
of the filtrate. Extract the alkaloids completely from 100 ce. of the 
filtrate by shaking with successive portions of chloroform. Test for 
complete extraction with iodine T.S. Carefully evaporate the com- 
bined chloroform extracts in a tared flask to dryness on a water bath, 
then add to the residue 1 cc. of alcohol, and again evaporate to dry- 
ness. Again evaporate the residue with 1 cc. of alcohol, and then dry 
to constant weight at 100°. 

Add to the residue 1 cc. of chloroform, 5 ec. of tenth-normal sulfuric 
acid, and 5 ce. of distilled water, and heat the mixture at 70° for about 
10 minutes, to dissolve the alkaloid and to evaporate the chloroform 
completely. Filter the solution through a pledget of purified cotton 
or a small filter paper, and wash the flask and the filter with distilled 
water until the washings show not more than a faint turbidity with 
iodine T.S. Drain the filter by application of suction to remove as 
much water as possible, and discard the filtrate and washings, Dis- 
solve any residue on the filter by washing it first with alcohol and then 
with ether. Collect the alcohol and ether filtrates in the flask in 
which the alkaloid was weighed, evaporate to dryness, and dry the 
residue to constant weight at 100°. Deduct this weight from the 
weight of the residue previously obtained: the difference represents 
the quantity of colchicine yielded by 5 Gm. of Colchicum Seed. 
Storage—Keep Colchicum Seed in well-closed containers. 


Uses—The only therapeutic use for Colchicum is for 
the symptomatic treatment of acute attacks of gout. 
See Colchicine. 


Colchicum Seed Fluidextract N. F. 
Fluidextractum Colchici Seminis 


[Fldext. Colch. Sem.—Sp. Extracto Fliido de Semilla de Célchico] 


Colchicum Seed Fluidextract yields, from each 100 
cc., not less than 400 mg. and not more than 500 mg. of 
colchicine. 

Extract the fatty matter from eolchicum seed, in 
moderately coarse powder, by percolation with petro- 
leum benzin. Reject the benzin percolate. Prepare 
the Fluidextract from the defatted and dried drug by 
Process A, as modified for assayed fluidextracts (page 
270). Use a mixture of 2 volumes of alcohol and 1 vol- 
ume of water as the menstruum, macerate the drug dur- 
ing 48 hours, and percolate at a moderate rate. 

Adjust the concentrated fluid to contain, in each 100 


cc., 450 mg. of colchicine and 56 per cent, by volume, of 
C.H,OH. 


Assay—To 15 ce. of Colchicum Seed Fluidextract, add 275 ec. of dis- 
tilled water and 10 ce. of lead subacetate T.S., accurately measuring 
each. Agitate the mixture frequently during 1 hour, and filter. 
Proceed as directed in the Assay under Colchicum Seed (page 862) be- 
ginning with, ‘‘To 200 cc. of the clear filtrate... .’’ The result ob- 
tained represents the yield of colchicine [Cgo2Hoa5NOg] from 5 ce. of 
the Colchicum Seed Fluidextract. 

Alcohol Content—From 53 to 58 per cent, by volume, of C2H50H. 
Storage—Keep the Fluidextract in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 


Uses—Employed in the symptomatic treatment of 
acute attacks of gout. Less certain in its effects than 
colchicine itself. See Colchicine. 

Average Dose—0.2 cc. (approximately 3 minims). 


Colchicum Seed Tincture N. F. 
Tinetura Colchici Seminis 


Tr. Colch. Sem.—Tincture of Colchicum, Tinctura Colchici P.I., 
Sp. Tintura de Semilla de Célchico] 


Colchicum Seed Tincture yields, from each 100 cc., 
oh less than 40 mg. and not more than 50 mg. of col- 
chicine. .« 


Metric Alternative 
Colchicum Seed, in moderately coarse 
100 Gm. 3o0z. av. 148 gr. 


1000 cc. 2 pints 


Prepare a tincture by Process P as modified for assayed tinc- 
tures, (page 267), using a mixture of 2 volumes of alcohol and 1 
volume of water as the menstruum. Finally adjust the Tincture 
to contain, in each 100 cc., 40 mg. of colchicine. 
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Assay—Measure accurately 150 cc. of Colchicum Seed Tincture, and 
evaporate it on a water bath to about 15 cc. Cool, dissolve the resi- 
due in sufficient distilled water to make exactly 290 cc., add exactly 
10 cc. of lead subacetate T.S., and weigh the flask and contents. Pro- 
ceed as directed in the Assay under Colchicum Seed (page 862), begin- 
ning with the words, ‘‘Digest the mixture at a temperature of from 
60° to 70° for 3 hours.’’ The result obtained represents the yield of 
colchicine [Cg2H25NOg] from 50 cc. of Colchicum Seed Tincture. 
Alcohol Content—From 59 to 63 per cent, by volume, of CgH,0OH. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 


Uses—Employed in the symptomatic treatment of 
acute attacks of gout. Less dependable in its effects 
than colchicine. See Colchicine. 

Average Dose—2 cc. (approximately 30 minims). 


COLCHICINE U. S. P. Colchicina 
[Sp. Colchicina] 


CH.CH» 
CH30 HNHCCHs 
CHO\ J, | d 
| 
CH,;0 
| 
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Colchicine [CosH2s5NO,g = 399.43] is an alkaloid ob- 
tained from Colchicum autumnale Linné (Fam. Liliaceex). 

Caution—Colchicine is extremely poisonous. 

Preparation—Colchicine may be obtained by extract- 
ing the corm or seed with alcohol. After distilling off 
the alcohol, the syrupy residue is diluted with water to 
precipitate fats and resins and filtered. The filtrate is 
digested with some lead carbonate, refiltered, evapo- 
rated to a small volume and extracted with chloroform. 
Upon concentration of the chloroform solution the 
colchicine crystallizes out with 2 moles of chloroform of 
crystallization. When these crystals are heated with 
water the chloroform is dispelled. 


Description and Properties—Pale Yellow, amorphous scales, or pow- 
der. It is odorless or nearly so, and darkens on exposuretolight. It 
melts at about 145°. Colchicine is levorotatory in chloroform and in 
aqueous solution, showing in the latter solvent an [@]?§ of —410° to 
—435°. One Gm. dissolves in 25 cc. of water, and about 220 ce. of 
ether. It is freely soluble in alcohol and chloroform. 

Identification—(1) On stirring about 1 mg. of Colchicine with a few 
drops of sulfuric acid a lemon-yellow color is produced in the mixture, 
but on the addition of a drop of nitric acid, the color changes to green- 
ish blue, rapidly becoming reddish and finally yellow, or almost color= 
less. Upon now adding an excess of sodium hydroxide T.S., the color 
is changed to red. (2) One drop of ferric chloride T.S., added to 1 
ec. of an alcohol solution of Colchicine (1 in 20), produces a garnet- 
red color at once. 

Tests for Purity— 

Loss on drying—Not more than 3 per cent. 

Residue on ignition—Negligible from 100 mg. 

Chloroform (see under Preparation)—On heating about 10 mg. of 
Colchicine with 2 cc. of sodium hydroxide T.S. and 1 drop of aniline 
no odor of phenyl isocyanide (see under Acetanilid) is perceptible.: 

Colchiceine—The addition of 2 drops of ferric chloride T.S. to 5 ce. 
of a solution of Colchicine (1 in 100) produces no color. On heating 
the mixture, a brownish red color develops, which changes to brown- 
ish black. ; 

Storage—Keep Colchicine in tight, light-resistant containers. 


Uses—Colchicine is employed empirically in the 
symptomatic treatment of acute attacks of gout. Its 
mechanism of action is unknown, and it appears to dif- 
fer from the salicylates and cinchophen in its metabolic 
effects in gout. It is practically useless in chronic gout 
and its routine administration does not lessen the fre-_ 
quency or severity of acute attacks. The alkaloid is 
very toxic, and its use should be discontinued at the 
first evidence of toxicity, namely, diarrhea, nausea, 
vomiting, and abdominal pain. * 

Average Dose—0.5 mg. (approximately a9 grain). 


ALKALOIDS AND ALKALOIDAL DRUGS 


Colchicine Tablets U. S. P. Tabellee Colchicine 
[Tab. Colchicin.—Tabletas de Colchicina]- 


Colchicine Tablets contain not less than 90 per cent 
and not more than 110 per cent of the labeled amount of 
colchicine [CooHe sNO él : 


Identification—The colchicine obtained in the assay melts at about 
140° and responds to the Identification tests under Colchicine 
Assay—A counted number of the Tablets representing 50 mg. of col- 
chicine is carefully powdered to avoid loss and extracted with small 
volumes of petroleum benzin to remove the lubricant, filtering after 
each extraction. The residue, containing the colchicine, is now heated 
with alcohol to dissolve the alkaloid, filtered, washed with alcohol, 
and the combined alcohol extracts evaporated to dryness. The resi- 
due is purified by dissolving it in hot chloroform, filtering, and evapo- 
rating the filtrate to dryness. Toremove any chloroform that may be 
held by the colchicine (see under Preparation) the chloroform residue 
is twice dissolved in a few ce. of alcohol, evaporated to dryness, and 
finally weighed. 


Storage—Keep the Tablets in well-closed containers. 


Uses—See Colchicine. 


Average Dose—0.5 mg. (approximately 14 99 grain) of 
Colchicine. 


COLOCYNTH N. F. Colocynthis 
[Colocynth Pulp—Bitter Apple] 


Colocynth is the dried pulp of the unripe but full- 
grown fruit of C2rtrullus Colocynthis (Linné) Schrader 
(Fam. Cucurbitacez). 

Constituents—The chemical nature of the active con- 
stituents of Colocynth is still disputed. Colocynthin, 
an active principle of the drug which was formerly 
classed as a glycoside, has been shown to be a mixture 
of an alkaloid having a violet purgative action and of 
citrullol, a crystallizable alcohol. Other purgative prin- 
ciples of the character of resins are also present. 


Description and Properties— Ungrownd Colocynth occurs as light, 
spongy, easily broken pieces; light yellowish orange to pale yellow, 
‘with occasional small patches of darker epicarp. The fruits, before 
removal of seeds, are nearly globular, from 4 to 10 cm. in diameter 
with 3 large lenticular cavities between the 3 carpels, hence easily 
separable longitudinally into 3 parts. .The seeds are ovoid, com- 

pressed, strong brown to weak yellowish orange. 
Powdered colocynth is weak yellowish orange to yellowish gray, has 

a slight odor and an intensely bitter taste. 

Acid-insoluble ash—Not more than 4 per cent. 

Epicarp and seed—Not more than 2 per cent of epicarp and not 
more than 5 per cent of seed. 


Petroleum benzin extractive—Not more than 2 per cent of anhydrous 
extractive. 

Uses—As a hydragogue cathartic. 

Average Dose—125 mg. (approximately 2 grains). 


Uses—Colocynth is an intensely irritating resinous 
cathartic. It is seldom employed alone. 


Colocynth Extract N. F. Extractum Colocynthidis 
[Ext. Colocynth.—Bitter Apple Extract] 


One Gm. of the Extract represents 4 Gm. of colo- 
cynth. 

Preparation—Prepare the Extract from colocynth, in 
coarse powder, by percolation and evaporation. Use 
4 volumes of alcohol and 1 volume of water as the men- 
struum, macerate the drug during 24 hours, and perco- 
 Jate at a moderate rate. Evaporate the percolate to 
dryness, reduce the residue to a fine powder, and mix 
it thoroughly, if necessary, with sufficient dry starch 
to make the Extract weigh one-fourth of the weight of 
the colocynth taken. 


Storage—Keep Colocynth Extract in tight, light-resistant containers 
_ preferably at a temperature not above 30°. 
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Uses—A purgative, usually combined with other 
drugs. 


Average Dose—30 mg. (approximately 14 grain). 


Compound Colocynth Extract N. F. 
Extractum Colocynthidis Compositum 


[Ext. Colocynth. Comp.] 


Metric Alternative 
Colocynth) Extracts 3. 052... cnn 160 Gm 50z.av. 53 gr. 
Ipomea Resin, in fine powder...... 140 Gm 4 oz. av. 210 gr. 
Aloe, im fine powder.............. 650 Gm. 20 0z. av. 350 gr. 
Cardamom Seed, in fine powder.. . 50 Gm 1 oz. av. 263 gr. 
Orang hey eeokie ttensicte os ttaaa: ever aces 1000 Gm 32 oz. av. 


Mix the ingredients. 


Storage—Keep Compound Colocynth Extract in tight, light-resistant 
containers preferably at a temperature not: above 30°. 


Uses—An active hydragogue purgative. 
Average Dose—0.25 Gm. (approximately 4 grains). 


One average metric dose contains 40 mg. of Colocynth Extract, 35 mg. of 
Ipomea Resin, and 162.5 mg. of Aloe. 


Compound Colocynth and Jalap Pills 
Pilulze Colocynthidis et Jalapze Composite 


[Pil. Colocynth. et Jalap. Comp.—Vegetable Cathartic Pills, Pilulz 
Cathartice Vegetabilis, N. F. V] 


Metric Alternative 

Compound Colocynth Extract............. 6 Gm 93 gr. 
Hiyoscyamuas Extract. 22. ..itama tetris sie 3 Gm 46 er. 
Jalap Resin, in fine powder............... 2 Gm 31 gr. 
LeptandrasExtract a. news cts te es ew as 1.5 Gm 23 gr. 
PodophyllumpResinws nec pire dete ci e 1.5 Gm 23 gr. 
PeppermintsOim ee hccsey sale cite eneioless aiemenensesls 0.8 cc. 13 min. 
Diluted Alcohol, a sufficient quantity, 

MMowmake moenaret ee sain ce caste ake 100 Pills 100 Pills 


Prepare the pills according to the General Directions (page 314). 
Average Dose—1 pill. 


One average metric dose contains 60 mg. of compound colocynth extract, 30 
mg. of hyoscyamus extract, 20 mg. of jalap resin and 15 mg. each of leptandra 
extract and of podophyllum resin. 


EMETINE HYDROCHLORIDE U. S. P. 


Emetinze Hydrochloridum 
[Emet. Hydrochlor.—Sp. Clorhidrato de Emetina] 


++ 
CH30 AA 
N OCH 
CH 30 wv 
. SS Ye is 
cr, Cla~ 
@ 
SN 
Jal GEL 
Emetine Hydrochloride [CopHaoNeO04.2HCl = 


553.56] is a hydrated hydrochloride of an alkaloid ob- 
tained from ipecac or prepared synthetically by meth- 
ylation of cephaéline. 

History—Pelletier and Magendie, the celebrated 
French scientists, discovered this alkaloid in 1817. 

Preparation—In the preparation of emetine finely 
ground ipecac is mixed with ammonia and then ex- 
tracted with ether to remove the alkaloids. From the 
ether the alkaloids are extracted with dilute acid, the 
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latter then being nearly neutralized with sodium 
hydroxide and shaken with ether or chloroform to re- 
move impurities. The aqueous solution, which con- 
tains the alkaloids, is now made definitely alkaline with 
sodium hydroxide. ‘This treatment precipitates eme- 
tine, while cephaéline, which is a phenolic base, remains 
in solution. The emetine is removed by extraction with 
ether and, after purification, it is converted into a 
hydrochloride. The cephaéline in the sodium hydroxide 
solution is precipitated by treatment with acid and then 
ammonia. This alkaloid is then converted to emetine 
by methylation with such substances as methyl sulfate 
or phenyltrimethylammonium hydroxide. By this 
process the yield of emetine from ipecac is substantially 
increased. It contains variable amounts of water of 
hydration. 
- 

Description and Properties—A white or very slightly yellowish, 
odorless, crystalline powder. It is affected by light. Its specific rota- 
tion is +21°. Emetine Hydrochloride is freely soluble in water and 
in alcohol. 

Tdentification—(1) Solutions of Emetine Hydrochloride (1 in 100) 
yield precipitates with iodine T.S., with mercuric potassium iodide 
T.S., and with platinie chloride TS. (2) Sulfuric acid, containing in 
each cc, about 5 mg. of molybdenum trioxide, produces a bright green 
mixture with Emetine Hydrochloride. 

Tests for Purity— 

Free acid—Equivalent to not more than 0.36 per cent as HCl. 

Loss on drying—Between 8 and 14 per cent. 

Residue on ignition—Negligible from 200 mg. 

Readily carbonizable substances—A solution of 100 mg. in 5 ce. of 
sulfuric acid has no more color than matching fluid H (page 1059). 

Cephaéline—This alkaloid has a free phenolic OH and is therefore 
soluble in sodium hydroxide while in Emetine the OH is replaced by a 
CH30 group which renders it insoluble in sodium hydroxide. The 
test for limit of cephaéline in Emetine hydrochloride is performed as 
follows: Toa solution of 200 mg. of Emetine Hydrochloride in 10 ce. 
of water, 5 cc. of sodium hydroxide T.S. is added and the Emetine is 
extracted with five 10-cc. portions of ether. The ether extracts are 
discarded. The aqueous layer is acidified with diluted sulfuric acid, 
then made alkaline with ammonia T.S., and extracted with 4 succes- 
sive 10-cc. portions of ether. Upon evaporating the combined ether 
solutions to dryness on a water bath and drying at 100° for 1 hour, 
the weight of the residue is not more than 2 per cent. 

Storage —Keep Emetine Hydrochloride in tight, light- rasistant con- 
tainers. 


Uses—Emetine is an expectorant, emetic, and amebi- 
cide. Clinically its chief use is in the treatment of acute 
amebic dysentery where it is given for several days to 
control the acute symptoms. Then therapy is carried 
on with less toxic agents such as chiniofon or carbar- 
sone. Chronic cases and mild ambulatory cases are not 
to be treated with Emetine, and the results obtained in 
asymptomatic carriers are notoriously poor. The alka- 
loid is the mainstay of treatment of amebic abscesses, 
for example, of the liver, lung, or brain, because of the 
fact that other amebicidal agents, such as carbarsone 
and chiniofon, are wholly worthless in this type of 
disease. Emetine should always be employed in amebic 
abscess prior to surgical intervention, and may even 
make the latter procedure unnecessary. Emetine is 
particularly effective against motile amebe but not 
against cysts. Emetine is also used in certain rare 
tropical fluke infestations and in schistosomiasis. The 
drug is highly toxic and should not be used promiscu- 
ously, or in large doses or longer courses than the ac- 
cepted maxima. 


Dose—The preferred route of emetine medication is 
subcutaneous. The intravenous route is contraindi- 
cated. The dose for adults is not over 0.06 Gm. daily, 
given in 30-mg. portions morning and evening. A 
course of emetine should not continue for more than 10 
days. The patient should be kept in bed, and carefully 
watched for toxic effects. 


Average Daily Dose—/ntramuscular, 60 mg. (approxi- 
mately 1 grain). 


ALKALOIDS AND ALKAEOIDAL DRUGS 


Emetine Hydrochloride Injection U. S. P. 


TInjectio Emetinzee Hydrochloridi 
{Inj. Emet. Hydrochlor.—Sp. Inyeccién de Clorhidrato de Emetina] 


Emetine Hydrochloride Injection is a sterile solution 
of emetine hydrochloride in water for injection. It 
contains an amount of anhydrous emetine hydrochlo- 
ride [Ce9H4o.N204.2HCl] equivalent to not less than 
84 per cent and not more than 94 per cent of the labeled 
amount of emetine hydrochloride. It meets the require- 
ments of the Sterility Test for Liquids (page 126). 

In preparing the Injection, adjust it with hydrochloric 
acid or with sodium carbonate or sodium hydroxide to 
a pH of about 3.5. At a higher pH (less acidity) the in- 
jection darkens and deteriorates in a shorter time. 

Sterilize Emetine Hydrochloride Injection preferably 
by Process D-1 or Process F. See Sterilization Processes 
(page 121). It also conforms to the other requirements 
under Injections (page 249). 

Sodium chloride is frequently used to make this solu- 
tion isotonic with blood serum, about 0.26 per cent of 
the salt being required. 

Identrficattion—The presence of emetine may be ascertained by 
applying Identification test (1) described under Emetine Hydrochloride 
and test (2) to the residue resulting from the evaporation of 1 to 2 ce. 
of the Injection. 

Assay—The emetine hydrochloride content of the Injection is deter- 
mined volumetrically by the Assay of Solutions Containing Alkaloids 
(page 997). 

Storage—Keep the Injection preferably in single-dose, hermetic con- 


tainers or in other suitable containers. See Containers for Injections 
(page 255). 


Uses—See Emetine Hydrochloride. 


Average Daily Dose—Intramuscular, 60 mg. (ap- 
proximately 1 grain) of Emetine Hydrochloride. 


GELSEMIUM N. F. Gelsemium 
[Gelsem.—Yellow Jasmine Root, Yellow Jessamine, Trumpet Flower} 


Gelsemium consists of the dried rhizome and roots of 
Gelsemium sempervirens (Linné) Persoon (Fam. Logani- 
acee). 

Constituents—Gelsemium contains gelsemine [CeoH20- 
N.2O.], a erystallizable alkaloid melting at 178° C. In 
chloroform solution, it hasan [a]p of +15.9. Gelsemium 
also contains two amorphous alkaloids, one of which is 
probably gelsemianine. ‘The activity of the drug seems to 
be due primarily to the amorphous alkaloids. It also 
contains volatile oil, starch, resin, fat, coloring matter, 
etc. 

Description and Properties— 

Unground Gelsemium shows a cylindrical rhizome, usually in pieces 
from 3 to 20 cm. in length.and from 3 to 30 mm. in diameter. It¢ is 
moderate brown to dark yellowish orange externally, with occasional 
darker longitudinal lines, longitudinally wrinkled and transversely 
fissured. The upper surface shows a few stem-scars. The fracture is 
tough and splintery. Internally it is pale yellowish orange to weak 
yellow, having a thin bark, and distinctly radiate and eccentric wood 
with a disintegrated pith. The root fracture is one-half transverse, 
the other half oblique and splintery. 

Powdered Gelsemium is light yellowish brown to weak yellow; has 
a slight odor, and a bitter taste. 

Tests for Purity— 


Foreign organic matter—Not more than 2 per cent. 
Acid-insoluble ash—Not more than 2 per cent. 


Uses—Gelsemium is an obsolete drug with no legiti- 
mate therapeutic uses. In the past it has been employed 
as an antispasmodic and in the treatment of certain 
nervous disorders. " 
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Average Dose—30 mg. (approximately 14 grain). 
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Gelsemium Fluidextract N. F. 


Fluidextractum Gelsemii 
[Fildext. Gelsem.] 


Prepare the Fluidextract from gelsemium, in moder- 
ately coarse powder, by Process A (page 270). Use a 
mixture of 4 volumes of alcohol and 1 volume of water 
as the menstruum, macerate the drug during 48 hours, 
and percolate slowly. 

Alcohol Content—From 61 to 68 per cent, by volume, of CoH5OH. 
Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 

Uses—See Gelsemium. 

Average Dose—0.03 cc. (approximately 14 minim). 


Gelsemium Tincture N. F. Tinctura Gelsemii 
[Tr. Gelsem.] 


Metric Alternative 
Gelsemium, in fine powder......... 100 Gm. 3 oz. av. 148 gr. 
Alcohol, 
Water, each, a sufficient quantity, 
“IPto) 1G Sie ee eee 1000 cc. 2 pints 


Prepare the Tincture by Process P (page 267). Use a mixture 
of 4 volumes of alcohol and 1 volume of water as the menstruum, 
macerate the drug during 24 hours, and percolate at a moderate 
rate. 


Alcohol Content—From 70 to 75 per cent, by volume, of CoH5OH. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 


Uses—See Gelsemium. 
. Average Dose—0.3 cc. (approximately 5 minims). 


IPECAC U. S. P. 


[Ipecac.—Ipecacuanhe Radix P.I., Sp. Ipecacuana] 


Ipecacuanha 


Ipecac consists of the dried rhizome and roots of 
Cephaélis Ipecacuanha (Brotero) A. Richard, known in 
commerce as Rio or Brazilian Ipecac, or of Cephaélis 
acuminata Karsten, known in commerce as Cartagena, 
Nicaragua, or Panama Ipecac (Fam. Rubiacee). 

Ipecac yields not less than 2 per cent of the ether- 
soluble alkaloids of Ipecac. 

History—The first mention of this Brazilian drug is 
by Purchas, a famous traveler, in 1625. Its first intro- 
duction into European medicine was in 1686 when Louis 
XIV purchased from a quack named Helvetius the secret 
of a nostrum used successfully in the treatment of diar- 
rhea and dysentery, and ipecac was found to be the 
essential ingredient. 

Constituents—Ipecac contains emetine (methyl- 
[Cog HaoN A®) al3 cephaéline, [CogHagN aQa], 
psychotrine, emetamine, ipecamine, also tpecacuanhic 
acid, pectin, starch, resin, sugar, ete. All ofthe alkaloids 
are interrelated and may be synthesized from each other. 
Brazilian roots yield as much as 2.5 per cent of total 
alkaloids and Cartagena root 2.0 per cent. The apo- 


_thegmatic matter, which is dissolved by hydroalcoholic 


liquids when percolating it, is slowly precipitated when 
added to water or syrup. It may be separated by 
allowing the aqueous liquid to stand until the separa- 
tion is completed and then filtering. 


Description and Properties— 

Unground Rio Ipecac—Roots in cylindrical pieces, mostly curved 
and sharply flexuous, occasionally branched, from 3 to 15 cm. in 
length, from 1 to 4 mm. in diameter, reddish brown to dark brown, 
either smooth or closely annulated, with thickened, incomplete rings 
and usually exhibiting transverse fissures with vertical sides; bark of 


smooth root thin, approximately one-ninth of the diameter of the 


root, that of the annulated root approximately two-thirds of the 


~ 
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entire diameter; fracture of bark short, easily separable from the 
tough, fibrous wood; odor distinctive, the dust sternutatory; taste 
bitter, nauseuous, and acrid. Rhizomes cylindrical, attaining a 
length of 10 cm. and a thickness of 2 mm., finely longitudinally 
wrinkled, with a few elliptical scars and a distinct pith approximately 
one-sixth of the entire diameter of the rhizome. 

Unground Cartagena Ipecac—As compared with Rio Ipecac, up to 
6.5 mm, in diameter; externally grayish, grayish brown or reddish 
brown, the reddish brown variety frequently beset with numerous 
transverse ridges bearing light-colored abrasions; ‘annulations less 
numerous; simple starch grains, on the average, larger in the medul- 
lary rays of the wood. 

ae Ipecac—Pale brown, weak yellow or light olive gray in 
color. 
Tests for Purity— 

Overground stems of Ipecac—Not more than 5 per cent. 

Foreign organic matter—Not more than 2 per cent. 

Assay—Place 10 Gm. of Ipecac, in fine powder, in a dry, 250-cc. flask. 
Add 100 ce. of peroxide-free ether, measured at 25°, stopper the flask 
tightly, shake the mixture thoroughly, and allow it to stand for 5 
minutes. Then add 10 ce. of ammonia T.S., stopper the flask tightly, 
shake it for 1 hour in a mechanical shaker, or intermittently during 2 
hours, and allow to stand overnight at a temperature not exceeding 
25°. Again shake the mixture intermittently during 30 minutes, and 
allow the drug to settle at 25°. Quickly transfer to a separator ex- 
actly 50 ce. of the clear, supernatant liquid, representing 5 Gm. of 
Ipecac, rinse the measuring vessel with a small volume of peroxide- 
free ether, and add the rinsing to the solution in the separator. Com- 
pletely extract the alkaloids from the ether with approximately nor- 
mal sulfuric acid, preferably using 15 cc. the first time, or sufficient to 
insure an acid reaction, and 10 cc. for each succeeding extraction, and 
filtering all extractions through the same filter into a second separator. 
To the combined acid solutions add about an equal volume of per- 
oxide-free ether, render the mixture alkaline with ammonia T.S., and 
completely extract with successive portions of peroxide-free ether. 
Filter each portion of the ether extract into a flask or beaker, and care- 
fully evaporate the combined ether extracts on a steam bath until 
nearly but not quite dry. Add 5 cc. of the peroxide-free ether and 
exactly 10 cc. of tenth-normal sulfuric acid, and heat on a steam 
bath to effect complete solution of the alkaloid and to remove all of the 
ether. Cool, dilute with 15 cc. of water, and titrate the excess of acid 
with tenth-normal sodium hydroxide, using methyl red T.S. as the 
indicator. Each ec. of tenth-normal sulfuric acid is equivalent. to 24.0 
mg. of the ether-soluble alkaloids of Ipecac. 


Uses—lIpecac is an emetic in the dose of 1.0 Gm., but 
it is seldom employed for this purpose because it is slow 
in its action and therefore not dependable in emergen- 
cies. As an expectorant, Ipecac is prescribed in the 
dose of 0.06 Gm., but the official syrup is usually pre- 
ferred. Ipecac has amebicidal potency by virtue of its 
content of emetine, but is almost never used in the 
therapy of amebiasis. Emetic doses of Ipecac may be 
used in patients with paroxysmal auricular tachycardia, 
the vagal impulses arising from the excitation of the 
medullary vagal vomiting mechanism acting to bring 
about the cessation of the arrhythmia. 

Average Dose—E metic, 0.5 Gm. (approximately 71% 
grains). 


Ipecac Fluidextract U. S. P. 


Fluidextractum Ipecacuanhe 
[Fldext. Ipecac.—Sp. Extracto Fliido de Ipecacuana] 


Ipecac Fluidextract yields, from each 100 cc., not 
less than 1.8 Gm. and not more than 2.2 Gm. of the 
ether-soluble alkaloids of ipecac. 


Alternative 
16 oz. av. 302 gr. 


Metric 


[Ipecac wimeinepowGerinnecy us take 1000 Gm. 


Exhaust the ipecac by percolation, using a mixture of 3 volumes 
of aleohol and 1 volume of water as the menstruum, macerating 
for 72 hours and percolating slowly. Reduce the entire percolate 
to a volume of 1000 ce. (1 pint) by evaporation at a temperature 
not exceeding 60°, and add 2000 ce. (2 pints) of water. Allow the 
mixture to stand overnight, filter, and evaporate the filtrate to 
a volume of 565 cc. (9 fl. 0z.). To this add 35 cc. (269 min.) of 
hydrochloric acid and 300 ce. of alcohol, mix well, and filter. _ 

Assay a portion of this liquid, and dilute the remainder with 
a mixture of 30 volumes of alcohol, 3.5 volumes of hydrochloric 
acid, and 66.5 volumes of water to make each 100 ec. of the Fluid- 
extract contain 2.0 Gm. of the ether-soluble alkaloids of ipecac. 


Assay—Measure accurately 10 cc. of Ipecac Fluidextract, and trans- 
fer it to an evaporating dish containing either absorbent paper or 
asbestos, and dry at a temperature not exceeding. 60° Transfer the 
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absorbent to a flask containing 100 cc. of peroxide-free ether, meas- 
ured at 25°. Then proceed as described under the Assay of Ipecac, 
beginning with ‘‘Stopper the flask tightly . 

Alcohol Content—From 28 to 33 per cent, by volume, of CoH5OH. 
Storage—Keep Ipecac Fluidextract in tight, light-resistant containers, 
and avoid exposure to excessive heat. 

Incompatibilities—The slight acidity of this preparation is necessary 
in order to keep the alkaloids cephaéline and emetine in solution as 
hydrochlorides. It is therefore incompatible with substances having 
an alkaline reaction. 


Uses—Chiefly employed in making the syrup and 
other preparations. It may be used as an emetic in the 
treatment of amebic dysentery, or for any other condi- 
tion for which ipecac is prescribed. See Ipecac. 

Average Dose—Emetic, 0.5 cc. (approximately 8 
minims). 


Ipecac Syrup U. S. P. Syrupus Ipecacuanhe 


. 
{Syr. Ipecac.—Sp. Jarabe de Ipecacuana] 


Metric Alternative 
Ipecac. Fluidextract-..qee eee 70 cc. 2 fl. oz. 115 min. 
Glycerin — 98 a eee ee ala ees 100 cc. 3fl.0z. 96 min. 
Syrup, a sufficient quantity, 
To Makers. ict tocticee eased acer 1000 cc. 2 pints 


Mix the fluidextract with the glycerin, and add enough syrup 
to make the product measure 1000 cc. (2 pints). Mix thor- 
oughly. 


Alcohol Content—From 1 to 2.5 per cent, by volume, of Co2H50H. 
Storage—Keep Ipecac Syrup in tight containers, preferably at a 
temperature not above 25°. 


Uses—The chief use of this preparation is as an ex- 
pectorant of the nauseating variety. The dose for 
adults is 0.5 to 1.0 ce. The Syrup is especially valuable 
for croupous bronchitis in children, the dose being 5 
“drops” for the first year of age, and 1 additional drop 
for each additional year. See Ipecac. 

Average Dose—E metic, 8 cc. (approximately 2 flui- 
drachms). 


Ipecac Tincture N. F. Tinctura Ipecacuanhe 
{Tr. Ipecac.—Tinctura Ipecacuanhe P.I., Sp. Tintura de Ipecacuana] 


Note—Ipecac Tincture may be dispensed when Ipecac 
Wine is ordered. 

Ipecac Tincture yields, from each 100 cc., not less 
than 180 mg. and not more than 220 mg. of the ether- 
soluble alkaloids of ipecac. 


Metric Alternative 
Ipecac'Fluidextracts..- = eLeeeeee 100 cc. 3fl.0z. 96 min. 
Diluted Hydrochloric Acid..:........ 15.cc.. 230 min. 
Alcohol. 2c). 2S oe Stee ine ete 200 cc. 6 fl. oz. 192-min. 
Water, a sufficient. Bee 
‘Lomakeca bout acncmeis ier entecerre 1000 cc. 2 pints 


Mix the diluted hydrochloric acid and alcohol with 600 ce. 
(19 fl. 02.) of distilled water, add the ipecac fluidextract, and then 
sufficient distilled water to make the product measure 950 cc. 
(301% fl. oz.), and filter. 

Adjust to make the Tincture contain, in each 100 ec., 200 mg. 
of the ether-soluble alkaloids of ipecac; use 1 volume of alcohol 
and 4 volumes of water, if necessary, for dilution. 


Assay—Evaporate 50 cc. of Ipecac Tincture to about 3 cc., and trans- 
fer the residue to a separatory funnel containing 25 cc. of ether, using 
as little water as possible in rinsing the dish to complete the transfer. 
Add a slight excess of ammonia T.S., and shake the mixture for 1 
minute. Separate the ether layer, and complete the extraction of the 
alkaloids with successive portions of ether. Combine the ether solu- 
tions, and extract the alkaloids completely with dilute sulfuric acid 
(about 1 per cent), keeping the volume of the acid solutions as small 
as is practicable, and filtering them successively through a pledget of 
cotton. Render the combined acid solutions alkaline with a slight 
excess of ammonia T.S., and extract the alkaloids completely by 
shaking with successive portions of ether. Evaporate the combined 
ether solutions nearly to dryness, add 10 cc. of tenth-normal sulfuric 
acid, warm to dissolve the alkaloids and to expel the remaining ether, 
cool, and titrate the excess acid with fiftieth-normal sodium hydroxide, 
using methyl red T.S. as the indicator. Each ce. of tenth-normal sul- 
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fare acid is equivalent to 24 mg. of the ether-soluble alkaloids of 
pecac. 

Alcohol Content—From 20 to 23 per cent, by volume, of CeH;OH. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. 
Incompatibilities—Like the fluidextract, this preparation is incompat- 
ible with alkaline substances due to the danger of precipitation of the 
cephaéline and emetine. 


Uses—Nauseating expectorant and diaphoretic. See 
Ipecac. 
Average Dose—0.6 cc. (approximately 10 minims). 


LARKSPUR N. F. Delphinium 
[Larkspur Seed] 


Larkspur is the dried ripe seed of Delphinium Ajacis 
Linné (Fam. Ranunculacee). 

Constituents—Larkspur is an alkaloid bearing drug, 
among which are: ajacine [CisHesNOu.], ajoconine 
[Ciz7HegNOzo], and delphinine which physiologically is 
said to resemble aconitine. 


Description and Properties— Unground Larkspur occurs as an irregu- 
larly tetrahedral seed acute at one end, obtuse or rounded at the 
other, about 2 mm. in length, and nearly as wide. The surface is 
brownish black to dark yellowish brown, occasionally light brown- 
gray or yellowish gray, and has from 8 to 12 ridges transversely en- 
circling the seed and forming wavy, continuous, vertical walls or 
ruffles, occasionally intersecting, and with narrow channels between. 
The seed coat is crustaceous. The endosperm is light gray, fleshy, 
and oily, and the small embryo is embedded within it. 

Powdered Larspur is brown to olive-gray in color, has a very faint 
odor and a bitter taste. 
Tests for Purity— 

Acid-insoluble ash—Not more than 2 per cent. 

Foreign organic matter—Not more than 2 per cent. 


Uses—This is an obsolete drug formerly used as a 
parasiticide in the form of a tincture. 


Larkspur Tincture N. F. Tinctura Delphinii 
[Tr. Delphin.] 


Metric Alternative 
Larkspur, in moderately coarse pow- 
(0 {2 ae RE eR AER BIS 5 Leelee 100 Gm. 3 0z. av. 148 gr. 
Alcohol, a sufficient quantity, 
To make we series omnes eee 1000 cc. 2 pints 


Prepare the Tincture by Process P (page 267). Use alcohol as 
the menstruum, macerate the drug during 24 hours, and percolate 
at a moderate rate. 


Alcohol Content—From 87 to 93 per cent, by volume, of CgH;O0H. 
Storage—Keep Larkspur Tincture in tight, light-resistant conbumier 
and avoid exposure to direct sunlight or to excessive heat. 


For external use as a parasiticide—Undiluted or di-. 


luted with an equal volume of water. 


Acetic Larkspur Tincture N. F. 


Tinectura Delphinii Acetica 
[Tr. Delphin. Acet.] 


Note: Acetic Larkspur Tincture may be dispensed when Beets 

Lotion is ordered. 
_ Metric Alternative 

Larkspur, in coarse powder....... 100 Gm. 3 0z. av. 148 gr. 
AceticorAcids (. Watacissswritass clots eane 50 cc 1 fl.oz. 288 min, 
Atcoholtoaie. coc ot eae eincrcicu 100 cc. 3 fl. oz. 96 min 
Glycerine sieikerestoh tecneiente atin ciate 50 cc 1 fl.oz. 288 min. 
Water, a sufficient quantity, 

TLOMNAKG Ve layers sreretrcieiocn ates 1000 cc. 2 pints 


Boil the powdered larkspur with the acetic acid, the glycerin, 
and 800 cc. (25 fl. oz. 288 min.) of water for 10 minutes in a 
covered vessel; set it aside until cool, add the alcohol, and mace- 


rate overnight. Filter, and add enough water through the filter 


to make the product measure 1000 ce. (2 pints). 
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Alcohol Content—From 8 to 10 per cent, by volume, of CgH;OH. 
Storage—Keep Acetic Larkspur Tincture in tight, light-resistant 
containers and avoid exposure to direct sunlight or to excessive heat. 


For external use as a parasiticide—Undiluted. 


LOBELIA N. F. Lobelia 
[Lobel—Indian-tobacco, Asthma Weed, Emetic Weed, Sp. Lobelia] 


Lobelia consists of the dried leaves and tops of Lobelia 
inflata Linné (Fam. Lobeliacez). 
Constituents—Lobelia contains lobeline, lobelic acid, 
lobelacrin, inflatin, lobelanidin, and lobelianin, a volatile 
oil, wax, resin, gum, etc. Lobeline at one time was be- 
lieved to be a liquid alkaloid but recent work has demon- 
strated its crystalline form. It melts at 130° C. and 
has an [a]p of —42.8° in alcohol. Lobeline is a violent 
emetic. 


Description and Properties— 

Unground Lobelia occurs as stems having alternate, sessile leaves, 
often narrowing into a short petiole usually more or less broken. 
When entire, the blades are ovate or oblong, from 2 to 9 cm. in length, 
pale olive to dusky yellow-green and with scattered bristly hairs, 
obtusely dentate or irregularly serrate-denticulate, each tooth having 
a brownish, gland-like apex. The stems are cylindrical, winged, and 


irregularly furrowed, and show numerous spreading hairs. The 
flowers occur in long, loose racemes and have short pedicels. 
Powdered Lobelia is dusky yellow to weak greenish yellow. It has 


a slight and irritating odor, and a strongly acrid taste. 
Tests for Purity— 
Foreign organic matier—Not more than 4 per cent. ~ 
Acid-insoluble ash—Not more than 5 per cent. 
Lobelia stems—Not more than 10 per cent. 


Uses—Lobelia and its galenical preparations are obso- 
lete in modern therapeutics. Lobelia was formerly 
employed.as an expectorant and emetic. 

Average Dose—0.1 Gm. (approximately 11% grains). 


Lobelia Fluidextract N. F. Fluidextractum Lobeliz 
[Fldext. Lobel.—Sp. Extracto Flijido de Lobelia] 


Prepare the Fluidextract from lobelia, in moderately 
coarse powder, by Process B (page 270). Use a mixture 
of 1 volume of acetic acid, 10 volumes of alcohol, and 9 
volumes of water as Menstruum I, and diluted alcohol 
as Menstruum II; macerate the drug during 48 hours, 
and percolate at a moderate rate. 

Alcohol Content—From 36 to 42 per cent, by volume, of CoH;5OH. 
Storage—Keep the Fluidextract in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Incompatibilities—The acetic acid used in the percolation of this drug 
causes it to react. with alkaline substances. ] 


Uses—This preparation is obsolete in modern thera- 
peutics. Formerly it was used as an expectorant. 
Average Dose—0.1 cc. (approximately 114 minims). 


Lobelia Tincture N. F. Tinctura Lobeliz 
[Tr. Lobel.—Tinctura Lobeliw P.I., Sp. Tintura de Lobelia] 


Metric Alternative 
Lobelia, in moderately coarse pow- 

GBP. on Gc e Eee eeeeee 100 Gm. 3o0z. av. 148 gr. 
PRELOMA CIM rset tc. c1se 5x6 s.0%e 9 * wiche DECC. 77 min. 
Diluted Alcohol, a sufficient quan- 

tity, 
ANG STRESS ere eae 1000 cc. 2 pints 


Prepare the Tincture by Process P (page 267). Use 995 ce. 
(81 fl. oz. 403 minims) of diluted alcohol and the acetic acid as the 
first menstruum, and complete the percolation with diluted alco- 
hol; macerate the drug during 24 hours, and percolate at a moder- 
ate rate. 


Alcohol Content—From 44 to 47 per cent, by volume, of CeH5OH. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight and to excessive heat. 
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Incompatibilities—Like the fluidextract, this product has the in- 
compatibilities of the weak acids. 


Uses—This preparation is obsolete in modern thera- 
peutics. Formerly it was used as an anti-asthmatic 
and as a nauseating expectorant. 

Average Dose—I cc. (approximately.15 minims). 


PELLETIERINE TANNATE N. F. 


Pelletierine Tannas 
[Pellet. Tann.—Sp. Tanato de Peletierina] 


Pelletierine Tannate is a mixture in varying propor- 
tions of the tannates of the several alkaloids obtained 
from pomegranate, Punica Granatum Linné (Fam. 
Punicacex). It contains an amount of the alkaloids 
equivalent to not less than 20 per cent as the hydro- 
chloride. 

Preparation—Pelletierine Tannate may be made by 
precipitating a solution of a sulfate of the alkaloids 
from pomegranate bark with a solution of tannic acid 
containing ammonia, washing and drying the precipi- 
tate. 

Pure dl-pelletierine alkaloid is a colorless syrupy 
liquid having a specific gravity of about 0.988 and boil- 
ing at 195°. It is soluble in water, alcohol, benzene, 
chloroform, and ether, the solution having an alkaline 
reaction. 


Description and Properties—A light yellow, odorless, amorphous 
powder, having an astringent taste. It is affected by light. A satu- 
rated, aqueous solution is acid to litmus paper. One Gm. dissolves 
in about 250 ec. of water at 25° and is dissolved by warm dilute acids. 
It is soluble in alcohol, slightly soluble in ether, and insoluble in 
chloroform. 

Tests for Purity— 

Residue on ignition—Negligible from 200 mg. 

Readily carbonizable substances—On stirring about 1 mg. of the 
residue obtained in the Assay with 2 drops of sulfuric acid no deeper 
color than light yellow or light brown is produced. ; 

Foreign alkalovds—Platinic chloride T.S. produces no precipitate 
in a cold solution of about 0.1 Gm. of Pelletierine Tannate in a mix- 
ture of 4 cc. of distilled water and 1 cc. of diluted hydrochloric acid. 
Assay—To a weighed quantity of about 500 mg. of Pelletierine Tan- 
nate about 10 cc. of sodium hydroxide T.S. is added and the alkaloid 
bases, liberated by the alkali from combination with tannic acid, are 
extracted by shaking with four portions of chloroform (15, 10, 10, and 
10 cc.). To the combined chloroform extracts 0.1 cc. of hydrochloric 
acid is added to convert the bases into their hydrochlorides and the 
chloroform is removed by evaporation on a water bath. The residue, 
consisting of the hydrochlorides of the alkaloids, is redissolved in a 
few ce. of alcohol (see Assay of Alkaloidal Salis, page 997), evaporated 
on a water bath, dried at 60 to 65° for 1 hour and weighed. 

The reason the alkaloids are weighed as the hydrochlorides and not 
as the free bases is because pelletierine alkaloid readily volatilizes on 
heating even at low temperatures. 

Storage—Keep Pelletierine Tannate in tight, light-resistant contain- 
ers. 


Uses—Pelletierine Tannate is an anthelmintic used 
chiefly against the pork tapeworm. It is a highly toxic 
drug and should be given only to robust adults. It is 
administered by mouth and is followed in 30 minutes 
by a saline cathartic. 

Average Dose—0.25 Gm. (approximately 4 grains). 


SANGUINARIA N. F. Sanguinaria 


[Sanguin.—Blood root, Red Puccoon, Tetterwort, Red Root, Red 
Indian Paint] 


Sanguinaria is the dried rhizome of Sanguinaria 
canadensis Linné (Fam. Papaveracez). 

Constituents—Sanguinaria contains sanguinarine 
[CeoHisNOs], a colorless alkaloid, which yields bright 
red salts. Sanguinarine has a melting point of 242° C. 
and is soluble in the various organic solvents to which it 
imparts a fluorescence. Other alkaloids present are 
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chelerythrine, fumarine, and homochelidonine. It also 
contains malic and citric acids, starch, resins, coloring 
matter, ete. The liquid preparations invariably deposit 
a reddish precipitate upon the sides of the bottle. Some 
of the alkaloids are similar in their action to the less im- 
portant opium alkaloids. 


Description and Properties 

Unground Sanguinaria occurs in horizontal growth, occasionally 
branching, often flexuous, more or less cylindrical, somewhat flat- 
tened, from 2 to 7 cm. in length, and from 5 to 15 mm. in diameter. 
Externally it is brown, slightly annulate, with a few stem-scars on the 
upper surface and numerous root-scars or occasional filiform roots on 
the lower surface. The fracture is short, somewhat waxy, most of 
the rhizomes showing a dusky red to moderate orange internal color 
and yellowish fibro-vascular bundles. 

Powdered Sanguinaria is light brown to dark orange; has a slight 
odor, a bitter and persistently acrid taste, and is sternutatory. 
Tests for Purity 

Roots of Sanguinaria—Not more than 5 per cent. 

Foreign organic matter—Not more than 2 per cent, other than roots. 

Acid-insoluble ash—Not more than 2 per cent. 


Uses—Formerly believed to be useful as an altera- 
tive, sternutatory, stimulant, expectorant, and emetic, 
Sanguinaria is obsolete and not employed in modern 
therapeutics. 

Average Dose—0.125 Gm. (approximately 2 grains). 


SPARTEINE SULFATE N. F. Sparteinz Sulfas 
{Spartein. Sulf.—Sp. Sulfato de Esparteina] 


Sparteine Sulfate [CisHa6Ne.H.2S04.5H20 = 
422.53] is the sulfate of the principal alkaloid of broom 
tops (Cytisus scoparius), oceurring in the plant to the 
extent of about 0.5 per cent. Two other non-oxygen- 
ated alkaloids, genisteine [Ci ¢6HegN-2| and sarothamnine 
[Cy 5H24Na], have also been isolated from the plant. 

Sparteine (base) is a colorless, oily liquid with a 
specific gravity of about 1.027. It boils at 325° and 
has an [alo of —16°. It is slightly soluble in water, and 
is soluble in alcohol, chloroform, and ether. It is vola- 
tile with steam. 


Preparation—The drug is extracted from the tops of 
the broom plant with dilute sulfuric acid, the solution 
is concentrated by evaporation if necessary, made 
strongly alkaline with sodium hydroxide and steam- 
distilled. The alkaloid in the distillate is converted 
into the sulfate with a slight excess of sulfuric acid, 
concentrated, and set aside to crystallize. 


Description and Properties—Sparteine Sulfate occurs as colorless 
crystals, or as white, crystalline powder. It is odorless, and has a 
slight salty, somewhat bitter taste. It is hygroscopic and is affected 
by light. An aqueous solution (1 in 20) is acid to litmus paper. One 


Gm. dissolves in about 1.1 ec. of water and in about 3 ce. of alcohol. - 


It is insoluble in chloroform or ether. 

Identification—(1) To about 100 mg. of Sparteine Sulfate in a test 
tube is added 25 ce. of ether and 2 drops of ammonia T.8. Then an 
ether solution of iodine (1 in 50) is added until the liquid, when shaken, 
turns from an orange to a dark, reddish brown color. After a short 
time the bottom and sides of the test tube become coated with mi- 
nute, dark, greenish brown crystals. (2) To about 50 mg. of Sparteine 
Sulfate is added 5 cc. of sodium hydroxide T.S., the mixture is shaken 
with 5 cc. of chloroform, and the chloroform layer is allowed to evapo- 
rate from a filter paper. On exposing the paper for a few seconds to 
the vapors of bromine water, it becomes yellow. By holding the 
paper over ammonia water to discharge the yellow color, then warm- 
ing it over a hot plate, a bright pink color is produced. 

Tests for Purity— 

Loss on drying—Not more than 22 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Readily carbonizable substances—A solution of 100 mg. in 2 cc. of 
sulfuric acid is colorless. 

Ammonium salts—When 100 mg. of Sparteine Sulfate is gently 
heated with 5 ce. of sodium hydroxide T.S. no odor of ammonia is 
perceptible. 

Aniline—On heating about 100 mg. of Sparteine Sulfate with 0.5 
ce. of chloroform, and 0.5 ce. of half-normal alcoholic potassium 
hydroxide, no odor of phenyl isocyanide is perceptible (no response to 
carbylamine reaction). 

Storage—Keep Sparteine Sulfate in tight, light-resistant containers. 


Uses—This alkaloid is rarely employed in modern 
therapeutics. It was formerly given in tachycardia and 
functional palpitation of the heart. 

Average Dose—30 mg. (approximately 14 grain). 


VERATRUM VIRIDE N. F. Veratrum Viride 
[Green Hellebore, American Hellebore] 


Veratrum Viride consists of the dried rhizome and 
roots of Veratrum viride Aiton (Fam. Liliacez). 

Constituents—Green Hellebore contains the alka- 
loids cevadine [Cg2H49NOo], also known as crystallized 
veratrine; jervine |Cog6Hs;NOs], pseudojervine [CaoH a- 
NO], rubijervine [CogH 4s3NOe] and Veratridine |CasH s1- 
NOQ,,], also known as amorphous Veratrine. The most 
potent of these appears to be cevadine, which is very 


poisonous and sternutatory. The plant contains also 


a bitter glycoside veratramurin and jervic acid. It is 
claimed that cevadine is not present in Veratrum album 
while the other alkaloids are present in both the Green 
and White Hellebores. The latter also contains proto- 
veratrine [Cs2H5:NO,.,] and protoveratridine [Coe6Has- 
NOg], the first of these being similar in its action to 
cevadine, though even more toxic. The exact formulas 
for many of these alkaloids has not been established. 

Veratrine and veratrine salts of commerce consist of 
mixtures of the Veratrum alkaloids or of the alkaloids 
from Sabadilla (Cevadilla) seeds. 


Description and Properties— 

Unground Veratrum Viride occurs as a more or less conical rhizome, 
from 2 to 7 cm. in length, from 1.5 to 3 cm. in diameter, externally 
brownish gray or brown; frequently bearing at the summit numerous, 
thin, closely arranged leaf-gases, otherwise rough and wrinkled and 
somewhat annulate from scars of bud-seales. The roots are numerous, 
nearly cylindrical from 3 to 8 cm. in length and from 1 to 4 mm. in 
diameter, usually transversely wrinkled, weak brown to weak yellow- 
ish orange. The fracture is brittle and more or less starchy. 

Powdered Veratrum Viride is pale brown to pale olive; inodorous 
but strongly sternutatory and has a bitter and acrid taste. 

Tests for Purity— 
Stems of the plant and other foreign organic matter—Not more than 
5 per cent. 


Uses—Veratrum Viride is a highly toxic drug which 
was at one time employed for its alleged action as a 
“cardiac sedative.’’ Its use has been largely discarded. 

Average Dose—0.1 Gm. (approximately 11% grains). 


Veratrum Viride Tincture N. F. 


Tincture Veratri Viridis 
(Tr. Verat. Vir.] 


Metric Alternative 
Veratrum Viride, in fine powder.... . 100 Gm. 302. av. 148 gr. 
Alcohol, a sufficient quantity, 
Tome Key vt asia ato cone racials 1000 cc. 2 pints 


Prepare the Tincture by Process P (page 267), using alcohol as 
the menstruum. Percolate the drug slowly. 


Alcohol Content—From 88 to 92 per cent, by volume of CeH50H. 
Storage—Keep the Tincture in tight, light-resistant containers and 
avoid exposure to direct sunlight or to excessive heat. : 


Uses—See Veratrum Viride. 
Average Dose—I cc. (approximately 15 minims). 


Specialties Containing Miscellaneous Alkaloids 


Derm-anodyne (Upjohn)—Non-greasy ointment, each ounce con- 
taining the equivalent of 34 oz. tincture aconite, 1140 gr. atropine. 
menthol, camphor, and capsicum oleoresin. Uses: 
anodyne, applied topically. 

Diasystol (Rorer)—Elixir, each teaspoonful containing 244 min. each 
aconite root, veratrum, and passiflora tinctures. Uses: hyperten- 
sion. Dose: 1 teaspoonful. ‘ 

Glyrol (Patch)—Liquid, each fluidounce containing 0.065 Gm. (1 gr.) 
each ipecac and ammonium chloride with cinnamic acid, cinnamic 


analgesic and © 
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aldehyde, glycerin, and aromatics. Uses: 


1 tablespoonful. 
Lobelin (Bischoff)—Ampuls, 1 ce. (3.2 or 9.7 mg.), containing lobeline 
- hydrochloride. © Uses: respiratory stimulant and analeptic. 
Dose: subcutaneously, children 3.2 mg., adults 9.7 mg. 

Lobeline (Sandoz)—Ampuls, 1 cc. (3 or 10 mg.), containing a-lobeline 
hydrochloride. Uses: respiratory stimulant and analeptic. 
Dose: subcutaneously, children 3 mg., adults 10 mg. 

Lobidine (Searle)—Syrup, each fluidounce contaming 260 mg. com- 
bined extracts of lobelia and stillingia, 125 mg. potassium iodide, 
60 mg. chloroform, 15 min. camphorated tincture Jamaica dog- 
wood, and 34 min. cajuput oil. Uses: sedative expectorant. 
Dose: 1 or 2 teaspoonfuls. 

Sedatussin (Lilly)—Liquid, each fluidounce containing 2.2 mg. (140 
gr.) cephaeline hydrochloride, 0.259 Gm. (4 gr.) sodium benzoate, 
40 min. sanguinaria tincture, and 48 min. squill syrup. Uses: 
sedative expectorant. Dose: 1 teaspoonful. 


expectorant. Dose: 


Unofficial Miscellaneous Alkaloids 


Akazga, Boundou, Quai, Ikaga, Icaya—An ordeal poison, used in a 
district on the west coast of Africa. The alcoholic extract acts 
similarly to nux vomica. 


Alstonia Constricta (Australian Fever Bark)—The bark of A. con-— 


stricta, found in Australia. It contains alstonine [Co1H2004Ne.- 
34%4H 20], a brownish yellow, amorphous powder, which is very 
bitter, also porphyrine and porphyrosine. 

Anabasine Sulfate—The sulfate of an alkaloid obtained from Ana- 
basis aphylla (Chenopodiacex). Uses: A 5 per cent aqueous solu- 
tion protects against mosquitoes for 10 hours. 

Anagyrine [Cy5He2N20]—A yellowish, amorphous, hygroscopic, 
poisonous alkaloid, from Anagyris fetida. Soluble in water, alco- 
hol, and ether. 

Angustura Bark, Angastura—The bark of Galipea cusparia, from the 
mountains near the Orinoco River. Contains several alkaloids. 
Uses: an aromatic bitter and febrifuge. 

Angustura Oil—The yield of oil from the bark is about \% per cent. 

Aspidosperma, Quebracho—The dried bark of Aspidosperma Que- 
bracho blanco Schlechtendal (Fam. Apocynace). It contains the 
alkaloids aspidospermine [CegeaHs3002Nel,  aspidospermatine 
[Co2Heg02Nal, aspidosamine, quebrachine, hydroquebrachine, and 
quebrachamine. Quebrachine is identical with yohimbine. The 
commercial aspidospermine is usually a mixture of the above alka- 
loids. In addition it contains two sugars, quebrachit and inosit, 
and tannin. Uses: arespiratory stimulant, used in dyspnea, and 
in asthmatic conditions. It is also used in South America as a 
substitute for cinchona in the treatment of malarial fevers. Dose: 
2to4Gm. The sulfates of aspidospermine and quebrachine are 
used hypodermically and by mouth in doses of 1 to 2 mg. 

Aspidospermine [Cgog2H39N202]—From the bark of Aspidosperma 
Quebracho. It is a weak base, forming amorphous salts. The 
hydrochloride is given in doses of 0.002 to 0.003 Gm. 

_ Baptisia N. F. V, Baptisia, Wild Indigo—The root of Baptista tinc- 
toria (Linné) R. Brown (Fam. Leguminose). It contains the alka- 
loids cytisine and baptitoxine;. also glucosides: baptisin, baptigenin, 
pseudobaptisin, and baptin; also resin. Soluble in water, alcohol, 
and chloroform. Uses: a cathartic and hepatic stimulant, also 
nerve stimulant and antipyretic. Sometimes used as a coloring 
agent for solutions (yellow). Dose: 1 Gm, 

Bebeerine [C;gH19NOg3]—From the bark of Nectandra Rodiet. A 
pale yellow, amorphous powder, of a resinous aspect, inodorous, 
very slightly soluble in water; inflammable and of an alkaline re- 
action. Bebeerine sulfate is given in doses of 0.125 to 0.3 Gm. 

Berberine [C29H19NO5|—An alkaloid from the bark of the root of 
Berberis vulgaris and others. It occurs in minute yellow crystals, 
has a bitter taste, is soluble in 100 parts of cold water, and insoluble 
ig ether. Uses: similar to that of quinine. Dose: 0.065 to 0.5 

m. 

Berberine Bisulfate, Acid Berberine Sulfate, incorrectly Berberine 
“Sulfate” [C290H1g04N .HSO4|—Yellow needles. Soluble in about 
100 water, slightly in alcohol. Uses; same asfor Berberine Sulfate. 

Berberine Hydrochloride. [Co9H1304N -Cl. 2H 20]--Yellow crystals. 
Slightly soluble in cold, freely in boiling water; insoluble in cold 
alcohol, chloroform, ether. Uses: same as for the sulfate. 

Berberine Sulfate—Neutral Berberine Sulfate [(C29H18g04N)2.SO04.- 
3H 20]—Yellow needles. Soluble in about 30 water; soluble in 
alcohol. Uses:  antiperiodic, stomachic, tonic. In malaria, 
diarrhea, anorexia. Dose: 30mg. to 1 Gm. 

Berberis N. F. VII, Oregon Grape Root—The dried rhizome and roots 
of species of the section Mahonia (Nuttall) de Candolle of the genus 
Berberis Linné (Fam. Berberidacex). It contains a yellow alkaloid, 
berberine [Co90H1905N], and oxyacanthine (berbine or vinetine) 
[CigHi9O3N], and berbamine [Ci1gHi903N]. Uses: an obsolete 
drug without therapeutic actions or medicinal value, formerly 


employed as a tonic and for a variety of unrelated disorders such ° 


as fever, liver disorders, menorrhagia, etc. Dose; 2 Gm. (30 grains). 

Betaine, Trimethyl-glycine—An alkaloid found in the juice of the 
sugar beet. 

Blennostasine—Supposed to be a derivative of a cinchona alkaloid. 
Uses: Hay fever, influenza, and colds. Dose: 1 to 4 gr. 

Boldine—From the leaves of Peuwmus Boldus. It imparts to water 

_ a bitter taste, is soluble in alcohol, ether, chloroform, etc., and is 
colored red by nitric and sulfuric acids., The yield of alkaloid is 
about 1/10 per cent. : , 

Bulbocapnine Phosphate—A phenolic alkaloid extracted from 
Corydalis cava, related chemically to apomorphine. Uses: de- 
presses certain motor functions of the brain in the treatment of 
tremor in Parkinson’s syndrome, chorea, and ataxia; not an emetic. 

Dose: subcutaneously, 0.1G m. 3 times a day, orally, 0.2 Gm, 


Buxine—Alkaloid from the bark of Buxus sempervirens. 
cal with the bebeerine of nectandra bark. 

Cactus Grandiflorus N. F. VII, Night Blooming Cereus—The fresh 
succulent stem of the wild-growing Selenicereus grandiflorus 
(Linné) Britton et Rose (Fam. Cactacex). It contains a small 
amount of alkaloid, glucosidal bodies, acid, fat, etc. Uses: for- 
mely as a substitute for digitalis in cardiac weakness. Dose: 0.5 


It is identi- 


m. 

Cascara Amargo N. F. VI, Honduras Bark—The dried bark of Sweetia 
panamensis Bentham (Fam. Leguminose). Uses: formerly as a 
bitter tonic said to have specific alterative properties. Dose: 1 Gm. 

Chelerythrine—From Chelidonium majus. This alkaloid is identical 
with santuwinarine. It is an acrid poison. 

Chelidonium, Celandine—The entire plant Chelidonium majus Linné 
(Fam. Papaveracex). It contains chelerythrine, chelidonine, 
ee uae and chelidonic acid. Uses: a diuretic. Dose: 

: m. 

Chlorogenine—Identical with Alstonine (see above). 

Cicutine—From Cicuta virosa.’” A volatile alkaloid. An acrid narcotic 
and poison. 

Cocculus N. F., Fish Berry, Cocculus Indicus, Indian Berry—The dried 
ripe fruit of Anamirta Cocculus (Linné) Wight et Arnott (Fam. 
Menispermacex). It contains the alkaloids menispermine [Ci8- 
He4N20e] and paramenispermine, and hydropicrotoxic acid, also 
picrotoxin, the poisonous principle. Uses: formerly the tincture 
was used externally as a parasiticide. It is better known at present 
as the source of picrotoxin. 

Colchicine Salicylated—A mixture of colchicine and salicylic acid in 
approximately molecular proportions. Colchicine 74 per cent, 
salicylic acid 26 per cent. Yellow powder. Very poisonous! 
Soluble in water, alcohol, or chloroform. Uses: antirheumatic, 
(CEM In gout, arthritis, rheumatism. Dose: 0.5 to 

.8 mg. 

Colchicum Flowers—The flowers of Colchicum autwmnale, found in 
Europe. They contain a large percentage of colchicine. 

Conhydrine [CgH,7NO]—From Coniwm maculatum. It occurs in 
pearly, iridescent plates, which are easily fusible; odor similar to 
that of coniine. . 

Coniine [CgH,7N]—From Conium maculatum. A volatile alkaloid, 
inflammable, strong alkaline reaction, strong odor, soluble in water, 
alcohol, ether, chloroform, etc. Its odor resembles that of the 
urine of mice. Uses: an antispasmodic. Dose: 0.015 Gm. 
Coniine hydrobromide is given in doses of 0.004 Gm. 

Conium N. F. V, Conium, Poison Hemlock—Dried full grown but 
unripe fruit of Conium maculatum Linné (Fam. Umbellifere). Itis 
unfit for use if kept for more than two years. It contains 0.5 per 
cent of coniine [CgHi7N]. It also contains conhydrine or oxyconi- 
ine [CgHy7ON] and _ pseudoconchydrine, ethyl-piperidine, and 
methylconvine [CgH1gCHs3N]; also a volatile and a fixed oil. 

Coptis N. F. V, Goldthread—The dried plant of Coptis trifola (Linné) 
Salisbury (Fam. Ranunculacex). It contains berberine and cop- 
tine. Uses: a tonic and in mouth washes for canker sores and as 
agargle for sore throat. Dose: 2Gm. 

Coptis Teeta, East Indian Goldthread—The rhizome of C. Teeta, 
found in the East Indies. It contains a very large percentage of 
berberine. 

Corydaline [Cg2H27NO4]—From the tubers of Dicentra canadensis. 
A white, amorphous powder; its solution has a very bitter taste; 
it is a tertiary base. 

Corydalis N. F. VII, Turkey Corn, Squirrel Corn—The dried tuber of 
Dicentra canadensis (Goldie) Walpers, or of Dicentra Cucullaria 
(Linné) Bernhardi (Fam. Fumariacex). Uses: formerly as a 
tonic and antisyphilitic. Dose: 0.6 Gm. 

Curare, Woorari—An extract made by South American Indians from 
plants belonging to the genus Strychnos. It contains an extremely 
poisonous alkaloid, named curarine. Uses: Curare has been used 
sporadically in clinical therapeutics for a variety of purposes: to 
control convulsions in tetanus or strychnine poisoning; to decrease 
muscular movements and rigidity in spastic paraplegia, advanced 
parkinsonism, torticollis, and dystonic athetosis. More recently, 
it has been employed to prevent injury and bone fractures in pati- 
ents undergoing convulsion therapy (metrazol, electric shock, etc.) 
for psychiatric disorders.. The dose varies with the preparation 
employed, and the drug must frequently be assayed in animals be-. 
fore human use. Adults may require 10 to 40 mg. intramuscularly, 
10 to 25 mg. intravenously. Curare is not effective by mouth. 
Curarine, an alkaloid of calabash curare, is often used instead of 
curare itself, which represents a mixture of alkaloidal substances. 

Curarine [CygHggN20]<-From calabash cwrare. Colorless prisms 
having a very bitter taste. It is colored red by nitric acid. 

Cytisus—The tree of Cytisus Laburnum, Laburnum—This plant is 
very poisonous and narcotic. It contains cytisine [C11H140NeaI 
and laburnine. 

Cytisine [C,;H,4N20]—From Cytisus Laburnum. It occurs in . 
white crystals, is inodorous, and has a bitter, somewhat caustic 
taste, and an alkaline reaction. Soluble in water and alcohol. 
It is colored orange-yellow by nitric acid. 

Delphinine, [C34H47NO9]—From the seed of Delphinium Staphi- 
sagria. It occursin flat prisms; taste bitter, followed by persistent 
tingling. Nearly insoluble in water. 4 

Dita Bark—The bark of Alstonia scholaris, found in the Philippine 
Islands. It contains 1/5 per cent of a bitter alkaloid, ditamine, 
and 2 per cent of ditain, an uncrystallizable bitter substance. 

Doundaké—The bark of Sarcocephalus esculentus which was formerly 
believed to have febrifuge properties. 

Duboisia—The leaves of D. myoporoides, found in Australia. - It con- 
tains a very poisonous alkaloid, dwboisine, which is colored reddish 
brown by sulfuric acid. 


Duboisine—From several species of Duboisia. It crystallizes in fine, 


870 


py ores needles. Uses: a substitute for atropine. Dose: 0.001 

m 

Dulcamara N. F. V, Bittersweet—The dried stem of Solanum Dulca- 
mara Linné (Fam. Solanacex). It contains solanine, solanidine, 
and solaneine. Uses: bronchitis and rheumatism. Dose: 4 Gm. 

Erythroidine Hydrochloride— Uses: This alkaloid has been employed 
as a substitute for curare. It would appear to be more active, less 
toxic, safer, and more easily prepared and assayed than curare. 
See Curare. 


Erythrophleum, Sassy Bark—The bark of H. guineense, found in 


Africa. It contains the colorless alkaloid erythrophleine. Uses: 
emetic, narcotic, and astringent. Dose: the extract, 0.015 to 
0.02 Gm. 


Eschscholtzia—The plant of EHschscholtzia californica (Chamisso). 
Uses: soporific and analgesic. . It contains a glucoside, and. the 
alkaloids, protopine, cryptopine, etc. The extract has been given 
in doses commencing with 0.8 Gm., increasing to 12 Gm. a day. 

Euphorbia Pilulifera N. F. VIl—The dried plant of Euphorbia pilu- 
lifera Linné (Fam. Euphorbiacex). It contains an alkaloid, a gluco- 
Ae resins, gum, tannin, etc. Uses: an expectorant. ‘Dose: 2 

m 

Geissospermine [CaoH50N403.2H20|—From Geissospermum lzxve, 
It occurs in small white prisms, nearly insoluble in ether and water. 
and readily soluble in .alcohol and dilute sh 

Gelsemine [CgoHeagN20g3 or CooHeeN20e2]—From Gelsemium 
sempervirens. It occurs in an amorphous, white powder, of a very 
bitter taste and an alkaline reaction, slightly soluble in cold water. 
It is colored red, changing to purple when heated with sulfuric acid. 
Gelsemine hydrochloride has been given in doses of one-sixteenth of 
a grair (0.004 Gm.). 

Glaucine—An alkaloid from Glawceum luteum. A yellow, crystalline 
powder. 

Glaucium, Horn Poppy—The plant of G. luteum. 
alkaloids sanguinarine, glaucine, and glaucopicrine. 

Glaucopicrine—From Glauceum luteum. A white, crystalline pow- 
der. 

Gloriosa—The plant of Gloriosa superba. An acrid, narcotic poison. 
It contains two resins and a very poisonous bitter principle, swper- 
bine. 

Isopyrum—The root of Isopyrwm thalictroides—It contains two alka- 
loids, tsopyrine and pseudo-isopyrine. 

Jervine [CogH37NO3.2H20|—From Veratrum album. It occurs, 
when pure, as a white powder, tasteless, insoluble in water and 
ether, but soluble in alcohol and chloroform. 

Laurotetanine—An alkaloid found in a number of plants belonging to 
the Lanraceez. A powerful poison, acting like strychnine. 


Lobeline, /-Lobeline; sometimes designated as a-Lobeline to differen- 
tiate from the mixture of the total alkaloids of the plant. From 
herb and seeds of Lobelia inflata L., Lobeliacex. Colorless crystals. 
Melts130to131°. [ae] is —42.8°inalcohol. Very slightly soluble 
in water or in petroleum benzin; soluble in hot alcohol, or in chloro- 
form, benzene, ether. Uses: lLobeline has been employed as a 
respiratory stimulant, especially for resuscitation of the newborn. 
Its acts by stimulation of the chemoreceptors of the carotid body in 
a Manner analogous to nicotine. Its action is brief in duration and 
better respiratory stimulants are available. The adult dose is 
3 to 10 mg., given hypodermically. Lobeline has also been used 
to control symptoms in patients undergoing withdrawal treatment 
for the tobacco habit. For this purpose, it is taken orally (8 mg. 
capsules) as necessary. 

Lobeline Hydrochloride [C22H2702N .HCl]|—White, granular, bitter 
powder. Meltsat about 180°. [a]3? —42.5°. One Gm. dissolves 
in 40 cc. water, 12 cc. aleohol; very soluble in chloroform. The 
aqueous solution is slightly acid to litmus. Uses: as arespiratory 
stimulant in respiratory failure from diseases, drowning or other 
accidents, from natcotic or COg poisoning. Has also been sug- 
gested for tobacco addiction. Dose: 15 mg. subcutaneously or 
intramuscularly 5 to 10 mg. intravenously. 

Lobeline Sulfate [(Cg2H2702N)2.H2SO4]—White, bitter powder. 
Soluble 1 in 30 of water, slightly in alcohol. Solution is slightly 
acid to litmus. The commercial salt is usually a mixture of the 
total alkaloids of Lobelia and is yellow to brownish yellow in color 
and somewhat hygroscopic. [a]p is—20° to —25°. Uses: as of 
the hydrochloride. Dose: of the commercial sulfate: 60 mg. daily. 


Lupinine [CjgH19NO]—From different species of Lupinus. It oc- 
curs in colorless, rhombic prism having a fruity odor and a very 
bitter taste. 

Lupuline—From Humulus Lupulus. A liquid alkaloid which has a 
strong coniine-like odor and an alkaline taste. 

Manaca N. F. V, Vegetable Mercury—The dried root of Brunfelsia 
Hopeana Bentham (Franciscea uniflora Pohl) (Fam. Solanacez). 
It is supposed to contain the alkaloid manacine and a fluorescent 
compound identical with gelsemic acid. It also contains fat, resin, 
and starch. Uses: muscular rheumatism. Dose: 1 Gm. 

Mandragora—The plant of Mandragora officinarum (Mandrake). 
Uses: anesthetic. It contains an alkaloid, mandragorine, and 
another alkaloid, both of which possess mydriatic properties. 

Maté (Paraguay Tea)—The leaves of Ilex paraguayensis grown in 
Brazil. It contains 0.2 to 2 per cent of caffeine. 

Menispermum, Yellow Parilla, Canadian Moonseed—The rhizome 
and roots of M emspermum canadense Linné (Fam. Menisperm- 
acex). It contains menispine, berberine, resin, etc. Uses: altera- 
tive and tonic. Dose: 1.3 to 2.6 Gm. 

Menispermine [C2o0H24N 202]—An alkaloid from Cocculus Indicus. 

Muawi Bark—An ordeal poison. It contains an alkaloid, muawi- 
nine.” 

Muscarine [CgHi3NOs|—From Amanita muscaria. A colorless, 
crystalline powder, deliquescent, sparingly soluble in chloroform, 
and insoluble in ether. 


It contains the 
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Nicotine [Cy9H14Ne2]—From Nicotiana Tabacum. A poisonous, 
oily liquid. It has an unpleasant tobacco-like odor, a burning 
taste, and a strongly alkaline reaction. 

Oxyacanthine [Cg7H49N20¢6]—An alkaloid from Berberis vulgaris. 
It is white, turning yellow on exposure to sunlight, having a bitter 
taste and an alkaline reaction. Soluble in 30 parts of boiling alcohol 
and in 1 part of cold alcohol, insoluble in water. Sulfuric acid 
colors it brown-red, turning to bright red on being heated. 

Papaya, Papaw—The leaves of the Papaw tree contain carpaine, a 
cardiac depressant. 

Pareira N. F. V—The dried root of Chondodendron tomentosum Ruiz et 
Pavon (Fam. Menispermacex). It contains pelosine [C1gH1i9- 
O3N], starch, gum, tannin, and phlobaphene. Pelosine is identical 
with bebeerine. Uses: tonic, diuretic, and aperient. Dose: 2 Gm. 

Parthenine—An alkaloid from Parthenium Hysterophorus. Dose: 
0.4 to 0.65 Gm. in neuralgia. 


Passiflora N. F. V, Passion Flower, Passion Vine—The dried flowering 
and fruiting top of Passiflora incarnata Linné (Fam. Passi- 
floracex). Constituents not definitely known. Uses: application 
in hemorrhoids, erysipelas, and burns; also internally in neuralgia. 
Dose: 0.2 Gm. 

Peganum Harmala—The seed contains about 4 per cent of alkaloid, 
two-thirds of which is harmaline. It is convulsant poison, has been 
used as a diaphoretic, an emmenagogue, and an anthelmintic. 


Pellitory Root, Roman Pyrethrum, Pellitory (Pyrethrum)—The dried 
root of Anacyclus Pyrethrum (Linné) De Candolle (Fam. Composi- 
te). A powerful irritant, containing the alkaloid pyrethrine, resin, 
and volatile oil. Employed as a sialagogue in certain forms of 
headache and neuralgic affections of the face, toothache, etc. 
Dose: 1.3Gm. The tincture was formerly official. 


Pelosine—An alkaloid brom Chondodendron tomentosum. It is 
amorphous, insoluble in water, slightly soluble in ether. 


Piperine [C 17H 1 9NO3]—A crystalline alkaloid occurring in black and 
white pepper. 

Piturine [CgHgN]—An alkaloid from the leaves of Duboisia Hop- 
woodii. A colorless liquid, of a nicotine odor and an acrid taste; 
on exposure to light it turns yellow and brown; freely soluble in 
water, alcohol, ete. 

Poke Berries, Phytolacce Fructus—The fruit of Phytolacca decandra 
Linné (Fam. Phytolaccacex). It contains saponin, resin, coloring 
matter, sugar, gum, ete. Uses: an alterative. 


Sabadilla Seed—The dried, ripe seeds of Schenocaulon officinale. 
These seeds are the commercial source of veratrine. Commercial 
veratrine is a mixture of alkaloids, made up of cevadine, cevadilline 
veratridine, sabadine, and sabadinine. 

Sanguinarine—The alkaloid from Sanguinaria canadensis. 


Scoparius N. F. V, Broom Tops—The dried tops of Cytisus scoparius 
(Linné) Link (Fam. Leguminosz). It contains sparteine (lupini- 
dine), sarothaminine and genisteine; also the glucoside scoparin, 
Cog29He20 11. Uses: in dropsical complaints. Dose: 1to2Gm. 


Scopola—The dried rhizome of Scopola carniolica. When assayed 
properly it yields not less than 0.5 per cent of mydriatic alkaloids. ” 
Contains scopolamine, hyoscyamine, and atropine. Uses: a 
narcotic and mydriatic. Dose: 0.045 Gm. 

poling ae alkaloid from Dulcamara and other plants. 
0.06 Gm 


Solanum N. F. V, Horse-nettle Berries—The air-dried ripe fruit of 
Solanum carolinense Linné (Fam. Solanacex). It contains solanine 
and solanidine, also fat, resin, and volatile oil. Uses: in epilepsy. 
Dose: 4 Gm. 

Sophora—The poisonous seeds of Sophora speciosa, a tree that con- 
tains a volatile liquid alkaloid, sophorine. 

Sophorine—An alkaloid from the seeds of Sophora speciosa. 
sonous alkaloid. 

Spigelia, Pink Root—The dried rhizome and roots of Spigelia mari- 
landica Linné (Fam. Loganiacee). It contains spigeline, a bitter 
principle, resin, and a trace of volatile oil, with tannin and wax. 
Uses: anthelmintic. Dose: 4 Gm. 


Staphisagria, Stavesacre—The ripe seeds of Delphinium Staphisagria 
Linné (Fam. Ranunculacee). Staphisagria contains three alka- 
loids, delphinine [Cg34H470O9N], delphisine, and delphinoidine. 
Staphisagrine, staphisagroine, and calcitrapine are also present with 
fixed oil, protein compounds, mucilage, etc. The alkaloids are 
soluble in chloroform, fixed oils, alcohol, and ether, and an oleoresin 
made with petroleum | benzin is an active preparation. Uses: It 
is used for body vermin, and is very poisonous, resembling aconite 
in action. Dose: 0.065 Gm. 


Staphisagrine [Ce2H33NO5]—An alkaloid from Delphinium Staphi- 
sagria. It is amorphous, very soluble in ether and in 200 parts of 
water. 

Theobromine—From Theobroma Cacao. It occurs in minute, color- 
less or white, bitter crystals, sparingly soluble in water, alcohol, 
and ether. 

Tobacco—The commercial dried leaves of Nicotiana Tabacum Linné 
(Fam. Solanacex). It contains nicotine, a liquid alkaloid, very 
acrid and poisonous. Uses: sedative and emetic. Dose: 0.065 
to 0.32 Gm. 

Tonga N. F. V—A mixture of equal parts of the bark of Premna 
arborea (Forster filius) Farwell (Fam. Verbenacez) and of the root 
of Epipremnum pinnatum (Linné) Engler (Fam. Aracex). It is. 
reported to contain tongine and a volatile oil. Uses: neuralgia. 
Dose: 2 Gm. 

Veratrine N. F. V—A mixture of alkaloids from the seed of Schxeno- 
caulon officinale (Chamisso and Schlechtendal) Lindley (Fam. 
Liliacee). It is different from crystallized veratrine, (pure ceva- 
dine). White, grayish white, amorphous powder. Odorless. Very 
irritating to nasal mucosa and causes sneezing. Almost insoluble 


Dose: 


A poi- 
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in water, soluble in alcohol, chloroform, and ether. 
gia and rheumatism. Very poisonous! 

Veratrine Hydrochloride—The hydrochlorides of the alkaloids of 
ene Amorphous powder. Poisonous! Soluble in water, 
alcohol. 

Veratrine Sulfate—The sulfates of the alkaloids of veratrine. White 
to yellowish, amorphous powder. Poisonous! Soluble in water, 
also in alcohol. 

Veratroidine [CogH4gNOe|—An alkaloid from Veratrum viride. 
It is a white powder, of a bitter taste, soluble in alcohol, ether, 
chloroform, etc. It is colored yellow by sulfuric acid. It is identi- 
eal with rubijervine. 

Veratrum Nigrum, Black Hellebore—This drug grown in Central 
Europe is used as a substitute for veratrum album. It contains 
jervine. 


Uses: neural- 


Virgin’s Bower, Clematis—The herb from different species of Cle- 
matis. 

Xanthorhiza, Yellow Root—A low shrub of Zanthorhiza apiifolia. 
It contains berberine. .Uses: tonic. Dose: 2.6 Gm. 

Yohimbe Bark—The bark of the species corynanthe yohimbt 
containing yohimbine. Yohimbine is used as an aphrodi- 
siac. 

Yohimbine [C2;3H2a6N203]—The hydrochloride is used medicinally 
as an aphrodisiac. The alkaloid is obtained from Yyohimbe bark 
(Corynanthe Y ohimbi). 

Yohimbine Injection—Yohimbine solutions are reported to decompose 
at high temperatures and the decomposition is accelerated in the 
presence of oxygen. It is suggested that sterilization be conducted 
at not over 60°, the containers being filled under a current of 
carbon dioxide. 


CHAPTER LXXVII 


HORMONES 


HorRMONES are chemical messengers, substances 
which serve to coordinate the functions of various parts 
of the body. The hormones usually stimulate bodily 
processes to higher rates of activity, as catalysts stimu- 
late chemical reactions. Some of the hormones have 
general effects on all tissues, while other hormones have 
special actions on only a few selected tissues. This type 
of regulation through the hormones thus differs from 
that afforded by the nervous system in that the hor- 
mones are secreted by glands and are transported 
throughout the body via the blood. For this reason the 
hormones have come to be spoken of as “internal secre- 
tions.”” The glands which produce them are endocrine 
glands. 

In the earliest days of hormonal therapy, based upon 
experience with the thyroid, it was the practice to ad- 
minister orally either the gland substance or an extract 
thereof, but many such therapies were worthless. As 
experimental methods were developed a standard pro- 
cedure became the experimental ablation of a gland in 
test animals (usually rats) to observe what deficiencies 
were produced. Then attempts were made with ex- 
tracts of the gland to develop a replacement therapy. 
Once the type of activity attributable to any one gland 
is known and an extract replacing the glandular activity 
is produced, biological assay methods are developed 
utilizing test animals. After the chemical nature of a 
hormone is known, and pure and active materials are 
available, the hormone can be identified and determined 
chemically, a distinct advantage over laborious and 
expensive bio-assay methods. The ultimate goal with 
each hormone extract is to identify the active substance, 
and if it has an important action, to synthesize it 
chemically or to produce it as inexpensively as possible 
from natural sources for therapy. 

Standardization—Chemists have succeeded in syn- 
thesizing several of the hormones, or they have prepared 
substances which give biological responses almost 
identical with those produced by the naturally occur- 
ring hormones. In the case of synthetic materials (such 
as the steroid sex hormones) the standard technique is 


to prescribe the substances in terms of weight. This 
practice is increasing likewise with those hormones 
which are prepared in crystalline purity from natural 
sources. However, with others (such as insulin, or the 
pituitary hormones) one must determine potency and 
purity in terms of bio-assays. The time has arrived 
when no hormone preparation should be used in clinical 
medicine unless either the preparation can be assayed 
in biological units or the active hormone can: be meas- 
ured in milligrams. Those tissues or extracts which are 
not so subject to accurate measurement of activity 
should not be accepted as established for use in medical 
practice. 

Administration—A few of the hormones can be ad- 
ministered orally with full effect, as, for example, 
thyroid and certain of the sex hormones. There is 
usually some loss due to destruction of the hormone in 
the digestive tract or to its elimination from the circula- 
tion, or inactivation while it is in transit through the 
liver immediately after absorption. Most hormones 
must be administered by injection, either hypodermi- 
cally or intramuscularly, because they are inactivated 
in the digestive tract. The intramuscular injection is 
usually chosen, and it gives rapid absorption if the hor- 
mone is in aqueous solution, or slower absorption if the 
hormone is in oil. This use of oil is not ideal, for oil is 
not readily removed from the site of injection, and oils 
are difficult to free from allergens. Therefore, another 
technique which has been tried in recent years is the 
implantation of compressed pellets of those hormones 
which are only slightly soluble in tissue fluid; these pel- 
lets are placed in the subcutaneous tissues and are ab- 
sorbed during a period of afew months. This technique 
has the disadvantage of requiring a careful surgical pro- 
cedure, and even with good technique, certain pellets 
may be extruded due to infection, or they may be of no 
value because of fibrous tissue barriers which develop 
about the pellets in some cases. Still more recently ef- 
forts have been made to perfect a method to inject the 
hormone hypodermically in the form of microscopic 
crystals suspended in water. 


THE ADRENAL HORMONES 


The cortex or outer portion of the adrenal gland is 
one of the tissues most vitally necessary for life mainte- 
nance. This is due to its production of special hormones 
of the class called steroids. The normally functioning 
adrenal cortex produces probably two, possibly more of 
these substances, and the exact structural formula of 
these very important hormones is still a subject for re- 
search. Many compounds have been prepared syn- 
thetically in the attempt to find the true hormones or 
perhaps to prepare substances with similar or even 
better qualities. Thus far only one has been produced 
commercially for therapy; namely, desoxycorticosterone. 


Desoxycorticosterone 


Physiology—The functions which are attributed to 
the adrenal cortical hormones include the following: (1) 
retention of sodium within body fluids and potassium 
within cells, thereby maintaining the normal distribu- 
tion of chloride and of water, with resultant mainte- 
nance of blood volume and of blood pressure; (2) con- 
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version of excess protein to glucose, and storage of at 
least part of this sugar as glycogen in the liver. The 
functions pertaining to salt and water balance are the 
most urgently necessary, or ‘‘life-maintaining,” and 
these can be provided for by desoxycorticosterone 
therapy. The functions pertaining to carbohydrate and 
protein metabolism are perhaps of less importance, and 
are not significantly affected by desoxycorticosterone. 
Another function of the adrenal cortex is that of causing 
a discharge of essential proteins from lymphocytes, 
which form a reservoir of immune bodies and other pro- 
teins needed in emergencies. 

In its manufacture of these steroid hormones the 
adrenal cortex uses cholesterol which is found in large 
amounts in the gland, and during periods of secretory 
activity the adrenal cortex also consumes large amounts 
of ascorbic acid (vitamin C) also present in the gland 
in generous amounts; this is depleted in the rapidly 
functioning adrenal. The adrenal glands continue to 
produce small amounts of hormone independently 


balance. 
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without the hypophyseal adrenocorticotrophin, but at 
rates barely sufficient for life-maintenance; for normal 
development and normal capacity to meet the routine 
stress of daily life the adrenal cortical function must be 
stimulated through the adrenocorticotrophic hormone. 
(See section on Adrenotrophin.) During a variety of 
states of bodily stress, all of which initially cause the 
adrenal medulla to secrete epinephtine (see section on 
Epinephrine), the adrenal cortical activity is enhanced 
through a release of adrenocorticotrophin of the anterior 
pituitary. Therefore the emergency states or stresses 
which call forth adrenal medullary action also lead to 
adrenal cortical actions which provide for a prolonga- 
tion of the state of stress. 

Itis very probable that desoxycorti costerone is not the 
natural form of the adrenal hormone, but fortunately 
it has properties sufficiently like those of the true hor- 
mone so that it serves as a practical therapy to main- 
tain life for long periods in adrenal-deficient individuals. 
See Steroids (page 776) for the formulas of this and re- 
lated hormones. 

Assay of Adrenal Cortex Extracts—Adrenal cortex 
extracts, recognized by N. N. R. are assayed by their 
ability to preserve the life of adrenalectomized rats or 
dogs, or their ability to support kidney function in dogs. 
Recent suggestions for improved assay methods include 
the ability of the mouse to store glycogen in the liver. 
Since the adrenal gland produces probably two or more 
hormones with different functions there is a growing con- 
census that each extract intended for human use should 
be assayed to -determine the potency for the varied 
types of activity. See also Biological Assays. 


DESOXYCORTICOSTERONE ACETATE U. S. P. 


Desoxycorticosteroni Acetas 


[Desoxycort. Acet.—Deoxycostone Acetate, Sp. Acetato de 
Desoxicorticosterona] 


Desoxycorticosterone Acetate [CosH3204 372.49] 
is the acetate of a steroid first isolated from the adrenal 
cortex in 1938. It has also been synthesized from 
stigmasterol, a phytosterol obtained from soyabean. 
See Steroids (page 776). 


Description and Properties—A white, crystalline powder. It is odor- 
less and is stable in air. It melts between 154° and 160°, and has a 
specific rotation [a]7%; of +168° to +176° when determined in dioxane 
solution. Iti is practically insoluble in water. It is sparingly soluble 
in alcohol, in acetone, or in dioxane; slightly soluble in vegetable oils. 

Tdentification—(1) To a solution of 25 mg. of the compound in 2.5 
ec. of methanol, a solution of 25 mg. of potassium bicarbonate in 0.7 
ce. of water is added and allowed to stand overnight. The solution 
is then concentrated by evaporation in vacuo, then, if necessary, Inocu- 
lated with a crystal of desoxycorticosterone, and allowed to crystal- 
lize. The crystalline precipitate of desoxycorticosterone, after filter- 
ing and washing with water and recrystallizing from a small volume 
of acetone containing some ether, melts between 140° and 143°, 
(2) A solution of Desoxycorticoster one Acetate in methanol is dark- 
ened by silver nitrate T.S. due to reduction of the latter to metallic 
silver. (3) The ultraviolet absorption of Desoxycorticosterone Ace- 
tate in alcohol solution shows a maximum at 240 my and the logarithm 
of the extinetion coefficient (log «) = 4.22. 


Storage—Keep Desoxycorticosterone Acetate in well-closed, light- 


resistant containers. 


Uses—Adrenal cortical hormones apparently possess 
at least two important functions. They are essential in 
normal carbohydrate metabolism. They are also 
necessary for the maintenance of a normal electrolyte 
It is the disturbance in electrolyte metabo- 
lism which leads in most cases to death following the 
removal of the adrenal cortex. 

_A deficiency in adrenal cortical secretion leads to the 
clinical condition known as Addison’s disease. Treat- 


ment of Addison’s disease has been greatly advanced 


by the use of desoxycorticosterone. Although the de- 
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fect in carbohydrate metabolism is not corrected by 
this particular preparation, life can be maintained by its 
intelligent administration. 

Desoxycorticosterone is usually employed in the form 
of oil solutions of its acetate salt. It is given by intra- 
muscular injection, dosage being adjusted to the indi- 
vidual patient. The average daily maintenance dose 
is from 2 to 5mg. As an alternative to daily injections, 
pellets of crystalline desoxycorticosterone acetate may 
be implanted in the subcutaneous tissue. The hormone 
is slowly absorbed (0.5 mg. per day) and a single im- 
plantation of an adequate number of pellets may be 
effective for as long as 6 months or more. Patients re- 
ceiving desoxycorticosterone should be careful to main- 
tain an adequate intake of carbohydrate. 

There is debate as to whether cortical extracts are 
active when taken orally. 

Average Dose—Intramuscular and implantation— 
As determined by the physician according to the needs 
of the patient. 


Epinephrine 


The hormone of the adrenal medulla is epinephrine, 
a water-soluble, basic compound. The hormone is de- 
rived chemically from the-amino acids, phenyl alanine 
and tyrosine. The formula and chemistry are given 
under Sympathomimetic Amines (page 641), also the 
complete monographs for the official preparations. 


SUPRARENAL N. F. Suprarenalum 


[Exsiecated Suprarenal, Dried Adrenal Substance, Suprarenalum 


Siccum] 


Suprarenal is the dried, partially defatted and pow- 
dered suprarenal gland of cattle, sheep, or swine. 

Suprarenal is derived from sound, clean, and entire 
glands that are freed from external connective tissue 
and external fat. It yields not less than 0.8 per cent 
of natural epinephrine of glandular origin. and is free 
from diluents or preservatives. One part of Suprarenal 
represents approximately 6 parts by weight of the fresh 
glands. If Suprarenal is dried by heat, it must be dried 
in vacuum, the temperature of the drying material not 
exceeding 60°. 


Description and Properties—A light yellow to brown amorphous 
powder having a slight characteristic odor. No disagreeable odor 
suggestive of putrefaction is present. It is only partially soluble in 
water. The N. F. includes a description of Histology. 
Tests for Purity— 
Movisture—N ot more than 6 per cent when dried at 100° for 5 hours. 
Total ash—Not more than 7 per cent. 
Assay—About 0.5 Gm. is triturated with 3 cc. of tenth-normal hydro- 
chlorie acid until a frothy, impalpable, homogeneous fluid results. 
This material is diluted with the acid to 50 ce. The mixture is allowed 
to macerate for 3 hours. The material should be protected from light 
at all times. It is filtered and the assay for this filtrate is continued 
as directed under Hpinephrine Hydrochloride Solution. 


Storage—Keep Suprarenal in tight containers, and avoid excessive 
heat. 


Uses—Dried Suprarenal is ineffective when given 
orally. Active preparations of adrenal cortex are 
adrenal cortical extract and desoxycorticosterone. 


Unofficial Preparation Containing Adrenal Cortical Hormones 


Adrenal Cortex Extract N. N. R.—An extract of adrenal glands, from 
domesticated animals used as food for man, containing the corti- 
cal steroids essential for the maintenance of life in adrenalectomized 
animals. Only traces of epinephrine are present. Uses: although 
active by mouth the results are not dependable; usually adminis- 
tered subcutaneously, intramuscularly, or intravenously. The ex- 
tract is of value in the treatment of Addison’s disease or adrenal 

' insufficiency of other types. Dose: governed by clinical response 

of the patient: may vary from 500 to 5000 dog units per day, sup- 

plemented by large amounts of sodium chloride. 


874 


Specialties Containing Adrenal Cortical Hormones 


Note—The adrenal cortical extracts are customarily mixtures contain- 
ing several steroids, while preparations of desoxycorticosterone acetate 
contain pure crystalline steroid prepared synthetically. 
Desoxycorticosterone Acetate 

Cortate (Schering) 

Doca (Roche-Organon) 

Percorten (Ciba) 


Adrenal Cortical Extracts ; 
Adrenal Cortex (Breon, Estro, Harrower, Lakeside, Pitman-Moore, 
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Professional Products, Smith-Dorsey, Upjohn, Wilson) 
Adreéno-Cortin (Harrower) 
Cortalex (Upjohn) 
Cortidyn (Kretschmar) 
Cortin (Roche-Organon) 
Cortinoral (Harrower) 
Cortisorbate (Schieffelin) 
Eschatin (Parke, Davis) 
Glycortal Pills (Schieffelin) 
Interrenin (Marvell) , 
Nadrinal (Verax) 
Supra-Cort (Cole) 


THE PANCREATIC HORMONE 


The larger portion of the pancreas consists of glandu- 
lar tissue which secretes digestive enzymes, but there 
are also isolated groups of cells, called Islands of Lan- 
gerhans, which produce an internal secretion known as 
insulin. It is the catalyst which facilitates the proc- 
esses by which the various tissues in all parts of the 
body may use glucose, either as a fuel for the liberation 
of energy, or as a store, converted to the less soluble 
form known as glycogen or to the more permanent store 
in the form of fat. When the supply of insulin is inade- 
quate, glucose accumulates rapidly in the body fluids, 
and as the blood glucose concentration increases beyond 
a certain point it is excreted by the kidneys. This 
causes a continual waste of this essential nutrient, and 
at the same time even more serious consequences re- 
lated to the reduced ability to use glucose, producing a 
depression of the functions of the brain, muscle, and 
many other tissues. In extreme cases due to the faulty 
metabolism of fats and carbohydrates a condition of 
acidosis occurs, and if this extreme condition is not 
treated promptly and adequately, death will ensue 
after the individual has become comatose. 

This disease condition is known as diabetes mellitus, 
the familiar “sugar diabetes.” It is probable that 
the disease may be produced by conditions other than 
a simple lack of insulin; but, even so, administration of 
adequate doses of insulin will save life, improving 
health as long as suitable insulin treatment is main- 
tained. Conversely, with too much insulin, serious or 
dangerous symptoms from hypoglycemia may result, 
causing sweating, hunger, incoherence, convulsions, 
coma, and death. Glucose administration relieves the 
symptoms of overdosage. 

Insulin has been purified, the crystalline hormone 
being available. It is obtained by extracting the hor- 
mone from pancreas glands of stock, but it has not been 
synthesized chemically. It is a complex protein re- 
garded as an albumin with a molecular weight of ap- 
proximately 25,000. Analysis indicates that Zinc is 
present in crystalline insulin to the extent of about 0.5 
per cent. The protein has a high sulfur content, all in 
the form of cystine. Insulin is quite stable in acid solu- 
tion, but in dilute alkali it is relatively unstable. It is 
hydrolyzed by those enzymes which attack protein. 

Several types of insulin preparations are currently in 
use; the differences are due to alterations in solubility 
and consequently in the speed and duration of activity. 
The commonly employed form of insulin is called offi- 
cially ‘Insulin Injection.”’ 


INSULIN INJECTION U. S. P. — Injectio Insulini 


Inj. Insulin.—Insulin, Insulin Hydrochloride, Sp. Inyeccién de 
Insulina] 

Insulin Injection is an acidified solution of the active 
principle of the pancreas which affects the metabolism 
of glucose. Insulin Injection, when assayed as directed, 
shall possess a potency of not less than 95 per cent and 
not more than 105 per cent of the potency stated on the 


label, and the potency shall be expressed in U. 8. P. 
Insulin Units which are equivalent in potency to the 
Unit declared on the label of the container of the 
U.S. P. Zinc-Insulin Crystals Reference Standard. 

Insulin Injection may be prepared from zinc-insulin 
crystals which contain not less than 22 U.S. P. Insulin 
Units in each mg., and, on a moisture-free basis, not 
less than 0.45 per cent and not more than 0.90 per cent 
of zinc, when tested as directed under Zinc in Insulin 
Injection, and not more ash than one and one-half times 
its zine content. 

Insulin Injection is so standardized that each cc. con- 
tains either 40, 80, or 100 U.S. P. Insulin Units. 

Insulin Injection meets the requirements of the 
Sterility Test for Liquids (page 126). 


Description and Properties—A colorless or almost colorless liquid, 
free from turbidity and from insoluble matter. It must contain from 
0.1 to 0.25 per cent (w/v) of either phenol or cresol and 1.4 to 1.8 per 
cent w/v of glycerin. The pH of Insulin Injection is between 2.5 and 
3.5, employing a glass electrode. 

Identification—(1) A subcutaneous injection is given to 6 rabbits, 
from which food has been withheld for the previous 18 to 24 hours and 
which weigh from 1.8 to 2.2 Kg. each, of a quantity of Insulin Injec- 
tion which causes convulsions in at least 3 animals. Immediately 
after convulsions occur in an animal, 5 cc. of a 50 per cent solution of 
dextrose is injected intravenously; 
majority of the animals which have shown conyulsions remain alive 
for at least 3 days. (2) When the acidity of Insulin Injection is ad- 
justed to a pH between 5.1 and 5.3, a precipitate forms which dis- 
solves when the reaction is adjusted to a pH between 2.5 and 3.5. 
Insulin Teen shows only a slight. haze when adjusted to a pH 
between 8 and 8.5 
Tests for Purity— Determine from the label of the container the quanti- 
ties of Insulin Injection sufficient to make the tests which follow for 
Total nitrogen, Zinc, and Residue on ignition. 

Total nitrogen—The quantity of nitrogen found for each 100 U.S. P. 
Insulin Units does not exceed 0.65 mg. for Insulin Injection made 
from zinc-insulin crystals, and not more than 0.85 mg. for Insulin 
Injection other than that made from zinc-insulin crystals. Deter- 
mined by the Kjeldahl method. 

Zinc—Not less than 0.16 mg. and not more than 0.4 mg. in each 
1000 U. S. P. Insulin units for Insulin Injection made from zinc- 
insulin crystals. 
= Residue on ignition—Not more than 1 mg. per 1000 U.S. P. Insulin 

nits. 

Assay—See Biological Assays (page 1007). 

Storage—Keep the Injection at a temperature above 0° but not ex- 
ceeding 15°, avoiding freezing. It must be dispensed in a satisfac- 
tory, unopened, multiple-dose container in which it was placed by 
the manufacturer, which container shall be of approximately 10 ce. 
capacity, and shall contain not less than 10 ce. of the injection. 
Labeling—The label of the Insulin Injection container and the out- 
side label of each retail package must state the potency in U. S. P. 
Insulin Units per cc. The outside labeling of each retail package shall 
also state a date of expiration which must not be later than 2 years 
after the date of its removal for distribution from the manufacturer’s 
place of storage, the temperature of which shall be above 0° but shall 
not exceed 15°. By established convention insulin is labeled yellow 
when it contains 20 units per ec.; red, 40 units per ce.; green, 80 units 
per cc.; and orange, 100 units per cc. The latter concentration is 
seldom employed. In earlier years there was also a 10 units per cc. 
concentration, with a blue label, but this has been abandoned. 

Insulin made from zinc-insulin crystals may be labeled —“‘Insulin 
made from Zinc-Insulin Crystals.” 


Uses—Insulin is essential for the combustion of 
carbohydrates. In the event that the pancreatic secre- 
tion of insulin is reduced, the clinical condition known 
as diabetes mellitus develops. In diabetes the inability 
of cells to oxidize glucose is manifest by a high concen- 
tration of glucose in the blood. When the blood con- 
centration of glucose exceeds the renal threshold, sugar 
appears in the urine. The amount of sugar in the urine 
is a rough index of the severity of the diabetes and may 


* 


the convulsion is relieved. A’ 
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be used to approximate the amount of insulin necessary 
for treatment. 

Inasmuch as the cells of the diabetic individual are 
unable to oxidize glucose, energy must be obtained 
from the oxidation of fat. This leads to the accumula- 
tion in the blood of many of the end products of the 
oxidation of fatty acids. These are organic acids which 
can combine with fixed base. As a result if diabetes 
remains untreated a severe acidosis develops which de- 
mands heroié treatment with insulin. This condition 
is known as diabetic coma. 

The specific therapeutic use of insulin is in the treat- 
ment of diabetes mellitus. Dosage varies with the 
individual case. Insulin must be given by hypodermic 
injection, the hormone being destroyed in the gastro- 
intestinal tract. Diabetic individuals are trained to 
inject themselves. For this purpose a special syringe 
measuring the dosage of insulin directly in units is 
employed. The number of injections required daily 
and the strength of solution employed is determined by 
the severity of the diabetes. 

Insulin is rapidly absorbed and exerts its maximum 
action within three hours. Therefore in severe diabetes, 
injections must be spaced throughout the day, usually 
being given before meals. During the night, when no 
insulin is available, the blood sugar rises and is usually 
at its highest point before the morning dose. This 
erratic behavior in the level of blood sugar can be more 
adequately controlled by the use of preparations of 
insulin which are absorbed more slowly and thus can 
exert a continuous even action over a period as long as 
24 hours. Protamine zinc insulin is such a preparation. 
The isoelectric point of this protein complex is at pH 
7.3. This means that at the pH of body fluids it is very 
insoluble. Protamine zinc insulin is injected as a 
suspension. It only goes into solution slowly and this 
limits the rate of absorption. By the use of protamine 
zine insulin the number of injections required to control 
the level of blood sugar can often be reduced to one 
daily. What is more important, wide fluctuations in 
the level of blood sugar do not occur. In certain cases 
combinations of protamine zine insulin and regular 
insulin may be employed. 

In the event that too much insulin is given to a dia- 
betic patient, symptoms of hypoglycemia ensue. 
These chiefly affect the nervous system and, if severe, 
a hypoglycemic convulsion may occur. Specific treat- 
ment of this condition is a soluble carbohydrate or fruit 
juice. The diabetic patient often carries some source 
of sugar to prevent the occurrence of hypoglycemic re- 
actions. The time interval from a hypodermic injec- 
tion until its action can be demonstrated to be from 
15 to 30 minutes. The duration of such action is rela- 
tively short, and is not proportional to the size of the 
dose, but is a simple function of the logarithm of the 
dose; 7. e., insulin is inactivated in the body at a rate 
proportional to the amount in the body at the time; if 
1 unit will last four hours, 10 units will last 8 hours. 
Since the usual duration is from 4 to 8 hours, the insulin 
injection usually is planned in 2 to 4 daily doses for 
proper control of severe diabetes. This is ordinarily 
timed a few minutes before the ingestion of food, in 
order to avoid an unpleasant reduction of blood glucose 
level. 

Insulin is occasionally employed in non-diabetic cases. 
For example, it has been used to produce convulsive 
shock seizures for the treatment of certain psychiatric 
cases. It is also used in the treatment of underweight 
individuals, the purpose being to stimulate the appetite 
by lowering the level. of blood sugar. Such uses of 
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insulin are rare, however. 
Dosage—There is no standard dosage of insulin; each 
case must be studied individually. The hormone is ad- 
ministered by injection into the loose subcutaneous 
tissues of the body; the short-acting insulins are usually 
administered 30 minutes before meals. In practice the 
amount of insulin given is based upon the amount of 
dextrose the patient utilizes from his diet. The N. N. R. 
cites a convenient formula as: 
average gram of d-glucose excreted 


1.5 
of insulin to render most patients aglycosuric. In cases 
of coma, or with infections, or other disturbances in 
which the food intake is lowered, this therapy requires 
constant medical supervision. 

Average Dose—Insulin Injection is administered by 
injection usually into the loose subcutaneous tissue. At 
times it is administered intravenously. The dose of 
Insulin Injection is to be determined by the physician 
in accordance with the needs of the patient. 


= sufficient units 


Crystalline Zinc Insulin Injection 


By the addition of appropriate amounts of zinc salts, 
insulin may be crystallized. This achieves a superior 
degree of purification, which is of advantage when treat- 
ing diabetics who demonstrate an allergic sensitivity 
to Insulin Injection, the earlier and more commonly 
used, but less highly purified type. The speed and dura- 
tion of action of these two types of insulin are so nearly 
identical that they may be used interchangeably. The 
Reference Standard of the U. 8. P. XIII is made up of 
dried Zinc-Insulin Crystals, and is defined as contain- 
ing 22 units per milligram. Either form will meet 
U. S. P. specifications. The materials prepared from 
crystals may be so labeled. 

Uses—aAs for Insulin Injection, but may be preferred, 
especially in treating allergic patients. 

Dosage—Insulin dosage is regulated to the needs of 
each patient; the dosage of this preparation is the same 
as for standard Insulin Injection. 


PROTAMINE ZINC-INSULIN INJECTION U. S. P. 
Injectio Zinco-Insulini Protaminati 


[Inj. Zinco-Insulin. Protam.—Sp. Inyeccién de Insulina y Protamina 
en Zinc] 


Protamine Zine-Insulin Injection is a suspension, in 
a buffered water medium of insulin modified by the 
addition of zine chloride and protamine. The protamine 
is prepared from the sperm or from the mature testes 
of fish belonging to the genera Oncorhynchus Suckley, 
Salmo Linné, or Trutta, Jordan and Evermann (Fam. 
Salmonidz), and conforms to the regulations of the Food 
and Drug Administration concerning certification of 
batches of drugs composed wholly or partly of insulin. 

In the preparation of Protamine Zinc-Insulin Injec- 
tion, the amount of insulin used is sufficient to provide 
either 40 or 80 U. 8. P. Insulin Units for each ce. of the 
Injection. 

Protamine Zinc-Insulin Injection meets the require- 
ments of the Sterility Test for Liquids (page 126). 

Note—Protamine Zinc-Insulin Injection differs in its 
action from that of Insulin Injection both in time of 
onset and duration. To secure accuracy of dosage, the 
preparation must be brought into uniform suspension 
by careful shaking before use. 
Description and Properties—A white, or almost white, suspension 


free from large particles following moderate agitation. It must con- 
tain from 1.4 to 1.8 per cent (w/v) of glycerin, and either from 0.18 to 
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0.22 per cent: (w/v) of cresol or from 0.22 to 0.28 per cent (w/v) of 
phenol. It must contain from 0.15 to 0.25 per cent (w/v) of sodium 
phosphate. It must contain from 0.20 to 0.25 mg. of zine and from 
1 to 1.5 mg. of protamine for each 100 U.S. P. Units of Insulin. The 
pH determined with a glass electrode is between 7.1 and 7.4. 

Identification—(1) When the Injection is acidified to a pH between 
2.5 and 3.5 then the precipitate dissolves, producing a clear, colorless 
iquid. (2) The acidified Injection injected subcutaneously into rab- 
bits produces the results given under Insulin Injection. 
Tests for Purity— 

Total nitrogen—Not more than 1.25 mg. for each 100 U. S. P. 
Insulin Units. 

Zinc—Between 0.20 mg. and 0.25 mg. for each 100 U.S. P. Insulin 
Units. 
Assay—See Biological Assays (page 1009). 
Storage—Same as for Insulin Injection. 
tions (page 255). 
Labeling—The label of the Injection container and the outside label 
of each retail package must state the potency in units per cc. This 
refers to the number of U.S. P. Insulin Units which were added per 
cc. for the preparation of the Injection. The outside labeling of each 
retail package shall also state a date of expiration which must not be 
later than 18 months after the immediate container therein was filled. 


See Containers for Injec- 


Uses—As for Insulin Injection, extept that by virtue 
of the slower onset of action protamine zinc-insulin 
need not be given with any definite time relation to 
food intake, and it must not be depended upon when 
very prompt action is needed, as in diabetic acidosis 
and coma. Also due to the prolonged action the pro- 
tamine zinc-insulin need not be given more often than 
once daily, but this should be done at a fairly uniform, 
scheduled time. Since each dose continues to demon- 
strate activity for three or four days, adjustment of the 
daily dose should be made at intervals of not less than 
three days. 

Attempts are being made to mix protamine zinc- 
insulin and the more rapidly acting insulin in various 
proportions and in different ways. Such variations 
produce mixtures that give intermediate patterns of 
speed and duration of physiological activity; such pro- 
cedures are still considered experimental, and mixtures 
are not yet available for distribution as marketed 
preparations. This method, however, makes it possible 
through the long-acting insulm to take care of the 
sugar requirements during the night, while short-acting 
insulin causes full utilization of food taken during the 
day. It thus permits one to avoid large doses of the 
long-acting insulin such as might cause hypoglycemia 
in the early morning hours. 

Average Dose—Protamine Zinc-Insulin Injection is 
administered by injection usually into the loose sub- 
cutaneous tissue. It is never administered intraven- 
ously. The dose of Protamine Zinc-Insulin Injection is 
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to be determined by the physician in accordance with 
the needs of the patient. 


Globin Insulin with Zinc N. N. R. 


Attempts have been made to find other compounds 
with insulin which will be intermediate between the 
rapidly but briefly acting Insulin Injection on the one 
hand and the long-acting Protamine Zinc-Insulin In- 
jection on the other. One of these modifications is a 
compound of insulin with globin, a protein obtained 
from hemoglobin. The compound is soluble in acidu- 
lated water, and is stable. The time of onset of action 
is longer than for zinc-insulin crystals. The period of 
greatest effect extends from the eighth to the sixteenth 
hour after injection, almost disappearing at the end of 
24 hours. Hence this form of insulin is not recom- 
mended for the emergency conditions which require a 
prompt effect from the initial dose. There is, however, 
no cumulative action from single daily doses of globin 
insulin. 

Uses—As for protamine zinc-insulin, except that 
since the duration of action is shorter, the dose may be 
adjusted from day to day. 

Dosage—Insulin therapy is individualized for each 
patient. 


Unofficial Preparations Containing the Pancreatic Hormone 


Globin Insulin with Zinc N. N. R.—A preparation, in a hydrochloric 
acid medium, of insulin modified by the addition of globm (derived 
from hemoglobin of beef blood) and zine chloride. Each ce. of the 
finished product contains either 40 or 80 U. S. P. Units of insulin. 
For each 100 U.S. P. units of insulin 3.6 mg to 4.0 mg. of globin 
and 0.25 mg. to 0.35 mg. of zinc are present. Uses: as for insulin 
except that the period of greatest effect extends from the eighth to | 
the sixteenth hour after injection. Dose: deep subcutaneous in- 
jection only; dose same as for insulin. 

Crystalline Zinc Insulin Injection N. N. R.—A solution of zinc insulin 
crystals containing 0.2 to 0.4 mg. of zine per 1000 U.S. P. units of 
insulin. Uses: same as for insulin except that because of its 
purity it may cause less allergic reaction than insulin. Dose: same 
as for insulin; the two may be used interchangeably. 


Specialties Containing the Pancreatic Hormone 


Globin Insulin 
Globin Insulin with Zinc (Burroughs Wellcome, Lilly, Squibb) 
Insulin 
Tletin (Lilly) ; 
“Insulin (Searle, Sharp and Dohme, Squibb) 
Protamine-Zinc Insulin 
Protamine, Zinc and Iletin (Lilly) 
Protamine Zinc Insulin (Sharp and Dohme, Squibb) 
Zinc Insulin Crystals 
TIletin Made from Zinc-Insulin Crystals (Lilly) 
Insulin Made from Zinc-Insulin Crystals (Sharp and Dohme, 
Squibb) 


THE PARATHYROID HORMONE 


An aqueous extract of parathyroid glands injected in 
an animal causes an increase in the concentration of 
serum calcium and a decrease in the serum phosphorus. 
Such changes are the exact reverse of the alterations 
which follow the spontaneous atrophy of the para- 
thyroids or their injury as occurs rarely at the time of 
thyroidectomy. The active extracts are believed to 
contain the hormone of the parathyroid glands, but 
this hormone has not yet been isolated in pure form. 
The active principle is thought to be a protein. Its 
activity is lost when administered orally and it must 
therefore be given parenterally. In some patients the 
repeated parenteral injection is followed by a gradual 
loss of effectiveness, apparently through the develop- 
ment of an anti-hormone. However vitamin De, or 
dihydrotachysterol, can be administered orally for con- 
tinued:'therapy without loss of effectiveness. Overdosage 
with either parathyroid or the vitamin D preparation 
may lead to dangerously high concentrations of calcium 
in the blood, with attendant complications such as calcifi- 
cation of the blood vessels and kidneys. The parathy- 


roid hormone is capable of causing a rapid increase in 
the calcium of the blood, and for this reason therapy 
with this hormone should be controlled with frequent 
determinations of blood caleium values. Such therapy 
should be carried out only during continued medical 
observation. » 


PARATHYROID INJECTION U. S. P. 
Injectio Parathyroidei 


[Inj. Parathyroid.— Parathyroid Solution, Parathyroid Extract, Sp. 
‘Inyeccién de Paratiroides] 


Parathyroid Injection is a sterile solution in water for 
injection of the water-soluble principle or principles of 
the parathyroid glands which have the property of re- 
lieving the symptoms of parathyroid tetany and of in- 
creasing the calcium content of the blood serum in man 
and other animals. It is obtained from the fresh para- 
thyroid glands of healthy domesticated animals used 


for food by man, the animal source of each preparation 


a 


HORMONES 


being stated. The parathyroid glands must be removed 
from the animals immediately after slaughtering, and 
then extracted at once or kept frozen until extracted. 
The glands are freed from gross fat and. connective 
tissue, ground, extracted, and the extract purified to 
make it suitable for parenteral administration. The 
Injection is then adjusted to the proper potency. It 
meets the requirements of the Sterility Test for Liquids 
(page 126). 

Sterilize Parathyroid Injection preferably by Process 
F. See Sterilization Processes (page 121). 

One cc. of Parathyroid Injection possesses a potency 
of not less than 100 U. 8. P. Parathyroid Units, each 
Unit representing one one-hundredth of the amount re- 
quired to raise the calcium content of 100 cc. of the 
blood serum of normal dogs 1 mg. within 16 to 18 hours 
after administration. 

The Injection also conforms to the other requirements 

under Injections (page 249), except at times it may show 
signs of a slight turbidity or precipitate. 
Assay—See Biological Assays (page 1010). The potency of parathy- 
rovd preparations is determined in units prescribed by U.S. P. XIII, 
which depend upon the ability of the extracts to elevate the serum 
calcium concentration in normal dogs. Each unit represents 400 
the amount necessary’to raisethe calcium of the blood serum of 
normal dogs 1 mg. within 16 to 18 hours after administration. The 
usual solutions contain 100 such units per cc. 


Storage—Keep the Injection in a cold place, preferably in single-dose, 
hermetic containers, or in other suitable containers. 


Uses—The parathyroid hormone is one of the factors 
which regulate the concentration of calcium in the 
blood. A deficiency in the secretion of the hormone re- 
sults in a hypocalcemia which in turn causes tetany. 
The specific indication for the parathyroid hormone is in 
the treatment of hypoparathyroidism. The hormone 
is inactive by mouth and must be given by subcutaneous 
or intramuscular injection. In severe cases as much as 
100 units may be given without the danger of producing 
hypercalcemia. In less drastic cases, a dose of 10 to 20 
units suffices. 
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The onset of action of the parathyroid hormone is 
relatively slow, maximal effects on the level of blood 
calcium not being obtained for 18 hours. Therefore, 
for the immediate control of symptoms the intravenous 
injection of a soluble calcium salt may be necessary. 
The effects of a single dose of hormone are evident for 
36 hours. For this reason injections are made at 24 to 48 
hour intervals. 

Treatment with parathyroid hormone is inconvenient 
due to the necessity of injections. Also the action of 
the hormone is difficult to control. Therefore dihydro- 
tachysterol, a drug which affects the level of blood cal- 
cium in much the same way as the parathyroid hormone 
and which can be taken orally, is a more favored prep- 
aration in the treatment of hypoparathyroidism. 

Parathyroid hormone is occasionally employed for 
the treatment of conditions other than parathyroid 
deficiency. The hormone promotes the excretion of 
urine and in rare instances is used for its diuretic action. 
It also promotes the excretion of lead, and is sometimes 
employed in the treatment of lead poisoning. It is also 
of limited value in the treatment of certain types of 
hemorrhage, the calcium ion being one of the essentials 
for the normal clotting of blood. 

Dosage—Therapeutic doses for hypoparathyroidism 
vary from 25 to 100 units, hypodermiecally or intra- 
muscularly, controlled by observations of the effect 
on the blood calcium and phosphorus. There is no 
evidence to show that the oral form of any preparations 
of parathyroid are active. 

Average Dose—Intramuscular, 25. U. S. P. Units of 
Parathyroid. 


Specialties Containing the Parathyroid Hormone 


Note—The parathyroid extracts are aqueous preparations containing 
the parathyroid hormone, intended for intramuscular or subcutaneous 
injection. 

Parathyroid Extract 

Parathyroid Extract (Lilly) 

Parathyroid Hormone (Armour, Squibb) 

Paroidin (Parke, Davis) 


THE PITUITARY HORMONES 


The pituitary body (hypophysis) comprises anterior, 
intermediate, and posterior portions or lobes which 
have distinguishing structures and functions. Since 
nothing of definite clinical usefulness is known about 
the intermediate portion this will not be discussed 
further. Although the National Formulary lists Whole 
Pituitary, there is no reason based upon either logic or 
clinical experience why this should be employed thera- 
-peutically, for in the form listed it is not possible to 
demonstrate any dependable activity. However, sev- 
eral active principles have been discovered in extracts 
prepared in specific ways from both the anterior and 
posterior portions of the pituitary, and these will be 
listed and discussed separately. 


WHOLE PITUITARY N. F. _ Pituitarium Totum 
[Pituitary Gland, Desiccated Pituitary Substance, Pituitary Body] 


Whole Pituitary is the dried, partially defatted, and 

powdered pituitary gland of cattle, sheep, or swine. 

Whole Pituitary is derived from sound, clean, and 
entire glands that are freed from external tissues. It is 
free from diluents or preservatives. 

One part of Whole Pituitary is obtained from approxi- 
mately 5 parts by weight of fresh pituitary gland, and 
~when the fresh material is dried by heat, it is to be 

dried in vacuum at a temperature not exceeding 60°. 


Description and. Properties—A gray or yellowish gray amorphous 
powder of characteristic odor and salty taste. No disagreeable odor 
suggestive of partial putrefaction is present. The N. F. includes a 
description of Histology. 
Tests for Purity— 

Moisture—Not more than 6 per cent. 

Total. Ash—Not more than 7 per cent. 

Fat—Not more than 5 per cent. 
Storage—Keep Whole Pituitary in tight containers, and avoid exces- 
sive heat. 


Uses—Whole Pituitary is devoid of action when 
taken by mouth. This preparation is of no therapeutic 
value. 


The Hormones of the Anterior Lobe of the Pituitary 
Body 


The pituitary body is known as the ‘‘master gland”’ 
because it has so many important actions in the body, 
and it regulates the function of several of the other 
glands. Without the anterior portion of the pituitary 
gland, the sex functions and growth cease, and the 
functions of the adrenal cortex, the thyroid, and the 
parathyroids decrease markedly. Through studies in 
experimental animals, chiefly with the use of the hypo- 
physectomized rat, we now know that the anterior 
lobe of the pituitary has at least seven different impor- 
tant actions, apparently due to separate hormones. 
Cushing, and also Collip, have suggested that these 
separate effects may be due to products split from 
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perhaps two master secretions, but these suppositions 
must wait further chemical knowledge for verification. 
At present, all of the anterior pituitary preparations 
are still in the experimental stage. The separable prin- 
ciples of the anterior pituitary are: 

1. The Growth Hormone—This causes an increase 
in structure of the body, especially evident in the im- 
mature animal as an increase of the length due to a 
growth of the bones. For the maximum action of the 
growth hormone, all of the building stones of the body 
are needed in abundance. The growth hormone has 
been very highly purified, and is found to be a complex 
protein substance. It must be given by injection, for 
it is inactive when taken orally. It is assayed brologi- 
cally by observing the growth of young hypophysectom- 
ized rats in response to test-doses of the hormone. An- 
other assay method is to measure tkh¢g extent of response 
of growing bone adjacent to the epiphysial line. No 
growth hormone products are included in the U. 8. P. 
XLLIEN GH etOEIN Nw 1X: 

2. The Gonadotrophic Hormone Complex—There 
are three separate gonadotrophic actions of the anterior 
pituitary. These are revealed in sequence during a 
menstrual cycle, and in order for them to be secreted in 
proper order there must be normal function of the ovary. 
They are: 

(a) The follicle stimulating hormone (F. S. H.)—This 
produces maturity and release of the ovum, and at the 
same time promotes the secretion of the female sex 
hormone, a-estradiol, from the Graafian follicle. This 
structure also produces small amounts of progesterone. 

(b) The luteinizing hormone (L. H.)—This appears 
in increasing amounts during the mid-portion of the 
menstrual cycle, and causes the corpus luteum to de- 
velop following the rupture of the follicle and the release. 

(c) The luteotrophin—This hormone appears to pre- 
dominate in the latter portion of the menstrual cycle, 
and is required for the corpus luteum to be maintained 
and to produce progesterone. The temporary disap- 
pearance of this hormone toward the end of the men- 
strual cycle leads to the cessation of function of the 
corpus luteum, and thus menstruation occurs and a 
new cycle begins. This hormone, luteotrophin, is now 
believed to be identical with what formerly was be- 
lieved to be a separate principle, the lactogenic hormone. 
This will be discussed later. 

The gonadotrophic hormones are complex proteins, 
and two of them (F. 8. H. and Luteotrophin) have been 
very highly purified. These gonadotrophic preparations 
are all in the experimental stage at the present time. 

Other Gonadotrophic Preparations—Two other avail- 
able gonadotrophic principles, human chorionic hor- 
mone and pregnant mares’ serum, somewhat resemble 
pituitary preparations, in that they stimulate the ovary, 
but they are produced by chorionic cells of the placenta, 
not by the anterior pituitary gland. 

(a) Human chorionic hormone-—Within 48 hours 
after the ovum is implanted, the chorion produces a 
gonadotrophic hormone which reaches the maternal 
blood and is excreted in the urine. This chorionic 
hormone maintains the corpus luteum secretion, ena- 
bling pregnancy to continue. Administered to human 
males this hormone causes some development and secre- 
tion of the interstitial cells of the testes and thus may 
expedite the descent of testes of boys or young men, and 
is used therapeutically when there is failure of descent 
of the testes. It has very little action in hypophysec- 
tomized animals. The human chorionic hormone is 
prepared from urine, and it has been highly purified 
but not crystallized. It is a glycoprotein. Its activity 
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is expressed in International Units, based upon a stand- 
ard dry powder preserved by the United Nations Com- 
mittee. The assay is carried out in standardized ro-~ 
dents and one I. U. equals the gonadotrophie action of 
0.1 mg. of the standard powder of the gonadotrophic 
preparation of human pregnancy urine. The dosages 
employed are from 100 I. U. to 1000 I. U. daily, given 
hypodermically. Several such preparations are recog- 
mizeduin the INN ah 

(b) Pregnant mares’ serum (Equine) gonadotrophin— 
The chorion of pregnant mares secretes a gonadotrophin 
which appears in the animal’s blood but is not excreted 
in the urine. The substance has been highly purified, 
and can be reasonably completely freed from horse 
serum protein contaminants. This hormone produces 
an action much like that of the pituitary gonadotro- 
phins, and does act on ovaries of hypophysectomized 
animals. This principle has been utilized in therapy, 
although it is still in the experimental stage. The assay 
of this hormone is also based on an international stand- 
ard dry powder, and activity is expressed in Interna- 
tional Units, the methods being parallel to those for 
human chorionic hormone. There are no U.S. P. XIII, 
N. F., or N. N. R. preparations of this hormone. 


3. Thyrotrophic Hormone—This hormone sustains 
thyroid activity, its function being to release thyroid 
hormone stored in the thyroid gland. Without this 
hormone, the thyroid fills with its own hormone and 
becomes inactive. An excess of thyrotrophic hormone 
causes hypertrophy and hyperplasia of the thyroid 
and an increase in the metabolic rate. The assay is 
complicated, and the best present methods utilize the 
cytological response of thyroids of standardized guinea 
pigs. There are no practical uses for this hormone at 
present, and there are no recognized preparations. 


4. Adrenotrophic Hormone—This maintains the 
function of the adrenal cortex, especially that part which 
regulates carbohydrate and protein metabolism. The 
adrenotrophic hormone has been very highly purified, 
and is a complex protein. In doses of from 10 to 25 mg. 
the purified hormone stimulates adrenal cortical activity 
of hypopituitary patients. The clinical applications of 
this recent development are not yet practical. 


5. Lactogenic Hormone—The anterior pituitary 
secretes a hormone which completes the development of 
the milk-secreting lobules of the breast, and when the 
breast is suitably conditioned by the female sex hor- 
mones the lactogenic action of the pituitary causes a 
secretion of milk by the mamme. It is now known 
that the lactogenic effect is produced by luteotrophin, 
one of the parts of the gonadotrophic complex. Ths 
hormone has been highly purified, and experimentally 
has been prepared in crystalline form. It was the first 
of the pituitary principles to be purified. This hormone 
has also been known as prolactin. No practical uses for 
this hormone in man are known at present. 


6. Diabetogenic Hormone—The pituitary secretes - 
a principle which raises the blood sugar, and also leads 
to ketone body formation. Less is known about the 
mechanism of action of this hormone and its chemical 
nature than is known about the other foregoing pitui- 
tary principles. ; 


7. Other Possible Pituitary Hormones—Other prin-— 
ciples which have been ascribed to the anterior pituitary 
but upon which there is no agreement are the presumed 
pancreatrophic (insulinotrophic) and parathyrotrophic 
actions. 
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ANTERIOR PITUITARY N. F. 
Pituitarium Anterius 
{Pituitar. Anter.—Pituitary Anterior Lobe, Pituitary Body Anterior 
Lobe, Desiccated Pituitary Anterior Lobe] 

Anterior Pituitary is the dried, partially defatted, 
and powdered anterior lobe of the pituitary gland of 
cattle, sheep, or swine. 

Anterior Pituitary is derived from sound, clean, and 
entire glands that are freed from external tissues. It is 
free from diluents and preservatives. 

One part of Anterior Pituitary is obtained from ap- 
proximately 5 parts by weight of fresh anterior lobe of 
the pituitary gland, and when the fresh material is dried 
by heat, it is to be dried in a vacuum at a temperature 
not exceeding 60°. 

Description and Properties—A gray or yellowish gray amorphous 
powder of characteristic odor and salty taste. No disagreeable odor 
suggestive of partial putrefaction is present. The N. F. includes a 
description of Histology. It is only partially soluble in water. 

Tests for Purity— 

Moisture—Not more than 6 per cent. 

Total Ash—Not more than 7 per cent. 
pees, ot more than 5 per cent when extracted with petroleum 
Storage—Keep Anterior Pituitary in tight containers, and avoid 
excessive heat. 

Uses—The hormones of the anterior pituitary have 
not yet attained therapeutic prominence because of the 
difficulties surrounding their preparation in a purified 
active form. Of the various anterior pituitary prepara- 
tions, only the gonadotrophic and growth hormone can 
be said to be available for therapeutic use. 

The growth hormone of the anterior pituitary has 
been employed to a limited extent in the treatment of 
pituitary dwarfs. Treatment should only be under- 
taken by experienced endocrinologists who are familiar 
with the potency and actions of the available prepara- 
tions. 

There are very few preparations of pituitary gonado- 
trophic hormones available. However, there is a variety 
of preparations of anterior-pituitary-like hormones. 
The APL hormones are formed in the chorionic cells 
of the placenta during pregnancy. The hormones are 
excreted in the urine in high concentration, and can be 
prepared from this source. Their action is similar in 
many respects to the pituitary gonadotrophic hormones. 

Still another hormone with gonadotrophic activity is 
found in the serum of pregnant mares. Its action re- 
sembles that of the true gonadotrophic hormones of the 
pituitary even more than that of the APL hormones. 
The source of this hormone is also the chorionic cells. 

Gonadotrophic hormones have been used in the treat- 
ment of a wide variety of gynecological syndromes. 
Claims have been made for their efficacy in such condi- 
tions as genital hypoplasia, delayed puberty, amenor- 
rhea, sterility, frigidity, dysmenorrhea, habitual abor- 
tion, ete. Further evidence must be awaited before 
their true value is established. 

Gonadotrophic hormones have a definite place in the 
treatment of cryptorchidism. Before surgical proce- 
dures are undertaken treatment with an acceptable 
gonadotrophic preparation is usually instituted. The 
dose employed is 200 to 500 International Units given 
two or three times weekly for a period of one or two 
months. In the event that there is no evidence of pro- 
gressive descent of the testes, surgery is indicated. 

Uses—Dried Anterior Pituitary is devoid of action 
when given by mouth, the principles being destroyed 
by the enzymes of the gastrointestinal tract. 


- purified preparations for injection are available. These 
are discussed under the individual preparations. 
_ “Average Dose—To be determined by the physician. 


Various - 
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Specialties Containing Anterior Pituitary Hormones 


Note—The following specialties are usually mixtures of the anterior 
pituitary hormones or somewhat impure preparations of the anterior 
piturtary-like hormones. They are listed under the predominating hor- 
monal constituent. 


Pituitary Growth Hormone 
Accretin (Harrower) 
Anterior Pituitary Hxtract (Armour, Endo, Harrower, Kirk, Lake- 
side, Lilly, Marvell, Miller, National Drug, Sharp and Dohme, 
Sherman, Smith-Dorsey) 
Antuitrin-Growth (Parke, Davis) 
Growth Complex (Armour, Ayerst) 
Phykentrone (Squibb) 
Phyone (Wilson) 
Polyansyn (Armour, Ayerst) 
Pituitary Gonadotrophic Hormone 
Ambinon (Roche-UOrganon) 
Gonadophysin (Searle) 
Gonadothyn (Flint, Eaton) 
Gonadotropic Factor (Armour, Ayerst) 
Pituitary Gonadotrophin (Squibb) 
Human Chorionic Gonadotrophic Hormone 
Antuitrin S (Parke, Davis) 
Apestrin (Harrower) 
A. P. L. (Ayerst) 
Aprodin (Smith-Dorsey) 
Choranid (C. D. Smith) 
Chorgon (Massengill) 
Choriogonin (Lakeside) 
Chorionic Gonadotrophin (Breon, Cole, Lakeside, McNeil, Pitman- 
Moore, Sharp and Dohme, Upjohn) 
Entromone (Endo) 
Follutein (Squibb) 
Gestasol (National Drug) 
Glantropin (Ingram) 
Korotrin (Winthrop) 
Pranturon (Schering) 
Pregnyl (Roche-Organon) 
Pituitary Gonadotrophic and Chorionic Gonadotrophic Hormones 
Synapoidin (Parke, Davis) 
Pregnant Mares’ Serum Gonadotrophic Hormone 
Anteron (Schering) 
Antex (Ayerst) 
Gonadin (Cutter) 
Gonadogen (Upjohn) 
Pituitary Thyrotrophic Hormone 
Thyrotrophic Factor (Armour, Ayerst) 
Pituitary Adrenotrophic Hormone 
Adrenotropic Factor (Armour, Ayerst) 
Pituitary Lactogenic Hormone 


Prolactin (Armour, Ayerst, Schering) 


The Posterior Pituitary 


Extracts of the posterior lobe of the pituitary body 
exert three typical effects: They cause (1) a contrac- 
tion of the parturient uterus (and to a lesser extent of 
other plain muscle), (2) an increase in blood pressure, 
and (3) an antidiuretic action on the kidneys (permitting 
resorption of water by the tubules). These hormones 
have not been prepared in a form pure enough to deter- 
mine their chemical nature beyond the fact that they 
are complex proteins. However, through fractionation 
of posterior pituitary extracts, one product (pitocin) 
acting on the uterus has been separated from another 
(pitressin) which produces the original extract’s action 
on the blood vessels, the intestine, and the urinary 
secretion. = 

Uses—The three principles of pharmacological im- 
portance in Posterior Pituitary, oxytocic, pressor, and 
antidiuretic, all have therapeutic applications. The 
oxytocic principle causes contraction of the uterus. 
The action is shorter in duration than that caused by 
the ergot alkaloids. Posterior pituitary is used after 
delivery of the foetus and placenta to promote contrac- 
tion of the uterus and reduce postpartum bleeding. 
Also if used cautiously it may be employed to initiate 
labor at term. The usual dose for the former purpose 
is 10 units given by injection in the form of posterior 
pituitary injection. For the induction of labor very 
small doses are employed. 

The pressor principle has few legitimate therapeutic 
applications. It causes constriction of peripheral blood 
vessels and has had sporadic trials in the treatment of 
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shock but is not very efficacious for this purpose. This 
principle also stimulates the smooth muscle of the intes- 
tine and has been employed in the dose of 10 units in 
the treatment of postoperative ileus. It is probably 
inferior in this regard to prostigmine. 

The antidiuretic principle is a specific in the treatment 
of diabetes insipidus. The large urine volume can be 
reduced towards normal by the injection of 10 units 
twice daily. 

The active principles of the posterior pituitary are 
destroyed by the digestive enzymes of the gastrointesti- 
nal tract. For this reason they are not effective when 
given orally. The common route of administration is 
by intramuscular injection of active extracts. How- 
ever, posterior pituitary powder can be applied to the 
nasal mucous membrane and significant absorption 
occurs. This method of administration has been em- 
ployed for the induction of labor and for the control 
of the polyuria of diabetes insipidus. 


POSTERIOR PITUITARY U. S. P. 
Pituitarium Posterius 


[Pituitar. Post.—Pituitary, Hypophysis Sicea, Sp. Pituitaria 
Posterior] 


Posterior Pituitary is the cleaned, dried, and pow- 
dered posterior lobe obtained from the pituitary body of 
domesticated animals which are used for food by man. 
The pituitary body must be removed from the animal 
immediately after slaughtering and then dried at once 
or kept frozen until dried. The potency of Posterior 
Pituitary shall be such that 1 mg. shall possess an activity 
equivalent to not less than 1 U.S. P. Posterior Pituitary 
Unit. 


Description and Properties—A yellowish or grayish, amorphous 
powder having a characteristic odor. It is only partially soluble in 
water. 

Assay—Potency of Posterior Pituitary preparations is measured by 
biological assays. Details of the assay given in the U.S. P. XIII 
(pages 414-416) provide for use of the uterus of a non-pregnant guinea 
pig. The powder is required to have upon assay a potency of 1 
U.S. P. Unit per mg. See Biological Assays (page 1011). 
Storage—Keep Posterior Pituitary in well-closed containers, prefer- 
ably at a temperature not above 30°. 


Uses—The chief use of posterior pituitary powder is 
for the control of diabetes insipidus, either through (1) 
the nasal insufflation of the fine powder in doses of 50 
mg. or less, 3 or more times daily; or a possibly better 
alternative method is (2) the subcutaneous injection 
of long-acting insoluble pitressin tannate in oil suspen- 
sion, in doses of 0.3 to 1.0 ce. intramuscularly at inter- 
vals of from 36 to 48 hours. 


Posterior Pituitary Injection U. S. P. 
Injectio Pituitarii Posterioris 


{Inj. Pituitar. Post——Posterior Pituitary Solution, Pituitary 
Solution, Sp. Inyeccién de Pituitaria Posterior] 


Posterior Pituitary Injection is a sterile solution in 
water for injection of the water-soluble principle or 
principles from the posterior lobe of the pituitary body 
of healthy domesticated animals used for food by man. 
The pituitary body must have been removed from the 
animal immediately after slaughtering, and then dried 
or extracted at once or kept frozen until extracted. 
The potency of Posterior Pituitary Injection shall be such 
that O.1 cc. of the Injection shall possess an activity 
equivalent to one U.S. P. Posterior Pituitary Unit. It 


1 The potency of 0.5 me ee ee U.S. P. Posterior Pituitary Reference Stand- 
ard represents 1 U. S. P 
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meets the requirements of the Sterility Test for Liquids 
(page 126). 

Sterilize Posterior Pituitary Injection preferably by 
Process F. See Sterilization Processes (page 121). 

The Injection also conforms to the other require- 
ments under Injections (page 249). 


Description and Properties—The Injection is a clear or only faintly 
opalescent liquid, colorless, or nearly so, and haying a faint, charac- 
teristic odor. 

Assay—See Biological Assays (page 1011). ‘The requirement of the 
U.S. P. XIII (pp. 414-416) is that 1 ce. contain 10 U.S. P. Units, 
Spee by comparison test with the Reference Standard dry pow- 

er. 

Storage—Keep the Injection preferably in single-dose, hermetic con- 
tainers, or in other suitable containers. 


Uses—Solutions prepared from the posterior pitui- 
tary are employed against uterine atony and in post- 
partum as well as other forms of uterine hemorrhage. 
They should not be injected during the first stage of 
labor, because if the cervix be not fully dilated, ener- 
getic contractions may cause rupture of the uterus or 
extensive laceration of the soft tissue. Pituitary solu- 
tions may be useful in intestinal paresis whether follow- 
ing abdominal operations or complicating infectious 
diseases. The bladder musculature is stimulated espe- 
cially when it has been in an atonic condition. The ex- 
tracts are also extensively used in diabetes insipidus, in 
which they reduce greatly the volume of urine ex- 
creted. For this purpose they are injected once or 
twice daily. The extracts are most effective when in- 
jected hypodermically or intramuscularly although 
some activity appears when they are applied to the 
nasal mucous membrane. 

Dosage—Dosage for use in bbatettienl cases is from 
0.2 cc. to 1.0 ce.; in surgical cases, from 1 cc. to 2 cc¢.; 
by deep intramuscular injection or subcutaneous injec- 
tion. 

Average Dose—Intramuscular, | cc. (approximately 
15 minims). 


Unofficial Preparations Containing the Posterior Pituitary Hormones 


Pitocin N. N. R. (Parke, Davis)—An aqueous solution containing 10 
units per cc. of oxytocie principle, equal to that of Posterior Pitui- 
tary Injection U.S. P., but containing less than 14 unit of pressor 
principle per ce. Uses: to stimulate uterine contraction in ob- 
stetrical practice and to stop postoperative bleeding, particularly in 
those cases where an increase in blood pressure is undesirable. 
Dose: intramuscularly, 0.3 to 1 ce. 

Pitressin N. N. R. (Parke, Davis)—An aqueous solution containing 
20 units per ce. of pressor principle, twice that of Posterior Pituitary 
Injection U. S. P., and diuretic-antidiuretic principle of the pos- 
terior lobe of the pituitary gland but less than 1 unit per ce. of 
oxytocic principle. Uses: for raising the blood pressure, increas- 
ing the muscular activity of the intestinal tract and bladder, and for 
ae antidiuretic effect in diabetes insipidus. Dose: intramuscularly, 
0.3 to Lee. 

Pitressin Tannate in Oil N. N. R. (Parke, Davis)—A suspension in 
vegetable oil of the water-insoluble tannate of Pitressin containing 
5 pressor units in each ec. Uses: where the prolonged action of 
Pitressin is desired. Dose: intramuscularly, 0.3 to 1 ce. 


Specialties Containing the Posterior Pituitary Hormones 


Note—Specialties containing the posterior pituitary hormone are 
available as the aqueous extract intended for intramuscular or subcu- 
taneous injection or as the desiccated gland in powder, tablet, or capsule 
form. . 

Posterior Pituitary Extract 

Infundin (Burroughs Wellcome) 

Pituitrin (Parke, Davis) 

Posterior Pituitary Extract (Abbott, Armour, Breon, Bristol, Cole, 

Endo, Harrower, Lakeside, Lilly, Merrell, Miller, National Drug,- 

Pitman-Moore, Rorer, Sharp and Dohme, Sherman, C. D. Smith, 

Smith-Dorsey, Squibb, Upjohn, Warner, Wilson, Wyeth) 
Posterior Pituitary Extract with Thymus 

Neonataline (Rorer) 

Pitanthym (McNeil) 

Thymophysin (Winthrop) 

Thymus Pituitary (Cole) 

Posterior Pituitary Powder 

Pituitary Posterior (Armour, Wilson) + 

Pituitary Posterior Desiccated (Lilly) 

Pituitary Body-Posterior Lobe Desiccated (Parke, Davis) 
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THE THYROID HORMONE 


The thyroid hormone stimulates all tissues to an in- 
creased rate of oxygen consumption, and this implies 
the release of energy, the production of heat, and the 
utilization of stored energy reserves. This increase in 
the rate of metabolism leads secondarily to increased 
functions of various sorts, from augmented sensitivity 
of nerves, a stimulation of the heart and circulation, to 
a more rapid growth of tissues. The thyroid hormone 
consists of an essential, iodine-containing, amino-acid 
substance, thyroxin, combined with a special protein 
material, a globulin. The natural hormone is available 
to the body when whole thyroid substance is ingested. 
Therefore a good thyroid substitute can be provided by 
per uople drying and powdering of clean animal thy- 
roid. 


THYROID U. S. P. Thyroideum 
[Thyroid.— Sp. Tiroides] 


Thyroid is the cleaned, dried, and powdered thyroid 
gland previously deprived of connective tissue and fat. 
It is obtained from domesticated animals that are used 
for food by man. 

Thyroid contains not less than 0.17 per cent and 
not more than 0.23 per cent of iodine in thyroid com- 
bination, and must be free from iodine in inorganic or 
any form of combination other than that peculiar to 
the thyroid gland. A desiccated thyroid of a higher 
iodine content may be brought to this standard by 
admixture with a desiccated thyroid of a lower iodine 
content or with lactose, sodium chloride, starch, or 
sucrose. 


Description and Properties—A yellowish to buff colored, amorphous 
powder, having a slight characteristic, meat-like odor and a saline 
taste. The U.S. P. provides a histological description. 
Tests for Purity— 

‘Moisture—Not more than 6 per cent when determined by the Tolu- 
ene distillation method. 

Inorganic iodides—1 Gm. of Thyroid is shaken for several minutes 
with 10 cc. of a saturated aqueous solution of zine sulfate and filtered. 
The use of zinc sulfate is to prevent solution or to precipitate any 
proteins or other organic substances which would interfere with the 
test. On adding to the filtrate a few drops each of starch T.S., sodium 
nitrite solution (to liberate the iodine, if present), and diluted sulfuric 
acid, no blue color (of starch iodide) should be produced. 
Assay—The iodine in the Thyroid is converted into potassium iodide 
by ignition with an excess of anhydrous potassium carbonate (see 
under Thymol Iodide). The potassium iodide so formed is completely 
extracted from the ignition residue with hot water and oxidized to 
iodate by the addition of bromine water. The solution is then strongly 
acidified with phosphoric acid and boiled to expel excess free bromine 
present as well as any liberated from hypobromite formed by the 
action of bromine on potassium carbonate. The last traces of bromine 
are removed by treatment with phenol which forms insoluble tri- 
bromophenol. The oxidation of iodide to iodate by bromine is illus- 
trated in the following equation: 


KI + 3Bre + 3H20 — KIO3 + 6HBr 


The amount of iodate formed is then determined by causing it to react 

with potassium iodide in the acidified solution whereby 6 atom equiva- 

lents are liberated for each mole of the iodate, and the iodine thus set 
_free determined by titration with hundredth-normal sodium thiosul- 

fate using starch T.S. as the indicator. A blank is performed. Hach 
ec. of this thiosulfate corresponds to 0.2116 mg. of iodine. 
Storage—Keep Thyriod in tight containers. 


Uses—The thyroid hormone is essential for normal 
metabolism and development. The congenital absence 
of thyroid hormone results in a condition known as 
cretinism. In adult life, absence of thyroid hormone 
causes myxedema. These conditions are characterized 
by an abnormally low basal metabolic rate. The pri- 
mary therapeutic use of thyroid is in their treatment. 

Thyroid has a very slow onset of action. A given 
dose does not exert its maximum effect for 10 days and 
will continue to have some degree of action for 30 days. 


Therefore caution must be exercised in judging the 
dose of thyroid in that cumulative effects must be 
anticipated. 

In the treatment of adult myxedema, the average 
dose of thyroid is 100 mg. In the treatment of cretin- 
ism much lower doses are employed, depending upon 
the age. Thyroid is given orally, once daily. 

Thyroid is often given to individuals with low meta- 
bolic rates unassociated with myxedema. For example, 
patients with chronic constipation, menstrual disorders, 
sterility, arthritis, etc., associated with a low metabolic 
rate are often benefited by thyroid hormone. 

Employment of thyroid as an aid to reduce excessive 
weight is a frequent practice, often futile, and some- 
times fraught with danger. It should never be at- 
tempted without medical supervision. 

Average Dose—60 mg. (approximately 1 grain). 


Thyroid Tablets U. S. P. Tabellee Thyroidei 
[Tab. Thyroid.—Sp. Tabletas de Tiroides] 


Thyroid Tablets contain an amount of iodine (I) 
equivalent to not less than 0.17 per cent and not more 
than 0.23 per cent of the labeled amount of thyroid. 


Tests for Purity— 

Inorganic Iodides—A portion of the finely powdered Tablets equiva- 
lent to 1 Gm. of thyroid conforms to the test for Inorganic Iodides 
under Thyroid. 

Assay—The Tablets are assayed for iodine by the method outlined 
under Thyroid, using a quantity of the powdered Tablets equivalent to 
1 Gm. of thyroid. 

Storage—Keep the Tablets in tight containers. 


Uses—See Thyroid. 
Average Dose—60 mg. (approximately 1 grain) of 
Thyroid. 


THYROXIN U. S. P. Thyroxinum 
[Thyrox.—Sp. Tiroxina] 


i i 
HO ee CH»CHCOOH 
<<a 
: I NHe 


Thyroxin [C,sHiiI4NO. = 776.93] is an active 
physiological principle obtained from the thyroid gland, 
or prepared synthetically, and contains, when dried 
over sulfuric acid for 18 hours, not less than 64 per cent 
of iodine as an integral part of the Thyroxin molecule. 

Thyroxin is the essential portion of the thyroid hor- 
mone. In nature it is combined with a special globulin 
to comprise the thyroglobulin molecule, the form that 
circulates in the body. 


Description and Properties—White, needle-like, odorless and taste- 
less crystals. It is affected by light. It is msoluble in water, in alco- 
hol, and in the other usual organic solyents, but in the presence of 
mineral acids or alkalies it dissolves in alcohol. It is soluble in solu- 
tions of the alkali hydroxides and in hot solutions of the alkali carbon- 
ates. When alkali hydroxide solutions of Thyroxin are saturated with 
sodium chloride, the sodium salt of Thyroxin separates. __ 

Identification—(1) When 5 mg. of Thyroxin is dissolved in 5 ce. of 
alcohol containing 4 drops of hydrochloric acid, and 5 or 6 drops of 
sodium nitrite solution (1 in 100) is added, the solution develops a 
yellow color which increases when heated. On cooling the solution 
and adding stronger ammonia T.S. until distinctly alkaline, a pink 
color is produced. (2) When Thyroxin is ignited with sodium carbon- 
ate, the filtered aqueous solution of the residue gives the reactions 
of iodide. ; 
Tests for Purity— 

Loss on drying—Negligible from 20 mg. 

Residue on ignition—Negligible from 10 mg. 

Soluble halides—Not more than about 0.7 per cent as Cl. 
Assay—The iodine in this preparation is determined as in Thymol 
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Todide (page 683), but because of its high cost only about 20 mg. 
of the dried Thyroxin is used. It is accurately weighed and propor- 
tional quantities of the reagents are added. The liberated iodine is 
titrated with hundredth-normal sodium thiosulfate. Each ce. of the 
thiosulfate is equivalent to 0.2116 mg. of iodine (I). 

Storage—Keep Thyroxin in tight, light-resistant containers. 


Uses—Thyroxin, the active principle of the thyroid 
gland, has no advantages over thyroid in therapy. In 
fact, it is not as well absorbed as crude preparations. 
It may be employed in those rare instances in which 
parenteral therapy with thyroid hormone is necessary. 
Thyroxin is approximately 300 times as active as 
U. S. P. thyroid. 

Average Dose—0.5 mg. (approximately 1499 grain). 
Unofficial Preparation Containing the Thyroid Hormone 


Thyroxin Fraction N. N. R.—Tablets containing 25 per cent of the 
partially purified disodium salt of thyroxin with the acid-insoluble 
products of protein hydrolysis. Uses: same as thyroxin except 
given by oral administration only. _ 

Specialties Containing the Thyroid Hormone 


Note—Specialties containing thyroxin are manufactured in table 
form or as a solution for intravenous or for oral administration. Thyroid 
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is supplied as tablets. Some of the preparations listed below supply the 
actions of thyroid but may be digests or mixtures. 


Thyroid : 
Betaroid (Walker Vitamin) 
Cavolysin-B (Cavendish) 
Endothyrin (Harrower) 
Glythoid (Schieffelin) 
Proloid (Maltine) 
Thyracoids (Reed and Carnrick) 
Thyractin (Winthrop) 
Thyranon Injectable (Roche-Organon) 
Thyrobex (McNeil) 
Thyroid (A. P. C., Armour, Breon, Bristol, Baeeee Wellcome, 
Carnrick, Cole, Dr ug Products, Harrower, Hynson, Lederle, 
Lilly, McNeil, Miller, National Drug, Parke, Davis, Rorer, Scher- 
ing, Schieffelin, Sharp and Dohme, Sherman, Smith-Dorsey, Squibb, 
Stoddard, Upjohn, Wilson, Wyeth) 
ee and Ovarian Substance (Armour, Lilly, Parke, Davis, Up- 
john 
Thyroprotein (Parke, Davis) 
Thyro-Thiamine (Parke, Davis) 
Vitaroid (Warren-Teed) 
Vitathyrin (National Drug) 


Thyroxin 
Thyroxine (Roche-Organon, Squibb) 
Thyroxin Fraction (Squibb) 


THE SEX HORMONES 


THE OVARIAN HORMONES 

The formulas, chemistry, and structural relationships 
of the ovarian hormones are presented under Steroids 
(page 775). 

The ovaries serve the dual purpose of secreting the 
female hormones and producing the ova which, after 
the woman’s maturity, are liberated normally at the 
rate of one every four weeks. The ovaries secrete two 
types of hormones which are intimately related to the 
entire process of sex development and function. The 
first of these hormones to be recognized chemically be- 
longs to the group of steroids named estrogens. The 
second hormone secreted by the ovaries is the luteal 
hormone named progesterone. 


Estrogens 


Estrogenic substances stimulate or regulate the 
growth and development of the uterus, the vaginal 


mucous membrane, and also other structures such as the - 


mammary glands, subcutaneous fat, axillary and pubic 
hair, and certain elements in the skin. These latter 
comprise the secondary sex characteristics. Therefore 
the estrogens are also called female sex hormones. Of 
the estrogens the most potent occurring naturally, is a- 
estradiol, and its two principal metabolic products which 
are also estrogenic are estrone and estriol. Several other 
products of metabolic change occur in smaller amounts, 
but these are not offered as single substances for ther- 
apy. Estrogens are secreted throughout the period of 
activity of the ovaries, but at varying rates at different 
times of the menstrual cycle. 

The naturally occurring estrogens can be prepared 
synthetically, but at greater cost than by extraction 
from natural materials or by simple chemical processing 
of natural estrogens as they occur in urine. An inter- 
esting improvement of the natural estrogen has been the 
synthetic modification of a-estradiol, the most potent 
of natural estrogens, by the addition of a side chain, 
producing ethinyl estradiol. This reveals a very high 
activity when administered orally. These estrogens 
were originally measured entirely in terms of biologi- 
cally determined units, but in the cases of purified, 
crystalline products, weights may now be used. Bio- 
logical units are still commonly mentioned, and depend 
upon the reaction of spayed rats to injections of the 
hormones, which induce rapid development of cornified 
cells in the vaginal mucosa, detectable by the vaginal 
smear technique. 


Estrogens are used as a substitution therapy when 
menopausal symptoms occur after cessation of ovarian 
function, following castration or X-ray or radium 
therapy; or in the natural menopause (also called the 
climacteric). The purpose of the treatment is to af- 
ford relief from any of a long list of subjective complaints 
which are widely recognized as characteristic of the 
climacteric. The doses needed for such relief vary from 
patient to patient, and from time to time, in any one 
woman. The duration of the disturbance which is 
susceptible to such treatment is from a few days to 
several years. It represents a transition period during 
which the body is becoming adjusted to the absence 
of estrogen stimulation. Use of minimal doses which 
will provide comfort during this transition does not 
prolong the adjustment, and under medical supervision 
may be used with confidence. 

Other uses of estrogens include stimulation of devel- 
opment of the uterus, or of secondary sex characteris- 
tics in women with delayed or inadequate development. 
Various attempts have been made to use estrogens in 
order to secure reflex effects upon the anterior pituitary. 
There is a basis in animal experimentation for such 
trials, but such attempts in clinical situations are still 
frankly experimental. Estrogens are also used to in- 
hibit the growth of prostatic cancer of men, but their 
administration to women having carcinoma of the 
breast or carcinoma elsewhere in the reproductive tract 
is contraindicated, except in very special instances. 


ESTRADIOL U. S. P._ Estradiol 
[Dihydrotheelin, Oestradiol, Sp. Estradiol] 


Estradiol [CigHesO2 = 272.37] is alpha-estradiol. 
The structural formula is given under Steroids (page 
775). Estradiol is an estrogenic substance usually ob- 
tained from the urine of pregnant mares or from the 
urine of stallions, and is the most potent of the natural 
estrogens. Two isomers of estradiol are known: a or 
trans and 8 or cis. The latter isomer is considerably 
weaker than the former, and hence the official product 
is required to be the alpha form. / 

It is curious that the urine of stallions and of the 
males of other Hquide contains,3 to 5 times as much 
estradiol as that of the female of the species. 
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Description and Properties—White or slightly yellow, small crystals 
or a crystalline powder. It is odorless and stable in air. It melts 
between 173° and 179°. Its specific rotation is not less than +76° 
and not more than +83° in dioxane solution. It is almost insoluble 
in water; it is soluble in alcohol, acetone, dioxane, and in solutions of 
fixed alkali hydroxides; it is sparingly soluble in vegetable oils. 

Identification—(1) The solutions formed by dissolving 2 mg. of 
Estradiol in 2 cc. of sulfuric acid is greenish yellow and exhibits a 
green fluorescence. The color changes to pale orange*when the solu- 
tion is diluted with 2 cc. of water. The green color is strongly intensi- 
fied, if 1 drop of ferric ammonium sulfate T.S. is added to the sulfuric 
acid solution before dilution with water, and after dilution with water, 
the color isred. (2) To 50 mg. of sulfanilic acid mixed with 2 cc. of 
diluted hydrochloric acid, warmed, cooled in ice water, is slowly added, 
with agitation, 0.3 cc. of sodium nitrite solution (1 in 10). A deep red 
color is produced by adding to this solution of diazotized sulfanilic 
acid a solution of 5 mg. of Estradiol dissolved in 5 ce. of potassium 
hydroxide solution (1 in 10). (3) To a cooled solution of 50 mg. of 
Estradiol dissolved in 8 cc. of potassium hydroxide T.S. 0.7 cc. of a 
mixture of equal volumes of benzoyl chloride and ether is added 
slowly, with agitation and the mixture is shaken until the odor of 
benzoyl chloride disappears. The precipitate of estradiol benzoate is 
filtered and washed. The estradiol benzoate so obtained, after dry- 
ing at 100° for 1 hour, melts between 191° amd 196°. 
Tests for Purity— 

Residue on ignition—Negligible from 100 mg. 
Storage—Keep Estradiol in well-closed, light-resistant containers. 


Uses—See Estrone. 

Dosage—Hstradiol has a biological activity of ap- 
proximately 12,000 R. U. per mg. For the control of 
menopausal symptoms, on oral therapy, an initial dos- 
age of 2 1é-mg. tablets 3 or more times daily, and for 
maintenance therapy, 1 or 2 14-mg. tablets 1 or more 
times daily adjusted to the patient’s needs. For intra- 
muscular injection, the initial dosage is from 0.3 mg. 
(4000 R. U.) to 1.0 mg. (12,000 R. U.) 3 times weekly, 
with maintenance therapy adjusted to the patient’s 
needs. 

Average Dose—0.2 mg. (approximately 1499 grain). 


ESTRADIOL BENZOATE U. S. P. 
Estradiolis Benzoas 


Estradiol. Benz.—Oestradiol Monobenzoate, Sp. Benzoato de 


Estradiol] 


Estradiol Benzoate [CsH;sCOOC,sH23;0 = 376.47] is 
the benzoate of alpha-estradiol. 


Description and Properties—A white or slightly yellow to brownish, 
crystalline powder. It is odorless, and is stable in air. It melts 
batween 191° and 196°. Its specific rotation, [«]}’, is not less than 
+58° and not more than +63° in dioxane solution. It is almost in- 
soluble in water; it is soluble in alcohol, acetone, and dioxane. It is 
slightly soluble in ether, and sparingly soluble in vegetable oils. 

Identification—(1) A solution of 2 mg. dissolved in 2 cc. of sulfuric 
acid is greenish yellow and exhibits a blue fluorescence. The color 
changes to pale orange when this solution is diluted with 2 ec. of water. 
(2) To 100 mg. of Estradiol Benzoate dissolved in 10 cc. of methanol 
is added a solution of 100 mg. of potassium carbonate dissolved in 
0.5 ce. of water. The mixture is refluxed on a steam bath for 2 hours. 
Then 30 ec. of water is added and heated until the alcohol is evapo- 
rated. Then 15 cc. of water is added and the solution is kept at a tem- 
perature between 5° and 10° for 1 hour. The precipitate is filtered, 
washed, and dried. The estradiol so obtained melts between 173° 
and 179°. (3) To a cooled mixture of 50 mg. of sulfanilic acid and 2 
ec. of diluted hydrochloric acid is slowly added, with agitation, 0.3 ec. 
of sodium nitrite solution (1 in 10). To this diazotized sulfanilic acid 
is added a potassium hydroxide solution (1 in 10) containing 5 mg. 
of estradiol obtained in Identification test 2. A deep red color is pro- 
duced. (4) The filtrate from Identification test 2 is evaporated to 5 
ec. and cooled. Then 2 cc. of diluted hydrochloric acid is added. A 
white precipitate is formed. The precipitate is extracted with 5 cc. 
of ether, evaporated, and dried. The melting point of the benzoic acid 
so obtained is between 120° and 122°. 

Tests for Purity— 

Residue on ignition—Negligible from 100 mg. 

Completeness and reaction of solution—No insoluble residue remains 
when 100 mg. is dissolved in 5 cc. of warm alcohol. The solution after 
cooling is only slightly acid to litmus paper. 

Storage—Keep Estradiol Benzoate in well-closed, light-resistant con- 
tainers. 


_ Uses—This compound is an oil-soluble ester which 
slowly releases alpha-estradiol as it hydrolyzes after 
intramuscular injection. This provides a depot-action 
which is prolonged for several days. Still other esters, 
such as the dipropionate and the palmitate, have been 
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used; these latter compounds are not recognized 
officially. It is used in the treatment of the same condi- 
tions described under estrone but is several times more 
active. See Hstrone. 

Dosage—Estradiol benzoate has a biological activity 
of 10,000 International Benzoate Units per mg., and 
6000 Rat Units per mg. In untreated patients an im- 
mediate control of menopausal symptoms is usually se- 
cured with two or three injections each of from 6000 
R. U. to 10,000 R. U. (1.0 mg. to 1.67 mg.) during the 
first week. Thereafter maintenance therapy at lower 
dosage is adjusted to patient’s needs. 

Average Dose—IJntramuscular, 1 mg. (approximately 


169 grain). 


ESTRONE U. S. P. Estronum 
{Estron.—Theelin, Oestrone, Sp. Hstrona] 


Estrone [CygH2202. = 270.36] was the first sex: hor- 
mone isolated in pure form (Doisy and Allen in 1929). 
It is present, like estradiol, in the urine of pregnant 
mares to the extent of about 10 mg. per liter and is 
usually obtained from this source. It has also been pre- 
pared ‘‘synthetically”’ from stigmasterol, a phytosterol 
found in soya bean oil. Estrone is regarded as resulting 
from the oxidation of the 17-hydroxy group of estradiol 
to a ketone group. 

Note—The estrogenic activity of 0.1 microgram of 
crystalline estrone constitutes the International Unit. 


Description and Properties—Small, white crystals, or as a white, 
crystalline powder. It is odorless and is stable in air. It melts 
between 258° and 262°. Its specific rotation, [a]%°, is not less than 
+158° and not more than +168° in dioxane solution. It is slightly 
soluble in water but is soluble in alcohol, acetone, dioxane, and in 
solutions of fixed alkali hydroxides. 

Identification—(1) About 50 mg. of Estrone is dissolved in 6 cc. of 
pyridine and 2 cc. of acetic anhydride, and heated at 95° for 24 hours. 
Then 10 ce. of dilute alcohol is added and the mixture is evaporated 
in a vacuum to a thick oil. Then 1 cc. of dilute alcohol is added and 
the solution is set aside to crystallize. The crystals which deposit are 
filtered out, and recrystallized twice from hot aleohol. The estrone 
acetate so obtained melts between 125° and 127°. (2) About 50 mg. 
of Estrone and 50 mg. of hydroxylamiine hydrochloride is dissolved in 
10 ec. of alcohol, and 1 cc. of glacial acetic acid is added. The mixture 
is boiled under a reflux condenser for 5 hours. Then 10 ce. of water 
is added, and the precipitate is recrystallized twice from hot alcohol. 
The estrone oxime so obtained melts between 229° and 231°. 

Tests for Purity— 

Residue on ignition—Negligible from 100 mg. 

Storage—Keep Estrone in tight, light-resistant containers. 


Uses—Hstrone is one of the estrogenic hormones. 

A specific use for the estrogenic hormones is in the 
treatment of the symptoms of the menopause. Dosage 
varies with the individual. In some cases symptoms 
can be controlled with the oral ingestion of 0.06 to 0.12 
mg. 1 to 4 times daily. Other patients may require the 
intramuscular injection of as much as 5.0 mg. After 
symptoms are under control, the dosage is gradually 
reduced and hormonal therapy finally withdrawn. 

The estrogenic hormones are of great value in the 
treatment of gonorrheal vaginitis in children. The 
hormone acts upon the vaginal mucosa to increase its 
resistance to the gonococcus. In the treatment of this 
condition, the estrogens are best administered by vagi- 
nal suppository in order to reduce to a minimum their 
systemic effects. Senile vaginitis may be treated in a 
like manner. ; 

Estrogens alone, or in combination with progesterone, 
may be employed in the treatment of amenorrhea. The 
production of a menstrual flow by the use of hormones 
offers little more than psychological benefit to the pa- 
tient. 

Estrogens have been employed in a variety of other 
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conditions. These include menorrhagia, metrorrhagia, 
dysmenorrhea, frigidity, sterility, ete. The indications 
for estrogens in these conditions do not have the sound 
basis of those described above. 

There is a choice of compounds for estrogenic therapy. 
Estrone is commonly employed orally, or by intramus- 
cular injection. Considerable activity is lost if the oral 
route is used. Estradiol benzoate is more powerful in 
action than estrone. Its action is also more sustained. 
It is commonly given by intramuscular injection. 
Kstriol is less active than estrone when given hypo- 
dermically, but is almost of equal activity following oral 
administration. Estrogens can also be given by in- 
unction. In addition various concentrates of estrogenic 
hormones are available. 

Outstanding among compounds possessing estrogenic 
activity is a synthetic, diethylstilbestrol. Diethyl- 
stilbestrol possesses most of the actions,of the natural 
estrogenic hormones and is much cheaper. It is active 
after oral administration and has replaced the natural 
estrogens in many fields of treatment. 

Average Dose—Intramuscular, 1 mg. (approximately 


Va 


160 grain). 


OVARY N. F. Ovarium 
[Ovarium Siccum, Desiccated Ovarian Substance] 


Ovary is the dried, undefatted and powdered ovary 
of cattle, sheep, or swine. 

Ovary is derived from sound, clean, and entire glands 
that are freed from external connective tissues and ex- 
ternal fat. _ It is free from diluents or preservatives. 

One part of Ovary is obtained from approximately 6 
parts by weight of fresh glands. Dry in a vacuum, at a 
temperature not exceeding 60°. 

Description and Properties—A yellow to brown powder having a 
characteristic odor. The N. F. includes a description of Histology. 
It is only partially soluble in water. 
Tests for Purity— 

Moisture—Not more than 6 per cent. 


Total ash—Not more than 7 per cent. 
Storage—Keep Ovary in tight containers, and avoid excessive heat. 


Uses—Ovary and Ovarian Residue are valueless as 
therapeutic agents, preference being given to the active 
principles which are available in purified form. 


OVARIAN RESIDUE N. F. Residuum Ovarii 
[Resid. Ovar.—Desicecated Ovarian Redes) 


Ovarian Residue is the dried, undefatted, and pow- 
dered ovary without the corpus luteum from cattle, 
sheep, or swine. 

Ovarian Residue is derived from sound, clean glands, 
freed from external connective tissue and external fat, 
and, as far as practicable, from corpus luteum material. 
It is free from diluents or preservatives. 

One part is obtained from approximately 6 parts by 
weight of fresh ovary without the corpus luteum. Dry 
in a vacuum, at a temperature not exceeding 60°. 
Description and Properties—A yellow to brown powder having a 
characteristic odor. Ovarian Residue is similar histologically to Ovary 
except for the almost complete absence of the characteristic corpus 
luteum material. It is only partially soluble in water. 

Tests for Purity— 
Moisture—Not more than 6 per cent. 
Total ash—Not more than 7 per cent. 


Storage—Keep Ovarian Residue in tight containers, and avoid exces- 
sive heat. 


Uses—See Ovary. ‘ 
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Estrogenic Substances 


The term estrogenic substances has been used by 
the Council on Pharmacy and Chemistry of the Ameri- 
can Medical Association as a generic term for prepara- 
tions which are not of crystalline purity, but which are 
derived from natural sources, and which have estro- 
genic activity due to the presence of estrone plus smaller 
amounts of estriol and estradiol, as well as several other 
metabolic products. The usual source is from the urine 
of pregnant mares. The preparations are standardized 
in terms of biological activity; that is, ability of the 
preparation to produce stimulation of epithelial changes 
in the vaginal mucosa of spayed rats, in terms of a 
standard of activity of pure estrone. ‘“Hstrogenic sub- 
stances”? may be administered orally, parenterally, or 
in any other method used for other estrogens. The 
uses, dosages, and results are reasonably comparable to 
those obtained with the crystalline pure estrone. 

Dosage— Dosage is from 2000 to 20,000 International 
Units injected one or more times weekly depending on 
the response of the patient. After relief has been pro- 
duced, dosage may be lowered to a maintenance level. 
As much as 15,000 International Units per week may be 
required in resistant cases of kraurosis vulve. Cap- 
sules or tablets of estrogenic substances, 1000, 2000, 
4000, or 10,000 International Units, one or more times 
daily, may be administered orally alone or as a supple- 
ment to parenteral therapy. 


Synthetic Estrogens 


A series of compounds with estrogenic activity has 
been developed by modifications of a synthetic chemical 
called stilbestrol having a structure different than the 
natural steroids (page 776). The merits of these syn- 
thetic materials are that, they cost less to manufacture 
than do the natural materials, and that there is little 
loss of potency when therapy by the oral route is com- 
pared with the parenteral. On this latter comparison 
it must be recalled that the oral doses of natural estro- 
gens, with the possible exception of ethinyl estradiol 
(a derivative of a natural estrogen), may have to be 
five or more times that of the parenteral doses to 
secure similar results. This appears due to metabolic 
changes in the liver and also loss due to excretion into 
the bile, as well as to destruction in the digestive tract. 
One disadvantage of some synthetic materials men- 
tioned is that nausea follows use of even the minimum 
effective dose in some women, probably not over 20 per 
cent of those who use the materials carefully. In such 
women the synthetic materials must be replaced by 
natural products. One other slight difference which is 
possibly debatable is the general impression that the 
natural estrogens give the patient a greater feeling of 
well-being than do the synthetic estrogens of this series. 


DIETHYLSTILBESTROL U. S. P. Diethylstilbestrol 
[Diethylstilbest.—Stilbscetrol, Sp. Dietilestilbestrol] 


Diethylstilbestrol, when dried for 4 hours at 100°, con- 
tains not less than 98.5 per cent of CigH2o02 (268.34). 

Diethylstilbestrol is a synthetic, non-steroid estrogen 
first synthesized by Dodds, et al, in 1938. Like estradiol 
it forms two isomers, c7s and trans. The czs-isomer, 
which has less than one-tenth the activity of the trans 
and does not form readily, is unstable and tends to 
revert to the trans-isomer; hence the official product is 
trans-diethylstilbestrol. See Steroids (page 776) for the © 
structural formula. i 
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Preparation—A process for the synthesis of diethyl- 
stilbestrol is schematically represented below, R repre- 
senting the methoxyphenyl group. The starting mate- 
rial is anisaldehyde. 


H 
CHO¢ >cHO —°", R—-cHOH)CO—R —SSMES 
: ethanol anisoin from SnHg 
anisaldehyde amalgam 
and HCl in 
ethanol 
een Re CH —Co-R > C#teMeBr 
desoxyanisoin Na-ethanol HOH 
2Hs 
CeHs 
R—CH b R dehydration 
| | 
CeHs OH 
CoHs 
demethylation : 
Soa R —— > diethylstilbestrol 
CeHs5 


Description and Properties—White, odorless, crystalline powder. It 
melts between 169° and 172°. The diacetate obtained in the Assay 
melts between 121° and 124°. It is almost insoluble in water; it is 
soluble in alcohol, ether, chloroform, fatty oils, and in dilute alkali 
hydroxides. 

Identification—(1) When 10 mg. of Diethylstilbestrol is dissolved 
in 1 ce. of sulfuric acid, an orange color is produced, which disappears 
upon dilution with 10 volumes of water. (2) A solution of 20 mg. of 
Diethylstilbestrol in 2 ce. of diluted alcohol has a green color which 
changes to yellow by the addition of 1 drop of a mixture of 1 volume 
of ferric chloride T.S. with 9 volumes of water. 

Tests for Purity— 

Acid or alkali—A solution of 10 mg. in 5 ce. of 70 per cent alcohol 
is neutral to litmus paper. 

Loss on drying—Not more than 0.5 per cent. 

Residue on ignition—Not more than 0.05 per cent. 

Assay—About 500 mg. of dried Diethylstilbestrol is boiled with 1.5 
ec. of acetic anhydride and 3 cc. of pyridine under a reflux condenser 
for 5minutes. Then 50 cc. of water is added, the mixture is shaken, 
and allowed to stand for 1 hour. The precipitate is collected, washed 
with water, and dried. The weight of the diacetate thus obtained, 
multiplied by 0.7615, represents its equivalent of CjgH290o. 

Storage—Keep Diethylstilbestrol in tight, light-resistant containers. 


Uses—Diethylstilbestrol is used for the same condi- 
tions for which estrogenic substances are employed and 
the contraindications are those of the natural estrogens. 
See Hstrone. 

Dosage—The average therapeutic dose for the treat- 
ment of menopausal symptoms is from 0.1 mg. to 1.0 
mg. daily by mouth, although it is advised to start 
with smaller doses for patients who tend to develop 
disagreeable symptoms. The ratio of oral to parenteral 
administration varies from 1:1 to 1:5. The dipropion- 
ate and dipalmitate forms are said to provide a longer 
action when administered in oil solution intramuscu- 
larly. 

Average Dose—0.5 mg. (approximately 1499 grain). 


Diethylstilbestrol Capsules U. S. P. 
Capsule Diethylstilbestrolis 


[Cap. Diethylstilbest.—Sp. Capsulas de Dietilestilbestrol] 


Diethylstilbestrol Capsules contain not less than 90 
per cent and not more than 110 per cent of the labeled 
amount of (CHa ilatO Fe 
Assay—The diethylstilbestrol content of the Capsules is determined 
colorimetrically. The assay is based on the fact that diethylstilbes- 
trol, because of the presence in its molecule of an unsaturated (ethyl- 
-enic) bond, reduces molybdophosphotungstate solution, thereby pro- 
ducing a green color. The intensity of the color is proportional, under 
_ the conditions of the assay, to the quantity of diethylstilbestrol. 
_ For the technique of the assay consult the U.S. P. 

Storage—Keep the Capsules in well-closed containers. 


Average Dose—0.5 mg. (approximately YY490 grain) 
_ of Diethylstilbestrol. . 
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Diethylstilbestrol Injection U. S. P. 
Injectio Diethylstilbestrolis 


[Inj. Diethylstilbest.—Sp. Inyeccién de Dietilestilbestrol } 


Diethylstilbestrol Injection is a sterile solution of 
diethylstilbestrol in oil or in other suitable solvent. It 
contains not less than 90 per cent and not more than 
110 per cent of the labeled amount of CigHeoOe. It 
meets the requirements of the Sterility Test for Liquids 
(page 126). 

Sterilize the Injection preferably by Process C. See 
Sterilization Processes (page 121). 

The Injection also conforms to the other requirements 
under Injections (page 249). 


Assay—The concentration of diethylstilbestrol in the injection is de- 
termined by the method described for the Assay of Diethylstilbestrol 
Capsules. 

Storage—Keep Diethylstilbestrol Injection preferably in single-dose, 
hermetic containers, or in other suitable containers. See Containers 
for Injections (page 255). 


Average Dose—IJntramuscular, 0.5 mg. (approxi- 
mately 490 grain) of Diethylstilbestrol. 


Diethylstilbestrol Tablets U. S. P. 
Tabelle Diethylstilbestrolis 


[Tab. Diethylstilbest.—Sp. Tabletas de Dietilestilbestrol] 


Diethylstilbestrol Tablets contain not less than 9 
per cent and not more than 110 per cent of the labele 
amount of diethylstilbestrol [CigH 2009]. 


Assay—The Tablets are assayed for diethylstilbestrol by the assay 
method given for the Assay of Diethylstilbestrol Capsules. 
Storage—Keep the Tablets in well-closed containers. 


Average Dose—0.5 mg. (approximately 1499 grain) 
of Diethylstilbestrol. 


Unofficial Preparations Containing the Estrogenic Hormones 


Benzestrol N. N. R., Octofollin, 2,4-di(p-hydroxyphenyl)-3-ethyl hex- 
ane—A synthetic, crystalline powder, soluble in ethanol, ether, and 
vegetable oils but insoluble in water. Uses: same as for other 
estrogenic substances. Dose: orally, 2 to 3 mg., parenterally, 2 to 
5 mg. daily; repeated for 4 to 7 days until dosage requirement may 
be determined by clinical observation. 

Dienestrol, 3,4-bis(p-hydroxyphenyl)-2,4-hexadiene—A synthetic, crys- 
talline powder, insoluble in water but soluble in ethanol. Uses: 
orally effective estrogen used the same as other estrogenic sub- 
stances. Dose: 0.1 to 1.5 mg. daily. 

Diethylstilbestrol Dipropionate N. N. R.—The dipropionate ester of 
diethylstilbestrol. Uses: same as for diethylstilbestrol except that 
it is somewhat more slowly absorbed from its oil solution. Dose: 
intramuscularly, 0.5 to 5.0 mg. daily, modified to meet individual 
requirements. 

Estriol N. N. R., Theelol, 3,16,17-trihydroxy-A-1,3,5-estatriene— 
White, crystalline powder insoluble in water but soluble in ethanol 
and oils. A natural estrogenic steroid isolated from the urine of 
pregnancy; much less estrogenic activity than estrone when in- 
jected. Uses: same as for other orally effective estrogenic sub- 
stances. Dose: orally, 0.06 to 0.12 mg. 1 to 4 times a day. 

Ethinyl Estradiol N. N. R., Estinyl, 17-ethinyl-3,17-dihydroxy-A- 
1,3,5-estratriene—A white, crystalline powder insoluble in water 
but soluble in ethanol, ether, and oils. A synthetic derivative of 
a-estradiol. Uses: a potent, orally effective, estrogenic substance. 
Decomposition of the estradiol molecule in the alimentary tract is 
delayed by the ethinyl radical. Dose: 0.15 mg. daily for hypo- 
ovarianism or prostatic carcinoma, and 0.30 mg. daily for fune- 
tional uterine bleeding. 

Hexestrol N. N. R., meso-3,4-di-p-hydroxyphenyl-n-hexane—A syn- 
thetic, white, crystalline powder insoluble in water but soluble in 
ethanol, ether, and oils. Uses: same as for other estrogenic sub- 
stances. Dose: for menopausal symptoms, orally, 2.0 to 3.0 mg., 
intramuscularly, 1.0 mg. 3 times a week; for suppression of lacta- 
tion, orally, 15.0 mg. 1 to 3 times a day or, intramuscularly, 15.0 mg. 
daily for 2 or more days. is 

Mestilbol N. N. R., Monomestrol, diethylstilbestrol monomethyl 
ester, 3-p-hydroxyphenyl-4-p-methoxyphenyl-3-hexene—A white, 
crystalline powder insoluble in water but soluble in ethanol, ether, 
and vegetable oils; may be prepared by the methylation of diethyl- 
stilbestrol. Uses: same as for other estrogenic substances. Dose: 
for menopausal symptoms, orally, 0.5 to 1.0 mg. daily, or paren- 
terally, 10 to 25 mg. biweekly; for suppression of lactation, orally, 
20 to 30 mg. or, parenterally, 25 mg. daily; for prostatic cancer, 
orally, 7.5 mg. daily. , 3 
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Specialties Containing the Estrogenic Hormones 


Note—The specialties containing the estrogenic hormones are avail- 
able in one or more of the following forms: capsules or tablets, solution 
in oil or aqueous suspension for intramuscular injection, or vaginal 
inserts. Synthetic products and those of natural origin are listed under 
the respective hormone. Those products of natural origin are usually 
mixtures and are listed under the hormone which predominates. 


Benzestrol ; 
Benzestrol (Lederle, Schieffelin) 

Dienestrol ; 

Dienestrol (White) 

Diethylstilbestrol 
Diestrene (Frosst) 
Diethylstilbestrol (Abbott, Armour, Breon, Bristol, Burroughs 
Wellcome, Ciba, Cole, Drug Products, Endo, Harrower, Lakeside, 
Lederle, Lilly, McNeil, Merrell, Miller, Penick, Premo, Rorer, 
Sharp and Dohme, C. D. Smith, Smith-Dorsey, Squibb, Upjohn, 
Vale, Warner, Warren-Teed, Winthrop, Wyeth) 

Estrobene (Ayerst) ‘ ; 
Stilbestrol (A. P. C., Blue Line, Carnrick, Merck, United Drug) 
Stilbinol Elixir (Sharp and Dohme) 

Diethylstilbestrol with Phenobarbital 
Stilestrate (Upjohn) mn 
Stilbal Caplets (Breon) 

Diethylstilbestrol Dipalmitate 
Stilpalmitate (Abbott) 

Diethylstilbestrol Dipropionate : : 
Diethylstilbestrol Dipropionate (Breon, Lakewise, Winthrop) 
Estrobene DP (Ayerst) 

Stilbestronate (Blue Line) 

Diethylstilbestrol Monomethyl Ether 

Monomestrol (Wallace Tiernan) 


Dimethyl-Dihydro-Diethylstilbestrol Dipropionate 
Meprane (Reed and Carnrick) 


Estradiol 
Dimenformon (Roche-Organon) 
Genestrolin (Christina) 
Ovasterol (Frosst) 
Ovocylin (Ciba) 
Progynon-D H (Schering) 
Estradiol Plus Other Estrogenic Substances 
Estro- Hart (Hart Drug) 
Estrusol Suspension (C. D. Smith) 
Femestrone (Kirk) 
Follestrol (Blue Line) 
Genestrclin (Christina) 
Estradiol Benzoate 
Ben-Ovocylin (Ciba) 
Dimenformon Benzoate (Roche-Organon) 
Progynon-B (Schering) 
Estradiol Benzoate with Progesterone 
Di-Pro (Roche-Organon) 
Prometron (Schering) 
Estradiol Dipropionate 
Dimenformon Dipropionate (Roche-Organon) 
Di-Ovocylin (Ciba) 
Progynon-DP (Schering) 
Estriol 
Estriol (Abbott, Lilly) 
Theelol (Parke, Davis) 
Estriol Glucuronate 
Emmenin (Ayerst) 
Emmenoplex (Ayerst) 
Estrogenic Substances 
Cyclogesterin (Upjohn) ; 
Estrogenic Substances (Barry, Breon, Bristol,-Cole, Lakewise, 
Lederle, McNeil, Miller, National Drug, Reed and Carnrick, Rorer, 
Sharp and Dohme, Sherman, Smith-Dorsey, United Laboratories, 
Wilson, Wyeth) 
Estrogenol (Chemico) 
Follacro (Schieffelin) 
Kolpon Inserts (Roche-Organon) 
Menformon (Roche-Organon) ~ 
Proliculin (Merrell) 
Thelestrin (Carnrick) 
Urestrin (Upjohn) 
Estrogenic Substances with Progesterone 
Cylcogesterin (Upjohn) 
Estrone 
Ammniotin (Squibb) 
Cavestrogen (Cavendish) 
Estromone (Endo) 
Estrone (Abbott, Lilly, Miller) 
Estrotron (Pitman-Moore) 
Folestrin (Armour) 
Hiestrone (High) 
Hormotone ‘‘T’ (Carnrick) 
Kestrone (Buffington) 
Plestrin (Harrower) 
Prolagen (Drug Products) 
Semestrin (Massengill) 
Theelin (Parke, Davis) 
Estrone Sulfate 
Conestron (Wyeth) 
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Premarin (Ayerst) 
Ethinyl Estradiol 
Estinyl (Schering) 
Lynoral (Roche-Organon) 
Hexestrol 
Hesestrol (Massengill, Merrell, Ortho) 
Vanestrol (Vanpelt and Brown) 


Hexestrol with Phenobarbital 
Hexestrofen (Merrell) 
Hexital (Ortho) 

Thelestrol (Carnrick) 


Progesterone 


The second principal hormone produced in the ovaries 
is progesterone. Although it originates in cells which 
also may produce estrogen, and although it has a mo- 
lecular structure very similar to that of the estrogen, 
progesterone has a unique physiological action. Under 
its influence the numerous minute glands which line 
the uterine cavity are transformed into secreting glands. 
This alteration is a part of the change which is essential 
to provide for the implantation of a fertilized ovum. 
Progesterone has the ability to stimulate development 
of the glandular portions of the mamme, and also ex- 
erts some effects upon the capacity of tissues to retain 
water in the intercellular spaces. This hormone is 
made synthetically from cholesterol. 

Assay—Progesterone may be measured in terms of milligrams, or in 
biological units. Fortunately 1 mg. is 1 unit by definition. The bio- 


logical standardization is based upon the change in uterine glands in- 
duced by progesterone in animals pretreated with estrogen. 


Uses—Therapy with progesterone is chiefly to sus- 
tain the secretory type of endometrium (uterine glands) 
during the third and fourth weeks of the menstrual 
cycle, with the hope that this will allow successful 
implantation and retention of a fertilized ovum, or by 
extending this same type of action to sustain the condi- 
tions favorable for pregnancy during the first three or 
four months of a pregnancy. This is considered only 
in women who have previously had a history of several 
abortions which may be attributable to a deficient secre- 
tion of progesterone by the ovaries. Such secretion by 
the ovaries normally becomes supplanted after about 
the third month of pregnancy by a placental supply of 
progesterone. 

Progesterone is also used, especially in sequence after 
estrogen or in combination with estrogen, in order to 
secure more regular rhythm of menstrual intervals and 
less prolonged flowing. This applies to those women 
who have decidedly irregular and unpredictable menses, 
and who tend to flow very profusely for periods longer 
than five days. 

A modification of progesterone which is active when 
given orally has been produced. The orally active 
material is called anhydrohydroxyprogesterone (preg- 
neninolone). The oral dose must be from five to six 
times larger than when progesterone is injected. 


PROGESTERONE U. S. P. Progesteronum 
[Progest.—Sp. Progesterona] 


Progesterone [Co:H 3002 = 314.45] is the hormone of 
the corpus lutewm which is essential to pregnancy. It is 
found in the urine of pregnant women and mares, and 
is obtained from animal ovaries or prepared from 
cholesterol. 
genin, a sterol obtained from the saponin of sarsaparilla 
root. Progesterone in pure form was first isolated in 
1934. 

Description and Properties—A white, crystalline powder. It is color- 


less and stable in air. It exists in two polymorphic modifications; the 
a-form melts between 127° and 131°, the g-form melts at about 121° 


It has also been prepared from sarsapo- 
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Its specific rotation, in dioxane solution [a]%), is not less than +-172° 
and not more than +182°. Progesterone is practically insoluble in 
water; it is soluble in alcohol, acetone, and dioxane. It is sparingly 
soluble in vegetable oils. 

Identification—About 6.5 mg. of Progesterone is dissolved in 1.5 
ec. of alcohol containing an excess of hydroxylamine hydrochloride 
and 1 drop of glacial acetic acid, and the mixture is refluxed for 2 
hours. Then the mixture is evaporated to about 1 cc. and 2 ce. of 
water is added. Progesterone dioxime separates in leaf-shaped aggre- 
gates. The progesterone dioxime is recrystallized from diluted alcohol 
and dried; the crystals melt between 236° and 240°. 
Storage—Keep Progesterone in tight, light-resistant containers. 


Average Dose—Intramuscular, 5 mg. (approximately 
149 grain). 


ANHYDROHYDROXYPROGESTERONE 
Anhydrohydroxyprogesteronum 


UseSaak 


[Anhydrohydroxyprogest.—Ethisterone, Sp. 
Anhidrohidroxiprogesterona] 


Anhydrohydroxyprogesterone [(CaHesO2 = = 312.43] is 
derived from progesterone by removing 2 hydrogen 
atoms from the CHg on carbon number 20 and the 
oxygen atom on the adjacent ketone group, resulting in 
the formation of triply linked carbons Cas group). 
(See page 775.) 


Description and Properties—White or slightly yellow crystals or a 


crystalline powder. It is odorless and is stable in air, but is affected 
by light. It melts between 266° and 273°. The specific rotation, 
lalt”, determined in dioxane solution is between +18° and +28°. 
It is practically insoluble in water, slightly soluble in alcohol, ether, 
chloroform, or vegetable oils; moder ately soluble in dioxane and in 
methanol. 

Identification—(1) The semihydrazone of the drug prepared as fol- 
lows melts between 228° and 232°. About 25. mg. of Anhydro- 
hydroxyprogesterone is refluxed with 3 cc. of a methanol solution of 
semicarbazide acetate (prepared by dissolving 150 mg. of semicarba- 
zide hydrochloride and 225 mg. of sodium acetate in 50 cc. of meth- 
anol) for about 2 hours until a precipitate forms, and then refluxed 
for an additional 5 minutes. The mixture is cooled and filtered, the 
precipitate is washed with a little cold methanol and recrystallized 
from hot 70 per cent methanol. The crystals are filtered with suction, 
washed with a few drops of cold methanol, then dried at about 100°. 
(2) The ketoxime of Anhydrohydroxyprogesterone melts between 
226° and 230°. It is prepared as follows: About 25 mg. of the drug 
is refluxed for 5 hours with 3.5 ec. of a methanol solution of hydroxyl- 
amine acetate (prepared by dissolving 50 mg. of hydroxylamine 
hydrochloride and 50 mg. of sodium acetate in 25 cc. of methanol), 
then 15 ec. of water is added. The precipitated ketoxime is filtered 
with suction, washed with water and recrystallized from hot 70 per 
cent methanol. The crystals are filtered with suction, washed with 
a few drops of cold methanol, and dried at about 100°. 
Storage—Preserve Anhydrohydroxyprogesterone in well-closed, light- 
resistant containers. 


Uses—Same as for Progesterone but this steroid hor- 
mone has approximately one-fifth the progesterone action 
when taken orally as has progesterone itself given intra- 
muscularly. Thus the dosage is from 10 mg. to 50 mg. 
daily or at less frequent intervals for menstrual dis- 
turbances. 

ON Es Dose—10 mg. (approximately 4% Grainy: 


_ANHYDROHYDROXYPROGESTERONE TABLETS 


Tabellz Anhydrohydroxyprogesteroni 
[Tab. Anhydrohydroxyprogest.] 


Anhydrohydroxyprogesterone Tablets contain not 
less than 90 per cent and not more than 110 per cent of 
the labeled amount of Ce:HegOo. 


Identification—The Anhydrohydroxyprogesterone obtained in the 
Assay melts between 266° and 273°. 
Assay—A counted number of tablets are powdered and extracted with 
petroleum benzin to remove lubricants, etc. The Anhydrohydroxy- 
progesterone is then completely extracted with chloroform. The 
chloroform is completely removed and the steroid is dried to constant 
weight at 105°, cooled and weighed. 
Storage—Preserve Anhydrohydroxyprogesterone Tablets in well- 
closed, light-resistant containers. 


Average Dose—10 mg. ely Yé grain) of. 
a) proxy progesterone. 
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CORPUS LUTEUM N. F. Corpus Luteum 


[Desiccated Corpus Luteum] 


Corpus Luteum is the dried, undefatted, and pow- 
dered corpus luteum from the ovary of cattle, sheep, or 
swine. 

Corpus Luteum is derived from sound, clean glands 
freed as far as practicable from other ovarian tissue, 
and containing no diluents or preservatives. 

One part of Corpus Luteum is obtained from approxi- 
mately 5 parts by weight of the fresh corpus luteum. 
It should be dried in a vacuum, at a temperature not 
exceeding 60°. 

Description and Properties—Yellow or light brown powder having a 
characteristic, malt-like odor. It only partially dissolves in water, 
alcohol, ether, and petroleum benzin. The N. F. includes a descrip- 
tion of Histological characters. 
Tests for Purity— 

Moisture—Not more than 6 per cent. 

Total ash—Not more than 6 per cent. 


Storage—Preserve Corpus Luteum in tight containers and avoid ex- 
cessive heat. 


Uses—Desiccated Corpus Luteum to be taken orally 
is of no therapeutic value. Treatment with this hor- 
mone demands the injection of active extracts or pro- 
gesterone, the chemically pure active principle. 


Specialties Containing the Corpus Luteal Hormone 


Note—The specialties containing anhydrohydroxyprogesterone are 
marketed in the form of tablets for oral administration. Those containing 
progesterone are available as a solution in oil or as an aqueous suspension 
for intramuscular injection. 


Anhydrohydroxyprogesterone 
Lutocylol (Ciba) 
Pranone (Schering) 
Progestoral (Roche-Organon) 
Progesterone 
Glanestin (Ingram) 
Lipo-Lutin (Parke, Davis) 
Lutocylin (Ciba) 
Lutromone (Endo) 
Nalutron (Winthrop) 
Progest-E (National Drug) 
Progesterone (Abbott, Armour, Breon, Chemico, Lederle, Massen- 
gill, McNeil, Miller, Schieffelin, Squibb, Upjohn) 
Progesterol (C. D. Smith) 
Progestin (Abbott, Harrower, Hospital Liquids, 
Roche-Organon, Smith-Dorsey, Upjohn) 
Progestone (Carnrick) 
Proluton (Scherng) 


THE TESTICULAR HORMONE 


The testis has a dual function, to produce the germ 
cell (the sperm) and to supply the male hormone (testos- 
terone). Two clearly defined groups of cells are found 
in the testis; the one group in the tubules produces the 
sperm, while the other, clustered in between the tu- 
bules, consists of interstitial cells. The first or spermato- 
genic tissue is thought, by some investigators to produce 
an internal secretion, but if this is true, the hormone 
involved has not yet. been identified, nor is there agree- 
ment about its existence. 

The interstitial cells are the seat of production of a 
steroid hormone which stimulates and maintains the 
secondary sex organs; these are the penis, the prostate, 
seminal vesicles, vas deferens, and scrotum. It also 
exerts sustaining effects upon the spermatogenic cells, 
and it stimulates the development of bone, muscle, skin, 
and hair growth, and emotional responses to produce the 
characteristic adult masculine traits. This group of 
combined actions of this hormone is termed aR tae 
actions. 


Kirk, Lakeside, 


Testosterone ‘Testosteronum 


Testosterone [Cy 9H2s02 288.41] is the name ap- 
plied to the steroid which is believed to be the natural 
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male hormone of the testis. The term androgen 
applies to this as well as to other steroids having similar 
but possibly less activity. Many steroids have some 
androgenic activity and several derivatives of testo- 
sterone are known. Only one, other than testosterone, 
is used for therapy; this is methyltestosterone, a syn- 
thetic product, which is more effective for oral adminis- 
tration. Testosterone is usually supplied as the pro- 
pionate ester, which is oil soluble and slowly yields the 
free hormone with a depot-type action. 
Preparation—Although small amounts of testosterone 
may be extracted from testicular material, the syn- 
thetic commercial supply is derived from cholesterol. 
The latter is treated with acetic anhydride and bromine 
to form cholesteryl acetate dibromide, which is converted 
by chromic oxidation, then zinc-acetic acid reduction, 
and finally hydrolysis to form dehydroisgandrosterone. 
This intermediate is acetylated, and then reduced to 
form androsten-3,17-diol-3-monoacetate. The latter is 
benzoylated and partially saponified to yield the 17- 
monobenzoate. When this ester is subjected to Oppen- 
auer oxidation and then acid hydrolysis, the final prod- 
uct is testosterone. 
Description and Properties—A white, crystalline powder. It mitts 
at about 154°. Its specific rotation, [a]p is +109° in alcohol. Itis 
insoluble in water; soluble in alcohol, ether and other organic sol- 
ae biological assay is based on the property of androgens to 


stimulate the growth of the comb of capons. Testosterone propionate 
has a standard potency of 50 International Capon Units per milligram. 


Uses—Testosterone therapy is employed as substitu- 
tion therapy in men who have climacteric symptoms, 
or in men or youths whose testicular function is impaired 
or destroyed. It has been employed to facilitate de- 
velopment of adult masculine characteristics when the 
adolescent process has been delayed. It is also very 
useful in therapy of patients with hypopituitarism and 
with Addison’s disease. Use of testosterone for relief 
of impotence not associated with other evidences of 
testicular underactivity (psychic causes) is known to 
be futile in most cases. Testosterone has a marked 
stimulant effect upon growth and is sometimes em- 
ployed to accelerate growth when stature is subnormal. 
This must be considered experimental. Testosterone 
causes the tissues to retain nitrogen, and it is apparently 
one of the important anabolic agents of the body. 
Widespread interest is manifested in the ability of 
testosterone to cause palliation of symptoms of certain 
types of breast tumor, but this is still in experimental 
stages. The same may be said of the use of testosterone 
to counteract the effects of estrogens on the uterus, as 
in menorrhagia. ‘Testosterone therapy is contraindi- 
cated in men with cancer of the prostate gland. 

Dosage—This hormone may be used in the form of 
pellets. From 1 to as many as 8 pellets (75 mg. each) 
are implanted, depending on the patient’s requirements. 


Testosterone Propionate U. S. P. 
Testosteroni Propionas 


[Testost. Prop.—Sp. Propionato de Testosterona] 


Testosterone Propionate [C22H3203 = 344.48] is the 
propionate of the male sex hormone testosterone 
(CigH2s02] which was first isolated in crystalline form 
by Laquer in 1935 from the testes of animals, It is 
peuely prepared from cholesterol or other similar 
sterols. : 


Description and Properties—White or slightly yellow crystals or a 


erystalline powder. It is odorless and is stable in air. .It melts be- 


_ tween 118° and 122°. The specific rotation, [a]4, determined in a 
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solution in dioxane, is between +83° and +90°. It is insoluble in 
water, but freely soluble in alcohol, in ether, and in many other or- 
ganic solvents; it is also soluble in vegetable oils. 

Identification—(1) The testosterone, obtained by saponifying the 
propionate by refluxing it with a 1 per cent solution of potassium 
hydroxide-in methanol, therm diluting: the. solution—with.several vol- 
umes of water, filtering off the precipitate, washing and drying, melts 
between 151° and 155°. (2) The oxime, prepared as described under 
Methyltestosterone, melts between 167° and 170°. (3) The ultra- 
violet absorption coefficient of Testosterone Propionate, measured in 
petroleum benzin solution at 230 mu (log E) = 4.23. 

Storage—Keep Testosterone Propionate in well-closed, light-resistant 
containers. 


Uses—See Testosterone. 

Dosage—Testosterone Propionate is administered 
intramuscularly in doses ranging from 5 mg. to 50 mg. 
from two to six times weekly, depending on the re- 
sponse obtained. To induce pubescence in eunuchoid- 
ism, 10 mg., increased as indicated to 25 mg. three times 
weekly, may be employed over a period of several weeks. 
To relieve constitutional symptoms as little as 5 mg. 
at similar intervals may be sufficient. Depending on 
the condition and the effect desired, the maintenance 
dose must be determined in each individual case. 

Average Dose—Intramuscular, 25 mg. (approxi- 


mately 3% grain). 


METHYLTESTOSTERONE US"S.P: 
Methyltestosteronum 


[Methyltestost.—Sp. Metiltestosterona] 


Methyltestosterone [CooH3002 = 302.44] is an andro- 
genic substance usually prepared from cholesterol. 
Description and Properties—White or slightly yellow erystals or a 
crystalline powder. It is odorless and is stable in air, but is affected 
by light. It melts between 161° and 166°. Its specific rotation, 
[a]#°, determined in dioxane solution, is between +69° and +75°. 
Methyltestosterone is insoluble in water; it is soluble in alcohol, 
ether, and other organic solvents, and sparingly soluble in vegetable 
oils. 

Identification—(1) The oxime of Methyltestosterone, prepared as 
follows, melts between 198° and 202°. Reflux 25 mg. for 1 hour with 
3.5 ec. of a methanol solution of hydroxylamine acetate (prepared 
by dissolving 50 mg. of hydroxylamine hydrochloride and 50 mg. of 
sodium acetate in 25 cc. of methanol), then add 15 cc. of water to pre- 
cipitate the ketoxime formed. Filter with suction and wash with 
small volumes of water, then recrystallize the precipitate from 70 per 
cent methanol and dry it about 100°. (2) The ultra-violet absorption 
coefficient of Methyltestosterone measured in isopropanol solution a 
241 my (log FE) = 4.21. 

Storage—Keep Methyltestosterone in well-closed, light-resistant con- 
tainers. 


Uses—See Testosterone. 

Dosage—In practice the oral dose of Methyltesto- 
sterone ranges from 10 mg. to 30 mg. or more per day, 
as determined by the patient’s response. 
lingual route about one-half of the above dose is neces- 
sary. However, because the drug is slightly bitter, the 
tablet for ingestion is naturally preferred. One mg. of 
testosterone propionate intramuscularly is roughly 
equivalent in therapeutic effect to 3 mg. of Methyl- 
testosterone orally. 

Average Dose—Oral, 10 mg. (approximately 1 
grain). Sublingual, 5 mg. (approximately 149 grain). 


Methyltestosterone Tablets U. S. P. 
Tabelle Methyltestosteroni 


[Tab. Methyltestost.—Sp. Tabletas de Metiltestosterona] 


Methyltestosterone Tablets contain not less than 90 
per cent and not more than 110 per cent of the labeled 
amount of Cac sos: 


Identification—The benzene solution obtained in the Assay is 


‘evaporated to 2 cc. and petroleum benzin is added to precipitate 


methyltestosterone crystals. When dried, the crystals melt between 
161° and 165°. 


By the sub-. 


\ 


~ 


s powdered and put in the thimble of a micro Soxhlet 
The methyltestosterone is extracted with benzene for 6 
urs. The contents of the extraction flask are diluted to 10 ce. and 
al rotation of the solution is determined by using the sodium 
ach 0.0864° is equivalent to 1 mg. of methyltestosterone. 
f of the benzene solution from above is evaporated to dry- 


-vaporated to dryness and the residue is recrystallized from 80 
ae ethanol, The crystals are dried at 100° and weighed. The 

Ty is not less than 75 per cent, and the crystals melt between 
When a portion of the crystals is intimately mixed 
ual weight of U.S. P. Methyltestosterone Reference Stand- 


nel ti temperature of the Reference Standard. 
: e—Keep the Tablets in a light-resistant containers 


rage Boral 10 mg. (approximately 4% 
_ Sublingual, 5 mg. (approximately 149 grain) of 
estosterone. . 
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ion of the Praplets Sairalent to 100 mg. of methyl- 


he residue is centrifuged with methanol. The methanol solu- 
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Specialties Containing the Testicular Hormone 


Note—Specialties containing methyltestosterone are marketed as tablets 
designed for oral administration. Free testosterone is supplied for spe- 
cial pellet implantation and in oil solution while the propionate is avail- 
able in oil solution for intramuscular injection. 


Methyl Testosterone 


Metandren (Ciba) 
Neo- Hombreol (M) (Roche-Organon) 
Oreton M (Schering) 


Testosterone Pellets 
Oreton F (Schering) 
Testosterone Propionate 
Neo- Hombreol (Roche-Organon) 
Oreton (Schering) 
Perandren (Ciba) 
_ Testosterone Propionate (Rare Chemicals) 


CHAPTER LXXVIII 
VITAMINS 


In appirion to carbohydrates, fats, proteins, mineral 
salts, and water, it is essential that the diets of man and 
animals contain small amounts of organic substances 
called vitamins. If any one of some fifteen or more of 
these compounds is lacking, there occurs eventually a 
breakdown of the normal metabolic processes that re- 
sults in a reduced rate or complete lack of growth in 
children and young animals, and in symptoms of mal- 
nutrition that are classed as the deficiency diseases. 
Vitamins have been defined by Rosenberg as organic 
compounds which are required for the normal growth 
and maintenance of life of animals, including man, who, 
as a rule, are unable to synthesize these compounds by 
anabolic processes that are independent of environment 
other than air, and which compounds are effective in 
small amounts, do not furnish energy, ‘and are not uti- 
lized as building units for the structure of the organism, 
but are essential for the transformation of energy and 
for the regulation of the metabolism of structural units. 
They or their precursors are found in plants and, so 
far as is known, have specific metabolic functions to 
perform in plant cells. Plant tissues are the sources to 
the animal kingdom of these protective nutritional fac- 
tors. 

The vitamins are unlike each other in their chemical 
composition and their function in nature. They are 
alike only in that they cannot be synthesized in the 
tissues of animals. The functions they serve fall into 
two categories, the maintenance of normal structural 
and of normal metabolic functions. For example, 
vitamin A is essential for the maintenance of normal 
epithelial tissue; vitamin D functions in the absorption 
of normal bone salts for the formation and growth of a 
sound bony structure. Certain vitamins of the water- 
soluble group, particularly thiamine, riboflavin, and 
niacin, are known to be essential constituents of the 
respiratory enzymes that are required in the utilization 
of energy from oxidative catabolism of sugars. The 
manner in which the vitamins carry out these functions 
is not yet entirely clear. 

It is convenient in a discussion of this subject to di- 
vide these nutritional substances into two groups, the 
fat-soluble and the water-soluble factors. Vitamins A, 
D, E, and K fall into the fat-soluble group since they 
can be extracted with fat solvents, and are found in the 
fat fractions of animal tissues. The water-soluble vita- 
mins include ascorbic acid and the B group of vitamins, 
which consists of some ten or more well-defined com- 
pounds. Fifteen vitamins have been isolated, charac- 
terized, and prepared in crystalline form. The major 
portion of these have been synthesized, and are being 
supplied commercially in synthetic form for pharmaceu- 
tical and dietary food uses. 

Standardization—Vitamin activity or potency is 
measured by three different types of methods. (1) 
Biological procedures in which rats, mice, guinea pigs, 
and chickens serve as the assay animals, are extensively 
used, and for some of the vitamins are the only means 
of assay. (2) Microbiological assay methods which em- 
ploy bacteria that require certain of the water-soluble 
vitamins, are of recent development, and are rapid, 
specific, and precise. Such methods are used widely 
for plant and laboratory control purposes and have 


been important in extending our knowledge of nutrition. 
(3) Chemical methods, those that are simple to conduct, 
rapid, and accurate, are available for a number of these 
factors, and are being further studied and developed 
in many research laboratories. The status of vitamin 
methods of assay is now such that manufacturers of 
vitamin preparations find it possible to state with pre- 
cision the potency of their products. 

In the interest of improvement and uniformity of ex- 
pressing the results of such assays, the Health Organiza- 
tion of the League of Nations (now the World Health 
Organization of the United Nations) has sponsored the 
preparation and distribution of Standards for vitamins 
A, D, thiamine, ascorbic acid, and a-tocopherol acetate. 
An International Unit of vitamin A or D is defined as 
the biological activity of a specific quantity of the 
Standard. -The United States Pharmacopceia has set 
up comparable Standards in this country with biological 
potency expressed in U. 8. P. Units that are equal to 
International Units. There are U. S. P. Reference 
Standards for vitamins A and D, thiamine, riboflavin, 
niacin, pyridoxine, pantothenic acid, and ascorbic acid. 
Methods of assay will be described in greater detail 
later in this discussion. 

Requirements—Requirements of man and animals 
for each of the vitamins have been the subject of exten- 
sive study. Our knowledge is not complete, but it has 
been possible to construct tables of requirement values 
that have been useful in surveying the nutritional status 
of population groups in this country and in many other 
parts of the world. A table of Recommended Dietary 
Allowances that includes a number of the better-known 
vitamins and minerals, in addition to proteins, fats, 
carbohydrates, and calories, has been formulated by 
the Food and Nutrition Board of the National Research 
Council. These values are for the most part liberal 
estimates of our needs. 

Under the Food, Drug and Cosmetic Act, regulations 
pertaining to foods for special dietary use have been 
promulgated, which include a statement of minimum 
daily requirement for certain of the vitamins. These 
values are for the purpose of labeling dietary foods and 
pharmaceutical vitamin preparations which come under 
cE Pa Ge of this act and are listed in the following 
table: 


TABLE OF MINIMUM DAILY REQUIREMENTS FOR VITAMINS 


Vit. A, Vit. D, | Ascorbic} Thi- Ribo- 
U. S. U.S. P. Acid, amine, flavin, 
Units Units mg. mg. mg. 
Adults 4000 400 30 10) 2.0 
Children, all ages} 3000 400 20 Ss ae 
6 yrs. or older ae a 0.75 
Less than 6 yrs. ae by Ag 0.5 ae 
Infants 1500 400 10 0.25 0.5 


n taken from Regulations under Sec. 403 (j), Federal Food, Drug and Cosmetic 
ct. 

Therapeutic use of vitamins has served to control 
and eradicate to a large extent the important deficiency 
diseases which have occurred in both the animal and 
the human population of this country. Since 1930 the 
deficiency disease, rickets, has become exceedingly rare. 
This has resulted from the widespread use of the various 
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TABLE OF RECOMMENDED DIETARY ALLOWANCES» 
(Amounts per Day), 
Niacin 
Vita- (Nico- 
Cal= min Thia- Ribo- tinic Ascorbic | Vitamin 
Protein, cium, Iron, A, mine, flavin, Acid), Acid, D, 
Calories Gm. Gm. mg. Ie WUe8 mg.4 mg.4 mg.4 mg. Hs Gk 
Man (154 lb., 70 kg.) 
PROCOINCAIEV tan cs lonart asi otebataes ace e 2500 70 0.8 125 5000 Le 1.6 12 75 6 
Moderately active............. 3000 70 0.8 125 5000 15 2.0 15 ae 6 
BHETAACLLVE «waa sos aes chive cna ws 4500 70 0.8 125 5000 2.0 26) 20 (03) 6 
Woman (123 lb., 56 kg.) 
PSRUCMUAIIVIE) cg tc) jaws lethal « 2100 60 0.8 12 5000 eal: ibs 11 70 
Moderately active. ............ 2500 60 0.8 IY) 5000 2) 16 12 70 6 
BEDVAACUIVC a4oc 5% 3.4 aus tive olese a ay 3000 60 0.8 12 5000 1) RO 15 70 6 
Pregnancy (latter half)......... 25007 85 lo 15 6000 1.8 ie) 18 100 400 to 800 
PMLGES GLODA Nel eas hone ac ere sychnent aoa din 3000 100 2.0 15 8000 2.0 3.0 20 150 400 to 800 
Children up to 12 yrs.3: 
(DSN ETE ota et gue een CR Nee ee lb. 1.0 6 1500 0.4 0.6 4 30 400 to 800 
g. g.) 
fesryrsen(29 lbs U3 ke). os... os 1200 40 LU 7 2000 0.6 0.9 6 35 400 
4-6 yrs. (42 lb., 19. kg.)......... 1600 50 TRO 8 2500 0.8 1.2 8 50 400 
—OnyEs(OO UD.;, 25 Ke.)... 66% sh 2000 60 i) 10 3500 10) it 10 60 400 
10-12 yrs. (75 lb., 34 kg.)....... 2500 70 iL& 12 4500 12 late 12 75 400 
Children over 12 yrs.8: 
Girls, 13-15 yrs. (108 lb., 49 kg.). 2600 80 oe 15 5000 13 2.0 13 80 400 
16—20 yrs. (119 lb., 54 kg.). 2400 1S 1.0 15 5000 ) 1.8 12 80 400 . 
Boys, 13-15 yrs. (103 Jhb., 47 kg.). 3200 85 Hes 15 5000 Hes) 2.0 15 90 400 
16-20 yrs. (141 lb., 64 kg.). 3800 100 1.4 ie) 6000 eS 2.5 18 100 400 


1 Courtesy of the Food and Nutrition Board of the National Research Council in permitting reproduction of this table is gratefully acknowledged. 


2 Tentative goal toward which to aim in planning practical dietaries can be met by a good diet with a variety of natural foods. 


other minerals and vitamins, the requirements for which are less well known. 


G The allowance depends on the relative amounts of vitamin A and carotene. 
thirds of the vitamin A value of the average diet in this country is contributed by carotene and that carotene has half or less than half the value of 


vitamin A, 


Such a diet will also provide 


The allowances of the table are based on the premise that approximately two- 


4 For adults (except pregnant and lactating women) receiving diets supplying 2000 calories or less, such as reducing diets, the allowances of thiamine, riboflavin, 
and niacin may be 1 mg., 1.5 mg., and 10 mg., respectively. The fact that figures are given for different calorie levels for thiamine, riboflavin, and niacin does not 


imply that we can estimate the requirement of these factors within 500 calories, but they are added merely for simplicity of calculation. 


complex also are required, though no values can be given. 
B vitamins. 


5 There is evidence that the male adult and the non-pregnant and non-lactating woman needs little or no iron. 


is satisfactory in other respects. 


Other members of the B 


Foods supplying adequate thiamine, riboflavin, and niacin willtend to supply sufficient of the remaining 


The allowance will be provided if the diet 


5 For persons who have no opportunity for exposure to clear sunshine and for elderly persons, the ingestion of small amounts of vitamin D may be desirable, 


Other adults probably have little need for vitamin D. 


7 During the latter part of pregnancy the allowance should increase approximately 20 per cent over the preceding level. The value of 2500 calories represents 


the allowance for pregnant, sedentary women. 


8 Allowances for children are based on the needs for the middle year in each group (as 2, 5, 8, etc.) and are for moderate activity and for average weight at the 


middle year of the age group. 


9 Needs of infants increase from month to month with size and activity. The amounts given are for approximately 6 to 8 months. The dietary requirements 
for some of the nutrients such as protein and calcium are less if derived largely from human milk. 


forms of vitamin D. Pellagra, until recently prevalent 
in the southern part of the United States, is now con- 
trolled effectively by means of the addition of niacin 
to the diet, as well as by widespread clinical use of nico- 
tinic acid preparations. 


Historical Review 


Diseases that we now know to occur as the result of malnutri- 
tion have been recognized for centuries, and have influenced the 
development of civilization throughout the history of man. 
Beriberi has been known in the Orient for more than 3000 years, 
and was common among the poorer-class in whose diet polished 
rice was a principal constituent. Scurvy and rickets occurred 
widely in northern Europe throughout the Middle Ages, particu- 
larly during the winter months. More recently, with the introduc- 
tion of corn as a principle article of diet in countries of southern 
Europe and in southern United States, pellagra has become wide- 
spread. In Scandinavian countries cod liver oil had long been 
used in a vague therapeutic manner, and captains of British sail- 
ing vessels learned early in the eighteenth century to carry rations 
of fresh fruit to keep their crews from dying of scurvy. In 1882 
Takaki, a Japanese physician, eliminated beriberi from the 
Japanese navy by feeding adequate quantities of meat, barley, 

-and fruit to the sailors. However, it was not until the 1890’s that 
-Eijkman, a Dutch medical officer working in a Java prison, 
firmly established that beriberi occurring among the prisoners 
could be cured and prevented by the addition of rice polishings 
to the diet of the prison inmates. He demonstrated further that 
it was possible to develop a condition similar to beriberi in chick- 
ens, and to cure it at will. His successor, Grijns, contributed the 
rather revolutionary theory that the disease was due to a nutri- 
tional deficiency, and not to toxicity or infection, thereby laying 
the foundation for the present conception of vitamins. These 
Dutch medical officers conducted extensive nutritional studies, the 
results of which undoubtedly stimulated similar experimentation 
in other parts of the world. The Norwegians, Holst and Frolich, 
learned that guinea pigs maintained on a restricted diet soon de- 
veloped symptoms similar to human scurvy, and died if the diet 

was not supplemented with fresh fruit or vegetables promptly. 
: ) 


Hopkins in England, studying growth in small animals, found 
that diets, complete according to the knowledge of the day, would 
not support growth in rats unless supplemented with protein-free 
milk or alcoholic extracts of other natural foods. Similar studies 
were conducted in this country by Osborne and Mendel. It was 
about this time that Hart and his associates at the Wisconsin 
Experimental Station carried out their classic experiments on the 
effect of feeding single grains to farm animals. Stimulated by 
Babeock, who insisted that dietary requirements other than nitro- 
gen and calories must be met, the Wisconsin workers observed 
failures in calves born of mothers maintained on the wheat plant 
alone, or the oat plant alone, but supplied sufficient feed to meet 
caloric and protein needs. Only the corn plant would support 
normal growth and development in such calves. McCollum in 
the same laboratory demonstrated with small laboratory animals 
the existence of nutritional factors which he named fat-soluble 
A and water-soluble B. 

Funk, in 1912, succeeded in separating from rice polishings a 
highly concentrated fraction, seemingly pure, that was effective 
in the cure of beriberi. He determined that the substance had 
the characteristics of amines and coined the term “‘vitamine.’”’ He 
went on to develop the theory of deficiency diseases with the 
existence of a dietary factor specific for the cure of each defi- 
ciency disease and to propose the terms “‘antiberiberi vitamine”’ 
and “antiscurvy vitamine.”’ By the early 1920’s there had come 
from many laboratories evidence that the growth-promoting 
factor of Hopkins, and Osborne and Mendel, the water-soluble 
B of McCollum and the antiberiberi vitamine of Funk were one 
and the same. The terms vitamine B, vitamine A and vitamine 
C were quickly adopted and with the later findings that these 
substances were not amines, the spelling was changed to ‘“‘vita- 
min.” 

McCollum observed that upon aeration cod liver oil lost a part 
of its nutritional value in supporting growth, but retained its 
power to cure rickets in small animals. These studies led to the 
discovery of a second fat-soluble factor, vitamin D. In 1924 
Steenbock and Hess independently demonstrated that vitamin D 
potency could be imparted to natural foods upon exposure to 
sunlight or to ultra-violet light from a carbon arc lamp. By 1927 
the chemical substance in yeast being activated was identified 
as ergosterol. Calceriferol or vitamin Dg was then soon isolated, 
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and characterized chemically. It was several years later, how- 
ever, before the existence of the animal vitamin D was recognized. 
It was known that the vitamin D of yeast was much less effective 
for chicks than the cod liver oil vitamin. In 1936 Brockman was 
able to isolate from cod liver oil vitamin Dg which he proved to 
be activated 7-dehydrocholesterol. See Steroids (page 774). 

During the early 1920’s, evidence was accumulating from many 
laboratories which suggested that vitamin B was not a single 
substance. With the isolation in 1927 of crystalline vitamin B1, 
it was possible to demonstrate that this substance was effective 
in curing the polyneuritic symptoms of experimental animals, but 
had little effect upon the various forms of dermatitis that had 
been described. With widespread interest, these problems were 
attacked from’every side, and by 1940 vitamin B had been differ- 
entiated into ten separate nutritional entities. 

The identification, characterization and synthesis of the vita- 
mins during the 1930’s is an exciting and romantic chapter in the 
history of biological and organic chemistry. Results from a great, 
many laboratories contributed to its progress. A few of the high 
points in this development may be mentioned. Thiamine was 
first crystallized in 1927 by Jansen, and nine years later was syn- 
thesized by Williams. The second factor of the B group, called 
vitamin G in this country and Bg in England, was found in the 
yellow respiratory enzyme of Warburg, and characterized by 
Kuhn and by Karrer as riboflavin. In 1937 Elvehjem and co- 
workers isolated from liver fractions nicotinic acid and demon- 
strated its biological potency in curing black tongue in dogs. 
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Within a few months, proof of its effectiveness in curing human 
pellagra came from the clinics of Spies, Fouts, and Smith. In 
1934 Gyorgy demonstrated that a pellagra-like syndrome in a 
was prevented by a substance distinct from vitamins B; and B 
This factor, vitamin Beg, was isolated in 1938, synthesized the 
following year, and named pyridoxine. 

The chemistry of pantothenic acid, a factor required for the 
growth of microorganisms, was worked out by Williams and 
co-workers, and its identity with a chick antidermatitis factor 
was recognized by Jukes and by Elvehjem and co-workers in 1939. 


Synthesis was accomplished in 1940. In a similar manner, biotin | 


was isolated from egg yolk in 1936 by Kégl, and production of the 
synthetic compound resulted from coordinated efforts from a 
number of laboratories. Inositol and choline, compounds long 
known to occur in biological materials, were demonstrated to 
have a role in animal metabolism. Knowledge of the most recent 
of the vitamins, folic acid, grew out of studies of growth require- 
ments for bacteria, and since its characterization as pteroyl- 
glutamic acid, and synthesis, it has been found of clinical value 
in the treatment of tropical sprue, macrocytic anemias, and Addi- 
sonian pernicious anemia. 

Other substances that play essential roles in the complex metab- 
olism of the animal organism, but which the animal is incapable 
of synthesizing, will undoubtedly be added to the list of known 
vitamins. Definite evidence of the existence of additional factors 
in the B group of vitamins has recently been presented, although 
they have not as yet been characterized. 
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Vitamin A is an unsaturated cyclic alcohol, having the 
empirical formula Ci9.H2,CH2,OH. It has been ob- 
tained in crystalline form, and is a pale yellow substance, 
soluble in fat solvents, having a characteristic absorp- 
tion spectrum, with maximum absorption at wave 
length 328 mu. The biological activity of the pure 
compound is 3.33 million U.S. P. units per Gm. Esters 
of vitamin A have been prepared in pure form and have 
been found to possess greater stability than the free 
alcohol. 

Sources—Vitamin A has been concentrated and iso- 
lated from the non-saponifiable fraction of animal fats 
and fish liver oils. It is found only in the animal king- 
dom and although it does not occur as such in plants, 
its precursors, the carotenes, are synthesized in plant 
cells. It is found in the fatty tissues throughout the 
animal body, but the principal storage organ is the 
liver, and thus animal and fish liver oils are the impor- 
tant sources of our supply. The oil extracted from the 
liver of the soupfin shark, for example, may contain as 
much as 100,000 to 200,000 U.S. P. units of vitamin A 
per gram. The vitamin is present in fish oils, both in 
the free alcohol and in the ester form, usually combined 
with one or another of the fatty acids or unsaturated 


acids. For each species of animal, there appears to be 
a characteristic mixture of vitamin A esters. 

The vitamin has been concentrated from the non- 
saponifiable fraction of fish liver oils by three principal 
methods: chromatographic absorption, fractional crys- 
tallization, and molecular distillation. Although the 
first two methods have been important in studies of the 
properties of vitamin A, preparation of vitamin A con- 
centrates of commerce is principally by molecular dis- 
tillation (page 112). Recent reports of Vitamin A syn- 
thesis have come from American and Dutch labora- 
tories, and it now appears that the synthetic vitamin 
may become as important commercially as that from 
natural sources. ; 

The source of all vitamin A in the animal kingdom, 
so far as is known, is in the carotenoid pigments, the 
yellow-colored compounds found in all chlorophyll- 
containing plants. Herbivorous animals have the abil- 
ity to convert these carotenes to vitamin A in the liver. 
There is some evidence that this conversion may take 
place in the intestinal wall as well. Fish make their 
vitamin A from the carotenoids of marine plants. There 
are at least four carotenes or carotenoids which act as 
provitamins A. They differ from each other in chemi- 
cal structure, but all contain the cyclic vitamin A struc- 
ture in the molecule. Each molecule of 6-carotene 
yields 2 molecules of vitamin A. This is shown above. 

The other provitamins are not symmetrical in the 
same way, and one molecule of each of them may give 
rise to only one molecule of vitamin A. In addition 
to 6-carotene, a- and y-carotenes are found in carrots 
and other yellow and green vegetables. Cryptoxan- 
thine is the provitamin A found in yellow corn. Trans- 


formation of carotene to vitamin A by chemical means 


has been reported recently. 

Like vitamin A, the carotenes are soluble in fat sol- 
vents. In crystalline form they appear deep orange or 
copper colored, and have characteristic absorption 
spectra. They may be separated from each other by 
means of chromatographic adsorption, and appear in 
separate distinct colored bands when a solution of them 
is passed over a column of magnesium or aluminum 
oxide. 

Another form of vitamin A, called vitamin Ags, has 
been found to occur in fresh-water fish. This form has 
chemical and physical properties nearly identical with 
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those of vitamin A, with the exception of the wave 
length at which maximum absorption occurs. Maxi- 
mum absorption of the blue-colored compound resulting 
from the antimony trichloride reaction is at 693 mu in 
contrast to 620 mu for vitamin A. Vitamin A, appears 
to have only one-fourth to one-half the biological activ- 
ity of vitamin A for the rat. It has no particular com- 
mercial significance at present. 

Physiology—The function of vitamin A in the body 
is not known with certainty. A reduced rate of growth 
is the first sign of deficiency in the growing animal. A 
lack of the vitamin in humans and animals results in 
changes in the epithelial structure of the mucous mem- 
branes, so that normal epithelium is undermined by 
stratified or keratinized epithelium formed by the basal 
layer of cells. These basal cells do not lose their fune- 
tion under such conditions, however, and are able, when 
the vitamin A is given, to replace the stratified with 
normal epithelium. Such changes in the epithelial 
surfaces of the body reduce their resistance to bacterial 
invasion, and centers of infection result. Consequently 
severe infections of the eye (Xerophthalmia), respiratory 
organs, genito-urinary tract and mouth have been ob- 
served in severe vitamin A deficiency. The general de- 
fense mechanisms of the body are not impaired. Vita- 
min A has been termed the “anti-infective” vitamin. 
It is “anti-infective” only to the extent that when it is 
given to an individual suffering from a deficiency of 
vitamin A, it increases the power of the epithelial sur- 
faces to resist local infection, by aiding their recovery 
to a normal condition. 

Vitamin A is necessary for normal vision in dim light. 
In the rods of the retina, the small structures used for 
seeing in dim light, the vzsual purple, is changed by 
light of low intensity to visual yellow, which is con- 
verted in turn to visual white, a mixture of vitamin A and 
protein. On standing in the dark, vitamin A disap- 
pears from the retina and visual purple is reformed. In 
vitamin A deficiency, the rate of change of these com- 
pounds is greatly reduced, resulting in a reduced dark 
adaption. If the condition is marked, night-blindness 
can be serious. Since there are other causes of night 
blindness, it cannot be used as a specific indication of 
deficiency of this vitamin, but can only be relied upon 
as such by demonstrating recovery upon administration 
of vitamin A. 


Vitamin A Requirements—The human requirement for vitamin 
A, as given in the Food and Nutrition Board’s Recommended 
Daily Allowance Table, is 5000 U.S. P. units daily for an adult. 
‘This probably allows an ample margin of safety in view of ob- 
servations made in post-war Europe, where even though vitamin 
A supplies have provided an average intake of less than 2000 units 
per day, no extensive occurrence of deficiency has been observed. 
In labeling regulations under the Food, Drug and Cosmetic Act, 
the value of 4000 U.S. P. units has been established as the mini- 
mum daily requirement. Claims that moderate vitamin A de- 
ficiency is common in this country must be examined critically, 
since in many instances the clinical symptoms used are not 
specific indication of vitamin A deficiency. 

Assay—The potency of both vitamin A and the provitamins A 
may be measured by a biological assay procedure. The accepted 
method is that which appears in the U. 8. P., in which the cura- 
tive effect of an assay sample upon the xer ophthalmia in white 
rats, as well as its effect upon gain in body weight of the depleted 
animal, is compared with the response to the U. 8. P. Reference 
Standard. White rats, under specified conditions, are depleted of 
their vitamin A stores while being maintained on a vitamin A- 
deficient diet. After three to four weeks the animals begin to 
lose weight and exhibit signs of xerophthalmia, inflammation of 
the eyelids, and infection of the cornea of the eye. At this point 
the diets are supplemented with sufficient vitamin A to permit 
recovery at a moderate rate for a period of four weeks. This re- 


sponse is a measure of the combined vitamin A effect of any vita- 
-“min.A and ecarotenes that may be one the sample under 
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tion of crystalline vitamin A acetate in cottonseed oil, which has 
a potency of 10,000 U. S. P. units per gram. Results of the 
assay are expressed in terms of U.S. P. units. 

Physicochemical methods for vitamin A and carotene have been 
developed that are based upon a combination of differential ex- 
traction for preliminary concentration of the vitamin, chromato- 
graphic adsorption for further purification, and measurement of 
ultra-violet absorption at the proper wave lengths. Such methods 
are widely used and have largely replaced the laborious and time- 
consuming bio-assay method as control procedures in the manu- 
facture of vitamin preparations. The bio-assay must still be 
relied upon, however, for many types of foods and complex 
pharmaceutical preparations which contain substances that inter- 
fere in the spectrophotometric procedure. Vitamin A is also 
known to react with the chlorides of trivalent metals to form a 
colored reaction product. This reaction, used as a basis for a 
colorimetric test, was most successfully developed by Carr and 
Price. Antimony trichloride in chloroform, the most suitable 
reagent, gives a blue color with vitamin A that lasts only a short 
time, but during that time it is possible to measure the intensity 
of-color by means of a photoelectric colorimeter. Unfortunately 
there are other compounds that react in the same manner, so that 
the method is not specific under all conditions. However, it has 
been useful when properly applied. 

See also Biological Assays (page 1015). 


Vitamin D 


Vitamin D, the antirachitic vitamin, is effective in 
promoting calcification of the bony structures of man 
and animals. It does not occur as such in living plants, 
although precursors are synthesized in plant tissue. 
In the metabolism of animals the vitamin is essential, 
aiding in the absorption of the mineral elements calcium 
and phosphorus from the intestinal tract. 

Vitamin D includes more than one chemical sub- 
stance; the term vitamins D is sometimes used. These 
substances are steroidal in nature, and are formed from 
precursors or provitamins by the action of ultra-violet 
light. Of the-several substances having vitamin D 
activity that have been described, vitamins Dz and Dg 
are of particular importance in human and animal nutri- 
tion. 

Sources—The provitamins D are found in both plant 
and animal tissue. Animals have the ability to synthe- 
size within their tissues the animal sterol, 7-dehydro- 
cholesterol. This compound is similar to cholesterol, and 
in fact is so closely related as to make separation ex- 
tremely difficult. 7-Dehydrocholesterol is produced 
principally in the skin where, upon exposure to sunlight 
or to ultra-violet light from other sources, it undergoes 
an intramolecular change to form vitamin Ds. The 
vitamin then finds its way into the circulatory system 
and is carried to the intestinal wall or to the growing 
areas of skeletal tissue where it is needed. 

The amount of 7-dehydrocholesterol present in the 
tissues of animals is small. It is found in higher con- 
centrations in snails, and in some species of mussels, 
from which it is extracted and activated to supply 
some of the witamin Ds of commerce. Commercial 
preparations are also made chemically from the choles- 
terol of brain and spinal cord material, obtained as 
packing-house by-products. 

The plant sterol, ergosterol, found in relatively large 
amounts in yeasts, molds, and fungi, is the precursor of 
vitamin Dz. It was first isolated from ergot, but is pre- 
pared for commercial use largely from yeast, of which 
it is the principal sterol. 

Vitamin D is the one vitamin of which our foods sup- 
ply very little. Egg yolks, which are the best food 
source, vary in content from winter to summer, and 
depend upon the vitamin D content of the diet of the 
hen and the amount of exposure to ultra-violet or sun- 
light. Dairy products contain some vitamin D, but 
again the potency is variable with season, depending 
upon degree of exposure of the cow to sunlight. Cereal 
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and vegetable foods are practically devoid of the anti- 
rachitic vitamin. Varieties of fish whose muscle tissues 
contain substantial quantities of fat or oil, both fresh 
and canned, may supply an appreciable part of the 
dietary requirements. 

Addition of vitamin D to appropriate foods has been 
an important factor in the prevention of any important 
degree of rickets in this country. Vitamin D milk has 
been of particular importance in this respect, because 
of its use for infant feeding, during the stage of growth 
most susceptible to rachitie changes. Vitamin D has 
been found to be particularly effective when ingested 
with milk calcium and phosphorus, present in a physi- 
cal state and in proportions that promote maximum 
absorption. Milk has been increased in vitamin D con- 
tent by irradiation with ultra-violet light from carbon- 
are or quartz-mercury lamps, or by addition of fish 
liver oil concentrates. At the present time, vitamin Ds 
in oil is being added to more than two-thirds, and 
vitamin D, to most of the remainder, of the evaporated 
milk being produced. Thus practically all of our 
evaporated milk supply has its vitamin D content 
increased to 400 U.S. P. units per reconstituted quart, 
and vitamin D whole milk is available as well, in all sec- 
~ tions of the country. 

Chemistry of Vitamin D—The provitamin 7-dehydro- 
cholesterol has been prepared in pure form and charac- 
terized chemically. The change that it undergoes in 
the transformation to vitamin Dg is illustrated under 
Steroids (page 774). In a recently reported synthesis 
of 7-dehydrocholesterol from cholesterol, cholesteryl 
acetate is treated with N-bromosuccinimide to yield a 
bromo-cholesteryl acetate. This compound, upon heat- 
ing with diethylaniline, loses hydrobromic acid to form 
7-dehydrocholesteryl acetate that can be easily hydro- 
lyzed to 7-dehydrocholesterol. 

Pure vitamin Ds; appears as white, odorless crystals 
that are soluble in fat solvents, such as ether, alcohol, or 
chloroform, but insoluble in water. The compound has 
a characteristic absorption spectrum, with the principal 
absorption band at 265 mu. This property is very use- 
ful in its identification. 

Vitamin Dz, was the first of the D vitamins to be iso- 
lated, and the chemistry of it and of ergosterol has been 
studied extensively. The formulas given under Ster- 
oids (page 774) are the accepted ones for ergosterol and 
vitamin D,. Ergosterol is activated to vitamin Dz by 
irradiation of its alcohol or ether solution. This change 
involves a series of chemical compounds, only one of 
which is active as the vitamin. Upon prolonged irradia- 
tion the vitamin D formed is destroyed, and a toxic 
substance, toxisterol, is produced. The amount of 
toxisterol formed is dependent in part upon the solvent 
used. Thus it is important that the irradiation process 
be carefully controlled, both from the standpoint of 
obtaining the highest yield of vitamin De and of pre- 
venting the formation of toxisterol. Steps in the trans- 
formation of ergosterol upon irradiation are illustrated 
as follows: 


Ergosterol — Lumisterol — Tachysterol — 


Toxisterol 
- Calciferol ; 
(Vitamin De) 
Suprasterols I and II 


Provitamins D are transformed to vitamin D upon 
absorption of light in the region of the spectrum that 
extends from 256 my to about 315 mu. This has been 
called the antirachitic region of the spectrum, Only a 
small portion of the energy of the sun’s rays occurs in 
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this region, and ultra-violet rays are absorbed readily by 
particles of dust and moisture in the air. Also light of 
this wave length does not pass through ordinary window 
glass. Thus protection from rickets is meager in cities 
where the atmosphere is smoke-filled and where children 
are exposed to sunshine for limited periods. 

Vitamin D is stable to oxidation by air and to moder- 
ate heat in neutral and alkaline solutions. Upon alka- 
line saponification of fats, the vitamin appears in the 
non-saponifiable fraction. It withstands autoclaving 
temperatures of 120° in the absence of air, but at this 
temperature is subject to oxidation and is completely 
destroyed by heating at 170°. Vitamin D is stable over 
long periods of storage in oil solution, but is less stable 
in the presence of mineral salts such as Cas(PO4)2 when 
compounded in tablet form, or when added to mineral 
supplement feeds for animals. 

Physiology—The mode of action of vitamin D in 
animal metabolism has not been fully determined. It- 
is necessary for normal growth, both in animals and in 
children, but whether this is a general metabolic effect, 
or whether it is related specifically to calcification, and 
growth of the long bones, is not entirely clear. There 
are clinical observations which indicate that the over- 
all growth effect is independent of the effect on skeletal 
growth. Also, observations on children given different 
levels of vitamin D in studies on vitamin D require- 
ments’ suggest that more than a moderate intake of the 
vitamin has an inhibiting effect on growth. Thus 
Jeans has found that 400 U.S. P. units daily is sufficient 
for normal growth and rickets prevention in children, 
but that 2000 or more U.S. P. units cause a reduction 
in growth rate. 

Vitamin D is absorbed from dietary sources through 
the intestinal wall, and for this process bile salts are 
essential. Mineral oil, present in the intestinal con- 
tents, hinders the assimilation of vitamin D. Vitamin D 
is absorbed to some extent through the skin from oil 
applications, but probably not as efficiently as by the 
intestinal route. The vitamin formed in or on the skin 
by the action of ultra-violet rays is re-absorbed, and 
circulated through the blood stream to its site of action. 
It is stored, like vitamin A, in the body fats, but prin- 
cipally in the liver. A sufficient amount of a single large 
dose may be stored to supply body needs for a six 
months’ period. The liver oils, particularly of fish, are 
the most potent sources of vitamin D. 

After administration of a large dose of vitamin D to 
an animal, only a small portion can be recovered. Ap- 
proximately 5 per cent 1S. excreted in the feces, and as 
much as 20 per cent may be found in the liver. In a 
lactating animal 1 to 2 per cent is found secreted in the 
milk. A large part is rapidly destroyed by a process 
that is not now understood. 

Several factors in addition to the vitamin are in- 
volved in the process of calcification. Absorption of 
calcium, which must be present in sufficient amounts in 
the diet, is aided by the vitamin, but the pathway of 
excretion of calcium through the lower gut does not 
appear to be affected. Vitamin D may have to do with 
conversion of calcium and phosphates in the blood 
stream into diffusible states that are in the proper form 
and combination for deposition as calcium phosphate 
in the cartilage of the growing or rachitic bone. The 
enzyme, bone phosphatase, also normally present at the 
site of deposition, appears to have an important role in 
this process. Bone salts have the composition 3Cas- 
(PO.)o. CaCOs, which is similar to that of some of the 
apatite series of minerals. 

Not only the amounts of calcium oe phosphorus in 


VITAMINS 


the diet, but their proportion to each other must be 
considered. Any factor that causes reduced assimila- 
tion of calcium or phosphorus may contribute to a state 
of rickets or osteomalacia. The presence of excessive 
amounts of metals that form insoluble phosphates, 
such as magnesium or iron, may reduce the assimilation 
of phosphorus to such a degree that calcification is inter- 
fered with. In the rat, where minimal amounts of 
vitamin D are needed under normal conditions, the 
rachitic condition is produced by markedly altering the 
calcitum-phosphorus ratio, using a high-calcium, low- 
phosphorus diet. 


Vitamin D Requirements—The minimum daily requirement 
for vitamin D for labeling purposes is 400 U. S. P. units daily for 
all age groups. This amount is considered an adequate daily al- 
lowance as well by the Food and Nutrition Board. For infants 
and children living under urban conditions, particularly during 
the winter months, supplementation of the diet-is desirable for 
rickets prevention. An adequate supply of vitamin D is impor- 
tant throughout the growth period. The requirement of adults 
is not known with certainty, and it may be in the same range as 
that of children, In the treatment of rickets, it is generally con- 
sidered that doses of vitamin D larger than 400 units daily are of 
advantage. From 1000 to 5000 unit doses have been used, and in 
cases of refractory rickets, it has been necessary to give even 
larger doses. 

Caution—When large doses are given, however, one must be 
on the alert for symptoms of overdosage, which may appear in 
the form of loss of appetite, persistent nausea, intense headache, 
profuse sweating, calcification of certain body tissues, and appear- 
ance of calcium casts in the urine. These symptoms are not likely 
to occur in older children and adults until the dose range reaches 
300,000 to 1,000,000 units daily. (Pure vitamin D has a potency 
of 40,000,000 units per gram.) 

Assay—Although some progress has been made in development 
of a spectrophotometric method for the estimation of vitamin D, 
it is still necessary to rely upon biological assay procedures. 

It is possible to produce in an experimental animal such as the 
rat or the chicken a condition that simulates rickets in children. 
For the chick a cereal diet devoid of vitamin D, but complete in 
all other respects, will permit development of rachitic symptoms 
in 3 to 4 weeks. This condition is prevented, and growth is 
normal, when 20 U. S. P. units of vitamin Dg per 100 Gm. of 
feed is included in the diet. Vitamin Dg is only 1 to 2 per cent as 
potent for the chick as vitamin Dg. Observation of the difference 
in effectiveness in chicks of irradiated yeast (vitamin Dg) and 
eod liver oil (vitamin Dg) on the basis of rat unit content, led to 
the discovery of vitamin Dg. Because of this difference it is 
important that poultry feeds be supplemented with vitamin D3 
rather than De, and that the vitamin D potency of such feeds be 
assayed with chicks. A chick method of assay has been adopted 
by the A. O. A. C. and is published in its Book of Methods. By 
this procedure, day-old chicks are segregated into groups of 
twenty and maintained on a standardized vitamin D-free diet, 
in cages or batteries out of range of any source of ultra-violet 
light. Three levels of the U. S. P. Reference Vitamin D are fed, 
in amounts that fall in the range of critical response. The assay 
sample is fed preferably at two levels. A negative control group 
is also an essential of a good assay. At the completion of a 3- 
week feeding period, the birds are killed, the tibie removed, 
dried, extracted with alcohol and ether, then ashed, and the ash 
weight is determined. The per cent ash of the moisture-free-fat- 
free bone is used as a basis for comparison of assay and control 
groups and permits calculation of vitamin D content of the assay 
sample. 

Since in the human, as in the rat, vitamin De and Dg are ap- 
proximately equally effective, the rat may be used to measure 
vitamin D content of preparations and foods for human use. 

For production of rickets in the rat, it is necessary to distort 

the proportion of calcium and phosphorus in the vitamin D- 
deficient diet. A high-calcium, low-phosphorus diet is prepared 

by the use of calcium carbonate. After 3 weeks on such a rachito- 
genic diet, the rat develops experimental rickets, characterized 
by a decreased calcium and phosphorus content of the blood, 
and a lack of calcification in the epiphyseal region of the long 
bones. Upon administration of vitamin D for a period of 7 to 
10 days, the healing of the rachitic metaphysis that occurs can 
be observed roentgenographically or by observation of the split 
surface of one of the long bones after staining with silver nitrate. 
This is the basis of the line test, used in the biological assay pro- 
cedure described in the U. S. P. In this method, standardized 
_ rats are depleted of their vitamin D stores, and rendered rachitic 
after 3 weeks on the rachitogenic diet, and are then segregated 
into comparable groups. Response to the assay sample is com- 


895 


pared with the response to the U. S. P. Reference Standard, by 
measuring the degree of healing that occurs in the radius or the 
tibia, and from the degree of healing obtained, the vitamin D 
content of the assay sample may be calculated. 

The International Standard for vitamin D is a solution of vita- 
min De in cocoanut oil, and by definition, 1 mg. of the solution 
contains 1 International Unit of vitamin D. The present U. 8S. P. 
Reference Standard is a cod liver oil that contains 115 Interna- 
tional Units (U. 8. P. units) of vitamin D per gram. Studies are 
now under way that will lead to adoption of pure crystalline vita- 
min Dg as a standard both for International and U.S. P. purposes. 
Vitamin D potency is expressed in terms of U.S. P. units. 


See also Biological Assays (page 1017). 
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Vitamin E is a fat-soluble vitamin that functions in 
the maintenance of a normal musculature in animals. 
How this is accomplished is not known, although it 
seems to be associated with the antioxidant properties 
of the vitamin. Undue importance has been attached 
to the relationship of vitamin E with the reproductive 
functions, owing undoubtedly to the fact that it was 
discovered as a result of the occurrence of a sterility 
in rats being maintained on a purified diet deficient in 
this factor. It was found that in the male rat there is 
a degeneration of the germinal epithelium, resulting 
in an irreversible sterility, while in the female rat gesta- 
tion begins normally after conception, but the litter 
may be born dead, or die during the suckling stage. 
If the deficiency is severe, the fetuses are resorbed 
completely, with the placenta, during the latter part 
of the gestation period, and there is a return to the 
normal estrus cycle. If vitamin E is given before the 
tenth day of pregnancy, normal gestation results. 

Herbivorous animals, subsisting on diets that contain 
rancid fat or large amounts of peroxidized oils, such as 
oxidized cod liver oil, develop a muscular dystrophy 
which is characterized by atrophy of the skeletal mus- 
cles, general weakness, and increased excretion of 
creatine. The dystrophic muscle has an increased 
respiration that is reduced to normal after administra- 
tion of vitamin E. Symptoms of muscle dystrophy 
have been observed in rats, rabbits, guinea pigs, ham- 
sters, calves, and ducks. Related changes have been 
observed in other species as well. 

Sources—Vitamin E is found in cereals, nuts, and 
leafy green and yellow vegetables. Some of the vege- 
table oils are good sources of the vitamin, particularly 
wheat germ oil which is the richest natural source. Vita- 
min E is so widely distributed in nature that it is dif- 
ficult to prepare a diet deficient in it, and hard to see 
how a vitamin E deficiency in diets for either animals 
or humans might occur. It is found stored to some ex- 
tent in animal tissues, particularly in the fat fractions. 

The liver stores large amounts of vitamin E when the 
intake is high, and less than other tissues when the in- 
take is low. Storage is never relatively as great as for 
vitamins A and D. With normal dietary intakes, mam- 
mary tissue has the highest content of all organs, and 
heart, lungs, and spleen are twice as rich as other vis- 
cera, muscles, or body fat. 

Chemistry—There are four closely related chemical 
compounds that exert a vitamin E effect. These are 
a-, B-, y-, and 6-tocopherol. Of these a-tocopherol has 
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the greatest biological activity, as measured by preven- 
tion of fetal resorption in the rat, while the 6-form has 
the greatest antioxidant power. These compounds 
occur in plants from which they may be extracted with 
fat solvents. a-Tocopherol has the formula given 
above. 

The B- and y-forms differ from the a-form in that 
they contain one less methyl group in the ring. The 
tocopherol compounds may be separated by fractional 
erystallization of their esters. They each exhibit char- 
acteristic absorption spectra in the ultra-violet region. 
These compounds have been synthesized and are avail- 
able commercially both as the synthetic esters, and as 
concentrates prepared from vegetable oils by molecular 
distillation. In the absence of oxygen, the tocopherols 
are stable to heat or acid, and less so to alkali, but they 
are unstable when exposed to ultra-violet light. They 
are easily oxidized and, by virtue of this property, be- 
have as strong antioxidants in stabilizing fats to oxida- 
tion. Evidence that the biological effect of the toco- 
pherols is related to their antioxidant property is seen 
in the experimental finding that body fat of vitamin E- 
deficient rats is abnormally susceptible to oxidation and 
that this fat can be stabilized by administration of toco- 
pherol. 


Vitamin E Requirements—Although many human cases of 
habitual abortion, sterility, muscular dystrophy, and creatinuria 
have been observed clinically, the use of vitamin E in their treat- 
ment cannot be said to have been successful. It is known also 
that vitamin E taken in excess of normal dietary levels does not 
improve fertility beyond normal limits. Symptoms of deficiency 
of vitamin E have not been observed in humans, nor has the need 
for vitamin E in human nutrition been established. This may be 
accounted for by the widespread distribution of tocopherols in 
foods in small quantities. It would be surprising, however, in 
view of the role which the vitamin is known to play in many 
species of animals, if tocopherols did not have an important part 
in human nutrition. It is of value in protecting vitamin A and 
carotene from oxidative destruction, both in oils and fats con- 
taining these factors, and in the intestinal tract and tissues of 
animals. This relationship has been demonstrated in rats and is 
of particular importance in the bio-assay for vitamin A. 

Effectiveness of vitamin E in the treatment of sterility, habitual 
abortion, muscular dystrophy, or heart conditions must be further 
substantiated before serious consideration can be given to its 
widespread use in human therapy. 

Assay—Vitamin E, or the biological potency of the combined 
tocopherols, can be measured by means of a bio-assay procedure 
with rats, using as criterion of potency the ability of the assay 
material to prevent resorption during the last stages of preg- 
nancy under standardized conditions. . Pregnant female rats 
that have been reared on a vitamin E-deficient diet, under 
specific conditions, are administered graded doses of International 
Standard or of the assay sample, on the 5th day after pregnancy, 
then killed on the 16th—21st day. The uterus is examined for the 
number of living and dead fetuses and resorption sites, and from 
these observations the “uterine-index” or score is worked out, 
which shows a graded response to the levels of the vitamin fed. 
The International Standard for vitamin E used as a reference in 
all bio-assays for this vitamin is a solution of d,l-a-tocopherol 
acetate in coconut oil. Each 0.1 Gm. of this solution contains 1 
mg. of the acetate. Results of an assay are expressed in terms of 
mg. of the vitamin. 

The chemical methods suggested for determination of the toco- 
pherols are based upon oxidation-reduction reactions with gold 
chloride or ferrie chloride. These methods are not specific when 
applied to complex materials because of the interference by other 
easily oxidized compounds, such as the carotinoids, and because 
oxidation products of the tocopherols react in the same manner as 
the tocopherols themselves. 


Vitamin K 
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Vitamin K is a fat-soluble vitamin that plays a part 
in the coagulation of blood, by virtue of its need in the 
formation of prothrombin in the liver. The clotting of 
blood is a complicated process which occurs in two 
stages that may be described in the following manner: 


thrombokinase 
+ Ca ions 


Prothrombin ——»> Thrombin 
Peng thrombin RA 
Fibrinogen ——> Fibrin 


It is obvious from this description that interference 
with formation of prothrombin will reduce the clotting 
tendency of the blood. The manner in which vitamin 
K aids in the supply of prothrombin is not yet under- 
stood. However, in a deficiency of this vitamin, a con- 
dition of hypoprothrombinemia occurs, and_ blood- 
clotting time may be greatly, or even indefinitely, pro- 
longed. 

Vitamin K deficiency was first observed in chicks 
being reared on purified diets. Such birds developed a 
hemorrhagic condition similar to that seen in scurvy, and 
it was soon demonstrated that chlorophyll-containing 
plant tissues contained a factor that prevented and 
cured this condition. Prolonged blood-clotting time 
was then found to be associated with the hemorrhagic 
condition, 

Chicks are particularly susceptible to a deficiency of 
vitamin K in the diet. This is not true of rats and other 
species in which intestinal bacteria that synthesize 
the vitamin are especially abundant. In addition to 
the dietary supply, an important source of vitamin K. 
in the human is the bacterial flora of the intestinal tract. 

Chemistry—Two naturally occurring vitamins K 
have been obtained from natural sources, purified, and 
characterized chemically. Vitamin K, is found in 
green plant tissue, such as alfalfa and spinach leaves 
and is a derivative of 2-methyl-1,4-naphthoquinone with 
a long carbon side-chain in the 3-position. This side- 
chain is a phytyl group, commonly found in compounds 
of plant origin. Vitamin K, has the structure given 
above. The constitution of vitamin Ke, found in putri- 
fied fish meal as the result of bacterial decomposition, 
is similar to that of Ky, with the exception of a di- 
farnesyl group in the 3-position. The 2-methyl-1,4- 
naphthoquinone itself, called menadione, with hydro- 
gen in the 3-position is equal in biological activity, on a 
molar basis, to the natural forms. Other variously 
substituted naphthoquinones, and water-soluble forms, 
called homologues of vitamin K, have been prepared 
and have been found useful clinically. Vitamins K are 
soluble in oil and in fat solvents, are sensitive to light, 
and are destroyed by saponification. Water-soluble 
homologues have been prepared, such as the sulfonate 
or the di-phosphoric ester of menadione, and have a 
clinical advantage, in that they are absorbed from the 
intestinal tract in the absence of bile salts, which are 
essential for the absorption of the fat-soluble forms. 

The natural vitamins K give a purple-blue color, 
which changes to brown, with sodium ethylate or 
methylate. Carotenoids interfere, with this test and 
must be removed. The specificity of the test is in- 
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creased by using the 2,4-dinitrophenylhydrazones of 
the vitamin. Vitamins K also react with ethyl cyano- 
acetate in ammoniacal alcohol solution to form a yellow 
color. 


Vitamin K Requirements—From a clinical or surgical stand- 
point, hypoprothrombinemia and increased blood-clotting time 
are serious because of prolonged bleeding following injury or surgi- 
cal treatment. 

For the absorption of vitamin K from the human intestinal 
tract bile is needed. Thus reduced intestinal absorption of the 
vitamin may result from defective secretion of bile salts, obstruc- 
tive jaundice, or pyloric or intestinal obstruction. Lack of bile 
affects absorption of both dietary supply and that resulting from 
synthesis by intestinal bacteria. Inadequate absorption result- 
ing from intestinal malfunction due to lesions or severe diarrhea, 
may result in a reduced supply of the vitamin. Symptoms of de- 
ficiency have been observed clinically with continued use of 
mineral oil. Impaired liver function, in which the formation of 
prothrombin is interfered with, may also, of course, result in de- 
layed blood-clotting time. 

The times when the synthesis of the vitamin by intestinal 
flora most frequently fails to supply human needs are immedi- 
ately after birth, before a normal intestinal flora has been estab- 
lished, and during the prolonged administration of sulfa drugs. 
Hypoprothrombinemia in the newborn may be prevented or 
treated by administering the vitamin to the mother shortly be- 
fore parturition, or by giving the infant a single dose during 
the first week of life. 

It must be emphasized that vitamin K cannot be used to check 
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bleeding irrespective of its origin. It is of no value, for example, 
in hemophilia, in which the formation of thrombokinase appears 
to be at fault, or in purpura or diseases of the blood-forming 
organs. 

Assay—It is difficult to produce a vitamin K deficiency in 
mammals by restricting the dietary intake, because of the abun- 
dant synthesis by the bacteria, particularly those of the coliform 
group, in the intestinal tract. The deficiency syndrome has been 
produced by including in the diet of rats 1 per cent sulfathalidine 
or sulfasuxidine, which inhibits bacterial growth. Since the chick 
is particularly susceptible to a diet deficiency, it is most accept- 
able for use in the bio-assay procedure for measuring vitamin K 
potency. Chicks maintained on vitamin K-deficient diets under 
standardized conditions develop a deficiency syndrome in about 
two weeks. At this time the clotting time of the blood is deter- 
mined directly, or the prothrombin level may be estimated 
before and after vitamin K is administered. In the latter test, to 
a sample of oxalated blood, thrombokinase and calcium chloride 
are added, and the time until a firm clot appears is measured. 

Several chemical methods, used with varying success, are 
mainly dependent upon measuring the quinone structure of the 
vitamin K analogues. The quinone can be reduced to the cor- 
responding hydroquinone by means of titanous chloride, using 
as an end point an internal oxidation-reduction indicator. Where 
the vitamin to be tested is available in relatively pure form, spec- 
troscopic examination may be used. 

No standard for vitamin K has been adopted. Menadione, 2- 
methyl-1,4-naphthoquinone, is now readily available in chemically 
pure form. This is most frequently used when a reference stand- 
ardis needed. Vitamin K content of pharmaceutical preparations 
is ordinarily expressed in terms of weight equivalent of menadione. 


THE OFFICIAL FAT-SOLUBLE VITAMINS 


COD LIVER OIL U. S. P. Oleum Morrhuae 


(Ol. Morrh.—Oleum Jecoris Aselli, Oleum Gadi, Sp. Aceite de Higado 
de Bacalao, F’r. Huile de Foie de Morue] 

Cod Liver Oil is the partially destearinated fixed oil 
obtained from fresh livers of Gadus morrhua Linné and 
other species of the Family Gadidx. Cod Liver Oil con- 
tains in each Gm. not less than 850 U. 8. P. Units? of 
Vitamin A and not less than 85 U. 8. P. Units of Vita- 
min D. 

Cod Liver Oil may be flavored by the addition of not 
more than 1 per cent of any flavoring substance or any 
mixture of such flavoring substances recognized in the 
U.S. Pharmacopeeia. 

Preparation—The highest grade of medicinal Cod 
Liver Oil is manufactured from strictly fresh cod livers. 
These should be from healthy fish, and they should be 
removed from the fish within a few hours after they are 
eaught. The oil is separated from the livers by steam 
cooking. For this purpose, low-pressure steam is con- 
ducted directly into the cooking kettles containing the 
livers, and ordinarily it requires only a short time to 
cook livers sufficiently so that the oil is released from 
the weakened tissues surrounding the oil cells. The oil 
is then quickly separated from all water and liver tissue. 

When livers of high quality are used and the manufac- 
turing procedure is carried out under carefully con- 
trolled, sanitary conditions the resulting crude oil is of 
a light yellow color, and of good flavor and odor. Such 
an oil requires no purification or chemical refining. 

Due, however, to long-established trade demands, it 
is necessary to remove the cod liver stearin so that the 
oil will remain clear at all temperatures above freezing. 
To accomplish this, the cod liver oil manufacturer chills 
the crude medicinal oil. After the cod liver stearin has 
crystallized out, it is a simple matter to separate the 
-stearin and non-freezing oil by filter pressing. In order 
to preserve the natural vitamin content of Cod Liver 
1 One “United States Pharmacopeeia Unit of Vitamin A” is equal, in growth- 
promoting and antiophthalmic activities for the rat, to one International Unit 
of vitamin A as defined and adopted by the Conference of Vitamin Standards 
of the Permanent Commission on Biological Standardization of the League of 
Nations in June of 1931; one ‘United States Pharmacopceia Unit of Vitamin 
D” is equal, in antirachitic potency for the rat, to one International Unit of 
vitamin D as defined and adopted by the Conference of Vitamin Standards 
of the Permanent Commission on Biological Standardization of the League of 

Nations in June of 1931. Pe 
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Oil, it should be stored out of contact with air or light 
and preferably in a cool place. 


Constituents—Cod Liver Oil consists chiefly of olein 
but contains palmitin and -stearin, as well as traces of 
chlorine, bromine, phosphorus, and sulfur. American 
cod liver oils may contain as much as 3 parts per million 
of arsenic, but there is little evidence as to how com- 
pletely it may be assimilated. American cod liver oils 
are rich in zodine—one sample was found to contain 
nearly 15,000 parts of iodine per billion parts of oil, and 
it is reported that the iodine content of the blood is in- 
creased to about the same degree by the use of Cod Liver 
Oil and iodized salt. Hence the iodine content of 10 ce. 
of cod liver oil per day, if assimilated, would contribute 
materially to the physiological needs of the average 
human adult. Many believe that these elements pres- 
ent in cod liver oil are at least partly responsible for the 
therapeutic superiority of Cod Liver Oil over that of 
other products containing an equivalent vitamin 
potency. 

It has been shown that the vitamin value of Cod Liver 
Oil resides in the unsaponifiable fraction. Since some 
persons object to taking oils, much attention has been 
given to preparing tablets and capsules which contain 
the unsaponifiable fraction of cod liver oil. Several 
patents have been granted for such processes. In gen- 
eral the procedure consists of saponifying the cod liver 
oil, separating the unsaponifiable portion, and extract- 
ing it with suitable solvents. The extract is diluted 
with corn oil and packed in capsules or mixed with solid 
materials and manufactured into tablets. The vitamin 
potency of these preparations can be adjusted to the 
patient’s requirements but obviously they do not sup- 
ply the constituents present in the saponifiable portion 
of the cod liver oil from which they were prepared. 

As a result of research in this country and abroad the 
chemical nature of vitamin D has been established and 
it has been demonstrated that ergosterol irradiated 
with ultra-violet light possesses high calcifying power. 
Hence irradiated ergosterol dissolved in corn oil (vios- 
terol in oil) has been prepared for use in place of cod 
liver oil as a source of antirachitic activity. 

The discovery that cod liver oil was an extremely rich 
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natural source of vitamin A and vitamin D led to the 
investigation of a wide variety of fish liver oils for their 
vitamin content. It has been shown that the vitamin 
potency of such oils may vary from 2 U. 8. P. vitamin 
D units per gram for ratfish liver oil to 40,000 vitamin 
D units per gram for bluefin tuna liver oil. Halibut 
liver oil is the most generally used of these fish liver 
oils. Since it is impossible to prepare halibut liver oil 
by the process used, for cod liver oil, it is obtained by 
extracting halibut livers with a suitable solvent. Hali- 
but liver oil is extremely rich in vitamin A, often having 
a potency 60 times that of cod liver oil. It has a rela- 
tively lower vitamin D potency and is sometimes forti- 
fied with irradiated ergosterol or fish liver oils of ex- 
tremely high vitamin D content. Due to its high 
Vitamin A potency, halibut liver oil is ordinarily dis- 
pensed in 3-minim capsules. N 
Description and Properties—A thin, oily liquid, with a characteristic, 
slightly fishy, but not rancid, odor and a fishy taste. Its specific 
gravity is between 0.918 and 0.927. It is slightly soluble in alcohol, 
but is freely soluble in ether, chloroform, carbon disulfide, and ethyl 
acetate. 
Tests for Purity— : 

Color—Not more intense than a mixture of 11 cc. of cobaltous 
chloride C.S., 76 ec. of ferric chloride C.S., and 33 ce. of water. 

Non-destearinated cod liver oil—The Oil remains clear at 0° for 3 
hours. 

Free acid value—Equivalent to not more than 1 ce. of tenth-normal 
sodium hydroxide per 2 Gm. of the Oil. 

Unsaponifiable matter—Not more than 1.3 per cent. 

Iodine value—145 to 180. 

Saponification value—180 to 192. 
Spectrophotometric absorption value—Not less than 95 per cent of 

Reference oil absorption x 850 at 39804. 
Reference oil potency 

Assay—Proceed as directed under Vitamin A and D Assays (page 
1015). 
Storage—Keep Cod Liver Oil in tight containers. It may be bottled 
or packaged in containers from which air has been expelled by the 
production of a vacuum or by an inert gas. 
Labeling—The vitamin A potency and Vitamin D potency of Cod 
Liver Oil, when designated on the label, shall be expressed in ‘‘ United 
States Pharmacopceia Units’’ per gram of oil; these may be referred 
GOs ses. be Units. 


Uses—Cod Liver Oil is a valued source of vitamins 
Aand D. The vitamins are present in such proportion 
that the official dose of 8 cc. provides the daily require- 
ments for children or adults of both of these dietary 
essentials. Cod Liver Oil is extensively employed in 
the prophylaxis of rickets in infants. It offers the ad- 
vantage of being relatively inexpensive, the disadvan- 
tage of the large volume dosage in comparison with con- 
centrates. 

Average Daily Dose—Infants and adults, 8 cc. (ap- 
proximately 2 fluidrachms). 


Cod Liver Oil Emulsion U. S. P. Emulsum Olei 


Morrhue = 

{Emuls. Ol. Morrh.—Sp. Emulsién de Aceite de Higado de Bacalao] 

Metric Alternative 
Cod Liver Oilsicnckee eae 500 cc. 1 pint 
Acacia, in very fine powder........ 125 Gm. 4 oz. av. 75 gr. 
SYLUP oie. whack vic eR eRe 100 cc. 3 fl. oz. 96 min. 
Methyl Salicylate..... A ce. 61 min. 
Distilled Water, a sufficient: quantity, 

AP OMMNaKG:. <<. ts. see ee 1000 cc. 2 pints 


Quickly and thoroughly mix the acacia with the cod liver oil in 
a dry mortar or other suitable vessel, then add at once 250 cc. 
(8 fl. oz.) of distilled water, and complete the emulsification by 
trituration or by the aid of a suitable mechanical device. When 
a thick, white, homogeneous emulsion is obtained, add the methyl 
¥ salicylate and the syrup in small portions, mixing thoroughly after 
each addition, and in the same manner add sufficient distilled 
water to make the product measure 1000 ee. (2 pints). 


Note—In preparing Cod Liver Oil Emulsion other 
methods of emulsification may be used and the quantity 
of acacia may be reduced or replaced by agar, gelatin, 
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tragacanth, or mixtures of any of these, provided the 
resulting Emulsion is similar in viscosity and appearance 
to that made by the above formula. The methyl sali- 
cylate may be replaced with not more than 1 per cent of 
any other flavoring substance or by any mixture of 
flavoring substances recognized in the U. 8S. Pharma- 
coporia. 

This Emulsion is intended to be prepared just before 
being dispensed. If it is to be kept for any length of 
time, a preservative must be added; 60 cc. (2 fluid- 
ounces) of alcohol may be used, replacing a like quan- 
tity of distilled water, or, instead of the alcohol, 60 ec. 
of sweet orange peel tincture or 2 Gm. of benzoic acid 
may be used. The alcohol should be added last and 
in small portions, shaking after each addition. 

Cod Liver Oil Emulsion is preferably prepared ex- 
temporaneously by the pharmacist, since it is known 


that the vitamin A potency of Cod Liver Oil is de- 


stroyed by oxidation and this is intensified by the 
emulsification process and by the presence of some 
emulsifying agents, notably acacia. However, anti- 
oxidants (page 578) can be added to prevent the loss 
of vitamin A. 

Uses—This is simply a more palatable form of cod 
liver oil and possesses identical therapeutic action (see 
Cod Liver Oil). The dose is twice that of Cod Liver Oil. 

Average Daily Dose—Infants and adults, 15 cc. (ap- 
proximately 4 fluidrachms). 


Cod Liver Oil Emulsion with Malt N. F. 
Olei Morrhue cum Malto— 


{Emuls. Ol. Morrh. c Malt.—Malt and Cod Liver Oil, Sp. Emulsién 
de Aceite de Higado de Bacalao con Malta] 


Emulsum 


Metric Alternative 
Cod Liver) Oil Jee. eee ieee eee 300 cc. 9 fl. oz. 288 min. 
Tragacanth, in fine powder......... 3 Gm 44 gr. 
DistilledsW atern= 50 455 ete eee 150 cc. 4 fl. oz. 384 min. 
Malt Extract, a sufficient quantity, y 
To make noe eee On eee 1000 cc. 2 pints 


Mix the oil and tragacanth thoroughly, add the water and agi- 
tate the mixture until a homogeneous emulsion is formed. Fi- 
nally add the malt extract in portions, shaking the mixture thor- 
oughly after each addition, until the product measures 1000 ce. 
(2 pints). 


Storage—Keep Cod Liver Oil Emulsion with Malt in tight containers. 


Uses—The same as for Cod Liver Oil Emulsion. This 
is a particularly palatable form. 

Average Dose—I5 cc. (approximately 4 fluidrachms), 
representing 4.5 ec. of Cod Liver Oil and about 8.25 ee. 
of Malt Extract. ~ 


Non-Destearinated Cod Liver Oil U. S. P. 
Morrhuze Non-Destearinatum 
{[Ol. Morrh. Non-Destearin.—Sp. Aceite de Higado de Bacalao No 
Desestearinizado] 

Non-destearinated Cod Liver Oil is the entire fixed 
oil obtained from fresh livers of Gadus morrhua Linné 
and other species of the Family Gadidx, containing 
not more than 0.5 per cent by volume of water and liver 
tissue. Non-destearinated Cod Liver Oil contains in 
each Gm. not less than 850 U.S. P. Units of Vitamin A 
and not less than 85 U.S. P. Units of Vitamin D. 


Description and Properties—A thin, oily liquid at normal room tem- 
perature, with a characteristic, slightly fishy, but not rancid, odor, and 
a fishy taste. It congeals or deposits stearin upon chilling. It is 
slightly soluble in alcohol, but is f reely soluble in ether and chloroform. 
Tests for Purity— 

Water and sediment—Not more than 0. p per cent. 

Todine value—128 to 180. 

Other requirements—It meets the reqcireanene of the tests for 


Oleum 


% 
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Color, Unsaponifiable matter, Saponification value, Free fatty acids, 
and Spectrophotometric absorption value given under Cod Liver Oil. 
Assay—Same as for Cod Liver Oil. 

Storage and Labeling—Same as for Cod Liver Oil. 


Uses—Non-destearinated Cod Liver Oil is the high- 
grade medicinal oil as separated from the livers but 
before the excess of stearins has been removed. It 
was not expected that it would be used directly as a 
medicinal oil, but by giving it official recognition its 
importation was facilitated. This oil should, there- 
fore, be destearinated before being sold. 


Sodium Morrhuate Injection U. S. P. 
Injectio Sodii Morrhuatis 


{Inj. Sod. Morrh.—Sp. Inyeccion de Morruato Sédico | 


Sodium Morrhuate Injection is a sterile solution of 
the sodium salts of the fatty acids of cod liver oil. It 
contains, when determined by the assay method de- 
scribed below, not less than 93 per cent and not more 
than 107 per cent of the labeled amount of sodium 
morrhuate. A suitable preservative, not to exceed 0.5 
per cent, and ethyl or benzyl alcohol, not to exceed 3 
per cent, may be added. It meets the requirements of 
the Sterility Test for Liquids (page 126). 


Sterilize Sodium Morrhuate Injection preferably by 
Process E or Process F. See Sterilization Processes 
(page 121). 

The Injection also conforms to the other requirements 
under Injections (page 249). 


Preparation—This Injection may be prepared by 
heating cod liver oil with alcoholic sodium hydroxide 
until completely saponified. After dilution with water 
the alcohol is removed by distillation. Dilute sulfuric 
acid is then added to the aqueous solution, and the 
liberated organic acids are separated or preferably ex- 
tracted with a suitable immiscible solvent such as 
ether. Just sufficient aqueous sodium hydroxide is then 
added to neutralize the acids. About 20 mg. of benzyl 
alcohol per cc. of the Injection is usually added to 
lessen the pain of injection. 


Identification—A transient red color is produced which changes to 
brown-red when 5 cc. of the chloroform solution of the fatty acids 
obtained in the test for Jodine value of the fatty acids is evaporated 
nearly to dryness on a steam bath, the residue dissolved in 1 ce. of 
chloroform and 1 drop of sulfuric acid added. 

Tests for Purity— 

_ Free acid. or’ free glkali—Equivalent to not more than 0.5 ec. of 
tenth-normal sodium hydroxide or not more than 0.3 ce. of tenth- 
normal acid per 5 cc. of the Injection, using phenolphthalein as the 
indicator. —_ 

Todine value of the fatty acids—Not less than 130. 

Assay—The assay of this Injection is based on the determination of 
the acid required to liberate the fatty acids in the sodium morrhuate. 
To an accurately measured volume of the Injection, equivalent to 
500 mg. of Sodium Morrhuate, exactly 30 cc. of tenth-normal sulfuric 
acid is added. This decomposes the sodium morrhuate into the free 
fatty acids (morrhuic acid) and sodium sulfate. The fatty acids are 
then extracted with petroleum benzin, and after washing the petro- 
leum benzin with water to recover any sulfuric acid, the excess of acid 
in the combined aqueous layer is titrated with tenth-normal sodium 
hydroxide using methyl orange T.S. as the indicator. The volume 
of tenth-normal acid consumed in the decomposition represents the 
Sodium Morrhuate. Each ce. of tenth-normal sulfuric acid corre- 
sponds to 32.4 mg. of sodium morrhuate. 

Storage—Keep Sodium Morrhuate Injection in hermetic or other 
suitable containers. 


Uses—This Injection is used as a sclerosing agent for 
obliterating varicose veins. 


Average Dose—To be aiectawied by the Bieler 
according to the needs of the patient. 
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HALIBUT LIVER OIL U. S. P. 


[Ol. Hippoglos.—Sp. Aceite de Higado de Hipogloso, Aceite de 
Halibut] 

Halibut Liver Oil is the fixed oil obtained from the 
fresh, or suitably preserved livers of Hippoglossus 
hippoglossus Linné (Fam. Pleuronectide). Halibut 
Liver Oil contains in each Gm. not less than 60,000 
U. §. P. Units of Vitamin A and not less than 600 
U.S. P. Units of Vitamin D. 

Halibut Liver Oil may be flavored by the addition of 
not more than 1 per cent of any one or any mixture of 
flavoring substances recognized in the U. 8S. Pharma- 
copeeia. 


Oleum Hippoglossi 


Description and Properties—A yellow to brownish yellow, oily liquid, 
with a characteristic, slightly fishy, but not rancid, odor, and a fishy 
taste. Its specific gravity is between 0.920 and 0.930. It is insoluble 
in water. Itisslightly soluble in alcohol, but is freely soluble in ether, 
chloroform, carbon disulfide, and ethyl acetate. When 1 drop of 
sulfuric acid is shaken with a solution of 1 drop of the Oil in 1 ce. of 
chloroform, a blue color, changing to violet, then to dark green and 
finally to brown, is produced. 
Tests for Purity— 

Free fatty acids—Equivalent to not more than | cc. of tenth-normal 
sodium hydroxide per 2 Gm. of the Oil. 

Unsaponifiable matter—Between 7 and 22.5 per cent. 

Iodine value—125 to 155. 

Saponification valuwe—160 to 180. 
Assay—Proceed as directed under Vitamins A and D Assays (page 
1015). 
Storage and Labeling—Same as for Cod Liver Oul.(page 898). 


Uses—Halibut Liver Oil contains a much higher pro- 
portion of vitamin A in comparison to vitamin D than 
other fish liver oils. It is the preparation of choice, 
therefore, when a high intake of vitamin A is desired, 
the D intake being secondary. The preparation is ill- 
suited for the prophylaxis or treatment of rickets. 

Average Daily Dose—Prophylactic, infants and 
adults, 0.1 cc. (approximately 114 minims). 


Halibut Liver Oil Capsules U. S. P. 
Hippoglossi 


Capsule Olei 


[Cap. Ol. 


Halibut Liver Oil Capsules contain not less than 95 
per cent and not more than 105 per cent of the labeled 
amount of halibut liver oil, and the oil from the Cap- 
sules contains, in each Gm., not less than 60,000 U.S. P. 
Units of vitamin A. Halibut Liver Oil Capsules shall 
be labeled to contain either 5000 or 25,000 U.S. P. 
Units of vitamin A per Capsule. 


Hippoglos.—Ca4psulas de Aceite de Higado de Hipogloso] 


Description and Properties, Tests for Purity, and Assay—The oil con- 
tained in Halibut Liver Oil Capsules meets the requirements given 
under Halibut Liver Orl. 

Oil Content of Capsules—The same procedure is followed as given in 
the Assay for Castor Oil Capsules (page 573). When the oil in the 
Capsules is dispersed throughout a solid or semi-solid gelatin medium, 
a counted number of Capsules, accurately weighed, is completely 
digested in an acidified solution of pepsin, then heated for 30 minutes, 
cooled, and completely extracted with methylene chloride, using a 
centrifuge to separate the immiscible layers. The solvent is evapo- 
rated, and the weight of the oil so extracted represents the weight of 
the oil in the Capsules. 

Storage—Keep Halibut Liver Oil Capsules in well-closed containers 
and protect the oil in the Capsules from light. 


Average Daily Prophylactic Dose—1 Capsule contain- 
ing 5000 U. 8. P. vitamin A units. 


MENADIONE U. S. P. Menadionum 


[Menadion.—2-Methyl-Naphthoquinone, 
Menaphthene, Sp. Menadiona] 

Menadione, when dried over sulfuric acid in a vac- 
uum desiccator for 4 hours, contains not less than 98.5 
per cent of Cy,HgQOe (172.17). 

Caution—Menadione powder is irritating to the resptr- 
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atory tract and to the skin, and an alcoholic solution has 
vesicant properties. 

Preparation—Menadione is usually made by the 
action of chromic acid on 6-methylnaphthalene in the 
presence of H.SO4. 


Description and Properties—Bright yellow, crystalline powder which 
is nearly odorless. It is affected by sunlight. It melts between 105° 
and 107°. It is practically insoluble in water. One Gm. dissolves 
in 60 ce, of aleohol, and 10 ce. of benzene; it is moderately soluble in 
chloroform and carbon tetrachloride, and is soluble in vegetable oils. 

Identification—About 75 mg. of sodium bisulfite is added to 50 mg. 
of Menadione in 5 ce. of water, and the mixture is heated and shaken 
until the substance is dissolved and the solution is almost colorless. 
Sufficient water is added to make 50 ce. To 2 ec. of the solution is 
added 2 cc. of alcoholic ammonia (prepared by mixing equal volumes 
of alcohol and stronger ammonia T.S.). The mixture is shaken and 
3 drops of ethyl cyanoacetate is added. A deep purplish blue color 
is produced which, on the addition of 1 ce. of sodium hydroxide solu- 
tion (1 in 3), changes to green and then to yellow. This is known as 
Craven's Reaction. 
Tests for Purity— 

Loss on drying—Not more than 0.3 per cent. 

Residue on ignition—Not more than 0.1 per cent. 
Assay—About 16 ce. of glacial acetic acid and 15 cc. of diluted hydro- 
chloric acid are added to 150 mg. of dried Menadione. The mixture 
is shaken until the Menadione dissolves. About 1 Gm. of zine dust is 
added and the mixture is allowed to stand in the dark for 30 minutes 
with occasional shaking. The solution is rapidly decanted and the 
flask is washed with three 10-cc. portions of water. The solution is 
titrated with tenth-normal ceric sulfate using 0.1 cc. of ortho-phenan- 
throline T.S. as the indicator. A blank test is performed with the 
same reagents. Each cc. of tenth-normal ceric sulfate is equivalent 
to 8.609 mg. of C1,;HgOe. 
Storage—Keep Menadione in well-closed, light-resistant containers. 
Incompatibilities—Menadione is incompatible with alkalis and with 
reducing agents. It is affected by light. 
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Uses—See Vitamin K. , 
Average Dose—I mg. (approximately 1é9 grain). 


Menadione Tablets U. S. P. Tabelle Menadioni 


(Tab. Menadion.—Sp. Tabletas de Menadiona] 


Menadione Tablets contain not less than 95 per cent 
and not more than-110 per cent of the labeled amount of 
menadione [C,,HgQOg]. 


Identification—The presence of menadione may be ascertained by 
extracting the menadione from the powdered Tablets with chloroform, 
evaporating the chloroform solution to dryness on a steam bath and 
applying to the residue the Identification test described under Mena- 

vone. 

Assay—A counted number of the Tablets is finely powdered and the 
menadione completely extracted with chloroform. The filtered 
chloroform extract is evaporated, while protected from sunlight, on a 
steam bath, and the residue assayed as described under Menadione. 
Since the quantity of menadione per Tablet is small and it is not 
practical to use a large number of Tablets it suffices to use a number 
of Tablets equivalent to about 20 mg. of menadione, about half of 
quantities of the reagents, and titrate with fiftieth-normal ceric sul- 
fate. Each cc. of fiftieth-normal ceric sulfate corresponds to 1.722 
mg. of menadione. 

Note—If stearic acid is present in the Tablets as a lubricant, it 
interferes with the reduction of the menadione to the hydroquinone. 
The acid may be removed by shaking the combined chloroform ex- 
tracts with a mixture of 2 ec. of normal sodium hydroxide and 8 ce. 
of water. The sodium hydroxide combines with the stearic acid to 
sodium stearate which goes into the water phase. 

Storage—Keep the Tablets in well-closed containers. 


Average Dose—1! mg. (approximately 19 grain) of 
Menadione. 


i] 
MENADIONE SODIUM BISULFITE U. S. P. 
Menadioni Sodii Bisulfis 


Menadion. Sod. Bisulfis—Menadione Bisulfite, Sp. Bisulfito de 
Menadiona Sdédica] 

Menadione Sodium Bisulfite contains not less than 
49 per cent of menadione [C,,H,O¢] corresponding to 
not less than 94 per cent of C,,;Hs02.NaHSO3.3H.O 
(330.29). 

Preparation—It may be prepared by reacting mena- 
dione with sodium bisulfite, which forms an addition 
compound with one keto group. 


VITAMINS 


Description and Properties—A white, crystalline, odorless hygroscopic 
powder. One Gm. dissolves in 2 cc. of water. It is slightly soluble 
in alcohol, and almost insoluble in ether and benzene. 

Identification—(1) The menadione obtained in the Assay melts be- 
tween 104° and 107° and responds to the Craven’s Reaction given 
under Menadione. (2) A bright yellow precipitate of menadione is 
produced when tenth-normal sodium hydroxide is added dropwise to 
5 ec. of a solution (1 in 100). 
Tests for Purity— 

Loss on drying—Not less than 11 per cent and not more than 16 per 
cent. 

2-Methyl-1,4-naphthohydroquinone-3-sulfonate—No precipitate is 
formed by adding 2 drops of ortho-phenanthroline T.S. to 100 mg. of 
Menadione Sodium Bisulfite dissolved -in 5 cc. of water. 
Assay-—About 5 ec. of sodium hydroxide T.S. is added to 300 mg. of 
Menadione Sodium Bisulfite dissolved in 20 ce. of water. The pre- 
cipitated menadione is extracted with chloroform. The chloroform 
extracts are evaporated to dryness. Then 2 ce. of alcohol is added to 
the residue and evaporated to dryness. The residue is dried and 
weighed. 
Storage—Keep Menadione Sodium Bisulfite in tight, light-resistant 
containers. 


Average Dose—IJntramuscular or intravenous, 2 mg. 
(approximately 149 grain). 


Menadione Sodium Bisulfite Injection U. S. P. 
Injectio Menadioni Sodii Bisulfitis 


[Inj. Menadion. Sod. Bisulfit.—Sp. Inyeccién de Bisulfito de 
Menadiona Sddica] 


Menadione Sodium Bisulfite Injection is a sterile 
solution of menadione sodium bisulfite in water for in- 
jection. It contains an amount of menadione [C,,H,0g], 
equivalent to not less than 47 per cent and not more 
than 57 per cent of the labeled amount of menadione 
sodium bisulfite. It meets the requirements of the 
Sterility Test for Liquids (page 126). 

Sterilize the Injection, preferably by Process F. 
See Sterilization Processes (page 121). 

The Injection also conforms to the other require- 
ments under Injections (page 249). 


Identification—(1) The menadione obtained in the Assay melts 
between 104° and 107° and responds to Craven’s Reaction given under 
Menadione. (2) Sulfur dioxide, recognizable by its odor, is evolved 
on the addition of 2 to 3 drops of diluted hydrochloric acid to about 1 
cc. of the Injection and warming. 

Assay—About 10 ec. of chloroform is added to a portion of the Injec- 
tion equivalent to 50 mg. of menadione sodium bisulfite. Then so- 
dium hydroxide T.S. is added until the reaction is strongly alkaline. 
The mixture is shaken with successive portions of chloroform. The 
combined chloroform extracts are evaporated to dryness. Then 2 ee. 
of aleohol is added to the residue and evaporated. The residue is 
dried for 2 hours at 80°, cooled, and weighed. 

Storage—Keep the Injection preferably in single-dose, hermetic con- 
tainers, or in other suitable containers. 


Average Dose—IJntramuscular or intravenous, 2 mg. 
(approximately 149 grain). 


OLEOVITAMIN A U. S. P. Oleovitamina A 
[Oleovitam. A—Natural Vitamin A in Oil, Sp. Oleovitamina A] 


Oleovitamin A is either fish liver oil, or fish liver oil 
diluted with an edible vegetable oil, or a solution of 
vitamin A concentrate, from natural (animal) sources, 
in fish liver oil or in an edible vegetable oil. Oleovitamin 
A contains, in each Gm., not less than 50,000'and not 
more than 65,000 U.S. P. Units of vitamin A, and not 
more than 1000 U.S. P. Units of vitamin D. 


Description and Properties—A thin, oily liquid which may have a 
fishy, but not a rancid, odor and taste. 
Tests for Purity— atts 
Free fatty acids—Equivalent to not more than 1 ce. of tenth-normal 
sodium hydroxide per 2 Gm. of the Oleovitamin, using phenolphtha- 
lein T.S. as the indicator. ; 
Assays—Proceed as directed under Vitamins A and D Assays (page 
1015). 
Soria aes Oleovitamin A in tight containers. It may be bottled 
or packaged in containers from which the air has been ex'pelled by the 
production of a vacuum or by an inert gas. 


VITAMINS 


Average Dose—To be determined by the physician 
according to the needs of the patient. 


Oleovitamin A Capsules U. S. P. 
Capsule Oleovitamine A 


{[Cap. Oleovitam. A—Sp. CApsulas de Oleovitamina A] 


Oleovitamin A Capsules contain not less than 95 per 
cent and not more than 105 per cent of the labeled 
amount of oleovitamin A. The oil in Oleovitamin A 
Capsules conforms to the definition for Oleovitamin A, 
but may be adjusted in Vitamin A potency. Oleo- 
vitamin A Capsules shall be labeled to contain either 
5000 or 25,000 U. 8. P. Units of vitamin A per capsule. 


Oil content of capsules—About 20 Capsules are weighed in a tared 
weighing bottle. Then the Capsules are opened without any loss of 
the shell material and the contents are transferred to a container. 
Any oil remaining in the empty Capsules is removed by washing with 
small portions of ether, and then the Capsules are dried. The emptied 
Capsules are weighed in the same tared bottle in which the full Cap- 
sules were weighed. The difference represents the weight of oil in the 
20 Capsules. 

When the oil in the Capsules is dispersed throughout a solid or semi- 
solid gelatin medium, proceed as directed under Halibut Liver Oil 
Capsules. 

Description, Test, and Assay—The oil contained in the Capsules 
conforms in all respects, with the exception of the potency require- 
ments, to the specifications under Oleovitamin A. The vitamin A 
potency shall be that claimed on the label. 

Storage—Keep the Capsules in well-closed containers and protect the 
oil in the Capsules from light. 


Average Daily Prophylactic Dose—One Capsule con- 
taining 5000 U.S. P. vitamin A units. 

Note—The dose of the 25,000 Vitamin A-Unit Cap- 
sules is to be determined by the physician in accordance 
with the needs of the patient. 


OLEOVITAMIN A AND D 
« Oleovitamina A et D 


UZ S-4b- 


[Oleovitam. A et D—Sp. Oleovitaminas A y D] 


Oleovitamin A and D is either fish liver oil, or fish 
liver oil diluted with an edible vegetable oil, or a solu- 
tion of Vitamin A and D concentrates in fish liver oil 
or in an edible vegetable oil. The Vitamin A shall be 
obtained from natural (animal) sources and the Vitamin 
D. may be obtained from natural (animal) sources or 
may be synthetic oleovitamin D. Oleovitamin A and D 
contains, in each Gm., not less than 850 and not more 
than 1100 U.S. P. Units of Vitamin A, and not less than 
85 and not more than 110 U.S. P. Units of Vitamin D. 

Oleovitamin A and D may be flavored by the addition 
of not more than | per cent of any one or any mixture 
of flavoring substances recognized in the U. 8S. Pharma- 


copoeia. 


Description and Properties—A thin, oily liquid, which may have a 
fishy, but not rancid, odor and taste. It is slightly soluble in alcohol, 
but is miscible in all proportions with ether and with chloroform. 
Tests for Purity— 

Color—When viewed transversely in standard bottles of colorless 
glass, the color shall not be more intense than that of a mixture of 
11 ce. of cobaltous chloride C.S., 76 cc. of ferric chloride C.S., and 33 
ec. of water. - 

Free fatty acids—Same as for Oleovitamin A. 
on as directed under Vitamins A and D Assays (page 
1015). ~ 
Storage—Keep Oleovitamin A and D in tight containers and avoid 
exposure to excessive heat. It may be bottled or packaged in con- 
tainers from which the air has been expelled by the production of a 
vacuum or by an inert, gas. 


Ent Average Daily Dose—Infants ae adults, 8 cc. (ap- 
proximately 2 fluidrachms). 


Concentrated Oleovitamin A and DU. S. P. 
Oleovitamina A et D Concentrata 


[Oleovitam. A et D Conc.—Sp. Oleovitaminas A y D Concentradas] 


Concentrated Oleovitamin A and D is either fish 
liver oil or fish liver oil diluted with an edible vegetable 
oil, or a solution of Vitamin A and D concentrates in 
fish liver oil or in an edible vegetable oil. The Vitamin A 
is obtained from natural (animal) sources and the Vita- 
min D may be from natural (animal) sources or may be 
synthetic oleovitamin D. Concentrated Oleovitamin 
A and D contains, in each Gm., not less than 50,000 and 
not more than 65,000 U.S. P. Units of vitamin A, and 
not less than 10,000 and not more than 13,000 U.S. P. 
Units of Vitamin D. 


Description and Properties—A thin, oily liquid which may have a 
fishy, but not a rancid odor and taste. 
Tests for Purity— ; 

Free fatty acids—Same as for Oleovitamin A. 
Assays—Proceed as directed under Vitamins A and D Assays. 
Storage—Keep Concentrated Oleovitamin A and D in tight con- 
tainers. It may be bottled or packaged in containers from which the 
air has been expelled by the production of a vacuum or by an inert 
gas. 


Average Dose—To be determined by the physician 
according to the needs of the patient. 


Concentrated Oleovitamin A and D Capsules U. S. P. 
Capsule Oleovitamine A et D Concentrate 


[Cap. Oleovitam. A et D Conc.—Concentrated Vitamin A and D 
Capsules, Sp. CApsulas de Oleovitaminas A y D Concentradas] 


Concentrated Oleovitamin A and D Capsules contain 
not less than 95 per cent and not more than 105 per 
cent of the labeled amount of concentrated oleovitamin 
A and D. , 

The oil in Concentrated Oleovitamin A and D Cap- 
sules conforms to the definition for Concentrated Oleo- 
vitamin A and D but may be adjusted in Vitamin A 
and Vitamin D potency. Concentrated Oleovitamin A 
and D Capsules shall be labeled to contain 5000 U.S. P. 
Units of Vitamin A and 1000 U.S. P. Units of Vitamin 
D per Capsule. 

Oil content of capsules—See Oleovitamin A Capsules. 

When the oil in the Capsules is dispersed throughout a solid or 

semi-solid gelatin medium, proceed as directed under Halibut Liver 
Oil Capsules. : ; ; 
Description, Test, and Assay—The oil contained in the Capsules 
conforms in all respects, with the exception of the potency require- 
ments, to the specifications for Concentrated Oleovitamin A and D. The 
vitamin A and vitamin D potency shall be that claimed on the label. 
Storage—Keep the Capsules in well-closed containers and protect the 
oil in the Capsules from lght. 


Average Daily Prophylactic Dose—1 Capsule. 


SYNTHETIC OLEOVITAMIN D_ U. S. P. 
Oleovitamina D Synthetica 


[Oleovitam. D. Synth.—Viosterol in Oil (Applying only to Activated 
Ergosterol in Oil), Sp. Oleovitamina D Sintética] 


Synthetic Oleovitamin D is a solution of activated 
ergosterol, or activated 7-dehydrocholesterol, in an 
edible vegetable oil. Synthetic Oleovitamin D contains 
in each Gm. not less than 10,000 U.S. P. Units of Vita- 
min D. 

Description aud Properties—A clear, colorless to light yellow, oily 
liquid. It is almost odorless and has a bland taste. It is slightly 


soluble in alcohol, but is miscible with ether and with chloroform. 
Test for Purity— ; 

Free fatty acids—EHquivalent in 2 Gm. to not more than 1.5 cc. of 
fiftieth-normal sodium hydroxide. : . 
Assay—Proceed as directed under Vitamins A and D Assays (page 
1015). i 
Loboling It must be labeled to indicate whether it contains acti- 
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vated ergosterol (vitamin De or viosterol) or whether it contains acti- 


vated 7-dehydrocholesterol (vitamin Dg). _ ; 
Storage—Keep Synthetic Oleovitamin D in small, tight containers, 
preferably in a cold place. 


Average Dose—To be determined by the physician 
according to the needs of the patient. 


THE WATER-SOLUBLE VITAMINS 


Vitamin B-Complex 


The ‘‘water-soluble B” of McCollum, or the ‘‘anti- 
beriberi vitamine,”’ of Funk has now been differentiated 
into at least ten separate and distinct chemical entities. 

Six nutritional factors, in addition to thiamine, 
riboflavin, niacin, and folic acid, that are soluble in 
water have been found to play intimate and important 
roles in the metabolism of living plant and animal cells. 
These are p-aminobenzoic acid, biotin, choline, inositol, 
pantothenic acid, and pyridoxine. They have been iso- 
lated from extracts of plant or animal tissues, charac- 
terized, and synthesized, and have been found essential 
for the normal nutrition of one or another species 0° 
animals. That these compounds appear to have an 
essential part in cellular metabolism in animals has 
been taken as presumptive evidence of their importance 
in human nutrition. However, no clear-cut demonstra- 
tion of their need in human nutrition has yet appeared, 
owing perhaps to their wide distribution in natural 
foods, and to the prolific synthesis of them by the bac- 
teria of the intestinal tract. 

In 1930, when it was clear that vitamin B was of 
multiple nature, the term vitamin B-complex was coined 
to refer to the group of water-soluble factors found in 
relatively high concentrations in such products as 
liver, yeast and rice-bran, that had to do with growth 
on purified diets contaiming the other then-known vita- 
mins. This has been a convenient term to use in scien- 
tific literature, but it was not intended to be a specific 
name for pharmaceutical preparations that contain 
varying proportions of the B vitamins. It should be 
borne in mind that the term was intended to apply to 
a group of vitamins whose identity was being sought, 

rather than to a group of compounds whose identity 
had been established. 

Therefore the therapeutic significance .of the term 
vitamin B-complex should be questioned, since each of 
the nutritional factors of this group has a specific func- 
tion in animal metabolism. There is no one natural 
source of the group as a whole that is necessarily supe- 
rior to another source. No natural source contains all 
the water-soluble factors in the proportions that are 
needed in human nutrition, and the therapeutic value 
of any vitamin-containing material depends upon the 
needs of the individual to whom they are being ad- 
ministered. It should be emphasized further that 
synthetic vitamins are not inferior to the naturally occurring 
ones in their biological effect in the deficient animal. 
Of the eleven water-soluble vitamins discussed below, 
only one, ascorbic acid, is not classified as a member of 
the B-vitamin group. 


p-Aminobenzoic Acid 


The failure of growth of rats, chicks and mice, and 
a number of microorganisms has been observed in: the 
absence of p-aminobenzoic acid. This substance is un- 
doubtedly an essential constituent of cellular metabo- 
lism, though its function is unknown, but because of a 
completely adequate supply, both from dietary sources 
and from intestinal synthesis, no sign of deficiency has 
been observed. It is present as a component part of 
folic acid, but there is evidence that it is needed in 
other capacities as well. Nutritional achromotrichia 
in black rats has been observed as a symptom of de- 
ficiency. p-Aminobenzoic acid counteracts the bac- 


teriostatic effect of sulfanilamide and othér sulfa drugs, 
due, presumably, to its structural similarity. In any 
use of this substance as a dietary supplement, account 
should be taken of this effect. 


HNC _YcooH 


The compound is soluble in water and in alcohol. 
It crystallizes as a colorless substance that melts at 
186°. It is found widely distributed in plant and 
animal tissues, both in a free and a bound form. Micro- 
biological assay procedures are available for its deter- 
mination. 

Need for p-aminobenzoic acid in human nutrition has | 
not been demonstrated, but much evidence has accumu- 
lated to indicate its usefulness in the treatment of the 
rickettsial diseases such as Rocky Mountain spotted 
fever. 


Ascorbic Acid (Vitamin C Cevitamic Acid) 
HO—C=—C—OH O0—=C—C—0 


| ice 

O=C CHCH—CH,0H O=C CHCA—CH20H 
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l-ascorbic acid dehydro-ascorbie acid 


Vitamin C, or ascorbic acid, is the water-soluble vita- 
min that is necessary in the prevention and cure of the 
deficiency disease scurvy (antiscorbutic vitamin). This 
disease has been recognized since the Middle Ages, and 
was found widespread in northern Europe and among 
the crews of sailing ships wherever they sailed. During 
the eighteenth century it was learned that when fresh 
fruit was made available aboard sailing vessels, scurvy 
was avoided. In 1907 Holst and Frolich observed a 
scurvy-like syndrome in guinea pigs that was similar 
to human scurvy, and cured it by feeding citrus Juices. 
This gave an experimental means for the rapid develop- 
ment of our knowledge of vitamin C, to which many 
workers have contributed. Thousands of pounds of the 
vitamin are now synthesized annually for addition to 
dietary foods and pharmaceutical preparations. 

Vitamin C is found in all living plant cells, is syn- 
thesized during the germination of seeds, and is rela- 
tively concentrated in the rapidly growing parts of the 
plant. It is present in all animal tissues as well, but 
only guinea pigs, the primates, and man are unable to 
meet body needs by synthesis, and must rely upon a 
dietary source. In the animal, ascorbic acid is not stored 
in large amounts, but is present in relatively low con- 
centration except in the organs and glands that have 
endocrine functions, such as the liver, adrenals, thymus, 
and pituitary. High levels of the vitamin appear to be 
associated with tissues of high metabolic activity. 

The biochemical reactions in which vitamin C plays 
a part have not been elucidated; however, it is known 
to be essential for the formation of intercellular collagen. 
In scorbutic tissues the amorphous ground substance, 
and the fibroblasts in the area between the cells appear 
normal but without the matrix of collagen fibers. These 
bundles of collagenous material appear within a few 
hours after the administration of ascorbie acid. This 
points to the relationship of the vitamin in maintenance 
of tooth structures, matrix of bone, and the walls of 
capillaries. In scurvy these are the tissues found to be . 
faulty. : 
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Sources—Vitamin C appears to be present in all 
living tissues, but our best sources of supply are fresh 
fruits such as citrus fruits, strawberries and currants, 
and green vegetables such as lettuce and cabbage. 
Although potatoes do not contain large amounts of 
ascorbic acid, because of the great quantities consumed 
they constitute one of our major sources. It is a com- 
mon practice, and a sound one, to rely to a large extent 
upon citrus fruits and juices as important vitamin C 
carriers, particularly in infant feeding. An ounce of 
orange or lemon juice per day is sufficient to prevent 
scurvy in humans on an otherwise vitamin C-low diet. 

Ascorbic acid is a relatively unstable compound, and 
is readily lost during cooking, if simple precautions to 
avoid aeration are not taken. Also, because of its 
easy solubility, the vitamin is lost to a considerable 
extent where large amounts of cooking water are dis- 
earded. Loss of vitamin C may occur in fresh fruits 
and vegetables that are stored for any length of time, 
although this loss may be greatly reduced with re- 
frigeration. Quick-freeze and canning processes are 
now designed to save a large proportion of the vitamin. 

In dry powder or tablet form, ascorbic acid is quite 
stable. Incompatible mixtures of the vitamin in solu- 
tion with minerals or alkali are to be avoided: 

Chemistry—Ascorbic acid is a six-carbon derivative 
of the hexose sugars, easily soluble in water, with an 
acid taste. It crystallizes in white odorless crystals 
that have a melting point of 192°. In water solution 
it has the acidic properties of a monobasic acid, forms 
_ salts with metallic ions, and has an optical activity of 
(a)> = +28° in water. Solutions of ascorbic acid are 
strongly reducing, and the vitamin is easily oxidized, 
particularly in the presence of copper. Upon mild 
oxidation, ascorbic acid is oxidized to dehydro-ascorbic 
acid, which is easily reduced in the presence of hydrogen 
sulfide. In animal tissues these two forms are found to 
be in equilibrium. This property of oxidation-reduction 
is the most likely basis for the role of the vitamin in 
biochemical reactions. The structural relationship 
- between ascorbic acid and its dehydro form is illustrated 
above. 

The biologically active form of ascorbic acid is desig- 
nated levo, since it is derived from [-sorbose or /-gulose. 
l-Sorbose, prepared from glucose, is the source used in 
the commercial preparation of ascorbic acid. Oxidation 
of l-sorbose gives rise to 2-ketogulonic acid which, in 
acid solution, lactonizes into ascorbic acid. 

Physiology—The picture of clinical scurvy in humans 
is one that can be related to the general breakdown of 
intercellular collagen substance. Bleeding is common, 
particularly at sites of pressure. The occurrence of 
petechiae, pin-point hemorrhages that occur in the skin 
under reduced pressure, has been used as a diagnosis of 
scurvy. This is an indication of weakness or fragility 
of the walls of capillaries. Bones become brittle and 
cease to grow, with normal functions replaced by con- 
nective tissue that contains calcified cartilage. Anemia 
“is a common occurrence in scurvy, indicating a break- 
down in the blood-forming organs. Tooth enamel, 
cementum, and particularly dentin change in struc- 
ture, and the gums about the teeth become spongy and 
bleed easily. 

Vitamin C is essential for the healing of bone frac- 
tures. Such fractures heal slowly in a patient deficient 
in vitamin C. This is true also of wound healing. 

Studies have been reported which indicate that vita- 
min C is a factor in resisting infection. It has also been 
stated that the vitamin reduces the effect of diphtheria 
toxin and has bactericidal properties. There is consid- 
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erable controversy over such claims as these, however, 
and they cannot be accepted in the light of conflicting 
observations. 


Vitamin C Requirements—It is difficult to state the human 
requirement for vitamin C. The minimum daily requirement 
established under the Food, Drug, and Cosmetic Act is 30 mg. 
daily. This is the amount contained in approximately 2 ounces 
of lemon juice or orange juice. Frank symptoms of scurvy did 
not appear among populations of European countries during 
World War II that could not have had an average intake of more 
than 10 mg. daily. A more liberal allowance of 75 mg. daily is 
recommended by the*Food and Nutrition Board. For thera- 
peutic purposes in treatment of scurvy, larger amounts, 100 to 
500 mg. daily, have been recommended. 

Assay—Prophylaxis and cure of the scorbutic syndrome in 
guinea pigs have been used as a basis for biological assay of 
vitamin C. Animals fed a diet low in vitamin C develop signs of 
scurvy in two weeks’ time, and are readily cured with sources 
of the vitamin. Comparison of response to pure ascorbic acid 
and to an assay sample can be made quantitative. Histological 
changes in the teeth that are rapidly reversed after administra- 
tion of vitamin C have also been used to measure degree of re- 
sponse. Although biological methods of assay have been largely 
replaced by chemical methods, the biological method remains the 
method of choice where a question of specificity arises. For ex- 
ample, chemical methods now available are unsuitable for dif- 
ferentiating between l-ascorbic and d-dso-ascorbie acid, an iso- 
meric form of the vitamin, when they are present in complex 
mixtures. In such instances, it is necessary to resort to the bio- 
assay method. 

The chemical method most widely used is a titrimetric proce- 
dure with the indophenol dye, 2,6-dichlorophenol-indophenol. 
Its reaction with the vitamin is one of oxidation-reduction, the 
vitamin being oxidized to dehydro-ascorbic acid, the dye reduced 
to its colorless form. Since other naturally occurring compounds 
also reduce the dye, a number of modifications have been pro- 
posed to eliminate their effect. Conversion of the dehydro- 
ascorbic acid back to-ascorbic acid with hydrogen sulfide is one 
modification used for the purpose. 

A second chemical method has been introduced recently that 
depends upon the formation of the phenylosazone of dehydro- 
ascorbic acid which is yellow in color and may be measured 
colorimetrically. Also iodine and methylene blue have been used 
to titrate pure solutions of ascorbic acid, but not natural products. 
Because of the availability of these rapid and easily applied pro- 
cedures, our knowledge of distribution of vitamin C in nature is 
more complete than for any of the other vitamins. 

In these methods the reference standard used is the U.S. P. 
crystalline ascorbic acid. Potency of the vitamin is most com- 
monly expressed in ternis of milligrams of ascorbic acid. An 
International Unit of vitamin C is equivalent to 0.05 mg. of 
ascorbic acid. 

See also Biological Assays (page 999). 
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First evidence of the need in animal metabolism for 
a nutritional factor called vitamin H, later identified as 
biotin, was obtained by feeding high levels of unheated 
ege-white to rats and chicks. Avidin, a basic protein 
contained in egg-white has the capacity for combining 
stoichiometrically with biotin to form a complex un- 
absorbable by the animal intestinal tract. The manifes- 
tations of biotin deficiency in experimental animals are 
dermatitis and loss of hair which in rats is accom- 
panied by an abnormal posture and gait. In chicks the 
dermatitis is accompanied by perosis or slipped tendon. 

In 1936 Kogl and Toénnis isolated from egg-yolk a 
substance required for the normal growth of yeast. 
The factor was named biotin and was later found to be 
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identical with coenzyme R, a growth and respiratory 
stimulant for the microorganism Rhizobium, and with 
vitamin H, the animal nutritional factor. 

Chemistry—The structure of biotin was established 
by du Vigneaud and synthetic biotin is now available 
commercially. Biotin is a crystalline compound, soluble 
in water and in alcohol, but insoluble in fat solvents, 
with a melting point of 230°. It is stable to heat in 
strong acid solution, but unstable in alkaline solution 
and is inactivated by oxidizing agents. 

Sources—Both plant and animal tissues contain 
biotin; and liver, kidney, pancreas, and egg-yolk are 
good sources of it. It is present as free biotin and as the 
methyl ester, as well as in other bound forms that are 
hydrolyzed by heating in acid solution or by enzyme 
digestion. 

Physiology—Attempts to induce biotin deficiency in 
man by inclusion of large amounts of unheated ege- 
white in the diet have resulted in the appearance of 

vague symptoms, such as change in skin color, slight 
change in lingual papille of the tongue, loss of appetite, 
sleeplessness, and extreme lassitude. Rapid relief from 
such symptoms was observed with administration of 
biotin. This condition is difficult to produce in human 
subjects, however, and there is much uncertainty as to 
the exact nature of the deficiency syndrome as well as 
to the need for biotin in human nutrition. Intestinal 
synthesis is undoubtedly a factor in the supply of biotin 
to the animal body. 


Assay—Microbiological assay procedures are available for the 
assay of biotin that employ Lactobacillus caset, Lactobacillus 
arabinosis, or Saccharomyces cerevisiz. Also useful are animal 
bio-assays in which biotin depletion is accomplished in the assay 
animals by maintenance on synthetic diets containing 1 per cent 
sulfasuxidine to control intestinal synthesis, or on diets contain- 
ing high levels of unheated egg-white. Growth response after 
addition of biotin to the diet is proportional to the level of biotin 
fed, within certain limits. Both rats and chicks have been used 
for this purpose. 


Choline 
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The propriety of including choline in the B group of 
vitamins has been questioned, because of the relatively 
large dietary amounts required, and because its chemi- 
cal identity was well known long before discovery of 
its physiological importance. Nevertheless, choline 
plays an important role in biological methylation re- 
actions, and dietary deficiency of it leads to dire results 
in several species of Las 


Chemistr hydroxyethyl trimethylam- 
monium nederdel Tt is is a constituent of phospholipids, 
such as lecithin and sphingomyelin, which are impor- 
tant in the mobilization of fat in the body, and of 
acetylcholine, a constituent of nerve tissue. It serves 
also as a donor of “labile methyl’ groups in important 
methylation reactions. In animal metabolism not all 
methyl groups of metabolic compounds are utilizable 
for transmethylation. It appears that only those 
attached to nitrogen or sulfur are labile, and choline, 
methionine, and betaine are the chief donors. Because 
methionine must function as an amino acid, its use as 
a source of methyl groups is limited, and choline is thus 
important in sparing protein. Transmethylation reac- 
tions in the body are important in the synthesis of 
creatine, anserine and N-methyl-nicotinamide. 


factor. 
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Choline Requirements—Choline is required for normal growth 
of the rat, chick, dog, and the hamster. Failure of lactation in 
the rat and the hamster, stomach lesions in the rat, fatty deposi- 
tion in the liver of the rat and the dog, and perosis or slipped 
tendon in the chick have been observed in animals on choline- 
free diets. Choline is required for growth of some microorganisms 
and a mutant strain of Newrospora crassa-cholinless has been 
found suitable for the determination of choline. 

The occurrence of fatty infiltration of the livers of choline- 
deficient animals has suggested the therapeutic use of choline for - 
treatment of similar conditions in human patients. Results have 
not been encouraging, however, perhaps because of the irreversi- 
bility of tissue damage when it has reached the stage of severity 
subject to clinical diagnosis. 

The choline content of foods is related to lecithin content. 
Brain and spinal cord tissue are high in choline content, and egg 
yolk, heart, kidney, wheat germ, and oily seeds and nuts are food 
sources. 


Folic Acid (Vitamin M) 
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Pteroylglutamic Acid 


The most recently synthesized member of the group 
of water-soluble vitamins necessary in normal cellular. 
metabolism is folic acid, or pteroylglutamic acid. The 
crystalline vitamin is effective in the treatment of 
tropical sprue, nutritional macrocytic anemia, and the 
macrocytic anemias of pregnancy and infancy. Hema- 
tologic remissions in cases of pernicious anemia have 
been effected with administration of folie acid, although 
the degenerative changes in the nervous system do not 
appear to respond to such treatment. Folic acid de- 
ficiency has been produced in several species of animals. 
A deficiency of this substance was first observed in the 
monkey, characterized by anemia, and the curative 
factor was labeled vitamin M. In another laboratory 
a deficiency syndrome in rats on purified diets was found 
to be prevented by soluble fractions prepared from 
casein, and the effective principle was named vitamin 
Be. Another group of workers found that the micro- 
organism Lactobacillus casei requires for its growth a 
substance that was found in the fraction eluted from 
norite after adsorption from liver extract preparations. 
This factor was called norite-eluate factor, or L. caset 
From still other efforts, a nutritional factor 
necessary for the normal growth of microorganisms was 
found present in green plant tissue and was named folie 
acid. Following isolation and synthesis, these factors 
were found toa be identical with the compound pteroyl- 
glutamic acid. 

Chemistry—The molecule is made up of a pteridyl 
group, p-aminobenzoic acid and l-glutamic acid. The 
pteridyl nucleus is related to xanthopterin, a member 
of the pterin series of naturally occurring yellow pig- 
ments. Folic acid is a yellow, crystalline substance, 
slightly soluble in water, but soluble in dilute alkali. 
It is readily destroyed by boiling in acid solution, but 
is relatively stable to processing and storage in foods 
and in pharmaceutical preparations. The compound 
has a characteristic maximum absorption in the ultra- 
violet range of the spectrum, and exhibits a bright blue- 
green fluorescence when exposed to ultra-violet light. 
Folie acid is present in natural sources in bound forms 
which contain more than one molecule of glutamic acid. 
Compounds containing 3 and 7 glutamic acid residues 
have been isolated thus far. These forms have been 
converted to pteroylglutamic acid by means of an 
enzyme found in the brain and pancreas of chicks and 
rats. 2 
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Physiology—Folic acid is essential for growth of sev- 
eral species of bacteria. Lactobacillus casei and Strepto- 
coccus fecalis are the organisms most frequently em- 
ployed in assay procedures for this vitamin. These 
methods follow the same pattern as that used for niacin, 
described under Biological Assays (page 1019). Syn- 
thetic crystalline pteroylglutamic acid is used as a 
reference standard for this purpose, and growth response 
of the organism to graded doses of the standard and 
comparable amounts of the assay sample are measured 
either turbidimetrically, or by titrating the acid formed 
after an incubation period of 24 to 72 hours. Growth 
of chicks on a purified folic acid-free diet supplemented 
with folic acid or with assay sample has been used for 
measuring folic acid potency of foods. Rats main- 
tained on purified diets free of folic acid, but contain- 
ing | to 2 per cent of sulfasuxidine or sulfathalidine de- 
velop severe anemia, leucopenia, and granulocytopenia. 

Little is known concerning the physiological role of 
folic acid in the animal body. From observations on 
bacterial growth it appears to be related to the synthesis 
of thymine, and therefore to the metabolism of nucleic 
acids. In the monkey symptoms of deficiency include 
leucopenia, granulocytopenia, necrosis of the gums, loss 
of appetite, and diarrhea. Failure of growth is a symp- 
tom observed in all species of animals in which the 
lack of folic acid has been studied. 


Folic Acid Requirements—In human cases of macrocytic 
anemia of various types, including pernicious anemia, there is a 
profound blood regeneration after administration of folic acid. 
Curative doses of 10 mg. to 50 mg. daily have been used in treat- 
ment of macrocytic anemias, while 5-mg. doses appear to be suf- 
ficient for maintenance in remission. Changes in the blood 
stream take place in 3 to 6 days, with dramatic increases in 
leucocytes, granulocytes, platelets, and red cells. Bone marrow, 
in which there is a megaloblastic arrest in the deficiency state, 
returns to normal in a comparatively short time. 

In a limited number of cases it has been observed that doses of 
10 to 50 mg. of folic acid daily did not prevent development of 
neurologic changes and that 100 mg. to 500 mg. daily did. not 
arrest progression of degeneration in both the central and pe- 
ripheral nervous systems of patients suffering from Addisonian 
pernicious anemia. Liver extract, however, was found to pro- 
mote rapid improvement in such patients. Since the folic acid 
content of liver extract preparations potent in the pernicious 
anemia factor is negligible, it is clear that a factor or factors other 
than folie acid are of primary importance in correcting the 
changes that occur in pernicious anemia. 

Although the human requirement for folic acid under normal 
conditions has not been determined with certainty, it appears to 
fall in the same range as that for thiamine. A daily intake of 0.5 
mg. to 1.0 mg. appears to be sufficient to prevent any of the meta- 
bolic changes thus far observed. 
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It has been known for many years that inositol, 
hexahydroxycyclohexane, occurs naturally in both plant 
and animal tissues. It is found, for example, in wheat- 
bran in the form of phytin, the Ca-Mg salt of its hexa- 
phosphate, and in heart-muscle and other body tissues 
inafree form. Its biological activity in the metabolism 
of the mouse was discovered in 1940 by Woolley, who 
observed that mice maintained on diets low in inositol 
content failed to grow normally and became denuded. 
Paveek and Baum attributed the appearance of a spec- 
tacled-eye denudation in the rat to a lack of inositol. 
In its uncombined form it is essential for growth of 
some yeasts and fungi. 

- The optically inactive isomer, 7-inositol, or meso- 


HO 
HO 
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inositol, is the only one that has biological activity. 
It has a sweet taste, is soluble in water, but insoluble in 
absolute alcohol or ether. It is stable to strong acid 
and alkaline hydrolysis. 

Physiology—Inositol occurs normally in nearly all 
plant and animal cells, suggesting that it is an essential 
cell constituent. There is no direct evidence of its 
possible function except that it has been found as a 
constituent of an amylase enzyme system. Its function 
as a vitamin appears to be closely related to that of 
pantothenic acid and p-aminobenzoic acid. In com- 
bination with choline it has a lipotropic action in reduc- 
ing the level of fat in experimentally produced fatty 
livers. This relationship with other water-soluble vita- 
mins may be dependent upon the fact that the intesti- 
nal flora of the animal is a constant source of all of these 
nutritional factors. Inositol is determined micro- 
biologically by use of Saccharomyces cerevisiz in a pro- 
cedure similar to that used for pyridoxine. 

There has as yet been no demonstration of need for 
inositol in human nutrition. 


Nicotinic Acid (Niacin) and Its Amide 
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Niacin is effective in the treatment of the deficiency 
disease, pellagra, in humans and its analogue, black 
tongue, in dogs. Although pellagra in most. instances 
is undoubtedly a multiple-deficiency state, the charac- 
teristic symptoms respond to niacin administration. 

That pellagra is a result of dietary deficiency was 
first demonstrated by the classical experiments of Gold- 
berger and his co-workers. He found that liver concen- 
trates and yeast were potent sources of the antipellagra 
factor. In 1937 Elvehjem and co-workers isolated from 
liver a crystalline fraction, effective in the cure of black 
tongue in dogs, which they identified as nicotinic acid. 
Within a few months, Spies and Fouts and Smith ob- 
tained dramatic cures of human pellagra with nicotinic 
acid administration. 

Pellagra has been the most important deficiency dis- 
ease in this country and before the war was the cause 
of thousands of deaths annually, particularly in the 
southeastern states. Its occurrence has been  wide- 
spread as well in the countries of southern Europe and 
since the war is of serious importance in the Philip- 
pines and in China. Pellagra appears among low- 
income groups in persons who live on diets of poor 
nutritional quality, and has become of importance 
during the past hundred years since the introduction of 
corn as a principal article of diet. Recent work indi- 
cates that the disease is the result of a combination of 
poor quality protein, sub-minimal niacin, and ingestion 
of foods containing antivitamin compounds that in- 
crease the niacin requirement. 

Niacin is synthesized in growing plants and in many 
microorganisms. It is present in limited amounts in 
most foods. Animals and man‘are dependent upon a 
dietary supply of niacin which in most species is sup- 
plemented by appreciable amounts synthesized by the 
bacteria of the intestinal tract. In the rat the intes- 
tinal synthesis appears to be adequate in the absence 
of dietary niacin. < 

In the body niacin is converted to niacinamide, which 
is an essential constituent of coenzymes I and IT that 
occur in enzyme systems involved in the oxidation of 
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carbohydrates. The coenyzme serves as a hydrogen 
acceptor in the oxidation of the substrate. These 
enzymes are present in all living cells and take part in 
many reactions of biological oxidation. 

Niacin and niacinamide are prepared commercially 
for use in foods and pharmaceutical preparations by 
synthesis. The annual commercial production amounts 
to several hundred tons. 

Chemistry—Nicotinic acid is the B-carboxylic acid 
of pyridine. It was first prepared by Huber in 1870 by 
the oxidation of nicotine with chromic acid. Methods 
commonly used in its commercial preparation include 
oxidation of nicotine with nitric acid and treatment of 
8-picoline or quinoline with permanganate. Niacin- 
amide is prepared by heating the acid with ammonia. 

Nicotinic acid crystallizes from water or alcohol 
solutions as white needles that have a melting point of 


236° and a maximum absorption at 385 my. The 
compound sublimes without decomposition. The 


chemical structures of nicotinic acid and its amide are 
given above. ' 
Niacin, the most stable of the vitamins, is not de- 
stroyed by heating in acid or alkaline solution. It with- 
stands mild oxidation, and retains its biological activity 
during the processing of food and the preparation and 
storage of pharmaceuticals. It is readily soluble in 


water and alcohol, but insoluble in ether and chloro- 
form. Niacinamide, on the other hand, may be ex- 


tracted from water solution with ether. The amide is 
readily converted to the free acid by heating in acid or 
alkaline solution. 

Physiology—In the stepwise degradation of glucose 
in normal carbohydrate metabolism in the animal body, 
oxidation is accomplished in an anaerobic manner by 
removal of hydrogen from the substrate molecule. This 
is done in the presence of a hydrogen acceptor, an 
enzyme system containing nicotinic acid amide that is 
specific for each reaction. Specificity of each enzyme 
depends upon the presence of a specific protein, but 
the coenzyme is either diphosphopyridine nucleotide or 


triphosphopyridine nucleotide consisting of niacin- 
amide, adenine, ribose, and phosphoric acid. Coen- 
zyme I, the diphosphonucleotide, has the following 
composition. 
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Coenzyme I 


The triphosphonucleotide differs only in having an 
additional molecule of phosphoric acid between the two 
ribose groups. 

The coenzyme is reduced by addition of 2 atoms of 
hydrogen, and is oxidized when this hydrogen is given 
up to reduced flavoprotein enzymes. By this stepwise 
removal of hydrogen, glucose is oxidized through 
pyruvic acid to CO, and water. 

These coenzymes are synthesized and havea part in 
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the metabolism of all living cells. Since they are of such 
widespread and vital importance, it is not difficult to 
see why serious disturbance of metabolic processes 
occurs when the supply of niacin to the cell is inter- 
fered with. 

Dietary niacin is required by the dog, pig, chicken, 
rabbit, and monkey, in addition to man. Intestinal 
synthesis appears to suffice in the case of the rat, al- 


though it is difficult to demonstrate that this is the 


source of supply (by feeding diets containing sulfa drugs 
which affect the intestinal flora). A pellagra-like ef- 
fect has been produced in the rat by feeding diets that 
contain protein of poor quality, such as corn protein or 
gelatin deficient particularly in tryptophane. Addi- 
tion of either tryptophane or niacin results in normal 
growth response. It has been suggested that trypto- 
phane may serve as a precursor of niacin, and therefore 


that a deficiency of either would result in the same meta- 


bolic breakdown. It has been shown further that such 
foods as corn contain substances which when added to 
diets of mice cause a pellagra-like syndrome to develop. 
Addition of increased amounts of niacin has been found 
to overcome such antivitamin effect. This observation 
may explain why corn, of intermediate niacin content, 
can bring about a metabolic change in humans, who 
suffer no such ill-effects on diets containing cereals other 
than corn, but of similar niacin content. It would ap- 
pear that subminimal intakes of tryptophane and nia- 
cin, as well as ingestion of foods containing pellagragenic 
antivitamin compounds, all favor the development of 
pellagra. 

Niacin is readily absorbed from the intestinal tract, 
and large doses may be given orally or parenterally, with 
equal effect. The free acid in amounts of approximately 
20 mg. or more in humans has a vasodilator effect that 
occurs a few minutes after oral ingestion and lasts for a 
few minutes to an hour. Symptoms of flushing, itching, 
and tingling sensations have been observed, with in- 
crease in skin temperature, and increased motility and 
secretion in the stomach. Niacinamide does not have 
such an effect. 

The principal excretory product of niacin in the urine 
is N-methyl-nicotinamide, a fluorescent compound 
formed in the liver. On a normal diet approximately 
one-fourth of the niacinamide ingested is excreted as N- 
methyl-nicotinamide. With increased levels of niacin 
intake the per cent of ingested niacin excreted as the 
fluorescent substance is decreased. - 

Compounds other than niacin or niacinamide that 
are biologically active are those that are readily hydro- 
lyzed to niacin in the animal body. Nicotinurie acid, 
coramine, or ethyl nicotinate are examples. T'rigonel- 
line, the betaine of N-methyl niacin, a common con- 
stituent of some foods, is biologically inactive. 


Therapeutic Uses and Requirements—In the human, pellagra 
ordinarily develops over a relatively long period of depletion, 
during which there is complaint of ill-health with insidiously ad- 
vancing symptoms that gradually increase in intensity. Loss of 
weight, strength and appetite, insomnia, headache, anorexia and 
diarrhea are common, and appear without obvious cause. Other 
early symptoms may include abdominal pain, nervousness, and 
mental confusion. The picture of pre-clinical pellagra is not a 
clear one, but such symptoms associated with obviously inade- 
quate nutrition are highly suggestive. 

Typical manifestations of pellagra in a well-advanced stage are 
diarrhea, dermatitis, and dementia. Gastrointestinal difficulties 
vary in severity and absence of gastric secretion is a common 
finding. In the more advanced stage diarrhea is severe. Derma- 
titis has a characteristic appearance and occurs at those sites sub- 
ject to exposure or irritation. The skin lesions are usually bi- 
laterally symmetrical, and appear first as erythematous patches, 
changing to brown pigmented areas, followed by desquamation 
and thickening. Glossitis is common, characterized by swelling 
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and redness at the margins and tip of the tongue. Due to inflama- 
tion and superficial desquamation, the tongue, gums and lips 
appear scarlet and smooth. Mental symptoms vary in occurrence 
and intensity, but include irritability, mental depression, and emo- 
tional instability. A confused mental state with hallucinations, 
mania, and delirium are seen in advanced stages of the disease. 

Pellagra is a complex deficiency and symptoms of riboflavin, 

thiamine, and folic acid deficiency frequently complicate the 

clinical picture. 

Treatment of the disease requires immediate change to a well- 
balanced diet, as well as use of niacin or niacinamide. Where 
neurological symptoms are present, use of thiamine and ribo- 
flavin may be necessary as well. 

Doses of 50 to 500 mg. daily of niacin or niacinamide have been 
used in curative treatment. The niacinamide is of advantage in 
that it does not produce vasodilation in the skin with sensations 
of itching, burning, or tingling. Reactions from niacin given 
orally are of reduced intensity if the dose is given following a 
meal. Small doses given frequently during the day have been 
found to be more effective than a single large daily dose. With 
severe nausea and diarrhea intravenous injection of niacinamide 
is of advantage. Recovery from the acute condition is dramatic 
in most instances, and occurs within 24 to 48 hours. Maintenance 
doses that have been used following alleviation of the more severe 
condition have varied from 10 to 150 mg. daily. 

Human requirement for niacin has not been determined with 
any degree of accuracy. It is probable that dietary supply may 
vary widely, depending upon the amount of antivitamin sub- 
stances present in the diet, and upon the activity of the intestinal 
flora in niacin synthesis. The Food and Nutrition Board has sug- 
gested 12 to 20 mg. as the recommended daily allowance of man 
of varying degrees of activity. For purposes of labeling, the 
minimum daily requirement generally accepted is 10 mg., but 
has not yet been included in regulations on foods for special di- 
etary use under the Food, Drug and Cosmetic Act. 

Assay—There is at present no satisfactory method for the de- 
termination of niacin with animals. The cure of black tongue 
and increase in weight in depleted dogs after a test dose were of 
value in demonstrating the specificity of the now widely used 
microbiological methods, but have not been found suitable for 
routine assay procedure. 

A number of organisms, both pathogenic and non-pathogenic, 
are known to require nicotinic acid in their culture medium. 
Only a few of these, namely, Proteus, Shigella paradysenteriz, 
Lactobacillus arabinosus, Lactobacillus casei, and Leuconostoc 
mesenteroides, have been studied from the standpoint of develop- 
ment of methods of assay. The procedure employing Lactobacil- 
lus arabinosis, first described in 1941 by Snell and Wright, is the 
most widely used and is the one adopted by both the U. 8. P. and 
the A. O. A. C. for official purposes. 

In the U. 8. P. procedure, extraction of the nicotinic acid is 
carried out by heating the assay sample in normal H2SO4 for 30 
minutes at 121° C. 

_ A culture medium free of nicotinic acid containing glucose, 
salts, hydrolyzed casein, tryptophane, cystine, the purines, and 
crystalline vitamins is required for the assay. The liquid medium 
is added to test tubes with the proper amount of the assay solution 
or with graded amounts of the U.S. P. reference standard niacin. 
Then the tubes are made to a volume of 10 ce. with water, plugged, 
sterilized, and inoculated with a drop of cell-suspension of 
Lactobacillus arabinosus, grown under specified conditions. After 
72 hours’ incubation at 30° the growth response of the organism 
is measured, either turbidimetrically, or by the titration of the 
acid produced, with tenth-normal alkali. Sufficient levels of the 
standard niacin solution are included to permit construction of a 
curve of response for each assay. The nicotinic acid value of an 
assay solution is determined by interpolation from the standard 
curve, and by simple calculation the nicotinic content of the 
assay sample is determined. 

In such a microbiological procedure the organism responds to 
very small quantities of the vitamin. For example, the range of 
levels of niacin used for the standard response is 0.05 to 0.5 micro- 
gram per tube. Growth response is proportional to amount of 
vitamin added over this range. Thus the method is suitable for 
use with minute amounts of sample. The reliability and precision 
of the method have been demonstrated in many laboratories. 
The organism responds to niacin, niacinamide, nicotinuric acid 
and cozymase on an equimolar basis, but does not respond to 
trigonelline which is a constituent of some foods. 

_ Acchemical method suitable for niacin determination is based 
upon the reaction of the pyridine ring with cyanogen bromide in 
the presence of an aromatic amine such as aniline or p-amino- 
acetophenone to form a yellow-colored compound that may be 
measured colorimetrically. For solutions of nicotinic acid or the 
amide in relatively pure form, a simple colorimetric procedure is 
satisfactory. In measuring niacin content of complex materials 
such as plant or animal tissues, separation or removal of interfer- 


. 
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ing substances is difficult. It is necessary to hydrolyze the bound 
form of niacin by extraction with strong acid solution, then to 
adsorb the niacin from solution on Lloyd’s reagent. After elution 
in alkaline solution, and clarification with lead, the color is de- 
veloped with 3% cyanogen bromide solution and an aromatic 
amine, and read in a photoelectric colorimeter. By employing 
various methods of hydrolysis, this procedure is applicable to the 
determination of N-methylnicotinamide, the excretory metabo- 
lite of niacin, as well as to the biologically available forms of 
niacin. 
See also Biological Assays (page 1019). 


Pantothenic Acid 
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Our knowledge of the identity of pantothenic acid 
grew principally from experimental studies on micro- 
organisms and chicks. In 1933 Williams and co- 
workers found that a previously unrecognized, naturally 
occurring compound of unknown chemical composition 
was required for the growth of yeast. Because of its 
wide distribution they named the substance panto- 
thenic acid and in 1938 announced its chemical nature. 
In other laboratories its relation to a specific chick 
dermatosis was pointed out, and more recent work has 
demonstrated that all species of animals studied require 
pantothenic acid for normal growth. In pure form it is 
a viscous oil, pale yellow in color, but occurs as the 
calcium salt in white crystalline form. Calcium panto- 
thenate, the form used commercially, is readily soluble 
in water and in alcohol, and is unstable to heat, both 
in the dry state and in acid or alkaline solution. It is 
most stable at pH 5.5 to 6.5, and its solutions may be 
autoclaved at this pH for a short time without loss. 
Products of acid or alkaline hydrolysis are B-alanine and 
a-hydroxy-@,8-dimethyl-y-butyro-lactone. It is the 
peptide linkage that is the least stable bond of the 
compound. 

Physiology—Pantothenic acid, like other members of 
the B group of vitamins, is present in all plant and ani- 
mal tissues examined. It is presumably a normal con- 
stituent of all cells and must have an essential role in 
cellular metabolism. It has recently been found to be 
an important constituent of a co-enzyme concerned 
with biological acetylation. Failure of growth of many 
microorganisms in the absence of pantothenic acid has 
been demonstrated. 

Chicks on a diet deficient in pantothenic acid exhibit 
a specific dermatosis. In rats the deficiency syndrome 
includes failure of growth, necrotic lesions of the 
adrenal cortex, porphyrin staining of the hair coat, 
graying of hair in the black rat, and finally collapse and 
respiratory failure. In fur-bearing animals as well, the 
graying effect in the fur has been demonstrated on de- 
ficient diets. These observations suggested the use of 
pantothenic acid in humans for its effect on gray hair. 
Critical studies have demonstrated, however, that in 
normal adults supplements of pantothenic acid are of 
no value for restoration of color to gray hair. 

Sources—Many microorganisms have the ability 
to synthesize pantothenic acid. Synthesis by the bac- 
terial flora of the intestine in animals and man appears 
to be an important source of the vitamin, and is the 
probable explanation of failure to find a deficiency of 
this vitamin in humans. 

Pantothenic acid is widely distributed in plant and 
animal tissues. Yeast, liver, kidney, and eggs are par- 
ticularly good sources. It is present in natural sources 
in a bound form and must be hydrolyzed by enzymes 
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to a form available to Lactobacillus arabinosus for the 
microbiological determination. Royal jelly, a secretion 
of the pharyngeal glands of the honey bee, is the richest 
known source. 

Pantothenic acid is produced synthetically on the 
commercial scale. 

Assay—No chemical method for pantothenic acid determina- 
tion is available, but bio-assay procedures have been used in 
which growth response to graded levels of pantothenic acid stand- 
ard or sample is measured in rats or chicks maintained on panto- 
thenic acid deficient diets. ! 

The pantothenic acid requirement of animals appears to be 5 
to 10 times that for thiamine. 


Pyridoxine (Vitamin B,) 


CH.OH CHO CHeNHe 
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Pyridoxine Pyridoxal Pyridoxamine 


Pyridoxine is essential for growth of the rat, chick, 
dog, pig, and various microorganisms. Its existence 
as an essential nutritional factor distinct from vitamins 
B, and Bg was first demonstrated by Gyorgy in 1934. 
It was isolated in crystalline form in 1938, and during 
the following year the chemical structure was deter- 
mined and synthesis was accomplished. 

Observations on the growth effect of pyridoxine in 
lactic acid bacteria led to discovery of more active 
forms of the compound, the aldehyde and amine forms, 
which for Lactobacillus caset were found to be several 
hundred times more potent than pyridoxine itself. 
These three compounds, free or in their phosphorylated 
form, and other conjugates as well, occur naturally 
and vary in their biological potency. 

Sources—Pyridoxine appears to be widely distrib- 
uted throughout .the animal and plant kingdoms. 
Yeast and rice bran are rich in vitamin Beg activity, 
and cereals and seeds are good sources. Small amounts 
are found in milk, eggs, and green vegetables. 

Chemistry—Pyridoxine crystallizes as the free base 
in a colorless form which melts at 160°, has a bitter 
taste, and is readily soluble in water, alcohol, and ace- 
tone. It erystallizes as the hydrochloride and is pre- 
pared in this form for commercial use. The hydro- 
chloride is soluble in water and in alcohol and sublimes 
readily. Pyridoxine is one of the more stable vitamins 
and withstands heating in acid or alkaline solution. 
It is destroyed by heating for periods of 5 hours at the 
autoclaving temperature, and in dilute solution is some- 
what unstable to light, but under conditions of process- 
ing and storage of foods and pharmaceutical prepara- 
tions it is well retained. 

Physiology—In the rat, symptoms of deficiency of 
pyridoxine include failure of growth, edema, acrodynia, 
muscular weakness, and convulsive seizures, particu- 
larly in suckling young. The vitamin appears to be 
essential for the normal metabolism of protein. Pyri- 
doxal phosphate has been found in the enzyme code- 
carboxylase, which is required for the decarboxylation 
of tyrosine, arginine, glutamic acid, and other amino 
acids, Both pyridoxal phosphate and pyridoxamine 
phosphate function in enzyme systems that are in- 
volved in the transamination of amino acids. Increased 
excretion of xanthurenic acid in pyridoxine-deficient 
rats indicates a relationship of pyridoxine with trypto- 
phane metabolism also. Dietary requirements of 
pyridoxine for small animals are increased by inclusion 
of high levels of protein in their diets. Less clear-cut 
evidence indicates that pyridoxine may also be in- 


VITAMINS 


volved in the metabolism of fat. Animal requirements 
for pyridoxine fall in the same range as those for thi- 
amine. 

Results with animals have led to therapeutic trials 
of pyridoxine in human patients with muscular weak- 
ness, epilepsy, dermatitis, and nausea and vomiting of 
pregnancy. Response to such clinical use of pyridoxine 
has been mainly negative, giving no clear-cut evidence 
of need of this vitamin in human nutrition. 


Assay—Determination of the vitamin in natural products is 
complicated because of the existence of its several forms. 
Chemical procedures depend upon coupling of the vitamin with 
2,6-dichloroquinone chlorimide or with diazotized sulfanilie acid 
to produce colored compounds that are measured in a photo- 
electric colorimeter. These procedures were developed before 
the various forms of the vitamin were recognized, and their speci- 
ficity is open to question. The three forms, pyridoxine, pyridoxal, 
and pyridoxamine, are equally potent for the rat if fed separately 
from the ration, but when mixed with the ration pyridoxal and 
pyridoxamine are somewhat less active. Growth response of rats, 
maintained on a purified diet free of pyridoxine, to graded levels 
of pyridoxine or to assay sample is employed in the most satis- 
factory bio-assay procedure. The three forms of pyridoxine are 
equally effective in stimulating the growth of the yeast, Sac- 
charomyces carlsbergensis. This is the basis for a microbiological 
procedure that has been widely used and appears to offer much 
in the way of specificity. Other organisms which utilize only 
pyridoxal or pyridoxamine make it possible to differentiate be- 
tween these compounds. In the preparation of sample solutions 
for the microbiological assay procedures it is necessary to make 
extractions with dilute sulfuric acid to hydrolyze the bound forms 
of the vitamin. The U. 8S. P. Reference Standard Pyridoxine 
Hydrochloride is used as a standard of comparison in assay pro- 
cedures, and potency is expressed in terms of weight (usually mg.) 
of the vitamin. 


Riboflavin (Vitamin Bz, Vitamin G) 


Riboflavin deficiency in animals is characterized by a 
reduced rate of growth, alopecia, dermatitis, cheilosis, 
cataract, bradycardia, and general collapse. In the 
human, most frequently observed symptoms are chei- 
losis, a characteristic seborrhea, ocular manifestations 
that include photophobia, conjunctivitis, and corneal 
vascularization. All species of animals studied thus 
far require riboflavin as a constituent of the respiratory 
enzymes that are involved in the transfer of oxygen to 
the tissues, needed in the release of energy from the 
oxidative breakdown of carbohydrates. Riboflavin is 
reversibly oxidized and reduced and by virtue of this 
property it serves as a coenzyme in a number of flavo- 
protein enzyme systems that have been identified. It 
was first discovered as a constituent of the Warburg 
yellow respiratory enzyme system, and was later iso- 
lated from liver, milk, and eggs. Its synthesis in 1935 
by Kuhn and by Karrer proved it to be an alloxazine 
structure combined with ribose. 

Sources—Riboflavin is widely distributed in nature, 
in both plants and animals, as an essential constituent 
of all living cells. It is synthesized commercially on a 
large scale for addition to bread, flour, and other dietary 
and pharmaceutical preparations. 

Riboflavin deficiency in humans has not been found 
to be widespread in any part of the world, but is un- 
doubtedly a complicating factor in other deficiency dis- 
eases such as pellagra. Riboflavin is of importance in 
this country in supplementing animal feeds. 

Riboflavin is a constituent of all living cells and is 
therefore found widely distributed in small amounts in 
foods. It is quite stable in food processing except where 
there is excessive exposure to light. Bottled milk, for 
example, may lose as much as half its riboflavin content 
if left to stand in sunlight for several hours. Because 
of its water solubility, there is,moderate loss of ribo- 
flavin in cooking when the cooking water is discarded. 
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This loss, however, is generally smaller than that of 
thiamine, niacin, or ascorbic acid. 

Foods that make important contributions of ribo- 
flavin to the diet are yeast, liver and other organ tissues, 
milk, and eggs. The vitamin is lost to a large extent in 
the milling of wheat and other cereals. Vegetables and 
fruits furnish a small but constant supply. 

Many species of microorganisms are capable of syn- 
thesizing riboflavin, and because of the extensive bac- 
terial growth in the human intestinal tract, this may 
form an important and constant source of supply of 
riboflavin. 

Chemistry—Riboflavin in crystalline form appears as 
bright yellow crystals that melt with decomposition at 
280°. It is insoluble in fat solvents, but slightly sol- 
uble in water or dilute acetic acid to the extent of 10 
mg. per 100 cc. at room temperature. Derivatives such 
as the phosphate or the acetate have been prepared for 
use in pharmaceutical preparations where higher con- 
centrations are desired. In alkaline solution it is read- 
ily soluble, but quite unstable to heat and to light, 
forming lwmiflavin, a fluorescent degradation product 
that is without biological activity. Riboflavin is more 
stable to heat in acid solution, particularly from pH 
1.0 to 6.5, but upon irradiation forms lumichrome, also 
biologically inactive. 

Solutions of riboflavin have a characteristic yellow- 
green fluorescence that has a maximum absorption at 
565 mu in the acid pH range. This property is made use 
of in the chemical determination of riboflavin. It is 
rapidly reduced by hydrosulfite, or by hydrogen in the 


presence of zinc in acid solution, to the leuco form 


which is colorless and non-fluorescent. The leuco- 
riboflavin is easily reoxidized by shaking in air. This 
oxidation-reduction property is the basis for the bio- 
logical importance of riboflavin in the respiratory en- 
zyme systems. 

Riboflavin has the empirical formula Cy7HeoN 4O«<. 
Chemical formulas showing riboflavin and its reduced 
leuco-form are given below. The riboflavin used com- 
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Riboflavin Leuco-riboflavin 


mercially for addition to pharmaceuticals and dietary 
foods is, for the most part, a synthetic product. The 


starting materials in the synthesis are o-xylene, d- 


ribose, and alloxan. Riboflavin concentrates from yeast 
or residues from the butyl alcohol fermentation, high 
in riboflavin, are widely used for addition to animal 


feeds. 


‘Riboflavin is readily adsorbed from acid or neutral 
solution on such agents as frankonite, fuller’s earth, 
and certain zeolites, and eluted with acetone or pyridine 


solutions. Adsorbates have been used in pharmaceuti- 


eal preparations, but from some of these the vitamin 
has been found to be unavailable to the human because 


of difficulty of elution in the intestinal tract. 


Physiology—Riboflavin plays its physiological role 


as the prosthetic group of a number of enzyme systems 
that are involved in the oxidation of carbohydrates 
and amino acids. It functions in com ination with a 
specific protein either as a mononucleotide, containing 
phosphoric acid, or as a dinucleotide, eombined through 
phosphoric acid with adenine. The specificity of each 
of the enzymes is determined by the protein in the com- 
plex. By a process of oxidation-reduction, riboflavin 
in the system either gains or loses hydrogen. The sub- 
strate, either carbohydrate or amino-acid, may be oxi- 
dized by a removal of hydrogen. The first hydrogen 
acceptor in the chain of events is coenzyme I or coen- 
zyme II, the di- or tri-nucleotide containing nicotinic 
acid and adenine. The oxidized riboflavin system then 
serves as hydrogen acceptor for the coeizyme system 
and in turn is oxidized by the cytochrome system. The 
hydrogen is finally passed on to the oxygen of oxyhemo- 
globin, to complete the oxidative cycle. A number of 
flavoprotein enzymes have been identified, each of 
which is specific for a given substrate. 

In view of this important function it is not difficult 
to understand why animals deprived of riboflavin lose 
weight rapidly, show symptoms of general debility, 
and die suddenly in collapse. 

Riboflavin is absorbed after phosphorylation from 
the intestinal tract, and excreted in the urine. A 
human adult on an ordinary diet excretes from 0.5 to 
1.5 mg. in 24 hours, depending on the content of the 
diet. Of a 10-mg. dose taken by mouth, 50 to 70 per 
cent is excreted within 24 hours. In riboflavin defi- 
ciency there is little or none found in the urine. Meas- 
ure of excretion has been used as a diagnostic sign of 
deficiency. Riboflavin, like thiamine, is stored to a 
limited extent, and constant dietary supply is needed 
to maintain normal body levels. Liver, kidney, and 
heart tissues contain relatively large amounts of ribo- 
flavin because of their high enzyme content. 

Many species of bacteria are capable of synthesizing 
riboflavin. Undoubtedly intestinal synthesis in man 
and animals constitutes an important source of supply 
to the body. This may account for the limited occur- 
rence of deficiency in the human, although it has been 
observed, particularly in persons on low incomes exist- 
ing on restricted diets of poor quality. 

Symptoms of human ariboflavinosis include cheilosis, 
appearance of fissures at the corners of the mouth, 
characteristic changes in color of the mucous mem- 
branes, and denuding of the lips. Lesions of a sebor- 
rheic nature have also been observed as a result of ribo- 
flavin deficiency. Ocular manifestations that appear in 
man and animals are characterized chiefly by corneal 
vascularization, in which the cornea is extensively in- 
vaded by small capillaries. This is usually accompanied 
by sensations of itching, burning, and roughness of the 
eyelid, lacrimation, photophobia, and visual fatigue. 
Some of these conditions may, of course, arise from 
other causes, and are not necessarily indicative of ribo- 
flavin deficiency. Although cataract has been observed 
in rats on riboflavin-deficient diets, human cataract has 
not been found to respond to treatment with riboflavin. 

Requirements and Therapeutic Uses—The adult human re- 
quirement for riboflavin is given as 3 mg. per day by the Food 
and Nutrition Board. For labeling purposes, the minimum daily 
requirement is 2 mg. Measure of human requirement has been 
difficult and a more accurate statement may depend to a large 
extent upon a better understanding of factors affecting intestinal 
synthesis. 

For therapeutic purposes, doses of 1 to 10 mg. daily have been 
given. Rapid disappearance of symptoms of ariboflavinosis 
occurs with 10-mg. doses, and there is some question of the need 


for administering amounts larger than this. ; 
Assay—Bio-assay methods employing both rats and chicks 
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have been used in the determination of riboflavin, in curative 
and growth types of procedures. Some of the methods used in 
the past have been criticized for their lack of specificity for ribo- 
flavin owing to failure to compound a diet complete in all other 
respects. It is less difficult at the present time to prepare a satis- 
factory basal diet fér this purpose, since many of the recognized 
nutritional factors are available in pure form. These methods 
are time-consuming and laborious, and do not appear to offer 
advantages, except in rare cases, over the more recently devised 
microbiological methods. 

The official method recognized by the U. 8. P. is the micro- 
biological procedure patterned after that first described by Snell 
and Strong. These workers were the first satisfactorily to employ 
microorganisms for measuring vitamin potency. Such means are 
now successfully used in the determination of ten or more of the 
water-soluble vitamins, as well as seventeen amino acids. Lacto- 
bacillus casei is unable to synthesize the riboflavin it requires 
for growth, as measured either by acid production or by turbidity 
of the culture medium. Upon addition of graded amounts of 
riboflavin to a series of culture tubes, containing a medium de- 
ficient in the vitamin, the growth is found to be directly propor- 
tional to the amount of vitamin added, within a certain critical 
range. 

The assay sample is extracted in dilute hydrochloric acid, which 
frees the riboflavin from its protein complex, and in addition 
hydrolyzes any complex carbohydrate to a form that is non- 
stimulatory to the microorganism. The acidity of the extract is 
then adjusted to the iso-electric point of the protein present, 
which upon precipitation is removed by filtration. Filtering 
through paper also removes fats and fatty acids. Thus a solution 
of the riboflavin free of substances that interfere because of their 
stimulatory effect on the organism, is prepared for addition to 
the series of assay tubes. A similar series of tubes containing 
graded levels of the U. S. P. Riboflavin Reference Standard is 
prepared, and the basal medium, satisfactory for growth in all 
respects except for riboflavin, is added to all the tubes. After 
sterilization, inoculation with a suitable culture of Lactobacillus 
casei, and incubation for 72 hours at 34°, the tube contents 
are titrated with tenth-normal sodium hydroxide. <A standard 
curve is plotted, using the levels of riboflavin added and milliliters 
of alkali used in titration, as ordinates. The amount of riboflavin 
in the assay tubes is then obtained by interpolation from the 
standard curve. It is common experience that reproducibility 
by this method is well within +5 per cent, and that agreement 
between riboflavin values calculated for the different levels of 
assay solution is also within +5 per cent of the average for the 
four levels used. There is no question as to the specificity of the 
method for riboflavin. 

A physicochemical method for determining riboflavin is based 
upon a measure of its fluorescence in acid solution, after removal 
of interfering fluorescence, then reduction of the riboflavin to the 
non-fluorescent leuco-form to determine the non-riboflavin blank. 
The sample solution is prepared in the same manner as that used 
in the microbiological procedure. An aliquot is then oxidized in 
acid solution with potassium permanganate, and the excess per- 
manganate is removed with hydrogen peroxide. The fluorescence, 
measured in a suitable photoelectric fluorimeter, of this solution, 
before and after reduction with sodium hydrosulfite, is compared 
with fluorescence obtained with a standard riboflavin solution, 
or with the assay solution to which a measured amount of stand- 
ard riboflavin has been added. This type of method has been 
found suitable for many kinds of foods and pharmaceutical 
preparations when properly applied. 


Thiamine (Vitamin B,) 

Thiamine is necessary to prevent the occurrence of 
beriberi in man, and polyneuritis in animals. Severe 
cases of beriberi are commonly found in the Orient 
among people whose diets consist principally of milled 
or polished rice, from which the vitamin, contained in 
the bran and germ of the cereal, is largely removed dur- 
ing the milling process. Thiamine is found in all plants, 
and is synthesized by some microorganisms, particu- 
larly yeasts. Dried brewers’ yeast, rice bran, and the 
germ or embryo of cereals are the richest natural sources 
of thiamine, although most foods make contributions 
to the diet. Notable exceptions are fats, oils, and highly 
refined carbohydrates, such as sugar. American diet- 
aries generally furnish sufficient thiamine to meet re- 
quirements, and with the use of a varied diet, including 
whole grain cereals or enriched bread or flour, adequacy 
of thiamine in most instances is beyond question. 
Symptoms of thiamine deficiency have been observed 
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in chronic alcoholics, who use alcohol in place of food as 
a source of energy; in cases of chronic diarrhea, in 
which absorption is interfered with over a period of 
time; or during pregnancy complicated with anorexia 
and nausea. Polyneuritis is readily produced in animals 
fed diets rendered free of thiamine. The polyneuritic 
syndrome is similar in many respects to human beri- 
beri. 


in studies from which have evolved the nature of thi- 
amine and its distribution. 

Sources—Thiamine is found widely distributed in 
natural foods.. No one food can be considered of par- 
ticular importance above all others, although the cereal 
grains, milk, lentils, nuts, eggs, and pork probably 
furnish the larger proportion of thiamine to diets used 
in this country. Sophistication and processing of foods 
generally tend to reduce the thiamine supply. For 
example, in the preparation of wheat flour, separation 
of the bran coat and germ removes three-fourths or more 
of the thiamine present in the whole wheat. In recent 
years a large part of the white flour has been enriched 
to the whole grain level. Because of the lability of 
thiamine to heat, cooking and’ baking processes reduce 
the raw food content of the vitamin. During baking 
of bread, from 10 to 20 per cent is lost, while in biscuits 
that contain enough soda to give an alkaline pH, one- 
half or more of the thiamine may be destroyed during 
baking. 

The loss of thiamine in home cooking is not consid- 
ered excessive except with foods cooked in large amounts 
of water that is then discarded. Because of its great 
solubility, the thiamine content of the cooking water 
is always appreciable. 

Dry brewers’ yeast, which contains 20 to 30 times the 
amount of thiamine in whole wheat, has been widely 
used as a food supplement. Bakers’ yeast contains less 
thiamine than brewers’ yeast. In the Philippines, tiki- 
tiki, an alcoholic extract of rice bran, has been used as a 
food supplement to improve the thiamine intake, and 
for the treatment, of beriberi. A wide variety of phar- 
maceutical preparations containing thiamine is available 
in this country. 

Chemistry—Thiamine is a white, crystalline sub- 
stance, readily soluble in water and in alcohol, but in- 
soluble in fat solvents. The crystals, which are ob- 
tained from an alcohol solution as the hydrochloride, 
have a melting point of 249°, are stable when kept 
in the dry state, and have a yeast-like or nutty odor. 
Thiamine is stable in acid solution, and may be heated 
without decomposition, but is unstable in neutral or 
alkaline solution. 
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Thiamine Hydrochloride 


The molecule is made up of two rings, the pyrimidine 
ring and the thiazole ring, connected through a meth- 
ylene group, and splitting occurs at this point upon heat- 
ing in the presence of moisture at neutral or alkaline 
pH. Splitting of the molecule takes place quantita- 
tively in the presence of bisulfite ions, a reaction that is 
made use of in preparing dietary constituents free of 
thiamine for bio-assay purposes. 

Thiamine is oxidized in alkaline solution to thio- 
chrome, a biologically inactive, highly fluorescent sub- 
stance. This reaction is the basis for the chemical 


Pigeons, chicks, and rats have been used extensively 
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method of estimating thiamine. The pure vitamin is 
not readily oxidized in air. 

Physiology—In a phosphorylated form thiamine 
serves as the prosthetic group of enzyme systems that 
are concerned with the metabolism of a-keto-acids. In 
muscle metabolism, glucose is degraded stepwise to fur- 
nish energy for muscular contraction in a steady and 
continuous fashion. The six-carbon sugar is first phos- 
phorylated, then split into two three-carbon compounds. 
Gradual oxidation of these then proceeds with release 
of energy at each step. At one stage, the a-keto-acid, 
pyruvic acid, is formed which is decarboxylated to form 
a two-carbon residue. This process of decarboxylation 
is catalyzed by the carboxylase enzyme system which 
consists of a specific protein, manganese ions and di- 
phosphothiamine. There are indications that phos- 
phorylated ‘thiamine is effective in the metabolism of 
other a-keto-acids as well. The polyneuritic condition 
of thiamine-deficient animals may be described as an 
intoxication caused by an excessive accumulation of 
pyruvate in the blood and tissues. Thiamine has also 
been found in nerve tissue, and appears to be associated 
with acetylcholine in the nerve synapse. 

With this knowledge of the role of thiamine in me- 
tabolism, the symptoms of polyneuritis and beriberi are 
better understood. Anorexia, the first sign of thiamine 
deficiency, is the result of increased blood sugar that 
cannot be metabolized. Intoxication from excessive 
pyruvate brings about the paralytic syndrome that 
occurs when the animal is stimulated. The normal 
process of muscle contraction is interfered with in this 
stage, affecting the heart as well as skeletal musculature. 
Heart rate is reduced and death finally results, un- 
doubtedly from heart failure. 

In the diagnosis of thiamine deficiency symptoms to 
be noted in particular are anorexia, fatigue, loss of 
weight, sensation of burning in the soles of the feet, 
tenderness in calf muscles, muscle cramps, and general 
muscular weakness. Such signs are not in themselves 
specific, however, without supplementary laboratory 
findings that indicate a reduced thiamine content of 
blood and urine. 

In frank beriberz, as observed in Oriental countries, 
the Philippines and India, clinical observations include 
‘lowered physical endurance, gastrointestinal disturb- 
ances, parasthesia of extremities, general nervous sys- 
tem involvement, and in many cases marked edema and 
impaired heart function. 

Experimental evidence obtained in _ polyneuritic 
animals, resulting from uncomplicated thiamine de- 
ficiency, indicates that degeneration of nerve tissue 
occurs to a very limited degree, pointing to involve- 
ment of other nutritional deficiencies in human beri- 
beri cases. 


Therapeutics—For treatment of beriberi or thiamine deficiency 
in humans the first requisite is a nutritionally complete, well- 
balanced diet. Good diet is essential because beriberi in most 
instances results from a complex or multiple deficiency, and ad- 
ministration of thiamine alone may precipitate a condition result- 


ing from a lack of other water-soluble factors. Doses of 10 to 
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100 mg. of thiamine have been used in severe cases to bring about 
a cure, but evidence of superiority of the larger doses is lacking. 
As size of the dose is increased, the proportion of thiamine re- 
tained rapidly decreases, the excess being excreted rapidly in the 
urine. Frequent small doses are to be preferred to a single large 
daily dose. Only in the most severe cases, or in patients with 
impaired intestinal absorption does parenteral administration 
appear advantageous. Pharmaceutical preparations of many 
types and potencies are available commercially. 

Assay—Many methods have been devised for the determina- 
tion of thiamine in foods, pharmaceuticals, and biological mate- 
rials. They are all modifications of the following types: 

(1) Bio-assay methods in which growth or curative effect is 
measured in rats, chicks, or pigeons. 

(2) Chemical procedures involving either the oxidation of thi- 
amine to the fluorescent thiochrome or a coupling reaction with 
p-aminoacetophenone to form a red-colored compound that may 
be measured colorimetrically. 

(3) Mucrobiological procedwres which measure the rate of yeast 
fermentation or growth of Phycomyces blakesleeanus or Lacto~- 
bacillus fermentum. 

Wide experience with chemical and microbiological methods for 
estimating thiamine has demonstrated that they are accurate, 
and in most instances specific for thiamine, and because of their 
rapidity they have largely replaced the animal bio-assay methods. 
For those few types of samples with which specificity of the 
chemical methods is questionable, curative animal bio-assay pro- 
cedures are resorted to. 

The bio-assay method described in the U.S. P. is a rat-curative 
method in which the duration of cure of symptoms of polyneuritis 
is measured after a test dose. Rats maintained on a thiamine- 
free diet develop polyneuritis in about 5 weeks. At the first oc- 
currence of the acute symptoms, a dose of 6 micrograms of the 
U.S. P. Reference Standard thiamine is given, resulting in a cure 
of 7 to 10 days’ duration. Upon the recurrence of the poly- 
neuritis, a dose of the assay sample is given, and the length of cure 
resulting is compared with the length of the first curative period. 
This comparison in eight animals constitutes an assay. This 
method, in which it has been possible to measure differences in 
thiamine content of plus or minus 5 per cent, is the most precise 
of the vitamin bio-assay procedures. 

The thiochrome procedure is the most widely used chemical 
method. Thiamine is extracted from the assay sample in acid 
solution, and is then separated from other fluorescent or interfer- 
ing substances by means of adsorption on a column of the zeolite 
“decaleo.”’ Upon elution from the column, the thiamine is oxi- 
dized with potassium ferricyanide in alkaline solution to thio- 
chrome, which is then extracted with isobutyl alcohol. The fluo- 
rescence of this alcohol layer is measured, and, by comparing 
fluorescence resulting from thiamine standard and from assay 
sample, the thiamine content may be calculated. Since only free 
thiamine is extracted in the isobutyl alcohol step, it is necessary 
to convert any cocarboxylase (thiamine pyrophosphate) of the 
sample to the free form, by treatment with an enzyme specific 
for this purpose. 

Also available for rapid thiamine determination is the fermenta- 
tion method in which the increase in rate of yeast fermentation 
resulting from added thiamine is measured. A convenient ap- 
paratus, a fermentometer, has been devised, in which the yeast 
cells, sugar solution; salts, and thiamine, contained in fermenta- 
tion bottles, are shaken while being kept at constant temperature 
in a water bath. The COg formed is collected in a graduated 
cylinder over water, and the volume of gas formed may be read 
directly. With added thiamine, the increase in COg produced 
during 3 hours is appreciable, and the extent of fermentation with 
assay sample and reference standard are compared, to permit 
calculations of the thiamine content of the sample. 

The use of International and U. 8S. P. Reference Standards, 
which are preparations of pure crystalline thiamine, permits ex- 
pression of thiamine potency in terms of weight of thiamine, 
ordinarily in milligrams. Previous to the adoption of crystalline 
thiamine, it was necessary to use biological units as a measure of 
potency. One milligram of the present crystalline standard is 
equivalent to 333 U.S. P. units. 


THE OFFICIAL WATER-SOLUBLE VITAMINS 


ASCORBIC ACID U. S. P. Acidum Ascorbicum 


‘ Acid. Ascorb.—Vitamin C, Cevitamic Acid, Hexuronic Acid, Sp. 
- Acido Ascérbico] 


Ascorbic Acid, when dried in a vacuum desiccator 
over sulfuric acid for 3 hours, contains not less than 99 
per cent of Cg.H,0.¢ (176.12). 

Preparation—This acid (Vitamin C) occurs in many 
plants, vegetables, and fruits, some plant materials 


having a relatively high content of the vitamin, e. g., 
rose hips (3000 to 5000 mg./100 Gm.), fresh, green 
English walnuts (2000 to 3000 mg./100 Gm.), West 
Indian cherry (1000 to 3000 mg./100 Gm.), gladiolas 
(200 to 500 mg./100 Gm.), and citrus fruits. 

The article in commerce is, however, produced ex- 
clusively by synthesis. Sorbitol, a hexose sugar, oc- 
curring in several fruits but commercially obtained by 
hydrogenating dextrose in the presence of a Cu-Cr 
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catalyst, is the raw material for the production of 
Ascorbie Acid. The d-sorbitol in aqueous solution is 
converted by the action of the organism Acetobacter 
suboxydans to I-sorbose, which is a ketose. The d- 
sorbose is then condensed with acetone by means of sul- 
furic acid to form diacetone sorbose. The object of 
the acetonation is to protect the hydroxyl groups from 
oxidation in the subsequent steps. The diacetone sor- 
bose, after suitable purification, is oxidized by potas- 
sium permanganate and then hydrolyzed forming 2- 
keto-l-gulonic acid. This acid is esterified with meth- 
anol and an intermediate sodio compound is formed 
with sodium methoxide. Hydrolysis with aqueous HCl 
removes the methyl group and sodium and lactonizes 
it yielding ascorbic acid. The process is illustrated in 
the following schematic presentation. 
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VITAMINS 


Description and Properties—White or slightly yellow crystals or 


powder. It is odorless and on exposure to light it gradually darkens. 
In the dry state, it is reasonably stable in air, but in solution it rapidly 
deteriorates in the presence of air. It melts at about 190°. Its 
specific rotation in aqueous solution is between + 20.5° and +21.5°. 
Its solution is acid to litmus paper. One Gm. dissolves in about 3 ce. 
of water and in 30 cc. of alcohol. It is insoluble in chloroform, 
ether, and benzene. 

Identification—(1) Alkaline cupric tartrate T.S. is slowly reduced 
by a solution (1 in 50) at room temperature, but more readily upon 
heating. (2) A blue color is produced immediately when a few drops 
of sodium nitroprusside T.S. and 1 ec. of tenth-normal sodium hydrox- 
ide are added to 1 cc. of a solution (1 in 50). (3) When 15 mg. of 
Ascorbic Acid is dissolved in 15 cc. of trichloroacetic acid solution (1 
in 20), 200 mg. of activated charcoal is added, and to the filtrate is 
added 1 drop of pyrrole, a blue color develops. 

Tests for Purity— 

Residue on ignition—Not more than 0.1 per cent. 

Heavy metals limit—20 parts per million. 

Assay—About 400 mg. of Ascorbic Acid is dissolved in a mixture of 
100 cc. of oxygen-free water and 25 cc. of diluted sulfuric acid. The 
solution is titrated at once (to avoid oxidation by the air) with tenth- 
normal iodine adding a.few drops of starch T.S. as the end-point is 
neared. Ascorbic Acid is quantitatively converted: by iodine into 
dehydroascorbic acid as indicated in the following equation: 


CegHg06 + To <> CgHeO06 + 2HI 
ascorbic iodine dehydroascorbie hydrogen 
acid acid iodide 


Each cc. of tenth normal iodine is equivalent to 8.806 mg. of CgHgOg. 
Storage—Keep Ascorbic Acid in tight containers. 


Uses—See page 902. 
Average Dose—To be determined by the physician 
according to the needs of the patient. 


Ascorbic Acid Injection 


Ascorbic acid solutions are quickly destroyed by 
oxygen, this action being accelerated by the presence of 
certain metals and light. Ciminera and Wilcox, 
J. A. Ph. A., Sc. Ed., 35, 363 (1946), have recently 
modified the tri-sodium phosphate buffered solution of 


- ascorbic acid by maintaining it constantly under nitro- 


gen and sterilizing with the aid of a bacteriostatic 
agent, the resulting solution being quite stable. The 
ratio of the buffer salt to the ascorbic acid must be 
maintained at 12:11. A typical formula is as follows: 


ASCOr bic acid ss... Ses ee lerookesnere aloha Oe eke yar eee ae ae 55 Gm 
Tri-sodium phosphate, reagent grade (NagPO4.12H 20). 60 Gm 
Phenols) 4. Fe ese Sa Oe ene 5 Gm 
Water for injection, 

Tonmake om & dinosies te vie ycas voter eee dato eee neat rae 1000 cc. 


Heat 900 ce. of water for injection to boiling and saturate it 
with nitrogen while cooling to 30-385°. Add the ascorbic acid and 
stir until solution is complete, then add the tri-sodium phosphate 
and stir until dissolved. Add the phenol, previously melted on 
a water bath, and sufficient water for injection, saturated with 
nitrogen, to make 1000 cc. Continue to stir, under nitrogen, 
until solution is complete. Filter through a sintered glass filter 
in an atmosphere of nitrogen, fill the ampuls, previously flushed 
with nitrogen at 5 pounds pressure for at least 2 seconds, again 
flush for 2 seconds and seal immediately. Sterilize in boiling 
water for 10 minutes. Immediately remove and cool in water at 
20 to 25°. Store in a cool place protected from light. 


Ascorbic Acid Tablets U. S. P. Tabells Acidi Ascorbici 


[Tab. Acid. Ascorb.—Vitamin C Tablets, Sp. Tabletas de Acido 
Ascérbico] 


Ascorbic Acid Tablets contain not less than 95 per 
cent and not more than 120 per cent of the labeled 
amount of Ascorbie Acid [C6HgO«]. 


Identification—The presence of ascorbic acid in the Tablets may be 
ascertained by triturating a quantity of the finely powdered Tablets 
equivalent to about 100 mg. of ascorbic acid with 5 ce. of diluted 
alcohol, and filtering. The filtrate should respond to Identification 
tests (2) and (3) given under Ascorbic Acid. 

Assay—These Tablets are assayed by the dichlorophenol-indophenol 
method. The solution for the assay is prepared by triturating a 
counted number of the Tablets in a) mortar with sufficient of the 


extracting solution (see Ascorbic Acid Assay, page 903) to make a 


paste. The paste is transferred to a 500-cc. volumetric flask with the 
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VITAMINS 


aid of 225 cc. of the extracting solution, diluted with water to the 
volume, and mixed well. An aliquot of the solution requiring at least 
10 ce. of the standard dichlorophenol-indophenol solution is used for 
the titration. 

Storage—Keep the Tablets in tight containers. 


Average Dose—To be determined by the physician 
according to the needs of the patient. 


Sodium Ascorbate Injection U. S. P. 
Injectio Sodii Ascorbatis 


[Inj. Sod. Ascorb.—Sp. Inyeccién de Ascorbato Sdédico] 


Sodium Ascorbate Injection is a sterile solution of 
sodium ascorbate [NaCgH,0,| in water for injection. 
It contains not less than 95 per cent and not more than 
115 per cent of the labeled amount of ascorbic acid 
[CeH,O.]. It meets the requirements of the Sterility 
Test for Liquids (page 126). 

Sterilize Sodium Ascorbate Injection preferably by 
Process E or Process F. See Sterilization Processes 
(page 121). 

The Injection also conforms to the other require- 
ments under Injections (page 249). 

Preparation—This Injection may be prepared by dis- 
solving a suitable quantity of ascorbic acid in water for 
injection and adding to the solution sufficient of a con- 
centrated solution of sodium hydroxide to neutralize 
97 to 98 per cent of the ascorbic acid used, then quickly 
filling into the ampuls, after previous filtration if 
necessary, and sterilizing. Sodium sulfite or bisulfite 
are frequently used as preservatives to retard oxidation. 

Identification—(1) A transient blue color is produced when 0.5 ce. 
of tenth-normal hydrochloric acid, then 3 drops of sodium nitroprus- 
side T.S. followed by 0.5 cc. of tenth-normal sodium hydroxide are 
added to a volume of the Injection equivalent to 20 mg. of ascorbic 
acid. (2) The Injection, when acidified with a solution of trichloro- 
acetic acid (1 in 20), responds to Identification test (3), under Ascorbic 
arae (3) The Injection responds to the flame test for sodium (page 
Tests for Purity— 

pH—Between 5.6 and 7. 

Oxalate—None detectable in a volume equivalent to 50 mg. of 
ascorbic acid. 

Assay—See Ascorbic Acid Assay (page 903). 
Storage—Keep the Injection in hermetic or other suitable containers. 


Labeling—The label must indicate the amount of sodium ascorbate 
present in terms of ascorbic acid [CgH gOg]. 


Average Dose—90.1 Gm. (approximately 114 grains) 
of Ascorbic Acid. 


NICOTINAMIDE U. S. P. Nicotinamidum 


[Nicotinamid.—Nico‘inic Acid Amide, Niacinamide, Sp. 
Nicotinamida] 

Nicotinamide, when dried over sulfuric acid for 4 
hours, contains not less than 98.5 per cent of CsHgN2O 
(122.12). 

Preparation—Nicotinamide is usually made by esteri- 
fying nicotinic acid with methanol (see Methyl Sali- 
cylate) and then reacting the ester with concentrated 
ammonia, whereby ammonolysis takes place according 
to the following equation: 


| NCOOCH; + NHs — | \\CON He + CHs;0H 
NZ | N7 
methyl ammonia nicotinamide methanol 
nicotinate 


Description and Properties—A white, crystalline powder. It is odor- 
less or nearly so, and has a bitter taste. Its solutions are neutral to 
litmus paper. It melts between 128° and 131° C. One Gm. dissolves 
in 1 ce. of water, 1.5 ce. of alcohol, and 10 ce. of glycerin. 
Identification—(1) A dark blue precipitate is slowly formed when 
2 cc. of cupric sulfate T.S. is added to the acidified solution from the 
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Assay. (2) The odor of ammonia is perceptible when 5 cc. of sodium 
hydroxide T.S. is added to 20 mg. and the mixture is boiled gently. 


. (3) The characteristic odor of pyridine is evolved when 10 mg. is 


charred on a piece of platinum foil. 
Tests for Purity— 

Loss on drying—Not more than 0.5 per cent. 

Residue on ignition—Not more than 0.1 per cent. 

Heavy metals limit—30 parts per million. 

Readily carbonizable substances—When 200 mg. is dissolved in 5 cc. 
of sulfuric acid, the solution has no more color than matching fluid A. 
Assay—About 300 mg. of Nicotinamide is dissolved in 200 cc. of 
water in a Kjeldahl flask and 50 cc. of a 30 per cent sodium hydroxide 
solution is added. The flask is connected to a well-cooled condenser 
which dips into a flask containing 40 cc. of tenth-normal sulfuric acid. 
The mixture is boiled and the NH 3 gas formed is distilled. A few 
drops of methyl red T.S. are added to the liquid and the excess of acid 
is titrated with tenth-normal sodium hydroxide. A blank test is per- 
formed with the same reagents. Each cc. of tenth-normal sulfuric 
acid is equivalent to 12.21 mg. of CgHgN2O. 

Storage—Keep Nicotinamide in tight containers. 


Average Dose—25 mg. (approximately °¢ grain). 


Nicotinamide Injection U. S. P. Injectio Nicotinamidi 
[Inj. Nicotinamid.—Niacinamide Injection, Sp. Inyeccién de 
Nicotinamida| 


Nicotinamide Injection is a sterile solution of nicotin- 
amide in water for injection. It contains not less than 
95 per cent and not more than 115 per cent of the la- 
beled amount of CsHgN2O. It meets the requirements 
of the Sterility Test for Liquids (page 126). 

Sterilize Nicotinamide Injection preferably by Proc- 
ess C or Process F. See Sterilization Processes (page 
121). 

The Injection also conforms to the other require- 
ments under Injections (page 249). 


Identification—Because of the difficulty of isolating the nicotin- 
amide from the Injection in pure condition, the U. 8. P. makes only 
the requirement that the nicotinic acid obtained as follows should 
melt between 234° and 237° and respond to Identification tests (1) and 
(2) under Nicotinic Acid. A volume of the Injection corresponding 
to about 200 mg. of nicotinamide is evaporated with sodium hydroxide 
T.S. to a small volume. This hydrolyzes the nicotinamide to nico- 
tinic acid which precipitates on neutralizing the evaporated solution 
with hydrochloric acid. 

Assay—The official method for determining the nicotinic acid content 
of the Injection is the microbiological assay (page 1019). Theassay 
solution is prepared as outlined under Nicotinic Acid Tablets. 
(Note—the microbiological assay does not distinguish nicotinamide 
from nicotinic acid.) 

Colorimetric Control—For manufacturing control the following colori- 
metric method is given by the Pharmacopeeia (nicotinic acid does not 
respond to this method): An accurately measured volume of the 
Injection is diluted with water to give a solution containing 0.2 mg. 
of the amide per cc. A solution of potassium hypobromite is prepared 
by dissolving 300 mg. of potassium hydroxide in about 50 ce. of 
water and adding 2.8 cc. of cold, saturated bromine water, then 
diluting with water to 100 cc. 

Place 1 ec. of the potassium hypobromite solution in a clean test 
tube and heat to 70°. When this temperature has been reached, add 
exactly 1.0 cc. of the dilution of the Injection, and heat in a water 
bath at 70° (+2 °) for 30 minutes. Cool to 50°, add 0.2 ce. of alcohol, 
allow to stand for 5 minutes, then add 1 cc. of a mixture of 1.0 ce. of 
normal sulfuric acid and‘3 ec. of water. Chill in ice, add 1.0 cc. of 
a cold solution of sodium nitrite (1 in 1000), rinse the walls of the test 
tube with a little water and allow to stand in an ice bath for 3 minutes. 
Add 1 ce. of a solution of ammonium sulfamate (1 in 200), mix thor- 
oughly, and again place in the ice bath for 2 minutes. Remove from 
the ice bath, add 1 ce. of a solution of N-(1-naphthyl)-ethylenedi- 
amine dihydrochloride (3 in 1000), and allow to stand for 2 minutes. 
Dilute the solution with water to exactly 100 cc., mix well, and deter- 
mine the per cent of light transmission of the solution at 500 milli- 
microns in a suitable photoelectric colorimeter, taking the light trans- 
mission of a blank determination, performed with the same quantities 
of the same reagents and in the same manner, as 100 per cent. From 
the per cent of light transmission, calculate the weight of the nicotin- 
amide derived from the quantity of Injection taken, by means of a 
curve prepared with U. 8. P. Nicotinamide Reference Standard as 
described in the next paragraph. , 

Prepare the light transmission curve as follows: weigh accurately 
100 mg. of U. 8. P. Nicotinamide Reference Standard, previously 
dried over sulfuric acid for 2 hours, dissolve it in sufficient water to 
make 100 cc., and mix well. Dilute 15-ce., 20-ce., 25-ce., and 30-ce. 
portions each with water to 100 cc., and mix well. Place in each of 
five clean test tubes 1 cc. of the potassium hypobromite solution, 
heat to 70°, and when this temperature has been reached, add exactly 
1.0 ec. of the dilutions to test tubes 1, 2, 3, and 4, respectively, and 1 
cc. of water to test tube 5, which is used for a blank. Then proceed 
as described in the preceding paragraph, beginning with “‘heat in a 
water bath at 70°....’’ From the light transmission data thus-ob- 
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tained, prepare a curve by plotting the per cent transmission of the 
several dilutions on the ordinate scale against the corresponding 
quantities of nicotinamide on the abscissa scale. 

Storage—Keep the Inje ction preferably in single-dose containers, or 
in other suitable containers. 


Average Dose—Parenteral, 100 mg. (approximately 
11% grains) of Nicotinamide. 


Nicotinamide Tablets U. S. P. 
Tabelle Nicotinamidi 


[Tab. Nicotinamid.—Niacinamide Tablets, Sp. Tabletas de 
Nicotinamida] 


Nicotinamide Tablets contain not less than 95 per 
cent and not more than 115 per cent of the labeled 
amount of CsH,N2O. 


Identification—(1) A quantity of Tablets equivalent to 500 mg. of 
nicotinamide is extracted with two 10-ce. portions of alcohol, evapo- 
rated and dried at 80°. The residue of nicotinamide melts between 
128° and 131° and responds to Identification tests (2) and (3) under 
Nicotinamide. (2) To 100 mg. of the residue obtained in the preced- 
ing test dissolved in 5 ec. of water is added 5 cc. of sodium hydroxide 
T.S. The mixture is boiled until the odor of ammonia is no longer 
perceptible. Then the mixture is neutralized with normal sulfuric 
acid using phenolphthalein T.S. as the indicator, and a few cc. of 
cupric sulfate T.S.isadded. A blue precipitate gradually forms which 
when ignited evolves the odor of pyridine. 

Assay—To 10 Tablets in a flask is added 100 ce. of normal sulfuric 
acid and the mixture is heated in an autoclave. Then sodium 
hydroxide T.S. is added to produce a pH of 6.8. Sufficient water is 
added to make 1000 cc. To an aliquot, water is added to make a 
volume so 100 ce. contains approximately 10 micrograms of nicotin- 
amide. Using this as the Test Solution of the Material to be Assayed, 
proceed as directed under the Nicotinic Acid or Nicotinamide Assay 
(page 1019). 

Colorimetric Control—The Tablets are extracted with alcohol and 
the residue treated as directed under Nicotinamide. 

Storage—Keep the Tablets in tight containers. 


Average Dose—25 mg. (approximately 34 grain) of 
Nicotinamide. 


NICOTINIC ACID U. S. P. Acidum Nicotinicum 


[Acid. Nicotin.—Niacin, Sp. Acido Nicotinico] 


Nicotinic Acid, when dried over sulfuric acid for 3 
hours, contains not less than 99.5 per cent of CeseH;O.N 
(123.11). 


Preparation—When Nicotinic Acid was first intro- 
duced as a therapeutic agent it was made by the method 
by which it was first prepared by Weidel in 1873— 
the oxidation of nicotine with nitric acid. With the in- 
creasing requirements for the acid in the enrichment. of 
flour and the costliness of nicotine, other and cheaper 
raw materials were found in quinoline’ and £-picoline. 
Quinoline, dissolved in moderately concentrated sulfuric 
acid, is treated with potassium permanganate or manga- 
nese dioxide, resulting in the formation of quinolinic 
acid (pyridine-2,3-dicarboxylic acid). This acid after 
being isolated from the mixture and suitably purified is 
heated at 130° to 140°, whereby COz is split off from 
the COOH group in position 2 (decarboxylated), yield- 
ing Nicotinic Acid. 


\ \ /C00H Jv /©00H 
Senin Pere | 
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N7\. 430° 
quinoline COOH 


quinoliniec acid 


mcd 
Nicotinie Acid 


Description At Properties—Nicotinic Acid occurs as a fine, white, 
crystalline, odorless powder. It is stable in the air and is but slowly 
affected by light. It melts between 234° and 237° and is sublimable. 
Nicotinie Acid forms salts with strong acids. One Gm. of Nicotinic 
Acid dissolves in 60 cc. of water. It is freely soluble in boiling water 
and in boiling alcohol and also in solutions of alkali hydroxides and 
carbonates, but it is almost insoluble in ether. 


VITAMINS 


Identification—(1) About 10 mg. of a thoroughly triturated mixture 
of nicotinic acid with twice its weight of 2,4-dinitrochlorobenzene is 


_ heated in a test tube until melted and the heating continued for a few 


seconds longer. After cooling, 3 cc. of alcoholic potassium hydroxide 
T.S. is added. A deep red to deep wine-red color is produced. This 
test is generally characteristic of pyridine derivatives. (2) On neu- 
tralizing a solution of about 50 mg. of the Acid in 20 cc. of water with 
sodium hydroxide, then adding 3 ce. of cupric sulfate T.S., a blue pre- 
cipitate of cupric nicotinate gradually forms. 
Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.05 per cent. 

Chloride—Not more than 0.02 per cent as Cl. 

Sulfate—Not more than 0.02 per cent as SO4. 

Heavy metals limit—20 parts per million. 
Assay—The Acid is assayed by titration of its aqueous einen with 
standard alkali hydroxide using phenolphthalein T.S. as the indicator. 
Each cc. of tenth-normal sodium hydroxide is equivalent to 12.31 mg. 
of C.egH 50 oN. 
Storage—Keep Nicotinic Acid in well-closed containers. 


Uses—Nicotinic Acid is chiefly used in the treatment 
of pellagra, a disease common among the poor in sub- 
tropical countries due to diet deficiency. It has also 
been found useful in conjunction with vitamin B, in 
the treatment of chronic alcoholism. 

Average Dose—25 mg. (approximately 3 grain). 


Nicotinic Acid Injection 


The solution may be prepared by dissolving 1 Gm. 
of nicotinic acid and 0.065 Gm. of sodium bicarbonate 
in sufficient water for injection to make 100 cc. Boil 
the solution to expel the carbon dioxide. The result- 
ing solution is nearly neutral.- It may be sterilized by 
process C. 


Nicotinic Acid Tablets U.S. P. ‘V'abellee Acidi Nicotinici 


[Tab. Acid. Nicotin.—Niacin Tablets, Sp. Tabletas de Acido 
Nicotinico] 


Nicotinic Acid Tablets contain not less than 95 per 
cent and not more than 115 per cent of the labeled 
amount of C,H;O0.N. 


Identification—A quantity of powdered Tablets equivalent to 500 
mg. of nicotinic acid is boiled with 25 ce. of alcohol. To the filtrate 
is added 30 cc. of water. The solution is then filtered and evaporated 
to 10 cec., and placed in a refrigerator for 1 hour. The nicotinic acid 
so obtained melts between 234° and 237°. It also responds to 
Identification tests (1) and (2) under N icotinie Acid. 

Chemical Control—A portion of the Tablets equivalent to 300 mg. 
of nicotinic acid is refluxed with reagent alcohol. The alcohol filtrate 
is diluted with 50 cc. of water, evaporated to 50 cc., and titrated with 
tenth-normal sodium hydroxide using phenolphthalein T.S. as the 
indicator. Each cc. of tenth-normal sodium hydroxide is equivalent — 
to 12.31 mg. of CgHs502N. 

Assay—To 10 Tablets i is added 100 ce. of normal sulfuric acid. The 
mixture is heated in an autoclave for 30 minutes. Then sodium 
hydroxide T.S. is added to produce a pH of 6.8, and enough water is 
added to make the volume 1000 ce. To an aliquot water is added to 
make a volume of 100 cc. containing 10 micrograms of nicotinic acid. 
Using this as the Test Solution of the Material to be Assayed, proceed 
as directed under Nicotinic Acid or Nicotinamide Assay (page 1019). 
Storage—Keep the Tablets in well-closed containers. 


Average Dose—25 mg. (approximately 3 grain) of 
Nicotinic Acid. 


RIBOFLAVIN U. S. P. Riboflavinum 
{Riboflay.—Lactoflavin, Vitamin Be, Vitamin G, Sp. Riboflavina] 


Riboflavin, when dried at 100° for 3 hours, contains 
not less than 98 per cent of Cy7HeoN 40 ¢ (376.36). 

Preparation—Some quantities of this vitamin are ob- 
tainable from “distillery slop” formed in the alcohol 
fermentation of cereal grains. The bulk of the product 
of commerce is produced synthetically. The basic 
materials for this synthesis are 3,4-xylidine (4-amino-o- 
xylene), the sugar ribose, and barbituric acid or al- 
loxan. } 


* 


VITAMINS 


The xylidine may be prepared by nitrating o-xylene 
and reducing the NOg in the resulting nitro compound 
to NHz by the usual methods employed for the reduc- 
tion. Other methods for producing this xylidine are 
also available. 

The ribityl (ribose) portion of the molecule is usually 
introduced as ribonic acid (or ribonyl chloride). Glu- 
cose, dissolved in aqueous potassium hydroxide, is oxi- 
dized with oxygen to the potassium salt of arabonic 
acid. “The potassium arabonate is converted into the 
calcium salt, and on heating the latter with water the 
arabonic acid is epimerized to the calcium salt of ribonic 
acid. ‘The free ribonic acid is obtained by treating the 
calcium ribonate with oxalic acid. 

The xylidine is heated with ribonic. acid yielding 
ribonoxylidine. To protect the OH groups from attack 
in the subsequent steps of the synthesis, they are 
acetylated by treating the compound with acetic an- 
hydride thus forming tetraacetyl-ribonoxylidine. By 
treating the latter with phosphorus pentachloride Cl is 
substituted for the O at the amide linkage and then 
by reducing with hydrogen tetraacetyl-ribitylxylidine 
is produced. Another nitrogen is now added on carbon 
6 by treating the tetraacetyl-ribitylxylidine with 
benzenediazonium chloride [CgH;N2Cl) or similar 
diazonium salt, and then reducing with sodium hydro- 
sulfite. When the resulting intermediate is reacted with 
alloxan or barbituric acid, tetraacetyl riboflavin is 
formed. Alloxan may be obtained by the oxidation of 
uric acid or barbituric acid with potassium permanga- 
nate or nitric acid. In the final step the acetyl groups 
are removed by digesting with methanol containing a 
small amount of sodium methylate. 
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Description and Properties—A yellow to orange-yellow, crystalline 
powder having a slight odor. It melts at about 280°. Its saturated 
solution is neutral to litmus. When dry, it isnot appreciably affected 
by diffused light, but in solution, especially in the presence of alkalies, 
it deteriorates quite rapidly, the deterioration being accelerated by 
light. Its specific rotation as determined in the U. 8. P. is not less 
than —112° and not more than + 122°. One Gm. dissolves in 10,000 
ec. of water, but it is more soluble in isotonic sodium chloride solution. 
It is less soluble in alcohol, insoluble in ether and chloroform, but very 
soluble in dilute alkalies. 
Identification—A solution of 1 mg. in 100 cc. of water is pale green- 
ish yellow by transmitted light, and has an intense yellowish green 
pupreerenee, which disappears upon the addition of mineral acids or 
kalies. ‘ 
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Tests for Purity— . 

Loss on drying—Not more than 1.5 per cent. 

Residue on ignition—Not more than 0.3 per cent. 

Lumiflavin—When 25 mg. is shaken with 10 cc. of chloroform for 5 

minutes, then filtered, the filtrate has no more color than an equal 
volume of a solution made by diluting 3 cc. of tenth-normal potas- 
sium dichromate with sufficient water to make 1000 cc. 
Assay—The assay is conducted so that the solutions are protected 
from direct sunlight. To about 50 mg. of Riboflavin is added 5 ce. 
of acetic acid and water to make about 800 cc. The mixture is heated 
until dissolved, then diluted to 1000 cc. with water. Then exactly 10 
cc. of this solution is diluted with water to 1000 cc. 

In the same manner a standard solution with U.S. P. Riboflavin 
Reference Standard containing 0.5 microgram of the dried U. 8. P. 
Standard per cc. is prepared, and the intensity of its fluorescence is 
measured in a fluorometer. After the reading, 10 mg. of sodium 
hydrosulfite is added to the solution and the fluorescence is measured, 
The difference between the 2 readings represents the intensity of the 
fluorescence derived from riboflavin. 

Then the intensity of the fluorescence of the final solution prepared 
from the sample under examination is measured, and a correction is 
made for any fluorescence derived from foreign substances in the same 
manner as the standard solution. The corrected fluorescence of the 
sample corresponds to not less than 98 per cent of the fluorescence of 
the U.S. P. Riboflavin Reference Standard. 

Storage—Keep Riboflavin in tight, light-resistant containers. 


Uses—See page 909. 
Average Dos2—To be determined by the physician 
according to the needs of the patient. 


Riboflavin Injection U. S. P. 


[Inj. Riboflay.—S>p. Inyeccién de Riboflavina] 


Injectio Riboflavini 


Riboflavin Injection is a sterile solution of riboflavin 
in water for injection. It contains not less than 95 per 
cent and not more than 120 per cent of the labeled 
amount of Cy,7H2oN4O.. It meets the requirements of 
the Sterility Test for Liquids (page 126). 

Sterilize Riboflavin Injection preferably by Process C. 
See Sterilization Processes (page 121). 

The Injection also conforms to the other require- 
ments under Injections (page 249). 

For the purpose of increasing the solubility of the 
riboflavin, the Injection may contain nicotinamide, 
urea, or other suitable, harmless, solubilizing agents. 


Fluorometric Control—A volume of the Injection corresponding to 5 
mg. of riboflavin is diluted with water to make 100 cc. Exactly 10 
ec. of this solution is diluted with water to make 100 cc. Proceed as 
directed in the Assay for Riboflavin. 

Assay—See Assay under Riboflavin Tablets. 

Labeling—The chemical name of any solubilizer used and the amount 
present in mg. per ce. must be stated on the label of the container. 
Storage—Keep the Injection preferably in light-resistant, single-dose 
hermetic containers or in other suitable containers. 


Average Dose—To be determined by the physician 
according to the needs of the patient. 


Riboflavin Tablets U. S. P. Tabelle Riboflavini 
[Tab. Riboflay.—Sp. Tabletas de Riboflavina] 


Riboflavin Tablets contain not less than 95 per cent 
and not more than 120 per cent of the labeled amount 
of CysHaoN 206: 


Fluorometric Control—This test is so conducted that the solutions 
are protected as far as possible from light which destroys riboflavin. 
To a portion of the powdered Tablets equivalent to 10 mg. of ribo- 
flavin is added a mixture of 500 cc. of water and 1 ce. of acetic acid 
and the mixture is heated for 30 minutes. Then cool and dilute with 
water to 1000 cc. Exactly 25 cc. of filtered solution is diluted with 
water to make 500 cc. Proceed as directed in the Assay under Ribo- 
avin. 

reas 10 Tablets is added sufficient tenth-normal hydrochloric 
acid to make the resulting solution contain not more than 100 micro- 
grams of riboflavin in each cc. The mixture is heated in an autoclave. 
Then sufficient sodium hydroxide T.S. is added to produce a pH of 6.8, 
then sufficient water to make 1000 cc. The mixture is filtered through 
paper known not to adsorb riboflavin. To an aliquot, water is added 
to make a volume so that 100 ec. contains 10 micrograms of ribo- 
flavin. Using this asthe Jest Solution of the Material to be Assayed, 
proceed as directed under Riboflavin Assay. | ; 
Storage—Keep the Tablets in tight, light-resistant containers. 
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Average Dose—To be determined by the physician 
according to the needs of the patient. 


RICE POLISHINGS U. S. P. 


{Perpol. Oryz.—Rice Bran, Tikitiki, Sp. Salvado (Raspaduras) 
de Arroz] 


Perpolitiones Oryzz 


Rice polishings consist of the fine, flaky pericarp and 
spermoderm fragments, the embryo, aleurone layer, 
and outer adhering cells of the starch endosperm of the 
grain of Oryza sativa Linné (Fam. Graminee). 


Description and Properties—Fine, flaky, yellowish white to pale or- 
ange powder with a non-rancid odor and sweetish taste. The U.S. P. 
includes a description of its Histology. 

Identification—About 5 Gm. is macerated with 10 cc. of water. 
The suspension is filtered through gauze and then filter paper. To 1 
ec. of the filtrate is added 2 ec. of diazotized p-aminoacetuphenone 
T.S. and, after 1 hour, the mixture is shaken with 5 ce. of isobutyl 
alcohol. The isobutyl alcohol layer is colored pink to purple. 

Tests for Purity— 

Rice hull or other foreign matter—Not more than 10 per cent remains 
on the sieve when the Rice Polishings are passed through a standard 
No. 30 mesh sieve. 

Rice starch—Not more than 40 per cent of rice starch, determined 
as follows: 3 Gm. is hydrolyzed with hot dilute hydrochloric acid. 
The cooled mixture is neutralized with sodium hydroxide T.S. and 
water is added to volume. Alkaline cupric tartrate T.S. is added to 
an aliquot of the above filtrate. The cuprous oxide formed is col- 
lected, washed with hot water, then alcohol and ether, and dried. 
The weight does not exceed 240 mg. 

Storage—Keep Rice Polishings in well-closed containers and protect 
against attack by insects. 


Uses—See page 902. 


Rice Polishings Extract U. S. P. 


Extractum Perpolitionum Oryzee 


Ext. Perpol. Oryz.—Tikitiki Extract, Rice Bran Extract, Extracto de 
Salvado, Sp. Extracto de Salvado (Raspaduras) de Arroz (Tikitiki) | 


Rice Polishings Extract contains, in each ec., not less 
than 20 U.S. P. Units of vitamin B,, and represents ap- 
proximately 14.5 Gm. of rice polishings. 

Preparation—About 1000 Gm. of rice polishings is 
mixed with 3000 cc. of a mixture of 3 volumes of alcohol 
and 1 volume of distilled water, and the mixture is 
macerated with occasional stirring during at least 48 
hours. The supernatant liquid is separated and as much 
liquid as possible is removed from the residue by pres- 
sure. The liquid is filtered and evaporated under vac- 
uum at a temperature not exceeding 60° to a specific 
gravity of approximately 1.22. This residue is mixed 
with an equal volume of alcohol, and allowed to stand 
overnight. The supernatant liquid is decanted and the 
gummy residue rejected. The liquid is filtered and 
evaporated under vacuum at a temperature not exceed- 
ing 60° to an Extract having a specific gravity of ap- 
proximately 1.32. The Extract is heated to 65°, trans- 
ferred. at once to suitable containers, sealed, and then 
heated for 30 minutes at 65°. 

Note—Benzoic acid, in an amount not exceeding 0.2 

per cent, may be added to this Extract as a preserva- 
tive. 
Description and Properties—A dark brown, viscous liquid having the 
odor of burnt sugar and a sweetish taste. Its specific gravity is be- 
tween 1.28 and 1.32 at 27.5°. Itis miscible with cold water, but more 
readily with warm water. 

Identification—To 1 cc. of a solution (1 in 10) is added 2 cc. of 
diazotized p-aminoacetophenone T.S., and after 1 hour the mixture 
is shaken with 5 cc. of isobutyl alcoho]. The isobutyl alcohol layer is 
colored pink to purple. 

Assay for Vitamin B,;—See Thiamine Assay, Thiochrome Method 


(page 911). cee 
Storage—Keep the Extract in tight containers. 


Average Dose—8 cc. (approximately 2 fluidrachms). 
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THIAMINE HYDROCHLORIDE U. S. P. 
Thiaminge Hydrochloridum 
(Thiamin. Hydrochlor.—Thiamin Chloride, Vitamin Bj 


Hydrochloride, Vitamin B;, Aneurine Hydrochloride, Sp. 
Clorhidrato de Tiamina] 


Thiamine Hydrochloride, when dried at 100° for 3 
hours, contains not less than 98 per cent of CyeHi7- 
CIN ,OS.HCI (837.27). 

Preparation—This vitamin consists of two ring sys- 
tems, a pyrimidine portion and a thiazole portion 
joined by a methylene bridge. 

The pyrimidine may be prepared by several processes, 
one of which is as follows: Ethyl acrylate [CH, = 
CHCOOC,.Hs] is heated with ethyl alcohol forming 
B-ethoxypropionie ester [C2.H;0CH2zCH.COOCG2H;] 
which is condensed in the presence of sodium metal 
with formic acid to form ethy] sodioformyl-8-ethoxy- 
propionate. C.H;sO0CH2zCNa(CHO)COOC.H>s. This - 
is then condensed with acetamidine yielding 2-methyl 
5-ethoxymethyl-6-hydroxypyrimidine). This com- 
pound is treated with phosphorus oxychloride thereby 
replacing the OH on carbon 6 with Cl, and by reacting 
the resulting chloro derivative with ammonia, the Cl is 
replaced by NHg. Finally on treating the latter prod- 
uct with HBr, 2-methyl-5-bromomethyl-6-aminopyri- 
midine hydrobromide is produced. 

The thiazole portion of the thiamine molecule may be 
built up in the following manner: Ethyl acetoacetate 
[(CHsCOCH2COOC.H:S| is treated with ethylene oxide 
[((CH.)20] and the resulting acetyl-butyryl lactone, 
when reacted with sulfuryl chloride, yields chloroacetyl 
butyro-lactone. This compound is decarboxylated 
when heated with HCl, splitting off CO, and chloro- 
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Thiamine Chloride Hydrochloride (the official vitamin) 
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acetopropanol. The latter, when condensed with thio- 
formamide yields the thiazole, 4-methyl-5-hydroxy- 
ethylthiazole. 

The final step of the process is the combination of the 
pyrimidine and the thiazole to form a thiazolium halide. 
Since this is a simple addition of an alkyl halide (the 
bromo pyrimidine) to a tertiary amine (the thiazole) it 
is readily effected by bringing the two components to- 
gether in a suitable solvent. The vitamin-bromo- 
hydrobromide so obtained is transformed into the cor- 
responding chlorine compound, thiamine hydrochloride, 
by shaking a solution of the former with freshly precipi- 
tated silver chloride. The silver combines with the 
bromine to form the less soluble silver bromide and the 
chloride from the silver chloride replaces the bromine. 


Description and Properties—Small white crystals, or a crystalime 
powder usually having a slight characteristic odor. When exposed 
to air, the anhydrous product rapidly absorbs about 4 per cent of 
water. Its solutions are acid to litmus paper. It melts, with decom- 
position, at about 250°. One Gm. dissolves in about 1 cc. of water, 
and in about 100 ce. of alcohol. It is soluble in glycerin but insoluble 
in ether or chloroform. 

Identification—(1) To a solution of about 5 mg. of Thiamine Hydro- 
chloride in 65 cc. of half-normal sodium hydroxide, 0.5 cc. of potassium 
ferricyanide T.S. and 5 cc. of isobutyl alcohol are added and the mix- 
ture is shaken vigorously for 2 minutes, and the liquid layers allowed 
to separate. The thiamine is oxidized by the ferricyanide to thio- 
chrome which is extracted by the isobutyl alcohol. When the solu- 
tion is illuminated by a vertical beam of light entering from above 
and viewed at aright angle to this beam, the uppermost meniscus of 
the top layer shows a vivid blue fluorescence, which disappears when 
the mixture is slightly acidified, but reappears when it is again made 
alkaline. (2) When about 5 mg. of Thiamine Hydrochloride is dis- 
solved in a mixture of 1 cc. of lead acetate T.S. and 1 ce. of a solution 
of sodium hydroxide (1 in 10), a yellow color is produced, which 
changes to brown when the mixture is heated for several minutes on 
a steam bath, and on standing a precipitate of lead sulfide separates. 
(3) A solution of Thiamine Hydrochloride yields a white precipitate 
with mercury bichloride T.S., and a red brown precipitate with iodine 
T.S. It is also precipitated by mercuric potassium iodide T.S., and 
by trinitrophenol T.S. 

Tests for purity— 

Loss on drying—Not more than 5 per cent. 

Residue on ignition—Not more than 0.2 per cent. 

Sulfate—Practically none. 

Color of solution—A solution of 1.0 Gm. in 10 ec. of water has no 
deeper color than a dilution of 1.5 cc. of tenth-normal potassium 
dichromate in sufficient water to make 1000 ce. 

Limit of hydrogen chloride—Between 10.2 and 11.1 per cent deter- 
mined on the anhydrous salt by titration with standard alkali using 
phenolphthalein T.S. as the indicator. 

Assay—Thiamine Hydrochloride, previously dried at 100° for 3 
hours, is assayed by the Thiochrome Method (page 911). 
Storage—Keep Thiamine Hydrochloride in tight, hght-resistant con- 
tainers. 


Uses—See page 911. 
Average Dose—To be determined by the physician 


according to the needs of the patient. 


Note—Unofficial preparations containing Thiamine 
Hydrochloride may be assayed as directed under 
Vitamin B, Biological Method (page 1016). 


Thiamine Hydrochloride Injection U. S. P. 
Injectio Thiamine Hydrochloridi 


[Inj. Thiamin. Hydrochlor.—Sp. Inyecci6n de Clorhidrato de Tiamina ] 


Thiamine Hydrochloride Injection is a sterile solution 
of thiamine hydrochloride in water for injection. It 
contains not less than 95 per cent and not more than 
115 per cent of the labeled amount of thiamine hydro- 
chloride, Cy2Hi7CIN.OS.HCI. It meets the require- 
ments of the Sterility Test for Liquids (page 126). 

Sterilize Thiamine Hydrochloride Injection prefer- 
ably by Process C or Process F. See Sterilization Proc- 
esses (page 121). 

The Injection also conforms to the other require- 
ments under Injections (page 249). 


Identification—The presence of thiamine in the Injection may be 
ascertained by Identification tests (1) and (3) described under Thiamine 
Hydrochloride. 

Assay—The Injection is assayed for thiamine hydrochloride content 
by the Thiochrome Method (page 911). 

Storage—In addition to sterilization the Injection is preserved by the 
addition of a preservative, usually chlorobutanol (about 5 mg. per 
ec.). It becomes yellowish after several months, but the strength 
and efficacy are not appreciably affected. Keep the Injection in 
hermetic or other suitable containers. 


Average Dose—To be determined by the physician 
according to the needs of the patient. 


Thiamine Hydrochloride Tablets U. S. P. 
Tabellee Thiamine Hydrochloridi 


{[Tab. Thiamin. Hydrochlor.—Thiamin Chloride Tablets, Vitamin B, 
Tablets, Sp. Tabletas de Clorhidrato de Tiamina] 


Thiamine Hydrochloride Tablets contain not less 
than 95 per cent and not more than 120 per cent of the 
labeled amount of thiamine hydrochloride [C12H.,- 
CIN ,O8.HC]]. 


Identtfication—The presence of thiamine may be ascertained by 
applying to a filtered aqueous solution of the Tablets Identification 
tests (1) and (3) described under Thiamine Hydrochloride. 
Assay—The thiamine hydrochloride content of the Tablets may be 
determined by the Thiochrome Method (page 911). 

Storage—Keep the Tablets in tight containers. 


Average Dose—To be determined by the physician 
according to the needs of the patient. 


DRIED YEAST U. S. P. Saccharomyces Siccum 


[Saccharomy. Sic.—Brewers’ Yeast, 
Desecada] 


Dry Yeast, Sp. Levadura 


Yeasts are a group of fungi whose dominant form of 
growth is unicellular. They possess a discrete nucleus 
and reproduce by either sexual or asexual means. The 
usual or common form of reproduction is asexually by 
means of budding or in some general way by transverse 
fission. Sexual reproduction when it occurs is by means 
of ascospores contained in a sac or ascus. 

Dried Yeast consists of the dry cells of any suitable 
strain of Saccharomyces cerevisie Meyen (Fam. Sac- 
charomycetacee). Dried Yeast may be. obtained as a 
by-product from the brewing of beer which has been 
made from an extract of cereal grains and hops. The 
yeast cells are washed free of beer and dried, and may 
or may not be debittered. These yeasts are commonly 
known, respectively, as ““‘Brewers’ Dried Yeast” and 
“Debittered Brewers’ Dried Yeast.” Dried Yeast may 
be obtained also by growing suitable strains of yeast, 
using media other than those required for the produc- 
tion of beer, and under appropriate environmental 
conditions. The yeast thus obtained is commonly 
known as ‘‘Primary Dried Yeast.”’ 

Dried Yeast contains not less than 40 per cent of pro- 
tein and, in each Gm., the equivalent of not less than 
0.12 mg. of thiamine hydrochloride, 0.04 mg. of ribo- 
flavin, and 0.25 mg. of nicotinic acid. 

History—Leavened bread, fermented juices, and the 
brewing art have been associated with the whole re- 
corded history of mankind. Since in all of these proc- 
esses yeast plays the chief role, it is probably safe to 
assume that yeast was the first microorganism domesti- 
cated by man. In 1680 yeasts were first seen and their 
morphology clearly recorded by the inventor of the 
microscope, Antony van Leeuwenhoek. However, 
it was not until 1859 when the great French chemist, 
Louis Pasteur, made his memorable experiments on the © 
“sick wine” of France that the role of yeast in healthy 
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“normal” fermentation was recognized. He was one 
of the first chemists to study the effects of microbial 
metabolism. 

Toward the end of the nineteenth century, Hansen 
developed the pure culture technique which was ap- 
plied to the mass production of special types of yeast for 
bread baking. In the early days this primary yeast was 
produced in regulation beer wort but without hops. 
About 1914 to 1915 a series of patents were issued to 
the German inventors, Frederick Haydruk and Alfred 
Wohle, which disclosed how yeast could be grown in a 
mixture of molasses and inorganic salts. 

Preparation—The diagram of the yeast plant (lig. 
505) shown below indicates the materials and equip- 
ment used in modern yeast production. 
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Fig. 505—Production chart for brewer’s yeast. 


The selection of the yeast is of extreme importance 
since we know that there are vast differences between 
various yeasts in their capacities to synthesize and store 
the many members of the Vitamin B Complex. The 
best current practice includes the production of several 
varieties with different potentialities and then the 
blending of these various yeasts to produce a yeast with 
balanced vitamin potency. 

The pure yeast culture may be derived from a very 
small seedling of carefully standardized stock culture 
and built up through a series of increasingly larger 
culture tanks until there is sufficient to inoculate the 
final commercial fermentor. In the final fermentation 
there is a 5- to 6-fold increase in yeast weight. The 
weight doubles about every 2 hours under normal condi- 
tions. 

_ For brewers’ type yeast production the pure culture 
is derived from the brewery and is the residual yeast 
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left after the brewing operations are completed. This 
yeast is carefully washed, separated, and freed of hop 
resins. It is then treated so that it will adapt itself to 
rapid growth in the new environment used for primary 
yeast production. Any surplus available from this 
source is dried directly as debittered brewer’s yeast. 


The quantity and source of raw materials are kept 
quite flexible. The various sources of carbohydrate 
indicated in the flow sheet may be used singly or in 
combination. Still other carbohydrates might be 
included if available at low enough cost. 


The grain extracts are a source of essential growth 
factors and organic nitrogen. They may be derived 
from wheat, corn, barley, rice, malt sprouts, rice bran, 
or combinations of these. 


Description and Properties—Yellowish white to weak yellowish 


orange flakes, granules, or powder, with an odor and taste characteris-" 


tic of the type. Dried Yeast is inactive in fermenting power. Nu- 
merousirregular masses and isolated yeast cells, thelatterovate, ellipti- 
cal, spheroidal, or elliptic-elongate in shape, some with one or more 
attached buds; up to 12 microns in length and up to 7.5 microns in 
width; each with a wall of fungous cellulose surrounding a protoplast 
containing refractile glycogen vacuoles and oil globules; occasional 
septated hyphal outgrowths and segments of elongated forms of yeast 
films. 

Tests for Purity— : 

Fillers—No starch, corn meal, or other filler, as determined micro- 
scopically. 

Bacterial and mold count—The live bacteria count is not more than 
7500 per Gm. and the mold count is not more than 50 per Gm. after 
incubating a sterile water suspension on nutrient agar at 37.5° for 
48 hours. 

Moisture—Not more than 7 per cent. 

Ash—Not more than 8 per cent. 

Assay for Protein—Proceed as directed under Nitrogen (Total) by the 
Kjeldahl Method (Method 1) (page 989). The number of Gm. of nitro- 
gen obtained, multiplied by 6.25, represents the number of Gm. of 
protein present in the portion of the yeast taken for the assay. 


Assay for Thiamine Hydrochloride—Proceed as directed under 
Thiamine Assay, Thiochrome method (page 911). 


Assay for Riboflayin—Proceed as directed under Riboflavin Assay 
(page 915). 


Assay for Nicotinic Acid—Proceed as directed under Nicotinic Acid 
Assay (page 907). 


Storage—Keep Dried Yeast in tight containers. 


Labeling—If Dried Yeast is labeled to show its source, it shall be 
labeled as ‘‘Brewers’ Dried Yeast,’’ ‘‘Debittered Brewers’ Dried 
Yeast,’’ or ‘‘Primary Dried Yeast,”’ whichever may be appropriate. 


Average Dose—To be determined by the physician 
in accordance with the needs of the patient. 


Dried Yeast Tablets U. S. P. 


Tabellee Saccharomycitis Sicci 


[Tab. Saccharomy. Sic.—Sp. Tabletas de Levadura Desecada] 


Dried Yeast Tablets contain the equivalent of nico- 
tinic acid, riboflavin, thiamine hydrochloride, and pro- 
tein, corresponding to not less than 95 per cent of the 
labeled amount of dried yeast. 


Assay for Protein—An aliquot is used in proceeding as directed in the 
Assay for Protein, under Dried Yeast, 


Assays for Nicotinic Acid, Riboflavin, and Thiamine Hydrochloride— 
A counted number of not less than 10 Tablets is used as the quantity 
of test material to be assayed. Proceed as directed under Nicotinic Acid 
Assay (page 907), Riboflavin Assay (page 915), and Thiamine Assay, 
Thiochrome Method (page 911). 


Storage—Keep the Tablets in tight containers. 


Average Dose—To be determined by the physician 
in accordance with the ae of the patient. 
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OFFICIAL POLYVITAMIN PREPARATIONS 


HEXAVITAMIN CAPSULES U. S. P.. 
Capsule Hexavitaminarum 


[Cap. Hexavitam.—Sp. CApsulas de Hexavitamina] 


Hexavitamin Capsules contain in each Capsule not 
less than 5000 U.S. P. units of vitamin A from natural 
(animal) sources, 400 U. S. P. units of vitamin D from 
natural (animal) sources or as activated ergosterol or 
activated 7-dehydrocholesterol, 75 mg. of ascorbic acid, 
2 mg. of thiamine hydrochloride, 3 mg. of riboflavin, 
and 20 mg. of nicotinamide. 


Assay for Vitamins A and D—These Capsules are assayed biologically 
after suitable extraction of the oil from the capsules, enzyme diges- 
tion, and extraction with methylene chloride. See Vitamins A and 
D Assays (page 1015). 

Assay for Ascorbic Acid—Proceed as directed under Ascorbic Acid 
Assay (page 903). 

Assay for Thiamine Hydrochloride—Proceed as directed under 
Thiamine Assay, Thiochrome Method (page 911). 

Assay for Riboflavin—Proceed as directed under Riboflavin Assay 
(page 909). 

Assay for Nicotinamide—Proceed as directed under Nicotinamide 
Assay (page 907). 

Storage—Keep Hexavitamin Capsules in tight, light-resistant con- 
tainers. 

Labeling—The labeling shall include no claim based upon any quan- 
tity of vitamin in excess of that specified in this monograph. 


Average Dose—To be determined by the physician 
in accordance with the needs of the patient. 


HEXAVITAMIN TABLETS U. S. P. 
Tabelle Hexavitaminarum 


[Tab. Hexavitam.—Sp. Tabletas de Hexavitamina] 


-Hexavitamin Tablets contain in each Tablet not less 
than 5000 U. 8. P. units of vitamin A from natural 
(animal) sources, 400 U. 8. P. units of vitamin D from 
natural (animal) sources, or as activated ergosterol or 
activated 7-dehydrocholesterol, 75 mg. of ascorbic acid, 
2 mg. of thiamine hydrochloride, 3 mg. of riboflavin, 
and 20 mg. of nicotinamide. 


Assay for Vitamin A—Proceed as directed under Vitamins A and D 
Assays (page 1015). 

Assay for Vitamin D—Proceed as directed under Vitamins A and D 
Assays (page 1015). 

Assay for Ascorbic Acid—Proceed as directed under Ascorbic Acid 
Assay (page 903). 

Assay for Thiamine Hydrochloride—Proceed as directed under 
Thiamine Assay, Thiochrome Method (page 911). 

Assay for Riboflavin—Proceed as directed under Riboflavin Assay 
(page 909). 

Assay for Nicotinamide—Proceed as directed under Nicotinamide 
~ Assay (page 907). 

Storage—Keep Hexavitamin Tablets in tight containers. 
Labeling—The labeling shall include no claim based upon any quan- 
tity of vitamin in excess of that specified in this monograph. 


Average Dose—To be determined by the physician 
in accordance with the needs of the patient. 


TRIASYN B CAPSULES U. S. P. Capsule Triasyni B 
E (Cap. Triasyn. B—Sp. Capsulas de Triasina B] 


Triasyn B Capsules contain, in each capsule, not less 
than 2 mg. of thiamine hydrochloride, 3 mg. of ribo- 
flavin, and 20 mg. of nicotinamide. 

Assays for Thiamine Hydrochloride, Riboflavin and Nicotinamide— 


See Hexavitamin Capsules. , un 
Storage—Keep the Capsules in tight, light-resistant containers. 


_ Labeling—The labeling shall include no claim based upon any quan- 


tity of vitamin in excess of that specified in this monograph. 


Average Dose—To be determined by the physician 
in accordance with the needs of the patient. 


TRIASYN B TABLETS U.S. P. Tabelle Triasyni B 
[Tab. Triasyn. B—Sp. Tabletas de Triasina B] 


Triasyn B Tablets contain, in each tablet, not less 
than 2 mg. of thiamine hydrochloride, 3 mg. of ribo- 
flavin, and 20 mg. of nicotinamide. 


Assays for Thiamine Hydrochloride, Riboflavin and Nicotinamide— 
See Hexavitamin Tablets. 

Storage—Keep the Tablets in tight, light-resistant containers.° 
Labeling—The labeling shall include no claim based upon any quan- 
tity of vitamin in excess of that specified in this monograph. 


Average Dose—To be determined by the physician 
in accordance with the needs of the patient. 
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Specialties Containing Vitamins 


Abdec (Parke, Davis)—Drops, consisting of a clear stable, non-alco- 

holic solution, each 0.6 ec. containing 5000 units vitamin A, 1000 
units vitamin D, 1 mg. thiamine hydrochloride, 0.4 mg. riboflavin, 
1 mg. pyridoxine hydrochloride, 2 mg. sodium pantothenate, 5 
mg. nicotinamide, and 50 mg. ascorbic acid. 
Abdec Kapseals, each containing 5000 units vitamin A, 1000 units 
vitamin D, 3 mg. thiamine hydrochloride, 3 mg. riboflavin, 0.5 mg. 
pyridoxine hydrochloride, 3 mg. sodium pantothenate, 20 mg. 
nicotinamide, and 75 mg. vitamin C. 

Abdol Improved (Parke, Davis)—Capsules, each containing 5000 units 
vitamin A, 500 units vitamin D, 1.5 mg. thiamine hydrochloride, 
and 2.0 mg. riboflavin. 

Abdol with Vitamin C—Capsules, each containing, in addition, 50 
mg. vitamin C, 20 mg. nicotinamide, 0.1 mg. pyridoxine hydro- 
chloride, and 1 mg. sodium pantothenate. 

Accessorone (Upjohn)—Palatable tonic and reconstructive, each 
fluidounce containing 22,600 units vitamin A, 267 units vitamin D, 
10 min. red bone marrow extract, 0.259 Gm. (4 gr.) iron and am- 
monium citrates, malt extract (non-diastatic), yeast extract, and 
citrus concentrate. 

Acolake (Lakeside)—Capsules, each containing either 25,000 or 
50,000 units vitamin A, refined from fish liver oil, practically free 
from vitamin D. 

Actophen (Biochemical Research)—Capsules, each containing 50,000 
units vitamin Deg (purified activated ergosterol) and 0.032 Gm. (14 
gr.) bile salts. 

Adagol (Winthrop)—Liquid, consisting of a standardized concentrate 
of vitamins; contains not less than 40,000 units vitamin A and 4000 
units vitamin D. 

Adestrin Ointment (Breon)—An oxycholesterinated ointment con- 
taining 3140 units vitamin D per oz., in a fish liver oil also rich in 
vitamin A. 

Adevin (Walker Vitamin)—Capsules, each containing 5000 units 
vitamin A, 500 units vitamin D, 10 mg. thiamine hydrochloride, 10 
mg. riboflavin, 2 mg. pyridoxine hydrochloride, 10 mg. calcium 
pantothenate, 50 mg. niacinamide, 100 mg. ascorbic acid, and 10 
meg. «-tocopherol. 

Adex (Squibb)—Chocolate-coated tablets, each containing 5000 units 
vitamin A and 800 units vitamin D. 

Adoleum (Schieffelin)—Liquid, consisting of a mixture of refined 
fish liver oils, each Gm. containing 50,000 units vitamin A, 10,000 
units vitamin D, : 

Ad-Vatine (Smith-Dorsey)—Capsules, each containing 5000 units 
vitamin A (fish liver oil) and 500 units vitamin D (irradiated er- 
gosterol). 4 

Afaxin (Winthrop)—Capsules of 5000, 25,000, and 50,000 units each 
and bottles of 30 cc., containing a stable, highly concentrated and 
purified preparation of natural vitamin A (from fish liver oil), from 
which certain fatty acids and products of rancidity largely respon- 
sible for the objectionable taste and odor of fish oil have been 
removed. ; i 

Alfabetamin Formula (Breon)—Capsules containing either formula 
“C” or ‘‘O,” each containing 5000 units vitamin A (fish liver oil), 
800 units vitamin D (irradiated ergosterol), 2 mg. vitamin By 
(thiamine hydrochloride), 3 mg. vitamin Bg (riboflavin), 20 mg. 
nicotinamide, and 1 mg. calcium pantothenate. Formula “C”’ cap- 
sules also contain 75 mg. vitamin C (ascorbic acid). P ; 

Allercorb (Plessner)—Tablets, each containing 250 mg. ascorbic acid. 

Alpha-Beta-Deltalin (Lilly)—Gelseals, each containing 5000 units 
vitamin A, 1 mg. vitamin Bj, 2 mg. vitamin Bg, and 500 units 
vitamin D, 

Alpha-Deltalin (Lilly)—Gelseals No. 1 and No. 2, each No. 1 gelseal 
containing 5000 units vitamin A and 500 units vitamin D; each 
No. 2 gelseal containing 15,000 units vitamin.A and 1500 units 
vitamin D, 
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Alphalin (Lilly)—Gelseals, 10,000, 25,000, or 50,000 units, each con- 
taining vitamin A obtained from fish liver oils and dissolved in 
vegetable oil. 

Alphamin (Ayerst)—Capsules (containing oil-soluble vitamins) and 
**Comprills’’ containing water-soluble vitamins, each capsule con- 
taining 5000 units vitamin A, 500 units vitamin D, both derived 
from fish liver oils. Each ‘‘Comprill’’ contains 2 mg. vitamin B,, 
4 mg. vitamin Bo, 1 mg. vitamin Be, 20 mg. nicotinamide, 2 mg. 
calcium pantothenate, 50 mg. vitamin C, 0.097 Gm. (1% gr.) 
exsiccated ferrous sulfate, and 0.049 Gm. (34 gr.) dibasic calcium 
phosphate. 

Alpha-Tocopherol (Endo)—1-ce. ampuls, containing 25 mg.; and 
(Sharp & Dohme) capsules, each containing synthetic vitamin EH, a 
pale yellow, viscous, oily liquid, odorless and with an insipid taste; 
deteriorates slowly on exposure to air and light but is stable to heat. 

Alpha-Tocopherol Acetate (Merck)—Powder in ampuls of 1 or 25 Gm. 
and tubes 5 Gm.; and (Warner) 5 mg. tablets, containing synthetic 
vitamin H, in a more stable form of equal biological activity. 

Amplicaps (Hart Drug)—Capsules, each containing 5000 units vita- 
min A (fish liver oil), 1000 units vitamin D (irradiated ergosterol), 
1.5 mg. (500 units) vitamin By, 2.0 mg. vitamin Bg, 0.1 mg. vita- 
min Be, 37.5 mg. vitamin C, 20.0 mg. niacinamide, 1.0 mg. calcium 
pantothenate, and mixed natural tocopherols (E), equivalent in 
biological activity to 2 mg. a-tocopherol. ° 

Ampulbex (Abbott)—Ampuls, 1 cc., each containing 10 mg. thiamine 
hydrochloride, 2 mg. riboflavin, and 100 mg. nicotinamide. 

Anatola (Parke, Davis)—Soluble gelatin capsules, each containing 
either 33,333 or 50,000 units vitamin A, 

Apexol (Roerig)—Soft gelatin capsules containing 50,000 units vita- 
min A obtained from natural sources. 

Apolarthron (Roerig)—Capsules, each containing 25,000 units vita- 
min D and 30,000 units vitamin A. 

Aquakay, Aquinone (Bischoff)—Tablets (0.5 or 2 mg.) and Ampuls 
(1 ec. containing 1 mg.) containing 2-methyl-1,4-naphthoquinone 
(Menadione). 

Ascorbin (Lakeside)—Preparations of synthetic sodium /-ascorbate 
for parenteral adminstration and crystalline vitamin C; available 
as a solution of sodium ascorbate, each mg. equivalent to 20 units 
vitamin C.—Ampuls, 2 ce. or 10 ec., each containing 50 mg., am- 
puls 2 ce. containing 500 mg., ampuls 5 cc. containing 1000 mg.; 
capsules (250 mg.) and tablets (25 mg.) or scored tablets (100 mg.). 

Atay (Cole)—Capsules, each containing 25,000 U.S. P. units vitamin 
A and 15 mg. a-tocopherol. 

Aviman (Burroughs Wellcome)—Pleasantly flavored liquid, each 
fluidounce containing 25,000 units vitamin A, 2500 units vitamin 
D, 1500 units vitamin B,, 2700 micrograms vitamin Bg, and 27 mg. 
nicotinic acid, in a malt extract vehicle. 

Bax (McKesson)—Soft gelatin capsules, egg-shaped, bright orange 
color, containing vitamins A, D, Bj, Be, C, Be, calcium panto- 
thenate, and niacinamide. 

Becaplets (Breon)—Caplets, each containing 3 mg. thiamine hydro- 
chloride, 2 mg. riboflavin, 0.1 mg. pyridoxine, 10 mg. nicotinamide, 
and 1 mg. caleium pantothenate. 

Beconers with Ascorbic Acid—Contains, in addition, 50 mg. ascor- 
ic acid. 

Perenicts with Iron—Contains, in addition, 0.162 Gm. ferrous sul- 
ate. 

Becetax (Winthrop)—Tablets, each containing 2 mg. thiamine hydro- 
chloride (666 units vitamin Bj), 2 mg. riboflavin (vitamin Bg), 10 
mg. nicotinamide, 60 mg. ascorbic acid; and solution in propylene 
glycol, each 0.75 cc. (380 drops) containing 1 mg. thiamine hydro- 
ehlonice, 0.5 mg. riboflavin, 5 mg. nicotinamide, and 30 mg. ascor- 

ic acid. 

Beclysyl (Abbott)—Liter flasks containing 10 mg. thiamine hydro- 
chloride, 5 mg. riboflavin, and 50 mg. nicotinamide, in aqueous 
solution or isotonic sodium chloride solutions containing 5 or 10 
per cent dextrose. 

Becotin (Lilly)—Pulvules, each containing 3 mg. thiamine hydro- 
chloride, 6 mg. riboflavin, 1.5 mg. pyridoxine hydrochloride, 30 mg. 
nicotinamide, 10 mg. pantothenic acid (as calcium pantothenate), 
and 0.6 Gm. desiccated fraction of liver-stomach concentrate. 

Bedoxine (Massengill)—Ampuls (1 cc. containing 50 mg.), or tablets 
(1 or 25 mg.), containing pyridoxine hydrochloride. 

Belexa (A. P. C.)—Capsules (High Potency), each containing 3 mg. 
thiamine hydrochloride, 6 mg. riboflavin, 20 mg. niacinamide, 0.5 
mg. pyridoxine, 3 mg. pantothenic acid, and other vitamin B com- 
plex factors. 

Belexa Syrup—LHach teaspoonful containing 0.75 mg. thiamine, 0.25 
mg. riboflavin, with other vitamin B complex factors natural to 
yeast, palatably flavored with malt and cane sugar. 

Belexa Tablets—Hach containing 0.25 mg. thiamine, 0.5 mg. ribo- 
flavin, 0.04 mg. pyridoxine, 0.125 mg. pantothenic acid, 2.5 mg. 
niacin, and other vitamin B complex factors natural to yeast. 

Belexon (A. P. C.)—Capsules, each containing 1.5 mg. thiamine, 1 
mg. riboflavin, 0.8 mg. pantothenic acid, 0.25 mg. pyridoxine 
hydrochloride, 5 mg. niacin, with other B complex factors natural 
to yeast and liver; and syrup, each fluidounce containing 3 mg. 
thiamine hydrochloride, 1.2 mg. riboflavin, 12 mg. nicotinic acid, 
and other B complex factors derived from 80 Gm. of fresh liver. 
Belexon with Ascorbic Acid—Capsules, each containing 1 mg. thi- 
amine hydrochloride, 0.25 mg. riboflavin, 0.13 mg. pyridoxine hydro- 
chloride, 0.15 mg. pantothenic acid, 5 mg. nicotinic acid, 25 mg. 
pecer bic acid, and other B complex factors natural to liver and 
yeast. 

Belexon with Iron—Capsules, each containing 0.454 Gm. (7 gr.) 
yeast extract and liver, 0.194 Gm. (3 gr.) green iron and ammo- 
nium citrates, supplemented with riboflavin to contain 0.5 mg. 

Beminal (Ayerst)—Tablets or injectable solution (10-ce. vials), each 
capsule containing 1.67 mg. vitamin By, 2 mg. vitamin Bg, 10 mg. 
nicotinamide, 0.2 mg. vitamin Bg, 0.5 mg. pantothenic acid, to- 
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gether with other vitamin B complex factors present in 200 mg. of 
specially processed brewers’ yeast; each cc. of injectable solution 
containing 10 mg. thiamine hydrochloride, 0.5 mg. riboflavin, 25 
mg. nicotinamide, and 0.5 mg. pyridoxine. 

Bepadin Capsules (Improved Vitamin B Complex) (I. V. C.)—Each 
containing 1.5 mg. thiamine hydrochloride, 2 mg. riboflavin, 10 mg. 
niacinamide, 0.25 mg. pantothenic acid, and 0.30 mg. pyridoxine 
hydrochloride, with yeast and liver concentrate. 

Bepadin Capsules (Improved with Vitamin C)—Each containing 2 
mg. thiamine hydrochloride, 3 mg. riboflavin, 20 mg. niacinamide, 
0.250 mg. pantothenic acid, 0.333 mg. pyridoxine hydrochloride, 
75 mg. ascorbic acid, with yeast and liver concentrate. 

Bepadin Drops—Hach cc. containing 2.5 mg. thiamine hydrochlo- 
ride, 2.0 mg. riboflavin, 0.15 mg. pyridoxine hydrochloride, 10 mg. 
nicotinic acid amide, and 0.40 mg. calcium pantothenate in a base 
of rice bran extract and glucose flavored with natural orange con- 
centrate. 2 
Bepadin Elixir (Elixir Vitamin B Complex)—Each fluidounce con- 
taining 3 mg. thiamine hydrochloride, 2 mg. riboflavin, 18.5 mg. 
niacinamide, 2 mg. pantothenic acid, and 1 mg. pyridoxine hydro- 
chloride. 

Berocca Compound (Hoffmann-LaRoche)—Tablets, each containing 
5 mg. thiamine hydrochloride, 1.5 mg. riboflavin, 10 mg. niacin- 
amide, 1.5 mg. pyridoxine hydrochloride, and 1.5 mg. calcium pan- 
tothenate. Also supplied as ampuls (1 cc. containing 1 mg.); 


. 


ampuls (Forte) (1 ec. containing 10 mg.) and Injectable solution ° 


(Forte), 10, 25, and 50 mg. per cc. (vials 10 ce.). 

Betabion (Merck)—Thiamine Hydrochloride. 

Beta-Cevalin (Lilly)—Pulvules, each containing 0.5 mg. vitamin B, 
and 15 mg. vitamin C. 
Beta-Cevalin Compound—Pulvules, each containing 1 mg. thi- 
amine hydrochloride, 0.666 mg. riboflavin, 30 mg. ascorbic acid, 
0.333 mg. pyridoxine hydrochloride, 0.333 mg. pantothenic acid, 
5 mg. nicotinamide, and 0.6 Gm. desiccated fraction of liver- 
stomach concentrate. 

Betalin Complex (Lilly)—Ampuls (2 cc.), each containing 10 mg. 
thiamine hydrochloride, 4 mg. riboflavin, 150 mg. nicotinamide, 5 
mg. pantothenic acid (calcium salt), and 10 mg. pyridoxine hydro- 
chloride; elixir, each fluidrachm containing 0.5 mg. thiamine hydro- 
chloride, 0.5 mg. riboflavin, 1.5 mg. nicotinamide, and extract de- 
rived from approximately 10 Gm. fresh liver; syrup, each flui- 
drachm containing 1.5 mg. thiamine hydrochloride, 1 mg. riboflavin, 
0.6 mg. pyridoxine hydrochloride, 1 mg. pantothenic acid (calcium 
salt), and 7.5 mg. nicotinamide. 
Betalin Compound—Pulvules, each containing 1 mg. thiamine 
hydrochloride, 0.666 mg. riboflavin, 0.2 mg. pyridoxine hydrochlo- 
ride, 0.225 mg. pantothenic acid, 3.333 mg. nicotinamide, and 0.6 
Gm. desiccated fraction of liver-stomach concentrate. 

Beta-Concemin (Merrell)—Elixir or tablets, each teaspoonful of 
elixir and each tablet containing 1.5 mg. thiamine hydrochloride, 
1.0 mg. riboflavin, 7.5 mg. niacinamide, and 0.5 mg. pyridoxine 
hydrochloride. The elixir contains 500 mg. and the tablets 125 mg. 
liver, B complex fraction. 
Beta-Concemin with Ferrous Sulfate—Pink, dry-filled capsules 
each containing 3.75 gr. ferrous sulfate U.S. P., 0.75 mg. thiamine 
hydrochloride, 0.5 mg. riboflavin, 3.75 mg. niacinamide, 0.25 mg. 
pyridoxine hydrochloride, and 125 mg. liver, B complex fraction. 

Betamine (Chemico)—Ampuls (1 cc.) containing 1 mg. thiamine 
hydrochloride, for prophylaxis, and vials (20 ec.) each ec. contain- 
ing 30 mg. or 60 mg. thiamine hydrochloride, for treatment; in 
physiologic saline solution. 

Betaplexin (Winthrop)—Potent, 
vitamin B complex, in palatable fluid and solid form. 
Betaplexin Capsules or Tablets—Each containing 1.5 mg. thiamine 
hydrochloride, 0.5 mg. riboflavin, 0.1 mg. pyridoxine hydrochloride, 
5 mg. niacinamide, and 0.275 mg. pantothenic acid. 
Betaplexin Elixir—Each teaspoonful (5 cc.) containing 3 mg. thi- 
amine hydrochloride, 1 mg. riboflavin, 0.3 mg. pyridoxine hydro- 
chloride, 10 mg. niacinamide, and 0.75 mg. pantothenic acid. 
Betaplexin Syrup—Hach teaspoonful (5 ec.) containing 3 mg. thi- 


amine hydrochloride, 1 mg. riboflavin, 0.675 mg. pyridoxine hydro-. 


chloride, 10 mg. niacinamide, and 1.8 mg, pantothenic acid. 
Betasynplex (Winthrop)—Highly concentrated mixture of 5important 
factors of vitamin B complex which have been synthesized, sup- 
plied in stable, instantly soluble form in ampuls, each containing 
10 mg. thiamine hydrochloride, 5 mg. riboflavin, 5 mg. pyridoxine 
hydrochloride, 5 mg. calcium pantothenate, and 50 mg. niacin- 
amide. Also supplied as elixir or tablets, each teaspoonful (5 ce.) of 


elixir, or each tablet containing 0.66 mg. thiamine hydrochloride, | 


0.66 mg. riboflavin, 0.33 mg. pyridoxine hydrochloride, 0.33 mg. 
calcium pantothenate, and 5.0 mg. niacinamide. 

Betasynplex Elixir with Iron—Contains, in addition, 0.15 Gm. exsic- 
cated ferrous sulfate per teaspoonful. 

Betasynplex Tablets with Iron—Contains, in addition, 0.15 Gm. 
exsiccated ferrous sulfate per tablet. 

Betaxin (Winthrop)—Water-soluble synthetic crystalline vitamin By 
hydrochloride. Ampuls of 10 mg. (1 cc.), vials of 100 mg. (10 ce.), 
250 mg. (10 ec.), 500 mg. (10 cc.), and 1000 mg. (10 cc.); erystals 
(vials, 1 and 5 Gm.); elixir, each fluidounce containing 9 per cent 
alcohol, 0.1 per cent benzoic acid; syrup, containing 6 mg. per 
fluidounce; and tablets, 0.5, 1, 5, and 10 mg. 

Bewon Elixir (Wyeth)—Each fluidounce containing 1.5 mg. thiamine 
hydrochloride and 16 per cent alcohol. » 3 

Bexel (McKesson)—Orange-colored capsules containing thiamine 

hydrochloride, riboflavin, pyridoxine hydrochloride, calcium 
pantothenate, niacin, and specially cultured brewers’ yeast. 
Bexel Vitamin B Complex Syrup—Syrup of pleasant, acidic taste, 
containing thiamine hydrochloride, riboflavin, pyridoxine hydro- 
chloride, pantothenic acid, niacin, and other components of the B 
complex. 


standardized preparation of the 
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Bezon (Nutrition Research)—Capsules, each containing 5 mg. thi- 
amine hydrochloride, 3 mg. riboflavin, 20 mg. niacinamide, 3 mg. 
calcium pantothenate, 0.5 mg. pyridoxine hydrochloride, 37.5 mg. 
ascorbic acid, with unmeasured quantities of other vitamins and 
factors of the B complex as found in yeast. 

B-G-Phos Elixir (Sharp & Dohme)—Liquid, each fluidounce contain- 
ing 0.67 mg. thiamine hydrochloride, 1.34 mg. riboflavin (with other 
factors of vitamin B complex), 0.130 Gm. calcium glycerophos- 
phate, 0.259 Gm. sodium glycerophosphate, 0.024 Gm. potassium 
glycerophosphate, and 0.016 Gm. manganese glycerophosphate. 

Biomines (Stearns)—Soft gelatin capsules, each containing 5000 

. P. units vitamin A, 800 U.S. P. units vitamin D, 2.0 mg. thi- 
amine hydrochloride, 3.0 mg. riboflavin, 750 mg. ascorbic acid, 
25.0 mg. niacinamide, and 80.0 mg. liver concentrate 1:20. 

Biotose (Ciba)—Capsules, each containing 0.3 mg. thiamine hydro- 
chloride, 0.425 mg. riboflavin, 3.0 mg. niacin, 0.1 mg. pyridoxine, 
12.0 mg. ascorbic acid, 0.1 Gm. phytin, 0.28 mg. pantothenic acid, 
and 0.5 mg. liver concentrate 20:1. 

Birol (Schieffelin)—Capsules, each containing 0.194 Gm. (3 gr.) ferrous 
sulfate, 0.194 Gm. (3 gr.) liver extract (1:20), and 3 mg. vitamin 


By. 

Blexin (I. V. C.)—Syrup, each 5 ce. containing 1.08 mg. thiamine, 
2.00 mg. riboflavin, 0.30 mg. pyridoxine hydrochloride, 1.25 mg. 
niacin, and 0.125 mg. pantothenic acid; and tablets, each contain- 
ing 0.180 mg. thiamine, 0.333 mg. riboflavin, all B Complex vita- 
mins natural to yeast. 

Calcium Pantothenate (I. V. C.)—Tablets, each containing 10 mg 
Calcium d-pantothenate. 

Cal-C-Tose (Hoffmann-La Roche)—Powder, each dose (2 heaping 
teaspoonfuls) containing approximately 2000 U.S. P. units vita- 
min A, 0.5 mg. vitamin Bj, 0.5 mg. vitamin Be, 50 mg. vitamin C, 
500 U.S. P. units vitamin D, 116 mg. calcium, and 90 mg. phos- 
phorus in a chocolate malt powder base. 

Canichrome (Nion)—Capsules, each containing 3.3 mg. calcium 
pantothenate, 1 mg. thiamine hydrochloride, 1 mg. riboflavin, and 
5 mg. niacin, with other B complex factors and a trace of iodine. 

Cantaxin (Winthrop)—Ampuls (2 cc. containing 100 mg.) and tablets 

(30 or 100 mg.), containing ascorbic acid, synthetic crystalline 
vitamin C, white or yellowish white crystals, freely soluble in 
water, insoluble in chloroform and ether. 
Cantaxin in Propylene Glycol—Clear solution of pure crystalline 
vitamin C in propylene glycol, containing 100 mg. per Gm, (2.5 mg. 
per arom), miscible with milk, gruel, fruit juices, and other aqueous 
iquids. 

Caritol (Wyeth)—Capsules containing 25,000 U.S. P. units vitamin A 
activity; 12,500 U.S. P. units as distilled natural esters and 12,500 
U.S. P. units as carotene, biologically stabilized with 15 mg. mixed 
tocopherols. 

Caritol with Vitamin D—Each Gm. of liquid or 3 capsules provides 
15,000 U.S. P. units vitamin A, 3000 U.S. P. units vitamin D, and 
9 mg. mixed tocopherols. 

Cay-Ecol (Cavendish)—Perles (3 min.) containing wheat germ oil, for 
use in vitamin E therapy. 

Cavodol (Cavendish)—Tablets, each providing 2200 U. S. P. units 
vitamin A and 314 U.S. P. units vitamin D (cod liver oil extract). 
Also supplied as Cavodol Cod Liver Oil Extract with Colloidal Iron 
and Copper—Tablets. 

Cebefortis (Upjohn)—Coated compressed tablets, each containing 5 
mg. thiamine hydrochloride, 5 mg. riboflavin, 1.5 mg. pyridoxine 
hydrochloride, 25 mg. calcium pantothenate, 50 mg. nicotinic acid 
amide, and 150 mg. ascorbic acid. 

Cebione (Merck)—Ampuls (0.5 or 1 Gm.), crystals, and tablets (10, 
25, or 50 mg.) containing ascorbic acid, crystalline vitamin C. 

Cecon (Abbott)—A stable solution of ascorbic acid in propylene gly- 
col, each cc. containing 100 mg. ascorbic acid, 1 drop representing 
approximately 140 cc., or 2.5 mg. ascorbic acid. 

Ceetamin (Anglo-French)—Tablets, each containing vitamin C equal 
to 10 mg. ascorbic acid, vitamin Ce (J factor), and Cg (vitamin P), 
with carotene (provitamin A). 

Cenolate-G (Abbott)—Ampuls (2 cc.) containing the equivalent of 100 
mg. ascorbic acid, and ampuls (214 cc.) containing the equivalent 
of 500 mg. ascorbic acid, consisting of methyl glucamine ascorbate, 
a stable, non-irritating, water-soluble form of ascorbic acid in solu- 
tion suitable for parenteral administration. 

Cerelexin (Upjohn)—Syrup, each teaspoonful furnishing approxi- 
mately 300 U.S. P. units vitamin By, 0.2 mg. riboflavin, and other 
factors of the vitamin B complex present in yeast, liver, and malt. 
Cerelexin Compound—Tablets, each containing 120 U. ’'S. P. units 
vitamin By, 0.1 mg. riboflavin, 5 mg. nicotinic acid, 0.2 mg. cal- 
cium pantothenate, 0.08 mg. vitamin Be, approximately 10 mg. 
iron, and other factors of the vitamin B complex present in yeast. 


3 Cevalin (Lilly)—Ampuls (2 cc. containing 100 mg., or 5 or 10 ce., 


each cc. containing 100 mg.), soluble tablets (15 mg.), and scored 
tablets (25, 50, 100, and 250 mg.), containing vitamin C. 

Clocream Ointment (Upjohn)—Each ounce contains Super D cod 
liver oil concentrate, equivalent in vitamin content to 1 ounce of 
cod liver oil, in a vanishing cream base. 

Coco-Vitamin (Lilly)—Liquid, each fluidounce containing 10,000 
U.S. P. units vitamin A, 1000 U.S. P. units vitamin D, 1 mg. vita- 
min Bj, and 0.518 Gm. potassium hypophosphite, together with 
malt extract, wheat extract, chocolate, and aromatics. 

Col-Vi-Nol (Ulmer)—Qintment containing 3600 U.S. P. units vita- 

min D per ounce, together with other factors derived from cod 
liver oil, 0.5 per cent phenol, and 0.1, per cent benzocaine. 

Combevita (Sharp & Dohme)—Capsules, each containing 1 mg. thi- 
amine hydrochloride, 1 mg. riboflavin, 0.1 mg. pyridoxine hydro- 
chloride, 10 mg. niacinamide, 0.1 mg. calcium pantothenate, forti- 
fed with natur al factors of vitamin B complex from 84 mg. dried 
iver. 

Combex Kapseals (Parke, Davis)—Each kapseal containing 3 mg. 
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thiamine hydrochloride, 3 mg. riboflavin, 10 mg. nicotinamide, and 
3 mg. pantothenic acid, with other factors of the vitamin B com- 
plex derived from liver. 

Combex Parenteral—Steri-Vial (10 cc.), each cc. containing, in 
injectable solution, 10 mg. thiamine hydrochloride, 0.33 mg. ribo- 
flavin, 10 mg. nicotinamide, 4 mg. pantothenic acid (sodium salt), 
and 2 U.S. P. units liver extract, injectable. 

Combex with Vitamin C Kapseals—Contains, in addition, 50 mg. 
vitamin C. : 

Compomal (I. V. C.)—Liquid, each fluidounce containing 5000 
U.S. P. units vitamin A, 1000 U. S. P. units vitamin D, 1.5 mg. 
thiamine hydrochloride, 2 mg. riboflavin, and 346 mg. ferric pyro- 
phosphate. 

DWAR Bass (Armour)—Soft elastic capsules A min.), each containing 
5000 U.S. P. units vitamin A, 700 U.S. P. units vitamin D, 1 mg. 
thiamine hydrochloride, 2 mg. Nota 25 mg. ascorbic acid, 10 
mg. nicotinamide, and 150 mg. liver extract concentrate (derived 
from 10 Gm. fresh liver). 

Darthronol (Roerig)—Soft gelatin capsules, each containing 50,000: 
U.S. P. units irradiated ergosterol | (vitamin D), 5000 U.S. P. units 
vitamin A, 50 mg. ascorbic acid, 2 mg. thiamine hydrochloride, 1 
meg. riboflavin, 0.1 mg. pyridoxine hydrochloride, 0.33 mg. calcium 
pantothenate, 10 mg. niacinamide, and 3.4 mg. mixed natural 
tocopherols. 


Davitin (I. V. C.)—Capsules, each containing 5000 U. S. P. units 
vitamin D. 


Capsules or liquid, each capsule, or 5 ec. of 
liquid containing 5000 U.S. P. units vitamin A, 800 U.S. P. units 
vitamin D, 3 mg. thiamine hydrochloride, 3.mg. riboflavin, 20 mg. 
nicotinamide, 1 mg. pyridoxine hydrochloride, 3 mg. calcium panto- 
thenate, and 75 mg. ascorbic acid, 

Delphicol (Lederle)—Aqueous solution containing 21 per cent choline 
dihydrogen citrate, each tablespoonful equivalent to 1.5 Gm. of 
choline chloride. Uses: dietary supplement. Dose: equivalent 
to 6 Gm. choline chloride daily in divided doses after meals. 

Dee-Osterol (Breon)—Soft gelatin capsules or solution in oil (30-ce. 
vials), each capsule, or 1 cc. of solution, containing 50,000 U.S. P. 
units activated ergosterol (vitamin Dg), the solution also containing 
3 per cent chlorobutanol as local anesthetic. 

Delsterol in Oil (Abbott)—Vials (5 ce.) containing activated 7- 
dehydrocholesterol (vitamin Dg), a clear, colorless or pale yellow, 
odorless oil of bland taste, standardized to contain not less than 
10,000 U.S. P. units vitamin D per Gm. 

Deltalin (Lilly)—Gelseals, each containing 50,000 U. 
thetic vitamin Dg. 

Dentamin (Walker Vitamin)—Tablets, each containing 100 mg. nia- 
cinamide and 100 mg. ascorbic acid. 

Desitin (Desitin)—Ointment or powder; the ointment contains chlori- 
nated cod liver oil, zinc oxide, taleum, lanolin, and petrolatum; the 
powder contains crude cod liver oil, zine oxide, talc, and kaolin. 

Desynon with Vitamin A (Winthrop)—A milk-soluble solution of pure 
synthetic vitamin Dg and vitamin A in 90 per cent alcohol, stand- 
ardized to contain 3000 U.S. P. units vitamin D and 30,000 U.S. P. 
units vitamin A per Gm 
Desynon with Vitamin A in Oil and Desynon in Propylene Glycol 
also supplied. 

Diactol (Plessner)—Capsules, each containing not less than 50,000 
U.S. P. units vitamin Dg, obtained by the irradiation of ergosterol 
and free from such toxic impurities as tachysterol, toxisterol; bio- 

‘logically standardized. 

Dical-D (Abbott)—Capsules or wafers (plain or chocolate-flavored), 
each wafer, or 2 capsules, containing 0.972 Gm. dicalcium phos- 
phate and not Jess than 666 U.S. P. units vitamin D. 

Dical-D Capsules with Vitamin C—Each capsule also contains 15 
mg. ascorbic acid. 

Doral (Massengill)—Perles, each containing 50,000 U. 
vitamin Do. 

Drisdol (Winthrop seCapeules or solution, consisting of an oily solu- 

tion of crystalline vitamin D and natural vitamin A (from fish liver 
oil). Each capsule contains 1000 U.S. P. units vitamin D and 5000 
U.S. P. units vitamin A. Each Gm. of solution containing 10,000 
U.S. P. units vitamin D and 50,000 U.S. P. units vitamin A. 
Drisdol Concentrated Solution in Oil—Capsules, each containing 
see mg. pure crystalline vitamin D (50,000 U.S. P. units) in sesame 
oil. 
Drisdol in Propylene Glycol—Clear solution of pure crystalline 
vitamin Dg» from ergosterol in propylene glycol, containing 10,000 
U.S. P. units vitamin D per Gm. and 250 units per drop; sterile, 
stable, and milk soluble. 

Ecofrol (Breon)—Capsules (50 mg.), each containing 50 mg. mixed 
tocopherols, equivalent in vitamin I potency to 30 mg. a-to- 
copherol. 

Econ (Cole)—Capsules containing distilled natural mixed tocoph- 
erols from vegetable oil, each equivalent to 30 mg. a-tocopherol. 

Embry-E (Cole)—Perles, 0.185 cc. (3 min.), containing pure cold- 
pressed wheat germ oil, a rich source of vitamin EH. 

Engran (Squibb)—Capsules, each containing 5000 U.S. P. units vita- 
min A, 800 U.S. P. units vitamin D, 3 mg. vitamin Bj, 3 mg. vita- 
min Bo, 1 mg. vitamin Be, 3 mg. calcium pantothenate, 20 mg. 
niacinamide, and 75 mg. vitamin C. 

Ephynal Acetate (Hoffmann-LaRoche)—Tablets, consisting of dl-a- 
tocopherol acetate (synthetic vitamin E). 

Eprolin (Lilly)—Gelseals (50 mg.) containing a concentr ate of natural 
«, 8, and y tocopherols. Eprolin-S contains a-tocopherol only. 

Ertron (Nutrition Research)—Capsules, each containing 5 mg. activa- 
tion products of ergosterol having a potency of not less than 50,000 
U.S. P. units vitamin D, biologically standardized. 

Ertron Parenteral—Ampuls (1 cc.) containing a sterile intramuscu- 
lar solution, each cc. containing activation products of ergosterol 
having a potency of not less than 500,000 U.S. P. units vitamin D 


S. P. units syn- ' 
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in sesame oil, biologically standardized. ) 

Esdavite Pearls (Sharp & Dohme)—Each pearl contains 5000 UsS 2b. 
units vitamin A (fish liver oils), 1000 U.S. P. units vitamin D (acti- 
vated ergosterol), 1.5 mg. thiamine hydrochloride, 2 mg. riboflavin, 
30 mg. ascorbic acid, 10 mg. niacinamide, 1 mg. calcium panto- 
thenate, 0.25 mg. pyridoxine hydrochloride, with 10 mg. choline 
dihydrogen citrate. etl ; 

E-Toplex (U. S. Vitamin)—Capsules, each containing 45 mg. mixed 
natural tocopherol oils, equivalent in vitamin E potency to 30 mg. 
a-tocopherol. : 

Flavaxin (Winthrop)—Crystals (100 mg. vials) and tablets (1 and 5 

mg.) containing synthetic riboflavin. ; 
Flavaxin Soluble—(Niphanoid)—Powder in 5-mg. ampuls, con- 
taining the double salt of riboflavin sodium-sodium tetraborate 
(buffered with sodium tetraborate and boric acid) in instantly 
soluble form. : P : , : 

Folvite (Lederle)—Tablets (5 mg.) containing synthetic folic acid. 
See Folic Acid (page 904). mC % f ; 

Gadoment (Patch)—Ointment containing 70 per cent cod liver oil, 
0.375 per cent phenol, with zinc oxide and benzoin, in a wax base. 

Germol-E (Ayerst)—Capsules, each containing 34 mg. mixed to- 
copherols derived from 2 min. wheat germ oil concentrate, fortified 
by the addition of 1.5 min. of a 40 per cent solution of mixed to- 
copherols prepared from natural sources by molecular distillation 
(vitamin E). - ae A ; 

Gravidox (Lederle)—Tablets, each containing 20 mg. _ pyridoxine 
hydrochloride and 20 mg. thiamine hydrochloride; or vials (10 cc.), 
each ce. containing 50 mg. pyridoxine hydrochloride and 50 mg. 
thiamine hydrochloride. Uses: prevention of hyperemesis gravi- 
darum. 

Hematocrin (Harrower)—Capsules, each containing 0.194 Gm. ferrous 
sulfate, exsiccated, 0.065 Gm. sucrose, 0.097 Gm. liver extract, 5 mg. 
niacinamide, 0.5 mg. thiamine hydrochloride, 0.34 mg. riboflavin, 
0.083 mg. pyridoxine hydrochloride, and 0.083 mg. calcium panto- 
thenate. 

Hepicebrin (Lilly)—Gelseals, each containing 3 mg. thiamine chlo- 
ride, 1.5 mg. riboflavin, 40 mg. ascorbic acid, 20 mg. nicotinamide, 
5000 U.S. P. units vitamin A, and 800 U.S. P. units vitamin D. 

Hepicoleum (Lilly)—Globules, each containing 5000 U. S. P. units 
vitamin A and 1000 U.S. P. units vitamin D; and liquid, each Gm. 
containing 55,000 U. S. P. units vitamin A and 11,000 U.S. P. 
units vitamin D. tf 
Hepicoleum Compound—Globules, each containing 5000 U. Sh di 
units vitamin A, 500 U.S. P. units vitamin D, 0.33 mg. thiamine 
hydrochloride, 0.67 mg. riboflavin, and 10 mg. ascorbic acid. 

Hexa-Betalin (Lilly)—Ampuls (1 and 5 cc.), each cc. containing 50 
mg.; and tablets, 1 and 25 mg., containing a synthetically prepared 
pyridoxine hydrochloride (vitamin Be). Pag 

High Potency Capsules (I. V. C.)—Capsules, each containing 50,000 
U. S. P. units vitamin A, 1000 units vitamin D, 10 mg. thiamine 
hydrochloride, 10 mg. riboflavin, 150 mg. each of ascorbic acid and 
niacinamide. 

Homicebrin (Lilly)—A homogenized, stable preparation of water- 
soluble and fat-soluble vitamins suspended in a base of pectin, 
glycerin, and sugar, each 5 cc. containing 3000 U.S. P. units vita- 
min A, 0.8 mg. thiamine chloride, 1.2 mg. riboflavin, 40 mg. ascorbic 
acid, and 800 U.S. P. units synthetic vitamin D. 

Hykinone (Abbott)—Ampuls (34, 1, and 10 cc.) containing 2, 4, and 
60 mg., respectively of menadione sodium bisulfite in aqueous iso- 
tonic solution. : 

Hypobeta B-Complex Injectable (Sharp & Dohme)—Each ce. con 
tains 10 mg. thiamine hydrochloride, 2 mg. riboflavin, 1 mg. pyri- 
doxine hydrochloride, 50 mg. niacinamide, 4 mg. calcium panto- 
thenate, solution liver extract, crude, with 0.5 per cent phenol as 
preservative. Pay 

Hytakerol, ‘‘A.T.10’’ (Winthrop)—Capsules, each containing the 
equivalent of 0.625 mg. crystalline dihydrotachysterol in oil; and 
solution (15-cc. bottles), each 1 cc. containing the equivalent of 
1.25 mg. crystalline dihydrotachysterol in oil. 

Iberin (Abbott)—Capsules, each containing 0.324 Gm. iron and am- 
monium citrates, 0.375 mg. thiamine hydrochloride, 0.125 mg. 
riboflavin, 5 mg. nicotinamide, and 0.259 Gm. liver concentrate 
(containing the vitamin B complex). 

Iberin Ferrous—Capsules, each containing 0.13 Gm. ferrous sulfate, 
anhydrous, 0.454 Gm. liver concentrate, 0.375 mg. thiamine hydro- 
chloride, 0.125 mg. riboflavin, and 5 mg. nicotinamide. 

Infa-Concemin (Merrell)—Liquid, each cc. containing 0.8 mg. 
thiamine hydrochloride, 0.8 mg. riboflavin, 5.0 mg. niacinamide, 
0.5 mg. pyridoxine hydrochloride, 67.5 mg. liver, B complex frac- 
tion, 67.5 mg. rice bran extract, and 37.5 mg. ferrous sulfate. 

Infron Pediatric (Nutrition Research)—Capsules, each containing 
100,000 U. S. P. units vitamin D (Whittier Process), especially 
prepared for pediatric use. 

Irradol-A (Parke, Davis)—Liquid, each fluidounce containing 18,000 
units vitamin A, 3600 units vitamin D, 4 mg. thiamine hydrochlo- 
ride, 2 mg. riboflavin, 0.259 Gm. green iron and ammonium citrate, 
and non-diastatic malt extract. é 

Kappaxin (Winthrop)—Ampuls (1 cc.) containing 2 mg. in sesame 
oil; capsules (1 mg.); 0.1 per cent solution in sesame oil (1 mg. per 
lcc.); and tablets (1 mg.), containing pure crystalline Menadione. 

Kayquinone (Abbott)—Capsules (1 mg. in sesame oil) and tablets 
(1 mg.) containing Menadione. 

Klotogen (Abbott)—Capsules (1000 units) and vials (50 cc.) contain- 

ing an oily solution of a vitamin K concentrate, standardized to 
1250 units. per cc. by the modified Almquist method. 
Klotogen and Bilein (Combination Package)—Hach package con- 
tains a bottle of 50 Bilein capsules, 0.324 Gm., and a bottle of 25 
Klotogen capsules. ; 

Kolklot (Cole)—Capsules (2 mg.) containing Menadione. 

Manibee (Endo)—Elixir, injectable (1-cc. ampuls and 10- and 25-cce. 
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vials), and tablets. Elixir contains 6 mg. thiamine hydrochloride, 
2 mg. riboflavin, 200 mg. niacinamide, 1.5 mg. pyridoxine, 4 mg. 
pantothenic acid, and other B complex factors in rice bran extract, 
in each fluidounce. Each ce. of injectable contains 30 mg. thia- 
mine hydrochloride, 60 mg. nicotinamide, 2 mg. riboflavin, in an iso- 
tonic sodium chloride solution of rice bran extract 2.5 per cent 
containing other factors of vitamin B complex. Each tablet con- 
tains 2 mg. thiamine hydrochloride, 1 mg. riboflavin, 10 mg. 
niacinamide, 1 mg. calcium pantothenate, 0.3 mg. pyridoxine 
hydrochloride, and 0.38 Gm. dehydrated brewers’ yeast. 

Menadione (A. P. C.; Breon; Bristol; Burroughs Wellcome; Endo; 
Lakeside; Lederle; Lilly; McNeil; Mead Johnson; Merck; Miller; 
Schieffelin; Sharp & Dohme; Smith-Dorsey; United Drug; Up- 
john, U. 8S. Vitamin; Walker Vitamin; Warner; Wyeth)—See 
Menadione U.S. P. 

Menaquinone (Drug Products)—Hyposols (2 ce. containing 2 mg. in 
sesame oil) and enteric, sugar-coated pulvoids (14 mg.), containing 
Menadione. 

Morlotan Ointment (Drug Products)—Contains 55 per cent cod 
liver oil, 10 per cent urea, 0.1 per cent oxyquinoline-benzoate, and 
2 per cent benzocaine in a water-miscible base. 

Morruguent (Massengill)—Ointment containing cod liver oil concen- 
trate with a 25 per cent greater content of the unsaponifiable frac- 
tion than the U.S. P. minimum for cod liver oil. 


Multi-Beta (White)—Capsules, each containing 1 mg. thiamine | 


hydrochloride, 2 mg. riboflavin, 0.5 mg. pyridoxine hydrochloride, 
0.5 mg. calcium pantothenate, 10 mg. nicotinamide, with additional 
factors of the vitamin B complex provided by 155 mg. brewers’ 
yeast. 

Multi-Beta Liquid—Each cc. containing 2.5 mg. thiamine hydro- 
chloride, 0.5 mg. riboflavin, 0.15 mg. pyridoxine hydrochloride, 0.2 
mg. calcium pantothenate, and 10 mg. nicotinic acid. 

Multicebrin (Lilly)—Gelseals, each containing 5000 U. S. P. units 
vitamin A, 1000 U.S. P. units vitamin D, 3 mg. thiamine hydro- 
chloride, 3 mg. riboflavin, 1.5 mg. pyridoxine hydrochloride, 25 mg. 
nicotinamide, 5 mg. pantothenic acid (calcium salt), 75 mg. ascor- 
bic acid, and 10 mg. distilled natural tocopherols. 

Multiplex (Premo)—Sugar-coated tablets, each containing 5000 
U.S. P. units vitamin A, 4.5 mg. vitamin B, 2 mg. vitamin Bg, 
10 mg. nicotinamide, 10 mg. calcium pantothenate, 30 mg. vitamin 
C, 500 U.S. P. units vitamin D, 90 mg. calcium, 70 mg. phosphorus, 
15 mg. iron, 2 mg. magnesium, 0.5 mg. manganese, and 0.5 mg. 
zinc. 

Multi-Vi (White)—Capsules, each containing 5000 U. S. P. units 
vitamin A, 500 U.S. P. units vitamin D, 1.5 mg..thiamine hydro- 
pltoride: 2 mg. riboflavin, 10 mg. nicotinamide, and 37.5 mg. ascor- 

ic acid. 

Myopone (Drug Products)—Ointment containing solvent-extracted 
wheat germ oil in a cholesterol absorption base. 

Natola (Parke, Davis)—Capsules or liquid, each capsule containing 
5000 units vitamin A and 1000 units vitamin D; each Gm. of 
Haare containing 55,000 units vitamin A and 11,000 units vitamin 


Natopherol (Abbott)—Capsules, each containing 50 mg. tocopherols, 
equivalent to approximately 2 teaspoonfuls wheat germ oil in 
vitamin E potency. 

Natopherol in Oil—Liquid, each 10 drops (0.2 cc.) contain 50 mg. 
tocopherols. 

Natuplex-B (Squibb)—Vitamin B complex extract of brewers’ yeast 
in dry powder form, unfortified, undiluted and stable; 1 heaping 
teaspoonful (10 Gm.) supplies 0.015 mg. biotin, 70 mg. choline 
chloride, 0.45 mg. folic acid, 50 mg. inositol, 13 mg. niacin, 4 mg. 
pantothenic acid, 1 mg. pyridoxine hydrochloride, 2 mg. riboflavin, 
and 6 mg. thiamine hydrochloride. 

Navitol with Viosterol (Squibb)—Capsules (each equivalent in vita- 
min potency to 3 drops of the liquid), and vials (10 and 50 cc.) 
containing a concentrated oleovitamin A and D, each capsule 
containing 5000 U.S. P. units vitamin A and 1000 U. S. P. units 
vitamin D. 

Navitol Malt Compound—Syrup, each fluidounce containing 10,000 
U.S. P. units vitamin A, 2000 U.S. P. units vitamin D, 2 mg. 
vitamin Bj, 3 mg. vitamin Be, 20 mg. niacinamide, 20 mg. iron. 

Neo-Mins (Wyeth)—Multivitamin capsules, each containing 5000 
U.S. P. units vitamin A, 1.5 mg. vitamin Bj, 2 mg. vitamin Bg, 
37.5 mg. vitamin C, 500 U.S. P. units vitamin D, 20 mg. niacin- 
amide, 0.2 mg. vitamin Bg, and 1 mg. calcium pantothenate. 

Nicobee (Endo)—Elixir, each fluidounce containing 150 mg. niacin- 
amide, 50 mg. niacin, and 10 mg. thiamine hydrochloride. 

Nicobee Injectable—Ampuls (10 ec.), and vials (60 ce.), each ee. 
containing 12 mg. nicotinic acid, 50 mg. nicotinamide, and 3.33 
mg. thiamine hydrochloride. 

Nicolexin (Upjohn)—Capsules, each containing 20 mg. nicotinamide, 
0.13 mg. riboflavin, 0.3 mg. thiamine hydrochloride, and 0.1 mg. 
pyridoxine hydrochloride. 

Nicribo (Breon)—Ampuls (1 cc.) containing an injectable solution 
consisting of 200 mg. nicotinamide and 5 mg. riboflavin. 

Nutritive Capsules (Parke, Davis)—Each containing 2 mg. thiamine 
hydrochloride, 2 mg. riboflavin, 400 units vitamin D, 725 mg. an- 
hydrous dicalcium phosphate, and 30 mg. ferrous sulfate. 

Oleum Percomorphum (Flint, Eaton)—Liquid containing a mixture 
of fish liver oils containing at least 50 per cent percomorph liver oil, 
each Gm. containing not less than 60,000 U.S. P. units vitamin A 
and not less than 8500 U.S. P. units vitamin D. \ 

Oleum Percomorphum with.Other Fish Liver Oils and Viosterol 
(Mead Johnson)—Capsules (83 mg.) and liquid (10- and 50-ce. 
bottles), each capsule containing 5000 U.S. P. units vitamin A and 
700 U. 8. P. units vitamin D; each Gm. of liquid containing not 
less than 60,000 U.S. P. units vitamin A and 8500 U. S. P. units 
vitamin D. 


Ol-Vitum Capsules (I. V. C.)—Each capsule contains 5000 U. 8. Fy; 
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units vitamin A, 1000 U.S. P. units vitamin D, 37.5 mg. ascorbic 
acid, 2.56 mg. thiamine hydrochloride, 2.5 mg. riboflavin, 20 mg. 
niacinamide, 5 mg. calcium pantothenate, and 0.5 mg. pyridoxine 
hydrochloride. 

seeker V. C.)—Tablets, each containing 100 mg. p-aminobenzoic 
acid. 

Pabacal (I. V. C.)—Tablets, each containing 10 mg. calcium d-panto- 
thenate and 100 mg. p-aminobenzoic acid. 

Pan-Concemin (Merrell)—Tablets, each containing 5000 U. S. P. 
units vitamin A, 3 mg. vitamin Bj, 2 mg. vitamin Bg, 40 mg. vita- 
min C, 800 U. 8. P. units vitamin D, 25 mg. niacinamide, 2 mg. 
calcium d-pantothenate, and 1 mg. vitamin Bg. 

Panopsin-B Complex (Harrower)—Tablets, each containing 162 mg. 
panopsin (pancreatin 1:90), 162 mg. brewers’ yeast, dried, 2 mg. 
thiamine hydrochloride, 2 mg. riboflavin, 0.25 mg. pyridoxine, and 
7.5 mg. niacinamide. 

Pantholin (Lilly)—Ampuls (5 cc.), each cc. containing 50 mg., and 
tablets (1 and 10 mg.), containing calcium pantothenate, the cal- 
cium salt of pantothenic acid (filtrate factor). 

Pantothaxin (Winthrop)—Tablets (10 mg.) and solution in vials (5 
ce. containing 250 mg.), consisting of calcium pantothenate. 

Parentosol-B (Squibb)—Ampuls (1 cc.) containing a solution of 3 
pure synthetic vitamin B complex factors, each cc. containing 10 
oe hydrochloride, 4 mg. riboflavin, and 200 mg. niacin- 
amide. 

Pearls (I. V. C.)—Capsules, each containing 5000 U.S. P. units vita- 
min A, 500 U.S. P. units vitamin D, and 1.05 mg. thiamine hydro- 
chloride. 

Pendron (Nutrition Research)—Multiple vitamin capsules, each con- 
taining 5000 U.S. P. units vitamin A, 500 U.S. P. units vitamin 
D, 1.5 mg. thiamine hydrochloride, 20 mg. riboflavin, and 1 mg. 
calcium pantothenate. 

Pentaplex (S. K. F.)—Elixir, each 6 fluidrachms containing 2.25 mg. 
thiamine hydrochloride, 2 mg. riboflavin, 20 mg. niacin, 0.5 mg. 
pyridoxine hydrochloride, and an amount of pantothenic acid 
equivalent to 1.5 mg. per recommended daily dose. 

Plebex Injection (Wyeth)—A combination of 5 crystalline factors of 
the vitamin B complex in aqueous solution, each ce. containing 10 
mg. thiamine hydrochloride, 2 mg. riboflavin, 100 mg. niacinamide, 
5 mg. pyridoxine hydrochloride, and 5 mg. calcium pantothenate. 

Pluravit (Winthrop)—Pellets, each containing 5000 U. 8. P. units 
vitamin A, 2 mg. thiamine hydrochloride, 2 mg. riboflavin, 0.5 mg. 
pyridoxine hydrochloride, 50 mg. ascorbic acid, 1000 U.S. P. units 
crystalline vitamin Deg from ergosterol, 20 mg. nicotinamide, and 
1 mg. calcium pantothenate. 

Polytaxin (Winthrop)—Capsules, each containing 4000 U.S. P. units 
vitamin A, 1 mg. thiamine hydrochloride, 2 mg. crystalline vitamin 
Bo, 30 mg. crystalline vitamin C, 400 U.S. P. units vitamin D from 
ergosterol, and 10 mg. crystalline niacinamide. 

Provatol (Wyeth)—Liquid, consisting of a non-fish liver oil source of 
vitamin A and D activity, each Gm. providing 7500 U.S. P. units 
vitamin A activity (derived from carotene) and 1500 U.S. P. units 
vitamin D (activated ergosterol) in sesame oil; mixed tocopherols 
equivalent in biologic potency to 4.5 mg. synthetic a-tocopherol. 

Pyridex (Lanteen)—Tablets, each containing 25 mg. pyridoxine 
hydrochloride and 3 mg. thiamine hydrochloride. Uses: control 
pa eases in pregnancy and roentgen sickness. Dose; 2 tablets 
a day. 

Pyridoxine Hydrochloride (Breon; Bristol; Burroughs Wellcome; 
Endo; Galen; Lakeside; Lederle; McNeil; Merck; Miller; Pitman- 
Moore; Rorer; Sharp & Dohme; Sherman; C. D. Smith; Squibb; 
Upjohn; Walker Vitamin; Warner; Winthrop; Wyeth)—See 
Pyridoxine. 

Pyriplex (Massengill)—Liquid, each fluidounce containing 25 mg. 
pyridoxine hydrochloride, 10 mg. thiamine hydrochloride, 10 mg. 


riboflavin, 25 mg. nicotinamide, and 4 ounce glucose. Uses: 
control of nausea of pregnancy and roentgen sickness. Dose: 2 


fluidounces a day in 4 doses. : 

Ryzamin-B (Burroughs Wellcome)—Each Gm. of preparation con- 
tains 400 U. S. P. units thiamine hydrochloride, 400 micrograms 
riboflavin, 100 micrograms pyridoxine, 8 mg. nicotinic acid, and 
other vitamin B factors present in rice polishings concentrate. 

Sodascorbate (Van Patten)—Grooved tablets, each containing 120 
mg. sodium ascorbate, equivalent in vitamin C activity to 100 mg. 
ascorbic acid. 

Solu-B (Upjohn)—Dry, sterile powder in vials (10 cc.), each contain- 
ing 10 mg. thiamine hydrochloride, 10 mg. riboflavin, 5 mg. pyri- 
doxine hydrochloride, 50 mg. calcium pantothenate, and 250 mg. 
nicotinamide. 

Solu-B with Ascorbic Acid—Each vial contains, in addition, 500 mg. 
sterile solution ascorbic acid per 5 cc. ; 
Super A Vitamin Concentrate (Upjohn)—Capsules, each containing 
~ 25,000 or 50,000 U.S. P. units; and fluid, each cc. containing ap- 
proximately 50,000 U. S. P. units of preparations of vitamin A 

practically free from vitamin D, obtained from fish liver oils. 

Super D Cod Liver Oil (Upjohn)—Each Gm. supplies 2000 U.S. P. 
units vitamin A and 255 U.S. P. units vitamin D. 

Super D Concentrate (Upjohn)—Fluid, each 1.72 min. (approximately 
5 drops) supplies 5000 U. 8. P. units vitamin A and 500 U.S. P. 
units vitamin D. , Seg 
Super D Perles—Each containing 14,450 U.S. P. units vitamin A 
and 1445 U.S.’ P. units vitamin D. 

Super-Seal Avitron (Drug Products)—Enteric coated pellets, each 
containing 25,000 U.S. P. units vitamin A distilled ester. ay 
Super-Seal C, with A & B; (Drug Products)—Pellets, each containing 
2500 U.S. P. units vitamin A, 125 mg. vitamin C, and 14% mg. vita- 

min By. 

anersSeal D (Drug Products)—Enteric coated pellets, each con- 
taining 50,000 U.S. P. units vitamin D (activated ergosterol). _ 

_ Super-Seal ‘‘Vitalert’” (Drug Products)— Pellets, each containing 
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5000 U.S. P. units vitamin A, 3 mg. thiamine hydrochloride, 3 mg 
riboflavin, 75 mg. ascorbic acid, 1000 U. S. P. units vitamin D 
(activated ergosterol), 1 mg. calcium pantothenate, and 20 mg. 
niacinamide. 

Synbefax (Lederle)—Tablets, each containing 10 mg. thiamine 
hydrochloride, 5 mg. riboflavin, 50 mg. niacinamide, and 75 mg. 
ascorbic acid. 

Synkamin (Parke, Davis)—Ampuls (1 cc. containing 1 mg.) and kap- 
seals (each containing 4 mg.), each cc. containing 1 mg. Synkamin 
(4-amino-2-methyl-l-naphthol) as the hydrochloride; a synthetic 
compound with physiologic properties similar to naturally occur- 
ring vitamin K, but of higher potency. 

Synkayvite (Hoffmann-LaRoche)—Ampuls (1 cc. containing 5 or 10 
mg.) and tablets (5 mg.), containing Synkayvite (2-methyl-1,4- 
naphthohydroquinone diphosphoric acid ester tetrasodium salt), a 
synthetic, water-soluble vitamin K analogue. 

Syntopherol Acetate (Abbott)—Tablets (3, 10, and 25 mg.) contain- 
ing synthetic vitamin E (dl-«-tocopherol acetate). 

Taka-Combex (Parke, Davis)—Kapseals (hermetically sealed cap- 
sules), each containing 0.162 Gm. taka-diastase, 3 mg. thiamine 
hydrochloride, 3 mg. riboflavin, 0.5 mg. pyridoxine hydrochloride, 
3 mg. pantothenic acid, 10 mg. nicotinamide, 30 mg. ascorbic acid, 
with other components of the vitamin B complex derived from liver. 

Thera-Concemin (Merrell)—Capsules, each containing 25,000 U.S. P. 
units vitamin A, 1000 U. S. P. units vitamin D, 5 mg. thiamine 
hydrochloride, 5 mg. riboflavin, 150 mg. niacinamide, and 150 mg. 
ascorbic acid. 

ge oauinoee (Squibb)—Capsules (1 mg.) containing Menadione 
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Thyloquinone in Oil—Ampuls (1 ce. containing 2 mg. in corn oil) 
and vials (10 ec., each cc. containing 1 mg. in corn oil), 

Tivrim (I. V. C.)—Capsules and mineral wafers, each capsule con- 
taining 5000 U.S. P. units vitamin A, 1000 U.S. P. units vitamin 
D, 37.5 mg. ascorbic acid, 2.5 mg. thiamine hydrochloride, 2.5 mg. 
riboflavin, 20 mg. niacinamide, 5 mg. calcium pantothenate, and 
0.5 mg. pyridoxine hydrochloride; each mineral wafer containing 
375 mg. calcium, 375 mg. phosphorus, 69 mg. magnesium, 0.6 mg. 
manganese, 5 mg. iron, 0.05 mg. iodine, 0.9 mg. copper, and 1.1 mg. 
zinc. 

Tocopherex (Squibb)—Capsules (3 min.), each containing 50 mg. of a 
mixture of a-, B-, and y-tocopherols, equivalent in vitamin E activ- 
ity to 30 mg. of a-tocopherol; a distillate of vegetable oils, pre- 
pouting a rich natural source of vitamin E in concentrated, stable 
orm. 

Levornctols Lentabs (Lederle)—Tablets containing 38 I. U. of vita- 
min E. 

Tofaxin (Winthrop)—Capsules, each representing 50 mg. mixed 
natural tocopherols, equivalent to 30 mg. of a-tocopherol, a stable, 
clear, amber solution containing 25 per cent of natural tocopherols 
(a, 8, and y). 

Tokophin (Lakeside)—Capsules, each containing 50 mg., equivalent 
to approximately 44 mg. a-tocopherol, a vegetable oil distillate 
containing natural e-, B-, and y-tocopherols. 

Trapadin (I. V. C.)—Capsules, each containing 5000 U. 8S. P. units 

vitamin A, 1000 U.S. P. units vitamin D, 50 mg. ascorbic acid, 3 
mg. thiamine hydrochloride, 2 mg. riboflavin, 20 mg. niacinamide, 
3 mg. pantothenic acid, 0.2 mg. pyridoxine hydrochloride, and 10 
mg. mixed tocopherols. 
Trapadin Improved—Capsules, each containing 5000 U.S. P. units 
vitamin A, 1000 U.S. P. units vitamin D, 75 mg. ascorbic acid, 5 
mg. thiamine hydrochloride, 10 mg. riboflavin, 30 mg. niacinamide, 
3 mg. pantothenic acid, 1 mg. pyridoxine hydrochloride, and 10 mg. 
mixed tocopherols. 

Tribin (Endo)—Ampuls (1 ce.), each containing 10 mg. thiamine 
hydrochloride. 

Trisofor (S. K. F.)—Palatable elixir, each 6 fluidrachms containing 
2.25 mg. thiamine hydrochloride, 2 mg. riboflavin, 20 mg. niacin, 
and 0.389 Gm. ferrous sulfate U. 8. P. 

Trophonine X (Reed & Carnrick)—A palatable, nutritious, liquid food 
supplement, each fluidounce containing 5 mg. thiamine hydro- 
chloride, 2 mg. riboflavin, 10 mg. niacinamide, 1.5 mg. calcium 
pantothenate, 0.75 mg. pyridoxine hydrochloride, 14.30 per cent 
carbohydrates, 5.70 per cent proteins, and 19.5 per cent alcohol. 

Unicap Vitamins (Upjohn)—Capsules, each containing 5000 U.S. P. 
units vitamin A, 500 U.S. P. units vitamin D, 37.5 mg. ascorbic 
acid, 2.56 mg. thiamine hydrochloride, 2.5 mg. riboflavin, 0.5 mg. 
pyridoxine hydrochloride, 5.0 mg. calcium pantothenate, and 20 
mg. nicotinic acid amide. 

Vi-Alpha (Lederle)—Lentabs, each containing 50,000 U. S. P. units 
vitamin A and 16 I. U. vitamin E. 

Vi-4-B (Drug Products)—Sugar-coated, pink pulvoids, each contain- 
ing 3 mg. thiamine hydrochloride, 2 mg. riboflavin, 15 mg. nicotin- 
amide, and 0.25 mg. pyridoxine hydrochloride. 

Vi-4-B Fortis—Vials, each cc. containing 100 mg. thiamine hydro- 
chloride, 2 mg. riboflavin, 100 mg. nicotinamide, 2 mg. pyridoxine 
hydrochloride, in water for injection U. 8. P. 

V-I-C-M (Drug Products)—Uncoated, natural color tablets, each 
containing 1.5 mg. thiamine hydrochloride, 1 mg. riboflavin, 350 
U. 8. P. units vitamin D, 0.065 Gm. ferrous gluconate, 8 mg. 
manganese hypophosphite, and 0.648 Gm. calcium phosphate 
dibasic. 

Vi-Daylin (Abbott)—Each 5 cc. contains 3000 U. 8. P. units vitamin 
A, 800 U.S. P. units vitamin D, 0.8 mg. thiamine hydrochloride, 
1.2 mg. riboflavin, 40 mg. ascorbic acid, and 5 mg. nicotinamide. 

Vi-Delta (Lederle)—Preparations containing vitamins A and D. 
Vi-Delta Clipsules—Each contains 3000 U.S. P. units vitamin A 
and 800 U.S. P. units vitamin D. 

Vi-Delta Emulsion—Pleasantly flavored aqueous emulsion, each 
teaspoonful contains 2500 U.S. P. units vitamin A and 375 U.S. P. 
units vitamin D, Rise 
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Vi-Delta Lentabs—Hach contains 5000 U.S. P. units vitamin A and 
500 U.S. P. units vitamin D. 

Vi-Delta Liquid Concentrate—Each Gm. contains 45,000 U.S. P. 
units vitamin A and 5600 U.S. P. units vitamin D. 

Viderol (Parke, Davis)—Capsules, each containing 50,000 units 
vitamin D (as viosterol), 50 mg. mixed tocopherols, and 150 mg. 
Desicol (desiccated whole bile). 

Vi-Diem (McNeil)—Gelatin-coated black tablets, each containing 
4000 U.S. P. units vitamin A, 1 mg. thiamine hydrochloride, 2 mg. 
riboflavin, 10 mg. niacinamide, 30 mg. ascorbic acid, and 400 
U.S. P. units vitamin D (activated ergosterol). 

Vifort Polyvitamin Drops (Endo)—Each 0.6 cc. contains 2000 U.S. P. 
units vitamin D, 1.8 mg. thiamine hydrochloride, 0.6 mg. riboflavin, 


0.3 mg. pyridoxine, 60 mg. ascorbic acid, 3 mg. niacinamide, 1.2 - 


mg. calcium pantothenate, 132 mg. rice bran extract (containing 
choline, inositol, and biotin vitamins). 

Vigran (Squibb)—Capsules, each containing 4000 U. S. P. units 
vitamin A, 400 U. 8. P. units vitamin D, 2 mg. thiamine hydro- 
chloride, 2 mg. riboflavin, 10 mg. niacinamide, and 30 mg. ascorbic 
acid. 

Vi-Litron (U. S. Vitamin)—Capsules and syrup, each capsule con- 
taining 0.18 Gm. liver concentrate (equivalent to 10 Gm. whole 
liver), 0.194 Gm. ferrous sulfate, 0.5 mg. vitamin By, 0.5cng. vita- 
min Bo, 4 mg. niacinamide, and 10 mg. ascorbic acid; each tea- 
spoonful of syrup containing liver concentrate equivalent to 9 Gm. 
whole liver, 0.356 Gm. iron peptonate and iron ammonium citrate, 
0.75 mg. thiamine hydrochloride, 0.5 mg. riboflavin, 5 mg. niacin- 
amide, 0.5 mg. pantothenic acid (as calcium salt), 0.25 mg. pyridox- 
ine hydrochloride, and 1 Gm. brewers’ yeast extract. 

Vi- Magna Clipsules (Lederle)—Each capsule containing 3000 U.S. P. 

units vitamin A, 800 U.S. P. units vitamin D, 0.4 mg. thiamine 
hydrochloride, 0.6 mg. riboflavin, 4 mg. niacinamide, and 30 mg. 
ascorbic acid. 
Vi-Magna Lentabs—Each tablet containing 5000 U. S. P. units 
vitamin A, 500 U.S. P. units vitamin D, 30 mg. ascorbic acid, 3 mg. 
thiamine hydrochloride, 2 mg. riboflavin, 20 mg. niacinamide, 1 mg. 
calcium pantothenate, and 0.2 mg. pyridoxine hydrochloride. 

Vinothiam (Sharp & Dohme)—A palatable dosage form of thiamine 
hydrochloride in a wine base, each fluidounce containing 8 mg. 
thiamine hydrochloride. 

Viosterol Concentrated (Merrell)—Capsules, each containing 50,000 
U.S. P. units vitamin D as irradiated ergosterol in oil. 

Viosterol in Halibut Liver Oil (Mead Johnson)—1 Gm. contains not 
less than 60,000 units vitamin A and 10,000 units vitamin D. 

Viosterol in Oil (Abbott; A. P. C.; Hospital Liquids; I. V. C.; 
Lederle; McKesson; Mead Johnson; Merrell; Parke, Davis; 
Squibb; Stearns; Winthrop)—A solution in oil of irradiated 
ergosterol; clear, colorless or pale yellow, odorless oil of bland taste, 
standardized to contain not less than 10,000 U. S. P. units of 
vitamin D per Gm. 

Viosterol with Vitamin A (Upjohn)—Each Gm. contains 60,000 
U.S. P. units vitamin A, 10,000 U.S. P. units vitamin D, obtained 
from selected fish liver oils supplemented with viosterol. 

Vi-Penta (Hoffmann-La Roche)—Drops, consisting of a palatable 
liquid preparation containing, in each 10 min. dose, 5000 U. 8S. P. 
units vitamin A, | mg. vitamin Bj, 1 mg. vitamin Bo, 50 mg. vita- 
min C, 1000 U.S. P. units vitamin D, and 2 mg. niacinamide, in- 
corporated in a special non-alcoholic vehicle; and perles (small 
gelatin capsules), each containing 5000 U.S. P. units vitamin A, 
1 mg. vitamin Bj, 1 mg. vitamin Bg, 50 mg. vitamin C, 1000 U.S. P. 
units vitamin D, and 5 mg. niacinamide. 

Vi-Supplets (Lederle)—Tablets, each containing 1666 U.S. P. units 
vitamin A, 167 U.S. P. units vitamin D, 0.67 mg. vitamin By, 1 
mg. vitamin Bo, 6.67 mg. niacinamide, 10 mg. vitamin C, 2 mg. 
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calcium pantothenate, 153 mg. calcium (in CagP207), 3.36 mg. iron 
(in Iron Pyrophos. Sol.), 0.12 mg. manganese (in MnSO4), and 122 
mg. phosphorus (in above Ca and Fe salts). 

Vi-Syneral (U. S. Vitamin)—Preparations (dark tinted) containing 
multiple vitamins in 6 different concentrations, together with 
companion preparations (light tinted) containing 8 mineral salts 
(dicaleium phosphate, ferric phosphate, potassium iodide, copper 
carbonate, magnesium sulfate, manganese citrate, and zinc sulfate). 

Vi-Syneral Vitamin Drops (U. 8. Vitamin)—Each 0.6-cc. dose (ap- 
proximately 23 drops) in aqueous solution contains not less than 
4000 U.S. P. units vitamin A, 1 mg. thiamine hydrochloride, 0.4 mg. 
riboflavin, 4 mg. niacinamide, 30 mg. ascorbic acid, and 570 U.S. P. 
units vitamin D. 

Vitaceben with Iron (Drug Products)—Pulvoids, each containing 10 
mg. thiamine, 5 mg. riboflavin, 100 mg. ascorbic acid, 50 mg. niacin- 
amide, and 206 mg. ferrous sulfate (equivalent to 60 mg. iron). 

Vitadex-B (Cutter)—Saftiflask container (1000 cc.) containing solu- 
tions of dextrose, 5 and 10 per cent, in normal saline solution or in 
distilled water, also containing, per liter, 5 mg. thiamine hydro- 
chloride, 7.5 mg. riboflavin, 50 mg. nicotinamide, and 3 mg. pyridox- 
ine hydrochloride. 

Vita-Kaps (Abbott)—Capsules, each containing 5000 U.S. P. units 
vitamin A, 500 U.S. P. units vitamin D, 1 mg. thiamine hydro- 
chloride, 2 mg. riboflavin, and 30 mg. ascorbic acid. 


Vitaminets (Hoffmann-La Roche)—Tablets, each containing 1667 | 


U.S. P. units vitamin A, 0.667 mg. vitamin By, 0.667 mg. vitamin 
Bo, 0.167 mg. vitamin Be, 16.67 mg. vitamin C, 167 U.S. P. units 
vitamin D, 1 mg. vitamin E, 1 mg. calcium pantothenate, 5 mg. 
niacinamide, 3.34 mg. iron, 66.67 mg. calcium, 58.33 mg. phos- 
phorus, 0.167 mg. manganese, and 6.67 mg. magnesium. 

Vitamin K, (Merck, ampuls, 1, 5, and 25 Gm.; and Parke, Davis, 2- 
mg. capsules)—2-Methyl-3-phytyl-1,4-naphthoquinone, yellow, 
very viscous, nearly odorless liquid, insoluble in water, soluble in 
alcohol and vegetable oils. 

Vitamin P—Extracts prepared from forsythia, elder flowers, tobacco 
(rutin), and violets maintain normal capillary permeability in man 
and guinea pigs. The factor responsible for alleviating capillary 
fragility was accordingly named P vitamin. It is a mixture of 
flavone glycosides as citrin from lemon peel (a mixture of hesperidin 
and eriodictin) or definite crystalline compounds as Rutin (page 
804) or naringin, a bitter glycoside found in the rind of the grape- 
fruit. Crystalline hesperidin has been used as a reference standard 
for a biological assay of P vitamin using a suction cup to produce 
capillary bleeding on the skin of the guinea pig under controlled 
conditions. : 

Vitikon (Upjohn)—Syrup, each teaspoonful (5 ec.) contains 2 mg. 
thiamine hydrochloride, 3 mg. riboflavin, 100 mg. ascorbic acid, 
and 30 mg. nicotinamide in an orange-flavored vehicle. 

Vitules (Wyeth)—Improved formula vitamin capsules with carotene, 
each containing 5000 U.S. P. units vitamin A activity (from caro- 
tene, 1000 units; from fish liver oils, 4000), 1000 U.S. P. units 
vitamin D, 75 mg. ascorbic acid, 2 mg. thiamine hydrochloride, 
3 mg. riboflavin, 20 mg. nicotinamide, 0.2 mg. pyridoxine, 20 mg. 
calcium pantothenate, and 3 mg. mixed tocopherols. 

Wheat Germ Oil (Abbott; A. P. C.; I. V. C.; Lilly; McKesson, 
MeNeil; Rorer; Sharp & Dohme; Stearns; Ulmer; U.S. Vitamin) 
—A specially processed oil obtained by cold pressure from wheat 
germ (Triticum vulgare), a natural source of tocopherols possessing 
vitamin FE activity. 

Zymacap (Upjohn)—Soft elastic capsules, each containing 12,500 
U.S. P. units vitamin A, 1000 U.S. P. units vitamin D, 5 mg. thi- 
amine hydrochloride, 5 mg. riboflavin, 2 mg. pyridoxine hydro- 
chloride, 10 mg. calcium pantothenate, 30 mg. nicotinamide, and 
100 mg. ascorbic acid. 


CHAPTER LXXIx 


ANTIBIOTICS 


ANTIBIOTIC substances are chemical compounds pro- 
duced as a result of the metabolic activities of living 
cells and which inhibit, in very low concentrations, the 
growth of microorganisms. While antibiotics have 
been isolated from tissues of higher plants and animals, 
the term generally has come to refer to inhibitory sub- 
stances of microbial origin. The antagonistic effect 
of one microorganism upon the development of others 
has been recognized since the early days of bacteriology, 
and the formation of inhibitory substances is but one 
expression of microbial antagonism. 


From the standpoint of chemotherapy and pharma- 
cology, two milestones mark the historical development 
of the field of antibiotics: (1) Dubos’ discovery in 1939 
of tyrothricin and its in vivo efficacy against certain 
virulent bacterial infections, and (2) discovery by 
Chain, Florey, and associates at Oxford University of 
the unusually favorable therapeutic and pharmacologi- 
cal properties of extracts of cultures of the mold Peni- 
ciluum notatum found to produce penicillin by Fleming 
in 1929. As a result of these studies, a remarkable 
impetus was imparted to the search for new antibiotics, 
and in the last eight years a large number have been 
described. 


Detection and Isolation of Antibiotic-Producing 
Organisms 


~The detection of these organisms is based on a dis- 
tinctive property of antibiotics, namely, the ability to 
inhibit certain test bacteria under controlled conditions 
in vitro. The nature of the antibiotic found can, to 
some extent, be influenced by the specific test organism 
employed. Thus, the use of S. aureus as the test organ- 
ism will detect all antibiotics inhibitory to that organ- 
ism, but the antibiotic may or may not also be effective 
against KH. coli, for example. To insure securing activ- 
ity against H. coli, this organism must be used in the 
testing. 

Antibiotic-producing organisms can be obtained by: 
(1) testing pure cultures of organisms available in cul- 
ture collections or isolated from natural sources, and 
(2) “screening,” or selection through suitable techniques 
from the vast heterogeneous mixed population of the 
soil or other natural habitations of microorganisms. 
In the first case the practice consists simply of adding 
to broth or agar cultures, seeded with the test organism, 
suitable quantities of culture filtrates of the cultures 
being examined, incubating, and inspecting for inhibi- 
tion of the test bacterium. The screening method in- 
volves plating out in serial dilution an aqueous extract 
of soil or other natural substrate, using agar medium 
previously seeded with the test organism. During 
incubation the various organisms of the soil population 
develop, and those forming antibiotic substances are 
distinguished by a clear zone or halo around the colony, 
indicative of inhibition of the test organism which, in 
the region beyond the clear zone, grows abundantly in 
the form of a marked turbidity throughout the agar. 
Innumerable modifications of this principle are possible, 
depending on the objective of the investigator and upon 
_ his ingenuity. Thus, use of different media will expose 
for screening different types of soil organisms; the same 


applies to the pH of the medium, temperature of incuba- 
tion, etc. These must, however, not be incompatible 
with the growth of the particular test organism em- 
ployed. Theoretically, the best chance for detecting 
the largest possible number of antagonists lies in the 
preincubation for a few days of the agar cultures con- 
taining the soil dilutions, but without the test bacteria. 
This is followed by a secondary incubation after the 
test. organism is applied to the plate by streaking or 
spraying. In this manner slow-growing soil organisms 
are given the opportunity to develop and manifest 
antibiotic-producing ability. 

Once detected, the antagonist is isolated in pure 
culture and identified, and the conditions for maximum 
production of the antibiotic substance are investigated. 
Generally, this involves finding the optimum tempera- 
ture, pH, and age of the culture. Important also is the 
composition of the medium. Different organic and 
inorganic nitrogenous substances are tested, with and 
without various carbohydrates, minerals, heavy metals, 
ete. Once a favorable medium is established, other 
known strains of the antagonist, obtained either from 
stock culture collections or isolated from nature, are 
compared for the character and amount of the anti- 
biotic produced, and the highest yielding strain selected 
for further work. The antibacterial spectrum is ob- 
tained, 7. e., the relative effectiveness in inhibiting the 
growth of a large variety of Gram-positive and Gram- 
negative bacteria, especially pathogenic ones. This 
identifies those infections in which the antibiotic may 
be useful chemotherapeutically. Several concentrates 
of the antibiotic, not necessarily pure, are then examined 
for toxicity in mice. Only low toxicity preparations 
and, in particular, those in which toxicity is inversely 
proportional to the antibacterial potency are of interest. 
Toxicity and pharmacological data are obtained in ani- 
mals, and if favorable, in clinical trials on humans. If 
the clinical trials show the antibiotic to be a promising 
therapeutic agent, attention is turned to large-scale 
manufacture. Chemical studies or the structure of the 
pure compound will indicate the feasibility of chemical 
synthesis. Generally, antibiotics are complex, rather 
large molecular weight substances whose synthesis may 
be extremely difficult or at least uneconomical, com- 
pared to microbiologic production. This is the case 
now with the two most successful antibiotics, namely, 
penicillin and streptomycin. 


Production of Antibiotics 


The development and operation of the large-scale 
commercial production of antibiotic substances may be 
exemplified by a description of the manufacture of 
penicillin. In general, the approach and methods em- 
ployed are typical. Two types of processes for the 
microbiological. production of antibiotics are known: 
(1) the surface process, in which the antibiotic-producing 
organism grows in the form of a pad on the surface of a 
liquid medium in trays or bottles, or on the surface of 
a finely divided moist solid substrate such as wood 
shavings, wheat bran, etc.; (2) the submerged process, in 
which the organism develops in a liquid medium, main- 
tained continuously under mechanical agitation, and 
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aeration, so that the organism develops uniformly and 
homogeneously in the form of a suspension of single 
cells, or small aggregates or colonies, throughout all por- 
tions of the culture liquid. The penicillin is excreted 
into the culture fluid. The molds used industrially 
today are derived from Penicillium chrysogenum. ° 

The Submerged Process—This process, in which 
growth is greatly accelerated and the handling of large 
quantities greatly facilitated, is considerably more 
efficient than surface processes, and hence is the only 
feasible method for large-scale commercial production. 
Stationary, closed, iron cylindrical-shaped tanks, known 
as fermenters, of 10,000 to 20,000 gallons capacity, are 
used in penicillin manufacture. These are equipped 
with vertical single shaft propeller or turbine type agi- 
tators and with a mechanical means of comminuting 
and distributing sterile air, introduced for maximum 
dispersal effect in the region of the agitator. The tanks 
have a detachable manhole on the top, sight glasses, and 
outlets to valve-closed sampling lines and accessory 
feed chambers, enabling inoculation by hand if neces- 
sary, particularly in small seed tanks, and the addition 
whenever necessary of other (sterile) materials, such as 
antifoam agents, during the fermentation. All outlets 
from the tank are exposed continuously to flowing steam 
to minimize chances of contamination. The culture 
medium is sterilized by high-pressure steam and cooled 
by brine. Temperature control during growth of the 
mold is maintained automatically at 23-25° C. The 
compressed air, which is introduced into the fermenters, 
is sterilized by filtration through steam-sterilized car- 
tridges of suitable size and filled with glass wool. 

Inoculum for large tanks is obtained by building up 
the amount of growth successively through a series of 
seed tanks, from tank to tank, and transferring under 
air pressure through sterile pipe lines. Generally this 
massive inoculum amounts to 5 to 10 per cent of the 
main batch, and consequently, seed tanks are about 
149 the volume of the next larger tank. The first and 
smallest seed tank is inoculated with a laboratory- 
prepared culture, consisting either of spores or of a 
small flask of submerged growth obtained on a labora- 
tory, rotary, or reciprocal-type shaking machine. 

The stock or master culture of the penicillin-produc- 
ing mold is dry and cold-preserved in the form of spores. 
Continuous vegetative transfer of the mold on artificial 
media leads to loss of penicillin-producing power 
(physiological degeneration). Hence, the number of 
intermediate transfers between master culture and the 
final batch is kept at a minimum. 

The culture medium used for commercial penicillin 
production almost invariably contains a natural, com- 
plex, nitrogenous material, corn-steep liquor, which is a 
by-product of the corn-milling industry. This has a 
unique stimulating effect on penicillin formation due in 
part to its content of certain amino acids, minerals, and 
precursors which are utilized for direct conversion into 
the penicillin molecule. The penicillin potency is fol- 


A TYPICAL PRODUCTION MEDIUM 


Corn-steep liqior (SOlLGS) they eedeto isi eeaerheehteetion ee 2 to 5 per cent 
Gradedactose .... i.) .a76-c ee eee en a a RO 2 to 3 per cent 
Calcium jcarbonate sy. Aros ses a dee aie ner 0.5 to 1 per cent 


lowed by assay every 3 to 6 hours, and at the time when 
the potency stops rising, the batch is harvested. Maxi- 
mum activity generally is reached in 50 to 90 hours. 
Due to the instability of penicillin at ordinary tempera- 
tures, the batch is cooled to 5° C. and the mycelium 
filtered off by pressure filtration (Fig. 506). 


AN TIBI OTECS 


The penicillin is extracted and concentrated by two 
general processes: (1) charcoal adsorption, and (2) 
solvent extraction. 

In the charcoal adsorption process, activated charcoal 
adsorbs the penicillin, and after filtration, the penicillin 
is eluted with a solvent such as an 80 per cent solution 
of acetone in water. The eluate is concentrated by 


oe 506—Rotary drum filter showing removal of the mold from penicillin 


fermentation mixture, (Courtesy Eli Lilly and Co.) 


evaporation, cooled to 0° C., and acidified with mineral 
acid to pH 2.0. Penicillin, a rather strong acid, is ex- 
tractable at this pH into organic solvents; amyl acetate 
is generally used. The low temperature minimizes 
losses due to the extreme instability of penicillin at pH 
2.0. 

In the solvent extraction process the penicillin is ex- 
trated from the filtrate by a water-immiscible solvent 
after the solution has been adjusted to pH of 2 to lib- 
erate the penicillin acid which is soluble in organic sol- 
vents while the sodium salt is insoluble. A number of 
successive extractions, at carefully adjusted pH values, 
reduces the volume and separates the large majority of 
impurities. From the immiscible solvents the penicil- 
lin is re-extracted with a dilute solution of sodium bi- 
carbonate, thus forming penicillin sodiwm which is sol- 
uble in water but not in the immiscible solvent. This 
aqueous solution (‘rich water’’) is rendered sterile and 
pyrogen-free by passage through suitable filters, and a 
sample taken for the determination of the potency. 
The liquid is frozen to prevent any decomposition while 
the analysis is being made. After the analysis is com- 
pleted, the frozen liquid is melted and again filtered 
through suitable filters to further insure freedom from 
bacterial and pyrogenic contamination. The required 
volume of the solution, to yield the unitage required, is 
placed in sterile and pyrogen-free bottles, and the latter 
are then placed in vacuum chambers capable of being 
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highly refrigerated. After the liquid has frozen the 
vacuum is turned on, causing the water to sublime. 
Improvements in Production—The greatest advance- 
ments in the production of penicillin have been (1) the 
use of the submerged or tank method of production, (2) 
the use of corn-steep liquor, and (3) progressive improve- 
ment in the penicillin-producing capacity of the mold. 


Fig. 507—Weighing crystalline penicillin for filling into sterile vials. 
(Courtesy Eli Lilly and Co.) 


The earliest widely used strain in tank production was 
Penicillium notatum, No. 832, which yielded 50 to 60 
units per cc. Later, a strain of Penicillium chryso- 
genum, No. 1951B25, with maximum yields of 250 units 
per cc., was discovered. Spores of this organism, ex- 
posed to X-ray irradiation and tested from single spore 
isolates led to selection of a mutant strain X1612 pro- 
ducing approximately 500 units per cc. Strain X1612 
has been subjected to ultraviolet irradiation and strain 
Q176, yielding penicillin potencies of more than double 
' that of X1612, has been obtained. This is the strain 
used in commercial production and the industry has 
even improved on it. The improvement in strains suit- 
able for the surface production of penicillin followed a 
similar path although these were obtained by testing 
single spore isolates from parent cultures. A strain 
excellent in submerged culture is not necessarily good 
for surface culture, and vice versa. 

A large number of different fungi are now known to 
produce penicillin. Up to now some 20 different spe- 
cies of fungi belonging to the genera Aspergillus and 
Penicillia have been reported to produce penicillin, 
and, in addition, the dermatophyte Trichophyton 
mentogrophytes and a thermophilic fungus Malbranchea 
pulchella. 


. Penicillin 


History—During an inspection of some culture plates 
in the laboratory of St. Mary’s Hospital, London, in 
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1928, Professor Alexander Fleming observed the lysis 
of staphylococcus organisms by a contaminating mold. 
Upon subculturing the mold he found in the broth a 
powerful, but non-toxic antibacterial substance. He 
gave it the name “penicillin” from the organism 
Pencillrum notatum which caused the generation of the 
antibiotic. 

The name “penicillin” now designates a mixture of 
antibiotic substances produced by the growth of Peni- 
cilium notatum or Penicillium chrysogenum Thom 
(Fam. Aspergillaceex) or produced by other means. 
Of the known penicillins (page 928) G and X have been 
most investigated clinically. Penicillins F, G, and X 
are also sometimes referred to as I, II and ITI, respec- 
tively. Penicillin G is generally considered the most 
potent, although X is more active against pneumococci 
and gonococci. Penicillins F and K are unstable, being 
more rapidly destroyed than G in the animal body. 

Penicillin of commerce is largely pure crystalline G. 
It occurs in fermentation liquors together with variable 
amounts of K and F penicillins and doubtless smaller 
amounts of others, and is separated from the other 
penicillins during purification. Commercial practice 
suppresses to a certain extent the natural tendency of 
the mold to form penicillins other than the desired G by 
the incorporation of a precursor of G, namely phenyl- 
acetic acid or phenylacetamide or other substance con- 
taining the phenylacetic radical, which is built directly 
into the penicillin G molecule. Penicillin G has the 
additional advantage of being much easier to crystallize 
than K or F. Pure sodium penicillin G [C,¢H,,N20,- 
NaS]. Mol. wt. 356. 37, is a white, crystalline, odorless 
powder, and is stable for a longer time than the commer- 
cial product. Its specific rotation, [a]? is about +300°. 

As indicated on page 928, penicillin is a salt. The 
sodium salt predominates in use, with the calctum com- 
pound next. Salts of the other alkali and alkaline 
earth metals have also been prepared. They are all 
very soluble in water, but the heavy metal salts are but 
slightly soluble. The acid of penicillin is insoluble in 
water and is unstable. 

Pure penicillin is white and crystalline. The yellow 
to brown color of the penicillin formerly found in com- 
merce was due to the presence of pigments produced by 
the mold. 

Penicillin is non-toxic although allergic sensitivity 
to clinical penicillin is encountered in about 3 per cent 
of persons treated; the toxicity of preparations is due 
to the cation of the particular penicillin salt used. 
Penicillin in solution is very unstable at pH 5 or less 
and at 8 or above. Solutions of penicillin begin to 
deteriorate upon standing a few days, even in the cold. 
Penicillin is inhibitory, particularly to Gram-positive 
bacteria. The Gram-negative bacteria (H. coli, Salmo- 
nella) can be inhibited by very high concentrations of 
penicillin. Certain amino acids and derivatives, such 
as methionine, threonine, and methionine sulfoxide, 
exert a synergistic effect with penicillin on these organ- 
isms. These amino acids antagonize the depressing 
effect of several other amino acids on penicillin action. 

The penicillin resistance of many Gram-positive 
and Gram-negative bacteria is due to their formation of 
a penicillin-destroying enzyme, penicillinase. Penicil- 
linase is produced by large numbers of ‘bacteria and 
actinomycetes and converts penicillm into inactive 
penicilloic acid by liberation of a second carboxyl group. 
Resistance of bacteria to penicillin cannot be explained 
entirely on penicillinase production because many re- 
sistant organisms produce little or no penicillinase. 
By selection and cultivation in progressively higher | 
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concentrations of penicillin, highly resistant cultures 
can be developed from initially sensitive cultures. 
These are said to be mutants of the original culture. 
The development of ‘“‘penicillin-fast’”’ cultures is also 
encountered clinically. 

Several different penicillins are known. They are all 
derivatives of the parent 8-lactone structure below: 
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The seven natural penicillins known differ in the nature 
of the radical R. 

THE NATURAL PENICILLINS 
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Natural 


Penicillin Radical 
Penicillin G Benzyl 
Penicillin F A? pentenyl (CH s—CH g—CH=CH—CH e—) 


n-heptyl 
p-hydroxy benzyl 
A’ pentenyl (CH 3 


Penicillin K 
Penicillin X 
Flavicidin 


CH=—CH—CHe—CHa—) 


The introduction of various amide residues into the 
medium in which the mold is developing leads to the 
production of artificial penicillins in which the residues 
(precursors) comprise R. Dozens of new artificial 
penicillins have been prepared in thismanner. Penicil- 
lin G has been synthesized chemically. The different 
penicillins have many physical properties in common, 
but vary in minor respects. Thus they are acids of 
different strengths and the partition coefficients be- 
tween water and solvents are different; penicillin X 
is separated from the other penicillins by its insolubility 
in chloroform. The therapeutic properties of only G 
and X penicillins have been studied, and the latter ap- 
pears to be superior in venereal applications, possibly 
because it is absorbed from intramuscular injection more 
slowly and is excreted more slowly, thus maintaining 
effective blood levels for longer periods of time. Peni- 
cillin K is 5 to 10 times less effective than G, this being 
due, it is claimed, to the fact that it is much more readily 
destroyed in the body. 

The antibacterial activities of the different penicillins 
also vary, by asmall numerical factor, against any single 
organism. Thus, the effectiveness of penicillins G, F, 
X, and K against S. aureus NRRL B-313 are 1667, 
1490, 845, and 2200 units per mg., respectively, and 
against a rough B. subtilis NRRL B-558, 1667, 970, 
and 1200 to 1700 units per mg., respectively. 

The mechanism of the action of penicillin is not 
known. Cells undergoing partial inhibition are greatly 
enlarged and in the case of rod-shaped bacteria ex- 
tremely long bizarre cells are observed, as though 
growth had proceeded without cell division. Oxygen 
uptake by a resting cell suspension of bacteria is in- 
hibited by amounts of penicillin capable of inhibiting 
growth, and the motility of spirochetes has been ob- 
served to persist for some time after the cells have been 
rendered non-viable by penicillin. Conditions favoring 
rapid growth of bacteria are best for the inhibitory 
action of penicillin. 

Potency—The potency of penicillin is expressed in 
units per milligram. One International Unit is equiva- 
lent to the activity of 0.6 microgram of pure crystalline 
sodium penicillin G (sodium penicillin IT) to which, by 
agreement between the United States and Britain, a 
potency of 1667 units per mg. has been assigned. 
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The quality of penicillin is controlled by the Federal 
Food and Drug Administration under an amendment to 
the 1938 Food, Drug and Cosmetic Act. Every batch 
of penicillin or its dosage forms is pretested by the 
F. D. A. for potency, non-toxicity, and moisture (the 
presence of excessive moisture renders penicillin less 
stable). When intended for parenteral administration, 
it is also tested for freedom from pyrogens, sterility, 
clarity, and pH of the solution. 

Assay—See the Chapter ‘Biological Assays’”’ 
1012). 

Uses—Penicillin cannot be administered orally un- 
less precautions are taken to prevent its destruction by 
the acid of the gastric juice. Although active when in- 
jected hypodermically, the preferred route at present 
is the intravenous. It is administered by continuous 
infusion in 5 per cent dextrose solution throughout the 
24 hours in severe infections, or may be injected in 
divided doses every 4 to 6 hours. The total daily dose 
varies from 30,000 units to 60,000 or more. The fate 
of the material in the body is unknown, but considerable 
amounts of it are excreted rapidly in the urine. 

Penicillin is active against a variety of microorganisms 
in dilutions of 1: 1,000,000 or more, including the strep- 
tococcus, staphylococcus, gonococcus, meningococcus, 
and anaerobes of the gas gangrene group. It is not 
active against the colon-typhoid-dysentery group. For 
example, in the test tube, 0.0001 mg. (0.1 microgram) 
in 1 ec. of culture medium will inhibit the growth of 
2,500,000 hemolytic streptococci. Most of the Gram- 
negative bacilli, however, are unaffected except by high 
concentrations. Only actively multiplying bacteria 
are destroyed by penicillin. Experimentally, animals 
are protected by penicillin against numerous bacterial 
infection and mice can be prevented from succumbing 
to 100,000,000 lethal doses of streptococci. 

Compared with the sulfonamides, penicillin is much 
more potent, is active regardless of the presence of pus, 
heavy inoculum, tissue autolysates, p-aminobenzoic 
acid, etc., and is effective in heavily infected and sup- 
purating wounds. Also, it is potent against sulfon- 
amide-fast bacteria. 

Penicillin is successfully employed in a wide variety 
of bacterial infections, both local and systemic. These 
include streptococcal and staphylococcal septicemias, 
urinary tract infections, large carbuncles, osteomyelitis, 
etc. Mild toxie effects are occasionally observed. 
Penicillin is often effective in cases resistant to surgery 
or sulfonamides. At present penicillin represents one 
of the most potent and least toxic of the chemotherapeu- 
tic agents available. 
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PENICILLIN SODIUM U.S. P. Penicillinum Sodicum 
{Penicill. Sod.—Sp. Penecilina Sdédica] 


Penicillin Sodium is the sodium salt of an antibiotic 
substance produced by the growth of Penicillium 
notatum Westling, or Penicillium chrysogenum Thom 
(Fam. Aspergillacex), or produced by any other means 
and complies with the requirements of the Federal 
Food and Drug Administration. 

Note—Crystalline penicillin sodium G is the kind of 
penicillin now chiefly used in this country. It contains 
90 to 96 per cent of G. In the dry state it is more stable 
than the former yellow amorphous product, and no 
expiration date is required to be given for it on the 
label. The chemical structure and properties of peni- 
cillin G. are given on this page. 
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Description and Properties—It occurs as a powder, or as granules or 
scales, sometimes adhering to the container, white to brown in color, 
and odorless or having a slight, characteristic odor. When highly 
purified it does not absorb moisture, but as usually available is hygro- 
scopic. It is not affected by light but deteriorates above 25°. It 
loses potency in solution but will remain stable for 10 days if the 
solution is stored below 5°. It is soluble in water, isotonic sodium 
chloride solution, and dextrose solutions; also in alcohol, but is in- 
activated by this solvent, glycerin, and many other alcohols. Its 
solutions respond to the tests for sodium. 

Standards for Penicillin Sodium for Injection: 

Potency—Not less than 500 units per mg., except, when it contains 
not less than 90 per cent of a salt of penicillin X, its potency is not 
less than 350 units per mg. 

Other requirements—It complies with the requirements of the 
F. D. A. for sterility, non-toxicity, freedom from pyrogens, moisture, 
clarity and pH (5 to 7.5) of solution, packaging, and labeling. 
Standards for Penicillin Sodium for Oral Administration: 

Potency—Not less than 300 units per mg. 

Other requirements—It complies with the requirements of the 
F, D. A. for non-toxicity, moisture, packaging, and labeling. 
Storage—Keep Penicillin Sodium in hermetic or other suitable con- 
tainers not above 15°. 

Incompatibilities—It is precipitated from solution by acids and the 
salts of many heavy metals, and is rapidly inactivated. Oxidizing 
agents also destroy its activity. 


Average Daily Dose—Oral, 300,000 units, on a fasting 
stomach. Intramuscular, 300,000 units. 


PENICILLIN CALCIUM U. S. P._ Penicillinum 
Calcium 


[Penicill. Calc.—Sp. Penicilina CAlcica] 


Penicillin Calcium is the calcium salt of an anti- 
biotic substance produced by the growth of Penicillium 
notatum Westling, or Penicillium chrysogenum Thom 
(Fam. Aspergillacex), or produced by any other means. 
It complies with the requirements of the Federal Food 
and Drug Administration. 


Description and Properties—It occurs in the same forms and possesses 
the same properties as Penicillin Sodium except that a 1 in 100 solu- 
tion responds to the tests for calcium. 

Standards for Penicillin Calcium for Injection: 

Potency—Same as for Penicillin Sodium. When used for preparing 
Penicillin Injection in Oil and Waz it must have a potency of not less 
than 750 units per mg. for concentrations of 100,000 to 200,000 units 
in each cc., and not less than 900 units per mg. for concentrations of 
300,000 units in each cc. 

Other requirements—Same as for Penicillin Sodium. 
Standards for Penicillin Calcium for Oral Administration: 
for Penicillin Sodium. 

Storage—Keep Penicillin Calcium in hermetic or other suitable con- 
tainers not above 15°. 
Incompatibilities—See Penicillin Sodium. 


Same as 


Average Daily Dose—Oral, 300,000 units, on a fasting 
stomach. Intramuscular, 300,000 units. 


Penicillin’ Dental Cones U. S. P. Denticoni Penicillini 
- [Denticon. Penicill— Sp. Conos Dentales de Penicilina] 


Penicillin Dental Cones are composed of penicillin 
calctum and suitable harmless diluents, binders, and 
lubricants, with or without sulfonamide or sulfathiazole 
or both, as approved by the Federal Food and Drug 
Administration. 

Penicillin Dental Cones also comply with the require- 
ments of the Federal Food and Drug Administration for 
potency, moisture, packaging, and labeling. 


Storage—Keep Penicillin Dental Cones at a temperature not above 
P52. 


Average Dose—1 Cone. 


Penicillin Injection in Oil and Wax U. S. P. 
Injectio Penicillini in Oleo et Cera 
[Inj. Penicill. in Ol. et Cer.—Inyeccién de Penicilina en Aceite y Cera] 


Penicillin Injection in Oil and Wax is a sterile suspen- 
sion of penicillin calcium in a menstruum of peanut oil 
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or sesame oil, in which white wax is dispersed. The 
penicillin calcium in this Injection meets the special 
requirements under Penicillin Calcium for injections 
in oil and wax. 

Penicillin Injection in Oil and Wax complies with the 
requirements of the Federal Food and Drug Administra- 
tion. 


Storage—Keep the Injection in hermetic or other suitable containers 
at a temperature not above 15°. 


Average Daily Dose—300,000 units of Penicillin. 


Penicillin Ointment U. S. P. 
[Ung. Penicill— Sp. Ungiiento de Penicilina] 


Penicillin Ointment contains penicillin calcium in an 
ointment base approved by the Federal Food and Drug 
Administration. 

Penicillin Ointment complies with the requirements 
of the Federal Food and Drug Administration. 


Storage—Keep Penicillin Ointment in collapsible tubes at a tempera- 
ture not above 15°. 


Unguentum Penicillini 


Uses—Penicillin is used extensively in ointment form 
for the treatment of superficial skin infections. An- 
hydrous ointments containing penicillin calcium in white 
petrolatum retains full activity for 1 year under ordinary 
storage conditions. Where the epithelium is lost or the 
surface is moist, it is preferable to use a water-miscible 
base although this type of penicillin ointment has lim- 
ited stability and must be discarded after a relatively 
short period (2 to 10 days at room temperature or about 
1 month at 10°). 


Penicillin Tablets U. S. P. Tabelle Penicillini 
[Tab. Penicill.—Sp. Tabletas de Penicilina] 


Penicillin Tablets contain penicillin calcium or peni- 
cillin sodium buffered with calcium carbonate, anhy- 
drous sodium citrate, aluminum hydroxide, or other 
buffers approved by the Federal Food and Drug Ad- 
ministration. 

Penicillin Tablets comply with the requirements of 
the Federal Food and Drug Administration. 


Storage—Keep Penicillin Tablets in hermetic or in tight containers 
at a temperature not above 15°. 


Average Daily Dose—300,000 units of Penicillin, on a 
fasting stomach. 


Penicillin Troches U. S. P. Trochisei Penicillini 


[Troch. Penicill—Sp. Trociscos de Penicilina] 


Penicillin Troches are composed of penicillin calcium, 
or penicillin sodium, or both, and one or more suitable 
and harmless diluents, binders, lubricants, masticatory 
substances, coloring, and flavoring, approved by the 
Federal Food and Drug Administration. 

Penicillin Troches comply with the requirements of 
the Federal Food and Drug Administration. 


Storage—Keep Penicillin Troches in hermetic or in tight containers 
at a temperature not above 15°. 


Average Dose—1 troche. 
Unofficial Penicillin Preparations 


Enteric Coated Penicillin Capsules 


Empty the contents of 1 ampul of penicillin (100,000 units) into a 
No. 1 capsule, moisten, and seal. Place ina No. 0 capsule and simi- 
larly seal. Immerse in formaldehyde solution U.S. P. for 5 seconds 
and then in alcohol 95 per cent for 5 minutes. Remove and dry, 
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Each capsule contains slightly less than the amount of penicillin 
indicated on the ampul due to loss in transfer. 


Penicillin Ointment 


Ponicillin SOGiUM../. <<, o:0-¢.0re o'olsscrraleieie a lear ererenee ahead 25,000 units 
Simple Ointment U.S. P.....- cee rece seer esse erieneevennee 100 Gm. 


Hither levigate the penicillin with the base until perfectly smooth 
or dissolve the penicillin in the least amount of water and incorporate 
as the freshly prepared base has been cooled to 37° and then cool 
quickly. 


Penicillin Ophthalmic Ointment 


Penicillin Sodiumi.. -< So end Giesoer ee keener motetalisis teat create ete 100,000 units 
Mineral Oil... << s.c tee ore reluntuhcsio ns poe cis ote emte lore atiniserin tata ate 10 dr. 
Lanolin, anhydrous cicciva s cee siete cnleleielielelelota tte are ievatets 25 dr 
White Petrolatum . Gos. civics serele cies ratees creietstevoletnyeleuis aualeneaierete 100 dr 


Melt together the mineral oil, lanolin, and white petrolatum. 
Sterilize by heating at 150° for 1 hour; at the same time filter through 
coarse filter paper. Cool and incorporate the penicillin in a sterile 
mortar using aseptic technique. Place in small sterile collapsible 
tubes. 


Penicillin Pastilles 
Gelatin; Powderedee a. wiereto vers niece ceials calelatelet orate siempre 
Methylparaben cccstsyeaciatous <1<tdousleisiarzvondiaretalee Oceanis arers 
BYTUD sae lia sien ahsmelereleiaren es vier eve ha"shaitl alicia aie SRGPaR Seem deta Satna atone 60 ee. 
Distilled "Water. fics 8.5.0, +t lstsliso:sithe,otoseeeteltcenteler siete oteuetenaeete 
Penceillin Soci .45<05 eases oor. cace'e bets acl ene a eerste keine 


Dissolve the methylparaben in 50 ec. of the distilled water, heated 
to boiling, add the syrup and stir in the gelatin. When homogeneous, 
pour into molds lubricated with persic oil. Stir the base until it has 
cooled to 43° C. and then quickly add the penicillin dissolved in 10 
cc. of the distilled water. Mix well and set aside to cool. Then cut 
into 200 pastilles about 1 cm. square and 0.5 cm. thick. Store in a 
refrigerator. 


Streptomycin 


Streptomycin [CoiH39N7O12] Mol. wt. 579.56, is an 
organic base whose molecule is made up of 3 portions, 
consisting of N-methyl-/-glucosame, and streptidine 
linked through the carbohydrate streptobiosamine. 
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Streptomycin 


This antibacterial agent was isolated from soil by Pro- 
fessor 8. Waksman of Rutgers University in 1943, and 
is a valuable therapeutic substance by virtue of its 
ability to protect animals and humans against Gram- 
negative infections. 

Preparation—Streptomycin is produced in organic or 
synthetic media, in surface or submerged cultures of an 
actinomycete, Streptomyces griseus, a mold-like organ- 
ism with filaments (mycelium) of bacterial thickness. 

Commercially, streptomycin is manufactured like 
penicillin, microbiologically in tank fermenters with 
aeration and agitation. The culture medium generally 
contains a complex nutrient-like meat extract or corn- 
steep liquor, glucose, an enzymatic digest of casein, and 
sodium chloride. Soy bean meals also is used. Maxi- 
mum streptomycin potency of 200-400 micrographs per 
cc. is obtained in approximately.40 hours at 25-28° C. 
After pressure filtration activated charcoal is added to 
the filtrate and the streptomycin eluted from the char- 
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coal with acidified methanol. Further purification is 
achieved by solvent precipitations, or chromatographi- 
cally, or by a combination of both methods. 

Mutation work similar to that used in developing 
more potent strains of penicillin producing fungi has 
also been applied to Strepomyces griseus with consider- 
able success. Sometimes the actinomycete growth dis- 
solves before it reaches maturity and this lysis is caused 
by a phage similar in its action to the lysis or ordinary 
bacteriophages. Commercial streptomycin fermenta- 
tions employ phage resistant strains of Streptomyces 
griseus. 

Description and Properties—Streptomycin of com- 
merce is usually in the form of a erystalline double salt 
of the hydrochloride with calcium chloride [C2iH¢9- 
N,O,2:-3HCI-CaCl.]. It is more stable and reproduc- 
ible than the crude amorphous hydrochloride [C2:H37- 
N,O,i2:3HCl = 688.97] and sulfate used earlier. It is 
white, very soluble in water, and soluble in alcohol, but 
insoluble in chloroform or ether. The pH of a water 
solution is about 7. Streptomycin is optically active, 
the pure hydrochloride having a specific rotation of 
about —85°, 

Streptomycin, by virtue of the basic nitrogen it con- 
tains, is a strong base, and combines with 3 HCl or 
14% H.SO, to form salts; other salts are also known. 

Stability—Streptomycin in the dry powder form is 
reasonably stable at room temperature but should be 
stored at a temperature not in excess of 15° C. (59° F.). 
Solutions of streptomycin are less stable than the dry 
product. All streptomycin solutions should be kept 
under refrigeration, and only freshly prepared solutions 
(24 hours or less) should be used parenterally. Strepto- 
mycin solutions should not be autoclaved. Approxi- 
mately 60 per cent loss of activity occurs when solutions 
are maintained at 120° C. for 20 minutes. 

Contaminating bacteria or fungi do not destroy strep- 
tomycin even though they grow well in the presence of 
the antibiotic. It can be inactivated by cysteine and 
the activity can be regenerated by iodine. 

Potency—Unlike penicillin, the potency of strepto- 
mycin is expressed in metric weight, as micrograms of 
streptomycin base per milligram or ec. of the prepara- 
tion. Actually very nearly 1 microgram of strepto- 
mycin base per cc. will inhibit H. coli in nutrient broth 
during 24 hours’ incubation. One mg. of pure strepto- 
mycin hydrochloride contains 842 micrograms of strep- 
tomycin base (84.2 per cent of base) and 1 mg. pure 
crystalline calcium chloride double salt complex con- 
tains 774 micrograms of base. 

Potency, toxicity, freedom from pyrogens, and other 
control tests are made according to F. D. A. specifica- 
tions, and it is packaged in sterile, hermetic vials con- 
taining the equivalent of 1 or 2 Gm. of the base. 

Assay—Streptomycin is assayed by the cup and tur- 
bidimetric methods, similar to penicillin, against stand-— 
ard preparations of known potency. 

The antibiotic activity of streptomycin is markedly 
influenced by the presence of organic and inorganic 
salts in the medium, and by pH. Small amounts of 
salts counteract the inhibitory effect of streptomycin 
on bacteria and its activity is inversely proportional to 
the amount of acid present. Thus streptomycin is 
approximately 8 times more active at pH 8 than at 
pH 5. The presence of glucose in the assay medium 
may cause misleading results due to acid formation by 
the test bacteria. 

Streptomycin as now available may contain impuri- 
ties which give histamine-like (blood pressure lowering) 
responses. Rigid animal contro! testing is necessary. 
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The Streptomycin Family—As in the case of penicillin, 
there appears to be a family of streptomycins or strepto- 
mycin-like substances. These are formed by different 
actinomycetes. Two already known are streptothricin, 
produced by Streptomyces lavendulz, and streptin, pro- 
duced by an actinomycete similar to Streptomyces 
reticulus rubber. All three substances are similar in 
chemical properties and antibacterial spectrum, the 
latter varying against any one organism by simple 
numerical factors. The most important differentiation 
is on the basis of animal toxicity. Streptothricin and 
streptin cause death of mice by “delayed toxicity.” 
They also cause fatty degeneration of liver and kidneys. 
This is not true of streptomycin. An interesting chemi- 
cal difference is that streptomycin is inactivated by 
cysteine whereas streptothricin and streptin are not. 

Uses—The most useful antibacterial property of 
streptomycin is its effectiveness against Gram-negative 
organisms. Streptomycin also exhibits antibacterial 
activity against some Gram-positive bacteria, but it is 
usually less efficient in this respect than is penicillin. 

Resistance to streptomycin may be quickly developed 
by organisms. Dr. Chester 8. Keefer, Chairman of the 
Committee on Chemotherapeutics and Other Agents of 
the National Research Council, states in a report re- 
leased by the Civilian Production Administration: ‘‘It 
is recommended that all organisms be tested for their 
sensitivity before onset of treatment and that adequate 
amounts of streptomycin be given from the beginning 
of the treatment.” 

The same report recommends streptomycin without 
reservation for: (1) all cases of tularemia; (2) all cases 
of H. influenza infections, e. g., meningitis, endocarditis, 
laryngotracheitis, and pulmonary infections; (8) all 
cases of meningitis due to: FH. colt, B. proteus, B. 
Friedlander, B. lactis aerogenes, B. pyocyaneus, and B. 
paratyphosus; (4) all cases of bacteremia due to the 
following Gram-negative organisms: F..coli, B. proteus, 
A. aerogenes, Ps. aeruginosa, and B. Friedlander; and 
(5) urinary tract infections due to: FH. coli, A. aerogenes, 
B. proteus, B. Friedlander, B. lactis aerogenes, H. in- 
fluenza, and Ps. aeruginosa. 

Streptomycin is also helpful in the treatment of peri- 
tonitis, empyemia, cholangitis, liver abscesses, and 
chronic pulmonary infections due to Gram-negative 
organisms, also pneumonia due to B. Friedlander, and 
tuberculosis. 

Administration—Streptomycin is administered in iso- 
tonic sodium chloride solution parenterally, preferably 
by the intramuscular or subcutaneous route. Intraven- 
ous injection is not recommended. It may also be ap- 
plied topically in certain wound infections. When skin 
eruptions occur, it is well to discontinue the drug. 
When patients receive streptomycin for three weeks 
practically all of them develop vertigo which persists 
in varying degrees of severity for days or weeks after 
streptomycin is discontinued. It is most noticeable in 
ambulatory patients and there is some evidence that 
the vertigo is due to labarynthine disturbances which 
are irreversible. 


Tyrothricin 


-This actually was the first antibiotic to have enjoyed 
a relatively extensive use clinically, but it is largely 
displaced by penicillin except in certain types of topical 
treatment. 
Preparation—Tyrothricin is produced by an aerobic 
spore-forming bacteria, Bacillus brevis and the active 
- material is extracted from the bacterial cells. Yields 
are highest in surface cultures in media containing 
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complex nitrogen fractions such as casein digests, al- 
though smaller yields can be obtained on synthetic 
media, and also in submerged culture. The presence 
of biotin in the medium increases the yield of Tyrothri- 
cin. The whole culture is adjusted to pH 4.5, which 
precipitates the cells and debris and which then are 
separated and extracted with 95 per cent ethanol. 
Amorphous tyrothricin is precipitated from the alcohol 
by the addition of 10 volumes of 1 per cent NaCl. 
Yields as high as 3 grams per liter are possible. 


Tyrothricin consists of two crystallizable polypep- 
tides, gramicidin and tyrocidine (see below), the former 
amounting to about 20 per cent of the total. 

Uses—Tyrothrycin is useful against a wide range of . 
organisms because gramicidin acts as Gram-positive 
organisms and tyrocidine is effective against both Gram- 
positive and Gram-negative organisms. Gramicidin is 
strongly hemolytic, and for this reason, as well as its 
insolubility in water and general toxicity, tyrothricin 
is not useful in systemic infections. Its use is limited 
to topical application, usually in the form of a 2 per cent 
solution in alcohol or as an ointment. It has advan- 
tages over penicillin for topical use because of its greater 
stability in solutions and ointments, and maintenance of 
potency in the presence of blood and serum. 


Gramicidin and Tyrocidine 


Gramicidin and Tyrocidine are crystalline polypep- 
tides which are obtained from the crude mother sub- 
stance known as Tyrothrycin. Gramicidin was dis- 
covered and tested for its antibacterial properties by 
Dubos and associates in 1939 and derives its name from 
the fact that it selectively kills Gram-positive cocci. 

Description and Properties—Gramicidin is soluble in 
acetone-ether and can be crystallized from acetone. 
The insoluble part contains the tyrocidine which is 
crystallized as the hydrochloride from alcohol-contain- 
ing hydrochloric acid. The gramicidin molecule is a 
cyclic polypeptide and contains 6 tryptophane residues, 
6 leucine, 4 valine, 4 alanine, 2 glycine, and 2 unknown 
aminohydroxy compounds. The leucine and valine are 
the natural d-isomers.. Tyrocidine also is a cyclic poly- 
peptide, molecular weight about 2500, containing 2 
molecules each of aspartic and glutamic acids, ornithine, 
tryptophane, proline, tyrosine, leucine, and valine, 
and 3 molecules of d-phenylalanine. 

A similar antibacterial peptide, isolated from a soil 
bacillus by Russian investigators, and known as 
Gramicidin S, has also found clinical utilization in Rus- 
sia. This substance is a straight chain polypeptide con- 
taining proline, leucine, ornithine and I-valine, the lat- 
ter being the only amino acid in common with grami- 
cidin. It is active against Gram-negative bacteria and 
in mechanism of action is akin to tyrocidine. 

Uses—In the test tube, as little as 0.005 mg. of 
gramicidin kills 1 billion pneumococci or group A 
hemolytic streptococci. The meningococcus and gono- 
coccus are moderately affected, but Gram-negative 
bacilli are not susceptible. In mice, to cite but one 
example, a single intraperitoneal injection of 0.001 mg. 
of the chemical protects the animal against 10,000 mini- 
mal lethal doses of pneumococci or streptococci, and 
larger doses cure well-established infections. 

Gramicidin and tyrocidine are both active against 
Gram-positive bacteria, and the latter is an active deter- 
gent. Gramicidin is about 50 times more potent against 
bacteria than tyrocidine, has antibacterial potency not 
associated with its detergent action, and instead of 
blocking all oxidative systems of the bacterial cell (as 
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does tyrocidine), it has selective effects on certain bac- 
terial metabolic processes. 

Gramicidin stimulates oxygen uptake by resting cells 
of susceptible bacteria only, and only with glucose as 
the substrate. Phosphate uptake during the oxidation 
is inhibited, and it is believed that gramicidin inhibits 
oxidative assimilation and storage of a polysaccharide 
synthesized through a phosphorylated intermediate. 
Gramicidin is rendered inactive by certain phospho- 
lipids such as lecithin and cephalin. 

Gramicidin is toxic when given intravenously and 
must not be employed by this route. Its chief draw- 
back is that it causes hemolysis of red blood cells, and 
therefore must not be allowed to come into direct con- 
tact with the circulation. It is inactive orally. Being 
benign when administered topically, local application is 
the route employed. Being water insoluble, gramicidin 
is administered in alcoholic solution. The agent has 
shown considerable promise in preliminary therapeutic 
trials in a variety of infections caused by Gram-positive 
cocci. Among the conditions successfully treated are 
the following: infected stasis ulcers, acute maxillary 
sinusitis, eezematoid dermatitis, wound infections, per- 
sistent cystitis, pneumococcal empyema, etc. Wound 
healing is accelerated, tissues are apparently undam- 
aged, and when properly employed no systemic toxicity 
occurs. Many problems concerning gramicidin await 
elucidation. It is to be hoped that water-soluble and 
non-hemolytic preparations or fractions may be dis- 
covered. Recent work indicates that detoxification and 
reduction in hemolytic powders of gramicidin may be 
possible by treatment with formaldehyde. Gramicidin 
is not as yet generally available. The status of grami- 
cidin in comparison with sulfonamides and _ penicillin 
awaits determination. 

Tyrocidine is a general protoplasmic poison similar in 
action to surface-active agents such as detergents. It 
inhibits respiration and releases cellular constituents 
from the cell by means of a leaching effect characteristic 
of detergents. Tyrocidine has been tried clinically but 
is inferior to gramicidin. 


Bacitracin and Subtilin | 


Preparation—Bacitracin is produced by an aerobic 
spore-forming bacillus of the B. subtilis type isolated 
from a wound of a patient named Tracy. Bacitracin 
is produced in surface cultures in organic and in syn- 
thetic media. The activity resides in the culture fil- 
trates and can be concentrated and purified by butanol 
extraction, followed by steam distillation in vacuo to 
remove the solvent. 

Properties—Bacitracin is neutral, water soluble, non- 
toxic, non-hemolytic, and relatively heat stable. It is 
active primarily against Gram-positive bacteria includ- 
ing streptococci, staphylococci, gonococci, and meningo- 
cocci, and in general achieves therapeutically what 
penicillin does. 

Uses—Bacitracin is effective particularly in wounds 
with mixed infections in which penicillin is destroyed 
due to the formation of penicillinase by resistant Gram- 
negative bacteria of the proteus, pyocyaneus, and coli 
types, and possibly aerobic spore-formers. It is active 
mm vivo against experimentally produced hemolytic 
streptococcal infections in mice and gas gangrene infec- 
tions in guinea pigs. Clinical application of this anti- 
biotic is still in the investigational stage, but its use 
in hemolytic streptococcal and staphylococcal infections 
in man has given encouraging results. 

Subtilin is similar in many respects to bacitracin ex- 
cept that the major portion of the activity resides in 
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the cells of the strain of B. swbtclis used and can be ex- 
tracted from the cell material with alcohol. In witro, 
subtilin acts largely on Gram-positive bacteria and on 
certain Gram-negative plant pathogenic bacteria. It is 
also active against certain dermotophytic fungi and on 
acid-fast bacteria including Mycobacterium tuberculosis. 
In vivo results are not yet available, except for rats and 
guinea pigs which are protected against many virulent 
infections. : 


Other Antibiotic Substances 


A large number of antibiotic substances are already 
known and new ones are reported with frequency. The 
various types are exceedingly diverse in chemical nature 
and properties, ranging from proteins to very low mo- 
lecular weight simple substances. On the other hand, 
many antibiotics are chemically related and, in effect, 
are simply different derivatives of a common parent 
structure. The same antibiotic may be produced by 
different organisms and any one organism may produce 
more than one antibiotic of the same chemical family, 
or it may produce different antibiotics of totally dif- 
ferent chemical natures. Not all strains of the same 
species will produce a given antibiotic. Strain speci- 
ficity is a critical factor in relation to ability to produce 
an antibiotic substance. The biological activities of 
the numerous antibiotics are as varied as their chemical 
natures. Some are non-toxic to animals and range in 
toxicity from extremely toxic to only moderate. Tox- 
icity is manifested by different reactions, and from 
acute to delayed responses. Some antibiotics which 
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Produced by bacteria: 


Antibiotic Organism Chemical nature 
Bacillin B. subtilis Peptide-like 
Pyocyanase Pseudomonas aeruginosa Mixture of higher 

fatty acids 
Pyocyanin Pseudomonas aeruginosa Phenazine 
Todinin Chromobacterium todinum Phenazine 
Chlororaphin Pseudomonas chlororapheus Phenazine 
Violacein Chromobacterium violaceum Phenazine 
Prodigiosin Bacterium prodigiosum Pyrrole 
— Toxoflavin Bacterium bongkrek Purine 
Pyo Pseudomonas aeruginosa 
II Pseudomonas aeruginosa 
Ill Pseudomonas aeruginosa 
IV Pseudomonas aeruginosa 
Diplococcin Streptococcr Simple protein 
Simplexin Bacillus simplex Peptide 
Produced by Actinomycetes: 
Actinomycin A Streptomyces antibioticus Quinone 
Proactinomycin Nocardia gardnerti Base 
Streptin Streptomyces sp. Base 
Produced by Fungi: 
Citrinin Penicillium citrinum Quinone 
Aspergillus candidus 
Clavacin Aspergillus clavatus Ketone 
A. claviforme 
_ Penicillium patulum 
5 P. melinii 
P. expansum 
Gymnoascus sp. 
Gliotoxin Trichoderma koningi Heterocyclic sulfur 
Gliocladium fimbricatum compound with 
Aspergillus fumigatus indole nucleus 
Penicillium sp. 
Spinulosin Aspergillus spinulosum Quinone 
A. fumigatus 
Helvolie acid Aspergillus fumigatus volica 
Penicillic acid Penicillium puberulum Lactone 
P. cyclopium 
P. thomvu 
P. suavolens 
Aspergillus ochraceus 
Fumigatin A. fumigatus Quinone 
Notatin P. notatum Flavoprotein enzyme 
Aspergillic acid A. flavus Cyclic compound: 
Chaetomin Chaetomium cochlioides 
Produced by Alge: 
Chlorellin Chlorella pyrenoida. Long chain fatty 
i acid 
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are potent in vitro are inactive in vivo, even though they 
are non-toxic. The antimicrobial activities also are 
exceedingly diverse. Some exert a highly specific action 
against limited groups of organisms. On the other 
hand, some are effective against Gram-positive and 
Gram-negative bacteria, fungi and yeasts. Similarly, 
the mechanisms of antimicrobial action vary markedly. 
They range from general protoplasmic poisons and the 
formation of toxic substance (H202) by enzyme action 
(notatin) to what apparently is competitive inhibition 
of vital cellular enzymatic functions and the immobiliza- 
tion of certain trace metal coenzymes. 

The above tabulation is not at all complete, but 
it summarizes the more important characteristics of the 
majority of antibiotics known at this time. 


Antibiotic Specialties 


Amphocillin (Wyeth)—Packages containing a vial with 300,000 units 
of dried penicillin, and a 3-fluidounce bottle of Amphojel. The vial 
is filled with cold water to dissolve the penicillin and the resulting 
solution mixed with the Amphojel. Uses: oral penicillin therapy. 
Dose: 4 teaspoonfuls every 3 hours, 4% hour before meals and at 
least 1144 hours after meals. 

Bactratycin (Wallace)—Ointment, each Gm. containing 1.0 mg. tyro- 
thricin and a preservative (ethyl mercuri thiosalicylate sodium 
ie 40,000) in an oil-in-water base. Uses: antibiotic against Gram- 
positive organisms, applied topically. 

_ Bucillin (Wyeth)—Flavored troches containing 500 units of penicillin 
ealcium per troche. Uses: antibiotic for Vincent’s infection. 
Dose: 1 troche slowly dissolved in the mouth. 

Delacillin (Squibb)—Vials (1 or 10 cc.) containing a sterile suspension 
of penicillin calcium in peanut oil with 4.8 per cent bleached bees- 
wax. Each ce. contains 300,000 units of penicillin calcium. Uses: 
antibiotic for gonorrhea, acute staphylococcic and streptococcic 
infections, and pneumonia. Dose: 1 cc. daily, intramuscularly. 

Emulgen (Lakeside)—Rubber-capped vials (10 ec.) containing an 
emulsifying vehicle with a cholesterin base. Uses: agent for 
preparing water-in-oil emulsions of penicillin, which are quickly pre- 
pared and easily injected. 

Ledercillin-G (Lederle)—Penicillin therapy available in the following 

forms: 

Ledercillin-G Lozenges—Contain 1000 I. U. of penicillin. Uses: 
indicated in Vincent’s angina and Gram-positive infections of the 
mouth andlarynx. Dose: 1 lozenge dissolved slowly in the mouth. 
Ledercillin-G Ointment—Each Gm. contains 1000 I. U. of penicillin 
ina petrolatum base. Uses: local application to areas infected by 
staphylococcal and streptococcal organisms. 

Ledercillin-G Ophthalmic Ointment—Hach Gm. contains 1000 
I. U. of penicillin in a cholesterol-petrolatum base. Uses: therapy 
for eye infections caused by staphylococcal, streptococeal, and 
gonococcal organisms. 

Ledercillin-G Tablets—Each contains 25,000 I. U. of penicillin 
buffered with calcium carbonate. Uses: oral therapy for infec- 
tions susceptible to treatment with penicillin. Dose: 2 tablets 

“every 3 hours. 
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Par-Pen (S. K. F.)—A specially buffered, aqueous, isotonic solution, 
when dispensed as directed, containing 500 Oxford Units of peni- 
cillin calcium per ce., 1 per cent paredrine hydrobromide, and 
1:50,000 parts of sodium ethyl mercuri thiosalicylate (preserva- 
tive). Uses: antibiotic and decongestant in sinusitis. Dose: 4 
cc. in each nostril, daily. 

Pendil (Endo)—Ampuls containing a semi-solid mixture of 11 parts 
cholesterol derivative and 20 parts peanut oil. Uses: agent for 
preparing water-in-oil emulsions of penicillin, which have a pro- 
longed action when injected intramuscularly. 

Penioral (Wyeth)—Tablets (0.5 Gm.) containing 25,000 units peni- 
cillin calcium, buffered with a mixture of dried sodium citrate and 
anhydrous citric acid. Packed in sealed vials containing a desic- 
cant and an indicator to assure potency. Uses: indicated in infec- 
tions due to organisms susceptible to penicillin. It is effective in 
about 3 times the established intramuscular dose. Dose: 2 tablets 
every 3 hours, taken not later than 30 minutes before meals and 
not sooner than 1% to 2 hours after meals. 

Pen-Troches (Cutter)—Troches, each containing 1000 units penicillin 
calcium. Uses: indicated in Vincent’sinfection. Dose: 1 troche 
slowly dissolved in the mouth. 

Per-Os-Cillin (Hoffmann-La Roche)—Tablets, each containing 25,000 
units penicillin calcium in a buffered base. The long-acting buffers 
effectively protect penicillin from the destructive action of gastric 
pen Uses: oral penicillin therapy. Dose: 2 tablets every 3 

ours. 

Prothricin (Sharp and Dohme)—Nose drops containing 0.02 per cent 
tyrothricin, 1.5 per cent ‘‘Propadrine’”’ (phenylpropanolamine) 
Hydrochloride, in an isotonic, buffered solution. Uses: topical 
antibiotic and decongestant for nasal infections. 

Solvecillin (Solvecillin)—Sterile vehicle prepared from oxycholesterins 
and cholesterol esters dispersed in a highly refined peanut oil. 
Uses: vehicle for preparing water-in-oil emulsions of penicillin. 

Topicillin (Squibb)—Penicillin therapy available in the following 

forms: 
Topicillin Chewing Troches—Paraffin-base troches, each contain- 
ing 20,000 units of penicillin calcium. Uses: for infections of 
mouth and throat caused by Vincent’s organism. Dose; 3 or 4 
troches daily, chewed slowly, after meals. 
Topicillin Ointment—Ointment, each Gm. containing 1000 units 
of penicillin calcium in a base of beeswax, peanut oil, petrolatum, 
and anhydrouslanolin. Uses: topical application effective against 
Gram-positive organisms and important groups of Gram-negative 
cocci. 
Topicillin Ophthalmic Ointment—Eye ointment, each Gm. contain- 
ing 1000 units of penicillin calcium in a base of beeswax, peanut oil, 
petrolatum, and anhydrous lanolin. Uses: indicated in eye infec- 
tions caused by organisms susceptible to penicillin. 

Tyrothricin 2 per cent N. N. R. (Parke, Davis)—Vials (10 or 50 ce.) 
containing 20 mg. tyrothricin per cc. in 92 per cent alcohol. Uses: 
topical antibiotic for infected wounds, ulcers, and abscesses of the 
skin and soft tissues, such as impetigo, osteomyelitis, eye infections, 
and nasal infections. Dose: 30 to 50 mg. per 100 ce. distilled 
water, applied by irrigation or wet dressings. 

Tyrothricin Concentrate N. N. R. (Sharp and Dohme)—Ampuls (1 
cc. with a vial of 49 cc. pyrogen-free water) or vials (10 or 20 cc.) 
containing 25 mg. tyrothricin per ce. Uses: same as Tyrothricin, 
above. Dose: 1 cc. diluted with 49 cc. distilled water, applied 
topically. 

Tyrothricin, Veterinary (American Scientific, Lederle, or Mulford) 
—Vials (250 cc.) containing tyrothricin for veterinary use. 


CHAPTER LXxXxX 
ENZYMES 


THE CHEMICAL REACTIONS which occur in the living 
body are not, as a rule, spontaneous processes but re- 
quire the intervention of certain highly specialized 
protein substances called enzymes, a name derived 
from the Greek en-zymos meaning ‘in yeast.” An 
enzyme is accordingly an organic catalyst produced by 
the living cell. 

There is a different enzyme for each reaction in the 
body (or at least for each reaction type) so that every 
living cell must contain at least thousands-of these 
specialized proteins. Not all cells will be expected to 
contain all of the same enzymes or in exactly the same 
amounts. Certain groups of enzymes are always pres- 
ent but others may be very low or absent altogether. 
Some of the enzymes are confined to the living cell; 
others may be formed in the cell and then diffuse out 
of it. Many of the more stable enzymes are capable of 
catalyzing their reactions after the cell is dead and may 
be prepared free from the living cell. Many have been 
purified and several have actually been crystallized. 

Enzymes are proteins; what distinguishes them from 
other proteins is their ability to catalyze a particular 
reaction. Hach catalytic protein (enzyme) can catalyze 
only one reaction (or one reaction type). For example 
the protein which catalyzes the removal of carbon di- 
oxide from pyruvic acid will not catalyze its removal 
from lactic acid; furthermore there are two such pro- 
teins—one of which yields acetaldehyde and the other 
acetic acid. Thus which enzyme acts upon the pyruvate 
determines what the product will be and thus enzymes 
can control the nature, the extent, and the direction of 
the reactions in the body. Enzymes are therefore 
specific protein catalysts formed by the body to carry 
out its functions. 

Enzymes are named in three general ways: (1) by 
substituting the ending ‘‘-ase’”’ for the last portion of 
the name of the substance upon which the enzyme is 
acting, 2. é., enzymes acting on the substances lactose, 
urea, and protein are called lactase, urease, and pro- 
teinase, respectively, (2) by combining the ending 
“ase” With the name of the reaction taking place as 
hydrolase, oxidase, reductase, dehydrogenase, and (3) 
by the use of a classical name which may bear no rela- 
tion to the process in which the enzyme is involved, 
é. g., rennin, pepsin, trypsin, diastase, etc. Although 
enzymes are produced only by living cells, many par- 
ticular enzymes may be stable enough to survive the 
death of the cell and to retain their enzymatic activity. 
They can thus be isolated from formerly living material 
and many such preparations are used in industry and 
pharmacy. Malt, a diastase or starch hydrolyzing 
enzyme preparation, is obtained by heat killing 
sprouted barley; pepsin, trypsin, etc., are separated 
from animal tissues; takadiastase (a mixture of both 
starch hydrolyzing and proteolytic enzymes) is obtained 
from a mold. All known enzymes are proteins and no 
one has demonstrated enzyme activity in the absence 
of protein. They have the general properties of pro- 
teins, 7. e., heat denaturation, a pH range, a sensitivity 
to heavy metals (such as mercury), and they usually 
form colloidal solutions. They act upon their sub- 
strates by adsorbing this material onto their surfaces, 
the change induced in the substrate occurs on the 
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enzyme surface, and the substances formed diffuse 
away. 

Enzymes may be divided into two large groups de- 
pending upon the energy released to the cell. The first 
group, or “hydrolytic”? enzymes, are concerned largely 
involving little energy 
change. The second group, the ‘“‘respiratory” or ‘‘oxida- 
tive’ enzymes, provide the cell with energy. The fol- 
lowing groups of hydrolytic enzymes may be dis- 
tinguished: 


Hydrolytic Enzymes 


1. Esterases—largely fat-splitting enzymes (lipases), breaking 

down fat to glycerol and fatty acids. 

2. Carbohydrases—split di- or polysaccharides into their com- 
ponent sugars such as sucrase (invertase), lactase, maltase, 
amylase (diastase or starch-splitting), pectinase, etc., to 
which are related those hydrolyzing glycosides, such as 
emulsin or myrosin. 

Proteinases or Peptidases—protein and_peptide-splitting 
enzymes such as pepsin, trypsin, erepsin, or papain. 

Phosphatases—removing phosphate groups such as phytase 
or glycerophosphatase. 

Nucleotidases—enzymes hydrolyzing nucleic acids and their 
products. 

Sulfatases—removing sulfate groups. 

Amidases—converting amino- or similar groups into am- 
monia, such as the deaminases (converting the amino group 
of amino acids into ammonia), urease, argunase, etc. 

8. Decarboxylases—removing carbon dioxide from organic or 
3 amino-acids. Some of these processes involve a greater 

energy change and the enzymes become oxidative. 

9. Specialized Function—such as catalase which converts H2Oe 

to water and oxygen. 


Be BSUS poe 


All of the enzymes listed in the preceding outline and 
many more not mentioned serve to carry out particular 
reactions in the living cell but do not provide it with 
energy. They may be prepared from living material 
and used in vitro when one wishes to carry out the reac- 
tion for which the enzyme is catalytic. 

The other group of enzymes, commonly called the 
oxidative or fermentative enzymes, have as their function 
the acceleration of reactions leading to the release of 
energy to the body. Many of these can be prepared 
free from the living cell. Zymase, for example, which is 
a general term for an organized mixture of at least four- 
teen separate catalytic proteins (enzymes) is a commer- 
cially available product capable of producing alcohol 
and COz from glucose. However, fermentation prod- 
ucts such as ethyl alcohol, butyl alcohol, acetone, lactic 
acid, etc., are normally produced not by preparations 
of enzymes but by living cells (bacteria) containing 
these enzymes. While the subject of oxidative and 
fermentative enzymes is too complex to be considered 
here, it should be pointed out that many of the vita- 
mins, niacin, thiamine, pyridoxine, riboflavin, and ~ 
pantothenic acid, exert their influence in the body by 
being parts of the actual structure of enzymes of this 
oxidase group. 
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MALT EXTRACT N. F. Extractum Malti 
{[Ext. Malt.—Sp. Extracto de Malta] 


Malt Extract is a product obtained by extracting 
malt, the partially and artificially germinated grain of 
one or more varieties of Hordeum vulgare Linné (Fam. 
Graminex), The malt is infused with water at 60°, 
the expressed liquid concentrated at a temperature not 
exceeding 60°, preferably under reduced pressure. The 
extract may be mixed with 10 per cent, by weight, of 
glycerin. It contains dextrin, maltose, a small amount 
of glucose, and amylolytic enzymes. 

Malt Extract is capable of converting not less than 5 
times its weight of starch into water-soluble sugars. 
Description and Properties—A sweet, viscous, light brown, liquid ex- 
tract having an agreeable, characteristic odor. Its specific gravity is 
not less than 1.350 and not more than 1.430 at 25°. It is slowly sol- 
uble in cold water, but readily dissolves in warm water; the solution 
is however. not clear and deposits a flocculent precipitate on standing. 
Assay—Determine the percentage of moisture in potato starch by dry- 
ing about 0.5 Gm., accurately weighed, at 120°, for 4 hours. Thor- 
oughly mix a quantity of the starch equivalent to 5 Gm. of dried 
starch, in a beaker, with 10 cc. of cold water. Add 140 ce. of boiling 
water, and heat on a water bath, with constant stirring, for 2 minutes 
or until a translucent, uniform paste is obtained. Cool to 40° in a 
suitable bath previously adjusted to this temperature. Add 20 cc. of 
a fresh solution of Malt Extract having a temperature of 40°, pre- 
pared by dissolving 5 Gm. of Malt Extract in sufficient water to make 
100 ce. of solution at 40°. Mix well, and maintain the same tempera- 
ture for exactly 30 minutes, stirring frequently. A thin, clear liquid 
is produced. Stir, and add at once 0.1 cc. of this liquid to a previously 
made mixture of 0.2 cc of tenth-normal iodine and 60 cc. of water: no 
blue or reddish color develops. 

Storage—Preserve Malt Extract in tight containers which have been 
sterilized prior to filling. 


Uses—Malt Extract is employed as an emulsifying 
agent in the preparation of Cod Liver Oil Emulsion 
with Malt. It is also a nutrient and a digestant. 

Average Dose—1I5 Gm. (approximately 4 drachms). 


PANCREATIN U. S. P. Pancreatinum 


[Pancreat.—Sp. Pancreatina] 


Pancreatin is a substance containing enzymes, prin- 
cipally pancreatic amylase, trypsin, and pancreatic 
lipase, obtained from the fresh pancreas of the hog, 
Sus scrofa Linné var. domesticus Gray (Fam. Suzde) or 
of the ox, Bos taurus Linné (Fam. Bovide). Pancreatin 
converts not less than 25 times its weight of U. 8. P. 
Potato Starch Reference Standard into soluble carbo- 
hydrates, and not less than 25 times its weight of casein 
into proteoses. Pancreatin of a higher digestive power 
may be brought to this standard by admixture with 
lactose, or with sucrose containing not more than 3.25 
per cent of starch, or with pancreatin of lower digestive 
power. 

Preparation—Pancreatin is made by cutting the 
fresh pancreas into small pieces, kneading thoroughly 
with water, straining the liquid, and then filtering; an 
equal volume of alcohol is added to the filtrate and the 
precipitate is dried and powdered. ‘The constituent 
amylopsin converts starch into maltose and forms 
small amounts of dextrose. Slight acidity checks this 
reaction and destroys the enzyme. Trypsin acts upon 
proteins and nucleoproteins, changing them into pep- 
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tones and polypeptides. An excess of mineral acid soon 
decomposes it, although it keeps fairly well in 25 to 50 per 
cent alcohol and best in 50 per cent glycerin. Both 
ferments are most active at 40° in a slightly alkaline 
medium. 


Description and Properties—A cream-colored, amorphous powder, 
having a faint, characteristic, but not offensive odor. Pancreatin 
changes protein into proteoses and derived substances, and converts 
starch into dextrins and sugars. Its greatest activities are in neutral 
or faintly alkaline media; more than traces of mineral acids or large 
amounts of alkali hydroxides render it inert. An excess of alkali 
carbonate also inhibits its action. It is slowly and incompletely sol- 
uble in water; insoluble in alcohol. 

The U.S. P. includes a limit of 3 per cent of fat. It is determined 
by extracting the Pancreatin with ether, evaporating the ether and 
drying the residue of fat at 100°. 

Assay for starch digestive power—Determine the percentage of mois- 
ture in U.S. P. Potato Starch Reference Standard by drying about 
0.5 Gm., accurately weighed, at 120° for 4 hours. Boil a sufficient 
amount of water for 10 minutes, and cool to room temperature. Use 
this water for all dilutions hereinafter specifying water. Thoroughly 
mix a quantity of the U. S. P. Potato Starch Reference Standard, 
equivalent to 3.75 Gm. of dry Reference Standard, and accurately 
weighed, with 10 cc. of water. Add the mixture, with constant stir- 
ring, to 75 ce. of water, previously heated to about 55°, and contained 
in a tared, 250-ce. beaker. Rinse the remaining starch into the beaker 
with 10 cc. of water. Heat the mixture to boiling, and boil it gently, 
with constant stirring, for 5 minutes. Add enough water to make the 
mixture weigh 100 Gm., cool the paste'to 40°, and place the beaker 
in a water bath maintained at 40°. Suspend 150 mg. of Pancreatin 
in 5 ec. of water in a 250-cc. beaker and add the suspension to the 
starch paste, mixing it well by pouring the mixture from beaker to 
beaker for 30 seconds, noting the time when the Pancreatin suspen- 
sion was first added to the starch. Maintain the mixture at a tem- 
perature of 40° for exactly 5 minutes. Stir, and at once add 0.1 ec. 
of this mixture to a previously made mixture of 0.2 ec. of tenth-nor- 
mal iodine and 60 ce. of water, at a temperature of from 23° to 25°: 
no blue or violet color is produced. 

Assay for casein digestive power—Place 100 mg. of finely powdered 
casein in a 50-ce. volumetric flask, add 30 ce. of water, and shake well 
to bring the casein into suspension. Add exactly 1 cc. of tenth-normal 
sodium hydroxide, and heat the mixture at 40° until the casein is 
completely dissolved, which should not require more than 30 minutes. 
Cool, add sufficient water to make 50 cc., and mix well. Dissolve 100 
mg. of Pancreatin in 500 ce. of water. Mix 1 ce. of glacial acetic acid 
with 9 cc. of water and 10 cc. of alcohol. Place 5 cc. of the casein 
solution in a test tube, add to it 2 cc. of the well-shaken Pancreatin 
solution and 3 cc. of water, and mix by gentle agitation. Immediately 
immerse the test tube in a water bath at 40°, and keep it at this tem- 
perature for 1 hour. Then remove it from the bath, and add 3 drops 
of the acetic acid mixture: no precipitate is produced. 
Storage—Keep Pancreatin in tight containers, preferably at a tem- 
perature not above 30°. 

Incompatibilities—Mineral acids or excess alkali hydroxides or car- 
bonates render pancreatin inert. It is precipitated by strong alco- 
holic solutions and by many metallic salts. 


Uses—Pancreatin contains the pancreatic enzymes 
which function in the digestion of starch, proteins, and 
fats. This preparation would supposedly be of value 
in the event of faulty digestion due to a deficiency of 
pancreatic secretion. In actual practice, pancreatin 
affords little benefit in that it is difficult to have these’ 
enzymes reach their normal locus of action in concentra 
tions approaching those realized physiologically. 

Average Dose—0.5 Gm. (approximately 71% grains). 


PAPAIN N. F. Papain 
[Papoid, Caroid] 


Papain is the dried and purified latex of the fruit of 
Carica Papaya Linné (Fam. Caricacee). 

Papain possesses a digestive activity not less than 
that of the Reference Papain. 


Description and Properties—Light brownish gray to weak reddish 
brown granules or a yellowish gray to weak yellow powder having a 
characteristic odor and taste. Papain is partially soluble in water, 
the solution being more or less opalescent or hazy. It is nearly in- 
soluble in alcohol, in chloroform, and in ether. 

Assay—Weigh 2 Gm. of dried beef powder into a suitable wide- 
mouthed bottle fitted with a rubber stopper. To the bottle add 0.1 
Gm. of Papain, accurately weighed, and 50 cc. of water, and shake 
until thoroughly mixed. In a similar manner prepare another bottle 
containing 0.1 Gm. of Reference Papain, 2 Gm. of dried beef powder, 
and 50 cc. of water. Place the bottles in a water bath at 52° and main- 
tain at that temperature for 2 hours, agitating the contents equally 
every 10 minutes by inverting once. At the end of the digestion 
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period remove the bottles from the bath and pour the contents into 
measuring vessels similar to those described under Pepsin. Wash each 
tube with 50 cc. of water and allow the undigested residue to settle 
2 hours. The volume of residue in the vessel corresponding to the 
Papain is not greater than that contained in the vessel corresponding 
to the Reference Papain (about 5 ce.). 

Storage—Keep Papain in tight containers and avoid excessive heat. 


Uses—Papain is employed as a protein digestant. It 
reduces proteins, proteoses, and peptones to poly- 
peptides and amino-acids and is therefore useful for 
“tenderizing’”’ meats. It has also been used as a solvent 
for false membranes and warts, in treating animal hides, 
and as a clarifier for beverages. 


PEPSIN N. F. Pepsinum 
[Sp. Pepsina] 


Pepsin is a substance containing a proteolyticenzyme 
obtained from the glandular layer of the fresh stomach 
of the hog, Sus scrofa var. domesticus Gray (Fam. 
Suidz). 

Pepsin, when assayed as herein directed, digests not 
less than 3000 and not more than 3500 times its weight 
of egg albumin. A pepsin of higher digestive power 
may be reduced to the official standard by admixture 
with a pepsin of lower power or with lactose. 

Preparation—Pepsin is made from hogs’ stomachs 
which are macerated in water acidulated with hydro- 
chloric acid, for several days, with frequent stirring. 
The strained liquid, if not clear, is clarified by allowing 
it to stand for 24 hours, and decanting. Sodium chlo- 
ride, or other suitable precipitating medium is then dis- 
solved in the solution to cause the precipitation of the 
pepsin, which comes to the surface. After several hours 
the floating pepsin is skimmed from the surface and 
purified by solution and reprecipitation. Purified 
pepsin, or scale pepsin, is made by concentrating an 
acidulated solution of pepsin in a vacuum apparatus 
and spreading the thick solution on glass plates to form 
scales, as is done with the scale salts of iron. It is in 
the form of yellowish scales. It is sometimes prepared 
in thicker scales which are broken up to form granular 
pepsin. When in these forms, pepsin is very soluble, 
and analysis has shown the presence of as much as 10 
per cent of free hydrochloric acid. One of the best forms 
of commercial pepsin is the spongy variety said to be 
produced by drying the pepsin solution in vacuum driers 
which causes the pepsin to puff and assume a spongy 
form. 

An insoluble pepsin freed from acid is also largely 
used for dispensing in powders and capsules, as it is 
not hygroscopic, and can be dispensed without becom- 
ing moist. This form is said to consist of the dried and 
pulverized stomach tissue containing the unremoved 
pepsin. 

Description and Properties—Pepsin occurs as lustrous, transparent 
or translucent scales; as granular or spongy masses, ranging in color 
from weak yellow to light brown; or as a fine, white to weak yellow 
amorphous powder, free from offensive odor and having a slightly acid 
or salty taste. Pepsin is not more than slightly hygroscopic. 

_ Dry pepsin is not injured by heating to 100°. The activity of pep- 
ee solution is destroyed by alkalies or by temperatures exceeding 

Pepsin is freely soluble in water, the solution being more or less 
opalescent. It is nearly insoluble in alcohol, in chloroform, and in 
ether. The aqueous solution is acid, and yields precipitates with solu- 
tions of tannic or gallic acid and with solutions of the salts of many 
heavy metals. On heating a solution of Pepsin in acidified water to 


100°, it becomes milky or yields a light, flocculent precipitate, and 
loses all proteolytic power. 

Assay—Mix 35 cc. of normal hydrochloric acid with 385 cc. of water. 
Dissolve 0.1 Gm. of Pepsin in 150 cc. of this dilute acid. 
Likewise dissolve 0.1 Gm. of Reference Pepsin in another 150-cc. 
portion of the dilute acid. Immerse one or more hen eggs 
in boiling water during 15 minutes. Cool them rapidly to 
room temperature by immersion in cold water; remove the shell 
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and pellicle and all of the yolk and at once rub the albumen through a 
clean dry, No. 40 sieve, rejecting the first portion that passes through 
the sieve. Place 10 Gm. of the succeeding well-mixed portion in each of 
3 wide-mouth bottles of about 100-cc. capacity. Immediately add 
35 cc. of the dilute acid at one time or in portions and, by suitable 
means, thoroughly disintegrate the particles of albumen. Place the 
bottles in a water bath at 52°. After the contents of the bottles have 
reached that temperature, add exactly 5 cc. of the acidified solution 
of Pepsin to one bottle, 4.30 cc. of the same solution and 0.70 ce. of 
the dilute acid to another bottle, and exactly 5 cc. of acidified solution 
of Reference Pepsin to the third bottle. At once stopper the bottles 
securely, invert them 3 times, and maintain them at a temperature of 
52° for 2 hours and 30 minutes, agitating the contents equally every 
10 minutes by inverting the bottles once. Remove the bottles from 
the bath, pour the contents into 100-cc. conically shaped measuring 
vessels, having diameters not exceeding 1 cm. at the bottom and com- 
plying in other respects with the water and sediment tube ASTM 
Standard Method, D96-35, graduated from 0 to 0.5 cc. in 0.05-cce. 
graduations; from 0.5 to 3 ce. in 0.1-ce. graduations; from 3 to 5 cc. 
in 0.5-ce. graduations; from 5 to 10 cc. in 1-cc. graduations; from 10 
to 25 ce. in 5-ce. graduations; and with graduation marks at 50-, 75-, 
and 100-ce. points. Transfer the undigested egg albumen which 
adheres to the sides of the bottles to the respective measuring vessels 
with the aid of small portions of water until 50 cc. has been used for 
each. Mix the contents of each measuring vessel and allow them to 
stand for 30 minutes. The volume of the undissolved albumen in the 
Measuring vessel corresponding to 5.0 ce. of the solution of Pepsin 
being assayed does not exceed the volume of the undissolved albumen 
in the measuring vessel corresponding to 5.0 ec. of the Reference 
Pepsin solution, and the volume of the undissolved albumen in the 
measuring vessel corresponding to 4.30 cc. of the solution of Pepsin 
being assayed is not less than the volume of the undissolved albumen 
in the measuring vessel corresponding to 5.0 cc. of the Reference 
Pepsin solution. 

Note—Other measuring vessels than the one described in this mono- 
graph may be used if they are of such design and graduation as to meas- 
ure the residue accurately. 

Storage—Keep Pepsin in tight containers and avoid excessive heat. 
Incompatibilities—The activity of pepsin is destroyed by alkalies, 
strong acids, temperatures above 70° or prolonged agitation. It is 
precipitated by strong alcohol, tannin, and many metallic salts. Bis- 
muth subcarbonate precipitates it but the subnitrate does not. 


Uses—Pepsin is the proteolytic enzyme secreted by 
the gastric glands. It functions in the initial stages of 
the digestion of protein. Presumably it should be 
effective in the treatment of digestive disturbances 
associated with a decrease in gastric secretory activity. 
Clinically a deficiency of pepsin in gastric juice is as- 
sociated with an inadequate secretion of hydrochloric 
acid. In the treatment of this condition, results are 
just as favorable if diluted HCI alone is given. Appar- 
ently the digestion of protein proceeds adequately in 
the intestine. The dose of pepsin is 0.2 to 2.0 Gm. It 
should be accompanied by adequate amounts of diluted 
hydrochlorie acid. 

Average Dose—0.5 Gm. (approximately 714 grains). 


Pepsin Elixir N. F. Elixir Pepsini 
{Elix. Pepsin.—Sp. Elixir de Pepsina] 


Pepsin Elixir possesses, in each 100 cc., a proteolytic 
activity equal to not less than 1.75 Gm. of Reference 
Pepsin. 


Metric Alternative 
Pepsitla\tpt cee ee eae: 35 Gm 1 oz. av. °74 gr. 
Citric Aciditernacme en amt artnet 12 Gm 175 gr. 
Exsiccated Sodium Phosphate...... 13 Gm 190 gr. 
Distilleds Waterers cnen ctn riot 300 cc. 9 fi, oz. 288 min. 
Gly ceritincann ester rt teacastoene 200 cc 6 fl. oz. 192 min. 
Aromatic Elixir, a sufficient quan- 
tity, 
Totmakentas actscussts oe oe ere eomens 1000 cc. 2 pints 


Dissolve the citric acid and the exsiccated sodium phosphate 
in the cold distilled water, add the pepsin, and allow the mixture 
to stand in a cool place until the pepsin is thoroughly softened, 
and then stir very gently until dissolved. Add the glycerin and 
sufficient aromatic elixir to make the product measure 1000 cc.; 
mix gently, and filter, if necessary, until the product is clear. 

Note—Pepsin solutions are reduced in proteolytic activity by 
agitation and storage, particularly at or above normal room tem- 
perature. To insure the dispensing of this Elixir at standard 
strength it is required that an excess of pepsin be used in preparing 
it. : 
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Assay—Dilute 50 ce. of normal hydrochloric acid with 550 cc. of water. 
To exactly 5.0 ce. of Pepsin Elixir in a volumetric flask add sufficient 
of this dilute acid to make 200 ce. of the dilution. Dissolve 0.110 Gm. 
of Reference Pepsin in 250 ce. of the acid. Boil a sufficient number 
of eggs for 15 minutes to provide coagulated albumen for the assay. 
Then remove the shell, pellicle, and the yolk, and at once rub the 
albumen through a clean, dry, hair or brass, No. 40 sieve, rejecting 
the first portion that passes through the sieve and keeping the re- 
mainder in a stoppered container not longer than 1 day. Place a 10- 
Gm. portion of the granulated egg albumen in a porcelain mortar with 
10 ce. of the dilute acid and rub until the albumen is completely 
suspended. With 20 cc. of the dilute acid, quantitatively transfer 
this suspension to a tube (the centrifuge tubes described under 
“Water and Sediment in Fatty Oils,’ U.S. P. or other suitable 
tubes) of about 125-cc. capacity. Repeat this procedure until a suf- 
ficient number of the tubes have been prepared. Place them in a 
water bath warmed to 52°. To one tube add exactly 3 cc. and to 
another tube exactly 5 cc. of the acidified solution of Pepsin Elixir. 
Prepare 6 more tubes in a similar manner, adding exactly 3 cc., 4 
ec., 5 ce., 6 cc., 7 ec., and 8 cce., respectively, of the acidified solution 
_of Reference Pepsin; then to each of the 8 tubes add a sufficient 
amount of the dilute acid to bring the volume to 50 ce. At once stop- 
per the tubes securely with smooth cork stoppers, invert them 3 times, 
making sure that the egg albumen in the tip of the tube is shaken out, 
and replace in the bath adjusted to maintain a temperature of 52°. 
Keep the tubes at this temperature for 2 hours and 30 minutes, agitat- 
ing the contents equally every 10 minutes by inverting the tubes 
once, making sure that no particles of albumen adhere to the stopper 
or walls of the tube. Remove the tubes from the bath, stir the mix- 
ture well, and allow to stand 30 minutes. Keep the tubes in a per- 
fectly vertical position during the sedimentation time. Compare the 
tubes containing the Pepsin Elixir and observe which tubes contain 
approximately the same amount of undigested egg albumen. Calcu- 
late the percentage of active pepsin in the Pepsin Elixir. If neither 
the 3-ce. nor the 5-ce. sample of the acidified solution of Pepsin Elixir 
produces an amount of undigested egg albumen which falls within the 
range of the set of standards, it is then necessary to use either less 
or more of the Pepsin Elixir, as the case may be, until the amount of 
albumen falls within the range of the standards. 
Alcohol Content—From 13 to 15 per cent, by volume, of CgH5OH. 
Storage—Keep Pepsin Elixir in tight, light-resistant containers. 
Avoid excessive heat and undue agitation. 
Incompatibilities—See Pepsin. 


Uses—A liquid form of pepsin. It is very doubtful 
how much enzymatic activity will survive the effect of 
the alcohol in this elixir. 

Average Dose—S cc. (approximately 2 fluidrachms). 


One average metric dose contains not less than 0.14 Gm. of Pepsin. 


Compound Pepsin Elixir N. F. 
Elixir Pepsini Compositum 
Elix. Pepsin. Comp.—Lactated Pepsin Elixir, Compound Digestive 
Elixir, Sp. Elixir de Pepsina Compuesto] 
Compound Pepsin Elixir possesses, in each 100 ce., a 
proteolytic activity equal to not less than 1.75 Gm. of 
Reference Pepsin. 


Metric Alternative 
PMS PSI PE e ieis oi6, sisi S ge Aleve staves hs 35°Gm. oz. av. 74 er. 
HOA CAM CMA CLC sim 2 sue eras sce oece ss poles I cc 15 min. 
MUIVIGCINIMMER AAG ie cleric nates s 250 cc 8 fl. oz. 
PUECOHOIM NMR Cia clas si cicrorccue oes eda 200 cc 6 fl. oz. 192 min. 
SOTA CRO MUNG Goats abe ual oJe!e vo sca so 9 hs ZiCee 31 min. 
Mmabearmlmcture: |... 62-255. 10 cc 154 min. 
Distilled Water, a sufficient quan- 
tity, 
hy TORIES SO See eee eee 1000 cc. 2 pints 


Add the pepsin to 500 ce. of cold distilled water containing the 
lactic acid, and allow the mixture to stand in a cool place until 
the pepsin is thoroughly softened; then stir very gently until 
dissolved and add the glycerin. Dissolve the orange oil and the 
cudbear tincture in the alcohol and gradually add this solution 
to the pepsin solution with gentle stirring. Then add sufficient 
distilled water to make the product measure 1000 cc., and filter, 
if necessary, until the product is clear. 

Note—Pepsin solutions are reduced in proteolytic activity by 
agitation and storage, particularly at or above normal room tem- 
perature. To insure the dispensing of this Elixir at standard 
strength it is required that an excess of pepsin be used in prepar- 
ing it. 


Assay—Proceed as directed in the Assay under Pepsin Elixir. 
Alcohol Content—From 16 to 19 per cent, by volume, of CgHsOH. 
Storage—Keep Compound Pepsin Elixir in tight, light-resistant con- 
tainers, and avoid excessive heat and undue agitation. 
_Incompatibilities—Although this elixir finds frequent use as a vehicle 
for a great variety of substances it is doubtful if it is actually the 
vehicle of choice in most instances. Even when the pepsin is not 
thrown out of solution by the added ingredient it has a fair chance of 
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being inactivated. It is generally ‘‘salted out’’ of solution by moder- 
ate concentrations of bromides, acetates, etc. Phenobarbital is liber- 
ated from the sodium derivative by the slight acidity of the elixir. 
Sodium bicarbonate effervesces and sodium nitrite is decomposed with 
the liberation of gaseous oxides of nitrogen. Asa vehicle for tinctures 
it causes a separation of extractive matter due to its relatively low 
alcohol content. Alkalies inactivate the pepsin. 


Uses—A vehicle for nauseating medicines. 
Average Dose—§8 cc. (approximately 2 fluidrachms). 


One average metric dose contains not less than 0.14 Gm. of Pepsin. 


Pepsin and Rennin Elixir N. F. 
Elixir Pepsini et Rennini 


[Elix. Pepsin. et Rennin.—Pepsin Essence] 


Pepsin and Rennin Elixir possesses, in each 100 ec., a 
proteolytic activity equal to not less than 2.25 Gm. of 
Reference Pepsin. 


Metric Alternative 
PepSint ee saree eae AIS OC Ova eing, PRA) ane 
Refntin ge ee oie eee te 18 Gm. 263 gr. 
GIY Cerin tee Cre en tee 5 Os acc. 4 fl.oz. 384 min 
AICONON = eaten etah ones cn tatne N6Secc. 5 fl.oz. 134 min 
Sweet Orange Peel Tincture... 50 GC. 1 fl.oz. 288 min. 
SAKE OM oe dec be ee sen 0.1 cc 1.5 min. 
Distilled Water, a _ sufficient 
quantity, 
Moomaketer 1 cnr: Sok cane. 1000 cc. 2 pints 


Add the pepsin and the rennin to 500 cc. of cold distilled water, 
and allow the mixture to standin a cool place until the pepsin is 
thoroughly softened; then stir very gently until the solids are 
dissolved, and add the glvcerin. Dissolve the sweet orange peel 
tincture and myristica oil in the alcohol, and gradually add to the 
aqueous solution with gentle stirring. Then add sufficient dis- 
tilled water to make the product measure 1000 cc., mix gently, 
and filter, if necessary, until the product is clear. 

Note—Pepsin solutions are reduced in proteolytic activity by 
agitation and storage, particularly at or above normal room tem- 
perature. To insure the dispensing of this Elixir at standard 
strength, it is required that an excess of pepsin be used in prepar- 
ing it. 

NeaveeD inte 50 ec. of normal hydrochloric acid with 550 ce. of dis- 
tilled water. To exactly 5.0 ce. of Pepsin and Rennin Elixir in a 
volumetric flask add sufficient of the dilute acid to make 200 cc. of the 
mixture. Dissolve 0.140 Gm. of Reference Pepsin in 250 cc. of the 
dilute acid. Proceed as directed in the Assay under Pepsin Elixir 
beginning with ‘‘Boil a sufficient number of eggs... .’ 

Alcohol Content—From 17 to 20 per cent, by volume, of CgH50H. 
Storage—Keep Pepsin and Rennin Elixir in tight, light-resistant con- 
tainers. Avoid excessive heat and undue agitation. 


Uses—A vehicle for nauseating drugs. 
Average Dose—8 cc. (approximately 2 fluidrachms). 


One average metric dose contains not less than 0.18 Gm. of Pepsin and about 
0.14 Gm. of Rennin. 


Saccharated Pepsin N. F. Pepsinum Saccharatum 
{[Pepsin. Sacch.] 


Metric Alternative 
Pepsin, in fine powder..............- 100 Gm. 1 oz. 262.5 gr. 
Lactose, recently dried and in very fine . 
DOW Cer eee antte re entace eile eer mint cee 900 Gm. 1402.175 gr. 
LOuIN AK OA. on eee eer pads etekeieha a ere 1000 Gm. 1lb. 


Triturate the pepsin with the lactose to a uniform, fine powder. 
Storage—Preserve Saccharated Pepsin in tight containers. 
Average Dose—I! Gm. (approximately 15 grains). 


One average metric dose contains 0.1 Gm. of Pepsin 


RENNIN N. F. Renninum 


[Chymosin, Rennet Powder, ] 


The partially purified milk-curdling enzyme obtained 
from the glandular layer of the stomach of the calf, 
Bos taurus Linné (Fam. Bovidz). 
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Rennin possesses a coagulating activity of not less 
than 90 per cent and not more than 110 per cent of the 
Reference Rennin (page 1059). Rennin of a higher coagu- 
lating power may be brought to the requisite strength 
by admixture with lactose or sodium chloride or both. 

Preparation—It is usually prepared by digesting the 
mucous membrane of calves’ stomachs for 24 hours in 
a one-half per cent sodium chloride solution, filtering, 
then adding hydrochloric acid to the filtrate to make 
one per cent acid, again filtermg and saturating the 
filtrate with sodium chloride. On standing, the enzyme 
separates as a white flocculent mass and is carefully 
dried. 


Description and Properties—Rennin occurs as a yellowh white pow- 
der, or as yellow grains or scales, having a characteristic and slightly 
salty taste, and a peculiar, not unpleasant odor. It is slightly hygro- 
scopic. Rennin is partially soluble in water and in Ce alcohol. 
Tests for Purity—When mounted in water or diluted alcohol and ex- 
amined microscopically, it shows no cellular structure, and no blue 
coloration is produced on the addition of iodine T.S. 

Assay—Mix 100 mg. of Rennin with 50 ce. of distilled water by gentle 
stirring, and allow the mixture to stand exactly 15 minutes. Mix 100 
mg. of Reference Rennin, with 50 ce. of distilled water by gentle 
stirring, and allow the mixture to stand for exactly 15 minutes. 

Place 50 cc. of well-mixed cow’s milk in each of 2 glass vessels 
about 12 cm. high and 4.5 cm. in diameter. Warm the milk rapidly 
to a temperature of 43°, and maintain it on a water bath at this tem- 
perature. Add 1 cc. of the rennin solution to the milk in one vessel, 
and 1 cc. of the Reference Rennin solution to the milk in the other 
vessel, noting the time when each solution is added. Stir each milk 
mixture slowly for 10 seconds immediately after the solution is added. 
Note the time which elapses until the milk thickens, as shown by a 
distinctly convex surface when the vessel is tipped to an angle of 
about 45°. 

Note—Milk varies in its coagulability. Different lots of milk, or 
the same distributor’s milk obtained on successive days, may be found 
to vary in coagulation time with the Reference Rennin. 
Storage—Keep Rennin in tight containers, and avoid excessive heat. 


Uses—lIt is used to produce a curd in milk, oftentimes 
for a food called junket, also as a digestant. Junket 
Tablets or a preparation called Liquid Rennet are typical 


forms under which it is sold. A Rennin Solution 
(Liquor Seriparus) was formerly official in the N. F. 


Specialties Containing Enzymes 
Amylgestin (McNeil)—Engestic-coated tablets containing a pancrea- 


tin preparation equivalent to Pancreatin U.S. P., 0.972 Gm..(15 gr.) 


per tablet. Uses: see Pancreatin U.S. P., page 935. 

Caripeptic Liquid (Upjohn)—A palatable, stable solution containing 
0.907 Gm. (14 gr.) enzyme mixture (proteolytic, amylolytic, and 
milk-curdling enzymes of Carica papaya, with malt diastase), 0.016 
Gm. (14 gr.) ipecac, aromatic oils, and glycerin in an elixir base. 
Uses: digestant, carminative and stomachic. 1.5 to 2.5 cc. com- 
pletely converts 2.5 Gm. anhydrous starch into sugar in 30 minutes; 

_3.7 ec. eurdles 100 cc. boiled milk in 10 minutes at 50°. 

Carminzym (Fairchild)—Tablets containing pancreatic extract, so- 
dium bicarbonate, ipecac, calcium carbonate, and carminatives. 
Uses: digestant, gastric antacid, and carminative. Dose: 1to3 
tablets, preferably chewed and followed by water. 

Caroid (Am. Ferment)—Powder or tablets, 0.097 Gm. (1% gr.), con- 
sisting of a grayish white powder containing a proteolytic enzyme 
obtained from the fruit of Carica papaya. Uses: digestant 
Dose: 0.097 to 0.648 Gm. (1% to 10 gr.); topically, as wet dressing 
for necrotic tissue; sprinkled on tampon or by insufflation for 
vaginal discharges; as vaginal douche, 2.6 Gm. (40 gr.) of powder 
dissolved in 2 qt. tepid water. 

Essence of Caroid—Each fluidrachm contains 0.097 Gm. (1% gr.) 
Caroid, 10 per cent alcohol, glycerin, and water. 

Diastoline (Patch)—Tablets containing papain, pepsin, pancreatin, 
diastase, charcoal, ginger, and sodium bicarbonate. Uses: diges- 
tant and alkalizer in gastric acidity and other digestive disturbances. 
Dose: ? to 6 tablets in hot water. 

Diastos (Sharp and Dohme)—Liquid, each fluidounce containing 
0.518 Gm. (8 gr.) pepsin, 0.097 Gm. (14 gr.) papain, 0.049 Gm. 
(34 gr.) rennin, 5 min. dilute nitrohydrochloric acid, 4% min. lactic 
acid, and %» gr.nux vomica. Uses: an adjunct and a digestant in 
treatment Get achylia gastrica and atomic dyspepsia, biliousness and 
poor digestion of starches and fats. Dose: 1 to 2 teaspoonfuls. 

Duodenin (Armour)—Powder or tablets, 0.065 Gm. (1 gr.), containing 
desiccated duodenal substance prepared from the duodenum of the 
poe containing enterokinase. Uses: digestant. Dose: 1 or more 
tablets. 

Enzymol (Winthrop)—A glycerin-aqueous-acid extract prepared di- 
rectly from the mucosa of the fresh hog stomach. Contains the 
soluble substances of the gastric cells, enzymes, and associated 
proteins and inorganic constituents, as well as a trace of thymol. 
Uses: a stimulating, healing extract for inducing cell proliferation 
and healing in wounds and ulcers, as well as liquefaction of puru- 
lent and necrotic matter and dissipation of foul odors. Applied 
topically as a wet pack, by instillation, or by irrigation. 


ENZYMES 


Eugestin (United Drug)—Liquid preparation, each fluidounce con- 
taining 1.30 Gm. (20 gr.) of diastase. Uses: pancreatic deficiency, 
Dose: 1 or 2 teaspoonfuls. 

Gastron (Stearns)—Aqueous-glycerin preparation of an extract of the 
entire hog stomach mucosa, containing pepsin, mucin, and other 
soluble extractives. Uses: replacement therapy in gastric hypo- 
secretion. Dose: 2 to 4 teaspoonfuls. 

Holadin (Stearns)—Hard gelatin capsules, 0.194 and 0.324 Gm. (3 
and 5 gr.), containing an extract of entire pancreas containing the 
enzymes trypsin, amylopsin, and lipase. Uses: digestant in 
pancreatic disorders. Dose: 1 or more capsules after meals and at 
bed time. 

Lactopeptine (Arlington)—Powder or tablets, 0.324 Gm. (5 gr.) con- 
taining a combination of pepsin, pancreatin, diastase, and lactic 
and hydrochloric acids. Uses: digestant. Dose: 2 to 4 tablets. 
Elixir Lactopeptine—Each fluidounce contains 2.46 Gm. (38 gr.) 
Lactopeptine and 18 per cent alcohol. Uses: digestant. Dose: 
2 to 4 teapoonfuls. 

Liquenzyme (Wyeth)—A palatable vehicle containing pepsin, rennin, 
and 12 per cent alcohol. Uses: adjuvant and digestant. Dose; 
2 to 4 teaspoonfuls before meals. 

Luizym (Kretschmar)—Tablets containing carbohydrate-digesting 
enzymes. Uses: impaired carbohydrate digestion. Dose: 2 
tablets. 

Pangestin (Abbott)—Tablets, 0.324 Gm. (5 gr.) containing the starch 
and casein splitting enzymes of the pancreas. Uses: digestant. 
Dose: 1 or 2 tablets after each meal. 

Pankreon (Kretschmar)—Powder or tablets, 0.259 Gm. (4 gr.), con- 
taining the starch and casein splitting enzymes of the pancreas. 

Uses: digestant. Dose: 1Gm.taken with meals. Tablets should 
be crushed before use. 

Panopsin (Harrower)—Tablets, each containing 0.162 Gm. (2% ur.) 
pancreatin, capable of converting 90 parts of starch into soluble 
carbohydrates in 5 minutes. Uses: digestant. Dose: 2 to 4 

_ tablets before meals. 

Pan-Peptic Elixir (Sharp & Dohme)—Elixir containing pepsin, lactic 
acid, caffeine, and celery seed. Uses: digestant and Vehicle. 
Dose: 1 to 2 dessertspoonfuls. 

Panteric (Parke, Davis)—Enteric-coated granules; capsules, 0.324 
Gm. (5 gr.); or tablets, 0.324 Gm. (5 gr.), containing triple strength 
pancreatin, 5 gr. equivalent to 15 gr. Pancreatin U.S. P. Uses: 
for treatment of indigestion and food allergy due to pancreatic 
hypofunction. Dose: 0.648 to 1.30 Gm. (10 to 20 gr.) 3 times a 
day after meals. 

Panteric Compound—Enteric-coated tablets, each containing 0.648 
Gm. (10 gr.) pancreatin and 0.097 Gm. (1% gr.) ox bile extract. 
Pebzicole (Cole) Liquid, each fluidounce containing 0.389 Gm. (6 gr.) 
pepsin, 0.062 ec. (1 min.) lactic acid, 5.3 cc. (86 min.) glycerin, and 
0.058 Gm. (0.9 gr.) benzoic acid. Uses: digestant. Dose: 1 to 4 

teaspoonfuls. 

Pepto-Papaya Compound (Stoddard)—Tablets (No. 1), each contain- 
ing 0.032 Gm. (% gr.) each pepsin, papain and charcoal, 0.227 Gm. 
(3% gr.) sodium bicarbonate, and ginger oleoresin. Compound 
No. 2 is without charcoal. Uses: digestant and gastric antacid. 
Dose: 1 to 3 tablets. 

Pepsencia (Stearns)—A clear, light yellow liquid (pH 4.7 to 5.0), 
consisting of an extract of porcine gastric mucosa and calf rennets 

—in an aromatic medium containing 18.5 per cent alcohol by weight, 
and glycerin; 1 teaspoonful digests 3000 to 4000 grains of coagu- 
lated egg albumen and will curdle 250 cc. milk at 38°. Uses: di- 
gestant and vehicle. Dose: 1 or more teaspoonfuls after meals. 

Peptenzyme (Reed & Carnrick)— Powder or tablets, each Gm. of pow- 
der containing 200 mg. pepsin, 100 mg. desiccated pancreas, and 
40 mg. desiccated duodenum; each. tablet containing 65 mg. pep- 
sin, 32 mg. desiccated pancreas, and 13 mg. desiccated duodenum. 
Uses: digestant. Dose: 2 to 8 tablets, or 0.65 to 2.6 Gm. of 
powder. 

Peptenzyme Elixir—Aromatic vehicle useful for disguising the dis- 
tastefulness as well as the offensive odor of many drugs. Compat- 
ible with most drugs. 

Plurizyme (Harrower)—Chocolate-coated tablets, 0.389 Gm. (6 gr.) 
containing 0.097 Gm. (1% gr.) pancreatin, 0.065 Gm. (1 gr.) pepsin, 
0.032 Gm. (14 gr.) papain, and 0.130 Gm. (2 gr.) bile extract. Uses: 
an aid in nutritional treatment of many cachectic and wasting dis- 
orders, indigestion, and dyspepsia. Dose: 1 or 2 tablets, directly 
before meals. 

Protenzamyl (Strasenburgh)—Liquid, each fluidounce containing 1.04 
Gm. (16 gr.) Ceylon papain combined with malt extract of high 
diastatic value. Uses: digestant. Dose: 1 to 2 teaspoonfuls. | 

Stamyl (Winthrop)—Enteric-coated tablets containing a highly con- 
centrated and standardized extract of pancreatic enzymes, trypsin, 
amylopsin, and steanpsin (lipase); also hemicellulose and ox bile. 
Uses: for intestinal indigestion, chronic gastroenteritis, fermenta- 
tive and putrefactive dyspepsia, typanites, and for reducing flatus. 
Dose: 1 to 2 tablets. 

Taka-Diastase (Parke, Davis)—Capsules or tablets, 0.162 Gm. (24% 
gr.) and powder, containing diastase obtained from Aspergillus 
oryze, assayed and adjusted to liquefy 450 times its own weight of 
potato starch in 10 minutes. Uses: starch digestant for the relief 
of dyspepsia, heartburn, distension, and belching. Dose: 0.324 to 
1 Gm. (5 to 15 gr.). 

Taka-Diastase Compound—Capsules, each containing 0.065 Gm. 
(1 gr.) Taka-Diastase, 0.13 Gm. (2 gr.) pepsin, 0.065 Gm. (1 gr.) 
papain, 5.4 mg. (}42 gr.) nux vomica extract, and 8.1 mg. (% gr.) 
capsicum. Dose: 1 or more capsules. 

Taka-Diastase Liquid—Each fluidounce contains 1.30 Gm. (20 gr.) 
Taka-Diastase and 15 per cent alcohol. Uses: as for Taka-Dia- 
stase, and also as a vehicle to mask the taste of unpalatable medica- 
ments such as iodides, bromides, quinine salts, salicylates, digitalis, 

- and nux vomica. Dose: 2 or more teaspoonfuls. 
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e, Davis) —A palatable powder, each ounce containing — histamine hydrochloride during incubation at 37.5° for 24 hours. 


0 gr.) Taka-Diastase, in a mixture of 28 parts calcium Dose: 20 units, 3 times daily, increased to 30 units. 

, 7 parts magnesium carbonate, 4 parts bismuth subear-. Trypsin (Armour, Wilson)—A pale yellow powder containing a pro- 
e,and aromatics. Uses: for the relief of gastric hyperacidity. teolytic enzyme derived from the pancreas; soluble in water, active 
1 or 2 teaspoonfuls in water. : in slightly alkaline medium, inactivated by acids. Uses: an aid 
- ; : to protein digestion; externally, softens scar tissue and digests 
itil (Winthrop)—Enteric-coated tablets (10 units), containing necrotic areas in wounds and ulcers. Applied topically in slightly 
extract of desiccated kidney of hogs, which contains a histamine- alkaline solution prepared by adding sodium bicarbonate. Dose: 

troying enzyme, histaminase. Uses: prevents or mitigates orally 0.5 to 1.5 Gm. (preferably in enteric-coated pills). 
any characteristic manifestations of allergy by inactivating the Typsogen (Carnrick)—Tablets, plain or enteric-coated, containing 
tamine formed in the alimentary tract or released by sensitized pancreatic enzymes. Uses: digestant. Dose: 2 to 7 tablets after 


ells which have been injured through the union of antigen with meals. 

ecific antibody. Employed in urticaria, serum sickness, angio- | Zymoteric (Stoddard)—Mnteric-coated tablets containing pancreatic 
ic edema, allergic dermatitis, hypersensitivity to insulin, enzymes approximately 3 times the strength of Pancreatin U.S. P. 
extract, drugs, and physical agents; 1 unit inactivates 1 mg. of Uses: digestant. Dose: 1 or 2 tablets. 
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HEMATICS 


Tue cLAss of medicinal compounds termed hematics 
includes all agents which exert an effect on the blood. 
Hematics may be subdivided into two groups: (1) 
agents influencing the production of formed elements 
and (2) agents affecting the coagulation of the blood. 

Group 1 includes the hematopoietic iron compounds 
and certain liver and stomach preparations, used to in- 
crease the rate at which the bone marrow produces 
normal erythrocytes. Group 2 may be subdivided 
into (a) those substances with a local effects; such as 
thromboplastice brain extracts which promote coagula- 
tion of the blood when applied directly, and (b) those 
with a general effect, such as heparin, which retards; 
and vitamin K, which indirectly hastens, the coagula- 
tion of the blood. 

Fibrin ferments and thromboplastic substances are 
discussed more fully under Clotting Proteins (page 1322). 


Iron and Iron Compounds 


Iron is used in medicine according to New and Non- 
official Remedies in the following forms: (1) metallic 
or elementary iron (reduced iron); (2) ferrous or unoxi- 
dized form of combination; (8) trivalent or oxidized 
form; and (4) complex compounds of iron. The follow- 
ing discussion is abstracted from the N. N. R. 1948. 

Complex (masked or non-ionic) iron compounds are 
those compounds of iron whose solutions do not respond 
to the ordinary tests for ferrous or ferric ions because 
in them the iron is part of a complex radical. Complex 
compounds of iron do not have the astringent taste of 
simple iron solutions. The permanence of these com- 
plex radicals differs widely; while some, such as soluble 
ferric phosphate, N. F., and solution of peptonized 
iron, are converted to simple ionic iron by action of 
dilute acids, others resist treatment with strong acids 
or with alkalies. The complex iron compounds occur- 
ring naturally in animal and vegetable tissues (termed 
food irons) belong generally to the more resistant class, 
while the complex iron compounds produced artificially 
are as a rule decomposed rather readily. There is, 
however, no sharp line of distinction between the natu- 
ral complex iron compounds and those products arti- 
ficially produced, nor is there any good evidence that 
they differ in therapeutic action. 

Actions and Uses—Solutions of ferric iron are used 
externally as styptics. Tincture of ferric chloride is an 
astringent and is used in applications to the throat. 
The principal use of iron, however, is in the treatment 
of hypochromic anemia and chlorosis. For this purpose, 
the ferrous salts are usually preferred to the ferric salts, 
as they are not so initiating and hence are less likely to 
disturb the stomach. Reduced iron, yielding ferrous 
chloride when dissolved in the stomach, acts as a ferrous 
compound, provided the hydrochloric acid in the gastric 
fluid is sufficient to permit solution. So far as the com- 
plex iron compounds are not decomposed by gastric 
digestion, they also are devoid of gastric effects; but, 
on the other hand, it has been claimed that certain 
hemoglobin-like compounds escape absorption alto- 
gether. Bunge supposed that only “organic iron’ could 
be absorbed and assimilated by the body, the reputed 
action of inorganic iron being altogether indirect and 


due to its local effect on the alimentary canal. This 
theory was modified by Abderhalden to the effect that 
inorganic iron, while it could not be converted into 
hemoglobin, nevertheless stimulated the conversion of 
“organic iron.’ Later work (Tartakowski), however, 
proves that inorganic iron is assimilated and converted 
into hemoglobin and it is in fact therapeutically more 
effective than natural complex iron compounds. 
Whipple and his co-workers have shown that ferrous 
carbonate aids recovery from the anemia of repeated 
hemorrhages. Starkenstein (Hefftner-Heubner, Hand- 
buch der experimentelle Pharmackologie) reports that 
Reiman has shown that ferrous salts are effective in 
bringing about a reticulocyte response, hemoglobin and 
red blood cell increase in much smaller amounts than 
ferric salts; 100 mg. of iron as ferrous salts daily were 
shown to be effective. A difference exists between the 
different iron preparations in their local irritant and 
astringent action, which is absent in most of the com- 
plex iron compounds. These local actions may be de- 
sirable in some cases and undesirable in others. This 
should mainly determine the selection of the particular 
iron preparation most suitable for each patient. Suit- 
able diet (especially liver, kidney, meat, and spinach) 
is sometimes more effective than the iron preparations, 
presumably by the cooperation of other factors; for in 
pernicious anemia, liver extract that is practically iron- 
free is equally active. 

The official and important unofficial inorganic and 
organic iron compounds are discussed fully in previous 
sections of this text. See Jron (page 426), and the chap- 
ters on ‘Organic Acids, Esters and Salts’”’ and ‘‘Organo- 
metallic Compounds.”’ 


Liver and Stomach Preparations 


Whole liver, extracts of liver and dried stomach 
stimulate maturation of erythrocytes in pernicious 
anemia and in certain other macrocytic anemias. The 
Council on Pharmacy and Chemistry of the American 
Medical Association has accepted only those prepara- 
tions of liver or stomach which are primarily intended 
for the treatment of pernicious anemia. 

The daily ingestion of 200 to 400 Gm. of whole liver 
is effective in inducing a remission in pernicious anemia 
and in maintaining a normal red blood cell count. 
Concentrates for oral administration are made from 
such amounts of liver, but these have lost a certain 
amount of the original activity of the liver from which 
they are derived. Extracts suitable for parenteral ad- 
ministration may be prepared from 10 to 15 Gm. of 
liver and these possess a therapeutic potency equal to 
that of the larger amounts of liver given by mouth. 
Similar effects can be produced by 30 to 40 Gm. of 
desiccated stomach and by combinations of stomach 
tissue and liver. 

For liver extracts and for preparations of stomach the 
minimum dose is 1 U.S. P. Unit per day, or in the case 
of intramuscular liver preparations multiples of this at 
longer intervals (e. g., 7 units per week). A U.S. P. 
Unit is the minimum amount which, when given daily 
to a suitable patient with pernicious anemia in relapse, 
will cause an adequate hematopoietic response. Inas- 
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much as material derived from about thirty times as 
much liver must be given by mouth to produce the same 
response as when given by injection, it has been neces- 
sary to define the “Unit” either as an “oral”? Unit or as 
an “injectable”? Unit according to the method of ad- 
ministration of each preparation. 
standardization (not as a plan to be followed routinely 
in the treatment of patients) the material is given daily 
with proper hematopoietic checks to at least three 
patients whose red blood cell counts are determined 
before treatment is started, on the day that it is started, 
and on the seventh day and the fourteenth day of treat- 
ment. Daily reticulocyte counts are made during the 
complete period of the “reticulocyte response.”’ These 
data are submitted by the manufacturer to the Anti- 
Anemia Preparations Advisory Board of the United 
States Pharmacopceia which evaluates them and assigns 
unitage. The board has ruled that at present a strength 
greater than 15 Units per cc. will not be assigned to a 
preparation because of the possibility of loss, during the 
concentration process, of unknown factors of value in 
the treatment of patients with pernicious anemia. 

In assigning units to preparations of liver extract or 
other anti-anemia preparations, the following points are 
considered by the board in connection with other avail- 
able data from therapeutic tests conducted in the man- 
ner specified. 

1. The character and degree of the reticulocyte re- 
sponse. 

2. Rate of increase of red blood cells. 

3. Clinical factors modifying these responses. 

4. Efficiency of the method of manufacture in pre- 
serving the potency of the product. 

5. The following figures are especially useful to the 
board in assigning unitage. 


Initial Red Blood Cell Peak of 
Count (Millions per Reticulocyte Curve 
cu. mm.) (Per Cent) 
ik 0) 41 
15 28 
2.0 18 
2.5 11 
on 5 


These figures are not to be considered as “standards,” 
inasmuch as modifying factors, in each individual pa- 
tient, may change the interpretation of the type and 
degree of the response. Under some circumstances a 
higher or lower response would be expected, making the 
figures in the table inadequate to express the “normal’’ 
for every patient. The ideal test patient should have a 
red blood cell count between 1 and2.5million per cu.mm., 
and should not have received anti-anemic medication 
or blood transfusion during the previous month. Infec- 
tion, marked neurological involvement, extensive 
arteriosclerosis, severe diarrhea, vomiting, or marked 
gastrointestinal complications are factors which must 
be taken into account in evaluating the response. 


The Council requires that all submitted preparations . 


designed for use in the treatment of pernicious anemia 
be manufactured by a satisfactory method and that they 
be labeled with a statement of the number of cubic 
centimeters or grams of material which constitute an 
“oral” or “injectable” Unit as the case may be. The 
labeling must also conform to the requirements of the 
Food and Drug Administration. 


LIVER EXTRACT U. S. P. Extractum Hepatis 
' (Ext. Hepat.—Dry Liver Extract, Sp. Extracto de Higado] 


Liver Extract is a dry, brownish, somewhat hygro- 
scopic powder, and contains that soluble thermostable 


For the purpose of ° 
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fraction of mammalian livers which increases the num- 
ber of red blood corpuscles in the blood of persons af- 
fected with pernicious anemia. The approximate anti- 
anemia potency of Liver Extract in pernicious anemia 
is expressed in U.S. P. Units (oral). The Extract con- 
forms to all other requirements outlined under Anti- 
anemia Preparations (page 1049). 

Storage—Preserve Liver Extract in tight or in hermetic containers, 
preferably at a temperature not above 20°. 

Labeling—Label Liver Extract to show the potency assigned to it 
by the U.S. P. Anti-anemia Preparations Advisory Board. 

Uses—Liver Extract is employed in the specific 
therapy of pernicious anemia and certain other related 
macrocytic hyperchromic anemias due in whole or in 
part to the deficiency of the anti-anemia liver principle. 
These related anemias include sprue, macrocytic tropi- 
cal anemia, fish tape-worm anemia, achresitic anemia, 
and anemias resulting from gastric carcinoma and re- 
section or disease of the intestinal tract. The anti- 
anemia principle which allows normal blood develop- 
ment is formed from the interaction in the intestinal 
tract of an extrinsic food factor, of as yet unknown com- 
position, and an intrinsic gastric mucosal factor, known 
to be a proteolytic enzyme secreted into the gastric 
juice. The interaction product is stored and possibly 
further elaborated in the liver, and is continuously re- 
leased to the bone marrow where it is necessary for 
proper hemopoiesis. In its absence, classical pernicious 
anemia results. The most common cause for its absence 
is a deficiency of secretion of the intrinsic gastric factor. 
In pernicious anemia, this intrinsic factor is deficient, 
the gastric juice is limited in volume and lacks free 
hydrochloric acid, the red cell count and hemoglobin 
values are low but the hemoglobin is less deficient than 
red cells (high color index), the red blood cell is larger 
than normal (high volume index), the white blood cor- 
puscles are also deficient in number (leucopenia) and 
abnormal in character, the platelets are deficient in 
number (thrombocytopenia), the mucosa of the tongue 
and stomach is atrophic, and often there is degenerative 
involvement of the central nervous system, most com- 
monly a posterolateral sclerosis of the spinal cord. 

The administration of adequate amounts of the anti- 
anemia principle of the liver results in marked and rapid 
improvement of nearly all the signs and symptoms of 
pernicious anemia. Even the neurological impairment 
may improve if it is not too far advanced. The disease, 
however, is not cured and the basic deficiency in gastric 
physiology remains. Nevertheless, the patient may be 
kept in good health in the same manner that insulin 
allows a patient with diabetes mellitus to lead a fairly 
normal life. Replacement therapy must continue for 
life, because the disease lasts for life. 

The only available sources of the anti-anemia prin- 
ciple are liver—prepared and administered in a variety 
of ways—and stomach, either alone (defatted and desic- 
cated) or digested with liver (liver-stomach concen- 
trates). Stomach is administered by the oral route; but 
liver may be taken orally as butcher’s liver, liver extract 
or oral solution of liver extract, or injected intramuscu- 
larly as concentrated purified liver extract. In rare 
cases, suitably prepared parenteral liver extracts may 
be injected intravenously. 

The route of administration varies with the patient’s 
economic status, the ability of the patient to take oral 
extracts, and the severity of the disease. The parenteral 
route is the more common, and by the use of highly con- 
centrated extracts, injections need not be made more 
often than every two to four weeks, once a therapeutic 
remission has been achieved. The dose varies with the 
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severity of the case, and with the response to therapy 
of the blood picture and other signs and symptoms of 
the disease. The presence of neurological lesions, inter- 
current infection, arteriosclerosis, and pernicious anemia 
of pregnancy all require vigorous therapeutic therapy 
with large amounts of parenterally administered liver 
extract. 

With regard to parenteral liver extracts, the dose for 
the average patient in relapse is 15 U.S. P. Units in- 
jected daily for 3 or 4 days, then 15 U.S. P. Units two 
or three times weekly for several weeks, and then 15 
Units once or twice weekly until the blood is normal. 
After this point has been reached, maintenance therapy 
of 15 units every 2 to 4 weeks usually suffices. Hach 
case is treated according to the individual needs. 

With regard to oral liver extracts, they must be taken 
daily. The oral Unit is not interchangeable with the 
unitage of preparations for parenteral use. For patients 
in therapeutic remission, the average maintenance dose 
is 0.5 to 1.0 U.S. P. oral Unit daily, depending on the 
patient’s response. In relapse, it is usually best to rely 
on parenteral therapy. Preparations of stomach are 
given orally, and the maintenance dose is 10 to 15 Gm. 
daily. In relapse, it is usually best to resort to paren- 
teral therapy. 

The indiscriminate use of liver in any variety of 
anemia is to be deplored not only because it is an addi- 
tional expense: for the patient, but because it may be 
dangerous. If liver therapy is given to a patient with 
pernicious anemia before an accurate diagnosis has 
been made, then the blood picture will be so modified 
that it may be impossible to make the diagnosis. If 
the patient then does not receive continuously an ade- 
quate amount of liver extract, the disease will progress 
and the nervous system may be irreversibly damaged. 
If the patient does not have pernicious anemia, and 
liver treatment is continued, an unnecessary expense is 
incurred. For these reasons, the indiscriminate use of 
mixtures of liver, iron, copper, and vitamins must in 
particular be vigorously condemned. If such a mixture 
is used in anemia, and the patient improves, it is im- 
possible to tell whether the anemia was an iron-de- 
ficiency anemia (see discussion under Reduced Iron) or 
a liver-deficiency anemia. 

Average Daily Dose—1 U. S. P. Unit. 


LIVER INJECTION U. S. P. 


Inj. Hepat.—Liver Extract for Parenteral Use, Sp. Inyeccién de 
Higado] 


Injectio Hepatis 


Liver Injection is a sterile solution in water for injec- 
tion of that soluble thermostable fraction of mammalian 
livers which increases the number of red blood cor- 
puscles in the blood of persons affected with pernicious 
anemia. The approximate anti-anemia potency of 
Liver Injection upon intramuscular administration in 
pernicious anemia is expressed in U.S. P. Units (Inject- 
able). Liver Injection contains not more than 15 
U.S. P. Units (Injectable) in each ce. Liver Injection 
conforms to all other requirements outlined under 
Anti-anemia Preparations (page 1049). It meets the 
Sanaa of the Sterility Test for Liquids (page 
126). 

Sterilize Liver Injection preferably by Process F. 
See Sterilization Processes (page 121). Liver Injection 
contains not more than 0.5 per cent of cresol or of 
phenol if either is used as a bacteriostatic agent. It 
also conforms to the other requirements under Injec- 


HEMATICS 


tions (page 249), except that at times it may show signs 
of a sight turbidity or precipitate. 

Storage—Preserve Liver Injection preferably in single-dose hermetic 
containers, or in other suitable containers. See Containers for Injec- 
tions (page 255). Preserve the Injection preferably at a temperature 
not above 20° and protected from light. Liver Injection is exempt 
from the requirements concerning the volume requirement for mul- 
tiple dose containers given on page 259. 

Labeling—Label Liver Injection to show the potency assigned to it 
by the U. 8. P. Anti-anemia Preparations Advisory Board. Liver 
Injection, when developed by stopping the processes of extraction at 
such a stage that the final product is derived directly from an alcohol 
solution of a concentration not higher than 70 per cent, by volume, 
of CgHs5OH, may be labeled as Liver Injection (Crude). Liver Injec- 
aes (Crude) contains not more than 2 U.S. P. units (Injectable) in 
each cc. 


Uses—See detailed discussion of actions, uses, and 
doses under Liver Extract. 
Average Daily Dose—IJntramuscular, 1 U. S. P. Unit. 


LIVER SOLUTION U. S. P. Liquor Hepatis 
(Liq. Hepat.—Liquid Liver Extract, Sp. Solucién de Higado] 


Liver Solution is a brownish liquid, and contains that 
soluble thermostable fraction of mammalian livers 
which increases the number of red blood corpuscles in 
the blood of persons affected with pernicious anemia. 
The approximate anti-anemia potency of Liver Solution 
in pernicious anemia is expressed in U. 8. P. Units 
(oral). The Solution conforms to all other require- 
ments outlined under Anti-anemia Preparations (page 
1049). 

Note—If desired, a suitable flavor may be added to 
Liver Solution. 

Preservation—Liver Solution must be suitably preserved. If alcohol 
is used, the amount must not exceed 25 per cent, by volume; if 
glycerin, not more than 40 per cent, by volume. 

Storage—Preserve Liver Solution in tight, light-resistant containers, 
preferably at a temperature not above 20°. 

Labeling—Label Liver Solution to show the potency assigned to it 


by the U. 8S. P. Anti-anemia Preparations Advisory Board and the 
name and proportion of the preservative contained in it. 


Uses—See detailed discussion of actions, uses, and 


doses under Liver Hxtract. 
Average Daily Dose—I U. S. P. Unit. 


LIVER WITH STOMACH U. S. P. 
Hepar cum Stomacho 


[Hepar c. Stomach., Sp. Higado con Esté6mago] 


Liver with Stomach is a brownish powder resulting 
from mixing a concentrated water solution of mam- 
malian liver with minced fresh hog stomach tissue. 
The fraction of liver employed is soluble in approxi- 
mately 70 per cent alcohol, by volume, and insoluble 
in approximately 95 per cent alcohol, by volume. After 


*admixture and incubation, the product is dried under 


reduced pressure, and defatted. 

The approximate anti-anemia potency of Liver with 
Stomach in pernicious anemia is expressed in U. S. P. 
Units (oral). Liver with Stomach conforms to all other 
requirements outlined under Anti-anemia Preparations 
(page 1049). This preparation is not regarded as a 
mixture because the potentiating interaction of the 
liver extract and stomach tissue produces, in pernicious 
anemia, an effect indistinguishable from that of larger 
amounts of either liver extract or stomach alone. The 
activity of the preparation other than that of the liver 
fraction contained is readily destroyed when the prep- 
aration is suspended in a hot liquid. 
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Storage—Preserve Liver with Stomach in well-closed containers, 
preferably in a cool place. 

Labeling—Label Liver with Stomach to show the potency assigned 
to it by the U.S. P. Anti-anemia Preparations Advisory Board. 


Uses—See detailed discussion of actions, uses and 
doses under Liver Extract. 
Average Daily Dose—1 U. S. P. Unit. 


POWDERED STOMACH U. S. P. 
Stomachus Pulveratus 


[Stomach. Puly.—Dried Stomach, Sp. Est6mago Pulverizado] 


Powdered Stomach is the dried and powdered de- 
fatted wall of the stomach of the hog, Sus scrofa Linné 
var. domesticus Gray (Fam. Suidz). It contains factors 
which increase the number of red blood corpuscles in 
the blood of persons affected with pernicious anemia. 
The activity is readily destroyed when the preparation 


is suspended in a hot liquid. The approximate anti- 


anemia potency of Powdered Stomach in pernicious 
anemia is expressed in U.S. P. Units (oral). Powdered 


Stomach conforms to all other requirements outlined 


under Anti-anemia Preparations (page 1049). 


Storage—Preserve Powdered Stomach in tight containers, preferably 


in a cool place. 


Labeling—Label Powdered Stomach to show the potency assigned 


to it by the U.S. P. Anti-anemia Preparations Advisory Board. 


Uses—See detailed discussion of actions, uses, and 
doses under Liver Extract. 
Average Daily Dose—1 U. S. P. Unit. 


Unofficial Hematics 


N-Acetyl-phenylhydrazine [CgH5.NH.NH.COCH 3]—White crystals. 
Slightly soluble in cold water or ether; soluble in hot 
The only medicinal use of acetylphenyl- 
hydrazine is in the symptomatic therapy of certain forms of poly- 
It is somewhat safer than phenylhydrazine but is a 
potent and potentially toxic compound and must be administered 
It changes hemoglobin to methemoglobin 
and results in eventual destruction of red blood cells. Acetylphenyl- 
See Phenyl- 
Dose: 0.1 Gm. capsule daily for 10 days, followed by a 
Maintenance therapy is then instituted at 


Melts 128°. 


water, alcohol. Uses: 


cythemia. 
with considerable care. 
hydrazine is not to be employed as an antipyretic. 
hydrazine. 


rest period of 2 weeks. 
the dose level of 0.1 Gm. every 5 to 7 days, as required. 


Brain Lipoid N. N. R. (Impure Cephalin, Impure Kephalin)—An ex- 
tract of the brain of the ox, or other mammal, prepared according 


to the method of Howell as applied in practice by Hirschfelder 
(Lancet, 2, 542 (1915)). Uses: 
hemorrhage. Dose: may be spread on gauze sponges, on pledgets, 
or on the tissues themselves; or an emulsion may be prepared by 


shaking with physiological solution of sodium chloride and used as 


stated above. For office or dispensary use, a 5 per cent ethereal 
solution of brain lipoid suffices. 

Dicumarol (Dicoumarol, Dicoumarin)—A white, crystalline solid ob- 
tained from spoiled sweet clover or prepared synthetically from 
salicylic acid. It melts between 288° and 289°. It is slightly sol- 
uble in water and soluble in alkaline solutions. Uses: Dicumarol 
is used as an anticoagulant in the prevention of postoperative throm- 
bosis and pulmonary embolism. It has been recommended after 
abdominal hysterectomy and after traumatic injuries to blood 
vessels. Its action is enhanced by salicylates and quinine and 
counteracted by xanthines, sulfonamides, vitamin K, and trans- 
fusions of freshly drawn oxalated blood. Dose: 5 mg. per Kg. of 
body weight orally. The average initial dose for an adult is 0.3 Gm. 
The prothrombin time must be watched carefully. The drug be- 
comes effective after 24 to 48 hours, with a maximum effect in 3 to 
5 days. When rapid anticoagulant effects are required, heparin is 
given with the dicumarol during the first 48 hours. . 

Heparin N. N. R.—Heparin is the body’s natural anticoagulant, 
taking part in the physiological function of maintaining the fluidity 
of the blood. It is produced by the mast cells of Ehrlich, which are 
clustered in the perivascular connective tissue of the walls of major 
blood vessels and capillaries. Heparin is a polysulfurice ester of 
mucoitin. The molecular skeleton is built up of an acetylated 
glucosamine and glycuronic acid. The disaccharide unit is similar 
to that in mucoitin sulfuric acid and hyaluronic acid. Protein-free 
samples of heparin contain about 10 per cent of sulfur present as 
ester sulfates. Original preparations of heparin contain mixtures 

_ consisting of mucoitin disulfuric and trisulfuric acids. The anti- 
coagulant action is greater in preparations with the highest sulfuric 
content. Heparin in the final, therapeutic form is supplied in a 
solution made from the sodium salt, but in the steps of its purifica- 
tion the barium salts of heparin are prepared. Heparin, being a 
mixture of the several sulfuric esters, is not entirely homogeneous, 
and there is debate as to whether a truly crystalline or homogeneous 


applied locally in the treatment of 


preparation has been or ever can be prepared. Heparin is prepared 
commercially from lung tissue of slaughtered animals. Thus, the 
name heparin, although given because the anticoagulant was first 
extracted by Howell from liver, is obviously undesirable. Now 
it is neither obtained in quantity from the liver nor does it have 
any of the actions of the well-known liver extracts. Its production 
by the mast cells is actually a non-hepatic source. For these and 
several other obvious reasons a better name for this substance 
is needed. 

Heparin is highly soluble in water, and moderately soluble in 
methyl and ethyl alcohol, acetone and glacial aceticacid. It will not 
dialyze through a parchment membrane, and only slightly through 
a collodion membrane. Heparin is resistant to all kinds of chemi- 
cal agents; it gives an insoluble precipitate with protamine and 
with toluidine blue; and interferenceswith the sulfuric groups re- 
duces its anticoagulant activity. Heparin has a very low osmotic 
pressure in respect to its high degree of ionization. In contrast to 
the effect of oxalate, heparin has no osmotic influence on red blood 
cells. Heparin may be stored for long periods without loss of 
activity. 

The:anticoagulant action of heparin is multiple, for it acts both 
on the thrombin and on the prothrombin as well as on thrombo- 
plastin. The mode of heparin’s interference in the interaction of 
the above clotting elements is not known, but it appears to be a. 
physicochemical interference which may come about because it has. 
a high molecular weight and its electric charge is the strongest of 
any substance in the body. It is presumed that heparin changes 
the charge of the prothrombin or the kinase preventing the forma- 
tion of the thrombin, or does the same with thrombin. Heparin 
also exerts some complex effects on immune processes, and it is 
believed by some that heparin plays a part in the immunization 
processes taking part in the body. Further information on the 
Boece of heparin will be found in a supplement to the U.S. P, 

Assay: A provisional international unit of heparin activity was 
established in 1942 as the anticoagulant activity (as determined 
by a number of different methods) of }{39 mg. of a standard dry 
powder of sodium heparin. This unit is nearly equal to that usu- 
ally termed the “Toronto Unit.” The various current (1947) 
American heparin preparations contain approximately 100 I. U. 
per mg. Provisions are now being made for the establishment of 
a U.S. P. Heparin Sodium reference standard, to which will be 
correlated the most practicable approved method for testing of 
heparin preparations. The activity should be expressed in terms 
of assay units rather than in terms of weight alone, since the situa- 
tion with respect to purity of this preparation has some resem- 
blances to that with insulin. 

Uses: The exact status of heparin in surgery and medicine has 
not been fully determined. It is widely used in vascular surgery, 
and it is advocated in the treatment of postoperative thrombosis 
and embolism, and following coronary thrombosis to prevent fur- 
ther cardiac damage and subsequent embolic episodes. The 
clinical horizon of heparin is rapidly expanding. 

Dosage: Heparin is inactive when taken orally, and it must be 
administered either intravenously or intramuscularly. It may be 
given by single injection or by continuous intravenous drip, the 
rate of infusion being adjusted to attain a clotting time of from 15 
to 20 minutes. For the continuous drip, from 100 mg. to 200 mg. 
(1 mg. equals approximately 100 I. U.) is added to 1000 ce. of 5 
per cent sterile dextrose or to isotonic sodium chloride solution, and 
the flow is started at about 20 drops per minute. If a chill develops 
or spontaneous bleeding occurs the drug should be stopped. When 
the interrupted dose method is employed, 50 mg. (5000 I. U.) may 
be administered at intervals of 4 hours up to a total of 250 mg. per 
day. Heparin also has miscellaneous clinical and laboratory uses 
as, for example, an anticoagulant in the examination of blood and 
in blood transfusions. The dosages cited above are subject to the 
necessary adjustment to the scale of the new U.S. P. Reference 
Standard when it becomes available. Attempts to perfect a long- 
acting heparin have not yet borne fruit in numbers of available long- 
acting heparin products. One in Pitkin’s menstruum is available. 

Marketed Products: Heparin Sodium is marketed in vials in 
solution for intravenous administration, and most products contain 
added preservative. The Heparin in Pitkin’s menstruum is for 
subcutaneous or intramuscular injection only. The heparin prod- 
ucts are listed as follows: 

Heparin Sodium N. N. R. (Abbott; Connaught; Hynson; Lederle; 

Lilly; Upjohn) 

Heparum-Vitrum (Glogau) 
Liquemin (Roche-Organon) 
Heparin in Pitkin’s Menstruum (Warner) 


Pentnucleotide N. N. R.—The sodium salts of the pentose nucleotides 
from the ribonucleic acid of yeast. Pentnucleotide is prepared from 
yeast nucleic acid by hydrolysis for 24 hours with 1 per cent sodium 
hydroxide solution. The lead salts prepared from the acidified 
hydrolyzed solution are decomposed with hydrogen sulfide and the 
liberated acids are concentrated and precipitated with alcohol. 
The sodium salts are prepared by neutralization with sodium 
hydroxide. The final product is approximately an 8 per cent solu- 
tion of the sodium salts of what appear to be four nucleotides; the 
solution has a pH of 7.2 and is preserved with cresol U.S. P., 0.3 
per cent. Uses: Pentnucleotide is indicated in infectious condi- 
tions accompanied by leukopenia or neutropenia, such as agranulo- 
cytosis (agranulocytic angina, malignant neutropenia, pernicious 
leukopenia). Dose: One vial (10 cc.) of pentnucleotide should be 
injected undiluted into the gluteal muscle 4 times daily. The daily 
dose should be continued until the temperature has fallen and an 
increase appears not only in the total white blood cell count but 


944 


also in the percentage of polymorphonuclear neutrophils. After a 
favorable response to intensive treatment (40 cc. daily) has been 
obtained, one vial (10 cc.) should be administered once or twice 
daily until the white blood cell count has been normal for several 
days. Intensive treatment must be resumed if the white blood cell 
count falls again. 

Phenylhydrazine [CgH5NH.NHe2]—Obtained by diazotizing aniline 
with sodium nitrite and hydrochloric acid, then reducing the result- 
ing benzenediazonium chloride with sodium sulfite followed by 
treatment with sodium hydroxide to liberate it from its hydro- 
chlorie acid combination. Phenylhydrazine is a colorless or nearly 
colorless oil when freshly distilled but rapidly darkens in the air 
due to oxidation. It is used in the production of dyes and many 
other organic chemicals; also as a reagent for aldehydes, ketones 
(formation of phenylhydrazones). 

Phenylhydrazine Hydrochloride [(CgsHsNH.NH »2.HC!]—Forms 
white, silky leaflets, becoming reddish to brownish red on exposure 
to air. It melts at about 240° and is soluble in water or alcohol. 
Uses: The only medicinal use of phenylhydrazine hydrochloride 
is in the symptomatic treatment of certain types of polycythemia. 
The drug causes methemoglobin formation and the red corpuscles 
are eventually disintegrated. Caution: Phenylhydrazine should 
be used with great care as it has toxic potentialities. As a rule, 
acetylphenylhydrazine is preferred. Dose: The usuat dose is 0.2 
Gm. (capsule) by mouth, once daily for 3 to 4 days, then 0.1 Gm. 
daily until the hemoglobin or erythrocyte level has fallen to the 
desired extent, which requires several weeks. Maintenance ther- 
apy, if employed, is usually at the dose level of 0.1 Gm. twice 
weekly depending upon the clinical and hematological response ob- 
tained. 


Specialties Containing Hematics 


Campolon (Winthrop)—Ampuls (2 or 5 ec.) or vials (10 ec.), con- 
taining an injectable crude liver extract, each cc. representing 2 
U.S. P. injectable units. Uses: hematopoietic i in hyperchromic 
macrocytic anemias. Dose: intramuscularly, as required. 
Campolon Forte—Ampuls (1 cc.) or vials (5 or 10 cc.), containing a 
highly purified liver extract, each cc. representing 15 U.S. P. inject- 
able units. 

Extralin N. N. R. (Lilly)—Pulvules (0.5 Gm.) containing a liver- 
stomach concentrate resulting from the interaction of a concen- 
trated liver extract and stomach tissue material; 6 Gm. produces 
the reticulocyte response defined as 1 U.S. P. oral unit. Uses: 
Extralin is employed in the treatment of pernicious anemia and 
certain related anemias, as described fully under Liver Extract and 
Stomach. ~ Extralin represents a digestion product of liver extract 
and hog stomach mucosa, such digestion truly potentiating the 
anti-anemia activity of the substances entering into the reaction. 
The chief advantage of extralin is that, gram for gram, it is the 
most potent of the anti-anemia preparations that can be taken 
orally. Dose: in relapse, 6 Gm. daily (12 pulvules) in divided 
doses; for maintenance, 4.5 Gm. daily (9 pulvules) in divided doses. 

Hepa-B (Pitman-Moore)—Vial (10 ce.), each ce. containing 10 U.S. P. 
injectable units liver solution and 10 mg. thiamine hydrochloride. 
Uses: hematopoietic. Dose: intramuscularly, 1 or 2 cc. 

Hepovex (Lilly)—Powder composed of a liver-stomach extract, 3 Gm. 
(1 level teaspoonful) providing 4 U.S. P. oral unit. Uses: hema- 
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topoietic. Dose: orally, as required. 


Hepthia (Massengill)—Vial (10 cc.), each ce. containing 10 U.S. P.. 


injectable units purified liver extract and 10 mg. thiamine hydro- 
chloride. Uses: hematopoietic. Dose: intramuscularly, 1.5 ce. 
at 1- to 3-week intervals for maintenance. 

Heptron (Lakeside)—Vial (10 cc.), each ec. containing 3.33 U.S. P. 
injectable units purified liver extract, 5 mg. iron (as peptonate), 
0.14 mg. copper (as sulfate), and 3.3 mg. thiamine hydrochloride. 
& He hematopoietic and hematinic. Dose: intramuscularly, 1 cc. 

aily. 

Holplex (McNeil)—Vial (30 cc.), each cc. containing 2 U.S. P. inject- 
able units crude liver injection, 10 mg. thiamine hydrochloride, 2 
mg. riboflavin, and 25 mg. niacinamide with 2 per cent benzyl alco- 
hol (anesthetic). Uses: hematopoietic. Dose: intramuscularly, 
1 or 2 ce. as required. 

Lexoprin (Lilly)—Palatable elixir containing liver concentrate of such 
potency that 11% fluidounces a day will, within 60 days, produce a 
standard reticulocyte response and return of red cell count to 
normal. Uses: uncomplicated pernicious anemia. Dose: 1% 
fluidounces a day. 

Libilake (Lakeside)—Vial (15 cc.), each ec. containing 10 U. S. P. 
injectable units purified liver extract and 6.7 mg. thiamine hydro- 
ae Uses: hematopoietic. Dose: intramuscularly, as re- 
quire 
Libilake-15—Vial (10 cc.), each ec. containing 15 U.S. P. injectable 
units and 15 mg. thiamine hydrochloride. 

Liquaemin (Roche-Organon)— Vial (10 cc.), each cc. containing 10 mg. 
heparin sodium. See Heparin N. N. R. 

Prohepin-B (Merrell)—Vial (10 cc.), each cc. containing 10 U. 8. P. 
injectable units liver extract and 6.0 mg. thiamine hydrochloride. 
Uses: hematopoietic. Dose: intramuscularly, as required. 

Reticulogen (Lilly)—Ampuls (0.5 or 5.0 ecc.), each cc. containing 20 
U.S. P. injectable units purified liver extract and 3 mg. thiamine 
hydrochloride. Uses: hematopoietic. Dose: intramuscularly, 
0.5 cc. daily for 3 days initially then 0.5 cc. every 1 or 2 weeks for 
maintenance. 

Ventriculin N. N. R. (Parke, Davis)—-Powder composed of defatted 
hog gastric tissue, 40 Gm. representing 1 U.S. P. oral unit. Uses: 
hematopoietic. Dose: orally, 4 heaping tablespoonfuls daily for 
maintenance therapy. 

Note— Hematinic specialties primarily containing iron salts are 
listed under Inorganic Iron Specialties. Listed below are preparations 
used as hematinics which contain liver or stomach extract, tron, and 
vitamins in various proportions. 


Bepron (Wyeth) 
Bio-Tron (Boyle) 
Campobiol (Winthrop) 
Endoglobin (Endo) 
Ferrated Liver (Burbot) 
Ferrated Liver Concentrate (Up- 
john) 
Ferrilex (Smith-Dorsey) 
Hebulon (Squibb) 
Hematocrin (Harrower) 
Hemo-Vitonin (Buffington) 
Infa-Concemin (Merrell) 
Jeculin (Upjohn) 


Lextron (Lilly) 
Li-Betaferron (Warren-Teed) 
Licuron-B (Lakeside) 
Liron-B Caplets (Breon) 
Liroplex (Massengill) 
Livirad (Schieffelin) 
Livitamin (Massengill) 
Livrosol Solution (Breon) 
Nirobel (Crookes) 
Synbex (Vitabex) 
Thilifer (Kirk) 

Ventrex (Parke, Davis) 
Vio-Liv (Burbot) 


CHAPTER LXXXII 


COLORING 


In ruts chapter are included such vegetable, animal 
and artificial products as are used primarily for their 
coloring effect. 

Coloring principles may be variously classified. 
They may be grouped as natural or artificial or as ani- 
mal, vegetable, or mineral. Mineral colors are usually 
termed pigments and are of importance in the paint 
industry. The term pigment is also applied generically 
to plant colors by writers on plant chemistry. Many 
drugs contain coloring principles which are only inci- 
dental to their composition, their principal use being 
for the therapeutic effect. The green leaf drugs, such 
as belladonna, digitalis, etc., containing chlorophyll; 
certain cathartic drugs, such as rhubarb, aloes, etc., 
and many others are mn this class. Some vegetable and 
animal products ordinarily classed among the drugs are 


-used almost exclusively for coloring. Among these are 


cudbear, cochineal, red saunders, etc. Then there are 
artificial colors, usually of coal-tar origin. The number 
of these is very great. Those of therapeutic value, such 
as methylene blue and scarlet red, are described in the 
next chapter. 


VEGETABLE COLOR PRINCIPLES 

Chlorophyll—This is a complex organic principle 
found in green vegetable tissue. It originates in the 
cell constituents known as chloroplasts. The name was 
given to chlorophyll by Pelletier and Caventou, who 
first studied it. It is believed to be a mixture of two 
closely related substances called chlorophyll a [(CssH72- 
O>N .Mg), and chlorophyll b [CssHo0 6N «Mg]. It is 
insoluble in water but is soluble in certain organic sol- 
vents, particularly in ethyl alcohol and methanol. There 
is a certain structural similarity between chlorophyll, 
which is an organic magnesium compound, and hemo- 
globin, the coloring principle of the blood, which is a 
combination of an albuminous group with hemin 
[C34Hg.N .0,FeCl], an organic iron compound. 

Carotinoids—Accompanying chlorophyll are several 
other coloring principles collectively known as the 
carotinoids. They are carotin, xanthophyll, and fuco- 
xanthin 

Carotin (Carotene) [C4aoH 56] isa hydrocarbon. It oc- 
curs largely in the carrot and in flower petals of yellow 
and red shades and also in green leaves. It is insoluble 
in water and soluble in most organic solvents, chiefly in 
petroleum benzin and in alcohol. See page 892. 

Xanthophyll [CacoH56Q2] is probably an oxidation 
product of carotin, and may be converted into the latter 
by reducing agents. It is insoluble in water and in 
petroleum benzin, sparingly soluble in alcohol, but read- 
ily soluble in acetone. It occurs in flower petals and in 
green leaves. 

Fucoxanthin [CaoHsg06] is a basic compound occur- 
ring chiefly in brown alge. It is insoluble in water but 
soluble in methanol. 

Anthoxanthins—A number of other coloring prin- 
ciples are more or less generally distributed in the 
vegetable kingdom, particularly in flower petals. They 
are called anthoxanthins and include flavone and xan- 
thone. Flavone [Ci5Hio0¢] yields a number of deriva- 
tives which also occur in plant tissues. Among these 
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are chrysin, quercetin, rhamnetin, morin, and luteolin. 
Xanthone [CisHsO2] yields euxanthone, gentisin, and 
datisectin. The anthoxanthins are almost insoluble in 
water but are dissolved by acids and by alkalies with 
the formation of yellow solutions. 

Anthocyanins—The anthocyanins are plant-coloring 
principles of a blue, red, or violet tint occurring in 
flowers, fruits, and leaves. Among these are cyanin, 
idein, myrtillin, enin, delphinin, pelargonin, althxin, 
and malvin. The anthocyanins are all glycosidal in 
character. The derivatives of the anthocyanins are 
numerous and are productive of most of the innumerable 
hues of flowers. The anthocyanins as well as many of 
the derivatives are soluble in water, alcohol, and ether 
and show color changes in acid and alkaline solutions 
which makes them valuable as indicators in some cases. 

Phycoerythrin—This is a pigment found in red sea- 
weed. It is soluble in water forming a rose-colored 
solution with a marked orange fluorescence. 


CARAMEL N. F. Caramel 


{Burnt Sugar Coloring] 


Caramel is a concentrated aqueous solution of the 
product obtained by heating sugar or glucose until the 
sweet taste is destroyed and a uniform dark brown mass 
results, a small amount of alkali, alkaline carbonate, or 
a trace of mineral acid being added while heating. 


Description and Properties—A thick, dark brown liquid with the 
characteristic odor of burnt sugar, and a pleasant, bitter taste. Its 
specific gravity is not less than 1.30. Caramel is miscible with water 
and with alcohol of up to 55 per cent by volume. It is immiscible 
with ether, chloroform, acetone, benzene, petroleum benzin, or tur- 
pentine oil. 

Tests for Purity— 

Color of solution—One part of Caramel dissolved in 1000 parts of 
water yields a clear solution having a distinct yellowish orange color. 
The color of this solution is not changed, and no precipitate is formed 
after exposure to sunlight for 6 hours. 

Foreign substances—When Caramel is spread in a thin layer on a 
glass plate it appears homogeneous, reddish brown, and transparent. 

0 precipitate 1s produced when 0.5 cc. of phosphoric acid is added to 
20 ce. of an aqueous solution (1 in 20). 

Residue in r.gnition—Not more than 8 per cent. Caramel swells, 
when incinerated, and forms a coke-like charcoal, which burns off 
only after prolonged heating at a high temperature. 

Storage—Keep Caramel in tight containers. 


Uses—It is used to produce a brown color in elixirs, 
syrups, and other preparations. 


CARMINE N. F. Carminum 


Carmine is the aluminum lake of the coloring prin- 
ciple obtained from cochineal. 

Preparation—Carmine is prepared from Cochineal 
(page 946). 


Description and Properties—Irregular, angular, vivid red fragments 
or a powder, without odor or taste. When burned, it emits an odor 
resembling that of burned feathers. Carmine is slightly soluble in 
water, to which it imparts a red color; it is freely soluble in diluted 
ammonia solution or alkaline liquids, forming a strong to deep red 
solution. 
Tests for Purity— 

Loss on drying—Not more than 25 per cent. 

Residue on ignition—Not more than 12 per cent. 

Weighting materials (barium, lead, or tin salts)—No precipitate or 
turbidity is produced when hydrogen sulfide T.S. or sulfuric acid is 
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added to a solution prepared from the residue obtained by fusing the 
ash from Carmine with sodium cyanide (and potassium carbonate for 
insoluble barium salts) and acidifying. 

Storage—Keep Carmine in well-closed containers. 


Uses—Carmine is used exclusively as a red coloring 
substance. It is often used in dental preparations, oint- 
ments, and in making cakes and candies. To obtain the 
maximum color value from the carmine, it should be dis- 
solved in a small amount of strong ammonia water and 
the solution triturated with the powder to be colored, 
or, preferably, the N. F. solution may be used. Because 
of its cost and also because of its lack of permanence, 
it is now largely replaced in dentifrices and perfumes by 
aniline dyes. 


Carmine Solution N. F. Liquor Carm*ni 


Liq. Carmin. 


Metric Alternative 
Carmine Da gnes se sereNelns siontes eanee 65 Gm. 202. av. 74 gr. 
Diluted Ammonia Solution... ... 365 cc. 11 fl.oz. 326 min. 
Glycerittencss Ge hp as sere ee 365 cc. 11 fl.oz. 326 min. 
Distilled Water, a sufficient quan- 
tity, 
OL IM al kGters ee aerate athens ie 1000 cc. 2 pints 


Triturate the carmine to a fine powder, gradually add the di- 
luted ammonia solution, and then the glycerin, with constant 
trituration. Transfer the mixture to a porcelain dish, and heat 
it on a water bath, stirring constantly, until the liquid is entirely 
free from ammoniacal odor. Then cool the liquid, and add suf- 
ficient distilled water to make the product measure 1000 cc. (2 
pints). 


Description and Properties—A deep red, rather viscous liquid, free 
from ammoniacal odor. In aqueous dilution (1 in 1500) and viewed 
in a l-cm. depth, the color-is light purplish red. This dilution becomes 
moderate red-orange in color upon the addition of hydrochloric acid 
and strong red-purple in color upon the addition of an aqueous solu- 
tion of sodium hydroxide (4 in 10). The specific gravity of Carmine 
Solution is about 1.116. 

Tests for Purity— 

Residue on ignition—N ot more than 80 mg. from 10 ec. of the solu- 
tion (about 7.1%). 

Lead precipitate residue—N ot less than 6 per cent. 

Coal-tar dyes—To a mixture of 10 ce. of Carmine Solution and 50 cc. 
of water, add 10 ce. of diluted sulfuric acid, and immerse in it a piece 
of white woolen cloth about 5 cm. square. Boil the solution for 15 
minutes, then remove the cloth, wash it thoroughly in cold water, 
place it in a solution of about 20 cc. of water and 1 cc. of ammonia 
T.S., and heat gently for 15 minutes. Remove the cloth, dilute the 
solution to 50 cc., acidify it with 2 cc. of hydrochloric acid, then place 
a new piece of cloth of the same size in the solution, and boil for 10 
minutes; the second piece of cloth should be colorless. 

Color Standard—Dilute exactly 1 ce. of Carmine Solution with suf- 
ficient water to make 2000 ec. and mix well. Compare the color of 
this freshly prepared dilution, in Nessler tubes or in a colorimeter, 
with a standard color solution freshly prepared as follows: To 3.6 cc. 
of freshly prepared hundredth-normal potassium permanganate add 
96.4 ec. of tenth-normal cobaltous chloride and mix well. The color 
tint of this dilution of Carmine Solution approximates that of the 
standard color solution; the intensity of color of the standard color 
solution in a column 50 mm. in height closely matches the intensity 
of color of the diluted Carmine Solution in a column ranging from 31 
to 34 mm. in height. 

Storage—Keep the Solution in tight containers. 
Incompatibilities—Acids affect the color and, in sufficient concentra- 
tion, cause a precipitation of the carmine. Solution of cochineal is 
stable in acid and can be used as a replacement. 


Uses—Carmine Solution is used to produce a red color 
in pharmaceutical preparations, such as elixirs, tinc- 
tures, etc. 


COCHINEAL U. S. P. Coccus 
[Red Scale Insect, Sp. Cochinilla] 


Cochineal consists of the dried female insects, Coccus 
cacti Linné (Fam. Coccide), enclosing the young larve. 


Constituents—Cochineal owes its red color to carmine 
acid or carmine (carmine-red) [C22H203] which is 
present to the extent of 8 to 10 per cent. This sub- 
stance may be precipitated by most metallic salts; 
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aluminum hydroxide forms what is termed a lake. 
Carmine Red is very soluble in ammonia water and ad- 
vantage is taken of these facts in preparing the N. F. 
solution of Carmine. 


Description and Properties— Unground Cochineal—Somewhat ovate 
in outline, dorsal surface convex, and showing from 9 to 12 segments, 
ventral surface concave, from 3.5 to6mm.inlength. It is externally 
grayish to grayish purple or purplish black to very dusky red-purple; 
the ventral surface showing two straight, 7-jointed antenne located 
in the anterior end, three pairs of short legs each terminating in a 
single claw and a highly modified mouth showing externally a long 
filiform proboscis composed of four very fine chitinous styles, in two 
pairs, the anterior pair representing the mandibles and the posterior 
pair representing the first maxille; the antenne, legs, and mouth 
parts being more or less broken. Four spiracles are visible, an 
anterior pair between the middle and hind legs; entire surface more 
or less chitinous. Cochineal has a slightly bitter taste. 

Powdered Cochineal is very dusky to very dark red, resembling the 
unground drug in structure and having the same odor and taste. 

Identification—The red color of aqueous Cochineal solutions is 
changed to reddish purple by alkalies and to weak orange by’ acids. 
Tests for Purity— 

Weighting materials—W hen whole Cochineal is macerated in water, 
no insoluble powder separates. 
Storage—Keep Cochineal in well-closed containers. 


Uses—Its only use in pharmacy is to impart a bright 
red color to various preparations, like compound car- 
damom tincture, elixirs, ete. 


Cochineal Solution N. F. Liquor Cocci 


{Liq. Cocci—Cochineal Color] 


Metric Alternative 
Cochineal, in fine powder........ 65 Gm 20zZ.av. 74 gr. 
Potassium Carbonate........... 32 Gm loz.av. 30 gr. 
Alum.) oR Se Pe meitercce cis or sare we 32 Gm loz.av. 30 er. 
Polassiunmbitarenavene iyi: 65 Gm 20z.av. 74 er. 
Glycerin aes. hoa or eae tenet 450 cc. 14 fl.oz. 192 min. 
Distilled Water, a sufficient quan- 
tity, 
MOMNAKG a acc pete es ah oe ote 1000 cc. 2 pints 


Triturate the cochineal intimately with the potassium carbon- 
ate; add 500 cc. of distilled water, the alum, and the potassium 
bitartrate, successively. Heat the mixture slowly to boiling, in a 
capacious vessel, and set it aside to cool; then add the glycerin, 
and filter the mixture, passing enough distilled water through the 
filter to make the product measure 1000 ce. 


Description and Properties—The Solution is very dark purplish red 
in color with a somewhat aromatic odor. The color of an aqueous 
dilution of Cochineal Solution (1 in 500) viewed through a depth of 1 
em. is light red-purple. The aqueous dilution, prepared above and 
viewed in l-cm. depth, becomes orange upon being acidified with 
hydrochloric acid and red-purple upon being made alkaline with an 
aqueous solution of sodium hydroxide (4 in 10). 

Identification—On adding 1 ec. of Cochineal Solution to 500 ec. of 
water, a reddish orange solution results, which darkens upon the 
addition of ammonia T.S. 

Tests for Purity— 

Coal-tar dyes—It conforms to the test for coal-tar dyes described 
under Carmine Solution. 

Color Standard—Dilute exactly 1 ce. of Cochineal Solution with suf- 
ficient water to make 500 cc., and mix well. Compare the color of 
this freshly prepared dilution in Nessler tubes or in a colorimeter, 
with the standard color solution freshly prepared as follows: To 2.1 
cc. of freshly prepared hundredth-normal potassium permanganate 
add 18.0 ec. of tenth-normal cobaltous chloride and 4.9 cc. of distilled 
water. The color of this dilution approximates that of the standard 
color solution; the strength of color, when expressed in mm. of column 
height, is not more than 10 per cent above or not more than 10 per 
cent below the height in mm. of the column of the standard color 
solution. 

Storage—Keep Cochineal Solution in tight containers. 


Uses—It is used to impart a bright red color to phar- / 


maceutical preparations. 


CUDBEAR N. F; Persio 


Cudbear is a powder prepared from species of Roccella 
De Candolle, Lecanora Acharius, or other lichens (Fam. 
Parmeliacez). ; 

Preparation—This coloring agent is prepared by 
boiling the lichens with water containing chalk in 
suspension and then concentrating the liquid in a vac- 


COLORING PRINCIPLES 


uum to a specific gravity of about 1.06. The lichen resi- 
due is then dried, transferred to a large vat, mixed with 
twice its weight of the concentrated liquid and one- 
sixth its weight of ammonia water, and kept at a tem- 
perature between 25° and 30° for two or three months 
with occasional stirring. Finally the mass is dried and 
powdered. 


Description and Properties—A very dusky red-purple to very dusky 
red powder showing under the microscope fragments of hyphe from 
the subhymenial layer of the lichen and fragments of undifferentiated 
pseudo-parenchyma. Woody and leafy tissue should be present only 
in limited amounts. 

Identification—An aqueous or an alcohol preparation of Cudbear is 
a deep red color which is rendered lighter by the addition of acids, and 
is changed to purplish red by the addition of alkalies. 
Tests for Purity— 

Ash—Not more than 12 per cent. 

Arsenic limit—10 parts per million. 

Coal-tar colors, logwood and Starch—Consult the N. F, for-the tests 
for detection of these adulterants. 
Color Standard—Weigh accurately 1 Gm. of Cudbear, and macerate 
it, with occasional shaking, during 18 hours in 100 ce. of a mixture of 
3 volumes of alcohol and 1 volume of water, cooled to room tempera- 
ture before measuring. Allow the drug to settle and to 5 cc. of the 
clear liquid, accurately measured, add 15 cc. of alcohol; then gradu- 
ally add sufficient water to make 1000 cc., and mix well. Compare 
the color of this freshly prepared solution in Nessler tubes or in a 
colorimeter, with the color of a standard solution freshly prepared 
as follows: To 1.5 cc. of cobaltous chloride C.S. add successively 3 
ec. of 0.005 N potassium dichromate, 30 cc. of ammonium carbonate 
T.S., and sufficient distilled water to make 100 cc. The hue of the 
dilute Cudbear solution approximates that of the standard color 
solution; the strength of the color of the dilute Cudbear solution is 
not less than that of an equal depth of the standard color solution. 


Uses—It is used to produce a red color in elixirs, 
syrups, etc. (see official preparations). Because of the 
difficulty of extracting it with liquid solvents, and the 
consequent lack of uniformity in the coloring power of 
the tincture, the drug, in most cases, is now added di- 
rectly to the preparations, and, after maceration, the 
preparation is filtered. 


Cudbear Tincture N. F. Tinctura Persionis 


[Tr. Persion.] 


Metric Alternative 
Cudbear, in fine powder........... 100 Gm. 302. av. 148 gre 
Alcohol, 
Water, each, a sufficient quantity, 
PROM ACV A DOUG fs, sie sieratehe wie ies vost 1000 cc. 2 pints 


Mix the cudbear with about twice its weight of clean sand and 
prepare the Tincture by Process P (page 267). Use a mixture of 
3 volumes of alcohol and 1 volume of water as the menstruum, 
macerate the drug during 24 hours, and percolate slowly. Adjust 
to make the tincture conform to the assay requirements. 


Color Standard—The tincture is assayed for color tint and strength 
(intensity) by the method similar to that used for Cudbear. 

Alcohol Content—From 60 to 67 per cent, by volume, of Cg2H5O0H. 
Storage—Keep Cudbear Tincture in tight, light-resistant containers 
and avoid exposure to direct sunlight or to excessive heat. 


Uses—Employed only as a purplish red coloring 
agent in syrups and elixirs. 


Compound Cudbear Tincture N. F. 
Tinctura Persionis Composita 


[Tr. Persion. Comp.] 


Metric Alternative 
Cudbear Tincture.......... 150 cc. 4 fl.oz. 384 min. 
OAL EMC is oct alate, cl aleS eyoneite ances 100 Gm. 3 oz. av. 148 ger. 
Alcohol)... ...: Gr biiota ct oerde oa 150 cc. 4fl.0z. 384 min. 
Water, a sufficient quantity, 
To make......... Ricteranens A Saree 1000 cc. 2 pints 


Mix the cudbear tincture with the aleohol and 300 ce. (9 fl. oz. 
288 min.) of water. Dissolve the caramel in 300 ce. (9 fl. oz. 288 
min.) of water, and add to the cudbear mixture; then add suffi- 
cient As to make the product measure 1000 cc. (2 pints), and 
mix well. 
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Alcohol Content—From 20 to 24 per cent, by volume, of CepHs5OH. 
Storage—Keep Compound Cudbear Tincture in tight, light-resistant 
containers, and avoid exposure to direct sunlight or to excessive heat. 


Uses—It is employed in pharmacy as a reddish 
brown coloring agent for elixirs and syrups. 


RED SAUNDERS U. S. P. Santalum Rubrum 
Santal. Rub.—Red Sandalwood, Ruby Wood, Sp. Sandalo Rojo] 


Red Saunders is the heart-wood of Pterocarpus 
santalinus Linné filtus (Fam. Leguminose). 


Description and Properties— Unground Red Saunders—Usually in the 
form of a coarse powder, of a purplish, moderately reddish orange or 
reddish brown color, or in dusky red to dark reddish orange chips. 
It is nearly odorless, and has a slightly astringent taste. 

I dentification—(1) Add 500 mg. of Red Saunders to 10 cc. of alcohol: 
the mixture becomes distinctly reddish brown to reddish orange. 
(2) Add 500 mg. of Red Saunders to 10 cc. of ether: the solution as- 
sumes a brown color, and when held in a bright light shows a distinct 
greenish yellow fluorescence. 

Tests for Purity—Add 500 mg. of Red Saunders to 10 ce. of distilled 
water, agitate and filter the mixture: the filtrate is colorless to weak 
yellow. 


Uses—This wood contains santalic acid (santalin), a 
resinous substance, pterocarpin, and santal. It is used 
solely as a red coloring. 


Unofficial Vegetable Coloring Principles 


Alkanet—The root of Anchusa tinctoria. Uses: for coloring oils. 
ointments, and plasters, which are beautifully reddened by 140 of 
their weight of the root. 

Annatto—A coloring substance, consisting of the pulp which sur- 
rounds the seeds in the fruit of Biza Orellana. Uses; for coloring 
cheese and butter, and for dyeing silk and cotton orange-yellow. 

Archil—A violet dye obtained from several species of lichens especially 
Roccella tinctoria, R. fuciformis, and Lecanora tartarea. It is fugi- 
tive but imparts a brilliant luster. There are three commercial 
forms: archil proper, a pasty mass; persis, a mass of drier charac- 
ter; and cudbear, a reddish powder (see Cudbear N. F'. above). 

Brazilwood—The heavy dyewood of Biancea sappan (also known as 
sapon wood). Similar woods from other tropical American trees of 
the species Caesalpinia are also sold under thisname. Uses: for 
producing red and purple dyes. 

Camwood—The hard wood of an African tree (Baphia nitida). It is 
one of the more important insoluble redwoods. Uses: for dyeing. 

Catechu—A resin-like substance. Uses: medicinally as an astrin- 
gent, but is also employed in tanning and for dyeing brown and 
composite shades. 

Crocus N. F. VII (Saffron, Spanish Saffron)—The dried stigma of 
Crocus sativus Linné (Fam. Iridacex). Uses: a coloring agent. 
The systemic use of this drug is irrational and obsolete. At one 
time it was employed as an anodyne, antispasmodic and emmena- 
gogue. 

Fustic—A yellow dye-wood obtained from Chlorophora tinctoria (L.), 
Gaud. (Maclura tinctoria D. Don.), a tree of the Fam. Moracee, 
growing in the West Indies and South America. 

Hematoxylon Logwood N. F. V—The heart-wood of Hxmatoxylon 
campechianum, containing a crystalline substance, hematoxylin, 
which is reddened upon exposure to light and turned blackish 
purple upon contact with alkalies. Uses: as a mild astringent in 
diarrhea and as an indicator in volumetric analysis. The wood is 
used in the dye industry. 

Indigo—This well-known and highly important dyestuff is obtained 
from various species of Indigofera (Fam. Leguminose). It is in- 
soluble in water or alcohol but is readily dissolved by concentrated 
or fuming sulfuric acid because of the formation of monosulfindi- 
gotic and disulfindigotic acids, of which the first is difficultly soluble 
in water and the second easily soluble. The sodium salt of this 
latter constitutes the indigo-carmine of commerce. Indigo is sol- 
uble in chloroform, aniline, oil of turpentine, paraffin, phenol, and 
benzene. ' 

Lac Dye—A crimson dye prepared from stick-lac by treating it with 
a weak alkaline solution and precipitating with alum. Lac is a 
resinous substance secreted by a scale insect (Coccus Lacca) which 
lives on the banyan and other trees. The insects are extensively 
cultivated. 

Litmus—A blue pigment prepared from various species of Roccella 
de Candolle. In blue cubes, masses, fragments, or granules, 
partly soluble in water and in alcohol. 

Madder—A European herb (Rubia tinctorium). The root contains 
the coloring principle alizarine, and is used in dyeing. Madder 
forms red, orange, purple, and yellow lakes. The red lake is made 
with alumina. fief 

Quercitron—A yellow dyestuff consisting of the crushed or rasped 
inner bark of certain oaks (as Quercus Velutina). Quercetin, a 
yellow, crystalline substance, is the true dyestuff of quercetron. 
Quercetin also occurs in apple tree bark, horse chestnut leaves, etc. 

Safflower—A dyestuff prepared from the flowerheads of Carthamus 
tinctorius. Uses: inedyeing silk and cotton light red. 


-Saffron—The dried stigmas of Crocus sativus containing a deep orange- 
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colored substance which has been used in coloring candy, liquors, 


and cakes. ‘ : . 
Turmeric—The prepared rhizome of Curcuma longa grown in China, 


— 
India, and Java. Contains volatile oil, eurewmin, resin, ete. 
Curcumin forms deep yellow solutions in alcohol. Uses: coloring 
agent, condiment (especially in curry powders), and stimulant. 


SYNTHETIC COLORING PRINCIPLES 


Coal Tar Dyes 


The coal-tar colors date from 1856 when W. H. Perkin 
accidentally discovered mauveine, usually known as 
Perkin’s purple, while engaged in an unsuccessful at- 
tempt to synthesize quinine. Other discoveries along 
this line followed soon after, and a great industry grew 
up in the field of coal-tar chemistry, which in its broad- 
est sense includes research on synthetic medicinals as 
well as coal-tar dyes. The earliest colors were prepared 
from aniline and for many years all coal-tar dyes were 
called aniline colors, irrespective of their origin. The 
coal-tar dyes include more than a dozen well-defined 
groups among which are the nztroso-dyes, the nitro- 
dyes, the azo-dyes (the amines, oxazines, and thiazines), 
the indigoids, the anthraquinones, the acridines, the 
quinolines, and others. These in turn are classified as 
acid dyes and basic dyes, or direct dyes and mordant dyes. 


have clauses prohibiting the coloring of foods and bever- 
ages in a manner so as to conceal inferiority or to give 
false appearance of value. 

From this list of permitted colors, by skillful blending 
and mixing, may be produced all of the colors that are 
practical and desirable for legal use in food beverages 
and pharmaceutical preparations. 

Inasmuch as some states limit the use of coal-tar 
colors or prohibit their use entirely, methods of differen- 
tiating between coal-tar colors and those of vegetable 
or animal origin are important. 


The water-soluble coal-tar dyes are either acid or 
basic. The basic dyes are precipitated from solution 


by tannin and may be dyed upon strips of pure white 


wool, from neutral or slightly alkaline solution. The 
acid dyes are not affected by tannin and are identified 
by dyeing upon strips of pure white wool, from slightly 


Coal-Tar Colors (Dyes) Permitted Only for Externally Applied Drugs and Cosmetics 
The following colors (dyes) are certified by the Food and Drug Administration for use in externally applied drugs and cosmetics only. 


Carbon 
Tetra- 
Federal Name Common Name Water | Glycerin} Aleohol | Ether | chloride Special 
Ext. D & C Black No. 1 Fast Black BB Ss S S.S I 
Ext. D & C Blue No. 1 Methylene Blue ‘ Ss Ss) s I 
Ext. D & C Blue No. 2 Methylene Blue—Zine Double Chloride 8 8 8.8. I 
Ext. D & C Blue No. 3 Erioglaucine X. 'S S Ss I 
Ext. D & C Blue No. 4 Alizarin Saphirol Ss S S.S. I ; 
Ext. D & C Blue No. 5 Hexyl Blue I I S.8. 8.8. Soluble in toluene 
Ext. D & C Green No. 1 Naphthol Green B NS) ) S.S. I i : 
Ext. D&C Orange No. 1 Fanchon Orange I I I I Soluble In toluene 
Ext. D & C Orange No.2} Indelible Orange I I M.S. M.S Soluble in alkalies 
Ext. D & C Red No. 1 Amidonaphthol Red 6B NS) S 8.8. I 
Ext. D & C Red No. 2 Pigment Scarlet NA S S S.S. i 
Ext. D & C Red No. 3 Violamine R S Ss Ss 5.8. : ; 
Ext. D & C Red No. 4 Dichloro-tetraiodofluorescein I I 8.8. 5.5. Soluble in alkalies 
Ext. D & C Red No. 5 Rose Bengale TD Ss) Ss S 8.8. 
Ext. D & C Red No. 6 Rose Bengale TDK iS} SI iS) S.S. 
Ext. D & C Red No. 7 Alizarine Carmine S Ss 8.8. I 
Ext. D & C Red No. 8 Fast Red 8, Fast Red A 8 Ss S.S. I 
Ext. D & C Red No. 9 Bordeaux Red 8 8.8. I I 
Ext. D & C Red No. 10 Azo Rubin Extra (A) SS) ) 5.58. I 
Ext. D & C Red No. 11 Fast Crimson GR Ss Ss S.S. I 
Ext. D & C Red No. 12 Royal Scarlet iS) iS) 8.8. I 
Ext. D & C Red No. 13 Crocein Scarlet MOO ~) ) 8.8. I 
Ext. D & C Violet No. 1 Anthraquinone Violet ) S 8.8. I 
Ext. D & C Violet No. 2 | Alizurol Purple S S 8.8. I 
Ext. D & C Yellow No. 1 Metanil Yellow S Ss) ~) i 
Ext. D & C Yellow No.2 | Metanil Yellow CA 8.8. S.S. SS. I 
Ext. D & C Yellow No.3 | Fast Light Yellow S S s ! 
Ext. D & C Yellow No. 4 Polar Yellow 5G Ss iS) S:S. I ; 
Ext. D & C Yellow No.5 | Fanchon Yellow (Hansa) I I I if Soluble in toluene 


Note—The following abbreviations are employed in the above table: S—soluble (1% or more); I—insoluble; M.S.—moderately soluble (usually less 
than 1%); S.S.—sparingly soluble (usually less than 0.25%); S.A.—soluble in alkaline solutions. 


Most dyes are used in coloring fabrics and for various 
artistic purposes. Many coal-tar dyes were originally 
used in foodstuffs and beverages without careful selec- 
tion or discrimination between those which were harm- 
less and those which were toxic, and without any super- 
vision as to purity or freedom from poisonous constitu- 
ents derived from their manufacture. 

After the passage of the Food and Drugs Act in 1906, 
the U.S. Department of Agriculture established regula- 
tions by which a few colors came to be known as per- 
mitted colors. The list of colors certified by the Food 
and Drug Administration is given on these pages. 

_ These colors may only be used after certification by 
the Food and Drug Administration that they are true 
to name and free from poisonous impurities. Hence the 
term certified and permitted colors. The word ‘“‘permit- 
ted” is used in a restricted sense. It does not carry with 
it the right to use colors for purposes of deception, even 
though they be “permitted” colors; for all food laws 


acid solution. The dyed wool strips in this case may 
have the color removed by treatment with weak 
ammonia solution, when, by removal of the original wool 
strip and acidulation of the solution, the dyeing can be 
accomplished a second time upon a fresh strip of wool. 
This is known as the double dyeing test and serves to 
exclude most vegetable colors. Other tests for the 
detection of coal-tar colors will be found described under 
cudbear and carmine. 


AMARANTH U. S. P. Amaranthum 
{[Amaranth.—F, D. and C. Red No. 2, Sp. Amaranto] 


NaOgs 
ee 


NaO38 OH 


COLORING PRINCIPLES 


CERTIFIED (COLORS) COAL-TAR DYES 
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Coal-Tar Colors (Dyes) Permitted for Food, Drugs, and Cosmetics 


Carbon 
Tetra- 
Federal Name Common Name Water | Glycerin} Alcohol | Ether | chloride Special 
FD & C Blue No. 1 Brilliant Blue S NS) S) I I 
FD & C Blue No. 2 Indigo Carmine Ss iS S.S. I 
FD & C Green No. 1 Guinea Green s S MSS. I 
FD & C Green No. 2 Light Green SF Yellowish Ss Ss M.S. I 
FD & C.Green No. 3 Fast Green FCF S Ss M.S. I 
FD & C Orange No. 1 Orange I Ss Ss M.S. I 
FD & C Orange No. 2 Orange SS yi S.S. M.S. S iS) 
FD & C Red No. 1 Ponceaux 3R Ss Ss S.S. I 
FD & C Red No. 2 Amaranth S S) S.S. I 
FD & C Red No. 3 Erythrosine S) S S) I 
FD & C Red No. 4 Ponceaux SX Ss Ss S.5. I 
FD & C Red No. 32 Oil Red XO I S.S. 8.8. 8.8. S) 
FD & C Yellow No. 1 Naphthol Yellow 8 Ss S) 8.8. I 
FD & C Yellow No. 2 Naphthol Yellow S (K-salt) Ss Ss S.S. I 
FD & C Yellow No. 3 Oil Yellow AB I S.S. S.S. S) s 
FD & C Yellow No. 4 Oil Yellow OB Ss S.8S. S.S. s 
FD & C Yellow No. 5 Tartrazine S Ss S.S. I 
FD & C Yellow No. 6 Sunset Yellow FCF Ss Ss S.S. I 
. Coal-Tar Colors (Dyes) Permitted for Drugs and Cosmetics 
The following colors (dyes) are certified by the Food and Drug Administration for use in drugs and cosmetics only. 
Carbon 
Tetra- 
Federal Name Common Name Water | Glycerin) Aleohol | Ether | chloride Special 
D & C Black No. 1 Naphthol Blue Black Ss iS) S.S. I 
D & C Blue No. 4 Alphazurin FG Ss Ss iS) I 
D & C Blue No. 5 Alizarin Astrol B Ss S) S.S. I 
D & C Blue No. 6 Indigo I I I I Soluble in dichlo- 
rohydrin 
D & C Blue No. 7 Patent Blue NA S) S Ss Hy 
D &C Blue No. 8 Patent Blue CA s S S I 
D & C Blue No. 9 Carbanthrene Blue I I I I 
D & C Brown No. 1 Resorcin Brown S Ss S.S. S.S. 
D & C Green No. 4 Light Green CF Yellowish S) S M.S. 
D & C Green No. 5 Alizarine Cyanine Green F Ss Ss 8.8. I 
D & C Green No. 6 Quinazarine Green SS I I S.S, S.S. 
D & C Green No. 7 Acid Fast Green Ss S 8.8. I S 
D & C Orange No. 3 Orange G Ss iS) M38. I 
D & C Orange No. 4 Orange II Ss Ss M:S. | ee 
D & C Orange No. 5 Dibromofluorescein I S.S. M.S. M.S. Soluble in alkalies 
D & C Orange No. 6 Dibromofluorescein NA SS) Ss Ss I 
D & C Orange No. 7 Dibromofluorescein K Ss S) S I 
D & C Orange No. 8 Dichlorofluorescein I S.S. M.S. M.S. Soluble in alkalies 
D & C Orange No. 9 Dichlorofluorescein NA N) Ss M.S. I 
D & C Orange No. 10 Diiodofluorescein I S.S. M.S. M.S Soluble in alkalies 
D & C Orange No. 11 Erythrosine Yellowish NA S s s ib 
D & C Orange No. 12 Erythrosine Yellowish K Ss Ss Ss I 
D & C Orange No. 13 Erythrosine Yellowish NH Ss S Ss I : 
D & C Orange No 14 Orange TR I 8.8. M.S. M.S. Soluble in alkalies 
D & C Orange No. 15 Alizarin S.S. Tage S.S. Ss . ; 
D & C Orange No. 16 Dibromodiiodofluorescein I S.S. M.S. M.S. Soluble in alkalies 
D & C Orange No. 17 Permanent Orange I I I I Soluble in toluene 
D & C Red No. 5 Ponceaux 2R ) S) 8.s. I 
D & C Red No. 6 Litho] Rubin B Ss Ss I I 
D & C Red No. 7 Lithol Rubin BCA I I I I 
D & C Red No. 8 Lake Red C I I I I 
D & C Red No. 9 Lake Red CBA I I I I 
D & C Red No. 10 Lithol Red S.S. S.S. S.S. I 
D & C Red No. 11 Lithol Red CA M I I I 
D & C Red No. 12 Lithol Red BA i il I I 
D&C Red No. 13 Lithol Red SR If If I I 
D & C Red No. 14 Lake Red D S.S. S.S. M.S. I 
D & C Red No. 15 Lake Red DBA I I I I 
D & C Red No. 16 Lake Red DCA I ae Bl Lee I 
D & C Red No. 17 Toney Red if 8.8. SS. S.S. Soluble in toluene 
D & C Red No. 18 Oil Red OS I 8.8. S.S. S.S. s 
D & C Red No. 19 Rhodamine B Ss Ss Ss Ss 
D & C Red No. 20. Rhodamine B-Acetate S S) s S $ ; 
D & C Red No. 21 Tetrabromofluorescein I I S.S. M.S. Soluble in alkalies 
D & C Red No. 22 Eosin YS iS) Ss Ss I 
D & C Red No. 23 Eosin YSK Ss Ss Ss it : f 
D & C Red No. 24 Tetrachlorofluorescein I I 5.8. I Soluble in alkalies 
D & C Red No. 25 Tetrachlorofluorescein NA Ss S) M.S. I 
D & C Red No. 26 Tetrachlorofluorescein K Ss Ss MSS. I : : 
D & C Red No. 27 Tetrachloro Tetrabromofluorescein I It 8.8. I Soluble in alkalies 
D & C Red No. 28 Phloxine B Ss s S) I d f 
D & C Red No. 29 Bluish Orange TR I I 5.5. i Soluble in alkalies 
D & C Red No. 30 Helindone Pink CN li I I I Soluble in xylene 
D & C Red No. 31 Brilliant Lake Red R M.S. 8.8. 8.8. I 
D & C Red No. 33 Acid Fuchsin D, Magenta B Ss s 8.8. I 
D & C Red No. 34 Deep Maroon (Fanchon Maroon) I I I if : 
D & C Red No. 35 Toluidine Red I I I I Soluble in toluene 
D & C Red No. 36 Flaming Red, Permaton Red I I 1 I Soluble in toluene 
D&C Red No. 37 Rhodamine B Stearate I S.8. iS) Ss Soluble in benzene 
D & C Violet No. 1 Wool Violet 5BN (Acid Violet 6B) Ss iS) Ss I 
D & C Violet No. 2 Alizurol Purple SS I il 8.8. 8.8. SS) ; : 
D & C Yellow No. 7 Fluorescein itt S.S. S.S. S.S. Soluble in alkalies 
D&C Yellow No. 8 Uranine Ss s M.S. I 
D&C Yellow No. 9 Uranine K s NS) M.S. iL 
D & C Yellow No. 10 Quinoline Yellow WS N) Ss S8.S. I 
D&C Yellow No. 11 Quinoline Yellow SS if S.S. Ss S 
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Amaranth [CooHii1N2Oi0oNasSs = 604.48] is the 
trisodium salt of 1-(4-sulfo-1-naphthylazo)-2-naphthol- 
3,6-disulfonic acid. See Azo Dyes (page 954). 


Description and Properties—A dark red-brown powder. One Gm. 
dissolves in about 15 ce. of water; it is very slightly soluble in alcohol. 

Color—The color of a solution of Amaranth (1 in 100) when viewed 
through a depth of 1 em. is vivid red. The color of this solution is 
not appreciably changed by the addition of hydrochloric acid; sodium 
hydroxide T.S. intensifies the color. 

Purity Standard—Amaranth complies with the specification for 
F. D. and C. Red No, 2 as listed in the Coal-Tar Color Regulations 
promulgated under the authority of the Food, Drug and Cosmetic 
Act. 

Storage—Keep Amaranth in well-closed containers. 


Uses—Amaranth is one of the “certified” red dyes. 
It is used in pharmacy for coloring preparations. 


Amaranth Solution U. S. P. Liquor Amarenthi 


{[Liq. Amaranth.—Sp. Solucion de Amaranto] 


Metric Alternative, 
Amaranth Mee teies ose Meee «ete oideastens 1 Gm. 18 gr. 
Distilled Water, a sufficient quantity, 
MRovmae kets es Seog tyerus sc wiehetoh nota teresa 100 cc. 4 fl. oz. 


Dissolve the amaranth in sufficient distilled water to make the 
finished product measure 100 ce. (4 fl. 0z.). 


Description and Properties—Amaranth Solution is a clear, vivid red 
liquid with but a slight odor. 
Tests for Purity— 

Residue—The residue obtained by evaporating a measured volume 
of the Solution and drying to constant weight at 100° is between 90 
and 110 mg. per 10 cc. of the Solution. This residue complies with 
the requirements for Amaranth. : 
Storage—Keep Amaranth Solution in tight, light-resistant containers. 


Uses—This Solution is used for coloring pharmaceuti- 
cal preparations red, and for dyeing wool and silk. 


RESORCIN BROWN N. F.. Resorcinol Fuscum 


[Resorc. Fuscum—D. & C. Brown No. 1] 


Nad CNN 
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Resorcin Brown'is the monosodium salt of 4-p-sulfo- 
phenylazo-2-(2,4-xylylazo)-resorcinol [CeoHi,N.0;SNa 
= 448.43]. See Azo Dyes (page 954). 


Description and Properties—A strong brown to deep brown powder. 
It is affected by light. One Gm. dissolves in about 15 ce: of water at 
25°; it is also soluble in glycerin, in methyl and ethyl alcohol, and 
is sparingly soluble in ether and in acetone. 

Color—The color of an aqueous solution of the dye is reddish brown 
to yellowish orange. A brownish precipitate is formed in an aqueous 
solution on the addition of hydrochloric or sulfuric acid; sodium 
hydroxide T.S. reddens and intensifies the color. 

Stability (fastness)—The stability of an aqueous solution of Resor- 
cin Brown is fair to light, good to acids, very good to alkalies, fair to 
oxidizing agents and very poor to reducing agents. 

Purity Standard—Resorcin Brown complies with the specifications 
for D. & C. Brown No. 1 as listed in Coal-Tar Color Regulations 
promulgated under the authority of the’ Food, Drug and Cosmetic 
Act. 

Storage—Keep Resorcin Brown in tight, light-resistant containers. 


Uses—It is used in pharmacy to impart a brown color 
to pharmaceutical preparations. 


Resorcin Brown Solution N. F. 
Liquor Resourcinolis Fusci 


(Liq. Resorcin. Fusci] 


Metric Alternative 
Resorcin Brown...... Bae mdr aio ni0t3 3 5 Gm. 91g gr. 
Distilled Water, a sufficient quantity, 
Tih <2, SRO OMe OP ho rccocc nt 1000 cc. 4 fl. oz. 


COLORING PRINCIPLES 


Dissolve the Resorcin Brown in sufficient distilled water to 
make the product measure 1000 ce. (4 fl. 0z.). 


Description and Properties—Resorcin Brown Solution is clear, red- 
dish brown and odorless. 

Identification—On evaporating 10 cc. of the Solution to dryness on 
the steam bath and drying at 100° to constant weight, the residue 
amounts to between 45 and 55 mg. The residue meets the require- 
ments under Resorcin Brown. 

Storage— Keep Resorcin Brown Solution in tight containers. 


Unofficial Coal-Tar Dyes 


Azur Il (Azur Blue II, Methylene-Azur II1)—A mixture of equal parts 
of the chlorides of methylene blue (tetramethylthionine) and 
methylene-azur (methylene blue sulfonate). A dark green pow- 
der, entirely soluble in water with a deep blue color, less soluble in 
alcohol and slightly soluble in chloroform; insoluble in ether. 
The addition of tannie acid T.S. to an aqueous solution of azur II 
(1 in 10,000) produces a blue precipitate. The addition of a few 
drops of hydrochloric acid to a mixture of 5 ce. of an aqueous solu- 
tion of this dye (1 in 1000) and 0.5 Gm. of zine dust causes de- 
colorization. When the decolorized mixture is filtered, and solu- 
tion of hydrogen dioxide is added, the deep blue color is restored 
(reduction to leuco base and reoxidation). The addition of either- 
hydrochloric acid or ammonia water to an aqueous solution of 
azur IT (1 in 1000) produces no change. The addition of sodium 
hydroxide T.S. to an aqueous solution of azur IT (1 in 1000) pro- 
duces a violet coloration; upon heating the solution a violet pre- 
cipitate is formed. The addition of potassium iodide T.S. to an 
aqueous solution of the dye (1 in 1000) produces a violet precipi- 
tate; the addition of potassium dichromate T.S. produces a red- 
violet precipitate. Azur II dissolves in concentrated sulfuric acid 
with a bright green color [distinction from methylene violet (di- 
methylthionolin)]; upon cautiously diluting with distilled water 
the solution assumes a blue color, remaining clear. Acidulate an 
aqueous solution of azur II (1 in 1000) with a few drops of hydro- 
chloric acid, then shake it with ether, remove the ethereal layer, 
and shake it with a diluted solution of sodium hydroxide T.S.; 
the latter remains uncolored (distinction from azur ITI-eosin). 

Azur II-Eosin—A mixture of methylene blue eosin (methylene blue 
eosinate and methylene-azur-eosin (methylene blue sulfone-eosin- 
ate). A dark green powder only very slightly soluble in water, 
more readily soluble in alcohol or glycerin. A warm saturated 
aqueous solution of azur Il-eosin (about 1 in 2000) possesses a 
blue color with intense shading into violet. Highly dilute solutions 
possess a slight greenish opalescence. Its solutions in alcohol or 
glycerin possess the same color with a strong yellowish green 
fluorescence. A saturated aqueous solution of azur II-eosin is 
precipitated upon the addition of tannic acid T.S. The addition 
of zine dust and ammonia water to an aqueous solution of this dye 
causes decolorization. When filtered, the colorless filtrate, upon 
standing in the air, quickly assumes a blue color (reduction to a 
leuco base and reoxidation to original color). A hot, saturated 
and filtered, aqueous solution of azur II-eosin assumes a pale blue 
color upon the addition of hydrochloric acid, and the dye separates 
in blue floccules. If this acid solution is agitated with ether and 
the ethereal layer removed and shaken with diluted sodium hydrox- 
ide T.S., the latter assumes an eosin color (distinction from azur 
II). The addition of sodium hydroxide T.S. to asaturated aqueous. 
solution of azur II-eosin intensifies its violet color. Azur I]-esoin 
dissolves in concentrated sulfuric acid with a deep green color 
which, upon dilution with water, changes to a blue, a portion of the 
dye (eosin) separating in floccules (distinction from azur IJ). 

Dimethylaminoazobenzene, Butter Yellow [CeH5N:N.CgH4N- 
(CH )2]—It forms yellow plates melting between 115° and 117°. 
It is insoluble in water, soluble in alcohol; soluble in hydroehlorice 
acid with a red color from which solution sodium hydroxide T.S. 
in excess precipitates the orange-yellow base. The solution of this 
dye in sulfuric acid is yellow and changes to red on dilution with 
water. 

Eosin A, Yellowish Eosin [O[CgH(Brg0) 2NaJC.CgHaCOONa]—The 
sodium salt of tetra-bromofluorescein. Fine red crystals of bluish, 
glossy luster, or a brownish red powder; readily soluble in water, 
less soluble in alcohol, and insoluble in ether. A concentrated 
aqueous solution of Eosin A has a deep brownish red color while a. 
dilute solution (1 in 500) is yellowish red with a greenish fluores- 
cence. The alcoholic solutions show a yellowish green fluorescence. 
The addition of tannic acid T.S. to an aqueous solution of eosin A 
(1 in 500) produces no change. When about 0.5 Gm. of zine dust, 
followed by 5 ec. of ammonia water, is added to 5 cc. of an aqueous 
solution of eosin A (1 in 500) and the mixture agitated, rapid de- 
colorization takes place. When this mixture is filtered, the addi- 
tion of solution of hydrogen dioxide to the filtrate restores the pink 
color of the solution. The addition of hydrochloric acid to an aque- 
ous solution (1 in 500) causes an orange precipitate which, upon 
agitating with ether, yields a yellow solution. This solution is de- 
colorized upon agitating it with a dilute solution of an alkali. 
The addition of sodium hydroxide T.S. intensifies the color of an 
aqueous solution of eosin A (1 in 500). Eosin A dissolves in con- 
centrated sulfuric acid (see Reagents) with a yellow color and, when 
this solution is cautiously diluted with distilled water, a yellowish 
red precipitate is produced. a 

Fuchsin (Basic Fuchsin, Magenta, Aniline Red, Rubin, Rosaniline 
Chloride)—The hydrochloride or acetate of rosaniline (triamido- 
diphenyl-tolyl-carbinol) frequently with the same salts of para- 
rosaniline (triamido-triphenyl-carbinol). In well-developed crys- 
tals or irregular crystalline fragments of a glossy, greenish bronze 
luster. Soluble in water, alcohol, or amyl alcohol. An aqueous 
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solution (1 in 500), upon the addition of tannic acid T.S., yields a 
red precipitate. The addition of about 0.5 Gm. of zinc dust (see 
Reagents) and 10 ce. of ammonia water to 10 cc. of an aqueous solu- 
tion of fuchsin (1 in 500) produces decolorization when the mixture 
is well shaken. Place a few drops of this decolorized solution on 
filter paper, and then add near-by a few drops of hydrochloric acid; 
the zone where the two neutralizing fluids meet assumes a red color. 
Sulfurous acid (see Reagents), when added slowly, with agitation, 
to an aqueous solution of fuchsin (1 in 500) causes decolorization. 
The original color is restored upon the subsequent addition of a 
solution of formaldehyde. Upon slowly adding hydrochloric acid 
to an aqueous solution of fuchsin (1 in 500), the red color gradually 
changes to a brownish red which subsequently changes to a yellow 
when the reagent is in excess. The addition of sodium hydroxide 
T.S. to an aqueous solution of fuchsin (1 in 500) precipitates the 
red-colored free base. Finely pulverized fuchsin dissolves in con- 
centrated sulfuric acid (see Reagents) with a yellow to yellowish 
brown color, which solution, upon the cautious addition of distilled 
water, becomes yellow to colorless. 

Fuchsin Acid (Acid Magenta, Acid Rubin, Fuchsin S)—Chiefly the 
acid sodium salt of fuchsin di- and trisulfonic acids. Acid fuchsin 
occurs as metallic, greenish, glistening granules, or as a greenish 
brown, crystalline powder; soluble in water, forming a cherry-red 
solution, very slightly soluble in alcohol; insoluble in ether. The 
addition of tannic acid T.S. to an aqueous solution of acid fuchsin 
(1 in 500) produces no precipitation (acid color). The addition of 
about 0.5 Gm. of zine dust and 5 cc. of ammonia water to 10 cc. of 
an aqueous solution of acid fuchsin (1 in 500) produces decoloriza- 
tion when the mixture is well shaken. When this mixture is filtered, 
the addition of hydrochloric acid to the colorless filtrate restores 
its original red color. This solution, when agitated with ether, 
imparts no color to the latter (phthaleins). The addition of sodium 
hydroxide T.S. to an aqueous solution of the salt (1 in 500) almost 
decolorizes the solution. The addition of hydrochloric acid to an 
aqueous solution (1 in 500) produces no change. It dissolves in 
concentrated sulfuric acid with a yellow to brownish red color and 
this solution, upon the cautious addition of distilled water, changes 
to its original fuchsin-red color. 

Methyl! Violet 6B (Paris Violet 6B)—-A mixture of penta- and hexa- 
methyl-pararosaniline chlorides. See Methylrosaniline chloride. 
Methylene Green, Mononitro-methylene blue, Tetramethyl-mono- 
nitro-thionine chloride [(CH 3)o.N.CgH3: N(S)CegHa(NOg).N.- 
(CH 3) 2ClJ—A very dark brown to gray-black powder; soluble in 
water and slightly soluble in alcohol, yielding greenish blue solu- 
tions. An aqueous solution of methylene green (1 in 500) yields 
a precipitate upon the addition of tannic acid T.S. The addition 


of 0.5 Gm. of zinc dust and 5 cc. of ammonia water to 10 cc. of an 
aqueous solution of the salt (1 in 500) and warming the resulting 
mixture causes decolorization. Add a few drops of solution of 
hydrogen dioxide to the decolorized liquid, keeping the solution 
alkaline; a violet color is produced. The addition of hydrochloric 
acid to an aqueous solution of methylene green (1 in 500) produces 
no change; sodium hydroxide T.S. produces a violet precipitate 
which dissolves upon heating (distinction from methylene blue). 
Methylene green dissolves in sulfuric acid with a green color and on 
cautiously diluting this solution with distilled water it changes to 
greenish blue. 


Orange G—See Reagents (page 1068). 
Orcin, Orcinol; 


Dihydroxy-methyl-benzene 1.3.5.[CgH3(CHs3).- 
(OH)z + He2O]—In the form of monoclinic prisms, white with 
a reddish tint, which fuse at about 58° to 60°. Orcin has an 
intensely sweet and astringent taste; very soluble in hot water, 
less soluble in cold water, readily soluble in alcohol or ether. The 
anhydrous substance fuses between 106° and 108°. Anhydrous 
crystals are deposited from an ether solution. When exposed to 
light or air the crystals assume a reddish brown color. The addition 
of a few drops of ferric chloride T.S. to an aqueous solution of orcin 
(1 in 20) produces a deep blue color. Warm 10 cc. of an aqueous 
solution of orcin (1 in 10) with 10 cc. of sodium hydroxide T.S. and 
add a few drops of chloroform; the solution assumes a purple-red 
color then bright red, and, after diluting with distilled water, 
shows an intense, greenish yellow fluorescence. Aqueous solutions 
of orcin (1 in 20) tested separately do not yield precipitates upon 
the addition of test solutions of mercuric chloride, cupric sulfate, 
tannic acid, or lead acetate; with basic lead acetate T.S., a white 
precipitate is obtained (characteristic of resorcinol derivatives). 
Dissolve about 1.8 Gm. of orcin, accurately weighed, in sufficient 
distilled water to measure 1000 cc. Introduce 25 ce. of this solu- 
tion, 25 ce. of tenth-normal bromine V.S., and 50 ce. of distilled 
water into a glass-stoppered flask of about 300 ce. capacity, and 
then add 25 cc. of dilute sulfuric acid T.S. After thoroughly agi- 
tating the mixture, set it aside for 10 minutes, then cautiously lift 
the stopper, quickly introduce 2 Gm. of potassium iodide, and close 
the flask at once. Agitate the solution and, after 5 minutes, deter- 
mine the liberated iodine by means of tenth-normal sodium thio- 
sulfate V.S.; conduct a blank experiment, omitting the addition 
of the solution of orcin and note the number of cc. of tenth-normal 
sodium thiosulfate V.S. consumed. The difference in cc. of tenth- 
normal sodium thiosulfate V.S. required in the original titration 
and the blank test, when multiplied by 0.002068, gives the quantity 
of anhydrous orcin present, which corresponds to not less than 85 
per cent. 


CHAPTER LXXXIII 


MEDICINAL DYES 


Dyss are used medicinally! as antiseptics, as chemo- 
therapeutic agents, and for special effects upon tissue 
cells. The local antiseptic action of dyes can be ex- 
plained by their bacteriostatic and bactericidal powers. 
These are often relatively specific. When dyes are in- 
jected intravenously for the treatment of localized in- 
fections or septicemia, the results may be due in part 
to direct actions of the dyes upon microorganisms in the 
lesions and in the blood and in part to non-specific 
effects due apparently to the colloidal properties of the 
dyes. 

The medicinal dyes are practically all synthetic 
derivatives of coal-tar products. They may be classi- 
fied into five groups according to their basic chemical 
structure: (1) The acridine dyes, of which four are now 
official: acriflavine (acriflavine base, neutral acriflavine), 
acriflavine hydrochloride, proflavine dihydrochloride, 
and proflavine sulfate. (2) The azo dyes represented 
by scarlet-red and two of its non-official derivatives, 
searlet-red sulfonate and dimazon. (8) The triphenyl- 
methane (rosaniline) derivatives represented in the 
U. S. Pharmacopeeia by methylrosaniline chloride. 
The rosaniline group of dyes which includes fuchsin 
is extensively used in bacteriological investigations. 
(4) Diagnostic dyes, chiefly derived from phenolphtha- 
lein by halogenation or sulfonation. The dyes of this 
class recognized in the Pharmacopeeia, fluorescein 
sodium, iodophthalein sodium, phenolsulfonphthalein, 
and sulfobromophthalein sodium, are discussed under 
Phthaleins (page 684). (5) Miscellaneous dyes such as 
Methlylene blue (an azine dye) and sodium indigotin- 
disulfonate (an indigo dye). 


THE ACRIDINE DYES 
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3,6-diamino-10-methyl- 
acridinium chloride 
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proflavine dihydrochloride 
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proflavine sulfate 


acridine 


The acridine dyes are derived from acridine by re- 
placement of two or more hydrogen atoms with amino 


1 Abstracted from New and Nonofficial Remedies, issued by the Council on 
Pharmacy and Chemistry of the American Medical Association. 


and other similar groups. They are mostly of a yellow 
to orange color, hence the suffix ‘‘flavine’”’ applied to 
them (‘‘flavine”’ is more correctly applied to vegetable 
coloring matter). Their salts usually have a more in- 
tense color than the bases. The bases, except acri- 
flavine which is rendered very soluble by the introduc- 
tion of the methylchloride group, are insoluble in water, 
but their salts, especially the hydrochlorides, are freely. 
soluble. Sulfates of these and other dyes as well as of 
many other organic bases are usually less soluble. 

In 1912, Ehrlich found that the acridine dye diamino- 
methylacridinium chloride hydrochloride possessed 
therapeutic properties when used in trypanosome infec- 
tions and hence he termed it trypaflavine. Later this 
substance was investigated in England, particularly 
in regard to its effects as a wound antiseptic, and the 
name “acriflavine’’ was applied to it. In a generic 
sense the terms ‘‘trypaflavine” and ‘‘acriflavine” have 
been applied both to acriflavine base and acriflavine 
hydrochloride. Another closely related substance, 
diaminoacridine monohydrogen sulfate, was studied 
also; it was given the name ‘‘proflavine”’ and is the 
same as the official proflavine sulfate. 


ACRIFLAVINE N. F. Acriflavina 
{Acriflav.—Acriflavine Base, Neutral Acriflavine] 


Acriflavine is a mixture of 3,6-diamino-10-methyl- 
acridinium chloride and 3,6-diaminoacridine containing, 
when dried at 105° for 2 hours, not less than 13.3 per 
cent and not more than 15.8 per cent of Cl. 

Preparation—In making acriflavine p,p’-diamino- 
diphenylmethane is nitrated to form 0,o0’-dinitro-p,p’- 
diamino-diphenylmethane, the latter is then reduced 
with tin and hydrochloric acid to form the stannichlo- 
ride of 3,6-diaminoacridine; after acetylation of the 
amino groups the nitrogen atom of the pyridine base is 
methylated by means of methyl-p-toluenesulfonate; 
finally the acetyl groups are removed by hydrolysis with 
hydrochloric acid. 


Description and Properties—A deep-orange, odorless granular pow- 
der. One Gm. dissolves in 3 cc. of water, and is incompletely soluble 
in alcohol due to the presence of mineral matter. It is almost insol- 
uble in chloroform, ether, or fixed oils. 

Identification—(1) Its solution is reddish orange and fluoresces 
on dilution; the fluorescence is discharged by hydrochloric acid but 
reappears on further dilution. (2) Addition of sulfurie acid to the 
aqueous solution of acriflavine produces a reddish orange precipitate. 
Tests for Purity— 

Acriflavine hydrochloride—An aqueous solution of Acriflayine 
produces no effervescence with sodium bicarbonate. 

Residue on ignition—Not more than 3.5 per cent. 

Water-insoluble substances—Not more than 0.5 per cent. 

Arsenic limit—10 parts per million. 

Assay for Chlorine—A weighed quantity of the dried Acriflavine is 
mixed with excess silver nitrate solution and the dye decomposed and 
destroyed by digesting the mixture, after addition of 10 cc. of sulfuric 
acid and 2 Gm. of potassium permanganate, on the steam bath for at 
least 30 minutes. The excess of permanganate is destroyed with 
hydrogen peroxide and the silver chloride formed is determined gravi- 
metrically. The addition of the silver nitrate before the potassium 
permanganate ensures immediate precipitation of the liberated 


chlorine as silver chloride and so prevents the loss of chlorine. Each 
Gm. of silver chloride corresponds to 247.4 mg. of Cl. 
Storage—Keep Acriflavine in tight containers. 
Incompatibilities—Mercurie chloride, silver nitrate, chlorine, and 


alkalies cause a precipitation. 


In normal salt solution a precipitate 
is formed on standing. 
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MEDICINAL DYES 


Uses—The antiseptic or bacteriostatic action of acri- 
flavine hydrochloride and proflavine appears to be 
weakened in the presence of serum. In the treatment 
of wounds, it is claimed that these drugs are compara- 
tively free ‘from toxic or irritant action on living tissues 
and that they do not inhibit appreciably the phagocytic 
action of the leukocytes on the healing process. Acri- 
flavine hydrochloride is claimed to exert a specific 
bactericidal action on the gonococcus. The evidence 
indicates that it has a greater antiseptic action than 
proflavine, though its action is slower. Applications 
of acriflavine hydrochloride, acriflavine base, and pro- 
flavine have been employed in the treatment of wounds, 
urethritis, gingivitis, gonorrheal conjunctivitis, blenor- 
rhea, eczema, furunculosis, otitis media, and other con- 
ditions requiring the use of a germicide. When taken 
by mouth, the dyes tend to render the urine antiseptic, 
provided the reaction of the secretion is alkaline. The 
use of acriflavine base rather than acriflavine hydro- 
chloride has been suggested in areas where freedom 
from irritation (due to the acid reaction of acriflavine 
and proflavine hydrochloride) is desirable. The intra- 
venous use of acriflavine base has been proposed, but 
critical evidence for its necessity is lacking. 

In the treatment of wounds, the solution generally 
employed is 1 in 1000 in physiological solution of sodium 
chloride, although weaker solutions may be used. In 
suppurating wounds, this solution is used for syringing 
and swabbing the wound after free i incision, for irriga- 
tion after providing adequate drainage, and for saturat- 
ing the gauze with which the wound is finally covered. 
Evaporation should be prevented by protective dress- 
ing. In cavities, gauze saturated with the solution 
may be used as a light packing. Fresh wounds are 
cleansed thoroughly with the solution, and as much of 
the solution as possible is left in contact with the injured 
surfaces. Such wounds may be closed by suture and 
may be expected to heal by first intention. 

In the treatment of open wounds, an ointment has 
been used which contains 1 per cent of proflavine oleate 
(prepared from proflavine base) in an ointment base 
composed of equal parts of petrolatum and calcium 
carbonate. A thick layer of the ointment may be 
spread on gauze and applied to the surface of the 
cleansed wound, or the ointment may be spread on the 
wound directly. The primary dressing need not be 
changed for several days. 

In gonorrhea, a strength of 1 in 1000 in physiological 
solution of sodium chloride may be used for injection 
into the urethra. For irrigation, when relatively large 
quantities are to be used, a 1 in 4000 solution is prefer- 
able because it is less irritating; solutions of from 
1 in 6000 to 1 in 10,000 have been used. In throat 
infections a spray of 1 in 1000 solution is used. In 
middle ear suppurations a 1 in 500 solution in 50 per cent 
alcohol is dropped into the ear, or the cavity may be 
packed with gauze wet with the solution. In gingivitis 
the mouth is irrigated with a 1 in 1000 solution. Solu- 
tions of acriflavine hydrochloride, acriflavine base, and 
proflavine may be boiled, or heated in an autoclave to 
130°, without decomposition, but they are sensitive 
to light and should be stored in amber bottles. Solu- 
tions over a week old should be discarded. 


Acriflavine Hydrochloride N. F. 
Acriflavine Hydrochloridum 


[Acriflav. Hydrochlor.] 


Acriflavine Hydrochloride is a mixture of the hydro- 
chlorides of 3,6-diamino-10-methylacridinum chloride 
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and 3,6-diaminoacridine containing, when dried for 1 
hour at 105°, not less than 23 per cent and not more than 
24.5 per cent of Cl. 


Description and Properties—A reddish brown, odorless, crystalline 
powder. Its solution is acid, and effervesces with sodium bicarbonate 
(difference from acriflavine). One Gm. dissolves in 3 cc. of water. 
It is soluble in alcohol, but almost insoluble in ether, chloroform, 
liquid petrolatum, and fixed or volatile oils. It responds to the 
identification reactions described under Acriflavine. 
Tests for Purity— 
Loss on drying—Not more than 7 per cent. 
Residue on ignition (sulfated)—Not more than 1 per cent. 
Arsenic limit—10 parts per million. 
Stability of solutions—A solution of 1 Gm. in 50 cc. of warm water 
and a solution of 200 mg. of Acriflavine Hydrochloride in 100 cc. 
isotonic sodium chloride remain clear and free from sediment after 
standing in the dark for 24 hours. 
Assay for Chlorine—The chlorine content is determined as outlined 
under Acriflavine. 
Storage—Keep Acviflavine Hydrochloride in tight containers. 


Uses—See Acriflavine. 


PROFLAVINE DIHYDROCHLORIDE N. F. 
Proflavinz Dihydrochloridum 


{[Proflav. Dihydrochlor.] 


Proflavine Dihydrochloride [C,3H,,N3.2HCIl.2H.O 
318.20] is the dihydrochloride of 3,6-diaminoacridine. 
It contains not less than 72.0 and not more than 74.5 
per cent of 3,6-diaminoacridine[C,3H,,Ns], calculated on 
a moisture-free basis. 

Preparation—Proflavine is made in the same manner 
as acriflavine, except that the step of methylating the 
tertiary nitrogen is omitted. 


Description and Properties—Orange-red to brown-red, odorless, 
crystals. Itis affected by light. One Gm. dissolves in 10 ce. of water 
but on standing several hours a precipitate is formed. It is very 
slightly soluble in ether, chloroform, or in liquid petrolatum. The 
pH of its aqueous solution (1 in 1000) is between 2.5 and 3.0. 

Identification—(1) Addition of sodium hydroxide T.S. to an aqueous 
solution of Proflavine Hydrochloride produces a yellow precipitate 
of proflavine base. (2) Silver nitrate T.S. produces a precipitate of 
silver chloride in an aqueous solution of Proflavyine Hydrochloride 
(1 in 1000). 

Tests for Purity— 

Loss on drying—Not more than-13 per cent. 

Residue on ignition—Not more than 0.25 per ¢ent. 

Clarity of solution—A solution of 200 mg. in 100 cc. of water is clear 
and remains clear and free from sediment after standing in the dark 
for 24 hours. 

Assay—The assay depends on the insolubility of proflavine ferricy- 
anidein water. By adding a measured excess of a standard potassium 
ferricyanide solution to a buffered solution of a weighed quantity of 
Proflavine Dihydrochloride, proflavine ferricyanide precipitates, and 
the amount of ferricyanide combined with the dye is determined by 
measuring the unused portion of it in the filtrate from the precipitate 
(or an aliquot of the filtrate and washings made up to an exact vol- 
ume). This measurement is effected by adding to the filtrate, made 
strongly acid with HCl, sodium chloride, potassium iodide and zine 
sulfate solution, and titrating the iodine set free (by the excess of 
potassium ferricyanide) with tenth-normal sodium thiosulfate using 
starch as the indicator. For the chemical reactions involved in this 
titration see the Assay of Benzalkonium Chloride, and for the details 
of the assay consult the N. F. Each cc. of tenth-molar potassium 
ferricyanide consumed by the Proflavine Dihydrochloride corresponds 
to 62.77 mg. of proflavine base. 

Storage—Keep Proflavine Dihydrochloride in tight, light-resistant 
containers. 


Uses—See Acriflavine. 
Caution—Proflavine Dihydrochloride solutions should 


be dispensed in light-resistant containers and should be 
discarded when they become turbid. 


PROFLAVINE SULFATE N. F. Profiavine Sulfas 
[Proflav. Sulf.] 


Proflavine Sulfate [CisHi1Ns.H2S804.H2O = 325.33] 
contains not less than 66.0 per cent and not more than 
68.5 per cent of proflavine base [Ci3H1:N3] calculated 
on a moisture-free basis, the moisture being determined 
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on a separate portion by drying to constant weight at 
105°. 


Description and Properties—A reddish brown, odorless, crystalline 
powder, affected by light. One Gm. dissolves in about 300 cc. of 
water. It is slightly soluble in alcohol, and almost insoluble in ether, 
chloroform, and in liquid petrolatum. The pH of its aqueous solution 
(1 in 1000) is between 2.5 and 3. 

Identification—(1) Its aqueous solution produces a yellow precipi- 
tate with sodium hydroxide T.S. (2) The filtrate from Test (1), 
acidified with nitric acid, responds to the test for sulfate. (3) The 
addition of a few drops of sodium nitrite (1 in 10) to 5 ee. of Proflavine 
Sulfate solution (1 in 1000) acidified with a few drops of hydrochloric 
acid produces a violet color which rapidly becomes deep red, changing 
to brownish red. 

Tests for Purity— 

Loss on drying—Not more than 6 per cent. 

Residue on ignition—Not more than 1 per cent. 

Claraty of solution—A solution of 200 mg. of Proflavine Sulfate in 
100 ee. water is clear and remains clear and free from sediment on 
standing in the dark for 24 hours. 

Assay for Proflayine—It is assayed as outlined under Proflavine 
Dihydrochloride. 
Storage—Keep Proflavine Sulfate in tight, ight-resistant containers. 


Uses—See Acriflavine. 


Caution—Proflavine Sulfate Solutions should be dis- 
pensed in light-resistant containers and should be dis- 
carded when they become turbid. 


THE AZO DYES 
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Scarlet Red (Scarlet R., Biebrich Scarlet Red), an azo 
dye, was apparently the first synthetic dye to be used 
medicinally. Azo dyes are organic compounds con- 
taining the linkage —N:N— and are produced by 
diazotizing an aromatic amine such as toluidine, 
naphthylamine, ete., in hydrochloric acid solution 
with sodium nitrite, then coupling the resulting diazon- 
ium salt with aromatic amines or with phenols, naph- 
thols, etc. The reactions involved in the preparation of 
azo dyes are illustrated in Identification test (1) under 
Butacaine Sulfate (page 619). 

The azo class embraces a large number of dyes ex- 
tensively used in the dye industry. Two azo dyes, 
amaranth and resorcin brown, are official as coloring 
agents for pharmaceuticals, and many more are among 
the ‘‘certified’”’ dyes permissible for coloring foods, drugs, 
-and cosmetics (see page 948). 


MEDICINAL DYES 


SCARLET RED N. F. Rubrum Scarlatinum 
{[Rub. Scar.—Scarlet Red, Medicinal; Biebrich Scarlet Red] 


Scarlet Red [CosHooN,O = 380.43] is an-azo dye, 
o-tolylazo-o-tolylazo-8-naphthol. 


Preparation—Scarlet Red is prepared by diazotizing 
toluylazotoluylamine and then coupling the diazotized 
product with betanaphthol. The chemical reactions 
which take place are as follows: 


CH3.CgH4.N:N.CgHs.CHs.NHe + HCl > 
toluylazotoluylamine epee ese 
aci 


CHg : CeH4 BNgN CeHs. CHs. NH3Cl 
toluylazotoluylamine 
hydrochloride 


CHg i C.eHa oNENE C.eH3 : CHs % NH3Cl + HNOs — 
toluylazotoluylamine nitrous 
hydrochloride acid 


CHg3 A CeH4 SINGING C.eHs3 i CHsg:N: NCI + 2H20 
SESS ae hae se water 
chloride 


CH3.CgH4.N:N.CgH3.CHs3.N: NCl + CioH,OH — 
wohiyiazotel yeaa betanaphthol 
chloride 


CH3.CgH4.N:N.CgH3.CHg.N:N.CipHgOH + HCl 
scarlet red shies 
re 


Description and Properties—A dark brown, odorless powder. It is 
almost insoluble in water and slightly soluble in alcohol, acetone, or 
benzene. One Gm. dissolves in about 15 cc. of chloroform, It is 
soluble in oils, fats, phenol, and in warm petrolatum or paraffin. 

Identification—(1) A solution of Scarlet Red in sulfuric acid (1 in 
1000) has a bluish green color which on cautious dilution with water 
changes to blue, then to purple, red, and finally to orange. (2) When 
the dye is boiled with alcohol and hydrochloric acid the mixture as- 
sumes a deep searlet-red color; the color is discharged by heating the 
mixture with zinc dust due to reduction to the leuco (colorless) com- 
pound. : 
Tests for Purity— 

Residue on ignition—Not more than 1 per cent, 

Water-soluble substances—Not more than 1 per cent. 
Storage—Keep Scarlet Red in well-closed containers. 


Uses—Scarlet Red has a marked power of stimulating 
the proliferation of epithelial cells. Opinions are di- 
vided as to the clinical value, but the dyes are used to 
promote the growth of epithelium in the treatment of 
burns, wounds, chronic ulcers, etc. In chronic uleers, 
however, it is requisite that the local circulation be good 
in order to obtain a permanent result. The scarlet red 
preparations are generally used in the form of an oint- 
ment. 


Scarlet Red Ointment N. F. 
Unguentum Rubri Scarlatini 


{[Ung. Rub. Scar.] 


Metric Alternative 
Scarlet: Red octane sea 50 Gm 87 gr. 
Olive: O11 Veer eres 50 Gm 87 er. 
Wool ‘Fats. sahiaae saosin se oe 400 Gm. 102. av. 263 gr. 
Petrolatum’s ssc Shes pee ELS 500 Gm. 2 oz. av. 
SCOrmake® «7. seas ee 1000 Gm 4 oz, av. 


Triturate the scarlet red with the olive oil in a glass mortar 
until perfectly smooth, incorporate the wool fat and the petrola- 
tum, and mix thoroughly. 


Storage—Keep Scarlet Red ointment in tight containers and avoid 
prolonged exposure to temperatures above 30°. 
‘ 


- Uses—See Scarlet Red. 


MEDICINAL DYES 


THE TRIPHENYLMETHANE (ROSANILINE) DYES 
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The most important medicinal derivatives of tri- 
phenylmethane and its homolog tolyldiphenylmethane 
are those which result from the introduction of amino 
groups. Pararosaniline (triaminotriphenylearbinol) and 
rosaniline (triaminodiphenyltolylearbinol) are examples 
of this class of dyes. On treating rosaniline with hydro- 
chloric acid, the hydroxyl group is split off, causing the 
formation of a quinoid structure; thus is: formed a 
typical dye known as fuchsin (page 950). Basic fuchsin 
(the medicinal fuchsin) is usually a mixture of the 
hydrochlorides of pararosaniline and rosaniline. The 
red color of either pararosaniline chloride or fuchsin is 
changed to violet by the introduction of methyl groups 
on the amino nitrogen atoms, the intensity of the 
violet color increasing with an increasing number of 
methyl groups. 

The rosaniline dye official as a therapeutic agent is 
methylrosaniline chloride which is described below. 
Formerly it was alleged that the methylrosanilines 
(gentian violet, methyl violet, and crystal violet) dif- 
fered in therapeutic effectiveness because of the sup- 
posed difference in the number of methyl groups. 
Gentian violet was said to be a mixture of hexa- and 
pentamethylrosaniline chlorides. Methyl violet was 
considered to consist chiefly of pentamethylrosaniline 
chloride with some of the hexa- and tetra-derivatives, 
while crystal violet was claimed to be the pure hexa- 
methyl compound. The difference in_ therapeutic 
efficacy, however, has not been scientifically substanti- 
ated, and a recent examination of samples of the prod- 
ucts marketed under the three names did not reveal 
any significant chemical or therapeutic differences. 


METHYLROSANILINE CHLORIDE U. S. P. 
Methylrosanilinze Chloridum 


Methylrosanil. Chlorid.—Gentian Violet, Methyl Violet, Crystal 


Violet, Sp. Cloruro de Metilrosanilina] 


Methylrosaniline Chloride is hexamethylpararosani- 
line chloride, usually admixed with pentamethylpara- 
rosaniline chloride and tetramethylpararosaniline chlo- 
ride. 

Preparation—Several processes are available for the 
production of the “rosanilines” which represent a large 
class of dyestuffs. They are generally made by oxidiz- 

ing a mixture of aniline and p-toluidine. The oxidizing 
agent most commonly used is arsenic acid. Nitroben- 
gene is also employed. By using methylated anilines, 
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é. g., di- or monomethylaniline, methylrosanilines are 
produced. Pure hexamethylrosaniline may be made 
by the action of carbonyl chloride (phosgene) on di- 
methylaniline. 


Description and Properties—A dark green powder, or greenish glisten- 
ing pieces having a metallic luster and not more than a faint odor. 
One Gm. dissolves in about 30 cc. of water, in about 10 cc. aclohol, and 


in About 15 cc. glycerin. It is soluble in chloroform but insoluble in 
ether. 

Identification—(1) It dissolves in sulfuric acid (1 in 1000) forming 
an orange or brown-red solution, which on cautious dilution with 
water changes to brown, then to green, and finally to blue. (2) Tannic 
Acid T.S. added to a solution of the dye containing a few drops of 
hydrochloric acid forms a deep blue precipitate. (3) Warming with 
zine dust decolorizes an acidified solution of the dye, ammonia fumes 
turning the decolorized solution blue. 

Tests for Purity— 

Loss on drying—Not more than 7.5 per cent. 

Residue on ignition—Not more than 1.5 per cent. 

Arsenic limit—10 parts per million. 

Lead limit—30 parts per million. 

Alcohol-insoluble substances—Not more than 1 per cent. 
Storage—Keep Methylrosaniline Chloride in well-closed containers. 


Uses—Gentian Violet is bactericidal to Gram-positive 
organisms in very high dilutions. It also acts against 
the causative organism of Vincent’s angina and against 
many strains of monilia, torula, epidermophyton, and 
trichophyton. For direct application to tissues, the 
dye is employed in a concentration of 1:500 to 1:1000. 
For instillation in closed cavities a 1:10,000 solution is 
employed. Among the many conditions which have 
been treated with Gentian Violet may be listed Vincent’s 
angina, cystitis, and urethritis, suppurating joint infec- 
tions, eczematoid dermatitis, furunculosis, recurrent 
dermatomycosis, monilial paronchia, chronic ulcers, 
bed sores, impetigo, infectsiosa, pruritus ani, etc. 

Gentian Violet has also been employed in the treat- 
ment of burns. A 1 per cent solution is sprayed over 
the burned tissue at 2-hour intervals. This forms a 
pliable eschar and controls infection from Gram-posi- 
tive organisms. 

Gentian violet is also an effective anthelmintic use- 
fulin the treatment of Strongyloides and Oxyuris infesta- 
tions in the adult dose of 65 mg. 3 times daily before 
meals for a period of 10 days. It is conveniently ad- 
ministered in enteric capsules. 


Average Dose—60 mg. (approximately 1 grain). 


Methylrosaniline Chloride Jelly N. F. 
Gelatum Methylrosaniline Chloridi 


[Gentian Violet Jelly] 


Metric Alternative 
Methylrosaniline Chloride. ... 10 Gm. CQ) > Feary 
Gly Cerin hc tet ath eicton on 150 Gtike Wovethin dis pair 
Exsiccated Sodium Phosphate. 4.3. Gm. BO) ae 
‘pravacanth sofa. pt ree 15 Gm. 105 gr 
EGP en Ole Syne mrs este OFS cc. 21% min 
Eucalyptolige ae ae eit oc. 0.3 cc 2}4 Tmoin 
Methylparabenwa...... 0.0.1. 0.26 Gm 146 gr 
PropylparaDen ances 0.14 Gm oy 
Distilled Water, a sufficient 
quantity, 
HLLORMAK OMe pact rcacitestacntc fo: Rots 1000 Gm. 1 lb. av. 


Dissolve the methylrosaniline chloride, exsiccated sodium 
phosphate, methylparaben and propylparaben in about 700 ce. 
of distilled water. Add the glycerin, tragacanth, eugenol, euca- 
lyptol, and sufficient distilled water to make 1000 Gm. Mix well 
and keep in a closed container for 1 week with occasional mixing 
or agitation and then strain through light muslin. 


Storage—Keep Methylrosaniline Chloride Jelly in tight containers, 
preferably in collapsible dispensing tubes. 


Uses—See Methylrosaniline Chloride. 
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Methylrosaniline Chloride Solution N. F. 
Liquor Methylrosaniline Chloridi 


{[Liq. Methylrosanil. Chlorid.] 


Metric Alternative 
Methylrosaniline chloride.......... 10 Gm. 146 gr. 
Alcohols... . «ccs 2ctestie Re seers ne eo 100 cc. 3 fl.oz. 96 min. 
Water, a sufficient quantity, 
TO Make /s sche es bao oe 1000 cc. 2 pints 


Mix the alcohol and 800 ce. (25 fl. oz. 288 min.) of water, and 
dissolve the methylrosaniline chloride by agitation in the mixture; 
add sufficient water to make the product measure 1000 cc. (2 
pints). 


MEDICINAL DYES 


Description and Properties—A purple liquid having a slight odor of 
alcohol. Its dilute solution has a deep purple color. 
Tests for Purity— 

Non-volatile residue—On evaporating a measured volume of the 
Solution on a water bath and drying to constant weight at 100°, the 
weight of the residue of methylrosaniline chloride is between 85 mg. 
and 115 mg. for each 10 cc. of the solution. 


Alcohol Content—From 8 to 10 per cent, by volume, of CgpH50OH. 


Storage—Keep Methylrosaniline Chloride Solution in tight con- 
tainers. 


Uses—For external use, 


undiluted. See . Methyl- 
rosaniline. 


MISCELLANEOUS DYES 


METHYLENE BLUE U.S. P. Coeruleum Methylenum 


Cer. Methylen.—Methylthionine Chloride U. 8. P. XI Aniline 


Violet, Sp. Azul de Metileno] 


C es C Nv a \Y 
CHa | sad © wis | Gla aHaO 
PNY 7QXA/\ ANS 
CHs’ Y of \F \CH 


Methylene Blue [Ci¢HisCIN38.3H20 = 373.89] con- 
tains not less than 98.5 per cent of 3,6-bzs-(dimethyl- 
amino)phenazathionium chloride [C;¢HigCIN 3S], caleu- 
lated on a moisture-free basis. 

Preparation—This thiazine dye is made by treating 
a hydrochloric acid solution of N,N-dimethyl-p- 
phenylene diamine with hydrogen sulfide, and ferric 
chloride as the oxidizing agent. The reaction is expressed 


thus: 
N(CHs3)e2 
2CoH aC eH 30s sera 
NHe 
N, N-dimethyl-p-phenylene hydrogen oxygen hydrochloric 
diamine sulfide acid 
CygHigCIN3S + NH.«aCl + #£3H20 
Methylene Blue ammonium water 
chloride 


Description and Properties—Dark green crystals or a crystalline 
powder, having a bronze-like luster; odorless or having a slight odor. 
Itisstablein air. Solutions of Methylene Blue have a deep blue color. 
One Gm. dissolves in about 25 cc. of water and in about 65 cc. of 
alcohol. It is soluble in chloroform. 

Identification—(1) The blue color of aqueous Methylene Blue solu- 
tion is lightened by hydrochloric acid. (2) Sodium hydroxide changes 
the color of its solution from blue to purplish, and on standing it 
produces a precipitate having a dull violet color. (8) Zine dust de- 
colorizes a solution of Methylene Blue in diluted sulfuric acid. 

Tests for Purity— 

Loss on drying—Not more than 18 per cent. 

Residue on ignition—Not more than 1.2 per cent. 

Arsenic limit—10 parts per million. 

Copper and zinc—The residue remaining after ignition of 1 Gm. of 
Methylene Blue is boiled with diluted nitric acid to dissolve any of 
these metals, if present, and filtered. The filtrate is made alkaline 
with ammonia T.S., filtered to remove iron, and hydrogen sulfide 
T.S. is added to the filtrate. No turbidity is produced in 5 minutes 
(zine), and any dark color produced is not darker than that obtained 
by treating a quantity of reagent cupric sulfate equivalent to 0.2 mg. 
of Cu in the same manner as the sample, beginning with the boiling 
with diluted nitric acid (limit of copper is 200 parts per million). 
Assay—For its assay use is made of the fact that methylene blue 
perchlorate is practically insoluble in water, and hence when a solu- 
tion of a soluble perchlorate is added to an aqueous solution of Meth- 
ylene Blue the latter precipitates as the perchlorate. The precipitate, 
after washing and drying, is weighed, and the weight multiplied by 
the factor 0.8333 represents the weight of anhydrous Methylene Blue. 
Storage—Keep Methylene Blue in well-closed containers. 
Incompatibilities—Methylene Blue is easily salted out of solution and 
is therefore unsuitable for coloring solutions of salts. Mercuric 
chloride, potassium iodide, potassium permanganate, and potassium 
dichromate cause a precipitation. Strong solutions of potassiwm or 
sk pl hydroxide behave similarly. Reducing agents destroy the 
color 


Uses—Methylene Blue was formerly employed as a 
urinary antiseptic but it has largely been replaced by 
more efficient compounds. Likewise its use as an anal- 


gesic, antipyretic, and parasiticide has been abandoned. 
It may prove of value in treating methemoglobinemia. 
Average Dose—0.15 Gm. (approximately 24% grains). 


SODIUM INDIGOTINDISULFONATE N. F. 
Sodii Indigotindisulfonas 


[Indigo Carmine] 
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Sodium Indigotindisulfonate contains not less than 
97 per cent of [CigHgN2OsS2Naz = 466.35] calculated 
on a dry basis, the loss on drying being determined on a 
separate portion by drying for 8 hours at 105°. 

Preparation—Indigo Carmine (soluble indigo blue) is 
now exclusively produced synthetically. In the process 
now most generally used anthranilic acid (0-amino- 
benzoic acid) is the basic material. This acid is usually 
obtained from phthalimide which is made from the now 
inexpensive phthalic anhydride. The anthranilic acid is 
treated with chloroacetic acid to form phenlygylcine-o- 
carboxylic acid. The latter is then fused with potassium 
or sodium hydroxide at 250° to 300° and the resulting 
indoxylacetic acid loses carbon dioxide to form in- 
doxyl. The latter product is oxidized by air to indigo 
blue. Indigo Carmine is prepared from indigo blue by 
sulfonating with sulfuric acid and neutralizing the 
SOsH groups with sodium carbonate. 


Description and Properties—A dusky purplish blue powder, or blue 
granules with a coppery luster. It is affected by light. Sodium 
Indigotindisulfonate solutions have a blue or bluish purple color. 
One Gm. dissolves in about 100 ce. of water. It is slightly soluble in 
alcohol and practically insoluble in most other organic solvents. 

Identification—(1) The addition of hydrochloric acid to an aqueous 
solution of Sodium Indigotindisulfonate changes the color to bluish 
violet; further dilution with water restores the original color. (2) 
The addition of sodium hydroxide T.S. to its aqueous solution changes 
the color to a yellow or olive-brown. (3) The addition of sodium 
chloride to an aqueous solution of Sodium Indigotindisulfonate pre- 
cipitates the blue dye, due to the ‘‘salting out’’ effect of the sodium 
chloride. 
Tests for purity— 

Loss on drying—Not more than 10 per cent. 

Water-insoluble substances—Not more than 0.5 per cent. 

Arsenic limit—10 parts per million. 

Lead limit—10 parts per million. 

Lower sulfonated dyes—Not more than 5 per cent as sodium indigo- 
tinmonosulfonate. 
Assay—The N. F. assays this dye by titration of its solution, in pres- 
ence of sodium acid tartrate as a buffer, with tenth-normal titanous 
chloride (titanium trichloride). This powerful reducing agent reduces 
the blue dye to its colorless (leuco) form by adding a hydrogen on each 
of the CO groups of the molecule converting them into COH groups. 
Each ce. of tenth-normal titanous chloride corresponds to 23.32 mg. 
of Sodium Indigotindisulfonate. 

Note—This dye may also be assayed by oxidation with standard 
potassium permanganate solution in the presence of sulfuric acid as 


a 


MEDICINAL DYES 


described in the U. 8. P. under indigo carmine, the double linked 


_earbons of the molecule being oxidized thereby to CO. 


Storage—Keep Sodium Indigotindisulfonate in tight, light-resistant 
containers. 


Uses—This dye is used in a kidney function test. 
The rate of excretion of the dye in the urine after injec- 
tion (usually intravenously) is determined colorimetri- 
cally by comparison of the color of the urine with color 
standards. Indigo carmine is also employed as a re- 
peo as a stain for microscopic specimens, and as a 

ye. 

Average Dose—Subcutaneously or intramuscularly, 50 
mg. (approximately 34 grain). Intravenously, 8 mg. 
(approximately 1% grain). 


Sodium Indigotindisulfonate Ampuls N. F. 
Ampulle Sodi Indigotindisulfonatis 


[Amp. [Sod. Indigotin.—Indigo Carmine Injection, Indigo Carmine 
Ampuls] 


Sodium Indigotindisulfonate Ampuls contain a sterile 
solution of sodium indigotindisulfonate in water for 


injection and yield not less than 95 per cent and not 


more than 105 per cent of the labeled amount of sodium 
indigotindisulfonate (CigHsN2O0S2Naz). 

Sterilize the filled ampuls by autoclaving or by any 
other adequate and suitable method of sterilization, and 
test for sterility according to the method described on 
page 126. The Ampuls also conform to the other re- 
quirements given under Injections, page 249. 


Assay—The Injection is assayed as outlined under Sodium Indigotin- 
disulfonate. 


Average Dose—Subcutaneously and Intramuscularly, 
50 mg. (approximately 34 grain). IJntravenously, 8 mg. 
(approximately 1¢ grain) of Sodium Indigotindisulfonate. 


Specialties Containing Medicinal Dyes 


Benzochrome (Schering and Glatz)—Capsules (0.1 Gm.) containing 
a dark powder composed of 80 per cent o-cresylazodiaminobenzene 
hydrochloride and 20 per cent tetrabromo-o-cresol. Uses: uri- 
nary antiseptic and mild analgesic. Dose: orally, 1 to 3 capsules 
3 times a day. 

Dimazon, Diacetylamidoazotoluene—CH 3.CgH4.N: N: CgH3(CH)- 
N(CHg3CO).. Dimazon is prepared by the acetylization of amido- 
azotoluene. An orange-colored, crystalline powder, insoluble in 
water but readily soluble in alcohol, ether, chloroform, acetone, and 
benzene, oils, fats and petrolatum. It can be removed from cloth 
by washing with soap and water. It meltsat 75°C. Uses: Dim- 
azon is generally used in the form of a 2 per cent ointment; it is 
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also employed as a dusting powder (mixed with talcum) or as a 
solution (in oil). 

Dymixal N. N. R. (McNeil)—Jelly (2 per cent) or powder containing 
a water-soluble, crystalline powder composed of 46.1 per cent 
crystal violet (hexamethy] pararosaniline hydrochloride), 30.8 per 
cent brilliant green (the sulfate of tetraethyl diamino triphenyl 
carbinol anhydride), and 23.1 per cent neutral acriflavine (3:6 
diamino-10-methy! acridinium chloride and 3,6-diaminoacridine). 
Uses: effective antiseptic dressing for second and third degree 
burns, forming a light, tough, flexible eschar. 

Flavicrine (Christina)—Ampuls (5 cc.) containing a 2 per cent aqueous 
solution of a thiazonium derivative of diamino-alkyl-acridinium. 
Uses: urinary antiseptic in urethritis, cystitis, pyelitis, etc. 
Dose: intramuscularly, 5 cc. 

Fluorescite (Kirk)—Ampuls (10 ec.) containing a sterile solution of 5 
per cent fluorescein made soluble with sodium bicarbonate. Uses: 
testing circulation time in various parts of the body. The light 
beam of a mercury vapor lamp with adequate filter is directed to 
the lips, or other part of the body, in a slightly darkened room. 
At the end point a greenish yellow color suddenly appears. Dose: 
intravenously, 5 cc. injected rapidly. 

Mallophene (Mallinckrodt)—Powder; soluble disks, 0.097 Gm. (1% 
gr.); or tablets, 0.097 Gm. (1% gr.), containing a brick-red, micro- 
crystalline powder, 6-phenylazo-a,a’-diamino-pyridine hydrochlo- 
ride; soluble in hot water, hot glycerin, petrolatum, and lanolin; 
insoluble in oils, acetone, benzene, chloroform, and ether. Uses: 
urinary antiseptic in acute and chronic urogenital infections; 
applied topically for cuts, burns, ulcers, conjunctivitis, and nose 
and throat infections. Dose: orally, 2 tablets 3 times a day; 
topically, 1 per cent solution. 

Panflavin (Winthrop)—Sweetened tablets containing Trypaflavin. 
Uses: non-irritating antiseptic in infections and catarrhal condi- 
tions of the mouth and throat. Dose: 1 to 2 tablets dissolved 
slowly in the mouth. 

Pyoktanin (Merck)—Powder composed of gentian violet. See 
Methylrosaniline Chloride U.S. P. ; 
Pyridium (Merck)—Dark red, microcrystalline powder, solution (1 
per cent with 10 per cent dextrose), or tablets (0.1 Gm.), containing 
3-phenylazo-2,6-diaminopyridine monohydrochloride. Uses: uri- 
nary antiseptic. Dose: orally, 2 tablets; topically, 1 per cent 
solution; by irrigation, instillation, or douche, 1 per cent solution 

in dilutions of 1:8 to 1:16. 

Rivanol (Winthrop)—Yellow, fine, crystalline powder consisting of 
2-ethoxy-6,9-diamino-acridine lactate (Ethodin); soluble gradually 
in 15 parts cold or 9 parts boiling water, and 110 parts alcohol. 
Uses: non-toxic and non-irritating antiseptic for prophylaxis and 
treatment of wound infections, cystitis, gonorrhea, infections of the 
eye, ear, nose and throat, etc. Dose: topically, 1:1000 to 1:5000 
solution. 

Rivanol with Dextrose—Powder or capsules containing 0.1 Gm. 
(1% gr.) Rivanol lactate and 0.2 Gm. dextrose. 

Scarlet Red Sulfonate, N. N. R.—The sodium salt of azo benzene 
disulfonic acid azobetanaphthol—CgH4.(SOgNa)N: N.Cg¢H3.- 
(SOgNa).N:N.CioHgOH. A dark, brownish-red powder; odor- 
less. Soluble in water; slightly soluble in ether, alcohol and ace- 
tone; almost insoluble in chloroform, benzene, fixed oils, fats, and 
petrolatum. Uses and Dose: The same as for Scarlet Red Medici- 
nal. 

Serenium (Squibb)—Tablets (0.1 Gm.) containing 2,4-diamino-4/- 
ethoxy-azobenzene hydrochloride. Uses: genito-urinary anti- 
septic of low toxicity; effective in acid or alkaline urine. Dose: 
orally, 1 tablet 3 times a day, before meals. 

Trypaflavin (Winthrop)—Ampuls (10 cc.) containing a 2 per cent solu- 
tion of acriflavine. See Acriflavine N. F. 

Vianin (Rorer)—Solution (2 per cent), tincture (2 per cent), vaginal 
suppositories, or jelly containing gentian violet. See Methylrosani- 
line Chloride U.S. P. 


CHAPTER LXXXIV 


FLAVORING AGENTS 


THE FLAVORING of oral forms of medication is an art 
which should be mastered by every pharmacist. For 
each type of preparation which cannot be administered 
in capsules or in coated pills or tablets a flavor or 
a combination of flavors which will add greatly to its 
palatability can be chosen. Some are specific for mask- 
ing the nauseating or otherwise objectionable taste of a 
given drug; these specific vehicles are mentioned in 
appropriate places throughout the text and axe tabu- 
lated below. 

In this Chapter the titles of all the official substances 
and preparations which are employed as flavoring agents 
are listed and the complete monographs are provided 
for those which have no therapeutic action and which 
are used only for their flavor, e. g., glycyrrhiza, couma- 
rin, and vanillin. The monographs for the other sub- 
stances, of value as flavoring agents but also having 
therapeutic activity, are included in the appropriate 
Chapter according to their chemical classification. For 
example, the volatile oils which are both flavors and 
carminatives are considered in the chapter on ‘‘Volatile 
Oils” (page 696). 

Chemical Structure—The compounds employed as 
flavors in vehicles vary considerably in their chemical 
structure, ranging from simple esters (methyl salicyl- 
ate), alcohols (glycerin), and aldehydes (vanillin) to 
carbohydrates (honey) and the complex volatile oils 
(anise oil). Synthetic flavors of almost any desired type 
are now available on the market but none of these 
possess the delicate flavor and aroma of the natural 
products if the latter are carefully prepared and cor- 
rectly stored. The official synthetic products such as 
cinnamaldehyde and benzaldehyde were recognized 
when several of the essential oils became scarce during 
the war years, but they are more suitably used in per- 
fumery. 

There is a close relationship between chemical struc- 
ture and taste. Much research has been undertaken 
to correlate molecular configuration and flavor, but 
only a start has been made. The degree of ionization 
and the type of ions produced in the saliva definitely 
influence. the sensation interpreted by the brain, al- 
though many non-ionizing compounds (chloroform) have 
definite tastes. It is known also that an increase in 
the number of hydroxy groups increases the sweetness 
of a compound (sucrose is sweeter than glycerin). This 
may be due in some instances to an increased solubility 
brought about by the entry of more polar groups into 
the molecule, since the less soluble a substance the less 
taste it has. In general, amines (benzalkonium chlo- 
ride), amides (acetanilid),and otherammonia derivatives 
such as the alkaloids (strychnine) are bitter, and also 
the lactones (santonin) and the glycosides (salicin), but 
certain imides (saccharin) are intensely sweet. Alco- 
hols, aldehydes, and esters are usually pleasantly fla- 
vored and possess agreeable odors, especially those with 
an aromatic nucleus. Unsaturation (e. g., acrolein, 
CH2—CHCHO) frequently bestows a sharp, biting 
odor and taste upon compounds and as a general rule 
substances which yield hydrogen ions (citric and other 
acids) in solution are sour. 

Flavor—The word flavor refers to a mixed sensation 
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of taste, touch, smell, sight, and sound, all of which 
combine to produce an infinite number of gradations in 
the perception of a substance. The four primary tastes 
—sweet, bitter, sowr, and saline—appear to be the result 
partly of physicochemical and partly of psychological 
action. Taste buds, located at various places in the © 
mouth and on the tongue, contain very sensitive nerve 
endings which react, in the presence of moisture, with 
the flavors in the mouth and as a result of physico- 
chemical activity electrical impulses are produced and 
transmitted via the seventh, ninth, and tenth cranial 
nerves to the areas of the brain which are devoted to 
the perception of taste. Some of the taste buds are 
specialized in their function, giving rise to areas on the 
tongue which are sensitive to only one type of taste. 
The brain, however, perceives taste as a composite sen- 
sation, and accordingly the components of any flavor 
are not readily discernible. 

As mentioned above, taste is partly dependent on the 
ions which are produced in the mouth, but psychologists 
have demonstrated that sight and sound also play a 
definite role when certain reflexes become conditioned 
through custom and association of sense perceptions. 
Thus in one classic experiment the ringing of a bell 
caused the gastric juices of a dog to flow although no 
food was placed before it, and much of the enjoyment 
derived from the eating of celery is due to its crunchy 
crispness. The effect of color is just as pronounced; 
oleomargarine is very unpalatable to most people when 
it is uncolored, but once the dye has been incorporated 
many gourmets cannot distinguish it from butter. 

A person suffering from a head cold finds his food 
much less palatable than usual because his sense of smell 
is impaired, and if the nostrils are held closed raw onions 
taste sweet and it is much easier to ingest castor oil and 
The volatility of a sub- 
stance is an important factor which is influenced by the 
warmth and moisture of the mouth since the more vola- 
tile a compound the more pronounced is its odor. The 
sense of smell detects very minute amounts of material 
and is usually much more sensitive in detecting the 
presence of volatile chemicals, but the tongue is able to 
detect infinitesimal amounts of some vapors if it is pro- 
truded from the mouth so that solution of the gases in 
the saliva may take place. In this manner traces of 
sulfur dioxide can be detected in the air since it dissolves 
in the saliva and creates a sour taste. 


Flavors described as hot are those which exert a mild 
counterirritant effect on the mucosa of the mouth, those 
which are astringent and pucker the mouth contain 
tannins and acids which produce this effect by reacting | 
with the lining of the mouth, and wines possess a 
bouquet due to the odor of the volatile constituents. 
Indian turnip (Jack-in-the-pulpit) owes its flavor en- 
tirely to the stinging sensation caused by the minute 
acicular crystals of calcium oxalate which penetrate the 
mucous membrane. 

There is a definite threshold of taste for every sub- 
stance which varies somewhat with the individual and 
with the environment. The experienced chef tastes his 
delicacies at body temperature since heat and cold 
alter the flavor of many preparations. Thus lemon 
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loses its sour taste entirely at an elevated temperature 
and other flavors become almost non-volatile, tasteless, 
and odorless when cooled sufficiently. In addition to 
the influence of temperature the sensitivity of each 
individual must be considered. For example, it has 
been determined by experiment that the amount of 
sugar that can just be detected by the average individ- 
ual is about 7 mg. However, this amount cannot be 
tasted by some and it is definitely sweet to others. 

The association of early sensations with various fla- 
vors creates in the child definite likes and dislikes which 
continue on into maturity. Thus certain flavors may 
be associated with illness and nauseating medicines or 
some other childhood experience, and unless a person 
analyzes the tastes he encounters he can never approach 
the delight in his environment achieved by the epicu- 
rean. 

Preservation of Flavor—Most monographs of official 
products contain specific directions for storage. Proper 
methods of storage are essential to prevent deteriora- 
‘tion which in many instances results in destruction of 
odor and taste. Under adverse conditions undesir- 
able changes occur due to one or a combination of 
the following factors: enzymatic activity, oxygen, 
moisture, adsorption of odors, activity of microorgan- 
isms, heat, and light. In certain products some of the 
changes wrought by these factors are desirable, as when 
esters are formed due to the activity of enzymes and 
when blending and mellowing result from the inter- 
change of the radicals of esters (transesterification). 
For a further discussion of preservation see Preserva- 
tives (page 580). 

A recently developed idea consists in the encapsula- 
‘tion of lemon oil and other substances to preserve their 
-original delicate flavor and to protect them from deteri- 
oration. These capsules are then enclosed in powdered 
‘gelatins and other packaged products which are deli- 
iously flavored when the capsule is disintegrated by 
mixing and warming with water. A similar idea is now 
being utilized to flavor other products. 

Classification of Flavors—Several workers in this 
field have attempted to classify all flavors into definite 
categories, but there seems to be no definite agreement 
as to classification at the present time. The following 
‘terms have been used by different authors to group the 
‘various flavoring agents systematically. 

Alliaceous—Garlic, onions, etc. 

Ambrosial—Musk, ete. 

Aromatic (Spicy)—Cardamom, cinnamon, clove, 
coriander, ginger, mustard, nutmeg, pepper, sage, 
‘thyme, ete. 

Balsamic—Vanilla, vanillin, coumarin, ete. 

Bitter—Bitter orange, cinchona, pomegranate, rhu- 
-barb, quassia, xanthoxylum, ete. 

_ Empyreumatic—Pine tar, ete. 

Floral—Lavender, methyl salicylate, orange flower 
oil, ete. 

Fruity—Lemon, lime, orange, etc. 

Hircine (Goat-like)—Caproic esters. 

Nauseating—Castor oil, putrefying proteins, etc. 

Synthetic—Alcohols (benzyl alcohol, menthol, phenyl 
‘ethyl alcohol), phenols (eugenol, thymol), aldehydes 
(cinnamaldehyde, citral, anisaldehyde, vanillin), ke- 
tones (carvone), esters (many acetates, propionates, and 
-other esters of the lower aliphatic acids), etc. 


Choice of Flavor 


The proper selection of flavors for disguising nauseat- 
‘ing medicines aids in the ingestion and absorption of 
the medicine by the patient. Occasionally sensitive 
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patients have become sufficiently nauseated to vomit 
at the thought of having to take disagreeable medica- 
tion, and it is particularly difficult to persuade chil- 
dren to swallow distasteful preparations. The pharma- 
cist must take into consideration color, taste, form, and 
general appeal of each prescription that he compounds. 
It is also desirable for him to be familiar with the aller- 
gies and idiosyncrasies of the patient; it is foolish to 
use a chocolate-flavored vehicle for the customer who 
dislikes the flavor or who is allergic to it, notwithstand- 
ing the fact that this flavor is generally acceptable. 

Flavors, as used by the pharmacist in compounding 
prescriptions, may be divided into four main categories 
according to the type of taste which is to be masked, as 
follows: 

1. Salty Taste—Cinnamon Syrup is the best vehicle 
for ammonium chloride and other salty drugs such as 
sodium salicylate and ferric ammonium citrate accord- 
ing to H. N. Wright. In a study of the comparative 
efficiency of flavoring agents for disguising salty taste 
he compiled the following list of useful vehicles arranged 
in descending order of usefulness: Orange Syrup, Com- 
pound Sarsaparilla Syrup, Aromatic Eriodictyon Syrup, 
Citric Acid Syrup, Cherry Syrup, Cocoa Syrup, Wild 
Cherry Syrup, Raspberry Syrup, Glycyrrhiza Elixir, 
Prepared Cacao Syrup N. F. VI, Aromatic Elixir, 
and Glycyrrhiza Syrup. The last named is particularly 
useful as a vehicle for the bromides due to its colloidal 
properties and double sweetness due to glycyrrhizin 
and sucrose. 

2. Bitter Taste—Cocoa Syrup was found by Wright 
to be the best vehicle for disguising bitter taste, then 
followed, in descending order of usefulness, Raspberry 
Syrup, Aromatic Eriodictyon Syrup, Prepared Cacao 
Syrup N. F. VI, Cherry Syrup, Cinnamon Syrup, Com- 
pound Sarsaparilla Syrup, Citric Acid Syrup, Licorice 
Syrup, Aromatic Elixir, Orange Syrup, Wild Cherry 
Syrup, Licorice Syrup. This order was obtained using 
quinine bisulfate as the bitter agent. 

3. Acrid or Sour Taste—Raspberry Syrup and other 
fruit syrups are especially efficient in masking the taste 
of sour substances such as hydrochloric acid. Acacia 
Syrup, Althea Syrup, and similar mucilaginous vehicles 
are best for disguising the acrid taste of substances such 
as capsicum since they tend to form a colloidal protective 
coating over the taste buds of the tongue and if there is 
a dispersed phase form a film around each particle of 
the internal phase. Tragacanth, unlike acacia, may be 
used in an alcoholic vehicle. Glycyrrhiza vehicles can- 
not be used in the presence of acids for the’ glycyrrhizin 
is precipitated. Aromatic Elixir is frequently useful. 

4. Oily Taste—Castor Oil may be made palatable 
by mixing it with an equal volume of Aromatic Rhubarb 
Syrup or it may be mixed with Compound Sarsaparilla 
Syrup and then emulsified with a fine stream of soda 
water. Cod Liver Oil is effectively disguised by the 
addition of Wintergreen Oil or Peppermint Oil. Lemon, 
Orange, Almond, Coriander, Geranium, Cardamom, and 
Anise or combinations of these are useful. It is better 
to mix most of the flavor with the oil before emulsifying 
it, and then the remainder can be added after the pri- 
mary emulsion is formed. 

Those flavors which are most pleasing to the major- 
ity of people are associated with some stimulant of a 
physical or physiological nature. This may be a central 
nervous stimulant such as caffeine, which is the reason 
so many enjoy tea and coffee as a beverage, or it may 
be a counterirritant such as one of the spices which 
produce a “biting” sensation, or an agent which 
“tickles” the throat such as soda water. Sherry owes 
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its sharp flavor to its acetaldehyde content and some 
of the volatile oils contain terpenes which are stimulat- 
ing to the mucous surfaces. 


Choice of Vehicles 


Too few pharmacists realize the unique opportunity 
they have in acquainting physicians with a knowledge 
of how to increase both the palatability and efficacy of 
their prescribed medicines through the judicious selec- 
tion of vehicles. Every physician who writes prescrip- 
tions is anxious to provide his patient with as tasty a 
product as possible or with one which will give the 
most desirable therapeutic results. Because of the 
training which a pharmacist receives, his knowledge of 
the characteristics of various pharmaceuticals and 
therapeutic agents, and his technique and skill in pre- 
paring elegant preparations, he is admirably qualified 
to advise in this important field. 

For the pharmacist who is already working in close 
relationship with physicians and is constantly being 
consulted on one item after another, the question of 
vehicles offers another opportunity for service providing 
he has not already touched upon that field. However, 
to the pharmacist who desires to do a professional job 
but doesn’t know just where to start, the vehicle field 
offers a most natural means of making the first contact. 

When a pharmacist discusses vehicles with a physi- 
cian he is dealing with preparations about which he has 
a great amount of basic information which has probably 
never been touched by the physician. Vehicles as such 
have no basic therapeutic value, so that they may be 
presented to any physician no matter what his beliefs 
may be regarding therapeutics. There are valuable 
talking points for the three specific classes of liquid ve- 
hicles, namely, waters, elixirs, and syrups. 

Waters, for instance, are the simplest of the vehicles 
and are available with several flavors. They contain no 
syrup, a point for consideration at times, since syrup 
under certain circumstances may be undesirable. They 
are likewise non-alcoholic, a determining factor which 
enters the picture very frequently. 

Elixirs, on the other hand, have added sweetness 
which waters lack, they usually contain alcohol, which 
gives an added ‘“‘bite’’ to certain preparations, making 
the latter more pleasing to the taste. On the other 
hand, while some elixirs, such as High Iso-Elixir, con- 
tain substantial amounts of alcohol, there are others 
where the alcohol content is practically negligible, thus 
giving the physician a wide choice. A large selection of 
flavors is also available as well as a choice of colors, so 
that one may prescribe a basic drug for a prolonged 
period, but by changing the vehicle from time to time, 
the taste and appearance are so altered that the patient 
does not tire of the prescription or show other psycho- 
logical reactions to it. 

Syrups of the vehicle class, as with waters and elixirs, 
offer a wide selection of flavors and colors from which 
to choose. Their specific value, however, lies particu- 


larly in the fact that they are intensely sweet and do not . 


contain any large quantity of alcohol, a combination 
which makes them of singular value as masking agents 
for the class of salty drugs such as the bromides and 
chlorides. 

The statement of the late Dr. Bernard Fantus that 
“the best solvent is the best vehicle” helps to explain 
this situation. For instance, if one dissolves equal 
substantial quantities of potassium bromide in Aro- 
matic Elixir and in Raspberry Syrup, the salty taste 
of the bromide will be intensified in the first instance 
while in the case of the syrup, the saltiness will be almost 
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entirely lost. As a matter of fact, such a syrup, con- 
taining 10 to 15 grains of bromide to the teaspoonful, 
tastes as though one had added “‘a pinch” of salt to bring 
out the flavor of the syrup. This is explained by not- 
ing, first of all, the high solubility of these salts in water 
and their relative insolubility in alcohol. Thus, when 
one tastes the elixir preparation, the salt will have a 
tendency to flow into the solvent of choice, in this case 
the aqueous saliva, and thus actually cause a marked 
increase in the resulting salty taste because of the in- 
creased concentration, while with the syrup product 
the salt is well cared for where it is, and, in addition, 
the sugar being somewhat more soluble in the saliva 
than is the salt, the predominating taste will be that of 
sweetness, thus masking the salty preparation to an 
unusual degree. Accordingly one can see where many 
of the basic medicated elixirs are illogical, and within 
this field alone lies a splendid opportunity for the phar- 
macist who wishes to make use of his professional knowl- 
edge. 

Vehicles consisting of a solution of pleasantly flavored 
volatile oils in syrup or glycerin (1-500) have been suc- 
cessfully employed in producing uniform and stable 
preparations. These vehicles are prepared by adding 2 
ee. of the volatile oil, diluted with 6 cc. of alcohol, to 
500 ec. of glycerin or syrup which has been gently 
warmed. The solution is added a little at a time with 
continuous shaking, and then sufficient glycerin or 
syrup is added to make 1000 cc., and mixed well. 
These vehicles may be kept in stock and used as the 
basis for prescribed medicines, the proper flavor being 
chosen in accordance with the suggestions made above. 
These vehicles are superior to the aromatic waters and 
some tinctures and spirits which have poor keeping 
qualities and lack the savoriness and pleasing aroma of 
the volatile oil itself. 

While the above discussion of vehicles deals entirely 
with the perfection of prescriptions as to taste, oppor- 
tunities are also open for suggestions toward perfecting 
prescriptions from other angles and this is, likewise, a 
field wherein the pharmacist has much specific knowl- 
edge. Under this caption would come the use of High 
Iso-Alcoholic Elixir as a solvent for those substances 
which require alcohol and are relatively insoluble in 
water and the outstanding merits of Bentonite Magma 
as a suspending medium. 

Contacts with physicians, bennae with this simple 
service, may well lead to years of cooperation, and years 
of professional activity otherwise lost through the lack 
of a suitable starting point. And, what is most impor- 
tant is that through such cooperative professional serv- 
ices, the physician and the pharmacist together may 
contribute greatly to public health. ; 


Flavoring Extracts 


By tradition, training, and experience the pharmacist 
is peculiarly well fitted to manufacture and dispense 
flavoring extracts. Before the passage of the Food and 
Drugs Act the flavoring extracts obtainable at the aver- 
age pharmacy were far superior to similar products pro- 
curable at the average grocery. That this condition is 
no longer true is no reflection upon the quality of the 
extracts made by the pharmacist, but is an evidence of 
the effectiveness of legislation in improving the quality 
of commercial products made on a large scale. Sub- 
standard or adulterated flavoring extracts are now rarely 
reported in the list of products upon which prosecutions 
are based for violation of food laws. 

According to a definition given by the U. 8. Depart- 
ment of Agriculture, a Flavoring: Extract is a solution in 
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ethyl alcohol of proper strength, of thé sapid and odorous 
principles derwed from an aromatic plant or parts of the 
plant, with or without its coloring matter, and conforms 
in name to the plant used in its preparation. 

The strengths of flavoring extracts as commonly sup- 
plied are given below. The quantities of the volatile 
oils specified are’ dissolved in 95 per cent alcohol and 
filtered. 


FLAVORING EXTRACTS FROM VOLATILE OILS 
Almond 


1 per soe of almond oil, free from hydrocyanic 
acl 


Anise 3 per cent of anise oil 

Celery 0.3 per cent of celery oil 

Cassia 2 per cent of cassia oil 

Cinnamon 2 per cent of cinnamon oil 

Clove 2 per cent of clove oil 

Lemon 5 per cent of lemon oil 

Lemon (terpeneless) 0.2 per cent of terpeneless lemon oil 
Nutmeg 2 per cent of nutmeg oil 

Orange 5 per cent of orange oil 

Orange (terpeneless) 0.2 per cent of terpeneless orange oil 
Peppermint 3 per cent of peppermint oil 

Rose 0.4 per cent of rose oil 

Savory 0.35 per cent of savory oil 
Spearmint 3 per cent of spearmint oil 

Star Anise 3 per cent of star anise oil 


Sweet Basil 
Sweet Marjoram 
Thyme 
Wintergreen 
FLAVORING EXTRACTS FROM PLANT MATERIALS 
Ginger 


Tonka 


0.1 per cent of sweet basil oil 

1 per cent of sweet marjoram oil 
0.2 per cent of thyme oil 

3 per cent of wintergreen oil 


Contains in each 100 ce. the alcohol-soluble matters from 20 
Gm. of ginger ; 
Prepared from tonka bean, with or without sugar or glycerin, 

and containing 0.1 per cent of coumarin, together with 
the soluble constituents of the tonka bean 
Vanilla Prepared from vanilla bean, with or without sugar or glyc- 
erin, and containing in 100 ce. the soluble matters from 
10 Gm. of vanilla bean 


In labeling flavoring extracts care must be taken to avoid such 
descriptive terms as “‘concentrated,’”’ ‘double strength,” etc., 
unless they are actually true. Extracts which are not of full 
standard strength must be labeled correctly as “‘half strength” or 
whatever they happen to be. Extracts which are not made from 
the genuine flavoring materials in any particular case must be 
labeled “imitation” or “substitute.” A vanilla extract which 
contains added vanillin, tonka, or coumarin may not be labeled 
“vanilla compound,” but must be labeled “imitation vanilla” or 
“vanilla substitute.’ Labels must also state ‘Artificially Col- 
ored,”’ if color is added, and the coloring agents must be named. 
Any other method of labeling is in violation of the law and sub- 
jects the seller to the risk of prosecution. See ‘“‘Pharmaceutical 
Laws’ (page 1095) for additional regulations governing the labeling 
and sale of pharmaceutical products. 

Formulas for Vanilla Extract and Essence of Vanillin are found 
below under Vanilla (page 966) and Vanillin (page 967). 


WALNUT FLAVOR (ARTIFICIAL) 


ROCESS OU LOM Seer Se ini is Bt ies. ec attne eae el here e soa We Sibu 
MALCHIAUMEIMICEXTFACE.. 6, ss os cee tet cc gr mee ces cee es ADE THO: 
Glycyrrhiza Fluidextract........ Re ee eee eo Ih filaya 
Henvoreckshluidextract .o566. cee ck ie gs ene esas 0.5 fl. oz. 
p-Cresol Methyl Ester............. PE ete aad ane ahen = 15 min. 


Mix the last four ingredients together, then add the vanillin 
solution which is made by dissolving 3 Gm. of vanillin in 75 ce. 
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of alcohol and making up to 360 ce. with water. Let it stand over- 
night and filter clear. 


GRAPE FLAVOR (ARTIFICIAL) 


Benzviabityratermiery cia uch cena ia mare m i te 5.25 fl. oz. 
INMCCMVIEARUNTARIALG meme aia Merc erene tier araiee: iment 225 fl.oz. 
IMICERV IES alicVialemenmete theses =, sect e Oe eee 0.25 fl. oz. 
ATMIVIMVAlCriaAnate cq menace © sy deyotra cores ec ete perce 0.25 fi. oz. 
Walerianieluidextractsaease a. mon race teen iac See iltO Ze 
UVB S COlAtC ear teen tacit pein Aeneas ai oe ae eam 8 fl. oz. 
ALCOHO le eet eS EY Chara cine eigterciere tacts, aoe 75 Jil, CYA, 
Concord’Graperlaice mrss ain oe cee sere elton tries 62.5 fi. oz. 
GIN COnin mre ye erect ra): eis chen aseuore or hear SMe ood a eee WAG) ily Oe 
CertinedseooduColoningan. 2 ee ees ode Cee qs. 

aD ULVARELODIONALG ameter aarti cine fle ous clan choke cite | fl. oz. 
CiNHAMYIGELOPlON alee nce care ee hs eee oe Ghee oe 0.5 fi. oz. 


Mix the ingredients in the order named and let the mixture 
stand for 24 hours. Keep tightly stoppered. Filter until clear. 
PASTE FLAVORS 


Paste flavors are prepared by adding a suitable quantity 
of volatile oil to the following base: 


GUY Ge niente asics cikc ets afedsus pe cre era .e suenepaia oneueyelere s.c10-e 3 10 fl. oz 
Glucosemarn nett fatoichct ok DIC ErCRCRED Cet oa Ree aes LES 3015 oye 
SUCTOSE MOOW. CELE bes epatraceste irae earners cette sare ears) ohana 20 oz. av 
COLOR Rpts siste ager ete concuciie < adeutits(issa%, staan site wee phaie ab qs. 


Warm the glucose without boiling and incorporate the glycerin 


and color. Add the quantity of oil specified in the following 
table and finally form a smooth paste with the sucrose. Store in 
tight containers in a cool place. 
Quantity of Oil per Gallon 
NLT OD Clieeegeuntete feaico nb. 6 ate Als co,.c-austets lays weasieuvie ele ate suc iets" e 1.28 fil. oz- 
MLS CPD eee ese Sorts Ime ak sid he el sye re eee toaeen ete 3.875 fl. oz- 
(CMO RTE 5 ccd GEYSER IRR Re eaOre ec Orcre ce acer a ae 0.47 fi. oz. 
(COPEAST OYE Srceauct COM aOR eR ENO Cechche 60 Ec LCrCRGR ae enone Paar 2.6 fi: oz. 
CLOVES PRC IR eae ess cher eect wise Pasolelelaye b drsih volar ese ae ZO) Ale -OZs 
WEG TRG IRENE esate ake ea, <P ia Gece raw alas jetansusfig as mierteslia’s, S166 6.5 fi. oz. 
INLET C DEMME ve teoeietoieseh ce arttovacsheteic ler sieust civ wo corevalenevtyeres 2-0 fly oz: 
COTATNE Cree reciente iets forests oo ate e loicia we Beate CxS meal OZs 
Beppe mri tite mercer isis ie ore acer sys sevayore Salis © Ay sah «yoo oe 3.875 fl. oz. 
ROSCME aa tayo eis onary aeibenise ee pete Ee 0.28 fi. oz. 
SP CALI tease ernst si veanasetel ol she secs eae ietans okey sey eieuatane 3.875 fl. oz. 
WHTITENOne © Memy cates ci rencyate sidilons stots Gousha sre oases touane uaceiace tats 3.875 fl. oz. 
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OFFICIAL FLAVORING AGENTS 


The pharmacist is able to produce any kind of flavor 
desired by preparing the following official and unofficial 
substances and then blending them with pharmaceutical 
knowledge and skill to form the most suitable vehicle. 
The choice of combinations is almost unlimited, as will 
be seen when the titles given below are carefully studied 

as regards pope en, color, odor, taste, solvent 
properties, and stability. 


ACACIA SYRUP—See Carbohydrates (page 751). 
ALTHEA SYRUP—See Carbohydrates (page 751). 
ANETHOLE—See Volatile Oils (page 725). 


ANISE N. F.—See Volatile Oils (page 725). 

ANISE OIL U. S. P.—See Volatile Oils (page 725). 
ANISE SPIRIT N. F.—See Volatile Oils (page 725). 
ANISE WATER U. S. P.—See Volatile Oils (page 725) 


AROMATIC ELIXIR U. S. P. Elixir Aromaticum 


{Elix. Arom.—Simple Elixir, Sp. Elixir Aromatico] 


Metric Alternative 
Compound Orange Spirit. ....... 6.85.60 12 cc. 184 min. 
SV MU icteretmemiiere ct tr letn chee otetla esos, sestate fo shen DOECGs 12 fl. oz. 
ARNG aio 2 ty SIGE 5. Shh Gey OO ITCH ORC REPRO tec: te 30 Gm. 1 oz. av. 
Alcohol, : 
Distilled Water, each, a sufficient quantity, 
He STO, Gc cine Oot ORO RERELE Dee IO 1000 cc. 2 pints 
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To the compound orange spirit add enough alcohol to make 250 
ce. (8 fl. oz.). To this solution add the syrup in several portions, 
agitating vigorously after each addition, and afterwards add, in 
the same manner, a sufficient quantity of distilled water to make 
the product measure 1000 ce. (2 pints). Mix the tale intimately 
with the liquid, and filter through a filter wetted with dilute alco- 
hol, returning the first portions of the filtrate until a clear liquid 
is obtained. 


The compound spirit is used to insure a uniform pro- 
portion of the several oils (7. e., orange, lemon, coriander, 
and anise), in every lot of the elixir. The alcoholic solu- 
tion also preserves the delicate flavor of the orange and 
lemon for a considerable time. 


Alcohol Content—From 22 to 24 per cent, by volume, of CpH;OH. 
Storage—Keep Aromatic Elixir in tight containers. 


Uses—A pleasantly flavored vehicle, employed in the 
preparation of many other elixirs. The chief objection 
to its extensive use is the high alcohol content (about 22 
per cent) which at times counteracts the effect of other 
medicines. The N. F. offers several vehicle elixirs of 
low alcoholic strength, among them being the com- 
pound almond elixir (about 5 per cent alcohol), aque- 
ous elixir (non-alcoholic), and the compound carda- 
mom and vanillin elixirs (both with about 10 per cent 
alcohol). 


Red Aromatic Elixir N. F. Elixir Aromaticum Rubrum 


[Elix. Arom. Rub.—Red Elixir, Sp. Elixir Aromatico Rojo] ° 


Metric Alternative 
Amaranths Solutio nes setae eerie 14 cc. 215 min. 
AromatictElixit seme casein: 986 cc. 31 fl. oz. 265 min. 
TOM Ake b:5.6).5 eevee ete ofememateeteee 1000 cc. 2 pints 


Mix them. 


Alcohol content—From 21 to 24 per cent, by volume, of CepH50H. 


Uses—A red-colored, flavored vehicle. 


AROMATIC POWDER N. F. Pulvis Aromaticus 


[Pulv. Arom.—Sp. Polvo Aromatico] 


Metric Alternative 
Cinnamon, in fine powder........ 350 Gm. 1 oz. av. 157% gr. 
Ginger, in fine powder........... 350 Gm. 1 oz. av. 157% gr. 
Cardamom Seed, in fine powder... 150 Gm. 280 gr. 
Myristica, freshly grated......... 150 Gm. 280 gr. 
TOs AKG 3. cisteueuynitetines sens seekers 1000 Gm. 4 oz. av. 


Triturate the cardamom seed and the myristica with a portion 
of the cinnamon until they are reduced to a fine powder; add the 
remaining powders, and continue the trituration until a uniform 
mixture is obtained. 


For a description of Aromatic Powder, see the N. F. 
VIII. 


Storage—Preserve Aromatic Powder in well-closed containers. 


Uses—Aromatic Powder is used as a pleasant flavor 
and adjuvant in powders prepared extemporaneously; 
also as an aromatic and flavor in pills. 

Average Dose—1! Gm. (approximately 15 grains). 


BENZALDEHYDE N. F.—See Volatile Ozls (page 718). 


BENZALDEHYDE ELIXIR, COMPOUND N. F.—See 
Volatile Oils (page 719). 


BENZALDEHYDE SPIRIT N. F.—_-See Volatile Oils 
(page 719). ' 
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CACAO N. F. Cacao 


[Cocoa, Prepared Cocoa, Powdered Cocoa, Cocoa Powder, Sp. Cacao] 


Cacao is a powder prepared from the roasted, cured 
kernels of the ripe seed of Theobroma Cacao Linné (Fam. 
Sterculiacez). 


Prepared Cacao yields not more than 22 per cent of 
non-volatile ether-soluble extractive. 


Description and Properties—A pale reddish brown to brown powder 
with a chocolate-like odor and taste, free from sweetness. 
Tests for Purity— 

Ether-insoluble residue—The residue obtained from the Assay 
shows few or no cocoa shells and no cereal starch grains. 
* Crude fiber—Not more than 7 per cent. 

Total ash—Not more than 8 per cent. 

Acid-insoluble ash—Not more than 0.4 per cent. ' 
Assay—A suitable quantity of Cacao is extracted with ether and the 
extract is evaporated to dryness. The residue represents the non- 
volatile, ether-soluble extractive. 
Storage—Keep Cacao in well-closed containers. 


Uses—lIt is used as a food and pharmaceutically as a 
flavor in tablets, syrups, pill coating, troches, ete. 


Cacao Syrup N. F. Syrupus Cacao 


[Syr. Cacao—Cocoa Syrup, Chocolate-flavored Syrup, Chocolate 
Syrup, Sp. Jarabe de Cacao] 


Metric Alternative 
CACO fh ingue tc ayaeioiowtens tee ee 175 Gm 5 oz. av. 368 gr. 
Vanillatlincture svar: ence 50 cc 1 fl. oz. 288 min. 
Gelatin tn2 .jieraenn eee vee 10 Gm 146 gr. 
SUCEOSE Flap. ts ees ced cute nee 800 Gm. 26 oz. av. 309 gr. 
Distilled Water, a sufficient quan- 
tity, 
AO" Malki. Seeker rece eee 1000 cc. 2 pints 


Dissolve the gelatin in 400 ce. of water on a water bath, add the 
sugar, and heat until dissolved. Warm the Cacao in a suitable 
container, add the sugar-gelatin solution slowly, keeping the tem- 
perature at about 80° and stirring constantly until all is added. 
Cool the syrup slowly, occasionally stirring it, and when cool add 
the tincture and sufficient water to make 1000 cc. Mix thor- 
oughly. 


Alcohol Content—From 2 to 3 per cent, by volume, of CepH50H. 
Storage—Keep Cacao Syrup in tight containers, and avoid excessive 
heat. 


~Uses—Cacao Syrup is employed as a pleasantly 
flavored vehicle. It should not be used for patients who 
dislike cacao or are allergic to it. 


CARAWAY U. S. P.—See Volatile Oils (page 726). 

CARAWAY OIL N. F.—See Volatile Oils (page 726). 

ees SEED. _U. S. P.—See Volatile Oils (page 
T2i). ‘ 

CARDAMOM ELIXIR, COMPOUND N. F.—See 
Volatile Oils (page 728). 

CARDAMOM OIL N. F.—See Volatile Oils (page 728). 

CARDAMOM SPIRIT, COMPOUND N. F.—See 
Volatile Oils (page 728). 

CARDAMOM TINCTURE, COMPOUND U. S. P.— 
See Volatile Oils (page 728). 


CHERRY JUICE N. F. Succus Cerasi 


[Suc. Ceras.] 


Cherry Juice is the liquid expressed from the fresh 
ripe fruit of Prunus Cerasus Linné (Fam. Rosacee). 
on Juice contains not less than 1.0 per cent of malic 
acid. 

Preparation—Coarsely crush washed, stemmed, un- 
pitted, sour cherries in a grinder.so as to break the pits 
but not mash the kernels; dissolve 0.1 per cent of 
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benzoic acid in the mixture and allow it to stand at 
room temperature (possibly for several days) until a 
small portion of the filtered juice produces a clear solu- 
tion when mixed with one-half of its volume of alcohol; 
this solution does not become cloudy within 30 minutes. 
Press the juice from the mixture and filter it. 


Description and Properties—A clear liquid with an aromatic, charac- 
teristic odor, and a sour taste. It is affected by light. The color of 
the freshly prepared Juice is red to reddish orange. The refractive 
index is not less than 1.3500 at 25° and the specific gravity is between 
1.045 and 1.075. 

Tests for Purity— 

Residue on ignition—Between 0.35 and 0.55 per cent. 

pH—Between 3.0 and 4.0 at 25°. 

Total solids—Not less than 10 per cent. * 

Reducing sugars—A red precipitate is produced with alkaline cupric 
tartrate T.S. in the clear filtrate remaining after the Juice has been 
treated with lead acetate T.S. in excess and the excess lead removed 
with potassium oxalate (1 in 10). 

Volatile acids—Not more than 1.5 ce. of tenth-normal sodium 
hydroxide is required to neutralize the steam distillate from 25 cc. of 
the Juice. 

Arsenic limit—0.4 part per million. 

Lead limit—5 parts per million. 

Assay—A measured quantity of Cherry Juice is warmed on a water 
bath with calcium carbonate to form calcium malate, which is re- 
moved by filtration. Ammonium oxalate T.S. is added to the filtrate 
to precipitate calcium oxalate, which is collected, washed, and digested 
on a water bath with dilute sulfuric acid. The liberated oxalic acid is 
titrated with standard potassium permanganate solution. Each cc. 
of tenth-normal potassium permanganate is equivalent to 6.704 mg. 
of malic acid. 

Storage—Keep Cherry Juice in tight, light-resistant containers, and 
avoid excessive heat. 


Uses—Cherry Juice is used to prepare Cherry Syrup. 


Cherry Syrup N. F. Syrupus Cerasi 
[Syr. Ceras.—Sp. Jarabe de Cerezo] 


Metric Alternative 
MOMCEIVARIUSICC Hille. bi sc iels.s cs: + lero yeub oo) 6 ATS) GCs 15 fl. oz. 96 min. 
POUL CEOSE Memes iece saree, clos ois alles aie ol 800 Gm. 26 oz. av. 308 gr. 
ENEOLTGS 6 i hae ee 20 cc. 307 min. 
Distilled Water, a sufficient quan- 
tity, j 
WCHMIDTANSO Re ES S265 ss oie ols sth a's 1000 cc. 2 pints 


Dissolve the sucrose in the juice by heating on a water bath, 
cool and remove the scum, Add the alcohol and sufficient dis- 
tilled water to make 1000 ce. (2 pints) of the Syrup. Mix well. 


Alcohol Content—From 1 to 2 per cent, by volume, of CopH50H. 
Storage—Keep Cherry Syrup in tight, light-resistant containers, and 
avoid excessive heat. 


Uses—This Syrup is a pleasantly flavored vehicle 
which is far superior in taste to the ordinary syrup used 
at the soda fountain. It is of particular value in mask- 
ing the salty taste of bromides and chlorides. 


CHLOROFORM WATER N. F.—See Organic H. alogen 
Compounds (page 598). 


CINNAMALDEHYDE N. F.—See Volatile Oils (page 
711). 


CINNAMON U. S. P.—See Volatile Oils (page 709). 
CINNAMON OIL U. S. P.—See Volatile Oils (page 710). 


CINNAMON SPIRIT U. S. P.—See Volatile Oils (page 
710). 


CINNAMON SYRUP N. F.—See Volatile Oils (page 
Oy. 


CINNAMON TINCTURE N. F.—See Volatile Oils 
(page 710). 


Be ONSYATER U.S. P. 
11). 


CLOVE OIL U. S. P.—See Volatile Oils (page 713). 


See Volatile Oils (page 
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COUMARIN N. F. Coumarinum 


{Coumar.—Cumarin, Tonka Bean Camphor, Sp. Cumarina) 


hy | 
Coumarin [OC .H 4CH = CHCO = 146.14] is the lactone 
of ortho-hydroxycinnamic acid. It oecurs naturally in 
the tonka bean (Dipteryx odorata), several plants of 
the genus Melilotus, and in various other plants. It is 
also prepared synthetically. 


Description and Properties—Coumarin occurs as colorless, prismatic 
crystals, with a characteristic, fragrant odor, and a bitter, aromatic, 
burning taste. One Gm. of Coumarin is soluble in about 400 cc. of 
cold water and in about 50 ce. of hot water. It is freely soluble in 
alcohol, ether, chloroform, and in fixed or volatile oils. Coumarin 
melts between 68° and 70°. 
Tests for Purity—Coumarin is required to comply with specific tests 
for Identification, for Distinction from vanillin, and for the absence of 
Acetanilid. 
Storage—Preserve Coumarin in well-closed containers. 
Uses—Coumarin is used as a flavor, fixative, and 


perfume, having the odor known as new-mown hay. 


\ 


ERIODICTYON SYRUP AROMATIC N. F.—See 
Oleoresins (page 737). 

FENNEL N. F.—See Volatile Ozls (page 727). 

FENNEL OIL U. S. P.—See Volatile Oils (page 727). 

FENNEL WATER U. S. P.—See Volatile Oils (page 727). 

GINGER U. S. P.—See Oleoresins (page 737). 

GINGER FLUIDEXTRACT U. S. P.—See Oleoresins 
(page 737). 

oa OLEORESIN N. F.—See Oleoresins (page 

37). 
GINGER SYRUP N. F.—See Oleoresins (page 737). 
GLYCERIN U. S. P.—See Alcohols (page 506). 


GLYCYRRHIZA U. S. P. Glycyrrhiza 


Glycyrrh.—Licorice Root, Liquorice Root, Sweetwood, Italian Juice 
Root, Spanish Juice Root, Sp. Regaliz, Raiz de Orozuz] 

Glycyrrhiza is the dried rhizome and roots of Glycyr- 
rhiza glabra Linné var. typica Regel et Herder known in 
commerce as Spanish Licorice, or of Glycyrrhiza glabra 
Linné var. glandulifera Waldstein et Kitaibel, known in 
commerce as Russian Licorice, or of other varieties of 
Glycyrrhiza glabra Linné yielding a yellow and sweet 
wood (Fam. Leguminose) . 

This well-known root contains 5 to 7 per cent of the 
sweet principle glycyrrhizin, or glycyrrhizic acid which is 
50 times as sweet as cane sugar. This was found by 
Roussin to exist in the root in combination with am- 
monia. The amount present in glycyrrhiza varies 
greatly and no official standard or assay has been 
adopted. 

There is also present in Glycyrrhiza an oleoresinous 
substance to which its slight acridity is due. If alcohol 
or an alkali is used as a menstruum for the root and 
the preparation not treated to deprive it of acridity, 
it will have a disagreeable after-taste. For this reason 
the U.S. P. has adopted boiling water for its extraction 
in both the extract and the fluidextract. 

Description and Properties—Glycyrrhiza occurs as the unground 
root or as a brownish yellow (unpeeled Licorice) or pale yellow 
(peeled Licorice) powder when ground. It yields not more than 2.5 
per cent of Acid-insoluble ash. 

Assay—There is no official assay but the method of Perey A. House- 


man may be used. See A.J. P., 88, 97 (1916) and 93, 456 (1921), and 
OFS cA An Cn O19) (1922): 
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Uses—Glycyrrhiza is valuable in pharmacy chiefly 
on account of the sweet principle. It is one of the most 
efficient substances known for masking the taste of bit- 
ter substances, like quinine. Acids _ precipitate 
the glycyrrhizin and should not be added to 
mixtures in which glycyrrhiza is intended to mask the 
disagreeable taste. Most of the imported Licorice is 
used by tobacco manufacturers to flavor tobacco. It is 
also used in making candy. 


Glycyrrhiza Elixir N. F. Elixir Glyecyrrhize 


lixir Adjuvans, Elixir of Licorice, Sp. Elixir de 
Regaliz, Elixir de Raiz de Orozuz] 


[Elix. Glycyrrh. 


Metric Alternative 
Glycyrrhiza Pluidextractym mere ernie 125 cc 4 fl. oz. 
Aromatic. Elixir. pee tea seen. cima ane 875 cc fl. oz. 


"TOWN GKG A Wierkantshtnsaett oo Curesy ohieica ote “» 2 pints 


Mix and filter. 
Alcohol Content—I*rom 21 to 23 per cent, by volume, of CoHs5OH. 
Storage—Keep Glycyrrhiza Elixir in tight containers. 


Uses—A flavored vehicle and adjuvant. 


Glycyrrhiza Extract U. S. P. 


[Ext. Glycyrrh.—Licorice Root Extract, Licorice, Sp. Extracto de 
Regaliz, Extracto de Raiz de Orozuz, Orozuz) 


Extractum Glycyrrhizae 


An extract prepared from the rhizome and roots of 
species of Glycyrrhiza (Fam. Leguminose). 
Description and Properties—Glycyrrhiza Extract occurs as a brown 
powder or in flattened, cylindrical rolls or in masses. The rolls or 
masses have a glossy black color externally, and a brittle, sharp, 
smooth, conchoidal fracture. The Extract has a characteristic and 
sweet taste which is not more than very slightly acrid. 
Tests for Purity—The U.S. P. specifies that not more than 25 per 
cent of Glycyrrhiza Hxtract is insoluble in cold water. 
Assay—This extract may be assayed for its glycyrrhizin content, by 
the unofficial method given under Glycyrrhiza. 


Uses—A flavoring agent. 


Pure Glycyrrhiza Extract U.S. P. Extractum 


Glyeyrrhize Purum 
[Ext. Glycyrrh. Pur.—Pure Licorice Root Mxtract, Sp. Extracto de 
Regaliz Puro] 

Moisten 1000 Gm. (16 oz. av.) of glyeyrrhiza, in granular pow- 
der, with boiling water, transfer it to a percolator, and percolate 
with boiling water until .the glyecyrrhiza is exhausted. Add 
enough ammonia solution to the percolate to impart a distinetly 
ammoniacal odor, then boil the liquid under normal pressure until 
it is reduced to a volume of about 1500-ce. (11% pints). Filter the 
liquid and immediately evaporate the filtrate until the residue 
has a pilular consistency. 


Pure Extract of Glycyrrhiza is a black, pilular mass 
having a characteristic and sweet taste. It differs from 
the commercial extract in that it is almost completely 
soluble in aqueous mixtures. The large amount of 
filler used in the commercial extract to give it firmness 
renders it unfit to use as a substitute for the pure ex- 
tract. 

Description—A black, pilular mass having a characteristic, sweet 


taste. : 
Storage—Keep Pure Glycyrrhiza Hxtract in well-closed containers. 


Uses—A flavoring agent. 


Glycyrrhiza Fluidextract U. S. P. 
Glycyrrhize 


Fluidextractum 


[Fildext. Glycyrrh.—Licorice Root Fluidextract, Sp. Extracto Fldido 
de Regaliz] 


Metric 
1000 Gm. 


Alternative 


Glycyrrhiza, in coarse powder...... 16 oz. av. 302 gr. 
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Prepare a fluidextract by Process D (page 271), percolating at 
a moderate rate. Add enough diluted ammonia solution to the 
percolate to impart a distinctly ammoniacal odor, then boil the 
liquid actively under normal atmospheric pressure until it is re- 
duced to a volume of about 1500 ce. (14% pints). Filter the liquid, 
evaporate the filtrate on a water bath until the residue measures 
750 ec. (12 fl. oz.), and gradually add 250 ce. (4 fl. oz.) of aleohol 
and enough water to make the product measure 1000 ce. (1 pint). 
Mix thoroughly. 


Storage—Keep Glycyrrhiza Fluidextract in tight, light-resistant con- 


tainers, and avoid exposure to direct sunlight and to excessive heat. 
Alcohol content—From 20 to 24 per cent, by volume, of CopH5OH. 


Uses—A pleasant flavor for use in syrups and elixirs 
to be employed as vehicles and correctives. 
Average dose—2 cc. (approximately 30 minims). 


Glycyrrhiza Syrup U. S. P. Syrupus Glycyrrhize 
[Syr. Glycyrrh.—Licorice Syrup, Sp. Jarabe de Regaliz] 


Metric Alternative 
Glycyrrhiza) Fiunidextracts.. 11-1) ter 250 cc. 89) fimoze 
Fennel Ollcn aeacre tober ct tena 0.05 cc. 0.8 min. 
Anise: Olle) 2.) creme cere reek ore acre 0.50 cc. 8 min. 
Syrup, a sufficient quantity, 33 
howe) cme eet Ae ae oe Re ae ols 1000 Ces 2 pints 


Add the oils to the fluidextract and agitate until thoroughly 


mixed. Then add sufficient syrup to make the product measure 
1000 ce. (2 pints), and mix well. 


Alcohol content—From 5 to 6 per cent, by volume, of CepHs50H. 
Storage—Keep the Syrup in tight containers, in a cool place (prefer- 
ably not above 25°). 

Incompatibilities—The characteristic flavor of the syrup is destroyed 
by acids due to a precipitation of the glyeyrrhizin. 


Uses—A flavoring vehicle, especially adapted to the 
administration of bitter or nauseous substances. 


Unofficial Glycyrrhiza Preparation 


Glycyrrhizinum Ammoniatum (Ammoniated Glycyrrhizin U. S. P. 
IX)—A sweet principle, combined with ammonia, obtained from 
glycyrrhiza. Ammoniated Glycyrrhizin was official for many 
years, but although a valuable flavor it was rarely prescribed, the 
extract or fluidextract being preferred. It is made by percolating 
500 Gm, of ground glycyrrhiza, with a mixture of 175 cc. of water 
and 25 ec. of ammonia water, and then with water, to obtain 500 cc. 
of percolate. Sulfuric acid is then added slowly to the percolate 
until completely precipitated. This precipitate of glycyrrhizin is 
then washed with cold water, again dissolved in ammonia water, 
diluted with an equal volume of water, and the solution spread 
upon plates of glass, so that when dry the product may be obtained 
in scales. Dark brown or brownish red scales, without odor, and 
having a very sweet taste. It is freely soluble in water and soluble 
in alcohol. Uses—This compound is useful in elixirs, syrups, ete., 
whenever the flavor of glycyrrhiza is desired. It is especially 
valuable when mixed with bitter or disagreeable powders to mask 
their taste. 


HONEY—See Carbohydrates (page 748). 


ISO-ALCOHOLIC ELIXIR N. F. Elixir 


Iso-Alcoholicum 
[Elix. Iso-Alc.—Iso-Elixir, Sp. Elixir Iso-Alcoholico] 
LowsAlconolcuelixinnnmcie ns udcior niente tari a certain volume 
High=AlconolicsElixitin. srt esteeeontoto en enn a certain volume 
Mix the ingredients. 
Low-Alcoholic Elixir 
Metric Alternative ~ 
Compound Orange Spirit........ 10 cc 154 min. 
Alcoltolidis.ss:.ate. vievesulsenee orenbin ace 100 cc 3 fl. 02. 96 min. 
Gly Cerin. siauctenreesre carcteneietan ane 200 cc. 6 fl. oz. 192 min. 
SUCKOSC 5.5, sere. eikenahs eles eee aia 320 Gm. 10 oz. av. 298 gr. 
Distilled Water, a sufficient quan- 
tity 
To. Makin sings Sakae ee nee 1000 cc. 2 pints 


Mix the alcohol, glycerin, and 500 ce. (1 pint) of distilled water, 
add the compound spirit of orange, agitate thoroughly from time 
to time, and let stand 24 hours. Filter through a hard filter 
paper, returning, if necessary, the first portions of the filtrate 
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until it passes through clear. Dissolve the sucrose in the filtrate 
by agitation or percolation, and add enough of the solvent mix- 
ture to make the product measure 1000 cc. (2 pints). 


Alcohol Content—From 8 to 10 per cent, by volume, of Cg2H;OH. 
Storage—Preserve Low-Alcoholic Elixir in tight containers. 


High-Alcoholic Elixir 


Metric Alternative 
Compound Orange Spirit.......... ATCCs 61 min, 
SSA GOUAGIM Mo ert oe) ovr S5 dosh sb ecuere e's 3 Gm. 44 gr. 
UM CGIITs ot Ao Seen ere 200 cc. 6 fl. oz. 192 min. 
Alcohol, a sufficient quantity, . 
MIRCOMMAN ICO Bin yy re \S rails. 6 Se heels b 3 1000 cc. 2 pints 


Dissolve the compound spirit of orange and the saccharin in 
700 cc. (22 fl. oz. 192 min.) of alcohol, add the glycerin and suf- 
ficient alcohol to make the product measure 1000 cc. (2 pints), mix 
well, and filter. 


Alcohol Content—From 73 to 78 per cent, by volume, of CoH;OH, 
Storage—Preserve High-Alcoholic Elixir in tight containers. 


TABLE FOR ADJUSTMENT OF ISO-ALCOHOLIC ELIXIR 


Suitable as Vehicle for 


Low-Alcoholic High-Alcoholic Preparations of the Follow- 


Elixir Elixir ing Alcohol Strengths 
Undiluted None 0-10 per cent 
4 volumes 1 volume 10-20 per cent 
3 volumes 1 volume 20-30 per cent 
2 volumes 1 volume 30-40 per cent 
1 volume 1 volume 40—50 per cent 
1 volume 2 volumes 50-60 per cent 
1 volume 3 volumes 60-70 per cent 
None Undiluted 70 per cent or more 


Uses—lIso-Alcoholic Elixir is intended to serve as a 
general vehicle for various medicaments that require 
solvents of different alcoholic strengths. When, there- 
fore, Iso-Alcoholic Elixir is specified in a prescription, 
that proportion of its two ingredients is to be used that 
will produce a perfect solution. 

The alcoholic strength of the Iso-Alcoholic Elixir to 
be used with a single liquid galenical in a prescription 
is approximately the same as that of the galenical. 

When galenicals of different alcoholic strengths are 
used in the same prescription, the Iso-Alcoholic Elixir 
to be used is to be of such alcoholic strength as to secure 
the best solution possible under the circumstances. 
This will generally be found to be the average of the 
alcoholic strengths of the several ingredients. 

For non-extractive substances, the lowest alcoholic 
strength of Iso-Alcoholic Elixir that will yield a perfect 
solution should be chosen. 


LAVENDER SPIRIT U. S. P.—See Volatile Oils (page 
705). 

LAVENDER TINCTURE COMPOUND U S. P.—See 
Volatile Oils (page 705). 

LEMON OIL U. S. P.—See Volatile Oils (page 721). 

LEMON PEEL U. S. P.—See Volatile Oils (page 721). 

~LEMON TINCTURE U. S. P.—See Volatile Orls (page 
721). 

METHYL SALICYLATE U. S. P.—See Esters (page 
550). 

MYRISTICA OIL U. S. P.—See Volatile Oils (page 712). 

MYRISTICA U. S. P.—See Volatile Oils (page 712). 

ORANGE FLOWER OIL N. F.—See Volatile Ozls (page 
723). 

ORANGE FLOWER SYRUP U. S. P.—See Volatile 
Oils (page 724). 

ORANGE FLOWER WATER U. S. P.—See Volatile 

_ Otls (page 724). 

ORANGE OIL U. S. P.—See Volatile Oils (page 723). 

ORANGE PEEL, SWEET U. S. P.—See Volatile Ozls 

(page 722). 


a ae ‘ 
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ORANGE PEEL, SWEET, TINCTURE U. S. P.—See 
Volatile Oils (page 723). 

ORANGE SPIRIT, COMPOUND U. S. P.—See Vola- 
tile Oils (page 723). 

een SYRUP U. S. P.—See Volatile Oils (page 

ae OIL U. S. P.—See Volatile Oils (page 

PEPPERMINT SPIRIT U. S. P.—See Volatile Oils 
(page 706). 

PEPPERMINT WATER U. S. P.—See Volatile Oils 
(page 707). 


RASPBERRY JUICE N. F. Succus Rubi Idei 
{[Suc. Rub. Id.] 


eee Juice is the liquid expressed from the 
fresh ripe fruit of varieties of Rubus idaeus Linné or of 
Rubus strigosus Michaux (Fam. Rosacee). 

Preparation—Raspberry Juice contains not less than 
1.5 per cent of citric acid [HsCg.H;0,.H2O0]. It may 
be prepared as follows: 

Express the juice from washed, well-drained fresh 
ripe red raspberries; dissolve 0.1 per cent of benzoic 
acid in the expressed Juice and allow it to stand at room 
temperature (possibly for 7 days) until a small portion 
of the filtered Juice produces a clear solution when 
mixed with one-half of its volume of alcohol; this solu- 
tion does not become cloudy within 30 minutes. Strain 
the Juice from the mixture or filter it, if necessary. 


Description and Properties—A clear liquid with an aromatic charac- 
teristic odor and a characteristic sour taste. The freshly prepared 
Juice is red to reddish orange. It is affected by light. Its specific 
gravity is between 1.025 and 1.045 at 25°. Its refractive index is not 
less than 1.3445. An olive-brown to yellow-green color develops 
when 2 cc. of half-normal sodium hydroxide is added to an equal vol- 
ume of the Juice. 

Tests for Purity— 

Residue on ignition—Between 0.25 and 0.45 per cent. 

Hydrogen-ion concentration—Between 2.75 and 3.75 at 25°. 

Total solids—Not less than 5 per cent. 

Reducing sugars—A red precipitate is produced with alkaline cupric 
tartrate T.S. in the clear filtrate remaining after the Juice has been 
treated with lead acetate T.S. in excess and the excess lead removed 
with potassium oxalate (1 in 10). 

Volatile acids—Not more than 10 ec. of tenth-normal sodium 
hydroxide T.S. is required to neutralize the steam distillate from 100 
ec. of the Juice. 

Absence of coal-tar dyes—The filtrate from 10 cc. of the Juice shaken 
with 0.4 Gm. of yellow mercuric oxide is nearly colorless to pale brown. 

Arsenic limit—10 parts per million. 

Assay—Exactly 10 cc. of Juice is evaporated to dryness on a water 
bath repeatedly adding 10 cc. of water after each evaporation. The 
residue is dissolved in 10 cc. of water, 1 Gm. of magnesium oxide is 
added and the mixture is heated for 5 minutes on a water bath, filtered, 
and washed. To the filtrate are added 50 cc. of water, 20 cc. of so- 
dium phosphate T.S., and 20 ce. of ammonia T.S. The mixture is 
allowed to stand 3 hours and then filtered. The precipitate is washed 
and ignited to constant weight. Hach Gm. of residue is equivalent to 
1.258 Gm. of CgHgO7.H20. ; 
Storage—Keep Raspberry Juice in tight, light-resistant containers 
and avoid excessive heat. 


Raspberry Syrup N. F.. Syrupus Rubi Idei 
[Syr. Rub. Id.] 


Metric Alternative 
Raspberry, Juicelsa. ssc ce 6 oe. s 475 cc 15 fl. oz. 96 min. 
SUCEOSCr ee ee tert oeie ul stot ats aus een ae 800 Gm. 26 oz. av. 308 gr. 
AlConOIGE Aopen a oreo ces 20 cc 307 min. 
Distilled Water, a sufficient quan- 
tity, 
ARowmaKkerwartarier as tparcct css erste 1000 cc. 2 pints 


Dissolve the sucrose in the raspberry juice by heating on a water 
bath, cool, and remove the scum. Add the alcohol and sufficient 
distilled water to make 1000 ce. (2 pints) of the Syrup. Mix well. 


Alcohol Content—From 1 to 2 per cent by volume of CeH50H. 
Storage—Keep Raspberry Syrup in tight, light-resistant containers 
and avoid excessive heat. 
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Incompatibilities—The juice from which this Syrup is prepared is re- 
quired to contain not less than 1.5 per cent of citric acid. The Syrup, 


therefore, has reactions characteristic of this acid, notably its in- 
compatibility with alkaline substances. 
Uses—Raspberry Syrup is a pleasantly flavored 


vehicle used to disguise the salty taste of drugs such as 
the bromides. 


ROSE OIL U. S. P.—See Volatile Oils (page 719). 
ROSE WATER, STRONGER U.S. P.—See Volatile 
Oils (page 719). 


SACCHARIN U.S. P. Saccharinum 
[Saccharin.—Gluside, Benzosulfinide, Sp. Sacarina, Glusida] 


C= “. 


Saccharin, when dried at 100° for 3 hours, contains 
not less than 98.5 per cent of C7HsO03NS (183.18). 

Preparation—Saccharin is made from toluene by the 
following series of reactions. First the toluene is re- 
acted with chlorosulfonic acid to form the orthotoluene- 
sulfonyl chloride. This is then reacted with ammonia 
to form the sulfonamide. The aliphatic side chain is 
oxidized with dichromate yielding orthosulfamyl- 
benzoic acid which, when heated, forms the cyclic imide, 
Saccharin. 


Description and Properties—White crystals or a white crystalline 
powder. Odorless or with a faint aromatic odor. In dilute solution 
Saccharin is from 300 to 500 times as sweet as sucrose. Its solutions 
are acid to litmus paper. One Gm. dissolves in 290 cc. of water and 
in 31 ce. of alcohol, or in 25 ce. of boiling water. It is slightly soluble 
in chloroform and in ether and is readily dissolved by dilute solution 
of ammonia, by solutions of alkali hydroxides, and by solutions of 
alkali bicarbonates with the evolution of COg. The hydrogen at- 
tached to the nitrogen is weakly acidic and reacts, therefore, with 
alkalies. The melting point of Saccharin is not below 224°. When 
Saccharin is heated with resorcinol and sulfuric acid, allowed to cool, 
and diluted with an excess of sodium hydroxide T.S., a green fluores- 
cence is produced. 

Tests for Purity— 

Loss on drying—Not more than 1 per cent. 

Residue on ignition—Not more than 0.2 per cent. 

Readily carbonizable substance—200 mg. in 5 cc. of sulfuric acid, 
kept at a temperature of from 48° to 50° develops no more color in 10 
minutes than Matching fluid A (page 1059). 

Benzove and salicylic acids—Ferric chloride T.S. produces no pre- 
cipitate or violet color in a hot saturated solution of Saccharin. 

Heavy metals limit—20 parts per million. 

Assay—An accurately weighed quantity of Saccharin, previously 
dried, is dissolved in hot water and titrated with tenth-normal sodium 
hydroxide using phenolphthalein T.S. as the indicator. Hach cc. of 
pega att sodium hydroxide is equivalent to 18.32 mg. of C7H5- 
3 wD. 
Storage—Keep Saccharin in well-closed containers. 


Uses—Saccharin is an intensely sweet substance. A 
60-mg. portion of Saccharin is equivalent in sweetening 
power to approximately 30 Gm. of sucrose. It is used 
as a sweetening agent in vehicles, canned foods, bev- 
erages, and in diets for diabetics to replace the sucrose. 
The relative sweetening power of Saccharin is increased 
by dilution. 


Saccharin Sodium U. S. P. Saccharinum Sodicum 


[ Saccharin. Sod.—Soluble Saccharin, Soluble Gluside, Soluble Benzo- 
sulfimide, Sp. Sacarina Sdédica] 
C=O 
Kore 
NNa.2H20 


x 
Oz 


FLAVORING AGENTS 


Saccharin Sodium [C,H,OsNSNa.2H.O = 241.20], 
when dried at 125° for 5 hours, contains not less than 
98.5 per cent of anhydrous Saccharin Sodium. 


Description and Properties—White crystals or a white crystalline 
powder. Odorless or with a faint aromatic odor and an intensely 
sweet taste even in dilute solutions. It is from 300 to 500 times as 
sweet as sucrose. When in powdered form if usually contains about 
one-half the amount of water of hydration due to efflorescence. One 
Gm. dissolves in 1.5 ce. of water and in about 50 ce. of aleohol. A 
crystalline precipitate of Saccharin is produced when 1 cc. of hydro- 
chloric acid is added to 10 ce. of a 1 in 10 solution of Saccharin Sodium. 
Tests for Purity— 

Free alkali—A 1 in 10 solution of Saccharin Sodium is neutral or 
only slightly alkaline to litmus paper. It produces no red color with 
phenolphthalein T.S. 

Loss on drying—Not more than 15 per cent. 

Benzoate and salicylate—No precipitate or violet color is produced 
by ferric chloride T.S. in a 1 in 20 solution of Saccharin Sodium acidu- 
lated with acetic acid. 

Heavy metals limit—20 parts per million. 

Readily carbonizable substances—Same as for Saccharin. 
Assay—An accurately weighed quantity of Saccharin Sodium, previ- 
ously dried, is dissolved in water. Saccharin is precipitated with 
hydrochloric acid and extracted with a solvent composed of 9 volumes 
of chloroform and 1 volume of alcohol. The extract is evaporated to 
dryness, the residue dissolved in hot water, cooled, and titrated with 
tenth-normal sodium hydroxide, using phenolphthalein as the indi- 
cator. Each ce. of tenth-normal sodium hydroxide is equivalent to 
20.52 mg. of C7H4gO3NSNa. 

Storage—Keep Saccharin Sodium in well-closed containers. 


Uses—Saccharin Sodium has the same uses as Sac- 
charin U.S.P. but has the advantage of being more 
soluble in neutral solutions. 


Saccharin Sodium Tablets U.S. P.* Tabellz Saccharini 
Sodici 


[Tab. Saccharin. Sod.—Soluble Saccharin Tablets, Sp. Tabletas de 
Sacarina Sdédica] 


Saccharin Sodium Tablets contain not less than 95 
per cent and not more than 110 per cent of the labeled 
amount of C;H4zO3;NSNa.2H.0. 


Tests for Purity— 

Ammonium salts—The odor of ammonia is not noticeable when a 
quantity of powdered Saccharin Sodium Tablets is warmed with 
sodium hydroxide T.S. y ‘ E . 
Assay—A counted number of Saccharin Sodium Tablets is weighed 
and reduced to a fine powder. An aliquot portion of the powder is 
refluxed with hydrochloric acid for 1 hour, cooled, and diluted with 
water. Sodium hydroxide solution (30 per cent) is added and the 
solution is distilled. The distillate is collected in an accurately meas- 
ured quantity of tenth-normal sulfuric acid, the excess acid is titrated 
with tenth-normal sodium hydroxide, using methyl red T.S. as the 
indicator. Perform a blank test and make any necessary correction. 
Each ec. of tenth-normal sulfuric acid is equivalent to 24.12 mg. of 
C7H403NSNa.2H20. 2 ¢ 4 
Storage—Keep Saccharin Sodium Tablets in well-closed containers. 


Uses—These tablets are sold in convenient sizes for 
use as a sweetening agent by diabetics. 


SHERRY WINE N. F.—See Alcohols (page 503). 
SPEARMINT OIL U. S. P.—See Volatile Oils (page 


707). 

SPEARMINT SPIRIT U. S. P.—See Volatile Oils (page , 
708). 

SPEARMINT WATER U. S. P.—See Volatile Oils (page 
708). 


SUCROSE U. S. P.—See Carbohydrates (page 749). 
SYRUP U. S. P.—See Carbohydrates (page 750). 


VANILLA N. F. Vanilla 
[Vanill,—Vanilla Bean, Sp. Vainilla] 


Vanilla is the cured, full-grown, unripe fruit of Vanilla 
planifolia Andrews, known in commerce as Mexican or 
Bourbon Vanilla, or of Vanilla tahitensis Moore, known 
in commerce as Tahiti Vanilla (Fam. Orchidacez). 


FLAVORING AGENTS 


Vanilla yields not less than 12 per cent of anhydrous ex- 
tractive soluble in diluted alcohol. 

Constituents—This valuable drug contains a trace of 
a volatile oil, 10 per cent of fixed oil, resin, sugar, etc., 
and vanillin [CgHgOs] which is methylprotocatechuic 
aldehyde, and is officialin the U.S. P. The highest grade 
comes from Madagascar; considerable quantities of the 
drug are also produced in Mexico. In certain brands 
of vanilla-flavored ice cream, tiny specks of Vanilla may 
be noted. Adulteration of Vanilla may be detected by 
determination of the lead number, which is a measure 
of the amount of Vanilla resins present. This procedure 
involves the precipitation of the lead soaps.1. TheN. F. 
VIII gives a description of Unground Vanilla. 
Tests for Purity—Vanilla is required to meet a specific test for 
Vanillin. 
Assay—Place 2 Gm. of Vanilla, finely cut or in coarse powder and 
- accurately weighed, into a suitable flask. Add 70 cc. of diluted alco- 
hol, shake the mixture for 2 hours in a mechanical shaker or during 8 
hours at about 30-minute intervals, and allow it to stand overnight. 
Then decant the liquid onto a filter, and wash the flask and residue of 
drug with small portions of diluted alcohol, passing the washings 
through the filter until the filtrate measures 100 ce. Mix the filtrate 
well, evaporate a 50-cc. portion to dryness in a suitable tared con- 
tainer on a water bath, and dry the residue to constant weight at 110°. 
The weight obtained represents the yield of anhydrous extractive 
soluble in diluted alcohol from 1 Gm. of Vanilla. 


Storage—Preserve Vanilla in a cool place in tight containers where it 
will not become brittle. 


Note—Vanilla which has become brittle should not be 
used. 
Uses—Vanilla is used as a flavor. 


Vanilla Tincture N. F. Tinctura Vanillee 


{Tr. Vanill.— Sp. Tintura de Vainilla] 


Metric Alternative 
Vanilla, cut into small pieces....... 100 Gm. 302. av. 148 gr. 
Sucrose, in coarse granules......... 200 Gm. 602. av. 296 gr. 
Alcohol, 
Diluted Alcohol, 
Water, each, a sufficient quantity 
ING) TENGE a 5 EEC Re Ce 1000 cc. 2 pints 


Add 200 ce. (6 fl. oz. 192 min.) of water to the comminuted 
vanilla, in a suitable covered container, and macerate during 12 
hours, preferably ina warm place. Add 200 cc. (6 fl. oz. 192 min.) 
of alcohol to the mixture of vanilla and water, mix well, and 
macerate about 3 days. Transfer the mixture of vanilla and 
fluid to a percolator containing the sucrose, and drain; then pack 
the drug firmly, and percolate slowly, using diluted alcohol as the 
menstruum. If the percolator is packed with an evenly distrib- 
uted mixture of the comminuted vanilla, sucrose, and clean, dry 
sand, the increased surface area permits more efficient percolation. 


This Tincture is unusual in that it is the only official 
one in which sucrose is specified as an ingredient. 


Alcohol Content—From 38 to 42 per cent, by volume, of CgpHs5OH. 


Uses—A flavoring agent. A Pure Vanilla Extract, 
as prepared commercially, is given below. 


PURE VANILLA EXTRACT 


DRE BOMOUIC RPS re nis cco sinuses wiacoiiua’s wees wie ka 16 oz. av 
GR Cetin Merny ALE Cm). Pas eieicecavebe nate sib ieyaje ale see ds 13 fl. oz 
SAMFGLUD. . O-. Mout ORS gt Danieken EEA een eet aie ae 16 fl. oz 
SINUS? oo oy ee de Re RS eee OTe eee 112 fl. oz 
ENVIS) LEC) PME Shee tars a colrcyenadatollai ay ate eianersie:aocue eres 6 6s 144 fl. oz 


Heat the water to boiling and pour over the vanilla in a wooden 
keg which has been thoroughly cleaned. Macerate 24 hours and 
then add the glycerin and alcohol. Let stand for 48 hours and 
then add the syrup. Macerate for at least 1 month, preferably 
longer, then filter until clear and bottle in tight containers. 

Note—The vanilla bean which is used must conform to official 
standards in order to produce an extract of highest quality and 
finest flavor. The longer this extract is permitted to remain in 
the keg, the more full flavored it becomes due to the process of 
transesterification, which was mentioned (page 959). 


1See Official Methods of Analysis of A.O.A.C. 
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VANILLIN U. S. P. Vanillinum 
[Vanillin.—Sp. Vainillina] 
OH 
OCHs 


CHO 


Vanillin is methylprotocatechuic aldehyde [C.H3.- 
CHO.OCH;.OH = 152.14]. 

Preparation—Vanillin may be obtained from vanilla, 
which contains from 2 to 3 per cent. It is also found in 
many substances, and in the tissues of certain plants, in 
crude beet sugar, asparagus, and even in asafetida. 
The vanillin of commerce is made artificially, and, while 
chemically identical with the product obtained from 
the ‘‘vanilla bean,’’ owing to the fact that the vanilla 
contains other odorous products, “flavoring prepara- 
tions,’ made from vanillin, never equal in flavor the 
preparation in which vanilla alone is used. Vanillin is 
made synthetically by oxidizing either coniferin or 
eugenol, by treating guaiacol with chloroform in the 
presence of an alkali, and by other methods. It is fre- 
quently adulterated. Some of the substances which 
have been detected are acetanilid, boric acid, benzoic 
acid, sugar, and coumarin. 


Description and Properties—Fine, white to slightly yellow crystals, 
usually needle-like, having an odor and taste suggestive of vanilla. 
It is affected by hight. Its solutions are acid to litmus. It melts be- 
tween 80° and 82°. One Gm. dissolves in about 100 cc. of water and 
in about 20 ce. of glycerin; 1 Gm. dissolves in 20 cc. of water at 80°; 
it is freely soluble in alcohol, chloroform, ether, and in solutions of the 
fixed alkali hydroxides. It is completely extracted from its ether solu- 
tion by shaking with a saturated solution of sodium bisulfite, from 
which it is precipitated by acids. A cold solution of Vanillin yields 
a white precipitate with lead subacetate T.S., which is sparingly sol- 
uble in hot water but soluble in acetic acid. 
Tests for Purity— 

Loss on drying over sulfuric acid for 4 hours—Not more than 1 per 
cent. 

Residue on ignition—Not more than 0.05 per cent. 
Storage—Keep Vanilla in tight, light-resistant containers. 
Incompatibilities—It combines with glycerin, forming a compound 
which is almost insoluble in aleohol. It is decomposed by alkalies and 
is slowly oxidized by the air. 


Uses—Vanillin is used only as flavor. It is some- 
times sold as a synthetic substitute for vanilla for flavor- 
ing foods. A typical essence formula follows: 


Compound Essence of Vanillin 


Weevil an epsrcrete scrote ercniere ate cuevate wavelet eae Tae onebavzasheyeray ees 90 grains 
COUTMATUT sere tte ac or aCe Ucn Sil nM re tete hata Taner 6 grains 
EA TCO Seo mice aoe aa te ayere tt Ge! ASK wit foveal) dalimensfeilada) &.clavts 6 fi. oz. 
GI Cerin ae: sycevy.t xe layers emia raltias «i ottaolerane pus jetsuolhererolsiere inal cts 4 fl. oz. 
Svan tye ett aver ersten ete caaaet aisha co sTeheveleigs onal erethelouclad ates svataraers 4 fl. oz. 
Compounds Dinefureiot i Gudea mcyaleteiet-vol-l vel lolelas el. 1 fl. oz. 
Water, a sufficient quantity, 

Nowra kceneiiacir remeron sre -cisisuateoachenstaveinteusielsiste helaietayete 32 = fl. oz. 


Compound Vanillin Elixir N. F. Elixir Vanillini 


Compositum 


[Elix. Vanillin. Comp.—Sp. Elixir de Vainillina Compuesto] 


Metric Alternative 
Compound Vanillin Spirit.......... 20 cc. 307 min, 
PM ery 110) lee. don, 6 Gach eH Ore CO EMCRO ORSON Cn 80 cc. 2 fl. oz. 269 min. 
(COMES HING si cua ain ab oi Ob abio Siord dCi 25 cc. 384 min. 
EO Oi tgus ol a'o 0 aes BlatpibtnttG ono ckbRcMpRe tc 300 cc. 9 fl. oz. 288 min. 
CGaraiiel pr wcntaens oor ove sh-lscntugele aa 2 Gm 29 gr. 
Distilled Water, a sufficient quantity, 
oyna: Niteys & Stan ptaoticn BuO IoD 1000 cc. 2 pints 


Mix the compound vanillin spirit with the alcohol, add the 
glycerin, the syrup, and 570 ce. (18 fl. oz. 115 min.) of distilled 
water, in several portions, shaking the mixture thoroughly after 
each addition. Then add the caramel and sufficient distilled 
water to make the product measure 1000 ce. (2 pints), mix well, 
and filter, if necessary, until the product is clear. 
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Alcohol Content—From 7 to 9 per cent, by volume, of CeH50H. 
Storage—Preserve Compound Vanillin Elixir in tight containers. 


Uses—A pleasantly flavored vehicle of low alcoholic 
content. 


Compound Vanillin Spirit N. F. Spiritus Vanillini 


Compositus 
[Sp. Vanillin Comp.—Sp. Espiritu de Vainillina Compuesto] 
Metric Alternative 
Vaniillin ¢ $2055 camer Cb Peicens 200 Gm. 1 oz. av. 293 gr. 
Orange, Oil... ....csaeeum eee 50 cc 192 min. 
Cardamom. Oil. .\c-o44 oon oree 10 cc 38 min, 
Cinnamon Oil) cee ee eee SCC 19 min. 
Alcohol, a sufficient quantity, 
Tommakes soe ia greener eevee 1000 cc. 8 fl. oz. 


Dissolve the vanillin and the oils in sufficient alcohol to make 
the product measure 1000 ce. (8 fl. 0z.). 


Alcohol Content—From 65 to 71 per cent, by volume, of CeHs5OH. 
Storage—Preserve Compound Vanillin Spirit in tight, light-resistant 
containers. 


Uses—As the flavor for the official vehicle elixir (see 
above). 


Unofficial Fruits 


In addition to the official substances described above, many un- 
official preparations are frequently employed in flavoring prescrip- 
tions, For example, the unofficial Jwices (page 229) and Waters 
(page 225) are palatable vehicles and the following list of common 
fruits presents the pharmacist with a wide field for experimentation in 
the preparation of flavors. 


Apple—The fruit of Pyrus Malus. The constituents are 7 to 10 per 
cent sugar, 44 to 1 per cent free acid, and 5 per cent each albuminous 
and pectinous substances. The fermented juice of the apple is 
termed cider or vinegar, depending on the type and degree of fermen- 
tation. 

Apricot—The fruit of Prunus Armeniaca. The average constituents 
are 1 to 2 per cent sugar, 144 to 1 per cent free acid, 14 to 1 per cent 
albuminous substances, and 5 to 10 per cent pectinous substances. 

Banana—The fruit of Musa sapientum and other species. The average 
composition is water 75.3, protein 1.3, fat 0.6, sugar 15, starch 5. 


FLAVORING AGENTS 


Blackberry (Rubi Fructus, N. F. 1V)—The fresh, ripe fruit of varieties 
of Rubus nigrobaccus Bailey or Rubus villosus Aiton (Fam. Rosa- 
cee). An aggregate fruit, ovate to oblong, rounded or slightly 
pointed, composed of numerous, shining black drupelets attached 
to an esculent receptacle; pericarp externally smooth or with only 
a few hairs (R. villosus), mesocarps fleshy, juice purple-red, endo- 
carps hard, black surfaces deeply wrinkled. It is used as a flavor- 
ing agent, chiefly in remedies for diarrhea such as Blackberry Cor- 
dial. 

Cranberry—The bright red, acid berry produced by an Ericaceous 
plant of the genus Ozycoccus. It is much used for making sauce, 
jelly tarts, etc. 

Currant—The fruit of Ribes rubrum. The average constituents are 4 
to 7 per cent sugar, 1 to 2 per cent free acid, 4% to 4% per cent 
albuminous substances, and 4% per cent pectinous substances. 

Fig—The oblong or nearly globose fruit of the fig tree (Ficus carica). 
The fruit is pulpy when ripe and is eaten raw, or preserved, or dried 
with sugar, in which form it is generally known. 

Gooseberry—The fruit of Ribes Grossularia. The average constitu- 
ents are 6 to 8 per cent sugar, 1 to 14% per cent free acid (chiefly 
citric), 4% per cent albuminous substances, and % to 2 per cent 
pectinous substances. 

Huckleberry—The edible black or dark blueberry of any species of 
Gaylussacia, the common market variety being G. resinosa. This 
name is frequently applied to the Blueberry which is a species of 
Vaccinium and contains numerous minute seeds, while the huckle- 
berry contains ten nutlets. 

Orange—The large globose fruit of the rutaceous tree Citrus Auran- 
tium. The orange botanically is a berry, consisting of ten or more 
separate pulpy carpels, each containing several seeds. These are 
covered by a yellowish, leathery rind containing many oil glands. 
The juice contains citric acid and some sugar. 

Peach—The fruit of Amygdalus Persica. The average constituents 
are 1144 per cent sugar, 44 per cent free acid, % per cent albuminous 
substances, and 6 per cent pectinous substances. 

Pear—The fruit of Pyrus communis. The average constituents are 
7 per cent sugar, 1 per cent free acid, 14 per cent albuminous sub- 
stances, and 3 per cent pectinous substances. 

Pineapple—The fruit of Ananas sativa. The juice contains 2 per cent 
sugar, 1 per cent free acid, and 3 per cent albuminous and pectinous 
substances. 

Plum—The fruit tree belonging to the genus Prunus. The average 
constituents are about 1 to 2 per cent sugar, 4% to 1 per cent free 
acid, 4% per cent albuminous substances, and 2 to 11 per cent pec- 
tinous substances. 

Pomegranate—The somewhat angular fruit resembling an orange in 
size and color, of a tropical, Asiatic Punicaceous tree, Punica 
Granatum, It has a hard rind and many seeds in a crimson pulp of 
agreeable acid flavor which may be eaten uncooked or made into a 
beverage. 

Strawberry—The fruit of different species of Fragaria. The average 
constituents are 3 to 7 per cent sugar, 1 per cent free acid, 4% per 
cent albuminous substances and 2 per cent pectinous substances. 


UNOFFICIAL SYRUPS 


CHERRY VEHICLE (SUGARLESS): 


PACS CLE ate assis ise Shere, art eo ee aha ehacalinetgahaee Seater ca stter s olin ay Saban dey an EP 150 Gm 
Cherry Pla wor cz5 vercsaier sv reeraecnal kG os scbalovae se otersae no hsordiaere ame 1 ce. 
Amaranth Solution socks shatemen. acatemcaiekanra etstern cree tek ciebercrea rears 3 ce. 
Saccharin’ Sodium....c4 saci o akrooren eon wtih actor ae 1 Gm 
Sodium’ Ben Zoate seit ca werharturs nce oe ton emo et ten pave ee 1 Gm 
CCA.) wt ha eee ORL REA ae elon Matas Hiricin ONAN Big coin 300 ec. 
Distilled Water, a sufficient quantity, 

tire Hc een iene ene ote Mane ih aA cece Air De eke aw wear e nicieraaLe 1000 ce. 


Dissolve the saccharin and sodium benzoate in 500 cc. of the water 
and add the acacia. Rotate occasionally until solution is complete 
then add the flavor, color, glycerin, and sufficient water to make 1000 
cc. Mix well and filter. 


CHOCOLATE SYRUP 


Cocoa powdered <.4.s52 camclsbocuiracsnnctae Meteor sone 8 oz. av. 
Sugarcane boabughor RSA e ah GOsto bcos bo GOOE Ne sh0 Ca DOss 7% |b. av. 
Water, a sufficient quantity 

DON Make sock ceci Mle veal ete oe ote Oc CR Las 1 gallon 


Mix sugar, cocoa, and moter together in a spacious kettle and bring 
to boiling. Strain and add ¥% fl. oz. tincture of vanilla. 


COFFEE SYRUP 


OZ. av. 
NU AT in6ns cate Const eacieas. eet teenie o arom Sm atelerd oot ean to REAR 61% |b. av. 
Glycerin 
Water, each, a sufficient quantity 
Moumak es. ceaow satis oe ee eA 1 gallon 


Moisten the coffee with a menstruum of water containing 10 per 
cent of glycerin. Pack in a percolator and percolate with enough of 
the above menstruum to obtain 64 fl. oz. of percolate. Add the sugar 
ee the percolate, dissolve it by agitation, without the aid of heat, and 
strain. 


LEMON SYRUP 


Lemon juice, recently expressed and strained................. 17 A. 07 
Breshilemon) peeler ste ait tite ite tonet sh setet Petter tae ee 1 oz. av. 
Sugar,ciMiicoarse: pO wd erscyrasete me teve etaieseis/cclo.s alle la: ahev/eusenaiere eae 28 oz. av. 
Water, a sufficient quantity 

WO make er Sea the suc eee Mere oka ote ans, cvennicononehons Guetaneenentors 2 pints 


Heat the lemon juice to the boiling point, then add the lemon peel, 
and allow to stand in a closely covered vessel until cold. Filter, add 
water enough through the filter to make the filtrate measure 17 fl. oz., 
dissolve the sugar in the filtered liquid by agitation, without heat, and 
strain. 


SARSAPARILLA SYRUP 


Olbwofipassatras seh tates ace ons eae esiens Mareen eee ee ee 20 drops 
Oil OF WIM TERET EON eas ccs stereo a scholars ariel tS oie euatee Se eee ora ethene eee 10 drops 
Aleololnein ote thsccd catia eck, Fe wisheae capaho ee ieee eet ee ee 6 fl. dr. 
Syrup, a sufficient quantity 

1 Ro oc SI ares CORI rey Meee SES Re nt are NAA Bee Aut 5, 1 gallon 


Dissolve the oils in the alcohol and add to the syrup, agitating until 
thoroughly mixed. Color with caramel (1 fl. oz. is sufficient to give a 
deep brown or nearly black color). 


TEA SYRUP (FOR ICED TEA) 
16 oz. av. 


Percolate or infuse with boiling water until 64 fl. oz. of infusion is 
polocued. Dissolve 714 lbs. of granulated sugar in the infusion by 

eat. 

This plain tea syrup, when served in the proportion of about 2 fl. oz. 
to the glass (the tall iced-tea glass is meant) flavored by adding a 
slice of freshly cut lemon and adding ice water, and a cube of ice, 
makes a very enjoyable glass of iced tea with a minimum of trouble. 


VANILLA SYRUP 


Tinieture; of xv anillaparpmereientze cated ayoyeics otawae tle aie stecataust Beeler baeaent 2 fl.udr, 
Syrup, a sufficient quantity : 
TOV Wake :.dipeteattecceasheteas: © asa eescele te sicker es elena ar helio e eee 32 fl. oz 
Mix 
> 4 
a 
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CHAPTER LXXXV 


THE PHARMACIST AS AN ANALYST 


THE PHARMACIST, while primarily trained to manu- 
facture, compound, and dispense medicines, is peculi- 
arly well qualified on the basis of his professional knowl- 
edge and scientific education and training to act in the 
capacity of an analyst, not only for his own protection, 
but as an opportunity for service to the medical profes- 
sion and to the community in which he practices. It 
has been his opportunity and responsibility, through 
centuries of service in one of the most important of pro- 
fessional callings, to aid in the alleviation of suffering 
and in the prevention and cure of disease. by applying 
this professional knowledge. 

Pharmacists have played an important role in the de- 
velopment of chemistry 
and many notable discov- 
eries and investigations 
were formerly made by 
apothecaries, working with 
meager equipment, in 
small laboratories, and 
with little in the way of 
library facilities, or knowl- 
edge of what had been 
done by others. 

During the past few 
decades the practice of 
pharmacy has undergone 
some radical changes in 
the character of the pro- 
fessional work accom- 
plished. 

While still retaining the 
distinctive privileges and 
responsibilities of com- 
pounding _ prescriptions 
and dispensing medicines, 
the pharmacist has re- 
linquished much of the re- 
sponsibility of manufac- 
turing to the large-scale 
producer. This condition 
has been brought about 
partly foreconomic reasons 
and partly because of the 
increase in the number of 
chemicals and _ prepara- 
tions which are difficult to 
make and still more diffi- 
cult to standardize. A survey of the titles of prepara- 
tions and processes which have been officially recognized 
by the United States Pharmacopeceia will reveal this 
trend very clearly. 

Processes were originally included for nearly all 
chemical salts and plant principles, in addition to 
galenicals and solutions. At the present time the phar- 
macist would not be warranted on the score of equip- 

ment nor on the grounds of economy in preparing many 
of the compounds which his predecessor manufactured 
as a matter of ordinary routine. 

There are still, however, many preparations which 
may be easily and economically made by the pharma- 
cist who wishes to continue in the line of manufactur- 


Fig. 508—‘'The frontiers of the future are in the minds of men”? (courtesy 
Sharp & Dohme). 


ing, but many pharmacists no longer take the time 
and trouble to prepare even these. 

During this period of development of large-scale 
manufacture, which has curtailed the professional work 
of the pharmacist-in this direction, there has been no 
diminution of his responsibility for the character and 
integrity of the products which he employs in the com- 
pounding of prescriptions or of the drugs and medicines 
which he dispenses at retail. 

Of all retail merchants the pharmacist is the only one 
who ws scientifically trained in the art of identifying his 
wares and of detecting evidences of adulteration therein or 
deterioration thereof, and he may be, and frequently is, 
held legally responsible for 
not having exercised that 
knowledge. 

The practice of analyt- 
ical chemistry, if only to 
a limited extent, keeps the 
pharmacist up to date in 
scientific learning and 
places him in the independ- 
ent position of one who 
answers questions regard- 
ing quality and purity of 
the medicines which he 
sells instead of one who 
asks them. 

The practice of analyti- 
cal chemistry also has re- 
munerative possibilities, if 
carried on conscientiously 
and carefully, and the 
analyst is paid for the pro- 
fessional service which he 
renderg just as physicians, 
dentists, and lawyers are 
paid. 

The graduate of a course 
in pharmacy possesses the 
fundamental knowledge 
and training necessary for 
success in this line; all 
that he lacks is experience. 
If he is so inclined and 
makes good use of his op- 
portunities, he may obtain 
this experience while carry- 
ing on his regular professional work, and in so doing 
he increases his scientific knowledge and elevates his 
professional standing in the community. 

Equipment of a very moderate character may be 
used at the start, and as the need develops and oppor- 
tunities occur a more complete laboratory can be built 
up in which work of the highest class may be performed. 

The pharmacist’s first duty, of course, isin the direc- 
tion of the maintenance of quality and purity in such 
items of his own stock as are likely to vary from the 
standards, especially those which are apt to change on 
account of deterioration. 

It is assumed that the pharmacist possesses a balance 
which is sensitive enough to serve for certain analytical 
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procedures, particularly those connected with volu- 
metric determinations of strength of a number of com- 
monly used preparations which should be frequently 
tested and adjusted in this respect. 

In a number of analytical determinations, based on 
volumetric procedures, no balance at all is required, all 
calculations being based upon measurements with 
pipettes and burettes. 

Among the simpler operations are the following: 


1. Titration of the official diluted acids and adjust- 
ment to standard strength. 

2. Determination of the strength of alkaline solu- 
tions, such as lime water, solutions of potassium 
and of sodium hydroxides and of the ammonia 


waters. 
3. Estimation of strength of iodine tincture, and 
Lugol’s solution, ete. “e 
4, Estimation of strength of hydrogen peroxide 
solution. 


5. Estimation of strength of Carrel-Dakin solution, 
Labarraque’s solution and Javelle water. 


The foregoing list, comprising more than a dozen 
determinations, will require a very limited supply of 
apparatus and reagents, the minimum list being as 
follows: 


One burette, graduated to 9 ce. 

One 10 cc, delivery pipette graduated to 149 ce. 

Teena pipettes of 5 cc., 10 cc., 25 ec. capacity, roep@ 
tive 

Three cakes of assorted sizes. 

Three flasks of assorted sizes. 

Normal sodium hydroxide solution. 

Normal sulfuric acid. 

Tenth-normal potassium permanganate. 

Tenth-normal sodium thiosulfate. 

Phenolphthalein T.S. 

Methyl orange T.S. 

Starch T.S. 


This complete outfit will cost less than $10 and no 
guide books or textbooks other than the U.S. P. and 
N. F. will be needed. 

The addition of a few reagents and test solutions will 
increase the scope of the work to include the testing of 
most of the official liquors and the determination of 
purity of many of the official inorganic chemical salts. 

If determinations of alcoholic strength are included 
in this initial list, a distillation flask, a condenser, and 
glass and rubber tubing will be needed, also an accu- 
rate pycnometer equipped with a thermometer. These 
items will cost more than the entire previous list, but 
if commercial determinations are made at standard 
prices for such service, the expenditure will soon be 
covered. 

In order to develop confidence in one’s work and at 
the same time provide for a check against error, particu- 
larly when carrying out a test for the first time, it is 
advisable to carry out two experiments in addition to 
the one upon the sample being investigated. One of 
these experiments should be arranged to give negative 
results and the other to produce a positive reaction. 
For example, in testing for the presence of methanol in 
a specimen of alcohol, if three tests are carried out 
simultaneously, one upon a specimen known to be free 
from methanol, one upon a specimen to which methanol 
has been added, and one upon the unknown specimen, 
there need be no doubt in the mind of the analyst as to 
the interpretation of the results and such procedure will 
establish the correctness of the technique and the 
authenticity of the reagents beyond any question. The 
majority of careful analysts, as a matter of routine, 


nostic Reagents, Clinical Test Solutions, etc. 
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follow this procedure every time an important test-is 
made. 

The pharmacist is frequently deterred from attempt- 
ing to do analytical work or to check up official sub- 
stances in the mistaken belief that every factor and 
every single test under each monograph must be in- 
cluded in the examination. Except in the rare instances 
where complete evidence must be presented, as in an 
examination leading to possible court procedure, this 
is not necessary. For example, it is rarely necessary 
to take the specific gravity of diluted acids, alkali 
solutions, ete., if the strength is found to be up to 
standard. Then, too, many of the tests, such as the 
tests for heavy metals and for arsenic, which appear 
rather formidable when the text is first read, will be 
found to be very simple when actually applied as a 
matter of routine. 

Selective preference may be given to the classes of 
tests in the following order: first, the identity tests, for 
it is apparent that if the substance fails to meet the 
requirements in this respect it is unnecessary to apply 
additional tests; second, the test for strength, for here 
again, if the substance is found to be substandard, that 
is, below standard, the article may be rejected without 
proceeding further; lastly, the tests for small amounts 
of impurities which would have no influence upon tests 
for identity or strength. For a very complete study of 
the rationale of the U. 8. P. and N. F. chemical tests, 
see the following chapters in this Part and also the dis- 
cussions under each individual monograph. 

Assuming that the pharmacist has undertaken ana- 
lytical work, along the lines previously outlined, for the 
examination of his own products, his ambition may next 
be properly directed to the classes of work for which 
opportunity exists in nearly every community, in which 
specialized service may be given to the medical pro- 
fession, including boards of health, to the legal authori- 
ties, to such industries as are not equipped for doing 
their own laboratory or control work, or to the laity 
in the examination of water and food samples. 

The first of these possibilities is covered under Diag- 
The others 
may be developed as need or opportunity arises in the 
particular community in which the pharmacist hap- 
pens to be situated. Work for the legal profession com- 
prises a number of possibilities, such as the determina- 
tion of alcoholic strength of liquors, tests for identifica- 


Fig. 509—Laboratory cabinet. 


tion or Ietoction of narcotic drugs, and others along 
similar lines. Industrial work is very broad in its scope, 
but the pharmacist’s technical knowledge of chemicals 
and of the principles underlying manufacturing opera- 
tions gives him an advantage which can frequently be 
utilized in the solution of minor manufacturing prob- 
lems. Work upon food products includes such deter- | 
minations as the quality of milk and its freedom from 
preservatives; the testing of butter for moisture con- - 
tent or its distinction from oleomargarine; the testing 
of beverages for the presence of saccharin, preservatives, 
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or the presence of forbidden colors; sanitary chemical 
water analysis, ete. 

For all such work the pharmacist should charge the 
standard or prevailing price for conscientious, careful 
service. Price lists for analytical determinations are 


Fig. 511—The analytical balance. 


obtainable upon application to established laboratories 
or information may be obtained therefrom concerning 
charges for specific kinds of work. 

If the amount of work increases so as to justify ex- 
penditure for additional apparatus and equipment, the 
first effort should be directed toward the purchase of 
an analytical balance and the installation of a labora- 
tory work counter (Fig. 509). See also page 1127. 

There are many firms supplying laboratory fixtures 
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from whom catalogues and prices may be obtained upon 
application. 

An analytical balance differs from a high-class pre- 
scription balance in the matter of sensitiveness; a satis- 
factory analytical balance is sensitive to the tenth of a 
milligram (approximately 1é99 grain), and should never 
be used for weighing more than 100 Gm. at one time. 


Fig. 512—The Chainomatic balance. 


Modern analytical balances are constructed with 
extraordinary care and accuracy. They are always pro- 
vided with leveling devices, and with levers for arrest- 
ing the motion of the balance so as to expedite weighing. 
The beam of an analytical balance is graduated (some- 
times on both sides of the center of the beam) and 
equipped with a platinum wire rider, which is manipu- 


‘Fig. 513—Analytical balance with keyboard for adding weights. 


lated by a sliding adjustable lever. The fractions of a 
milligram are weighed by means of this rider, which may 
be quickly transferred to any portion of the beam. 
A. H. Thomas, Henry Troemner and Company, etc., of 
Philadelphia list excellent analytical balances (Figs. 
510 and 511). 

Another type of analytical balance is the Chaino- 
matic balance (Fig. 512) in which fractional weights are 
recorded by means of an adjustable swinging chain, and 
individual weights under 1 Gm. may thus be dispensed 
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This instrument is usually calibrated 
An improved modifica- 


potentiometer. 
directly in terms of pH units. 


tion of this instrument, showing the pH range in full 
view, provides the analyst with a convenient means of 
conducting volumetric determinations by potentio- 
metric titration. These titrations now represent well- 


Fig. 516—The polarimeter is used to determine optical rotation. 


known examples of a superior and, in some instances, 
necessary procedure for the analysis of certain kinds of 
Materials. See Fig. 517. 

Chromatographic methods of analysis represent an 
interesting type of approach to the problem of making 


Fig. 517—Beckman pH meter. 


analytical separations. These methods are based upon 
differential adsorption in a countercurrent process. In 
general, the procedure involves the selective adsorption 
of the constituents of a solution which is allowed to 
pass down through a column of a porous adsorbent, or 
through a glass column containing layers of different 
kinds of porous adsorbents, each having its own selec- 
tive action. The individual components may then be 
isolated, either by removing the successive layers or by 
pushing all of the adsorbent out of the column and then 
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dividing it. Chemists are recognizing the value of this 
procedure and are using it effectively to perform analy- 
ses where no other suitable method is available, or in 
those cases where it would still be the method of choice. 

In the determination of proximate principles such 
as alkaloids, and in estimating fatty substances, the 
use of an automatic extraction apparatus is often pre- 
ferred over the familiar hand shake-out methods of 
analysis in effecting complete separations and extrac- 
tions. 

Assays involving the electrolytic deposition of metals 
from solutions of their compounds have also reached a 
high stage of development in the performance of mod- 
ern instruments known as electro-analyzers. 

The broad utilization of the properties of the photo- 
cell has no doubt provided the greatest impetus to the 
development of the rapid and precise analytical meth- 
ods that are now being so favorably received. 

The photoelectric spectrophotometer has become an 
especially useful instrument for analysis, since it en- 
ables the analyst to seek the answers to his analytical 
problems with ‘‘eyes’” that see not only in the visible 
range, but throughout the electromagnetic spectrum. 
The analytical possibilities in this direction can be more 
readily understood when one considers that the ulti- 
mate molecules and atoms that make up a material 
emit, absorb, and’seatter radiation according to their 
individual natures. Assay methods based upon absorp- 
tion spectrometry are becoming particularly useful in 
the evaluation of new medicinal products. Those 
radiations in the visible and in the ultraviolet portions 
of the spectrum are of the greatest analytical value to 
the pharmaceutical chemist. 

Among the newer therapeutic agents there are those 
in which the potency is expressed in terms of extremely 
small amounts. The old, established methods of 
chemical analysis are frequently found to be inadequate 
for the satisfactory evaluation of these products. 
There are a number of instances where it is possible to 
determine the potency of these preparations by colori- 
metric methods of analysis. These methods generally 
depend upon the measurement of distinctly colored 
compounds that are formed by reactions with certain 
chemicals. In these assays the degree of color which is 
developed is usually in direct proportion to the quantity 
of active ingredient in the preparation that is being 
assayed. These colorimetric determinations were first 
made by comparing the colors formed by the product 
under examination with those developed by standard 
control samples in a visual colorimeter. The assay re- 
sults were then computed on the basis of these visual 
comparisons. The photoelectric’ spectrophotometer 
(Fig. 518) is now the instrument of choice in conducting 
these quantitative estimations of color. This instru- 
ment is unique in that it enables the analyst to measure 
the amount of light of definite wave length which is ab- 
sorbed in passing through the colored solution. This is 
done by measuring the intensity of the transmitted 
light that reaches the photocell and which is quantita- 
tively measured by the deflection of an attached gal- 
vanometer. The instrument operates on the principle — 
that a beam of light is passed through a movable opti- 
cal grating or prism, which is capable of adjustment so 
that only light of the desired wave length will pass into 
the colored solution which has been prepared from the 
sample. The light that is unabsorbed by the sample 
affects the photocell and is observed by means of a 
galvanometer. Comparisons are then made with read- 
ings obtained from the standard known solutions and 
the results are calculated accordingly. An instrument 
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suitable for routine work of this type is the photoelec- 
tric colorimeter (Fig. 519). 

There are, however, many substances that have char- 
acteristic absorption properties of their own and will 
absorb radiations of specific wave lengths without the 
necessity of producing intermediate colors. Determina- 
tions of this nature are usually made in the ultraviolet 
region of the spectrum and an increased number of ma- 
terials are being assayed by the use of the ultraviolet 
spectrophotometer. These ultraviolet absorption pro- 
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light from a tungsten filament is dispersed into all the 
colors of the spectrum. One narrow band at a time of 
the spectrum passes from the monochromator to the 
photometer of the instrument where light is alternately 
being reflected from the object being measured and 
from a standard white surface. As the wave length of 
the light entering the photometer changes gradually the 
recorder plots the ratio of light reflected from the object 
and from the standard. The resulting curve provides 
the fundamental basis for specification of color. 


C 


D E 


Fig. 518—Beckman quartz 
spectrophotometer. 


A—Wavelength scale 

B—Electronic indicating 
meter 

C—Slit adjustment 

D—Light source 


E—Phototube compart- 
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cedures, using the quartz spectrophotometer, are now 
providing more rapid and more specific methods for the 
determination of alkaloids, either separately or in mix- 
tures of alkaloids. The characteristic absorption curves 
that have been observed for these and many other 
organic substances make it possible first to identify un- 
known substances and, second, to assay quantitatively 
known substances by the use of their specific absorp- 
tions in the ultraviolet region. 


Fig. 519—Klett-Summerson photoelectric colorimeter. 


Continued advances are being made in the construc- 
tion of photoelectric instruments for analytical pur- 
poses. The recording spectrophotometer is particularly 
useful for reflectance measurements, as well as trans- 
mittancy determinations, since it automatically records 
a spectrophotometric curve representing the color of 
the object which is under examination. Such a curve 
indicates the exact amount of each wave length of light 
that is reflected by the object. In this instrument white 


ment 
F—Cell holder 
G—Filter slide 
H—Absorption cell com- 
partment 
J—Phototube selector 
K—Dark current switch. 


Not the least important of the photoelectric cell 
instruments is the fluorophotometer (Fig. 520), which 
provides for the measurement of fluorescence that may 
be present in the sample, or, more frequently, may be 
induced in the sample under carefully prescribed condi- 
tions. This method provides a very effective means of 
evaluating the potency of a large group of pharmaceuti- 
cal products, as, for example, those containing thiamine 
hydrochloride. A solution in which the thiamine has 
been quantitatively converted into thiochrome is 
placed in the fluorophotometer where it is caused 
to fluoresce upon exposure to light. This fluo- 
rescence activates the photocell and the quantity 
is indicated on the scale of the attached galvanom- 
eter. A comparison of the observed readings 
with those obtained on standard control samples 
which have been prepared and observed under 
exactly the same conditions serves as a basis upon 
which the potency of the unknown vitamin sample 
can be readily calculated. 

The scattering effect upon radiation is best 
observed when an X-ray beam is diffracted at 
various angles by a crystalline material, depend- 
ing upon the geometric arrangement of the atoms 
in the crystal. Photographs obtained from these 
diffractions show lines that are characteristic for 
each crystalline substance, either alone or in 
mixtures. These photographs are called X-ray 
diffraction patterns and have been regarded as 
the fingerprints of crystalline compounds. 

At the opposite end of the electromagnetic spec- 
trum are the infra-red radiations. These are 
known as the heat rays and their utilization marks 
another interesting contribution to analytical research. 
Infra-red spectrophotometry involves placing the sample 
in a cell which is traversed by the radiation from a hot 
globar element. The transmitted radiation on passing 
into the spectrograph is spread out into a spectrum by 
a prism made of a crystal of sodium or potassium 
chloride. The spectrum is scanned by a bolometer, an 
instrument capable of detecting exceedingly small rises 
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in temperature, and with the aid of an electronic amplifier 
radiation intensity thus measured is registered by a pen 
type recorder. Animproved type of recording analytical 
infra-red spectrophotometer is now available, with 
which it is possible to automatically record true spectro- 


Fig. 520—The fluorophotometer is used in the thiochrome assay of thia- 
mine hydrochloride. 


photometric data in the infra-red on a quantitative 
basis. 

The spectrograph has long been recognized as a very 
useful analytical instrument, since it enables the analyst 
to check the composition of many substances by pro- 


Fig. 521—The polarograph provides rapid qualitative and quantitative 
analyses by recording current-voltage curves. 


viding photographic records of their emission spectra. 
This instrument is of special value in detecting and in 
estimating traces of metals in a wide range of substances 
including acid-insoluble materials. 

The recording polarograph (Fig. 521) now occupies a 
prominent place among the newer potentiometric 
instruments. It provides for rapid qualitative and 
quantitative analyses by the automatic recording of 
current-voltage curves. In the operation of this instru- 
ment reducible ions and organic compounds are reduced 
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at the dropping mercury electrode, yielding polaro- 
grams that show photographic records of the analysis. 
The polarogram establishes the identity of the substance 
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Fig. 523—The RCA electron microscope produces magnifications 100,000, 
permitting the human eye to see the structure of viruses and other submicro- 
scopic particles. 


by the voltage factor while the height of the step in the 
curve is taken as a direct measurement of concentration. 

Systematic radioactivity studies that are now under 
way seem to forecast the early development of safe- 
guarded quantitative procedures for the measurement of 
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radioactive isotopes in tracer investigations. Electro- 
magnetic assay procedures, as well as other methods 
of analysis that are based upon physical measurements, 
are already available and still others are no doubt in 
the process of development. 

The mass spectrograph, the flame spectrophotometer 
and the X-ray photometer are among the more re- 
cently developed analytical tools of considerable prom- 
ise that await the intelligent direction and the guiding 
hand of the analyst. 

_ Among the electronic tools which have been devel- 

oped recently, the electron microscope is one of the most 
spectacular. Its extremely high resolving power has 
made the range of structures and particles lying be- 
tween 10 and 10,000 A visible for the first time. The 
most recent types of magnetic electron microscopes pro- 
duced by RCA are capable of producing a useful magni- 
fication of approximately 100,000. 

Fig. 522 is a simplified cross section of a conven- 
tional type of magnetic electron microscope shown in 
comparison with the “ray diagrams’”’ of light and elec- 
tron microscopes. It can be seen that the electron 
microscope is analogous both in principle and in arrange- 
ment to the conventional light microscope. 
source of irradiation (electrons), a system of lenses 
(electronic), including a condenser lens which controls 
the convergence of the electron beam striking the speci- 
men and two lenses, the objective and projector, which 
produce highly magnified images on either a fluorescent 
screen for visual observation or on a photographic plate 
for a permanent record and for more careful study. In 
the electron microscope it is necessary, to enclose the 
lens system, the specimen, and photographic plate in a 
chamber which is maintained at a fairly high vacuum 
(10-4 to 10" mm. Hg). The lenses are formed from 
magnetic or electrostatic fields instead of from solid 
media. The focal lengths of the lenses are not neces- 
sarily fixed but may be varied at will by varying the 
electrical excitations. The RCA electron microscope 
is illustrated in Fig. 523. 

Through the techniques of spectroscopy (over the 
whole electromagnetic spectrum), and through the study 
of radioactivity, chemistry, and collision processes our 
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knowledge of the structure of the atom has become 
quite extensive. The techniques of chemistry and X- 
ray and electron diffraction have given us much accu- 
rate information regarding the first stage of organiza- 
tion of the atoms into molecules and into crystal lat- 
tices. When we proceed to the next stage of organiza- 
tion, that is, to the large organic molecules, to the 
viruses (Fig. 524), and even to the smaller of the col- 
loidal particles we find that before the development of 
the electron microscope there was no accurate technique 
for obtaining information. Now, the electron micro- 
scope almost completely fills the gap between the limit 
of resolving power of the light microscope and the simple 
molecules. 


Fig. 524—The influenza virus 100,000. 


The foregoing discussion serves to indicate the general 
direction of the analytical trends that are now in motion 
and may suggest a few predictions of things that are yet 
to come. It is quite obvious that in the pharmaceutical 
industry many interesting opportunities are present- 
ing themselves to these having advanced training in 
analytical chemistry. 


CHAPTER LXXXVI 


CHEMICAL AND PROXIMATE ASSAYS 


Ir wou.p be difficult to find a more diversified and 
a more interesting application of the principles of ana- 
lytical chemistry than are utilized in the official assay 
procedures of the United States Pharmacopoeia and 
the National Formulary. These methods place upon 
the pharmacist the responsibility of standardizing 
medicinal agents, with the result that he finds himself 
in a position where he is required to possess a wide 
range of chemical knowledge. Not only is he expected 
to have acquired at least a certain amount of ranipula- 
tive skill in the execution of these assays, but, above all, 
he must understand and be ready to explain the reasons 
for the various steps and technical details that are in- 
volved, if he is to become a competent analyst. The 
primary qualities of integrity, cleanliness, and accuracy 
are not alone sufficient to equip the analyst for success- 
ful progress. It is only when he has added to these re- 
quirements a thorough understanding and a funda- 
mental knowledge of the principles that are involved 
that his work becomes an abiding satisfaction. With 
this thought in mind, an attempt has been made in 
REMINGTON’S PRACTICE OF PHARMACY to present in 
each monograph explanatory discussions of the chemi- 
cal assay procedures that are officially described in the 
United States Pharmacopeeia and in the National For- 
mulary. 

Each assay method has been considered once in detail 
under one official substance, and then wherever this 
typical assay procedure has been applied to another 
substance, a cross reference is made to the detailed 
explanation. Complex and involved calculations have 
been omitted so that attention may be concentrated 
upon the basic chemical and the physical facts that are 
involved. A knowledge of elementary chemistry and 
physics is, of course, essential and it is assumed that 
the student has previously learned what is meant by 
molecular weights and their quantitative application 
to chemical reactions. It should be remembered that 
these molecular weights represent the proportions in 
which chemicals react and that it is from these weights 
that the factors and equivalents given in the texts of 
the assays have been calculated. 

With this basic knowledge of chemistry, it is believed 
that a careful study of the explanations that have been 
given will enable the student to apply these official 
assays with an improved interpretation and with in- 
creased confidence. In every case, the exact details of 
the official procedure must be strictly followed. The 
official assay methods may be grouped in five principal 
divisions, as follows: 


Volumetric assays. 
Gravimetric assays. 
Gasometric assays. 
Special assays. 
Proximate assays. 


arta a 


In the following sections of this chapter the assay pro- 
cedures which have been discussed in the individual 
monographs of Parts IV and V are summarized and out- 
lined, and the General Tests, Processes and Apparatus 
of the U.S. P. and N. F. pertinent to the official Chem- 
ical and Proximate Assays are included. <A few official 


substances are listed as representatives of each type of 
assay. This outline is suggested as one method of 
study. 


VOLUMETRIC ASSAY METHODS 


This is the most frequent type of assay encountered 
by the pharmacist in the standardization of official 
products. Every volumetric determination is based 
upon the volume of a solution of known strength, which 
is required to complete a chemical reaction with the sub- 
stance under examination. Such a solution is called a 
standard solution, or a volumetric solution, and is some- 
times referred to by means of the abbreviation ‘“YV.S.”’ 
These solutions are frequently indicated with reference 
to their normality. : 

A standard or volumetric solution contains, in a given 
volume, a weight of dissolved substance which bears a 
direct relation to the molecular or reacting weight of 
that substance. All normal solutions are equal to each 
other, volume for volume, in reacting strength, yet 
rarely, if ever, do any two normal solutions agree in 
percentage strength, by weight. In one liter of any 
normal volumetric solution there is dissolved the molec- 
ular weight of that substance, expressed in grams, 
divided by its hydrogen equivalent. 

Normal solutions and solutions bearing 
a specific relationship to “normal solutions,”’ 
and used in volumetric determinations are 
designated as follows: 

Normal (N) = 1.0000 normal 

Double normal (2 N) = 2.0000 normal 
Half-normal (0.5 N) = 0.5000 normal 
Tenth-normal (0.1 N) = 0.1000 normal 
Fiftieth-normal (0.02 N) = 0.0200 normal 


Hundredth-normal (0.01 N) = 0.0100 normal 
Two-hundredth-normal (0.005 N) = 0.0050 normal 


Molar Solutions—These differ from nor- 
mal solutions in that there is dissolved in 
one liter of the solution a number of grams 
of a given substance equivalent to the 
molecular weight of that substance, without 
regard to hydrogen equivalents or to the pur- 
posé for which the solution is designed. For 
example, a molar solution of potassium iodate 
contains 214.02 Gm. of this salt: in one 
liter of the solution, since the molecular 
weight of potassium iodate is 214.02. A 
twentieth-molar solution of the same salt con- 
tains one-twentieth of this amount or 10.701 
Gm. of potassium iodate in one liter of the 
solution. 

Titrations—To titrate means to pass a 
measured volume of a known solution out of 
a measuring apparatus called a “burette”’ 
into another solution containing the sub- 
stance, the purity of which is being deter- 


mined. The performance of this act is spoken wei 
of as “making a titration,” or “carrying out _ burette. 


atitration.”” Figs. 525 and 528 illustrate two ‘ 

types of burettes. The style shown in Fig. 525 is 
usually fitted with a dropping device, which is con- 
trolled by means of a pinchcock or by the arrangement 
illustrated in Fig. 526. In this case, a tightly fitting 
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piece of glass rod (A) is slipped into a section of 
rubber tube which connects the burette and the glass 
dropping point. By pinching the tube about A the 
flow of the solution may be accurately controlled. 

Titration is greatly facilitated by employing the 
burette holder shown in Fig. 527 which permits rapid 
and easy removal of burettes for filling and cleaning. 
A fluorescent titration light (Fig. 528) is also available 
for convenient use behind the burette. 


N. +f i 


Fig. 526—Drop- 
ping device for 
burette. 


Acidimetric and Alkalimetric Assays 


These assays depend on the mutual neutralization of acids and 
alkali hydroxides resulting in the formation of a neutral salt as 
illustrated by the equation: 


HCl + NaOH — NaCl + H20 


Acidimetric and alkalimetric assay methods are primarily used 
for the quantitative estimation of water-soluble bases, carbon- 
ates, and acids. These methods, and especially acidimetric pro- 
cedures, are now extensively applied, in an indirect manner, in 
assays not involving any neutralization reactions, and may be 
considered rather as acid or base substitution assays, since the re- 
actions involved in these methods are substitution of one acid or 
a base by another, usually “stronger” acid or base. Thus acidim- 
etry is used in the U. 8. Pharmacopceia for the assay of alkali 
benzoates and salicytates, magnesium carbonate and zinc stearate. 
Examples of alkalimetric assays of the substitution type are the 
official assays of benzyl benzoate and glyceryl triacetate. The 
determination of the ‘‘ester’? number of fats and oils is also an 
assay of this type. 

Indicators—The indicator to be employed in the official assays 
is stated in the assay of the respective monographs. Phenol- 
phthalein or methyl orange may be used as the indicator in the 
acidimetric assay of the fixed alkali and alkaline earth hydroxides. 
For carbonates and in acidimetric substitution assays methyl 
orange is employed, while for ammonia and organic bases, such as 
alkaloids or amines, methyl red is the indicator of choice. 

With inorganic acids methyl orange or methyl red is used, al- 
though phenolphthalein can also be used with most of them. 
For an organic acid, however, phenolphthalein is to be used, as 
the pH at which methyl orange or methyl red changes color is 
lower than the pH of a solution of an alkali salt of the organic acid 
and the end-point would be indicated before the acid is completely 
neutralized. 

Acidimetric Assays—The following directions apply to the 
acidimetric assay of water-soluble bases and carbonates, in- 
organic as well as organic, e. g.. KOH, Ca(OH)2, NagCOs, ethyl- 
enediamine, etc. A weighed quantity of the substance, preferably 
equivalent to about 30 cc. of the standard acid to be used, is dis- 
solved in 40 to 50 ce. of distilled water. The solution is allowed, 
if necessary, to cool to room temperature and the indicator, 
directed by the assay procedure in the respective monograph, is 
added. Carbon dioxide-free water should be used for dissolving 
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hydroxides to be assayed. The standard (volumetric) acid is 
run in from a burette, dropwise towards the end, until the end- 
point is indicated by the change in the color of the solution. 
With phenolphthalein indicator 3 to 4 drops of the U.S. P. 
indicator T.S. (about 0.15 cc.) is used and the end-point is the dis- 
appearance of the red or pink color. Wtih methyl orange or 
methyl red 2 to 3 drops (about 0.1 ec.) suffices, and the end-point 
is reached when the color of the titrated solution changes from 
yellow to pink with methyl red, and from yellow to pale brownish 
red in the titration of carbonates with methyl orange as the indi- 
cator. This end-point should be confirmed by adding, after 


Fig. 527—Fisher burette holder. 


noting the exact volume of the acid added, one drop more of the 
acid. A pure pink color should be produced; if not, more of the 
acid is added until the proper end-point is reached. 

Alkalimetric Assays—This method is used for the assay, of 
mineral as well as organie acids. Liquid acids or solutions of acids 


Fig. 528—Titration light. 


should be weighed in tightly-closed vessels to prevent evaporation 
during weighing and, preferably, in a flask of such capacity that 
the titration can be made in it. Concentrated halogen, nitric and 
sulfuric acids should, in addition, be weighed in flasks previously 
tared with 10 to 15 ce. of water to prevent volatilization of acid 
when the flask is opened for dilution. 

A weighed quantity of the acid, preferably equivalent to 30 to 
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40 ee. of the standard alkali hydroxide to be used in the titration, 
is diluted with or dissolved in 30 to 50 ee. of water. The indicator 
directed in the monograph is then added, and the standard (volu- 
metric) alkali hydroxide solution run in from a burette, dropwise 
towards the end, until the end-point is indicated by a change in 
the color of the solution. 

For mineral acids about 2 drops (0.1 cc.) of methyl orange or 
methyl red T.S. is used as the indicator, and the end-point is the 
transition of the color from pink to yellow. With organic acids 
2 to 3 drops of phenolphthalein T.S. is employed and a pink color 
which remains for a minute or two after shaking the titrated solu- 
tion well, indicates the end-point. 

The official types of acidimetric and alkalimetric assays are now 
tabulated and several official products assayed by the given pro- 
cedures are listed. 

1. Direct Titration of Acid Substances with Standard Alkali— 
The following substances are assayed by this procedure: 

Acetic Acid, Diluted Acetic Acid, Glacial Acetic Acid, Boric 
Acid, Citric Acid, Hydrochloric Acid, Diluted Hydrochloric Acid, 
Hypophosphorous Acid, Nitric Acid, Sulfuric Acid, Diluted Sul- 
furic Acid, Tartaric Acid, Trichloroacetic Acid, Phosphoric 
Acid, Diluted Phosphoric Acid, Potassium Bitartrate, «ad Sodiwm 
Biphosphate. 

2. Direct Titration of Alkaline Substances with Standard 
Acid—Substances assayed by this procedure are: 

Diluted Ammonia Solution, Strong Ammonia Solution, Calciwm 
Hydroxide Solution, Potassium Carbonate, Potassium Bicarbonate, 
Sodium Bicarbonate, Monohydrated Sodium Carbonate, Potasstwm 
Hydroxide, Sodium Hydroxide, Potassium Hydroxide Solution, 
Sodium Bicarbonate Tablets, Sodium Borate, and Sodium Gly- 
cerophosphate. : 


3. Residual Titrations of Acid Substances Using an Excess of 
Standard Alkali—Residual titrations of this group are based upon 
the principle of neutralization. The substance being assayed is 
treated with an excess of standard sodium hydroxide solution 
and the amount of excess is estimated by subsequent titration 
with a standard acid solution, generally of the same degree of 
normality. Examples of this type of assay are found under the 
following: 

Acetylsalicylic Acid, Lactic Acid, Formaldehyde Solution. 

4. The Assay of Alkali Salts of Organic Acids—In this type of 
assay the organic salts of metals are converted into carbonates by 
ignition and then estimated by means of standard sulfuric acid. 
In some eases a solution of the ignited residue is titrated directly 
with standard acid in the presence of methyl orange, e. g., Potas- 
stum Citrate Solution and Sodiwm Citrate Solution. The solvent is 
first removed from these solutions by evaporation. 

Most alkali salts of the organic acids are assayed by means of a 
residual titration in which the alkali carbonate, formed by 
thoroughly carbonizing the organic salt, is dissolved in an excess 
of half-normal sulfuric acid. The excess of acid is then titrated 
with half-normal sodium hydroxide, using methyl orange as the 
indicator. This general procedure applies to the following: 
Potassium Acetate, Potassium Citrate, Potassium Sodium Tartrate, 
Sodium Acetate, Sodiwm Citrate, and Lithium Citrate. 

The U.S. P. gives the following general procedure: 


Alkali Salts of Organic Acids 


Heat about 2 Gm. of the organic salt, accurately weighed, in a 
platinum or porcelain crucible (do not use platinum for lithium 
salts), at first very gently, then gradually raise the temperature 
until the salt is thoroughly carbonized. The final temperature 
must not exceed a dull red heat and the flame of the burner must 
not come in contact with the carbonized mass. After allowing the 
carbonized mass to cool, disintegrate it with the aid of a stout 
glass rod, and transfer the mass and the crucible to a beaker. Add 
50 ce. of water and exactly 50 cc. of half-normal sulfuric acid, 
cover the breaker with a watch glass, and boil the contents for 30 
minutes. Filter the solution, and wash the residue with hot 
water until the washings cease to redden blue litmus paper. 
Determine the residual acid in the cooled filtrate by titration 
with half-normal sodium hydroxide, using methyl orange T.S. as 
the indicator. The volume of the acid consumed, multiplied by 
the proper equivalent of the salt, represents the quantity of the 
salt present in the quantity taken. 

If desirable, or if more convenient, 300 to 400 mg. of the organic 
salt, may be used for the test, in which case tenth-normal sulfuric 
acid and tenth-normal sodium hydroxide are used in place of 
half-normal sulfuric acid and half-normal sodium hydroxide, 
respectively. 

han assay 1s not used for alkali salts of organic acids containing 
sulfur. 

5. Direct Titration of Organic Acids after Displacing and Ex- 
tracting Them from Their Salts—This procedure applies to the 
following official substances: 

Ammonium Salicylate, and Caffeine and Sodiwm Benzoate. 
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6. Residual Titrations in Which an Oxide, Hydroxide, Car- 
bonate, or Bicarbonate Is First Dissolved in an Excess of Stand- 
ard Acid—In this type of assay more than sufficient standard acid 
is used to dissolve the sample and the excess of acid is determined 
by titration with standard alkali. This procedure applies to the 
assay of the following official articles: 

Ammonium Carbonate, Magnesia Magma, Magnesium Carbon- 
ate, Magnesium Oxide, Lithium Carbonate, Zinc Oxide, Compound 
Effervescent Powders, Aromatic Ammonia Spirit, and Calamine, 
etc. 

7. Residual Titrations with Standard Alkali Following De- 
composition of the Substance with Standard Acid—The following 
are assayed by this procedure: Zinc Stearate, Methenamine, etc. 

8. Residual Titrations with Standard Alkali after Distilling 
Evolved Ammonia into an Excess of Standard Acid—The follow- 
ing official articles are assayed by this procedure: 

Acid Ammonium Valerate, Ammonium Acetate Solution, 
Tron and Ammonium Acetate Solution, Ichthammol, Beef Extract, 
Quinine and Urethane Injection, Glyceryl Trinitrate Tablets, 
Three Bromides Tablets, and Methenamine and Sodiwm Biphos- 
phate Tablets. 

9. Direct Titrations Following Decomposition of the Sub- 
stance and Extraction of the Desired Constituent—This type of 
assay is applied to the following official substances: T'heobromine 
and Sodium Salicylate, Acetophenetidin and Phenyl Salicylate 
Tablets, Phenyl Salicylate Tablets, and Sodium Salicylate Tablets. 

10. Direct Titrations of the Alkali Salts of Organic Acids— 
The following are assayed by this procedure: 

Sodium Benzoate, Sodium Salicylate, 
Lithium Salicylate, and Strontium Salicylate. 

11. Residual Alkalimetric Titrations Involving Decomposition 
and the Extraction of the Constituent to Be Titrated—This type 
of assay applies particularly to alkaloidal salts and to many 
solutions, injections, and tablets containing alkaloidal salts. 
Examples are: 

Codeine Phosphate, Ephedrine Hydrochloride, Ephedrine Sul- 


Lithium Benzoate, 


fate, Emetine Hydrochloride Injection, Ephedrine Sulfate Injec- 


tion, Procaine Hydrochloride Injection, Ephedrine Sulfate Solution, 
Procaine Hydrochloride Solution, Apomorphine Hydrochloride 
Tablets, Atropine Sulfate Tablets, Cocaine Hydrochloride Tablets, 
Codeine Phosphate Tablets, Codeine Sulfate Tablets, Morphine and 
Atropine Sulfates Tablets, Morphine Sulfate Tablets, Procaine 
Hydrochloride Tablets, Scopolamine Hydrobromide Tablets, Strych- 
nine Nitrate Tablets, and Strychnine Sulfate Tablets. 

The basic principles underlying this type of procedure are 
more fully discussed under Proximate Assays (page 991). 

12. Residual Titrations Involving the Saponification of Es- 
ters—The following residual titrations involve the saponification 
of an ester, generally by the use of an excess of half-normal alco- 
holic potassium hydroxide and the subsequent titration of the 
residual alkali with half-normal acid: 

Methyl Salicylate, Dwarf Pine 
Bergamot Oil, and Ethyl Acetate. 

A few oils are first acetylized by the action of acetic anhydride 
in the presence of anhydrous sodium acetate in order to convert 
the alcohols into esters, in this case the acetates of the corre- 
sponding alcohols. These esters are then determined by saponi- 
fication in the usual manner, See, for example, Peppermint Oil. 


Needle Oil, Lavender Oil, 


Volumetric Assay Methods Involving Precipitation 


1. Direct Titrations with Standard Ammonium Thiocyanate— 
This method depends upon the quantitative precipitation of the 
thiocyanates of silver or of mercury. It is applied to those com- 
pounds of silver and mercury which can readily be converted into 
soluble salts of these metals. Titrations with ammonium thio- 
cyanate volumetric solution are carried out in the presence of 
diluted nitric acid and with ferric ammonium sulfate as the indi- 
cator. 

The following are assayed by this method: 

Yellow Mercuric Oxide, Red Mercuric Oxide, Mercuric Salicyl- 
ate, Mercuric Salicylate Ampuls, Mercuric Succinimide, Mercurie 
Succinimide Ampuls, Mercury with Chalk, Mild Mercurial Ovnt- 
ment, Strong Mercurial Ointment, Mercury Mass and Mercury 
Oleate, Potassitwm Chlorate, ete. 

2. Argentometric Assays—The argentometric method is ap- 
plied to the assay of bromides, chlorides, thiocyanates, and occa- 
sionally iodides, and is based on the insolubility of their silver 
compounds. 

Bromides, lodides, and Thiocyanates—Dissolve an accurately 
weighed quantity of 300 to 400 mg. of a bromide or thiocyanate, or 
400 to 500 mg. of an iodide in 50 cc. of water in a glass-stoppered 
flask of about 250 to 300 ee. capacity. While continuously agitat- 
ing the solution add an exactly measured volume of about 50 ce. 
of tenth-normal silver nitrate. Add 3 ee. of nitric acid and 2 ce. 
of ferric ammonium suifate T.S. and shake well. Determine the 
excess of silver nitrate by titrating it with tenth-normal thiocyan- 
ate until the supernatant liquid, after shaking the mixture well 
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and allowing the precipitate to settle, remains reddish (due to the 
formation of ferric thiocyanate). The difference in the number of 
ce. of tenth-normal silver nitrate added and the number of cc. of 
the tenth-normal thiocyanate multiplied by the respective equiva- 
lent of the salt being assayed represents the amount of the bromide, 
iodide, or thiocyanate in the weight of the salt taken. 

In this group of assays, a precipitate of insoluble silver salt is 
formed by the addition of an excess of tenth-normal silver nitrate 
in the presence of free nitric acid, and the residual silver nitrate 
is subsequently estimated by titration with tenth-normal am- 
monium thiocyanate, using ferric ammonium sulfate as the indi- 
cator. This procedure is well known as the method of Volhard 
and is discussed fully under Silver Nitrate (page 463). This 
method applies to the following: 

Diluted Hydriodic Acid, Ammonium Bromide, Ammonium 
Iodide, Potassium Bromide, Sodium Bromide, Hydriodic Acid 
Syrup, Ferrous Iodide Syrup, Lithiwm Bromide, Ammonium 
Bromide Elixir, Five Bromides Elixir, Three Bromides Elizir, 
Potassium Bromide Elixir, Sodiwm Bromide Elixir, Potassium 
Thiocyanate, Sodium Thiocyanate, Strontium Bromide, Zinc 
Iodide, Three Bromides Tablets, and Sodium Bromide Tablets. 

3. Chlorides—The procedure for the assay of chlorides 
adopted in the U. S. Pharmacopceia is the same as that for bro- 
mides and iodides described in the preceding paragraph with the 
following modifications: (1) The quantity ot a chloride taken for 
‘the assay is about 200 mg. accurately weighed. (2) Following 
the addition of the ferric ammonium sulfate indicator 3 cc. of 
nitrobenzene is added and the contents of the flask are vigorously 
shaken for 1 to 2 minutee. 

The reason for the use of nitrobenzene and its function is as 
follows: Silver chloride is somewhat more soluble in aqueous 
solutions containing no silver ions than when such ions are pres- 
ent. Consequently, after all the excess of the silver nitrate has 
reacted with the thiocyanate, a small amount of the silver chloride 
will go into solution, and its Agf ions will react with the ferric 
thiocyanate to form silver thiocyanate with the result that color 
of the end-point fades and is therefore not ‘‘sharp.”’ The nitro- 
benzene forms a film at the interface between the silver chloride 

' particles and the liquid phase, thus preventing the silver chloride 
from dissolving and makes the end-point distinct and sharp. 

This method applies to the following: Sodiwm Chloride, Iso- 
tonic Sodium Chloride Solution, and Ringer’s Solution. 


Volumetric Determination Based upon the Principle of 
Oxidation and Reduction 


1. Direct Titrations Involving Oxidation with Standard Potas- 
sium Dichromate—These assays require oxidation by direct 
titration with tenth-normal potassium dichromate, ceric sulfate, 
or some other substance with a higher oxidation potential than 
the substance being titrated (oxidized). Examples are: 

Saccharated Ferrous Carbonate, Ferrous Carbonate Pills, and 
Ferrous Carbonate Mass. 

2. Residual Titrations Involving Precipitation by Using an 
Excess of Oxalic Acid—These assays require the precipitation of 
insoluble oxalates with tenth-normal oxalic acid, in excess, and 
the estimation of residual oxalic acid by titration with tenth- 
normal potassium permanganate, in the presence of diluted sul- 
furie acid. The assay methods for the following belong to this 
group: 

Precipitated Calciwm Carbonate, Prepared Chalk, Calcium 
Hydroxide, Calcium Bromide, and Calciwm Chloride. 

3. Titrations with Standard Sodium Thiosulfate after the 
Substance Has Liberated Iodine from an Acidified Solution of 
Potassium lodide—The pharmaceuticals assayed by this general 
method are either oxidizing agents or they are so treated in the 
assay that they exert an oxidizing effect upon the acidified potas- 
sium iodide solution. Some official members of this group are: 

Calcium Todobehenate, Thymol Iodide, Thyroxin, Thyroid, 
Sodium Hypochlorite Solution, Chloramine-T, Cupric Sulfate, 
Phenol, Ferric Chloride Solution, etc. 

4. Direct Titrations with Standard Sodium Thiosulfate— 
These assays require titration with standard sodium thiosulfate 
solution for the purpose of estimating free iodine. Starch T.S. is 
used as the indicator. The free iodine in the following official 
articles is quantitatively determined by this method: 

Iodine, Compound Iodine Solution, Iodine Tincture, ete. 

5. Residual Titrations Involving Oxidation with Standard 
Potassium Permanganate—The following official articles are 
assayed by residual titrations in which tenth-normal potassium 
permanganate is used in the final titration: 

Potassium Permanganate, Sodium Nitrite, etc. 

6. Direct Titrations Involving Oxidation with Standard Potas- 
sium Permanganate—These assays require direct titrations in 
which the sample is oxidized by means of tenth-normal potassium 
permanganate: 

Ferrous Sulfate, Hydrogen Peroxide Solution, 
borate, etc. 


Sodium Per 
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7. Direct Titrations Involving Oxidation with Standard 
Potassium lodate—The following official substances are directly 
assayed by titration with twentieth-molar potassium iodate in 
the presence of free hydrochloric acid: 

Potassium Iodide, Sodium Iodide, 
Potassium Iodide Solution. 

8. Direct Titration with Standard Bromide-Bromate Solution 
—The following is one example of the substances assayed by this 
procedure: 

Acetamilid Tablets. 

9. Direct Titrations with Standard lodine—Substances with 
a lower oxidation potential than the iodine-iodide system can be, 
oxidized with iodine solution. Examples of substances assayed 
by this type of titration are Arsenic Trioxide and Sodiwm Cacody- 
late. 


Red Mercuric Iodide, 


Indicators for Volumetric Determinations 


It is important to guard against the use of an insufficient 
amount of a volumetric solution, thus failing to complete a reac- 
tion, and it is equally necessary to guard against overstepping a 
reaetion by adding too much of the volumetric solution. To meet 
this situation an ‘indicator’ is used. This is a substance that 
shows the end-point of a reaction, either by a change in color or 
by the formation of a precipitate. The pH indicators officially 
recognized are discussed in the Chapter on “pH and Hydrogen 
Ion Determination.” 


Indicators 


In the Pharmacopeeia indicators are used either to indicate the 
completion of a chemical reaction in volumetric analyses or to 
indicate the hydrogen ion concentration, pH, of solutions. 

Solutions of indicators which are used for volumetric deter- 
minations are referred to as Test Solutions, abbreviated T.S., and 
those used for determination of hydrogen ion concentration are 
termed pH Indicators. 

Most of the indicators for acid-base titrations and for pH meas- 
urement are acidic. They contain a carboxyl, a sulfonic, or a 
phenolic group. In many instances the same indicator is appli- 
cable either to acid-base titrations or to pH measurements, the 
difference being only in the preparation of the indicator solution, 
The following are the acid-base and pH indicators of the Phar- 
macopeeia. 

Bromocresol Green (Bromocresol Blue; Tetrabromo-m-cresol- 
sulfonphthalein)—White or pale buff-colored powder. Slightly 
soluble in water, soluble in alcohol or in solutions of alkali 
hydroxides. Transition interval: from 3.8 to 5.4 pH. Color 
change: from yellow to blue. af : 

Bromocresol Purple (Dibromo-o-cresolsulfonphthalein)—White 
to pink, crystalline powder. Insoluble in water, soluble in alco- 
hol and in solutions of alkali hydroxides. Transition interval: 
from 5.2 to 6.8 pH. Color change: from yellow to purple. _ 

Bromophenol Blue (Tetrabromophenolsulfonphthalein)—Pink- 
ish crystals. Soluble in alcohol, insoluble in water, soluble in 
solutions of alkali hydroxides. Transition interval: from 3.0 to 
4.6 pH. Color change: from yellow to bluish violet. 

Bromothymol Blue (Dibromothymolsulfonphthalein)—Rose-red 
powder. Soluble in alcohol, insoluble in water, soluble in solu- 
tions of alkali hydroxides. Transition interval: from 6.0 to 7.6 
pH. Color change: from yellow to blue. 

Cochineal—Use Cochineal, U.S. P. XIII. ; 

Litmus—Blue powder, cubes, or pieces. Partly soluble in 
water or in alcohol. Transition interval: approximately 4.5 to 
8 pH. Color change: from red to blue. Litmus is unsuitable for 
determining alkaloids, carbonates, and bicarbonates. 

Methyl orange (Helianthin or Tropxolin D)—The sodium salt 
of dimethylaminoazobenzene sulfonic acid or dimethylamino- 
azobenzene sodium sulfonate. Orange-yellow powder or crystal- 
line scales. Slightly soluble in cold water, insoluble in alcohol; 
readily soluble in hot water. Transition interval: from 3.1 to 4.4 
pH. Color change: from pink to yellow. } } 

Methyl red (Dimethylaminoazobenzene-o-carboxylic acid; _o0- 
carboxy benzene-azodimethyl aniline)—Dark red powder or violet 
crystals. Sparingly soluble in water, soluble in alcohol. Transi- 
tion interval: from 4.2 to 6.8 pH. Color change: from red to 
yellow. 

Methyl Yellow (Dimethylaminoazobenzene)— Y ellow crystals, 
melting between 114° and 117°. Insoluble in water, soluble in 
alcohol, benzene, chloroform, ether, dilute mineral acids, and oils. 
Transition interval: from 2.9 to 4.0 pH. Color change: from 
red to yellow. ae 

Phenolphthalein—Use Phenolphthalein U. S. P. Transition 
interval: from 8.3 to 10 pH. Color change: from colorless to 


red. ial 
Phenol Red—Use Phenolsulfonphthalein U.S. P. Transition 

interval: from 6.8 to 8.4 pH. Color change: from yellow to red. 
Thymol Blue (Thymolsulfonphthalein)—Dark-colored crystal- 
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line powder. Slightly soluble in water, soluble in alcohol and in 
diluted alkali solutions. Acid—Transition interval: from 1.2 
to 2.8 pH. Color change: from red to yellow. Alkaline— 
Transition interval: from 8 to 9.6 pH. Color change: from 
yellow to blue. 

Thymolphthalein—White to slightly yellow crystalline powder. 
Insoluble in water, soluble in alcohol and in solutions of alkali 
hydroxides. Transition interval: from 9.3 to 10.5 pH. Color 
change: from colorless to blue. 


Indicators for Volumetric Determinations 


These indicator solutions include acid-base indicator solutions, 
as well as other solutions used in volumetric analyses. 

Unless otherwise stated each acid-base indicator solution is so 
adjusted that when 0.15 cc. of the indicator solution is added to 
25 ec. of carbon dioxide-free water, 0.25 ce. of fiftieth-normal acid 
or alkali, respectively, will develop the characteristic color 
changes. 


Acid-base Indicator Test Solutions 


Bromocresol Green Test Solution—Dissolve 50 mg. ef bromo- 
cresol green in 100 ce. of alcohol, and filter, if necessary. 

Bromocresol Purple Test Solution—Dissolve 50 mg. of bromo- 
cresol purple in 100 cc. of alcohol, and filter, if necessary. 

Bromophenol Blue Test Solution—Dissolve 100 mg. of bromo- 
phenol blue in 100 ce. of diluted alcohol, and filter, if necessary. 

Bromothymol Blue Test Solution—Dissolve 100 mg. of bromo- 
thymol blue in 100 ec. of diluted alcohol, and filter, if necessary. 
# Cochineal Test Solution—Macerate 1 Gm. of unbroken co- 
chineal (see Coccus, U. 8. P. XIII) during 4 days with 20 cc. of 
alcohol and 60 ce. of water, then filter. The color of this solution 
is turned violet by alkalies, and yellowish red by acids. 

Litmus Test Solution—Digest 25 Gm. of powdered litmus with 
three successive portions of 100 cc. each of boiling alcohol, con- 
tinuing each extraction for about 1 hour, Filter, wash w ith aleo- 
hol, and discard the alcohol filtrate. Macerate 'the residue with 
about 25 ec. of cold water for 4 hours, filter, and discard the fil- 
trate. Finally digest the residue with 125 ce. of boiling water for 
1 hour, cool, and filter. Preserve the filtrate in wide-mouthed bot- 
tles, stoppered with loose plugs of purified cotton. 

Methyl Orange Test Solution—Dissolve 100 mg. of methyl 
orange in 100 ce. of water, and filter, if necessary. 

Methyl Red Test Solution—Dissolve 100 mg. of methyl red in 
100 ce. of aleohol, and filter, if necessary. 

Phenolphthalein Test Solution—Dissolve 1 Gm. of phenol- 
phthalein in 100 ce. of alcohol. 

Phenol Red Test Solution—Dissolve 100 mg. of phenol red in 
100 ce. of alcohol, and filter, if necessary. 

Thymol Blue Test Solution—Dissolve 100 mg. of thymol blue 
in 100 ce. of alcohol, and filter, if necessary. 

Thymolphthalein Test Solution—Dissolve 100 mg. of thymol- 
phthalein in 100 ce. of alcohol, and filter, if necessary. 


Other Indicator Test Solutions 


Diiodofluorescein Test Solution—Dissolve 500 mg. of diiodo- 
fluorescein in a mixture of 75 cc. of alcohol and 30 cc. of water. 

Ferric Ammonium Sulfate Test Solution—Dissolve 8 Gm. of 
ferric ammonium sulfate in sufficient water to make 100 ce. 

Ortho-phenanthroline Test Solution—Dissolve 150 mg. of 
ortho-phenanthroline in 10 ce. of a solution of ferrous sulfate, pre- 
pared by dissolving 1.48 Gm. of clear crystals of ferrous sulfate 
in 100 cc. of water. The ferrous sulfate solution must be prepared 
immediately before dissolving the ortho-phenanthroline. Pre- 
serve the solution in well-closed containers. 

Potassium Chromate Test Solution—Dissolve 10 Gm. of 
potassium chromate in sufficient water to make 100 cc. 

Sodium Alizarinsulfonate Test Solution—Dissolve 100 mg. of 
sodium alizarinsulfonate in 100 cc. of water, and filter, if neces- 
sary. 

Starch Iodide Paste Test Solution—Heat 100 cc. of water in a 
250-cc. beaker to boiling, add a solution of 0.75 Gm. of potassium 
iodide in 5 ec. of water, then follow with 2 Gm. of zine chloride 
dissolved in 10 ce. of water, and, while the solution is boiling, add, 
with stirring, a smooth suspension of 5 Gm. of potato starch in 
30 cc. of cold water. Continue to boil for 2 minutes, and then 
cool. Preserve in well-closed containers in a cold place. 

Starch iodide paste test solution must show a definite blue 
streak when a glass rod, dipped in a mixture of 1 ce. of tenth-molar 
sodium nitrite, 500 cc. of water, and 10 ce. of hydrochloric acid, 
is streaked on a smear of the paste. 

Starch-Potassium Iodide Test Solution—Dissolve 500 mg. of 
potassium iodide in 100 cc. of freshly prepared starch T.S. This 
solution is not to be used if it is more than 24 hours old. 

Starch Test Solution—Triturate 1 Gm. of arrowroot starch 
with 10 cc. of cold water, and pour slowly, with constant stirring, 
into 200 ce. of boiling water. Boil the mixture until a thin trans- 
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lucent fluid is obtained; longer boiling than necessary renders the 
solution less sensitive. Allow to settle and use only the clear 
supernatant liquid. This test solution must be freshly prepared. 


Indicator Papers 


Strong, white filter paper is treated with hydrochloric acid and 
washed with water until the washings no longer show an acid 
reaction to methyl red. It is then treated with ammonia T.S. 
and again washed with water until the washings are no longer 
alkaline toward phenolphthalein. It is then thoroughly dried. 

The dry paper is then saturated with the proper strength 
indicator solution and carefully dried. The drying is accom- 
plished by suspending the paper in a room free from acid or alkali 
fumes. 

The papers so prepared are kept in glass-stoppered bottles, care- 
fully protected from light and moisture. 

Litmus Paper, Blue—Usually in the form of strips about 50 
mm. in length and 6 mm. in width. 

Litmus Paper, Red—Usually in the form of strips about 50 mm. 
in length and 6 mm. in width. 

Phenolphthalein Paper—Prepared from 1 0.1 per cent solution 
of phenolphthalein in diluted alcohol. 

Potassium Iodate-Starch Paper—Strips of white filter paper 
impregnated with a solution prepared by mixing a 5 per cent 
solution of potassium iodate with an equal volume of freshly pre- 
pared starch T.S. 

Starch Iodide Paper—Impregnate strips of white filter paper 
with a solution of 500 mg. of potassium iodide in 100 ce. of freshly 
prepared starch T.S. 

Turmeric Paper—Impregnate strips of white filter paper iden 
turmeric T.S. 


pH Indicators and Preparation of Their Solutions 


The indicators used for colorimetric pH determinations are 
either weakly acid or weakly basic. However, most of the indi- 
cators used for this purpose, such as the phthaleins and sulfonated 
phthaleins, behave like weak acids. 

The usual concentration of the indicator solution is 0.05 per 
cent. From 0.1 to 0.2 ce. of the indicator solution is generally 
used for 10 «c. of the liquid being examined. 

Solutions of indicators of the basic type and of the phthaleins 
are prepared by dissolving them in alcohol. In preparing solu- 
tions of indicators containing an acid group, this group must first 
be neutralized with sodium hydroxide. The procedure is as fol- 
lows: 

Triturate 100 mg. of the indicator in an agate mortar with the 
volume of twentieth-normal sodium hydroxide specified in the 
following table, or with its equivalent of fiftieth-normal sodium 
hydroxide. When the indicator has dissolved, the solution is di- 
ean with carbon-dioxide-free water to make 200 ce. (0.05 per 
cent 

The solutions should be kept in stoppered bottles, and protected 
from light. 


Volumetric Solutions 


Normal Solutions—Normal solutions are solutions which con- 
tain 1 gram equivalent weight of the active substance in each 1000 
ce. of solution; that is, an amount equivalent to 1.0080 Gm. of 
hydrogen or 8.000 Gm. of oxygen. 

Molar Solutions are solutions which contain in 1000 ec. 1 
gram-mole equivalent of the reagent. Thus: a molar solution of 
sulfuric acid would contain 98.08 Gm. of H2SOx, in a liter of the 
solution, and a molar solution of potassium dichromate would 
contain 294.21 Gm. of KeCr2O; in a liter of the solution. Solu- 
tions containing in 1000 cc. one-tenth of a gram-molecule of the 
reagent are designated “tenth-molar,’’ M/10, and are similarly 
indicated for other molarities. 

Empirical Solutions—It is frequently difficult to maintain the 
theoretical standard of many solutions. For this reason it is not 
essential that such standard normalities be maintained, or even 
attained originally. A solution of approximately the desired 
normality is prepared and the correction factor accurately deter- 
mined. This correction factor is used in all calculations where 
such empirical solutions are employed. As the value of a standard 
solution may change upon standing, the concentration should fre- 
quently be redetermined. 

All volumetric solutions, whether made by direct solution or by 
dilution of a stronger solution, must be thoroughly mixed by vig- 
orous shaking before standardization. 

When solutions of a particular substance are used in several 
normalities, the details of the preparation and standardization 
are usually given for the normality most frequently required. 
Stronger or weaker solutions are prepared and standardized in 
the same general manner as described, using proportionate 
amounts of material. It is possible in many instances to prepare 
accurately lower normalities by making an exact dilution of the 
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stronger solutions. Alkali hydroxide solutions, when prepared by 
dilution, should be standardized by the method of titration de- 
scribed under the stronger solution. 

Low normalities, such as one-hundredth or lower, of solutions 
which are not stable as, for instance, one-hundredth-normal 
potassium permanganate, one-hundredth or lower normality 
sodium thiosulfate, are preferably prepared by exactly diluting 
the higher normality with thoroughly boiled and cooled water 
on the same day they are required for use. 

Preparation and Standardization of Volumetric Solutions— 
Under volumetric solutions 1 or 2 methods are usually given for 
standardization, but other methods of standardization, capable 
of yielding at least the same degree of accuracy, may be used. 


Acetic Acid, Double-Normal 
HCeH302 = 60.05 120.10 Gm. in 1000 ec. 


Add 116 ce. of glacial acetic acid to sufficient water to make 1000 
cc. after cooling to room temperature. 


Ammonium Thiocyanate, Tenth-Normal 
NH4SCN = 76.12 7.612 Gm. in 1000 Ge. 


Dissolve about 8 Gm. of reagent ammonium thiocyanate in 1000 
cc. of water, and determine the exact normality by titrating the solu- 
tion against tenth-normal silver nitrate as follows: 

Measure accurately from a burette about 30 cc. of the tenth-normal 
silver nitrate into a glass-stoppered flask. Dilute with 50 cc. of water, 
then add 2 cc. of nitric acid and 2 cc. of ferric ammonium sulfate T.S. 
and titrate with the ammonium thiocyanate solution to the first ap- 
pearance of a red-brown color. Calculate the normality, and, if 
desired, adjust the solution exactly to tenth-normal. 

If desirable, tenth-normal ammonium thiocyanate may be replaced 
by tenth-normal sodium or potassium thiocyanate where the former 
is indicated in various tests and assays. 


One cubic centimeter of Tenth- Normal Ammonium Thiocyanate is the 
equivalent of: 


Milligrams 


Ammonium Thiocyanate, NH4SCN ............... 7.612 
AVRO ua Ca@) xi cet ED gO)! Mra riwsalehesis suttetisyajs a salels «sas 10.83 
ivberranmiyy, IEW" 845 bi Mgiare 6 Re ee ree 10.03 
pile, AVS 0d aie AES 5 OIE nee arene ean er 10.79 
eM MAE ATOAPING@ gts. agus ses se iets cee nec ows 16.99 


Barium Hydroxide, Tenth-Normal 
Ba(OH)2.8H20 = 315.50 15.775 Gm. in 1000 ce. 


Dissolve approximately 18 Gm. of reagent rimbau hydroxide in 
1000 cc. of recently boiled distilled water at 25°, and quickly filter 
the solution. Keep this solution in rubber-stoppered bottles with a 
soda-lime tube attached to protect it from the carbon dioxide of the 
air. 

Accurately measure, from a burette, about 30 cc. of tenth-normal 
hydrochloric acid, add 2 drops of phenolphthalein T.S., and slowly 
add the barium hydroxide solution from a burette, with constant 
stirring, until a permanent pale pink color is produced. Calculate 
the normality and, if desired, adjust exactly to tenth-normal with 
freshly boiled and cooled distilled water. 

The normality of this solution is likely to decrease as it stands. 
this reason it should be restandardized before using. 

It is preferable to connect the burette which is used for this titration 
directly to the bottle containing the barium hydroxide solution to 
protect it from the carbon dioxide of the air. 


For 


One cubic centimeter of Tenth- Normal Barium Hydroxide 
ts the equivalent of: 


Gram 
Barium Hydroxide, Ba(OH)g.8H2O ................. 0.01578 
ROTTIETUBLEM AC LONE oO) gids Wears) tye, cesiePeelsauails lle s oie olsun o8 0.004904 


Bromine, Tenth-Normal 
{[Koppeschaar’s Solution] 


Br = 79.92 7.992 Gm. in 1000 ce. 


Dissolve 3 Gm. of potassium bromate and 15 Gm. of potassium 
bromide in sufficient water to make 1000 ce. and determine its exact 
normality as follows: ; 

Measure accurately from a burette about 25 ec. of the solution 
into a 500-cc. iodine flask and dilute with 120 cc. of water. Add 5 cc. 
of hydrochloric acid, stopper the flask, and shake it gently. Then add 
5 ce. of potassium iodide T.S., re-stopper, shake the mixture, allow 
it to stand for 5 minutes, and titrate the liberated iodine with tenth- 
normal sodium thiosulfate, using starch T.S. as the indicator. Calcu- 
late the normality and, if desired, adjust exactly to tenth-normal. 

Preserve it in dark amber-colored, glass-stoppered bottles. 


One cubic centimeter of Tenth- Normal Bromine 
ts the equivalent of: 


Grams 

PS OMANTNO MIST ssc c, ois “aNckoys eh ecyemehewe ttech stevens asians Mire carci 7.992 
lexyiresorcinol, CrollygQlor hack Secale s Sates ou eee 4.857 
ven) mC@ Gel'g OEUs ita ean medlibat id ecke alnc Sahih ane ote oe 1.569 

_ Phenolsulfonphthalein, Cj}9H1405S ............-.... 4.430 
BeCesOncols @.gkl 4( OED) gue wmititeictes berg s chs eis eleterers os 1.835 


983 


Ceric Sulfate, Tenth-Normal 
Ce(SO4)2 = 332.25 32.23 Gm. in 1000 ce. 


Dissolve 42 Gm. of reagent ceric sulfate in about 500 cc. of water 
containing 28 cc. of sulfuric acid, warming if necessary. When solu- 
tion is complete, cool, add sufficient water to make 1000 ecc., and mix 
well. Standardize the solution as follows: 

Weigh accurately from 170 to 200 mg. of clean, dry reagent iron 
wire and transfer to a 250-cc. or a 300-ce. flask. Add 50 cc. of diluted 
sulfuric acid and close the flask with a valve-stopper prepared as de- 
scribed in the assay for Potassiwm Chlorate. Heat on a steam bath 
until the iron is dissolved. Cool the solution, dilute it with 50 cc. of 
freshly boiled and cooled water, add 2 drops of orthophenanthroline 
T.S., and titrate with the ceric sulfate solution from a burette until 
the red color is changed to pale blue. Calculate the normality and, 
if desired, adjust the solution exactly to tenth-normal. 


One cubic centimeter of Tenth- Normal Ceric Sulfate 
ts the equivalent of: 


Milligrams 


Ceric Sulfate, anhydrous, Ce(SO4)o................. SonZe 
J GOYA WE aire eco PES Sle te ok A ane eee 5.080 
iRerrous | Carponautesbe@Os mh rn eae r on te sce one 11.59 
BerrousipulateshesOawikloOn peur sete ees oe 27. 80 
Nien adiones, Cir lis Oommen tence sore metals ateccrs 48007 are iaears 8.609 


Ceric Sulfate, Fiftieth-Normal 


Dilute exactly 200 ec. of the tenth-normal solution with sufficient 
of a mixture of equal volumes of diluted sulfuric acid and water to 
make exactly 1000 cc. 


One cubic centimeter of Fiftieth- Normal Ceric Sulfate 
is the equivalent of: 


Milligrams 
Ceric Sulfate, anhydrous, Ce(SO4)2 .......-.-. 6.646 
Menadrone sey big O samen ether o eine ior eerie LPR 
Potassium Chloride (by Cobaltinitrite Method) ...... 0.249 


Ferrous Ammonium Sulfate, Fiftieth-Normal 
Fe(NH4)2(SO4)2.6H2O = 392.14 7.843 Gm. in 1000 ce. 


Dissolve 8.0 Gm. of reagent ferrous ammonium sulfate in 100 cc. 
of a previously cooled mixture of 20 cc. of sulfuric acid and 100 ce. of 
water, dilute with water to 1000 cc., and mix well. Then standardize 
as follows: 

Place an accurately measured volume of 25 to 30 ec. of the solution 
in a flask, add 2 drops of orthophenanthroline T.S., and titrate with 
fiftieth-normal ceric sulfate until the red color is changed to pale blue. 
From the volume of fiftieth-normal ceric sulfate consumed, calculate 
the normality of the ferrous ammonium sulfate solution. 


Hydrochloric Acid, Normal 
HCl = 36.47 36.47 Gm. in 1000 ce. 


Dilute 95 ce. of hydrochloric acid with water to make 1000 ce. 

This solution may be standardized by one of the following methods: 

Method I—Accurately weigh about 1.5 Gm. of reagent anhydrous 
sodium carbonate which has been heated at a temperature of about 
270° for 1 hour. Dissolve it in 100 cc. of water and add 2 drops of 
methyl orange T.S. Add the acid slowly from a burette, with con- 
stant stirring, until the color is changed from yellow to pale pink. 
Calculate the normality and, if desired, adjust exactly to normal. 

Method II—Measure accurately from a burette 20 cc. of the acid 
into a 300-cec. beaker. Dilute with 130 cc. of water and add 5 drops 
of nitric.acid. Now add slowly, with constant stirring, 40 ce. of a 10 
per cent solution of silver nitrate, or more if necessary, until precipita- 
tion is complete. Boil the mixture cautiously for 5 minutes, and allow 
the solution to stand in the dark until the precipitate has settled to 
the bottom of the beaker and the supernatant liquid has become clear. 
Transfer the precipitate completely to a tared filtering crucible and 
wash it with water, slightly acidified with nitric acid, until the wash- 
ings give no test for silver. Dry to constant weight at about 110°. 
From the weight of silver chloride obtained, calculate the normality 
of the hydrochloride acid and, if desired, adjust it exactly to normal. 
The silver chloride should be protected from light as much as possible 
during the determination. 


One cubic centimeter of Normal Hydrochloric Acid 
is the equivalent of: 


Milligrams 
Hydrogen) ChioridewHCl Meena. sacar io eerie 36.47 
Barium Carbonate, Ba Oguw caniee. one perenne 98.69 
Barium Hydroxide, Ba(OH)2.8H2O................. 157.8 
Galerum: Carbonate, CaCO ghana ante nee 50.05 
CalciumiEydroxide, @a(OHi)ou--eeen ie amie 37.05 
Calcium: Oxides @aO ware .tant eee ee eon oe 28.04 


Potassium y droxide, KOE. ake ceca eeeiemeee nt 56.10 


Sodium Borate, anhydrous, NagBaO7............... 100.6 
Sodium Borate, hydrated, NagB407.10H20......... 190.7 
Sodium Cacodylate, anhydrous, Na(CH3)2.AsOg..... 160.0 
Sodium Carbonate, anhydrous, NagCO3............. 53.00 
Podiumebbydroxide, NaOH... shn4 2442 aera sevens « 40.01 
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Hydrochloric Acid, Half-Normal 


One cubic centimeter of Half-Normal Hydrochloric Acid 
is the equivalent of: 


Milligram 
Hydrogen! Chloride,. El ©l es erey enters eisreet rere rer eee 18.23 


Other factors are identical with those given under Half-Normal 
Sulfuric Acid. 


Hydrochloric Acid, Tenth-Normal 


One cubic centimeter of Tenth- Normal Hydrochloric Acid 
is the equivalent of: 


Milligrams 
Hydrogen Chioride; ELCIS i aseiieriienettieteetolereletetsl sjletoye 3.647 
Ethylenediamine, Coll 4(NElo)ionscmetrse cer sereleieresis 3.005 
Sodium! Benzoate, Na@v hi. Os esas ere ase 14.41 
Sodium Lactate, CHsCHOH. *COONa Lae tanec ie cote ie 


Other factors are identical with those given under Tenth-Normal 
Sulfuric Acid. 


Hydrochloric Acid, i wentieth-Normal 


One cubic centimeter of Twentieth- Normal Hydrochloric Acid 
is the equivalent of: 


Gram 
Hydrogen: Chlorides HCl an acs see mens ee erent 0.001824 
Quinine Sulfate, (Ce2H240 2aNe)eHeSO04.2HsO..... 0.01957 


Hydrochloric Acid, Fiftieth-Normal 


One cubic centimeter of Fiftieth- Normal Hydrochloric Acid 
is the equivalent of: 


Milligram 
ydrogen’ Chloride © lee eee errr hen enter epens 0.7294 


Other factors are identical with those given under Fiftieth-Normal 
Sulfuric Acid. 


Hydrochloric Acid, Hundredth-Normal 


One cubic centimeter of Hundredth- Normal Hydrochloric Acid - 
is the equivalent of: 


Milligram 


Hydrogen Chloride, HCl. ac eee eer 0.3647 


Hydrochloric Acid, Thousandth-Normal 


One cubic centimeter of Thowsandth- Normal Hydrochloric Acid 
is the equivalent of: 


Milligram 


Evdrogen Chioride, ci Cl aneseerier rites tie ere 0.03647 


Iodine, Tenth-Normal 
T= 126.92 12.692 Gm. in 1000 ce. 


Method I—Weigh accurately about 12.75 Gm. of reagent iodine 
and transfer it quickly into a solution of 36 Gm. of potassium iodide 
in 100 ce. of water. After solution is complete, add 3 drops of hydro- 
chloric acid and dilute to exactly 1000 cc. at 25°. From the weight of 
the iodine used calculate the normality. The normality of the solu- 
tion should frequently be redetermined. 

Method II—Dissolve about 14 Gm. of reagent iodine in a solution 
of 36 Gm. of potassium iodide in 100 cc. of water, add 3 drops of 
hydrochloric acid, and dilute to 1000 cc. and standardize as follows: 

Weigh accurately about 150 mg. of reagent arsenic trioxide and dis- 
solve it in 20 cc. of normal sodium hydroxide by warming if necessary. 
Dilute with 40 cc. of water, add 2 drops of methyl orange T.S., and 
follow with diluted hydrochloric acid until the yellow color is changed 
to pink. Then add 2 Gm. of sodium bicarbonate, dilute with 50 cc. 
of water, and add 3 cc. of starch T.S. Slowly add the iodine solution 
from a burette until a permanent blue color is.produced. Calculate 
the normality and, if desired, adjust exactly to tenth-normal. 


One cubic centimeter of Tenth- Normal Iodine 
is the equivalent of: 


Milligrams 
Todiney I Fh 2t oo, det ceeatetals eee ain Cer eats ate ieee 12.69 
Acetone, (CH s)sCOl. Penn ee ert ore 0.968 
Antimony and Potassium Tartrate, hydrated, K(SbO)- 
CaO 6) 6H oO seo ee a ee re errs 16.70 


Arsenic, in arsenous compounds, As................. 3.746 
Arsenous,Lodide, “Asi 9 *emkt serene ieee. eres 22.79 


Arsenic Trioxide (Arsenous Acid), AsgOg............ 4.946 
WscorbicAcid, ‘CgbeO@e satanic beeen are 8.806 
lalcontoyxsyououlroley Jelon Osun onon ao auorbaneoonoen pot 1.704 
lhiov ag NP PCIe I eeoe Aaa. aoe omn SS On bmaiahes co 5.585 
Merncurous,@hlorideyis Clase eee neeeErneriel eens 23.61 

Mercurousplodide-: bol ccrce innate ener ere 32.75 

Mercury (in mercurous compounds), Hg............. 20.06 

Methylene Blue, anhydrous, C13gHigCIN3S...,...... ORO: 
Sodium Bisulfites NabSO's ne ieee rane sienene 5.204 
Sodium Cacodylate, anhydrous, Na(CHg)eAsOog...... 7.999 
Sodium Sulfite, anhydrous, NaeSOg................. 6.303 
Sodium Thiosulfate, anhydrous, NagSeO3g.......... ae 15.81 
Sodium Thiosulfate, hydrated, NagSeO3.5H2O....... 24.82 

Sulfur Dioxide, SOg...... rar a ool Te een oe oe 3.203 


CHEMICAL AND PROXIMATE ASSAYS 


Oxalic Acid, Tenth-Normal 
H2C204.2H20 = 126.07 6.3035 Gm. in 1000 ce. 


Dissolve 6.45 Gm. of reagent oxalic acid in sufficient water to 
measure 1000 cc. Ascertain its normality by titration against freshly 
standardized tenth-normal potassium permanganate as directed 
under Tenth-Normal Potassium Permanganate below, and, if desired, 
adjust to exactly tenth-normal. 

reserve in glass-stoppered bottles, protected from light. 


One cubic centimeter of Tenth- Normal Oxalic Acid 
is the equivalent of: 


Milligrams 
Oxalic Acid, hydrated, HaCsoO4.2Hi50...5.5...0e000 6.304 
AE) Kc Bal lo yah Get tl ee i i ns fe ie eS on a 10.36 
Lead Acetate, anhydrous, Pb(CoaH30a)e............. 16.27 
Lead Acetate, hydrated, Pb(C2H302)2.3H20........ 18.97 
Lead:Monoxiden RbOMs. scene Aeon Sener 11046 
Potassium’ Permanganate., MnO 4e5 eee eee 3.161 


Oxalic Acid, Hundredth-Normal 


One cubic centimeter of Hundredth- Normal Oxalic Acid 
ts the equivalent of: 


Milligram 


Oxalic Acid, hydrated, HegC204.2H2O:............. 0.6304 


Periodic Acid, Tenth-Molar 


Weigh exactly 9.394 Gm. of p-sodium periodate and transfer into a 
1-liter volumetric flask by the aid of 100 to 150 ce. of distilled water. 
Add 100 ce of normal sulfuric acid and dilute to 1000 cc. with dis- 
tilled water. 


Potassium Arsenite, Tenth-Normal 
KAsOog = 146.01 7.3005 Gm. in 1000 ce. 


Dissolve 4.9455 Gm. of reagent arsenic trioxide, which has been 
pulverized and dried to constant weight at 100°, in 75 ce. of normal 
potassium hydroxide. Add 40 Gm. of potassium bicarbonate, dis- 
solved in about 200 cc. of water, and dilute with water to exactly 
1000 ce. at 25°. 


One cubic centimeter of Tenth- Normal Potassium Arsenite 
is the equivalent of: 


Milligrams 
Todiney Ui. Sstiseher, sae tiers toieae ane ey rome Sh ess 12.69 
Arsenic’ Trioxide sAsoO gis nh ee nies OG ae ee 


Potassium Bromate, Tenth-Normal 
KBrOg = 167.01 2.784 Gm. in 1000 ec. 


Dissolve 2.8 Gm. of reagent potassium bromate in sufficient water 
to measure 1000 ec., and standardize the solution as follows: 

Transfer an accurately measured volume of about 40 ce. of the 
solution to a glass-stoppered flask, add 3 Gm. of potassium iodide, 
and follow with 3 cc. of hydrochloric acid. Allow to stand for 5 min- 
utes, then titrate the liberated iodine with tenth-normal sodium 
thiosulfate, using starch T.S. toward the end as the indicator. Cor- 
rect for blank made with the same quantities of the same reagents. 


One cubic centimeter of Tenth- Normal Potassiwm Bromate 
is the equivalent of: 


Milligram 
Potassium Brom ated Kobi: Osteen een ann an eee 2.784 
MATBENIC™ AS tre sees cece ee os as ey eee ee een 3.746 
Dichlorophenarsine Hydrochloride, CgHgNOAsCloe.- 
130 ©) punter RAR one heen thi i a © CUR es toRte cua is 3 14.52 
Oxophenarsine Hydrochloride, CgHgO2NAs.HCl..... Wal Zee 


Potassium Dichromate, Tenth-Normal 
KeCreO07 = 294.21 4.9035 Gm. in 1000 ce. 


Method I—Dissolve 4.9035 Gm. of reagent potassium dichromate, 
which has been pulverized and dried to constant weight at 120°, in 
sufficient water to measure exactly 1000 cc. at standard temperature. 

Method II—Dissolve about 5 Gm. of reagent potassium dichromate 
in 1000 cc. of water, transfer exactly 25 cc. of this solution to a 500- 
cc. glass-stoppered flask, add 2 Gm. of potassium iodide (free from 
iodate), dilute with 200 cc. of water, add 5 cc. of hydrochloric acid, 
allow to stand for 10 minutes in a dark place, and titrate the liberated 
iodine with tenth-normal sodium thiosulfate, using starch T.S. at the 
end of the titration as the indicator. 


One cubic centimeter of Tenth- Normal Potassium Dichromate 
as the equivalent of: 


Milligrams 
Potassium Dichromate, KeCreO7.................-. 4.094 
Herrous| Carbonate sree Oger sien acre einen 11.59 
Ferrous Sulfate, anhydrous, FeSOq4.................. 15.19 
Ferrous Sulfate, hydrated, FeSO4.7H2O............. 27.80 
Tron, inierrous compounds. be pei eee 5.585 
Lead Acetate, anhydrous, Pb(CeHgQ0a)e............ 10.84 | 
bead "Monoxide: 2bOtt nn uc cee eee er etc 7.440 


Quinacrine (base), CegHgoCINg3O................... 6.666 
Quinacrine Hydrochloride, anhydrous, CegHgo0ClN 30.- 

DEL CVs Bese d gentecce tary ae ita lees San ae Sy re 7.882 
Quinacrine Hydrochloride, CegHgo0CIN3g0.2HCl.2H20 8.482 


CHEMICAL AND PROXIMATE ASSAYS 


Potassium Dichromate, Hundredth-Normal 


One cubic centimeter of Hundredth- Normal Potassium Dichromate 
’ as the equivalent of: 


Gram 


Potassium Dichromate, KgCr207 0.0004904 


Potassium Dichromate, Two-Hundredth-Normal 


One cubic centimeter of Two-Hundredth Normal Potassium Dichromate 
is the equivalent of: 


Gram 


Potassium Dichromate, KgCr207 0.0002452 


Potassium Ferricyanide, Twentieth-Molar 
Kg3Fe(CN).5 = 329.25 16.462 Gm. in 1000 ce. 


Dissolve about 17 Gm. of reagent potassium ferricyanide in suffi- 
cient water to make 1000 cc. Transfer 50 cc. of this solution to a 500- 
ec. glass-stoppered flask, dilute with 50 cc. of water, add 10 ec. of 
potassium iodide T.S., 10 ce. of diluted hydrochloric acid, and allow 
to stand for 1 minute. Then add 10 ce. of zinc sulfate solution (1 in 
10), and titrate the liberated iodine with tenth-normal sodium thio- 
sulfate, using starch T.S. as the indicator toward the end. Wach éc. 
of tenth-normal sodium thiosulfate corresponds to 2 ce. of twentieth- 
molar potassium ferricyanide. 

Protect the solution from light, and restandardize before use. 


One cubic centimeter of Twentieth-Molar Potassium Ferricyanide 
ts the equivalent of: 


Milligrams 
Potassium Ferricyanide, KgsFe(CN).6................. 16.46 
ot conmmMucC Hordes tac. sb ss cee ees e sees seus 55 


Potassium Ferrocyanide Tenth-Normal 
K4Fe(CN)¢.3H2O = 422.39 14.079 Gm. in 1000 cc. 


Dissolve 15 Gm. of reagent potassium ferrocyanide in sufficient 
distilled water to make 1000 ce. at 25°. 

Accurately weigh about 0.1 Gm. of reagent zinc into a 400-cc. 
beaker. 
chlorie acid, covering the beaker with a watch glass. After the zinc 
has dissolved wash the watch glass and sides of the beaker down with 
distilled water. Neutralize with stronger ammonia water, make 
slightly acid with diluted hydrochloric acid, and add 6 ce. of the acid 
in excess. Dilute to 200 cc. with distilled water, heat to the boiling 
point, reserve 50 cc., and add 4 drops of aqueous solution of ferrous 
ammonium sulfate (li in 1000) to the major portion. Titrate the hot 
solution with the potassium ferrocyanide solution, vigorously stir- 
ring, until the blue color of the solution changes to ‘pinkish, and add 
0.5 cc. in excess. Add all but about 5 cc. of the reserve, titrate to the 
end-point, and add 0.1 cc. of the solution in excess. Add the last 5 
ec. of reserve and titrate dropwise to the final end-point. Calculate 
the normality of the potassium ferrocyanide solution, and, if desired, 
adjust exactly to tenth-normal. 


One cubic centimeter of Tenth- Normal Potassium Ferrocyanide 
ts the equivalent of: 


Gram 
ovassiUIMyEerrocyanide . «<i. sje. sea cee aes ala ecee 0.01408 
eT MPR as Rf ae ooo Suviicues ore Sediore BuO aNGusbdie-d.s 0.003269 
PRAY ACL OMENS ON AT.) Sas ay avaee ye teers Seshdc, wiSi os, ace! e's ec doenia 0.004069 
Potassium Hydroxide, Normal 
KOH ='56:10 56.10 Gm. in 1000 ce. 


Normal Potassium Hydroxide is used only as an alternative solu- 
_tion. It is prepared and standardized in exactly the same manner as 
normal sodium hydroxide, using an equivalent quantity of the potas- 
sium hydroxide for preparing the solution. The factors for this solu- 
tion are the same as for normal sodium hydroxide. 


Potassium Hydroxide, Alcoholic, Half-Normal 


Dissolve about 35 Gm. of potassium hydroxide in 20 cc. of water 
and add sufficient aldehyde-free alcohol to make 1000 ce. Allow the 
solution to stand in a tightly stoppered bottle (using either a glass or 
a rubber stopper) for 24 hours. Then quickly decant the clear super- 
natant liquid into a bottle provided with a well-fitting rubber stop- 
per, and standardize as follows: 

Measure accurately, from a burette, about 25 cc. of half-normal 
hydrochloric acid. Dilute with 50 ce. of water, add 2 drops of phenol- 
phthalein T.S., and titrate with the alcoholic potassium hydroxide 
solution until a permanent, pale pink color is produced. Calculate 
the normality. 

Note—Keep this solution in tightly-stoppered bottles protected 
from light. It should be standardized at the same temperature at 
which it is used. 


One cubic centimeter of Half-Normal Alcoholic Potassium Hydroxide 
ts the equivalent of: 


Milligrams 
ipoLassiunieelyGroxide, KOH. a4. 22,2525 lee oo, sr0,0 oho Sieis oe 28.05 
iBenzaldenyde, CgiHisiCHOL Eh ai sista eh eve, cae es wvninee 53.06 
Teovinortyel ly (Core BIRR OS Ie eaten Nis 3 fats ae te Sr ot a : - 


Bornyl Ateetate, C iol pC oH gO attarns cites cee no esi sie 


Cover with water and dissolve in 10 cc. of diluted hydro- * 


985 
Milligrams 
Linalyl Acetate, C19pH17CaH3O9.................6- 98.14 
Menthol, Ci0H190H fo corm nos Ser OPO Oo Oni OrecnciE 78.13 
Menthyl] Acetate, C3pH19C2H30e................. 99.15 
Methyl Salicylate, HOCgGH4COOCH3............... 76.07 
Saubalols Cis koa Ones nt ics ceca mbes m het ee onsen ee 110.2 


Potassium Hydroxide, Alcoholic, Tenth-Normal 


Prepare as described under Potassium Hydroxide, Alcoholic, Half- 
Normal, using about 7 Gm. of potassium hydroxide, and standardize 
the solution with tenth-normal hydrochloric acid. 


One cubic centimeter of Tenth- Normal Alcoholic 
Potassium Hydroxide is the equivalent of: 


Milligrams 
Rotassiumerhy aroxides OH wes ae acts nel aeons ee 
Neocinchophen, C3gH ;7O2N 


Potassium Iodate, Twentieth-Molar 
KIOg = 214.02 10.701 Gm. in 1000 ec. 
Dissolve 10.701 Gm. of reagent potassium iodate, previously dried 
to constant weight at 110°, in sufficient water to make 1000 cc. at 25°. 


One cubic centimeter of Twentieth-Molar Potassium Iodate 
is the equivalent of: 


Milligrams 
IROCASSIUMR LO CIGe a Glimrge crete mereicre ef eiesey crete cictoisiclasy<yer> 4 16.60 
SOCIOL OGIGOs IN a lets cariecseheescet eit cue bck cxcuccons/oveteuss 0 14,99 
Todiiners Loe teas cts eitecase. = teva enero Sars ors ou chaya alert so tebe ouais Wie 12769 
Potassium lodate, Fiftieth- Molar 
KIOg3 4.280 Gm. in 1000 ce. 


One cubic centimeter of Fiftieth-Molar Potassium Iodate 
is the equivalent of: 


Gram 
Potassium lodates KO's aapereiee cee setins inten sla 0.004280 
FATSODICHUTIOXICe AS oO) aise suk steele minnie ete 0.003956 
Wellow.Mereurous Todidet Heliisss9-a nae eee 0.008734 
RedsViercurie Lodide, Helasyce. sue fy coeee eens 0.009089 


Potassium lodate, Sixtieth-Molar 


Dissolve 3.567 Gm. of reagent potassium iodate, previously dried 
to constant weight at 110°, in sufficient water to make 1000 cc. at 25°. 


Potassium Iodate, Hundredth-Molar 


Dissolve 2.14 Gm. of potassium iodate, previously dried at 105°, in 
distilled water and dilute to 1000 cc. 


Potassium Permanganate, Tenth-Normal 
KMn0Oq = 158.03 3.161 Gm. in 1000 ce. 


Dissolve about 3.8 Gm. of potassium permanganate in 1000 ce. of 
water in a flask and boil the solution for about 15 minutes. Stopper 
the flask and allow it to stand for at least 2 days before filtering 
through asbestos. Ascertain its exact normality by titration against 
reagent sodium oxalate as follows: 

Weigh accurately about 200 mg. of reagent sodium oxalate, previ- 
ously dried to constant weight at 110°, and dissolve it in 250 cc. of 
water. Add 7 ce. of sulfuric acid, heat to about 70°, and then slowly 
add the permanganate solution from a burette, with constant stirring, 
until a pale pink color is produced which persists for 15 seconds. The 
temperature at the conclusion of the titration should not be less than 
60°. Calculate the normality of the solution and, if desired, adjust the 
solution exactly to tenth-normal. 

Buretittes provided with glass stopcocks must be employed when 
titrating with this solution. It should be frequently restandardized. 
Preserve it in glass-stoppered, amber-colored bottles. 


One cubic centimeter of Tenth- Normal Potassium Permanganate 
is the equivalent of: 


Milligrams 

Potassium Permanganate, KMnOgq.................. 3.161 
Calcium Bromide, anhydrous, CaBrg..............-.- 9.996 
Calcium" Carbonate, CaCOge.ce eens iioea ae aitele 5.005 
Calcium Chloride, aoa CaClou eae arena: 155155) 
Calcium El ydroxide@a(@OE) ane see eine 3.705 
Calcium Lactate, Ca(C3H5' Ox 9) BSE ee evans ee kd 10.91 
Calcium Mandelate, (Cee. CHOH, COO)E Cane oe Lee 
Calcium Oxide CaO nv ek nicust e e oe 2.804 
Herrous, Carbonate sieC Olsen eam eee ne te 1159 
Ferrous Sulfate, anhydrous, FeSOq4................. 15.19 
Ferrous Sulfate, hydrated, FeSO4.7H2O............ . 2.80 
Ey drogeneheroxide rt oO at.cticineh aie omieieieital tials 1.701 
[rom in vermous;compounds, Henecseieaetil-ieielens creel 5.585 
Lead Dioxide wb O atars nied; nacho name eee ee Dae es 11.96 
Oxyren CO be see the elas, or catsrceat stp aes geek mie etels Paves 0.8 
IPotsssium:Chlorates KCIlOs. crise eer yias 2.043 
Calcium Phosphate, Dibasic, CaHPO4.2H20........ 8.607 
Sodium NitrivesnN aN © oniacrs te anecutave,ceaibwele Mis yaleete tetsu 3.451 
Sodium Oxalate, NagC20q......... LOE eM eaphcal eM in ih» 6.701 
ZANCLLCrOSIGOs LD Oo vs aia ish che sie ies, 4) sss2 619 Sot Oe eee be 4,869 
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Potassium Permanganate, Twentieth-Normal 


One cubic centimeter of Twentieth- Normal Potassium Permanganate 
is the equivalent of: 
Gram 


Potassium Permanganate, KMnOgq................ 0.001580 


Potassium Permanganate, Hundredth-Normal 


One cubic centimeter of Hundredth- Normal Potassium Permanganate 
is the equivalent of: 


, Milligram 
Potassium Permanganate, KMnOq. ............... 0.3161 
Galcium, Cas ken. ak: feesees Sen cee mee enter 0.2004 
Galcium’ Onide:;.CaOite ee sea coer eee ere 0.2804 
Galen Chioride,;CaClon2 Ec Omer etait On7352 


Silver Nitrate, Tenth-Normal 
AgNOg = 169.89 16.989 Gm. in 1000 ec. 


Method I—Dissolve 17.006 Gm. of reagent silver nitrate, previously 
dried at 110°, in sufficient water to make 1000 ce. at 25°. 

Method II—Dissolve about 17.5 Gm. of silver nitrate in 1000 ce. of 
water and standardize the solution as follows: < : 

Measure accurately, from a burette, about 40 cc. of the silver nitrate 
solution and dilute with about 100 cc. of water. Heat the solution 
and add slowly, with continuous stirring, diluted hydrochloric acid 
until precipitation of the silver is complete. Boil the mixture cau- 
tiously for about 5 minutes, then allow it to stand in the dark until the 
precipitate has settled and the supernatant liquid has become clear. 

Transfer the precipitate completely to a tared filtering crucible, 
wash it with small portions of water, slightly acidified with nitric acid, 
Dry the precipitate to constant weight at 110°. From the weight of 
the silver chloride obtained calculate the normality of the silver 
nitrate solution and, if desired, adjust it exactly to tenth-normal. 
The silver chloride should be protected from light as much as possible 
during the determination. 


One cubic centimeter of Tenth- Normal Silver Nitrate 
is the equivalent of: 


Ulver Nitrate, Ag © sijemy see -scrinveueceberensieryeiatenepcunrens 16.99 
Allyl Isothiocyanate, CsH BNCS i. echt mea ye aie 958 
Ammonium comid ese Nibledl> Cereetereriniiee meee ener 796 


ATamonium Chionde: NHGCI ze enh teerienie dee 
IBYOMING WB CEyedeh ek eee sereceenls o cts td eoieeneeaeae 


Calcium Bromide, anhydrous, CaBre................ 996 
Calcium Bromide, dihydrate, CaBre.2H2O0.......... 11.80 
Calcium Chloride, anhydrous, CaClo................ 


Calcium Chloride, dihydrate, CaClo.2H9O.......... 
Chiorobutanole@ abt, O Clate eee ere 
GhIotine SOV ee es tae cist a tgs eee Piensa arts 
Ghioroform, (CH Clg nace eet aka eictelane hist china 
Ferrous Iodide, Felg........... ideotccosgcres baa 
Hydrocyanic Acid, HCN, potassium chromate as indi- 

GACOL aac Sue Ce he ras censure neettoresa the lage alt kate ter tenn tarrats 
Hydrocyanic Acid, HCN, to first formation of precipi- 


H 
DO AWWOANOHR ONO 
Or 
or 
oO 


Hated. Ue Letters Me CAE FE einer ere ae tte eke 5.405 
Eby drogen lOciden kt learns cierto ater een te 12.79 
Todine 5D 210) 2200008. eevee: etree at ere ee arate 12.69 
o-Methoxycinnamic Aldehyde, C19H10O0g........... 16.22 
Potassiunal Bromicder Kits ss cere hte eyeie tere ear cereter 11.90 
Potassium Chioride iC laeees a ertes nee ae eae 7.455 
Potassium Lodiden Kills eens er eee ae ee 16.602 
PotassiuimuNitrate skeNO 2 aes ee eee: are aloe aL 
Sodium=Bromide; Nabres aero cee seer ee 10.29 
SodiumitC@hlorideviNaGle eae eaten Sree ieee 5.855 
Sodium LodidemNa leer pote aoe ee eae 14.992 
Sodium Nitrite, NaNOg, by chlorate method......... 20.70 
Theophylline, anhydrous, C7HgN4Oog............... 18.02 
Theophylline, C qH gN 40 2. H 20 PAD 0, DIOL, Gc MOD 19.82 
Tribromoethanol, ©ollgBrsOle essere ee eet: 9.426 
Tine Chioridey Zn©lig meee tenn sie erate eran tane 6.815 


Silver Nitrate, Hundredth-Normal 
To exactly 10 cc. of tenth-normal silver nitrate add 1 drop of nitric 
acid, dilute with sufficient water to make 100 cc., and mix thoroughly. 


One cubic centimeter of Hundredth- Normal Silver Nitrate 
is the equivalent of: 


Milligrams 
Silvers Nitrate, AgNO'saacen, sapien ieee iene eee 1.699 
Chlorine: Clit ;5 Wadanee cake cerns ee Ee eae 0.3546 
Silvers :Agis.chen sete oat uacdsin dee ensiocrenoeie noe ae te 1.079 


; Sodium Arsenite, Tenth-Normal 
NaAsOg = 129.91 6.4955 Gm. in 1000 ce. 


Dissolve 4.9455 Gm. of reagent arsenic trioxide, which has been 
pulverized and dried to constant weight at 100°, in 75 cc. of normal 
sodium hydroxide and neutralize any excess alkali with diluted sul- 
furic acid using phenolphthalein T.S. as the indicator. Add 500 ce. 
of distilled water containing 25 Gm. of sodium bicarbonate. If a 
pink color develops, add dropwise, diluted sulfuric acid until the color 
is discharged. Dilute the solution to a volume of exactly 1000 ce. at 
25° with distilled water. 


Milligrams - 


CHEMICAL AND PROXIMATE ASSAYS 


Sodium Hydroxide, Normal 
NaOH = 40.01 40.01 Gm. in 1000 ee. 


Dissolve 45 Gm. of sodium hydroxide in about 950 ce. of water. 
Add a freshly prepared saturated solution of reagent barium hydroxide 
until no more precipitate forms. Shake the mixture thoroughly and 
allow it to stand overnight in a stoppered bottle. Decant the clear 
liquod or filter the soluticn and standardize it by one of the following 
methods: 

Method I—Accurately measure 30 cc. of normal hydrochlorie or 
normal sulfuric acid, dilute with 50 cc. of carbon dioxide-free water, 
add 2 drops of phenolphthalein T.S., and titrate with the sodium 
hydroxide solution to the production of a permanent pink color. 
Calculate the normality of the sodium hydroxide solution and, if 
desired, adjust it exactly to normal with freshly boiled and cooled 
water. 

Method II—Dry about 5 Gm. of reagent potassium biphthalate at 
100° for 3 hours and weigh accurately. If the potassium biphthalate 
is in the form of large crystals, they should be crushed before drying. 
Dissolve it in 75 cc. of carbon dioxide-free water, add 2 drops of 
phenolphthalein T.S., and titrate with the sodium hydroxide solution 
to the production of a permanent pink color. Calculate the normality 
of the sodium hydroxide solution and, if desired, adjust exactly to 
normal with freshly boiled and cooled water. 

Note—Solutions of alkali hydroxides absorb carbon dioxide when 
exposed to air. They should, therefore, be preserved in bottles with 
well-fitted, suitable stoppers, provided with a tube filled with a mix- 
ture of sodium hydroxide and lime (soda-lime tubes) so that air enter- 
ing the container must pass through this tube, which will absorb the - 
carbon dioxide. 

Standard solutions of sodium hydroxide should be frequently re- 
standardized. 


One cubic centimeter of Normal Sodium Hydroxide 
ts the equivalent of: 


Milligrams 
Sodium Hy droxides NaOH aeeeseeetren ie see 40.01 
Acetic-A cid’ H@olleO om a america 60.05 
Acetic Anhydride; (CH gCO)cOle =... 0. eee 51.04 
Ammonium Acetate, NHaCoH3Qg................. 77.08 
BoricsA cidy HsBO ss ees ar ee ee eee 61.84 
Calcium Phosphate, Tribasic, Cag(PO4)o........... 6.745 
ChioraltHydrates.CobisCleO cea oe eee 165.4 
Citric Acid, HsCegH507.H2O0 eaP otepielies ene ness) o'e\lsite) uence 70.05 
Hormaldehydes HCHO} nee re eee ee eee 30.03 
Glyceryl Borate (Boroglycerin), Cs3Hs5BO3.......... 99.89 
Hydrogen: Chlorides Cla. a eee eee 36.47 
Hypophosphorous Acid, HPH2Og.................. 66.00 
Lactic-Acid, HiCsH sO ssp nen eee eee 90.08 
Magnesium Phosphate, Tribasic, anhydrous, Mgs- 

(PO a) a AAs. SOR yh en oe ea Sava 
INitricnA Cid SELN O's Gunes see aro ee ier eee rns 63.02 
Oxalie Acid, hydrated, H2C204.2H2O............. 63.04 
Paraformaldehydex (HCHO) >=. eeoeEee tee sees 30.03 
Phosphoric Acid, H3PO4 (to form NagHPO, with 

phenolphthalemn) hee wee ae ee eee Wists teens 49.00 
Potassium! Bitartrates cH ©4l © gare 188.2 
Potassium Biphthalate, KHCgH4(COO)e........... 204.2 


SLotassium, Elydroxice wi © Ela ee eer nee 56.10 


Sodium Biphosphate, NaHgPO4.H2O.............. 138.0 
Sodium Biphosphate, anhydrous, NaHgPO4........ 120.0 
Sodium Bitartrate, NaHC4H40,6.H2O............. 190.1 
SultunickAcid pEloS Ogee ene er en ee eens 49.04 
Sulfur! frioxidesSOlswe te eee feet ee eee 40.03 
TartariczAcid, HeC@ahiaO gu ieee ee ee eee 75.05 
Trichloroacetic Acid; CClg.COOH................. 163.4 


Sodium Hydroxide, Half-Normal 


Preserve as directed under normal sodium hydroxide above. This 
solution should be frequently restandardized. 
One cubic centimeter of Half- Normal Sodium Hydroxide 
is the equivalent of: 

Milligrams 
Sodiumeblydroxides Ns. Ob esse eee ee 20.005 
Acetyisalicylic Acid: GobllsO4 acme ekoe aeons 45.04 
Aluminum ehosphatestA UL@ ames ae ee eee 2.654 

Sodium Hydroxide, Tenth-Normal 
Preserve as directed under normal sodium hydroxide above. This 
solution should be frequently restandardized. 
One cubic centimeter of Tenth- Normal Sodium Hydroxide 
ts the equivalent of: 

Milligrams 
SodrumyplydroxidesNia Ol saree eee eee eee 4.001 
Acetylsalic¢ylic Acid) CoH gO” .--kn saod. oe eee 18.02 
BenzoicvAcids C7HigOlow ss sane oe cee 12.21 
BoriczAcids Hs PO's eek As eae ee ee eee 6.184 
CitrictA cidssHs Celis O75 5Hic One eee ee 7.005 
Eucaine Hydrochloride, Cj35H21302N.HCl .......... 28.38 * 
MandelictA cid, Cal sO gs.) Be noe ee eee 15.21 
INicotinie*A cid, CgHisOaNerhonol eee cee 12°31 
Potassium Biphthalate, KHCgH4(COO)2 ........... 20.42 
Salicylic Acid, C7HgOg _—=s«................ PE Stata hee 8 eos 13.81 
Sodium Salicylate, NaC7Hs503...... BS beets Mil Meee 16.01 


CHEMICAL AND PROXIMATE ASSAYS 


Sodium Hydroxide, Twentieth-Normal 


Preserve as directed under normal sodium hydroxide above. 
solution should be frequently restandardized. 


This 


One cubic centimeter of Twentieth- Normal Sodium Hydroxide 
us the equivalent of: 


Milligram 


Sodium Hydroxide, NaOH 2.001 


Come meee teres sere re sreses 


Sodium Hydroxide, Fiftieth-Normal 


_Preserve as directed under normal sodium hydroxide above. 
solution should be frequently restandardized. 


This 


One cubic centimeter of Fiftieth- Normal Sodium Hydroxide 
ts the equivalent of: 


Milligram 


Sodium Hydroxide, NaOH 0.8002 


Sodium Hydroxide, Hundredth-Normal 


Preserve as directed under normal sodium hydroxide above. 
solution should be frequently restandardized. 


This 


One cubic centimeter of Hundredth- Normal Sodium Hydroxide 
is the equivalent of: 


Milligram 


Sodium Hydroxide, NaOH 0.400 


Sodium Nitrite, Tenth-Molar 
NaNOg = 69.01 6.901 Gm. in 1000 cc. 


Dissolve 7.5 Gm. of sodium nitrite in sufficient water to measure 
1000 cc. and standardize as follows: 

Weigh accurately about 500 mg. of U.S. P. Sulfanilamide Reference 
Standard, previously dried for 3 hours at 100°, and transfer it to a 
beaker or casserole. Add 50 cc. of water and 5 cc. of hydrochloric 
acid, and stir well until dissolved. Cool to 15°, and add about 25 Gm. 
of crushed ice, then titrate slowly with the sodium nitrite solution, 
stirring vigorously, until a blue color is produced immediately when 
a glass rod dipped in the titrated solution is streaked on a smear of 
starch iodide paste T.S. When the titration is complete, the end- 
a should be reproducible after the mixture has been standing for 

minute. 


One cubic centimeter of Tenth-Molar Sodium Nitrite 
is the equivalent of: 


Milligrams 
Pamaquiner base, © 19H og Nagos« oc <c co ois.os ele ee cecces 31.54 
POCMIMABN TETIte, INANO 9 ico icreteew vie eiaiecisisiee Gs sive ee 6.901 
Succinylsulfathiazole, GisHGNOlss ectudesate chase 35.54 
iaoleaZime, (C71-gb 1 gIN4OeS:. ccs sstsc «ele vo we ve vials ons 25.03 
Sulfadiazine Sodium, C3pHgN402SNa .............. 27.23 
Sulfaguanidine, CH MON 4 OaSmeret baivieioh oe 4 toate wntbensare 21.42 
Buteamerazine, Cy eNa00S news sc ccsanvenees 26.43 
Sulfamerazine Sodium, C313H1;N4aO09SNa_.......... 26.83 
atitanalannde © giligOogNiaS «asic. atsieis wes oo alee ee vee WP 
Suiapyridine, Cr 7HppNigOaG.is cic viciieae ces ee tee tes 24.93 
Sulfapyridine Sodium, anhydrous, C313Hi9N302SNa. 27.13 
Sulfathiazole, CoH gN3028e mab keh atstinile Fete (elle! ois! 'eTenenbicelis: sheiiap 25.2 
Sulfathiazole Sodium, CgHgNgO0o0SoQNa.............. Dike 


Sodium Oxalate, Tenth-Normal 
NaeC204 = 134.01 6.7 Gm. in 1000 ce. 


Method I—Dissolve exactly 6.7 Gm. of reagent Sodium Oxalate, 
ee amuly dried at 110°, in sufficient distilled water to make 1000 ce. 
at 25° 

Method I[—Dissolve about 6.7 Gm. of reagent Sodium Oxalate, 
previously dried at 110°, in sufficient distilled water to make 1000 
ec. at 25°. Acidify a convenient quantity with sulfuric acid and 
ascertain its normality by titration against tenth-normal potassium 
permanganate as directed in U.S. P. XIII. 


One cubic centimeter of Tenth- Normal Sodium Oxalate 
is the equivalent of: 


Gram 
BodmumlOxalate, NaoCoO 4. vc ess 06 csc bere ene 0.005701 
Potassium Permanganate, KMnOq................ 0.003161 


Sodium Thiosulfate, Tenth-Normal 
NaeSe03.5H20 = 248.19 24.819 Gm. in 1000 cc. 


Dissolve about 26 Gm. of sodium thiosulfate and 200 mg. of sodium 
carbonate in 1000 cc. of recently boiled and cooled water. 

Standardize the solution by titration against tenth-normal iodine, 
or against tenth-normal potassium dichromate by the following 
method: 

Measure accurately 30 cc. of tenth-normal potassium dichromate 
into a glass-stoppered flask and dilute it with 50 cc. of water. Add 2 
Gm. of potassium iodide and 5 cc. of hydrochloric acid, stopper, and 
allow to stand for 10 minutes. Dilute with 100 cc. of water and titrate 
the liberated iodine with the sodium thiosulfate solution. When the 
solution has assumed a yellowish green color, add starch T.S. and 
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continue with the titration to the discharge of the blue color. Caleu- 
late the normality of the sodium thiosulfate solution and, if desired, 
adjust exactly to tenth-normal. 

This solution should be frequently restandardized. 


One cubic centimeter of Tenth- Normal Sodium Thiosulfate 
is the equivalent of: 


Milligrams 
Sodium Thiosulfate, NagSe03.5H2O................ 24.82 
Amyl Nitrite, C5H 1 1NOe cMiite (epaeueRriiciata) aistepedeltonalclpits' trol ite 72, 


Arsenic, As, in arsphenamine, carbarsone, neoarsphen- 
aminesand suliarsphenamine.. 2. ease te oe 3 
Ascaridol, Cc 1 oH ui 60 DUNS BG See Oe Eaters Gp tila Go cteidueGi 6 
Bron ness Teer cee rere oN en nae ce ata eee erate a 
Chlorine t CIS sry eters cee ee et a SAS ee ays on 
ChiormenC]pinsehloramine- lent ue sae sense ae ibe} 
Chromirummurioxides CrOls asi eueeiet eee eon 3 
Cuprie Sulfate, anhydrous, CuSO4................- 5 
Cupric Sulfate, hydrated, CuSO4.5H2O............. 4 
Bey IANiGuIbes Coble giIN Ome tices chetcie Seaton teat elo ibe 
GlycerylecrinitratesC shin (NOs) ss-054....6555.-. 46 I By) 
TELS EET ral Uo ch ee ee ici ict tRe RCIA CHA REMERON ee 12.69 ~ 
Tron ew MMeLr Crs ales yes atta Ter wept che singles ie a0 sss 5 
Potassium) bromatew MW brO\s wise ae aioe eek ool ae 
Potassium Dichromate, KgCreOq.................-% 4.904 
3 
3 


Nr 


Rotassrumplod ates kl Ogaemaerncoh evel inte tice: ieee 
Soditim’) Hypochlorite NaGlOne. satis sess. oo: 


Sodium Thiosulfate, Hundredth-Normal 


Dilute exactly 100 cc. of tenth-normal sodium thiosulfate with suf- 
ficient freshly boiled and cooled water to make 1000 ce. This solution 
should be frequently restandardized. 


One cubic centimeter of Hundredth- Normal Sodium Thiosulfate 
is the equivalent of: 


Milligram 
Iodine, I, in Thyroxin and Thyroid (by U. 8. P. XIII 


TMHGLMOG) a cieiseatoveretecotere seth aiaretete me a ete SEB aaclowive sak 0.2116 


Sodium Thiosulfate, Twos-Hundredth-Normal 


Dilute exactly 50 cc. of tenth-normal sodium thiosulfate with suf- 
ficient freshly boiled and cooled water to make 1000 cc. This solution 
should not be used if it has been prepared longer than 7 days. 


One cubic centimeter of Two-Hundredth- Normal Sodium Thiosulfate 
is the equivalent of: 


Milligrams 
Sodium Thiosulfate, NaeSeO3.5HeO................ 1.241 
Glyceryl Trinitrate, CsHis(NOs)i9.0... occ cl oes: oe. 0.5677 
UGrebrarewe llc Med ee eere sete oo ence Lome Pecuncoererci rue 0.6346 


Sodium Thiosulfate, Thousandth-Normal 


Dilute exactly 10 cc. of tenth-normal sodium thiosulfate with suf- 
ficient freshly boiled and cooled water to make 1000 cc. This solution 
is prepared on the day itis used. Each ce. is equivalent to 0.1269 mg. 
of iodine (I), and 0.10 mg. of zine (Zn). 


Sulfuric Acid, Thirty-Eight-Normal 


Accurately weigh a glass-stoppered flask containing about 50 ce. 
of water, then cautiously add about 1 cc. of fuming sulfuric acid, and 
reweigh. Tuitrate with normal sodium hydroxide, using methyl red 
T.S. as the indicator. Each ce. of normal sodium hydroxide is equiva- 
lent to 0.04904 Gm. of HeSO4. Calculate the per cent of HgSOq in 
the sample. In a similar manner determine the per cent of HgSOq in 
sulfuric acid. Adda calculated weight of sulfuric acid to a convenient 
weight of the fuming sulfuric acid to produce a mixture containing 
100.92 per cent. The 38-normal sulfuric acid thus prepared contains 
not less than 100.77 per cent and not more than 101.07 per cent of 
He2SO4 when determined as directed above for fuming sulfuric acid. 

Sulfuric Acid, Normal—Use Sulfuric Acid, Normal, U.S. P. XIII. 

Sulfuric Acid, Half-Normal—Use Sulfuric Acid, Half- Normal, 
Ups ee Lit 

Sulfuric Acid, Tenth-Normal—Use Sulfuric Acid, Tenth- Normal, 
UsSaRe2cii- 


Sulfuric Acid, Normal 


H2SO0q4 = 98.08 49.04 Gm. in 1000 ce. 


Add slowly, with stirring, 30 ce. of sulfuric acid to about 1020 ce. 
of water, allow to cool to 25°, and determine its normality by titra- 
tion against sodium carbonate as described under Normal Hydro- 
chlorie Acid or gravimetrically as follows: 

Measure accurately 20 cc. of the acid into a 500-cc. beaker and di- 
lute with 250 cc. of water. Add 1 ce. of hydrochloric acid, heat to 
boiling, and add gradually, with continuous stirring, hot barium 
chloride T.S. until precipitation is complete. Heat the mixture on a 
water bath for 1 hour. Collect the precipitate on a filter, wash with 
hot water until free of chloride, dry, and ignite to constant weight. 
From the weight of the barium sulfate thus obtained, calculate the 
normality of the solution and, if desired, adjust exactly to normal. 
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One cubic centimeter of Normal Sulfuric Acid 
is the equivalent of: 
. Milligrams 

Sulfuric Acid] HoSO ane sie ater een 49.04 
Ammonia Gias «N.Elgsn.e tee eke oie eee 17.03 
Ammonium Acetate, Nitz@sllsOom emer tie emre 77.08 
Galcium Oxide; CaO. oe bo eee 28.04 
Magnestum Hydroxide, Mig(OH) os. 99... .ce en 29.17 
Magnesium! Oxide Mig Oe ge merece erate ee 20.16 
Methenamine, (CHo)iGgNig aces noe ee rere 380,05 
PotassiumuAcetate wk © oblis Olsen sere een cee 98.14 
Potassium Bicarbonate, KHCOs..- suede eee ere 100.1 
Potassium Carbonate, anhydrous, KeCOg, methyl 

OLalge as INCdIGAtORAee eee Cee eae ee 69.10 
Potassium Carbonate, anhydrous, KgCO3, phenol- 

phthalem as and 1CatOke ss canes tenet iene ee eer ree 138.2 
Potassium Ely droxide) iO Eisen eee 56.10 
Sodium Bicarbonate, Nall CO sneer sen ee 84.02 
Sodium Borate, hydrated, NagB407.10H2O......... 190.7 
Sodium Carbonate, anhydrous, NagCO3, methyl or- 

ange as Indicators. ace ee ae eae eee cae eee 53.00 
Sodium Carbonate, anhydrous, NagCO3, phenolphthal- 

CIN aS INGICALOL an as cits aes fin eee ore 106.0 
Sodium Carbonate, monohydrated, NagCO3.H20, “« 

methyJiorange as indicator: ce ea era eee eee 62.01 
Sodium Eby droxides NaOH .2o. sneer 40.01 
Linc Oxidex7n© Aes oe kee ee ee 40.69 


Sulfuric Acid, Half-Normal 


One cubic centimeter of Half- Normal Sulfuric Acid 
is the equivalent of: 


Milligrams 
Sualtunice Acids tess 24ers ee eee ees 24.52 
ArnmionitatG age Nis te.tactcgts cece eke heme artes 8.516 
Ammonium Carbonate, (NH4)9CO3................. 24.03 
Benzaldelhydey Cg cis © ELO yer te eee ene 53.06 
Citral, Ci0Hi¢60 SC cad ore oo meaty OO. OAC Oa MOOT O0 HS. AZ 
Nitrogen s Nit cousienieoe dl ee Oe eee eee 7.004 
Potassrm Acetate, 1 CoblaO one se45 seen eee 49.07 
Potassium Sodium Tartrate, anhydrous, KNaC4aH40, 52.54 
Potassium Citrate, anhydrous, K3CgH507........... Sal OM 
IAovpeciennboeay 1s behaovaleley, IMO. ws anocooonnococade odes 28.05 
Sodium Acetate, anhydrous, NaCgH3Q0o9............. 41.02 
Sodium Benzoate, Na@7vH5Oo...)..5.0.----en ee see 72.06 
Sodium Borate, anhydrous, NagB4O7............... 50.32 
Sodium Borate, hydrated, NagB407.10H2O......... 95.36 
Sodium Citrate, anhydrous, NagCgHs5O07............ 43.02 
Sodiumesalicylate, NaCl Osmosis ene oer 80.05 
Sulfuric Acid, Tenth-Normal 
One cubic centimeter of Tenth- Normal Sulfuric Acid 
is the equivalent of: 
Milligrams 
SulfuricpAcid« Ho S © ara eterna ii eee ieee neni 4.904 
Ammonia; NESht (OF. & socks oat ork Cee ee 708} 
Atropine: C7 dio sOsN. oie ne ae ie eras 28.94 
Calcrum: Ely droxades@a (OES on eerie er eee 3.705 
Codeine Ci sho Os Neither ee eee oe 29.94 
Dimethylamimney (CEs) oINI eee nen acne ane ele 4.508 
Emetine Hydrochloride, anhydrous, CegH49N204.- 

DE Clie Gris Bie eee aE es 27.68 
Hphedrine. Corl eNO eo eee ee ee eee 16.52 
Tpecac, ether-soluble alkaloids..................-.. 24.03 
Morphine, anhydrous, Cj7Hi9O3N......:......... 28.53 
Neostigmine Bromide, CjgHi9Ne2Q0e2Br............. 30.32 
INrcotinamidenG gle NoO meee eee ie ee eee eal 
Nitrogent NGL te Saori a eee eee eed oe See 1.4008 
Potasstumeptydnoxides Ol peser er ee eee 5.601 
Saccharin Sodium, C7H4O03NSNa.2H9O........... 24.12 
Sodiumpllydroxiderm Na@ Eee ee een een eres 4.001 
Sodium Lactate, INa@siisOs en). ee eee eae 11.20 
Sodium: Morrhuatesece ee eee eee 32.4 
Strychiines Ce pelos Oo Nine een ne ere ee 33.44 
VUrethane*CsHGNOow ta neo eee ee eee 8.909 
Zine, Oxide, 7nOz. |. ts tye eee cee che he eee 4.069 

Sulfuric Acid, Twentieth-Normal 
One cubic centimeter of Twentieth- Normal Sulfuric Acid 
is the equivalent of: 
Milligrams 
Sulfuric Acid! HesSO guna ene eer eae 2.452 
Apomorphine Hydrochloride, ee 2N.HCl.- 

TEH pO. Stacks, Seiki ee nL ee 15.64 
Cocaine Hydrochloride, Cy7H2104N.HCl......... 17.04 
Morphine Sulfate, (C;7H1903N)2.H2S04.5H20... 18.97 
eos Hydrobromide, C17H2104N.HBr.- 

Ree PIN Ai A wicks irtcciry ideton fy tat ROI eRe aul os 21.92 
Sereehiine Nitrate (Co3H2202Ne.HNOs).. an 19.87 


Sulfuric Bed Needs -Normal—Use Sulfuric Acid, Fiftieth- Normal, 
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CHEMICAL AND PROXIMATE ASSAYS 


Sulfuric Acid, Fiftieth-Normal 


One cubic centimeter of Fiftieth- Normal Sulfuric Acid 
ts the equivalent of: 


Milligrams 

SulfuriesAicid, EeoSOiagvarr cater creer ene eran 0.9808 
Atropine Sulfate, (C177H2303N)2.H2SO4.H2O....... 6.498 
Belladonna, combined alkaloids»a),. same eee 5.787 
Codeine Phosphate, C1gH2i03N.H3P04.1%4H20.. 8.488 
Codeine Sulfate, (C1gH2103N)2.H2SO04.5H20. 7.869 
Dihbydromor phinone Hydrochloride, Cy7Hi90 aN HCl 6 .436 
Emetine Hydrochloride, anhydrous, Cga9H4a9N204.- 

DE Ol es ie St oc ea ee ee ee fase) 
Ephedrine Sulfate, (Cio0HisNO)e2 ; He2SO4 Se nC OTL Bc 4.285 
Ergonovine Maleate, C1gH2e3gN302.C4H4O0q......... 8.829 
Glyceryl WErinitrate, CsHis(NOs\auee. eee eee 1.514 
Hyoscyamus, combined alkaloids. .................. 5.787 
Morphine, anhydrous, C137Hi9O3N..............+.-: 5.707 
Morphine Hydrochloride, Cj37Hig03N.HCl1.3H2O.... 7.517 
Morphine Hydrochloride, anhydrous, C17Hi903N.- 

ET Oli 3 ets degatoaa rat hitene 1 CT ee eee 6.436 
Morphine Sulfate, (C1;7H1903M)2.H2S04.5H2O..... 7.588 
Morphine Tartrate, (Cy7H1903N)29.C4HeO0.6.3H20.. 7.748 
Morphine Tartrate, anhydrous, (Ci17H1903N)e.- 

CaF gO eiiste ss See en ce ee eee ee eee . 208 
Neostigmine Methylsulfate, C3gH2aeaNeO06S.......... 6.685 
Stramonium, combined alkaloids.............<...... 5.787 
Strychnine Sulfate, (Co yHeeN 20 2) 2. H 2804 yolsl 20 Rao 8.570 
Apomorphine Hydrochloride, Cj77Hi7ON.HCl.'%H2O 6.256 


Titanium Trichloride, Tenth-Normal 


Dilute 75 cc. of 20 per cent solution of titanium trichloride and 75 
«cc. of hydrochloric acid to 1000 ec. with distilled water. 

A pparatus—The bottle containing the solution should be connected 
to the titrating burette and the air in the apparatus replaced with 
hydrogen. The burette should be designed so that as the solution is 
used, it can be replaced with hydrogen. All joints should be airtight. 

A 500-ce. Pyrex flask with a wide mouth is used for titration. It 
should be closed with a rubber stopper fitted with a burette, carbon 
dioxide inlet, reflux condenser, and mechanical stirrer. Both the 
hydrogen and carbon dioxide should be passed through wash bottles 
containing a solution of titanium trichloride acidified with hydro- 
chloric acid to remove any possible oxygen. 

Standardization—Place 25 ce. of 5 per cent solution of ferric am- 
monium sulfate (approximately tenth normal), which has been stand- 
ardized by the assay method for iron described under Ferric Chloride 
Solution, in the titrating flask and pass a rapid stream of carbon di- 
oxide through it until all the air has been removed from the flask. 
Titrate with the titanium trichloride, when the reaction is nearly 
complete, add 5 ec. of ammonium thiocyanate T.S., and titrate until 
the solution is colorless. The number of cc. of titanium trichloride 
consumed in the titration multiplied by the Gm. of Fe contained in 
25 ec. of the solution of ferric ammonium sulfate and the product 
multiplied by 179.1 gives the factor for the tenth-normal titanium 
trichloride solution. This solution is unstable and should be fre- 
quently restandardized. 


GRAVIMETRIC ASSAY METHODS 


1. Gravimetric Assays Involving Decomposition by the Direct 
Application of Heat—These determinations involve the direct 
ignition of a substance to obtain the weight of a residue in the 
form of oxide. The following are assayed by this method: 

Bismuth Subcarbonate, Bismuth Subgallate, Bismuth Subnitrate, 
and Bismuth Subsalicylate. 

2. Gravimetric Assays Involving Precipitation and the Subse- 
quent Ignition of the Precipitated Compound—In many of these 
assays the insoluble hydroxides or carbonates are precipitated, 
collected on a filter, washed, and finally ignited to the correspond- 
ing oxide. The following are official examples: 

Alum, Aluminum Chloride, Zinc Acetate, and Zine Sulfate. 

3. Gravimetric Determinations Involving the Direct Eyapora- 
tion of a Solvent—Determinations by this method are based upon 
the removal of the solvent by evaporation and noting the constant 
weight of the residue. 

4. Gravimetric Assays Involving the Precipitation of Pure 
aie Sulfide—This procedure applies to the following official 
articles: 

Mercury Bichloride, Mercury Bichloride Large Poison Tablets, 
Mercury Bichloride Small Poison Tablets and Ammoniated Mer- 
cury Ointment. 

5. Gravimetric Assays Involving the Precipitation of Pure 
Bismuth Phosphate—See Bismuth Potassium Tartrate. 

6. Gravimetric Determinations Involving Solvent Extraction 
of the Substance Being Determined Followed by the Evaporation 
of the Solvent—This procedure is employed in the assay of the 
following official articles: 

Hrythrityl Tetranitrate Tablets, Acetophenetidin Tablets, and 
Aminopyrine Tablets. 

7. Gravimetric Determinations Involving Decomposition by 
the Action of an Acid or an Alkali Followed by Solvent Extraction 
and pub eeye uent Removal of the Solvent by Evaporation—The 

following official products are assayed, by this method: Barbital 
Sodium, Phenobarbital Sodium, Barbital Elixir, Phenobarbital 


CHEMICAL AND PROXIMATE ASSAYS 


Elixir, Barbital Tablets, Phenobarbital Tablets, Citrated Caffeine, 
Caffeine and Sodium Benzoate Tablets, Caffeine and Sodiwm 
Salicylate, etc. 


GASOMETRIC METHODS OF ASSAY 


There are four official gases that are assayed by absorption in 
an appropriate liquid. In these cases the determinations are 
conducted in a gas burette or nitrometer, which is provided with 
a two-way stopcock and two-way outlet and is properly connected 
with a balancing tube. At the point where absorption can no 
longer proceed; the volume of unabsorbed gas is noted. This ob- 
servation gives a measure of the gaseous impurities in the sample 
under examination. In general, this method applies to the assay of 
the following: Carbon Dioxide, Ethylene, Nitrous Oxide, and 
Oxygen. 

The nitrometer is also used in the assays of Amyl Nitrite and 
Ethyl Nitrite. The N. F. and U.S. P. give the following descrip- 
tion of the apparatus and procedure: 


Nitrous Oxide Assay Apparatus 


The gas burette, B, consists of a bulb with a lower stem and an 
upper stem, sealed to a two-way capillary stopcock. Each stem has 
an internal diameter of 8 mm., and is graduated in tenths of a cc. 
The length of the upper stem 
is chosen so that the graduated 
volume is over 5cc. For con- 
venience the graduations are 
marked on the basis of 100 
at the stopcock and thence 
downward to 99, 98, ete. On 
the lower stem a calibration 
point is located so that the 
volume included between that 
point and the stopcock is 100 
ec. This point is marked 
100 and through a range of 1 
ce. above and below it the 
stem is graduated in tenths of 
acc. For convenience, the 
major graduations, proceeding 
downward, are marked 99, 
100,and101. A leveling bulb 
is connected by means of 
rubber pressure tubing to the 
lower stem. 

One arm of the capillary 
stopcock is sealed directly 
into one arm of the vertical 
four-way juncture consisting 
of capillary tubing. The 
downward arm of the four-way juncture is sealed to the condensation 
bulb, C, the stem of which consists of tubing of 5-mm. internal diam- 
eter. The capacity of the bulb, up to the capillary tubing (approxi- 
mately 60 cc.), is accurately determined. The right-hand arm of the 
four-way juncture is sealed to a mercury manometer, M, made of 
glass tubing of 5-mm. internal diameter. The manometer is equipped 
with a scale graduated inmm. The upper arm of the four-way junc- 
ture is sealed to a capillary stopcock, which provides the only direct 
connection of the system with the atmosphere. This stopcock and 
also the burette stopcock must be of the best grade for high vacuum 
work. A pint Dewar jar is used for the liquid nitrogen bath into 
which the condensation bulb is to be immersed and it is arranged so 
that it may be conveniently raised and lowered or removed entirely 
from the bulb. 


Fig. 529—Nitrous oxide assay apparatus, 


Amyl Nitrite and Nitrite Assay, Nitrometer Method 


Amyl1 Nitrite and Ethyl Nitrite Spirit are assayed for their respec- 
tive nitrite content by the volume of gas (nitric oxide, NO) given off 
during a definite reaction in a nitrometer prepared as follows: The 
stopcock of the measuring tube of the nitrometer having been opened 
and the open equilibrium tube having been raised to a higher level, 
pour into the latter a saturated solution of sodium chloride, until the 
measuring tube, including the bore of the stopcock, is completely 
filled. Then close the latter and adjust the equilibrium tube at a 
low level. Having ascertained that the closed stopcock is airtight, 
and having, if necessary, wiped out the funnel top of the nitrometer, 
introduce into it exactly 10 cc. of the alcoholic solution of the nitrite, 
and allow this to flow slowly into the measuring tube, being careful 
not to admit any air. Rinse the funnel top with 5 cc. of alcohol intro- 
duced in the same manner, and follow this with 10 cc. potassium iodide 
T.S., and then with 5 cc. of diluted sulfuric acid. When the reaction 
moderates, remove the measuring tube from its clamp, and, being 
careful to hold it constantly so that the liquid contained therein 
stands at a higher level than that in the equilibrium tube, shake its 
contents without permitting any gas to pass into the equilibrium tube. 
When the reaction has completely ceased and the volume ot gas has 
become constant, which requires from 30 to 60 minutes, restore the 
tube to its clamp and allow the apparatus and contents to aquire the 
ordinary temperature of the room which is assumed to be close to 25°. 
Then adjust the two tubes so that the liquid columns are at exactly 
the same level. Then correct the volume of gas by adding 1473 of 
the volume for each degree of temperature below 25° or subtracting 
1473 of the volume for each degree above 25° and by adding Meo of 
the volume for each mm. pressure above 760 mm. or subtracting 
1460 of volume for each mm. of pressure below 760 mm. One cc. of 
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_Reaction—See Camphor Spirit. 


@lkali using phenolphthalein indicator. 


989 


nitric oxide, NO, is the equivalent of 4.8 mg. of Amyl Nitrite or 
3.07 mg. of Ethyl Nitrite, at 25° and 760 mm. 


SPECIAL ASSAY METHODS 


Analytical procedures that are more or less of a special nature 
are considered in this section. 

1. Determining the Ability of a Soluble Sulfide to Precipitate 
Heavy Metals—The value of Sulfurated Potash is estimated by 
having it precipitate copper sulfide from a solution containing 
an equal weight of copper sulfate. The mixture is filtered, the 
filtrate is acidulated with acetic acid and treated with an equal 
volume of hydrogen sulfide T.S. No further precipitation of 
copper sulfide should be produced. 

2. The Determination of Chloral by Means of Standard 
Alkali—This assay is based upon a procedure in which normal 
sodium hydroxide is added in excess to an aqueous solution of 
the chloral hydrate and the residual alkali is determined by titra- 
tion with normal sulfuric acid. 

3. The Estimation of Aldehydes and Ketones in Volatile 
Oils—These determinations depend upon the removal of an alde- 


‘ hyde or a ketone by means of sodium sulfite, subsequently noting 


the volume of residual liquid. See Cinnamon Oil, Spearmint Oil, 
etc. 

4. The Determination of Aldehyde by the Use of Phenyl- 
hydrazine—Benzaldehyde was formerly assayed by this method. 

5. The Determination of Aldehyde by the Use of Hydroxyl- 
Amine—See Benzaldehyde, and Bitter Almond Oil. 

6. The Determination of Ketone by the Phenylhydrazine 
Ketones, as well as aldehydes, 
are capable of reacting ‘with phenylhydrazines. In the assay of 
this spirit, the ketone, camphor, forms an addition compound 
with the dinitro-derivative of phenylhydrazine. which is collected 
on a Gooch crucible, washed, dried, and weighed. 

7. The Estimation of Phenols in Volatile Oils—One of the 
main chemical properties of a phenol is its power to react with 
caustic alkali to form a water-soluble substance known as a 
phenolate. See Clove O1l, Pimenta Oil, Thyme Oil, etc. 

8. The Estimation of Phenols in Saponated Solution of Cresol 
—The liberated ecresol is distilled with purified kerosene and sub- 
sequently removed from the distillate by agitation with a meas- 
ured volume of aqueous sodium hydroxide solution. This changes 
the cresol into a soluble cresolate, increasing the volume of aque- 
ous liquid. It is this increase in volume that is recorded as being 
due to the cresol. The cresol is later separated from the aqueous 
solution by adding an excess of hydrochloric acid. After the 
separated cresol has been washed with several portions of satu- 
rated aqueous solution of calcium chloride and dried with an- 
hydrous calcium chloride, its boiling range must satisfy the official 
requirements. 

9. The Determination of Hydroxyl Number—About 2 Gm. of 
the alcohol is mixed in a flask with 2 cc. of pyridine and 10 ce. of 
toluene. To the mixture is added 10 cc. of 1.5 molar acetyl 
chloride in toluene. After warming for 20 minutes, 25 ec. of 
water is added, the flask is shaken to decompose the excess 
acetyl chloride, and the acid produced is titrated with normal 
A blank test is per- 
formed. The difference between the cc. of normal alkali con- 
sumed by the sample and that by the blank multiplied by 56.1 
and divided by the weight in Gm. of the alcohol used, represents 
the hydroxyl value of the alcohol, i. e., the number of mg. of KOH 
equivalent to the hydroxyl content of 1 Gm. of sample. 

10. The Determination of Nitrogen by the Kjeldahl Method— 
The U.S. P. gives the following procedures: 


Nitrogen (Total) by the Kjeldahl Method (Method I) 


Nitrates and Nitrites Absent—Place about 1 Gm. of the substance, 
accurately weighed, in a 500-cc. Kjeldahl flask of hard glass. The 
material to be tested, if solid or semi-solid, may be wrapped in a sheet 
of nitrogen-free filter paper for convenience in transferring it’ to the 
flask. Add 10 Gm. of powdered potassium sulfate or anhydrous so- 
dium sulfate, 500 mg. of powdered cupric sulfate, or 300 mg. of selen- 
ium, and 20 ce. of sulfuric acid. Incline the flask at an angle of about 
45° and gently heat the mixture, keeping the temperature below the 
boiling point of the mixture until frothing has ceased. Increase the 
heat until the acid boils briskly, and continue the heating until the 
solution has been clear green in color for 30 minutes. Allow the mix- 
ture to cool, add 150 cc. of water, thoroughly mix the contents of the 
flask, and cool again. Add cautiously 100 cc. of a 30 per cent solution 
of sodium hydroxide, added so as to cause the solution to flow down 
the inner side of the flask to form a layer under the acid solution. 
Add a few pieces of granulated zinc, connect the flask, by means of 
a Kjeldahl connecting bulb, with a condenser, the delivery tube from 
which dips beneath the surface of a mixture of 30 cc. of half-normal 
hydrochloric or sulfuric acid and 25 ce. of water contained in an 
Erlenmeyer flask or a wide-mouth bottle of about 500 cc. capacity. 
Mix the contents of the Kjeldahl flask by gentle rotation, and distil 
until about two-thirds of the contents of the flask has distilled over. 
Add about 3 drops of methyl red T.S. to the contents of the receiving 
vessel and determine the excess of acid by titration with half-normal 
sodium hydroxide. Runa blank test and make necessary corrections. 
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Each ce. of half-normal acid consumed is equivalent to 7.004 mg. of 
nitrogen. 

When the nitrogen content of the substance is known to be low, 
the half-normal hydrochloric or sulfuric acid may be replaced by 
tenth-normal acid, and tenth-normal alkali should then be used in 
titrating the excess of acid. One cc. of tenth-normal hydrochloric 
or sulfuric acid is equivalent to 1.4008 mg. of nitrogen. 

With Nitrates Present—Place a quantity of the substance, accu- 
rately weighed, corresponding to about 150 mg. of nitrogen, in a 500- 
ee. Kjeldahl flask of hard glass, and add thereto 25 ce. of sulfuric acid 
in which 1 Gm. of salicylic acid has previously been dissolved. Mix 
the contents of the flask thoroughly, and allow the mixture to stand 
for 30 minutes with frequent shaking. Add to the mixture 5 Gm. of 
powdered sodium thiosulfate and again mix thoroughly, then add 500 
mg. of powdered cupric sulfate, or 300 mg. of selenium, and proceed 
as directed previously for Nitrates and Nitrites Absent, beginning with 
“Tncline the flask at an angle of about 45°.” 

When the nitrogen content of the substance is known to exceed 10 
per cent, from 500 mg. to 1.0 Gm. of benzoic acid may be added, 
prior to digestion, to facilitate the decomposition of the substance. 

Note—There are certain alkaloids and other nitrogen-containing 
organic compounds that will not yield all of their nitrogen to digestion 
with sulfuric acid, and this method, therefore, cannot be used for the 
determination of nitrogen in all organic compounds. 


Nitrogen (Total) by the Semi-Micro Kjeldahl Method (Method II) 


Apparatus—The apparatus (see Fig. 530) should be constructed 
throughout of glass of the resistance type. The digestion and distilla- 
tion flask, A, is a 200-ce. round-bottom boiling flask, with a neck 
approximately 120 mm. long. The steam generator, B, is a 1000-cc. 
Kjeldahl flask. The distillation head, C, serves as a spray trap and as 
a means for the introduction of alkali and of steam into flask A. The 
tube, D, which is fitted with a funnel at its top, serves as a safety 
valve for the flask B and allows replenishment of the supply of water. 
The funnel, F, is attached by rubber tubing, F, closed by the pinch- 
cock, G, to the steam tube, H, and permits the addition of alkali to 
flask A. The delivery tube, J, is pierced with a hole at the point K 
to avoid clogging by condensate. The condenser, L, has a jacket 30 
to 40 cm. long and is so arranged that the bottom of the condensing 
tube, N, dips beneath the surface of the solution in the absorption 
flask, M, which has a capacity of 250 to 300 cc. The end of the 
condensing tube is beveled. When the distillation apparatus is per- 
manently assembled, the distillation head with its accessory tubes 
may be lagged with a paste of asbestos and magnesium carbonate. 
The flask, A, may also be shielded from the air by cloth or asbestos 
paper during the distillation. 

_The rubber stopper used for attaching the digestion flask to the 
distillation apparatus should be lubricated with glycerin. All rubber 
used in the apparatus should be boiled for 10 minutes in approximately 
normal sodium hydroxide and thoroughly washed with water before 
its first use. ; 

The steam generator, B, is filled with water to which has been 
added a few drops of sulfuric acid. Fragments of pumice stone 
should be placed in the generator to prevent bumping. Other anti- 
bumping devices may be employed if desired. The apparatus should 
be steamed out, with the digestion flask, A, containing 30 ce. of a 
solution of sodium hydroxide (4 in 10), before beginning a series of 
analyses. Place in the absorption flask, M, 15 cc. of a-solution of boric 
acid (1 in 25), 3 drops of methyl 
red T.S., and sufficient water to 
cover the open end of the con- 
densing tube, N. Collect from 
80 to 100 ce. of distillate, andy 
titrate with hundredth-normal 
sulfuric acid to obtain the correc- 
tion factor to be applied to each 
test. 

The absorption flasks should be 
reserved for this purpose, and 
after use should be thoroughly 
rinsed with water, stoppered 
tightly, and set aside to await 
subsequent use. 

Method—Place in the diges- 
tion flask, A, an accurately 
weighed or measured quantity of 
the material, using a quantity 
thought to contain from 2 to 3 mg. 
of nitrogen. Add 1 Gm. of a 
powdered mixture of 10 parts of 
potassium sulfate and 1 part of 
cupric sulfate, or about 0.6 part 
of selenium. Finally wash down 
any adhering material from the 
neck of the flask with a fine jet 
of water. Add 7 ec. of sulfuric 
acid, allowing it to rinse down the 
wall of the flask, then, while swirl- 
ing the flask, add 1 ec. of 30 per 
cent hydrogen peroxide, adding 
it cautiously down the side of 
the flask. 

Heat the flask over a free flame 
or an electric heater until the solu- 
tion has a clear blue color and the sides of the flask are free from car- 
bonaceous material. (Do not add hydrogen peroxide during the 
digestion.) Cautiously add to the digestion mixture 20 cc. of water, 
cool the solution, and connect the flask to the distillation apparatus. 
Add through the funnel, £, 30 cc. of a solution of sodium hydroxide 


Fig. 530—Semi-micro Kjeldahl ap- 
paratus. 
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(4 in 10), rinse the funnel with 10 cc. of water, tightly close clamp, G, 
and begin the distillation with steam at once. Receive the distillate 
in 15 ce. of a solution of boric acid (1 in 25), to which has been added 
3 drops of methyl red T.S., and sufficient water to cover the end of 
the condensing tube. Continue the distillation until the distillate 
measures from 80 to 100 cc. Remove the absorption flask, rinsing 
the end of the condensing tube with a small quantity of water, and 
titrate the distillate with hundredth-normal sulfuric acid. 

Note—If{ a quantity of material containing greater amounts of 
nitrogen is taken, fiftieth-normal or tenth-normal sulfuric acid may 
be employed in the titration, using such a normality of acid that at 
least 15 cc. will be required for the titration. If the total dry weight 
of material taken is greater than 100 mg., the quantities of sulfuric 
acid and of sodium hydroxide should be increased proportionately. 

11. Assay of Sulfonamides—The official assay for the sulfon- 
amides is based on the property of aromatic amines to react 
quantitatively with nitrous acid (NaNOg + HCl) to form a dia- 
zonium salt, the N He, on the benzene ring constituting the reacting 
group. The reaction called diazotization is illustrated by the 
following equation: 


HaNC__S802.NHa + HONO > 


sulfanilamide nitrous 
acid 


Cl.Ne~ S802 NH. + H20 


diazonium chloride 
of sulfanilamide 


Since nitrous acid decomposes at room temperature, the solution 
of the sulfonamides must be maintained at a temperature not 
above 5° during diazotization. 

The diazotization reaction is only applicable to primary _aro- 
matic amines, that is, those in which the hydrogens of the NHe 
on an aromatic nucleus is not substituted by other groups. 
When they are substituted by acyl groups, as in succinylsulfa- 
thiazole, the free amine is first restored by saponification with 
sodium hydroxide solution, thus: 


HOOC.CHz.CH,CO.HN@__YSO.NHR 4 NaOHe 


succinysulfath iazole 


HNC __YSO.NHR + NaQOCCH.CHsCOONa 


sulfathiazole sodium succinate 


The R represents the thiazole group. 

Procedure—The diazotization assay is conducted as follows: 
About 500 mg. of the sulfonamide, previously dried as directed 
in the U. S. P. monograph and accurately weighed, or a weighed 
quantity of powdered tablets equivalent to about 500 mg .of the 
sulfonamide is placed in a 300-ce. casserole or beaker with 5 ce. of 
hydrochloric acid and stirred well with a glass rod. Then 50 ce. 
of water is added and the mixture is stirred until the sulfonamide 
has dissolved. Sulfonamides are soluble in dilute hydrochloric 
acid due to the NH» group. The solution is cooled to about 15°, 
then about 25 Gm. of crushed ice is added, and tenth-molar 
sodium nitrite is run in from a burette with vigorous and continu- 
ous stirring at the rate of about 2 to 3 drops per second at first, 
reducing it to about 1 drop towards the end of the titration. The 
completion of the reaction is indicated by the production of a 
blue or greenish color when a glass rod dipped into the titrated 
solution is streaked on a smear of starch-iodide paste T.S., or a 
drop of the solution placed on a strip of starch-iodide paper. 
This end-point should be reproducible after the titrated solution 
has stood for 1 minute; if not, more of the nitrite solution is 
added a drop at a time until it is so reproducible. 

The blue or greenish color of the end-point is due to a blue 
starch-iodide compound formed on the starch in the presence of 
the iodine liberated from the potassium iodide (in the starch- 
iodide indicator) by the oxidizing action of the slight excess of 
nitrite present in the titrated solution. ; 

12. The Determination of Volatile Oils in Spirits—By adding 
kerosene and a large amount of saturated calcium chloride solu- 
tion to an alcoholic solution of a volatile oil it is possible to “salt 
out” the oil into an immiscible layer which floats on top of the - 
mixture. The separation can be made particularly sharp if the 
mixture is centrifuged in a Babcock bottle so that the volume of 
oil can be accurately read as it appears in the graduated portions 
of the neck. Advantage is taken of this procedure in assaying 
Anise Spirit, Compound Orange Spirit, Cinnamon Spirit, etc. 

13. The Estimation of Ascaridol—A measured volume of 
Chenopodium Oil is agitated with a solution of acetic acid in a 
cassia flask. This renders the ascaridol water soluble. The pro- 
portion of ascaridol present in the oil can then be determined by 
noting the volume of immiscible oil that remains. See Fig. 531. 

14. Digitoxin Chemical Assays—The U.S. P. gives two meth- 
ods for assaying digitoxin as follows: 
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Method I—Prepare a standard digitoxin graph from U. 8. P. Digi- 
toxin Reference Standard as follows: Accurately weigh 10 mg. of 
U.S. P. Digitoxin Reference Standard, previously dried at 100° for 
1 hour, and dissolve it in sufficient methanol to make exactly 100 ce. 
To 1.0-, 3.0-, 5.0-, 7.0-, and 10.0-ce. portions of this solution, accu- 
rately measured and representing 0.1, 0.3, 0.5, 0.7, and 1.0 mg. of 
digitoxin, add sufficient methanol to make exactly 10 cc., and mix 
well. Then, to each solution add exactly 10 ce. of freshly prepared 
trinitrophenol reagent. [The reagent is made as follows: Dissolve 
2 Gm. of trinitrophenol in sufficient methanol to make 50 cc., add 5 
ce. of sodium hydroxide solution (1 in 10) and sufficient water to make 
100 ce.] Mix well, and allow to stand for exactly 30 minutes. Deter- 
mine the per cent of light transmission of each solution in a suitable 
photoelectric colorimeter, with an absorption cell having a light path 
of 50 + 1 mm., and with a green filter having a maximum transmis- 
sion at about 525 millimicrons, and plot the per cent of light trans- 
mission on the ordinate scale against the corresponding digitoxin 
concentration on the abscissa scale. A blank composed of a mixture 
of equal volumes of the methanol and the trinitrophenol reagent is 
taken as 100 per cent transmission. 

Digitoxin Injection—Evaporate an accurately measured volume of 
the injection, equivalent to about 2 mg. of digitoxin, to about 
one-third of its original volume, and add sufficient methanol to 
make exactly 100 cc. To a suitable volume, accurately measured, 
add an exactly equal volume of freshly prepared trinitrophenol re- 
agent, mix well, allow to stand for exactly 30 minutes, and determine 
the per cent of light transmission, using the same photoelectric 
colorimeter, at the same wave length, and with the same filter used 
in preparing the standard digitoxin graph. From the per cent of 
light transmission calculate the weight of digitoxin by means of the 
standard digitoxin graph. 


Digitoxin Tablets—Weigh a counted number of not. less than.20, 


digitoxin tablets and reduce them to a fine powder without appreci- 
able loss. Accurately weigh a portion of the powder, equivalent to 
about 2 mg. of digitoxin, in a hard-glass, glass-stoppered centrifuge 
tube, add exactly 50 ec. of methanol, and shake the mixture continu- 
ously for 30 minutes in a mechanical] shaker, and then centrifuge. To 
a suitable volume of the supernatant liquid, accurately measured, add 
an exactly equal volume of freshly prepared trinitrophenol reagent, 
mix well, allow to stand for exactly 30 minutes, and determine the 
per cent of light transmission using the same photoelectric colorim- 
eter, at the same wave length, and with the same filter used in prepar- 
ing the standard digitoxin graph. From the per cent of light trans- 
mission calculate the weight of digitoxin by means of the standard 
digitoxin graph. 

Method Il—Prepare a standard digitoxin graph from U. S. P. 
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Digitoxin Reference Standard as follows: Accurately weigh 10 mg. 
of U.S. P. Digitoxin Reference Standard, previously dried at 100° for 
1 hour, and dissolve it in sufficient alcohol to make 100 cc. Transfer 
exactly 0.20-, 0.50-, 1.0-, 1.5-, and 2.0-cc. portions of this solution to 
10-ce. absorption tubes, evaporate to dryness, and dry at 100° for 1 
hour. To each tube add 3.0 cc. of glacial acetic acid, 0.10 ce. of a 5 
per cent solution of ferric chloride, and 0.25 cc. of sulfuric acid, mix 
thoroughly, and allow to stand for 45 minutes protected from air and 
from direct sunlight. Determine the per cent of light transmission 
of each solution in a suitable photoelectric colorimeter with a filter 
having a maximum transmission at about 500 to 570 millimicrons, 
and plot the per cent of light transmission on the ordinate scale 
against the corresponding digitoxin concentration on the abscissa 
scale. A blank composed of a mixture of exactly the same volumes 
of the acetic acid, the ferric chloride solution, and the sulfuric acid 
as used in the test is taken as 100 per cent transmission. 

Digitoxin Injection—Dilute an accurately measured volume of the 
injection equivalent to about 2 mg. of digitoxin, with sufficient 
alcohol to make exactly 100 cc. Transfer a suitable volume, 
accurately measured, to an absorption tube, evapo- 
rate to dryness, and dry at 100° for 1 hour. Add 3 ce. 
of glacial acetic acid, 0.10 ce. of a 5 per cent solution of 
ferric chloride, and 0.25 cc. of sulfuric acid, mix 
thoroughly, allow to stand for 45 minutes protected 
from air and from direct sunlight, and determine the per 
cent of light transmission, using the same photoelectric 
colorimeter, at the same wave length, and with the 
same filter used in preparing the standard digitoxin 
graph. From the per cent of light transmission calculate 
the weight of digitoxin by means of the standard digi- 
toxin graph. 

If glycerin is present in the injection, add a compara- 
ble amount of glycerin to the solution prepared for mak- 
ing the standard digitoxin graph. 

Digitoxin Tablets—Weigh a counted number of not 
less than 20 digitoxin tablets, and reduce them to a 
fine powder without appreciable loss. Accurately 
weigh a portion of the powder, equivalent to about 2 
mg. of digitoxin, in a hard-glass, glass-stoppered, cen- 
trifuge tube. Add exactly 50 cc. of chloroform, shake 
the mixture continuously for 2 hours in a mechanical 
shaker, and centrifuge. Place a suitable volume of the solution, 
accurately measured, in an absorption tube, and proceed as directed 
in the paragraph Digitoxin Injection above, beginning with the 
words ‘‘evaporate to dryness.” 

14. Chloroform Determination—See page 1051. 
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Fig. 531— 
Cassia flask. 
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By proximate assay is meant the determination of 
the amount of any organic constituent which may be 
present in any vegetable drug or plant. Proximate 
assays are applied particularly to the examination of 
vegetable drugs or other plants to determine the amount 
of medicinally active ingredients or other valuable con- 
stituents which may be present. The separations are 
dependent largely upon the use of various solvents, 
resulting from elaborate and painstaking research. 
Little use is made of the reagents customarily employed 
in chemical analyses, such as strong mineral acids and 
various salts; but chloroform, ether, alcohol, amyl 
alcohol, petroleum benzin, and other solvents assume 
an important role. 

The term proximate assay is generally associated with 
the alkaloidal content of vegetable drugs and, while 
this is correct, there are many other important applica- 
tions of the term. 

The determination of the alcohol-soluble constituents 
in resinous drugs, as in asafetida, the volatile oil in aro- 
matic drugs, as in clove, the fixed oil in various seeds, 
as in linseed, or in other oil-bearing portions of plants, 
and even the estimation of the sugar content of the 
sugar cane or of the sugar beet are examples of proxi- 
mate assays. 

_ Alkaloidal assays present, however, the most impor- 
tant application of proximate assay methods with which 
the pharmacist has to deal. 


ALKALOIDAL ASSAYS 


Work of a quantitative nature must necessarily be 
done with great care and in conducting proximate assays 
of alkaloidal drugs particular attention must be paid 
to all details. 

The alkaloidal substances to be separated are organic 


chemical compounds, which are difficult to extract from 
the drug. They are present in comparatively small 
quantities and in many cases are easily destroyed by 
improper manipulation. 

These assays are conducted largely through the use 
of immiscible solvents, such as chloroform, ether, amyl 
alcohol, etc., except where the properties of the alkaloid 
sought necessitates a special method, as for morphine 
in opium. Advantage is taken of the fact that the free 
alkaloids are practically insoluble in water (except 
colchicine, ephedrine, sparteine, nicotine, and a few 
others), whereas they are very soluble in one or more 
of the immiscible solvents such as chloroform, ether, 
etc. The salts of the alkaloids behave in the reverse 
manner, being practically insoluble in the immiscible 
solvents and soluble in water. There are several excep- 
tions, such as the salts of caffeine, theobromine, col- 
chicine, etc., which are feebly basic and dissociate easily, 
with the liberation of the free alkaloid. 

Three general steps are required for the separation 
and estimation of alkaloids: 

1. Extraction of the drug. 

2. Extraction and purification of the alkaloid. 

3. Determination of the amount of alkaloid ob- 
tained, either by weighing or. titrating. 


Extraction of the Crude Drug 


The drug is reduced to the proper fineness by grind- 
ing (see the chapter on ‘‘Comminution’’), and then 
subjected to any special treatment which may be di- 
rected, as in the caffeine assay in coffee when the fat 
is first removed by petroleum benzin. The powdered 
drug is then ready for extraction, the method depending 
upon the alkaloid present. Special methods for certain 
alkaloids are necessary. 
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The extraction methods may be divided into three 
general classes: 


1. Extraction with water. (Estimation of mor- 
phine in opium, and colchicine in colchicum 
corm and seed.) 

2. Extraction with an acid-aqueous solution. (Not 
required by any official assay.) 

3. Extraction with chloroform, ether, or with a mix- 
ture of the two, or with purified petroleum 
benzin, an alkali, usually ammonia water, being 
added to liberate the alkaloids. (Belladonna, 
nux vomica, conium, etc.) 


The extraction process under class 3 is used exten- 
sively in the U. 8. P. and N. F. and is further subdivided 
into two methods of procedure as follows: 

Aliquot Part Method—A definite weight of drug is 
macerated and agitated with a specific volume of sol- 
vent. A definite fractional portion of the. saturated 
solvent is then taken for the continuation of the assay. 
This represents a correspondingly smaller quantity 
of the drug than was originally taken. 

Total Extraction Method—A definite weight of the 
drug is percolated with an organic Gmmiscible) solvent 
until the alkaloid is completely extracted. 

The extraction of crude drugs frequently necessitates 
shaking and when more than an occasional sample is 
to be examined, the employment of a mechanical shaker 
(Fig. 230 page 144) will save much time, and will also 
insure more complete extraction of the drug. 


Extraction of Galenicals 


The assay processes for extracts, fluidextracts, tinc- 
tures. and powdered extracts of an alkaloidal drug are 
in general similar to those described for the crude drug. 

Powdered and pilular extracts are usually liquefied by 
the use of an appropriate solvent and then extracted 
directly. Fluidextracts are often diluted with water 
and tinctures are concentrated to a small volume by 
means of a preliminary evaporation. After the mixture 
is made alkaline it is shaken out, directly, with the 
most suitable solvent. 

The above methods apply to most of the galenical 
preparations of the U. 8. P! and N. F. with the excep- 
tion of the preparations of opium, ipecac, nux vomica, 
and colechicum for which special procedures are required. 

The need for automatic extraction apparatus for use 
in the assay of alkaloidal galenicals prompted the de- 
signing of an improved apparatus by chemists of the 
Drug Control Laboratory of the Bureau of Chemistry,! 
Department of Agriculture. The simple type is easily 
constructed, requires only a small amount of solvent 
and practically no attention, and gives a clear extrac- 
tion in one operation. 

Automatic Extraction Apparatus—In the simple type 
of apparatus (Fig. 532) the same jacket, condenser, and 
boiling flask are used for light and heavy solvents. For 
light solvents the funnel tube, (6), containing very small 
openings at its lower end, is used in the jacket, as shown 
in B. For heavy solvents, as shown in C, the wide tube 
(c) open at both ends is used. The manner in which the 
extractors function is shown by the illustrations. 

The construction of the funnel tube, (b) is shown in 
Fig. 533. For the purpose of forming in the lower end 
of this tube a large number of very small openings, which 
break the solvent into a spray of minute droplets, a 
“spider” (a), made of nichrome wire of the proper 
diameter is attached to the expanded end of the funnel 


1 Palkin, S., Murray, A. G., and Watkins, H. R., tomatic Devices for 
Extracting Alkaloidal Solutions,” Ind. Eng. Chem., i7, $13 (1925). 
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tube, (b). Another piece of tubing is then sealed to this 
expanded end, so as to leave the wires of the spider 
projecting through the walls of the tube (c). The tube 
below the spider is now sealed off as close to the wires as _ 
practicable (d). When the wire is dissolved in nitro- 
hydrochloric acid, uniform openings of the size desired 


are formed (e). Soft glass is not as suitable for this pur- 
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hot plate 


item. 
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Fig. 532—Automatic extraction apparatus for alkaloids. 


pose as hard glass, as the soft glass tends to flow over 
the wire, thus making subsequent solution in acid 
difficult. Pyrex is a suitable glass for this part of the 
apparatus. On account of the small diameter of the 
wire used (0.31 mm.), the spider cannot be made of 
copper because that metal would not withstand the 
heat necessary to soften the glass. Although nichrome 
is resistant to the action of individual acids, there is no © 
particular difficulty in dissolving it in boiling aqua regia. 
The spider is readily made from eight pieces of the 
nichrome wire, about 2.5 em. long. These are made into 
a bundle by binding at the center with a short piece of 
stout copper wire, bent over and pressed tight with 
pliers. The sixteen branches are then spread out so as 
to extend radially from the copper band as a center and 
spaced equally apart, as shown in a, Fig. 533. 
The completed funnel tube may be tested by forcing 
water through it under slight pressure, as the head is 
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insufficient for water, although quite adequate for a 
hot solvent. These two extremely simple types of ap- 
paratus are sufficient for the great majority of extrac- 
tions required in the pharmaceutical proximate assay. 
For use with substances more difficult to extract, 
modified apparatus is suggested, in which the solvent 


v) 
a c d 
| | 
Fig. 533—Construction of funnel tube for extraction apparatus. 


enters the aqueous solution wholly or partly in the form 
of vapor, thus producing vigorous agitation and more 
rapid extraction than is obtained by the simple forms. 

Preparation of Solution—To obtain a clean alkaloidal 
residue by one extraction, the fluidextract or tincture 
is de-alcoholized and partially purified as follows: 25 
cc. of the fluidextract (for tinctures use 100 ec.) and 3 
ce. of normal sulfuric acid are evaporated on a steam 


bath to about 10 cc. and the resulting concentrate is 


diluted to 50 cc. and filtered. 

Extraction—The apparatus shown in B, Fig. 532, 
may be used. A 20-cc. portion of the filtrate (represent- 
ing 10 ce. of the original sample) is pipetted into the 
extractor, which has been fitted to a 200-cc. Erlenmeyer 
flask. Two cc. of 8 per cent ammonium hydroxide solu- 
tion and about 25 cc. of benzene are then added and 
the whole is slightly shaken to prevent the settling of 
any solid matter on the bottom of the extractor. The 
narrow funnel tube (A, b) (with the fine holes at the 
bottom) is introduced, and benzene is added until about 
50 cc. overflows into the flask. The extractor is then 
arranged as shown in B. When the apparatus is in full 
operation there should be brisk boiling.' 

A fine spray of benzene should rise through the aque- 
ous layer. The extraction is carried on for 1 or 2 hours. 
When complete, the benzene overlying the aqueous 
layer is separated and added to the main concentrate 
in the flask, which is connected to a clean, dry extractor 
(A), and the bulk of the solvent is recovered. The re- 
mainder of the solvent in the flask is then evaporated 
on a steam bath, the residue of alkaloids is taken up in 
a little absolute alcohol, and the evaporation is repeated 
to remove all traces of ammonia. The amount of 
alkaloid is determined in the usual way by titration. 

Ipecac preparations may be treated in a similar man- 
ner, but the solvent is ether, since the Pharmacopeeial 
standard is based on the ether-soluble alkaloids. A 20- 
cc. portion of the fluidextract, with 5 cc. of normal sul- 
furic acid in a 100-cc. volumetric flask, is evaporated to 
a small volume, diluted, etc., and a 20-cc. aliquot por- 
tion of the filtrate (representing 4 cc. of the original 
fluidextract) is taken for the extraction. 

When ether extractions are made with the automatic 
extraction apparatus, it is best to heat the flask con- 
taining the solvent on a water bath rather than over an 
electric hot plate, or over a free flame. Extreme caution 
should be exercised in heating ether, because of the 
inflammable character of its -vapors. 

1 Note—Care should be taken not to permit the boiling to go on so rapidly as 
to cause the emulsion to be carried over into the flask. If this cannot be pre- 
vented, the extraction is allowed to proceed to completion, when the extracted 
aqueous liquid is discarded and the contents of the flask returned to the extrac- 


tor, the flask washed with about 20 cc. of water and some fresh benzene, again 
transferred to the extractor, and the extraction repeated. 


‘ 
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The Soxhlet Extraction Apparatus (page 113) consists 
of three essential parts. First, the boiling flask in which 
the solvent is held; second, the extraction thimble in 
which the sample which is to be extracted is placed; 
and third, the condenser. Sufficient heat is applied to 
the flask, preferably by means of a water bath and par- 
ticularly when inflammable solvents are used, to boil 
the solvent gently. The condensed vapors then drip 
into the porous extraction thimble and gradually fill 
the extraction tube to the level of the top of the siphon 
tube. At this point the solvent containing part of the 
extractive matter is automatically siphoned back into 
the boiling flask from the extraction tube. These 
operations are continued until the complete extraction 
of the sample is effected and all of the extractive matter 
has passed into the flask, along with the solvent. The 
solvent is then removed from the extractive matter, if 
so desired, by careful evaporation. 


Extraction and Purification of the Alkaloid 


When the drug or the galenical preparation has been 
thoroughly extracted, it is then necessary to separate and 
to purify the desired alkaloids. These operations are 
consequently applied to the extracts which have been 
obtained by percolation, maceration, or by continuous 
extraction methods. 

With the exception of the method using the automatic 
extraction apparatus, and in cases of tablets or ampuls 
containing the pure alkaloids or their salts, the initial 
extraction is unsuitable for evaporating for final deter- 
mination. The immiscible solvents remove other con- 
stitutents such as oils, tannins, and soluble coloring, 
which would interfere with the end-point in a titration 
or would add to the weight in a gravimetric assay. The 
purification of the alkaloid is therefore necessary. The 
methods used for this purpose vary according to the 
physical properties of the alkaloid sought. 

i. Crystallization—While practically all alkaloids 
manufactured on a commercial scale are purified by 
crystallization, there is only one official assay which 
utilizes this method. 

The value of opium and its products is based upon 
the morphine content and in this assay the morphine 
is separated by crystallization from many other alka- 
loids present. See Opium, page 806. 

2. By Precipitation of Interfering Substances—In 
the assay of colchicum corm and seed, a special method 
for removing interfering substances is necessary, since 
colchicine is feebly basic and does not form stable salts 
and also because it is very soluble in water. Coloring 
matter and other interfering substances are therefore 
removed by precipitation with an excess of lead acetate. 

3. By Removing Other Alkaloids—Since the potency 
of nux vomica is based upon its strychnine content, it 
becomes necessary to remove the alkaloid brucine, 
which is also present in this drug. This separation is 
effected by oxidation with nitric acid. The brucine is 
thus totally destroyed with the result that only strych- 
nine is estimated in the final titration. 

4. By Immiscible Solvents—This method finds a 
greater use than any other in the U.S. P.andN.F. The 
alkaloid which has been removed in its free state from 
the crude drug or galenical by the use of some organic 
solvent is further purified by washing the organic 
solvent in a separatory funnel (Fig. 363) with dilute 
acid. This converts the free alkaloid into the corre- 
sponding salt of the acid employed, when it is soluble 
in an aqueous solution only. For the final estimation it 
is necessary to have the free alkaloid and this is obtained 
by adding an excess of some alkali, usually ammonia 
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water, to the acid washings. The alkaloid thus liber- 
ated by the alkali is then removed from the resulting 
alkaline mixture by the use of an additional quantity 
of the immiscible solvent. Alkaloids which are more 
basic than ammonia require a stronger base, such as an 
alkali hydroxide, to liberate them from their salts. 

The operations involved in the conversion of the free 
alkaloid to the alkaloidal salt and then again to the free 
alkaloid remove nearly all of the substances which 
might interfere with its final quantitative estimation. 

5. By Distillation—A few of the alkaloids are vola- 
tile and may be separated or purified by steam distilla- 
tion. The most important of this group are nicotine, 
sparteine, and coniine. Conium may be assayed by 
the immiscible solvent method. Tobacco is assayed 
commercially for nicotine by the steam distillation 
method.! Neither of these two drugs is now officially 
recognized. “e 


Estimation of the Alkaloid 


All of the U.S. P. and N. F. methods of separation 
and purification leave the alkaloid in the free state and 
im solution (except the oprum assay where the morphine 
is crystallized) in some organic solvent such as chloro- 
form, ether, or petroleum benzin. 

There are two methods official for estimating the 
amount of alkaloid or alkaloids, namely, the volumetric 
or titration method and the gravimetric or direct 
weighing method. The volumetric method is used 
wherever possible. It is necessary, however, to resort 
to gravimetric methods in some instances. Caffeine, 
hydrastine, and a few other alkaloids are only feebly 
basic and therefore do not lend themselves to titration. 
The total alkaloids of cinchona are also estimated 
gravimetrically. 

By whichever method the estimation is carried out 
the alkaloid or mixture of alkaloids must first be sepa- 
rated from the organic solvent. The most economical 
procedure involves the recovering of the organic solvent 
for use in a subsequent assay. To do this the alkaloidal 
solution is very carefully distilled on a water bath until 
approximately 25 ec. of the solvent remains in the flask. 

1. Direct Gravimetric Method—AlIl of the official 
gravimetric methods require the direct weighing of the 
separated alkaloid or alkaloids. Either the entire final 
alkaloidal solution, or the alkaloidal solution in the 
distillation flask, is placed in a tared, glass dish (Fig. 
534), or beaker, or in a vessel of platinum (Fig. 535). 
The original containers are rinsed with small quantities 
of the same solvent. Final evaporation to dryness is 
then carried out on a water bath and the residue treated 
at least twice with small portions of ether or alcohol and 
evaporated to dryness each time. This removes traces 
of chloroform. The residue in the dish is finally dried 
to constant weight at 100° C. (caffeine at 80° C.), the 
increase in weight being due to the alkaloid or alkaloids 
in the dish. 

2. Indirect Gravimetric Method—With many or- 
ganic and inorganic chemicals, the alkaloids and their 
salts form compounds which are insoluble in water. 
Advantage is often taken of this fact in identifying 
alkaloids and also occasionally in estimating them. 
The amount of quinine and cinchonidine in cinchona is 
estimated according to the British Pharmacopceia by 
first precipitating the insoluble tartrates, then decom- 
posing these tartrates with alkali, extracting the liber- 
ated alkaloids with chloroform, evaporating off the 
chloroform, and weighing the dried residue in the usual 


1See the Methods of Analysis, Association of Official Agricultural Chemists, 
Sixth Edition, 74 (1945). 
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manner. Nicotine in tobacco and in its extracts may 
be estimated by precipitating the alkaloid with silico- 
tungstic acid, separating, purifying, and igniting this 
compound and calculating to nicotine by the use of a 
factor. 

3. Volumetric Method—Volumetric alkaloidal as- 
says are based upon the same principles as the volu- 
metric assays of the inorganic chemicals. The alka- 
loids are capable of forming additive salts with acids, 
QaKesn 


2Ci7Hi9OsN + HeSOs > (Ci7Hi903N)2.H2SO04 


morphine sulfuric acid morphine sulfate 


It is this property of which advantage is taken in the 
volumetric assays. 

The treatment of the final extraction is the same as 
has been explained under the gravimetric method, al- 
though a tared dish need not be used. If a porcelain 
evaporating dish is used for the evaporation, it will aid 
in the titration by providing a white background against 
which to observe the color change of the indicator. 
The same advantage is offered by conducting the titra- 
tion in a beaker resting upon the white porcelain base 
of a burette stand. See Fig. 528, page 979. 


Fig. 535—Platinum dish. 


To insure a complete reaction between the volumetric 
acid which is to be used and the partly purified alka- 
loid, it is usually the custom to add a few ce. of neutral 
alcohol to bring the alkaloid into solution before adding 
the acid. Ether or chloroform may also be used in this 
manner, then the volumetric acid and the distilled 
water added, and the solvent expelled by gently heating 
while stirring. 

An excess of the standard acid (volumetric solution) 
is always added in the U.S. P. methods. This insures 
complete reaction with the alkaloid and leaves an excess 
of acid which must then be determined so that the 
amount which has been combined may be calculated. 
This is accomplished by titrating the excess of acid 
with fiftieth-normal sodium hydroxide, using an indi- 
cator to determine the end-point. Methyl red is the 
indicator that is generally used. The fiftieth-normal 
sodium hydroxide should be prepared and stored as 
directed in the U. 8. P. and should show no turbidity 
upon the addition to a small portion of a few drops of a 
saturated solution of barium hydroxide (carbonate). 
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The alkali solution to be used should be standardized 
against the standard acid solution which is being used, 
using the same indicator and the same volume of water. 
When titrating the excess of alkali, in estimating the 
alkaloid in a proximate assay, the end-point of the reac- 
tion should be decided at the same degree of color as was 
used in standardizing the alkali. 


Calculations for Volumetric Assays 


The calculation required for determining the amount, 
of alkaloid found is illustrated by the following typical 
titration: 

Standardization of Fiftieth- Normal NaOH—Use the 
following equation for standardizing the base: 


Nz X cep = Na X Cla 


where N, = normality of the base cc, = volume_of 
base, N. = normality of acid and cca = volume of acid. 
If exactly 50 ce. of standard N/50 H.SO, requires 
40.00 cc. of the NaOH for neutralization, using methyl 
red as the indicator, then NV, * 40 = 0.02 50, and 


the normality of the NaOH = aan = 0.0250 N. 


Alkaloidal Titration in an Assay of Stramoniwum—In 
the official assay 15 cc. of N/50 acid is added to the 
chloroform solution of the alkaloids from 10 Gm. of 
stramonium, and the chloroform is removed by evapora- 
tion. The gentle warnting completes the reaction be- 
tween the acid and the alkaloids, leaving an excess of 
N/50 acid. A few drops of methyl red indicator and 
25 cc. of distilled water are added, and the excess acid 
is titrated with the 0.0250 N alkali. If 7.0 cc. of the 
Be is required then the following calculations are 
made: 


Milliequivalents of acid = 0.02 * 15 = 0.3000 
Milliequivalents of alkali = 0.025 X 7.00 = 0.1750 
Milliequivalents of alkaloid = 0.1250 


The milliequivalent weight of the mixed alkaloids of 
stramonium (see below) is taken as 289.35. The total 
weight of alkaloid = 0.125 289.385 = 36.17 mg. or 
0.03617 Gm. 

The amount of alkaloid found has been obtained 
from 10 Gm. of stramonium. In order to convert this 
weight into percentage it will be necessary to multiply 
by 10, with the result that the sample taken for illustra- 
tion has been found to contain 0.362 per cent of the 
alkaloids of stramonium. 

The equivalent weight which is used in arriving at 
this result is obtained by a calculation based on the 
average amount of alkaloids normally present in stra- 
monium. This utilization of the molecular weight of 
the combined alkaloids, which is different from that of 
the chief alkaloid, will be found in a number of instances. 
Since the U. 8. P. directs the titration be made with 
0.02 N acid the factor 289.35 < 0.02 = 5.787 is used 
in the official monograph. 


FACTORS OF IMPORTANCE IN PROXIMATE ASSAYS 


1. The drug must be of proper fineness. 

2. The agitation must be for a definite time. 

3. The extraction must be for the required period. 

4. The extraction with immiscible solvents must be complete. 
Test with mercuric potassium iodide T.S. or iodine T 

. There must be a sharp separation of immiscible solvents. 

6.. Carefully avoid loss of material by spurting, on account of 
pressure created in the separatory funnel. 

Avoid emulsions; these can often be broken up by rotating 
a rubber-tipped stirring rod against the walls of the separatory 
funnel, by gently warming, by adding more solvent, or by the addition 
of a few cc. of alcohol, delivered into the organic solvent. 

To insure freedom of the final organic extraction from ammo- 
nium salts, filter through paper wetted with the solvent. If the alka- 
loid is pure, it may spatter when final portions of the solvent are 
SAE The addition of a few cc. of alcohol will generally pre~- 
vent this 
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9. In gravimetric assays avoid drying at too high a temperature. 
_ 10. In volumetric assays be sure that all of the alkaloid is brought 
into solution so that it may react with the standard acid. 


Official Directions for Proximate Alkaloid Drug Assays 


Most alkaloids are practically insoluble in water, but they are 
soluble in certain organic solvents which are immiscible with 
water, such as chloroform, ether, amyl alcohol, benzene, etc., or 
mixtures of these. The salts of the alkaloids, however, are usu- 
ally soluble in water, but in most cases insoluble in nearly all of 
the organic solvents. The process of assay by immiscible sol- 
vents, which is generally known as the “shaking out” process, is 
based on this property of alkaloids. It is carried out by treating 
the drug, or a concentrated liquid extract of it, with a solvent im- 
miscible with water, in the presence of an excess of alkali which 
liberates the alkaloid. The free alkaloid is dissolved by the im- 
miscible solvent from which it is removed by means of an excess 
of dilute acid. The acid solutions are then extracted with an 
immiscible solvent in the presence of an excess of alkali, and the 
immiscible solvent evaporated to obtain the alkaloid, which is 
either weighed or titrated with standard acid. 

Preparation of the Drug for Assay—The drug to be extracted 
should be ground to a powder of the fineness designated. The 
definition of powders will be found under Comminution (page 141). 
Care should be taken to avoid the loss of water during the powder- 
ing of the drug. If it is impossible to avoid this loss, the drug 
should be dried at a low temperature before powdering, the loss 
of water noted, and a correction made in the final calculations. 

Weighing for Assay—In weighing bulky crude drugs for the 
assay, an accuracy to within 10 mg. for quantities of 5 Gm. and 
over is sufficient. Portions of pilular extracts or ointments may 
be weighed on a piece of waxed or parchmentized paper, the sur- 
plus paper cut away, and the paper with the sample dropped into 
the vessel containing the solvent. In transferring weighed por- 
tions to a separator, the vessel containing the material to be 
assayed should be thoroughly rinsed and the rinsings added to 
the separator. 


Extraction of Drugs 


The alkaloidal content of alkaloid-bearing drugs is usually 
extracted by one of the following methods: 

A. Maceration—An accurately weighed portion of the ground 
drug is treated with the specified solvent or mixture of solvents, 
made alkaline with ammonia T.S., and thoroughly mixed. It is 
then allowed to macerate for 12 to 24 hours with occasional agita- 
tion, or for a shorter period with continuous agitation. At the 
end of this period, the drug is allowed to settle, an aliquot of the 
solvent decanted, and treated as described for the purification of 
the alkaloids. 

B. Percolation—An accurately weighed quantity of the 
ground drug is placed in a suitable container and completely satu- 
rated with the specified solvent or mixture of solvents, and al- 
lowed to stand for 5 minutes. A quantity of ammonia T.S. suf- 
ficient to make the mixture distinctly alkaline is added and thor- 
oughly mixed with the drug. The mixture is then transferred to 
a cylindrical percolator, previously prepared by packing the out- 
let with purified cotton. A small amount of the solvent may be 
used to rinse the container and the rinsing added to the percolator. 
The drug is allowed to macerate for a suitable period of time (from 
1 to 12 hours or overnight, depending upon the drug to be 
assayed). Then the drug is firmly packed, a pledget of purified 
cotton placed above it, and percolated slowly with the solvent 
until it is completely exhausted of its alkaloid contents. Com- 
plete extraction of the alkaloid is determined by evaporating 
about 4 ec. of the last percolate to dryness, dissolving the residue 
in 0.5 ec. of approximately half-normal acid and adding a drop 
of mercuric iodide T.S. (Valser’s Reagent) or, when testing for 

caffeine or colchicine, a drop of iodine T.S.; | not more than a 
slight turbidity should be produced. The per colate is then treated 
for the purification of the alkaloids. 

C. Continuous Extraction—An accurately weighed portion 
of the ground drug is placed in an extraction thimble and the 
thimble inserted into a suitable extractor (a Soxhlet extractor of 
appropriate size is satisfactory). The drug is moistened with the 
specified solvent and mixed by means of a stirring rod and allowed 
to stand about 5 minutes. It is then made alkaline with the speci- 
fied quantity of ammonia T.S. and thoroughly mixed. The stir- 
ring rod is rinsed with a small portion of the solvent and the 
drug macerated for 6 to 12 hours or overnight. The drug is then 
packed in the thimble, covered with a pledget of purified cotton, 
a sufficient quantity of solvent is added, and the drug extracted 
for a specified period of time or until completely extracted. 


Purification of the Alkaloids 


The alkaloidal solution obtained by any of the extraction 
methods is usually contaminated with other extractives which 
interfere with the volumetric or gravimetric determination of the 
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alkaloids. To effect their purification, the alkaloids are removed 
from the immiscible solvent by extracting with an acid, then the 
acid solution, after alkalinization, usually with alkali hydroxide, 
is extracted with an immiscible solvent. 

The volume and strength of the acid to be used are usually left 
to the discretion of the operator. It is best, however, to keep the 
total volume as small as possible. For the first extraction, it is 
advisable to use at least 10 cc. of approximately normal acid or 
sufficient to render the mixture distinctly acid. When the drug 
contains a large amount of fat, a smaller volume of more concen- 
trated acid may be used advantageously to prevent emulsions in 
the first extraction. For succeeding extractions, it is preferable 
to use a dilution of 5 cc. of the acid with 5.cc. of water. In all 
assays, the extraction should be continued until 0.5 ce. of the 
last acid washing shows not more than a slight turbidity on the 
addition of a drop of mercuric iodide T.S. (Valser’s Reagent), or, 
in the case of caffeine and colchicine, on the addition of a drop of 
iodine T.S. The acid extracts, before the next step is begun, 
should be clear or practically so. If not clear, filter or treat as 
follows: Shake the combined acid extracts with one or more 10- 
cc. portions of the appropriate immiscible solvent until the acid 
solution is clear or practically so. Then wash the immiscible 
solvent extracts with one or more 5-cc. portions of water, acidified 
with hydrochloric or sulfuric acid, and add these washings to the 
acid solution. 

The acid solution is then made alkaline, in most cases with am- 
monia T.S., and extracted with several successive portions of the 
appropriate immiscible solvent. The volume of the latter to be 
used in each operation is not less than half that of the water solu- 
tion, and the operation must be repeated as long as any alkaloid 
is extracted by the immiscible solvent. To determine the com- 
pletion of extraction, evaporate 1 cc. of the last extraction and 
dissolve the residue in 0.5 ce. of approximately half-normal 
hydrochloric acid: the resulting solution should show not more 
than a slight turbidity on the addition of a drop of mercuric 
iodide T.S. (Valser’s Reagent) or, in the case of caffeine and colchi- 
cine, on the addition of a drop of iodine T.S. The number of ex- 
tractions required depends largely on the character of the alka- 
loid. With most alkaloids it is advisable to extract several times 
before testing. 

Washing—The stems of separators and funnels and the lips of 
flasks, separators, and graduates, from which solvents, containing 
alkaloids, have been drawn or poured, should be carefully washed 
with some of the solvent to prevent loss and to remove any of the 
alkaloids left by evaporation. These washings should be added 
to the other extractions containing the alkaloids. 


Determination of Alkaloids 


The solution of the purified alkaloids in the immiscible solvent 
is carefully evaporated to dryness on a steam bath or with a cur- 
rent of air. When the alkaloidal residue is to be determined volu- 
metrically, it should be softened by the addition of about 1 ec. of 
neutralized alcohol or ether, an accurately measured volume of 
volumetric acid added, usually one and one-half to twice the 
volume required for the quantity of alkaloid present, and the 
mixture gently warmed to insure the complete solution of the 
alkaloid. If preferred, the alkaloidal residue may be dissolved 
in chloroform, the standard acid added, and the chloroform 
completely removed by evaporation. A sufficient quantity of 
water is added to make the volume of the mixture measure at 
least 25 cc. and the excess of acid titrated with volumetric alkali, 
using 1 to 2 drops of the appropriate indicator. 

When the alkaloidal residue is-to be weighed, it is dried to con- 
stant weight at 100 to 110°. If the final solvent has been chloro- 
form, the last traces of that solvent should be removed by the 
addition of a few ce. of neutralized ether or alcohol, followed by 
evaporation. Care must be taken to avoid loss by decrepitation, 
especially when evaporating chloroform solutions of nux vomica 
alkaloids. Decrepitation may usually be prevented by the addi- 
tion of a little alcohol after the solution has been reduced to a 
volume of 1 or 2 ce., evaporating at a low temperature, and rotat- 
ing the container during the evaporation. 

Indicators—Methyl] red T.S. is to be used as the indicator in 
volumetric determinations. The same solution of indicator used 
in titrating the alkaloids should also be used in evaluating the 
volumetric solutions. 

Aliquots—When using aliquots, the solvent and the aliquot 
should be measured at the same temperature. When volatile 
liquids are being handled a lower temperature and a more quickly 
conducted operation will reduce the loss by evaporation. 

Apparatus for Proximate Assays—When a container of definite 
size and shape is recommended in a proximate assay process, it 
is understood that this is advisory and not obligatory, except 
when volumetric flasks, measuring burettes, or other exact 
measuring apparatus are specified. 

Adsorbents—In assaying fluidextracts, tinctures, and other 
preparations of alkaloid-bearing drugs, it is often necessary to 
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evaporate these to dryness and, to avoid loss and to aid-in the 
evaporation, they are usually added to some adsorbent material. 
Paper pulp or asbestos fibers should be used for this purpose. 
Such adsorbent material must be acid- and alkali-washed, then 
rendered neutral by washing with water, and dried before use. 

Emulsions—The shaking or rotation of a water solution with 
an immiscible solvent in a separator should ordinarily be con- 
tinued for about 1 minute. Long or violent agitation should be 
avoided as emulsions are likely to form, especially in alkaline 
solutions. Hyoseyamus, belladonna, and stramonium leaves 
sometimes contain saponins which cause troublesome emulsions. 
Should emulsions prove persistent, draw off the emulsified portion 
and add an excess of either solvent. This usually breaks the emul- 
sion and permits a complete separation. It is sometimes prefer- 
able to break the separated emulsion by the addition of a small 
amount of anhydrous sodium sulfate. If this is done, it becomes 
necessary to wash the residue with additional solvent to remove 
the alkaloid completely. 

Emulsification is sometimes prevented by increasing the volume 
of the water or of the immiscible solvent. Chloroform and ether 
solutions of drugs which contain large proportions of fat may form 
troublesome emulsions. In such cases it is advisable to add 
sufficient sulfuric acid to assure acidity, and to evaporate the 
volatile solvent, while stirring with a glass rod. When the resin- 
ous and fatty matter has been agglutinated, cool the acid solution 
and filter it through a small, wetted filter into a separator. Re- 
dissolve the residue in 15 ee. of ether, add 5 to 10 cc. of tenth- 
normal acid, evaporate the ether as before, with continued stir- 
ring, and pour the acid solution through the filter into the separa- 
tor. Repeat the extraction of the fatty residue with dilute acid 
two or three times and finally wash the filter free from alkaloids. 


OUTLINE OF THE OFFICIAL PROXIMATE ASSAYS 


Many of the proximate assay methods of the U. 8. P. 
and the N. F. are so related that they may be classified 
and arranged in groups, for the purpose of studying 
them to greater advantage. In general, it may be 
stated that after the alkaloids have been extracted and 
purified, the methods belong to one or the other of the 
two great classes of volumetric and gravimetric analyti- 
cal procedures. The individual assays have been dis- 
cussed in detail in each monograph throughout Parts 
IV and V of the text and the following is merely sug- 
gestive for purposes of study. 


Volumetric Proximate Assays 


Hyoscyamus-type Assays—Most of the drugs and galenical 
preparations containing mydriatic alkaloids are assayed by the 
volumetric titration method which is officially described for 
Belladonna Leaf (page 834). The preliminary treatment of the 
drug will vary, however, according to the nature of the galenical 
product that is being assayed. : 

Nux Vomica Assays—Strychnine is determined volumetrically 
in this type of assay procedure. See Nux Vomica (page 842). 
In the assay of the crude drug and each preparation the alkaloid, 
brucine, which is also obtained in the total alkaloid extraction, 
is oxidized and destroyed by treatment with a mixture of sodium 
nitrite, nitric and sulfuric acids, with the result that only strych- 
nine is determined in the final titration. : 

Ipecac Assays—The assay of the official items involves a com- 
plete extraction of ether-soluble alkaloids and the subsequent 
estimation of these alkaloids by residual titration. See Ipecac 
(page 865). ; t 

Opium Assays—The official method for the assay of opium is 
considerably more involved in detail than are the other proximate 
assays. In these opium assays the morphine content alone is to 
be determined, which necessitates the removal of a number of 
other alkaloids. The alkaloid, morphine, is present largely as 
the meconate. In the official process the opium is extracted with 
water to remove the morphine, codeine, thebaine, and certain 
other alkaloids which are present as soluble salts. The narcotine, 
which is present in quantities of from 1 to 9 per cent, is largely 
retained in the insoluble residue. See Opiwm (page 806). 

Camphorated Opium Tincture Assay—The official assay 
method for camphorated opium tincture differs from the other 
opium assays in that advantage is taken of the ability to dissolve 
and shake out the morphine by means of a fixed alkali-salt solu- 
tion. See page 808. ; ; 

Areca Assay—Areca is assayed volumetrically in order to deter- 
mine the amount of the alkaloid, arecoline, which it contains. 
See page 860. 

Belladonna Plaster and Belladonna Ointment Assays—The 
official assay procedures both for belladonna plaster and for oint- 
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ment of belladonna involve a residual titration in the final deter- 
mination of the alkaloids. See page 836. 


Gravimetric Proximate Assays 


Cinchona Assay—Cinchona is assayed by a method which in- 
volves the extraction, purification, and final weighing of the alka- 
loids obtained from a given weight of the sample. See page 821. 

Colchicum Assays—The determination of colchicine in drugs 
and galenical preparations involves a gravimetric procedure in 
which there are a number of special details. The alkaloid, col- 
chicine, found in the seed or corm is very soluble in water and 
therefore does not lend itself to the usual shaking-out methods. 
The drugs are extracted with warm water to which has been added 
lead subacetate solution to precipitate the resins, soluble coloring 
matter, etc. See page 862. 

Hydrastis Assays—Gravimetrie methods for determining the 
ether-soluble alkaloids are applied to the crude drug and its 
preparations (page 857). 

Caffeine-Type Assays—Caffeine is determined gravimetrically. 
Inasmuch as the alkaloid in Guarana, Kola, ete., is caffeine, 
which does not form stable salts, this necessitates a modification 
of the usual method of assay. See page 848. 


Assay for Alkaloid Salts, Solutions, and Tablets 


The principles and the chemistry underlying the assay of alka- 
loids are discussed under Official Directions for Proximate Alkaloid 
Drug Assays (page 995). 

Quantity of alkaloid salt to be taken for assay—The quantity 
taken for either gravimetric or volumetric assays is usually be- 
tween 250 and 500 mg. corresponding to 10 to 15 ce. of tenth- 
- normal acid. If, however, this amount is not available or, as in 
the case of most alkaloid tablets, not practical, smaller quantities 
(about one-fifth) are used. If assayed volumetrically, a weaker 
volumetric acid (usually fiftieth-normal) is used. 

Volume of water for dissolving the alkaloid salt—When assay- 
ing alkaloid salts, the weighed quantity is dissolved in 20 to 25 
cc. of water with the aid of hydrochloric acid if necessary, but if 
the alkaloid base is soluble in water, as for instance ephedrine, 
about half this volume of water should be used. 

Alkalinization—Except as indicated below, 10 per cent ammonia 
water is used for liberating the alkaloid base (alkalinization) from 
its salt combination. Sufficient alkali must be added to make the 
solution distinctly alkaline (pH not below 9, except when sodium 
bicarbonate is used), otherwise the extraction of the alkaloid is 
incomplete. Apomorphine and dihydromorphinone hydrochlorides 
are alkalinized with sodium bicarbonate powder. Hphedrine salts 
and pelletierine tannate are alkalinized with sodium hydroxide 
solution. 

The alkaloid (immiscible) solvent—Chloroform or ether is the 
solvent most generally used for extracting alkaloids from the 
alkalinized solution. Chloroform is the preferred solvent because 
being heavier than water it separates to the bottom of the sepa- 
rator and so the water layer remains in the same separator during 
the entire extraction process; also because most alkaloids readily 
dissolve in this solvent. A mixture of chloroform and of ether 
_ may be advantageously used. 

Chloroform is employed in the assays of the official alkaloid 
salts and their preparations except for the following in which 
ether is used: apomorphine, cocaine, emetine, ephedrine, and 
-quinacrine. 

For the extraction of morphine a mixture of 4 parts by volume 
of chloroform and 1 part of alcohol is used. 

Volume of immiscible solvent to be used—For the first extrac- 
tion a volume of the solvent corresponding to at least one-half of 
the aqueous solution is used. For subsequent extractions two- 
thirds to one-half of this amount of solvent is employed. When 
the amount of alkaloid or the volume of the aqueous solution is 
small, the volume of solvent for the first extraction should be 
about the same as that of the aqueous phase. 

Testing for completeness of extraction—At least four extrac- 
tions should be made before testing for the completeness of ex- 
traction, and with strychnine preparations not less than six. The 
test is performed as follows: To 0.5 ce. of the last extract in a 
test tube add 1 cc. of approximately tenth-normal HCl or HeSO4 
and heat on the water bath until the organic solvent is expelled. 
Cool and add 1 drop of mercuric-potassium iodide T.S. (Valser’s 
reagent), or in the case of caffeine or colchicine 1 drop of iodine 

‘S No turbidity should be produced. If a turbidity does re- 
sult, the alkaloid has not been completely extracted, and the 
aqueous layer is again shaken out with the solvent until the alka- 
loid is completely extracted. 

Clearness of the alkaloid solution—The solution of the alkaloid 
in the organic solvent must be clear before it is subjected to the 
next step. If not clear it is filtered through a small paper filter 
moistened with the solvent, and the vessel and filter washed with 
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3- to 5-cc. portions of the solvent, and these washings added to 
the main filtrate. 

Evaporation of the alkaloid solution—The clear solution is 
evaporated by gently heating on a steam bath, or if ether is the 
solvent preferably by a current of air. Under no circumstances 
should the solution be boiled as it may lead to loss of the alkaloid. 
When chloroform is the solvent the solution should not be evapo- 
rated to dryness but only nearly to dryness. Some alkaloids 
retain chloroform when evaporated with it, and when further 
heated the alkaloid base may react to some extent with the chloro- 
form to form a chloride and thus yield a somewhat low result if 
assayed volumetrically. 

Treatment of the alkaloid residue—The final step in the assay 
is the determination of the amount of alkaloid extracted. This is 
accomplished either gravimetrically or volumetrically, the latter 
procedure being used in all assays except for ergotamine, cinchona 
and papaverine which are assayed gravimetrically. 

Gravimetrically—When chloroform is the solvent, about 5 cc. 
of alcohol is added to the residue remaining after evaporating the 
solution nearly to dryness to facilitate the elimination of the 
solvent from the alkaloid residue by the formation of an azeotropic 
mixture. The liquid is then evaporated to dryness on the steam 
bath and the residue is dried at 100° to constant weight and 
weighed. The weight of the alkaloid base so obtained multiplied 
by the proper factor represents the weight of the alkaloid salt in 
the quantity taken for the assay. If ether was the solvent the 
solution is directly evaporated to dryness and the residue is dried 
to constant weight and weighed. 

Volumetrically—To the residue remaining after evaporating 
the chloroform solution nearly to dryness, an exactly measured 
volume of 20 to 25 cc. of tenth-normal H2SOx, (or fiftieth-normal 
in the assay of alkaloid tablets) is added and heated on a steam 
bath until the chloroform is expelled. The acid is swirled around 
the sides of the evaporating vessel to insure solution of any adher- 
ing alkaloid. After cooling, the excess acid is determined by back 
titration with tenth-normal (or fiftieth-normal) sodium hydroxide, 
using 1 to 2 drops of methyl red T.S. as the indicator. The volume 
of acid consumed by the alkaloid multiplied by the proper factor 
represents the weight of alkaloid base or of the salt in the quantity 
taken for the assay. 

If ether is the solvent, the alkaloid residue resulting from the 
evaporation of the solution to dryness, is dissolved in a few cc. 
of neutral alcohol, an accurately measured volume of the standard 
acid is added, and the volume of acid consumed by the alkaloid 
determined by titrating the excess of the acid as described before. 

A procedure frequently used when ether is the solvent is the 
following: The combined ether extracts are shaken once or twice 
with 10-ce. portions of water to remove any of the alkali used for 
alkalinization. This is indicated by testing the water with litmus 
paper. The water washing is shaken with an equal volume of 
ether to extract any alkaloid from it and this ether added to the 
main ether solution. An exactly measured volume of standard 
acid, representing at least a 25 per cent excess over that required 
to combine with the alkaloid, is added to the solution contained 
in a separator, and the mixture is shaken well for several minutes. 
After complete separation the aqueous (lower) layer is withdrawn 
into a beaker or flask. The ether layer is then shaken out twice 
or more, if necessary, with 10-cc. portions of water until the water 
washings cease to give an acid reaction with litmus paper. These 
washings are added to the aqueous layer from the acid extraction 
and the excess acid titrated with fiftieth-normal sodium hydroxide 
using methyl] red T.S. as the indicator. 


Assay of Solutions Containing Alkaloids 


A weighed quantity of the salt is dissolved in 10 to 20 ce. of 
water with the aid of hydrochloric acid, if necessary, and com- 
pletely transferred with the aid of a few cc. of water into a separa- 
tor. If a solution of an alkaloid salt is being assayed, an exactly 
measured volume is placed in a separator and diluted with water, 
if necessary, to about 25 ec. About 20 to 25 cc. of the alkaloid 
solvent is added and followed with the alkalinizer (see alkaliniza- 
tion above). The mixture is gently, but thoroughly, shaken for 
several minutes and allowed to stand until it has sharply separated 
into two layers. An occasional gentle swirl of the liquid facilitates 
the separation. When chloroform is the solvent the clear lower 
layer is carefully withdrawn as completely as possible into a suit- 
able evaporating vessel. None of the aqueous layer should be 
allowed to pass, and if the line between the layers is not sufficiently 
clear a small amount of chloroform is allowed to remain in the 
separator. The extraction of the aqueous layer is repeated several 
times, each time with about two-thirds of the volume of solvent 
used in the first extraction, until the alkaloid has been completely 
extracted (see Testing for completion of extraction above). The 
total chloroform extract, filtered if necessary (see Clearness of the 
alkaloid solution above), is evaporated nearly to dryness and the 
assay completed gravimetrically or volumetrically (see Treatment 
of the alkaloid residue above). 
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When ether is the solvent, the well-separated aqueous layer 
from the first shaking out is withdrawn into another separator 
where it is again shaken out with ether, this being repeated until 
the alkaloid is completely exhausted from the aqueous phase. 
The alkaloid in the ether solution is then determined gravimetri- 
cally or volumetrically. 


Assay of Tablets Containing Alkaloids 


Because of the reasonably unavoidable variations in the com- 
position and weight of individual tablets, to insure fair and aver- 
age representation, not less than 20 tablets are taken for the 
assay. An aliquot of the solution of the tablets, or an aliquot of 
the counted, weighed, and powdered tablets is then used for the 
determination. 


CHEMICAL AND PROXIMATE ASSAYS 


When the tablets are completely soluble in water or in acidified 
water they are dissolved to a definite volume and a suitable aliquot 
of the solution assayed as described under Assay for Alkaloid 
Salts and Solutions. When they contain insoluble matter (starch, 
coating material, etc.) an aliquot of the counted, weighed, and 
powdered tablets, equivalent to at least 75 mg. of the alkaloid 
salt, is placed in a 100-ce. volumetric flask, 75 cc. of water is 
added, made up to volume with diluted sulfuric acid, and allowed 
to stand for several hours with frequent shaking or overnight. 
It is again well mixed, filtered if necessary through a dry filter, 
and the alkaloid determined gravimetrically or volumetrically in 
an aliquot of the solution representing at least 50 mg. of the alka- 
loid salt. If determined volumetrically and the quantity used is 
small, as is the case with tablets of potent alkaloids, fiftieth- 
normal acid and alkali are used. 


CHAPTER LXXXVII 


BIOLOGICAL ASSAYS 


THE PURPOSE Of bio-assay is to measure the potency of 
a preparation of a drug in terms of its specific activity 
by biological methods. Most of the drugs commonly 
employed today are pure substances of known chemical 
composition which can be assayed by quantitative 
chemical analyses. Some, such as Opium, Belladonna, 
and Nux Vomica represent composite mixtures of 
various natural products and their active principles, 
2. é., alkaloids, which can readily be isolated and quan- 
titatively determined. Sometimes it suffices to deter- 
mine the activity of a crude drug merely by analyzing 
for a particular group or element. Thus the potency 
of Thyroid is assayed on the basis of the iodine content 
of the dried gland. 

Reasons for Biological Assays—There is a large group 
of drugs which cannot be assayed satisfactorily by 
chemical means for various reasons. It may be that 
there is no adequate chemical test for the active prin- 
ciple (e. g., Insulin) or several active principles may be 
present which are chemically almost identical but which 
vary widely in their pharmacological activities (e. g., 
Digitalis) or the biological assay may be more sensitive 
than any known chemical assay (e. g., Epinephrine). 
Biological assay methods must therefore be employed, 
although the structures of most of the active principles 
of these drugs are now known. Eventually, the bio- 
logical methods will probably be replaced by chemical 
procedures as improved techniques are developed. 

Bio-assay Procedures—Bio-assays are conducted by 
determining the amount of a preparation of unknown 
potency required to produce a definite effect on suitable 
test animals or organs under standard conditions. 
Originally, the results of such tests were expressed as 
“animal units’; for example, a cat wnit of digitalis was 
the amount of a preparation per kilogram of cat neces- 
sary to produce death. Statistical studies by Magnus 
and others demonstrated the great unreliability of this 
procedure, for animals vary greatly in their sensitivity 
to a given preparation as a result of differences in 
heredity, age, diet, surroundings, and so forth. 

To minimize the source of error resulting from animal 
variation, standard reference preparations have been 
adopted following the precedent of Ehrlich, who pre- 
pared a standard diphtheria antitoxin against which 
the potency of unknown preparations could be tested 
by a bio-assay method. The principle of the standard 
consists of testing successively the unknown and 
standard preparations on two groups of similar animals, 
or in some cases (e. g., epinephrine, posterior pituitary) 
on the same animal or organ. The amount of the un- 
known preparation required to produce an effect equal 
to that produced by a certain amount of the standard 
will be inversely proportional to their relative potencies. 
The potency of the unknown can therefore be expressed 
as a percentage of that of the standard by employing a 
simple formula: 


Dose of standard 


Dose of unknown X 100 = % 


Potency of unknown = 
In many instances reliable results cannot be obtained by 
this simple calculation. Therefore in some assays it is 
necessary to adopt more precise methods of calculating 


potency based upon observations of relative but not 
necessarily equal effects. Likewise, methods of com- 
putation have been devised to determine the statistical 
reliability of the results. These procedures are dis- 
cussed in the chapter on ‘‘The Use of Statistics in 
Pharmacy.” 

Reference standards are prepared and distributed by. 
the Revision Committee of the U. 8. Pharmacopeeia 
for comparative use in bio-assays of many official prep- 
arations. There are also several international stand- 
ards, and for many unofficial preparations manufac- 
turers employ their own established standards against 
which they compare successive lots of a drug. A 
standard reference preparation consists of the specific 
active principle of the drug in its purest obtainable 
form (e. g., Epinephrine), a specially prepared drug 
(e. g., Digitalis), or an arbitrarily selected but related 
substance (e. g., Ouabain). All of these are packaged 
in such a manner that they may be stored under condi- 
tions that will give maximum stability. The individual 
standards are described along with the assays in which 
they are used in the sections that follow. 

Biological assays leave much to be desired in several 
respects. Although some are extremely sensitive in 
detecting small differences in concentration, their 
quantitative accuracy usually falls considerably below 
that obtainable with most chemical analyses. The 
techniques and interpretations involved can often vary 
with different operators in spite of the rigid require- 
ments specified by the official publications, and hence 
there is a considerable subjective element present. 
Furthermore, the effect measured in the test animals 
is often not that which the drug is intended to produce 
in treating patients. The importance of this discrep- 
ancy was formerly minimized, but recent studies have 
shown that when several active principles are present 
in a crude drug, those producing the maximal therapeu- 
tic effect are not necessarily the ones chiefly responsible 
for the action measured in the assay. As a result, 
samples found to be of equal strength by assay may 
show different potencies when employed clinically. 
An example of this situation is found in the discussion 
on Digitalis. 

Classification of Bio-assay Procedures—Bio-assays 
have been classified in three groups: Qualitative, 
Quantitative, and Time-response, according to whether 
the effect produced is all or none (as death), graded (as 


“rise in blood pressure), or is characterized by developing 


in a measured period of time (as the curative response 
to thiamine). It should be noted that in all three types, 
with few exceptions, the calculations of potency are 
based on the sizes of doses necessary to produce ap- 
proximately equal effects and not on the intensities of 
the responses. Furthermore, the results derived from 
all are quantitative in that the potency of the unknown 
is expressed in terms of the standard. 


Animals 


As’ animals are an important “unknown”’ factor in 
most biological assays the need for their proper selec- 
tion and adequate care thereafter is self-evident. Most 
laboratories seek a reliable source of animals which can 
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supply their needs from colonies maintained for this 
purpose. Institutions engaged in the breeding of 
animals for laboratory use are to be found in most sec- 
tions of the country; some make a specialty of offering 
only one species such as the rat. Others may breed 
several species including the rat, mouse, guinea pig 
(cavy), or the hamster, and in addition offer more than 
one strain. In any one test it is desirable to use animals 
of only one strain. Actually bio-assayists may adopt 
a specified strain for all work of a particular type. In 
this manner experience is gained as to the normal varia- 
tion that is to be expected. For some assays a specific 
sex must be employed, 7. e., estrogenic tests; in other 
assays either sex may be used but the effect that sex 
may play in the response should not be overlooked. 
The male rat, for instance, has a faster growth rate 
than the female; therefore indiscriminate use of both 
males and females in a rat growth test should be 
avoided. The U.S. P. attempts to obviate this effect 
by requiring the same number of males and females in 
all levels of the bio-assay for vitamin A potency. 

Cats and dogs have never been successfully bred for 
laboratory use and must be obtained from dealers in 
laboratory animals who have facilities for the legitimate 
purchase of them. Animals should not be bought at the 
laboratory from individuals who have an occasional 
interest in such sales. The difficulty in obtaining cats 
and dogs is accentuated by the destruction of hundreds 
of thousands each year in city pounds. Insome localities 


Made by Norwich 
Holders designed by LaWall and Harrisson. 


Fig. 536—Rat cages, all metal, suspended slide drawer. 


Wire Works. 


these animals have been made available to research 
institutions, otherwise many of them are processed into 
fertilizer. : 
Animal Housing and Feeding—Sound food as well as 
adequate and clean dry housing facilities are essential 
for the proper conduct of bio-assays. Food designed 
for the various species may be purchased in pressed or 
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ground form from milling companies such as Arcady 
Farms Milling Company, Purina Mills, and others. 
Dry mix diets are not palatable to cats or dogs and 
must be supplemented with fresh or frozen meat or 
meat by-products or fish. 


Fig. 537—Looking down on individual cage from Fig. 1. Water bottle with 

small opening held in clip. Food holder consists of inner jar and larger outer 

container. Outer container prevents food waste and enables determination of 
food usage. (LaWall and Harrisson.) 


Stainless steel bottom and sides.+ 


Fig. 538—Large animal cage for cats, ete. 
(LaWall and Harrisson.) 


Cages and other housing facilities should be so de- 
signed as to make them easy of access both for feeding 
and cleaning. The suspended draw pull type (Figs. 536 
and 537) of cage serves admirably for housing rats, mice, 
or guinea pigs. Larger animals are housed in cages 
(Fig. 538) that will provide some room for exercise and 
these animals must have constant supervision for 
proper maintenance. 

Legislation on Animal Usage—Most biological assays 


_require the use of animals, which in some states involves 
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the necessity of obtaining a permit. Any use of animals 
should be under the careful supervision of a person 
adequately trained in this field and at all times the 
animals must be treated humanely. Reasonable rules 
for the handling and use of animals should be adopted 
by every laboratory and posted conspicuously. The 
rules in force at the National Institute of Health are 
generally applicable and are reproduced herewith. 

A résumé! of the legislation effective in the several 
states as it appeared in an article by one of the authors 


NATIONAL INSTITUTE OF HEALTH 


Rules Regarding Animals 


I, Dogs and cats brought to this laboratory and purchased bere 
shall be beld at least as long as at the pound, and shall be returned 
to their owners if claimed and identified, 


II. Animals im the laboratory shall receive every consideration 
for their bodily comfort; they shall be kindly treated, properly fed, 
aad their surroundings kept in the beat possible sanitary coadition. 


III. No operations om animals shall be made except with the sanc- 
tioa of the Director of the Institute, who holds himself respoasible 
for. the importance of the problems studied and for the propriety of 
the procedures used in the solution of these problems. 


IV. In aay operation likely to cause greater discomfort thas 
that atteadiag anesthetizatios, the animal shall first be rendered 
iacapable of perceiving pain and shall be maiatained im that coa- 
Gitioa satil the operation is ended. 


Exceptioas to this rule will be made by the Director alone 
and then only when anesthesia would defeat the object of the experi- 
meat. In such cases an anesthetic shall be used so far as possible 
aad may be discontinued only so long as is absolutely esseatial for 
the necessary observations. 


Vu. At the conclusion of the experimeat the animal oball be 
Killed painlessly. 


Exceptions to this rule will be made only whem continuaace 
of the animal's life is necessary to determiae the result of the 
experiment. In that case, the same aseptic precautions shall be 
observed during the operation and so far as possible the same care 
shall be taken to minimize discomforts during the convalescence as 
in a hospital for human beings. 


DIRECTOR, NATIONAL INSTITUTE OF HEALTH 
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of this chapter will in general be informative as to the 
problem confronting the individual investigator. 


Résumé of State Legislation 


No state in our Union permits purposeless cruelty towards ani- 
mals, all having enacted general anticruelty legislation. Some 
legislatures, fearful of the misinterpretation that might be placed 
upon these acts, have specifically exempted medical research; 
other states forbid the use of live animals for teaching purposes 
in public schools, 


BRIEF ABSTRACTS OF APPLICABLE LAW 


Alabama, Arizona, Arkansas, Colorado, Connecticut, Delaware, 
Florida, Georgia, Indiana, Iowa, Kansas, Kentucky, Louisiana, 
Maryland, Minnesota, Mississippi, Montana, New Hampshire, 
New Mexico, North Carolina, North Dakota, Ohio, Oregon, 
Rhode Island, South Carolina, Tennessee, Utah, Vermont, 
Virginia, West Virginia, Wyoming—All have general laws relating 
to the cruel treatment of animals. 

California—Properly conducted scientific experiments under 
authority of faculty of regularly incorporated medical college 
or university are exempt. 

Idaho—As under California. ; 

Illinois—No experiments upon living animals in any public 
school. Dogs or cats cannot be killed.for such purpose for pub- 
lic school use. 

Maine—No person in any school supported in whole or part 
by public money shall practice vivisection or experiment upon 


1 Harrisson, Joseph W. E., ‘‘Anti-Vivisection Propaganda Handicaps 
Science,” Food, Drug, Cosmetic Law Quarterly, 2, No. 3, 408 (1947). 
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any living animal or exhibit an animal that has been vivisected, 

_Massachusetts—No person in any public school shall practice 
vivisection or exhibit a vivisected animal. Dissection of dead 
animals permitted in regular study classes only. 

Michigan—Specific act providing for the creation of an advi- 
sory committee which in conjunction with the State Commissioner 
of Health will issue rules and regulations and register those em- 
ploying animals for scientific purposes. 

Missouri—Exempts scientific experiments or investigations. 

Nebraska—Exempts scientific experiments or use of animals 
for manufacturing sera or virus. 

Nevada—Exempts scientific or physiologic experiments con- 
ducted for advancement of science or medicine. 

New Jersey—Exempts properly conducted scientific experi- 
ments under authority of the State Department of Health. 
Department may authorize experiments by schools maintained 
by State or Federal Government, Agriculture Stations, Medical 
Societies, Universities, and Philanthropical Institutions. Per- 
mits are issued by State Health Department. Permits may be 
revoked. 

(Animal research or investigation in private laboratories, and 
private research institutions or the use by manufacturers of ani- 
ee bio-assays appears to entail the risk of the Anti-Cruelty 

cts. 

New York—Exempts experiments conducted under regulation 
of Department of Health which issues a permit. (See below under 
Recent Legislation.) 

Oklahoma—No experiments on any living creature in public 
schools. 

Pennsylvania—Forbids issuance of warrants that would 
authorize any officer to enter or search any premise where 
scientific research work is conducted under supervision of trained 
personnel or where biological products are produced. 

. South Dakota—Exempts incorporated medical colleges, Uni- 
versity of South Dakota, and any physician or surgeon licensed 
in South Dakota. 

Texas—The Anatomical Board may authorize experiments 


STATE LAWS 


General Specific Law 
Law Law Law Forbidding 
Pertaining Permitting Limiting All 


48 States to Cruelty Vivisection Vivisection Vivisection 
Alabama Yes No No No 
Arizona oe “é “é “cc 
Arkansas “ee “ee r ee ee 
California ue Yes ‘S 
Colorado ae No i - 
Connecticut ee * a ia 
Delaware 4 ey vt 
Florida “é ce ae “ec 
Georgia 4é oe “é ee 
Idaho oe Yes Me ue 
Illinois " No Yes st 
Indiana ae se ae oe 

ae ee ae “e 
ae i ‘ cs : 
Kentucky 6“ ee 6c bc 
Louisiana a es NY i 
Maine “ee ae “é ee 
Maryland at a No MG 
Massachusetts we e Yes “ 
Michigan * Yes of iS 
Minnesota a No No x, 
Mississippi Ke os he G 
Missouri y Yes “s oe 
Montana 5: No Se 2 
Nebraska oe Yes ce se 
Nevada oe ae ae ee 
New Hampshire oe No ms s 

nt é“ ue 
New Jersey Yes 
New Mexico ze No yp 5 
New York ue Yes os 
North Carolina an No i ¥ 
North Dakota “ Ys i . 
Oklahoma + % Yes ce 
Ohio He fe No i. 
Oregon “c ; 6“ “cc ce 
Pennsylvania in Yes Yes is 
Rhode Island "e No No ie 
South Carolina ue BS ag yy 
South Dakota “s Yes Yes Hs 
Tennessee op No No 2. 
Texas uy Yes e y 
Utah oe No ae se 
Vermont Ee i ok os 
Virginia ss a es nas 
Washington ue Yes Yes oa 
West Virginia ie No No 3 
Wisconsin He Yes a 3 
Wyoming es No of “ 
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under bond on lower animals by incorporated schools and colleges 
and individyal physicians or surgeons. 
Washington—Permitted only in medical and dental schools or 
medical or dental departments of a school, prohibited in other 
schools. 
Wisconsin—Scientific research exempted. 


ASSAY PROCEDURES 


“In the following sections in which the individual 
assays are discussed many specific instructions which 
require no elaborate clarification have been omitted. 
Consequently, in the performance of the assays, the 
official monographs of the U. 8. P. and N. F. must be 
used for supplementary reference. 


DIGITALIS GROUP 


Digitalis and the related cardiac glycosides have been 
used extensively in therapeutics over the past hundred 
and fifty years. At present they constitute the most 
valuable group of drugs available for the treatment of 
certain common types of heart disease. The important 
pharmacological actions and rational therapeutic ap- 
plications of digitalis have been understood only within 
the past quarter century, and the chemistry of the ac- 
tive principles has likewise been clarified relatively 
recently. It is not surprising, therefore, that the stand- 
ardization of digitalis and allied products has been the 
subject of considerable controversy and confusion. 

It is now known that the active principles of the 
digitalis group are glycosides, several of which have 
been identified and their structures determined. In 
their native state in the digitalis plant, the glycosides 
are thought to be combined with an extra molecule of 
glucose plus an acetyl group, or with glucose alone, 
forming digilanids and deacetyl digilanids, respectively. 
These complex substances are also known as lanatosides. 
The lanatosides are readily broken down into glycosides 
by alkaline or enzymatic hydrolysis, and on subsequent 
hydrolysis, acid or enzymatic, they are further split, 
yielding sugars and aglycones. The sugars, which in 
themselves are pharmacologically inert, include glucose, 
rhamnose, and unique pentoses such as digitoxose and 
digitalose. The aglycones (digitoxigenin, digoxigenin, 
ete.), upon which the important pharmacological action 
of digitalis is dependent, consist of substituted cyclo- 
pentanoperhydrophenanthrene nuclei, each of which 
contains a lactone ring in the Cj, position. Although 
the aglycones appear to act qualitatively on the cardiac 
muscle in a manner similar to the action of the glyco- 
sides, they are far less potent. Apparently the sugar 
groups of the glycosides are necessary to permit maxi- 
mal penetration to the site of action. 

A given sample of digitalis leaf contains several dif- 
ferent glycosides, which vary in their individual poten- 
cies. Although each species of digitalis is characterized 
by the presence of certain glycosides, their relative 
amounts vary quantitatively in different lots of the 
drug. Furthermore, different species of digitalis differ 
qualitatively in respect to glycosides present. 

It is apparent that a simple chemical assay, such as 
the determination of total glycosides or total aglycones, 
cannot be expected to measure the pharmacological 
activity of a sample of crude drug or a galenical prepara- 
tion of digitalis. A biological assay must therefore be 
employed. 

As in most other early bio-assay methods, the strength 
of digitalis preparations was originally expressed in 
terms of animal units representing the amounts neces- 
sary to produce death or some other effect in the frog, 
cat, pigeon, goldfish, or other species. For reasons pre- 
viously discussed, such terms were entirely unreliable, 
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and in 1926 an International Standard Digitalis Powder 
was prepared by Magnus and deposited in the National 
Institute for Medical Research in London. The 
International Unit of Digitalis was defined as 0.1 Gm. 
of this powder, and unknown preparations were assayed 
against it by frog and cat methods. In the same year 
the one-hour frog method became compulsory in the 
U. S. P. X, and crystalline ouabain was used as the 
standard. Although the frog method remained official 
in the succeeding revision of the Pharmacopceia and a 
U. 8. P. Reference Digitalis Powder was released in 
1936, many groups such as the New York Heart Asso- 
ciation placed greater reliability in the cat method of 
Hatcher and Brody and continued to use it with modi- 
fications for standardizing their own preparations. In 
1941 Gold, Cattell, and associates published a report 
comparing the results of assays of several digitalis 
preparations by both the frog and cat methods with 
their respective therapeutic potencies as determined in a 
series of standardized human patients. Their findings 
indicated that the cat method provided a far more reli- 
able index of the clinical strength of a given preparation 
than did the frog method, and that samples which ap- 
peared to deteriorate rapidly when tested by successive 
frog assays did not show a similar loss of potency when 
tested on humans or cats. Following a collaborative 
study in which 16 laboratories participated, an official 
cat method was established and included in the U.S. P. 
XII. At the same time the U.S. P. Digitalis Reference 
Standard (1942) was adjusted to conform with the 
present International Standard (1936), the earlier Refer- 
ence Powder having been considerably stronger. Sub- 
sequent reports by Gold, et al., have indicated that the 
cat method may not be entirely satisfactory and these 
authors have developed a method for the bio-assay of 
Digitalis in humans, based on the effect of the drug on 
the RT-T segment of the electrocardiogram of standard- 
ized subjects. However, this method has not been 
officially adopted, and the cat method is at present the 
official one for the assay of all U. S. P. XIII and most 
N. F. VIII preparations of the Digitalis group. The 
frog method has been retained for two preparations of 
the National Formulary—Strophanthus and Strophan- 
thus Tincture. 

The search for a suitable test subject other than 
cats has resulted in a study using pigeons which ap- 
pears to be promising. The same test procedures as 
used in the cat assay are employed. 


The U. S. P. XIII Cat Method 


Preparations Assayed by Cat Method—This assay 
is official for the following preparations of the U.S. P. 
XII: Digitalis, Digitalis Capsules, Digitalis Injec- 
tion, Powdered Digitalis, Digitalis Tablets, Digitalis 
Tincture, Digitoxin, Digitoxin Injection, Digitoxin 
Tablets, Digoxin, Digoxin Injection, Digoxin Tablets, 
Lanatoside C, Lanatoside C Injection, Lanatoside C 
Tablets, Ouabain and Ouabain Injection. 

The following preparations of N. F. VIII are assayed 
by the same method: Dzgitalis Extract, Apocynum, 
Apocynum Fluidextract, Convallaria, Convallaria Fluid- 
extract, Strophanthin and Strophanthin Ampuls. Digi- 
talis Infusion N. F. is not assayed but is prepared from 
standardized Digitalis Powder U.S. P. and may be dis- 
pensed only when prepared extemporaneously. Several 
preparations in the N. N. R. are also assayed by the 
cat method. 

Standards—With the exceptions noted below, the 
above preparations are assayed against the U. 8. P. 
Digitalis Reference Standard, 0,1 Gm. of which repre- 
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sents one U.S. P. Digitalis Unit. As described under 
Digitalis Tincture, it is prepared by accurately and 
rapidly weighing the contents of one Reference Ampul, 
transferring the contents to a hard glass, glass-stoppered 
container, and adding 10.0 cc. of menstruum (4 parts 
alcohol, 1 part water by volume) per Gm. of powder. 
The mixture is thoroughly shaken for 22 to 26 hours at 
a temperature of 20 to 30° C. It is then immediately 
centrifuged and the supernatant liquid is decanted into 
a hard glass bottle which is tightly stoppered and refrig- 
erated until used. The material.is termed ‘Reference 
Tincture of Digitalis’? and may be used as an assay 


standard for a period of 30 days. 
U.S. P. Digitoxin Reference Standard, employed in 
the assays of Digitoxin, Digitoxin Injection, and Digi- 


A, head holder with slide; 
(LaWall and Harrisson.) 


Fig. 539—Animal board for use in digitalis assay. 
B, loop for immobilizing; C, burette and cannula. 


toxin Tablets, is prepared as a 1 to 2000 solution in 
diluted aleohol. Digoxin, Digoxin Injection, and Dig- 
oxin Tablets are assayed against U.S. P. Digoxin Refer- 
ence Standard made up as a1 to 1000 solution 
in 70 per cent alcohol. U.S. P. Lantoside C Refer- 
ence Standard, made up as a 1 to 1000 solution in 70 
per cent alcohol, is employed in the assays of Lanatoside 
C, Lanatoside C Injection, and Lanatoside C Tablets. 
In the assays of Ouabain, Ouabain Injection, Stro- 
phanthin, and Strophanthin Ampuls, U. 8. P. Ouabain 
Reference Standard is employed. It is made up as a 
1 to 1000 solution in alcohol. These standards are 
stored in a cold place in tight glass containers and may 
be used within 6 months of preparation. 

Preparation of Samples for Assay—The Pharmaco- 
poesia and National Formulary give specific directions 
under each preparation for the potency requirements 
and methods to be used in preparing the material for 
assay. In general, preparations of Digitalis Leaf are 
treated in the same manner as the reference material, 
using a sufficiently large sample, adding a quantity of 
menstruum expected to correspond to 1 cc. per U.S. P. 
Digitalis Unit, and carrying out a similar extraction. 
Capsules containing Digitalis suspended in water-1m- 
miscible media (7. e.,"fats or oils) are subjected to a 
preliminary extraction with petroleum benzin. The 
subsequent alcoholic extractions may be used for assay 

at any time within 30 days of preparation. Likewise, 
Digitoxin, Digoxin, Lanatoside C, Ouabain, and Stro- 
phanthin are prepared in the same manner as their 
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respective standards and may be used for assay within 
6 months of preparation. Tablets of Digitoxin, Digoxin, 
and Lanatoside C are triturated in an alcoholic solution, 
centrifuged, and brought up to a volume corresponding 
to 5.0 ee. per mg. of glycoside. 

On the day of the test, the reference standard and the 
preparation to be assayed are diluted with isotonic 
sodium chloride solution so that 15 ec. contains the 
estimated fatal dose per Kg. of cat (approximately 0.75 
U.S. P. Digitalis Unit). 

With some preparations it is essential that final dilu- 
tion for the assay be made just before use, for upon 
standing precipitation may occur. 

Assay Procedure—Specific directions are given in the 
Pharmacopeeia under Digitalis Tincture. The cats 
used should weigh between 1.5 and 4.0 Kg. and should 
not be obese, emaciated, pregnant, lactating, or grossly 
diseased. They should receive no food during the previ- 
ous 16 to 28 hours. A group of at least 6 cats must be 
used for the reference standard and for each preparation 
to be assayed, and the average weights of the groups 
should not differ by more than 50 per cent. Each cat 
is lightly anesthetized with ether, immobilized on the 
animal board (Fig. 539) and the femoral vein on the 
medial side of the upper thigh is exposed. A cannula, 
attached by a short length of rubber tubing to a cali- 


- brated burette containing the diluted preparation, is 


inserted into the vein and firmly tied in place; before 
insertion, all air bubbles must be expressed from the 
apparatus, It is important that anesthesia be kept 
in the first or analgesic stage throughout the assay, as 
indicated by the absence of pain, but the retention of 
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Fig. 540—Digitalis assay data on reference standard. Used _to illustrate 
digitalis problems in chapter on ‘‘The Use of Statistics in Pharmacy.” 


the corneal and pupillary reflexes, occasional twitching 
of the tail, and some degree of muscular tension. A 
deeper stage of anesthesia may augment the toxic ef- 
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fects of the preparation being injected and thereby give 
false results. One ce. of dilution per Kg. cat is rapidly 
injected, and this dose is repeated at 5-minute intervals 
until the cat dies of cardiac arrest. Death is usually 
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Fig. 541—Digitalis assay data on unknown samples. Used with data in 


ig. 5. (LaWall and Harrisson.) 


accompanied by rapid dilation of the pupils and exten- 
sion of the neck and limbs in opisthotonus, these phe- 
nomena serving as additional checks on the end point. 
Although no specific instruction is given, it is advisable 
to disregard a final injection when death occurs simul- 
taneously, inasmuch as digitalis acts relatively slowly 
and the earlier doses are more significant in contributing 
to the lethal effect than are the later ones. 

The average number of doses of each preparation 
necessary to produce death must be between 13 and 19, 
and the lowest dose shall not differ by more than 4 doses 
from the highest dose, otherwise the data are to be 
regarded as preliminary and the series repeated, using 
an adjusted dilution. The assay must be completed 
within a period of 15 days. 

Calculation of Results—The lethal dose for each cat 
is calculated in terms of Gm., mg., or ce. of the original 
material per Kg. live weight of cat. After computing 
the average lethal dose for each preparation, including 
the standard, (Figs. 540 and 541) its standard error is 
determined by the formula given below and expressed 
as a percentage of the average lethal dose. If this per- 
centage exceeds 5.7 per cent for any preparation, the 
determination must be repeated on that material or 
additional cats used until the error is reduced to within 
the allowed limit. It should be noted that the purpose 
of determining the standard error is merely to insure 
that the test animals were uniform. The figures ob- 
tained are not employed in the U.S. P. calculation of 
potency of the unknown, but may be utilized in certain 
additional statistical procedures. 
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The formula for the standard error of the average 


(S. E. Av.) is: 
§-HeAy. = eee 
N(N — 1) 
lethal dose for each eat. 
average lethal dose. 
number of cats in that group. 

Calculation of the Potency—For purposes of demon- 
stration, assume that the average lethal dose for the 
standard was found to be 0.802 cc. per Kg: of-cat. The 
sample therefore is weaker than the standard, as the 
average lethal dose obtained for it was 0.823 ec. per Kg. 
of cat. As the reference tincture contains | U.S. P. 
Digitalis Unit per ec. then: 


c 
G 
N 


Potency of Unknown = a = 0.974 Units per ce. 


Percentage Potency of Unknown = 0.974 (100) = 97.4 per cent 
in terms of the Reference Tincture 


Each cc. of the sample is therefore equivalent to 0.97 
U. 8. P. Digitalis Unit, inasmuch as the Reference 
Tincture contained 1 U. 8. P. Digitalis Unit per ce. 

In the chapter on ‘‘The Use of Statistics in Pharmacy” 
the evaluation of potency and the probable error of a 
specific assay are discussed under Digitalis. 

Cat Units—Many products continue to declare their 
activity in “‘Cat Units,’’ as well as declaring the strength 
in terms of grainage based upon the U. 8. P. Reference 
Powder. This is probably necessitated by the long 
acquaintanceship of physicians with ‘Cat Unit” 
terminology. The cat unit represents the amount of 
digitalis necessary to kill 1 Kg. of cat. This figure varies 
in accordance with the resistance of the cats and pos- 
sibly with the season of the year. Approximately 0.75 
of a U.S. P. Reference Digitalis Unit is equivalent to a 
eat unit. Asthe U.S. P. Digitalis Unit is the activity of 
0.1 Gm. (100 mg.) the cat unit is therefore equivalent to 
approximately 75 mg. of digitalis. 


Chemical Assay of Digitoxin 


For many years a satisfactory chemical assay for 
digitalis preparations has been sought to replace the 
biological methods. In 1923, Knudson and Dresbach 
described a colorimetric method based on the Baljet 
reaction, in which the intensity of a red-orange color 
developed by treating digitalis with an alkaline picrate 
solution was measured. This reaction was later shown 
to be dependent upon the active hydrogen atom of the 
unsaturated lactone ring of the glycosides. As a result 
of a more recent study by Bell and Krantz, a modifica- 
tion of the method has been included in the U. 8. P. 
XIII for purposes of manufacturing control. An alter- 
nate method is also described in which the intensity of 
the color produced by ferric chloride in acid solution is 
measured. It is to be noted, however, that the biologi- 
cal assay is the only one acceptable for legal control. 


The One-Hour Frog Method se 


The frog method is employed at present for the assay 
of two preparations in the N. F. VIII, Strophanthus - 
and Strophanthus Tincture, and is described in the 
monograph on the latter. Prior to the adoption of the 
cat method by the U.S. P. XII, all official preparations 
of the Digitalis group were assayed by this procedure. 

Standard—A solution of U.S. P. Reference Ouabain 
containing approximately 0.03 mg. per cc. is prepared 
accurately, using a concentration of alcohol approxi- 
mating that of the final dilution of the preparation to 
be assayed and not exceeding 25 per cent by volume. 


BIOLOGICAL ASSAYS 


Preparation of Samples for Assay—When assaying 
Strophanthus, it is prepared as a tincture in accordance 
with the official process of the N. F. by maceration and 
percolation of the ground drug with approximately 1000 
cc. of alcohol per 100 Gm. The potency of the crude 
drug should be equivalent to not less than 55.0 mg. 
U. 8. P. Reference Ouabain per Gm. of crude drug, 
while the potency of Strophanthus Tincture should be 
equivalent to between 5.4 and 5.6 mg. of Reference 
Ouabain per ce. Consequently a dilution of 1 in 183 
of either the tincture prepared from the crude drug or 
of Strophanthus Tincture should approximate the 
potency of the standard reference solution prepared as 
described above. This dilution is in the range that will 
produce systolic arrest in approximately 50 per cent 
of normal frogs when injected with 0.015 cc. per Gm. 
body weight as directed. ; 

Assay Procedures—The directions given in the N- F. 
are quite general and do not specify the number of frogs 
that must be used to obtain accurate results. Accord- 
ingly, the following more extensive procedure is sug- 
gested which conforms with the official requirements and 
also makes possible statistical treatment of the data by 
several methods described in the Chapter LXX XVIII, 
page 1024 (including the probit, logit, and angular trans- 
formation or theta methods). Employment of such an 
analysis results in a more accurate determination of 
potency and permits calculation of the standard error 
of the assay. The same general experimental design 
can be used in similar studies in which it is desired to 
compare the toxicities of two similar preparations in 
any species. 

Each preparation, standard and unknown, is injected 
at 3 dose levels into as many groups of at least 10 frogs 
each. For the subsequent calculations, it is most con- 
venient to employ doses which can be expressed as even 
logarithms and to space them at equal logarithmic 
intervals (e. g., doses of 0.316, 0.398, and 0.502 mg. 
Ouabain per Kg., representing log doses 0.5, 0.6, and 
0.7 respectively). In the completed assay, the middle 
dose of each preparation should be that producing sys- 
tolic arrest in approximately 50 per cent of the frogs, 
with higher and lower percentages of positive results 
in the other two groups accordingly. 

Healthy frogs of the species Rana pipiens Schreber 
weighing between 15 and 35 Gm. are used. For pro- 
longed periods they are best stored at a depth of about 2 
em. in slowly running water at a temperature between 
5° and 10° C. Approximately 18 hours prior to and 
during assay the temperature should be maintained at 
20° C. The volume of solution injected should be kept 
constant at 0.015 ec. per Gm. of frog,’ necessitating the 
preparation of a different dilution for each dose level 
of standard or unknown given. The injections should 
be made with a sharp-pointed number 26 needle at- 
tached to a tuberculin syringe, graduated in hundredths 
of ace. The needle is introduced through the floor of 
the mouth into the ventral lymph sac, taking care not 
to puncture the skin. After injection, each frog is kept 
for 58 minutes in an individual container which permits 
running water to circulate through it. The frog is then 
removed, pithed, and the heart exposed. A heart which 
shows a bloodless, contracted ventricle in systolic arrest 
with the auricles widely dilated exactly 60 minutes after 
injection constitutes a positive result. Feeble contrac- 
tions of the auricles and localized fibrillatory contrac- 
tions in the ventricle following gentle mechanical 
stimulation of the latter do not change the interpreta- 
tion. 

If any unabsorbed drug is found in the ventral 
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lymph sac when the heart is exposed, the frog should 
not be included in tabulating the results. 

On the basis of the results of the preliminary. injec- 
tions, subsequent groups of frogs are injected until the 
results outlined above are obtained. 

Calculation of Results—The National Formulary 
permits calculation of the relative potencies of the 
standard and unknown preparations from the dosage of 
each causing equivalent percentage responses at be- 
tween 25 and 75 per cent in approximately equal num- 
bers of frogs. This involves merely the application of 
the formula: 


Dose Standard (in mg. Ouabain) 
Dose Unknown (in cc. Tincture) 


Potency of Unknown (in mg. = 
Ouabain per cc.) 


A variation of 20 per cent from the stated require- 
ments is permitted because of the inherent degree of 
error in the assay. 

For full directions for calculating the potency and 
standard error statistically, the chapter on ‘The Use of 
Statistics in Pharmacy, should be consulted, especially 
as discussed under Example VIII, Estrogen assay and 
the reference to the article by Miller, Bliss, and Braun. 


ACONITE 


Despite the fact that its therapeutic use is generally 
considered obsolete, the N. F. VIII lists four prepara- 
tions of Aconite: Aconite, Aconite and Chloroform 
Liniment, Aconite Fluidextract, and Aconite Tincture. 
With the exception of the liniment, which contains a 
specified amount of fluidextract, these preparations are 
assayed by a guinea-pig toxicity method, similar in 
principle to the One-Hour Frog Method for Strophan- 
thus already described. The official method is to be 
found under Aconite Tincture in the N. F. VIII. 

Standard—N. F. Aconitine Reference Standard, 
which represents the principal active alkaloid of Aconite 
and its preparations, is prepared as a solution in 70 
per cent alcohol containing 15 mg. of Aconitine per 100 
ec. The pH is then adjusted to 3.0 +-0.2, which affords 
greater stability and the standard solution is sealed in 
hard glass ampuls. It may be used for assay up to 6 
months from the time of preparation. The official 
requirements for potency of the three preparations 
assayed are as follows, in terms of equivalence to Refer- 
ence Aconitine: Aconite, not less than 0.15 mg. per 
0.1 Gm.; Aconite Fluidextract, 1.5 mg. per cc.; Aco- 
nite Tincture 0.15 mg. perce. © — 

It will be noted that the Reference Aconitine is pre- 
pared in an alcoholic solution which is identical in con- 
centration of Aconitine to that required on the average 
for Aconite Tincture, 7. e., each contains 15 mg. of 
Aconitine per 100 cc. 

Preparation of Samples for Assay—Aconite is pre- 
pared for assay according to the directions for the 
preparation of Aconite Tincture. Immediately prior 
to assay, the standard and unknown preparation are 
diluted with distilled water so that the injected dose per 
guinea pig will be approximately 1.0 cc. Inasmuch as 
the LD-50 of Reference Aconitine will be found to be 
in the vicinity of 0.08 mg. per Kg., the standard solu- 
tion prepared as directed above should be diluted to. 
approximately 1 part in 6, and the unknown prepara- 
tions diluted accordingly. 

Assay Procedure and Calculation of Results—Guinea 
pigs weighing between 250 and 350 Gm., but not differ- 
ing by more than 50 Gm. in a given assay, are used. 
Injections are made subcutaneously in the abdominal 
region, using a number 26 needle and a tuberculin 
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syringe. If any solution leaks out after injection, the 
animal should be discarded. The N. F. directs that the 
doses of the standard and unknown preparations which 
kill from 3 to 7 out of 10 animals within 6 hours be 
determined. If the number of deaths produced by 
each preparation does not differ by more than 2, the 
doses may be considered equivalent and the potency 
of the unknown is calculated by the formula: 


Dose Standard (in mg. Acontine) 
Dose Unknown (in cc.) 


Potency of Unknown (in = 
mg. Aconitine per cc.) 


A 20 per cent variation from the established require- 
ments is permitted. 

For greater accuracy of results, it is suggested that 
the same general plan be followed as described above 
in the One-Hour Frog Method for strophanthus, inject- 
ing 3 groups of at least 10 animals each at equally 
spaced log dose levels with each preparation ead com- 
puting the potency of the unknown and standard error 
of the assay statistically. 


EPINEPHRINE 

Epinephrine is prepared both by extraction of the 
natural product from the medulla of adrenal glands of 
domestic animals, where it exists solely in the highly 
active levorotatory form, and synthetically, where 
racemic mixtures of the levo- and far less potent dextro- 
rotatory forms are obtained. It belongs to the class of 
drugs known as sympathomimetics, inasmuch as their 
actions reproduce the effects of stimulating the sym- 
pathetic nerves, including vasoconstriction, tachy- 
cardia, bronchial dilatation, mydriasis, and glycogen- 
olysis. According to the neurohumoral theory sym- 
pathetic nerves transmit their impulses by causing the 
local release of epinephrine or a similar substance at their 
sites of action, and this chemical mediator acts directly 
on the effector cells. Its bio-assay is the most accurate 
one here discussed, and is based on the transitory rise in 
blood pressure epinephrine produces when injected 
intravenously into dogs. There are several official 
preparations: Hpinephrine, Epinephrine Inhalation 
(not to be confused with the injection or the solution), 
Epinephrine Solution, Epinephrine Injection (all 
U.S. P.), and Suprarenal N. F. 

Standard—A standard solution is prepared by dis- 
solving 50 mg. of U.S. P. Epinephrine Reference Stand- 
ard in5.0ce. of tenth-normal hydrochloric acid and dilut- 
ing to 50 ce. with distilled water. This 1 in 1000 stand- 
ard solution is stored in tightly-stoppered, hard-glass 
containers in a dark, refrigerated place. It may be 
used for assay for a period of 6 months unless any dis- 
coloration or precipitate appears, in which case it is 
discarded. : 

Preparation of Samples for Assay—Epinephrine In- 
halant is diluted with a 0.9 per cent solution of sodium 
chloride in 0.0001 N HCl. Epinephrine solution and in- 
jection are diluted in 0.9 per cent solution of sodium 
chloride. Immediately before assay, the preparations 
are further diluted with the same diluting media to 
such a concentration that the injection of 0.5 to 1.5 ce. 
of the dilution produces a rise in blood pressure of be- 
tween 30 and 60 mm. of mercury in the test animal. 
Suprarenal is triturated and brought to a 1 in 100 
suspension with tenth-normal HC1, allowed to macerate 
for 3 hours with frequent agitation, and filtered in ac- 
cordance with the directions of the N. F. Throughout 
the process it must be protected from light. The fil- 
trate is then diluted and assayed in the same manner 
as Epinephrine Solution. Suprarenal must yield not 
less than 0.8 per cent of natural (levorotatory) epi- 
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nephrine. During the course of the assay, any solution 
which develops the slightest trace of a pink color must 
be discarded. 

Assay Procedure and Calculation of Potency—A 
medium-sized healthy dog is anesthetized deeply 
enough to prevent any muscular movements. For this 
purpose 35 mg. of pentobarbital per Kg. may be given 
intravenously or intraperitoneally and followed by a 
smaller dose if necessary. The trachea is exposed and 
cannulated so that artificial respiration can be adminis- 
tered conveniently in the advent of respiratory failure. 
If the room temperature is below 25° C., it is directed 
that the animal be protected against excess loss of body 
heat. The carotid artery, which lies alongside the 
trachea in the carotid sheath together with the sym- 
pathetico-vagus nerve and internal jugular vein, is ex- 
posed and cannulated. The cannula is connected with 
a mercury manometer for recording the blood pressure 
on a moving kymograph paper in the standard manner, 
using an anticoagulant solution in the connecting tube, 
such as heparin in isotonic sodium chloride solution, 
which will not affect the blood pressure if it diffuses 
back into the general circulation. A femoral vein is 
then exposed and an injection of 0.1 cc. of a 1 per cent 
aqueous solution of atropine sulfate per Kg. is given. 
This is done for the purpose of blocking the vagal cardio- 
inhibitory mechanism; otherwise each rise in blood 
pressure following an injection of epinephrine will be 
complicated by a reflex tachycardia which diminishes 
the accuracy of the assay. Vagal paralysis is tested for 
by the intravenous injection of 0.1 cc. per Kg. of a 0.01 
per cent freshly prepared aqueous solution of acetyl- 
choline chloride. If the latter injection produces any 
fall in blood pressure, atropinization is incomplete, and 
subsequent doses of half the original dose of atropine 
should be given until the test dose of acetylcholine 
chloride elicites no fall. 

The dog is then tested for sensitivity and uniformity 
of response by making alternate injections into the 
femoral vein of two doses of the test dilution of the 
standard solution which differ in amount by no more 
than 20 per cent of the smaller and which produce rises 
in blood pressure of between 30 and 60 mm. of mercury. 
A constant interval of 5 minutes should be allowed be- 
tween injections or longer if the blood pressure does not 
return to approximately the original level in this period. 
After two or more injections of each dose have been 
made alternately, the rises in blood pressure are meas- 
ured to the nearest millimeter, and the average rise and 
the maximal difference in rises produced by each dose 
are calculated. If the two average rises differ by at 
least 5 mm., and this difference is at least twice the 
maximal difference in the rises produced by each dose, 
the animal is considered satisfactory. Otherwise, it 
must be discarded. 

The actual assay may now be undertaken by giving 
alternate injections of the test dilutions of standard and 
unknown, using the lower dose of the standard given 
previously in the sensitivity test and finding the dose 
of unknown producing an equivalent rise. The assay is 
accomplished by obtaining four successive equivalent — 
rises of between 30 and 60 mm. of mercury produced by 
standard and unknown alternately, in which the maxi- 
mal difference is not greater than half the difference 
between the two average rises obtained in the sensitivity 
test. 

The potency of the unknown preparation is calculated 
by the formula: 

Dose Standard (in mg.) 
Dose Unknown (in ec.) 


Potency (in mg. per ec.) = 
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This design of an assay meets the minimum require- 
ment of the U.S. P. XIII. However, a more accurate 


evaluation of the potency of a sample may be obtained 


by using several repeated series of the four doses as de- 
seribed under Epinephrine in the chapter on “The use 
of Statistics in Pharmacy.” This procedure also 
enables the determination of the standard error of the 
assay. 

In the assay of Suprarenal N. F. the minimum value 
obtained must be at least 0.08 mg. of epinephrine per cc. 
of the original filtrate to meet the official requirement. 
For Epinephrine Solution U. 8. P., a variation of 5 per 
cent from the potency of the standard solution is per- 
missible. 


ESTROGENS 


A large series of naturally occurring and synthetic 
estrogenic substances is described in the section on endo- 
erines. Although several are included in the U. 8. P. 
XIII Gnecluding Estrone, Estradiol Benzoate, Estradiol, 
Diethylstilbestrol) and others are under consideration 
for inclusion in future supplements (Hstrogenic Sub- 
stance, Ethinyl Estradiol) no official assay procedure has 
been described. Most of the assays used are modifica- 
tions of the method originally developed by Kahnt and 
Doisy, which is based on the changes produced in the 
vaginal mucosa of spayed rats following the injection of 
estrogenic substances. 

Reference Standards—There are two International 
Standards, Crystalline International Standard Estrone 
(10,000 International Estrone Units per mg.) and 
Estradiol Benzoate (10,000 International Estradiol 
Benzoate Units per mg.). Equivalent Reference 
Standards are prepared and distributed by the U. 8. 
Pharmacopceia Revision Committee. These two stand- 
ards are used for comparison of the potencies of free and 
esterified preparations, respectively. Potencies are 
often referred to in Rat Units, one Rat Unit of Estrone 
being equivalent to approximately 10 International 
Units (1000 Rat Units per mg.) and one Rat Unit of 
Estradiol Benzoate to approximately 1.67 International 
Units (6000 Rat Units per mg.). 

Assay Procedure—Healthy female rats raised under 
similar conditions are examined for normal estrus at 
approximately 8 weeks of age. This is done by taking 
a vaginal smear, using cotton-covered toothpick or 
micro-pipette, and staining with methylene blue or 
hemotoxylin-eosin. In anestrus, the only cells observed 
are leukocytes and occasional nucleated epithelial cells. 
During estrus, cornified epithelial cells predominate, 
with only occasional nucleated epithelial cells and leuko- 
cytes appearing rarely. Immediately before and after 
estrus, all gradations between these two pictures are 
seen. As the estrus cycle in rats is approximately one 
week, normal animals should show the typical changes 


of estrus if smears are taken daily for this period. All 


4 


animals which appear normal are then ovariectomized 
under ether anesthesia, using aseptic technique. As 
each ovary is removed, a portion of the uterus and the 
the attached Fallopian tube is removed with it to pre- 
vent regeneration. After ovariectomy, daily smears 
are again taken for two weeks. Animals showing estrus 
at this time are discarded. 

A weighed amount of the appropriate Reference 


Standard is dissolved in alcohol and measured amounts 


of this solution are added to corn oil to give the desired 
final concentration. The oily solution is then heated to 
evaporate off the aleohol. Each animal is given one or 
two primary doses of 2 to 3 ug. (20 to 30 I. U.) of stand- 
ard estrone in 0.2 cc. by subcutaneous injection in the 
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abdominal region. Smears are taken at periods of 48 
56, and 64 hours (in some instances also at 52 and 7, 
hours) after injection and only animals showing a posi- 
tive response (estrus) at one or more of these times are 
used. A week is allowed to elapse between each primary 
(priming) dose. 

The assay is performed one week following the pri- 
mary dose or doses. Three dose levels, each employing 
10 to 20 rats, are used for both standard and unknown, 
choosing middle dose levels calculated to produce a 50 
per cent response (0.8 to 1.5 ug. of estrone or 0.16> to 
0.22 ug. of estradiol benzoate). The actual response of 
the animals to the standard will vary with the season, 
the strain of animal, and the interpretation of the in- 
vestigator. A second dose calculated to give a response 
under 20 per cent and a third dose to give a response 
greater than 80 per cent, constitute with the middle 
dose the three dose levels. For convenience of statisti- 
eal calculation and uniformity of response it is desir- 
able to have all the doses in uniform logarithmic spacing. 
The same diluent is used for the unknown as for the 
standard, and the doses are given subcutaneously in 
two equal parts at approximately 7-hour intervals. At 
48, 56, and 64 hours after the first injection, smears are 
taken and read. 

Some laboratories also observe readings at 52 and 72 
hours. With products where the action is prolonged or 
delayed (7. e., Estradiol Benzoate) the 72-hour and even 
a 76-hour reading is desirable. All rats showing estrus, 
as described above, in any one smear are counted as 
positive; those showing anestrus in all smears are re- 
corded as negative. Results are calculated by the 
method described in the statistical section and a typical 
estrogenic assay result is illustrated in the same section 
(page 1033). For greater precision, the cross-over test 
should be performed one week later; the animals 
originally receiving the standard then receive the 
unknown and vice versa. 

Animals can be used for successive assays at weekly 
intervals for a total of about 16 assays. In weeks that 
assays are not performed, primary doses of 1.5 to 2.0 
ug. of standard estrone should be given. 

There are numerous modifications of the above pro- 
cedure which have been presented by different investi- 
gators, the most recent being that of Curtis, Umberger, 
and Knudson! suggesting a two-dose assay in order to 
simplify the calculations and procedures. 


INSULIN 


Insulin is a hormone secreted by the pancreas. As a 
drug it is used clinically for replacement therapy in the 
disease resulting from an insufficiency of endogenously 
secreted insulin, diabetes mellitus. This condition is 
characterized by a primary abnormality in the metabo- 
lism of carbohydrates, resulting in secondary altera- 
tions in the body’s utilization of fats and proteins as 
well. The clinical manifestations of diabetes include 
hyperglycemia, glycosuria, ketonemia, ketonuria, poly- 
uria, dehydration, acidosis, prostration, coma, and 
death. When the body’s deficiency of insulin is cor- 
rected by the administration of the hormone prepared 
from the glands of animals, these signs and symptoms 
are corrected. Recently, Cori, et al., have demon- 
strated a biochemical action of insulin which may be 
responsible for its over-all effects, namely, the activa- 
tion of the enzyme hexokinase which is antagonized by 
the diabetogenic hormone of the anterior pituitary. 

The accurate standardization of insulin is extremely 


1J. M. Curtis, E. J. Umberger, and L. F. Knudsen, ‘‘The Interpretation 
of Estrogenic Assays,” Endocrinology, 40, No. 4, 231-240 (1947). 
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important, since a discrepancy of 10 per cent from the 
required dose can result in severe effects in the patient. 
An overdose may be followed by the “‘insulin shock”’ of 
severe hypoglycemia; underdosage permits the de- 
velopment of any of the symptoms previously men- 
tioned, including diabetic coma. The necessity of 
exercising the greatest care and accuracy in conducting 
the assay therefore cannot be overstressed. Briefly, it 
is based on a comparison between the potencies of the 
unknown and the standard preparations in lowering 
the blood sugar of rabbits following their subcutaneous 
injection. Besides Insulin Injection, U. 8. P., which is 
an acidified solution of the hormone, there is a second 
official preparation, Protamine Zinc-Insulin U. 8. P. 
The latter drug was developed by Hagedorn, e¢ al., after 
their observation that the combination of insulin with 
protamines (low-molecular weight basic proteins ob- 
tained from the sperm of salmon) results in a compound 
which exhibits an isoelectric point at pH 7.2 to 7.3, 
hence has minimal solubility at the approximate reac- 
tion of the body fluids. Upon subcutaneous administra- 
tion it is absorbed much more slowly than the more 
soluble product, and permits the maintenance of pa- 
tients at a comparatively steady state with less frequent 
injections. The addition of zinc salts serves to stabil- 
ize the preparation. Protamine Zinc-Insulin is assayed 
by a modification of the insulin assay method in which 
the effects on the blood sugar of rabbits are followed for 
a longer period. In addition, the supernatant fluid 
must show less than a certain maximal insulin activity 
as determined by a mouse toxicity test. Another prep- 
aration, globin insulin, which is not included in the 
current edition of the U.S. P. is intermediate in duration 
of action between the other two. It is prepared by the 
addition of beef blood globin and zine chloride to a solu- 
tion of insulin in hydrochloric acid. 

All these products are subject to the regulations of 
the Federal Food, Drug and Cosmetic Act which re- 
quires certification by the Food and Drug Administra- 
tion of each lot placed on the market. Most of the test 
and criteria employed by this agency closely follow 
those of the Pharmacopoeia. The Act (Section 506) 
and regulations thereunder should be consulted for 
specific details concerning the steps that must be fol- 
lowed in obtaining such certification. 

Insulin Injection U.S. P. is available as solutions con- 
taining 20, 40, 80, or 100 U. 8. P. Insulin Units per ece., 
and Protamine Zinc-Insulin U.S. P. as suspensions pro- 
viding 40 or 80 units per ec. A variation of only 5 per 
cent from the labeled potency is permitted. The assays 
are described separately below. For details in respect 
to the official method of determining blood sugar and 
the preparation of certain reagents used in.the assays, 
reference should be made to the monographs on the two 
preparations in the U. 8. P. XIII. 


Insulin Injection 


Standard—The activity of the U. 8. P. Zinc-Insulin 
Crystals Reference Standard is stated on the label in 
terms of U. 8. P. Insulin Units per mg. A standard 
solution containing 20 units per cc. is prepared by dis- 
solving an appropriate amount of the crystals in an 
aqueous solution of phenol or cresol (0.1 to 0.25 per 
cent, w/v) and glycerin (1.4 to 1.8 per cent w/v) plus 
sufficient hydrochloric acid to bring the pH of the final 
solution to between 2.5 and 3.5. It should be stored in 
a cold place above freezing temperature and may be 
used for 6 months from the time of preparation. At 
the time of assay, a dilution of the standard solution 
is made which will contain between 1.25 and 2.5 units 
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per cc., using as the diluent a solution similar to that 
prepared above in respect to phenol or cresol and glyc- 
erin contents and final pH. The amount of standard 
injected should be such that the average of the blood 
sugar values at the time of final bleeding of the rabbits 
will be less than 90 per cent of the average control 
values, but the dose should be less than that which pro- 
duces convulsions in more than 25 per cent of the rab- 
bits. Marks has shown that the accuracy of the assay 
falls off considerable when the dose exceeds 0.5 unit 
per Kg. of animal at which point the response is nearly 
maximal, 

Preparation of the Unknown—A preliminary assay, 
using a relatively small number of rabbits, is conducted 
in the manner described below to determine the approwi- 
mate potency of the unknown preparation. From the 
approximate potency so derived, three dilutions of the 
unknown preparation are prepared using the same 
diluent as was used for the dilution of the standard 
solution. The total volume injected should be the same 
for all three dilutions of the unknown as for the stand- 
ard. The dilutions are based on the following assump- 
tions of the actual potency in relation to the approxi- 
mate potency determined. 


ASSAY DILUTIONS DIRECTED BY THE U.S. P. 


Assumed Actual Potency Relative 
of Unknown in Terms of Concentration 
Dilution Approximate Potency of Dilution 
1 89.3% 112 &% 
2 100 % 100 &% 
3 112 -% 89.3% 


Assay Procedure—Healthy rabbits weighing at least 
1.5 Kg. should be kept in the laboratory under standard 
conditions for at least a week. Food should be removed 
during the 24 hours preceding the assay, while through- 
out the assay period both water and food are withheld. 
In order to minimize the error introduced by individual 
variation, the assay is conducted along the lines of a 
cross-over test, 2. e., the response of each animal to 
both standard and unknown is determined. This is 
accomplished by arbitrarily dividing the rabbits into 
6 groups of at least 3 each and making injections accord- 
ing to the following schedule, with an interval of 1 week 
between injections. It is important that the rabbits be 


kept in individual cages during each assay and that all 


unnecessary excitement is avoided, since the latter may 
produce an epinephrine hyperglycemia which will dis- 
tort the results accordingly. Bleeding is best accom- 
plished by placing the animal in a specially constructed 
box (Fig. 542) which permits only the head to protrude. 
Asmall artery clipis placed proximally over the marginal 
ear vein and dilation may be enhanced by lightly rub- 


ORDER OF INJECTIONS 


Group First Injection Second Injection 
1 Standard Dilution Unknown Dilution No. 1 
2 Unknown Dilution No. 1 Standard Dilution 
3 Standard Dilution Unknown Dilution No. 2 
4 Unknown Dilution No. 2 Standard Dilution 
5 Standard Dilution Unknown Dilution No. 3 
6 Unknown Dilution No. 3 Standard Dilution 


bing the surface with a xylol-soaked cotton pledget. 
The vein is quickly punctured with a sharp number 20 
needle or pointed scalpel blade and slightly more than 
1 ce. of blood is allowed to run directly into a small test 
tube containing about 3 mg. of sodium oxalate. Hemor- 
rhage is stopped by removing the clip and applying light 
pressure over the site of puncture. 
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After collecting the control samples, the rabbits are 
injected subcutaneously in accordance with the above 
schedule. Blood samples are again taken at 114, 3, and 
4 to 514 hours after injection. If the blood sugar values 
indicate that the dilutions used for standard and un- 
known are satisfactory, the assay is repeated one week 


Fig. 542—Animal holder for insulin assay or pyrogen testing. 
Harrisson.) 


(LaWall and 


later, using the dilutions scheduled for the second injec- 
tion, 

Calculation of Potency—(1) Determine the individual 
averages of the three blood sugar values obtained after 
each injection for each rabbit and subtract from the 
individual initial values. Express each difference as a 
percentage of the initial value (= individual percentage 

reduction). 

(2) Obtain the averages of the individual percentage 
reductions so obtained for each dilution of unknown and 
for the standard dilution. 

(3) Caleulate the index (Table I) for each of the 
three unknown dilutions according to the following 
formula: : 


P Average percentage reduction following un- 
known dilution 


dext— : : 100 
SHES Average percentage reduction fcllowing standard x 
dilution 
TABLE I—INSULIN ASSAY DATA* 
Average Blood Sugar 
}. Reduction, Per cent 
Assumed Reference 
Potency for Standard, 
Injection, 1.25 Units/ Unknown, 
Group Per Cent 0.85 Cc. ?/0.85 Cc. Index 
1 89.3 7 
2 159.3} 40.10 43.06 1.074 
0 
4 100} 43,20 43,15 1.020 
(oke J 
3 cen 39.20 36.96 0.943 


* Data for preparing insulin response curve. Over 35 animals in each 
group. Average blood sugar reduction based upon the four determinations 
after injection of insulin as compared with the blood sugar determination 
before injection. Data courtesy, Sharp and Dohme, Inc. 


(4) Plot graphically the indices so obtained, using 
the assumed potencies as abcisse and the indices as 

ordinates. Draw a straight line that best fits the three 
points, and where it crosses the horizontal extended 
from Index 100, drop a line perpendicular to the 


x 
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abscissa. The value at which the line intersects the 
latter represents the actual potency of the unknown 
preparation (Fig. 543). 

If the potency obtained falls outside the limits of the 
assumed potencies, the assay must be repeated using 
new dilutions. In order to meet the official require- 
ment of the U.S. P. the final potency must be between 
95 and 105 per cent of that stated. 


Protamine Zinc-Insulin Injection 


Two different biological assays are required in the 
standardization of Protamine Zinc-Insulin Injection: 
A modification of the rabbit hypoglycemia test used in 
the assay of Insulin Injection to determine the activity 
of the total suspension, and a. mouse toxicity test to 
establish conformance with the permitted maximal 
insulin activity of the supernatant fluid (content of sol- 
uble insulin). 


A. Biological Assay of the Total Suspension 


Standard—A standard suspension is extemporane- 
ously prepared from U. 8. P. Zinc-Insulin Crystals 
Reference Standard, U. 8. P. Protamine Reference 
Standard, zine oxide, hydrochloric acid and dibasic 
sodium phosphate, glycerol, and phenol or cresol in ac- 
cordance with the specific directions given in U. 8. P. 
XIII. The final suspension should have a reaction of 
between pH 7.1 and 7.4 and should contain either 40 
or 80 U. 8. P. Insulin Units per ce. according to the 
potency of the preparation to be assayed. It may be 
used on the third day and up to 6 months thereafter. 

Preparation of Sample for Assay—Neither the stand- 
ard, prepared as described above, nor the unknown 
sample is diluted for injection. Each rabbit receives 
the same volume of standard as of unknown in the cross- 
over test. 

Assay Procedure—The same directions apply here as 
in the assay of Insulin Injection in respect to the rabbits 
used, the 24-hour starvation period prior to the assay, 
the use of individual cages, the size of the dose selected, 
the techniques of injection and blood sampling, and the 
determination of blood sugar values. Otherwise, there 


Index 


Assumed Potency 


Fig. 543—Insulin response curve from data in Table I. 


are several important differences in the assay procedure. 
The rabbits are divided into two similar groups of at 
least 15 each; after initial blood samples have been 
taken, one group is injected subcutaneously with the 
standard preparation, the other with the unknown; 
following injection at least 5 blood samples are taken 
at intervals of 114 to 3 hours, extending over a total 
period of at least 11 hours. One week later the groups 
are reversed and the animals which originally received 
the standard are injected with the same volumes of the 
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unknown preparation and vice versa. A similar series 
of blood samples is taken at intervals equivalent to those 
used previously. 

Calculation of Results—The blood sugar concentra- 
tions of all rabbits are averaged for each interval at the 
time when the standard was injected. Similar averages 
are obtained for each bleeding period at the time of 
the administration of the unknown preparation and the 
latter averages are subtracted from the equivalent ones 
found for the standard. If the following criteria are 
met, the unknown preparation is considered to be of 
satisfactory potency: 

(1) The difference between each pair of averages so 
obtained must be no greater than +5 mg. per 100 cc., 
with the exception of the final samples where the aver- 
ages may differ by as much as 8. 

(2) When the differences are averaged (excluding the 
preinjection values), taking into account the sign of 
each, the figure obtained must not exceed +3. 


B. Biologial Assay of Supernatant Fluid 


In order to insure that most of the activity of the 
preparation is contained in the precipitated portion and 
therefore will be slowly available, the activity of the 
supernatant fluid is assayed and must not exceed a cer- 
tain value for each official potency of Protamine Zinc- 
Insulin Injection. This assay is based on the fact that 
mice, in common with other species, develop convulsions 
at a certain level of hypoglycemia produced by the 
administration of insulin. Environmental temperature 
exerts marked influence, so the containers used in. the 
assay must be kept at a controlled elevated temperature 
by a water bath or other suitable device. 

Standard—A standard solution of U.S. P. Zine-Insu- 
lin Crystals Reference Standard is prepared and diluted 
in the same manner as described for the assay of Insulin 
Injection. The final dilution should be such that the 
injection of 0.25 ce. will produce convulsions in between 
30 and 70 per cent, preferably approximately 50 per 
cent, of the mice under the conditions of the test. 

Preparation of the Unknown—After centrifuging the 
sample of Protamine Zinc-Insulin Injection, the super- 
natant fluid is diluted with the same diluent as is used 
for the standard. On the assumptions that a 40 U.S. P. 
Insulin Units per cc. preparation contains one unit per 
cc. in the supernatant fluid and an 80 units per ce. 
preparation contains 1.5, the final insulin concentration 
for the diluted supernatant fluid should be the same as 
that of the selected dilution of standard. 

Assay Procedure and Estimated Maximal Potency— 
At least 100 white mice are injected subcutaneously 
with the dilution of each preparation, using a constant 
dose of 0.25 cc. They should weigh between 17 and 21 
Gm. and should be starved for 6 hours prior to the 
assay. After injection they are placed in well-venti- 
lated containers maintained within one degree of a 
temperature between 32° and 38° C. The mice should 
‘ be marked to identify the preparation given, so that an 
equal number from each group can be placed in each 
container. All mice are observed for a constant period 
of between 60 and 90 minutes following injection and 
those which collapse or develop convulsions are re- 
corded as positive responses. Animals which develop 
severe reaction may be recovered by giving a small dose 
of dextrose solution. If during the observation period 
the number of positive responses in the group which 
received the unknown preparation does not exceed that 
in the group which received the standard, the insulin 
activity of the supernatant fluid of the former meets the 
official requirements. 
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It should be noted that, in addition to the biological 
assays, certain chemical and bacteriological tests must 
be performed on insulin preparations to meet the re- 
quirements for certification by the Food and Drug 
Administration. 


PARATHYROID 

The only official parathryoid preparation, Para- 
thyroid Injection U.S. P., is prepared from an aqueous 
extract of the parathyroid glands of domestic animals, 
and possesses a potency of not less than 100 U.S. P. 
Parathyroid Units per ce. By definition, 100 units pro- 
duces an average rise in the serum calcium of normal 
dogs of 1 mg. per 100 ec. within 16 to 18 hours after 
administration. The chemical structure of the active 
principle, parathormone, is not known, but evidence 
indicates it is a protein. It plays an important physio- 
logical role in the regulation of calcium metabolism, 
probably through a primary effect on the urinary excre- 
tion of phosphorus or caletum. The bio-assay is con- 
ducted by measuring the rise in serum calcium produced 
in dogs when the solution is injected subcutaneously. - 
There is no reference standard, and only a minimal 
potency requirement. 

Assay Procedure and Potency Calculation—The 
official method for the determination of serum calcium - 
in the assay is to be found under Parathyroid Injection 
inthe U.-Si-P Seri 

At least 10 mature, healthy male dogs which must 
weigh between 8 and 16 Kg., no two differing by more 
than 5 Kg., are used in the assay. They should be main- 
tained under similar dietary and environmental condi- 
tions and should be trained for venipuncture. The 
latter condition is particularly important inasmuch as 
excessive excitement at the time when blood samples 
are taken will in itself cause a rise in serum calcium. 
The site of puncture is a matter of personal preference; 
the external jugular and superficial fore and hind leg 
veins have all been found satisfactory. A clean, dry 
syringe with a sharp-pointed number 22 needle should 
be used. While hemostasis is maintained by light pres- 
sure applied proximally, a sample of at least 10 ce. 
should be withdrawn under a minimum of .negative 
pressure so as to avoid hemolysis. It is immediately 
transferred to a centrifuge tube, allowed to clot, and the 
clot freed from the side of the tube with a glass rod. 
After centrifuging and removing the clear supernatant 
serum, its calctum content is determined as directed. 

By preliminary trial a dose of the preparation is 
selected which is expected to produce a rise in serum 
calcium of between 2.0 and 5.0 mg. rer 100 ce. in the 
dogs used. It should be noted that the assay may not 


TABLE II—ASSAY OF PARATHYROID INJECTION 
Serum Calcium Levels (Mg./100 Cc.) before and after Dose of 1.8 Cc. 


Before 16-18 Hours 
Dog No. Injection after Injection Difference 

th Om 12.6 2.4 
2 9.6 10.8 2 
3 Te 13.8 2.8 
4 10.4 12.4 220) 
5 9.8 1ata6 1.8 
6 10.6 12.4 1.8 
G 10.4 12.8 2.4 
8 10.0 ie Phy) 
9 1a 13.0 1.8 
10 9.8 12.0 PhDs 

Average increase 2.06 


5 F 2.06 av. mg. increase 
Potency (in units per cc.) = eid = 


114 U.S. P. Parathyroid Units per ec. 
The sample therefore meets the minimum potency requirements. 
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be repeated with a given animal without a lapse of at 
least 4 weeks since the previous assay. After taking 
control blood samples, each dog is injected subcutane- 
ously with the selected dose, and 16 to 18 hours later 
a second series of samples is abtained. If the average 
rise in serum calcium for the entire group of dogs is not 
less than 1.0 mg. per 100 ce. serum per cc. of preparation 
injected, the potency of the material is satisfactory. 
A hypothetical assay is presented in table IT. 


POSTERIOR PITUITARY 


Extracts of the posterior lobe of the hypophysis pro- 
duce three principal pharmacological effects: contrac- 
tion of the uterus (oxytocic action) a rise in blood pres- 
sure and antidiuresis. The oxytocic effect is the basis 
of the U.-S. P. assay for the two official products, 
Posterior Pituitary and Posterior Pitwtary Injection. 
The method consists of comparing the degree of con- 
traction produced by the preparation being assayed and 
the standard reference solution on the isolated uterus 
of the guinea pig. 

_ Standard—U. S.. P. Posterior Pituitary Reference 
Standard, consisting of dried powdered posterior hy- 
pophyses of domesticated animals, represents one U.S. P. 
Posterior Pituitary Unit per 0.6 mg. The standard 
reference solution is prepared by weighing the contents 
of one ampul, transferring to a small agate or glass 
mortar, and triturating thoroughly with a measured 
amount of 0.25 per cent acetic acid. The suspension is 
transferred quantitatively to a flask and sufficient 0.25 
per cent acetic acid added so that the final volume con- 
tains 1 mg. or 2 units per cc. The contents of the flask 
are heated to the boiling point for not more than 1 
minute, filtered, and sealed in hard glass ampuls. 
Fractional sterilization is accomplished by heating at 
100° C. for 20 minutes on 3 successive days. The solu- 
tion should be kept in a cold place and may be used for 
a period of 6 months after preparation. 

Preparation of Samples for Assay—Posterior Pitui- 
tary is prepared in the same manner as described above 
- for the standard. It must possess a potency of not less 
than 1 U.S. P. Posterior Pituitary Unit per mg. The 
potency of Posterior Pituitary Injection should be 
equivalent to 10 U.S. P. Posterior Pituitary Units per 
ec. This strength is termed “obstetrical”; a 20 unit 
per ec. product is also available and generally described 
as “surgical.” At the time of assay the standard and 
unknown preparations are diluted to suitable concentra- 
tions with isotonic sodium chloride solution. 

Assay Procedure and Calculation of Potency—The 
apparatus employed consists principally of a water 
bath in which are’fixed the fluid reseryoir and an iso- 
lated organ chamber of at least, 100 ce. capacity; the 
bath is maintained constant to 0.1° C. at a temperature 
between 37 and 38° C. by a suitable thermostatically 
controlled heater and motor-driven stirring device. In 
suspending the uterine horn in the chamber, the upper 
end is connected with an isotonic writing lever which 
records the contractions on a moving kymograph paper. 
The lower end of the horn can be fixed conveniently to 
an adjustable oxygen inlet tube by means of a small 
platinum hook fused into the latter. If several cham- 
bers are placed in the bath, as many determinations 
can be run simultaneously. The bathing fluid used is 
Locke-Ringer’s solution, the composition of which is 
given on page 1072. It is convenient to prepare a 
twenty-fold stock concentrate of the chlorides of. this 
solution. This concentrate can be diluted and the 
proper amount of glucose and sodium bicarbonate added 
at the time of setting up the assay. 
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A healthy virgin female guinea pig, weighing between 
175 and 350 Gm., is decapitated, the uterus removed 
and divided into two horns by saggital bisection and a 
horn suspended in the chamber for recording contrac- 
tions as described above. Oxygen is bubbled through 
the chamber continuously, and the tension on the muscle 
lever is adjusted so as to induce maximal relaxation 
without overstretching. It may require as long as an 
hour for complete relaxation totake place—at which time 
spontaneous contractions should be minimal. A dose 
of the diluted standard solution is then “‘injected’”’ into 
the chamber and the response observed. If the lever 
does not rise to the peak of contraction within 2 or 3 
minutes, it indicates that the tension on the organ is 
probably too great and appropriate adjustment should 
be made. Once the official assay has been started, the 
tension must be left unchanged. After the peak of con- 
traction is reached, the lever should begin to fall rap- 
idly. When it has come down sufficiently to clearly 
indicate that it has passed the peak, the fluid in the 
chamber is quickly flushed out and fresh Locke-Ringer’s 
solution admitted from the reservoir in the same bath. 
A strip should continue to relax until it reaches the 
same base line, when another ‘‘injection”’ of the drug is 
introduced into the chamber. After the uterine horn 
has been found to respond uniformly to submaximal 
doses of the standard, the activity of the unknown 
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Fig. 544— Pituitary assay tracing: (a) experimental contractions; (b) four assay 

contractions, alternate dcses of standard and unknown; (c) washing contrac- 

tion, not taken into consideration; (d) final dose of standard 25 per cent greater 

than previous dose, to prove uterus is working under its ceiling response. 
(LaWall and Harrisson.) 


preparation should be estimated by finding the amount 
necessary to produce a rise matching that, elicited by a 
given dose of standard. When this is known, an 
official assay is attempted and must consist of the fol- 
lowing: four submaximal, approximately equal con- 
tractions produced by alternate doses of constant 
amounts of standard and unknown, followed by a third 
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dose of standard, 25 per cent greater than that given 
previously (Fig. 544). If the difference between the 
highest and the lowest of the first 4 contractions is less 
than half the difference between the lowest and the 
contraction produced by the increased dose of standard, 
the requirements for the official assay are satisfied 
(Table ITI). 

The potency of the unknown preparation is calculated 
by applying the standard formula: 


Dose Standard (in units) 
Dose Unknown (in cc, or mg.) 


Potency (in units per ce. cr mg.) = 


A variation of 20 per cent from the specified potency 
is permitted. 

In spite of the apparent simplicity of the procedure, 
it sometimes requires several attempts before a satis- 
factory assay is obtained, because of the variable re- 
sponses given by many uterine horn preparatiuns. 


TABLE IlI—ASSAY OF POSTERIOR PITUITARY INJECTION 


Sample: -Pituitary Injection, 10 units/ce. 
Date: 3/18/47 
Labs Now 35855. 
Standard: Prepared 1/10/47, 2 units/ce. 
Length of 
Amount Contrac- 
Contrac- Used, tions, 
tion Material Dilution Cc, Time Mm 
1 Standard 1:100 5.0 4:10 p.m. US 
2 Unknown 1:500 4.4 4025 = 70 
3 Standard 1:100 yO) 4:40 72 
4 Unknown 1:500 4.4 5:00 71 
5 Standard 1:100 6.2 Ss tO ew 97 
A—Length of increased dose contraction............ 97 mm 
B—Length of longest. assay contraction............. 73 mm 
C—Length of shortest assay contraction............ 70 mm 
Difference between B and C. 3 mm 
Difference between A and B. 24 mm 


Assay Result: 113 per cent Standard or 11.3 units/cc. 


Note—The pituitary assay data in the above table were derived from the 
kymograph tracing in Fig. 544 


PENICILLIN AND STREPTOMYCIN 


The Federal Food, Drug and Cosmetic Act requires 
that both of these ‘‘antibiotic’? agents must be sub- 
mitted for certification before they are distributed. 
Certification refers not only to the potency of the prod- 
uct, but also to identity, safety, and claims for thera- 
peutic usefulness. Many antibiotic substances have 
been investigated since the advent of penicillin, but 
at present penicillin, streptomycin, and tyrothricin 
(gramicidin and tyrocidine) are the only agents em- 
ployed in general practice. 

Fleming, in his observation of the deterring effect of 
Penicillium upon the normally luxuriant growth of 
staphylococcus on blood agar, noted a zone of inhibition 
surrounding the mold colony. Cultures of this mold 
grown in a nutrient broth were also highly bactericidal 
towards staphylococcus, even after filtration and dilut- 
ing the filtrate as much as 600 times. These observa- 
tions later led to the separation and purification of ac- 
tive penicillin subsequent to intensive investigation by 
Florey and others stimulated by the necessities of the 
War. The initial observations of Fleming and others 
were developed into assay procedures. There being no 
pure form of penicillin at that time, activity was first 
measured in terms of bacteriostatic effect expressed as 
“units of activity.”’ The unit was first defined as the 
amount of penicillin which when present in 50 ml. of 
liquid nutrient completely inhibits the growth therein 
of a standard strain of Staphylococcus aureus. This 
was the Oxford Unit and the dilution method of assay. 
Subsequently Florey and others suggested the assay 
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procedure employing short cylinders filled with a solu- 
tion of the penicillin to be assayed. Before filling, the 
cylinders are placed on the surface of a nutrient agar 
plate previously seeded with a standard strain of S. 
aureus. Hach cylinder must be accurate as to diameter 
and height, and possess a contact edge that has been 
ground smooth and flat so that the cylinder will give 
uniform contact with the agar surface throughout its 
circumference. The solution (1 ml.) is introduced into 
each cylinder after it has been carefully placed. By 
diffusion the penicillin solution spreads into the sur- 
rounding agar and if the solution is active, it inhibits 
the growth of S. aureus. Thus a clear zone of inhibition 
remains during the 16- to 18-hour incubation period 
to which the plate is subsequently exposed. Before 
adopting a reference standard, if this zone was 24 mm. 
in diameter the solution was said to contain 1 unit of 
activity per ml. The development of official reference 
standards of penicillin coupled with detailed directions 
and descriptions of apparatus, media, and methods im- 
proved the uniformity of assay results. It was soon 
found that several penicillins exist, each having different 
physical, chemical, and bacteriostatic properties. They 
include penicillin F, G, X, and K corresponding to the 
English identifications I, I, III, IV, as well as other 
penicillins not as yet produced i in appreciable amounts. 

The International Conference on Penicillin and the 
United States Food and Drug Administration adopted 
as a reference standard the pure crystalline sodium salt 
of penicillin G (Sodium penicillin IT) and defined the 
unit as the activity contained in 0.6 yg. of this material. 
This is the Penicillin Master Standard. ‘To industries 
there is distributed for control purposes a Penicillin 
working standard composed of one or more penicillin 
salts with or without diluents with the potency de- 
clared in terms of the master standard upon each am- 
pul. 


The Plate Assay 


The assay procedures and the materials to be em- 
ployed are described in minute detail by regulations of © 
the Food and Drug Administration.? 

Assay Cylinders—These may be made from Pyrex 
tubing, glazed porcelain, stainless steel,.or aluminum 
tubing having the same wall thickness (+0.1 mm.), an 
outside diameter of 8 mm. (+0.1 mm.) and 1 em. long, 
beveled on the inside of one end, unless of stainless steel, 
and ground flat. 

Culture Media—Three media of different composi- 
tion are employed: 

(1) To prepare slants, upon which the standard 
strain of S. aureus is carried and to prepare the seed 
layer for the test plate procedure. 

(2) A similar agar media, but not as stimulating, for 
use as the base layer in the test plate. 

(8) A nutrient broth for growing the S. aureus and 
to prepare the inoculum with which the seed layer is 
later inoculated. 

Culture media may be prepared from dehydrated 
media provided the finished product has the growth | 
properties of media produced from individual ingredi- 
ents meeting the specifications. The agar seed layer 
must actively support the growth of the test organisms. 
This is aided by the use of a yeast extract and a pan- 
creatic digest of casein in the formulation. This digest 
is critically evaluated by selective bacteriologic tests 
to insure its suitability. Culture media and all dilution 

1 See most recent Federal Register related to the subject which may be ob- 


tained from the Superintendent of Documents or the Federal Food and Drug 
Administration, Washington, D. C. : 


BIOLOGICAL ASSAYS 


materials must be carefully protected from contamina- 
tion, otherwise antipenicillin factors may develop which 
would influence the assay. 

Reference or Working Standard—This is a prepara- 
tion of penicillin of declared potency distributed by the 
Food and Drug Administration against which the manu- 
facturers of penicillin products determine the potency 
of their various products. The working standard must 
be kept under an atmosphere of low humidity and, ex- 
cept when in use, at a temperature of 0° C. or below. 
It is generally distributed monthly from Washington. 
Between 4.5 and 5 mg. is dissolved in sterile 1 per cent 
phosphate buffer (pH 6.0) at 10° C. This solution is 
used as a stock standard. Two further dilutions for 
assay purposes are prepared from it, one containing 1 
unit per ml. and the other 0.25 unit per ml. These dilu- 
tions are often termed ‘“‘working dilutions.” 

The mode of preparation of the sample depends upon 
the character of the sample. Products soluble in or 
miscible with water are prepared asa stock solution by 
adding them to pyrogen-free sterile water. Products 
soluble in a solvent such as ether (ointments, waxes, 
etc.) are dissolved in a peroxide-free ether or other 
solvent and the penicillin removed from the ether 
solution by extraction in a separatory funnel with a 
phosphate buffer solution. This extract is used as a 
stock solution. Stock solutions of the sample are then 
appropriately diluted for assay purposes. ‘Two dilutions 
are prepared, one containing an estimated concentration 
of 1 unit per ml. and the other 0.25 unit per ml. 

Plate Assay Procedure—At least 4 plates (unless the 
reference curve procedure is employed) are prepared 
for each sample. On each plate 4 cylinders are placed, 
2 cylinders to contain the dilution of the working stand- 
ard (0.25 and 1.0 unit in 1 ml.) and 2 cylinders to con- 


Fig. 545—Section of penicillin assay plate. A, petri dish; B, penicylinder, 
stainless steel; C, seed layer with actively growing Staphylococcus aureus; D, 
base layer of supporting agar jelly; EH, zones of inhibition. S.awreus does not 
grow in the seed layer where the penicillin is sufficiently concentrated. 
Around penicylinder marked B there is no inhibition of S.awreus growth. 
(LaWall and Harrisson.) 


tain dilutions of the sample (1-ml. dilutions containing 
an estimated 1.0 and 0.25 unit). The plates are pre- 
pared by distributing evenly 21 ml. of the base agar 
over the bottom of a Petri dish (20 & 100 mm.). 
The plates are then covered and placed in a level posi- 
tion to allow the agar to harden. They must be used the 
same day. This layer of agar is not inoculated, but 
serves as a support for the seed agar layer (Fig. 545). 


_ The standard strain of S. aureus (F. D. A.—209-P or 


American Type Culture 9144) is carried on slants of 
seed agar. Sixteen to 24 hours before an assay is to 
be performed, a transfer of the staphylococcus is made 
‘into nutrient broth. This is incubated at 37° C. Two 
ml. of this broth culture is intimately mixed with 100 


x a 
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ml. of the seed layer agar which has been previously 
melted and cooled to 48° C. Then 4 ml. of this seeded 
agar is evenly distributed on each plate that has previ- 
ously received the 21 ml. of base agar. Glass Petri dish 
covers are replaced with porcelain covers glazed on the 
outside and the seed layer allowed to harden. Seeded 
plates should be used promptly as the organism tends 
to develop, thus producing indistinct inhibition zones. 
The cylinders are now placed in the proper position on 
the seed agar surface of each plate. Beveled edge down, 
they are dropped mechanically (Fig. 546) from a height 


Fig. 546—Penicylinder dropping equipment. Will drop either 4 or 6 cylin- 
ders per petri dish equally spaced and from constant height. (R. D. Shaw, 
Bloomfield, Conn.) 


of !/. inch on a radius of 2.8 em. at 90° intervals. This 
places each cylinder at about the mid-point between the 
rim and the center of the Petri dish. 

Into each cylinder 1 ml. of the penicillin dilution is 
introduced using alternate cylinders for the reference 
and the sample. Thus on each plate there will be 2 
cylinders containing reference standard in concentra- 
tions of 1.0 and 0.25 unit and 2 cylinders containing the 
sample being assayed of an estimated like concentra- 
tion. The plates with the cylinders properly placed 
should be covered with porcelain tops and without 
jarring or shaking placed in the incubator for 16 to 
18 hours at 37° C. At the end of this period they are 
removed, the porcelain cover discarded and the diam- 


TABLE IV—PLATE PENICILLIN ASSAY* 


Reference Standard Unknown 
(Actual) (Estimated) 
1 Unit 0.25 Unit 1 Unit 0.25 Unit 
Plate (Sx) (Sx) (Ux) (Ux) 
il 21.5 mm. 15.5 mm. 22.0mm. 16.0 mm, 
2 21.0 16.0 2165 16.5 
3 22.0 To 22.0 16.0 
4 2155 15.5 22.5 16.0 


* Zone of inhibition in mm. From these data the potency and error of the 
assay are determined by using charts and monographs similar to those given 
in the chapter on ‘‘The Use of Statistics in Pharmacy.” 
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eter (Fig. 547) of each circle of inhibition measured to 
the nearest 0.5 mm. Data are recorded in the general 
manner shown herewith (Table IV). 


Measuring zones of inhibition to determine 
(Eli Lilly and Co. Laboratory.) 


Fig. 547—Penicillin 
potency. 


assay. 


The standard curve procedure is employed by many 
to determine penicillin potency. It is most generally 
successful when numerous samples of penicillin or 
penicillin products are to be routinely examined, for it 
enables the determination of the penicillin potency in 
many samples by the use of a single curve. This curve 
is established by running a series of dilutions of the 
penicillin working standard and ascertaining the aver- 
age zone of inhibition given by these concentrations. 
Six cylinders are placed on each seeded plate. In 3 of 
these cylinders 1 ml. of solution containing 1 unit of 
reference penicillin is placed, into the other 3 cylinders 
f ml. of solution containing 0.6 unit of penicillin. Simi- 
lar plates are prepared containing 0.7, 0.8, 0.9, 1.1, 1.2, 
1.3, 1.4, 1.5 units of penicillin per ml. Three sets of 
plates are prepared for each concentration. Thus there 
will be 3 plates, each containing 3 cylinders with 1 unit 
of penicillin and 3 cylinders with 0.6 unit of penicillin 
and similar triplicate plates of all the other concentra- 
tions. There will be 9 values for each point on the curve 
except the 1-unit penicillin value for which there will 
be 81 values. The plates are incubated and the zone 
of inhibition measured as in the previously described 
plate procedure. The information ascertained is used 
to construct a reference curve, which is later employed 
to evaluate the potency of an unlimited number of 
samples. 

The unknown product is tested at only a single point, 
namely the estimated 1-unit concentration. Six cylin- 
ders are used per plate, 3 of them contain 1 unit per ml. 
of the reference penicillin and the other 3 contain 1 ml. 
of the unknown containing an estimated 1 unit of peni- 
cillin. Three such plates are made. The 9 values for 
the zone of inhibition of the unknown are now averaged, 
and corrected, in accordance with the procedure, fully 
described in the regulations. This correction is based 
upon the relationship of 81 1-unit values of the standard 

curve and the average value given by the 1 unit of 
reference penicillin for which 9 values are determined 
simultaneously upon the assay plates. This correction 
procedure serves to control variations that may creep 
into the construction of the individual plates. The 
corrected zone of inhibition reading of the unknown is 
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then read for actual penicillin value against the refer- 
ence curve. 

Streptomycin—As in penicillin assays the working 
standard of streptomycin is supplied by the Food and 
Drug Administration. Streptomycin assays and certi- 
fication procedures are also fully described in the Federal 
Register, reference to which has been made. Either of 
two organisms may be used, each of which necessitates 
a different method of assay. A plate assay in which the 
zone of inhibition is measured uses spores of Bacillus 
subtilis (American Type Culture 6633) for inoculating 
the agar layer. A standard or reference curve is deter- 
mined by using cylinders containing 1-ml. dilutions in 
which there is 0.6 pe. to 1.5 ug. of the streptomycin 
working standard in steps of 0.1 ug. An appropriate 
dilution of the sample to be examined is made so that 
1 wg. is estimated to be contained in each ml. of a dilu- 
tion. The procedure in general is otherwise the same 
as that under penicillin where a standard curve is 
prepared from data on zones of inhibition. 


Turbidimetric Assay 


An alternate assay procedure is the turbidimetric 
assay. A series of tubes containing 1.8 to 4.2 ug. of the 
reference working standard in steps of 0.3 ug. per ml. 
of final dilutions are prepared. One ml. of the appropri- 
ate streptomycin concentration and 9 ml. of a broth 
inoculated with a non-capsulated culture of Klebsiella 
pneumonie (P. C. I.) are contained in each tube. Six 
tubes are prepared for each concentration of the strepto- 


Fig. 548—Streptomycin assay. Reading of turbidity produced by the growth of 


the organism. (Eli Lilly and Co.) 

mycin standard. Thus 54 tubes of standard are pre- 
pared as there are 9 levels of concentration. A single 
group of 6 tubes is prepared from the unknown con- 
taining an estimated 3 yg. per ml. of the final dilution. 
All tubes are immediately incubated in a water bath 
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for 4 hours at 37° C. during which time the organism 


multiplies and reduces the amount of light the tube will: 


transmit. At the end of this period formalin is added 
to stop the growth and the light transmission of each 
tube determined with a suitable instrument (Fig. 548). 
Per cent transmission of each of the 6 tubes of the vari- 
ous concentrations of streptomycin is averaged and 
these averages used to plot a curve of response, trans- 
mission versus concentration. Similarly the average 
response of the 6 tubes of the unknown is determined 
and read against the reference curve. 

All penicillin or streptomycin products are subject to 
additional tests, particularly freedom from bacterial 
contamination and the absence of pyrogenic agents. 
Stability tests are likewise of importance. 


VITAMIN A 


In assessing the vitamin A potency of a sample, not 
only vitamin A and its ester must be accounted for, but 
also its precursors, the carotenoid pigments. Vitamin 
Az, the homologue that occurs in fresh-water fish, 
serves to further complicate the problem of determining 
the value of a given material to the animal or human 
organism. Although chemical and spectrophotometric 
procedures are available for measuring vitamin A and 
the carotenes, they are designed to estimate only one 
or another of these compounds, and may not indicate 
the biologically available vitamin A. This applies 
particularly to alpha, beta, and gamma carotene, and 
to eryptoxanthine, which vary greatly in their potential 
vitamin A potency. Because of these complexities, the 
bio-assay procedure must frequently be resorted to, and 
is the final answer when the question of activity 
arises. 
The white rat is the accepted assay animal in the 
bio-assay procedures commonly used for determining 
vitamin A. Of the prophylactic and curative types of 
procedures that have been described, most satisfactory 
are those in which the rate of disappearance of symp- 
toms of vitamin A deficiency and increase in body 
weight of depleted animals are used as criteria of re- 
sponse. Under standardized conditions one may deter- 
mine the length of time required to cure the symptoms 
of xerophthalmia, or combine such observations with a 
measure of gain in body-weight during the assay period 
in response to daily doses of vitamin A. Earlier changes 
that occur with female rats after 7 to 10 days’ depletion, 
and that serve as a suitable measure of response to 
vitamin A administration, are the abnormal estrus 
cycle, and keratinization of the vaginal epithelial cells. 
Also measurement of the amount of vitamin Ain the livers 
of assay animals after controlled feeding periods has 
been the basis of a bio-assay procedure. 
The most widely used bio-assay method for vitamin A 
is that described in the U. S. Pharmacopeceia, in which 
response to vitamin A is measured by increase in weight 
of uniformly depleted rats. This method was designed 
for use in the enforcement of the Food, Drug and Cos- 
metic Act. Certain minor details of it are not important 
for the conduct of a satisfactory assay for vitamin A, 
_but are essential in defining the limits necessary to make 
the method legally valid for the purpose intended. 
Although the method as described provides for com- 
parison of sample and reference standard at one level 
only, thereby determining whether the sample is equal 
to, greater than, or less than an assumed potency, the 
procedure is readily modified to make it suitable for a 
determination of precise vitamin A potency by includ- 
ing additional groups of animals on both reference 
standard and assay sample. — 
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The Diet—The diet used in the U.S. P. method is one 
commonly employed for this purpose, designed to be 
free of vitamin A, but nutritionally complete in all 
other respects. Demonstration of the latter qualifica- 
tion is readily carried out by including in an assay a 
group of animals receiving the basal diet supplemented 
with an amount of vitamin A adequate for optimum 
growth. The diet includes alcohol-extracted casein, 
18 per cent; starch, 65 per cent; dry yeast, 8 per cent; 
salt mixture, 4 per cent; and vegetable oil, 5 per cent. 
Vitamin D must be included as well, since it is an essen- 
tial growth factor for the rat. Good quality dry yeast 
will insure a satisfactory intake of the B-vitamins. 
The vegetable oil used must be a good source of. to- 
copherols, for according to recent work, vitamin E is im- 
portant in preventing oxidation of vitamin A, not only 
in the sample, but in the intestinal tract, and perhaps 
in the liver as well. Highly refined concentrates of 
vitamin A may be deficient in tocopherols, and an ade- 
quate supply in the diet is essential to eliminate the 
possibility of loss of vitamin A during feeding or diges- 
tion. Good quality cottonseed oil has been found satis- 
factory, both as a dietary component and as a suitable 
diluent for feeding dilutions of the sample. One may 
determine the suitability of the vegetable oil used by 
such tests as peroxide-value determination or the re- 
ducing value of the oil as measured by the Emmerie and 
Engel procedure. For best results the diet should be 
compounded frequently during the assay period. 


The Assay Procedure—It is important that rats of 
known history be employed in the assay. They must 
weigh between 40 and 50 Gm. and be not more than 28 
days old at the beginning o the depletion period. The 
animals are not suitable for use if they are not depleted 
of their vitamin A stores in 45 days. Those that require 
a period longer than 45 days invariably become too 
large during the assay period, and their growth response 
is variable. In some laboratories it is necessary to re- 
strict the vitamin A intake of the mothers during the 
lactation period in order that the young animals may 
become depleted in the allotted time. 


Symptoms of vitamin A deficiency relied upon in the 
U.S. P. method as a measure of depletion are a condi- 
tion of declining weight and the appearance of definite 
signs of xerophthalmia. Use of these combined symp- 
toms insures choice of animals that are in a uniform 
state of depletion. Assay animals are assembled into 
groups that are comparable with respect to sex, weight, 
and length of depletion. In some laboratories it has 
been found of advantage to use animals of one sex. 
Use of litter mates in each assay group may reduce the 
degree of variability, but the U.S. Pharmacopeeia does 
not permit the assignment of more than 3 rats from a 
given litter to any one group. For the feeding of vita- 
min A-containing oils, and of the reference standard, 
dilutions in vegetable oil are made so that the daily 
dose is contained in 0.1 ec. The dose is given orally by 
means of a calibrated small syringe with a blunt needle. 
Low potency samples may be offered in a small dish 
separate from the diet. The feeding dilutions must. be 
freshly made each week. Care must be taken to avoid 
any contact with rancid oil at the mouth of the bottle, 
or the use of unclean measuring devices in the prepara- 
tion of dilutions or in feeding. The reference standard 
for vitamin A is a solution of vitamin A acetate in cot- 
tonseed oil contained in gelatin capsules. Each cap- 
sule contains 250 mg. of the solution, having a potency 
of 2500 U.S. P. units per capsule. The capsule may be. 
used without weighing, and is readily cut with a fine- 
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pointed scissors under the surface of a measured amount 
of the diluting oil. 

An assay must include a negative control group 
which receives no vitamin A supplement, as a check on 
suitability of the basal diet and environmental factors. 
To one or more groups the vitamin A Reference Stand- 
ard is administered at levels that promote growth re- 
sponses that fall in a critical range. The U.S. P. re- 
quirement for validity of growth response for reference 
group animals is that two-thirds of the animals, but not 
less than 6, shall individually have made a gain in 
body weight of not less than 12 nor more than 60 Gm. 
during the 28-day assay period. It is not difficult to 
choose levels of vitamin A that permit an average re- 
sponse of 30 to 40 Gm., which in many laboratories is 
the range obtained from feeding 2 U.S. P. units of vita- 
min A per day. For two-level assays 1 unit and 2 units 
of vitamin A daily may give growth responses most 
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VITAMIN Bi 

Several biological, microbiological, and chemical 
methods are available for the determination of the thi- 
amine content of foods and pharmaceuticals. Because 
of their relative rapidity and economy the latter are 
now used in most control and routine checks and are 
usually adequate for such purposes. However, only 
in the biological assays can it be assured that the results 
are not influenced by other substances present, and the 
rat curative method is the only procedure recognized 
officially in the U. 8. P. XIII. It is discussed in detail 
because of its importance. 

Rat Curative Procedure—The method consists in 
general of depleting young rats of their thiamine reserve 
until polyneuritic signs are developed, after which they 
are cured by the administration of a single dose of the 
standard thiamine and the time noted during which the 
rats remain symptom-free. With the re-development of 


TABLE V—DATA ON A VITAMIN A DETERMINATION 


To: Jacob Doe Mfg. Company—Philadelphia, Pa. 
Bio-Assay Data, Vitamin A Determination 


Vitamin A Concentrate 
10/1/47 Lab. No.: 37431 


Sample: 
Date: 


Start of Depletion Assay Period Gain or Loss 
Period Depletion Initial Final in Weight No. Survivors, 
Litter Age, Weight, Period, Weight, Weight, in Period,* | 11th Day Observ., 
Rat No. No. Sex Days m. Days Gm. Gm. Gm. or Other Remarks 
Product: Reference Group for above sample Dose: 3.17 Vitamin A Units Daily; log 0.5 
U.S. P. XIII Reference Vitamin A 

20383 1 M NS 41 aS 124 167 43 All 
20482 2; 2s 25 47 32 114 174 60 survived 
20611 3 S 25 47 35 103 161 58 
20560 4 S 27 40 35 126 180 54 
20430 5 Be 25 45 39 . 136 183 47 
20641 6 4 25 41 28 112 174 62 
20648 7 “ 25 42 31 101 150 57 
20739 8 a 24 48 28 105 190 85 
20662 9 “f 25 47 42 117 188 fal 
20461 10 He 25 46 39 108 167 59 
20794 11 sf 24 44 32 112 174 62 
20724 12 Me 24 49 35 103 151 48 

Av. 113 Av. 58.8 Survivors 12/12 
Product: Reference Group for above sample Dose: 0.794 Vitamin A Unit Daily; log —0.1 

U.S. P XIII Reference Vitamin A 

20384 1 M 25 40 42 135 139 4 All 
20424 2 24 40 32 128 152 24 survived 
20612 3 ef 25 49 39, 132 150 18 
20562 4 - 25 50 42° 128 136 8 
20481 5 is 25 ee 42 35 112 127 15 
20644 6 BS 25 49 35 105 133 28 
20647 i os 27 44 35 104 140 36 
20737 8 ae 25 49 32 128 166 38 
20663 9 a 25 47 32 103 1338 30 
20457 10 - 24 48 32 101 121 20 
20790 ik oa 2) 45 42 123 148 25 
20729 2 me PAs; 47 42 123 133 10 

Av. 118 Ava cleo Survivors 12/12 


* 11th Day on Control Group, 28th Day on Referance Oil and Product. 
Note—Vitamin A data on two levels of U. S. P. Reference Vitamin A, Al] male animals with litter mate distribution. Same data as in Chapter LXXXVIII, 


Table V, page 1029 (LaWall and Harrisson), 


satisfactory for evaluating precise potency of a sample. 
The number of groups fed the assay sample should equal 
the number on the reference standard. The dose levels 
used should bear the same ratio to each other for both 
reference standard and assay sample. Other conditions 
being equal, the precision of the result obtained may be 
improved with an increase in number of animals used. 
in each group. Statistical methods of analysis to deter- 
mine the estimate of potency, and the standard error of 
this estimate are discussed in detail in the chapter on 
“The Use of Statistics in Pharmacy,” and the calcula- 
tion in Example 7 (page 1031) is applicable to this type 
of assay. Example 5 in the same chapter (page 1029) 
illustrates the construction of a standard curve of refer- 
ence for the vitamin A assay. Table V, herewith, gives 
the detailed data on two groups, 7. e., 3.17 units and 
0.794 unit daily of vitamin A. 


the polyneuritis, the same animals are given single 
doses of the assay product and the resulting symptom- 
free period is again noted. If the dose levels have been 
selected properly, the data obtained will permit estima- 
tion of the thiamine content of the assay product in 
terms of the standard. 

During the preliminary period, the young rats and 


mothers are kept on a diet which provides all factors _ 


necessary for normal development with the exception 
of thiamine, which may be restricted. Before exceeding 
30 days in age and 50 Gm. in weight, the young rats are 
entered in the depletion period, during which they are 
kept in individual cages with 8-mm. mesh wire cloth 
bottoms to prevent the eating of feces and all are pro- 
vided with the U. 8. P. Thiamine Hydrochloride test 
diet (sucrose, casein, salt mixture, autoclaved yeast, 


autoclaved peanuts, purified liver extract, and cod liver 


—_— a b 
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oil, prepared according to specific directions) and 
water.’ From the beginning of the depletion period, the 
weights of the rats are recorded at least once a week. 
After about the 25th day the animals are observed daily 
for signs of polyneuritis. Acute polyneuritis is mani- 
fested by the rats going into a momentary state of ex- 
treme spastic paralysis after being twirled by the tail 
and dropped, from which the rat recovers in a few 
moments as shown by its regained ability to stand or 
walk. The onset of this condition is usually accom- 
panied by some weight loss. 


TABLE VI—RAT CURATIVE THIAMINE ASSAY 
Elixir Thiamine HCl, 1 mg./ml. 


0.0075 ml. 
Thiamine HCl, 7.5 ug. 


Sample: 
Dose of Sample: 
Dose of Reference: 


Route: Oral 
—Reference Unknown = 
Cure, ~ Cure, 

Rat First Return Days First Return Days 
Number Symptoms Symptoms Cure Symptoms Symptoms Cure 
220 1-10! 1-181 8 1-19} 1-291 10 
221 1-10 1-19 9 1-20 1-31 11 
222 1-12 1-19 a 1-29 1-31 11 
223 1-12 1-21 9 1-22 2-31 10 
224 1-14 1-22 8 1-24 2-5 12 
225 1-15 1-24 9 1-25 2-4 10 
226 1-15 1-23 8 1-25 2-3 9 
227 1-15 1-23 8 1-24 2-2 i 

Total 66 Total 85 
Total days cure on 7.5 ug. Reference Standard........... 66 


Total days cure on 0.0075 ml. of Unknown.............. 85 
Therefore, i ml. of Sample contains at least 1 mg. of Thiamine 
Hydrochloride. 


1 These figures are dates, i. e., Jan. 10, ete. 


As each rat develops polyneuritis, provided it has 
not been in the depletion period more than 75 days, it 
is placed in the assay period, during which it is main- 
tained under the same conditions of diet and housing as 
previously.» At least 8 rats are given the same single 


dose of the U.S. P. Thiamine Hydrochloride Reference 


Standard (5.0-10.0 ug.) which will cure the polyneuritis 
and keep them free of the signs of this condition for 
between 5 and 15 days. The time of the onset of the 
cure and of the recurrence of polyneuritis is noted for 
each rat. When the polyneuritis again reaches the same 
acute stage as was previously noted, the rats are given 
a single dose of the assay product estimated to be equiv- 
alent to the dose of Reference Standard previously re- 
ceived. The corresponding dates are again noted (dis- 
appearance and recurrence of polyneuritic :igns) and 
recorded. If the sum of the number of days of the cura- 
tive periods for all rats following the administration of 
the assay product equals or exceeds that produced by 
the Reference Standard, the Thiamine Hydrochloride 
content of the dose of assay product is considered to be 
equal to or greater than the dose of the Reference 
Standard employed (Table VI). 

The same rats may be re-used for subsequent assays 
producing a cure with the standard before each adminis- 
tration of the assay product, using the consecutively 
obtained data to calculate the potency of the product. 

The crystalline reference standard may be prepared 
as a concentrated alcoholic solution, adjusted to pH 4, 
from which aqueous dilutions can be made just prior 
to administration. The route of administration may be 
either oral or parenteral provided that the same route 
is used for both standard and assay product 3 in a given 
assa) 

Other Methods—Several unofficial biological assays 
for thiamine have been described, among which are the 
cure of bradycardia (slow heart-rate), restoration of 


normal growth-rate in the rat, curative tests using the 
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chick and pigeon, and the “catatorulin test” (increase in 
Oz uptake of the brain tissue of avitaminotic pigeons). 
Microbiologic assays include bacterial and yeast growth 
methods and a yeast fermentation method. The latter 
approaches the rat curative method in accuracy and 
specificity. Chemical procedures include the colori- 
metric and fluorimetric methods, but here the specificity 
may under some circumstances be open to question. 
When, however, examining pure compounds these latter 
tests may be quite effectively applied and the U. S. 
Pharmacopoeia recognizes this in the assay directions 
for certain products. 


VITAMIN D 


Vitamins Dz and Dz are the forms of vitamin D that 
are of greatest practical importance in human and ani- 
mal nutrition. These forms are utilized equally well by 
the human and by most animals. For the chick and 
other species of fowl, vitamin Dg is many times more 
effective than De. Thus, in the examination of feeds 
and oils designed for the feeding of poultry, it is neces- 
sary to use the chick method of assay (Fig. 549). One 
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1S UNIT LEVEL 


10 UNIT LEVEL 


5 UNIT LEVEL 


O UNIT LEVEL 


fe) 3 6 9 12 15 18 2 
DAYS ON ASSAY 


Fig. 549—-Vitamin D. Response of infant chick on special diet and varying 
quantities of vitamin D expressed in per cent of ash in bone. (DeWitt ef. al., 
Jour. A.O. A. C., 25, 215 (1942).) 


modification of this procedure has been adopted by the 
Association of Official Agricultural Chemists, and is 
published in its book Methods of Analysis. 

The white rat is suitable for the bioassay of vitamin D 
in preparations intended for human use. The rat cura- 
tive procedure described in the U. 8. P. XIII, which is 
widely used for this purpose, was designed for the 
examination of products in the enforcement of the Food, 
Drug and Cosmetic Act. Although, as described, it is 
suitable for determining whether or not a sample meets 
its professed potency, modification of it-to include 2 
dose levels of reference standard and assay sample will 
give a specific potency value for the assay sample. The 
use of a standard curve of response may also be of value 
for this purpose. The U. 8. P. method provides for 
comparison of the vitamin D content of the assay 
sample with that of the Reference Standard by the line 
test procedure, which is based upon the fact that within 
certain limits and under properly controlled conditions 
the degree of healing induced in the proliferative zone 
of bone cartilage is proportional to the amount of vita- 
min D fed. The method specifies the conditions for 
raising the experimental animals, the limits of the pe- 
riod for producing rickets, duration of the assay period, 
number of animals to be used and their age and weight 
limits, feeding methods, a method for evaluating the 
degree of healing, the data required, and a method of 
calculation. 

Diet—The rat does not require vitamin D for its well- 
being when its diet contains the mineral elements cal- 


1018 BIOLOGI 


cium and phosphorus in the ratio of 1:1 to 2:1. How- 
ever, when the ratio of these elements is altered, for 
example, by the addition of CaC Os to the diet so that 
valcitum and phosphorus are present in the relationship 
of 4:1 to 5:1, with a phosphorus content of 0.1 to 0.3 
per cent, a condition simulating human rickets devel- 
ops. With a phosphorus content of 0.5.per cent or 
greater, it is difficult to produce experimental rickets 
in the rat. 

The U.S. P. methed offers a choice of two diets that 
meet these specifications. Diet 3143 of MeCollum is 
the more complex, containing both wheat and yellow 
corn, and, in addition, a high level of gelatin. The 
Steenbock and Black diet 2965 is cheaper and is equally 
effective in producing experimental rickets in the al- 
lotted time of 18 to 25 days. In the use of these diets, 
it is important to select a good grade yellow corn of low 
moisture content. In many laboratories it has been 
found that for best results it is necessary to purchase 
seed corn of good quality. Calcium and phosphorus 
determination of the finished diet will give assurance 
of a proper calcium-phosphorus level and ratio. The 
dietary ingredients must be finely ground to prevent 
sifting or settling out of any coarse particles. It has 
been suggested that the addition of 1 per cent of lysine 
to diet 2965 will permit an increased rate of growth, and 
a more uniform development of rickets in the assay 
animals. 

Animals—Animals used for the assay must have been 
reared on a diet containing a restricted amount of vita- 
min D. The use of butter fat as the sole source of this 
vitamin in the diet of the mother during the period of 
lactation is satisfactory for this purpose, and allows a 
sufficiently limited storage of vitamin D in the young 
to permit depletion in the allotted 3-week period. 
Maintenance of the assay animals in cages with wire- 
sereen bottoms throughout the depletion and assay 
periods is important. Exposure to light containing any 
appreciable amount of ultra-violet must be avoided. 
A suitable animal room for this purpose is one in which 
the only light is that from incandescent lamps 1 in opal 
glass fixtures. 

The rats are weaned at a weight of 44 to 60 Gum: It 
is well to select only the more thrifty and uniform litters 
at this stage. hey are maintained on the depletion 
diet in litter cages until the rachitic condition is: pro- 
duced, as determined either by observation ofthe wad- 
dling gait and. swollen wrists, or by examination by line 
test of one animal of the litter. In some laboratories the 
practice of segregating the animals into individual cages 
a few days before the beginning of the assay period 
is found desirable, to insure uninterrupted food con- 
sumption. 

At the beginning of the assay period, it is desirable to 
divide the litters so that each assay group contains a 
representative of each litter. Comparison of response to 
assay material and reference standard within litters in- 
creases the accuracy of the assay, owing to a consider- 
able unavoidable variation between litters.! For deter- 
mination of precise potency of a sample, it is necessary 
to feed two levels of Reference Standard and.twe levels 
of assay sample. The levels used must fall. within the 
critical response range. For this purpose groups of at 
least 10 animals are to be preferred. The U. 8. P. 
method specifies that the data from two-thirds,, but 
not less than 7, of the animals used must meet the stated 


1 However, the Pharmac sopeeia raises this point only when one group con- 
tains more than 3 litter- mates, in which case an equal number of animals from 
the Ear litter must be included in the corresponding group receiving other 
materials. 
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requirements for a valid assay. Precision of the assay 
is improved with increased size of assay groups. 

The Assay Procedure—The assay period is 7 days and 
animals are fed a daily dose of reference oil or assay 
sample on each of the first 6 days. Experience has 
shown that the total amount of vitamin D administered | 
during the assay may be given in a single dose on the 
first day, or in 2 equal doses on the first and third days 
of the assay period with equally valid results. The 
amount fed during the assay period in most laboratories 
is from 3 to 6 U. 8. P. units. The vitamin D is diluted 
in vegetable oil so that the dose to be administered is 
contained in 0.1 ec. of the diluted oil. This is adminis- 
tered orally with a calibrated syringe fitted with a blunt 
needle. When the assay sample consists of a food forti- 
fied with vitamin D, the vitamin may be extracted with 
suitable solvents and taken up in vegetable oil, or it may 
be mixed with the diet’ at a proper level. If the latter 
procedure is resorted to, comparison should be made 
with a group receiving the Reference Standard fed in 
a similar manner. This direct feeding method should 
not be used with assay samples that contain amounts 
of calcium and phosphorus sufficient to alter appreciably 
the ratio and level of these elements in the basal diet. 
The U. 8. P. Reference Standard for vitamin D is a 
cod liver oil that contains 115 U.S. P. units per Gm. 

At the conclusion of the assay period the anima s are 
killed and the distal end of the radius or the proximal 
end of the tibia is removed, sectioned longitudinally, 
immersed in a 2% silver nitrate solution for 1 minute, 
then rinsed in distilled water and exposed to a strong 
light until the calcified areas are readily seen. The de- 
eree of healing is evaluated (Fig. 550) and the vitamin D 


4+ Healing 


Three Plus (3+) Healing 


Fig, 550—Vitamin D line test. Various degrees of healing in rat bone. In the 
actual assay a healing response of less than rie Plus (2+) is sought. (Bilis, 
Biological Symposium; through Biological Journal.) ~ 
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content of the sample is calculated by simple compari- 
son of the average healing of the groups. Bills and co- 
workers! and Dyer? have published arbitrary scales 
of healing that are useful in evaluating the line test. 
The use of a reference curve may be of value in indicat- 
ing the range of healing that will give the greatest degree 
of accuracy. This region is narrow and for valid results 
must be adhered to rigidly. Arithmetical averages of 
line-test evaluations for each of the assay and reference 
groups are used with the dilution factor of the sample 
in calculating the vitamin D potency of the sample. 
Although the relationship is not precisely arithmetical, 
this is the best method that has been proposed for calcu- 
lating results. Bills? has suggested certain advan- 
tages in calculating results by relating line-test evalua- 
tions to the standard response curve. 


MICROBIOLOGICAL ASSAYS 
(Amino Acids, Niacin, Pantothenic Acid, Riboflavin) 


The use of microorganisms for the quantitative deter- 
mination of substances of nutritional importance is now 
widely accepted. Microbiological procedures are avail- 
able for the assay of 10 or more of the water-soluble 
vitamins, as well as some 17 amino acids. Such meth- 
ods are widely used for a number of the water-soluble 
vitamins and specific procedures for many of the known 
amino acids have been described. Methods for the 
determination of niacin and riboflavin, included in 
U S. P. XIII, are rapid and precise and offer the 
additional advantage of biological specificity. 

The techniques and procedures used in the micro- 
biological assay for niacin are common to many of the 
microbiological methods and a detailed description of 
the niacin method will serve to give the pattern gener- 
ally employed. A number of organisms have been used 
for this purpose, but a primary requirement is the in- 
ability of the test organism to synthesize for itself the 
vitamin under assay. Suitable media, nutritionally 
complete in all respects except for the vitamin under 
study, have been described. Response to the added 
vitamin in terms of growth of the organism is readily 
measured. 

The Microorganism—In the case. of niacin there has 
been adequate demonstration that the assay organisms 
employed metabolize only the forms of nicotinic acid 
that are available to the animal. The fact that some 
organisms are more limited than the animal in their 
ability to utilize nicotinic acid derivatives serves as 


basis for differentiating such compounds in biological . 


materials. For example, Lactobacillus arabinosus is able 
to utilize, in addition to the free nicotinic acid, nicotin- 
amide, nicotinuric acid, cozymase, and nicotinamide 
nucleoside. Only in the case of coramine is there a dis- 
crepancy in utilization between this microorganism and 
the dog, which is of little practical importance, owing 
to the limited distribution of coramine in biological ma- 
terials. 

Although a number of microorganisms require niacin 
for their metabolic processes, and are unable to synthe- 
size it ior themselves, the acid-forming organism L. 
arabinosus is most widely used for assay purposes. It 
is non-pathogenic, easy to culture, and is affected to 
only a limited degree by stimulatory or inhibitory sub- 
stances normally found in foods or pharmaceutical 
preparations containing niacin. It may be grown on a 
simple stab-culture medium containing gelatin, yeast 
extract, and glucose, and is cultured for use in the assay 
tubes by direct transfer to the liquid medium consist- 
ing of the basal assay medium containing an optimum 
amount of added niacin. 
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The Niacin Assay 

The itlomiolosical procedure for niacin that appears 
in U.S. P. XIII was designed for use in the enforcement 
of the Food, Drug and Cosmetic Act, and is followed 
implicitly in dealing with U. S. P,.products. For gen- 
eral use some latitude is permissible, and modification 
is sometimes necessary in application to the sample at 
hand. One important advantage of microbiological 
procedures is that only a minute quantity of a vitamin 
is needed to give a measurable response. For example, 
the range of niacin added to the series of standard tubes 
is 0.05 to 0.5 wg. per tube. Thus the niacin content of 
extremely small amounts of biological materials may be 
readily measured. Modifications utilizing micro- 
analytical apparatus, and a lower range of vitamin addi- 
tions have been described for blood and tissue analysis. 

The Test Solution—The first step in the assay pro- 
cedure is the preparation of the test solution of the 
material to be assayed. If the sample is a dry or semi- 
solid material, the niacin is extracted by heating the 
sample in a measured volume of normal H.SO, in an 
autoclave for 30 minutes. Liquid preparations are 
autoclaved 30 minutes after addition of the H2SO, to 
give a concentration of one-normal. Although niacin 
is soluble in water, certain precursors, found particu- 
larly in cereals, are unavailable to the test organism 
unless hydrolyzed. Either acid or alkali is equally ef- 
fective for the extraction but acid is preferred, owing to 
the possibility of hydrolysis of trigonelline in alkaline 
solution. Preparation of the test solution is completed 
by neutralizing with strong NaOH solution, then dilut- 
ing to a volume that contains 0.1 yg. of niacin per 
ml. Further purification of the test solution is not ordi- 
narily important since L. arabinosus is relatively un- 
affected by substances that inhibit or stimulate other 
test organisms. In the assay of riboflavin, for example, 
it is necessary to remove fat by filtration through 
paper, and protein-like substances by carefu_ prec.pita- 
tion at their iso-electric point, to avoid a stimulatory 
effect above that given by riboflavin, upon the growth of 
the test organism. 

The Medium—The basal medium employed in the 
niacin assay given in the U.S. P. XIII is simple to pre- 
pare, and with properly treated casein hydrolysate is 
nutritionally ¢omplete except for niacin. A medium 
suitable for use in the assay of amino acids is prepared 
by replacement of the casein hydrolysate with an amino- 
acid mixture, omitting in each instance the acid under 
assay. Both dehydrated complete media and dehy- 
drated casein hydrolysates, prepared according to the 
U.S. P. specifications, are avaiable commercially and 
appear to be enti-ely ; atisfactory for assay purposes. 

The Assay Procedure—The assay is carried out in 
test tubes 16 & 150 mm. in size, set up and properly 
identified in suitable size test-tube racks. It has been 
found that use of a slightly larger tube (20 & 150 mm.) 
overcomes the difficulty of wet plugs that sometimes 
occurs during the sterilization process. Use of the larger 
tube also permits titration within the tube if a suitable 
stirring device is used. Precise addit on of sample 
solution, water, and basal medium is important. An 
automatic pipetting machine is extremely useful for 
this purpose. The tubes may be either plugged with 
cotton or covered with metal caps. 

Bacterial cultures for microbiological assay use may . 
be obtained from the American Type Culture Collec- 
tion, Georgetown University Medical School, Washing- 
ton, D. C. They are available in lyophylized form 
for shipment oversea, if desired. It is advisable to 
make a number of transfers of the culture before use in 
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an assay, in order to have an active form that will give 
a maximum degree of response. This appears to be 
particularly important with Lactobacillus caser in the 
assay of riboflavin and folic acid. An inoculum pre- 
pared by inoculating a culture medium from a stab 
culture is most suitable at 16 to 24 hours of age. One 
held for 48 hours has lost the characteristic rapid re- 
sponse and may give questionable-results. Incubation 
of the assay tubes is carried out in a constant tempera- 
ture room, or in a thermostatically controlled water 
bath. A well-controlled water bath appears to have 
a certain advantage in that a uniform temperature is 
easily maintained throughout the bath. 


TABLE VII—NIACIN REFERENCE DATA (RESPONSE OF 
STANDARD) 


Mi. Tenth-normal NaOH 
Consumed per Tube. 


Niacin per Tube 


wg. Duplicate Tubes * 
0.00 0.1 0.2 
0.05 16 1.6 
0.10 Bal Sak 
0.15 4.7 4.7 
0.20 6.2 6.2 
0.25 LEX8 7.6 
0.30 8.0 8.8 
0.40 10.9 1110 


Note—These data are used to construct the reference curve. Similar in- 
formation is obtained upon the unknown preparation. The growth of Lacto- 
bacillus arabinosus and development of acid are in proportion to the amount 
of niacin present. 


In measuring response of the organism, either tur- 
bidity or titration of the acid formed may be used. 
Turbidity measurements are made at the end of 16 to 
24 hours, and values for the standard series are plotted 
to give a standard response curve. For some non-acid- 
forming organisms this is the only convenient measure 
available. It is agreed, however, that for L. arabinosus 
and L. casei the measure of acidity after 72 hours’ incu- 
bation is the more reliable. Since extent of growth, 
rather than rate of growth, is beimg measured, a point 
near completion is desirable, and from vast experience 
the 72-hour period has been found to give the greatest 
degree of precision. The amount of acid formed is de- 
termined by titrating with NaOH against bromothymol 
blue or to pH 6.8 electrometrically. The U. 8. P. 
“method specifies the former (Table VII). Niacin values 
of the assay sample are obtained by interpolation from 
the standard curve constructed from titration values of 
the Reference Standard series of tubes. An average of 
the values for at least 6 assay tubes is taken, provided 
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such values do not vary by more than +10 per cent 
from the average, and provided they fall within the pre- 
scribed range, which is the most critical portion of the 
standard curve. It is common experience in many labo- 
ratories that such values vary by less than +5 per cent. 
Calculation of the niacin value is completed by taking 
into consideration the dilutions used. 

Advantages of Microbiological Assays—The preci- 
sion, reliability, and _ specificity of microbiological 
assays have been determined in a number of ways. It 
is common experience with the niacin procedure that 
upon repeated assays of a given sample results that vary 
within +2 per cent are obtained. Recovery of niacin 
added to food samples is generally within a range of 90 
to 110 per cent, and from pharmaceutical products with- 
in 95 to 105 per cent. The standard response curve is 
important not only as a basis for calculation of niacin 
content of the assay sample, but serves to indicate the 
reliability of the assay. The shape of the curve is 
changed when the basal medium is unsuitable, or when 
the culture of test organism has become contaminated. 
This may be a more sensitive. test of the suitability of 
the culture than the accepted bacteriological examina- 
tion of the culture. 

Agreement of values for the assay sample calculated 
from different levels of the test solution is important, 
because a tendency to drift is an indication that the 
test organism is being affected by substances other than 
niacin. The limits in the U. S. P. method have been 
set at +10 per cent of the average of at least 6 of the 
assay tubes within a specified range. It has been sug- 
gested recently that both Reference Standard and assay 
sample be tested at the same levels, and that the ratio 
of the slopes of the resulting curves be used for calcula- 
tion of potency. The degree of drift would then become 
apparent by the failure of the two curves to intersect on 
the axis of response. Such drift in values may be cor- 
rected, however, by modification of the basal medium, 
either in removing stimulatory substances or in supple- | 
menting the medium to render it nutritionally complete. 
Extensive collaborative studies of microbiological assay 
procedures have served to demonstrate their accept- 
ability. 
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CHAPTER LXXXVIII 


: THE USE OF STATISTICS IN PHARMACY 


IN THIS CHAPTER an attempt will be made to ac- 
quaint the student with the nature of the statistical 
approach as it applies to pharmacy and pharmacological 
problems, especially biological assay. However, within 
this division of statistics there are large gaps as yet 
unexplored and all that is attempted here is an airplane 
picture with telescopic views of a few of the most im- 
portant landmarks. A list of books and articles is 
given at the end of the chapter as recommended reading 
for the student who wishes to learn more about. this 
field of statistics. 

Statistics is fundamentally logic and common sense. 
It is not a collection of formulas that can be applied to 
patch up deficiencies in experiments, nor is it a panacea 
for all the weaknesses of the data. The data cannot be 
improved simply by applying statistical analysis to 
them; the resulting analysis is no better than the data 
themselves. Definite, sweeping conclusions cannot be 
drawn from a small amount of poor data just because 
several weeks were spent in making an involved statisti- 
cal analysis of them. 

It is true that there are a great many mathematical 
formulas in statistics, but logic and reasoning are the 
, true core of this subject. The logic and underlying 
fundamental ideas in an experiment must be thoroughly 
investigated. There are different statistical formulas 
to be used depending on the assumptions made. Each 
situation must be approached individually, the assump- 
tions set forth, the possible causes of variation enumer- 
ated, and the problem at hand stated as clearly as pos- 
sible. Dr. R. A. Fisher, one of the most prominent 
statisticians in England, has said that a question clearly 
stated is a problem half solved. 

It must be clearly realized at the outset that all na- 
ture is inherently variable. One often hears the com- 
parison ‘‘as alike as two peas.’”’ Actually even peas 
vary and no two would be evzactly alike in size, shape, 
color, maturity, blemishes, etc. If an experimenter 
makes several independent measurements on the length 
of a table, no matter how accurately the measurements 
are made, he will find that they are not all alike.! 

Statistics recognizes this variability in nature and 
takes it into account in planning how the data should be 
gathered. In the analysis of the data gathered, it 
utilizes this inherent variation by making allowances for 
it in the interpretation of the results. 

Statistics is divided into three parts: (1) the collec- 
tion of the data, (2) the analysis of the data collected, 
- and (3) the interpretation of the analysis. The three 
parts are inextricably woven together. Methods of 
- gathering data to answer the question posed should be 
considered carefully so as to avoid biases (unintentional 
or otherwise) that would erroneously influence results; 
the data should then be analyzed by the proper methods 
and finally an interpretation of the analysis should be 
made to furnish a sound answer to the question stated. 
This is the ideal approach. Often, however, the mate- 
rials have already been gathered before the problem 
is stated. But even in such cases the interpretation 
and analysis should always be made with full considera- 

1 An excellent article touching on this subject is ‘‘Opportunities in Mathe- 


matical Statistics, with Special Reference to Sampling and Quality Control” 
by Dr. W. Edwards Deming in Science, 97, 209-214 (1943). 
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tion of any biases that may have entered because of 
the manner of obtaining the data. In no instance 
should an interpretation be made without considering 
the manner of collection. 


The Collection of the Data 


Collection of data has several pseudonyms. It is 
sometimes called the design or planning of an experi- 
ment, sampling, or complete census. In the collection 
of data a sample is generally taken, except, of course, 
in such instances as a complete census of the population 
of the United States. Sometimes a sample is inadver- 
tently taken when it was not the intention to take a 
sample, as when a questionnaire is sent out to every 
pharmacist in the state. There will always be some 
people who do not respond to a questionnaire and any- 
thing less than 100 per cent response will constitute a 
sample. 

In the following breakdown according to the type of 
data sampled, the sampling method is not limited to 
the field in which the illustration is given. An attempt 
has been made to give only the broadest type of illus- 
trations in the brief chapter allotted to statistics and 
yet cover as many types of data as possible. 

Questionnaire Type of Response—Suppose a ques- 
tionnaire on the sales of some drug was sent to all the 
pharmacists in a state, but only 50 per cent of the ques- 
tionnaires were returned, thus only a sample of the 
pharmacists was taken, and any results tabulated from 
such a sample would be biased in that those that did not 
return the questionnaire would not be represented. It 
has been definitely shown that persons who respond to 
questionnaires have different characteristics, and pos- 
sibly different environments from those who do not 
respond. Possibly sales of the drug were so large that 
reporting an accurate figure was just too much work, so 
the questionnaire was left unanswered. And possibly in 
another community there were no sales of the drug, so 
the pharmacist did not bother to return the question- 
naire. Thestatistician does not know which is the case. 
A bias thus enters into the results and the direction and 
amount of the bias are unknown. However, there are 
questionnaire techniques worked out by mathematical 
statisticians that could have been employed to obtain 
an unbiased sample of the pharmacists’ responses. 
These same mathematical statisticians have also worked 
out methods of obtaining not only the average response 
to the question asked, but also the limits within which 
the average response might have occurred due to 
sampling of pharmacists. If only a certain amount of 
money is available for the survey or questioning, there 
are techniques for obtaining the best design for the 
limited sampling program with a minimum of error. 
If, on the other hand, results within certain limits of 
error are desired regardless of cost, a sampling design 
can be used which will meet these specifications. 

The Gallup poll uses certain statistical sampling 
techniques continuously. These workers have obtained 
from the Census Bureau and other sources the percent- 
ages of men, women, and children in the United States, 
the percentages in various income groups, the percent- 
ages in certain nationality groups, and many other types 
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of population groups. Their samples are designed to 
contain the same proportions in these various groups 
as are in the population. However, instead of sending 
questionnaires by mail, interviewers are assigned cer- 
tain quotas of definite types of people to interview and 
the interviewers fill out the questionnaire for each per- 
son while asking him (or her) the questions. 

It is impossible to elaborate fully here on the various 
methods of sampling such as area sampling, sampling 
with probability proportionate to size, etc. The pur- 
pose is rather to create an awareness to the problems of 
sampling and, more important, to show that a design 
can be used that will give the limits of error of the result 
for any given expenditure of funds. <A few references 
will be given at the end of this chapter for those inter- 
ested in this type of sampling. 

Sampling in the Chemical Laboratory—Gathering 
data is accomplished in another manner in the labora- 
tory though it is still sampling. By way of illustra- 
tion, several samples may be taken of a large lot of digi- 
talis leaves for the chemical determination of acid-insol- 
uble ash in the lot. In order to truly represent the 
lot, the samples must be taken from different parts of 
the lot to insure that every part of the lot is represented 
in some sample. Naturally ash determinations from 
five samples taken from the same part of a lot will 
probably check each other more closely than if the five 
samples are taken from entirely different parts of the 
lot, but the former five samples will not give the best 
average ash value for the lot. The more heterogeneous 
the lot, the more effort should be expended in being 
sure that every part of the lot is represented by a 
sample. It might be that the leaves having the most 
ash are in the bottom of the lot; a group of samples all 
taken from the top would then give too low an estimate 
for the average ash content of the lot. 

Another aspect of sampling in a chemical determina- 
tion is the sampling of the chemist or chemists who per- 
form the chemical analysis. If one chemist makes 
several check determinations on portions taken from 
the same 10 Gm. of thoroughly mixed substance, one 
expects the results to check more closely than if several 
chemists had made these check determinations. How- 
ever, the true reproducibility of a method can only be 
indicated in terms of how closely an analyst at one 
laboratory can check an analyst at another laboratory 
on the same material. Thus due to slight differences in 
technique, one chemist might always obtain higher re- 
sults than another chemist. The sampling of chemists 
might thus have some effect on the results. 

Sampling in the Biological Laboratory—It should be 
realized that a biological experiment, on, for example, 
the temperature response of rabbits to pyrogens 
constitutes a sample of the infinite possible number of 
combinations of results that could be obtained from all 
possible rabbits, all possible laboratories, and all pos- 
sible technicians. Different breeds of rabbits may give 
different results. Differences between results from two 
or more laboratories are usually greater than differences 
between results obtained by two or more technicians 
at the same laboratory. Season of the year, tempera- 
ture, and humidity sometimes cause differences. In 
biological experimentation, the differences between in- 
dividual animals are likely to be large so that the results 
of an experiment repeated at the same laboratory may 
give results different from those obtained the first time. 
The use of statistical procedures will give an estimate 
of the amount of variation to be expected under 
identical conditions. As in the questionnaire problem 
already mentioned, it is important to know not only the 
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average, but also the standard error of that average, so 
that one can estimate how-close a result obtained from, 
a repetition of the experiment approaches the original’ 
result and just how far off the results might be because 
of some inherent factor causing variation in the assay. 

Frequently methods are tested for their accuracy and 
precision by conducting collaborative studies of the 
method in several laboratories. Collaborative studies 
are also made to evaluate a lot of a drug to be used as 
a reference standard (e. g., U. 8. P. reference cod liver 
oil, etc.). From such a collaborative study, it 1s neces- 
sary to determine what differences can be expected 
between laboratories. Fig. 551 shows the results of a 
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Fig. 5—A chart illustrating the variation between laboratories of collabora- 
tive assays on working standard calcium penicillin. 


collaborative assay on a working standard of caletum 
penicillin? plotted according to the potencies obtained 
from several assays at different laboratories. The 
laboratories are lettered A through R. The average 
for all the laboratories combined is indicated by the 
long horizontal line in the center of the chart. Short 
horizontal lines indicate the averages for each labora- 
tory. Note that some laboratories show very little 
variation of their individual. assay results about the 
average for that laboratory, e. g., laboratory J has an _ 
over-all variation of only about 2 per cent as measured 
on the right-hand scale. However, the average result 
of that laboratory is almost 10 per cent from the over- 
all average of all the laboratories. Note also the results 
from laboratories B, H, I, and P. Compare the varia- 
tion of the results from laboratory N with that of the 
results from laboratory L. ~ 

Statistics should be used in setting up the design for 
a single experiment so that biases will not influence the 
results. This point may be illustrated by an extreme 
example—something that no experimenter would do. 
A technician wishes to compare two drugs as to their 
effects on the growth of rats. He uses 30 rats from a 
single cage and puts the first 15 rats caught on drug No. 
1 and the last 15 caught on drug No. 2. . Naturally, the 
first 15 rats caught are less lively than the last 15 and 
because they are less lively they very likely differ in 
size and nervous temperament from the last 15 rats. 
Thus the results are biased from the very beginning and 
one drug is ‘favored’? merely by the method of choos- 
ing the animals to be used on each drug. Obviously 
some method entirely free from subjective influences | 
(unconscious or conscious) should be used. A table of 

1 Welch, Henry, Randall, W. A., and Knudsen, L. F., ‘‘Methods of Testing 


Antibiotic’ Substances and Limitations poh yec "7. A. Ph, A., Sci. Ed., 35, 
102-113 (1946). 
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random numbers! could be used or a series of numbered 
metal-edged disks could be shaken and picked out of a 
hat in some objective manner. 

Suppose, for example, one wishes to choose 16 rats, 
numbered in the order they are taken from the cage, 
from 1 to 16. Four doses, labeled a, b, c, and d, are 
to be administered. Numbered disks are shaken and 
one selected at random; then the disks are shaken again 
and another selected, etc. Suppose the first four num- 
bers so selected are 12, 2, 15, and 10. Then dose a 
will be given to the twelfth animal chosen. from the 
cage, dose b to the second, dose c to the fifteenth, etc., 
until all 16 animals have been assigned doses. The 
order of doses could also be randomized if desired. 


RESPONSE 


DOSE 


Fig. 522—Typical relationship between dosage and re- 
sponse of individual animals. 


RESPONSE 


DOSE 
Fig. 553—Partial relationship between dosage 
and response—a section of Fig. 552 with the 
dosage scale enlarged. 


Another aspect of sampling in a biological laboratory 
involves the choice of doses of a drug to be used in an 
experiment to determine the relationship between dose 
and response. Usually in administering a single dosage 
of a drug to a group of animals an average response is 
noted (the type of response depends on the drug ad- 
ministered). However, there is variation between indi- 
vidual.animals. If ten or twelve different doses are 
administered to suitably chosen animals, one might 
obtain a relationship between dosage and response of 
individual animals as shown in Fig. 552. The larger the 
dose, the higher the average response elicited. How- 
ever, if the choosing (sampling) of doses had been such 
that only the four doses in the central portion of Fig. 
552 had been administered the dosage response rela- 

1Vippett, L. C., “Random Sampling Numbers,” Tracts for Computers 
No. 16. Cambridge University Press, London (1927). Fisher, R. A., and 


Yates, F., Statistical Tables for Biological, Agricultural, and Medical Re- 
prance Oliver and Boyd, London (1942), Table 33. 
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tionship would look entirely different as shown in Fig. 
553.” 

In Fig. 552 a very definite relationship between dos- 
age and response is shown, while in Fig. 553, which is 
part of the same data, there appears to be no relation- 
ship merely because the dosages chosen were not far 
enough apart and did not cover the proper range in 
order to represent the true picture adequately. 

In biological assaying it is often advantageous to de- 
sign the dosage schedule so as to take advantage of the 
fact that there is less variation within a litter than be- 
tween litters, or that there is a trend in the response of 
a single animal to several consecutive doses of a drug. 


TABLE I 


Typical Dosage Schedule for an Epinephrine Assay Using a Latin 
Square Design 


First Second Third Fourth 

Dose Dose Dose Dose 
First group UL SH SL UH 
Second group SH SL UH UL 
Third group SL Un UL SH 
Fourth group UH UL SH SL 


This can be illustrated by an epinephrine assay wherein 
a single dog is given 16 consecutive doses, the order 
of which is determined by a Latin square design. The 
following pattern illustrates a Latin square: 


AABS GD 
BeCyDeA 
C DAB 
DSA be. G 


Note that each letter occurs only once in each row and 
each column of the square. A Latin Square design was 
applied to an assay involving 2 levels of doses of the 
standard (high and low doses sy, and s;, respectively), 
and 2 levels of doses of the unknown (ug and w;). 
The dosage schedule is given in Table I. In this type 
of design, each dose occurs once in each order of 
administration (e. g., wz is given first of 4 doses but once, 
Sy 1s given first but once, etc.). In this type of assay 
equal doses of epinephrine given a dog elicited a smaller 
and smaller rise in blood pressure with each succeed- 
ing dose. 

In all biological experimentation the design should 
be planned so that differences in treatment do not coin- 
cide with differences in weight, sex, litters, dates of 
administration, etc. Animals should be assigned to 
doses at random, and the availability of certain designs 
should be realized. R. A. Fisher? has written an excel- 
lent book on planning or designing of experiments which 
can very profitably be consulted. He explains fully 
the various types of designs mentioned here. 

Clinical Type of Dat ertain designs are available 
for the planning of an experiment or, rather, the pur- 
posive sampling involved in setting up an experiment. 
In the early days of penicillin, a clinical experiment was 
conducted to determine why injections of some penicil- 
lins caused pain while others of the same penicillin did 
not. Data had been gathered hit or miss as penicillin 
was administered in the hospital. Potency, site of in- 
jection, and amount of pain produced were recorded. 
However, no conclusions could be drawn from the data 
because the subjective responses of the patients were 
confounded with the site of injection and the potency. 
There was no pattern for comparison of responses of 


( = R. A., The Design of Experiments, Oliver and Boyd, 3rd Ed. 
19 ' 
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the same individual to the different penicillins. A de- 
sign was set out using a “balanced incomplete block” 
type of experimental design involving 30 patients with 
3 sites of injection for each patient, and the grouping 
of the commercial penicillin into 6 different concentra- 
tion levels. The design of the experiment was taken 
from Table XVII, design No. 1, in Statistical Tables 
for Biological, Agricultural, and Medical Research by 
R. A. Fisher and F. Yates, which is given there as: 


abe aef bef 

: abd bef cde 
ace bde caf 
adf 


Since there are only 10 groups of letters, this design 
could be used for 10 patients only. However, to in- 


TABLE II 


£ 


ion 
Balanced Incomplete Block Type of Experimental Design Showing 
Site of Injection* and Degree of Pain; 


Sample and Potency 
a b Cc d e€ i 
: 936 502 175 Sco 1127 fAlal 
Pa- Units Units Units Units Units Units 
tient | per Mg. per Mg. per Mg. per Mg. per Mg. per Mg. 
Order No. 1 
1 B-0 T-3+ D-2+ Kate nae 
2 B-3+ T-4+ Daly D-3+ en 
3 B-0 es T-4+ fo. D-2+ 
4 B-0 abe o T-1+ aise D-2+ 
5 B-0 ee shes on T-3+ D-4+ 
6 aye B-1+ T-2+ ae coe D-2-+ 
7 B-0 Ate T-2+ D-1+ 
8 B-3+ Rens ride T-1+ D-2+ 
9 See B-3+ T-3-+ D-2+ 
10 B-3+ T-4-++ mee D-4+ 
Order No. 2 
11 T-0 D-2+ B-0O Weer aye eos 
12 T-1+ D-4+ ale B-0 ae Sone 
13 T-1+ mow D-3+ ler: B-0 Sere 
14 T-3+ re aN. D-4++ Ess B-2+ 
15 T-1+ os ¥ Ai D-1+ B-2+ 
16 ee T-3+ D-3+ ben ee B-2+ 
Tey T-2+ aire: D-3+ B-0 ae 
18 Wiis T-2+ 28 Wage D-1+ B-1+ 
19 nae eae T-3+ D-1+ B-0 She 
20 Was She T-3+ D-2+ ee B-1+ 
Order No. 3 
on D-1+ B-0 T-2+ Ag <3 ee 
22 D-1+ B-2+ +e T-3+ cs ba 
23 D-1+ as B-2+ ees T-1+ Ary 
24 D-1+ Bean heed B-3+ See T-2+ 
25 D-1+ AF 4a tae B-0 T-1+ 
26 aa D-2+ B-2+ Sis: sae T-1+ 
Dif D-3+ bad B-2+ T-1+ i 
28 ay: D-2+ ate Pets B-0 T-1+ 
29 sista nok D-2+ B-0 T-0 by, 
30 Pa san D-4+ B-2+ ahs T-2+ 


* B = buttocks, T = triceps, D = deltoid. 
{0 = no pain, 1+ = very slight pain, 2+ = slight pain, 3+ = 
pain, 4+ = severe pain. 


moderate 


crease the precision of the results and also to investi- 
gate whether the order of injection affected the pain 
response, two more groups of 10 patients were added 
making 30 patients in all with three repetitions of the 
design as given above. The first group of patients re- 
ceived the injection in one order of site of injection 
(B, T, D), the second group received them in another 
order (T, D, B), and the third group still another order 
(D, B, T). The manner in which the design was uti- 
lized in this experiment is given in Table II, together 
with the results. from each injection on each patient.! 

The results can be plotted as shown in Fig. 554 and 
because of the efficient design little formal statistical 
analysis is necessary for the demonstration of the evi- 
dent trend. A calculation of averages, as shown by the 


1 The data are taken from an article on “Correlation of the Purity of 
- Penicillin Sodium with Intramuscular Irritation in Man’’ ae Robert P. 
Herwick, Henry Welch, Lawrence E. Putnam, and Armand M. Gamboa, 
ALM A., AZT, 74-76 (1945). 
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horizontal lines plotted on the chart, shows that as 
potency of the penicillin increased the pain produced 
decreased. 
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Fig. 554—Clinical penicillin study relationship of pain produced to site of 
injection and potency of penicillin sodium. 


The Analysis of Data Collected 


Obtaining the Average or Mean Value—This is the 
part of statistics that is usually meant when the term 
“statistics” is used. It merely connotes the applica- 
tion of some statistical formula or formulas to the data. 
The formula for calculating the average of a series of 
data is: 


=X 
N 


The average = X¥ = 


where > denotes summation of all the N values of the 
variable X, where N is the number of observations. 
The average is one of the ‘‘measures of central tend- 
ency.” 


Fig. 555—On an average the duck was dead. A hunter fired both barrels of 
a shotgun ata duck. The first hit two feet in front, the second hit two feet 
behind. On anaverage the duck was dead. What the hunter really wanted 
was meat on the table. In duck hunting one wants to keep trying until a 
single shot hits the mark. But in estimating purity by a chemical test the 
best estimate is usually the average. 


Example I. (This example is given mainly to illus- 
trate the symbols employed)—Suppose, for example, a 
series of data on the acid-insoluble ash content of digi- 
talis leaves is given as follows: 


AL AVA 4.0 
ANS 4.2 As 
4.9 4.6 4.4 
N = 9. The sum of these 9 values is 39.6. 
rat =X 39.6 
The average = x= Gi aon mon 4.4 


Fig. 555 is taken from an article by E. I. Stearns? and 
illustrates one instance where an average has no mean- 
ing. 

Frequency Distributions—There are many types of 
variation patterns in nature. These patterns are called 


2 Stearns, E. I., ‘‘How Chemical Bpignoors, Can Use Statistical Methods,’’ . 
Chem. Met. Eng., 53, 119 (1946). 
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frequency distributions of data. The most common of 
these is the normal (or bell-shaped) curve in which most 
of the observations fall near the average and the greater 
the distance from the average in either direction the 
fewer the observations. This is illustrated by the fre- 
quency curve shown in Fig. 556. This type of curve 
is sometimes called the normal curve of error, or normal 
probability curve. Many statistical formulas and 
interpretations are based on the assumption of a normal 
frequency curve distribution of data. 

Although the normal distribution is the most com- 
mon, there are many other types of frequency curves 
such as the U-shaped curve for which there is a classi- 
calillustration. In getting a distribution of the amount 
of sunlight for each day over a period of time it was 
found that many days were entirely sunny and many 
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Fig. 556—The normal probability curve. 
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days entirely cloudy but that fewer days fell in between 
these two extremes so that the distribution of amount of 
sunlight was shaped like a U as shown in Fig. 557. 
There are many other types of distribution curves such 
as the Poisson, the binomial, the Chi square distribu- 
tion, etc. 

It is possible to ascertain the distribution of data 
from a given experiment. It can be roughly approxi- 
mated by means of a bar chart as is shown in the follow- 
ing problem: 

Example II—Suppose the weights of 50 rats at wean- 
ing were as follows: 


30 Gm 47 Gm 37 Gm 29 Gm 38 Gm 
2 ae A Dia sf Schone SORE 34. “ 
84 “é 32 oe 33 se 37 “se 36 ae 
39 be 33 oe 45 6é 40 oe 35 oe 
Aone! aelee we 35h Bona: Alas 
Be Se it tdaas PIS 2s Bs 1 SO ieee 
38 “ee 28 4 41 6s 37 oe 34 “ec 
Al ae 36 4é 32 “eé 30 ae 37 “eé 
Sia st Silent Bis Pt Ee Dilay Ce 
26 ae 49 oe 34 se 34 te 33 “e 


These weights can be assembled in the following groups 
with the frequency of occurrence in each group tabu- 
lated. 


Weight group Frequency 
24-25 Gm. 
26-27 

28-29 “ 
30-31 ‘‘ 
32-33 ‘ 
34-35 “‘ 
36=37 * 
38-39 ‘* 
40-41 “ 
42-43 ‘ 
44-45 “. 
46-47 “ 
48-49 ‘ 
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This can be plotted in the form of a bar chart as 
shown in Fig. 558. 


Measures of Variation—There are statistical formu- 
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las for measuring the variation that exists in nature as 
well as the man-made variation. The simplest measure 
of variation is the range. It is the difference between 
the highest value and the lowest value in a series of ob- 
servations. For Example I this would be 4.9 — 4.0 = 
0.9, and for Example II the range equals 49 — 25 or 24. 
The range is most valuable in small series of observa- 
tions usually for N less than 10. 


Frequency 


Degree of Cloudiness 


Fig. 557—Degrees of paquciners at Greenwich in 
uly. 


The standard deviation is the measure of variation 
most commonly used. For N = 2, the range and the 
standard deviation are equally as efficient. For N 
greater than 10, the standard deviation gives a much 
better estimate of the variation than the range. 


The standard deviation = ¢ = Nee 


The average is subtracted from the value for each indi- 
vidual observation; then this difference is squared. 
These squares are then added as denoted by = and this 
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36 


= 
WEIGHT (grams) 


Fig. 558—Bar chart showing frequency distribution of weights of 50 rats at 


28 40 


weaning. (Data in Example II.) 


sum is divided by N — 1, one less than the number of 
values used. Then the square root of this quotient is 
the standard deviation. In a normal distribution one 
standard deviation measured off both above and below 
the average includes about two-thirds of the number of 
observations in the whole distribution; two standard 
deviations measured off on each side of the average 
includes about 95 per cent of the observations. In fact, 
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tables of the normal probability curve! have been calcu- 
lated to show the multiple (sometimes fractional) of the 
standard deviation on either side of the average which 
would include any desired proportion of the observa- 
tions. See Fig. 559. 


Frequency 


+10 


=-20  -IO ce) +.2:05 ey 


Fig. 559—The normal probability curve showing standard deviation units 
around the average. 


The standard deviation gives a measure of the varia- 
tion of individual observations around the average. 
There is a comparable measure of variation of averages 
of samples about their true average. This is called the 
standard error of an average. It can be calculated from 
the standard deviation, o, and the number of observa- 
tions, N. 


o 
The standard error of an average = a; = aK 


The square of the standard deviation is called the 
variance. The square of the standard error of the aver- 
age is called the variance of the average. By means of 
mathematical statistics, it is possible to derive the vari- 
ance for almost any statistic which can be expressed 
by aformula. There is not only the variance of an aver- 
age, but also the variance of a weighted average, of a 
regression coefficient, etc. Each statistic also has its 
own distribution about its true value; and tables of the 
normal curve can sometimes be applied to a particular 
statistic. 

Suppose an infinitely large box contains marbles of 
differing weights with an average weight of 50 Gm. and 
the individual weights of the marbles have a normal 
distribution and a standard. deviation of 9 Gm. If 
1000 samples of 4 marbles each be: taken from the 
box, the average for each of the 1000 samples be 
recorded and the standard deviation of these averages 
calculated, this figure would agree very well with the 
standard error of the average as calculated from: 

o 9 
Also the averages of the 1000 samples of 4 marbles each 
would be distributed normally about the true average 
(50 Gm.) and have a standard error of the average equal 
to 4.5 Gm. This means that the averages of about 
two-thirds of the 1000 samples (about 670) would 
occur between 50 + 4.5 Gm. and 50 — 4.5 Gm. (or 
between 54.5 and 45.5 Gm.). These limits might be 
called ‘fone sigma limits’? since the standard error is 
denoted by the Greek letter o (sigma). The normal 
probability tables would apply to the distribution of 
these averages. About 95 per cent of the averages would 
occur between the average plus or minus two standard 

1 One of the most complete tables of this kind is in Tables for Statisticians 

and Biometricians, Part I, edited by Karl Pearson, Biometric Laboratory, 


University College, London (1930). Other tables are found in almost any 
statistical text, such as Snedecor, Rider, Fisher, etc. 
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errors of the average. Therefore, beyond these ‘‘two 
sigma limits” on either side of the grand average only 
about 5 per cent (7. e., 100 per cent minus 95 per 
cent) of the averages will occur. If 2.57 times the 
standard error of the average be taken on either side 
of the grand average (2.57 sigma limits), about 99 per 
cent of the averages would occur within these limits, 
and only about 1 per cent outside these limits. If, 
sometime in the future, a sample of 4 marbles be drawn 
from the box, the chances are about 5 in 100 or 1 in 20 
that the average for this sample will be below 41 Gm. or 
above 59 Gm. (7. e., 50 — 2(4.5) = 41 and 50 + 2(4.5) = 
59) and 1 chance in 100 that the average for this sample 
will be below 38.4 Gm. or above 61.6 Gm., 7. @., 


50 — 2.57(4.5) = 38.4 
50 + 2.57(4.5) = 61.6 


This is an illustration of how chance operates in sampling 
procedures because of the inherent variability of nature. 
A similar use of sigma limits is applied to biological 
assays in stating confidence limits for the potency of a 
drug. ef 
Weighted Average—There are instances where a 
grand average of several averages is desired such as in 
collaborative work on a method. The formula given 
above for the calculation of the average assumes equal 
weights for all observations. This formula could be 
used for determining a grand average of several averages 
if all are determined with the same accuracy. The ac- 
curacy of an average is given by the formula for the 
variance of an average, which is 
2 — o” 


Orda SN; 


(Note—Variance is the square of the standard deviation 
and the variance of an average is the square of the stand- 
ard error of the average.) The more precise an average, 
the smaller is its standard error. Therefore, the wezght 
attached to any one average is the reciprocal of the 
standard error of that average. 


or the standard deviation may be used instead of the 
standard error of the average. 


The formula for the grand average of two averages then - 


becomes 


where X = grand average 
X, and X2 are two individual averages 
W, and W, are weights of X; and Xs, respectively 


This formula can be extended in the same manner for 
more than two averages: 


where, as before, = indicates a summation. 

Example II I—Suppose a few students each made 
several determinations of the total alkaloids in a single 
lot of Belladonna Leaves; however, a different number 
of determinations was made by each student. The 
standard deviation was determined for each student’s 
determinations. ibe 


y 
‘ 
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Student N Average St. Dev. 
1 10 0.40 0.05 
2 5 0.31 0.07 
b) 4 0253 0.05 
ae a 0.36 0.02 


The best estimate of the average total alkaloid con- 
tent of this lot of Belladonna Leayes will be given by 
the weighted average. : 


Average Weight Product Product 
Student N X Ww wx NX 
1 10 0.40 4,000 1600 4.00 
2 5 Ooi 1,020 316 1.55 
3 4 0.53 1,600 848 Zale 
4 PAs 0.36 _17,500 _ 6300 Qa 
Sum 26 24,120 9064 10.19 
= ZWX 9064 
ony Se ~ 24 120 120 more 


If only X and N had been given for each student and 
the variances (also the standard deviations) were as- 
sumed to be equal, the weights would be the number of 
observations and 


oe IN XGme ee OLLY 


ii nib aa eae 


There are instances where a weighted average is the 
best to use, and other instances where the actual weights 
that should be assigned are unknown even though both 
the number of observations (NV) in each group and the 
standard deviation of these observations (c) are given. 
The weight in itself should be a measure of the accu- 
racy not reproducibility of an average. Sometimes it 
may be that the number of determinations is large be- 
cause for some reason the analyst suspected that his 
first results were incorrect and therefore he repeated the 
determinations. The standard error, although calcu- 
lated from both N and oa, does not necessarily give a 
measure of the accuracy of an average; it may give 
only the reproducibility. 


_ Fig. 560—Do not confuse precision and accuracy. The 
shots on both targets are precise, that is, they are bunched 

. together. But only the shots on the left target are accu- 
rate. The shots on the other are away from the bull’s-eye 
and are said to be subject to a systematic error. Con- 
sistent results are not necessarily true results. 


The accuracy of a method is indicative of the agree- 
ment between the obtained result and the ‘‘true’’ re- 
sult, while reproducibility (sometimes called precision) 
indicates agreement between many obtained results re- 
gardless of what the true result may be. Accuracy shows 
- how closely a method measures what it is supposed 
to measure, while reproducibility shows how closely 
many measurements agree. Given a sample which 
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is known to contain 100 mg. of iodine, a very accurate 
and highly reproducible method would give, say, from 
99.5 to 100.5 mg. of iodine, while an accurate but poorly 
reproducible method might give from 95.0. to 105.0 mg. 
of iodine; an inaccurate but highly reproducible method 
would possibly give from 85 to 86 mg. of iodine, while 
a method which is both inaccurate and poorly reproduc- 
ible might give from 80 to 90 mg. of iodine. 

The difference between accuracy and precision has 
been well illustrated by E. I. Stearns.! His illustration 
is reproduced in Fig. 560. A group of chemical deter- 
minations may be very close together (7. e., have a 
small o) but yet the average may be very far from the 
true result because of some consistent bias in all the 
results. Perhaps the method was misunderstood, or 
possibly there was an impurity in one of the solvents 
used, or some apparatus essential in the method had 
developed a defect, etc. 


8 
Control Limit 
6 
r 4 
= Average 
ts 
a4 
fe) Control Limit 


DATE 


Fig. 561—A typical quality control chart. 


Quality Control Methods—A very short explanation 
is given here regarding the quality control methods that 
were developed primarily by Dr. Walter Shewhart of 
the Bell Telephone Laboratories. A more complete ex- 
planation can be found in three short publications of the 
American Standards Association.” 

The Quality Control Method involves plotting the 
data as dots on a graph with the variable measured on 
the vertical axis and time (hours, days, etc.) on the 
horizontal axis. The “control” is maintained by insert- 
ing on the chart the grand average and control limits 
which have been calculated from accumulated experi- 
ence and drawn on the chart as parallel horizontal lines 
as shown in Fig. 561. When all the dots fall within the 
limits, the results are said to be in a state of “statistical 
control.”” When a dot falls outside the limits, trouble 
is indicated. 

In a control chart, usually each dot is an average for 
a sample consisting of, say, 4 observations. The stand- 
ard error of the average is then calculated for each group 
of 4 observations, and an average value for the stand- 
ard error of the average is obtained. Let us designate 
this by ¢y. The grand average of all the averages 
plotted is also calculated and is labeled X. The “3 
sigma”’ control limits used on the control chart can be 
obtained, from: 

X + 3az 


X — 38% 


Upper limit 
Lower limit = 


Thus it can be seen that the control chart technique is 
a graphic means of investigating whether the variation 
exhibited over a very short period of time is the same 


1 Stearns, BE. I., ‘‘How Chemical Engineers Can Use Statistical Methods,’’ 
Chem. Met. Eng., 53, 119 (1946). 

2 American War Standards: (a) Guide for Quality Control, (b) Control 
Chart Method of Analyzing Data, (c) Control Chart Method of Controlling 
Quality during Production, American Standards Association, 29 West 39th 
St., New York, N. Y. 
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as the variation that occurs over a long period of time. 
If the two variations are identical and all of the plotted 
dots fall within the control limits, the experiment or 
processes that produced the data are said to be in a 
state of “statistical control.” 

It is possible to calculate the control limits by using 
the range in each group of, say, 4 instead of calculating 
the standard deviation. T his is because, on the aver- 
age, for samples of less than 10, the range and the stand- 
ard deviation are very closely related. Given the num- 
ber of observations in the sample, the standard devia- 
tion can be calculated from the range by using the fig- 


TABLE III 


Factor for Three 


Average Number of 
Sigma Limits from 


Size of Sample Standard Deviations 


N) in the Range (D) Range 
2 1.128 1.880 
3 1.693 1.022 
4 2.059 0.729 
5 2.326 OnSai 
6, 2.534 0.483 
Uf 2.704 0.419 
8 2.847 0.373 
9 2.970 Omaot 

10 3.078 0.308 


The above table contains parts of the tables in Appendix 1 of Z1.3, 1942, 
Control Chart Method of Controlling Quality During a rouuencns American 
Standards Association, 29 West 39th St., New York, 


- TABLE IV 


Calculations for a Quality Control Chart for Averages and Ranges 
for Samples of 4 Taken from a Filling Machine 


Average Range Average Range 
Time , (Grains) (Grains) Time (Grains) (Grains) 
Jan. 6 Jan. 7 
SAM, 38. l io 8a.M. 37.6 il, 
CRAG NEES /s5 0 Qik Qa.m. 39.1 1.4 
10 a.m. Bis.) ipa 10 a.m. 38.5 et 
FIN Rt 9 ak aey 2.4 iL Wain e . Sif57/ 1.9 
12M 38 9 el 12m 38.1 NG 
TPES aS 2.8 IP EM Su0 2.4 
DiPEM uet OOO hs Ch 2 PM oto 1.6 
3PM. 39.4 1.6 3P.M. 37.9 1.8 
4pm. 36.4 225 4p.m. 38.6 0) 
Grand average = X = 38.1 
Average range = R&R = 1.9 2 
Control limits* for average = X + AoRk = 38.1 + 0.729(1.9) 


Upper limit = 39.49 

Lower limit = 36.71 iy ne 

Control limits* for range are DgR and D4F or 0(1.9) and 2.282(1.9) 
which equal 0 and 4.34, respectively. - 


* The values Ag, Dg, and D4 were obtained from the table in Appendix 1 
of Control Chart Method of Controlling Quality During Production, American 
Standards Association, Z1.3 (1942). 

Ag is the factor for using the range to calculate 3 sigma limits for the aver- 


age (2. e., 3 times the standard error of the average). See Table III for N 


D3 and D4 are the factors for using the range to calculate 3 sigma limits 
for the range (7. e., 3 times the standard error of the range). 


ures given in Table III. The factors for calculating 3 
sigma limits from the range are also given. 

Example IV—A drug manufacturing concern keeps 
a record of the uniformity of the machine that is filling 
a given weight of a drug into ampuls. The data are 
accumulated and arranged into groups of 4 ampuls 
according to the order in which they were taken from 
the filling machine. The average and the range are 
computed for each group of 4 as given in Table IV 
together with the time the samples are taken. The re- 
sulting quality control chart is given in Fig. 562. 

Calculation of a Dosage-Response Curve (Regres- 
sion Line)—It is a well-known fact that the physiologi- 
cal response to a drug varies with the size of the dose 
given. Many investigators have found that this rela- 
tionship is usually typified by an S-shaped dosage- 


THE USE OF STATISTICS IN PHARMACY 


response curve as illustrated in Fig. 563. At a low dos- 
age there is no effect, but as the dosage increases the 
effect becomes more pronounced until beyond a certain 
dosage there is no further increase in the effect. 


AVERAGE (grams) 
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Fig. 562—Quality control chart for data from Table IV. 


RESPONSE 


DOSE 


Fig. 563—A typical dosage-response curve. 


The dosage-response curve is the foundation of much 
biological experimentation, although there are many 
different ways of making use of it. Over a certain range 
in the center the dosage-response curve sometimes ap- 
proximates a straight line. ‘There are also transforma- 
tions (changes in scale) that have been used to linearize 
even greater portions of the dosage-response curve. 
In these instances when it can be expressed as a straight 
line, the equation of that line can be easily calculated. 
The steepness of this line is called the slope and is usu- 
ally designated by b. The intercept of this line on the 
vertical axis (y axis) is designated by a. The equation 
of such a line is then 


=a+obx 
ZXY — XZY 
where . Dita ee 
ZX? — XTX 

a= Y — bx 


The term 2X Y indicates the sum of the products of 
X and Y (Note—this is entirely different from the 
product of the sums which would be indicated by 
2XZY). In a vitamin A assay, for instance, the re- 
sponse is the gain in weight of the rat over a designated 
period of time after a definitely stated depletion period. 
For this assay the gain in weight is plotted against the 
logarithm of the dose to obtain a linear dosage-response 
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curve. In most biological assays the logarithm of the 
dose is used instead of the dose. The use of some func- 
tion, such as logarithm or square root, etc., of the vari- 
able instead of the variable itself is called a transforma- 
tion. Also the statistical calculations are facilitated if 
the doses are chosen so that the intervals between the 
logarithms of the doses are equal. 

Example V—F¥or determining a dosage-response 
curve on the U. 8. P. XIII Reference Cod Liver Oil 
Standard, 4 dosage levels of this standard are given, 1 
dosage level to each of 4 groups of rats. There are 12 
male rats in each group, representing 4 male rats from 
each of 12 litters. The rats conformed to the specifica- 
tions given in‘the U: 8. P. assay for vitamin A. The 
resulting gains in weight in grams are tabulated as 
responses! in Table V. The four doses used were 0.794, 


TABLE V 
Dosage-Response Curve for a Vitamin A Assay 
: Log Re- Log Re- Log  Re- Log Re- 
Litter. Dose sponse Dose sponse Dose sponse Dose sponse 
No. x ¥ x va x ¥ Mm 
1 —0.1 +f 0.1 24 0.3 35 0.5 43 
2 —0.1 24 0.1 55 0.3 46 0.5 60 
3 —0.1 18 Opel 45 0.3 50 0.5 58 
4 —0.1 8 OR 30 0.3 38 (5) 54 
5 =—0.1 15 0.1 28 0.3 48 On 47 
6 —0.1 28 0.1 40 0.3 Ol 0.5 62 
7 —0.1 36 0.1 49 Ose 49 0.5 57 
8 —0.1 38 0.1 53 0.3 67 0.5 85 
9 —0.1 30 0.1 57 0.3 59 0.5 Vea 
10 —0.1 20 0.1 47 0.3 60 0.5 59 
ital —0.1 25 0.1 38 0.3 53 O25 62 
12 —0.1 10 0.1 31 0.3 40 0.5 48 
N = 48 
ZX = 9.6 2Y = 2061 
zX2 = 4.32 = Y2 = 102,881 
PMC ts ISO 
X = 0.2000 Y = 42.9375 
ZXY—-— XDY 557.7 — 0.2(2061 
Seve —.0s— I SUL, = 60.625 
DX2 — XTX 4.32 — 0.2(9.6) 


Intercept = a = Y — bX = 42.9375 — 60.625(0.2) = 30.8125 
Equation of dosage-response curve: 
Response = 30.8125 + 60.625 times log dose 


1.26, 2.00, and 3.17 units daily and their logarithms are 
9.9-10, 0.1, 0.3, and 0.5, respectively. (For our purposes 
we will use 9.9-10 as —0.1.) For each rat the log dose 
and response are given. There are 4 rats from each 
The results are plotted on Fig. 564. 


litter. 
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i iation of Biological Assays—A biological assay 
is a means of estimating the strength of a drug. (gen- 
erally by comparison to a standard of the same drug) 


1 For more explicit | details see the section on Vitamin A in the chapter on 
C ea ey Assaying.” 
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by using some living organism. There are three main 
types of biological assay, from a statistical viewpoint : 
(1) those giving a measurable response, e. g., gain in 
weight of rat in a vitamin A assay, per cent of ash of 
tibia in a vitamin D assay, diameter of zone of inhibi- 
tion in a penicillin assay; (2) those giving a ‘‘go or no 
go”’ (all-or-none) type of response wherein an individual 
animal either survives or dies, or an individual object 
passes or does not pass a set mark, for example, the 
number of frogs that survive in a digitalis assay, or the 
number of positive tubes in a bacteriological experiment ; 
and (3) those utilizing a time factor such as the dura- 
tion of cure of polyneuritis in rats in a vitamin B, 
assay. Then there are also those assays which measure 
the dose necessary to give a certain response such as 
the U. S. P. XIII Digitalis cat assay. 

In a biological assay, the potency of the drug may be 
measured as a percentage of the standard, or in terms 
of some established unitage. In recent years it has been 
increasingly evident that not only should the potency 
be obtained but also some measure of the reproducibil- 
ity of the assay, such as the standard error of the assay. 
This can be accomplished if the design of the assay is 
such that it takes into account all the causes of varia- 
tion within one laboratory. 

For the purposes of illustrating this chapter, biologi- 
cal assays will be divided into 2 groups: (1) those in 
which a dosage-response curve is not calculated and (2) 
those in which the dosage-response curve is calculated. 
The first is the simplest. The second covers the greater 
part of biological assays and includes those assays in 
which a standard curve is determined at one time and 
used for all subsequent assays, as well as those assays 
in which the standard and unknown are run simultane- 
ously. 


Assays in Which the Dosage-Response Curve Is Not Calculated 


Digitalis Assay—aAs given in the U.S. P. XIII (page 
174) the potency is determined by injecting suitably 
diluted tincture into anesthetized cats at 5-minute 
intervals until cessation of heart beat. The dilution of 
the Standard Preparation of Digitalis and the prepara- 
tion to be assayed shall be such that the estimated fatal 
dose per Kg. of cat shall be contained in 15 cc. In the 
data given in Table VI, taken from the Chapter on 
“Biological Assays,’ the estimated fatal dose of the 
standard is 0.75 ce. Six eats are used on the standard 
and 6 on the unknown, and their respective weights are 
given in Kg. The number of doses (1 cc. of the diluted 
material for each Kg. of cat at 5-minute intervals) 
necessary for each cat is also given. As stated in the 
U.S. P. XIII, the average number of doses for each 
material must be not less than 13 or greater than 19 to 
have a valid assay. The total volume given each cat 
is divided by the weight of the cat and multiplied by 
the cc. of preparation per cc. of the diluted material 
(0.05 cc. in this case for the standard) to obtain the 
lethal dose in cc. per Kg. of live body weight. The 
average lethal dose and standard error of the average 
lethal dose are then computed. The U.S. P. XIII gives 
the formula for the standard error of the average as: 


4/0 (ce — ¢)? 
NW — 1) 
This is the formula og = o/./WN given previously 


though in different terminology. Here the average 
lethal dose is given by ¢, and the individual lethal dose 
for each cat by c. The number of cats is-as usual indi- 
cated by N. The U.S. Pharmacopceia states that the 


S.E.ay. = 
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standard error of either average must not exceed 5.7 
per cent of the average lethal dose. 


TABLE VI 


Digitalis Assay 


Cc 
No Total Lethal 
Cat. Weight, of Volume, Dose 1 
No. Kg. Inj. Ce. per Kg. (ec — ¢) (e — ¢)2 
Standard 
1 ies 17 37.4 0.846 0.044 0.001936 
2 2.18 16 35.2 0.807 0.005 0.000025 
3 PD LS) 16 44.8 0.815 0.013 0.000169 
4 2.64 16 41.6 0.788 —0.014 0.000196 
2 2.44 15 36.0 0.738 —0.064 0.004096 
6 Zoo 16 41.6 0.816 0.014 0.000196 
Total 96 4.810 0.006618 
Average 16 és = 0.802 
= 0.006618 
cc = 0.015 
V 6(5) > 
Unknown 
1 2.69 16 43.2 0.803 0.020 0.000400 
2 2.10 16 Bono) 0.800 0.023 0.000529 
3 2.32 KZ 39.1 0.843 0.020 0.000400 
4 2) ORY 16 36.8 0.8t1 0.012 0.000144 
5 205 17 37.4 0.870 0.047 0.002209 
6 2.46 16 40.0 0.813 0.010 0.000100 
Total 98 £940 0.003782 
Average 16.3 op = 0) EWS 
ov, = es ea 
6(5) 


The Poteney of the Unknown in U.S. P. units per cc. = 


ea S02 Fa 
eu 0.823 


.97 U.S. P. unit per ce. 


The Standard Error of each average as a per cent of that average: 


0.015 


Le 
For the Standard Preparation _“s = ~—* (100 1.9 
or the Standar reparation = 0. “300 | = % 
For the Unknown Preparation _” Secon > a 1.3% 
Cu 
The Standard Error of the assay: 
Potency oe, \2 oc, \2 0.97°V/ (1.9)2 SeNCa ye 
= Aes eee ue (fe = = 
100 és Cu 100 
0.97 (2.3) _ 0.02 


100 


Therefore, the Potency of the Unknown = 0.97 + 0.02 U. 8, P. unit 


per ce. 


Example VI—The calculation of the potency and 
standard error of the average is given in Table VI. 

This indicates that the “3 sigma limits” for this assay 
at this particular laboratory are 91 and 103 U. S. P. 
units per cc., and that very seldom would potency val- 
ues be obtained outside these limits from an assay run 
on this unknown under the same conditions at the same 
laboratory. 


Assays in Whichthe Dosage-Response Curve Is Calculated 


Statistics can best be applied to those assays where 
two or more doses of the standard are run simultane- 
ously with two or more doses of the unknown and the 
dosage-response curve is calculated from both standard 
and unknown. 

Potency of an unknown is usually calculated as a 
certain per cent of the standard. 
tained by getting the antilog of the difference between 
the logarithms of the doses of the unknown and of a 
standard having the same response (since a quotient is 
a difference in terms of logarithms). It has been found 
that when the logarithm of the dose is plotted against 
some function of the response the result is a straight 


It can thus be ob- 
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line. 
writers. 


Much has been written on this subject by various 
Among the first were: Trevan, Gaddum, and 


‘Bliss (see references below). 


It will suffice to say that, when the logarithm of the 
dose is plotted against some function of the response, 
two parallel straight lines are obtained (as shown in 
Fig. 565), one for the standard material and one for the 


Unknown 


1 


Standard 
—— 


Response 


distance between lines 


tog Dose 
Fig. 565—A graph of the data from a typical assay. 


assay material (for which a dosage based on an assumed 
potency was used). Then, since the potency of the 
unknown is the antilog of the difference between the 
logarithms of the doses for standard and for unknown, 
the potency can be calculated from the horizontal dis- 
tance between the lines. The parallel lines are usually 
fitted to the observations by least squares (so called 
because it mathematically minimizes the sum of the 
squares -of the distances from the observed points to 
the calculated line). The calculated error of an assay 
is, then, some quantitative measure of the scatter of the 
observed points about the lines but depends also on the 
slope of the lines. At least two assumptions are made 
in this mathematical reasoning. The first is that the 
relationship between the log dose and the response is 
a straight line, and the second is that equal percentage 
increases in dose of standard and of unknown will give 
equal increases in response (7. é., that the unknown has 
the same effect as the standard). Both these assump- 
tions should be tested, and no assay run until they are 
known to be true within the range recommended for 
the assay. 

The calculated error of an assay cannot estimate 
errors that cannot be shown to cause variations within 
the assay. Ordinarily, it cannot take into account the 
errors of weighing and measuring of the material (which 
are sizable in some assays, notably penicillin), nor can 
it take into account the differences between materials 
used in each laboratory, between samples of the lot to 
be assayed or, most important, between assayists. 
The assayist cannot state, on the basis of the calculated 
error of the assay, that the lot assayed was, say, 650 = 
20 units per miligram. He can say that, if he repeated 
the assay many times under the same conditions, using 
the same ‘‘made-up”’ solutions, this calculated error 
could be used to estimate the unavoidable variation in 
his own series of results. 

Various types of transformations have been used for 
the response in order to make the dosage-response curve 
linear over most of its range. Dose is usually trans- 
formed by using log dose; although in some assays, for 
instance most microbiological assays, no transforma- 
tions are necessary. Some authors recommend using 
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a logarithmic transformation for the response in a vita- 
min D assay and others do not. All of the assays having 
an ‘‘all-or-none”’ type of response require some trans- 
formation for the response. For this purpose the 
probit, the logit, and the angular transformations are 
recommended by various authors. The probit trans- 
formationis the most common. Probitisan abbreviation 
for “probability unit.’’ Probits are derived from the 
standard deviation units in a table of the normal prob- 
ability curve. A 50 per cent response is equivalent to 
the left-hand half of the area under the normal curve 
in Fig. 559 and to a standard deviation unit of zero. 
Since probits are obtained by adding 5 to the standard 
deviation units, a 50 per cent response corresponds to a 
probit of 5. As can also be seen from Fig. 559, a 16 per 
cent (one-half of the difference between 100 per cent 
and 68 per cent) response corresponds to a standard 
deviation unit of about —1 and a probit of approxi- 
mately 4. A 2.5 per cent response corresponds ap- 
proximately to a standard deviation unit of —2 and a 
‘probit of 8. A 97.5 per cent response corresponds to a 
standard deviation unit of +2 and a probit of 7. See 
Table VIII. 

The angular transformation is stated by the formula: 


p = sin? 6 


where p is the percentage response and @ is the trans- 
formed value in degrees. See Table XI. 

The probit method is essentially a modification of the 
methods used by Gaddum! and Trevan.? The loga- 


- -rithm of the dose is used and the response is transformed 


to probits. There are many refinements that have been 
made for a very accurate determination of potency and 
standard error of the assay in using the probit method 
by Bliss* and further outlined by Miller, Bliss, and 
Braun. They advocate plotting the empirical probits 
versus log dose and fitting two straight lines (one for 


1 Gaddum, J. H., ‘‘Methods of Biological Assay Depending on a Quantal 
aa Med. Research Council (Brit.), Special Rept. Series No. 183 
1933). 

2 Trevan, J. W., ‘“‘The Error of Determination of Toxicity,’’ Proc. Roy. 
Soc. (London), B101, 483-514 (1927). 

3 Bliss, C. I., ‘‘The Calculation of the Dosage-Mortality Curve,” ‘‘The 
Comparison of Dosage-Mortality Data,’? Ann. Applied Biol., 22, 134-167, 
307-333 (1935). pte, 

4 Miller, L. C., Bliss, C. I., and Braun, H., ‘‘The Assay of Digitalis,” 
J. A. Ph. A., 28, 644-657 (1939). 
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standard and one for unknown) to the points by means 
of a straightedge. The expected probit for each dose 
is read from the graph. The corrected probit and the 
weights to be attached to each observation are read 
from a series of tables. However, a short-cut pro- 
cedure will be given here using only the empirical 
probits and their weights in the calculations. The pro- 
cedure they give from that point on is essentially the 
same as is given in example VIII. 

Epinephrine Assay—This assay illustrates the use of 
graph and nomograph for estimating potency and stand- 
ard error of an assay. A procedure has been developed 
to alleviate the burden of cumbersome statistical calcu- 
lations involved in evaluating assays in which 2 doses 
are given of both standard and unknown and in which 
the response is quantitative. This procedure can be 
illustrated by means of an epinephrine assay.! 


TABLE VII 


Calculation of Data from an Epinephrine Assay 


a= = 
(ut + un) (un + 8H) 

UL UH SL SH = (sn -+ 8H) —(uL'+- 8z) 
Group 1 40 46 40 62 LG 28 
Group 2 38 39 42 58 — 23 17 
Group 3 35 40 40 60 — 25 25 
Group 4 35 41 42 56 — 22 20 
Totals 148 166 164 236 V = —86 W = 90 
Ry = 9 Rwy = 11 


Potency = 68 
Standard Error of assay = 4.1 


Example VII—The mm. rise in blood pressure of a 
dog is the response, and doses are given the dog accord- 
ing to the dosage schedule given in Table I. The calcu- 
lations for potency and standard error of the assay are 
given in Table VII. The ratio of high dose to low dose is 
15: 

According to the design, the assay consists of 4 
groups of 4 doses each, wherein each group consists of 
Su, Sr, Ux, and u, though not necessarily in that order. 
For each group of 4 doses v and w are calculated as fol- 
lows: 

vo = (ut + wa) — (sn + Sz) 

w = (uy + sx) — (ut + sz) 
Then the four values, necessary 
for use of the chart and nomo- 
graph, are obtained from these 
values of v and w. The sum of 
the v’s (or Zv) equals V and the 
sum of the w’s (or Zw) equals 
W. The difference between the 
highest and lowest value of »v 
equals R, (the range of the v’s) 
and the difference between the 
highest and lowest value of w 
equals R,. The four responses 


to each dose should also be totaled 
and V and W should be checked 
by performing on these totals 


EU Sheu SU) = W 


the same additions and subtrac- 
tions used for v and w. 
Find the point on the potency 


M =[CS #10) - (“SNS 


chart corresponding to the values 
of V = —86and W = 90. This 


-40 40 
L((U+ UD =(Sct Sw] =V 
Sa Hig. 566—Chart for determining potency when the ratio of the high dose to the low dose is 1.5 to 1. 


point is approximately in the 
position that- the radial line 
labeled 68 would be on the 
enlarged chart, Fig. 566. There- 


1 Knudsen, Smith, Vos, and McClosky, 
“The Biological Assay of Epinephrine,” J. of 
Pharm. Exp. Ther., 86, 339 (1946). 
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fore, the potency is 68 per cent. of the standard. 
To calculate the error of the assay from the nomo- 
graph (Fig. 567) connect with a straightedge the values 
of V = 86 (for this step the sign of V is disregarded) 
and W = 90, and mark the intersection on the diagonal 
line. Then connect this marked intersection with Rk, = 
11 and read the value of Q which is 10.5. Now obtain 


T = R,? + Q@? = 81 + 110 = 191 


On the left-hand side of the nomograph connect with 
a straightedge 7 = 191 and W = 90. The ratio is 
then read from its scale. In this case it is 0.06. When 
this ratio is multiplied by the potency (0.06 times 68) 
the standard error of the assay is found to be 4.1 per 
cent. 

The value of w will be greater than twice the value 
of R, if the slope of the dosage-response curve for that 
particular assay differs significantly from zero (by 
Student’s ‘%’’ test). If w is less than twice R,, the 
assay is invalid and must be repeated. 

The same type of procedure can be used for the vita- 
min A assay described in the chapter on ‘Biological 
Assays.” In the dosage schedule given in Table I 
each “group” would then be a litter and the order of the 
doses could be the 4 rats from the litter. The calcula- 
tions would be made as in Table VII. The graph and 
nomograph could be used if the ratio of high dose to 
low dose was 1.5 (e. g., 7 = 0.176) and if the number of 
animals on each dose was 4. If the log of the ratio of 
doses equals 7, and the number of animals on each dose 
equals N, the formulas given below can be applied. 


; Potency = antilog (2 + 7) 


Standard Error of the assay = 2.3026(potency)ou 


2 in/N. 
CH= an VW?R,? + VR? 


D is obtained from Table III. 


Estrogen Assay—EHxample VIII—The estrogen as- 
say is described in the chapter on “Biological Assays.” 
-It is one of the ‘‘all-or-none” type of assays. An ex- 
ample of a 3-level assay is given below demonstrating 
the application of, first, the probit method to this type 
of assay, then the angular transformation method. 
The assay is designed so that the intervals between the 
log doses are equal on both standard and unknown 
though the method of calculation given here can be 
‘used even if they are not equal. 


TABLE VIII 


Empirical Probits for Use with Percentage 
None’’ Assays* 


Responses in ‘‘All-or- 


% 0) Pan 2 3 4 5 6 7 8 9 
0 ... 2.674 2.946 3.119 3.249 3.365 3.445 3.524 3.595 3.659 
10 3.718 3.773 3.825 3.874 3.920 3.964 4.006 4.046 4.085 4.122 
20 4.158 4.194 4.228 4.261 4.294 4.326 4.357 4.387 4.417 4.447 
30 4.476 4.504 4.632 4.560 4.587 4.615 4.642 4.668 4.695 4.721 
40 4.747 4.773 4.798 4.824 4.849 4.874 4.900 4.925 4.950 4.975 
‘ 50 5.000 5.025 5.050. 5.075 5,100 5.126 6.151 5.176 5.202 5.227 
60 5.253 6.279 5.305 5.332 6.358 5.385 5.413 6.440 5.468 5.496 
70 5.524 6.653 5.683 6.613 6.643 6.674 6.706 5.739 5.772 5.806 
80 5.842 6.878 5.915 6.954 6.994 6.036 6.080 6.126 6.175 6.227 
90 6.282 6.341 6.405 6.476 6.655 6.645 6.751 6.881 7.054 7.326 


* From ‘“‘The Determination of the Dosage-Mortality Curve from Small 
Numbers,” by C. I. Bliss, Quart. J. Pharm. Pharmacol., 11, 195 (1938), with 


permission of the-author and publishers. 


‘The data obtained from the assay and the dosages 


given each group of 16 animals are included with the 
calculations for the probit method given in Table X. 
Probits and their weights are given in Tables VIII 


and IX. 


THE USE OF STATISTICS IN PHARMACY 
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Table X gives the generalized form for calculations 
that can be used even if the number of animals is not 
equal on all the doses and the ratio of high dose to low 


dose is not the same on standard and unknown. It can 
also be used on any number of doses. 
TABLE IX 
Weighting Coefficients for Use with Probits* 
Probit Weighting Coefficient Probit 
5.0 0.6366 5.0 
5.1 0.6343 4.9 
5.2 0.6274 4.8 
5.3 0.6161 4.7 
5.4 0.6005 4.6 
5.5 0.5810 4.5 
5.6 0.5579 4.4 
5.7 0.5316 4.3 
5.8 0.5026 4.2 
5.9 0.4714 4.1 
6.0 0.4386 4.0 
6.1 0.4047 3.9 
6.2 0.3703 3.8 
6.3 0.3359 7 
6.4 0.3020 3.6 
6.5 0.2691 ORD 
6.6 0.2375 3.4 
6.7 0.2077 3.3 
6.8 0.1799 538 
6.9 0.1544 Baal 
7.0 0.1311 3.0 
Tail 0.1103 2.9 
7.2 0.0918 2.8 
“8 0.0756 7 
7.4 0.0617 2.6 
7.5 0.0498 24 
7.6 0.0398 2.4 
ah 0.0314 Dae 
7.8 0.0246 59 
7.9 0.0190 ay 


* From ‘‘The Determination of the Dosage-Mortality Curve from Small 
Numbers,” by C. I. Bliss, Quart. J. Pharm. Pharmacol., 11, 195 (1938), with 
permission of the author and publishers. 


TABLE X 


Probit Method of Calculation of a Three-Dose Assay Having an 
All-or-None Type of Response 
Log 
Dose  Re- Per Probit Weight 
Dose x sponse Cent Pees) wx wy 
Standard 
8.9 0.95 5/16 318.2 4.51 . 9.328 8.8616 42.0693 
12.6 1.10 8/16 ~60.0:.5:00 10.186 11.2046 50.9300 
17.8 1.25 12/16 75.0 5.67 8.632 10.7900 48.9434 
Unknown 
8.9 0795-2716) 12.5 93.852 6.200 5.8900, 2328700 
12.6 1.10 6/16 37.5 4.68 9.808 10.7888 45.9014 
LON eos WU ALGRLOSe Semone mone 20, Lie 6G00) sble e072 
Standard Unknown 
Dw 28.146 25.336 
Dwr 30.8562 28.3388 
& = Lwax/lw 1.09629 1.11852 
Dwy 141.9427 120 /9821 
mM] = Lwy/lw 5.04309 4.77511 
Dwx? 34.2311 32.0382 
Dwxry 157.1681 137.1815 
[wa2] = Dwx2 — sLwxr 0.40388 0.3407 
[way] = Zwxy — Flwe ih Gysiitn) 1.8606 
Combining Standard and Unknown 
D[wax?] = [wx?]s + [wr?]u =0.7445 
D[wry] = [way]s + [wry]u =3.4181 
_ Z[way] “4 
be a pen =4.5911 
1 
M TES SRT oe (Gs — Yu) = —0.08060 
c 
iil NY} 1 ih (Gs — Fu)? <a 
ou re b, VEws eu DwWu cts bz [way] SALONS 
Potency = antilog (2 + M) =83.1 


Standard Error of potency = 2.3026 oy (potency) =11.7 


Various short-cut procedures have been used to 
shorten the arithmetical calculations for the probit 
method but these will not be enumerated here. There 
is another method that has been suggested; namely, 
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the use of the angular transformation instead of the 
probit transformation. 

The same estrogenic assay can be evaluated by the 
angular transformation method. A partial table of the 
angular transformation of proportions to angle Theta 
(6) is given in Table XI. The method of calculation 
and formulas for a three-dose assay using this procedure 


TABLE XI 


Angular Transformation 
Transformation of Percentages to Angle Theta* 


P = sin? 6 
% 0 1 2 3 4 5 @rar7 8 9 
; 0) 0 Seah teva hs ANOVEIO) ial tape WLRGs eh NGS he WN NGG) 
10 18.4 M9545 20.3 22208 22.8) 23.60 2a seo Zon 
207 26.6) 2728028). 0 282782950) GOL Onc aheoleomoleomoceO 
SU SR asin leech iii Bye Plece eens Biel), Ga dh “Oke 
40 39.2 39.8 40.4 41.0 41.6 42.1 42.7 48.3 48,9 44.4 
50 45.0 45.6 46.1 46.7 47.3 47.9 48.4 49.0 49.6 50.2 
60 50.8) Sle 5129752) 5, 53. S380 (b4ne wba oon OOn2 
70. 56.8 5724 58) 1) 5827 75973, GOL0) GOR se Gl yom02) Omo2m ad 
80 63.4 64.2 64.9 65.6 66.4 67.2 68.0 68.9 69.7 70.6 
90 WING 7225" 73.6 40 Woe Oeil OO oO e Om clun Ome Aes 


* From Table XII of Statistical Tables for Biological, Agricultural and 
Medical Research, by R. A. Fisher and F. Yates, Oliver and Boyd Ltd., Edin- 
burgh (1938), by permission of the authors and publishers. 


TABLE XII 


Angle Theta Method of Calculation of a Three-Dose Assay Having 
All-or-None Type of Response 


Log Dose Response ) 
Standard 
0.95 5/16 St = 34.0 
1.10 8/16 Sm = 45.0 
La25 12/16 Sm = 60.0 
Unknown 
0.95 2/16 (hic, PAW / 
1.10 6/16 Um = 37.8 
ile 5) 11/16 Un = 56.0 
N = number of animals on each dose = 16 
t = difference between log doses = 1.25 — 1.10 = 1.10 — 0.95 = 
0.15 
V = Un + Um + Uz, — Sa — Su — Sx = —24.5 
We= Un] Sa — Uz es = 613 
aV 4(0. — 24, 
1 ee cs UE Ge deh ae aaa 


3W 3(61.3) 
Potency = antilog (2 + M) = antilog (1.920066) = 83.2 
Z = V3W2 + 2V2 = V/3(61.3)?+2(24.5)? = 111.7 


ee eas ; 124.385 ew ae 
sandard Error of assay =~_____j— (potency) = 
W2/N 


124.385(0.15)111.7 
(61.3)20/ 16 


(83.2) eo 


. Potency = 83.2 + 11.5 


Note—The above formulas apply only to a three-dose assay. 


are given in Table XII. Note that in order to use the 
formulas given in Table XII, the three-dose assay must 
be designed so that the number of animals (N) on each 
dose is the same and the differences between consecutive 
log doses are equal. In this example, N = 16 and the 
difference between log doses = 0.15. 


Evaluation of a Microbiological Assay—In most 
microbiological assays, it has been found that there is 
a linear relationship between the dose and the response 
instead of (as in most biological assays) a linear rela- 
tionship between the log dose and the response. Thus, 
instead of fitting two parallel lines to the log-dosage 
response data and calculating the potency as the anti- 
logarithm of the horizontal distance between these two 
lines as in biological assays, in microbiological assays 
two straight lines are used which intersect at a “‘com- 
mon-zero”’ point and the potency is calculated as the 
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ratio of the slopes of these two lines. See Fig. 568 for 
a graphic illustration of the results of a microbiological 
assay. 

The statistical evaluation of a microbiological assay 
has been developed by Wood! and Finney but the caleu- 
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Fig. 568—A typical microbiological vitamin assay, 


lations are rather complicated as applied to the usual 
procedure for a microbiological assay and will not be 
described here. However, one simple type of calcula- 
tion which they give for a ‘‘ecommon-zero three-dose 
assay” will be described with a cautioning statement as 
to its use. When the dose of the standard and the un- 
known are taken as two arbitrary units of the respec- 
tive preparations and the same number (n) of tubes 
(observations) are run on the blank, the standard and 
the unknown, the formulas for the potency and the 
error of the assay are rather simple. This assay is 
called a “common-zero three-dose’”’ assay since the 
blank is common to both dosage-response lines, and 
the blank, standard, and unknown together constitute 
three doses. 

~The uninitiated must exercise great Caution in using 
this type of assay since so many factors in the assay it- 
self may affect one point on the curve and not others. 
From the point of view of the vitamin assayist, it is 
safer to run several levels of both standard and un- 
known. 

Let ¥, ¥,, and ¥, represent the mean responses to the 
blank, the standard, and the unknown, respectively. 
Let R represent the average range in response to each 
dose, as calculated from the data, and D, the average 
number of standard deviation units in the range, as 
given in Table III. Then the ratio of the potency of 
the unknown to the potency of the ‘standard 1 is given 
by 


Reese 
Ys Uo 


and the standard error of the assay is given by 


RV1i —B+ B 
Ds — Fo)V2n 


oR = 


There are other designs for microbiological assays 
which together with the so-called ‘“common-zero three- 
point assay design” are given by Wood and Finney. 


1 Wood, Eric C., and Finney, D. j., ‘‘The Design and Statistical Analysis 
of Microbiological Assays,’’ Quart. J. Pharm. Pharmacol., 19, 112-127 
(1946). Finney, D. J., ‘‘The Microbiological Assay of Vitamins: The Esti- 
mate and Its Precision,’ 7bid., 18, 77-82 (1945). ? 
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Interpretation of Data 


Significance Tests and Confidence Limits—The 
variation of the data is utilized in making significance 
tests. Thus, one can calculate the chances of getting 
the obtained result when certain hypotheses are made. 

Suppose we have a sample of 25 troches but we do not 
know whether or not it has been drawn from a very 
large box in which the troches had an average weight 
of 5.0 Gm. The average and standard error of the 
average for the sample of 25 troches is 3.5 = 0.25 Gm. 

What are the chances that a sample with so great a 
deviation from the average of the box could have been 
drawn from the box? 

A chemist in a Dublin brewery was curious about 
problems suen as this and published the results of his 
researches under the pseudonym ‘‘Student”’ because of 
a clause in his contract that forbade his publishing 
anything under his own name which was William Sealy 
Gosset. “Student” is most generally known for his 
publications on the ‘“‘t’’ test: 


i difference 
st. error of difference 


The ¢ distribution has been calculated and is available 
in tables in almost any text on statistics. The tables of 
the normal distribution apply to large samples while 
the tables of ¢ apply to small samples (7. e., where N is 
less than 30). 

In the illustration cited here, the difference between 
the average weight for the box and the average weight 
for the sample forms the numerator for ¢. The stand- 
ard error for the average of 4 is 2.5 while the standard 
error for the box is 0 (since we know the actual average) ; 
therefore, the standard error of the difference given by 
the formula 


oat, = ~/ oz + oF 
is equal to 0.25. Therefore, 
2 Wee a® 5.0 — 3.5 


(SSS ee 

VERT R er Samad 
Although a ¢ table should be utilized, when one is not 
available the general rule can be applied that a ¢t value 
of over 3.0 indicates a “significant difference,’ and 
therefore a very small chance that this sample of troches 
was drawn from the box. 


There are other significance tests such as the Chi 


Square test (x? test), the F test, the L test, etc., but 
these are too long to be detailed here. The concept of 
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chance and probability is involved in all of them. In 
each test a hypothesis is made and the probability calcu- 
lated that the hypothesis is true. 

Confidence limits are closely related to significance 
tests in that certain multiples of the standard error of 
the statistic involved are used to specify limits within 
which the true value of the statistic will fall. Confi- 
dence limits can be calculated for biological assays. 
For instance, the results of an assay are: average 
potency equals 640 units and the confidence limits (for 
P = 0.05) are 620 and 665 units. This means that an 
assay repeated under the same conditions should re- 
sult in a potency value outside the limits 620 units and 
665 units only 5 times in 100. 

Caution to Be Observed in Interpretation of Results 
—Again it must be repeated that the purposes and 
assumptions made in designing the experiment or assay 
must be kept in mind while interpreting the results. 
One must not be overwhelmed by the calculations into 
believing that the use of statistics covers all the weak 
points in the experiment. As Francis Galton has said: 
“Tt is always well to retain a clear geometric view of the 
facts when we are dealing with statistical problems, 
which abound with dangerous pitfalls, easily overlooked 
by the unwary, while they are cantering gaily along 
upon their arithmetic.”’ 
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CHAPTER LXXXIX 


URINALYSES AID in the diagnosis and prognosis 
of disease. Because of the importance and 
significance of the findings concerning the status 
of the individual who produced the specimen of 
urine under examination, it is essential that 
great care and precision must be observed in 
performing those tests from which interpretations 
are to be made. It is important to realize that 
laboratory tests (as in a urinalysis) supplement 
or aid other findings. They are indispensable in 
making available additional valuable information 
when attempting to arrive at_a diagnosis from 
the observation of the clinical picture, the history 
of the case, and other data. Repetition of, 
urinalyses are desirable, however, so as to reduce 
technical errors to a minimum and even to 
verify previous findings. 

The kind and extent of the tests to be per- 
formed should depend upon the history of the 
patient and the results of clinical examinations. 
In reality, therefore, it is the physician who, in 
requesting an examination of the urine, should 
name the specific substances for which tests are 
to be performed. However, it has been found 
more convenient, time saving, and more satisfac- 
tory to subject every specimen of urine to a 
systematic series of tests, all of these comprising 
determinations in the so-called routine urinalysis. 


Since the question frequently arises, what con- - 


stitutes a routine urinalysis, it is the task of 

every analyst to find out the determinations to 

be performed under this designation. 
Systematic methods in the performance of 


urinalyses are advocated and each worker should become 
familiar with the specific examinations which are re- 


URINALYSIS 
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(From Urine and Urinalysis by Gershenfeld) 
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Fig. 569—Spencer microscope. 


‘quired. It would be more satisfactory, of course, to 
adopt a general systematic method of conducting a 
routine urinalysis, so that the findings and the conclu- 
‘sions to be derived from them would be more mean- 
ingful. 

The report on this page has been used to advantage 


therein most frequently comprise the so-called routine 


vee urinalysis. 
ae The laboratory worker must only report and not at- 


Poe tempt to interpret laboratory findings. 


To facilitate the collection of specimens, mailing 
bottles, bearing a label as shown, should be supplied 
to physicians of the neighborhood. In the clean bottle 
should be placed a suitable preservative. 

In the performance of urinalyses, the following equip- 
ment will be required: 

A well-equipped microscope provided with high and 
Tee lenses such as the Spencer microscope (Fig. 

A centrifuge (hand, water, or electrically driven). 

The extra glassware consists of a burette, pipettes, 
urinometers, ureometer, albuminometer, etc. — 

The following textbooks are suggested as authorita- . 
tive and practical, giving not only a broader treatment 
of urinalysis than is possible here, but also containing 
chapters on gastric analysis, blood analysis, sputum 
examination, and many other subjects: Urine and 
Urinalysis, Gershenfeld; Clinical Diagnosis by Labora- 
tory Methods, Todd and Sanford; Practical Physiologi- 
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cal Chemistry, Hawk, Oser, and Summerson; and U. S. 
Army Laboratory M: anual. 

It is obvious that special training is required in con- 
ducting clinical laboratory tests. 


Composition of Urine 


The composition of urine is very complex, as the 
table below indicates. It is to be noted that there may 
be, even in a normal urine, great variances from the 
figures given in this table. It may be accepted, how- 
ever, that the average healthy person, under average 
conditions, will secrete urine of about this composition. 
The normal 24-hour excretion of urine measures from 
1200 cc. to 1500 cc. and contains the substances listed 
in the following table. 


TOTAL NORMAL URINARY SOLIDS 


Grams in 
24-Hour 
Output 
(Approxi- 
mate 
Average) 
PSEA (COTATI ae a 25 
Acid Radicles: 
Chlorides (chiefly sodium chloride) . Sete 
Phosphates (total estimated as phosphoric acid). . Dea bats .5 
Sulfates (mineral sulfates estimated as sulfuric acid). . ep PAS} 
Traces of nitrates, silicates, fluorides, and carbonates 
Basic Radicles: 
SS MUIPITA ASIN sO) stars oti ccsecokt eidisis cottaysl sigue axdis oiecg fue ats 9.0 
PRAE Ne aR LUEUTIN USEC) Mele cies Sete cies, are ymieveus Susi eve. ¢niabo.o tiie 2.5 
(Chol ileum ACK ORNS) Es Se SIE Sak Olea ie me a a 0.25 
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MNES PTITEAL CL hes eae fr Oe hh cn keto z, ehbiare see ialeis 0.6 
Neutral sulfur compounds: 
alloxyproteic acid, cystine, chondroitin, sulfuric acid, 
ethyl sulfide, oxyproteic acid, taurine derivatives, 
thiocyanates, and uroferric acid 
Ethereal sulfates: 
indoxy] sulfuric acid, phenol and p-cresolsulfuric hata 
pyrocatechol sulfuric acid, and peatoryl sulfuric acid 
(all estimated as sulfuric acid) . ale ee 0.25 


The remainder consists of: 
oxalic and oxaluric acids; aromatic oxyacids (homo- 
gentisic, kynurenic, p-hydroxyphenylacetic, p-hy- 
droxyphenylpropionic, hydroxymandelic and uroleuric 
acids); amino acids; organic phosphorized compounds 
(glycerophosphoric and phosphocarnic acids); paralac- 
tic, phenaceturic, and urocanic acids; benzoic acid; 
peptides and nucleoprotein; allantoin; creatine; uri- 
nary pigments (urochrome, urobilin, and uroerythrin) ; 
purine bases (adenine, epiguanine, episarkine, guanine, 
heteroxanthine, hypoxanthine, 1-methylxanthine, 
paraxanthine, and xanthine); and various enzymes 
(amylase, lipase, rennin, and pepsin) 
(From Gershenfeld’s Urine and Urinalysis) 


The following list comprises those substances which 
are considered abnormal when found in urine in 
amounts detectable by routine tests. 


ABNORMAL CONSTITUENTS 


Protein: Serum albumin, serum globulin, albumoses, mucin, Bence- 
Jones protein. 

Carbohydrates: Glucose, lactose, pentose, levulose, and other 
sugars. 


_ Acetone. bodies: Acetone, acetoacetic acid (diacetic acid), and 
8-hydroxybutyric acid. 

Bile. 
Indican. 


The abnormal microscopic factors are considered 
elsewhere in the text. 


EXAMINATION OF URINE 


a 24-hour specimen is usually desirable for a routine 

urinalysis. Individual specimens are generally em- 
ployed for qualitative examinations on account of the 
greater convenience. A mixture of the night and morn- 
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ing urine is to be preferred to single specimens for quali- 
tative testing but a 24-hour specimen must be used for 
quantitative examinations. 

Generally no preservative is needed. Sarmbles can be 
refrigerated until examined if testing is to be delayed. 
When, however, the urine must be transported a long 
distance or kept more than a day or two a chemical pre- 
servative is required. Toluol (a thin layer to overlay 
the urine) is highly satisfactory. Urinary preservative 
tablets of different formulas are available. 


Physical Properties 


Amount—The normal quantity for an adult is from 
1200 to 1500 cc. in 24 hours. Children pass more in pro- 
portion to body weight than adults. A new-born in- 
fant passes from 150 to 200 cc., a child of 5 years about 
700.cc. 

In health more urine is passed during the day than 
during the night (ratio of 3:1). This may be reversed 
in disease, notably in chronic interstitial nephritis. 

The amount varies physiologically according to the 
quantity of fluids and watery foods taken and the ac- 
tivity of the organs of elimination. 

Appearance—Normal urine is transparent, though a 
slight cloud of mucus may appear on standing. Cloudi- 
ness is generally due to pus, blood, bacteria, urates, or 
phosphates. Albumin itself, in pathologic amounts, 
causes no change in the appearance of the urine, except 
that it may, in unusual amount, increase the viscosity. 
The consistency of normal urine is watery; pathologi- 
cally it may be frothy from the presence of albumin, 
syrupy from the presence of sugar, or ropy from mucus 
or pus in alkaline urine. 

Odor—Normal urine has a faint aromatic odor. On 
standing a long time all urines are decomposed 
(undergo fermentation) and have a very unpleasant 
odor. Certain drugs (cubeb, copaiba, tolu, saffron, and 
turpentine) impart specific odors to urine. Asparagus 
promptly imparts a very characteristic odor to urine 
due to the formation of methyl mercaptan [CH;SH]. 
A pus-containing specimen often develops a putrid odor 
on standing, due to bacterial decomposition. Urinod 
[CgH,O], a neutral substance possessing a very disagree- 
able odor, has been isolated from urine. 

Color—Normal urine is amber or straw colored. It 
may vary a great deal within normal limits. With the 
ingestion of certain drugs and in some diseases, the color 
may be any of the following: 

Blue or green—The administration of methylene blue 
usually accounts for a blue or greenish color. On rare 
occasions a bluish urine appears from putrefactive 
changes in the intestines in cholera. 

Dark yellow or greenish brown—This color is usually 
due to bile. 

Black—Melanin from a melanotic sarcoma may color 
the urine black. In salol, phenol, or iodoform poison- 
ing, the urine may turn black on standing. Silver com- 
pounds (such as argyrol, protargol, etc.), used for irri- 
gating, frequently color the urine a deep brown, espe- 
cially the sediment formed on standing. 

Red, brown, or smoky color—This may be due to blood. 

Red—In an alkaline urine this may be due to phenol- 
phthalein, rhubarb, senna, or cascara (or any emodin- 
bearing drug). Dyes used as medicinal agents may be 
responsible. 

Milky—A milky appearance is found when there is an 
admixture of fat or chyle. 

Reaction—Normal urine is usually acid in reaction 
(pH 6, with a range of 4.5 to 7.5), but may be tempo- 
rarily neutral or alkaline. An amphoteric peHCuOn the 
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urine turning red litmus paper blue and blue litmus 
paper red, is rare and has no pathological significance. 
Alkaline urine may be due to decomposition in the 
bladder as in cystitis with retention of the urine, or to 
administration of alkaline drugs. A meat diet has a 
tendency to increase the acidity, and fruit and vege- 
table diets to diminish acidity. Thus a change in re- 
action may be from strongly acid to pronounced alkaline, 
in a normal person, during a day. 

The reaction is determined by the use of litmus 
paper, acid urine turning blue litmus paper red and 
alkaline urine turning red litmus paper blue. 

Total Acidity—The total acidity of urine varies con- 
siderably. In estimating the total acidity, the speci- 
men of urine should be a mixture of the 24-hour excre- 
tion, and should be as fresh as possible. It nay be 
quantitatively determined as follows: 

Folin’s Method of Estimating Acidi anlar 10 ce. 
of urine into a 100-ce. flask, add about 25 ce. of distilled 
water, 3 drops of a 1 per cent alcoholic solution of 
phenolphthalein, and about 2 Gm. of potassium oxalate. 
Add slowly N/10 NaOH until a permanent faint pink 
color appears. The flask should be shaken after each 
addition of alkali, and the alkali added drop by drop 
after adding the first 1 or 2 ec. The number of cc. of 
N/10 NaOH required to neutralize 1 cc. of urine, multi- 
plied by the number of cc. of urine passed in 24 hours, 
gives the ec. of N/10 alkali required to neutralize the 
acidity in a 24-hour output. Normally this ranges from 
250 to 500 cc. with an average of 350 cc. 

The hydrogen ion concentration (pH) is readily ascer- 
tained in the naturally buffered liquid. The use of 
pH test papers is simple and an accurate procedure for 
noting acidity. The following test papers cover the 
most useful range for pH determinations in urine: 


pH INDICATORS FOR URINE 


pH range Color change 
Bromeresol purple.’.;............; 5.2 to6.8 Yellow-purple 
@hlorphenoliiredfa ieee a eee 5.2to6.8 Yellow-red 
Bromthymol blue................ 6.0to 7.6 Yellow-blue 
Phenolired: a yamag ce wvaerue ers eee ore 6.8to 8.4 Yellow-red 
Cresol red tacacceke ho roe enero rete: 7.2to8.8 Yellow-red 
INItPAZINe eee hee be 2 eae 4.5to7.5 Yellow-gray-blue 


Specific Gravity—The normal specific gravity of a 
24-hour specimen of urine is between 1.014 and 1.022. 
Normally a great variation occurs in single samples of 
urine, the night urine having a higher specific gravity. 
It also varies normally according to the amount of 
fluid ingested, and the quantity of skin excretion. 

Physiologically, the — specific 
gravity varies inversely as to the 
total volume. It is increased by 
nitrogenous diet. Pathologically, 
the specific gravity is high in the 
following diseases: diabetes mel- 
litus, acute nephritis, acute fevers. 
The specific gravity is low in 
diabetes insipidus, and in chronic 
interstitial nephritis the specific 
gravity is markedly fixed and low, 
due to the inability of the kidney 
to excrete a concentrated urine. 

The specific gravity is con- 
veniently estimated by means of 
the urinometer (Fig. 570). This is 
sufficiently accurate for general 
clinical purposes. The instrument 
is peneraliy calibrated for use at 15° C. If the specific 
gravity 1 is taken at any other temperature, a correction 
as given below may be applied, though in practice this 


Fig. 570—Urinometer. 
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is rarely done. In making a correction, add 1 unit in 
the third decimal place for every 3 degrees above 15° C., 
and subtract. 1 unit for every 3 degrees below 15° C. 

Example: The urinometer is calibrated for 15° C. 
The specific gravity of the urine when taken at 18° C. 
is 1.020. The true specific gravity at 15° C. would be 
1.020 plus 0.001 = 1.021. 

In using the urinometer always read the meniscus 
at. the lowest point with the eye on a level with the 
liquid. 

Total Solids—By the total solids is meant the solids 
excreted in 24 hours. The normal total solids of an 
adult on ordinary diet is about 60 Gm. About 4 per 
cent of the weight of the urine is that of the solids, and 
of this urea forms a little less than half. 

For accurate estimations, the total solids are deter- 
mined by the usual chemical methods employed for 
estimating total solids in liquids. For approximate 
estimation, the total solids may be estimated by the use 
of Haeser’s coefficient. The two last figures of the 
specific gravity multiplied by 2.33 (Haeser’s coefficient) 
equals the Gm. per 1000 ec. This multiplied by the 
number of liters (1000 ce.) passed in 24 hours gives the 
total solids. 

Example: 1400 ce. of urine is the 24-hour amount. 
The specific gravity is 1.016 and 16 XK 2.33 K 1.4 = 
52.19. Thus the total solids weigh 52.19 Gm. 

Long’s coefficient (2.6) is used in much the same way, 
and is considered more accurate by many authorities. 


Chemical Examination 


Albumin—In the classification of organic substances 
albumin is considered to be a member of the group of 
proteids, hence is often referred to as such. The pres- 
ence of albumin in the urine is spoken of as albuminuria, 
and when present in amounts detectable by the routine 
tests is considered an indication of an abnormal condi- 
tion. True albuminuria is the presence in the urine 
of albumin which has escaped through the cortex of the 
kidney. There is, however, an albuminuria without 
definite kidney lesions (usually small amounts of albu- 
min). This may be functional, as after severe exercises 
or after prolonged cold baths. Contaminating bacteria 
in old samples of urine may also give a false albumin 
test. 

A wrong impression is prevalent in some quarters 
that when albumin is found by chemical test in urine, 
there will always be found microscopically such findings 
as casts, blood, or pus cells. This is not always true. 
Albumin will be found in most instances when casts, 
blood, or pus cells are present—but albumin may also 
be found in the absence of these. 

Serum albumin and serum globulin are usually both 
present in albuminuria, sometimes also nucleo-albumin 
and albumoses. Most ordinary tests reveal the presence 
of all of these substances. The appearance of proteoses 
or globulin, except in association with serum albumin, 
is rare. ‘The Bence-Jones protein appears in the urine 
in multiple myeloma. When present, there is usually a | 
large amount. This protein coagulates on heating at — 
about 60° C., clears up on further heating, and re- 
appears on cooling. 

For all albumin tests use a clear (preferably slightly 
acid) sample. If cloudy, filter or centrifugalize. If 
still cloudy, mix the urine with kieselguhr, and filter. 


Qualitative Tests for Albumin 


Coagulation Test—Heat the upper layer of 15 ce. of 
urine placed in a Pyrex test tube. The addition of a few 
drops of acetic acid to the liquid with another heating. 
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will show a persistent cloudiness if albumin is present. 
Phosphates will be precipitated by the simple heating, 
but this precipitate will promptly dissolve in the acid. 

Heller’s Test or Nitric Acid Test—Place 3 ce. of con- 
centrated HNOs in a test tube and float on the surface 
of the latter (so-called contact test) an equal quantity of 
clear acid urine (make slightly acid with dilute acetic 
acid and clarify if necessary). Allow the tube to 
rest for several minutes. A white flocculent ring or 
opaque zone at the juncture of the two fluids indicates 
the presence of albumin. The white ring is due to the 
formation of metaprotein which is insoluble in strong 
nitric acid. 

In using nitric acid, do not use fuming nitric acid, as 
the latter will decompose the urea, and the liberated 
gases will destroy the line of contact. Alkaline urines 
should be acidified before Heller’s test is performed, as 
any gases liberated when in contact with the acid will 
also interfere with the observation of the opaque ring 
of albumin. 


INTERPRETATION OF HELLER’S TEST 


Precipitates 

Albumin shows a white ring at the junction of the acid and urine. 

Nucleo-albumin or mucin shows a white ring above the contact 
with a clear zone between. 

Urates show a cloud above the contact line which disappears on 
heating or on using diluted urine. 

’ Colors 

Normal—varies from a faint pink to a brownish ring at the point 
of contact. 

Biliary pigment—dark green or blue. 

Indican—violet or bluish when great excess is present. 

Iodides—intense brownish red. 

Aniline compounds—red to purple. 


Robert’s Modification of Heller’s Test—Use Robert’s 
Reagent in place of the nitric acid consisting of 100 cc. 
of a saturated aqueous solution of magnesium sulfate 
mixed with 20 cc. of nitric acid. 

The interpretation is the same as that of Heller’s test 
so far as precipitates are concerned, and the test is 
more delicate, particularly in that the colored rings are 
not. so much in evidence. 

Sulfosalicylic (Salicyl Sulfonic) Acid and Exton’s 

Tests—Use the same technique as in Heller’s test or in 
other contact tests, employing as the reagent either a 
20 per cent aqueous solution of sulfosalicylic acid or 
Exton’s Reagent (aqueous solution containing 5 per 
cent sulfosalicylic acid and 20 per cent sodium sulfate) 
* or either of the two reagents may be warmed gently 
(boiling not necessary) with an equal part of the clear, 
slightly acid urine. A white cloud in the latter or at 
the point of contact in the former indicates the presence 
of albumin. The test may also be applied by adding a 
bit of the dry powder (sulfosalicylic acid or this acid 
with some crystals of sodium sulfate) and warming. 
Urates and resin acids ‘are not precipitated. Bence- 
Jones protein and proteoses clear upon boiling and re- 
appear upon cooling. The sulfosalicylic acid technique 
is very satisfactory and particularly useful when only 
small quantities of urine are available. 

Quantitative Estimation of Albumin—Gravimetric 
Method (Folin and Denis)—Ad4d 1 cc. of 5 per cent acetic 
acid to 10 ce. of filtered urine placed in a weighed 
centrifuge tube, and place this in a beaker of boiling 
water for 15 minutes. 
off the supernatant fluid. Add 10 ce. of boiling 0.5 per 
cent acetic acid, stir the precipitate, and again centri- 

-fuge. Pour off the supernatant fluid and now add 50 
per cent alcohol. Stir and centrifuge this mixture. 
After completely discarding all of the supernatant fluid 
(dilute alcohol), place the tube in an air bath at 100° C. 
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for 2 hours (or until constant weight is obtained); cool 
(in a desiccator, if necessary) and weigh. ‘The difference 
in weight between the tube plus precipitate and the 
weight of the empty tube will give the weight of the 
precipitate (in the amount of urine employed, or 10 ce., 
as designated here). 

Calculation : 


100 X weight of ppt. in Gm. _ Gm. of protein in 100 ce. or per 


Centrifuge the tube and pour. 


10 (or ec. of urine used) —«cent of protein 


Esbach’s Method—The following method is used 
where no centrifuge is available. Fill an albuminometer 
(Fig. 580) to the letter U with clear, 
filtered urine. Add Esbach’s Reagent 
(page 1082) to the mark R onthe tube. 
Insert a rubber stopper and invert slowly 
several times until the contents are 
thoroughly mixed. Carefully remove the 
stopper to allow the generated vapors 
to escape, again stopper the tube and 
set it. aside for 24 hours in a cool place. 
Note the height of the precipitate in the 
albuminometer; the graduation on the 
tube corresponding to this height will 
indicate grams of dry protein (recorded 
as albumin) per 1000 cc. of urine. If it 
has been found necessary to dilute the 
urine with water, the reading is multi- 
plied by the dilution made to give the 
final result of Gm. of dry albumin per 
1000 cc. of the sample. 

Exton’s Quantitative Test—Exton’s Reagent is pre- 
pared as follows: Dissolve 50 Gm. of sulfosalicylic acid 
(Eastman) and 10 Gm. of sodium sulfate (with the aid 
of heat) in 800 ce. of distilled water; add 25 cc. of a 
clear 0.4 per cent aqueous solution of bromophenol blue; 
make up to 1 liter and filter through acid-washed paper 
(Whatman No. 40). This solution is reeommended for 
quantitative examinations, though the Exton’s reagent 
used for qualitative tests is employed by some workers. 

Clear glass stock test tube standards (comprising a 
series of 12) are prepared (or best purchased) represent- 
ing 0, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 mg. 
protein per 100 cc. In preparing these standards, fresh 
sheep blood serum (free from hemoglobin) is obtained, 
the protein estimated, and then diluted with 5 volumes 
of 2 per cent NaCl solution. This is further diluted 
with distilled water to prepare a stock solution contain- 
ing 200 mg. protein in each 100 ce. This stock solution 
is diluted to prepare the desired standards of protein 
concentrations, using as the diluent distilled water and 
a sufficient quantity of a 1 per cent acacia solution to 
obtain a 0.5 per cent concentration of acacia in each 
protein tube. To 4 cc. of the desired protein concentra- 
tions placed in each of the respective final standard 
tubes are added 4 cc. of the reagent and the tubes are 
sealed and properly marked. 

Clean test tubes of the same size as used (and in all 
other respects similar to those used) to prepare the 
standards are employed in performing the test. Add 
2 to 3 ce. of reagent to an identical quantity of clear 
(filtered or centrifuged) acid (acidify if alkaline) urine; 
allow to stand for 5 minutes; invert the tubes gently; 
and warm by quickly passing the tube (immediately 
before reading) through the flame (do not boil). The 
test is qualitative as well as quantitative. The absence 
of cloudiness in the warm tube denotes the absence of 
protein in the urine. Any cloud produced is compared 
with the standard tubes (after the latter are inverted to 
obtain homogeneous suspensions). The degree of cloudi- 


Fig. 571 Albu- 
minometer. 
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ness is best noted in a comparator (supplied with all sets 
purchased). Standard tubes of approximately the 
same opacity are placed in the pockets of the compara- 
tor on both sides of the test. The comparison is made 
by matching and looking through the tubes. 


If the test reveals a suspension more clouded than 
that in the 100-mg. standard tube, dilute the urine; 
repeat the above technique; obtain a reading on the di- 
luted sample; and multiply this result by the number 
of times diluted to give the milligrams of protein per 100 
cc. of original sample. 


In a clouded specimen which cannot be cleared, pro- 
ceed as follows: Dilute the (acid) urine with an equal 
quantity of distilled water and obtain a reading against 
the standard tubes. Treat another portion of the 
(acid) urine in the usual manner for testing as above and 
read against the standard tubes. The differerce be- 
tween the two readings approximates the protein con- 
tent of the clouded specimen. 

Sugar—Glucose or dextrose is by far the most com- 
mon sugar found in the urine and the one of greatest 
clinical significance; in routine urinalyses, unless other- 
wise stated, a record reporting sugar is interpreted as 
glucose. It is for this reason that in routine urinalyses 
the terms sugar and glucose are employed synony- 
mously. The other urinary sugars, such as levulose or 
fructose, lactose or milk sugar, pentoses and galactose, 
if present in the urine are generally reported as sugar 
by the laboratory worker and in turn are interpreted as 
glucose by the clinician who is not on his guard. The 
clinician must ask for the examination of another sample 
and request a definite recognition of the copper-reduc- 
ing carbohydrate if he suspects the presence of sugars 
other than glucose or reducing agents other than sugars. 
A positive reduction test reported as sugar (especially 
less than 0.5 per cent) in the absence of clinical symp- 
toms calls for a determination of the cause of the reduc- 
tion. If it is glucose, a fasting blood sugar and if 
necessary a glucose tolerance test should be performed. 


Tests for the Detection of Urinary Sugars (Reduction 
Tests)—Albumin if present in appreciable quantities 
must be removed before performing the reduction tests. 
Albumin alone is removed by acidifying the urine w:th 
dilute acetic acid, boiling the mixture and filtering any 
precipitate which forms. The sugars reduce only in an 
alkaline medium. If the treated urine under examina- 
tion is markedly acid it may be necessary to neutralize 
the latter before performing the test. 


Benedict’s Qualitative Test—To 5 cc. of Benedict’s 
qualitative reagent add 8 drops of urine. Mix thor- 
oughly and boil over a flame or place in a boiling water 
bath for 2 minutes. Allow the mixture to cool spontane- 
ously. If the solution remains clear and unchanged 
while hot and later (after 5 minutes), or only a slight 
turbidity (white or bluish white in color) due to urates 
or phosphates is produced, no sugar is present. If 
sugar is present, the entire body of the solution 
will become opaque and filled with a precipitate which, 
depending upon the quantity of sugar present, will 
be opalescent, green, yellow, orange, orange-brown, 
or bright red in color. The amount of the precipitate, 
however, rather than the color change is the more 
important indicator in a positive reaction. 

Benedict’s test is more satisfactory than Fehling’s. 
Benedict’s reagent is stable, is a single solution, and is 
more convenient than Fehling’s reagent. It is more 
sensitive and yields positive results with glucose present 
in a concentration as low as 0.1 per cent. Benedict’s 
solution is less susceptible to reduction by chloroform, 
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uric acid, urates, and other constituents or to interfer- 
ence by creatinine, etc. 

For other qualitative tests and the differentiation be- 
tween the other urinary sugars, found occasionally, see 
any of the books listed on page 1036. 

Benedict’s Quantitative Test—Place the urine in a 
graduated burette, pipette 25 cc. of Benedict’s quanti- 
tative Reagent into a flask of about 150-cc. capacity, 
and add from 5 to 10 Gm. of anhydrous sodium carbon- 
ate and a small amount of powdered pumice. Heat the 
mixture to boiling and run the urine in rapidly from the 
burette until a chalky-white precipitate begins to form. 
Then run the urine in more slowly, with continuous 
boiling, until the last trace of blue color disappears, 
indicating the end-point. Chloroform or formaldehyde, 
if present, should first be removed by boiling, as they 
interfere with the reaction. It has been found that 
0.050 Gm. of glucose reduces 25 ec. of Benedict’s Quan- 
titative Reagent. Ifa large amount of glucose is pres- 
ent, the urine should be accurately diluted and the 
test carried out on the diluted specimen, the final re- 
sults being multiplied by the proper factor correspond- 
ing to the dilution made. 

Example: A 24-hour specimen of urine contained 2500 
ec. The quantity of urine required to reduce the 25 ce. 
of Benedict’s (equivalent to 0.050 Gm. of Glucose) was 
12.5 ce. 


Therefore—12.5 cc. of urine contains 0.050 Gm. of glucose 
1 ce. of urine contains 0.004 Gm. of glucose 

. of urine contains 10 Gm. of glucose 

. contains 1935 or 0.4 per cent of glucose 


Sumner’s Test—Urine is heated with an alkaline 
dinitrosalicylic acid reagent, which is reduced by sugar 
producing a color, and the latter is compared with a 
known glucose solution treated in the same manner or 
with permanent standard tubes. The procedure is both 
qualitative and quantitative. 

Into a small tube (preferably a Folin-Wu blood sugar 
tube), graduated to 25 cc., add 1 ce. of urine (or a dilu- 
tion of the latter) and 3 cc. of the dinitrosalicylic acid 
reagent. Mix; heat in boiling water for 5 minutes; 
then cool in running water for 3 minutes; dilute to 25 
ec. and after agitation compare with permanent test- 
tube standards representing or equivalent to definite 
concentrations of sugar. Standards (up to 3 per cent) 
and reagents are available on the market. If the direct 
reading with standard tubes is higher than 3 per cent, 
dilute, compare, and multiply by the dilution factor. 
These standards can be prepared as follows: 

STANDARDS FOR SUMNER’S TEST 
Ferric Amm. 


Sulfate (0.8625 
m. in 100 


1% Aqueous 
Sol. Dinitro- 


Sugar salicylic Acid 


(Equivalent), (Eastman), Cc. Dist. H2O), Distilled 
No. er Cent Ce. A Ce. ater 
i 0.2 10 0 
2 0.4 10 Les 
2 0.6 10 2.53 
+ 0.8 10 S222 
he pee 
ie F 
7 eA 10 5.32 +To make 100 cc. 
8 1.6 10 6.10 
9 LS LOR 6.80 
10 2.0 10 ott) 
11 2.5 10 9.1 
12 320 10 10537) 


Standards retain their accuracy for a period of at 
least 3 years. In this technique, which is both qualita- 
tive and quantitative in one procedure, readings under 
0.2 per cent standard are regarded as negative for sugar. 

Urea—The percentage of urea in normal urine varies ~ 
largely with diet and with urine concentration. The 
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average normal quantity is between 2 and 2.5 per cent. 
In disease the amount retained in the blood varies 
greatly, and more diagnostic stress is placed in modern 
practice upon quantitative factors of the urea and kin- 
dred products retained in the blood stream. 

There are many methods available for determining 
the urea content in urine. For accuracy the various 
urease methods are to be preferred, but for rapidity and 
simplicity in technique the hypobromite method, 
though it entails the use of a less specific reagent, is 
satisfactory and adequate for clinical work where strict 

eccuracy is not necessarily essen- 
tial. A ureometer (Fig. 572) is 
required for this test. 
Hypobromite Method—Take 5 
ce. each of solutions Nos. 1 and 2 
- (see Sodium Hypobromite Solution 
below) in a large test_tube, mix, 
and dilute with 10 ce. of distilled 
water. Before pouring this solu- 
tion into the ureometer close the 
stopcock. Fill the bulb with the 
reagent just prepared and incline 
the tube until the long arm is 
completely filled and sufficient 
liquid remains in the open tube to 
prevent any bubbles of air form- 
ing in the closed arm. Should 
20 cc. be insufficient, add a few 
ec. of distilled water. The small 
arm is filled exactly to the zero mark with urine to be 
- tested. 

Carefully turn the stopcock, allowing 1 cc. of urine 
to enter the tube containing the reagent. This should 
be done very slowly. As soon as the evolution of gases 


Sa 


yam eea 


Fig. 572—Ureometer. 


(chiefly nitrogen) has ceased, usually in from 10 to 20° 


minutes, read off the number of cc. of gas in the long 
arm, and multiply this figure by 1000 to obtain the 
- amount of urea, expressed in Gm. per 1000 ce. of urine. 


SODIUM HYPOBROMITE SOLUTION 


~ Solution No. 1 

Dissolve 125 Gm. of sodium bromide in water, add 125 Gm. of 
bromine, and sufficient water to make 1 liter. 
Solution No. 2 


Prepare a solution of sodium hydroxide having a specific gravity 
of 1.25 (approximately 22.5 per cent). 


Indican—Indican (potassium indoxylsulfate) is 
formed from indole. The latter is oxidized to indoxyl 
and is subsequently conjugated to form the potassium 
salt. Indican in a small amount is a constituent of 
normal urine. Increased amounts result from putrefac- 
tive processes, especially intestinal putrefaction. This 
indican must not be confused with the glycoside indican 
which is indoxyl 6-glucoside found in the indigo plant. 

Obermayer’s Test—To 5 cc. of Obermayer’s Reagent, 
add an equal amount of the urine to be tested, followed 
by 2 ce. of chloroform. Invert several times slowly. 
_ The chloroform becomes blue in proportion to the indi- 

can present, the color increasing on standing. An accu- 
rate reading can usually be made in from 5 to 10 min- 
utes. With normal urine a faint blue color will result, 
while an increase of indican gives a deep blue color 
(due to formation of indigo blue; occasionally due to 
slow oxidation, indigo red is formed). 

Patients taking iodine or its. compounds will show a 
false reaction with the chloroform, which, in the pres- 
ence of iodine, is colored violet and not blue as with the 
‘indican. The color due to iodides will, however, dis- 
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appear upon the addition of a crystal or a few drops of a 
solution of sodium thiosulfate. 

Bile—Bile in the urine (choluria) is always pathologi- 
cal. Bile salts and bile pigments usually appear to- 
gether and tests for bile pigments are generally per- 
formed routinely for the detection of bile in urine. A 
greenish yellow urine, which when shaken shows a per- 
sistent yellow froth, is typical of bile. 

Gmelin’s Test—Superimpose the urine upon nitric 
acid (containing oxides of nitrogen) in a test tube. If 
bile is present, a dark green color will appear at the 
point of contact, followed by a display of varied colors. 

Smith-Rosen Test—Superimpose 2 cc. of Smith’s re- 
agent, which is a 1 per cent alcoholic solution of iodine, 
upon about 10 cc. of urine in a test tube: an emerald- 
green ring appearing at the point of contact indicates 
bile. 

Acetone, Diacetic Acid, and 6-Hydroxybutyric Acid— 
These so-called acetone or ketone bodies are mostly 
found in acid urines and.are indicative of the faulty 
catabolism of fats. In several cases of ketonuria, the 
acetone bodies may so deplete the fixed base or alkali 
reserve of the blood as to lead to a severe acidosis. 
Fasting, anesthesia, etc., produce a temporary acidosis, 
with its acetonuric signs. 

Lange’s Test—To 5 ce. of urine, add a few drops of a 
freshly prepared saturated solution of sodium nitro- 
prusside and then 5 cc. of a 20 per cent solution of so- 
dium hydroxide. Acetone will indicate its presence by 
a permanent crimson color. However, to confirm its 
presence, add an excess of glacial acetic acid to the well- 
shaken mixture; in the absence of acetone, the color is 
discharged; in its presence, the color becomes intensi- 
fied. 

Lieben’s Test—Half fill a test tube with urine and add 
1 ec. each of Lugol’s solution and ammonia water: a 
black precipitate of nitrogen iodide forms and gradually 
disappears. If acetone is present, iodoform is formed, 
and is recognized by its odor, yellow color, and the 
microscopic appearance of its crystals, which are hex- 
agonal plates. It should be noted, however, that eth- 
anol (ethyl alcohol) in urine will produce the same reac- 
tion. 

Gerhardt’s Test—To about 5 cc. of urine, add ferric 
chloride solution drop by drop, until no more precipi- 
tate forms. If diacetic acid is present, a violet-red or 
Bordeaux-red is produced. A variety of drugs or their 
derivatives, notably the salicylates, give a color reac- 
tion when present in urine, so that a positive result only 
indicates the possible presence of diacetic acid. If con- 
fusion due to drugs is suspected, boil the red solution 
from 2 to 3 minutes; if the color is due to diacetic acid, 
it should disappear during boiling, and not reappear on 
cooling. Still better, as a confirmatory test for the 
presence of interfering substances, boil the urine and 
cool before the reagent is added: the diacetic acid will 
be driven off, but salicylates are fixed, and when the 
reagent is added, the color will be apparent. 

Hemoglobin (Occult Blood)—The so-called chemica 
test for blood is in reality a test for’ hemoglobin 
only. In order to determine whether a hemoglobinuria 
or a hematuria exists, a microscopic examination must 
be made. Whole blood (as is found in a hematuria) — 
will be revealed not only by a positive chemical test 
(for hemoglobin) but also by the finding of unruptured 
red corpuscles microscopically. In a hemoglobinuria 
only the hemoglobin (a positive chemical test) is present. 
If the urine to be tested is not acid, and the reagent to 
be employed in the test for hemoglobin is not markedly 
acid (such as the guaiac solution or even benzidine if a 
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saturated alcoholic and not a glacial acetic acid solution 
is used), then it is very important to acidify the urine 
with dilute acetic acid, as the blue end-reaction is very 
sensitive to alkali. 


Fig. 573—Casts. 


Hyaline casts. 5. Blood cell casts (low and high power). 


TL. 

2. Fine granular casts. 6. Waxy casts. 

3. Coarse granular casts. 7. Pus cell casts (low and high power). 
4, Epithelial casts. 


Benzidine Test—Mix 2 ec. of a saturated solution of 
benzidine in glacial acetic acid with 2 cc. of the urine 


and 1 ec. of hydrogen peroxide solution (U.S. P.). A ° 


blue or bluish green color which reaches its maximum 
in 5 or 6 minutes indicates a positive reaction. 

Different benzidine preparations vary markedly in 
the sensitiveness of the end-reaction. It is, therefore, 
advisable to purchase only the benzidine labeled: ‘For 
blood tests.”’ The solutions should be kept in amber- 
colored bottles in a dark place. In this test the oxygen, 
liberated by the HeOz which is decomposed by ‘the 
hemoglobin, oxidizes the benzidine to the bluish green 
compound (the exact chemistry of the reaction is not 
thoroughly understood). 

Guaiac Test—To 5 ce. of urine, add sufficient freshly 
prepared alcoholic guaiac solution (1 to 60) to give a 
turbidity and then add several drops of old or ozonized 
turpentine or solution of hydrogen peroxide (U. 8. P.) 
until a blue color is obtained. 


Microscopic Examination 


The microscopic examination of urinary sediments 
requires considerable practice and reports should be 
given only by experienced workers. The value of the 
microscopic examination of the urine is of importance 
from a diagnostic point of view. To determine the 
nature of the insoluble constituents, the sediment in the 
urine is allowed to settle in a conical glass or, much more 
expeditiously, by centrifuging. This is done by pour- 
ing the urine into a centrifuge tube and whirling in the 
centrifuge at a low speed for a few minutes. A drop of 
the sediment is placed on a clean microscopic slide and 
a cover glass is placed over the sediment. It is well to 
examine the sediment first under the low power of the 
microscope, care being taken that most of the light is 
shut off. Casts are not easily seen in the presence of 
much illumination. Then examine the sediment under 
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the high power. In this way any suspicious elements 
noted under the low power may be clearly seen under 
the high power. 

Sediments are generally considered in two groups, 
the organized and the unorganized sediments. 

Organized Sediments—These may be briefly classed 
as follows: 

Casts are molded in the uriniferous tubules. Their 
presence in numbers indicates the beginning, the pres- 
ence, or the recent presence of some pathological (a 
toxic or inflammatory) condition of the kidney. Casts 
are cylindrical, finger-shaped bodies possessing a defi- 
nite and distinct outline of varying diameter and vary- 
ing lengths. The same causes which produce albumi- 
nuria are responsible for casts. They are usually found 
together, though either may be found without the other. 
See Fig. 573. 

Hyaline Casts—These are homogeneous, usually 
narrow, delicate, cylindrical bodies with parallel sides 
and generally rounded ends. They are so transparent 
that the illumination must be considerably cut down in 
order to see them. They vary much in size, some being 
very small. They appear with less provocation than 
other varieties of casts, being found in temporary irrita- 
tion of the kidneys, after anesthesia, etc. They appear 
also in connection with other varieties in all forms of 
nephritis, and may be the only form of cast found in 
advanced interstitial nephritis. 

Granular Casts—The substance of this cast appears 
finely or coarsely granular and more or less dark look- 
ing. Sometimes the base of the cast seems to be 
hyaline with granules partly filling the clear substance. 
Granular casts indicate a definite lesion of the kidney . 
and seldom appear except in nephritis. The coarsely 
granular cast has a more serious significance than the 
finely granular. 

Waxy Casts—These casts are opaque and homo- 
geneous and have a tendency to break off square at the 


end. They are sometimes twisted or bent and often — 


show transverse cracks. They appear in advanced 
nephritis and are of serious significance. In acute 
nephritis, a cast called by many writers ‘‘fibrinous,” is 
occasionally found which is difficult to distinguish from 
“waxy.” It is apt to be yellowish or brownish in color. 


| 
Fig.574—-Cylindroids. (Few epithelial cells in field.) 


Epithelial Casts—The cells of the tubules or other — 
epithelia compose or cover these casts. Sometimes a 
hyaline or granular base appears. Sometimes the cast 
seems entirely formed of epithelial cells. 

Blood-cell Casts—These casts are covered by or 
formed of red blood cells. They appear whenever there 
is exudation of blood into the kidney tubules, as in acute 
nephritis. 


_ Pus Casts—A few leucocytes may be attached to 


casts of any variety, but true pus casts are formed en- 
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tirely of pus cells. They are found in pyelonephritis, 
and are always of grave significance. 

_ Fatty Casts—These consist of masses of fat globules. 
They are the product of fatty degeneration of epithelial 
cells composing epithelial casts. If the degeneration is 
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Fig. 575—Epithelial cells. 


Leucocyte (pus cells) for comparison, 
Renal cells. 

Superficial renal pelvic cells. 

Cells from calices of kidneys. 
Bladder cells (squamous). 

Cells from ureter. 

Bladder cells. 

Sealy bladder epithelium. 

Epithelia from prostatic urethra. 
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only partial and the cells can still be made out, they 
usually are called epithelial. They appear in both acute 
and chronic parenchymatous nephritis. 

Pus, blood, and epithelial cells may be found in the 
same cast. It will take its name from the predominating 
cells or be called a mixed-cell cast. 

CYLINDROIDS are bodies of the apparent composition 
of hyaline casts, only less solid. One end seems molded 
and the other stringy and fine. They are considered 
unimportant, although they may be precursors of casts. 
See Fig. 574. 

EPITHELIAL CeLLs—Some of these are always present. 
The presence of large numbers constantly is of patho- 
logical significance. They are of three general types: 

Squamous—Large, thin, flat, leaf-like cells, often in 
sheets each cell containing a rather small, round nucleus. 
They come from the bladder, urethra, or vagina. 

Irregular Cells—Caudate, pyramidal, cylindrical; 
may come from deep layers of epithelium anywhere in 
the tract. 

Round Cells—Small round cells with comparatively 
large nuclei, often slightly granular. These include the 
renal cells, but cells similar in appearance may come 

from other portions of the 


@® tract. Such cells are not 
Ae ed common in normal urine. 
@e® 1 It is well to report the pres- 
@ @ ence of undue numbers of 

SEE SH:- Oxon epithelial cells but not to 
er -- attempt a description of 
+ eek = their origin. See Fig. 575. 
eo Leucocytes oR Pus 
3 Crtis (Fig. 576)—These 

Fig. 576—Pus cells. are about twice as large as 

1. Usualappearance. _ : red _ blood cells, round, 
2 After addition of wcetic cid. granular, with irregular 


nuclei indistinct or invisible. 
They may be much or only 
a little degenerated. The addition of acetic acid to the 
slide will clear up the nuclei and make their character- 
- istics more distinct. An occasional leucocyte may be 
- found in normal urine. il 

. Sources of pus: Urethritis, cystitis, pyelitis, from 


the residual urine of 


cystitis. 
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various bacterial causes. 
may be present. 

ERYTHROCYTES OR ReD BLoop CeLLs—These appear 
in the urine as the normal biconcave or crenated eryth- 
rocyte. The pathological conditions in which erythro- 
cytes are found in the 
urinary sediment are 
as follows: Hemor- 
rhage of the kidney or 
of the urinary tract, 
and congestion. 

Unorganized Sedi- 
ments—These are gen- 
erally regarded as 
having but little sig- 
nificance. However, 
their presence in urine 
is reported by the 
analyst, and to the 
physician such a re- 
port may be of diag- 
nostic assistance. A 
rather complete list Fig. 
of the unorganized 
sediments includes the 
following: magnesium 
ammonium phosphate, 
calcium oxalate, 
calccum phosphate, cal- 
cium sulfate, calcxum 
carbonate, uric acid, urates, cystine, cholesterol, hippuric 
acid, leucine, and tyrosine. 

The following notes represent rather fully what little 
there is of diagnostic value in the recognition of the 
unorganized sediment. 

The commonest crystal sediments are the phosphates, 
urates, oxalates, and uric acid. The phosphates and 
urates may appear as amorphous sediments, the latter 
readily dissolving when heated, and the former 
promptly dissolving upon the addition of acetic acid. 


In nephritis a few pus cells 


577—Sediments from acid urine 
(pathologic). 


Uric acid crystals. 

Calcium oxalate crystals. 

Red blood cells (erythrocytes). 
Waxy cast. 

Fine granular cast. 

Epithelial cast 

Amorphous urates. 

Pus cells. 


Coe NSE ear 


bass ise 


Fig. 578—Sediments from alkaline urine (pathologic). 


Thorn apple crystals of ammonium urate. 
Triple phosphate crystals. 

Pus cells. 

Fine granular cast. 

Coarse granular cast. 

Hyaline cast. 

Bacteria. 

Cylindroid. 

Cells from calices of kidney. 

Calcium phosphate crystals. 
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Calcium oxalate crystals are generally found in acid 
urine and are frequently the result of eating rhubarb, 
asparagus, etc. They are connected in a variety of 
forms, as are most of the crystals in urine. 

Urates may appear as ammonium, calcium, magne- 
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sium, potassium, and sodium urate. The calcium, 
magnesium, potassium, and sodium urates appear in 
acid urines, while the sediment of ammonium urate ap- 
pears in neutral, alkaline, or acid urines. 

Sodium urate may be amorphous or crystalline. 
When crystalline, it appears in sheaves or clusters of 
colorless needles. ; 

Ammonium urate generally appears in the burr-like 
form of the “thorn apple,’’ which appears to be balls 
with spicules attached. 

Uric acid crystals, found only in acid urine, are gen- 
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erally amber or brown in color, are found clumped or in 
single crystals, of an oval tablet shape. They are not 
readily mistaken for any other crystal formation be- 
cause of their characteristic pigmentation. Cystine 
and other organic crystals are occasionally found, 
and they should be reported, since their presence is taken 
by some diagnosticians as evidence of a sulfur-protein 
abnormality, said to be associated with arthritis, ete. 

All the crystal forms are illustrated and should be 
well studied so that identification will be readily made. 
See Figs. 577 and 578. 


CHAPTER XC 


GENERAL NOTICES, TESTS, PROCESSES, AND APPARATUS OF THE U. S. P. AND N. F. 


ALL STATEMENTS appearing in the U.S. P. and N. F. 
not discussed elsewhere in this text are abstracted in 
this chapter and all headings appearing in the General 
Notices as well as all other headings for official explana- 
tory material are grouped in this one section. However, 
only cross references are given when the official material 
has been elaborated upon elsewhere. 


GENERAL NOTICES OF THE U. S. P. AND N. F. 


All official material in Remrncron’s Practice or 
PHARMACY is subject to the following general provisions 
and interpretations which have been abstracted from 
the U.S. P. XIII and the N. F. VIII. 


Title—The title of the Pharmacopeeia of the United States of 
America, Thirteenth Revision, including Supplements thereto, 
may be abbreviated to United States Pharmacopeeia, Thirteenth 
Revision, or to U. 8. P. XIII, and the title of the National For- 
mulary, Eighth Edition, including supplements thereto, may be 
abbreviated to National Formulary VIII or to N. F. VIII. 
When the terms U. S. P. and N. F. are used, without further 
qualification, during the period in which this Pharmacopceia and 
this N. F. are official, it refers to U. S. P. XIII and N. F. VIII 
including any Supplements thereto.’ 

Official—The word “‘official,’’ as used in RemineTon’s Prac- 
TICE OF PHARMACY is synonymous with ‘“Pharmacopceial’” or 
with “‘National Formulary.” 

Official Titles—Many of the English titles of monographs in 
the U.S. P. and N. F. have been derived primarily by a trans- 
position of the word order of former official English titles. The 
former official English titles, and other names derived by trans- 
position of the definitive words of an official title, shall be con- 
sidered to be synonyms of the official title. 


Color Names 


A method for the naming of colors by the use of simple English 
words, but based on a sound scientific foundation, has been de- 
veloped jointly by the Inter-Society Color Council, The National 
Bureau of Standards, the U. S. Pharmacopoeia, and the National 
Formularly. This method is known as the JSCC-NBS System 
of Color Naming. The color terms in the botanical monographs, 
in the monographs for certain certified biological dyes, and in 
certain chemical monographs of the ‘National Formulary VIII 
have been translated into this system. 

Each complete color name consists of a hue name, or of a hue 
name and one or two modifiers, the latter to describe the value 
(lightness) and chroma (strength) of the hue. The hue names are 
as follows and are arranged in the color name charts in the fol- 
lowing order: 


OFFICIAL HUE NAMES 


pink yellow greenish blue 
red olive-brown blue 

reddish orange greenish yellow purplish blue 
reddish brown olive bluish purple 


orange-pink yellow-green purple . 


orange olive-green reddish purpl 

brown yellowish green purplish pink 

yellowish orange green red purple 

yellowish brown bluish green purplish red 
blue-green 


greenish gray 
bluish gray 
purplish gray 


brownish gray 
yellowish gray 
olive-gray 


bluish white 
purplish white 
black 

reddish black 
brownish black 


gray 
pinkish gray 
reddish gray 
olive-black 
greenish black 
bluish black 
purplish black 


white 
pinkish white 

yellowish white 

greenish white 


The modifiers describing lightness are: light, moderate, and 
dark: those describing strength are: weak, moderate, strong, and 
vivid; and those combining the two are: pale, brilliant, dusky, 
_ deep, and faint. One adverb, namely, “‘very,’’ is also used. 


The ISCC-NBS System of Color Naming is flexible, in that it 
permits varying degrees of color specification. The most definite 
specification 1s applied to the whole crude drug, to the powdered 
drug, and to certain specific tests where color is of qualitative or 
quantitative value. The more general terms of specification are 
used in the description of colors observed under the microscope, 
in most chemical tests, and for purposes of minor identification. 
Very indefinite color specifications are occasionally used, where a 
wide range of color is to be expressed, but where the necessity 
for definite specification is not required. Examples may be 
quoted as follows: 

Definite specification—External color of Belladonna Root: 
“weak brown to moderate yellowish brown;’’ Powdered Bella- 
donna Root: “pale brown to weak yellow.” 

General specification—Medullary rays in Hydrastis: ‘yellowish 
orange to greenish yellow.” 

Indefinite specification—Cambium of Calumba: “dark.” 

The determination of color names by this system is described 
in the N. F. VIII (page 695). Additional publications describing 
the system of color naming and its application, as well as color 
name charts, may be obtained from the American Pharmaceutical 
Association, 2215 Constitution Avenue, Washington 7, D. C.! 

The ISCC-NBS System of Color Naming is based on the Mun- 
sell Book of Color which is a tri-dimensional system of color 
designation. The samples (chips) of the Munsell Book of Color 
have been determined in fundamental units, so that the ISCC- 
NBS names can be translated into any system of color designa- 
tion which is also expressed in these units. 

Where definite color specifications are included in the N. F. 
monographs they are to be considered as official requirements of 
equal importance to size and other descriptive specifications. 


Deviations Permitted 


The standards prescribed in the U. 8. P. and N. F. apply to the 
substances, preparations, and their ingredients, therein named 
when intended for medicinal use, and, when bought, sold, or dis- 
pensed, for this purpose, or when used in the tests and assays 
therein provided. 

Ingredients and Processes—Official preparations for which 
processes are given in the U.S. P. and N. F., unless exempted in 
the General Notices or in the individual monographs, are to be 
made only from the official ingredients named in the formulas, 
and by the official processes. 

In the manufacture of any official preparation, deviation in 
detail from the official directions is permissible, provided the 
finished preparation conforms to the standards prescribed by the 
U.S. P. or N. F., and to those produced by following the official 
directions, Unless specifically exempted elsewhere in the U.S. P. 
or N. F. the identity strength, quality, and purity of an official 
article are determined by the definition, description, general de- 
scription of physical properties, tests, assay methods, and other 
specifications relating to the article, whether incorporated in the 
monograph itself or occurring in any general introductory mono- 
graph, or in the general notices or in the section on general tests, 
processes, and apparatus. 

Use of Denatured Alcohol—In the manufacture of U.S. P. and 
N. F. preparations in which alcohol is used as a solvent only and 
does not remain in the finished product, it is permissible to use 
alcohol denatured by the addition of not more than 10 per cent 
by volume of methanol or acetone, in place of the alcohol, in 
accordance with Federal Statutes and regulations of the Bureau of 
Internal Revenue, but the preparations so made must be identi- 
cal with those prepared by the processes given in the monographs 
and must conform to the standards of the U.S. P. and N. F. 

Capsules and Tablets—In the manufacture of tablets and cap- 
sules it is permissible to use suitable diluents, bulking agents, 
colors, lubricants, and adhesives, such as starches, lactose, 
sucrose, and other innocuous materials. 

In the case of a liquid in capsules, innocuous agents may be 
added to achieve physical consistency which may enhance the 
effectiveness, safety, or stability of the product, unless specifically 


excepted in an individual monograph. 


A coating may be applied to official tablets and capsules, pro- 


1 Judd, Deane B., and Kelly, Kenneth L., ‘‘Method of Designating Colors,” 
J. Research, Nat. Bur. Standards, 23, 355-386 (1939); Kelly, Kenneth L, 
“Instructions for Determining the Color Names of Drugs and Chemicals,’ 
Bull. Nat. Formulary Committee, 8, 359-369 (1939-1940). 
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vided that it will disintegrate in the alimentary tract and that it 
is composed of harmless ingredients. 

Ointments—In official ointments, which contain petrolatum, 
white petrolatum, yellow wax, or white wax, the proportions of 
these may be varied to maintain a suitable consistency under dif- 
ferent climatic conditions, provided that the proportion of active 
ingredients is not varied. 

Vegetable and Animal Drugs—The official standards apply to 
vegetable and animal drugs as they enter commerce, in any form, 
with the exception that when used solely for the manufacture 
or isolation of volatile oils, alkaloids, glycosides, or other active 
principles, they may differ from the standards of strength, qual- 
ity, or purity prescribed by the U.S. P. or N. F. 


Doses 


Average Dose—In modern medicine, drugs are given in order 
to produce certain therapeutic effects. The amount required for 
this purpose varies with the disease, as well as with the weight, 
age, and other characteristics of the patient. 

The average doses stated in the U.S. P. and N. F. are those 
which may be expected ordinarily to produce the therapeutic 
effect. for which the ingredient or preparation is most conanonly 
employed. Unless otherwise specified, the average doses are for 
oral administration to human adults. A “Table of Metric Doses 
with Approximate Apothecary Equivalents” is included in the 
chapter on ‘“‘Metrology.”’ 

Dose Equivalents—When prepared dosage forms (tablets, cap- 
sules, etc.) are prescribed in the metric system, the pharmacist 
may dispense the corresponding approximate equivalent in the 
apothecary system as indicated in the table (page 47). 

The recommendation of the Pharmacopeial Convention 
stated: ‘It is to be understood that this Convention and the 
Committee of Revision created by it intend that these doses serve 
only as a guide to the physician, and that he may exceed the doses 
given whenever in his judgment this seems advisable.” 

For the conversion of specific quantities In a prescription which 
requires compounding, or in converting a pharmaceutical formula 
from one system of weights or measures to the other, exact equiva- 
lents (page 49) must be used. 

Usually Available Sizes—The usually available sizes of cap- 
sules and tablets, and the concentrations of injections listed under 
the several monographs are not necessarily identical with the 
average doses, and are intended solely as information to physi- 
cians and pharmacists. 


Packaging, Storage, and Preservation 


Containers—The following definitions are officially recognized 
by the U.S. P. and N. F. 

Container—The container is the device which holds the drug 
and which is or may be in direct contact with the drug. The 
closure of the container is a part of the container. : 

The container shall not interact physically or chemically with 
the drug which it holds so as to alter the strength, quality, or 
purity of the drug beyond the official requirements. 

Well-closed Container—A well-closed container shall protect 
the contents from extraneous solids or from loss of the drug under 
the ordinary or customary conditions of handling, shipment, 
storage, or sale. 

Tight Container—A tight container shall protect the contents 
from contamination by extraneous solids or moisture, from loss 
of the drug, and from efflorescence, deliquescence, or evaporation 
under. the ordinary or customary conditions of handling ship- 
ment, storage, or sale, and shall be capable of tight reclosure. 
Where a tight container is specified, it may be replaced by a 
hermetic container for a single dose of a drug. 

Hermetic Container—A hermetic container shall be impervious 
to air or any other gas under the ordinary or customary conditions 
of handling, shipment, storage, or sale. 

Light-Resistant Container—A light-resistant container is a 
container which is opaque, or designed to prevent photochemical 
deterioration of the contents beyond the official limits of strength, 
quality, or purity, under the ordinary or customary conditions of 
handling, shipment, storage, or sale. 

Unless otherwise directed, a light-resistant container shall 
be composed of a substance which in a thickness of 2 mm. 
shall not transmit more than 10 per cent of the incident radia- 
tion of any wave length between 2900 and 4500 Angstrém 
units. 

If the walls of a container are less than 2 mm. in thickness, the 
same 10 per cent limit of light transmission shall apply. 

If the container is not light resistant, it must be provided with 


an opaque covering, be enclosed in an opaque covering or in an, 


opaque container. 

Temperatures—The official definitions of temperatures used 
in the U.S. P. and N. F. are: | 
( see raul. place having a temperature not exceeding 15° 
59° F.). 


Refrigerator—A temperature between 2° and 15° (36° and 59° 
F.) is indicated. 

Excessive Heat or Excessive Temperature—A temperature which 
exceeds 49° (120° F-.) is indicated. 

Bulk Packages—Storage requirements shall not apply to bulk 
packages from manufacturers or wholesale distributors when the 
products are intended for manufacturing or for subsequent re- 
packaging for the dispenser or retail distributor. This does not 
apply to digitalis or to powdered digitalis for which there are special 
storage requirements. 

Non-specific Storage Conditions—Where no reference is 
made to specifie storage conditions or to the necessity of keeping 
in a “cold place” or of the avoidance of “‘excessive heat,’’? normal 
living conditions are suitable for the storage of such drugs. 

Added Substances—For the preservation of solutions of organi¢ 
substances intended for parenteral administration -or topical 
application, in addition to Injections, there may be added to 
the solutions, unless otherwise directed in the monograph, not 
more than 0.5 per cent of chlorobutanol, ecresol, phenol, sulfur 
dioxide, sodium bisulfite, or other suitable preservative. The 
presence and proportion of a preservative shall be plainly de- 
clared upon the label of the container in which the product is sold 
or dispensed. Not more than 0.9 per cent of sodium chloride 
may be present, and the air in the container may be evacuated 
or be replaced by carbon dioxide, or by nitrogen. 

Substances, unless otherwise provided in the individual mono- 
graph, may be added to official preparations to assure the per- 
manency or usefulness of the products, but these substances must 
be non-toxic and harmless in the amounts administered and must 
not interfere with the therapeutic efficacy of the preparations. 

Labeling—The labeling requirements of the U. S. P. do not 
apply to shipping containers unless such containers are also essen- 
tially the immediate containers or the outside containers or wrap- 
pers of the retail packages. 

Labeling Vitamin-containing Products—The vitamin content 
per ampul, capsule, or tablet, or per cc. for injections, or per gram 
for natural oils or bulk solutions, shall be stated on the label in 
U.S. P. Units for vitamins A and D and in milligrams for each of 
the other vitamins. 


Testing 


Apparatus—When a container or implement of definite size 
and shape is recommended in the directions for a test or an assay, 
it is not obligatory except when volumetric flasks, measuring 
burettes, or other exact measuring apparatus or classifying or 
sorting implements are specified. 

Assays and Tests—The strength of drugs or preparations for 
which assay processes are provided, and the limit of other sub- 
stances in official drugs are to be determined by the official proc- 
esses. 

Tests for the presence of foreign substances are intended to 
limit such substances to amounts which would be unobjectionable 
under conditions in which the medicinal agents are employed. 

In stating the quantities to be used for assays, an appropriate 
amount is specified. The word “about” is used to indicate that 
this amount need not be the exact quantity specified, but it should 
not deviate more than plus or minus 10 per cent. This quantity 
is accurately weighed, and the result of the test or assay is based 
upon this exact weight. ’ 

- Chemical Formulas—Chemical formulas, other than those in 
the definitions, tests, and assays, are given in the U. S. P. and 
N. F. for the purpose of information and calculation. : 

Concentrations of Solutions for Testing—Such phrases as 
“(1 in 10),” “(1 in 20),” ete., are understood to mean that 1 part 
by volume of a liquid is to be diluted with, or 1 part by weight of 
a solid dissolved in, sufficient of the solvent to make the volume of 
the finished solution 10 or 20 parts by volume. 

Distilled Water—Where water is referred to in tests, Distilled 
Water shall be used. 

Drying to Constant Weight—The term “dried to constant 
weight’? means that two consecutive weighings do not differ by 
more than 0.5 mg. per Gm. of substance taken for the determina- 
tion, the second weighing following an additional hour of drying. 

Negligible—The term ‘‘negligible’ means a quantity not ex- 
ceeding 0.5 mg. 

Percentage Figures—Percentage figures, except those for alco- 
hol, refer to percentage by weight, unless otherwise specified in the 
monograph. Percentage figures without decimals signify exactly 
the minimum or maximum: thus 99 per cent means 99.00 per 
cent. All statements of percentages of alcohol refer to percentage, 
by volume, of C,H;OH at 15.56°. 

Physical Tests—U. 5S. P. or N. F. methods only are to be used 
for conducting the physical tests except in specific cases where 
other methods are permitted. The ranges specified are inclusive. 
The methods and details are among the general tests. 

Reference Standards—To provide a‘greater degree of uniform- 
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ity in certain assays, and other tests, Reference Standards have 
been provided to be used as controls. 

Solubilities—The statements concerning solubilities given 
under the paragraph entitled “Solubility” in the official mono- 
graphs are not intended as standards or tests for purity, but pri- 
marily as information required by those employed in connection 
with the preparation and dispensing of medicines, except when a 
special test involving solubility is given, or in case of solubility of 
volatile oils in alcohol of specific strengths, the test for such solu- 
bility is intended as a test for purity and the substance must con- 
form to the test. 

The solubility of official compounds in the given solvents is 
considered to be of minor importance as a means of identification 
or determination of purity; for these purposes dependence is 
placed upon the other tests directed in the monographs. 

Solutions—Unless otherwise specified in the individual mono- 
graph, all solutions referred to are solutions in distilled water. 

Specific Gravity—Except otherwise stated, the specific gravity 
basis is 25°/25°, 2. e., the ratio of the weight of a substance in air 
at 25° to that of an equal volume of water at the same tempera- 
ture. 

Sterile Products—U. S. P. or N. F. substances required to be 
sterile shall meet the Sterility Test for Liquids and Solids (page 
126). They shall be kept in containers so closed that sterility is 
maintained until the containers are opened for use. 

Temperatures—Unless otherwise specified, all temperatures in 
the U.S. P. and N. F. are expressed in centigrade degrees. All 
measurements are made at 25° unless otherwise directed. 

Time Limitations—In testing official chemicals for impurities 

(chloride, sulfate, etc.), 5 minutes shall be allowed for the reaction 
to be observed unless otherwise specified. 

Unofficial Methods for Detecting Added Foreign Substances— 
Inasmuch as the primary object of the U. 8. P. and N. F. is to 
assure the user of official medicinal substances of their identity, 
strength, quality, and purity, and as it is manifestly impossible to 
‘include in each monograph a test for every impurity or adulterant 
that might be present, it is to be understood that the presence of 
any added foreign substance, which could not have resulted from 
the use of the ingredients in an official formula, constitutes a 
variation from the official standard. The proof of such variation 
may be based upon the application of recognized scientific meth- 
ods, whether such methods appear in the U.S. P. and N. F. or not. 

Water Bath and Steam Bath—The terms water bath and steam 
bath are used synonymously. When a water bath is directed, the 
water shall be boiling unless otherwise specified, or a bath of 
actively flowing steam or another form of regulated heat, corre- 
sponding in temperature to that of a water bath, may be used. 


Vegetable and Animal Drugs 


Foreign Matter—Vegetable and animal drugs are to be as free 
as practicable from molds, insects, and other animal contamina- 
tion, andfrom animal excreta. They shall show no abnormal dis- 
coloration, abnormal odor, sliminess, or evidence of deterioration. 

Foreign Inorganic Matter—The amount of foreign inorganic 
matter in vegetable or animal drugs, estimated as Acid-insoluble 
ash, shall not exceed 2 per cent of the weight of the drug unless 
otherwise specified in the individual monograph. 

Before vegetable drugs are ground or powdered, stones, dust, 
lumps of dirt or other foreign inorganic matter which can be 
separated by mechanical means must be removed. 

Foreign Organic Matter—In commerce it is not always possible 


to obtain vegetable drugs in a state of absolute purity, and a 
limited amount of innocuous extraneous or foreign matter adher- 
ing to the drug or admixed with it is usually not detrimental. 
The presence or admixture of any poisonous, dangerous, or other- 
wise noxious, foreign substance, however, is not permissible. 
Foreign organic matter refers to any part of the plant or plants 
yielding the drug, except that part or those parts designated as 
constituting the drug, and to any other plant parts, vegetable 
tissues, or substances. 

Preservation—For the protection of vegetable or animal sub- 
stances from the ravages of insects, it is directed in special cases 
that they be preserved in suitable containers into which is intro- 
duced at intervals a suitable quantity of chloroform, carbon 
tetrachloride, or other suitable fumigant. 

For additional information concerning the standards for vege- 
table and animal drugs, see page 1061. 


Weights and Measures 


Metric—The metric system of weights and measures is the 
official system used in the U.S. P. and N. F. The units of thé 
metric system commonly employed are designated by abbrevia- 
tions as follows: 


M. = meter Kg. = kilogram je — iver 
dm. = decimeter Gm. = gram dl. = deciliter 
em. = centimeter dg. = decigram ml. = milliliter 
mm. = millimeter cg. = centigram cc. = cubic centimeter? 
M = micron! mg. = milligram 
ug. = microgram? 


In metric abbreviations, the numerals precede the abbrevia- 
tions, and are always written in Arabic characters, thus: 5 Gm.; 
2cc. To distinguish the abbreviation for gram (Gm.) from that 
for grain (gr.) the former is written with a capital, the latter with 
a small letter. For,the apothacary units see page 41. 

Concentrations of Solutions on R—Percentage concentrations 
of solutions are expressed as follows: 

Per cent weight in weight—(w/w) expresses the number of grams 
of an active constituent in 100 grams of solution. 

Per cent weight in volume—(w/v) expresses the number of grams 
of an active constituent in 100 cubic centimeters of sclution, and 
is used in prescription practice regardless whether water or some 
other liquid is the solvent. 

Per cent volume in volume—(v/v) expresses the number of cubic 
centimeters of an active constituent in 100 cubic centimeters of 
solution, 

When per cent is used in prescriptions without qualification, it 
means: for solutions of solids in liquids, per cent weight in vol- 
ume; for solutions of liquids in liquids, per cent volume in vol- 
ume; and for solutions of gases in liquids, per cent weight in 
volume. For example, a 1 per cent solution is prepared by dis- 
solving 1 Gm. of a solid or 1 cubic centimeter of a liquid in suf- 
ficient of the solvent to make 100 cubic centimeters of the solu- 
tion. A solution of approximately the same strength may be pre- 
pared by apothecary weight and measure by dissolving 4.5 grains 
of a solid or 4.8 minims of a liquid in sufficient of the solvent to 
make 1 fluidounce of the solution. 

In dispensing prescriptions, slight changes in volume owing to 
variations in room temperatures may be disregarded. 


1 1 micron—0,001 mm. 

21 microgram, sometimes called 1 gamma, equals 0.001 mg. 

3 1 cubic centimeter (cc.) is used in the U.S. P. and N. F. as the equivalent of 
1 milliliter (ml.). 


GENERAL TESTS, PROCESSES, AND APPARATUS OF THE U. S. P. AND N. F. 


The material presented in this section of Remrne- 
TON’s Practice of PHARMACY consists of the tests, proc- 
esses, apparatus, reagents, test solutions, colorimetric 
solutions, and other U.S. P. and N. F. text which has 
not been described and discussed in the other sections of 
this textbook. 


Absorbency Test for Purified Cotton 


Take 1-Gm. portions of purified cotton from five different parts 
of the package, pulling, not cutting, the samples. Prepare a test 
basket from copper wire approximately 0.4 mm. in diameter (No. 
26 B. & S.) in the form of a cylinder approximately 5 cm. in diam- 
eter and 8 em. deep, with spaces between the wires of approxi- 
mately 2 cm., the basket weighing not more than 3 Gm. 

Place 5 Gm. of the purified cotton in the basket, and hold the 
basket on its side approximately 12 mm. above the surface of 
_ water at 25°, +1°. Allow the basket to drop to the water and 
determine the time in seconds required for complete submersion, 
using a stop watch. : 
Remove the basket from the water and allow it to drain for 10 
seconds in the same horizontal position, then place it immediately 


in a tared beaker, cover with a tared watch glass, and weigh, de- 
ducting the weight of the test basket and of the purified cotton to 
find the weight of water absorbed. 


Extinction Coefficient in the Ultra-Violet 


The radiation spectrum is normally divided into three essential 
regions: the infra-red, the visible, and the ultra-violet; the latter 
usually refers to the region from 4500 to 2000 Angstrom units. 

When radiation passes through any homogeneous medium it 
emerges diminished in energy. This loss in energy is due to a 
variety of causes, by far the most important of which is normally 
absorption. The magnitude of the absorption is a function of the 
frequency (or its reciprocal, the wave length) of the radiation be- 
ing absorbed, of the nature of the medium in which the absorption 
takes place, and the length of the light path. The extinction 
coefficient is, therefore, represented by the following expressions: 


eee 
ee DG 
where E,, is the molecular extinction coefficient (frequently 


written «), D the optical density, c the concentration in gram- 
molecules per liter, and / the length of the light path in cent- 


Em 1B) = lozio } 
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meters; ¢ is the transmittance represented by the ratio [/Jo, where 
I is the intensity of the emergent light and Jo the intensity of the 
incident light. 

If the molecular weight of a substance under measurement is 
not known, then # is usually expressed in weight units (as grams 
per 100 ce. of solution) and thus is characterized by such weight 
units. If grams per 100 ce. of solution are used, E is designated 


ment called an ultra-violet spectrophotometer. The measure- 
ments are made with solutions of the substance to be examined; 
hence it is necessary to use solvents and cells transparent in the 
ultra-violet. Among such solvents are water, saturated aliphatic 
alcohols, saturated aliphatic ethers, saturated hydrocarbons and 
their chlorinated derivatives such as carbon tetrachloride, chloro- 
form, etc. These solvents should be purified before use. The cells 
must be of quartz since glass is opaque in the ultra-violet. 
Attention should be called to two important considerations in 
spectrophotometry. First, because of the wide variation in the 
‘design of various spectrophotometers, the resolving power of each 
differs, so that the values of the determined extinction coefficients 
also vary. Consequently, it is necessary to calibrate the instru- 
ment in terms of a suitable, stable standard. Second, the applic- 
ability of Beer’s law to a particular substance should be tested 
by establishing the existence of a linear relationship between the 
optical density and the concentration. 
For a comprehensive treatment of spectrophotometry the 
reader is referred to: 


Brode, W. R., Chemical Spectroscopy (1939). 
Twyman and Allsopp, The Practice of Spectrophotometry. 
Miller, E.S., Quantitative Biological Spectroscopy (1940). 


Alcohol Determination 


General Process—Measure accurately not less than 25 ce. of 
the liquid in which the alcohol is to be determined, and note its 
temperature. Transfer it to a suitable distilling apparatus and, if 
the alcohol content is thought to be not more than 30 per cent, 
dilute it with an equal volume of water, using the water to rinse 
the vessel that was used for measuring unless this vessel is a 
graduated pipette which has been standardized on the basis of 
the amount delivered. Distill, and collect a volume of distillate 
of about 2 ec. less than the volume of the original test liquid, 
adjust to the temperature at which the original test liquid was 
measured, add sufficient water to measure exactly the original 
volume of the test liquid and, mix thoroughly. Determine the 
specific gravity of the liquid at 25°, and from this result ascertain 
the percentage, by volume, of alcohol contained therein. See 
Alcoholometric Table below. The proportion of alcohol, by vol- 
ume, in the distillate equals that in the liquid examined. 

If the liquid under examination contains more than 30 per 
cent of alcohol, proceed as directed above, except: 
sample with about twice its volume of water and collect a volume 
of distillate about 2 cc. less than twice the volume of the original 
test liquid, bring to the temperature at which the original liquid 
was measured, add sufficient water to measure exactly twice the 
original volume of the test liquid, and determine its specific grav- 
ity. The proportion of alcohol, by volume, in this distillate, as 
ascertained from its specific gravity, equals one-half that in the 
liquid examined. 

The distillate must be clear or only slightly cloudy, must not 
contain more than traces of volatile substances other than alcohol 
and water. 

This general method is suitable for examining most fluidextracts 
and tinctures, provided the capacity of the distilling flask is suf- 
ficient (commonly two to four times the volume of the liquid to 
be distilled) and the rate of distillation is such that clear distillates 
are produced. Some alcoholic preparations will, however, require 
special treatment or the observance of special precautions to yield 
suitable distillates. All distillates must be clear or nearly so. 
If cloudy, they may be clarified by agitation with tale, or with 
precipitated calcium carbonate, and filtered, after which the 
temperature of the filtrate is adjusted and the alcohol determined 
by specific gravity. All of this should be done under conditions 
that will minimize the loss of aleohol by evaporation. 

Frothing—Liquids which froth to a troublesome extent during 
distillation may be distilled by strongly acidifying with phos- 
phoric or sulfuric acid, or by the addition of a slight excess of cal- 
cium chloride solution, or a little paraffin or yellow wax. 

Bumping—Liquids that tend to bump when heated (particu- 
larly resinous solutions) may be distilled by making them alkaline 
with magnesia magma or*by placing pieces of pumice, glass beads, 
or similar materials in the distilling flask with the liquid, or by 
similar means of distributing the heat. 

Glycerin—Liquids that contain glycerin must be diluted with 
sufficient water so that the residue, after distillation, will contain 
-at least 50 per cent of water. 


dilute the 


lodine—All solutions of iodine must be deprived of free iodine, 
before being distilled, by treatment with powdered zine, or by the 
addition of just sufficient solution of sodium thiosulfate followed 
by a few drops of sodium hydroxide T.S. to fix volatile sulfur 
compounds. 

Volatile Substances—Spirits, elixirs, tinctures, etc., that con- 
tain appreciable proportions of volatile materials other than alco- 
hol and water, such as volatile oils, chloroform, ether, camphor, 
etc., are treated as follows: Mix the accurately measured liquid 
with about an equal volume of saturated solution of sodium chlo- 
ride in a separator, then add a volume of petroleum benzin equal 
to the sample, and shake the mixture to extract the interfering 
volatile ingredients. Draw off the separated lower layer, and 
extract the benzin solution with two successive portions of a 
saturated solution of sodium chloride, using about one-half as 
much each time as was used in the first extraction mixture. Com- 
bine the saline solutions, and distil the mixture in the usual way, 
collecting a volume of distillate having a simple ratio to the vol- 
ume of the original liquid. 

If a troublesome emulsion develops in the liquid mixture when 
shaken with the benzin, dilute a fresh portion of the original liqiud 
with water and distil it as directed in the general process. Then 
treat this distillate as directed above, using petroleum benzin and 
sodium chloride solution, and distil the saline solution so produced 
to obtain a distillate which is free from volatile substances other 
than alcohol and water. 


ALCOHOLOMETRIC TABLE 


Computed by the United States Bureau of Standards and based 
upon work done by the Bureau and published in Bureau of Standards 
Bulletin, Vol. 9, No. 3, pp. 424 and 425. 


PERCENTAGE BY VOLUME PERCENTAGE BY WEIGHT 
as Corre- Specific Specific sponding Specific Specific 
C2Hs0H sponding gravity gravity Per cent | per cent gravity gravity 
by per cent in air at in air at of of in air at in air at 
volume, | gf y7| 25°C, | -15.56° C, || CaHoOH)| CeHsOH | 252 ¢. 15.56° C. 
Tera by weight euzoee 151567 Csall| oo vs Seale ee paaetae eoaes 15.56° ©. 
15.56° C. 
0 0.00 1.0000 1.0000 0 0.00 1.0000 1.0000 
1 0.80 0.9985 0.9985 1 1.26 | 0.9981 0.9981 
2 1.59 0.9970 0.9970 2 2.51 0.9963 0.9963 
3 2.39 0.9956 0.9956 3 3.76 0.9945 0.9945 
4 3.19 0.9941 0.9942 4 5.00 0.9927 0.9928 
5 4.00 0.9927 0.9928 5 6.24 0.9911 0.9912 
6 4.80 0.9914 0.9915 6 7.48 0.9894 0.9896 
v4 5.61 0.9901 0.9902 th 8.71 0.9879 0.9881 
8 6.42 0.9888 0.9890 8 9.94 0.9863 | 0.9867 
9 7.23 0.9875 0.9878 9 11.17 0.9848 0,9852 
10° 8.05 0.9862 0.9866 10 12.39 0.9833 0.9839 
11 8.86 0.9850 0.9854 11 13.61 0.9818 0.9825 
12 9.68 0.9838 0.9843 12 14.83 0.9804 0.9812 
13 10.50 0.9826 0.9832 13 16.05 0.9789 0.9799 
14 11.32 0.9814 0.9821 14 17.26 0.9776 0.9787 
15 12.14 0.9802 0.9810 15 18.47 0 9762 0.9774 
16 12.96 0.9790 0.9800 16 19.68 0.9748 0.9763 
17 13.79 0.9778 0.9789 17 20.88 0.9734 0.9751 
18 14.61 0.9767 0.9779 18 22.08 0.9720 0.9738 
19 15.44 0.9756 0.9769 19 23.28 0.9706 0.9726 
20 16.27 0.9744 0.9759 20 24.47 0.9692 0.9714 
21 17.10 0.9733 0.9749 21 25.66 0.9677 0.9701 
22 17.93 0.9721 0.9739 22 26.85 0.9663 0.9688 
23 18.77 0.9710 0.9729 23 28.03 0.9648 0.9675 
24 19.60 0.9698 0.9719 24 29.21 0.9633 0.9662 
25 20.44 0.9685 0.9708 25 30.39 0.9617 0.9648 
26 21.29 0.9673 0.9697 26 31.56 0.9601 0.9635 
27 22.13 0.9661 0.9687 27 32.72 0.9585 0.9620 
28 22.97 0.9648 0.9676 28 33.88 0.9568 0.9605 
29 23.82 0.9635 0.9664 29 35.03 0.9551 0.9590 
30 24.67 0.9622 0.9653 30 36.18 0.9534 | 0.9574 
31 25.52 0.9609 0.9541 31 37.32 0.9516 0.9558 
32 26.38 0.9595 0.9629 32 38.46 0.9498 0.9541 
33 27.24 0.9581 0.9617 33 39.59 0.9480 0.9524 
34 28.10 0.9567 0.9604 34 40.72 0.9461 0.9506 
35 28.97 0.9552 0.9590 35 41.83 0.9442 0.9488 
36 29.84 0.9537 0.9576 36 42.94 0.9422 0.9470 
37 30.72 0.9521 0.9562 37 44.05 0.9402 0.9451 
38 31.60 0.9506 0.9548. 38 45.15 0.9382 0.9432 
39 32.48 0.9489 0.9533 39 _ 46.24 0.9362 0.9412 
40 33.36 0.9473 0.9517 40 47.33 0.9341 0.9392 
41 34.25 0.9456 0.9501 41 48.41 0.9320 0.9372 
42 35.15 0.9439 0.9485 42 49.48 0.9299 0.9352 
43 36.05 0.9421 0.9469 43 50.55 0.9278 0.9331 
A4 36.96 0.9403 0.9452 44 51.61 0.9256 0.9310 
45 37.87 0.9385 0.9434 45 52.66 0.9235 0.9289 
46 38.78 0.9366 0.9417 46 53.71 0.9213 0.9268 
47 39.70 0.9348 0.9399- 47 54.75 0.9191 0.9246 
48 | 40.62 0.9328 0.9380 48 55.78 0.9169 0.9225, 
49 41.55 0.9309 0.9361 49 56.81 0.9147 0.9203 
50 42.49 0.9289 0.9342 50 57.83 0.9124 0.9181 
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ALCOHOLOMETRIC TABLE—Continued 


PERCENTAGE BY VOLUME PERCENTAGE BY WeE!caT 
kc nae Specific | Specific sponding | Specis Speci 
CaHisOH aie ravity ecanty P ercent Bercent eid eravity 
valve, [Rewer | Bstd* | fie" |[corfson| cotfson | "Batt | eA 
15.522 c.| bY weight | 25°C. Peso Me Wie el apes | ee 15.56° C. 
e 7 15.56° C 
ae Jag —— 

1 43.43 0.9269 0.9322 51 58.84 0.9102 0.9159 
52 44.37 0.9248 0.9302 52 59.85 0.9079 0.9137 
53 45.33 0.9228 0.9282 53 60.85 0.9056 0.9114 
54 46.28 0.9207 0.9262 54 61.85 0.9033 0.9092 
55 47.25 0.9185 0.9241 55 62.84 0.9010 0.9069 
56 48.21 0.9164 0.9220 56 63.82 0.8987 0.9046 
57 49.19 0.9142 0.9199 57 64.80 0.8964 0.9024 
58 50.17 0.9120 0.9177 58 65.77 0.8941 0.9001 
59 61.15 0.9098 0.9155 59 66.73 0.8918 0.8978 
60 62.15 0.9076 0.9133 60 67.69 0.8895 0.8955 
61 53.15 0.9053 0.9111 61 68.64 0.8871 0.8932 
62 54.15 0.9030 0.9088 62 69.59 0.8848 0.8909 
63 55.17 0.9006 0.9065 63 70.52 0.8824 0.8886 
64 56.18 0.8983 0.9042 64 71.46 0.8801 0.8862 
65 57.21 0.8959 0.9019 65 72.38 0.8777 0.8839 
66 58.24 0.8936 0.8995 66 73.30 0.8753 0.8815 
67 59.28 0.8911 0.8972 67 74.21 0.8729 0.8792 
68 60.33 0.8887 0.8948 68 75.12 0.8706 0.8768 
69 61.38 0.8862 0.8923 69 76.02 0.8682 0.8745 
70 62.44 0.8837 0.8899 70 | 76.91 0.8658 0.8721 
71 63.51 0.8812 0.8874 71 77.79 0.8634 0.8697 
72 64.59 0.8787 0.8848 72 78.67 0.8609. 0.8673 
73 65.67 0.8761 0.8823 73 79.54 0.8585 0.8649 
74 66.77 0.8735 0.8797 74 80.41 0.8561 0.8625 
75 67.87 0.8709 0.8771 75 81.27 0.8537 0.8601 
76 68.98 0.8682 0.8745 76 82.12 0.8512 0.8576 
7 70.10 0.8655 0.8718 77 82.97 0.8488 0.8552 
78 71.23 0.8628 0.8691 78 83.81 0.8463 0.8528 
79 72.38 0.8600 0.8664 79 84.64 0.8439 0.8503 
80 73.53 0.8572 0.8636 80 85.46 0.8414 0.8479 
81 74.69 0.8544 0.8608 81 86.28 0.8389 0.8454 
82 75.86 0.8516 0.8580 82 87.08 0.8364 0.8429 
83 77.04 0.8487 0.8551 83 87.89 0.: 339 0.8404 
84 78.23 0.8458 0.8522 84 88.68 0.8314 0.8379 
85 79.44 0.8428 0.8493 85 89.46 0.8288 0.8354 
86 80.66 0.8397 0.8462 86 90.24 0.8263 0.8328 
87 81.90 0.8367 0.8432 87 91.01 0.8237 0.8303 
88 83.14 0.8335 0.8401 88 91.77 0.8211 0.8276 
89 84.41 0.8303 0.8369 89 92.52 0.8184 0.8250 
90 85.69 0.8271 0.8336 90 93,25 0.8158 0.8224 
91 86.99 0.8237 0.8303 91 93.98 0.8131 0.8197 
92 88.31 0.8202 0.8268 92 94.70 0.8104 0.8170 
93 89.65 0.8167 0.8233 93 95.41 0.8076 0.8142 
94 91.03 0.8130 0.8196 94 96.10 0.8048 0.8114 
95 92.42 0.8092 0.8158 95 96.79 0.8020 0.8086 
96 93.85 0.8053 0.8118 96 97.46 0.7992 0.8057 
97 95.32 0.8011 0.8077 97 98,12 0.7962 0.8028 
98 96.82 0.7968 0,8033 98 98.76 0.7932 0.7988 

98. 0.7921 0.7986 99 99.39 0.7902 0.7967 
100 100.00 0.7871 0.7936 100 100.00 0.7871 0.7936 


_ In preparing collodion for distillation, use water in place of the 
saturated solution of sodium chloride directed above. 

If volatile oils are present in small proportions only, and a 
cloudy distillate is obtained, the benzin treatment not having 
been employed, the distillate may be clarified and rendered suit- 
able for the specific gravity determination by shaking it with 
about one-fifth its volume of petroleum benzin, or by filtering it 
through a thin layer of purified tale. 

Other Preparations Requiring Special Treatment—Prepara- 
tions containing free ammonia, as aromatic ammonia spirit, must 
be rendered slightly acid with sulfuric acid before being distilled. 
If volatile acids are present the preparation must be rendered 
slightly alkaline with sodium hydroxide. De, 

Preparations containing soap, such as chloroform liniment, 
camphor and soap liniment, and soft soap liniment are treated with 
an excess of sulfuric acid to effect decomposition of the soap before 
they are extracted with petroleum benzin as directed in the gen- 
eral process. 


Alkali Salts of Organic Acids 


‘See the chapter on ‘Chemical and Proximate Assays” (page 
980). 


: Anti-Anemia Preparations 


To meet the specifications of the U. 8S. Pharmacopceia, liver, 
stomach, or other preparations intended for the treatment of 
Addisonian pernicious anemia are to be approved by the U.S. P. 

- Anti-anemia Preparations Advisory Board. : 

A. Applications for approval shall be submitted to the Chair- 


man of the Board by manufacturers on special forms, seven copies 
being required. 

B. The application shall include: (1) Statement of the species 
of animal liver or stomach used. (2) Statement of the conditions 
under which the raw material is obtained, handled, and stored 
prior to manufacture. (3) Description of the facilities used in 
collecting, transporting, storing, manufacturing, and packaging 
the article. (4) Description of the methods and the controls used 
for the manufacture, processing, and packaging of the drug. De- 
scription and composition of the final product with‘a statement of 
the total solids and the amount of the preparation in final form 
derived from 100 Gm. of original organ. If a product contains 
material derived from more than one source, such data should be 
given with respect to each component. The pH of products for 
parenteral use. (5) Description of the controls employed in 
assuring uniformity in strength, quality, and purity of the drug, 
and of maintaining the identity of each lot. (6) Clinical data 
from the treatment of cases of Addisonian pernicious anemia in 
a specified manner with the product in question. Seven copies of 
the data shall be presented to the Board on special forms sup- 
plied by the Board. (7) All labeling to be used upon the finished 
product, seven copies being required. 

C. (1) If the data submitted satisfy the Board that the prod- 
uct manufactured as described and having the potency indicated 
by the clinical data is of a suitable strength, quality, and purity 
for the treatment of Addisonian pernicious anemia, the Board will 
inform the applicant of the approva! of the product and will assign . 
a potency for it. (2) The potency of preparations as defined by 
the Board shall be stated on the label as follows: 1 (ec., Gm., 
capsule, etc.) of material prepared by the method employed in 
producing the contents of this (bottle, vial, package) constitute(s) 
(no.) U.S. P. units (oral or injectable), or alternatively as follows: 
...(no.) (Gm. or ec.) (capsules, teaspoons, etc.) of material pre- 
pared by the method employed in producing the contents of this 
(bottle, vial, package) constitute(s) 1 U.S. P. unit (oral or inject- 
able). [Unless the small size of individual containers (e. g., 1 or 
2 cc.) requires abbreviation for adequate legibility.] (8) The label- 
ing shall bear a statement of the average dose of the product. 
The dose so stated shall be a quantity which provides administra- 
tion at the rate of not less than 1 U. S. P. Unit a day whether 
given daily or at longer intervals. 

D. AU.S. P. Unit is that amount of an otherwise acceptable 
product which produces, when administered daily, clinical and 
hematopoietic responses in Addisonian pernicious anemia that 
are considered by the Board to be satisfactory. 

E. Approved liver, stomach, or other preparations relabeled or 
repackaged by a person other than the original manufacturer or 
packer are required to have the approval of the Board. 


Arsenic Test 


Reagents satisfactory for use in the arsenic test and in the prepara- 
tion of the chemical for the test produce either no stain in a blank test 
or a stain which is scarcely perceptible. 

Test Apparatus—Prepare a generator bottle of about 50-cc. 
capacity having a mouth about 2.5 cm. in diameter, and provide 
a well-fitting rubber stopper suitably perforated. 
Through the perforation insert a vertical exit tube 
about 12 cm. in total length and 1 cm. in diameter 
along the entire upper portion (for about 8 cm.) 
and constricted at its lower extremity to a tube of 
about 4em. in length and about 5 mm. in diameter. 
The smaller portion of the tube should extend but 
slightly below ‘the stopper. Place in the tube a 
pledget of purified cotton, 5 cm. in length and extend- 
ing downward from a point 3 cm. below the top 
of the tube. Moisten the pledget of cotton in the 
generator exit tube uniformly with a mixture of 
equal volumes of lead acetate T.S. and water. To 
remove the excess of lead acetate solution from the 
cotton and adhering droplets from the walls of the 
tube, apply gentle suction to the constricted end of 
the tube. In the upper end of this tube, insert 
through a tightly-fitting, perforated rubber stopper 
a glass tube 12 cm. in length, having an internal 
diameter of from 2.5 to 3mm. Place a strip of 
mercuric bromide test paper in this tube, bending 
the upper end of the strip so that it will retain its 
position. This strip extends to within about 2 em. of 


the perforated rubber stopper and must not be placed = Big. 579— 
in the tube until the test is to be made. This tube Uae werl. 


must be thoroughly cleaned and dried each time it is 
used. See Fig. 579. <A solution, which contains 
0.001 milligram of arsenic trioxide in each ce. (at 25°) is used in 
preparing the standard stain. 
Preparation of the Chemical to Be Tested—Add 1 cc. of sulfuric 
acid to 5 ec. of a solution of the chemical substance (1 in 25), un- 
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less another quantity is directed in the monograph. This acidula- 
tion is not necessary in the case of inorganic acids. Now, unless 
especially directed otherwise add 10 ce. of sulfurous acid. Evapo- 
rate the liquid in a small beaker, on a water bath, until it is free 
from sulfurous acid and has been reduced to about 2 ce. in volume. 
Dilute this evaporated liquid to 5 ce. with water. Substances 
subjected to special treatments directed in the monographs 
need not be further prepared for testing. 


Preparation of the Standard Stain—Place in the generator 
bottle 5 ce. of potassium iodide T.S., 2 ce. (accurately measured 
at 25°) of the standard arsenic T.S., 5 ce. of acid stannous chloride 
T.S., and 28 cc. of water. Now add 1.5 Gm. of granulated reagent 
zine (in No. 20 powder), and immediately insert the stopper con- 
taining the exit tubes prepared according to the deseription under 
Test Apparatus. Keep the generator bottle immersed in water 
at 25° during the period of the test. If the reaction is too violent, 
the stain will not take the form of a distinctive band, and the 
comparison of color intensity will be difficult. After the test has 
continued for 1 hour, remove the mercuric bromide test paper 
and place it in a clean, dry tube for comparison. This stain repre- 
sents 0.002 milligram (10 parts per million) of arsenic trr@xide. 
Since light, heat, and moisture cause the stain to fade rapidly, 
comparison should be made as soon as possible. The stained test, 
papers may be preserved by dipping in hot, melted paraffin or by 
keeping them over phosphorus pentoxide, protected from light. 


Testing the Chemical—Place in the generator bottle 5 cc. of 
potassium iodide T.S., 5 ce. of the solution to be tested for arsenic, 
and add 5 ec. of acid stannous chloride T.S. Set the apparatus 
aside at room temperature for a period of 10 minutes, then add 
25 cc. of water and 1.5 Gm. of granulated reagent zine (in a No. 
20 powder), and immediately insert the stopper with exit tubes, 
as previously described under Preparation of the Standard Stain. 
Keep the generator bottle immersed in water at 25° during the 
period of the test. When the evolution of hydrogen has proceeded 
actively for 1 hour, remove the mercuric bromide test paper, and 
carefully compare the stain upon it with the standard stain pre- 
pared as previously described. The active hydrogen which is 
produced forms arsine [AsH;] and the latter reacts with the mer- 
curic bromide forming a yellow to brown stain, the intensity being 
proportional to the amount of arsenic present. 


Arsenic Limit—The stain produced by the chemical tested does 
not exceed in length or intensity of color that prepared as the 
standard, indicating not more than 10 parts of arsenic trioxide 
per million parts of the substance being tested. 


Interfering Chemicals—Antimony, if present in the substance 
being tested, will produce a gray stain. Sulfites, sulfides, thio- 
sulfates, and other compounds which liberate hydrogen sulfide 
or sulfur dioxide when treated with sulfuric acid, must be oxidized 
by means of nitric acid and then reduced by means of sulfur 
dioxide as directed under Preparation of the Chemical to Be Tested 
before they are placed in the apparatus. Certain sulfur com- 
pounds as well as hydrogen phosphide give a bright yellow band on 
the test paper. If sulfur compounds are present, a darkening of 
the purified cotton previously moistened with lead acetate T.S., 
will oceur. If such is the case, the operation as directed under 
Preparation of the Chemical to Be Tested must be repeated upon 
a fresh portion of the solution being tested, and greater care must 
be used in effecting the complete removal of the sulfurous acid. 
In testing hypophosphites, special care should be observed to oxi- 
dize completely the solution being tested as directed, otherwise the 
evolution of hydrogen phosphide may result in-a yellow stain 
which might be confused with the orange-yellow color produced 
by arsine. The stain produced by hydrogen phosphide is differen- 
tiated from that given by arsine by moistening it with ammonia 
T.S. A stain caused by arsine will become dark when so treated, 
but a stain produced by hydrogen phosphide will not materially 
change in color. The test apparatus must be thoroughly cleaned 
and dried immediately before and after use. 


Ascorbic Acid Assay 
This assay is described under Ascorbic Acid (page 912). 


Bacteriological Examination of Gelatin 


A total count of bacteria per Gm. of gelatin is obtained by 
plating out aqueous solutions of gelatin on nutrient agar and incu- 
bating for 72 hours at 37°. The presence of Escherichia coli is 
determined by gas formation in litmus lactose bouillon from col- 
onies on Endo’s Medium or on eosin-methylene blue agar and the 
demonstration of Gram-negative, non-spore forming bacilli in 
the agar cultures. Full details are given in the U.S. P. XIII and 
the following culture media are employed: 


Endo’s Medium 


Da ctone:, aivvetsa ave sd Suet 0a Mind weap eeina aan ie sateen eee 10 Gm 
Dibasic Potassium Phosphate, y= oni. or ac -asta ioc 3.5 Gm 
Sodium ‘Carbonate; anhydrous’) .c0, cis meee alee aretue iets 1 - Gm 
Basie Puchsin 49°24 02% ayia ok cto Sie ruse eee aetna 0.5 Gm 
Sodium SBiswlfi tere sks asters oes were eas rare eee epee 2.5 Gm 
Al coliol 5 isc Sa-sce'e daca Recorene ot oho oko ois RN cea ees ere eee 5 ec. 

Water's asx cstcy panileater sracd ace untnsus SEtvanoal tepaent oP enon batts ena 35 ee. 


Nutrient Agar (need not have been sterilized, but if not steril 


must beitreshly prepared) is av ermicldeveene Bier teteioitel laren ttetans ‘ce, 


Dissolve the lactose and the dibasic potassium phosphate in the 
hot liquefied nutrient agar, the sodium carbonate in 10 ce. of water, 
the basic fuchsin in the alcohol, and the sodium bisulfite in 25 ec. of 
water. Add the sodium carbonate solution, the fuchsin solution, and 
the sedium bisulfite solution to the nutrient agar solution, mixing well 
after each addition. 
Process D or by any other adequate and suitable method. 

When hot, Endo’s Medium has a red or pink color, which becomes 
a faint flesh color or disappears upon cooling. It has a hydrogen ion 
concentration equivalent to a pH of 7.6 to 8.0. It is preferable to 
prepare Endo’s Medium freshly as needed as it deteriorates upon 
standing, especially if exposed to light. 


Eosin-Methylene Blue Agar 


POPbOme sc -ai6i ciak ov tca oon eRe oa a to Manali OT OEP Noms oe saa aR MO Rear ner eee 10 Gm 
Dibasie PotassiumiPhosphaten seen sierra ena 2 Gm 
Arar \anély. shredded. sie-o-:h oe sttatosic dae sinha eee nae eee 15 Gm 
Lactose, in sterile 20 per cent solution...............-04-0+ 50 ce. 
Hosin’ ¥ jin’ 0:2"percentisolutiony ic ceiactoeios eraite tte: ay nei 20 ec. 
Methylene Blue, in 0.5 per cent solution.................. 20 ce. 
Water a rciane Nrarevai@ a: neereehh. ocg Secale Re ETT SINT SIE Ee a arian 1000 ec. 


Dissolve the peptone, dibasic potassium phosphate, and agar in the 
water by heating in an autoclave for 15 minutes at 15 pounds pressure. 
or by boiling in a water bath. Replace any of the water lost by heat- 
ing. Adjustment of the pH and filtration of the medium are not re- 
quired. Place 100-cc. quantities in flasks and sterilize by heating in 
an autoclave for 15 minutes at 15 pounds pressure (121.5°). 

Just prior to use, liquefy the medium by means of heat and to each 
flask containing 100 cc. add 5 cc. of the lactose solution, 2 ce. of the 
eosin Y solution, 2 cc. of the methylene blue solution, and mix well. 


Litmus Lactose Bouillon 


Water, a sufficient quantity, to make..... Bet icc poe 
Litmus Test Solution, a sufficient quantity. 


Dissolve the beef extract, the peptone, the sodium chloride, and 
the lactose in 975 cc. of water with the aid of heat; add sufficient 
normal sodium hydroxide to bring the hydrogen ion concentration to 
pH 7.4, or to 0.2 higher than the pH desired in the finished broth, and 
filter. Add sufficient litmus test solution to give a faint blue tint. 
Add sufficient water through the filter to make 1000 cc. Sterilize by 
Process D. 

Sodium chloride, 5 Gm. per 1000 cc., may be added to this medium, 
if preferred. 


Litmus Test Solution 


Hitmus, powdered 4 peicecrhe <nelers tien tioide achat ci hovel opelerelonsietotate esis 
Alcohol 
Water, each, a sufficient quantity. 


Extract the litmus with three successive portions of 100 cc. each 
of boiling alcohol, continuing each extraction for about 1 hour. Filter, 
wash with alcohol, and discard the alcohol solutions. Digest the 
residue with about 25 cc. of cold water, filter, and discard the filtrate. 
Finally extract the residue with 125 cc. of boiling water, cool, and 
filter. 

Litmus turns red with acids and blue with alkalies. The pH range 
is from 4.5 to 8.3. Preserve litmus T.S. in wide-mouthed containers, 
stoppered with loose plugs of purified cotton. 


Nutrient Agar 
Agar, finely shredded or in flakes... ......:.--eucece+eeace 15 Gm 
PO PEOUC spesd dacs «ole 5/0 custones eBeselg tueule bacverayelt lbieus tastoh thetucy ele aahets 5 Gm 
Beet Extract ini scactsars.squsie cece ca Set otonsy susp ssorss Oe iececscenede eto ratelleneston eke 3 Gm 
Wealer ison catine chelators € dwar ereyelte Reet atte Mat atielar gener e, cabo oe obete ces 1000 ce. 
Dissolve the agar in 800 cc. of water by means of heat. Dissolve 


the peptone and beef extract in 200 cc. of water. Mix the two solu- 
tions. Add sufficient normal sodium hydroxide to bring the hydrogen 
ion concentration to pH 7.2, or to 0.2 higher than the pH desired in 
the finished medium. If clarification is desired, filter the medium - 
while hot through cotton enclosed in gauze into suitable containers. 
Sterilize by Process C for 20 minutes at 15 pounds pressure (121.5°). 

Sodium chloride, 5 Gm. per 1000 ce., may be added to this medium, 
if preferred. 


Boiling or Distilling Temperatures 


The U. S. P. and N. F. describe two methods: Method I is 
to be used with liquids for which the permissible range in boiling 
temperature is 5° or less, Method II is to be used with liquids for 
which the permissible range in boiling temperature exceeds 5°. 
The Apparatus required, Thermometer, and Procedure are dis- 
cussed in the U. 8. P. XIII. k 


Place in suitable containers, and sterilize by 


. 
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Carbon Dioxide Absorbency of Soda Lime 


Fill the lower transverse section of a U-shaped drying tube of 
16 mm. internal diameter and 15 em. height with loosely packed 
glass wool. Place in one arm of the tube approximately 5 Gm. 
of anhydrous calcium chloride, and accurately weigh the tube 
and contents. Into the other arm of the tube place from 9.5 to 
10.5 Gm. of soda lime, and again weigh accurately. Stopper the 
open arms of the U-tube, and connect the side tube nearer the 
soda lime with a calcium chloride drying tube, which in turn is 
connected to a suitable source of supply of carbon dioxide. Pass 
carbon dioxide through the U-tube at a rate of 75 ec. per minute 
for exactly 20 minutes. Disconnect the U-tube, cool to room 
temperature, remove the stoppers, and weigh: the increase in 
weight is not less than 22 per cent of the weight of the soda lime 
used for the test. 


Carbon Monoxide in Oxygen 


Approximately 1000 cc. of the oxygen to be tested is shaken 
with 290 cc. of freshly prepared alkaline sodium hydrosulfite 
T.S. This solution absorbs the oxygen and then the residual-gas, 
which should not exceed 90 ec., is shaken for 15 minutes with 0.5 
ec. of blood diluted with 10 ec. of water. Finally 40 mg. of a mix- 
ture of equal parts by weight of pyrogallol and tannic acid is 
shaken with the mixture of gas and blood. No pink coloration, 
which indicates carbon monoxide, should be observed. Full de- 
tails are given in the U.S. P. XIII. 


Chloroform Determination 


This method may be used for the determination of chloroform 
in mixtures with alcohol or with aleohol and water. The appa- 
ratus required consists of a 100-ce. extraction flask, A; a dephleg- 
mator, B; an adapter, C; a carbon tube (Hggertz Color Compari- 
son Tube), D, having a capacity of 30 ec. and graduated to 0.1 
cc.; and a water jacket, H, for the carbon tube. The dephleg- 
mator consists of a glass tube of 25-mm. internal diameter and 
275 mm. in length which is sealed at one end to a glass tube of 6- 
mm. internal diameter and 100 mm. in length, the end of which 
is ground to an angle of 45°. At a distance of 25 mm. above the 


Fig. 580—Chloroform determination apparatus. 


joint the larger tube is indented at four points equally spaced 
about its circumference, the indentations nearly meeting in the 
center of the tube. The top of the tube is finished with a ring. 
A side tube of 12-mm. internal diameter is sealed to the larger 
tube at a point 90 mm. below the top, and this tube is bent verti- 
eally upwards with a smooth curve so that the distance between 
the opposing walls of the tubes is 50 mm. and the top of the side 
tube 50 mm. above the top of the larger tube. A delivery tube 
of 6-mm. internal diameter and 230 mm. in length is sealed to the 
side tube about midway of its length, the delivery tube forming an 
angle of about 120° to the upward extension of the side tube. 
The top of the main tube is closed with a 1-hole cork stopper, the 
surface of which has been lightly charred, which carries a glass 
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refluxing tube, F, of 12-mm. internal diameter and 250 mm. in 
length, sealed at the lower end, and extending to about 12 mm. 
below the entrance to the side tube, the refluxing tube being filled 
to about one-half its length with alechol. A pledget of glass wool 
is placed upon the indentations in the main tube and the tube then 
filled to a height of about 125 mm. with glass beads. The open 
end of the side tube is closed with a lightly charred cork carrying 
a thermometer, G, graduated to 100°. The delivery tube is at- 
tached by a lightly charred cork to a bent adapter, the extension 
of which is bent vertically downwards and extends about two- 
thirds of the distance to the bottom of the carbon tube. The car- 
bon tube is supported by means of a 1-hole stopper in a test tube 
of about 37-mm. internal diameter and 200 mm. in length, which 
is to be filled with a mixture of finely crushed ice and water during 
the distillation. 

Place 20 ec. of chloroform liniment in the flask, add 10 ec. of 
alcohol and 20 ec. of water, and connect the flask to the dephleg- 
mator by a 1-hole cork stopper, the surface of which has been 
lightly charred after boring. Fill the refluxing tube to about one- 
half its depth with alcohol. Place 5 ce. of water in the carbon 
tube, connect the dephlegmator with an adapter which extends 
to within about 25 mm. of the water in the carbon tube, and sur- 
round the carbon tube with a mixture of ice and water. The car- 
bon tube should be lowered as necessary during the distillation 
to keep the end of the adapter above the liquid in the carbon 
tube. Heat the liquid in the flask until it boils gently, and con- 
tinue the heating until no more chloroform is seen to sink through 
the water in the carbon tube, and the interior walls of the de- 
phlegmator and adapter are free from globules. The temperature 
recorded by the thermometer should not rise above 78° during the 
distillation. When distillation of the chloroform is complete, 
fill the carbon tube to the 30-ce. mark, swirl it vigorously to dis- 
solve any alcohol carried over with the chloroform, and then tap 
the carbon tube sharply on the desk to collect any globules of 
chloroform adhering to the walls. Finally, place the carbon tube 
in a bath of water at 25°, and read the volume of chloroform when 
that temperature has been attained. 


Chromic Acid Cleansing Mixture 


SOCiMMAT CHUTOMALe aw WEA cael eta emit avec oats 200 Gm. 
AWYECH Ee) ea athe ae eaaet ce MCh Sed os ER ey a ee ee 100 ce. 
SUUABUTOUANENOhS Gee tee FC m8 eee RN ag ree 1500 ce. 


Dissolve the sodium dichromate in the water, then add the 
sulfuric acid slowly and with stirring. 


Clarity of Parenteral Solutions 
See Parenteral Solutions (page 261). 
Congealing Temperature 


Unless otherwise directed, place about 10 ec. of the liquid or 10 
Gm. of the melted solid to be tested in a dry test tube of about 20- 
mm. internal diameter, and cool in water or other suitable me- 
dium, the temperature of which is about 5° below the supposed 
congealing point of the liquid. Then promptly suspend the test 
tube through a stopper, or by some other suitable arrangement, 
to at least three-fourths of its length in a larger test tube or narrow 
bottle, and gently stir the liquid with a standardized thermometer 
until it begins to solidify. Congelation may frequently be induced 
by rubbing the inner walls of the test tube with the thermometer. 
Discontinue the stirring, and note the rise in temperature every 
5 to 10 seconds. The highest temperature remaining constant 
for about 1 minute is the congealing temperature. 


Consistency of Petrolatum 


Determine the consistency of petrolatum by means of a pene- 
trometer having a scale calibrated in tenths of a millimeter, and 
a cone constructed of stainless steel or brass, with a detachable 
hardened steel or stainless steel tip, the outside surface of the 
cone having a very smooth finish. The tip of the cone shall have 
an angle of 30°, the point being truncated to a diameter of 0.38 
mm, = 0.08 mm. The base of the tip shall be 8.88 mm. + 0.13 
mm. in diameter, and the length of the tip 15 mm. + 0.25 mm. 
The remaining portion of the cone shall have an angle of 90°, shall 
be 28.2 mm. in height, and shall have a maximum diameter at 
the base of 65.1 mm. The total moving weight of the cone shall 
be 150 Gm. - 

The vessel containing the petrolatum shall be placed in a bath 
ata temperature of 25° + 0.5° until ready for the determination. 

Procedure—Test all samples of petrolatum for original con- 
sistency after melting and cooling to the temperature of the test. 
Bring the samples to 25° = 0.5° before the test. If the sample 
is initially within 1.5° to 2° of this temperature, it may be 
brought to 25° by placing it in a water bath for 40 minutes; but 
if the initial temperature is outside of this range, place the sample 
in the constant-temperature bath for 11/2 hours to obtain the 
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desired temperature. If the room temperature is more than 1.5° 
to 2° from 25°, close the container tightly to prevent the entrance 
of water, and immerse the can in the bath for the required period. 

In conducting the test, the surface of the sample must be cut 
level and very smooth with a knife, care being taken not to ‘‘work” 
the surface. Place the can of petrolatum on the penetrometer 
table, and lower the cone until the tip just touches the top surface 
of the sample, watching the shadow of the tip as an aid to accu- 
rate setting. Quickly’ release the plunger and hold it free for 5 
seconds. The consistency is indicated by the total penetration 
as read from the scale. 

The total surface area disturbed by the test will have a diam- 
eter about equal to the measured depth of penetration. In order 
to prevent one test from being affected by the disturbed area of a 
previous test or by the sides of the container, the tip must never 
be placed nearer the sides of the container or the edge of a previ- 
ous hole than the penetration distance of that particular sample. 
The surface must not be smoothed over for subsequent tests. 
Make five such tests and report the average of the five as the con- 
sistency of the petrolatum if the mean deviation does not exceed 
3 per cent. If the mean deviation exceeds 3 per cent, report the 
average of 10 determinations. “e 


Containers for Injections 
See Parenteral Solutions (page 255). 


Containers, Standards for Light Transmission 


Apparatus—Several makes of apparatus of suitable sensitivity 
and accuracy are available. Among these are the Coleman Spec- 
trophotometer, the General Electric Recording Spectrophotom- 
eter, and the Cenco-Sheard Sectrophotelometer. Other instru- 
ments of equivalent accuracy may be used. 


The description given below applies to the Cenco-Sheard 


instrument; the essential features, or their equivalents, may be 
found in other instruments. Detailed directions for their opera- 
tion are furnished by the manufacturer. 

The optical system of the photoelectric spectrophotelometer, 
H is mounted within a dustproof metal housing. It consists of 
an entrance slit, S, from which light is directed with a mirror to 
a concave diffraction grating, an exit slit, an absorption cell car- 
riage, and a photocell. 

A crank on the right side of the housing operates a mechanism 
which rotates and shifts the grating, causing the first order spec- 
trum to traverse the slit, and keeping the portion of the spectrum 
falling on the slit in focus. A revolution counter located above the 
crank registers the wave length of the light to the nearest milli- 
micron at the center of the slit. An eyepiece with crosshair and 
reflecting prism is provided on top of the housing for visual scan- 
ning of the spectrum. It is introduced into the light path in 
front of the exit slit by pushing it downward in the mounting tube. 
In this position, the ight seen at the crosshair is of the wave 
length indicated by the revolution counter. The absorption cell 
carriage, made to carry two cells, is located between the exit 
slit and the photocell. 

A galvanometer, G, of high sensitivity is required to indicate the 
_ photocell current. One visual spectrum light source, EZ, with 
transformer, D, one high-pressure,mercury are with transformer 
(for measurements down to 3340 A), one constant voltage trans- 
former, C, one quartz condensing lens, two filters, one iris dia- 
phragm, and a bench support are necessary accessories. <A 
schematic diagram of the spectrophotometer is given in the illus- 
tration. 
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Fig. 581—Schematic diagram of photo-electric 
spectrophotometer with light source and 
transformers. 


Preparation of Sample—If{ the container material is homo- 
geneous throughout its thickness with regard to transmission of 
light, the samples should be prepared approximately 2 mm. in 
thickness with plane polished parallel surfaces. The sample size 
should be that accommodated by the particular instrument to be 
used for the measurement. If the surface of the container mate- 
rial has been treated in order to affect its light transmission proper- 
ties, the efficacy of this treatment shall not be impaired in the 
preparation of the sample. In no ease shall the sample be of more 
than 2 mm. in thickness, unless the material is homogeneous in 
color throughout its thickness. 


Measure the thickness of the test. specimen to an accuracy of 
0.01 mm. Clean the surfaces of the glass thoroughly, and be 
careful when placing the sample in the instrument to see that no 
fingerprints are left on the srufaces through which light must pass. 
Place the test specimen in the right-hand compartment of the 
absorption cell carriage so that it is normal to, and covers, the 
opening in the compartment. Leave the left-hand compartment 
empty. 


Per cent transmission 


Glass thickness (millimeters) 


Fig.582—Typical graph for recording the transmission factor for glass. 
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Fig. 583—Special transmission of amber glass for different thicknesses 
rom 1.0 mm. to 4.0 mm. 


Procedure—Set up the visual spectrum light source (ribbon 
filament lamp) for measurements in the range from 4100 A to 
7500 A (see spectrophotometric illustration). Carefully adjust 
the lamp bulb so that the center of the filament is on the axis of 
the optical system. Focus the light so that the image of the 
filament just covers the slit. Adjust the entrance slit to a width 
of 1.5 mm., and insert the 100 A exit slit. If the glass being tested 
has a very low transmission factor, wider slits must be used. 
However, if the glass contains narrow absorption bands, both 
slits must be made narrow accordingly. 
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Set the wave-length indicator to 420 by turning the crank in 
a clockwise direction. If the indicator is turned past this point, 
it must be reset after the crank has been turned four or five 
revolutions in a counterclockwise direction. Place the blank 
compartment in the light path and note the deflection ([o) of the 
galvanometer. Adjust the iris diaphragm to bring the galvanom- 
eter deflection between 80 and 100. Record this reading as 


PER CENT TRANSMISSION 
$. 8 
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Fig. 584—Characteristic spectral transmission curve of an amber glass. 


shown on the typical data sheet, page 1052. Immediately move 
the compartment containing the test sample into the light path 
and record the deflection (J). The ratio J/Jo is the transmission 
factor of the glass for the wave length shown on the indicator, 
Make measurements at successive intervals of 200 A. Insert a 
red filter (Cenco No. 87308-B610) in the filter -holder in front of 
the entrance slit for all measurements above 6500 A, No filter 
is needed for measurements between 4100 A and 6500 In some 
ini tances, narrow absorption bands may be encountered, in which 
cases more frequent measurements are necessary. 

To make measurements below 4100 A, set up the mercury arc 
light, using the quartz condensing lens to focus the image of the 
light source on the slit. Insert a blue filter (Cenco No. 87308-335) 
in the filter holder. Set the indicator on the wave length of a 
principal line in the mercury spectrum, which falls near the lower 
limit of wave lengths for which measurements are desired. Ob- 
tain transmission factors at the successive principal lines of the 
mercury spectrum up to 4050 A, as outlined above. 

In order to compare the transmission values of two glasses, 
the transmission factors must be obtained on the basis of a com- 
mon glass thickness, and curves plotted of per cent transmission 
against wave length. A thickness of 2.0 mm. is taken as the basis 
of comparison. It is quite difficult to polish all of the samples to 
be tested to exactly the same thickness; therefore, the following 
graphical method of converting the transmission factor of a glass 
from one thickness to the factor for another thickness is suggested. 

Prepare a chart on a sheet of 2-cycle, semi-logarithmic paper 
(Keuffel and Esser, No. 359-63; see illustrations of typical graphs 
for recording transmission factors on the proceeding) by laying 
off any convenient scale on the equal parts side to include the 
thickness of the sample tested, and the thickness for which trans- 
mission factors are desired. Draw lines on the graph to represent 
each of these thicknesses, 

Mark off the logarithmic scale in per cent, as indicated. This 
scale represents the amount of light transmitted by the glass 
after correction for reflection losses, which amount to about 4 per 
cent of the incident light on each surface. Since the transmission 
factors are not corrected for reflection losses, 92 per cent must be 
taken as the maximum per cent transmission, or as a basis for the 
graphical calculation. 

Draw astraight line through the 92 per cent point at zero thick- 
ness, and any transmission factor for a glass at its measured 
thickness, to obtain the correct transmission factor of this glass 
at any other thickness. On the graph, a transmission of 5.3 per 
cent at 1.7 mm. glass thickness is converted to 3.2 per cent trans- 
mission for a thickness of 2.0 mm. 

Sheet I—Following are a typical data sheet and transmission curve 
for an amber glass. 

Sheet IJ—Transmissions at various wave lengths between 2900 
and 4500 A for various thicknesses of an amber glass when maxi- 
mum transmission in 2.0-mm. thickness is 10 per cent. A typical 
glass was chosen for the “‘standard” data. Transmissions include 
loss by reflection. 


1 The intensity of the visual spectrum light source is fairly constant over the 
range in which it is used up to about 6800 A. 

Therefore, to detect absorption bands in the visible region, place the test 
sample in the light path, and traverse the range of wave lengths over which 
measurements are to be made. Any sudden change in the deflection (I) of the 
galvanometer will indicate an alas 4 band at the wave length where the 
sudden change in deflection occurred. 


et cd “I | 
te aaa: nti 
Lee ees 


TYPICAL DATA SHEET I 


Wave Transmission Factor 

Length, 
My Io I aes Mm. Ts =2.0 Mm, 
313 0 0 0 
334 6.6 0.40 0.061 0.037 
365 100 8.3 0.083 0.055 
385 20.0 1.06 0.053 0.032 
405 100 3.4 0.034 0.019 
420 95.2 3.05 0.032 0.018 
440 90.0 4,95 0.055 0.032 
460 86.7 8.3 0.096 0.065 
480 89.2 14.4 0.162 0.120 
500 92.3 24.0 0.260 0.210 
520 96.5 34.9 0.362 0.310 
540 87.2 41.8 0.480 0.432 
560 98.0 55.6 0.568 0.528 
580 94.0 59.4 0.632 0.595 
600 88.5 60.5 0.684 0.643 
620 91.5 64.4 0.703 0.672 
640 89.2 64.2 0.719 0.689 
660 81.0 58.3 0.719 0.689 
680 Shae 2640) 0.712 0.682 
700 15.0 10.6 0.705 0.674 


Measurements in the ultra-violet were made at the principal lines 
of mercury. 


TYPICAL DATA SHEET II 


Wave Length, ee) 

A 1.0 Mm, | 2.0 Mm. | 3.0 Mm. | 40 Mm 
2900 ? 0 0 0 
3000 ? 0 0 0 
3100. ? 0 0- 0 
3900 11.0 1.3 0.15 0.02 
3300 23,4 6.0 1.54 0.39 
3400 28.8 90 2.80 0.87 
3500 30.1 10.0 3.30 1.10 
3600 30.1 10.0 330 1.10 
3700 29.0 9.2 2.90 0.92 
3800 27.0 8.0 2.35 0.69 
3900 24.0 6.5 1.70 0.45 
4000 22.1 5.4 1.30 0.31 
4100 21.0 4.8 1.10 0.25 
4200 21.0 4.8 1.10 0.25 
4300 22 6 BG 1.35 0.34 
4400 25.0 6.8 1.75 0.46 
4500 27.0 8.0 240 0.70 


Diameter of Sutures 
See Sutures (page 1200). 


Dithizene Test for Lead 


All reagents used in this test should be as lead-free as obtain- 
able. All glassware used in the test should be well rinsed with 
warm dilute nitric acid (1 in 2), followed by water. 


Reagents 


Reagent Stronger Ammonia Water 

Ammonium Citrate Solution—Dissolve 40 Gm. of reagent citric 
acid in 90 ce. of water. Add 2 to 3 drops of phenol red T.S., then 
cautiously add reagent stronger ammonia water until the solution 
acquires a reddish color. Remove any lead that may be present 
by extracting the solution with 20-cc. portions of Dizthizone 
Extraction Solution (below) until the Dithizone Solution retains 
its orange-green color. 

Potassium Cyanide Solution—Dissolve 50 Gm. of potassium 
cyanide in sufficient water to make 100 ce. Remove the lead 
from this solution by extraction with successive portions of 
Dithizone Extraction Solution (below) .as described under 
Ammonium Citrate Solution above, then extract any dithizone 
remaining in the cyanide solution by shaking with chloroform. 
Finally dilute the cyanide solution with sufficient water so that 
each 100 ec. will contain 10 Gm. of potassium cyanide. 

Ammonia-cyanide Solution—Dissolve 2 Gm. of potassium cya- 
nide in 15 cc. of reagent stronger ammonia water and dilute with 
water to 100 cc. ; 

Hydroxylamine Hydrochloride Solution—Dissolve 20 Gm. of 
hydroxylamine hydrochloride in sufficient water to make ap- 
proximately 65 cc. _Transfer to a separator, add a few drops of 
thymol blue pH indicator, then add reagent stronger ammonia 
water until the solution assumes a yellow color. Add 10 ce. of a 
4 per cent solution of sodium diethyl dithiocarbamate, mix well, 
and allow to stand for 5 minutes. Extract this solution with suc- 
cessive 10- to 15-cc. portions of chloroform until a 5-cc. portion 
of the chloroform extract does not assume a yellow color when 
shaken with a dilute cupric sulfate solution. Add diluted hydro- 
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chlorie acid until the solution is pink, and then dilute with suf- 
ficient water to make 100 ce. 

Nitric Acid 1 Per cent—Dilute 10 ce. of nitric acid with suffi- 
cient water to make 1000 ce. 

Dithizone Extraction Solution—Dissolve 30 mg. of dithizone in 
1000 ec. of chloroform, and add 5 ee. of alcohol. Store the solu- 
tion in a refrigerator. 

Before use shake a suitable volume of the dithizone extraction 
solution with about half its volume of 1 per cent nitric acid. 

Standard Dithizone Solution—Dissolve 10 mg. of dithizone 
in 1000 ce. of chloroform. Keep the solution in a glass-stoppered, 
lead-free bottle, suitably wrapped to protect it from light, and 
store in a refrigerator. 

Lead Solution—Dilute exactly 10 cc. of Standard Lead Solution 
(containing 10 micrograms of lead per cc.) with sufficient 1 per 
cent nitric acid to make 100 cc. This solution contains 1 micro- 
gram of lead per cc. 

Procedure—Transfer the volume of the prepared sample di- 
rected in the monograph to a separator, and unless otherwise 
directed in the monograph, add 6 cc. of Ammonium Citrate 
Solution, 2 cc. of Potassiwm Cyanide Solution and 2 ce. of Hy- 
droxylamine Hydrochloride Solution. (For the determination of 
lead in iron salts use 10 cc. of the Ammoniwm Citrate Solution.) 
Add 2 drops of phenol red T.S. and make the solution just alka- 
line (red color) by the addition of reagent stronger ammonia water. 
Immediately extract the solution with 5-cec. portions of the 
Dithizone Extraction Solution, draining off each extract into an- 
other separatory funnel, until the dithizone solution retains its 
green color. Shake the combined chloroform extract for 30 sec- 
onds with 20 ee. of the 1 per cent nitric acid and discard the 
chloroform layer. Add to the acid solution exactly 5 cc. of 
Standard Dithizone Solution and 4 ce. of Ammonia-cyanide Solu- 
tion, and shake for 30 seconds: the color of the chloroform layer 
is of no deeper shade of violet than that of a control made with 
a volume of the Standard Lead Solution equivalent to the amount 
of lead permitted in the sample under examination, and the same 
quantities of the same reagents and in the same manner as the 
test with the sample. 


Emulsions 
See EHmulsification (page 184). 
Extracts 
See Extracts (page 276). 
Fats and Fatty Oils 


Preparation of Sample—If a sample of oil shows turbidity ow- 
ing to separated stearin, warm the container in a bath of water at 
50° until the turbidity has disappeared and the oil is clear. Thor- 
oughly mix the clarified oil before weighing the samples. If the 
oil does not become clear on warming, filter 1t through dry filter 
paper in a funnel contained in a hot water jacket. Weigh at one 
time as many portions as are needed for the various determina- 
tions, using preferably a bottle having a pipette dropper, or a 
weighing burette. Keep the sample melted, if solid at room 
temperature, until the desired samples are withdrawn. 

Index of Refraction—The index of refraction shall be deter- 
mined by means of the Abbé refractometer. The determination 
shall be made at the temperature specified for the oil. 

Melting Temperature—Determine the ee temperature as 
directed for substances of Class II, page 1058. 

Solidification Temperature of Fatty Acids—Preparation of the 
Fatty Acids—Heat 75 cc. of glycerin-potassium hydroxide solu- 
tion (made by dissolving 25 Gm. of potassium hydroxide in 100 
ce. of glycerin) to 150° in an 800-cc. beaker, and add 50 cc. of the 
clarified fat, melted if necessary. Heat the mixture for 15 min- 
utes with frequent stirring, but do not allow the temperature to 
rise above 150°. When saponification is complete, the mixture is 
homogeneous, with no particles clinging to the beaker at the 
meniscus. Pour the soap into 500 ce. of nearly boiling water, add 
slowly. 50 cc. of dilute sulfuric acid (made by adding 1 volume of 
sulfuric acid to 3 volumes of water), and heat with frequent stir- 
ring, until the fatty acids separate cleanly as a transparent layer. 
Wash the acids with boiling water until free from sulfuric acid, 
collect them in a small beaker, and place on a boiling water bath 
or steam bath until the water has settled and the fatty acids are 
clear. Allow the acids to cool, melt, and filter into a dry beaker 
while hot, and dry for 20 minutes at 100°. 

Determination of the Solidification Temperature—Cool the dry, 
filtered acids to from 15° to 20° above the expected solidification 
temperature and transfer to a glass tube 25 mm. in diameter and 
100 mm. in length, the glass being 1 mm. in thickness. By means 
of a perforated cork fasten the tube in a wide-mouth bottle of 
clear glass, approximately 70 mm. in diameter and 150 mm. in 
height. Suspend a thermometer in the melted acids so that it will 
serve as a stirrer, cool if necessary, and stir the mass slowly until 


the mercury remains stationary for 30 seconds, Then allow the 
thermometer to hang quietly, with the bulb in the center of the 
acids, and observe the rise of the mercury column. The highest 
point to which it rises is the Solidification Temperature of the 
fatty acids. 

Acetyl Value of Fatty Acids—The acetyl value of fatty acids is 
the number of mg. of potassium hydroxide required to neutralize 
the acetic acid obtained by the saponification of 1 Gm. of acetyl- 
ated fatty acids. It is determined as follows: Boil about 30 Gm. 
of the fatty acids, obtained as described in the monograph, with 
30 ec.-of acetic anhydride under a reflux condenser for 2 hours. 
Pour the mixture into 500 ce. of distilled water contained in an 
800-cc. beaker and boil gently for 15 minutes while bubbling 
carbon dioxide through the mixture. Siphon off the greater part 
of the water and repeat the boiling operation with two successive 
500-ce. portions of distilled water. Transfer the acetylated oil 
into a pear-shaped 500-ce. separator and wash with two 200-ce. 
portions of distilled water warmed to abcut 50°. Separate as 
much of the water as possible and add 5 Gm. of anhydrous sodium 
sulfate, shake well, allow to stand 30 minutes, then filter through 
a folded filter, carrying out the filtration in a drying oven at 105°, 
if necessary. 

Determine the saponification value on about 2 Gm. of the 
acetylated acids. Determine the acid value, expressed in mg. of 
Sarees hydroxide per Gm. of acid. Calculate the acetyl value, 

A, by the following formula: 


S—F 
Slee G00075S 
where 
A = acetyl value of the free fatty acids. 


S = saponification value of the acetylated fatty acids. 
= acid value of the original fatty acids expressed as mg. 
of potassium hydroxide required to neutralize 1 Gm. of 
fatty acids. 


Acid Value (Free Fatty Acids)—The acid value is the number of 
mg. of potassium hydroxide required to neutralize the free acids in 
1 Gm. of substance. The acidity may also be expressed as the num- 
ber of ce. of tenth-normal sodium hydroxide required to neutralize 
the free acid in 10 Gm. of substance. The acidity of fats, oils, 
waxes, fatty acids, resins, and balsams, unless otherwise directed, 
is determined as follows: Dissolve about 10 Gm. of the substance, 
accurately weighed, in 50 ce. of a mixture of equal volumes of 
alcohol and ether (which has been neutralized to phenolphthalein 
with tenth-normal sodium hydroxide) contained in a flask. If 
the sample does not dissolve in the cold solvent, connect the flask 
with a reflux condenser and warm slowly, with frequent shaking, 
until the sample has dissolved. Add 1 cc. of phenolphthalein 
T.S. and titrate with tenth-normal sodium hydroxide until the 
solution remains faintly pink after shaking for 80 seconds. Caleu- 
late either the Acid Value or the volume of tenth-normal alkali 
required to neutralize exaetly 10 Gm. of sample, as directed. 

If the oil has been saturated with carbon dioxide for the purpose 
of preservation, the solution in alcohol-ether must be boiled 
gently for 10 minutes under the reflux condenser before titration. 
The oil may also be freed from carbon dioxide by exposing it in 
a shallow dish in a vacuum desiccator for 24 hours before weigh- 
ing the samples. 

Ester Value—The Ester Value is the number of mg. of potas- 
sium hydroxide required to saponify the esters in 1 Gm. of fatty 
or volatile oil, fat, wax, resin, balsam, or similar organic sub- 
stance. If the Saponification Value and the Acid Value have been 
determined, the difference between these two represents the 
Ester Value. 

To determine the Ester Value directly, proceed as follows: 
Shake from 1.5 to 2 Gm. of the substance, accurately weighed in 
a 200- to 250-ce. tared flask, with from 20 to 30 cc. of neutralized 
alcohol, add 1 cc. of phenolphthalein T.S., and titrate with half- 
normal alcoholic potassium hydroxide until the free acid is 
neutralized, Add exactly 25 cc. of half-normal alcoholic potas- 
sium hydroxide, and proceed as directed under Saponification 
Value, beginning with “Insert in the neck of the flask” and omit- 


ting the further addition of phenolphthalein T.S. The difference - 


between the number of ec. of half-normal hydrochloric acid 
consumed in the actual test and in the blank, multiplied by 28.05 
and divided by the weight in Grams of the sample taken, is the 
Ester Value. 

Iodine Value (Hanus method)—The Iodine Value of a fat or 
oil represents the number of grams of iodine absorbed, under the 
prescribed conditions, by 100 Gm. of the substance. It is deter- 
mined as follows: Introduce about 800 mg. of a solid fat or about 
250 mg.! of an oil, accurately weighed, into a glass-stoppered flask 


1120 to 150 mg. of linseed oil or of oes liver oil, 800 mg. to 1.0 Gm. of theo- 
broma oil. ‘ 
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or bottle of 250-cc. capacity, dissolve it in 10 ec. of chloroform, 
add 25 ce. of iodobromide T.S., accurately measured from a 
burette or pipette, stopper the vessel securely, and allow it to 
stand for 30 minutes! protected from light. Then add, in the 
order named, 30 cc. of potassium iodide T.S. and 100 cc. of water, 
and titrate the liberated iodine with tenth-normal sodium thio- 
sulfate, shaking thoroughly after each addition of thiosulfate. 
When the iodine color becomes quite pale, add 1 cc. of starch 
T.S. and continue the titration with thiosulfate until the blue 
color is discharged. Carry out a blank test at the same time with 
the same quantities of the same reagent and in the same manner 
and titrating as directed. The difference between the number of 
ce. of thiosulfate consumed by the blank test and the actual test, 
multiplied by 1.269 and divided by the weight in Grams of sample 
taken, is the Iodine Value. 

Note—If more than half of the iodobromide T.S. is absorbed 
by the portion of the substance taken, the determination must 
be repeated, using a smaller portion of the substance under ex- 
amination. 

Saponification Value—The Saponification Value is the number 
of mg. of potassium hydroxide required to neutralize the free acids 
and saponify the esters contained in 1 Gm. of a fat, fatty or vola- 
tile oil, wax, resin, balsam, or similar substance. It is determined 
as follows: Place from 1.5 to 2 Gm. of the sample, accurately 
weighed, in a flask of from 200- to 250-cc. capacity, and add to it 
exactly 25 cc. of half-normal alcoholic potassium hydroxide. In- 
sert into the neck of the flask, by means of a perforated stopper, an 
air condenser consisting of a glass tube from 70 to 80 cm. in 
length and from 5 to 8 mm. in diameter, and heat the flask on a 
water bath for 30 minutes, frequently rotating the contents. Then 
add 1 cc. of phenolphthalein T.S. and titrate the excess of potas- 
sium hydroxide with half-normal hydrochloric acid. Make a 
blank test at the same time, using exactly the same amount of 
half-normal alcoholic potassium hydroxide. The difference be- 
tween the number of ce. of half-nornal hydrochloric acid consumed 
in the actual test and in the blank test, multiplied by 28.05 and 
divided by the weight in Grams of sample taken, is the Saponifica- 
tion Value. 

If the oil has been saturated with carbon dioxide for the pur- 
pose of preservation, it should be exposed in a shallow dish in a 
vacuum desiccator for 24 hours before the portions are weighed 
for this determination. 

Unsaponifiable Matter—The term Unsaponifiable Matter in 
oils or fats refers to those substances present that are not saponi- 
fiable by alkali hydroxides and are insoluble in water. It is deter- 
mined as follows: Weigh 5 Gm. of the oil or fat into a 250-ce. 
Erlenmeyer flask, add a solution of 2 Gm. of potassium hydroxide 
in 40 ce. of alcohol, and heat under a reflux condenser for 2 hours, 
keeping the alcohol gently boiling. Evaporate the alcohol on a 
water bath, dissolve the residue in 50 cc. of hot water, and trans- 
fer the solution to a separator, rinsing the flask with two 25-ce. 
portions of hot water which are added to the separator. Cool to 
room temperature, and extract with two successive portions of 50 
ec. each of ether, adding a few drops of alcohol to facilitate the 
separation of the two liquids. Combine the ether extracts in 
another separator and wash the ether solution first with 20 cc. of 
a solution of sodium hydroxide (4 in 1000), then with 20 ce. of a 
solution of sodium hydroxide (8 in 1000), and finally with 15-ce. 
portions of water until the last washing is not reddened by the 
addition of 2 drops of phenolphthalein T.S. Transfer the ethereal 
solution to a tared beaker, and rinse the separator with 10 ec. of 
ether, adding the rinsings to the beaker. Evaporate the ether 
just to dryness on a water bath, and dry the residue for 30 minutes 
at 100°. Cool the beaker in a desiccator for 30 minutes, and weigh 
the residue of Unsaponifiable Matter. 


Fiber Length of Cotton 
See chapter on ‘‘Surgical Dressings” (page 1193). 


Fineness of Powders 
See Comminution (page 141). 
; Fluidextracts 
See Fluidextracts (page 269). 


Heavy Metals Test 


The Heavy Metals Test is designed to determine the content of 
those metallic impurities in official substances that are colored by 
hydrogen sulfide under the conditions of the test. In chemicals 
the proportion of any such impurity is expressed as the quantity 
of lead required to produce a color of equal depth in a standard 
comparison solution, this quantity being stated as the Heavy 
Metals Limit as equivalent parts of lead per million parts of the 
substance (by weight). 


Sau Allow to stand for 1 hour in the case of castor oil, cod liver oil, or linseed oil. 


OS a . 


Reagents— 

Diluted Acetic Acid— 

Hydrochloric Acid—All concentrations of hydrochloric acid 
used in the Heavy Metals Test must be prepared from reagent 
hydrochloric acid and water. 

Ammonia T.S.—The heavy metals limit of ammonia T.S. used 
in this test shall not exceed 2 parts per million, when determined 
as directed in the monograph for Diluted Ammonia Solution. 

Hydrogen Sulfide T.S.— 

Stock Solution of Lead Nitrate—Dissolve 159.8 mg. of lead 
nitrate in 100 cc. of water to which has been added 1 ce. of nitric 
acid, then dilute to 1000 ec. with water. This solution must be 
prepared and stored in glass containers free from soluble lead 
salts. 

Standard Lead Solution—Dilute 10 cc. of the stock solution of 
lead nitrate, accurately measured, to 100 cc..with water. This 
solution must be freshly prepared. Each cc. of this standard 
lead solution contains the equivalent of 0.01 mg. of lead. When 
0.1 ec. of standard lead solution is employed to prepare the stand- 
ard to be compared with a solution of 1 Gm. of the substance being 
tested, the comparison solution thus prepared contains the 
a of 1 part of lead per million parts of the substance 
tested. 

Procedure for Testing Chemicals—Solution A—Introduce into 
a 50-cc. Nessler tube 2 cc. of diluted acetic acid, and exactly the 
quantity of standard lead solution containing the lead equivalent 
of the heavy metals limit specified for the substance to be tested, 
and make up to 25 ec. with water. 

Solution B—This consists of 25 cc. of the solution prepared for 
this test according to the specific directions in each monograph. 

Transfer solutions A and B to similar 50-cc. Nessler tubes, add 
10 cc. of hydrogen sulfide T.S. to each tube, mix, allow to stand 
for 10 minutes, then view downward over a white surface: the 
color of Solution B is no darker than that of Solution A. 

Procedure for Testing Volatile Oils—Shake 10 cc. of the oil with 
an equal volume of water to which a drop of hydrochloric acid 
has been added, and pass hydrogen sulfide through the mixture 
until it is saturated: no darkening in color is produced in either 
the oil or the water. 


Identification Tests—General 


Under this heading are placed tests which are frequently re- 
ferred to in the U.S. P. and N. F. To conserve space they are 
grouped here and in the text are referred to by title and page. 

These tests are to be used for the identification of official chemicals. 
They are not intended to be applicable to mixtures of substances 
unless specific directions are gwen for such use. 

Acetate—When warmed with sulfuric acid, acetates evolve 
acetic acid. If acetic acid or an acetate is warmed with sulfuric 
acid and alcohol, the characteristic odor of ethyl acetate is 
evolved. With neutral solutions of acetates, ferric chloride T:S. 
produces a deep red color which is destroyed by the addition of 
mineral acids. 

Aluminum—Solutions of aluminum salts yield with ammonia 
T.S. a gelatinous white precipitate which is insoluble in an excess 
of ammonium hydroxide. Sodium, hydroxide T.S., or sodium 
sulfide T.S. produces the same precipitate which dissolves in an 
excess of either of these reagents. 

Ammonium—Ammonium salts are decomposed by the addition 
of an excess of sodium hydroxide T.8., with the evolution of 
ammonia, recognizable by its odor and by its alkaline effect upon 
moistened red litmus paper exposed to the gas. Warming the 
solution accelerates the decomposition. 

Antimony—Solutions of antimonous compounds, strongly 
acidulated with hydrochloric acid, yield with hydrogen sulfide an 
orange precipitate of antimony sulfide which is insoluble in am- 
monia T.S., but soluble in ammonium sulfide T.S. 

Arsenate—Soluble arsenates yield with silver nitrate T.S. a 
reddish brown precipitate which is soluble in diluted nitric acid 
and in ammonia T.S. Soluble arsenates yield'a white precipitate 
with magnesia mixture T.S. This precipitate is soluble in hydro- 
chlorie acid, which solution, when heated, yields with hydrogen 
sulfide a yellow precipitate, soluble in ammonium sulfide 

Arsenite—Neutral solutions of arsenites yield with silver nitrate 
T.S. a yellow precipitate. The precipitate is soluble in either 
ammonia T.S. or in diluted nitric acid. Neutral solutions of 
arsenites yield with cupric sulfate T.S. a green precipitate. When 
boiled with sodium hydroxide T.8., the precipitate becomes red in 
color. Solutions of arsenous salts which have been acidified with 
hydrochloric acid yield a yellow precipitate with hydrogen sulfide. 
The precipitate is insoluble in hydrochloric acid, but soluble in 
ammonium carbonate T.S. 

Barium—Solutions of barium salts yield a white precipitate 
with diluted sulfuric acid. This precipitate is insoluble in hydro- 
chloric or nitric acid. Barium salts impart a yellowish green color 
to a non-luminous flame, appearing blue when viewed through 
green glass.’ 
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Benzoate—In neutral solutions, benzoates yield a salmon- 
colored precipitate with ferric chloride T.S. In moderately con- 
centrated solutions, benzoates yield a precipitate of benzoic acid 
upon acidulation with diluted sulfuric acid. This precipitate is 
readily soluble in ether. ; 

Bicarbonate—(See Carbonate). 

Bismuth—When dissolved in a slight excess of nitric or hydro- 
chlorie acid, bismuth salts yield a white precipitate upon dilution 
with water. This precipitate is colored brown by hydrogen sul- 
fide, and the resulting compound dissolves in a warm mixture of 
equal parts of nitric acid and water. 

Bisulfite—(See Sulfite). 

Borate—Solutions of borates, acidulated with hydrochloric 
acid, color turmeric paper brownish red; the color becomes intensi- 
fied by drying, and changes to greenish black upon being moist- 
ened with ammonia T.S. When a borate is treated with sulfuric 
acid, methanol added, and the mixture ignited, it burns with a 
green-bordered flame. 

Bromate—Sulfurous acid, added dropwise to a solution of a 
bromate, produces a yellow color, which disappears upen the 
addition of an excess of sulfurous acid. Bromates, when ignited 
gently with chareoal, yield bromides which may be recognized 
by the characteristic reactions. 

Bromide—In solutions of bromides, the addition of chlorine 
T.S., drop by drop, liberates bromine which is dissolved by shak- 
ing with chloroform, coloring the chloroform red to reddish brown. 
Silver nitrate T.S. produces in solutions of bromides a yellowish 
precipitate which is insoluble in nitric acid, and slightly soluble in 
ammonia T.S. 

Cadmium—Neutral, alkaline, or moderately acid solutions of 
cadmium salts yield a yellow precipitate with hydrogen sulfide. 
This precipitate is insoluble in alkali hydroxides, alkali sulfides, 
and in cold diluted acids. It is soluble in cold moderately diluted 
nitric acid, hot diluted hydrochloric acid, or hot moderately 
diluted sulfurie acid. 

Calcium—In neutral or alkaline solutions of calcium salts, am- 
monium oxalate T.S. produces a white precipitate. This precipi- 
tate is insoluble in acetic acid, but dissolves in hydrochloric acid. 
Calcium salts moistened with hydrochloric acid impart a tran- 
sient yellowish red color to a non-luminous flame. 

_Carbonate—Carbonates or bicarbonates effervesce with acids, 
yielding a colorless gas, which when passed into calcium hydroxide 
T.S. produces an immediate white precipitate. A cold solution 
of a soluble carbonate is colored red by phenolphthalein T.S., 
while a similar solution of a bicarbonate remains unchanged or is 
only slightly colored. 

Cerium—When a cerium salt is mixed with about two and one- 
half times its weight of lead dioxide, and the mixture boiled with 
nitric acid, the liquid becomes yellow. 

_Chlorate—Solutions of chlorates yield no precipitate with silver 
nitrate T.S. The addition of sulfurous acid to this mixture pro- 
duces a white precipitate which is insoluble in nitric acid but 
soluble in ammonia T.8. Upon ignition, chlorates yield chlorides, 
recognizable by appropriate tests. When concentrated sulfuric 
acid is added to a dry chlorate, decrepitation occurs and.a green- 
ish yellow gas is evolved. Caution—Only a small amount of 
chlorate should be used for this test and extreme caution must be 
exercised in performing it. 

Chloride—Solutions of chlorides yield with silver nitrate T.S., 
a white, curdy precipitate, which is insoluble in nitric acid, but 
dissolves in a slight excess of ammonia T.S. When testing alka- 
loidal hydrochlorides, the mixture, after the addition of ammonia, 
is filtered and the filtrate acidified with nitric acid. Solutions of 
chlorides, when warmed with potassium permanganate and di- 
luted sulfuric acid, evolve the characteristic odor of chlorine. 

Chromate—Solutions of chromates or dichromates, free from 
mineral acids, yield with lead acetate T.S. a yellow precipitate, 
which is insoluble in acetic acid. When a chromate or a dichro- 
mate is acidified with diluted sulfuric acid and solution of hydro- 
gen peroxide added, a transient blue color is produced. Upon 
shaking with ether immediately, the blue color passes into the 
ether layer. ; 

Citrate—To a solution of 5 cc. of a citrate (1 in 10) add 1 ce. of 
calcium chloride T-S. and 3 drops of bromothymol blue T.S., and 
slightly acidify with diluted hydrochloric acid. Add tenth-normal 
sodium hydroxide until the color changes to a clear blue; then 
boil the solution f or 3 minutes, agitating it gently during the heat- 
ing period: a white, crystalline precipitate appears in the liquid. 
This precipitate is insoluble in sodium hydroxide T.S., but dis- 
solves in diluted hydrochloric acid. 

When to a solution of a citrate, one-tenth its volume of mer- 
curic sulfate T.S. is added, the mixture heated to boiling, then 


potassium permanganate T.S. added, a white precipitate is pro- ~ 


duced. 


_ Cobalt—Solutions of cobaltous compounds yield a blue pre- 
cipitate with sodium hydroxide T.S. This precipitate rapidly 
changes color, becoming olive-green, but if boiled soon after its 


formation, it becomes rose-red. Solutions of cobalt salts, when 
saturated with potassium chloride and treated with potassium 
nitrite and acetic acid, yield a yellow precipitate. 

Copper—Solutions of cupric compounds, acidified with hydro- 
chloric acid, deposit a red film of metallic copper upon a bright 
untarnished surface of metallic iron. An excess of ammonia T.S., 
added to a solution of a cupric salt, produces first a bluish pre- 
cipitate and then a.deep blue-colored solution. With potassium 
ferrocyanide T.S., solutions of cupric salts yield a red precipitate, 
insoluble in diluted acids. 

Cyanide—To 10 cc. of a dilute solution of a cyanide, add three 
drops of freshly prepared ferrous sulfate T.S., 1 ec. of sodium 
hydroxide T.S., a few drops of ferrie chloride T.S., warm, and 
finally acidify with diluted sulfuric acid; a blue precipitate is 
produced. 

Dichromate—(See Chromate). ¥ 

Ferricyanide—Solutions of ferricyanides yield a blue precipi- 
tate with ferrous sulfate T.S. This precipitate is insoluble in 
diluted hydrochloric acid, but is decomposed by sodium hydroxide 
TS 


Ferrocyanide—Solutions of ferrocyanides yield a blue precipi- 
tate with ferric chloride T.S. With cuprie sulfate T.S., ferro- 
cyanides yield a red precipitate insoluble in diluted acids. 

Glycerophosphate—Solutions of glycerophosphates yield no 
precipitate in the cold with ammonium molybdate T.S., but upon 
prolonged boiling a yellow precipitate is formed. Moderately 
diluted solutions of glycerophosphates, when treated with eal- 
cium chloride T.S., remain unaffected in the cold, but on boiling 
a precipitate is produced. When a glycerophosphate is mixed 
with an equal weight of powdered potassium bisulfate and gently 
heated in a test tube over a free flame, the very pungent odor of 
acrolein is evolved. 

Gold—Solutions of auric salts produce with sodium hydroxide 
T.S. a brown precipitate which is soluble in an excess of the re- 
agent. Solutions of auric salts, when treated with stannous 
chloride T.8. and allowed to stand, slowly form a purple pre- 
cipitate. : 

Hypophosphite—When strongly heated, hypophosphites evolve 
spontaneously inflammable hydrogen phosphide. Hypophos- 
phites in solution yield a white precipitate with mercuric chloride 
T.S. This precipitate becomes gray when an excess of hypo- 
phosphite is present. Solutions of hypophosphites, acidulated 
with sulfuric acid and warmed with copper sulfate T.S., yield a 
red precipitate. 

Iodide—Solutions of iodides, upon the addition of chlorine 
T.S., drop by drop, liberate iodine which colors the solution yellow 
to red. On shaking with chloroform the latter is colored violet. 
The iodine thus liberated gives a blue color with starch T.S. 
Silver nitrate T.S. produces in solutions of iodides a yellow, curdy 
precipitate which is insoluble in nitric acid and in ammonia T.S. 

Iron—Ferrous or ferric compounds in solution yield a black pre- 
cipitate with ammonium sulfide T.8. This precipitate is dis- 
solved by cold diluted hydrochloric acid with the evolution of 
hydrogen sulfide. ; 

Ferric Salts—Acid solutions of ferric salts yield a dark blue 
precipitate with potassium ferrocyanide T.S. With an excess of 
sodium hydroxide T.S., a reddish brown precipitate is formed. 
Solutions of ferric salts produce with ammonium thiocyanate 
T.S. a deep red color which is not destroyed by diluted mineral 
acids. 

Ferrous Salts—Solutions of ferrous salts yield a dark blue pre- 
cipitate with potassium ferricyanide T.S. This precipitate is 
insoluble in diluted hydrochloric acid, but is decomposed by 
sodium hydroxide T.S. Solutions of ferrous salts yield with 
sodium hydroxide T.S. a greenish white precipitate, the color 
rapidly changing to green and then to brown on shaking. 

Lactate—Solutions of lactates, when acidulated with sulfuric 
acid, potassium permanganate T.S. added, and the mixture 
heated, evolve acetaldehyde which is recognizable by its odor. 

Lead—Solutions of lead salts yield with diluted sulfuric acid a 
white precipitate which is insoluble in diluted hydrochloric or 
nitric acid, but completely soluble in warm sodium hydroxide 
T.S. and in ammonium acetate solution. With potassium chro- 
mate T.S., solutions of lead salts, free or nearly free from mineral 
acids, yield a yellow precipitate which is insoluble in acetic acid 
but soluble in sodium hydroxide T:S. “= 

Lithium—Moderately concentrated solutions of lithium salts, 
made alkaline with sodium hydroxide, yield with sodium carbon- 
ate T.S. a white precipitate on boiling. The precipitate is soluble 
in ammonium chloride T.S. Lithium salts moistened with 
hydrochloric acid impart an intense crimson color to a non- 
luminous flame. Solutions of lithium salts are not precipitated 
by diluted sulfurie acid or by soluble sulfates (difference from 
strontium). 

Magnesium—Solutions of magnesium salts in the presence of 
ammonium chloride yield no precipitate with ammonium carbon- 
ate T.S., but on the subsequent addition of sodium phosphate 
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T.S., a white, crystalline precipitate is produced which is insol- 
uble in ammonia T.S. 

Manganese—Solutions of manganous salts yield a salmon- 
colored precipitate with ammonium sulfide T.S. This precipitate 
is dissolved by acetic acid. 

Mercury—Solutions of mercury salts, free from excess of nitric 
acid, when applied to bright copper foil, yield a deposit, which, 
upon rubbing, becomes bright and silvery in appearance, With 
hydrogen sulfide, solutions of mercury compounds yield a black 
peewerinte which is insoluble in ammonium sulfide T.S., or in 

oiling diluted nitric acid. 

Mercuric Salts—Solutions of mercuric salts yield a yellow pre- 
cipitate with sodium hydroxide T.S. They yield also, in neutral 
solutions with potassium iodide T.S., a scarlet precipitate which 
is very soluble in an excess of the reagent. 

Mercurous Salts—Mercurous compounds are decomposed by 
sodium hydroxide T.S., producing a black color. Solutions of 
mercurous salts yield with hydrochloric acid a white precipitate 
which is blackened by ammonia T.S. With potassium iodide 
T.S., a yellow precipitate is produced which may become green 
upon standing. 

Molybdate—When a dry molybdenum compound is covered 
with sulfuric acid and heated until the acid is almost completely 
removed, a blue residue remains. Solutions of molybdates acidi- 
fied with nitric acid, yield a yellow precipitate on warming with a 
small amount of sodium phosphate T.S. This precipitate is sol- 
uble in aquecus sodium hydroxide solutions and in ammonia T.S. 

Nitrate—When a solution of a nitrate is mixed with an equal 
volume of sulfuric acid, the mixture cooled, and a solution of fer- 
rous sulfate superimposed, a brown color is produced at the junc- 
tion of the two liquids. When a nitrate is heated with sulfuric 
acid and metallic copper, brownish red fumes are evolved. Ni- 
trates do not decolorize acidified potassium permanganate T.S 
(difference from nitrites). 

Nitrite—When treated with diluted mineral acids or with acetic 
acid, nitrites yield brownish red fumes. A few drops of potassium 
iodide T.S. and a few drops of diluted sulfuric acid added to a 
solution of a nitrite, liberate iodine which colors starch T.S. blue. 

Nitroferricyanide (Nitroprusside)—The addition of a dilute 
solution of a soluble sulfide to a solution of a nitroferricyanide 
produces a transient purple to deep violet color, the intensity and 
shade of color depending upon the concentration of the solutions. 

Oxalate—Neutral or alkaline solutions of oxalates yield a white 
precipitate with calcium chloride T.S. This precipitate is insol- 
uble in acetic acid but is dissolved by hydrochloric acid. Hot 
igiied solutions of oxalates decolorize potassium permanganate 


~ Palladium—Solutions of palladous salts yield with ammonia 
T.S. a salmon-colored precipitate which is soluble in an excess of 
the reagent. Hydrochloric acid added to this solution produces 
a yellow precipitate. Solutions of palladous salts yield with potas- 
sium iodide T.S. a black precipitate. 

Permanganate—Solutions of permanganates acidified with sul- 
furie acid are decolorized by solution of hydrogen peroxide and 
by sodium bisulfite T.S., in the cold, or by oxalic acid T.S. in hot 
solution. 

Peroxide—Solutions of peroxides slightly acidified with sulfuric 
acid yield a deep blue cclor upon the addition of potassium di- 
chromate T.S. On shaking the mixture with an equal volume of 
ether and allowing the liquids to separate, the blue color will be 
found in the superimposed ether layer. : 

Phosphate—Neutral solutions of orthophosphates yield with 
silver nitrate T.S. a yellow precipitate, which is soluble in diluted 
nitric acid or in ammonia T.S. With ammonium molybdate T.S., 
a arom precipitate is produced which is soluble in ammonia 


Phosphotungstate—(See Tungstate). 

Potassium—Potassium compounds inpart a violet color to a 
non-luminous flame, but the presence of small quantities of 
sodium masks the color. In neutral, concentrated, or moderately 

- concentrated solutions of potassium salts (depending upon the 
solubility and the potassium content of the salt), sodium bitar- 
trate T.S., produces a white, crystalline precipitate which is sol- 
uble in ammonia T.S., in alkali hydroxides, or carbonates. The 
formation of the precipitate, which is usually slow, is accelerated 
by stirring or rubbing the inside of the test tube with a glass rod. 
The addition of a little glacial acetic acid or alcohol also promotes 
the formation of the precipitate. 

- Salicylate—In moderately dilute solutions of salicylates, ferric 
chloride T.S. produces a violet color. The addition of acids to 
‘moderately concentrated solutions of salicylates produces a 
white, crystalline precipitate of salicylic acid. y 

Selenate—Solutions of selenates yield with stannous chloride 

TS. a red precipitate which redissolves upon boiling. ; ; 

 Selenite—Solutions of selenites yield a red precipitate with 
sodium bisulfite T.S. fg ar 

__ Silver—Solutions of silver salts yield with hydrochloric acid a 


~ 
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white, curdy precipitate, which is insoluble in nitric acid but is 
easily soluble in ammonia T.S. To a solution of a silver salt 
add ammonia T.S. and a small quantity of solution of formalde- 
hyde; upon warming, a mirror of metallic silver is deposited upon 
the sides of the test tube. : 

Sodium—Sodium compounds after conversion to chloride or 
nitrate yield with cobalt-uranyl acetate T.S. a golden yellow pre- 
cipitate, which forms after several minutes’ agitation. Sodium 
ee impart an intense yellow color to a non-luminous 

ame. 

Strontium—Calcium sulfate T.S. produces a white precipitate 
with solutions of strontium salts. Strontium compounds, moist- 
ened with hydrochloric acid, impart a crimson color to a non- 
luminous flame. 

Sulfate—Solutions of sulfates yield with barium chloride T.S. 
a white precipitate, which is insoluble in hydrochloric or nitric 
acid. With lead acetate T.S., sulfates yield a white precipitate 
soluble in ammonium acetate solution. Hydrochloric acid pro- 
duces no precipitate when added to solutions of sulfates (differ- 
ence from thiosulfates). 

Sulfide—When treated with an acid, many sulfides yield hydro- 
gen sulfide, recognizable by its characteristic, pungent odor. 

Sulfite—When treated with hydrochloric acid, sulfites and bi- 
sulfites yield colorless sulfur dioxide, recognizable by its pungent 
odor which is the same as the odor of burning sulfur. This gas 
blackens filter paper moistened with mercurous nitrate T.S. 

Tartrate—With neutral solutions of tartrates, silver nitrate 
T.S. produces a white precipitate. Upon dissolving this precipi- 
tate in just sufficient ammonia T.S. and warming, metallic silver 
is deposited on the side of the test tube, forming a mirror. On 
adding to a solution of tartaric acid or of a tartrate, acidified with 
a few drops of acetic acid, a drop of ferrous sulfate T.S., then a 
few drops of hydrogen peroxide T.S., and finally an excess of 
sodium hydroxide T.S., a purplish violet color is produced. 

Thiocyanate—Solutions of thiocyanates yield a red color with 
ferric chloride T.S. which is not destroyed by moderately concen- 
trated mineral acids. 

Thiosulfate—Solutions of thiosulfates yield with hydrochloric 
acid a white precipitate which soon turns yellow, and sulfur di- 
oxide is liberated, recognizable by its odor. The addition of fer- 
ric chloride T.S. to solutions of thiosulfates produces a dark violet 
color which quickly disappears. 

Tin—When metallic zinc is placed in a solution of a salt of tin 
acidified with hydrochloric acid, the tin is precipitated in metallic 
form. When dissolved in hydrochloric acid, tin produces a white 
or gray precipitate with mercury bichloride T.S. 

Stannic—Solutions of stannic compounds yield with hydrogen 
sulfide a yellow precipitate, insoluble in diluted hydrochloric 
acid but soluble in colorless solutions of alkali sulfides. 

Stannous—Solutions of stannous salts yield with mercury bi- 
chloride T.S. a white or gray precipitate, and with hydrogen sul- 
fide, a brownish black precipitate. 

Tungstate—Solutions of tungstates or phosphotungstates yield 
with stannous chloride T.S. a yellow precipitate, which, upon 
heating with hydrochloric acid, changes to blue. Solutions of 
tungstates, when evaporated to dryness with hydrochloric acid, 
leave a yellow residue which is soluble in ammonia T.S. 

Vanadate—Solutions of vanadates yield with ammonium sulfide 
T.S. a brown precipitate, moderately soluble in an excess of the 
reagent to produce a reddish brown solution. 

Zinc—In the presence of sodium acetate, zinc salts yield a white 
precipitate with hydrogen sulfide. This precipitate is insoluble 
in acetic acid but is dissolved by diluted hydrochloric acid. 
Ammonium sulfide produces a similar precipitate in neutral or 
alkaline solutions. Zine salts in solution yield with potassium 
ferrocyanide T.S. a white precipitate which is insoluble in diluted 
hydrochlorie acid. 


Infusions 
See Infusions (page 265). 


Injections 
See Parenteral Solutions (page 249). 


Medicine Dropper, Official 
See chapter on ‘‘Metrology”’ (page 57). : 


Melting Range or Temperature 


For the purpose of the U. 8. P. and N. F., the melting points 
or ranges of solids are defined as those points or ranges of tem- 
perature at which or within which they are observed to melt 
when treated as directed in the following tests: ass 

For the determination of their melting points solids are divided 
into three classes: 7 

Class I—Materials readily reduced to a powder. 
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Class II—Materials not readily reduced to a powder, such as 
fats, fatty acids, paraffin, and waxes. 

Class I[I—Petrolatum. 

Apparatus Required—1. A round-bottom glass tube of from 30- 
to 40-mm. internal diameter and about 12 em. long, flaring 
slightly at the top like an ordinary test tube. The walls of the 
tube are not more than 1.5 mm. thick at any point. The tube 
is made of glass which will withstand heating over an open Bun- 
sen flame. 

2. A stirring device, which may be made from a glass rod of 
about 2-mm. external diameter. It is made circular at the end to 
fit the container and is bent twice at right angles above the top 
of the container to bring its outer end within reach for convenient 
manipulation. 

Any other melting point apparatus or method, capable of equal 
accuracy, may be used. Six U. 8S. P. Melting Point Reference 
Standards are available, and may be used for checking the accu- 
racy of a melting point method or apparatus. 

3. A standard thermometer of Type I or Type II covering ae 
desired range of temperature. 

4. A capillary glass tube about 9 em. long and from 0.8- to 1. 2- 

mm. internal diameter, the walls from 0.2 to 0.3 mm. thick and 
the tube closed at one end. 
Reduce the sample 
to a very fine powder, and, unless otherwise directed, render it 
anhydrous when it contains water of hydration by drying it at 
the temperature specified in the text, or, when the substance 
contains no water of hydration, by drying it for 24 hours over 
sulfuric acid. 

Select a bath suitable for the melting temperature to be deter- 
mined, and fill the container to a depth which will permit immer- 
sion of the thermometer to the specified depth, with the bottom 
of the bulb from 2 to 3 em. above the bottom of the container. 

Charge the capillary glass tube with sufficient of the dry powder 
to form a column in the bottom of the tube from 2.5 to 3.5 mm. 
high when packed down as closely as possible by moderate tap- 
ping on a solid surface. Attach the capillary tube to the ther- 
mometer by wetting both with the liquid of the bath or by means 
of a piece of platinum wire and adjust its height so that the mate- 
rial in the capillary is beside the thermometer bulb. 

Heat the bath by means of a free Bunsen flame until a tem- 
perature approximately 30° below the expected melting point is 
reached, introduce the sample, continue heating at a temperature 
increment of approximately 3° per minute until a temperature 
3° below the expected melting point is attained, then carefully 
regulate the rise in temperature to about 1° per minute until the 
melting is complete. The temperature at which the material be- 
comes liquid throughout is the end of melting. The bath must 
be stirred constantly throughout the heating. 

Note—Suggestions regarding liquids to be used for baths in 
testing materials belonging to Class I: 

For temperatures up to 200°, concentrated sulfuric acid is a 
suitable bath. For higher temperatures, up to about 350°, a 
pure grade of cottonseed oil (almost colorless) will serve for a 
limited number of determinations. Other substitutes for sulfuric 
acid for use at high temperatures are: (1) a pure grade of paraf- 
fin which has been freshly distilled; (2) clean, white, hydrogenated 
vegetable oil. A very satisfactory bath is prepared by dissolv- 
ing, with the aid of heat, 30 parts of potassium sulfate with 70 
parts of sulfuric acid, stirring constantly until the potassium 
sulfate is completely dissolved. 

Procedure for Testing Materials of Class I11—Carefully melt 
the material to be tested at as low a temperature as possible and 
draw it into a capillary tube, which is open at both ends, to a 
depth of about 10 mm. Cool the charged tube at 10°, or lower, 
for 24 hours, or in contact with ice for at least 2 hours. Then 
attach the tube to a standard thermometer by means of a rubber 
band, adjust and heat it in a water bath, as directed under pro- 
cedure for testing materials in Class I, except that, within 5° of 
the assumed melting temperature, the rate of rise of temperature 
is carefully regulated to about one-half degree per minute. 

The temperature at which the material is observed to rise in 
the capillary tube is taken as the melting point. 

Procedure for Testing Materials of Class I[1I—Melt the sample 
slowly, while stirring, until it reaches a temperature of 90° to 92°. 
Remove the source of the heat and allow the molten substance to 
cool to a temperature of 8° to 10° above the expected melting 
point. Chill the bulb of a thermometer, Type III, to 5°, wipe 
it dry, and while still cold thrust it into the molten substance so 
that approximately the lower half of the bulb is submerged. 
Withdraw it immediately and hold it vertically away from the 
heat until the wax surface dulls, then dip it for 5 minutes into a 
water bath having a temper ature not greater than 16°. 

Fix the thermometer securely in a test tube by means of a 
cork so that the lowest point is 15 mm. above the bottom of the 
test tube. Suspend the test tube in water in a beaker at a tem- 
perature of about 16°, and raise the temperature of the bath to 


30° at the rate of 2° per minute, then at a rate of 1° per minute 
until the first drop leaves the thermometer. The temperature 
at which the first drop leaves the thermometer is the melting 
point. Use a freshly melted portion of the sample for each deter- 
mination. If the variation of three determinations is less than 
1°, take the average of the three. If the variation of three deter- 
minations is greater than 1°, make two additional determinations 
and take the average of the five. 


Nicotinic Acid or Nicotinamide Assay 
See chapter on ‘Biological Assays (page 1019).” 


Optical Rotation 


In a ray of ordinary light the vibrations take place in a plane 
at right angles to the direction of propagation, but the vibration 
direction is constantly changing. In a ray of plane polarized 
light, commonly designated as polarized light, the vibrations take 
place in only one direction. Many chemicals or their solutions 
have the property of thus polarizing light and rotating the plane 
either to the right or to the left. This property is referred to as 
optical activity, or optical rotation, and is inherently related to the 
chemical constitution of the substance. 

The extent of the optical activity or rotation is measured in 
degrees, and the instrument used for this measurement is gen- 
erally called a polariscope. The character of the rotation, that is, 
whether to the right or to the left, is indicated by placing a plus 
sign (+) or a minus sign (—) before the number indicating the 
degrees of rotation, as: -+20°, meaning 20° to the right, or 
—20°, meaning 20° to the left. 

Angular rotation represents the number of degrees a substance 
or its solution, under specified conditions of concentration, tem- 
perature, and length of the tube, will rotate the plane of polariza- 
tion. When the term optical rotation is used in the U.S. P. and 
N. F. it refers to angular rotation. 

The specific rotation, [a], of a liquid is defined as the angular 
rotation in degrees through which the plane of polarization of 
polarized monochromatic light is rotated by passage through 1 
decimeter (100 mm.) of the liquid, calculated to the basis of a 
specific gravity of 1. In the ease of solutions of an optically active 
substance the specific rotation is calculated to the basis of a 
concentration of 1 Gm. of solute in 1 ce. of solution. 

Specific rotation is usually expressed by the term [a]{, the letter 
t indicating, in centigrade degrees, the temperature at which the 
observed rotation is determined, while the letter x indicates the 
characteristic spectrum line of the light used. In the U.S. P. and 
N. F., unless otherwise indicated, the temperature at which 
determinations of angular or specific rotation are made is 25°, 
and the spectrum line is the D line of the sodium spectrum. 

The temperature at which the rotary activity is observed must 
be indicated because the specific gravity and the degree of rota- 
tion vary appreciably with the temperature. 

-For calculating the specific rotatory power of an optically active 
liquid substance, or the solution of an optically active solid, the 
following formulas are of general application: 


I. For liquid substances [a]h = Pa 
d Bib fue eM 100a “4 pac 100% 
II. For soiutions [a] = pd Qelpyley = i 


For calculating the specific rotation [a] using these formulas, the 
determination of the following factors is necessary: 


the observed rotation in degrees of the liquid at a tem- 


a= 
perature ¢ using a sodium light. 

1 = the length of the tube in decimeters. 

d = the specific gravity of the liquid or solution at the tem- 
perature of observation. 

p = the concentration of solution expressed as the number of 
grams of active substance in 100 Gm. of solution. 

c = the concentration of solution expressed as the number of 


grams of active substance in 100 cc. of solution. 


Proximate Assays (Alkaloidal Drug Assays) 


See the chapter on “‘Chemical and Proximate Assays” (page 
991). 


Pyrogen Test 
See Parenteral Solutions (page 250). 


Readily Carbonizable Substances. 


In tests for readily carbonizable substances, unless otherwise 
directed, add the specified quantity of the substance, finely pow- 
dered if in solid form, in small portions to the comparison container, 


z 
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which is made of colorless glass resistant to. the action of sulfuric 
acid, and containing the specified volume of sulfuric acid, which 
contains not less than 94.5 per cent and not more than 95.5 per 
cent H2SO.4, determined by titration. Stir the mixture with a 
glass rod until solution is complete, allow the solution to remain 
at rest for 15 minutes, unless otherwise directed, and compare 
the color of the solution with that of the specified matching fluid 
in & comparison container which is also of colorless glass and has 
the same internal dimensions and cross section, viewing the fluids 
pe eeely against a background of white porcelain or white 
glass. 

When heat is directed in order to effect solution of the substance 
in the sulfuric acid, the sample and the acid are to be mixed in a 
test tube and heated as directed, and the solution then trans- 
ferred to the comparison container for matching. 

Preparation of the Matching Fluids—Accurately measure the 
prescribed volume of the colorimetric test solutions (see Colori- 
metric Solutions, page 1073) and water with either burettes or pi- 
pettes, having graduations in 0.1 ce. or less, into one of the match- 
ing containers, and thoroughly mix the solutions in the container. 
For purposes of comparison the formulas are given below for a 
series of 20 matching fluids, each designated by a letter of the 
alphabet. 


MATCHING FLUIDS 


Parts of 

Cobaltous Ferric Cupric 

Chloride Chloride Sulfate 
C.S. Cs. (Onst 


Parts of Parts of 


Matching 
Fluids 


Parts of 
Water 


HRAWOVOASE AS TOs vOWP 
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CRE WIP OOODNUANANNNARO!D 
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Reference Standards U. S. P. 


The accuracy of many modern assays, whether chemical, 
colorimetric, biological, or microbiological, and the uniformity 
of potency of many official preparations, are greatly enhanced 
when standard products are available for comparison. 

This principle was introduced into the biological assays of digi- 
talis, ergot, and cannabis of the U. 8. P. X, and subsequently 
was adopted by the Permanent Commission on Biological Stand- 
ardization of the Health Organization of the League of Nations. 
The Commission, with the assistance and supervision of the Na- 
tional Institute for Medical Research, in London, undertook the 
preparation of standards for the more important medicinal sub- 
stances standardized by biological methods, and the distribution 
of these standards internationally as master or International 
Standards. National Control Centers were established in each 
country participating in the program, and the International 
Standards were made available at these centers as standards for 
research and for comparison in preparit.g similar working stand- 
ards for use by manufacturers and enforcement agencies within 
the countries themselves. This program has been developed 
with marked success and efficiency throughout the years and has 
resulted in the general adoption throughout the world of the 
standards proposed by the League Commission. 

In the United States the Pharmacopceial organization was 
selected as the National Control Center for International Stand- 
ards, and the Committee of Revision assumed the responsibility 
for preparing and distributing similar pharmacopceial standards 
for use in manufacture and control. The use of U.S. P. standards 
has expanded through the years and the list of items now exceeds 
that for which International Standards have been provided. 

To insure dependable U. S. P. Reference Standards, the 
Pharmacopceia has organized a Reference Standards Committee 
which plans, supervises, and finally passes upon the analytical 
data presented with each lot of a standard prepared for distribu- 
tion. Whenever an International Standard is available, the 
_ U.S. P. Standard is compared with this and brought as closely 

% 4 


as possible into agreement. The Federal control officials of both 
the United States and Canada collaborate closely with the U.S. P. 
Reference Standards Committee and the supporting information 
surrounding each substance employed as a standard has been 
reviewed and oftentimes checked by these two agencies and their 
data placed in the records of the Committee. Finally, the ap- 
proval and recommendation for release, as voted by the Reference 
Standards Committee, together with a review of the supporting 
data, is placed before the U.S. P. General Committee of Revision 
for acceptance, and before the Board of Trustees for authority to 
release. The U. 8. P. Reference Standards now available are 
as follows: 


Ascorbie Acid Methyltestosterone 

Calcium Pantothenate Nicotinamide 

Cholie Acid Nicotinie Acid 

Choline Chloride Ouabain 

Diethylstilbestrol Posterior Pituitary 

Digitalis Potato Starch 

Digitoxin Protamine 

Digoxin Pyridoxine Hydrochloride 

Epinephrine Riboflavin 

Ergotoxine Ethanesulfonate Sulfanilamide 

Estrone Thiamine Hydrochloride 

Insulin Trypsin 

Lanatoside C Vitamin A 

Melting Points (Set of six) Ba (For the official U.S. P. rat 
assay 


Vitamin D. (Distributed only for use in the assay for standardizing animal 
food by the ‘‘chick method,’’ the assay established by the Association of 
Official Agricultural Chemists.) (See J. Assoc. Official Agr. Chem., 22, 81 (Feb., 
1939), and Official and Tentative Methods of Analysis of the A.O.A.C., Sixth 
Edition, 1945). 


Refractive Index of Liquids 


The refractive index (n) of a transparent substance is the ratio 
of the velocity of light in air to its velocity in that material under 
like conditions. It is equal to the ratio of the sine of the angle of 
incidence made by a ray in air to the sine of the angle of refrac- 
tion made by the ray in the material being tested. This physical 
constant is used as a means for identification of, and detection of 
impurities in volatile oils. The Abbé refractometer measures the 
range of indices of the Pharmacopceial materials for which these 
values are given. Other refractometers of equal or greater accu- 
racy may be employed at the discretion of the operator. 


Refractive Index of Solids 


Amorphous substances and those crystallizing in the isometric 
system possess one index of refraction, usually designated by the ~ 
letter n. Substances which crystallize in the hexagonal and tetrag- 
onal systems have two principal indices of refraction, designated 
as w and e, while those of the orthorhombic, monoclinic, or tri- 
clinic systems possess three principal indices, represented by the 
letters, a, 8,and y. These physical constants are used as a means 
of identification of amorphous and crystalline solids. 

Indices of refraction may be readily determined by means of 
the polarizing microscope, which can be used for testing solids 
even if the latter are available only in small fragments or in 
minute quantities. Immersion oils of known refractive index are 
used as mounting media and while several methods are adapt- 
able, that of the Becke Line determination is the most commonly 
used. The accurate determination of the index of refraction 
necessitates the use of monochromatic light and temperature 
control. 


OF SOME U. S. P. CRYSTALLINE 
SUBSTANCES 


The accompanying table of significant refractive indices and 
other data of some U. 8. P. crystalline substances is provided for 
the convenience of those who wish to use these data for purposes 
of identification. The designation na, ng, and n+ refer to significant 
refractive indices, while n; represents an intermediate refractive 
index, significant, but not conventional, as between na and ng, 


or ng and ny. AWE : 

For further information see ‘‘Microscopic Identification of] Crystalline Sub- 
stances in U. S. P. XII,’ by George L. Keenan, J. Assoc. Official Agr. Chem., 
27, 153 (1944). 


REFRACTIVE INDICES 


Crystal 
_ Substance Systen Ne NB OY Ni ny 

Acetanilid Rhombie LDS. 21620 SS Hae 
Acetophenetidin* Monoclinie 1.518 1.574 >. 733 
Acetylsalicylic acid Triclinie feb 0bm nl 045 1.655 
Aminopyrine Ria 1.520 een 1.732 
Ammonium chloride Isometric 1.643 ware 
Antimony potassium 

tartrate Rhombic 1.620 1.636 1.638 
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eee Residue on Ignition or Non-Volatile Matter in 
Substance System Na NB OY Ny Ny Chemicals 


Weigh accurately from 1 to 2 Gm., or the amount of the chemi- 


Arsenic trioxide Isometric 1.755... vas eal directed in the monograph, in a tared crucible of platinum,’ 
reas acid Bnei ees see eo poreelain, or other suitable material. Ignite until thoroughly 
Barbital+ ace 1.445 1.548 1.589. «Charred, cool, then, unless otherwise directed in the monograph, 
Barbital sodium Avie hoes 1.615 moisten the residue with 1 ec. of sulfuric acid, and cautiously 
Barium sulfate Rhombie 1.637 1.638 1.649 ignite until the carbon is completely consumed. Conduct the 
Benzoic acid Monoclinic 1.616 (common 7) ree ignition in a place protected from air currents, and use as low 
Ber apathol Mospolinie 2023 oes jeaee a temperature as possible to effect the combustion of the carbon. 
HC ACI TICES: "08 Bee ; When the carbon has completely disappeared, cool the crucible 
pare Trigonal Sy ne ee in a desiccator, and weigh. 4 Intiles «chanel 
Calciuntlactaten : aes 174700 eee 1.510 To test for non-volatile matter in volatile inorganic chemicals, 
Chloral hydrate Monoclinic 1.538 1.600 1.602 proceed as directed in the preceding paragraph, using the lowest 
Citric acid Rhombic 1.493 1.498 1.509 effective temperature. : 
Cocaine Hydrochloride Rhombie 1.570 1.596 1.618 ° 
Codeine sulfate Rhombic 1.561 1.642 1.661 Riboflavin 
‘upric sulfate Triclinic 1514 12537 1.543 “op: ; ” 
Tecieces Manca GET Ropes 1549 See the chapter on ‘‘Biological Assays” (page 915). 
Ephedrine hydrochloride aot 1,630) 12603 1.638 Rosin Test : 
Ephedrine sulfate 1.540 1.565 1.590 : ; : : : 
Epinephrine Taboos 1.733 In testing for rosin as an adulterant in resins, gum resins, and 
Ergotamine tartrate 1.518 1.625 balsams, unless otherwise directed, place in a small mortar 1 Gm. 
Estradiol benzoate sci Otel DS Omnis 1.632 of the substance, powdered or crushed if necessary, and add 10 ce. 
peers : Monoclinie 1.520 1.642 1.692 of petroleum benzin. Triturate well for 1 or 2 minutes, filter ee 
pCO De a test tube, and add to the filtrate 10 cc. of a fresh solution o 
Puce once Monoclinie are 1478 oe cupric acetate (1 in 200). Shake well and allow the liquids to 
Homatropine * separate: the benzin layer should not show a green color. 
hydrob id reba 1.603 1.610 (ni 1.645 oqeye 
Tatioss: a Monoclinic 1.517 1.542 Me 1.550 Solubilities 
Mee sian ealiale Rhombie 4 oe ree - Natt Pharmacopeeial chemicals, when brought into solution, may 
Methylben Monoclinic. 1.58% 1.689 “7799. show slight mechanical eS such arene, a ma 
Morphine sulfate iedveyanlarts 1.545 1.620 1.632 paper, fibers, and dust particles, unless excluded by definite tests 
Mercury bichloride Rhombic 1.725 1.859 1.965 in the individual monograph. When the exact solubility of a 
Nicotinic acid cake 1.428 1.733 (ni) ite U.S. P. or N. F. substance is not known, a descriptive term is 
Necrees bromide 1.560 1.658 1.675 used to indicate its solubility. See page 147. 
eostigmine 
methylsulfate 1.519 1.525 1.580 ili r Liquids and Solids 
Nicotinamide 1.485. 1.734 (mi)  >1.733 StcrHiLy LCS 4 Lig 4 > 
Papaverine hydrochloride 1.555 1.734 >1.734 See the chapter on “Parenteral” Solutions (page 126). 
entobarbital sodium 1.477 ee 1.523 sas . 
pecans hydrochloride ibetaksy ALOE} 1.733 Sterilization Processes 
enobarbital || ee 1.557 1.620 1.667 the chapter on “Sterilization” (page 121). 
Phenolphthalein Tridinie -)1.635'" Se, Pera ae n on yDag ) 
Pilocarpine nitrate mt 1.475 1.588 1.608 Suppositories 
Potassium alum Isometric ee Opa eae ee sg ia 300 
Potassium bicarbonate  Monoclinie 1.380 1,482 1.573 See Suppositories (page 300). 
otassium bitartrate PAN Ae a Ot Oceans 1.590 i H 
Potassium bromide Isometric IER ot Sac aie Thiamine Assay 
~ Potassium chloride Isometric ZOD ais See the chapter on ‘‘Biological Assays” (page 1016). 
Ae aths iodide Isometric 1.667 sige ore Tinctures 
otassium sodium 
tartrate Rhombic 1.492 1.493 1.496 ° 
Prooaine hydrochloride ae 1.540 1.556 21.690 See Tinctures (page 266). 
uinacrine hydrochloride 1 O22 ee le(Sd20ts) Me Looe i i 
Quinidine sulfate 1.565 1.607 1.670 4 : Triturations 
aes bisulfate 1555. 1.620 See Triturations (page 285). 
uinine hydrochloride 1.588 1.615 1.656 4s : 
Quinine sulfate vecueey 1.595 1.635 1.690 Turbidimetric Tests 
accharin onoclinic 1.535 1.690 >1.733 These tests are applied to certain official chemicals to insure the 
Sen conta Rhombi hieog 1.642 ieee absence of excessive amounts of chloride or sulfate. a 
Gein Denn anee ay Ayia 1680 In carrying out these turbidimetric tests, the following points 
Sodium bicarbonate IMOnOCLERICM ASSO METAS 00 1.586 are to be observed: The same quantities of the same reagents 
Sodium borate Monoclinic 1.447 1.470 1.472 must be used in the test of the substance under examination and 
Sodium bromide Isometric TAGS eae Soya in the control test. The glass cylinders in which the tests are 
Sodium carbonate : made must be of the same diameter and match in all other respects 
g paaeeny. d. Rhombic 1.420 1.509 1.525 as closely as possible. The precipitating reagent must be added 
Socttuettiteatel Monoclinic 1.470 1.500 1102 9 ON ee ee eee rfastliat 
Soduauindid * ; a ae: If the solution, after the addition of acid, is not perfectly clear, 
Sodium eaicvisee eee ee 1.445 (ni] 1.678 filter it through a filter paper free from chloride or sulfate, then 
Sodium sulfate Monoclinic 1.394 1.396 1.398 the silver nitrate or the barium chloride is added. : : 
Strychnine sulfate Monoclinic 1.592 1.597 « 1.661 When the tests for chloride or sulfate are to be applied to a 
Sucrose Monoclinic 1.540 1.567 1.572 — specified volume of a solution of a substance prepared as directed — 
Saeed , 1.570 1.677 (ni) >1.733 in the text, and the permissible limit for these inrpurities corre- 
Sultans crate aac laa A. 1.733 ae 3 os sponds to 0.2 ee. or less of fiftieth-normal hydrochloric or sulfuric 
Balfutt tasole — 1.674 1.685 +1733 acid, the solution is not to be further diluted. The control test 
: ; (plates) is also made with the same volume of water (or other specified 
Sulfathiazole 1.605 1.733 >1.733 solvent) as in the test. 
(rods) In applying the turbidimetric tests to salts of heavy metals, 
Tale Monoclinic 1.539 1.589 1.589 which normally show an acid reaction, their solutions prepared 
Tartaric acid _. Monoclinic 1.495 1.536 1.605 for the test are not to be neutralized. 
pane aueteoli pHs i ore ; ae ee z i 268 Chloride—The prescribed quantity of the substance to be tested 
Urea y Tetragonal, 3 y ; is dissolved in from 30 to 40 ec. of water, and the solution neutral- 
ized, if necessary, with nitric acid, using litmus paper as the indi- 
’ cator. One cc. of nitric acid and 1 cc. of silver nitrate T.S. are 
a aii amg ; added and then sufficient water to make 50 cc. After mixing well 
t Dee ee phases. and allowing to stand 5 minutes protected from direct sunlight, | 
§n. = 1.486; n, = 1.658. the turbidity, if any, is compared with that produced in a contro 
May exist in three crystal phases. test pee ae the specified volume of fiftieth-normal hydro- 
{re = 1.602, n, = 1.484. chloric acid. s 
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Bismuth salts are first dissolved in a few ec. of water and 2 ce. 
of nitric acid, then diluted with water to 50 ce. 
_ Sulfate—The specified quantity of the substance to be tested 
is dissolved in from 30 to 40 cc. of water, and the solution neutral- 
ized, if necessary, with hydrochloric acid, using litmus paper as 
the indicator. One cc. of diluted hydrochloric acid and 2 ce. of 
barium chloride T.S. are added and then sufficient water to make 
50 ec. After mixing well, it is allowed to stand for 10 minutes 
and the turbidity, if any, is compared with that produced in a 
control test made with the specified volume of fiftieth-normal 
sulfuric acid. 


Vegetable and Animal Drugs 
(Methods for Sampling and Analysis) 


I. Sampling from Original Containers—a—It is recom- 

mended that gross samples of vegetable or animal drugs in which 
the component parts are 1 cm. or less in any dimension, and all 
powdered or ground drugs, be taken by means of a sampler which 
removes a core from the top to the bottom of the container, not 
less than two cores being taken in opposite directions; that when 
the total weight of the drug to be sampled is less than 100 kilos 
(200 pounds) at least 250 Gm. shall constitute an official sample. 
When the total weight of the drug to be sampled is in excess of 
100 kilos, repeated samples shall be taken by the above method, 
and according to the schedule given below, mixed and quartered, 
two of the diagonal quarters being rejected, the remaining two 
quarters being combined and carefully mixed, and again sub- 
jected to a quartering process in the same manner until two of the 
quarters weigh at least 250 Gm., which latter quarters shall con- 
stitute an official sample. 
. b—It is recommended that gross samples of vegetable drugs 
in which the component parts are over 1 cm. in any dimension 
be taken by hand. When the total weight of the drug to be 
sampled is less than 100 kilos, at least 500 Gm. shall constitute an 
official sample, and this shall be taken from different parts of the 
container or containers. When the total weight of the drug to 
be sampled is in excess of 100 kilos, repeated samples shall be 
taken by the above method and according to the schedule below, 
mixed and quartered, two of the diagonal quarters being rejected, 
and the remaining two quarters being combined and carefully 
mixed, and again subjected to a quartering process in the same 
manner until two of the quarters weigh not less than 500 Gm., 
which latter quarters shall constitute an official sample. 


SCHEDULE RECOMMENDED FOR SAMPLING 


Number of Packages 
to Be Sampled 


Number of Packages 
in Shipment 


i iNGy LUG) SOs eter tot ear el a Letoure 
LD they (BAS AGS Ot taro Beat ee ae ae 3to 4 
23, YD. GOS ASS Gree oom Societe ee Oe oe eee 4to 6 
OND HG Ti is 0 ee ee OS AR 6 to 
DELO TUR Teles cfhs cic fie aye viele ows bola 8 to 10 


When over 100, the total number sampled should not be less 
than 10. 

c—When the total weight of a drug to be sampled is less than 
10 kilos, it is recommended that the above methods be followed 
but that somewhat smaller quantities be withdrawn, and in no 
case should the final official sample weigh less than 125 Gm. 

d—In addition to the withdrawing of official samples accord- 
ing to methods I-a, I-b, and I-c the official sample may consist of 
the total amount of a direct purchase made by Federal, State, or 
Municipal Food and Drugs Act enforcement officials. 

II]. Foreign Organic Matter in Whole Vegetable Drugs— 
Withdraw from 25 to 500 Gm. from the official sample, spread 
out in a thin layer, and separate the foreign organic matter by 
hand as completely as possible. Weigh it and determine the 
per cent of foreign organic matter, calculated upon the weight of 
drug taken. Use the maximum quantity of sample for coarse or 
bulky drugs. 

Ili. Preparation of Vegetable or Animal Drugs for Analysis— 
The following method is to be used where specific directions are 
not otherwise given in the text: Withdraw as much as may be 
necessary of the official sample by quartering, taking pains to 
see that the portion is representative of the gross sample. In the 
case of unground or unpowdered drugs, grind the withdrawn 
sample so that it will pass through a No. 20 standard mesh sieve. 
If the sample cannot be ground, reduce it to as fine a state as 
possible. Mix by rolling it on paper or sampling cloth, spread it 
out in a thin layer, and withdraw the portion for analysis. The 
disintegration of semi-solid drugs may be facilitated by the use of 
a meat grinder or a similar apparatus. 

IV. Total Ash in Vegetable Drugs—Accurately weigh a quan- 
_ tity of the ground drug, representing from 2 to 4 Gm. of the air- 
dried material, in a tared crucible and incinerate at a low tem- 
perature, not to exceed very dull redness, until free from carbon, 


and determine the weight of the ash. If a carbon-free ash cannot 
be obtained in this way, exhaust the charred mass with hot water, 
collect the insoluble residue on an ashless filter paper, incinerate 
the residue and filter paper until the ash is white or nearly so, 
then add the filtrate, evaporate it to dryness, and heat the whole 
to a low redness. If a carbon-free ash cannot be obtained in this 
way, cool the crucible, add 15 ce. of aleohol, break up the ash with 
a glass rod, burn off the alcohol, and again heat the whole to a low 
redness. Finally determine the weight of the ash. Calculate the 
percentage of total ash from the weight of the drug taken. 

V. Acid-insoluble Ash in Vegetable Drugs—Boil the ash ob- 
tained under paragraph IV with 25 cc. of diluted hydrochloric 
acid for 5 minutes, collect the insoluble matter on a tared Gooch 
crucible or ashless filter, wash with hot water, ignite, and weigh. 
Determine the per cent of acid-insoluble ash calculated from the 
weight of drug taken. 


Moisture in Vegetable and Animal Drugs 


Use Moisture Method by Toluene Distillation, unless otherwise 
directed in the individual monograph. 

VI. Preparation of Sample—In the case of unground or un- 
powdered drugs, prepare about 10 Gm. of the official sample by 
cutting, granulating, or shredding, so that the parts are about 3 
mm. in thickness. Seeds or fruits smaller than 8 mm. should be 
cracked. High-speed mills should not be used for preparing the 
sample and care should be taken that no appreciable amount of 
moisture is lost during the preparation and that the portion taken 
is representative of the official sample. 

VII: Moisture Method for Drugs Containing No Constituents 
Volatile at 100°—Accurately weigh about 10 Gm. of the drug as 
prepared under paragraph VI in a tared evaporating dish. Dry 
at 100° for 5 hours, and weigh. Continue the drying and weigh- 
ing at 1-hour intervals until the loss is not more than 0.25 per cent 
in 1 hour’s drying. 

VIII. Moisture Method for Drugs Containing Ether-soluble 
Constituents Volatile at 100°—Proceed as under preceding para- 
graph. Determine the volatile ether-soluble extractive and sub- 
tract the percentage of volatile ether-soluble extractive from the 
percentage lost during drying. The difference represents the 
percentage of moisture. 

IX. Moisture Method by Toluene Distillation—A pparatus— 
The apparatus (Fig. 585) required consists of a glass flask, A, 
connected by means cf a trap, B, to a reflux condenser, C. All 
joints in the apparatus should be of ground glass. The flask 
should have a capacity of 500 cc., should be either of the short- 
neck, round-bottom type or of the Erlenmeyer 
type and should be made of resistance glass. 

The length of the trap should be between 
235 and 240 mm., and the distance between 
the connecting tube, D, and the receiving 
tube, H, should be between 45 and 55 mm. 
The internal diameter of the connecting tube 
should be between 9 and 11 mm., and where 
sealed to the body of the trap should be in- 
clined at an angle of 15° from the horizontal. 
The length of the cylindrical portion of the 
receiving tube should be between 146 and 156 
mm., and the internal diameter of the neck of 
the trap should be between 22 and 24 mm. 
The receiving tube should be graduated to 
contain 5 ec. and should be subdivided into 
0.1-ce. divisions, each l-ce. line being num- 
bered from 5 cc. at the top. The error in any 
indicated capacity may not be greater than 
0.05 ce. 

The jacket of the condenser should be ap- 
proximately 400 mm. in length, and the inner 
tube of the condenser should have an external 
diameter between 9.5 and 12.7 mm. The 
end of the condenser that is inserted into the 
trap should be ground off at an angle of 30° 
from the vertical axis, and when inserted into 
the trap the tip of the condenser should be 
about 7 mm. above the surface of the liquid 
in the trap after the distillation conditions 
have been established. 

The source of heat is preferably an electric 
heater with rheostat control or an oil bath. The upper portion 
of the flask and the connecting tube may, if desired, be wrapped 
with asbestos paper or asbestos cord. 

The receiving tube and the condenser must be chemically clean 
in order to permit the sharp separation of water. These parts 
should be cleaned with chromic acid cleansing mixture, thoroughly 
rinsed with water, and dried in an oven. : 

The toluene used in the moisture determination should first be 
saturated with water by shaking with a small quantity of water, 
separating it from the excess water, and distilling the toluene. 


Fig. 585—Toluene 
moisture appara- 
tus. 
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Determination—Place in the dry flask a quantity of the sub- 
stance, weighed accurately to the nearest centigram, which it is 
estimated will yield from 2 to 4 ec. of water. If the substance is of 
a pasty character, it is best weighed in a boat of metal foil of a 
size that will just pass through the neck of the flask. If the sub- 
stance is likely to cause bumping, add enough dry washed sand 
to cover the bottom of the flask, or a number of capillary melting- 
point tubes, about 100 mm. in length, sealed at the upper end. 
Place about 200 ec. of toluene in the flask, connect the apparatus 
as illustrated, and fill the receiving tube, #, with toluene poured 
through the top of the condenser. Heat the flask gently for 15 
minutes, and when the toluene begins to boil, distil at the rate of 
about 2 drops per second until most of the water has passed over; 
then increase the rate of distillation to about 4 drops per second. 
When the water has apparently all distilled over, rinse the inside 
of the condenser tube with toluene while brushing down the tube 
with a tube brush attached to a copper wire and saturated with 
toluene. Continue the distillation for 5 minutes, then remove 
the heat and allow the receiving tube to cool to room tempera- 
ture. If any droplets of water adhere to the walls of the receiving 
tube, force them down with a rubber band wrapped around a 
copper wire and wet with toluene. When the water and toluene 
have separated completely, read the volume of water and caleu- 
late the percentage that was present in the substance. 

X. Crude Fiber—Exhaust a weighed quantity of the prepared 
drug (paragraph IIT), representing about 2 Gm. of the drug, with 
ether or use the residue from the determination of the volatile 
ether-soluble extractive (paragraph XV). Add 200 ec. of boiling 
sulfuric acid solution, adjusted to exactly 1.25 per cent by titra- 
tion, to the ether-exhausted drug, in a 500-ce. flask, and connect 
the flask with a reflux condenser, the tube of which passes only 
a short distance below the rubber stopper, into the flask. Heat 
the mixture to boiling and continue the boiling exactly 30 minutes. 
Then filter through a linen or hardened-paper filter and wash the 
residue on the filter with boiling water until no longer acid. 
Rinse the residue back into the flask with 200 ce. of boiling sodium 
hydroxide solution, adjusted to exactly 1.25 per cent by titration 
and free from sodium carbonate. Again heat the mixture to 
boiling and continue the boiling exactly 30 minutes under the reflux 
condenser as described under the treatment with acid, then 
rapidly filter through a tared filter, wash the residue with boiling 
water until the lvst washing is neutral, dry it at 110° until of con- 
stant weight, and note the weight. Now completely incinerate the 
dried residue and weigh the ash: the loss in weight is considered 
to be the weight of the crude fiber. 

Note—The boiling with acid and alkali should continue ex- 
actly 30 minutes from the time that the liquid (which is cooled 
below the boiling point by adding it to the cold flask) again boils. 

After the solution has been brought to boiling, the flame should 
be turned low enough just to maintain boiling. During the 
boiling the flask should be gently rotated from time to time to 
catch any particles which may adhere to the walls of the flask. 
A slow current of air introduced into the flask during the boiling 
operation will be very helpful to keep down excessive frothing. 


Extractives 


XI. Alcohol-soluble Extractive—Weigh 2 Gm. of the prepared 
drug (paragraph III) into a dried and tared paper extraction 
thimble, using a glass-stoppered weighing bottle as the container, 
and place 0.2 Gm. of sodium hydroxide in the receiving flask. 
Extract the drug in a continuous extraction apparatus with alco- 
hol, during 5 hours. Dry the insoluble residue at 100° for 30 min- 
utes and weigh. Determine the moisture in the drug by the 
toluene distillation method, page 1061, calculate the weight of 
moisture in the quantity of drug taken for the test and subtract 
it from the original weight of the drug taken for the test. The dif- 
ference between this result and the weight of the residue deter- 
mined as directed above represents the amount of aleohol-soluble 
extractive. 

XII. Diluted Alcohol-soluble Extractive—Macerate about 2 
Gm. of the prepared drug (paragraph III), accurately weighed, in 
about 70 cc. of diluted alcohol in a suitable flask. Shake the mix- 
ture during 8 hours at 30-minute intervals and then allow it to 
stand for 16 hours without shaking. Filter and wash the flask and 
residue with small portions of diluted alcohol, passing the wash- 
ings through the filter, until the filtrate measures 100 ce. Evapo- 
rate a 50-ce. aliquot of this filtrate to dryness in a suitable tared 
dish on a water bath and dry to constant weight at 110°. Caleu- 
rie the percentage of this extractive from the weight of drug 
taken. 

XIII. Petroleum Benzin-soluble Extractive—Extract com- 
pletely about 2 Gm. of the prepared drug (paragraph ITI), accu- 
rately weighed, by subjecting it during 20 hours to the action of 
petroleum benzin in a continuous extraction apparatus. Transfer 
the benzin solution to a tared porcelain dish and allow it to evapo- 
rate spontaneously. Then dry it over sulfuric acid for 18 hours 
and weigh. Calculate the percentage of this extractive from the 


weight of drug taken, 

XIV. Non-volatile Ether-soluble Extractive—Proceed as di- 
rected under Volatile Ether-soluble Extractive (paragraph XV). 
The weight of the extract after drying in a desiccator and then at 
110° until of constant weight represents the non-volatile portion 
of the extract. 

XV. Volatile Ether-soluble Extractive—Extract 2 Gm. of the 
prepared drug (paragraph IIT) dried over sulfuric acid for not less 
than 12 hours, with absolute ether for 20 hours in a continuous 
extraction apparatus. Transfer the ether solution to a tared 
porcelain dish and allow it to evaporate spontaneously. Then 
dry it over sulfuric acid during 18 hours and weigh the total ether 
extract. Now heat the extract gradually up to 110° until the 
weight becomes constant: the loss in weight represents the vola- 
tile portion of the extract. 

XVI. Water-soluble Extractive—Proceed as directed under 
paragraph XII, using water instead of diluted alcohol. 


XVII. 


Set up an apparatus as shown in the illustration, using an ap- 
propriate volatile oil trap as illustrated. Use a suitable oil bath 
for heating. ; 

Weigh a sufficient quantity of the ground drug to yield, if pos- 
sible, at least 2 cc. of the volatile oil, and place it in the round- 
bottomed flask. Add from 3 to 6 times as much water as the drug, 
and mix uniformly. Boil the contents of the flask slowly during 
4 to 8 hours, or until all the volatile oil has been distilled, taking 
care to avoid escape of vapors around the condenser. 
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Fig. 586—Volatile oil apparatus. 


With oils heavier than water, after the distillation is complete, 
transfer the oil to a graduated cylinder and draw off the water 
with any remaining oil into a small separator. Wash the oil trap 
with 10 ec. of ether, add the ether washings to the separator, 
shake, and allow to separate. Draw off the water layer and dis- 
card it. Evaporate the ether layer until the odor of ether is no 
longer perceptible, then drain the residue of oil into the gradu- 
ated cylinder, and note the volume of the oil at 25°. 

If the oil content is to be determined by weight, add a small 
quantity of anhydrous sodium sulfate to the oil, agitate gently, 
decant the clear oil and determine its specifie gravity at 25°. 


Viscosity, Kinematic 


Viscosity is a property which is closely related to the resistance 
to flow of a liquid. It is defined in terms of the force required to 
move one plane surface past another under specified conditions 
when the space between is filled by the liquid in question. It 
can be considered more simply as a relative property where 
water is the reference material and all viscosities are expressed 
in terms of the viscosity of pure water at 20°. The latter quantity 
is given as (very nearly) one centiporse, and a material ten times 
as viscous as water at this temperature has a viscosity of ten 
centipoises. The basic unit is the poise; for convenience, the 
centipoise (1 poise = 100 centipoises) is employed. The specify- 


' 


~ Lubricants. 
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ing of temperature is important because viscosity usually changes 
with temperature; in general, viscosity decreases as temperature 
is raised. While on the absolute scale viscosity is measured in 
poises or centipoises, it is more convenient to use the kinematic 
scale, in which the units are stokes and centistokes (1 stoke = 100 
centistokes). The kinematic viscosity is obtained from the abso- 
lute viscosity by dividing the latter by the density of the liquid 
at the same temperature. 

absolute viscosity 

density 

The sizes of the units are such that viscosities in the ordinary 
ranges are conveniently expressed in centipoises and centistokes. 
The magnitude of the viscosities of some common liquids at room 
temperatures may be indicated by the following relative figures: 


Kinematic viscosity = 


Approximate 
Viscosity in 
Substance Centistokes 
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Viscosity can be determined by any method which will meas- 
ure the resistance to shear offered by the liquid. For ordinary 
liquids, it is customary to determine the time required for a given 
sample of the liquid to flow, at a regulated temperature, through 


‘a small capillary tube, and to compare this time with that re- 


quired by the reference liquid, such as water. If the viscosity of 
the reference liquid is known, the kinematic viscosity of the un- 
known liquid may be calculated simply. Many capillary tube 
viscosimeters have been devised; nearly all are modifications of 
the Ostwald type. Several types are described, and directions for 
their use given, by the American Society for Testing Materials. 

Viscosity for commercial products is often expressed on arbi- 
trary scales, and measured by empirical methods in special instru- 
ments. Thus semi-solids are often examined by so-called rotary 
instruments, which measure the resistance to rotation of a 
cylinder, placed concentrically within another, the annular space 
being filled with the sample. The viscosity of oils is expressed 
on arbitrary scales, which vary from one country to another, there 
being several corresponding instruments. The most widely used 
are 


England Redwood No. I and No. II 
Germany Engler 
United States—Saybolt Universal 

Saybolt Furol . 


The Redwood No. II and the Saybolt Furol are designed for use 
with extremely viscous oils. This is done by providing a wider 
capillary for the measurement; the Saybolt Furol readings are 
approximately one-tenth those obtained on the same oil with the 


_Saybolt Universal. Results for all the instruments are expressed 


in seconds of time required for outflow of a standard amount of 
liquid. Engler readings, however, may be reported as Engler 
degrees; these latter are obtained by dividing the efflux time for 
the sample by the corresponding efflux time for water in the same 
instrument and at the same temperature. Standard temperatures 
are adopted as a matter of convenience. For the Saybolt instru- 
ments, measurements are usually made at 100° and 210° F. 
Redwood measurements may be at several temperatures up to 
250° F., and Engler degrees are usually reported at 20° and 50° C. 

The determination of kinematic viscosity with modern instru- 
ments is more rapid and convenient than is the use of the Saybolt 
and similar equipment. The Ostwald pipette type viscosimeter 
is therefore displacing the metal capillary variety, although the 
Saybolt, Redwood, and Engler scales have been retained. Kine- 
matic viscosities determined in the Ostwald pipettes are therefore 
converted to Saybolt and similar values by means of equations 
and conversion charts. The table on this page has been prepared 
by the American Society for Testing Materials.” 


1A.S.T.M. D-445-42T; A.S.T.M. Standards on Petroleum Products and 
Issued annually, Philadelphia, Pa. 

2 A.S.T.M., D-446-39, A.S.T.M. Standards on Petroleum Products and 
Lubricants, September (1940), issued annually, Philadelphia, Pa. 
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VALUES FOR CONVERTING KINEMATIC VISCOSITY TO 
SAYBOLT UNIVERSAL VISCOSITY 


Equivalent Saybolt Universal Viscosity, Sec. 


@ 


Kinematic ‘ (Basic Values, See Note) 
Viscosity, At 37.8° At 54.4° At 98.9° 
Centistokes (100° F.) (130° F.) (210° F.) 
2, 32.6 324i 32.8 
2.5 34.4 34.5 34.6 
3 36.0 OM 36.3 
33. f3) 37.6 Ber stil 37.9 
4 39.1 39.2 39.4 
4.5 40.7 40.8 41.0 
5 42.3 42.4 42.6 
6 45.5 45.6 45.8 
if 48.7 48.8 49.0 
8 52.0 §2.1 52.4 
9 55.4 55.5 55.8 
10 58.8 58.9 59.2 
il 62.3 62.4 62.7 
12 65.9 66.0 66.4 
13 69.6 69.7 70.1 
14 73.4 Weesey 73.9 
15 Tipe Uiknts (PU 
16 81.1 81.3 81.7 
17 85:1 85.3 85.7 
18 89.2 89.4 89.8 
19 93.3 93.5 94.0 
20 97.5 Mes 76 98.2 
21 LOR. 101.9 102.4 
22 106.0 106.2 106.7 
23 110.3 110.5 ead, 
24 114.6 114.8 115.4 
25 118.9 119.1 119.7 
26 123.3 123.5 124.2 
27 Pa a 127.9 128.6 
28 BPA al 132.4 133.0 
29 136.5 136.8 L376 
30 140.9 141.2 141.9 
31 145.3 145.6 146.3 
32 149.7 150.0 150.7 
Bh) 154.2 154.5 1haYa) 83 
34 TOSed 159.0 159.8 
35 L6Se2 Gasca 164.3 
36 Gane 168.0 168.9 
ail FN WAS 173 4 
38 UFO e LTO 177.9 
39 181.2 181.5 182.5 
40 S54 186.1 187.0 
41 190.2 190.6 191.5 
42 194.7 195.1 196.1 
43 199.2 199.6 200.6 
44 203.8 204.2 205.2 
45 208.4 208.8 209.9 
46 213.0 213.4 214.5 
47 217.6 218.0 219.1 
48 222.2 222;°6 223.8 
49 226.8 PPA fe 2 228.4 
50 231.4 231.8 233.0 
55 254.4 254.9 256.2 
60 277.4 277.9 ipo ss} 
65 300.4 301.0 302.5 
70 323.4 324.0 325.7 

Over 70 Saybolt seconds Saybolt seconds Saybolt seconds 
; = centistokes = centistokes = centistokes 

xX 4.620 X 4.629 X< 5.462 


Note—To obtain the Saybolt Universal viscosity equivalent to a kinematic 
viscosity determined at t° F. multiply the equivalent Saybolt Universal viscos- 
ity at 100° F. by 1 + (t — 100) 0.000064; for example, 10 centistokes at 210° F. 
are equivalent to 58.8 X 1.0070 or 59.2 Saybolt Universal seconds at 210° F. 


Vitamins A and D Assays 
See the chapter on ‘‘Biological Assays” (page 1015). 


Waters 
See Waters (page 225). 


Zinc in Insulin Injection 
See Insulin (page 874). 


REAGENTS, TEST SOLUTIONS, AND COLORIMETRIC SOLUTIONS 


Reagents are substances used in chemical testing or micro- 
scopic examination, either as such or as constituents of test solu- 
tions. : 

_ Test Solutions, abbreviated “‘T.S.,”’ are solutions of reagents, 
in such solvents and of such definite concentrations as to make 
them most suitable for their intended use in qualitative or quan- 
titative analysis. 

Indicators are reagents or test solutions used to determine 
when a certain desired point in a chemical reaction has been ob- 


* 
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tained. 

Volumetric Solutions, also known as Standard Solutions are 
solutions of reagents of known concentration intended primarily 
for use in quantitative determinations. Their concentrations 
are usually expressed in terms of normality. 

Colorimetric Solutions, abbreviated “C.S.,’’ are used in the 
preparation of colorimetric standards and are employed as a basis 
of comparison in a number of chemical tests. 

Some official substances which comply with the tests for purity 


¢ 
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given in the monographs of the U.S. P. are satisfactory for use as 
reagents or test solutions. When a substance is not official, or 
when a greater degree of purity is required than is prowded for 
in the monograph, the substance will be found in the following 
list with the necessary description and tests fo insure its suitability 
for the purpose intended. ! } : ; 

Reagents, test solutions, volumetric solutions, colorimetric 
solutions, and indicator solutions should be preserved in contain- 
ers made of glass of a minimum solubility and alkalinity, and as 
free from lead and arsenic as practicable. The containers must 
be capable of being tightly closed. When reagents or test_solu- 
tions are affected by light, the directions to keep them in light- 
resistant containers should be carefully observed. 

When stoppers made of glass or other materials are used in 
bottles or other apparatus which are to contain substances capa- 
ble of attacking or penetrating such surfaces, a protective coat- 
ing of a thin film of petrolatum may be applied unless other spe- 
cific directions are given. 

Reagent Acids and Ammonia—When hydrochloric acid, diluted 
hydrochloric acid, ammonia, or ammonia T.S. is directed to be 
used in the testing of official substances or reagents, the reagent 
grade of these items is to be used unless otherwise indicated? 

Water—When water is mentioned in the tests for reagents or in 
preparing test solutions, etc., distilled water is always to be used. 


REAGENTS 
General Tests for Purity of Reagents 


The following general methods of testing are intended to be 
used in the examination of Reagents only, and, except when other- 
wise directed, they are applied as described below. ; 

Insoluble—The quantity of reagent specified in the test is dis- 
solved in 100 ce. of hot water, unless otherwise directed, in a 
covered beaker and warmed on a water bath for 1 hour. If any 
insoluble residue remains, the solution is filtered through counter- 
balanced filter papers, through a tared suitable crucible with 
an asbestos mat, or through a tared Sintered-glass crucible. The 
filter is washed thoroughly with hot water, dried at from 105° to 
110°, and weighed. 

Chloride in Reagents—A solution of the quantity of the reagent 
indicated in the test in 25 ce. of water, or a solution prepared as 
directed in the test, is neutralized, if alkaline, with nitric acid, 
using litmus paper as the indicator, and 3 cc. of nitric acid added. 
The solution is filtered, if necessary, through a filter parer previ- 
ously washed with water until the paper is free of chloride, and 1 
ce. of silver nitrate T.S. added. After mixing well, allow to stand 
for 5 minutes protected from direct sunlight. The turbidity 
if any, is compared with that produced in a control test made with 
the same quantities of the same reagents as in the final test and 
a volume of a standard solution of sodium chloride equivalent to 
the quantity of chloride (Cl) permitted by the test. Both solu- 
tions are adjusted to the same volume with water before adding 
the silver nitrate T.S., and the glass cylinders in which the tur- 
bidities are compared must match in internal diameter and in all 
other respects as closely as possible. - ; 

Th> standard sodium solution chloride is made by dissolving 
164.8 mg. of sodium chloride in sufficient water to make exactly 
1000 cc. It contains the equivalent of 0.10 mg. of chlorine (Cl) 
in each ce. : * ; 

In testing barium salts, the solution containing the reagent is 
neutralized, if alkaline, with nitric acid, and only 3 drops more 
of nitric acid added. The remainder of the test is carried out as 
described above. ; ; 

In testing salts giving colored solutions, dissolve 2 Gm. of the 
reagent in 25 cc. of water and add 3 ce. of nitric acid. The solu- 
tion is filtered, if necessary, through a filter paper previously 
washed with water, and the filtrate divided into 2 equal portions. 
One portion is treated with 1 cc. of silver nitrate T.S. and allowed 
to stand for 10 minutes, and, if any turbidity is produced, it is 
filtered through a washed filter paper until clear and the filtrate 
used as a blank. The other portion is treated with 1 cc. of silver 
nitrate T.S. and, after mixing well and allowing to stand for 5 
minutes protected from direct sunlight, the turbidity is compared 
with that produced in the blank by the addition of a volume of 
the standard solution of sodium chloride equivalent to the quan- 
tity of chloride (Cl) permitted in the test, both solutions being 
adjusted to the same volume with water. ; 

Sulfate in Reagents—A solution of the qauntity of the reagent 
indicated in the test in 25 ec. of water, or a solution prepared as 
directed in the test, is neutralized, if alkaline, with hydrochloric 
acid, using litmus paper as the indicator, and 1 ce. of normal 
hydrochloric acid is added. The solution is filtered, if necessary, 
through a filter paper previously washed with water, and then 2 
ce. of barium chloride T.S. is added. After being well mixed, it 
is allowed to stand for 10 minutes, and the turbidity, if any, is 
compared with that produced in a control test containing the same 
quantities of the same reagents used in the test and a quantity of 
a standard solution of potassium sulfate equivalent to the quan- 


tity of sulfate (SO4) permitted in the test. Both solutions are 
adjusted to the same volume with water before adding the barium 
chloride T.S. and the glass cylinders in which the turbidities are 
compared must match in internal diameter and in all other re- 
spects as closely as possible. 

The standard solution of potassium sulfate is made by dissolving 
181.4 mg. of potassium sulfate in sufficient water to make 1000 ce. 
It contains the equivalent of 0.10 mg. of sulfate (SO4) in each ce. 

Heavy Metals in Reagents—Dissolve the quantity of the re- 
agent indicated in the text in 20 to 25 ec. of water, add 2 cc. of 
diluted acetic acid, then dilute with water to 30 cc. Transfer the 
solution completely to a Nessler tube or prepare the solution in 
the tube. 

In a Nessler tube closely matching that used for the sample, 
prepare a control solution with a volume of standard lead solution, 
page 1055, equivalent to the limit for heavy metals in the quantity 
of the reagent directed to be taken for the test, 2 ec. of diluted 
acetic acid, and sufficient water to make 30 cc. Then to each of 
the Nessler tubes add 10 cc. of hydrogen sulfide T.S., mix well, 
and observe the color after 5 minutes. Any color produced in 
the tube with the reagent is not darker than that with the con- 
trol, the solutions being viewed downward against a white surface. 

When the reagent is an acid salt, or when the solution prepared 
for the heavy metals test is acid, add 1 or 2 drops of phenol- 
phthalein T.S. to the solution, followed by ammonia T.S. until 
the solution acquires a slight pink color, then add 2 cc. of diluted 
acetie acid and dilute with water to 30 ce. 

If the solution after testing for heavy metals is to be used for the 
test for iron, the original solution should be rendered neutral to 
litmus paper instead of to phenolphthalein T.S. 

When the reagent is an alkali salt of an organic acid, use 2 cc. 
of normal hydrochloric acid in the test instead of the diluted 
acetic acid, unless otherwise specified. 

Except when otherwise directed, if using more than 1 ee. of 
hydrochloric acid or its equivalent of diluted hydrochloric acid, 
or more than 2 ec. of ammonia T.S. in preparing the sample for 
the heavy metals test, prepare the control test as follows: evapo- 
rate the same quantity of the hydrochloric acid or the ammonia 
as used in the test with the sample in porcelain or glass to dryness 
on a steam bath. Add to the residue 2 cc. of diluted acetic acid 
and a few cc. of warm water, then add the required volume of the 
standard lead solution, and dilute with water to 30 ec. 

Iron in Reagents—When a limit for iron is included, it is deter- 
mined as follows, except when otherwise directed: The solution 
from the test for Heavy Metals in Reagents is filtered, if necessary, 
and rendered distinctly alkaline to litmus paper by the addition 
of ammonia T.S. The greenish color produced, if any, is not 
greater than that produced in a control test made by adding to 
the blank prepared in the test for Heavy Metals in Reagents a 
quantity of a standard solution of ferric ammonium sulfate equiva- 
lent to the quantity of iron permitted in the test, and alkalin- 
ized with the same volume of ammonia T.S. as used in the test 
both solutions being adjusted to the same volume with water. 

The standard solution of ferric ammonium sulfate is prepared by 
dissolving 863.4 mg. of ferric ammonium sulfate in water, adding 
10 cc. of diluted sulfuric acid and diluting to 1000 ce. It contains 
the equivalent of 0.10 mg. of iron (Fe) in each ce. 


Reagent Standards 


The standards for the quality of the reagents described in this 
section are based upon the degree of purity required for the proper 
performance of the tests and assays in the U.S. P. and N. F. When 
no standards are established below, Reagent quality is understood. 

Absolute Alcohol—Use Dehydrated Alcohol, N. F. 

Acacia—Use Acacia, U.S. P. 

Acetic Acid—Use Acetic Acid, N. F 

Acetic Acid, Diluted—Use Diluted Acetic Acid, N. F. 

Acetic Acid, Glacial—Use Glacial Acetic Acid, U.S. P. 

Acetic Anhydride, (CH3CO)20—A colorless liquid, possessing a 
pungent odor. Boils at about 140°. Contains not less than 96 per 
cent of (CH3CO) 20. 

Acetone—Use Acetone, N. F. 

Acetyl chloride, CHg.CO.Cl—a clear, colorless liquid, with a 
strong pungent odor. It is decomposed by water or alcohol. It is 
miscible with benzene or chloroform. Specific gravity about 1.1; 
boils between 49° and 53° 

Acetylcholine Chloride, 
crystalline, odorless or nearly odorless powder. Very deliquescent. Very 
soluble in water, freely solublein alcohol. Melts between 149° and 152°. 

Adenine Sulfate, (C5H5Ns5)9.H2SO4.2H20—White crystals or 
crystalline powder. Melts, after drying at 110°, at about 200° with 
some decomposition. One Gm. dissolves in about 160 cc. of water; 
less soluble in alcohol. It is soluble in solutions of sodium hydroxide. 

Agar—Use Agar, U.S. P. 

Albumen—Use Egg Albumen, N. F. 

Alcohol, CoH;0H—Use Alcohol, U.S. P. ‘ 

All specific gravities for the following several concentrations of alco- 
hol refer to a temperature of 15.56°- : ; F 

Alcohol, 90 per cent—Mix 51 cc. of alcohol with 3 cc. of water, both 
measured at 25°. The specific gravity of the mixture is 0.827, corre- 
sponding to 90 per cent, by volume, of CegH50H. 


; 


‘CHsCO.OCHgCHgN(CH)3.Cl—White, 


Alcohol, 80 per cent—Mix 45.5 cc. of alcohol with 9.5 cc. of water, 
both measured at 25°. The specific gravity of the mixture is 0.857, 
corresponding to 80 per cent, by volume, of CgH50H. 

_ Alcohol, 70 per cent—Mix 38.6 cc. of alcohol with 15 cc. of water, 
both measured at 25°. The specific gravity of the mixture is 0.884, 
corresponding to 70 per cent, by volume, of CopH;5OH. 

Alcohol, Aldehyde-free—Dissolve 2.5 Gm. of lead acetate in 5 cc. 
of water, add the solution to 1000 cc. of alcohol contained in a glass- 
stoppered bottle, and mix thoroughly. Dissolve 5 Gm. of potassium 
hydroxide in 25 ce. of warm alcohol, cool the solution, and add it 
slowly, without stirring, to the alcohol solution of lead acetate. After 
1 hour shake the mixture vigorously, allow it to stand over night, 
decant the clear liquid, and recover the alcohol by distillation. 

Alcohol, Dehydrated (Absolute Alcohol), CoHs0H. 

Alcohol, Diluted—Use Diluted Alcohol, U.S. P. x 

Alcohol, Neutralized—To a suitable quantity of alcohol add 2 or 3 
drops of phenolphthalein T.S. and just sufficient fiftieth-normal or 
tenth-normal sodium hydroxide to produce a faint pink color. Neu- 
tralized alcohol should be freshly prepared when used. 

Alum, Ammonium—Use Alum, U.S. P. 

Aluminum, Metallic, Al—In the form of wire, granules, or sheets. 
Soluble in diluted sulfuric or in hydrochloric acid and in solutions of 
fixed alkali hydroxides. 

Aminoacetic Acid—Use Aminoacetic Acid, N. F. 

p-Aminoacetophenone, CgHgNO—Pale yellow crystals or crystal- 
line powder. Characteristic odor. Slightly soluble in cold water, 
soluble in hot water, and in alcohol; also soluble in,diluted hydro- 
chloric acid. Melts between 104° and 106°. 

p-Aminobenzoic acid, C7H7Og,N—White to slightly yellow erys- 
tals or crystalline powder, gradually darkening on exposure to air and 
light. Melts between 186° and 189°. One Gm. dissolves in about 200 
ec. of water; more soluble in hot water and in alcohol; soluble in 
solutions of alkali hydroxides or carbonates. 

Aminonaphtholsulfonic Acid, 1,2,4, CyoHs.NHe.OH.SO3H.- 
44H 2O—Colorless or slightly gray crystals, insoluble in water, alco- 
hol, ether, or benzene. Soluble in hot solutions of sodium bisulfite 
with a blue fluorescence, or in dilute solutions of caustic alkalies. 

Ammonia Water, Stronger, Reagent (Ammonium Hydroxide)—A 
solution of ammonia (NH3), containing not less than 27 per cent by 
weight of NH3. 

Ammonium Acetate, NH4aCgH302—Colorless crystals or crystal- 
line masses, usually having a slight acetous odor. Very soluble in 
water or alcohol. It is very deliquescent. 

Ammonium Carbonate, NHaHCOs.NHe.COO.NH4—Use Am- 
monium Carbonate, U.S. P. 

Ammonium Chloride, NH4Cl—Colorless crystals or a white 
granular powder, 

Insoluble matter—Not more than 0.005 per cent. 

Residue on ignition—Not more than 9.015 per cent. 

Neutrality—lf acid to methyl red T.S., not more than 0.10 ce. of 
tenth-normal alkali is required to discharge the red color. 

Phosphate—Not more than 0.0003 per cent as PO4. 

Sulfate—None detectable. 

Calcium and magnesium—Not more than 0.01 per cent when pre- 
cipitated as the calcium oxalate and magnesium ammonium phos- 
phate respectively, and ignited. 

Heavy metals limit—5 parts per million. 

Iron—Not more than 0.0005 per cent. 

Ammonium Citrate, Dibasic, (NH4)2HC.gH507—Colorless crys- 
tals or white granules. Very soluble in water, slightly soluble in alcohol. 

Ammonium Metavanadate (Ammonium Vanadate), NH4aVO3—A 
white, crystalline powder. Slightly soluble in cold water; soluble in 
hot water, and in ammonia T.S. 

Ammonium Molybdate, (NH4)gsMo7O024.4H20—Colorless, or 
slightly green or yellow crystals; soluble in water, insoluble in alcohol. 
Ammonium Nitrate, NH4NOg—Colorless crystals or white gran- 
ules, very soluble in water, slightly soluble in alcohol. 

Ammonium Oxalate, (NH4)2C204.H20—Colorless crystals, sol- 
uble in water. 

Ammonium Phosphate, Dibasic (Diammonium Hydrogen Phos- 
phate), (NH4)2HPO4—White crystals or granules, very soluble in 
water, insoluble in alcohol. 

Ammonium Reineckate (Reinecke Salt), NH 4[Cr(NH3) (SCN) 4].- 
H.2O—Dark red crystals or red, crystalline powder. Moderately 
soluble in cold water; more soluble in hot water. It gradually decom- 
poses in solution. 

Ammonium Sulfamate, NHzOSOgNH2—White, odorless, very 
hygroscopic crystals or a crystalline powder easily decomposed by 
heat, and readily soluble in water to form a clear, colorless solution. 
Melts between 130° and 133°. . 

Ammonium Sulfate, (NH4)2SO4—Colorless crystals or white 
granules. Very soluble in water, insoluble in alcohol. 

Ammonium Thiocyanate, NH 4SCN—Colorless, deliquescent crys- 
tals. Very soluble in water, soluble in alcohol. 

' Ammonium Vanadate—see Ammonium Metavanadate. — 

Amyl Alcohol (Isoamyl Alcohol), C5H 1,0H—Colorless, oily liquid. 
Characteristic, penetrating odor. Specific gravity: about 0.81. 
Miscible with alcohol, ether, chloroform, carbon disulfide, petroleum 
‘benzin, benzene, and with fixed and volatile oils. Slightly soluble in 
water. Boils between 128° and 132°. ne f 

- Aniline, CgHsNH2—A colorless or pale yellow liquid. Specific 


‘gravity: 1.02. Sparingly soluble in water, miscible with alcohol or 


with ether. Boils between 183° and 186°. 


Aniline Blue, W. S., Certified Biological; Water-soluble Aniline 


- Blue, is an acid dye consisting of sulfonation products of variable mix- 


tures of phenylated rosaniline and pararosaniline. Very dusky red- 


dish purple to dusky brown. Soluble in water. 


. Aniline Sulfate, (CeHsNHo)2.H 250 4— White or nearly white 
erystals or a crystalline powder: very soluble in water, slightly sol- 
-uble in alcohol, insoluble in ether. 


asbestos. 
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Arabinose, Anhydrous l-Arabinose, is a pentose, C5H 1905. 
crystalline powder, having a sweet taste. 
insoluble in absolute alcohol. 
+104.5°. 

Arsenic Pentoxide (Arsenic Acid Anhydride), AsgO0s—White, 
amorphous lumps or powder, freely but slowly soluble in water or 
alcohol. Gradually deliquesces on exposure to air and very slowly 
combines with water to form orthoarsenic acid, H3AsO4. 

Arsenic Trioxide, Asg03—See U.S. P. XIII (pag> 743). 

Asbestos—The silky, well-matted variety of long fiber, amphibole 
Digest with diluted hydrochloric acid for 24 hours and 
wash with water until free of acid. Then digest for 24 hours with 
sodium hydroxide T.S. Wash until free of alkali, digest for 3 hours 
with diluted nitric acid, and finally wash with water until free of acid 
and shake with water to a fine pulp. 

Ascitic Fluid, for Bacteriological Use is obtained under aseptic 
conditions from serous accumulations in humans. It has been filtered 
through a Berkefeld or other form of candle filter and contains no 
added preservative. 

Ascorbic Acid, CgHg0¢g—Use Ascorbic Acid U.S. P. 

Azolitmin—A water-soluble coloring matter obtained from litmus; 
in dark, violet scales; soluble with difficulty in water, more easily 
soluble in hot water; insoluble in alcohol or dilute acid; very soluble 
in dilute alkalies, forming deep blue solutions. 

Azure A, Certified Biological, Methylene Azure, is asymmetrical 
dimethylthionin chloride, C14H14N3S8Cl. Moderately coarse pow- 
der, of olive-black to dusky gray-green color. It is soluble in water, 
slightly soluble in alcohol. 

Azure II—A mixture of equal quantities of methylene blue chloride 
(tetramethylthionine hydrochloride) and of methylene azure chloride 
(methylene blue chloride sulfone). A deep green powder soluble in 
water with a deep blue color, less soluble in alcohol, and difficultly 
soluble in chloroform. 

Azure II-Eosin—A mixture of methylene blue eosin and of methyl- 
ene azure-eosin (methylene blue sulfone eosinate). A deep green 
powder difficultly soluble in water, but more easily soluble in alcohol, 
methanol, or glycerin. 

Baker’s Yeast, Fresh—The moist, living cells of Saccharomyces 
cerevisiz Meyen or of other species of Saccharomyces (Fam. Sac- 
charomycetacex) free of starch or other absorbent base. 

Barium Carbonate, BaCOg3, occurs as a white powder insoluble in 
water (free from carbon dioxide), slightly soluble in carbonated water, 
and readily soluble with effervescence in hydrochloric, nitric, and 
acetic acids. 

Barium Chloride, BaClo.2H20. 

Barium Chloride, Anhydrous—This may be made by drying barium 
chloride in thin layers at 125° until the loss in weight between two 
successive, 3-hour drying periods does not exceed 1 per cent. 

Barium Hydroxide, Ba(OH)2.8H20—Colorless crystals, soluble in 
water. 

Barium Nitrate, Ba(NOs3)2—Colorless crystals, soluble in water, 
practically insoluble in alcohol. 

Basic Fuchsin—See Fuchsin, Basic. 

Beef, for Bacteriological Use is the coarsely ground skeletal muscle 
from slaughtered bovine cattle, previously freed of excess blood, and 
adhering fat and connective tissue. It presents no obvious indications 
of bacterial contamination and does not possess a putrescent odor. 
It may be dehydrated and powdered. 

Beef Heart, for Bacteriological Use is the coarsely ground heart 
muscle from slaughtered bovine cattle, previously freed of excess 
blood, and adhering fat and connective tissue. It presents no obvious 
indications of bacterial contamination and does not possess a putres- 
cent odor. It may be dehydrated and powdered. 

Beef Liver, for Bacteriological Use is the coarsely ground liver from 
slaughtered bovine cattle, previously freed of excess blood, and ad- 
hering fat and connective tissue. It presents no obvious indications 
of bacterial contamination and does not possess a putrescent odor. 
It may be dehydrated and powdered. 

Beef Extract. 

Benzene, CgH¢g—A colorless, transparent, inflammable liquid, 
having a characteristic, agreeable aromatic odor. Specific gravity 
about 0.876. Insoluble in water; miscible with aleohol and with 
ether. Boils between 79.5° and 81°; congeals at not below 5.2°. 

Benzidine (p-diaminobiphenyl) [((CgH4NH 9) 9]. 

Benzin, Petroleum—Use Petroleum Benzin, U.S. P 

Benzoic Acid—Use Benzoic Acid, U.S. P. 

Benzoyl Chloride, CgH5.COCI—A clear, colorless, fuming liquid 
with a pungent odor. It is decomposed by water or alcohol; soluble 
in benzene or ether. Boils between 194° and 198°. 

Betanaphthol—Use Betanaphthol, U.S. P. 

Biotin, CyioHigN20358 (2-keto-3,4-imidazolido-2-tetrahydrothio- 
phene-n-valeric acid)—A white, erystalline powder. Biotin is de- 
stroyed by strong oxidizing agents such as hydrogen peroxide or per- 
oxide-containing ether. Melts between 230° and 232°. Practically 
insoluble in water or alcohol; soluble in dilute solutions of alkali 
hydroxides. Specific rotation +92°. 

Bismarck Brown Y, Certified Biological, contains benzene-m- 
disazo-bis-m-phenylenediamine dihydrochloride, CygHaoNgCle, to- 
gether with some triaminoazobenzene and other bases. Purplish red 
#0 very dusky red. Sparingly soluble in water, slightly soluble in 

cohol. : 

Bismuth Ammonium Citrate—It occurs in shining, pearly or trans- 
lucent scales, or white powder, becoming opaque with loss of ammonia 
on exposure to the air. It is odorless and has a metallic taste. It is 
very soluble in water and sparingly soluble in alcohol. ' 

Biuret Reagent—To a quantity of aqueous sodium hydroxide solu- 
tion (1 in 3) add, dropwise, with constant stirring, aqueous cupric 
sulfate solution (1 in 100) until the mixture assumes a deep blue color. 
Preserve in tight containers. / 

Blood, for Bacteriological Use is obtained under aseptic conditions 


White 
It is freely soluble in water; 
Specific rotation between +103° and 
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by bleeding a healthy horse, sheep, rabbit, or other warm-blooded 
animal. It is used as freshly drawn, or may be defibrinated, or a suit- 
able anticoagulant may be added, but it contains no added antibac- 
terial preservatives. 

Blood (for carbon monoxide test in gases)—For this purpose use 
oxalated or defibrinated blood of dogs, sheep, cattle, or human beings 
within 24 hours after bleeding. Prepare oxalated blood by adding 10 
mg. of neutral potassium oxalate to each cc. of blood, immediately 
when drawn. 

Blood Serum, for Bacteriological Use is the fluid separated from the 
clot formed in blood after standing under refrigeration for 48 hours 
or more. Obtain the blood under aseptic conditions by bleeding a 
healthy horse, sheep, rabbit, or other warm-blooded animal, filter the 
serum through a Berkefeld or other form of a candle filter, and add 
no preservative to it. 

Blood serum is a nearly clear liquid, nearly colorless or pale yellow. 

Boric Acid, HsBO3— 

Brain, for Bacteriological Use, Calf Brain, is the brain tissue from 
slaughtered, immature bovine cattle, freed of excess blood, adhering 
fat, and connective tissue, and coarsely ground or cut into about 1- 
em. cubes. It presents no obvious indications of bacterial contamina- 
aion and does not possess a putrescent odor. It may be dehydrated 
and powdered. 

Brilliant Cresyl Blue, Certified Biological, is usually aminodimethyl- 
aminomethyldiphenazonium chloride, Cy5H16Ng30Cl, although the 
dye may be the diethyl derivative. Very dusky coarse powder. One 
Gm. dissolves in 30 cc. of water; sparingly soluble in alcohol. 

Brilliant Green, Certified Biological, is the acid sulfate of p,p’- 
tetraethyldiaminotriphenylearbinol anhydride, Co7Hg3gNe.HSO4. 
Moderate olive to moderate olive-green. One Gm. dissolves in 20 ce. 
of water or in 20 ce. of alcohol. 

Bromine. 

Bromocresol Purple. 

Bromothymol Blue. 

Butyl Alcohol, Normal (n-Butanol), CH3(CH2)sCH20H—A clear, 
colorless liquid having a characteristic odor; miscible with dehydrated 
alcohol and with ether. Specific gravity about 0.81; boils between 
115° and 118°. 

Butyric Acid, CH3(CHg)2COOH, is a clear, colorless liquid of un- 
pleasant rancid odor and strong acid taste. Specific gravity about 
0.96; boils between 160° and 164°. Miscible with water, alcohol 


ether. 

Calcium Biphosphate (Calciwm Phosphate Monobasic), . Ca- 
(H2PO4)2.H2g0—White, somewhat deliquescent crystals, or erystal- 
line powder. Sparingly soluble in water; insoluble in alcohol. 

Calcium Carbonate—Use Precipitated Calciwm Carbonate, U.S. P. 

Calcium Chloride, CaCly.2H 90. 

Calcium Chloride Anhydrous, CaClg—Deliquescent lumps or por- 
ous masses. 

Calcium Hydroxide—Use Calcium Hydroxide, U.S. P. 

Calcium Oxide, (lime), CaO. 

Calcium Oxide, Freshly Slaked, Ca(OH)g. 

Calcium Pantothenate, (CoHieNO 5)2Ca—White, odorless powder. 
Moderately hygroscopic. Specific rotation +23° to +27°. Freely 
soluble in water, soluble in glycerin; slightly soluble in alcohol or in 
acetone. 

Calcium Sulfate, CaSO4.2H20—White powder or pulverulent 
masses Soluble in about 400 parts of water, insoluble in alcohol. 

Canada Turpentine—A liquid oleoresin from Abies balsamea 
(Linné) Miller (Fam. Pinacez). 
parent liquid. Very soluble in ether, in chloroform, and in benzene. 

When exposed to air, it slowly dries and remains transparent. 

Canada turpentine solidifies when mixed with 20 per cent of its 
weight of magnesium oxide, previously moistened with water. 

Capryl Alcohol, CH 3(CHg);CHOHCH 3, is a clear, colorless, refrac- 
tive liquid, about 0.923; boils between 176° and 181°. Slightly sol- 
uble in winter, miscible with alcohol, ether, or benzene. : 

Carbon Dioxide—Use Carbon Dioxide, U. S. P 

Carbon Disulfide, CS2—A clear, colorless, volatile, and inflam- 
mable liquid. It is odorless when fresh, but on standing in contact 
with air it acquires a yellow color and a disagreeable odor. This 
change is accelerated by exposure to light. It is very slightly soluble 
in water, very soluble in alcohol, in chloroform, and in ether. 

Carbon Tetrachloride, CCl4. 

Casein—A white or slightly yellow, odorless, granular powder. 
Insoluble in water and other neutral solvents, but readily dissolved by 
ammonia T.S. and by solutions of alkali hydroxides, usually forming 
a cloudy solution. 

Catechol—(o0-Dihydroxybenzene), CeH4(OH) g—White crystals 
which become discolored on exposure to air and light, readily soluble 
in water, alcohol, benzene, ether, chloroform, or in pyridine, forming 
clear solutions. Melts between 104° and 105°. 

Cedar Oil (for clearing microscope sections). A selected, distilled 
oil from the wood of the red cedar, Juniperus Virginiana Linné (Fam. 
Pinacex) should be used for this purpose. Refractive index about 
1.504 at 20°. For use with homogeneous immersion lenses, a speci- 
ally prepared oil having a refractive index of exactly 1.515 at 18° is 
required. 

Ceric Sulfate, Ce(SO4)9 with a variable amount of water. 
contains sulfates of the other associated earths. Yellow to orange- 
yellow crystals or crystalline powder. Almost insoluble in cold water; 
slowly soluble in cold dilute mineral acids, more readily soluble when 
heated with these solvents. 

Charcoal—Use Activated Charcoal, U.S. P. 

Chloral Hydrate—Use Chloral Hydrate, U.S. P. 

Chloranil (Tetrachlorobenzoquinone), CeCl402—Golden yellow 
leaflets. Insoluble in water, slightly soluble in alcohol, soluble in 
ether. It dissolves in sodium hydroxide solutions forming a violet- 
red solution 

Chlorinated Lime—A white or grayish white powder, having the 


It also 


A pale yellow or greenish, trans- 


{ 


odor of chlorine. It rapidly decomposes on exposure to air. It is 
partially soluble in water and in alcohol. Contains not less than 30 
per cent of available chlorine. 

Chloroform—Use Chloroform, U.S. P. 

Cholesterol—Use Cholesterol, U.S. P. 

Choline Chloride, (CHa)3N. CHg. CH2,0OHCl—White crystals or 
crystalline powder. Very soluble in water and freely soluble in alco- 
hol. It is hygroscopic and usually has a slight amine-like odor. Its 
solution is neutral to litmus paper. 

Chromium Trioxide—Use Chromium Trioxide, U.S. P. 

Chromotropic Acid (/,8-Dihydroxynaphthalene-3,6-disulfonic Acid), 
CioHg0gS2.2H20—White to brownish powder; soluble in water. 
It is usually available as its sodium salt, CioH 6OgS2Naz, which is 
yellow to light brown in color, and freely soluble in water. 

Chrysoidine Y is a basic dye containing meta-diaminoazobenzene 
hydrochloride, C;2H13N4Cl. 

Citric Acid—Use Citric Acid, U.S. P. 

Clove Oil—Use Clove Owl, U.S. P. 

Cobalt Nitrate, Co(NOg)a. 6H20—Red crystals or granules. It is 
slightly deliquescent, freely soluble in water, soluble in alcohol. 

Cobaltous Acetate (Cobalt Acetate), Co(CeH 302)9.4H20—Red, 
needle-like crystals, soluble in water or in alcohol. 

Cobaltous Chloride (Cobalt Chloride), CoClg.6H20—Red crystals 
or a red, crystalline powder. Very soluble in water and in alcohol; 
soluble in acetone and in glycerin. 

Cobaltous Sulfate, Dried, Dried Cobalt Sulfate, CoSO04.2H2O0: a 
pink powder; having a bluish tinge. 

Compound Iodine Solution—Use Strong Iodine Solution, U.S. P. 

Congo Red, Certified Biological, (Sodiwm diphenyl-diazo-bis- 
alphanaphthylamine-4-sulfonate), (CgH4N:NC,o0HsNH3802Na)g— 
A brownish red powder, slightly soluble in cold water or in alcohol; 
soluble in hot water, forming a deep red solution. pH range: 3.0— 
blue; 5.0—red. 

Copper, Cu—Copper in the form of wire, foil, turnings, filings, or 
granules. Insoluble in hydrochloric acid; soluble in nitric acid or in 
hot sulfuric acid. 

Cotton, Non-absorbent—The hairs of the seed of cultivated varie- 
ties of Gossypium herbaceum Linné, or of other species of Gossypium 
hae eh Gece freed from adhering impurities and linters, and 
sterilized. 

Creatinine, CHsNC(:NH)NHCOCH2, is obtained by the dehydra- 

= 


tion of creatine. It is a white, crystalline powder. One Gm. of 
Creatinine is soluble in 10 cc. of water and in 1 cc. of aleohol. It 
melts with decomposition at 260°. 

Crystal Violet, Certified Biological. 

Cupric Acetate, Cu(CgH309)2.H20—Bluish green crystals or 
powder having an acetous odor. Soluble in water, slightly soluble in 
alcoho 

Cupric Sulfate, CuSO4.5H20O. 

Cupric Sulfate, Anhydrous, CuSO4—A white or grayish white 
powder free from a blue tinge. Upon the addition of a small quantity 
of water, it becomes blue. It is soluble in water. 

Curare—The composition of curare is not definitely known. Dif- 
ferent specimens vary, depending upon the species of plant or plants 
used in their manufacture. The most important sources of curare are 
the bark of several varieties of Strychnos, the species most commonly 
employed being S. Castelnvxi Wedd., S. toxifera Benth., or S. Crevauxii 
G. Planch. (Fam. Loganiacex) and Chondodendron tomentosum Ruiz 
et Pavon (Fam. Menispermacex). Commercial curare is a brownish 
or black, shiny, resinoid mass. Soluble in cold water, very soluble in 
diluted alcohol. 

l-Cystine, HOOC.(NH2)CH.CH2.S—S.CH2.CH(NH2).COOH 
—White, crystalline powder, very slightly soluble in water, insoluble 
in alcohol or other organic solvents; soluble in dilute mineral acids 
and in solutions of alkali hydroxides. 

Damar, Dammar Resin, is a resinous exudation from Shorea spp. 
(Fam. Dipterocarpacex), occurring as nodules up to 3 cm. in diameter, 
mostly smaller; surface nodular or warty, dull, often dusty; nearly 
ee to pale yellow, semi-transparent; fracture conchoidal, rather 
riable. 

Devarda’s Alloy (Devarda’s Meta!) —A gray powder composed of 50 
parts of copper, 45 parts of aluminum, and 5 parts of zine. 

Dextrin, (CgHi005) n. x HO 4 white, amorphous powder. 
Slowly soluble in cold water; more readily soluble in hot water; in- 
soluble in alcohol. 

Dextrose—Use Dextrose, U.S. P. 

Dextrose, Anhydrous, CgH ,20,g—It meets the requirements for 
Dextrose, U.S.. P., except that the test for Loss on drying should read 
‘‘When dried to constant weight at 100°. Anhydrous Dextrose loses 
not more than 1 per cent of its weight.”’ 

Dibasic Potassium Phosphate—See Potassium Phosphate Dibasic. 

Dibasic Sodium Phosphate—See Sodiwm Phosphate Dibasic. 

Dichlorofluorescein, Cg29H1005Cle, occurs as a weak orange pow- 


er. 

Solubility—Dichlorofluorescein is sparingly soluble in water, soluble 
in alcohol, and in solutions of alkali hydroxides. é 

2,6-Dichlorophenol-indophenol Sodium (2,6-Dichlorobenzenone- 
indophenol Sodium), O-CgHeCle-N.CgH40Na with about 2H20. 
A dark green powder. Soluble. 

Diluted Acetic Acid. 

Diluted Alcohol. 

Diluted Hydrochloric Acid. 

Diluted Nitric Acid. 

Diluted Sulfuric Acid. \ 

Diiodofluorescein, Co9H101205. 

p= Dintethvlaiidobenzaldehydes (CH3)2N.CgHaCHO—White or — 
pale yellow crystals or crystalline powder. Slightly soluble in water; 
soluble in alcohol, ether, and in dilute hydrochloric acid. 

p-Dimethylamino-azobenzene, Methyl Yellow, Butter Yellow, 
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CeHsN-N .CgH4N(CHs)g, occurs as yellow leaflets of yellow crystal- 
line powder. It is insoluble in water, sparingly soluble in alcohol, 
soluble in chloroform, ether, or fatty oils. ; 

_Dimethylglyoxime, (CH 3) x>C2(NOH) 2—White, needle-shaped crys- 
tals, or a crystalline powder; almost insoluble in water, soluble in 
alcohol, It melts at about 240°. 

3,5-Dinitrosalicylic Acid, C7H4N207.H20, occurs as yellow erys- 
tals or pale yellow crystalline powder. Melts between 172° and 174°. 
Sparingly soluble in water, soluble in alcohol or in ether. 

2,4-Dinitrochlorobenzene, CgH3(NOeg)eCl—Yellow to brownish 
yellow crystals. Insoluble in water, soluble in hot alcohol, in ether, 
and in benzene. It melts between 51° and 53°. 

2,4-Dinitrophenylhydrazine, (2,4-CgH3(NO2)2NH.NH2|—Orange- 
red crystals. Slightly soluble in water or alcohol. 

Dioxane (Diethylene Diowxide), C4HgO2—Clear, colorless liquid 
having an ethereal odor. Specific gravity about 1.031. Miscible with 
water and the usual organic solvents. Boils between 101° and 103°; 
congeals between 9° and 11°. 

Diphenylamine, (CgH5)2NH—White crystals, possessing a’ slight, 
aromatie odor. Melting point 52.5° to 53.5°. Slightly soluble in 
water; soluble in alcohol. 

Disodium Phosphate—Use Sodium Phosphate, U.S P. 

Dithiazone (Diphenyl-thiocarbazone), CgHs.NH.NH.CS.N:N.- 
CgHs5—A bluish black or nearly black powder; insoluble in water; 
soluble in alcohol, in chloroform, and in carbon tetrachloride, yielding 
intensely green solutions even in high dilutions, - 

Dulcitol, Anhydrous Dulcitol, Dulcite—A hexahydrie alcohol, 
CeHg(OH)s. Occurs as colorless crystals or a white crystalline or 
granular powder; odorless and almost tasteless. Dulcitol is optically 
eye: It is easily soluble in warm water, but sparingly soluble in 
cold. 
Fee Albumen is the white of eggs, carefully separated from the 
yolk. 
Eosin Y, Certified Biological (Yellowish Eosin Y)—Sodium tetra- 
bromofluorescein, CopHgBr4O5Nag. Red to brownish red pieces or 
poncer. One Gm. dissolves in about 2 ce. of water or in 50 cc. of alco- 

ol. 

Eineperioe, C.gH3(OH) eCHOHCH2gNHCH3—Use Epinephrine, 


Ether—Use Hither, U.S. P. or Ethyl Oxide, U.S. P. 

Ether, Absolute, CopH50C2Hs—Specific gravity not over 0.710. 

Ethyl Acetate, CH 3sCOOC2H 5. 

Ethyl Cyanoacetate, CN.CH2.COOC2Hs5—Colorless to pale yel- 
low liquid, pleasant odor. Slightly soluble in water; miscible with 
alcohol and with ether. 

Ethyl Eosin, Certified Biological, Alcohol-soluble Hosin, is the potas- 
sium or sodium salt of the ethyl ester of tetrabromofluorescein, 
CeeH1105Br4K (or Na). Strong red powder, slightly soluble in 
water. , 

Ferric Ammonium Sulfate, FeNH4(SO4)o.12H20—Pale violet 
crystals, efflorescent on exposure to air. Very soluble in water; in- 
soluble in alcohol. 

Ferric Chloride, FeCl3.6H20—Orange-yellow or brown yellow, 
crystalline pieces. It is very deliquescent. Very soluble in water, 
freely soluble in alcohol, and soluble in glycerin and in ether. Ferric 
chloride and its solutions are partly reduced to ferrous chloride by 
exposure to light. 

Ferric Citrate, (FeCgH507.2H2O)—Thin, transparent, garnet-red 
scales, or brown granules. Slowly soluble in water, more readily sol- 
uble in hot water, the solubility diminishing with age. It is insoluble 
in alcohol. 

Ferric Sulfate, Feo(SO4)3.cH2O—Occurs as a grayish white, 
hygroscopic powder, slowly soluble in water. 

Ferrous Ammonium Sulfate, Fe(NH 4) 2(SO4) 2.6H20—Pale, bluish 
green crystals or granules. One Gm. dissolves in about 6 cc. of water; 
insoluble in alcohol; it slowly oxidizes in the air. 

Ferrous Sulfate, FeSO4.7H20—Use Ferrous Sulfate, U.S. P. 

Ferrous Sulfide, FeS—Grayish black lumps, fragments, sticks, 
granules, or globules. Insoluble in water but dissolved by dilute sul- 
furic or dilute hydrochloric acid with copious evolution of hydrogen 
sulfide. Contains at least 70 per cent of ferrous sulfide. 

Filter Paper, Quantitative—For the Mercuric Bromide Test Paper 
used in testing for arsenic, use Swedish O filter paper or other makes 
of like surface, quality, and ash. ; 

Formaldehyde Solution—Use Formaldehyde Solution U.S. P. 

Formic Acid, HCOg.H—Colorless liquid having a very pungent 
odor. It is highly caustic. Miscible with water and alcohol. Specific 
gravity about 1.2. Boils at 100.5°. ig ’ 

Fushin Acid, Certified Biological, is the disodium salt of the tri- 
sulfonic acid of rosaniline, CeoH17N309Sg3Naze, or pararosaniline, 
CigHi5N309S3Naza, or mixtures of these. Moderate olive to dark 
olive-green powder. One gm. dissolves in 7 cc. of water; slightly sol- 
uble in alcohol. ~ ee Co 

Fuchsin, Basic—A mixture of rosaniline and pararosaniline hydro- 
chlorides. Crystals or crystalline fragments with a glossy, greenish 
bronze luster. Soluble in water, in alcohol, and in amyl alcohol. 

Furfural, CzH30.CHO—Furfural is a clear, colorless liquid when 
freshly distilled, but soon turns yellowish brown to reddish brown. 


Specific gravity about 1.16. Ninety-five per cent distils between 150° 


and 152°. - : 
Galactose, Anhydrous d-Galactose, is a hexose, CgH 1206, colorless 
crystals or a white crystalline or granules. It is freely soluble in 
water, but sparingly soluble in alcohol. ‘ : 
Gallic Acid, CgH2(OH)sCOOH.H20—White or nearly white 
erystals or powder. Sparingly soluble in cold water, very soluble in 
boiling water and in alcohol. 
- Gelatin—Use Gelatin, U.S. P. 
Glass he ee Ue of acer Ree 
Glycerin (Glycerol)—Use Glycerin, U. 5. BP. 
¥ Gold Chloride (Chlorauric Acid), HAuCl4.4H 20—Yellow, hygro- 


scopic crystals. Very soluble in water, soluble in alcohol and in ether. 

Gold Leaf—Occurs as pure gold in very thin transparent sheets 
with a bluish or greenish color; it is not affected by nitric acid or tar- 
nished by ammonia, but is soluble in nitrohydrochloric acid. 

Guaiac—Use Guaiac, N. F. 

Gum Ghatti, Ghatti Gum ‘Indian Gum,’’—An exudation from the 
stems of Anogeissus latifolia Wall (Fam. Combretace). 

Guanine Hydrochloride, CsH5N50.HCl. H20—White, crystalline 
powder. Melts above 250°, with decomposition. It is slightly soluble 
in water and in alcohol but soluble in acidulated water and in sodium 
hydroxide T.S. 

Hematein, C13gH120¢—Prepared from logwood extract or from 
hematoxylin by treatment with ammonia and exposure to air. It 
occurs as reddish brown crystals with a yellowish green metallic 
luster. It is soluble in water (about 1 in 1700); slightly soluble in 
alcohol. 

Hematoxylin (Hydroxrybrasilin), Ci3gH1406.3H20—A crystalline 
substance derived from the heart-wood of Hxmatoxylon campechi- 
anum Linné (Fam. Leguminosz). Colorless to yellow prisms; very 
slightly soluble in cold water and in ether, readily soluble in hot water 
and in hot aleohol. When exposed to light, hematoxylin acquires a 
red color and yields a yellow solution. It dissolves in ammonia T.S. 
and in solutions of alkali hydroxides or carbonates. When dissolved 
in solutions of the following salts, hematoxylin develops the colors 
indicated: in alum solution a red color; in stannous chloride solution 
a rose color; in solutions of cupric salts a greenish gray color; and it 
gradually turns black in potassium dichromate solution. 

Hydrazine Sulfate, (NH2e)2HeSO4—Colorless crystals or white, 
amt powder. Soluble in about 40 parts of water, insoluble in 
alcohol. 

Hydriodic Acid, (HI + WATEHR)—Nearly colorless, when freshly 
made, but rapidly becoming yellow to brown due to the liberation of 
iodine. Specific gravity about 1.7. Boils. at about 127°. Miscible 
with water and with alcohol. 

Hydrochloric Acid, Reagent, HCl. 

Hydrochloric Acid, Diluted (10 per cent)—This acid is prepared by 
mixing 236 cc. of reagent hydrochloric acid with sufficient water to 
make 1000 cc. 

Hydrofluoric Acid (HF + water)—Colorless or nearly colorless, 
fuming liquid. It readily attacks and dissolves glass and other 
siliceous materials. 

Hydrogen Peroxide—Use Hydrogen Peroxide Solution, U.S. P. 

Hydrogen Peroxide, 30 Per Cent—Clear, colorless liquid. Miscible 
with water. Specific gravity about 1.1. 


Do not mix with any organic substances as explosion are liable to 


occur. Store in partly filled containers, preferably with a small vent in 
the closure, and in,a cool place. Handle with caution as it attacks the 
skin. 


Hydrogen Sulfide, HaS—A colorless, poisonous gas; heavier than 
air. It is soluble in water. It is also available in compressed form in 
cylinders. 

Hydroxylamine Hydrochloride, NH2g0H.HCl—Colorless crystals 
He a white, crystalline powder; very soluble in water, soluble in alco- 

ol. 

8-Hydroxyquinoline (Oxine), CgH7NO—White crystals or a white, 
crystalline powder. Insoluble in water, soluble in alcohol and in di- 
luted acids. 

India Ink, Bacteria Free. 

Indigo Carmine (Sodium Indigotindisulfonate). 

Inulin— Hydrous Inulin is a fructosan (a starch) (CgH1005)n.- 
xH2O. White amorphous powder or granules. Slightly soluble in 
cold water, soluble in hot water; insoluble in alcoho.. It is levorota- 
tory 

lodic Acid—H1IOsg, occurs as colorless or slightly yellow crystals or 
crystalline powder. It is soluble in 0.5 part of water and somewhat 
soluble in alcohol of 87 per cent or less concentration. At about 170° 
it Gocompoes into iodic anhydride IgO5, and water. 

Iodine. 

Iodine Pentoxide (lodic Anhydride), Izg05—White, crystalline 
powder, soluble in water, insoluble in alcohol or in ether. When 
heated to about 300°, it decomposes into iodine and oxygen. When 
heated in the presence of sulfur or organic matter, deflagration takes 
place. 

Iodine Tincture. 

Iron Wire, Fe—Bright, fine wire. 

Isatin, CgH502gN—Small, yellowish red crystals, slightly soluble 
in water, soluble in alcohol and in ether. Water, alcohol, or ether 
solutions of isatin are reddish brown in color. 

Isobutyl Alcohol (Isopropylcarbinol), (CH 3) zCHCH zg0H—A clear, 
colorless liquid having a characteristic odor. Specific gravity about 
0.80. Soluble in about 10 volumes of water; miscible with alcohol or 
ether. Boils between 107° and 109°. 

Isopropyl Alcohol (Isopropanol) (CH 3)2CHOH—Colorless liquid, 
slight odor. Specific gravity 0.79. Boils between 81° and 84°. 
Miscible with water, alcohol, or ether. 

Isotonic Sodium Chloride Solution. 

Jack Bean Meal—Use Soy Bean Meal. 

Kerosene—A mixture of hydrocarbons, chiefly of the methane 
series. It is a clear, colorless liquid, possessing a characteristic, but 
not disagreeable odor. Specific gravity about 0.80. It distils between 
180° and 300°. 

Lactose—Use Lactose, U.S. P. 

Lead Acetate—Use Lead Acetate, N. F. 

Lead Carbonate (Basic Lead Carbonate), (PbCOg)2.Pb(OH)2—A 
white, heavy powder, insoluble in water and in alcohol. It is dissolved 
by acetic acid or diluted nitric acid with effervescence. 

Lead Dioxide (Lead Peroxide), PoOg—A dark brown powder. In- 
soluble in water and in alcohol; insoluble in nitric acid; decomposed 
by hydrochloric acid with the evolution of chlorine. It is dissolved by 
concentrated solutions of alkali hydroxides. ; ras 
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Lead Monoxide (Litharge), PbO—A heavy, yellowish, or reddish 
yellow powder. It is insoluble in water and in alcohol; soluble in 
acetic acid and in diluted nitric acid; also soluble in warm solutions 
of the fixed alkali hydroxides. 

Lead Nitrate, Pn(NOg)2—Colorless or white crystals or a white, 
crystalline powder. Very soluble in water; very slightly soluble in 
alcohol. 

Lead Subacetate (Basie Lead Acetate), Pb(C2H302)9.2Pb(OH) e— 
A heavy, white powder, readily absorbing carbon dioxide from air. 
It is soluble in water, usually incompletely; slightly soluble in nee 

Lime—Use C ‘alcium oxide, N. F. 

Lime, Freshly Slaked— Use Calcium Oxide, fle Slaked. 

Liquefied Phenol—Use Liquefied Phenol, U. S. 

Liquid Petrolatum—Use Liquid Petrolatum, U. & P. 

Lithium Carbonate—Use Lithium Carbonate, N. F. 

Lithium Oxalate, LigC 204, is a white crystalline powder, soluble in 
about 17 parts of water at room temperature. It is insoluble in alcohol. 

Litmus—A blue pigment prepared from various species of Rocella 
DeCandolle, Lecanora Acharius, or other lichens. Cubes, masses, 
fragments, or granules, of an indigo- blue or deep violet color. It has 
the combined odor of indigo and violets, tinges the saliva a deep blue, 
and is somewhat pungent and saline to the taste. The indicator sub- 
stances contained in litmus are soluble in water and less soluble or 
insoluble in alcohol. 

Lugol’s Solution—Use Strong Iodine Solution, U.S. P. 

Magnesium Chloride, MgCle. 6H 20— —White, deliquescent crys- 
tals, very soluble in water. 

Magnesium Oxide, MgO—Use Magnesium Oxide, U.S. P. 

Magnesium Sulfate—Use Magnesium Sulfate, U.S. P. 

Maltose, ee Maltose, Malt Sugar, is a disaccharide, 
C12H 2201 1.H20, obtained by the partial hydrolsis of starch. 

Manganese Dioxide (Precipitated Manganese Dioxide)—It consists 
chiefly of manganese dioxide (MnOg) with small amounts of other 
oxides of manganese, but containing not less than 80 per cent of 
MnOzg. It occurs as a heavy, very fine, black powder insoluble in 
water or alcohol. In hot hydrochloric acid, it is dissolved as manga- 
nous chloride and with the evolution of chlorine. 

Manganese Sulfate, MnSO4.4H2O or MnSO4.5H20—Pink 
crystals. Very soluble in water, insoluble in alcohol. 

Mannitol, Anhydrous d-Nannitol, Mu annite, is a hexahydric alcohol, 
C.gHs(OH).. It occurs as colorless crystals or a white crystalline or 
granular powder; it is odorless and has a sweet taste. It is freely 
soluble in water and in hot alcohol; it is sparingly soluble in alcohol 
and almost insoluble in cold absolute alcohol. 

Mastic—Use Mastic, N. F. 

Mercuric Bromide, HgBrag—White or faintly yellow crystals or a 
crystalline powder. Slightly soluble in cold water, soluble in boiling 
water, soluble in alcohol. 

Mercuric Chloride—Use Mercury Bichloride, N. F. 

Mercuric lodide, Red, Hglg. 

Mercuric Oxide, Yellow, HgO—Use 
U.S: P; 

Mercurous Chloride—Use Mild Mercurous Chloride, U.S. P. 

Mercurous Nitrate, (HgNO3, about 1H20O)—Colorless crystals. 
Soluble in a small amount of water, but decomposed by much water 
into the basic salt. 

Mercury, Hg—Use Mercury, U.S. P. 

Mercury Bichloride (Mercuric Chloride) HgCloe. 

Metaphenylenediamine Hydrochloride, CgH4(NHe2)2.2HCI—A 
white or slightly reddish white, crystalline powder, easily soluble in 
water. On exposure to light it acquires a reddish color. 

Metaphosphoric Acid, HPO3—White, deliquescent, glassy rods, 
freely but slowly soluble in cold water. It contains sodium phosphate 
to render the acid firm and capable of being molded. 

Methanol, (Methyl alcohol), CH ;0H—A clear, colorless liquid, mis- 
cible with water, alcohol, and with ether; a characteristic odor; in- 
flammable. Specific gravity not above 0.791. Boils between 64° and 
Gifs 

Methylene Blue—Use Methylene Blue, U.S. P. 

Methylene Chloride (Dichloromethane), CHe2Cle—A colorless 
liquid having an odor resembling that of chloroform. It is practically 
non-inflammable and is stable in air. It is soluble in about 50 parts 
of water; miscible with alcohol, acetone, chloroform, ether, and carbon 
tetrachloride. 

Methyl Green, Certified Biological, is the zinc chloride double salt 
of ethylhexamethylpararosaniline chlorobromide, Ca7H35N3ClBr.- 
ZnCle. Soluble in water. 

Methyl Orange T.S. 

Methyl Red T.S. 

Molybdenum Trioxide (Molybdic Anhydride), MoO3—A slightly 
yellowish powder. Slightly soluble in water, soluble in ammonia T.8. 
and in solutions of alkali hydroxides. 

Molybdic Acid—This reagent is commonly known as Molybdic 
Acid && per cent. It consists largely of an ammonium molybdate. 

N-(1-Naphthyl)-Ethylenediamine Dihydrochloride, C,9H7HN- 
CH2CH 2gNH2.2HCl—White or slightly pinkish, crystalline powder. 
Soluble in water; slightly soluble in alcohol. 

B-Naphthylamine Acetate, Cy 9H7NHeg.HCeH30_9—White to 
yellowish white, crystalline scales or flakes. Very soluble in water 
and in alcohol; soluble in ether. a 

7-Naphthylamine Hydrochloride, Ci 9H7NH2.HCl—A white, 
crystalline powder which turns bluish upon exposure to light and air. 
Soluble in water, in alcohol, and in ether. 

Neutral Red, Certified Biological, is aminodimethylaminotolu- 
phenazonium chloride, C15H17N4Cl. Very dusky red to dusky olive- 
green. One Gm, of the dye is soluble in 40 cc. of water, or in 45 cc. of 
alcohol. 

Nitric Acid, HNOg—Reagent.: =‘ 

Nitric Acid, Diluted, (10 per cent HNOs)—Dilute 105 ee, of afin 
acid with sufficient water to make 1000 cc. 


Yellow Mercuric Oxide, 


Nitric Acid, Fuming—A yellowish red to brownish red, fuming 
liquid. Specific gravity about 1.50. 

Nitrobenzene, CgH502N—An almost colorless to pale yellow liquid 
of characteristic odor. Almost insoluble in water; miscible with 
alcohol, benzene, or ether. Specific gravity about 1.2. Boils between 
210° and 212°; congeals not below 5°. 

Nutrose—Use Sodium Caseinate. 

Orange G, Certified Biological. The disodium salt of benzene-azo- 
2-naphthol-6: 8-disulfonic acid, CigHioNeO7eNag. A coarse 
powder or as small lumps, deep reddish orange to strong yellowish 
brown. One Gm. of the dye is soluble in 6 ec. of water; it is slightly 
soluble in alcohol. 

Orcinol, 3,5-dihydroxytoluene, CH3.CgH3.(OH)e, may be obtained 
from lichens or prepared synthetically. Colorless, monoclinic crystals, 
soluble in water, aleohol, and ether. 

Ortho-phenanthroline, Cy2HgNe.HgO0—White or grayish white, 
odorless crystals or crystalline powder. Melts between 93° and 95°. 
Sparingly soluble in water; soluble in alcohol and in acetone. 

Osmic Acid—See Osmium Tetroxide. 

Osmium Tetroxide, Osmic Acid, Perosmic Anhydride, OSO4— 
Colorless or slightly yellow, hygroscopic erystals or crystalline gran- 
ules; very pungent odor (Caution: Osmium Tetroxide vapors are very 
irritating to the eyes and the respiratory membranes) ; decomposed by 
light; slowly soluble in about 20 parts of water, soluble in aleohol and 
ether with decomposition. It softens at about 35° and melts at 40—- 
41°; boils at about 100°. 

Oxalic Acid, HgC204.2H20—White crystals, soluble in water, 
very soluble in boiling water and in alcohol; slightly soluble in ether. 

Ox Bile 

Oxgall. 

Palladous Chloride, PdClyg—Dark brown, hygroscopic powder. Its 
solution is turbid due to the formation of a basic salt, but dissolves 
clearly on the addition of hydrochloric acid. 

Pancreatic Digest of Casein (Bacteriological Peptone)—A grayish 
yellow powder with a characteristic but not putrescent odor. It is 
freely soluble in water, but insoluble in alcohol and in ether. The 
casein used in preparation of this Digest meets the following specifica- 
tions: 


Aglare ists Ganetnae tke MICE ane not more than 2.5 per cent 

ILOER OL Clan at Saas ac not more than 8 per cent 

Free acid (as lactic acid). ...not more than 0.25 per cent 

IA Saath yea arate ere not more than 0.5 per cent 
Reducing sugars............ not more than trace 

INEM ESS Les ois steels ister eens nee All passes through a 20 mesh sieve 


Paraffin—A colorless or white, more or less transparent mass, fre- 
quently showing a crystalline structure. It is insoluble in water, 
slightly soluble in alcohol, freely soluble in benzene, chloroform, 
ether, carbon disulfide, and in petroleum benzin. Its specific gravity 
is about 0.90, and it melts between 50° and 65°. 

Pepsin— Use Pepsin, N. F. 

Peptone, Dried (Meat Peptone)—A reddish yellow to brown pow- 
der, with characteristic, but not putrescent, odor. It is soluble in 
water, forming a yellowish brown solution having a slight acid reac- 
tion. It is insoluble in alcohol and in ether. 

Perchloric Acid, HCl1O4—A colorless, clear liquid. Miscible with 
water. It is very caustic and may deflagrate on contact with oxidiz- 
able substances. 

Phenol—Use Phenol, U.S. P. 

Phenylhydrazine, CgHs.NH.NHe2—Colorless, or slightly yel- 
lowish, highly refractive liquid. Specific gravity about 1.098. Boils 
241° 344°, Sparingly soluble in water; miscible with alcohol, ben- 
zene, ether. 

Phenylhydrazine Hydrochloride, CeHs5.NH.NH2HCl—In silky 
leaflets, soluble in water and in alcohol. It darkens in color when ex- 
posed to air and eee 

Phloroglucinol, CgH3(OH)3. 2H s0—White or yellowish white 
crystals or a crystalline powder. Slightly soluble in water, soluble in 
alcohol and in ether. 

Phloroglycinol, CgH3(OH)3.2H20—White or yellowish white 
crystals or a crystalline powder. Slhghtly soluble in water, soluble in 
alcohol and in ether. 

Phosphomolybdic Acid, approximately 20MoO3.2H3PO04.48H20 
—Bright yellow crystals or crystalline powder; freely soluble in water. 

Phosphoric Acid, H3PO4. 

Phosphorus Pentoxide (Phosphoric Anhydride), P2Q5—A white, 
amorphous powder; very rapidly deliquescent. Soluble in water 
with evolution of heat, forming phosphoric acid; also soluble in alco- 
hol. Keep in tightly-clesed containers. 

Caution—When a solution is being made, the phosphorus pentoxide 
must be added to the water in small portions to prevent excessive spattering. 

Phosphotungstic Acid, approximately Po05.24WO3.2H2z0— White 
or yellowish green crystals or a crystalline powder. Soluble in water, 
in aleohol, and in ether. 

Picric Acid—Use Trinitrophenol, U.S. P. 

Picrolonic Acid (1-p- Nitrophenyl-3-methyl-4-nitropyrazolon), 
CioHgN405—Yellow to brownish yellow, crystalline powder. 
Slightly soluble in water, soluble in alcohol, chloroform, ether, ben- 
ae and in solutions of alkali hydroxides, Melts between 110° and 

Platinic Chloride (Chloroplatinic Acid), H2PtCle.6H 20—Brownish 
red, deliquescent crystals or crystalline masses, Very soluble in 
water, soluble in alcohol and in ether, 

Potassium Acetate—Use Potassium Acetate, U.S. P. 

Potassium Bicarbonate—Use Potassiwm Bicarbonate, U.S. P. | 

Potassium Biphosphate (Monopotassium Phosphate, Monobasic 
Potassium Phosphate), KH2PO4—Colorless or. white crystals, soluble 
in water; insoluble in alcohol. 

Potassium Biphthalate (Acid Potassium Phthalate), KHC,gH4- 
(COO) 2—Colorless crystals, or a white, crystalline powder. Soluble 
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in water, slightly soluble in alcohol. ; 

Potassium Bisulfate, KHSO4 (for identification of glycerin) —F used, 
white, deliquescent masses or granules. Very soluble in water. 

Potassium Bromate, KBrO3—White crystals or a granular powder. 
Soluble in water, slightly soluble in alcohol. 

Potassium Bromide—Use Potassium Bromide, U.S. P. 

Potassium Carbonate—Use Potassiwm Carbonate, U.S. P. 

Potassium Carbonate, Anhydrous, KgCO3—White granules or 
Border, very hygroscopic. Very soluble in water with the evolution 
of heat. 

Potassium Chlorate, KClO3. 

Potassium Chloride, KCl. 

Potassium Chromate, KgCrO4—Yellow crystals, very soluble in 
water, insoluble in alcohol. 

Potassium Citrate—Use Potassium Citrate, U.S. P. 

Potassium Cyanide, KCN—White fragments or granules. Freely 
soluble in water, slightly soluble in alcohol. Gradually decomposes 
in solution. 

Caution—On account of the extremely poisonous nature of this reagent 
itself and of the gas evolved from it on treatment with acids, all tests must 
be made in a hood, with a strong draft, and special care must be taken to 
avoid inhalation of the fumes. Pipettes must not be used in measuring 
its solutions. — 

Potassium Dichromate, KgCr207—Dark yellowish red crystals er 
erystalline granules. Soluble in water, insoluble in alcohol. 

Potassium Ferricyanide, K3Fe(CN)g—Dark red crystals. 
soluble in water. 

Potassium Ferrocyanide, K4Fe(CN)¢.3H20—Yellow, transparent 
crystals. Very soluble in water, insoluble in alcohol. 

Potassium Fluoride, KF’. 2H g0—White powder or colorless crystals; 
deliquescent. 

Potassium Hydroxide KOH—Reagent. 

Potassium lIodate, KIO3s—White, crystalline powder, soluble in 
water. 

Potassium Ilodide—Use Potassium Iodide, U.S. P. 

Potassium Nitrate, KNOs3. 

Potassium Nitrite, KNO 2g—White, or nearly white, deliquescent 
sticks or granules. Soluble in water, insoluble in alcohol. 

Potassium Oxalate, KgC204.H20—Colorless or white crystals; 
efflorescent in dry air. Freely soluble in water; slightly soluble in 
alcohol. 

Potassium Perchlorate, KCl1O4—Colorless or white crystals. Sol- 
uble in 65 parts of cold water in 15 parts of boiling water; insoluble in 
alcohol. 

Potassium Permanganate—Use Potassiwm Permanganate, U.S. P. 

Potassium Permanganate 0.1 N. 

Potassium Permanganate 0.01 N. 

Potassium Phosphate, Dibasic (Dipotassiwm Phosphate), 
HPO4—White, somewhat hygroscopic granules or powder. 
soluble in water, slightly soluble in alcohol. 

Potassium Sodium Tartrate—Use Potassiwm Sodium Tartrate, 
| Ohyisis den 

Potassium Sulfate, KoSO4. 

Potassium Thiocyanate, KSCN—Colorless, deliquescent crystals. 
soluble in 0.5 part of water, freely soluble in alcohol. 

Potassium Xanthogenate (Potassium Xanthate), KS2COC2H5— 
White or pale yellow crystals, or crystalline powder. It is very soluble 
in water, freely soluble in alcohol. It usually contains about 10 per 


cent of water. 

n-Propyl Alcohol (n-Propanol), CHgs.CHg.CH2.0H—Clear, 
colorless liquid; alcohol-like odor. Miscible with water and the usual 
organic solvents. Specific gravity about 0.803. Boils between 95° 
and 98°. on ; 

Pumice—A substance of volcanic origin consisting chiefly of com- 
plex silicates of aluminum and alkali metals. It occurs as very light, 
hard, rough, porous, gray masses, or as a gray-colored powder. — 

Pyridine, C;H5N—Colorless, clear liquid, having a characteristic, 
disagreeable odor; hygroscopic. Miscible with water, alcohol, chloro- 
form, and many other organic liquids. Specific gravity about 0.98. 
Boils between 113° and 116°. : : ; 

Pyridoxine Hydrochloride (Vitamin Bg Hydrochloride, Vitamin 
Bg), CgH1103N .HCl—White, crystalline powder; stable in air and 
slowly affected by sunlight. It melts with some decomposition be- 
tween 204° and 208°. One Gm. dissolves in about 5 cc. of water and 
in about 90 ce. of alcohol. The solution is acid to litmus (pH about 3). 

Pyrogallol—Use Pyrogallol, N. F. | eal 

Pyronin B, Certified Biological, is tetraethyldiaminoxanthenyl 
chloride, Cgi1H27OCl. A moderately coarse powder, dusky olive- 
green to olive black. One Gm. is soluble in 7 ce. of water; it is slightly 
soluble in alcohol. : ; ea 

Pyronin Y, Certified Biological, Pyronin G, is tetramethyldiamino- 
xanthenyl chloride, Cj7HigN2OCl. A moderately coarse powder, 
dusky olive-green to olive-black. One Gm. is soluble in 15 cc. of 

water; it is slightly soluble in alcohol. eit 

Pyrrole, C4H5;N—A clear liquid; colorless when freshly distilled, 
becoming yellow in a few days; characteristic odor. Specific gravity 
about 0.94. It is insoluble in water, but soluble in alcohol, benzene, 
and in ether. 

Quinine Sulfate. é j 

Resazurin (Sodium), C;2HgNO4Na—Brownish purple, crystalline 
powder. It is soluble in water, forming a violet-colored solution. 
One Gm. dissolves in 100 cc. of water forming a deep violet-colored 
solution. . 

Resorcinol—Use Resorcinol, U.S. P. ‘ . 

‘ Rhamnose, Hydrous [-Rhamnose, Isodulcitol, is a methyl pentose, 
CgH1205.H20. Colorless crystals or a white crystalline or granular 
powder; odorless and having a sweet taste. It is soluble in water but 
sparingly soluble in alcohol. Specific rotation +8.5°. ‘ 

Rose Bengal, Certified Biological is sudium tetraiodochlorofluorescein. 
Dark red powder; freely soluble in water, soluble in alcohol. 
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Rosolic Acid (Aurin, Corallin). 

Safranin O, Certified Biological—A mixture of diaminophenyl- 
ditolazonium chloride, Cg9H19N 4Cl and diamino-o-tolylditolazoniun» 
chloride, Cg13HeiN4Cl. The dye occurs as a moderatley coarse 
powder, dusky brown to very dusky green. One Gm. of the dye is 
soluble in 35 ce. of water, or in 40 ce. of alcohol. 

Salicylaldehyde, Salicylic Aldehyde, o- Hydroxybenzaldehyde, HO.- 
CgH4.CHO—A clear, colorless, oily liquid with bitter almond-like 
odor and burning taste. Slightly soluble in water; soluble in alcohol 
or ether. It gives an orange color with sulfuric acid. 

Salicylic Acid—Use Salicylic Acid, U.S. P. 

Sand, Washed—It may be prepared in the following manner: di- 
gest clean, hard sand at room temperature with a mixture of 1 part 
of hydrochloric acid and 2 parts of water (about 13 per cent of HCl) 
for several days, or at an elevated temperature for several hours. Col- 
lect the sand on a filter, wash with water until the washings are 
neutral and show only a slight reaction for chloride, and finally dry- 

Saponin—A white, or nearly white, amorphous powder. It is 
freely soluble in water, sparingly soluble in alcohol, more soluble in 
hot alcohol; insoluble in benzene, in chloroform, or in ether. When 
water is shaken with Saponin foam is produced. 

Sawdust, Purified—It may be prepared as follows: extract saw- 
dust in a percolator, first with a 1 per cent solution of sodium hydrox- 
ide, then with a 1 per cent solution of hydrochloric acid until the acid 
percolate gives no test for alkaloid with mercuric potassium iodide 
T.S. or with iodine T.S. Then wash with water until free from acid 
and soluble salts, and dry. 

Selenium, Se—Dark red, amorphous or bluish black, crystalline 
powder. 

Selenious Acid, HgSeO3—Colorless crystals. Efflorescent in dry 
air and hygroscopic in moist air. Soluble in water and in alcohol. 

Semicarbazide Hydrochloride, NHgCONHNHg. HCI—A white to 
slightly yellow crystalline powder. Freely soluble in water; sparingly 
solublein alcohol. It melts between 175° and 185° with decomposition. 

Silver Nitrate, AgNOs3. 

Silver Sulfate, AggSO4—Small, white, lustrous crystals or a white 
powdér. Slightly soluble in water. Dissolved by nitric acid and by 
ammonia T.S. 

Sodium Acetate, NaCgH309.3H20. 

Sodium Acetate, Anhydrous (Fused Sodium Acetate), NaCegH302— 
Grayish white masses or powder. Hygroscopic. 

Sodium Alizarinsulfonate (Alizarin Red S), Cy4H502(OH)e2- 
SOQsNa.H2O—A yellow-brown or orange-yellow powder. Freely 
soluble in water, producing a yellow color; sparingly soluble in aleohol. 

Sodium Ammonium Phosphate (Microcosmic Salt), NaNH4- 
HPO4.4H20—Colorless crystals or white granules. Freely soluble 
in water; insoluble in alcohol. It effloresces in the air and loses am- 
monia. 

Sodium Bicarbonate—Use Sodium Bicarbonate, U.S. P. 

Sodium Bisulfite (Sodiwm Acid Sulfite), NaHSO3—White crystals 
or a white, granular powder, having an odor of sulfur dioxide. Freely 
soluble in water, slightly soluble in alcohol. 

Sodium Bitartrate, NaHC4gH40g.H20—White crystals or a crys- 
talline powder. Soluble in cold water. 

Sodium Borate—Use Sodium Borate, U.S. P. 

Sodium Bromide—Use Sodium Bromide, U.S. P. 

Sodium Carbonate, Anhydrous, NagCO3—A white, hygroscopic 
powder. It is soluble in water, insoluble in alcohol. 

Sodium Carbonate, Monohydrated. 

Sodium Caseinate, Casein-Sodium, Nutrose—Prepared by dissolv- 
ing casein in an aqueous solution of sodium hydroxide and evaporat- 
ing the product to dryness. It is a white, coarse, odorless, tasteless 
powder, soluble in water, though the solution usually shows some 
turbidity. 

Sodium Chloride, NaCl. 

Sodium Citrate—Use Sodiwm Citrate, U.S. P. 

Sodium Cobaltinitrite—A yellow to brownish yellow powder. 
Freely soluble in water. 

Sodium Cyanide, NaCN, occurs as white granules or fused frag- 
ments. It is freely soluble in water, and slightly soluble in alcohol. 

Caution: Due to the extremely toxic nature of this reagent and the 
gas evolved from it when it is treated with acids, all tests must be con- 
ducted in a hood provided with a strong draft, taking care to avoid the 
inhalation of the fumes. 

Sodium Desoxycholate, Co4Hg3904Na (mol. wt. 414.55)—A white 
crystalline powder with an odor resembling bile, and an intense, bit- 
ter taste. It is freely soluble in water, slightly in alcohol. Specific 
rotation about +40°. 

Sodium Dichromate, NagCr207.2H2O (for chromic acid cleaning 
moxture)—Orange-red crystals or granules. Very soluble in water; 
insoluble in alcohol. 

Sodium Diethyl-dithiocarbamate, (C2Hs)2N.CS2:Na—White, or 
slightly brown, or slightly pink erystals. Freely soluble in water, and 
in alcohol. The solution is alkaline to phenolphthalein. 

Sodium Fluoride, NaF—A white, odorless powder, soluble in water. 

Sodium Glycocholate, NaCogH4a20gN—A_ yellowish white, 
hydroscopic and bitter salt. It is soluble in water and slowly soluble 
in alcohol. Specific rotation about +30°. pH approximately 6.6. 

Sodium Hydrosulfite, NagS204—A white or grayish white ecrystal- 
line powder. Soluble in water; slightly soluble in alcohol. It gradu- 
ally oxidizes in the air, more readily when in solution, to bisulfite and 
bisulfate, acquiring an acid reaction. It is also affected by light. 

Sodium Hydroxide, Reagent, NaOH. f 

Sodium Lauryl Sulfite. 

Sodium Nitrite, NaNOo—Use Sodium Nitrite, U.S. P. 

Sodium Nitroferricyanide. 

Sodium Nitroprusside (Sodiwm Nitroferricyanide), NagFe(NO)- 
(CN) 5.2H20—Transparent, dark red crystals, very soluble in water. 

Sodium Oxalate, NagC204—A white, crystalline powder, slightly 
soluble in water. 
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Sodium Perchlorate, NaClO3.H 
Very soluble in water. 

p-Sodium Periodate, NagHglOg—A white odorless powder with a 
slightly saline taste. It is very slightly soluble in water, but freely 
soluble in the presence of hydrochloric acid. It is practically insol- 
uble in alcohol, ether, or chloroform. 

Sodium Peroxide, NagO2—A white, or yellowish white, very hygro- 
scopic powder. It is freely soluble in water with the evolution of 
oxygen, 

Sodium Phosphate—Use Sodiwm Phosphate, U.S. P. 

Sodium Phosphate, Dibasic. 

Sodium Phosphate, Dibasic, Anhydrous, NagHPO4—A white 
hygroscopic powder. 

Sodium Pyrophosphate—Tetrasodium Pyrophosphate, Na4P207.- 
10H20. Colorless crystals, efflorescent in dry air, and soluble in about 
10 parts of water; the solution is alkaline to litmus. 

Sodium Salicylate—Use Sodium Salicylate, U.S. P. 

Sodium Selenite, Anhydrous, NagSeO3—A_ white, 
powder Freely soluble in water and insoluble in alcohol. 
is alkaline to litmus paper. 

Sodium Sulfate, Anhydrous, NagSO«4 (for dehydrating liquids)— 
White, fine powder. 

Sodium Sulfide, NagS.9H20—Clear, colorless, deliquescent crys- 
tals. Very soluble in water. A solution (1 in 10) is alkaline to litmus 
paper and has the odor of hydrogen sulfide. 

Sodium Sulfite, Anhydrous (Hxsiccated Sodium Sulfite), Naa8Oz. 

Sodium Tartrate, NaoC4H40g.2H20—Transparent crystals. 
Very soluble in water, insoluble in alcohol. 

Sodium Thioglycollate, HSCHg.COONa—A white, crystalline 
powder having a slight characteristic odor. It is very soluble in water; 
but slightly soluble in alcohol. It is hygroscopic, and oxidizes in the 
air. It should not be used if it is pale yellow or darker in color. 

Sodium Thiosulfate—Use Sodiwm Thiosulfate, U.S. P. 

Sodium Tungstate, NagWO4.2H20—Colorless crystals, crystalline 
lumps, or a white, crystalline powder. Soluble in water. pH 8 to 9. 

Soy Bean Meal—The flour sifted from the decorticated, ground 
seed of Glycine Soja (Fam. Leguminosz), deprived of fat. 

Stannous Chloride, SnClo.2H 20—Colorless crystals, very soluble 
in water. The solution requires the presence of some hydrochloric 
acid to prevent the formation of basic chloride. 

Starch, Arrowroot—The starch separated from the root of Maranta 
arundinacea Linné (Fam. Marantacez). 

Starch, Potato—The starch separated from the tubers of Solanum 
tuberosum Linné (Fam. Solanacez) ; 

Starch T.S. 

Strychnine Sulfate—Use Strychnine Sulfate U.S. P. 

Sublimed Sulfur—Use Sublimed Sulfur, U.S. P. 

Sucrose, C12H9201;—Use Sucrose, U.S. P. 

Sudan IV, Certified Biological—o-Toluene-azo-o-toluene-azo-8- 
naphthol, Cega4HeaoN40. A moderately coarse powder, very dusky 
red to dusky reddish brown. Insoluble in water, very slightly soluble 
in alcohol, readily soluble in fats. 

Sulfanilic Acid, CgH4aNHe(SO3H).2H20—Colorless, acicular, 
efforescent crystals. Sparingly soluble in water, very slightly soluble 
in alcohol and in ether. 

Sulfosalicylic Acid, CgHs(OH)(SO3H).COOH .2H20—White or 
not more than slightly pinkish, needle-like crystals or a crystalline 
powder. Soluble in water and in alcohol. 

Sulfur—Use Precipitated Sulfur, U.S. P. 

Sulfuric Acid, HgSO4—Reagent. 

Sulfuric Acid, Diluted (10 per cent)—Cautiously add 57 cc. of 
sulfuric acid to about 100 ce of water, cool to room temperature and 
dilute with water to 1000 ce. 

Sulfuric Acid, Fuming, H2SO4 plus free SO3—A heavy, fuming, 
colorless, oily liquid. 

Sulfurous Acid, HgSO3s—A water solution of sulfur dioxide. It 
oxidizes in the air. Keep in small bottles. 

Talc—Use Talc, U.S. P. 

Tannic Acid—Use Tannic Acid, U.S. P. 

Tartaric Acid—Use Tartaric Acid, U.S. P. 

Tetrachlorobenzoquinone—See Chloranil. 

Thioglycollic Acid, HSCHg.COOH—A colorless or nearly colorless 
liquid, having a strong: unpleasant odor. It is miscible with water, 
and soluble in aleohol. 

Thorium Nitrate, Th(NOg)4 , with a variable amount of water— 
Colorless or white crystals or granules; slightly deliquescent. Very 
soluble in water, the solution having strongly acid reaction. 

Thymol—Use Thymol, U.S. P. 

Tin, Sn—In the form of almost silver white granules, or irregular 
fragments. 

Titanium Trichloride (Titanous Chloride), TiClg—A black, hygro- 
scopic powder; unstablein air. It is soluble in water, the solution de- 
clositing titanic acid on exposure to air. It is usualy furnished as 
15 per cent to 20 per cent aqueous solutions. Keep in tightly closed, 
glass-stoppered bottles, protected from light. 

o-Tolidine (4,4’-diamino-3,3'-dimethylbiphenyl), HgN.CH3.CegH3.- 
CeH3.CH3.NHe 4-3-3 2,4’—White to reddish crystals or crystalline 


20—,Whiteed liquescent crystals. 


crystalline 
Its solution 


powder, slightly soluble in water; soluble in alcohol, ether, and dilute’ 


acids. 

Toluene (Toluol), CgH5.CHg3—A colorless, highly refractive, in- 
flammable liquid. Insoluble in water, miscible with alcohol, ether, 
chloroform, carbon disulfide, and with petroleum benzin. Specific 
gravity about 0.865. Boils between 110° and 111°. 

o-Toluidine (2-aminotoluene, 2-methylantline), CeH4.CHg.NHe 1.2 
—A light yellow liquid becoming reddish brown on exposure to air 
and light. Soluble in water, soluble in alcohol, ether, and dilute acids. 
Boils between 200° to 202°. 

Toluidine Blue O, Certified Biological—Usually the zine chloride 
double salt of aminodimethylaminotoluphenazthionium chloride, 


CisHigN3SCl + ZnCleg but may also be prepared as the chloride. 


A moderately coarse powder, reddish »lack to olive-black. One Gm, 
is soluble in 20 ce. of water; it is slightly soluble in alcohol. 

Trichloroacetic Acid—Use Trichloroacetic Acid, U.S. P. 

Triketohydrindene Hydrate, CgH403.H20—White to brownish 
white crystals or crystalline powder. Soluble in water and in alcohol; 
slightly soluble in ether and in chloroform. When heated above 100°, 
it becomes red. 

Trinitrophenol (Picric Acid)—Use Trinitrophenol, U.S. P. 

Triphenylchloromethane (tr tyl chloride), (CgHs5)3CCl—White to 
grayish white or yellowish crystals or as a crystalline powder, soluble 
in water with decomposition. 

l(-)Tryptophane, Cy13H,2gN202—White or not more than slightly 
yellow leaflets or powder. One Gm. dissolves in about 100 ee. of 
water; slightly soluble in alcohol; solubl2 in dilute acids and in solu- 
tions of the alkali hydroxides. Specific rotation, in a solution contain- 
ing the equivalent of 1 Gm. in each 10) ce., between —31° and —33°. 

Turpentine Oil. 

Urac.l, C4H4N202—White to cream-colored, crystalline ‘powder. 
Melts above 300°. One Gm. dissolves in about 50) cc. of water; less 
soluble in alcohol; soluble in ammonia T.S. and in sodium hydroxide 
T.S. Its solution yields no precipitate with the usual alkaloidal pre- 
cipitants. 

Uranyl Acetate (Uranium Acetate), U02e(C2H302)2.2H20—Yel- 
low, crystalline powder, having a slight odor of acetic acid. Soluble 
in water, usually requiring the addition of a little acetic acid to effect 
complete solution. 

Urea—Use Urea, U.S. P. 

Urease—A urealytic enzyme obtained from the Soy Bean, Glycine 
Soja, or Jack Bean, Convalia ensiformis (Lewis). White or cream- 
colored powder with little taste or odor. Readily soluble in slightly 
alkaline water. When finely powdered and triturated, 1 Gm. of it 
dissolves in about 1000 cc. of water at 25° to give a turbid solution 
(colloidal), which is neutral to methyl orange. 

Uric Acid, Cs H4N403—Occurs as white or slightly brownish white 
crystals. Insoluble i in water or alcohol; soluble in glycerin, in solu- 
tions of alkali hydroxides, acetates, and phosphates. 

Vanillin—Use Vanillin, U.S. P. 

Veal—Use Beef. 

Water—Use Water, U.S. P. 

Water Distilled—Use Distilled Water, U.S. P. 

Water for Injection—Use Water for Injection, U.S. P. 

Water-Soluble Yeast Extract—A peptone-like substance which 
represents the soluble product of yeast cells (saccharomyces) prepared 
under optimum conditions, clarified and dried to a powder. One Gm. 
of the Extract represents not less than 7.5 Gm. of yeast. Water- 
Soluble Yeast Extract is a reddish yellow to brown powder, with a 
characteristic but not putrescent odor. It is soluble in water, forming 
a yellow to brown solution, having a slight acid reaction. 

Xanthine, C5H4N402—White, crystalline powder. Decomposes 
on heating. Slightly soluble in water and in alcohol; sparingly sol- 
uble in diluted hydrochloric acid but soluble in sodium hydroxide 
T.S. When subjected to the murexide reaction, a purple color is 
produced with the ammonia, but on the subsequent addition of fixed 
alkali hydroxides, the color is not discharged but is changed to violet. 

Xylene, CgH19—A colorless, transparent liquid, insoluble in water, 
very soluble in alcohol and in ether. Specific gravity 0.85. Boils be- 
tween 137° and 140°. 

Xylose, Anhydrous I-Xylose—A pentose, C5H1i005, colorless 
needles or a white crystalline powder. Specific rotation +18.5° to 
+19.5°. It is readily soluble in water and hot alcohol, but insoluble 
in ether. 

Yeast, Compressed—The moist, living cells of Saccharomyces 
cerevisie Meyen or of other species of Saccharomyces (Fam. Sac- 
charomycetacex) combined with a starchy or absorbent base. 

Yellow Mercuric Oxide—Use Yellow Mercuric Oxide, U.S. P. 

Zinc, Zn—Zinc in the form of globules, irregular fragments, gran- 
ules, or as a fine powder known as Zine Dust. 

Zinc Acetate. 

Zinc Chloride, ZnClg. 

Zinc Oxide—Use Zinc Oxide, U.S. P. 

Zinc Sulfate, ZnSO4,—Use Zinc Sulfate, U.S. P. 


TESLE SGEUTIONS (1-S.) 


For the preparation of Test Solutions, reagents of the quality 
described under Reagents (above) are to be used. 

Wherever possible and desirable, the concentrations of the fol- 
lowing test solutions have been adjusted approximately to a 
normality basis. 

Albumen Test Solution—Carefully separate the white from the 
yolk of a strictly fresh hen’s egg. Shake the white with 100 ce. of 
water until thoroughly mixed and all but the chalaza has undergone 
solution; filter. This solution must be freshly prepared. 

Alcohol-Phenol Test Solution—Dissolve 780 mg. of phenol in suf- 
ficient alcohol to make 100 cc. 

Alkaline Cupric lodide Test Solution—Dissolve 7.5 Gm. of cupric 
sulfate (CuSO4.5H 20) in about 100 ce. of water. In a separate con-— 
tainer dissolve 25 Gm. of anhydrous sodium carbonate, 20 Gm. of 
sodium bicarbonate, and 25 Gm. of potassium and sodium tartrate 
in about 600 cc. of water. With constant stirring add the cupric 
sulfate solution to the bottom of the alkaline tartrate solution by 
means of a funnel which touches the bottom of the container. Add 
1.5 Gm. of potassium iodide, 200 Gm. of anhydrous sodium sulfate, 
50 to 150 ce. of sixtieth-molar potassium iodate, and sufficient water 
to make 1000 cc. (The amount of iodate solution required depends 
on. ae blood-sugar concentration and the volume of blood filtrate 
use 

Alkaline Cupric Tartrate Test Solution (Fehling’s Solwtion)—A. 
The Copper Solution—Dissolve 34.66 Gm. of carefully selected, small 
crystals of cupric sulfate, showing no trace of efflorescence or of ad- 
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hering moisture, in sufficient water to make 500 ce. 
tion in small, well-stoppered bottles. 

B. The Alkaline Tartrate Solution—Dissolve 173 Gm. of crystal- 
lized potassium and sodium tartrate and 50 Gm. of sodium hydroxide 
in sufficient water to make 500 ce. Keep the solution in small, 
rubber-stoppered bottles. 

For use, mix exactly equal volumes of the two solutions at the time 
required. 

Ammonia Test Solution—lIt contains not less than 9.5 per cent and 
not more than 10.5 per cent of NHg. It is prepared by diluting 400 
ce Stronger Reagent Ammonia Water with sufficient water to make 

ce. 

Ammonia Test Solution, Alcoholic—A solution of ammonia gas in 
alcohol. A clear, colorless liquid having a strong odor of ammonia. 
Specific gravity about 0.80. When assayed by the method directed 
under Diluted Ammonia Solution it shows not less than 9 per cent 
and not more than 11 per cent by weight of NHg. Preserve in rubber- 
stoppered or greased glass-stoppered bottles in a cool place. 
eee Test Solution, Stronger—Use Stronger Reagent Ammonia 

ater. 

Ammonium Acetate Test Solution—Dissolve 10 Gm. of ammonium 
acetate in sufficient water to make 100 cc. 

Ammonium Carbonate Test Solution—Dissolve 20 Gm. of ammo- 
nium carbonate and 20 cc. of ammonia TS. in sufficient water to make 
100 ce. 

Ammonium Chloride Test Solution (2 N)—Dissolve 10.5 Gm. of 
reagent ammonium chloride in sufficient water to make 100 ec. 

Ammonium Chloride-Ammonium Hydroxide Test Solution—Mix 
equal volumes of water and stronger ammonia T.S., and saturate 
with ammonium chloride. «+ 

Ammonium Molybdate Test Solution—Dissolve 6.5 Gm. of finely 
powdered molybdic acid in a mixture of 14 cc. of water and 14.5 ce. 
of stronger ammonia T.S. Cool the solution and add it slowly, with 
stirring, to a well-cooled mixture of 32 cc. of nitric acid and 40 cc. of 
water. Allow to stand for 48 hours and filter through asbestos. This 
solution deteriorates upon standing. If, upon the addition of 2 cc. 
of sodium phosphate T.S. to 5 ce. of the solution, an abundant yellow 
precipitate does not form at once or after slight warming, the solution 
should not be used. Preserve in the dark; if a precipitate forms, use 
only the clear, decanted solution. 

Ammonium Oxalate Test Solution (0.5 N)—Dissolve 3.5 Gm. of 
ammonium oxalate in sufficient water to make 100 cc. 

Ammonium Phosphate, Dibasic, Test Solution (1 N) (Ammonium 
Phosphate Test Solution)—Dissolve 13 Gm. of dibasic ammonium 
phosphate in sufficient water to make 100 cc. 

Ammonium Polysulfide Test Solution—A yellow liquid, made by 
saturating ammonium sulfide T.S. with sulfur. 

Ammonium Sulfide Test Solution—Saturate ammonia T.S. with 
hydrogen sulfide and add two-thirds of its volume of ammonia T.S. 
Residue upon ignition, not over 0.05 per cent. The solution is not 
rendered turbid either by magnesium sulfate T.S. or by calcium chlo- 
ride T.S. (carbonate). 

This solution must not be used if an abundant precipitate of sulfur 
is present. Preserve in small, well-filled, dark amber-colored bottles, 
in a cool, dark place. 

Ammonium Thiocyanate Test Solution (approximately 1 N)—Dis- 
sae 8 Gm. of ammonium thiocyanate in sufficient water to make 100 


Keep this solu- 


heating Sulfate Test Solution—Dissolve 5 Gm. of aniline sulfate in 
25 cc. of alcohol, and add sufficient water to make 100 cc. 

Barfoed’s Reagent—Use Cupric Acetate Test Solution, Stronger. 

Barium Chloride Test Solution (1 N)—Dissolve 12 Gm. of barium 
chloride in sufficient water to make 100 ce. 

Barium Hydroxide Test Solution (0.5 N)—A saturated solution of 
barium hydroxide in recently boiled water. This test solution must 
be freshly prepared. 

. Barium Nitrate Test Solution (0.5 N)—Dissolve 6.5 Gm. of barium 
nitrate in sufficient water to make 100 cc. 

Bromine Test Solution (Bromine Water)—A saturated solution of 
bromine, prepared by agitating from 2 to 3 cc. of bromine with 100 ce. 
of cold water in a glass-stoppered bottle, the stopper of which should 
orale with petrolatum. Preserve in a cool place, protect from 
ight 

SGulciam Chloride Test Solution (1 N)—Dissolve 7.5 Gm. of cal- 
cium chloride in sufficient water to make 100 ce. 

Calcium Hydroxide Test Solution (0.04 N)—Use Caleiwm Hydrox- 
ide Solution. 

Calcium Sulfate Test Solution—A saturated solution of calcium 
sulfate in water. 

Chloral Hydrate Test Solution—Dissolve 50 Gm. of chloral hydrate 
in 15 cc. of water and 10 ce. of glycerin. 

Chlorine Test Solution (Chlorine Water)—A saturated solution of 
chlorine in water. The solution should be kept in small, dark amber- 
colored, glass-stoppered bottles, which should be completely filled. 
Chlorine T.S., even when kept from light and air, is apt to deterio- 
rate. When full strength is required, it must be freshly prepared. 
Preserve in a dark, cool place. 

Chloro-Zinc Iodide Test Solution—Dissolve 1 Gm. of potassium 
iodide in 10 cc. of water, then dissolve in the solution 2 Gm. of zine 
chloride, dilute with water to 100 cc., and filter, if necessary. Pre- 
serve the solution in a cool place, in light-resistant containers. 

Chromotropic Acid Test Solution—Dissolve 50 mg. of chromotropic 
acid or its sodium salt in 100 ce. of 75 per cent sulfuric acid. (This 
acid may be made by cautiously adding 90 ce. of sulfuric acid to 40 

cc. of water.) 

Cobaltous Chloride Test Solution (0.16 N)—Dissolve 2 Gm. of 
cobaltous chloride in 1 cc. of hydrochloric acid and sufficient water 

to make 100 ce. 
- Cobalt-Uranyl Acetate Test Solution—Solution I—Add 40 Gm. of 
uranyl acetate to 30 Gm. of glacial acetic acid and add sufficient water 


ne 


to make the solution measure 500 cc. Solution IJ—Add 200 Gm. of 
cobalt acetate to 30 Gm. of glacial acetic acid and sufficient water to 
make the solution measure 500 cc. 

Heat the separate solutions at a temperature of about 75° until the 
salts have dissolved, then mix the two solutions and cool to 20°. 
Maintain the temperature at this point for about 2 hours to separate 
the excess salts from solution and then filter through a dry filter. 

Congo Red Test Solution—Dissolve 500 mg. of congo red in a mix- 
ture of 10 ce. of alcohol and 90 cc. of water. 

Cupric Acetate Test Solution—Dissolve 100 mg. of cupric acetate 
in about 5 cc. of water to which a few drops of acetic acid have been 
added. Dilute to 100 ce. and filter if necessary. 

Cupric Acetate Test Solution, Stronger (Barfoed’s Reagent)—Dis- 
solve 13.3 Gm. of cupric acetate in a mixture of 195 cc. of water and 
5 cc. of acetic acid. 

Cupric-Ammonium Sulfate Test Solution—To cupric sulfate T.S. 
add ammonia T.8., drop by drop, until the precipitate at first formed 
is nearly but not completely dissolved. Allow to settle and decant 
the clear solution. This solution must be freshly prepared. 

Cupric Oxide, Ammoniated, Test Solution (Schweitzer’s Reagent)— 
Dissolve 10 Gm. of cupric sulfate in 100 cc. of water, add sufficient 20 
per cent sodium hydroxide solution to precipitate the copper hydrox- 
ide, collect the latter on a filter, and wash free from sulfate with cold 
water. Dissolve the precipitate, which must be kept wet during the 
entire process, in the minimum quantity of ammonia T.S. necessary 
for complete solution. 

Cupric Sulfate Test Solution (1 N)—Dissolve 12.5 Gm. of cupric 
sulfate in sufficient water to make 100 ce. 

Delafield’s Hematoxylin Test Solution—Solution A—Prepare 400 
cc. of a saturated solution of ammonium alum. Solution B—Dissolve 
4 Gm. of hematoxylin in 25 ce. of alcohol, mix it with Solution A, allow 
it to stand for 4 days, in a flask closed with a pledget of purified cot- 
ton, and exposed to light and air. Then filter and add to it Solution 
C, consisting of a mixture of 100 cc. of glycerin and 100 cc. of meth- 
anol. Mix thoroughly and allow the mixture to stand in a warm 
place, exposed to light, for 6 weeks until it becomes dark colored. 
Keep the solution in a tightly stoppered bottle. 

Denigés’ Reagent—Use Mercuric Sulfate T.S. 

Diazobenzene-Sulfonic Acid Test Solution—Dry about 2 Gm. of 
sulfanilic acid for 3 hours at 110°. Weigh 1.57 Gm. of the dried acid, 
place it in a beaker, add 80 cc. of water and 10 ce. of diluted hydro- 
chloric acid, and warm on a steam bath until dissolved. Cool to 15° 
(some of the sulfanilic acid may separate but will be dissolved later) 
and add slowly, and with constant stirring, 6.5 cc. of a 10 per cent 
solution of sodium nitrite; then dilute with water to 100 cc. 

Diazotized p-Aminoacetophenone Test Solution—(a) Dissolve 1.27 
Gm. of p-aminoacetophenone in 18 cc. of hydrochloric acid, add suf- 
ficient water to make 200 cc., and mix well. Store the solution in 
amber bottles and protect from direct sunlight. 

(b) Dissolve 9 Gm. of sodium nitrite in sufficient water to make 
200 ce., and mix well. When not in use, keep the solution in a re- 
frigerator. 

(c) Dissolve 4 Gm. of sodium hydroxide in 150 ec. of water, add 
5.76 Gm. of sodium bicarbonate, then add sufficient water to make 
200 ec., and mix well. 

(d) Place a suitable volume of (a) in a beaker surrounded with ice 
and provided with a stirrer. Add an equal volume of (6) and stir the 
mixture for 10 minutes. At the end of this period add 4 volumes of 
(6) and stir for 30 minutes maintaining the mixture at a temperature 
not above 5°. This solution should be used within 2 days of its 
preparation, and when not in use it should be kept in a refrigerator. 

The test solution is made by adding 10 ce. of (d) to 137 cc. of (c) and 
stirring until the purple color first produced disappears. This will 
usually take place in 5 to 10 minutes. Prepare the test solution 
immediately before use. 

Dichlorofluorescein Test Solution—Dissolve 0.1 Gm. of dichloro- 
fluorescein in 60 cc. of aleohol, add 2.5 cc. of tenth-normal sodium hy- 
droxide solution. Mix and dilute to 100 ce. with distilled water. 

Diiodofluorescein Test Solution—Use Diiodofluorescein Test Solue 
tion, U.S. PR: 

Dimethylamino-Benzaldehyde Test Solution—Dissolve 125 mg. of 
p-dimethylaminobenzaldehyde in a cooled mixture of 65 ce. of sulfuric 
acid and 35 cc. of water, and add 0.05 ce. of ferric chloride T.S. This 
solution must not be used if it has been prepared longer than 7 days. 

2,4- Dinitrophenylhydrazine Test Solution—Dissolve 1.5 Gm. of 
dinitrophenylhydrazine in a cooled mixture of 10 ce. of sulfuric acid 
and 10 ce. of water. Add enough of a mixture of 1 volume of alde- 
hyde-free alcohol and 3 volumes of water to make the volume of the 
solution 100 cce., and filter if necessary. 

Diphenylamine Test Solution—Dissolve 1.0 Gm. of diphenylamine 
in 100 cc. of sulfuric acid. The solution should be colorless. 

Fehling’s Solution—Use Alkaline Cuprie Tartrate T.S. 

Ferric Chloride Test Solution (1 N)—Dissolve 9 Gm. of ferric 
chloride in sufficient water to make 100 cc. 

Ferrous Sulfate Test Solution—Dissolve 8 Gm. of clear crystals of 
ferrous sulfate in about 100 ec. of recently boiled and thoroughly 
cooled water. This solution must be freshly prepared. 

Ferrous Sulfate Test Solution, Acid (0.25 N)—Dissolve 7 Gm. of 
ferrous sulfate crystals in 90 cc. of recently boiled and thoroughly 
cooled water, and add sufficient sulfuric acid to make 100 cc. This 
solution must not be kept for long periods of time. 

Formaldehyde Test Solution—Use Formaldehyde Solution. 

Fuchsin-Sulfurous Acid Test Solution—Dissolve 200 mg. of basic 
fuchsin in 120 cc. of hot water and allow the solution to cool. Adda 
solution of 2 Gm. of anhydrous sodium sulfite in 20 cc. of water and 
follow by 2 cc. of hydrochloric acid. Dilute the solution with water 
to 200 ce. and allow to stand at least 1 hour. This solution must be 
freshly prepared. 

Gelatin Test Solution—Dissolve 1 Gm. of gelatin in 50 ec. of water 
with the aid of gentle heat, and filter, if necessary. This solution must 
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be freshly prepared. 

Gold Chloride Test Solution (0.2 
gold chloride in 35 ce. of water. 

Hydrogen Peroxide Test Solution—Use Hydrogen Peroxide Solution. 

Hydrogen Sulfide Test Solution—A saturated solution of hydrogen 
sulfide, made by passing H»2S into cold water. Keep the solution in 
small, dark amber-colored bottles, filled nearly to the top. Do not use 
it unless it possesses a strong odor of H2S, and unless it produces at 
once a copious precipitate of sulfur when added to an equal volume of 
ferric chloride T.S. Preserve in a cool, dark place. 

Hydroxylamine-Bromophenol Blue Test Solution—Triturate 0.1 
Gm. of bromophenol blue with 3 cc. of twentieth-normal sodium hy- 
droxide. When solution is complete, dilute to 25 ce. with distilled 
water. Dissolve 20 Gm. of hydroxylamine hydrochloride in 40 ce. 
of distilled water, dilute to 400 cc. with alcohol, add with stirring 
300 ce. of half-normal alcoholic potassium hydroxide and 2.5 cc. of 
the bromophenol blue solution, and filter the mixture. Only a suffi- 
cient quantity for immediate use should be prepared at one time. 

Hydroxylamine Hydrochloride Test Solution—Dissolve 3.5 Gm. of 
‘hydroxylamine hydrochloride in 95 cc. of 60 per cent alcohol, add 
‘0.5 cc. of a 0.1 per cent solution of bromophenol blue and half-normal 
-aleoholic potassium hydroxide until a greenish tint develops in the 
solution. Then add sufficient 60 per cent alcohol to make the solution 
measure 100 cc. 

8-Hydroxyquinoline Test Solution—Dissolve 5 Gm. of 8- tS we 
quinoline in sufficient aleohol to make 100 ce. 

Hypophosphorus Acid Test Solution—Use Hypophosphorous Acid. 

Indigo Carmine Test Solution—Dissolve a quantity of indigo car- 
mine, equivalent to 180 mg. of CygHgN202(SO3Na)e, in sufficient 
water to make 100 cc. This solution should not be used after 60 days 
from the time of its preparation. 

Iodine and Potassium Iodide Test Solution—Dissolve 500 mg. of 
godine and 1.5 Gm. of potassium iodide in 25 cc. of water. 

Iodine Test Solution—Use tenth-normal ivodine. 

Yodobromide Test Solution—Dissolve 13.2 Gm. of reagent iodine 
in 1000 ce. of glacial acetic acid with the aid of gentle heat, if neces- 
sary. Cool the solution to 25° and determine the iodine content in 20 
ec. by titration with tenth-normal sodium thiosulfate. Add to the 
remainder of the solution a quantity of bromine equivalent to that of 
the iodine present. Preserve in glass-stoppered bottles, protected 
from light. 

Iodine Monochloride Test Solution—Dissolve 10 Gm. of potassium 
iodide and 6.44 Gm. of potassium iodate in 75 cc. of water; add 75 
ec. of hydrochloric acid and 5 cc. of chloroform in a glass stoppered 
bottle and adjust to a faint iodine color (in the chloroform) by adding 
dilute potassium iodide or potassium iodate solution. If there is 
much iodine set free, use a stronger solution of potassium iodate than 
0.01 M at first, making the final adjustment with the 0.01 M potas- 
sium iodate. This solution should be kept in a dark place and re- 
-adjusted to a faint iodine color as necessary. 

Lead Acetate Test Paper—Immerse strips of heavy white filter 
ypaper, 6 mm. in width and 8 em. in length, in lead acetate T.S.; drain 
off the excess liquid and dry the paper on glass in an oven at 100°, 
avoiding contact with metal. 

Lead Acetate Test Solution (0.5 N)—Dissolve 9.5 Gm. of clear, 
transparent crystals of lead acetate, in sufficient recently boiled water 
to make 100 ec. Preserve in well-stoppered bottles. 

Lead Acetate Test Solution, Alcoholic (0.1 N)—Dissolve 2 Gm. of 


N)—Dissolve 1 Gm. of reagent 


elear, transparent crystals of lead acetate in sufficient alcohol to meas- — 


ure 100 ce. Preserve in well-stoppered bottles. 

Lead Subacetate Test Solution—Triturate 14 Gm. of lead monox- 
ide to a smooth paste with 10 cc. of water, transfer the mixture to a 
bottle, using an additional 10 cc. of water for rinsing. Dissolve 22 
Gm. of lead acetate in 70 cc. of water and add the solution to the 
lead oxide mixture. Shake it vigorously for 5 minutes, then set it 
aside, shaking it frequently, during 7 days. Finally, filter and add 
enough recently boiled water through the filter to make the product 
measure 100 cc. 

Lead Subacetate Test Solution, Diluted—Dilute 4 Gm. of lead sub- 
acetate T.S. with sufficient water, recently boiled and cooled, to make 
the product weigh 100 Gm. Preserve in small, well-filled, and tightly- 
stoppered bottles. 

Locke-Ringer’s Solution— 


Reagent |Sodium:. Chloride ds, entrain citar eens 
ReapentiPotvassrui ey. - a ontecteraee ieee e 
Reagent Calcium Chloride. . 
Reagent Magnesium Chloride. 
Sodium Bicarbonate.. 2. 2.20... e. a 
DeOxprose : File i ced cdesehaciea dks atin Sep eUl enone IIR Bn 

Water, recently distilled from a hard glass flask, a sufficient 

quantity, 


1000 ce. 


The solution must be freshly made each day. The constituents 
(except the dextrose and the sodium bicarbonate) may be made up in 
a more concentrated stock solution and diluted as needed. 


Magnesia Mixture Test Solution—Dissolve 5.5 Gm. of magnesium 
chloride and 7 Gm. of reagent ammonium chloride in 66 ce. of water, 
add 35 ce. of ammonia T.S., set the mixture aside for a few days in a 
well-stoppered bottle, and filter, If the solution is not perfectly clear, 
filter it before using. 

Magnesium Sulfate Test Solution (1 N)—Dissolve 12 Gm. of un- 
erionvaced crystals of magnesium sulfate in sufficient water to make 

ce. 

Mallory’s Stain—Dissolve 500 mg. of water-soluble aniline blue, 2 
Gm. of orange G, and 2 Gm. of oxalic acid in 100 cc. of water. 

Manganese Sulfate Test Solution (1 N)—Dissolve 11 Gm. of 
manganese sulfate in 50 cc. of water and add sufficient diluted sulfuric 
acid to make 100 cc. 

Mayer’s Reagent—See Mercuric-Potassium Iodide T.S. 


Mercuric Bromide Test Paper—Cut stiff, heavy quantitative filter 
paper (see Filter Paper, Quantitative) into strips 2.5 mm. in width and 
about 12 cm. in length. Immerse these strips for | hour in alcoholic 
mercuric bromide T.S. Remove from solution without touching that 
portion of the strip which is to be used to form the stain. Allow the 
alcohol to evaporate spontaneously while the strips are suspended 
from glass rods. Place them at once in a glass-stoppered, wide- 
mouthed bottle, and protect from light. 

Mercuric Bromide Test Solution, Alcoholic (0.3 N)—Dissolve 5 
Gm. of mercuric bromide in 100 cc. of alcohol, employing gentle heat 
to facilitate solution. Preserve in glass-stoppered bottles, and protect 
from light. 

Mercuric Iodide Test Solution (Valser’s Reagent)—Slowly add a 10 
per cent solution of potassium iodide to red mercuric iodide until al- 
most all of the red mercuric iodide is dissolved. Remove the excess 
mercuric iodide by filtration. A solution containing 10 Gm. of potas- 
sium iodide in 100 cc. dissolves approximately 14 Gm. of HgIeg at 20°. 

Mercuric Nitrate Test Solution (4 N)—Dissolve 40 Gm. of mer- 
curic oxide (red or yellow) in a mixture of 32 cc. of nitric acid and 15 
cc. of water. Preserve in glass-stoppered bottles, protected from 
light. 

Mercuric-Potassium Iodide Test Solution (Mayer’s Reagent)—Dis- 
solve 1.358 Gm. of mercury bichloride in 60 ec. of water. Dissolve 5 
Gm. of potassium iodide in 10 cc. of water. Mix the two solutions 
and add sufficient water to make 100 cc. 

Mercuric-Potassium Iodide Test Solution, Alkaline (Nessler’s 
Reagent)—Dissolve 10 Gm. of potassium iodide in 10 ec. of water, and 
add slowly, with stirring, a saturated solution of mercury bichloride 
until a slight red precipitate remains undissolved. To this mixture 
add 30 Gm. of potassium hydroxide. After solution has taken place, 
add 1 ce. more of the saturated solution of mercury bichloride. Di- 
lute with water to 200 ec. ‘Allow the precipitate to settle and draw 
off the clear liquid. A 2-ce. portion of this reagent, when added to 
50 ce. of water containing 0.05 mg. of ammonia, produces at once a 
yellowish brown coloration. 

Mercuric Sulfate Test Solution (Denigés’ Reagent)—Mix 5 Gm. 
of yellow mercuric oxide with 40 cc. of water and while stirring slowly 
add 20 ce. of sulfuric acid, then add another 40 cc. of water, and stir 
until completely dissolved. 

Mercurous Nitrate Test Solution (0.5 N)—Dissolve 15 Gm. of 
mercurous nitrate in a mixture of 90 cc. of water and 10 cc. of diluted 
nitric acid. Preserve in a dark, amber-colored bottle in which a small 
globule of mercury has been placed. 

Mercury Bichloride Test Solution (0.5 N)—Dissolve 6.5 Gm. of 
mercury bichloride in sufficient water to make 100 cc. 

Metaphenylenediamine Hydrochloride Test Solution—Dissolve 1 
Gm. of metaphenylenediamine hydrochloride in 200 ec. of water: the 
solution must be colorless when used. If necessary, decolorize by 
heating with activated charcoal. 

Methylthionine Perchlorate Test Solution—To 500 cc. of a solution 
of potassium perchlorate (1 in 1000) add, drop by drop, with constant 
shaking, a solution of methylthionine chloride (1 in 100) until a slight 
permanent turbidity results. Allow the precipitate to settle and filter 
the supernatant liquid through paper. 

Molybdo-Phosphotungstate Test Solution (Folin-Denis Reagent)— 
To about 350 ec. of water contained in a round-bottom flask, add 50 
Gm. of sodium tungstate, 12 Gm. of phosphomolybdiec acid, and 25 ce. 
of phosphoric acid. Boil the mixture under a reflux condenser for 2 
hours, then cool, dilute with water to 500 cc. and mix well. Keep the 
solution tightly closed, protected from light, and in a cool place. 

Naphthylamine Acetate Test Solution—Dissolve 500 mg. of B- 
naphthylamine acetate in 100 cc. of acetic acid and filter quickly 
through purified cotton. Preserve in well-stoppered bottles, pro- 
tected from light. 

Nessler’s Reagent—See Mercuric-Potassium Iodide T.S., Alkaline. 

Oxalic Acid Test Solution (1 N)—Dissolve 6.3 Gm. of oxalic acid 
in sufficient water to measure 100 ce. 

Palladous Chloride Test Solution—Dissolve 500 mg. of palladous 
chloride in sufficient water to measure 10 cc. Preserve in glass-stop- 
pered bottles. 

Phenoldisulfonic Acid Test Solution—Dissolve 2.5 Gm. of phenol 
in 15 ce. of sulfuric acid in a flask of suitable capacity. Add 7.5 ce. 
of fuming sulfuric acid, stir well, and heat for 2 hours at 100°. Trans- 
fer the product, while still fluid, ‘toa glass-stoppered bottle, and, when 
desired for use, warm in a water bath until liquefied. 

Phenolsulfonphthalein T.S.—Dissolve 1 Gm. of phenolsulfonphtha- 
lein in sufficient alcohol to make 100 ec. 

Phenylhydrazine Acetate Test Solution—Dissolve 10 cc. of phenyl- 
hydrazine and 5 ce. of glacial acetic acid in sufficient water to make 
100 ce. 

Phlorglucinol Test Solution—Dissolve 500 mg. of phloroglucinol 
in 25 ce. of alcohol. Preserve in a tightly stoppered bottle, protected 
from light. 

Phosphotungstic Acid Test Solution—Dissolve 1 Gm. of phospho- 
tungstic acid in sufficient water to make 100 cc. 

Picric Acid Test Solution—Use Trimtrophenol Test Solution. 

Platinic Chloride Test Solution (0.5 N)—Dissolve 2.6 Gm. of 
platinic chloride in sufficient water to make 20 ce. 

Potassium Acetate Test Solution (1 N)—Dissolve 10 Gm. of potas- 
sium acetate in sufficient water to make 100 cc. 

Potassium Carbonate Test Solution (1 N)—Dissolve 7 Gm. of 
eeeont anhydrous potassium carbonate in sufficient water to make 

ce 

Potassium Dichromate Test Solution (1 N)—(Based on the basicity 
of CrOg)—Dissolve 7.5 Gm. of potassium dichromate in sufficient 
water to make 100 cc. 

Potassium Ferricyanide Test Solution (1 N)—Dissolve 1 Gm. of 
potassium ferricyanide in 10 cc. of water; This test solution must be 
freshly prepared. 

Potassium Ferrocyanide Test Solution (1 N)—Dissolve 1 Gm. of 


; 
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potassium ferrocyanide in 10 cc. of water. The solution must be 
_ freshly prepared. 

Potassium Hydroxide Test Solution (1 N)—Dissolve 6.5 Gm. of 
potassium hydroxide in sufficient water to make 100 cc. 

Potassium Hydroxide Test Solution, Alcoholic—Use Half-normal 
Alcoholic Potassium Hydroxide. 

Potassium lodide Test Solution (1 N)—Dissolve 16.5 Gm. of 
potassium iodide in sufficient water to make 100 cc. Preserve in 
amber-colored bottles. ; 

Potassium Permanganate Test 
Potassium Permanganate. - 

Potassium Sulfate Test Solution—Dissolve 1 Gm. of potassium sul- 

fate in sufficient water to make 100 ce. 
_ Pyrogallol Test Solution, Alkaline—Dissolve 500 mg. of pyrogallol 
in 2 ce. of water. Dissolve 12 Gm. of potassium hydroxide in 8 ce. of 
water. The solutions should be freshly prepared and mixed immedi- 
ately before using. 

Resorcinol Test Solution—Dissolve 1 Gm. of resorcinol in sufficient 
reagent hydrochloric acid to make 100 cc. 

Schweitzer’s Reagent—Use Ammoniated Cupric Oxide T.S. 

_Silver Ammonium Nitrate Test Solution—Dissolve 1 Gm. of silver 
nitrate in 20 ce. of water. Add ammonia T.S., drop by drop, with con- 
stant stirring, until the precipitate is almost but not entirely dissolved. 
ee and preserve the solution in dark amber-colored, well-stoppered 

ttles. 

Silver Nitrate Test Solution—Use Tenth-normal Silver Nitrate. 

Silver Sulfate Test Solution—Add 1 Gm. of silver sulfate to 100 ce. 
of water in a glass-stoppered bottle, shake thoroughly and allow to 
stand overnight. Decant the clear solution when required for use. 

Sodium Acetate Test Solution (1 N)—Dissolve 13.6 Gm. of sodium 
acetate in sufficient water to make 100 ce. 

Sodium Bisulfite Test Solution—Dissolve 10 Gm. of sodium bi- 
sulfite in sufficient water to make 30 cc. The solution must be freshly 
prepared. 

_Sodium Bitartrate Test Solution (1 N)—Dissolve 1 Gm. of sodium 
bitartrate in sufficient water to make 10 cc. This test solution must 
be freshly prepared. . 

Sodium Carbonate Test Solution (2 N)—Dissolve 12.5 Gm. of 
monohydrated sodium carbonate in sufficient water to make 100 ce. 

Sodium Cobaltinitrite Test Solution—Dissolve 10 Gm. of sodium 
cobaltinitrite in sufficient water to make 50 cc. and filter, if necessary. 

Sodium Fluoride Test Solution—Dry about 500 mg. of reagent 
sodium fluoride at 200° for 4 hours. Weigh accurately 222 mg. of the 
dried sodium fluoride and dissolve it in sufficient water to make ex- 
actly 100 cc. Dilute exactly 10 cc. of the solution with water to make 
1000 ee. Each ce. of this solution corresponds to 0.01 mg. of fluorine. 

Sodium Hydrosulfite Test Solution, Alkaline—Dissolve 25 Gm. of 


Solution—Use  Tenth-normal 


potassium hydroxide in 35 ce. of water, and 50 Gm. of sodium hydro-. 


sulfite in 250 cc. of water. When the test solution is required, mix 
40 ec. of the hydroxide solution with the 250 ec. of the hydrosulfite 
Bone OB The sodium hydrosulfite solution should be freshly pre- 
pared. 

Sodium Hydroxide Test Solution (1 N)—Dissolve 4.3 Gm. of so- 
dium hydroxide in sufficient water to make 100 cc. 

Sodium Hypobromite Test Sotution—To a solution of 20 Gm. of 
sodium hydroxide in 75 ce. of water, add 5 ce. of bromine. After solu- 
tion has taken place, add sufficient water to make 100 cc. It must be 
freshly prepared. 

Sodium Hypochlorite Test Solution—Triturate 100 Gm. of chlori- 
nated lime with 500 cc. of water, gradually added until a uniform mix- 
ture results. Dissolve 70 Gm. of monohydrated sodium carbonate in 
500 ce. of warm water, and add this solution, with constant stirring, 
to the suspension of chlorinated lime. Transfer the mixture to a 
wetted muslin filter and return the first portion of filtrate until the 
filtrate becomes clear. Add a few drops of sodium carbonate T.S. 
to 10 ce. of the clear filtrate: if the liquid becomes turbid, return the 
filtrate and precipitate to the precipitation vessel, add sufficient mono- 
hydrated sodium carbonate to precipitate the excess of lime, and re- 
filter. Finally wash the drained precipitate with sufficient water to 
make the filtrate and washings weigh 1000 Gm. 

Sodium Nitroprusside Test Solution—Dissolve 1 Gm. of sodium 
nitroprusside in sufficient water to make 20 cc. It must be freshly 
prepared. 

Sodium Phosphate Test Solution (1 N)—Dissolve 12 Gm. of clear 

erystals of sodium phosphate in sufficient water to make 100 ce. 
; Sodium Phosphotungstate Test Solution—To a solution of 20 Gm. 
of sodium tungstate in 100 cc. of water, add sufficient phosphorie 
~ acid to impart a strongly acid recation to litmus paper, and filter. 
When required for use, decant the clear solution from any sediment 
that may be present. Preserve the solution in amber-colored, glass- 
stoppered bottles. 

Sodium Sulfide Test Solution (1 N)—Dissolve 1 Gm. of sodium 
sulfide in sufficient water to make 10 cc. This test solution must be 
freshly prepared. 

Sodium Tartrate Test Solution (1 N)—Dissolve 11.5 Gm. of so- 
dium tartrate in sufficient water to make 100 ce. 

Sodium Thiosulfate Test Solution—Use Tenth-normal Sodium 
Thiosulfate. 

Standard Lead Solution. ; 

Stannous Chloride Test Solution—Dissolve 1.5 Gm. of stannous 
chloride in 10 cc. of water containing a small amount of hydrochlorie 
acid. Preserve the solution in a glass-stoppered bottle in which a 
fragment of reagent tin has been placed. The solution must be freshly 


prepared at frequent intervals. 

Stannous Chloride Test Solution, Acid—Dissolve 8 Gm. of stannous 
chloride in 500 ce. of reagent hydrochloric acid. This solution should 
be used within 3 months after the time of its preparation. Preserve in 
a glass-stoppered bottle. 

Sulfanilic Acid Test Solution—Dissolve 800 mg. of sulfanilic acid 
in 100 ce. of acetic acid. Preserve in well-stoppered bottles. 

Sulfanilic-a-Naphthylamine Test Solution—Dissolve 500 mg. of 
sulfanilic acid in 150 ce. of acetic acid. Dissolve 100 mg. of a-naph- 
thylamine hydrochloride in 150 cc. of acetic acid and mix the two 
solutions. The pink color which may develop on standing can be 
removed by treatment with zinc dust. 

Sulfuric Acid-Formaldehyde Test Solution—Add 1 drop of formal- 
dehyde T.S. to each cc. of sulfuric acid and mix. This test solution 
should be freshly prepared. 

Sulfurous Acid Test Solution—Use Sulfurous Acid. 

Tannic Acid Test Solution—Dissolve 1 Gm. of tannic acid in 1 ec. 
of alcohol and add sufficient water to measure 10 cc. This solution 
should be freshly prepared. 

Tartaric Acid Test Solution (4 N)—Dissolve 3 Gm. of tartaric acid 
in sufficient water to measure 10 cc. This solution should be freshly 
prepared. 

Triketohydrindene Hydrate Test Solution—Dissolve 200 mg. of 
triketohydrindene hydrate in sufficient water to make 10 ce. This 
solution should be freshly prepared. 

Trinitrophenol Test Solution (Picric Acid Test Solution)—Dissolve 
the equivalent of 1 Gm. of anhydrous trinitrophenol in 100 ee. of hot 
water. Cool the solution and filter, if necessary. 

Turmeric Test Solution—Macerate 20 Gm. of powdered turmeric, 
the dried root of Curcuma longa Linné (Fam. Zingiberacez), with four 
successive portions of 100 ce. each of cold water, decanting the clear 
liquid portion each time and discarding it. Dry the residue at a 
temperature not over 100°. Macerate with 109 ec. of aleohol for 
several days and filter. 


COLORIMETRIC SOLUTIONS (C.S.) 


These solutions are used in the preparation of the Matching 
Fluids in the test for Readily Carbonizable Substances and its 
colorimetric standards for certain drugs. These solutions must 
be accuratley standardized as described, and must*be stored in 
glass-stoppered bottles made of insoluble glass. 

When colors of pharmacopceial substances or pharmacopceial 
test mixtures are to be compared with color standards, the several 
containers shall be of clear, colorless glass and must be alike in 
cross section. The comparison of colors must be made in layers of 
equal thickness, and viewed transversely against a white back- 
ground. 


Preparation of the Permanent Color Standards 


Cobaltous Chloride Colorimetric Solution—Dissolve about 65 
Gm. of cobaltous chloride, CoCle.6H2O, in enough of a mixture of 
25 ec. of hydrochloric acid and 975 ec. of water to make 1000 ce. 
Place exactly 5 ce. of this solution in a 250-cc., glass-stoppered 
flask, add 5 ee. of hydrogen peroxide solution and 15 cc. of sodium 
hydroxide (1 to 5), boil for 10 minutes, cool, and add 2 Gm. of 
potassium iodide and 20 ce. of sulfuric acid (1 to 4). When the 
precipitate has dissolved, titrate the liberated iodine with tenth- 
normal sodium thiosulfate. Each ce. of tenth-normal sodium 
thiosulfate is equivalent to 23.80 mg. of CoCle.6H20. Adjust 
the final volume of the solution by the addition of enough of the 
mixture of hydrochloric acid and water to make each cc. contain 
59.50 mg. of CoCle.6H20. 

Ferric Chloride Colorimetric Solution—Dissolve about 55 Gm. 
of reagent ferric chloride in enough of a mixture of 25 ce. of 
hydrochloric acid and 975 ec. of water to make 1000 ce. Measure 
exactly 10 ec. of the solution into a glass-stoppered flask, add 15 
cc. of water, and proceed as directed in the Assay of Ferric Am- 
monium Citrate, page 534, beginning with ‘‘add 5 ec. of hydro- 
chlorie acid.’ Each ee. of tenth-normal sodium thiosulfate is 
equivalent to 27.03 mg. of FeClg.6H2O. Adjust the final volume 
of the solution by the addition of enough of the mixture of hydro- 
chlorie acid and water to make each cc. contain 45.05 mg. of 

Cupric Sulfate Colorimetric Solution—Dissolve about 65 Gm. 
of reagent cupric sulfate in enough of a mixture of 25 ec. of hydro- 
chlorie acid and 975 cc. of water to make 1000 ce. of solution. 
Assay exactly 10 ec. of ‘this solution as directed under Cupric 
Sulfate, page 468, and adjust the final volume of the solution by 
the addition of enough of the mixture of hydrochloric acid and 
water to make each cc. contain 62.43 mg. of CuSO4.5H20. 


INDICATORS AND VOLUMETRIC SOLUTIONS 
See the chapter on “Chemical and Proximate Assays.” 


pH MEASUREMENTS 
See the chapter on “pH and Hydrogen Ion Concentration.” 


wie O4) REAGENTS AND PREPARATIONS FOR USE IN THE CLINICAL LABORATORY 
_ Materials or preparations used in the formulas or as _ tional Formulary VIII. 


- specific items in this chapter must meet the standards 


Care must be employed in the preparation of solu- 


of the United States Pharmacopeeia XIII or of the Na- tions or materials intended for clinical laboratory use. 
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Frequently the exact weighing of chemicals on an 
analytical balance is necessary. Pipettes, burettes, and 
accurately graduated containers are usually required 
for measuring the designated quantities. Unless other- 
wise stated, all solutions shall be filtered if not clear. 


REAGENTS AND TEST SOLUTIONS 


For the Chemical Examination of Ascitic Fluid 
For Protein 
Qualitative Method— 


Acetic Acid Reagent (Rivalta Method) 
Glacial Acetic Acid i: 
Distilled: (Water sino. xcenahene ie ee sees es te 150° ce. 


Mix them, 


Quantitative Methods— 

Phosphotungstic Acid Reagent (Tsuchiya’s Method) 

Sulfosalicylic Acid Reagents -(Exton’s Method, Folin’s Method or 
Kingsbury and Clark’s Method) 

Trinitrophenol Reagent (Esbach’s Method) “e 


For the Microscopic Examination of Ascitic Fluid 
For Bacteria 
Tubercle Bacilli 
Gram’s Staining Method 
For Blood Cells 
Blood Diluents 
Special Staining Techniques for Blood 


For the Chemical Examination of Blood 
Blood Anticoagulants 


These serve to prevent coagulation, and in a few instances deterio- 
ration, of blold samples for chemical determinations. Care must be 
exercised i in the selection of anticoagulants that there is no ao 
ence with the chemical methods involved. 


Ammonium, Lithium, Potassium, or Sodium Oxalate 

Use 20 mg. (10 mg. to 15 mg. of lithium oxalate) of the chemicals 
reagent grade, for each 10 ec. of blood. Prepare as follows, whenever 
possible in the tube to be used for collecting the blood: Pipette 0.1 
to 0.15 ce. of a 10 per cent aqueous solution of lithium oxalate, 0.2 ce. 
of a 10 per cent aqueous solution of potassium oxalate, or 0.7 cc. of a 
3 per cent aqueous solution of ammonium or sodium oxalate (for each 
10 ee. of blood to be collected) into the tube, spread about the inner 
surface of the lower portion of the tube, and dry in an oven at a tem- 
perature not exceeding 80°. The dry salt will be deposited in a finely 
divided state upon the inner surface of the tube. 

Ammonium oxalate is not to be used if ammonium, non-protein 
nitrogen, urea, or total protein contents are to be determined. Potas- 
sium or sodium oxalate is not to be used if potassium, sodium, or total 
base content of blood is to be determined. No oxalate is to be used 
if calcium is to be determined. 


Potassium or Sodium Fluoride 


Use 60 mg. of the chemical, reagent grade, for each 10 ce. of blood, 
especially as a preservative. Fluorides are not to be used if chloride 
or urea by the urease method is to be determined. 


Sodium Citrate 
Use 200 mg. of sodium citrate for each 10 ce. of blood. 
Sodium Fluoride Compound 


Sodium Fluoride, reagent grade................... 
Thy molly so ptekes cece ek ee ras Poe ree eae 


Mix them. Use 60 mg. of the mixture for each 10 ce. of blood. 
For Alkali Reserve 
Direct Method— 


Carbon Dioxide Capacity or Combining Power of Blood Plasma (Van 
Slyke and Cullen) 


Potassium Oxalate 


Potassium Oxalate, reagent, grade (2 mg. for each cc. of blood), 
with or without liquid petrolatum. To preserve sample, transfer into 
a paraffined tube and cover with liquid petrolatum. 


Carbon Dioxide . 


_Carbon dioxide (5.5 per cent) mixture from a tank, or the alveolar 
air from the lungs of the operator, for saturating plasma with COg. 
Ammonium Hydroxide Solution 

Strong Ammonia Solution, reagent grade............ A 
Distilled: Wateriets Apa eee teins ola. eee 99 cc. 
Phenolphthalein T.S., a sufficient quantity. 
Mix the strong ammonia solution and the distilled water and add 
sufficient phenolphthalein T.S. to color. 
Sulfuric Acid Solution 


pulturie vA cid’s «ac sche teas stots aetna eee abiares 5.0 ce 
Distilled Water, a sufficient quantity, 
WOVMBKG. eclevs ie elt midi (oreo el eden dete tetanecateyaRet oPnshacet ais as oe LOO Ce: 
Mix them. 
Mercury 


Caprylic Alcohol 


Van Slyke Blood Gas Apparatus 


Indirect Method— 

Alveolar Carbon Dioxide Tension (Fridericia) 
Special Fridericia Alveolar Air Apparatus 
Potassium Hydroxide Solution 


Potassrum Hydroxide. sferie sie steel orstetaiaheisteth ators aeons 10 Gm 
Distilled Water, a sufficient quantity, — 
DLO ;MBRC! srstets ecteah aie (ot alee ey reeds at seee aera plavahetoreee 100 ce. 
Dissolve the potassium hydroxide in the distilled water. 
For Bilirubin in Blood Serum 
Icterus Index— 
Blood Serum . 
Blood Serum, clear and without hemolysis. 
Potassium Dichromate Standard Solution 
Potassium Dichromate, reagent grade............. 50 mg 
Sulfurre Acid 2s; Brean ev clenc hoe er iece nae ane 0.2 cc. 
Distilled Waterss. :..¢s:ccte cece eRe 500 ee. 


Dissolve the potassium dichromate in 400 cc. of distilled water, 
add the sulfuric acid and the remainder of the distilled water. 


Isotonic Sodium Chloride Solution 


Van den Bergh Test— 


Blood Serum 
Blood Serum, clear and without hemolysis. 


Ehrlich’s Diazo Reagent, Modified 


1, Sulfanilic Acid, reagent grade............... 1.0 Gm 
Hydrochloric Acidva.s sae a aeiee ieee eae 15 ee. 
Distilled Water, a sufficient quantity, 

Tomales iad vectors oedetete eheaatne Oe Pat ene AE 1000 ce. 


Dissolve the sulfanilic acid in 100 ce. of distilled water, add the 


hydrochloric acid and sufficient distilled water to make 1000 cc. Mix 
well. 
2), “SodiumuNitritese eerie ote ee Reon 0.5 Gm. 
Distilledswaterecrmern eto. pote ce eneaeeeiee 100 ce. 
Dissolve the sodium nitrite in the distilled water. 
3: =Solubion® 1% Pet. ah asta ccs nt aise ae een ee 25) ce. 
HOLUbION 2s ae ae ee Riba ehitto as one vee we PO biees 
_ Mix them. Prepare the reagent freshly for each determination. 
Alcohol 
Ammonium Sulfate Saturated Solution 
Ammonium Sulfate, reagent grade..............-+-. 85 Gm 
Distilled: Water. Scena eee nae ne cea 100 ee. 


Add the ammonium sulfate to the distilled water and shake well. 
Decant the clear supernatant solution for use. 


Potassium Permanganate Standard Solution 


Potassium Permanganate, 0.1 N...... ey miera shin srareed 4 hee Os FCO 
-Distilled Water, a sufficient quantity, 
TO Makes: caalenc ake reread ote sere muir e ones ohekstor et eae 50 ee. 
Mix them. This solution must be prepared freshly. 
Cobalé Standard Solution 
Cobaltous Sulfate, anhydrous........ RICA Ac 2.161 Gm. 
Distilled Water, a sufficient quantity, 
To-make.2s. 20 srcbabe'eyeahsus eNeeSesate eos otters vero OO ce. 
Dissolve the cobaltous sulfate in the distilled water. Keep pro- 


tected from light. 
Caffeine and Sodium Salicylate 
Distilled Water 
For Calcium 
Clark and Collip Method paves of Kramer-Tisdall Method) 
Blood Serum 
Blood Serum, clear and without hemolysis. 


Distilled Water 
Ammonium Oxalate Solution 


Ammonium Oxalate, reagent grade... 
Distilled Water, a sufficient quantity, 


To make vasa cswaieetaecRee Stcieivienshe) Weysteteoes tere siete. (LOD ces 
Dissolve the ammonium oxalate in the distilled water. 


Ammonium Hydroxide Dilute Solution 


eee ee seer ere 


Strong Ammonia Solution. > cient eeete ese ie A 2.0 ec. 
Distilled Water, a sufficient quantity, 

Totmakoy-- cree ce aca. ete Meveltee tele eho e eerebeteaieanere Je. LOOM ces 
Mix them. 


Sulfuric Acid, 1 N 
Sodium Oxalate, 0.1 N 
Sodium Oxalate, 0.01 N 


Potassium Permanganate, 0.01 N — 


Prepare this solution and immediately before use standardize a 
against accurately prepared 0.01 N sodium oxalate. 
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For Chloride 
Whitehorn Method— 
Protein-free Blood Filtrate (Tungstic Acid Precipitation Method) 
Sdver Nitrate Solution 


Silver Nitrate .......... Soedon. tndded coer ee 5.810 Gm. 
Distilled Water, a sufficient quantity, 
SORSEIEER OMNIS Gere ts Bat ve: Sayskcta ne Satins ke paves 1000 ce. 


Dissolve the silver nitrate in the distilled water. Keep in amber- 
colored bottles protected from light. Each cc. is equivalent to 2 mg. 
of sodium chloride. 


Standard Thiocyanate Solution 


Ammonium HEHIOCYANALE ts ont teterae i ealcr oto vere cal Palsy (xan 
Distilled Water, a sufficient quantity, 
PRB COMTI se Paka Sioa ccisld st oaks eerste Mia eee 1000 ce. 


Dissolve the ammonium thiocyanate in the distilled water. Stand- 
ardize against the silver nitrate solution, using about 0.3 Gm. of 
powdered ferric ammonium sulfate as the indicator. Adjust the 
thiocyanate solution by dilution with distilled water, so that each ce, 
is equivalent to 1 cc. of the silver nitrate solution. 

Three Gm. of Potassium Thiocyanate may be substituted for the 
Ammonium Thiocyanate. 


Ferric Ammonium Sulfate, powdered 
Nitric Acid reagent grade 


For Cholesterol 
Lieboff Method— 
Chloroform, water-free 


Keep calcium chloride in the chloroform, and decant the super- 
natant chloroform for use. 


Acetic Anhydride 
Tf not clear and colorless, redistil, the distillate being collected be- 
tween 134° and 140°. 


Sulfuric Acid 

Cholesterol Stock Solution 
CORT rnicnel |. 5 Soi gi ae a eg one Sea oe 80 mg. 
ReMorororrn, Walber-IT6@s . . sane stele esse wes bee as 100 ce. 


Dissolve the cholesterol in the chloroform. Keep in tightly-stop- 
pered, amber-colored bottles, preferably under refrigeration. 


Cholesterol Working Solution 


Slrolesterol Stock Solution... 6.2.60 ce cee casa ees 
MERIGUOLORIO LE WALCT=ITCO. cis hs scale ca tre we't ea veins de eee 


Mix them. Keep in tightly-stoppered, amber-colored bottles, pref- 
erably under refrigeration. Each ec. contains 0.08 mg. of cholesterol. 


Fat-free Filter Paper 
Myers and Wardell Method— 
Calcium Sulfate 
Chloroform (water-free), Acetic Anhydride, Sulfuric Acid, Cholesterol 
Stock Solution and Cholesterol Working Solution, the same as under 
Lieboff Method 
For Creatinine 
(‘‘Apparent Creatinine’’) 
Folin-Wu Method— 
Protein-free Blood Filtrate, Tungstic Acid Precipitation Method 
Alkaline Picrate Solution 


1. Trinitrophenol, previously dried.............. 15 Gm, 
MPs CCA ALCL Matic ¢ case, tecets are ti eiclss auai'ss @ dosctin are 1000 cc. 


Dissolve the trinitrophenol in the distilled water by means of heat; 


cool and decant the clear supernatant solution for use. Keep in a 
cool place protected from light. 
ME SOUIDION NOs 2s. scat ce es jabs eb UaGoW no dour 25.0 ce 
Potassium or Sodium Hydroxide, 10 per cent aque- 
PPPS OL GIONS raters cise. <) suevadcnantle Wists a's ieee a les ieee 6 5.0 ce. 


Mix them. This is to be freshly prepared for each determination. 
Creatinine Stock Solution 


Be er RPERT CM rata Mec cos: cess Sos) Ash odlatiay e's sia algal, a erars 0.10 Gm 
EnvenmetionicrAcid, OL) Ni ..cc<..slciss cle vine oe ole = 100 cc. 
Dissolve the creatinine in the 0.1 N hydrochloric acid. 
Creatinine Working Solution 

SEGAL ITIIMO SOC SOLUtIONN «cc viectieuc ese eres cutee ces 3 ce. 
EyaroC Moric Acid, Ok. Nia. . baci 20 oom wolisleet ne 100 ce 
Distilled Water, a ‘sufficient quantity, 

MLGTETECO stoke sis a dsc ssinsctels 5 2 fap evar bites' iar aulcwed SU9' 500 ce 


Mix them. Each 5 cc. contains 0. 03 mg. of creatinine. 


mS; For Non-protein Nitrogen 
_ Folin-Wu Method— 


_ Protein-free Blood Filtrate (Trichloroacetic Acid or Tungstic Acid 
Precipitation Method) 


Acid Digestion Stock Mixture 


Cuprie Sulfatesceagent eradew seem sacl. « 2.5 Gm 
WistilledwWatervime tree onic cence Okie can: 50 ee. 
PDOSPHOLICRA CIC Mamie ve tie nero eet she iterate els fe 300 cc. 
Bulfuricka Gidea eeronnrs oo he eerie udceke oe 100 ee. 


Dissolve the cupric sulfate in the distilled water and add the phos- 
phoric acid. Mix, add the sulfuric acid, and again mix. Keep in 
tightly stoppered bottles. 

Acid Digestion Working Solution 

Acide Digestion: Shock MIX Ure, .n..< losis eis oie cre elev 

WistiledwWateree ce ages ees as ik ree cnet 

Mix them. Prepare when needed for each determination. 


Ammonium Sulfate Standard Solution 


Ammonium Sulfate, reagent grade........... 0.4716 Gm. 
Hydrochloric Acid 1.0 
Distilled Water, a sufficient quantity, 


1000 CG: 
Dissolve the ammonium sulfate in distilled water, add the hydro- 


chloric acid and sufficient distilled water to make 1000 cc. Each cc. 
is equivalent to 0.1 mg. of nitrogen 
Nessler’s Stock Solution 
TOCINGE er tn Mae eres o oloele a oiare suarsieiale sa diaed 50 Gm 
ROLASSIUTIG LO CIC Nsretet os teieieen <ocyect ovens (rele ee 150 Gm 
IMIS CU Tryarr ae en ee trees ertte ee cate ioe eioreuene 75 Gm 
Distilled Water, a sufficient quantity, 
‘Domina Kektaertieete te tevene avs tote ntevousvenel tate evere, brateveiecs: 1000 cc. 


Place the iodine, potassium iodide, mercury, and 100 ce. of distilled 
water in a flask. Shake vigorously and continuously until the iodine 
has dissolved (7 to 15 minutes). When the solution has become pale, 
but is still reddish, cool by holding the flask under tap water and con- 
tinue shaking until the reddish color has been replaced by a greenish 
color. Decant the solution, and wash the mercury with a sufficient 
quantity of distilled water to make 1000 cc. when added to the solu- 
tion. 


Sodium Hydroxide Solution 
Sodium y droxid Graver celtics tcucsetinerenien ie 110 Gm. 
Distilledew acorectret toe cee satin ae cise a inn ce 1000 ce. 
Dissolve the sodium hydroxide in the distilled water and allow to 
stand. Before use, adjust with distilled water to a concentration of 
10 per cent of NaOH, as determined by titration. 


Nessler’s Working Solution 


INessler’sisLocl Solution. mje vnisheles ssialsieusi so lcls 150 cc 
Sodium Hydroxide Solution (preceding formula).... . 700 cc 
Distilled Water, a sufficient quantity, 
TOWNS KO Rare aeten ees aa cottushe Fare tnleteiar et are re tale aches ete Oe 1000 ce 
Mix them. 
For Phosphorus (Inorganic) 
Fiske and SubbaRow Method— 
Trichloroacetic Acid Solution 
PUrichlonoaceblewACiCinucaccis tome ete aonb ens etic 100 Gm. 
Distilled Water, a sufficient quantity, 
Toma KOS cnt Rams sce aad come reels ees we 1000 ce. 
Dissolve the trichloroacetic acid in the distilled water. 
Sulfuric Acid, 10 N 
fopbibabhatehoa Werke ine vin A ators AEG oom Ream e ecineed 300 ce. 
DistiiledeWiatersy.e deere Niven teil rote, a oie iaiets 1000 ce. 


Add the sulfuric acid slowly to the distilled water and mix. Adjust 
the concentration of the acid analogously with directions in U.S. P. 
XIII for the normal acid. 


Molybdic Acid Solution t 


Ammonium Molybdate, reagent grade............ 25 Gm 
SulsurigeA cre Om NMeerkespteieeoin es steraes saad se ce 300 ce. 
Distilled Water, a sufficient quantity, 

pLiQ Ve Ke reswurteuareterortiete terete ciavacareheyiverage te seitoe ere stereos 1000 ce. 


Dissolve the ammonium molybdate in 200 ce. of distilled water, add 
the 10 N sulfuric acid and sufficient distilled water to make 1000 ce. 


Aminonaphtholsulfonic Acid Reagent 


Aminonaphtholsulfonic Acid 1:2:4............... 3 0.5 Gm. 
Sodium Sulfite, reagent: grade........0..accesecr- 1.0 Gm. 
Sodium Bisulfite, reagent grade............-..0-. 30.0 Gm, 


Distilled Water, a sufficient quantity, 
MING fran ae Gptererisceccce eke rctact Someries uteohiteys wiasee uaets 200 ce. 
Dissolve the sodium bisulfite in 190 cc. of distilled water, add the 
aminonaphtholsulfonie acid, then the sodium sulfite and sufficient 
distilled water to make 200 ce. Keep in amber-colored bottles and do 
not use this reagent if it is over 2 weeks old. 


Standard Phosphate Solution 


Potassium Biphosphate, reagent grade........ 0.3511 Gm 

SUIT OPA CIA MILB ierexaietcrsvecctetsteus ere cetane steieus elents 100 ce. 

Distilled Water, a sufficient quantity, AG 
Pormaske veer tatsess 1s ace anes Sl wartews wee erave 1000 ce. 


Dissolve the potassium biphosphate in distilled water, add the 1 N 
sulfuric acid and sufficient distilled water to make 1000 cc. Each 5 
cc. is equivalent to 0.4 mg. of phosphorus. 


Distilled Water 
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For Potassium 
Looney and Dyer Method— 


Sodium Tungstate Solution 


Sodium Tungstate .. ...1 sere Gaceuctwads oa 1.5 Gm. 
Distilled Water, a sufficient quantity, 
Shree 0a: <: rN me Arita as oy on oldu 9 HOOR.GGs 
Dissolve the sodium tungstate in the distilled water. 
Copper Sulfate Solution 
Copper Suligtecsra tanner MEO Slag ORE 2.5 Gm 
Distilled Water, a sufficient quantity, 
To makey<i covok oho ucetrce ttle Wieietle ten aeere 100 ce 
Dissolve the copper sulfate in the distilled water. 
Sodium Cobaltinitrite Solution 
Cobalt Nitratei. 4... ysis eee toe eee tee cere 24 Gm. 
Glacial Acetic#A clu was paetat ate erste eateries tara 12:5 ce. 
Sodium Nitrite; %,. cnt Geer eos ree ic 120 Gm. 
Distilled: Water 2.43. .v.rithorn seine tne wiels Ore ice eats 230 ‘cc. 


Dissolve the cobalt nitrate in 50 ce. of distilled water and add the 
glacial acetic acid. Dissolve the sodium nitrite in 180 cc: of distilled 
water and add 210 cc. of the solution to the cobalt nitrate sol=tion. 
Aerate the solution under a hood until all of the nitrous oxide fumes 
are driven off. Store in a refrigerator for no longer than 6 weeks. 
Filter each time before use. 


Silver-Cobaltimitrite Solution 


Sodium Cobaltinitrite Solution. ........ BT he ot ral 20 ec. 
Silver Nitrate Solution, 40 per cent.................. 1 ce. 
Mix well and filter. 

Sulfanilamide Solution 
Sultanilamidess secs tt COR ee 0.5 Gm 
Giacial Acetic*A cid? 2 sen faes oe cee ee ee 30.0 ee. 
Distilled Water, a sufficient quantity, 

To"make:. Mision, Sale Rte ee mente otters LLC LOOR ce: 


Dissolve the sulfanilamide in the mixture of distilled water and 
glacial acetic acid. Do not keep longer than 1 week. 


Coupling Reagent 


N-(1-naphthyl)ethylenediamine Hydrochloride... .. 0.1 Gm 
Glacial cA cetictA cid “2 Gye eee ree ee 30 cc. 
Distilled Water, a sufficient quantity 

To Make eK A sel Mae ihe Oe ONE ee ene Ne ee 100) 4 ce: 


Dissolve the N-(1-naphthyl)ethylenediamine hydrochloride in a 
mixture of the glacial acetic acid and distilled water. Do not keep 
longer than 1 week. 

Potassium Standard 
Potassium oulfater.c eee cena eeeierocieks 
Distilled Water, a sufficient quantity, 


0.2223 Gm. 


1000 cc. 


Dissolve the potassium sulfate in sufficient distilled water to make 
1000 cc. Transfer exactly 10 cc. of this solution to a 100-cc, volu- 
metric flask and dilute to the graduation mark with distilled water. 
Each cc. of the finished dilution contains 0.01 mg. of K. 


Protein-free Blood Filtrate 


Trichloreacetic Acid Precipitation Method— 
Trichloroacetic Acid Solution 


‘TrichloroaceticvA cds... mace wom orice nen ee re 10 Gm 
Distilled Water, a sufficient quantity, 
Mo make, «. heeasiecy micet oe Oe Oe are 100 ec. 


Dissolve the trichloroacetic acid in the distilled water. 


Tungstic Acid Precipitation Method (Folin-Wu Method, Hayden’s 
Moditication)— 


Sulfuric Acid, 0.0833 N 


SulfurvexA cid = LNi.8 ae oc eitecre eee eee eee 83.3 ec 
Distilled Water, a sufficient quantity, 

AION Co eat: He MERI o nines ea etaartcis Os 1000 ce 
Mix them 

Sodium Tungstate Solution 

Sodium Tungstate, reagent grade................ 10.0 Gm 
Distilled Water, a sufficient quantity, 

AO UNGER eH A terenetete ake ies, chsie oie tcteeerete eiteeienas 100 ce 


Dissolve the sodium tungstate in the distilled water. 


Tungstomolybdic Precipitation Method (Benedict’s Method)— 
Distilled Water 
Tungstomolybdate Solution 


Molybdic Anhydride, reagent grade............. 10.0 Gm 
podium», Hy droxidey 1 wNi ma caren rte aac ere 50.0 ce. 
Sodium Tungstate, reagent grade............... 80.0 Gm 
Distilled Water, a sufficient quantity, 

To make... sl, EQ Liane ue a iosvdetnp renee eee, e 1000 ce. 


Add the molybdie anhydride to the 1 N sodium hydroxide con- 
ired in a flask and boil gently for 5 minutes. Filter the hot solution 


and pass through the filter 150 cc. of hot distilled water; cool. Dis- 
solve the sodium tungstate in 600 ce. of distilled water. Mix the fil- 
trate and the tungstate solution and add sufficient distilled water to 
make 1000 ee. 


Sulfuric Acid Solution 


SulfurigeA cid, diac... sche votakoetehe vrais emeat ie rene eee 62 ce 
Distilled Water, a sufficient quantity, 

POMMAK 2 She. se cisreelle: «as '5/e yore sks Aue totems ard are ees 100 ce 
Mix them. 


Unlaked Blood Method (Folin Tungstic Acid Precipitation Method) — 
Sulfate- Tungstate Solution 


Sodrunu Sulfate, reagent: grade... 4.62 cies ener 15 Gm 

Sodium Tungstate, reagent grade....::...+.....-- 6 Gm, 

Distilled Water, a sufficient quantity, ; 
Tomalcehis- mansoni case eles noua ahs dnrctnine eigen Co eee 1000 ce. 


Dissolve the sodium sulfate and the sodium tungstate in the dis- 
tilled water. “4 


Sulfuric Acid, 0.333 N 


Sulfuric Acids DN Sar tenceec cole ce Oe ore ee 33.3 cc 
Distilled Water, a sufficient quantity, ; 

To trae! ono Seece aeaaerhorcsolaks a sik le ne eae ne See 100 ce. 
Mix them. 


Zinc Precipitation Method (Somogyi-Shaffer-Hartman Method)— 
Distilled Water 
Zine Sulfate Solution 


Zine: Sulfate she a Spas Sete eee ene hans tats cee 10.0 Gm 
Distilled Water, a sufficient quantity, 
Toymakesces 8 Sok ee leith aerate ee ee eee 100 cc 


Dissolve the zine sulfate in the distilled water. 


Sodium Hydroxide Solution 


Adjust 0.5 N sodium hydroxide with distilled water so that from 
10.8 to 11.2 cc. are required to produce a permanent pink color with 
exactly 10 cc. of the zine sulfate solution, using phenolphthalein T.S 
as the indicator. 


For Sodium 


Weinbach Method— 
Trichloroacetic Acid Solution 


TrichloroaceticvA cid ha..a~ 1a enlace era 20 Gm 
Distilled Water, a sufficient quantity, 

"TO TO DIK Rs cue cece soles sha Ons siauatto 1S Gh FRE eros IC ee 100 ce. 
Dissolve the trichloroacetic acid in the distilled water. 

Uranyl Zine Acetate Solution 

UranyliiA cotatordta aac ec, seen he eee 77 Gm 
Glacial, AceticvAcidiz.. en cee ec nee 21 ce. 
Zine Acetate centers | hos hae eee 231 Gm 
Distilled Water, a sufficient quantity, 

“POMmMaAK Oe avaes thor Wea ecen ees SR SPT ta oO ok 1000 ee. 


Dissolve the uranyl acetate in 400 ce. of distilled water and 14 ce. of 
glacial acetic acid and add sufficient distilled water to make exactly 
500 cc. In a separate 500-ce. volumetric flask, dissolve the zine ace- 
tate in about 400 cc. of distilled water and 7 cc. of glacial acetic acid, 
and add sufficient distilled water to make 500 cc. Heat both solutions 
and mix, while hot, in a 2000-cc. Erlenmeyer flask and filter. Store in 
ee If a film forms on the surface, filter a small portion as 
needed. 


Acetone Wash Solution : 
UranyleZine Acetate: Solutionaa.-e 5: ecaseeien eeeeereeee 


15 ce 

Sodium Chloride Solution, 1 per cent............... ‘lee 

PAT COHOL Seo vsisca ensh oak coe RP OI ae oe ee ect RS DsGC. 
Acetone, a sufficient quantity, 

Loxmake).:.: Sees d cto sot: ae ees Paes 1000 ce. 


Add the uranyl zine acetate solution to the sodium chloride solution 
and add the alcohol in divided portions. Filter the resulting precipi- 
tate with suction and wash with four 5-cc. portions of alcohol, fol- ~ 
lowed by four 5-ce. portions of ether. Add the precipitate to the ace- 
tone, shake well, and allow to stand overnight. Filter to remove any 
undissolved precipitate. 


Sodium Hydroxide, 0.02 N 
Sodium Standard 


Sodium :-Chloridetaee ae oui eee cioe eee 1.0 Gm. 
Distilled Water, a sufficient quantity, 
To makes siet wirg to oe he oe eee ee 1000 ce. 


Dissolve the sodium chloride, accurately weighed, in sufficient dis- 
tilled water to make exactly 1000 ce. Each cc. of the finished solution 
is equivalent to 0.393 mg. of Na or 6.84 ce. of 0.02 Nsodium hydroxide 

For Sugar (Dextrose) 
Folin-Wu Method— 


Protein-free Blood Filtrate (Tungstic Acid or Tungstomolybdic Precipi- 
tation Method) | at 
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Alkaline Copper Tartrate Solution 
Cupric Sulfate, crystalline, reagent grade 
PASE NCIC tryna cults en oes eo tos SSS AVE 4d, baton oh nls : 
Sodium Carbonate, anhydrous, reagent grade..... 40. 
Distilled Water, a sufficient quantity, 


1000 ce. 
Dissolve the cupric sulfate in 300 cc. of distilled water, the tartaric 

acid in a second 300 cc., and the sodium carbonate in a third 300 ce. 

Pour the tartaric acid solution into the sodium carbonate solution, 


pod tbe cupric sulfate solution and sufficient distilled water to make. 
cc. 


M olybdate-Phosphate Solution 


Sodium Tungstate, reagent grade................. 10 Gm 
Molybdic Anhydride, reagent grade.............. 70 Gm 
DOCMmMMeENYOTOXIGES. 2.. foc. tated ih Secied nace eelede < 40 Gm 
Beam ORNCHAGICs <9: fe keer t wes Slik baa 250 ce. 
Distilled Water, a sufficient quantity, 

TN@) MEGS, 1S Rep pera ae nea ERE ee ee ee 1000 ce. 


Dissolve the sodium hydroxide in 750 ce. of distilled water; add 
the molybdic anhydride and sodium tungstate and boil for 30 min- 
utes; cool. Add the phosphoric acid and sufficient distilled water to 
make 1000 cc. 


Dextrose (Glucose) Stock Solution 


Domamoncremerrtee Oh. is. few cstampnedn be o 1.000 Gm 
Hea INCH SAI hc vee det ot sosie ese ocis a eléiew syalee ce « 0.25 Gm 
Distilled Water, a sufficient quantity, 

‘Io HEMI. 5 SEG Re OO eee ea 100 ce. 


Dissolve the dextrose and benzoic acid in distilled water. Keéep the 
solution under refrigeration. 

The benzoic acid may be replaced by a few cc. of toluene. 
Dextrose (Glucose) Standard Solution No. 1 

Dextrose (Glucose) Stock Solution.............. 10) <@eE 

1Sercentyie ANG GSS See a te eira  cee  ea 0.25 Gm 

Distilled Water, a sufficient quantity, 

ie POI: . Sy Si Ae, pte ee a 100s ee. 


Dissolve the benzoic acid in distilled water, add the dextrose stock 
solution and sufficient distilled water to make 100 cc. Keep the solu- 
tion under refrigeration, and do not use if it is over 1 month old. Each 
2 ec. is equivalent to 0.2 mg. of dextrose. 

The benzoic acid may be replaced by a few ce. of toluene. 


Dextrose (Glucose) Standard Solution No. 2 


Dextrose (Glucose) Stock Solution.............. 2.0 cc 
ease ANB Webs 0 eR A Se ae Se eee ee eee 0.25 Gm 
Distilled Water, a sufficient quantity, 

MINOR eA Oeste Naktis tevcisncrates ghete tne 6 erate SenoCre eins 100 +=ec. 


Dissolve the benzoic acid in distilled water, add the dextrose stock 
solution and sufficient distilled water to make 100 ce. Keep the solu- 
tion under refrigeration, and do not use if it is over 1 month old. 
Each 2 ce. is equivalent to 0.4 mg. of dextrose. 

The benzoic acid may be replaced by a few cc. of toluene, 


Distilled Water 


Somogyi-Shafter-Hartman Method— 
Protein-free Blood Filtrate (Tungstic Acid Precipitation Method or 
Zine Precipitation Method) 


Alkaline Copper-Iodine Solution 


Cupric Sulfate, crystalline, reagent grade........ 
Potassium. and Sodium Tartrate...............- 12.0 Gm. 


Sodium Carbonate, anhydrous, reagent grade..... 20.0 Gm 
ASSET LOCI Gs sone kena ats ciel giv cue she wa sce Nees 10.0 Gm 
Potassium Jodate, reagent grade................ 0.8 Gm 
Potassium Oxalate, reagent grade............... 18.0 Gm 
PROC lMUINMESTC AT DOMELE. <0 .04 ccersscasts sc wy ov sytnerenentp's avdrace 25.0 Gm 
Distilled Water, a sufficient quantity, 

Im TE IT CREME ral ac fies sees eae Gl acs sae ls jendaa ele ce 1000 ce. 


Dissolve the cupric sulfate in 100 ce. of distilled water. Dissolve 
the potassium iodide, iodate, and oxalate in 200 ce. of distilled water. 
Dissolve the other salts in 500 ce. of distilled water. Into the alkaline 
solution pour the cupric sulfate solution with constant stirring, add 
the solution of potassium salts and sufficient distilled water to make 
1000 ce. 

Sulfuric Acid, 5 N . 

MOEA NCTC TERPS a) Sects lovatgle e Sesitesal alld ole lecne Sues, ue 150 ec. 

FS ece mA tad AVSIM Oey cites dee ha shctns aso tego wo as ald cale Seren ato lane 1000 ce. 


Add the sulfuric acid slowly to the distilled water and mix. Adjust 
the concentration of the acid analogously with directions in U.S. P. 
XIII for the normal acid. 


Sodium Thiosulfate, 0.005 N 
Prepare freshly for use each day. 


Starch Test Solution 
Folin and Malmros Micromethod— 
Tungstic Acid Solution 


Sodium Tungstate, reagent grade............... 2.0 Gm. 
‘Sulfuric Acid, 1 NV..... hb alan De ote oie Peake Si ce. 
Distilled Water, a sufficient quantity, 

ha BROMMNAKE..7 <5). - bons Gain oy RE On Sean eae 1000 ce 


Dissolve the sodium tungstate in 700 ce. of distilled water. Dilute 
the 1 N sulfuric acid with 150 cc. of distilled water and add it with 
constant stirring to the tungstate solution; then add sufficient dis- 
tilled water to make 1000 cc. 


Potassium Ferricyanide Solution 


Potassium Ferricyanide, reagent grade........... 4.0 Gm. 
Distilled Water, a sufficient quantity, 
AMD GREW esos of Corn Ne tae ce MOREA AES Aa EL Cee 1000 ce. 
_ Dissolve the potassium ferricyanide in the distilled water. Keep 
in amber-colored bottles in a dark place. 
Cyanide-Carbonate Solution 
Sodium Carbonate, anhydrous, reagent grade..... 16.0 Gm. 
Sodium Cyanide, reagent grade................. 3.0 Gm. 
Distilled Water, a sufficient quantity, 
PROSm A KOkeRt eee ruse arin tee Ome hii d et 1000 _ cc. 
Dissolve the sodium carbonate in 100 cc. of distilled water. Dis- 


solve the sodium cyanide in 300 cc. of distilled water. 
to the former solution; 


Add the latter 
then add sufficient distilled water to make 


1000 ce. 

Ferrie Iron Solution 
HELricis UL aS erste eer ee ates erates. hare sesh vengeae aes 5.0 Gm 
Gumi Ghattienswese ty tee ee: eitrae so ice 20.0 Gm 
Potassium Permanganate, 1 per cent aqueous solu- 

COTA te este a rele ree Me Pie Nora a iaiaies hice 15.0 ee 

Phos phoriceA cide meters npr en ae apes. ack oe 75.0 ce. 
DistiledwwWater ase. Meet ee bee es 1100 ce. 


In a cylinder containing 1000 cc. of water, suspend the gum ghatti 
on a galvanized iron or copper wire screen, just below the surface of 
the water. Cover for 18 hours; then remove the screen and strain 
the liquid through a double layer of gauze or a clean towel. Place 
the ferric sulfate in a beaker containing 100 ce. of distilled water, add 
the phosphoric acid, and heat if necessary until solution is effected. 
Cool and add this, stirring constantly, to the strained solution of 
gum ghatti. Then add the solution of potassium permanganate. 
If the final solution is slightly turbid, place it in a well-stoppered con- 
tainer in a warm place (37°) for a few days. 


Distilled Water 
Dextrose (Glucose) Standard Solution 


Glucoseistock solution me eiaeeies alas see ae 1.0 cc 
IDEN ZOICEA CIC eine ta ah a re homo 0.25 Gm 
Distilled Water, a sufficient quantity, 

ABST OUT CES Si Sa ele Sad eRe ie SR RC cnc ee RO Oe 1000 ce. 


Dissolve the benzoic acid in distilled water, add the glucose stock 
solution and sufficient distilled water to make 1000 cc. 


Picrate Light Filter 
Filter Papers (heavy paper, with good absorbing 


qualities and about 185 mm. in diameter)...... 8 or 10 
nin virophenOlwre eaten eeReian ones ceies emcna ts 5.0 Gm 
Methanolmreacenienade seuss clei eae ann emeernan 100.0 ce. 
Sodium Hydroxide, 10 per cent aqueous solution. . 5.0 ce 


Paraffin, 3 per cent solution in petroleum benzin, a 

sufficient quantity. 

Dissolve the trinitrophenol in the methanol and add the sodium 
hydroxide solution. Pour this mixture on the dry filter papers in a 
pile on a level and smooth mat of newspapers until the filter papers 
are saturated and an excess of solution has soaked through at the 
bottom and flowed out at least 2 cm. from the filters on the newspaper 
mat. When all the liquid has evaporated and the filter papers are 
perfectly dry, pour over the pack an excess of the paraffin solution and 
again leave the papers to dry. All of the filters should be evenly 
stained yellow. 


For Sulfonamide Compounds 
Bratton and Marshall Method— 


Trichloroacetic Acid Solution 


‘MrTAGHIGEOACeLICHA CIC my kececetenante ornare tet enone re awe 15 Gm 
Distilled Water, a sufficient quantity, 

Rosmalkieteew et a aata rence hae sre ok sora oie ates 100 ce 
Dissolve the trichloroacetic acid in the distilled water. 

Sodium Nitrite Solution 
SodiumpNitritoscenmetirr is cir: cote ee are cle ine 0.1 Gnr. 
Distilled Water, a sufficient quantity, ¢ 

To maakenia: wr Sassen Sutell tatebees Oras ois eiUeieee 100° cc. 


Dissolve the sodium nitrite in the distilled water. Keep in tightly- 
closed containers in a refrigerator for no longer than 1 week. 


Saponin Solution 


Saponint mecca cetera tte Ag. oMteLeoSe 0.5 Gm. 
Distilled Water, a sufficient quantity, 

ADO! TAK Os topsets ere te otend ahate eater eper ere fume lerareracabert es 1000 ce 
Dissolve the saponin in the distilled water. 

Ammonium Sulfamate Solution 

Ammonium sultamates «+ ot sn ee neiciteisiete ty eins 0.5 Gm. 
Distilled Water, a sufficient quantity, 

To make ..2..:. Saraoys) v,sicogeta ta Ghar othe ates aimee omate G'S = 100 ce 
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Hydrochloric Acid, 4 N 


Eiydrochloric: Acid’: sisi. o.oo cut tter snare er men nerarare 340 cc. 
Distilled Water, a sufficient quantity, 
TO MAKO s:. sje oa sow sh esa mite ole eka ete ee te eet 1000 ce 
Mix the acid with the distilled water. 
Coupling Reagent 
N-(1-naphthyl)ethylenediamine hydrochloride..... 0.1 Gm 


Distilled Water, a sufficient quantity, 
To make. sau bao erae eee fete OIG aie gO eee eee 100 ee. 
Dissolve the reagent in the distilled water. 
Stock Standard Sulfanilamide Solution 


Sulfanilamide:. is <<epecc caesar teens 0.2 Gm. 
Distilled Water, a sufficient quantity, 
To: Make cosissve. sie sseveseverecat ce ohstehertiens ieee ete ee 1000 ce. 


Add about 800 ce. of distilled water to the sulfanilamide in a suit- 
able container and heat on a water bath until dissolved. Let cool to 
room temperature, transfer to a 1000-ce. volumetric flask, and dilute 
with distilled water to the graduation mark. This solution, stored in 
a refrigerator, is stable for 3 months. 


For Urea Nitrogen a 
Folin-Wu Method— = 


Protein-free Blood Filtrate (Tungstic Acid Precipitation Method) 


Urease Solution 
Soy Bean (Meals..2.20.50% .45 5 nc neitew lee eae iar 
Alcohol, 30 per cent aqueous solution.............. 20 ce. 
Shake the soy bean meal with the alcohol for 10 minutes and filter. 
This solution should be prepared freshly as needed. ; 
Urease tablets or powder made from soy beans may be used, in 
which case no buffer mixture is needed. 
Buffer Mixture 
1. Phosphate Solution 
Sodium Pyrophosphate, reagent grade............ 
Metaphosphoriec Acid, reagent grade............. 
Distilled Water, a sufficient quantity, 
TO Make nase 5 ccahietercuatov castoteree erencketatecet telaiwtepelione 250 ce. 
Dissolve the sodium pyrophosphate and the metaphosphorie acid 
in the distilled water. 
2. Acetate Mixture 


Sodium 7A Cetate: accra c varie teeta Maret et acicts 15.0 Gm. 
Glaciall Acetic  ACIg|s once akan te roi 1.0 ce. 
Distilled Water, a sufficient quantity, 
"NO: WK W.. ta scccee oes ole, eee eet e Pha epee ere eet 100 ce. 


Dissolve the sodium acetate in 75 cc. of distilled water, add the 
glacial acetic acid and sufficient distilled water to make 100 ce. 


Sodium Hydroxide Solution 
Sodium Hydroxide, 10 per cent aqueous solution. 


Antifoam Liquid 


1. Caprylic Alcohol 
2. Amyl Alcohol 


Hydrochloric Acid, 0.1 N 

Nessler’s Working Solution 
Ammonium Sulfate Standard Solution 
Karr’s Method— 


Protein-free Blood Filtrate, Urease Solution, and Buffer Mixture, see 
Folin-Wu Method 


Urea Nitrogen Stock Solution 


LOSWer ie am orcs inertia Jot mon OO aGino oo OSS. dl0 4 0.1286 Gm. 
Distilled Water, a sufficient quantity, 
Hhormalkce £47. cecs seine eee ate evee CeO RSE ote 200 ce. 
Dissolve the urea in the distilled water. 
Urea Nitrogen Working Solution 
WreasNitrogen| Stock Solution smaeee reer 5 cc. 
Distilled Water, a sufficient quantity, 
To MAKE cok ae wether ae Oe eee 100 ce. 
Mix them, 
Gum Ghatti Solution 
GumalG ha thins cetera s,s ante ieee Ee 1.0 Gm 
Distilled Wisitersaccutae tate are ersiaaate a eee ee 100 cc. 
Dissolve the gum ghatti in the distilled water. 
Nessler’s Working Solution 
Van Slyke and Cullen Method— 
Urease Solution 
Buffer Solution 
Potassium Biphosphate, ammonium-free, reagent 
PTAC. «31. :auiets cuarete tere ee ear Ie oes tee 6.0 Gm, 
Sodium Phosphate, anhydrous, ammonium-free, re- 
agent grade... .\.1. senses temo te teen tn tiers 2.0 Gm. 
Distilled Water, a sufficient quantity, 
PEO MAKOS. «5 ccacs. visi siete ates comet eter ee eRe ore 1000 ce. 


Dissolve the salts in the distilled water. 


Potassium Carbonate Solution 
Potassium Carbonate, anhydrous, ammonium-free, 


TEALENt TADS. Treiteretneleslee ell choy crete ea een 900 Gm. 
Distilled Water, a sufficient quantity, 
TO MAK vein 's sete owis ere tiahaie wholes 6 cueke leKcua py ile uate eeee 1000 ce. 


Dissolve the potassium carbonate in the distilled water. 
Antifoam Liquid 

Caprylic Alcohol 
Hydrochloric Acid, 0.01 N 
Sodium Hydroxide, 0.01 N 


Indicators 


1. Alizarin. 
2. Methyl Red Test Solution. 


For Uric Acid 


Benedict’s Method— 


Protein-free Blood Filtrate (Tungstic Acid Precipitation Method or 
Unlaked Blood Method) 


Sodium Cyanide Solution 


Sodium Cyanide, reagent grade.................. 5.0 Gm. 
Strong Ammonia Solution........ Eero con Gites troia o 2.0 ce. 
Distilled Water, a sufficient quantity, 

EO, MAKER Aevailccs, veld vs o:3 ya htolel Stokes ele CLMen Aer nek ee 100 ee. 


Dissolve the sodium cyanide in distilled water, add the strong am- 
monia solution and sufficient distilled water to make 100 cc. Keep 
under refrigeration preferably, and do not use if the solution is over 
1 month old. 


Arseno-Phosphotungstic Acid Reagent 


Sodium Tungstate, reagent grade................. 100 Gm 
Arséenie? PrioxiGe@ a). see ntes Game sinle ere ee 50 Gm 
FivdroehloriczA cl desea ame te eck cine extern teres Care taes 20 ce. 
Phosphoric#Acidie, scsnimceca cero hee eee eae 25 ce 
Distilled Water, a sufficient quantity, 

Do Maker seutian ere eens aelole seteateucs eet ame mene 1000 ce. 


Dissolve the sodium tungstate in 500 ec. of distilled water, add the 
arsenic trioxide, followed by the phosphoric acid and the hydrochloric 
acid. Boil for 20 minutes, cool, and add sufficient distilled water to 
make 1000 ce. 


Uric Acid Stock Solution (Brown Method) 


UnictAcidat.ccit ce etek ee eae renal ee mee 1.0 Gm. 
hithium’ Carbonatesnrse sere ote ieee 0.6 Gm, 
Hormaldehy dei solutions sees scent eras 25.0 ce. 
Glacial AcétievAcIdUe erin cians ccih a eee 3.0 ce. 
Distilled Water, a sufficient quantity, 

"TOHMak icicle leceusieko eth Oot aati ee, scovtietal reac eters 1000 ce. 


Place the uric acid, accurately weighed, in a liter flask. Place the 
lithium carbonate in a beaker containing 150 cc. of distilled water; 
heat to 60° and stir until the salt is dissolved. Pour this warm solu- 
tion upon the uric acid, washing down crystals of the latter adhering 
to the neck of the flask, and shake. As soon as the uric acid is dis- 
solved, cool under running water and add distilled water to make ap- 
proximately 500 ce. Add the solution of formaldehyde and shake 
well; then add the glacial acetic acid and shake the mixture to re- 
move most of the carbon dioxide; finally add sufficient distilled water 
to make 1000 ec. 

Keep the solution in small tightly stoppered bottles in the dark. 


Uric Acid Standard Solution 


Urie=Acid Stock /Solitionarmperctactety tact essiste einer 5.0 ce 
HormaldehydesSolition a npietteiniise eke ene tae 2.0 ce 
Sulfurie Acid! LUN yet tense eke hore tere eee 13.7 ce 
Distilled Water, a sufficient quantity, 

PowmMake :.sctssersessyoke ten ctecele Ps cace\ gta lave: Se ao 1000 ce. 


Mix them. Each 5 ce. is equivalent to 0.0245 mg. of uric acid. 
Distilled Water 
For the Microscopic Examination of Blood 


Blood Diluents 
For Erythrocytes— 


Hayem’s Fluid 


MercutysBiehloridetaiias. enue ce ae eee 0.5 Gm. 
SodiumeChloridon. G6 soins ewe doh ee eee 1.0 Gm. 
Sodium Sullates wach eres etnn Stic ae oe mneaee Renta 5.0 Gm. 
Distilled Water's sesnsec leon hs eso 'scke choke coats See 200 ec. 


Dissolve the salts in the distilled water; filter. Refilter as necessary. 
Sodium Citrate in Isotonic Sodium Chloride Solution 


Sodium: Citrate sano. aos. e acvdsiee Ee eae 10.0 Gm 
Sodium C@hloridosutomade. ne cee ene rae 9.0 Gm. 
Distilled swatera. tne ot wieaine «ete bie ee eee 1000 ce. 
Dissolve the salts in the distilled water; filter. Refilter as necessary. 
Toisson’s Fluid ’ 

Crystal. Viole thins. cms ms clan tect onan eee eee rae 25 mg. 
SodiunyChlorideman acne Atk Hee eee 1.0 Gm, 
Sodium Sulfate ane cnuecean cl cve sro ere eee eee 8.0 Gm, 
Glycerint sees mc eee Ehicok wees wears 30 ce. 


Distilled Water.Le5.c o cio eo ee ee 160 ce. 
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Dissolve the sodium chloride and sulfate in the distilled water. 
Dissolve the crystal violet in the glycerin. Mix the solutions and 
filter. Refilter as necessary. 


For Granulocytes— 
Goodpasture’s Peroxidase Stain 


IBonzidine reagent grade. 2.11... css see sec anes cases 50 mg. 
EP TOMENICUAII Rr taste ciety ih oa eae ale oie es ates 50 mg. 
Sodium Nitroferricyanide, reagent grade.......... 50 mg 
Etyarogen’ Peroxide Solution... <0 6.6 ces. es ene swe 0.5 ce 
CAME IROL. 5 9 che EIRP RESIS Nes aa nC om ere 100 cc 


Distilled Water, a sufficient quantity. 


Dissolve the sodium nitroferricyanide in 1 to 2 cc. of distilled water. 
Dissolve the benzidine in the alcohol. Mix the two solutions and 
add the basic fuchsin and hydrogen peroxide solution. Keep in 
amber-colored bottles. 


For Leukocytes— 


Acetic Acid Diluting Fluids 


Wcdacial Acetic ACI... . i's siceceeecccoce sce 
Distilled Water, a sufficient quantity, 


“IND GNIS -eeidig th Bie Ra REESTIEN Oe nn a et Pe 100 ce. 


Mix them, Filter as necessary and do not use the sulution unless 
itis clear. The concentration of acetic acid is varied as desired. 


1.0 to 3.0 ce. 


PeCacIal ACEtIC ACIG: 205.05. cue ee's cies os volte ess 1.0 ce. 
(Oheiatin!! VOCS ale eee ea tea ee oe wee 10 mg. 
Distilled Water, a sufficient quantity, 

SNORTED SE URS recap saeus bus'b veer Succ SV ore) oeusle foe alithovasaiein 100 ce. 


dissolve the 
Filter as necessary and do not use the 


Mix the glacial acetic acid and the distilled water; 
crystal violet in this solution. 
solution unless it is clear. 


3. Hydrochloric Acid, 0.1 N 


For Platelets— 
Rees and Ecker Diluting Fluid 


PROCUINEIMRCC TULALC Sci cusieie Lathe eles ob weve arbid wee wis we os 38 Gm 
Mormaldenyde Solution)... . i... bans cv negese 2.0 cc. 
PnilireaniOresyl BlUC. 5 ook ce dou soe e vc sce sin ale 1.0 Gm 
Distilled Water, a sufficient quantity, 

REO BIRT OMPIEY avec ch fests ack cel slo ce ase tne) sieve egev's, bpsuevnt 1000 cc. 


Dissolve the sodium citrate and the brilliant cresyl blue in distilled 
water, add the formaldehyde solution and sufficient distilled water to 
make 1000 cc. To be used as a diluent when smears are to be stained 
for counting erythrocytes and blood platelets in the same specimen. 


Fonio’s Solution 


VIEPTIGSIUETNNSUILAGCC. ¢ 2.5. siece oie + soars e964 Fe sie dhs b.sve wie 6 14 Gm. 
Distilled Water, a sufficient quantity, 

SIRES Se OMIA aha cisca.chete ois s. sheueieis 8 ecsrens wane @ tse me 100 ce. 
Dissolve the magnesium sulfate in the distilled water. To be used 


as a diluent when smears are to be stained for estimating blood plate- 
lets. 


For Reticulocytes— 
Brilliant Cresyl Blue Staining Solution with Oxalate 


1. Oxalate the blood by adding, to each 10 ce., 20 
mg. of potassium or sodium oxalate 


Pemmraiiant te resy) BlUC. .ei. 2.2065 cesta sc cus 
Isotonic Sodium Chloride Solution............ 


Dissolve the brilliant cresyl blue in the isotonic sodium chloride 
solution. ; : : 
Mix equal parts of 1 and 2, allow to stand 1 minute, mix again, and 
make smears. 
Hemoglobin Estimation 
Acid Hematin Methods— 


Newcomer’s Reagent 


Neti ee CHEENL GVEA GIG eto t ees) ote loco sys) slis¥e « eaue)aticie @ ease alin) o 6 1 ce. 
URL STM VIA DORN Uaba inl tie caine eae te ele aiere le tess ucue olevoyers o)4 99 ce 
Mix them. 


Sahli’s Reagent 
0.1 N hydrochloric acid, or 0.1 N hydrochloric acid saturated with 
Chloroform. 


For the Chemical and Microscopical Examination of 
Cerebrospinal Fluid 


Cell Counting Diluent 
Acetic Acid Diluting Fluids— 


MI DVIS TEIN TOO vei). sary tise colar dilel shaveyere oars). satel bres 0.2 Gm 
elapialAcetio ACI. 0. esas heene elaine 10.0 cc. 
Distilled Water, a sufficient quantity, 

DRRESRIT SH CO TE YSE: uals hideosetag ale Gus te,e lajaieitinsel ep ihe 100 ce. 


Dissolve the crystal violet in distilled water, add the glacial acetic 
acid and sufficient distilled water to make 100 cc. Filter as necessary 
and do not use the solution unless it is clear. 


RemeeGileacial Acetic Acids. vi. veeie cece ss 2.0 to 3.0 ce. 
Distilled Water, a sufficient quantity, 
Sot MO MAKES 2 /:ctsais hoe sodo donnedae 1 100 ce. 


_ Mix them. Filter as necessary and do not use the solution unless 
it is clear. 


8. Glacial Acetic Acid 
Colloidal Suspension 
Gum Mastic Suspension Reagents (Cutting’s Test)— 
Mastic Solution 


Wh asticirecnenvin tested Mak ehe anh cvaiet occ water ote tea: Shanes 0.20 Gm. 
Ai bsoluterAl coholsanery a nicsciat ate ateeusueejcieaes one 20 ce. 
Distilled Water (freshly distilled)................ 80 ce. 


Dissolve the mastic in the absolute alcohol, and filter; 


pour the 
filtrate rapidly into the distilled water and mix well. 
Alkaline Saline Solution 


Potassium Carbonate, reagent grade............ 5 mg. 
SodiumyChloricdoss sass ye eerie eben ageeerare wrore ale 
DIS FeEM BWissters weve oven Cnc terete iene tevece eke’ s eicuana) Soya 


Dissolve the salts in the distilled water 


For Proteins 


Qualitative Methods— 
Any of the qualitative methods for proteins may be used. 


Quantitative Method— 


Sulfosalicylic Acid Reagent (Dennis and Ayer’s Method) 


Sulfosalicylic Acid, reagent grade................ 
DrstrilledewWaverecerteroeiecncistetckett omuise thr chteres-iere 


Dissolve the sulfosalicylic acid in the distilled water, and filter, 


For Globulin 


Ammonium Sulfate Reagent (Ross-Jones Test) 


Ammonium Sulfate, reagent grade................. 

Distilled ewiatetmicrs «sou ccc cletetratstc nel Creer ne 

Add the ammonium sulfate to the distilled water and shake well 
until a saturated solution is obtained; filter, or decant the clear 
supernatant solution. 


Butyric Acid Reagents (Noguchi’s Test) 


eee UL VLG eA GI's iz cyajeue suc. ieic ir amuctslars vuste oteteus ct ieuerateus 10 ce 
Isotonic Sodium Chloride Solution, a sufficient 
quantity, 
FL OLINEAK ORR Seren tray tartan el are ake nie veto aictota ates 100 ee 
Mix them. 
2. Sodium Hydroxide, 1 N 
Phenol Reagent (Pandy’s Test) 
Phenol melted sur. tiatedis evwcsrera tie atdlersie peitis annie cue evere 10 ce. 
Distilled Water, a sufficient quantity, 
MOM a eres elete te aie felons © vie ecetever eer one nah Sie wtereie, woh mat Sele 100 ec 
Mix them. Use the supernatant liquid as the reagent. 
For the Chemical Examination of Feces 
For Bile Pigments 
Corrosive Sublimate Reagent (Schmidt’s Test) 
Mercury meichloridosp.mm rican iit com ict aiene 7.5 Gm. 
Distilled Water amc acre ear s pelt ee et OO maces 


Add the mercury bichloride to the distilled water and shake well 
until a saturated solution is obtained; filter, or decant the clear 
supernatant solution. 


Nitric Acid Reagent (Gmelin’s Test) 


For Occult Blood 


Benzidine Test Reagents— 


1, | Benzidine, reagent eradesanceentt cm cist e cisles a aiane 
Glacial AceticrA Gidea acteteine on ecto -ctersie erect eeu 


Add the benzidine to the glacial acetic acid and shake well until a 
saturated solution is obtained; filter, or decant the clear supernatant 
solution. Keep in amber-colored bottles or in a dark place. Prefer- 
ably prepare freshly for immediate use. The solution should never 
be used if it is more than 1 week old. 


2. Hydrogen Peroxide Solution 
For the Microscopic Examination of Feces 
For Fat 


Sudan Red Reagent (Herxheimer’s Stain) 
Sudan IV, a sufficient quantity 


A COLONG Se ices este tue ate Nia kine abana lahalews cuatotee seterutakaenraake 50 ce. 
Alcohol iy gee a co eee ape RO. acre ons Be Renn iis Se ete 37 ce. 
Distilled! Water eutirc vk vais ercen ae ste Gree 13 ce. 


Mix the liquids, add the Sudan IV, and shake well until a saturated 
solution is obtained and a small excess of the dye remains; filter, or 
decant the clear supernatant solution. 


For Protozoa 


Iodine-Eosin Reagent (Donaldson Method, Kofoid Modification)— 
tf Pe EUOS IN GY cree Bet totaal e vestis alaratvsvsicrecrdloct a eateyebalasa-s 


x i 
aor ner i 


i~ ; 
it. ehh”) 4 mol 
ay ac" ee f \ . \ 
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Add the eosin Y to the isotonic sodium chloride solution and shake 
xwell until a saturated solution is obtained; then filter. 


2. Iodine, a sufficient quantity 
‘Potassium’ lodide....6.2..27 tm ae eee 
Isotonic Sodium Chloride Solution............. 10 ce. 


‘Dissolve the potassium iodide in the isotonic sodium chloride solu- 
tion, add the iodine, and shake well until a saturated solution is ob- 
tained and a slight excess of iodine remains; then filter. 

3. Isotonic Sodium Chloride Solution 

4. Prepare the reagent freshly by mixing 2 ce. of Solution 1 with 

1 ec. of Solution 2 and 2 ec. of Solution 3. 


Sodium Chloride Saturated Solution 


Sodium 'Chioriden2s..2 yesh cee Oe nie 
Distilled: Water soc view ape oe RO EE ne ee nce 


Add the sodium chloride to the distilled water and shake well until 
a saturated solution is obtained; filter, or decant the clear supernatant 
solution. 
For Starch 
Jodine Reagent— 
Strong Iodine Solution (Lugol’s Solution) 


, “. 
For the Chemical Examination of Gastric Contents 
For Total Acidity 
Volumetric Solutions— 


Hydrochloric Acid, 0.1 N 

Hydrochloric Acid, 0.01 N 

Sodium Hydroxide, 0.1 N 

Sodium Hydroxide, 0.01 N 
Indicator 


Phenolphthalein Test Solution 


For Total Free Acids 
Volumetric Solutions— 
The same as listed under Total Acidity 
Indicators— 


Alizarin Indicator (Bauer’s Test Reagent) 


Sodium Alizarinsulfonate 
Distilled: Water. eee ee ree nt ede eee 


Dissolve the sodium alizarinsulfonate in the distilled water. 
Congo Red Test Solution 


Gongo: Rede pi re eee hn eee 0.5 Gm. 
“ATcohole coos. sores or eee 10 ce. 
‘Pistilléd: Waters, tte car Gale ee eee eeeraeer 90 cc. 


‘Add the alcohol to the distilled water and dissolve the congo red 
in the solution. 


‘Congo Red Paper (for Qualitative Testing) 


Saturate thick filter paper with Congo Red Test Solution. Dry, 
cut the paper into strips, and preserve in well-stoppered glass vials. 


For Free Hydrochloric Acid 
Volumetric Solutions— 
The same as listed under Total Acidity 
Indicators— 


Phloroglucinol-Vanallin Indicator (Giinsburg’s Reagent) 


Phloroglucinolaneactent ctaden= erm rere irate nee 2.0 Gm 
Vani llinee;”, 3.2 thster yankee ewes Lae eT ee a a 1.0 Gm 
bi er0] ao) Rea Pee or aN neon ae cay Be e's Cy 5 a 100 ce. 
Dissolve the phloroglucinol and vanillin in the alcohol. 
Dimethylaminoazobenzene Indicator (Tépfer’s Reagent) 
Dimethylaminoazobenzene, reagent grade......... 0.5 Gm 
(NIC ONO ere. a Sey ies es CRG An IT eR ENS ota 100 ce. 
Dissolve the dimethylaminoazobenzene in the alcohol. 
For Lactic Acid 
ferric Chloride Reagent (Kelling’s Test)— 
Ferric Chloride: reagent grade. shone sere cemeteries 10 Gm 
Distilled Water, a sufficient quantity, 
Wow orth (oper en Rt On Mo. EER Cd Guan coie 100 ce 
Dissolve the ferric chloride in the distilled water. 
Ferric Chloride-Phenol Reagent (Uffelmann’s Test)— 
Ferric: Chloridess 25 vie aoe cee ona. &- Sure eeaeeines 0.045 Gm 


Liquetied! Phenols mst rareanbirs cos chance iO sees 

WMistilled: Waterss cs eta Sore tracks 100 ce. 

Dissolve the ferric chloride in the distilled water and add the lique- 
fied phenol. The solution may be diluted with more distilled water 
if necessary. It should be transparent and of a light amethyst-blue 
color. The solution must be freshly prepared. 


For Bile Pigments 


Tests for Bile Pigments, see Bile Pigments under Chemical Examina- 
tion of Urine below 


For Hemoglobin (Occult Blood) 

Benzidine Reagent and other reagents for hemoglobin given below 
For Protein Estimation 

Phosphotungstic Acid Reagent (Wolff-Jungham Method)— 


Phosphotungstic Acid, reagent grade............. 3.0 Gm 
Hydrochlorie:Acid «es pees ce eee ae ee -10 ce. 
ATCOHO] Ae este otis sion ce ee ee ee eee 20 ce 
Distilled Water, a sufficient quantity, 

"PO MAK se yee oe obs. ocevoveus pao Ea ere ree nee 200 ec. 


Dissolve the phosphotungstic acid in distilled water, add the hydro- 
chloric acid, alcohol, and sufficient distilled water to make 200 cc. 


For the Microscopic Examination of Gastric Contents 


For Starch 
Iodine Reagent— 
Strong Iodine Solution (Lugol’s Solution) 


For the Chemical Examination of Human Milk 


For Fat 


Reagents for the Babcock Method, Modified— 
1. Sulfuric Acid 


2.4 HydrochloriesvAcidi) sain ates erie eee 50 ce 
‘AmylwAlcoholi6 hewn nook aan ore eae oe ee 50 ce 
Mix them. 
For Lactose 
Reagents for the Colorimetric Method— 
1. Sodium Tungstate, reagent grade.............. 10 Gm 
Distilled Water, a sufficient quantity, 
To make: wy cot cers cle Mae ne ee ea eee 100 ee. 


Dissolve the sodium tungstate in the distilled water by agitation. 
2. Sulfuric Acid, 0.67 N ; 


Sulfuric) Acid dl 4a ae oro gate cro aye eee eee 66.6 ce. 
Distilled Water, a sufficient quantity, 
To make ak Piniiecches coins lnk oe a eae 100 ce. 


Mix them. Adjust the concentration of the acid as directed in 
LOR Sa 12) S07 ie 


3. Alkaline Copper Tartrate Solution (Folin-Wu) 
4. Molybdate-Phosphate Solution 
5. Lactose Stock Solution 
LaCtOS@. acct nnkeusr te aoe ese e aee 1.00 Gm 
Benzoic A CiG cr ccc ste oats ha ee 0.25 Gm 
Distilled Water, a sufficient quantity, : 
To make! as omerw einer iersioae es nt lstas ene 100 ce. 
Dissolve the lactose and benzoic acid in the distilled water. Keep 
the solution under refrigeration. 
6. Lactose Standard Solution 
Lactose Stock Solution....... wea le tok RT ee 3.0 ce. 
Benzoic Acid satetiis asd cmcrta te tt ee 0.25 Gm 
Distilled Water, a sufficient quantity, 
TO Ma Kens Ae cro yetarcte etext arn orceen mite ee ean 100 cc. 


Dissolve the benzoic acid in distilled water, add the lactose stock 
solution and sufficient distilled water to make 100 cc. Preferably 
keep the solution under refrigeration and do not use if it is more than 
1 month old. Each 2 ec. is equivalent to 0.6 mg. of lactose. 


Reagents for the Volumetric Method— 


1. Diluted Acetic Acid 
2. Benedict’s Quantitative Reagent 


For Proteins 
Reagents for Bogg’s Method— 
1. Phosphotungstic Acid, reagent grade 
Distilled Water.......°. eB OUR ig ole actus eos 
Dissolve the phosphotungstic acid in the distilled water. 
2. Hydrochloric Acid 
Distilled Water 
Mix them. 


Mix Solution 1 and Solution 2 and keep the finished preparation 
in a dark place. 


Reagents for Total Nitrogen Method— 

1. Cupric Sulfate, crystalline, reagent grade....... 
Sodium Sulfate, anhydrous, reagent grade...... t 
SulfuricsA crdicasecschersrds cy tetanic hncnee tech ee 30 ee. 

Add the salts to the sulfuric acid. 


2. Sodium Hydroxide 
Distilled: Wiaters20:tee oh ek eae oe ee eae 

Add the sodium hydroxide to the distilled water and shake well. 

Decant the clear supernatant solution. 

38. Hydrochloric Acid, 0.1 N 

4. Sodium Hydroxide, 0.1 NV 

5. Methyl Red Test Solution ¥ 

6. Distilled Water (ammonia-free) 


Huppert’s Test (Nakayama’s Modification) Reagents— 
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For Bile Pigments 

Barium Chloride, reagent grade f 

Distilled Water, a sufficient quantity, 


For the Chemical Examination of Saliva and Sputum 
il 


For Hemoglobin (Occult Blood) 
Benzidine Reagent or other reagents for hemoglobin given below 
por ene D Sate jum chloride in the distilled wat 
sso 
Trinitrophenol Reagent (Esbach’s Method) or other reagents for ioe : me Be tab wicateen cos Wie seer ages Pach cs 7 
sera giver below: Zeer VOLOGMIOIGEA CIO marae Se erin ae eter 1.0 ce. 
p Ferric Chloride, reagent (3000) ono er Panes 0.4 Gm 
For Salivary Urea Index eo i sufficient quantity, aut 
ORIN AKO hag cmars ttencie die Kies seteile canoer Oe todas ehors i cc. 
f = 
ene or Mercury-combining Power (Hench and Aldrich reer the ferric chloride in the alcohol and add the hydrochloric 
1. M Bichloridesey- Se hty soe oa os pees bacice Oe 
Distilled a erecta eens quantity, 5.0 Gm 3. Nitric Acid Reagent, see Nitric Acid Reagent (Gmelin’s Test) 
BRORTG KGrrn evans a ttinitaleisuaitertce: © Oele areal Maas 100 ce. lodine Reagent (Smith’s Test)— 
Dissolve the mercury bichloride in the distilled water Stronsprodineulineturoms meiiacs = f-5. 2a oe el ae 10 ce. 
2. Monohydrated Sodium Carbonate............. 50 Gm AT COO ete Meni tite ett ner enim cians pas bee tial 90 ce. 
BL LOCO W. Stl cai ocean ec oad nek ies GOS 100 ce. Mix them 
Add the monohydrated sodium carbonate to the distilled water and : ; ae 
shake well until a saturated solution is obtained; filter, or decant ae Nitric Acid Reagent (Gmelin’s Test)— 
clear supernatant solution. Nitric Acid containing a trace of nitrous acid and slightly yellow 
i Coes: Colores: pie acid will become yalons upon standing in 
: : : : the sunlight for a week or longer. For immediate use, boil colorless 
For the Microscopical Examination of Saliva and nitric acid with a match stick or a piece of pine wood 
Sputum 
co For Diacetic Acid (Acetoacetic Acid) 
: aie Mirena Ferric Chloride Reagent (Gerhardt’s Test)— 
Gram’s Staining Method— Perrier @ mlorid emer tee ane aie te roe erst 10 Gm 
For Blood Cells (Eosinophiles, etc.) yore eR gee ee a 
5 F Or AK Ox yeni shard ional tet, tem tee orte ace nite hile ce 
Giemsa’s Staining Solution or Wright's Staining Solution— Dissolve the ferric chloride in the distilled water. 
For Capsules For Di Deane 
or Diazo Reaction 
Hiss’ Copper Sulfate Method— 
ar ae Ehrlich’s Reagent— 
For Tubercle Bacilli ewe Sodaum iNitritey. pmecccaaste us eee eee ae 0.5 Gm. 
Ziehl-Neelsen Method or other suitable methods given below Distilled Water, a sufficient quantity, Cree 
AMov sare Dees ce CRO ME ae o Mee Tene 100 ce. 
‘ 5 . Dissolve the sodium nitrite in the distilled water. This solution 
For the Chemical Examination of Urine tends to deteriorate rapidly upon standing. 
For Acetone Ah, eis shoul heya Nch te ly eae te bne Aiea OIG OCS ac ROO 5.0 Gm. 
, Bol Eydrochlore Acid: Seva set soe baleen ene a0" ice: 
Frommer s Test Reagents Distilled Water, a sufficient quantity, 
1. Salicylaldehyde.......... Fao 8 Sentosa Ios oe 10 Gm. ‘To take Leon sce sae 
Alcohol, a sufficient quantity, ec C. 
re halk 100 aoc Add the hydrochloric acid to about 700 ce. of distilled water, dis- 
; ORES EIC DOT ae ea Tae eG a nce idle sae aged < solve the sulfanilic acid in this solution, and add enough distilled 
Dissolve the salicylaldehyde in the alcohol. water to make 1000 cc. 
2. Sodium Hydroxide..... mock rhe riekebla sacl gids 40 Gm. STOMATOL ee ee eee ee a eee Te 1.0 ec. 
Distilled Water, a sufficient quantity, SOlUbONNa ie eee a Nea kan ewes 50 to 100 ce. 
1,3) TROING aS 83 Obi c pia RORhn Gab Obes oma anse. 100 ce. Mix them, The reagent should be freshly prepared for use. The 
Dissolve the sodium hydroxide in the distilled water. quantity of Solution 2 may be varied as desired. 
For Heiicglobin (Occult Blood) 
Benzidine Reagent— 
Benzidinewreacentveradeusa eee tieiae ce ere ool vcienens.s 0.2 Gm 
LCL op OR STEN ann eto oe 2.0 ec. 
ete Arete vanydauehegei ra hate 2.0 ce. 


Gunning’s Test Reagents— 
Strong Iodine Solution (Lugol’s Solution) 
Glacial Acetic Acid 
Hydrogen Peroxide Solution 
Dissolve the benzidine in the glacial acetic acid. The hydrogen 


1. i 
2. Diluted Ammonia Solution (Ammonia Water) 
Lange, Legal, or Rothera Test Reagents— 
1. Sodium Nitroferricyanide, reagent grade......... 10 Gm . ee 
Mane CHV ELUTE te tinek al rore eho PaiSid Coot Wine Jo aifhs cee» %e 30 ce. ne ode ie enc Greet 2 og 
: . ri F shai ane : peroxide solution may be added to the reagent or be used separately 
un ee ped paaiey SUR ae pee oer t ns This solution should be freshly prepared just before use. 
2. Glacial Acetic Acid ; Guaiac Test Reagents— 
3. Diluted Ammonia Solution (Ammonia Water) : 
4, Ammonium Sulfate (in Rothera Test) HR AG DEBTS Sr. Som On cc eh cae OIA. cic enh Rae eR ea 1.0 Gm 
(ATGOWO] Aes Sree tyne Ps race yraloay Gaal aracrsicvene Cites ccs 60. ce. 
Lieben’s Test Reagents— Dissolve the guaiac in the aleohol. Filter or decant, if necessary. 
1. Strong Iodine Solution (Lugol’s Solution) This solution should be freshly prepared just before use 
2. Sodium Hydroxide... .. Bsa Sees eal diheifa 62 (0) ae e330 10 Gm. 2. Ozonized Turpentine Oil or Hydrogen Peroxide Solution 
Distilled Water, a sufficient quantity, 
Pr Merirailce Were NEe ian ccatieaee i encasne es oie a IT he 100 ce. Ortho-tolidine Test Reagents— 
Dissolve the sodium hydroxide in the distilled water Pai Onchostoliclinommmenete tennis wee ayseet 4.0 Gm. 
: GlacialeAtceticlAcidist. nie tier ones oa 100 ce. 
For Bile Acids Dissolve the ortho-tolidine in the glacial acetic acid. This solution 
Furfural-Sulfuric Acid Reagents (Mylius’ Test)— keeps for approximately 1 mont! 
“. Pucnslisnay Bil > oe anne ie onion enc eo Seana ee 0.1 ce 2. Hydrogen Peroxide Solution 
, Distilled Wii ather mma yield Mine miei a Nike, sik 100 ce. Row iwaicha 
pecans Acid Obermayer’s Method— 
sh i Martig @nlaniden nt Men etait van totes ee 0.2 Gm. 
Hay’s Surface Tension Test Reagent— Efydnoehloriay Acids sae he 22 te emelen ies 100 : 
Sublimed Sulfur Dissolve the ferrie chloride in the hydrochloric acid 
Oliver’s Test Reagent— 2. Chloroform 
ee Acid Rh PAN Sa RY hielo ten TAS sins S a3 eee For ProtolasicAlbumens) 
Besa Acid. . 25s. 2s0- Tipo aout’ 1 Hd ga BE eS Og 0.4 ec. Qualitative Methods— 
A a 5 aga a sufficient quantity, 1000 ~ Sat and Abed Touts 
2 op jpenllezy. Se Ae RS ee ee ; f ( 
_ Dissolve the peptone and salicylic acid in distilled water; add the Acette Acid Reagent ho 
acetic acid and sufficient distilled water to make 1000 ce. Diluted Acetic Acid 
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Nitric Acid Reagent 
Nitric Acid 
Purdy’s Test Reagents 


1 wGlacial Acetic: Acid .ce.&s.c10.c etehoris Deiter ere eres 50 ce 
Distilled Water 5 wscwidew nasehere eesctoieden eae eee eereien ome 50 ce 
Mix them. 
o> Sodium: Chlorides. te ne tae coc te See oer eats 30 Gm 
Distilled Water, a sufficient quantity, 
To makégst. cis on Moonee Os thoctela eect: 100 ce. 


Add the sodium chloride to 87 cc. of distilled water, warm the mix- 
ture, and shake until solution takes place. Cool and add enough dis- 
tilled water to make 100 ce. 


Sulfosalicylic Acid Reagent (Hxton’s Method) 


SulfosalicylichA cid’ uci sccm tet ney error eres 5.0 Gm 
Sodium, Sulfate. c.cie ee cae eae 20 Gm 
Distilled Water, a sufficient quantity, 

TO Make.siy.< alae a potetarato Sere ehetststelre alee ee seen 100 ce. 


Dissolve the sodium sulfate in 75 cc. of distilled water, add the 
sulfosalicylic acid, shake until dissolved, and then add sufficient dis- 
tilled water to make 100 cc. 


Ring or Contact Tests : 
Nitric Acid Reagent ( Heller’s Test) 
Nitric Acid 
Nitric Acid and Magnesium Sulfate Reagent (Robert’s Test) 
INiGriG AGIG aah 4's 5-scue ns ret enter renee eRe eae 20 cc. 
Magnesium sultatercs «crsicm ott iiee ce tenan ai acaereneys 57 Gm 
Distilled "Water w..c cree. woe hese ieee eet a ee ee pene een 65 ce. 


Dissolve the magnesium sulfate in the distilled water, and add the 
nitric acid to the solution. 


Sulfosalicylic Acid Reagent 


Sulfosalicylic Acid..... Boman e Gir oIKe Bos o 6 owapS 20 Gm 
Distilled Water, a sufficient quantity, 

Tosmake sss sated paste ciel eS cote ele ELE en 100 ce 
Dissolve the sulfosalicylic acid in the distilled water. 

Quantitative Methods— 

Phosphotungstic Acid Reagent (Tsuchiya’s Method) 
Phosphotungstic Acid, reagent grade............. 1.5 Gm 
Hydrochloric Acid....... Giicior ons Bova boc veo © 5.0 ce. 
Alcohol, a sufficient quantity, 

"T'O. AKC: eta ac ave eee Ges eyelet Pal sree he Pte eee 100 ee. 


Dissolve the phosphotungstic acid in alcohol, add the hydrochloric 
acid and enough alcohol to make 100 ce. 


Sulfosalicylic Acid Reagent (Exton’s Method) 
Use the same reagent as given under Qualitative Methods above. 


Sulfosalicylic Acid Reagent (Folin’s Method or Kingsbury and Clark’s 
Method) 


Sulfosalicylic Acid: a7 seam eienies eine eeneras 3.0 Gm 

Distilled: Water. 422-5. se eta he eee 100 ce. 

Dissolve the sulfosalicylic acid in the distilled water. 
Trinitrophenol Reagent (Esbach’s Method) 

Trinitrophenol esas ois ae caddies cree ae eee eas 1.0 Gm 

Crtrie ACid osu semk ociieioe sooo eee nee heen 2.0 Gm 

Distilled. Water ao acer tictese eonlae cree ns crbeee ouahah arora 100 ce. 


Dissolve the trinitrophenol and citric acid in the distilled water. 


For Protein, Bence-Jones’ (Proteoses or Albumoses) 


Trichloroacetic Acid Reagent 


TrichloroaceticzA cidemisane ee nicer aren eee 
Distilled? Water . Maganic A peters a Mevacor eens 


Add the trichloroacetic acid to the distilled water and shake until 
a saturated solution is obtained, then filter or decant the clear solution. 


For Reducing Sugars 


(Routinely reported as dextrose or glucose) 
Qualitative Tests— 


Benedict's Qualitative Reagent 


Cupricei sulfate, exystallimeie = screen enercenntn nal 17.3 Gm 
Monohydrated Sodium Carbonate.............. wily (Ena 
Sodium Citratéeccaeeeke os cbs oss. eee ee sien Gra 
Distilled Water, a sufficient quantity, 

Tovmake coe 2a reopens Ge in aetna 1000 ce. 


With the aid of heat dissolve the sodium citrate and the mono- 
hydrated sodium carbonate in about 700 cc. of distilled water. Filter 
through paper, if necessary. Dissolve the cupric sulfate in about 100 
cc. of distilled water, and slowly add this solution, with constant stir- 
ring, to the first solution; cool, and add sufficient of distilled water to 
make the product measure 1000 cc. The mixed solution is ready for 
use, and does not deteriorate. 


Do not use this reagent for Benedict's quantitative test. 
Fehling’s Qualitative Reagent 


1. Cupric Sulfate, crystalline..... ate wosecurheere 34.64 Gm. 
Distilled Water, a sufficient quantity, - ; 
EO) MAK GMs ie feed hisses e eeR GTR ce eee 500 ce. 


Dissolve the cupric sulfate in the distilled water. 


2: Sodium Hydroxide) sk ani oat ire eee 50 Gm. 
Potassium and Sodium Tartrate, crystalline..... 173 Gm. 
Distilled Water, a sufficient quantity, 

Tovmia lo... Ba viie ovttaas macro laeiee chore Wpiete oleate 500 cc. 


Dissolve the sodium hydroxide and the potassium and sodium 
tartrate in the distilled water. 

Preserve the solutions separately in tightly stoppered containers. 
Keep Solution 2 in a non-soluble glass container with a paraffined 
glass stopper. Mix them in equal volumes when needed for use. The 
mixture tends to deteriorate. 

Fermentation Test Reagent 


Yeast (brewers’ or compressed) 
This is positive for dextrose (glucose), levulose (fructose), and galac- 
tose. 


Haines’ Qualitative Reagent 


Cupric Sulfate: crystalline sa.c2ree seein niet 10 Gm 
Potassiumpiydroxideven.. cece cer omens 40 Gm 
Glycerin: 6. Ge tei oe at Saardienn Aare Re nae 90 ec. 
Distilled Water, a sufficient quantity, 

To makes. oo enccke ch acien sieve ahtieits) Soc oene ae eereaene 1000 ec. 


Dissolve the cupric sulfate in 400 cc. of distilled water and add the 
glycerin; dissolve the potassium hydroxide in 500 cc. of distilled water, 
and add slowly and with constant stirring to the cupric sulfate solu- 
tion; then add sufficient distilled water to make 1000 ce. 


Osazone Test Reagent 


Phenylhydrazine Hydrochloride................... 
Sodium Acetate, anhydrous, reagent grade.......... 
Mix well and keep dry. Osazone crystals of sugars other than dex- 
trose (glucose) form with difficulty, if at all, in urine. Dextrose (glu- 
cose) and levulose (fructose) form osazone crystals of identical strue- 
ture. 
Quantitative Tests— 
Benedict's Quantitative Reagent 


Cupric Sulfate, crystalline, reagent grade...... 18.000 Gm. 
Monohydrated Sodium Carbonate............. 117 Gm. 
Sodium Citratesan ance pene ee en Eee 200 Gm. 
Potassium Chiocyvanatenwen ene ste ce seeeiere 125 Gm. 
Eovacstae Ferrocyanide, 5 per cent aqueous solu- 
capeTs 1andaees darareceus tore at ereeereeeRAce eee een ce Simones 5 ec. 

Distilled Water, a sufficient quantity, 

‘Lormakeseresctcirecvs cist j Sa ae eet 1000 ce. 


Dissolve the monohydrated eoaines carbonate, sodium citrate, and 
potassium thiocyanate, with the aid of heat, in about 700 cc. of dis- 
tilled water. Filter this.solution, if necessary. Accurately weigh the 
cupric sulfate, dissolve it in about 100 cc. of distilled water, and pour 
this solution slowly and with constant stirring into the first solution. 
Add the potassium ferrocyanide solution, cool, and add sufficient 
distilled water to make 1000 ce. 


Twenty-five cc. of this reagent is reduced by 50 mg. of dextrose 
(glucose), by 54 mg. of glactose, by 67 mg. of lactose, by 53 mg. of 
levulose, or by 74 mg. of maltose. 


Dinitrosalicylic Acid Reagent (Sumner’s Method) 


LePhenol!. fy) ™3h)./ spe ee anne roe ee eae 10.0 Gm. 
Hogium Ey droxidesnusasese ida aor eee 2.2 Gm 
Distilled Water, a sufficient quantity, 

Tosmakeyeniae seer ateileh s oteio take awa Sparomnie a’ aaa aie 100 ce. 


Dissolve the sodium hydroxide in 80 cc. of distilled water, add the 
phenol and sufficient distilled water to make 100 cc. 


22 Dinijropsalacyliga Acid ventaes. te sae 8.8 Gm. 
Sodium Bisulfite, reagent grade............. 6.9 Gm 
Sodium Eydroxide mae he ere eee 13.5 Gm. 
Potassium and Sodium Tartrate, crystalline. . 255 Gm, 
Solution Le ck Seo re eee ne ee 69 ce. 
Distilled AW ater. «, 5.7 ste kseioescte mero ee 1210 ec. 


Dissolve the sodium bisulfite in the 69 cc. of Solution 1. Dissolve 
the dinitrosalicylic acid, sodium hydroxide, and potassium and so- 
dium tartrate in the distilled water. Mix thetwosolutions. Keepin 
tight well-filled containers. 


For Specific Sugars 
Lactose— 
Rubner’s Test Reagents 


1. Lead Acetate ; 
2. Strong Ammonia Solution (Stronger Ammonia Water) 


Levulose (Fructose)— 


Borchardt’s Test Reagents 
1. Hydrochloric Acid 
Distilled Water,........ Rt cette aiehs ae 
Mix them, 
2. Resorcinol, crystalline 
3. Sodium or Potassium Hydroxide 
4. Ethyl Acetate (Acetic Ether) 


Resorcinol Reagent (Seliwanoff’s Reaction) 
Resoreinol iy aismraroreeu ous serra nen et eee 
HydrochloricrAcidy | maces Fae RS TN) OMEN St M5) 
Distilled Water........ Soe Hae eet 


Mix the hydrochloric acid and the distilled water; 


dissolve the 
resorcinol in the solution. 


. 
. 


eve 


be 
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Pentoses— 

Orcinol-Ferric Chloride Reagent (Bial’s Test) 
Orcinol BP erelisfsianceA so sles situe) <vecstere wele Wes cari, 0a Pevoal ones cies 1.5 Gm 
Ferric Chloride, 10 per cent aqueous solution...... 2.0 cc. 
ED CEROCMOLIG “ACI ©, 6.35 a8 ,c ce orrerO aie een a ac ale 500 cc. 


Dissolve the orcinol in the hydrochloric acid and add the solution 
of ferric chloride. 
For Urea Estimation 


Hypobromite Reagent — é 
MMB ESEOEURITLO, n= site severarharctany o clale eleleheletaricuercldie sae ce 125 Gm. 


ETL PAP EST OINLG.O Sone srcteiere seater Pee oe eis 125 Gm 
Distilled Water, a sufficient quantity, 
BIRO BE ALEC H Papeete Mecca a ayaa seine: dic faya sloneditis, oe 1000 ce. 


Dissolve the sodium bromide in 800 ce. of distilled water in a well- 
stoppered container, add the bromine and agitate gently until it is 
dissolved; then add sufficient distilled water to make 1000 cc., and 


mix well. Keep the solution in well-stoppered containers, protected 
from light. 

PROGID EL yOrOXide. .. acess nc vse areecss yada eee se 
Distilled Water, a sufficient quantity, 

MUGEN VO Werte heir ionic eishenslona sic te-ate sieticie Jeet eae OUULGG. 

Dissolve the sodium hydroxide in the distilled water. 

POMS MOMENI OGL Act si gies ezsi vacieiaeidis Pease S Gia ol aie alone avalos 20 ce 
PUUPETGMO A Mn go neat cyarer stare raVa ters oss staat emeuators cuca ehekacate Se 20 ec 
PENI CULMVALDOL a cys ieee etek ose cee olnhaeehoatale Re aroeinete 60 ce 

Mix them. This solution should be freshly prepared for use. 


Urease Reagents (Marshall’s Method)— 


1. Urease powder or tablets, 10 per cent aqueous solution 
2. Toluene 

8. Hydrochloric Acid, 0.1 N 

4. Methyl Orange Test Solution 


Urease Reagents (Aeration Method of Van Slyke and Cullen)— 


1. Urease powder or tablets, 10 per cent aqueous solution 
2. Caprylic Alcohol 
3. Buffer solution 


OOCEMUNISME OSD ILA GO:25 .yatiehepon nies sveres ansis le ris wes’ ey "efeinre 14.2 Gm 
Sodium Biphosphate............. soo Gharioos 12.0 Gm 
Distilled Water, a sufficient quantity, 
BIREIRETISUICOM there a ais) oc elnieve oe) ctr averee elvis eleva coue levels 100 ce. 

Dissolve the salts in the distilled water. 

4. Hydrochloric Acid, 0.02 N or 0.01 N 

5. Sodium Hydroxide, 0.02 N or 0.01 NV . 

6. Saturated Potassium Carbonate Solution 

7. Methyl Red Test Solution 

Schlesinger’s Test Reagents— 

1. Strong Iodine Solution (Lugol’s Solution) 

PME MIRCPA COLAC scisicle. vs ioist. fous oo: iol) aw) valle "are ere aie 3.0 Gm 
MORE OEREVCH MEME At crotch etal it faai's, otic) e's lonekesaters sane eveveneyeyeve e 100° cc 


Heat the alcohol and dissolve the zinc acetate in it; add a few drops 
of acetic acid if necessary to clarify the solution. 


3. Calcium Chloride...... isco ugoges Goodin oade 10 Gm. 
Distilled Water, a sufficient quantity, 
“ES, TETAS IS Sn oe eer racer rca err rmee 100 ce 


Dissolve the calcium chloride in the distilled water. 


For Urobilinogen 
Para-dimethylaminobenzaldehyde Reagent (Ehrlich’s Test)— 


Para-dimethylaminobenzaldehyde..............+.- 2 Gm. 
Hydrochloric Acid..... Gaeta We mye pec cosUurTH Ome ae 20ce 
Distilled Water, a sufficient quantity, 

SAE EEUICORN foi ata oles Sintra eae She: 60s wel cusses aves se Wie anny! soe te 100 ce. 


Mix the hydrochloric acid with the distilled water and dissolve 
the paradimethylaminobenzaldehyde in the solution. 


CULTURE MEDIA 


Notes—(1) Dehydrated media are available commercially for the 
preparation of culture media. If these are used for the preparation 
of official culture media, they shall yield products conforming to the 
official ones. It is generally recognized that satisfactory dehydrated 
culture media will yield a more uniform product than will a combina- 
tion of ingredients on a small scale, Certain special media cannot be 
made practically in small quantities from the basic ingredients so 
dehydrated media are recommended. 2 

(2) A culture medium which varies from the official formula shall 
not be designated by the official name of the medium. If a variation 
is made, and the official name is used in the title of the variation, this 
title shall indicate the nature of the variation. | f 

(3) Directions in this text for the preparation of culture media 
usually do not specify the size or type of containers in which media 


oh are to be placed for sterilization, storage, or use. It is assumed that 


in 


LS 
a ae 
© 


the worker preparing media knows the size or type of containers most 


suitable for this purpose. Other details of bacteriologic procedure in 
the preparation of media are left to the discretion. of the worker. 
_ (4) Processes of sterilization are given in detail on pages 121 and 
122. Those usually employed for the sterilization of culture media are 


- the following: 


Process C—Steam under pressure (Autoclave Sterilization). — 


Ae ae 


Process D—Moist Heat at 100° (Fractional Sterilization, Intermit- 
tent Sterilization, Arnold Steam Sterilization). 

(5) Before use incubate all finished culture media for 48 hours at 
37°, and then for 24 hours at room temperature. Combined media 
should again be incubated before use. Examine for contamination, 
and discard contaminated media. 

(6) Store satisfactory media at a temperature of approximately 6°. 


Basic Media 
Nutrient Broth, Nutrient Bouillon N. F.— 
Beef Extract Broth N. F. 


DB COlpE tract agri k etter taee tee ate itee sion «riench ieiae ae 3 Gm 
Reptonemasnchin pe et Nocatee sos atc eee 10 Gm 
Sodium Chl oriderewe. cepace teen cak. seen sieve 5 Gm 
Sodium Hydroxide, 1 N 
Distilled Water, each, a sufficient quantity, 

EC Onin a Ko apa eenceteet eh ta orviaieterh aiieteve ous g wiowehe pe. ¢ 1009 ec. 


Dissolve the beef extract, the peptone, and the sodium chloride in 
975 cc. of distilled water by the aid of heat; add sufficient normal 
sodium hydroxide to raise the pH to 7.0, or to 0.2 higher than the 
pH desired in the finished broth, and filter. Add sufficient distilled 
water through the filter to make 1000 cc. Sterilize by heating in an 
autoclave for 20 minutes at 121.5° (about 15 pounds pressure). 


Beef Infusion Broth N. F. 


Beef, free from fat and finely minced............. 500 Gm 
Peptomeraetisea cence tical hee seas mene etereke ese weds 10 Gm 
Sodium Chil oridemace tt Meeicktcr ate she ee ae 5 Gm 
Sodium Hydroxide, 1 N 
Distilled Water, each, a sufficient quantity, 

LOVIN AK OS Sexe cuceehorrsrats tate, See etolareaT oie lens whormictauaus 1000 ee. 


Cold extraction: Thoroughly mix the beef with 1000 ce. of distilled 
water, and keep under refrigeration for 12 to 24 hours. Strain the 
mixture through cheesecloth, squeezing the meat as dry as possible. 
Heat the liquid in a boiling water bath for 30 minutes with frequent 
stirring; filter and if the filtrate measures less than 1000 ec. add suf- 
ficient distilled water to make 1000 cc. Add the peptone and sodium 
chloride and dissolve them by the aid of heat if necessary. 

Hot extraction (alternative method): Dissolve the peptone and 
sodium chloride in 1000 ce. of distilled water, add the beef, mix thor- 
oughly, and heat in a water bath for one hour at 50°. If ascum of fat 
is present remove it with absorbent cotton, then strain the mixture 
through cheesecloth, squeezing the meat as dry as possible. Filter and 
add sufficient distilled water to make 1000 cc. 

To the filtrate obtained by either method add sufficient normal 
sodium hydroxide to raise the pH to 7.0 or to 0.2 higher than the pH 
desired in the finished broth. Heat in a boiling water bath for 20 
minutes, filter, and if the filter measures less than 1000 ec. add suffi- 
cient distilled water to make 1000 ce. Sterilize by heating in an 
autoclave for 20 minutes at 121.5° (about 15 pounds pressure). If 
necessary, refilter and sterilize. 

A broth without the sodium chloride or with a reduced amount of 
peptone or an increased amount of beef is preferred for’certain pur- 
poses, see Note 2 under Culture Media above. 

Other meats, such as beef heart or veal, are employed for the prep- 
aration of broths; these broths bear the names of the respective 
meats used, such as Beef Heart Broth or Veal Broth. 


Nutrient Broth for Water Analysis 


BeoteE xtrach acre Crea ela a eee oe eae 3 Gm. 
(PEDEONO Sere Ate RE RE ee here ce TO Lane ears 5 Gm. 
Dishiledswaber hae sels oe eee sakes nie heise easete ats 1000 ce. 


Sodium Hydroxide, 1 N, a sufficient quantity, 

Dissolve the beef extract and the peptone in the distilled water 
with the aid of heat. Add sufficient 1 N sodium hydroxide so that the 
pH after sterilization will be between 6.4 and 7.0. Bring to a boil, 
cool to room temperature, make up the lost weight with distilled 
water, and filter. Sterilize by heating in an autoclave for 20 minutes 
at 121.5° (about 15 pounds pressure). 


Brain Broth, Brain Bouillon, Dextrose Brain Broth N. F. 


Sodium Chlorid ovestachaeronit sain ac ueiene aioe eee eons 3 Gm. 
DDEKVOSO CET ea Ree ie eae 2 Gm. 
IPhenolireduh. Sportscaster ais wees estore cule teoemne ie 10 ec. 
Nutrient Broth (need not have been sterilized, but if 

not sterile must be freshly prepared)............ 1000 ee. 


Calf Brain, cut into about 1-cm. cubes, : 

Calcium Carbonate, in small fragments or granules, 

Sodium Citrate, of each, a sufficient quantity. 

Dissolve the sodium chloride, dextrose, and phenol red T:S. in the 
nutrient broth and half fill 200-mm. culture tubes with the solution. 
Add to each tube three cubes of the calf brain and several granules of 
calcium carbonate. Sterilize by heating in an autoclave for 20 min- 
utes at 121.5° (about 15 pounds pressure). If the Brain Broth is to 
be used for blood cultures, dissolve 5 Gm. of sodium citrate in each 
liter before tubing. 


Brain- Heart Infusion Broth N. F. 


Calf Brain, free from fat and finely minced...... 200 Gm. 
Beef Heart, free from fat and finely minced...... 250 Gm. 
PODtOMe). msn atba cat seh ars at ecolemecetert ay tennis 10 Gm 
Sodium Chiorider. sts ahee ceumtccm en ere 5 -Gm., 
Sodium*ehosphatese 1a cetrpect. cs aero eee 2.5 Gm. 
UD Les qre Oe OE EAS Ate MOM Etonce eh See eth Aisin Ma mtr, 2.0 Gm. 
Sodium Hydroxide, 1 N, 

Distilled Water, each, a sufficient quantity, 

PROPIA On stay slatais ers tel sic sus oreiatele atl absdecmiateie neers, ole L000) ca; 
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Thoroughly mix the calf brain and beef heart with 1000 cc. of 
distilled water and keep under refrigeration for 12 to 24 hours. Strain 
the mixture through cheesecloth, squeezing the meat as dry as pos- 
sible. Heat the liquid in a boiling water bath for 30 minutes with 
frequent stirring; filter and add sufficient distilled water to make 1000 
ec. Add the peptone, sodium chloride, and sodium phosphate and 
dissolve them by the aid of heat if necessary. Add the dextrose and 
sufficient normal sodium hydroxide to raise the pH to 7.6 or to 0.2 
higher than the pH desired in the finished broth. Heat in a boiling 

water bath for 20 minutes, filter, and if the filtrate measures less than 
1000 cc. add sufficient distilled water to make 1000 cc. Sterilize by 
heating in an autoclave for 20 minutes at 121.5° (about 15 pounds 
pressure). 

Calcium Carbonate Broth N. F. 


Dextrose 2 x52 Ak cccrctaeneye ts) aie ee eee 

Calcium Carbonate, ‘sterile seein alo ee ei 

Nutrient Broth (need not have been sterilized or the 

pH adjusted, but if not sterile must be freshly pre- 
pared)... Sir A ee ee ahr ore tina eee OF ce- 

Sodium Hydroxide, 1 N, a sufficient quantity. 

Dissolve the dextrose in the nutrient broth and add sufficient 1 N 
sodium hydroxide to raise the pH to 7.6, or to 0.2 higher than the pH 
desired in the finished broth. Add the calcium carbonate (powdered 
or in small pieces and previously sterilized by heating in a h6t air 
oven at 160° for at least 1 hour) and sterilize by Process D. 


Carbohydrate-free Broth N. F. 

Nutrient Broth (need not have been sterilized or the 
pH adjusted, but if not sterile must be freshly pre- 
ATCC )ii ns eioate cic A vole ogee ale he pate ene toe ete temete irene 

Sodium Hydroxide, 1 N, a sufficient quantity. 

Add 10 ee. of a 24-hour-old broth culture of Escherichia coli and 
incubate for 48 hours. Heat in an Arnold steam sterilizer at 100° for 
60 minutes, cool, and place in the refrigerator. Fill two fermentation 
tubes with this medium, reinoculate them with the culture of F. colt 
and incubate for 24 hours. If no gas is produced, add sufficient 1 N 
sodium hydroxide to raise the pH to 0.2 higher than the pH desired 
in the finished broth and sterilize by heating in an autoclave for 20 
minutes at 121.5° (about 15 pounds pressure). 


Dunham’s Peptone Broth, Peptone Water N. F. 


1000 ce. 


Pepton eat sctats cacao Seen ee ae 10 Gm. 
Sodium ‘Chloride. $3.2 =. ee eee 5 Gm. 
Distilled,.Waters.i4.. ee ia ee eee 1000 ec. 


Sodium Hydroxide, 1 N, a sufficient quantity. 

Dissolve the peptone and sodium chloride in the distilled water by 
the aid of heat. Add sufficient 1 N sodium hydroxide to raise the 
pH to 7.6 to 7.8. Cool, filter, and sterilize by heating in an autoclave 
for 20 minutes at 121.5° (about 15 pounds pressure). 

The peptone to be used must contain sufficient available trypto- 
phane to yield a positive response in the indole test. 


Glycerin Broth, Glycerin Bouillon N. F. 


Glycerin ts cher ec ee Le eee 6 ce. 
Nutrient Broth (need not have been sterilized or the pH 
adjusted, but if not sterile must be freshly prepared). 94 cc. 


Sodium Hydroxide, 1 N, a sufficient quantity. 

Mix the glycerin with the nutrient broth and add sufficient 1 N 
sodium hydroxide to raise the pH to 7.2, or to 0.2 higher than the pH 
desired in the finished broth. Sterilize by heating in an autoclave for 
20 minutes at 121.5° (about 15 pounds pressure). 

Glycerin Broth with a reduced amount of glycerin is preferred for 
certain purposes, see Note 2 under Culture Media above. 


Liver Infusion Broth N. F. 


Beats Liver sant @Od sare seke eee nee eee ee ae eee 500 Gm. 
PEptone s «PSs es a ped ere 10 Gm 
Sodium CDloride sc) aaa: ete eee rae 5 Gm 
CrystalViolet (optional)as-. =. ae ee ee eee 0.1 Gm 
HeeeAl bumeni.) - mses eee ae eects 10 Gm 
Sodium Hydroxide, 1 N, 

Distilled: Water, each, a sufficient quantity, 

“TO TARR OAs ects occ en aoe eee 1000 ce. 


Mix the beef liver with 500 cc. of distilled water and heat in a 
boiling water bath for 20 minutes; stir well and continue heating for 
1 hour. Filter through a wire sieve and then through glass wool. 
Dissolve the peptone and sodium chloride in the filtrate and, if it is 
desired to inhibit Gram-positive bacteria, the crystal violet; then add 
450 cc. of distilled water. Add sufficient 1 N sodium hydroxide to 


raise the pH to 7.0, or to 0.2 higher than the pH desired in the finished - 


broth. Dissolve the egg albumen in 50 ce. of distilled water and stir 
this into the solution at a temperature not exceeding 50°. Heat ina 
boiling water bath for 90 minutes. Filter through a wire sieve and 
then through glass wool and add sufficient distilled water through 
the filter to make 1000 cc. Sterilize by heating in an autoclave for 20 
minutes at 121.5° (about 15 pounds pressure). 


Nutrient Agar, Beef Extract Agar, Beef Infusion Agar N. F. 


Agar, finely shredded or powdered................ 15 Gm. 
Nutrient Broth (need not have been sterilized or the’ 

pH adjusted, but if not sterile must be freshly pre- 

DATE) :o5 oo 5kt, osc eee eee eer aces 1000 ce. 


Dissolve the agar in the broth by means of heat. If clarification is 
desired, filter the medium while not through cotton enclosed in gauze 
and into suitable containers. Sterilize by heating in an autoclave for 
20 minutes at 121.5° (about 15 pounds pressure). 

A medium with an increased or decreased amount of agar is pre- 
ferred for certain purposes, see Note 2 under Culture Media above. — 


Tubes containing the liquefied Nutrient Agar to about one-fourth 
of their capacity may be inclined on a rack until the medium is solidi- 
fied so as to form long slants. 

The pH of unadjusted Nutrient Agar approximates 7.0. 


Nutrient Agar for Water Analysis 


Agar, finely shredded or powdered....:........... 15 Gm 
PeptonGssceerr etnies toro Sroka Oe ee oer 5 Gm. 
Beef Bx tract. 2:5: .e oes coe eee ere Loe Eee 3 Gm 
Distilled= Wateronetec bite vot nec eee eae eae 1000 ce. 


Sodium Hydroxide, 1 N, a sufficient qauntity. 

Dissolve the agar in 800 cc. of distilled water by means of heat. 
Dissolve the peptone and beef extract in 200 ec. of distilled water. 
Mix the two solutions. Add sufficient 1 N sodium hydroxide to raise 
the pH to 7.0, or to 0.2 higher than the pH desired in the finished 
medium. If clarification is desired, filter the medium while hot 
through cotton enclosed in gauze into suitable containers. Sterilize 
by heating in an autoclave for 20 minutes at 121.5° (about 15 pounds 
pressure). 

Glycerin Agar N. F. 


GIOBTIT 2 oct cn cloncneice BAe Reet ease nies © ey he eaten Nal eked 6 ce. 
Nutrient Agar (need not have been sterilized or the pH 
adjusted, but if not sterile must be freshly prepared), 
a sufficient quantity, 
To: maker. 2 a.,0rii hee ae nearer oe eee 100 ec. 


Mix the glycerin with the nutrient agar, liquefied by means of heat. 
Adjust the pH to 7.2. Sterilize by heating in an autoclave for 20 
minutes at 121.5° (about 15 pounds pressure). 

Liver Infusion Agar 

Prepare as directed under Nutrient Agar, except to substitute Liver 

Infusion Broth for Nutrient Broth. . 


Nutrient Gelatin, Beef Extract Gelatin, Beef Infusion Gelatin N. F. 


Gelatin, suitable for bacteriological media......... 150 Gm. 
Nutrent Broth (need not have been sterilized or the 

pH adjusted, but if not sterile must be freshly pre- 

Pared) , Sees asa eee oe eel eran pe ees a RT eee 1000 ee. 


Sodium Hydroxide, 1 N, a sufficient quantity. 


Dissolve the gelatin in the nutrient broth by heating on a water 
bath, and add sufficient 1 N sodium hydroxide to raise the pH to 7.4. 
If clarification is desired, filter the medium while hot through cotton 
enclosed in gauze into suitable containers. Sterilize by Process D, 
or by any other adequate and suitable method. 

If a medium with an increased or decreased amount of gelatin is 
preferred, as the average temperature at which it is to be used varies, 
see Note 2 above. 

Nutrient Gelatin is not placed in the incubator at a temperature . 
higher than 25° (see Note 3 above). 


Nutrient Gelatin for Water Analysis 


Beefehi xtracts tse ticmans tee eioline Pacesetter eee 3 Gm 
Peptone sirciackt Saket ee ie ee 5 Gm 
Gelating... oscstice five Den oe ee he eee 120 Gm 
Distilled “Waters. Aden coke ete oe eee 1000 ee. 


Sodium Hydroxide, 1 N, a sufficient quantity 

Dissolve the beef extract, peptone, and gelatin in the distilled 
water by heating to 65°. Make up any lost weight with distilled 
water and add sufficient 1 N sodium hydroxide so that the pH after 
sterilization will be between 6.4 and 7.0. Boil vigorously, again make 
up any lost weight and clarify. Sterilize by heating in an autoclave 
for 20 minutes at 121.5° (about 15 pounds pressure). 


Carbohydrate Media 
Blood (or Blood Serum)-Glucose-Cystine Agar N. F. 


Cystine nk ee hee ee ae a eee 0.5 Gm 
Blood tor Blood! Serum), -sterile:s-"= ave eee eee 25 ce. 
Dextrose Agar. ssh dae eat ee 500 ce. 


Melt the dextrose agar and add fie cystine aseptically, and cool to 
45°. Aseptically add the blood or blood serum and rotate until the 
contents are well mixed. Tube and slant. Take all precautions 
against contamination. 


Carbohydrate or ‘‘Sugar’ Broths or Bouillons N. F. 


The: Carbohydrate snveco este nee oat eter 10 Gm. 
Nutrient Broth (need not have been sterilized, but if 
not sterile must be freshly prepared)............ 1000 cc. 


Dissolve the carbohydrate in the nutrient broth, using gentle heat 
if necessary, filter into suitable containers, and sterilize by Process D 
or by any other adequate and suitable method. 

Carbohydrate Broths may contain indicators for designating the 
hydrogen ion concentration or for other purposes. 

A broth with an increased or decreased amount of the carbohydrate 
is preferred for certain purposes, see Note 2. 

The name of the carbohydrate and occasionally the name of the 
indicator is given in the title of the broth, such as: Arabinose Broth, 
Dextrin Broth, Dextrose Broth, Dulcitol Broth, Galactose Broth, I nulin 
Broth, Litmus-Lactose Broth, Maltose Broth, Mannitol Broth, Rham- 
nose Broth, Sucrose Broth, Xylose Broth, etc. 


Dextrose Agar N. F. 


Dextrose «2c. a aehe ihe, eles shee etn atone cons aroiin Seat eteKoe 10 Gm, 
Nutrient Agar ‘(need not have been sterilized, but if 
not sterile must be freshly prepared):........... 1000 ce. 


Dissolve the dextrose in the liquefied nutrient agar by means of 
heat, pour the hot product into suitable containers, and sterilize by 
Process D or by any other adequate and suitable method. 
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One per cent of Andrade indicator, or sufficient azolitmin solution 
or bromocresol purple solution to color may be added to this medium. 
Tubes of Dextrose Agar may be slanted if desired. 


Dextrose Brain Broth Agar N. F. 


Agar, finely shredded or powdered................ 8 Gm. 
Dextrose Broth (need not have been sterilized, but if 
not, sterile must be freshly prepared)............ 1000 ce. 


Calf Brain 
Calcium Carbonate 


Dissolve the agar in the dextrose broth with the aid of heat. Tube, 
add the calf brain and calcium carbonate, and sterilize by heating in 
an autoclave for 20 minutes at 121.5° (about 15 pounds pressure). 


Azolitmin Lactose Agar N. F. 


LBA GG.. 2 Ld i reas 7 ee ee een ere 10 Gm 
SMA ME PEED SOLUTION a ee ices one Gleave verana.nie Gass odie Soa as 20 ce. 
Sree MUE SEIU VIAUOL Oi et osc) Siweis (os ccs tose Saleels Scene 50 ce 
Nutrient Agar (need not have been sterilized or the pH 

adjusted, but if not sterile must b2 freshly prepar2d) 935) ec. 


Dissolve the lactose in the distilled water with the aid of heat and 
add to the liquefied nutrient agar; then add the azolitmin solution 
and mix well. Filter the hot product into suitable containers and 
sterilize by Process D or by any other adequate and suitable method. 
The pH approximates 7.0 after the medium is sterilized. 


Milk, Litmus or Bromocresol Purple 


Litmus Milk is prepared in the same manner as plain milk, with the 
addition, just before tubing, of about 8 per cent of Litmus T-S. or of 
azolitmin solution to color. 

Bromocresol Purple Milk is prepared by using bromocresol purple 
solution as the indicator. 


Milk, Plain = 


Place fresh unpasteurized milk in the refrigerator for from 12 to 24 
hours. Remove the cream from the top or siphon off the milk from 
below the cream line and place the skimmed milk in suitable containers. 
Sterilize by Process D or by any other adequate and suitable method. 


Potato Cylinders 


Large white potatoes are scrubbed thoroughly, boiled for 20 min- 
utes, and pared. Cut cylinders from the potatoes with an apple 
corer or large cork borer and obliquely cut the cylinders into wedge- 
shaped pieces. Place each wedge-shaped piece in a culture tube, add 
water to cover the butt, but not the slant, and sterilize by heating in 
an autoclave for 30 minutes at 121.5° (about 15 pounds pressure). 


Differential Media 


Bismuth Sulfite Agar 
A. Agar Base 


Agar, granulated or powdered............... 20 Gm 
Los et) TERI, Cae 8 ees elena aneean Pa Ie ee ene 5 Gm 
[SAT NEST Os eRe oe Re ee 10 Gm 
Distilled Water, hot, a sufficient quantity, 

BLOEMVE Gee tres otinst SoePs ayaa tee neha ts ois e ove 1000 Gm. 


Dissolve the ingredients by autoclaving at 121.5° (about 15 pounds 
pressure) for 15 minutes. Cool, and store in a refrigerator. 


B. Bismuth Sulfite Mixture 


Bismuth Ammonium Citrate, scales......... 6 Gm 
Sodium Sulfite, anhydrous.................. 10-20 Gm 
PRES AUT SOE een A Rare Save cWoinyetesieis > l8 "Sets ose ee 10 Gm 
Sodium Phosphate, anhydrous.............. 10 Gm 
VOUS VAGCER OM aGyekeiet ins custo eve.aelsare.e ed: sxehe 200 ce. 


Dissolve the bismuth ammonium citrate in 50 ce. of boiling, dis- 
tilled water and the sodium sulfite separately in 100 ce. of boiling dis- 
tilled water. Mix the bismuth and sulfite solutions and while boiling 
dissolve the sodium phosphate. Allow the solution to cool and add 
the dextrose previously dissolved in 50 cc. of boiling distilled water. 
Add water, if necessary, to make up lost weight and store in a dark 
cupboard. 


C. Iron Citrate Brilliant Green Solution 


PRTG LEEACO. 2 cfs.c) cheers «00 eee pla dace eure i Gm 
Brilliant Green, 1 per cent solution.......... 12:5 cc. 
DTS UETO CAV AECL cc) svciel on vel ee tene dicuvie ca wile aes ere 100 ce. 


Dissolve the ferric citrate in the distilled water with the aid of heat. 
Add the brilliant green solution and store in a dark cupboard. 


D. The Finished Medium 


ipismiuth Sulfite Mixture Bs .. si... ccseecess 0 200 ce 
Tron Citrate Brilliant Green Solution C........ 45 ce. 
EMD IES SG Aine Ps <r ayers sb agie cas Gast och sorenslsie ci as 1000 ce. 


Melt the agar base, add the remaining solutions, and shake well. 
Pour immediately into porous-top petri dishes. After keeping at 
room temperature for 1 to 2 hours, store in a refrigerator until re- 
quired. 

_ Note—The special requirements of this medium and the fact that 
it cannot be stored satisfactorily when prepared make the use of the 
Mon dceted product desirable. 


Conradi-Drigalski Agar N. F. 


IBCebe Bac Cract tas ioe ce cairo sera ices ae > 4Gm 
IPEDLONOM nee ate ese ee Eee Lee aes 10 Gm 
OAM G- NIOEI Ces aa ae ners Monn ear et a aoe 5 Gm 
Agar Hbely; BHTCOGEM sewn ame aie eee ee ele crate 20 Gm 
WGA CCOSS Ras oe OF ene OS Oe ato eee ioe eee 15 Gm 
INUItrOse as 5. ors- r aee oe oat oe ee 10 Gm 
Sodiunmtrydroxide, 1 Ne: 2227 eee ee ee ee 50 ce. 
Crystal Violet, 1-1000 aqueous solution........... 10 ee. 
Dishilicdiwatersy cts et ha Shc ee wee a gee 1000 ec. 


Litmus T.S., a sufficient quantity. 


Dissolve the beef extract, peptone, sodium chloride, agar, nutrose, 
and 1 N sodium hydroxide solution in the water with the aid of heat, 
preferably in an autoclave. Adjust the reaction to a distinct alkalinity 
to litmus T.S., filter through cotton while hot, add the lactose and 
crystal violet solution, and gently reheat if necessary to dissolve the 
lactose. Sterilize by Process D or by any other adequate and suit- 
able method. 

Bromocresol purple indicator may be used in place of the litmus 
T.S.if preferred. 


Desoxycholate Agar 


PEDEOHG teeta tot eects ee sain Mee a,srsipie «a ae. SS 10 Gm. 
dg) ee ee, pO Stace 6 o SAAC TOC, iS Grrr 
TiAELOSCN A oe e Tatts een Oa orks oon pee on 1 Gm. 
Sodruinm: Pesoxrycvotatew eats sce oe clr ee at 0.5 Gm. 
Sodiimae nionde. seer eee a tae ee Sa ee on Gm 
HOduM. Ciratemy eee eee ne ere asians eee es Za Gm 
Neutral Red, 0.1 per cent in alcohol............. 3D, Ge: 

BD ispiled eV ALCL ete te ee ee airtel oes 1000 cc. 


Sodium Hydroxide, 1 N, a sufficient quantity. 

Dissolve the peptone in the distilled water by gently heating and 
add sufficient 1 N sodium hydroxide to adjust the pH to 7.5. Boil and 
filter if necessary. Dissolve the agar in the peptone solution by boil- 
ing and add the remaining ingredients, excepting the neutral red 
solution, in the order named. Again adjust the pH to 57., replace 
any water lost by evaporation, add the neutral red solution, distribute 
in tubes, and sterilize by Process D. 

Note—The special requirements of this medium and the fact that 
it cannot be stored satisfactorily when prepared make the use of the 
dehydrated product desirable. 


Leifson’s Desoxycholate Citrate Agar 


Solution A 

Rorkatreshsleam crounde ms a sere tere omisorsekere cae 400 Gm 
Ebydrechlorig ACid.) lata use ek ori mons eee 2 ce. 
IDIStHICCeVWVAeL set Rae eRe atten eS vielen a Acree ores 1200 ce 


Sodium Hydroxide, 1 N, a sufficient quantity. 

Add the distilled water to the pork and macerate for 1 hour. Add 
the hydrochloric acid, with stirring, and boil for 5 minutes. Strain 
through cheesecloth and filter through paper until free from visible 
fat. Adjust the pH to 8, boil for 10 minutes and filter. Restore the 
original volume, adjust to pH 7.4, and sterilize by Process C for 30 
minutes at 121.5° (about 15 pounds pressure). Cool and store in a 


refrigerator. 

Solution B 

IPEpbONers erga ceke ool ee ese en ces IN a(ale Sa eRe il, (Sana) 
HMR ie Piarecre ee eee CRETT ER OM eRe TS PN ePIC roe 2 Gr 
NUCLOBG soa trace cane Sera aes, eekehe, alle wid eheie's s-erecae 6 1 Gm 
SOG: CTULALE = proce ccae asx eee eR She Sua aN Zee Gath 
RerrieeAmmontim Citrate. see elastics lelere ete pre 0.2 Gm 
Sodium, Desoxy cholate setae ia oe ae se ee 0.5 Gm 
Neutral Red, 0.1 per cent solution............... 2 ce. 
Solupion7Als 2ectissee Sos beieta te tree ceceis ayaa SO ens, S Ciers Bee 100 ce. 


To 100 cc. of Solution A add the peptone and agar and boil for 3 
minutes. After standing for 15 minutes, dissolve the lactose, sodium 
citrate, ferric ammonium citrate, and sodium desoxycholate in the 
mixture. Adjust the pH to 7.3 to 7.5 and add the neutral red solution. 
pigrize by Process D for 15 minutes and dispense in sterile petri 

ishes. 

Excessive heat is detrimental to the medium. 


Note—The special requirements of this medium and the fact that 
it cannot be stored satisfactorily when prepared make the use of the 
dehydrated product desirable. 


Endo’s Medium (Levine) N. F. (For Colon-Typhoid Differentiation) 


THAGEOSS see He CRON R tee ce olan ae aa sen oa lifelines foot ore 10.0 Gm. 
Sodium Carbonate, anhydrous................... 1.0 Gm. 
Basics Buchainin Ae ercas nee oe a ess Rees 0.3 Gm. 


Sods. ister Goes cc edeu ee a ere chistes sess aa cue Syave 1.0 Gm. 
AI GOhOls Jace ahaa o> yer ditenhs, rete eiols Suirers nate 5.0 ce. 
Distilled Wiasteree acorns ts epee ae cae ren oes 0 ce. 
Nutrient Agar (need not have been sterilized, but if 

not sterile must be freshly prepared)........... 960.0 ce. 


Dissolve the lactose in the hot liquefied nutrient agar, the sodium 
carbonate in 10 cc. of distilled water, the basic fuchsin in the alcohol, 
and the sodium bisulfite in 25 cc. of distilled water. Add the sodium 
carbonate solution, the fuchsin solution, and the sodium bisulfite 
solution to the nutrient agar solution, mixing well after each addition. 
Place in suitable containers, and sterilize by Process D or by any other 
adequate and suitable method. 

Endo’s Medium has a red or pink color when hot, which becomes a 
faint flesh color or disappears upon cooling. It has a pH of 7.6 to 8.0. 
It is preferable to prepare Endo’s Medium freshly as needed as it 
deteriorates upon standing, especially if exposed to light. 
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Eosin-Methylene Blue Agar (Levine) (Coli-aerogenes Differentiation) 


Pep tone areedgeccc ssh sh Na ae a 10 Gm. 
Dibasie Potassium! Phosphatencs sacra 2 Gm 
Agar winely. shredded). «cle oi ceiere caret meron rae 15 Gm 
Lactose, sterile 20 per cent aqueous solution....... 50 ce. 
Eosin Y, sterile, 2 per cent aqueous solution....... 20 ec 
Methylene Blue, sterile, 0.5 per cent aqueous solution 20 ce. 
Distilled. Water «cst cisreecicorsiis dele cate ame 1000 ce. 


Dissolve the peptone, dibasic potassium phosphate, and agar in 
the distilled water by heating in an autoclave for 15 minutes at 15 
pounds pressure or by boiling in a water bath. Replace any of the 
water lost by heating. Adjustment of the pH and filtration of the 
medium are not required. Place 100-cc. quantities in flasks, and 
sterilize by heating in an autoclave for 15 minutes at 121.5° (about 
15 pounds pressure). 

Just prior to use, liquefy the medium with the aid of heat and to 
each flask containing 100 cc. aseptically add 5 ce. of the lactose solu- 
tion, 2 cc. of the eosin Y solution, 2 cc. of the methylene blue solution, 
and mix well. 


Krumwiede’s Triple Sugar Agar 


Tia ChOSG oaks Pasnettee eet rs eco yee rome seats 10 Gm. 
SUGEGSOcs SMe eo A es Ss nS ae 10 Gm. 
Dextrosecis create te metres es cach not ais rede eS 1 Gr. 
Phenol RedvE ss cawewtvstiien br ols lape as cre eer eee ere 10 ce. 
Nutrient Agar (need not have been sterilized but if 

not sterile must be freshly prepared)............ 1000 ce. 


Dissolve the lactose, sucrose, and the dextrose in the hot liquefied 
nutrient agar. Add the phenol red T.S., mix thoroughly, and pour 
into culture tubes. Sterilize by Process D or by any other adequate 
and suitable method. The final pH should approximate 7.4. 


Lead Acetate Agar N. F. 
Lead Acetate, neutral, sterile 0.5 per cent aqueous solu- 


GHOML G io coy oS Reveechsyesas st avouane ener ol west ieee saertneres Ruane none aane 1 ce. 
Lactose, sterile 25 per cent aqueous solution.......... 4 ce. 
Dextrose, sterile 25 per cent aqueous solution........ 4 ce. 
Nutrient (A gare cclac ste screen teil heen eee ee 100 cc. 


Melt the nutrient agar, cool to 50°, aseptically add the solutions, 
and mix well. 


MacConkey’s Agar 


Agar, granulated or powdered.................+.. 15 Gm 
PeptODe.. swatch Abe eras Magia oe cies eareteins acne 20 Gm 
Sodium: @hlonvdewser cas clea oe eee ee 5 Gm 
Lia ttose sn tcins eee en oooh Oe anne i Se 10 Gm 
Sodium Gly colatertwrairs ono ee los ic oes 5 Gm 
NeutraliRed, I per cent: solution® .2.sacce%.s ees 5 ce. 
Sodium Hydroxide, 1 N, 
Distilled Water, each, a sufficient quantity, 

TOVMAK CG evelacle secsiene evaara: Sasson eets aerenate teceheerers 1000 cc. 


Dissolve the agar in 500 ce. of distilled water by heating in an 
autoclave. Dissolve the peptone, sodium chloride, lactose, and bile 
in about 450 ce. of distilled water by heating on a water bath. Add 
sufficient 1 N sodium hydroxide to raise the pH to 7.4 and sterilize 
by heating in an autoclave for 20 minutes at 121.5° (about 15 pounds 
pressure). The neutral red is added to the molten agar just prior to 
use. 


Russell’s Double Sugar Agar N. F. (Colon-Typhoid-Paratyphoid 
Differentiation) 


VIA CHOSE S oan ate Bree reo ee ee er nate Tere: 10 Gm 
ABS cng chee eNO actomn co mod not titad ha Liners tn 1 Gm 
Phenol, Red “Seek: ees has cee ee ce ae tema 10 ce. 
Nutrient Agar (need not have been sterilized, but if 

not sterile must be freshly prepared)............ 1000 ce. 


Dissolve the lactose and dextrose in the hot liquefied nutrient agar. 
Add the phenol red, mix thoroughly, and pour into culture tubes. 
Sterilize by Process D or by any other adequate and suitable method. 
The final pH should approximate 7.4. 


Ashworth’s Agar N. F. 


PTE NOP mide Ree) MERA ET OH Hn FOP Ty 2 ee SRS eae 25. Gm: 
Dibasic Potassium Phosphate................. 1 Gm 
Calerm Chioridercts: 2. caie tee ennn Te 0.1 Gm 
iMac Lal SWICKI eh apdooddaacocecoucanson bas 0.1 Gm 
Sodium: Chloride: Snek.< oj. acredteen ee eee 0.1 Gm 
Ferric: Chloridetirteccss: «2 vee eee ee 0.01 Gm 
IBGel Wx tract cd rrheusteran ben's. «oat ere ol eT ee Se Gin. 
Bromothymol Blue, 1.5 per cent............... 10 ce. 
Wrsa enc a moe ee eas os eee 20 Gm 
Distilled Water, a sufficient quantity, 

Tormake peer sute eros ous < ere 1000 —s ce. 


Dissolve all of the ingredients except the urea in the distilled water 
with the aid of gentle heat. Sterilize by Process C at 121.5° (about 
15 pounds pressure) and add the urea aseptically. 

Note—The special requirements of this medium and the fact that 
it cannot be stored satisfactorily when prepared make the use of the 
dehydrated product desirable. 


Enrichment Media 


Ascitic Agar N. F. 
Agcitio Fluid, sterile. s.t) ole midair eta ateereion aears 
NutrientiA gar’ :. 7:0 aks care rene ieeeeoanieln ate 
Liquefy the agar, cool to 50°, aseptically add the ascitic fluid 
previously warmed to about 50°, and mix well by rotation. 


Ascitic Broth, Ascitic Bouillon N. F. 


‘Ascitic Fluid) ‘steriles..c.mc a1 eee en eee ee 
Nutrient. Broth, X58 <r eee ee 


Aseptically add the ascitic fluid to the nutrient broth and mix well. 


Blood Agar N. F. 


Blood, defibrinated or citrated, and sterile..... 50 to 100 ce. 
Nutrient sAgar sch estoy iv.cacce Seo 950 to 900 ce. 


Liquefy the nutrient agar and cool to 50°. Aseptically add the 
blood previously warmed to about Ue and mix well. 
Blood Broth, Blood Bouillon N. F. 


Blood, defibrinated or citrated, and sterile..... 50 to 100 ee. 
Nutrient: Brothiaen oe eta: co Roce eer 950 to 900 ce. 


Aseptically add the blood to the nutrient broth and mix well. 


Blood Serum Agar N. F. 


BloodiSerum*sterilomermerinientoer ects ate 59 to 100 ee. 
Nutrien}Agar. co tuneatee ene ni. eee - 950 to 900 ec. 


Liquefy the nutrient agar and cool to 50°. Aseptically add the 
blood serum previously warmed to 50° and mix well. 
Blood Serum Broth, Blood Serum Bouillon N. F. 


Blood Serum: sterilGmnegsnien aera eieein casita: 
Nutrient/Broth ve.) eee crcik aetna anes 


50 to 100 ce. 
950 to 900 ce. 


Aseptically add the blood serum to the nutrient broth and mix well. 
Brain Ascitic Agar N. F. 


Ascitic, Bluid isterilesaemcten ene neioisete aso ae 200 ec. 
Agar. finely shredded smrase sees one cisionienes eee 8 Gm 
Calf Brain, cut into about 1l-cm. cubes 
Calcium Carbonate, in small fragments or granules 
Dextrose Broth (need not have»been sterilized, but if 

not sterile must be prepared freshly)............ 1000 ec. 


Dissolve the agar in the dextrose broth with the aid of heat and 
sterilize by heating in an autoclave for 20 minutes at 121.5° (about 
15 pounds pressure). Using 200-mm. tubes, place three cubes of the 
calf brain and two or three pieces of calcium carbonate in each and 
sterilize by heating in an autoclave for 20 minutes at 121.5° (about 15 
pounds pressure). Liquefy the agar and cool to 50°, aseptically add 
the ascitic fluid, mix well and pour aseptically into the previously 
sterilized tubes until each is about half filled. 


Chocolate Agar N. F. 

This is prepared in the same manner as Blood Agar, except that 
the blood is added to the liquefied agar, mixed well, avoiding air 
bubbles, and the temperature is then slowly raised to 95°. 


ae Egg Medium 
LO MEAD EDIT OT COC ODUNOO UNA C OME Looe Savon soe osms6 4 


Phenol, 5 per cent aqueous solution, a sufficient quantity. 

Wash the eggs with water, then with the phenol solution and allow 
them to dry in a sterile covered beaker. Open the eggs by making 
holes in each end and collect the contents in a flask. Add the distilled 
water, mix thoroughly, and place in culture tubes. Coagulate the 
liquid at a temperature between 80° and 90° with the tubes usually 
in a slanting position and sterilize the coagulated mixture by Process 
D or by any other adequate and suitable method. 


Loeffler’s Blood Serum N. F.. 
Blood Serum, sterile.......... 
Dextrose Broth, pH 6.8 to 7. Oat er oe eae ae 
Mix them in a sterile flask. Into sterilized culture tubes pour suit- 

able quantities of the mixture to form long slanted surfaces of the 

liquid when the tubes are in a slanting position. Coagulate at a tem- 
perature between 80° and 90° and sterilize the coagulated mixture 
by Process D or by any other TENS and suitable method, 


Selenite-F Broth N. F. 


Sodium: Selenite oe wis ceslesteaons seks tees cial rete ee 4Gm 
PODtONO WSs huvcdiomcl ater eee OEE crletccm eter 5 Gm 
TigetOsetnkct setae olson cate ney ee eine eee 4 Gm. ~ 
Sodium: Biphosphate: smsewe erence sce crs tieiae eine 10 Gm. 
Distilled Waters ses cmcliuetesclnyoke corte aateaee tetee 1000 ce 


Sodium Hydroxide, 1 N, a sufficient quantity, 

Add the ingredients in the order named to 800 ce. of distilled water 
and dissolve with the aid of gentle heat. Add sufficient 1 N sodium 
hydroxide to raise the pH to 7.0 to 7.1, add the remainder of the dis- 
tilled water, dispense in tubes and sterilize by Process D. 

Note—The special requirements of this medium and the fact that 
it cannot be stored satisfactorily when prepared make the use of the 
dehydrated product desirable. 


Special Media 
Avery’s Broth N. F. 


Beef Infusion Broth; pH 7.4'to. 7.8. cers se oust 100 ce. 
Dextrose, sterile 20 per cent aqueous solution........ - 5 ce 
Blood (of rabbits), defibrinated and sterile........... 5 ce. 


Aseptically add the dextrose solution ee the blood to the beef 
infusion broth and mix well. 
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Brilliant Green-Bile-Lactose Peptone 


Lad SUS Bia, 1g ea eRe Deo TE nae Ca: ae Ane 10 Gm. 
"AETV OLE). 5 ae RE Lee Donne ee ee 10 Gm. 
be IBEIES, 0 3 Ue IES a aie eg a ee 20 Gm, 
Brilliant Green, 0.1 per cent solution............ 13.3 ec. 
Sodium Hydroxide, 1 N 
Distilled Water, each, a sufficient quantity, 

SRECREITY SOM Ge creieis Ssraevete dt cae Nr Pe ans 1000 ce. 


Dissolve the lactose, peptone, and ox bile in 900 ce. of distilled 
water by the aid of gentle heat. Add sufficient 1 N sodium hydroxide 
to raise the pH to 7.4, add the brilliant green solution and sufficient 
distilled water to make 1000 cc. Filter and sterilize by heating in an 
autoclave for 20 minutes at 121.5° (about 15 pounds pressure). 


Bordet-Gengou Potato Medium 


GU EAA AA yo rhe es, cc Pos a hencranns Rei Cheha olen sg salleie Mex 125 Gm 
RP CIIMMRER  esncs cen, oe oho kanithe se fonclay ai date oars 10 ce. 

CME RIB MOLI Ces eA eh ttn oko Aetna athens es 5 Gm 
PR ERMmEELY SATOO COC « erencie tye. oc arn sup sve ere auelers gy eceuehe 30 Gm 


Blood, sterile, us 
Distilled Water, each, a sufficient quantity. 


Mix the potato, glycerin, and 250 cc. of distilled water and heat 
the mixture in an autoclave for 30 minutes at 121.5° (about 15 pounds 
pressure). Decant the supernatant liquid or strain through a metal 
strainer. To 250 cc. of this potato extract add the sodium chloride, 
the agar, and 750 ce. of distilled water. Dissolve the agar by the aid 
of heat, preferably in an autoclave. Filter through cotton and paper. 
Sterilize by heating in an autoclave for 30 minutes at 121.5° (about 
15 pounds pressure). For use, melt the stock medium as prepared 
above, cool to 50°, to each four parts aseptically add one part of the 
blood, and mix well. 


Cooked Meat Medium N. F. 


Prepare beef heart broth preferably, or beef infusion broth, adjust 
to pH 8.4 or make slightly alkaline to litmus, and heat in an Arnold 
sterilizer. Place some of the pressed-out meat used in preparing the 
broth in each of several culture tubes to the height of 2 to 3 em. and 
add 10 to 12 ce. of the broth. Sterilize by heating in an autoclave for 
20 minutes at 121.5° (about 15 pounds pressure). 

Unless the tubes have been sealed to exclude oxygen by the addition 
of 1 to 2 cc. of melted petrolatum to each tube before autoclaving, 
boil the culture tubes, just before inoculation, in a water bath for 10 
minutes to remove any absorbed oxygen, and cool to 45°. 


Corper’s Crystal-Violet Potato Medium 


Potatoes, 

Sodium Carbonate, Anhydrous, 

Crystal Violet, 

Glycerin, 6 per cent aqueous solution, 

Distilled Water, each, a sufficient quantity. 

With a 15-mm. cork borer, cut from the potatoes cylinders about 
75 mm. long. Obliquely cut each cylinder so as to form long slanting 
surfaces. Dissolve the anhydrous sodium carbonate and crystal 
violet in distilled water to give a solution containing 1 per cent an- 
hydrous sodium carbonate and 0.0015 per cent crystal violet. Soak 
the potato slants in this solution until they acquire a faint blue tint 
(2 hours or less). Wipe each potato slant with a clean towel and place 
in a 150-mm. culture tube containing 1.5 cc. of the glycerin solution. 
Sterilize by heating in an autoclave for 20 minutes at 121.5° (about 
15 pounds pressure). 


Lauryl Sulfate-Lactose Broth N. F. 


SS CMON Ns adoh binyais cleldcrs oes oe hist Gps ores 20 Gm 
Pe MMR eh ATA, yay sore cosh ie Mwoleue huis ews Se Gan, 
Potassium Phosphate, dibasic................. 2.75 Gm 
Potassium Phosphate, monobasic.............. 2.75 Gm 
INI OTICO sched. sat 2 oes dot ees ews ewe cas 5 Gm 
OtUeMi oar! SUA > 6. ciecoe a cies oo neler e as 0.1 Gm 
Distilled Water, a sufficient quantity, 
BRIE TL EOI erat Stee lo vorrei p suane raise ie) S10 ais aie ane "9, 0 1000 _— ce. 

Dissolve the ingredients in 1000 ce. of cold distilled water. Dis- 


pense in tubes with inverted vials, 10 cc. per tube. Sterilize by heat- 
ing in an autoclave for 15 minutes at 121.5° (about 15 pounds pres- 
sure). The final pH should be approximately 6.8. 

For certain purposes this medium is made so that the ingredients 
are present in a proportion per 1000 cc. of one and one-half times the 
amounts listed above. In such case the medium is tubed as above, 
but in 20-cc. quantities. 


Nitrate Broth N. F. 


EC EPCIE ELE NIL LALC ous cis tei lsc iercichs Ssevwls;mpeie: ih bis si eRe 0.2 Gm, 
[POND USMC. 9 pho 1 ORR RR RG REID Ea OR 10 Gm, 
PRR ISCOMVVLUGISy sath ote aa) sats sin ga ote ole vitaarshs wise 1000 cc. 


Sodium Hydroxide, 1 N, a sufficient quantity. 

Dissolve the potassium nitrate and peptone in the distilled water 
by the aid of heat. Add sufficient 1 N sodium hydroxide to raise the 
pH to 7.4 to 7.6. Filter, and sterilize by heating in an autoclave for 
20 minutes at 121.5° (about 15 pounds pressure). 


Petroff’s Medium 


Beef, free from fat and finely minced.............. 500 Gm. 
eer CUMS are a a tess lgc-ereraie rs rics gstohats fe p/ehallvionelsvays 75 ce 
DIRS bOD in toa crass tees oternleye oldraan a'nletoyaus ia 425 cc. 


UEZs. , 
_ Aleohol, 70 per cent aqueous solution, ‘ 2 
Crystal Violet, 1 per cent alcoholic solution, each, a sufficient 
quantity. 


Mix the glycerin and the water, add the meat, mix thoroughly, al- 
low to stand for from 12 to 24 hours in a refrigerator, then strain 
through cheesecloth, squeezing the meat as dry as possible. Filter 
the liquid through cotton and: paper and then sterilize by filtration 
through a sterile filter. 

Immerse the eggs in the alcohol for a few minutes. Remove them 
with sterile tongs, break them with a sterile spatula, pour the yolk 
and albumen into a sterile flask or beaker, and beat well with a 
sterile glass rod. Mix one volume of the previously prepared meat 
juice with two volumes of the beaten egg and to each 100 ce. of this 
mixture add 1 cc. of the erystal violet solution. Place in culture tubes, 
coagulate and sterilize by heating at 80° to 85° for 45 minutes on three 
successive days. : 

Ordinarily 350 cc. of the meat juice, 28 large eggs, and 10 cc. of 
the crystal violet solution are required for 100 ec. of medium. 

If the medium is to be used for the isolation of bovine tubercle 
bacilli the glycerin should be omitted, 


Sabouraud’s Dextrose Agar (Weidman’s Modification) 


PepLtone ee shee ee PMA cre atnnvee wore 6 eae BN 10 Gm. 
Agar shinely shreddeaumeerint sah. ns ee ee 18 Gm 
WOxtrOSC rE ne ee ee Ea es nie stDiel asanerayecens 40 Gm 


Dissolve the peptone, agar, and dextrose in the distilled water by 
the aid of heat, filter through cheesecloth, and sterilize by. Process D 
or by any other adequate and suitable method. 

Semi-solid Agar Medium N., F. 

Proceed as directed under Nutrient Agar, using 2 Gm. of agar for 

each 1000 cc. of nutrient broth. 


Serum Water N. F. 


Blood Serum seri. occecner ee fare ie teeter esate cessor ote 200 ce. 
FAN ATAade INGICATOL ey icine Capes Battered: he ioeregtee 10 ce 
DD istuled Waters siden eee ce che A ea We Be Mean titans 800 ce 


Mix them and sterilize by Process D. 


Serum Water, Hiss’ 
BOOM US CTUIDO Rate mart eles tee tog ital sacdeha 3, hada eager at ota ate 25 ce. 
Any aDesired Sum araete yor heme faa feel nine aoe 
ANdrades lA dicators Aer ane ee en eee 
PIISEMIOGEA VW bOL Lac ue te «ctaleeee eo eeioudt scents tad hohe de 74 cc. 
Add the blood serum to the distilled water and dissolve the sugar 
in this solution with the aid of gentle heat if necessary. Add the 
Andrade irfidicator, mix, and place in culture tubes. Sterilize by 
Process D. 


Voges-Proskauer Reaction Medium N. F. 


PSD OMG: Senet a ee ete aoe ee Gone eee 5 Gm 
DextrOsecn fee tk axe VA oe ee ns 5 Gm. 
Dibasic Potassium Phosphate..................-. 5 Gm. 
Distilled Water eet pee eee iets sae oie c enstennn stapes 1000 ce. 


Dissolve the peptone, dextrose, and dibasic potassium phosphate 
in the distilled water with the aid of gentle heat if necessary, filter, 
and sterilize by heating in an autoclave for 20 minutes at 121.5° 
(about 15 pounds pressure). 

The peptone must be of such a quality that it is capable of giving 
proper reactions with typical colonies. 


Indicators 
Andrade Indicator 
(Nerd EG GHS ity ee eats cre ne or EN ae 0.5 Gm 
DustilledsWater® yc. ers & spt Ve: Sine ere ee nde egeovalle 100 ce. 


Sodium Hydroxide, 1 N, a sufficient quantity. 


Dissolve the acid fuchsin in the distilled water and add the normal 
sodium hydroxide in small portions to the solution until the color 
changes from red to orange or yellow. The change in color is slow 
toward the end point and the normal sodium hydroxide should be 
added a drop at a time, shaking well after each addition and waiting 
for several minutes after the addition of each few drops. About 16 
ec. of the normal sodium hydroxide is usually required. Filter the 
solution and sterilize by heating in an autoclave for 20 minutes at 
121.5° (about 15 pounds pressure). 

Culture medium containing Andrade indicator is pink when hot; 
at room temperature it is pink when acid, colorless at pH 7.2, and 
colorless or pale yellow when more alkaline. 


Azolitmin Solution 


A HeLa tre ie estar Ae eve estou oe eee recon tae hata eceraretere 1 Gm 
DDIStILSGE WATE. Sn apetianAe v olokece, 3) alert eis ersten tat crea 80 ce. 
SAIGONOL! & ee Ae tarcecte ste crete loer ties te aabaiton de teste sane ate 20 ce. 


Heat the distilled water, dissolve the azolitmin in it, add the alco- 
hol, and mix. 


Bromocresol Purple Solution 


BromocresolPurple: i. is sreseno teva ojatsces aioe et wehatetane 0.1 Gm 
Diluted Alcohol, a sufficient quantity, 
Tolmake sade ets cis ee Mee rc ae dee, ote oes 100 ce. 


Dissolve the bromocresol purple in the diluted aicohol. 
The pH range is from 5.2 to 6.8. Unless otherwise specified, 1 cc. 
is used for each 1000 cc. of medium. 


Bromothymol Blue Solution 


Bromothymol Blue; a0. s seiwslesaieatee SHEN, gare 0.1 Gm 
Diluted Alcohol, a sufficient quantity, 
To make..... Reavers batcntians steep tala Dicha ee aioe wera 100 ce. 
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Dissolve the bromothymol blue in the diluted alcohol. é 
The pH range is 6.0 to 7.6. Unless otherwise specified, 1 cc. is used 
for each 1000 cc. of medium. 


Litmus Test Solution 

Litmus; powdered « .:2.2)c..scitawe | tae ee eas eee yee eet 25 Gm. 

Alcohol, 

Distilled Water, each, a sufficient quantity. 

Extract the litmus with three successive portions of 100 ec. each 
of boiling alcohol continuing each extraction for about 1 hour. Filter, 
wash with alcohol, and diseard the alcohol solutions. Digest the 
residue with about 25 ec. of cold distilled water, filter, and discard the 
filtrate. Finally extract the residue with 125 ce. of boiling distilled 
water, cool, and filter. 

Litmus turns red with acids and blue with alkalies. The pH range 
is from 4.5 to 8.3. Preserve litmus T.S. in wide-mouthed containers, 
stoppered with loose plugs of purified cotton. 


Phenol Red Solution 


Dissolve the phenol red in the diluted alcohol. 
The pH range is 6.8 to 8.4. Unless otherwise specified, 1 ec. is used 
for each 1000 cc. of medium. = 


STAINING SOLUTIONS 


Dyes certified by the Biological Stain Commission are most suit- 
able for preparing the following solutions; dyes of higher or lower 
dye content may be employed, if the proper adjustment is made in 
the quantity used. 

“Gentian violet’ is a mixture of chemically allied dyes. ‘‘Crystal 
violet’’ is the name of one of these, hexamethyl-pararosaniline chlo- 
ride, in nearly pure form. The name of the mixture is retained in the 
titles of certain solutions, but the purer dye is required in the for- 
mulas. 


Acid Fuchsin Solution 


A CIGSBMGHSING <<! Ja, ee eee a ae ee ee 
Diluted HydrochloricyAcid sea oe ese ee ’ 
Distilted:sWater vec cata. oeoksas See ee cee 100 ce. 


Add the diluted hydrochloric acid to the distilled water and dissolve 
the acid fuchsin in the solution. 


Alcoholic Eosin Solution 


Ub yl  ROSiieass A: heen er ine cues come me nearer 4 £ 
IAT GONO): Sapp note a ea tame Os tee eee 100 ce. 


Dissolve the ethyl eosin in the alcohol. 


Aqueous Eosin Solution 


FUOS ITE LX vee Ae Oy were eee ea Ee cree, eee 0.1 to 1.0 Gm. 
Distilled swaters sects erie eee ee ee 100 ee. 


Dissolve the eosin Y in the distilled water. Variation in the con- 
centration of the solution is permitted for specific purposes. 
Aqueous Methylene Blue Solution 


Methylene: Bie xane eee on ee eee 4 
Distilled Water 22 se bak 2 Loe ee eee ee tee 100 ce. 


Dissolve the methylene blue in the distilled water. 


Basic Fuchsin Solution 


Basic. Fwehsin geicmn tices a acces ey tote: eee eae eee eer oe 60 mg. 
Distriled “Wisten i oact ook he ee ee eee 100 ce. 
Dissolve the basic fuchsin in the distilled water. 

Bismarck Brown Solution 
Bismarck Browser eer ae ree ere 0.2 Gm. 
Distiledswiater oct ites < ate ae Ce 100 ee. 


Heat the distilled water and dissolve the bismarck brown in it by 
agitation. 


Delafield’s Hematoxylin Solution 


AMMONIUM SALUTN sh cas. c cistees a eae Gee eae ee er 6.0 Gm. 
ELC A GOR VIENE cheek. aeons, oi 0.4 Gm, 
FATCONO! se eprrseeet a ct ence Foe ee Ce nee eae 2.5 ec. 
GUY Gerin yar etree eat suo fue. tc cee Perce ae 10 ee. 
Meth an olet, 73 rat, Meeting con ior ind cicvcpe cee en eo eee 10 ce. 
Distilled "Water senses sae es eee ee eee 40 ce. 


Dissolve the ammonium alum in the distilled water, and the hema- 
toxylin in the alcohol; mix ‘the two solutions, and expose the mixture 
to light and air in an unstoppered bottle for four days or longer; then 
filter and add the glycerin and the methanol to the filtrate. Allow 
this to stand in a well-stoppered container preferably for at least 2 


months, and filter if necessary until the solution is clear. Dilute 

with water as desired before using. 

Ehrlich’s Aniline Gentian Violet Solution 
@rystal Violet skra~.ch acs octane Ae ee ns oe 1.2 Gm. 
5: ivi E00)s ee OR rs REO Noes Ane Rate ae See 2 ec. 
AICODOLS. ...% 55 eS ee Oe Scie te EN a eH 1D ec: 
Distilled@w ater 2 eek tk. hae cre eae eee 98 ec. 


Shake the aniline with the distilled water, allow the mixture to 
stand several minutes and filter until clear. Dissolve the crystal- 
violet in the alcohol. Mix the two solutions. : 


Mayer's Hemalum Solution 


Heidenhain’s Hematoxylin Solution 
1? Ferrie-Ammontam Sulfate occ. ene see eee 


Distilled Watera. i). ku eee 100 cc. 


Zoe Hematoxylin oa <.cs tie. scien cave tere ene eee i 
Distilled Water 5) ds.0 00 hess oie Sexe renee 100 ce. 
Dissolve the hematoxylin in the distilled water. Allow the solution 
to stand in a well-stoppered container for 4 or 5 weeks and filter if 
necessary. 
Mix equal parts of the two solutions just before using as a stain. 


Hematoxylin and Eosin Solution 

i>. Hematoxylin etek Jct eae ee ee Z : 

Distilled  Waterd ns 6 on «a 5;c cic ere rere 100 ce. 

Dissolve the hematoxylin in the distilled water. Allow the solution 
to stand in a well-stoppered container for 4 or 5 weeks and filter if 
necessary. ; 

2. Aqueous Eosin Solution 

Mix equal parts of the two solutions just before using as a stain. 


Hucker's Gentian Violet Solution 


Crystal ‘Violet: .45 ste Aes ores be oa eee eee 2.0 Gm 
Ammonium Oxalateg ose ten ee eae eee 0.8 Gm 
Alcoholsoes.< 2 foe te te heh eee ee 20 ce. 
Distilled: Water. 3 oo8 Sela eee one eee 80 ee. 


Dissolve the crystal violet in the alcohol, and the ammonium 
oxalate in the distilled water; mix the two solutions and filter. 

The concentration of crystal violet may be varied as desired. 
Twenty cc. of alcohol solution of the dye is to be mixed with 80 ce. 
of aqueous solution of the ammonium oxalate. 


Iodine Water 

Iodine, 

Distilled Water, each, a sufficient quantity. 

Add iodine to distilled water and shake repeatedly during 24 hours 
to obtain « saturated solution. 
Loeffler’s Alkaline Methylene Blue Solution 


Methylene: Bhuecc naan tro sae ees avons ete rere i : 
AlCOHGI: 22 We, scent aa oye eae ae oR ne ST ee ee 30 ce. 
Potassium Hydroxide, 1-10,000 aqueous solution.. 100 ec. 


Dissolve the methylene blue in the alcohol, add the potassium 
hydroxide solution, and mix. é 


Mallory’s Stain 


13. Acid Puchsin-ee < .. oer, nee ee eee 0.5 Gm 
Distilled? Waters. 2%. ccc eee rae eee 100 ee. 

Dissolve the acid fuchsin in the distilled water. 

2.~- Aniline Blue, Water-soluble: ................. 0.5 Gm 
Orange"Gee ane oo ee eee eee 2.0 Gm 
Phosphotungstic Acid .. \..0-<.ssmease ene 1.0 Gm. 
Distilled Water® hk Aes..00- onowme te eee 100 ee. 


Dissolve the aniline blue, orange G, and phosphotungstic acid in 
the distilled water. 


FTeMA Gein nase ad oo he ee ee 1 Gm 
"Alun #22 3) scone 2c: AP baa gen ne a ae 50 Gm 
ALCOHOLS Set aol inn ststccaranec cheek ate SPAS ceeas eet ea 50 ee. 
Water Sik Saerdcek cr Shcacioes uae eee eee 1000 ee. 


Dissolve the hamatein in the alcohol, the alum in the water, and 
add the hematein solution to the alum solution slowly with constant 
stirring. Allow this to stand for several days and, before using, filter 
until the solution is clear. 


Nicollé Carbol-Gentian Violet Solution 


Grystal Vaolet), ics. <. cc re ae oe oe Ce 1.0 Gm. 
Phenoliwgee i 2 of oo ote Sas ee ee ee 1.0 Gm. 
AT COBO] a5 Sich ana of ste raheleyeee eae reactant reine eg amieee 10 ec. 
DistHiGd sWiater <= occk nae ee en cee Roce ree 100 ee. 


Dissolve the erystal violet in the alcohol, and the phenol in the 
distilled water; mix the solutions and filter. 


Neutral Red Solution 


NeutraltRed:s. Sa pomessne on et a Chey oe etree 1.0 Gm 
Distilled Waterss s.ccs eee ee Se eee ee 100 ce. 
Dissolve the neutral red in the distilled water. ' 
Pappenheim's Methyl Green-Pyronin Solution 

Methyl Green in). te ie ake ote, ere eee ee 1.00 Gm 
PyPONith: Vac eee ete Ra OS orca Ce Ee 0.25 Gm 
Peni oll str, Beene, eee ae eee, oes net ones Geer eee 2.0 Gm 
Aleohol 42 ees 7s eee cetricen, Hees etme eee eeene ae 5 ee. 
Glycerin 52-2 ae he ey ee 20° ce. 
Distilled “Waters. ee hee ee ae 100 ee. 


Dissolve the methyl green in the alcohol. Mix the glycerin and 
distilled water and dissolve the pyronin Y and phenol in the mixture, 
Mix the two solutions and filter. 


Safranin Solution 


_ Saftanin: O wpe e558 bx actita lacie oieiagets ete SP a 0.25 Gm. 
Alcohols, Sie. < ae cai eer Sen Stas eee eee eee 10 ce. 
Distilled “Water s4 fem ons ota eek ee 100 = ce. 


Dissolve the safranin O in the alcohol, add the distilled water, and 
mix. ‘ 
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Stirling’s Gentian Violet Solution 


ANGST ADIL \WiROITE rs Se ee eee ie On RMR Ran alc pear 5.0 Gm 
CAEN TE. ac BASEN soe no a 2.0 ce. 
LAL ELEGH 2 3.01 CARRE Roa ree ne 10 ce. 
MOLI MULO CMY LUGII.. etecclee ease eae cece oie Pa pitene wees 88 cc. 


Mix the aniline with the alcohol and dissolve the crystal violet in 
the mixture; add the distilled water, mix well, let stand for 24 hours 
or longer, and filter. 


Ziehl-N eelson Carbol-Fuchsin Solution 


EE pemeseCMENUT CIN [Tle ysis ewes oe oes Oe 0.3 Gm. 
JS SOONG EL . 2! .unth oaal tie aria ali A ep NR Ya ne Re LOM ce: 
LAVCWEVE Ch LET GES aCe) [SS RE nee a ce ee ECGs 
obs pilltee: Uae a ae Sree aan Ot are ae ee ne ae 95 ce. 


Dissolve the basic fuchsin in the alcohol, and the liquefied phenol in 
the distilled water; mix the solutions. 


Special Staining Technics 


For Blood 
Giemsa’s Staining Solution ‘ 
JAG ECS: VG 0S ey a 3.0 Gm 
Gees TT. 5 Se ee eae aos a pee 0.8 Gm 
GOL CSN, 5. A See ea ee 250 Gm 
ISLVAI SMEG]. 2 3 0 BR Se I a en An 250 Gm 


Mix the methanol and glycerin, warm to 60°, and dissolve the dyes 
in the mixture. Allow this to stand for about 24 hours and filter. 

The dyes are sometimes combined and marketed in a dry form as 
Giemsa’s Stain. A corresponding quantity of this may be substituted 
for the dyes. 


Wright's Staining Solution 


wiles Haus ARE TVD 8" ya a oo a 0.9 Gm. 
MOI SACHEDONALC cs... accche bes adacss dees vee 0.5 Gm. 
ioma WC. oo RUG Re eee Toa 1.0 Gm. 
MEET TAMU CET hs. vis ale slicgatle Vane ons sgae’e od sake Legos ove 600 ce. 


Methanol, a sufficient quantity. 

Dissolve the methylene blue and sodium bicarbonate in 100 cc. of 
distilled water, place in containers so that the depth of the solution 
is not more than 6 cm., and heat in a steam sterilizer at 100° for 1 
hour. Cool the solution and filter. Dissolve the eosin Y in 500 cc. of 
distilled water. Add this to the methylene blue solution, mix thor- 
oughly, filter, and dry the precipitate. This is Wright’s stain. 

For use dissolve 0.1 Gm. of Wright’s stain in 60 cc. of methanol, 
allow the solution to stand for a day or two, and filter. 

Wright’s stain is marketed in a dry form and a corresponding quan- 
tity of this may be used in preparing the solution. 


For Capsules 


Hiss’ Copper Sulfate Method— 


1. Ziehl-Neelsen Carbol-Fuchsin Solution, or a Gentian Violet 
Solution, see above. 


PRCT SCL SULA. GC: at ea. 5 Secu. 0n8 esea aerew's wisrele «ap aie 20 Gm. 
Distilled Water, a sufficient quantity, 
Blbmmctieh cea feces tats: cr etoridsl eet sat¥oray Rover «er sheqeiteeer ae 100 ce. 
Dissolve the cupric sulfate in the distilled water. 
For Diphtheria Bacilli 

Albert’s Method— 

Albert's Staining Solution 
PUPEETECUATOMIUILG) Soe cisis cus) ots evonnl ie sells cede ord ges oa 0.15 Gm. 
MMR a NER TOCUI tcp cere Teo) nhl sig seca avisce shone genes Son's 0.2 Gm. 
NerlemeIIA COLIC ACI bo. noc ces wos eS Nels cos wp ele 1.0 ce 
GNI RELLEL 5 5 Gg aiNtS ae Silene hae nnn ge ae 2.0 ce. 
MeN UTM ALESIS ar cere dears ws 0s) acaleeeisoug aile.e vans SR 100° = ee. 


Dissolve the toluidine blue and methyl green in the distilled water 
and add the glacial acetic acid and alcohol. Mix, let the solution stand 
for 24 hours, and filter. 


Iodine Solution 


MRCS 8 is Ne ie ce Es oo pileboun hen cheers Dae, sels 2.0 Gm 
NOTE TR INTO CLLCUG ic koe hese. dni ces teh Dir shay nee jaca Splece 3.0 Gm 
Lasers llgval \WiGpy 1 Gy Aen wa i a 5 300 ee. 


Dissolve the iodine and potassium iodide in 10 ce. of distilled water 
and mix this solution with the reaminder of the water. If desired, 
60 cc. of the distilled water may be replaced by an equal volume of 5 
per cent aqueous solution of sodium bicarbonate. 


Neisser’s Method— 
Neisser’s Staining Solution 


, MU PEREREELEEVGEES I UIGY, ap" op cicts. facie, Stoseflet outa airs aqeyeve, sshot ons'ee 0.1 Gm 
SES MRE recta ss olsits ie ge keine > onspaners ayatbecatonts 2.0 ce. 
MeO MIP AGOLILCTACICIa < . < diy sia <a alesis Aeveieecueloinienerelrs 5.0 ce 
Distilled Water, a sufficient quantity, 

Tg. Tries a 5 eee ae i es et ae ORCC 


‘Dissolve the methylene blue in distilled water, add the alcohol, 
glacial acetic acid, and sufficient distilled water to ‘make 100 ce., and 
mix, 


 Counterstain 


_ Bismarck Brown Solution, see above. 


Neisser’s Method, Modified— 
1. Neisser’s Staining Solution 
eee Cy StALY VAGLOU Sat etancte eee neers beth es 
EA TCOno) Merten Ae Ee ee ec eke een 10 ce. 
300 ce. 


Dissolve the crystal violet in the alcohol, add this to the distilled 


water, and mix well. 
Stay Chrysold Imm. seer reac dct hevuackicsuaine 1.0 to 2.0 Gm. 
DDistilledhw atercte a. Cane on wet ceeen. tree ee 300 ec. 


Heat the distilled water, dissolve the chrysoidin Y in it, and filter. 
The concentration may be varied as desired. 

For use, mix two parts of solution 1 with one part of solution 2 and 
counterstain with solution 3. 


Ponder-Kinyoun Staining Solution— 


NO MIMTGING RES MICA MN Gress he Sti eraexe) fieilacain Ser aise’ 100 . mg. 
PAN AD IES IANS py oka SIS 5G AIS ONS GLUT ae Ie CER LIER Pe ne 10 mg. 
Meth yloneeBb luo aero ciccans Geis ole a ec mlenuoiets 10 mg. 
GlacralvA cetier Acid aserers tire cle cinta eceheee, notations 1.0 ce. 
FACOG Meese we rate etch Ro ee Pe Much ein aoe esas oes 5.0 ec 
Distilled SWiateremcmmr tame cette tots is ace ioe cite 120 cc 


Dissolve the dyes in the alcohol, add the distilled water, then the 
glacial acetic acid, and let stand for 24 hours before using. Do not 
filter. One or two drops more of glacial acetic acid may be added to 
intensify the stain if it loses intensity on standing. 


Gram’s Staining Method— 


Stain 
A Gentian Violet Solution, see above. 


Gram’s Iodine 


LOGIN er WA ete Eee usin heat eee here ot mec aate 1.0 Gm 
Potassiumelodiden ae. wee ae ee se 2.0 Gm 
DIStIMOC MVE Leet perches eae Ree Serine octet omero 300 cc. 


Dissolve the iodine and potassium iodide in 5 cc. of distilled water 
and mix this solution with the remainder of the water. 
Decolorizer 

(a) Alcohol 

(b) Acetone 
Counterstain ‘ 

(a) Bismarck Brown Solution, see above. 


(b) Aqueous Eosin Solution, see above. 
(ec) Fuchsin Solution 


Ziehl-Neelson Carbol-Fuchsin Solution........... 10 ce 
Histill edbAWia ter. sccactaperemas ors orate in cael eaters Sate aiets 90 ce 
Mix them. 
(d) Safranin Solution, see above. 
For Spirochetes 
Fontana’s Staining Method— 
Fizative 
Gilacrali Acetic acid) si... s cake oren Oke oe siete cueti ene 1.0 ce 
HRormal deh yderSolutionsmm etki eee retrace 20 ce. 
Distilled aterc.s ase Jee Eee ies Pee ee eee 100 ce 
Mix them. 
Mordant 
ERarmie SA Cid seine stake toca tte kare ee ey ees 5.0 Gm 
TOOT Ol cmestn st. meee wick et koa nyehe, Race oe ee Ee Chicos 1.0 Gm 
IDystilled- Water 2. cag ane rate verte ce Melon eg avatars 100 ec. 
Dissolve the tannic acid and phenol in the distilled water. 
Stain 
LNODEN DEES GO om, cette aitreteuor oli eeie mie eC USES RT eee nat 5.0 Gm 
Distilled Wateres oti ke cert meee peace. caeaes 100 ce. 


Strong Ammonia Solution; a sufficient quantity. 

Dissolve the silver nitrate in the distilled water. Reserve a few ce. 
of the silver nitrate solution. To the remainder add strong ammonia 
solution, dropwise, until the precipitate which forms redissolves. 
Then add the reserved silver nitrate solution, dropwise, until a slight 
cloud is produced and this persists after shaking. This solution will 
keep for several months. 

India Ink Method— 

India Ink Suspension, homogeneous and fre2 from gross particles 

and bacteria. 


Por Tubercle Bacilli 
Ziehl-Neelsen Method 


Stain 
Ziehl-Neelsen Carbol-Fuchsin Solution, see above. 


Decolorizer 
(@ Ni trie AGid ais ah vie ones Naso ITS Sek Ge eda ce 10 ce 
Wistilled IWiaber asec 8% clce ch excrete une eeare aeRO ons 90 ce 
Mix them. 
(b) Nitric Acid or Hydrochlorie Acid............. 2 to 5 ce 
LW Go) oe PREY nen Sere COCR TOR IPCC SOR PaO oe en eI 95 ce 


Mix them. The acid and the concentration of the solution may be 
varied as desired. 
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(c) Orth’s Acid Alcohol 
Hydrechlori¢:Acid [45:03 eue ee eee ee 3 ce. 
Aléohol:).. 2. os. < oat Se wae oo Se ee ee 70 ce 
Distilled Water, a sufficient quantity, 
To make... . discs cise semiaistae wie siee a alot hese 100 ce 
Mix them 
Counterstain 
(a) Loeffler’s Alkaline Methylene Blue Solution, see 
above. 
(6) Trinitrophenol Solution 
Trinitrophenol «22:5 <iaacc ais eae ete 1.0 Gm. 
Distilled: Water 7:2. Ce ee eee 100 ce. 
Dissolve the trinitrophenol in the distilled water. 
Gabbett’s Method— 
1. Ziehl-Neelsen Carbol-Fuchsin Solution, see 
above. 
2:~ Methylene Blues. <taecot Siew ono oe eee 2.0 Gm. 
Sulfurie Acid th Secs oe eee oe ne Oh eee 25 CC. 
Distilled Water, a sufficient quantity, 
To makes oer ocd nitoce sts 8 had care Se ee 100 ce. 


Mix the sulfuric acid with the distilled water and dissolve the 
methylene blue in this solution. 


Pappenheim’s Method— 


1. Ziehl-Neelsen Carbol-Fuchsin Solution, see 
above. 


25s Rosoli¢ Acid, : 2s ses eae ae ee eee 1.0 Gm 
Methylene: Blues 4s 392 ee eee eee er 1.3 Gm 
Gly cerin.< 2.3: Soe Pee eee eee 20 ce. 
Aleohol. hac acres Be oe Re eee Cee Ee ee 100° ce. 


Dissolve the rosolic acid in the alcohol, add the methylene blue, and 
shake until dissolved, then add the glycerin, mix well, and filter. 


MISCELLANEOUS REAGENTS AND ACCESSORIES 
Clearing and Dehydrating Agents 
Alcohol 


Carbol-X ylene 
(a) Phenol. oc. c2 2 ck eee hoe ee ee 


VIER Sie ee chee ee oe nn 67 ce. 


Diluted Alcohol 
Clove Oil 
Xylene 


; Embedding Agents 
Collodion 
See U. S. Pharmacopeia XIII, 


Paraffin 


Paraffin with a melting point of 50° to 52° is suitable for use at 
usual room temperature (not above 25°). 
temperatures paraffin with a melting point of 53° to 55° is preferred. 
In the tropics and at room temperatures above 33°, paraffin with 
a melting point of 56° to 61° is most suitable. 


Fixatives 
Bouin’s Fluid 
Wormaldechyde Solution... .o...keuee eee eee 25 ec. 
Glacial’A ceticeAGid24)- wnat eee ee eee 5 ec. 


Trinitrophenol, 

Distilled Water, each, a sufficient quantity. 

Add sufficient trinitrophenol to distilled water to make a saturated 
solution and maintain an excess of trinitrophenol. Decant or filter, 
and to 75 cc. of the clear saturated solution of trinitrophenol add the 
formaldehyde solution and the glacial acetic acid and mix. 


Chromic Acid Solution 


Chromiums Prioxides. 0 con oe setae eee 10 Gm 
Distilled Water, a sufficient quantity, 
TO Make. J. sos ois was ceumicomec cee Beis TOE one 100 ce 


At somewhat higher room ~ 


Dissolve the chromium trioxide in the distilled water. For use, this 
solution is to be diluted with water as desired. 
Flemming’s Fluid 
Chromium ‘Trioxide? 2s...066 sees ee eee 0.75 Gm, 
Osmium Tetroxides®: a2) fates oe eee 0.40 Gm, 


Glacial’ Acetic Acide 5 aon foe oat teeta 1:0 to 5.0 ce. 
Distilled Water, a sufficient quantity, 
100 ec. 

Dissolve the chromium trioxide in 75 ce. of distilled water and the 
osmium tetroxide in 20 ec. of distilled water, mix these solutions and 
add the glacial acetic acid. Prepare freshly as needed. 

The amount of glacial acetic acid may be varied as desired. Be- 
cause of the very irritating properties of osmium tetroxide, a sealed 
vial containing 1 Gm. of it may be broken under 50 ce. of distilled 
water to obtain the 20 ce. of osmium tetroxide solution. To preserve 
the remainder store in a tight container protected from light. 


Formaldehyde Solution 
Formaldehyde Solution, diluted with water as desired. 


Osmic Acid Solution 
Osmium’ Tetroxides toss Sei on es clsioiototirde nites 1.0 Gm. 
Distilled Waters ess).cate cia siae Oh Paka eler Seerereets - "LOO teas 
Dissolve the osmium tetroxide in the distilled water. Because of 
the very irritating properties of osmium tetroxide, a sealed vial con- 
taining 1 Gm. of it may be broken under 100 ce. of distilled water to 
obtain the solution. : : 
Preserve in a tight container protected from light. 


Schaudinn’s Fluid 


Mercury: Bichloridessacemar cis ssvae oes ete eee 15 Gm 
AICOHOL So's '< ce oaks Se ee ace age ia te elena oee 100 cc. 
Distilled” Waters 3-%vacctete ch states wre.s Sie fe losueceeerste 200 ce 


Mix the alcohol and the distilled water and dissolve the mercury 
bichloride in the solution. 


Zenker’s Fluid 


Mercury: Bichloridess2¥.ce ee eecreave ois ct renee eee 5.0 Gm, 
Potassium: Dichromate nc aa teas eee eee 2.5 Gm, 
Glacial “AceticzgAcid 0.34.5 ae een cask eee 5 Yecs 
Distilled "Waters: Sine oucp ce tc ARE Eee 100 ce. 


With the aid of heat dissolve the mercury bichloride and the potas- 
sium dichromate in the distilled water contained in a flask or an enam- 
elled pan. This is Zenker’s stock solution. 

Immediately before use, add the glacial aceti¢e acid to the stock 
solution. 

If Formol-Zenker is desired, mix 10 cc. of formaldehyde solution 
with 90 cc. of Zenker’s stock solution. 


Immersion Oil 


Cedar Oil 
Cedar oil especially prepared to have a refractive index of 1.515 at 


Mounting Media 


Canada Turpentine (Canada Balsam, Fir Balsam) 
Canada Turpentine, dried to remove the volatile oil 
Xylene, each, a sufficient quantity. 
Dry the Canada turpentine to remove the volatile oil and dissolve 


it in xylene. The solution may be thinned by adding xylene or thick- 

ened by evaporation. 

Glycerin Jelly 
Gelatin: (Cee oe Set eee 40 Gm, 
Arsenic Trioxide, saturated aqueous solution........ 200 ce. 
Gly Gerin |) noes Soe ee ee re oe oe ee 120 ee. 


Dissolve the gelatin in the aqueous solution of arsenic trioxide with 
the aid of gentle heat, add the glycerin, mix well, and cool. 
Preserve in tight containers. 


Gum Damar 


Damar 

Benzene or Xylene, either, a sufficient quantity. 

Dissolve damar in benzene or xylene to obtain a thin syrupy solu- 
tion. Filter if necessary to remove insoluble material and evaporate 
at about 35° to the proper consistency. 
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testimony of an understanding, enlarging or changing 
the terms of the written contract, is not ordinarily ad- 
missible at a trial to enforce rights under the contract. 
Ignorance of this principle has often led to serious loss. 

What Contracts Must Be in Writing—There are cer- 
tain contracts, however, which the law requires to be 
in writing. These are, generally speaking, contracts to 
guarantee or stand surety for another, contracts dealing 
with rights in real estate, and contracts for the sale of 
goods over a certain figure. The local state laws need 
to be consulted on this point. 

Remedies for Breach of Contract—If a contract is 
broken, the party wronged may in nearly all cases sue 
the other in a court of law, asking money damages as 
compensation for loss sustained. In some cases, how- 
ever, where money damages would not compensate, he 
has the right to go into a court of equity and ask that 
the other party be compelled to carry out his agreement. 

Agency—Contracts involving agency are very impor- 
tant, as it is necessary for every business man to trans- 
act a great part of his work through agents. These may 
be general agents, with full power to act for their prin- 
cipals, or special agents, whose AOS is limited by 
the contract of employment. 

Duty toward Agent—The principal owes to the agent 
the duty of payment for services rendered and remunera- 
tion for expenses properly incurred. If the agent is 
an employee, he has other obligations toward him, 
looking to his safety and health. These obligations are 
generally defined in the various workmen’s compensa- 
tion laws which are in force in practically every state. 
Under these laws, the employee is paid compensation 
for injuries resulting from accidents suffered while en- 
gaged in the employer’s business, such payment being 
made according to a schedule set forth in the law. 
The amount of payment depends upon the severity of 
the injury and the earning power of the employee. 
The principal is further required to be insured against 
the risk of liability for such payment. 

Duty toward Employer—The agent owes to the prin- 
cipal the duty of loyalty and service. He may not make 
a secret profit out of his employment; he may not 
“serve two masters.” 

Duty toward Third Parties—The principal is bound 
by contracts made by his agent within the scope of the 
agent’s actual authority. The principal is also bound 
by contracts made by the agent within the scope of his 
apparent authority—even though such contracts be in 
direct violation of the agent’s instructions—unless, of 
course, such violation be known or should be known by 
the person with whom the agent is dealing. That ‘the 
act of the agent is the act of the principal,” is well 
established in the law. 

Agency by Estoppel—If a person without any author- 
ity whatever claims to be an agent of a certain princi- 
pal, it is the duty of that principal to speak out and deny 
the agency so as to put all other persons on their guard. 
If the so-called principal remains silent, and third 
parties are by his silence deceived into thinking that the 
person claiming to be such agent is telling the truth— 
then there is danger that the principal will become 
liable ‘‘by estoppel’ for any loss suffered by such third 
party. The innocent party, in cases such as this, is 
entitled to the protection of the law. 

Inability for Torts and Crimes—The principal is fur- 
ther liable to third parties for torts (wrongs) committed 
by the agent while seeking to further the employer’s 
business, and this is also true whether or not such 
wrongs were committed in violation of instructions. A 
principal, however, is not criminally responsible for 
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crimes committed by the agent, unless he instructed 
the agent to commit the crimes and thereby was a party 
to them. 

The Partnership—The simplest form of doing busi- 
ness is that of personal ownership, which has few com- 
plications. If, however, a partnership is formed, the 
law deems each partner both a principal and an agent— 
each partner is agent for all the others, within the scope 
of partnership business. It follows, therefore, that 
each partner can bind the partnership by contract; 
further, that each partner is responsible for all contracts 
made by the partnership and all debts incurred by it. 
This is true, irrespective of the size of the interest of 
the partner in the business—he is responsible for every 
cent of the firm’s debts, no matter what that interest is, 
so long as he is a partner. 

Partnership contracts, because of the highly person- 
alized relationships which they involve, should be care- 
fully drawn and entered into only after a full under- 
standing of the legal burdens imposed. 

Dissolution of Partnership—Upon dissolution of a - 
partnership it is most important that the retiring part- 
ner or partners cause public notice to be made of the 
fact of such dissolution; in addition specific notice 
should be given to all firms or individuals with whom the 
partnership has been accustomed to do business. If 
such notice is not given, there is the possibility of a 
“liability by estoppel” as previously discussed. 

The Limited Partnership—If individual liability is 
sought to be avoided, the device of a limited partnership 
may be employed. This is brought about by making 
application to the proper authority of the state, nam- 
ing the contribution of each partner toward the business 
capital. Upon permission being received to operate 
as a limited partnership, the word ‘‘Limited’”’ must be 
added to the firm name to give notice to the world that 
there is limited lability on the part of certain partners. 
There must always be at least one general partner in a 
limited partnership, whose lability is unlimited. 

The Corporation—The corporation is formed by 
authority of the state, which, upon application, grants 
a charter to the incorporators. This charter states the 
powers of the corporation. In its activities, the cor- 
poration is held to the powers expressly stated in the 
charter, and the obvious implications inherent therein. 

Capital Stock—The capital stock of the corporation 
is divided into shares, and the number of shares held by 
each stockholder is evidenced by the certificate of stock 
issued to him. The stockholders elect a board of 
directors who, with other officers, conduct the affairs of 
the corporation. 

Stock is either common or preferred. Common stock 
is the ordinary voting stock of the company. Its hold- 
ers share in the profits of the company, whenever divi- 
dends are declared by the directors. Preferred stock- 
holders are entitled to receive stated dividends (of an 
agreed upon per cent) before any payments or declara- 
tions whatever are made to the holders of common stock. 
The rights of all stockholders, so far as receipt of divi- 
dends is concerned, are printed on the certificates of 
stock issued to them. 

Liability of Stockholders—In case a corporation be- 
comes insolvent, stockholders are liable for only the 
amount of stock subscribed for by them, with certain 
exceptions with regard to banking corporations, etce., 
where the state law must be consulted. Many state 
laws also provide that when a corporation becomes in- 
solvent, the stockholders are held individually liable 
for payment of wages to employees. 

Bonds—Bonds of corporations are evidences of debt, 
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that money has been borrowed. The terms of pay- 
ment, the nature of the security, all questions of prior- 
ity, etc., are stated on the bond. Bondholders, of 
course, must be paid in accordance with these terms, 
before any money is paid to stockholders. 


* Commercial Paper—Practically every state has en- 
acted the “Uniform Negotiable Instruments Law.” Its 
provisions state that ‘negotiable paper,’’ 7. e., bills of 
exchange, checks, promissory notes, etc., shall be nego- 
tiable by endorsement or delivery, so that a person who 
has given value for such negotiable paper, before the 
maturity date named thereon, has a right to proceed for 
non-payment, not only against the maker but also 
against all prior endorsers. Such non-payment is 
termed dishonor and the Negotiable Instruments Law is 
very specific in detailing how, when, and to whom such 
notice of dishonor must be given. 

Unless notice is given in strict accordance with this 
law, there can be no recovery against prior endorsers— 
though there can still be recovery against the original 
maker. 

Notice of Dishonor—Formal ‘notice of dishonor’ 
must be given to all prior parties on the note in order 
to hold them responsible. This notice must be given 
by a Notary Public, in a form called a “‘protest,’’ and 
such protest must be made at or immediately after 
the actual dishonor of the note. Consult local statutes 
for manner and time for such notice. Unless such notice 
is given in strict accordance with the statute, there can 
be no recovery under the law. 

If one desires to endorse commercial paper without 
incurring any liability thereunder, he should place over 
his signature the words ‘‘without recourse.” 

Negligence—A druggist is responsible if anyone is 
injured by the negligent act of himself or his agent, 
provided such act is done within the scope of the agent’s 
real or apparent authority. Negligence is the absence 
of proper care. What is proper care is a question de- 
pending on the facts in each case. 

The following excerpts from a judicial opinion ren- 
dered in disposition of a damage case resulting from the 


negligence of a pharmacist, afford a summary of the 


legal liability which attaches to a pharmacist when 
engaged in the practice of his profession: ‘‘A pharma- 
cist is required by law, in the first place to possess a 
reasonable and ordinary degree of knowledge and skill 
with respect to the pharmaceutical duties which he 
professes to be competent to perform. 

“In the second place, the law imposes upon the 
pharmacist the obligation to exercise all reasonable and 


_ ordinary care and prudence in applying his knowledge 


and skill in compounding medicine, filling prescriptions, 
and performing all the other duties of an apothecary. 
“Ordinary care’ with reference to the business of a 
pharmacist must therefore be held to signify the high- 
est practicable degree of prudence, thoughtfulness, and 
vigilance, and the most exact and reliable safeguards 
consistent with the reasonable conduct of the business.” 

Liability for Error in Filling Prescriptions—If a 
pharmacist fills a prescription according to its terms, 
ordinarily he is not responsible if the medicine fails to 
cure or even does harm to the person taking it. Cases, 
however, may arise where a pharmacist is under a 
special duty to guard the patient from harm. Where 


‘unusual circumstances show that the physician giving 


the prescription could not have been aware of the dan- 
gerous nature of the ingredients prescribed, a duty rests 


‘upon the pharmacist to refuse to fill the prescription. 
‘The pharmacist should be especially careful to see that 


the dosage is safe under the conditions prescribed, as 
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failure to observe this caution would, in all probability, 
constitute negligence on his part. 

The rule is universal that prescriptions may be filled 
only by a registered pharmacist or by some other person 
acting under his direct and immediate personal super- 
vision. 

Preservation of Prescriptions—There is quite a ques- 
tion among lawyers as to whether a prescription when 
once filled becomes the property of the pharmacist or 
the property of the state. There is no question, how- 
ever, that such prescription is subject to state inspec- 
tion. All prescriptions should be preserved by the 
pharmacist for at least five years. Special care must be 
observed in the numbering, filling, and preservation of 
prescriptions for narcotics. The state and federal regu- 
lations on this point must be followed most carefully. 

Poisons—It is held that a violation of a statute 
governing the care or use of the thing which does the 
damage is in itself negligence. It therefore is proper at 
this place to consider the special statutes concerning the 
sale of poisons. A poison has been defined as any drug 
known to the pharmaceutical or medical profession, which 
is liable to be destructive to adult human life if taken in 
quantities of GO grains or less. ‘This general definition 
is helpful in indicating the substances customarily re- 
garded as poisonous, but it is not followed in many of 
the state poison laws. It is difficult, if indeed not im- 
possible, to formulate a definition of the term ‘‘poison’ 
which will be found satisfactory under any and all 
conditions, : 

In some state poison laws, the substances covered are 
arbitrarily selected, thus avoiding the futility of 
definitive phraseology. As there is a vast lack of agree- 
ment among the state poison laws, the law of each state 
should be consulted whenever transactions in any given 
state are involved. 


Forbidden to Send by Mail—Under federal law the 
pharmacist is prohibited from transmitting poisons 
through the mails without special authority from the 
Postmaster-General. 

Labels—There is legislation in every state that 
whenever a poison is sold or delivered by a druggist at 
retail, the bottle, package, or other container of the 
substance must bear a label giving the name of the 
article, the word “poison” and the name and place of 
business of the seller. A druggist is further forbidden 
to sell any poison to a person without satisfying himself 
that the person understands the nature of the poison 
and intends to put it to proper use. 

Record of Sale Required—Pharmacists are required, 
under specific state laws, to register all retail sales of 
poisons in a book especially kept for that purpose known 
as “The Poison Register.’”’ The record of sale must 
include the name and address of the purchaser, the 
name of the seller, the date of sale, the name and 
quantity of the poison, and the purpose for which it is 
intended. 

In Maryland, the purchaser must affix his signature 
to the record of purchase, the effect of which is to give 
the seller a receipt for the poisons sold. 

It is interesting to note that courts have held that 
“The Poison Register’? must be used exclusively for that 
purpose. It must be preserved for the number of 
years stipulated in the state act, and is subject to in- 
spection by the proper state authorities. 

Other Special Legislation—Stringent laws govern the 
possession and sale of narcotics. These laws will be 
covered by other articles published herewith. The 
Federal Food, Drug and Cosmetic Act, which prohibits 
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adulteration or misbranding, will also be treated in a 
separate article. 

Abortifacients—By virtue of a United States law, it 
is forbidden to send through the mails any drug or 
device tending to produce abortion. The current 
view is that abortifacients are “dangerous drugs,” as 
this term is defined in the Food, Drug and Cosmetic 
Act, and are required to bear the legend “‘to be dis- 
pensed only on prescription.”’ The sale of such drugs 
is prohibited by law in several states, except when pre- 
scribed by physicians in the course of their professional 
practice. 

Advertising—Under the terms of the Wheeler-Lea 
Amendment to the Federal Trade Commission Act, 
false or deceptive advertising of foods, drugs, devices, 
and cosmetics is made a federal offense. For the pur- 
pose of the amendment “false advertisement”’ is defiixed 
as follows: ‘The term ‘false advertisement’ means an 
advertisement, other than labeling, which is misleading 
in a material respect; and in determining whether any 
advertisement is misleading, there shall be taken into 
account (among other things) not only representations 
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made or suggested by statement, word, design, device, 
sound, or any combination thereof, but also the extent 
to which the advertisement fails to reveal facts material 
in the light of such representations or material with 
respect to consequences which may result from the use 
of the commodity to which the advertisement relates 
under the conditions prescribed in said advertisement, 
or under such conditions as are customary or usual. 
No advertisement of a drug shall be deemed to be false 
if it is disseminated only to members of the medical 
profession, contains no false representation of a material 
fact, and includes, or is accompanied in each instance 
by truthful disclosure of the formula showing quantita- 
tively each ingredient of such drug.” 

In many states, truthful advertising laws are in ef- 
fect, and these should be consulted by every pharmacist 
who engages in promotion or advertising in the usual 
manner. 

Animals—A discussion concerning the various Federal 
and State regulations controlling the employment of 
animals in biological assay procedures will be found in 
the chapter on ‘‘Biological Assaying”’ (page 999). » 


CHAPTER XCII 


LAWS GOVERNING THE PRACTICE OF PHARMACY 


THE PRACTICE of pharmacy, as a public health pro- 
fession, is regulated by law in every state. The police 
power, in the basic governmental sense, is invoked to 
surround the compounding and dispensing of prescrip- 
tions and the handling of drugs, medicines, and health 
supplies with those safeguards found necessary for the 
protection of the public. 

While drugs and medicines are essential to the treat- 
ment of disease, many of them are so highly dangerous 
that their distribution may be safely entrusted only to 
pharmacists who have met the exacting educational 
and professional requirements set forth in the pharmacy 


laws. Pharmacy standards are health standards, a 
truth which has been recognized by the legislature of 
every state. 

Pharmacy laws are an expression of that enlightened 
public policy which places upon the professions them- 
selves the responsibility for maintaining that degree 
and kind of professional service which the public wel- 
fare so urgently demands. 

While pharmacy laws of the different states may vary 
among themselves, they are in agreement with respect 
to the fundamental principles, purposes, aims, and 
objectives of pharmaceutical practice. 


THE BASIC LAWS REGULATING PHARMACY 


Pharmacy laws generally provide for: 


1. The educational and experience qualifications 
which pharmacists must meet at the time of 
examination or registration. 

2. The agency, known as the State Board of 
Pharmacy, charged with the enforcement and 
administration of the law. 

3. The granting of permits for the conduct of a re- 
tail pharmacy or drug store. 

4. The minimum of professional and technical 
equipment and apparatus which the phar- 
macy must, at all times, possess. The 
U.S. P. and the N. F. are generally included 
in this requirement. 

5. Periodic reregistration of pharmacists. In most 
states, certificates of registration are granted 

: for the period of one year. 

6. The conditions under which certificates of regis- 
tration or store permits may be cancelled or 
revoked. 

7. The prominent display of the certificate of regis- 
tration in the store or pharmacy in which the 
holder is employed. 

8. Penalties for violations. Infractions of phar- 
macy laws are misdemeanors, and are punish- 
able by relatively small fines in most instances. 

9. Reciprocal registration. A pharmacist licensed 
by examination in one state may, by conform- 
ing to more or less nominal rules, become 
registered in another state, the latter registra- 
tion being without examination. 

10. The discretion vested in boards of pharmacy. 
While the Board is authorized to make rules 
and regulations for the enforcement and ad- 
ministration of the pharmacy law, such rules 

i and regulations must be strictly in accord 
with the expressed purposes of the law. The 
Board is an administrative, not legislative, 
agency. It may not exercise any power or 
authority not clearly delegated to it, or which 
by reasonable implication is necessary to the 

proper functioning of the pharmacy law. 

11. The sale of proprietary and patent medicines, 

and commonly used household and domestic 
remedies by dealers other than pharmacists. 
As a rule, such dealers are unrestricted in the 
sale of preparations falling in these classifica- 


tions, although in some states permits by the 
Board of Pharmacy are required. 


Reciprocity—Reciprocal registration, referred to in 
item 9 above, is in effect in the following 47 states: 


Alabama Maine Oklahoma 
Arizona Maryland Oregon 
Arkansas Massachusetts Pennsylvania 
Colorado Michigan = Rhode Island 
Connecticut Minnesota South Carolina 
Delaware - Mississippi South Dakota 
D. of Columbia Missouri Tennessee 
Florida Montana Texas 
Georgia Nebraska Utah 

Idaho Nevada Vermont 
Illinois New Hampshire Virginia 
Indiana New Jersey Washington 
Towa New Mexico West Virginia 
Kansas North Carolina Wisconsin 
Kentucky North Dakota Wyoming 
Louisiana Ohio 


Pharmacists considering reciprocal registration should 
obtain in advance full information regarding the specific 
requirements for reciprocity in the state to which admis- 
sion is sought. For such information, write the Secre- 
tary of the National Association of Boards of Phar- 
macy, 77 West Washington Street, Chicago 2, Illinois. 


COMPOSITE PHARMACY LAW 


As the pharmacy laws in the several states vary in 
some minor details, a composite pharmacy law is here 
given. This will afford the student an opportunity to 
grasp their over-all objectives and purposes. Pharma- 
cists must, of course, be versed in the statutory require- 
ments imposed upon them by the state in which they 
practice. This is essential if violation of the pharmacy 
laws is to be avoided. 

The quoted paragraphs are taken verbatim either 
from state pharmacy acts or the so-called Uniform 
State Pharmacy Act sponsored by the Committee on the 
Modernization of Pharmacy Laws of the American: 
Pharmaceutical Association. The source of the quoted 
paragraphs is given in each instance, and in order to 
distinguish the quoted material from the explanatory 
portions of the text, the former is placed in smaller type. 


Title 


Aw Act to repeal Article ...... of the Code of Public General 
MCAWS OL Rox. Mareen aie aotearoa Artes , and to enact in lieu thereof 
a new Article entitled, the “Uniform State Pharmacy Act.” 
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The title is an important part of all bills submitted to 
the legislature and to all laws passed by it. The title 
must, in a very precise sense, give the purpose of the 
measure and some indication of the means by which the 
purpose is to be accomplished. 


Finding and Declaration of Policy and Purpose 


“The Legislature (or whatever other designation is used in re- 
ferring to the lawmaking body) of the State (or Commonwealth) 
of hereby finds that it is essential 
to the public health and safety to regulate and control] the manu- 
facture, sale and distribution of drugs, cosmetics and medical 
supplies as defined in this Act: 

It is, therefore, hereby declared to be the policy and purpose 
of this Act to vest in an administrative agency composed of spe- 
cially trained, competent and skilled persons the power and 
authority to administer and enforce the provisions of this Act, 
to the end that the manufacture and distribution of drugs, medi- 
cal supplies and cosmetics and the compounding and dispensing 
of prescriptions may be properly regulated and supervised iiethe 
ree of public health and safety.” (Uniform State Pharmacy 

ct 


While it is not necessary that a legislative act, such as 
the State Pharmacy Law, include a declaration of 
policy and purpose, such declaration often proves ad- 
vantageous. It is of aid to the court when the constitu- 
tionality of the measure is involved, and also throws 
much light upon the meaning of the various provisions 
of the law. And, it serves to inform the members of 
the legislature having the measure under consideration 
the objectives sought by the passage of the law. 


Enacting Clause 


SECTION 1 


BE IT ENACTED BY THE GENERAL ASSEMBLY OF .............. 
Bole ayere (or whatever the proper designation of the lawmaking 
body may be), That Article ...... of the Code of Public General 
LAWSOL Creo ee (or whatever the proper designation may 
be) * titles. 3 ener ae ee , be and the same is hereby repealed. 


SECTION 2 

AND BE IT FURTHER ENACTED, That a new Article be added to 
the Code of Public General Gawsiot=s..4502: sen ese se (or 
whatever the proper designation may be), to be known as Article 
of said Code, entitled “‘Uniform State Pharmacy Act’’ 


oro ee ee 


with appropriate subtitles. 


As a general rule, the state constitutions do not re- 
quire an enacting clause but courts have very generally 
held that an aceurate enacting clause is essential to valid 
legislation. 

In presenting bills to the legislature of any state, the 
enacting clause should be so drawn as to meet the re- 
quirements of that particular state. For instance, a bill 
introduced in the Pennsylvania legislature should con- 
form with Pennsylvania custom and usage with respect 
thereto. 


Short Title 


Tuts Act shall be known as the “Uniform Pharmacy Act of 


the: StateOfyir sain ve ocd oe eee crus 


The ‘Short Title,” as the term itself suggests, is a 
convenient device by means of which legislation may be 
referred to in a brief, concise manner. 


Definitions 


“For the purpose of this Act: 

(a) The term ‘pharmaey’ shall be held to mean and include 
every store or shop or other place where (1) drugs are dispensed, 
or sold at retail, or displayed for sale at retail; or (2) where 
physicians’ prescriptions are compounded; or (3) which has upon 
it or displayed within it, or affixed to or used in connection with 
it, a sign bearing the word or words ‘Pharmacist,’ ‘Pharmacy,’ 
‘Apothecary, ” ‘Drug Store,’ ‘Druggist, ; ‘Drugs, 3 ‘Medicines,’ 
‘Medicine Store,’ ‘Drug Sundries,’ ‘Remedies,’ or any word or 
words of similar or like import; or (4) where the characteristic 
show bottles or globes filled with colored liquids or otherwise 


Said new Article to read as follows: 


LAWS GOVERNING THE PRACTICE OF PHARMACY 


colored, are exhibited; or (5) any store or shop or other place, 
with respect to which any of the above words are used in any 
advertisement.”” (Uniform State Pharmacy Act) 


Basic definitions are essential to the clarity, adminis- 
tration, and enforcement of any law. Thus, the term 
“pharmacy” as here given, is meant to be broadly in- 
clusive of all places, functions, and public representa- 
tions having any bearing upon the compounding, dis- 
pensing, or distribution of drugs and medicines. 

In the foregoing definition, it is interesting to note 
that a pharmacy may conform to all of the numbered 
qualifications or it may be a pharmacy if it conforms to 
any one of them. For instance, a store or shop or other 
place where drugs are dispensed or sold at retail, or dis- 
played for sale at retail, becomes a pharmacy quite 
aside from whether it does any of the other things pro- 
vided for in the definition. The point is that each of 
the numbered requirements is exclusive of the other, and 
is sufficient in itself to constitute a pharmacy under 
this definition. 

In contrast with the definition given above, the 
Pennsylvania Pharmacy Act defines “pharmacy” as 
follows: 


“The term ‘pharmacy’ when not otherwise limited, shall, for all 
the purposes of this Act, be taken to mean a retail drug store or 
any place where drugs, medicines, or poisons are compounded, 
dispensed, prepared, or sold at retail.” 


“The term ‘drug’ means (1) articles recognized in the official 
United States Pharmacopeeia, official Homeopathic Pharma- 
copeeia of the United States, or official National Formulary, or 
any supplement to any of them, intended for use in the diagnosis, 
cure, mitigation, treatment, or prevention of disease in men or 
other animals; and (2) all other articles intended for use in the 
diagnosis, cure, mitigation, treatment, or prevention of disease 
in man or other animals; and (8) articles (other than food) in- 
tended to affect the structure or any function of the body of man 
or other animals; and (4) articles intended for use as a component 
or any articles specified in clause (1), (2), or (3); but does not in- 
clude devices or their components, parts or accessories.”’ (Uni- 
form State Pharmacy Act) 


The definition of the term ‘‘drug”’ as here given, is 
identical with that in the Federal Food, Drug and Cos- 
metic Act, with one exception. Under the federal 
law, the term ‘‘drug”’ means’ ‘‘articles recognized in the 
official United States Pharmacopeceia, official Homeo- 
pathic Pharmacopeeia of the United States, or official 
National Formulary, or any supplement to any of 
them.” 

This definition is essential to the purposes of the — 
Food, Drug and Cosmetic Act which, among other 
things, is established to prevent interstate commerce 
in adulterated or misbranded drugs. The Pharmacy 
Act, however, is concerned more with matters of dis- 
tribution and seeks to include within the term “drugs” 
only those articles recognized in the official compendia 
that are ‘intended for use in the diagnosis, cure, mitiga- 
tion, treatment, or prevention of disease in man or other 
animals.” 

Hence, under the Food, Drug and Cosmetic Act, 
such substances as sugar, salt, lard, allspice, nutmegs, 
distilled water, and other similar products, are drugs; 
but they would not be so considered under this defini- 
tion, as to include them would be inconsistent with the 
theory and purposes of the Pharmacy Law. 


“‘The term ‘cosmetic,’ which shall be held to include ‘dentifrice’ 
and ‘toilet article,’ means (1) articles intended to be rubbed, — 
poured, sprinkled, or sprayed on, introduced into, or otherwise 
applied to the human body, or any part thereof ‘for cleansing, 
beautifying, promoting attractiveness, or altering the appearance; 
and (2) articles intended for use as a component of any such ar- 
ticles; except that such term shall not include soap.” (Uniform 
State Pharmacy Act) 
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This definition of “cosmetic” is identical with that in 
the Food, Drug and Cosmetic Act. 


“Medical supplies means, in addition to drugs, biological prod- 
ucts and all other parenteral medication, absorbent cotton, 
bandages, gauze, sutures, compacts, compresses, surgical dress- 
ings of all kinds and descriptions, and all other products, prepara- 
tions, other than foods, used in the diagnosis, cure, mitigation, or 
prevention of disease in man or other animals, or intended to 
affect the structure of any function of the body of man or other 
animals, but shall not include instruments, appliances, or devices 
used by physicians, dentists, nurses, or veterinarians in the pur- 
suit of their professional practice.” (Pennsylvania Pharmacy 


Act) 


This definition closely follows that set forth in the 
Uniform State Pharmacy Act, and is another expression 
of the belief that the production and distribution of 
medical supplies, together with drugs and medicines 
generally, need to be brought under permit control. 


“The term ‘prescription’ as used herein means an order for 
drugs or medicines or combinations or mixtures thereof, written 
or signed by a duly licensed physician, dentist, veterinarian, or 
other medical practitioner licensed to write prescriptions intended 
for the treatment or prevention of disease in man or animals, and 
includes orders for drugs or medicines or combinations or mixtures 
thereof transmitted to pharmacists through word of mouth, tele- 
phone, telegraph, or other means of communication by a duly 
licensed physician, dentist, veterinarian, or other medical prac- 
titioner licensed to write prescriptions intended for the treatment 
or prevention of disease in man or animals, and such prescriptions 
received by word of mouth, telephone, telegraph, or other means 
of communication shall be recorded in writing by the pharmacist 
and the record so made by the pharmacist shall constitute the 
original prescription to be filed by the pharmacist.”’? (New Jersey 
Pharmacy Act) 


This definition is designed to reach and include every 
situation likely to arise with respect to the prescribing 
of drugs and medicines upon the part of duly licensed 
physicians, dentists, veterinarians, or other qualified 
medical practitioners. 

Without exception, the pharmacy laws limit the 
compounding and dispensing of prescriptions to the 
registered pharmacist, or to persons acting under his 
immediate and personal supervision. 


“The term ‘person’ shall be held to mean and include ‘person,’ 
‘eo-partnership,’ ‘association,’ or ‘corporation.’”’ (Uniform State 
Pharmacy Act) 


This definition is customary as it provides broad 
coverage without undue repetition. 


Administration 


“There shall exist and be maintained within this State, a Board 
of Pharmacy to be known as the ‘ Board of 
Pharmacy’ with duties and powers as hereinafter defined and 
provided. The said Board of Pharmacy shall consist of five (5) 
members, and the now existing State Board of Pharmacy, hereto- 
fore appointed, shall continue in office and shall act as the 
3 do) oe Board of Pharmacy, with all the duties and 
powers as herein provided, until the terms of its present members 
respectively expire, the vacancies as they occur to be filled in 
keeping with the requirements of this Act.” (Uniform State 
Pharmacy Act) 


The numerical strength of the Board varies greatly. 
For instance, 21 states have a Board consisting of 5 
members while New York has 10, Louisiana 9, and 

- Alaska 7. On the other hand, Colorado, Maine, Mon- 
tana, New Hampshire, Washington, and Wyoming have 
Boards consisting of 3 members only. 


“Hereafter, only registered pharmacists who have been licensed 
in this State for at least five (5) years and are actively engaged in 
retail pharmacy shall be eligible for appointment to the said 

Board of Pharmacy.” (Uniform State Pharmacy Act) 


As one of the duties of the Board is to pass upon the 
fitness of applicants to engage in the practice of phar- 
macy, it is generally required that its members shall 


* standing in this State.” 
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have been actively engaged in pharmaceutical practice 
for a designated period of years. 

It should be pointed out, however, that this require- 
ment, which in some states is as high as ten years, has 
been criticized on the ground that only those pharma- 
cists are eligible for Board membership who have been 
out of touch with educational methods, techniques, and 
objectives for five or ten years, as the case may be. 

This provision has been subject to the further criti- 
cism that it makes a lack of familiarity with pharma- 
ceutical education one of the requisites for Board mem- 
bership. 


“The members of the Board shall be graduates of a school or 
college of pharmacy generally recognized at the time of gradua- 
tion, but they shall not be connected with any school or college 
of pharmacy in a professional or executive capacity.” (Uniform 
State Pharmacy Act) 


The purpose here is twofold. First, to assure that 
Boards of Pharmacy consist of soundly trained phar- 
macists, and second, to obviate the possibility of mem- 
bers serving in a dual capacity. 


“Yhe Governor shall appoint the members of the said Board of 
Pharmacy who shall serve for a term of five (5) years, or until 
their successors are appointed and have duly qualified; proviDED, 
that the terms of office shall be so arranged that the term of one 
member shall expire on the thirty-first day of December of each 
year; vacancies occurring in the Board other than by expiration 
of term shall be filled for the unexpired term only.” (Uniform 
State Pharmacy Act) 


The Pharmacy Acts generally provide that the mem- 
bers of the Board shall be appointed by the Governor. 


“On or before December first of each year, the State Pharma- 
ceutical Association shall from among its membership, nominate 
five (5) candidates who shall meet the requirements as herein 
provided, for the next occurring vacancy on the said Board of 
Pharmacy, and from among the nominees when regularly sub- 
mitted and certified by the president and the secretary of the 
association, the Governor shall make his appointment for the 
vacancy or vacancies occurring in the Board. Appointees to the 
said Board of Pharmacy shall, within thirty (80) days after their 
appointment, take and subscribe to an oath or affirmation before 
a properly qualified officer, that they will faithfully and impar- 
tially perform the duties of their office, which oath or affirmation 
shall be filed with the Secretary of State.” (Uniform State Phar: 
macy Act) 


The State Pharmacy Acts customarily provide for 
submitting to the Governor a list of nominations from 
which he may select the persons to constitute the Board. 
In some states the Governor is limited to the list so 
submitted, but in most states the list is advisory only. 
As a practical matter, however, the Governor usually 
shows proper courtesy by confining his appointees to 
the Association list. 

“The said Board of Pharmacy shall organize by electing a presi-~ 
dent and a vice-president, both of whom shall be elected annually 
from its members, and a secretary who may or may not be a 


member of said Board who is a registered pharmacist in good 
(Uniform State Pharmacy Act) 


As the Board is a functioning agency, it must be 
organized so as to conform to parliamentary usage. 
While the secretary of the Board must be a registered 
pharmacist, he need not necessarily be a member of the 
Board. In fact, in many states he is not a member, but 
is chosen by the Board because of his peculiar fitness for 
the duties to be performed. 

“The said Board of Pharmacy shall have the right to employ 
inspectors, chemists, agents, and clerical help for the proper con- 
duct of the office, and shall have authority to employ an attorney 
to assist in prosecutions under this Act, and for any other purpose 
it may deem necessary.”’ (Uniform State Pharmacy Act) 

The Board must have the technical and clerical aid 
and assistance necessary for the proper conduct of the 
office. ; 
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“The president of the said Board of Pharmacy shall preside at 
all the meetings and in his absence or inability to preside, the 
vice-president shall so act.’”’ (Uniform State Pharmacy Act) 


This is, of course, customary procedure, and requires 
no special comment. 


“The secretary of the said Board of Pharmacy shall be the 
executive officer in charge of the Board’s office. He shall make, 
keep, and be in charge of all records and record books required to 
be kept by the said Board, including a record of all registrations 
required under this Act, and shall attend to the correspondence of 
the said Board and perform such other duties as the Board may 
require, in keeping with the office of secretary. He shall receive 
and receipt for all fees collected under this Act, and also collect, 
receive, and receipt for all fines imposed under this Act, in prose- 
cutions brought by the said Board of Pharmacy, or under its 
direction, and at regular intervals as ordered by the Board, shall 
pay the same over to the State Treasurer for the use of the said 
Board of Pharmacy. All disbursements shall be made by war- 
rant, or voucher signed by the president and the secretary cf the 
said Board.” (Uniform State Pharmacy Act) 


As the secretary is the executive officer of the Board, 
it is necessary that his duties be defined and his specific 
responsibilities fixed in so far as these can be done by 
legislative act. 


“The secretary of the said Board shall furnish a bond, the 
amount of such bond to be fixed by the Board, conditional upon 
the faithful performance and discharge of the duties of his office 
according to law. 

The secretary shall receive a salary to be fixed by the Board, 
and all necessary expenses incurred in the performance of his 
official duties. 

The president and the secretary of the Board shall be em- 
powered to administer oaths in connection with the duties of the 
Board.” (Uniform State Pharmacy Act) 


These are mere routine matters, and are customary 
in legislation of this kind. 


“the books, registers, and records of the Board as made and 
kept by the secretary or under his supervision, subject to the 
direction of the Board, shall be prima facie evidence of the matter 
therein recorded, in any court of law.” (Uniform State Phar- 
macy Act) 


Courts generally give much weight to the records, 
activities, and findings of the Board of Pharmacy and 
hence the books, registers, and records which the Board 
is required to keep constitute prima facie evidence in 
any court proceedings in which they are involved. 


“The said Board of Pharmacy shall hold meetings for the ex- 
amination of applicants for registration and for the transaction 
of such other business as may legally come before it, at least three 
(3) times a year and such additional meetings as may be deemed 
necessary. Three members shall constitute a quorum for the 
transaction of any and all business. Due public notice of all 
meetings shall be given at least thirty (80) days in advance of 
said meetings.” (Uniform State Pharmacy Act) 


It is interesting to note that a Board may not conduct 
any private or special examination. Therefore, it is 


required that due public notice be given of all meetings 


at which examinations are conducted. 


“The Board shall make a written report annually to the Gover- 
nor of the state and to the State Pharmaceutical Association, of 
its proceedings and of its receipts and disbursements under this 
Act, including also the names of all registrants duly licensed to 
practice under this Act and record of permits and renewals,” 
(Uniform State Pharmacy Act) 


The purpose here is again twofold: One, to account 
to the Governor, as the head of the state, with respect 
to the Board’s proceedings, activities, and financial 
matters; and two, to keep the State Pharmaceutical 
Association informed with respect to the conduct of 
those pharmaceutical affairs entrusted to the Board. 


“The Board may refuse an application for examination or may 


suspend or revoke the certificate of a registered pharmacist or a 
registered assistant pharmacist for any of the following causes: 


/ 
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When the application or registration is shown to have been 
obtained by misrepresentation or fraudulent means or when the 
applicant or registrant is guilty of chronic or persistent inebriety, 
or addiction to the use of narcotic drugs, or has been convicted of 
violating any law of this or any other state or of the United States 
relating to narcotic drugs, or has been convicted of violating the 
provisions of any law relating to the sale of liquors, or has been 
twice convicted of violating any law relating to the practice of 
pharmacy, or has been convicted of a crime involving moral 
turpitude, or has impersonated an applicant for registration be- 
fore the Board. Before a certificate shall be refused, suspended, 
or revoked, the accused person shall be furnished with a copy of 
the complaint and given a hearing before the Board. Any per- 
son to whom a certificate shall be denied by the Board or whose 
certificate shall be suspended or revoked by the Board shall have 
the right to appeal by certiorari to the supreme court for a review 
of such action.”” (New Jersey Pharmacy Act) 


As the pharmacist, of necessity, is engaged in matters 
of vital concern to the public welfare, it is assumed that 
his professional conduct is consistent with his profes- 
sional and civic obligations. 

However, the law takes cognizance of the frailties of 
human nature and provides for the suspension or revoca- 
tion of the pharmacist’s registration in cases of gross 
dereliction of his professional duties. 

The New Jersey Pharmacy Law sets forth the reasons 
for suspension or revocation of the pharmacy certificate 
and the manner in which this may lawfully be done. 

The Pennsylvania Pharmacy Act deals with this 
matter in the following language: 


“The registration of any pharmacist or assistant pharmacist, 
under this act of Assembly, may be revoked by the Pennsylvania 
Board of Pharmacy, when the registration is proved to have been 
obtained by fraudulent means, or suspended or revoked upon 
being convicted for a second violation, in connection with the 
practice of pharmacy, or any law of this Commonwealth or of the 
United States. 

“Before any registration is suspended or revoked, the holder 
of such registration certificate shall be given a hearing before the 
Board of Pharmacy, after notice of the time and place of such 
hearing and of the charges made against him. At such hearing 
the accused may be represented by counsel, and shall be entitled 
to compulsory attendance of witnesses.’ (Pennsylvania Phar- 
macy Act) 

“The said Board of Pharmacy shall make such rules and regula- 
tions, not inconsistent with law, as may be necessary to carry out 
the purposes and enforce the provisions of this Act, and is hereby 
authorized, after due notice and opportunity for hearing, to re- 
voke any permit when information in possession of the Board 
shall disclose that such operations for which the permit was issued 
are not being conducted according to law or are being so conducted 
as to endanger the public health or safety.” (Uniform State 
Pharmacy Act) 


Boards of Pharmacy are customarily empowered to 
make such rules and regulations as are necessary to the 
enforcement and administration of the Pharmacy Law. 
However, the power to make rules and regulations may 
not be used to accomplish, in the name of the Pharmacy 
Act, that which the legislature has not specifically 
sanctioned. The power to revoke for cause any permit 
granted by the Board is essential to the enforcement of 


the Act, and for the protection of the public in all 


matters to which Board permits are applicable. 


“The said Board of Pharmacy shall have the power to inspect 
in a lawful manner the drugs, cosmetics, and medical supplies 
which are manufactured, packed, packaged, made, sold, offered 
for sale, exposed for sale, or kept for sale, in the State and for this 
purpose shall have the right to enter and inspect during business 
hours any pharmacy or any other place in the State of 
NSE Bus Pee where drugs, cosmetics, or medical supplies. are 
manufactured, packed, packaged, made, sold, offered for sale, 
exposed for sale, or kept for sale.”’ (Uniform State Pharmacy Act) 


Such powers of inspection, as here discussed, have 
been found helpful not only in the enforcement of the 
Pharmacy Act, but also in preventing the manufacture 
and sale of adulterated and misbranded drugs and medi- 
cines. 
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The comparable provision in the Federal Food, Drug 
and Cosmetic Act reads as follows: 


“For purposes of enforcement of this Act, officers or employees 
duly designated by the Secretary, after first making request and 
obtaining permission of the owner, operator, or custodian thereof, 
are authorized (1) to enter, at reasonable times, any factory, ware- 
house, or establishment in which food, drugs, devices, or cos- 
metics are manufactured, processed, packed, or held, for introduc- 

tion into interstate commerce or are held after such introduction, 
or to enter any vehicle being used to transport or hold such food, 
drugs, devices, or cosmetics in interstate commerce ; and (2) to 
inspect, at reasonable times, such factory, warehouse, establish- 
ment, or vehicle and all pertinent equipment, finished and un- 
finished materials, containers, and labeling therein.” (Federal 
Food, Drug and Cosmetic Act) 


Qualifications for Registration 


Board at which examinations are to be held. Each application 
must be accompanied by an examination fee of §$ aa 
(Uniform State Pharmacy Act) 


With the exception of one or two states, college of 
pharmacy graduation is required for registration as a 
pharmacist. In determining whether a school or college 
of pharmacy is worthy of recognition and approval, a 
board of pharmacy may not base its conclusions upon 
its own arbitrary or capricious standard. 

In a comparatively recent case, Mauldin v. Matthews 
(41 S.C. 414) the Court declared “the statute does not 
confer upon the board of pharmaceutical examiners 
the power to exact of a college compliance with its own 
standards. On that point, the general assembly has 
directed that licenses be issued to graduates of repu- 
table colleges—that is; colleges of whose character those 
of the public having general acquaintance with the sub- 
ject, entertain a good opinion. 

“The ... College of Pharmacy, being a college of 
which such good opinion is entertained, is a reputable 
college; the board of examiners had, therefore, no dis- 

_ cretion to refuse to issue the license to the petitioner who 
is one of its graduates.” 


“Service and experience in a retail pharmacy under the super- 
vision of a registered or licensed pharmacist as required in this 
section shall be predominantly related to the selling of drugs and 
medical supplies, compounding prescriptions, preparing pharma- 
ceutical preparations, and keeping records and making reports 
required under the State and Federal statutes.”” (Uniform State 

Pharmacy Act) 


Practical drug-store experience is looked upon as an 

essential ingredient in the training of a pharmacist, 
and is required under the laws of every state. In gen- 
eral, one year of such experience meets the legislative 
' demand. 
In some states, notably Pennsylvania, experience, to 
be acceptable to the Board, may not be obtained prior 
to one’s sixteenth birthday. In Maryland, it is spe- 
cifically provided that vacation periods may be counted 
towards meeting the experience requirement, while in 
New Jersey, practical drug-store experience is on an 
accreditation basis and may be obtained only after full 
completion of the four-year college course. 

The New Jersey experience requirement is sometimes 
referred to as pharmacy internships, and to be worthy of 
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credit must be obtained only in those drug stores recog- 
nized for that purpose by the Board of Pharmacy. 

Records purporting to set forth practical drug-store 
experience must be validated under oath. 


“Any person enrolling as a student of pharmacy in any school 
or college of pharmacy in this State shall, not later than thirty 
(30) days after so enrolling, file with the secretary of the 

Board of Pharmacy an application for registration 
as a student of pharmacy in which said application he shall be 
required to furnish such information as the Board may deem ap- 

aid application, 
shall pay the Board a fee of 7-........... (Se ates ) Dollars; all 
such students of pharmacy shall, at the beginning of any subse- 
quent school or college year, submit to the said Board a sworn 
statement of any and all-actual drug-store experience acquired 


sae the preceding vacation months,”’ (Maryland Pharmacy 
ct 


The purpose of this provision is to enable the Board to 
satisfy itself with respect to the validity of the practical 


experience claimed by the applicant when he applies for 
examination. 


Renewal of Certificates 


“All certificates of registration issued by the 
Board of Pharmacy shall expire on the thirty-fi 
ber following the date of issuance of the same. 

“Every registered pharmacist engaged in the active practice of 
pharmacy shall pay to the secretary of the Board annually be- 
tween January first and March first a renewal fee of 
(Cte oe ) Dollars. 

“The payment of the renewal fee shall e 
to renewal of certificate. 


rst day of Decem- 


ll entitle the registrant 
If the renewal fee for any pharmacist’s 


ny year 
such certificate is hereby declared null and void, and the holder 
only upon 
) Dollars and 
ement from the pro- 
a period not exceeding 
ight to renew the regis- 


rgency the 
newal fees in the case of 
registered pharmacists in the military services of the United 
States.” (Uniform State Pharmacy Act) 


In the majority of the states, certificates of registra- 
tion expire annually, but may be renewed upon the 
payment of a specific fee in compliance with the legal 
requirements. Annual re-registration contributes to 
efficient law enforcement by affording the Board of 
Pharmacy a current list of all eligible to practice phar- 
macy within any calendar year, 


Reciprocal Registration 


his morality, sobriety, and close observ. 
tant laws touching the life of a pharmacist.”’ 
macy Act) 


Reciprocal registration is based upon equality of 
treatment, that is, a person registered in Pennsylvania 
im any given year would be eligible for registration in 
Nebraska, provided the requirements were equal to those 
in effect in Nebraska during the year in question. 


Minimum Equipment 


“Every pharmacy must be equipped with 


y it Dé roper ph i- 
cal utensils so that prescriptions can be prop ih Maasai 


erly filled and United 
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States Pharmacopcia and National Formulary preparations 
properly compounded. The. 03... sone ee Board of Phar- 
macy shall prescribe the minimum of such professional and tech- 
nical equipment which a pharmacy shall at all times possess, and 
such list shall include the latest revisions of the United States 
Pharmacopoeia and the National Formulary, or any supplement 
to either of them. No permit shall be issued or continued for the 
conduct of a pharmacy until or unless the provisions of this 
paragraph have been complied with.” (Uniform State Pharmacy 
Act 


While it is rather common for the state acts to re- 
quire every pharmacist to be in possession of the United 
States Pharmacopoeia and the National Formulary, only 
a few states empower the Boards of Pharmacy to deter- 
mine the professional and technical equipment and 
apparatus essential to maintaining adequate standards 
of pharmaceutical practice. In those states, however, 
in which the Boards are vested with this power by law, 
they have the authority to see to it that pharmacies ‘and 
retail drug stores are adequately equipped for the com- 
pounding and dispensing of prescriptions, and for the 
manufacturing of pharmaceutical preparations. 

There can be no doubt that the minimum equipment 
provision can be most helpful in maintaining pharma- 
ceutical work at the proper professional level. 


Permits 


SPromandiatvertliSmucrn-wcrasennras day Of va... cunocete ston LO 
it shall be unlawful 


“For any person to operate, maintain, open or establish any 
pharmacy within this State, without first having obtained a 
Permitso to. do) trom Ghelery stent een Board of Pharmacy. 

“On evidence satisfactory tothesaid..:.............. Board 
of Pharmacy: (a) that the pharmacy for which the permit is 
sought will be conducted in full compliance with the law and the 
rules and regulations of the said Board of 
Pharmacy; (b) that the location and appointments of said phar- 
macy are such that it can be operated and maintained without 
endangering the public health or safety; and (c) that said phar- 
macy will.be constantly under the personal and immediate 
supervision of a registered pharmacist, a permit shall be issued to 
SUCH persons as Gnelsa1C imine ert eee Board of Pharmacy 
shall deem qualified to conduct such pharmacy.” (Uniform 
State Pharmacy Act) 


In most states retail pharmacies or drug stores may 
be operated only under permits issued by the Board of 
Pharmacy. While many of the permit sections are not 
very explicit with respect to the degree of discretion 
vested in the Board, the mere fact a permit is required 
would seem to carry with it the power to deny the permit 
in appropriate cases. 

This does not mean that the Board of Pharmacy may 
act arbitrarily or capriciously, but where the facts indi- 
cate or strongly suggest that the store for which the 
permit is sought will be conducted in such a way as to 
endanger the public safety, the Board has the direct 
or implied authority to refuse the permit. 


“For any physician to engage in the compounding or dispensing 
of drugs and medical supplies to his patients in the course of his 
professional practice without first obtaining a permit from the 
Saket Seach n Rit aL Board of Pharmacy so to do. 

“The provisions of this sub-section shall also apply to those 
engaged in the practice of dentistry and those engaged in the 
practice of veterinary medicine. 

“All persons in this State who are engaged in the practice of 
medicine, dentistry, or veterinary medicine at the time this Act 
becomes effective shall be entitled to the permit required under 
this sub-section upon applying to the .................. Board 
of Pharmacy. All persons licensed to practice medicine, den- 
tistry, or veterinary medicine in this State after the effective 
date of this Act shall furnish evidence satisfactory to the Board 
of their qualifications to compound and dispense drugs and medi- 
cal supplies to their patients in the course of their professional 
practice before a permit under this sub-section shall be issued.” 
(Uniform State Pharmacy Act) 


This section of the Uniform State Pharmacy Act 
has not been adopted in any state. Attempts have been 
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made, however, from time to time, to require physi- 
cians, dentists, and veterinarians to show some knowl- 
edge of pharmacy before being permitted to dispense 
drugs and medicines in the course of their practice. 


“For any person to operate, maintain, open, or establish any 
hospital, clinic, dispensary, or any other place in which drugs and 
medical supplies are compounded or dispensed without first hay- 
ing obtained a permit from the Board of 
Pharmacy so to do.” (Uniform State Pharmacy Act) 


While this provision of the Uniform State Pharmacy 
Act has not been specifically adopted in any state, the 
general view is that the pharmacy or drug room of a 
hospital is a pharmacy and must be conducted in con- 
formity with the permit section and other provision of 
the State Pharmacy Act. The law is so enforced in 
New Jersey, Pennsylvania, and in many other states. 


“For any person to sell or offer for sale at public auction or to 
sell or offer for sale at private sales in a place where public auctions 
are conducted, any drugs, cosmetics, or medical supplies, without 
first having obtained a permit from the ................. Board 
of Pharmaey so to do, and it shall be necessary to obtain the per- 
MOUS OMOM INS A soo elo ebo dee ue Board of Pharmacy in every 
instance where any of the products covered by this Section are to 
be sold or offered for sale.” (Uniform State Pharmacy Act) 


Auction sales, such as contemplated here, are subject 
to permit regulation in Maryland and perhaps a few 
other states. Rigid control over such public auctions 
is strongly in the public interest, as otherwise, old, de- 
teriorated, and dangerous products might be promiscu- 
ously offered to the public. By requiring a permit, the 
law enables a Board of Pharmacy to investigate in each 
instance and to deal with it as the public safety sug- 
gests. 

“For any person to in any manner distribute or dispense of 
samples of any drugs or medical supplies without first having 
obtained a permit from the ...............-.. Board of Phar- 
macy so to do, and it shall be necessary to obtain permission from 
the Board of Pharmacy in every instance 
where any of the samples referred to in this section are to be dis- 
tributed or otherwise disposed of; PROVIDED, that nothing in this 
sub-section shall be held to regulate, or in any manner interfere 
with, the furnishing of samples of drugs or medical supplies to 
physicians, dentists, and veterinarians for use in their professional 
practice.” (Uniform State Pharmacy Act) 


This provision is in force in several states. Its pur- 
pose is not to discourage or prohibit the distribution of 
samples, but merely to regulate the practice as the pub- 
lic safety may require. 

“For any person to sell, offer for sale, vend, or distribute as a 
hawker, peddler, itinerant vendor, or house-to-house canvasser 
any of the articles mentioned in this section without first having 
Obtained ae permit irony tne memier isa ee ele Board of Phar- 
macy so to do, and they shall be permitted to sell, offer for sale, 
vend, or distribute only such drugs or medical supplies as may 
from time to time be prescribed by the ................. Board 
of Pharmacy.” (Uniform State Pharmacy Act) 


While the subject has long engaged the attention of 
pharmacists, physicians, and public health administra- 
tive agencies, there has been no successful legislative 
attempt to bring ‘‘the house-to-house canvasser” of - 
drugs and medicines under permit regulation and con- 
trol. Such canvassers constitute a serious law enforce- — 
ment problem, as it is much more difficult for the Board 
of Pharmacy to be informed with respect to the quality, 
strength, and purity of drugs and medicines distributed 
by itinerant vendors than with those sold from a fixed 
and definite place of business. 

“For any person to sell, offer for sale, vend, or distibate at 
wholesale or as a jobber, broker, agent, or ’ distributor or for resale 
in any manner in this State any of the articles mentioned in sub- 
section (b) of this section, without first ae obtained a permit 


so to do from the ,-... Board of Pharmacy.” 
(Uniform State Pharmacy Act) . 


AC) OL UONCHIONO s HOEC. Gs 


LAWS GOVERNING THE PRACTICE OF PHARMACY 


This section of the Uniform State Pharmacy Act has 
not been adopted by any state. 


Pharmacists to be in Charge 


“Except as otherwise provided in this article, every pharmacy 
shall be at all times, when open for business, under the personal 
supervision and management of a duly licensed and registered 
pharmacist.” (New York Pharmacy Act) 


The New Jersey Pharmacy Law requires that every 
drug store or pharmacy shall be operated or managed 
at all times by a registered pharmacist. 

Under the Pharmacy Act of Ohio, and this applies 
to pharmacy acts in general, it is provided that a phar- 
macy must be “‘in full and actual charge of a registered 
pharmacist.” 

The Pharmacy Act of Maryland specifically demands 
that ‘no pharmacy shall be at any time left in charge 
of any person who is not a registered pharmacist.” 

The question is frequently asked, ‘‘What is meant by 
being in charge?” 

In a case directly involving this point (Haas v. 
People, 27 Ill. App. 416), the Supreme Court of Illinois 
has had this to say: 


“The law makes it the duty of the owner to have in charge of 
his store a registered pharmacist. It is the corresponding duty 
of the latter to take charge, if he accepts the employment. Tak- 
ing charge of the store in this instance means something more 
than nominal representation of the owner. He is the person who 
must decide and control as to the sale of drugs, medicines, and 
poisons. The owner cannot pretend to put him in charge, and at 
the same time employ an unskilled person in the same store who 
is independent of him as to such sales. The registered pharmacist 
who enters upon the charge of such a store, upon such conditions, 
does so at his peril.” 


Prescription Files Required 


“There shall be kept in every pharmacy a suitable book or file, 
in which shall be preserved for a period of not less than five (5) 
years, every prescription compounded or dispensed at said phar- 
macy and said book or file of prescriptions shall at all times be 
open to inspection of the members of the 


Board of Pharmacy, or its duly authorized agents or employees.”’ 


(Uniform State Pharmacy Act) 


This is a routine provision in State Pharmacy laws. 
By preserving all prescriptions filled, the pharmacist has 
in his possession the best evidence should he be called 
upon to defend a damage suit based upon the allegation 
that a prescription has been imperfectly or incompe- 
tently filled. 

It is also necessary that enforcement officials have 
access to the pharmacist’s prescription files when and 
if the occasion occurs. 


Qualifications of Manufacturing Personnel 


“No drugs or medical supplies shall be manufactured in this 
Commonwealth except under the personal supervision of a regis- 
tered pharmacist, chemist, or other persons possessing at least 
five years’ experience in the manufacture of said drugs or medical 
supplies, or such other person approved by the State Board of 
Pharmacy after an investigation and determination by the said 
Board that such person is qualified by scientific or technical train- 
ing or experience to perform such duties of supervision, as may 
be necessary, to protect the public health and safety.” (Pennsyl- 
vania Pharmacy Act) 


There is a growing disposition to limit the manufac- 
ture of drugs and medicines to persons having the neces- 
sary professional and technical qualifications. 
The Pennsylvania Pharmacy Act also requires that 


__ “No place of manufacture of drugs and medical supplies shall 

be conducted or kept open for the transaction of business until 
it has been registered with, and a certificate of registration, which 
shall not be transferable, has been issued by the State Board of 
Pharmacy.” 
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Exemptions Favoring Physicians, Patent and 
Proprietary Medicines 


“Nothing in this Act shall apply to, nor in any manner inter- 
fere with the business of a regularly licensed physician in com- 
pounding for and supplying his patients with such medicines as 
may seem to him proper in his professional capacity as a physi- 


“And... nothing in this Act shall apply to, nor in any manner 
interfere with the business of a general merchant in selling any 
of the following articles, to wit: Medicines of secret composition, 
and which are advertised to the general public, and popularly 
known as patent or proprietary medicines, providing said medi- 
cines are not poisonous.’ (Jndiana Pharmacy Act) 


The Pharmacy Acts of all states recognize the right 
of the physician to dispense drugs and medicines to his 
patients in the course of his professional practice. Also, 
these acts are so written as not to interfere with the sale 
of patent or proprietary medicines. Generally, the 
Pharmacy Acts permit the indiscriminate -sale of 
commonly used household or domestic remedies. 


Non-Pharmacy Permit Control 


“Any store, not licensed as a pharmacy, may sell, in original 
packages put up by a licensed pharmacist whose name and busi- 
ness address shall be displayed upon the package, any drugs, 
chemicals, or medicinal compounds or preparations, when a per- 
mit to do so shall have been obtained from said commission.” 
(Connecticut Pharmacy Act) 

“Any person of good moral character over twenty-one years 
of age, who conducts a retail business at a place more than five 
miles from a drug store employing a registered pharmacist, may 
procure from the Board, upon application and payment to said 
Board of a fee of three dollars annually, a license which shall per- 
mit such retailer to keep for sale, and sell in original packages, the 
simple household remedies and such other emergency medicines 
and poisons as may from time to time be approved for sale by the 
Board.” (North Dakota Pharmacy Act) 


While the comparable provisions of the Uniform State 
Pharmacy Act have not been adopted in any state, the 
Connecticut and North Dakota Pharmacy Acts, as 
indicated above, do require that all non-pharmacy out- 
lets handling drugs and medicines operate under permit 
regulation and control. 


Forms, Fees, Renewals, and Revocation 


“Application for permits required under the preceding section 
shall be made on a form to be provided and furnished by the said 
dead adie Raed Board of Pharmacy and shall be accompa- 
nied by the required fee hereinafter required in this section, which 
amount shall be paid as a fee for each annual renewal of such per- 
mit. 

“Separate application shall be made and separate permits issued 
for each separate place at which is carried on any of the operations 
for which a permit is required in the preceding section. 

The fees required for the issuing of the permits required in the 
preceding section are as follows: 
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“Permits issued under the provisions of the preceding section 
shall be conspicuously exposed in the place for which the permit 
was granted. Such permits shall not be transferable; shall ex- 
pire on the last day of December following the date of issuance, 
and shall be renewed annually.” (Uniform State Pharmacy Act) 


As previously stated, registration and permit fees 
vary in the several states. The Uniform State Phar- 
macy Act, however, groups all fees in one section merely 
as a means of convenience and ready reference. 


Application Blanks Furnished by Board 


“Application blanks for renewal permits shall be mailed by the 
ne DEM, eae Board of Pharmacy to each permittee on or 
before November first in each year, and if application for renewal 
is not made on or before the following first day of December, the 
existing permit shall lapse and become null and void on the date 
of its expiration, and no new permit willbe granted except: (a) 
upon evidence satisfactory to the said ..\................ Board 
of Pharmacy of good and sufficient grounds of the failure to file 
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the application for renewal within the time prescribed; and (6) 
upon payment of a renewal fee of ............ (See eeyes ) Dol- 
lars.” (Uniform State Pharmacy Act) 


While the manner and means of granting renewal of 
permits differ in the several states, this provision from 
the Uniform State Pharmacy Act is more or less typical. 
The permit is issued for the calendar year, and must be 
renewed before the opening of the next calendar year 
through compliance with the procedure specified. 


Right of Appeal 


“Tf an application for any permit required by Section 9 of this 
Act shall be refused or revoked, the said Board 
of Pharmacy shall notify the applicant in writing of its decision 
and the reasons therefore. 

Ap Gayie Volerestouov voy ylavayan’ WS EEWCL 4 oe go ncun ap won anae Board of 
Pharmacy has refused to issue a permit, or whose permit has heen 
revoked may appeal from the decision and order of said 
ia 7 eee oe Board of Pharmacy to the court. 

“Note: This appeal section should be made to conform to the pro- 
cedure in effect in the individual states and should provide that the 
action of the Board should be stayed pending appeal upon the filing 
of an appeal bond.’ (Uniform State Pharmacy Act) 


While ordinarily the actions or rulings of a Board of 
Pharmacy dealing with mere matters of discretion are 
not subject to judicial review, it is thought desirable for 
the plaintiff to have access to the court in all cases in- 
volving refusal to grant a drug-store permit or a revoca- 
tion thereof. 


Valuable property may be jeopardized and the Board 


should not, as a matter of sound administration, have 
the final say. 


Penalties 


“Any person violating any of the provisions of this Act, shall 
upon conviction before any court of competent eee in this 
State, be fined a sum not to exceed Dollars ($...... 5 
for each violation, and each and every day such violation con- 
tinues shall constitute a separate and distinct offense. Upon con- 
viction of a permittee hereunder, his permit shall also forthwith 
be revoked and become null and void. 

“Note: This section should be drawn to conform with the law of 
each State and should also provide to whom the fines should be paid.” 
(Uniform State Pharmacy Act) 


Penalties are customarily prescribed for violations of 
the State Pharmacy Act. There is, however, no uni- 
formity in this respect. As a very general rule, how- 
ever, a pharmacist’s drug store permit is not revokable 
merely because of a single or even occasional violation 
of the Pharmacy Act. 

The provision of the Uniform State Pharmacy Act is 
quoted here merely to indicate that severe penalties 
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may be prescribed if deemed necessary to effectuate the 
general purposes of the law. 


Relief by Injunction 


“The State Board of Pharmacy, created under the provisions 
of this Act, may, in its discretion, in addition to the remedy set 
forth in the preceding section, apply to a court having competent 
jurisdiction over the parties and subject matter, for a writ of in- 
junction to restrain repetitious violations of the provisions of this 
Act.” (Uniform State Pharmacy Act) 

In addition to penalties for specific violations of the 
Pharmacy Law, courts of equity are sometimes em- 
powered to grant an. injunction restraining a pharmacist 
from repetitious violations of the Act. 

While such courts are not inclined to grant an injunc- 
tion so as to prevent prospective violations of law, they 
should be resorted to in those cases where a drug store . 
or pharmacy is continuously operated contrary to the 
terms of the Pharmacy Act, and where it can be shown 
that the public interest is jeopardized thereby. 


Severability Clause 


“AND BE IT FURTHER ENACTED, That if any clause, sentence, 
paragraph, or section of this article shall, for any reason, be ad- 
judged by any court of competent jurisdiction, to be unconstitu- 
tional and invalid, such judgment shall not affect, repeal, or in- 
validate the remainder thereof, but shall be confined in its opera- 
tion to the clause, sentence, paragraph, or section thereof so found 
unconstitutional and invalid.” (Uniform State Pharmacy Act) 


This is known as the severability clause, and is de- 
signed to prevent a law being declared unconstitutional 
in its entirety merely because some portions may be 
found invalid. The value of the severance clause may 
be doubted other than being indicative of the legisla- 
ture’s intent that as much of the Act be given effect 
as is consistent with Constitutional principles. 

However, aside from the severance clause, courts are 
burdened with the obligation to so interpret a legislative 
act as to give it validity whenever the result reached 
would appear to be consistent with the legislative pur- 
pose. 


Inconsistencies Repealed 


“AND BE IT FURTHER ENACTED, That all laws or part of laws, 
general or local, of the State of ................ , inconsistent 
with the provisions of this Act, be and the same are hereby re- 
pealed to the extent of such inconsistency.” (Uniform Be 
Pharmacy Act) 

While, as a general rule, a later enactment is tant- 
amount to the repeal of all previous enactments incon- 
sistent therewith, it is considered good draftsmanship 
to specifically repeal such inconsistent legislation. 


THE HARRISON OR FEDERAL NARCOTIC LAW AND REGULATIONS 


The Act of December 17, 1914 (known as the Harrison 
Narcotic Law), as amended by Sections 1006 and 1007 
of the Revenue Act of 1918 (these sections re-enacted 
in the Revenue Acts of 1921 and 1924, section 432 of the 
Revenue Act of 1928, the Act of January 22, 1927, and 
Section 806 of the Revenue Act of 1936 (approved June 
22, 1936)), controls the importation, manufacture, pro- 
duction, compounding, selling, dealing in, dispensing, 
and giving away of opium and coca leaves and all com- 
pounds, manufactures, salts, derivatives, and prepara- 
tions thereof. Every person, prior to engaging in any 
of the foregoing activities, is required to register with 
the collector of internal revenue for his district and pay 
tax as provided in the Act. In order to register in any 
class it is necessary for the applicant to be lawfully 
entitled to engage in the activity involving the use of 
narcotic drugs, in connection with which registration 
is desired. Classes of registrants with the special taxes 


imposed are as follows: 


Class 1. The tax is at the rate of $24 per annum. 
It covers importers, manufacturers, producers, and 
compounders. 


Class 2. The tax is at the rate of $12 per annum. 
It covers persons buying and selling stamped packages 
of narcotic drugs or preparations produced by others. 


Class 3. The tax is at the rate of $3 per annum. It 
includes persons selling narcotic drugs from the original 
stamped package, in pursuance of bona fide prescrip- 
tions issued by registered practitioners. 


Class 4. The tax is at the rate of $1 per annum or 
fraction thereof. It applies to physicians, dentists, 
veterinary surgeons, and other practitioners lawfully 
entitled to distribute, dispense, give away, or administer 
narcotic drugs to patients upon whom they, in the course 
of their professional practice, are in attendance. 
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Class 5. The tax is $1 per annum or any fractional 
part of a year. It covers manufacturers of and dealers 
in narcotic preparations and remedies not subject to 
stamp tax. 

Class 6. The tax is $1 per annum. It includes per- 
sons not registered in Class 1, but lawfully entitled to 
obtain and use in a laboratory narcotics for purposes of 
research, instruction, or analysis. 

Registration—Persons seeking to engage in any nar- 
cotic business must first file application for registry and 
special tax stamp on Form 678a with an inventory on 
Form 713 for each class in which registration is desired 
except Classes 1 and 2. Blank forms are procurable 
from the collector for the district. Application on Form 
678a must be made within the month within which 
business is commenced. Persons already registered 
must on or before July 1 of each year file application for 
registry and special tax stamp on Form 678 with an 
inventory on Form 713 for each class, forms being pro- 
curable in like manner. Collectors will mail blank forms 
to all registered persons annually as soon as practicable 
prior to July 1 without request. Failure of any person 
to receive these blank forms will be no excuse, however, 
for failure to make application for re-registry and special 
tax stamp within the required time. Address the col- 
lector of internal revenue for the district if blank forms 
are not received. 

Inventories—An Inventory on Form 713 is required 
for each class except Classes 1 and 2. No inventory 
whatever is required of non-taxable (exempt) narcotic 
preparations and remedies. A single Form 713 may be 
used for Classes 3 and 5 by listing the taxable narcotic 
drugs and preparations on hand with the notation 
“No taxable narcotic drugs on hand in Class 5” written 
at the bottom of the list. Any date from January 1 to 
June 30 of the current year will be acceptable for the 
inventory required on Form 713. 

Requisitions for Narcotic Drugs—Every registered 
person, except dealers in non-taxable or exempt narcotic 
preparations and remedies only, is qualified to obtain 
blank official order forms from the collector of internal 
revenue at a price of ten cents per book of ten, requisi- 
tion therefor to be made on blank Form 679, obtain- 
able from the collector for the district without charge. 
Only one book will be furnished at a time except to 
persons registered in Class 1 or 2. Official order forms 
for the purchase of narcotic drugs may be filled only by 
persons qualified as manufacturers or wholesale dealers, 
except an order form calling exclusively for a one-ounce 
quantity of an aqueous or oleaginous narcotic solution 
which may be filled by a druggist qualified in Class 3 
provided the narcotic content does not exceed a greater 
proportion than 20 per cent of the complete solution, 
to be used in legitimate office practice. Order forms 
must be made out according to the instructions printed 
on the back of each form. They must be returned by 
the manufacturer or wholesale dealer if not properly 
prepared in every detail. The duplicate copy of every 
order form issued must be kept on file for a period of 
two years. The original of all order forms for one- 
ounce quantities of aqueous or oleaginous solutions must 
be kept on file by retail dealers likewise for two years. 

Disposition of Narcotics—Pharmacists qualified only 
in Class 3 may dispose of narcotic drugs only upon 
properly prepared prescriptions with the exception of 
- one-ounce quantities of aqueous or oleaginous narcotic 
solutions as above stated. Prescriptions for taxable 

narcotic drugs or preparations may be issued by regis- 
‘tered physicians, dentists, veterinarians, or other prac- 
_ titioners, and each prescription must be dated as of the 
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date on which signed, shall be signed by the issuing 
physician, dentist, veterinary surgeon, or other practi- 
tioner, and shall bear the full name and address of the 
patient, and the name, address, and registry number of 
the issuing practitioner. A physician may sign’ pre- 
scriptions for narcotics in the same manner as he would 
sign a check or legal document, as, for instance, J. H. 
Smith, John H. Smith, or John Henry Smith. Merely 
signing it as “Smith” or “J. H. 8.’ would not suffice. 
Prescriptions for narcotics must be written with ink 
or indelible pencil or typewriter; if typewritten they 
must be signed by the practitioner with ink or indelible 
pencil. The pharmacist upon filling the prescription 
must preserve it in a separate file for a period of two 
years from the date indicated thereon. A prescription 
for taxable narcotic drugs or preparations is not refill- 
able, and as a general rule such prescription must not 
be filled in part. If, however, a pharmacist is unable 
to supply the full quantity called for in a prescription, 
he may, if an emergency exists, and he later advises the 
issuing practitioner, supply a portion of the drugs called 
for by the prescription, provided he makes a suitable 
notation on the face of the prescription of the quantity 
furnished and a suitable explanation of the reason for 
not supplying the full quantity, on the back of the pre- 
scription. No further quantity will be supplied except 
upon a new prescription. 

Prescriptions by Telephone—It is not permissible, 
generally, for a pharmacist to supply narcotics pursuant 
to telephone instructions from practitioners, whether 
or not prescriptions covering such telephone requests 
are subsequently received. However, in an emergency 
a pharmacist may deliver narcotics through his em- 
ployee or responsible agent pursuant to a telephone 
order, provided the employee or agent is supplied with 
a properly prepared prescription before delivery. 

Labeling—Each package of narcotic drugs or prepa- 
rations dispensed on prescriptions must bear a label 
showing the name and registry number of the pharma- 
cist, the serial number of the prescription, the name and 
address of the patient and the name, address, and 
registry number of the practitioner. 

A narcotic prescription may be filled only if issued for 
legitimate medical purposes. If the pharmacist to 
whom the prescription is presented for filling has any 
knowedge or entertains any suspicion which would 
cause him to believe that the narcotics will not be used 
for such purposes, be should not fillit. The mere pres- 
entation of a prescription issued by a registered physi- 
cian or other practitioner does not compel the pharma- 
cist to whom it is presented to supply the drugs re- 
quested. A prescription issued to a person for a narcotic 
drug for the purpose of satisfying his craving for the 
drug and not for any legitimate medical purpose does 
not come within exception (b) of Section 2 of the law 
and must not be filled. Any pharmacist who fills such 
a so-called prescription may be held correspondingly 
liable with the physician who issued it. 

Public officials, such as officials of the United States, 
District of Columbia, the various states and cities, who, 
in the exercise of their official duties, dispense or handle 
narcotic drugs, are not thereby required to register and 
pay special tax. Prescriptions issued by such officials 
for narcotics for official patients must be prepared on 
blanks provided by the Government or Department of | 
which the issuing practitioner is an official, or, if no 
special blanks are provided, such prescriptions must be 
prepared on official stationery. Each prescription must 
show the name, title, and official address of the officer 
by whom executed. 


1104 


Non-Taxable (Exempt) Narcotic Preparations—Nar- 
cotic preparations and remedies exempt from the full 
requirements of the law under the provisions of Section 
6 of the Act, as amended, may be sold without a pre- 
scription but a record of sale must be kept as follows: 


Date of 
Sale 


Name of 
Preparation 


Name of 


Purchaser Address Quantity 


Preparations and remedies which do not contain 
more than two grains of opium, or more than one-fourth 
of a grain of morphine, or more than one-eighth of a 
grain of heroine, or more than one grain of codeine, or 
any salt or derivative of any of them in one fluidounce, 
or, if a solid or semi-solid preparation, in one avoirdu- 
pois ounce, and which are designed for internal use, are 
under certain conditions exempt from tax and the pro- 
visions relating to the purchase, sale, or distribution of 
taxable narcotics. These preparations should contain 
active therapeutic agents other than narcotics in suf- 
ficient proportion to confer upon the preparations valu- 
able medicinal qualities other than those possessed by 
the narcotic drug alone. 

The term “exempt preparation” is really a misnomer 
as preparations lawfully coming within this category are 
more accurately designated as “conditionally exempt.” 
That is, they may be sold or otherwise disposed of only 
on the condition that they are to be used as medicines 
and not for the purpose of evading the intentions and 
provisions of the law. 

A person registered in class 3 must also be registered 
in class 5 in order to dispose of exempt preparations al- 
though the payment of the $1 tax is not required. Ex- 
empt preparations may be dispensed on prescriptions 
and such prescriptions may be refilled. 

There is no specified limit as to the quantity of ex- 
empt preparations which may be sold by a pharmacist 
at retail. 
rations may be sold as medicines only. A pharmacist 
would be liable to the penalties imposed by Section 9 
of the Act if he sold any quantity of an exempt prepara- 
tion knowing that it would be consumed for other than 
legitimate medical purposes, 7. e., for addiction purposes. 

Classes | and 2—A pharmacist must be registered as 
a wholesaler in Class 2 if he desires to fill order forms of 
other registered persons for stamped packages of nar- 
cotic drugs. The stock of stamped packages maintained 
for the purpose of sale on order forms must be kept 
separate from the Class 3 stock. A wholesale monthly 
return, together with a statement of stock and totals 
of receipts and dispositions must be sworn to and trans- 
mitted to the collector of internal revenue for the dis- 
trict on or before the 15th of the month subsequent to 
that for which rendered in the manner provided in the 
instructions and regulations printed on Form 811. 

Retail pharmacists desiring to fill order forms of 
other registered persons with packages of their own 
manufacture, production, or packing must be registered 
in Class 1 as manufacturers. Each package manufac- 
tured, produced, or packed must be separately stamped. 
The tax is at the rate of. one cent per ounce or fraction 
thereof on the gross contents of the package. The 
stamps are procurable only by Class 1 registrants. 
Requisitions therefor on Form 786 should be made to the 
collector for the district. Stocks of narcotic drugs used 
for Class 1 purposes must be kept separate from all 
other stocks. Manufacturers must keep daily records 


However, as heretofore stated, such prepa-_ 
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on Form 810a of all receipts for the Class 1 stock, and 
on Form 810b of all dispositions from the Class 1 stock. 
They must also keep a daily record on Form 810e of 
drugs used for production and of drugs or preparations 
produced. They must likewise keep a daily record on 
Form 810d of drugs or preparations used for packaging 
or repackaging and of the packages resulting from such 
processes. Monthly returns on these forms with a 
summary on Form 810 must be made to the collector 
of internal revenue similarly as monthly returns are 
required from wholesale dealers but in accordance with 
the instructions and regulations printed on Form 810. 
Manufacturers who import raw opium must render a 
special return to the Commissioner of Narcotics, using 
Forms 163, 163a, and 163b, in accordance with the 
instructions on these forms, accounting for all such im- 
portations and for all manufacture from such raw or 
crude opium. 

Both manufacturers and wholesale dealers must 
render semi-annual inventories of the narcotic drugs on 
hand as of June 30 and December 31 of each year, such 
inventories to be made a part of the June and December 
returns, respectively. 

Manufacturers must place serial numbers on all 
packages produced by them which contain one ounce 
or more of morphine or cocaine. Both manufacturers 
and wholesale dealers must record the serial numbers of 
such packages and the names and addresses of the pur- 
chasers thereof, keeping such as a part of their perma- 
nent records. 

Safe Storage of Narcotic Drugs—AII narcotics should 
be stored in such a manner as to protect them against 
theft. Pharmacists are particularly urged to take extra 
precautions to prevent their narcotic stocks from falling 
into the hands of addicts, habitues, and all other non- 
registered persons. This duty is inherent in the phar- 
macist’s professional obligations and in his responsibili- 
ties as a licensed dealer under federal narcotic laws. 

Inquiries Concerning Narcotics—Inquiries relative to 
registration or re-registration under the law and the 
payment of taxes thereunder should be addressed to 
the collector of internal revenue for the district in 
which the taxpayer is located. Inquiries dealing with 
the filling of individual prescriptions should be ad- 
dressed to the Narcotic District Supervisor of the divi- 
sion in which the druggist is located. All other ques- 
tions pertaining to the Harrison Narcotic Law, as 
amended, or the regulations thereunder, should be ad- 
dressed to the Commissioner of Narcotics, Washington, 
D.C. All questions pertaining exclusively to the im- 
portation into, the exportation from, or the transship- 
ment of narcotic drugs through the United States from 
one country to another should be addressed to the Com- 
missioner of Narcotics, Bureau of Narcotics, Washing- 
OME Ce 

Narcotic Drugs Import and Export Act—The Nar- 
cotic Drugs Import and Export Act, approved May 26, 
1922, as amended by the Acts of June 7, 1924 and June 
14, 1930, limits importations of narcotic drugs to crude 
opium and coca leaves in sufficient quantities to meet 
medical and legitimate requirements only. No opium 
may be imported for manufacturing heroine. Permits 
to import are issued only to manufacturers having ap- 
paratus or equipment for producing drugs or medicines 
from opium or coca leaves, and who have been approved 
for this purpose by the Commissioner of Narcotics. 
Permits to export are issued only to duly qualified 
manufacturers and wholesale dealers. All the permis- 
sive features of the Act are administered Py the Com- 
missioner of Narcotics. 
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State Narcotic Acts—The procurement, manufacture, 
use, and distribution of narcotics are also regulated and 
controlled by state laws. In general, however, the 
state acts harmonize with federal laws. The state re- 
quirement that records of all transactions in narcotics 
be kept is usually complied with by the keeping of the 
records demanded by the federal law. Official state 
order forms are not required, although in Maryland 
and the District of Columbia a special official order 
form is provided pharmacists, physicians, and others, 
for the lawful purchase of exempt narcotics. 

Many of the states, primarily those in which the Uni- 
form State Narcotic Act is in effect, provide for the 
licensing of persons engaged in the manufacturing and 


FEDERAL FOOD, DRUG 


The first Federal Food and Drugs Act went into éf- 
fect on June 30, 1906, and, after several amend- 
ments, was completely rewritten and re-enacted by 
Congress in 1939. The present Food, Drug and Cos- 
metic Act dates from June 23, 1939, and amendments 
have followed placing insulin, penicillin, and strepto- 
mycin under the control of the Food and Drug Ad- 
ministration, the Department established by -Con- 
gress to enforce the Act. The major requirements of the 
Act, so far as they regulate the quality and movement 
of drugs and devices in interstate commerce, are quoted 
_ In the following pages. No attempt has been made to 

supply interpretations since the law presents a very 
complex picture and rulings and regulations often de- 
pend upon special conditions surrounding each indi- 
vidual problem and upon the application of new court 
decisions. 

Manufacturers and 6thers who must operate under 
federal or state drug and cosmetic laws usually delegate 
the problems arising from the necessity of compliance, 
to specially trained individuals in their organization or 
to legal experts specializing in such laws. 

The officials of the Federal Food and Drug Adminis- 
tration, at Washington, are also very cooperative when 
consulted on general or specific questions of interpreta- 
tion or compliance and it is a wise precaution to take 
advantage of their willingness to assist and advise when 
in doubt about the proper course to follow. 

The Federal Food, Drug and Cosmetic Act, as sug- 
gested by its title, is ‘‘an act to prohibit the movement 
in interstate commerce of adulterated and gnisbranded 
food, drugs, devices, and cosmetics and for other pur- 
poses.”’. 

Definitions—The following definitions set forth in 
the Act are basic to an understanding of the theory and 
purpose of the law: 

“The term food means (1) articles used for food or 
drink for man or other animals, (2) chewing gum, and 
(3) articles used for components of any such article. 

“The term drug means (1) articles recognized in the 
official United States Pharmacopoeia, official Homeo- 
pathic Pharmacopceia of the United States, or official 
National Formulary, or any supplement to any of them; 
and (2) articles intended for use in the diagnosis, cure, 

mitigation, treatment, or prevention of disease in man 
or other animals; and (8) articles (other than food) 
‘intended to affect the structure or any function of the 
body of man or other animals; and (4) articles intended 
for use as a component of any article specified in clause 
(1), (2), or (3); but does not include devices or their com- 
ponents, parts, or accessories. 
- “The term device (except when used in paragraph 

(n) of this section and in sections 301 (z), 403 (f), 502 (c) 
~ and 602 (c)) means instruments, apparatus, and con- 
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wholesaling of narcotic drugs. This requirement, to- 
gether with those providing for the licensing of physi- 
cians, dentists, veterinarians, and pharmacists, gives 
the State much stricter control over the persons law- 
fully authorized, in any manner, to deal in narcotics. 
The State laws provide for the suspension or revoca- 
tion of any of the foregoing licenses for designated in- 
fractions or violations of federal or state narcotic acts. 
As a person’s eligibility to register under the federal 
narcotic law is predicated upon his right to engage in 
his calling or practice his profession in the state in which 
he lives, it follows that revocation of the state license 
automatically cancels whatever rights or privileges had 
been accorded him under the federal narcotic laws, 


AND COSMETIC. ACT 


trivances, including their components, parts, and acces- 
sories, intended (1) for use in the diagnosis, cure, mitiga- 
tion, treatment, or prevention of disease in man or 
other animals; or (2) to affect the structure or any func- 
tion of the body of man or other animals. 

“The term cosmetic means (1) articles intended to 
be rubbed, poured, sprinkled, or sprayed on, introduced 
into, or otherwise applied to the human body or any 
part thereof for cleansing, beautifying, promoting at- 
tractiveness, or altering the appearance, and (2) articles 
intended for use as a component of any such articles; 
except that such term shall not include soap. 

“The term label means a display of written, printed, 
or graphic matter upon the immediate container of any 
article; and a requirement made by or under authority 
of this Act that any word, statement, or other informa- 
tion appearing on the label shall not be considered to be 
complied with unless such word, statement, or other 
information also appears on the outside container or 
wrapper, if any there be, of the retail package of such 
article, or is easily legible through the outside container 
or wrapper. 

“The term immediate container does not include 
package liners. 

“The term labeling means all labels and other written, 
printed, or graphic matter (1) upon any article or any 
of its containers or wrappers, or (2) accompanying such 
article. 

“Tf an article is alleged to be misbranded because the 
labeling is misleading, then in determining whether the 
labeling is misleading there shall be taken into account 
(among other things) not only representations made or 
suggested by statement, word, design, device, or any 
combination thereof, but also the extent to which the 
labeling fails to reveal facts material in the light of such 
representations or material with respect to consequences 
which may result from the use of the:article to which the 
labeling relates under the conditions of use prescribed 
in the labeling thereof or under such’ conditions of use 
as are customary or usual. : 

“The representation of a drug, in its labeling, as an 
antiseptic shall be considered to be a representation 
that it is a germicide, except in the case of a drug pur- 
porting to be, or represented as, an antiseptic for in- 
hibitory use as a wet dressing, ointment, dusting pow- 
der, or such other use as involves prolonged contact with 
the body. 

“The term new drug means—(1) Any drug the composi- 
tion of which is such that such drug is not generally 
recognized, among experts qualified by scientific train- 
ing and experience to evaluate the safety of drugs, as 
safe for use under the conditions prescribed, recom- 
mended, or suggested in the labeling thereof, except that 
such a drug not so recognized shall not be deemed to be 
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a new drug if at any time prior to the enactment of this 
Act it was subject to the Food and Drugs Act of June 
30, 1906, as amended, and if at such time its labeling 
contained the same representations concerning the 
conditions of its use; or (2) Any drug the composition 
of which is such that such drug, as a result of investiga- 
tions to determine its safety for use under such condi- 
tions, has become so recognized, but which has not, 
otherwise than in such investigations, been used to a 
material extent or for a material time under such condi- 
tions.” 

‘‘Adulterated Drugs and Devices—A drug or device 
shall be deemed to be adulterated— 

(a) (1) If it consists in whole or in part of any 
filthy, putrid, or decomposed substance; or (2) if it has 
been prepared, packed, or held under insanitary condi- 
tions whereby it may have been contaminated with 
filth, or whereby it may have been rendered injurious 
to health; or (8) if it is a drug and its container is com- 
posed, in whole or in part, of any poisonous or dele- 
terious substance which may render the contents in- 
jurious to health; or (4) if it is a drug and it bears or 
contains, for purposes of coloring only, a coal-tar color 
other than one from a batch that has been certified in 
accordance with regulations as provided by section 504. 

(b) ‘If it purports to be or is represented as a drug 
by the name of which is recognized in an official com- 
pendium, and its strength differs from, or its quality or 
purity falls below, the standard set forth in such com- 
pendium. Such determination as to strength, quality, 
or purity shall be made in accordance with the tests or 
methods of assay set forth in such compendium, except 
that whenever tests or methods of assay have not been 
prescribed in such compendium, or such tests or meth- 
ods of assay as are prescribed are, in the judgment of the 
Administrator, insufficient for the making of such deter- 
mination, the Administrator shall bring such fact to 
the attention of the appropriate body charged with the 
revision of such compendium, and if such body fails 
within a reasonable time to prescribe tests or methods 
of assay which, in the judgment of the Administrator, 
are sufficient for purposes of this paragraph, then the 
Administrator shall promulgate regulations prescrib- 
ing appropriate tests or methods of assay in accordance 
with which such determination as to strength, quality, 
or purity shall be made. No drug defined in an official 
compendium shall be deemed to be adulterated under 
this paragraph because it differs from the standard of 
strength, quality, or purity therefor set forth in such 
compendium, if its difference in strength, quality, or 
purity from such standard is plainly stated on its label. 
Whenever a drug is recognized in both the United States 
Pharmacopoeia and the Homceopathic Pharmacopceia 
of the United States it shall be subject to the require- 
ments of the United States Pharmacopceia unless it is 
labeled and offered for sale as a homceopathic drug, in 
which case it shall be subject to the provisions of the 
Homeeopathic Pharmacopeeia of the United States 
and not to those of the United States Pharmacopeeia. 

(c) “If it is not subject to the provisions of para- 
graph (b) of this section and its strength differs from, 
or its purity or quality falls below, that which it pur- 
ports or is represented to possess. 

(d) “If it is a drug and any substance has been (1) 
mixed or packed therewith so as to reduce its quality 
or strength or (2) substituted wholly or in part therefor. 

Misbranded Drugs and Devices—‘‘A drug or device 
shall be deemed to be misbranded— 

(a) “If its labeling is false or misleading in any par- 
ticular. 
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(b) ‘If in package form unless it bears a label con- 
taining (1) the name and place of business of the manu- 
facturer, packer, or distributor; and (2) an accurate 
statement of the quantity of the contents in terms of 
weight, measure, or numerical count: Provided, That 
under clause (2) of this paragraph reasonable varia- 
tions shall be permitted, and exemptions as to small 
packages shall be established, by regulations prescribed 
by the Administrator. 

(c) ‘If any word, statement, or other information 
required by or under authority of this Act to appear on 
the label or labeling is not prominently placed thereon 
with such conspicuousness (as compared with other 
words, statements, designs, or devices, in the labeling) 
and in such terms as to render it likely to be read and 
understood by the ordinary individual under customary 
conditions of purchase and use. 

(d) “If it is for use by man and contains any quan- 
tity of the narcotic or hypnotic substance alpha-eucaine, 
barbituric acid, beta-eucaine, bromal, cannabis, car- 
bromal, chloral, coca, cocaine, codeine, heroin, mari- 
huana, morphine, opiuua, paraldehyde, peyote, or 
sulphonmethane; or any chemical derivative of such 
substance, which derivative has been by the Adminis-— 
trator, after investigation, found to be, and by regula- 
tions designated as, habit forming; unless its label 
bears the name, and quantity or proportion of such 
substance or derivative and in juxtaposition therewith 
the statement ‘‘Warning—May be habit forming.” 

(e) “If it is a drug and is not designated solely by a 
name recognized in an official compendium unless its 
label bears (1) the common or usual name of the drug, 
if such there be; and (2), in ease it is fabricated from 
two or more ingredients, the common or usual name of 
each active ingredient, including the quantity, kind, 
and proportion of any alcohol, and also including, 
whether active or not, the name and quantity or propor- 
tion of any bromides, ether, chloroform, acetanilid, 
acetphenetidin, amidopyrine, antipyrine, atropine, 
hyoscine, hyoscyamine, arsenic, digitalis, digitalis gluco- 
sides, mercury, ouabain, strophanthin, strychnine, thy- 
roid, or any derivative or preparation of any such sub- 
stances, contained therein: Provided, That to the ex- 
tent that compliance with the requirements of clause 
(2) of this paragraph is impracticable, exemptions shall 
be established by regulations promulgated by the Ad- 
ministrato1 

(f) ‘Unless its labeling bears (1) adequate directions 
for use; and (2) such adequate warnings against use in 
those pathological conditions or by children where its 
use may be dangerous to health, or against unsafe dos- 
age or methods or duration of administration or applica- 
tion, in such manner and form, as are necessary for the 
protection of users: Provided, That where any require- 
ment of clause (1) of this paragraph, as applied to any 
drug or device, is not necessary for the protection of the 
public health, the Administrator shall promulgate 
regulations exempting such drug or device from such 
requirement. 

(g) “If it purports to be a drug the name of which is 
recognized in an official compendium, unless it is pack- 
aged and labeled as prescribed therein: Provided, That 
the method of packing may be modified with the consent 
of the Administrator. Whenever a drug is recognized 


-in both the United States Pharmacopceia and the Ho- 


meoeopathic Pharmacopeeia of the United States, it shall 
be subject to the requirements of the United States 
Pharmacopeeia with respect to packaging and labeling 
unless it is labeled and offered for sale as a homceopathic 
drug, in which case it shall be subject to the provisions 


— 
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of the Homceopathic Pharmacopceia of the United 
States, and not to those of the United States Pharmaco- 


poeia. 

(h) “If it has been found by the Administrator to 
be a drug liable to deterioration, unless it is packaged 
in such form and manner, and its label bears a statement 
of such precautions, as the Administrator shall by regu- 
lations require as necessary for the protection of the 
public health. No such regulation shall be established 
for any drug recognized in an official compendium until 
the Administrator shall have informed the appropriate 
body charged with the revision of such compendium of 
the need for such packaging or labeling requirements 
and such body shall have failed within a reasonable time 
to prescribe such requirements. 

(i) “(1) If it is a drug and its container is so made, 
formed, or filled as to be misleading; or (2) if it is an 
imitation of another drug; or (8) if it is offered for sale 
under the name of another drug. 

(j) “If it is dangerous to health when used in the 
dosage, or with the frequency or duration prescribed, 
recommended, or suggested in the labeling thereof. 

(k) “If it is, or purports to be, or is represented as 
a drug composed wholly or partly of insulin, unless (1) 
it is from a batch with respect to which a certificate 
or release has been issued pursuant to section 506, and 
(2) such certificate or release is in effect with respect to 
such drug. 

(1) “If it is, or purports to be, or is represented as a 
drug composed wholly or partly of any kind of penicil- 
lin or any derivative thereof, unless (1) it is from a batch 
with respect to which a certificate or release has been 
issued pursuant to section 507, and (2) such certificate 
or release is in effect with respect to such drug: Pro- 
vided, That this paragraph shall not apply to any drug 
or class of drugs exempted by regulations promulgated 
under section 507 (c) or (d). 

“Exemptions in Case of Drugs and Devices—The 
Administrator is hereby directed to promulgate regula- 
tions exempting from any labeling or packaging require- 
ment of this Act drugs and devices which are, in accord- 
ance with the practice of the trade, to be processed, 
labeled, or repacked in substantial quantities at estab- 
lishments other than those where originally processed or 
packed, on condition that such drugs and devices are 
not adulterated or misbranded under the provisions of 
this Act upon removal from such processing, labeling, 
or repacking establishment. 

“A drug dispensed on a written prescription signed 
by a physician, dentist, or veterinarian (except a drug 
dispensed in the course of the conduct of a business of 
dispensing drugs pursuant to diagnosis by mail), shall 
if— 

(1) such physician, dentist, or veterinarian is licensed 

by law to administer such drug, and 

(2) such drug bears a label containing the name and 

place of business of the dispenser, the serial 

number and date of such prescription, and the 

name of such physician, dentist, or veterinarian, 
be exempt from the requirements of section 502 (b) and 
(e), and (in case such prescription is marked by the 
writer thereof as not refillable or its refilling is pro- 
hibited by law) of section 502 (d). . 

Certification of Coal-Tar Colors for Drugs—‘‘The 
Administrator shall promulgate regulations providing 
for the listing of coal-tar colors which are harmless and 
suitable for use in drugs for purposes of coloring only 


-and for the certification of batches of such colors, with 


or without harmless diluents. 
-New Drugs—(a) ‘‘No person shall introduce or deliver 
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for introduction into interstate commerce any new drug, 
unless an application filed pursuant to subsection (b) is 
effective with respect to such drug. 

(b) ‘Any person may file with the Administrator 
an application with respect to any drug subject to the 
provisions of subsection (a). Such person shall submit 
to the Administrator as a part of the application (1) full 
reports of investigations which have been made to 
show whether or not such drug is safe for use; (2) a full 
list of the articles used as components of such drug; (3) 
a full statement of the composition of such drug; (4) a 
full description of the methods used in, and the facili- 
ties and controls used for, the manufacture, processing, 
and packing of such drug; (5) such samples of such drug 
and of the articles used as components thereof as the 
Administrator may require; and (6) specimens of the 
labeling proposed to be used for such drug. 

(c) “An application provided for in subsection (b) 
shall become effective on the sixtieth day after the 
filing thereof unless prior to such day the Administra- 
tor by notice to the applicant in writing postpones the 
effective date of the application to such time (not more 
than one hundred and eighty days after the filing 
thereof) as the Administrator deems necessary to en- 
able him to study and investigate the application. 

(d) “If the Administrator finds, after due notice to 
the applicant and giving him an opportunity for a hear- 
ing, that (1) the imvestigations,; reports of which are 
required to be submitted to the Administrator pursuant 
to subsection (b) do not include adequate tests by all 
methods reasonably applicable to show whether or not 
such drug is safe for use under the conditions prescribed, 
recommended, or suggested in the proposed labeling 
thereof; (2) the results of such tests show that such drug 
is unsafe for use under such conditions or do not show 
that such drug is safe for use under such conditions; 
(3) the methods used in, and the facilities and controls 
used for, the manufacture, processing, and packing of 
such drug are inadequate to preserve its identity, 
strength, quality, and purity; or (4) upon the basis of 
the information submitted to him as part of the applica- 
tion, or upon the basis of any other information before 
him with respect to such drug, he has insufficient in- 
formation to determine whether such drug is safe for 
use under such conditions, he shall, prior to the effective 
date of the application, issue an order refusing to permit 
the application to become effective. 

(e) “The effectiveness of an application with respect 
to any drug shall, after due notice and opportunity for 
hearing to the applicant, by order of the Administrator 
be suspended if the Administrator finds (1) that clinical 
experience, tests by new methods, or tests by methods 
not deemed reasonably applicable when such applica- 
tion became effective show that such drug is unsafe for 
use under the conditions of use upon the basis of which 
the application became effective, or (2) that the applica- 
tion contains any untrue statement of a material fact. 
The order shall state the findings upon which it is based. 

(f) ‘An order refusing to permit an application with 
respect to any drug to become effective shall be revoked 
whenever the Administrator finds that the facts so re- 
quire. 

(g) “Orders of the Administrator issued under this 
section shall be served (1) in person by any officer or 
employee of the Agency designated by the Administra- 
tor or (2) by mailing the order by registered mail ad- 
dressed to the applicant or respondent at his last-known 
address in the records of the Administrator. 

(h) “An appeal may be taken by the applicant from 
an order of the Administrator refusing to permit the 
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application to become effettive, or suspending the 
effectiveness of the application. ‘Such appeal shall be 
taken by filing in the District Court of the United States 
within any district wherein such applicant resides or has 
his principal place of business, or in the District Court 
of the United States for the District of Columbia, 
within sixty days after the entry of such order, a written 
petition praying that the order of the Administrator be 
set aside. A copy of such petition shall be forthwith 
served upon the Administrator, 6r upon any officer 
designated by him for that purpose, and thereupon the 
Administrator shall certify and file in the court a 
transcript of the record upon which the order com- 
plained of was entered. Upon the filing of such tran- 
script such court shall have exclusive jurisdiction to 
affirm or set aside such order. No objection to the 
order of the Administrator shall be considered by the 
court unless such objection shall have been urged before 
the Administrator or unless there were reasonable 
grounds for failure so to do. The finding of the Admin- 
istrator as to the facts, if supported by substantial evi- 
dence, shall be conclusive. If any person shall apply 
to the court for leave to adduce additional evidence, 
and shall show to the satisfaction of the court that such 
additional evidence is material and that there were 
reasonable grounds for failure to adduce such evidence 
in the proceeding before the Administrator, the court 
may order such additional evidence to be taken before 
the Administrator and to be adduced upon the hearing 
in such manner and upon such terms and conditions as 
to the court may seem proper. The Administrator may 
modify his findings as to the facts by reason of the addi- 
tional evidence so taken, and he shall file with the court 
such modified findings which, if supported by substan- 
tial evidence, shall be conclusive, and his recom- 
mendation, if any, for the setting aside of the original 
order. The judgment and decree of the court affirming 
or setting aside any such order of the Administrator 
shall be final, subject to review as provided in sections 
128, 239, and 240 of the Judicial Code, as amended 
(U.S. C., 1934 ed., title 28, secs. 225, 346, and 347), and 
in section 7, as amended, of the Act entitled ‘An Act to 
establish a Court of Appeals for the District of Colum- 
bia,”’ approved February 9, 1898 (D. C. Code, title 18, 
sec. 26). The commencement of proceedings under this 
subsection shall not, unless specifically ordered by the 
court to the contrary, operate as a stay of the Adminis- 
trator’s order. 

Gi) “The Administrator shall promulgate regulations 
for exempting from the operation of this section drugs 
intended solely for investigational use by experts quali- 
fied by scientific training and experience to investigate 
the safety of drugs. 

Imports and Exports—(a) ‘“The Secretary of the 
Treasury shall deliver to the Federal Security Adminis- 
trator, upon his request, samples of food, drugs, devices, 
and cosmetics which are being imported or offered for 
import into the United States, giving notice thereof to 
the owner or consignee, who may appear before the 
Federal Security Administrator and have the right to 
introduce testimony. If it appears from the examina- 
tion of such samples or otherwise that (1) such article 
has been manufactured, processed, or packed under 
insanitary conditions, or (2) such article is forbidden or 
restricted in sale in the country in which it was pro- 
duced or from which it was exported, or (8) such article 
is adulterated, misbranded, or in violation of section 
505, then such article shall be refused admission. This 
paragraph shall not be construed to prohibit the admis- 
sion of narcotic drugs the importation of which is per- 
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mitted under section 2 of the Act of May 26, 1922, as 
amended (U.S. C., 1934 ed., title 21, sec. 173). 

(b) ‘The Secretary of the Treasury shall refuse 
delivery to the consignee and shall cause the destruc- 
tion of any such article refused admission, unless such 
article is exported by the consignee within three months 
from the date of notice of such refusal, under such regu- 
lations as the Secretary of the Treasury may prescribe: 
Provided, That the Secretary of the Treasury may de- 
liver to the consignee any such article pending examina- 
tion and decision in the matter on execution of a bond 
as liquidated damages for the amount of the full im- 
voice value thereof together with the duty thereon and 
on refusing for any cause to return such article or any 
part thereof to the custody of the Secretary of the 
Treasury when demanded for the purpose of excluding 
it from the country or for any other purpose, such con- 
signee shall forfeit the full amount of the bond as liqui- 
dated damages. 

(c) “All charges for storage, anne. and labor on 
any article which is refused admission or delivery shall 
be paid by the owner or consignee and in default of 
such payment shall constitute a lien against any future 
importations made by such owner or consignee. 

(d) ‘A food, drug, device, or cosmetic intended for 
export shall not be deemed to be adulterated or mis- 
branded under this Act if it (1) accords to the specifica- 
tions of the foreign purchaser, (2) is not in conflict with 
the laws of the country to which it is intended for ex- 
port, and (8) is labeled on the outside of the shipping 
package to show that it is intended for export. But if 
such article is sold or offered for sale in domestic com- 
merce, this subsection shall not exempt it from any of 
the provisions of this Act.” 

Enforcement of the Act—The Act is enforced and ad- 
ministered by the Food and Drug Administration of the 
Federal Security Agency. This body is staffed with 
physicians, chemists, pharmacologists, bacteriologists, 
pharmacists, lawyers, and other technical and profes- 
sional personnel essential to its regulatory duties. The 
Food and Drug Administration is, in conformity with 
the limitations set forth in the Act, empowered to make 
rules and regulations for that kind and degree of enforce- 
ment contemplated by the embrasive language and 
broad purposes of the legislation. 

The Food and Drug Administration, while vested 
with wide powers of regulation, discipline, and control, 
has no authority to inflict punishment or impose penal- 
ties. By this is meant that all issues of fact are triable 
in court, the final disposition of the case being deter- 
mined according to the rules of evidence and customary 
judicial procedure. 

Violations of the Act are misdemeanors and are punish- 
able by ‘imprisonment for not more than one year, or 
a fine of not more than $1000, or both such imprison- 
ment and fine.”” For second or subsequent convictions, 
the penalty is increased ‘‘to imprisonment for not more 
than three years, or a fine of not more than $10,000 or 
both such imprisonment and fine.” 

Many States have enacted food, drug, and cosmetic. 
acts closely conforming to the federal law. Inthese in- 
stances, uniformity has been sought, and, looking to 
this end, the states have adopted for the purpose of 
intrastate enforcement, the regulations of the Food and 
Drug Administration in so far as they are applicable to 
local problems. 

- The foregoing discussion is by no means meant to 
encompass the broad sweep of the Food, Drug and Cos- 
metic Act. Rather, it is intended only to suggest the 
public policy which the Act is intended to serve, and to. 
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outline some of the provisions, prohibitions, and cau- 
tions by means of which its purposes may be achieved. 


PATENTS AND PROPRIETARY MEDICINES 


Patents—A patent is a license issued by the United 
States Government, giving to the holder thereof the 
exclusive right to make, use, and sell the thing or process 
patented for a period of 17 years. This license is issued 
by the Patent Office in Washington. In order to secure 
it, an applicant must file with the office an affidavit, 
with appropriate charts, drawings, models, etc., show- 
ing the exact composition of the thing or process which 
he has invented or discovered. ‘Letters patent” should 
be issued only when the Patent Office is of the opinion 
that the invention or discovery is both novel and useful. 

The right conferred by the letters patent is an exclu- 
sive right, and all others besides the patentee and his 
assignees are prohibited from infringing on that right 
during the life of the patent. At the expiration of the 
seventeen-year period, the right passes to the public 
generally. Thereafter any person is at liberty to make, 
use, and deal with the thing or process patented, with- 
out any restraint whatever imposed by the patentee. 

Proprietary Medicines—The manufacturer of a pro- 
prietary medicine takes the risk of its being made and 
sold by anybody who can duplicate it. Unless he is 
protected by a patent he cannot prevent anyone from 
dealing at will with the article. 

Trademarks—The protection given to the owner of 
a trademark exists by virtue of common law, 7. e., 
irrespective of any right conferred by statute. If the 
maker of any article chooses to mark it with a distinc- 
tive device or brand, to designate the source or origin 
of the article, such device is a trademark, and it cannot 
be copied or used by anyone else without permission of 
the owner. The right to the exclusive use of the trade- 
mark, however, lasts only so long as the owner or his 
assignees actually make general use of it in trade. As 
soon as such use is discontinued, anyorie may step in 
and use the trademark and the first one'to establish his 
right to use it, would in turn be protected from subse- 
quent infringement of the trademark by aS 
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For convenience in establishing one’s right to the use 
of the trademark, a registration office is located at 
Washington. There, anyone who desires to employ any 
distinctive and original device in marking the goods put 
out by him, may register such device, and the fact of 
such registration will be of assistance in showing that 
he is actually using such mark or device at that particu- 
lar time. The fact, however,: that such device is regis- 
tered, gives no greater rights to:the one using the same 
than he has by common law. He has the exclusive 
right to employ it only so long as he actually makes use 
of it in the general trade. . 

Trade Names—‘‘Undoubtedly words or devices may 
be adopted as trademarks which are not original inven- 
tions of him who adopts them, and courts of equity will 
protect him against any fraudulent appropriation or 
imitation of them by others. Property in a trademark, 
or rather in the use of a trademark or name, has very 
little analogy to that which exists in copyrights, or in 
patents for inventions. Words in common use, with 
some exceptions, may be adopted, if at the time of their 
adoption, they were not employed to designate the 
same, or like articles of production. The office of a 
trademark is to point out distinctively the origin, or 
ownership of the article to which it is affixed; or, in other 
words, to give notice who was'the producer. This may, 
in many cases, be done by a name, a mark, or a device 
well known, but not previotsly applied to the same 
article. 

“But though it is not necessary that the word Vaepred 
as a trade name should be 4 new ereation, never before 
known or used, there are some ‘limits to the right of 
selection. This will be manifest when it is considered 
that in all cases where rights to the exclusive use of a 
trademark are invaded, it is invariably held that the 
essence of the wrong consists in the sale of the goods 
of one manufacturer or vendor as those of another; and 
that it is only when this false representation is directly 
or indirectly made that the party who appeals to a 
court of equity can have relief. This is the doctrine of 
all the authorities.” 

Per Mr. Justice Strong, U. 8. Supreme Court, in 
Canal Company v. Clark, 13 Wall. 311. 


CHAPTER XCIII 


LABELING REGULATIONS 


MuvcH OF THE MATERIAL presented in this chapter has 
been copied, with permission, from a pamphlet issued 
to registered pharmacists in the State of New Jersey. 
This information was issued as a joint project of the 
New Jersey Department. of Health, the New Jersey 
State Board of Pharmacy, and the New Jersey Phar- 


‘ 


maceutical Association. The pharmacist desiring spe- 
cific information on special applications of the Food, 
Drug and Cosmetic Act should write for information to 
the Commissioner, Food and Drug Administration, 


Washington, D. C. 


. LABELING REGULATIONS 
Adopted by the Department of Health of the State of New Jersey 
tive ingredient and intended for local use in the mouth 


Warning Statements for Drug Labels * 


INASMUCH AS certain drugs may be safe for in- 
discriminate use provided that adequate warning be 
given for certain conditions under which these drugs 
may be dangerous or produce an undesirable effect, 

BE IT RESOLVED, that the following drugs when 
sold for internal or external medication shall bear ade- 
quate warnings against their use in those pathological 
conditions or by children where their use may be danger- 
ous to health, or against unsafe dosage or methods or 
duration of administration or application, in such 
manner and form, as are necessary for the protection of 
users. The warning statements listed below, or their 
adequate equivalents, should appear on the labels of 
preparations containing the following drugs: 


1. Cathartic or Laxative Drugs: 
(except castor oil and phenolphthalein) which act as ir- 
ritants to the gastrointestinal tract or stimulate intes- 
tinal peristalsis: 


‘Warning: Not to be used when abdominal pain (stom- 
ach-ache, cramps, colic), nausea, vomiting (stomach sick- 
ness), or other symptoms of appendicitis are present. 

“Frequent or continued use of this preparation may result 
in dependence on laxatives.”’ 


2. Castor Oul: 

‘Warning: Not to be used when abdominal pain (stom- 
ach-ache, cramps, colic), nausea, vomiting (stomach sick- 
ness), or other symptoms of appendicitis are present. 

“Frequent or continued use of this preparation may result 
in dependence on laxatives. 

“Do not use during pregnancy except on competent ad- 
vice.” 


3. Phenolphthalein: 

‘Warning: Not to be used when abdominal pain (stom- 
ach-ache, cramps, colic), nausea, vomiting (stomach sick- 
ness), or other symptoms of appendicitis are present. 

‘“Wrequent or continued use of this preparation may result 
in dependence on laxatives. 

“Tmporant: If a skin rash appears, discontinue use.”’ 


4. Roughage Materials: 
. Preparations containing so-called roughage materials 
and intended for use in constipation: 

“Important: All varieties of constipation are not bene- 
fited by this preparation. It should be particularly avoided 
in cases such as spastic constipation in which abdominal dis- 
comfort or pain may be present.” 


5. Mineral Oils: ae 
Preparations containing mineral oil for oral adminis- 


tration: 


“Warning: Do not take directly before or after meals.” 


6. Sodium Perborate: 
Preparations containing sodium perborate as an ac- 


and throat: 


“Warning: This preparation may cause irritation and in- 
flammation of the gums, tongue, and mucous membranes of 
the mouth. It should be discontinued at the first sign of ir- 
ritation or soreness. In case of doubt, consult your physician 
or dentist.” 


7. Nose Drops, Inhalants and Sprays: 
(a) Those that contain oil as a vehicle or base: 
“Caution: The use of excessive amounts of this prepara- 


tion may be dangerous. Do not use at all in infants and 
younger children except on competent advice.” 


(b) Those that contain ephedrine, epinephrine, 
amphetamine (benzedrine), propadrine, neo- 
synephrin, and other vaso-constricting drugs 


of similar activity: : 


“Caution: Frequent or continued use may cause nervous- 
ness, restlessness, or sleeplessness. Individuals suffering 
from high blood pressure, heart disease, diabetes, or thyroid 
sbacvenin ere: not use this preparation except on competent 
advice. os 


8. Volatile Oils or Aromatics: 


Preparations containing volatile oils, aromatics, or 
drugs of an oleoresinous nature and intended for their 


effect upon the urinary tract: 


“Warning: If disturbance of the stomach or bowels, or 
skin rash is noticed, discontinue use.” 


9. Atropine and pharmacologically related drugs: 


“Caution: Frequent or continued use of this preparation 
should be avoided. Discontinue if dryness of the throat, ex- 
cessively rapid pulse, or blurring of vision appears. 

‘Warning: This preparation should not be taken by 
elderly people except on competent advice.” 


10. ILodine or Iodides: 


“Warning: Do not use in cases of lung disease or chronic 
cough, goiter or thyroid disease, except upon the advice of a 
physician. 

“Tf a skin rash appears, discontinue use.” 


11. Phenol or Carbolic Acid: 


Preparations containing carbolic acid as a thera- 


peutically active ingredient: 


Note: Preparations containing more than 2 per cent of 
carbolic acid are not considered safe for indiscriminate distri- 
bution. 

“Warning: When applied to fingers and toes, do not use 
a bandage. 

“Apply according to directions for use, and in no case to 
large areas of the body.” 


12. Cresols, Creosote, Guaiacol, or Coal-tar Derivatives, 


intended for use as douches: : 


Note: Preparations intended for use after dilution should 
bear adequate directions for preparing solution and thor- 
ough mixing before pouring into douche bag. 
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“Warning: The use of solutions stronger than those 
recommended may result in severe local irritation or burns 
or serious poisoning.”’ 


13. Cresols, Creosote, Guaiacol, or Coal-tar Derivatives, 
intended for surface application: 


“Warning: Apply according to directions for use and in no 
case to large areas of the body.” 


14. Strychnine: 


“Warning: Do not take more than the dosage recom- 
mended. Frequent or continued use is to be avoided and its 
use for children and elderly persons may be especially dan- 
gerous.”’ 


15. Anthelmintics: 

The following preparations in therapeutically potent 
doses are not safe for indiscriminate distribution and 
should only be used under the direct supervision of a 
physician: 


(a) Carbon Tetrachloride: 


Note: Specific adequate directions for administration of a 
saline cathartic after use of this drug should be given. 

“Warning: Avoid taking castor oil or other preparations 
or foods containing oil or fat while this drug is being admin- 
istered. The use of this preparation in debilitated children 
and persons addicted to alcohol is dangerous. 


(b) Tetrachloroethylene: 


Note: Specific adequate directions for the administration 
of a saline cathartic should be given. 


(c) Aspidium (Male Fern): 


Note: Specific adequate directions for administration of a 
saline cathartic should be given. 

“Warning: Avoid taking castor oil or other preparations 
or foods containing oil or fat while this drug is being admin- 
istered.” 


(d) Santonin: 


Very important: Shake vigorously before using. Failure 
to do so may result in serious injury. 

Caution: The use of more than the prescribed dose is dan- 
gerous. 

“Do not take castor oil or other preparations or foods con- 
taining oil or fat while this drug is being administered. 

“The prescribed dose should not be repeated within 7 
days.” Zo 


(e) Chenopodium Oul: 


Note: Specific adequate directions for administration of 
a cathartic, preferably castor oil, should be given. 


(f) Thymol: 


Note: Specific adequate directions for administration of a 
saline cathartic should be given. “ 

“Warning: Avoid taking alcohol or any preparation con- 
taining alcohol before, after or during administration of this 
drug.” 


16. Acetanilid: 


“Warning: Frequent or continued use may be dangerous, 
causing serious blood disturbances, anemia, collapse, or a de- 
pendence on the drug. Do not take more than the dose 
recommended. Not to be given to children.” 


17. Acetophenetidin: 


“Warning: Frequent or continued use may be dangerous, 
causing serious blood disturbances. a 
“Do not take more than the dosage recommended, 


18. Antipyrine: 


“Warning: Frequent or continued use may be dangerous, 
_ causing serious blood disturbances. 
“Do not take more than the dosage recommended.” 
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19. Bromides: 


“Warning: Frequent or continued use may lead to mental 
derangement, skin eruptions, or other serious effects. 

“Do not take more than the dosage recommended. 
' “Not to be taken by those suffering from kidney disease.”’ 


20. Mouth Washes and Gargles containing Chlorates: 
“Caution: Avoid swallowing.” 


21. Arsenic: 

Preparations containing arsenic except those em- 
ployed as chemotherapeutic agents for specific diseases 
such as syphilis, amebic dysentery, etc.: 


“Caution: Continued or prolonged use may result in seri- 
ous injury.” 


22. Quinine, Cinchonine, and Cinchonidine: 


“Caution: Discontinue use if deafness, skin rash, visual 
disturbances (eye trouble), or other serious symptoms ap- 
” 
pear. 


23. Silver Salts: 
Preparations containing silver salts: 


“Caution: Prolonged or frequent use of this preparation 
may result in permanent discoloration of the skin and mucous 
membranes.” 


24. Coughs: 
Preparations sold under representations relating to 
coughs due to colds: 


“Important: Persistent coughs may indicate the presence 
of a serious condition. Do not use this preparation when the 
cough has persisted for 10 days without securing competent 
advice.” 


25. Mercury: 
Preparations containing mercury intended for ad- 
ministration by mouth or as douches: 


“Warning: the prolonged or frequent use of this prepara- 
tion or the use of amounts in excess of the prescribed direc- 
tions may Cause serious mercury poisoning.” 


26. Rubifacients, or irritants such as Ammonia, 
Arnica, Cantharides, Capsicum, Chloroform, Ether, 
Methyl Salicylate, Pepper, Mustard, or Turpentine 
Oil intended for surface application: 


“Caution: This preparation may irritate the skin, par- 
ticularly if applied with rubbing. Avoid getting it into the 
eyes or on mucous membranes.” 


27. Chrysarobin or Goa Powder: 


“Caution: The use of this product over large skin areas 
may cause kidney irritation. ; 
“Warning: Keep away from the eyes.”’ 


28. Digitalis, Squill, Strophanthus, or other pharma- 
cologically related drugs in therapeutically effec- 
tive proportions: 


Note: Potent doses of the drugs have an accumulative 
action and may lead to disastrous effects upon the heart and 
circulation. They should be used only under the direct 
supervision of a qualified physician, 

“Caution should be exercised in using this preparation, 
particularly if the patient has had digitalis, squill, strophan- 
thus, oubain or similar drugs within the preceding 3 weeks. 

“The appearance of anorexia (loss of appetite), natgea. 
vomiting, headaches, or heart irregularities (palpitation) is 
often an early sign of full digitalization or overdosage. When 
such symptoms appear do not continue the use of this prepa- 
ration without consulting the physician.” 


Rulings on Sulfonamide Sales 


Regulations governing the labeling and sale of sul- 
fonamides and preparations containing sulfonamides 
have been changed so frequently that any firm desiring 
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to market these products should apply directly to the 
Commissioner, Food and Drug Administration, Wash- 
ington, D. C., for the latest information. 


Regulations Regarding Dangerous Drugs 
These Drugs May Be Dispensed only on a Prescription 
BEIT RESOLVED by the New Jersey State Board of 
Health, under authority granted in Section 24:2-1 of 
the Revised Statutes, (1) that the following drugs may 
not be sold within the limits of this State except upon 
the prescription of a physician: 


LABELING REGULATIONS 


or stronger cannot safely -be indiscriminately used, and 
the same is true of ipecac in daily dosage greater ‘than 
10 ees] as well as of strychnine in a daily dose greater 
than 149 grain. 

Digitalis, Squill, Strophanthus—The opinion has also 
been expressed that products containing therapeutically 
effective proportions of digitalis, squill, strophanthus, 
or other pharmacologically related drugs may not be 
safe for indiscriminate distribution. 

Pharmacists should guide themselves in accordance 
with the regulations and views expressed by the authori- 
ties. 


LIST OF LABELS FOR WHICH COPY IS SUPPLIED IN 
SUCCEEDING PAGES 


Aconite aren 

Aminopyrine Sulfadiazine 

Barbiturates Sulfaguanidine mead 

Benzedrine (Amphetamine) Sulfanilamide > P? eee a 
Sulfate (for internal use) Sulfapyridine ears 7 

Cantharides (for internal use)  Sulfathiazole 7 COMPoOUneS 

Chrysarobin or goa powder Tansy Oil 

Chrysophanie acid Thiocyanates 

Cinchophen, Neocinchophen, Thryoid 


and other cinchophen deriva- 
tives 

Colchicine 

Colchicum 

Emetine 

Phenol and Camphor (in un- 
diluted eutectic mixture) 

Phosphides 

Phosphorus 


Carbon Tetrachloride—for in- 
ternal use 

Tetrachloroethylene 

Male Fern (aspidium) 

Santonin and preparations of 
Santonin 

Sena Oil (chenopodium 
oi 

Thymol—for internal use 


and (2), that the following drugs shall not be sold for 
medicinal use within this State: 


Dinitrophenol, Dinitrocresol, 
and their derivatives 

Diethylene Glycol 

Ethylene Glycol 

Carbitol 


cols except Glycerin and 
Propylene Glycol 

The latter if present in drug 
products in appreciable 
quantities. 


Cellosolve, and all other Gly- 


Bromides—It is the opinion of the authorities that 
preparations containing bromide should not be sold 
without prescription if the dosage provided involves the 
consumption of more than 30 grains per day or more 
than 15 grains during any 3-hour period. aye 

Acetanilid—The same is true of acetanilid, in the 
case of medicines that provide a total daily intake of 
more than 5 grains or more than 24% grains during any 
3-hour period. 

Bromide-Acetanilid Combinations—For bromide-ace- 
tanilid combinations, it has been suggestédthat prepa- 
rations for lay use should not provide more than a 
total daily dose of 15 grains of sodium bromide and 5 
grains of acetanilid, or more than 714 grains of sodium 
bromide and 21% grains of acetanilid during any 3-hour 
period. Comparable amounts of other bromide prepa- 
rations should, of course, be subject to the same 
restriction. 

Acetophenetidin (Phenacetin)-Antipyrine—There is 
ample scientific evidence to support the view that prepa- 
rations providing a daily dose of more than 15 grains 
of Acetophenetidin or more than 15 grains of antipyrine 
are dangerous within the meaning of Federal and State 
Drug Laws when distributed for indiscriminate lay use. 
Investigations which are currently in progress strongly 
suggest the probability that somewhat smaller daily 
doses of these drugs may likewise be dangerous when 
consumed indiscriminately. After public notice, the 
regulatory program will, of course, include actions based 
on sales of Acetophenetidin and ‘antipyrine under cir- 
cumstances providing for a somewhat smaller daily dose 
if scientific opinion becomes available to establish the 
illegality of such sales. 

Epinephrine, Ipecac, Strychnine—In the judgment 
of the authorities, epinephrine in solution of 1 per cent 


The numbers refer to the label number in the succeeding pages 


Acetic Turpentine Liniment—96 
Acetone—2 
Acid Acetic, Glacial—1 
Boric—16 
Boric, Saturated Solution—18 
Hydrochloric—45 
Nitric—65 
Alkaline Aromatic Solution—13 
Alum, Ammonium—5 
Alum, Potassium—6 
Ammonia, Aromatic Spirit—9 
Ammonia Water—8& 
Ammoniated Mereury Ointment 
—62 
Anise—10 
Antiseptic Mouth Wash—11 
Arnica Tinecture—12 
Aromatic Ammonia Spirit—9 
Aromatic Cascara Fluidextract— 
23 


Aromatic Sodium Perborate— 


89 

Artificial Effervescent Carlsbad 
Salts—22 

Artificial Vichy 
Salts—99 _. 

Aspirin Tablets—3 

Beef and Iron Elixir—14 

Benzoin Tincture, Compound— 
105) 

Blaud’s Pills—42 

Blue Ointment—59 

Borax-—86 

Boric Acid—16 

Borie Acid Ointment—17 

Brown Mixture—67 

Burow’s Solution—7 

Camphor Spirit—21 

Camphorated Oil-—20 

Carron Oits—53 

Cascara Sagrada Fluidextract, 
Aromatie—23 

Castor Oil—24 

Catnip—25 

Catnip and Fennel Elixir—26 

Chalk Mixture—27 

Chamomile Flowers—58 

Chloroform Liniment—28 

Citrate of Magnesia Solution—55 

Clove Oil—29 

Cod Liver Oil—30 

Cod Liver Oil Emulsion—31 

Compound Cathartic Pills—61 

Compound Licorice Powder—81 

Cream of Tartar—75 

Creosote—32 

Cresol Solution, Saponated—33 

Dobell’s Solution—87 

Effervescent Artificial Carlsbad 
Salts—22 

Effervescent Artificial Vichy 
Salts—99 ‘ 

Effervescent Sodium Phosphate 


Effervescent 


—90 
Elixir, Beef and Iron—14 
Elixir, Catnip and Fennel—26 
Elixir, Terpin Hydrate—94 
Elixir, Terpin Hydrate and Co- 
deine—95 
Emulsion, Cod Liver Oil—31 
Emulsion, Liquid Petrolatum—72 
Emulsion, Liquid Petrolatum and 
Phenolphthalein—73 
Ephedrine Inhalant, Compound 


--35 
Ephedrine Sulfate Jelly—36 
Hphedrine Sulfate Solution—37 


Epsom Salt—56 

Essence of Peppermint—69 

Essence of Pepsin—70 

Expectorant, Stokes’—39 

Fennel Seed—40 

Flowers, Chamomile—58 

Fluidextract Cascara Sagrada, 
Aromatic—23 

Gargle, Golden—76 

Glacial Acetic Acid—1 

Glauber’s Salt (Sodium Sulfate) 

—91 


Glycerin—43 

Golden Gargle—76 

Green Soap Tincture (Soft Soap 
Liniment)—84 

Hamamelis Water—44 

Heavy Liquid Petrolatum—71 

Hinkle’s Pills—4 

Hydrochloric Acid—45 - . 

Hydrogen Peroxide Solution—46 

Inhalant, Ephedrine, Compound 
—35 

Todine Tincture—47 

Iodine Tincture, Strong—48 

Ipecac Syrup—49 

Iron Tincture—41 : 

Jelly, Ephedrine Sulfate—36 

Larkspur Lotion—50 

Lead Acetate—51 

Lead and Opium Wash—52 

Leaves, Senna—80 

Licorice Powder, Compound—81 

Lime Liniment—53 

Lime Water—19 

Liniment, Soft Soap—84 

Magnesia, Milk of (Magnesia 
Magma)—54 

Magnesium Citrate Solution—55 

Manna—57 


Mercury, Ammoniated Oint- 
ment—62 
Mercury, Yellow Oxide Oint- 
ment—60 


Mild Iodine Tincture—47 

Mild Silver Protein Solution—82 

Milk of Magnesia—54 

Mineral Oil Emulsion—72 

Mineral Oil, Heavy—71 

Mixture, Brown—67 

Mixture, Chalk—27 

Mixture, Rhubarb and Soda—78 

Mustard Ointment—63 

Myrrh Tincture—64 

Nitre, Sweet Spirit of —38 

Nitric Acid—65 

Oil, Camphorated—20 

Oil, Castor—24 

Oil, Clove—29 

Oil, Cod Liver—30 

Oil, Olive—66 

Oil, Mineral, Heavy—71 

Oil, Turpentine, Rectified —97 

Oil, Wintergreen—102 

Ointment, Ammoniated Mercury 

Ointment, Blue—59 

Ointment, Boric Acid—17 

Ointment, Mustard—63 

Ointment, Phenol—74 

Ointment, Sulfur—93 

Ointment, Yellow Mercuric Oxide 
0 


Olive Oil—66 
Paregoric—68 
Peppermint Essence—69 
Pepsin Essence—70 


a itis of Hydrogen Solution— 


Phenol Ointment—74.' 
Pills, Blaud’s—42 - 
Pills, Compound Cathartice—61 
Pills, Hinkle’s—4 
Powder, Compound Licorice—81 
Powders, Seidlitz—34 
Rectified Turpentine Oil—97 
Rhubarb and Soda Mixture—78 
Rochelle Salt—77 
Rose Water—79 
Salt, Epsom—56 
Salt, Glauber’s—91 
Salt, Rochelle—77 : 
Artificial 


Salts,. Effervescent 
Carlsbad—22 

Salts, Effervescent Artificial 
Vichy—99 


Seed, Anise—10 

Seed, Fennel—40 

Seidlitz Powders—34 

Senna Leaves—80 

Sodium Bicarbonate—85 
Sodium Perborate—88& 

Sodium .,, Perborate, Aromatic— 


89 

pede Phosphate, Effervescent 

Soft Soap Liniment—84 

Solution, Alkaline, Aromatic—13 

Solution, Antiseptic—11 

polusen. Boric Acid, Saturated 
—1 


Solution, Burow’s—7 

Solution, Cresol, Compound—33 
Solution, Dobell’s—87 

Solution, Ephedrine Sulfate—37 


Solution, Hydrogen Peroxide—46 . 


Solution, Magnesium Citrate— 
55 


Solution, Mild Silver Protein—82 
Solution, Sodium Borate, Com- 
pound—87 
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Spirit, Aromatic Ammonia—9 
Spirit, Camphor—21 

Spirit, Nitrous Ether—38 

Spirit, Peppermint—69 

Spirit, Sweet Nitre—38 

Spirit, Turpentine—98 

Squill Syrup—92 

Stokes’ Expectorant—39 

Strong Silver Protein Solution— 


Sugar of Lead—51 

Sulfur Ointment—93 

Sweet Spirit of Nitre—38 
Syrup, Ipecac—49 

Syrup, Squill—92 

Buren White Pine, Compound— 


Syrup, Wild Cherry—101 

Tablets, Aspirin—3 

Terpin Hydrate Elixir—94 

Terpin Hydrate and Codeine 
Elixir—95 

Tincture, Arnica—12 

bene: Benzoin, Compound— 


Tincture, Green Soap—84 
Tincture, Iodine—47 

Tincture, Iodine, Strong—48 
Tincture, Iron—41 

Tincture, Myrrh—64 
Turpentine, Acetic Liniment—96 
Turpentine, Oil, Rectified —97 
Turpentine Spirit—98 

Wash, Lead and Opium—52 
Water, Ammonia—8 

Water, Lime—19 

Water, Rose—79 

White Pine Syrup, Compound— 


100 
Wild Cherry Syrup—101 
Wintergreen Oil—102 
Witch Hazel—44 
Yellow Mercurie Oxide 
ment—60 : 
Zine Oxide Ointment—103 


Oint- 


Solution, Strong Silver Protein— 
83 


Additional Label Information 


The New Jersey Department of Health states that, 
“By using the copy published herewith as a guide for 
their labels, pharmacists will avoid the possibility of be- 
coming involved in legal difficulties resulting from mis- 
branding. 

There is included in the suggested labels, a statement 
regarding the alcoholic content of official preparations 
even though such statement is not a legal requirement 
of either the Federal or State Food, Drug and Cosmetic 
Laws. Attention is also called to the omission of the 
statement of quantity of contents of packages which is 
a requirement of the Federal Law. The New Jersey 
Food, Drug and Cosmetic Act does not require such 
statement on the label at present. However, under 
pending legislation, the New Jersey Department of 
Weights and Measures would require a statement of 
contents to appear on the label of all packages of foods, 
drugs, and cosmetics. It would therefore be advisable 
to have a statement regarding the contents of packages 
appear on all labels. 

Section 24:5-18 (b) of the New Jersey Food, Drug and 
Cosmetic Act requires that the labels state the name 
and place of business of the manufacturer, packer, or 
distributor. Under the regulations, if a drug is not 

manufactured by the person whose name appears on 
the label, the label shall be qualified by a phrase which 
reveals the connection such person has with such drug, 

such as ‘Manufactured for and packed by eae 
“Distributed by ———,” or other similar phrasing 
which expresses the facts.” 

These suggestions apply with equal force to the labels 
used by all pharmacists if the public is to have a maxi- 
mum of protection. : 

im SUGGESTED LABELS 


“a The following suggested labels are numbered to cor- 
respond with the index numbers in the following 


1113 


alphabetical list of labels. . The labels are arranged 
alphabetically according to official titles. 


(1) GLACIAL ACETIC ACID N. F. 
POISON 


Antidotes: External; wash with free flowing or copious 
amounts of water. Internal; if accidentally taken, drink one 
or two tablespoonfuls of milk of magnesia, and give milk or raw 
egg white. Call a physician. 

Directions: As a wart or corn remover apply lightly to wart or 
corn. Do not apply to healthy skin. 


(2) ACETONE U. S. P. 


Volatile solvent not for internal use. Keep from fire. 


(3) ACETYLSALICYLIC ACID TABLETS U. S. P. 
[Aspirin Tablets] 


Each tablet contains 5 grains of Aspirin. 

Directions: For temporary relief of minor pain. Adults one 
tablet; children 14 to 14 tablet. Repeat in 3 hours if necessary. 
Consult your physician if colds, fever, or headaches persist or 
recur frequently. 


(4) ALOIN, BELLADONNA, CASCARA, AND PODOPHYLLUM 
PILES@Neeke 


[Hinkle’s Pills] 


Directions: A laxative. Adults one pill morning or night. 
Repeat if necessary. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. Discontinue if dry- 
ness of the throat, excessively rapid pulse, or blurring of vision 
appears. This preparation should not be taken by elderly people 
or children except on competent advice. 


()e ALUM USS. PB: 
[Ammonium Alum] 


Directions: An aid in checking light bleeding from minor 
scratches and cuts as occur in shaving. Apply. directly to eut or, 
for a solution, dissolve 1 teaspoonful in a pint of warm water. 

Keep container closed and in a cool, dry place. 


(6) ALUM U. S. P. 
[Potassium Alum] 


Directions: An aid in checking light bleeding from minor 
scratches and cuts as occur in shaving. Apply directly to cut or, 
for a solution, dissolve 1 teaspoonful in a pint of warm water. 

Keep container closed and in a cool, dry place. 


(7) ALUMINUM ACETATE SOLUTION N., F. 
[Burow’s Solution] 


Directions: For use as a non-toxic antiseptic dressing. Dilute 
1 volume of this preparation with 9 volumes of water for minor 
cuts, burns, abrasions, etc. 


(8) DILUTED AMMONIA SOLUTION U. S. P. 


{Ammonia Water] 


POISON 


Not for medicinal use. 


10% Ammonia 

Antidotes: External; if accidentally spilled on body, wash 
with copious amounts of water. Internal; if accidentally swal- 
lowed, drink large amounts of vinegar or the juice of lemons, 
grapefruits, or oranges, followed by olive oil. 

If accidentally splashed into the eyes, wash with a solution of 
boric acid made by adding 1 teaspoonful of boric acid in a tum- 
blerful of boiled water. 


(9) AROMATIC AMMONIA SPIRIT U. S. P. 


62-68% Alcohol 


Directions: A stimulant. One-half teaspoonful in a little 
water, sweetened if desired, as a mild temporary stimulant. Or 
may be used by inhalation. For children, use 5 to 10 drops as 
described above. 
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ANISE N. F. 


[Anise Seed] 


Directions: For adults, prepare a tea using 1 cupful of water 
with 14 teaspoonful of the drug; children use from a pinch to 
l{ teaspoonful. As a stomachic and carminative. 


(11) 


(10) 


N. F. ANTISEPTIC SOLUTION 
[Antiseptic Mouth Wash] 


Alcohol 26-29% 


Directions: As a mouth wash or gargle for minor throat irrita- 
tions use full strength. Use full strength also on cuts or abra- 
sions. 


(12) ARNICA TINCTURE N. F. 

Alcohol 63-69% 

Apply locally for minor bruises. 

Antidotes: If accidentally swallowed, cause patient to vomit 
(1 tablespoonful of salt in warm water) followed by milk, ugg 
white, or other demulcent drinks. Call a physician. ; 

Caution: This preparation may irritate the skin, particularly 
if applied with rubbing. Avoid getting it into the eyes or on 
mucous membranes. 


ALKALINE AROMATIC SOLUTION N, F. 


Alcohol 4-7% 


Directions: As a mouth wash use full strength. 
bottle, dilute with 5 volumes of water. 


(14) 


(13) 


In a spray 


BEEF, IRON, AND WINE N. F. 


[Beef and Iron Elixir] 


Aleohol 17-20% 


Directions: Adults, take 2 teaspoonfuls; children 1 teaspoon- 
ful 3 or 4 times a day, before meals. 


COMPOUND BENZOIN TINCTURE U. S. P. 


Alcohol 74-80% 


Directions: As an inhalant add ‘1 teaspoonful to a quart of 
hot water and inhale the vapors. As an expectorant; for adults, 
14 teaspoonful; for children, 5 to 15 drops; take in water (which 
may be sweetened) 2 or 3 times a day. 

Caution: Persistent coughs may indicate the presence of a 
serious condition. Do net use this preparation when the cough 
is persistent for 10 days without securing competent advice. 


(15) 


(16) BORIC ACID U. S. P. 
Powdered 


Directions: Dissolve 1 teaspoonful in a tumblerful of boiled 
water. Allow to cool to a comfortable temperature before using 
as an eye wash or for application to other membranes or wounds. 

(17) BORIC ACID OINTMENT U. S. P. 


Directions: Apply to affected area several times daily. 


(18) BORIC ACID SOLUTION N. F. 


[Saturated Boric Acid Solution] 


Directions: For external use on cuts or bruises use full strength. 
As an eye wash, dilute with an equal volume of boiled water. 
Keep bottle tightly stoppered in a warm place. 


CALCIUM HYDROXIDE SOLUTION U. S. P. 


[Lime Water] 


Directions: An ant-acid. One tablespoonful, plain, or in milk 
or water as desired. For infants, 1 to 2 tablespoonfuls in 
formula or in water. 

Keep bottle tightly stoppered in a cool place. 


(19) 


(20) CAMPHOR LINIMENT U. S. P. 


{[Camphorated Oil] 


For External Use Only 
Directions: Apply locally to affected area with gentle massage. 
Cover area after application, if desired. 
(21) CAMPHOR SPIRIT N. F. 
80-87% Alcohol 
Directions: For cold sores apply with cotton 3 or 4 times daily. 
we internal use, 5-15 drops in water. Not to be given to chil- 
ren, 


LABELING REGULATIONS : 


(22) EFFERVESCENT ARTIFICIAL CARLSBAD SALTS 
Directions: Adults 1 heaping teaspoonful; children 144 to 1 


level teaspoonful; in a half glassful of water. Allow all powder 
to dissolve before drinking. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued use 


may result in dependence on a laxative. 


CASCARA SAGRADA FLUIDEXTRACT, AROMATIC U.S. P. 


17-19% Alcohol 


Directions: As a laxative, adults take 14 teaspoonful. Chil- 
dren (6-12 years) 10 drops. Not intended for younger children or 
infants. : 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued use 
may result in dependence on a laxative. 


(24) CASTOR OIL U. S. P. 


Directions: Adults take 1 tablespoonful. Children (6-12 
years) 1 to 2 teaspoonfuls. Do not give to younger children. 
Do not repeat dose within 24 hours. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


(23) 


(25) CATARIA N. F. 
(Catnip, Catmint] 
Directions: For adults, prepare a tea using 1 cupful of water 
with 1 teaspoonful of the drug; children 6-12 years 4% to 1 
teaspoonful; 1-6 years 14 to % teaspoonful. As a stomachic. 


(26) CATARIA AND FENNEL ELIXIR N. F. 


[Catnip and Fennel Elixir] 


17-20% Alcohol 
Directions: For infants, 8 drops in water. Repeat dose once if 
necessary. Older children 144 to 4% teaspoonful as above. 
Caution: Not to be used in case of abdominal pain when ac- 
companied by fever. Consult your physician if the child requires 
frequent or continued use of this remedy. 


(27) CHALK MIXTURE U. S. P. 


Shake Well Before Using 


Directions: For relief of minor diarrhea. Adults take 1 table- 
spoonful; children 6-12 years 2 teaspoonfuls, 1-6 years 14 to 1 
teaspoonful. Repeat dose if necessary. 

Caution: If diarrhea persists, consult your physician. 


(28) CHLOROFORM LINIMENT U. S. P. 


43-47% Alcohol 
Each 100 ce. contains 30 ec. Chloroform. 


POISON 


Antidotes: If accidentally swallowed, induce vomiting. Give 
mustard or salt in tepid water. Place patient in horizontal posi- 
tion and douse head with cold water. Apply artificial respira- 
tion. Call a physician. 

Directions: Use externally as a liniment. Apply locally to the 
affected part without rubbing. Not for internal use. _ 

Keep tightly stoppered and in a cool place. 

Caution: This preparation may irritate the skin, particularly 
if applied with rubbing. Avoid getting it into the eyes or on 
mucous membranes. 


(29) CLOVE OIL U. S. P. 


Directions: For the relief of toothache, apply to gum or cavity 
on pleas of cotton. Keep container closed and protected from 
ight. 


(30) COD LIVER OIL U. S. P. 


The minimum daily requirements of vitamins A and D will be 
met if the directions given are followed. 

Directions: Infants and younger children 14% teaspoonfuls 
daily (14 teaspoonful three times a day). Adults and older chil- 
dren 2 teaspoonfuls daily. Keep bottle tightly closed and in a cool 
place. The minimum daily requirement of vitamin A is, for in- 
fants 1500 U.S. P. units, for children 1-12 years 3000 U. S. P. 
units, and for individuals over 12 years of age 4000 U.S. P. units. 
For vitamin D the minimum daily requirement is 400 U. S. P. 
units for all age groups. 
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(31) COD LIVER OIL EMULSION U. S. P. 


Shake Well Before Using 


The minimum daily requirement of vitamins A and D will be 
met if the directions given are followed. 

Directions: Infants 2 teaspoonfuls 3 times a day. Adults, 1 
tablespoonful 3 times daily. 
' The minimum daily requirement of vitamin A is, for infants 
1500 U.S. P. units, for children 1-12 years 3000 U. S. P. units, 
and for individuals over 12 years of age 4000 U.S. P. units. For 
vitamin D the minimum daily requirement is 400 U. S. P. units 
for all age groups. (Note—If Benzoic Acid or other preservative 
is used its presence must be declared on the label.) 


(32) CREOSOTE N. F. 
POISON 
Directions: Internally: for adults, 4 drops diluted with 


water. Not to be given to children. Externally: for toothache, 
apply locally to cavity and gums. 

Caution: Coughs may be symptoms of more serious ailments. 
If no improvement is noted within 10 days, consult-your physi- 
cian, When used externally apply according to directions and in 
no case to large areas of the body. 

Antidotes: If accidentally taken give a tablespoonful of salt 
in a glassful of warm water to cause vomiting, Follow with Ep- 
som or Glauber’s salt, 1 tablespoonful in a glass of water and then 
give milk, flour, and water or barley or oatmeal gruel. Avoid use 
of oils or fats. Call a physician. 


(33) SAPONATED CRESOL SOLUTION U.S. P. 
[Compound Cresoi Sofution]} 
POISON 
Antidotes: If accidentally spilled on skin, flood with water. 


Then bathe in alcohol or bland oil such as olive, cottonseed or 
salad oil. 

If taken internally, give milk, raw eggs, mucilage or starch 
paste. Follow by inducing voniting, using a tablespoonful of 
mustard in a tumblerful of tepid water. Call a physician. 

Directions: Always dilute before use. Asa household disinfec- 
tant use 2 or 3 tablespoonfuls in a gallon of water. For applica- 
tion to the skin or mucous membranes (for douche; cuts, etc.) use 
1 teaspoonful to a quart of water. Mix thoroughly before using. 

Caution: The use of stronger solutions than those recom- 
mended may result in severe irritation or burns or serious poison- 
ing. 


(34) COMPOUND EFFERVESCENT POWDERS U. S. P. 


[Seidlitz Powders] 


Directions: Dissolve the contents of 1 blue and 1 white powder 
separately in 44 glass of water. When dissolved mix the two solu- 
tions and drink. Do not give to children or infants. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, coli¢), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


COMPOUND EPHEDRINE SPRAY N. F. 
[Compound Ephedrine Inhalan#] 


(35) 


Directions: As a spray use every 3 or 4 hours in each nostril. 
As nose drops, place a few drops in each nostril every 3 or 4 hours. 

Caution: Not to be used for infants and young children. Fre- 
quent or continued use may cause nervousness, restlessness, or 
sleeplessness. Individuals suffering from high blood pressure, 
heart disease, diabetes, or thyroid trouble should not use this 
preparation except on competent advice. 


(36) EPHEDRINE SULFATE JELLY N. F. 


Directions: Insert about 14 inch of jelly into each nostril. 
Massage by gentle pressure on the exterior to disperse the jelly. 
For the temporary relief of nasal congestion. Use not more than 
3 or 4 times per day. : 

Caution: Not to be used for infants and young children. Fre- 

uent or continued use may cause nervousness, restlessness, or 
sleeplessness. Individuals suffering from high blood pressure, 
heart disease, diabetes, or thyroid trouble should not use this 
preparation except on competent advice. 


(37) EPHEDRINE SULFATE SOLUTION N. F. 


Directions: For use as a nasal spray or drops dilute with an 
equal volume of water. Use 3 or 4 times daily for the temporary 
relief of nasal congestion. f 

Caution: Not to be used for infants and young children. Fre- 
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quent or continued use may cause nervousness, restlessness, or 
sleeplessness. Individuals suffering from high blood pressure, 
heart disease, diabetes, or thyroid trouble should not use this 
preparation except on competent advice. 


(38) ETHYL NITRITE SPIRIT N. F. 


[Sweet Spirit of Nitre] 
85-93% Alcohol 
4% Ethyl Nitrite 
Directions: Adults 14 teaspoonful; children 5 to 10 drops, in a 
quarter glass of water, sweetened if desired. Keep bottle well 
stoppered and in a cool, dark place. 


(39) EXPECTORANT MIXTURE N. F. 


[Stokes’ Expectorant] 


10-12% Alcohol 
Shake Well Before Using 

Each fluidounce contains 0.322 grain of powdered Opium. 

Warning: May be habit forming. 

Directions: Adults 1 teaspoonful every 3 or 4 hours for tem- 
porary relief of coughs due to colds. Do not give to children ex- 
cept on advice of a physician. Shake well before using. 

Caution: Coughs may be symptoms of more serious conditions. 
If no improvement is noted within 10 days, consult your physi- 
cian. 3 


(40) FENNEL SEED N. F. 


Directions: Prepare a tea. For adults use 4% teaspoonful to 
cupful of water, children 14 teaspoonful. As a stomachic and 
carminative. 

(41) FERRIC CHLORIDE TINCTURE N. F. 
{Iron Tincture] 
: Alcohol 56-64% 
Directions: Apply locally as a styptic or astringent. 


Caution: To avoid discoloration of the teeth this product is 
best taken through a straw or glass tube and swallowed directly. 


(42) FERROUS CARBONATE PILLS N., F. 


[Blaud’s Pills] 


Directions: A chalybeate tonie. Adults take 5 pills; children 
(6-12 years) 1 or 2 pills; take dose once or twice daily. Not 
intended for younger children or infants, 


(43) GLYCERIN U. S. P. 


Directions: As an emollient or lubricant, apply locally. As a 
penile laxative: adults 1 teaspoonful; children 14 to 1 teaspoon- 
ful. 3 

Caution:, Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


(44) HAMAMELIS WATER N. F. 


[Witch Hazel] 


Alcohol 14-15% 
Apply externally. as an astringent. 


(45) HYDROCHLORIC ACID U. S. P. 


POISON 


Not for Medicinal Use 


Antidotes: External; if accidentally spilled on body, wash im- 
mediately with free-flowing or copious amounts of water using 
soap freely; then apply moist baking soda or magnesia paste. 
Internally; if accidentally taken, drink 1 or 2 tablespoonfuls of 
milk or magnesia, and give milk or raw egg white. Call a physi- 
cian. 


(46) HYDROGEN PEROXIDE SOLUTION U. S. P. 


Contains 3 per cent hydrogen peroxide and acetanilid as a pre- 
servative (14 grain per fluidounce). 

Directions: When used as an antiseptic and germicide on 
minor cuts and abrasions, use full strength. For use as a mouth 
wash, use full strength or diluted with water. 

Keep bottle tightly stoppered or insert pledget of cotton in 
mouth of bottle and keep in a cool, dark place. 
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IODINE TINCTURE U. S. P. 
[lodine Tincture Mild] 


POISON 


44-50% Alcohol 
2% Iodine 
Directions: For minor cuts and abrasions, wash area thor- 
oughly with soap and water; then apply tincture lightly. Do 
not apply to serious wounds. Do not bandage. ; 
Antidotes: Give starch or flour in water, or egg whites. Calla 
physician. 


(47) 


(48) IODINE TINCTURE STRONG N. F. 
POISON 
83-88% Alcohol 
7% Iodine 
Directions: Use only on unbroken skin. A rubefacient. 


For first aid, on cuts use only the 2 per cent Tincture. 
Antidotes: Give starch, egg white, or flour in water. 
physician. 


Call a 


(49) IPECAC SYRUP U. S. P. 


Alcohol 1-2% 


Directions: As an expectorant (for coughs due to colds). 
Adults 12 drops. Children (6-12 years) 3 to 6 drops in sweetened 
water every 4 hours. Do not give to younger children. As an 
emetic: adults 1 tablespoonful; children 6-12 years 1. to 2 
teaspoonfuls, 1-6 years 15 to 30 drops. Give in warm water. 

Caution: Coughs may be symptoms of more serious ailments. 
If no improvement is noted within 10 days, consult your physi- 


cian. Keep tightly closed and in a cool, dark place. 
(50) ACETIC LARKSPUR TINCTURE, N. F. 
{Larkspur Lotion] 
POISON _ 
8-10% Alcohol 
Directions: For removal of pubic and scalp lice, ete. Shave 


the pubic hair before using. First shampoo the hair and scalp 
and other affected areas thoroughly. Dry and apply this prep- 
aration full strength. Cover head with towel if desired and 
allow to remain for 6-8 hours. Then shampoo again. Repeat 
process if necessary. : 

Antidote: If swallowed accidentally administer an emetic of 
mustard in warm water; afterward strong black coffee. Calla 
physician. 


($1) LEAD ACETATE, U: S. P- 


[Sugar of Lead] 
POISON 


For external use only. 

Directions: For poison ivy, oak, etc. Dissolve 1 or 2 teaspoon- 
fuls in a glass of water, unless otherwise directed by a physician. 

Antidotes: Give 1 or 2 tablespoonfuls of epsom salt; Jemon 
juice, salt or tea, followed by an emetic (mustard or salt in warm 
water), and water, milk, or flaxseed tea. Call a physician. 

Caution: Keep container tightly closed. -Do not apply for 
prolonged periods of time or to open wounds because of danger 
of lead poisoning. 


(52) LEAD AND OPIUM LOTION N. F. 


[Lead and Opium Wash] 


Less than 1% Alcohol 
Shake Well Before Using 
Each fluidounce contains 1.53 grains of opium. 


Caution: To be dispensed only by or on the prescription of a 
physician. 

Antidote: Give 1 tablespoonful of Epsom or Glauber’s Salts 
dissolved in a glass of water. Then give 1 teaspoonful of mustard 
or salt in tepid water to induce vomiting. Give large amounts of 
water, milk, or bland oils. Call a physician. 

Do not apply to cuts, abrasions, or other types of open wounds. 

(The Food and Drug Administration has stated that this 
preparation should not be used by the laity and it should there- 
fore be dispensed only on a prescription signed by a physician, 
giving the exact directions for use.) 


LABELING REGUEATIONS 


LIME LINIMENT N. F. 
{Carron Oil] 


Shake Well Before Using 
Directions: For minor burns, cuts, bruises, abrasions, or scalds 
apply liberally. Cover area with dressing saturated with lini- 
ment, if desired. : 


(53) 


MAGNESIA MAGMA U. S. P. 


[Milk of Magnesia] 


Shake Well Before Using 


Directions: As a laxative: adults take 1 tablespoonful; chil- 
dren 6-12 years 1 or 2 teaspoonfuls, 1-6 years, 4 to 1 teaspoonful. 
Repeat dose if necessary. As an antacid: adults take 1 tea- 
spoonful; children 6-12 years 14 teaspoonful, 1-6 years 10 to 20 
drops. May be taken in water and repeated 3 or 4 times if 
necessary. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


(54) 


(55) MAGNESIUM CITRATE SOLUTION U: S. P. 
Directions: A laxative. Adults 7 ounces (slightly less than a 
glassful); children (6-12 years) half a glassful. Repeat dose if 


necessary. Not intended for younger children. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


(56) MAGNESIUM SULFATE, U. S. P. 


[Epsom Salt] 


Directions: As a laxative, 1 tablespoonful dissolved in a glass 
of water. Not intended as a laxative for children. 

As a compress or bath for external use, 1 or 2 teaspoonfuls in 
a glass of warm water. Apply as soon as solution has reached a 
warm but comfortable temperature. Infections usually require 
the services of a physician. 

Caution: Not to be used internally when abdominal pain 
(stomach-ache, cramps, colic), nausea, vomiting (stomach sick- 
ness), or other symptoms of appendicitis are present. Frequent 
or continued use may result in dependence on a laxative. 

Keep container tightly closed. 


(57) MANNA 


Directions: For adults, prepare a tea using 1 cupful of water 
with 1 teaspoonful of the drug; children 6-12 years 1% to 1 tea- 
spoonful, 1-6 years 14 to 14 teaspoonful. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


(58) MATRICARIA N. F. 


[Chamomile Flowers] 


Directions: For adults, prepare a tea using 1 cupful of water 
with 2 tablespoonfuls of the drug; children 6-12 years 3 teaspoon- 
fuls to 1 tablespoonful, 1-6 years 1 to 3 teaspoonfuls. Asa sto- 
machic. 


(59) MILD MERCURIAL OINTMENT U. S. P. 
[Blue Ointment] 
10% Mercury 


Directions: Parasiticide. First wash area involved with soap 
and water, then apply ointment including adjacent hairy areas. 
Repeat once if necessary. This preparation will kill only the lice 
and not the eggs. Other measures to remove the eggs should 
be resorted to. 

Warning: This preparation may cause irritation of the skin 
and the application to large areas of the body may cause mercury 
poisoning. Do not apply to open wounds. 


(60) YELLOW MERCURIC OXIDE OINTMENT U. S. P. 


Directions: Antiseptic. Apply lightly to area involved once or 
twice daily. 

Warning: This preparation may cause irritation of the skin 
and the application to large areas of the body may cause mercury 
poisoning. 


LABELING REGULATIONS 


(61) COMPOUND MILD MERCUROUS CHLORIDE PILLS N. F. 


[Compound Cathartic Pills] 


Directions: Cathartic. Adults 2 pills at night. Repeat dose if 
necessary. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued use 
may result.in dependence on a laxative. The prolonged or fre- 

uent use of this preparation or the use of amounts in excess of 
the prescribed directions may cause serious mercury poisoning. 
Not to be given to children. 


(62) AMMONIATED MERCURY OINTMENT 5% U. S. P. 


Directions: Antiseptic. Do not use on children except upon 
the advice of a physician. 

Warning: This preparation may cause irritation of the skin 
and the application to large areas may cause mercury poisoning. 
Do not apply to open wounds. 


(63) MUSTARD OINTMENT 


Directions: A counterirritant. Apply lightly, without rubbing, 
to area, morning and night. If redness or blistering occurs, re- 
move ointment and apply olive or mineral oil. 


Caution: Avoid getting into the eyes or on mucous mem- 
branes. 
(64) MYRRH TINCTURE U. S. P. 
Aleohol 83-88% 
Directions: Internally for adults 4% teaspoonful; children 


(6-12 years) 8-15 drops. Repeat dose if necessary. Externally 
as a mouth wash, dilute 1 teaspoonful in a glassful of water. 


(65) NITRIC ACID N. F. 
POISON 
Antidotes: External; flood surface with free-flowing water. 


Then cover with moist Oxide of Magnesia or Bicarbonate of Soda 
paste. Internal; give 2 tablespoonfuls of Milk of Magnesia; 
mucilage or egg white. Call a physician. 

Caution: For manufacturing use only. 


(COMBMOLIVE TOUR Usa Sauk. 


Directions: As an emollient for burns, ete., apply locally. 
As a laxative: Adults 2 tablespoonfuls; children 6-12 years 2 
to 4 teaspoonfuls, 1-6 years 1 to 2 teaspoonfuls. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


(67) COMPOUND OPIUM AND GLYCYRRHIZA MIXTURE N. F. 


[Brown Mixture] 


9-11% Alcohol 
Shake Well Before Using 

Each fluidounce contains 0.235 grain of opium. 

Warning: May be habit forming. ; 

Directions: An expectorant. Adults 1 teaspoonful. Children 
6-12 years 4 to 44 teaspoonful, 1-6 years 5 to 10 drops every 3 or 
4 hours. 

Caution: Coughs may be symptoms of more serious ailments. 
If no improvement is noted within 10 days, consult your physi- 
cian. 


CAMPHORATED OPIUM TINCTURE U. S. P. 
[Paregoric] 
44-46% Alcohol 
Contains 1.83 grains of Opium per fluidounce. 
Warning: may be habit forming. 
| Directions: A sedative. Adults take 1 teaspoonful. Not to be 
given to children except on the advice of a physician. May be 
taken in sweetened water if desired. : 


(68) 


PEPPERMINT SPIRIT U. S. P. 


[Essence of Peppermint] 


79-85% Alcohol 


- Directions: A carminative. For adults, 15 drops; for children, 
8 to 5 drops in water which may be sweetened if desired. 
“ah 


(69) 
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(70) PEPSIN AND RENNIN ELIXIR N. F. 


[Pepsin Essence] 


17-20% Alcohol 


Directions: Adults 2 teaspoonfuls; children 1 teaspoonful; to 
be taken before meals. 


(71). LIQUID PETROLATUM Us S. P: 


{Heavy Mineral Oil] 


Directions: A laxative. Adults take 1 tablespoonful. Children 
6-12 years 1 or 2 teaspoonfuls, 1-6 years 15 to 30 drops. 
Caution: Take only at bedtime. 


(72) LIQUID PETROLATUM EMULSION U. S. P. 
{ Mineral Oil Emulsion] 
Aleohol 6-7% 
Shake Well Before Using 
Directions: A laxative. Two tablespoonfuls for adults. For 


children 6-12 years 1 tablespoonful, 1-6 years 1 teaspoonful. 
Caution: Take only at bedtime. 


(73) LIQUID PETROLATUM WITH PHENOLPHTHALEIN 
EMULSION N. F. 


5-6% Alcohol 
Shake Well Before Using 

Directions: A laxative. Adults 1 tablespoonful; children 6-12 
years 1 or 2 teaspoonfuls, 1-6 years 20 drops. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. Take only at bed- 
time. 

Important: If a skin rash appears, discontinue use. 


(74) PHENOL OINTMENT U. S. P. 


[Carbolic Acid Ointment] 


Directions: A local analgesic. Apply lightly to area involved 
ence or twice daily. Do not use on children except upon the 
advice of a physician. 

Warning: When applied to the fingers and toes do not use a 
bandage. Apply according to the directions for use and in no 
case to large areas of the body. 


(75) POTASSIUM BITARTRATE N. F. 
[Cream of Tartar] 
Directions: <A laxative. One-half teaspoonful in a glass of 


water. Repeat once in 1 or 2 hours if necessary. Not to be given 
to children except upon direction of a physician. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. This drug should 
not be taken in cases of serious kidney disease or injuries. 

Keep container closed. 


(76) POTASSIUM CHLORATE GARGLE WITH IRON N. F. 


{Golden Gargle] 


7-8% Alcohol 
Directions: For adults and children, 1 teaspoonful in a glass 
of water, as a gargle for minor throat irritations. 
Caution: Avoid swallowing. 


(77) POTASSIUM SODIUM TARTRATE U. S. P. 
{Rochelle Salt] 
Directions: A laxative. Adults take 214 teaspoonfuls dis- 


solved in 4% glass of water. 
teaspoonful in water. 
fants. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


(78) RHUBARB AND SODA MIXTURE N. F. 
2-4% Alcohol 


Shake Well Before Using 


Directions: As an antacid for the temporary relief of hyper- 
acidity; adults 1 teaspoonful; children 6-12 years 14 to 1% tea- 
spoonful, 1-6 years 5 to 20 drops. Repeat dose if necessary. 
For occasional use. 


Children (6-12 years) take 44 to 1 
Not intended for younger children or in- 
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Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


(79) ROSE WARERSURS a. 
Use as a lotion for chapping of hands, arms, legs, and face. 


(80) SENNA LEAVES U. S. P. 


Directions: A laxative. 
ful of water with 1 teaspoonful of the leaves. 
teaspoonful of the leaves. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach ache), or other symp- 
toms of appendicitis are present. Frequent or continued use may 
result in dependence on a laxative. 


For adults, prepare a tea using 1 cup- 
For children 4% 


(81) COMPOUND SENNA POWDER N. F. 
{Compound Licorice Powder] e 
Directions: A laxative. Adults take 1 teaspoonful dissolved 


in a little water upon retiring. Children (6-12 years) 144 to 4% 
teaspoonful as above. Do not give to younger children. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vcmiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


MILD SILVER PROTEIN SOLUTION 
—% —Date 

Directions: If for nose, hold head well back and instil 2 or 3 
drops every 3 or 4 hours. If for throat, spray or swab every 
3 or 4 hours. 

Caution: Prolonged or continued use of this preparation may 
result in permanent discoloration of the skin and mucous mem- 
branes. 

Infections usually require the services of a physician. 


(82) 


(83) STRONG SILVER PROTEIN SOLUTION 


—% 

Directions: If for nose, hold head well back and instil 2 or 3 
drops every 3 or 4 hours. If for throat, spray lor swab every 
3 or 4 hours. 

Caution: Prolonged or continued use of this preparation may 
eae in permanent discoloration of the skin and mucous mem- 

ranes. 

Infections usually require the services of a physician. 


(84) SOFT SOAP LINIMENT U. S. P. 


{Green Soap Tincture] 


28-32% Alcohol 
Use as a liquid soap. 


(85) SODIUM BICARBONATE U. S. P. 


Directions: As an antacid for the temporary relief of hyper- 
acidity. For adults use 14 teaspoonful in a little water. Not 
intended for children except upon the advice of a physician. Use 
only occasionally. 


(86) SODIUM BORATE U. S. P. 


{[Borax, Sodium Tetraborate] 


Directions: As a water softener or cleanser use 1 or 2 table- 
spoonfuls in a gallon of water. 


(87) COMPOUND SODIUM BORATE SOLUTION N. F. 


{[Dobell’s Solution] 


_Directions: Asagargle use undiluted. For dental spray bottle, 
dilute with 5 volumes of water. 


(88) SODIUM PERBORATE U. S. P. 


Not intended for internal use. 


Directions: Asamouth wash or gargle, dissolve one teaspoon- 
ful in a tumblerful of tepid water. Rinse or gargle but do not 
swallow. 

Caution: If its use causes irritation or soreness in the mouth, 
discontinue use. 


(89) AROMATIC SODIUM PERBORATE N. F. 


Directions: As a mouth wash or gargle, use 1 teaspoonful in 
a glassful of water. Prepare a fresh solution for each use. 
_Caution: If its use causes irritation or soreness in the mouth, 
discontinue use. 


LABELING REGULATIONS 


(90) EFFERVESCENT SODIUM PHOSPHATE U. S. P. 


Directions: A laxative. Dissolve 244 teaspoonfuls in a glassful 
of water. Drink after effervescence has ceased. Not intended 
for children. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 


SODIUM SULFATE U. S. P. 
[Glauber’s Salt] 


Crystals of Sodium Sulfate 


Directions: As a laxative, adults use 1 tablespoonful; children 
(6-12 years) 1 or 2 teaspoonfuls dissolved in water. Repeat once 
if necessary. 

Caution: Not to be used when abdominal pain (stomach-ache, 
cramps, colic), nausea, vomiting (stomach sickness), or other 
symptoms of appendicitis are present. Frequent or continued 
use may result in dependence on a laxative. 

Keep container closed and in a cool place. 


(91) 


(92) SQUILL SYRUP N. F. 


Directions: An expectorant. Adults, 4 teaspoonful; children 
(6-12 years) 8 to 15 drops every 3 or 4 hours. 

Caution: Coughs may be symptoms of more serious ailments. 
If no improvement is noted within 10 days, consult your physi- 
cian. 

Should not be used by laity for coughs. 

Antidotes: If a tablespoonful or more should be accidentally 
swallowed, cause the patient to vomit (1 tablespoonful of salt in 
a glassful of warm water), keep patient warm and call a physician. 


(93) SULFUR OINTMENT U. S. P. 


Directions: Parasiticide. Apply to affected area several times 
daily. 


TERPIN HYDRATE ELIXIR N. F. 


38-42% Alcohol 


Directions: Adults 1 teaspoonful; children 6-12 years 4 to 
1% teaspoonful, 1-6 years 5 to 15 drops. To be taken every 3 or 
4 hours. For coughs due to colds. 

Caution: Coughs may be symptoms of more serious ailments. 
If no improvement is noted within 10 days, consult your physi- 
cian. 


(94) 


(95) TERPIN HYDRATE WITH CODEINE ELIXIR N. F. 


38-42% Alcohol 


ae fluid ounce contains 1 grain of Codeine (Opium deriva- 
tive). 

Warning: May be habit forming. 

Directions: For coughs due to colds. One teaspoonful every 
3 or 4 hours. Do not give to children except upon the advice of a 
physician. 

Caution: Coughs may be symptoms of more serious ailments. 
If no improvement is noted within ten days, consult your physi- 
cian. 


(96) ACETIC TURPENTINE LINIMENT N. F. 
[Stokes’ Liniment] 
Shake Well Before Using 
Direction: Use sparingly as a liniment 2 or 3 times a day. 


Apply to the affected part without rubbing. 

Caution: This preparation may cause excessive irritation of 
the skin, particularly if applied with rubbing. Avoid getting into 
eyes or on mucous membranes. 


(97) TURPENTINE OIL RECTIFIED N. F. 
Dose: Hf used internally: Adults, 5 drops with sugar or sweet- 
ened water. Do not give to children. 
(98) TURPENTINE SPIRIT N. F. 


For External Use Only 
Directions: Apply to the affected part without rubbing. 
Caution: This preparation may cause excessive irritation of 
the skin, particularly if applied with rubbing. Avoid getting it 


_into the eyes or on mucous membranes. 


(99) EFFERVESCENT ARTIFICIAL VICHY SALTS 


Directions: A laxative. Adults J heaping teaspoonful; 
children 14 to 1 level teaspoonful in 1% glassful of water. Allow 
all powder to dissolve before drinking. : 


- 
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Not to be used when abdominal pain (stomach-ache, 
colic), nausea, vomiting (stomach sickness), or other 
ms of appendicitis are present. Frequent or continued 
sult in dependence on a laxative. 


0) COMPOUND WHITE PINE SYRUP N. F. 

a Alcohol 10-12% 

; Chloroform 3 to 4 minims per ounce. 

ions: An expectorant. Adults, 1 teaspoonful; children 
teaspoonful every 3 hours for coughs due to colds. 


EG vution: Coughs may be symptoms of more serious ailments. 
me improvement is noted within 10 days, consult your physi- 


(101) WILD CHERRY SYRUP U. S. P. 


ctions: An expectorant. Adults, 214 teaspoonfuls. _Chil- 
2 years 14 to 11% teaspoonfuls, 1-6 years 10 to 30 drops. 
§ panel or plain water every 3 or 4 hours. For coughs 
" (fe a — 


Coughs may be symptoms of more serious ailments. 
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If no “ii rovement is noted within 10 days, consult your physi- 
cian. Keep tightly stoppered and in a cool, dark place. 


METHYL SALICYLATE U. S. P. 


[Wintergreen Oil] 


Methyl Salicylate must be labeled to indicate whether it was 
made synthetically or distilled from the leaves of Wintergreen 
ean procumbens) or the bark of the Sweet Birch (Betula 
lenta). 

Directions: As a liniment for minor bruises, apply lightly. 
Adults, 5 to 10 drops on sugar with a glass of water three times 
daily. 

Caution: This preparation may cause excessive irritation of 
the skin, particularly if applied with rubbing. Avoid getting into 
eyes or on mucous membranes. 


(102) 


(103) ZINC OXIDE OINTMENT U. S. P. 
[Zinc Ointment] 


Directions: Apply to affected area several times daily for minor 
cuts, burns, abrasions, etc. ES 
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CHAPTER XCIV 


THE PROFESSIONAL PHARMACIST AND PHARMACY 


IN DISCUSSING the services of the pharmacist in 
this chapter, consideration is given only to professional, 
as distinguished from business activities. The phar- 
macist in community practice has so long served in a 
dual capacity as general merchant and as professional 
pharmacist that the public does not sharply differentiate 
between these roles. There is, however, an increasing 
recognition of the grave responsibility which the pro- 
fessional pharmacist must assume. This notable tey- 
deney toward the separation of professional pharmacy 
and the drug-store business has been hastened by the 
growing difference between the extreme commercialism 
of the business emporium designated as a “drug store”’ 
(and usually managed by a chain store corporation) and 
the pharmacy where the dominant note is professional 
service. 


The Professional Pharmacist 


While adequate physical equipment of a pharmacy 
is essential background for proper pharmaceutical serv- 
ice, this can be supplied by anyone who possesses the 
capital and the business acumen to obtain expert ad- 
vice. But the atmosphere for carrying out the profes- 
sional duties entrusted to a pharmacist by a physician, 
which is the soul of a real pharmacy, can only be sup- 
plied by one who is professionally inspired and properly 
trained. 

As an illustration of the professional service rendered 
by a pharmacist, it is only necessary to consider the 
opportunities afforded him in a neighborhood where 
the men, women, and children are friends, whose health 
and welfare he believes to be partly within his keeping. 

Suppose in a near-by home a child is taken seriously 
ill. A physician is called and verifies the worst fears. 
It is pneumonia. Penicillin and water for injection are 
ordered, several prescriptions are written, perhaps other 
items are needed such as an enema, an ice cap, a hot 
water bottle, a bedpan, and a dozen other medical aids. 
The pharmacist is called upon to supply these various 
needs, and he is as deeply interested as the physician in 
giving every aid possible. He makes himself available 
at any hour of the day or night and should a crisis arise 
and oxygen be needed a telephone call brings it without 
delay. 

Now suppose one of the prescriptions called for a 
form of digitalis badly needed in the crisis, and suppose 
it had been allowed to deteriorate or had not been 
standardized. The responsibility would rest directly 
upon the pharmacist. The life of the child at that 
moment depends upon his integrity and skillful services. 

This illustration may be multiplied by hundreds of 
similar responsibilities. The pharmacist is consulted 
for advice upon a thousand matters. His training, ex- 
perience, honesty, and tact should be an important 
community asset. The demand for such service will be 
in direct proportion to the willingness of the pharmacist 
to serve and his ability to render needed aid. Profes- 
sional pharmacy is exemplified by the daily routine of 
hundreds of splendid American pharmacists who receive 
little reward other than the gratification which follows 
professional service well performed. 

The Building of a Professional Reputation—Those 


who have the confidence of the community have earned 
that confidence through services properly rendered over 
a sufficient period of time to have demonstrated fully 
the professional ability and character of the individual. 
To establish a pharmacy, splendidly equipped physi- 
cally, with adequate stocks of medicinal substances of 
the best grade, and to possess a laboratory and prescrip- 
tion facilities of the latest type, and to display an exten- 
sive library and both college and state certificates, are 
not in themselves an assurance of dependable services. 
The situation is analogous to election as a fellow in one 
of the numerous medical societies where recognition 
comes only after years of successful practice and demon- 
strated worth. 

Types of Professional Pharmacists—In this chapter 
three types of professional pharmacists will be consid- 
ered: 1. The professional pharmacist in general com- 
munity service; 2. The hospital pharmacist; 3. The 
pharmacist in Governmental service. The first group is 
subdivided as follows: (a) The strictly professional 
pharmacist, 7. e., the professional pharmacist associ- 
ated with, or in the neighborhood of, a general medical 
center. (6) The community pharmacist of a profes- 
sional type in a residential or business district. (c) The 
professional pharmacist and pharmaceutical division of 
a large departmentalized business. Each of these will 
be discussed separately, though many of the same gen- 
eral principles apply to all. 


THE PROFESSIONAL PHARMACIST IN GENERAL 
COMMUNITY SERVICE 

The Strictly Professional Pharmacist—The term 
strictly professional pharmacy is frequently but errone- 
ously spoken of as an ethical pharmacy. It is desirable 
to establish the terms professional pharmacy and com- 
mercial pharmacy as the two types of pharmacies gen- 
erally recognized today and corresponding to the 
‘‘apotheke’’ and the ‘‘drogueri’”’ of Europe. In either 
of these types of stores there may be the highest ethical 
conduct, since this is simply a maintenance of high moral 
standards. It is even possible that the so-called ‘‘com- 
mercial pharmacy”? may be more ethical in its policies 
and conduct than a pharmacy which makes a pretense 
of being strictly professional. The term ‘professional 
pharmacy” should therefore become firmly established 
as the indication of a pharmacy where the services 
offered are strictly pharmaceutical. 

The other type of pharmacy, which carries an ap- 
propriate professional atmosphere, but at the same time 
maintains many other related departments, must care- 
fully guard against commercial practices which destroy 
the foundations for those intangible but nevertheless 
essential elements of a profession. Figure 587 illus- 
trates an example of a strictly professional pharmacy 
such as might be established in a medical center. 

The pharmacist who is fortunate enough to have con- 
ditions which justify a strictly professional pharmacy 
has the opportunity of being a true exponent of the 
finest professional service. The establishment and 
maintenance of this type of pharmacy is not, however, 
entirely a matter of good fortune. It often reflects a. 
long period of planning and years of conscientious and 
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efficient service, and while such pharmacies are fre- 
quently located in a “professional building’’ or near a 
“medical center”’ where there are many physicians and 
dentists close at hand, other pharmacists have developed 
strictly professional pharmacies, of the highest type, 
in a general community, and even in small towns. 


Fig. 587—A fleck’s Pharmacy, Sacramento, Cal. 


But regardless of location here is the opportunity for 
the best expression of professional pharmacy as exempli- 
fied by pharmaceutical ethics and scientific training. 
The field of activity, however, is somewhat different 
from that reflected in the pharmacy which gives a more 
general community service. Needless to say, the physi- 
cal equipment, the stocks of medicinal substances, the 
laboratory for manufacturing, the library, and all other 
essential factors must have been soundly built into the 
foundation of such a pharmacy. The pharmacist should 
offer the maximum of skill and knowledge in his coopera- 
tion with the physicians of the particular medical center 
or community of which he is a part, and to him may 
come opportunities for many unusual scientific services 
not generally demanded. For instance, besides pre- 
scription filling he may be called upon, by physicians 
vith whom he collaborates, to produce dermatologic 
preparations colored to match the skin, or non-allergic 
ointment bases, or autogenous vaccines, or other ex- 
temporaneous biological products. He may be asked 
to supply sterile solutions, freshly made preparations 
of penicillin or other antibiotics, or antiseptics, surgical 
supplies such as sutures, ligatures, minor surgical instru- 
ments, hypodermic syringes and needles, materials for 
general and local anesthesia obstetrical and dental 
supplies, standard solutions, reagents, bacteriological 
stains, etc. 

The highly trained pharmacist not infrequently con- 
ducts practical pharmaceutical research for collaborat- 
ing physicians helping them to improve dermatologic 
or eye medication, or to provide more acceptable oral 
preparations. These exceptional opportunities will be 
discussed later in great detail. 

_A pharmacist may also conduct many clinical labora- 
tory tests, or he may be given the responsibility for the 
examination of both the chemical and the bacteriological 
condition of the drinking or industrial water supply; 
he may equip himself to test milk, foods, and sewage, 
or render aid in many other public health fields. 

The Community Pharmacist in a Residential or Busi- 
ness District—The pharmacist who conducts a phar- 


“macy in a general neighborhood or even in a business 
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district and who is not directly associated with a group 
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of physicians, often faces the necessity of carrying a 
relatively heavy overhead expenditures without having 
adequate professional demands to justify his high main- 
tenance expenses. This condition may sometimes com- 
pel the pharmacist to subsidize his pharmaceutical 
services by an income from sources other than profes- 
sional fees. With the necessity for meeting the needs of 
a general community, many opportunities are offered 
which have a legitimate affiliation with the prescription 
department, but which are less frequently required of 
the pharmacist in a “‘medical center.”’ These activities 
include such services as the supplying of sickroom needs, 
items for general first aid and sanitary requirements, the 
supplies for the family medicirie chest, services ren- 
dered to families for the proper care of babies and chil- 
dren, the handling and proper distribution of infant and 
invalid foods, and the intelligent distribution, for the 
protection of the community, of such proprietary medi- 
cines as are generally bought to treat emergency needs 
in the home. In towns and farming communities, the 
sales of simple veterinary remedies, especially foods and 
supplies for pets, chickens, farm animals, etc., the sup- 
plying of information and necessary materials for use as 
insecticides, rodent poisons, household disinfectants, 
deodorants, etc., all-fall within the duties of such a 
pharmacist. This type of pharmacy may become the 
distributing center for the community for high-grade 
spices and food flavors, and logically is the supply sta- 
tion for all manner of toilet articles, including dental, 
shaving, hair, facial, hand, and other toilet requisites. 
The latter field is capable of expansion into the intelli- 
gent and helpful distribution of the finest types of per- 
fumes and cosmetics. These wide fields of professional 
service, if handled skilfully by a pharmacist and his 
staff, supply a neighborhood with the kind of scientific 
and technical knowledge which is needed and will make 
a pharmacy an invaluable health center for the welfare 
of the community. It will also insure a permanent 
clientele which no competitor can disturb, unless an 
equally efficient service is offered. The type of phar- 
macy which would meet many of the non-pharmaceuti- 
cal requirements of a community and still maintain 
predominantly a professional spirit is suggested on page 
1125. 

The Professional Pharmacist of a Large Departmenta- 
lized Business—This type of pharmacy introduces the 
greatest difficulty in maintaining proper professional 
standards. In the highly commercialized, so-called 
“drug stores,” frequently encountered in the United 
States today, advantage has been taken of the superior 
reputation gained by professional pharmacists through 
many generations. The unusually long hours of the 
drug business are also utilized to extend the time for 
business far beyond that adopted by general merchants. 
This time factor is even extended to include Sunday 
hours which many pharmacists have long recognized 
as a part of their duty to the community in the field 
of emergency services. Now, however, it often becomes 
merely an opportunity for the sale of anything in the 
store. 

In this type of organization high-pressure merchandis- 
ing, only too frequently, is the dominant note, and it 
is often under the skilled direction of high-priced execu- 
tives who control the units from a central office and dic- 
tate the same business policies for all branches. In such 
an organization the effort is made to restrict the clerk’s 
time only to those activities which result in the greatest 
profit and in merchandising expansion. The objective 
of such business organizations is fundamentally the 
selling of the products which can be promoted by adver- 
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tising and skilled salesmanship. As a rule, there need 
be no criticism of the ethical or legal conduct of such 
a business for this type of “drug store’’ must operate, of 
course, within the requirements of the law. However, 
such an organization inherently loses that professional 
spirit which must dominate a service which is to embody 
true professional ideals. The principles which differen- 
tiate the spirit of a commercial business from that: of 
professional service are antagonistic. This difference 
is exemplified by the theoretical objectives of each 
group. The successful business man must sell large 
quantities of merchandise to satisfied and profitable 
customers, but in doing so he cannot be expected to as- 
sume a personal responsibility or even too much inter- 
est in the personal welfare of his customers. On the 
other hand, those who are recognized as ‘‘professional”’ 
owe their place in that classification to the fact that 
theirs has been a humanitarian service, inspired by a 
sincere desire to relieve suffering and to promote the 
health and well-being of men, women, and children. 
This service feature must be genuine in its intent and 
actual practice. Of course, it is equally essential that 
in rendering such service there shall follow adequate 
financial return; otherwise the individual and the insti- 
tution presenting the highest ideals of pharmaceutical 
practice could not continue to serve unless it had 
philanthropic, church, or governmental support. It has 
been demonstrated, fortunately, that efficient, strictly 
professional pharmaceutical service can be made 
profitable if maintained under skilful business manage- 
ment. 

The highly commercialized, so-called “chain drug 
store” of today cannot always be accepted as repre- 
senting true pharmacy. Such institutions usually ad- 
vertise facilities for prescription filling and employ 
registered pharmacists as the law requires, but in many 
establishments devoted to merchandising the filling of 
prescriptions is not encouraged, for the clerk’s time 
can be more profitably spent in making sales at the 
counter. 

There are, however, some “drug stores” under the 
control of large organizations in which professional 


Fig. 588—Walgreen Drug Store, Bridgeport, Conn. 5 


pharmaceutical service of a high caliber is offered. It 
would be unjust and unreasonable not to recognize the 
trend of modern business and to exclude from the 
classification of ‘professional pharmacy” such organiza- 
tions when they meet the basic standards of a profession. 
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However, acceptable conditions under such circum- 
stances are rare, and the trend is contrary to the main- 
tenance of professional ideals, especially since the per- 
sonnel of the individual unit may frequently change re- 
sulting in the loss of the most essential factor in success- 
ful professional service, namely, the competent phar- 
macist with an established reputation. Such organiza- 
tions, to qualify as professional, would of necessity 
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Fig. 589—Prescription department, Walgreen drug store, Bridgeport, Conn. 


have to introduce unusual and perhaps onerous condi- 
tions and regulations. If the professional. department of 
such a large business organization were isolated from 
the other general merchandising departments, perhaps 
occupying a section completely separated from the rest 
of the establishment by glass partitions or a separate 
room; and if the pharmacist in charge had previously 
qualified as a professional pharmacist through adequate 
experience, there is no reason why professional services 
of the highest type could not be possible. 

Fig. 588 illustrates one of the “chain drug stores” 
operating its prescription department on a professional 
basis, and rendering at the same time a wide variety of 
services to the community in which it is established. 
Fig. 589 illustrates a typical prescription department 
in a “chain drug store.” 

Fluorescent lighting is illustrated in Fig. 588. This 
system of lighting is now widely used in many modern 
pharmacies. 

One of the outstanding advantages of fluorescent 
lights is the reduction in heat when compared with the 
same amount of light froma filament lamp. This is an 
important advantage during the summer months since 
it has a direct bearing on the comfort of customers and 
the store personnel. Filament lamps produce about 
five times the amount of heat developed by fluorescent 
lights delivering the same amount of light. 


THE HOSPITAL PHARMACIST 


The pharmacists in many modern hospitals are being 
given the opportunity to practice at the highest pro- 
fessional and scientific level. This division of pharmacy 
is so important and embodies so many special services 
and skills that an entire chapter in this book is devoted 
to it. See Part XI (page 1257). 

It has been repeatedly demonstrated that an able 
pharmacist, properly supported by an earnest and inter- 
ested medical staff and a collaborating hospital super- 
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intendent, can, in addition to rendering unique profes- 
sional services, materially reduce the usual cost of medi- 
cal supplies in the hospital. 


THE PHARMACIST IN GOVERNMENT SERVICE 


There has always been a need for pharmaceutical 
service under the Surgeons General of the Army, Navy, 
and Public Health Service and, in more recent years, in 
the Veterans Administration. Under modern conditions 
the Government pharmacist, except in the large base 
hospitals, has little need for manufacturing, since most 
medicines are purchased under contract and are ready 
for administration when delivered. Dispensing, how- 
ever, does become an important feature in hospitals, 
whether on land or ship, although again the medicines 
on the official supply lists have usually been selected 
for simplicity of compounding. 

In the Navy the pharmacist has long been called upon 
to assist the medical staff in many capacities other than 
in the preparation and dispensing of medicines. The 
Navy pharmacist is depended upon for first aid duties 
on the smaller ships; he is the anesthetist and expert 
in roentgenography, the analyst of urine, blood, and 
other materials; he is responsible for water supplies, 
sewage disposal, for the quality of milk and other foods, 
etc. 

In both the Army and Navy, specially trained phar- 
macists have served as control chemists to pass upon 
the quality of medical supplies for the entire Army or 
Navy, and are stationed in well-equipped laboratories 
connected with supply bases. In the past, under 
special legislation, a few commissions have been avail- 
able for pharmacists in the U. 8. Army and the Public 
Health Service but most pharmacists have received 
only non-commissioned rank. However, in 1947 a new 
law was passed establishing a Medical Services Corps 
for both the Army and Navy. Under this legislation, 
pharmacists with the necessary educational and other 
qualifications will be given appropriate rank as com- 
missioned officers. Pharmacists interested in pharma- 
ceutical positions in any of these Government depart- 
ments should communicate with the Surgeon General 
of the Army, the Navy, or the Public Health Service, 
or directly with the Veterans Administration, depend- 
ing upon the service in which they are interested, di- 
recting the letter to Washington, D. C. ; 


The Essential Elements of a Pharmacy 


The preliminary review of the field of professional 
pharmacy is properly followed by a detailed considera- 
tion of every factor for the successful and efficient prac- 
tice of professional pharmacy. While the location and 
other conditions surrounding the pharmacy will largely 
determine the opportunities and the character of many 
details, the basic principles remain the same whether 
the establishment is a strictly professional organization 
or a community pharmacy rendering efficient profes- 
sional service and also assuming responsibility for many 
other associated needs of the community. It is also rec- 
ognized that expensive equipment and elegant sur- 
roundings are not essentials, for, with the necessary 
basic equipment provided, the only other essential 
factor is the trained pharmacist. 

Location of the Prescription Department—The 
choice of location for the prescription department within 
the store applies only to the community pharmacy and 


to the chain-store type of drug store. In most modern 


community pharmacies the prescription department 


has become such an increasingly important division of 


the service rendered that it is given a prominent place. 
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Furthermore the semi-open style is most frequently 
adopted today so that the customer may see some of the 
actual prescription compounding and gain an apprecia- 
tion of the professional activities of the pharmacist. 
Needless to say, on the adoption of a policy which 
permits the public and especially physicians to have 
an immediate and free view of manufacturing processes 
and prescription filling, the pharmacist must equip this 


department and maintain it so as to be highly creditable. 


If organized on this basis the semi-open prescription 
department, well located for prominence, offers one of 
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Fig. 591— Prescription department, Merrick’s apothecary shop, Ardmore, Pa. 


the most effective means of promoting professional 
services. It is desirable and proper that a section of the 
prescription department should be out of sight of the 
customer for some routine activities require special 
concentration, and others a legitimate privacy. But 
the old-time feeling that the prescription department 
should be hidden and very mysterious is past. The fact 
too often was that the prescription department ‘‘in 
the back,” dark and behind closed doors, was far from 
creditable. It was frequently dirty, badly arranged, 
littered with incoming stock, and a loafing place. 

Today the prescription department should be the 
show place of the pharmacy, clean, orderly arranged, 
well equipped, properly lighted, with ample working 
space, and manned by white-coated pharmacists who 
symbolize by appearance and manner the truly profes- 
sional atmosphere which prevails. 

In the usual more commercially minded drug store, 
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the prescription department is most frequently given 
an inconspicuous Pl ice in the rear. 

Fig. 590 illustrates Merrick’s pharmacy in Ardmore, 
Pa. also the prescription department, Fig. 591. This 
modern professional hae exemplifies the basic 
principles of professional service and has won the 
unqualified approval and patronage of physicians and 


Fig. 593—University Pharmacy, St. Louis, Mo. 


Fig. 594—Prescription department, Johnston’s pharmacy, Berkeley Calif. 


the public over a large surrounding area. Its success 
is especially significant since it is located on a side 
street, a few doors from the business center of a busy 
suburban town, and has as competitors at least three 
large drug stores, operated by national chains. All 
essential elements, fixture arrangement, lighting, pro- 
fessional equipment, facilities for efficient operation, 
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as well as dignified and impressive service, are present. 

Many other splendidly equipped, efficiently operated, 
and strictly professional pharmacies are now found in 
the United States. Figures 592 to 597 illustrate several 


that are widely known. 


Fig. 596—Burgess Apothecary, Bloomfie'd, N. J. 


Fig. 597—Prescription department, University pharmacy, St. Louis, Mo. 


Fig. 598 presents a model community pharmacy 
where professional service is strongly emphasized, but 
where many other features of the modern community 
drug store are also maintained on‘an efficient and well- 
organized basis. This’ pharmacy is operated by Emil 
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P. Martini at Hackensack, N. J. While the soda foun- 
tain service, the cosmetic department, and numerous 
other divisions, not directly pharmaceutical, find a 
place in this well-equipped and well-lighted store, the 
real heart of the organization lies in its professional 
departments. 

Beside the impressive, open prescription department, 
centrally located, and toward the back of the store 
proper (Fig. 599), and a well-equipped manufacturing 
laboratory, Fig. 600, a consultation room has been 
provided for the many physicians who come to the 
pharmacy. Here are displayed the newer medicines 
offered physicians by leading pharmaceutical firms, also 
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Fig. 599—Prescription department, Martini pharmacy, Hackensack, N. J. 


the accompanying literature. Here physicians can 
consult with the pharmacist in charge concerning suit- 
able forms of medication, medical needs, sickroom aids, 
and the other innumerable professional services which 
a pharmacist can render a physician. 
The Prescription Counter—The prescription counter 
should be fitted with the more frequently used chemi- 
cals, drugs, and preparations, and, close at hand, should 
be the locked closets for actively poisonous substances 
and for narcotics. Suitable provision should be made 
for other stocks such as the less frequently used chemi- 
cals, drugs, and preparations, and for the stock of pills, 
tablets, ampuls, ointments, etc. All medicinal sub- 
stances likely to be called for upon prescription should 
be neatly and systematically stocked. For this purpose, 


sectional cases, made up of small drawers, are especially 
well adapted. Figs. 601 and 602 illustrate the Schwartz 
system which is extensively used. Fig. 603 shows an- 
other form of section also adapted for the systematic 
storage of many smallitems. There should be an index 


Fig. 602—The Schwartz system in the prescription department. 


on loose-leaf sheets or a card index, indicating the loca- 
tion of every item. 

The prescription counter should be kept free from 
merchandise or an accumulation of bottles or other 
packages. The lower section should be fitted with small 
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drawers in which may be kept various sizes of clean 
and dry bottles, powder and pill boxes, and all other 
forms of containers; also corks, caps, and other neces- 
sary equipment for prescription filling, such as supposi- 


Fig. 603—Sectional case for small 
packages. 


tory molds, filtering and sifting devices, mortars and 
pestles, spatulas, ete. 

Figs. 604 and 605 illustrate typical modern prescrip- 
tion counters. 

Figure 606 illustrates a revolving unit, designed by 
the late Nicholas Drugociu. It is manufactured by the 


Fig. 604—Typical prescription counter. 


Revolving Cabinet Manufacturing Co. of Detroit, 
Mich. This cabinet provides compact storage space, 
making available to the pharmacist, without unneces- 
sary movement, practically all commonly used chemi- 
cals, drugs, and preparations needed for a well-stocked 
prescription pharmacy. Fig. 607 more clearly illus- 
trates the manner in which the stock is filed. All of the 
drawers may be locked by simply closing the folding 
door and turning the key. The cabinet has 180 drawers 
representing 380 feet of shelf space. It will hold 480 one- 
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pint bottles, 500 four-ounce bottles, 46 one-pound oint- 
ment jars and about 1000 bottles of tablets or pills from 
¥% to 4 ounces in size. The containers are kept clean, 
and the depth of the drawer is such that only single rows 


ees 


Fig. 605—The prescription department, Hynson, Westcott, and Dunning, Baltimore, Md. 


of containers are possible. The entire center of the 
cabinet revolves, bringing any set of drawers directly 
in front of the pharmacist. 

When outfitting a new prescription department phar- 
macist should investigate the possibility of using the 
sectional laboratory furniture made by the Fisher 
Scientific Company of Pittsburgh, Pa. These various 


Fig. 606—Prescription department, Knight pharmacy, St. Louis, showing the. 
Drugociu revolving cabinet in the background. 


units (Figs. 608 to 610) fit admirably into the needed 
equipment of a modern prescription department and 
they are very much less costly than. the usual standard 
prescription counter and storage cabinets. 

The Prescription Stock and Stock Containers— 
Every experienced pharmacist Soon becomes familiar, 
by the demands of his practice:from day to day, with 
the drugs and preparations most frequently dispensed. 
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These should be placed near at hand, preferably on the 
prescription counter shelves. If they require special 
storage conditions such as refrigeration or the protection 
demanded for narcotics and poisons, these also should 
be easily available to conserve time and energy. 

Preparations which deteriorate rapidly and require 
frequent renewal, whether dated or not, should receive 
routine inspection by a competent person. 

Other items, some of which are called for but rarely 
yet must be stocked because of emergency or special 
needs, should be stored in convenient closets or cabinets. 


Fig. 607—Drugociu revolving prescription cabinet. 


Fig. 608—Fisher laboratory counter, 


A distinctive feature of the older type of pharmacy was 
the extensive display of glass-labeled shop bottles for 
tinctures, spirits, solutions, syrups, chemicals, and other 
items. The lower section of the fixtures was set aside 
for drawers, also glass labeled. Types of such bottles 
are shown in Figs. 611 to 614. 

The use of such display containers for drugs, in most 
pharmacies, has been largely discontinued. In remodel- 
ing or building the prescription department in modern 
_ pharmacies a section or two of these-glass-labeled con- 
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tainers are frequently made a display feature to empha- 
size the professional character of the department. 

Most stocks of drugs and preparations are now kept 
in the original containers and stored in one of the sev- 
eral types of cabinets 
already described. This 
is a desirable practice 
since many products re- 
quire special containers 
to prevent deterioration 
from light, moisture, etc., 
which the old-style con- 
tainer did not provide. 

Several chemical manu- 
facturers, especially 
Merck and Mallinckrodt 
offer chemicals in bottles 
of uniform size and with 
fancy labels, also with 
tight but swemovable 
closures. Such packages 
make an attractive dis- 
play on the prescription 
counter. Sharp and 
Dohme offer a similar uniform package for many official 
liquid preparations. The special feature of the 8S. and 
D. package is the placing of the label on the narrow side 


Fig. 609—Fisher laboratory sink. 


Fig. 610—Fisher laboratory units, adaptable to a pre- 
scription department. 


of their specially shaped bottle, which has flattened 
sides. When such bottles replace the usual cylindrical 
bottle, about 44 per cent of the shelf space is saved. 


| 
ne 


Fig. 612—Syrup bottles. Tight 
stoppers unsuitable. 
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Fig. 611—Typical recessed, 
labeled shop bottles. 
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Minimum Prescription Department Equipment— 
Most of the Boards of Pharmacy of the United States 
list a minimum of equipment required in the prescrip- 
tion department. Under most Board regulations this 
equipment is regularly inspected and its maintenance, 
in good condition, is essential for the annual reregistra- 
tion of the pharmacy. 
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The following items are listed by the National Board 
of Pharmacy as representative of the usual require- 
ment: 


“i : 
Fig. 613—Typical glass-labeled shop Fig. 614—Oil and 
bottles, round. oleoresin shop 

bottle. 
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Graduates—capable of accurately measuring volumes from one minim 
to at least one pint and from 1 cc. to at least 500 ce. 
Mortars and Pestles—Glass—at least one. 
Porcelain—at least two assorted sizes. 
Wedgewood—at least three assorted sizes. 
Spatulas—Steel—at least three assorted sizes. 
Non-metallic—at least two assorted sizes. 
Funnels—at least three assorted sizes. 
Stirring Rods—glass or rubber. 
Test Tubes—assorted sizes. 
Pill Tile. 
Ointment Slab. 
Water Bath. 
Tripod. 
Bunsen Burner or Alcohol Lamp. 
Ring Stand and Rings. 
Corks—assorted sizes. 
Filter Paper. 
Litmus Paper. 
Powder Papers—pervious and impervious. 
Evaporating Dishes. 
Percolator. 
Sieves. 
Empty Capsules—various sizes. 
Ointment Jars—various sizes. 
Collapsible Tubes—various sizes. 
Tablet Triturate Mold. 
Towels. 
Flasks. 
Prescription Files. 
Poison Record Book and Narcotic Record Book. 
Capsule Vials. . 
Bottles—clear glass, amber glass—necessary sizes, 
Labels. 
Boxes—Capsule and Powder. 
Thermometer—for measuring temperature from zero to 250° C. 
Scales and Balances—for bulk, medium, and light weighing at least 
one of which must be sensitive to 4% grain. 
Weights—Apothecary and avoirdupois from 14 gr. to 1 lb., Metric 
from 0.02 Gm. to 1 kg. 


Special Equipment—While every approved pharmacy 
should have available the minimum equipment listed, 
many pharmacies find it necessary to use a large variety 
of additional equipment. This will vary with the de- 
mands upon the store or the extent to which manufac- 
turing operations, clinical or chemical testing and other 
activities have been developed. See Testing and Analy- 
sis, Part VI. 

Narcotic Storage—Federal and state laws require 
that medicines classed as narcotics shall be kept in a 
locked cabinet. This should be readily accessible in the 
prescription department. Since narcotics are frequently 
in demand in the underworld for illegitimate use and 
since they are difficult to obtain and command a high 
price , there is danger that the narcotic stock of the 
pharmacy or the hospital may be robbed. For this 
reason it is desirable that only a minimum supply be 
kept in the prescription department, the bulk stock 
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being stored elsewhere, as in a safe, or in a secret, 
locked cabinet. The legal handling of narcotics is 
discussed in the chapter on ‘‘Laws Governing the 
Practice af Pharmacy ’’(page 1095). 

Poison Storage—Under most state laws the pharma- 
cist becomes the purveyor of most poisonous substances 
of a medicinal type. The laws usually require that such 
poisonous substances be kept in a locked closet. Sales 
of poisons, over the counter, should be carefully guarded 
by the pharmacist. He should assure himself that the 
poison is to be used legitimately, that the customer is 
familiar with the poisonous nature of the product, and 
knows how to use it safely. The container must be 
clearly labeled, must be marked Pozson in red, and carry 
the familiar ‘‘skull and cross-bone” symbol. The label 
should also give directions for administering an anti- 
dote should the poison be taken by mistake. 

In addition, the pharmacist must register each poison 
sale in the regular poison registry book, indicating the 
intended use, and when and to whom sold. The cus- 
tomer signs the register. All of these precautions make 
it clear that poisons should never be sold to children, 
but only to responsible adults, personally known to the 
pharmacist. The wise pharmacist will also carry 
indemnity insurance to protect himself against possible 
damage suits should the poison be misused. He should 
also keep on hand, ready for instant use, preferably in 
a special closet, the antidotes used for common poisons, 
also first aid material and charts giving instructions for 
administering antidotes, in emergency, when a physt- 
cian is not available. 

Biological Products and Cold Storage—A properly 
equipped pharmacy must provide refrigeration facilities 
for many important medicinal products which deterio- 
rate at ordinary temperatures. The refrigerator should 
be electrically operated to insure a continuous and uni- 
form temperature. All biological products require 
storage at refrigeration. temperature, which the U. 8. 
Pharmacopeeia specifies as between 2° and 15° C. (36° 
and 59° F.). When cold storage is specified in the U. 8. 
Pharmacopeeia it means a temperature not exceeding 
15° C. (59° F.). Most biologicals require a temperature 


~ between 2° and 10° but to prevent the rapid deteriora- 


tion of smallpox vaccine it must be kept “preferably 
below 0° C. and never above 5° C..”’ 

Many other medicinal substances, such as insulin, 
cod liver oil and its preparations, other vitamin A- 
containing oils, e. g., halibut and percomorph oils, ete., 
and most glandular products and ointments, may be 
stored advantageously under refrigeration. 

It isimportant that the drawers in cabinets within the 
refrigerator be perforated to allow complete air circula- 
tion or the humidity in the refrigerator will cause damp- 
ness and the soiling of labels. 

The Pharmacy Label—It should be an invariable rule, 
in a drug store, that every medicinal substance sent out 
from the store must carry a neat and distinct label. It 
is necessary to establish this rule, for neglect of this pre- 
caution may result in serious consequences. In addi- 
tion, every package, box or bottle carrying medicine 
should be labeled immediately after its preparation. This 
applies particularly to prescriptions. The habit of 
permitting unlabeled packages to stand about, liable 
to mislabeling, will inevitably give rise to some grave 
mistake. , 

A diversity of opinion and taste prevails with regard 
to the most suitable style of label to select for general 
use. Formerly the home printer was exclusively de- 
pended upon, but the principle of division of labor has 
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led to the establishment of ‘druggists’ printing houses”’ 
in several sections of the country. Among the firms 
doing a nation-wide business in labels are The Pictorial 
Paper Package Corporation of Aurora, IIl., and the 
Phenix Box and Label Co. of Kansas City, Mo. 


Fig. 615—Use of McCourt label cabinet, 


Although at one time it was quite common to see 
labels of an elaborately gaudy design, very few of that 
character are used today. The trend is toward great 
simplicity in labels and even the border, almost-uni- 
versally used at one time, is now most frequently 
omitted. 

Neatness, distinctness, and simplicity are cardinal 
principles in designing labels. The reputation of phar- 
macies is frequently determined by outward signs of 
neatness and care. 

Fig. 615 illustrates the McCourt label cabinet which 
finds favor with many pharmacists because of the con- 
venience in finding the label desired. The labels are 
printed on gummed paper and supplied in rolls. Each 
roll is placed in a division of the cabinet and a label may 
readily be pulled out and torn off by quickly drawing 
it across the knife edge. 

Pasting Labels—Few of the minor operations in dis- 
pensing are more important than this. Although fre- 
quently the subject of suggestions and criticisms, there 
have been comparatively few real improvements in this 
direction. The selection of a brush to be used is impor- 
tant, since the ferrule on most brushes available will 
quickly rust and discolor the paste. A “rubber-set”’ sash 
brush, if one can be obtained free from a metal ferrule, 
or a rubber-set shaving brush is most satisfactory. 
Rustproof brushes of this type may also be obtained 
from dealers in hotel kitchen supplies. It pays to select 

one of good quality and it should last for a long time. 

- In pasting a prescription label to a box, bottle, or 
can, care should be used not to touch with the fingers the 
portion of the label which has been recently written 
upon, even if it has the appearance of being dry. A 
piece of blotting pad or filter paper, slightly larger 
than the label, should be laid upon it after it has been 
laid on-the box-or bottle. It should then be pressed 
gently, smoothly, and evenly, so that any excess of paste 
which may have exuded upon the edges will be absorbed. 
If too much paste has been used, and the excess has not 
been pressed out as suggested, the label will have a 
wrinkled appearance. Labels should be neatly trimmed, 
showing a very slight but uniform margin around the 
border, if one is present. They should be pasted upon 
bottles just above the center, and never over the seams 
or mold marks, but halfway between them. For for- 
mulas for label-pastes see Useful Formulas (page 1382). 
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Gummed Labels—Labels printed on paper coated with 
a solution of dextrin, or gum, on one side, are largely 
used in some sections of the country. They are satisfac- 
tory in localities where there is a dry atmosphere, but 
when used on the seaboard or in a damp atmosphere 
considerable loss is often experienced from their sticking 
together. 

Arranging and Preserving Labels—Each pharmacist 
should adopt a method for classifying labels which will 
be suited to his own requirements. The general rule 
is to arrange them in label drawers in a convenient 
place in the store. Such drawers are preferably shallow, 
made of wood, and have compartments to hold the 
labels. Considerable space may be saved by having the 
compartments made of tinned-iron instead of wood. 
The bottom of the drawer may be lined with cotton 
flannel, to prevent the labels from slipping underneath 
the divisions and becoming mixed by the continuous 
opening and closing of the drawer. It will be found 
convenient to separate the plain labels required con- 
stantly for articles in daily request from those of larger 
size or special design. The former may be classified into 
labels for solids and labels for liquids. These may be 
arranged alphabetically in each drawer, so that they 
can be quickly found. <A regular system should be adopted 
and rigidly carried out; and when a place has been 
once fixed for a label, it should never be changed, as few 
trifles give more annoyance than inability to find a label 
in the pressing rush of business. 

The upright label cabinets which have been contrived 
answer an excellent purpose where upright space can be 
spared. The McCourt label cabinet is again referred to 
in this connection. 

Preserving the Prescription by Filing and Binding— 
There is no uniformity of practice among pharmacists in 
the preservation of prescription. It is the custom in the 
United States for the pharmacist to retain the original 
prescription, giving the customer a copy should he ask 


Fig. 616—The Talbott prescription file. 


for one. To retain the prescription is not required by 
law, except when the prescription is for a narcotic drug, 
when the prescription must be retained by the pharma- 
cist and is subject to legal inspection. Retaining the 
original prescription, however, is believed by most 
pharmacists to be a wise precaution should a dispute 
arise concerning the filled prescription. 

In some pharmacies prescriptions are copied in large 
blank books for ready reference and in many foreign 
countries this is the regular practice. Here the customer 
expects the return of the original prescription. When 


~ 
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this is practiced a careful check of the copy against the 
original is of great importance to avoid errors. 

The usual practice in the United States is for the per- 
son filling the prescription to punch holes along the 
edge of the prescription and place it on a temporary file 
kept for the day on the prescription counter or label 
desk. At the end of the day these prescriptions and 
renewal slips are checked by the pharmacist for pay- 
ment, charging, or other reasons and are then trans- 
ferred to a permanent file. The Talbott file (Fig. 616) 
made by the Pictorial Paper Package Corporation of 
Aurora, IIl., is typical of the files commonly used. 

Some pharmacists tie the original prescriptions in 
booklets of 25 or 50, using a paper cover with the num- 
bers and dates written on the back. The number can 
thus be readily seen when stored in suitable boxes or 
placed on a shelf. Such books occupy a minimum +*of 
space and are readily available for renewals or reference. 
A few pharmacists still file prescriptions on a long brass 
rod but when so filed they become torn and dirty and 
very unsightly. This practice is largely abandoned. 

Permanent Record of Prescriptions Filled—It is the 
practice in many stores to keep a book on the desk at the 
prescription counter in which are recorded in suitable 
columns, immediately after the label is written, the 
pertinent data about the prescription. These include 
the number of the prescription, the patient’s name, the 
physician’s name, the character of the prescription, the 
price, whether paid or charged, and finally the initials 
of the pharmacist. Both new and renewed prescriptions 
are recorded. The date is written at the beginning of 
each day’s business. 

Such a record is valuable in many ways. The owner 
or manager can readily review the prescription activi- 
ties of each day; he can note the physicians and cus- 
tomers using his services, check 
the charges, and note the volume 
of daily sales. Should it be nec- 
essary to trace a prescription filled 
months or years previously, the 
number of which has been lost, this 
record becomes invaluable. 

Distilled Water Equipment— 
Various forms of small water stills 
can be obtained for use in the pre- 
scription department. These are 
Tee under Distillation (page 
105). 

The pharmacist who is making a 
specialty of solutions for injection 
will require such equipment as he 
should always have available dis- 
tilled water which has been pre- 
pared within 24 hours, to avoid the 
presence of pyrogens in the water. 
It is also advisable to have freshly 
distilled water for use in eye prepa- 
rations. 

Distilled water is required in 
considerable quantities in all 
pharmacies where prescription 
filling or manufacturing is under- 
taken on a large scale and the 
operation of a water still is desirable and economical. 

Sinks—A necessary adjunct to the prescription de- 
partment is a sink of suitable size fitted with a good 
drain board, and always supplied with hot and cold 
water. This, like every section of the department, 
should be clean, modern, sanitary in arrangement, and 
near at hand. A rack is often placed above the sink 


establishment. 
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to drain clean graduates (Fig. 36, page 55). Soap, 
detergent powders, or other cleansing agents, and also 
brushes of various types should always be available. 
If towels are used these should be changed frequently 
and always kept creditably clean. A supply of paper 
toweling will add to the efficiency and sanitary charac- 
ter of this service, since ordinary towels are difficult to 
keep clean and usable. 

A closet for clean mortars, pestles, and graduates, and 
other washable equipment should be near the prescrip- 
tion counter. 

A plan followed by some of the larger prescription 
pharmacies is to place all soiled mortars, graduates, 
ointment slabs, etc., in a small compartment under the 
prescription counter. An attendant comes to the desk 
regularly, collects the dirty apparatus in a basket, takes 
it to a room in the rear where every facility for washing 
is provided—plenty of hot soapy water and clear, hot 
water. The hot, rinsed apparatus quickly dries and is 
then returned to a closet by the prescription counter, 
ready for the next prescription. In a pharmacy, 
where the prescriptionist is busy constantly with pro- 
fessional work, this plan saves his time and assures abso- 
lute cleanliness of apparatus. 

Pharmaceutical Manufacturing in a Retail Phar- 
macy—The amount of manufacturing to be carried out 
in a retail pharmacy is dependent upon many factors. 
The making of preparations which require chemical or 
other more or less complicated assays is impracticable 
as the standardization cost, on relatively small lots, 
would be prohibitive. However, many pharmacists 
in individually owned stores, can and do make numerous 
preparations of the simpler type. This is sometimes 


done by the pharmacist on night duty if such is em- 
ployed. It is also sometimes done within view of the 


Fig. 617—-Collection of show globes in National Institute of Pharmacy. 
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customers to add to the professional reputation of the 
However, more often it is a routine 
part of the daily duty of the pharmacist. Many 

preparations, such as ointment8, medicated waters, — 
syrups, elixirs, solutions, ete., can be prepared economi- 
cally in the quantities needed in a retail store. Where 
the pharmacist is interested and able to make some of 
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_his own medical supplies the laboratory must be well 
equipped, efficiently arranged, and clean, inspiring the 
confidence of both physicians and the public. 

__ Details of pharmaceutical manufacturing are given 
in many chapters in this book. If preparations are to 
be sterile and if they are for parenteral administration, 
minutely detailed instruction will be found in the chap- 
ters on “Sterilization” (page 120), and on ‘‘Parenteral 
Solutions,” page 249. 


Fig. 618—Show globes. 


Show Globes—Because of their traditional associa- 
tions with pharmacy show globes add a note of attrac- 
tiveness to the professional pharmacy. Their use had 
almost been discontinued, but they have been restored 
in recent years and ‘again are prominent in most phar- 
macies which are striving to give true pharmaceutical 
service. While many pharmacists are displaying globes 
made years ago, others have made use of the modern- 
ized type, some of which are provided with a concealed 
electric light to aid in enhancing the brilliantly colored 
liquid, indicative of the tinctures and similar products 
which were once manufactured in the store window. 
The group of show bottles in Fig. 617 is part of a collec- 
tion in the National Institute of Pharmacy at Washing- 
ton, D. C. They were presented by the late Lawrence 
S. Williams of Baltimore, Md., who had a hobby of col- 
lecting show globes of all types. Other modern show 
bottles are shown in Fig. 618 and are very useful for 
decorative purposes. Formulas for show-bottle colored 
liquids will be found in the chapter on ‘Useful Formu- 
las. 

The Library—The pharmacist who is sincerely inter- 
ested in his professional responsibilities will not only 
keep abreast of scientific progress by reading current 
medical and pharmaceutical literature, but will provide 
a working library and also a reference library which will 
make it possible to perform professional duties more 
satisfactorily and serve the community more efficiently 
as a source of correct health information. It is unfor- 
tunately true that many pharmacists overlook or neglect 
this service, but the experience of those who have 
properly equipped themselves and the professional 
standing which they thus attain, indicate that it is a 
factor of no mean importance in the development of a 
professional reputation. 

No attempt is made to offer here a complete list of 
available books. It is believed, however, that if the 
books mentioned are purchased and used, the buyer 
-_ will be prompted to add many additional books to his 

growing and valuable library. 


i The following lists of books and journals have been © 
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found of value by many pharmacists in hospital or com- 
munity practice. The books in the primary list are 
believed to be a necessary part of the library of every 
prescription pharmacist and, to be fully informed, new 
editions should always be bought as they appear. 


PRIMARY LIST OF PHARMACEUTICAL BOOKS 


Pharmacopeia of the United States,' latest edition 

National Formulary,' latest edition 

New and Nonofficial Remedies,? latest edition 

Accepted Dental Remedies,* latest edition 

United States Dispensatory,? latest edition 

Remington’s Practice of Pharmacy,} latest edition, or Principles of 
Pharmacy,’ H. V. Arny and R. P. Fischelis, or other revised 
treatise on pharmacy 

Pharmacological Basis of Therapeutics,’ L. Goodman and A. Gil- 
man, or A Manual of Pharmacology,* T. Sollmann 

Merck’s Index® 

Merck’s Manual*® 

Gould’s Medical Dictionary’ or American Illustrated Medical Dic- 
tionary? 

Pharmaceutical Recipe Book III,' or other general formulary such 
as Pharmaceutical Formulas’ or Henley’s formulary® 

Modern Drug Encyclopedia and Therapeutic Guide, J. Gutman 


SUPPLEMENTARY LIST OF BOOKS 


The Extra Pharmacopeia® 

Scoville’s The Art of Compounding,’ J. L. Powers and G. E. Cros- 
sen, or Pharmaceutical Dispensing,“ W. J. Husa 

Incompatibilities in Prescriptions,!2 E. A. Ruddeman and A. B. 
Nichols 

Pharmaceutical Calculations,13 W. T. Bradley and C. B. Gustaf- 
son, or Course in Pharmaceutical and Chemical Arithmetic,* 
J. W. Sturmer, or Arithmetic of Pharmacy," A. B. Stevens 

Marketing of Drug Products, Paul C. Olsen 

Drug Store Management,’ H. C. Nolen and H. H. Maynard 

Bacteriology and Allied Subjects,! Louis Gershenfeld 

Chemistry of Organic and Medicinal Products, G. L. Jenkins and 
W. H. Hartung 

Handbook of Chemistry,® N. A. Lange, or Handbook of Chem- 
istry and Physics,® C. D. Hodgman 

Glandular Physiology and Therapy” 

Handbook of Ocular Therapeutics,!3 S. R. Gifford 

Treatment in General Practice,t Beckman 

HE oe Therapy in General Practice, M. B. Sulzberger and 


. Wo 
Physiological Basis of Medical Practice,22 C. H. Best and M. B. 
Taylor 
pe aeeae and Dental Therapeutics,?? Prinz, Rickert, and 
b 


obbs 
Penicillin and Other Antibiotic Agents, W. E. Herrell 
The Avitaminoses,22 W. H. Eddy and G. Dalldorf 
Useful Drugs,? latest edition 
Textbook of Pharmaceutics,?* A. O. Bentley 
Practical Physiological Chemistry,’ P. B. Hawk, B. L. Oser, and 

W. H. Summerson 

Chemistry and Manufacture of Cosmetics,» M. G. DeNavarre 
History of Pharmacy,? Edward Kremers and George Urdang 
American Pharmacy? Rufus A. Lyman. 


Many useful United States Government pamphlets 
on various technical subjects and many phases of public 
health are available for a nominal sum; lists and prices 
are obtainable from the Superintendent of Documents, 
Washington, D. C. The American Druggist’s Blue 


1 Mack Publishing Co., Easton, Pa. 

2 J, B. Lippincott Company, Philadelphia, Pa. 

8 American Dental Association, Chicago, Ill. . 

4 W. B. Saunders Co., Philadelphia, Pa. 

5 The Macmillan Company, New York, N. Y. : 
6 Merck and Company, Rahway, N. J. 

7 P. Blakiston’s Son and Co., Philadelphia, Pa. 

8 The Chemist and Druggist, London, England. 

’ The Norman W. Henley Publishing Company, New York. 
10 The Yorke Publishing Company, Inc., New York, N. Y. 
11 Husa Brothers, lowa City, Lowa. 

12 John Wiley and Sons, New York. 

13 Lea and Febiger, Philadelphia, Pa. 

14 Dr. Julius W. Sturmer, Collingswood, N. J. 

15 D, Van Nostrand Company, New York. 

16 Rutger’s University Press, New Brunswick, N. J. 

17 McGraw-Hill Book Co., New York. 

18 Handbook Publishers, Sandusky, O. 

19 Chemical Rubber Publishing Co., Cleveland, O. 

20 American Medical Association, Chicago, II. 

21 Yearbook Publishers, Chicago, III. 

22 Williams & Wilkins Co., Baltimore, Md. 

23 ©, V. Mosby, St. Louis, Mo. 

24 Bailliére, Tindall and Cox, London, England. 

25 The Pharmaceutical Society of Great Britain London, Eng. 
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Book and the Drug Topics Price Book give information 
on sizes and prices of available pharmaceutical special- 
ties and chemicals and the addresses of all manufac- 
turers of products related to the practice of pharmacy. 

In addition to the above books the pharmacist should 
subscribe to several of the scientific and professional 
pharmaceutical journals which have been listed in 
Chapter III, ‘“The Literature of Pharmacy.” It is also 
desirable to be placed on the mailing lists of the numerous 
house organs which often present valuable information 
concerning recent medical and pharmaceutical develop- 
ments. Many firms also issue extensive literature in the 
form of booklets and pamphlets describing new products 
and specialty medicines. When systematically filed and 
indexed, this literature is of great value when the phar- 
macist is in consultation with physicians. Such methodi- 
cal storage of information and its ready availability has 
frequently proved to be the most important factor in 
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developing successful professional relationships. 

Card Index of Formulas, New Products, and New De- 
velopments—It is suggested that the pharmacist adopt 
the practice of keeping a card index in which he notes . 
under the appropriate heading all new drug products 
which come to his attention as offered by the leading 
firms and also the source of additional information on 
the product which he has filed elsewhere. 

Card index records can also be used to preserve new 
formulas, list professional contacts, window or other 
display ideas, advertising or circular suggestions and 
much other important information. If kept near the 
telephone it will help to build and maintain a reputation 
for extensive familiarity with the vast field of modern 
medicine. 

It is too much to expect the proprietor of a busy 
pharmacy to keep up such a file but it may properly 
be made one of the duties of a competent assistant. 


OTHER PROFESSIONAL SERVICES 


In addition to filling prescriptions, a well-trained 
pharmacist is qualified to give technical and professional 
advice and assistance in many matters dealing with 
sickness and health. There must be a sharp line drawn 
between the kind of information and help rendered by 
the physician and that offered by the pharmacist. For 
instance, the pharmacist does not determine by symp- 
toms or clinical tests that a patient is suffering from 
diabetes, and advise the administration of insulin. 
That is strictly the physician’s province. However, 
when the physician has ordered insulin in specific unit 
doses, it would be within the province of the pharmacist 
to assist in the selection of the syringe and needles, 
perhaps to demonstrate special devices like the Busher 
automatic syringe, to offer a proper type of alcohol for 
sterilizing needles and the skin, to explain and sell a 
dietary scale, and to supply the insulin. 

The more important departments where such helpful 
services, may be rendered are: Dressings and First Aid 
Supplies; The Baby Department; Thermometers; > In- 
halers, Atomizers, and Insufflators; Syringes; Sickroom 
Appliances; Supplies for Diabetic Patients; Invalid and 
Special Foods; Analytical and Chemical Departments; 
Trusses and Orthopedic Aids; Veterinary Medicines and 
Supplies; Insecticides, Fungicides and Rodenticides; 
and Toilet Articles and Preparations. 


Dressings and First Aid Supplies 


Wound Dressings—The pharmacist is the proper dis- 
tributor of sterile materials for treating wounds. His 
training enables him to appreciate the care necessary 
in their handling and storage, and he is often called upon 
for advice, or instruction as to their use. The following 
items fall in this class: absorbent cotton, lint, lambs’ 
wool, gauze, bandages—muslin, elastic (web and rub- 
ber), gauze, plaster of Paris, adhesive plaster, and mole- 
skin, first aid kits, scissors, tweezers, and applicators. 

Sanitary Aids—This department might well be organ- 
ized under the supervision of one of the woman clerks 


who could be specially trained to offer the necessary — 


assistance and advice to women customers. This de- 
partment would stock sanitary belts, napkins, pads, 
aprons, etc. 

The Family Medicine Closet—There is a place in every 
home for some simple medicines; these should be kept 
in one place, preferably in a locked closet. 

The medicine closet should always be kept out of 
reach of children. Prescriptions in current use may be 
kept in the closet, but should be destroyed after the 


patient is well. very bottle or box should be clearly 
labeled. 

The neighborhood pharmacists may properly recom- 
mend the installation in every home of a first aid cabi- 
net. Thefollowing items for a family medicine chest were 
suggested in an article on the subject published by the 
A. M. A. in the magazine, Hyge’a. These should be in 


every home. 


Supplies 


Suitable books on First Aid, 
Nursing and Diets for the Lay- 
man, Clinical Thermometer, 
Drinking Tubes, Medicine Glass, 


Drugs 


Glycerin, Seidlitz Powders, Boric 
Acid Solution, Quinine Sulfate, 
Acetylsalicylic Acid (Aspirin), 
Castor Oil, Iodine Tincture (2 per 
cent), Cascara Extract Tablets, 
Bismuth Subgallate or Subcar- 
bonate, Sodium Bicarbonate, 
Ipecac Syrup, Compound Benz- 
oin Tincture, Boric Acid Oint- 
ment, Milk of Magnesia. 


Medicine Dropper, Bedpan, En- 
ema Syringe, Sterile Gauze 
“Sponges,’’ Sterile Absorbent 
Cotton, Croup Kettle, Cotton 
Wadding, Hot Water Bottles, Ice 
Adhesive Plaster, Sterile 


Scales or Balances—The pharmacist provides a suit- 


-able distribution centre for special types of scales, such 


as those for bath room use, or those for weighing babies, 
and also those used for weighing food for diabetics, see 
Figs. 619 and 620. 


The Baby Department 


The pharmacist is especially qualified to furnish many 
of the supplies required for the health and well-being 
of babies and children. The importance of this service 


Fig. 619—Bathroom scale. 


Fig. 620—Baby scale without basket. 


is being increasingly emphasized and many pharmacies , 
are making a specialty of their baby-supply department. 
Statistically it has been shown that in nearly 41 per cent 
of American homes there are children under 10 years 
of age and that an average of about $45 is spent yearly 
(1947) on each child for medicines and health supplies. 
This indicates the extent of this possible service, avail- 
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able to every pharmacist who takes advantage of it. 

If alert to this opportunity a pharmacist will logi- 
cally make this department most attractive, he will 
stock and display every item which an expectant mother 
will need immediately upon the arrival of the new baby, 
and will emphasize these items by seeing that she re- 
ceives one of the many available booklets written by 
experts on the care of the baby. Such booklets are 
made available for distribution through many firms, 
such as Johnson and Johnson, manufacturers of Ivory 
Soap, ete. After the new baby arrives, the call for many 
supplies continues. The original sales are frequently 
repeated and many new health items will be required, 
frequently on the suggestion of a physician. Naturally 
purchases cf this nature will be made where all of the 
supplies usually required are available and well dis- 
played and where an intelligent, sympathetic, and fully 
informed service is offered. Some pharmacists have 
found that a trained woman attendant is especially 
valuable in this department. 

A long list of supplies is indicated, some of which are 
mentioned below. It is also desirable to have available 
and on display a complete “layette” ready for emer- 
gency, including the surgical and other emergency sup- 
plies needed by the mother and baby at the time of 
birth. Gifts for babies, suitable for use in the bath or 
toilet, or for the mother, may well be included among 
the items offered. 

Booklets and Displays—Many booklets, folders, and 
displays are available and may be obtained on request. 
These will enable the pharmacist to learn much about 
the needs of infants and mothers and how to serve them 
through the pharmacy. 

Every pharmacist interested in a Baby Department 
should also get a copy of the 126-page book on Infant 
Care, published by the Children’s Bureau of the U. S. 
Government, Publication No. 8. This book is obtained 
from the Superintendent of Documents, U.S. Printing 
Office, Washington 25, D. C., for 10 cents. Display this 
invaluable aid to every mother coming to your phar- 
macy and offer them for sale, or, better still, give one to 
every regular customer for baby supplies. 


BABY DEPARTMENT BOOKLETS AND DISPLAYS 
Some of the available booklets are listed below: 


Booklets 

Armstrong Cork Ce. (6-page pamphlet), Circle-A Nurser 

Calgon, Inc., Calgon Works Wonders with Water 

Davidson Rubber Co., The Right Way to Feed Your Baby 

Davol Rubber Co., Baby Feeding Made Easy 

Lehn and Fink Products Corp. for Lysol, Get Tough with Germs 

Metropolitan Life Insurance Co., Your Child 

Nestle-LeMur Co., Curls for Your Baby 

Proctor and Gamble Co., Cincinnati, Ohio, Bathing Your Baby the 
Right Way 

Steri-Seal, on care of nursers and bottle caps , 

J. B. Williams Company, How to Bathe Your Baby and Babies Own 
Booklet 


Folders 

John H. Breck, for Baby Lavo 

Burroughs Wellcome & Co., for Borofax 

Calgon, Inc., Is Your Baby Calgon Clean 

Davol Rubber Co., The Right Way to Feed Your Baby 
Holland Rantos Company, Inc., for Rantex Masks 
McKee Glass Co., for Glasbake Nursers 

The Mennen Company, Shopping List of Baby Needs 
Nestle-LeMur, for Nestle Baby Hair Treatment 
Taylor Instrument Companies, for Binoc Thermometers 
U.S. Vitamin Corp., for Vi-Syneral Vitamin Drops 


Counter displays 

Armstrong Cork Co., placard, Three Necessities for Your Baby 
Bauer and Black, display carton for Curity Masks 

John H. Breck, Inc., for Breck Baby Lavo e 
John H. Breck, Inc., for Breck Soap for Mothers and Babies 
Brockway Glass Company, for Tuffy Nursers and Tuffy Kaps 
Burroughs Wellcome & Co., for Borofax 2 

Chesebrough Mfg. Co., counter card for Vaseline 

Chicopee Sales Corp., for Chua disposable diapers 
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Faichney Instrument Corp., counter stand for Apex Baby Thermom- 
eters 

Faultless Rubber Co. counter display units for baby health items 

Johnson and Johnson, Baby Lotion Merchandiser and leaflet dis- 
penser 

Johnson and Johnson, Baby Products Merchandiser 

Kessling Thermometer Co., display guardian for Baby Guardian 
Thermometers 

Lehn and Fink Products Corp., Get the Jump on Germs 


Medicines and Supplies for the Baby—Care is essen- 
tial not only in the preparation and labeling of medicines 
for administration to infants but also in making certain 
that the mother understands their use. There are many 
strictly professional services rendered by pharmacists 
for babies. None is more important than dispensing 
prescriptions or in filling an order for prevention or cure 
of disease. Inasmuch as babies are highly responsive 
to medication, mark every prescription plainly For 
Baby. Be sure that the parents understand exactly 
what they are using and that these materials are exactly 


as properly prescribed by the physician. 


Baby Department Supplies 


Medicines 


Alcohol (70 per cent), for washing 
and sterilizing 

Borie Acid, crystal and solution 

Borie Acid Ointment 

Burn Emollient 

Calcium Lactate 

Camphorated Oil 

Castile Soap 

Castor Oil, plain and aromatic 

Cod Liver Oil and Emulsions 

Compound Benzoin Tincture 

Cough Medicines 

Glycerin Suppositories 

Green Soap Tincture 

Haliver Oil 

Iodine Tincture, 2 per cent 

Ipecac Syrup 

Lactic Acid, to make acid milk 

Lanolin or Wool Fat 

Liquid Petrolatum 

Lime Water 

Mercurochrome 

Milk of Magnesia or other laxa- 
tives 

Olive Oil 

Peppermint Spirit 

Petroleum Jelly, plain and medi- 
cated 

Rubbing Alcohol 

Sodium Bicarbonate 

Teething Lotions 

Zine Oxide Ointment 

Zinc Stearate 


Baby Foods 

Baby Soups, Vegetables, and 
Meats 

Whole, Modified, and Malted 


Milk Preparations 
Starch-Free Foods 
Protein Foods 
Carbohydrate Foods 
Barley Flour 
Arrow Root 
Glucose 
Malted Milk Powder 
Malt Syrup 
Milk Sugar 
Evaporated Milk 
Vitamin Foods, 

and Compounds 


Concentrates, 


Baby Toiletries 

Fuller’s Earth 

Baby Cream, jars and tubes 

Baby Oil 

Baby Soaps 

Baby Talc, plain or borated 

Dusting Powder 

Toilet Gift Sets 

Tooth Brushes 

Hair Brushes 

Nail Brushes 

Combs 

Sponges : 

Covered Jars, plain and decor- 
ated 

Powder Puffs 

Soft Wash Cloths 


Manicuring Scissors 
Bath Thermometers 


Antiseptic Dressings and Surgical 
Supplies 


Bandage, plain and medicated 
Absorbent Cotton 

Gauze, plain and medicated 
First Aid Outfit 

Adhesive Tape 

Tongue Depressors 

Wooden Applicators 
Umbilical Tape 

Oil Silk 

Layettes and Maternity Kits 


Infant and Maternal Supplies 


Nursing Bottles (all kinds) 

Electric Bottle Warmers 

Bottle Caps 

Bottle Racks 

Bottle Brushes and Cleaners 

Graduates 

Funnels 

Measuring Glasses and Spoons 

Covered Jars 

Milk Dippers 

Milk Pasteurizers 

Milk-bottle Sterilizers 

Atomizers 

Thermometers (clinical, 
house, and dairy) 

Canned Heat (Sterno) 

Alcohol Stoves 

Vacuum Bottle 

Safety Pins, assorted sizes 

Baby Scales 

Hot Plates 

Toilet Paper 

Infant Cotton-Tipped Applica- 
tors 

Thumb Guards or other thumb 
sucking preventive appliances 

Safety Strap with leader 

High Chair Pads (rubberized) 

Baby Toilet Seats or Commodes 

Diapers 

Diapers (disposable) 

Croup Kettles 

Heating Pads 


bath, 


Rubber Sundries 

Nipples 

Teething rings 

Rattles 

Bottle Caps 

Nipple shields 

Breast Pumps 

Rubber Pants 

Diaper Bags 

Rubber Sheeting and Rubber 
Crib Sheets 

Infant Syringes 

Ear and Ulcer Syringes 

Baby Hot Water Bottles 

Hye or Medicine Droppers 

Rectal Syringes 

Rubber Gloves 
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A “‘list’’ of medicines and supplies which will permit 
the mother to check her needs without forgetting any 
essentialitemis useful. The listing above and the follow- 
ing suggestions may be help‘ul and can be copied and 
distributed by the pharmacist. 


ae uv 


Fig. 621—Nursing bottles (upper left); measuring glasses (upper right) ; 
measuring glass and jar (lower right) ; Brecht feeder (lower left). 
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Fig. 622—Bottle brush. 


Aids for Feeding the Baby—There are many types of 
apparatus needed by a mother for preparing the baby’s 
food. Large measuring jars of about one quart capacity 
are available in glass or enamel, with printed, molded, 
or blown markings in various volume scales. Standard- 
ized spoons for measuring milk sugar are available. A 
small graduate is an essential for measuring cream or top 
milk. The Chapin cream dipper, for removal of the 
cream of the top of a milk bottle, is a valuable item in 
the home. 

Nursing Bottles—Many different types of nursing 
bottles are offered. The old-fashioned ‘‘flat’’ type is 
popular, cheaper, and does not roll readily out of the 
crib. It is difficult to clean, however, and has an added 
disadvantage in that it does not fit well into modern 
sterilizing apparatus. 

Most nursing bottles have flat bottoms to facilitate 
their standing erect. However, this leaves the corner 
inside the bottle (where the wall and the base jom) hard 
to clean. Some bottles which are rounded to obviate 
this are easier to clean, but because they will not stand 
erect they need a special container. Other bottles 
which have no neck, using a wide mouth and wide 
nipple (‘“hygeia”’ type), are more expensive but better, 
Fig. 621. 

The pharmacist should always suggest the use of 
bottle brushes when nursing bottles are purchased, 
Fig. 622. 

Nipples—Fitting the “small mouth bottles” are the 
“anticolic”’ nipples. With one-, two-, or three-hole tops, 
these nipples keep the baby’s mouth shapely. The 
larger number of holes prevents the nipple from collaps- 
ing. Some of these nipples have sanitary tabs at their 
base. Inasmuch as the wrong kind of soft, long flexible 
nipple will deform the baby’s mouth and jaw, it is essen- 
tial that the short, firm type be employed to simulate 
the areola of the breast. See Fig. 623 to 626. 

Nipple Shields and Breast Pumps—The mother may 
frequently find it necessary to protect the breast areola 
with a nipple shield. This is a glass vessel which fits 
around the nipple, and has attached an ordinary rubber 
nipple for baby feeding. This prevents irritation. 


THE PROFESSIONAL PHARMACIST AND PHARMACY 


Plain breast shields may be supplied without the nipple, 
to prevent breast injury. When the baby is unable to 
suckle, a breast pump may be employed. This may also 
be used in developing the mammary glands before the 
baby’s arrival, Figs. 628 to 629. 

Preparing the Baby’s Food—As milk is an excellent 
culture medium many so-called summer complaints and 
similar digestive disturbances may be traced to in- 
fected milk. But since sterilization requires a tempera- 
ture of at least 100° C. and since high temperatures 
destroy most of the vitamin content of milk and lessen 
its digestibility, sterilized milk is not a complete food 
and should not be fed regularly. However pasteuriza- 
tion, heating at 70° C. for 30 minutes, destroys most of 
the offending organisms, apt to be present in milk, and 
without injuring its food value. This procedure is 
widely employed in preparing baby foods. 

Pasteurization of milk or food can be done with ordi- 
nary kitchen equipment or with pasteurizers. Non- 
absorbent cotton should be used to plug the baby bottle 
necks. Rubber or glass caps should be placed over the 
top of the milk bottles after pasteurization to keep the 
contents free from icebox odors. 

No food is so suited for healthy babies as mother’s 
milk. However, it is frequently necessary to supple- 
ment or replace mother’s milk with artificial prepara- 
tions. The pharmacist should be familiar with all of 
the items used in the preparation of milk mixtures. 

M ilk Mixtures—The essential differences between 
cow’s milk and human milk is the former’s: larger 
(double) percentage of protein and smaller percentage 
of lactose. Also, while human milk flocculates, cow’s 
milk is likely to form a clot when coagulated with rennin. 
Human milk and cow’s milk are usually slightly alkaline 
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Fig. 623. 
Fig. 624, Fig. 625. 
Fig. 626. Fig. 627. 
Fig. 628. Fig. 629. : 


Fig. 623—Wide-neck glass nipple shield with nipple attached. Fig. 624— 

Nipple (wide mouth). Fig. 625—Nipple (narrow neck). Fig. 626—‘‘Anti- - 

colic”’ nipple showing tip andinternal construction. Fig. 627—Milk bottle 
-eaps. Fig. 628—Nipple shields, Fig. 629—Breast pump. 


when raw, but cow’s milk has changed to a slightly acid 
state by the time it has reached the consumer. 


CONSTITUENTS! OF HUMAN AND COW’S MILK 


Per Cent Protein Fat Lactose Salt Water 
Human 1.4 Baye Te?) 0.2 87.5 
Cow 3.4 3.9 , 4.9 0.7 87.1 


According to Food Composition Section, Bureau of Home Economics. ~ 
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If cow’s milk is diluted to simulate human milk, the 
remaining percentages of fat and sugar are too low for 
_ the baby’s needs. The cow’s milk is diluted, therefore, 
with water, and the deficiency in fat brought up by 
adding & proportion of cream or “top milk.”’ The defi- 
ciency in milk sugar can be overcome by adding lactose 
(milk sugar) or other carbohydrates such as dextrose or 
maltose. : 

Preparing the Mixtuwre—Enough milk mixture should 
be prepared at one time for one day’s feeding. This 
should be placed into eight bottles, pasteurized for 30 
minutes at 70° C., and immediately placed in a re- 
frigerator. The procedure is: first, dilute with water; 
add carbohydrates (sugar or proprietary substances); 
add the fat (top milk); distribute into bottles, plug with 
non-absorbent cotton, pasteurize, and place in the re- 
frigerator. 

When milk is removed from the refrigerator it must 

be warmed to body temperature by placing it in hot 
water or in an electric bottle warmer. 
. Modifiers and Replacements—Frequently, it is neces- 
sary to add certain milk modifiers, chiefly carbohy- 
drates, such as Mellin’s Food, Mead’s Deztri-Maltose, 
Robinson’s Barley, Imperial Granum, Eskay’s Food, 
Vita-vose, etc. Intended as complete foods, and con- 
sisting principally of dried milk as a base are such 
products for replacement as Horlick’s or Borden’s 
Malted Milk, Klim, Similac, Dryco, SMA, or Nestle’s 
Milk Food. 

Other Apparatus for Baby Care—Newborn babies 
have no teeth, but a soft toothbrush is essential, to remove 
clots of milk from the inner surface of the baby’s cheek. 
Such oral hygiene aids in preventing sore mouths, bac- 
terial infections, and digestive disturbances. A thermom- 
eter, in a wooden case to prevent breakage, is very neces- 
sary to.test the temperature of the baby’s bath. 

Pediatricians say that weight is an important indica- 
tion of adequate nutrition. Therefore, a baby scale for 
regular daily use is an essential. 

Tale and zinc stearate are used as dusting powders. In 
every case an automatic, self-closing device should be 
employed on the powder can to prevent inflammation of 
the baby’s lungs or asphyxiation from the light dusting 
powder should it be accidentally released in the crib. 

Rectal syringes and ice throat collars are essential, as 
are crib sheets (made of pure gum rubber) for the bassinet 
or crib. 

Premature and feeble infants are frequently fed by 
means of a ‘‘Brecht feeder.”’ Diet scales are likewise 
necessary adjuncts in the home of the new baby. 


Thermometers 


The change in temperature of the patient is one of the 
important symptoms upon which the physician bases 
his diagnosis, prognosis, and treatment. The instru- 
ment employed for body temperature determination is 
the clinical thermometer. 

_ An abnormal temperature is an indication of serious 
illness. Particularly where children are concerned, it 
serves as a guide to the need for medical attention. 
Every home in the community should have a clinical 
- thermometer available at all times. 
_ Types of Thermometers for Home Use—The various 
types of thermometers usually employed in the home 
are (1) the household thermometer or common type for 
reading interior or outside air temperature, (2) bath 
thermometers (Fig. 631) for recording the temperature 
of bath water, and (3) clinical thermometers (Fig. 630). 
The temperature of the atmosphere at the surface of the 
earth varies more than 200° F. but man’s body tem- 
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perature varies only from 97° to 104° F. with danger at 
either extreme. 

In all thermometers, the speed of the reading. depends 
upon the small bulk of the measuring liquid and upon 
the caliber of the capillary tube through which it passes. 
The essential difference in 
operation between the various 
types lies in the self-registry 
feature of the clinical thermom- 
eter. In the latter, when the 
measuring column has risen to 
the maximum temperature, it 
remains until shaken back into 
the reservoir at the bottom of 
the instrument. The registry 
is obtained through constric- 
tion of the capillary tube just 
above the bulb, which permits 
passage of the mercury on ex- 
pansion but does not permit 
return on contraction. 

Clinical Thermometers— 
Three types of clinical ther- 
mometers are available: (1) the 
oral type, characterized by the 
slender, thin glass-walled mer- 
cury reservoir; (2) the rectal, 
with a heavy-walled, large, 
blunt reservoir, pear shaped to insure retention in the 
rectum; and (3) an intermediate type, the security or 
snub oral or axillary type which diminishes breakage. 
See Figs. 632. 

The special features of a clinical thermometer, in ad- 
dition to its self-registry, are the magnifying lens which 
renders the mercury column visible, and the opaque 
background. Occasionally, the background may carry 
a colored line, which by reflection enables the mercury 
column to be detected, or colored guide lines which 
center the eye on the image of the column. The phar- 
macist should have in stock at all times a suitable stock 
of reliable clinical thermometers, varied as to type and 
price, and he should be prepared to give needed advice 
to the purchaser so that the apparatus may be suitably 


Fig. 630. 


Fig. 630—Household hot water 
thermometer. Fig. 631—Bath 
thermometer. 


Fig. 631. 


employed, properly read, cleansed, and _ protected 


against breakage. 
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Fig. 632—Diagram of thermometer construction. 
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Taking the Body Temperature—The clinical ther- 
mometer, of necessity a delicate instrument, records an 
extremely small temperature change in a short period 
of time. Thermometers are classed according to the 
time required for registry and are known as one minute 
or two minute. This means that when the thermometer 
is placed under the tongue, one or two minutes, re- 
spectively, should elapse before a reading is taken. 
However, in every case, the thermometer should be re- 
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turned to the mouth for an additional minute for a 
check reading. Since a thermometer may be resting at 
any temperature before use, let us say at 40° or 97° F., 
more time is required to reach the exact body tempera- 
ture in the former case than in the latter. All thermom- 
eters register more quickly in summer, when the tem- 
perature is over 70° F., than in cold weather. The 
speed of registry is dependent upon the bore of the 
capillary and the fineness of the constriction. In the 
summer season, outside room temperatures may exceed 
the body temperature, and it is necessary to shake the 
mercury column below 97° F. before taking a tempera- 
ture. Usually the temperature is ascertained by placing 
the thermometer under the tongue as far as possible, 
keeping the mouth closed. In some instances, it may 
be preferable or necessary to take the temperature else- 
where. The armpits or axilla, or the rectum, may be 
used. In the latter case, lubricate the instrument with 
petrolatum before inserting it into the rectum. 

Normal Temperatures—The average normal body 
temperatures and the average length of time required to 
obtain a satisfactory reading are as follows: mouth, 
98.6° F.,2 to 3 minutes; axilla 97.8° F., 5 to 10 minutes; 
and rectum, 99.0° F., 3 to 5 minutes. It should be 
noted that ‘‘normal” body temperatures in some indi- 
viduals may vary 1.0° F. from the averages stated 
above. The patient should have some idea of his nor- 
mal temperature from previous tests and it is a distinct 
advantage for the physician to know this. If not, 
fluctuation may be observed and can be deduced only 
from a continuing record of unchanging temperatures 
other than those stated as “normal.” 

The normal body temperatures of other animals, fre- 
quently of importance in veterinary medicine, average 
as follows: fowl, 107.6° F.; monkey, 99.2° F.; horse, 
100.4° F.; rabbit, 100.8 to 102.0° F.; guinea pig, 101.3 
to 103.1° Eevand dog l03-tei: 

Temperature Comparisons—In the United States, 
Canada, and the majority of the United Kingdom, the 
Fahrenheit scale is employed. However, in medical 
practice throughout the Pan-American area, Continen- 
tal Europe and the Orient, the Centigrade scale is used. 


A comparison of clinical temperatures on both scales 


is as follows: 


Fahrenheit Centigrade 
96 .0° SOOO 
97.0 Boma 
Oeo 36.38 
98.0 Bs {oma o}5) 
98.6 37.0 
99.0 RBA 5 APA 
99.5 BleO0 

100.0 Silo UU 
101.0 38.33 
102.0 38.88 
103.0 39.44 
104.0 40.0 


Manufacture of Thermometers—The manufacture of 
a thermometer is a long and tedious process. If ther- 
mometers were made and distributed through a very 
short period of time, wide variation in accuracy would 
result. A survey of clinical thermometers in a large 
hospital some years ago revealed that an average of 30 
per cent of all instruments were inaccurate at any one 
time. As a result, several states including Massachu- 
setts, Connecticut, and Michigan controlled the manu- 
facture and sale of clinical thermometers by local in- 
spection, with as high as 34 per cent being condemned 
at times and the average as 20 per cent inaccurate. 

In clinical thermometers, the best grade of mercury, 
purified by distillation, is employed. A special glass to 
which has been added a side layer of opaque glass, usu- 
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ally in 10-pound lumps, is drawn rapidly through a 
tower to a fine tube 150 feet in length, cut to 6-foot 
lengths, and then after microscopic examination for 
diameter fluctuations and flaws, into pieces 8 inches 
long. The bore is finer than a human hair. The con- 
striction cavity is blown into the tube near one end and 
the same end tapered. From normal glass, a bulb is 
blown and attached to the stem. The bulb is partially 
filled with mercury, the bulb sealed, and then the final 
mercury filling takes place. A top chamber is formed to 
receive the overflow during annealing, and then follow 
air elimination and removal of the top chamber of ex- 
cess mercury. The tube is checked, and maximum and 
minimum points marked. Wax is applied, and between 
the maximum and minimum temperature markings an 
exact number of gradations scored into the wax. It 
is then etched, the wax removed, and an impervious 
enamel applied. Thus, a clinical thermometer is made 
but before acceptance the thermometer must pass many 
rigid tests. They are inspected for ‘‘retreaters’’ (ther- 
mometers which fail to hold a permanent reading), 
“hard shakers” (instruments difficult to shake down), 
stones, defective lenses, and “‘fire cracks” (from anneal- 
ing). They are then aged, first at changing, and then 
at controlled temperatures for six months, as new or 
“green”? glass expands or shrinks somewhat, but only 
during that period. Final inspection, calibration, and 
certification follow. 

Reading the Thermometer—The worth of a clinical 
thermometer is gauged by several criteria: the “width” 
of the mercury column that shows by magnification, the 
ease with which the column is immediately located, and 
the exactness of the calibration, as well as by the 
“speed” of the reading. In reading a clinical thermom- 
eter, instruct the patron to hold the stem so that gradua- 
tions are on the upper side, figures on the lower side, 
then rotate the instrument slowly back and forth until 
the mercury column is magnified by the lens. 

Correction—Thermometers are manufactured to 
meet all of the requirements and tests specified in the 
U.S. Department of Commerce, Commercial Standard 
No. CS1-28 but variations occur in manufacture. 
Thermometers therefore frequently carry a correction 
factor, usually as a part of the certificate supplied by the 
manufacturer. A “plus ° F.”’ correction indicates that 
the correction must be added to the observed thermom- 
eter reading to obtain the exact clinical temperature, 
and when reported as “minus ° F.,”’ it must be sub- 
tracted. The points of observation on the standard are 
98°, 102°, and 106° F. It is preferable, of course, to 
have a thermometer which registers the exact tempera- 
ture with corrections and such thermometers are cus- 
tomarily obtainable, but usually at a higher price. If 
the reading is not exactly in agreement with the true 
temperature a ‘‘correction”’ is important. 

“Certificate” and ‘‘Certified’’—A certificate thermom- 
eter is an ordinary clinical thermometer which carries a 
manufacturer’s guarantee and a “certificate” of accu- 
racy. The maker has, in his manufacturing procedure, 
checked the maximum, average, and minimal tem- 
peratures of the thermometer against a standard ther- 
mometer which he keeps for comparison. 

A standard thermometer is an instrument which, after 
it has been checked and a certificate issued for it, is 
sent by the maker or owner to the Bureau of Standards 
at Washington, there to be calibrated against standard 
temperatures, and then certified for its official accuracy. 
Some specialists use such thermometers in their practice, 
and some hospitals employ them as checks against 
thermometers in general use in the institution but they 
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are not commonly seen. Naturally such standards are 


expensive. 

Preservation—After the thermometer has been read 
and the temperature recorded, it should always be 
shaken down so that it is ready for use the next time it 
is needed. In shaking down the mercury column, the 
thermometer should be grasped firmly between the 


thumb and the forefinger, and the arm given a vigorous 


swing, being careful to avoid striking any solid object. 
The thermometer should never be held in the fingers 
and the hand struck upon a solid surface to jar down the 
mercury column. The latter is almost certain to cause 
breakage or a rupture of the constriction, even though 
it may appear unbroken. If dropped, even though 
apparently unbroken, it should be tested before using. 
Never expose clinical thermometers to heat or cold, to 
the sun’s rays, or display in a shop window. 

Cleansing—After using, thermometers should be care- 
fully cleansed to avoid the possibility of carrying infec- 
tion from one patient to another. Never wash in hot 
water. Washing with soap and cold tap water is per- 
missible but it is best to sterilize only by swabbing with 
a pledget of cotton saturated with 70 per cent alcohol or 
isopropyl alcohol, or by immersion in either of these 
solutions or in a 5 per cent phenol solution for 5 to 10 
minutes. Never place it on a hard surface but store it 
at the bedside in a sterilizer jar or in a tumbler, placed 
upright and resting on a pad of absorbent cotton. Al- 
ways clean it immediately after use and, if possible, re- 
store it to its case. Never use a thermometer which 
has not been thoroughly cleansed. 

Special Types—A number of special types of clinical 
thermometers are available, including one intended for 
dermatologic use and having a special, flat-bladed, 
thin-glass, mercury reservoir for contact with the skin 
surface. 

The favorite case for clinical thermometers consists 
of a plastic or hard rubber tube case, seemingly designed 
to represent a fountain pen, with a clip to hold to the 
pocket or fitted with a ring and chain. A spring clip 
inside holds the thermometer firmly, and the thermom- 
eter itself is attached firmly to a screw cap. Special 
cases holding a pair of thermometers, one oral and one 
rectal, are available; also cases which permit the inser- 
tion of an antiseptic solution in which the thermometer 
isimmersed. A safe and convenient case, with a special 
spring handle, is also provided to permit ‘“‘flip” shaking 
with the fingers, for persons who cannot properly shake 
the instrument. Hospitals are also provided with a 
“wind-up” spring shaker, which permits placing in a 
special locking device several dozen thermometers, and 
when released, shakes them all down at once. 


Inhalers, Atomizers, and Insufflators 


Atomizers are, as their name indicates, mechanisms 
for throwing a spray of finely divided liquids. They are 
most frequently employed in the treatment of diseases 
of the respiratory tract. 

The modern atomizer is an outgrowth of an apparatus 
developed in Berlin, Germany, in the year 1860 by a 
Dr. Bergson. In that instrument a current of vapor 
produced by the action of heat from a flame on water 
in an enclosed vessel, drew up medicament from a reser- 


‘yoir by suction. The jet carried the vaporized medica- 
~ ment to the funnel-shaped apparatus and then to the 


nostril or mouth. This apparatus embodied the basic 
principles of an inhaler and an atomizer. 
- Inhalers—Few remedial agents have as soothing an 
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peutic value of moist heat in the treatment of acute 
ware of larynx, trachea, or bronchi steam inhalers are 
used. 

In Bergson’s original atomizer, the method of force 
and suction was steam pressure. The patient received 
the medication plus heat and water vapor. Steam 
atomizers are still used for laryngitis in some cases, but 
they are cumbersome and have been largely super- 
seded by more efficient forms. 

The original inhaler, employed long before Bergson’s 
time, was merely a tin can with a stovepipe arrange- 
ment. The can is half filled with water, and heated. 
Steam eventually is emitted from the spout. A medica- 
ment is then added through a small hole in the cover or 
lid and the latter closed and portions of the drug are 
carried over with the steam, with or without vaporiza- 
tion. 

Naturally enovgh, the spout must be sufficiently 
long to allow the vapor to cool somewhat before com- 
ing into contact with the nasal membranes. The 
pharmacist must always be sure to caution the patient 
regarding this, to avoid scalding. 

The common benzoin inhaler is one well-known type. 
This apparatus has the disadvantage that it has no 
heating unit and is not readily portable. Its advantage 
lies in its inexpensive construction. Nearly equally 
valuable results can be obtained from a folded towel 
and a basin of steaming water. 

Croup Kettles—A modification of the inhaler is the 
croup kettle. ‘‘Croup” is any laryngitis severe enough 
to cause difficulty in breathing, and is especially com- 
mon in children. 

In the croup kettle the water in the kettle is caused to 
boil and kept boiling by an alcohol lamp underneath. 
After adding medication through a funnel, the patient 
inhales the vapor from a long spout. The advantages of 
this apparatus le in its own heat-unit enabling its use 
for longer periods of time, and its greater capacity. 

Steam Inhaler—The modern steam inhaler is essen- 
tially the same, using electricity to generate heat and 
steam. The advantages of this more modern adaptation 
lie in the attainment of a constant temperature. Also 
most forms of this apparatus are equipped with a regu- 
lator so that when they run dry, the heating unit shuts. 
off simultaneously. These are also easier to handle in 
the home, especially at night. 

Steam inhalers do not deliver a spray and can carry 
medication in their vapors only when such medication 
is volatile at the temperature of boiling water. In 
Bergson’s original atomizer the medication was carried 
into the spray by the atomizing principle and a large 
variety of drugs could be applied. However, steam 
vaporizers are valuable for ordinary home treatment of 
colds, coughs, and other respiratory diseases. 

Atomizers—The basic principle of Bergson’s first 
atomizer was that a current of air or vapor passing over 
an open tube creates suction in that tube towards the 
orifice. If the other end of the tube is immersed in a 
liquid, it is drawn up and when in contact with the air 
current is turned into a spray. 

The larger the air orifice, the larger will be the volume 
of finely dispersed droplets. The larger the fluid open- 
ing, the larger the volume of fluid delivered and the 
coarser the spray. Likewise a narrower and shorter 
tube for the fluid means a faster flow. 

In 1865 Dr. Clark of London improved upon the 
original cumbersome model by substituting a compres- 
sible rubber bladder or “‘bulb”’ for the elaborate steam 


effect in acute inflammations of the nasal and bronchial 


tract as do warmth and moisture. To obtain the thera- jet engine. This was the precursor of the atomizer of 
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today. The compressed bulb satisfactorily produced a 
eurrent of air but it lost the soothing value of the 
warmth. 

Types of Atomizers—There are three basic types of 
atomizers as follows: 

The vacuum type operates.on the basic principles of 
atomization, depending upon suction at the tip of the 
atomizer to cause the formation-of a fine spray. These 
apparatus are intermittent in action. They employ 
either oils or aqueous solutions and are characterized 
by their larger opening and emission of more fluid. 

The pressure type of atomizer is one which employs a 
greater volume of air and smaller fluid resulting in a 
more finely divided spray. It backs up the suction 
phase of the atomization by allowing some of the air to 
be pumped into the container of fluid, providing addi- 
tional pressure on the surface of the liquid. These 
apparatus are usually employed for oleaginous fluids 
and are continuous in flow. 

The nebulizer acts on a slightly more complex prin- 
ciple. Within the container of the apparatus is built 
a small atomizing unit, so that atomization occurs inside 
the flask, the heavier droplets falling back into the 
reservoir. Since there is some current of air, the ex- 
tremely finely divided cloud floats out on air through 
the large outlet tube. This is the distinguishing charac- 
teristic of nebulizers. They are frequently constructed 
entirely of glass and are especially useful for the ad- 
ministration of epinephrine solutions in asthma. 

The flask of a nebulizer always carries a mark part 
way up the side. Never fill the container with fluid 
above this line, for atomization will fail to occur if the 
‘unit is submerged. Many persons return nebulizers, 
claiming that they do not work properly, solely because 
of this error. 

Comparative Value—The continuous or pressure type 
of atomizer is slightly superior because it gives a more 
widespread and less intense medication, and a finer sub- 
division which carries it easily into the deeper cavities 
of the nose and throat. 

The nebulizer is not as useful as the atomizer for 
applying medication to nose and pharynx. Yet, because 
of its state of very fine subdivision it can be inspired 
and carried into the deeper parts of the respiratory tract, 
even as far as the bronchi. The nebulizer is especially 
valuable for diseases of the larynx and trachea. 

Purchasing Atonuzers—The pharmacist’s first ques- 
tion of a_prospective purchaser of an atomizer is ‘‘What 
is to be its use?” Is an ozl or water solution to be em- 
ployed? What portion of mucous membrane and tract 
is to be reached? Only when these questions are cor- 
rectly answered can the best type of apparatus be 
selected for the patient. 

Effectiveness—The pharmacist must appreciate that 
an atomizer has multiple uses and that its value in the 
application of medications is little realized by the lay- 
man. In every instance where a “nose drop” is pre- 
scribed or sold, an atomizer will render the drug more 
effective. When the head is in an upright position, a 
solution applied to the nose by a dropper follows the 
floor of the nasal cavity. In home treatment patients 
are not likely to follow the complicated posture tech- 
nique necessary to get the solution into the sinus drain- 
age area. The flow of dropped solutions also tends to 
carry an infection from comparatively superficial regions 
‘to deeper areas. A solution sprayed into the nose 
reaches all the walls of the nasal passages including the 
sinus drainage area. In home treatment, the patient 
may hold his head in a natural upright position. 
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When a solution is gargled, it reaches only a small 
area of the throat because the soft palate necessarily 
closes tightly against the tongue, preventing the solu- 
tion from reaching deep-seated areas affected. A 
sprayed solution in the throat passes the soft palate 
since it is quite possible to inhale while spraying, and 
allows the sprayed solution to reach all affected throat 
regions. 

Pharmacists who distribute considerable quantities 
of “nose drops” will find that an inexpensive, conveni- 
ent, and compact spray may be dispensed or, sold at 
each occasion. 

Instructions—Nasal guards, either smooth or vented, 
are placed over the tip of the atomizer to protect delicate 
membranes and to limit back flow. Grooved surfaces 
prevent any undesirable excess of air pressure in the 
cavities. To clean, place a finger over the spray tip 
tightly and compress the bulb to force out any sedi- 
ment lodged in the tubes. Cleaning wires are employed 
if the foregoing does not remove the foreign material. 
To sterilize, pass the spray tube through a flame or. boil 
the metal parts. 

Variations in Atomizers—Many types of atomizers 
are supplied. Some use single outlet tubes, particularly 
for solutions which tend to crystallize. Others have 
twin ‘tubes and a spray atomizing tip. Hard rubber 
atomizers are available for use where solutions employed 
will attack metal or deteriorate in its presence. Some 
atomizers have an unusually small reservoir, where the 
total volume of the medication is small. Leakproof 


attachments are also available for travelers. 


Physicians’ and surgeons’ atomizers represent refine- 
ments desired for specific purposes. Some employ ordi- 
nary compression bulbs while others, constructed for 
specialists, use a motor-driven air pump under con- 
trolled pressure. 

Cautions—Pharmacists should caution the patient 
to refrain from using any caustic medication in nasal 
or throat passages. Any solution which is intended for 
atomization, should first be warmed to body tempera- 
ture, to facilitate action and to avoid chills. 

Was Sprayers—For liquefying and spraying paraffin 
and wax-like preparations, a wax sprayer or theromer is 
employed. It operates on the vacuum plan and can be 
operated by hand bulb or compressed air. It is fre- 
quently used in the treatment of burns, giving relief by 
application of a coating. An outer jacket of water or 
steam serves to melt the wax which when melted can 
be sprayed rather readily. 

Ether Dispensers—Sprays for minor operations, as 
ether dispensers, or for removal of adhesive tape, are 
also supplied. 

Perfume Atomizers—The principle of atomisaeien 
for medicinals is employed as well for perfumes, and 
elaborate and fancifully designed apparatus are avail- 
able. 


Aerosol Therapy—A special form of all-glass atomizer 
has been devised for nebulizing penicillin solutions, 
whereby the liquid is reduced to submicroscopic par- 
ticles 0.5 to 2 microns in diameter which are inhaled 
through the mouth or nostrils and drawn deeply into 
all of the nasal cavities and pharynx. Special nose 
pieces may be attached to the outlet for producing a 
negative pressure so that the sinuses may be aspirated. 

This apparatus (Fig. 633) is made by the Premo 
Pharmaceutical Laboratories, Inc., of New York. The 
company supplies stable tablets containing 50,000 units 
of crystalline penicillin sodium G‘for each charge of the 
nebulizer. DeVilbis No. 40 Nebulizer is similar. 


} 


The term aerosol has come into use to indicate a 
nebulized solution made up of very fine particles. It 
contains a surface-active agent to aid in the subdivision 
of the liquid. 


Fig. 633—Premo aerosol, all-glass atomizer. 


Insuffiators—Apparatus for the production of a finely 
divided cloud of a:dry powder are called insufflators. 
They operate with a bulb and a nozzle, the powder 
being placed in the bulb or on a trough in the nozzle 
and when the bulb is compressed the current of air 
- divides the powder into a fine cloud. 


Syringes 


Syringes are instruments intended for the injection of 
water or other liquids into the body orits cavities. They 
are classified according to differences in principle of 
action into three categories: (1) plunger syringes, such 
as the hypodermic syringes; (2) bulb syringes, of which 
the ear and ulcer syringes are a type; and (8) gravity 
syringes, characterized by the fountain syringes. 

On the basis of capacity, syringes may also be classi- 
fied into three groups: (1) small, those of less than 1 
fluidrachm capacity, such as the hypodermic type; (2) 
medium, those from 1 fluidrachm to 2 ounces in volume, 
of which the ear and ulcer syringes are an example; and 
(3) large, such as enema or vaginal syringes. 

_ Plunger Syringes—At one time piston or plunger 
syringes were cumbersome and of little value. They 
consisted principally of glass or metal barrels through 
which passed metal or glass rods bearing leather, rub- 
_ ber, or string washers. Pressure on the plunger forced 
liquids out of the barrel through the opening or aperture 
at the end. These syringes were employed for crude 
_ irrigation of body cavities. 

It was impossible for the syringe to operate without 
a tightly-fitting washer. Syringes of this type are still 
manufactured, because they are satisfactory for some 
purposes and are inexpensive. They are not to be 
recommended for general use, however, because they 
cannot be sterilized and the washers soon deteriorate 
‘and fail to operate, thus allowing leakage. All-metal 
syringes, Fig. 634 with the plunger approximating the 
inside diameter of the barrel, are used in veterinary 
medicine. Hard rubber syringes of the plunger type are 
also employed occasionally for rectal irrigation (Fig. 
635). These syringes may be satisfactory if the washer 
is accurately ground or constructed to prevent leakage. 
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However, they have the disadvantage of opacity and 
the volume injected cannot be measured accurately. 
They have the advantages, however, of being unbreak- 
able and easily sterilized. 

Hypodermic Syringes—Parenteral therapy or injec- 
tion of medication under the skin and through tissues 
dates from the beginning of the nineteenth century. 
The first crude instrument of this type was a needle- 
trocar, developed to deposit morphine in paste form. 
The principle of introducing medication under the skin, 
however, became popular in the first half of the century. 

The basic principle of the hypodermic syringe uses a 
combination of a glass barrel, through which a carefully 
fitted glass plunger passes, and a needle attachment 
which pierces the skin. Two developments led to the 
basic principle of hypodermic medication. At first, 
glass syringes were merely drawn to a glass needle 
point, a dangerous device due to breakage. The applica- 
tion. by Pravaz in 1853 of a separate needle and a 
separate syringe led to the later development of the 
all-glass syringe and metal needle. Screw-joint connec- 
tions of needle and syringe did not prove satisfactory. 
These required washers to prevent leakage and their 
attachment was time-consuming. The familiar friction 
connection of metal on ground glass was later developed 
and proved safer, more practical, and provided a secure 
fastening. 

Luer Syringes—Although the inventor of this type 
of apparatus, Dr. Luer, patented his syringe, now all 
hypodermic syringes of this style bear his name. The 
outstanding feature of the Luer syringe is its ground- 
glass surface. The inside of the glass barrel and the 
outside of the glass plunger are ground individually. 
Later, they are ground together so that they will provide 
a perfect fit giving smooth passage of the plunger in the 
barrel but preventing back leakage. The plunger must 
accurately fit and securely close the barrel or cylinder. 
Although Luer syringes are comparatively expensive 
and easily broken, they have many superior advantages. 
They are accurate in measuring medication for ad- 
ministration; they can be sterilized readily by boiling 
the pieces separately, and they may be adapted to many 
purposes and needs. 

Luer syringes are customarily prepared of resistance 
or Pyrex glass. The latter is more fragile. Shock- 


Fig. 634—Metal plunger syringe. Used for 
irrigating body cavities but not recommended 
for home use. 


Fig. 635—Hard rubber vulcanite syringe opera- 

ting on the plunger principle. The piston con- 

sists of a leather washer which must be kept 
greased to prevent leakage round it. 


resistant glass can withstand rapid temperature changes 
from freezing to boiling. Manufacturers customarily 
place identical matching numbers on each paired 
plunger and cylinder to insure that the user will properly 
match or “pair” the parts. Most syringes are rein- 
forced at the barrel’s shoulders, to withstand shock of 
the moving plunger, and have flared barrel mouths to 
facilitate rapid and easy entry of the plunger, Fig. 636. 
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Plungers may be supplied in gray or blue glass to facili- 
tate scale reading. Some plungers have a black or 
colored line at their tip to make their passage through 
the barrel more evident. 

Hypodermic syringes are always of the plunger type, 
characterized by the type of piston and difference of 
size or capacity. The tuber- 
culin syringeis a small syringe 
not exceeding 1 cc. in capac- 
ity, and measured in 0.1- or 
0.01-ce. divisions. The hy- 
podermic syringe is usually of 
2 cc. to 50 cc. capacity. 
There are larger piston 
syringes, ranging from 30 ce. 
to 200cc.,for various purposes 
such as transfusions ard 
veterinary medicine. Gradua- 
tions may be in fractions of 
a ce. or inminms. Syringes 
may also be prepared with 
special graduations, such as 
units of insulin, Fig. 637. 

To test the efficiency of a 
hypodermic syringe, close the 
tip with a finger and attempt 
to withdraw the plunger. 
If the plunger and _ barrel 
fit perfectly 
created in the cylinder will 
prevent withdrawal of the plunger. Do not allow the 
plunger to return rapidly, due to the vacuum created, 
or the barrel may be broken. 


Fig. 6836—Hypodermic syringes. 
Left, tuberculin or vaccine 
syringe, graduated in 10ths or 
100ths of a ce.; right, Luer type 
syringe 1 cc. to 50 cc. capacity. 
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Fig. 637—Diagram showing relative scale sizes of insulin syringes 


Stuck Syringes—If the plunger and cylinder of a 
hypodermic syringe become stuck they may be loosened 
by boiling for a few minutes in 25 per cent glycerin in 
water. Allowing nitric acid to trickle between the 
ground-glass surfaces of plunger and barrel is another 
method of removing clogging materials. However, this 
procedure may affect the glass surface if allowed to re- 
main too long in contact. Syringe openers are available 
which employ hydraulic pressure. They fit over the tip 
of a clogged syringe and by firm steady pressure warm 
water is forced against the tip of the plunger and is made 
to infiltrate between plunger and barrel. The plunger 
of the stuck syringe is thus driven backward, Fig. 641. 

The Hypospray Syringe—A new method recently 
developed for subcutaneous administration is the 
hypospray or microjet principle which employs suddenly 
released spring pressure, in an apparatus resembling a 
tubular hand flashlight, to a sterile metal cartridge or 
metapule containing the medication. The metapule 
is in direct contact with the skin of the subject and the 
drug is forced in an extremely fine spray only a few 


the vacuum: 
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microns in diameter, through the skin with little if any 
pain and no need for needle injection. 

Pellet Implantation—Wherever prolonged constant 
absorption of either testosterone or desoxycorticosterone 


2. A small incision is made 
into the skin to allow free 
passage of the large injector 
needle. 


1. The area is anesthetized 
with a local anesthetic. 


3. The injector needle, with 
sharp plunger in place, is in- 
serted into the subcutaneous 
tissue. Sharp plunger is then 
withdrawn. 


4, Pellets are inserted into 


the injector. 


a 

J 

G 

6. Injector is withdrawn and 
incision closed with suture, 
clip or adhesive bridge. 


5. The pellets are gently 
forced with the blunt plunger 
into the prepared pocket. 


Fig. 638—Pellet implantation. 


acetate is desired, pellets of these potent hormones are 
employed by implantation. The pellets. are implanted 
subcutaneously by the physician using a simple office 
procedure with an injector (Fig. 638) or by making an 
incision in the skin of the thigh. They provide active 
hormone effects which last for many months and thus 
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Fig, 639—Frequent causes for failure in hypodermic syringes. Upper 

left and lower left, two types of tip breakage; upper right and 

lower right, back flow due to loose plunger and needle jumping 
due to loose connection. 


the patient does not need repeated parenteral or oral 
therapy. Over a long period of time, this type of ther- 
apy is the most economical for the patient. The pellets 
of pure crystalline free testosterone or desoxycorticoster- 
one are cylindrical, with a diameter of 3.2 mm. (1% inch) 
and a length of 8 to9 mm. Each pellet weighs 75 mg. 
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and has a surface area of 95 sq. mm. They are packed 
sterile in individual vials. Pellets of hormones are 
supplied by Schering Corporation, Bloomfield, N. J. 
and are inserted with the Kearns Pellet Injector, a 
three part device consisting of a hollow needle with in- 
side diameter of 3.2 mm., and a sharp and a blunt plun- 
ger. The injector is manufactured by H. Laurent and 
Co., Inc., 18 Columbia Street, Newark, New Jersey. 

Parenteral Administration—Syringes are used to ad- 
minister medication subcutaneously (under the skin) or 
intradermally, intravenously (into a vein or artery), or 
intramuscularly (into the muscle). 

Hypodermic syringes are seldom used by the average 
patient, with the exception of diabetics. Because of 
their illegal application in the administration of nar- 
cotics, it was at one time in some States illegal for hypo- 
dermic syringes to be found in the possession of laymen. 

Sterilization—Medications intended to be adminis- 
tered parenterally must be sterile, also the hypodermic 
syringes and needles by which the medication is admin- 
istered. Syringes should be sterilized by first separat- 
ing the plunger from the cylinder, washing the pieces 
in warm water, and then by boiling. Do not boil syr- 
inges in alkaline type water, bicarbonate solution, or 
solutions containing sterilizing tablets. After use, wash 
in warm water, rinse in alcohol or ether, and dry the 
pieces separately. Physicians frequently allow sterile 
syringes to remain in the sterilizer until needed. Only 
distilled water should be used in the sterilizer and the 
sterilizer frequently cleansed, so as to avoid the presence 
of foreign particles which might get into the syringe 
and needle and thus into the solution to be injected. 

In the use of a hypodermic syringe and needle the 
surface of the skin through which the needle will pass 
must also be sterilized by 70 per cent alcohol or some 
other antiseptic. 

Ampuls and Vials—Injectable sterile solutions are 
customarily supplied in glass ampuls. These ampuls 
contain slightly more (approximately 10 per cent) than 
the desired dosage or stated contents. This additional 
quantity of medication insures that the total proper 
dosage can be removed. It allows for the loss of medi- 
cation caused by ‘“‘wetting”’ of the inside of the glass. 

To open an ampul, make a small nick on the neck of 
the ampul with a file. By gentle pressure from the side 
the ampul may be broken. There are also available 
automatic ampul cutters which grasp the ampul and 
when rotated cut the neck. 

Multiple Dose Vials—These containers are increasing 
in popularity. These are 5- to 30-cc. glass bottles 
closed with a rubber stopper or diaphragm through 
which a needle can be passed rapidly and repeatedly 
for continued withdrawal of doses. 

It is always desirable to withdraw into a syringe 
slightly more of a medication than is necessary for dos- 
age. Then hold the syringe with the needle uppermost, 
and press on the plunger until the first of the medication 
issues from the needle tip. This avoids an air pocket in 
the needle which might be forced into a vein. For more 
detailed information see the chapter on ‘Parenteral 
Solutions” (page 249). 

Hypodermic Needles—Hypodermic needles used with 
Luer syringes are of metal, and consist of a hub, which 
locks to the ground-glass tip by friction, and a needle 
point which varies in diameter and length. Needles are 
also called cannulas. Hypodermic needles may be made 
of stainless steel, hyperchrome steel, carbon steel, 
chromium, nickeloid, platinum, platinum-iridium, sil- 
ver, or gold. 
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Hypodermic needles are characterized by their dif- 
ferent points, which have a long, tapering reinforced 
point and beveled cutting edges of varying degree. 
A long bevel or long taper needle is used for local anes- 
thesia, aspirating, hypodermoclysis, and subcutaneous 
administration. A short bevel needle is used for intra- 
venous administration, infusions, and transfusions. A 
special short bevel needle is employed for intradermal and 
spinal administration Fig. 640. 

Gage—Hypodermic needles vary in diameter and in 
length. The gage of a needle is measured by the out- 
side diameter of the cannula or needle shaft. The meas- 
uring device universally employed is the standard 
Stout’s wire gage. The usual range of diameter for 
needles is from 13 gage (largest diameter) to 27 gage. 
Needles seldom are less than 14 inch in length or longer 
than 31% inches, although special needles for scalp 
anesthesia, etc., may reach great lengths. 

Cleansing and Sterilization—Needles are cleaned by 
washing with alcohol or ether and later drying in air. 
They should be kept sharp by honing. Needles may be 
sterilized in the usual physical or chemical fashion. 
Platinum-iridium needles may be sterilized by flaming. 
Users should test the temper of needles frequently. 

Rustless needles require no lubrication but the ordi- 
nary carbon steel type must be coated with mineral oil 
when not in use. It is customary to pass and keep a 
cleaning wire through any cannula, to insure removal 
and elimination of foreign bodies. Carbon steels are not 
as flexible as rustless steels. The latter require less 
care and are not affected by iodine salts or most acids. 
Stainless steels, while highly rust-resisting, are not fully 
rustless. 

Needle Locks—In order to prevent hypodermic 
needles from slipping off or jumping off the tip of the 
syringe, patented locking devices have been developed. 
These are valuable where pressure or manipulation of 


Fig. 640—Hypodermic needles Left, short bevel and 
long bevel needle points; left center, the Huber point 
with closed bevel and side opening to avoid producing 
tissue plugs; right center, regular point showing features 
which insure less cutting, more distention of tissue, re- 
duced trauma, seepage and after-pain; right, needle 


with security button which’ prevents a broken cannula 
from becoming lost in the tissues. 


the needle is required while in the tissue. A metal tip 
with a slip and a metal collar with a circular internal 
groove engages the needle hub, and in a half turn locks 
the needle in place, Fig. 642. 

The tip of a hypodermic syringe may be eccentric, 
that is, ‘‘off center,” to facilitate placement of the 
needle, and barrel against skin or tissue. 

Medium Size Syringes—Larger syringes may be 
either of plunger or bulb construction. In the plunger 
type syringe metal, vulcanite, hard rubber, or glass may 
be employed. These syringes are customarily known 


1142 


by the name of the part of the body for which they are 
intended, such as nasal, ear, ulcer, dental, or urethral 
syringes. 

Urethral Syringes—These customarily have glass 
barrels, because they must be sterilized before and after 


N Fig. 642—Syringe tips. Upper left, 
ordinary glass tip and a large tip 
designed for Luer-Lok syringe attach- 
ment; lower left, usual Luer tip; 
right, cross section of a Luer-Lok 
syringe tip with needle in place. 


Fig. 641—Metal syringe 
opener. Right, showing 
how a stuck syringe is 
opened by employing the 
metal syringe opener which 
applies uniform hydraulic 
pressure with warm water 
to open the syringe. 


use. Piston type syringes for this purpose may use 
asbestos, rubber, leather, or thread-wrapped washers. 
Rubber is not recommended for washers, however, be- 
cause it rapidly deteriorates. These syringes may be 
used as well for irrigation of body cavities, for moisten- 
ing dressings, and similar purposes. 

The Asepto Syringe—This is a patented and trade- 
marked type (other modifications are produced by 
several firms) which consist of a glass barrel with a tip 
shaped to meet a particular need, with a small rubber 
bulb whose compression provides the necessary force. 


Fig. 643—The Asepto syringe with improved bulb 
and plastic plug for easy cleaning. 


Fig. 644—The principle of the Asepto syringe. 

Because the rubber bulb’is inside the barrel, the 

rubber does not stretch, and the size of the bulb 

is gaged to the capacity of the barrel so that 
fluid is not drawn into the bulb. 


The rubber bulb is fitted inside one end of the barrel, 
instead of outside as is usually the case in bulb syringes. 
The rubber does not stretch and the syringe is less 
likely to get out of order. The size of the bulb is gaged 
to the capacity of the barrel, so that the fluid is not 
drawn into the rubber bulb.. The bulb is readily mov- 
able and the barrel can be easily cleansed and sterilized. 
Various modifications of this type of syringe are avail- 
able for bladder, urethra, cervix, ear, nose, and larynx 
treatment, Figs. 643 and 644. 
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Bulb Syringes—Bulb syringes are frequently pre- — 
ferred for use where absolute sterility is not necessary 
or where plunger-type syringes, because of their force, 
would be dangerous to use. Bulb syringes are of par- 
ticular value in the nose and ear. 

Nasal syringes are soft rubber bulbs of about 1 ounce 
capacity, with a bulbous-shaped nozzle or tip to fit the 
nostril. The tip may be of vulcanite or soft rubber, the 
latter being more desirable and harmless, Figs. 645 and 
647. 

Ear syringes and ulcer syringes have long, narrow 
nozzles and are employed in treating the eye, ear, and 
nose, and for irrigation of any open cavity or ulcer. 

If necessary, bulb syringes should be sterilized with 
germicidal solutions, such as saponated cresol solution. 
Prolonged boiling will injure the rubber. 

Nasal douches as the “Birmingham douche” (Fig. 
646) are frequently employed, but their use should be 
discouraged. Tilting the head backward forces the 
irrigating fluid and any infectious material, into the 
Eustachian tubes connecting the nasal cavity and the 
ear. This spreads the infection. If a nasal syringe 
must be used, then the head should be bent forward and 
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Fig. 645—Aural and nasal soft rubber syringe 
(left); infant’s and adult’s soft rubber ear and 
ulcer syringes (center and right). . 


. a 
Fig. 647—Nasal douche 
nozzles. 
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Fig. 646—Birmingham style 
nasal douche, 


Fig. 648—Infant’s and adult’s rectal syringes; 
soft rubber bulb and hard tip. 


the nose washed out, allowing the liquid to flow out of 
the nose freely by gravity. For administration of 
medication into the nose, an atomizer is preferably 
employed. 

Rectal syringes are customarily of the bulb type, with 
a long narrow nozzle. They are frequently employed 
in the administration of enemas to infants. These are 
the safest and least expensive of syringes with little to 
get out of order. Infant syringes customarily are of 2- 
ounce capacity; babies’ syringes of 4-ounce capacity. 
Although many syringes provide hard rubber or vulean- 
ite tips, the use of hard tips should be discouraged be- 
cause of occasional injury to the soft tissues from their 
use (Fig. 648). 

Vaginal syringes used for irrigation of the vagina are 
half-pint to pint capacity bulb syringes with a large 
vuleanite or rubber spray tube. Pressure on the bulb— 
forces the medicated or irrigating liquid through the tip 
of the syringe either in a direct stream or with a 
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“whirling”? motion. These syringes are provided with 
rubber sleeve-shaped shields, to prevent leakage when 
in use. Caps sealing the nozzles are provided to avoid 
leakage or loss of the contents before use, Fig. 651. 


Enema Syringes—Hnema syringes are of two types, 
the more popular and preferable the fountain syringe, 
and the other, the valve syringe. The latter has a 
rubber bulb with two openings to which are connected 
flexible rubber tubes, one leading to the reservoir and 
the other to the spray tip. Alternate constriction of 
the bulb creates vacuum to draw up the irrigant from 
the reservoir into the bulb and then forces the liquid 
through the tube to the nozzle and the process is re- 
peated. The intermittent flow of the latter may pro- 
vide too great a force. This type is inferior to the 
fountain syringe although it is convenient for travelers’ 
use, Figs. 649 and 652. 


< 


Fig. 649—Valve syringe for giving enemas or 


for vaginal irrigation; convenient for travelers. valve syringe. 


Fig. 652—Hot water bottle (left); standard 
type fountain syringe (center); travel style 
syringe (right). 


Fountain syringes consist of a reservoir with a capac- 
ity of 1 to 3 quarts, a 5-foot rubber tube, and a vaginal 
or rectal nozzle. These are used for irrigation with 
water, salt solution, soap suds, or special medications. 
The reservoir may be of rubber, which requires little 
storage space but deteriorates rapidly. Glass or enamel- 
ware reservoirs are also employed and are more readily 
cleaned and more sanitary. 

Precautions to be observed by pharmacists in caution- 
ing users of enema syringes are: the “drop’’ must not 
exceed 4 feet, to prevent excessive gravity pressure; 
the fluid should be maintained at body temperature to 
avoid chills or burns; and the tube is customarily closed 
with a mechanical rectal pinchcock. Before using the 
syringe, the cut-off (Fig. 653) should be released for a 
moment until some liquid issues from the nozzle. The 
user must be certain that no air remains which might be 
forced from the tube into the body cavity. Hard rectal 
nozzles are frequently supplied with enema syringes 
but as they may cause damage to the rectum they are 
preferably replaced by catheters or tubes of soft rubber 
about 346 inch in diameter by 18 inches in length. 

A modification of the rectal syringe (Fig. 654) has a 
hard rubber rectal nozzle mounted on a flexible rubber 
bag similar to a hot water bottle. The weight of the 
body forces the enema into the rectum. 
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Sickroom Appliances 

The value of counterirritation as a remedial measure 
in deep-seated inflammations of the chest and abdomen 
has been recognized for many years. The local applica- 
tion of heat and cold has been termed the best domestic 
therapeusis. It is particularly valuable for relief of 
neuralgic and rheumatic pains, cramps, etc. It also 
exerts curative effects in inflammation of thoracic and 
abdominal regions. Counterirritation also has the ad- 
vantage of producing no harmful effects. 

Moist heat is applied by hot water compresses and 
poultices and is employed for superficial relief from in- 
flammation of the skin and subcutaneous areas. 

Dry heat is used for the reflex effects it produces in 
deep-seated organs. 

Hot Water Bottles—The best instrument for applying 
dry heat is the hot water bottle. Made of rubber, hot 


Fig. 650—Diagram showing the operation of the 
Compressing the bulb ejects 
water through valve B and the pressure forces 
back valve A, closing the opening. 


Fig. 651—Vaginal syringe. 
When pres- 


sure on the bulb is released, suction draws valve B 
closed and opens valve A, allowing a fresh supply 
of fluid to enter the bulb. 


Fig, 654—Self-administering internal bath. 


water bottles may be of the usual 2-quart size, or of 
pint capacity in the form of a “face bottle” for neuralgia 
of the head and for infant conditions. Each hot water 
bottle has an opening through which warm water is 
added and a stopper securely sealed with a washer. It 
is more convenient to permanently attach the stopper 
to the bottle to prevent loss. Some have screw stopper 
attachments, which permit conversion of the bottle into 
an enema syringe, (Fig. 652). 

Leakage must be guarded against. If the patrons 
are not familiar with the use of hot water bottles they 
should be directed to fill the bottle with water to not 
more than one-half of its capacity. After the hot water 
is poured into the bottle, the latter should be compressed 
to remove the remaining air, and then the bottle securely 
closed. This removal of excess air provides a more 
flexible bottle, one which shapes well to the body. 
When filling a water bottle, hold it against the back of 
hand or forearm to insure that the temperature is not 
too high. Never allow bare rubber to come in contact 
with the skin, or burns will result. Rubber pads, flan- 
nelette bags, or even a towel wrapped around the hot 
water bottle will give adequate passage of heat with 
comfort and convenience. 

After using, empty the hot water bottle and hang it 
by the tab at its bottom to thoroughly drain. Do not 
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permit water of boiling temperature, oil, grease, alcohol, 
or turpentine to come in contact with rubber. When 
not in use, rubber devices should be protected from 
direct light to avoid hardening of the rubber. 

Other Heating Appliances—Three disadvantages of 
hot water bottles prevent them from being the “‘perfect 
appliance.” The water in the hot water bottle must 
be heated; there is gradual loss of this heat; and rubber 
deteriorates. 

Aluminum or other metal hot water bottles are excel- 
lent appliances for warming the feet or other extremi- 
ties in cases of sluggish circulation. They are more dur- 
able but do not conform to the shape of the body. The 
perfect hot water bottle would be a thermostatically 
controlled bottle of fine flexible leakproof metal. 

Ingenious substitutes for hot water bottles depend 
upon the heat of chemical action. As the temperature 
of fire is due to rapid oxidation of carbon particles, sd 
iron may oxidize rapidly enough to emit appreciable 
amounts of heat. Iron in sufficiently fine subdivision 
in the presence of moisture may rise in temperature 
within 3 to 10 minutes to over 190° F. Formulas for 
this purpose (Pharm. J., Feb. 10, 1940) are as follows: 


Rowderedtronte eee ice eee 92.0 
Herrousisullaie.ctacece eee een 0) 
Copper sulfate 2. Rceeoto me arate ine 520 
Powdered 1ronty-e1 one LOO) 
Potassium chlorate. aes acts ane 10.0 


The maximum temperature will last for 10 minutes and 
the material will be hot enough for therapeutic action 
for several hours. 

Sodium acetate is also used. It is placed in a metal 
container and heated until anhydrous and liquid. The 
cap is then replaced and the container set aside until 
required. When the cap is removed, crystallization 
takes place rapidly with the development of much 
heat. 

Electric Heating Pads—Electric heating pads are now 
commonly employed. Their advantage lies in the fact 
that there is no possibility of leakage or spilling, and 
the temperature is constant and controlled. Some 
have adjustable heating elements which permit the 
temperature to be set at the desired level. Quantity 
production now permits these devices to overcome the 
disadvantage of expensive construction and they are 
available at low cost. All such electrical devices cus- 
tomarily are inspected by the Insurance Underwriters 
Bureau to insure safe operation. However, short cir- 
cuits and breakage of the heating element may result 
from constant use. 

Cold Application—In deep inflammation the effects 
of external application of either heat or cold are essen- 
tially similar, due to reflexes arising from the stimula- 
tion of the nerves conducting temperature sensation. 
Experience has shown that there are some conditions 
(such as appendicitis) where the application of cold is 
the more desirable. 

Appliances for local application of cold are: the 
cumbersome rubber coil and freezing unit chiefly used 
in hospitals; and the familiar zce bag or cap. The latter 
is usually a circular rubber or rubberized mackintosh 
cloth bag, circular in shape, with a large opening to 
admit cracked ice. Occasionally thick rubber is em- 
ployed similar to that used in hot water bottles. Ice 
caps usually require a cover of some type to protect the 
skin. 

The contents of an ice cap are less flaccid than the 
liquid in hot water bottles. Therefore, thin rubber or 
cloth construction is preferable in order to insure better 
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conformation with the body. The pleated shape com- 
mon to many ice caps avoids bulginess, and allows intro- 
duction of large amounts of ice, Fig 655. 

An adaptation of the ice cap is used for throat in- 
flammation. It is the collar-shaped rubber bag known 
as a tonsillectomy bag. It fits snugly around the neck, 
holding the ice upon the parts. There are two styles, 
one with a spring clip and the other tying into place 
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Fig. 655—Ice caps and bags. Left, mackintosh 

cloth and rubber collapsible ice cap; center, ice 

bags; right, spinal and throat ice bags and aural 
type for mastoiditis. 


with strings or laces. Ice bags are also made in a long 
narrow shape for use around the throat and along the 
spine. Throat or spine bags are of thicker material be- 
cause firmness and retention of shape under stress are 
desired. 

Instead of ice, some hospitals keep their ice bags filled 
with glycerin or an isopropyl alcohol-ice mixture. These 
are stored in refrigerators until needed and are ex- 
changed in the wards for bags which have become warm 
in use. Thus cold bags are immediately available at 
all times, and the liquid contents conform more readily 
to the body contours. 

Comfort Aids—Discomfort in a patient causes un- 
happiness and delays recovery. Any aids relieving pain 
are of real therapeutic value both because of the psy- 
chological factor and of its actual physical effect. 

Air cushions distribute the pressure of a sitting or re- 
cumbent body. All operate on the principle of a 
“pillow of air.”’ There is considerable variation in the 
size and shape of air cushions. Patients lacking adipose 
covering suffer discomfort and local injury from long 
recumbency. The knees, hips, and buttocks of bed- 
ridden patients should be protected. Two types of air 
cushions are supplied for use in bed or in chairs. The 
circular type is superior in some cases, giving better 
distribution of pressure and preventing slipping. Cir- 
cular air cushions vary in outside diameter from 16 to 
17 inches. The smallest type is for use between the 
knees; the 12-inch size is best for hips and buttocks. 
If the opening is too large the air cushion will not prop- 
erly support the weight (Fig. 656). 


Fig. 656—Air cushions, circular type, pillow type 
and horseshoe style. 


Patients sitting for long periods of time in chairs 
should use czrcular, oval, or horseshoe-shaped cushions. 
The sitting person has his greatest weight on one spot, 
that part of the pelvic bone known as the tuberosity of 
the ischium. In the adult these bones are customarily 
4 to 6 inches apart. The inside diameter of a cushion 
should parallel these bones, or be not more than 2 inches 
wider. The hole in the center of circular air cushions is 
generally slightly more than one-third the outside diam- 
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eter; the 12-inch cushion having a 414-inch diameter 
hole, the 16-inch cushion having a 614-inch opening. 
Therefore, a 12- to 14-inch diameter air cushion is 
usually too small. Small air cushions force the bones 
apart and cause rectal and anal discomfort. If the 
recommended cushion is too large, the bones are forced 
together, closing the rectum and anus and causing pain, 
particularly when hemorrhoides are present. Circular 
cushions frequently become very warm due to the radia- 
tion of heat from the patient’s body and the consequent 
raising of the temperature of the air in the opening. 

The horseshoe type of air cushion is preferable because 
it is flexible and adjustable, conforms better to the body, 
and provides adequate ventilation. Do not blow air 
cushions too tight. They will then become rock hard. 

Air pillows are desired to support the hollow of the 
back. Sponge rubber cushions are also available for 
this purpose. 

Feeding Cups—Of the various types of feedin » instru- 
ments the glass or porcelain feeding cups are the most 
commonly employed. Those with a long spout are 
superior and avoid spilling or leakage. Feeding instru- 
ments are a necessity for bedridden patients. Hither 
bent or straight glass tubes are frequently prescribed. 
Cellophane straws also serve for this problem (Fig. 657). 

Collection of Excreta—The collection and sanitary 
removal of excreta and body discharges are an impor- 
tant health problem in the sickroom and_ hospital. 
Pharmacies should stock receptacles for the collection 
of excreta and discharges. There are three types of 
normal discharges from the body; urine from the kid- 
ney; sputum from the mouth; and feces from the intes- 
tines. An abnormal discharge which may appear at 
any location on the body is pus which consists of broken 
tissue elements and organisms (Fig. 658). 

Urinals—These containers are employed to collect 
urine. They differ in shape according to male or female 
use. They are ordinarily made of glass, agateware, or 
white ehamelware. The latter are light and very dur- 
able. Hospitals frequently employ glass urinals which 
facilitate close examination. Occasionally, glass uri- 
nals may be calibrated to facilitate measurement of the 
volume of urine. Urinals are readily cleaned by wash- 
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Fig. 657—Feeding cups, graduate and glass ‘‘straw.” 


ing, and sterilized with the usual sterilizing solutions. 
Rubber urinals, to be worn by the patient, strapped to 
the leg, are also available. 

Catheters—To collect urine from the bladder of the 
patient unable to void naturally, catheters are em- 
ployed. Non-flexible catheters of glass, or of metals 
‘such as silver, are used for females but are rarely em- 
ployed in males except for special diseases or where 
constriction of the urethra has occurred. They are 
narrowly limited in use. The flexible soft rubber type 
is commonly preferred for male patients (Figs. 659 and 
660). 

4B insertion of catheters is a dangerous procedure 
customarily handled by physicians or nurses. Serious 
infections of the bladder and damage to the urethral 
and bladder tissues may result from improper insertion. 
Flexible soft rubber catheters consist of small rubber 
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tubes with a closed solid tip. At one end is a flaring 
funnel-shaped opening to facilitate attachment of the 
catheter to a glass junction or another tube. The cen- 
tral channel opens for entry of urine through a wide 
opening near the other end. Varying in size the diam- 
eter of catheters has not been formally standardized. 
The three chief scales used for catheters have been 
named from their respective countries of origin. They 
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Fig. 658—-Urinals. Upper left, glass male type; 
type with graduated scale; upper right, enamelware female type; 
right, galvanized iron male type. 


lower left, glass female 
lower 


are compared in the table below. The French scale is 
the most commonly employed, although catheters may 
bear imprinted on their sides one or another scale read- 
ing or even scale readings in all three styles. 
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Fig. 659—Catheter tubes. 
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Fig. 660—Rubber catheter (above); rubber 
rectal tube (center); rubber colon tube (bottom). 


CATHETER SCALES 


French (Nos.) 10 12 14 16 18 20 22 
American : 

(Nos.) 7 8 10 Jatt 12 14 15 
English (Nos.) 4 5 6 TF 9 ital 12 
Size (inches) 13490 15400 138400 7%00 73400 78400 7X00 


Rectal Tubes—Rectal tubes are merely larger cath- 
eters intended for rectal use in removal of feces. They 
differ somewhat in construction in that the flexible 
rubber tube has an opening on the tip rather than on 
the side only. Three scales of diameters are employed. 


RECTAL TUBE SCALES 


French (Nos.) 22 24 26 28 30 32 
American (Nos.) 11:5) 16 17 19 20 21 
English (Nos.) 12 14 15 ily/ 18 20 


UNAS fey, © BBS. 


Size (inches) 


Colon Tubes—These are large rectal tubes, and em- 
ployed for the removal of feces from the lower colon. 
Their size varies according to the scales as follows: 


COLON TUBE SCALES 


French (Nos.) 30 32 34 
American (Nos.) 20 21 22 
English (Nos.) 18 20 21 


Size (inches) 
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Pus Basins—Pus basins, discharge basins, or kidney 
basins are small curved elongated basins of a peculiar 
kidney shape which permits them to fit close to any 
part of the body. Of white enamel, monel metal, 
stainless steel, or glass, they vary in size from 6144 X 
5% X 1% inches to 1034 X 5 X 214 inches. These 
eee are very useful in the sickroom or hospital and 
can be employed for many purposes. 

Sputum Cups—While the chief duty of the physician 
is to cure his patient, he must also protect the commu- 
nity from his patient’s contagion. The public does not 
generally appreciate the fact that many diseases may 
be spread through mouth discharges. Sputum cups are 
usually associated with tuberculosis by the laity. How- 
ever, other diseases which may be conveyed in this 
manner are pneumonia, measles, scarlet fever, aia 
theria, and possibly infantile paralysis. 

Sputum cups were originally constructed of ie 
ware, porcelain, or metal, all of which required steriliza- 
tion by chemical solutions. These have been discarded 
in favor of paper cups which can readily be disposed of 
by burning. Such waterproof paper sputum cups cus- 
tomarily have paper or metal lids for esthetic reasons. 

Bedpans and Douche Pans—For the collection of 
feces, bedpans are employed. They may be round, oval, 
or of the special “individual shaped” type. The round 
type has been succeeded by the oval, which is more com- 
fortable and by the ‘‘individual” which is more efficient. 
Bedpans are constructed of enamelware or porcelain. 
Glass bedpans are uncommon, because they are break- 
able and unesthetic. Bedpans frequently have covers 
for preserving the feces for later examination by the 
physician or pathologist. 

Douche pans of enamelware or porcelain are employed 
for the collection of washes or solutions following ad- 
ministration of a medicated douche, see Fig. 661. 
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Fig. 661—Pus or emesis basins (upper left); bed pans (upper and lower 
right) douche pan (lower left). 


Supplies for Diabetic Patients 


It is reported that there are over two and a half mil- 
lions persons in the United States who suffer from dia- 
betes and use Insulin regularly. This large and well- 
defined group require constant treatment and require 
many medical supplies. The pharmacist has a special 
service opportunity in this specialized field and should 
prepare to render intelligent and efficient aid to such 
patients. 

The items frequently purchased by the diabetic pa- 
tient should be displayed in a special section of the 
pharmacy and all pharmacists meeting physicians and 
patients interested in diabetic service, should be spe- 
cially and fully instructed in the use of every item. 
Among such items are: 
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Insulin (all strengths and varieties) 

This should always be kept in a refrigerator. The patient appre- 
ciates this precaution. Some patients will buy no diabetic supplies 
hey they see Insulin kept in a regular drawer, which is never 
**a00 ae 

Insulin Syringes of assorted types 

Insulin Needles (assorted sizes and rustproof) 
Busher Injector 

Isopropyl Alcohol for sterilizing the skin 
Absorbent Cotton 

Test Sets for sugar in urine 

Saccharin (tablets and the granular fons 
Diet Scale 

Diet Charts and books on diabetes 


Testing for Sugar in Urine—Since an excess of sugar 
in either the urine or the blood is a danger signal for the 
diabetic patient, the physician frequently directs the 
patient to regularly test the urine for sugar. A blood 
test for sugar is much more complicated, as a sample of 
blood must be drawn and the sugar content determined 
by the physician or a specially trained technician em- 
ploying special analytical procedures. 

However sugar or glucose can be detected in urine by 
a simple test which the pharmacist can teach the patient 
to conduct at home. A standard test tube is filled to 
about one-quarter capacity (5 ec.) with Benedict’s 
Qualitative Solution N. F. VIII. This should be 
warmed over an alcohol lamp, and not more than 8 to 
10 drops of the patient’s urine added. Boil for 1 to 2 
minutes or keep in boiling water for 5 minutes. 

If glucose is present an opaque, red, yellow, or green 
precipitate appears. If no glucose is present, the solu- 
tion will remain clear or on cooling show a gray flocculent 
precipitate due to urates. 

Test Solutions and Kits—The pharmacist should 
supply the patient with home test kits, consisting of 
Benedict’s qualitative solution, several tubes, a test 
tube holder, a test tube brush, and eye dropper. Phar- 
macists should have at hand for physician’s use Bene- 
dict’s Quantitative Solution, N. F. VIII, together with 
the essential glassware and apparatus. 

There are several standardized kits, such as the Lilly 
Sheftel Kits, and Ames Clinitest Sets which provide a 
complete packet of test materials and apparatus for the 
patient in a convenient portable container. 

The pharmacist should also supply food scales, tared 
and calibrated in grams. He should also have in stock 
a dependable group of foods and a listing of other sub- 
stances of foods with their composition. 

Reference Works—In a ‘‘diabetic department” the 
pharmacist should have available and advise the patient 
to read such publications as the following: 


DIABETIC LITERATURE 


Atwater and Bryant, The Chemical Composition of American Food 
Morals, Bulletin No. 28, U.S. Dept. of Agriculture, Washington, 


Beardwood and Kelly, Simplified Diabetic Management, J. B. Lippin- 
cott Co., Philadelphia, Pa. 

Bortz, A Diabetic Manual for Practitioners and Patients, F. A. Davis 
Co., Philadelphia, Pa. 

Boyd and Stalsmith, Manual for Diabetics, Funk and Wagnalls Co., 
New York. 

Bradley, Tables of Food Values, Manual Arts Press, Peoria, Ill. 

Campbell and Porter, A Gwide for Diabetics, Williams & Wilkins Co. Sy 
Baltimore, Md. 

Chatfield and Hee ee nee Proximate Composition of Fresh Fruits, 
Circular No. 50, U. 8. Dept. of Agriculture, Washington, D. C. 
Chatfield and Adams, ‘Proximate Composition of Fresh Vegetables, 

Circular No. 146, U. 8. Dept. of Agriculture, Washington, D.C. _ 
Velen Manual for the Jewish Diabetic, Block Publishing Co., New 


Duffie, Us Diabetics, Dr. D. H. Duffie, Central Lake, Mich. 
Dunean, Diabetics Mellriwus and Obesity, Lea and Febiger, Philadel- 


phia Pa. 
Miaddloaor: Food for the Diabetic, The Macmillan Co., New York. 
John, Diabetic Manual for Patients, C. V. Mosby Co., St. Louis, Mo. 
Joslin, A Diabetic Manual, Lea and Febiger, Philadelphia, Pa. 
Podolsky and Weil, The Diabetes Specialist, Allied Medical Publica- 
tions, New York. 
Hews fs Handbook for the Diabetic, Oxford University Press, New 
or 
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eee Pactical Handbook for Diabetic Patients, M. Barrows and Co., 

oston. 

Sansum, Diabetes Mellitus, Harper and Brothers, New York. 

Scott, Diabetes, Funk and Wagnalls Co., New York. 

Sevringhaus, Guide for Diabetic Patients, Pharmacy of the Wisconsin 
General Hospital, Madison, Wis. 

eon, Diabetes: A Modern Manual, McGraw-Hill Book Co., New 


ork. 
Wilder, A Primer for Diabetic Patients, W. B. Saunders Co., Phila- 

delphia, Pa. 

Varieties of Insulin—The forms of Insulin most fre- 
quently prescribed are: 

1. Plain Insulin or Insulin Injection—40, 80, or 100 units. 


2. Protamine Zinc-Insulin Injection—40 or 80 units potency. 
3. Globin Zinc Insulin—40 or 80 units potency. 


The pharmacist should be familiar with the various 
brands of Insulin (page 874) on the market and he should 
carry more than one brand as they differ in some _re- 
spects. One may be prepared only from beef pancreas 
while others are prepared from the pancreas of both 
beef and hogs. Sometimes idiosyncrasies to one of these 
proteins appear. 

Plain Insulin—This form of Insulin in its amorphous 
or unmodified form or when prepared as a solution of 
zinc-insulin crystals is rapid in action, its effect passing 
off soon after its peak of action, about 4 hours after ad- 
ministration. For many diabetic patients, this was 
both too intense an effect, and of too brief activity and 
requires 3 or more doses per day to retain satisfactory 
low-sugar levels. 

Protamine Insulin—In 1935 Hagedorn and his asso- 
ciates in Denmark discovered that Plain Insulin, to 
which had been added protamine, derived from the 
sperm of certain trout, served to prolong insulin activity. 
Scott discovered also that metallic zine served to retard 
insulin absorption. The Protamine Zinc-Insulin is 
based upon this discovery, the combination prolonging 
insulin action so that only 1 dose per day is required. 

Globin Zinc Insulin is claimed to produce no rise in 
blood sugar after injection, a more rapid response than 
P. Z. I. but not as rapid as amorphous insulin, and 

-nearly as prolonged an effect as P. Z. I. 

Combinations of Plain and Protamine Insulins— 
Physicians today frequently direct the diabetic patient 
to combine Plain Insulin with Protamine Zinc Insulin 
in the syringe, in a proportion which he believes desir- 
able for the individual. This mixture possesses the ad- 
vantages of both varieties; the Plain Insulin insuring 
prompt action, covering the period up to the time when 
the more slowly absorbed Protamine Insulin is effective. 

The need for great accuracy in measuring the two 
kinds of Insulin should be impressed upon the patient or 
customer and a careful check made of the Insulin poten- 
cies of both varieties used and the appropriate gradua- 
tion of the syringe employed. 

Brands of Insulin—The amorphous form of Plain 
Insulin is marketed in three different strengths, desig- 
nated U-40 (40 units per cc.), U-80, and U-100, in vials 
of 10 ce. each, by Eli Lilly and Co., Indianapolis, Ind., 
E. R. Squibb and Sons, Inc., New York, Sharp and 
Dohme, Inc., Philadelphia, Pa., and Connaught Labora- 
tories, Toronto, Canada. 

Solution of Zinc-Insulin Crystals—Insulin, combined 

with a small amount of zinc, and in solution, is supplied 
‘in 10-ce. vials, each cc. containing 40 units. This prod- 
uct is marketed by Eli Lilly and Co. and E. R. Squibb 
and Sons, Inc. 

The solution of crystalline zinc insulin has the advan- 
tage of freedom from any allergic reaction should such 
‘be shown by the patient otherwise it is identical in ac- 


tion with Plain Insulin. 


\ 


— Protamine Zinc Insulin is prepared by mixing amor- 
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phous insulin, each cc. containing 40 or 80 units, with 
1.25 mg. of protamine and 0.2 mg. of zine per 100 units 
of insulin, in a buffered solution, the final product being 
a suspension of minute particles and the potency ex- 
pressed in units of insulin. The active material present 
is in the finely divided, insoluble, milky white precipi- 
tate and not in the clear supernatant fluid. The vial 
should be rotated, therefore, just before withdrawal of 
any of the contents to insure uniformity of dosage. 

Protamine Zine Insulin is supplied by Eli Lilly and 
Co., Inc., E. R. Squibb and Sons, Inc., and Sharp and 
Dohme, Inc. 

Globin Insulin with Zinc is a clear, light amber, aque- 
ous solution containing either 40 or 80 units of insulin 
per ec. and, in addition, 3.8 mg. of purified globin and 
0.3 mg. of zinc chloride per 100 units of insulin. 

This product is marketed in 10-cce. vials by Burroughs 
Wellcome and Co. (U.S. A.) Inc., New York and E. R. 
Squibb and Sons, Inc. 

Storing Insulin—Insulin is a stable product af kept in 
a cool place preferably in a refrigerator. Before the ex- 
piration of the patents controlling insulin, it was made 
under a license of the University of Toronto and con- 
formed to the standards established and maintained by 
the University’s Insulin Committee. Now, these 
standards have been provided by the U. S. Pharmaco- 
poeia and are used by the U. 8. Food and Drug Ad- 
ministration. Hach lot, before distribution, must be 
tested and standardized by the latter under a special 
Act of Congress. 

Administration of Insulin—Insulin is injected subcu- 
taneously into the arms or thighs, after sterilization of 
the surface area. Because of its “depot effect,’’ Insulin 
should not be administered on two successive occasions 
in the same area. 

Sterilization of syringes in boiling distilled water and 
of needles in alcohol should be carried out by the usual 


Fig. 652—Busher insulin injector made by Becton Dickinson and Co. 


Fig. 663—Using Busher injector. 


methods. Needles and syringes should be dry inside 
before use. Insulin can be administered by the patient 
or by any member of the family and is usually given in. 
prescribed dosage one-half hour before meals. Insulin 
can be given by inunction but requires much greater 
dosage. In order to facilitate administration a Busher 
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Automatic Injector has many advantages over the regu- 
lar “Insulin Syringe.’ The injection is painless, the 
area of injection is not bruised, and a patient can make 
the injection much more easily than when using an ordi- 
nary syringe (Figs. 662 and 663). See page 874 for fur- 
ther information about Insulin. 


Invalid and Special Foods 


The pharmacist is frequently called upon for special- 
purpose foods, prepared in advance and designed to 
meet the needs of invalids and others whose conditions 
indicate that they must omit certain portions of the 
normal diet. The pharmacist is especially qualified to 
handle such foods and they properly fall within his 
field of service. 

Special purpose foods are often of importance to the 
diabetic who is deprived of sugar- and dextrose-forming 
substances. Other foods are frequently prescribed for 
the mother and child. Lister Brothers, Inc., New York, 
Loeb Dietetic Supply Co., New York, and Chicago 
Dietetic Supply Co. are principal suppliers of diabetic 
foods, gluten flour, starch-free flour, starch-free bran, and 
sugarless candy, sweets, taffy, and sweeteners. Most of 
these employ saccharin as the substitute for sugar and 
pharmacists must bear in mind that in many states laws 
require that any foodstuff containing saccharin must 
bear a statement to that effect in large letters on the 
label of each package. 

Where other normal diet components are objection- 
able and fat-free or protein-free foods are required or 
when seasoning and condiments are restricted, or the 
use of table salt forbidden, the pharmacist has an oppor- 
tunity for special assistance. For instance, where salt 
must be avoided, patients may use substitutes such as 
Eka Salt (page 570) or Neo-Curtasal (page 541). 

Where actual nutritional deficiencies occur, special- 
purpose foods are not to be recommended. Vitamin 
deficiency or general health conditions should be prop- 
erly diagnosed and treated by a competent physician 
who should prescribe the desired replacement therapy. 


Analytical and Chemical Departments 


Elsewhere in this book will be found chapters dealing 
specifically with most of the items mentioned below. 
These will frequently bring reputation and profit to 
the pharmacy and its special laboratories. 

Chemical Testing—Equipment and _ facilities for 
making general chemical tests are essential for coopera- 
tion with boards of health, food officials, police depart- 
ments, industrial groups, and individuals. 

Clinical Testing—Sufficient chemical reagents and 
glassware, a balance, a microscope, and other necessary 
equipment are essential. 

Actual conduct of urine analyses, blood sugar tests, 
and other clinical tests are possible. 

This work should be undertaken only by one who has 
received special training to insure reliable results. In 
no case should the pharmacist make or attempt to make 
he diagnosis. 

Bacteriological Examinations and Other Public 
Health Work—This offers a valuable service for physi- 
cians and for boards of health on water, milk, sewage, 
ete. 

Also facilities for preparing autogenous vaccines and 
other extemporaneous biological products are impor- 
tant. 

Chemicals for Use in the Arts and Sciences—In some 
places there are many calls for these chemicals and the 
pharmacist possesses the necessary knowledge to handle 
such supplies properly. 


THE PROFESSIONAL PHARMACIST AND PHARMACY 


Trusses and Orthopedic Aids 


Trusses, suspensories, foot, ankle, and wrist sup- 
porters, rubber and other elastic stockings, belts and 
supporters, crutches, crutch tips, and pads, canes, and 
invalid chairs are included in this important list. 


Proprietary Preparations 


The pharmacist who is endeavoring to assist the 
physicians of his community in their treatment of the 
sick or in the maintenance of general health must adopt 
a policy for the handling of proprietary medicines which 
will be in the best interest of the public and fully co- 
operative with the physician. The advertisement and - 
active promotion of the use of proprietary medicines 
for the treatment of diseases would naturally be re- 
sented by members of the medical profession. Such 
practices are contrary to the principles of a professional 
pharmacy. There are, however, certain simple home 
medicines, as already suggested, for which there is a 
legitimate use, but some products in this class may be 
specialties and even assume the character of proprietary 
medicines. Well-known mouth washes, some germi- 
cides, simple cathartics fall within this class. Such 
medicines are usually bought by the public to treat self- 
diagnosed ailments. The pharmacist must not under 
any circumstances attempt to diagnose an illness or pre- 
scribe medical treatment unless as first aid in emergen- 
cies and then a physician must be summoned as soon 
as possible. 

However, for the protection of the public, it is impor- 
tant that packaged medicines be distributed by licensed 
pharmacists. . Remember that pharmacists are not 
qualified to, and should not, assist in the specification of 
treatment of self-diagnosed ailments, but licensed phar- 
macists, by their specialized knowledge of therapeutics 
and materia medica, can and do assist in the promotion 
of public health when the distribution of proprietary 
preparations is kept within their hands. 


Veterinary Medicines and Supplies 


The pharmacist is frequently called upon to suggest 
simple medicines for animals of various kinds. It may 
be a simple cathartic or a worm medicine, or perhaps 
something to destroy fleas. 

In farming districts there are many helps which the 
pharmacist who is properly informed can offer in the 
care of animals. Here again, however, the pharmacist 
must not assume responsibility for the treatment of a 
serious sickness in an animal for he does not have the 
necessary training or the legal right and he may find 
himself accountable for a financial loss, especially when 
larger animals, such as cows, horses, etc., are involved. 


Insecticides, Fungicides, and Rodenticides 
Elsewhere in this book will be found an entire chapter 
dealing with this subject. The pharmacist, by being 
well informed, will become an important distributor of 
information on public health matters, which will prove 
of value and great service to his customers, and assist 


-in establishing him as an important health factor in the 


community. 


Toilet Articles and Preparations 


Most of these products are merely distributed by the 
pharmacist. Very often a woman assistant may be em- 
ployed who is well informed in the uses of cosmetics and 
can develop a particularly valuable department. The 
sale of many of these products to men should not be 
overlooked. Dental and shaving outfits, depilatories, 
treatments for the hair, face, and hands, perfumes of 
many kinds, etc., fall within this department. 


CHAPTER XCV 


THE PRESCRIPTION 


Magistral Pharmacy'—This term has been applied 
to the preparation and dispensing of medicines intended 
to be compounded extemporaneously or as the occasion 
or the physician’s needs may require. 

Magistral Pharmacy is unquestionably the most im- 
portant division of true pharmaceutical practice. It 
calls for the exercise of more tact, knowledge, and 


ability than any other activity in the pharmacy. The : 


ability to practice extemporaneous pharmacy success- 
fully depends largely upon the personal qualities of the 
pharmacist. Thorough fundamental training in a col- 
lege of pharmacy, the personal advice and instruction 
of a skilled pharmacist, and practical experience will 
alone give the confidence and knowledge of detail that 
assures success in prescription practice. 


The Form of the Prescription 


Since the first responsibility of the trained prescrip- 
tionist is to understand clearly the wishes of the physi- 
cian who writes the prescription, the pharmacist must 
be familiar with the standard form almost universally 
used for a prescription. The following explanation is 
offered: 

The word prescription is derived from the Latin 
word prescriptio (pre, “before,” and scribo, ‘I write’’). 
It may be defined as the formula which a physician 
writes, specifying the substances he intends to have 
administered to a patient. 

Traditionally the Latin language was used in most 
countries in writing prescriptions as it is the language 
of science, and is understood, to a greater or less ex- 
tent, throughout the civilized world. In the United 
States, however, in recent years, the teaching in most 
medical schools and the practice in hospitals have in- 
creased the use of English titles in prescription writing. 
The fact is that the abbreviated form used in prescrip- 
tions for most medicinal substances is identical with 
the abbreviated Latin title so that this practice does 
not materially alter the appearance of prescriptions. 

At one time it was believed advisable to withhold 
from a patient the names and properties of the medicinal 
agents administered, but in this day of more specific 
medicines and greater intelligence among people gen- 
erally there is less of the mysterious and more of assured 
confidence in the relation between patient and physi- 
cian, based upon the evident efficiency of the treatment 
rendered. 

The Parts of a Prescription—For the purpose of ex- 
amination or study, a model prescription may be divided 
into six parts: 1. The superscription, or heading. 
2. The name of the patient. 3. The inscription, or 
the names and quantities of the ingredients. 4. The 
subscription, or the directions to the compounder. 5. 
the signa (mark), or the directions for the patient. 6. 
The name or initial of the physician, with the date. 


THE SUPERSCRIPTION 


This invariably consists of the symbol 8, which is an 
abbreviation of the word recipe (‘‘take’’), the imperative 


“1 The word magistral is derived from magister, a master, and is defined as a 
“term applied to medicines prescribed for the occasion, by a competent per- 
son, in distinction from such as are official, or kept prepared in the shops. 
As the latter are prepared according to certain formulas, an intelligent assis t- 
ant is generally equal to the task; but the knowledge of a master is needed 
to give directions for an original preparation.’ ’—Thomas. 


of the Latin verb recipio. In French prescriptions the 
letter P, the initial letter of the word prenez (“take’’), is 
used. 

The use of the inclined stroke upon the tail of the R 
is traced to a custom, common in the ancient days of 
superstition, of placing at the top of the prescription 
an abbreviation, called an invocation, which repre- 
sented a prayer to a favorite deity. The sign of Jupiter 
(21), the chief mythological divinity of the ancient 
Romans, was usually employed. This was gradually 
replaced by the letter R; but the last stroke of the 
symbol of the all-powerful Jove has not yet been sur- 
rendered, and it remains as an ornament to the super- 
scription to the present day. 


THE NAME OF THE PATIENT 


This is frequently omitted from the prescription 
through inattention. It should always be placed at the 
top of the prescription by the prescriber, and should be 
transferred to the label by the compounder. Serious 
accidents have sometimes occurred through neglect of 
this direction, as when an adult dose of a medicine has 
been given to a child, owing to the similarity of the 
appearance of an adult’s medicine and that of a child, 
and the name of the patient not appearing on either 
label. 


THE INSCRIPTION 


This part of the prescription contains the names and 
quantities of the ingredients. It is undoubtedly the 
most important of all, and requires the greatest amount 
of care. If the medicine prescribed is officially recog- 
nized the official title should always be used. A model 
prescription, if it is of the compound class, is presumed 
to embrace the following: 1. The baszs, or chief active 
ingredient. 2. The adjuvant, or aid to the basis, to 
assist its action. 3. The corrective, which is intended 
to counteract undesirable physiological actions or mask 
disagreeable tastes of the basis and adjuvant. 4. The 
vehicle, the ingredient which serves to ‘“‘carry all,” or 
hold them together, dilute them, and give to the whole 
the proper dosage, consistency, form, and color. This 
is sometimes called the diluent. 

The ingredients are occasionally written down by 
the physician in the order given above; but this rule is 
frequently deviated from, and they follow in the order 
of their importance. This is a matter of small moment 
to the pharmacist, however, for he always has to con- 
sider solubility, compatibility, and other factors which 
determine the order of mixing if the prescription is to 
be compounded properly. 

Many prescriptions contain but one or two ingredi- 
ents, there being no special need of a corrective, ve- 
hicle, or diluent, the tendency of modern therapeutics 
being against polypharmacy and in the direction of 
simple and concentrated remedies, or those having 
positive effects. There are many advantages to be de- 
rived, however, from the combination of ingredients, 
even when these have similar medicinal action. Syner- 
gism, two or more medicines combined to intensify 
action, for example, is often encountered in the use of 
medicines. 
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The name of each ingredient and the quantity at- 
tached to it should occupy but one line, and great care 
should be observed in abbreviating, to see that the 
abbreviation is distinctive and not liable to be mistaken 
for an article not intended by the writer. The cabalistic 
characters of the apothecary system of weights and 
measures, if used, must be very plainly written, if 
serious errors are to be avoided. 

The method of ascertaining the quantities to be 
written on the prescription for each of the constituents, 
as generally followed by physicians, is first to write 
down the names of the ingredients in the proper order, 
each on a separate line, without affixing the quantities; 
then having decided upon the total number of doses 
that are to be given, or the total number of pills, lozen- 
ges, capsules, suppositories, etc., this number is multi- 
plied by the proper amount for a single dose. 


METHOD OF ALLOTTING QUANTITIES 


Parts of Single No. of Total 
R Ingredients Dose Doses} Quantities 

Basis Ephedrin. 

Hydrochlor. 0.025 Gm. 20 5 Gm 
Adjuvant Pot. Iodid. 0735 Gm: 20 6.0 Gm. 
Corrective | Pot. Bromid. 1 Gm 20 20 Gm 
Vehicle Cinnam. Syr., 
4 sufficient quan- 

tity to make 10 cc. 20 200 ce. 


The use of the metric system of weights and measures 
is almost universal on the continent of Europe and in 
Central and South America. In England and in the 
countries under her influence and also in the United 
States until recently the apothecaries system of weights 
and measures has been largely employed. Now a con- 
certed effort is being made in the United States to estab- 
lish the metric system and the medical colleges, many 
hospitals, and the Army and Navy and Public Health 
services are using it exclusively. However, many of 
the older physicians will continue to use the apothe- 
caries system in prescriptions for some time to come so 


that the pharmacist must be familiar, with both systems - 


of weights and measures and be able to convert quanti- 
ties in one system into equivalent quantities in the other 
system, rapidly and accurately. 

Approximate Apothecary Equivalents of Metric Doses 
—The pharmacist should be familiar with the official 
table of dose equivalents and the special authorization 


for the dispensing of either metric or apothecary dosage 
forms of medication if these fall within the approxi- 
mate equivalents listed in the table (page 47) which 
is approved by the U.S. P. XIII, the N. F. VIII and 
the 1947 N. N. R. 

1. Gravimetric Prescriptions—The gravimetric prin- 
ciple of weighing liquids is used in Germany and some 
other Continental countries almost exclusively. Weigh- 
ing liquids may be practiced with advantage in the 
laboratory in making large quantities of preparations, 
and is preferable in the case of thick or adhesive liquids, 
but it is far less convenient in compounding prescrip- 
tions than the plan of measuring the liquid ingredients. 
The advantage in supposed greater accuracy of weigh- 
ing over measuring is more imaginary than real. A 
careful pharmacist will compound prescriptions just 
as accurately by measuring the liquids as he will by 
weighing them, while a slovenly one will be just as 
careless in using weights as he is in using measures. The 
question of accuracy becomes then, practically, a ‘per- 
sonal equation.” 

2. Volumetric Prescriptions—In the United States 
liquid medicines are never adminstered by weight, but 
always by teaspoonfuls, tablespoonfuls, or other con- 
venient measure. In some liquids there is a wide dif- 
ference between their weight and their volume, as 
specific gravity tables abundantly show. A teaspoon- 
ful of chloroform weighs more than twice as much as a 
teaspoonful of ether. Hence the physician cannot dis- 
regard specific gravity. In prescribing gravimetrically 
and administering volumetrically, he must constantly 
bear in mind these differences, at least approximately. 
Mistakes are very likely to arise in making these calcu- 
lations, mentally, at the bedside of a patient. Hence it 
is far better to avoid them by prescribing the medicines 
by the same method as that by which they are dispensed 
and administered, namely, volumetrically, thus preserv- 
ing that harmony of relation which is conducive to 
safety. If volumetric analysis is preferred to gravi- 
metric analysis in the United States Pharmacopoeia 
because of its greater convenience and at least equal 
accuracy, why should not liquids be measured rather 
than weighed in pharmaceutical operations in which ex- 
treme accuracy is comparatively of less importance? 

Fig. 664 illustrates the forms of metric prescriptions 
most frequently used. Form A is preferable, for the 
reasons stated. 


Form A. Form B Form C 
* (Volumetric) (Gravimetric or Volumetric) (Volumetric) 

Quinine Sulisa eee er il Quinine Sul isaee eer trere 1.0 QuininseiS ult eee 1 Gm 

Strycheouli. erro) eases 016 Siryche sult. c. ween eee 0.016 Stry cheGultt ey seer eee 0.016 Gm 

luidextalGly.cyier cer get 4 Pludexts Gily.cyrs eee eee ; Fluidext. Glyeyr......... 4. ce. 

Syrupi ils ooddodadastina oe gd 60 SYTUDEL Aaa okt Oe ee 60. SYFUPI aha Ae 60. ce. 

Sig. 3i t.i.d. Sigs ol teleae Sig. 351 ta.d. 

(Gravimetric) (Gravimetric) (Gravimetric) 
R R : 

Hydrarg. Chlor. Mit...........- 5 Hiydvanga © bhlovesMiltaamem taser 0.5 Hydrarg. Chlor. Mit........ 0.5 Gm 

iN166:-Pulivac cep eee tyne 2 LOGS oul Verma eee eer oa 2. Aloes Pulyice vac mena er Gm 

Rhei- Pulkoorete eee eee 115 UB CIUE Ul Vertes citenet teeee teres 1.5 hel Pul vase eer 1.5 Gm 

Ft. pil. xx. 1Biz, oll, oe Et. pil) xx. 

The advantages of the decimal line are This form is used frequently, because of This form is an improvement on Form 
that the decimal dot is abolished, with the familiarity with the arithmetical B, and would be far superior to it for use 
its dangerous complications, for a spot method of using a dot to denote a decimal in this country, where prescriptions writ- 
or a speck on the written prescription fraction; and where metric prescriptions ten in the old systems will long continue 
may increase or decrease the quantity of are altogether in use, as in Continental to be used. 
an ingredient ten times, and the use of the Europe, a comma is commonly used in- 
decimal line is familiar to all who use a stead of a decimal point and gram is 


dollar and cents column. 


always understood. 


Fig. 664—Forms of metric prescriptions. 


THE PRESCRIPTION 


3 Symbolic Characters Used in Apothecary Prescrip- 
tions—Although the subject of weights and measures 
is treated in the earlier chapters of this work, the spe- 
cial characters used in Apothecary prescriptions, with 
their values attached, may be appropriately recalled 
in this connection. They are as follows: 

m, Minim, 0 of a fluidrachm 

gtt., Gutta, a drop; plural, gutte, drops 

gr., Granum, a grain; plural, grana, grains 

ss, Semis, a half 

0, Scrupulus, a scruple (20 grains)1 

3, Drachma, a drachm (60 grains) 

£3, Fluidrachma, a fluidrachm (60 minims) 
, Uncia, a troyounce (480 grains) 

£5, Fluiduncia, a fluidounce (8 fluidrachms) 


lb., Libra, a pound, rarely used in prescriptions (5760 grains) 
O, Octarius, a pint (16 fluidounces) 


The Roman numerals are used to designate quantities 
Bewieiii, Vv, V, Vi, Vil, Vili, 1x, x, xx, xxx, xb -i-1x, Ixx, 
Ixxx, xc, c, etc. These are always written after the 
ingredient, as Sacchari 3 iv. Care should be taken to 
dot the i’s in each case, to avoid possible errors. The 
“1” is sometimes used in place of ‘i’? where more than 
one “i” is needed at the end of the quantity; thus, 
“or, 1j,’’ meaning two grains. The “j” is oftener 
written like an elongated “‘i,’’ thus, “‘ij.”” These archaic 
symbols are rapidly passing into disuse. 


May mean Acidum Hydrochloricum or 
Acidum Hydrocyanicum 
Aconitina 

Aconiti Radix 

Aconiti Folia 

Ammonia, (alkali) 

Ammoniac (gum resin) 

Aqua Chlori 

Aqua Chloroformi 

May often be read Aqua Fortis 
Barium Sulfate 

Barium Sulfide 

Barium Sulfite 


{ Calcium Chloride 


Acid. Hydroc. 


Aconit. 


Aq. Chior. 
Aq. Fontis. 


Bar. Sulf. 


Ammon. { 


Calc. Chlor. Chlorinated Lime 


( Chlorine 
{ Chloroform 
{ Chloral 


Calomel 


Chlor. 


Corrosive Sublimate 
Hydrated Chloral 


Hyd. Chlor. 
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should be known to the patient and should be written 
in the vernacular on the label, preferably with a type- 
writer. The careless habit of not specifying the direc- 
tions, by writing, ‘As dir.” for “As directed” or ‘‘ Use as 
directed,” is greatly to be deprecated. Frequently the 
patient forgets the verbal directions, or misunderstands 
them, and asks the pharmacist, ‘““How is this medicine 
to be taken?” The answer must of necessity be as 
worthless as the direction, unless the pharmacist by 
skilful questioning can cause the directions to be re- 
called by the patient or phones the physician for ade- 
quate instructions. Then, again, the dose of the pre- 
scription gives the only clue to its safety. Without 
knowing it, the pharmacist cannot be held responsible 
for not detecting an error. The patient, even if he re- 
members at the time the verbal directions, may soon 
forget them, and afterward take a double dose by mis- 
take. The directions for the patient should be written 
in full, explicitly, and in plain English. 


THE NAME OR INITIALS OF THE PHYSICIAN WITH DATE 


The name of the prescriber is rarely signed in full, 
particularly since the very general use of printed pre- 
scription blanks, which contain not only the full name 
and address of the physician but also his office hours. 


Hydrargyrum (mercury) 
Hydras (hydrate) 


Hydr. Hydriodas (hydriodate) 
Hydrochloras (hydrochlorate) 
Hydrocyanas (hydrocyanate) 
Hydr. Perox. Hydrogen Peroxide 


Hydrargyri Peroxidum 

Ammonia Mixture 

Mixture of Ammoniac (gum resin) 
Potassium Hydrate (caustic potassa) 
Potassium Hydriodate (potassium iodide) 
Sodium Hyposulfite 

Sodium Hypophosphite 

Sodium Sulfate 

Sodium Sulfite 

Sodium Sulfide 

Sulfur 

Sulfide 

Sulfate 

Sulfite 


3 Zine Phosphate 
Zinc. Phosph. ane Phosphide 


Mist. Ammon. 
Potass. Hyd. 


Sod. Hypo. 


Sod. Sulf. 


Sulf. 


Fig. 665—Defective abbreviations. 


THE SUBSCRIPTION 


This part of the prescription contains directions to 
the compounder. The progress made in pharmacy is 
well shown by the present custom of omitting specific 
directions to the compounder. In the vast majority 
of prescriptions the subscription is contracted to a single 
letter or word, as M., or misce; S., or solve; F., fiat, etc. 
The physician relies upon the skill of the pharmacist, 
and generally gives no specific directions. 


THE SIGNA 


The directions for the patient, sometimes called 
Signatura, are usually introduced Sig. or S. meaning 
“Mark thou.’’ Formerly these directions were written 
in Latin, but this is rarely the case now, except in 
Great Britain. There is, indeed, no good reason for 
writing them in Latin. The Latin which is in common 

use in prescription writing is idiomatic, and, although 
the ordinary rules of Latin grammar are generally ap- 
plicable to it, many of the terms have a special meaning, ' 
and it differs in several respects from classical Latin, and 
hence has to be a special object of study. The directions 


1 This weight is rapidly passing out of use. It is quite as convenient to 
write gr. xx, and there is no danger of its being mistaken for the drachm sign, 


It is very necessary sometimes to communicate quickly 
with the physician in case of error or ambiguity, and, 
when printed blanks are not used, the name and address 
of the prescriber should be written in full. 

Unusual Doses in Prescriptions—It is to be regretted 
that some uniform system of indicating unusual doses 
has not been adopted by physicians. Occasions fre- 
quently arise where the patient, either from becoming 
habituated to its use, or from some other cause, will 
tolerate an excessive or ordinarily poisonous dose of a 
remedy. A careful pharmacist always hesitates to com- 
pound such a prescription if the dose is not especially 
marked as unusual, and delays necessarily occur. The 
most satisfactory method of indicating such a dose is 
that of underscoring the quantity deemed unusual, as 
shown in the following: 


R Morph. Sulf 0/4 
Lemon Syrup 8 
Distilled water 30 


Sig.—A teaspoonful every two hours until relieved. 


Other marks are sometimes used—the exclamation 
mark (!), for instance, or Q. R. (quantum rectum). 
These are not so distinctive as underscoring, and are 
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open to the objection that handwriting is very apt to 
These marks are likely to puzzle or mis- 
lead the pharmacist by being mistaken for other parts 
A heavy black line under the 


be defective. 


of the prescription. 
unusual dose cannot be mistaken. 


Abbreviations are necessary in writing prescriptions, 


THE PRESCRIPTION 


and they are universally employed. Great care must be 


taken, however, to avoid ambiguities which may mean 
Usually, the careful pharmacist 
gathers from the directions and the quantities the in- 
A few examples of 


death to the 


patient. 


formation which guides him safely. 
defective abbreviations are appended see page 1151: 


The above list might be indefinitely prolonged. Suf- 
ficient has been clearly shown, however, to convince 
even the most skeptical practitioner of the grave danger 


the title 


of careless abbreviations. 
adopted the abbreviation 
suggested that no abbreviation be used for sulfur, sul- 
fite, and sulfide. 


be abbreviated. 


SSulie eon 


The Pharmacopeceia has 
“sulfate. 


”) 


It is 


“Chlor.”? has also been adopted 
officially to mean “chloride” and chlorate is not to 


The Pharmacopoeia also calls especial attention to 
which should never be 


“Barium Sulfate’ 
abbreviated. This is to avoid any misunderstanding 
and the possible dispensing of the poisonous barvwm 
sulfide or barium sulfite. 


The following table of abbreviations, terms, etc., used 


in prescriptions will be of service to the pharmacist, by 
enabling him to translate some of the technical phrases 
used in writing prescriptions: 


- 
Word or Phrase} Contraction Meaning Word or Phrase} Contraction Meaning Word or Phrase} Contraction Meaning 
AG Vereen ale mC STAN ae tet ce Of each Dexter, Dextra Vinson. acoso The right Gutte Gtt. Drops 
Ad Ad To, up to Diebus alternis |Dieb. alt. Every other day Guttatim Guttat. By drops 
Adde, addantur Add, or let them be | Diebus tertiis Dieb. tert. Every third day Hie, Hee, Hoe il. nce ade This 
aie Ryan we Dilue, Dilutus |Dil. the (thou), di- | Hora H. oe hour 
ibitum Ad lib t pleasure ute Hora somni H.S. or Hor,| Just before going to 
Ad certian i. sila cye cas For three times Dimidius Dim One-half som. sleep, or on retir- 
vicem Directione D. P. or di-| With a proper di- ing to rest 
Adversum Ady. Against propria rec. prop. rection Tdentew ves. eegeee The same . 
Agita Agit. Shake, stir Dividatur in D. inp. eq. | Let it be divided]|Identidem |........... Repeatedly 
Albus Alb. White partes sequales into equal parts In dies In d. From day to day, 
pte Stentor Some: é few Dividendusy weariness ee oe To be divided ‘ daily 
Alter Seat pen till ike 2 oes The other -um 1) CCLLO Mean SIS eee ..| An injection 
jttornis ovis 4 |i ecw ee Every other hour Eadem (fem.) |........... The same Tntere ey | 6 ce. 4 || yee ee Between 
qi aplus aomovocner Large Ejusdem Ejusd | Of the same Lace as 6 le an eee Milk 
arate cibus Aya eee poked S Fae eT ik: ees Spree: Tes Ea ee Sie Lightly a 
ee aerata Aq ‘aérat Carbonated water Enema En. foncnene a clyster | Magnus Mag a ra Large 
feet ee re astr. satay bled a Dae Ole Ohellactbotint.as no n : Massa, ~Massa 0.2.2... A mass, a pill mass 
poe ATS Gh bull. oiling water Hitiamns ©) ele terre ae Also, besides pilularis 
que Ok eth a Aq. comm, | Common water Ex or E E. From, one of Mica panis Mic. pan. Crumb of bread 
oe ens Aq. ferv. Hot water Ex modo E. m. p. After the manner | Minimum M. or Min. | A minim 
Fines eS Aq. mar. ne water prescripto preseibed, a8. di= | Minutum se) oe A minute 
ni Ae eal te eens F recte Misce Mix 
pacam Scatenat tte gateteby A bowie Fae, Fiat, FiantlF., Ft, Make, let it be bor are de beth BNE . Senos i be eo 
: rr pence rh : made, let them be |. : To See 
Fete Bib ae made INGE te i tel]is as eee eee Send of such or this 
Bizet © ere lead ica ae Tuiae Hae pilulas F. pil. xii Make 12 pills ede prescrip-|Mod. prese Tnthe 1 ee pre- 
Bis in die Bis ind. || Twice a day uodecim Arnetanee ; Tie di 
Bolus al A large pill Farina bad eulase le aestageNe Flour ore aictu, M. dict., S a Manner 
B ‘ Hebrispe Sty Hitt eee Feyer recte 
Brevis ie hep aceaa ce oe Seed Fervens Ferv. Boiling Non py. een ecco te Not 
Bulliat, bulliant Bull. 7 Weuoail Fiant chartule |Ft. chart. xii] Let te powders be Non Sega Non. rep. cee repeat 
Capiat ‘ b xX1l made DRA 9 Niemi omio-s bi 
ee Cap. Lee Sipe hore her) Fiant pilule xii |Ft. pil. xii Let 12 pills be made | Numerus No Number 
Carbasus Carbas. Lint, linen Fiant pulveres|Ft. pulv. xii| Let ae powders be eee O 5 pint 
Charta P xil made Ss culus dexter /|Q, D, ight eye 
Gharta cerata Gee decht: Woeedl paper Fiant | supposi-|F't. suppos, Let 4 Supp ogmoriee oe levus |0. L, rer eye 
Chartula i Small toria iv iv emade culus sinister |, §, eft eye 
COB GSE liners ee Food Paper Fiat cataplasma|Ft. cata-| Let a poultice be] Omni hora, Om-| Qmn. hor.,| Every, hour, every 
Cito dispensetur|Cito disp. | Dispense quickly ‘ plasm. made ni bihorio, Om-| Omn. bih two hours, every 
Cochlear or Coch.,Coch-| A spoonful, by | Fiat ceratum — |Ft. cerat. Let ce cerate be ie quadrante|Qmn, "| quarter of an hour 
cochleare, ; ; ful ae : mR One dr. h 
Gochlesttin eat. ete Fiat collyrium |Ft. collyr. Let an eye wash be oa mane ae a ; ait Every morning 
Cochleare A table ful : ; mace F mini moctey a0 | Slam anes Every night 
amplum Cosh emp. rg eee Fiat emulsio Ft. emuls. Let on emulsion be | pars, partis A part 
Cochleare ‘ f é SEN ee Sie es equales |p.‘ 
ease Coch. mag. | A eae “pean ial Viaglonoae TERS eee an inicotion be pores waunhee Pie A parts 
ounce) : pane ROE Tec’) Pilula) eee ee A pill 
Cochleare Coch. med. | A dessertspoonful | Fiat gargarisma |Ft. garg. Let a gargle be} placebo He is Phi Too lcaee satisfy 
medium or (about two fluid-]_. |. : made | : Post cibo Goa After eating 
modicum rachms) Fiat infusum —_|Ft. infus. Let xe infusion be | potus Be Drink 
Cochleare ; At ful ‘ oe 4 made Pe dl I RA e a REECE OR TED 3.0 : 
ices Coch. parv. ae eas fluid- | Fiat injectio Ft. injec. Let an eee Be EOE) ee n. regan ee 
: made (for urethra 
Cola Col. Beene Fiat linimentum/Ft. linim. Let ~ liniment be Gane Ss ges as is suffi- 
Colatus Colat. Strained : : Mae $s aa i 
Colentur Océ Let them  be| Fiat mistura  |Ft. mist. nee a mixture be purely, Quantum gens 
strained P : span OS Recipe Take 
colbeue ’ Colet Het it be Se Fiat pulvis Ft. puly. Lee e powder be Repotatin Re-|Rept. ict it be repeated, 
Co ihepae meh her Le 7 oe 
Collutorium Collut. A eae Fiat pulvis et Ft, puly. et.| Let 12 powders be pespbiur were beri 
Collyrium Collyr., Coll.| An eye wash divide in div, in] made Respondere To answer 
Coloretiur were ane he Let it be colored chartulas xii “char, xii Saepis Often, frequently 
Commisce 99 |b eee ae Mix together Fiat pulvis in SOE algo au Let 12 powders be Secundum According to art 
Compositus Comp Compounded chartulas — xii made artem, Secun- ? according to na- 
Congius Cong. A gallon dividenda 3 dum naturam ture 
Consperge Consperg To dust or sprinkle | Fiat, secundum|F. 8. A. R. | Let it be made ac- | gemis s A half 
nee MS co en Against artis regulas cording ry the | Siccus i Dry, dried 
ONUUHISUIS) Sen | eee nee Bruised ; ; EEE i stan ice eS ; 
Cortex ort mea Fiat solutio Ft. solut. Let ae solution be gene Sig. 8 Mar enon 
Cujus, Cuj Of which, or an \ made i opus s: ib. « Msivencratt ate 
Cujuslibet wy Aug v Fiat suppositor-|Ft. suppos. as a Fapeostbory BL opus a Si op. sit eiece™ 
med With ium ge Simade ral bees ocemses 00 e en 
Siawtlety i =e Finks on teoohincile inook. Lett: lozeneerabe Solve x, “solvers; |), 9 ss soe Dissolve to dis 
De D., det o e, Ast e given eae oe Sadie qpolatus PONS he EO solve, dissolved 
SN eavtenen iepeyemsts , or from $ : ORD fi." 5" Pde lle eae ee Sleep 
Decemy yecl—| ini eae Ten, the tenth Fiat unguentum|Ft. ung. Let an ointment be Spiritus vini rec-|S, V. R. Rectified spirit of 
Da ite APR ert Aaarer Wiese ie eae ek wine (alcohol) 
f ed. in rom day to day i PISSUS; 60 VY yee Aenea Dense, hard 
Deglutiatur Deglut May or let be swal- Folium Fol. ' | A leaf : Statim Stat. Immediately 
D f lowed Gargarisma Garg A gargle _ Stet, Stent St. Let it stand, let 
pba tales D. t. d. No, | Let four such doses | Granum, Grana|........... Grain, grains them stand 
a oes ie ae iv be given Gratus Pay toe te Pleasant Ter in, or ter die|T.i. d., ort.d.| Three times a day 
oburtin duplo, Wh; ois aa anne Let twice as much|Grossus -—S—j,....... Ne Large, coarse Uncia ive Rs Beva tate An ounce 
be given Gutta Gtt drop Ut dictum Ut Dict As directed 


Fig. 666—Latin Abbreviations. 
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Handling the Prescription 


Receiving the Prescription—Fig. 667 illustrates the 
front part of the store of Hynson, Westcott and Dun- 
ning, of Baltimore, which is typical of the finest de- 
velopment of professional pharmacies. The customer 


Fig. 667—Front of Hynson, Westcott and Dunning’s pharmacy, Baltimore, Md. 


is met by someone qualified to represent the professional 
service offered. Frequently this particular position 
requires the most skilled pharmacist in the organization. 
There should be a dignified reception of the customer. 
All levity or other lack of professional manner should be 
-absent. It should be remembered that the customer 


WILLIAMS 


GILBERT 


PIE 


Fig. 668—Seltzer’s prescription memorandum form (one-half size), 


has probably come from a sickroom and is deeply con- 
cerned over the serious illness of a member of the family. 
The greatest possible confidence must be inspired 
through everything that is said and done, and the 
physician must be supported in his effort to give hope 
and faith in the treatment. 

The prescription is received and read by the pharma- 
cist and he learns whether the customer will wait or 
have the prescription delivered. Usually these facts 
are written upon a blank form which is clipped to the 
prescription when it is turned over for filling. 

The prescription memorandum illustrated in Fig. 669 
has been used with excellent results. It is taken from 
the Taft Pharmacy of New Haven, Conn. These 
blanks are put up in tablet form, and are filled in, in 
the presence of the customer, or the back of the pre- 
scription may be used for this purpose. 

Fig. 668 illustrates a form devised by Leonard A. 
Seltzer, of Detroit. The coupon which carries a call 
number is handed to the waiting customer to identify 
the prescription when filled. On the reverse side of this 
coupon (see Fig. 671) is printed an interesting message 
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Ps 
TAFT PHARMACY ORDER 
Customer’s Full Name 
Street Address 
City 
DELIVER WILL CALL MAIL 
TIME PROMISED 
Prescription Number 
Date 
Physician 
Order Taken By 
Order Completed By 
PAID (C3 XOX IBY CHARGE 

NO. 31 

Fig. 669—The Taft Pharmacy prescription memoranda. 

CHECK 
FOR 
N_ 
PRESCRIPTION 
\ St F2/ 


ris j 
, FOUNDED 
tase. 


) é 


Time sufficient,is as necessary forthe 
proper preparation of a prescription 
a@s are care, competency, concentra- 
tion of thought and pure material. We 
have an ample corps of careful and 
competent prescriptionists, in a com- 
modious laboratory, away from dis- 
tracting influences, where, with a 
comprehensive supply of pure stand- 


"LEONARD A.SELTZER 


PRESCRIPTION CHEMIST 


72 ADAMS AVE.WEST ardized pharmaceuticalsandcomplete 

2 modern equipment we are able to do 

: DETROIT, MICH. perfect compounding, but, withal, 
479642 Dr.H, A.JOy Roms 6 must have time; frequently more is 
required than anticipated, because 


__76 Waterbury Sts ___ 
a day ,one hour after 
meals. 


unlooked for difficulties and complica- 
tions appear. Be patient, we will let 
you go as soon as possible. 


LEONARD A.SELTZER 


60-64 ADAMS AVE.W. 


for — 
Mrs William Jones 


48 Jeffereca S to gato 


Fig. 671—Reverse side of prescription 
customer’s coupon, 


Fig. 670—Prescription label. 
which was originally written by H. P. Hynson of Balti- 
more, and is used by many pharmacists. 

The course of a prescription in the pharmacy of 
Leonard A. Seltzer is as follows: 

1. The prescription is received. 

2. The clock number is stamped in duplicate on the 
blank and on the coupon, and, if it is a call package, 
the coupon is then detached and handed to the waiting 
customer. : 
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3. Ifitis a new prescription, the number assigned to 
it is stamped on the blank and also on the prescription 
and the two are clipped together. 

4. The label is now written (see Fig. 670), using the 
prescription number, and the clock number is also 
stamped on the label in red. 


5. All facts are now recorded in a book ruled for the 
purpose, as follows: 


Clerk 
Williams 


Article 
R 479642 


Doctor 
ELSA JOY; 


Clock Number 
002489 


Jones 


Patient | 


6. The compounding clerk then takes the prescrip- 
tion, label, ete., signs his name in the book, fills the 
prescription, and stamps his name on the blank. 

7. The dispensing clerk completes the prescriptien 
by attaching the label and checking all details of the 
prescription with another clerk, the latter also placing 
his name on the blank. 

8. The dispensing clerk now wraps the package, at- 
taches the blank to it with an elastic band, and hands 
it out for delivery. He keeps the prescription for filing. 

9. If the prescription is called for, one of two things 
happens: 

(a) It is paid for and the price is printed on the end 
of the slip by the cash register (see Fig. 668), 
the slip being filed. 

(b) If not paid for, the details of the charge are writ- 
ten on the slip and it is filed for the book- 
keeper. 

10. If the prescription is to be delivered, it is placed 
on the delivery counter and sent out as soon as a mes- 
senger is available. The name of the messenger is 
written on the slip and it is placed in the cash register 
until he returns when he must report. If it has been 
paid for, the amount is rung up on the cash register 
which prints the amount on the slip. If it is to be 
charged, the details are written on the slip and it is 
filed for the bookkeeper. The messenger also obtains 
a receipt for the package in his own book. 
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Emrich’s Orlando Pharmacy 
33 W. Church St., opp. Boone St. 
Orlando, Florida 


Please Presen t This he ek When Calling 
for Your Prescription 


Orlando, Florida 
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Emrich’s Orlando Pharmacy 


33 W. Church St., opp. Boone St 


Fig. 672—Prescription check and stub (half size). 


11. On the following morning a clerk files all of the 
prescriptions of the previous day, and arranges them 
in numerical order. The corresponding slips are also 
filed after all have been checked and all records com- 
pleted. 

Fig. 672 is a form of prescription check usually 
printed with a triplicate number. _ The large stub is held 
by the customer, the second stub is detached and pasted 
on the prescription blank, and the third number is 
attached to the filled prescription. 

Fig. 673 is a copy of an order form used by Ambrose 
Hunsberger. He uses no checks or numbered coupon 
but prefers to use the name of the customer for the 
identification of the filled prescription. The order blank 
suggests the necessary information which should ac- 
company every order and when placed in the cash 
register or on a stick file often becomes a valuable re- 
minder of a forgotten charge or other service connected 
with the order. These order forms are kept at the tele- 
phone and at other convenient places in the store and a 
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similar form is stamped on the back of a prescription 
when received, becoming a permanent record. 


POP ee eet otal tooo, os ataliatanenn ths a0eL Me tokedaite Si Seine eae 
DN pak Ste REE MIAN een LIE Ein Lig Sie a oe 
WHO 5 oS x Callaseer Messe sain IAD ve 3 38 Exp ...When 
Naga apse» Chas... ae Coll cD AMES. A) Oe ome 
TRCCO Ne ers Pili eee Dela icemnens Checked: by... eee 


eo. 6:38. site) lat We) peleptia® neh-e ses, © ‘sixes, @:e/ie\ "eats te silstiel | oe) lel fel elivi'e, el etis ie) alle)\et 66k Gite mil site an 


Fig. 673—Composite order form. 


In rendering professional service in the community 
the pharmacist will constantly be called upon to fill 
spoken or written orders from the layman. This ap- 
parently simple matter, if not carefully considered, is 
frequently the source of embarrassing mistakes. Very 
few customers, even if they are intelligent, realize the 
necessity of forethought or care in calling for articles 
that they wish. Hence it is an excellent practice for the 
dispenser to repeat the order interrogatively at the time 
it is given, and obtain from the customer a clearly ex- 
pressed assent before delivering the article, lest the 
wrong one be dispensed. 

Reading the Prescription—The prescription should 
be read over carefully, and judgment mentally pro- 
nounced, first upon the safety of the doses of the respec- 
tive ingredients, and then upon their compatibility. 
If this reading is done in the presence of the patient, 
especial care should be taken that the countenance re- 
veals nothing whatever of what may be. going on in the 
mind of the receiver. A shrug of the shoulders, an 
elevation of the eyebrows, a contemptuous toss of the 
scrap of paper on the prescription desk, may convey to 
the mind of the patient a more lasting impression of the 
opinion of the receiver as to the merits of the prescrip- 
tion than open criticism. Questions are frequently 
asked by patients and requests made for opinions. 
These should always be skillfully parried. A pharmacist 
has no right to reveal to a customer the character or 
the medicinal effect of the ingredients which enter into 
a prescription. When the names of the ingredients in 
the prescription are persistently demanded by the 
patient, the dispenser can fall back upon the expedient 
of frankly stating that it is a breach of etiquette to re- 
veal the character of the ingredients, and intimating 
that it shows a lack of confidence in the prescriber on 
the part of the patient. If further insisted upon, the 
offer to send to the physician a written request to get 
his permission to disclose the ingredients is generally 
answered by the patient with a gracious “no matter.” 
The pharmacist, as a co-worker with the physician in 
the healing art, is ethically bound to sustain him and 
cheerfully cooperate with him. There should be at all 
times a spirit of mutual respect between the members 
of both professions, and a feeling that each is in duty 
bound to protect the other from unjust censure. 

In the majority of cases when the prescription has 
been received and the necessary information obtained 
concerning delivery, it is best to retire to the prescrip- 
tion department for a detailed study of the prescription. 

Figs. 674 to 677 are typical prescriptions inserted here 
for practice in reading prescriptions. 

Omissions and Errors—If an obvious error or omis- 
sion in the prescription is detected by the pharmacist, 
or an unusually large or poisonous dose has been pre- 
scribed, it is generally easy to gain the necessary delay, 
upon the plea that the prescription will require con- 
siderable time to compound, or for some other reason 
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which will not excite the suspicions of the patient. In 
the meantime the physician may be consulted. The 
careful pharmacist will always check the dose of potent 
remedies when prescribed and be confident that they 
are within reasonable limits of safety. The physician 
usually indicates an exceptionally large dose by under- 
lining it so that the pharmacist may dispense it without 
a question. If this has not been done, it is best to con- 
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Fig. 675—Metric prescription. 


sult the physician if he is within reach. In no instance 
should a dangerously large dose be dispensed without 
knowing that it is intended. Good judgment is neces- 
sary at all times, and where delay is entirely inadmis- 
sible there is nothing left for the pharmacist to do but 
to assume the responsibility of making the dose safe, or 
of supplying the omission according to his best judg- 
ment. In this case a written explanation should be sent 
immediately to the physician. 

In the case of omissions or errors on the part of the 
pharmacist, so much judgment is needed which must 
depend upon the circumstances surrounding each case, 
that it would be unsafe to offer any suggestions. Gen- 


erally the physician must be appealed to, and upon his’ 


skill and tact reliance must: be placed. In such cases 
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it is not often that he is found unwilling to exercise his 
good offices. 

Additions or Alterations to Prescriptions by the Phar- 
macist—At the present time it is the custom among 
physicians to hold the pharmacist responsible for the 
proper compounding of prescriptions entrusted to his 
care, and to depend upon him. Such details as the 
choice of the excipient, method of straining or filtering, 
ete., are usually not specified. Indeed, with many it is 
a common practice simply to direct a solution or mixture 
of definite strength and rely upon the pharmacist to 
make it palatable. In all cases of this kind, care must 
be taken to make a note upon the prescription of each 
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Fig. 676—Metric prescription. 
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Fig. 677—Typical modern prescription. 


addition, so that in the event of renewal there may be 
no difference between the preparation then obtained 
and the original. The confidence which physicians 
place in pharmacists in this respect should be most 
sedulously guarded and every effort made to deserve 
and retain it. This can be done only by adhering 
strictly to the rule of not permitting an alteration or addi- 
tion to be made to a prescription which would affect or — 
vitiate its proper medicinal action or interfere with the 
obvious intention of the prescriber. 

Numbering the Prescription—It is universal practice 
to number the prescription, and to place a correspond- 
ing number upon the label, the object being to identify 
the bottle or package in case of renewal and connect it 
with the original prescription. This apparently simple . 
matter requires, on the part of the compounder, concen- 
tration of thought to avoid errors—one of the most fre- 
quent lapses being that of duplicating the number of 
the last prescription, instead of numbering it consecu- 
tively. This, in case of renewal, may lead to serious 
consequences, especially if one prescription happens to 
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be a four-ounce liniment and the other a four-ounce 
solution of similar appearance for internal use. The 
duplication of the numbers is liable to occur when 
several prescriptions are being compounded at the same 
time by two or more assistants. Various expedients 
have been proposed to obviate mistakes of duplication. 
One is simply to write the numbers on a pad kept for 
the purpose, carefully avoiding duplication by insist- 
ing upon each number being entered before the label 
is written, but the better plan is to use a numbering 
machine. 

Consecutive Numbering Machines—These are very 
convenient, and serve excellent purposes if they are 
properly and durably constructed. 

The usefulness of this machine to the pharmacist 
consists largely in the fact that it can be made to num- 
ber consecutively in duplicate (13428, 13428; 13429, 
13429, etc.), so that the number may be clearly and 
neatly printed upon both prescription and label; the ma- 
chine may then be locked and set, so that there is not 
the slightest danger of variation of numbering while in 
use. The Bates automatic numbering machine (see 
Fig. 679) is believed to be the best numbering machine 
now available although many others are offered. It can 
be set so that the numbers will be consecutive, repeated 
indefinitely, or repeated in duplicate or triplicate as 
desired. The value of using a mechanical contrivance 
of this kind consists in its numbering in duplicate with 
absolute freedom from mistakes, and in the entire 
elimination of chances of error from defective hand- 
writing, the figures being printed from hardened steel 
disks, invariably producing clear and distinct impres- 
sions. Bates numbering machines are also made which 
stamp the date in addition to the number. 

Rubber numbering stamps are also in use; these are 
much cheaper and smaller than the consecutive num- 


Fig. 678—Rubber dating stamp. Fig. 679—Numbering machine. 


bering machines, and are very convenient. They are 
not automatic, however, and mistakes are liable to occur 
through the operator forgetting occasionally to turn 
one of the bands, and thus the main reason for using a 
numbering machine is lost. The numbers are cast upon 
endless rubber strips, and resemble the dating stamps. 

Dating—This also serves to fix the identity of a pre- 
scription, and it should never be omitted. The physi- 
cian usually appends the date, but the prescription is 
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frequently held by the patient and not presented for | 
compounding upon the day on which it is written. As 
in the case of numbering, the date is most frequently 
written upon the face of the prescription by the pharma- 
cist. This should not be omitted, even though the date 
written by the physician is visible. The habit of dating 
should be firmly established, because it may prove of 
vital importance in case of a subsequent discussion 
or difference of opinion. Rubber daters are largely used 
now. Fig. 678 shows one which may be obtained from 
any stationer. It is inexpensive, not liable to get out of 
order, and so convenient for prescription work that it 
soon pays for itself. 

The Prescription Label—Usually the label is written 
first. This is an opportunity for a study of the pre- 
scription, without seeming to delay the filling. In some 
stores the label writing is done by a special clerk, who 
either writes exceptionally well or handles the type- 
writer skilfully. Most modern prescription labels are 
typewritten on a special typewriter having a clamp for 
the label upon the platen of the typewriter. A type- 
writer for this purpose should be fitted with the smallest 
obtainable type, at least not larger than ‘‘elite,”’ and 
should have a medical keyboard including the following 
characters: 3,3, 0, and M. Many such machines 
are now available. 

The labels for typewriting are usually without lines 
and are also frequently printed without margins to avoid 
trimming. Others are printed in strips to facilitate 
handling in the typewriter. 

A prescription label should carry the number of the 
prescription, the date of filling, the name of the patient, 
the directions for administration or use, and the name 
of the physician. Every label statement should be 
carefully checked to avoid error. It is of importance 
that the prescription label should be legible and indi- 
cate skill so that the impression upon the physician 
and the patient may be favorable. 

When the label is attached to the finished preserip- 
tion, it hardly seems necessary to suggest that it be 
straight, be rubbed perfectly smooth, and be without a 
blur or blot. The main prescription label when attached 
to a bottle should occupy a position slightly above the 
center of the bottle. If it is printed with a margin, it 
should be carefully trimmed with an even white line. 
This latter suggestion about trimming especially ap- 
plies to strip labels carrying directions to ‘shake,”’ 
“keep in cool place,” or other special instructions. 

A physician frequently requests that a copy of the 
prescription be attached. Usually this is written or 
typed upon a special label, which is attached in an in- 
conspicuous place upon the package. 

Some prescription labels are arranged with an exten- 
sion on the right side or are exceptionally long so that a 
space is provided upon which the copy may be typed. 
It is understood, of course, that in case the prescrip- 
tion contains a poison or a narcotic drug a copy must 
not be attached or given to the patient. 

Special Labels—The judicious use of accessory labels 
for liquid prescriptions is important. If the prescrip- 
tion is one in which some insoluble matter remains, a 
shake-well label should be attached. This applies to the 
class of preparations referred to as mixtures, also lotions 
and emulsions. A shake-well label is also used at times 
when there is a possibility of some separation or pre- 
cipitation occurring at a later date. Lotions and lini- 
ments should be dispensed bearing an external use label. 
The question of whether a poison label should or should 


- not be used on prescriptions is an open one, to be decided 


by the individual pharmacist. Some pharmacists advo- 
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cate the use of such a label with strychnine and arsenic 
and similar preparations, realizing the danger involved 
in the possibility of children or others taking the medi- 
cine by mistake. On the other hand, a poison label will 
often cause the patient to become unduly alarmed and 
fearful of taking the prescription. A procedure fol- 
lowed in some stores is to use a small label indicating 
that the prescription should be kept out of reach of 
children or others for whom it was not intended. 

Hye lotions and drops often carry a strip label bearing 
the words eye lotion. Nose drops are frequently labeled 
in the same manner. 

Subsidiary Labels—Many prescriptions require one 
or more labels in addition to the regular one carrying 
number, date, directions for administering, physician’s 
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Fig. 680—Subsidiary labels printed in red and blue. Those above the 


line are blue and those below are red. 


name, etc. Such labels are usually printed as a small 
strip and frequently in special colors to give them promi- 
nence. The first choice for the position of such extra 
labels is immediately above the main label; that being 
dropped sufficiently to provide the necessary space. If 
a second subsidiary label is required on a bottle it 
should be pasted around the neck of the bottle. Avoid 
putting these important labels at the bottom or back of 
a bottle. 

Lithographed labels offered by the Pictorial Paper 
Package Corporation are shown in Fig. 680. Those in 
the upper half of the figure are printed with blue ink. 
All “poison” and ‘“‘narcotic”’ labels are in red. 

It is important that a notation be made on the pre- 
scription before it is filed, indicating the use of any ac- 
cessory labels. A prescription delivered with a shake- 


‘wooden frame which stands on the counter. 
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well label upon one occasion and without it when re- 
filled is considered a serious error by many customers. 

The Filling of the Prescription—Having written the 
label, the dispenser proceeds to the prescription case 
and assembles every ingredient required. These are 
placed on the left side of the scale, or within a small 
As the 
ingredients are weighed or measured they are trans- 
ferred to the right side of the scale or lifted from the 
frame. This provides a mechanical check upon the 
introduction of each ingredient. If only one pharmacist 
is present he may be called to the front of the store dur- 
ing the time of filling, and when he returns, if this policy 
is followed, there can be no question concerning which 
ingredients have been used. The prescription being 
properly filled, the product is transferred to a suitable 
container which is then labeled. 

Order of Filling Prescriptions—In a busy prescrip- 
tion pharmacy, some prescriptions require immediate 
dispensing and are marked ‘‘Rush” when received. 
These will, of course, take precedence over other pre- 
scriptions which are not so urgent. 

When the extent of the prescription practice of a 
pharmacy requires the services of a number of pharma- 
cists it is desirable to assign specific duties to each. 
One may meet the customers, receive the prescriptions, 
and make out the necessary instruction forms. He 
passes the prescription to the person assigned to label 
writing who places it in the proper box according to its 
disposition, 7. e., rush, call, or delivery. The dispensers 
then select these prescriptions in the logical order. 
Rotation of assigned duties among the staff provides a 
flexible organization and facilitiates smooth functioning 
of the pharmacy at all times during illnesses and re- 
placements. 

The following routine’ for filling prescriptions, or 
slight modification of it, is in force in many drug stores: 


Rules Governing Prescription Filling 
NO TALKING 
(Except in checking prescriptions) 

1. Consider the prescription as a whole, including form, dose, 
incompatibilities, solubilities, and method of filling. 

2. Write the label. 

3. Remove from the prescription case and place together on 
the counter on the left side, all shop bottles or containers needed 
in filling the prescription. 

4. Compound the prescription, placing the containers of in- 
gredients, as used, on the right side, and transfer the product to 
a suitable container. 

5. Have the label checked by reading it off to the assistant, 
consider the number, date, name, directions, and doctor’s name 
and then check the ingredients of the prescription. 

6. Finish the package for delivery, calculating the price, 
wrapping and attaching a delivery card bearing the price to be 
paid. 

7. Return all shop bottles and containers to their proper 


places. 


Checking Prescriptions—The prescription is now to 
be checked. If two pharmacists are not available, the 
careful re-check by the prescriptionist, of every item, 
should be made the routine practice of the store. 

If there are two pharmacists in the store, they should 
always check each other on every prescription filled. 
This policy is primarily intended to detect an error 
which may have been made, but its influence is far 
broader inasmuch as it insures especial care on the part 
of the dispenser, as he will be very certain that there is 
no mistake before exposing himself to the possible 
criticism of an associate. The rule to check every pre- 
scription, therefore, usually prevents an error through 
the exceptional care which is exercised during the filling. 

The checking of the prescription should proceed as 
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follows: The dispenser holds the finished prescription. 
The one to check has before him the written prescrip- 
tion. The dispenser reads the label in detail and then 
indicates the ingredients individually, naming the 
quantities used. 

All ingredients must still remain upon the counter, to 


be verified by the one checking. Only after following’ 


this course should the prescription be released and the 
ingredients returned to their respective places. The 
custom so often practiced of reaching for a bottle of a 
chemical salt or a preparation, measuring or weighing 
the quantity, and immediately returning the bottle to 
its place, is reprehensible and dangerous. ‘The momen- 
tary glance at the label is not sufficient and often more 
dependence is placed upon the location of the bottle 
than the reading of the label. q 

By the plan suggested the bottle must first be fourfd 
and placed upon the counter. To weigh and measure 
the ingredient the bottle or container must again be 
handled, which means the reading of the label. The one 
who checks the prescription also sees the package and 
verifies the label and for the fourth time the label must 
be read when the container is returned to its permanent 
location. This quadruple check upon a label eliminates 
many serious errors. 

A Poison—When a poisonous substance is found to 
be an ingredient in a prescription, there should always 
be extra caution as a matter of routine. The principle 
is exactly that involved by the added caution needed 
and exercised upon approaching a railroad crossing. 
The pharmacist should ever remember that ‘‘eternal 
vigilance is the price of liberty.” 

Pricing.the Prescription—The price of the prescrip- 
tion must always be marked upon it. This is necessary 
in order to fix the sum in case of renewal. The price 
is usually not subject to variation, except in the case of 
a patient ordering a larger or smaller quantity of the 
prescription. In renewals, in all cases the increase or 
decrease should be noted distinctly, if future annoyance 
is to be avoided. Few occurrences are apt to create 
more distrust in the mind of the patient than a neglect 
of this precaution, the reasoning being that if the phar- 
macist is so careless as to have two prices for the same 
prescription, he probably has been careless in com- 
pounding it. 

It is usual for the pharmacist to adopt a cipher to 
show the price of the prescription, some word or combi- 
nation of characters being selected and memorized. If 
a word is selected, it should have ten letters, and there 
should be no duplicate letters, thus: 


COME AND BUY 


il 92 3 4 5 6 a 8 9 0 C.Y Y— $1.00; OA—25 cents, ete. 


The following words or phrases may be used as price 
marks: Behaviour, chemistry, complaints, no mistake, 
volumetric, duplicates, republican, democrats, epistolary. 
A word with nine letters requires an odd letter, usually 
X. Sometimes a repeater, like X, is employed; thus, 
in “come and buy,” $1.00 would be C.YX. The cipher 
adopted by the National Association of Retail Druggists 
is largely used. It is PHARMOCIST. 

It frequently happens that physicians desire to indi- 
date that a patient is poor and is a proper subject for 
charity. This is usually done by writing the letter P in 
the lower corner, or, if very poor, PP. 

The pharmacist, although professional in spirit, must 
exercise business acumen in handling the prescription 
department. It is evident that there must be a reason- 
able profit, else the store could not long offer satisfac- 
tory service. The ingredients in a prescription are fre- 
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quently negligible factors in determining the price. 
The real cost which must be considered in determining 
the price to be charged for a prescription is the time re- 
quired for the services of the skilled pharmacist plus 
the cost of what is termed ‘‘overheads.”’ This means 
the maintenance of the establishment. The time of 
the dispenser is probably the largest factor. 

When it is realized that a competent prescriptionist 
receives $3.00 an hour for his services and that even the 
simplest prescription, considering the time necessary to 
receive it, write the label, fill the prescription, check, 
wrap and deliver requires at least 10 to 15 minutes, 
there is a minimum professional charge of approxi- 
mately 50 cents. Add to this the proportion of over- 
head expenses, the cost of the ingredients and the con- 
tainer, and it is found that without any profit, the actual 
cost not infrequently exceeds the price usually charged. 
It is therefore desirable that the pharmacist and his 
assistants should follow a systematic plan of pricing 
so that there is a positive assurance that the cost is coy- 
ered and a reasonable profit assured. 

Investigations into the prices received for prescrip- 
tions in the average drug store have clearly shown the 
need for the adoption of scientific business methods in 
deciding upon the price to be charged. Where the old- 
fashioned method has been followed of having a flat 
price for a two-ounce mixture, a fixed amount for a 
dozen pills, etc., it has been shown that often a pre- 
scription is dispensed at an actual loss and the depart- 
ment frequently is conducted without any profit. This 
policy is often indirectly responsible for failure to estab- 
lish a successful prescription pharmacy.. The fundamen- 
tal principles of business demand that to be success- 
ful the price charged must be sufficient to insure the 
use of the best ingredients and containers, the employ- 
ment of skilled assistants, the payment of all other costs 
and expenses, and the final making of a profit. 

Many pharmacists have found that the adoption of 
such a policy has given them the opportunity to impress 
the physicians and the public by the quality of their 
service and to increase their business instead of reduc- 
ing it. 

But how shall this selling price be determined so that 
it is sufficient and yet not excessive? It involves, first, 
the exact cost of ingredients used in the prescription; 
secondly the approximate cost of containers, labels, 
wrapping paper, etc.; thirdly, the labor and overhead 
cost, and lastly, the desired profit. 

The first of these factors is constantly changing and 
requires that the pharmacist frequently consult up-to- 
date price lists; he should not guess at prices but know 
the current market value, especially of drugs and chemi- 
cals. As ingredients are usually bought in compara- 
tively large quantities, and as there is a large percentage 
of waste and also loss from deterioration, it is customary 
to double the cost of materials in calculating the price 
of a prescription. 

The cost of containers should also be known exactly 
and this with the cost of labels, paper, etc., should next 
be added to the price. 

The actual time spent in compounding the prescrip- 
tion represents a definite cost and each prescription 
should carry its share of the general overhead expenses, 
such as rent, light, heat, insurance, etc., which make it 
possible to open the prescription department. Usually 
this is estimated, and the calculation for each prescrip- — 
tion is based upon the time required, at a fixed rate per 
hour, say $1.50 or $2.00. 

When the actual costs have been determined, the 
amount to be charged for profit may be given considera- 


THE PRESCRIPTION 


tion. Sometimes this is included in the amount added 
for time consumed and that is the simplest plan; again 
it may be a definite addition to the actual cost, say of 
10 to 20 per cent. 

A plan for prescription pricing which has proved 
very satisfactory, is known as the Evans rule. It is as 
follows: “Add a profit of 100 per cent to the actual 
costs of ingredients and container and then charge at 
the rate per hour decided upon in the particular store 
involved, for the actual time consumed in compound- 
ing. 

The general plan of pricing shown in Fig. 682 was 
originally suggested by the National Association of Re- 
tail Pharmacists, but has been somewhat modified 
to meet necessary changes. The pricing schedule 
adopted by the Veterans’ Administration is shown in 
Fig. 681. 


PRESCRIPTION SCHEDULE FOR VETERANS 
ADMINISTRATION PATIENTS 


(Average Price Includes Costs, Profit, Container Charge, and Professional 
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(If exact quantity called for is not listed, charge at rate of the average of 
the two nearest quantities given.) 


Fig. 681— Pricing schedule of the Veteran’s Administration. 


INSTRUCTIONS 


1. Above prices are average and subject modification whereto 
dose varies or where one or more ingredients are very expensive. 
In general, when the cost+ of the amount used of any ingredient? 
equals or exceeds one-fifth of the Schedule price add the cost of 
the amount used of such ingredient to the Schedule price. 

2. In every case where calculated price is an odd number, 
adjust price to the nearest number divisible by 5. If more than 
one calculation is required, adjust number after each calculation. 

3. For all proprietaries or other manufactured product in 
original manufacturer’s size or quantity charge cost’ plus 66 per 
cent, or prevailing over-counter price, if any, whichever is lower. 

4. For less than manufacturer’s size® of any liquid, solid, or 
powder Proprietary? charge Schedule price, or cost of quantity 
dispensed plus 75 per cent, whichever is higher. If in combina- 
tion, follow Schedule (or cost of quantity dispensed plus 75 per 
cent, whichever is higher) and Instruction 1. 

5. For less than manufacturer’s size® of any tablet, pill, cap- 
sule, etc., charge cost of quantity dispensed plus 150 per cent for 
all quantities up to and including one-fourth of manufacturer’s 
size; charge cost of quantity dispensed plus 100 per cent for all 
quantities up to and including one-half of manufacturer’s size; 
charge cost of quantity dispensed plus 75 per cent for all quanti- 
ties greater than one-half of manufacturer’s size. 

6. Minimum price for any prescription, 25 cents; for 18 or 
more doses, 35 cents; or 100 or more doses, 50 cents. 

1 “‘Cost’’ means wholesaler’s price. : f 
_ 2Tngredient’’ does not include vehicle. No increase in price should be 
made for cost of vehicle unless such cost equals or exceeds one-half of Sched- 
ule price. In such cases add one-half the cost of the amount (of vehicle) 
used to the Schedule price. lee es } : 

3 ‘Size.’ Where more than one size is listed base price on cost of size 
nearest to quantity dispensed. Stee 

-4 “Proprietary” includes all ‘‘Specialties,’ 
manufacturer's product, etc. : , 

5 Best quality and adapted to intended use of medicament, (e. g., dropper 
bottle, ophthalmic tube, etc.). 


Trademarked items, specific 
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In the above schedule it is suggested that not less 
than 10 cents be considered as the cost of ingredients 
in any prescription. If the actual cost of the ingredi- 
ents is less than 10 cents, it is unfair to the pharmacist 
to consider a lower figure. Medicinal ingredients are 
often subject to serious deterioration and it is reason- 
able to consider this figure as a minimum. 

The suggestion to double the market cost of ingredi- 
ents in pricing a prescription is justified by the fact that 
the prescription sale is in principle a retail sale. The 
cost of materials may be considered as the wholesale 
cost. Weighing and measuring small lots from any 
purchase always means waste and loss through deteri- 
oration, and therefore the justified doubling of cost. 

If the ingredients are very expensive the schedule 
calls for one and one-half times the cost. A criticism 
frequently made concerning a schedule of this character 
is the fact that it will not apply to all conditions. The 
answer is that such is not intended. 


AVERAGE PRESCRIPTION PRICES 


HOW TO CALCULATE PRICE: 


The price of the prescription is the compounding fee + the cost 
of the container + twice the cost of the material. (Exception: 
When the cost of the material is over $1.00, multiply the cost by 14% 
instead of 2.) 


COMPOUNDING FEES 


I. LIQUID PRESCRIPTIONS: Minimum total charge, 50 cents. 
All simple or compound mixtures, internal or external, dry or 
liquids and veterinary preparations are included in this table. 
Eye remedies, sprays for nose and throat, injections, etc., should 
be charged for as in the column: ‘‘Dose 3ii—-3i.”’ 


Gargle 
and 
Dose Dose Dose Dose Liniments 

Quantity 1-5 min. 10-25 min. 3ss-3i 3ii-di only 
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Il. DRY MIXTURES: Minimum total charge, 15 cents. These 
figures are compounding fees only. Pills, Powders, Capsules, 
Wafers, Etc. 


Number... 4 6: 8 10: 12. 15° 20- 24. 30°40 . 50 
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CONTAINERS: Pill and Powder Boxes 10 cents; Screw Cap Vials 
10 cents; Ointment Jars, 44 0z.-1 oz., 10 cents; 
Collapsible tubes and box 10 cents; Bottles, 8 oz. 
or less, 10 cents; Glass-stoppered Bottles, three 


times the price of plain bottles. 


Fig. 682—Pricing schedule of the National Association of Retail Druggists. 


Price Adjustment for Varying Conditions—This pric- 
ing schedule is only a suggestion and a principle and 
pharmacists should modify the prices if necessary to 
meet the needs of the store. Sometimes the price sug- 
gested here must be decreased, the price being too high, 
or perhaps it must be advanced if the neighborhood and 
the overhead expense demand a larger margin or gross 
profit. 

Arguments for a schedule are: 

1. Everyone in the store gives the same prices for a 
prescription. 
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2. The proprietor is assured a reasonable profit. 

3. A price is fixed which has been scientifically deter- 
mined and in which there can be confidence should it be 
questioned. 

Many other 
rules for pricing 
have been pub- 
lished but the 
one suggested 
has been found 
practicable and 
readily under- 
stood by every-: 
one and it is flexi- 
ble. 

The Finished 
Prescription— 
When a prescrip- 
tion is sent from 
a retail phar- 
macy, it carries 


TSP RS CR wee EG ON 


The pharmacist seems to overlook the fact that within 


twenty-four hours after the time he fills a prescription 
it is almost certain to be examined by the physician. 


The pharmacist 
frequently says 
that he cannot 
easily meet the 
physician to pro- 
mote his phar- 
maceutical serv- 
ice, but here is 
the opportunity. 
The prescription 
should carry, 
through its phy- 
sical appearance, 
such evidence of 
the ability and 
care of the phar- 
macist that it 
will create con- 


with it many in- fidence in his 
dications of the ability and in- 
skill or of the sure large re- 
lack of skill of the turns. 

pharmacist. It Every descrip- 
is difficult to ad- tion leaving the 
vertise a phar- store should, 
macy in the usual therefore, not 
way, but the pre- : Sk fa only be correctly 
scriptions sent Fig. 683—Typical filled prescriptions. andskilfullycom- 


out tell much of 

the training of the pharmacist and of his ideals. It 
is possible to speak of and demonstrate the dispensing 
equipment but one of the most potent factors in the 
advertisement of the dispensing pharmacy is the 
finished prescription as received by the patient. 


pounded but the 
physical appearance of the prescription should indicate 
the pride and care which the pharmacist has taken in his 
professional work. Fig. 683 is an illustration of finished 
prescriptions of several types, all indicative of the care 
which has been devoted to the respective prescriptions. 


EXTEMPORANEOUS PRESCRIPTION COMPOUNDING 


Liquid Prescriptions 


Official liquid and solid preparations have already 
been considered in detail in Part III, therefore this 
section will be confined to extemporaneous compounding. 
It will soon be realized by the student that this branch 
of practical pharmacy involves some of the most intri- 
cate questions of physical and chemical science. The 
knowledge which he has heretofore acquired of the 
solubilities of solids in various solvents, simple and 
compound, the miscibility of liquids with one another, 
chemical decomposition, reactions between acid and 
alkaline salts, precipitation through single and double 
decomposition, etc., will often be of great service. This, 
coupled with practical experience, and with the exercise 
of ingenuity, must be depended upon to meet the per- 
plexing questions which continually arise at the pre- 
scription counter and in the preparation of other medici- 
nal products. 

It is also important that the pharmacist possess a 
broad knowledge of the therapeutics of drugs and 
chemicals, lest the addition of some apparently inert 
substance, intended to improve the preparation phar- 
maceutically, be injurious therapeutically. 

The subject of incompatibility must be thoroughly 
comprehended and, inasmuch as it occurs in solid 
preparations as well as liquids and is of far-reaching 
importance, it has been considered at length and under 
a separate head. See Incompatibility (page 1169). 

Extemporaneous liquid preparations may be classi- 
fied as follows: 1. Solutions, by which are meant liquid 


preparations containing dissolved solid substances. 
2. Mixtures, liquids in which the solution is but par- 
tial, insoluble particles being held in suspension. 3. 
Emulsions, preparations containing oily or resinous 
substances mixed with water, through the medium of 
an emulsifying agent, to form homogeneous liquids. 
The latter are considered in a separate Chapter. See 
Emulsification (page 174). 


SOLUTIONS 


Use of Heat in Compounding Extemporaneous Solu- 
tions—As a general rule, it is not advantageous to aid 
the solution of a solid by heating it in contact with the 
solvent, except where the quantity of liquid is known to 
be in excess of what is required to form a solution, and 
such a liquid should never be dispensed until it has 
become cool. If the solid is crystalline, the excess will 
surely separate in crystals when the liquid cools, and 
the patient will become uneasy and suspicious, fearing 
lest some mistake has occurred. It frequently happens 
that more of a solid has been prescribed than can be 
dissolved in the amount of liquid desired. It is entirely 
too much to expect that every practitioner should carry 
in his mind the exact solubilities of all of the solids that 
he prescribes in the respective liquids in which he may 
wish to dissolve them. This gives the pharmacist an- 
other opportunity to use his knowledge and justment. 

Filtration—The problem when to filter is oftentimes 
perplexing, although one simple rule should govern the 
practice: A solution may be filtered and dispensed as a 
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transparent liquid when the removal of the excess does not 
interfere with the medicinal properties and action of the 
medicine, nor conflict with the obvious intention of the 
prescriber. 

Solutions of potassium chlorate, to be used as gargles, 
are good illustrations: 


R Pot. Chloras 3 iv 
Tr. Ferr. Chlor. {3 vi 
Glycerin. £3 iss 
Aq. Dest. q.s. ad £3 vi 
Misce. 


Sig.—Use as a gargle. 


The quantity of salt is about double the amount 
necessary, and, as the solution is intended as a gargle 
to inflamed surfaces, the undissolved particles of potas- 
sium chlorate would probably act as irritants. They 
can be of no use in the solution if it is to be used directly 
as a gargle, and in this case filtration is admissible. On 
the other hand, if the physician has directed its dilution 
with water before gargling, the potassium chlorate 
might dissolve. It is necessary to ascertain the intent 
of the doctor before acting in such a case. 

The following prescription should not be filtered. In 
such instances the pharmacist is compelled to rely upon 
his judgment and knowledge of the therapeutic action 
and properties of the ingredients: 


R Pulveris Cretze Compositi 15 


Bismuthi Subnitratis 12 
Spiritus Chloroformi 8 
Tincture Opii Camphoratz 15 
Aquze Cinnamomi q.s. ad 90 


Sig.—Tablespoonful every 2 to 4 hours. 


This prescription was written for the treatment of 
bacillary dysentery. The bismuth, because of its 
heaviness as well as its insolubility, coats the mucous 
membrane and protects it from further irritation. The 
chalk neutralizes excessive acidity and likewise pro- 
tects irritated surfaces. It should be dispensed as a 
“mixture”? and with a ‘‘shake well’ label. 

Prescriptions containing chemicals in solution should 
be free from minute particles of foreign matter so often 
present in powdered chemicals. This is particularly 
necessary when the liquid is intended as an eye wash 
or as eye drops. 

A solution which is viscid, such as one containing 
syrup, can best be freed from foreign particles by pass- 
ing it through a strainer. The two-piece hard rubber 
funnel shown on page 190 (Fig. 272) is well adapted for 
this purpose. A square of material cut from a 2-inch 
roll of gauze bandage, which has been kept for that pur- 
pose, offers a clean and convenient strainer. 

If the liquid will readily pass through cotton, a small 
pledget of long-fibered absorbent cotton, placed in the 
throat of a funnel, will insure a more brilliantly clear 
solution than if the ordinary filter paper is used. It is 
difficult to free a liquid from filaments from a filter 
paper. It is usually necessary to return the liquid 
through the cotton several times, but this is quickly 
accomplished and even eye solutions can usually be 
satisfactorily clarified by this method. 

The sintered disk Biichner funnel described on page 
198 (Fig. 317) is also recommended, especially for the 
preparation of solutions for application to the eye as it 
eliminates all fibers from the solution such as might 
come from other filters. 

Aids in Effecting Solution—The use of solvents which 
are not directed in the prescription, for the purpose of 
effecting the complete solution of the ingredients, re- 
quires probably the greatest amount of good judgment. 
The practice is one which is liable to great abuse, and 
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a strict rule should be enforced that no addition is ad- 
missible under any circumstances except one which is 
absolutely demanded by necessity and which will in 
nowise impair the therapeutic effect. The prescriber 
should have reason to place implicit reliance upon the 
compounder and feel satisfied that the patient has re- 
ceived exactly what was ordered. A good illustration 
of a case requiring an addition is as follows: 


R Phenol. Liq. £35 i 
Aque q.s. ad {5 i 
M. ft. sol. 


Sig.—Solution of Carbolic Acid. Use with a 
camel’s hair brush. 


Phenol or carbolic acid is not soluble in water in the 
proportions named, only about 1 part dissolving in 15 
parts of water. One pharmacist dispensed the prescrip- 
tion just as it was written, with the excess of phenol in 
the bottom of the bottle. The patient inserted the 
camel’s hair brush and permitted it to remain in the 
bottle, so that it reached the bottom and became satu- 
rated with the undissolved phenol. The application 
produced severe pain and alleged serious injury and be- 
came the ground for a civil suit for damages against the 
pharmacist, brought by the patient. If the pharmacist 
had added a small quantity of glycerin, all difficulty 
would have been avoided, and he could then have dis- 
pensed a perfect solution. It is hardly necessary to say 
that the physician should not have omitted prescribing 
the glycerin; but, as he failed to do so, it was the duty 
of a careful pharmacist to inform him of the facts, or, 
failing to find him, to supply the deficiency and subse- 
quently notify him of-the addition. In this instance, 
as in every prescription in which the pharmacist modi- 
fies the original to improve its physical appearance or 
permanency, the change should be noted upon the 
prescription so that should it be renewed the products 
will always be identical. No alteration should be made 
in a prescription unless the pharmacist is certain that 
the therapeutic qualities remain unchanged and even 
then the proposal should be discussed with the physi- 
cian before making any serious modification. 

Order of Mixing—The order to be followed in mixing 
the ingredients is frequently very important, and many 
prescriptions which at first sight appear to contain 
incompatibles will be easily compounded by observing’ 
the proper order in mixing. As has been shown, pre- 
cipitation’ frequently takes place when one liquid or 
solution “is added to another, and this annoyance is 
much more liable to occur when concentrated solutions 
are brought together. Hence the dilution of the solu- 
tion is recommended as one method of avoiding precipi- 
tation. An illustration is afforded in the following: 


R Liq. Ammon. Acet. {3 iv 
Acidi Acetici {Zi 
Tr. Ferr. Chlor. {3 ss 
Glycerini {3 ss 
Muceil. Acac. ad. £3 viii 

M ft. sol. 


Sig.—A teaspoonful every three hours. 


If the tincture of ferric chloride is mixed with the ace- 
tic acid and glycerin and then added to the solution of 
ammonium acetate, and this solution mixed with the 
mucilage of acacia, no gelatinization will occur; but if 
the tincture of ferric chloride is first added to the muci- 
lage, undiluted, a gelatinous precipitate will form, and 
although the subsequent addition of the other ingredi- 
ents will, in time, dissolve the precipitate, this time 
could be saved by following the proper order. et 

The following rule should be insisted upon: When- 
ever a difference in the appearance of a liquid is produced 
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by a variation in the order of mixing, a memorandum 
noting the order should be made upon the prescription at 
the time it is compounded, so that in case of renewal the 
same order may be followed. 


MIXTURES 

Mixtures, properly speaking, are aqueous prepara- 
tions intended for internal administration, and contain 
some insoluble substances, frequently with viscid or 
sweet liquids to aid in suspending them. The official 
mixtures have been already noticed (page 239). The 
term mixture, however, is often indiscriminately applied 
in extemporaneous pharmacy and in prescriptions to 
aqueous solutions of all kinds. 

The chalk prescription on page 1161 is typical of the 
mixture type of product for extemporaneous prepara- 
tion. It is very important that substances such as the 
compound chalk powder and the bismuth be finely 
powdered in a mortar and then made into a paste with 
one of the liquid ingredients. If this paste is made 
perfectly smooth by trituration and then diluted gradu- 
ally with the rest of the liquid, a superior product with 
less separation will result than would be the case if the 
powders were simply placed in a bottle and the liquids 
added. It is very important that this procedure be fol- 
lowed also in the case of lotions which contain insoluble 
substances, such as zine oxide, calamine, etc. A lotion 
so prepared will present greater covering qualities and 
will not be so likely to irritate an already inflamed area. 


Dispensing Liquids 


Prescription Bottles—The size and shape of the bot- 
tles used in dispensing liquids are largely matters of 
individual taste. Figs. 684 and 685 show two styles of 


the prescription bottles of the Armstrong Cork Com- 
pany, the successors to Whitall Tatum and Company, 
and Fig. 688 illustrates containers of the Owens-Illinois 
Glass Company. The molded black caps make very 


Fig. 684—‘‘Phenix”’ prescription bottles with ‘‘pour-out” lip, made by 
Armstrong Cork Co. 


attractive containers. Some of this style bottles are 
made with a special lip which prevents the liquid from 
running down the side of. the bottle when pouring. 
However, some pharmacists still use the old-fashioned 
prescription bottles which require cork stoppers. These 
prescription bottles are also available with graduations, 
but a graduated bottle does not lead to accuracy and 
should not be employed by conscientious pharmacists. 

In Fig. 686. is illustrated a type of prescription 
bottle now available in which the name in various colors 
is burned into the glass. 

One of the notable improvements in the supply of 
prescription bottles adopted by the large manufacturers 
is the packing of bottles, which have been thoroughly 
washed and dried, in pasteboard cartons, containing 
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from a few dozen to a gross each, depending upon the 
size of the bottle. Bottles which have been washed, 
sterilized, and stoppered are also available in individual 
cartons. These not only offer the advantage of being 


Fig. 686—Prescrip- 
tion bottles with 
name of pharmacy. 


Fig. 685—‘“'Practical”’ 
prescription bottle. 
687—Poison 

bottle. 


ready for use at all times but the carton makes it pos-. 
sible to wrap the bottle with ease. 

Amber Bottles—Amber bottles are used for certain 
preparations which need protection from the actinic 
rays of light. The U.S. P. specifies standards for con- 
tainers which are to provide adequate protection from 
light, see page 1052. 

Wide-mouth Bottles—It will often be found necessary 
to provide wide-mouth bottles for thick liquids which 
would be difficult to pour from the ordinary prescription 
bottles. 

Blue Bottles—These are used by many pharmacists — 
for liniments and poisons. For poisons the bottle is 
studded at regular intervals with pyramidal points, as 
is indicated in Fig. 687. The sharp edges attract atten- 
tion through their peculiar shape and color, and thus 
prevent errors; the points render them easily dis- 
tinguishable from ordinary bottles by the sense of 
touch, so that the patient can recognize a poisonous 
liquid in the dark. | 

Glass-Stoppered Bottles—For some prescriptions it 
is desirable to use glass-stoppered bottles. These 
should be available at every prescription counter. 
Special screw-cap closures which are capable of resist- - 
ing the action of corrosive liquids are also available. 

Dropper Bottles—These are very frequently used in 
the busy prescription store. They serve as convenient | 
containers in which to dispense such preparations, as 
solution of potassium arsenite, saturated solution of 
potassium iodide, nux vomica tincture, and other medi- 
cines which are prescribed in drop doses. They are also 
used for nasal drops and for dispensing eye drops. 

Figs. 689 and 690 illustrate several forms of dropper 
bottles. In addition there is available a package in 
which the bottle is contained in one section while a 
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separate dropper is suspended through a partition be- 
side it. The bottles illustrated in Fig. 690. are prefer- 
able to the one shown in Fig. 689. In the former the 
dropper and its bulb are firmly attached to a solid cap, 


EMERALD GREEN CONTAINERS 
FOR DRY PRESCRIPTIONS 


For tablets, capsules, powders, salts. 
Eight sizes, from 1% fl. oz. to 16 fl. oz. 


EMERALD GREEN POWDER JARS 


Five sizes, from 2 fl. oz. to 16 fl. oz. 


ated or plain. 


TINCTURE OF IODINE—APPLICATOR 
BOTTLES 


With molded cap or rubber stoppers. Three sizes, 
from % fl. oz. to 1 fl. oz. 


FLINT OVALS 


For liquid prescriptions. Ten sizes, 
from ¥% fl. oz. to 32 fl. oz., gradu- 
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should come in contact with the inside of the neck of the 
bottle, it is often difficult to make the stopper stay in 
place. Likewise, if the bulb is compressed it will fill 
with the liquid and if the preparation is of an oily nature 


EMERALD GREEN VIALS 


For capsules and tablets. Five sizes, 
from 2 to 12 drachms. 


EMERALD GREEN OINTMENT 
JARS 


Seven sizes, from ¥% apoth. oz. to 16 
apoth. oz. 


EMERALD GREEN DROPPER 
BOTTLES 


DeLuxe type (with bee-hive nipple) 
and Regular type; both oil-resistant. 
Four sizes: ¥% fl. oz. to 2 fl. oz. 


Fig. 688—Prescription bottles and containers of the Owens-Illinois Glass Company. 


making it possible to screw the cap in position or re- 
move it without touching the bulb. In Fig. 689, on the 
other hand, difficulty is often experienced in inserting 
and removing the one-piece bulb-stopper. If the liquid 


r 


the bulb will soon deteriorate. When an oily liquid is 
dispensed in a dropper bottle, a word of warning should 
be given not to allow the oily liquid to come in contact 
with the rubber bulb, either through inverting ‘the 
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dropper or drawing too much liquid into it. In Fig. 
690 there are also illustrated various styles of droppers, 
plain tip, ball tip, blunt tip, and curved tip. The ball tip 
is particularly well suited for eye drops and the curved 


“ oT Ay 
Fig. 689—Bottle 
with dropper. 


Fig. 690—Dropper bottles. 


tip is often found convenient for this form of medication 
also. The blunt tip is commonly used for nasal liquids. 
The U.S. Pharmacopeceia XIII has established specifica- 
tions for an official medicine dropper, made to deliver 20 
drops of distilled water, weighing 1 Gm. at a temperature 
of 15° C. This medicine dropper should 
be used for preparations like digitalis tinc- 
ture and Fowler’s solution where accurate 
dosage is desirable. See Fig. 691. 
Applicator Bottles—Another form of 


to the rubber stopper, is widely used for 
substances to be applied to a wound or 
skin surface. Antiseptic iodine tincture 
(2 per cent), corn removers and similar 
products are commonly sold in such ap- 
plicator bottles. Sometimes a small brush 
is attached to the stopper instead of a 
rod, and enclosed within the bottle. See 
Fig. 692. 

Corks—Although now generally re- 
placed by screw-top closures, corks and 
rubber stoppers are indispensable for 
stoppering the older type of bottles. They 
should be selected with great care. There 
is a wide difference in price between the 
best quality and the common grades, but 
it is true economy to use only the best. 
Short corks, which when inserted tightly, 
so as to secure the contents from leakage, 
do not project above the lip sufficiently to 
furnish a good grasp for the fingers, should 
never be used for prescription bottles. 
Brittle, hard, or dry corks, which break 
off when the attempt is made to remove 
them, are an especial annoyance. To avoid this, corks 
should not be kept in a warm, dry place, but if very dry, 
they should be moistened by dipping them in water for 
an instant, and then they should be well pressed. 

Fig. 693 shows a cork press which was largely used 
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Fig. 691—Offi- 
cial medicine 
dropper. 


bottle, having a small glass rod attached 
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when all bottles were cork stoppered. The process of 
pressing the cork is such that the cork is rolled while the 
pressure is gradually increased. This results in effec- 


Fig. 692—Applicator bottle. 


tually pressing the cork and there is little likelihood 
of breaking or cracking its surface. 

Gummed Cork Tops—A finish, long used on corks, 
when these are used in prescription bottle, was known 
as the “gummed cork top.” These tops were circular in 
form, made of paper, and the name of the pharmacist, or 


Fig. 694—Bot- 
tle cap. 


Fig. 695—Capping bottles. 


his monogram, was generally printed upon them in colors. 
These tops largely supplanted the sealing wax finish at 
one time used by leading pharmacists. With the almost 
universal use of screw-top closures these refinements in 
the finish of a prescription bottle have almost disap- 
peared. The makers of screw-top closures do supply 
a red-colored top for use on bottles containing poisons. 

Capping Bottles—The almost universal practice of a 
few years ago of capping the cork in a prescription 
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bottle with paper or other material was most commend- 
able. It gave a feeling of security to the patient that 


Fig. 696—Tying the cap. 


the contents of the bottle had not been tampered with 
after being dispensed and also gave the finished pre- 
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scription a good appearance. Ready-made bottle 
caps (Fig. 694) were largely employed. These consist of 
fluted paper caps of various sizes, which were used by 
adjusting the proper sized cap to the corked bottle and 
tying it on. An equally neat effect may be secured, with 
a little practice, by capping a bottle with a piece of 
paper, as shown in Figs. 695 and 696. The paper which 
must be of light weight and tough, as ‘“‘parchment”’ or 
“bond” quality, is held in the center upon the cork by 
the forefinger of the left hand, while the flutes are made 
by “‘plaiting’”’ them in with the forefinger and thumb of 
the right hand. It is then secured by tying with twine, 
a bow with short ends being preferred. After tying, 
the ‘‘excess’”’ of paper is trimmed off by using scissors 
with sharp points or it may be turned up and trimmed 
off in such a manner that a ruffled effect is produced. 


TYPICAL EXTEMPORANEOUS PRESCRIPTIONS 


In this section representative prescriptions, taken 
from the files of many pharmacies, have been repro- 
duced to furnish the student with genuine material for 
developing his skill in compounding. Before attempt- 
ing the dispensing of the following prescriptions, the 
student should be thoroughly familiar with the theory 
presented in Parts II and III of the text, and also in 
the chapter on ‘‘Incompatibility.”’ 


Cachet Prescription 


R Acid. Acetylsal. M. ft. cachet no. i 


Quin. Sulf. 4a gr. iii Mitte no. xv 
Caff. er. li Sig.—One t.i.d. 
Puly. Ipecac. et Opii gr. Iv 


Capsule Prescriptions 


R Ext. Pituitar. 5| 0 R Cret. Prep. 
Cupri. Carb. 0) 044 Sod. Bicarb. ; 
Ferr. Reduct. 10 Zingib. Pulv. aa gr. XXiv 


R Hydrarg. Chlorid.Mit. gr. iss R_ Betanaph. gr. xl 
Sod. Bicarb. Sod. Bicarb. 3 iv 
Phenyl. Salicyl. Ext. Hyosce. gr. li 
Accuphen. aa gr, Xxx Ext. Cannab. gr. i 

xt. Bellad. ar. 14 M. ft. cap. no. xx 
Phenolphthal. EasGienss Sig.—Take as directed. 
M. ft. cap. no. xii 
Sig.—One every two hours with R  Guaiacol. Carb. 5 i 
waiter, Sod. Bicarb. 3 iv 
M. ft. cap. no. xxx 

My terse alee ee \% Sig.—One every four hours. 

M. ft. cap. no. 1. Mitte tales no, xx ; ase 

Sig.—One capsule after each meal R eres Nitrat. 20 Bh 

San a IRMAIS sah ier. xt. Nuc. Vom. gr. ivss 
Sacch. Lact. 5 iss 


M ft. cap. no. xxiv 
Sig.—One capsule after meals. 


R Phenyl. Salicyl. 3i 
Quin. Sulf. gr. xl 
Ext. Case. Sagr. gr. XV 

M. ft. cap. no. xii 

Sig.—One, morning and afternoon. 


R Ammon. Chlorid. 3 iv 


Div. in enteric coated capsules 
no. xxiv : 
Sig.—Two capsules four times a day. 


RK Phenobarb. gr. XV 
Puly. Digit. gr. vi 
Cale. Glucon. 3 ili 


M. ft. cap. no, xxx 
Sig.—One capsule three times a day 
after meals. 


R Quin. Hydrochlor. gr. ss 
Camph. gr. ss 
Acid. Acetylsal. gr. ii 

M. ft. cap. no.i 

Mitte tales no. xvili 

Sig.—One every three hours. 

R Ext. Nuc. Vom. er. ill 
Phenyl. Salicyl. gr. Xxiv 
Ext. Casc. Sagr. gr. iv 
Acetphen. 531i 
Phenobarb. er. V 

- Sod. Bicarb. 5 iss 

M. ft. cap. no. xx 

Sig.—One after meals. 

R Acetphen. gr. XXX_ 
Quin. Salicyl. gr, Xvili 
Acid. Acetylsal. 5i 


M. ft. cap. no. xii ; 
Sig.—One capsule four times a day. 


R Sod, Salicyl. 
Sod. Bromid. 
Sod. Bicarb. : 
Acetanil, 4a 3 i 
M. ft. caps. no. xxiv 
Sig.—One capsule every 3 hours. 


_ & Arsen. Trioxid, gr. iss 
R Ext. Thyroid gr. xii 
Ext. Valer. . 
Ext. Gentian, aa i 


M. ft. caps. no. lx 3 
Sig.—One capsule three times a day 
after meals, 


M. ft. caps. no. xii 
Sig.—One every three hours. 


R Asafeet. Bi 
Sod. Bicarb. 
Pancreat. aa 5 il 


M. ft. cap. no. xlviii 
Sig.—A capsule with water one hour 
after meals. 


R Arg. Nitrat. gr. iv 
Ext. Hyose. gr. Vv 
Chlorobut. ere 
Pepsin. gr. c 
Bism. Subnit, gr. Xv 


M. ft. cap. no. xx 
Sig.—One capsule before meals. 


KR Phenobarb. gr. Vv 
Pepsin gr. xx 
Arg. Nitrat. gr. ili 
Strych. Sulf. gr. ss 
Sod. Bicarb. 5 il 


M., ft. cap. no. xxiv 
Sig.—One three times a day one-half 
hour after meals. 


R  Phenobarb. gr. vili 
Carbo. Activat. Bi 
Pancreat. 5 iss 

M. ft. cap. no. xxiv 

Sig.—One three times a day. 

R Mag. Carb. 5 iii 
Sod. Bicarb. 5 iv 
Carbo, Activat, 5 i 
Bism. Subcarb. 3 ii 
Ol. Menth. Pip. ett. ii 


M. ft. cap. no. xxiv > 
Sig.—One three times a day one-half 
hour after meals. 


R Ext. Nuc. Vom. gr. iv 
Pulv. Digit. gr. Xvii 
Glyceryl. Trinitrat. gr. 
Phenyl. Salicyl. gr. Xv 
Pulv. Rhei gr. xl 
Sod. Bicarb. 3 iss 


M. ft. cap. no. xx 
Sig.—One after meals. 


R Sod. Nitrit. 


M. ft. cap. no. xx 
Sig.—One a.m. and p.m. 


gr. xl 


. 


R Strych. Sulf, gr. 3% M. ft. cap. no. xviii ' 
Methenam. 3 ss Sig.—One before each meal as di- 
Terpin. Hyd. 3 ss rected. 

M. et diy. in cap. no. xxx : ! 

Sig.—One every two hours. R Ol. Ricin. min. X 

Ft. cap. no. i 

R Res. Podoph. gr. 740 Mitte tales no. XXX 
Phenyl. Salicyl. gr. liss Sig.—Two as required. 

Sod. Salicyl, gr. lss - 

M. ft. cap. no. i Mitte tales no. xxx E - Wi 1 

Sig.—One every four (4) hours, y ane ae a 

B ostcyeh. Gulf nae < sie Gentian. gr. i 
Aloin. ger. ly Ame bee aa a 
Ext. Bellad. gr. i SAO) watkishs 
Puly. Rhei 514 
Puly. Digit. 3 ss QR Acetphen. 3 ss 

aes SBR eae Dasayl eae eed 

Sig.—One t.i.d. Ext. Hyosce. gr. iv 

R nA ed er. 60 M. ft. cap. noexx 

uin, Salicyl. gr. ss Ae f ti daily. 
Oleores, Piper. eee Sig.—One four times daily, 

SH TOD eho 20 Cinchophen. 51 
Arsen. Trioxid. gr. }40 5 Sod. Bicarb. 3 iss 


M. ft. cap. no. xx 
Sig.—One capsule every three hours. 
R  Creosot. Carb. 51 


M. ft. cap. no. xx 
Sig.—One every three hours. 


R Carbo. Activat. 51 
Pancreat. 5 iiss 
Ext. Case. Sagr. er. x 
Ext. Bellad. gr. ss 
Sod. Bicarb. 5 ii 


M. ft. cap. no. xx 
Sig.—One t.i.d.—p.c. 


M. ft. cap. no. xii 
Sig.—A capsule every two hours. 


R Sod. Salicyl. , 

Sod. Bicarb, 4a 3 iss 
M. ft, cap. no. xii—Enteric coated. 
Place in larger capsule for protection. 
Sig.—One as directed. 


R Methenam. i 
Phenyl. Salicyl. 4a 5 il 


M. ft. cap, no. xxiv 
Sig.—One t.i.d. 


Eye Prescriptions 


R Zine. Sulf. gr. i 
Acid. Borie. gr. XV 
Aq. Dest. q.s. {3 ii 

M. ft. collyr. 


Sig.—Three drops in left eye three 
times a day. 


R Holocain. gr. il 
Ac. Boric. gr. xx 
Aq. Dest. q.s. {5 iv 

M. ft. collyr. 

Sig.—Use as eye wash. 

R Zine. Sulf. gr. ii 
Acid. Boric. Sat. Sol. {Hi 
Aq. Dest. q.s. £3 ii 

M. ft. collyr. 

Sig.—Eye drops—Use freely. 

R Eserin. (alkaloid) gr. iss 
Ol. Ricin. q.s. £3 iv 


Sig.—Two drops in each eye every 
night. 


R Atrop. Sulf. (aus 3! 
Aq. Dest. £3 ii 
M. ft. sol. 


Sig.—Eye drops—Poison—One (1) 
drop in each eye three times a day. 


R Physostig. Salicyl. gr. léo 
Acid. Boric, gr. xX 
Aq. Dest. {5 i 


M. 
Sig.—One or two drops in each eye 
twice a day. 


R Pot. Iodid. gr. iv 
Aq. Dest. £3 i 
M. ft. sol. 


Sig.—One drop in each eye t.i.d. 
R Aq. Hamam. 


Aq. Sambuc, {Zi 
Bae Sol. Acid. Boric. q.s. 
a 


M. 
Sig.—Bathe eyes freely. 
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R Art. Prot. Mit. (10 per ; 
cent sol.) Bi 

M. : 

Sig.—One drop in each eye q.i.d. 

R Physostig. Sulf. raga 
Pilocarpin. Hydrochlor. er. il 
Aq. Dest. q.s. {5 i 


M. ft. sol. : 
Sig.—One drop in each eye q.i.d. 


R Arg. Nit. q.s. (1 per cent) 


Aq. Dest. {3% ss 
M. ft. sol, . 
Sig.—One drop in each eye at night. 

Acid. Boric. gr. XXX 

Sod. Chlorid. 

Zinc. Phenolsulf. aa er. i 

Aq. Menth. Pip. £3 ii, 

Aq. Dest. q.s. £3 iii 


M. 
Sig.—Use as eye wash twice a day. 


THGE Pei ES Calera O EN 


R_ Acid. Boric. 3 ss 
Aq. Camph. 

Aq. Dest. 4a q.s. £3 iii 

M. ft. collyr. 

Sig.—Use freely in eyes. 

R Sod. Chlorid. gr. ili 
Zinc. Sulf. gr. li 
Acid. Boric. 3 ss 
Aq. Dest. q.s. £3 iii 


Sig. —Ten drops in left eye every 
three hours. 


R Eserin. Salicyl. er. 46 
Aq. Dest. min, xxx 

M. 

Sig.—gtt.i in each eye every hour. 

R  Pilocarpin. gr. go 
Zine. Phenolsulf. gr. iss 
Acid. Boric. gr. Xx 
Aq. Camph. £3 ii 
Aq. Ros. q.s. ad £3 ii 


M. ft. collyr. 
Sig.—Use in each eye with eye cup 
t.id. . 


Miscellaneous Liquid Prescriptions 


ROL. Oliv. £3 vi 
Mag. Sulf. 3 iv 
Glycerin. £3 ii 
Ol. Tereb. min. xx 
Aq. Dest. q.s. {3 iv 

M. ft. enema. 

Sig.—Use as directed. 

R Phenobarb. Sol. gr. XXX 
Tr. Stramon. £3 vi 
Tr. Hyosce. £5 ii 
Sod. Bromid. 5 ii 
Aq. Menth. Pip. q.s. {3% ii 

M. ft. sol. 

Sig.—f3 i t.id. 

R Sod. Salicyl. 

Sod. Bicarb. aa 3 vi 
Inf. Gentianz Co. £3 vi 

M. ft. sol. 

Sig.—f3 ii in water t.i.d. 

R Benzyl. Benz. 10 
Methyl. Salicyl. 8 
Trag. 1) 5 
Aq. Dest. q.s. 50 

M. ft. emuls. 

Sig.—f3 i t.i.d. 

R Resorcin. 4 
Mag. Oxid. 6 
Bism. Subnit. 12 
Tr. Cardam, Co. 40 
Aq. Dest. q.s. ad 200 

M. ft. mist. 

Sig.—f3 iv in water every four hours. 

R Tr. Bellad. £3 ili 
Tr. Nuc. Vom. {3 iv 
Tr. Cardam. Co. q.s. £3 iii 

M. ft. sol. 

Sig.—f3 iin water t.i.d. before meals. 

R Pot. Chlorat. Zi 
Tr. Ferr. Chlorid. {5 iv 
Glycerin. £3, iv 
Aq. Dest. a.s. £5 vi 

M. 

Sig.—Use as a gargle. 

R Ol. Ricin. £3 i 
Ol. Cinnam. ett. x 
Acac. q.s. 

Aa. Dest. q.s. £3 iv 

M. ft. Emuls. 

Sig.—f3 i after meals. 

R Menthol. 

Camph. aa gr. li 
Epineph. Hydrochlor. 
(in oil) fH i 
Ol. Oliv. q.s. ad {3 ss 
M. ft. sol. 


Sig.—gtt. iii in each nostril every 
three hours. 


R oder Sulf. gr. ii 
hlorof. £3 ii 
ieee Chlorid. 5 ii 
Mist. Opii et Glycyrrh. 
Comp. q.s. £3 iii 
M. ft. mist. 
Sig.—f3 i t.id. 
R Camph.. 
Menthol. aa gr. i 
Ol. Pin. Pumil. 
Ol. Euealypt. aa min. XXX 
Ol. Cinna. min, ii 
Petrolat. Liq. q. s. ad £3 ii 


M. ft. sol. : 
Sig.—Spray nose and throat as di- 
rected. 


RK Sod. Salicyl. 3 ili 
Sod. Bicarb. 5 i 
Sod. Cit. 3 iv 
Elix. Digest. Comp. : 

q.s. ad £3 iv 

M. ft. sol. 

Sig.—f3 i t.i.d. 

R Sp. Glyceryl. 

Trinitrat. min. xx 
Sod. Bromid. gr. XXX 
Elix. Phenobarb. q.-s. {3 iv 

M. ft. sol. 2 

Sig.—f3 i in water t.i.d. as directed. 

R Emuls. Asafcet. £3, iv 
Ol. Tereb. £5 i 
Glycerin. £4 i 
Aque q.s. ad Oi 

M. 

Sig.—Use as an enema as directed. 

R Pot. Chlorat. Zi 
Phenol. Ai 
Aq. Menth. Pip. q.s. £3 vi 

M. ft. sol. 

Sig.—f3 i every 3 hours. 

R Sod. Salicyl. 3 ii 
Sod. Cit. 3 ii 
Tr, Digit. £3 il 
Elix. Digest. Co. £3 ili 

M. ft. sol. 

Sig.—f} i t.i.d. p.c. 

R_  Codein. Phos. gr. iil 

t. Cit. 51 
Elix, Terpin, Hyd. q.s. {3 iv 
M. ft. sol. 


Sig.—f} iin a very little water every 
three hours. 


RY Pot. Cit, 5 iti 
Tr. Opii Camph. £3 ii 
Sod. Bromid. kat 
Elix. Adjuvans q.s. £3 iii 

M. ft. sol. 

Sig.—f3 i t.id. 

R_ Ac. Hydrochlor. Dil. {3 iss 
Tr. Gentian Co. q.s.ad f3 iv 

M. ft. sol. 

Sig.—f3 ii t.i.d.—a.e. 

R Tr. Bellad. Ri 
Pot. Cit. 3 ii 
Succus Limonis £5 iliss 
Syrupus q.s. {3 ili 

M. ft. sol. 

Sig.—33 i t.i.d. 

R Ol. Santal. {3 ii 


Sig.—Three drops on sugar every 
three hours. 


R Syr. Scill. 


Syr. Seneg. aa £3 iii 
Ammon. Carb. gr. x 
Ol. Morrh. {3 iv 
Syr. Prun. Virg. £5 i 
Acac. q.s. 

Syr. Pic. Pin. q.sr £3 iii 


M. 
Sig.—f3 i in water every three hours. 


Lotion Prescriptions 


R Phenol. min. xl 
Zine Oxid. 5 iil 
Glycerin. £3 iv 
Aq. Hamam. £5 ii 
Liq. Cale. Hydrox. £5 vi 

M. 

Sig.—Apply locally. 

R Methyl. Salicyl. : 
Guaiacol. aa £3 iss, 
Ol. Oliv. q.s. £3 viii 

M: 

Sig.—Locally. 

R Phenol. 215 
Liq. Carb. Deterg. 2 
Lot. Calam. 125 
Ol. Oliv. q.s. 250 

M. 

Sig.—Apply to skin. 

R_ Bism. Subnit. 3 ili 
Calam. 5 iv 
Phenol. 5 8s. 
Liq. Cale. Hydrox. q.s. {3 viii 


M. 
Sig.—Dab on skin of right arm. 


R Resorcin, 5 iss 
Acid. Boric. 3 iss 
Trag, 3 ss 
Calam. 3 il 
Liq. Cale. Hydrox. £3 vi 

M. 

Sig.—Apply to sore area. 

R Sp. Camph. 3 iil 
Sulfur. Sublim. % iii 
Trag. Bi 
Aq. Dest. q.s. {3 iv 

M. 

Sig—Shake well—Apply as di- 

rected. 

R Phenol. on 
Thymol er. xvi 
Liq. Pot. £3 i 
Glycer. Boroglyc. £5 ili 
Sp. Camph. £3 iv 
Aq. Hamam. q.s. Oi 

M. 

Sig.—Dab on freely. 

R Xylol. 

AMther. 
Alcohol, aa 30 

M. 

Sig.—Apply as directed, 

R Menthol. fags 26,8 

j Resorcin. 
Acid. Boric. 44 gr. xl 
Amyli 5 
Aq. Camph. q.-s. £5 iv 

M. 

Sig.—Apply locally, 

R Zine. Sulf. 4 
(Sol. in Aq. Ros.) 60 
Pot. Sulfurat. 4 
(Sol. in aq.) 60 
Misce. et adde 
Sulfur. Prac. 5 
Calamin. 3 
Glycerin. 5 
Sp. Vin. Rect. 60 


M. 
Sig.—Apply with cotton morning 
and evening. 


KR Resorcin. 5 ii 
Lot. Alb. q.s. {3 iv 


M. 
Sig.—Apply four times a day. 


KR Resorcin. ou 
Acid, Salicyl. Bi 
Menthol. gr. Xv 
Alcohol (65 per cent) q.s. i vi 


M. 
Sig.—Apply locally. 
KR Pot. Sulfurat. 


Zine. Sulf. 4a 2 
Acid. Boric. 

Resorcin. aa 4 
Calam. 20 
Aq. Hamam. 30 
Sp. Odorat. 20 
Aque q.s. 180 


M. : 
Sig.—Apply locally to face and back 
as directed. 


R Zine. Oxid. 5 iss 
Cale. Carb. Prec. 5 iss 
ABther. . 
Alcohol aa £3 ii 
Liq. Cale. Hydrox. {5 i 
Aque q.s. {3 viii 

M. 

Sig.—Apply. 

R_ Acid. Boric. ouat 
Glycerin. £3 i. 
Aq. Hamam. £3 ii 
Aq. Camph, a.s. £5 viii 

M. 

Sig.—Locally to sealp. 

R Resorcin. ‘ ‘ 
Acid. Salicyl. aa Zi 
Acid. Benz. at 
Sp. Vin. Rect. q.s. £3 il 

M. 

Sig.—Apply to patches. 

R Liq. Carb. Deterg. £3 ii, 
Aq. Camph. £3 iti 
Acid. Boric. Sat. Sol. repel 
Trag. gr. Xil 
Ol. Oliv. £3 it 
Liq. Cale... Hydrox. q.s. {3 iv 

M. ft. Emuls. 

Sig.—Apply locally. 

R Phenol. 3 ss 
Ichtham. 5i 
Liq. Carb. Deterg. £3 ii, 
Lot. Calam. q.s. {3 vili 

M. 

Sig.—Shake—Apply freely. 

R Tr. Iodi. 

Tr. Guaiac. . 
Tr. Benz. aa £3 


M. 
Sig.—Apply to skin as directed. 


R_ Phenol. 50 
Menthol. 12 
Camph, 12 
Aq. Hamam. 16 
Glycerin. 4 


Ol, Amygd. Exp. 
Liq. Cale. Hydrox. 
aa q.s. 240 


M. 
Sig.—Apply as directed. 


Tod. er, XX 
pent Salicyl. £5 ii 
Ol. Anisi £ i 
Adip. Lan. Hyd. 

Ol. Oliv. a.s. Fe iv 


M. 
Sig.—Rub into chest every night. 


Ointment Prescriptions 


R Acid. Salicyl. 


gr. Vv 
Emp. Plumb, 3 ii 
Petrolat. q.s. 5 ss 

M. ft. ung. 

Sig.—Apply morning and night. 

R Atrop. Sulf. er. 16 
/®thyl. Aminobenz. er. oe 
Ol. Ros. Geranii ett. ii 
Petrolat. q.s. 5 ss 

M. ft. ung. 

Sig.—Use as directed. 

R Hydrarg. Ammon, gr. x 
Balsam. Peruy. 3 ii 
Adip. Lan. Hyd. a. 8. 3 ii 

M, ft. ung. 

Sig.—Apply freely. 

R Sulfur. Pree. 3 ss 
Zinc. Oxid. 5 iss 
Ung. Aq. Ros. q.s. 3 iss 


M. ft. ung. 
Sig.—Locally. 
R Zinc. Oxid. 
Pic. Carb. 4a 3 ss. 
Amyli “ 
Petrolat. aa 3 iv 
M. ft. ung. : 
Sig.—Use locally. 
R Adip. Lan, 5 iss 
Oil of Wintergreen 
(natural) 3 iv 
M. ft. ung. 


Sig.—Apply to.arm with gentle rub- 
bing. 


-R Ol. Morrh. 


Ung. Aq. Ros. 
, Aquaphor. aa 
M- ft. ung. 
Sig.—Apply a.m. and P.M. 


‘ 


“RR Ol. Cinnam., 


R Phenol. _ min, iii 
Acid, Salieyl. gr. Xvili 
Resorcin, gr. XXV 
Adip. Benz. 

Adip. Lan. Hyd. aa 3 iv 

M. ft. ung. 

. Sig.—Locally at night. 

R Acid. Borie. 1/2 
Acid. Salieyl. 

Resorcin. 4a 2 
Adip. Lan. Hyd. 20 
Petrolat. 40 


M. ft. ung. 
Sig.—Apply locally at night. 


R Pic. Pin. 
Sulfur. Sublim. a4 


gr. v 
Hydrarg. Oxid. Flav. gr. vili 
Petrolat. q.s. 5 i 

M. ft. ung. 

Sig.—Apply externally as directed. 

R Phenol. gr. x 
Hydrarg. Ammon. gr. v 
Ung. Zine. Oxid. 3 i 

M. ft. ung. 

Sig.—Apply as directed. 

R Acid. Salicyl, gr. XXv 
Menthol. gr. vi 
Zine, Oxid. 3 ss 
Adip. Benz. q.s. ad 3 ii 

M. ft. ung. 

Sig.—Rub in well as directed. 

R Menthol. 05 
Liq. Carb. Deterg. 6 
Liq. Alumin. Acet. 10 
Adip. Lan. 20 
Past. Zine. q.s. 60 

M, ft. ung. 


Sig.—Apply twice daily as directed. 


R Hydrarg. Oxid. Flav, gr. i 
Petrolat. 531i 

M. ft. ung. 

Sig.—LHye salve to be used at night. 


Acid. Salicyl. 2 
Acid. Benz. 4 
Adip. Lan. Hyd. 15 
Petrolat. Alb. 15 
M. ft. ung. 
Sig.—Locally. 


R Thymol. 
Phenol. 
Camph, 4a gr. x 
Ung. Zine. Oxid. 

Ung. Acid. Boric. 44 q.s. 3 ii 

M. ft. ung. 

Sig.—Apply. 


gr. li 


THE PRESCRIPTION 


R Liq. Carb. Deterg: min. xv 
Sulfur. Pree. 
Acid. Salieyl. aa gr. x 
Adip. Lan, Hyd. 3 ii 
Ung. Aq. Ros. q.s. 51 


M. ft. ung. 
Sig.—Apply as suggested to scalp. 


R_ Oleores. Capsic. er. Xv 


Petrolat. 3 iii 

M. ft. ung. 

Sig.—Use locally. 

R Xylol. gett. Ixxxv 
Hydrarg. Ammon, gr. XXvVi 
Petrolat. q.s. 3 iss 

M. ft. ung. 

Sig.—Apply as directed. 

R Thymol. Iodid. gr. xx 
Ol. Eucalypt. ett. xii 
Adip. Lan. Hyd. 

Ol. Ricin. aa 3 ss 

M. ft. ung. 


Sig.—Apply frequently. 
R Hydrarg. Chlorid. Mit. gr. xv 


Trikresol. min, i 
Ung. Zinc. Oxid. 
Ung. Aq. Ros, 4a 5 iss 

M. ft. ung. 

Sig.—Apply to sore spots. 

R Acid. Salicyl. er. Vv 
Sulfur. Pree. gr. xx 
Petrolat. Alb. 

Ung. Aq. Ros. 44 3 iv 

M. ft. ung. 

Sig.—Apply to scalp as directed. 

R Ichtham. 3 ss 
Ung. Hydrarg. Fort. 

Ung. Bellad. aa Bi 
Ung. Aq. Ros. q.s. ad 3 8s 

M. ft. ung. 

Sig.—Apply locally. 

R Phenol. gtt. v 
Hydrarg. Chlorid. Mit. 5 ii 
Ung. Aq. Ros. 

(mineral oil) q.s. ad 5i 

M. ft. ung. 

Sig.—Apply evenly as directed. 

R Phenol. gr. x 


Hydrarg. Chlorid. Mit. gr. xx 
Zine. Oxid, 


Amyli 4a 3 ii 
Ung. Aq. Ros. 5 iv 

M. ft. ung. 

Sig.—Apply locally t.i.d. 

R Balsam. Peruv 3 ii 
Betanaph, rape 4 
Ung. Sulfur Ziv 
Petrolat. q.s. 51 


Pill Prescriptions 


R Ext. Valerian 
Ext. Hyose. 


Excipient et glycerin. q.s. 

M. ft. pil. no. 1. Mitte no. xxv 

Sig.—One pill after meals and two 
at bedtime. 


Brae 
O| 01 


R Quin. Athylearb. gr. XXx 
Ferr. Valer. (Qdyy.e.4 
Zinc, Valer. gr. xx 
Oleores. Lupulin. Sgr. xxx 


M. ft. pil. no. xx 
Sig.—One pill, three times a day. 


RK Ferr. Sulf. Exsic, 3i 
Ext. Nuc. Vom. 
Ext. Case. Sagr. aa 

M. ft, pil. no. lx 

Sig.—One pill half an hour after 

meals, 


R Pulv. Digit. 

Puly. Seill. aa 
Hydrarg. Chlor. Mit. 

M. diy. pil. no. ix 

Sig.—One pill every three hours. 

R Aur. et Sod. Chlor. gr. ss 
Ext, Nuc. Vom. gr. ili 
Ext. Tarax. 3i 

M. ft. pil. no. xxx 

Sig.—One pill three times daily after 

meals. 


R Hydrarg. Iod. Flay. 
_ Ext. Gentian. 


M. ft. pil. no. xl 
Sig.—One pill after meals. 


gr. XV 


gr. x 


gr. 1% 


gr. vi 
gr. Ix 


R Mass. Ferr. Carb. Bi 
_ Arsen. Triox. 
-M. et div. in pil. no. xl 
a fame pill three or four times a 
ays 


gr. i 


BR Pot. Bicarb. ts 
Hydrang. Chlor. Mit. aa gr. v 
Ext. Casc. Sagr. gr. XV 
Aloe gr. iv 

M. ft. pil. no. x 

Sig.—One after meals. 


R_ Strych. Sulf. gr. 4 
Sod. Bicarb. 
Phenyl Salicyl. 4a 3i 
Pepsin. er, Xxx 
Ext. Bellad. gr. ss 
Hydrarg. Chlorid. Mit. gr. ii 
Ext. Rhei gr. Xx 
Phenolphthal. gr. xx 


M. ft. pil. no. xx 
Sig.—One every 2 hours with water. 


R_ Silver Coated Pil. Hyoscin. 
Hydrobrom, 4a gr. VYoo 
M. ft. pil. no. xxv 
Sig.—One pill at night or every other 
night as directed. 


R Arg. Nit. gr. iv 
Ext. Bellad. gr. lii 

M. ft. pil. no. xxiv 

Sig.—One t.i.d. a.c. 

R Ferr. Reduct. f 
Quin. Sulf. 4a gr. XXiv 
Ext, Nuc. Vom, gr. ili 

M. ft. pil. no. xxiv 

Sig.—One pill t.i.d. 

R Mass. Hydrarg. gr. Vv 


Ft. pil. no. i 
Mitte no. x 
Sig.—Two at night. 


R Ext. Rhei 
Ferr. Reduct. aa gr. lx 
Arsen, Triox. 
Strych. Sulf, aa gr. i 
Quin, Sulf. gr. lx 


M, ft. pil. no. xl 
Sig.—One before each meal. 
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aloe, gr. iss 
Ext. Bellad. er. % 
Ext. Nuc. Vom, er, 4% 


M. ft. pil. no. i 
Mitte no. xlvii 
Sig.—One pil hor. som. 


Powder Prescriptions 


R Ext. Bellad. er. K 
Mag. Oxid. Pond. gr, x 
Bism. Subcarb. eric 
Kaolin. (Colloidal) gr. Vv 
Sod. Bicarb, Fags \y 


M. ft. chart no. i. 
xii 

Sig.—One powder % hour after 
meals. 


Mitte chart. no. 


R Mag. Oxid. 3 ii 
Cale. Carb. Prec. 
Bism. Subcarb. aa 3 iv 


M. ft. chart. no, xxiv 
Sig.—One powder t.i.d. one hour p.e. 


R Bism. Subnit. 3 ii 
Phenyl. Salicyl. 31 
Ext. Nue. Vom, gr. iss 
Betanaph. gr. XXx 
Sod. Bicarb. 3 iii 

M. ft. chart. no. xv 

Sig.—One powder as directed. 

BR Sod. Bicarb. 3 ili 
Sod. Bor. % iii 
Camphor, 5 i 
Menthol. 5 i 
Cupr. Sulf. 3 ii 

M. ft. pulv. 


Sig—3i to Oii warm water and 
douche twice daily. 


R Ol. Sassaf. mi 
Mag. Carb. 
Sod. Bicarb. 
Cale. Carb. Preece. 
Bism, Subcarb. 
Kaolin. q.s. 
M. ft. pulv. 
Sig.— 3 i in water three times a day 
after meals 


ONeNoTEter F 


R Pancreat. 
Sod. Bicarb. aa 3 i 
Ol. Menth. Pip. min, 


M. ft. pylv. no. xxiv 
Sig.—Take one one-half hour after 
meals. 


R Sod. Bicarb. 
Sod. Phos. Exsic. 
Sod. Sulf. Exsic. a4 


M. ft. pulv. 
Sig.—}% teaspoonful in hot water be- 
fore meals. 


3 ss 


RR Barii. Sulfatis 


3 vi 
Chart. no. iii 
Sig.—One powder in a glass of but- 
termilk 


R Mag. Oxid. Pond. 3 vi 
Sod. Bicarb. 35 i 
Cale. Carb. Prec, 5 i 
Bism. Subcarb. 31 
Ol, Menth. Pip. min. iv 


M. ft. pulv. 
Sig.—3 ss in 44 glass water one hour 
after meals and before retiring. 


R Acid. Acetylsal. gr. xl 
Acetphen. gr. x 
Caff. Cit. gr. Xxx 
O). Menth. Pip. gtt. ii 

M. ft. in chart. no. x 

Sig.—One every 3 hours, 

R Acetanil. 

Sod. Bicarb. aa gr, Xxii 
Ammon. Carb. gr. xi 


M. ft. pulv. no. x 
Sig.—One every two to four hours. 


R Mag. Oxid. 
Bism. Subcarb. 
M. ft. chart. no. i 
Mitte tales xxv 
Sig.—One powder well mixed with 
bani ten minutes before meals 
t.1.d. 


gr. x 
gr. Xv 


‘ 


R Ol. Caryoph. min, i 
Ol. Menth. Pip min. v 
Mag. Carb. 3 iv 
Sod. Bicarb. 3 iv 
Bism. Subnit. 8 ii 


Mag. Salicyl, 5 li 


M. ft. pulv. 
Sig.—% teaspoonful in water after 
meals,. 


R Mag. Oxid. Pond. 3 iv 
Sod. Bicarb. 3 iv 

M. ft. in chart. no. xxiv 

Sig.—Take one as directed. 


R Menthol. ides 

}., Camph. aa oat 

~~ Methyl. Salicyl. fZi 
Sod. Bor. a 
Sod. Bicarb. aa 3 ii 


M. 

Sig—Add a teaspoonful to two 
quarts of hot water and use lo- 
cally. 


R Phenobarb. gr. vi 
Bism. Subearb, 3 ii 
Cret. Prep. 5 ii 

M. ft. in chart. no. xviii : 

Sig.—One powder with evening 

meal, 
Acetphen, 5 i 

x Acid. Acetylsal. Ai 
Caff. Cit. 3 ss 

M. ft. in chart. no. x 

Sig.—Take one as directed. 

R Phenolphthal. gr. XxX 
Mag. Perox. er ¢. 
Bism. Salicyl. 3 ii 
Bism. Subcarb. gr. cc 


M. ft. in chart. no. xx ; 
Sig.—One before meals three times 


a day. 


R Acid. Boric. 5 
Alum. Exsic. 5 
Phenol. ‘ 5 
Methyl. Salicyl. {3 
Ol. Menth. Pip. £3 


M. ft. pulv. 
Sig.— 5 ii in O ii of hot water. 


R Cale. Iodobehen. 
Lactos. aa er. x 
Cacao Prep. 4.8. 

M. ft. in chart. no. xx 

Sig.—One every three hours. 


Phenolphthal. gr. x 
% Sod. Bicarb. Pipa 
Bism. Subcarb. 5 il 


M. ft. chart. no. xvi 
Sig.—One p.c. 


Cerii Oxal. 10; 0 
r Bism. Subcarb. 20| 0 
Mag. Carb. 40 


M. ft. pulv. ‘ 
Site irake one-half teaspoonful in 


water every four hours. 


R Sod. Bicarb. 
Mag. Carb. Pond. ; 
Bism. Subcarb. 4a ji 
. ft. pulv. 
er teaspoonful in a half glass of 
water three times a day one hour 
after food. 


R Iodof. Bv 
Coumar. | gr. XV. 
Acid. Boric. q.s. ad % xiii 


Misce bene. ; 
Sig.—To be used as a dusting pow- 


der. 


R Ol. Menth, Pip. min. ii 
Atrop. Sulf. gr. 36 
Mag. Oxid. Pond. 3 iss 
Bism. Subcarb. 3 iss 


M. ft. in chart. no. xxiv 
Sig.—One, 2 hours after meals. 


R Hydrarg. Chlor. Mit. gr. i 
Quin, Athylearb. gr. XV 
Sod. Bicarb. a il 
Ol. Anisi gtt. 1 
Lactos. ‘ 31 


M. ft. chart. noxv. ; : 
Sig.—One, three or four times daily. 
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THE PRESCRIPTION 


Suppository Prescriptions 


R Ext. Hamam, aa 


M. ft. suppos. no. xii : 
Sig.—One night and morning. 


R Quin. Sulf. 
Ol. Theobrom, q.s. 
M. ft. supp, no. i 


Mitte no. vi 
Sig.—One every four hours, 


R Bitum. Sulf. 
Ext. Hamamel. 
Arg. Prot. Mit. 
Ol. Theobrom. q.s. 
M. ft. supp. no. xl 
Sig.—As directed. 


gr. v 


gr. iii 


KR Bitum. Sulf. gr, XXXvi 


Ol. Theobrom, q.s. 


M. ft. suppos. no. vi 
Sig.—One night and morning. 


R Ext. Hyose. gr. ll 
Todof. aye 
Ol. Neroli min. iv 


Ol. Theobrom. q.s. 
M. ft. suppos. no. vi 
Sig.—Use one before retiring. 
R Ext. Bellad. Fol. gr. i 
1. Theobrom. 5 ii 


M. ft. suppos. no. viii 6 
Sig.—One every four hours, as di- 
rected. 


R Quin. Hydroch. gr. v 
Ol. Theobrom. q.s. 


M. ft. suppos. no. i 
Mitte tales vi 
Sig.—As directed. 


R Asafeet. |03 
Ol. Theobrom. q.s. 


M. et ft. suppos. no. i 
Mitte tales x 
Sig.—One every three hours, 


R Ext. Bellad. 
Ext. Stramon, 4a 
Plumb. Acet. 
Ol. Theobrom. q.s. 


M. ft. suppos. (rectal) no. xii 
Sig.—One when retiring. 


gr. ss 
gr. i 


R Alum. gr. v 
Zine. Sulf. gr. iv 
Acid. Bor. gr. x 
Ol. Theobrom. 3 iiss 

M. ft. vaginal suppos. no, vi 

Sig.—Use as directed. 

R Acetanil. gr. x 
Ol. Theobrom. q.s. 

M. ft. urethral suppos. no. ii 

Sig.—Use as directed. 

R Art. Prot. Mit. gr. Xxx 


Ol. Theobrom., q.s. 


M. ft. suppos. (rectal) no. xii 
Sig.—Use as directed. 


CHAPTER XCVI 


INCOMPATIBILITY 


THE TERM incompatibility, as used in a pharma- 
ceutical sense, refers to any combination of ingredients 
which possess antagonistic qualities of either a thera- 
peutic, a chemical or a physical nature. Incompatibili- 
ties, therefore, are customarily classified under these 
three headings. 


Types of Incompatibility 

Therapeutic incompatibility exists when ingredients of 
antagonistic medicinal activity are prescribed together. 
This type of incompatibility occurs so rarely that it is 
hardly deserving of mention. Representing as it does 
a moment of forgetfulness on the part of the physician, 
it must be called to his attention. Of course, the phar- 
macist must use proper judgment as to the existence of 
an actual unintended combination, as well as to the 
possible harm to be expected from its use, before assum- 
ing the role of adviser. Furthermore, it must be re- 
membered that certain agents of at least partially 
antagonistic qualities are sometimes prescribed together 
for a purpose. 

Physical incompatibility is evidenced by the failure of 
ingredients to combine in such a way as to make a satis- 
factory product. Ingredients such as oil and water 
which are physically repellent to each other, substances 
which are insoluble in-the prescribed vehicle, and sub- 
stances which are mutually soluble when mixed in the 
solid state, are frequent causes of this type of incom- 
patibility. 

Chemical incompatibility exists when the ingredients 
of a prescription undergo a chemical reaction whereby 
their original composition is altered. Such a reaction 
is generally indicated by a change in the physical ap- 
pearance, usually a precipitation, an effervescence, or a 
change in color. 

An intelligent study of physical and chemical in- 
compatibilities requires a comprehensive knowledge of 
the physical and chemical properties of a wide range of 
substances. Fundamental laws of both physics and 
chemistry are exemplified continually in the study of 
this subject. The possibilities are limited only by the 
number of substances used in prescription practice. 
No individual can ever expect to completely master the 
subject, nor can any treatise upon incompatibility 
completely cover it, except as regards underlying prin- 
ciples and more or less incomplete lists of examples, for 
new remedies are coming into use constantly and provid- 
ing opportunity for new combinations. Medical jour- 
nals and medical textbooks are, for the most part, silent 
upon the subject, so it becomes a distinctively pharma- 
ceutical problem in which all of the scientific and pro- 
fessional knowledge of the pharmacist is required to be 
skilfully combined with tact and diplomacy in order to 
handle the subject in a judicious manner. 

The proper management of the subject by the phar- 
macist who has a large prescription practice entails 
responsibilities, duties and opportunities which, when 
properly combined and utilized, lead to the develop- 
ment of mutual respect and cooperation between the 
physician and pharmacist in a field of work where the 
intelligent services of both are needed. 

The discussion which follows has been prepared with 
the aim of providing for both the student and the prac- 


ticing pharmacist a compilation of data relative to the 
several types of incompatibility of both a physical and 
a chemical nature. The problem has been approached 
in two ways; first, general information is given in re- 
gard to the possible ways of handling various incompati- 
bilities, and, secondly, typical prescriptions are shown 
with spetific directions for overcoming their individual 
difficulties. 


Correction of Incompatibilities 


The responsibility of the pharmacist does not end 
with the recognition of an existing incompatibility; he 
must next decide whether a correction is demanded and, 
if so, how to proceed. In this he must be guided pri- 
marily by one factor, namely, the fulfillment of the 
therapeutic intent of the prescriber. Second to this, 
but of great import, is the question of pharmaceutical 
elegance. It is obvious that occasions will arise when 
no correction whatever may be attempted; in such 
instances the pharmacist must exercise his manipulative 
skill to the utmost in order to obtain the most satisfac- 
tory product possible. For example, the inclusion of 
an insoluble ingredient or the formation of a precipitate 
may necessitate the use of a “shake” label, but the care- 
ful dispenser is not so simply satisfied. He is cognizant 
of the relative value of the several suspending agents 
and takes advantage of his knowledge to produce a 
homogeneous mixture of the prescribed ingredients. In 
addition, he applies other knowledge to obtain the in- 
soluble or precipitated material in as fine a state of sub- 
division as possible so as to aid in its suspension. 

The more useful means by which incompatibilities 
may be corrected are listed below without regard for 
their relative importance: 


1. Addition of an ingredient which does not alter 
the therapeutic value. 

2. Omission of an ingredient which is of no thera- 
peutic importance or which can be dispensed 
separately. 

3. Change of an ingredient. 

4. Change in the solvent. 

5. Compounding the ingredients by a special tech- 
nique. 


Addition of an Ingredient—This means of correction 
is applicable particularly to certain types of physical 
incompatibility. EZxamples are: (1) the use of an 
emulsifying agent for immiscible liquids, (2) the use of a 
suspending agent for insoluble solids, (3) the addition of 
an ingredient which promotes solubility, (4) the addi- 
tion of a substance which prevents or retards an unde- 
sired reaction, (5) the use of an ingredient to promote 
miscibility of unctuous materials, (6) the addition of 
stiffening agents to ointments and suppositories, (7) the 
use of a diluent in powder mixtures to prevent contact 
of the ingredients or to protect them from the atmos- 

here. 
z Emulsification is discussed fully in a separate chapter 
and requires no treatment here; similarly, the use of 
suspending agents for insoluble ingredients is adequately 
discussed in a subsequent section of this chapter where 
typical prescriptions are given. 
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The use of an additional ingredient to promote the 
solubility of an insoluble substance is well illustrated 
by the manner in which potassium iodide increases the 
solubility of iodine in water. Thus the prescribing of 
iodine in aqueous solution assumes that the pharmacist 
will be aware of the need for the iodide. The same salt 
is useful in preparing solutions of mercuric iodide. 
Likewise, ammonium chloride promotes the solubility 
of mercuric chloride and serves as well to prevent the 
decomposition which occurs in such solutions. Pre- 
cipitation is sometimes avoided by an adjustment of 
the acidity or the alkalinity of a solution. It is not 
usually necessary to adjust accurately to a definite pH, 
but merely to control approximately the reaction. 

Great care must be exercised in the application of 
knowledge of this type to prescription practice for 
there are many occasions when a solution is possible 
but undesirable. For example, quinine sulfate is much 
more soluble in the presence of sulfuric acid but such a 
solution possesses all the bitterness of the alkaloidal 
salt, whereas a suspension does not. The fact that 
aspirin can be dissolved in water with the aid of sodium 
or potassium citrate does not mean that such a solution 
should be prepared whenever aspirin is prescribed in a 
liquid mixture for it is decidedly unstable. The ef- 
fectiveness of the medication decreases markedly on 
standing. 

The use of sodium bisulfite in solutions of salicylates 
to retard their darkening exemplifies the prevention of 
an undesired reaction. Similarly, alkali citrates are 
useful in preventing color formation when iron is pre- 
scribed with salicylates or tannin. 

It is impossible to incorporate Peruvian balsam in 
certain ointment bases without the inclusion of a sub- 
stance which promotes the miscibility, and castor oil is 
usually used for this purpose. Wool fat or aquaphor 
serves to permit the inclusion of aqueous solutions into 
bases with which such solutions would normally be im- 
miscible. Occasionally, in compounding ointments, it 
becomes necessary to incorporate into the base some 
sort of a stiffening agent. This may be due to the in- 
clusion of ingredients which cause the formation of too 
soft a product or it may be simply that the particular 
climatic conditions require such a step. Yellow or 
white beeswax, spermaceti, paraffin and ceresin are 
among the substances used for the purpose of stiffening 
ointments. In a similar fashion, agents may be added 
to suppository masses in order to counteract the soften- 
ing effect of certain ingredients. 

The overcoming of liquefaction in powders and cap- 
sules is discussed in detail in a subsequent portion of 
this chapter which deals with the incompatibilities to 
be expected in these classes of preparations. 

Omission of an Ingredient—There are few occasions 

_when a pharmacist is justified in omitting an ingredient 
prescribed by a physician. Actually, the only time 
when a frank omission is permissible is when the in- 
gredient is of pharmaceutical importance only. For ex- 
ample, tragacanth may be specified as a suspending 
agent for a mixture which actually is better with no 
suspending agent at all. Cases of this kind arise not 
infrequently in olive oil-lime water mixtures where the 
presence of tragacanth makes it difficult, if not actually 
impossible, to prepare an emulsion of the water-in-oil 
type as is usually desired in such mixtures. A similar 
situation is exemplified by the inclusion of sulfuric acid 
in a prescription for quinine sulfate in a vehicle of aro- 
matic eriodictyon syrup. The obvious purpose of the 
acid is to increase the solubility of the quinine salt. 
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A moment’s reflection, however, shows us that such a 
procedure serves only to defeat the purpose of the 
vehicle. In the first place the bitterness of quinine is 
much more evident in a solution than in a suspension of 
an insoluble form. Secondly, we must remember that 
the resins of eriodictyon are made soluble in the manu- 
facture of the aromatic syrup by the use of potassium 
hydroxide, and these substances will be precipitated by 
the addition of an acid, thus losing their power of mask- 
ing the taste of the quinine. The omission of the sul- 
furie acid is indicated. 

Certain incompatibilities are such that there is no 
way to prepare a satisfactory product containing the 
prescribed ingredients, nor is there a suitable correction 
which might be applied to the formula. One must then 


obtain the physician’s permission to make whatever 


omission is necessary. 


A difficulty of this type is sometimes overcome by di- 
viding the original prescription into two parts, in this 
way effecting a separation of the troublesome ingredi- 
ents while preserving the therapeutic value of the com- 
bination. Mixtures containing sodium nitrite are some- 
times handled in this manner. 


Change of an Ingredient—This type of correction is 
applied when a minor change in an ingredient serves 
to overcome an incompatibility due to that ingredient. 
Such changes usually involve merely the substitution of 
a soluble form of an ingredient for an insoluble form. 

It is not unusual to see nasal prescriptions wherein 
one is directed to dissolve alkaloidal salts in an oil in 
which solution is impossible; the use of the free alka- 
loid avoids the difficulty. Nor is it unusual to find free 
alkaloids prescribed in aqueous solutions; here the use 
of the salt is indicated. Similarly, phenobarbital and 
phenobarbital sodium are sometimes troublesome, the 
former requiring an alcoholic vehicle, the latter prefer- 
ably an aqueous. The problem is further complicated, 
as illustrated in the prescriptions which follow, by the 
fact that the sodium derivative is converted to pheno- 
barbital by acidic vehicles. 


Thinking of the several bromides as being of similar 
medicinal activity, the physician may fail.to recognize 
the difference in the chemical behavior of the cations 
present. Thus sodium and potassium bromide are 
compatible with citrates while strontium bromide is 
not. Likewise ammonium bromide is decomposed by 
certain ingredients, notably alkalis, with which other 
bromides are compatible. 

A real service is rendered by the pharmacist who 
calls these facts to the attention of the physician. 

Change of Solvent—This type of correction implies 
an alteration of either the type or the amount of a 
solvent. The former involves most frequently an ad- 
justment of the alcohol content of a liquid mixture and 
less often, the replacement of water or alcohol with 
glycerin, syrup or other solvent. Generally speaking, 
water has a greater solvent action on both inorganic and 
organic salts than does alcohol. It also dissolves sug- 
ars, gums, tannins, and proteins. Alcohol is the better 
solvent for most organic medicinals such as alkaloids, 
glycosides, balsams, resins, organic acids, ete. In 
liquids containing a mixture of several of these sub- 
stances, a careful balance of alcohol and water must be 
preserved in order to maintain a satisfactory solution. 

Glycerin sometimes acts as a bridge between alcohol 
and water and is useful in maintaining stability in 
hydro-alcoholic preparations. Thus it prevents the 
precipitation of tannin which normally occurs in simple 
solutions of this substance. 
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A slight alteration in the concentration of a trouble- 
some ingredient is somettmes of service in avoiding an 
incompatibility. The tendency of the citrates to cause 
a separation of hydro-alcoholic liquids into two layers 
is overcome by the application of such a technique as 
illustrated in the latter part of this chapter. There also 
are presented other prescriptions requiring a change of 
solvent in order that a satisfactory product may be ob- 
tained. 

Compounding by a Special Technique—Not infre- 
quently the appearance of a finished product is di- 
rectly related to the technique used in its manufacture. 
For example, an unavoidable precipitation can some- 
times be handled in such a way that it is not objection- 
able. Thus, the addition of an aqueous solution to an 
elixir or a fluidextract in small portions with continuous 
agitation will help to produce small, easily suspended 
particles of the precipitated material. In mixing sev- 
eral liquids it is well to retain until the last the liquid 
most likely to cause a precipitation. 

Water-soluble salts, when prescribed in mixtures of 
aqueous and alcoholic liquids, should be dissolved in the 
aqueous liquid alone as solution is much more difficult 
in the mixed liquids. Similarly, alcohol-soluble con- 
stituents should first be dissolved in the alcoholic 
liquids. 

Few pharmacists have not had experience with rose 
water and benzoin tincture. The introduction of the 
tincture into the rose water in a very fine stream 
enables one to obtain a milky suspension with little 
difficulty. A far different product is obtained by simply 
pouring one liquid into the other. 

Finally, a word is in order concerning emulsification. 
For the most part, emulsions are prepared because of 
specific directions from the physician; occasionally, 
however, one must resort to emulsification in order to 
prepare a suitable product from certain ingredients. 
Among these are creosote, creosote carbonate and bromo- 
form. Salol, iodoform, sulfonal, trional and santonin 
are sometimes dissolved in oil and the resulting solution 
then emulsified. 

Examples of each of these general methods of over- 
coming prescription difficulties will be found in the suc- 
ceeding pages. 


Incompatibilities by Prescription Classes 


In order that the student may most readily correlate 
his study of incompatibilities with the laboratory prac- 
tice in dispensing, the prescriptions here given are 
classified under the following headings: 


Liquid preparations for internal use. 
Eye lotions. 

Nasal drops and sprays. 

Lotions and liniments. 

Powders, capsules, etc. 

Ointments. 


Se ee ee 


It is apparent that this is not an entirely comprehen- 
sive list; it does, however, embrace the categories into 
which the majority of incompatible prescriptions may 
be placed. The difficulties encountered in compound- 


ing the less frequently prescribed preparations such as 
-gargles, ear drops, jellies, etc., are capable of being 
handled by an application of the general principles 


demonstrated in similar products. Suppositories have 
been discussed in a separate chapter. 


LIQUID PREPARATIONS FOR INTERNAL USE 
An incompatibility in a liquid preparation is generally 


- evidenced in one of five ways, as follows: 


ms .. 
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1. Ingredients are insoluble in the prescribed ve- 
hicle. 

Precipitation or ‘salting out’’ occurs due to a 
change of menstruum. 

Precipitation occurs as a result of a chemical re- 
action. 

A color change is observed. 

A gas is produced. 


SAG SS EN 


The first two changes are evidence of physical in- 
compatibility; the latter three indicate chemical in- 
compatibility. 

The prescriptions which immediately follow have 
been grouped under these respective headings. 

Ingredients Are Insoluble in the Prescribed Vehicle— 
A prescription which contains an insoluble ingredient 
can be handled in several ways, the method of choice 
being the one which most completely preserves the 
therapeutic intent of the prescriber. It may be best to 
make no alteration at all; this is advisable in the case 
of easily dispersed sediments. Sometimes a change of 
solvent will enable one to prepare a solution; this may 
involve an adjustment of the alcohol content, a simple 
dilution, or the addition of another liquid such as gly- 
cerin. Occasionally a change in one of the ingredients, 
an omission of an ingredient, or the addition of a 
medicinally inert substance will avoid the difficulty. 

Except where only the very simplest pharmaceutical 
technique is involved, the pharmacist must always 
acquaint the physician with his proposed changes and 
obtain his permission before proceeding. This is obvi- 
ously as much for his own protection as for any other 
reason. 


R Acidi Benzoici 5 ul 
Sodii Acetatis 3 iv 
Spiritus Chloroformi £5 il 
Aque Destillate q.s. ad £3 iv 


M. Ft. solutio. 


This prescription illustrates a type wherein a very 
simple correction is required. The alcoholic strength 
of the mixture is not sufficient to permit complete solu- 
tion of the benzoic acid and permission should be re- 
quested to increase it by replacing 4 fluidrachms of dis- 
tilled water with alcohol. 


2. 
R Codeine Phosphatis 
Terpini Hydratis 
Spiritus Ammoniz Anisati 2 
Glycerini 40. 
Elixiris Aromatici q.s. ad 9 
M. Ft. solutio. 


In this prescription terpin hydrate is not soluble in 
the prescribed hydro-alcoholic vehicle. In order to ob- 
tain solution, 20 ec. of the elixir may be replaced with 
alcohol or, since such a procedure would decrease the 
flavor to an unsatisfactory extent, use may be made of 
the National Formulary high alcoholic elixir. It is 
interesting to note that the alkalinity present in the mix- 
ture is sufficient to convert the codeine salt which is only 
slightly soluble in alcohol to the free alkaloid which is 
easily soluble. 


3. 

R Potassii Iodidi 51 
Phenobarbitali er. xvi 
Elixiris Thiamine Hydrochloridi 

q.s. ad £3 viii 


M. Ft. solutio. . : 
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The average elixir of thiamine hydrochloride does not 
contain sufficient alcohol to dissolve the quantity of 
phenobarbital specified here. Knowing the alcoholic 
strength of the elixir being used it is comparatively 
simple to determine by proportion or alligation the 
amount of alcohol (95 per cent) necessary to produce a 
final strength of about 20 per cent, this being the ap- 
proximate requirement in this instance. The pheno- 
barbital should be dissolved in the alcohol and added 
to the elixir in which the potassium iodide has been pre- 
viously dissolved. Finally, a weight of thiamine hydro- 
chloride equivalent to that which is contained in the 
volume of elixir being replaced by alcohol should be dis- 
solved in the finished product. 

Occasionally, when phenobarbital is present in larger 
amount, the quantity of alcohol required for solution 
becomes inconveniently large; then it is better to sus- 
pend the insoluble material. 


4, 


R Phenylis Salicylatis 5 ii 
Tincture Nucis Vomicze {3 iv 
Fluidextracti Cascare Sagrade {51 
Elixiris Pepsini Compositi q.s. ad £3 i 


M. Ft. solutio. 


In order to dissolve this quantity of salol a relatively 
high alcohol concentration is required and, since this 
may be objectionable, it is advisable to consider suspen- 
sion of the insoluble material. A mixture of acacia 
and tragacanth has sometimes been suggested for such 
hydro-alcoholic liquids and this combination lends itself 
well to the problem at hand. The salol is triturated 
thoroughly with 20 grains of tragacanth and 30 grains 
of acacia, and sufficient elixir is added slowly to form a 
mucilage. A mixture of the fluid extract and the tinc- 
ture with the rest of the elixir is then added with con- 
stant trituration. Sedimentation occurs in the finished 
product but the sediment is easily dispersed by shaking. 


5. 

R Sulfathiazoli 1 
Syrupi {3 vi 
Aque q.s. ad {3 i 

M. Ft. solutio. 


So much has been written in the pharmaceutical and 
medical literature concerning the sulfonamides that it 
seems hardly necessary to point out that one should not 
attempt to prepare a solution of these ingredients. Al- 
though the sodium derivative of sulfathiazole is soluble 
in water, the resulting solution, in addition to being 
quite alkaline, deteriorates rapidly. Only when the 
sodium derivative is specifically ordered should it be 
dispensed, and then in such quantity that it will be used 
completely in two or three days at the most. 

Tragacanth or acacia will serve to suspend the sul- 
fathiazole in this formula. 


6. 
R Codeine Sulfate 


er. vi 
Ammonium Carbonate 3 iv 
Terpin Hydrate Elixir 
Elixir Creo-Terpin 44 q.s. ad £3 iv 


M. Ft. solutio. 


It is the presence of alcohol in this formula which pre- 
vents solution of the ammonium carbonate, yet the 
alcoholic vehicles cannot be decreased in amount with- 
out decreasing the effectiveness of the product. Hence 
a suspension must be prepared, and the following pro- 
cedure is useful: Triturate 15 grains of powdered traga- 
canth with 30 minims of glycerin and 3 fluidounces of 
the mixed elixirs. Add this mixture slowly, with con- 


the presence of alcohol. 
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stant trituration, to the finely powdered ammonium 
carbonate and mix until utiform. Transfer to the 
bottle in which it is to be dispensed and add the codeine 
sulfate dissolved in a little water. Finally, rinse the 
mortar with sufficient of the vehicles to produce the re- 
quired volume. The results of the technique will vary 
somewhat with the quality of gum used but a fairly per- 
manent suspension is usually obtained. 


Te 
R Sodii Citratis 3 vi 
Tincture Hyoseyami £3 vss 
Elixiris Phenobarbitali q.s. ad {3 i 


M. Ft. solutio. 


Here again is a substance that is insoluble because of 
In this case, however, we are 
Able to replace a portion of the vehicle with water pro- 
vided we take care of the loss of phenobarbital brought 
about by our manipulation. The sodium citrate and 2 
grains of phenobarbital sodium can be dissolved in a 
fluidounce of distilled water and diluted with the elixir. 
The hyoscyamus tincture is then added, and the mix- 
ture agitated. A certain amount of the extractive 
matter from the tincture separates but remains well 
suspended because of its colloidal nature. 


8. 

R Aminopyrinse 5 ii 
Phenobarbitali Sodici gr. xii 
Caffeine Citrate er. Xil 
Aquz Menthe Piperite q.s. ad £3 iii 


M. Ft. solutio. 


Two difficulties are encountered in this prescription— 
the first is the incomplete solubility of aminopyrine, the 
second is the precipitation of phenobarbital by the acid 
in citrated caffeine. Hence, two corrections must be 
made in order to produce a solution—one involves the 
vehicle, the other involves an ingredient. Solution of 
the aminopyrine is accomplished by replacing 4 fiui- 
drachms of peppermint water with alcohol and the pre- | 
cipitation is avoided by using 6 grains of caffeine alka- 
loid in place of the 12 grains of citrated caffeine. It is of 
interest that caffeine is more soluble in water than it is 
in alcohol; no difficulty is experienced in dissolving it in 
the above combination. 


9. 
R Sodii Citratis 
Acidi Acetylsalicylici 
Syrupi Rubi Idei f 
Aque Destillate q.s. ad f 
M. Ft. solutio. 


This prescription illustrates a common procedure for 
obtaining solution of acetylsalicylic acid. The acid 
dissolves with little difficulty in a warm solution of the 
sodium citrate and remains in solution when cooled and 
diluted with the syrup. The heating must not be un- 
duly prolonged in order to prevent appreciable hydroly- 
sis of the acetylsalicylic acid, resulting in the production 
of acetic and salicylic acid salts. 

As a general rule, one part of acetylsalicylic acid re- 
quires about two parts of potassium or sodium citrate 
for solution in three parts of water. The proportion 
varies considerably with change of solvent and with 
dilution. Solution is more rapid in the presence of 
larger quantities of the citrates. A solution prepared 
in this way is not permanent, undergoing a progressive 
decomposition with age. It has been reported that a 
citrate solution of aspirin decomposes 50 per cent in the 
first week and 75 per cent in two weeks. Sugar or 
glycerin retards the reaction. Among other materials 


waters by the addition of a salt. 
given in the succeeding prescriptions. 
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which promote the solubility of aspirin are: ammonium 
or sodium acetate, sodium bicarbonate, antipyrine, 
quinine salts and alkalis. However, such solutions are 
all subject to rapid hydrolysis. 


10. 
R, Sodii Citratis i 
Acidi Acetylsalicylici % iil 
Syrupi Cocillane q.s. ad £3 iv 


M. Ft. solutio. 


The physician who wrote this prescription undoubt- 
edly had in mind the preparation of a solution of aspirin 
with the aid of sodium citrate. However, there is more 
of the salt than will dissolve in the prescribed vehicle. 
One of three corrections can be made—first, the total 
volume can be doubled by the addition of water, this 
necessitating a doubling of the dose; second, half of the 
syrup can be replaced with water which possesses greater 
solvent action; third, and possibly most satisfactory, 
the quantity of sodium citrate can be reduced to 7 


drachms. Each of these procedures results in a clear 
solution. 
11. 
R Nux Vomica Tincture 10.0 
Sodium Glycerophosphate 10.0 
Calcium Glycerophosphate 4.0 
Feosol Elixir q.s. ad 120.0 


M. Ft. solutio. 


Calcium glycerophosphate is only slightly soluble in 
water and less soluble in hydro-alcoholic vehicles. In 
addition, it tends to settle as a mass, not easily dislodged 
from the bottom of the container. Its solubility is in- 
creased by citric or lactic acid and use can be made of 
these substances in the above prescription. About 4 
grams of citric acid should be dissolved in 30 ee. of 
water and the glycerophosphates dissolved therein, then 
the required amount of Feosol Elixir added. This pro- 
cedure entails a certain loss in therapeutic value through 
the replacement of the elixir which can be corrected by 
the addition of ferrous sulfate equivalent to that lost 
through the replacement, in this case about a gram be- 
ing required. 

Precipitation or Salting Out Occurs Due to a Change 
of Menstruum—Under this heading are included those 
prescriptions wherein there occurs a separation of 
either a solid or a liquid from what is originally a satis- 
factory solution, without there having been a chemical 
reaction. Separation of a solid, or precipitation, is fre- 
quently caused either by the addition of water to an 
alcoholic solution or by the addition of alcohol to an 
aqueous solution. In either case, the result is the same 
—materials that were originally in solution in either the 
alcohol or the water are precipitated due to their insolu- 
bility in the hydro-alcoholic medium. The precipita- 
tion produced when strongly alcoholic fluidextracts and 
tinctures are diluted with water is a classic example of 
this type. 

Occasionally a soluble substance is thrown out of solu- 
tion by the addition of another soluble substance even 
though no chemical reaction has occurred. Certain 
organic compounds are particularly susceptible to such 


action, being readily precipitated by salts in moderate 
concentration. 


This phenomenon is known as “‘salting 


out.” 
If the substance thrown out of solution is a liquid, it 


‘separates as an immiscible layer. In this way volatile 


oils are sometimes caused to separate from aromatic 
Other examples are 


\ 
‘, 
~tvir 

: | 
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12) 
R Sodium Bromide 3 iv 
Nux Vomica Tincture 13 il 
Essence of Caroid £3 iss 
Distilled Water q.s. ad {3 ili 


M. Ft. solutio. 


The dilution of a tincture or a fluidextract with water 
invariably causes a precipitation of some of its extractive 
matter and that is the difficulty encountered in this 
prescription. Inasmuch as the combination has a 
slightly acid reaction, there need be no fear of the 
separation of alkaloids, and the product may be dis- 
pensed as a ‘‘shake” mixture. The vegetable extractive 
matter remains reasonably well diffused and no correc- 
tion is actually required. 


13. 
R Potassii Citratis 3 iss 
Tincture Hyoscyami {3 iss 
Aque Destillatz q.s. ad £3 vi 


M. Ft. solutio. 


This is another example of the precipitation of 
alcohol-soluble but water-insoluble constituents from a 
tincture by dilution with water. 

It is sometimes of service to use a drachm of acacia 
or about 15 grains of tragacanth in the usual 3- or 4- 
fluidounce mixture of this type in order to aid in the dis- 
persion and suspension of the precipitated matter. The 
gum is made into a mucilage with water and diluted 
with a solution of the potassium citrate; the tincture is 
then added and agitated. 


14, 
R Tincture Nucis Vomice £5 i 
Tincture Cinchonze Composite {Fi 
Elixiris Aromatici q.s. ad £3 i 


M. Ft. solutio. 


Each of these tinctures contains a relatively high per- 
centage of alcohol and, therefore, precipitation is to be 
expected when aromatic elixir, having only 23 per cent 
of alcohol, is used as a vehicle. Although combina- 
tions similar to this are frequently dispensed simply as 
“shake” mixtures, the absence of interfering salts makes 
it possible to increase the alcohol strength sufficiently 
to produce a clear solution. Iso-alcoholic elixir is ad- 
mirably suited for this purpose and could be suggested 
to the physician as a replacement for aromatic elixir in 
this formula. According to the tables provided in the 
National Formulary, a mixture of three volumes of high- 
alcoholic elixir with one volume of low-alcoholic elixir is 
suitable as a vehicle for preparations possessing alcoholic 
strengths between 60 and 70 per cent. 


LD: 

R Potassii Iodidi 16.0 
Aque Destillate 40.0 
Syrupi Scillee Compositi 12.0 
Fluidextracti Grindelie 12.0 
Syrupi Althzz q.s. ad 100.0 


M. Ft. solutio. 


It is practically impossible to prevent separation in a 
mixture of these ingredients unless a very viscous prod- 
uct is prepared. Since one cannot go to extremes in 
this respect, it is necessary to obtain as complete a sus- 
pension as possible without sacrificing motility. Honey 
is often used for this purpose and, in this case, 20 ce. 
of honey should be triturated well with the trouble- 
some fluidextract, then the compound squill syrup and 
20 cc. of althea syrup added. A solution of the potas- 
sium iodide in 20 cc. of water is next triturated into 
the mixture and, finally, sufficient althea syrup to 


1174 


make the required volume. A product so prepared 
does separate on standing but is easily made uniform 
by agitation. 

iG: 


3 iv 
{3 iv 


R Potassii Bromidi 
Aque Camphore q.s. ad 
M. Ft. solutio. 


Camphor separates from this solution due to a 
“salting out’’ action of the potassium bromide. As was 
indicated in the paragraph which introduced this sec- 
tion, many substances, notably salts, have the ability to 
decrease the solubility of other substances. Actually 
the added substance is considered to bind up a portion 
of the water as “ 
solvent for the original ingredient dissolved therein. If 
the original solution was saturated, or nearly so, pre- 
cipitation is certain to occur. 

In the example here given, the addition of an equal 
volume of water serves to preserve complete solution. 
In prescriptions similar to this, where an oil is separated 
from an aromatic water, the replacement of a part of the 
aromatic water with distilled water is permissible since 
the medicinal value of the oil is negligible. It is doubt- 
ful if all physicians would approve of such a procedure 
when camphor water is involved due to a possible lessen- 
ing of the therapeutic value of the preparation. 


Wh, 

R Potassii Citratis 5 Vv 
Tincture Belladonne £3 ii 
Spiritus Aithylis Nitritis {3 iss 
Aque Destillate q.s. ad £3 viii 


M. Ft. solutio. 


The ready miscibility of aleohol and water might be 
considered an indication of the extreme solubility of the 
one liquid in the other. A “salting out”’ action is there- 
fore conceivable and such is the explanation of the phe- 
nomenon observed in this product. The potassium 
citrate goes into solution in the water and causes the 
aleghol to separate as an immiscible layer containing 
the alcohol-soluble ingredients of the prescription. 

A doubling of the volume by the addition of water 
with a corresponding increase in dosage is the solution 
to the problem in this instance. Reunion may some- 
times be effected by the addition of a small quantity of 
glycerin which acts as a bridge between the two sol- 
vents. At other times a decrease in the alcoholic 
strength is effective. 


18. 
R Chloralis Hydratis 3 iv 
Sodii Bromidi % vi 
Elixiris Aromatici q.s. ad £3 ii 


M. Ft. solutio. 


In hydro-aleoholic solutions containing chloral hy- 
drate and soluble salts, one must always be on the alert 
for the possible separation of an immiscible oily layer. 
Bromides are the usual salts prescribed in such com- 
binations. Hargreaves (J. A. Ph. A., 21 (1932), 571), 
by analysis, found the oily layer which separated from 
such a combination to consist of alcohol, chloral, chloral 
alcoholate, and a small amount of salt. Depending on 
the density of the remaining liquid, the separated layer 
may rise to the surface or sink to the bottom of the 
container. 

Although chloral aleoholate has been shown to be no 
more toxic than chloral hydrate (Adams, J. Pharmacol., 
69 (1940), 273) the possibility exists that the patient 


water of solvation” thus leaving less . 


INC OMP ATE E Be ae 


might take a dose consisting chiefly of the separated 
layer and thus get a sufficient amount to be toxic. 

Strongly alcoholic solutions having a high concentra- 
tion of chloral hydrate and salt are almost certain to 
cause trouble; as the concentration of any one of these 
ingredients is decreased, the tendency for separation is 
lessened. Lakey and Pfeiffer (J. A. Ph. A., 31 (1942), 
203) have investigated the “critical concentration” of 
each ingredient necessary to produce a separation of 
chloral alcoholate in a basic formula (Compound Elixir 
of Chloral and Potassium Bromide, N. F. VI). 

The addition of sugar to such a solution appears to 
augment the “salting out” effect of the salt, hence less 
salt is required in the presence of this substance. 

In the prescription presented above, the concentra- 
tion of aleohol must be less than 5 per cent if solution 
is to be preserved; an aqueous vehicle such as a syrup 
is therefore indicated. 

Precipitation Occurs as a Result of a Chemical Reac- 
tion—There may be an immediate precipitation or one 
which occurs only on prolonged standing. The latter 
is particularly troublesome since it may create mis- 
understanding between the pharmacist and the patient. 
Any type of precipitation is generally considered to be 
objectionable because of its effect on the appearance of 
the product. Consideration must also be given to the 
fact that the rate of reaction is generally slower for a 
solid than for a substance in solution and to the possi- 
bility that uneven dosage may be administered as a re- 
sult of inadequate dispersal of insoluble material. 

Prescriptions of this type offer compounding prob- 
lems similar to those wherein insoluble ingredients are 
prescribed and can, therefore, be handled in like man- 
ner. 


19. 
R Phenobarbitali Sodici 
Ferri Ammonii Citratis 
Tinctures Nucis Vomicse {3 iv 
Elixiris Pepsini Compositi q.s. ad i 
M. Ft. solutio. 


Phenobarbital sodium is undoubtedly involved in | 
more incompatibilities than any other substance in mod- 
ern prescription practice. Invariably the difficulty is 
caused by its conversion to phenobarbital by reaction 


- with acid, and the insolubility of this substance in water. 


There are several ways of handling the problem and the 
method of choice must depend on several factors. Very 
often, in the case of hydro-alcoholic mixtures, an in- 
crease in the alcohol content will suffice to dissolve a 
quantity of phenobarbital equivalent to the prescribed 
sodium derivative. If it is not convenient to increase 
the alcohol content to a sufficient degree to obtain solu- 
tion, a suspension of the phenobarbital can be made. 
It is generally not advisable to use phenobarbital so- 
dium and let precipitation occur since such a reaction 
may involve a neutralization of the acidity necessary 
for the stability of another ingredient. If acidity is not 
essential in the mixture, a neutralizing agent can be 
used, then phenobarbital sodium will remain in solution. 
It must be borne in mind, however, that such solutions 
undergo a slow decomposition and must not be dis- 
pensed in large quantity. Finally, the troublesome in- 
gredient can be dispensed separately. 

In the prescription above, the use of 6 fluidrachms of 
alcohol in place of a similar quantity of the elixir will 
produce an almost clear solution. A slight turbidity 
results from the separation of a part of the extractive 
matter from nux vomica tincture. 


ENC OM BRAT LE LE Ircy, 


20. 

R Sodii Bromidi 3 viii 
Phenobarbitali Sodici er. XVvili 
Syrupi Aurantii {3 iv 
Aque Destillate q.s. ad £3 viii 


M. Ft. solutio. 


In this prescription the acidity of the orange syrup 
causes precipitation of insoluble phenobarbital. If the 
orange flavor is desired, the syrup can be made without 
citric acid, in which case the prescription can be filled 
without further change. 


Pail. 
R Phenobarbitali Sodici er. v1 
Elixiris Thiaminze Hydrochloridi 
q.s. ad £3 iv 


M. Ft. solutio. 


A fine, crystalline precipitate of phenobarbital slowly 
settles out of this product, having been liberated from 
phenobarbital sodium by the acidity of the elixir. AL 
though a lesser amount of this ingredient or an increase 
in the alcohol content of the elixir produces a clear 
solution, there still exists a serious incompatibility 
since the lowering of the acidity of the vehicle markedly 
decreases the stability of the thiamine hydrochloride. 
Permission should be requested to use sufficient alcohol 
to make a total concentration of 18 to 20 per cent. 
Phenobarbital, not the sodium compound, can be dis- 
solved in this alcohol and added to sufficient elixir to 
produce the required volume. A quantity of thiamine 
hydrochloride equal to that contained in the elixir being 
replaced by alcohol should be dissolved in the product in 
order that its full therapeutic value may be retained. 

Under some circumstances, it is advisable to dispense 
the phenobarbital separately. 


22. 


R Codeine Sulfatis er. vill 
Atropine Sulfatis er. 
Phenobarbitali Sodici er. vill 
Elixiris Terpini Hydratis q.s. ad {3 iv 


M. Ft. solutio. 


Phenobarbital sodium and codeine sulfate react to 
produce phenobarbital, codeine alkaloid and sodium sul- 
fate. Ina less strongly alcoholic vehicle than the elixir 
prescribed here, precipitation will occur. In this in- 
stance, the addition of an aqueous solution of the alka- 
loidal salts to a solution of the phenobarbital sodium 
in the elixir of terpin hydrate enables one to prepare a 
clear solution. There is no visible evidence of the reac- 
tion since the products are soluble in the prescribed ve- 
hicle. 


23. 

R Chloralis Hydratis 15.0 
Sodii Bromidi 30.0 
Phenobarbitali Sodici 2.0 
Aquz Cinnamomi q.s. ad 120.0 


M. Ft. solutio. 


A precipitate of phenobarbital is produced due to a 
reaction between phenobarbital sodium and chloral 
hydrate, chloroform and sodium formate being liber- 
ated simultaneously. In some prescriptions of this 
type, it has been suggested that alcohol be used to dis- 
solve a quantity of phenobarbital equivalent to the pre- 
scribed amount of sodium derivative. This procedure 
is satisfactory when only a little alcohol is required and 
when experimentation has shown that chloral alcoholate 
does not separate as an immiscible layer. This phe- 
nomenon is discussed more fully in prescription No. 18. 
The use of alcohol does not enable one to prepare a satis- 
factory product using the sodium derivative since the 
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reaction still occurs and the chloral hydrate is decom- 
posed, although no precipitate is formed. 

Hither the phenobarbital sodium must be dispensed 
separately or phenobarbital must be suspended in the 
mixture with the aid of 15 or 20 grains of tragacanth. 


24. 


R Potassii Citratis 5 ii 
Strontii Bromidi 5 iil 
Aquze Menthe Piperitze q.s. ad £3 ili 


M. Ft. solutio. 


Strontium citrate is precipitated. This chemical in- 
compatibility, although easily apparent to the pharma- 
cist, is sometimes a surprise to the physician, who is 
happy to be advised that sodium or potassium bromide 
obviates the difficulty. A similar problem arises in 
combination with carbonates, phosphates and sulfates. 


25. 

R Strontii Bromidi 3 iv 
Sodii Salicylatis 3 iv 
Elixiris Pepsini Compositi q.s. ad £3 iv 

M. Ft. solutio. 


This prescription presents a difficulty similar to the 
preceding one, strontium salicylate being precipitated 
in this case. Again the use of the sodium salt in place 
of strontium bromide prevents the precipitation. Since 
strontium salicylate is soluble in water to the extent of 
one part in sixteen, it is also possible to simply dilute 
the mixture in order to obtain a clear solution. In the 
proportions here specified, both the volume and the dose 
can be conveniently increased four times. 


26. 


& Syrupi Bromidorum f3 iss 
Tinctursz Belladonnse {35 
Sodii Citratis 3 iss 
Elixiris Pepsini Compositi q.s.ad =f iii 


M. Ft. solutio. 


The reason for the precipitation in this case is not im- 
mediately apparent until one thinks about the ingredi- 
ents of bromides syrup. Then it is evident that a 
reaction between calcium bromide contained therein 
and sodium citrate produces insoluble calcium citrate. 
Due to the relatively high concentration of salts present 
in the completed product, there is also a slight separa- 
tion of pepsin from the elixir. Since the precipitate is 
easily dispersed by shaking, the mixture can be dis- 
pensed with a ‘‘shake well” label. Elegance is achieved 
by compounding two prescriptions, thus separating the 
conflicting ingredients. 


PH le 
R Codeine Sulfatis 
Syrupi Pruni Virginiane q.s. ad 
M. Ft. solutio. 


gr. Vi 
£3 ii 


This prescription exemplifies a type wherein a precipi- 
tate has frequently formed due to a reaction between 
the alkaloid and tannin contained in Wild Cherry 
Syrup. A syrup prepared according to the formula 
originally official in the U.S. P. XII avoided this dif- 
ficulty to some extent by increasing the glycerin con- 
tent. Reed, Burrin and Bibbins (J. A. Ph. A., Pr. Ph. 
Ed., 1 (1940), 73), and Rasanen and Burt (Am. J. 
Pharm., 115 (1943), 292), have compared the two syrups 
in a series of prescriptions containing codeine sulfate 
and phosphate in combination with other ingredients, 
and in all of the prescriptions studied, the U.S. P. XII 
formula gave the more stable product. As a war 
measure to conserve glycerin, this formula was tempora- 
rily withdrawn in favor of that of the U.S. P. XI. The 
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formula now official contains the larger amount of 
glycerin. 


28. 
R Codeine Sulfatis gr. iv 
Aminopyrine gr. Xl 
Syrupi Pruni Virginiane q.s. ad {3 iv 


M. Ft. solutio. 


Aminopyrine and antipyrine behave’ similarly to the 
alkaloids in combination with a tannin-containing 
syrup and, in the prescription given above, an unsightly 
precipitate forms within a few hours. The use of a 
fluidounce of alcohol in place of a similar volume of 
syrup maintains a satisfactory solution. Many physi- 
cians have become accustomed to using cherry syrup 
as a vehicle for such ingredients as alkaloids, iron salts, 
salicylates and other substances which have been shown 
to be incompatible with the tannin of the wild cherry 
syrup. 

29. 


R Codeine Sulfatis 0.18 
Syrupi Eriodictyi Aromatici q.s. ad 30.0 
M. Ft. solutio. 


The slight turbidity which develops in a product pre- 
pared according to this prescription has been attributed 
partly to a separation of resinous material from the aro- 
matic syrup when the acid-reacting codeine salt is dis- 
solved therein, and partly to the formation of codeine 
tannate. A clear solution is obtainable by using a mix- 
ture of equal parts of glycerin and aromatic eriodictyon 
syrup as the vehicle. 


30. 
RR Ferri Sulfatis 3 vi 
Elixiris Thiaminze Hydrochloridi 
q.s. ad {3 vi 


M. Ft. solutio. 


When thiamine hydrochloride elixir was first coming 
into prominence, a great deal of difficulty was en- 
countered in mixtures of this type. As oxidation of the 
ferrous salt slowly progressed, the product darkened in 
color due to the formation of ferric tannate. Occa- 
sionally precipitation occurred. Practically all of the 
elixirs now on the market are tannin-free and the trouble 
is infrequently experienced today. 


3l. 


FR Codeine Phosphate gr. vill 
Potassium Iodide % iss 
-Neo-Synephrin Elixir q.s. ad £3 iv 


M. Ft solutio. 


Potassium iodide has a precipitating action on alka- 
loidal salts in concentrated solutions. If the salts pre- 
scribed above are dissolved separately in small portions 
of water, then mixed, a precipitate is formed which does 
not redissolve on dilution with the elixir. A clear solu- 
tion is readily obtained by dissolving the codeine phos- 
phate in a few minims of water and adding this solution 
to half of the Neo-Synephrin, Elixir then dissolving 
the potassium iodide in the rest of the elixir, and mixing 
the two solutions. 


32. 

R Ammonii Chloridi 6 

Hydrargyri Bichloridi 6. 

Methylthioninze Chloridi 0. 

Aquez Destillate q.s. ad 240. 
M. Ft. solutio. 


Methylene blue is precipitated by mercuric chloride, 
as well as by numerous other substances, hence is un- 
suitable for coloring such solutions. Indigo carmine 


INCOMPATIBILITY 


should be used as this is compatible with mercuric 
chloride. 

A Color Change is Observed—Color changes are gen- 
erally considered to be of little therapeutic significance. 
There are, however, notable exceptions as, for example, 
the development of a green color in apomorphine and a 
brown in epinephrine. Similarly, a change in color 
which indicates an oxidation or a reduction of a metallic 
ion may be evidence of a change in medicinal value. 
Iron, silver and mercury salts show such color changes. 

Aside from the therapeutic importance of a change in 
color, one must consider the psychological effect on the 
patient who discovers such a change without having 
been forewarned. Use is sometimes made of a small 
label which advises the patient that a change in color 
iseto be expected and that the therapeutic value is not 
affected. Modifications are available which tend to 
retard certain color reactions; applications are illus- 
trated in the following prescriptions. 


33. 
R Sodii Salicylatis 
Sodii Bicarbonatis 
Aque Menthe Piperite q.s. ad {3 vi 


M. Ft. solutio. 


This solution slowly darkens in color and may become 
almost black in three or four days. The change is 
attributed to an oxidation of the salicylate, the reaction 
being promoted by alkaline medium. Apparently the 
therapeutic value of the preparation is not appreciably 
affected. 

A number of substances are useful in retarding the 
color development and, in the formula above, one- 
tenth of one per cent sodium bisulfite serves this pur- 
pose. 


Salicylates are notable for their color reactions, pro- 
ducing a violet or reddish violet color with ferric salts, 
a green with copper and a brown with nitric or nitrous 
acids. 


34, 
R Potassii Acetatis 
Sodii Citratis 4a 3 iil 
Liquoris Ferri et Ammonii Acetatis 
q.s. ad {ZV 
M. Ft. solutio. 


Here is a pronounced change of color, the green color 
which appears being evidence of a complex ion forma- 
tion, possibly an iron ammonium citrate. Inasmuch as 
there is no alteration in therapeutic value, the mixture 
can be dispensed without modification. 


5, 
R Tincturze Nucis Vomicz {3 i 
Liquoris Ferri et Ammonii Acetatis 
q.s. ad {3 iv 


M. Ft. solutio. 


A mixture compounded according to this prescription 
turns black within a few hours after it is prepared. The 
color is usually attributed to the formation of ferric 
tannate by reaction between iron in the solution and 
tannin in the tincture. The patient should be advised 
that the change does not alter the medicinal value. 


36. 

R Tincture Belladonnsz ™ xx 
Elixiris Aminopyrine ~ {35 ss 
Spiritus Althylis Nitritis {3 ss 
Syrupi Limonis {Hi 
Aque Destillate q.s. ad £3 iti 


M. Ft. solutio. 
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The brilliant blue-green color which appears in a solu- 
tion of these ingredients is due to a reaction between 
ethyl nitrite spirit and aminopyrine. On standing, the 
original color fades to a pale green. It is generally 
considered that a nitroso derivative of aminopyrine 
is formed; this substance is now considered to be 
nontoxic. Neutralization of the ethyl nitrite spirit and 
the use of a neutral vehicle will hinder the reaction since 
nitrous acid from hydrolysis of the former seems to be 
the disturbing factor. The spirit can be neutralized by 
the addition of sodium bicarbonate, then the excess bi- 
carbonate removed by filtration or decantation. Sevy- 
eral other oxidizing agents behave similarly to ethyl 
nitrite spirit in this respect; among these should be 
mentioned: nitric acid, nitrous acid (nitrates and ni- 
trites in acid solution), ferric salts, and acacia. Anti- 
pyrine under comparable conditions produces usually a 
green or red color. 


37. 

R Potassii Acetatis gr. V 
Potassu Iodidi er. vi 
Spiritus Aithylis Nitritis 
Syrupi Acidi Citrici 44 £3 vi 
Aquee q.s. ad {3 iv 


M. Ft. solutio. 


A reaction occurs in this mixture between nitrous 
acid, liberated from the ethyl nitrite spirit, and potas- 
sium iodide, resulting in the liberation of iodine; a dark 
brown color is thereby produced. Whenever possible, 
it is certainly preferable to dispense ethyl nitrite 
spirit separate from combinations such as this. How- 
ever, if permission is granted to use a neutral vehicle in 
place of the citric acid syrup, the prescription can be 
compounded as otherwise written provided the acidity 
of the spirit is first neutralized by means of a little 
sodium bicarbonate. Even these precautions, how- 
ever, do not ensure a completely stable product, since a 
slow hydrolysis occurs whereby nitrous acid is produced. 
The reaction is sufficiently slow, however, that the mix- 
ture can be dispensed in the quantity usually prescribed. 


38. 

R Tincture Zingiberis : £3 iss 
Spiritus Ammonize Aromatici & 
Sodii Bromidi c 3 vu 
Elixiris Pepsini Compositiq.s.ad {3 iv 

M. Ft. solutio. 


Within two or three days after being compounded, 
this solution changes from red to almost colorless with 
a slight precipitation. This change of color is due to 
the bleaching action of alkalis on the cudbear used as a 
color in the compound pepsin elixir. Although this is 
the most noticeable objection to the combination, it is 
not so serious as the fact that the enzymes of the elixir 
are inactivated and precipitated by the alkaline med- 
jum. Hence, the only value of the vehicle lies in its 

taste and it is preferable to use some other liquid which 
‘will not cause color difficulties. Aromatic elixir serves 
the purpose reasonably well, the slight cloudiness of the 
finished product being due to a separation of a portion 
of the extractive matter from the tincture and the spirit. 


39. 


ba R Codeine Sulfate 
Elixir Bromaurate q.s. ad 


M. Ft. solutio. 


er. ll 
{3 vi 


_ The gold tribromide contained in this proprietary 
elixir is readily reduced to yellow gold monobromide 
and, in a few hours, to metallic gold. The product be- 
 .comes almost colorless as the gold salt is thus converted 
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to a fine, easily dispersed sediment on the bottom of the 
container. There is no way to avoid the reaction and 
the ingredients must be dispensed separately. 

A Gas Is Produced—Mixtures are sometimes pre- 
scribed in which it is desirable to have a gas liberated as, 
for example, certain saline mixtures wherein carbon 
dioxide improves the taste. More commonly, however, 
the formation of a gas is unintended and a source of 
trouble to the pharmacist; this is the type of incompati- 
bility now to be considered. 


40. 
R Sodii Nitritis 3 ss 
Sodii Bromidi % il 
Elixiris Pepsini Compositi q.s. ad £3 il 


M. Ft. solutio. 


Probably the most frequent cause of gas formation in 
liquid preparations is the prescribing of sodium nitrite 
in acid vehicles. Such a condition invariably results in 
the formation of nitrous acid which subsequently 
breaks down with the liberation of gaseous oxides of 
nitrogen. This is a particularly dangerous incompati- 
bility due to the possibility of an accumulation of the 
gases developing sufficient pressure to break the con- 
tainer with more or less explosive violence. Neutraliza- 
tion of the vehicle is permissible when the ingredients 
contained therein are not harmed by the process; such a 
procedure cannot be adopted for the compound pepsin 
elixir here prescribed since the enzymes would be in- 
activated. One is faced, therefore, with a choice of dis- 
pensing the sodium nitrite separately or using a neutral 
vehicle. Of course, if the loss of enzymatic activity is 
recognized and thought to be of little moment in this 
combination, it is possible to neutralize the elixir by the 
addition of sodium bicarbonate until effervescence 
ceases. 


41. 
R Sodii Bicarbonatis 


Bismuthi Subnitratis 44 5 il 
-Acidi Hydrocyanici Diluti {3 ss 
Mucilaginis Acacize {3 ss 
Aquze Menthe Piperite q.s. ad £3 ili 


M. Ft. mistura. 


In this prescription the obvious incompatibility be- 
tween sodium bicarbonate and diluted hydrocyanic acid 
is apt to direct one’s attention away from another, and 
more dangerous, reaction which also occurs. This reac- 
tion is made possible by the formation of nitric acid 
through the hydrolysis of bismuth subnitrate. The 
acid, as it is formed, reacts with sodium bicarbonate and 
may gradually produce sufficient carbon dioxide to 
break the container. 

The first reaction involving the diluted hydrocyanic 
acid is completed quickly and should be permitted to 
occur in an open vessel; the second is avoided by the use 
of bismuth subcarbonate in place of subnitrate. 

In addition to hydrolyzing in liquid mixtures to pro- 
duce an acidity, bismuth subnitrate also causes trouble 
occasionally through its reduction to metallic bismuth 
in the presence of hypophosphites, syrup and other 
reducing agents. 


42. 

R Potassii Iodidi 51 
Spiritus Aithylis Nitritis £3 iii 
Fluidextracti Cascarze Sagrada 

Aromatici {3 iv 
Syrupi Balsami Tolutani 
Aque Destillata a4 q.s. ad {3 iv 


M. Ft. solutio. 
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In this combination a reaction occurs between potas- 
sium iodide and nitrous acid developed in the ethyl 
nitrite spirit. Iodine and gaseous oxides of nitrogen are 
liberated. The mixture can be dispensed provided the 
acidity of the spirit is first neutralized by means of 
sodium bicarbonate. The excess of the bicarbonate, 
being insoluble in the alcoholic spirit, can be removed by 
filtration or decantation after settling. On prolonged 
standing, further hydrolysis will occur and the reaction 
will then follow. It is advisable, therefore, to advise 
the patient not to stopper the bottle tightly. 


43. 
R Tincture Nucis Vomicze £3 i 
Acidi Nitrohydrochlorici {3 ss 


M. Ft. solutio. 


Strong acids react with alcohol to produce the corre- 
sponding ethyl esters which volatilize readily. In a 
tightly-closed bottle, sufficient pressure may be devel- 
oped to cause an explosion. The ingredients of this 
prescription must be dispensed separately. 


44, 
R Sodii Salicylatis 
Strontii Bromidi i 
Misturze Rhei et Sode q.s. ad 12 


5.0 

0.0 

0.0 
Shortly after this mixture is compounded sufficient 

gas is formed to burst the container if the stopper is 

not released. The cause is a chemical reaction between 

the strontium bromide and sodium bicarbonate in the 

rhubarb and soda mixture according to the equation: 


SrBr. + 2NaHCO; — SrCO; + 2NaBr + CO, + H:O 


Two remedies are possible; the mixture may be allowed 
to stand in an open vessel with frequent stirring until 
all effervescence has ceased or, with the physician’s con- 
sent, sodium bromide may be used in place of the stron- 
tium salt. 


45, 
R Chlorobutanolis 
AXthylis Aminobenzoatis 
Cerii Oxalatis 
Spiritus Menthe Piperitee 
Magmatis Magnesize 
Maegmatis Bismuthi 
M. Ft. mistura. 
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In the presence of alkali, chlorobutanol is decomposed 
with the formation of acetone and carbon monoxide, the 
rate of decomposition depending largely on the strength 
of the alkali. In this instance, magnesium hydroxide in 
the milk of magnesia induces the reaction, and gases are 
evolved for several days. Omission of the chloral 
hydrate avoids the difficulty. 


46. 
R Sodii Salicylatis 


Sodii Bicarbonatis 4a al 
Tincture Ferri Chloridi 131i 
Aque Cinnamomi 

Aque Destillate 4a& q.s. ad £3 iii 


M. Ft. solutio. 


Considerable effervescence occurs in this combination 
due to the acidity of the ferric chloride tincture. The 
salts should be dissolved in about 24% fluidounces of the 
vehicle in a capacious vessel, then the tincture added 
slowly with constant stirring to assist in the escape of 
gas. When effervescence has ceased, the clear, red 
solution can be diluted to the required volume. 
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47. 

R Ammonii Carbonatis gr. xl 
Ammonii Chloridi Ai 
Syrupi Scillee {3 iss 
Syrupi Ipecacuanhze {3 ss 
Aquez Destillate q.s. ad {3 iii 


M. Ft. solutio. 


Both of the syrups are acid in reaction and cause an 
effervescence with ammonium carbonate. This, in it- 
self, is not particularly disturbing, but the syrupy 
nature of the product prevents the ready escape of the 
gas and markedly prolongs the reaction. In order to 
overcome this difficulty, triturate the powdered salts 
with a mixture of the syrups and water and apply gentle 
heat to hasten the reaction. When effervescence has 
ceased, cool and dispense. 


EYE LOTIONS 


“Most of the incompatibilities encountered in the 
preparation of collyria are due to the inclusion of an 
alkaline-reacting substance with zine salts or alkaloidal 
salts which require an acidic medium, thus causing the 
precipitation of basic zine salts and free alkaloids, re- 


spectively. 
The following prescriptions are illustrative: 
48. 
R Zinci Sulfatis er. Ss 
Sodii Boratis er. iv 
Acidi Borici er. iv 
Aquez Rose q.s. ad {Zi 


M. Ft. collyrium. 


This prescription exemplifies a type of preparation 
which has been a frequent source of difficulty. Sooner 
or later, depending on the proportions of the ingredients 
used, there may occur a precipitation of the slightly sol- 
uble basic zine borate. By replacing sodium borate | 
with boric acid, precipitation will be avoided. 


49, 


R Cocainze Hydrochloridi er. Vv 
Acidi Borici 
Sodii Boratis aa er. XX 
Aquz Camphorze £3 i 
Aque Destillate q.s. ad £3 ii 


M. Ft. collyrium. 


Precipitation in a solution of the ingredients of this 
prescription is due to the liberation of water-insoluble 
cocaine alkaloid by the alkalinity of sodium borate. 
The simplest way to avoid the reaction is to omit the 
sodium borate and this appears to be the method of 
choice. Addition of glycerin also prevents precipita- 
tion by converting the sodium borate to an acid com- 
plex. Occasionally, in prescriptions containing zine 
sulfate and boric acid, but no sodium borate, a precipi- 
tate is formed. This can be remedied by adding a 
small amount of glycerin to a solution of the boric acid, 
then dissolving the zine sulfate in this solution. 


50. 


R Phenacainse Hydrochloridi er. i 
- Zinci Sulfatis er. i 
Acidi Borici er. x 
Aque Destillate q.s. ad {51 


M. Ft. collyrium. 


Even a trace of alkalinity such as might arise from 
ordinary glassware is sufficient to prevent the prepara- 
tion of a clear, stable solution from the ingredients of 
this prescription, the phenacaine being easily precipi- 
tated by such a reaction. The difficulty may be over-. 
come by rinsing the container in which the product is to 
be dispensed with a warm 1 per cent solution of hydro- 
chloric acid just previous to use.: The acid may be re- — 
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moved by rinsing with distilled water. The phenacaine 
hydrochloride should be dissolved in a solution of the 
boric acid, then added to a solution of the zine sulfate in 
the rest of the water. 


51. 
R Acidi Borici 


cid: er. v 
Zinci Sulfatis er. 1 
Aquee Destillate q.s. ad {3 i 


M. Ft. collyrium. 


This prescription is typical of a combination wherein 
the product develops a cloudiness due to the separation 
of a flocculent material despite the absence of any chemi- 
calincompatibility. Examination of several such prepa- 
rations has shown that the insoluble material consists 
of living organisms. The chief source of contamination 
has been the distilled water obtained from a contami- 
nated storage vessel although corks, filter paper and 
other apparatus may also have contributed. Zine sul- 
fate and boric acid are not generally the source of the 
contamination although they are conducive to the 
growth of the organisms. The use of sterile distilled 
water overcomes this difficulty as does the use of bac- 
teriological filters. 


NASAL DROPS AND SPRAYS 


The incompatibilities most frequently encountered in 
the compounding of nasal drops and sprays are due 
either to chemical reaction resulting in a precipitation 
or the designation of a base in which the prescribed 
ingredients are not soluble. In some instances it is 
impossible to make a satisfactory combination of the 
ingredients, in others pharmaceutical technique or 
chemical knowledge solves the problem. 


52. 
R Mentholis 


Camphore 4a er. 11 
Olei Eucalypti mM XX 
Ephedrine Sulfatis er. iiss 
Petrolati Liquidi q.s. ad {Hi 


Generally speaking, alkaloidal salts are insoluble in 
liquid petrolatum and ephedrine sulfate is no exception. 
The use of ephedrine alkaloid instead of the salt in 
compounding this prescription results in a clear solution. 
However, ephedrine alkaloid is hygroscopic and may 
produce a cloudy solution when dissolved in liquid 
petrolatum unless previously dried over a water bath. 
The cloudiness is due to the separation of water from 
the ephedrine and appears as minute globules which 
gradually coalesce and separate from the oil solution. 


53. 


R Adrenalin Inhalant £3 i 
Cocaine Muriate pr. X 
Mineral Oil q:s. ad £3 i 


The ingredients required in this prescription are in- 
compatible with the specified vehicle. Cocaine muriate 
is insoluble in the oil and the glycerin-alcohol base of 
Adrenalin Inhalant is immiscible with it. This in- 
compatibility is typical of the difficulties encountered 
in the combination of official drugs with proprietary 
preparations. It is obviously impossible to know the 
characteristic reactions of each one of these products 
and there are times when such information is not read- 
ily available. Lacking this knowledge, one cannot fail 
to run into trouble in some instances. 

In the case under consideration, permission should be 
‘requested to use distilled water or normal saline solution 
in place of the mineral oil. The solvent should be 
boiled just before use in order to drive out any dissolved 
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oxygen which would hasten the oxidation of the Adren- 
alin. 


54. 
R Phenolis er.v 
Tincture Todi gtt. v 
Petrolati Liquidi Levis q.s. ad £3 i 


The alcohol contained in tincture of iodine is not 
miscible with liquid petrolatum. Since the alcohol has 
no useful function in so far as the therapeutic value of 
the preparation is concerned, the tincture may be re- 
placed with an equivalent amount of elemental iodine. 
For this purpose, 1 grain of iodine can be dissolved in 
400 minims of liquid petrolatum, preferably in a glass- 
stoppered flask, with the aid of gentle heat; 40 minims 
of this solution will contain the required amount of 
iodine and the addition of phenol and sufficient liquid 
petrolatum provides a clear solution with no separation. 


55. 
R Menthol 
Adrenalin Chloride Sol. (1:1000) 
Cocaine Hydrochloride Solution (1%) 
q.s. ad 


ere 
{Hi 


The quantity of menthol specified in this prescription 
is more than can be dissolved in one fluidounce of solu- 
tion. The logical procedure is to prepare a solution 
that is saturated with menthol. The excess chemical 
is easily filtered out of the product. 


56. 
R Sulfathiazole Sodium Do 
Ephedrine Sulfate Ly, 
Distilled Water q.s. ad £3 i 


The ingredients of this prescription react to form 
sulfathiazole, ephedrine and sodium sulfate. The alka- 
linity of the sulfathiazole sodium is neutralized by the 
acidity of the ephedrine sulfate to a sufficient degree to 
cause precipitation. The prescription cannot be filled 
as written. 

With the prescriber’s permission, a suspension of sul- 
fathiazole—not the sodium derivative—in microcrystal- 
line form may be made in a solution of ephedrine sul- 
fate. 


57. 

R Chlorobutanolis er. vill 
Camphore gr. XX 
Mentholis SEX 
Olei Cinnamomi Tm 1V 
Petrolati Liquidi Levis q.s. ad £3 iv 


The pharmacopceial monograph for chlorobutanol 
permits this substance to contain up to one-half mole- 
cule of water. If such a hydrated form is used in the 
prescription above, a cloudy solution is obtained due to 
the insolubility of the water in the light liquid petro- 
latum. For best results in preparing such solutions, the 
anhydrous form of the chemical should be used. _ If this 
is not readily available, it may be prepared by heating 
the hydrated material over a water bath. 


58. 

R Menthol nf 
Camphor aa gr. ill 
Neo-Silvol gr, Xl 
Acacia 
Liquid Petrolatum q.s. ad {3 i 


M. Ft. emulsum. 


In order to prepare an emulsion of the ingredients of 
this prescription, it is necessary to add sufficient water 
to accomplish the suspension of the oil. The water also 
serves as a solvent for the otherwise insoluble Neo- 
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Silvol. An emulsion is prepared by the continental 
method from 4 fluidrachms of liquid petrolatum con- 
taining the menthol and camphor, 2 fluidrachms of dis- 
tilled water and a drachm of powdered acacia. A solu- 
tion of the Neo-Silvol in 2 fluidrachms of distilled water 
is then added in small portions with thorough tritura- 
tion. The resultant product creams to a certain extent 
but is readily homogenized by shaking. 


59. 
R Argenti Nitratis 
Petrolati Liquidi Levis q.s. ad 
M. Ft. solutio. 


er. iss 


{3 i 


It is impossible to dissolve silver nitrate in liquid pe- 
trolatum as specified in this prescription and one must 
resort to emulsification. The silver salt can be dis- 
solved in about 5 drops of water and triturated into 10 
grains of aquaphor. The addition of liquid petrolatum 
to the resulting mixture with constant trituration pro- 
duces a milky-white, uniform suspension which slowly 
settles but is easily dispersed by shaking. 

If the physician prefers, a solution of the silver nitrate 
can be added to an emulsion of liquid petrolatum in 
water previously prepared with the aid of acacia. In 
order to prevent reduction of the silver nitrate under 
the influence of light, with resulting darkening in color, 
the product must be dispensed in a container of light- 
resistant glass. 


LOTIONS AND LINIMENTS 


Probably the most troublesome of all prescriptions to 
compound are those which are written for the various 
types of lotions and liniments. Difficulties arise chiefly 
through the necessity of suspending insoluble materials 
in aqueous, hydro-alcoholic and oily vehicles and from 
the fact that emulsions must sometimes be prepared in 
the presence of various soluble and insoluble—and often 
contradictory—substances. Although basic techniques 
can be established for the various types of problems 
encountered, in actual practice each prescription must 
be handled as a problem in itself. 

In some cases, a correction in the vehicle permits a 
solution to be made; this usually involves simply the 
addition of alcohol. 

More frequently one must decide how best to suspend 
completely insoluble materials in the specified vehicle. 
Tragacanth is probably used more than any other sub- 
stance for this purpose although several other agents 
are available. Acacia, benzoin tincture, quillaja 
tincture, sulfonated castor oil and the commercial wet- 
ting agents all have value in this respect. Bentonite is 
particularly useful because of its great suspending and 
stabilizing power as well as the fact that it is non-reac- 
tive. 

By far the greatest number of difficulties, however, 
arise in the oil and water mixtures containing several 
other ingredients. Lime water-olive oil combinations 
are the usual offenders of this type. In addition to the 
obvious difficulty of incorporating several ingredients— 
some water-soluble, some oil-soluble and some insoluble 
—in an emulsion one is faced with the necessity of de- 
ciding whether an emulsion of the oil-in-water type or 
one of the water-in-oil type is to be made. Frequently, 
the decision is complicated by the fact that ingredients 
are included which are antagonistic in this respect. 

; The following prescriptions illustrate certain of these 
actors: 
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60. 

R Phenolis 
Mentholis 
Camphore aa gr. SS 
Acidi Borici Saltines 
Bismuthi Subnitratis 3 iss 
Tragacanthe er. X 
Olei Olivee {3 iss 
Liquoris Calcii Hydroxidiq.s.ad {3 iii 


M. Ft. mistura. 


This is a classic example of a difficult prescription. If 
filled as written, it is possible to prepare an. emulsion 
of the oil-in-water type, the tragacanth serving as the 
emulsifying agent and the boric acid reacting with the 
calcium hydroxide to prevent the formation of caletum 
oleate which favors the opposite type of emulsion. 


This would appear to be the intention of the prescriber. 


However, an emulsion of the water-in-oil type may also 
be prepared from these ingredients simply by omitting 
the tragacanth and incorporating a small quantity of 
lanolin. This is the type of emulsion preferred by some 
physicians. To prepare the first type of emulsion, 
proceed as follows: 

To a mixture of the boric acid, bismuth subnitrate 
and tragacanth, add slowly, with constant trituration, 
5 fluidrachms of lime water and rub to a smooth paste. 
Separately emulsify 6 fluidrachms of lime water with 
the olive oil in which have been dissolved the phenol, 
menthol and camphor. Now add the emulsion in small- 
portions to the first mixture, triturating well after each 
addition. The resulting product is very viscous and 
must be dispensed in an ointment jar. To prepare an 
emulsion of the water-in-oil type the following direc- 
tions may be followed: Shake the lime water with the 
olive oil in which the phenol, menthol and camphor 
have been previously dissolved, until emulsification is 
complete. Triturate the koric acid and the bismuth 
subnitrate with 13 or 2 drachms of melted lanolin and, 
when a smooth mixture is obtained, slowly pour the 
olive oil and lime water emulsion into the lanolin paste 
with constant trituration. A homogeneous product is 
thus produced. - 


61. 

R Zinci Oxidi 5 ili 
Adipis Lane Hydrosi 3 iv 
Liquoris Picis Carbonis mm X1 
Olei Olive {Zi 
Liquoris Calcii Hydroxidi £51 


A stable emulsion of the water-in-oil type is obtain- 
able from the ingredients of this prescription by a 
slightly different technique than that employed to pro- 
duce a similar type of emulsion in the example previ- 
ously quoted. Dissolve the lanolin in the olive oil with 
the aid of gentle heat; triturate-the zinc oxide and the 
coal tar solution together until most of the alcohol 
has evaporated, then add this mixture to the oil solu- 
tion and mix well. Finally add the lime water in small 
portions, emulsifying each portion by thorough tritura- 
tion. 


62. 
R Mentholis 
Phenolis 
Zinei Oxidi 
Talei Purificati 
Liquoris Alumini Acetatis 
Olei Olivee : 
Liquoris Caleii Hydroxidi q.s. ad 120. 
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1 
5 
0 
0 
0 
0 
0 


It is impossible to prepare an emulsion of the water-in- 
oil type from this prescription because of the large excess 
of lime water. However, an emulsion of the opposite 
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type can be produced with the aid of tragacanth by the 
following procedure: Prepare a mucilage of 20 grains 
of tragacanth and a part of the lime water; add to this 
a suspension of the zinc oxide and tale in lime water and 
triturate until uniformly mixed. Dissolve the menthol 
and phenol in the olive oil, and add this solution to the 
aqueous mixture in small portions, triturating each por- 
tion until emulsification is complete. Finally add the 
aluminum acetate solution and sufficient lime water to 
produce the required volume. 


63. 
R Mentholis 


er. vi 
Zinci Oxidi 5 il 
Calaminz Preeparatee 3 iii 
Liquoris Picis Carbonis {Ai 
Glycerini {Zi 
Olei Olivee {45 ou 
Aque Destillate q.s. ad £3 viii 


Since this formula contains no lime water there is no 
tendency toward the formation of an emulsion of the 
lime liniment. type. Therefore it remains simply to 
prepare an emulsion of the oil-in-water type in which 
the insoluble ingredients are suspended. The following 
procedure may be used: Triturate the coal tar solution 
into a mixture of the zine oxide, calamine and about 30 
grains to a drachm of powdered tragacanth until uni- 
formly distributed. Add the glycerin and 4 fluidounces 
of water in small portions, triturating each portion until 
a smooth mixture is obtained. Dissolve the menthol 
in the olive oil and add to the aqueous mixture in small 
portions emulsifying each portion in turn. Finally add 
the rest of the water with stirring. The resultant prod- 
uct is a stable, homogeneous emulsion. 


64. 
R Camphorse gr. xv 
Sulfuris Preecipitati 3 ii 
Liquoris Calcii Hydroxidi q.s. ad £3 iv 


This prescription represents a combination in which 
insoluble and not too easily suspended materials are to 
be dispersed in an aqueous medium. ‘Tragacanth is 
frequently used for this purpose, about 20 grains being 
required in this instance. The camphor should be dis- 
solved in a little alcohol and mixed thoroughly with the 
sulfur and tragacanth. The lime water is then added 
with constant trituration. 

Quillaja | tincture has been recommended for the 
same purpose, it being added carefully to a mixture of 
the sulfur and the alcoholic solution of camphor. The 
lime water is then triturated into this mixture. Several 
agents have been suggested for the wetting of sulfur so 
that it does not float. A few drops of benzoin tincture 
or of oleic acid are frequently useful for this purpose, 
as are triethanolamine and commercial wetting agents. 


65. 


R Sulfuris Preecipitati 3. 
Spiritus Camphore 5 
Aque Rose Fortioris 15 
Liquoris Calcii Hydroxidi q.s. ad 60 


Here is a combination similar to the one above which 
may be troublesome unless handled wisely. Hubbard 
and Freeman (J. A. Ph. A., Pr. Ph. Ed., 2 (1941), 78), 
have investigated the value of bentonite as a suspending 
agent for the insoluble ingredients in this type of prepa- 
ration. In their studies they employed 6 per cent 
stock suspensions of bentonite in water and in lime water 
as the vehicles for insoluble powders and in the prepara- 
tion of lime water-olive oil combinations with and with- 
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out insoluble powders. The stock suspensions were 
prepared by adding the bentonite to the water or lime 
water in a rotating electric mixer. Other ingredients 
were then added with constant agitation. 

This procedure is useful for the mixture above and, in 
the absence of an electric mixer, can be carried out with 
the aid of an egg beater. The precipitated sulfur, the 
camphor spirit and the stronger rose water are added 
in portions to a previously prepared suspension of ben- 
tonite (6 per cent) and thoroughly mixed. Emulsions 
of the oil-in-water type can be prepared from lime water- 
olive oil combinations by incorporating 5 or 6 per cent 
of bentonite in the lime water, then stirring into this 
suspension all other prescribed ingredients before adding 
the olive oil. 


66. 
R Phenolis 5 i 
Aque Destillate q.s. ad nay 0 
M. Ft. solutio. 


Phenol is not soluble in water to the extent directed 
in this prescription. A clear solution is easily obtained, 
however, by the inclusion of 1 fluidrachm of glycerin in 
place of a similar volume of water. 


POWDERS, CAPSULES AND SIMILAR PRODUCTS 


The compounding of medicaments into powders and 
capsules presents the possibility of incompatibility 
being evidenced in several ways, but from the stand- 
point of frequency of occurrence, one is outstanding. 
This is the tendency of certain compositions to liquefy 
or form a soft mass, and will be discussed in detail in a 
subsequent paragraph. A chemical reaction between 
ingredients, which may or may not involve a change in 
color or the liberation of a gas, is infrequently discov- 
ered. Such a reaction, furthermore, is usually accom- 
panied by at least a partial liquefaction. Even those 
combinations, which form a mass of cement-like hard- 
ness when encapsulated, do so principally under the in- 
fluence of moisture. As a matter of fact, a thorough 
study will indicate that incompatibility in these forms 
of medication almost invariably arises because of the 
presence of moisture or some other liquid. The former 
may be atmospheric moisture or it may be water of 
crystallization liberated from an ingredient; the latter 
is usually the result of a mutual lowering of melting 
points when certain chemicals are mixed. 

A particularly dangerous incompatibility has oc- 
curred at times from attempts to combine vigorously 
reacting substances . Certain oxidizing agents, for ex- 
ample, if triturated with organic matter or other oxidiz- 
able material, may produce an explosion. Such com- 
binations, fortunately, are exceedingly rare and are, for 
the most part, easily recognizable from the nature of the 
ingredients. 

A great number of substances have been proposed for 
inclusion in powder mixtures, especially those to be dis- 
pensed in capsules, for the purpose of preventing, lique- 
faction of the ingredients, but only in recent years have 
systematic studies been conducted to determine the 
relative value of these substances. Husa and Becker 
(J. A. Ph. A., 29, (1940), 78); cbed., 29 (1940), 136) in- 
vestigated the efficiency of several substances in pre- 
venting liquefaction and reached the conclusion that 
magnesium carbonate and light magnesium oxide were 
the best of the substances tried, both in eutectic mix- 
tures and for hygroscopic materials. Heavy magnesium 
oxide ranked next, tale was of some value in the case of 
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hygroscopic ingredients, while lactose and various 
starches were least effective. Dried starches were of 
somewhat greater value than the undried. In a subse- 
quent study, Husa and Macek (J. A. Ph. A., 31 (1942), 
213) have shown magnesium carbonate and light magne- 
sium oxide to be more effective than either tribasic cal- 
cium phosphate or silica gel. In general, 1 or 2 grains 
of absorbent per capsule is effective; however, it is 
obvious that the amount required will vary with both 
the nature and the quantity of the troublesome ingredi- 
ents and will be influenced markedly by the presence of 
other ingredients. In eutectic mixtures, a large part of 
the value undoubtedly comes simply from the ability of 
a bulky powder to hold apart the particles of the sub- 
stances which tend to liquefy on contact. This is 
borne out by the fact that the use of a tightly-stoppered 
container to exclude atmospheric moisture from hygro- 
scopic substances is as necessary as the inclusion of an 
absorbent. 

Occasionally the addition of a bulky powder to a cap- 
sule formula will increase the volume to such an extent 
that it necessitates the use of either an exceptionally 
large capsule or two smaller capsules. The use of two 
capsules to hold a single dose, with the directions so 
modified, is usually the preferred course. 

In compounding a eutectic mixture a part of the ab- 
sorbent should be triturated lightly with each of the 
previously powdered troublesome ingredients, then the 
whole mixed thoroughly but gently. Excessive pres- 
sure must be avoided as being conducive to liquefaction. 
Capsules should be sufficiently large that they can be 
packed loosely in order to delay close contact with sub- 
sequent liquefaction or, in some cases, development of a 
cement-like mass. In passing, it is worthy of note that 
heavy magnesium oxide has a tendency to form masses 
of remarkable hardness when used in certain liquefying 
combinations; hence it must not be used indiscrimi- 
nately. 

Hygroscopie and deliquescent ingredients should be 
triturated lightly with the diluent in order to prevent, 
in so far as possible, contact with atmospheric moisture, 
then encapsulated quickly and placed in a tightly- 
stoppered container. In the case of strongly deliques- 
cent substances, no reasonable amount of diluent is suf- 
ficient to prevent liquefaction if they are dispensed in 
any other container. 


67. 

R Aminopyrine eT. V 
Codeine Sulfatis er. iy 
Extracti Belladonnse er. % 
Acidi Acetylsalicylici er. il 
Caffeine Citrate gr. ss 


M. Ft. cap. no. i. D.t.d. no. 24. 


The contents of capsules prepared according to this 
formula liquefy and become green in color within a few 
days. ‘The liquefaction is the result of the combination 
of aminopyrine and acetylsalicylic acid, producing a low 
melting point. The green color is largely an intensifica- 
tion of the color of extract of belladonna as it becomes 
wet. The difficulty can be overcome by incorporating 
1 grain of either light magnesium oxide or magnesium 
carbonate in each capsule. The diluent should be dis- 
tributed between the two reacting ingredients, these 
two mixtures combined by gentle trituration, then the 
rest of the ingredients incorporated similarly. 

The replacement of citrated caffeine with half its 
weight of caffeine alkaloid is sometimes of service when 
the acidity of the citric acid is a disturbing factor; this 
procedure is not effective in the combination above. 
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68. 

R Phenylis Salicylatis 5 il 
Acidi Acetylsalicylici 31 
Antipyrins on 
Strychninz Sulfatis er. 4 


M. Ft. cap. no. 24. 


With the exception of strychnine sulfate, all of the 
ingredients of this prescription are sources of trouble. 
Any two of them will produce either a wet mass or a 
liquid when in contact. The product is stable for at 
least two weeks if 1 grain of light magnesium oxide is 
triturated with the antipyrine, then the strychnine sul- 
fate, phenyl salicylate and acetylsalicylic acid added in 
the order named. Gentle trituration must be used 
throughout and the product should be filled in capsules 
sufficiently large to prevent tight packing of the con- 
tents. 


69. 
R Strychnine Sulfatis — gr. M40 
Ferri Ammonii Citratis er. Vil 


M. Ft. cap. no. i. D.t.d. no. 20. 


A few days after this prescription is compounded the 
contents of the capsules become a soft mass due to 
the hygroscopic nature of ferric ammonium citrate; 
later the mass shrinks and becomes very hard. ‘The 
addition of 1 grain of either magnesium carbonate, tale, 
or light or heavy magnesium oxide per capsule is ca- 
pable of preventing these changes for at least two weeks. 
The diluent may be incorporated by thorough tritura- 
tion into a mixture of the prescribed ingredients. 

Studies have shown that lactose and starch, even 
though previously dried, have less value in hygroscopic 
mixtures than do the substances mentioned above. 
Actually, in most cases, a tight container for capsules 
containing hygroscopic ingredients is fully as essential 
as is the inclusion of an absorbent or diluent. If it were 
not for the fact that the patient cannot be expected to 
keep such a container tightly closed, diluents might be 
omitted entirely from many combinations. 


70. 
R Phenobarbitali gr. Xv 
Potassii Iodidi 3 iss 
Aminophyllinse 3 il 


M. Ft. cap. no. 60. 


This combination has been a frequent cause of dif- 
ficulty in recent years. If kept absolutely dry, little 
trouble is experienced but in contact with a moist 
atmosphere there is considerable attraction of water by 
the potassium iodide with subsequent gumminess and 
discoloration. The inclusion of 114 grains of either 
light or heavy magnesium oxide or magnesium carbon- 
ate in each capsule will maintain the ingredients in a 
satisfactory condition. A lesser quantity may be used 
if fewer capsules are dispensed, since the entire amount 
will be used up in a shorter time. It is essential that a 
tight container be used. The potassium iodide should 
be powdered in a warm mortar and, if necessary, dried 
by gentle heat, then the magnesium salt and the other 
ingredients incorporated by careful trituration. Not 
infrequently in mixtures such as this, a hygroscopic 
ingredient may be incorporated with a diluent and 
filled into small capsules which are then enclosed in 
larger capsules containing the rest of the ingredients. 
Such a procedure is particularly useful when there is a 
possibility of a reaction being promoted by the moisture 
attracted by the hygroscopic substance. 
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Tile 
R Phenolis 8 
Olei Menthz Piperitze 2 
Aluminis 40 
Acidi Borici q.s. ad 120 
M. Ft. pulv. 


Products of this type sometimes develop a gray or 
green color within several days after preparation. The 
color is usually due to a reaction between phenol and 
traces of iron in the chemicals, particularly alum. 
Since the color develops more rapidly in the presence of 
moisture, a tight container is indicated, as is the use of 
exsiccated alum provided the dose can be satisfactorily 
adjusted. 

Small labels are sometimes used to advise the patient 
that a change in color is to be expected and that the 
medicinal virtues are not affected by such a change. 
The use of chemicals which are free of iron precludes the 
difficulty entirely. 


Mie 
R Potassii Chloratis 3 ii 
Acidi Tannici Zi 
Sucrosi 5 ii 


M. Ft. chart. no. 12. 


This is a logical prescription but a dangerous one for 
the unwary. ‘Trituration of these ingredients may pro- 
duce a violent explosion due to a vigorous reaction in 
which potassium chlorate oxidizes the organic sub- 
stances. The ingredients must be powdered individu- 
ally and mixed lightly on paper. 


OINTMENTS 


When certain substances are incorporated into oint- 
ment bases, it is necessary to use particular care in 
order that a satisfactory product may be obtained. 
Crystalline salts, extracts, resins and balsams are fre- 
quent causes of difficulty. Such substances, therefore, 
may be considered to constitute a source of incompati- 
bility of the physical or pharmaceutical type. Chemi- 
cal incompatibilities are but rarely encountered in 
ointment formulation. It is impractical to attempt to 
discuss each individual substance and the following ex- 
amples serve merely to indicate typical problems. A 
further discussion is to be found in the chapter on oint- 
ments. 


73. 
R Hydrargyri Chloridi Mitis gr. iv 
Extracti Belladonne gr. vill 


Extracti Opii gr. iv. 
Petrolati q.s. ad 51 
M. Ft. unguentum. 


This prescription well illustrates the practice of using 
diluents and solvents in order to incorporate certain 
ingredients into an ointment base. The extracts are 
dissolved in a little dilute alcohol on an ointment slab 
and triturated with a part of the petrolatum. The 
mercurous chloride is rubbed up with a few drops of 
liquid petrolatum and incorporated into the first mix- 
ture. Finally the rest of the petrolatum is incorporated. 
Many chemicals are most easily reduced to a very fine 
state of subdivision with the aid of a little oil; in some 
instances water may be used. Not only is such a condi- 
tion essential for the production of a smooth ointment, 
but it also has a marked effect.on the activity of the 
product. Mercury compounds are usually rubbed with 
a little oil, partly for this reason, and partly because of 
their tendency to undergo reduction if triturated dry. 
Extracts are incorporated more readily if previously 
- goftened with alcohol in the case of the alcoholic ex- 
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tracts, or with water in the case of aqueous extracts. 
74. 


R Balsami Peruviani 5 1 
Unguenti Zinci Oxidi 3 ii 


Peruvian balsam tends to separate in a granular form 
when incorporated with most ointment bases. This 
difficulty can generally be overcome by the addition of 
castor oil. The quantity required varies with the 
amount of the balsam and the base involved. Very 
small amounts of the balsam are usually incorporated 
with equal amounts of castor oil; larger quantities re- 
quire less in proportion. In the formula above, 4 
drachms of the oil is sufficient to enable one to prepare 
a smooth, stable ointment. The balsam and the castor 
oil are triturated together before incorporation into 
the ointment of zine oxide. Solid petroxolin is a par- 
ticularly useful base for ointments containing Peruvian 
balsam. It also works well with storax. 


oe 
R Todi 
Adipis Lanz 
Petrolati q.s. ad 
M. Ft. unguentum, 


0g 


ONOT 
te bet < 


It is practically impossible to reduce iodine to a state 
of subdivision sufficiently fine to permit its satisfactory 
incorporation into an ointment. However, it is easily 
soluble in a concentrated solution of potassium iodide, 
and the resultant solution can then be taken up in an 
absorption base. In this case a solution of 10 grains of 
potassium iodide in 15 minims of water can be used to 
dissolve the iodine; the product then being taken up 
with the wool fat and incorporated into the petrolatum. 


76. 


R Hydrargyri Ammoniati 3 Ss 
Todi ‘ 5 % 
Adipis Lanz q.s. ad 3 ii 


This prescription represents a potentially dangerous 
combination due to the possibility of the formation of 
explosive nitrogen iodide if the ingredients are tritu- 
rated together. However, if precautions are taken, it 
may be filled safely. The iodine should be triturated 
with an equal weight of potassium iodide in 214 
fluidrachms of glycerin until dissolved, then incorpo- 
rated with half of the wool fat. A smooth paste is then 
made of the ammoniated mercury with a little liquid 
petrolatum and the rest of the wool fat incorporated. 
The two portions are then united by gentle trituration. 


SUMMARY OF IMPORTANT 
INCOMPATIBILITIES 


Acacia—Alcohol or alcoholic solutions precipitate acacia as a 
stringy mass when the alcohol amounts to more than about 35 
per cent of the total volume. Solution is effected by dilution with 
water. The mucilage is gelatinized by the ferric chloride solution 
and tincture, ferric sulfate, ferric subsulfate, and iron and ammonium 
acetate solutions, but not by ferric citrochloride tincture or the 
seale salts of iron. The gelatinization is prevented by alkali 
acetates, citrates and tartrates and by dilution with water, glycerin 
or syrup. Concentrated solutions of borax and lead subacetate 
solution likewise produce a gelatinization which may be retarded 
by the addition of glycerin or syrup. 

Acacia contains calcium and, therefore, possesses the incompati- 
bilities of this ion, 

Acacia contains a peroxidase which acts as an oxidizing agent 
and produces colored derivatives of aminopyrine, antipyrine, 
cresol, guaiacol, phenol, tannin, thymol, vanillin, and other sub- 
stances. Among the alkaloids so affected are atropine, apomor- 
phine, cocaine, homatropine, hydrastine, hyoscyamine, morphine, 
physostigmine and scopolamine. A partial destruction of the 
alkaloid occurs in the reaction. Heating the solution of acacia for 
a few minutes at 100° C. destroys the peroxidase and the color 
reactions are avoided. 
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Acetanilid forms a wet mass when triturated with acetylsalicylic 
acid, antipyrine, chloral hydrate, menthol, phenol, phenyl salicylate, 
pyrocatechol, resorcinol, thymol or urethane. 

In solution with ethyl nitrite spirit or nitrous acid (from a nitrite 
in acid medium), it develops a yellow color which gradually changes 
to red. With ferric chloride tincture a red color is produced. 

Todine, iodides and bromides, in large excess, produce precipi- 
tates. 

Strong alkalis decompose acetanilid to form aniline. 

Acetates—Red ferric acetate is formed with solutions of ferric 
salts. Precipitation of the basic salt may follow. Insoluble qui- 
nine acetate is formed with solutions of the quinine salts. 

Strong mineral acids liberate acetic acid from the acetates. 

Acetophenetidin forms a wet mass when triturated with acetyl- 
salicylic acid, aminopyrine, chloral hydrate, phenol or pyrocatechol. 
It is slowly decomposed by strong acids or alkalis. 

Oxidizing agents usually produces a red color. Ethyl nitrite 
spirit slowly gives a yellow color which finally deepens into a 
reddish brown. 

With zodine, an insoluble compound is formed. 

Acetylsalicylic Acid forms a damp to pasty mass when tritu- 
rated with acetanilid, acetophenetidin, antipyrine, aminopyrine, 
methenamine, phenol or phenyl salicylate. Powders containing 
acetylsalicylic acid with an alkali salt such as sodiwm bicarbonate 
become gummy on contact with atmospheric moisture due to a 
partial solution and subsequent hydrolysis of the acetylsalicylic 
acid. Hydrolysis likewise occurs in admixture with salts con- 
taining water of crystallization. 

Solutions of the alkaline acetates and citrates, as well as alkalis 
themselves, dissolve acetylsalicylic acid, but the resulting solu- 
tions hydrolyze rapidly to form salts of acetic and salicylic acids. 
Sugar and glycerin have been shown to hinder the decomposition. 

Acetylsalicylic acid very slowly liberates hydriodic acid from 
potassium or sodium iodide. Subsequent oxidation by the air 
produces free iodine. 

The traces of salicylic acid generally present in acetylsalicylic 
acid produce a characteristic violet color with solutions of ferric 
salts. 

Acids—Although many of the reactions characteristic of acids 
offer opportunities for incompatibilities, only a few are of suf- 
ficient importance to require more than causal mention. Acids 
and acid salts decompose carbonates with the liberation of gaseous 
carbon dioxide and, in a closed container, sufficient pressure may 
be developed to produce an explosion. Inorganic acids react with 
salts of organic acids to produce the-free organic acid and a salt 
of the inorganic acid. If insoluble, the organic acid will be pre- 
cipitated. Thus, salicylic acid and benzoic acid are precipitated 
from solutions of salicylates and benzoates. Boric acid is like- 
wise precipitated from concentrated solutions of borates. By a 
similar reaction, certain soluble organic derivatives are converted 
into the insoluble form. Phenobarbital sodiwm, for example, is 
converted into phenobarbital and, in aqueous solution, will be 
precipitated. 

The ability of acids to combine with alkaloids and other organic 
compounds containing a basic nitrogen atom is utilized in prepar- 
ing soluble salts of these substances. 

It should be borne in mind that certain fluidextracts, syrups, 
tinctures and other pharmaceutical preparations contain free acid 
which causes these preparations to exhibit the incompatibilities 
of the acid. 

Acids also possess the incompatibilities of the anions which 
they contain and, in the case of organic acids, these are frequently 
of prime importance. These are discussed under the specific 
anions. 

Alcohol and preparations containing a high percentage of alco- 
hol will precipitate many inorganic salts from an aqueous solution. 
Acacia is generally precipitated from a hydro-alcoholic medium 
when the alcohol content is greater than about 35 per cent. 

Strong oxidizing agents such as chlorine, nitric acid, perman- 
ganate or chromate in acid solution react, in some eases violently, 
with alcohol to produce oxidation products. 

Alkalis cause a darkening in color due to the small amount of 
aldehyde usually present in alcohol. 

Alkaloids—Most alkaloids are soluble in alcohol and other 
organic solvents and insoluble in water; they react with acids to 
form salts which usually are soluble in water and only slightly 
soluble in alcohol. The addition of a hydroxide, therefore, to an 
aqueous solution of an alkaloidal salt, will generally precipitate 
the free alkaloid. In the same manner, alkaline salts such as the 
acetates, citrates, benzoates, salicylates and basic phosphates of so- 
dium, potassium and ammonium will precipitate the free alkaloid 
from such a solution, or, in some instances, will convert it to aless 
soluble salt. Concentrated solutions of the alkali bromides and 
todides are usually sufficiently alkaline to precipitate the less 
soluble alkaloids as free bases. 

The addition of preparations which possess an alkaline reaction 
to solutions of alkaloidal salts will cause precipitation. Such 
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preparations are: senega fluidextract, rhubarb syrup, aromatic 
rhubarb syrup, senega syrup, etc., as well as those more obviously 
alkaline such as lime water, milk of magnesia, aromatic ammonia 
spirit, etc. 

Among the so-called “alkaloidal precipitants” several may ap- 
pear in prescription practice. Jodine, picric acid, tannic acid, 
potassium mercuric todide and mercuric chloride form insoluble 
compounds with most alkaloids. An occasional difficulty arises 
from the use of a galenical made from a tannin-containing drug. 
Frequently, a very small amount of alcohol will suffice to prevent 
these precipitations. 

Many of the alkaloids are soluble in liquid petrolatum, while 
the salts are generally insoluble. Other alkaloids can be rendered 
soluble by conversion to the oleates. 

Alum—When dispensed in powders with phenol, salicylates or 
tannic acid, gray or green colors may be developed due to traces 
of iron in the alum. A partial liberation of its water of erystal- 
lization permits it to react as an acid toward sodium bicarbonate, 
thus liberating carbon dioxide. Ammonia is liberated simultane- 
ously from ammonium alum. 

Alkali hydroxides and carbonates, borax and lime water precipi- 
tate aluminum hydroxide from solutions of alum. 

It possesses the incompatibilities of the sulfates. 

Aminopyrine forms a wet mass when triturated with acetyl- 
salicylic acid, chloral hydrate, phenol, thymol, resorcinol, phenyl 
salicylate or salicylic acid. 

A blue or violet color is produced with acacia, ferric chloride, 
ethyl nitrite spirit and other oxidizing agents. It has certain of 
the chemical properties of the alkaloids, being precipitated by 
iodine, potassium mercuric todide, mercuric chloride, tannic acid 
and other alkaloidal precipitants. 

Ammonium—Alkalis and alkaline salts liberate gaseous am- 
monia from solutions of the ammonium salts. Phenobarbital 
sodium is sufficiently alkaline to cause decomposition of ammo- 
nium bromide with the simultaneous liberation of phenobarbital, 
which may or may not precipitate depending on the alcohol con- 
tent of the vehicle. Some ammonium salts decompose spon- 
taneously with the liberation of ammonia. 

Antipyrine liquefies or forms a soft mass when triturated with 
acetantlid, betanaphthol, chloral hydrate, ethyl carbamate, phenol, 
phenyl salicylate, piperazine, resorcinol, sodium salicylate or thy- 
mol. When triturated with calomel in the presence of (atmos- 
pheric) moisture, the powder darkens and the calomel is partially 
decomposed into mercuric chloride and metallic mercury. 

With ethyl nitrite spirit which has developed a slight acidity, 
a green color is produced. Ferric salts cause a red color; acacia 
a brown; nitric acid a yellow which later turns red. 

It is precipitated from aqueous solution by iodine, mercuric 
chloride, potassium mercuric rtodide, tannic acid and other alka- 
loidal precipitants. 

Apomorphine Hydrochloride—A green color is rapidly devel- 
oped in alkaline solution. It is precipitated by tannic acid and 
other alkaloidal precipitants and decomposed by oxidizing agents. 

Arsenic—ARsENATES in acid solution are reduced by iodides, 
hypophosphites and other reducing agents to arsenites. Neutral 
solutions of nearly all metals except the alkali metals are precipi- 
tated as arsenates. Sodiwm arsenate precipitates solutions of 
many alkaloidal salts either as free alkaloids due to its alkalinity, 
or as insoluble arsenates. 

ARSENITES form insoluble compounds with most metals except 
the alkali metals. Alkaloids may be precipitated as arsenites, 
strychnine being a noteworthy example. Ozxidizing agents are 
reduced with the production of arsenates. 

In general, arsenical solutions, being either acidic or alkaline 
in reaction, have the incompatibilities of acids or alkalis. 

Ascorbic acid (Vitamin C) is reasonably stable in the dry state 
but in solution oxidizes rapidly in the presence of air. The reac- 
tion is accelerated by alkalis and certain metals, especially copper; 
it is retarded by acids, hydrogen sulfide, and cyanides. Aqueous 
solutions are strongly acidic, having a pH of 2 to 3. 

Benzoates—Inorganic acids liberate benzoic acid from soluble 
benzoates. The benzoic acid may precipitate unless sufficient 
alcohol is present. Solutions of ferric salts may precipitate sal- 
mon-pink ferric benzoate unless the solution is decidedly acid. 
Alkali citrates and tartrates prevent precipitation. Salts of silver, 
lead and mercury also cause precipitation. 

Betanaphthol produces a wet mass when triturated with anti- 
pyrine, camphor, ethyl carbamate, menthol, phenol, phenyl salicylate 
or pyrocatechol. Oxidizing agents impart a green color with par- 
tial or complete decomposition. 

Bismuth Subnitrate is slowly hydrolyzed in water with the 
liberation of nitric acid, thus possessing the incompatibilities of 
this acid. It decomposes carbonates, liberates iodine from zodides 
and reacts with salts of organic acids. The use of bismuth sub- 
carbonate instead of the subnitrate obviates these difficulties. 

Hypophosphites and other reducing agents darken it with the 
production of metallic bismuth. Tannic acid produces a yellow 
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or gray color. Alkaline mixtures containing syrup will slowly 
darken due to the reducing action of invert sugar developed in the 
syrup. 

Borax—Sodium borate precipitates many metals as insoluble 
borates. In aqueous solution it is alkaline in reaction and pre- 
cipitates aluminum salts as aluminum hydroxide, iron salts as a 
basic borate and ferric hydroxide, and zinc sulfate as zinc borate 
and a basic salt. Alkaloids are precipitated from solutions of 
their salts. Approximately equal weights of sodium borate and 
glycerin react to produce a decidedly acid derivative generally 
called glyceroboric acid. Thus, the addition of glycerin to a 
mixture containing sodium borate overcomes those incompati- 
bilities arising from an alkaline reaction. 

Boric Acid—In the presence of moisture sodium bicarbonate is 
decomposed with the liberation of carbon dioxide. In powders, 
atmospheric moisture or water of crystallization from other in- 
gredients may be the source of trouble. In combination with 
salicylic acid, boric acid may act as an alkaloidal precipitant 
through the formation of an insoluble borosalicylate. 

With glycerin, boric acid forms a highly ionized derivative 
known generally as glyceroborie acid. 

Bromides—With some alkaloids, the alkali bromides form a 
precipitate, usually made soluble by the addition of alcohol. 
Mercurous chloride is partially converted to mercuric salt by the 
alkali bromides, the mixture becoming dark due to the simultane- 
ous formation of metallic mercury. Strong oxidizing agents may 
liberate bromine. Lead, silver, manganese, antimony and mer- 
curous salts cause a precipitation. 

Caffeine, Citrated—Neutralization of the citric acid by alkalis 
or alkaline salts will cause precipitation of caffeine if in sufficient 
concentration. The alkali salts of organic acids may form either 
caffeine or the free organic acid. In general, it displays the in- 
compatibilities of the citric acid which it contains. 

Calcium—Soluble calcium salts form precipitates with borates, 
carbonates, citrates, oxalates, phosphates, sulfates and tartrates. 

Camphor forms a liquid or a soft mass when rubbed with 
betanaphthol, chloral hydrate, ethyl carbamate, hydroquinone, men- 
thol, phenol, phenyl salicylate, pyrocatechol, pyrogallol, resorcinol, 
salicylic acid, thymol and other substances. 

It is precipitated from its alcoholic solution by the addition of 
water. It is precipitated from camphor water by the addition of 
soluble salts. 

Carbonates are decomposed by acids and acid salts with the 
liberation of carbon dioxide. The rapidity and extent of the 
decomposition vary with the type of acid concerned. Many 
pharmaceutical preparations are acid in reaction and will decom- 
pose carbonates and bicarbonates. The alkali carbonates pre- 
cipitate practically all metals as carbonates, hydroxides, or basic 
ae Most alkaloids are precipitated from solutions of their 
salts. 

Chloral hydrate—A liquid or a soft mass is produced on tri- 
' turation with acetanilid, acetophenetidin, antipyrine, camphor, 
menthol, phenol, phenyl salicylate, pyrocatechol, thymol and other 
organic compounds, as well as certain hydrated salts such as 
quinine sulfate, sodium phosphate, etc. It softens theobroma orl 
in suppository mixtures. 

In aqueous solution, chloral hydrate slowly decomposes with 
the formation of acid. It is slowly decomposed into chloroform 
and a formate by alkalis and alkaline substances. Pharmaceuti- 
cal preparations having an alkaline reaction behave thus. In 
solution with potassium iodide, it is slowly decomposed with the 
liberation of chloroform and iodine. 

In hydro-alcoholie solutions in the presence of soluble salts, 
chloral alcoholate is formed and may remain in solution or may 
separate as an oily liquid depending on the concentration of the 
alcohol and the amount of salt present. Sugar behaves similarly 
to salt in this respect. In most instances, separation may be pre- 
vented by increasing or decreasing the alcohol content or by 
simple dilution with water. 

. Chlorates—Trituration with organic substances such as glycerin, 
honey, phenol and tannic acid, or with other reducing agents, may 
cause a dangerous explosion. In acid solutions, chlorates are 
strong oxidizing agents. With hydrochloric acid, chlorine is pro- 
duced. 

Chlorides—Precipitates are formed by reaction with lead and 
silver salts. Strong oxidizing agents such as potassium chlorate 
liberate chlorine from hydrochloric acid and acidic solutions of 

chlorides. 

- Chlorobutanol—The anhydrous form must be used in order to 
repare a clear solution in liquid petrolatum. It is decomposed 

Br alkalis; ephedrine is sufficiently alkaline to cause its break- 

down with the formation of ephedrine hydrochloride which will 

separate from a liquid petrolatum solution. 

It is only slightly soluble in water, hence aleohol must be used 

to dissolve the required amount in certain vehicles. _ 

A soft mass is produced by trituration with antipyrine, menthol, 

phenol and other substances. 
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Chromium Trioxide is a powerful oxidizing agent. If triturated 
with organic matter or other substances capable of being oxidized, 
it may produce an explosion. It liberates bromine from bro- 
mides, chlorine from chlorides and iodine from iodides. ‘The sol- 
uble chromates precipitate some metals, notably lead, silver and 
mercury, from solutions of their salts. 

Cinchophen is practically insoluble in water and but slightly 
soluble in alcohol. It forms precipitates with ammonium salts, 
todine and potassium chlorate. 

Citrates—Solutions of the alkali citrates are slightly alkaline 
in reaction and will react with acidic substances. They precipi- 
tate atropine, codeine, morphine, quinine, strychnine and other 
alkaloids from aqueous or, in some instances, hydro-alcoholic 
solutions. With calciwm and strontium salts, the sparingly sol- 
uble citrates will be precipitated. 

High concentrations of potassium or sodium citrate in hydro- 
alcoholic solutions will cause separation into two layers, the upper 
being alcoholic and containing whatever alcohol-soluble ingredi- 
ents may have been present, the lower being aqueous and contain- 
ing the citrate. Dilution with water will promote the miscibility. 

Creosote is freely soluble in glycerin and may cause trouble in 
capsules by permeating the capsule walls. It is easily oxidized 
and may explode if triturated with strong oxidizing agents. ‘A 
blue-green color is produced in alcoholic solutions with ferric 
chloride. 

Creosote carbonate is decomposed by alkalis. When pre- 
scribed in aqueous mixtures it may be emulsified to produce a uni- 
form suspension. 

Ephedrine differs from most alkaloids in being soluble in water, 
producing a solution which has a strongly alkaline reaction. In- 
compatibilities may occur because of this alkalinity. Rosin, 
Eger and Mack (J. A. Ph. A., 30 (1941), 275), have recorded the 
solubility of the anhydrous alkaloid in light liquid petrolatum at 
20° C. as 2.2 Gm. in 100 ce. of solution. The hemihydrate which 
contains about 5 per cent of water was soluble only to the extent 
of 0.84 Gm. in 100 ce. of solution at the same temperature. Both 
substances were more soluble at 25° C. This striking difference 
in solubility indicates the importance of using the anhydrous 
variety in the preparation of oil solutions. 

After frequent and prolonged exposure to a moist atmosphere 
ephedrine may absorb sufficient moisture to prevent the prepara- 
tion of a clear solution in oil due to the separation of droplets of 
water. Anhydrous calcium chloride has been suggested as a 
means of clarifying such a solution. The alkaloid is rendered 
more soluble in liquid petrolatum by trituration with an equal 
weight of oleic acid. Camphor, menthol, thymol, cinnamon oil 
and thyme oil also increase its solubility. 

A compound insoluble in either water or oil is formed with 
iodine. Tannic acid precipitates the alkaloid but not its salts, 
Ephedrine reduces silver salts in aqueous solution to metallic 
silver. (See also Hphedrine Salts.) Because of its alkalinity, 
ephedrine is incompatible with chlorobutanol causing that sub- 
stance to decompose with the liberation of hydrochloric acid. In 
ies solution the ephedrine hydrochloride thus formed is insol- 
uble. 

Ephedrine Salts—They differ from the base in being insoluble 
in liquid petrolatum and in the fact that their aqueous solutions 
are slightly acid in reaction. Ephedrine sulfate appears to be 
compatible with silver salts whereas the base has a reducing 
action upon them and the hydrochloride gives a precipitate. 
Colloidal silver chloride or iodide (Neo-Silvol) is compatible with 
ephedrine sulfate. 

Lodine and other alkaloidal precipitants cause a precipitation. 

Epinephrine is easily oxidized when in solution with the de- 
velopment of a pink and, finally, a brown color. The oxidized 
product is inert. An excess of acid retards the oxidation. Air, 
light and heat promote its deterioration. Excess of acid also de- 
creases the conversion to the racemic form which is less active 
than the official laevorotary variety. 

Metals, notably copper, tron and zinc, rapidly destroy its ac- 
tivity. 

Ethyl Carbamate forms a liquid or a soft mass when triturated 
with antipyrine, betanaphthol, camphor, chloral hydrate, menthol, 
phenol, phenyl salicylate, resorcinol, thymol, etc. It is decomposed 
by acids and alkalis. 

Glycerin—An explosion may occur if glycerin is triturated with 
strong owidizing agents such as chromium trioxide, potassium 
chlorate and potassium permanganate. In dilute solutions the 
oxidation proceeds at a slower rate forming several decomposition 
products. Iron is an occasional contaminant of glycerin and may 
be the cause of a darkening in color in mixtures containing 
phenols, salicylates, tannin, etc. - 

With boric acid or sodium borate, glycerin forms a complex, 
generally spoken of as glyceroboric acid, which is a much stronger 
acid than boric acid. 

Glycerophosphates—Solutions of the sodium salt are alkaline 
in reaction and have the incompatibilities of the alkalis. Calcium 
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glycerophosphate is rendered more soluble by citric, lactic or 
phosphoric acid. The addition of alcohol usually precipitates 
glycerophosphates from solution. Alkalis decompose them. 

Guaiacol has incompatibilities similar to those of creosote of 
which it is a constituent. 

Guaiacol Carbonate is decomposed by alkalis. 
formed when it is rubbed with chloral hydrate. 

Hydrogen Peroxide is a powerful oxidizing agent. It is de- 
composed by practically all organic matter and other reducing 
agents. It reacts with oaidizing agents to liberate oxygen. Met- 
als, metallic salts, alkalis, exposure to light, agitation and heat 
catalyze its breakdown into water and oxygen. 

Hydroxides react with acids to form salts, liberate alkaloids 
from aqueous solutions of alkaloidal salts, and promote various 
hydrolysis reactions such as the decomposition of chloral hydrate 
into chloroform and a formate or the breakdown of salol into 
phenol and a salicylate. 

Since the alkalinity of any substance in aqueous solution is con- 
sidered to be due to the presence of hydroxyl ions, these reactions 
can be considered applicable to all alkaline substances. 

Only the alkali hydroxides are appreciably soluble in water. 
Nearly all common metals will be precipitated as hydroxides when 
solutions of their salts are added to solutions of the alkali hy- 
droxides. Certain hydroxides, however, notably those of alumi- 
num, zinc, arsenic and lead, will dissolve in an excess of sodium or 
potassium hydroxide but not in ammonium hydroxide. 

Ammonia is liberated from ammonium compounds by alkalis 
and many alkaline salts. Some pharmaceutical preparations are 
alkaline in reaction and possess the characteristic incompatibili- 
ties. 

Hypophosphites—Sodium citrate promotes the solubility of the 
less soluble hypophosphites. Most oxidizing agents convert them 
to phosphates with simultaneous reduction of the agent. Tritu- 
ration of the dry chemical with a strong oxidizing agent may 
produce an explosion. é 

Ichthammol in solution is precipitated by acids and acid ‘salts 
as a dark, sticky mass. Alkalis liberate ammonia. Many 
metallic salts cause precipitation. With alkaloids or their salts, 
less soluble derivatives are formed. An insoluble compound is 
formed with potassium iodide. 

Excessive heating causes ichthammol to separate from a sup- 
pository mass. 

Iodides are water-soluble except the lead, silver, mercury and 
cuprous salts. These are soluble in the presence of alkali iodides, 
lead and silver least readily. 

In the presence of acid, iodides are decomposed rapidly with 
the liberation of iodine. Sugar retards the reaction. Ozxidizing 
agents liberate iodine with simultaneous reduction of the agent. 
Thus, by reaction with cupric sulfate, iodine is liberated and cu- 
prous iodide is precipitated; with ethyl nitrite spirit, iodine and 
oxides of nitrogen are evolved. Ammonium iodide, calcium 
iodide and zine ‘iodide decompose spontaneously under the in- 
fluence of light. 

The alkali iodides precipitate most alkaloids. Addition of 
alcohol will frequently preserve the solubility. Mercurous 
chloride in the presence of an excess of potassium iodide produces 
metallic mercury and mercuric iodide, the latter forming the 
soluble double salt, potassium mercuric iodide. 

Difficulties may be encountered in preparing capsules and pow- 
ders containing iodides due to their deliquescence. Use may be 
made of dried ingredients, warm utensils, and suitable diluents in 
order to obtain satisfactory products. 

lodine oxidizes hypophosphates, sulfites, thiosulfates, the lower 
valence forms of some metals, and other oxidizable substances, the 
iodine being thus changed to an iodide. It reacts with fixed oils 
to form addition compounds, and with volatile oils to form various 
derivatives. The reaction with turpentine oil is violent. An 
explosive iodide of nitrogen may be formed with ammonia water 
or ammontiated mercury. Alkala hydroxides and carbonates react 
with iodine to form iodides and iodates. Most alkaloids are pre- 
cipitated from aqueous solutions of their salts. Addition of alco- 
hol may prevent the precipitation. 

lodoform is decomposed by exposure to air in direct sunlight. 
Peruvian balsam, tannin and other organic substances slowly de- 
compose it. 

Iron—Frrrous Saurs are oxidized by exposure to air, by 
arsenates and mercuric salts in alkaline solution, and by the usual 
oxidizing agents. Inorganic acids generally favor the oxidation; 
light hinders it, as do alcohol, citric acid, glycerin, sugar and sol- 
uble citrates. A darkening in the color of a ferrous salt is evidence 
of oxidation. 

Ferrous salts are precipitated by alkalis as white ferrous hy- 
droxide which quickly oxidizes to ferroferric hydroxide, then to the 
reddish-brown ferric hydroxide. Ammonium salts, sugar, gly- 
cerin and many organic acids hinder precipitation. In neutral 
solutions, the soluble carbonates, phosphates, arsenates, arsenites 
and oxalates produce precipitates. T’annic acid precipitates fer- 
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rous tannate which is quickly oxidized to the blue-black ferric 
salt. Borax gives a white precipitate. Acids and the alkali 
citrates and tartrates favor solution of the precipitates. 

Ferric Sauts—The arsenate, arsenite, benzoate, borate, carbon- 
ate, chromate, ferrocyanide, hydroxide, phosphate, salicylate, sulfite 
and tannate are insoluble or only sparingly soluble. In neutral 
solutions, alkali hypophosphites give a precipitate; in acid, the iron 
is reduced to the ferrous state and the hypophosphite is oxidized 
to phosphate. The alkali citrates and tartrates retard precipita- 
tion. Ovzalates will gradually produce a precipitate with the 
ferrous iron formed by reduction of a ferric salt. 

Ferric salts act as oxidizing agents under suitable conditions. 
Todine is liberated from hydriodic acid and soluble todides in the 
presence of an acid, arsenites are partially oxidized to-arsenates, 
and organic acids such as citric, lactic and tartaric are slowly. de- 
composed to carbon dioxide and water. Light generally favors 
the reduction of ferric iron to the ferrous state while free acid pro- 
motes its stability. A solution of ferric chloride is decolorized by 
phosphoric acid, the ferric phosphate which is thus formed being 
soluble in an excess of the acid. 

With a great many organic substances, ferric salts produce 
characteristic colors. These colors have been indicated, for the 
most part, in the discussions of the specific substances. 

Lead Acetate forms precipitates with chlorides, bromides, 
iodides, carbonates, chromates,, oxalates, phosphates, sulfates, borax 
and tannic acid. Precipitates are formed by neutral solutions of 
benzoates, citrates, salicylates and tartrates. A few substances such 
as sugar, glycerin and the alkali acetates promote solubility. On 
prolonged storage, lead acetate becomes incompletely soluble due 
to the absorption of carbon dioxide from the air. 

Magnesium Salts—So_uBLE MAGNESIUM SALTs such as magne- - 
sium sulfate are precipitated from aqueous solution as magnesium 
hydroxide by the alkali hydroxides, as a basic carbonate by the 
alkali carbonates, and as a basic salicylate by the salicylates. 
Arsenates, phosphates and tartrates precipitate the normal magne- 
sium salts. 

Maaenestum Oxipk hydrates slowly in contact with moisture 
and may set to a cement-like hardness in a limited amount of 
water. In liquid mixtures, particularly of a -hydro-alcoholic 
type, glycerin can be used to prevent the caking of the hydrated 
magnesium oxide. A gelatinous mass of magnesium hydroxide 
is formed with fifteen parts by weight of water. Although mag- 
nesium oxide has been recommended as a diluent for liquefying 
ingredients in capsules, it frequently produces a concrete mass. 

Menthol produces a liquid or soft mass when triturated with 
camphor, phenol, chloral hydrate, betanaphthol, ethyl carbamate, 
pyrocatechol, pyrogallol, resorcinol, thymol and numerous other 
substances. Chromic acid, potassium permanganate and other 
oxidizing agents decompose it. It is thrown out of an alcoholic 
solution as an oily liquid by the addition of water. 

Mercuric Chloride—Its solubility and stability in water are in- 
creased by sodium chloride, ammonium chloride and hydrochloric 
acid. It is precipitated by arsenates, borax, carbonates, hydroxides 
and phosphates, as well as by oxalates and some other organic salts. 
Precipitation is retarded by citrates, glycerin, sugar and acacia. 
Albumin, gelatin, tannin, eosine yellowish, methylene blue and some 
alkaloids are also precipitated. Alkali hydroxides in excess pro- 
duce yellow mercuric oxide, lesser quantities the red oxychloride. 
Ammonium hydroxide and ammonium carbonate precipitate white 
ammoniated mercury. Soluble iodides precipitate red mercuri¢ 
iodide which is soluble in excess of the soluble iodide. 

Reducing agents convert mercuric chloride to mercurous chlo- 
ride and, usually, to metallic mercury, as evidenced by a darken- 
ing in color. Ferrous salts, silver salts, arsenites, nitrites, hypo- 
phosphites, sulfites, antimony and potassium tartrate, and contact 
with certain metals as copper, tron and zinc will reduce it in this 
fashion. The reaction also proceeds slowly with organic sub- 
stances such as alcohol, honey, sugar and gums. Light catalyzes 
the reduction. 

Mercuric Iodide (Red) is insoluble in water but readily soluble 
in solutions of alkali iodides. The soluble complex formed with 
potassium iodide is known as Mayer’s reagent and is a general 
alkaloidal precipitant. In solution, it has the incompatibilities 
of mercuric chloride. 

Mercuric Oxide—Mercurous compounds and metallic mercury 
may be formed by trituration with reducing agents. In the 
preparation of ointments, contact with metal must be avoided. 
Salts are formed with many acids. 

Mercurochrome is incompatible with acids, acid salts, heavy 
metals, hydrogen peroxide and most alkaloids and local anesthetics. 
The incompatibility is usually evidenced by a precipitation. 

Mercurous Chloride—The incompatibilities of this salt are due 
to both oxidation and reduction reactions. It is reduced par- 
tially to metallic mercury by hypophosphites, sulfites, reduced tron, 
other metals and several organic substances. Any darkening in 
color is an indication of a possible reaction. Alkali todides and 
bromides convert it partially to metallic mercury and a soluble 
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complex mercuric salt which is toxic in sufficient dose. Moisture 
hastens the reaction. The position of chlorides in this respect is 
questionable; in view of the fact that several factors may be in- 
volved such as concentration, temperature and time, it is advis- 
able to choose the safe course and shun such combinations. Al- 
though sodium bicarbonate in liquid mixtures is reported to react, 
there appears to be no change in dry powder or tablets. 

_Mercurous Iodide (Yellow) decomposes by exposure to light 
with the formation of metallic mercury and mercuric iodide. It 
is reduced to metallic mercury in a manner similar to mercurous 
chloride, but more readily. With soluble iodides, it forms mer- 
curic iodide. 

Methenamine is alkaline in reaction and forms salts with weak 
acids. Strong acids and concentrated solutions of organic acids 
decompose it with the liberation of formaldehyde. With pro- 
longed contact, weak acids also decompose it, as do acidic ve- 
hicles. A precipitate is formed with tannic acid, most alkaloids, 
and some metallic salts. Ferric, mercuric and silver salts may be 
reduced and precipitated. 

It liquefies, in some cases with decomposition, when rubbed 
with acetylsalicylic acid, antipyrine, benzoic acid, lithium benzoates 
lihtum carbonate, menthol, phenol, phenyl salicylate, potassium, 
atcetate, sodium benzoate, sodium salicylate, etc. Ammonium sali 
and alkalis darken it. In capsules, it may slowly combine with 
the gelatin, thus rendering it insoluble. 

Methylene Blue—*Strong solutions of potasstwm or sodium 
hydroxide destroy the color and produce a violet precipitate. 
Reducing agents convert methylene blue to a colorless substance. 
Mercuric chloride, potassium iodide, potassium permanganate and 
potassium dichromate cause a precipitation. 

Nitrates are oxidizing agents and, if triturated with oxidizable 
material, particularly organic matter such as sugar, glycerin, etc., 
may cause an explosion due to the vigor of the reaction. In acidic 
solution, they will readily oxidize organic substances, hypophos- 
phites, arsenites, ferrous salts, ete. Jodides and bromides are de- 
composed with the liberation of the free halogen. 

Nitric Acid possesses the incompatibilities of the acids (which 
see) and, in addition, is an oxidizing agent (see under Nitrates). 
Nitrie acid produces colors, usually yellow, brown or red, with 
many alkaloids. 

Nitrites react with acids to produce nitrous acid which is cap- 
able of acting either as an oxidizing or as a reducing agent. It 
liberates iodine from iodides and bromine from ammonium bro- 
mide; other bromides are not readily affected. Hypophosphites 
are oxidized to phosphates and sulfites to sulfates. Potasscwm 
chlorate, potassium permanganate and some metallic salts are re- 
duced. Tannic acid or preparations containing this substance 
decompose it with the liberation of gaseous oxides.of nitrogen. A 
number of organic compounds produce colored derivatives, thus, 
acetanilid or acetophenetidin gives a yellow color, antipyrine gives 
a green, phenol a yellow which changes to red-brown, salicylates a 
red-brown, thymol a green or a brown, and morphine a yellow. 

Nitrous acid is an unstab!e substance and continually undergoes 
decomposition resulting in the liberation of gaseous oxides of 
nitrogen. Hence, nitrites cannot be dispensed in acidic vehicles. 

Erayi Nirrire Sprrir invariably develops a slight acidity 
due to the formation of a small amount of nitrous acid by the 
hydrolysis of the ethyl nitrite. In addition to the incompati- 
bilities of the nitrites, therefore, this preparation presents also 
those of the acids. Its acidity can be neutralized most efficiently 
by the addition of a small amount of sodium or potassium bicar- 
bonate. The excess of the bicarbonate is insoluble and may be 
filtered out of the spirit. 

Sopium Nirrire reacts with acid substances such as citrated 
caffeine and acetylsalicylic acid in capsules and powder mixtures, 
particularly in the presence of (atmospheric) moisture or water of 
crystallization. It may also cause trouble due to its hygroscopi- 

city. Sticky masses are usually produced, accompanied by the 
evolution of gases. ; 

Phenobarbital—Most of the difficulties encountered in the use 
of this substance arise from its limited solubility in vehicles of low 
aleohol content. The fault may be remedied either by addition 

of alcohol, by substitution of phenobarbital sodium, or by the use 
of a suspending agent. The addition of alcohol, provided too 
large a quantity is not required, is usually the method of choice. 
Phenobarbital sodium can be used only in neutral or alkaline 
media since it is converted to phenobarbital in the presence of 
OCB 
Phenobarbital Sodium, in aqueous solution, has an alkaline 
- reaction and exhibits the incompatibilities of alkalis, usually re- 
sulting in the precipitation of phenobarbital. Thus, it reacts with 
acids, acid salts including many alkaloidal salts, and many of the 
common vehicles such as compound pepsin elixir, pepsin 
and rennin elixir, citric acid syrup, orange syrup, and in- 
numerable proprietary liquids. All thiamine hydrochloride 
- elivirs liberate phenobarbital from the sodium compound and 
subsequent solution or precipitation of this substance depends on 
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the alcohol concentration of the elixir. However, even if pre- 
cipitation does not occur in such an elixir, the combination is in- 
compatible due to the neutralizing effect of the sodium compound 
on the acidity of the elixir with resultant destruction of the vita- 
min. The proper procedure in such an instance is to use pheno- 
barbital in place of the sodium compound and, if necessary, add 
sufficient alcohol to keep it in solution. It may also be necessary 
to add thiamine hydrochloride equivalent to that contained in the 
vehicle being replaced by alcohol. 

Phenobarbital sodium liberates ammonia from ammonium salts 
and decomposes chloral hydrate with the formation of chloroform. 
With alkaloidal salts, phenobarbital and the free alkaloid are pro- 
duced and may be precipitated. Aqueous solutions slowly 
hydrolyze to form therapeutically inactive products. 

Phenol produces a liquid or soft mass when triturated with 
camphor, menthol, acetanilid, acetophenetidin, aminopyrine, anti- 
pyrine, betanaphthol, ethyl aminobenzoate, methenamine, naphtha- 
lene phenyl salicylate, pyrocatechol, pyrogallol, resorcinol, terpin 
hydrate, thymol and several other substances including some alka- 
loids. It also softens theobroma oil in suppository mixtures. 

Phenol is soluble in about 15 parts of water; stronger solutions 
may be obtained by using as much glycerin as phenol. Only the 
crystallized phenol is soluble in fixed oils and liquid petrolatum, 
the liquefied phenol is insoluble due to its content of water. 
Albumin and gelatin are precipitated by phenol. Collodion is 
coagulated by the precipitation of pyroxylin. A sticky precipi- 
tate occurs in lead subacetate solution but not in lead acetate. 
Phenol combines with alkalis to form soluble phenolates which 
slowly darken in color. It becomes pink in color through expos- 
ure to air; other oxidizing agents affect it in various ways. 
Hydrogen peroxide produces pyrocatechin, quinone and hydro- 
quinone; permanganate breaks it down to oxalic acid and carbon 
dioxide; nitric acid forms mono-, di-, or trinitrophenol; nitrous 
acid forms nitroso-phenol which finally becomes deep brown in 
color. Traces of zron in various chemicals such as alum, borax, 
etc., may produce a green color. 

Phenyl Salicylate forms a liquid or soft mass when triturated 
with camphor, chloral hydrate, ethyl carbamate, monobromated 
camphor, phenol, pyrocatechol, terpin hydrate, thymol and numerous 
other substances. 

In the presence of alkali, it is hydrolyzed to phenol and a sali- 
eylate. Its alcoholic solution is colored violet by ferric chloride. 
Nitrous acid causes a darkening. 

Potassium Permanganate is a powerful oxidizing agent and 
under suitable conditions the vigor of its reaction is sufficient to 
produce an explosion. It must not be triturated with organic 
matter or such easily oxidizable substances as charcoal, sulfur, 
reduced iron and hypophosphites. 

In solution, potassium permanganate oxidizes arsenites, oxa- 
lates, hypophosphates, sulfites, tartrates, mercurous salts, cwprous 
salis and ferrous salts. Chlorine, iodine and bromine are produced 
from chlorides, iodides and bromides, respectively. It reacts with 
hydrogen peroxide to liberate oxygen. Alcohol is oxidized to 
acetaldehyde and acetic acid, phenol to oxalic acid and carbon di- 
oxide. Most organic substances reduce permanganate and are 
thereby oxidized to some degree. 

Resorcinol forms a liquid or soft mass when triturated with 
acetanilid, antipyrine, camphor, chloral hydrate, ethyl carbamate, 
menthol, phenol, pyrogallol and other substances. It becomes pink 
on exposure to air or by contact with zron. Alkalis hasten the 
color formation. Most oxidizing agents produce a red to violet 
color. A dilute solution of ferric chloride colors it violet. 

Riboflavin in the solid state is not appreciably affected by dif- 
fused light but in solution it is thermolabile, especially in the pres- 
ence of alkalis. Acid buffered solutions are relatively stable al- 
though even these undergo a slow decomposition. Reducing 
agents decompose it. 

Salicylates—Solutions of salicylates slowly darken in color due 
to an oxidation reaction influenced by the presence of alkalis or 
iron. The reaction is hindered by the presence of certain more 
easily oxidized substances such as sodium bisulfite, sodium 
hypophosphite or sodium thiosulfate. Salicylates give a violet 
or reddish violet color with ferric chloride a green with copper salts 
and a brown with mitric or mitrous acids. LHthyl nitrite spirit 
gives a yellow color which slowly darkens to red-brown. In 
neutral solutions, ferric salts form insoluble basic ferric salicylate. 
Lead, bismuth and mercury behave similarly. 

Mineral acids liberate salicylic acid from solutions of the sali- 
cylates; this will precipitate unless sufficient alcohol is present to 
keep it in solution. The alkali acetates, citrates, nitrates and 
phosphates increase the solubility of salicylic acid in water. Sol- 
uble quinine salts are precipitated by the salicylates as quinine 
salicylate. Strong oxidizing agents decompose salicylic acid. 

Saticyiic Acrp is incompatible with the usual vanishing cream 
due to the fact that creams of this type are based on the forma- 
tion of an emulsion with the aid of a soap. The soap is decom- 
posed by reaction with an acid. 
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Meruyt SaricyLate is decomposed by alkalis to form methyl 
alcohol and a salicylate. 

Silver Nitrate is easily reduced to metallic silver by most 
reducing agents, including ferrous salts, arsenites, hypophosphites, 
tartrates, sugars, tannins, volatile oils and most other organic sub- 
stances. It darkens readily under the influence of light. 

In neutral or alkaline solution, it is precipitated by chlorides, 
bromides, iodides, borax, hydroxides, carbonates, phosphates, sul- 
fates, chromates, arsenites and arsenates. Potasstum permanga- 
nate, tannic acid and the soluble citrates and sulfates may cause a 
precipitation if sufficiently concentrated. In acid solution, only 
the chloride, bromide and iodide are insoluble. Ammonia water 
dissolves many of the insoluble silver salts. 

Silver Protein solutions slowly form a deposit on prolonged 
storage. Dilute solutions of the halides give no precipitation; if 
a silver halide is formed it remains in colloidal form. Mercuric 
chloride causes an immediate precipitation; ferric chloride after a 
time. Other silver precipitants may react on standing if in suf- 
ficient concentration. Alkaloids are precipitated from solutions 
of their salts. 

Sodium Thiosulfate solutions slowly deposit sulfur on standing. 
Acids decompose them with similar precipitation. In acid solu- 
tion, sodium thiosulfate has reducing powers and, therefore, is in- 
compatible with oxidizing agents. Lead, silver and mercurous 
salts precipitate as thiosulfates. Silver halides, however, are 
made soluble by sodium thiosulfate, as are certain other insoluble 
salts. Bismuth subnitrate is partially converted to metallic bis- 
muth. Ferric chloride gives a violet color. Dry trituration with 
oxidizing agents such as potasstum chlorate, potassium permanga- 
nate or a nitrate may cause an explosion. 

Sulfanilamide and Related Compounds—These substances are 
rarely prescribed in combination with other drugs, therefore in- 
compatibilities are seldom encountered. The sodium derivatives 
are soluble in water, invariably imparting to it a marked alka- 
linity. Hence such solutions are incompatible with all acidic 
substances. In combination with alkaloidal salts such as ephed- 
rine sulfate, both the free alkaloid and the sulfonamide are pre- 
cipitated in most instances. Aqueous solutions of the sodium 
derivatives deteriorate rapidly. Solutions of the sulfonamides 
obtained by the addition of acid or alkali may undergo hydrolytic 
or other decomposition and are, therefore, unsafe for use. 

Local anesthetics related to para-aminobenzoic acid, a well-known 
inhibitor of sulfanilamide activity, may antagonize the action of 
this substance. Procaine, larocaine, tutocaine, butyn and ethyl 
aminobenzoate are so related. As far as is known at present, any 
other drugs can be used concurrently with the sulfonamides. 

Sulfates give precipitates with salts of lead, barium, strontium 
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and calcium. Silver and mercury form slightly soluble salts. 
Alcohol throws most sulfates out of solution. Sulfuric acid has 
the incompatibilities of the acids as well as those of the sulfates, 
and, in concentrated form, usually chars organic matter. 

Tannic Acid (Tannin) gives a precipitate with salts of heavy 
metals, most alkaloids, some glycosides, antipyrine, albumin, 
gelatin, pepsin and starch. Ferric salts produce an intense blue- 
black or green.black color. The color is prevented to a certain 
extent by sodium or potassium citrate or phosphoric acid. 
Alkali hydroxides and carbonates give a precipitate which is sol- 
uble in an excess of the reagent. With lame water, a blue or pink 
precipitate is formed. These difficulties will be experienced in 
combinations involving the use of a vehicle or other liquid prepa- 
ration containing relatively flarge amounts of tannin. Wild 
cherry syrup has been a frequent offender in this respect. 

Most oxidizing agents react with tannin; trituration of such 
combinations may produce an explosion. It decomposes with 
ethyl nitrite spirit with the liberation of gases. Jodine is de- 
colored by tannic acid with the formation of hydriodic acid. 
pation: of tannic acid gradually darken on exposure to air and 
ight. 

Thiamine Hydrochloride in the dry state is stable. Acidic 
solutions having a pH below 5.5, preferably from 5.0 to 3.5, are 
also relatively stable. Alkalis destroy it. It is precipitated from 
solution by several of the alkaloidal reagents such as mercuric 
chloride, iodine, picric acid, tannin and Maye?'s reagent. Although 
it is not affected by air, its stability in the presence of either oxi- 
dizing or reducing agents is questionable. 

Elixirs of thiamine hydrochloride are necessarily acid in reac- 
tion and are, therefore, incompatible with any acid-neutralizing 
substance. Phenobarbital sodium has been an occasional offender 
in this respect, the result frequently being such as to cause pre- 
cipitation of the phenobarbital as well as a partial lowering of the 
acidity of the mixture with consequent deterioration of the vita- 
min. Phenobarbital, not the sodium derivative, may be dis- 
pensed in such an instance provided that sufficient alcohol is pres- 
ent to keep it in solution. If a part of the elixir is replaced with 
alcohol for this purpose, an amount of thiamine hydrochloride 
equivalent to that contained in the volume so replaced must be 
added to the product. An elixir prepared with a non-detannated 
wine as a base will gradually form a deposit on storage. Jron 
salts with such an elixir produce the typical black ferric tannate. 

A precipitation may be caused by bromides, ferrous sulfate, iron 
and ammonium citrates, elixir of phenobarbital, elixir of iron, qui- 
nine and strychnine and other substances depending on the par- 
ticular elixir being used. It is impractical to list the incompati- 
bilities of the individual proprietary brands. 
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DENTAL PREPARATIONS 


WHILE pharmacists have always been closely associ- 
ated with medical practice, it has only been within com- 
paratively recent years that the full opportunities of 
similar cooperation with the dental profession have 
begun to be realized. The dental profession has de- 
veloped, as have other professions, and it is partly this 
development which has paved the way for more active 
associations with the pharmacist. Dentists are finding 
more opportunities and occasions for writing prescrip- 
tions for their patients, and pharmacists have learned 
that they are also in a position to supply numerous office 
needs to the dentist. 

Specific evidence of greater cooperation between the 
two professions was indicated during the preparation of 
the N. F. VI, when a special committee of nationally 
known dentists was appointed with the aid of the 
American Dental Association, to suggest specific dental 
preparations worthy of recognition in the N. F. The 
suggested items covered a valuable and interesting 
field, not only embracing preparations for use by the 
dentist in his office work, but also several of value as 
dental-prescription items and others of the household- 
remedy type for general use. In addition, one has but 
to turn to current literature to find numerous articles 
dealing with this subject written both by dentists and 
by pharmacists. 

As a result of this increased activity between the two 
professions, the alert pharmacist today not only follows 
the practice of the physician, but he also includes the 
dentist when he thinks of professional service. How- 
ever, just as one recognizes and must be familiar with a 
certain nomenclature and terminology in dealing with 
the medical profession, so also should one be able to 
converse intelligently with the dentist in terms of the 
latter’s profession. This is best accomplished by refer- 
ence to dental texts, particularly those on therapeutics, 
dental formularies, current dental journals, and to the 
annual volume of Accepted Dental Remedies (A. D. R.), 
the publication of the Council on Dental Therapeutics 
of the American Dental Association. Reference to the 
official rules of the Council as published in the A. D. R., 
and to the general information contained in this concise 
volume, will provide basic information of a very valu- 
able nature to one who is interested in becoming better 
acquainted with the dental profession. Throughout the 
A. D. R. will be found numerous references to perti- 
nent articles in the literature, and while the volume it- 
self covers the items which have been approved, there 
is also a comprehensive list of unacceptable articles, 
together with references to reports bearing upon their 
non-acceptance. Thus one is able to obtain a broad 
picture of the various preparations offered in the dental 
field and accordingly will be in a position to offer intelli- 
gent cooperation when dealing with the dental profes- 
sion. 

Reference to the A. D. R. will indicate the large 
number of chemicals, mostly of an official nature, which 
are of use to the dentist, but which, for obvious reasons, 
will not be listed here. While no attempt will be made 
to present formulas to meet all possible demands, typi- 
cal illustrations will serve to indicate the wide range of 
possibilities open to the professional pharmacist in 


serving the dental profession with products prepared in 
the pharmaceutical laboratory. 

Many of the formulas which follow have been taken 
from the series of articles by George C. Schicks, 
which appeared in the Journal of the American Pharma- 
ceutical Association, Practical Pharmacy Edition, Janu- 
ary to November, 1940, inclusive. Reference to these 
articles and to other literature upon the subject will 
provide additional data, where such is required. 


FORMULAS USED IN GENERAL PRACTICE 
Abrasives 


These preparations are used by the dentist in clean- 
ing and polishing teeth. They are not suitable for use 
by the laity, since they would be entirely too harsh for 
continued or promiscuous use. 


PASTE ABRASIVE 


Pumice, in very fine powder 40 Gm. 
Methyl Salicylate I (atsy, 
Amaranth Solution 2 cc. 
Starch Glycerite 60 Gm. | 
To make about 100 Gm. 


The amaranth provides a pink color which disguises the color 
of blood, and the base of starch glycerite gives a product which 
clings well to the brush. 


POWDER ABRASIVE 


Pumice, in very fine powder 80 Gm. 
Starch 16 Gm. 
Methyl Salicylate A SCGs 
Carmine 0.3 Gm. 
To make about 100 Gm. 


For office use only. May be dispensed in capsules, each to con- 
tain about 1.5 Gm. for convenience in the treatment of the indi- 
vidual patient. Moisten with a few drops of glycerin or water 
before use. 


Anesthetics 


While general or systemic anesthetics are used by the 
dental profession for operational work, only the so- 
called topical and local anesthetics will be considered 
here. The topical group are used on the oral mucosa 
to prevent the pain of the hypodermic needle, to deaden 
the gingiva during certain types of treatment, and as an 
aid in preventing gagging during the taking of impres- 
sions and similar operations. Local anesthetics are 
frequently used prior to extractions, and are usually 
administered by injection. Other substances, such as 
Eugenol (page 677), and Creosote (page 691), are applied 
locally to the pulp to relieve pain. 


BENZOCAINE SOLUTION 


Ethyl Aminobenzoate 10 Gm. 
Alcohol TARP ec. 
Cinnamon Oil Os2ncce 


Amaranth Solution G.2 cc. 
Distilled Water, 
To make 100 icc. 


Dissolve the ethyl aminobenzoate in the alcohol, add the cin- 


nnamon oil, the amaranth solution, and sufficient distilled water 


to make 100 ce. 
A topical anesthetic for application to the mucous membrane 
before inserting the needle. Apply and wait for 2 minutes.. 
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BENZOCAINE TROCHES 


Ethyl Aminobenzoate 0.75 Gm. 
Vanillin 0.03 Gm. 
Sucrose 8.00 Gm. 
Tragacanth 0.25 Gm. 
Carmine 0.01 Gm. 
Distilled Water, a sufficient quantity, : 

To make 12 troches 


A troche dissolved on the tongue is very useful in preventing 
gagging when impressions are being taken and similar operations 
are being performed. 


N. F. TOOTHACHE DROPS (PAGE 713) 


PROCAINE HYDROCHLORIDE AMPULS—See Local Anesthetics 
(page 622). 


Antiseptics 


Antiseptics are quite frequently used by the dentist 
during the practice of his profession. While a large 
variety of antiseptics is used, the iodine preparations are 
of particular interest. In addition to the antiseptic 
action of the group as a whole, some of the stronger 
solutions of iodine are used as counter-irritants and 
caustics, while some of the milder preparations are used 
as disclosing solutions. 

CAMPHORATED PHENOL—See Phenols (page 679). 
IODINE SOLUTION—See Jodine (page 341). 

IODINE TINCTURE—See Iodine (page 342). 

PHENOLATED IODINE SOLUTION—See Iodine (page 341). 


STRONG IODINE SOLUTION—See JLodine (page 341). 
STRONG IODINE TINCTURE—See Iodine (page 342). 


Cavity Linings (Varnishes) 
Cavity linings or varnishes are regularly used in the 


dental office to seal the dental tubuli and foramina in 
deep-seated cavities so as to protect the pulp. 


COPAL VARNISH 


5 Gm. 
100 cc. 


Copal 
Chloroform 


Powder the copal, mix with 5 Gm. of dry washed sand, place 
in a flask, add the chloroform, and shake occasionally during at 
least 24 hours, frequently breaking up the gummy mass to facili- 
tate extraction. Filter, and add chloroform to make 100 ce. 
If necessary add 5 Gm. of purified tale and again filter. 


MASTIC VARNISH 


Mastic 9.0 Gm. 
Peruvian Balsam 90. cc. 
Chloroform, a sufficient quantity, 

To make 30.0 cc. 


Dissolve the mastic and Peruvian balsam in about 15 cc. of 
chloroform and add sufficient chloroform to make 30 cc. 
ROSIN VARNISH 


Rosin, fragments 
Chloroform 


Make a solution. 


7 Gm. 
100 cc. 


Cavity Rinses 


These preparations are used for rinsing and disinfect- 
ing cavities prior to filling, after the cavities have been 
properly cleaned, 7. e., foreign material, tartar, and 
deposits removed. 


AMMONIACAL SILVER NITRATE—See page 464. 
CHLOROFORM-THYMOL RINSE 


Thymol 50 Gm, 
Chloroform, 

To make 100 cc. 

Make a solution. 
SILVER NITRATE RINSE 

Silver Nitrate 10 Gm. 
Distilled Water, ; 

To make 100 cc. 


Make a solution. 
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Counter Irritants 
IODINE AND ZINC IODIDE GLYCERITE—See page 34). 


Dentifrices 
LIQUID DENTIFRICE 


Hard Soap, powdered 60 Gm. 
Saccharin 2 Gm. 
Amaranth Solution 10 cc. 
Cinnamon Oil nouCcs 
Peppermint Oil 5) CC. 
Clove Oil 10 cc. 
Alcohol 750 cc. 
Distilled Water, a sufficient quantity, 

To make 1000 cc. 


Dissolve the soap, the saccharin, and the oils in the aleohol; add 
the amaranth solution and sufficient distilled water to make 1000 
ce, 

“Sprinkle on the moistened tooth brush and use as a dentifrice. 


N. F. DENTIFRICE—See page 402. 


Note that this represents a basic dentifrice. Oxidizing, astrin- 
gent, and alkaline qualities may be provided by additions as 
may be indicated. 


AROMATIC SODIUM PERBORATE—See page 334. 


Denture Preparations 
DENTURE ABRASION SOLUTION 


Benzoin Tincture 50 cc. 
Myrrh Tincture 
To make 100 cc. 


Mix. For treating abrasions caused by dentures. 


DENTURE ADHESIVE 


Tragacanth, fine powder — 75 Gm. 
Sterculia Gum, fine powder 25 Gm. 
Sassafras Oil 1.5 cc. 


Mix. To be sprinkled sparingly on the denture before placing 
it in the mouth. 


DENTURE CLEANSER 


Trisodium Phosphate 120.00 Gm. 
Cinnamon Oil 0.30 cc. 
Amaranth Solution 2.00 cc. 


Mix. Dissolve 14 teaspoonful in half a glass of water and use 
with a brush, 

Note—The cellulose acetate type of denture is decomposed by 
alkaline substances. Phenol-formaldehyde and acrylic types 
withstand most chemical agents. 


Disclosing Solutions 


When applied to tooth surfaces these solutions by 
their staining effect will disclose bacterial and mucin 
films so that sources of bacterial invasion may be more 
readily seen by the dentist. 


DISCLOSING SOLUTION 


lodine 3 Gm. 
Potassium lodide 3 Gm. 
Glycerin 50 cc. 
Distilled Water, 

To make 100 cc. 


Dissolve the iodine and the potassium iodide in 5 ce. of distilled 
water. Add the glycerin and sufficient of the water to make 100 | 
ce. 


Hypersensitive Dentine Preparations 


These preparations are of use in easing the pain 
caused by the dentist’s drill, and other similar opera- 
tions. Preparations such as Ammoniacal Silver Ni- 
trate (page 464), Formaldehyde Solution (page 512), 
Liquefied Phenol (page 679), and a 70 per cent solution 
of Zinc Chloride (page 416) are applied to the external 
surfaces of the teeth. The three formulas provided be- 
low are used for preparing the dental cavity. 


DENTAL 


BENZOCAINE-BENZYL ALCOHOL 


Ethyl Aminobenzoate 12 Gm. 
Benzyl Alcohol 58 cc. 
Clove Oil 30 cc. 


Make a solution. 


CHLOROFORM-BENZYL ALCOHOL 


Benzyl Alcohol 30 cc. 
Chloroform 
To make 100 cc. 


Mix. 
HARTMAN’S SOLUTION 


Alcohol : 10 Gm. (12.35 cc.) 
Ethyl Oxide 20 Gm. (28 cc.) 
Thymol 12.5 Gm. 


Mouth Washes , 


Mouth washes are pleasant rinses for the oral cavity, 
usually providing a refreshing feeling to the mucosa. 
In addition to the preparations which are formulated 
below the following solutions are frequently employed 
asmouth rinses: Alkaline Aromatic Solution (page 682), 
N. F. Antiseptic Solution (page 682), Compound So- 
dium Borate Solution (page 380), a 2 per cent solution of 
Sodium Bicarbonate (page 377), and Isotonic Sodium 
Chloride Solution (page 382). 


PEPPERMINT MOUTH RINSE 


Peppermint Spirit 43.20 cc. 
Saccharin Sodium 0.07 Gm. 
Distilled Water, a sufficient quantity, 

To make 240.0 cc. 


‘ASTRINGENT MOUTH WASH 
Zinc Chloride 2 
Menthol 0 
Soluble Saccharin 0 
Formaldehyde Solution 0. 
Clove Oil 0 
Cinnamon Oil | 
Alcohol 100 
Distilled Water, 


To make 1000 cc. 


Dissolve the zine chloride and the soluble saccharin in 800 ce. 
of distilled water and add the formaldehyde solution. Dissolve 
the menthol and the oils in the alcohol and gradually add the 
aqueous solution to the alcoholic solution. Finally add sufficient 
distilled water to make 1000 cc. Allow the mixture to stand for 
24 hours and filter until clear. 


DEODORANT MOUTH WASH 


Chloramine 0.6 Gm. 
Water, a sufficient quantity, 
To make 60.0 cc. 


This mouth wash helps to overcome mouth odors, 


SALINE MOUTH RINSE 
Sodium Chloride 2.0 
Sodium Bicarbonate 1.0 
Amaranth Solution ' 2.0 
Peppermint Water, a sufficient quantity, 
To make 240.0 cc. 


SALINE MOUTH RINSE POWDER 


Gm. 
Gm. 


Calcium Oxide 2 Gm. 
Phenolphthalein 0.1 Gm. 
Saccharin Sodium 0.3 Gm. 
Cinnamon Oil 0.5 Gm. 
Sodium Chloride, 

To make 100 Gm. 


‘Mix thoroughly. The calcium oxide and the phenolphthalein 
produce a pink color in the product. Use 14 teaspoonful to a cup 
of warm water as a mouth wash. 


Periodontal Treatment 


EPITHELIUM SOLVENT 


Sodium Sulfide 4 
Sodium Carbonate 1. 
Water : 30. 


PREPARATIONS 
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GUM APPLICATION AFTER SCALING 


Strong Iodine Tincture (7 per cent) VALS CG. 
Glycerin 14.0 cc. 
Liquefied Phenol 1.5 cc. 


Pulp Cappings or Temporary Cements 
ZINC COMPOUNDS AND EUGENOL CEMENT—See page 417. 


ZINC OXIDE AND THYMOL CEMENT 
Zinc Oxide 67 Gm. 
Thymol 33 Gm. 


Melt the thymol in a porcelain evaporating dish on a water 
bath. Add the zine oxide and rub the mixture to a smooth paste. 
Spread in a thin layer over the dish and cool. Break into small 
pieces and keep in a well-closed container. 


Sterilizing Solutions for Instruments 


Chemical disinfectants for the cold sterilization of 
instruments include Formaldehyde Solution (page 512), 
Metaphen Solution (page 771), Solutions of Potassium 
Mercuric Iodide (page 462), Saponated Cresol Solution 
(page 690), and Benzalkonium Chloride Solution (page 
661). 


INSTRUMENT STERILIZING SOLUTION 


Formaldehyde Solution 550 cc. 
Sodium Borate 62 Gm. 
Distilled Water, 

To make 1000 cc. 


Make a solution. 


SURGICAL AND EXODONTIAL PREPARATIONS 


Alveolar Analgesics 


Several formulas are given below for liquids and 
pastes to be employed by the dental surgeon for the 
symptomatic relief of pain arising from post-extraction 
alveolitis, commonly called ‘dry socket.” In addition 
to the preparations formulated below the following are 
frequently used: a mixture of equal parts of Guazacol 
(page 677) and glycerin, or Camphorated Phenol (page 
679). 


COMPOUND ACETYLSALICYLIC ACID PASTE—See page 555. 
ETHYL AMINOBENZOATE OINTMENT—See page 621. 


BENZOCAINE PASTE 


Ethyl Aminobenzoate 3 Gm. 
Clove Oil 3 Gm. 
Hydrous Wool Fat 12 Gm. 
Yellow Wax 15 Gm. 
Petrolatum 15 Gm. 


Mix the last three ingredients together on a hot water bath, and 
then add the benzocaine and clove oil with stirring. 


BENZOCAINE-GUAIACOL SOLUTION 


Ethyl Aminobenzoate 3.0 Gm. 
Guaiacol 3.0 Gm. 
Peruvian Balsam 9.0 Gm. 


Triturate the benzocaine with the guaiacol to form a smooth 
paste and then incorporate with the Peruvian balsam. 


Exodontial Solutions 
IRRIGATING SOLUTIONS 


The dental surgeon employs the following prepara- 
tions as irrigating solutions: Isotonic Sodium Chloride 
Solution (page 382) and a solution made by diluting 
Diluted Sodium Hypochlorite Solution (page 338) with 
2 volumes of water. 


PRE-INJECTION MUCOUS MEMBRANE CLEANSER 


Iodine 0.16 Gm. 
Potassium Iodide 0.32 Gm. 
Methyl Salicylate 0.08 cc. 
Glycerin 30.00 cc. 
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Sedatives 


Preoperative sedation for the relief of ‘“‘rritability”’ 
and apprehensiveness is of great physical and mental 
benefit to the patient. The barbiturates, particularly 
Barbital (page 627) and Phenobarbital (page 631) are 
employed for this purpose. For postoperative sedation 
depending on the severity of the pain and nervousness, 
one of the following sedatives is usually prescribed: 
Acetylsalicylic Acid (page 554), Aminopyrine (page 615), 
Acetophenetidin (page 614), Codeine Phosphate (page 
814), Morphine Sulfate (page 812), and Sodium Bromide 
(page 380). See ‘“Premedication and Postmedication 
for Dentists and Oral Surgeons,”’ Report of the Council, 
J. A. D. A., 21, 528 (1984). 


Stimulants 


The dentist usually administers Aromatic Ammonia 
Spirit (page 394) by inhalation for the treatment of 
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syncope. In severe cases of shock where collapse 
occurs, the dentist resorts to artificial respiration, the 
use of a Carbon Dioxide (page 354) 5 per cent—-Oxygen 
(page 328) 95 per cent mixture, or hypodermic injec- 
tions of Caffeine and Sodium Benzoate (page 848). See 
“Causes and Treatment of Systemic Reactions in Local 
Anesthesia,” by M. L. Tainter, Report of the Council, 
J. A. D. A., 20, 152 (1933). 


Dental Wax 
Hard: Petrolatum:.<.iasco. 2 acne eae eo tee 1 oz. av 
Yellow A: Care nee ere mnie tei A Sa nickinetasr AiS.5.4 00 6 oz. av 
Melt together and add 
Bulo Pin eture:; oases veel eee eee eee ener 120 min 
Rose Oiled sob ots ok das sine re tte ats RE Tee ee 5 min 


“Alkanet root may be added if a red color is desired. The 
ground root is macerated in the melted petrolatum until of suit- 
able color. 


CHAPTER XCVIII 


SURGICAL DRESSINGS 


Definition—Surgical dressing or curatio is a term ap- 
plied to a wide range of materials used for the dressing 
of wounds. They are employed as coverings, absorb- 
ents, protectives, or supports for injured or diseased 
parts. 

Classification—Dressings may be classified as 1. Ab- 
sorbents; 2. Bandages, including paddings, compresses, 
and splints; 3. Plasters, adhesive and medicated; and 
4. Protectives. 


Absorbents 


Surgical Cotton—Cotton is the basic surgical absorb- 
ent. It is official in the U. 8. P. under the title 
Purified Cotton (page 1199). 

Domestic cotton grown in the southern United States 
is ideally suited for surgical purposes. The domestic 
cotton plant reaches a height of from 2 to 4 feet. Grow- 
ing from the seeds is a pod or boll which bursts open 
upon ripening, exposing a mass of white cotton fibers. 
Each of these fibers is a minute, hair-like tube, the outer 
wall being pure cellulose, the opening filled with plant 
juices. When the boll bursts open, the fiber collapses 
into a flat ribbon-like form, twisted and doubled upon 
itself more than a hundred times from’end to end. 

The picking season for cotton begins in the late sum- 
mer. Most cotton is picked by hand. The cotton, 
clinging to its seed, is piled onto the cotton farmer’s 
cart and is hauled to the gin. After the seeds have been 
removed by the gin, the cotton is compressed and 
secured with bagging and steel strips into bales weigh- 
ing about 500 pounds. 

All cotton grades are standardized by the U. 8. De- 
partment of Agriculture. Samples of each bale are 
classified into one of six color groups, then given a 
“staple length” according to the length of the average 
fibers, and finally graded as to the amount of foreign 
matter present and the condition: and ripeness of the 
fibers. From these hundreds of possible grading com- 
binations, each bale is given a ‘‘quality rating” which 
determines its price. 

Although virgin cotton is the only cotton used in the 
manufacture of U. S. P. Purified Cotton, other types 
are used in different mixtures to make second grade 
cottons. 

Comber Cotton is the uneven fiber pulled out by comb- 
ing machines in textile mills which make fine yarns or 
thread. Though not suitable for spinning, Comber 
Cotton is clean, of high quality and excellent for many 
surgical uses. Linters are short cotton fibers result- 
ing from the second ginning of the cotton seeds. 

These and other second grade cottons are baled, 
graded, and sold through regular waste cotton markets, 

The raw cotton fiber, mechanically cleaned of dirt, 
carded into layers, but not otherwise treated, has a 
limited use for paddings and coverings of unbroken 
surfaces. This form is supplied under the name of 
non-absorbent cotton. It is also frequently used as cot- 
ton plugs in the bacteriological laboratory because of its 
non-absorbency. 

Absorbent cotton is prepared from the raw cotton fiber 
by a series of processes which remove the natural waxes 
and all impurities and foreign substances and render 
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the fibers absorbent. Briefly summarized the processes 
may be described as follows. Each cotton bale goes 
through a mechanical cleaning process. Foreign mat+ 
ter, dust, seed hulls, and soil, etc., are removed by means 
of “openers,” “pickers,” ete. From the mechanical 
cleaners, the cotton is blown through large pipes to the 
boiling kier and the bleaching tub where it is made ab- 
sorbent and bleached. In these processes it is freed 
from the waxes, resins, fats, and coloring matter nor- 
mally present in the raw fiber. 

During the chemical treatment, all surgical cotton is 
thoroughly washed using a fresh supply of water for 
each washing. A practically pure, white cellulose fiber 
is the result. 

Cotton thus treated is dried by passing, on a moving 
screen, through long drying ovens. The dried cotton 
is then ready for the ‘‘Lapping”’ process. This process 
is similar to the cleaning process. The beaters tear the 
tufts of cotton to smaller pieces. The grid bars elimi- 
nate the short fibers and foreign matter. The rollers 
press the cotton into a continuous lap in which form it 
passes through the carding machine. There thousands 
of wire needles remove the short fibers and straighten 
out the longer cotton fibers, forming a thin web. This 
is the familiar roll cotton. Other cards fold the web 
which is then cut into uniform strips and automatically 
rolled into cotton balls. 

The U.S. P. prescribes the manner in which Purified 
Cotton shall be packaged and sterilized. See page 1199. 

Besides the familiar roll form, Purified Cotton may 
be obtained in various prepared forms such as cotton 
balls (Fig. 697), cotton tipped applicators, etc. 


JUMBO 
t€xtra Heavy} 


PERINEAL 
iHeavy} 


MEDIUM 


Fig. 697—Sizes of cotton balls. 


Cotton balls can be prepared by hand but they are 
more advantageously made on special machines. 
Machine-made balls are firm, compact, and uniform in 
size, Shape, and weight. They are produced in several 
sizes. The larger size balls are made for obstetrical 
uses, in the delivery room, or when changing perineal 
pads. The medium cotton ball is particularly useful 
for applying antiseptics or medication locally, cleansing 
the skin, and in the nursery where manifold uses are 
apparent. The small cotton ball is often used for skin 
cleansing before hypodermic or intravenous injections, 
and in applying local medications to small areas. 

In addition to the long fiber U. 8S. P. grade of cotton, 
which is primarily used for specialized work and similar 
uses where high quality is essential, cheaper grades are 
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available for less exacting uses. For example, in gauze- 
covered dressings and padding for splints, the lower 
grades are efficient yet more economical. 

One such grade consists of a combination of medium 
and shorter length fibers. Another consists of medium 


short length fibers and is used particularly by hospitals 
for drainage pads, padding for splints, and other uses 


where a long-fibered cotton is not required. 

Non-absorbent bleached cotton, prepared by a modified 
bleaching process, wherein the water-repellent natural 
oils and waxes are retained, is also available. This 
cotton is easily identified by its silky feel. Because it is 
repellent to water, it does not become matted or in- 
elastic. Consequently it is well adapted to packing, 
padding, and cushioning of dressings over traumatized 
areas and as non-absorbent backing on sanitary napkins, 
combines, and drainage dressings. 

Surgical Gauzes—The function of surgical gauze is 
to provide an absorbent material of sufficient tensile 
strength for surgical dressings. It is official in the 
U.S. P. in two forms under the titles Absorbent Gauze 
and Sterile Absorbent Gauze (see below). Absorbent 
Gauze is defined as well-bleached cotton cloth of plain 
weave. Sterile Absorbent Gauze is defined as absorbent 
gauze which has been rendered sterile and protected 
from contamination. 

In the process of making surgical gauze, the raw cot- 
ton fiber is mechanically cleaned and then spun or 
twisted into a thread, and the thread, in turn, woven 
into an open-mesh cloth. This cloth is gray in appear- 
ance and non-absorbent. It is bleached white and 
rendered absorbent by much the same processes as those 
used in the preparation of surgical cotton. 

The gauze thus treated is dried by passing in a con- 
tinuous length through a tentering machine. Tenter 
hooks straighten out, stretch, and hold the gauze taut 
as it is dried. When it leaves this apparatus, the dried 
gauze is cut into lengths, folded, rolled, and packed into 
various sized packages. 

The U.S. P. prescribes the manner in which Sterile 
Absorbent Gauze shall be packed and sterilized. See 
page 1198. 

Gauze is graded according to its mesh or number of 
threads per square inch. Some types of surgical dress- 
ing require a close-meshed gauze for extra strength and 
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greater protection. In others the gauze is used only as 
a covering, for dressing pads, ete. For this reason surgi- 
cal gauze is woven in about 10 different types or mesh 
sizes (Fig. 699). The U.S. P. recognizes 7 types rang- 
ing from 44 X 36 down to 20 X 12. The lengthwise or 
“warp” threads are mentioned first; the crosswise, or 
“fill” threads, second. For ascertaining the mesh or 
threads per inch, a small hand apparatus known as a 
“thread counter”’ is used. 


3x3" 
Ia PLY 


Fig. 699—Gauze pads. 


Various forms of pads, compresses, and dressings are 
made from surgical gauze, alone or in conjunction with 
absorbent cotton. 4 

Filmated Gauze is a folded absorbent gauze with a 
thin, even film of cotton distributed over each layer. 
This cotton filmation fluffs up and gives ample dressing 
volume, yet costs less than gauze alone of equivalent 
volume. It possesses quick absorption and unusual 
softness. 

Antiseptic or Medicated Surgical Gauze came into vogue 
in the Listerian era of surgery, 
and it is still used to some ex- 
tent. The gauze of this type 
most commonly used is iodo- 
form gauze, containing 5 per 
cent iodoform. 

Selvage Edge Gauze Strips in 
narrow widths of 14 inch to 2 
inches are specially designed 
and woven for use both as 
packing strips in surgery of the 
nose and sinuses, nasal haemo- 
stasis, etc., and as drainage 
wicks in the treatment of boils, 
abscesses, fistulas, and other 
draining wounds. The ravel- 
proof, selvage edges on both 
sides eliminate all loose 
threads. These selvage edge 
gauzes are available unmedi- 
cated, or medicated with iodo- 
form 5 per cent. All these 
gauze strips are obtainable in 
sterile form packed in sealed 
glass jars. 
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Gauze pads or sponges are folded squares of surgical 
gauze. ‘These pads are so folded that no cut gauze 
edges or loose threads are exposed. This prevents loose 
fibers from entering the field of operation or the wound. 
The edges are so folded that each size may be unfolded 
to larger sizes without exposing cut edges or loose 
threads. Most popular sizes are: 

2" x 2"—12 ply 
3” X 3”"—12 ply 
4” <& 4"— 8 ply 
4" X 4"—16 ply 

Also available are filmated gauze pads wherein the 
cotton filmation is evenly distributed throughout the 
entire area of the gauze and the pad so folded that the 
cotton filmation is completely enclosed. These pads are 
more economical than all-gauze pads. 

X-ray Detectable Gauze pads are the same as all-gauze 
pads but contain inserts treated with barium sulfate. 
They are non-toxic, soft, and non-abrasive. They re- 
main permanently detectable because they do not 
deteriorate in the body nor are they affected by steriliza- 
tion or time. 

Adhesive Absorbent Gauze is official in the U. S. P. 
(see below). The compress is composed of layers of 
absorbent gauze. Dyes .or bacteriostatic agents or 
' both, if non-toxic and harmless in the concentration 
employed, may be added to the compress. The weight 
of the compress is not less than that of a compress of 
the same area composed of four layers of Type I 
absorbent gauze. The absorbent gauze is substantially 
free from loose threads or ravelings. The adhesive 
plaster may be perforated over the compress, and the 
back may be coated with a water-repellent film. 

“The adhesive surface is protected by overlapping 
strips of crinoline or other protective material of a width 
not less than that of the dressing.” 

Adhesive Absorbent Gauze must be sterile and be 
protected from contamination by suitable packaging. 

Adhesive Absorbent Gauze wherein the gauze com- 
press is medicated with mercurochrome or the anti- 
biotic, Tyrothricin, is also available. 

Dressing Combines are designed to provide warmth 
and protection and to absorb blood, pus, or other fluids 
that drain out of an incision or wound. Each combine 
‘consists of a layer of absorbent cotton about one inch 
thick and a layer of non-absorbent cotton. They are 
held together and enclosed in a gauze covering. The 
non-absorbent side of the pad is used, of course, away 
from the wound and helps prevent excretions from 
coming through to soil the linens and bed clothes. 
Other types of combines are supplied with cellulose filler 
and without non-absorbent back, or with all-absorbent 
cotton filler. 

Laparotomy Packs also known as Abdominal Packs, 
Tape Pads or Packs, Walling-Off Mops, Stitched Pads, 
Quilted Pads, Gauze Mops, etc., are used to form a non- 
abrasive wall which will prevent abdominal or other 
organs from escaping into the field of operation and to 
help maintain body temperature during exposure. 
_ They are made of four layers of 28 & 24-mesh gauze. 
The edges are folded in and hemmed. The entire 
Pack is cross-stitched and a looped tape 1% inch wide 
and 20 inches long is attached to one corner. A new 
feature in one type is an X-ray detectable insert, so 
firmly incorporated into the gauze that it cannot become 
_ detached. Treated with barium sulfate, the thread is 
non-toxic and causes no more foreign body reaction than 
an ordinary dressing. If a lap pack is lost in the opera- 
- tive field, X-ray will locate it by the barium sulfate 
treated insert. 
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Sanitary Napkins otherwise known as V-Pads, O. B. 
Pads, Perineal Pads, Maternity Pads, etc., are used in 
obstetrical, gynecological, or maternity cases. Al- 
though there is a variety of types, the fillers are either 
of absorbent cotton or cellulose. The cellulose type 
may be further subdivided into two classes, the ordinary 
filler made with flat layers of cellulose, and the mac- 
erated filler which is fluffy and soft and conforms more 
readily to body contours. Other variations, beside 
those of filler, are found in size, weight, length of tab- 
ends, and type of covering. The filler size for sanitary 
napkins is usually 3 inches by 9 inches with gauze tab 
ends about 4% inches long. The over-all weight is 
about 4% ounce per pad. The gauze covering is usually 
of 14 X 10 mesh, but meshes up to 18 X 14 are used. 

Sanitary napkins should retain absorbent. capacity, 
color, and volume after the sterilization to which they 
are subjected when intended for hospital or surgical 
use. 

Sanitary napkins are sold under the trade names 
Kotex, Modess, etc. 

Absorbent Cellulose, a paper product made from 
wood pulp, is an ideal substitute for cotton when used 
as a filler for drainage pads, underpads, and sanitary 
napkins. Rolls are made from many layers of thin 
absorbent cellulose in widths of 12 inches and 24 inches 
and wound in continuous lengths. The cellulose is soft, 
very absorbent, and bleached white. However, it lacks 
the elasticity of cotton fiber and when wet becomes sod- 
den. 

Cellulose Tissues are small white sheets of soft, 
strong, absorbent cellulose. Sheets are dispensed con- 
veniently, one at a time, from specially slotted boxes in 
which they are usually packed. In addition to their 
surgical and personal use, they are sometimes used for 
cleaning delicate instruments, lenses, and for general 
purposes in laboratories and clinics. 

Absorbent Lint was formerly a home-made product, 
consisting of a soft fluffy fiber produced by scraping old 
linen cloth with the edge of a knife until a loose, tangled 
mass resulted. 

Modern lint is a heavy, specially woven cotton fabric 
with a heavy nap on one side. In this material loosely 
twisted threads form the warp, while the cross threads 
are finer and more tightly twisted. The lint cloth is 
passed through a scraping machine which shreds the 
more loosely spun threads, producing a soft, fluffy sur- 
face of short fibers of cotton attached to the thread base. 

Lint has great absorbent capacity and is used for 
absorbing discharges, and for the application of solu- 
tions, ointments, and counterirritants; also for holding 
dressings and as hot and cold compresses. 


Bandages 


The function of bandages is to hold dressings in place 
or to provide slight pressure or support. They may be 
classed. as inelastic and elastic. Still another class in- 
cludes the bandages filled with hardening material, 
such as plaster of Paris bandages, which are virtually 
splints. 

Common Gauze Roller Bandage is official in the 
U. 8S. Pharmacopoeia (see below). It is prepared from 
Type I Absorbent Gauze in various widths and lengths. 
Each bandage is in one continuous piece, tightly rolled, 
and substantially free from loose threads and ravelings. 
Gauze Bandage must be sterile and protected from con- 
tamination. 

Muslin Bandage Rolls are made of heavier un- 
bleached material (56 X 60 mesh). They are supplied 
in the same widths as the regular gauze bandage. Mus- 
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lin bandages are very strong and are used wherever 
gauze bandages do not provide sufficient strength or 
support. They are frequently used to hold splints or 
bulky compression dressings in place. 

Elastic Bandages are made in 3 types: 

1. Woven Elastic Bandage is made of heavy elastic 
webbing containing rubber threads. 

2. Crepe Bandage is elastic, but contains no rubber. 
Its elasticity is due to a special weave that allows it to 
stretch to practically twice its length, even after re- 
peated launderings. This elasticity makes the crepe 
bandage especially serviceable in bandaging varicose 
veins, sprains, etc., because it conforms closely to the 
skin or joint surfaces, lies flat and secure, yet allows 
limited motion and stretches in case of swelling so that 
circulation is not impaired. 

3. Elastic Adhesive Bandage is a specially woven, 
all-cotton elastic bandage spread with a special surgi- 
cal adhesive mass. Like the crepe bandage its special 
weave permits it to be stretched to almost twice its 
original length. The adhesive surface keeps the 
bandage in place with the desired degree of support and 
pressure. It is used extensively for conditions requir- 
ing a close-fitting bandage ‘support, such as sprains, 
strains, rib fractures, and certain muscular and liga- 
mentous involvements. When applied to the chest 
wall to hold dressings in place, its elasticity permits un- 
hampered respiration and minimizes the posstaility of 
subsequent hypostasis of the lung. 


Fig. 700—Hard-coated plaster of Paris bandage. 


Triangular Bandages are usually made by cutting a 
square of bleached muslin diagonally from corner to 
corner, forming two right triangles of equal size and 
shape. The length of the base is approximately 54 
inches. ‘These bandages were brought into prominence 
by Esmarch and carry his name. They are used in 
first aid work for head dressings, binders for splints for 
broken bones, arm slings, etc. However, their use has 
been largely replaced by the more common roller 
bandage. 

Crinoline Bandage is made of bleached gauze treated 
with pure dextrinized starch. Surgical crinoline band- 
age is used almost entirely for plaster of Paris band- 
ages. The starch provides a stiff finish for holding 
the plaster of Paris within the mesh. Crinoline is sup- 
plied in uncut, yard-wide rolls and in cut rolls from 3 
inches to 8 inches wide. The edges of the rolls of cut 
crinoline are serrated to prevent loose threads at the 
outer edges of the bandage. 

Plaster of Paris Bandages are used to provide im- 
mobilization and support in treatment of broken bones 
and in certain conditions of bones and joints. There are 
3 types of ready-made plaster of Paris dressings. 

1. Hard-coated plaster of Paris bandages are made 
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from a thick creamy suspension of plaster of Paris 
spread on crinoline and dried to a hard-coated mass. 
The bandage is cut to various widths and given a ser- 
rated, non-raveling edge. This method makes possible 
a very uniform spread which facilitates the preparation 
of strong, dependable casts. See Fig. 700. 

2. Hard-coated plaster of Paris splints are ready-cut 
lengths of the hard-coated bandage. They are often 
preferred because they eliminate unrolling and folding 
from the rolled bandage. Their use greatly simplifies 
splint- and cast-making technique. They are specially 
useful as cast reinforcements. They can be cut to any 
desired size or shape before saturating without loosening 
the plaster. Usually, from 3 to 7 splints will give the 
desired thickness for cast reinforcement; 6 to 9 for 
making an individual splint. These are simply im- 
mersed and applied as 1 unit. See page 701. 


Fig. 701—Hard-coated plaster of Paris splints. 


8. Loose plaster bandages are ready-made plaster of 
Paris bandages, made with plaster of Paris, in powder 
form, spread on surgical crinoline. The crinoline is run 
through special machines that sprinkle the dry plaster 
of Paris evenly and smoothly onto the crinoline as it is 
rolled. 

A plaster of Paris bandage when wet becomes plastic 
and upon drying or “setting” a cast or splint ‘is formed. 
The plaster of Paris used is specially processed for the 
purpose to yield bandages of two types, Fast Setting 
and Slow Setting. Fast Setting Bandages set in 5 to8 
minutes. Slow Setting Bandages set in 10 to 18 min- 
utes. 

Because plaster of Paris is sensitive to moisture, 
plaster of Paris bandages are subject to premature set- 
ting if exposed to moisture any time prior to immersion 
and saturation preparatory to use. Therefore, they 
should be stored where they will not be exposed to 
dampness or high humidity: 

Plaster of Paris bandages are supplied by the manu- 
facturers in lengths of 5 yards and of varying widths. 
Each bandage is wrapped in moisture-proof paper and 
a number packed in moisture-proof containers. 

Technique of application—The following is the sug- 
gested procedure for using Hard-Coated Plaster of Paris 
Bandages. 

A vessel deep enough to hold 1 bandage standing on ~ 
end should be nearly filled with plain water. No salt 
or chemicals should be added to the water. For best 
results water at about room temperature should be used 
and changed after 10 or 12 bandages have been im- 
mersed in it. i 

The bandage, removed from its wrapper, should be 
submerged, and held under the water for 5 full seconds, 
keeping thumbs and palms of hands back and away 
from the ends to ayoid retarding free, s"de to side flow of 
water through the bandage. 

‘After immersion, the bandage should be raised from 
the water and as much excess water as possible wrung 
out before applying to cast. The less water left in the 
bandage, the quicker the cast will dry. In applying 
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the bandage to the cast, a moderate rubbing of the suc- 
cessive layers of each bandage into the layers below will 
help to form a solid, well-fused cast. 


New improved Hard-Coated Plaster of Paris Band- 
ages now on the market lend themselves very easily to 
‘the above procedure and have the additional advantage 
of not telescoping when wet, thus facilitating applica- 
tion to the cast. : 


Loose plaster bandages require somewhat more careful 
technique during the immersion process to prevent ex- 
cess loss of plaster. The bandage should be completely 
submerged, and squeezed several times with the fingers 
to work out the air and allow the water to enter. It 
should be allowed to remain in the water not more than 
1 minute, then removed, the excess water squeezed out, 
and applied as rapidly as possible. If, during applica- 
tion, there are parts where the plaster seems too dry, 
water may be added from time to time by sprinkling on 
with the fingers. If there are parts of the gauze not 
properly covered with plaster (and this is likely to occur 
with the first few turns owing to having been washed 
out by the water) more should be sprinkled on from an 
excess supply, provided for the purpose. By smoothing 
and stroking with the hand as the application progresses, 
a solid, strong cast of good appearance can be produced. 


Stockinette Bandages are made of stockinette mate- 
rial knitted or woven in tubular form without seams. 
Surgical stockinette is unbleached and non-absorbent. 
Because it is soft and will stretch readily to conform 
comfortably to the arm, leg, or body it is used to cover 
the skin prior to the application of a plaster of Paris 
bandage. 

Surgical Wadding is a soft protective padding used 
under plaster of Paris casts. It consists of unbleached, 
non-absorbent cotton, glazed on both sides to provide 
tensile strength and body and to keep moisture from 
the skin. Surgical wadding is supplied in uncut sheets 
36 inches by 6 yards and in rolls 3 to 8 inches wide by 6 
yards long. 


Plasters 


Plasters are substances intended for external applica- 
tion, made of such materials and of such consistency as 
to adhere to the skin. Historical evidence points to 
the use of plasters in ancient times as a healing element 
applied directly to the local lesion. It is definitely 
known that the Greeks concocted a substance called 
Diachylon Plaster (page 546). Its ingredients consisted 
of olive oil, lead oxide, and water. 

There is a reference to its popularization by Menec- 
rates, physician to Tiberius. Its applications were 
many, and it was considered not only non-irritating but 
actually soothing. The Greek formula survived the 
centuries virtually unaltered. The mixture was sup- 
plemented by resin and yellow beeswax and the name 
became Emplastrum Resine. 

An important improvement was introduced in the 
middle of the nineteenth century. India rubber was 
added to the formula. The result was a cleaner pulp, 
easier application and removal, and greater adhesion. 

In 1899, the zinc oxide type of adhesive plaster was 
developed. This new type possessed remarkable 
strength of adhesion, and adhered considerably faster 

than previous types. As a result of these advantages, 
adhesive plaster soon came to be considered as an indis- 
pensable article of dressing to the surgeon. 
_ Preparation—The making of adhesive plaster requires 
the use of extensive apparatus for the grinding, milling, 
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and preparation of the rubber, resins, plasticizers, and 
suitable fillers; the mixing of the mass and the final 
spreading upon cloth. 


Use—Plasters should be applied only to a dry, clean 
skin, free from oily secretions. Traces of powder, oil, 
grease, glycerin, water, or other substances interfere with 
adhesion. The use of counterirritants should be 
avoided before adhesive plaster is applied. Large 
strappings of adhesive plaster are easily and painlessly 
removed by the use of a suitable solvent. Carbon 
tetrachloride and other chlorinated hydrocarbons do 
not present the dangerous fire hazard of ether, benzine, 
and similar inflammable solvents. However, proper 
ventilation precautions must be taken to avoid toxic 
concentrations of vapor. Light petrolatum applied 
at line of contact of mass with skin. is best. 


Storage—All pressure-sensitive plasters are subjected 
to some deterioration with age. This rate of decom- 
position is proportionate to the temperature. In 
general, the cooler the storage conditions, the better 
the lasting quality of the plaster. Exposure to heat 
and sunlight should be avoided. 


Protectives 


Protectives are employed to cover wet dressings and 
hot or cold compresses, and are also used as a covering 
for poultices, and for the retention of heat. They pre- 
vent the escape of moisture from the dressing or com- 
press. In common use as protectives are filmed rayon, 
rubber sheeting, and wax or paraffined paper. 


Filmed Rayon is a light, waterproofed, rayon fabric, 
coated on one or both sides with a synthetic resin. It 
is very soft and pliable. Filmed rayon may be laun- 
dered and sterilized without destroying its usefulness. 
It is supplied in rolls 36 inches wide, in 1- and 5-yard 
lengths; also in 12- X 18-in. pieces. 


Rubber Sheeting is a rubber-coated cloth, waterproof 
and flexible. It is supplied in various lengths and 
widths for use as a covering for bedding. One form 
used as a protection blanket is provided with eyelets for 
lacing under the bed. A so-called ‘‘nursery sheeting” 
is supplied, coated only on one side. 


Waxed Paper is prepared by passing a parchment- 
like sheet of paper through melted wax or paraffin. It 
is used largely as an economical substitute for more ex- 
pensive protectives. 


Care of Surgical Dressing 


The U.S. P. provides that all sterile surgical dressings 
bear a warning statement that the sterility of the con- 
tents cannot be guaranteed if the package bears evidence 
of damage or has been previously opened. Surgical 
dressings therefore must be properly cared for in order 
to preserve the sterility of the contents. The most 
suitable storage places are dustproof cases of glass, 
metal, or wood. The storage place should be dry and 
not near steam or furnace heat. The absorbency and 
color of cotton, gauze, and cellulose are affected by 
prolonged contact with heat. 


Packages containing sterile surgical dressings should 
be delivered to the consumer in the original sealed 
condition. The packages should not be opened and 
the contents exposed except at the time of use. Ex- 
posure of surgical dressings to dust, and especially to 
unnecessary handling, is liable to be a means of convey- 
ing infection. The greatest aseptic care should be used 
in applying sterile surgical dressings. 
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ABSORBENT GAUZE U. S. P. Carbasus Absorbens 


[Carbas. Absorb.—Gauze, Plain Gauze, Non-sterilized Absorbent 
Gauze, Sp. Gasa Absorbente] 


Absorbent Gauze consists of well-bleached cotton 
cloth of plain weave. 


Description and Properties—Absorbent ‘Gauze is white cotton cloth 
of various thread counts and weights. The following table gives the 
commercial designations in type and in terms of thread count and the 
standard weight in grams per linear yard. It also gives the width of 
the gauze in inches. A variation of 4 inch is allowed in width. 


Threads per 25.4 m. Standard ; 
Type (1 Inch) Weight, Gm.| Width in 
per Linear Inches 
Warp Filling Yard 
I 44 36 44.5 38.5 
II 32 28 31.3 36 
Ill 28 24 27.0 36 
IV 24 20 23.2 36 
Vv 22 18 21.5 36 
VI 20 16 18.8 36 
VAL 20 12 17.2 36 


All Absorbent Gauze shall be conditioned for at least 4 hours in a standard 
atmosphere of 66 per cent, +2 per cent, relative humidity at 21°, +1.1° (70° F. 
+ 2° F.), before making any measurements thereon, and the weight and thread 
count shall be determined under these atmospheric conditions. The Absorbent 
Gauze must be removed from its wrappings before being placed in the conditioning 
atmosphere, and if in the form of bolts or rolls, the quantity necessary for the 
various tests shall be cut from the piece, excluding tf the first two and the last two 
yards when the total quantity of Gauze available permits of so doting. 


Note—Absorbent Gauze which complies with all of the other re- 
quirements of the U.S. Pharmacopceia may be dyed with a non-toxic 
dye of low-reflecting capacity. 

Tests for Purity— 

Thread count—A variation in the average count of 3 threads to the 
inch in the warp and 3 threads to the inch in the filling, but not more 
than 4 threads to the square inch, is allowed in 44 X 36 gauze. A 
variation of 2, but not more than 3, threads to the inch is allowed in 
32 X 28, 28 X 24, 24 X 20, 22 X 18, 20 xX 16, and 20 X 12 gauze. 

Weight—A variation in the Standard Weight of +8 per cent is 
allowed when the length of the gauze (full width) is more than 1 yard, 
and a variation of +12 per cent is allowed when the gauze is less than 
1 yard in either dimension. 

Residue on ignition—Not more than 0.15 per cent. 

Absorbency—Not more than 30 seconds at 25° is required for com- 
plete submersion of 90 em. (1 yard) of Gauze lightly sewn into a 10- 
em. (4-in.) square. 

Water-soluble substances—Not more than 0.25 per cent. Not more 
than 0.075 per cent ash. A water extract is made by digesting 20 Gm. 
of Gauze in 500 cc. of water and making up to 1000 cc.; 400 ce. is 
evaporated to dryness. 

Acid or alkali—No pink color is produced by either phenolphthal- 
ein T.S. or methyl orange T.S. in portions of the above water extract. 

Dextrin or starch—No red, violet, or blue color is produced by 1 
drop of iodine T.S. in 200 ce. of the above water extract. 

_ Fatty matter—Not more than 0.7 per cent, determined by extract- 
ing Nie gauze with ether, evaporating the ether, and weighing the 
residue. 

Uncombined dyes—Same as the test for Dyes under Purified Cotton 
(page 1199). 

Storage—Preserve in well-closed containers. 

Labeling—The type, thread count, length, and width of the Gauze 
must be stated on the container, and the designation ‘‘unsterilized”’ 
or ‘‘not sterilized’? must appear prominently thereon. , 


Adhesive Absorbent Gauze U. S. P. Carbasus 
Absorbens Adhesivus 


Carbas. Absorb. Adhes.—Adhesive Absorbent Compress, Sp. Gasa 
Absorbente Adhesiva] 


Adhesive Absorbent Gauze is a sterile individual 
dressing prepared by affixing a plain absorbent com- 
press to a strip of film or fabric coated with a pressure- 
sensitive adhesive composition. 


Description and Properties—The compress is composed of layers of 
absorbent gauze or of other absorbent cellulose material covered with 
absorbent gauze, free from loose threads or ravelings. Harmless 
colors or bacteriostatic agents may be added. It must weigh at least 
as much as a compress of the same size composed of 4 layers of Type 
1 Absorbent Gauze. The adhesive strip may be perforated over the 
compress and the back coated with a water repellent. The adhesive 
surface is completely protected by overlapping strips of crinoline or 
other material. 

Stertlity—It meets the requirements of the Sterility Tests for Solids 
(page 127). 


Storage—Each Compress is individually packaged so that sterility 
is maintained until it is used. One or more individual packages are 
packed in a second protective container. : 

Labeling—The label of the second protective container must state 
that sterility cannot be guaranteed if the package is damaged or 
opened. Compresses colored with a non-bacteriostatic dye must bear _ 
the statement that the coloring agent does not render the Compress 
antiseptic. ‘The label must state the names of the bacteriostatic 
agents if any are used. 


Sterile Absorbent Gauze U. S. P. Carbasus 
Absorbens Sterilis  ~ 


[ Carbas. Absorb. Steril.—Sterile Gauze, Sp. Gasa Absorbente Estérill] 


Sterile Absorbent Gauze is absorbent gauze which has 
béen rendered sterile and protected from contamination. 


Description and Properties—It complies with the definition, descrip- 
tion, and tests under Absorbent Gauze. It may be supplied in various 
lengths, and widths, and in the form of rolls or folds. It meets the 
following requirements: 

Dimensions—Not less than 98 per cent of the labeled dimensions. 

Sterility—It meets the requirements of the Sterility Tests for Solids 
(page 127). : 
Storage—Each unit must be packaged individually so that the steril- 
ity is maintained until it is opened, and it must be sterilized in the 
package. 
Labeling—The package must bear a statement to the effect that the 
sterility cannot be guaranteed if the package is opened or damaged. 
The dimensions and type of the gauze must be stated. 


Gauze Bandage U.S. P. Ligamentum Carbasi 
Absorbentis 


{Lig. Carbas. Absorb.—Roller Gauze Bandage, Sp. Venda de Gasa 
Absorbente] 


Gauze Bandage is prepared from Type 1 absorbent 
gauze in various widths and lengths, and sterilized. 
Each bandage is in one continuous piece, tightly rolled, 
and substantially free from loose threads and ravelings. 


Tests for Purity— 

Thread count—Not more than 3 threads per inch variation in warp 
or filling. 

Width-—Not more than 1.6 mm. less than the labeled width. 

Length—Not less than 98 per cent of the labeled width. 

W eighti—Not less than 39.2 Gm. per 0.894 square meter. 

Absorbency—Not more than 30 seconds for complete submersion 
of a rolled Gauze Bandage. 

Other requirements—It meets the requirements for Residue on igni- 
tion, Water extract, Acid or alkali, Dextrin or starch, Dyes, and Fatty 
matter, under Absorbent Gauze. : 

Sterility—It meets the requirements of the Sterility Tests for Solids 
(page 127). 

Storage—Hach Bandage must be individually packaged so that the 
sterility is maintained until it is opened, and it must be sterilized in 
the package. 

Labeling—The package must bear a statement to the effect that the 
sterility cannot be guaranteed if the package is opened or damaged. 
The dimensions must be stated on the label. 


ADHESIVE PLASTER U. S. P. Emplastrum 
Adheesivum 


{Emp. Adhzs.—Adhesive Tape, Sp. Emplasto Adhesivo] 


Adhesive Plaster consists of a mixture, having pres- 
sure-sensitive adhesive properties, spread evenly upon 
fabric, the back of which may be coated with a water- 
repellent film. The plaster mass is free from lumps. 


Official Tests—The U. S. P. includes the following tests: 

Dimensions—The length is not less than 98 per cent of the labeled 
pene ihe The width is not more than 1.6 mm. less than the labeled 
width. 

Tensile strength—Not less than 20.41 Kg. (45 pounds) per 2.54 cm. 
(1 in.) of width. 7 

Adhesive strength—Not less than 17 Kg. is required to move an 
area of 2sq.in. See Tensile Strength Determinations (U.S. P. XIII). 
Storage—Preserve below 30° and do not expose to sunlight. 
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Sterile Adhesive Plaster U. S. P. Emplastrum 
Adhesivum Sterilis 
[Emp. Adhes. Steril.—Sterile Adhesive Tape, Sp. Emplasto Adhesivo 
Estéril] 

Sterile Adhesive Plaster consists of a mixture, having 
pressure-sensitive properties, spread evenly upon fab- 
ric, the back of which may be coated with a water- 
repellent film. The plaster mass is free from lumps. 
The adhesive surface is protected by strips of Holland 
cloth or other protective material of not less than the 
width of the Plaster. 

Sterile Adhesive Plaster is protected from contamina- 
tion by suitable packaging and must be sterilized after 
packaging. It meets the requirements of all tests given 
under Adhesive Plaster. It also meets the require- 
ments of the Sterility Tests for Solids (page 127). 


Storage—lIt is individually packaged so that the sterility is maintained 


until the package is opened. Preserve below 30° and do not expose to 


sunlight. 

Labeling—The label states that the sterility of the package cannot 
be guaranteed if the package is opened or damaged. The length and 
width must be stated on the label. 


PURIFIED COTTON U.S. P. Gossypium Purificatum 
[Gossyp. Purif.—Absorbent Cotton, Sp. Algodon Purificado] 


Purified Cotton is the hair of the seed of cultivated 
varieties of Gossypium hirsutum Linné, or of other spe- 
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cies of Gossypium (Fam. Malvacez), freed from adher- 
ing impurities, deprived of fatty matter, bleached, and 
sterilized. 


Description and Properties—White, soft, fine, filament-like hairs, 
appearing under the microscope as hollow, flattened, and twisted 
bands, striate, and slightly thickened at the edges. It is nearly odor- 
less and almost tasteless. It is insoluble in ordinary solvents, but is 
soluble in ammoniated cupric oxide T.S. ' 

Fiber length—Not less than 60 per cent of the fibers, by weight, 
are 12.5 mm. (4% in.) or greater in length, and not more than 10 per 
cent, by weight, of the fibers are 6.25 mm. (14 in.) or less in length. 

Absorbency—It completely submerges in water in 10 seconds at 
25° C., and retains not less than 24 times its weight of water. 

Tests for Purity— 

Residue on ignition—Not more than 0.2 per cent. 

Alkali or acid—A water extract of Purified Cotton is not colored 
pink by phenolphthalein T.S8. (alkali) or methyl orange T.S. (acid). 

Water-soluble substances—N ot-more than 0.25 per cent. 

Fatty matter—N ot more than 0.7 per cent, determined by extracting 
the Gotton with ether, evaporating the ether extract to dryness, and 
weighing the residue. 

Dyes—About 10 Gm. of Cotton is percolated slowly with alcohol, 
until 50 cc. of percolate is gathered. The percolate shows no blue 
or green tint when observed downward through a 20-cm. column. | 

Sterility—It meets the requirements of the Sterility Tests for Solids 
(page 127). 

Storage—Package Purified Cotton in rolls of not more than 454 Gm. 
(1 pound) of a continuous lap, with a light-weight paper running under 
the entire lap, the paper being of such width that it may be folded 
over the edges of the lap to a distance of at least 1 inch, the two to- 
gether being tightly and evenly rolled, and enclosed and sealed in a 
second well-closed container. Purified Cotton may also be packaged 
in other types of containers if these are so constructed that the sterility 
of the product is maintained. Sterilize Purified Cotton in the sealed 
container. 

Labeling—The label of Purified Cotton must bear a statement to the 
effect that the sterility of the Cotton cannot be guaranteed if the 
package bears evidence of damage or if the package has been opened 
previously. 


CHAPTER XCIX 


SUTURES AND SUTURE MATERIALS 


A FEW YEARS ago a monograph on sutures would 
have contented itself largely with catgut and silk, 
together with brief reference to other far less widely 
used suture and ligature materials. In the present 
chapter an effort will be made to cover not only such 
strands, but also related materials and objects which 
are sold in conjunction with sutures, and used by sur- 
geons for purposes similar to those to which sutures and 
ligatures are applied. 


In a narrow sense, a surgical suture is a strand or 
fiber used to hold wound edges in apposition, and the 
process of applying such a strand is called suturing. 
When such material, without a needle, is used to stop 
bleeding by tying off several blood vessels, the strand 
is called a ligature, and the process is known as ligating. 
Suture materials, however, have uses beyond those 
involved in the repair of wounds, and often establish 
corrective and repair procedures in tissues. 

Surgical sutures were first listed in the second 
supplement of the U. 8. Pharmacopceia XI in a mono- 
graph on catgut sutures, which were then officially 
designated, ‘Surgical Gut.” The U. 8. P. XII car- 
ried also a similar monograph on surgical silk, the 
U. 8. P. XIII contains, in addition to these two, a 
generalized monograph designed to cover all sutures 
except catgut and silk. These monographs have the 
force of law, establish the standards by which legal 
acceptability of sutures is judged, and are the final 
reference in cases of complaint and dispute concerning 
the properties covered by them. 

Since there are many available histories of the de- 
velopment and use of sutures, no attempt will be made 
here to review the subject. Let it suffice to say tha‘, 
at one time or another, nearly every form of fibrous 
material or wire that offered any promise at all has 
been used as a suture, and indeed many materials 
which by present standards offer no promise have 
been thus employed. Cotton and linen were among 
the earliest suture materials, but the use of animal 
intestines also claims great antiquity. As in many 
other fields of science, there have been numerous fads 
in the use of various materials, so that there use 
waxed and waned through the centuries. Frequently 
the acceptance of a given suture material depended on 
its successful use by an eminent surgeon whose authority 
carried weight and encouraged emulation. In many 
cases there appeared to be legitimate scientific justifica- 
tion for such uses. Possibly the most important factor 
in the acceptance or discarding of suture materials 
has been their characteristics in the presence of infec- 
tion. As knowledge of bacteriology increased and 
methods of sterilization improved, the earlier dis- 
advantages of certain sutures in this regard have been 
overcome, so that currently a wide variety of surgical 
suture materials may be sterilized in forms suitable for 
the surgeon’s use. It is not inappropriate to point 
out that boiling is still depended upon in some circles, 
although it is not clearly effective against spore-forming 
organisms. Autoclave sterilization with free access of 
water vapor of sterilization of anhydrous systems by 
dry heat at 310° F. are the only accepted methods of 
killing all microorganisms. — 


‘Absorbable Sutures 


Suture materials generally divide themselves into 
two principal classes, absorbable. and non-absorbable. 


.In the first and more important class are found those 


materials which are capable of being broken down or 
digested by the enzymes in animal tissues. All useful 
materials in the absorbable class belong to the chemical 
group of the proteins, so that it appears that the 
proteolytic enzymes in tissues are responsible for the 
digestion of catgut and its disappearance from the 
wound area. 

Surgical Gut—Catgut is the most widely used 
suture material and is, therefore, of greatest impor- 
tance to surgery generally. It is derived from the sub- 
mucous connective tissue of the small intestine of 
healthy sheep. The intestines from freshly killed 
sheep are cleaned of their contents and split longi- 
tudinally into two ribbons. Mechanical processes re- 
move the innermost mucosa, which was in contact 
with the food, and the muscularis and serosal layers, 
which were outside the submucosa, leaving essentially 
only the submucosa. This appears as a thin, strong 
network consisting chiefly of collagen,- whose orienta- 
tion and strength are increased markedly by subse- — 
quent processing. From one to five or six such rib- — 
bons are stretched, spun, or twisted under tension, 
and dried under tension to form a uniform strand. 
These strands are polished and cut into appropriate 
lengths for tubing and sterilization. In the United 
States practically no unsterilized surgical gut is sold, 
although in other countries this is a common item and 
requires chemical or heat sterilization by the surgeon. 

Diameter and strength requirements for surgical 
gut are specified in U.S. P. XIII as follows: 


SURGICAL GUT REQUIREMENTS 


Diameter of Surgical Gut Tensile Strength of Sur- 
(Inches) gical Gut (Pounds) 
Size Boilable Non-boilable | Straight Pull| Knot Pull 
7-0 0.001—0.002 | 0.0010-—0.0025 0.25 0.125 
6-0 0.002-0.004 | 0.0025-0.0045 0.5 0.25 
5-0 0.004-0.006 | 0.0045-0.0070 1 0.5 
4-0 0.006—-0.008 | 0.0070-0.0095 2 it 
3-0 0.008-0.010 | 0.0095-0.0125 3 2 
2-0 0.010-0.013 | 0.0125-0.0160 5 3 
0 0.013-0.016 | 0.0160—-0.0195 re 5 
1 0.016-0.019 | 0.0195-0.0230 10 7 
2 0.019-0.022 | 0.0230-0.0265 13 9 
3 0.022-0.025 | 0.0265-0.0300 16 lat 
4 0.025-0.028 | 0.0300-0.0340 20 13 
5 0.028-0.032 | 0.0340-0.0385 25 iy 
6 0.032-0.036 | 0.0385-0.0435 30 21 
7 0.036-0.040 | 0.0435-0.0480 35 25 


In the U. 8. Pharmacopeeia will be found descriptions 
of the apparatus and methods for measuring diameters 
and tensile strengths and for carrying out other tests 
on sutures. 

Plain and chromicized surgical gut—The description 
given above applies for the following four varieties as 
distinguished by their resistance to tissue enzymes, 
Type A, plain or untreated; Type B, mild treatment; 
Type C, medium treatment; and Type D, prolonged 
treatment. This reflects the ‘requirements of the 
surgeon for catgut that will retain its tensile strength 
for varying, but prolonged periods of time, or that will 
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show an increased resistance to the proteolytic sub- 
stances found in certain organisms or body tissues. 
Surgical gut may be treated by the deposition in it of 
chromium oxide or by other chemicals so as to prolong 
its survival in tissues. Such products were formerly 
designated as 10-day, 20-day, or 40-day catgut, it being 
assumed that these sutures would remain for such 
periods in normal tissues. The variations in catgut 
as a natural product, variations in patients as regards 
the rate of attack of their tissues on catgut, and the 
variation in sites of implantations make such a designa- 
tion merely qualitative, so that it was replaced by the 
more general statement now in use. While many 
tests for the expected duration of resistance have been 
proposed, none is fully accepted as being comparable 
to digestion in animal tissues, and none has been in- 
cluded in the U. 8S. Pharmacopceia. 

Approximately half.the surgical gut used in the 
United States has been chromicized or otherwise 
treated. Raw catgut is similar chemically to rawhide, 
while chromicized catgut is comparable to chrome- 
tanned leather. This tanning process is applied either 
to the submucosa ribbons before they have been twisted 
into the strand form or to the finished dried strand. 
Treatment in the ribbon form is reported to result in 
a more uniform deposition of chromium oxide through- 
out the entire cross section of the suture, while string 
chromicization sometimes causes the deposition of 
relatively heavier concentrations of the tanning agent 
near the periphery of the strand, with less penetration 
to its center. Deficient tanning of catgut may result 
in its premature absorption, with possible wound dis- 
ruption, although such incidents are now often recog- 
nized as effects of nutritional inadequacies with re- 
sultant weakness of the tissues themselves. Excessive 
chrome concentrations in surgical gut may produce 
sutures that are extremely slow to digest, since they 
survive in normal tissues for a long time and may in- 
deed appear as knot extrusions some months after an 
operation. The mechanism of such knot extrusions 
by highly tanned catgut or by non-absorbable sutures 
is not yet clear, but many surgeons have a few such 
extrusions from time to time. 

Sterilization and tubing of surgical gut—Disappoint- 
ing experience with many attempts to sterilize gut by 
means of chemicals has created widespread distrust 
of the effectiveness of any chemical, so that catgut 
sutures after dehydration are sterilized by exposure to 
high temperatures. An important property of catgut, 
which determines many of its treatments and methods 
of preparationand use, is its ability to react with 
water. This reaction is called proteolysis and is a 
special form of the general hydrolysis reactions. It 
consists of the addition of water at reactive bonds in 
the protein chain with swelling, loss of tensile strength, 
and solubilization of the catgut as the consequences. 
This reaction is accelerated by high temperature, acids, 

alkalies, or by suitable proteolytic enzymes and makes 
necessary a complete drying of the catgut before its 
exposure to the high-temperature sterilization. It 
also determines the methods and fluids employed in 
tubing. 

- The most popular method of tubing catgut produces 
sutures ready for use as removed from the tube and 
is designated as non-boilable. The manufacturer in- 
sures that the contents of the glass tube are sterile, 
but the outside must be sterilized before the tube is 
_ placed on the sterile table. In the non-boilable gut, 
- the tubing fluid generally consists of an alcohol or 
~ mixture of alcohols plus some water. Water, or the 
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rarely used methyl alcohol, has a plasticizing effect on 


‘catgut but would ruin it if the outside of the tube were 


sterilized by boiling or autoclaving. The exterior of 
non-boilable tubes is usually sterilized by storage at 
room temperature in jars containing aqueous or al- 
coholic solutions of antiseptic chemicals. The use of 
70 per cent alcohol plus-such antiseptics as formalde- 
hyde or mercuric chloride is so common that most non- 
boilable tubes are prepared so as to remain com-, 
pletely submerged in such solutions. 

Botlable catgut is dried and sealed with an anhydrous 
solvent such as xylol in the glass tube before it is 
sterilized, so that the exterior of the tube may be steri- 
lized safely by boiling, autoclaving, or storage in the 
antiseptic jar before use. The disadvantage of the 
boilable catgut is that the necessary drying produces a 
stiff strand, which is still stiff as removed from the tube, 
and requires soaking for several minutes in sterile 
water before most surgeons find it ready for use. The 
necessity of thus opening a number of tubes in advance 
of the surgeons’ demand may result in waste, and gener- 
ally non-boilable sutures which can*be opened as needed 
have proved much more popular. 

Surgical needles—The great bulk of catgut is sold in 
standard tubes (in excess of 54 inches) without needles, 
and on being opened, these strands are cut in two or 
three pieces for ligating or are cut in three or four 
pieces to be threaded on eyed needles for suturing. 
While formerly only eyed needles were available, there 
is an increased trend to the use of eyeless needles, one 
or two being attached to each individual strand. 
Such a needle is provided with an open channel into 
which the suture can be placed, and the channel is 
then swedged around the strand. These sutures offer 
great advantage in minimizing trauma. With an 
eyed needle an opening in tissue must be made large 
enough to pass the needle and two thicknesses of suture, 
but with the eyeless needle, the opening need only to 
pass the needle, which is slightly larger than the single 
suture which follows. This is greatly esteemed in fine 
surgery such as plastic and eye work. Suitable eyeless 
needles on catgut and other materials are now available 
to meet most of the demands of the modern surgeon. 

Sterility testing—Freedom from contamination is the 
most important property of any suture. Every lot 
of sutures furnished by reputable manufacturers is 
subjected to a series of physical and chemical tests, 
as well as to complete bacteriological examination for 
zrobic, anzrobic, and mold organisms. No lot of 
sutures is released until all of these tests have been suc- 
cessfully passed, and the surgeon has come to have 
justified confidence in the adequacy and sterility of 
these products. 

Operating room procedures with sutures—In many 
hospitals the non-boilable suture tubes are scrubbed 
with green soap, rinsed, and stored in storage jars at 
least 18 hours before use. In preparation for an opera- 
tion, the tubes are removed from the jar (or from the 
autoclave if boilable) to the sterile table, where the 
tube may be opened by wrapping it in a sterile towel 
and breaking at the etched mark near the center of the 
tube. Most non-boilable sutures are wound on reels 
and the prongs of the reel may be broken off for easy 
removal of the suture. Straightening out of the non- 
boilable suture is accomplished by a gentle pull, but 
jerking may produce irreparable damage, and pulling 
catgut sutures through rubber-gloved fingers will also 
harm the suture. Non-boilable sutures are commonly 
used as removed from the tube but with boilable cat- 
gut the coil is placed directly from the tube without 
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Fig. 702—After removal of extraneous layers the collagenous submucosa 
ribbons are looped—the appropriate number of ribbons is tied to a cotton 
cord loop. 


Nine important steps in the preparation of sutures, 
indicating the specialized techniques, exacting care, and 
precise methods required in their manufacture. 


Fig, 703—Drying is carried out with the finished catgut strands under ten- 
sion and separated by combs. 


Fig. 704—Preparatory to machine polishing the strands are classified by 
diameter into various sizes. 


Fig. 705—A general view of the winding room in which the sutures are 
wound and inserted with labels into glass tubes for sterilization and sealing. 


‘ 
Fig. 706—A general view of the sealing room where sterilized tubes under 
aseptic conditions receive the tubing fluid and are sealed on automatic 
machines. y 


SUTURES AND SUTURE MATERIALS 1203 


Fig. 707—Specialty sutures have eyeless needles swaged on for minimal Fig. 70°—Final inspection of the diameter for compliance with U. 
trauma in use. standards. 


The photographs reproduced on these two pages were 

supplied by Johnson & Johnson, manufacturers of 

sutures, dressings, and other related sterile surgical 
supplies. 


Fig. 710—Every lot of sterile sutures is tested bacteriologically before 
Fig. 708—Final checking of the tensile strength of sutures. release. This shows transfer procedure. 4 


1204 


straightening, into water or other softening solution. 
After softening is complete, then straightening is 
safely done without breaking the bond between the 
plies, which might happen if the anhydrous sutures 
were first straightened. Abuse of catgut sutures may 
lead to their failure in tissues with serious consequences 
to the patient. Although surgical gut is one of the 
strongest natural materials and does equal the strength 
of soft steel, it still may be ruined by improper handling 
or application. 

Catgut ribbons are offered by some manufacturers. 
They are prepared from the submucosa of the sheep 
intestines and are sold in ribbons %% inch wide and 18 
inches long, plain or chromic, in a boilable tubing. 
Ribbon gut distributes pressure over a broader sur- 
face, permitting the application of tension to certain 
parenchymatous tissues without cutting through and 
with a minimum circulatory constriction. The ribbons 
have been applied successfully in the closure of kidney 
wounds, the repair of hernias, operations designed for 
the correction of incontinence, and operations in vas- 
cular surgery, as well as in many other applications. 


Kangaroo Tendons—These are obtained from the 


tail of the Wallaby species of kangaroo. The bundle 
of tendons is split into various sizes which tend to be 
rather large compared to catgut. They may be used 
plain or chromicized, and are available in boilable or 
non-boilable tubing. The tendons consist of com- 
pact fibrous bundles of connective tissue, which .are 
characterized by a relatively low affinity for water, 
so that the presoaking of such tendons before ‘use is 
a matter of some importance. Kangaroo tendons 
vary in length from about 10 to 17 inches or over. 
They are generally fairly resistant to tissue enzymes 
and are commonly used to suture the broken ends of 
bones, support fracture lines, and to effect the radical 
sure of hernia, the latter being the principal use of 
the finer gage tendons. There are also available 


kangaroo bands in which the central portion of the . 


tendons have been flattened into a band-like area 34 
inch in width. ‘These are designed to hold in apposi- 
tion the broken ends of certain types of bones and to 
provide proper support to the fracture line. 

Cargile Membrane—This is a thin sheet of pliable 
tissue obtained from the appendix (“blind gut”’) of the 
steer or ox. It is designed primarily to cover surfaces 
from which the peritoneum has been removed, especially 
where a sterile membrane would lessen the formation 
of adhesions. The membrane is available in sterile 
sheets of approximately 4 by 6 inches, and is sometimes 
used as a packing or protective sheath. 

Fascia Lata—This is obtained from ox fascia and 
is designed for use as a heavy suture or repair in hernia 
and similar cases. It is usually attached firmly to some 
strong fascial structure by means of a non-absorbable 
suture, and its. use helps to speed the patient’s recovery 
by supplying tissue which otherwise must be taken 
from the patient. Fascia lata is supplied in the form 
of sterile strips approximately 14 inch wide and 8 
inches long and in sheets about 3 by 5 inches. 

Insultoic Membrane—This is prepared from the 
allantoic membrane of bovine embryos. It serves as 
cargile membrane does, as an interposed insulating 
material for the temporary protection of denuded sur- 
faces, which are normally non-adherent. It has found 
applications in the surgery of nerves, tendons, joints, 
dura, and fallopian tubes. 

It should be emphasized, in connection with the 
above, that catgut strands and ribbons are the only 
ones which are completely and readily absorbable. 
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The other materials may be absorbed very slowly or 
may be incorporated in the tissues by invasion of fibro- 
blasts and a kind of replacement process. The same is 
probably true of live facial grafts taken from the 
patient himself to repair the abdominal hernia. 


Non-absorbable Sutures 


The second principal class of sutures consists of 
those non-absorbable suture materials which are not 
appreciably attacked, or are certainly not broken down 
and digested by normal tissue fluids. Such sutures 
will survive apparently unchanged for many ‘years in 
animal tissues, and may either be encapsulated as 


tissues react to most foreign bodies, or, if the fibrous 


structure permits, may be intergrown with fibroblasts 
and collagenous connective tissue. When such sutures 
are*used in the skin, they are removed after the in- 
cision or wound is healed. 

Silk is the most important non-absorbable autor 
at the present time. Selected grades of degummed 
commercial silk fibers are utilized, and consist chiefly 
of the protein fibroin as extruded by the silkworm. 
Many such fibers are twisted into a single strand and 
sold in the natural color or after dyeing. Coming into 
increased popularity is braided silk in which several 
twisted yarns are braided into a compact structure 
favored for its firmness and disinclination to broom 
out at the cut ends and thus interfere with needle 
threading. Most braided silk is dyed and also given 
a treatment with wax to render it non-capillary. In- 
use as a skin suture this minimizes the rise of tissue 
fluids to the surface and thus the passage inward of 
organisms from the surface. Further objects of such 
wax treatments are to impart a degree of stiffness 
which improves the handling and tying properties, to 
minimize attachment of tissue cells that would cause 
pain on removal of the suture, and to lubricate the 
implantation and removal of the silk. When silk or 
any other suture is dyed, the U. S. Pharmacopeia 
requires that such dyeing be done with an iron dye, a 
harmless vegetable dye, or a certified coal-tar color. 

Sik specifications—The U. 8. P. XIII prescribes in 
the silk monograph that the respective sizes shall have 
the diameters shown in the table above for boilable 
gut, and the same straight pull requirements as are 
shown there for catgut. No knot pull requirement is 
laid upon silk. In a similar monograph covering sterile 
silk, the straight pull requirement is stated as 80 per 
cent of that required for the same size of unsterilized 
surgical silk. Sterile silk is generally packaged much 
as catgut in sealed glass tubes, while unsterilized silk 
is sold on spools containing 25 or 100 yards. To at- 
tempt to sterilize any suture on the wooden spools 
will often contaminate the silk by waxes and resins 
leaching out of the wood, and indeed the possibility 
of sterilizing wooden objects by autoclaving has been 
questioned. It is common practice to wind silk on 
special paddles in such a way that a single cut across 


_ the soil will provide many sutures of the lengths de- 


manded by the operating surgeon. Sterilization in 
the hospital is commonly and most efficiently done by 
autoclaving. 
Uses of silk—Silk has been especially noteworthy 
for having passed through periods of great popularity 
interspersed with periods of little or no use. There is 
currently a period of increasing use of silk which gained 
its initial impetus about 1880 from the work of Drv 
Halstedt of Johns Hopkins Medical School, Baltimore, 
Md., and of Dr. Kocher of Berne, Switzerland. These 
able surgeons developed special techniques which are 
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essential for successful results with silk, and which 
include such factors as interrupted rather than con- 
tinuous sutures, small bites of tissue, minimum tension 
so as to minimize necrosis, and meticulous hemostasis. 
Silk sutures are easily handled, readily available, re- 
sistant to repeated sterilizations (it is not desirable to 
sterilize silk sutures more than three times), and well 
tolerated by body tissue. In the presence of infection, 
however, the interstices of silk strands protect organ- 
isms from antiseptics and from the body’s defense 
mechanisms, so that chronic sinuses may form which do 
not heal until the silk is removed or is sloughed out 
by the tissues. Silk, as well as any other non-absorb- 
able suture, often migrates from the site of implanta- 
tion and comes to the surface for extrusion months 
after the operation. In certain sites, the suture knots 
or ends may serve as centers for the formation of con- 
cretions or for other irritating action. The best silk 
technique may require as much as 50 per cent more 
operating time than the same operation performed 
with catgut. Silk usually becomes encapsulated and 
remains permanently in the tissues. Silk sutures are 
used in a very wide variety of surgical procedures, as 
in the brain, eye, gastrointestinal tract, nerves, blood 
vessels, or in general in any wound which is not infected. 
Many surgeons, using catgut or other materials in 
tissues, employ silk for skin closure either as the braided 
waxed form, or the artificial silkworm gut and dermal 
sutures described below. 

Silkworm Gut—This interesting material generally 
comes from a province in Spain where it originated, 
and where most of the less than 1000 population derive 
their entire subsistence from its manufacture. The 
caterpillars, which would normally proceed to the 
formation of a cocoon from which the familiar silk is 
obtained, are killed by being plunged into a vinegar 
bath, and the proteinaceous substance which would 
have formed the fine fibers of a cocoon is drawn out 
from the two tubular sacs as a single short thread. 
These threads are bleached, polished, sorted into sizes, 
and bundled for shipment to America. This provides 
a strong, smooth, inert suture of the same composition 
as ordinary silk, but as a single monofilament instead 
of the usual multifilament forms. The 12- to 16- 
inch strands are sterilized by autoclaving and may re- 
quire additional boiling in water to soften them suf- 
ficiently for use. They are used chiefly as a stay or 
tension suture, which means that they are placed some- 
what back from the incision and often through more 
than one layer of tissue so as to take up most of the 
stress that might otherwise disrupt the incision. Silk- 
worm gut is marketed as fine, medium, or coarse and 
in sterile or unsterilized forms. 

Artificial Silkworm Gut or Dermal Sutures—These 
sutures consist of natural twisted silk encased in a 
non-absorbable coating of tanned gelatin or other 
protein substance. This coating must withstand auto- 
claving without stripping, and its purpose is to prevent 
the ingrowth of tissue cells which would interfere with 
its removal after use as a skin or dermal suture. This 
product is marketed sterile in tubes, or unsterilized in 


- boxes, and its chief uses are as stay sutures and skin 


sutures. oe 
Nylon—The use of nylon has increased consider- 


ably in the last five years, partly as a result of the war- 


- because of its own merits. 


time limited availability of high-grade silk, and partly 
It is a synthetic protein- 
like plastic (obtained from the condensation of adipic 


acid and hexamethylene diamine) of low tissue re- 
activity, and appears to be quite unaffected by tissue 
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fluids. It comes on the market in the form of mono- 
filaments in the useful range of sizes, as well as in the 
form of multifilament fibers braided into strands of 
comparable diameter. It is strong, elastic, water- 
resistant, and has come into some use for all suturing 
or ligating. A distinct disadvantage of the mono- 
filament nylon is the difficulty in achieving a secure 
knot. While most surgeons tie a flat or reef knot in 
other sutures, this is inadequate with monofilament 
nylon, which requires three or even four single throws 
instead of the two throws sufficient for catgut and silk. 
Multifilament braided nylon, however, appears not very 
different from braided silk in knot-holding power. 
Monofilament nylon is used as a skin or stay suture 
or for plastic surgery. Braided nylon is more often 
buried in tissues and is subject to the same limitations 
as braided silk in the presence of infection. 

Linen—This suture material is one of the oldest 
known, but is currently used to only a limited extent. 
The advantage of linen resides in its high tensile 
strength and its stability during sterilization. Its 
diameter uniformity, however, leaves something to be 
desired, and it tends to cause sinuses in the presence 
of infection. An important modification of linen is 
produced by coating it with collodion. Such linen 
is known as Pagenstecher’s linen, and is used princi- 
pally for the purse string suture at the base of the ap- 
pendix following an appendectomy. A few surgeons 
use both forms of linen in general surgery in preference 
to silk. 

Cotton—This material has recently regained a 
degree of popularity and its military use has been ex- 
tensive, although it, too, is among the oldest sutures 
used. It is readily available, of low cost, and of good 
resistance to heat sterilization. The yarns generally 
available have relatively low and non-uniform tensile 
strength, so that surgeons must observe special care to 
avoid excessive breakage. During autoclave steriliza- 
tion some shrinkage of the cotton takes place, so that 
it should be loosely wound on some non-rigid object. 
Although most surgeons still depend on household 
sewing cotton, some suture manufacturers offer superior 
forms for surgical purposes. Operations employing 
cotton may proceed somewhat faster than with silk, 
but are still slower than those with catgut. 

Horsehair Sutures—These come from the tail and, 
to a limited extent, from the mane of the horse. They 
are characterized by fine gage, a flexibility which makes 
them easy to handle, non-capillarity, and a minimal 
tissue reaction. They are, however, of varying di- 
ameter along the strand and possess relatively low ten- 
sile strength. They require thorough sterilization, and 
are used primarily for skin closure and plastic surgery 
because of the inconspicuous residual scar. 


Metallic Sutures and Appliances 


In recent years increased attention has been paid 
to the use of various metal wire sutures and of other 
metallic devices to assist surgical repair. These 
metallic implants are non-absorbable as are the various 
animal, vegetable, and synthetic materials just dis- 
cussed, but their use is opening up such important 
fields of surgery as to justify a separate consideration 
here. Notable in connection with this type of suture 
is the extensive work done with vitallium, and more 
recently the development of tantalum for many pur- 

oses. 
z Silver—Among the older materials which are still 
used to some extent are silver wire, foil, hemostasis 
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clips and other forms. Relatively little work has been 
reported recently on these items. Silver is readily 
available and is alleged to have some antiseptic action, 
but in some tissues is definitely irritating. This factor 
of irritation has been shown by a great many metals 
and alloys, and is now regarded as a controlling con- 
sideration in the choice of substances for implantation 
in tissues. 

Stainless Steel—This ferrous alloy, which has so 
long been usefully employed in industrial and other 
applications where resistance to chemical attack is 
essential, has been used widely in the form of wire 
sutures, fixation plates, screws, and other items. 
Stainless steel is a rather general term covering a wide 
variety of materials, and many of the early alloys were 
attacked by body fluids. Corrosion of the alloy liber- 
ated metallic ions which caused pain, and where the 
metal was in the form of a screw or nail in bone, the 
bone around such stainless steel was broken down, so 
that the screw would be removed easily. This destruc- 
tion of tissue sometimes necessitated removal of the 
implant. The proper selection of stainless steel com- 
positions seems to provide a material essentially inert 
in tissues and free from the earlier disadvantages. 
It still remains true that metallic parts that are not 
homogeneous may give rise to local cells or galvanic 
couples so that certain areas of the piece corrode (are 
cathodic) and produce harmful metallic ions in tissues. 
Physical properties of modern stainless steels are gener- 
ally quite satisfactory for surgical purposes. 

Vitallium—This metallic suture, cast from an alloy 
of cobalt, chromium, and molybdenum, has been ap- 
plied to many surgical problems in various forms since 
1937, although not in the form of sutures or ligatures. 
The alloy has shown some variability in strength and 
stiffness and is incapable of much modification at the 
time of operation, but generally shows negligible tissue 
reactions. In addition to some use for dentures, sur- 
gical forms of vitallium include: fracture plates, screws, 
bolts, nails and appliances, orbital implants, nasal 
skeletal supports, tendon rods, tubes for blood vessel 
anastamosis and for bile duct repair, and skull plates. 

Tantalum—Although tantalum (page 469) was dis- 
covered in 1802, and has been in industrial use in this 
country for over 20 years, its use in surgery did not 
begin until 1936. Thereafter it gaimed tremendous 
impetus from its adoption by the Army and Navy for 
many purposes. Tantalum is a steel-gray, malleable, 
metallic element, and owes its industrial acceptance to 
its inertness to strong nitric acid, sulfuric acid, and 
many other chemicals. Thousands of implantations 
have demonstrated its inertness also in animal and 
human tissue, so that the problems of developing 
suitable physical forms, and of adapting surgical tech- 
niques are rapidly being solved. Although it cannot 
be cast, it is readily machined, and may be shaped or 
modified cold at the operating table. 

Tantalum wire for sutures is available in diameter 
from 0.003 to 0.040 inch and is applied to many types 
of surgery ranging from the repair of peripheral nerves 
to the fixation of large bone fractures. Foil is offered 
in thicknesses 0.0005 to 0.00075 inch and is used as a 
cuff around peripheral nerve anastomoses, repair of 
some membranes, and for similar purposes. Tantalum 
sheet in thicknesses from 0.002 to 0.020 inch is finding 
applications in orthopedic, plastic, and other surgical 
procedures, but its chief use has been in the form of 
plates 0.0125 or 0.015 inch thick for the repair of 
defects of the skull. Such plates are shaped to dupli- 
cate the original skull contours and are laid in a chis- 
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elled-out ledge of the bone, being secured by triangular 
glazier points, screws, or tantalum wire. Tantalum 
ribbon is formed into hemostasis clips, which in brain 
operations have been shown to produce no tissue | 
reaction as compared with the extensive reaction shown 
by the silver clips formerly used. 

Numerous papers on the applications of tantalum 
are being published, and many special forms are under 
investigation. An outstanding feature of tantalum 
seems to be that, when it is implanted in tissue, fibro- 
blasts adhere to it tenaciously and there forms a layer 
of connective tissue about the metal. This reaction 
seems to be self-limiting, so that even when used as 
a repair for the dura, scar tissue and adhesions do not 
form. ‘This reaction is observed also when tantalum 
is used in contact with bone where the repair tissue is 
soon penetrated by osteoblasts which form new bone 
structure which adheres firmly to the tantalum im- 
plant. Around other metallic forms there is often 
sufficient corrosion to break down the bone structure 
and permit easy removal of an object such as a screw. 
This has not been reported, however, for tantalum, 
which usually tends to be covered by a firm overgrowth 
of bone which must be chiselled away for removal. 
These reactions of soft and bony tissues to tantalum 
appear to be unique and to offer promise for many more 
useful developments. 


The Choice of Sutures 


Each surgeon is the final arbiter of what suture he 
will choose for each specific application and for each 
case. Relevant factors in the choice include his per- 
sonal technique, the condition of the patient (especially 
as concerns nutrition), site of the operation, and prob- 
ability of infection, and similar considerations. The 
surgical staff of most hospitals in this country have 
chosen to stock non-boilable sutures, and this deter- 
mines the operating room preparation. Many sur- 
geons depend almost wholly on surgical gut, and this 
probably will long continue to constitute the most 
widely used suture material. The present trend is 
to the use of smaller catgut, which is now available 
in 6-0 and 5-0 sizes, while sizes 2-0, 0, and 1 comprise 
about three-quarters of all catgut sold. Other sur- 
geons depend largely on silk, nylon, cotton, or metallic 
wires for buried as well as for surface sutures, while 
some operators choose fine gage catgut with wire or 
other non-absorbable tension and skin sutures. The 
application of the new improved fine size catgut 
strands by the careful techniques essential for silk 
procedures promises the best rewards in minimal ir- 
ritation and necrosis, with maximal healing rates. The 
current interest in early ambulation following operation 
puts an especial premium on meticulous surgical tech- 
nique and safe suturing. Reports in this field indicate 
a preference for small-size catgut supported by inter- 
rupted sutures of wire or other non-absorbable material. 

The choice of the degree of chromicization depends 
also on a variety of factors. Plain catgut will be ade- 
quate in normal clean operations where prompt healing ~ 
is expected and in areas known to be normal in their 
attack on catgut. The fact that such catgut is readily 
attacked by tissue enzymes means that around such 
sutures there is likely to be some accumulation of 
leucocytes, and that the catgut will be broken down and 
removed along with the necrotic tissue of the wound 
itself. Chromicization is designed to retard this 
effect, consequently chromic catgut will not only retain 
for prolonged periods, but will also show less inter- 


SUTURES AND SUTURE 


ference with wound healing. The old prejudice against 
chromic catgut was connected with the possible pres- 
ence of free chromium compounds, which were some- 
times irritating, but which are not found in reputable 
surgical gut of modern manufacture. There are some 
organs, sites, and conditions in which high concentra- 
tions of proteolytic enzymes from the tissues or from 
microorganisms make advisable the use of extra chromic 
(Type D) catgut. Some surgeons choose Type D gut 
for use in the presence of known or probable infections, 
for many obstetrical procedures, and for operations in 
the gastrointestinal tract, rectum, and liver. Several 
reports have appeared to demonstrate that wound 
-healing is retarded by deficiencies of blood proteins 
and vitamin C; such patients are often given sup- 
plementary nutrition, and may require more resistant 
catgut sutures. ‘ 

As was pointed out above, most catgut in the 
United States is sold in standard tubes without needles 
and is then threaded in convenient lengths on eyed 
needles which are used many times. The decreased 
trauma and increased convenience of sutures mounted 
on eyeless needles are reflected in increased demand for 
needle-suture combinations designed to serve specific 
purposes. The larger manufacturers offer specially 
designed sutures in the following general categories; 
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arterial, circumcision, cosmetic or plastic, emergency, 
eye, exodontia, gastrointestinal (a very important 
group with silk, cotton, and linen as well as surgical 
gut), kidney, laparotomy, mouth, nerve, obstetrical, 
skin (dermal), stay or tension, thyroid, tonsil, ureter, 
and others. Many of these are used in other fields, 
and the wide variety of needles and suture materials 
enables the most expert surgeon to have the exact 
materials to supplement his skill. 

Most suture materials are marketed through surgical 
supply houses directly to the hospital or the surgeon, 
but many pharmacists handle them, particularly the 
specialty and emergency items. The pharmacist and 
the nurse stand continually beside the surgeon in the 
never-ending war on pain, disease, and death. Modern 
industry has made great strides in placing in the hands 
of this team suture materials and forms of unprece- 
dented quality, uniformity, and appropriateness to the 
surgical task. New and ever more daring operative 
procedures are undertaken and carried to successful 
conclusion, and this is due in part to the fact that the 
surgeon can depend upon the sterility, strength, 
digestion resistance, and physiological compatibility 
of the suture materials available. All those who 
manufacture, prepare, or use sutures always bear in 
mind. that, ‘“‘On this slender thread a life may depend.” 
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SURGICAL GUT U. S. P. Chorda Chiruricalis 


[Chord. Chirurg.—Surgical “‘Catgut,” ““Catgut” Suture, Sp. Catgut 
Quirtrgico, Sutura de Catgut] 


Surgical Gut consists of gut prepared from the longi- 
tudinally split segment of submucous connective tissue 
of the small intestine of healthy sheep, Ovis arzes Linné 
(Fam. Bovide), and which has been rendered sterile 
and protected from contamination. 


Description and Properties—The four types of Surgical Gut have been 
described above. It must meet the requirements for Diameter and 
Tensile strength given in the table (page 1200), and the Length of each 
strand must not be less than 90 per cent of the length stated on the 
label. 

Tests for Purity— 

Soluble chromium compownds—An aqueous extract is prepared by 
macerating 5 Gm. of the Gut in 250 ce. of water for 3 hours, and then 
filtering. ‘The filtrate is evaporated to dryness and the residue is 
fused with a mixture of potassium carbonate and potassium nitrate. 
The resulting mass, when cooled and dissolved in 25 cc. of water, 
shows no yellow color when observed against a white background. 

Sterility—Surgical Gut meets the requirements of the U. 8S. P. 
Sterility Tests for Solids (page 127). ] , 
_Labeling—Each tube and each package of Surgical Gut must in- 
dicate the size and type of Gut, whether ‘‘non-boilable” or ‘‘boil- 
able,’’ and also the name of the manufacturer. The package must 
also indicate the address of the manufacturer, the lot number identi- 
fying the method and time of sterilization of the Gut, and the com- 
position of any tubing fluid used. ; : oe 3D 
Storage—Preserve each strand of Surgical Gut in an individual, 
hermetically sealed glass tube. 


Caution—The tubes of Surgical Gut marked ‘Non- 
boilable’’ must not be subjected to heat. Tubes marked 
“Boilable”’ may be heated for purposes of sterilizing the 
outside of the tube. 


SURGICAL SILK U. S. P. Chorda Serica Chirur- 
gicalis 
[Chord. Ser. Chirurg.—Silk Sutures, Sp. Seda Quirtirgica, Suturas de 
; Seda] 
Surgical Silk consists of the thread prepared from the 
- cocoon filaments of glutinous gum which are secreted 
or spun by the mulberry silkworm, Bombyx mori Linné 
(Fam. Bombycide). The strands may be processed 


to form threads of various diameters by braiding or 
twisting, or a combination of both. 


Description and Properties—White Surgical Silk consists of de- 
gummed silk which has not been subjected to any bleaching process. 
Colored Surgical Silk consists of degummed silk which has been 
‘Sron dyed,’ or dyed with a harmless vegetable dye, or a certified 
coal-tar color. All uncombined dye must be removed from the ma- 
terial, so that the color of the suture will not bleed into the tissue. 
Type A Surgical Silk, known as Untreated or Capillary, consists of 
pure silk which is capillary, and Type B, known as T'reated or Non- 
capillary, consists of pure silk which has been treated to reduce its 
capillarity. Specifications for. Diameter and Tensile strength are 
given above. The Length of each strand of the Silk must not be less 
than 90 per cent of the labeled length. 

Labeling—The type, construction, size, and length of Surgical Silk 
shall be stated on the package. 

Storage—Preserve Surgical Silk in well-closed containers. 


Note—Surgical Silk may be sterilized by exposing the 
strands to saturated steam at 15 pounds pressure (121.5°) 
for 30 minutes. 


STERILE SURGICAL SILK U. S. P. Chorda Serica 
Chirurgicalis Sterilis 


[Chord. Ser. Chirurg. Steril—Sterile Silk Sutures, Sp. Seda Quirtirgica 
; Estéril] 


Sterile Surgical Silk is Surgical Silk which has been 
rendered sterile and protected from contamination by 
suitable packaging. 


Description and Properties—Sterile Surgical Silk agrees with the 
description given for Surgical Silk and meets the specifications for 
Length, Diameter, and, when packaged dry, for Tensile strength, 
but when it has been packaged in a tubing fluid, its tensile strength 
immediately after removal from the fluid and without drying is not 
less than 80 per cent of that required for the same size of Surgical 
Silk. It must also meet the U.S. P. Sterility Tests for Solids (page 
127) 

Labeling—Each package and container must indicate the size, type, 
and name of the manufacturer. The package must also provide the 
address of the manufacturer, the lot number, and the composition of 
the tubing fluid if one is used. : 
Storage—Preserve in hermetically sealed glass tubes or in other con-~ 
tainers holding not more than 2 strands, and which will maintain 
the sterility of the Silk until it is opened for use. The Silk may he 
packaged in a suitable tubing fluid. Unless hermetically sealed in 
glass tubes, the containers must be grouped in a second protective 
container. Sterile Surgical Silk must be sterilized in the container. 
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SURGICAL SUTURES U. S. P. Chordae Chirurgi- 
cales 


Surgical Sutures are strands of other than silk or 
the intestinal fibers of sheep. They may be composed 
each of a single filament, or of filaments of fibers 
twisted or braided together, and may be coated or 
uncoated. Surgical Sutures may be sterilized by steam 
under pressure, at 121.5°, for 30 minutes, 

Description and Properties—Surgical Sutures may be composed of 
metal or of organic materials, and may be naturally colored. When 
artificially dyed they must be ‘“‘iron dyed,”’ or dyed with a harmless 


vegetable color or with a certified coal-tar color, and the uncombined 
dye must be removed so that the color of the suture will not bleed 
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into the tissue. The Sutures meet the requirements for Length, 
Diameter, Sterility, and Tensile strength given under Surgical Gut. 
Labeling—The material, construction, size, and length of Surgical 
Sutures must be stated on the package. Each container’of one or 
more strands of sterile Surgical Sutures, and each package of one or 
more containers, must indicate the material, the size, the length, and 
the name of the manufacturer. The package must also indicate the 
address of the manufacturer, the lot number identifying the method 
and time of sterilization, and, if a tubing fluid is used, its composition 
must be stated on the package. 

Storage—Preserve Surgical Sutures in hermetically sealed containers, 
or in other containers holding not more than 3 strands, and which 
will maintain the sterility of the Sutures until the container is opened 
for use. The Sutures may be packaged in a suitable tubing fluid. 
Unless hermetically sealed, the containers of sterile Surgical Sutures 
must be grouped in a second protective container. Sterile Surgical 
Sutures must be sterilized in the container, and protected from 
contamination. : 


CHAPTER C 


FIRST AID 


lIRST AID is the immediate, temporary, emergency 
wid given by a layman to a sufferer in case of accident 
or sudden illness before regular medical or surgical at- 
tention can be rendered. Proper first aid frequently 
saves the life of the patient, and in all cases reduces his 
suffering and places him in the hands of the physician 
in a better condition to receive professional treatment. 
The sole duty of the First Aider is to. render more or 
less skilled assistance until the arrival of a physician; 
thereupon his responsibility ceases and the medical 
practitioner is in complete charge. 


Purpose—Every First Aid training program strives 
to accomplish three main objectives: 


1. To prevent accidents. This is accomplished by 
means of safety campaigns and instruction in the funda- 
mentals of First Aid wherever possible. 


2. To teach the First Aider how to determine the 
type and extent of an injury, not with the thoroughness 
of a medically trained diagnostician, but with sufficient 
accuracy to prevent harm resulting to the patient when 
assistance is rendered. 


3. To teach the First Aider how to act quickly and 
efficiently in case of anemergency. This includes train- 
ing in what not to do as well as instruction in the recog- 
nized methods of treatment. 


The Cardinal! Principles of First Aid—The three most 
important rules of First Aid, in order of importance, are: 


1. Stop bleeding. 
2. Supply oxygen to the lungs. 
3. Prevent shock. 


Every victim of an accident should be regarded with 
these principles uppermost in the mind. Always keep 
the patient lying down quietly and comfortably, allay 
his fears with a reassuring manner, and keep him warm. 
Look for hemorrhage, stoppage of breathing, evidence of 
poisoning, wounds, burns, fractures, and dislocations, in 
this order. If a patient is semi-conscious or unconscious 
following an accident, an injury to the head is often the 
cause. Remove and loosen the clothing; cut it rather 
than aggravate an injury. 


The Need for First Aid Training—Every year the 
need for First Aid in the United States is greatly increas- 
ing. In spite of national safety programs, the trend of 
accidents is ever upward. During the year 1945, ac- 
cording to the National Safety Council, 28,600 persons 
were killed and 1,000,000 injured in auto accidents. 
‘This means that the automobile casualties alone, for a 
single year, numbered 5 times the total U. 8. casualties 
for World War I and even outnumbered the total U. S. 
casualties for World War II. During the year 1945 
fires were responsible for a death toll of 10,150 persons. 

When these figures are multiplied many times by acci- 
~ dents in the home, in industry, and on the farm, one 
readily appreciates the great need for extensive First 
Aid training programs as well as the desirability of 
national safety campaigns. 
The following outline of recognized First Aid practice 
has been abstracted from First Aid Guide, a pamphlet 
~ published by Johnson and Johnson, New Brunswick, 
N : 
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General Principles of First Aid 


Keep cool. : 

Work fast, but carefully. 

Keep the injured quiet, warm, and comfortable. 

Loosen tight clothing, collar, waistband, and belt. 

Keep the crowd away, but, if necessary, select a 
capable person or more to help you. 

Obtain medical aid quickly—phone the doctor, get 
SOO to call him or get injured to doctor or to hos- 
pital. 

Avoid letting the injured see his own injury, and in 
severe cases do not let him know how badly he is hurt. 

Always treat the most dangerous condition first; 
e. g., stop bleeding before attending to a fracture. 

If injured vomits, lower head and turn it to one side, 
so that the vomited material may not go into the lungs. 


1. Don’t allow bleeding to go unchecked. 

2. Don’t overlook shock. 

3. Don’t fail to give artificial respiration when 
needed. 

4. Don’t fail to remove false teeth, tobacco, and 
chewing gum from the mouth of an unconscious person. 

5. Don’t attempt to give an unconscious person 
anything to drink. 

6. Don’t touch a wound with your fingers. 

7. Don’t burn the injured with an unwrapped hot- 
water bottle or other heated object. 

8. Don’t allow the injured with a fracture or sus- 
pected fracture to be moved until splints have been 
applied. ‘a 

9. Do not aggravate injury by unnecessary move- 
ments. 

Shock 


Shock is a serious condition in which the body func- 
tions are depressed, particularly the nervous system 
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Fig. 711 
Fig. 1—Lay patient at full length on back, with head low, and feet raised 
(courtesy Johnson & Johnson). . 


and the circulation. This condition is present to some 
extent in all injuries, and may be severe. It may prove 


fatal. 
Symptoms—F ace pale. Cold sweat. Weak rapid 
pulse. Irregular breathing. Nausea. Sometimes 


there is unconsciousness. 
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Treatment—Call physician. Treatment centers 
around heat, position, stimulants. Absolute rest essen- 
tial. Keep body flat, with head low. Apply heat to 
body. If conscious, give stimulants such as aromatic 
spirit of ammonia, warm coffee, or tea. In case of 


severe bleeding, do not give stimulants until bleeding 


Fig. 712 
Fig. 2—Pressure points, control bleeding by finger compression on these 
points. Fig. 3—Bleeding from scalp or forehead, press thumb in front 
of opening of ear on side of bleeding. Fig. 4—Bleeding from face, press side 
of lower jaw in front of angle of jaw bone. Fig. 5—Bleeding from neck or 
cut throat, place fingers on neck beside windpipe, press toward backbone. 
Fig. 6—Bleeding from shoulder or armpit, tip head toward injured side, 
press down with thumb at side of neck (courtesy Johnson & Johnson). 
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If artery passes over bone, press on 
If bleeding 


wounded limb. 
it with fingers at a point above the wound. 


does not stop, apply tourniquet near wound, between 
heart and wound. Be sure to release tourniquet every 
fifteen minutes to avoid serious damage to the tissue. 
Tighten again if bleeding has not stopped. Cover the 
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Fig. 10—Course of main arteries of the arm and shoulder. Fig. 11— 
Bleeding from arm, press with fingers inner side of armbelow armpit(courtesy 
Johnson & Johnson). 


wound with sterile gauze and bandage snugly. When 
bleeding has stopped give hot drinks of tea or coffee. 
Keep injured absolutely quiet. 

From Veins—Blood is dark red, flows freely but does 
not spurt. Lay injured down, elevate wounded part. 
Loosen tight clothing, garters, or straps. Press on 
wound with pad of sterile gauze, and bandage. Use 
firm pressure. 

Nose-Bleed—Put injured in sitting posture with head 
back. Loosen collar. Have him breathe through 
mouth. Apply cold wet dressings over nose. Occa- 
sionally, pressing the nostrils together stops bleeding. 
If bleeding does not stop, apply sterile gauze pad to 
nostrils, hold in place. Send for physician. 

Internal Bleeding—This may come from stomach, 
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Fig. 7—Tourniquet for upper arm. Fig. 8—Course of main arteries of the 
leg. Fig. 9—Tourniquet for the thigh (courtesy Johnson & Johnson). 


has been checked. If breathing ceases, perform artifi- 
cial respiration. See Fig. 1. 


Bleeding 


Remember that the flow of blood in veins is 
TOWARD the heart; in arteries FROM the heart. 

From Arteries—Blood bright red color, comes in 
spurts. Act quickly. Send for doctor. Lay injured 
down, cut away clothing and expose wound. Elevate 


Fig. 715 


Fig. 12—Bleeding from leg, place patient on back and press down the heel 
of the hand into middle of groin (courtesy Johnson & Johnson). 


bowels, or lungs. In the first two instances, the injured 
should be placed on his back and kept quiet. He 
should not be moved. The head may be turned to one 
side for vomiting or coughing. Apply warmth, but 
do not give stimulants. Call physician immediately. 
In lung injuries, where breathing is difficult, the head 
and shoulders may be elevated and supported. 

Do not have the injured sit up, except in lung injuries 
and nose-bleed. Do not give a stimulant in severe 
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bleeding until the bleeding has been checked. See 
igs. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12. 


Asphyxia 


_ In cases of asphyxia, or stoppage of breathing, there 
Js immediate need for artificial respiration. Asphyxia 
may occur in: 


Suffocation or Strangulation 

Electric Shock 

Drowning 

Gas oe (illuminating gas, coal gas, exhaust 
gas 

Foreign Body in Throat 


Delay in starting artificial respiration may result in 
death. The injured must be brought to fresh air. Re- 
move false teeth or any object which may restrict 
breathing. If tongue is retracted, pull it forward. 
Suffocation by Strangulation—Suffocation may be 
produced by hanging. Act at once. Cut the noose, 
remove it from neck. Loosen tight clothing. Perform 
artificial respiration. | 
Suffocation may also occur in accidents causing pres- 
sure on chest, such as falling earth or debris among 
trench diggers or in excavation work. Extricate in- 
jured as quickly as possible. Cover wounds. Hold 
smelling salts to nose. If breathing does not return, 


perform artificial respiration (Fig. 13). 


Fig. 716 


Fig. 13—Schafer or prone method of artificial respiration (courtesy Johnson 
& Johnson). 


Electric Shock—Shut off current at once, if possible, 
and pull injured away. If current is still on, release in- 
jured from source of current, exerting care not to come 
in contact yourself. In releasing injured, do not touch 
wire, source of current, or injured’s body. Don’t touch 
with bare hands anything made of metal. Use a dry 
stick or a cloth to pull injured away, or tug at some 
loose part of his clothing. Some authorities suggest 
covering one of the limbs with heavy newspaper, and 

thus pulling injured away. Do not use moist objects. 
Begin artificial respiration. Burns, if they occur, may 
be treated later. 

Drowning—Loosen. all tight clothing from around 
neck and waist, and remove shoes. Remove foreign 
bodies from throat, such as sea-weed, mud. If injured 
breathes, keep warm and give smelling salts to inhale. 
If breathing has stopped, perform artificial respiration 

- (Fig. 13). 
Gas Poisoning—Occurs from the escape of ordinary 
coal gas, illuminating gas, the fumes from a charcoal 

fire, the choke-damp of mines, gases from sewers and 
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wells, exhaust from automobiles, or the fumes from a 
burning room. Carbon monoxide is the commonest 
cause of gas poisoning. 

Symptoms—In mild cases—headache, yawning, nau- 
sea, loss of muscular activity. In severe instances, the 
meu may become unconscious. The skin may change 
color. 

Treatment—Open doors and windows. Do not use 
lighted match or candle. Use flashlight. Get injured 
to fresh air quickly. Perform artificial respiration. 
Send for the doctor. In case of illuminating gas, phone 
the gas company in your district. Loosen tight cloth- 
ing. 

Foreign Body in Throat—See Foreign Bodies. 


SCHAFER OR PRONE METHOD OF ARTIFICIAL 
RESPIRATION 

The Schafer or Prone Method is accepted as the best 
technique for artificial respiration. Loosen tight cloth- 
ing about injured’s neck. Place injured on a flat sur- 
face in a face down position, one arm extended and the 
other arm bent; the head resting on the bent arm and 
turned sidewise. Place yourself astride, in a kneeling 
position, facing the injured’s head. Place your hands 
flat over the lower part of the back (7. e., over the low- 
est ribs of the chest; the little finger should rest directly 
over the lowest rib), one on each side, and with your 
arms straight, gradually throw the weight of your body 
forward on to the injured so as to produce firm pressure. 
By this means the air (and water if there be any) is 
forced out of the injured’s lungs. Now raise your body 
slowly so as to remove the pressure, but keep your hands 
in position. Repeat this forward and backward move- 
ment every four or five seconds, 7. e., from twelve to 
fifteen times a minute, without any pause. Every 
moment counts. Continue, for hours if necessary, until 
injured is revived or is pronounced dead by the physi- 
cian. Many persons have been revived after several 
hours of artificial respiration. If fatigued, have another 
person replace you without breaking the rhythm. Sev- 
eral persons may alternate in doing this work. If in- 
jured must be moved, continue artificial respiration 
in transit. 

Keep injured warm. Do not give anything by mouth 
until he is fully recovered. When recovered, give 
stimulants such as hot tea or coffee. See Fig. 13. 


Insensibility 


Fainting—Loosen all tight clothing. Place body flat 
oh back with head slightly lowered. Apply cold water 
to face, and warmth to the extremities. Insure plenti- 
ful supply of fresh air, rest, and quiet. Ammonia in- 
halants or smelling salts held to the nose are useful. 
When consciousness returns, give stimulants. 

When seated person is about to faint, do not move 
him. Bend his head down between the knees until the 
pallor is replaced by flushing of the face and he obvi- 
ously feels better. See Fig. 14. 


Fractures (Broken Bones) 


Simple Fracture—The bone is broken but the skin is 
not pierced. 

Compound Fracture—More serious, the bone is 
broken and, in addition, there is a wound from the frac- 
ture to the skin surface. Sometimes the bone may pro- 
trude through the skin wound. In fractures, there is 
pain, loss of use of the limb or part, deformity and swell- 
ing. 

‘Splint Them Where They Lie.’—In simple frac- 
tures, apply splints. For compound fractures, first stop 
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bleeding and bind up the wound by applying sterile 
gauze held in place by bandage or adhesive plaster; then 
apply splints. Splinting should be finished before at- 
tempting to move the injured. Careful handling of the 
injured is important; make certain that the treatment 
will prevent further damage. Improper handling may 
turn a simple fracture into a compound fracture. Keep 
injured motionless while applying splints. The injured 
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Fig. 14—Bend head between knees to prevent fainting (courtesy Johnson & 
Johnson). 


must be made comfortable. Shock should be treated 
if present. 

Splints—Splints of the fixed traction type are recom- 
mended for fractures of the extremities, but splints can 
be improvised from any handy material such as padded 
boards, pillows, blanket, umbrella, newspapers, ete. 
Wood splints are easiest to handle. They should be 
long enough to reach beyond joints above and below 
fracture, and always well padded. Have two splints, 
one on each side of the limb; bandage both splints with 
limb in between. For padding, absorbent cotton is the 
best material. To improvise padding use soft cloth or 
soft garment. For binding, use the triangular or roller 
bandage or handkerchiefs, towels, garters, tape, sus- 
penders, straps, or adhesive plaster. 

If necessary to bring a fracture case to the doctor’s 
office, do not transport him until he has been properly 
and completely splinted. 

Use a stretcher where necessary. 

In a suspected fracture, treat as in fracture. 


LOCATION OF FRACTURES 


Skull—Place injured in reclining position with head 
slightly raised and supported. Do not give stimulants. 
If scalp wounds are present, apply sterile gauze dressing 
and cover with bandage. In severe head injury and 
suspected fracture, the treatment is the same. 

Nasal Bones—Cover with gauze dressing held in 
place with bandage or adhesive plaster. Do not at- 
tempt to splint. Bring to physician. 

Lower Jaw—Bring lower jaw to upper and while thus 
supported, apply triangular bandage ‘running from 
around the chin to the top of the head (Fig. 27 or 28). 

Neck—Do not move injured. Cover with blanket 
and call physician. 
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Broken Spine—Call physician. Do not move unless 
necessary, and then only on a rigid support like a door 
or board, the injured being carefully placed in a face 
down position. If moved under proper guidance, the 
entire body must be moved as a unit. 

Upper Arm—Bend the arm at the elbow and hold 
close to the body. ‘Tie a well-padded splint alongside 
the upper arm, reaching from the shoulder to the elbow 
or below. Place forearm in sling. Tie arm to side of 
body with wide bandage (Fig. 16). 

Elbow—If arm is straight, apply a well-padded splint 
on the front side, and hold in place with bandage or 
adhesive plaster strips. If the elbow is bent, apply 
sling to elbow and bandage arm to body (Fig. 19). 

Forearm and Wrist—Apply two well-padded splints, 
oné from the elbow to the finger tips on the front, and 
another on the back of the forearm and hand. Hold 
splints in place with bandage or adhesive plaster. In 
the absence of wood splint, use newspaper, magazine, 
telephone book, or any material that will encircle the 
forearm and wrist and provide support. Suspend in 
sling. Bandage may be tied around arm to side of 
body. 

Hand or Fingers—Apply well-padded splint to the 
front of the hand extending from the middle of forearm. 
to beyond the finger tips. Hold with bandage and sup- 
port with sling (Fig. 15). 

Collar Bone—Place pad in armpit. Push arm up- 
ward. Support arm in sling. Tie arm to side of body 
with strong bandage (Fig. 18). 

Ribs—Lay person on uninjured side, with head and 
chest elevated. Wrap wide bandages around chest, 
covering painful or tender areas. 

Pelvis (Hip)—Place injured in comfortable position 
and support with cushion under and around hips. Ap- 
ply wide bandage, bed sheet or blanket around hips to 
give support. Tie both ankles and knees together with 
bandages. Do not move unless necessary and then as 
in fractured back. 

Thigh—Grasp injured limb at the heel and pull 
gently so that it is brought in line with the body. 
Apply two well-padded splints, a longer one outside 
extending from the armpit to the foot, the inner one 
from the crotch to the foot. Fasten splints with band- 
ages around waist, hips, crotch, above and below knee, 
and at the ankle. Where only one splint is available, 
apply it to the outside. Place cushion or pillow between 
thighs and legs, and tie two limbs together (Fig. 24). 

Knee-Cap—Straighten out the injured limb. Apply 
a splint on the back of the leg, reaching.from high up on 
the thigh to heel (Fig. 23). 

Leg—Gently grasp foot and pull in line with body 
and then apply two board splints to the side of the in- 
jured leg, reaching from above the knee down to a point 
below the heel. If only one splint is available, apply 
it to outside of leg and bind both legs together. In the 
absence of wooden splint, a pillow may be placed under 
the limb and tied around the leg. A combination, ~ 
pillow and outside board splint, is also recommended. 
If nothing is available, tie injured limb with bandages 
to healthy limb (Fig. 21 or 22). 

Bones of Foot—Remove shoe.and stocking, cutting 
away if necessary. Apply a well-padded splint to sole 
of the foot, extending from the heel to a little beyond 
the toes. Tie in place. A splint may also be applied 
to the leg. In the absence of wooden splint, a pillow 
may be used by tying it around the foot and ankle. 

Dislocations—These are injuries in which a bone gets 
“out of joint.” The most common forms are those of 
the fingers and shoulders and, occasionally, dislocations 
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of the jaw, elbow, and hip. In dislocations, there is 
pain and deformity of the joint, and swelling. A dis- 
location can be treated like a fracture, with splints or 
sling. Do not attempt to correct the dislocation. 
Send for physician. 


gs 
lid 


Fig. 718 
Fig. 15—Splint for fractured hand or fingers. Fig. 16—Splint for fractured 


upper arm. Fig. 17—Roller bandage for fractured shoulder. Fig. 18— 
Triangular bandage and sling for fractured arm or collar bone (courtesy 
Johnson & Johnson). 


Concussions—Concussion of the head is due to head 
injury and to all intents and purposes is treated like a 
skull fracture. Keep injured quiet until examined by 
a physician. If there is bleeding from the scalp, apply 
sterile gauze and bandage. Do not give stimulants. 
Avoid unnecessary handling. Keep injured warm. 
See Figs. 15, 16, 17, 18, 19, 20, 21, 22, 23, 24. 


: Wounds 


WOUND DRESSING HINTS 


There are several kinds of wounds: abrasions (made 
by rubbing or scraping of the skin surface); incised 
‘(caused by sharp cutting instruments); lacerated or 
torn (caused by blunt instruments); punctured wounds 
and stabs (caused by penetrating device such as wire, 
bullet, etc.). Those wounds in which bleeding is slight 
can be touched with an antiseptic solution, covered 
with sterile gauze and bandaged. In bleeding wounds, 
if not severe, the pressure of the dressing will stop 
hemorrhage. Where hemorrhage is severe, check bleed- 
ing and then dress the wound. 

Remove foreign substances only when it can be done 
easily. Avoid contaminating the wound. It is safer, 
as a rule, to bind up the wound temporarily, dirt and 
all, than to handle it with unclean hands. Grease, soot, 
and dirt from machinery may be wiped away from 
around the wound with benzine or turpentine applied 
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on a sterile gauze. If fractures are present, cover 


wound with sterile dressings before applying splints. 
Bruises—If severe, with swelling, apply cold moist 
dressings. 
Splinters—If near the surface and can be easily re- 
moved, take tweezers or ordinary penknife blade, boil 


Fig. 719 
Fig. 19—Sling made with sleeve of coat. Fig. 20—Sling made with hand- 
kerchiefs (courtesy Johnson & Johnson). 
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Fig. 720 
Fig. 21—Improvised umbrella splint for fractured leg. Fig. 22—Improvised 


wooden splint for fractured leg. Fig. 23—Splint for fractured knee cap. 

Fig. 24—-Splints for fractured thigh (courtesy Johnson & Johnson). 
it in water or pass it several times through a flame, and 
remove foreign body without digging into wound. If 
splinter or other foreign body is buried deeply and can- 
not be removed easily, do not try to remove it. Apply 
antiseptic, sterile gauze pad, bandage, and send. for 
physician. 
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In severe accidents such as caused by machinery and 
in railroad and automobile accidents, cover wound with 
sterile gauze and bandage. In case of crushed hands, 
feet, fingers or toes, cover with sterile gauze, bandage 
and rest the limb on a folded blanket or cushion. In 
case of crushed arms, legs or other parts, lay injured 
down, cut away clothing, wrap in plenty of sterile gauze 
and support the part. Call medical aid immediately. 

Do not handle wound with fingers. 

Do not touch the wound with the hand, mouth, cloth- 
ing, or any unclean material. Sterile gauze should be 
used where possible. 

Do not wash into wound; wash away from it. 

Do not disturb blood clots. 

Do not attempt to stitch a wound—leave that for the 
doctor. 

Do not use absorbent cotton directly over a wound or 
burn. 

Do not use adhesive tape, collodion, or similar prep- 
aration directly on a wound. 

Do not use iodine near the eyes or body cavities. 

Do not use iodine on a burn. 

Do not cover a tourniquet with a bandage or splint; 
it may be forgotten. 

Do not fail to release tourniquet every 15 minutes; 
tighten if necessary. 

Do not apply a wet bandage. 

Do not bandage too loosely (except in burns) or. too 
tightly. 

Do not tear a dressing from a wound. 


POISONED WOUNDS 


Snake Bite—Bandage limb tightly above wound to 
check circulation. Open the holes made by the snake’s 
fangs with a sharp knife or razor blade—first running it 
through flame. Cut across and lengthwise. Let the 
blood run from the knife-cut. Sucking the wound, ex- 
pectorating the poison, answers the same purpose, but 
less effectively. Treat for shock. Get injured to doc- 
tor as soon as possible. Keep pressure applied. 

Bites of Dogs, Cats, Etc-—Wash wound thoroughly. 
Apply iodine and sterile gauze, and bandage. Get case 
in doctor’s hands speedily. 

Insect Bites and Stings—Apply compress soaked in 
ammonia water, or paste made of baking soda. The 
sting of a bee is usually seen in the wound and should-be 
removed by scraping. Plucking out with thumb and 
forefinger empties the contents of the poison sac into 
the wound. 


Foreign Bodies in Eye, Nose, Ear, and Throat 


Eye—Do not rub the eye. Keep it closed and let the 
tears gather to wash the foreign substance to corner. 
Attempt to remove it with the corner of a piece of sterile 
gauze. If foreign body is imbedded, see physician. If 
foreign body is under lid, pull lid up and, with a wisp 
of clean gauze or absorbent cotton twisted on the end 
of a match, it may be removed. 

- Nose—Blow nose gently while pressing on opposite 
nostril to close it. Sneezing sometimes expels a foreign 
body. If the body cannot be expelled, a few drops of 
sweet oil may be dropped in the nose to relieve irrita- 
tion until injured is brought to physician. 

Ear—Put a few drops of warm oil into the ear. Do 
not probe with wire, needles, or pins. Send for a doctor. 

Throat—Occasionally, coins, false teeth, and other 
foreign bodies, even particles of food, become lodged in 
the throat obstructing air passage. 

After calling the physician, an attempt should be 
made to remove the foreign body. Frequently it is 
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large enough to grasp with fingers. Sometimes the ob- 
ject is expelled when injured is made to vomit. Slap- 
ping the person on the back, bending him forward with 
face downward, or, in case of children, inverting the 
body, frequently causes dislodgment and expulsion of 
the foreign body. After removal, perform artificial 
respiration if breathing has ceased. 


Injuries Caused by Heat and Cold 


Burns and Scalds—Burns are classified according to 
the manner of damage to the tissues, not according to 


size: First degree—reddening of the skin. Second 
degree—blistering of the skin. Third degree—charring 
of the skin. 


The danger to the body does not correspond to the 
degree, but to the extensiveness. A mild burn over a 
large area is more dangerous than a second degree burn 


Fig. 721 


Fig. 25—Head bandage made with a triangular bandage. 
(courtesy Johnson & Johnson). 


Steps A, B, C, D 


of small size. Shock is usually severe in burns over a 
large area. As a general rule, the first aid treatment of 
burns involves relief of pain and the treatment of shock. 
Call the doctor immediately. 

All burns are painful. Mild burns of the first degree 
are sometimes relieved by the application of a good burn 
ointment, a solution of baking soda, or 5= tannic acid 
jelly. Second and third degree burns are best treated 
by applying sterile gauze saturated with a slightly warm 
baking soda solution. To make a solution, add 2 or 3 
heaping tablespoonfuls of baking soda to a quart of 
water, previously boiled. The gauze dressing can be 
held in place by a lightly applied bandage or by covering 
with a large cloth. 

In chemical burns, use large quantities of water to 
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wash off the chemical and then treat as above. Burns 
from strong acids can be treated first by washing with 
water and then with warm solutions of baking soda. In 
burns caused by strong alkalies, wash with water, apply 
diluted vinegar or boric acid solution, followed by a burn 
ointment. 

When the Clothes Catch Fire—Roll the person on the 
floor to extinguish the flames, or, envelop him in a coat, 


Fig. 722 
Fig. 26—Bandage for the eye. Fig. 27—Roller bandage for head or jaw. 
Fig. 28—Bandage for chin (courtesy Johnson & Johnson). 


Fig. 723 


Fig. 29—Cravat bandage for chin or side of face. Fig. 30—Roller bandage 
for toe (courtesy Johnson & Johnson). 


shawl, table cover, or similar article conveniently at 
hand, and roll him from side to side. Cut away loose 
clothing and treat as above. 

Sun-Burns—Apply calamine lotion, bland oil or 
cream, or tannic acid jelly. In case of blistering do not 
cut the blister. Apply a dressing of sterile gauze. 

- Do not apply iodine to a burn. 
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Frost Bite—Caused by exposure to unusually cold 
temperatures, resulting in freezing of parts of the body, 
usually fingers, toes, nose, and other exposed areas. 
Pain is usually present in freezing of hands or feet, but 
may be absent in freezing of the ears and nose. The 
best and perhaps the easiest treatment is to cover the 
affected part with toweling, cloth, or an article of 


Fig. 724 


Fig. 31—Triangular bandage folded as a cravat. 
Johnson & Johnson). 


Steps A, B, C (courtesy 


Fig. 725 
Fig. 32—-Cravat bandage for knee (courtesy Johnson & Johnson). 


Fig. 726 


Fig. 33—Roller bandage for thumb. Fig. 34—Roller bandage for finger 
(courtesy Johnson & Johnson), 


clothing. In the case of a hand, it might be held against 
some warm part of the body, like the thigh or the arm- 
pit. This can be done until.the circulation is re- 
established and pain is lessened. Then cover with 
toweling or cloth. Rubbing with snow or applying 
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hot water or exposure to extreme heat is not considered 
good practice. 

Sun Stroke—Due to exposure to heat, particularly 
the sun. Very high temperature. Severe throbbing 
headache. Reddening of the face. Intense thirst. 
Skin hot, dry, and flushed. Respiration rapid and dif- 
ficult, followed usually by unconsciousness. 

Treatment—Send for doctor. Loosen clothing, espe- 


cially around the neck. Remove to a cool place. Ele-* 


vate the head. Apply cold water freely to body. Rub- 
bing with ice is useful. Do not give stimulants. 

Heat Prostration (Heat Exhaustion)—Due to expo- 
sure to heat, either from sun’s rays or indoors, in the 
presence of high humidity. Feeling of weakness and 
prostration. Moist skin. Face pale. Temperature low. 
Body feels cold. 

Treatment—Loosen clothing. Bring to cool airy 
place. Keep head low. Cold water may be applied 


Fig. 727 
Fig. 35—Roller bandage for back of hand or wrist. Fig. 36—Roller bandage 
for hand, wrist, and forearm. Fig. 37—Roller bandage for elbow joint. 
Fig. 38—Sterile gauze pad gempress a bandage (courtesy Johnson & 
ohnson). 


to the head, but keep the rest of the body warm. Give 
stimulants in the form of coffee, tea, or aromatic spirit 
of ammonia. ‘Table salt is useful. 


First Aid Bandaging 


Two kinds of bandages are generally known in first 
aid work. These are the roller bandage and the tri- 
angular (Esmarch) bandage. 

Roller Bandages may be of cotton (muslin) or of 
gauze. ‘These are available packed in special containers 
and sterilized. Roller bandages can be used for band- 
aging of wounds, for support and for improvised slings. 
They are prepared in several widths: 
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For the fingers and toes—1 inch wide. 

For the head, hands, and limbs of children—2 inches 
wide. 

For the arms and legs of adults—2 and 3 inches wide. 

For the thigh, groin, and trunk—3 inches wide. 


The Triangular (Esmarch) Bandage is extremely use- 
ful. It may be applied as a covering, as a wide folded 
bandage (wide cravat), or as a narrow folded bandage 
(narrow cravat). It may be used in tying splints to 
limbs, and in holding splinted limb to body, as a hand 
bandage, wide sling for arm, as a head and scalp cover- 
ing, and as a head and face bandage. It can similarly 
be applied over other parts of the body—the forehead, 
the chest, the knee, the foot. It can be used as a nar- 
row sling or wide sling. In other words, it can be impro- 
vised for use as a bandage, support, or covering for 
nearly every part of the body. See Figs. 25, 26, 27, 28, 
29, 30, 31, 32, 33, 34, 35, 36, 37, 38. 


Sprains 


A Twist or Wrench at the Joint—Accompanied by 
pain and swelling. 


Ankle or Foot Sprain—Wrap in folded gauze or towel 
and apply cold water orice. Keep part elevated and at 
rest. If fracture is suspected, treat as above described. 


Strains 


Muscle Wrench or Tear—Apply heat and massage. 
Supporting the injured part with bandage or adhesive 
plaster will relieve the pain. Medicated Plasters, whole 
or cut in strips, are useful in affording support an 
warmth. 


Poisons 


Some poisons may irritate the mouth or stomach 
locally. Other poisons may not cause symptoms until 
absorbed into the circulation. Some of the more familiar 
poisons are herein described. 


Poisons which burn or stain the mouth 


Hydrochloric (Muriatic) Acid 
Nitric Acid 

Sulfurie Acid 

Iodine 


Ammonia 

Carbolie Acid (Phenol) 
Caustic Potash 
Caustic Soda (Lye) 


Poisons which do not stain the mouth 


Alcohol Digitalis Phosphorus 
Arsenic Mercury Strychnine 
Belladonna Oxalic Acid Toadstools 


Prussic Acid (Hydrocyanic Acid) 


First Thing to Do: Send for a doctor—if possible 
supplying him with the nature or type of the poison. 
A clue to the poison taken may sometimes be revealed 
by the odor. 


GENERAL PRINCIPLES 


When the poison is not known and a specific antidote 
cannot be used, induce vomiting (emetic). For this 
purpose, make the injured take fair-sized volumes of 
one of the following (use force if necessary) : 


Soapy water 
Greasy water 


Solution of baking soda in water 
Mustard in water 
Salt in water 


Apply heat to the body to reduce shock; use artificial 
respiration if necessary, but avoid exhausting the in- 
jured. Useful stimulants are: Aromatic spirit of 
ammonia; hot strong tea; hot coffee; other warm 
fluids. t 
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SUGGESTED IMMEDIATE FIRST AID UNTIL THE 


Poison 
Acids 
Sulfuric 
Hydrochloric 
(muriatic) 
Nitric 


Alcohol 
Ethyl Alcohol 


Methyl 
Alcohol 


_ Ammonia 


Arsenic and 
Compounds 


Barbiturates 


Belladonna 
(Atropine) 


Caustic Potash 
Caustic Soda 


DOCTOR ARRIVES 


Treatment 


Give one or two tablespoonfuls of 
magnesia, soapy water, or lime 
water. Repeat at intervals. Give 
ice to relieve thirst and pain. 
Starch water, milk, and raw eggs 
useful. Stimulants may be admin- 
istered. 


Give plenty of water containing a 
teaspoonful of baking soda to the 
pint. Keep injured warm, give 
strong hot coffee, aromatic spirit 
of ammonia. Induce vomiting. 

Give an emetic containing baking 
soda and administer purgative 
such as Epsom salts. Apply arti- 
ficial respiration, give stimulants. 
Apply heat. 


No emetics. Give vinegar or citrus 
fruit juices immediately and abun- 
dantly, followed by vegetable oil 
orcream. Apply heat externally. 
For ammonia solution in the eyes, 
or for the irritating action of am- 
monia gas, irrigate with boric acid 
solution. 


Induce vomiting. Give Epsom salts, 
sweet oil, or equal parts of sweet 
oil and lime water, or lime water 
alone, raw eggs, milk, and stimu- 
lants. 


Induce vomiting, give large volumes 
of fluids, Epsom salts, and stimu- 
lants. 


Give tannic acid solution and emetic. 
Follow with strong coffee. Apply 
heat. Give stimulants. 


Give plenty of water alone or with 
vinegar and lemon juice. Also use- 
ful are melted butter, salad oil, 
olive oil, raw eggs, barley water, 
starch, gruel. Emetics are not to 
be used. If these caustics have 
splashed in eyes, use boric acid 
solution liberally. 


Carbolic Acid 

(Phenol) 
Creosols 
Creosote 


Cyanides, 
Hydrocyanic 
Acid (Prussic 
acid) 


Iodine 


Lead 
Red lead, 
Sugar of lead, 
White lead, 
paints 
Mercury, Salts 
of 


Metallic salts of 
copper, zinc 


Oxalic Acid, 
Oxalates 


Phosphorus 


Poisonous 
mushrooms, 
fish, etc. 


Silver salts 
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Give raw eggs, lime water, or milk 
and gruel. Give tablespoonful of 
Epsom salts or Glauber salts in a 
small tumblerful of milk or water, 
repeat; also mucilaginous drinks. 
Full strength alcohol can be used 
locally to wash away. In the ab- 
sence of alcohol, Epsom salt appli- 
cations will do. 

Inhalation of ammonia. A _ table- 
spoonful of hydrogen peroxide by 
mouth. Emetic. Artificial respi- 
ration. 

Give freely starch water or paste 
made of starch, wheat or arrow- 
root; also chalk, magnesia, white 
of egg, demulcents. Give stimu- 
lants. Vomiting may be induced. 

Give large doses of Epsom or Glau- 


ber salts. Induce vomiting. Ap- 
ply heat. Give stimulating and 
mucilaginous drinks, abundant 


water, eggs, and milk. 

Give large quantities of white of egg 
in milk and make injured vomit. 
Repeat. Barley water, starch 
water, or flour and water in large 
quantities are also useful. 


Give bicarbonate of soda (baking 
soda in water); milk, white of eggs, 
mucilaginous drinks, and emetics. 
Give strong coffee and apply heat. 

Give milk of magnesia, chalk, wall 
plaster or flour with much water, 
followed by emetic. Recumbent 
position. 

Give emetic, followed by magnesia, 
white of eggs, and salts. Do not 
give milk, fats, or oils. Hydrogen 
peroxide and Epsom salts are use- 
ful. 


Give emetics and stimulants. Give 
strong tea. Apply heat. Give 
cathartic. 


Give a solution containing 2 tea- 
spoonfuls of salt to a pint of water. 
Give emetic, demulcents, stimu- 
lants. Repeat if necessary. 


A more detailed discussion of antidotes is presented 
in the chapter ‘‘Antidotes” (page 1388). 


CHAPTER CI 


CONTRACEPTIVES 


WHEN PROTECTION from pregnancy is considered ad- 
visable, contraceptives are used to prevent passage of 
active spermatozoa from the vagina into the uterus. 
This is accomplished mechanically by occlusive devices, 
such as diaphragms, which lengthen the route which 
the spermatozoa must travel to reach the os, thereby 
assuring extensive exposure to a spermicidal jelly or 
cream. Contraceptive jellies and creams act as chemi- 
cal agents immobilizing the spermatozoa with which 
they come into contact. Because of their consistency 
they also have an obstructive function. Certain acces- 
sory devices are used with these, such as inserters and 
extractors for the diaphragms, and syringe applicators 
for the jellies and creams. In eontrol of conception 
acceptability probably plays a greater role in the use 
and therefore the effectiveness of a prescription than in 
most fields of medicine. The esthetic block or reluc- 
tance towards various methods differs with different 
users, and variation of method by a single user is often 
found to lead to greater acceptability and consequently 
a higher degree of protection. 

When contraceptive preparations are prescribed, the 
physician should warn that there must be strict adher- 
ence to his directions. To do otherwise invites decrease 
in expected effectiveness. No one method can be guar- 
anteed as being 100 per cent effective, although a high 
degree of protection can be expected if the patient has 
been properly examined and informed by the physician. 
The status of conception control has been reviewed in 
a report of the Council which appeared in The Journal 
of the American Medical Assocation, 123, 1043 (1948). 


Criteria for Acceptability of Contraceptive Agents, Syringe 
Applicators, and Nozzles 


For guidance in reviewing contraceptive products, the Advis- 
ory Committee on Contraceptives of the Council on Pharmacy 
and Chemistry of the American Medical Association has proposed 
the following criteria. 
but it should be emphasized that they may be changed from time 
to time. As the experience of the committee and the Council 
grows, improvements may appear desirable. 


1. The use of the word “contraceptive” need not be limited 
to materials which will prevent conception on every occasion of 
use. 

2. Evidence shall be furnished that use of the material de- 
creases the incidence of pregnancy. This evidence may be se- 
cured in connection with occlusive devices unless the manufac- 
turer’s advertising is directed chiefly towards the use of the jelly 
or cream without such devices. It is desirable that each case 
reported should be observed for at least 12 months, and that the 
minimum of 75 patient-years of experience should be reported. 
If cases are excluded from the series on the basis of their being 
irregular users, the number excluded and the nature of the evi- 
dence justifying their exclusion should be stated. 

Evidence shall be submitted that 100 or more couples have 
used the material on 6 or more occasions without subjective 
injury. 

4. Evidence shall be submitted that 12 or more women have 
received vaginal applications of the recommended dosage on 21 
successive days without subjective irritation or injury and with- 
out evidence of physical damage shown on speculum examination 
by a physician with special experience in this field. Inspection 
of the vagina once a week should be done as a protection to the 
patient in case the jelly proves to be irritating. 

The quantitative formula from which the contraceptive 
mixture is prepared shall seem to the Advisory Committee to be 
safe and, presumably, effective. 

The consistency shall be satisfactory to the committee. 


These have been adopted by the Council - 


It shall not show separation into more liquid and more solid por- 
tions visible to the naked eye. 

7. Evidence shall be submitted that the consistency is not. 
substantially changed after storage for 12 months at 27° C. 

8. The consistency shall be reasonably uniform from batch 
to batch. 

9. The spermicidal time of the contraceptive material as 
measured by the method of Brown and Gamble (Human Fertil., 
5, 97 [Aug.] 1940) with proportions of material, isotonic solution 
of sodium chloride, and semen of 1: 4:5 shall be 30 minutes or less 
as measured by the average of 4 or more tests. 

1U. The use of jellies or creams suggested by the manufacturer 
need not be limited to use in conjunction with an occlusive device. 

11. If a syringe applicator or nozzle is furnished for use in 
connection with the jelly or cream, it shall be sufficiently trans- 
lucent to permit the detection of air which might lead to inade- 
quate dosage. 


Criteria for Acceptability of Contraceptive Diaphragms or Caps 


1. The advertising and direction of the manufacturer should 
make it clear that contraceptive diaphragms are intended for use 
in conjunction with a spermicidal jelly or cream. 

2. The manufacturer’s advertising must not state or imply 
that the appropriate diaphragm can be chosen without the aid of 
a physician. 

3. Evidence must be submitted that the diaphragm will last 
under ordinary conditions of contraceptive use for 12 months or 
more without perforations or other defects. 

With each diaphragm should be packed directions warning 
the user not to expose it to ordinary oils or greases, unless evidence 
is submitted that the material of which the diaphragm is made 
is not damaged by these substances. 

5. The design shall be satisfactory to the committee. 

6. The directions packed with each diaphragm shall include 
instructions to the user to inspect the diaphragm from time to 
time for holes or tears and discard the diaphragm if one is present. 


Note—Those contraceptive specialties described, be- 
low which have been accepted by the Council on Phar- 
macy and Chemistry have the letters N. N. R. appended 
as part of the title. 


Contraceptive Capsules and Suppositories 


Actions and Uses—Capsules and suppositories pro- 
vide a convenient method for introducing obstructive 
and spermicidal material into the vagina with the ad- 
vantage of freedom from the need of apparatus. The 
solid material introduced must be converted to a jelly 
or liquid form in order to cover the requisite area; hence 
prompt liquefaction is important. For some supposi- 
tories this results from a melting point below the tem- 
perature of the body. For others the active material is 
enclosed in a gelatinous shell which melts or opens 
when exposed to body temperature and moisture. 
The time required should be under 10 minutes, and the 
users should be instructed to allow this time to elapse 
before intercourse. A douche should not be taken within — 
6 hours after ejaculation. 

To insure further protection, physicians may advise 
the concurrent use of an occlusive device such as a 
diaphragm (concerning which see general statement). 


Specialties 
Lorophyn Suppositories (Eaton)—Suppositories, each containing 0.05 
per cent phenylmercuric acetate in 90 per cent synthetic wax and 
10 per cent glyceryl laurate. 


Pernox Vaginal Capsules N. N. R. (Pernox, Inc.)—A soft gelatin cap- 
sule containing a low melting mass prepared from the formula: 
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CON TRACE Pit V-E'S 


PANCEUL EL ORACIC oye ene coer A Terie nthe Sick! casicine Mite cane oan 45 mg 
Propylene glycol monostearate...................2-... 1.830 Gm 
Peres yh NaAnoliny «bic. Chee dtc ne one 1.100 Gm 
PCEmmne trol atu desis ti les k sles cieiece ale sou cp-wiste oe alors 0.770 Gm 
FCN OMPMEC EOLA GUT yc cy tlc cM ees scthth as ote anes b wales ban 0.110 Gm 
AG POros aM NOMICS 57.0 sea eh Sas dvs enter hoe ote sb 0.220 Gm 
WCRI DCEO SN a ai ER NE aR as ee ee Re a a ae 45 m 

Ertaranel Vola: se. 8) erat yea ee ace pe ee 0.183 Gm 
BREN APOBNU DEL re alee oe a Roe aye he te others wb peanoters denabs 0.214 Gm 


Actions and Uses—See preceding article. 


on: Dose—One capsule, con- 
taining 4.5 Gm, 


Contraceptive Jellies and Creams 


Actions, Uses, and Dosage—Jellies and creams for 
contraceptive use are introduced into the vagina, usu- 
ally with an occlusive diaphragm or cervical cap, not 
more than 12 hours before sexual intercourse. When 
so used, a portion of the dose of jelly or cream may be 
placed within the vagina and between the occlusive de- 
vice and the cervix. The jelly or cream is usually 
inserted by a special plunger-type of device. The re- 
mainder of the jelly or cream should then be placed in 
the cervical area of the vagina adjacent to the occlusive 
device. Jellies and creams may also be used without 
an occlusive device, but this may result in a lower 
degree of protection. Some users find this technique 
definitely more acceptable, sufficiently so to outweigh 
the differential in fertility rate. When so used the 
jelly or cream is introduced into the vagina within an 
hour before intercourse by a syringe applicator. The 
recommended dose varies but is usually approximately 
See. To allow adequate time for chemical immobiliza- 
tion, the occlusive device should not be removed nor 
should a douche be taken within 6 hours after ejacula- 
tion. 

As most of the contraceptive diaphragms are made 
of rubber, which will deteriorate if exposed to greases, 
the jellies and creams used should not contain greasy 
substances. 

Applicators are designed for ready filling from the 
container of contraceptive jelly or cream and for deliv- 
ery under moderate pressure of the recommended dose 
(usually 5 cc.) into the upper vagina. They should be 
transparent, to permit detection of air which might lead 
to inadequate dosage, and, if made of glass, should be 
sufficiently thick walled to make breaking while in the 
vagina extremely improbable. The end should be 
blunt, and sufficiently large to prevent entry into the 
urethra.: 


Specialties 


Note—The following contraceptive creams and jellies are available 
with or without applicators. 


_ Clinicol Jelly (Holland-Rantos)—Jelly containing lactic acid, methyl 
amyl cresol, aluminum subacetate, and boric acid, in a base of 
glycerin and gum karaya. 


Contra Creme N. N. R. (Contra)—63.5-Gm. collapsible tubes. A 
stearic acid cream having a pH of 7.3, packaged from the formula: 


HOPOMVATITONCUTIC BCOLALC:.0.5\0 = 60 0 1e dare + sisio.0 v0 0 sivieleisisie sole ee 0.06% 
Bae eae EEETSTOUDINT TFG OMY See evateee ss eke al sic so. clays Jo. sre tae wie avaela teres le rele 0.06 
ISHS TIC. oo. Ae OES B OTIS OOO OL Eoe OD aeeth Bnecita ere eee ae 2.50 
BPO MEOMOSTOALALE Aa. c fcrece occt ase: ve wiv aus 5)'e 0 el oUsiie ss epee syed tle 3.50 
Pee SEU TN TEMPEOY CUCM ae crn Sees ar Wilag a 80 a ota Ne cats Sit we eiveuirl wie widevaag abel Oke 12.00 
PINIGGe ATO! FO MAKE. .% o.. cess ce vu dR cies ales ee atina oe. 100.00% 


Actions, Uses, and Dosage: See preceding article. 
Contra Applicator—A transparent plastic syringe threaded at the 
blunt, intravaginal end, to screw onto the tubes of Contra Creme, 
to permit filling by compression of the tube. The full capacity is 
5 ec., the recommended dose. ‘ 
Cooper Creme N. N. R. (Whittaker)—75-Gm. collapsible tubes. A 
_ white, non-greasy, water-miscible stearate cream having a pH of 7.3 
prepared from the formula: 
Herrera tin lOnes lL ciSet bs cs Hitsseuste ie sie siojoreia alsis ye sivicostaieio tale 


(Se HART GPS Chea ak SEER OIC en care ot ae 
ya arie (OGL. con Snel ete Aye MeO Ele REE De go IRE TART Ok iw. Omi oe 23.04 
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Cooper Creme Dosimeter—A transparent plastic tube, threaded at 
the blunt intravaginal end to screw onto the tubes of Cooper Creme 
to permit filling by compression of the tube. The full capacity of 
the dosimeter is 10 cc. 

Hyva Jelly (Holland-Rantos)—Buffered jelly containing lactic acid, 
oxyquinoline sulfate, and boric acid, in a base of glycerin, gum 
acacia, and gum tragacanth. 

Koromex Cream N. N. R. (Holland-Rantos)—Collapsible tubes (78 
Gm.) containing a water-soluble stearic acid emulsion having a pH 
of 4.2 to 4.4 prepared from the formula: 


bo 


SCOOCONWOONMHO 
j=) 
iw) 


Stearn chacrdhe wemtonsr. at edema sysbott s s/atske coin Oe alsin cere 
Cetyl] alcohol. 
Giyeern., cde cate 
IBOTiol acids ater see ee 
Oxyquinoline benzoate. 
Phenylmercuric acetate.... 
Polyoxyalkalene sorbitan monostearate.......... 
Soxrbitan monooleatevjarceticten cmc ee enue ne Geiswaeciee 


IP OriMuanie srthran yee te ete ean Ca a Meet cote ats: oe Sidumiiians 015 
n-=butyl=p-hy Groxy bDeNZO@te. «yin. ssl oieoe core sss ee ee oe 02 
BWV Biber Ones stray syare aiats Uetncou msbueiti euaiteson ettccionst acu fies tame stursecr 100.00% 


Actions, Uses, and Dosage: See preceding article. 


Koromex Jelly N. N. R.—Collapsible tubes (35, 70, or 128 Gm.) con- 
taining a water-soluble jelly having a pH of 4.6, prepared from the 
formula: 


BS OFLC REVOUCL ayers geste Res etch Mel ARR ott coe tc orente cteadis te eee ecg valley an 2.00% 
Oxy quinolinesbenzoates: see Pelee. ae miei one 0.02 
Phenylmercuricsacetatene- wn. erie sc ispes estan ethane hones 0.02 
GIN cern et per acer Mom htc es 10.00 
GUM AOA Cla ty ok eh tee re cincetem cca tee Rote kanal oeresk 0.60 
raeacan that eens Rk ime nc chee naree Mi arcbnn ctr et aes 2.50 
Beriuimie anata tcc dee ors, cia nate oie eeale enc omtaro a ase 0.015 
iButylip-hy.droxy benzoate s-caee«..s oe vieemee ce ie eee os 0.02 
IW aiboreUOn caer w teat ycrelauterto on Met iat whee hb 100.00% 


Koromex Vaginal Applicator N. N. R.—A transparent plastic tube 
having a capacity of 5 cc. 

Lactikol Creme N. N. R. (Durex)—Collapsible tubes (56.5, 85, or 116 
Gm.) containing a water-dispersible cream having a pH of 4.9, pre- 
pared from the formula: 


ECATT GC HACIG Ae praerea sete iiorics ducutaries o dpeadote ohens, Siibaihatce feo mane healt 15.00% 
Gly cenylvumomostestate tam tht cc as te tte eee a Senin tes .50 
MGV. GOTE Ser ee Me tanete oitetelerenede. settee Se eee Rey Meee ech ate RS Feats 8.00 
Clycerylimonoricinoleateraas hie scien ters cesta sno s 1.50 
Sodium lyurylisullateys. sterccmu asec. © Se eral s ore outer alu eto 0.50 
WCaGGICY BCLs pera Pauctares si inte. sderakious co sahedee tanens bale te vest dare ie eveteeeeecs 0.50 
Periime Ley vee sisgesthiev alee yaaa alata Aa hee aig byoebarouensene ee 0.07 
VTS yao sora te Nea Aicterraeir ert Mele oie ARE EN a ene EE ae i 100.00% 


Actions, Uses, and Dosage; See preceding article. 


Lactikol Jelly N. N. R.—Collapsible tubes (62.5, 93.5, or 128 Gm.) 
containing a water-soluble jelly having a pH of 4.15, prepared from 
the formula: 


Pra PACA nichts cveraveccropscote ae tebs eiahaceme ia wi eke wsrh calauersual are Die oheuae 2.70% 
RUGV este etree Leta e ecaieks .00 
Acacia..... 1.00 
Lactic acid... ase 1.50 
Glycerin..... A a) 6 fe 16.00 
Glycerylimonoricinoleate we ny cee cies cae soe nee ae 1.00 
Sodiimaauryl sulfates cmc. sonnete cha cto ee, Meee 0.20 
iButylep-hy GnoxyDenZOLevAclds.: saeicaidaisncice eile areca aes 0.02 
Oxy quinoline: sulfates aucmen oie oe eee ee ee cio 0.05 
POG iG AAs ai ccs Seite Ie ON er os aH ee eee a oe ae 0.04 
SW GSr Ot aera ae cae aR ne HGS aacreine eae AOINIAG See Tee 100.00% 


Lactikol Metri-Dose Applicator N. N. R.—A transparent glass tube 
graduated to permit delivery from 5 to 8 cc. 

Lactikol Plunger Applicator N. N. R.—A transparent plastic tube hav- 
ing a capacity of 5 ce. 

Lanteen Jelly (Lanteen)—Jelly (pH 5.2) containing chlorothymol, 
hexylresorcinol, ricinoleic acid, and other castor acids. 

Lorophyn Jelly N. N. R. (Eaton)—Collapsible tubes (92 Gm.) con- 
taining a water-soluble jelly having a pH of 7.5, prepared from the 
formula: 


Phony lmeroumi| pac Ocabe apace cisetye leataleialercisye ouster torore sietooy sie 0.05% 
Polyethylene glycol of monoisooctylphenyl ether.......... 0.30 
MDE yea vel bold sherpa cLS Ms CHET ite DIPLO Droicin crane prone Pec eeeeetcy orc 1.80 
AC AGHE eet ten Re eae COA cons coer hae etic cebe rated ice DO ee Me alens atone 2.00 
GUY Cerii soe rat ib co: aac yolle terra Raritgen oajet te espera eke Mente ean Naas 8.00 
Methylep-hydroxy benz Oates cin mie ait selectors 2 <teriet~ ielln. ets 0.05 
Sodiumyborate: Ur Sab iaita. ceca cits utes G elena, toe a 3.00 
SWi GOES CO sisreccteraxersto sons sorece Pan cmiietsyepseslats shouegetane eer shobare is ahetmersy ce 84.80 


Actions, Uses, and Dosage: See prececing article. 


Lorophyn Jelly Applicator N. N. R.—A transparent plastic syringe 
having a capacity of 5 ce. f 

Lygel Vaginal Cream N. N. R. (Lehn and Fink)—Collapsible tubes (85 
Gm.) containing a white cream having a pH of 3.4, prepared from 
the formula: 


Stearic acid sefecayeicuat ckaltreiveke « eioteystogsr sors foilernia etter stareFagi aM chekaee 18.00% 
Getyl alcohol! uct oes enawces 4.00 
IEA GbIGiA Clare eisienierine! = 0.35 
p-Chloro-sym.-m-xylenol. 0.10 
p-tert.-Amylphenol....... 0.10 
Sorbitol...... ie 6.00 
INig ceOnol Sq -urloolotiomc ers, 2.00 
Perfume. . SATIS a sheus seeearuuacascner cams eee ei he 0.10 
AVY HGR RON ct ciee ceed Kevaltes, esi a spa ianePeeey anaes tance ia) tethers epee 100.00% 


Actions, Uses, and Dosage: See preceding article. 
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Lygel Vaginal Jelly N. N. R.—Collapsible tubes (92 Gm.) containing 
a water-soluble jelly having a pH of 3.4, prepared from the formula: 


p-Chloro-m-dimethylhydroxybenzene................-++-- 0.05% 
p-tert.-Amylhydroxybenzene. . 20... sees cece eee ene sens 0.05 
Benzalkonium. chloride. fea - ce eee ee laterite eter ier onetarate 0.10 
Lactic: acid . osc le dhetera lletenetsecnalinte enemeue se tg hen pce irairen ena ked ites cate aiietate 0.25 
eT gesc) MM PA A once aouboomnmnnG  aoddns 15.00 
Perfume OP ic:i25svas, neers vetae Se eae ero en es pokes eae eer teres re eee 0.10 
Gum tragacanth and pectin nner-yetteiia ceri ntae eielaierenelensiare 3.50 
Water’ tos sc ats sg aitecrs crea loco creie an rane oh eee orboey ack trenat atone Patste 100.00% 


Lygel Vaginal Applicator N. N. R.—A transparent plastic syringe 
having a capacity of 5 cc. 

Ortho-Creme N. N. R. (Ortho)—78-Gm. collapsible tubes. A non- 
fatty stearic acid cream having a pH of 6, prepared from the 
formula: 


et rary (om 0H) 10 I ee tas ric. cro tio duichoss ceGenO Cato ORG U0 Oks 24.00% 
Cetyl alcohols, costo ticotenveusumiebereiseekereny tioleusiatele slote/apen ers 0.50 
Glycerin, Sorc ee te cat orescence chs ch qnerardis ae To erin astenekene 8.00 
Ricinoleic acid Asc eevee tocrohtein a ee oe aes trae ler er sys) crane aes 0.75 
Sodium ‘lauryl sulfated act: mnere.a vce Wienseneuste ile rersiations 0.28 
BROTiG! ACLs a Wises sake rete toe esters ie ial das. tes. aes Sree eer eloee 2.00 
Triethanolaminetyrcnts cntrinkelotustel cy oteenetatecrcalneiatstekeneret ekoterarene 0.25 
Neds ahden’: Minced Ar Ritcid Preis terse ea NCEE hid Fue DE rn OG Clog O.o.00 0.05 
Wistar GO aie tee oc ilon or crarcn dieqe Sleigishsloheneteyeue ote reverstecen takes 100.00% 


Actions, Uses, and Dosage: See preceding article. 

Ortho-Gynol Vaginal Jelly N. N. R. (Ortho)—92-Gm. collapsible tubes. 
A water-soluble jelly formed from tragacanth and acacia, having a 
pH of 4.5, prepared from the formula: 


Tragacanth.., sissy syoctetsto Sie a Pome cele tal ee eR ee 3.00% 
COCIR ci SiS Save meardtese ra ales vreicy A actamreue ielishe meen otckoue otcaaniete ate heme ate hens 2.00 
Gli yeeriney.3 i. oe ee Gitcantatiatendcorecnane tree wiaietstens ote bis alte to akenete 10.00 
Borie aid. .jcvceeesrs oro eee hen ee ee au te PETAR RCI ae 3.00 
Ricinoleie-adid s2 2g shea ere ahe lake tee ee te Cte tees 0.75 
Propyl ester of parahydroxybenzoie acid................-- 0.05 
Oxy quinoline sulfate , 0.025 
Perfume ies .cccustacictoua ceiovehe rere levs tan te shoes ane tel tease ee ntais acele eierers 0.025 
Wiatter toc ce oe a sinsutebseyetere ertrarths coe > euepataionerete einen etal omen cfs 100.00% 


The consistency is indicated by a 50-55 mm. dart penetration at 
40° C. when tested with the Braun dart penetrometer. 


Actions, Uses, and Dosage: See preceding article. 


Ortho Vaginal Applicator—A transparent plastic syringe threaded 
at the blunt, intravaginal end, to screw onto the tubes of Ortho- 
Gynol Vaginal Jelly or Ortho-Creme, to permit filling by compres- 
sion of the tube. The full capacity is 5 cc., the recommended dose. 

Ramses Vaginal Jelly N. N. R. (Schmid)—Tubes (92 Gm.) containing 
a water-soluble jelly (pH 4.0) prepared from the formula: 


Dodecaethylene glycol monolaurate.................0ee00- 
BOriG acid: » ne We ak wuka ke taroer eee te ee ee Ee 
Alcohol My ae benen nates: 
Carboxymethyleellulose.......... 

Glyéerin jc ate oer ee aif J 
Butyl parahydroxybenzoates see re teenie cee ener 
Perfumes: 05% Mesaeteieetass eutceceeocine Seine, Ae an eee eae 
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Actions, Uses, and Dose: see preceding article. 
Ramses Vaginal Applicator N. N. R.—A transparent plastic tube 
having a capacity of 5 ec. 

Ritol Cream (Holland-Rantos)—Cream containing lactic acid, methyl 
amyl cresol, aluminum subacetate, and boric acid, in a glycerin, 
gum karaya, and stearate base. 

Vagagill (Massengill)—Non-greasy jelly containing 1:5000 phenyl- 
mercuric nitrate, oxyquinoline sulfate, boric acid, and phenol. 


CONTRACEPTIVES 


Contraceptive Diaphragms 


Actions and Uses—As diaphragms cannot be designed 
to form a junction with vaginal wall or cervix which will 
prevent the passage of an organism of the size of a 
spermatozoon, a spermicidal jelly or cream should be 
prescribed for use with them. 

The appropriate size of diaphragm (varying from 50 
to 105 mm. in diameter) must be chosen for each user. 
It should be as large as is comfortable, large enough to 
extend easily over the cervix, anchoring posteriorly in 
the posterior fornix and anteriorly behind the sym- 
physis. The appropriate size may change after a deliv- 
ery and during the postpartum months. Satisfactory 
fitting is not possible in some cases of variant anatomy 
of the soft parts (this does not refer to bony structure). 

The diaphragm and jelly or cream should be inserted 
before intercourse (not more than 12 hours before) and 
left in place until 6 hours or more after ejaculation (not 
more than 36 hours). Rubber diaphragms should not 
be exposed to fatty substances and should be inspected 
from time to time for holes or tears. 


Specialties 


Ortho Diaphragms N. N. R. (Ortho)—Latex rubber diaphragms cover- 
ing a circular coiled spring, the external diameter varying in grada- 
tions of 5 mm. from 55 to 95 mm. ; 

Ramses Diaphragms N. N. R. (Schmid)—Gum rubber diaphragms 
covering a circular spring, the external diameter varying in grada- 
tions of 5 mm. from 50 to 95 mm. 


Contraceptive Diaphragm Inserters 


Uses—Inserters are designed to stretch the circular 
spring of a contraceptive diaphragm into a long oval 
and to furnish a handle with which it may be inserted 
into the vagina and guided beyond the cervix. Tosome 
users they have the esthetic appeal that they minimize 
digital contact with jelly or cream, or genitals. 


Specialties 


Ramses Diaphragm Introducer N. N. R. (Schmid)—A transparent 
plastic device designed to stretch and hold for insertion a diaphragm 
of a given size. Made in different sizes marked for diaphragms from 
50 to 95 mm. in diameter in gradations of 5mm. On the handle end 
is a blunt hook to assist in extracting the diaphragm. 


Contraceptive Fitting Rings 
Uses—To enable the physician to test the size of con- 
traceptive devices needed for a given patient, circular 
coiled springs of the various sizes have been prepared 
without the thin rubber diaphragm. As these have 
thick rubber coatings, repeated sterilization by boiling 
is possible without deterioration. 


Ramses Fitting Rings N. N. R. (Schmid)—Prepared in sets having 
sizes from 50 to 90 mm. in diameter in gradations of 5 mm. 
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CHAPTER CII 


THE PHARMACIST AND VENEREAL DISEASE CONTROL 


SWEEPING GAINS have been made in America’s fight 
against the venereal diseases in the past decade, largely 
due to the foresight of an enlightened government whose 
public health program has made growing provision for 
Venereal Disease (VD) control. VD rates, driven down 
to an all-time low during wartime, threaten to rise 
again however, and only continued and expanded effort 
by official agencies, aided by the pharmacist and other 
socially minded citizens, can stamp out VD. Only 
thus can the gains already made be held. 

The decade 1936-1945 marked the end of evasion of 
the nation’s greatest health problem—the venereal dis- 
eases. A tidal wave of publicity sweeping the country 


early in this period so focused public attention on the 


prevalence and devastating effects of syphilis that public 
opinion polls indicated overwhelming support for 
strenuous governmental measures to stamp out the 
venereal diseases. In 1938 Congress by unanimous 
vote in both houses enacted the VD Control Act estab- 
lishing a national policy of aid to the states for “the 
prevention, treatment, and control of the venereal 
diseases.”” By January of 1947 19 states had enacted 
adequate legislation for the’control of prostitution, one 
of the major factors in the spread of VD. 
Statistics—Before the Federal VD Control Act was 
passed in 1938 few states and cities had VD Control 
services of any kind. Now with federal help every state 
and most cities have excellent organizations hard at 
work fighting the venereal diseases. ‘Two significant 
indices of this growth and accomplishment are the 
number of VD clinics and the number of blood tests. 
In 1935 there was an average of one VD clinic per 
200,000 population, not enough to make any impres- 
sion on the national VD problem but by 1945! there 


_ was an average of one VD clinic per 37,000 population. 


In 1935 only one blood test per year per hundred popu- 
lation was made but by 1945 increased laboratory serv- 
ices made an average of one blood test for every 7 per- 
sons in the United States. 

During the decade 1936-1945, through the improved 
laboratory tests available everywhere, the nation learned 
how many people have syphilis. 

Every selectee and recruit for the U. 8. Army was 
given a blood test—4.5 per cent were found to have 
syphilis. Community-wide and industry-wide blood 
testing was accomplished in many places. Blood tests 
of candidates for marriage licenses and of pregnant 
women were made in most states and blood testing be- 
came a routine practice in the best hospitals. Blood 
tests for syphilis of both bride and groom are required 
by 35 states and Hawaii before a marriage license can 
be obtained. Prenatal blood tests for syphilis are re- 
quired by 38 states and Hawaii. ; 
~ Not less than 3,200,000 cases of syphilis exist in the 
United States. Each year at least 1,200,000 new cases 
of gonorrhea occur. Prior to 1936 the estimated annual 
incidence of new cases of syphilis was 500,000. This 


figure was reduced to about 250,000 cases by the end 


of World War II. 


The table of appropriations for venereal disease con- 
trol which is given below gives some indication of the 


: a Teiees year for which complete record of services rendered is available, 


extent this program has expanded during the past few 
years. 


APPROPRIATIONS FOR VENEREAL DISEASE CONTROL 


For Fiscal Year Federal State and Local 


Ending June 30 Appropriations Appropriations Total 
1939* 3,080,000 4,342,329 7,422,329 
1940 5,000,000 5,988,655 10,988,655 
1941 6,200,000 6,842,926 13,042,926 
1942 8,750,000 6,984,585 15,734,585 
1943 12,500,000 7,457,100 19,957,100 
1944 12,500,000 9,300,275 21,800,275 
1945 12,700,000 11,726,759 24,426,759 


* Beginning of appropriations under Veneral Disease Control Act. 


The data reproduced here were obtained from the 
American Social Hygiene Association, 1790 Broadway, 
New York 19, New York. This association, a non- 
profit organization wholly supported by private gifts 
is the only national voluntary agency leading the citi- 
zens’ fight against the venereal diseases. 

The Joint Committee of the American Pharmaceuti- 
cal Association and the American Social Hygiene 
Association has played an important part in arousing 
the interests of pharmacists throughout the country 
and enlisting their participation in efforts to combat the 
veneral diseases. Large and successful educational 
programs have been carried out by the American Social 
Hygiene Association with the advice and under the 
sponsorship of this Joint Committee. 

Accomplishments—In 1936 the standard treatment of 
syphilis required at least one year. Treatment of 
gonorrhea required at least three months and was often 
ineffectual. Only 25 te 30 per cent of the VD patients 
completed treatment of either infection. The great 
majority became discouraged, lapsed treatment, con- 
tinued to spread disease, and suffered the grave effects 
of neglect. 

In contrast to this dismal picture, during a period of 
little more than a decade, the following advances have 
been made: 

The ‘five-day intravenous drip” and.-other intensive 
arsenical treatments of syphilis were developed and 
widely applied. 

The penicillin treatment of syphilis, discovered by 
Dr. John Mahoney, of the U. 8. Public Health Service, 
was developed and made generally available. 

The sulfonamide treatment of gonorrhea was dis- 
covered, tested, and applied throughout the nation. 

The penicillin treatment of gonorrhea was discovered 
and made universally available. 

The treatment time of early syphilis has been reduced 
from one year, with few completing treatment, to one 
week, with nearly all completing treatment. The treat- 
ment time of gonorrhea has been reduced from three 
months with few completing treatment to one day, 
with cures in 85 to 90 per cent of cases, and all complet- 
ing treatment. 

The great advantages of rapid treatment with peni- 
cillin are—nearly all cases complete treatment, and 
they are all under control while undergoing treatment. 
Rapid treatment, which renders syphilis non-infectious, 
will go far toward wiping out syphilis if new cases can 
be found and brought under treatment fast enougli. 
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The Pharmacist’s Role in Venereal Disease Control 


The following statements were prepared by the Pub- 
lic Health Service of the United States: 

1. Pharmacists should become fully acquainted 
with the pertinent laws and ordinances of the state, 
county, and city in which they practice, in so far as these 
relate to the dispensing of medicines and appliances, 
without a physician’s prescription, for the treatment of 
venereal diseases, and also with reference to the sale of 
proprietary medicines and appliances for the same pur- 
pose. The observance of these laws by the pharmacist 
becomes a first consideration. 

2. Pharmacists should prevail on persons applying 
to them for treatment to go to skilled physicians for the 
necessary advice and treatment and under no circum- 
stances should they treat patients themselves. 

3. The sale of appliances for the prevention of dis- 
ease only, if construed to authorize the sale of disinfec- 
tants for the prevention of disease only, is a matter of 
particular concern for the reason that unless there are 
full instructions for the use of the disinfectants and 
unless the disinfectants have been thoroughly approved 
as efficient in the way in which the instructions indi- 
cate they should be used, it is likely that they would 
have very little if any value in preventing disease. 

4, Pharmacists can best aid in the prevention of 
disease by referring all persons seeking advice or treat- 
ment to physicians, or to the City Board of Health if 


THE PHARMACIST AND VENEREAL DISEASE CONTROL 


they are indigents. It should be kept in mind that these 
diseases may affect any part of the body, that blindness 
may result from acute infection of an adult’s eye, that 
syphilis is transmissible congenitally, and that inade- 
quate and delayed treatment is the reason why so 
many lesions of the nervous system, the cardiovascular 
system, etc., develop and cause such great loss of earn- 
ing capacity and so many disabilities. 

5. Since enactment of the national Venereal Disease 
Control Act of 1938, local, state, and Federal health 
agencies have developed a nation-wide system of vene- 
real disease clinics and hospitals, and the interest of pri- 
vate physicians in venereal disease control has greatly 
increased. It has been found, however, that venereal 
diseases cannot be controlled effectively unless other 
. & . 
important elements of the community cooperate whole- 
heartedly. Wherever local and state control programs 
have been most successful, it is usually found that the 
pharmacists are participating actively. 

6. With the discovery that the sulfa drugs were ef- 
fective to some extent in the treatment of gonorrhea and~ 
that penicillin was effective for both gonorrhea and 
syphilis, there has been an increasing tendency for the 
general public to attempt self-medication. Because of 
this trend, the cooperation of the pharmacists with the 
medical profession and public health authorities as out- 
lined above becomes even more necessary for the protec- 
tion of both individual and public health. 


CHAPTER CIII 


INSECTICIDES AND RODENTICIDES 


NEVER IN HISTORY have there been such remarkable 
developments in chemicals useful in controlling all 
kinds of pests, such as insects, rodents, plant diseases, 
and weeds, than during the four or five World War II 
years. New materials, especially organic chemicals, 
have been found effective in killing many kinds of in- 
sects attacking plants and animals as contact and as 
stomach poisons. These new materials also include 
those which destroy rodents, those which protect by 
repelling insects, synergists which activate insecticides, 
fumigants for special uses, fungicides, and selective 
weed killers. 

There is an increasing realization by the public that 
insects are often the limiting factors in profitable agri- 
culture and successful gardening. More and more is 
recognized the need for subduing the many insects which 
destroy property, including household goods, stored 
products, and buildings, as well as those which are 
merely annoying and especially those which are impor- 
tant as essential or mechanical carriers of plant, ani- 
mal, and human diseases. 

Transportation and commerce have brought to us 
many alien plant enemies. Infact, more than half of our 
most destructive insect pests are of foreign origin. Also, 
continuous and extensive cultivation of the same or re- 
lated crops and a reduction in the number of insect- 
eating birds and mammals, no doubt, have been factors 
of prime importance in our increasing insect troubles. 
Furthermore, with the growing of succulent plants, 
native insects living on related wild hosts are finding it 
convenient to transfer their attention to the more desir- 
able cultivated hosts. These, together with the addi- 
tional facts that insects are able to adapt themselves 
quickly to new conditions and have an almost unbeliev- 
able reproductive capacity, make them outstanding 
’ enemies to the human race. 

In the Federal Insecticide, Fungicide and Rodenti- 
cide Act, approved June 25, 1947, the term insect is de- 
fined as follows: 

“The term Insect is understood to mean any of the numerous 
small invertebrate animals generally having the body more or 
less obviously segmented, for the most part belonging to the class 
Insecta, comprising six-legged, usually winged forms, as beetles, 
bugs, bees, flies, and to other allied classes of arthropods, whose 


“members are wingless and usually have more than six legs, as 
spiders, mites, ticks, centipedes and wood-lice. 


The term Vermin is widely misused. At one time 
and even today, it is restricted, by some, to small creep- 
ing animals, especially those classified under Insecta. 
The persistent use of this term has become so wide- 
spread that it has been construed to include almost 
any animal that is harmful or even useless. It may be 
that after a better understanding of the relationship of 
the numerous pests and animals is established, the 
term Vermin may be restricted to designate particular 
classes or species of animal parasites. 

With the exception of the fly maggots, insects rarely 
cause disease in man directly (7. e., they themselves act- 
ing as the causative agents). They act mainly as 
intermediaries (go-betweens) in the transportation of 
agents which cause disease in humans. As such, they 
act either biologically or mechanically. The latter 
method merely consists in carrying organisms from in- 


fected material to man, or, more commonly, to food- 
stuffs and drinks, which are to be consumed by humans. 
Transmission of disease by the biological method is com- 
mon with insects, the most important being various 
species of mosquitoes, tsetse flies, sucking lice (usually), 
and several species of ticks. The biological method 
consists in the insect ‘‘biting’’ an individual, thus in- 
jecting directly into the blood stream, the causative 
agent along with the saliva. 

Insects are also major pests as carriers of plant dis- 
eases, including melon wilt, mosaic and other virus 
diseases, Dutch elm disease and many others. Thus 
many plant diseases depend first of all on the control 
of the insects which are carriers of the disease. 

The pharmacist should acquaint himself with the 
generally recommended insecticides, and their use and 
action. With a general knowledge of insects and the 
insecticides commonly recommended, and their mode 
of action in controlling insects, the pharmacist can be 
of real service to his community. 


The Needs of Dealers in Insecticides 


A recognition of the three important steps in insect 
control will explain the needs of dealers who wish to 
develop an insecticide trade and aid their communities 
in preventing losses by insects. These are: (1) 
recognition of the type of insect causing the damage, 
either from an examination of the insect or from the 
injury it produces, (2) provision of a remedy, based 
upon the action of various insecticides and upon the 
life history, habits, and structure of the insect respon- 
sible, and (3) application of the remedy, for which the 
user 1s largely responsible, although the dealer should be 
in a position to provide instructions when necessary. 

In addition to these three fundamental concepts the 
pharmacist must familiarize himself with the following 
information: 

1. An understanding of the relative importance of 
different insects and the relation of the cost of treatment 
to the increase in value resulting therefrom to the prod- 
uct injured is necessary. Not infrequently the cost 
will exceed the damage that might be done. If the 
value of the product is small, the insect may not cause 
appreciable loss even though it may be conspicuously 
evident. Again, the damage may have been done be- 
fore its recognition and the delayed treatment will not 
affect the insect or aid in preventing the damage. 

2. A knowledge of the structure, especially the 
mouthparts, of the life history, and of the habits of the 
commoner insects is desirable, as all insect control 
methods are based on a knowledge of these things. 

3. The ability to recognize the commoner insects is 
a great aid as it is the first step in providing suitable 
control. The members of the staff of the respective 
State Agricultural Experiment Stations are usually 
available to aid in the identification of insect pests. 

4. A knowledge of how insecticides kill, of the rela- 
tion of types of mouthparts to the kind of insecticide to 
use, and when and how the material should be applied 
is useful. 

5. A knowledge of the usual insect problems of a 
community will enable the dealer to carry in stock the 
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insecticides likely to be purchased. This will eliminate 
surplus stocks and will provide the materials which so 
often fill emergency needs. 

6. An understanding of the precautions which 
should be taken in the use of certain chemicals is neces- 
sary. 

7. It is important to follow the recommendations 
for each locality. An insecticide effective in one region 
may not apply in others. 

8. It is well to understand the labels on trade-named 
preparations. 

9. The knowledge of the essentials of a good insecti- 
cide, its effect on insects, and its availability and cost, 
will add to the quality of the dealer’s service. 

10. Those manufacturing and offering preparations 
such as insecticides, rodenticides, etc. for sale on the 
open market, must familiarize themselves with the 
various regulations of the individual states where the 
products are being manufactured or are to be sold., If 
such products are shipped in interstate commerce, these 
preparations must also comply with the various federal 
regulations, especially the Federal Insecticide, Fungi- 
cide and Rodenticide Act, approved June 25, 1947, and 
enforced by the Insecticide Division of the U. 8. De- 
partment of Agriculture. 

Information on any insect problem is usually avail- 
able through the county agricultural agent, the Depart- 
ment of Entomology of the State Agricultural Experi- 
ment Station, or the Bureau of Entomology and Plant 
Quarantine of the United States Department of Agri- 
culture at Washington, D. C. 

Mouthparts and Relation to Insecticide Control—In 
general, insects have two kinds of mouthparts: chew- 
ing and sucking. An understanding of the mouthparts 
and how they relate to the use of different chemical 
insecticides will often enable one to recommend a cer- 
tain insecticide. 

Chewing insects include the grasshoppers, cockroaches, 
crickets, bird lice, beetles, slugs, and caterpillars. Such 
insects have mandibles or jaws which enable them to 
cut off and take into their stomachs solid tissue. Conse- 
quently, an insecticide can be used which kills when 
taken into the stomach with food eaten by the insect. 
Such insecticides are known as stomach poisons. 

Sucking insects include plant bugs, leafhoppers, scale 
insects, aphids, fleas, animal lice, and flies. Such an 
insect punctures the plant or animal but does not take 
any of the surface tissue into its stomach; consequently, 
poisons placed on the surface do not affect the insect. 
Insecticides which kill directly or indirectly by con- 
tact must be used. Such poisons are known as contact 
insecticides and may affect certain insects with chewing 
mouthparts as well as those of the suctorial type. How- 
ever, such insecticides usually affect only insects present 
on the plant or animal at the time of application. Since 
the stomach poisons will be effective against chewing 
insects as long as they remain on the surface, they are 
more economical to use against: such insects. 

Chewing insects injure the plant: by eating portions 
of it. Plants which have been attacked and the offend- 
ing agents are frequently recognized by the eaten areas. 
Some plant feeders eat the entire tissue as do potato 
beetles; others eat holes in leaves as do flea beetles; while 
some chewing insects skeletonize the leaves as do slugs 
and the Mexican bean beetle. 

Sucking insects injure plants in different ways. They 
may remove the sap and cause the plant to ‘stand 
still,” wilt, or drop its foliage; or they may deform the 
plant, causing the leaves or shoots to.curl and become 
deformed. Some sucking insects, such as the potato 
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leafhopper and tarnished plant bug, inject toxic secre- 
tions at the time of feeding, causing the death of plant 
cells while others—plant lice, leafhoppers, and _ striped 
cucumber beetles—carry plant disease organisms from 
one plant to another. Sucking insects may also affect 
animals by removing the blood, injecting toxic secre- 
tions, causing swelling and irritation, or carrying dis- 
ease organisms, 

Life History and Habits of Insects—In general, there 
are two types of metamorphosis or development among 
insects, known as incomplete and complete. Those 
with incomplete metamorphosis, such as aphids, grass- 
hoppers, plant bugs, and scale insects, have only three 
stages in development: the egg or embryo, the nymph or 
feeding stage, and the adult or imago. Insects with com- 
piete metamorphosis, such as beetles, butterflies, moths, 
flies, bees, ants, and wasps, have four stages in develop- 
ment. In this type, the larva hatching from the egg 
has no resemblance to the adult, there being also an 
intermediate resting stage known as the pupa, during 
which remarkable changes in structure take place. 

The interrelation of insects, where they hibernate, 
when they are actively feeding, where they lay their 
eggs, etc., all have an important bearing on controls. 
The ant is essential to the life of the corn root aphid 
and cultural practices which eliminate the ant will like- 
wise eliminate the aphid; the fact that many insects 
hibernate in dense grass or weeds along ditch banks and 
margins of fields explains the value of burning such 
places during the winter months; the fact that grass- 
hoppers so commonly deposit their eggs in the fall in 
clover fields, enables the grower to determine at the 
first cutting of clover whether the hoppers are destruc- 
tively abundant and he can apply poison bait if neces- 
sary. 


Methods of Insect Control 


For convenience insect controls can be grouped as 
follows: — 

Natural Controls—Those which are usually present 
and which normally tend to hold insects in check. 

1. Natural Enemies—Parasitic and predacious in- 
sects. Every insect is more or less hindered in its in- 
crease by other insects as well as by predacious birds 
and mammals. Although insect-eating birds and cer- 
tain mammals are important, the inséct parasites and 
predators are by far the most important factors in 
natural insect control. In fact, it is probable that out- 
breaks of insects, such as the army worm, are due not 
so much to favorable conditions for the pests as to 
unfavorable conditions for the insect parasites and | 
predators which normally hold them in check. 

2. Weather and Topographic Influences—Summer 
and winter temperatures, rainfall, soil and atmospheric 
humidity, and all similar natural factors have their ef- 
fect on insects and their hosts. No definite statement 
can be made concerning the effect of these factors on all 
insects. A severe winter may be harmful to some in-. 
sects such as those which winter in an exposed condition ; 
on the other hand, such conditions may have little 
effect on insects which are well protected. Similarly a 
severe winter may weaken trees and make them more 
susceptible to insect attack, or it may kill the fruit 
buds and deprive fruit-infesting insects of their food. 
However, it should be remembered that insects have a 
high reproductive capacity and the seasonal conditions, 
especially spring and early summer conditions, may aid 
insects in becoming destructively abundant even 
though they pass the winter in few mumbers. On the 
other hand, an insect overwintering in large numbers 
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may never be important the following season if the 
weather is not favorable for increase. In tropical, tem- 
perate, and frigid climates there are to be found insect 
pests peculiar to these areas due to the prevailing 
weather and topographic influences. Topographic 
features, such as mountain ranges, act as rather effec- 
tive barriers to insect migration. 

Artificial Controls—Those which are scientific de- 
velopments of man. 

1. Farm Practices—Many of our most effective and 
practical controls are those which may be called farm 
practices. ‘These include rotations, cultivation, time of 
planting, time of harvesting, sanitation, good seed, good 
fertility, good planting conditions, and drainage. In 
general, it may be said that the practices recognized as 
the best garden, agronomic, orchard, greenhouse, or 
other farm practices, are likewise the best for holding 
insects in check. 

2. Mechanical Devices—Aside from devices for ap- 
plying insecticides, there are many mechanical devices 
of value in fighting insect pests. The house screens, 
fly swatters, grasshopper catchers and other trapping 
devices, insect-proof packages for cereals, and many 
other contrivances may be included in this classification. 

3. Insecticides—An insecticide may include any 
material used for the purpose of killing insects or of pro- 
tecting crops, animals, or other property against insect 
attack. It is important to note that some insecticides 
may destroy only certain insect pests and are not effec- 
tive against all insects. 

Parasiticides are substances which kill animal para- 
sites such as itch mites, ticks, etc. Chemicals or agents 
used to kill rats, ground squirrels, and other burrowing 
animals are known as rodenticides. 

The modern trend in the checking and destruction of 
noxious insects is the replacement, where possible, of 
highly toxic substances by insecticides comparatively 
safe for use in the household as well as in the treatment 
of agricultural products used for food. 

Classification of Insecticides—For convenience we 
may divide insecticides into the following groups: 

(a) Stomach Poisons. (For insects with chewing 
mouth parts.) These include the arsenicals, fluosilc- 

cates, and certain new organic compounds. ‘These may 
include sprays or dusts, applied to the host, or given as 
poisons in attractive baits. 

(b) Contact Insecticides. These are insecticides 
which kill insects by direct or indirect contact. They 
include soaps, oils, sulfur, nicotine, pyrethrum, derris, 
and some of the new organic chemicals. 

(ec) Fumigants. Fumigants are gases or fumes used 
for the control of insects in enclosed spaces. The im- 
portant fumigants are hydrocyanic acid gas, calcium 
cyanide, ethylene dichloride with carbon tetrachloride, 
methyl bromide, chloropicrin, nicotine, carbon disulfide, 
and sulfur (as sulfur dioxide gas). 

(d) Soil Insecticides. Soil insecticides include those 
which are used for the control of soil-infesting insects. 
They may be fumigants, contact insecticides, or stom- 
ach poisons. Nicotine, pyrethrum, sodium cyanide, 
kerosene emulsion, carbon disulfide, arsenate of lead, and 

corrosive sublimate are examples. 

(e) Repellents. Materials, such as creosote, citro- 
nella, and Bordeaux mixture are repulsive to insects; 
also certain new chemicals which are referred to later. 

(f) Combinations. By combinations we refer to 
compatible combinations which are useful for more than 
two types of insects and fungi. For example, combina- 

tions of insecticides for sucking and chewing insects, or 
combinations of an insecticide and a fungicide. 
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(g) New Organic Chemicals for Pest Control. The 
newer organic materials include ANT U, Compound 
1080, DDT, Benezne “Hexachloride, Compound 1068 
(Chlordane), DD, Soil Compound HC, Acrylon, and 
Azobenzene (see also page 1234). 

How Insecticides Kill—An understanding of how 
insecticides affect insects will assist in explaining meth- 
ods and timing of applications. 

Stomach poisons kill by being taken into the stomach 
where they are acted upon by the digestive juices, ab- 
sorbed through the stomach walls, and assimilated by 
the blood. 

Contact insecticides kill by direct or indirect contact 
with the insect. Séldom do they kill by stopping up 
the breathing pores along the sides of the abdomen and 
thorax, as is so generally supposed. Most frequently 
the volatile insecticide enters the breathing pores and 
destroys the nerve centers. Sometimes the insecticide 
may penetrate directly through the body integument; 
in other cases it causes oxidation and suffocates the 
insect, dissolves the insect covering, or may prevent 
settling of the young, as in scale insects, when lme- 
sulfur has been used. Contact insecticides are usually 
effective only when applied in the presence of the insect, 
a fact which explains the necessity of the proper timing 
of applications as well as the importance of directing 
the spray or dust to the insect itself. 

Fumigants are ideal insecticides but can be applied 
only in enclosed spaces. Fumigants surround the insect 
and, being in a gaseous state, readily enter the breathing 
pores of the insect and kill much as do the volatile 
insecticides. 

Another development in insecticide application in 
recent years is the so-called aerosol bomb. This is 
neither a spray nor a gas. Instead, the insecticide is 
expelled or propelled by a material such as Freon and 
the ‘‘mist”’ thus propelled remains in the air as an active 
toxicant longer than a spray and does not require the 
tightness of a structure as does a gas or fumes. How- 
ever, it does not seem to leave a residual effect and is 
useful primarily against active or flying insects in the 
space where the aerosol is released. 

Essentials of a Good Insecticide—There are certain 
important factors which have a definite bearing on the 
practicability of insecticides. These are: (1) insecti- 
cidal or killing properties, (2) effect on the plant or ani- 
mal or environment being treated under varying condi- 
tions, (3) physical properties, such as color, odor, stain- 
ing properties, adhesiveness, spreading properties, sta- 
bility under varying seasonal and storage conditions, 
reaction with other insecticides or with fungicides, con- 
sistency, and ability to form suspensions, (4) repellent 
or attractive properties, (5) availability, (6) cost, (7) 
safety in the hands of the average user, (8) ease of 
application, and (9) inflammability or explosive char- 
acter. All of these points must be kept in mind by 
those interested in insect control by the use of insecti- 
cides, whether researcher, manufacturer, dealer, or user. 


Stomach or Internal Poisons for Chewing Insects 


Most of the stomach poisons now in successful use 
are compounds of arsenic, spoken of as arsenicals. 

In recent years the fluosilicates, and also cryolite, have 
found an important place among the stomach poisons 
and for some purposes have a definite usefulness which 
will prove increasingly important as the knowledge of 
these compounds increases. In addition rotenone and 
some of the new organic chemicals are becoming in- 
creasingly important stomach poisons. 

Borax—This common material is a mild stomach 
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poison. It may be used as a control for cockroaches, 
applied as recommended for sodium fluoride, except 
that repeated applications are necessary and it is not 
generally satisfactory because of its slow action and the 

need for several applications. Probably most ‘‘non- 
Boe enouey (when used as directed) roach powders con- 

tain borax as the active ingredient. Borax is one of the 
best controls for house fly maggots. One and one-half 
ounces of borax dissolved in 2% gallons of water, applied 
daily, is sufficient to prevent the development of house 
fly maggots in horse manure, this amount being suffi- 
cient to treat the manure produced by one horse in one 
day. It does not affect the fertilizmg value of the 
manure. In concentrations of 0.2 per cent or greater, 
borax is fatal to the larve or ‘‘wigglers’’ of mosquitoes 
which breed in rain and other water present in barrels, 
cisterns, and other exposed reservoirs. 

Calcium Arsenate or Arsenate of Lime—This mate- 
rial, very similar to arsenate of lead in form, appearance, 
and killing effect, is employed in the same strengths and 
is coming into extensive use as a substitute for the lat- 
ter for certain insects, when applied as a dust. It is 
cheaper, but is more likely to injure the foliage. Cal- 
cium arsenate can be used with greater safety and 
shows greatest possibilities as a dust insecticide. 

In general, many cotton and vegetable crops can be 
safely treated with it, but for fruit and shade trees it is 
safer to use arsenate of lead. 

It can be used as a spray or as a dust, and is prepared 
in the same manner as arsenate of lead. The liquid 
spray should be made up only for immediate use. 

A dust mixture of calcium arsenate effective for the 
striped cucumber beetle, and doubtless for other vegetable 
feeding insects, is prepared as follows: 


Calorum:Arsenatel tnt Seen cistietae ey aot ere ree 
Gypsum or Land Plaster 


1 pound 
10 pounds 


Fluosilicates (Cryolite, Sclicofluorides and Fluoalumi- 
nates)—In recent years dusting grades of fluosilicates 
and eryolite [Nas,AlF'.] have appeared on the market. 
They seem to be effective by starting an irritation, which 
causes the insect to bite at the irritated places and thus 
take some of the poison into the stomach. The fluo- 
silicates are of most value against active insects such 
as blister flea, striped cucumber, and other beetles, which 
are generally repelled by the arsenical poisons. They 
have been used in bean beetle control and also as baits for 
crickets and other insects. Results indicate they may 
be safely used on most foliages when applied as a dust 
on dry foliage. 

Silicofluorides are contained in various sprays recom- 
mended for the protective treatment of fabric against 
destruction by moth larve. The U.S. Department of 
Agriculture suggests the following formula: 


Amyl Naphthalene Sulfonic Acid..................s+-- 8 
Sodium’ Silicofiioride ys epee ee eee eee 634 04 
Water, sufficient quantity, 

TROMMN AKERS ae on tece tevin eres Beech ores ee eee 10 gal. 


Hellebore—This is a light brownish powder, consist- 
ing of the ground roots of the white hellebore plant 
(Veratrum album and V. viride). It is a stomach poison 
of considerable effectiveness for chewing insects when 
fresh, but it rapidly loses its effectiveness on exposure 
to air. It thus becomes valuable only as a spray or 
dust to kill insects on plants or fruits that are to be used 
very soon for human consumption, and is used only to 
a limited extent. However, the alkaloids of hellebore 
and of powdered sabadilla seed (Schenocaulon officinale), 
rather than extracts of, or the powdered drug, are stable, 
more effective, and are used by some workers. 
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Lead Arsenate or Arsenate of Lead—Arsenate of lead 
has largely superseded Paris green as a stomach poison 
for chewing insects in general. There are several reasons 
for this: (1) it remains in suspension better and is 
easier to keep stirred and evenly distributed, thus giving 
a more uniform coating on leaves, (2) because of its 
white color it can be plainly seen on the leaves, making 
it-easier to determine whether an even and thorough dis- 
tribution has been secured, (8) it sticks to the foliage 
longer, lessening the necessity of frequent applications, 
and (4) it is much less likely to burn foliage, being fit to 
use on the most tender plants. 

Arsenate of lead [PbHAsO,], which is more frequently 
used than basic lead arsenate, is available as a fine, 
colored powder and may be mixed with water as a 
spray or with diluents such as hydrated lime as a dust 
application. The use of dust applications for low- 
growing crops seems to be growing in favor when insect 
control alone is concerned, for it eliminates much labor 
in mixing and heavy hauling, and is easy and rapid to 
apply. Liquid spraying appears to be still the most 
reliable method of application to fruit trees. 

For liquid sprays the powder is added to the main 
volume of water without previous mixing, provided it is 
added gradually and agitation of the liquid is main- 
tained during the operation to provide uniformity of 
solution. 

For chewing insects in general, the following formula 
for dilution may be successfully employed: 


2 to 3 pounds 
100 gallons 


For. less resistant insects only 2 pounds per 100 gallons 
are used. 

It is to be remembered that arsenate of lead, and 
other poisons, may frequently be used to advantage in 
combination with lime or fungicides, such as lime-sulfur 
or Bordeaux mixture. 

Arsenate of lead as a dust is Bee commonly used in 
treating vegetable crops for control of leaf-eating in- 
sects. It may be used as the chemical itself or diluted 
to strengths of 5 to 15 per cent with hydrated lime, gyp- 
sum, or sulfur.! 

See page 1232 for the use of Lead Arsenate to control 
white grubs in the soil. 

Magnesium Arsenate—This arsenical i is not common 
on the market but has been extensively used in some 
regions, especially for control of the Mexican bean 
beetle. It is valuable for use on foliage likely to be 
injured by other arsenicals. It is less toxic than cal- 
cium or lead arsenate. For further details, see Pub. 
E-451 (1938), U.S. Bur. Ent. and Plant Quarantine. 

Paris Green—Paris green, an acetoarsenite of copper 
whose poisonous qualities are chiefly due to the high per- 
centage of arsenous oxide, is used mainly as a poison 
bait. Asa spray, it kills many chewing insects quickly, 
but as it contains soluble arsenic it is very apt to burn 
the foliage of plants to which it may be applied, espe- 
cially those plants with a relatively tender foliage. For 
this reason, and because it is harder to keep in suspen- 
sion in water and does not adhere as permanently to 
foliage, it has been supplanted for most purposes by 
arsenate of lead. 

A widely used spray formula consists of 1 ounce of 
Paris green and 2 ounces of hydrated lime in 6 gallons of 
water. As a dust it is used in 10 to 20 per cent concen- 
trations. It is employed as a poison bait for grass- 
hopper and caterpillar control,,for the control of the 


_ potato beetle and where lead arsenate is employed, except — 


1 Sulfur will burn tender plants during hot weather 
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that it is not as satisfactory as the latter. See also page 
1227. For further details on Paris green and related 
oo see Dearborn, J. Econ. Entomol., 30, 804 

Sodium Fluoride—This colored powder (must be 
colored nile green) has proved to be an excellent agent 
for the control of poultry lice, either when applied as a 
powder by the pinch method, or as a liquid dip, the 
latter containing 1 ounce of fluoride to 1 gallon of water. 
This material is also generally used for cockroach and 
silverfish control, dusted lightly wherever they occur, 
either undiluted but more frequently diluted with flour 
or ground cereal in a 50 per cent concentration. A 
large proportion of the trade-named poultry louse and 
cockroach preparations on the market contain sodium 
fluoride as the active ingredient. For a review of the 
fluorine compounds as insecticides, see Carter and Bus- 
bey (U. S. Bur. Ent. and Plant Quarantine, Mimeo. 
E-466, 1939). 


Stomach or Internal Poisons for Poison Bait 


Poisoned baits which attract insects are useful for 
the control of pests such as grasshoppers, cutworms, 
crickets, armyworms, ants, house flies, roaches, and sow- 
bugs. They can be used only where children and 
domestic animals are not about and only by responsible 
individuals. Baits should be distributed freshly and 
freely at frequent intervals. They should be placed in 
environments frequented by insect pests or where they 
are apt to be present, care being taken to place them in 
inaccessible compartments, so that children and pets 
may not reach them. Baits for insects, rodents, etc., 
must be sufficiently acceptable that the pests will eat 
them and the poisons present should be sufficiently 
toxic to kill, preferably in reasonably small amounts. 

Formaldehyde—This material is a useful poison for 
house flies, without the dangers of arsenical fly poisons. 
One tablespoonful of formaldehyde solution (for- 
malin) in 1 pint of water mixed with milk or sweetened 
water is a good poison bait for flies. 

Liquid Arsenical Baits—Several manufacturers have 
placed on the market arsenical baits in one form or 
another as fly poisons. They are not generally recom- 
mended, especially where children are. about. The 
formaldehyde fly bait is equally effective and is not 
dangerous to humans. 

For ants the weak arsenical baits are very effective. 
Most of the ant baits on the market have thallium sul- 
fate, arsenic, or antimony as their active killing agent. 
A simple ant bait is prepared by mixing 1 level teaspoon- 
ful of tartar emetic with about 5 times this amount of 
_ syrup, honey, or sugar dissolved in 114 pints of water. 
Another simple ant bait, which has given excellent re- 
sults, is prepared by dissolving 2 pounds of sugar in 1 
pint of water to which is added 149 ounce of sodium 
arsenite, previously dissolved in a small amount of 
water. Probably the best bait is prepared by first 
boiling together for 30 minutes the following ingredi- 
ents: 


Meee MEE TIES DZ leeac rast ils puchtl attesee iqasialeres Spe arebhs ote, fora 1% pounds 
Vitor 6 3 See ode, SOLE ae ocak MERLE cole ne acm 14 pints 
Wanparicen cia (enystallized) .. oi ee ewe sete 15 grains 
BreIS HENCE TUL ORL Ob ra Tee ke tac eee Se eee sens 15 grains 


In another container dissolve 14 ounce of sodium arsenite (c. p.) 
in 1 fluidounce of water. When the first solution is cool, add one 
to the other, then add 24 pound of strained honey, and mix the 
whole thoroughly. 


Some ants prefer fat or meat to sugar. In such cases 
grease or juice from steeped chipped beef may be substi- 
- tuted. Shallow tins may be used to hold the poison 
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which is set about where ants are abundant, out of the 
way of children. A small bit of excelsior in the bait will 
enable the ants to get more easily to the poison syrup. 

Results from the use of poigon ant baits should not 
be anticipated within a week or 10 days because the 
poisons, in the amounts used, are slow-acting. The 
dilution of the poisons is intentional so that the workers 
can carry the poisoned food to the young in the nest 
and gradually kill out the entire colony. 

Poisoned Bran Bait—For the control of cutworms, 
armyworms, grasshoppers, crickets, and sowbugs poi- 
soned bran bait is prepared with the following materials: 


iran, ~preterably: wheatiouaness cae eccen skis oenen 25 pounds 
Paris Green (white arsenic, sodium arsenite, or sodium 

fluosilicate may be substituted. Never use arsenate 

(Gi bad ketene We cena oe oases tl pe oR at ghee, Re ee 1 pound 
Molasses (a strong, cheap grade, such as feeding- 

eraderisiprererable) OLyrUp reese tees. anise ek 2 quarts 


Wieiter: Sete sings Setter aia eran Som NGS ya apcina ali © 2 to 3 gallons 


Mix the poison and bran thoroughly. In another container 
dilute the molasses with the water. Then add the liquid to 
the poisoned bran. The resulting mixture should be damp 
enough to mold in the hand and break into small particles 
when broadcast. It should be distributed at the rate of 12 to 15 
pounds per acre or sprinkled thinly in the garden. There is little 
or no danger of poisoning birds. For cutworms apply in the eve- 
ning; for grasshoppers early morning; for sowbugs at any time, 
preferably evening; for armyworms about mid-afternoon, broad- 
cast if the worms are scattered or in a plow trench if they are 
marching from one field to another. 


Thallium Sulfate—Thallium is a very dangerous 
poison and should not be recommended for the home 
preparation of baits. It is an effective poison for use 
in baits for rats, mice, and ants, but as a rule only ready- 
prepared baits should be sold. 

The jelly baits on the market, ready for use, are 
among the best now available. In most cases they con- 
tain thallium sulfate as the toxicant. 

Other Baits—Some have advocated placing phos- 
phorus paste on the inside of small tubes of cardboard 
as a bait for roaches and even other pests. 


Stomach or Internal Poisons (Especially for Rodents) 


ANTU—A new rodent poison, named ANTU as an 
abbreviation for the chemical alpha naphthyl thiourea, 
is an effective poison for certain rodents, and is fre- 
quently used like most rat poisons by adding it to attrac- 
tive foods such as ground meat or fish, or by dusting it 
on lettuce, cut vegetables, sliced fruits, or other attrac- 
tive foods. It is quite deadly to and a highly specific 
poison for our common species of brown or Norway rat. 
It is less toxic to the black rat that is found principally 
in the south and temperate coastal areas. It kills a 
smaller percentage of howse mice. From 2 to 5 per cent 
of ANTU is considered to be the proper amount for use 
in bait mixtures. It can kill dogs, cats, and baby chicks, 
but its toxicity to humans is fairly low. It does not 
poison pigeons, adult chickens, rabbits, guinea pigs, or 
squirrels. 

Richter and Emlen, U.S. Pub. Health Rpts., 61, 602 
(1946), present the following instructions for using 
ANTU as a poison for the Norway Rat: 


How to Use ANT U 


1. In ground baits 

Thoroughly mix 2 or 3 parts of ANTU with 100 parts of finely 
ground grain, preferably a high grade of yellow corn. Distribute 
in small shallow piles. - 


2. Dusted on baits 

Place freshly ground yellow corn or other grains in small piles 
on floor or earth and smooth out to a flat thin layer about 14 inch 
in thickness. Dust the grain and surrounding areas for 6 inches 
with ANTU, using a small spray gun, duster, or shaker. Use 
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diced apples, sweet potatoes, tomatoes, cantaloupes, watermelons, 
ground meat, the white and yolk of eggs, and fish or chicken heads 
in the same manner. 

Dust ANTU on fresh ears of corn, the kernels of which have 
been slit by running a sharp knife lengthwise along the cob. Cut 
the cob into l-inch sections and distribute. (Very useful for 
distribution in inaccessible places.) 


3. Dusted on floor and on runways without baits 


Spread a 20 to 50 per cent mixture of ANTU and flour or pyro- 
phylite over ground in areas which rats frequent, especially along 
runways and near openings. 


4. Pumped in burrows 


Pump ANTU powder (or a diluted ANTU mixture as in No. 3) 
into openings of rat burrows with foot or hand duster until floor 
of burrow is well coated. 


5. Dusted on water or mixed with water 


Use small shallow cups or dishes. Dust ANTU on water until 
it forms a thin film on surface; or put 1 to 2 parts of ANTU with 
100 parts of water in a bottle, shake well, and pour into a shallow 
dish. After being shaken up with water the powder tends to settle 
within a few hours so that repeated shaking or stirring may be 
necessary. 


For best results use several methods (at least Nos. 1, 2, and 5 at 
the same time. Try to provide an excess of bait for all suspected 
rats, but do not throw bait around carelessly. Make the rat’s 
first poisoned meal its last meal. 


Use those baits that are most attractive to local rats during the 
season of poisoning operations. Yellow corn is practically a com- 
plete food and is almost universally attractive, used either when 
freshly ground or fresh on the cob. 

In grocery stores or other places where food is available at all 
times make liberal use of poisoned water. 


Where to Use ANT U Baits 


1. Place poisoned baits near feeding places, especially garbage 
pails and food-storage places, or in sheltered spots where rats can 
eae without being disturbed. 
2. Near sources of water for rats. 
3. Near burrow entrances and harborage sites. 
4. Along runways. 


Distribute bait liberally wherever rats have been seen or sus- 
pected at any time. 


When to Use ANT U 


1. Distribute poisoned baits, particularly poisoned water, 
late in afternoon if possible. 

2. Spring, summer, and early fall appear to be the most favor- 
able times of the year for poisoning operations. 


How to Prepare for Use of ANT U 


1. Make a survey of the area to be poisoned—the buildings, 
houses, cellars, yards, and alleys, for signs of rats. 

2. ese when yellow corn or equally attractive baits are 
not available, it may be desirable to pre-bait with unpoisoned 
baits for several days to make certain that the rats will eat the 
bait freely. 

3. See that all food available to rats (especially food for dogs, 
cats, and birds) is removed if possible 24 hours before ANTU- 
treated baits are distributed. 


Precautions to Be Observed 


1. Warn all individuals within ‘areas te be poisoned to keep 
children away from baits and to leash dogs. 

2. Use only grain baits in places which dogs and cats frequent. 

3. Coloring baits with an insoluble pigment (such as du Pont 
chrome green G-550-D) will reduce the possibility of poisoned 
baits being mistaken for food. 

4. When poisoning operations are over, take up all uneaten 
baits and dispose of them in some place inaccessible to pets. 


How to Check Results 


1. Look for dead rats for several days following poisoning. 
In cold weather few rats die on the surface. 

2. On the third day close all rat holes with dirt or stones and 
sweep up or stamp out all fresh droppings. If any rats remain 
the holes will be reopened within a few days. 

3. _ Look for fresh droppings on runways. 

4. Dust flour on runways to show up fresh tracks: 

5. Have everyone watch for rats and report to local rat in- 
spectors. 
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Schedule for Poisoning an Entire Block, a Group of 
Blocks, or a Farm 


Preliminary work—Discuss situation with all people who are 
involved, organize workers, plan your attack. ~ 


First day 


1. Notify and caution all persons within the area and tell 
them the approximate time of the poisoning. 
Make survey to locate all infested places, indoors and out- 
doors 
3. See that all uncovered garbage, exposed food, and sources 
of water are removed. 


Second day 
Distribute poison. 


Fourth day and thereafter 


196 Remove poison; close burrows. Sweep up droppings. 

2." Check for fresh rat signs. Recheck at monthly intervals. 

3. If rats remain or reappear, trap or kill with cyanogas. 
Keep after them and try to eliminate the last rat. 

4. Repeat ANTU treatment once a year if necessary. 

5. Institute sanitary measures in so far as possible to eliminate 
rat harborage and sources of food for rats. 


In Case of Accidental Poisoning of Human Beings or Pets 


Call a doctor or veterinarian. 

Induce vomiting or pump out stomach. 

Treat for shock, - 

Keep warm. 

Use positive pressure oxygen inhalation if available. 


RES ESO 


For the Doctor’s Information 


The symptoms of poisoning in dogs as well as rats are: 

1. Drop in body temperature, increase in blood sugar. 

2. Dyspnea, pulmonary edema, and pleural effusion which 
develop within 1 to 3 hours. 


Barium Carbonate—This, another excellent poison 
for use in rat baits, is quicker acting than squill, is 
without taste, and is much cheaper, but is taken by 
other animals as well as rats. Therefore precautions 
must be taken to place it where it cannot be reached by 
domestic animals. 

Baits with barium carbonate should include the same 
types of food as when red squill is used, and should be 
used in the proportion of 1 part of poison to 4 parts of 
food. 

Barium carbonate, however, is being replaced rapidly 
by the newer and more effective toxic agents. 

Compound 1080—This is the code number for a chemi- 
eal, sodium fluoroacetate, which is perhaps the most ef- 
fective rodent poison yet produced and has received 
much publicity. It is readily soluble in water and a 
poisoned water (14 fluidounce to 1 gallon of water) is 
readily accepted by rats. As yet it is available only to 
commercial operators who are certified as responsible 
applicators. It is approximately 2 to 10 times more 
toxic than strychnine and cats and dogs may be killed 
readily by eating rats and mice that have died from the 
effects of 1080. For further details, see Ward, J. A. 
Ph. A., 36, 1427 (1946). 

Phosphorus—A powerful poison which has been used 
in ready-prepared rat baits is phosphorus. It should - 
not be recommended for home-prepared baits. The 
chief disadvantage of phosphorus bait is that it is 
poisonous to all animals. See also page 1227. 

Red Squill—This is the most generally recommended 
poison for rats; they are unable to vomit the squill 
once it is ingested. For use as a rat poison the squill 
bulbs are dried and ground into a fine powder. Some- 
times a liquid extract is prepared. Oven-dried squill 
should be used as it maintains a more uniform and a 
higher toxicity than the sundried variety. Squill, 
known to the drug trade as white squill (Urginea mari- 
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tama), does not have a high toxicity to rats and should 
never be used as a substitute for red squill (U. indica). 

The fact that poultry, dogs, cats, hogs, and other 
domesticated animals either refuse red squill baits or 
are unable to retain them in their stomach, makes this 
material especially valuable for use in places frequented 
by domestic animals. P 

Several manufacturers put up red squill powder under 
trade names. A few put out ready-prepared dry squill 
baits which, however, do not seem to possess the attrac- 
tiveness of home- or ready-prepared damp baits. In 
mixing red squill for use, three types of bait are gen- 
erally recommended, namely, fish, meat, and cereal. 
It is usually advisable to use all three types at the same 
time. In mixing, use 1 part by weight of red squil! 
powder (preferably biologically tested) and 9 parts of 


_ the bait, adding water, if necessary, to make it damp. 


Another useful formula consists of red squill, 5 parts (by 
weight); ground bread crumbs, 40 parts; peanut but- 
ter, 4 parts; and cottonseed oil, 1 part. 

Strychnine—Strychnine is another powerful poison 
but seldom used in rat baits because it is so readily de- 
tected by them. However, it is one of the best poisons 
to use for field and house mice, sparrows, pocket gophers, 
ground squirrels (commonly called gophers), and similar 
animals. Strychnine is available on the market both 
as the alkaloid and in the form of its salts. While 
either may be used in baits, the alkaloid is reeommended 
for coated baits. Strychnine sulfate, being more sol- 
uble, is the form usually recommended for soaked baits. 

(a) For English sparrows. Mix Y% ounce of pul- 
verized strychnine alkaloid with 114 teaspoonfuls of 
gloss or laundry starch or wheat flour and moisten with 
sufficient cold water to make a paste of the consistency 
of thick cream. To this mixture add 3 fluidounces of 
boiling water and thoroughly mix. Pour this thin 
paste over 1 quart of small-kerneled wheat and stir 
the whole thoroughly until the poisoned paste is well 
distributed. Spread it out thinly and allow it to dry: 
then it may be stored in properly labeled jars for future 
use. 

(b) For rabbits and ground squirrels. Mix 1 table- 
spoonful of gloss starch with 4% pint of cold water. 
Pour this into 114 pints of boiling water and continue 
the boiling until the starch is clear. Mix 1 ounce of the 
strychnine alkaloid and 1 ounce of sodium bicarbonate 
and sift it over the hot starch liquid, stirring thoroughly. 
Then add 1% ounce of saccharin and stir. Pour this 
mixture over 12 quarts of oats, mixing until all of the 
grain is wet. Allow the grain to dry thoroughly before 
using. 

(oy For crows. Put 2 tablespoonfuls of starch and 1 
of powdered strychnine alkaloid in 11% pints of water 
and heat to boiling, stirring thoroughly after the starch 
begins to thicken. Pour this mixture over 20 quarts of 
shelled corn and stir until every kernel is coated. 
Spread out the grain and allow it to dry. 

(d) For field mice. Mix 1 tablespoonful of gloss 
starch in 1 fluidounce of cold water. Add 34 pint of 
boiling water and stir to make a thin clear paste. In 
another container mix 1 ounce of powdered strychnine 
alkaloid with 1 ounce of sodium bicarbonate and add to 


the starch paste, stirring to a smooth, creamy mass free 


s 


of lumps. Stir in 14 pint of heavy corn syrup and 1 
tablespoonful of glycerin or petrolatum. Apply 12 
pounds of wheat or preferably steam-crushed whole 
oats and mix thoroughly to coat each kernel. Spread 
out the poisoned grain and allow it to dry. The steam- 
crushed oats bait is available ready-prepared through 
the U.S. Fish and Wildlife Service. 


*% ae in 
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(e) For house mice. The bait recommended for field 
mice may also be used for house mice. A simpler 
formula for the housewife is to mix 14 ounce of powdered 
strychnine alkaloid with an equal quantity of sodium 
bicarbonate and stir thoroughly into 1 quart of rolled 
oats or corn meal. This poison may be left in small 
open boxes in places out of reach of children or domestic 
animals where it will provide a permanent poison supply 
available to mice at all times. 

Thallium Sulfate—This poison has already been re- 
ferred to on page 1227. It should not be recommended 
for home preparation of baits. It is tasteless and 
therefore has no repellent action. This poison is 
cumulative and acts slowly but surely. When used in 
preparing baits, every possible precaution should be 
taken. 

Viruses—The U.S. Fish and Wildlife Service has re- 
ported extensive experiments which show little of 
value in these viruses, and therefore they are not recom- 
mended for the destruction of rats. The use of species 
of Salmonella (living bacteria) in so-called rat-virus 
preparations such as Ratin with the thought of initiat- 
ing an epidemic among rats and thus destroying them 
is to be condemned. There is always the danger that 
these viable organisms may infect man or. pets around 
the home. 


Toxicity of Rodenticides 


S. H. Dieke and C. P. Richtes report on the ‘“‘Com- 
parative Assays of Rodenticides on Wild Norway 
Rats” in U.S. Public Health Reports, 61, 672 (May 10, 
1946): 

Rats were given the following poisons suspended (or 
dissolved) in 10 per cent acacia solution through a metal 
stomach tube. The lethal doses in milligrams per 
kilogram of body weight were as follows: 


podrumslluoreacetate, (O80) memes ecm le ceric. 0.22 
SHAAoahebbereebUbEN(-L s Gays On past ec BlS cate ota Bibs brows oa diem rica 4.8 
AlphawNaphbiy | lhioumeaa(AIN IU) spans sie eienerere ir inte 6.9 
phallium ys S altatecarm cepts eee etait crate enter wee 15.8 
Zin CLEHOsphidGacercem ce ee cto ea Ee leet ne 40.5 
ArsenioviTOx decatk mcs paswweten stereo onic cole ears 138. 
Hortinedynednoquilll(hemales)pesnins sede meas tee eaten ere 133) 
(ales eRe ee ee oe eee etn oS 276. 
Bariuims Car bonater.rrn serdar eck rtiota 6 ciate heater ok 1480. 


Contact Insecticides Primarily for Sucking Insects 


Contact insecticides are used primarily for sucking 
insects, although they may be equally effective against 
insects with chewing mouthparts. Even though con- 
tact insecticides may be effective against chewing in- 
sects, it is generally more practical to use stomach 
poisons since they are applied to the surface of the 
plant or animal and will be effective as long as they are 
present. 

DDT—See New Organic Chemicals for Pest Control 
(page 1235). 

Kerosene—Kerosene is penetrating and effective 
against most stages of insect life, but it cannot be used 
undiluted on plants or animals as it is very injurious. 

Kerosene Emulsion—lIt is important that a suitable 
emulsion is prepared so that the kerosene will not sepa- 
rate and injure plants. It is useful for special purposes, 
as for webworms and white grubs in lawns. | 

Kerosene emulsion is prepared by dissolving 14 pound 
of soap in 1 gallon of hot water. While the mixture is 
still boiling, add 2 gallons of kerosene and mix thor- 
oughly and intimately. For a 10 per cent emulsion, 
the strength commonly used, add 17 gallons of water, 
preferably soft water, to 3 gallons of stock solution. 
The prepared emulsion should be used promptly as the - 
oil may separate on standing. Dilutions, 1:15 or 1:20 
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and weaker, are directed in a very fine spray on the 
foliage of the plant to be treated. 

Larkspur—Larkspur (delphinium), tincture 10 per 
cent, is recommended for lice, especially head and pubic 
lice. 

Lime-Sulfur—Originally used as a sheep dip for the 
control of mites and ticks, lime-sulfur in liquid and 
dry form is now better known as a dormant spray 
for the control of scale insects and as a summer spray 
for the control of certain plant diseases. For the 
methods of using the lime-sulfur liquid concentrate, 
follow recommendations on the container. The dry 
lime-sulfur is not as effective for most purposes and if 
used as a dormant spray for the control of scale insects, 
it should be used at 11% to 2 times the label strength. 
Dry lime-sulfur is more expensive than the liquid con- 
centrate for dormant strengths but is easier to carry in 
stock and may be recommended when only a few plants 
are to be treated. Lime-sulfur is never recommended 
for use in cities or near buildings as it discolors paint. 

As a summer spray the dry lime-sulfur is satisfactory 
and probably. generally safer. The following formula 
is recommended but ready-made preparations are avail- 
able on the market. 


Lime-Sulfur Spray 


Lime (resi)... c:..c cis Sora ee ee ee 3 pounds 
Sulfur 0405-35 ocd he ras Be ee ee eee 114% pounds 
Wiater fescc. F< A cde shorten in hee eee ee ee 5 gallons 


Boil the lime and sulfur with the water for a few hours. This 
is diluted as desired and used as a contact insecticide and as an 
orchard spray. Lime-sulfur dilutions are also used as a dip in 
the contro] of mange and scab of hogs and other livestock pests. 


Mercurials—Mild Mercurial Ointment, U. 8S. P., 
sometimes known as blue ointment, is a standard oint- 
ment for the control of the pubic or crab and the poultry 
head louse. The official mercurial ointment is usually 
mixed with 1 or 2 parts of vaseline before using. A 
simple formula for the control of lice, particularly pubic 
lice, is 1 bichloride of ‘mercury tablet (714% grain) in 6 
fluidounces of water, to which 2 fluidounces of acetic 
acid is added. The acetic acid aids in loosening the nits. 

Miscible Oils and Oil Emulsions for Dormant Use— 
These lubricating oil emulsions or emulsions of tar-oil 
distillates are used in 2 or 3 per cent oil strength, de- 
pending on the severity of the infestation, for the con- 
trol of most scale insects during the dormant season. 
They are replacing kerosene and lime-sulfur sprays. 
While oil emulsions may be prepared on the farm, home 
preparation is not generally recommended as the ready- 
mixed materials may be obtained at about the cost of 
the ingredients needed. The oil sprays for dormant 
use should be applied only when the trees are dormant, 
that is, after the foliage drops and before the buds open 
in the spring and when the temperature is above 40° F. 

Nicotine—This, the volatile liquid alkaloid of tobacco 
( Nicotiana tabacum), is a powerful insecticide; however, 
it is highly toxic to the nervous system of man and other 
animals. Nicotine extracts are usually obtained from 
the stems and refuse parts of tobacco. It is available 
in two forms, namely, free nicotine and nicotine sulfate. 
The latter is available mainly as an aqueous solution, 
containing 40 per cent of nicotine. For the common 
garden sprays to control aphids (plant lice) and similar 
insects, the nicotine sulfate is the form commonly used. 
It kills a wide range of both chewing and sucking in- 
sects. Soap or saponin! should always be used with 
nicotine sulfate unless combined with an alkaline solu- 
_ tion such as Bordeaux mixture or lime-sulfur. This is 


} Saponin is obtainable from Merck and Co. 
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needed to break down the chemical compound and 
liberate the nicotine, which is the active killing agent. 

Nicotine is very effective as a destructive agent for 
plant lice and also serves as an efficient stomach poison 
for some pests. It is water soluble, but should be 
kept in tightly stoppered containers as it decomposes 
very quickly. Nicotine, as used, does not injure the 
most delicate foliage. It is best to use nicotine sprays 
when the sun is not shining. 

Many trade-named insecticides contain nicotine in 
varying amounts and the directions on the container 
should be followed. 

The following dilution table is for the 40 per cent 
strength of nicotine sulfate: 


Strength To make 100 gallons To make | gallon 
500 14% pints 40% nicotine sulfate 2 teaspoonfuls 
1: 800 1 pint 40% nicotine sulfate 1% teaspoonfuls 
1: 1000 34 pint 40% nicotine sulfate 1 teaspoonful 
1:1500 ¥ pint 40% nicotine sulfate 24 teaspoonful 


Where soap is needed as a spreader, use 1 ounce (1 cubic inch 
to 1 gallon or 4 to 5 pounds (or 1 ounce of saponin) for each 50 
gallons. The usual dilution for most insects is 1 to 800, although 
a weaker or a stronger concentration is recommended for some 
insects. 


Free nicotine is used for fumigating greenhouses be- 
cause the nicotine is immediately volatilized. 

Nicotine Bentonite—This compound is a combination 
of nicotine sulfate and bentonite, a naturally occurring 
clay. Combining bentonite with nicotine provides a 
compound which is more resistant to weathering and 
has a residual effect for a week or longer. This is avail- 
able as a ready-prepared compound or the tank-mix 
may be prepared by adding 1 pint of 40 per cent nicotine 
sulfate to 14 tank of water, then adding 5 pounds of 
Wyoming or Mississippi bentonite slowly, agitating 
vigorously. This should be followed by the addition of 
1 quart of soybean oil and sufficient water to make 100 
gallons. Nicotine bentonite is recommended especially 
for the codling moth or apple worm, but shows promise of 
usefulness for the other insects. For a complete bibli- 
ography of nicotine and its insecticidal uses, see U. 8. 
Bur. Ent. and Plant Quarant. Pub. E-384 (1936) and 
E-392 (1937). 

Nicotine Oleate—A combination of nicotine and 
oleic acid or red oil, producing nicotine oleate, has shown 
great promise as a penetrating contact insecticide useful 
on delicate plants and flowers. The stock mixture is 
prepared by pouring 10 ounces of 40 per cent free nico- 
tine (not nicotine sulfate) into 7 ounces of commercial 
oleic acid, known as red oil. As they are combined the 
mixture should be constantly stirred. Then add and 
thoroughly stir in 17 fluidounces of soft water. This 
stock mixture should be kept in a tight container. For 
use, dilute, using 1 ounce of this stock mixture to 2 
gallons of water. A good syringing of the plants with 
water the following day will prevent any possibility of 
burning. 

Oils for Summer Use—Several manufacturers have. 
placed on the market oil emulsions or miscible oils 
which have as their active ingredient a highly refined oil 
from which the ingredients harmful to plant foliage 
have been removed. These sprays, known commonly 
as summer spray oils, are valuable for use when plants 
are in foliage and in combination with other materials, 
especially nicotine. 

Phenothiazine (Thiodiphenylamine) has proved more 
effective than nicotine, lead arsenate, and other pow- 
dered insecticides; it does not injure foliage and does not . 
appear to be toxic to higher forms of life, including man 


_andanimals. A mixture of sodium fluosilicate (2 parts), 
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phenothiazine (1 part), and white flour (1 part) gave 
excellent results in the control of both sucking and 
chewing types of lice. In a concentration of 1 to a 
million, it is toxic to mosquito larve and is very effective 
against codling moth larve, It is gaining wide use as an 
anthelmintic in veterinary medicine (page 659)., 

Pyrethrum—The flower heads from the daisy-like 
Chrysanthemum cinerariefolium represents the first, and 
now most widely used, non-toxic insecticide. The 
active substances, pyrethrins I and II, occur in the 
oleoresin secretion of certain floral parts (achenes) of the 
closed or partially opened flowers. Pyrethrin II is re- 
sponsible for the “knockdown” effect on flies and 
pyrethrin IJ for the “kill.” A maximum of about 1.2 per 
cent of pyrethrins is found in the flowers but a minimum 
of 0.9 per cent has been adopted by the foremost inanu- 
facturers of pyrethrum insecticides as a desirable chemi- 
cal standard. A kill of 70 per cent of flies, when re- 
leased in the Peet-Grady testing chamber, has been 
considered a satisfactory biological standard. 

Heat, sunlight, ultra-violet light, and natural aging 
through exposure to air lower the pyrethrin content 
and insecticidal efficiency. The deleterious effect of 
these factors must be considered in the storage and 
preparation of pyrethrum insecticides. 

The liquid portion of most household sprays consists 
of special fractions, preferably odorless, of light petro- 
leum oil. The spray contains the extract from at least 
1 pound of high-test flowers in each 1 gallon of liquid. 

The minimum standard for a satisfactory insecticidal 
~ (especially fly) spray in a kerosene solution is 100 mg. of 
total pyrethrins in 100 cc. The sprays may also be 
prepared from concentrated extracts of insect flowers 
made with petroleum ether, trichloroethylene, or di- 
chloroethylene. 

For agricultural and horticultural sprays these ex- 
tracts may be dissolved in water-soluble solvents such 
as alcohol or acetone. Various liquid and neutral 
soaps, as potassium-cocoanut oil soap or sulfonated 
oils, when incorporated into the spray, facilitate the 
dilution with large volumes of water, uniform distribu- 
tion (spreading) and adhesion of the spray to plant parts 
and insects. Freshly ground or powdered flowers, 
which should be kept in tightly closed containers, are 
effective against insects infesting household and domestic 
animals. 

So-called insect powder has a wide range of applica- 
tion. There are many powders available which are 
used as insecticides, as powdered tobacco, hellebore, 
stramonium, various species of chrysanthemum and 
many other plants belonging to the plant family 
Composite. It may thus be seen that the term ‘‘insect 
powder” may be used both in a general and a specific 
sense. Inasmuch as various species of chrysanthe- 
mum have been supplied for years as “‘insect powder,” 
- the Department of Agriculture ruled (see Insecticide 
Decision No. 1, issued August 26, 1911) that: 


“Insect powder when used without qualification means an 
insecticide made from the powdered flower heads of species of 
chrysanthemum: (1) Chrysanthemum (Pyrethrum) cinerariefo- 
lium; (2) Chrysanthemum (Pyrethrum) roseum; (3) Chrysanthemum 
(Pyrethrum carneum) marshalli. The stems are not to be pre- 
ferred, but if used, statements to that effect should be made. 
‘The stems are practically worthless as insecticidal agents. Spe- 
cies No. 1 (Chrysanthemum cinerarizfolium) is Dalmatian insect 
powder. Species No. 2 and No. 8 are the Persian variety, so- 
called “Persian insect powder.” 


Persian insect powder, known also as “insect or py- 
rethrum powder,” is a common remedy, which has been 
employed to assist in insect eradication. It is used as 
a fumigant against mosquitoes. As sold or as stored 
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around the home, pyrethrum powder may become stale 
and then possesses little or no value. When fresh it is 
at best a repellent, and relief with its use can only be 
obtained if it is liberally and frequently applied. Some 
observers have advocated the sprinkling of this powder 
on floors after coal oil or cresol and coal oil have been 
used, so as to assist in the eradication of fleas. It-has 
also been claimed by some if this powder is used when 
fresh it will destroy the larve of moths in clothes, if the 
latter are thoroughly dusted with the powder and then 
placed in a tightly constructed chest or trunk or wrapped 
well in unbroken paper. Claimed to be effective 
against roaches and other insect pests, one may find 
this used generally as a powder insecticide. Extracts 
of pyrethrum, in which the active principle pyrethrin 
is held in stable form and uniform strength, have been 
in use and have proved of value. Beetles, many larger 
soft-bodied insects found in the garden and pests in- 
festing orchards are killed by pyrethrum and its prep- 
arations. Symes, War Med., 2, 340 (1942), uses and 
advocates light dustings of pyrethrum powder, twice 
weekly, as a repellent for controlling mosquitoes, flies, 
fleas, bedbugs, cockroaches, and lice. He recommends 1 
ounce for each 500 square feet on inside surfaces, and 
in latrines, 3 ounces per seat, twice weekly. An oint- 
ment containing pyrethrum extract has recently been 
introduced for the treatment of scabies, a skin infection 
due to ttch mates. As pyrethrins have a low volatility, 
fumigation gives unsatisfactory results. The hyper- 
sensitivity of some people to pyrethrum sprays and 
powders should be kept in mind. 

Quassia—This is the wood of the Jamaica quassia 
tree. It furnishes another “non-toxic” insecticide, 
particularly popular in some of the ‘‘fly paper’ and 
“fly killing” liquids used some years ago. The probable 
active substance, quassin, is at present under investiga- 
tion in the U. 8. Bureau of Entomology and Plant 
Quarantine. Quassia is said to be an effective aphicide. 
For details, see Busbey, U. S. Bur. Ent. and Plant. 
Quarant. Pub. E-488 (1939). 

Rotenone—This is probably the most generally use- 
ful botanical insecticide and represents the chief chemi- 
cal constituent of derris (D. elliptica and D. chinensis) 
and cubé roots (species of Lonchocarpus) and other 
sources. 

Rotenone is commercially available as such or in the 
form of derris and cubé roots, sold with assayed rotenone 
content varying usually from 3 to 6 per cent. Rotenone 
is incorrectly classified as a non-toxic insecticide. On 
external application no irritation is observed but on 
internal administration in moderately large doses, 
especially in the presence of fatty foods, it is very toxic 
to higher animals. 

Its paralyzing action on insects is slower than that of 
pyrethrum but more certain, with usually no recoveries. 
As a dry, crystalline powder rotenone is odorless and 
relatively stable. It is soluble in alcohol, oils, chloro- 
form, and carbon tetrachloride (used in the extraction 
from the crude drug and its quantitative determina- 
tion). It is slightly soluble in water, but the aqueous 
sprays, particularly in the presence of alkaline soaps 
quickly deteriorate and must therefore, be prepared 
fresh before use. Insecticidal preparations should con- 
tain at least 0.75 per cent rotenone. 

Only its relatively high price, compared with cheaper 
toxic insecticides, restricts its more abundant use, 
particularly in horticultural and agricultural sprays. 
Various combinations are now available with other non- 
toxic insecticides such as pyrethrum and sulfur, and 
toxic substances such as nicotine, zine, and copper salts. 
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For details on rotenone, see Roark, J. Econ. Entomol., 
34, 648 (1941). 

Soap—Soap has been recognized as a useful contact 
insecticide, especially for soft-bodied insects, for many 
years. It is now chiefly recognized as a valuable ingre- 
dient with oils as an emulsifying agent, and with nico- 
tine and other sprays as an activator and spreader. 
Special soaps, such as resin, fish oil, and nicotine soaps, 
are especially valuable as contact sprays for soft-bodied 
insects. 

Sulfur—For dusting purposes a fine grade, known as 
300-mesh, should be used as a fungicide and for mite 
(especially harvest mite) control, including chiggers in 
lawns. 

Thiocyanates—There are several organic chemicals, 
known as thiocyanates, on the market under trade 
names, which have proved rather successful as substi- 
tutes for pyrethrum and other contact insecticides, 
when used in sprays. The common thiocyanates are 
lauryl thiocyanate (Loro), B-butoxy-B' -thiocyanodiethyl 
ether (Lethane 384), B-thiocyanoethyl esters of fatty acids 
(Lethane 60), and fenchyl and bornyl thiocyanoacetates. 

Neifert in U. S. Dept. Agr. Bull. 1313 (1925) first 
showed the insecticidal value of the vapors of volatile 
organic thiocyanates. Lethane is the trade-marked 
name of synthetic aliphatic thiocyanate concentrates 
and is marketed by Rohm and Haas (Philadelphia, Pa.) 
as Lethane 384, Lethane 384 Special, and Lethane 60. 
Lethane, or Lethane combined with pyrethrum or 
rotenone, is being used in the control of aphids, aspara- 
gus and Mexican bean beetles, spotted cucumber and 
striped cucumber beetles, leafhoppers, thrips, cabbage 
loopers, diamond back moths, potato beetles, rose slugs, 
imported cabbage worms, and tomato horn worms. 
Lethane has been found effective for the destruction of 
lice. Thanite, the thiocyanate of a secondary terpene 
aleohol, marketed by the Hercules Powder Co. (Wil- 
mington, Del.) is used as a spray in a 5 per cent solution 
in heavy mineral oil. It is said to be effective against 
mosquitoes, roaches, ants, mites, bedbugs, centipedes, 
spiders, and moths. It is also recommended as a substi- 
tute for pyrethrum and rotenone in fly-killing sprays. 

Wettable Sulfur—Flotation, and colloidal sulfur com- 
pounds (with or without’ wetting agents) are now on the 
market and are generally recommended for use during 
the summer for the control of certain plant diseases and 
mites. They are compatible with arsenate of lead and 
are often used in combination for the control of both 
insects and diseases. 


Fumigants 


Fumigants are designed to be used in enclosed spaces, 
and because they theoretically completely surround the 
insects they may be considered ideal insecticides where 
they can be used. In understanding, recommending, 
and applying fumigants, several factors, aside from cost 
and insecticidal value, must be considered. Some do 
not penetrate masses of material, some are harmful to 
plant life, some are explosive, and others tarnish metals. 
In addition many fumigants are extremely poisonous 
to humans and other animals and because of their 
deadly nature these are applied by skilled and experi- 
enced workers using special equipment and protected 
in some cases by gas masks. 

Hydrocyanic Acid Gas—Undoubtedly the most 
efficient remedy for the eradication of the many insect 
pests (and their eggs) is fumigation of the house or 
rooms with hydrocyanic acid gas. This fumigant 
(i. €., gas or vapor used to destroy insects) has very 
little effect in the destruction of bacteria, but is the best 
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insecticidal fumigant, and acts as a standard remedy 
against household insects. Rats, mice, and nearly all 
types of insect and animal life are also killed by its use. 
It seems to have the peculiar property of causing all 
forms of animal life to rush forth from their hiding 
places» so that there is very little, if any, annoyance 
caused by the dead insects or animals putrefying in 
environments of the home that cannot be reached. If 
pure materials are employed to generate the vapor 
(generally a mixture of sodiwm cyanide and sulfuric 
acid), the resulting product will not tarnish metal or 
bleach furnishings except under certain humidity condi- 
tions. 

When this gas is employed, all humans and pets 
should leave the home. If the latter is attached and 
loosely constructed, it may be best to advise the neigh- 
bors to vacate their premises for a few hours or until 
the process is completed. All fires should be stopped 
immediately before fumigation is commenced. Liquids, 
moist foods, or anything that might absorb the dry gas 
should be removed. At least 12 hours are required for 
the gas to do its work. 

The fumes of burning sulfur have also been used as 
an efficient agent in eradication, providing the tech- 
nique that is employed is thorough and complete. 


Carbon Disulfide Fumes—These are advocated as an 
efficient remedy for the destruction of moths, roaches, 
ants, etc., especially in trunks, closets, and small 
tightly constructed rooms and compartments. Carbon 
disulfide is only valuable and applicable if the vapor 
can be confined. The gas is explosive, and every pre- 
caution should be taken to see that no fire is in or 
around the environment during the treatment. If a 
sufficient quantity of the gas is inhaled, various ill ef- 
fects become apparent. The gas may not only be the 
cause of suffocation, but it may also be distinctly poison- 
ous to an operator who persists in remaining around the 
premises when dizziness has developed. The vapor also 
seems to have an effect upon heart action, and individ- 
uals having any heart condition are therefore cau- 
tioned against using or being present when this gas is 
employed. Carbon disulfide should never be used in 
buildings unless completely vacated. 


Carbon Tetrachloride—This is advocated as a substi- 
tute for the disulfide. Like the latter, the gas is gener- 
ated by allowing the liquid carbon tetrachloride to 
volatilize, by being exposed in dishes at the top of the 
compartment. The gas is heavier than air, is neither 
inflammable nor explosive, and does not possess the 
irritating and poisonous properties characteristic of the 
fumes of carbon disulfide. It is, however, only about 
one-half to one-third as effective as the latter. 


Soil Insecticides 


Arsenate of Lead—In preparing ground for sod it may 
be made proof against underground grubs and worms, 
without harm to the common grasses, by mixing lead 
arsenate with the upper soil layer. At the same time 
the commoner weeds, such as crab grass, dandelion, 
sour dock, ete., do not grow well in poisoned soil. 
This treatment will be effective for at least 5 years and 
probably much longer. 

Treatment is given at the time the ground is being 
prepared for seeding. Lead arsenate is applied evenly 
at the rate of 1500 pounds to the acre (8% pounds per 
100 square feet). To obtain a more uniform distribu- 
tion it is first mixed with a small quantity of loose, dry 
soil, or sand, about 1 cubic yard for every 150 pounds or 
200 pounds of lead arsenate. As soon as it is spread 
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over the surface it should be worked in to a depth of 3 
inches, after which the soil is ready for seeding. 

_ If it is desired to apply treatments directly to grow- 
ing sod, use the poison at the rate of 5 pounds of lead 
arsenate to each 1000 square feet, first mixing this quan- 
tity of the poison with a bushel of top soil or dressing, 
and then applying it evenly over the sod. This should 
be done in the spring and fall and again the following 
spring. Water after application. 

To use as a liquid application, mix 5 pounds of arse- 
nate of lead with 20 gallons of water for each 1000 square 
feet. Apply with a sprinkling can on small areas or 
with a fan-shaped spray if a power outfit is used. After- 
ward wash into the ground by sprinkling the treated 
areas with water. 

- Care should be used in fertilizing before or after 
treatment. Ammonium sulfate and well-rotted manure 
may be used, but lime, super-phosphate (acid phos- 
phate), potash salts, and mixed fertilizers cannot be 
used in the same soil with lead arsenate. 

Bichloride of Mercury—A 1 to 1000 solution (1 ounce 
to 10 gallons of water) is a useful control for cabbage 
and radish root maggots. The material is dissolved in a 
small amount of hot water, using a glass, wooden, or 
enameled receptacle. Water is then added to the cor- 
rect dilution. For cabbage and cauliflower transplants 
apply a half teacupful at the base of the plants soon 
after transplanting and again 10 days later. For rad- 
ishes the solution can be sprinkled over the bed or along 
the rows. 

A solution such as that prepared for root maggots has 
been used to poison the edges of carpets for the destruc- 
tion of carpet beetles. 

Cotton tape saturated with the solution and, after 
drying, tied around table legs is a good ant barrier. 

_ Karthworms are readily controlled by wetting the in- 
fested area with a corrosive sublimate solution, using 3 
ounces to 50 gallons of water. Water the grass after 
treatment to prevent burning. 

Calcium Cyanide, referred to under Fumigants (page 
1232), is sometimes used to destroy ant nests, the proce- 
dure being the same as for carbon disulfide. 

Carbon Disulfide—Since the fumes of carbon disulfide 
are penetrating and heavier than air, they can be used 
to control many underground insects. To treat ant 
colonies or insects attacking individual plants, the 
liquid carbon disulfide can be applied by making a hole 
with a small round stick or rod and pouring into it, 

through a funnel, 1 or 2 tablespoonfuls of carbon disul- 

fide, afterward plugging up the opening. In the treat- 
ment of plants infested with such insects as root aphids 
or white grubs, the hole should be made diagonally so 
that the bottom is beneath the root crown. In green- 
houses the disulfide can be forced through the soil by 
steam. 

A carbon disulfide emulsion can be prepared or pur- 
chased already prepared and ready for dilution. This 
emulsion is excellent for the control of white grubs, 
webworms, and other lawn-infesting insects. 

Creosote Emulsions—Emulsifiable coal-tar prepara- 
tions are commonly on the market as disinfectants, 
sometimes called “milky disinfectants.” The emulsi- 
fiable coal-tar disinfectants which have been found use- 

ful in whité grub control when diluted 1 to 125, ana- 
lyzed approximately as follows: phenols, 12 per 
cent; coal-tar oils, 53 per cent; water, 10 per cent; 
saponifying agent, 25 per cent. 

- Kerosene Emulsion—An inexpensive and useful soil 
insecticide for use on lawns to control white grubs, web- 

worms, and similar insects which live in the soil. A 10 
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per cent emulsion (page 1229) should be used, sprinkling 
it on the infested areas at the rate of 1 gallon to 6 or 8 
square feet, and afterward washing the insecticide into 
the soil by copious sprinkling with water. 

Orthodichlorobenzene is useful in destroying termite 
colonies in the soil and also to impregnate wood to in- 
crease resistance to termites and powder post beetles. 

Paradichlorobenzene—As a soil insecticide this ma- 
terial is commonly used for the control of the peach tree 
borer. Special directions should be obtained from the 
State Agricultural Experiment Station or similar 
organizations. 

Paradichlorobenzene dissolved in kerosene at the 
rate of 14% pounds to 1 gallon is effective in destroying 
termite colonies in the soil. 

Pentachlorophenol has shown value as a soil poison 
against termites when used the same as coal-tar creosote 
and orthodichlorobenzene. In addition it has proved 
very effective against the powder post beetles when 
sprayed or painted on infested timbers. It is used as a 
5 per cent solution in fuel oil. 

Pyrethrum Extract—The use of pyrethrum extracts, 
appearing on the market as plant sprays, has recently 
been recommended for the control of webworms as they 
occur in lawns and golf greens. The standard extracts 
are diluted with water at the rate of 1 fluidounce to 5 
gallons of water and applied at the rate of 1 gallon per 
square yard. 

Sodium Cyanide—This chemical, in solution, is a 
valuable soil insecticide for killing insects such as white 
grubs. For general use 1 ounce of sodium cyanide dis- 
solved in 6 gallons of water is sufficient to cover 6 to 
10 square feet. Granular sodium cyanide is preferred 
for this purpose because it dissolves more readily. For 
small areas the solution can be conveniently applied 
with a garden sprinkling can. After the application 
the treated area should be thoroughly sprinkled to wash 
the solution into the soil and wash it off the grass to 
prevent burning. The sprinkling can should be care- 
fully rinsed after use. If the treatment is made late in 
the afternoon or on cloudy days, there is less likelihood 
of injury to the grass. If there is a burning of the grass 
tips, the injury will probably be only temporary. 
Sodium cyanide is caustic and a powerful poison. — It 
should be kept out of the reach of children, and grazing _ 
animals should be kept off the treated areas until it is 
washed into the soil. The hands should be thoroughly 
washed. ._ 

Steam Sterilization—Sterilization of soil in green- 
house benches and: hot beds is a practice adopted by 
many growers. The process consists of forcing steam 
through perforated pipes buried in the soil. Detailed 
information on steam sterilization can be obtained from 
the State Agricultural Experiment Station or similar 
organizations. 


Repellents 


Repellent materials protect animals and plants from 
insect attacks by making the hosts objectionable or dis- 
guising the odor of the host. 

Cedar Chips and Cedar Oil—It has long been known 
that cedar odor, although not unpleasant to man, has a: 
tendency to protect clothing from clothes moth attack. 
It is active as a fumigant against young clothes moth 
larve. 

Citronella and Other Mosquito Repellents—Oils of 
citronella, cedarwood, eucalyptus, pennyroyal, berga= 
mot, cassia, cloves, wintergreen, and lavender are repel- 
lent to mosquitoes and similar annoying insects. Citro- 
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nella is especially valuable. One of the best formulas 
for use in protection against mosquitoes is as follows: — 


Citronella” Oil). 4 «0% tees os, sosetens siteeierale cake ote aoe aen eke 1 ounce 
Gamphor Spirit’. i, bee tec tee ee eee eee eee 1 ounce 
Cedar Oil «0. waiceie suet oleae otdtencve ee oi eke etehebercreleten tacts eke 46 ounce 


Any of these repellents, if mixed with some heavier 
substance such as vaseline or a vanishing cream, will 
retain their effectiveness for a greater length of time. 

2-Ethyl-1,3-hexanediol, commonly known as Rutgers 
612, is anew non-irritating insect repellent. A prepa- 
ration consisting of 65 per cent diethylene glycol 
monobutyl ether acetate and diethylene glycol mono- 
ethyl ether, 28 per cent alcohol, and 7 per cent corn oil 
has been found effective against jflzes, chiggers, mos- 
quitoes, etc. More recently, NMRI-448 has been 
recommended highly as a repellent. A single applica- 
tion is effective against mosquitoes, chiggers, sandflies, 
and bedbugs for a much longer period of time than other 
repellents. It is said to be non-irritating to the skin 
in the concentrations used and non-toxic to animals if 
they happen to lick it from their bodies. 

Creoscte—The creosote odors seem to be generally 
repellent to insects. Crude coal-tar creosote is the 
standard treatment to prevent chinch bugs from migrat- 
ing from small grain fields to corn fields. Most of the 
cattle fly sprays contain a coal-tar product having a 
creosote odor as the active repellent ingredient. At 
present many coal-tar products are on the market which 
are miscible with water or oils and can be used in repel- 
lent sprays. 

Naphthalene, Gum Camphor, and Paradichloroben- 
zene (Dichloricide)—These materials are used as fumi- 
gants for clothes moths, museum pests, carpet beetles, and 
ants. For clothes moths the material is scattered in the 
clothing to be stored. For ants the material should be 
scattered about where it is desired to repel the insects. 
However, the odor may taint foods and should not 
therefore be placed in refrigerators or similar food con- 
tainers. At least one pound of the powders should be 
used to each 100 cubic feet of space. In loosely con- 
structed cabinets, two or three times this amount is 
used. 

Paradichlorobenzene volatilizes much more rapidly 
than naphthalene and is therefore not as lasting but 
probably more effective. In closets, these compounds 
can be exposed in open box lids on the upper shelf and 
the door kept closed. 

Repellent Tree Washes—Various tree washes, vary- 
ing from whitewash with repellents and with poisons 
to paints, have been recommended at various times for 
the control of insects which bore in the trunks and 
larger branches of trees. Probably none are perfect 
but they do, in some cases, assist in checking further 


infestations by keeping certain adult insects, such as the 


shot-hole borer and the flat-headed borer from depositing 
eggs. For a few insects which at certain seasons occur 
in the thin outer bark, such as the locust borer, a poison 
wash may be of use. 

Tobacco Dust—As a repellent this material has been 
used with success in the same way as naphthalene for 
the protection of clothing from clothes moths. 

New Insect Repellents—During World War II, 
troops on many fronts in tropical and semi-tropical 
regions employed repellents effectively in the preventive 
campaign to keep away mosquitoes and other annoying 
and disease-carrying insect pests. The problem here 
was to obtain not only compounds with effective staying 
powers and non-irritating properties when coming in 
contact with the skin of man and animals, but also 
preparations without a pronounced, penetrating odor, 
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as this was objectionable during scouting and patrolling 
or combat since it would aid the enemy by supplying 
information as to hide-outs, etc. During World War’ 
II, 4000 chemical compounds were tested at the federal 
war-emergency testing laboratory at Orlando, Florida. 
Of these, 10 new chemicals were discovered, which were 
sufficiently effective as repellents in preliminary tests, 
to be further tested. Of these, three chemicals stand 
out as highly efficient, each specific for certain species 
of flies and mosquitoes. As a result of these studies a 
combination of three chemicals is recommended as a 
repellent for flies, mosquitoes, chiggers, immature stages 
of ticks and gnats. The formula follows: 


Insect Repellent 


Dimethylphthalate si: cctte.recssaeetoeie olclesrers iether en atone 6 parts 
Incalone (butyl mesityl oxi-oxalate)..............-2-eee 2 parts 
Rutgers 612 (2-ethylhexanediol-1,3).................2+s6 2 parts 


Combinations 


When two different types of insects are attacking the 
same crop or when an insect and a plant disease are 
present, it is desirable to control both pests with a single 
application, thus saving the labor necessary to apply 
the treatments separately. Certain insecticides and 
fungicides are not compatible, and the grower should 
guard against the use of two such materials. 


New Organic Chemicals for Pest Control 


Never in history has there been a more productive 
period for the development of chemicals useful in con- 
trolling all kinds of pests, including insects, rodents, 
plant diseases and weeds, than during World War II. 
New materials, especially organic chemicals, have been 
found effective as contact and as stomach poisons for 
killing many kinds of insects attacking plants and ani- 
mals. These new materials also include those which 
destroy rodents and those which protect by repelling 
insects, synergists which activate insecticides, fumi- 
gants for various uses, fungicides, and selective weed- 


_jallers. 


Under rodenticides have been mentioned the two out- 
standing rat poisons ANTU and Compound 1089, under 
fumigants several new compounds have been mentioned, 
and under repellents, the three most promising are dis- 
cussed. Other chemicals, which have shown outstand- 
ing promise and which are now or will likely be gen- 
erally recommended in the future are the following: 

Acrylon—A fumigant made up of equal parts by vol- 
ume of acrylonitrile and carbon tetrachloride. It is of 
special value for spot treatment in mills and ware- 
houses, to supplement general fumigations which may 
not reach certain areas, and also for the treatment of 
certain machinery units of flour mills. 

Azobenzene—T'his organic chemical has been devel- 
oped for greenhouse use and especially for controlling 
the red spider, one of the most difficultly controllable 
pests with which the greenhouse operator has to con- 
tend. The technique of application and conditions 
necessary to avoid plant injury, and the variety of pests 
for which it may be useful are still in the experimental 
stage, although some growers, especially rose growers, 
are using it commercially. 

Benzene Hexachloride—The insecticidal properties 
of benzene hexachloride or 1,2,3,4,5,6-hexachlorocyclo- _ 
hexane |CeH¢Cle], called 666 and ‘Gammexane, were 
first discovered in tests conducted by the Imperial 
Chemical Industries of Great Britain in 1942. While 
very toxic against many insects, its general use, from 
experience to date, may be very limited because of the 
persistent, disagreeable odor and the taste left in 
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treated foods and plant products. It seems to show 
special value as a control especially for the cotton 
insects (boll weevil, aphids, fleahopper, etc.). It also acts 
on many of the fruit and vegetable aphids. 

Gammexane is the gamma isomer of the optically 
active group of isomers with this formula; hence its 
name. 

Compound 1068 (chlordane)—A chlorinated hydro- 
carbon with the empirical formula Cy .H,Cls. Like 
DDT, 1068 is both a stomach poison and a contact 
insecticide and is effective against many of the insects 
for which DDT is recommended as well as a number of 
others. 

DD—A new soil fumigant, a mixture of 1,3-dichloro- 
propylene and.1,2-dichloropropane, shows special value 
as a soil fumigant against certain insects, nematodes, 
and certain soil fungi. 

DDD (TDE) or 2,2-bis(p-chlorophenyl) 1,1-dichlor- 
ethane, made in this country, has about the same order 
of toxicity as DDT to mosquito larve, but is less effective 
for lice and bedbugs. 

DDT—This_ chemical, dchloro-diphenyl-trichloro- 
ethane, also known as Gesarol and Neocid, was discovered 
in the course of routine chemical studies some 75 years 
ago and has become, within the past three years, the 
superlative of all insecticides. It is the most publi- 
cized, has been the most misrepresented, the least 
understood, and the most effective insecticide against 
the largest number of different kinds of insects. Withal, 
this insecticide is one of the slowest acting of known 
materials, but it retains its effectiveness longest as a 
contact. insecticide. 

DDT is soluble in kerosene or light petroleum oil but 
not in water. It does not possess an objectionable 
odor and has’ pronounced residual protection. Many 
formulations are on the market, but in general the fol- 
lowing are commonly available: 

1. A 6 percent DDT in a kerosene type base, for use 
on walls of barns, screens, and the like as a residual 
spray for flies, mosquitoes, and other flying insects. It is 
also used for bedbugs on beds, mattresses, and the like, 
_ for fleas in animal quarters, for roaches, and for ants in 
buildings. This oil base spray should not be applied 
directly to animals, but sprayed on bedding, etc.; it is 
safe if the spray is allowed to dry before using. Sprayed 
thoroughly, it kills clothes moths and carpet beetle larve 
by contact and also possesses mothproofing properties 
if used in amounts leaving a DDT deposit equal to 2 per 
cent of the fabric weight. 

2. A & to 10 per cent DDT Powder. The weaker 
strength is for use on most animals for lice and fleas, 
in animal quarters for fleas, and on some plants; the 
stronger strength is for roaches. 

8. A 20 to 50 per cent DDT powder, containing a 
wetting agent to permit its use as a water spray. It is 
most commonly used as a plant spray. The usual dilu- 
tion is 1 to 2 pounds of a 50 per cent wettable DDT to 
100 gallons of water. 

One and one-half ounces of DDT, properly applied, 
will be effective in controlling an acre of swamp against 
mosquitoes. Dusted into the clothing in the form of a 
5 or 10 per cent DDT powder, a single application pro- 
vides protection against lice for a month. Van Riper 
(Science, Aug. 2, 1946) found a 10 per cent DDT spray 
effective against black widow spiders. 

4. Insecticidal Aerosol Bombs contain DDT, with 
pyrethrum and other toxicants: The aerosols are not 
‘sprays, nor are they gases, but instead are ‘‘mists,’’ the 
toxicants being forced out by the use of Freon and simi- 
lar propellents, to provide a mist which hangs in the 
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air. They are of special value for flying or active, ex- 
posed insects such as flies and mosquitoes. A more effec- 
tive and common formula for insect-killing bombs is: 
DDT, 3%; 20% pyrethrum concentrate, 2%; cyclo- 
hexanone, 5%; lubricating oil, 5%; and 85% of Freon 
gas as a carrier. 

A symposium on the toxicity of DDT and the hazards 
involved in its use was held on May 24, 1946, in Wash- 
ington. Details are available from the Insect Control 
Committee, National Research Council, Washington, 
D.C. For the application of DDT aerosols and DDT 
as a continuous larvacide, see U. S. Public Health 
Reports, 61, 1171-1188 (1946). For further details on 
the use of DDT to control insects affecting man, see 
Knipling, E. F., and to control insect pests affecting 
livestock, see Bruce, W. G., and Blakeslee, E. F., 
J. Econ. Entomol., 39, 360-367 (1946). 

Hexaethyl tetraphosphate, a light yellow to dark 
liquid, sold in Germany as Bladan, is effective for 
red spiders, aphids, and flies. It is insoluble in kerosene 
and petroleum oil but soluble in water, alcohol, benzene, 
chloroform, carbon tetrachloride, glycerin, and diace- 
tone. 

Sodium Selenate—When applied to the soil in 
minute quantities, this chemical is taken up by the plant 
in sufficient amounts to kill many insects feeding on 
such plants. It is not generally recommended because 
it can be used only on non-edible plants or plant prod- 
ucts, but shows remarkable usefulness on floricultural 
crops and ornamental plants. 

Soil Compound HC—This organic compound is 
chemically known as 2-chloro-6-nitrotoluene, with the 
empirical formula C;,HgNO.Cl. Tests show it to be 
an effective toxicant for termites and decay fungi. 


Control of Household Insect Pests 


The important members of the household insect pests 
are grouped under the large heading of Arthropoda, 
and specifically under the sub-group known as In- 
secta. 

Precautionary Measures—The first important prin- 
ciple to keep in mind in ridding a place of insects is that 
if there is no food for them, they will not remain. If 
there are no breeding places, there will be no offspring. 
The whole problem of successfully combating many of 
the pests is in finding and destroying the breeding 
places. These breeding places may be readily found, if 
one is familiar with the life histories of these insects. 
In most cases efforts directed against the adult insects 
are usually less successful in decreasing their numbers 
than if the same energy is spent in fighting their breed- 
ing places. 

Uniform cleaning up methods in the home, store, 
plant, ete., will materially lessen the number of breeding 
places and in turn the number of insects. It may be 
best to use this working principle: ‘‘To keep clean is 
better, cheaper, safer, and more effective than to make 
clean after vermin and dirt have accumulated.” Dust 
and dirt allowed to remain in any place are soon covered 
with grease, and foci for breeding places are thus formed. 
Sweeping and cleaning can be made and should be made 
as dustless as possible. Remove the dust, don’t scatter 
it. Orderly arrangement of materials in closets not 
only makes cleaning easier, but it becomes a simple 
matter to detect insects and their breeding places. 
Closets as well as cellars, basements, and other storage 
places should be regularly ventilated. All crumbs and 
food particles in the pantry, kitchen, etc., should be 
cleared away. All food should be placed. in covered 

containers. Garbage, filth, and dirt should be kept in 
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closed receptacles, and removed at frequent intervals. 
Decaying vegetable or animal matter in or near the 
house should be removed or treated with proper destruc- 
tive agents. Buckets, barrels, or other receptacles in 
or around the home should be either covered, screened, 
or turned upside down, and no stagnant water should 
be allowed to stand in or around the house. Roof gut- 
ters, cesspools, sewers, and other traps should be ex- 
amined frequently, to be sure they are not clogged, 
thus allowing the accumulation of water. Water in 
pans or troughs for domestic animals and pets should be 
changed frequently. 

In industrial plants cockroach infestation 
usually be traced to food left from lunches. 

It is advisable that carpets should not be tacked down 
to the floor. The latter as well as clothing and other 
apparel in closets, chests, trunks, etc., should be re- 
moved at least once or twice a year, shaken well, and 
allowed to receive the benefit of the air and sunshine 
for a short period of time. Pets, e. g., cats, dogs, ete., 
should be provided with sleeping places that can be kept 
clean. It is best to supply them with a blanket or mat 
on which to sleep. The latter can be shaken fre- 
quently, thus preventing the collection of dust. If at 
any time a home is infested with the insects discussed 
in this chapter, it will be found best to burn the dust and 
refuse that is collected when cleaning, rather than to 
throw it in a container to be taken away. Cracks and 
holes in floors, walls, around pipes, etc., should be 
filled in with suitable fillimg materials. Windows and 
outside doors should be screened, especially during the 
warm months. It is important to emphasize that this 
screening should be carefully performed, as it is not 
an uncommon occurrence to find the greatest precau- 
tions taken to screen the entire house, but windows and 
doors leading into the cellar or basement are overlooked. 
It is also advisable to be sure that the screens are so 
constructed that there should be 20 or more meshes to 
the inch, as otherwise the mosquitoes may pass through 
the netting. Exposed foodstuffs, not only in homes, 
but also in shops selling food supplies, should be 
screened or otherwise covered, so that flies cannot gain 
access to them. In public places, the free use of electric 
fans will help keep flies away. 

Many of the points enumerated will decrease the 
number of insects and also lessen (as in the case of 
screening of foodstuffs) the danger of contamination. 
Undoubtedly the most efficient remedy to be practiced 
in undertaking the control and extermination of house- 
hold pests is in the prevention of the breeding places, 
or at least the making of the latter uninhabitable, and 
the destruction of the pests, before the adult stage is 
reached. Individual effort along such lines is an abso- 
lute necessity, but an intelligent, united, and organized 
action in a community may be essential to insure satis- 
factory or permanent relief. Without such united 
effort, reinfestations from adjoining property are always 
possible. 

Control Methods—Certain natural enemies of these 
pests are to be found in or around our homes. The 
house centipede and the common little red house ant 
prey upon bedbugs. Flies are also destroyed by the 
former, by ants, certain beetles, fungi and even by 
birds and bats. Birds, fish, dragon flies, spiders, toads, 
beetles, and internal and external parasites devour mos- 
quitoes. These natural enemies, however, are as un- 
welcome as the pests themselves and have little or no 
use in any program to control effectively the household 
insects discussed. 

The use of baits, adhesive papers, traps, repellents, 
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poisons, and fumigation to control and destroy those 
insects that have gained access to houses are well known. 

It cannot be stated too emphatically, that insect pests 
can be eliminated from the home, providing the methods 
employed are rigidly and intelligently enforced. Most 
failures are due partially to the use of inefficient meth- 
ods, but more so to a half-hearted effort and easy dis- 
couragement, resulting in a haphazard and indifferent 
technique in enforcement. 

Disinfestation or ridding an infested dwelling of in- 
sects should proceed in an orderly fashion. The layman 
generally practices this spasmodically but a workable 
scheme is successful only if executed systematically and 
continuously, after familiarizing oneself with the habits 
of the insects to be exterminated and obtaining a 
knowledge of the method to be employed in disinfesta- 
tica. 

Many of the household insect pests display great 
instinct in avoiding poisonous baits and traps. On 
this account, baits, traps, ete., will not always accom- 
plish the desired work expected of them. Temperature 
control methods are desirable, but are not used fre- 
quently. Fumigation is of value only in the hands of an 
experienced and careful worker. It therefore remains 
for the layman to depend extensively upon the proper 
use of contact insecticides. The latter are powders 
or liquids, which are capable of killing insects, when 
brought in contaet with their bodies. 

Baits—Unfortunately some of the most efficient 
methods of insect control employ agents and procedures 
that can be rarely used in a home. Baits containing 
various poisons are most effective for the destruction of 
many of these pests, but can be used only where children 
and domestic animals are not about, and only by re- 
sponsible individuals. 

Trapping—The trapping of certain house insects is 
a very effective procedure and is highly recommended 
where the use of poisons seems to be inadvisable. This 
method should be more commonly used, especially to 
assist in decreasing the number of flzes, rather than the 


use of adhesive and other types of fly papers, or swatting 


the latter with various implements. The presence of 
fly papers in or about a home or food shop tends to leave 
an unfavorable impression, and swatting the fly does 
not kill the eggs but merely assists in the distribution of 
any bacteria that may be present on the fly. 

The traps are generally so constructed that the par- 
ticular insect may easily get into them, but cannot 
escape. There are many types on the market, but 
homemade devices are easily made. As a bait both for 
flies and roaches a mixture of 3 or 4 parts of water and 
1 part of molasses, which has been allowed to ferment, 
has proved to be very attractive. The trap is baited 
daily and the catch destroyed by treatment with boiling 
water. ‘Traps employed for flies should permit plenty 
of light to appear from the top, thus drawing the flies 
upward into the trap after they have fed on the bait. © 

Temperature Control—Temperature control is one of 
the simplest methods for the control of insect pests in the 
household, yet one which is infrequently employed. 

More efficient than cold temperatures, and a tech- 
nique which can be more readily applied, is the main- 
taining of high temperatures in households for destruc- 
tive purposes. Temperatures varying from 134° F. 
and over are sufficient to destroy fleas, flies, roaches, 
bedbugs, and other insects and their eggs quickly. The 
presence or absence of humidity is not apparently of 
much importance if this degree of heat is maintained. 
The superheating of houses in summer or during other 
favorable climatic conditions, from 130° to 135° F., is 
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practical, will not affect most household materials and 
equipment, and is most effective for the destruction of 
insects. Clothing and other materials, that may be 
infested with either insects or their eggs, will be quickly 
rid of these pests if exposed in rooms for an hour at a 
constant temperature as indicated, if boiled in water, or 
if exposed to the heat of hot irons, as in the process of 
laundering. 

Hot water or live steam may be used providing there 
is no danger of affecting furniture, fabrics, and other 
materials with which it may come in contact. It is 
especially convenient for the destruction of bedbugs in 
beds made of material other than wood; ants in the 
home and garden; moth eggs on fabrics and clothing that 
will not be injured by water; roaches, ete. 

The rays of the sun during the warm season can also 
be used to obtain the necessary degree of dry heat. The 
old-time custom of sunning clothing to kill clothes 
moths in fabrics is very effective and can be readily 
employed. 

Storage—The use of cold storage, as a successful 
method of protection against injury by fabric pests of all 
kinds, is practiced extensively today. It is employed 
by dealers in upholstered furniture, blankets, curtains, 
robes, carpets, furs, woolens, and other merchandise. 
Cold storage rooms or warehouses are today a part of 
the equipment of all well-conducted business enter- 
prises. The temperature that is maintained is rarely 
below 40° F. It should be said that this temperature, 
if maintained constantly, will protect articles only dur- 
ing the period of storage. If the clothing or articles 
are not cleaned, brushed, or aired thoroughly before 
being stored, any larve, especially of moths, which 
may be present are not necessarily destroyed, but they 
remain inactive and incapable of causing injury. If 
refrigerated for only a few months, the larve in the 
clothing after removal from cold storage and subjected 
to warm temperature may become active. 

If the storage concern not only guarantees to protect 
articles during the period of storage, but also aims at 
the destruction of clothes moths in the articles intrusted 
to them, the clothes are generally cleaned thoroughly 
and usually exposed suddenly to a number of changes of 
temperature, placing them first in a refrigerator for a 
number of days and then suddenly exposing them for a 
short period in a warm room. They are returned again 
to the refrigerator, again to the warm room, and finally 
to the storage proper. These sudden changes from cold 
to warm temperatures and the reverse are effective in 
the destruction of all moths and many of the other 
forms of insect life. 

There are some merchants who are selling upholstered 
furniture, and clothing made of cloth, and wool in 
particular, which they claim are mothproof. In some 
instances, a regular bond is distributed as a guarantee 
that the material is immune from moth damage. The 
raw material is treated by special processes, to protect 
it from the activity of the moths. The so-called Moth- 
Proof Bags are employed for the storage of all kinds of 
wearing apparel, etc. Some of these are impregnated 
with an odor of tar or other volatile agents. The latter 
have no distinct advantage, other than imparting an 
odor in the closet or storage room. 


_ Any ordinary strong wrapping paper or even several | 


thicknesses of newspapers are just as satisfactory. The 
_ value of bags or paper as protectors against infestation, 
especially by moths, resides in the fact that moths do 
not eat paper to get into clothing, carpets, etc., that are 


wrapped tightly. Care must be observed that bags. 
or opher wrappings are not torn or unsealed, or that the » 
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folds of these are bent back, otherwise moths may crawl 
or find their way into the bundle. 

“Moth-Proof” paper bags or tight wrappings do not 
kill moths. It is therefore of great importance to be 
assured that all articles laid away are first freed of 
moths and their larve. Frequent. brushing, cleaning, 
beating, and aeration in the sun or even dry cleaning, 
if necessary, should be practiced. Special care should 
be given to the brushing of all seams, pockets, crevices, 
etc., during the cleaning of such material. These then 
should be protected by being wrapped in paper, or 
placed in tight chests, or sealed boxes, and exposed in 
any place without danger of infestation from without. 

Hats, clothing, furs, and other articles can be pro- 
tected by cleaning and then placing them in unbroken 
cardboard boxes, suit or hat boxes, etc., and sealing the 
covers. with adhesive tape or with gummed paper. 

The average trunk or chest is not tight enough to 
keep out moths. Cedar chests, generally, if well con- 
structed, are unusually tight. The characteristic odor, 
is due to a volatile oil, cedar wood oil, which adds to the 
efficiency of these chests, as it possesses some insecti- 
cidal value. It is, however, important that clothing, 
furs, skins, pillows, carpets, etc., receive the same careful 
preliminary treatment before storage as advised above, 
in preparing them for wrapping, or for placing in bags. 

Storage places made in the home, in attics, basements, 

cellars, sheds, or in empty rooms should be orderly 
arranged and care observed in frequently removing 
dust and dirt. All windows and other openings should 
be screened and the compartments should be ventilated 
at frequent intervals. All boxes or packages, in which 
materials are wrapped for storage, should preferably be 
placed on racks or shelves raised from the floor. News- 
papers, magazines, and other articles, which tend to 
absorb moisture and therefore imparting dampness to 
the environment, should not be kept around the house. 
If needed, they should be stored in tightly covered com- 
partments. 
In the selection of an ef- 
ficient insecticide, the question is generally asked 
whether a powder or a liquid is to be preferred. It is not 
always possible to give a correct answer. The particu- 
lar pest for which the preparation is to be employed, as 
well as the environment which is to be treated, must be 
known. However, wherever possible and practical, a 
liquid insecticide should be used first, followed by a 
powder. The former can be sprayed or dropped into 
cracks, crevices, etc., and because of its free flow and 
the vapor that is produced, a greater surface is reached. 
Due to the rapid evaporation of liquid insecticides, they 
should be applied freely and frequently over a large sur- 
face. Spraying or squirting is only to be employed 
when mopping or the application of the insecticide with 
a paint brush cannot be used. Many efficient insecti- 
cides are frequently proclaimed as worthless by indi- 
viduals who employ a faulty technique. As an example, 
less of an insecticide is required to rid a bed of bedbugs, 
if the preparation is applied with a brush. With such 
technique, one is sure that all slats, tufts of mattress, 
etc., are reached. 

Kerosene or coal oil, benzene, gasoline, and carbon 
disulfide in the order named are the most effective and 
most frequently used of the liquid insecticides. Care. 
must be taken that these are employed in such places 
that they will not be a fire hazard. 

Phenol, or still better cresol, can be added to the ex- 
tent of from 1 to 5 per cent:so as to make a more effective 
and useful solution. ‘Some add about 10 or 15 per cent 
of turpentine to the*coal oil or kerosene before adding 
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the cresol. Turpentine is not only in itself an effective 
insecticide, but will disguise somewhat the coal oil 
odor. 

Kerosene oil may be employed to destroy mosquito 
larvee in stagnant pools by covering the surface of the 
latter with a thin film of the oil, or, to be exact, using 
1 fluidounce of kerosene for each 15 square feet of water 
surface. This film is to be replaced after the coal oil 
evaporates. This procedure is to be carried out if the 
standing water, whether in a pond, swamp, etc., cannot 
be drained or filled in. 

Many of the liquid insecticides on the market consist 
of kerosene, to which is added cresol (or pyrethrum, 
rotenone, DDT, or one of the new organic insecticides), 
and the coal oil odor is disguised by the addition of any 
one or a mixture of the following oils, which in most in- 
stances possess some insecticidal properties themselves: 
oil of mirbane, oil of sassafras, oil of eucalyptus, oil of 
camphor, oil of wintergreen, and oil of pine. The coal 
oil used is generally of a grade which is known as water- 
white. It possesses a high flash point and is somewhat 
different from the grade of coal oil bought at the corner 
grocery store. The latter generally can become ignited 
at a lower temperature and most frequently leaves a 
stain, when applied to clothing, etc. The water-white 
grade generally is stainless. 

A saturated solution of bichloride of mercury in de- 
natured alcohol or a mixture of denatured alcohol and 
turpentine, or a solution consisting of the following 
formula is an efficient insecticidal preparation, espe- 
cially for bedbugs. 


iBichloride of. Mercury yo see cree een cco s 2 ounces 
Table: Salt its votlseasivienc deve dane Meratetsarer aco niete ithe sreteietecate 2 ounces 
MICs oie MEIRE NEG PAL oie rieeiaons Bridie om oothe Mie Gee ols % pint 
Denatured Alcohol. x. yeeiyercs ote aoe Ce ee ees 44 pint 
Turpentine sn. irwceverotueke eas ealerae Sakae cae rors 1% pints 


This preparation is very efficient in ridding cellars, 
garages, and similar environments of fleas and their 
eggs by mopping the floors, walls, etc., thoroughly 
with this solution. Care should be taken when using 
this solution, as it is very poisonous. 

The liquid insecticides are to be used liberally by 
painting with a brush or mopping with a cloth. No 
place is to be overlooked during the treatment and it is 
advisable that the operation should be repeated at 
intervals of 4 or 5 days, for at least 3 successive applica- 
tions, so that any eggs that may have hatched during 
the intervening period may be destroyed. 

Instead of kerosene, water has been used to make a 
solution of bichloride of mercury and carbolic acid, and 
a mixture of soap and water has been used to dissolve 
cresol. These watery solutions have been advocated 
as efficient insecticides. 

The destruction of fleas on domestic animals is often 
necessary. A solution made by adding 2 teaspoonfuls 
of lysol, creolin, ora similar miscible coal tar product to 
1 pint of warm water may be employed as a wash to 
rid a host of fleas or one containing DDT may be used. 
These solutions should be worked into the hair with a 
brush, care being taken that the entire body is reached, 
and that the eyes are protected. 

After the animal has been washed for about 10 min- 
utes in any one of the previously named solutions, they 
are removed and the animal is dried. 

In the case of pets that are tender-skinned, such as 
cats, the preparation should be washed out of the fur 
with soap and water immediately after the animal is 
removed from the chemical bath, and then dried. 

Of temporary value in infested places is the use of a 
number of substances, that are known as repellents. 
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The latter act by driving the insects away, rather than 
by destroying them. See Repellents (page 1233). 

By opening the program for the eradication of insects 
with a heavy spray or application of a cresol kerosene 
or a DDT kerosene mixture bedbugs, roaches, fleas, and 
other insects are driven into the open and can be killed 
in a few minutes, by applying the spray directly upon 
them. It is now best to follow up this work by using 
a powdered insecticide, which will act as an internal 
poison, or probably clog up their breathing passages, 
eventually killing those that remain. This powder 
should be sprinkled in places where it can be left undis- 
turbed for along time. It should be blown or sprinkled 
about by means of a blower, dust gun, or dusting box in 
cracks, crevices, corners, on shelves, or anywhere where 
the insects are likely to crawl. 

There are many pests which cannot be reached by 
powder insecticides, as it is difficult to get these powders 
into the places where the insects may be found. This 
is especially true when trying to employ them in the 
eradication of bedbugs, and those insects that are always 
moving, as flzes, mosquitoes, ete. 

One of the most simple and effective powder insecti- 
cides is commercial sodium fluoride. This chemical 
forms the basis of most roach powders on the market. 
It may be undiluted, but most frequently there is added 
an equal quantity of some inert substance, such as flour, 
etc. Employed as a dusting powder in or around 
cracks, crevices, closets, etc., this powder, if used per- 
sistently, with frequent and free applications, will 
eventually rid badly infested environments of roaches. 
It has been claimed that sodium fluoride, scattered fre- 
quently and freely on floors or blown about in infested 
places, is somewhat effective against fleas and other in- 
sects, and also against ants. 

Pyrethrum powder, also called Insect Powder, has been 
employed to assist in insect eradication. For its use as 
a fumigant, as an effective remedy against mosquitoes 
(see page 1231). As sold or as stored around the home, 
pyrethrum powder may become stale, and then pos- 
sesses little or no value. When fresh, it is an effective 
insecticide, and relief with its use can be obtained 
when it is liberally and frequently applied. Some ob- 
servers have advocated the sprinkling of this powder or 
DDT on floors, after coal oil, or cresol and coal oil have 
been used, so as to assist in the eradication of fleas. It 
has also been claimed by some that these powders, if 
fresh, will destroy the larve of moths in clothes if the 
latter are thoroughly dusted with the powder, and then 
placed in a tightly constructed chest or trunk, or 
wrapped well in unbroken paper. 

Boraz also enters into the composition of many insect 
powders, especially roach powders, and this is to be 
used, as all other powder insecticides. A mixture of 
sodium fluoride, containing about 10 per cent of borax, 
some flour, and a small percentage of sugar or powdered 
chocolate, will make an ideal powder to be used for gen- 
eral insecticidal effect. 

Moth balls or powdered moth balls, commonly known 
as flake camphor and chemically known as naphtha-— 
lene, is a well-known substance employed for protecting 
materials against injury by moths and carpet beetles. 

To get results from the use of these three powders, 
they must be used in tightly closed containers or en- 
vironments. The fumes given off by slow evaporation 
must be confined, for if allowed to escape, its value is 
but limited, and generally is then only partially effec- 
tive. At least 1 pound of these powders should be used 
to each 100 cubic feet of space. If there is a possibility 
of the fumes escaping, as would be the case in loosely 
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constructed drawers, closets, chests; or trunks, from 
two to three times the amount given should be used. 
If carpet beetles persist beneath carpets it is best to 
fumigate with hydrocyanic acid gas, carbon disulfide, 
etc., or one may repeatedly apply kerosene in the 
crevices and cracks of the infested areas. 

Lice (Body, Head, Crab)—To rid the body of these 
pests perfect cleanliness should be practiced. A 25 per 
cent benzyl benzoate emulsion (see page 531) is recom- 
mended highly. Good results have been reported with 
the use of 20 to 40 per cent solutions of phenyl cellosolve 
-(monophenylether of ethylene glycol) in 60% alcohol. 
A 5 per cent NBIN emulsion was found highly effective 
against scabies and it effected a 100 per cent kill of head 
lice, body lice, and crabs, J. Investigat. Dermatol. 7, 85, 
93 (1946). The stock NBIN dust is prepared by dis- 
solving 6 parts DDT and 12 parts benzocaine in 68 parts 
benzyl benzoate and then adding 14 parts Tween. For 
use, the stock mixture is diluted 1:5. 

In the case of body lice, the clothes are sterilized, 
fumigated, or soaked in kerosene containing 2 per cent 
of a coal-tar disinfectant for at least one hour and then 
washed with soap and water. It is frequently neces- 
sary to remove all hair. The body may be washed with 
an insecticidal solution, followed in all instances by a 
hot bath. The solutions may be a 1:1000 mercuric 
chloride or a brilliantine containing 25 per cent lauryl 
thiocyanate, or 25 per cent Lethane 384 (page 1232), or 
a cream containing | per cent rotenone. Derris powder, 
powders of rotenone-bearing drugs, N.C.I. powder 
(naphthalene, 96 per cent; creosote, 2 per cent; iodo- 
form, 2 per cent), A.L. 63 (25% high boiling tar acids, 
14.3% derris root, 50% naphthalene, and china clay), 
and DDT dusted on and rubbed into the seams of under- 
wear and clothing are effective in killing lice. For in- 
festation of the eyelashes and eyebrows, a 2 per cent 
yellow oxide of mercury ointment is recommended. 
Phenyl cellosolve, MYL, and Powders No. 153 and 
No. 452 are other anti-louse preparations which have 
been used by the armed forces. 

Infestations with the crab louse should be treated as 
. the other lice infestations. Shave the entire area to 
remoye all nits; then follow with a 25 per cent solution 
of xylol in liquid petrolatum or vinegar containing bi- 
chloride of mercury (1: 1000) or an application of diluted 
mercurial ointment, followed by a hot bath. 

Cuprex, a solution of an organic copper compound 
containing tetralin, acetone, and liquid petrolatum, is 
recommended for the destruction of all three varieties 
of lice. The mosquito repellent “Sta-way” (which 
contains diethylene glycol monobutyl ether acetate and 
diethylene glycol monoethyl ether), applied with cotton 
or a brush, has also been used. 


Diluents or Carriers 


To avoid injury and to reduce costs, chemicals ap- 
plied as dusts are usually diluted with inexpensive inert 
materials. These should be of proper particle size and 
weight, should be inert or at least compatible with the 
toxicant, and non-abrasive. Some of the commonly 
used dust diluents are china clay or kaolin, diatoma- 
ceous earth, gypsum or land plaster, hydrated lime, pyro- 
phyllite, talc, tobacco dust, walnut-shell flour, wheat 
flour, and sulfur. In using sulfur care must be used in 
_ recommendations, since it is caustic to some plants; 
also, it should not be immediately followed by oil sprays. 


Spreaders, Stickers, and Activators 


_ Several materials have been suggested to be used as 
supplementary ingredients of insecticides to aid in 
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spreading, in increasing adherence, and in activating 
the insecticide itself. 

Casein and Lime—One of the best-known insecticide 
spreaders is commonly known as calcium caseinate. 
It is also used as an emulsifier in cold-mixed oil emul- 
sions and in the preparation of dry-mix lime-sulfur. 

Emulsified Oils—Spray or emulsified oils, miscible 
with water, have been used to some extent to increase 
the adhesion and spreading of sprays. Oils are also 
used with dusts up to 5 per cent, to increase the adhe- 
siveness of dust insecticides. 

Fish Oil—This material has been found to be a very 
effective sticker for arsenate of lead, a grade known as 
light pressed menhaden fish oil being preferred. 

Linseed Oil—Raw linseed oil may be used the same 
as the emulsified oil but it is more expensive. 

Oxidized Oil—An oxidized oil known as “‘penetrol”’ 
(which increases the activity of such contact sprays as 
nicotine sulfate) is on the market. By its use a greater 
dilution of the nicotine can be used with results equal 
to nicotine alone at perhaps half the dilution, thus de- 
creasing the cost of the diluted spray. 

Soap—Soap is an important ingredient in many 
insecticides, not only as an emulsifying agent for oils, 
but also to increase adhesiveness and to aid in spreading 
and activating insecticides. While all soaps possess 
these properties to a greater or less degree, certain kinds 
are better than others. These include fish oil, resin 
fish oil, and cocoanut oil soaps. 

Sulfur—A colloidal or dusting grade of sulfur, com- 
bined with dust insecticides at the rate of 10 or 20 per 
cent of sulfur to 80 or 90 per cent of the dust, increases 
adhesiveness. 

The several ingredients referred to as spreaders, 
stickers, and activators react differently with different 
insecticides and the user should follow directions on the 
container. 


Suggestions to Pharmacists 
The pharmacy is a logical source where one may ob- 


‘tain insecticide and insect control information. How- 


ever, if the pharmacist desires to handle insecticides 
and build up a permanent patronage, he should acquaint 
himself with the common insect problems, with chemi- 
Sef caceaie ae and how such materials should be 
used. 

With the above thought in mind, the following sug- 
gestions are offered for the control of insects: 

Contact the entomologist and plant pathologist of 
your State Agricultural Experiment Station. He will 
gladly identify insects or plant diseases which are un- 
known to you and provide the most up-to-date informa- 
tion. You should secure the available publications on 
insect and plant disease control from your experiment 
station. In addition, you should write the Office of 
Information, U. 8. Department of Agriculture, Wash- 
ington 25, D. C., requesting a list of available publica- 
tions. From this list you can order the publications 
which you need for your reference library. 

Many states are holding annual one-half to one-day 
district meetings of insecticide dealers, usually includ- 
ing dealers in four or five counties. Your county 
agricultural agent can advise you of such meetings and 
if there is a demand your county agent can probably 
secure assistance from the State Extension Service for 
such meetings. Such meetings are helpful in keeping 
you advised of the materials being recommended for use 
on the farm and of the new developments. 

Since we now have many dependable processers of 
insecticides, the average pharmacist will find it advan- 


1240 INSECTICIDES AND RODENTICIDES 
COMPARATIVE EFFECTIVENESS OF HOME GARDEN INSECTICIDES* 
When Used at Standard Dilutions 
‘cid Cabbage | Tomato | Cucumber Bean Flea Potato Blister Corn Leaf Aphid 
Insecticide Worms Worms Beetles Beetles Beetles Beetles Beetles Borer Hoppers gto 
Bordeaux Mixture Injures No effect | No effect | No effect | Fair No effect | Poor No effect | Good* No effect 
plant 
Bordeaux-Arsenical Injures Good Injures Injures Good Good Fair Unknown | Good No effect 
Mixture plant plant plant 
Calcium Arsenate Poor Poor Good pes Fair Good Poor No effect | No effect 
plant 
Copper-Arsenical Poor Poor Fair Poor Fair Fair Poor No effect | Poor No effect 
Dust Insolublet ; 
Copper-Cryolite Dust | Fair Good Good Good Good Good Good Zajares Poor No effect 
plant 
Copper-Rotenone Good Poor Good Good Good Good Poor Fair Poor Fair 
Cryolite Fair Good Good Good Good Good Good Pater No effect | No effect 
plant 
DDT Good Fair Injures No effect. | Good Good Poor Good Good Poor 
plant - 
Dusting Sulfur No effect | No effect sigs No effect | No effect | No effect | No effect | No effect | Fair No effect 
plant 
Dutox (Barium Fair Good Good Fair Good Good Good Injures No effect | No effect 
Fluosilicate) plant 
Hydrated Lime No effect | No effect | Injures No effect. | No effect | No effect | Poor No effect | No effect | No effect 
plant 
Lead Arsenate Good Good Fair Taree Fair Good Poor Poor No effect | No effect 
plant 
Nicotine Sulfate 40% | Poor No effect | Poor Poor No effect | Poor No effect | Poor Fair Good 
Paris Green Good Good Injures Injures Fair Good Fair Injures No effect | No effect 
plant plant plant 
Pyrethrum Good Poor Poor Fair Poor Good Poor Poor Good Poor 
Rotenone Good Poor Good Good Good Good Poor Fair Poor Fair 
Sulfur-Copper Fair Good Injures Good Good Good Good Injures Poor No effect 
plant plant 
Sulfur-Rotenone Good Poor Injures Good Good Good Poor Fair Poor Fair 
plant 


STANDARD DILUTIONS FOR HOME GARDEN INSECTICIDES* 


Insecticide 


Dilution for Spray 


Bordeaux Mixture 


Bordeaux-Arsenical Mixture 


Calcium Arsenate 


Copper-Arsenical Dust Insoluble+ 


Copper-Cryolite Dust 
Copper-Rotenone 
Cryolite 

Dusting Sulfur 

Dutox 


Hydrated Lime 
Lead Arsenate 


Nicotine Sulfate 40% 


Paris Green 
Pyrethrum 


Rotenone 


Dilution for Dust 


10 level teaspoonfuls of powdered copper sulfate, 
20 level teaspoonfuls of hydrated lime, and 1 
gallon of water 

Add 6 level teaspoonfuls of lead arsenate to 1 gal- 
lon of Bordeaux spray 

5 level teaspoonfuls per gallon 


9 level teaspoonfuls of undiluted ecryolite per gallon 
or 27 level teaspoonfuls of 33 per cent cryolite 
dust per gallon 


Follow label recommendations 
Little effect on insects 
6 level teaspoonfuls per gallon 


14% teaspoonfuls per gallon of water, in which 1 
cubic inch of soap or 1 tablespoonful of soap 
chips has been dissolved 

2 level teaspoonfuls of Paris Green and 2 level tea- 
spoonfuls of lime per gallon 

Use liquid (pyrethrum extract) sprays according 
to label recommendations 

Use liquid (rotenone extract) sprays according to 
label recommendations 


tageous to obtain packaged materials for their sales. 


To aid them in contacting wholesalers, the guide known 
as ENTOMA, prepared and distributed by the Eastern 
Branch of the American Association of Economic Ento- 
mologists, will be found invaluable. 
can be obtained by addressing George S. Langford, 
Department of Entomology, University of Maryland, 


College Park, Maryland. 


It costs $1.00 and 


Bordeaux Mixture powders are of no value as dusts 


Mix 1 part with 3 parts of hydrated lime (for 
cucumbers use an inert carrier) 

Follow label recommendations 

Follow label recommendations 

Follow label recommendations 

Mix 1 part of eryolite with 1 or 2 parts of tale or 
flour. Use prepared dusts according to label 
recommendations 

Use without dilution. 
and not flowers of sulfur 

Follow label recommendations 

Used only as a carrier 


Mix 1 part with 3 parts of hydrated lime (for 


cucumbers, substitute an inert carrier, such as 
flour or tale for the lime) 


Mix 1 part with 7 parts of hydrated lime 
Follow label recommendations 


Follow label recommendations 


CAUTION 


In the foregoing pages many references have been 
made to insecticides and rodenticides of a highly poison- 
ous nature, such as strychnine, A NT U, arsenic, sodium 
fluoride, compound 1080, Paris green, hydrocyanic acid, 
calcvcum cyanide, sodium cyanide, mercury bichloride, 
phosphorus, thallium sulfate, and others. 


While these substances are highly satisfactory as in- 


‘ 


_ * Taken from a leaflet issued by the Department of Entomology, Purdue University, Agricultural Experiment Station, Lafayette, Indiana, 


+ Do not use on beans. 


Purchase dusting Bee 


Soe Leh 
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SUMMARY OF INSECTS, PESTS, AND INSECTICIDES 


Insect or Pest 


Animal lice 
Ants 


Aphids 


Apple worms 
Armyworms 
Bean beetle 
Bedbugs 


_ Bird lice 

Blister beetles 
Cabbage root maggots 
Carpet beetles 
Caterpillars 

Cattle flies . 


Cauliflower root maggots 


Centipedes 
Chiggers 
Chinch bugs 


Clothes moths and larvee 


Cockroaches 


Codling moths 
Cotton caterpillars 
Crab lice 

Crickets 

Crows 

Cutworms 
Earthworms 
Flat-headed borers 
Flea beetles 

Fleas 


Flies (House) 


Gophers 
Grasshoppers 
Groundhogs 
Ground squirrels 
Japanese beetle 
Leafhoppers 


Lice 

Locust borer 
Mexican bean beetle 
Mice 

Mites 
Mosquitoes 
Mosquito larvee 
Museum pests 
Nematodes 
Peach tree borers 
Plant insects 


Pocket gophers 
Potato beetles 
Poultry head lice 
Poultry lice 

Powder post beetles 
Pubic lice 

Rabbits 

Radish root maggots 
Rats 


Red spiders 
Roaches 
Scale insects 


Shot-hole borers 
Silverfish 

Slugs” 

Soil fungi 
Sowbugs 
Sparrows 


Striped cucumber beetles 


Termites 


Ticks 

~ Webworms 
Weevils 
White grubs 


Page Reference to Insecticides 


Pyrethrum 1231, rotenone 1231 

Liquid arsenical baits 1227, thallium sulfate 1227, carbon bisulfide 1232, sodium cyanide 1233, mercury bichloride 
1233, naphthalene 1234, thiocyanates 1232, camphor 1234 

Nicotine 1230, nicotine oleate 1230, pyrethrum 1231, rotenone 1231, quassia 1231, thiocyanates 1232, Gam- 
mexane 1234 

Nicotine bentonite 1230 

Poison bran bait 1227 

Fluosilicates 1226 

Kerosene 1229, kerosene emulsion 1229, hydrocyanic acid 1232, sulfur 1232, creosote 1233, DDT 1235, Com- 
pound 1068, 1235, pyrethrum 1231, thiocyanates 1232. Also gasoline 

Lead arsenate 1226, calcium arsenate 1226 

Fluosilicates 1226 

Mercury bichloride 1233, thiocyanates 1232 

Hydrocyanic acid 1232, sulfur 1232, paradichlorobenzene 1234, mercury bichloride 1233 

Lead arsenate 1226, Paris green 1226 

Creosote 1233 

Mercury bichloride 1233 

Sodium fluoride 1227, pyrethrum 1231, rotenone 1231, thiocyanates 1232 

Sulfur 1232, insect repellent 1234 

See bedbugs 

Fluosilicates 1226, pyrethrum 1231, rotenone 1231, hydrocyanic acid 1232, thiocyanates 1232, camphor 1234, 
carbon bisulfide 1232, paradichlorobenzene 1234, sulfur 1232, benzene 1237, phenothiazine 1230, naphthalene 
1234, tobacco dust 1234, cedar chips and oil 1233, silicofluorides 1226 

Lead arsenate 1226, calcium arsenate 1226, fluosilicates 1226, sodium fluoride 1227, borax 1225, DDT 1235, 
pyrethrum 1231 

Nicotine bentonite 1230 

Paris green 1226, lead arsenate 1232, calcium arsenate 1226 

See pubic lice 

Lead arsenate 1232, calcium arsenate 1226, poison bran bait 1227, fluosilicates 1226 

Strychnine 1229 . 

Poison bran bait 1227 

Mercury bichloride 1233 

Repellent tree washes 1234 

Bordeaux mixture 1240, fluosilicates 1226 

Kerosene 1229, nicotine 1230, nicotine oleate 1230, pyrethrum 1231, rotenone 1231, calcium cyanide 1233, DDT 
1235 

Borax 1226, formaldehyde 1227, liquid arsenical baits 1227, pyrethrum 1231, thiocyanates 1232, quassia 1231, 
rotenone 1231, insect repellent 1234, DDT 1235, Compound 1080, 1235 

Strychnine 1229 

Lead arsenate 1226, calcium arsenate 1226, poison bran baits 1227, Paris green 1226 

Calcium cyanide 1233 

Strychnine 1229 

Lead arsenate 1226, poison bran baits 1227 

Kerosene 1229, nicotine 1230, nicotine oleate 1230, pyrethrum 1231, rotenone 1231, Bordeaux mixture 1240, 
thiocyanates 1232 

Pyrethrum 1231, thiocyanates 1232, phenothiazine, 1231, larkspur 1230, mercurials 1230 

Repellent tree washes 1234 

Magnesium arsenate 1226, thiocyanates 1232 

Thallium sulfate 1227, strychnine 1229, ANTU 1227 

Lime-sulfur 1230, wettable sulfur 1232, sulfur 1232, pyrethrum 1231, thiocyanates 1232 

Pyrethrum 1231, rotenone 1231, citronella 1233, insect repellent 1234, DDT 1235, thiocyanates 1232 

Destroy breeding places by draining or oiling the surface with kerosene, phenothiazine 1231, borax 1226 

Naphthalene 1234, paradichlorobenzene 1234 

DDT 1235 

Paradichlorobenzene 1234 

Nicotine 1230, nicotine oleate 1230, lime-sulfur 1230, wettable sulfur 1232, pyrethrum 1231, rotenone 1231, 
kerosene 1229 

Strychnine 1229 

Paris green 1226, lead arsenate 1226, calcium arsenate 1226, fluosilicates 1226, thiocyanates 1232 

See pubic lice, fluosilicates 1226 

Sodium fluoride 1227, nicotine 1230, fluosilicates 1226 

Orthodichlorobenzene 1233, pentachlorophenol 1233 

Mercurial ointment 1230, mercury bichloride 1233, larkspur 1230, DDT 1235 

Strychnine 1229 

Mercury bichloride 1233 

Thallium sulfate 1227, red squill 1228, barium carbonate 1228, phosphorus 1228, strychnine 1229, viruses 1229, 
sodium cyanide 1232, ANTU 1227, Compound 1080, 1228 : 

Azobenzene 1234 

Phosphorus 1227, thiocyanates 1232 

Kerosene 1229, nicotine 1230, nicotine oleate 1230, pyrethrum 1231, rotenone 1231, lime-sulfur 1230, oil emul- 
sions 1230 : 

Repellent tree washes 1234 

Sodium fluoride 1227 

Lead arsenate 1226, calcium arsenate 1226 

DDT 1235, soil compound HC 1235 

Poison bran bait 1227 

Strychnine 1229 

Lead arsenate 1226, calcium arsenate 1226, fluosilicates 1226, thiocyanates 1232 

Liquid arsenical baits 1227, paradichlorobenzene 1233, orthodichlorobenzene 1233, pentachlorophenol 1233, DDT 
1235 

Lime-sulfur 1230, insect repellent 1234 

Kerosene emulsion 1229 and 1233, carbon bisulfide 1233, pyrethrum extract 1233 

Carbon bisulfide 1233, Gammexane 1234 

Kerosene emulsion 1229 and 1233, carbon bisulfide 1233, sodium cyanide 1233, creosote emulsion 1233, arsenate 
of lead 1232 


secticides, one should fully realize the dangers involved tobecome poisoned. Furthermore, fruit and vegetables 
in using such preparations. They may be dangerous’ which have been sprayed or treated with poisons may 


for the operator who must prepare and apply the mate- 


carry the poison to the consumer. Washing such fruits 


rial. They are highly dangerous from the standpoint as apples and pears is a common practice among fruit 
that pets, children, and others are likely to innocently growers. Vegetables such as cabbage, cauliflower, and 
_ find the material or come in contact with it sufficiently lettuce are especially likely to carry insecticide poisons 
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unless considerable care is exercised when the insecti- 
cides are applied. Users of insecticides should be 
cautioned to follow directions carefully and cautiously, 
and avoid keeping insecticides in cupboards and other 
places where food is stored. 

There are some states which have enacted legislation, 
or regulations have been issued through the state de- 
partments concerned, requiring that all powders mar- 
keted as insecticides should be colored with suitable dyes 
(if the powdered product itself is not colored). This 
practice is to be highly recommended. A colored pow- 
dered sodium fluoride or other insecticidal mixture is not 
apt to be mistaken for baking soda or flour, or other 
similar material which is used in the kitchen. 

Pharmacists and Pest Control-—Throughout this 


INSECTICIDES 


chapter the pharmacist has been given an outline of the 
many products available for use in the control of insects 
and rodents, in order that he may more capably serve 
the community as a source of advice on this phase of 
public health. The mere reading of this chapter will 
not make him a pest control expert, however. Expe- 
rience and special aptitudes are required in the success- 
ful pest control operator and carefully trained service 
men are available in this specialized field for handling 
the many problems concerned with the most efficient 
control of insects and rodents. 

Requests for information on rodenticides and rodent 
control should be addressed to the U. 8. Fish and Wild 
Life Service, U. 8. Dept. of the Interior, Washington, 
DEG 


BUSINESS METHODS 


CHAPTER CIV 


THE RETAIL DRUG STORE AS A BUSINESS ESTABLISHMENT 


In the United States of America and in Canada most 
drug stores offer a wide variety of merchandise and 
services to their customers. Much of this merchandise 
and many of these retail services are far removed from 
the practice of pharmacy. 

The great variety of merchandise and services that 
people have come to expect in retail drug stores is really 
an understandable outgrowth of the practice of phar- 
macy. Moreover, the acceptance of this great variety 
of merchandise and services in drug stores by the people 
of the United States and Canada has made the pro- 
fessional services of pharmacy available in many com- 
munities which otherwise would have had to do without 
them. 

The soda fountain and luncheonette service, which 
is now to be found in many thousands of drug stores in 
the United States and Canada, has been a particular 
cause of criticism. About three-fifths of the drug stores 
in these countries are equipped with soda fountains. 
The service offered may range from refreshments to 
complete meals. 

The basis of soda fountain service is the flavoring 
syrups which are used as vehicles in prescriptions. 
Carbonated beverages have their medicinal uses as well 
as their uses for refreshments. Rock candy and hoar- 
hound candy still are extensively used medicinal agents. 
The widespread sale of other confections in retail drug 
stores is, therefore, understandable. 

The traditional sale in drug stores of forms of medica- 
tion to be inhaled by the patient, such as cubeb cigar- 
ettes, provides an explanation of the development of the 
drug store as an outlet for products which are smoked 
for pleasure. 

The prominence of drug stores in the sale of cosmetics 
and other toilet articles and preparations is equally 
easy to understand. The demarcation between prepa- 
rations which are for beautification and those which are 
for relief of human ailments is neither sharp nor para- 
mount. A patient may visit a dermatologist and have 
prescribed for her a special formula face powder suitable 
for her individual allergies and idiosyncrasies. The 
manufacturing processes and the finished product are 
not likely to be basically different from a face powder 
that is mass produced for general sale. 

The customary long hours of operation of drug stores 
have made them logical outlets for the sale of mer- 
chandise purchased in emergencies. Drug stores are 
said to have become the most important outlet for the 
sale of alarm clocks because the need for such a pur- 
chase oftentimes becomes apparent to prospective 
buyers after other types of stores have closed for the 
night. 

The census of retail trade by the United States 
Bureau of the Census, which covered the calendar year 
1939, showed that prescription receipts of drug stores 
amounted to scarcely more than 10 per cent of the total 
sales of these stores. This does not mean necessarily an 
overabundance of prescription compounding facilities 
in retail drug stores. With advances in medical science 
it has been found more practical and economical to 
produce some types of medication under conditions of 
large-scale production rather than to prepare them 
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individually in the prescription laboratory of a retail 
drug store. Asa matter of fact, this same census shows 
that sales of prepared medicines amounted to approxi- 
mately one-fourth of the total sales of all drug stores. 
In addition, sales of drug sundries and surgical supplies 
totaled more than 10 per cent of drug store sales and 
toilet articles and preparations an additional 10 per 
cent. If these percentages are added, it will be seen 
that the receipts from prescriptions and related medici- 
nal articles actually amounted in drug stores, to close to 
three-fifths of the aggregate sales of all drug stores. 

Moreover, it must be remembered that the United 
States and Canada are countries of vast expanse. 
Close to one-half of the population lives on farms and 
in places under 2500 population. More than one- 
fourth of all the drug stores in the United States are in 
places under 2500 population. The total number of 
drug stores was shown by Hayes Druggist Directory 
for 1947 to be about 50,000. With a population in 
the United States estimated now by the United States 
Bureau of the Census to be over 140,000,000, it 
follows that the average population per drug store is 
about 2800. It also follows that, with more than one- 
fourth of the drug stores in the United States in places 
under 2500 population, the chances are that each of 
these stores is likely to be the only drug store in its 
community. 

The total sales of the 57,903 drug stores which were 
reported by the United States Bureau of the Census to 
be in operation at the end of 1939 were $1,562,502,000 
in that year. This is an average per store of a little 
over $25,000. It is estimated by the United States 
Department of Commerce, by Drug Topics, a trade and 
professional journal serving this field, and by other 
responsible authorities, that drug-store sales in 1947 
were nearly $4,000,000,000, or more than 21% times 
the 1939 total. With about 50,000 retail drug stores in 
operation in 1947, it is thus apparent that the average 
sales per store were close to $80,000. 

If it is assumed that prescription receipts in drug 
stores in communities under 2500 population were at 
least as great as the national average, it follows, there- 
fore, that in the pre-war year 1939 the average pre- 
scription receipts of a drug store were about $2500 for 
the year and even in such a post-war boom as existed in 
1947, they were less than $8000. The gross margin 
that a retail pharmacist obtains from the prescriptions 
that he fills is 40 to 55 per cent of his receipts from 
prescriptions, depending upon the extent of the com- 
pounding service which the retail pharmacist is called 
upon to supply. The gross margin realized by a drug- 
store proprietor from prescription receipts in a year 
of $8000 is thus indicated to be $3200 to $4400. On 
annual receipts of $2500 it would be $1000 to $1375. 

The figures given are gross margins. Necessary store 
expenses must be paid from these gross margins. It is 
manifestly impossible, under these circumstances, for a 
retail pharmacist to offer his services unless he has the 
opportunity for income from other sources. The retail 
pharmacist is similar in his situation to that of some 
country hospitals, but with the important difference 
that the retail pharmacist makes up deficiencies in his 
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income ‘by offering other lines of merchandise to his 
customers rather than by calling upon taxpayers and 
benefactors for subsidies and gifts. 

When the practice of pharmacy, as it is carried on in 
the United States and Canada, is compared with that 
in other parts of the world, it is found that in some of 
the metropolitan cities in these countries there are drug 
stores of a size and character far exceeding those in even 
the largest cities of the United States and Canada. In 
contrast, a visit to the rural areas or even to the smaller 
cities shows virtually a complete lack of pharmaceutical 
service and the dependence of this rural and small-town 
population upon witch doctors and other medieval 
devices. 

Retail pharmacists and pharmacy students, therefore, 
have no occasion to apologize for the extent and char- 
acter of the merchandise and services offered in drug 
stores in the United States and Canada. 

The business problems involved in the successful 
sale in drug stores of merchandise and services unrelated 
to the practice of pharmacy are beyond the scope of this 
treatise. For information and guidance in these fields 
the reader is referred to specialized works. 
reports are to be found in trade journals. Readers are 
referred particularly to Drug Store Management, 
by H. C. Nolen and H. H. Maynard, published in 1941 
by McGraw-Hill Book Co.; The Modern Apothecary, 
published by Eli Lilly and Company in the same year; 
and Marketing Drug Products, by Paul C. Olsen, pub- 
lished in 1948 by Rutgers Univer sity Press. 

Pharmaceutical journals likely to be of nacre tec lbs 
interest include Drug Topics, American Druggist, and 
the Journal of the National Association of Retail 
Druggists.- In these books and journals are to be 
found, in turn, detailed references to works on more 
specialized phases of retail trade. 


AVERAGE COSTS AND PROFITS OF DRUG STORES IN 
1946 


Store Expenses 
Proprietor’s or manager’s withdrawals for 


Light and power 
Taxes and licenses 


Advertising 

Telephone 

Bad debts charged off 

Estimated depreciation of fixtures and 
equipment 

Miscellaneous 


Total Expenses 


Net Profit 


Fig.—728 


Other business problems are common to the drug- 
store owner whether his store is one in which half or 
more of the receipts come from prescription compound- 
ing or it is a store in which only a microscopic part of 
the total receipts are derived from professional services. 


Current . 


A BUSINESS ESTABLISHMENT 


It is of the utmost importance to any drug-store pro- 
prietor to know, for example, the amounts ordinarily 
paid for the various items of expense in a drug store. 

Eli Lilly and Company, internationally known 
pharmaceutical manufacturers, has compiled and pub- 
lished annually since 1932 typical figures on costs and 
profits of drug stores. The figures appear each year 
in its Lilly Digest. The 1946 Lilly Digest shows the 
following to be the usual distribution of the receipts of 
drug stores. 

While 67.7 per cent is shown by this study to be the 
average cost of merchandise sold in a drug store, there 
are pronounced differences in average merchandise 
costs for various lines of merchandise commonly offered 
for sale in drug stores. 


AVERAGE MERCHANDISE COSTS BY CLASS OF GOODS 


Prescriptionssmoreniee i oc hae eee ee eee 45 to 60% 
Hospital and sickroom supplies and equipment.. 50 to 60% 
Packaged medicines, cosmetics and toilet articles 65%, 
TLObaccots eee a ees a ene Wee ek eer ete 80 to 85% 
Candy.’ acveteerclee sire iin ahah doped avaustereteaeeon meee acim 65 to 75% .« 
Magazines, newspapers and other periodicals... 75 to 85% 
Packaged liquor swrnce nes. <f0yocrchelet Wena tee nee rier 75% 
Soda fountain, luncheonette and restaurant..... 45 to 55% 
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It is thus apparent that an entirely satisfactory gross 
margin in the tobacco department would be the cause 
of disastrous losses if realized at the soda fountain. 

The retail drug store in the United States and Canada 
is characteristically an establishment in which the 
individual sales are much smaller than are made in 
most other types of retail stores. This is true even of 
receipts from professional services. As recently as 
1946, the Lilly Digest showed the average price of 
prescriptions to be $1.33 each in the United States and 
Canada. In 1939 it was 91 cents. 

The average amount of all sales in drug stores is 30 
to 50 cents each and has not increased greatly under 
post-war boom conditions. The successful operation of 
a drug store thus requires the profitable handling of a 
multiplicity of small transactions. Wastes which 
individually are very small can reach a total large 
enough to cause a store to be unprofitable. 

In a drug store in which the average sale is 30 cents, 
the net profit is shown by the Lilly Digest for 1946 to 
have been less than 3 cents. In a drug store in which 
the average sale was as much as 50 cents, the net 
profit was still less than 5 cents. 

Under these conditions it is not difficult to under- 
stand why the maintenance of records of the financial 
operations is a task that may not be given the attention | 
it deserves. The proprietor has an overwhelming 
number of other responsibilities and duties which often 
appear to be more pressing. 

There is general recognition by drug-store proprietors 
and students of pharmacy that adequate and up-to-date 
financial records are an essential to the successful opera- 
tion of a drug store. Neglect of these necessary 
financial records has been the cause of many failures. 
In other cases this neglect has resulted i in large and long- 
continued losses of income. . 
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Accounting for Credit Sales 


We are indebted to Eli Lilly and Company for their 
generous permission to adopt for use here the following 
material which originally appeared in the chapter on 
Accounting in its book, The Modern Apothecary. Weare 
also indebted to Eli Lilly and Company for permission 
to reproduce here the special forms which appear in its 
Accounting and Record System for the Retail Pharmacy. 

One of the first ways in which a drug-store proprietor 
becomes aware of the absolute necessity of adequate 
accounting records is when a customer says, “Charge 
it,” or, more informally, “Is it all right if I pay for this 
next week?” & 

Even the most careless and indifferent proprietor 
knows that there must be a record of these credit sales. 
The old-fashioned way of keeping track of such trans- 
actions was to write them, one after another, in a big 
blank book, called a day book. When a customer called 
to pay for credit purchases it was necessary to go 
through endless pages of the day book. Perhaps other 
purchases before or after were overlooked in the 
necessarily hasty search through the day book (often 
while other customers were impatiently waiting to buy 
merchandise for cash). Any drug-store proprietor 
knows how embarrassing it is to go back to a charge 
customer and tell him he really owes more than was at 
first reported. 

These are some of the reasons why the old-fashioned 
day book has been replaced in drug stores by much 
simpler and more accurate records of keeping track of 
credit sales. 
credit sale. Some stores use triplicate forms for this 
purpose. One copy is given to the customer at the time 
of purchase, the second is the store record and the third 
copy remains bound in the book in case the store copy 
should be lost. 

On drug-store purchases it has been found generally 
that customers do not care about receiving a copy of 
the sales slip and in a busy store making one out in 
triplicate slows up store work. A single-copy sales 
slip will serve as well if it is handled with the same care 
that cash is handled. These sales slips represent cash 
to be paid at some future date. In some stores single- 
copy sales slips are serially numbered so that any miss- 
ing sales slips can be detected. If this checking is 
made every day the chances are that someone in the 
store will remember the purchases listed on the missing 
slip and who bought them. 


The Cash Register 


The cash register is a mechanical device which is in 
almost universal use in the United States and Canada 
for recording the cash receipts of a retail store. The 
simplest models of cash registers have merely a set of 
keys for various amounts. When the key is depressed 
the amount is recorded and included in a totaling 
mechanism in the cash register. The cash drawer 
which is part of the cash register opens so that the 
store proprietor or employee can deposit in it the 
money received and return to the customer such change 
as may be required. The totaling mechanism may be 
locked or sealed so that unauthorized access to it is 
prevented or at least revealed. 

In order to center responsibility for control of cash 
with individual employees, there are some models of 
cash registers in which a separate cash drawer is pro- 
_ vided for each employee. On this type of cash register 

the employee presses the key recording the amount of 
_ the sale and another key bearing the letter for the cash 


Individual sales slips are used for each- 
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drawer which has been assigned to him. The use of a 
multiple drawer cash register increases the amount of 
cash that must be kept on hand in the store for change. 

More elaborate models of cash registers have a re- 
movable paper tape on which the individual amount of 
each transaction is recorded. On some models it is 
possible to record sales by classes of merchandise and 
also amounts paid out. Separate recording is possible 
on some cash registers for cash and credit sales and 
money received on account. Cash registers which print 
receipts showing the amount of each transaction have 
been in use for many years, but, as is the case with 
sales slips for credit sales, customers have little interest 
in these individual receipts. As a consequence, the 
receipt printing device on cash registers has fallen 
largely into disuse. 

Some models of cash registers can be used effectively 
to reduce losses from failure to keep track of sales on 
credit. On these models the cash registers are equipped 
so that the sales slip for a credit sale can be imprinted 
by the cash register with the amount of the sale. It is 
also possible to use the receipt printed by the cash 
register as a sales slip. Whichever method is used, the 
watchful proprietor keeps track of the cash he takes in 
each day and puts it in a safe place when he closes the 
store at night. The same thing should be done with 
the sales slips made out during the day for credit sales. 


“Posting”? Credit Sales 


After the sales slips received in a day have been 
checked to see that none are missing, they are sorted 
alphabetically by customers’ names. The next step in 
making the permanent record of these credit purchases 
is called ‘‘posting to customers’ accounts.” The old- 
fashioned way was to enter these sales slips, one by one, 
on pages in a book that accountants call a “ledger.”’ 
Each customer was assigned a separate page in the 
ledger. On the left-hand side of the ledger page the 
amounts of the purchases on credit by the customer 
were recorded, day by day, and on the right-hand side 
the dates on which payments were made by the custo- 
mer were recorded. 

Then, at the end of the accounting period, the con- 
tents of these ledger pages were copied on the bill that 
was given or mailed to customers. These bills are 
sometimes called “statements.”’ The usual accounting 
period for drug stores is the calendar month. In some 
retail trades bills are made up weekly. In others they 
are prepared less frequently than once a month. 

Preparing monthly bills in this manner is tiresome 
work. There is great possibility of costly and em- 
barrassing errors. Drug-store proprietors are often 
late in getting their bills made up this way and people 
have a habit of thinking that a store which is late in 
sending its bills is in no hurry for its money. They 
pay the prompt and insistent creditors first. 

One method which eliminates most of the drudgery 
in getting out bills to customer and insures their get- 
ting bills promptly on the first of the month is the use 
of a carbon copy billing ledger. 

Instead of posting individual sales slips to a ledger 
page and then copying these records on the customer’s 
bill or statement, the sales slips are posted directly to 
the customer’s bill. The heading for this bill is made 
out at the first of the month or other accounting period. 
As purchases are made on credit during the accounting 
period, they are entered on this bill. A carbon copy. 
of the bill is made at the same time and this provides 
the store with a record of what has been bought. At 
the end of the accounting period the bill is totaled, any 
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unpaid balances from previous purchases are added, 
and the bill is placed in an envelope. No envelope 
addressing is necessary if window envelopes are used. 
The use of window envelopes also avoids the possibility 
of a customer getting a bill not intended for him. The 
copy of the bill is also removed and filed separately in 
case there is ever any question about the details of a 
customer’s account. 

Payments made by customers are credited on the 
current bill that is being prepared for them. The 
ordinary charge slips or sales slips may be used for the 
original record of the payments that customers make 
on account or special slips marked “Received on ac- 
count’’ may be used for this purpose. 

In the loose-leaf book on which customers’ bills and 
the duplicates of them are prepared there is also a sheet 
for each customer which shows, in the left-hand 
column, the total amount of the customer’s purchases 
each month or other accounting period and, in the right- 
hand column, the payments that he has made for these 
purchases. Any amount by which the total of the left- 
hand column exceeds that of the right-hand column is 
the amount that the customer owes on unpaid charge 
purchases, other than for those during the current 
accounting period. This double-column sheet remains 
in the loose-leaf book. 

This method of keeping track of customers’ purchases 
on credit in a drug store is sufficient for stores with as 
many as 1000 separate accounts. For a larger number 
of accounts it is desirable to consider installation of 
mechanical bookkeeping methods. They operate on 
essentially the same principle and bear the same re- 
lationship to the handwritten methods as typewriting 
does to penmanship. The bookkeeping machine is 
basically a combination of an adding machine and a 
typewriter. The customer’s bill or statement is 
prepared in typewritten form on the bookkeeping ma- 
chine. The bookkeeping machine also adds and sub- 
tracts mechanically the amounts of an individual 
customer’s purchases on credit and the payments 
received from the customer. 


The Adding Machine 


Even though the amount of sales on credit does not 
justify the use of mechanical bookkeeping methods, 
it is well for the drug-store proprietor to consider the 
purchase of an adding machine. The cash register can 
be used as an adding machine but this is a cumbersome 
and slow substitute. 

Adding machines are of two types. On one type 
there are ten keys, one for each digit. Numbers to be 
added are recorded in the machine by pressing the 
appropriate key in the proper sequence. 

The other type of adding machine contains a bank 
of keys, each with the same number. An adding ma- 
chine of this type of small capacity will have five parallel 
lines of keys in vertical rows for the digits from 1 to 9. 
The number to be recorded is put on the adding machine 
by pressing the appropriate digit in the proper column. 
When a zero is to be recorded in a number being added, 
no key is pressed in the column in which the zero is to 
appear. An adding machine of this type with a bank 
of five keys is limited in its capacity to numbers with 
no more than five digits. This is enough for most 
drug stores. Some models of adding machines have as 
many as twenty banks of keys. Hand-operated models 
are sufficient for store use and are considerably less 
expensive than the electrically operated types. 

A device to be found on late models of adding ma- 
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chines provides for direct subtraction as well as addi- 
tion. This has proved to be a very useful feature. 
Machines which multiply and divide mechanically are 
also available. They are usually known as calculating 
machines. ‘There is ordinarily not enough use for them 
in a drug store to justify their purchase. 


Monthly Summary of Accounts Receivable 


If the drug-store owner merely maintains records’ of 
the individual amount of each customer’s purchases on 
credit he will deprive himself of vital information that 
other store owners have found invaluable. A monthly 
summary of accounts receivable from customers shows 
just how successful the store has been in collecting the 
money customers owe. Fig. 730 shows a simple form 
that provides this information. If desired the summary 
can be prepared on a weekly basis. 


MONTHLY SUMMARY OF ACCOUNTS RECEIVABLE FROM 


CUSTOMERS 
diol il al| Rig bl welslels 
5 6] 8 
SoS SS 22 |Zielélala 


1. Total amount of customer’s 
unpaid accounts first of 
month 


2. Charge 
month 


Add lines 1 and 2 


sales during this 


4. Received on account this 
month 


5. Total amount of customer’s 
unpaid accounts end of 
month (Subtract 4 from 3) 


Fig. 730 


If the total of customers’ unpaid charge accounts 
is shown on this form to be rising at a faster rate 
than charge sales are increasing, that is a warning that 
customers must be getting behind on their payments. 
Study of individual accounts is then indicated. 


The Store Bank Account 


In addition to the credit records that a drug-store 
proprietor must keep, he cannot very well avoid keep- 
ing track of the bank checks that he writes and of his 
bank balance. It is virtually impossible, under present- 
day conditions, to conduct a drug store of even the 
smallest size without the use of a bank account. This 
bank account is sometimes referred to as a “checking 
account.’’ ‘To open the bank account it is ordinarily 
necessary for the prospective bank depositor to visit 
the bank personally. There he will be asked for busi- 
ness references and for a copy of his signature to be 
placed on file in the bank for comparison with his 
signature on bank checks and other financial documents. 

A bank account is said to be ‘‘opened”’ by depositing 
in the bank currency, coin, bank checks, money orders, 
and other instruments which, in commercial life, are 
considered to be equivalent to cash. Each time the 
depositor places cash or its equivalent in his bank 
account he is asked by the bank to prepare a deposit 
slip showing the amount which he has placed in his 
bank account. Banks ask that checks and money 
orders be listed individually on the deposit slip. This 
is to facilitate their identification with the account of a 
particular depositor in case there is any difficulty in 
collecting payment. A form of deposit slip appears in 
Fig. 731. 
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FORM OF DEPOSIT SLIP 


ag 


THE PENNSYLVANIA COMPANY 
Bank and Safe Deposit Company 


19 


(Depositor’s name) 


DOLLARS | CTS. 


Notss 


Coin 


TOTAL CASH 


Checks (Enter Singly) 


(If in City, name of Bank, if out of 
City, name of place where payable) 


Toran 


Fig. 731 


When a deposit is made, the date and amount of it 
are recorded on the depositor’s bank book. The bank 
book is a sturdily bound book consisting of a series of 
ruled pages. Each depositor is given a bank book when 
he opens his account. This notation in the bank book 
serves as the depositor’s receipt. This notation in 
the bank book is made at the bank by a clerk known as a 
teller who receives the deposit. 

Money is withdrawn from a bank account by the 
use of bank checks, signed by the depositor. A form of 
bank check appears in Fig. 732. The form shown is 
known as a personal check. Other and more elaborate 
forms have the depositor’s name printed on them and 
may even include illustrative matter about the de- 
positor’s business. 


FORM OF BANK CHECK 


PHILADELPHIA, PA. 19___No. 


THE PENNSYLVANIA COMPANY 3-2 


BANK AND SAFE DEPOSIT COMPANY 


AY TO THE 
ORDER OF $ 


DOLLARS 


Fig. 732 
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For some types of payments a personal check is not 
acceptable. The person receiving the payment may be 
located at a distance and may be personally unac- 
quainted with the financial responsibility of the person 
writing the check. In such cases, a bank draft or a 
cashier’s check may be used. Commercial banks main- 
tain their own accounts with other banks in different 
parts of the country. A check drawn by a bank on its 
own account in another bank is called a bank draft. 
To obtain a bank draft for personal use the individual 
depositor directs that the amount of the bank draft be 
deducted by the bank from the money in his personal 
account. The bank draft is then sent by the individual 
depositor to the person to whom he is making the 
payment. 

The bank cashier’s check is also a substitute for the 
personal check in cases in which the personal check is 
not acceptable. The cashier’s check is signed by an 
official of the bank and its amount charged against the 
account of the individual depositor requesting the 
cashier’s check. A cashier’s check is then given or 
sent by the individual depositor to the person to whom 
he is making the payment. 

The fees charged by a bank for bank drafts and 
cashier’s checks are nominal. Sometimes these services 
are supplied to the depositor without charge by the 
bank. 

Money orders serve the same purpose. They are 
issued in the United States and Canada by the Post 
Office Department and by express companies. Many 
drug-store proprietors have acquired a familiarity with 
postal and express money orders through the mainte- 
nance in their stores of postal substations and express 
money order agencies. In the case of the postal money 
orders, such compensation as the proprietor receives 
is in the form of an agreed over-all fee for operating the 
postal substation. For express money orders, the 
agent is allowed part of the fee collected from the pur- 
chaser of the money order. 

Postal and express money orders are convenient, safe, 
and economical methods of transmitting money by mail 
by persons who do not have checking accounts in com- 
mercial banks. A drug-store proprietor.-may receive 
money orders as well as personal checks of his customers 
in the course of trade. When they are deposited in the 
store proprietor’s bank account, they are first endorsed 
with the proprietor’s signature on the reverse side as 
acknowledgment by the depositor of receipt of the 
amount of money specified in the money order or bank 
check. If a depositor receives a large number of 
checks in the course of his business a rubber stamp 
endorsement, instead of a handwritten signature, is 
permissible and a timesaver. 

When a drug-store proprietor accepts a money order 
or bank check in the: course of trade and. places his 
endorsement. on it, he assumes a responsibility for 
payment of the amount represented by the money order. 
or bank check. If a money order or bank check is 
accepted by a store owner from anyone other than the 
rightful owner, the first responsibility for any resulting 
loss would fall on the store owner. He assumes this 
same responsibility for money orders and bank checks 
that are fraudulent in any particular. The store owner 
in turn would seek redress from the person from whom 
he received the money order or check. Thus in accept- 
ing money orders and bank checks in the course of 
trade, the store owner should know that he can find the 
person who has: presented the money order or bank 
check in case there later should be any difficulty about 
its payment. . 
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Most banks send to each depositor a statement which 
shows the checks that have been paid from his account 
during the month. The cancelled or paid checks are 
returned with the statement. This statement also 
includes a record of the deposits that were made during 
the month and the amount of money that the depositor 
had in his account at the end of the month. 


“RECONCILEMENT” OF THE STORE BANK ACCOUNT 


Studies that have been made of unsuccessful drug 
stores over a long period of years show that one of the 
most important causes, if not the most important, of 
failure of these stores is an unwillingness to take full 
advantage of the information that is provided each 
month on the bank statement. The first step in this 
direction at the end of each month is to reconcile the 
bank balance as reported by the bank with the deposi- 
tor’s own record. A simple form for such a reconcile- 
ment is shown in Fig. 733. 


FORM FOR RECONCILEMENT OF BANK STATEMENT 
WITH DEPOSITOR’S RECORD 


1. Balance as per bank statement.............. 


2. Deposits en route to the bank but not yet 
credited by: the bank unene eee eee 


Shee Lotali(addslvand!2) seme aetoeeincreneh nets 
Deductions 


4, Outstanding checks total.......... Dc neces 
5. Bank charges not previously 
recorded 


Gee _Lotala(adds4vandy5)memaatre teins eiertsrtene etter 


7. Actual bank balance (subtract 6 from 3)..... 


Fig. 733 


This reconcilement is necessary because of checks 
written which may not have been paid by the bank 
at the end of the month. There is also the possibility 
of deposits at the end of the month which have not yet 
been credited to the depositor’s account. 

Of even greater importance than this reconcilement 
of the drug-store proprietor’s cash in his bank account 
at the end of each month is the further reconcilement 
of this:cash balance with the cash income and outgo 
of the store for the month. This is not difficult. Figure 
734 is a simple form for this vitally necessary informa- 
tion. 

If there are any differences between the calculated 
amount of cash on hand, and in the bank, and the 
amount reported by the bank and that shown by a 
count to be in store and in the bank account, there is 
time for an investigation and reconcilement while the 
circumstances of the month’s transactions are still fresh 
in mind. 

When this reconcilement has been completed at the 
beginning of the month it also is of the utmost impor- 
tance to the store proprietor to make a forecast of his 
financial requirements for the coming month. A 
sample form for preparing such a forecast is shown in 
Fig. 735. 
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MONTHLY VERIFICATION OF CASH ON HAND AND 
IN THE BANK 


——— 


1. Total of cash sales during the month | 


2. Excise tax collections 
3. Sales tax collections 


4. Cash received on account from 
credit customers 


5. Miscellaneous cash income and 


receipts 


6. Cash on hand, and in bank, start 
of first day of month 


7. Total of lines 1, 2, 3, 4, 5, and 6 


Se 
8. Total cash paid out during the | 
month 


bank, last of month (subtract 
8 from 7) 


9. Cash now on hand, in store and in | | 


Fig. 734 


Cash now on hand and in bank. . 


2, Estimated cash sales next month 


3. Estimated collections on charge 


see eee 


4. Estimated miscellaneous cash in- 
come next month 


5. TOTAL CASH EXPECTED to 
be available next month................. Sie eee 


Accounts payable.............. 


Notes payable next month...... 


eee rene 


8. Estimated merchandise purchases 
next month for cash.......... 


see ewer 


ee enone 


Store expenses next month...... 


see ecee 


10. Personal withdrawals........... 
TOTAL CASH NEEDED next month...... 


Cash balance expected at end of next month 
(Subtractsb: from’.5) onan teins 


sete eee 


Fig. 735 


Expense Control 


In a drug store the cash receipts are composed of 
cash sales in the various departments of the store; 
money that is paid on account by customers who have 
bought on credit; collections from customers of federal, 
state, and municipal sales and excise taxes; and mis- 
cellaneous income, such as. subrentals, commissions, and 
dividends. Cash also may be received as a result of 


_loans that the proprietor makes to carry on his business 


and, too, there may be payments to him of loans that 
he had made to others. 

The money that is paid from the store receipts goes 
for merchandise that is to be sold in the store and for 
transportation of this merchandise to the store. Cash 
is also paid from the store receipts for the various costs 
of operation of the store. The usual classification of 
expenses in a drug store, as well as the usual amounts 
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of these costs, appears in Fig. 728, on page 1244, ‘“Aver- 
age Costs and Profits of Drug Stores in 1946.” 

From the cash receipts of the store, the proprietor 
also may take money for his personal expenses and, from 
time to time, he may make payments on various kinds 
of business and personal indebtedness. Money that 
was borrowed for part of the original investment in the 
store may be repaid from the subsequent earnings of 
the store. Installments due on fixtures and equipment 
bought on a time-payment plan are likewise met from 
this future income. Some of these expenditures are 
paid directly from the store cash while, in other cases 
—particularly those involving large amounts—-a check 
is drawn against the store cash which is on deposit in 
the bank. From a theoretical standpoint, at least, it 
thus appears that keeping track of the store cash 
involves simply getting together all the money that the 
store takes in and subtracting from the total the amount 
that was paid out. The difference is the amount the 
store had on hand, as shown by the bank statement and 
the cash that is in the store. 

There are many different ways of carrying on this 
adding and subtracting process. Some require an ex- 
tensive knowledge of bookkeeping and accounting. 
Other methods involve tedious and time-consuming 
work. Some methods may produce a few of the desired 
results, but they are often found to conceal many useful 
facts about the financial operations of a drug store. 
These facts, if they were known and apparent to the 
proprietor, could be employed by the proprietor to 
control his operations more successfully. 

Simple forms have been devised which permit a drug- 
store proprietor, without any technical knowledge of 
bookkeeping or accounting, to keep the necessary 
financial records of his store, completely and accurately, 
and in a manner which permits him to analyze and de- 
tect immediately any unprofitable tendencies in his 
_ operations that are revealed by these figures. 

The Accounting and Record System, published by 
Eli Lilly and Company, was designed for drug stores 
especially for this purpose. Other simplified account- 
ing and record systems are available. 

A complication in keeping the financial records for 
any drug store is the fact that just as some drug-store 
* customers do not pay for their purchases when the 

merchandise is received, there are some purchases 
which the proprietor himself makes that he does not 
pay for until later. Accordingly, it is necessary to 
keep track of the amount that is owed on merchandise 
and other supplies and services that have been received 
but not yet paid for. Proper records must be main- 
tained also for required deductions from employees’ 
pay for income and other taxes and for other allowable 
purposes. Thus the record of the cash receipts and ex- 
penditures is not a sufficient guide. A proprietor 
watching cash receipts and expenditures alone may de- 
ceive himself into thinking his store is more successful 
than it really is because he has failed to note the ever- 
increasing total of unpaid bills for merchandise and 
supplies. Figure 736 shows a simple form, by the use 
of which any drug-store proprietor can keep track of 
the total amount that he owes from month to month on 
unpaid invoices for merchandise and supplies and 

services. 

It is also important for a drug-store proprietor to 
have readily at hand a record which shows, without too 
much figuring, just how much he owes on unpaid 
promissory notes and other funded indebtedness. The 
proprietor of a drug store may become indebted to a 
manufacturer of fixtures and equipment for an amount 
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MONTHLY SUMMARY OF ACCOUNTS PAYABLE 


1. Total amount of invoices listed this month... $....... 
2. Total amount of unpaid invoices first of this 

TaUOVOT El Or, cents aan SMT era RCD hook cee ede rary aes 
OMA COgine tant sem ntsatsssbeaisins Pete cone LEA EA 


4. Total amount of invoices listed this and previ- 
ous months which were paid this month... $....... 
5. Total amount of unpaid invoices end of this 
Monto (Subtract THOM NS). ej. e)aae see ele 


Fig. 736 


which is beyond the immediate capacity of the store 
proprietor to pay. Nonetheless, such an indebtedness 
may be desirable because fixtures and equipment are 
purchases for use rather than for resale and this period 
of use may extend over a long term of years. Therefore 
the payment for the fixtures covers a considerable num- 
ber of years. As evidence of this indebtedness, the 
drug-store proprietor ordinarily gives a promissory 
note. Usually it calls for repayment in installments, 
but he may give a series of notes, each due at varying 
dates. 

As in the case with fixtures and equipment, the 
proprietor of a drug store may incur a large indebted- 
ness in the purchase of a building occupied by his store. 
Here, too, the expected period of use of the building 
extends over many years. Accordingly, part of the 
payment for the building may be extended over a 
similar period. Such an indebtedness is usually called 
a mortgage. The mortgage may call for its repayment 
in its entirety at some designated future dates. The 
modern forms of mortgages provide, however, for 
periodic reductions in the amount of the mortgage, 
often on a month-to-month basis. 

Figureis 737 a convenient form for keeping track of 
amounts owed on notes payable. 


MONTHLY SUMMARY OF NOTES PAYABLE 


1. Total amount of new notes signed this month $....... 


2. Total amount of unpaid notes first of this 
mon 


4. Total amount of payments this month on prin- 
cipal of MObes tame rpou cary came Moose eel eeme eee 


#1 .6) @ caneirettal 


Total amount of unpaid notes end of this 
month (Subtract 4 from 3) 


Fig. 737 


Employees’ Records 


Records of dates of employment of individual em- 
ployées, hours worked, rate and amount of pay and de- 
ductions made are required of drug-store proprietors 
and other employers by federal and state unemploy- 
ment compensation laws and the Federal Old Age Bene- 
fit Act. These records are also required for individual 
employees in states with minimum wage laws. 

A simple but adequate record form for individual 
employees is shown in Fig. 738. Other record forms 
suitable for this purpose may be obtained from com- 
mercial stationers in book or loose-leaf binding. 


INDIVIDUAL COMPENSATION RECORD 


Name of Employee 
Home Address 


Home Telephone No. 


Sex 


Social Security No. 


Marital Status Date of Birth 


Date Employment Began——— Date Employment Ended— 


Hours Total *Deductions Net 
Date | Worked | Weekly Weekly 

per Week| Earnings Earnings 
Totals 


= 


* List those deductions from total earnings which are authorized by 
law. 
Fig. 738 


Valuation of the Merchandise Stock 


Merchandise stock is cash. Just as the proprietor 
should verify regularly by an actual count the amount 
of cash he has, he should make a similar count periodi- 
cally of the amount of cash that is represented by the 
merchandise stock in his store. Without such a count 
it is impossible for him to tell, even with the records 
previously described, just how much money he is mak- 
ing from the operation of his store. Without an inven- 
tory there is no record of invested capital and therefore 
it is impossible to determine the return per dollar in- 
vested. Inventory reveals dead and moribund stock. 
It brings to light merchandise likely to be overlooked. 
It is a check on insurable values. 
basis for claims in case of fire or other catastrophe. 
It takes the guesswork out of tax reports. It provides 
the basis for loans. It is the only key to gross margins. 

Suppose at the beginning of one year a drug-store 
proprietor’s merchandise stock had a value of $3000 
but the proprietor did not know this because he made 
no count of the amount of cash represented by this mer- 
chandise stock. At the end of that same year, suppose 
the amount of merchandise stock on hand was $2000, 
but again he did not know this because he took no in- 
ventory. The figures this proprietor had on the money 
taken in and paid out in his store during the year would 
indicate that he had made $1000 more profit than ac- 
tually was the case. Actually, the proprietor had not 
only sold out all the merchandise he bought for the 
store during the year but an additional $1000 of mer- 


chandise on hand at the beginning of the year that was 
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not replaced. Well-managed drug stores reflect a 
balance between inventory and sales. Inventories not 
only have a way of shrinking during the year but there 
is also ever present the danger of too much expansion. 
Overexpansion of inventories causes the profit and loss 
statement to show a profit that is represented only by 
stock on the shelves instead of cash in the bank. 

Inventory taking in a drug store is not difficult if 
systematic plans are made in advance. There are the 
five easy steps which reduce to an absolute minimum 
the work of taking an inventory of the merchandise 
stock in a drug store. 

1. Divide the store into sections and label each section. 

2. List the items, using a separate sheet for each section. Ruled inventory 
forms of the type shown in Fig. 739 may be purchased at a nominal 
cost from commercial stationers. At this step do not bother with 

‘» __ quantities or prices. 

3. When ready to count the stock, enter quantities on the sheets by section. 

in Price, when convenient, at actual cost. 


Determine total value of inventory by additions of stock values: by items 
and sections. 


FORM FOR MERCHANDISE STOCK INVENTORY 


INVENTOR Ye... fo: ee 4 ieee eee PAGH eens 
SHNET NO. Wa cdc aeohs nee a Rett ces ne ener PRICED BY? sane eee 
CALLED! Beg chee DHPARTMENT,........ EXTENDED BY......... 
ENTHRED BY.......:-; TOVOINGNTOI A aamecary oe UA EXAMINE DEB Yael 


Check Unit 


i Extensions 


Description V 


It establishes the 


AMOUNT FORWARD 


Fig. 739 


Insurance 


Insurance provides the drug-store proprietor with 
protection against many of the hazards of store opera- 
tion. Most of these hazards are beyond the control 
of the individual owner. In general, there are two types 
of organizations which issue insurance. One is the com- 
panies which are operated for private gain. They are 
called stock companies. The other is the companies in 
which the persons insured are also the owners of the 
insurance company. These companies are called 
mutual insurance companies. ° 

It is the contention of the mutual insurance com- 
panies that the cost of insurance in a company in which 
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there are no stockholders seeking private gain is bound 
to be less than in a stock company. On the other hand, 
the very survival of the stock companies is proof that 
in the judgment of the millions of people who buy in- 
surance from them, they provide a service which is 
attractive in relation to its cost. 

The insurance policy is a contract between the person 
insured and the insurance company that in exchange for 
a payment called a premium, the insurance company 
will pay losses up to a designated amount for specified 
hazards. 
is in force is ordinarily a minimum of one year. When 
the term for which an insurance policy has been issued 
has ended, the policy to remain in force must be re- 
newed for another term by the payment of an addi- 
tional premium. 

In the insurance business there is usually a sharp 
distinction between life insurance and the other forms 
of insurance. These other forms are most often re- 
ferred to as property and casualty insurance. Most 
of the life insurance companies are mutually owned by 
their policyholders. Their insurance policies are usually 
sold by agents paid on commission who represent a 
single company in their communities. In Massa- 
chusetts and New York savings banks are permitted to 
sell life insurance policies. 

The mutual insurance companies that issue policies 
for property and casualty hazards generally sell their 
policies through their own branch offices and salaried 
agents. The policies issued by stock companies are 
sold on a commission basis by agents who are called 
brokers. Since the insurance brokers depend for their 
income on commissions on the policies they sell and re- 
new, it is to their interest to provide a service that is sat- 
isfactory to their policyholders. Likewise the stock 
companies depend upon these brokers for their own 
business. Thus when the policyholder is so unfortu- 
nate as to suffer a loss for which he has an insurance 
policy, the insurance broker from whom he purchased 
the policy can provide skilled and effective assistance. 

This is particularly important to a policyholder as a 
property loss or casualty is apt to put him in a most 
upset frame of mind. The local insurance agent or 
broker serves as an informed advocate and adviser for 
the policyholder. The insurance company is bound to 
respect his judgment and recommendation because the 
relationship between company and broker is that of 
supplier and customer. 


FIRE INSURANCE 


Fire insurance policies usually cover not only losses 
from fire itself but other losses resulting from the fire, 
such as from smoke and water. In addition, modern 
fire insurance policies cover losses from such related 
hazards as tornadoes and other windstorms; rain, hail, 
and snow; falling aircraft and damage from other ve- 
hicles; and also riot and strike damage. 

Fire insurance policies may be issued for one, two, 
five years or longer. There are worth-while discounts 
for the longer terms. Moreover, most insurance com- 
panies will cancel insurance policies not needed and 
charge the policyholder only the rate applicable for the 
term the policies were in force. 

‘The drug-store proprietor should purchase fire in- 
surance in adequate amount. Otherwise a provision 
in most fire insurance policies known as ‘‘co-insurance”’ 
becomes effective. A store owner seeking to economize 
may buy an insurance policy which reimburses him for 
losses from fire and related causes up to a maximum of 

$5000. The property insured has an actual value of 


The term during which an insurance policy - 
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$10,000. If this store owner has a loss by fire amount- 
ing to $500, the insurance company will pay him only 
$250 for the loss. The insurance company contends 
that the store owner has elected to be a “‘co-insurer”’ 
to the extent of 50 per cent of the value of his property. 
Therefore the store owner must assume 50 per cent of 
any loss he experiences. 

Use and occupancy insurance is a form of insurance 
related to fire insurance that is desirable for most 
drug-store proprietors. This provides compensation 
for losses resulting from inability to use the premises 
after a fire or other catastrophe. This policy would 
provide compensation for the expenses of the proprietor 
establishing himself in a temporary location while his 
store is being repaired. 


OTHER INSURABLE PROPERTY LOSSES AND HAZARDS 


Other forms of property loss against which it is de- 
sirable for a drug-store owner to have the protection of 
an insurance policy include burglary and robbery. 
Such a policy should cover not alone the property stolen 
but also the property damage resulting from the 
burglary or robbery. It should cover losses from 
holdup and robbery of store employees while on de- 
liveries and other business away. from the store. 

Plate glass is another property hazard for which an 
insurance policy is appropriate. The store owner 
usually has the responsibility for replacing broken 
plate glass even though he only rents the store. 

If the building is heated by hot water or steam and 
the store owner takes care of the heater, he should buy a 
special type of insurance policy called boiler insurance. 
The insurance company provides a periodical inspection 
service in addition to compensating its policyholders for 
damages from boiler explosions. 


WORKMEN’S COMPENSATION 


Most states require employers to assume responsi- 
bility for compensation to employees for injuries suf- 
fered in their work. It is common also to provide com- 
pensation for injuries resulting from occupational 
diseases. This compensation may be for medical and 
funeral expenses. It may be to provide compensation 
for loss of income or, in the case of permanent injuries, 
for loss of future earnings. 

Without an insurance policy to cover his liability 
under a state workmen’s compensation law, a store 
owner may well experience such a loss as to put him 
out of business. 


PUBLIC LIABILITY 


The store owner also may be responsible for injuries 
suffered in his store by customers or even passersby 
from slippery floors, icy sidewalks, and open cellarways. 
Insurance policies not only provide the store owner 
with reimbursement for justifiable claims but also pro- 
vide him with capable and experienced representation 
against unfair and nuisance claims. 

These public liability insurance policies also provide 
for compensation for claims against the store owner 
and his employees when acting in his behalf away from 
the store. Such a policy would cover personal and 
property damage by bicycles, motorcycles, automo- 
biles, and other delivery vehicles. It also is desirable 
to have insurance policies for these vehicles used for 
store work for damage from fire, theft, and collision. 
The nature of the operations of a retail drug store also 
makes a products liability insurance policy of the ut- 
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most importance. This covers such claims as those 
arising from the sale in the store of refreshments and 
other foods and beverages prepared in the store. 

For articles sold in the store in their original pack- 
ages, there is an implied warranty to the store by manu- 
facturers and other suppliers. Therefore claims of 
damage against a store for articles purchased there in 
original packages are mostly the responsibility of the 
supplier and not of the store. The store’s public 
liability insurance policy nonetheless may prove to be a 
protection if the supplier fails to meet his obligation. 

In addition to these two forms of public liability in- 
surance, the drug-store proprietor needs a form of pro- 
tection known as professional malpractice or duggists’ 
liability insurance. ‘This insurance policy provides for 
financial reimbursement to the store owner of claims by 
customers for such mistakes as prescription errors, 
misinterpretation of instructions of professional and lay 
patrons, sales of poisons and other dangerous articles by 
unqualified employees, and their wrongful sale to 
children and others incapable of safeguarding them- 
selves. 

Fidelity bonds are a form of insurance policy by 
which an employer obtains compensation for thefts of 
money, merchandise, and other valuables by his own 
employees. Apart from this protection, the investiga- 
tion which an insurance or bonding company makes of a 
prospective employee before it will issue a fidelity bond 
reveals facts which either support or change the store 
owner’s own judgment of the prospective employee’s 
character. 


LIFE INSURANCE 


Life insurance has business as well as personal values. 
If one person is the owner of a drug store, his purchase 
of life insurance increases the amount of cash available 
for settlement of his debts if he dies while the insurance 
policy is in force. Some policies provide for payment 
if the person becomes totally disabled. 

When a drug store is owned by two or more partners, 
life insurance on each partner payable to the surviving 

‘partners can provide the cash to enable these partners 
to buy from the heirs the interest of the deceased part- 
ner. In such a case the premium payments made for 
this life insurance are regarded by the partners as a 
business expense. 

Life insurance, unlike almost every other form of 
insurance, increases in value with each year it is con- 
tinued in force. The life insurance companies make a 
practice of charging more for their services than the 
amount they pay out in claims, operating costs, and for 
necessary reserves during the early years a life insurance 
policy is in force. This practice makes possible the 
payment of the same annual premium throughout the 
life of the policy instead of a premium which steadily in- 
creases with the advancing age of the person insured. 
The excess paid in the early years the policy is in force 
is credited to each policyholder and is called the ‘‘cash 
surrender value’’ of the insurance policy. As the name 
indicates, this is the amount that is returned to the 
policyholder if he discontinues his life insurance. It 
likewise is of value to the policyholder if he continues 
his life insurance. He can use the cash surrender 
value as security for a loan or advance from his life 
insurance company. If the life insurance policy is 
paid before the loan is repaid, the amount of the loan 
is deducted from the amount due from the life insurance 
policy. 

Life insurance is also unique among insurance policies 
in that once contracted for, the policies continue in 
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force as long as the policyholder makes the payments 
due. Other forms of insurance may be discontinued 
by an insurance company at the end of a period for 
which a premium has been paid. The single exception 
in life insurance is “‘term insurance,” a low rate form of 
life insurance, which is issued for a designated number 
of years. 

The periodical payments made by a policyholder for 
a life insurance policy are called premium payments. 
Premium payments are most often made once a year 


- but arrangements can be made to pay them at more 


frequent intervals. 

Combinations of life insurance and payments for 
other personal hazards are offered by most life insurance 
companies. In addition to payments for total disabil- 
ity, there are periodical and lump sum payments for 
partial disability. It also is possible to have the choice 
of payment in installments or in a lump sum when the 
policyholder attains a specified age or has made a 
specified number of premium payments. 

Similarly, the premium payments may be in one or a 
designated number of payments. For all of these 
features there are necessarily different charges. For 
the person beginning a career who is seeking maximum 
life insurance protection at a minimum cost, these 
special features hold little attraction. Such a recom- 
mendation may not be made by a life insurance agent 
because his compensation is commonly a percentage of 
the premium paid by the policyholder in the first few 
years the policy is in force. 

Accident, health, and hospitalization features may 
be obtained on a term basis from insurance companies 
and from other organizations specializing in this form 
of protection. These policies provide payments for 
medical expenses and may include weekly compensa- 
tion payments while the person insured is wholly or 
partially disabled. They may also provide for lump 
sum payments for accidental death and for various 
enumerated injuries. The amount and extent of this 
protection should be carefully reviewed by the prospec- 
tive policyholder. ‘The following important observa- 
tions on this subject by L. R. Ringer appear in The 
Modern Apothecary. 


“Price Buying 


“Insurance and drugs are two things which cannot be bought 
safely on the basis of price alone. Major variations in quality 
usually account for price differentials in things which appear to 
be the same, but actually are vastly different. In the long run, 
cheap insurance is almost certain to prove disastrously expensive. 


“Selection of Agent or Broker 


“The prudent pharmacist will use just as much care in the 
selection of his insurance agent or broker as he would use in the 
selection of a business partner. Since the average merchant has 
neither the time, the training, nor the facilities for making an ex- 
haustive study of insurance in all its ramifications, he must dele- 
gate many important decisions to his insurance adviser. Mani- 
festly, such an adviser must have a wide variety of highly special- 
ized training, he must be unprejudiced and unbiased in his de- 
cisions, and must always put his clients’ welfare ahead of his 
own. : 
“The most important responsibility of all insurance men is to 
place their clients’ insurance in companies which are absolutely 
sound. It is axiomatic that if you find the right type of agent or 
broker, he will see to it that your insurance contracts are selected 
with discriminating Judgment, are properly drawn, and are under- 
written by companies which are financially sound and adjust 
their losses promptly and equitably.” 


Depreciation 


Depreciation is an invisible item of expense which — 
occurs in the operation of every drug store. Because 
it is invisible, it should not be overlooked. A cash 
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register which cost originally $650 is estimated to have 
a trade-in value, for example, at the end of 15 years of 
$50. Thus the cash register loses $600 in value during 
the 15 years it is in use in the store. This loss in value 
in fixtures and equipment is called ‘‘depreciation.” 

The simplest way to estimate depreciation for all 
fixtures and equipment in a drug store is to make an 
itemized list of them, putting in one column the original 
cost and in the second column the number of years of 
anticipated use. By dividing the figure in the second 
column into the amount in the first column there is 
obtained the annual amount of depreciation to be 
charged against each item of fixtures and equipment. 
The total of all of them is the total amount of deprecia- 
tion to be charged. In the case of fixtures and equip- 
ment which are expected to have a trade-in or second- 
hand value when they are discarded, the amount of this 
expected trade-in or second-hand value is deducted 
from the original cost in determining the total amount 
of depreciation that is to be charged for these fixtures 
and equipment while they are in use. 

There is also depreciation on the merchandise stock 
in a drug store. Goods spoil, deteriorate, and other- 
wise become unsalable. In order for a proprietor to 
know just how much loss of this type is occurring in 
his store, it is a good idea for him, when he is taking 
his inventory of the merchandise stock, to make a 
separate list of the items which have become unsalable 
and the original cost of these items. The total amount 
of merchandise stock depreciation is reflected in changes 
in the inventory value of a store’s merchandise stock. 

A drugstore proprietor may have a merchandise 
stock on the first of January, let us say, amounting to 
$6000. During the year, from time to time, he has had 
occasion to throw away merchandise that has de- 
teriorated, been broken, or otherwise become unsalable. 
This loss is reflected in the inventory figures at the end 
of the year. Instead of a $6000 inventory, the figure 
is reduced by the amount of the loss. It is difficult to 
account for the inventory shrinkage unless a separate 
list is kept of such losses. Markdowns have the same 
effect on merchandise costs. 

In well-managed drug stores it is the custom to take a 
complete inventory of the merchandise stock once a 
year. In a few instances this is done semiannually or 
even quarterly. For classes of merchandise on which 
the rate of sale is unusually rapid, such as tobacco 
products and soda fountain and luncheonette items, a 
daily inventory of merchandise stock is by no means 
uncommon. 


The Income and Expense (“Profit and Loss”) Statement 


With the figures for the value of the merchandise 
stock and the estimates of the amount of depreciation 
of fixtures and equipment and the financial records of 
receipts and expenditures, it is then possible to prepare 
a summary statement which shows the amount of 
profit or loss obtained during the year from the opera- 
tion of the store. If the inventories are taken annually, 
such a profit and loss statement would cover the year’s 
operations. A form for preparing such a statement is 
shown on this page. 

The store owner will find much of interest and value 
to him in a careful review of the figures in this annual 
statement of income and expense. The figures likely 
to be of most significance are: 3 


1. Comparison of sales this year and the preceding year. ae 
2. Change in the amount of merchandise stock between the beginning and 


: the end of the year. : mer 
3, Change in the amount of agcounts payable between the beginning and 


the end of the year. 
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Ratio of cost of goods sold to sales. 

Ratio of profits to sales. 

Ratio of cost of goods sold to merchandise stock. This is the annua 
rate of turnover of the merchandise stock. 

Ratio of individual items of expense and total expense to sales. 


BS SSR 


The Statement of Assets and Liabilities (‘Balance 
Sheet’) 


It is also customary at the end of the year for the 
proprietor to prepare a statement which shows the net 
worth of his business. The net worth of a business is 


FORM OF INCOME AND EXPENSE (“PROFIT AND LOSS’’) 
; STATEMENT 


Cash sales and charge accounts paid..................-0- Sime 
(Do not include charge accounts outstanding from previous 
years) 
Addvallechargesaccounts Wnpaid 2 sq csaaeccles eee es ssc cle Ants 
FLOtAl SALES ePWee Ee Cee ate iis evorcistectiove ns ett eters aces Bsn 
1. Inventory first of year of merchandise 
BLOCKNAUICOSt cet oandane mote Ce ote Bonen 
2. Accounts payable end of year.......... 
3. Total amount of merchandise paid for, 
including inward freight, express, and 
cartage (subtract cash discounts taken) Aa 3% 
AR ACG eo aNG oA am achocis tute cious tan aes Sreusie 
5. Inventory end of year of merchandise at 
CORE) te ke Settee peiets spa ard ececo sre saute bers 
Accounts payable first of year......... 
UNG Co lBiay toh aVe Iya sock hte. oko RCE Pee Oe cmon tea EN, 
Total cost of goods sold (subtract 7 from4)............. $.... 
Gross Margin (subtract 8 from Total Sales)............. bat 


EXPENSES 


IPrOpTICLOL SL With rawealsiimes eacieraisrtote secs - taaae 
Em ployees’s WaG@esicin: ais > ereitreretyaichets @ <a. 


Rent (If you own your building, enter here a 
fair charge for comparable quarters)...... Sieve of, 


SOU 0051S 


aghtrand (pOwermuwcsscctamiiven a ctersiece oles ere 
Taxes (except on building, income, and profit) 

ATL TMCONSES Sts, cctous, ua bret oeaag Secor vers alana 
Insurance (except on buildings)........... 
Interest paid on capital borrowed......... 


Mies OF DU TSEC c, Aone Cat Eo Cato oI eae EEE 
Deliveryiacveert ono ni wie trond eas arcislare sue tects 
NAVELtISING tos, aehcoeee hee tara er aya grasenivete aes 
Miscellaneous iiotiecses steietastevetuaeiataieteressnsia, 9 
Estimated total depreciation (except on 
ulin gays ee versie ae ete Gee eee becsrs mara. 
Bad' debts! charzed oft aaeisaie fereicicreateia soles s 
Pelephonees serrrceved onde tere ena ra aaa. 3 
otalelixpenses unr mene 6 cit cele ite Siroe. 
Net Profit (Subtract Total Expenses from Gross Margin). $.... 
Add Proprietor’s WithGrawalse ys <4) sta atel-siiccis coi 0 aois « Hoe 


Add Miscellaneous Incomes—Telephone, Commissions, 
Vending Machines, Subrentals, Post Office........... 


otal sl comes seise this ere he aresete eis see eastans wt arstopeuare Sivas. 


the difference between what a proprietor has and what 
he owes. This is usually called his ‘“‘balance sheet” 
or “statement of assets and liabilities.” A form suit- 
able for use in a drug store is shown in Fig. 740. 

The figures which have the greatest meaning for a 
drug-store proprietor in his statement of assets and 
liabilities include the following ratios: 


1. Current assets (cash, merchandise stock, and collectible accounts and 
notes receivable) to current liabilities (accounts and notes payable 
within one year). : 

Current liabilities to net worth. j 

Total liabilities to net worth. a 

Funded dept. (notes payable no sooner than one year) to net working 
capital (current assets minus current liabilities). 

Fixed assets (fixtures, equipment, land, and buildings) to net worth: - 

‘Merchandise stock to net working capital. ; : 


ae Moe 
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FORM OF STATMENT OF ASSETS AND LIABILITIES 
(“BALANCE SHEET”’) 


Statements of assets and liabilities for year ending....... 


ASSETS 


Cash sin. store::hiia ete eee eee ee eee S aes, 5 


Cashvin ‘banks t pigeons «cater ates NO Ce Te dnote 


Value at cost of merchandise stock.............. 


Accounts Tecelvablos.senitis eee ieee 
Notés. recetvables:3.s ...2, a aydie sitecleei sie eters 


Present value of fixtures and equipment......... 


Torat ASSETS... 435 2 soo + chetaneiade eiekcueie eaves 


LIABILITIES 
Accounts Payablesc...ce tacit cl thee ane eee tery fe oe 
Notespayablea exact cot ctien area a aan emmeraene er 
Toran) LIABIGITIBS 25 inane eis latnorntemeennrene sacl coy syeneue ote eMmnerar eee heat 
Net Worth of Business (Subtract total liabilities 
from: total“assets)) see coke eerie on oe eee ee 
Total Liabilities plus Net Worth................ $.. aGae 
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FORM OF MONTHLY BUYING BUDGET 


I Month of. 


Total Departments 
Store I II Ill 


Estimated sales this month $ $ $ $ 


Amount of purchases to be made 
this month $ $ : See $ 


Subtract amount of overbuying 
from preceding month, or add 
amount of underbuying 


Subtotal $ $ $ $ 


wR 
F 
wR 
A 


= 

Subtract amount of advance 
orders for merchandise to be 
sold this month $ $ $ $ 


NET amount of purchases to be 
made this month $ $ $ $ 


| Bought Ist 


Balance 


Bought 2d 


Balance 


Bought 3d 


. Balance 


Bought 4th 


Fig. 740 


Ratios of interest to the drug-store proprietor which 
include figures from both the statement of income and 
expenses and the statement of assets and liabilities are: 


Sales to nferchandise stock. 

Sales to net worth. 

Sales to net working capital. 
Profit to net worth. 

Profit to net working capital. 
Credit sales to accounts receivable. 
Purchases to accounts payable. 


SN CUIECORS 


Buying Budgets 


In the daily operation of a drug store, one of the most 
difficult problems a proprietor meets is the control of 
merchandise purchases that he makes for resale in his 
store in a manner which keeps these purchases in a 
profitable relationship to the sales that are made in the 
store. 

A simple and effective way to control merchandise 
purchases is the buying budget. The one illustrated 
in Fig. 741 is part of the Lilly Accounting and Record 
System. If the proprietor prefers, he may use ordinary 
ruled sheets instead of this specially printed form. 

Consider, for example, the month of January. The 
proprietor records in the space indicated in Fig. 741 an 
estimate of his January sales. The previous month’s 
sales and the corresponding month’s sales the year be- 
fore will provide a satisfactory basis for this estimate. 
If the proprietor’s goal is to make the cost of mer- 
chandise he is going to sell 65 per cent of his sales, then 
he takes 65 per cent of his estimated sales as his buying 
budget for the month of January. 

Assume that his sales for January are estimated to be 
$2500.. Then 65 per cent of that estimate, or $1625, 
will be his buying budget. As he makes purchases 
during the month, the sum total of his daily invoices 


and purchases for cash is subtracted first from $1625. 


and then from the balance that is left every day during 
the month. Thus he knows at the beginning of each 


Balance 


Bought 29th 


Balance 


Bought 30th 


Balance 


Bought 31st 


Balance 


Actual amount of sales this 
month 


Actual amount of merchandise 
purchases this month 


DESIRED amount of -pur- 
chases for this month $ 


Amount of overbuying or under- 
buying this month 


Overbuying or underbuying pre- 
ceding months 


Total overbuying or underbuy- 
ing 


Fig. 741 


business day how much money he has left with which 
to make purchases during the remainder of that particu- — 
lar month. 

If the proprietor finds that by the last week or so of 
the month there is very little of the budget for pur- 
chases that must be made, he will make these needed 
purchases, thus safeguarding himself against being out 
of merchandise which customers want to buy. How- 
ever, any amounts he runs over in his buying budget for 
January should be taken into consideration when es- 
tablishing the buying budget for February by reducing 
the amount of the budget for February by the amount. 
that the January budget was overrun. 

This guide to buying control is not to be enforced so 
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RECORD OF ADVANCE ORDERS 


When an order is given for goods that will not be sold immediately, make a record of that order here. 


If Christmas cards are ordered 


in January for sale the following December, enter date of the order in the left-hand column, below, and next to it the supplier’s name and the 


kind of goods. 


Since the Christmas cards will be sold next December, put the amount of the order in column headed December. 


_ If an order is given in September for a winter item that will be sold in October, November, and December, enter below the date the 
order was placed, the seller’s name, and the type of items purchased. Since the merchandise will be sold during October, November, and 


December, enter one-third of the amount of the order in the columns 


headed by these three months. 


Date Supplier's N d 
es Macchandise Ordered Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. 
iven 
sl | a — 
t 
foo TOTALS 7 
og ‘A Fig. 742—Record form for advance orders. 
~~ i 
aay * 


ly that it will prevent the proprietor from main- 
g stocks and services but since there is no good 
reason, with the possible exception of a greatly in- 
d volume of sales, why any pharmacist should 
at a faster rate than he is selling, it is logical to 


believe that a buying control method will check one of 
the most common causes of low profits in a drug store. 
In many stores the inventories at the first of the year 
and at the end of the year vary anywhere from $200 to 
$2000 or more, without a proportionate increase in 
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sales volume. This is a clear indication of a trend in 
the wrong direction. 


Purchases from wholesalers and other current pur- 
chases can be deducted from the buying budget at the 
time the purchases are made. Unusual direct pur- 
chases, or purchases of novelty and seasonal goods 
should be deducted from the buying budget for the 
month or months in which it is expected these goods 
will be sold and not necessarily from the buying budget 
for the month in which the order is given. If any order 
is given in January for goods to be sold in the following 
December, the amount of merchandise represented by 
this order should be deducted from the buying for the 
following December and not from the current January 
buying budget. 
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Advance Orders 


The form shown in Fig. 742 for recording these advance 
purchases is of great assistance in keeping track of such 
commitments. 

Drug-store proprietors who segregate their mer- 
chandise inventory purchases and sales by departments 
have found it practical to break down the monthly 
budgets by departments. It usually is desirable to 
have these separate figures by departments when the 
total sales of a drug store regularly exceed $1000 a month. 

These departmental buying budgets are operated in 
exactly the same manner as a buying budget for the 
entire store. There is, however, a variation in the 
cost of merchandise sold in different departments. The 
percentage amounts for merchandise costs for the buy- 
ing budgets for the usual departments in a drug store 
apyear on page 1244. 


Part XI ters ee ; 
_ HOSPITAL PHARMACY 


CHAPTER CV 


HOSPITAL PHARMACY 


THE HOSPITAL pharmacy is the department in a hospi- 
tal from which all medications are supplied to the 
various nursing divisions, where special prescriptions 
are filled for patients in the hospital (in-patients), where 
prescriptions are filled for ambulatory patients and out- 
patients, where pharmaceuticals are manufactured in 
bulk, where narcotic drugs are dispensed, where bio- 
logicals are stored and dispensed, where injectable solu- 
tions are usually prepared and sterilized, and where 


Fig. 743—The New York Hospital—Cornell Medical Center, New York. 


instruments, 


professional supplies (syringes, needles, 
and rubber 


cotton, gauze, laboratory equipment, 
goods) are usually stocked and dispensed. 

The remarkable development of , hospitalization, 
which has paralleled the great achievements of medical 
science in recent years, has made it necessary for phar- 
macy to make a special effort to cope with the new de- 
mands made upon it and to develop specially trained 
personnel to meet these demands. Hospital pharmacy 
has so developed in recent years that it now has its own 
societies, literature, and even courses of instruction 
dealing with its own special problems quite apart from 
the professional subjects of medicine, nursing, phar- 
macy, and dentistry. 

Hospital administrators now recognize that profes- 
sional schooling and practical experience in a retail 
pharmacy do not provide sufficient background for a 
competent hospital pharmacist. To overcome this de- 
ficiency, many outstanding hospitals are offering formal 
internships in hospital pharmacy with rigid prerequi- 
sites and restrictions. They now realize that the hos- 
pital pharmacist, to be efficient and successful, must 
know all about hospitals, their plans of operation, their 
purpose, organization, management, and the multitudi- 
nous aspects of interdepartmental cooperation. No- 
where can he learn these necessary things but in the 
hospital. 

Pharmaceutical educators also recognize the eae 
of the special training that a hospital pharmacist re- 
ceives while serving his internship. His increased under- 


standing of scientific medicine, rational therapy, and 
the needs of physicians help him vastly in the practice 
of true professional pharmacy. Many feel that half 
of the required practical experience necessary for licen- 
sure by State Boards of Pharmacy should be obtained 
in an approved hospital pharmacy. 

When a hospital is so located that a working arrange- 
ment with a school of pharmacy can be brought about, 
the result is mutually advantageous. Such an arrange- 
ment is particularly desirable when the intern is work- 
ing for an advanced degree. Several pharmacy colleges 
offer graduate instruction for the degree of Master of 
Science in Pharmacy with a major in hospital pharmacy. 
This encompasses an internship in an approved hospital 
pharmacy and graduate instruction in pharmacology, 
biochemistry, hospital pharmacy administration, and 
other pertinent subjects that will provide personnel 
with the required specialized knowledge. 

It is impossible in this short chapter to discuss fully 
the various types of hospital pharmacies that are in 
operation in the United States. At the end of the chap- 
ter will be found a bibliography of articles which will 
give the student a clear understanding of the most re- 
cent thought in this field. 

The American Society of Hospital Pharmacists—The 
progress made by hospital pharmacy as a profession 
necessitated the establishment of a national society to 
coordinate and cultivate professional relationships. 
This need was met by the establishment in 1942 of the 
American Society of Hospital Pharmacists (affihated 


Fig. 744—A view of the Dispensary, University Hospital, Ann Arbor, 
Michigan, showing Schwartz system and consulting office in the rear. 


with the American Pharmaceutical Association) whose 
constitution sets forth the following objectives: 


“¢o improve and extend the usefulness of the hospital pharma- 
cist to the institution he serves, to the members of the other 
health professions with whom he is associated, and to the pro- 
fession of pharmacy by: 

1. Establishing minimum standards of pharmaceutical 
service in hospitals, in order to provide benefits and protection 
for the public health which it will receive by the skill and art of 
qualified hospital pharmacists; and to insure, for the future, 
an adequate supply of such qualified hospital pharmacists by 
providing a standardized hospital training for four-year pharmacy 
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graduates who have elected a specialized hospital pharmacy 
course. 

2. Providing for interchange of information among pharma- 
cists by encouraging initiative in the development of new phar- 
maceutical techniques, and by maintaining a close pharmaceuti- 
cal contact between hospital pharmacists and those engaged in 
general pharmaceutical practice. 

3. Aiding the medical profession in extending the economic 
and rational use of medicaments.” 


The Hospital Pharmacist 


Qualifications—The same type of person is needed in 
the pharmacy of a small hospital as is needed to head 
the pharmacy department in a large hospital. He must 
be the type of person who can command respect from 
all with whom he works whether it is the medical staff, 
nursing staff, administration, or outside vendors with 
whom he is in contact. He cannot be merely a highly 
trained technical person if he is to perform his duties 
as a hospital pharmacist properly. 

It is very essential that he have good health, a pleas- 
ing manner and an affable disposition. His personality 
should reflect the qualities of integrity, initiative, and 
enthusiasm. He must maintain a neat, orderly appear- 
ance and realize he is a professional person and tha t 
he is to be accepted as such. .He must know how to 
cooperate and get along with people, and be able to 
approach the busy heads of departments and explain 
to them how he can be of service. 

The hospital pharmacist must be thoroughly 
grounded in the sciences of chemistry and its subdivi- 
sions, physiology, bacteriology, pharmacology, and 
the theory and practice of pharmacy. He should be 
familiar with medical terminology and should have ade- 
quate reference books. 

He must be a student and keep up-to-date through 
the medium of pharmaceutical, medical, and hospital 
journals and textbooks. He must be able to give to and 
gather from members of the medical and nursing staff 
information that enables them to meet the varied situa- 
tions which arise. 

He must know the uses and doses of all medications 
and professional supplies. 
have this information memorized, but he should, 
through systematic indexing and filing, know where to 
find any type of information required in hospital medi- 
cal practice. 

He must insist that his staff follow his example. 

Training—The hospital administrator who is about 
to engage the services of a pharmacist should learn 
whether the candidate for the position is regzstered 
within the state or can be so registered. He should learn 
whether the candidate is a graduate of a recognized 
college of pharmacy and has served in and secured 
experience in a hospital pharmacy or has served a formal 
hospital pharmacy internship. Ue should also learn 
something of the candidate’s familiarity with 
other hospital departments, his relationship to these 
departments, and how he may cooperate with them. 

The fact that the candidate has had many years of 
experience in various forms of practice in the broad 
general field of pharmacy, either in civilian or military 
practice, is not enough. Hospital pharmacy is a 
specialty all of its own and one who has had no training 
in it requires a long time to become of real service to the 
hospital he wishes to serve. The administrator should 
inquire into this phase of the candidate’s fitness in con- 
siderable detail, even writing to the hospital where he 
obtained his training. 

Graduation as a prerequisite to registration is required 
in 47 of the 48 states and one may find it difficult to be- 
come registered either by examination or reciprocity 


He must not necessarily © 
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if he is not a graduate of a recognized college of phar- 
macy. 

The law in most states requires that a pharmacist be 
registered by its State Board of Pharmacy. This regis- 
tration may usually be obtained either by examination 
or reciprocity proceedings by one who is not a resident 
of the state in which he hopes to practice. (There are 
only two exceptions to this.) In case of accident, if the 
hospital pharmacist is unregistered in the state, the 
hospital may find itself in a legal entanglement that 
will prove embarrassing. 

The astute administrator will want to determine the 
extent of the candidate’s knowledge of some of the 
newer drugs and their various forms of administration 
as well as the procedures involved in storing or prepar- 
ing them. 

“He may wish to determine the candidate’s knowledge 
concerning the preparation of sterile solutions for paren- 
teral use. The candidate must be able to convince the 
administrator of his qualifications. The mere dispens- 
ing of medicines is not the most important duty of the 
hospital pharmacist if he is to serve his hospital effi- 
ciently. 

Salary—The salary of a hospital pharmacist is a very 
important factor. It should be commensurate with the 
pharmacist’s ability which has been developed by 
many years of training, study, and enthusiasm for his 
chosen vocation. One who works for a low salary, as in 
other positions, rewards the administrator with cheap 
service and is not interested in the welfare of the hospi- 
tal nor in maintaining its standards. 

Many small hospitals (35 to 100 beds), in order to pro- 
vide competent pharmaceutical service by paying a 
good salary to the pharmacist, allow him to assume such 
duties as assistant superintendent, purchasing agent in 
charge of general stores, supervisor of the central 
sterilization service, etc. Naturally, in a small hospital, 
the time spent on pharmacy work would be only 25 to 
50 per cent of a day, thus the pharmacist is able to 
assume other duties of a professional character. The 
hospital which employs a competent pharmacist also 
obtains a person capable of assuming other responsibili- 
ties. 


Duties of the Hospital Pharmacist 


The scope of the pharmacist’s duties and his training 
to perform them cover many topics. Essentially, he ~ 
must assume complete control of the compounding and 
dispensing of medications and parenteral fluids which 
must all meet the official standards. He must win the 
confidence of the hospital, medical, and nursing staffs so 
that he can serve them as an information center for 
drugs and drug therapy. He must either purchase or 
recommend the purchase of drugs and related supplies. 
He must help standardize and control drug therapy in 
his hospital. He must teach student nurses, medical 
students, interns, and residents courses such as 
pharmaceutical calculations, prescription writing, ae 
pharmacology. 

In a small hospital, the pharmacist might also be re- 
quired to do the following: (1) purchase all supplies 
for the hospital, (2) dispense or control all supplies for — 
the hospital, besides the usual pharmaceuticals, (3) 
assume administrative control of certain hospital activi- 
ties, or (4) operate X-ray or photographic equipment. 

Administration—In order to systematize his work the 
hospital pharmacist will find it essential first to corre- 
late his pharmacy with the workings of the hospital in - 
which he is located. He should at once determine 
whether he works directly with the superintendent, 
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director, or administrator, or through a subhead. His 
is a professional service and he should be responsible to 
the trustees through the same channels as the medical 
service. 

He should assist in the formation of a Therapeutics 
Committee made up of one physician from each main 
division of the hospital, with himself as secretary. This 
Committee should hold regular meetings for the con- 
sideration and control of all medication used in the 
hospital. 

The pharmacist should be responsible for bringing 
exact information to the medical representatives of 
the Committee, concerning the official forms of medi- 
cines approved for use in the hospital together with the 
cost of these, in comparison with corresponding “‘spe- 
cialties.”” He should also present facts about new 
therapeutic agents, developed both in this country and 
abroad. The pharmacist should be given the authority 
by this Committee to enforce the Committee’s regula- 
tions concerning medication in the hospital and to pur- 
chase and dispense only those medicines which have 
received the approval of the Committee. See Thera- 
peutics Committee (page 1267). 

In matters of administration he should, of course, 
consult the administrative officer of the hospital. 

Through activities of the Therapeutics Committee, 
the chief pharmacist should be able to compile and 
periodically revise the hospital formulary. This 
formulary should aid greatly in expediting service in 
the out-patient department. See The Hospital Formu- 
lary (page 1270). 

Supervision and Control—The storage and control of 
all forms of biological products should be the direct 
responsibility of the pharmacist and he must see that 
ample refrigeration is supplied in the pharmacy for 
this purpose. In hospitals where there is not 24-hour 
pharmaceutical service, the refrigerator can be placed 
near the entrance to the pharmacy so that it can be 
reached by the nursing staff at night without entering 
the pharmacy proper. No one should be permitted to 
have keys to the pharmacy except the pharmacists. Clean- 
ing should be done during working hours. If the admin- 
istrator has a key it should be put where he alone has 
access to it, or where in case of fire the proper authority 
may secure it. Emergency drugs may be placed where 
nurses or night staffs may secure them, but no one 
should be permitted to go to the pharmacy for drugs 
when it is closed. Experience has proved the above re- 
strictions to be desirable. Hospitals may also arrange 
for an ‘on call” service when this is proved to be neces- 
sary. Much of the night and holiday demands upon a 
pharmacy, however, may be adequately provided for in 
advance by including representative medications in the 
ward or floor stock. 

The out-patient department of the pharmacy should 
be located near the pharmacy or preferably be an integ- 
ral part of it. This will eliminate duplicate stocks, pro- 
vide extra personnel in rush hours, and facilitate serving 
the out-patients. 

Drug stocks upon floors or wards should be reduced 
to a useful minimum and should be inspected by a 
pharmacist at least bimonthly. It is desirable to have 
a nursing supervisor accompany him on this inspection. 
Old and deteriorated medication should be picked up 
and containers and labels not in proper condition should 
be returned to the pharmacy. Excess stock will often 
be found that should be returned. A report of each 
inspection with its date should be filed in the pharmacy. 

Drugs For Emergencies Including Antidotes—If the 
pharmacist will make a study of the emergency needs 
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of his institution, he can quite accurately predetermine 
most irregular demands and may then have in readi- 
ness in an emergency supply cupboard most of these 
preparations, compounded, labeled, and ready for dis- 
pensing. 

Special attention should be paid by the pharmacist 
to drugs in the emergency suite, or accident ward. 
Here particular attention should be paid to the anti- 
dote list of drugs. Every hospital should have a list 
of antidote drugs, approved by the professional staff, 
and it should be the duty of the pharmacist to see that 
drugs on this list are in proper condition. 

Narcotic Control—The control of narcotics in a hospi- 
tal should be one of the important duties of the pharma- 
cist. He should be thoroughly familiar with narcotic 
laws and regulations and should keep all narcotie drugs 
on a perpetual inventory. This record may be kept on 
the form shown in Fig. 745, which allows for record- 
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Fig. 745—Perpetual inventory form for narcotics. 


ing the dispensation and receipt of narcotics and which 
requires a balance, either theoretical or actual, to be 
made following each entry on the record. See Chapter 
XCII on “Pharmaceutical Law’ (page 1095). 

Each nursing unit in the hospital is given a standard 
quantity of narcotics to be kept on hand at all times. 
All narcotics are dispensed in standard units, e. g., 15, 
25, or 50 tablets or in sterile solutions of standard vol- 
ume that permit withdrawal of a specific number of 
doses. The supply kept on the floor should not exceed 
the maximum quantity used within 48 hours. In addi- 
tion to the bottle which is being used, a reserve supply 
should be on hand for use while the other bottle is in 
the pharmacy for replenishing. 

For example, if Ward A uses 50 tablets of morphine 
sulfate 10 mg., within 48 hours, they should be given 
as a standard stock two bottles of 25 tablets each. In 
the event a floor has occasional calls for narcotic drugs 


1260 


not usually stocked there, these drugs should be fur- 

nished by the pharmacy on a physician’s prescription. 
All narcotics are dispensed with some sort of ad- 

ministration record (Fig. 746 or Fig. 747). One copy 


[: Number on reverse side 
Grace-New Haven Community Hosprrau 


RECORD OF NARCOTICS 


Wiard inde sate teen PRODUCT DELIVERED} Amount delivered: 
20. tablets 
Date delivered.... | Gm. Grain “| Pharmacist........ 
Received the above. 
Previous Record No....... SEENEA), ope eed Oe 
Nurse 


Grace-New Haven Community Hospiran 


RECORD OF NARCOTICS No. 12366 


Ward............. [PRODUCT DELIVERED) Amount delivered 
20. tablets 
Date delivered.... Pharmacist........ 
NO. NAME 
TAB- OF 
DATE | HOUR | LETS PATIENT NURSE DOCTOR 
1 
2 
3 
Ho blbe ie: FAlh teed aee Sade Wits 
ee UREA CERO MME es 
24 
25 
26 


The above medication has been given under my supervision 
Di Seah eae Ae ang Head Nurse 


Fig. 746—Narcotic administration record. 


of this form accompanies each package of the narcotic 
drug to the floor, where a record of each dose is entered. 
As an added precaution, the narcotic medication should 
bear a number corresponding to the number of this lot 
of narcotics on the administration record. This pro- 
vides complete control. 

In using the form in Fig. 746 the stub at the top 
serves as a receipt of delivery and is to be signed by 
the nurse in charge of the floor. This receipt is then 
filed under the floor number and is not removed until 
the completed record bearing the number correspond- 
ing to this receipt is returned from the floor. This 
completed record constitutes a request for a new 
supply. A new administration sheet is now issued and 
upon signature by the nurse in charge on the new 
record sheet receipt, the former receipt is removed and 
the new one filed. 

In order to prevent the floors from obtaining excess 
supplies of narcotics, with the use of either form, the 
nurse must return with the administration record the 
bottle or vial that contained the narcotic medication 
being requested, which is either empty, broken, or 
contaminated. Only under this condition will another 
bottle or vial be dispensed. 

Broken containers, loss of narcotics, or those other- 
wise destroyed must be explained upon the forms shown 
and signed by the responsible person, usually the super- 
visor of the floor. 

Generally the main supply of narcotics is maintained 
in a vault, the perpetual inventory record of which is 
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shown in Fig. 745, Narcotics for daily use are main- 
tained in a small safe, which is replenished from the 
vault. Fig. 748 illustrates an easy method for maintain- 
ing a daily inventory of narcotics dispensed from and 
remaining in the safe. 

Purchasing and Supplies—While he may be the actual 
buyer in a small hospital, the hospital pharmacist’s 
principal function in purchasing is to establish stand- 
ards and specifications for medication and equipment. 
He alone is responsible for substandard or dangerous 
items reaching the patient. 

He should be familiar with all legitimate fires in the 
drug and chemical field, also firms from whom other 
professional supplies are to be purchased. He must 
know how to eliminate purveyors of questionable items 
wi‘hout causing friction and he must understand that 
it is impossible even to try all things that are urged upon 
him. He must not set up a chemical service or secure 
clinical data for firms who cannot afford scientific 
laboratories. 

He must be familiar with the methods of buying 
hospital supplies, and should know the standard units 
used in purchasing such items. Trade journals and 
catalogues are valuable aids in acquiring such informa- 
tion. As previously stated, it may not be necessary for 
the pharmacist to do the actual purchasing of the mate- 
rials for his department, but it is his duty to see that 
he has on hand, at all times, a sufficient quantity of the 
proper quality. Before the act of purchasing can be 
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Fig. 747—Narcotic administration record. 


carried out, it is of primary importance to have estab- 
lished a specification covering the requirements for an 
acceptable product. In the field of drugs and chemicals 
standard texts serve well. ; 

In the procurement of protien supplies other than 


GOT SIPs iyAC Gee AT RM MCAT CRY 


drugs, much help may be obtained by referring to Fed- 
eral specifications for these items. These specifications 
may be obtained from the Superintendent of Docu- 
ments, Government Printing Office, Washington, D. C. 
It is not to be inferred that Federal Specifications are 
always adequate for hospital use, but they do give 
an insight into the points to be considered in the selec- 
tion of various commodities. The pharmacist must 
always bear in mind, in drawing up specifications, that 
he is only the supplier of materials, and not the user, 
and should for this reason consult the professional staff 
in all such matters. 

Quantity buying is often advantageous from a price 
or availability standpoint. Before making large pur- 
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would be able to supply one of eight or ten grades. 
However, if the quotation read ‘‘1000 yards of 44 « 40 
Gauze Bandage, bleached and _ sterilized, selvaged 
edge,” or “Gauze Bandage U.S. P.” the vendor would 
have a more comprehensive idea of the material desired. 

The Purchase—After a selection has been made from 
the bids submitted, and the vendor has been selected, 
a purchase order (Fig. 750) is generally prepared in 
triplicate or quintuplicate. The original copy goes to 
the vendor, with other copies being sent to the account- 
ing department, pharmacy department, receiving de- 
partment, and one is maintained in the purchasing de- 
partment files. Such a procedure is illustrated in Fig. 
753. 
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Fig. 748—Daily narcotic dispensing record. 


chases, however, the pharmacist should determine the 
stability of the items and any other change in policy 
that might render their use obsolete. 

The Bid—The use of competitive bidding is consid- 
ered good practice. A typical quotation request form 
is illustrated in Fig. 749. These forms are given to 
manufacturers dealing in the commodity desired. The 
company with the lowest price and yet with standard 
quality, tstially receives the bid for the material, after 
which the purchase order is prepared. 

It is quite obvious that, when items are purchased by 
bid, specifications are necessary. For example, take 
the item of gauze. If the item were written on ‘the 
quotation sheet as 1000 yards of gauze, the supplier 


Receipt of Supplies—With receipt of the merchan- 
dise at the hospital, the receiving department usually 
prepares a complete report of all material received, 
checking receipt against the original purchase order. 
This report is illustrated in Fig. 751. The material is 
forwarded to the pharmacy where it is again checked 
against the order, and against the receiving report. 

The pharmacy then forwards the copies of the ap- 
proved receiving report to the purchasing department, 
receiving department, and the accounting department. 
Here, one copy is held for the invoice, priced, payment 
noted, and the‘copy is then returned to the pharmacy 
to provide a check on the purchase record. 

Purchase Record—It is desirable that a purchase 
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record be kept of all items purchased routinely. The 
caption on each purchase record card may include 
minimum specifications for that particular item. With 
such information at hand one is at a distinct advantage 
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QUOTATION REQUEST 


THE CITY HOSPITAL 


1500 Market Street 
Philadelphia, Pa. 


TO 
= 7 

DANTE inte cleo ener cceterareret 194 
i= | 


You are hereby invited to quote the lowest net price for which 
you are prepared to furnish the merchandise or services described 
below. Bids willbe received untilo-.2 20s ee eee 

Please quote prices as indicated. Quotations will be under- 
stood to include all delivery charges to hospital door unless other- 
wise specified. If merchandise or services cannot be furnished 
at once kindly specify length of time required for delivery. 


Quan- 
Quan- Unit Dis- Net tity 
tity Description Price | count | Price Price 


Where a bid is asked for a certain article which may be substi- 
tuted by another ‘‘equal thereto’’ and the bidder intends to furnish 
an article which he considers equal to the one named, he must 
specify in his bid the name and grade of said article and submit 
a sample, if possible, with the bid. This form is only an invita- 
tion to bid. IT IS NOT AN ORDER. 


Quotation submitted by THE CITY HOSPITAL 


Genera] Superintendent 
Typical hospital quotation sheet 


Fig. 749—Quotation request form. 
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DELIVER TO: 


THE NEW YORK HOSPITAL 


yi ‘STREET “ 
HE 525 EAST SIXTY-EIGHTH STREET 
TO NEW YORK 21, N.Y. 


re ereniiineieece. ec amram mie mare & 


10M 1-47 


CHARGE TO: 


STOCK DISTRIBUTION 


DELIVERY ENTRANCE SHOW ORDER NUMBER 


OW ALL PACKAGES AND INVOICES 


502 


TERMS DELIVERY. DATE 


DESCRIPTION PRICE 


F. O. B. 


UR 
QUANTITY CATALOG NO. 


AMOUNT 


CONDITIONS ad 


To expedite payment, bills must be rendered immediately to the accounting department. 

Deliveries must be made between the hours of 6 A.M. and 4 P.M. weekdays — 6 A.M. to 12 Noon on Saturdays. Holidays 
6 AM. to 8 AM 

Acceptance ol materials subject to test and inspection. 

Any deviation from this order will subject it to cancellation. 


Bo N= 


Fig. 750—Order form. 


-when it comes to obtaining duplicate material on suc- 

“cessive purchases. 

_. The purchase record card (Fig. 752), which may be 
drawn up on a 3 X 5 card, offers a complete record of 
the quantity used over a period of time. 
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This information is particularly of value when the 
purchasing agent is faced with a rising market, as it 
gives him a fairly accurate picture of the immediate 
future needs, and it enables him to buy at current prices 


ACCOUNTING DEPT. COPY 


NEW YORK HOSPITAL 


525 EAST 68th STREET NEW YORK, N. Y. 
RECEIVING REPORT No. RR 2391 
Rec'd Fro Date 
Addrass Order No. 


DESCRIPTION AMOUNT 


RECEIVED BROM STORES RECEIVED By 


RECEIVED FOR DEPT. 


Fig. 751—Receiving report. 


JEFFERSON MEDICAL COLLEGE HOSPITAL 


— eee 
Unit | Total ] Unit | Total 
Cost | Cost Cost | Cost 


Date} Firm In Date} Firm In 


Fig. 752—Purchase record card. 


without overstocking. In addition, such a record fur- 
nishes the information necessary so that he may pur- 
chase only enough of an item for a. predetermined time. 
Quite often a purchasing agent has the opportunity to 
contract for a year’s supply of a given commodity, and 
by so doing may effect a decided financial saving. 
Stock Control—The fact that the hospital pharmacy is 
not engaged in commercial pursuits is no reason for its 
not turning over its stock at frequent intervals and 
eliminating dead items. It is almost impossible for the 
pharmacist to keep from having dead stock unless he 
solicits the fullest cooperation from the professional staff. 
Attention is called to that section of the drug policy 


ERO Sees Aer AW iio ELeAai) Vi TAN aye 


wherein stock is defined. The same principle applies 
to the control of professional supplies. If an intelligent 
and diplomatic investigation is made where duplicate 
or similar supplies are stocked, it will be found that the 
number of items, consequently the investment, may be 
materially reduced. 

Many hospitals have for years carried sutures made 
by several manufacturers. It would seem that, under 
the present modern methods of manufacture, any one 
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to know the problems involved and the practices em- 
ployed in the manufacture of such a commodity in order 
that he may be a source of information to the physician. 
It has been demonstrated in many instances that, with 
the pharmacist functioning in the role of arbitrator, 
many situations similar to the ones referred to above 
have been advantageously overcome. 

It is not uncommon in hospitals for requests to be 
made upon the professional supply department for 


of several good brands should be satisfactory. If an equipment to carry out special procedures. Many 
PHARMACIST’S REQUISITIONS 
Specified | Non-specified 
| 
Bid Sheet 
CENTRAL PURCHASING AGENT 
Written Orders, 
"Hach with consecutive numbers 
Copy #1 Copy #2 Copy #3 Copy #4 Copy #5 
SUPPLIER ACCOUNTING PHARMACY RECEIVING PURCHASING 
DEPARTMENT DEPARTMENT DEPARTMENT DEPARTMENT 
FILES 


Supplies Shipped— ]—Oo220-MMR 


——— > Hospital Receiving Agent 
-> 1). Checks material against order and order 
number 
> 2) Writes Receiving Report as received, not a 
copy of the order (4 copies) 


Material plus all copies of Receiving Report 
delivered to 


PHARMACIST 


ie 1) 
> 2) 


RECEIVING REPORTS 


Y 
Copy #1 Copy #2 


ACCOUNTS PAYABLE 
(Accounting) 


ACCOUNTS PAYABLE 
(Accounting) 


Held for Invoice 


° Invoice Received 
-+>1) Checked against Order and 
Receiving Report 
y +2) Errors rectified with supplier 


Checks material against Receiving Report description AND copy 
of order for Specifications : ; 
Corrects any errors on all Receiving Report copies 


Copy #3 Copy #4 
PURCHASING RECEIVING 
DEPARTMENT DEPARTMENT 


Filed with Order Equals 


Filed with Order Equals 
Cancellation 


Cancellation 


Payment Transactions Noted on Both Copies 


, 


Copy #1 filed with cancelled invoice and order in 
Accounting 
tion 


| 


Copy #2 sent to Pharmacist for Purchase Rec- 
ord, Specifications, Supplier and Cost Informa- 


Fig. 753—Purchasing procedure. 


institution has to buy from several manufacturers, it 
greatly reduces the gross amount purchased from any 
one manufacturer and will, in many cases, demand a 
higher cost per unit. On the other hand, it is equally 
undesirable to be restricted to the purchase of one 
brand only. Such a situation greatly hampers one’s 
ability to obtain attractive prices. 

‘It is not the pharmacist’s place to dictate to the 
physicians of his institution what they shall use in the 
way of suture material, but it is a part of his function 


times this equipment is little or no different from the 
stock items which are on hand. The pharmacist should 
carefully scrutinize such requests and employ his pro- 
fessional ability to the best possible advantage. In 
case it is necessary to purchase such an item, it is well 
to keep a record of its purchase separate from the 
“Stock” purchase record. 

Consultation—The pharmacist should have proper 
office space for library, catalogues, and files, with’ a 
small anteroom for keeping records, correspondence, 
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etc. The office should be available to the medical and 
nursing staff so that the pharmacist may be reached for 
consultation on pharmaceutical or professional prob- 
lems. 

A complete file of all descriptive literature from the 
pharmaceutical houses should be kept up-to-date and 
methodically arranged for ready reference. The loca- 
tion of sources of supply for all products related to 
hospital pharmacy is an important function of the 
hospital pharmacist. He must also have information 
instantly available concerning the pharmacological 
action, therapeutic uses, and doses of medicinal prod- 
ucts. 

In addition to being consulted on the above types of 
information, physicians frequently obtain the pharma- 
cist’s help in the preparation of new combinations of 
medicinal agents in stable, therapeutically effective, 
and agreeable forms for administration. 

Teaching—In hospitals connected with a school of 
pharmacy, the pharmacist should outline and direct the 
teaching of hospital pharmacy to students. The first 
course should cover hospital orientation, embracing 
some lectures from staff and department heads, followed 
by a functional study of the pharmacy. This should be 
followed later by actual experience in the pharmacy to 
provide a thorough knowledge of drug and professional 
supplies peculiar to a hospital such as the student may 
encounter in future practice. 

The pharmacist can perform a much-needed service, 
and will keep himself well informed, if he teaches the 
nurses courses in pharmacology and pharmaceutical 
calculations. To this he can add narcotic and dangerous 
drug procedures, and the ordering and care of profes- 
sional supplies. He can also instruct the nurses in sterile 
solution techniques and in the preparation and steriliza- 
tion of medical and surgical supplies and instruments. 

There are many problems of a particularly pharma- 
ceutical nature that would be of real service to the in- 
terns and medical students if presented to them by the 
pharmacist. For example, the pharmacist is the logi- 


cal person to instruct interns in correct methods of pre- ~ 


scription writing. 

In-Patient Department—The in-patient department 
of the pharmacy is that part whose function is to pre- 
pare, dispense, and control supplies used for patients 
actually in the hospital. This usually requires the 
preparation of drug stocks and medications for place- 
ment in medicine cabinets on the various wards and 
floors throughout the hospital. The type of medication 
and the method of presentation as floor stock depend 
on whether the hospital operates on a total inclusive 
rate, or part inclusive rate plan, 7. e., whether the room 
rate includes the cost of all or part of the drugs admin- 
istered. 

The ideal method is to have floor drug sto¢k pre- 
bottled in anticipation of use. This is especially easy 
where the hospital operates under a Therapeutics 
(Pharmacy) Committee and with a hospital formulary. 
Under the pre-bottling plan, trained, non-professional 
personnel can bottle and: prepare standard stocks for 
floor use, under supervision of the pharmacist, and 
place such stocks convenient to the dispensing counter. 
Thus when the ‘‘morning drugs’”’ are filled, or a floor 
order requests a drug, the medication can be quickly 
and easily dispensed in a clean bottle with a clean, neat 
label. 

Extemporaneous prescription compounding is pro- 
vided for the care of in-patients, though by means of 
the hospital formulary, emphasis is placed on using 
therapeutically effective standard medications. 
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Issuance and control of barbiturates and narcotics to 
in-patients require special forms and techniques (page 
1259), as does the charging of special medications to 
patients. 

Routine Drug Supplies—Today most hospitals 
carry a standardized supply of drugs in the medicine 
cabinet of each nursing unit. This supply is replenished 


O° -O's OF2OUsO= OO: SIO FOr On Os @ ame me) 
PRODUCT: U-G-M | QUAN. Vv 
Ward | AMPULS 
Stamp Caffeine and Sodium Benzoate 
LO, ed ks No. 
Ephedrine Sulfate N. F. No. 
Pituitary, Posterior U.S. P. No. 
DEXTROSE U. S. P. 500 
ELIXIRS 
) Ammonium Valerate N. F. 120 
Iron, Quinine, and Strychnine 
N. FE, 120 
Hyoscyamus Comp. U. M. 120 
Terpin Hydrate and Codeine 
N. F. 120 
EMULSIONS 
Petrolatum, Liquid U. S. P. 360 
Petrolatum, Liquid, and Cas- 
=; cara U c j 360 
<p GLYCERIN U. S. P. 500 
ze 2 | HYPODERMIC TABLETS 
S a _ Atropine Sulfate, 0.4 mg. 100 
ane 5 Glyceryl Trinitrate, 0.6 mg. 100 
Dens Scopolamine HBr, 0.6 mg. 100 
ErG Strychnine Sulfate, 2.0 mg. 100 
a 5 LOTIONS 
(Se) Ss Back Lotion U. M. 1000 
za = eS Calamine Lotion, Phenolated 
c— N. F. 500 
2 n SB Hand Lotion U. M. _ 500 
a ee Mouth Lotion U.M. 500 
FS MAGNESIA MAGMA U. S. P. 500 
> ~ =| MAGNESIUM SULFATE 
zi We Sor 500 
25 MENTHOL U. S. P., crystals 30 
OILS 
Castor Oil U. S. P. 500 
Cod Liver Oil U. S. P. 500 
Corn Oil U. S. P. ; 500 
OINTMENTS 
Ammoniated Mercury U. S. P. 120 
Boric Acid U. S. P. 120 
. Rose Water U. M. 120 
Zinc Oxide U. S. P. 120 
PARALDEHYDE U. S. P. 120 
PETROLATUM U.S. P., in tubes No. 
PETROLATUM, LIQUID, U. M. 1000 
SOLUTIONS 
Chloral Hydrate 25 per cent 120 
Epinephrine Hydrochloride 
U.S. P. (1: 1000) 30 
Iodine Solution, Strong, U.S. P. 
(Lugol's) 30 


Fig. 754—Interna] requisition form. 
4 


daily and should consist only of those drugs which are 
used routinely or with a fair degree of frequency, includ- 
ing those stimulants which must be on hand at all 
times. The requests for these supplies are generally 
made on an internal requisition, copies of which are 
shown in Fig. 754 and 755. 

The form shown in Fig. 754 provides a means for 
quickly pricing requisitions. At the top are evenly 
spaced holes by means of which all requisitions for a 
given period can be arranged on a row of pegs. By | 
beginning at the right and placing each succeeding form 
one peg to the left, the last column on each is visible. 
A straightedge placed across the series of forms permits 
rapid tabulation of the number of units of each item — 
dispensed. This figure is then multiplied by the unit 
cost and a total is obtained. 

It is considered good practite to limit the drugs that 
may be ordered on an internal requisition to those 
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which are routinely stocked, have a definite accepted 
formula, are known under a distinctive title, and are 
approved by the Therapeutics Committee. Special 
prescriptions that may be written by the attending 
physician should be sent directly to the pharmacy in the 
physician’s own handwriting. This eliminates the pos- 
sibility of error and centralizes responsibility. Where it 
is necessary for nursing units to stock perishable drugs, 
in their medicine cabinets, such as mild silver protein, 
it is good practice to label the bottle with a statement 


THE NEW YORK HOSPITAL 


REQUISITION ON PHARMACY 
TUBE STATION No. 21 


20301 


; Number 
PHARMACIST: Please deliver the following material. Date 


QUANTITY DESCRIPTION ISSUE VALUE COMMENT 


{=| FORMULARY —- 
———|— REQUISITION— 


DO NOT WRITE IN THIS SPACE TOTAL> 


IF CHARGEABLE TO 
PATIENT NAME: 


HISTORY 
NUMBER 


CHARGE TO: DELIVER TO: FILLED BY: REQUESTED BY: 


RECEIVED BY: APPROVED 


Fig. 755—Internal requisition form. 


that after a certain date the medicine contained therein 
is unfit for use. This practice again centralizes re- 
sponsibility. 

The pharmacist should see that trade packages do 
not go to the room of the patient. Inasmuch as many 
trade packages carry claims for various ailments, it is 
well that the patient should not be confused as to the 
intended action of the drug. 

It should also be a rule in every hospital that no drug 
be transferred from one container to another, except by 
the pharmacist. Likewise, no drugs should be labeled. 
by anyone except the pharmacist. In this connection, 
it might be worth while for the pharmacy to be pro- 
vided with a typewriter having a distinctive type. 

It should be the duty of the pharmacist to make 
routine inspections of all drugs stocked in the ward 
medicine cabinets. He alone should be responsible for 
deciding whether or not a medication is in proper condi- 
tion for administration. 

Out-Patient Department—It is the function of the 
out-patient department to prepare and dispense 
medications for ambulatory patients of the hospital, 
and for ambulatory patients who are attending the 
various clinics of the hospital. Here the use of a hos- 
pital formulary is advantageous since the average 
hospital clinic is well patronized and many prescriptions 
must be filled for these patients. | 
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Charges for out-patient prescriptions are usually 
based on prevailing prices normally charged in the 
neighborhood retail pharmacies. Some hospitals adopt 
the policy of charging a flat rate to all out-patients for 
their pharmaceutical needs. Such flat rate charges 
are based on previous statistics which show the average 
cost of a prescription. Indigent patients receive medica- 
tion free of charge from any hospital that operates under 
state aid or as a non-profit association. Free medication 
for the indigent patient is a definite contribution of the 
hospital and the hospital pharmacy toward the better 
treatment and medical care of those unfortunates who 
cannot afford to pay. No retail pharmacy could oper- 
ate a similar scheme of medical care. 

The relationship of the hospital pharmacist to his re- 
tail pharmacy associates in the neighborhood should 
be on a most friendly basis. A hospital pharmacy 
should not compete with neighborhood retail pharma- 
cies in the compounding of prescriptions or the selling 
of supplies. A hospital pharmacy should not refill 
prescriptions without the written consent of a physician 
nor sell anything without a prescription or other order 
from a physician. 

Manufacturing—The competent hospital pharmacist 
will manufacture in his laboratories those preparations 
that can be prepared more economically than they can 
be purchased. These include preparations containing 
alcohol, since the average non-profit institution receives 
alcohol free of tax. Federal regulations allow the use 
of tax-free alcohol in any preparation that is used on the 
hospital premises and that is not resold. Thus the com- 
mon elixirs and many tinctures are economically pre- 
pared in a hospital. 

A manufacturing laboratory is essential to a well-run 
hospital pharmacy in order to provide not only economy 
but also facilities for research. One of the functions of 
the pharmacist is to cooperate with the medical staff 
in presenting the most efficacious preparations for 
the use of patients. Research along all pharmaceutical 
lines by staff pharmacists should be encouraged by the 
chief pharmacist and the hospital. In many instances, 
research will more than repay for the time and labor ex- 
pended by providing a better product and a greater 
economy for both hospital and patient. 

A product manufactured in a hospital pharmacy 
should be of a quality and potency equal to the same 
product when purchased. It has been found feasible to 
manufacture the majority of solid and liquid prepara- 
tions used, though it is usually more economical to pur- 
chase such items as ophthalmic ointments, capsules, 
hypodermic and oral tablets. Only large institutions, 
or those with large out-patient departments, can 
economically manufacture tablets and capsules. 

Parenteral Solutions—One of the important duties of 
a hospital pharmacist is the preparation of sterile solu- 
tions. In the small hospital the pharmacist will prob- 
ably be called upon to do this work personally, while in 
the larger hospital it may be done by a capable pharma- 
cist under the direct supervision of the chief pharmacist. 

This subject is completely discussed in the chapters on 
“Sterilization” and “Parenteral Solutions.”” General 
methods of procedure in preparing, sterilizing, and 
handling solutions are essentially those outlined in the 
aforementioned chapters. Attention is called to the 
question of pyrogens, a feature of great importance in 
hospital practice, since large quantities of isotonic 
sodium chloride solution and dextrose and Ringer’s solu- 
tions are employed daily. This means rigid control of 
the preparation of distilled water and the handling 
and cleansing of containers as well as all other equip- 
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ment used in their preparation and administration. 

The preparation of parenteral solutions is one of the 
most exacting and difficult services the hospital phar- 
macist can undertake. He should not assume this re- 
sponsibility unless he has been adequately trained, has 
provided the special laboratory space and equipment 
described in the chapter on ‘Parenteral Solutions,” 
and enforces the rigid controls described therein (page 
249). 

Manufacturing Control—Rigid controls for all prepa- 
rations manufactured in the hospital pharmacy are 
required. Master formulas, working sheets for the 
actual manufacturing procedures, samples of the fin- 
ished product, and the control report all should bear a 
control number that should follow the finished prepara- 
tion through the bottling procedures. When dis- 
pensed the control number should preferably appear 
on the prescription blank. Every step in the manufac- 
turing procedure should be checked and initialed by-the 
manufacturer and the checker. The working sheets and 
control reports should be so filed that they are readily 
available for future reference. 


JEFFERSON MEDICAL COLLEGE HOSPITAL 
PHARMACY © ONTROL RECORD 


soo 07 
OATE AMT CONTROL | NAME OATE AMT. CONTROL | NAME OaTE | AMT CONTEOL | NAME 
NO, | NO. | No 
1 
| | | 
| | 
} 
i 
} 


LA 


|quanrity| cost 


PHARMACY MASTER FORMU 


JEFFERSON MEDICAL COLLEGE HOSPITAL 
INGREDIENT 


Fig. 756—Master formula card, front and back. 


Proper manufacturing control can easily be main- 
tained by use of a master formula card (Fig. 756) 4 X 6 
in. or larger, on which the formula is retained in a visible 
record file. When the preparation is to be manufac- 
tured, the formula and directions are copied onto a 
working formula sheet, (Fig. 757), the copy is checked 
by another person against the original formula, and is 
then used for the actual manufacturing procedure. 
This sheet is used for checking quantities of ingredients 
and procedure, as well as the amount of alcohol or 
narcotic used, the time required for completion, and 
other information. Once completed, the preparation 
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is assigned a control number, and if an assay is required, 
the assay report can be attached to the working for- 
mula, which is filed according to the control number in 
a safe place for future reference. On the reverse side 
of the master formula card are recorded the date, 
amount, control number, and name of the pharmacist 
manufacturing the preparation. This card provides 
the control record containing statistics which may be 
used at a later date in the preparation of reports to the 
hospital administrator. 


Jefferson Medical College Hospital 
DEPARTMENT OF PHARMACY 
MANUFACTURING LABORATORY - WORKING FORMULA 


Preparation 


Affiount Made Control No. 


ro one Checked 
Quantity By 


Control 
Ingredient No. 


Date started Date completed 
Alcohol used _ 


Narcotic used 


Manufactured by__ 


Inspected by 


Time required ee ns, =. ___— ~=3s— Control approval date 


Fig. 757—Working formula sheet. 


A record should be maintained of all medications 
manufactured, giving cost of materials required to 
manufacture the preparation, cost of personnel time in- 
volved, cost of preparation if purchased from a manu- 
facturer, and savings through manufacturing in the 
hospital pharmacy. At the end of a year, this saving 
will be an impressive figure that will help to show the 
value to the hospital of competent pharmaceutical 
service. 

Reports—The pharmacist should study the monthly 
and annual reports from the different departments of 
the hospital so that his own report may be in similar 
form and acceptable to the administration. His own 
report should present concrete evidence of service 
rendered, should show evidence of work engaged in dur- 
ing the previous period, should include suggestions and 
recommendations that will allow new policies or new 
techniques to be instituted, and should be able to show 
that the pharmacy department personnel are worthy 
of the salaries that are being paid, or possibly, that they 
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have earned an increase because of the value of service 
rendered. 

The pharmacist should prepare record sheets that 
will summarize the activities of each day, which can be 
totaled at the end of each month, and which can be pre- 
sented yearly in the annual report. 

The annual report can be divided into three parts, 
namely, a financial statement, a statement of accom- 
plishments and activities, and recommendations for the 
future. ° 

The accomplishments and activities should include 
the following: 


Number of prescriptions filled. 
Number of ward baskets filled. 


volved. 

Educational programs, including formal instruc- 
tion to the nursing and intern staffs. 

Report of the Therapeutics Committee and of 
changes in the hospital formulary. 

Report of inspections of floor or ward drug cab- 
inets. 

Attendance at professional society meetings. 

Original papers presented before professional and 
other groups. 
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The recommendations should include the installation 
of new equipment and improvements in the pharmacy 
department with convincing evidence of the increased 
service and economic advantages to the hospital which 
such improvements will bring. 

Such a report, with the mentioned records and with 
accurate data covering the complete cost and income 
of the pharmacy, can be submitted showing the eco- 
nomic value of efficient pharmaceutical service to the 
hospital. Such reports will do much towards advanc- 
ing the prestige and the salaries of members of the 
pharmacy department. 


Drug Policy of the Hospital 


The Therapeutics Committee—Physicians, represent- 
ing each medical service in the hospital, collaborating 
with the Chief Pharmacist, should comprise the Thera- 
peutics Committee. This Committee should establish 
and maintain the drug policy for the hospital and deter- 
mine what drugs are most useful and economical to 
carry in stock. They attempt to guide the prescribing 
tendencies of the medical staff towards the use of 
official preparation and to discourage the use of special- 
ties and controlled titles for medicines. Where articles 
are known to have similar composition and action, but 
differ in brand name or manufacturer, they should de- 
cide the preparation to be used. This is necessary be- 
cause of the expense involved in carrying a large stock 
of infrequently used items and because of the economy 

involved in purchasing standard medicines in large 
quantities. 

Hospital Formulary—The Therapeutics Committee 
should develop or adopt a suitable Hospital Formulary 
which should be revised from time to time. The Hos- 
pital Formulary should be considered as supplementary 
to the United States Pharmacopeia, National Formu- 
lary, and New and Nonofficial Remedies and should 
include only such drugs and preparations, described in 
these books of standards, as the Therapeutics Committee 
believes to be most efficient, and best suited to the 
needs of their hospital. A complete discussion of the 
‘Hospital Formulary will be found on page 1270. 

‘The following quotation from the preface of the New 


Report of manufacturing, including savings in- - 
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York Hospital Formulary indicates the purposes of a 
Formulary: 


“This formulary is presented as an aid to the physicians in 
prescribing in the pavilions and out-patient departments of the 
New York Hospital. No drugs or biological preparations whose 
therapeutic values have not been established have been included. 
Mixtures have been reduced to the simplest possible formulas. 

“The metric system is employed throughout and is to be used 
exclusively in prescribing. A preparation may be ordered by 
writing the Latin title or any of its English equivalents. In 
complex formulas, the various constituents need not be given. 
Some solutions are dispensed in several concentrations, and when 
prescribing, care should be taken to specify the strength desired. 
Percentages refer to weights of solids and volumes of liquids. 
The quantities dispensed by the pharmacy are stated in paren- 
thesis under dosage. 

“In the interest of economy and efficiency, whenever numerous 
drugs with essentially the same therapeutic value are available, 
only one or two of them have been selected. Non-inclusion of a 
preparation, therefore, does not necessarily mean that it is con- 
sidered useless. No change can be made in the components of 
any of the mixtures. The limited time of the pharmacists does 
not permit the compounding of special prescriptions. 

“Application for the admission of any drug to the Formulary 
should be made to the Chairman of the Committee. Requests for 
preparations to be temporarily used for controlled research 
should be submitted to the Formulary Committee through the 
department head unless the expense for such preparations is to be 
taken from that department’s budget.” 


Charges for Drugs—Methods of distributing and 
charging for drugs should also be considered under drug 
policy. Charges to patients for drugs differ in hospitals 
according to whether the hospital is operating on a total 
inclusive rate or a part inclusive rate program. Under 
the former plan, almost every preparation listed in the 
Hospital Formulary will be considered floor stock and 
administered to the patient with no charge. Under the 
latter plan, certain specific formulary items will be floor 
(non-charge) drugs while other formulary drugs will 
be charged to the patient. In either case, non-formu- 
lary drugs will be charged to the patient. 


Drugs for Research—When a pharmacy is operating 
under a Hospital Formulary and Therapeutics Commit- 
tee, usually no new drug is added to pharmacy stock 
until it has been approved by this control Committee. 
This does not hamper controlled study of any drug or 
proprietary article. The pharmacy will, therefore, 
supply a specified amount of any preparation for a 
member of the teaching staff after the approval of the 
head of his service. When this supply is exhausted no 
more will be supplied, nor will it be added to the phar- 
macy stock, until a report showing its value has been 
given to the Therapeutics Committee and its use 
approved. 


Arrangement of the Hospital Pharmacy 


The arrangement of a hospital pharmacy depends 
upon the size of the hospital. The space requirements 
for maintaining proper pharmaceutical service in hos- 
pitals of various sizes are suggested on page 1269 under 
Minimum Standards for a Hospital Pharmacy. 

It is also suggested that for the hospital to maintain 
utmost efficiency, the full-time services of a pharmacist 
are required in any hospital of 35 beds or over. For 
larger hospitals, there should be one pharmacist for 
every 100 beds. 

The pharmacy should be prominently located prefer- 
ably adjoining the out-patient department where 
ventilation is adequate and the air is relatively free 
from dust. The actual dispensing laboratory and the 
out-patient laboratory of the pharmacy should be so 
arranged that they present a quiet, dignified, profes- 
sional atmosphere, with a minimum of disturbances, 
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and with none of the attendant noise or odors from the 
manufacturing laboratory. 

Though it is recommended that the pharmacy be all 
on one floor if possible, many hospital pharmacies are 
arranged on a two-floor level, one above the other, with 
the dispensary and offices open to the view of patients 
and readily available to the medical staff. It is also 
desirable, for control purposes, to have the office adja- 
cent to the main dispensing room, so that questions 
can be easily and quickly referred to the Chief Pharma- 
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200-bed general hospital as suggested by the U. S. 
Public Health Service. 


Minimum Standards for a Hospital Pharmacy! 


The following offers a set of principles upon which 
proper medication and pharmaceutical service for a 
hospital may be developed. This will also suggest a 
basis for the approval of a hospital for pharmacy 
internships. 

1. Purpose—The purpose of the Pharmacy Depart- 


Fig. 758—Pharmacy for a 200-bed general hospital. 
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cist. An intercommunication system is a necessity 
when more than one room is required for the pharmacy. 

The pharmacist’s office should be suitable for confer- 
ences without interruption and without interfering with 
the efficiency of his staff or the pharmacy interns, but 
should be located so that the dispensary can be super- 
vised. 

If the pharmacist controls the professional supplies, 
the storeroom should be near the pharmacy or conveni- 
ent to the medical and nursing divisions of the hospital, 
and to the out-patient department. 

If parenteral solutions are being manufactured, the 
rigid controls described in the Chapter on “Parenteral 
Solutions” (page 249) should be maintained. 

Alcohol and inflammable solvents should be specially 
stored according to the individual specifications of the 
fire underwriters and the alcohol tax units. There 
should be a storeroom for drugs, chemicals, and solutions 
purchased in bulk containers. A properly equipped 
laboratory should be provided for the maintenance of 
adequate control of manufactured products, and for 
such research as the pharmacist may undertake. 

Many workable plans might be drawn for the hos- 
pital pharmacy, yet the conditions existing in each 
hospital demand, in most cases, an adaptation of the 
space available. Fig. 758 illustrates a pharmacy for a 
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ment is to provide efficient and economical distribution 
of the medical requirements of the hospital, including 
biological products and parenteral solutions. 

2. Organization— 

A.  Administration—The Pharmacy Department 
shall be responsible for all medication, including nar- 
cotics and parenteral solutions, supplied to in-patients, 
out-patients, operating rooms, and all other depart- 
ments of the hospital. 

B. Personnel—The personnel of the Pharmacy De- 
partment shall consist of a Chief Pharmacist and as 
many additional registered pharmacists and assistants 
as conditions warrant. 

3. Committee—The hospital shall appoint a Thera- 
peutics Committee, which shall meet regularly. The 
members of the committee shall be chosen from the 
several divisions of the medical staff. The Chief 
Pharmacist shall be a member of the Committee and 
shall serve as its secretary. He shall keep a transcript 
of proceedings and forward a copy to the proper govern- 
ing authority of the hospital. The purposes of the 
Therapeutics Committee shall be: 

A. To serve as an advisory group to the hospital 
pharmacist on matters pertaining to rational drug 


. Tentative standards suggested by Minimum Standards Committee of 
the American Society of Hospital Pharmacists (1948). 
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therapy and to furnish clinical data for the evaluation 
of new or nonofficial products where necessary. 

B. To add to and delete from the drugs used: 

C. To prevent unnecessary duplication of drugs. 

D. To assist in enabling the pharmacist to procure 
the more special and expensive medicinals in the most 
economical form and to obviate waste in the use of all 
medicines. 

E. To establish a hospital formulary. 

4. Library—The pharmacy shall maintain an ade- 
quate pharmaceutical reference library which shall 
contain the latest editions of the following: 

A. Pharmacopeia of the United States, National 
Formulary, New and Nonofficial Remedies. 

B. Useful Drugs, Remington's Practice of Pharmacy, 
United States Dispensatory, Gutman’s Modern Drug 
Encyclopedia and Therapeutic Guide, reference books 
on organic, inorganic, physical and analytical chemis- 
try, physiology, pharmacology, toxicology, bacteriology 
and clinical pathology, a medical dictionary, and a 
complete, indexed and readily available file of current 
commercial pharmaceutical literature. 

C. Journal of the American Pharmaceutical Associa- 
tion, Practical and Scientific Editions, Journal of the 
American Medical Association, The Bulletin of the 
American Society of Hospital Pharmacists, American 
Professional Pharmacist. 

D. Federal and state regulations governing the use 
of narcotics and alcohol and a copy of the state phar- 
macy laws and sanitary code. 

5. Dispensing Standards— . 

A. The hospital shall use drugs, chemicals, and 
pharmaceutical preparations of U.S. P., N. F., or New 
and Nonofficial Remedies quality. 

B. No articles of a secret composition will be dis- 
pensed. 

C. No article sold under a proprietary name will 
be dispensed under such a name if a substance of identi- 
cal composition can be obtained under an official name. 

D. Requests for new medicines not yet approved by 
the Council on Pharmacy and Chemistry of the Ameri- 
can Medical Association will receive consideration only 
if they are approved by the head of the department. 

EK. Narcotic, barbiturate, and dangerous drug pre- 
scriptions must conform to all requirements of federal 
and state laws and regulations. 

6. Supervision—The chief Pharmacist shall have 
immediate supervision over: 


A. The preparation and sterilization of injectable: 


medication. 

B. The manufacture of pharmaceuticals. 

C. The dispensing of drugs, chemicals, and pharma- 
ceutical preparations and the maintenance of proper 
inventories. ; 

D. The filling and labeling of all drug containers 
issued to nursing units from which medication is to be 
administered. 

E. Asemi-monthly inspection of all pharmaceutical 
supplies on nursing units. 

F. The maintenance of an approved stock of anti- 
dotes in the emergency suite. 

G. Specifications for purchase and storage of all 
- drugs, chemicals, and pharmaceutical preparations used 
in the treatment of patients. 

7. Equipment—In listing the equipment for the 
pharmacy, the type rather than the size for quantity re- 
quired is outlined below. In hospitals where more than 
one pharmacist is employed, duplication of some of the 
listed equipment will be necessary; it should be avail- 
able in suitable number and size. 
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A. General glassware: beakers, bottles, graduates, 
flasks, pipettes, percolator bottles, percolators, and 
stirring rods. 

B. Filtering apparatus: funnels, filter paper, sin- 
tered glass filters, pressure filters where warranted, and 
filtering racks to hold 5-gallon bottles. 

C. Mixing apparatus: mixing tanks, 5- to 100- 
gallon capacity as warranted, portable electric agitators, 
sieves, mortars, pestles, spatulas, glass slabs for mixing 
ointments, homogenizer, ointment mill,- and power 
driven mixing machine. 

D. Balances: analytical (sensitive to 0.1 mg.), 
prescription balance (sensitive to 2 mg.), heavy-duty 
prescription balance (sensitive to 10 mg. to 30 mg.), 
balance for general weighing (capacity 5 Kg. or larger). 

E. Refrigerator: adequate in size and capable of 
maintaining a temperature of 4° C. with a special 
freezing compartment at 0° C. 

F. Sink: a large double compartment sink which 
permits thorough soaking with an effective cleansing 
agent is preferable. The inside dimensions of the sink 
should be at least 30 in. X 40 in., and have a depth of 
at least 18 in. Automatic rinsing spouts should be 
mounted between the compartments of the sink. 

G. A locked vault or storage space must be main- 
tained to conform with federal and state requirements 
for narcotics and alcohol storage. 

H. Miscellaneous equipment: electric hot plates, 
bunsen burners, water baths, evaporating dishes, sup- 
pository molds, ring stands, storage cabinet for pre- 
scription bottles and corks, label cabinet, printed 
labels, typewriter equipped with label holder, prescrip- 
tion files and filing cabinets for literature, invoices, in- 
ventories, correspondence and cost, purchase, and man- 
ufacturing records. 

I. Equipment for manufacturing parenteral solutions: 
aspirating bottles, bacterial filters, syringes, needles, 
equipment for sterility test Gf not available elsewhere 
in the hospital), suitable containers for injections, auto- 
clave with temperature recorder, water still and dis- 
tilled water storage tank of proper capacity to accom- 
modate the needs of the department, desiccator, suc- 
tion apparatus, burette and stand, standard solutions, 
equipment for pH determinations, funnels, in addition 
to the items listed above. A separate, enclosed, dust- 
free, preferably air-conditioned room should be main- 
tained for the preparation of parenteral solutions. 

8. Location and floor space—The pharmacy dis- 
pensary should be near or adjoining the out-patient 
department, if such is maintained by the hospital, and 
should be accessible to elevator or other devices for 
service to the various floors. The manufacturing lab- 
oratory should be located as close as possible to the 
dispensary and if located on a floor above or below the 
dispensary, the laboratory and dispensary should be 
connected by a motor-driven dumb-waiter. The floor 
space devoted to the pharmacy should be as follows: 


MINIMUM FLOOR SPACE FOR A HOSPITAL PHARMACY 


Floor Space, 
in Square Feet 


Patient Beds 


100 1000 
200— 300 1500-2000 
400— 500 2500-3000 
600-— 700 3500-4000 
800-1000 4500-5500 
over 1000* 


* An additional 500 square feet should be allowed for each increase of 100 
beds in the size of the hospital. 

If surgical supplies are carried, additional space 
should be allowed. It should be borne in mind that 
manufacturing in a hospital pharmacy requires space. 
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for raw materials, for empty bottles, and for the fin- 
ished products. A stock room should be provided for 
the storage of empty bottles and packaging containers. 
A separate area, preferably a closed room provided with 
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desk and other office fixtures, should be available for 
the use of the Chief Pharmacist. This area should con- 
tain the pharmacy library and reference material, and 
should be available to the medical staff. 


THE HOSPITAL FORMULARY 


Purpose—The formulary indicates to the medical staff 
and visiting physicians what therapeutic agents are 
available in the hospital, with composition, strengths 
and quantities supplied. The dose and manner of 
administration are included for the guidance of the 
intern as well as brief statements concerning pharma- 
cological activity and uses. 

Arrangement—There are two general methods used 
in compiling hospital formularies. One type of formu- 
lary is divided into groups of drugs according to a 
therapeutic classification. This type is useful for stu- 
dents, nurses, or interns as it enables them to correlate 
the properties of similar substances and to remember 
in a logical order the therapeutic applications of the 
more important preparations in use at the hospital. 

The other type of formulary arranges all of its titles 
in alphabetical order for ready reference by the busy 
physician, who merely wants to know the strength or 
size supplied by the hospital. This is especially true 
when a physician visits many hospitals and cannot be 
expected to know the particular medicines stocked by 
the different hospitals. 

Specialties—Specialty formulas used by the indi- 
vidual physician are usually discouraged. An attempt 
is made to standardize the medication used in most hos- 
pitals. This enables the staff of the pharmacy to pre- 
pare larger quantities of the preparations supplied and 
results in a great saving of time and labor to the phar- 
macy and financial saving to the patient. Many hospi- 
tal pharmacies, particularly those of the larger institu- 
tions, are greatly reducing the cost of operation by 
manufacturing many of the pharmaceutical and some 
of the domestic preparations required by the hospital, 


such as floor wax, cleaning fluids, etc. (see Useful 


Formulas, page 1382). 


A Typical Hospital Fomulary 


The hospital formulary outline presented below has 
been compiled from the formularies of many nationally 
recognized hospitals, such as The Johns Hopkins Hos- 
pital, New York Hospital, University Hospital at Ann 
Arbor, Michigan, University Hospitals of the State 
University of Iowa, and others. This compilation is in- 
tended to serve as a suggested basis for the preparation 
or revision of a hospital formulary. 

The Title Page—The first printed page in the book 
bears the title of the book, e. g., University Hospital 
Formulary, and gives the year of copyright, credit for 
permission to use materials from the U. 8S. P., N. F., 
etc., and the names of the hospital and publisher. Fac- 
ing the title page might be printed a photograph of the 
hospital. 

Table of Contents—Here will be listed the contents 
of the entire book, showing the therapeutic classifica- 
tion. Formularies are usually divided into three main 
parts, General Information, Medicinal Agents, and Index. 
When an alphabetical arrangement is used an index is 
not essential as long as a sufficient amount of cross- 
referencing is undertaken, but a therapeutic classifica- 
tion is then included at the end of the alphabetical ar- 
rangement of titles. 

Preface—Hither before or after the Table of Contents 
a few explanatory notes are usually written to indicate 
the purposes, scope, and general regulations governing 


the use of the Formulary. The members of the editorial 
staff and Therapeutics Committee are generally named 
and credit is given for all assistance received in the 
preparation of the book. 

General Information—This section of the book may 
be broken down into a few or many subheadings as re- 
quired. Some of those which are found in standard 
formularies are: 


1. Information for Resident Staff—This supplies 
information concerning Narcotics, Absences, Com- 
plaints, Contracts, Equipment, Gratuities, Intoxicants, 
Laundry, Meals and Guests, Relationship to Patients 
and Relatives, Patient Discipline, Residence and Resi- 
dencies, Smoking, Vacation and Leave, Coroner’s Cases, 
Death Certificates, etc. 

2. General Professional Information includes regula- 
tions concerning Necropsy Proceedings, Admission and 
Emergency Service, Discharge of Patients, Blood Trans- 
fusion Service, Reports of Communicable Diseases, 
Transportation of Patients, etc. 

3. Official and Unofficial Formularies—A brief dis- 
cussion of the U.S. P., N. F., N. N. R., ete. 

4. Laboratory and Diagnostic Procedures—This out- 
lines the techniques used in the hospital. 

5. Physiological and Chemical Data—Tables for the 
Blood, Urine, etc. 

6. Hospital Diets—Special Diets for Patients and 
Children. 

7. Tables of Weights and Measures (conversion 
tables). 

8. Prescription Incompatibilities. 

9. Common Abbreviations and Synonyms. 

10. Prescription Writing (for the intern). 
11. Treatment of Acute Poisoning. 


Medicinal Agents—A suggested arrangement for each 
monograph in a complete Formulary is: T7tle followed 
by U. 8S. P. or N. F. if official, Synonyms, Chemical 
Formula if any or a list of the ingredients and quantities 
if a preparation, Uses, Dose, and Preparations. Under 
the last subheading is found information as to the type 
of preparation, 7. é., tablet, ampul, elixir, etc., and the 
sizes supplied on prescriptions. 

This information should always be given under dis- 
tinctive titles and never by number. The number system 
not only prevents interns and medical students from 
becoming familiar with useful drugs but is a source 
of grave danger, especially in the out-patient depart- 
ment, where time is often a factor. A prescription in 
the out-patient department might be written for 742, 
when 724 is desired, with embarrassing results. 

Rules for the Admission of Drugs to the Hospital For- 
mulary—Rules controlling the admission of drugs and 
preparations to a Hospital Formulary are established _ 
by the Therapeutics Committee and should be included 
in the Formulary. The guiding principles upon which 
such rules are based have been discussed previously in 
this chapter. 


A List and Classification of Therapeutic Agents 
Commonly Used in Hospitals 


The following list includes drugs and preparations of | 
the U. 8S. Pharmacopeeia XIII, also a number of other 
drugs recognized in New and Nonofficial Remedies and 
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the National Formulary. The N. N. R. 1948 and N. F. 
VIII substances listed are those found in a number of 
well-known hospital formularies. The therapeutic 
classification is only suggested and may be altered to 
suit the needs of the institution and the desires of the 
medical staff, but from it may be selected the specific 
drugs and forms of medication required and preferred 
by practically any hospital staff and it could form the 
basis for the Hospital Formulary. In addition, special 
formulas and other preparations may be added as the 
editor of the Formulary desires. Reagents and test 
solutions may be placed in a separate section of the 
Formulary; they are usually arranged after the medi- 
cinal agents. 


MERPERIDINE HYDROCHLORIDE N. N. R. 


(Demerol Hydrochloride, Isonipecaine, Ethyl-1-methyl-4-phenylpiperi- 
dine-4-carboxylate hydrochloride( Winthrop )]} 


H 
COOC2Hs 


Uses—Therapeutic doses produce a slight sedative and a de- 
cided analgesic action. Unlike morphine, demerol is not a potent 
hypnotic, and in man the analgesic effect of demerol lies between 
that of morphine and codeine, and persists for 5 to 6 hours. 

The drug possesses a moderate degree of addiction liability 
and may be substituted for morphine in addicted individuals to 
prevent the morphine withdrawal syndrome. A psychic depend- 
ence to demerol may develop since the drug produces a euphoria 
in some individuals which lasts for an hour or more. 

Demerol is used to alleviate pain, particularly that of spastic 
origin, and also as a substitute for morphine i in many conditions. 
It is given in obstetrics to reduce labor pains and, in conjunction 
with barbiturates, to produce obstetric amnesia. ‘A much smaller 
dose of a barbiturate is required when used with demerol. 

Dosage—Intramuscular or oral, 50 mg. to 150 mg 

Preparations—Ampuls (50 mg. per cc.), 2 cc.; Tablets, 50 mg. 

Vial (50 mg. per ce.), 30 cc. 


Fig. 759—A typical monograph. 


The editors of some formularies arrange all the mono- 
graphs for the medicinal agents alphabetically and then 
classify the drugs therapeutically in the appendix, but 
the usual procedure has been to segregate the mono- 
graphs themselves according to a therapeutic classifica- 
tion and then to arrange them alphabetically within 
each group. Therefore no attempt has been made here 
to sanction either style by reproducing an actual formu- 
lary in full. Instead a typical monograph, a composite 
of those found in the current leading hospital formu- 
laries, is reproduced in Fig. 759 and a suggested classi- 
fication follows: 


Allergenic and Anti-Allergic Preparations 


US S.P.XTIL 


Histamine Phosphate 
Histamine Phosphate Injection 


INGUIN ee 

Bacterial Extract 

Food, Epidermal, and Protein Extracts 

Fungus Extracts 

Pollen Extracts 

Rhus Extracts (Poison Ivy, Poison Oak, Poison Sumach) 

Histamine-Antagonizing Agents 
Diphenhydramine (Benadryl) Hydrochloride 
Tripelennamine (Pyribenzamine) Hydrochloride 


Other Drugs 
Neoantergan 


Analgesics and Antipyretics 


UPS. P. XILIT 
- Acetanilid ~ 
Acetophenetidin 
Acetophenetidin Tablets 
Acetylsalicylic Acid 


Acetylsalicylic Acid Tablets 

Aminopyrine 

Aminopyrine Tablets 

Camphor Liniment 

Colchicine 

Colchicine Tablets ; 
Dihydromorphinone (Dilaudid) Hydrochloride 
Dihydromorphinone Hydrochloride Tablets 
Methyl] Salicylate 

Neocinchophen 

Neocinchophen Tablets 

Sodium Salicylate 

Sodium Salicylate Tablets 


N.F. VIII 
Acetanilid Tablets 
Acetylsalicylic Acid Paste, Compound 
Sodium Salicylate Ampuls 


Ne Nees 
Dihydromorphinone Hydrochloride Solution 
Dihydromorphinone Hydrochloride Rectal Suppositories 
Meperidine (Demerol) Hydrochloride Ampuls and Tablets 
Methadon 


Opium Principles and Derivatives 


USS Pe exernn 
Codeine Phosphate 
Codeine Phosphate Tablets 
Codeine Sulfate 
Codeine Sulfate Tablets 
Ethylmorphine Hydrochloride (Dionin) 
Morphine Injection 
Morphine Sulfate 
Morphine Sulfate Tablets 
Opium 
Opium, Granulated 
Opium, Powdered 
Opium Tincture 
Opium Tincture, Camphorated 
Papaverine Hydrochloride 
Papaverine Hydrochloride Injection 


WWII, VCR 
Morphine and Atropine Sulfates Tablets 


INGEN ee 
Papaverine Tablets 


Other Drugs 


Metopon Hydrochloride 


Anesthetics (Basal) 


OI, 12% AGUGE 
Pentobarbital Sodium 
Tribromoethanol (Avertin) 


Tribromoethanol Solution (Avertin with Amylene Hydrate) 


INE Ne@ Tes 
Pentobarbital Sodium Solution 


Anesthetics (General) 


Grind, 2GWUE 
Chloroform 
Cyclopropane 
Ether 
Ethyl Chloride 
Ethylene 
Nitrous Oxide 
Trichloroethylene 
Vinyl Ether (Vinethene) 


Anesthetics (Local) 


ise Ie, CIO: 
Butacaine (Butyn) Sulfate 
Butyl Aminobenzoate (Butesin) 
Clove Oil 
Cocaine 
Cocaine Hydrochloride 
Ethyl Aminobenzoate (Anesthesin, Benzocaine) 
Ethyl Aminobenzoate Ointment 
Ethyl Chloride 
Phenacaine (Holocaine) Hydrochloride 
Procaine Hydrochloride 
Tetracaine (Pontocaine) Hydrochloride 


N.F. VIII 
Benzyl Alcohol 
Procaine Hydrochloride Ampuls 
Procaine Hydrochloride Solution 


NaN. R. 
Butesin Picrate Ointment with Metaphen 
Dibucaine (Nupercaine) Hydrochloride 
Metycaine Hydrochloride Solution 
Orthoform 
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Antidotes 


ORS ieee Der 
Picrotoxin 
Picrotoxin Injection 


N. N.R. 
Dimercaprol (B. A. L.) 


Local Anti-Infectives 


Bey See 00. Ol 
Alcohol 
Benzalkonium (Zephiran) Chloride 
Benzalkonium Chloride Solution 
Benzoie Acid 
Benzoin 
Benzoin Tincture 
Benzoin Tincture, Compound 
Benzyl Benzoate 
Benzyl Benzoate Lotion 
Benzyl Benzoate, Saponated 
Betanaphthol 
Boric Acid 
Borie Acid Ointment 
Boroglycerin Glycerite 
Camphor 
Camphor Liniment 
Camphor Water 
Chloroazodin 
Chloroazodin (Azochloramid) Solution 
Chlorobutanol 
Chrysarobin 
Chrysarobin Ointment 
Clove Oil 
Cresol 
Cresol Solution, Saponated 
Eucalyptol 
Eucalyptus Oil 
Eugenol 
Formaldehyde Solution 
Hydrogen Peroxide Solution 
Iodine 
Iodine Solution, Strong 
Iodine Tincture 
Menthol 
Mercurial Ointment, Mild 
Mercurial Ointment, Strong 
Mercuric Oxide, Yellow 
Mercuric Oxide, Yellow, Ointment 
Mercurous Chloride, Mild 
Mercury, Ammoniated 
Mercury, Ammoniated, Ointment, 
Mercury Oleate 
Myrrh 
Myrrh Tincture 
Peruvian Balsam 
Phenol 
Phenol, Liquefied 
Phenol Ointment 
Potassium Permanganate 
Resorcinol 
Salicylic Acid 
Silver Nitrate 
Silver Nitrate, Toughened 
Silver Protein, Mild 
Sodium Borate 
Sodium Hypochlorite Solution 
Sodium Perborate 
Sodium Thiosulfate 
Storax 
Sulfur Ointment 
Sulfur, Precipitated 
Sulfur, Sublimed 
Tar, Coal 
Tar, Coal, Ointment 
Tar, Juniper 
Tar, Pine 
Tar, Pine, Ointment 
Thymol 
Tolu Balsam 
Tolu Balsam Syrup 
Tolu Balsam Tincture 
Zine Peroxide, Medicinal 


INja J OPS WO EIETE 
Acriflavine Hydrochloride 
Alcohol Rubbing Compound 
Aromatic Spray 
Benzoic and Salicylic Acid Ointment 
Bismuth Subnitrate 
Borie Acid Solution 
Chlorothymol 
Ethylhydrocupreine Hydrochloride 
Iodochlorohydroxyquinoline (Vioform) 
Iodoform 
Isopropyl Alcohol Rubbing Compound 
Larkspur Tincture 
Larkspur Tincture, Acetic 
Menthol Spray, Compound 
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Merbromin (Mercurochrome) 
Merbromin Solution 

Merbromin Solution, Surgical 
Mercurous Chloride, Mild, Ointment 
Mercury Bichloride 

Methylrosaniline Chloride Jelly 
Methylrosaniline Chloride Solution 
Nitromersol (Metaphen) 

Nitromersol Solution 

Nitromersol Tincture 
Phenylmercuric (Merphenyl) Nitrate 
Phenol Glycerite 

Potassium Permanganate Tablets 
Resorcinol Monoacetate (Euresol) 
Scarlet Red 

Scarlet Red Ointment 

Silver Iodide, Colloidal (Neo-Silvol) 
Sodium Borate Solution, Compound 
Sodium Hypochlorite Solution, Diluted 
Sodium Perborate, Aromatic 
Sodium Propionate (Sopronol) 
Thymol Iodide. 

Zinc Iodide 


IN fa eral 18s 
Anthralin Ointment 
Bismuth Tribromophenate (Xeroform) 
m-Cresylacetate (Cresatin) 
Gentian Violet Medicinal Tablets 
Hyclorite 
Isopropyl Alcohol 
Merthiolate Tincture 
Nitrofurazone (Furacin) Ointment 
Silver Picrate (Picragol) 
Tyrothricin Solution 


Other Drugs 
DDT 


Undecylenic Acid 
Copper Undecylenate 


Systemic Anti-Infectives 


Ui Sate XL LD 
Antimony Sodium Thioglycollate 
Antimony Sodium Thioglycollate Injection 
Arsphenamine 
Aspidium 
Aspidium Oleoresin 
Bismuth Potassium Tartrate 
Bismuth Potassium Tartrate Injection 
Bismuth Subsalicylate 
Bismuth Subsalicylate Injection 
Calcium Mandelate 
Carbarsone 
Chiniofon 
Chiniofon Tablets 
Dichlorophenarsine (Clorarsen) Hydrochloride 
Emetine Hydrochloride 
Emetine Hydrochloride Injection 
Hexylresorcinol 
Hexylresorcinol (Caprokol) Pills 
Methenamine : 
Methenamine Tablets 
Methylene Blue 
Methylrosaniline Chloride 
Neoarsphenamine 
Oxophenarsine Hydrochloride (Mapharsen) 
Penicillin Calcium 
Penicillin Dental Cones 
Penicillin Injection in Oil and Wax 
Penicillin Ointment 
Penicillin Sodium 
Penicillin Tablets 
Penicillin Troches 
Quinacrine Hydrochloride (Atabrine) 
Quinacrine Hydrochloride Tablets 
Quinine Bisulfate 
Quinine Dihydrochloride 
Quinine Hydrochloride 
Quinine Sulfate 
Quinine Sulfate Tablets 
Succinylsulfathiazole (Sulfasuxidine) 
Succinylsulfathiazole Tablets 
Sulfadiazine 
Sulfadiazine Tablets 
Sulfadiazine Sodium 
Sulfadiazine Sodium, Sterile 
Sulfaguanidine 
Sulfaguanidine Tablets 
Sulfamerazine 
Sulfamerazine Tablets 
Sulfamerazine Sodium 
Sulfamerazine Sodium, Sterile 
Sulfanilamide 
Sulfanilamide Tablets 
Sulfarsphenamine 
Sulfathiazole 
Sulfathiazole Tablets . 
Sulfathiazole Sodium : 
Sulfathiazole Sodium, Sterile 
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Systemic Anti-Infectives—Continued 


Suramin Sodium (Naphuride) 
Tetrachloroethylene 
Tetrachloroethylene Capsules 
Totaquine 

Totaquine Capsules 
Totaquine Tablets 
Tryparsamide 


TES Wee 
Acetarsone (Stovarsol) 
Carbarsone Tablets 
Potassium Iodide Solution 
Potassium Iodide Tablets 
Quinine Sulfate Capsules 
Sodium Iodide Ampuls 
Stibophen (Fuadin) 


NING R. 
Bee tim Mandelate Syrup 
Bismarsen 
Diiodo-Oxyquinoline (Diodoquin) 
Gold Sodium Thiomalate Injection (Myochrysine) 
Mercuric Oxycyanide 
Phthalylsulfathiazole (Sulfathalidine) 
Streptomycin 


Other Drugs 
Chloroquine (SN7618) 
Diasone 
Promin 
Promizole 


Astringents, Caustics, Irritants, and Protectives 


Astringents 


Gi ILS D-G OBE 
Alum 
Alum, Exsiccated 
Chromium Trioxide 
Cuprie Citrate 
Cuprie Citrate Ointment 
Cuprie Sulfate 
Lead Acetate 
Tannic Acid 
Tannic Acid Glycerite 
Tannic Acid Ointment 
Zine Sulfate 


N.F. VIIt 
Alcohol Rubbing Compound 
Aluminum Acetate (Burow’s) Solution 
Aluminum Chloride 
Aluminum Chloride Solution 
Aluminum Sulfate 
Ferric Chloride Solution 
Hamamelis (Witch-hazel) Water 
Isopropyl Alcohol Rubbing Compound 
White Lotion 


Caustics 


UmS2P> X1IT 
Acetic Acid, Glacial 
Chromium Trioxide 
Trichloroacetic Acid 


N.F. 
Nitric Acid 
Silver Nitrate, Toughened 


Irritants 


(UGB IRs 3g Uae 
Black Mustard 
Mustard Plaster 
Camphor and Soap Liniment 
Chloroform Liniment 


N.F,. VIII 
Camphor Spirit 
Cantharides Tincture 
Capsicum Tincture 
Soap Liniment, Soft, Compound 


Protectives 


(OC es Dawes 
Almond Oil, Expressed 
Calamine 
Calamine Lotion 
Collodion, Flexible 
Glycerin 
Lard, Benzoinated 
Ointment, Hydrophilic 
Ointment, White 
Ointment, Yellow 
Olive Oil 
Petrolatum 
Petrolatum, Hydrophilic 


Petrolatum, White 
Rose Water Ointment 
Starch 

Starch Glycerite 

Tale 

Theobroma Oil 
Tragacanth 
Tragacanth Mucilage 
Wool Fat 

Wool Fat, Hydrous (Lanolin) 
Zine Oxide 

Zine Oxide Ointment 
Zine Stearate 


Ne VOLE 
Bismuth Paste 
Calamine Liniment 
Calamine Lotion, Phenolated 
Neocalamine Liniment 
Neocalamine Lotion 
Neocalamine Lotion, Phenolated 
Neocalamine, Prepared 
Sun Cream N. F. 
Titanium Dioxide 
Zine Oxide Paste 


Autonomic Drugs 


Sympathomimetic Agents 


lt IJ2 2OCUL 
Ephedrine 
Ephedrine Hydrochloride 
Ephedrine Sulfate 
Ephedrine Sulfate Tablets 
Epinephrine 
Epinephrine Inhalation 
Epinephrine Injection 
Epinephrine Solution 


NaF. VITL 


Ephedrine Spray 

Ephedrine Sulfate Ampuls 

Ephedrine Sulfate and Phenobarbital Capsules 
Ephedrine Sulfate Capsules 

Ephedrine Sulfate Jelly 

Ephedrine Sulfate Solution 

Ephedrine Sulfate Syrup 


N.N. R. 


Amphetamine (Benzedrine) Inhaler 

eas Hydrochloride Solution, 1:100 (Adrenalin Chloride, 
1: 100 

Epinephrine in Oil Suspension, 1: 500 (Adrenalin in Oil, 1: 500) 

Naphazoline (Privine) Hydrochloride Solution 

Phenylephrine (Neo-Synephrine) Hydrochloride Solution 

Tuamine Inhaler 

Tuamine Sulfate Tablets 


Parasympathomimetic Agents 


Ohishi 2 GuOl 
Carbachol (Carbamylcholine Chloride) 
Carbachol (Doryl) Injection 
Carbachol Tablets 
Methacholine (Mecholyl) Chloride 
Methacholine Chloride Capsules 
Methacholine Chloride Injection 
Neostigmine (Prostigmine) Bromide 
Neostigmine Bromide Tablets 
Neostigmine Methylsulfate 
Neostigmine Methylsulfate Injection 
Physostigmine (Eserine) Salicylate 
Pilocarpine Nitrate 


INV ID VATE WE 


Pilocarpine Hydrochloride 


INN eter 


Mecholyl Bromide 
Mecholyl Bromide Tablets 


Other Drugs 


IO Uae ee (Di-isopropylfluorophosphate) 
Prostigmine-Atropine Diagnostic Injection. 


Parasympathetic Depressants 


UG Set Lo eed Ll 


Atropine 

Atropine Sulfate 

Atropine Sulfate Tablets 
Belladonna Extract 
Belladonna Leaf 

Belladonna Ointment 
Belladonna Tincture 
Eucatropine Hydrochloride 
Homatropine Hydrobromide 
Hyoscyamus 
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Autonomic Drugs—Continued 


Hyosecyamus Tincture 
Scopolamine Hydrobromide 
Stramonium 

Stramonium Extract 
Stramonium Tincture 


Neon. VILE 
Belladonna Leaf Fluidextract 
Homatropine Methylbromide (Novatrine) 
Hyoscyamus Fluidextract 
Scopolamine Hydrobromide Tablets 
Stramonium Fluidextract 


N. N. fen 
Scopolamine Stable Injection 
Syntropan Tablets 


Other Drugs 
Trasentin Tablets 


Autonomic Blocking Agents 


N. N. R. 
Intocostrin Injection 


Other Drugs 
Tetraethylammonium Chloride (Etamon) 
Tubocurarine Chloride Injection 


Cardiovascular Agents 


Digitalis and Related Digitalis Principles 


UgS Paoli 
Digitalis 
Digitalis Capsules 
Digitalis Injection 
Digitalis, Powdered 
Digitalis Tablets 
Digitalis Tincture 
Digitoxin (Crystodigin, Digisidin, Purodigin) 
Digitoxin Injection 
Digitoxin Tablets 
Digoxin 
Digoxin Injection 
Digoxin Tablets 
Lanatoside C (Cedilanid) 
Lanatoside C Injection 
Lanatoside C Tablets 
Ouabain 
Ouabain Injection 


N. F.,.VIII 
Strophanthin Ampuls 


UNE inet. 
Digalen Injection 
Digilanid Injection 
Scillaren Injection 
Scillaren-B Injection 


Vasodilators 


Um = Paxil 
Amy] Nitrite 
Erythrityl Tetranitrate Tablets 
Glyceryl Trinitrate Tablets 
Sodium Nitrite 
Sodium Nitrite Tablets 


Neer Vel LeD 
Potassium Thiocyanate 


~ N. RR: 
Mannitol Hexanitrate Tablets 


Other Drugs 
Octyl Nitrite (Octrite) 


Quinidine Drugs 
Ol JES XCIMOL 


Quinidine Sulfate 
Quinidine Sulfate Tablets 


Sclerosing Agents 


OS Es AO UHE 
Dextrose Injection (50%) 
Quinine and Urethane Injection 
Sodium Morrhuate Injection 


N.N. R. 
Invert Sugar Injection 


Sodium Morrhuate with Quinine Injection 
Sodium Ricinoleate Injection 


Central Nervous System Stimulants 


UepSeebs eX Did 
Ammonia Spirit, Aromatic 
Caffeine 


Caffeine and Sodium Benzoate 

Caffeine and Sodium Benzoate Injection 
Caffeine, Citrated 

Carbon Dioxide 

Picrotoxin 

Picrotoxin Injection 

Strychnine Sulfate 

Strychnine Sulfate Tablets 


Nid MAM EE 
Caffeine, Citrated, Tablets 


No Nak: 
Amphetamine (Benzedrine) Sulfate Tablets 
Metrazol Injection 
Nikethamide (Coramine) Injection 
Oxygen-Carbon Dioxide Mixture 


Other Drugs 
Desoxyephedrine (Desoxyn, Methedrine, Drinalfa) 
d-Amphetamine (Dexedrine) Sulfate Tablets 


Diagnostic Aids 


External Diagnostic Agents 


ORS IO XG OEE 
Fluorescein Sodium 


Other Drugs 
Anti-Rh Serum 


Internal Diagnostic Aids 


(Ghss de, SAUTE 
Barium Sulfate 
Histamine Phosphate 
Histamine Phosphate Injection 
Todized Oil (Lipiodol 40%) 
Todophthalein Sodium 
Todopyracet Injection (Diodrast) 
Phenolsulfonphthalein 
Phenolsulfonphthalein Injection 
Sodium Benzoate 
Sulfobromophthalein (Bromsulphalein) Sodium 
Sulfobromophthalein Sodium Injection 
Tuberculin, Old 
Tuberculin, Purified Protein Derivative 


N.F. VIII 
Sodium Indigotindisulfonate (Indigo Carmine) Ampuls 


INN. fee 
p-Aminohippuric Acid 
Hippuran Injection 
Iodoalphionic Acid (Priodax) Tablets 
Lipiodol (10 per cent Iodine) Injection 
Mannitol Injection 
Methiodal Sodium (Skiodan) Injection 
Neo-Iopax Injection 
Phentetiothalein Sodium (Iso-Iodeikon) Injection 


Other Drugs ° 
Radium 
Todochlorol Injection 


Diuretics 


Mercury Compounds 


OS e Aalan 
Mercurophylline (Mercuzanthin) Injection 
Mersalyl (Salyrgan) 
Mersalyl and Theophylline Injection 


Nine Nicole 
Meralluride (Mercuhydrin) Sodium Injection 
Mercuzanthin Tablets. 


Alkali Salts 


(ORS JAY PGOME 
Ammonium Chloride 
Ammonium Chloride Capsules 
Potassium Acetate 
Potassium Chloride 
Potassium Chloride Tablets 
Potassium Citrate 
Potassium Citrate, Effervescent 


Nee ViLLE 
Sodium Citrate Solution 


Urea Drugs 
UmSzePas Xen TT 
Urea 
Xanthine Derivatives 
(DENSE IO GEE : 
Aminophylline 


Aminophylline Injection 


Diuretics—Continued 


Aminophylline Tablets 

Theobromine and Sodium Acetate ; 
Theobromine and Sodium Acetate Capsules 
Theophylline 

Theophylline Tablets 

Theophylline and Sodium Acetate 
Theophylline and Sodium Acetate Tablets 


Jig a 
Theobromine and Sodium Salicylate 


NEON. Fe 
Theocalcin Tablets 


Emetics 


Unseen x FLT 

Antimony Potassium Tartrate 
Apomorphine Hydrochloride 
Apomorphine Hydrochloride Tablets 
Ipecac 

Ipecac Fluidextract 

Tpecac Syrup 

Mustard, Black 

Zine Sulfate 


Expectorants 


U.S. P. XIII 

Ammonium Carbonate 
Ammonium Chloride 
Ammonium Chloride Capsules 
Antimony Potassium Tartrate 
Hydriodie Acid, Diluted 
Hydriodie Acid Syrup 

Ipecac Fluidextract 

Ipecac Syrup 

Wild Cherry Syrup 


Metis WG OE 


Ammonium Chloride Tablets 

Opium and Glycyrrhiza Mixture, Compound 
Squill Syrup 

Terpin Hydrate 

Terpin Hydrate and Codeine Elixir 

Terpin Hydrate Elixir 


Gastrointestinal Drugs 


Antacids and Adsorbents 


OSSHPA XITT 

Aluminum Hydroxide Gel 
Aluminum Hydroxide Gel, Dried 
Aluminum Phosphate Gel 
Bismuth Subcarbonate 

Calcium Carbonate, Precipitated 
Calcium Hydroxide 

Calcium Hydroxide Solution 
Chalk Mixture 

Chalk, Prepared 

Charcoal, Activated 

Magnesium Carbonate 
Magnesium Trisilicate 
Magnesium Trisilicate Tablets 
Potassium Bicarbonate 

Sodium Bicarbonate 


N.F. VIII 


Bismuth Subcarbonate Tablets 
Rhubarb and Soda Mixture 
Soda and Mint Solution 


yO Sehr teAC Le ATR MA: Cry. 


Gentian 

Gentian Tincture, Compound 
Ginger 

Ginger Fluidextract 
Hydrochloric Acid 
Hydrochloric Acid, Diluted 
Myristica 

Myristica Oil 

Orange Peel, Bitter 

Orange Peel, Bitter, Tincture 
Orange Peel, Sweet 

Orange Peel, Sweet, Tincture 
Ox Bile Extract (Bile Salts) 
Ox Bile Extract Tablets 
Pancreatin 

Peppermint 

Peppermint Oil 

Peppermint Spirit 
Peppermint Water 
Spearmint 

Spearmint Oil 

Spearmint Spirit 

Spearmint Water 


IMIR WIE 
Pepsin 
Pepsin Elixir, Compound 


N. N. R. 
Dehydrocholic Acid Tablets 
Sodium Dehydrocholate (Decholin Sodium) 
Sodium Dehydrocholate Injection 


Other Drugs 
Betaine Hydrochloride Capsules 
Glutamic Acid Hydrochloride Capsules 


Laxatives 


(Oh Ss 125 VAGUE 
Agar 
Aloe 
Aloin 
Cascara Sagrada 
Cascara Sagrada Extract 
Cascara Sagrada Extract, Powdered 
Caseara Sagrada Extract Tablets 
Cascara Sagrada Fluidextract 
Cascara Sagrada Fluidextract, Aromatic 
Castor Oil 
Effervescent Powders, Compound 
Glycerin Suppositories 
Magnesia Magma 
Magnesium Citrate Solution 
Magnesium Oxide 
Magnesium Oxide, Heavy 
Magnesium Sulfate 
Petrolatum Liquid 
Petrolatum, Liquid, Emulsion 
Petrolatum Liquid, Light 
Phenolphthalein 
Potassium Sodium Tartrate 
Rhubarb 
Rhubarb Syrup, Aromati¢ 
Rhubarb Tincture, Aromatic 
Senna 
Senna Fluidextract 
Senna Syrup 
Sodium Phosphate (Dibasic) 
Sodium Phosphate, Effervescent 
Sodium Phosphate, Exsiccated 
Sodium Sulfate 
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Sodium Bicarbonate and Calcium Carbonate Powder (Sippy N.F. VIII 


Powder No. 1) ‘ Phenolphthalein Tablets 
Sodium Bicarbonate and Calcium Carbonate Tablets _ Potassium Bitartrate 
Sodium Bicarbonate and Magnesium Oxide Powder (Sippy Powder Rhubarb Syrup 

No. 2) Senna Powder, Compound 


Sodium Bicarbonate and Magnesium Oxide Tablets 


Sodium Phosphate Solution 
Sodium Bicarbonate Tablets 


NSN ES Fes 

Other Drugs Metamucil 

Resinat 

Carminatives and Digestants Hematics 

Unsere XT. 

INsiee Oil Iron and Iron Compounds 

Anise Water US ee Sele ; 

Camphor Water Ferric Ammonium Citrate 

Caraway Ferric Ammonium Citrate Capsules 

Cardamom Seed Ferrous Sulfate 

Cinnamon Ferrous Sulfate, Exsiccated 

Cinnamon Oil : Ferrous Sulfate Tablets 

Cinnamon Spirit 

Cinnamon Water NGeE Vallee : 

Clove Ferric Chloride Tincture 

Coriander Oil Ferrous Gluconate 

Fennel Oil Ferrous Iodide Syrup 


Fennel Water Ferrous Sulfate Syrup 
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Neds ore 
Pentnucleotide Injection 


Nig alvs 
Solution Brain Extract (Thromboplastin Local) 
Thrombin, Topical 
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Hematics—Continued 


Nucleotides 


Fibrin Ferments and Thromboplastic Substances 


Other Drugs 
Fibrinogen 
Fibrin Foam and Films 


Liver and Stomach Preparations 


CTS. PaeXGL LEE 

Liver Extract 

Liver Injection 
Liver Solution 
Liver with Stomach 
Stomach, Powdered 


INigs Nc ee 
Heparin Sodium Injection 


Other Drugs 
Dicumarol (Dicoumarin) Capsules 


Anticoagulants 


Miscellaneous 


Other Drugs 
Folic Acid Tablets 
Rutin Tablets 


Hormones and Synthetic Substitutes 


Gia les 2G UGE 


NE: 


Anhydrohydroxyprogesterone (Pranone, Lutocylol, Progestoral) 


Anhydrohydroxyprogesterone Tablets 
Desoxycorticosterone Acetate (Cortate, Percortin, Doca) 
Diethylstilbestrol 

Diethylstilbestrol Capsules 

Diethylstilbestrol Injection 

Diethylstilbestrol Tablets 

» Estradiol 


Estradiol Benzoate (Progynon-B, Dimenformon, Ben-Ovocylin) 


Estrone (Theelin) 
Insulin Injection 


Insulin, 


Methyltestosterone (Oreton-M, Neo-Hombreol-M, Metandren-M) 


Protamine Zine, Injection 


Methyltestosterone Tablets 

Parathyroid Injection 

Pituitary, Posterior 

Pituitary, Posterior, Injection (Pituitrin) 
Progesterone (Proluton, Progestin, Lutocylin) 


Testosterone Propionate (Oreton, Neo-Hombreol, Metandren) 


Thyroid 
Thyroid Tablets 
Thyroxin 


N. N.R. 
Adrenal Cortex Extract Injection 

Chorionic Gonadotropin Injection (Follutein, Korotrin) 
Estriol (Theelol) Capsules 

Estrogenic Substances (Amniotin) Injection 

Estrogenic Substances (Premarin) Tablets 

Estrone Injection 

Ethinyl Estradiol (Estinyl) Tablets 


Insulin, 


Insulin, 


Pitocin 


Globin, with Zinc, Injection 
Crystalline Zinc, Injection 
Injection 


Pitressin Injection 

Pitressin Tannate in Oil Injection 
Stilpalmitate 

Testosterone Propionate Injection 


Other Drugs 
Dienestrol Tablets 


Neve 


Metabolic Agents 
» Antithyroid Drugs 


Thiouracil Tablets 


Other Drugs 
Propylthiouracil Tablets 


Arsenic Compounds 


IONS ge OSU GE 


Arsenic 


Trioxide 


Potassium Arsenite Solution 


Nie Bi Va 
Arsenic Trioxide Tablets 


Calcium Compounds 


UMS eae wall 
Calcium Chloride 
Calcium Gluconate 
Calcium Gluconate Injection 
Calcium Iodobehenate 
Calcium Lactate 
Calcium Phosphate, Dibasic 


INS ING WIG E 


Calcium Gluconate Tablets 
Calcium Lactate Tablets 
Calcium Levulinate Ampuls 
Calcium Phosphate, Tribasic 


Iodine Compounds for Systemic Use 


WSR IEs SOMME 
Iodine Solution, Strong 
Pétassium Iodide 
Sodium Iodide 


Tse, NIGEL 
Sodium Iodide Ampuls 


Nutrients 


ings dey 2OMITE 
Dextrose 
Dextrose Injection 
Glucose, Liquid 
Lactose 


N. EF. VILL 
Aminoacetic Acid 


INieNieeies 
Amigen (Protolysate) Powder 
Amigen Injection 
Parenamine Injection 
Protenum 


Other Drugs 
Cysteine 
Essenamine Powder 
Methionine 


Sodium Salts 


ale 
Sodium Chloride and Dextrose Tablets 
Sodium Chloride Tablets 


Oxytocics 


(Use gael T 


Ergonovine Maleate (Ergotrate) 
Ergonovine Maleate Injection 
Ergonovine Maleate Tablets 
Ergotamine Tartrate (Gynergen) 
Ergotamine Tartrate Tablets 


Ne NOR: Sat y 
Dihydroergotamine (D. H. E. 45) Injection 
Ergotamine Tartrate Injection 


Sedatives and Hypnotics 


Compounds Containing Bromine 


OLS Is OAL 
Potassium Bromide 
Sodium Bromide 


INE a VeLLE 
Bromides, Three, Elixir 
Carbromal 
Sodium Bromide Tablets 


Chloral Derivatives 


(CER JE BOUND 
Chloral Hydrate 


NIN Gere 
Butylchlorate Hydrate 


Barbituric Acid Derivatives 


Gh eles DIM UL 
Barbital 
Barbital Tablets > 
Barbital Sodium 
Barbital Sodium Tablets 
Pentobarbital (Nembutal) Sodium 
Pentobarbital Sodium Capsules 
Pentobarbital Sodium Tablets 
Phenobarbital 
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Sedatives and Hypnotics—Continued 


Phenobarbital Elixir 
Phenobarbital Tablets 
Phenobarbital Sodium 
Phenobarbital Sodium Tablets 
Thiopental (Pentothal) Sodium 
Thiopental Sodium, Sterile 


N.F. VIII 
Pentobarbital Elixir 


Nw Re. 
Amytal Tablets 
Amytal Sodium Capsules 
Phenobarbital Sodium Injection 
Seconal Sodium Capsules i 

» Vinbarbital (Delvinal) Sodium Capsules 


Hydantoin Derivatives 


pS dei @ wf 
Diphenylhydantoin (Dilantin) Sodium 
Diphenylhydantoin Sodium Capsules 


Other Drugs 
Mesantoin 


Miscellaneous Sedatives and Hypnotics 


We St OGM we 
Paraldehyde 
Urethane 


EN ete 
Trimethadione (Tridione) Capsules 


Serums, Vaccines, and Other Biological Products 


(SoS. Ie PIO Gi 
Cholera Vaccine 
Diphtheria and Tetanus Toxoids 
Diphtheria and Tetanus Toxoids, Alum Precipitated 
Diphtheria Antitoxin 
Diphtheria Toxin, Diagnostic 
Diphtheria Toxoid 
Diphtheria Toxoid, Alum Precipitated 
Gas Gangrene Antitoxin, Bivalent 
Gas Gangrene Antitoxin, Pentavalent 
Gas Gangrene Antitoxin, Trivalent 
Globulin, Human Immune 
Plague Vaccine ‘ 
Plasma, Citrated Normal Human 
Rabies Vaccine 
Scarlet Fever Streptococcus Antitoxin 
Scarlet Fever Streptococcus Toxin 
Serum, Normal Human 
Smallpox Vaccine 
Tetanus and Gas Gangrene Antitoxins 
Tetanus Antitoxin 
Tetanus Toxoid 
Tetanus Toxoid, Alum Precipitated 
Tuberculin, Old 
Tuberculin, Purified Protein Derivative 
Typhoid and Paratyphoid Vaccines 
Typhoid Vaccine 
Typhus Vaccine, Epidemic 
Yellow Fever Vaccine 


N.F. VIII 
Serum, Human Measles Immune 
Serum, Human Scarlet Fever Immune 


N.N. R. 
Antianthrax Serum 
Antivenin (Crotalws)—Crotalus Antitoxin—North American Anti-s 
Snake Bite Serum 
_Antivenin (Latrodectus Mactans—Black Widow Spider) 
Botulism Antitoxin 
Diphtheria Toxin-Antitoxin Mixture 
Influenza Virus Vaccine Types A and B. 
Pertussis Immune Serum (Human) 
Pertussis Vaccine 
Pertussis Vaccine, Alum Precipitated 
Pertussis Vaccine Combined with Diphtheria and Tetanus Toxoids 
Scarlet Fever Streptococcus Antitoxin for Schultz-Charlton Test 
Tetanus Antitoxin, Bovine ‘ 
Trichinella Extract 


Other Drugs ; 
Human Serum Albumin (Salt Poor) Injection 


Parenteral Salt Solutions, etc. 


Wasa Pex LIT 
Dextrose and Sodium Chloride Injection 
Dextrose Injection . 
Ringer’s Solution 
Ringer’s Solution, Lactated 
Sodium Chloride Solution, Isotonic 
Sodium Citrate 
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Sodium Citrate Solution, Anticoagulant 
Sodium Citrate Solution, Anticoagulant Acid, Dextrose 
Sodium Lactate Injection 


Reagents and Solvents 
See chapter on ‘‘Reagents’’ Page (1063). 


Surgical Aids 


(heel Ue, AOVUE 
Cotton, Purified 
Gauze, Absorbent 
Gauze, Adhesive Absorbent 
Gauze, Sterile Absorbent 
Gauze Bandage 
Gut, Surgical 
Plaster, Adhesive 
Plaster, Sterile Adhesive 
Silk, Surgical 
Silk, Sterile Surgical 
Soap, Soft, Medicinal 
Sutures, Surgical 


IND, Ri, Tee 
Absorbable Gelatin Sponge (Gelfoam) 


Vehicles and Flavoring Agents 


See chapter on ‘‘Flavoring Agents’’(Page 958). 


Vitamins and Vitamin Preparations 


(Of sin dR, SEIU! 
Ascorbie Acid 
Ascorbie Acid Tablets 
Cod Liver Oil 
Cod Liver Oil Emulsion 
Cod Liver Oil, Non-destearinated 
Halibut Liver Oil 
Halibut Liver Oil Capsules 
Hexavitamin Casules 
Hexavitamin Tablets 
Menadione 
Menadione Tablets 
Menadione Sodium Bisulfite 
Menadione Sodium Bisulfite injection 
Nicotinamide 
Nicotinamide Injection 
Nicotinamide Tablets 
Nicotinic Acid 
Nicotinic Acid Tablets 
Oleovitamin A 
Oleovitamin A Capsules 
Oleovitamin A and D 
Oleovitamin A and D, Concentrated 
Oleovitamin A and D, Conventrated, Capsules 
Oleovitamin D, Synthetic 
Riboflavin 
Riboflavin Injection 
Riboflavin Tablets 
Rice Polishings 
Rice Polishings Extract 
Sodium Ascorbate Injection 
Thiamine Hydrochloride 
Thiamine Hydrochloride Injection 
Thiamine Hydrochloride Tablets 
Triasyn B Capsules 
Triasyn B Tablets 
Yeast, Dried 
Yeast, Dried, Tablets 


NN alos 
Choline Dihydrogen Citrate 
Folic Acid Tablets 


Other Drugs 
p-Aminobenzoic Acid 
Calcium Pantothenate Capsules 
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CHAPTER CVI 


CONTROL IN MANUFACTURING PHARMACY 


WHEN a pharmaceutical preparation is manufactured 
in a retail store or pharmacy, the quantity prepared is 
usually a relatively small one, and the entire operation 
is performed by the pharmacist. himself or under his 
immediate supervision. In a manufacturing plant, 
where pharmaceutical preparations and other related 
products are made in large quantities, new problems 
arise because the large-scale production multiplies the 
importance of correct zdentity, potency, and quality of the 
product produced, as well as the problems of control 
and supervision of operations. Large-scale production 
greatly increases the manual labor involved in handling 
the material, and hence makes necessary the use of 
trained common labor, under the supervision of techni- 
cal personnel, for conducting the manufacturing opera- 
tions. . 

When a pharmacist fills a prescription, he relies on the 
dependability and integrity of his supplier of the in- 
gredients, as it would obviously be impossible for him 
to check their quality, identity, purity, and potency by 
testing and assay. He depends on his own skill, careful 
checking of the ingredients, and the procedure used, to 
produce a satisfactory finished product. However, this 
is not a permissible procedure for the pharmaceutical 
manufacturer. He must test and assay the materials he 
uses, and do the same on each run or batch of product 
finished. Theoretically, using the correct formula or 
procedure and the proper quality and quantity of raw 
materials, the end product should also be satisfactory. 
Experience, however, has shown that this is not invari- 
ably true. Hence a complete examination of the final 
product is essential. Furthermore, the manufacturer’s 
control system must include an adequate record system, 
which makes it possible to trace back from a control 
number on a package of finished product through all the 
records of testing and manufacturing or other steps 
which were involved in the production of that product, 
including the test protocols of the various raw materials 
used. ‘ 

The Control System—As a general rule, the control 
system of a good pharmaceutical manufacturing house 
includes provision of the following: 

Control Department—A chemical and physical testing 
laboratory, biological testing laboratory, bacteriological 
testing laboratory, control record department, container 
testing department, testing standards and specification 
committee, drafting and blueprinting department, 
control office, retained sample file for products, retained 
sample file for containers. Not all the functions of the 
Control Department enumerated need necessarily be 
separate departments; for instance, the bacteriological 
and biological testing may be done in one laboratory, 
equipped and staffed to carry on both operations. 

Auxiliary Depariments—In addition to the functions 
of these departments. having direct bearing on the 
identity, conformance to label, purity, strength, quality 
and preservation of the product, and which, therefore, 
constitute the Control Department, there must be 
available in the plant certain service and auxiliary de- 
partments which serve the Control Department as well 
as the manufacturing and other divisions of the estab- 
lishment. Among these are: a reference library, re- 


search laboratory, cost accounting department, etc. 

Responsibility—While the control operations are 
preferably conducted in or near the manufacturing 
building, the Director of Control Operations is not re- 
sponsible to the Director of Manufacturing Operations, 
or vice versa, but both are usually responsible to the 
same higher officer. The control operations must be 
independent of productive departments if they are to 
serve as a dependable check on manufacturing and sub- 
dividing operations. 


Functions and Responsibility of the Control System 
and Departments 


The Director of the Control System and the depart- 
ments under his supervision must assume full responsi- 
bility for the following: 

1. Raw Materials—The identity, quality, strength, 
purity, and suitability of all raw materials used in the 
plant, which must be proved by testing, examining, 
assaying, and checking them against the standards that 
have been set for them; the labeling of each lot and 
container thereof, when found acceptable, with a 
“Control Laboratory O.K. Label” (Fig. 760) carrying 
the exact title under which the product is used, the 
lot number assigned to it, and any other pertinent in- 
formation that may be required. 

2. Bulk Products—The identity, quality, uniform- 
ity, strength, purity, and compliance with label claims 
of every lot of bulk product manufactured, which must 
be determined by testing and examination, applying 
the legal, official, and other standards that may have 
been established for it; the labeling of each lot and con- 
tainer thereof, when found acceptable, with a “Control 
Laboratory O.K. Label” carrying the title under which 
the product is sold, the lot number assigned to it, and 
such other pertinent information as may be required. 
This same routine applies to manufacturing ‘‘intermedi- 
ates” which may require control. 

3. Containers—The quality, strength, capacity, 
suitability, and compliance with standards and specifica- 
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tions of all container materials, which must be estab- 
lished by examination and testing; the labeling of the 
cases or containers of each lot found acceptable, with a 
“Control Laboratory O.K. Label” carrying the title and 
plant code number under which the material is used, the 
lot number assigned -to it and such other pertinent in- 
formation as may be required. 

4. Sampling—The conducting or supervising of all 
sampling operations in accordance with established 
specifications, to see that all samples withdrawn are 
truly representative, adequate in volume, or quantity 
collected in proper containers, ete. 

5. Packaging—The checking of the operations of 
the subdividing and finishing department as to correct- 
ness of labeling, of count, weight, or measure; of the 
container, closure, and other packaging materials used; 
and that the work is done under conditions which elimi- 
nate possibilities of contamination and error. The 
checkers employed by the Control Department for this 
work must be registered pharmacists who operate as 
representatives of the Control Department in the sub- 
dividing and finishing departments. 

6. Finished Products—The quality, strength, iden- 
tity, purity, appearance, proper labeling, correct count, 
weight or volume, satisfactory protection of the product 
by the container, etc., and sterility, clarity, and freedom 
from pyrogens, where required; of all finished products 
ready for sale, by making such additional tests and 
checks as may be required to assure compliance with 
standards set for them; and assuring itself of the proper 
storage of all products. 

7. Protocols—The keeping of complete examination 
and testing protocols by the several Testing Labora- 
tories. Each protocol must be signed by the chemist, 
biologist, pharmacologist, bacteriologist, or other tech- 
nical person conducting the tests and each protocol must 
be given a number which corresponds to the lot number 
assigned to the product. These protocols are prefer- 
ably filed in numerical order. 

8. Lot Numbers—Arranging for the recording of the 


lot numbers of all raw materials used in the production” 


of any lot of product by the manufacturing departments 
on the manufacturing batch ticket or protocol of that 
batch; and likewise the recording of the bulk material 
lot number and container material lot numbers, to- 
gether with the label control code number (the “‘Control 
Number” which appears on the sales package), on the 
protocol covering each subdividing and finishing opera- 
tion by the subdividing departments. 

9. The Filing and Preserving of all testing, manufac- 
turing and subdividing protocols; the filing of “‘retained 
samples”’ of all raw products, container materials, inter- 
mediate products, bulk products and finished products 
examined, which were found acceptable (for possible 
future re-examination should it be required) and their 
preservation under proper storage conditions for the re- 
quired number of years. 

10. Personnel—The selection of competent, techni- 
cally trained personnel to staff the several testing labo- 
ratories and other control department divisions, and 
equipping the laboratories and other divisions of the de- 
eae fully and properly for the work they must per- 

orm. 

11. Specifications—The formulation in full detail 
with the assistance of other departments, such as sales, 
_ purchasing, manufacturing and subdividing, of written 
standards and specifications, and drawings where 
needed, for all container materials, raw, bulk, and fin- 
ished products; the provision of duplicates of all 
specifications covering raw, container and other mate- 
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rials which must be purchased, to the Purchasing De- 
partment so that the required specifications may become 
a part of each purchasing contract or order. 


Scope of Control Department Work 


Pharmaceutical manufacturers vary in the scope of 
their manufacturing operations and the scope of control 
work is necessarily governed by the scope of the manu- 
facturing operations. A manufacturer may produce 
only medicinal tablets or the firm may produce other 
classes of pharmaceutical preparations such as ampuls, 
capsules, elixirs, emulsions, extracts, fluids, ointments, 
pills, powders, salts, syrups, tinctures, etc. Another 
manufacturer may produce all of these and, in addition, 
vaccines, hormones, antitoxins, and other biologicals. 
Still another manufacturer may produce all or some of 
tHese and also inorganic medicinal chemicals, natural 
and synthetic organic compounds, etc. A few firms 
also produce antibiotics such as penicillin, which alone 
requires the investment of several million dollars in 
plant and laboratory facilities. 

Laboratories—Even the simplest pharmaceutical 
manufacturing operations will require a well-equipped 
laboratory for chemical and physical testing, and usually 
also requires biological and bacteriological testing 
facilities. The extent of the laboratory facilities re- 
quired depends on the products produced, the specifica- 
tions and standards they must meet, and the raw ma- 
terials involved in their production. Where the require- 
ments for biological testing are too limited to justify 
the providing of a staff, the animals needed, and the 
facilities for such work, the manufacturer must send 
his samples to a commercial laboratory to have the 
biological work done for him. However, it is difficult 
to do satisfactory control work promptly except through 
facilities provided by the manufacturer, for too much 
time is usually lost when work has to be sent to an out- 
side laboratory not under the control of the manufac- 
turer. Biological assays generally are considerably 
more costly than chemical assays. Even large manu- 
facturers operating extensive biological testing labora- 
tories of their own and conducting many assays of a 
given type yearly find that some types of assays will 
cost them several hundred dollars per assay. 

Organization—The control laboratories and the 
associated divisions of the Control Department should 
be organized exclusively for control work, and must not 
be expected or permitted to do plant research, ‘‘trouble- 
shooting,” or other work requiring technically trained 
personnel of qualifications similar to that employed in 
the several control laboratories. Every manufacturing 
plant also requires research and experimental labora- 
tories. New products need to be developed, old prod- 
ucts improved, and process and manufacturing difficul- 
ties investigated and solved; but all such work must be 
assigned to one or more separate laboratories suitably 
staffed and equipped for such purposes. To attempt 
to do this work in the control laboratories defeats the 
satisfactory accomplishment of both the experimental 
work and the control work. 

Authority—As a general rule, the executive officer of 
the firm to whom the Director of Control, the Director 
of Manufacturing Operations, the Director of Subdivid- 
ing Operations, etc., are responsible, issues written in- 
structions or regulations defining the scope, authority, 
and responsibility of the various plant divisions. These 
instructions must include provisions that no raw mate- 
rial may be used in the plant except such as bears a. 
proper ‘‘Control Laboratory O.K. Label,’ as previously 
referred to; that no bulk material may be packaged or 
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container material used unless it likewise bears such a 
“Control Laboratory O.K. Label’; and that no finished 
goods may be placed in stock for sale until a release and 
an approval thereof has been received from the Control 
Department. The Director of Control should see that 
the instructions so provide, and that he is given the 
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items will last a shorter or longer time than planned. 
Some products deteriorate with age even though stored 
under proper conditions, and sometimes unpredictable 
deteriorations or changes may occur. Hence, even 
though a product meets all specifications at the time it 
is approved, this does not mean that it will still be satis- 
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Fig. 761—Control Department Organization and Personnel. 


authority necessary for fully assuming the responsibili- 
~ ties already outlined. 

Periodic Reinspection—As sales fluctuate, and as the 
production planning department of an organization is 
more or less dependent upon forecasts furnished by the 
sales department, it is not unusual that stocks on some 


factory at some future time. Nevertheless, the Control 
Department must assume responsibility for its character 
at the time of sale. 
place an expiration date on products of limited stability, 
and this date is always well within the time when the 
product might be expected to fall below its required 


It is, of course, common practice to 
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potency or other essential value. The control depart- 
ment must, however, know from its own observation 
that all products are up to standard whenever sold. 
Therefore, the practice is followed of periodically with- 
drawing from stock the oldest lot of every product listed 
for sale and retesting it. As a general rule, a schedule 
is prepared of all products sold, which indicates the 
items to be withdrawn each day. Every product in the 
list appears on this schedule at least once a year, and 
such as are subject to change are listed as frequently as 
may be required. Through this practice the work of 
periodic inspections is spread uniformly over the year, 
and proceeds -automatically. If a product is found 
which has deteriorated, that lot must be withdrawn 
from all stocks on the order of the Director of Control, 
and the next oldest lot examined at once. This system 
at the same time provides valuable information on the 
stability and behavior of the products produced. 

Complaints—All manufacturers receive some com- 
plaints from the trade on the character of one or more 
of their products. Such complaints are usually handled 
by a special department, and this department tries to 
have the product complained of returned for inspection, 
in its original container if possible. If successful, the 
returned material is sent to the Control Laboratory for 
re-inspection and testing, together with a copy of the 
complaint. Copies of all other complaints are also 
forwarded to the Control Department for information 
and comment. Where manufacturing, subdividing, and 
control operations are properly standardized and carried 
out, very few complaints, chargeable to any fault of the 
manufacturer, will be found; but nevertheless, there 
will be some, and it then becomes the duty of the Direc- 
tor of Control to see that the necessary corrective meas- 
ures to prevent a recurrence are taken. He should 
immediately place his recommendations before his 
Chief. 


Control Department Organization and Personnel 


In this discussion it is assumed that the Control 
Department is serving a manufacturing establishment 
of sufficient size to permit reasonable departmentiza- 
tion of the Control Department. Certain consolidations 
can be effected for smaller organizations, but it is 
difficult to go. very far in that direction because of the 
specialized skills required for various divisions of the 
work and the difficulties encountered in finding persons 
sufficiently trained and proficient in several different 
fields of technical work. The organization of a Control 
Department may be visualized from the chart in Fig. 761 
which also shows its relation to certain other divisions 
of the firm which are directly drawn into taking part 
in its work: 

Reference has previously been made to the need of 
cooperative assistance from the sales, purchasing, manu- 
facturing, and subdividing departments in the develop- 
ment of standards for products and containers; also to 
the relation of the complaint department (usually a 
part of the sales division) with control. In the follow- 
ing paragraphs, the minimum qualifications of the Direc- 
tor of Control and the personnel under his jurisdiction are 
briefly outlined, with further comments on the functions 
or operations of the departmental divisions. 

The Director of Control—The Director of Control 
should be a person with at least a Ph.M., but preferably 
with a Ph.D. degree, and have first-class technical train- 
ing in at least two of the following subjects: Pharmacy, 
Analytical Chemistry, Pharmacology, Bacteriology. 
He must be a competent executive and administrator, 
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and should have several years of experience in control 
work. 

The Divisional Chiefs—The Chief of the Ghanem 
and Physical Testing Laboratory (Analytical Labora- 
tory) should have not less than a B.Sc. degree in 
Analytical Chemistry and Pharmacy. He must be a 
competent manager, and have one or more years of prac- 
tical experience in diversified chemical and pharma- 
ceutical testing. His staff of Analysts should have 
Pharmacy or Analytical Chemistry degrees, and each 
analyst should preferably: have a suitably. trained 
technician as helper. 

The Chiefs and personnel of fhe other scientific labo- 
ratories should have corresponding training and experi- 
ence in their fields. 

The Chief of the Container Testing Laboratory should 
be a college-trained Pharmacist, preferably with some 
additional engineering training, and should have practi- 
cal experience in container testing. He does not neces- 
sarily require pharmacists or college graduates for per- 
forming the inspection and checking work of his labora- 
tory. Persons of good intelligence, with high-school 
education, can be satisfactorily trained for this work. 
The Drafting Department for preparing drawings for 
container specifications and blueprinting or duplicating 
these and other standards is usually made responsible 
to this Laboratory Chief. The draftsmen must be well 
trained and they must be competent mathematicians. 
This department often has charge of label copy and 
printing orders also; and if so, it must have access to 
the Legal Department of the firm, or to an outside 
Legal Office, for assistance in meeting legal require- 
ments in connection with labeling. 

The Office Manager—The Office Manager of a Control 
Department is preferably a Pharmacist or Chemist, as 
he has much technical data and correspondence. to 
handle. The protocol and retained sample files are 
usually placed under the supervision of the Control 
Office, as are also the samplers and checkers. 


Selection of Personnel 


Each Laboratory Chief and Department Head should 
select the personnel of his own staff, with the approval 
of the Director. 

Standards and Specifications—The development of 
all testing standards and specifications may be handled 
by a Committee under the Chairmanship of the Direc- 
tor of Control. Other Division Chiefs indicated in the 
organization chart, or their representatives, and the 
respective Laboratory Chiefs, form the other Commit- 
tee members when standards of concern to them are 
under discussion. 

Lot Numbers—The assigning of non-conflicting lot 
numbers to raw and container materials is easily ac- 
complished by providing serially numbered testing 
protocol sheets for the use of the several testing labora- 
tories; the number appearing on the protocol becomes 
the lot number. A similar procedure provides lot 


numbers for bulk products and ‘control numbers” for. 


finished sales packages. 
The Sample File—The retained sample file may in- 


clude refrigerated storage space, if some of the prod- — 


ucts produced require storage at a cool temperature. 
The Checkers—The checkers should be college 
trained, registered Pharmacists. Their duty is to ob- 
serve all operations of the subdividing and finishing 
departments, observe the bulk material as used, and 
check the label thereon against,the labels used for finish- 
ing, observe that the containers, closures, etc., are 
correct and clean, check the count, weight, or volume 


eS ee 


CONTROL IN MANUFACTURING PHARMACY 


periodically as the work proceeds, and observe, in gen- 
eral, that all operations are properly conducted. If 
anything is found wanting, an immediate report is made 
to the Director of Subdividing who issues the orders 
needed for correcting the situation. The checking and 
observation by the checkers is distinct and separate 
from the inspection done by the subdividing department 
itself, and has a separate purpose. The subdividing de- 
partment employs mostly girls, divided into groups or 
crews; each crew works cooperatively on the packaging 
and finishing of one product and one size only at a time. 
The crew is managed by a forelady, and also includes 
one or more inspectors who fully examine every single 
package to see that each is perfect, that all are labeled 
and finished alike and in harmony with established 
standards. These inspectors are not pharmacists or 
technically trained persons. Their purpose is to see 
that every package is perfect, and that all labels for 
any one operation are alike. The Control Laboratory 
checker observes a particular operation only when it is 
started, and then periodically (maybe every hour or so) 
thereafter. He is not concerned with each individual 
package but in each case with the correctness and ac- 
ceptability of the over-all operation. 

Sampling Standards—The sampling standards are 
carefully drawn, and represent full and complete in- 
structions for the sampler so that the requisite number 
of truly representative samples are drawn from each 
lot. This usually means one from each container of the 
lot where not too many containers are involved. Where 
many are involved, such as a carload of a given raw 
material packed in barrels, a total of 20 samples may 
be withdrawn, representing 1 from every 8th or 10th 
- barrel as the lot is received. The quantity to be repre- 
sented by each sample must be carefully determined so 
as to avoid unnecessary waste, yet supply an adequate 
amount for all testing and for the retained sample. 
When multiple samples must be withdrawn from one lot 
or shipment, certain tests are usually performed first on 
each sample, to establish that the lot is, in fact, uniform. 
Then weighed portions of all samples are mixed into a 
composite sample, which is then completely tested. In 
some cases this procedure may not be acceptable; for 
instance, in case of a shipment of several hundred bar- 
rels of cod liver oil it is preferable to examine every bar- 
rel for color, odor, and taste; the entire lot, except such 
barrels as were found unsatisfactory on preliminary 
examination, is then pumped into a large tank, mixed 
and sampled, and this sample fully tested and biologic- 
ally assayed. The sampler need not be a technically 
trained person but must be an intelligent, well-trained, 
and dependable workman. Sampling of raw materials 
is generally done in the receiving department which 
must have adequate space to hold the goods until the 
Control Laboratory has labeled and approved them. 
Goods must never be delivered to, or placed in stock 
until released by the, Control Department. 


Rejections 


When goods fail to meet specifications, they are 
marked with “‘Rejection labels,” one on each container. 
In the case of raw materials and container materials, 
they are returned to the vendor. It is for this reason 
‘that all goods must be bought on specifications, as 
previously mentioned. When a manufactured product 
is rejected, what needs to be done with it depends on its 
nature and the reason for the rejection. A solution or 
- tincture may be rejected for lack of clarity. In that 
case, it can be refiltered and thus made ready for re- 

sampling and retesting. If, however, alot of Arsphena- 
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mine, for example, is rejected because of toxicity, there 
is no way to eliminate the fault, and hence it is de- 
stroyed. In the case of rejections, the Director of the 
Control Department determines what steps are to be 
taken, and then issues suitable instructions with his re- 
jection report, which of course will also give the reasons 
for the rejection. 


Equipment and Facilities of the Control Department 


The work of each of the testing laboratories and the 
other divisions of the Control Department must be 
absolutely accurate and dependable. This is why it is so 
important to use only the highest type of adequately 
trained personnel for staffing the department. How- 
ever, such personnel cannot perform satisfactorily unless 
it has the proper kind of laboratories and rooms in 
which to work, and they must be properly furnished 
and equipped. ‘Testing laboratories should be air con- 
ditioned, particularly in those sections of the country 
where high humidity is likely to prevail in summer. 
Good and adequate facilities pay for themselves in a 
short time through facilitating the work and the elimi- 
nation of errors and arguments. Vendors will not accept 
rejections unless they know the manufacturer’s testing 
operations are accurate and dependable. Internal 
friction results from unjustified rejections of manufac- 
tured products. The approval of raw or manufactured 
products which should not be approved is even more 
objectionable, and may be dangerous. The Director of 
Control and his Laboratory Chiefs must, therefore, have 
the right to insist on proper and adequate facilities. 

Laboratory rooms must be very well lighted and 
ventilated, free from dust, fumes, odors, and vibration 
and preferably should be air conditioned. They should 
be quiet and cheerful. Standard laboratory furniture 
for all types of work is now available and quite satis- 
factory. Fume hoods should have fan-induced draft. 
Steam, hot water, cold water, gas, compressed air, 
vacuum, and electricity are needed on most work 
tables and in the hoods of any analytical laboratory. 
Refrigerators, ovens, balances, measures, volumetric 
flasks, graduates, burettes, beakers, flasks, test tubes, 
pipettes, condensers, ring stands, burners, reagents, 
supplies, etc., are general equipment needed in any 
analytical laboratory. Most of them also require 
such instruments as a microscope, potentiometer, 
refractometer, polarioscope, viscosimeter, ete. How- 
ever, little is accomplished by listing such facilities, as 
what is required depends on the work to be done, and 
any competent Laboratory Chief can quickly determine 
this needs when he knows the scope of the testing work 
to be performed. This, of course, also holds true of the 
other divisions of the department. 

It is usually desirable to have a stock room properly 
equipped for carrying a surplus of general supplies, 
glassware, apparatus, and reagents so that necessary 
replacements can be made without loss of time. 


Manufacturing Pharmacy 


This chapter has outlined the control procedures 
which must be followed to insure that medicinal prepa- 
rations manufactured in large quantities will reach - 
the consumer correctly labeled and of proper potency 
and highest quality. The next two chapters describe 
the production of tablets as one example of the many 
phases of manufacturing pharmacy; the other impor- 
tant processes, such as the preparation of Solutions, 
Tinctures, Extracts, Emulsions, Powders, Ointments, 
Plastess, Suppositories etc., have already been dis- 
cussed in detail in Part ITT. 2 : 


CHAPTER CVII 


THE MANUFACTURING OF TABLETS 


Tablets provide an efficient means of administering 
therapeutic agents and when coated render nauseating 
or bitter medicinals tasteless. The advantages of this 
type of pharmaceutical preparation are accuracy, econ- 
omy, stability, portability, absence of alcohol, concen- 
tration, elegance, and convenience in dispensing and 
shipping. In addition to medication, the ingredients 
of various test, standard, buffer, and photographic 
solutions are supplied in the form of tablets. 

History—The tablet was invented in England by 
Brockedon in 1843 and by 1894 tablets for almost every 
known disease were sold on the European and American 
markets. The “tablet fad’? was at first responsible 
for the distribution of many worthless combinations of 
drugs and has been an important factor in encouraging 
some physicians to undertake their own dispensing, 
but modern food and drug legislation and the elevation 
of ethical standards has greatly eliminated these evils. 
In this country Joseph P. Rem- 
ington devised, in 1875, the 
machine for making tablets as 
shown in Fig. 762. Remington’s 
machine was made of cast steel. 
| The base had two countersunk 
depressions, with a short post in 
the center of each; a lenticular 
depression was made in the upper 
surface of each post. A steel 
cylinder having a central aperture 
of the diameter of the post was 
placed in the depression, the proper quantity of 
powder was introduced, and the plunger, which had a 


Fig. 762—Remington’s 
tablet machine 


corresponding lenticular depression on its lower sur-_ 


face, was placed on the powder and is struck a quick 
blow with a mallet. The powder was compressed, and 
the tablet adhered to the cylinder. By removing the 
cylinder and holding it over a box and again tapping the 
plunger lightly the tablet was forced out and fell into a 
box. For a comprehensive review of tablet making 
from 1843 to 1926 see P. A. Foote, Bulletin of the Uni- 
versity of Wisconsin, Serial No. 1566, General Series No. 
1340. The F. J. Stokes Machine Co. supply a small 
treatise on tablet manufacture by John A. Silver and 
Ronald Clarkson entitled Manufacture of Compressed 
Tablets (1944). 

Definitions—Tablets are unit forms of solid medicinal 
substances, or unit forms of the medicinal substance 
with suitable diluents, prepared by compressing or 
molding. They are most frequently discoid in form, 
or they may be of a great variety of shapes: such as 
round, oval, oblong, spherical, or triangular. They are 
divided into two general classes, depending upon their 
method of manufacture or their use, as follows: 


1. Molded Tablets or Tablet Triturates (T.T.) 
(a) Dispensary Tablets (D.T.) 
(b) Hypodermic Tablets (H.T.) 


2. Compressed Tablets (C.T.) 
(a) Sugar Coated Tablets (S.C.T.) 
(b) Enteric Coated Tablets (E.C.T.) 


Some abbreviations listed above have become common 
in the trade and are given here so that when a person 
encounters them he may recognize their meaning, 


C.T. means a compressed tablet of any shape and un- 
coated. Compressed tablets are made from powdery, 
crystalline, or granular materials, alone or in combina- 
tion with disintegrators, binders, lubricants, and fillers, 
which are compressed into many shapes and sizes. 
Some tablets, because of their nature, taste, odor, or 
susceptibility to deterioration, are coated with other 
substances. These coatings are described in another 
section. 

E.C.T. is a compressed tablet coated with substances 
that resist solution in an acid medium (gastric Juice) but 
dissolve in alkaline solution (intestinal juice) to dis- 
perse their medication. It is known as an enteric 
coated tablet. 

S.C.T. refers to a sugar-coated compressed tablet. 
Pills can also be coated and are often erroneously re- 
ferred to as sugar-coated tablets. The reverse is also 
possible in that compressed tablets made on a very deep 
cup are coated to form a sphere and are then referred to 
as ‘“‘sugar-coated pills.” 

T.T. originally referred to tablet triturations made 
from moist materials on a triturate machine which gave 
them the shape of cut sections of a cylinder. Today the 
same shape can be made by compression on a tablet 
machine, but the term T.T. is still used and now may 
refer to an uncoated flat tablet with or without a 
beveled edge, regardless of whether it was molded or 
compressed. Tablet triturates originated with Dr. 
Robert M. Fuller in 1878. 

H.T. refers to a hypodermic tablet which is made on a 
tablet triturate machine and used for hypodermic injec- 
tions. 


Molded Tablets or Tablet Triturates (T.T.) 


Tablet triturates are small disk-like masses of com- 
pressed powders usually weighing from 14 to 4 grains 
each. The base consists usually of milk sugar (lactose), 
or dextrose, and if not for hypodermic use, sucrose, 
which can be used either alone or in combination with 
lactose and/or dextrose. 


Fig. 763—Colton’s No. 1 triturate machine. 


The molded tablets or tablet triturates are made from 
moist or pasty materials. They are more soluble and 
frequently softer tablets. ‘The paste is pressed into 
perforations made in a plate and then pressed out with 
a peg that fits the perforation. This basic principle is: 
still used today. Alkaloids and narcotics are frequently 
prepared in this form. Tablet triturates are often used 
for substances which might show decomposition or 
deterioration if subjected to compression. 

Types of Molds—The hand mold consists of Ever 
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plates made from nickel-plated brass, a plastic mate- 
rial, or stainless steel. The latter is preferable. One 
plate contains from 200 to 500 perforations. The other 
plate is fitted with a corresponding number of projecting 
pegs or punches that register accurately with the per- 


wn ne 


Fig. 764—Colton’s No. 2 triturate machine. 


forations in the other plate. The number 1, 2, and 3 
machines manufactured by the Arthur Colton Co., De- 
troit, Mich., are shown in Figs. 763, 764, and 765. 
Similar molds are made by the F. J. Stokes Machine 
Co., Philadelphia, Pa. 

Fig. 766 illustrates an automatic machine also made 
by the Arthur Colton Co., Detroit, Mich., for the mold- 
ing of tablets. In this machine the prepared material 
passes through the funnel of the hopper to a feed-plate 
below. In this feed-plate are 4 holes the same size in 
diameter as the mouth of the funnel. The material fills 
one hole at a time which when filled passes around or 
revolves to the-mold plate. When in position the 
weighted pressure foot comes down and imprisons the 
material. At the same time a spreader in the sole of 
the pressure foot rubs it into the cavities and evens it 
off so that the triturates are smooth and of uniform 
density. When this operation is completed the mold 
passes on to the next position, where it registers with a 
nest of punches or pegs which eject the tablets from the 
mold plate. A conveyor belt is provided at the base of 
the machine upon which the tablets drop and they are 
carried along a chute leading to a tray. 

Developing a Formula for the Tablet Triturate—In 
developing a formula or deciding upon the amount of 
material required for a given number of tablets, the 


Fig. 765—Tablet triturate machines. 


weight of the diluent which exactly fills all the openings 
in the mold is determined by experiment. This amount 
of diluent is then weighed and placed in a pile on the 


- work bench. The total amount of medication desired is 


now, determined by multiplying the number of per- 
forations in the plate used in the previous experiment 
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by the amount of medication desired in. each tablet. 
The comparative bulk of this medication is now com- 
pared with that of an equal volume of diluent and that 
quantity of diluent is removed or if now desired, 
weighed. The comparative bulks of powders may also 
be determined by placing the amount of medication for 
50 or 100 tablets depending on the size of the mold, in 
a graduated cylinder and an equal bulk of the weighed 
diluent in a similar cylinder and tapping down both 
powders to the same degree. The medication and re- 
maining diluent are mixed by trituration and the result- 
ing triturate moistened and forced into the openings in 
the mold. If the holes are not completely filled more 
diluent is added, its weight noted, and the formula 
made up from the results of the experiment. 


Fig. 766—Colton automatic tablet triturate machine. 


Such formulas, once made for a specific tablet tritu- 
rate mold, may be used repeatedly. 

It is also permissible in the development of a formula 
to weigh the quantity of medication needed for the 
number of tablets represented by the number of per- 
forations in the molds, triturate this with a weighed 
portion (more than half) of the diluent, moisten the 
mixture and press it into the perforations of the mold. 
An additional quantity of the diluent is immediately 
moistened and also forced into the perforations in the 
plate until they are completely filled. All excess of the 
diluent is removed, the trial tablets are forced from the 
mold, then triturated until uniform, moistened again, 
if necessary, and remolded. When these tablets are 
thoroughly dried and weighed, 
the difference between their total 
weight and the weight of medica- 
tion taken will indicate the 
amount of diluent required and 
accordingly supply for future use 
the formula for that particular 
tablet triturate. 

Methods of Manufacture— 
For proper mixing of the medica- 
tion with the base material refer 
to the section on Hxtemporaneous 
Powders (page 280) and Comminution (page 128). 

Preparation of the Material for the Mold—The mixed 
powders are moistened with a proper mixture of alcohol 
and water, although other solvents or moistening agents 
such as acetone, petroleum benzin, and various com- 
binations of these may be used in specific cases, the 
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agent of choice depending upon the solvent action which 
it will exert on the powder mixture. Generally the 
moistening agent is 70 per cent alcohol, but this can 
be increased or decreased depending on the material 
used in the formula. Care must be exercised in adding 
the alcohol-water mixture to the powder. If too much 
is used the mass will be “‘soggy,”’ will require a long 
time to dry, and the finished tablet will be quite hard 
and slowly soluble. Secondly, if the mass is too wet, 
too much shrinkage will result in the molded tablets. 
Thirdly, a condition known as ‘‘creeping’’ will be 
noticed. ‘‘Creeping”’ is the concentrating of the 
medication on the surface of the tablet caused by the 
rapid evaporation of the solvent from the surface. 
Because molded tablets by their very nature are quite 
friable, 7. e., easily abrade, chip, and powder, an inac- 
curate strength in each tablet will result from ‘‘creep- 
ing.”’ On the other hand, if an insufficient amount of 
the moistening agent is used, the mass will not have the 


Fig. 767—Hand molding tablet triturates. 


proper cohesion to make a firm tablet. The correct 
amount of moistening agent can only be determined 
by experimentation. 

Molding of the Tablets—The method for making hand- 
molded tablets is different from that employed in the 
automatic machines. In preparing hand-molded tab- 
lets, the plate with the perforations is placed on a large 
slab of glass, glazed tile, or suitable plastic surface. 
The properly moistened material is placed on one of the 
several previously prepared plates. Small amounts at 
a time are worked or pressed into the perforations or 
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holes in the plate with a broad rubber, nickel, or stain- 
less steel spatula, exerting a uniform pressure over each 
opening. The excess material is removed by passing 
the spatula at the proper oblique angle with strong hand 
pressure over the plate to give a clean flat surface. The 
material thus removed should be placed with the re- 
mainder of the unmolded material. See Fig. 767. 

The plate with the filled perforations should be re- 
versed and moved to another clean part of the slab 
where the pressing operation with the spatula should 
be repeated. It may be necessary to add more material 
to fill the perforations properly. The plate should be 
allowed to stand so that part of the moistening agent 
will evaporate. The plates should be placed at an 
angle to allow equal evaporation on both sides. While 
thcefirst plate is drying another mold can be started. 
As soon as the second mold has been completed the first 
mold should be sufficiently surface dried so that the 
pegs will press the tablets from the mold with a mini- 
mum of sticking to the pegs or the trays. 

To remove the tablets from the die plate it is only 
necessary to place the die plate in the machine, with the 
aid of the guide pegs, in such a manner that the pegs 
and holes correspond. The tablets are released from 
the plate by hand pressure, which forces the pegs 
through the mold and deposits them into a shallow 
tray. The tablets should be evenly spread in single 
layers, where they may be inspected and the imperfect 
ones removed. These imperfect tablets should be 
returned to the remainder of the unmolded material and 
thoroughly mixed with it. 

The trays containing the remaining tablets should be 
dried in a clean dust-free chamber (particularly in the 
case of hypodermic tablets) with warm circulating 
filtered air. After removing the trays from the cham- 
ber, the tablets should be inspected and all broken or 
misshapen tablets removed before the average weight 
and yield are determined. From the now dry and in- 
spected tablets a representative sample should be sub- 


_mitted to the laboratory or control department for 


assay. When the assay, appearance, and other quali- 
ties are found to be satisfactory, the tablets are ready 
to be bottled. A second assay should be made from a 
finished package before a final release is given. 

In the automatic triturate machine shown in Fig. 766, 
the molding material should contain a smaller quantity 
of moistening agent. There are several reasons for 
this. The material must flow freely from the hopper 
because the interval of time between forming the tablets 
and pressing them is considerably shorter than in the 
plate method. The production on this type of machine 
is very great and can reach 1 million tablets per day. 


COMPRESSED TABLETS (C.T.) 


The general process of making compressed tablets 
utilizes one of three specific processes or a combination 
of them: (1) Direct compression, (2) Granulation by 
precompression, and (3) Wet granulation. Successful 
tablet making requires a material that has the proper 
physical shape, is dry and free flowing, possesses suffi- 
cient binding qualities to cohere when compressed, and 
does not stick to the punches and dies. 

General Procedure—The ingredients are mixed, 
- whether in the powdered state or in the form of granules 
or crystals. Too much fine powder is objectionable 
because it does not feed evenly into the die and great 
_ variations in the weight and density result. Also, air 
trapped in the tablets by the fine powder causes them 
to split apart after they are ejected from the machine. 
The fine powders also blow out around the upper 


punch and down past the lower punch making it neces- 
sary to clean the machine frequently. Certain mate- 
rials refuse to form a satisfactory tablet no matter how 
much pressure is used, and must be mixed with some 
adhesive substance referred to as a binder. To prevent 
the sticking of the tablets to the punches and dies, a 
lubricant is added at times. 


These additions are essential to good tablet making and 
are discussed under separate headings. 

A good finished uncoated tablet will be firm enough 
to just break between the second and third fingers 


-when using the thumb finger nail as a fulerum. This 
arbitrary “rule of thumb’? method has been modified ~ 


by the Monsanto hardness tester. This tester holds the 
tablet edgewise and by turning a screw, increased pres- 


4 


If the tablet is to dissolve _ 
quickly, a disintegrator or a wetting agent is added... 
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sure is applied on a coil spring holding the. tablet until 
the tablet breaks. A scale is provided which gives a 
comparative value of hardness. 

Humidity—The use of air conditioning is becoming 


increasingly popular and advantageous in many fields. 


Tablet making is no exception. In localities where high 
humidity is encountered, some types of tablets cannot 
be made regularly, and seasons must be selected when 
the humidity is lower. For effervescent tablets, the 
use of dehumidifiers is practically mandatory. For the 
efficient manufacture of this type of tablet, a humidity 
of 20 to 25 per cent is generally satisfactory; for other 
types of tablets, a relative humidity of 40 per cent is 
sufficient. 


Direct Compression 


Some materials, such as potassium chlorate, potas- 
sium chloride, potassium bromide, potassium iodide, 
potassium nitrate, potassium permanganate, sodium, 
chloride, ammonium chloride, and methenamine, etc., 
possess the requisite properties mentioned above and 
may be compressed without further preparation, but 
the vast majority of substances lack one or all of the 
qualifications mentioned and require special prepara- 
tion before compressing. 


Granulation by Precompression 


Where the ingredients are sensitive to moisture, or 
cannot stand elevated temperatures in drying, a new 
and increasingly popular method is being used. It con- 
sists of precompressing the mixed ingredients with lubri- 
cants into “slugs” which are subsequently broken down 
to the correct size of granulation and recompressed. 
There being no water used in this process, it is possible 
to combine incompatible materials. It also eliminates 
.the wet mixing and drying. Usually the mixed ingredi- 
ents should have good cohesive properties and flow 
fairly well into the cavities. The slugs are generally 
made on a %4-in. or l-in. punch but smaller machines 
and punches may be used, provided they are not over- 
loaded. The punches should be flat faced. Aspirin is 
a very good example where slugging is very satisfactory. 
Other products such as aspirin compounds, barbital, 


-acetophenetidin, thiamine hydrochloride, ascorbic acid, 


magnesium hydroxide, and other antacid compounds 
are similarly treated. This partial list indicates the 
widespread use of this method. 

In formulation work “slugging”’ or precompression is 
resorted to primarily where the ingredients may be 
affected by moisture and/or heat. Productive minded 
personnel will resort to it only as a method to circum- 
vent a difficulty encountered. 


Wet Granulation 


Mixing, Screening, and Drying—The first step in 
tablet making is to grind the various ingredients, which 
can be done very satisfactorily in the Fitzpatrick com- 
minutator made by W. J. Fitzpatrick Co., page 136, or 
the Mikropulverizer made by Pulverizing Machinery 
Co., Roselle Park, N. J. The ground materials are 
weighed and mixed thoroughly. Frequently, the in- 
gredients can be purchased in the powdered form so 
that the grinding of the powder can be omitted. Small 
batches can be mixed by hand on a large piece of paper 
by holding the opposite edges and tumbling the material 
back and forth. The powder is then sifted through a 
-sereen of suitable fineness to remove or break up the 
lumps, and for further mixing. The screen selected 


- should always be of some type of wire that will not 


affect the potency of the ingredients. For instance, 


: 
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ascorbic acid is affected by even small amounts of cop- 
per, and care must be taken to avoid copper or copper- 
bearing alloys. Larger quantities of material are mixed 
in a power mixer and sifted through an oscillating granu- 
lator which brushes the material through a screen. 

Very potent drugs such as strychnine and atropine or 
explosive materials like erythrityl tetranitrate or nitro- 
glycerin must be mixed very carefully if an accurate 
dosage is to be obtained and no explosions are to occur. 
For this purpose, large amounts of milk sugar are mixed 
with the drugs or the ingredient is purchased already 
mixed with milk sugar. Generally these mixtures con- 
tain about 10 per cent of the active ingredient. The 
potent drugs may be mixed by the pharmacist or manu- 
facturer himself and kept in stock as 10 per cent or other 
suitable dilutions. 

Colored tablets are generally made by adding dis- 
solved certified or natural colors to one of the solutions 
described under binders. When the binder and color 
in solution are added to the material to be tableted, a 
uniformly colored tablet will result. If the material is a 
solid extract, a solvent such as alcohol can be added to 
stain the other ingredients. Modifications of these pro- 
cedures are necessary if any of the ingredients are 
affected by the moistening agent used in the binder. 

Where several medicinally active ingredients are to 
be made into one tablet, occasions may arise where cer- 
tain groups of ingredients are mixed, granulated, and 
dried separately and are only combined before being 
compressed. 

Binders—Some materials, when granulated with 
water alone, become a powder again when the water is 
removed by drying. In order to prevent this, small 
amounts of materials are added to keep the material 
to be compressed in granular form and to hold the tablet 
together. Such materials are referred to as binders. 
The most widely used binders arranged according to 
their strength and binding qualities are: 


Glucose (Corn Syrup) 
Gum Acacia 

Gelatin 

Sucrose (Cane Sugar) 
Starch 

Water 

Alcohol 


The amount of binder determines the binding quali- 
ties; the same amount of binder in solution will be ap- 
proximately twice as effective or strong as the same 
material moistened. The use of too much binder or 
too strong a binder will make a hard tablet which will 
not disintegrate easily. For a light fluffy material, not 
possessing any cohesive properties in itself, a strong 
binder is necessary. When in doubt, experimentation 
is in order and the weakest binder believed to be satis- 
factory should be used first, followed by a stronger 
solution of the same binder, and finally a stronger 
binder. 

Glucose (Corn Syrup) Solution—Generally a 25 or 50 
per cent solution is used, prepared as follows: 


Glucose Solution—25 Per Cent 


Corn Syrup (Glucose)......... Wasiccahatenaehemane 25 parts by weight 


Waiter, a sufficient quantity, 
TOT BO lapse Kel Te Recall Oat a. orca wisnaak cuacee etetenatTS 


Glucose. Solution—50 Per Cent 
50 parts by weight 


100 parts by weight 


100 parts by weight 


Corsica (EMG oso 0 vocamascouu Sood 
Water, a sufficient quantity, 
FRG SAO Ne eters leh ictlaie Sed hotels wie teeta rotate 


Weigh out the corn syrup and add sufficient hot water to dis- 
solve it. Stir well. Make up to-weight and strain through 
muslin if necessary. 
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Glucose does not dry out very-well and is therefore 
not. suitable where the tablets are subject: to humid 
conditions. These solutions are not true 25 and 50 per 
cent solutions as the corn syrup contains approximately 
80 per cent total solids and the solutions made with the 
above formulas are nearer 20 and 40 per cent, respec- 
tively. 

Acacia or Acacia Mucilage—A 10 or 20 per cent solu- 
tion is most frequently used. It is best prepared from 
granular gum acacia. 


Acacia Mucilage—10 Per Cent 


WA CACIE oleic sate cate @ teevage ae, ao LE ears 10 parts by weight 
Water, a sufficient quantity, ; 
To make HATS syseet oak aus bei ae deere ey eras oe rete 100 parts by weight 


To the necessary amount of acacia in a container add an equal 
volume of warm water. Stir rapidly and allow tostand. Repeat 
the stirring and standing until dissolved. Heat may be used to 
hasten solution, but it should not be excessive. Make up to 
weight. Stir well until uniform and strain through fine muslin 
to remove foreign matter. 


The 20 per cent acacia mucilage is made in the same 
manner as the above solution except that 20 parts by 
weight are used. Acacia mucilages become sour on 
standing. Sodium benzoate 149 of 1 per cent may be 
added as a preservative, but it is better to prepare this 
solution as it is needed. 

Gelatin Solutton—Gelatin as a binder is very popular 
and satisfactory. It is generally used as a 10 or 20 per 
cent solution. 


Gelatin Solution—10 Per Cent 


COLAO the ye ek as ee ae Oe ede 10 parts by weight 
Water, a sufficient quantity, 
EOIN AKO SE ca phessestok or hae are Asoo oat ap eine 100 parts by weight 


For a 20 per cent solution use twice this weight of gelatin. 
Use a good grade of gelatin. Cover with cold water and allow to 
soak in a covered container overnight to allow the gelatin to 
swell or “‘soak.’”’? Then heat gently with frequent agitation on a 
steam or hot water bath until thoroughly dissolved. Add suf- 
ficient water to make up to final weight. Stir well and finally 
strain through muslin. After straining the solution, it should 
be weighed. If loss has occurred due to evaporation, additional 
water may be added to make up this loss. 


If the yecaun solution is to be kept for some time, the 
use of 149 of 1 per cent of betanaphthol or other suitable 
oe will retard the developing of a mold 
growth. Gelatin solutions must be used while warm, 
otherwise they will solidify. 

Sucrose (Cane Sugar)—Sugar syrup solutions are 
generally made quite heavy in strengths from 50 to 67 
per cent. 


Sugar Syrup 


SUCTOSe eo aieann cacaceie hs Riese ee eR nen ee 50 parts by weight 
Water, a sufficient quantity, 
ARON eV EN Cee RARBG Si Oe SHINE Tw ash Tn Sa 100 parts by weight 


Dissolve the sugar in water. Heat slowly and boil for about 1 
minute. Allow the solution to cool and strain through muslin. 


At one time, cane sugar was so superior to beet sugar 
that it was used exclusively, but the quality of beet 
sugar has improved to such a degree that it is believed 
beet sugar can be used for granulating. There is still 
some objection, however, on the part of tablet coaters 
to the use of beet sugar for the coating of tablets. 

Starch Paste—Starch pastes are used in a variety of 


strengths. An example of a typical formula is given 
below. 5 
Starch Paste 
Star ching cag rete Gas reas se ee, a net aoe ess : ILpart by weight 
Water, a sufficient quantity, 
POR IMA aes h4. sav: aferna Meee ue wun tiene eeA ene ee 9 parts by weight 


Place 1 lb. of starch in a suitable container, slowly adding 1 gal- 
lon of cold water, stirring continuously to avoid the formation 
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of lumps. Heat slowly with continued stirring until the solution 
just boils and a translucent paste results. Remove the heat and 
allow to cool. In good manufacturing procedure lumps are not 
formed; but if present, the starch paste should be strained 
through a muslin cloth. 


Alcohol and Water are not binders in the true sense of 
the word; but because of their solvent action on some 
ingredients such as lactose, starch, ete., they change the 
powdery materials to granules and the residual moisture 
retained enables the materials to adhere when com- 
pressed. 


Disintegrators—A disintegrator is a substance or a 
mixture of substances added to a tablet to cause it to 
break apart or disintegrate in water or to hasten solu- 
tion after administration. Another necessary property 
thattablets must have is the ability to dissolve or 
break up in the mouth or stomach. To accomplish 
this, materials referred to as disintegrators are used. 

The most popular disintegrator is either powdered 
corn starch or powdered potato starch. Starch has a 
great affinity for water and swells when moistened, burst- 
ing the tablet apart. The disintegrating agent is usu- 
ally mixed with the active ingredients and filler and an 
additional amount is very often added to the lubricant. 
Usually 5 per cent of powdered starch is sufficient, but 
if rapid disintegration is needed, this amount may be 
increased to 10 or 15 per cent. Starch that has been 
added in solution has no disintegrating effect. 

Starch is used to advantage as a disintegrator where 
the active ingredient is practically insoluble in water. 
Starch has a marked tendency to swell when placed in 
water, and a tablet containing 10 to 20 per cent of 
starch along with 90 to 80 per cent of active ingredients 
swells and ruptures the tablet readily. In some tablets 
it is expedient to add part of the starch, about 14 of the 
total amount to be used, to the original mixture before 
granulating, and the remainder to the dry granules, just 
before compressing. In other tablets it is advantageous 
to use a granular starch with a 10 per cent glucose solu- 
tion employing the usual granulation procedure de- 
scribed in the section on granulation. Starch introduced 
as a paste has very little value as a disintegrating me- 
dium in tablets. An effervescent base composed of so- | 
dium bicarbonate and citric or tartaric acid, balanced to 
produce a neutral combination (when added to water), 
can be used as a rapid disintegrator in certain tablet 
formulas. When a tablet containing this effervescent 
base is added to water, decomposition of the base takes 
place with the formation of carbon dioxide gas, causing 
the tablets to disintegrate. See Effervescent Tablets 
(page 1291) for details. However, tablets using an ef- 
fervescent type of disintegrator must be kept in a dry 
atmosphere at all times. This includes the packaging, 
which must be dry and resistant to the passage of 
moisture. Tablets that should be insoluble in the stom- 
ach fluids and should disintegrate (or dissolve) in the 
intestine require ‘special treatment. This is called 
enteric coating and is described on page 1304. 

To obtain very rapid disintegration, chemical reac- — 
tions are resorted to; when two of the ingredients come 
into contact with water, a reaction occurs which liber- 
ates carbon dioxide. This type is referred to as an 
effervescent tablet. 

Other factors which influence disintegration markedly 
are density, hardness, and area of exposed surface. 
Bolt tablets have a tendency to disintegrate more rap- 
idly. 

Some organic materials, ¢.,g.,,ascorbice acid, thiamine 
chloride, and phenobarbital, may be satisfactorily 
mixed with certain inorganic substances such as tale, 
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kaolin or tricaletum phosphate. These substances 
naturally produce tablets which are not completely 
soluble in water. In the case of all diluents, it is impera- 
tive that it be determined prior to manufacturing that 
no undue reaction of the active ingredient with the 
diluent occurs. This precaution is noted in the general 
notices of the U.S. P. 

Lubricants—After a tablet has been made, it must 
break clean from the punches and dies. To attain this, 
if the material does not possess this quality itself, a 
lubricant must be added to the granulation. Materials 
that do not need lubricants and which lend themselves 
to direct compression are those listed in a previous sec- 
tion. Most tablets after being made have a tendency 
to expand one or two thousandths of an inch and will 
bind or stick to the side of the die. To overcome this 
also a lubricant is added. The lubricant should be very 
finely divided and screened through an 80- or 100-mesh 
screen. It should be dusted over or thoroughly mixed 
in a tumbling mixer to coat the granules without break- 
ing them. The amount of lubricant varies both as to 
quantity and type to be used, being as low as 49 of 1 
_ per cent, usually 14 to 1 per cent and in some cases may 
reach 5 per cent. The ingredients used as lubricants 
are: 

Sterotex (a hydrogenated vegetable oil) 

Stearic Acid 

Magnesium Stearate 

Sodium Stearate 

Calcium Stearate 

White Mineral Oil 

Tale 

Borie Acid 

Sodium Benzoate 

Starch (limited value) 


With the exception of boric acid and sodium benzoate, 
none will form a perfectly clear solution. Boric acid is 
not regarded by the Food and Drug Administration as 
satisfactory for internally used tablets. Talc, used in 
amounts of 2 to 5 per cent, on the other hand, is not 
permitted in confections. White mineral oil is largely 
employed because of its inert nature and lack of color, 
and because it does not affect the color of the finished 
tablet. It is used in the amount of 1 to 2 per cent. 
A hydrogenated vegetable oil sold under the trade name 
of Sterotex by the Capital City Products Company, 
Columbus, Ohio, is very satisfactory. It can be ob- 
tained in a very fine form, usually 200 mesh. 

Diluents or Bases—Often the single dose of the active 
ingredient going into a tablet is too small to permit the 
tablet being compressed in the machines used by phar- 
maceutical manufacturers. An inert substance—a dilu- 
ent or base—is added to the formula to bring the tablet 
up to a convenient size and weight for manufacture. 
For this purpose the following diluents are generally 
used: 


Dry Starch 

Powdered Sucrose (Cane Sugar) 
Lactose (Milk Sugar) 

Kaolin 

Salt (Sodium Chloride) 


Treatment of Fluidextracts, Tinctures, and Oils— 
Tablet formulas calling for fluidextracts or tinctures 
may be handled in several ways. The liquids can be 
concentrated to the consistency of a syrup and used as 
a moistening agent for the other ingredients, or they 
may be concentrated to a powdered extract and added 
- to the mixture. However, a proportionate amount of 

powdered extract, based on the potency of the particu- 
lar tincture or fluidextract called for in the formula, can 
be used. az 
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With drug extracts containing a good percentage of 
oil, an absorbent is required. For this purpose magne- 
sium carbonate or magnesium oxide can be used, pro- 
vided the alkalinity of these chemicals does not inter- 
fere with the chemical properties of the active ingredi- 
ents; 5 to 10 per cent of the weight of the extract should 
suffice. This mixture in turn can be added to the other 
active ingredients or diluents. 

For non-volatile oils that are called for in a tablet 
formula, where the percentage of the oil compared to 
total weight of tablet is not too high, absorbents such 
as kaolin, tricalectum phosphate, and bentonite can be 
used. These absorbents can be used in unlimited 
quantities providing they do not increase the size of the 
tablets beyond that desired for the particular use for 
which they are required. 

The mixture of the non-volatile oil with the absorbent 
can be added to other diluent materials or other mate- 
rials (ingredients) called for m the formula; but since 
these oils are subject to oxidation, particularly so when 
heated, the granulation should be done with as small 
amount of heavy syrup as possible, and the resultant 
granulation air-dried at or near room temperature. 
In the case of vitamin-bearing oils, the drying should be 
done in a current of carbon dioxide gas. 

Volatile Oils—In order to keep vaporization of these 
oils to a minimum, the best method of introducing 
them to the granulation is by simply mixing these oils 
with the dry granulation just prior to compressing. 
Some tablet manufacturers spray the volatile oils on the 
finished tablets, but this is not satisfactory as there is 
no way to control the even distribution of the oil on the 
tablets or the proper penetration into the tablet. 
Usually when tablets are sprayed with volatile oils, they 
appear darker on the surface and only lighten up after 
the oil has volatilized. This, of course, means loss of 
oils. 

If an excessive amount of absorbent material is added 
to the tablet granulation, capping may result. 
material is hygroscopic, dry starch or lactose added to 
the otherwise finished granulation, after drying and just 
before compressing, will often counteract the effects of 
the moisture absorbed. Some materials must be com- 
pressed on very dry days or in a room supplied with 
dehumidified air. 


Effervescent Tablets 


Effervescing tablet mixtures rapidly disintegrate if 
granulated with water and are therefore treated in 
either one of the following ways. In one method the 


and the dry granulations are then mixed and lubricated 
before compressing. 

A second and more popular method is to heat the 
whole mixture in a steam-jacketed tablet coating pan, 
or one so arranged that it may be heated by a gas flame 
as it revolves, until the water of crystallization in the 
citric acid is liberated and causes the substance to fuse 
or form a dough-like mass. The material is stirred 
occasionally during the heating process so that it will 
heat uniformly. As soon as all of the fine particles 
mass together the material is immediately screened and 
thoroughly dried to eliminate any trace of moisture that 
might be left and that would later slowly disintegrate 
the tablets. This drying is often done in a vacuum shelf 
dryer (Fig. 108), page 103) to remove the moisture as 
rapidly as possible and minimize reactions. This type 
of dryer also assures a dry product regardless of weather 
conditions and greatly accelerates the drying action. 

If the formula contains a high percentage of citric 


If the 


acid and carbonate mixtures are granulated separately 


| 
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acid, it may be necessary to dry this partly before mix- 
ing it with the other ingredients, otherwise there will 
be an excess of water in the fusing process that would 
disintegrate the material. Just before compressing, 
the granules are lubricated with 1 per cent of sodium 


Fig. 768—Eureka tablet machine. 


Fig. 769—Enlarged view of punches 
and die. 


benzoate.. Throughout the whole process great care 
must be taken to prevent the material from absorbing 
moisture from the atmosphere or surroundings. The 
usual practice is to carry out the whole manufacturing 
procedure in a laboratory where, the atmospheric 
humidity is kept below 20 to 25 per cent. 


The Operation of Tableting Equipment 


The principle of compressing tablets is described in 
the historical section (page 1286). 


Fig. 770—Stokes heavy duty single punch 
machine for lozenges, mereury bichloride, and 
other tablets requiring heavy pressures. 


Types of Tableting Machines—The simplest modern 
machine, suitable for the pharmacist and for experi- 
mental runs, is the Eureka tablet machine made by the 
F. J. Stokes Machine Company, Philadelphia, Pa. This 
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machine, shown in Fig. 768, will make as many as 100 
tablets a minute up to 4% in. in diameter. Adjustments 
for weight and pressure can be made. The enlarged 
figure (Fig.769 ) shows the principle on which this ma- 
chine and practically all single punch machines operate. 
A is the upper punch or compressor just leaving the die 
B. The tablet is shown 
in the die, after, it has 
been compressed. This 
is raised by the lower 
punch C to the surface, 
where the feed, cup ejects 
it and fills the die with 
another charge, where- 
upon the operation is 
completed. D is the ad-. 
justment for regulating 
the lower punch so that 
it ejects the tablet prop- 
erly. H is the adjust- 
ment for regulating the 
weight of the tablet. F 
is the adjustment for con- 
trolling the density of the 
tablet. 

Sturdier single punch 
machines handling larger 
tablets up to 4% in., 1 in., 
114 in., and even up to 
334 in. diameter are made 
by Arthur Colton Com- 
pany, Detroit, Mich., and 
the F. J. Stokes Machine Company, Philadelphia, Pa. 
The types and sizes are given below, and one type is 
shown in Fig. 770. 

The selection of the machine best suited for the mak- 
ing of tablets is dependent on the material to be com- 
pressed. The speed of a single punch machine varies 
from 50 to 100 tablets per minute. Occasionally a 


Fig. 771—Colton rotary tablet press. 
Capacity 200 tablets per minute. 


multiple punch can be substituted on some models in- 


creasing the number of tablets made with each stroke 


Fig. 772—Stokes high speed double rotary 
tablet machine with an output of up to 1500 per 
minute. 


of the machine. This practice is not recommended 
because the feeding device does not fill the ‘multiple — 
die uniformly with the result,that the tablets are not 
uniform in weight and density. The cost of multiple 
punches and dies is also very great and in many cases 
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SINGLE PUNCH TABLET MACHINES 


Maximum Tablets Maximum 
Punch per Depth 
Diameter Minute of Fill 
Inches Inches 
Arthur Colton Co. 
Model 2C % 100 Ae 
Model 3E 1 100 146 
Model 4 1 90 1l{¢ 
Model 432 1% 60 1% 
Model 514 3 50 2% 
F. J. Stokes Machine Co. 
Eureka 49 100 146 
Model E 16 80-100 46 
Model F 3 80— 90 146 
Model T 1% 50— 70 1% 


does not warrant the increased production that is 
gained. Where the number of tablets needed are few 
or where very large tablets are necessary, as in the 
veterinary field, a single punch machine is satisfactory. 

For increased production, the rotary type of machine 
illustrated in Figs. 771 and 772 is used. The rotary 
machine will make anywhere from 300 to 1500 tablets 
per minute depending on the die diameter. The 
method of operation is simple. A head carrying a num- 
ber of sets of punches and dies revolves continuously 
while the granular material runs from the hopper, 
through a feed frame and into the dies placed in a large 
steel plate as the dies pass beneath it. This method 
assures a very uniform fill of the die and accurate weight 
of the tablets. Compression takes place as the upper 
and lower punches pass between a pair of rollers. 
This action produces a slow squeezing effect on the 
material in the die from both top and bottom and so 
gives a chance for entrapped air to escape. The lower 
punch then lifts up and ejects the tablets. Their 
smooth motion greatly reduces the tendency of the 
tablet to split apart or ‘‘cap,” as it is referred to in the 
trade. Adjustments for tablet weight and hardness 
can be made without the use of tools and while the ma- 
chine is in operation. On the rotary machines illus- 
trated, there is an “excess pressure release’ which 
cushions each compression and relieves the machine of 
all shocks and undue strain. This strain is quite severe 
in small punches and secondly an undue amount of 
pressure increases the density and decreases the solu- 
bility in water. The punches and dies can be readily 
removed for inspection, cleaning, and for inserting dif- 
ferent sets to produce a great variety of sizes and shapes. 
It is possible to equip the machine with as few punches 
and dies as the job requires and thus economize on 
installation costs. Types of rotary machines made by 
the two manufacturers are as follows: 


ROTARY TABLET MACHINES 


Maxi= 


Tablets mum 
No. of Size of per Depth 
Punch Tablet Minute of Fill 
Inches Inches 
F. J. Stokes Machine Co.” 
B2 16 % to % 300- 500 1h46 
BB2 27 or 33% to 4% 750-1500 114, 
D3 \ 16 3% to *}42 175- 275 1346 
DD2 23 Up to 1346 500— 700 1346 
Arthur Colton Company 
220-25 (225) 25 346 to % 300- 800 ‘146 
325 25 42 to 1 300-1200 7% 
10-35 35 34 700 1% 
9-18 18 49 to 2 250 23% 


Punches and Dies—From our definition of a tablet, 
there are many sizes and shapes but they do have a 
general pattern which is indicated by their use. A 
veterinary tablet is often of a bolus shape and larger 
than those swallowed by humans. The large flat tablets 
are generally chewed. Round shapes are easier to 
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swallow and must be small enough in diameter to pass 
the throat of the patient. The diameters generally 
found to be satisfactory and frequently referred to as 
standard are as follows: 3/6 in., %9 in., 44 in., 949 in., 
246 in., 1445 in., 3% in., 1349 in., %4¢ in., 4 in., %6@ in., 
58 in., 1446 in., 34 in. The concave punches are re- 
ferred to as shallow, standard, and deep cup, depending 
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Fig. 773—Concave punches. Fig. 774—Specially shaped punches. 


on their degree of concavity (Fig. 773). Special shapes 
frequently used are shown in Fig. 774. 

The importance of proper care and attention to the 
dies and punches cannot be overemphasized. They 
must be highly polished and kept free from rust and 
imperfections. In cases where the material pits or 
abrades the dies, chromium-plated dies have been used. 
Punches should not be allowed to drop on concrete or 
other hard surfaces which will chip the fine edges. 
When the punches are in the machine, the upper and 
lower punches should not be allowed to contact each 
other. Otherwise, a curling or flattening of the edges 
will result which is one of the causes of capping. This 
care is especially necessary where spherical tablets are 
made. 

When making tablets less than 14 in. in diameter, care 
must be taken not to apply too great a pressure on the 
punches; otherwise, there is a danger of bending or 
snapping the punch. When operating with small 
punches it is advisable to set the excess pressure release 
(if the machine is equipped with one) so that it spills all 
pressures in excess of a predetermined maximum. 

After the tablets have been made, the machine should 
be cleaned and the punches and dies should be removed 
from the machine, washed thoroughly in warm soapy 
water, and well dried with a clean cloth. A coating of 
grease or oil should be then worked over all parts of the 
dies and punches to protect them from the atmosphere. 
They should be stored in boxes or in paper tubes. 

Adjusting the Punches and Dies—On the single 
punch type machine, the lower punch is first fastened in 
the socket, then the die put into place in the bed of the 
machine, and the set screw holding it in place tightly 
fastened. The upper punch is now slipped into place, 
the machine turned over so that the punch enters the 
die and then it is fastened. Having fastened the dies 
and punches, the lower punch is now adjusted so that 
when it rises to the highest point it will be exactly flush- 
with the top of the die. If it rises above the face of the 
die, the shoe which throws off the tablets and afterward 
feeds in the granulation would strike it and injure the 
punch; and probably jam the machine. On the other 
hand, if the punch, when it rises to the highest point for 
the ejection of the tablet, remains below the face of the 
die, the mechanism which throws off the tablet will cut 
the tablet in half. The lower punch must next be ad- 
justed so that the cup-like opening in the die, produced 
by the punch dropping to the lowest point, will hold 
exactly the weight of granulation required for each 
tablet. This is determined by weighing out the amount 
of granulation required for one tablet, say three grains, 
dropping the punch to the lowest point and pouring in 
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the granulation. It should exactly fill the opening and 
remain flush with the top of the die, corresponding to 
the condition when the granulation is deposited by the 
feeding mechanism passing over the die. If the 
granulation does not all enter the opening, the punch 
must be lowered, and, if the opening is not completely 
filled, the punch must be correspondingly raised. The 


Fig. 775—Tablet compression machines (Courtesy Eli Lilly and Co.). 


next step is to regulate the pressure; this is determined 
by the position of the upper punch. The opening in the 
die is filled with the required weight of granulation and 
the machine is slowly turned over, by hand, until the 
upper punch compresses the tablet. If the punch is too 
low, the machine jams and the fly-wheel cannot be 
turned, while if too high the tablet will be soft. Its 
position is therefore adjusted until the tablet possesses 
that consistency which is recognized as giving the neces- 
sary firmness without extreme hardness. A tablet of 
proper consistency may be readily broken in half be- 
tween the thumb and fingers, but will not break when 
dropped upon the floor. The feeding device is now put 
into place and the granulation poured into the hopper, 
and the machine started. The weight of the tablets 
should be carefully checked from time to time by taking 
the weight of a multiple of tablets, say 10 or more. 

As the tablet is thrown from the machine it is always 
accompanied with more or less powder or uncompressed 
granulation. Various plans have been proposed to free 
the tablets from this powder, the most common being 
the sifting of the tablets. A blast of air from a hand 
bellows or from a compressed air reservoir, applied to 
the surface of the tablets during the sifting process, is 
also helpful. Sometimes the tablet, as it leaves the 
machine, is made to slide down an inclined trough which 
is made partially of coarse sieve cloth; the powder is 
thus collected before the tablet reaches the container. 
Such a receiving apparatus may be seen in the illustra- 
tion of a manufacturing laboratory in Fig. 775, in place 
by the tablet machine. 

The adjustment of the punches on a rotary tablet 
machine is not readily described and those who are 
required to « perate this type of machine will receive in- 
structions with the machine and must acquire mechani- 
cal skill through actual experience. Nevertheless many 
of the principles just described also apply to the adjust- 
ment of punches on the rotary machine. 

Accessory Equipment—Up to this point we have dis- 
cussed and described the types of machines available 
for the manufacture of tablets, punches and dies, 
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humidity control, binders, disintegrators and lubricants. 
In addition to the above, some additional equipment is 
necessary to make a satisfactory tablet. This type of 
accessory equipment is dependent on the number of 
tablets to be made. As stated before, the final mixture 
has to be frequently sifted and a few remarks on the use 
of sifting apparatus is appropriate. The sifting appa- 
ratus may be employed to break large granules into a 
finer granule or to disperse various ingredients through- 
out the mixture. The sifting can be done by hand, 
wet or dry, or by the use of a mechanically driven 
eranulator. 

For granulating work, screens with square openings 
or “plain weave’’ are used. Brass and bronze screens 
were very popular and satisfactory a number of years 
ago but with the advent of products that are sensitive 
to discoloration and deterioration because of copper, 
stainless steel screens are necessary. The sizes of 
screens are determined by two factors: (1) the number 
of wires per inch in both the horizontal and vertical 
directions, and (2) the diameter of the wire used. 
Where the number of wires per inch are the same both 
vertically and horizontally, a square opening results and 
the number of wires gives the screen its number. 


SIZES OF GRANULATING SCREENS 


Screen Wire Opening, 

Number Mesh Diameter, In. In. 
6 6x 6 0.047 0.120° 
8 8 xX 8 0.035 0.090 
12 12 xy 12 0.023 0.060 
16 16 xX 16 0.018 0.0445 
20 20: x 20 0.016 0.034 
30 30 x 30 0.011 0.022 
40 40 x 40 0.009 0.016 
60 60 x 60 0.0075 0.0091 


The first two screen numbers, namely, numbers 6 and 
8, are most satisfactory for screening damp granula- 
tions. For dry granulations the screen size to be 
selected is dependent on the diameter of the punch; the 
following sizes are suggested: 


Fig. 776— Oscillating granulator (Stokes). 


Tablets up to 346 in. diameter use No. 20 screen 
Tablets 72 in. to 54¢ in. use No. 16 screen 
Tablets 1145 in. to 1349 in. use No. 14 screen 
Tablets %{¢ in. and larger use No. 12 screen 


For very fine sifting operations up to 200 mesh the 
screens are made of silk and referred to as bolting cloth. 
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Silk has a great deal of elasticity and one should not 
bear too heavily on it. 

The material to be screened is worked through a box 
the top of which is covered with the screen whose num- 
ber has been found satisfactory. Small batches can 
be pressed through the 
screen by hand if the 
material is moist or, if 
dry, with the aid of a 
wooden block of such 
size that it can be held 
in the hand by the 
operator. Where larger 
quantities of material 
are to bescreened, either 
wet or dry, a portable 
oscillating ~ granulator 
(Fig. 776), which is very 
satisfactory, has been 
developed by the F. J. 
Stokes Machine Co., 
Philadelphia, Pa.. The 
rotary wet granulator 
illustrated in Fig. 777 is made by the Arthur Colton 

Company, Detroit. It produces 600 lbs. of a firm 
granulation per hour, is easily taken apart for cleaning, 
and is substantially constructed. 

Material that has been granulated wet is spread in 
thin layers on large sheets of kraft paper placed on 
shallow wire trays and if not affected by heat, decom- 
position at elevated temperatures, or volatility of the 
ingredients, is then placed in a drying cabinet with a 
circulating air current and thermostatic heat control. 


Fig. 777—Rotary wet granulator (Col- 
ton) 


Fig. 778—Colton mixer for granulations, masses, 
tooth pastes, toilet creams, etc. 


Some drying cabinets are so arranged that the trays 
fit into slotted shelves. Other drying cabinets are 
really heated rooms, with blowers and thermostatically 
controlled temperatures, into which tiers or stacks of 
trays can be rolled. Where possible, it is advisable to have 
separate drying rooms for white and colored granulation 
to avoid tainting or spotting the white granulations. 

To mix and to granulate the powders, several types 
‘of machines can be used, from the ordinary dish pan 
in which the batch is worked by hand to the Day mixer 
(manufactured by the J. H. Day Co., Cincinnati, Ohio) 
and the large granulating mixers (Fig. 778) of the Arthur 
Colton Co., Detroit, Mich., and the F. J. Stokes Ma- 
chine Co., Philadelphia, Pa., which handle as much as 
500 lb. at one time. 
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The rapid action of the punches in compression causes 
some of the fine powder to blow out of the dies. This 
accumulation can be removed by a suction blower placed 
close to the ejection stage of the punches on a rotary 
machine. Another method used to remove the excess 
material and some broken tablets is to make a chute of 
screening material from the point where the tablets 
come from the machine to the container where the tab- 
lets drop. The powder can be collected in another con- 
tainer as it falls through the screen. 

After the tablets are made they always contain some 
broken tablets and powder. These can be separated 
from the good tablets by placing a layer of tablets on a 
screen. over a suction blower opening and sifting them. 


Formulation 


Having the correct materials and equipment and an 
understanding of the purpose of the various substances 
used in tablet manufacture, the pharmacist or tablet 
maker is now ready to prepare a formula. Each manu- 
facturer uses a combination of ingredients which will 
give him the qualities that good medication and use 
require. The formulas that are given below are ex- 
amples of one manufacturer only, and may not be the 
formula that is used by another firm. 

Formula Sheets—A sheet is prepared giving the name 
and amount of medication in each tablet and the quan- 
tity to be manufactured. Below is a list of the ingredi- 
ents and also the individual weights of each ingredient 
required for the total quantity to be manufactured. 
Beside each ingredient is a space for placing the receiv- 
ing or control number of the material used. At the 
bottom of the sheet are spaces reserved to show how 
much the total final weight of all the ingredients should 
be. Another space is for recording the actual weight 
found. This is an important check and should be made 
by an impartial party. Any discrepancies should be 
noted immediately, for if the weight is too low an ingredi- 
ent has been omitted or spilled, and if too high, a sub- 
stance foreign to the tablet is present. In another space 
is given the desired weight of a group of tablets, 10 
usually being selected as it assures an average weight 
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Fig. 779—Perforated sections of formula sheets used for control records. 


which can be most readily ascertained. In another 
space below this the tablet maker records the actual 
weight of the tablets. Below this are a series of per- 
forated sections upon which are written the name of each 
ingredient, the quantity used, the receiving or control 
number of each material, the batch in which it is to be 
used, and the name of the person who actually weighed 
the material. The perforated sheets are torn off, at- 
tached to the material, and later filed as a record. See 
Figs. 779 and 780. . 
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DATE nea FORMULA SHEET BATCH NO. 
DEPT. | PHARMACEUTICAL DIVISION PR, RX. NO. 


propuct TITLE AMinophylline Tablets.Urs. PR. er aie 


AMOUNT IN FORMULA____ “000 MAKE - LOTS FOR TOTAL ORDER OF 7000 
IN EACH INGREDIENTS Mfg. | Chk. QUANTITY | REC. NO. 
13 gr. Aminophylline U. S. P. 
20 mesh " 1-Lb. 8-oZs. 
2 er Disodium phosphate 


anhydrous 5-ozs. 144-grs. 
+ gr. Tricalcium phosphate 8-oZs. 
lz er. Powdered Milk Sugar 10-ozs. 288-grs. 
Starch Paste das 
Talc 70-grs. 


Vegetable 0il, Hydrogenated 
200 mesh 45-egrs. 


Granulate the tricalcium phosphate, powdered milk sugar 
with starch paste. Dry and grind to 20 mesh. Add amino— 
phylline, disodium phosphate, talc and vegetable oil 
hydrogenated. Slug and grind to 12 mesh. Recompress. 


Use air conditioned room or make tablets on days of low 
humidity. 
‘ standard 
WT. GRAN. SLB. 67) 4120 ars: 10 Tablets sHOULD WEIGH 350 Grs.3@” PUNCH 
TABLETS IN CC. GRADUATE EQUALS CC. 10 ACTUALLY WEIGH . -GRS. 
INGREDIENTS WEIGHED BY SHOULD WEIGH GRS. COATED. 
INGREDIENTS CHECKED BY 10 ACTUALLY WEIGH GRS. COATED 
GRANULATED BY LAST BATCH LAST SAMPLE 
GROUND BY 
MIXED BY YIELD 
COMPRESSED BY 
COATED BY ; SAMPLE NO. 
WT. GRANULATION AFTER DRYING 
WT. GRANULATION BEFORE COMPRESSING ; SIGNED BY ; MFG. DEPT. DATE 


APPROVED BY CONTROL DEPT. DATE 


Fig. 780—A typical formula sheet for tablets. 
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ADDITIONAL TABLET FORMULAS 


Grains diluent 


5 pomtablet Binder x Lubricant 
eI Yn) 
(5) | 
o— 43 i} (So) 
i) ce ) on SB |e of WN 
Tablet as a] 5 heed] eh 3 Sal 2 a a 28 ot Remarks 
Cate Slee mom Nun sme cont nCameln Om tsar | Etealechs |i] oe 
Sin Ee ea St es oe S| a) 
Seow | seat ton pees. Mata ee mh Rem la | 2 "cp 
7) = = o i= (=| » 
2 )@\s lays (diol glF le |e |s les 
s = ee A | | 5 | Ske 
o ik 
i 
Acetophenetidin 5 % ie ei ha bealae: 36" 
Ammonium Chloride 5 34”| Direct compression 
Atropine Sulfate ae 1344 ay To ee 14,”| Make milk sugar dilution 
Anti Acid 

Sodium Bicarbonate 2% Wa aj y V 146” Standard concave punch 

Bismuth Subcarbonate 24% 

Magnesium Oxide 24% 

Calcium Carbonate Yy% 

Arsenous Acid Mol Vv “i 145”| Standard concave punch 
Barbital 5 % Vv y ai 34 Standard concave punch 
Cascara Compound * * * ipi i 

a) 94,”| * Use precipitated calcium car- 

Powdered Cascara Sagrada 1 a3 bonate as diluent and alcohol- 

Powdered Aloin Yy acetone mixture (3:1) as 

Powdered Belladonna Extract | 1% granulating medium. Deep 

Powdered Nux Vomica Ext. Ky concave punch 

Ginger Oleoresin 146 

Powdered Podophyllin \% 

Cascara Sagrada 2 yy * 945") * See Remarks under Cascara 
Compound 
Mild Mercurous Chloride and | 1% 

Sodium Bicarbonate 1 4| \% V V V 14,"| Make separate granulations of 
each ingredient. Protect from 
light. Flat punch 

Morphine Sulfate Y% 34 V 14,”| Standard concave punch 

Phenobarbital \% 34 V Vv v | 2”| Standard concave punch 

Sodium Bicarbonate 15 Vv Vv V 134”| Standard concave punch 

Sodium Bromide 10 - 4 Direct compression of granular 
salt 

Sodium Salicylate 5) il Vv i) 34” Deep concave punch 

Strychnine Sulfate 440 1% Vv V 749”| Standard concave punch 


The Use of the Metric System—The increasing use 
of the metric system brings up the question of using it in 
theformulation. At present most tablet manufacturers 
convert the metric quantities to the exact avoirdupois 
quantities as metric scales for large quantities are not 
freely available in the trade. Secondly, large quanti- 
ties of raw materials are purchased in the pound, hun- 
dred pound, or ton quantities. The use of the metric 
system and its decimal equivalents may give rise to 
errors due to a misplaced decimal point. - Several manu- 
facturers have adopted the metric system for both the 
individual amounts in the tablet and the final total 
weight, others use only a part of the system. Those 
that have adopted it are continuing to use it and it is 
believed the use of the metric system will increase. 

Vitamin Formulation—In vitamin formulas it is cus- 
tomary to use an excess of the vitamin ingredients, to 
make up the loss of potency that occurs during the 
manufacturing processes or deterioration after manu- 
facture. This excess may range from 5 per cent to as 
much as 100 per cent. These figures represent ex- 


_ tremes and the most frequently used excess is 10 per 


cent. The percentage of excess varies with each for- 
mula and can be determined only by experimentation. 

Specially Denatured Alcohol—Where alcohol is re- 
ferred to, in a formula, a specially denatured alcohol 
may be used. Such alcohol carries a much lower tax 


-.and the government has issued several formulas and 


statements indicating the purposes for which it may be 
used. 


C. T. ACETYLSALICYLIC ACID 5 gr. (0.324 Gm.) 


Ingredients In Each In 7000 
Acetylsalicylic Acid, crystals (20 mesh) One. sy Moy, 
Starch 8 oz. 
Weight of granulation 5 lb. 8 oz. 


Dry the starch to a moisture content of 10 per cent. Thor- 
oughly mix this with the Acetylsalicylic Acid. Compress into _ 


“Slugs.” Grind the slugs to #14 to #16 mesh size. Recompress 
into tablets, using a 1345-in. punch. 10 tablets should weigh 
do gr. 
ASCORBIC ACID TABLETS, U. S. P. (50 mg.) 
Ingredients In Each In 7000 

1Ascorbic Acid U. S. P., erystals 

(20 mesh) 8% oo gr. 14 oz. 105 gr. 
Sugar, crystals (20 mesh) 41b. 1 02. 133 gr. 
Sterotex 200 gr. 


5 lb. 


Mix the ingredients, thoroughly. Compress directly. The 
manufacturing procedure should be conducted in a room with 
low humidity. Use a flat, bevelled edge 34 in. punch. 10 tablets 
should weigh 50 grs. 


- Weight of granulation 


1 Includes 15 per cent in excess of claim. 


‘ 
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DICALCIUM PHOSPHATE WITH VITAMIN D 
150 U. S. P. Units Vitamin D per Wafer 

: Ingredients In Each In 7000 
Dicalcium Phosphate U. S. P., 

powdered 16 gr. | 16 lb. 
Cocoa, powdered 2 er. 2 lb. 
Powdered Sugar with 3 per cent 

Starch 6 gr. 6 lb. 
1Activated Ergosterol in Oil (400,000 

Units D per Gm.) 7740,000 gr. 54 gr. 
Sodium Chloride U. S. P. 214000 gr 147 gr. 
Starch, powdered 4 er. 4 |b. 
Vanillin U. S. P., powdered 4fo0 gr. 70 gr. 
Sterotex 3433 gr 42 gr. 

Weight of granulation 28 lb. 313 gr. 


Granulate the above ingredients, except the starch and vanillin, 
with water. Dry and screen through #12 mesh. Add starch. 
Dissolve the vanillin in alcohol and add to the dry granulation. 
Mix well and lubricate with sterotex. Use a flat face bevelled 
edge 34-in. punch. 10 tablets should weigh 280.44 gr. 


FERROUS SULFATE TABLETS U. S. P. 5 gr. 


Ingredients In Each In 7000 
Ferrous Sulfate U. S. P., crystalline i) ean Salis 
Talc 15 gr. 
Sterotex 30 gr. 
Weight of granulation 5 lb. 45 gr. 
Grind to #12 to #14 mesh, lubricate, and compress. Coat im- 


mediately to avoid oxidation to the ferric state with 0.410 gr. of 
Tolu Balsam (dissolved in alcohol) and 0.060 gr. of Salol and 
Chalk. Use a deep concave !149-in. punch. 10 tablets should 


weigh 50 gr. 
HEXAVITAMIN TABLETS U. S. P. 
Ingredients In Each In 7000 

Section I 
2Vitamin A, natural distilled ester i 

(200,000 Units A per Gm.) 2387000 gr. 3.02. 354 gr. 
2Activated Ergosterol in Oil (400,000 

Units D per Gm.) 8440,000 gr. 59 er. 

Mix the two oils and keep under an atmosphere of carbon dioxide. 
Section IT 
Thiamine Chloride, 10 per cent dilu- 

tion with Milk Sugar 1697000 gr. 2 oz. 308 gr. 
2Riboflavin, 10 per cent dilution with 

Milk Sugar 25400 gr. 4 oz. 
2Ascorbic Acid U. S. P., powdered 6654000 gr. | 10 oz. 280 gr. 
2Nicotinamide U. S. P. 169/900 gr. 2 oz. 308 gr. 
Tartaric Acid U. S. P., powdered +40 gr. 1 oz. 263 gr. 

Mix all of Section II together, ‘‘slug,’’ and protect from light. 
Grind to 20 mesh granules. 
Section ITI 
Tricalcium Phosphate ers Tilley. 
Syrup q.s. 


Granulate, dry, and screen to #20 mesh. 


Weight of granulation | |2 lb. 9 oz. 260 gr. 


Mix sections I and III together and preserve under an atmos- 
phere of carbon dioxide. Add section II, mix well, compress, 
and immediately coat with syrup. Usea deep 54¢-in. punch. 10 
tablets should weigh 26 gr. 


1 Includes 331/z per cent excess of claim. 

? Includes following excess of claim: Vitamin A 20 per cent, Ascorbic 
Acid 15 per cent, Vitamin B 10 per cent, Vitamin Be 10 per cent, Vitamin D 
10 per cent, and Nicotinamide 10 per cent. vit 


THE MANUFACTURING OF TABLETS 


C. T. METHENAMINE 5 gr. (0.324 Gm.) 


Ingredients In Each In 7000 
Methenamine (12 to 14 mesh crystals) 5 gr. 5b: 
Weight of granulation 5 Ib. 


Compress directly, using a %¢-in. punch. 10 tablets should 


weigh 50 gr. 
SULFATHIAZOLE TABLETS 0.5 Gm. 

Ingredients In Each In 7000 
Sulfathiazole U. S. P., powdered | 7 73490 gr. | 7 1b. 11 oz. 228 gr. 
Magnesium Stearate 70 gr. 
Starch 2 er: 2 Ab. 

Starch Paste q.s. 


Weight of Granulation 9 lb. 14 oz. 175 gr. 


Use a bisected flat face 7%g-in. punch. 10 tablets should 


weigh 99.45 gr. 


, 


THIAMINE HYDROCHLORIDE TABLETS 10 mg. 


Ingredients In Each In 7000 
3Thiamine Hydrochloride U.S. P.| 1624900 gr. » 2 oz. 308 gr. 
Milk Sugar, powdered 6 gr. | 6 lb. 
4Tartaric Acid, powdered {2 gr. 1 oz. 146 gr. 
Starch Paste q.s. 

Sterotex 70 gr. 
Weight of granulation 6 lb. 6 oz. 140 gr. 


Mix ingredients, except the sterotex, and granulate with starch 


paste. Dry and screen to #14 to #16 mesh. Lubricate. Use a 
standard cup bisected 1345-in. punch. 10 tablets should weigh 
62.70 gr. 

THYROID TABLETS U. S. P. 34 gr. 

Ingredients In Each In 7000 
Thyroid U. S. P. 44 gr. 8 oz. 
Milk Sugar 1g gr. 14 oz. 
Acacia, powdered ¥% gr. 2 oz. 291 gr. 
Starch Paste q.s. 
Starch, powdered ¥ gr. 2 oz. 291 gr. 


1 lb. 11 oz. 415 gr. 


Mix the thyroid, milk sugar and powdered acacia together, and 
granulate with the starch paste. Force through a #8 mesh screen 
while wet, dry at moderate temperature and force through a #14 
mesh screen. Add the powdered starch, mix, and compress. Use 
a standard 44-in. punch. 10 tablets should weigh 19.47 gr. 


Weight of granulation 


C. T. DRIED YEAST 7.7 gr. (0.5 Gm.) 


Ingredients In Each In 7000 
Dried Yeast, powdered 7o gr. 7 lb. 110z. 88 gr. 
Sugar, powdered 12 oz. 
Acacia, powdered 320 gr. 
Alcohol 7 oz. 224 min. 
Glycerin 4 oz. 256 min. 
Water 1 oz. 32 min. 


Weight of granulation 8 lb. 13 oz. 144 gr. 


Mix the powdered dry yeast, powdered acacia, and sugar. 
Put through a #20 mesh screen. Granulate with a mixture of the 
alcohol, glycerin, and water. Spread on trays, put in a tablet 
dryer, and heat at 140° F. for a few hours only (about 3). If fur- 
ther drying is required, do this in the open. Put through a #16 
mesh screen and compress into tablets, using a 7/¢-in. punch. 
10 tablets should weigh 88.33 gr. 


3 Includes 10 per cent excess of claim. 
4 To adjust pH to 4.5. 
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CHAPTER CVIII 


THE COATING OF TABLETS AND PILLS 


COMPRESSED TABLETS and pills are coated for one 
or more of the following reasons: 


(1) To prevent deterioration of the ingredients. 

(2) To mask any unpleasant taste. 

(3) To prevent corrosive action on the mucous 
membrane. 

(4) To render them insoluble in the stomach but sol- 
uble in the intestine (enteric coating). 

(5) To prevent pills from absorbing moisture and 
sticking together. 

(6) For sales appeal. 


Many materials have been used for coating, such as 
sugar, chocolate, gelatin, silver leaf, gold leaf, aluminum 
powder (flat leaflets), salol, tolu, shellac, casein, and 
talcum. With the exception of sugar, most of these 
substances enact minor roles or have become obsolete 
and will therefore be described briefly. They are em- 
ployed without much previous preparation, primarily in 
prescription work. 

Pearl Coating—This term was applied to the method 
of coating pills with finely powdered tale. The process 
is similar to that used in extemporaneous sugar coating. 
A polish may be given to the surfaces by rotating the 
pills in a box coated on the inside with paraffin. 

Gold, Silver, or Aluminum Coating—The coating of 
pills with gold and silver leaf dates from the eleventh 
century A.D. when it was introduced by Avicenna. 
Aluminum powder is more recent and was used to re- 
place silver leaf. Pills or tablets may be coated with 
gold or silver leaf by first placing a few drops of acacia 
syrup or a thick acacia mucilage in a mortar and after 
spreading it over the inside surface dropping in the pills 
or tablets, rotating them so that they are uniformly 
coated with a very thin layer of mucilage. After this 
they are dropped into the coater containing the gold or 
silver leaf. When this process was more frequently em- 
ployed, the prescription pharmacist provided himself 
with a smooth globular box, made of horn or turned 
wood opening in the middle (Fig. 781). Today, if 

needed, a tin ointment box or even a 


i round pill box may be used to apply 
Ge) these coatings. 


Gelatin Coating—The coating of pills 
and tablets with gelatin is an old proc- 
ess. The method formerly used was 
to impale a pill on a long needle and 
then dip the impaled pill into a gelatin 
solution. Modern gelatin coating is 
done in a coating pan. 

The U.S. P. XIII has one pill listed which is gelatin 
coated. This pill, which contains hexylresorcinol, is not 
dipped into a gelatin solution. Sheets of gelatin are 
cast on drums, cut into predetermined lengths, and 
allowed to “set.” A sheet of gelatin is placed over two 
halves of a die having recesses similar to the shape of the 
pill to be coated and a pill is placed in each recess of one 
half of the die. The other half is then placed on top of 
the first half and pressure is now applied until the gela- 
tin sheets are cemented together and the pills with their 

coating cut themselves from the die. This method is 
‘similar to the manufacture of soft elastic capsules by 


= 
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Fig. 781—Silver 
coater. 


the plate method, except that a solid is placed in the 
die pockets instead of pouring a liquid into the die 
pockets. The gelatin coating solution is a mixture of 
gelatin, 38 to 50 per cent; glycerin, 26 to 37 per cent; and 
water, approximately 35 per cent. It must be kept 
warm and in a molten state until cast on the drum. 

Extemporaneous Sugar Coating—Quickly roll the 
pills, freed from dusting powder, on a filter saturated 
with acacia mucilage until uniformly but superficially 
moist, then immediately transfer them to a porcelain 
dish containing a mixture of 8 parts of powdered sucrose 
or lactose and 2 parts of powdered acacia and rotate 
them rapidly until covered with a firm white coating. 

Extemporaneous Chocolate Coating—Quickly roll the 
pills, freed from dusting powder, onto a filter paper 
saturated with acacia mucilage until uniformly but 
superficially moist, shake them at once with powdered 
cocoa until well coated, then transfer them to a clean, 
warmed porcelain dish, and rapidly rotate them until a 
smooth coating is produced. 

Tolu Coating—Drop the pills, freed from dusting 
powder, into a porcelain dish in which a thin layer of a 
solution containing equal volumes of tolu tincture and 
ether has been previously placed, and rotate them until 
thoroughly coated with the mixture. Turn them at 
once into another dish of the same kind and size, and 
rotate for a few moments to remove the excess of mix- 
ture, and while the pills are still shining, but not too 
moist, transfer them to a third dish, previously coated 
with a very thin film of oil, which has been applied by 
the tips of the fingers, and rotate them until dry. A 
second or third coating may be applied in the same 
manner, if necessary. 

Stearic Acid Coating—The use of stearic acid as an 
enteric coating for pills has been suggested by William 
G. Toplis. The coating is applied by adding a satu- 
rated, ethereal solution of stearic acid to the tablets or 
pills, in a dish, and at the same time rotating the pills. 
The solution is added carefully, only a few drops at a 
time, until the coating is complete. 


The Sugar Coating of Tablets and Pills 


The process of coating tablets and pills requires 
great skill. It is an art and can be mastered only by 
experience. The following instructions are a basis for a 
little experimenting, to enable one to undertake the 
work with assurance of success. Several fundamentals 
to bear in mind are set forth in the paragraph headed 
General Precautions (page 1304). 


COATING EQUIPMENT 


The equipment of a coating department includes one 
or more coating pans, polishing pans, a fan blower, a 
syrup kettle or cooker, glass graduates, stirring rods, 
seales, dipper, workbench, drying closet, screens, and 
containers for the stock solutions and powders. 

Coating Pans—These can be of copper or galvanized 
iron, the former being preferred on account of their 
shape (Figs. 782 and 783). The galvanized iron pans 
have corners where the sections are fastened together, 
in which the tablets are apt to stick, and their rolling 
action is not quite as satisfactory as that of the copper 
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pans. The size of the pan depends on the quantity of 
tablets to be coated in one operation. Usually a num- 
ber of pans are used so that different lots of tablets may 


Fig. 782—Colton bench type, motor driven coating 
pan, with interchangeable pans. 


be coated simultaneously in various colors. The most 
popular sizes of coating pans are those having a diam- 
eter of 24, 30, or 36 inches. The capacity of the pan 
depends upon the size of the pills or tablets and the 
thickness of the coating desired. When the uncoated 
pills or tablets are first placed in the pan, they may seem 
small in comparison with its size, but when the coating 
has been finished, the volume of the tablets will be 
greatly increased. This should not be overlooked 
when starting to coat. In the table below is given the 
maximum capacity of various pans in 1-, 3-, and 5-grain 
tablets. 


CAPACITIES OF COATING PANS 


Pan One-grain Three-grain Five-grain 
24-inch diameter 100,000 70,000 50,000 - 
30-inch diameter 150,000 125,000 100,000 
36-inch diameter 250,000 200,000 150,000 


Polishing Machines—These are similar to the coating 
pans; they are made of either copper or galvanized iron 
and covered on the inside with strips of canvas glued to 


Fig. 783—Tablet coating. 


the inside. The roughly coated pills or tablets are 
placed in the pan and while rolling the polishing wax 
solution is added until the tablets are wet (about 1% fl. 
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oz. of solution to 30,000 tablets). They are kept rolling 
until polished. As coating pans are more expensive 
than polishing machines, and as the labor involved in 
adapting the former for polishing is considerable, it is 
obvious that it is more economical to have separate 
polishing machines. One polisher is required for polish- 
ing white coatings, and can be used for no other color, 
as chocolate and colored coatings stain the canvas lin- 
ing, and the color comes off and discolors subsequent 
white lots. For the same reason one polisher is kept 
exclusively for chocolate coating and a third for polish- 
ing the various pink, blue, green, or yellow colors. 
The polishing pans may be cleaned with benzol when 
changing from one color to another. As the polishing 
process requires only a relatively short time, as com- 
paved to the actual coating process, three polishing 
machines will handle the output from many coating 
pans. An inexpensive arrangement which is satisfac- 
tory for small production is to insert into the mouth of 
a coating pan a cylindrical wooden tub, so shaped that 
it wedges in the opening of the pan. Several of these 
can be had at small expense, and a coating pan can be 
immediately converted into a polisher by inserting one 
into the pan. The polishing pans illustrated in Fig. 
784 are also largely used. 

Fan Blowers—The standard type of fan blower of suf- 
ficient size to supply an air blast to the pans is required; 
a 15-inch blower for one pan and an 18-inch blower for 
three or four pans. This fan can be placed on the floor, 
or hung from the ceiling. A pipe line is extended along 
the ceiling over the pans, and from this smaller pipes 
are extended down to the mouth of each pan. These 
drop pipes should be fitted with a damper so that the 
air blast can be controlled, and they should end with a 
flexible shaft which can be removed when emptying the 
pan. The illustration in Fig. 784 shows this arrange- 
ment of the pipes in relation to the pan. The standard 
gutter-spouting with elbows and fittings as supplied by 
tinsmiths can be used. As stated above, some coaters 
prefer to blow warm air to hasten the drying, especially 
in humid weather. For heating air a steam coil or gas 
heater is placed in a closet and the suction inlet of the 
blower connected with the closet; this will meet all re- 
quirements. 

Cooking Apparatus—The stock gelatin solution and 
the syrup solution used for sugar coating tablets require 
heat in their preparation and application. A small 
steam-jacketed, copper kettle of 3 to 5 gallons capacity 
is very satisfactory for this purpose. The steam- 
jacketed kettles should be conveniently situated, so 
that the operator, when dipping out solutions into an 
aluminum or corrosion-resisting steel pan will not have 
to carry them far to the coating pans. A soup ladle 
of similar material makes a very satisfactory dipper 
for the solutions. The work bench should face the 
pans, and a-suitable aisle should be arranged between it 
and the pans. A drying closet will be found of great 
convenience for drying the tablets before they are 
placed in the coating pan, and also for drying com- 
binations which absorb moisture. A mortar and pestle 
are convenient for preparing colored solutions, and 
should be a part of the equipment, also pint and quart 
measures and glass stirring rods. For larger quantities 
a ball mill may be found to be satisfactory. The equip- 
ment is completed with a set of perforated sieves for 
separating the different sizes of tablets which may be 
coated in the same pan, at the same time. 
also useful for screening out broken tablets. 

Preparation of Stock Solutions and Sub-Coating 
Powders—Before the operator can start the coating, the 
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gelatin solutions must be prepared for the under or 
sub-coating. The syrup solution and stock colors for 
coloring the syrup must also be prepared. The follow- 
ing formulas for these solutions and powders give very 
satisfactory results. They are subject, however, to 
considerable variation, to suit the ideas of the operator 
after he has become experienced. There are rarely two 
coaters who use exactly the same formulas. 
Gelatin Solution for Sub-Coating—This is prepared b 
dissolving 2 pounds avoirdupois of powdered or granu- 
lated gelatin and 24 pounds avoirdupois of granulated 
sugar in 2 gallons of warm water, mixing thoroughly and 
bringing to a slow boil. When thoroughly dissolved, 
strain. Some coaters add‘to the above mixture 24 
ounces avoirdupois of powdered acacia. This is not 
necessary, however, as the solution is stickier and harder 
to handle than one without the acacia. “This solution 
will gelatinize when cold, but will always liquefy when 
heated, and should always be applied hot. 
The following solution is recommended: 


Sub-Coating Solution 


(COEUR UO. SAR oe RoI gt RRL ee a MBE ar 1 lb. 
PNGCAGLE a cicln gaits ah kale eatin b otabe hielasth iL illeys 
MICS (Tas Je one See a oN 2 gals 


Allow the mixture to stand until the gelatin has soft- 
ened, then dissolve with the aid of heat and add 25 
pounds of granulated sugar to the hot solution. Again 
warm and stir until the sugar dissolves and strain 
through cheesecloth. This formula makes about 4 
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Starch Powder 


Mix, and pass through a No. 80 sieve. 


Dusting powders containing starch have proved 
undesirable in large quantity production of coated 
tablets, where great speed of coating is essential, as some 
of the moisture from the syrup used in the coating is 
taken up by the starch causing it to hydrolyze and swell. 
Sometimes this swelling continues after the coating 
operation has been completed, and the tablets crack 
open. 

In such work, where starch is eliminated from the 
dusting powder formula, it can be replaced with calcium 
carbonate and talc, in the proportion of 4 parts of the 
former to one of the latter. Also from 1 to 2 per cent 
of powdered acacia is generally added. 

Chocolate Dusting Powder—This, as used for sub- 
coating chocolate-coated tablets, is the same as white 
dusting powder with the addition of 6 pounds of pow- 
dered cocoa or powdered chocolate. This dusting pow- 
der is screened in the same manner as the white. The 
dusting powders, or “stock powders,” as they are. called, 
can be stored in galvanized or other suitable containers. 


Brown Dusting Powder 
UT berate ae ekceewae ieee coe : 
Powdered Talc....... Bn eae 

Mix, and sift through a No. 80 sieve. 


1 oz. av. 
3 Ibs. av. 


Syrup for Coateng—Syrup used for coating after the 
sub-coating has been applied is composed of 

30 pounds of granulated sugar dissolved in 3 

gallons of water and brought approximately 

to the boiling point. The syrup is then 
strained through cheesecloth and when cool 

is ready to use. This syrup is used in this 

form for coating white coated tablets. _ It 

is applied cold in all cases. The following 

syrup is of special value in rounding the pills: 


Syrup for Coating 
Granulated sucarh ee aioe neni 4 
Vi Str ae ate Reh, att, eae aaa eee 


Dissolve the sugar with the aid of heat and add the 
following which has been made into a paste: 


Comm Starchtiaaeticcee anor on 3 0%. av 
Powdered Talc . Ne) eth i el OL RAV: 
Wiaiberiag crest Ace na ented Ba ete 8 fl. oz 


Mix thoroughly. Heat to boiling, strain through 
cheesecloth, and add sufficient water to make 14 gallon. 


Coloring Solutions for Syrup—lf the coat- 
ing is to be colored, the syrup is tinted by 
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Fig. 784—Coating and polishing plant. 


gallons, and as it sets to a stiff jelly it may be kept for 
some months. When needed, it must be liquefied on a 
- water bath and used warm. 

White Dusting Powder—This, as used in connection 
with the gelatin solution for sub-coating, is a mixture of 
- 36 pounds of powdered sugar and 12 pounds of powdered 
starch, mixed thoroughly and screened through a No. 
36 sieve. Some coaters prefer to add 2 pounds of 


- powdered tale and 2 pounds of powdered acacia to the 


above. The tale assists materially in producing a 
smooth sub-coating. 
ie White Dusting Powder 


Precipitated. Chalk. . 25. .1....).0.. 0 4 lbs. 
ate Pure White Tale........ te PaO 1 lb. 
ee SURE oi, alee Rear OAc fa Oo eine 1 Ib. 


‘ ‘Mix, and pass through a No. 80 sieve. 


' 


POU SHING MACHINE 


adding to it coal-tar colors prepared in the 
following manner: 1 ounce of color is dis- 
solved in 1 pint of hot water. The dye used 
must be one of the “Certified Food Colors” 
(page 949). These solutions, which are after- 
ward referred to as stock solutions, are usually prepared 
and kept ready for use. 

Wax Solution—The solution used for polishing is 
made by dissolving 1 ounce of carnauba wax in | pint 
of acetone. Beeswax may be used or preferably a mix- 
ture of 1 part of carnauba wax to 3 parts of beeswax. 
The following polishing wax has been suggested: 


Polishing Wax 
White Beeswax wi. vc Ohieescts woe 


@arnariba Waxirwseucti celts ote, ones 2 oz. av 
Melt together, strain, and cool. 
Polishing Wax Solution 
Polishing Wax (formula above)..... 600 gr. iz 
Ben zn OF i yainn te We ere oe Selous teaver 1 pt. 


Dissolve the wax with the aid of heat (hot water or steam). The. 
solution must be used while warm as it precipitates on cooling. * 
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TABLET COATING 


Tablets should be compressed with high convex faces 
and with as thin an edge as possible, and at the same 
time conform to good proportions. Tablet punches 
are usually made with three degrees of concaved faces, 
called shallow, standard, and deep concave. The deep 
concave is preferable for most purposes, as it forms a 
satisfactory shape for either coated or uncoated tablets. 
The thinner the edge of the tablet the easier it is to 
cover the corners with the coating. The tablets should 
be screened to remove all dust and broken tablets be- 
fore placing in the coating pans. 

General Description of the Process—Before taking 
up in detail the various steps in coating tablets the 
process will be briefly explained. The tablets, after 
cleaning and removing defective ones, are placed in the 
coating pan and subjected to three to five coats, depend- 
ing on the tablets. Each sub-coat consists first of the 
wetting of the tablets with the gelatin solution and, 
when partially dry, sprinkling with the dusting powder. 
By this means the tablets are rapidly filled out and 
rounded. Following the sub-coating the tablets are 
given a sufficient number of applications of the syrup 
to produce a hard, smooth finish, the last two or three 
syrup coats, which are known as the finishing coats, 
receiving special attention. The tablets are then pol- 
ished with the wax solution. 

It is easier to coat tablets white than any other color. 
Only a few syrup coats are required if the sub-coating 
has been properly done. Chocolate coating can be 
quickly done, as it also requires only a few syrup coats. 
Chocolate coating, however, may give the beginner 
some trouble to keep the colors uniform. This may 
occur if the finishing coats are allowed to dry too 
quickly. Colored coatings other than chocolate require 
a longer time to coat, due to the fact that the tint has 
to be developed slowly. 

After becoming familiar with the technique of coat- 
ing it will be found economical to coat two or possibly 
three sizes of tablets in the same pan at one operation. 
It is apparent that this can only be done when the tab- 
lets have sufficient difference in size to permit their 
complete separation by screening after they are coated. 
Secondly, it is necessary to have a minimum quantity 
in the pan so that the tablets will tumble properly and 
not rest on the bottom and abrade a flat surface on 
them. When this practice is followed it is advisable 
to sub-coat the different batches separately, and then 
syrup-coat them together in the one pan. There are two 
reasons for sub-coating separately. One is to prevent 
the transfer of odor or powder from one formula to the 
other. The other is that where large and small size 
tablets are sub-coated together the small tablets are apt 
to stick to the larger tablets. This tendency is greater 
in the sub-coating, due to the heavier gelatin solution 
which is used, than with the syrup coating. 

The formulas given above and the detailed instruc- 
tions which follow represent the best practice so far 
obtained. They no doubt can be modified to advantage 
in special cases, as well as improved, and the intelligent 
coater should always endeavor to simplify the work 
wherever possible, if a satisfactory coating results. 

As an illustration and to explain the processes more 
clearly, it is assumed that 70,000 three-grain cascara 
sagrada tablets are being chocolate coated. Use a 
coating pan of 24-inch diameter, if available, as it will 
be easier to start with a pan which is in proportion to 
the size of the batch. A coating pan of 30-inch diam- 
eter, of course, may be used. It is difficult, however, to 
coat a very small quantity of tablets in a large pan, as 
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they will have an increased tendency to stick to the pan 
after each application of gelatin solution and syrup, and 
require more stirring to overcome this and to prevent 
their sliding before they commence to roll properly. 

While the beginner will of necessity have to start 
with a clean pan, it will be found later on that the sub- 
coating can be accomplished more readily by placing 
the tablets in a pan which is slightly encrusted with 
syrup from a previous coating. The reason is that the 
tablets, when moistened with the gelatin solution in a 
clean pan, will slide as one mass rather than roll, and 
will require much more stirring by hand to break up the 
mass and start them rolling than if the pan were already 
coated with syrup. 

Sub-Coating—When the tablets are placed in the pan, 
the gelatin solution for sub-coating should be warm and 
conveniently located. Dip out 1 pint in a measure 
and have a scoop full of chocolate powder at hand. 
As the tablets revolve, pour the gelatin solution over 
the tablets, stirring them with the hand to distribute 
the solution. Keep stirring to make the tablets roll if 
possible, and when the gelatin has partially dried and 
is tacky, sprinkle on the chocolate dusting powder until 
there are no wet tablets showing. The chocolate pow- 
der can be sprinkled on by hand, and wet areas in the 
tablets can be sprinkled as they appear. The tablets 
will begin to roll freely as soon as the powder is dusted 
on. Avoid using.an excess quantity of powder, as this 
will roll in the pan and affect the smoothness of the 
succeeding coat. Should excess powder accumulate it 
will appear at the back of the pan, and the powder and 
tablets at the back can be scooped out and separated, 
the tablets being put back in the pan. After the 
chocolate powder has been applied and taken up by 
the tablets, and not before, turn on the air blast until 
the coating is perfectly dry. This requires about 15 
minutes. The operator can test for dryness by scrap- 
ing with the fingernail or with a knife to see if it will 
powder off. Sometimes the tablets split or cap during 
the first sub-coating, and there are always a few tablets 
which stick together. It is advisable to rescreen tablets 
to insure the removal of such before applying the second 
sub-coating. Three or possibly four coats are applied 
to complete the sub-, or under-coating. This sub- 
coating is very important, as upon it largely depends 
the smoothness of the finished tablets. 

Syrup Coating—After the tablets have been sub- 
coated, the chocolate syrup is applied. It is advisable 
to again screen the tablets to remove the broken ones, 
and if the pan is too rough from the encrustation of sub- 
coating, it should be washed. The color of the choco- 
late sub-coating will be much lighter than the color of 
the finished tablets. Fewer coats of the chocolate 
syrup will be required if the tablets are first given two 
light coats of chocolate syrup, having a double quantity 
of chocolate-brown paste to intensify the color. Mix 
a pint of this intensified coloring syrup and apply it 
in two doses. It is difficult to state the exact amount 
of syrup a given quantity of tablets will take up; about - 
1 pint would be the proper quantity for each applica- 
tion of syrup to the quantity of tablets under considera- 
tion. The quantity of syrup, however, should be as 
much as the tablets will take up and not form into a 
mass so they do not roll. Pour this over the tablets as 
they revolve, distributing it as much as possible while 
pouring, and at the same time stirring with the hand — 
until the syrup is evenly mixed and the tablets are 
rolling freely. Do not turn on the air blast until the 
tablets roll freely, and then blow air until dry, requiring 
approximately 20 minutes. There should be a distinct 


should appear immediately. 
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improvement in the smoothness of the coating after the 
first application of the chocolate syrup is added, and 
this improvement will become more pronounced as 
the applications are continued. After two coats of the 
darkened syrup, the operator can proceed with the 
standard chocolate syrup, applying as many coats as 
are needed to properly round the tablets, so that the 
edges and corners are smooth and show a uniform color, 
From 5 to 10 coats may be required to produce the 
necessary finish. If pinholes appear in the coating 
they can be filled in by allowing the syrup to dry more 
slowly, the theory being, the longer the coating remains 
in a plastic condition the more working it will receive 
by the rolling action of the tablets. The operator can 
tell from time to time how the tablets are smoothing 
up by breathing on several held in the hand close to the 
mouth. This test reproduces the color and luster which 
will be obtained after they are polished with the wax 
solution. If the tablets do not show up smooth and 
polished when so tested, probably no amount of polish- 
ing will materially improve their appearance. This 


practice of breathing on the tablets is unquestionably ' 


to be condemned from a hygienic standpoint, but there 
seems no other way for the beginner to get a quick 
line on the results. It is imperative that these few test 
tablets be discarded. 

Finishing Coating—The tablets are now ready for 
finishing. If the pan is rough it should be washed out 
and dried. Give the tablets a light application—say, 
3 or 4 ounces—of chocolate syrup, with the color, how- 
ever, cut down two-thirds in quantity. The chocolate 
paste does not enter into solution with the syrup, as is 
the case with the aniline colors, and by reducing the 
amount of the chocolate-brown paste in the 3 finishing 
coats, a harder surface is produced which takes a better 
polish. These finishing coats should be allowed to dry 
without the air blast. On the third or last coat, just 
before the tablets are dry, stop the pan and cover the 
opening with a cloth. By doing this the tablets will 
dry more slowly and retain a better and more uniform 
color than if they were revolved. It will be well to 
turn the coating pan a half revolution by hand from 
time to time to expose a fresh surface of the tablets. If 


this is not done, those tablets which are on top will 


2 hours to dry the tablets in a stationary basin. 


It will take about 
The 
operator may be able to use an air blast for the final 
drying, but the pan must be stationary, except when 
revolved by hand in order to expose a fresh surface so 
that uneven colors are not produced. 

Polishing—The tablets should now be ready for 
polishing and are transferred to a polishing pan. While 


dry a lighter color than those below. 


_revolving in the polisher, pour 2 ounces of wax solution 


cal 


over the tablets. A wide-mouth bottle with a shaker 
top makes a suitable container for the wax solution. 
Two or three shakes of the solution should be sufficient. 
Stir the tablets with the hand in order to distribute the 
solution thoroughly throughout the tablets. Allow the 
tablets to revolve until the solvent has evaporated and 
then dust on from a shaker a small amount of talcum 
powder. The talcum is usually applied with the ordi- 
nary commercial shaker talcum box, and only two or 
three shakes are necessary. The luster, or polish, 
It may be improved by 


a second or possibly a third application of wax solution 
and talcum. Leave the tablets in the polisher for 15 
or 20 minutes, or longer if desired. When removed 
from the polisher the tablets should be spread on trays 
and dried before placing in the containers. ; 

- -White Coating—Tablets are white coated in the same 
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way as they are chocolate coated with the exception that 
white dusting powder is used in place of the chocolate 
dusting powder when sub-coating. Plain syrup is used 
for the coating and finishing. Some coaters, in order 
to get quick results by reducing the number of applica- 
tions of syrup, load their syrup by mixing with it an 
additional quantity of powdered sugar. This sugar 
does not enter into solution and the mixture is made 
just as heavy as it is possible to pour and distribute over 
the tablets. By controlling the air blast this coating 
can be made smooth, and the finishing coats may be 
applied, using the standard syrup. 

Colored Coatings—When tablets are to be coated 
blue, green, yellow, or red, the same general method 
described above applies. The sub-coating is applied 
with white dusting powder, and syrup for the coating 
and finishing is tinted with the properly colored solu- 
tion, the tint being intensified as the coating progresses. 
In other words, the first two or three coats are made by 
applying syrup of a light tint, the next three coats with 
syrup of a darker tint, and so on to the end. If the 
operator should attempt to apply syrup tinted to the 
finished color from the beginning, the result would be 
a blotchy color, probably due to the fact that the sub- 
coating, being absorbent, would take up the color 
unevenly. As an example: Take 100,000 tablets of 
strychnine, each weighing 1 grain and coat them red. 
Use a 24-inch pan, and, after the tablets have been sub- 
coated white, apply a syrup which has been colored in 
the proportion of 1 ounce of stock red coloring solution 
to 1 gallon of syrup. Give the tablets two or three 
coats and then intensify the tint of the syrup by adding 
more red in the proportion of 2 ounces of stock color to 
1 gallon of syrup. After several coats the color is 
again intensified by again doubling the proportion of 
color in the syrup. Always retain some sample tablets 
of the proper color to be used in matching a new lot. 
With a little experience the operator can intensify the 
color of the syrup by judging its color with the eye and 
without resorting to: measuring the exact proportion. 
When the desired shade and finish have been obtained 
the air blast should be taken off and the tablets given 
three or four applications of colored syrup in the manner 
described for chocolate coating. The pan should be 
stopped just before the final coat is dry, as explained 
above. The method for coating tablets in other colors 
is identical. 

When tablets or pills are coated with a syrup contain- 
ing umber and no chocolate, they must not be called 
“chocolate-covered” or ‘‘chocolate-coated.”’ They 
should be designated “‘sugar-coated brown.” 

Today very few of the larger pharmaceutical manu- 
facturers use chocolate in coating tablets, but instead . 
use for the chocolate color a mixture of red iron oxide, 
burnt umber, and a certified red color (amaranth). 
The following formulas have proved satisfactory. 


Powder for the Sub-Coating 


Calcium Carbonate. >a. t..... a0. 200 lbs. 
AbeMeyubaay(Ueinbatatere))). tok Gin J ac lee 50 lbs. 4 ozs. 
RedwIiron-Oxideiey.tieone ieee 14 lbs. 1 oz. 
Burnie Umber tertecwtat ater net 5 lbs. 8 ozs. 
Acacia, powdered........2-..-:.. 6 lbs. 


Syrup for the Coating 


Amaranthn@s hs! Orns pce aes 2 ozs, 

Red Inon, Oxidegauy. sare cet ere 2 lbs. 

Burnt) Umber semaceee beard ch thas Llb. 8 ozs. 100 grs. 
Sugar, jeranulateds.....4 522. 2000. 45 lbs. 

Wisteria altos. hs ne ar back Soh enki: 24 pt 


Dissolve the color in the water and add the sugar. Heat to boiling, 
then stir in the red iron oxide and the burnt umber. Always stir 
this syrup well immediately before using any of it for coating. _ 
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Special Treatment for Coating Tablets Which Absorb 
Moisture—Some tablets, owing to their contents, re- 
quire great care in coating to prevent the water in the 
gelatin solution from penetrating the tablet rather than 
evaporating. Such a result would prove disastrous, as 
this moisture, no matter how well the finished coating 
appeared on the outside, would eventually work out 
through the coating, discoloring it and producing unsat- 
isfactory results. It is therefore very important that 
when coating sodium salicylate, and combinations con- 
taining iodides, bromides, and other compounds having 
an affinity for water care should be exercised to prevent 
the water ‘‘drying in.”” There are several methods in 
use. A small amount of oil applied to the outside of 
the tablets before applying the gelatin solution is one 
method. Too much oil must not be used or it will dis- 
color the coating. If a dough is made by adding suf- 
ficient starch to a tablespoonful of raw linseed oil and 
the dough kneaded into a ball, and the ball allowed to 
roll with the tablets, they will absorb the oil from the 
dough. The ball will shortly break down and the 
powdered starch, after the oil has been absorbed by the 
tablets, will appear in the back of the pan. After this 
preparation the tablets can be sub-coated in the regular 
way. Another method is to apply the stock gelatin 
solution, but then, in place of the stock dusting powder, 
to apply powdered calcined magnesia. It is advisable 
to apply an excess of this to be sure of absorbing the 
moisture in the gelatin solution. Another method, 
similar to the above, is to substitute powdered acacia 
as a dusting powder after the gelatin solution has been 
applied. When the three or four sub-coatings have 
been applied, the tablets should be dropped in trays of 
hot powdered starch and dried for afew hours. The ap- 
plication of the coating can then proceed as usual. It 
is important to have the tablets dry at the start and 
also to dry them thoroughly after sub-coating to 
eliminate any moisture which may have dried in. 

Re-Coating Tablets—While it is not anticipated that 
the operator will have bad luck, this may occur occa- 
sionally and it will be necessary to re-coat the tablets 
to prevent loss. If this becomes necessary place the 
tablets in a dish pan, cover them with water, and stir 
them with the hand until the edges of the tablets begin 
toappear. Then pour off the water and cover the tablets 
with denatured alcohol to absorb the water. Drain off 
the alcohol, shake the tablets well in a sieve to remove 
the alcohol, and then put them in a coating pan and 
revolve under the air blast. When dry they can be re- 
coated. It may be that the tablets will wash off irregu- 
larly and some will be larger than others. If this is 
noticeable, remove the larger tablets by screening and 
rewash them in water to reduce their size, or place the 
smaller ones in the coating pan and give them an extra 
coat to bring up to the size of the larger tablets. 

Time Required for Coating—This depends upon the 
skill of the operator and as experience in applying the 
sub-coating increases, few syrup coats are required. 
It is also evident that if the operator is able to load the 
syrup with free powdered sugar, the coatings will build 
up more rapidly and fewer will be required. Some 
coaters turn out a batch of the ordinary run of tablets 
in 5 hours, while others require a day or possibly more. 
Speed in coating, however, is not the chief end to be 
gained; it is more important that the coatings be per- 
manent, that they will not break off, and will not dis- 
color due to moisture in the tablets working out through 

the coating. 

General Precautions—Each coat must be perfectly 
dry before putting on the next application, whether sub- 
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coating or syrup, otherwise the moisture will dry in and 
will result in a cracked or discolored coating. Always 
screen the tablets after the first two applications of sub- 
coating to remove broken tablets. If these are not 
removed they will stick to the tablets and produce an 
unsatisfactory result. When the coating pan gets 
rough inside from too much syrup drying on it, wash 
it out and the tablets will coat much better. When 
making white coating, suspend the chocolate coating, 
as the dust will fly from one pan to another and the 
white coating will be specked. Be sure the hands are 
clean and not stained with chocolate or other colors. 
Sugarless Coating—This is made by applying gelatin 
solution instead of syrup. ‘The process is quite similar 
to that of sub-coating, in that a dry powder of chalk or 
starch is added to the tablets after they have received 
an application of gelatin solution. The dusting powder 
should contain some powdered tragacanth. The coat- 
ing is finished with several applications of the gelatin 
solution alone. This coating cannot be polished with 
wax, but after the tablets-have been allowed to roll in 


' the pan for a few hours a very high luster can be ob- 


tained by giving the tablets a coat of a very thin solu- 
tion of tolu, denatured alcohol being used as the thinner. 

Method for Preparing Homeopathic Globules or 
Granules—Place 5 pounds of XX XX sugar in a 24-inch 
copper coating pan, having steam coils about the out- 
side for heating. A hot-air blast, however, could be 
used successfully in place of the steam coil. To the 
sugar add slowly a hot syrup of about 35° Bé. density. 
This syrup can be approximated by dissolving 2 pounds 
of sugar in 1 pint of boiling water. 

The syrup is slowly added to the powdered sugar as 
it revolves in the pan until the globules start to form. 
If too much syrup is added large globules will form in- 
stead of small ones; the small ones are the more difficult 
to produce. Alternate applications of powdered sugar 
and syrup are added as the globules form and dry out. 
It will be necessary to remove the larger globules by 
screening, the small globules being put back in the coat- 
ing pan. Those of the correct size are set aside on a 
tray for further drying, and those which are too large 
melted down into syrup. 

The operator will have to keep stirring the sugar in 
order to break it up and to separate the globules as they 
form. The formation of too large granules can be over- 
come by adding less syrup or making it slightly lighter 
in density. 

Enteric Coatings—A coating added to a tablet which 
will resist the disintegration of the tablet or pill in the 
acid juices of the stomach and dissolve in the alkaline 
intestinal fluids is referred to as enteric coating. These 
coatings are used in three classes of ingredients: 


(1) Medicines that can, by prolonged contact or use, 
irritate the mucous membrane of the stomach. 

(2) Medicines that are rendered inactive or decom- 
pose in the gastric juice. 

(83) Medicines that should reach the intestine as con- 
centrated as possible. 


The substances used for the purpose are salol (phenyl 
salicylate), tolu balsam, shellac, casein, keratin, and 
stearic acid. Abbott and Allport, Quarterly ol Pharm. 
Pharmacol., 16, 183 (1943), tested keratin, salol, salol- 
shellac, salol- benzonaphthol, salol-stearic ‘acid-shellac, 
stearic acid-carnauba wax-soft paraffin-agar-elm bark, 
magnesium stearate-mastic, shellac-wool fat, shellac- 
castor oil, myristic acid-hydrogenated castor ‘oil, cetyl 
alcohol, cetyl alcohol-shellac, cetyl alcohol-mastic, and 
cellulose acetate phthalate. ‘These coatings were 
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tested 2m vitro using an artificial gastric juice and an 
artificial intestinal fluid, coupled with a mechanical 
apparatus to simulate peristalsis. Thompson and Lee, 
J. A. Ph. A., Sc. Ed., 34, 135 (1945), in their study of 
enteric coatings used an artificial gastric juice and an 
artificial intestinal juice described by W. G. Toplis, 
Proc. Penn. Pharm. Assoc., p. 262 (1915). Huyck in 
a@ more recent work, J. A. Ph. A., Prac. Ed., 7, 86 
(1946), has used methyl cellulose (Tylose), polyvinyl 
alcohol, and cellulose acetate phthalate. 

The many compounds that have been mentioned in 
the preceding paragraph indicate the efforts being made 
to obtain a test and a material satisfactory both in vitro 
and in vivo. At present, combinations of salol and tolu 
balsam are largely used and the combination that will 
be most satisfactory can be determined only by experi- 
mentation with the type of tablet to be enteric coated. 
The tolu balsam is dissolved in alcohol, added to the 
uncoated tablet, and followed by the salol coating. 
Subsequent finishing of the tablets is thereafter like 
any other coating. 

There is an increasing use being made of cellulose ace- 
tate phthalate as an enteric coating substance. The 
compound itself is described in a paper, “Cellulose 
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Esters of Dibasic Organic Acids,” Ind. Eng. Chem., 32, 
405 (1940). The use of this product for this purpose is 
covered by U.S. Patent No. 2,196,768, Apr. 9, 1940, to 
G. D. Hiatt and assigned to Eastman Kodak Company, 
Rochester, N. Y. This material is added in a solvent 
solution one of which is suggested: 


Enteric Coating 


CommercialsithylwAcetatete s .aseak ene ee cle 2.7 lbs 
Denatured Ethanol (3-A formula).............. 2.7 lbs 
BG yl AUACtate.gyteece. « eithe ieee oa etree Mero pest 0.8 lb. 
C@ellulosesAcetatesehthalates 1 se. os. oe 2 O.6ulb 


The method of application is given as follows: A 
charge of 7.5-grain tablets is allowed to tumble in a 
rotating pan. The enteric coating solution is added, 
portionwise, in amounts of about 114 oz. for each 10,000 
tablets. The tablets are well wetted. The air blast 
is turned on after about 1 minute of tumbling but not 
directly on the tablets. Second and subsequent addi- 
tions of solution are made when the tablets become 
sufficiently dry. The interval between additions is ap- 
proximately 5 minutes. Larger concentrations of cellu- 
lose acetate phthalate in the above formula increase this 
interval. 
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CHAPTER ,CIX 


THE SCIENTIFIC BASIS AND CLASSIFICATION OF BIOLOGICALS 


THIS SECTION deals with a group of therapeutic and 
diagnostic agents commonly designated as ‘‘Biological 
Products.” The term “biological”? serves. to distin- 
guish these products from the pharmaceutical prepara- 
tions and chemical substances, including the vegetable 
drugs, galenicals, and the organic and inorganic chemi- 
cals. The word “biological” also carries the thought of 
complex products resulting from the life activities of 
animal, plant, or bacterial organisms, as distinguished 
from those resulting from the simpler chemical and 
physical processes with which chemists deal. As com- 
monly used, it is a general term or group designation, 
which includes antitoxins, immune serums, bacterial 
and virus vaccines, tuberculins, immunizing toxins, 
toxoids, antivenins, bacteriophage, pollen extracts, and 
the like. 

The production of biological products involves the 
exercise of the skill of expert laboratory technicians and 
the practical application of the principles of the science 
of bacteriology and related branches of knowledge. 
Their preparation requires (1) the growing and handling 
of mass cultures of bacteria or viruses, (2) their. treat- 
ment by technical processes so that they can be made 
into vaccines, (3) the separation and refinement of the 
toxins or poisonous products elaborated, (4) the produc- 
tion of serums, antitoxins, and antibody solutions, (5) 
the preparation of attenuated viruses, and (6) the prep- 
aration of protein extracts, etc., by scientific methods. 
These will be outlined below under the description of 
each product. 

The use of biological products in medicine rests en- 
tirely upon the science of zmmunology—the science 
which treats of the defensive and offensive reactions of 
the body to infectious or parasitic microorganisms and 
to foreign proteins. It is therefore necessary to under- 
stand something of the processes of immunity before 
one can understand why the so-called biological prod- 
ucts have attained such an important place in preven- 
tion and treatment of disease. 


Immunity 


Immunity is an altered or acquired condition, as a 
result of which the body adapts itself to the presence of 
foreign protein, displays marked resistance to the in- 
vasive powers of pathogenic microorganisms, and pro- 
tects itself against the deleterious action of their toxic 
products. 

Invading pathogenic organisms irritate or destroy 
body tissues and blood cells. The injury may be ef- 
fected either by the toxins which they form or by the 
poisonous effect of the bacteria themselves. The body 
of the normal individual possesses various barriers 


Increase in white corpuscles 


(leukocytosis) 
against extracellular 
or exo- or ectotoxins 
SERA RNASE ) (antitoxin) 
INFECTION | Production of antibodies { 


against bacteria 
(antibacterial) 


( 


which defend it against attack by invading microorgan- 
isms. The unbroken skin, healthy mucous membranes, 
subcutaneous connective tissues, and natural body 
secretions all serve as efficient barriers to infection. 
In addition, the invasion of the body by foreign mate- 
rial, living or dead, is followed by a prompt response of 
cellular activity. There usually is an increased produc- 
tion of white blood corpuscles or leukocytes (the latter 
ingesting and digesting the invaders; the process is 
known as phagocytosis) and of specific antibodies— 
formless but complex physicochemical substances 
which appear in the blood and lymph and are capable 
of neutralizing toxins or antagonizing the bacteria and 
their products. Since the effects of bacteria are of two 
kinds, there are two distinct types of immunity, namely, 
antitoxic immunity or ability to neutralize toxins, and 
antibacterial immunity, or the ability to attack the 
bacteria themselves. The more important distinctions 
may be readily visualized by the following tabulation: 

The defensive reactions of the body which give rise 
to immunity are thus seen to be quite varied. In most 
diseases probably several of these reactions are going 
on at one and the same time, but usually one is much 
more important than the others and is commonly 
emphasized as the sole protective reaction in a given 
disease. 

Antibodies and Antigens—Antibodies or protective 
agents of various kinds, as antitoxins, agglutinins, bac- 
teriolysins, precipitins, may be found in the body of 
normal individuals. Due to a transference of specific 
antibodies through the placenta or during nursing 
(colostrum in milk), a congenital passive immunity may 
be established in the newborn. ‘The presence of natu- 
ral antitoxins and of antibacterial antibodies may occur 
in the young and old as they develop as a result of 
response of the body to external environmental stimuli. 

Antibodies develop in response to infection (active 
disease) or to the invasion by an agent (antigen) foreign 
to the blood of the animal injected. The substance or 
agent possessing the power of causing the production of 
formation of antibodies or protective substances is 
known as an antigen (antibody-producer). Most anti- 
gens are protein in character or contain protein com- ~ 
ponents, and may be ‘‘organized”’ as in the case of bac- 
teria or ‘‘unorganized”’ as the white of egg or serum pro- 
tein. Some crystalloidal substances and certain com- 
plex polysaccharides have also been found capable of 
stimulating antibody production. The latter is induced 
more effectively generally by the direct inoculation of 
the antigen into the tissues. Administration by mouth, 
inhalation, or by intranasal installation is usually not 
very effective. The antibodies produced are specific 


dissolving bacteria—lysins; bacteriolysins | 
(consisting of specific amboceptors and } 
complement) 

clumping bacteria (agglutinins) and pre- 
; cipitating bacteria (precipitins) 

acting with white {digesting bacteria (opsonins; 7. e., prepare 
corpuscles for phagocytosis) 


acting alone 
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for the antigen which caused their production and are 
usually demonstrable in the blood stream and other 
body fluids. 

When individuals display a marked resistance to in- 
fection, it is spoken of as an immunity. The latter may 
be innate or a natural heritage of some species or groups 
and is known as natural immunity. If acquired acci- 
dentally or artificially, it is called acquired immunity. 
The two general types of acquired immunity are com- 
monly spoken of as ‘‘passive” immunity and ‘‘active” 
immunity. 

Active Immunity—Active immunity is that produced 
when the body cells and tissues of the individual, by 
their own activities, react to an infection or to an in- 
jected antigen, and overcome it and bring about an in- 
creased resistance by producing and accumulating au 
excess supply of specific antibodies in the biood and 
lymph. Active immunity may be acquired naturally 
or induced artificially in one or more of three ways: 
(1) By accidental infection, that is, by an actual attack 
of an infectious disease, such as diphtheria, scarlet 
fever, measles, etc. (2) By artificial inoculation. Be- 
fore the modern methods of vaccination for smallpox 
were perfected, this was the common practice in the 
control of smallpox. Healthy persons were inoculated 
with the virus from a mild case and thus actually con- 
tracted the disease, preferring rather a mild attack while 
in health, than to fall a victim to a virulent attack dur- 
ing an epidemic or during ill health. (3) By vaccina- 
tion. Vaccination means the injection of an antigenic 
substance, that is, one which will stimulate the body 
cells and tissues to the formation of antibodies. The 
antigens used in vaccination may be living, but modi- 
fied and attenuated viruses, as in smallpox and rabies 
vaccination, or killed microparasites and their products, 
as in bacterial vaccines, or toxins produced by bacteria, 
as the scarlet fever toxin for immunizing to scarlet 
fever, or toxins which have been converted by heat and 
chemicals to toxoids as diphtheria toxoid, staphylo- 
coccus toxoid, and tetanus toxoid may be employed. 

Active immunity is acquired slowly, but the resist- 
ance so obtained is generally lasting, the actual period 
of time varying with the antigen or causative agent 
involved. 

Active immunity of the antitoxic type is of consider- 
able duration, often persisting for years, as in diph- 
theria and scarlet fever. The duration of antibacterial 
active immunity is variable. In some cases it is quite 
short, as that following a common cold, while anti- 
typhoid vaccination may protect for a period of perhaps 
2 years, and smallpox vaccination for a period of 7 years 
or longer. 

Passive Immunity—Passive immunity is an acquired 
immunity in which the body cells of the individual 
treated take no part in producing the immunity or in- 
creased resistance. It is brought about quickly by 
the mere introduction of the protecting antibodies as is 
 * practiced in the injection of antitoxins or antibacterial 
serums. It involves no active response on the part of 
the patient but gives him the benefit of an excess sup- 
ply of specific antibodies previously produced in another 
animal, usually the horse. The organism concerned is 
injected into the horse, which reacts by the formation 
of antibodies. These soon appear in abundance in the 
blood of the animal, and are transferred in the horse’s 
serum to the patient. The latter is merely a passive 
recipient of protective substances which were produced 
through the activity of the tissues of the animal whose 
serum was transferred. Passive immunization is em- 
ployed in the treatment of acute infections and as a 
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means of supplementing the activity of the patient’s 
own tissues in their efforts to develop sufficient anti- 
bodies to destroy the invading organisms and counter- 
act their poisons. Passive immunity is of short dura- 
tion. The injected antibodies, even though adminis- 
tered in large quantities, are rather quickly eliminated 
and their protective influence is gradually lost, so that 
at the end of two or three weeks it has practically dis- 
appeared. 

Protein Sensitization—Protein sensitization, a dif- 
ficult and complex subject, requires consideration in any 
discussion of immunity. Protein substances such as the 
white of egg, and muscle-substance protein (meat), 
when taken into the alimentary canal, are broken down 
by digestion into simpler, harmless substances before 
they are absorbed through the wall of the intestine into 
the blood. If these proteins, instead of being taken by 
mouth, were injected directly into the blood stream, an 
unusual condition would be set up because the blood 
does not contain enzymes or ferments necessary to ef- 
fect their digestion; the injected undigested proteins 
differ in composition from the normal blood proteins, 
hence the term ‘foreign proteins.’’ Foreign proteins 
act as antigens and the cells of the body are stimulated 
to dispose of them in some way or to become adapted to 
their presence. 

The subject of hypersensitiveness is also considered 
under such headings as allergy, drug and food idiosyn- 
crasies, and hypersusceptibility. Allergy (altered en- 
ergy), as a broader term, is defined as a condition 
wherein an animal displays an unusual or exaggerated 
susceptibility to a substance which is harmless in simi- 
lar amounts for the majority of the members of the 
same species. The exciting substance may or may not 
be protein in character or composition, and may or may 
not produce antibodies demonstrable in the serum of the 
animal. <A sensitinogen or allergen is a substance ca- 
pable of exciting or inducing a condition of hypersensi- 
tiveness or allergy. Anaphylactogens are specific pro- 
tein sensitinogens. The term atoxens has been sug- 
gested for those proteins acting as exciting agents and 
the abnormal sensitization they cause is designated as 
atopy. 

Protein sensitization or hypersensitiveness manifests 
itself in many different ways—most dramatically in the 
phenomenon known as anaphylaxis. This abnormal 
sensitiveness may be demonstrated experimentally as 
follows. An initial dose of some foreign protein, horse 
serum, for example, is injected into a guinea pig or rab- 
bit. If, after an incubation period of 10 to 12 days, a 
second fairly large dose is injected, symptoms of a more 
or less violent character appear. The reaction is mani- 
fested chiefly by the contractions of the involuntary or 
smooth muscles. In the guinea pig this affects particu- 
larly the smooth muscle fibers of the bronchi, producing 
marked respiratory distress and perhaps resulting 
fatally. In the rabbit, the reaction apparently selects 
the smooth muscle fibers in the walls of the arterial 
system of the lungs, with the effect that circulation 
through the lungs is stopped and the animal dies through 
oxygen starvation of the remainder of the body. Other 
animals react in other ways. The animal is said to be 
“‘sensitized’”’ by the first injection, with the result that 
a second dose of the same protein in a sub-lethal quan- 
tity for a normal control, and given after a suitable 
interval, will cause the death of the animal. 

' Although easily produced in animals, anaphylaxis 
is fortunately observed infrequently in the human sub- - 
ject. 

There are, however, many other manifestations of 
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protein sensitization of a less severe type. Hay fever, 
urticaria, serum sickness, asthma, eczema, etc., are 
examples. A long list of proteims—food, animal, epi- 
dermal, bacterial, and pollen—have been incriminated 
as the inciting agents. One authority estimates that 
about one per cent of the population of the United 
States suffers from hay fever. It is the most prevalent 
form of sensitization. The main factors in this disorder 
are the wind-borne pollens. When present in inspired 
air they impinge upon the mucous membranes of the 
nasal passages and some of their soluble substances are 
absorbed. This sets up a train of symptoms in pollen- 
sensitive individuals, marked by congestion and irrita- 
tion of the respiratory mucous membranes and by 
catarrh, paroxysmal sneezing, itching, etc. Some are 
sensitive to one or more of the tree pollens, such as the 
willow, oak, walnut, maple, and others which pollinate 
in the early spring. Other patients are sensitive to one 
or more of the grass pollens, especially timothy, and 
suffer from hay fever during the pollinating period of 
this plant in the latter part of May and June. A still 
larger group is sensitive to some one or more of the 
numerous wind-borne pollens of late summer and 
autumn, particularly the ragweeds in the eastern 
United States and the wormwoods and sagebrush in the 
western half. There are certain localities, as, for ex- 
ample, in the southwest, where climatic conditions 
permit plant growth throughout the year, with a suc- 
cession of pollinating periods, so that sensitive indi- 
viduals are in discomfort practically the year round. 
This is the so-called perennial hay fever. Many of the 
common weeds which pollinate in the late summer and 
early fall are factors in hay fever of a mixed type. 
While some hay fever sufferers are sensitive to but one 
pollen, the majority are sensitive to two or more, but 
these are usually closely related botanically. 

Asthma, in some of its forms, constitutes another ex- 
ample of sensitization. A large number of inciting 
factors have been identified in this disease. Some 
patients, for example, are found to be sensitive to house 
dust or mill dust. Others are sensitive to horse dander 
and cannot enter a stable without developing an attack. 
Some asthmatics suffer acute attacks if they have to 
sleep on a feather pillow. Others are sensitive to sheep 
wool, and in some the asthmatic symptoms are caused 
by pollens. 

Serum sickness is a manifestation of protein sensitiza- 
tion with which the physician is frequently concerned. 
The ordinary form of serum sickness appears usually 
from 8 to 13 days after the injection of a serum (other 
than human) and is characterized by a rash and skin 
eruption together with some edema or swelling and 
joint pains and sometimes a slight fever. Sometimes 
it manifests itself by an immediate stormy reaction re- 
sembling shock. Such immediate réactions occur 
usually after the first dose of the serum and develop 
only in’ those individuals who are naturally sensitive 
to horse serum. Natural sensitiveness to horse serum 
is fortunately rare—about 1 patient in 20,000 according 
to one authority. Most individuals are normal with 
respect to sensitivity to horse serum and can be given 
a dose of antitoxin or serum without any immediate or 
severe reactions. These patients are more likely to 
show more pronounced symptoms of serum sickness 
following a second dose of serum than after the first. 

The mild, delayed form of serum sickness is not seri- 
ous and excites no alarm. The immediate or shock 
reaction, however, must be avoided as far as possible. 
Physicians should take the precaution to determine, be- 
fore giving the first injection of a serum, whether the 
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patient is sensitive to horse or other foreign serum. 
This is particularly important if the patient gives a 
history of asthma, for it may be that the asthma is a 
symptom of sensitiveness to horse protein. In any 
case, sensitiveness can be readily determined by making 
a preliminary skin test. Thisis done: (1) By injecting 
a very small amount, 49 to 9 of a ce. of the horse or 
foreign serum intradermally (between the layers of the 
skin). If the patient is sensitive, a noticeable reaction 
will appear within 20 minutes to one-half hour, in the 
nature of an area of redness with development of a 
wheal around the site of injection. One who is not 
sensitive to horse serum or the specific foreign serum 
develops no reaction and may safely be given ordinary 
therapeutic doses of serum. (2) A drop of normal horse 
serum, diluted 1 to 10, or a drop of the serum product 
to ke used (diluted 1 to 10) is placed in the lower con- 
junctival sac; if no reaction (itching, burning, conges- 
tion, and lacrymation) occurs within 15 minutes, it is 
believed that the presence of a dangerous hypersensitiv- 
ity is excluded. <A positive reaction indicates a dan- 
gerous degree of sensitivity and constitutes a definite 
contraindication to the injection of even small doses of 
horse serum. A positive reaction may be neutralized 
by placing a drop of 1 to 1000 epinephrine solution in 
the eye. 

Serum treatment of those who show a positive reac- 
tion must be carried out very carefully, usually begin- 
ning with a very small dose, a fraction of a cc., and 
gradually increasing this at hourly intervals, until 1 ce. 
can be given without causing a reaction. Doses may 
then be more rapidly increased, until the required thera- 
peutic dose has been administered. 

The literature contains many reports on fatal ana- 
phylactic shocks following the use of serum or serum 
products, bacterial vaccines, and other protein antigens. 
Just a few recent reports are: rapid death following 
injection of antitetanic serum (in this case, a 15-year-old 
boy, the needle probably entered a vein; Lancet, 250, 
689 (1946)). The second injection of combined diph- 
theria toxoid (A. P.) and pertussis vaccine was fatal 
to two infants, J. A. M. A., 131, 730 (1946); and the 
ninth injection of a gonococcus vaccine was responsible 
for the death of an adult, Nord. Med., 30, 1293 (1946). 


Remedy for Anaphylaxis (Antianaphylaxis and De- 


sensitization)—It is important, when serum is to be ad- 
ministered, to have a sterile epinephrine solution, 1 to 
1000, ready for instant use in case of an allergic reaction. 
This can be injected subcutaneously in doses of 0.5 to 1 cc. 
and repeated at intervals as indicated by the patient’ s con- 
dition. The effect of epinephrine is increased by massage 
at the site of ingection. 

Treatment of the many forms of protein sensitization 
may be carried out along different lines. The simplest 
method, of course, is to avoid or remove the specific 
cause of illness. If this cannot be done, specific protein 
treatment is the method of choice. Specific protein 
treatment means the partial or complete relief of the 
symptoms by subcutaneous injections of a suitable 
preparation of the specific protein which is found by 
test to be the causative factor. It is necessary to begin 
the injections with very small sub-toxic doses. These 
can be inereased very gradually. Usually they must 
be continued over a considerable period of time. The 
doses may be given at short intervals, with the object 
of increasing the patient’s tolerance as rapidly as pos- 
sible. The duration of the immunity or tolerance 
gained by this method of treatment varies greatly. In 
hay fever, for example, one authority states that one 
cannot rely upon the duration of tolerance lasting more 
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than 6 to 8 weeks. For this reason hay fever sufferers 
usually have to repeat the treatment preceding the on- 
set of symptoms each season. 

_ In the treatment of other forms of protein sensitiza- 

tion there are marked irregularities in the results, which 
may be accounted for by difficulties in making accurate 
specific diagnoses, by differences in the degree of the 
sensitiveness of the patient, and by differences in the 
intensity of exposure. Developments in this branch 
of immunology are appearing rapidly and the pharma- 
cist who makes some effort to keep in touch with them 
will be in the best position to render service on biological 
products for use in the prevention and treatment of 
hay fever, asthma, and microbial allergies. 


Classification of Biological Products 


The subject of immunity to infectious diseases and of 
tolerance to foreign proteins has been discussed briefly, 
in order to provide a sufficient background for under- 
standing ‘the different kinds of biological products 
which the pharmacist is called upon to handle and the 
different uses to which they are put in the treatment and 
prevention (prophylaxis) of disease. The biological 
products generally used in medicine today fall into dis- 
tinct groups, which may be outlined as follows: 
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For Passive Immunization—in treatment of acute diseases and for 
temporary prophylaxis. 
Antitoxins 
Antivenin 
Serums 
For Active Immunization—in treatment of chronic diseases and for 
prophylaxis. 
Bacterial Vaccines, both plain (Bacterins) and sensitized (Sero- 
bacterins); sometimes used in acute diseases. 
Toxins and Toxoids 
Toxin-Antitoxin Mixture 
Tuberculins 
Virus Vaccines 
Foreign Protein Therapy—specific and non-specific. 
Proteins (Extracts or Allergens) 
Diagnostic Reagents—Include many products under the above 
groups used in the specific diagnosis of disease. 
Proteins 
Toxins 
Tuberculins 
Bacteriophage;, Aggressins; Immunogens; Phylacogens—These 
groups are more clearly defined and the individual preparations and 
general considerations are described in the following pages. 


General Considerations 


Federal Control—Biological products have been 
deemed of such importance by the Federal Government 
that their productions for interstate sale within the 
jurisdiction of the United States has been under the 
special protection of various Acts of Congress, the initial 
Act having been approved July 1, 1902. The regula- 
tions prescribed under the latter Act have continued in 
effect until recently and are now superseded by regula- 
tions prescribed under Section 351 of the Public Health 
Service Act of 1944 (see Federal Register, January 21, 
1947, pages 410-416). The following details cover some 
of the more important considerations in the present 
regulations which control the interstate shipment of 
biological products. is 
_Definitions— Biological product means any virus, 

therapeutic serum, toxin, antitoxin, or analogous prod- 
ucts applicable to the prevention, treatment, or cure of 
_ diseases or injuries to man: 

A virus is a product containing the minute living 

cause of an infectious disease. 


_ A therapeutic serum is the product obtained from the 


blood of an animal by removing the clot or clot compo- 
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nents and the blood cells and is intended for administra- 
tion by a route other than ingestion. 

A toxin is a product containing a soluble substance 
poisonous to laboratory animals or to man in doses of 
1 ml.-or less (or equivalent in weight) of the product, 
and having the property, following the injection of 
non-fatal doses into an animal, of causing to be pro- 
duced therein another soluble substance which specifi- 
cally neutralizes the poisonous substance and which is 
demonstrable in the serum of the animal thus immunized. 

An antitoxin is a product containing the soluble sub- 
stance in serum or other body fiuid of an immunized 
animal which specifically neutralizes the toxin against 
which the animal is immune. 

A product is analogous: (1) To a virus if prepared 
from or with a virus or agent actually or potentially 
infectious, without regard to the degree of virulence or 
toxicogenicity of the specific strain used. (2) To a 
therapeutic serum, if composed of whole blood or plasma 
or containing some organic constituent or product 
other than a hormone or an amino acid, derived from 
whole blood, plasma, or serum and intended for ad- 
ministration by a route other than ingestion. (8) Toa 
toxin or antitoxin, if intended, irrespective of its source 
of origin, for the prevention, treatment, or cure of 
diseases or injuries of man through specific immuniza- 
tion. 

“Dating period” means the period beyond which the 
product cannot be expected beyond reasonable doubt 
to yield its specific results. ‘“‘Hxpiration date’? means 
the date of termination of the dating period. 

The word ‘‘safety” is interpreted to apply to the rela- 
tive freedom from harmful effect to the recipient when 
a product is prudently administered taking into con- 
sideration the character of the product in relation to 
the condition of the patient at the time. The word 
“ourity”’ is interpreted to mean the degree of freedom 
from extraneous matter, whether harmful to the recipi- 
ent, deleterious to the product, or otherwise, in the 
finished product. The word “‘potency”’ is interpreted to 
mean the specific ability or capacity of the product, as 
indicated by appropriate laboratory tests or by. ade- 
quately controlled clinical data obtained through the 
administration of the product in the manner intended, 
to effect a given result. 

Licenses—To obtain a license for any establishment 
of biological products in interstate commerce, the 
manufacturer shall make application to the Surgeon 
General of the Public Health Service on forms prescribed 
for such purpose, and in the case of an application for a 
product license shall submit samples of the product and 
specimens of the labels, enclosures, and containers pro- 
posed to be used for such product. 

Licenses are issued only after inspection of the estab- 
lishment and examination of the product for which a 
product license is desired and upon a determination that 
the establishment and the product meet the standards 
prescribed in the regulations. Additional product li- 
censes, issued only upon examination of the product and 
a determination that the product meets the standards 
prescribed in the regulations. A special form of license 
is prescribed for establishments located in any state or 
possession of the United States. 

A biologic product undergoing development, but 
not yet ready for a product license, may be shipped or 
otherwise delivered from one state or possession into 
another state or possession, for purposes of controlled 
investigation, only in accordance with regulations 
under Section 505 (i) of the Federal Food, Drug an 
Cosmetic Act, as amended. ys 
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A license is issued by the Administrator upon the 
recommendation of the Surgeon General and upon the 
finding by the Surgeon General that the establishment 
or the product, as the case may be, meets the standards 
established by the regulations as prescribed or amended. 
Licenses are valid until suspended or revoked. An es- 
tablishment or product license 1s revoked upon applica- 
tion of the manufacturer giving notice of intention to 
discontinue the manufacture of all products or of inten- 
sion to discontinue the manufacture of a particular 
product for which a license is held. The Surgeon Gen- 
eral recommends to the Administrator that a license 
be suspended or revoked whenever he finds, after notice 
and opportunity for hearing, that the establishment or 
the product for which the license has been issued fails 
to conform to the standards in the regulations as pre- 
scribed or amended to insure the continued safety, 
purity, and potency of the manufactured product. In 
case of suspension, if the faulty condition is not cor- 
rected within 60 days or within such other period as may 
be specified in the notice of suspension, he shall recom- 
mend that the license be revoked. 

Foreign Products—Any biological product propa- 
gated or manufactured and prepared in any foreign 
country and intended for sale, barter, or exchange is 
refused entry by collectors of customs unless produced 
in an establishment holding an unsuspended and un- 
revoked establishment license and a license for the 
product. Unlicensed products intended solely for pur- 
poses of controlled investigation are admissible only 
if in accord with applicable regulations under Section 
505 (i) of the Federal Food, Drug, and Cosmetic Act, 
as amended. The importation of smallpox vaccine 
into any state or possession from any foreign country is 
prohibited except that smallpox vaccine may be sent 
from any foreign country, 1n containers indicating 
plainly the limited purpose intended, to the Institute 
for test or research purposes or for vaccine production. 

Records—The following records, samples, and cul- 
tures must be kept as directed for all biological prod- 
ucts. 

(1) Production and distribution records—Records are 
kept, with dates, of the various steps in the manufac- 
ture, testing, disposition, and distribution of each lot, 
so that at any time these steps as regards any lot num- 
ber may be traced by an inspector. The records are 
retained, for such interval beyond the expiration date 
as is considered necessary for the individual product to 
permit favorable reactions. This interval will vary 
with the type of product and its geographic distribu- 
tion. A minimum of 6 months after the expiration date 
with 5 years as the extreme interval under all circum- 
stances is considered adequate. Records of distribu- 
tion of each lot shall in any event be kept as long as the 
lot remains the property of the licensed manufacturer. 

(2) Records of recall—Complete records are main- 
tained pertaining to the recall from distribution of any 
product upon notification from the Institute of failure 
to conform with the standards prescribed in the regula- 
tions in this part, deterioration of the product or any 
other factor by reason of which the distribution of the 
product would constitute a danger to health. 

(3) Sterilization records—Records including the date, 
duration, and temperature of each sterilization are made 
by means of automatic registering devices or under a 
system of recording which gives reasonable assurance of 
the accuracy and reliability of the record. 

(4) Animal necropsy records—A necropsy record is 
kept on each animal from which a biological product 
has been obtained and which dies or is killed because 
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of disease while employed in production of a product. ; 


(5) Retention of reference samples—Reference 
samples from each lot are retained by the manufacturer 
until the entire lot has become outdated and for 6 
months thereafter. Exceptions are authorized by the 
Institute when the log yields relatively few final con- 
tainers and when such lots are prepared by the same 
method in large numbers and in close succession. 


(6) Cultures—Cultures and other materials while 


used in the production of licensed products are labeled 
and preserved in a safe and orderly manner. 

(7) Records in case of divided manufacturing re- 
sponsibility—If two or more establishments participate 
in the manufacture of a product, the records of both 
establishments must show plainly the degree of responsi- 
bility of each in the manufacturing process. 

Labeling—The following items must appear on the 
label affixed to each container of a product capable of 
bearing a full label: 

(1) The proper name of the product. : 

(2) Name, address, and license number of manufac- 
turer. 

(3) Lot number. 

(4) The expiration date. 

If the final container is capable of bearing only a 
partial label, the final container shall show as a mini- 
mum the name expressed either as the proper or com- 
mon name, the lot number, and the name of the manu- 
facturer and, if the final container is incapable of bearing 
any label, the items shall appear only on the outside 
label. 

If the final container is a multiple dose container, the 


container label must indicate the recommended dose. 


When the label has been affixed to the container a suf- 
ficient area of the container must remain uncovered for 
its full length or circumference to permit inspection of 
the contents. 

The proper name in the form designated in the 
product license for such purpose must appear upon the 
outside label in legible type and shall be given prece- 


- dence in position and prominence over any trademark 


or trade name used: 
The label affixed to the outside carton must include, 
in addition to the proper name and the items required 


_on the label of the final container, the following: 


(1) The preservative used and its concentration. 

(2) The volume of the contents, if a liquid, or the 
weight, if a solid, and the potency or dosage if more than 
one strength is dispensed. 

(3) The recommended storage temperature. 

(4) The words “Shake Well,” or equivalent, when 
indicated by the character of the product. 

(5) The dose and route of administration recom- 
mended or reference to such directions in an enclosed 
circular. 

(6) The source of the product when a factor in safe 
administration. 

(7) Minimum potency of product expressed in terms 
of official standard of potency or, if potency is a factor 
and no standard of potency has been prescribed, the 
words ‘“‘No U. 8. standard of potency.” 


If two or more establishments participate in the | 


manufacturing process, the name, address, and license 


number of each just appear on the label of the final — 


container, if capable of bearing a full label, and on the 
outside label. 


Standards—No lot of any licensed product shall be 
released by the manufacturer prior to the completion — 


of tests for conformity with the standards applicable to 
such product. 
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(1) Potency—Tests for potency are made on each 
lot only after completion of those processes of manu- 
facture which may affect the potency of the final prod- 
uct. 

Paid dentity and safety—The contents of a final con- 
tainer of each filling of each lot are tested for identity, 
if such a test is available, and for safety either after the 
labels have been affixed to the final container or af- 
fixed, both outside and inside, to the multiple container 
storage receptacle just prior to its sealing for storage 
purposes, except that exceptions to this procedure may 
be authorized by the Institute to apply when the volume 
of the final container is very large and when more than 
one lot is processed each day. 

(3) Sterzlity—Samples from final containers, selected 
at random after each filling from each lot of prod- 
ucts, are tested for sterility. 

Tests for safety, purity, and poteney applicable to 
the product are completed for each lot of any licensed 
product prior to its release by the manufacturer, and 
samples of any lot of any licensed product may at any 
time be required to be sent to the Institute for examina- 
tion. All ingredients used in a licensed product, and 

any diluent provided as an aid in the administration of 
the product must meet generally accepted standards of 
purity and quality. Any preservative used must be 
sufficiently non-toxic so that the amount present in the 
recommended dose of the product will not be toxic to 
the recipient, and in the combination used shall not 
denature the specific substances in the product below 
the minimum acceptable potency within the dating 
period when stored at the recommended temperature. 

Except as otherwise provided by regulation, no liquid 
serum or antitoxin shall contain more than 20 per cent 
total solids. Licensed products mdy not be combined 
with other licensed products, either therapeutic, pro- 
phylactic, or diagnostic, except as a license is obtained 
for the combined product. Licensed products may not 
be combined with non-licensable therapeutic, prophy- 
lactic, or diagnostic substances except as a license is 
obtained for such combination. 

Glass used in the container of a licensed product in- 
tended for administration by injection shall be colorless 
and fully transparent. The quality of the glass and of 
the closure used shall be such as will not hasten the 
deterioration of the licensed product or render it less 
suitable for the use intended within the dating 

period. 

Standards—Standard units or samples for comparison 
made available by the Institute must be applied in 
testing for potency all forms of diphtheria antitoxin, 
tetanus antitoxin, botulism antitoxin Type A, botulism 
antitoxin Type B, perfringens antitoxin, scarlet fever 
streptococcus antitoxin, ‘antipneumococcic serum 
(Types I, Il, V, VII, and VIII), dysentery antitoxin 
(Shiga), ‘staphylococcus antitoxin, histolyticus anti- 
toxin, oedematiens antitoxin, and sordelli antitoxin and 
other products for which such units are available. 

Diphtheria antitoxin must have a potency of not less 
than 500 units per milliliter. Tetanus antitoxin must 

have a potency of not less than 400 units per milliliter. 

Scarlet fever streptococcus antitoxin must have a 

potency of not less than 400 units per milliliter. Anti- 
toxins dispensed in the dried state must represent liquid 
antitoxins of not less than these potencies. 

Dating Period and Date of Manufacture—The dating 
period is determined with ref erence to the date of manu- 
facture which shall be: 

(1) For products for which an official standard of 
potency exists or which are subject to official potency 
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tests, the last date of satisfactorily passing a potency 
test. 

(2) For products for which no official standard of 
potency exists or which are not subject to official 
potency tests: (a) the date of removal from the animal 
in case of animal products; (b) the date of extraction in 
the case of products used for specific desensitization; 
(c) the date of solution in case of venoms, and (d) the 
date of cessation of growth in case of other products. 

(3) For products which are submitted to the Insti- 
tute for approval prior to release, the date of official 
release notice. 

Dating Period for Products in Cold Storage—The 
dating period may be determined with reference to the 
period of issue from cold storage, provided, that, except 
as may be otherwise prescribed for individual products, 
the date of such issue is not more than 6 months after 
the date of manufacture and the product is kept con- 
stantly at a temperature not exceeding 10° C., or not 
more than 1 year after the date of manufacture if the 
product is kept constantly at a temperature not exceed- 
ing 5° C., or not more than 2 years if the product is kept 
constantly at a temperature not exceeding 0° C. 

Added Preservatives—Bacterial vaccines are pre- 
pared under aseptic conditions and sterilized by heat. 
Other biological products are prepared under aseptic 
conditions and sterilized by passage through a Berke- 
feld or similar type filter Gif possible). Although all 
these precautions are taken it has been found advisable 
to add a bacteriostatic agent in the last stages of han- 
dling as an additional safeguard against contamination. 
The small amount of antiseptic present produces no 
deleterious effects. The most commonly used antiseptic 
is cresol or tricresol (0.25 to 0.4 per cent). Phenol (0.5 
per cent), glycerin, organic mercurial compounds, and 
chlorobutanol are also used. None is ideal for all pur- 
poses. The efficiency of a preservative varies with the 
character of the product. 

_ Lyophilized Products—The use of rapid freezing, with 
rapid dehydration from the frozen state under high 
vacuum, offers a practical method for the preservation 
of the maximum biological activity of antitoxins, anti- 
sera, plasma, and other biological products. This is 
known as the lyophile process. There is available on 
the market a complete line of lyophilized biological 
products. See Lyovac, Cryochem, Desivac, ete. (page 
118). In the marketed package, the dried biological 
product is placed in one sterile container and sterile 
injection water in another, the latter being used to dis- 
solve the dry product. These special drying processes 
maintain the potency of biological products for very 
long periods of time, so that the expiration dates are 
extended over longer periods than those specified for 
identical liquid preparations. 

Care in Dispensing—In dispensing biological prod- 
ucts the pharmacist must recognize that he is dealing 
with preparations, most of which are intended for use 
by injection, either subcutaneously, intramuscularly, 
intravenously, or by some other parenteral route. It 
is therefore of paramount importance that the sterile 
condition and potency of the preparations be maintained 
until they are actually injected. Sterility is assured by 
the processes used in the manufacturing establishments, 
and no product is released until repeated tests have 
shown it to be safe in this respect. The pharmacist con- 
tributes to the maintenance of potency of the product 
and insures safety to the patient by observing the re- 
quirements of the U. 8. P. and N. F. for the official anti- 
toxins, serums, v7z., that they must be preserved at a 
temperature between 2° and 10° C., preferably at the 
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lower limit and that they must be dispensed in the un- the case of modified smallpox and rabies viruses. For 
opened glass containers in which they were placed by the further details, see Bacteriology and Allied Subjects by 
manufacturers. Freezing should be avoided, except in Gershenfeld (Mack Publishing Co.). 


CHAPTER CX 


ANTITOXINS 


ANTITOXINS are antitoxic serums, usually more or less 
concentrated and purified by the removal of some of the 
non-essential serum constituents. They are actually 
the globulins from sera (dissolved in isotonic sodium 
chloride solution), obtained from the blood of animals, 
which have been immunized against specific extracellu- 
lar toxins and therefore contain antibodies which will 
neutralize these toxins. They confer passive antitoxic 
immunity and are used in the specific treatment of the 
acute manifestations of disease or as temporary pro- 
phylactic agents. 


Fig. 785—Horse used for the production of Diphtheria Antitoxin. 


Official Products—Seven antitoxins are recognized by 
the U. S. P. XIII: Diphtheria Antitoxin, Bivalent 
Gas Gangrene Antitoxin, Trivalent Gas Gangrene 
Antitoxin, Pentavalent Gas Gangrene Antitoxin, Scar- 
let Fever Streptococcus Antitoxin, Tetanus Antitoxin, 
and Tetanus and Gas Gangrene Antitoxins. 

Other Antitoxrins—Antitoxins produced from ecto- 
toxins, other than those mentioned above, are marketed. 
Botulism Antitoxin is prepared from the highly potent 
ectotoxin of the anaerobe Clostridium botulinum, usu- 
ally responsible for a certain type of food poisoning, 
known as botulism. There are at least two different 
types. In addition to an intracellular (endo) toxin, 
the Shiga dysentery bacillus produces a soluble toxin. 
An antitoxin has been produced against the latter. 
Certain strains of Staphylococcus aureus may produce a 
true ectotoxin, from which a neutralizing antitoxin has 
been made available. .Certain strains of hemolytic 
streptococci, such as those isolated from cases of ery- 
sipelas, produce specific toxins, from which an antitoxin 
has been produced. 

Antitoxins have been prepared against most snake 
‘venoms and the venoms of scorpions and black widow 
spiders. These specific antivenom serums are more fre- 
quently known as Antivenins. 

Preparation of Antitoxins—The methods for produc- 
ing the different marketable antitoxins vary only in 
minor technical details. The animal almost universally 


employed for large-scale production is the horse. Ani- 
mals which are young, vigorous, free of disease, and of 
fair size are employed. 

The antigen used for injection is either a specific 
highly potent toxin or a toxoid prepared from the latter. 
The requisite favorable conditions for the production 
of the various toxins in vitro must be carefully estab- 
lished. Only strains of organisms yielding potent tox- 
ins are used; suitable media for inoculation and incuba- 
tion at the most favorable temperature and other en- 
vironmental conditions are prepared (aerobiosis for 
aerobes and anaerobiosis for anaerobes); filtration 
through a bacteria-excluding filter is conducted after 
adding 0.5 per cent phenol or other suitable antiseptic 
to the medium at the time when the greatest accumula- 
tion of toxin is produced. The toxicity or potency of 
the toxin is measured in terms of the fundamental unit 
of toxicity. This is the M. L. D. (minimum or minimal 
lethal dose) or M. F. D. (minimum fatal dose). See 
page 1348 for definitions of these terms. 

The immunization is carried out by the administra- 
tion of increasing doses of the toxin or toxoid given sub- 
cutaneously at intervals of a few days. The initial 
dose is minute, a mere fraction of 1 cc., while the final 
dose usually reached in about 2 or 3 months may be very 
large, 1 liter or more. When the antibody content has 
reached its maximum or a high enough level (7. e., the 
titer is satisfactory), the horse is bled from the jugular 
vein under aseptic conditions. 

The blood from the immunized animal is allowed to 
flow into suitable containers, so-called “bleeding jars.” 
Where the serum alone is to be obtained without other 
treatment, the jars do not contain substances other 
than an antiseptic. Where the serum is to be purified 
and concentrated or otherwise treated by special pro- 


Fig. 786—Sterilizing antitoxins by bacterial filtration. 


cedures, as in the case of antitoxins, a given quantity of 
a sodium citrate solution is placed in the jars. Cylin- 
ders of blood or blood and citrate are kept in the re- 
frigerator below 10° C. 

In the case of antitoxins (and in the concentration of 
all antisera where this can be practiced), the citrated 
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blood containing the antibodies is treated so as to con- 
centrate and purify the antitoxins. The process is 
based upon the fact that the antitoxin is found associ- 
ated with the pseudoglobulin fraction of the serum and 
that the latter can be separated from the euglobulin 
and serum albumin. This procedure eliminates much 
of the non-effective and undesirable protein material. 
The final precipitated antitoxic preparation, after 
dialysis, is dissolved in isotonic sodium chloride solu- 
tion, containing a preservative, filtered through a 
bacteria-excluding filter, tested for sterility, toxicity, 
and potency, placed in sterile-containers and stored at 
temperatures not exceeding 10°C. Proteolytic en- 


zymes, especially pepsin, are also used for the digestion > 


of the unwanted proteins, thus obtaining an even 
greater degree of purification. The resulting so-called 
“refined diphtheria antitoxin”’ (or other specific anti- 
toxins) are highly concentrated specific antitoxins, low 
in serum proteins, which are absorbed more rapidly 
with little or no untoward reactions. 

Standardization (Units of Antitoxin)—The stand- 
ardization of antitoxins has presented some difficulties. 
In the United States the potency of all antitoxins is 
expressed in ‘units’? and must conform to that of the 
respective standard antitoxin distributed by the Na- 
tional Institute of Health of the United States Public 
Health Service. Attempts have been made to estab- 
lish International Units under the auspices of the Per- 
manent Committee on Standardization of the Health 
Organization of the League of Nations (this program is 
being continued by the Committee on Biological Stand- 
ardization of the World Health Organization of the 
United Nations). In afew instances such International 
Units have been established. 

Toxins also are measured in terms of units and the 
unit of a given toxin is its M. L. D. for a certain labora- 
tory animal. A unit of antitoxin is determined 
theoretically in terms of the number of M. L. D.’s of 
toxin which will be neutralized (see Diphtheria Anti- 
toxin). A toxin has a tendency to lose its toxicity 
though it retains its combining power for antitoxin. 
Antitoxin, on the other hand, when dried zn vacuo and 
stored at 0° C. will remain stable for long periods of 
time. As a matter of practical expediency, this serves 
as the standard of reference distributed by the National 
Institute of Health. For further details see the mono- 
graphs for the respective antitoxins. 


DIPHTHERIA ANTITOXIN U. S. P. 
Antitoxinum Diphthericum 


[Antitox. Diph.—Sp. Antitoxina Diftérica] . 


Diphtheria Antitoxin is a sterile solution of antitoxic 
substances obtained from the blood serum or plasma 
of a healthy animal which has been immunized against 
diphtheria toxin. Diphtheria Antitoxin has a potency 
of not less than 500 antitoxic units per cc. Diphtheria 
Antitoxin complies with the requirements of the Na- 
tional Institute of Health of the United States Public 
Health Service. 

Diphtheria Antitoxin, Bovine—In. patients especially 
sensitive to horse serum and where desensitization is 
not possible or too time consuming, Diphtheria Anti- 
toxin or other products prepared in another animal may 
be used. Diphtheria Antitoxin, Bovine and. other 
bovine antitoxins and serums are marketed for use in 
individuals sensitive to horse serum. Other animals 
are also used for the preparation of biological products 
to be employed for individuals sensitive to horse serum. 
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Though fewer persons may be found sensitive to bovine 
serum, rabbit serum, or the serum of other animals as 
compared to horse serum, the same precautions must 
be observed when using these preparations. 

Standard Unit for Diphtheria Antitoxin—The Unit of 
Diphtheria Antitoxin represents the amount of anti- 
toxin which will just neutralize 100 minimal lethal doses 
(M. L. D.’s) of standard toxin. (For definition of 
M.L. D. see Diphtheria Toxin.) As a matter of practi- 
cal advantage, because of the greater stability of Diph- 
theria Antitoxin, the toxin is brought into conformity 
to a standard antitoxin distributed by the National 
Institute of Health. The antitoxic unit, according to 
the National Institute of Health, is the amount of anti- 
toxin which will exactly neutralize the L dose of diph- 
theria toxin when both are injected simmultaneously, or 
if allowed to stand in contact, protected from light, for 
about 30 minutes and then injected. The expression 
L,, or “limes death,” indicates the smallest quantity of 
toxin which when mixed with one unit of antitoxin is 
capable of killing a 250-Gm. guinea pig when injected 
subcutaneously at the end of the fourth day; lo, or 
“limes zero or threshold” is the largest amount of toxin 
which is completely neutralized by 1 unit of antitoxin. 
Theoretically the Lo dose of diphtheria toxin should con- 
tain 100 M. L. D.’s, the L: dose should contain 101 
M. L. D.’s, and the difference between the two doses 
should be one M. L. D. Practically, however, the 
difference is found to be much more. Theoretically the 
unit of Diphtheria Antitoxin should be that amount of 
antitoxin which, when mixed with an L; dose of toxin 
and injected subcutaneously into a guinea pig weighing 
250 Gm., would preserve the life of the guinea pig for 
only 4 days, 7. e., the animal would die on the fourth 
day. In commercial practice where a margin of safety 
is advantageous the unit of Diphtheria Antitoxin is re- 
garded as the smallest amount of antitoxin which will 
permanently save the life of a guinea pig if injected 
together with an L, dose of toxin. 

Assay—In the commercial assay of antitoxin the first step is to 
standardize the toxin against the standard antitoxin distributed by 
the government; then varying proportions of the antitoxin to be 
tested are mixed with the L; dose of this standardized toxin, the 
mixtures allowed to stand between 30 and 60 minutes at room tem- 
perature protected from light, and these mixtures are then injected 
into guinea pigs weighing approximately 250 Gm. By mathematical 
calculations from the relative proportions of antitoxin and toxin 
which kill and those which do not kill the guinea pigs, the strength 
of the unknown may be computed in terms of the standard units of 
antitoxin. For complete details for official methods of testing the 
potency, see Tests of Standard and Commercial Diphtheria and Tetanus 


Antitoxins (National Institute of Health, U.S. Public Health Service, 
1931). 


Uses—Diphtheria Antitoxin is of greatest value in 
the treatment of diphtheria. It neutralizes the free 
toxin in the system and will not overcome the injurious 
effects caused by the toxin which has combined firmly 
with the tissues. For this reason it is highly important 
that the antitoxin in adequate dosage should be used as 
soon as possible, and all of the antitoxin needed should 
be administered in the first 1 or 2 doses. With reference 
to the methods of administration, the subcutaneous | 
route is used only in the treatment of mild cases. Any 
part of the body where there is an abundance of sub- 
cutaneous cellular tissue may be selected. The intra- 
scapular region is usually preferred. In moderate 
cases intramuscular injections are recommended. The 
gluteal region or the anterior part of the thigh offer suit- 
able sites. Absorption is three to four times more rapid 
than from subcutaneous injections. Intramuscular 
injections, if properly carried out, are no more painful 
than subcutaneous injections, and because of the more 
rapid absorption are recommended for routine use. 
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In severe and malignant cases and in all cases seen late 
in the disease it is important to introduce the antitoxin 
into the circulation at the earliest possible moment; 
intravenous injection is therefore used. 


Diphtheria Antitoxin is also used for prophylactic 
or protective purposes. To those who have been ex- 
posed to diphtheria by contact with cases and have not 
themselves developed the symptoms, immediate though 
temporary protection is conferred by the injection of 
1000 units of Diphtheria Antitoxin. This gives a tem- 
porary, passive immunity which protects the individual 
against infection for a. short time. This protection 
lasts little more than 2 weeks, and is therefore limited 
to prophylaxis in persons actually exposed to the dis- 
ease and finds its chief value in the presence of epidem- 
ics. A more permanent active immunity to diphtheria 
is conferred by the use of diphtheria prophylactics (see 
page 1345). 


In practice, physicians gage the curative dosage by 
the severity of the symptoms and the stage of develop- 
ment of the disease. In very mild cases, treated early, 
5000 units to 10,000 units are often sufficient. An 
average dose of 20,000 units should be regarded as a 
minimum initial dose in severe cases and in those seen 
late. The dosage is repeated at short intervals, if indi- 
cated, so that a total of 60,000 to 80,000 units are ad- 
ministered. There is apparently no danger of an over- 
dose. Some workers advocate the administration of 
one large single dose (part intramuscularly and part 
intravenously) using from 30,000 to 50,000 units. 


Average Dose— Parenteral, therapeutic, 20,000 units; 
prophylactic, 1000 units. 


BIVALENT GAS GANGRENE ANTITOXIN U. S. P. 
5 Antitoxinum Gas-gangrenosum Bivalens 


Bival.—Sp. Antitoxina de la Gangrena 


[Antitox. Gas-gangren., 
. Gaseosa, Bivalente] 


Bivalent Gas Gangrene Antitoxin is a sterile solution 
of antitoxic substances obtained from the blood of 
healthy animals, which have been immunized against 
Clostridium perfringens and Clostridium septicum toxins. 
Each package of Bivalent Gas Gangrene Antitoxin shall 
contain not less than 10,000 antitoxic units of each of 
the component antitoxins. 


PENTAVALENT GAS GANGRENE ANTITOXIN 
- U.S. P. Antitoxinum Gas-gangrznosum Pentavalens 


[Antitox. Gas-gangren, Pentaval.—Sp. Antitoxina de la Gangrena 
Gaseosa, Pentavalente] 


Pentavalent Gas Gangrene Antitoxin is a sterile 
solution of antitoxic substances obtained from the blood 
of healthy animals which have been immunized against 
the toxins of Clostridium perfringens, Clostridium septi- 
cum, Clostridium edematiens (Novyi), Clostridium bi- 
fermentans (Sordelli), and Clostridium  histolyticum. 
- Each package of Pentavalent Gas Gangrene Antitoxin 
shall contain not less than 10,000 units each of Clos- 
tridium perfringens and Clostridium septicum anti- 
toxins, 3000 units of Clostridium histolyticum anti- 
toxin, and 1500 units each of Clostridium cedematiens 
(Novyi) and Clostridium bifermentans (Sordelli) anti- 
toxins. P : 
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TRIVALENT GAS GANGRENE ANTITOXIN U. S. P. 
Antitoxin Gas-gangrzenosum Trivalens 


[Antitox. Gas-gangren, Trival—=Sp. Antitoxina de la Gangrena 
Gaseosa, Trivalente] 3 


Trivalent Gas Gangrene Antitoxin is a sterile solution 
of antitoxic substances obtained from the blood of 
healthy animals which have been immunized against 
the toxins of Clostridium perfringens, Clostridium 
septicum, and Clostridium cdematiens (Novyi). Each 
package of Trivalent Gas. Gangrene Antitoxin shall 
contain not less than 10,000 units of Clostridium per- 
fringens and Clostridium septicum antitoxins and 1500 
units of Clostridium cedematiens (Novyi) antitoxin. 


Gas Gangrene Antitoxin (Combined or Mixed) 


The Combined or Mixed Gas Gangrene Antitoxin 
or Polyanaerobic Antitoxin or Anaerobic Antitoxin is the 
preparation most frequently marketed and used in the 
prophylaxis and treatment of gas gangrene. This anti- 
toxic serum is prepared from the toxins of C. tetanz, 


C. welchii (C. perfringens), and C. edematis maligne 


(C. sporogenes). At times the soluble toxins of only 
two of the organisms mentioned may be used in the 
preparation of the marketable product or immunization 
may be against some of the other anaerobes concerned 
in gas gangrene such as C. edematiens, C. sordelli 
(C. edematoides), C. histolyticum, etc. The different 
toxins are prepared individually. Horses or suitable 
animals are usually immunized with injections of one 
toxin only and the different antitoxins are mixed to- 
gether after preparation. In some instances, however, 
the same animal is immunized against several toxins 
simultaneously. 

Uses—A mixed gas gangrene antitoxin commonly 
used as a therapeutic agent consists of perfringens anti- 
toxin, 10,000 units; vibrionseptique antitoxin, 10,000 
units; histolyticum antitoxin, 2500 units; cedematiens 
antitoxin, 1000 units; and cedematoides antitoxin, 
200 units. One to 4 such doses at 12- to 24-hour inter- 
vals are administered intravenously depending upon 
the degree of intoxication, the extent and length of time 
of the injury, the amount of contamination with dirt, the 
surgical management, and the response of the patient. 
Supplementary intramuscular injections in the vicinity 
of the involved area are advisable. As improvement is 
apparent, minimum therapeutic doses are given sub- 
cutaneously at 24- to 48-hour intervals until the patient 
is out of danger. Combined therapy of a mixed gas 
gangrene antitoxin and large doses of the sulfonamide 
drugs are recommended as prophylactic agents and in 
treatment. ; 


TETANUS AND GAS GANGRENE ANTITOXINS 
“ UeS. 


Antitoxina Tetanica et Gas-gangrznosa 


{ Antitox. Tetan. et Gas-gangren.—Sp. Antitoxina del Tétano y la 
angrena Gaseosa] 


Tetanus and Gas Gangrene Antitoxins is a sterile 
solution of antitoxic substances obtained from the blood 
of healthy animals which have been immunized against 
the toxins of Clostridium tetani, Clostridium perfringens, 
and Clostridium septicum. Each package of the Anti- 
toxins shall contain not less than 1500 units of tetanus 
antitoxin and not less than 2000 units of each of the 
other component antitoxins. 

All of the above Gas Gangrene Antitoxins comply 
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with the requirements of the National Institute of 
Health of the United States Public Health Service. 

Average Dose of the above Gas Gangrene Antitoxins 
—Parenteral, prophylactic, the contents of one or more 
packages as the initial dose. 


TETANUS ANTITOXIN U. S. PP. Antitoxinum 


Tetanicum 
[Antitox. Tetan.—-Sp. Antitoxina Tetanica] 


Tetanus Antitoxin is a sterile solution of antitoxic 
substances obtained from the blood serum or plasma 
of a healthy animal which has been immunized against 
tetanus toxin. Tetanus Antitoxin has a potency of not 
less than 400 antitoxic units per cc. Tetanus Antitoxin 
complies with the requirements of the National Insti- 
tute of Health of the United States Public Health Serv- 
ice. 

Tetanus Antitoxin, Bovine—Because of the suscepti- 
bility of certain individuals toward horse serum pro- 
teins, and because of its veterinary importance, a 
Bovine Tetanus Antitoxin is also manufactured. The 
methods of production are exactly the same as for the 
equine product except that cattle are used. The out- 
side label of Tetanus Antitoxin must indicate “the 
genus of animal employed when other than the horse.” 
Glaser, J. Pediat., 19, 403 (1941), recommends the 
bovine preparation in all instances. 

Standard Units for Tetanus Antitoxin—The official 
Unit of Tetanus Antitoxin in this country is 10 times 
the least amount which will save a 350-Gm. guinea pig 
for 96 hours after the subcutaneous injection of the 
official test dose of standard toxin which consists of 100 
M. L. D.’s of toxin. In this country an M. L. D. of the 
latter is The smallest amount which, when injected sub- 
cutaneously, will kill a guinea pig weighing 350 Gm. 
within 96 hours. It is important to note that the Unit 
of Tetanus Antitoxin of the American Government is 
twice as strong as the “International Standard Unit”’ 
which has been adopted by some, but not as yet by all, 
European countries. It is desirable that the label shall 
contain a statement of quantity in both International 
and American Units. In this country guinea pigs are 
used as. the test animal but in some European countries 
mice are employed for this purpose. 

Preparation—In preparing Tetanus Antitoxin the 
same general methodas that described on page 1313 is em- 
ployed. There are, however, certain difficulties in pre- 


paring the toxin because species of the genus Clostrid- — 


zum are anaerobes and the toxin is extremely unstable. 

The. methods of purifying Tetanus Antitoxin are the 
same as for diphtheria antitoxin. 

Uses—In man, the most important use of Tetanus 
Antitoxin is as a prophylactic agent. It should be 
borne in mind that the antitoxic effect passes off in 
about 10 days, and that a single immunizing injection 
of tetanus antitoxin may not always be sufficient. Indi- 


° 


viduals who received the complete active immunization , 


with tetanus toxoid receive, upon injury, a “booster” 
dose of tetanus toxoid instead of Tetanus Antitoxin. 
The value of the prophylactic use of Tetanus Anti- 
toxin for passive immunization was adequately demon- 
stra’ed during World War I. In World War II, all 
members of the military forces received prophylactic 
tetanus toxoid injections. In the United States, those 
in the armed forces immunized with toxoid received 
only a booster dose of tetanus toxoid after wounds had 
been sustained, whereas in the British Army passive 
immunization by the injection of 3000 units of antitoxin 
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at weekly intervals for 3 doses after wounding was 
recommended for those who had not received toxoid (in 
active immunization), and a single similar dose was sug- 
gested for those who had received toxoid injections. 

As a curative agent in the treatment of developed 
tetanus, Tetanus Antitoxin is of relatively slight value. 
Tetanus toxin has a special affinity for nerve tissues, and 
eventually fixes itself to the nerve cells of the spinal 
cord. Since this fixation of the toxin in the nerve cell 
cannot be reversed, the object of treatment is to ad- 
minister large quantities of antitoxin at the earliest 
possible moment in an attempt to neutralize the toxin 
before fixation has had time to proceed to a dangerous 
extent. Therefore, if the symptoms of the disease have 
appeared, an attempt should be made at once to satu- 
rate the patient with antitoxin by the quickest possible 
method. For this reason authorities recommend either 
intravenous or intraspinal injections or both. As 
noted in a recent editorial, New Eng. J. Med., 234, 806 
(1946), ‘Early and intensive treatment with antitoxin 
seemed to be quite valuable.”’ 

Average Dose—Parenteral, therapeutic, 20,000 units; 
prophylactic, 1500 units. 


SCARLET FEVER STREPTOCOCCUS ANTITOXIN 
U.S. P. Antitoxinum Scarlatine Streptococcicum 


[Antitox. Scarlat. Streptococ.—Scarlet Fever Antitoxin, Sp. 
Antitoxina Escarlatinosa] 


Scarlet Fever Streptococcus Antitoxin is a. sterile 
solution of antitoxic substances obtained from the blood 
serum or plasma of a healthy animal which has been 
immunized against the toxin produced by the strepto- 
coccus regarded as causative of scarlet fever. Scarlet 
Fever Streptococcus Antitoxin has a potency of not 
less than 400 antitoxic units per cc. Scarlet Fever 
Streptococcus Antitoxin complies with the requirements 
of the National Institute of Health of the United States 
Public Health Service. 

Standard Unit for Scarlet Fever Antitoxin—Scarlet 


~fever antitoxin is standardized by comparing its power 


of neutralizing scarlet fever toxin with that of a stand- 
ard antitoxin supplied by the National Institute of 
Health. The wnit for this antitoxin is the smallest 
amount of antitoxin which will neutralize 50 sk7n-test- 
doses of scarlet fever streptococcus toxin when they are 
mixed together, allowed to stand for several minutes, and 
then injected intradermally (U.S. Pub. Health Service, 
Rept. 1234, 1948). 

Uses—Numerous favorable reports have appeared 
regarding the use and value of Scarlet Fever Strepto- 


coccus Antitoxin as a_ specific curative agent; 
J. A.M. A., 103, 1049 (1934). Rhoads and associates, 
J. A.M. A., 102, 2005 (1934), in reporting on the pro- 


tective value of convalescent human serum and com- 
mercial antitoxin, state that the latter is more effective. 
See also Dick and Dick, Scarlet Fever, Chicago, IIL, 
LSS 

Scarlet fever antitoxin is also suggested as an emer- 
gency measure for temporary (passive) immunization 
of contacts who are Dick-positive, Lancet, 1, 177 (1929). 
The resulting immunity, like that following the use of 
other serums (passive immunity), will endure for a 
period of not more than 2 or 3 weeks. 

As a prophylactic the usual dose is about 2000 to 
3000 units. In moderate cases of scarlet fever 5000 to 
10,000 units of toxin are given, as a therapeutic agent, 
preferably intramuscularly in the anterior muscles of 
the thigh. In severe cases 10,000 to 20,000 units are 
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given intramuscularly or intravenously; the dose is 
generally diluted with saline to 100 cc. Administration 
-as early as possible in the disease is advocated. Addi- 
tional doses are given if the temperature does not fall 
nearly to normal within 12 hours. 

Schultz-Charlton Phenomenon—The Schultz-Charlton 
reaction, regarded as a specific toxin-antitoxin reaction 
differentiates the rash in suspected cases of scarlet fever 
from that of other eruptions or rashes manifested by 
drug or food idiosyncrasies. See Ztschr. f. Kinderh., 17, 
328 (1918). In this test, 0.1 or 0.2 cc. of the antitoxin 
or of convalescent serum is injected intradermally into 
the reddened skin of the suspected scarlatiniform rash 
preferably on the abdomen or chest; if the rash is scar- 
let fever of less than 3 days, there will be apparent within 
less than 24 and usually within 6 hours a permanent 
blanching several centimeters in diameter around the 
site of the injection. The reading is made while stand- 
ing several feet from the patient. The specificity of 
the test is, however, not universally accepted—see 
J. Infect. Dis., 45, 1 (1929); also Lancet, 2, 296 (1929). 

Average Dose—Dvagnostic, for aid in determining 
the nature of a rash (Schultz-Charlton test) intracutane- 
ous into erythematous eruption, not to exceed 0.2 ce. 
Parenteral, therapeutic, 6000 units; prophylactic, 
2000 units. 


Botulinus Antitoxin (Botulism Antitoxin) 


In North America, type A is the one most frequently encount- 
ered in human botulism, whereas in Europe type B is found most 
frequently. Botulinus toxin is extraordinarily potent and re- 
markable in its ability to withstand the action of heat and body 
Juices. 

Preparation—Antitoxin has been prepared for each of the 
specific types and it is important to note that antitoxin produced 
against one series of strains (type A) has no appreciable effect 
upon the toxins of the strains of the other types (type B). The 
two types of antitoxin which are most commonly employed are 
prepared by immunizing animals (horses or cattle) against the 
‘toxin of each type (C. botulinwm types A and B) separately. The 
procedures for the production of the toxin and antitoxin corre- 
spond closely to those given for producing tetanus antitoxin, 
except that the marketed product contains whole serum, not 
concentrated globulins. 

The two antitoxins (types A and B) can be mixed (pooled) to 
yield a polyvalent antitoxin for use in botulism. Some workers 
prepare a polyvalent antitoxin by immunizing a single horse with 
toxin prepared from all types of C’. botulinum. The former tech- 
nique is advocated, however, as being more satisfactory. 

Uses—As a therapeutic agent for human use Dickson advises 
intravenous injection after the sensitivity to horse serum has been 
eliminated; J. Hap. Med., 38, 327 (1923). Comparatively large 
doses (50 ece.—10,000 units daily) of botulinus antitoxin bivalent 
serum or monotypical serum types A and B are given at the rate 
of not more than 1 ce. per minute until recovery. The results of 
the use of botulinus antitoxin in man have been disappointing. 
However, since no other effective treatment for botulism is 
known, the antitoxin should be given a trial. Success can only be 
expected from serum therapy if the antitoxic serum is adminis- 
tered in the early stages of the disease or preferably as soon as 
suspicious symptoms appear. Individuals who have consumed 
- food suspected of being infected are given prophylactic doses of 
10 ce. subcutaneously or at least 2000 units intramuscularly. 


Staphylococcus Antitoxin 


Staphylococcus Antitoxin, available as a marketable prepara- 
tion, is prepared from the refined and concentrated globulins ob- 
tained from the serum of horses injected with certain strains of 
staphylococcus toxin or toxoid. ‘ 

The proposed International Unit of Staphylococcus Antitoxin. 

is that amount which will neutralize 200 M. H. D.’s of toxin 
’ The Minimum Hemolytic Dose (M. H. D.) is that amount of toxin 
which will hemolyze 1 ce. of a 2 per cent suspension of rabbit red 
cells incubated for 1 hour at 37° C. ; 
- Staphylococcus antitoxin is used in the treatment of obstinate 
or spreading localized infections and of generalized infections by 
staphylococci wherever the infection is accompanied by general 
signs of toxemia with little or no apparent resistance to the infec- 
tion or its spread. There is at present some doubt as to its pre- 
cise value. 
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Antivenin 


[Anti-Venom Serums, Snake Poison Antitoxin, North American Anti- 
Snake-Bite Serum] 


Antivenin prepared from Nearctic Crotalide or North Ameri- 
can Anti-Snake-Bite Serum is prepared by collecting the several 
species of poisonous snakes and making them imitate the natural 
“‘strike.”? The venoms are extracted by these special techniques 
(Fig. 787), centrifugalized, and desiccated. The dried residue is 


Fig. 787—Obtaining the venom of a snake (courtesy Sharp and Dohme). 


dissolved in equal parts of a neutralized mixture of saline solution 
and glycerin, and then placed in the refrigerator for 1 month to 
become sterile. 

Animals are then immunized in the same manner as is done 
when making diphtheria antitoxin. North American Anti-Snake- 
Bite Serum is a purified and concentrated serum globulin to 
which is attached the antivenin obtained from horses which 
have been immunized against the venoms of poisonous North 
American snakes, belonging to the Crotalidz. Specifically it will 
antidote the poisons of the enpperhead, the cotton-mouth mocea- 
sin, the rattlesnake, and others but it is not effective against coral 
snake venom. 

The usual precautionary measures are observed in preparing 
and marketing this biological product. A test is always per- 
formed to establish the potency of the antivenin. Standardization 
consists in the use of any or all of the following tests: precipitin 
test, neutralization test (neutralizing activity of the venom), and 
the protection test. The last-named test is the one usually per- 
formed to determine the potency. This consists in injecting a 2- 
Kg. rabbit with 2 cc. of antivenin. No ill effects should be ob- 
served after 1 mg. of desiccated venom is injected 2 hours later. 
Pigeons have been used more recently as the test animal, 

The preparation is marketed in 10-ce. syringes and in the lyo- 
philized form. Each package contains an amount which will pro- 
tect against the average quantity of venom secreted at one time 
by small North American serpents, such as the ground rattlers 
and the copperheads, or other snakes of moderate size. Bites by 
large snakes, especially the Florida and Texas diamondbacks, and 
large specimens of other rattlesnakes and moccasins are likely 
to require 2 or more syringes of antivenin. Some workers use 50 
cc. (5 syringes) of antivenin in all bites by diamondbacks. The 
injection is given subcutaneously or, better still, intramuscularly 
as soon as possible. If too much time has elapsed between the 
bite and the arrival of antivenin, the latter should be given intra- 
venously. 

The most important poisonous snakes in North America belong 
to the subfamily Crotaline (ide). The rattlesnake (crotalus), the 
copperhead (Ancistrodon contortrix), and the cotton-mouth and 
water moccasin (Ancistrodon piscivorus) are widely distributed in 
this country. The diamondback rattler is perhaps the most 
dangerous. Of the poisonous snakes in this country, bites from 
the water moccasin are not frequent, due probably to the semi- 
aquatic habits of this species. Though the copperhead is present 
in large numbers in certain areas, it is not of considerable annoy- 
ance, because it is not aggressive, will only strike if approached 
within 10 inches, and but a small amount of venom is secreted. 
From the practical standpoint, the most widely distributed and 


1318 


most dangerous snakes in North America are the several species 
of rattlesnakes. 

For details in the treatment of poisonous snake bites, see 
Staley, Weekly Bull. St. Louts Med. Soc., 33, 548 (1939); Young, 
Am. J. Nursing, 40, 657 (1940); and Fish, Nat. Safety News, 
43, 18 (1941). 

Bothrops Antitoxin (Antivenin Bothropic) or Tropical Ameri- 
can Anti-Snake-Bite Serum is prepared from and is effective 
against the venoms of the principal poisonous serpents of the 
genus Bothrops, especially B. atrox (the Fer-de-Lance). 


Antivenin Cascabel or Tropical Rattler Anti-Snake-Bite Serum . 


is prepared from and is effective against the venom of the tropical 
rattler, Crotalus terrificus, commonly known as the Cascavel or 
Cascabela, a poisonous snake which is widely distributed through 
the American tropics including northern South America, Central 
America, and Mexico (except the north central highlands). The 
methods of manufacturing, marketing, and employing these anti- 
venins is with few modifications the same as those given for North 
American anti-snake-bite serum. The Bacteriological Institute 
at Buenos Aires issues a bivalent serum for C. terrificus and B. 
alternata. ‘ 

Antivenin Ophidic (Bothropic and Cascabel) is a polyvalent 
equine serum consisting of a mixture of Bothropic Atrox Anti- 
venin (Barba-Amarilla) and of Crotalus Durissus Antivenin 
(each prepared separately) and is used in the specific treatment of 
bites of any of the snakes belonging to the genus Bothrops, includ- 
ing the mano-de-piedra (B. nummifera); the bocaraca (B. Schle- 
gelii); the tamaga (B. brachystoma); the jararaca (B. jararaca) 
ete., as well as those of the cascabel and barba-amarilla. 
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Scorpion Antivenin 


A specific serum against the sting or venom of the scorpion is 
prepared by the Lister Institute at Elstree, England, and has been 
issued for use in Egypt. Buthus quinquestriatus is the common 
variety of scorpion in the latter country. In Brazil many deaths 
due to scorpion stings, particularly from those of Tityus bahiensis, 
have been recorded. An antivenin effective for the venom of the 
latter and three other South American species. is available. 
Scorpion antivenin, in common with those derived from snakes 
and spiders, is highly specific. 


Black Widow Spider Antivenin 


This Antivenin is an equine antiserum useful against the venom 
of the black widow spider (Latrodectus mactans). The package 
marketed contains in each cc. sufficient Antivenin to neutralize 
the venom of at least 50 spiders. Black widow spiders were once 
found only in rural districts, in grain bins, barns, chicken coops, 
grape arbors, in clusters of grapes, on tomatoes when removing 
them from the vine, etc., but within the past few years they have 
become extremely urban. An injection of 5 ec. of black widow 

spider antivenin, administered intramuscularly, is the suggested 

dose and if symptoms are not relieved in an hour or two, the dose 
may be repeated. A bivalent antivenin for the venoms of Lycosa 
raptoria and Ctenus nigriventer ee species of poisonous spiders 
most frequently responsible for human cases in Sdo Paulo), is 
available in Brazil; Trop. Dis Bull., 24, 402 (1927). 


behavior of proteins in solution. 


CHAPTER CXI 


BLOOD FRACTIONS AND ANTIBACTERIAL SERUMS 


Constituents of the Blood 


Ir was long been known that blood consists of two 
major parts, which may be recognized if clotting is pre- 
vented while a specimen of blood is observed. The 
formed elements—mostly red blood cells (erythrocytes) 
with a relatively small proportion of white blood cells 
(leukocytes) and platelets—settle to the bottom; they 
form 40 to 50 per cent of the bulk of normal human 
blood. The overlying straw-colored translucent liquid 
—plasma—consists of the following substances: 


1. Water—in which the other constituents are dis- 

solved. 

2. Proteins—normally about 7 per cent of the 
plasma by weight, classified in general as 
albumins and globulins. 

3. Inorganic Substances—sodium, calcium, potas- 
sium, carbonate, chloride, phosphate, sulfate, etc., 
dissolved in the ionic state—representing 
about 0.85 per cent of the plasma. 

4. Organic Substances—lactic acid, urea, amino 
acids, creatinine, glucose, ete.—the raw mate- 
rials of tissue metabolism, in transport to the 
tissue cells as nutrients, or to the kidney or 
liver for disposal. Under this heading perhaps 
belong the hormones—by definition circulating 
in the blood—some of which are proteins. 

5. Dissolved Gases—aside from the large amounts 
of oxygen and carbon dioxide which the red 
cells are especially equipped to transport, 
these gases and the others of the atmosphere 
are dissolved in the plasma as well; so are 
inhaled gaseous drugs or poisons such as nitrous 
oxide and hydrogen cyanide. 

6. Miscellaneous ‘Foreign Substances—Any drugs 
or poisons which are absorbed through the 
skin or viscera may be present in the plasma— 
é. g., sulfadiazine, alcohol, benzene, diphtheria 
toxin. Likewise bacteria or other micro- 
organisms may be liberated into the blood 
stream during the course of infections. 


Plasma Proteins—Many of the important physiologi- 
cal actions of blood result from the properties of the 
plasma proteins. Proteins are the most complex chemi- 
cal entities known. Each is composed of varying num- 
bers of the twenty or more known amino acids, the 
total number of amino-acid units in each protein mole- 
cule ranging from a few hundred to many thousands. 
Many protein molecules in addition possess various at- 
tached phospholipids, carbohydrates, or other organic 
complexes. A minor shift in the arrangement of any of 
these components may result in a major change in the 


properties of the molecule. Physically, proteins may 


vary greatly, from the egg-shaped albumin molecule 
with a molecular weight of 70,000 to the needle-like 
fibrinogen molecule with a molecular weight near 500,- 
000. By their nature, amino acids contribute both 
basic and acid properties to protein molecules; this 
amphoteric property has a fundamental bearing on the 
The numerous free 
acid or basic groups on the surface bear negative or 
positive charges, respectively, resulting in a total charge 
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which under given conditions is characteristic for each 
protein, both in its net algebraic sum and in the even- 
ness or unevenness of its distribution over the surface 
of the molecule. 

Though it is frequently possible to determine the 
types and approximate numbers of amino acids and 
other components present in a given protein, it is 
nevertheless impossible to define a protein simply by 
chemical analysis, or even by a structural formula, 
for the exact structure is not known for any ‘protein 
molecule. The classification and definition of proteins 
must therefore be based primarily upon their physico- 
chemical properties; solubility in water, in salt solutions 
and in organic solvents; molecular weight (determined 
chiefly by rate of sedimentatiom in an ultracentrifuge) ; 
shape (determined by viscosity measurements and 
other properties); rate of movement in an electrical 
field (usually determined by means of the Tiselius 
electrophoresis apparatus); net electrical charge; elec- 
trical “moment” (the “leverage”? demonstrable when a 
molecule with an unevenly distributed charge is placed 
in an electrical field); and certain other physical prop- 
erties similar in principle to those mentioned. In addi- 
tion, certain proteins possess biological properties which 
aid greatly in characterizing them: e. g., ability to 
form a clot (fibrinogen); catalysis of specific chemical 
reactions (enzymes); precipitation with bacteria or 
their products (antibodies), etc. It is upon a knowl- 
edge of these various properties that any successful 
separation and characterization of a pure protein spe- 
cies must be based. 

With the Tiselius apparatus one albumin and four 
globulin components of plasma can readily be distin- 
guished. The globulin components include fibrinogen 
and three components designated simply as alpha- 
globulin, beta-globulin, and gamma-globulin. Physio- 
logically, the most clearly established role of albumin 
appears to be its water-retaining (osmotic) capacity. 
It is due chiefly to plasma albumin that the water of 
the plasma, instead of diffusing into the tissues, is re- 
tained in the blood stream, maintaining the volume of 
blood which is necessary for effective heart action and 
circulation. Albumin, although it comprises less than 
60 per cent of the plasma proteins, contributes 80 per 
cent of this osmotic effect. 

Globulins are extremely varied both in physico- 
chemical and in biological properties. They include 
fibrinogen, from which blood clots are formed; antz- 
bodies (chiefly gamma-globulin), which furnish immu- 
nity against infections; prothrombin, which under ap- 
propriate circumstances is converted to the enzyme 
thrombin which causes fibrinogen to clot; zso-agglutinins, 
a kind of antibody which reacts with specific blood 
group substances; various enzymes (e. g., amylase, 
lipase, peptidase, phosphatase); a metal-binding beta- 
globulin which serves in the transport of iron in the 
blood; and a sizable remainder consisting of alpha- and 
beta-globulins to which no specific function has yet 
been assigned. 

Plasma Fractionation—A decade ago it was found 
possible to preserve blood plasma in suitable form for 
intravenous injection for the restoration of blood vol- 
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ume or the correction of plasma. protein. deficiencies. 
The separation of the specific protein. components of 
plasma in pure form, however, was impeded by the 
tremendous complexity of the chemical problems which 
beset such an undertaking, as well as by the instability 
of most of these proteins, as evidenced by their ready 
denaturation when chemically manipulated. Neverthe- 
less, with the onset of World War II it was foreseen 
that a purified concentrate of albumin in liquid form 
would provide a blood substitute, comparable to plasma 
in the treatment of shock, but more compact and more 
readily administered in an emergency. The organiza- 
tion of a volunteer blood donor program under the 
auspices of the American Red Cross, on a scale hitherto 
believed impossible, provided sufficient blood not only 
for the plasma requirements of the armed forces but for 
the preparation of albumin as well. The research lead- 
ing to preparation of purified albumin was carried out 
under the direction of Prof. E. J. Cohn of Harvard 
Medical School and his colleagues, working with a diver- 
sified team of physicists, immunologists, chemists, and 
clinicians. Methods were devised for preparation of 
human plasma albumin which was over 99 per cent pure. 
Unlike most plasma proteins, it proved to be extraor- 
dinarily stable, so that it did not require desiccation 
or continuous refrigeration, and therefore could be kept 
on hand as a 25 per cent solution, ready for instant use. 
Separation of the albumin left the remaining plasma 
proteins as by-products. One by one many of these 
components were in turn fractionated, providing 
highly purified antibody solutions, iso-agglutinins in 
large quantity, and clotting agents so processed that 
they could serve previously unmet needs in surgery 
and medicine. Subsequent studies have broadened the 
uses of albumin and pointed to new ways in which the 
other products can be employed. Thus it is now pos- 
sible to derive many specific pharmaceutical agents 
from one blood donation, enabling more efficient use of 
a given quantity of blood. What started as a wartime 
study has therefore developed into a valuable procedure 
for civilian needs. Large-scale fractionation of plasma 
is now in progress in several laboratories, and is being 
developed in numerous foreign countries. 

Summarized briefly; the principles of the fractiona- 
tion process as developed by Cohn and his associates 
are: to carry out all processing at the coldest tempera- 
ture which is compatible with successful results; to 
apply the interactions of salts, which tend to increase 
the solubility of proteins and of organic liquids (prin- 
cipally ethanol) which decrease protein solubility, to 
the precipitation of protein fractions; and to carefully 
determine and control such factors as protein concen- 
tration, pH, and the physical conditions employed in 
each step. By effective control of the five variables— 
salt concentration, alcohol concentration, pH, protein 
concentration, and temperature—and by judicious 
manipulation of the sequence of steps employed, it has 
become possible to achieve separations of protein com- 
ponents with a precision hitherto unapproached, despite 
the fact that none of the specific procedures employed 
is entirely new. Furthermore, processing in the cold 
has provided the advantage of keeping both denatura- 
tion and bacterial contamination to a minimum. The 
use of ethanol has made colder working temperatures 
possible, and the ethanol can readily be removed from 
precipitates by vacuum desiccation, yielding a purified 
end product in dry powdered form—a result not practi- 
cal with previous methods of protein purification. 

In the fractionation process as first worked out, five 
separate precipitates (designated as Fractions I-V) 
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_ were obtained by employing successive increments of 


alcohol, increases in acidity, and other correlated fac- 
tors. Subsequent changes in the method have in- 
cluded a merging of Fractions II and III into one step 
(followed by separate subfractionation of the resulting 
precipitate), a more extensive subfractionation of 
Fraction IV, and other changes, so that at least 10 frac- 
tions or subfractions are collected under the latest re- 
vised procedure. Omitting the details of the secondary 
steps, the procedure in general is as follows: 


Alcohol is added to a concentration of 8 per cent as the plasma 
is adjusted to a neutral pH and chilled to —3° C. This precipi- 
tates about 7 per cent of the plasma proteins, designated as 
“Fraction I,’’ which contain most of the fibrinogen, much of the 
so-called ‘‘antihemophilic globulin” (see below) and traces of the 
other plasma proteins. The supernatant liquid is further slightly 
acidified and chilled to —5° C..as the alcohol content is increased 
to 25 per cent. Over 25 per cent of the plasma proteins are here 
precipitated as “Fraction II + III,” which contains practically 
all of the antibodies including the iso-agglutinins; a portion of 
the related substance complement which plays an important role 
in certain antibody reactions; prothrombin, certain hormones, 
and miscellaneous lipoproteins and other lipoid substances. 
Here also is found plasminogen, which is readily converted under 
suitable conditions into the proteolytic enzyme plasmin, which 
may prove of value in the prevention of surgical adhesions. Over 
ee cent of the gamma-globulins are found in Fraction II + 


From the supernatant liquid there are then precipitated a large 
and ill-defined group of alpha- and beta-globulins which compose 
15 per cent of the plasma proteins. This precipitate—Fraction 
IV—is removed in two stages, by acidification to pH 5.8, and by 
subsequent addition of alcohol to a concentration of 40 per cent 
at a slightly higher pH. Of potential clinical value in this frac- 
tion are an enzyme (hypertensinogen) which plays a part in the 
control of blood pressure, and the metal-binding protein men- 
tioned above. The physiological significance of most of the pro- 
teins in Fraction IV remains to be determined. 

Fraction V, which contains 85 per cent of the albumin, is pre- 
cipitated from the supernatant liquid of Fraction IV, by further 
acidification to pH 4.8. This fraction comprises almost 50 per 
cent of the plasma proteins. 


The above procedure omits many important theoreti- 
cal and technical factors which are essential in the suc- 
cessful application of this process. The erection and 
operation of a fractionation plant suited to the use of 
the ethanol method is expensive and complex in organi- 
zation. However, experience has already shown not 
only that this method can furnish certain products of 
human plasma for which no equally good substitute 
exists, but also that it may prove highly valuable in the 
purification of other biological products. The ethanol 
fractionation method has already been found useful in 
the experimental fractionation of human red cells and 
in the purification of animal serums, toxoids, ete. Hence 
the principles here set forth as applied to human prod- 
ucts will doubtless find broader applications in the 
future. The experience of the war has introduced 
millions of people to the practice of donating blood, and 
it is to be expected that health or philanthropic agen- 
cies—governmental or private—will be employed in 
extending these facilities to civilian use. Such a de- 
velopment will inevitably lead to the recovery and the 
use of other substances of potential value which are 
known to exist in plasma but are at present unavailable | 
because of technical difficulties in their separation. The 
currently established products are summarized below, 
according to their principal characteristics. 

Uses for Blood—The properties of blood are as mani- 
fold as the variety of its components. Hence whole 
blood has been used for various therapeutic purposes 
ever since Landsteiner, by discovery of the blood 
groups, demonstrated the principle upon which safe 
and successful blood transfusion depends. Whole 
blood has been used to replace red cells in hemorrhage 


BLOOD FRACTIONS AND ANTIBACTERIAL SERUMS 


or anemia, to restore lost blood volume in shock, to 
replace blood proteins in nephritis or hepatic cirrhosis, 
to correct deficiencies in clotting components in liver 
disease or hemophilia, to provide antibodies in combat- 
ing acute infectious disease, and for various other pur- 
poses in accord with the properties which the compo- 
nents possess. 


PROTEIN COMPONENTS OF HUMAN PLASMA 


Estimated 
: Amount in 100 | Concentrated 
Protein Component Gm. Plasma in 
Protein, Gm. Fraction** 
Fibrinogen 3.5 [-2 
Non-Clottable Protein, insoluble at 
low temperature 0.15 I-1 
Antihemophilic Globulin* I 
Diphtheria Antibodies* (0.001) 
Measles Antibodies* 
Antibody \Mumps Antibodies* 
os Streptococci Antitoxin* 
Globulins ) Influenza Antibodies* 11 II 
Pertussis Antibodies 
Typhoid ‘‘H” Agglu- 
tinins* 
Antibody AyD nOredee Oram Reuben 2 cee ee TIT=1 
Euglobulins Agglutinins* 
Iso- Anti-A, Anti-B,* ‘f 
agglutinins {ante Rh Antibodies* (0.03) | ait 
Complement C’l III-2; 
Components { C’2 0.4 { IV+ 
Enzyme { Prothrombin 0.3 III-2 
Precursors | Plasminogen Ths 
Thrombin* TII-2 
Plasmin* TII-3 
Serum Amylase* 
Enzymes ({ Lipase* 
Peptidase* ' IV 
Phosphatase* (alkaline) IV+ 
Esterase* 0.02 IV-6 
Metal-Combining 6 =Pseudoglob- 
ulin: crystallized Pads) IV-7 
High Molecular Weight = =H 2 III-0 
8 1-Globulins (Lipid-poor) (\S = 20 1 III-0 
lodoprotein*¢ IV-6 
Thyrotropic Hormone* IvV-4 
Glyco- ie 2-Glyco-pseudoglobulin 0.7 IV-6 
proteins | a g-Mucoid Globulin 0.5 
; 81; 75% Lipid-Contain- 
Lipo- — ing ‘‘X’’-Protein 5 III-0 
proteins ) 4,; 35% Lipid-Contain- 3 IV-0 
ing Protein 
Blue-Green Pigment a-Globulin IV-2 
Bilirubin-Containing o;-Globulint 0.05 V-1 
Albumin: Crystallized with Mer- 
cury V 
Albumin: Crystallized with Dec- 
anol 50 Vi 


* These erponents represent but small proportions of the fraction and sub- 
fraction, and their properties cannot, therefore, be deduced from those of the 
concentrates in which they have been separated. . 

+ These components have not been tested for since revision of the fractiona- 
tion process. ie pe. oe 

¢ Albumin binds more bilirubin than the bilirubin pigment globulin in Frac- 
tion V-1 and more iodine than has been found in Fraction IV-6. ; 

** When purified chemical components have been separated from fractions 
they have not given new fraction numbers. In that case, the fraction number 
refers to the starting material for the separation of the component. 

This table has been reproduced by permission of Dr, E. J. Cohn, Harvard 
Medical School. 


Protein Replacement 


Hemorrhage and shock result in loss of blood volume 
which, if carried beyond a certain critical point, leads 
to circulatory failure. Replacement of the plasma pro- 
teins with a substance having similar osmotic properties 
will at least temporarily restore the blood volume so 
that circulation of oxygen to the tissues may be main- 
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tained. Many substances have been employed for this 
purpose: whole blood, which in certain situations is 
ideal but is not always immediately available; gum 
arabic, pectin, gelatin, and other foreign substances, 
which have proved unsatisfactory in one or another 
respect; human plasma, which is extremely effective 
but is unstable in the liquid form, cumbersome in the 
dry form, and difficult to free of all bacteria and viruses; 
bovine albumin, an excellent substance were it not for 
the potentially dangerous hypersensitivity reactions 
which it may produce; and Normal Human Serum 
Albumin (see below) which has certain limitations but 
does not possess any of the defects observed with the 
other products mentioned. 


CITRATED NORMAL HUMAN PLASMA U. S. P. 
Plasma Humanum Normale Citratum 


(Plas. Human. Nor. Citr—Normal Human Plasma, Sp. Plasma 
Humano Normal Citratado] 


Citrated Normal Human Plasma is the sterile plasma 
obtained by pooling approximately equal amounts of 
the liquid portion of citrated whole blood from eight or 
more humans (Homo sapiens Linné) who have been 
certified by a qualified doctor of medicine as free from 
any disease which is transmissible by blood transfusion 
at the time of drawing the blood. Each bleeding is 
drawn under aseptic precautions into individual sterile 
centrifuge bottles already containing 50 ce. of a sterile, 
4 per cent solution of sodium citrate in isotonic sodium 
chloride solution for each 500 ec. of whole blood. The 
cell-free plasma is separated by centrifugation, and 
transferred to a pool by means of a closed system. 
Sterility tests are made, a preservative is added, and 
the plasma is distributed into final containers through 
a closed system. Citrated Normal Human Plasma com- 
plies with the requirements of the National Institute 
of Health of the United States Public Health Service. 

Citrated Normal Human Plasma may be dispensed 
as liquid plasma, as frozen plasma, or as dried plasma. 
Citrated Normal Human Plasma must be free from 
harmful substances detectable by animal inoculation, 
and must not contain an excessive amount of preserva- 
tive. 

Description—(a) Liquid plasma: Freshly collected citrated human 
plasma is a slightly opalescent liquid of a faint yellowish or amber 
color and is practically odorless in the absence of a preservative 
possessing an odor; it contains no visible particles and is free of cellu- 
lar elements save for a variable number of blood platelets. Increased 
opalescence or a precipitate of fibrin may develop on standing As 
a stabilizing agent, liquid plasma shall contain 5 per cent of dextrose. 

(b) Frozen plasma: This is made from citrated liquid normal human 
plasma, frozen quickly, within 72 hours of bleeding. As a stabilizing 
agent, frozen plasma shall contain 5 per cent of dextrose. It is im- 
perative that frozen plasma be kept continuously in the frozen state 
until liquefied by placing in a water bath at 37°. 

(c) Dried plasma; This is made from frozen plasma without added 
dextrose by drying from the frozen state under vacuum. Dried plasma 
is restored to the original volume by dissolving completely in a sterile 


0.1 per cent solution of citric acid in water for injection, and is ad- 
ministered immediately. 


Uses—Citrated Normal Human Plasma is adminis- 
tered in the treatment of surgical and traumatic shock, 
in the treatment of burns when loss of available plasma 
occurs, to combat hypoproteinemia, and as a temporary 
substitute for whole blood in the treatment of hemor- 
rhage when whole blood is not immediately available. 
Plasma and serum may be considered satisfactory sub- 
stitutes for whole blood except in those cases in which 
the administration of red blood corpuscles is regarded as 
essential. , 

Average Dose—Intravenous, 500 cc.. 


BLOOD FRACTIONS 


NORMAL HUMAN SERUM U. S. P. 
Serum Humanum Normale 


[Ser. Human. Nor.—Sp. Suero Humano Normal] 


Normal Human Serum is the sterile serum obtained 
by pooling approximately equal amounts of the liquid 
portion of coagulated whole blood from eight or more 
humans (Homo sapiens) who have been certified by a 
qualified doctor of medicine as free from any disease 
which is transmissible by blood transfusion at the time 
of drawing the blood. Each bleeding is drawn under 
aseptic precautions into individual sterile centrifuge 
bottles and allowed to coagulate for at least 12 hours 
but not more than 24 hours. The cell-free serum is 
separated by centrifugation, and transferred to a pool 
by means of a closed system. Sterility tests are made, 
a preservative is added, the serum is passed through a 
bacteria-excluding filter and distributed into the final 
container through a closed system. Cautzon—Each lot, 
of Serum shall be aged in the liquid state for at least 
28 days at 2° to 10° subsequent to the removal of the 
clot and prior to its use as liquid serum, or prior to 
freezing and drying. Normal Human Serum complies 
with the requirements of the National Institute of 
Health of the United States Public Health Service. 


Description—Normal Human Serum may be dispensed as liquid 
serum or in a dried condition. Normal Human Serum must be free 
from harmful substances detectable by aninal inoculation, and must 
not contain an excessive amount of preservative. ; 

Liquid serum—Freshly collected Normal Human Serum is a slightly 
opalescent liquid of a faint yellowish or amber color, and practically 
odorless in the absence of a preservative possessing an odor. 
slight, granular deposit or increased opalescence may develop on 
standing. 

Dried serum—This is made from liquid Normal Human Serum, 
frozen quickly, within 24 hours from separation from the clot. 


Uses—Same as for Citrated Normal Human Plasma. 
Average Dose—Intravenous, 500 cc. 


Normal Human Serum Albumin 


A water-clear, transparent yellow to amber liquid containing 
25 + 1 per cent protein, at least 97 per cent of which is plasma 
albumin. The turbidity of the solution must be very low and 
not significantly increased by heating at 50° C. for 12 days. Salt- 
poor preparations contain sodium acetyltryptophanate as a stabi- 
lizer; they may contain no more than 0.33 per cent sodium, and 
no preservative. Other preparations contain 0,3 per cent sodium 
chloride and a mercurial preservative. Preservative-free prep- 
arations are sterilized in the final container by heating at 60° 
C, for 10 hours. A pyrogen test is required. 

Because of its remarkable stability to heat, normal serum al- 
bumin may be kept without refrigeration in the liquid state, ready 
for immediate use in the field. Its unusual solubility permits its 
distribution as a 25 per cent solution, 100 cc. of which occupy 
only one-sixth the space of a 500-cc. package of dried plasma but 
have an equal osmotic effect. The viscosity of a 25 per cent 
albumin solution is relatively low, so that it flows as readily as 
whole blood. 

Uses—lIn the treatment of shock or hemorrhage, albumin serves 
as an emergency agent for restoration of blocd volume, by draw- 
ing water from the tissues. Hach gram of albumin holds about 
18 ec. of water in the blood stream. Because its action depends 
on availability of tissue water, albumin should not be used in 
severely dehydrated patients without simultaneous administra- 
tion of saline or glucose solutions. It has been used in protein 
replacement therapy where serum protein levels are low due to 
excessive loss as in nephritis, certain skin diseases, and other 
conditions; or due to inadequate formation of proteins resulting 
from nutritional disturbances, cirrhosis, or other causes. However, 
the value of albumin in the actual therapy of chronic nephritis 
or cirrhosis is still to be determined. The salt-poor form should 
be used by preference in protein replacement therapy, since the 
edema which is associated with protein deficiencies is aggravated 
by administration of salt. There is good evidence that heat 
sterilization as it is applied to salt-poor albumin will kill any 
pathogenic virus which may be present as a contaminant; thus 
the danger of transmitting the virus of homologous serum jaun- 
dice, found occasionally in normal human plasma, can be elimi- 
nated from albumin. 


Low salt content and freedom from contaminating viruses 


AND ANTIBACTERIAL SERUMS 


render salt-poor albumin the agent of choice in protein replace- 
ment therapy, bearing in mind the following limitations. Albu- 
min does not in any sense replace red cells and therefore should 
not be used in hemorrhagic shock except as an emergency remedy. 
It lacks the other proteins contained in plasma, and hence is not 
an adequate agent for treatment of plasma loss as in burns, or 
deficiencies of specific plasma proteins (e. g., fibrinogen, prothrom- 
bin) as in acute hepatitis. 

Normal serum albumin (human) is distributed in 20-ce. vials 
for pediatric use and 100-cc. double-ended vials for adult use. 
The dose varies from 20 ce. to several hundred ce. per day de- 
pending upon the condition under treatment. 


Clotting Proteins 


The clotting of blood depends upon the conversion 
of fibrmogen into an insoluble substance, fibrin, which 
forms the solid matrix of a clot. This conversion 
normally occurs only when fibrinogen is acted upon by 
the enzyme thrombin. Thrombin does not exist as such 
in the body, but is formed from the plasma protein, 
prothrombin, when the latter comes in contact with a 
tissue lipoprotein, thromboplastin, which in turn is re- 
leased from tissue cells when they are ruptured. (Cal- 
cium is also required for the conversion of prothrombin 
but is regularly present in sufficient quantity in the 
plasma.) 

The clear, yellowish fluid separating from the blood 
after the fibrin has coagulated is known as serum. * 

The production of concentrated and relatively pure 
fibrinogen and thrombin preparations has made pos- 
sible the use of these substances or their reaction prod- 
ucts in a variety of medical and surgical conditions, for 
which satisfactory agents were not previously available. 
The following products of clotting proteins have been 
derived from human plasma. 

Antihemophilic Globulin—This is the name given to 
that element of plasma found largely in Fraction I 
which is capable of shortening the clotting time of a 
hemophiliac. The same effect may be achieved by 
injection of whole plasma, but the amounts required 
are very much larger. Antihemophilic Globulin is used 
by injection, preferably by the intravenous route, for 
the control of hemorrhage in hemophiliacs. Its potency 
can be estimated by its effect on hemophiliac blood in 
the test tube but must be confirmed by clinical trial, 
since the active substance is quite variable in its effect 
on different patients. It may prove to be of value in 
enabling hemophiliacs to lead more normal lives, much 
as diabetics are sustained by regular injections of insulin. 

Dried Fibrinogen—Dried fibrinogen is usually pre- 
pared as a dried Fraction I precipitate. It is a grayish 
white powder, dissolving fairly readily to make a trans- 
lucent opalescent solution, about 60 per cent of which is 
clottable fibrinogen (95 per cent purity can be achieved 
but is not necessary). Some of the protein in Fraction 
I precipitates from solution at temperatures below 10° 
C. The fresh solution clots readily on addition of 
thrombin, but loses this property in the course of sev- 
eral days on standing at room temperature, more slowly 
if stored at 4° C. 

Uses—Fibrinogen solution is used effectively only in’ 
conjunction with thrombin. It has various uses, 
wherever it is desirable to create a clot in situ. The 
most successful such use to date has been in the removal 
of kidney stones. Injection of fibrinogen solution into 
the kidney pelvis, simultaneously with thrombin solu- 
tion, produces a clot which enmeshes all stones present; 
a few minutes later the entire clot may be lifted out, 
thus removing the stones without danger of their 
crumbling, and with a minimum of trauma to the kid- 
ney. Fibrinogen solution may also be used, as plasma 
has been, as an adhesive for grafts, skin incisions, ete. 


~ 


veloped by Seegers. 


BLOOD FRACTIONS AND ANTIBACTERIAL SERUMS 


Fibrin Foam—Fibrin Foam is formed by mixing suit- 
able quantities of fibrinogen solution (as Fraction I) and 
thrombin, while the mixture is agitated vigorously with 
a mechanical stirrer. The clot which forms is a white, 
spongy foam containing a large number of. air spaces. 
It can be frozen and dried, cut into suitable sizes, and 
sterilized by heat. Its elasticity, toughness, and other 
properties can be varied by changes in the mixing and 
sterilizing conditions during its preparation. 

Uses—Fibrin Foam can be saturated with thrombin 
during preparation, but is more effective if the foam is 
soaked in a fresh thrombin solution just before use. 
It may then be cut or molded to fit the bleeding area, 
and held in place until bleeding ceases; it may then be 
left 2m situ, for it causes no adverse tissue reaction and 
is eventually absorbed without trace. It is of the great- 
est value in surgery of the central nervous system, and has 
also proved effective in controlling hemorrhage in opera- 
tions or injuries involving the liver, kidney, lungs, 
bone and breasts, in hemorrhage in hemophiliacs, ete. 
Its action is qualitatively identical with that of soluble 
cellulose and gelatin sponge. 

Fibrin Foam is furnished in cubical portions weighing 
about 0.3 Gm. dry, packaged in screw-capped wide- 
mouth jars for ease of handling. 

-Thrombin—Thrombin is distributed as a dry whitish 
powder which is relatively unstable when redissolved. 
It is prepared by conversion of the prothrombin ob- 
tained in one of the subfractions of Fraction II + III. 
The powder should dissolve readily in isotonic sodium 
chloride. The potency, determined according to a 
method prescribed by the National Institute of Health, 
must be specified on the package. 

Uses—Concentrated thrombin has an extraordinarily 
potent clotting effect on blood. Thrombin concen- 
trates from beef or rabbit plasma have been used ex- 
tensively for several years in the control of bleeding, 
particularly the highly purified bovine thrombin de- 
Human thrombin can readily be 
prepared in very large quantities as a by-product of 
ethanol fractionation. It contains considerable inac- 
tive protein; but these impurities, being of human 
origin, do not cause reactions of hypersensitivity such 
as might conceivably arise from the use of preparations 
of. animal origin. The powerful coagulant action of 
thrombin is employed in coagulating fibrinogen solution 
(see above). It is also useful for local application to 


cuts or injuries, in the control of minor oozing where the 


blood flow is not great enough to wash away the clot 
as it forms. For more extensive or inaccessible hemor- 
rhage, a matrix must be applied to hold the thrombin 
in place and provide a structure for clot formation. 
Such a matrix is provided by various products, includ- 
ing fibrin foam (see above). 


Films and Plastics 


The long needle-like molecules of fibrinogen, when. 


converted to fibrin, form a mesh of even longer fibrils, 
yielding a rubbery or spongy solid. The properties of 
such a fibrin clot can be varied greatly according to the 


speed and the conditions of clotting, and by the applica- 


tion of heat or pressure after the clot is formed. Fur- 
ther variations in physical properties can be brought 


about by incorporating plasticizers, such as glycerin, 
into the fibrin during processing. By forming the clot 


in a shallow layer a film can be prepared, whereas by 


wrapping a film around a glass rod a tube can be 
- formed, which can be used in nerve suture and anasto- 


mosis of severed blood vessels. 
Fibrin Film—Fibrin film is furnished as a dry white 
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roll of rather brittle, paper-like material. When im- 
mersed in isotonic salt solution it becomes soft, moder- 
ately translucent, extremely pliable and elastic, and 
possesses considerable tensile strength. These prop- 
erties can be varied according to the pH at which the 
clot is formed, the heat to which it is subjected after- 
ward, and the amount and type of plasticizing substance 
which is added to it when formed. 

Uses—Fibrin Film is used in neurosurgery, to provide 
an artificial covering or membrane to replace the dural 
membranes when they are injured or surgically re- 
moved, and in other surgical procedures wherever a 
membrane is similarly needed. Fibrin Film is unique in 
that, unlike fascia or other substances formerly used 
for artificial membranes, it causes no irritative reaction 
and is gradually and completely absorbed, being re- 
placed by a natural membrane which does not adhere 
to the underlying brain or other tissue. Different surgi- 
cal situations require different rates of absorption as 
well as different thicknesses, degrees of elasticity, and 
other properties in the film; these properties can be 
varied as required by altering the conditions of prepa- 
ration. 

Fibrin Film is packaged as a dry roll, protected by a 
parchment wrapping, and sterilized in a sealed glass 
tube by steam under pressure. The thickness of the 
film is specified in terms of its weight per square centi- 
meter. 


Antibodies 


Human plasma contains antibodies of various types, 
which are almost entirely concentrated in Fraction IT 
+ III. Some of these occur naturally, others arise as 
a result of infection or artificial immunization. Many 
can be detected in the laboratory, but only a relatively 
few have proved to be useful in practice. 

Iso-agglutinins—The serum of all human _ beings 
contains antibodies which react with those principal 
blood group factors which the individual does not pos- 
sess. They occur as follows: 


BLOOD GROUP FACTORS 
Blood Group (Cells) 


Factors Frequency in Isoagglutinins 
Present Population (Plasma) 
O 43% Anti-A and Anti-B 
A 40% Anti-B 
B (Go Anti-A 
AB 10% None 


Anti-A iso-agglutinins from type B subjects, and 
anti-B iso-agglutinins from type A subjects, have for 
years provided highly effective reagents for identifica- 
tion of the blood groups. The ethanol fractionation 
process makes it possible to concentrate these anti- 
bodies very greatly, provided the plasmas selected for 
concentration are first sorted according to their blood 
groups. The supply of anti-A serum is limited by the 
small number of group B subjects. However, a large 
supply of anti-A serum can be obtained from group O 
donors by mixing a small quantity of group B blood 
with the chilled pooled group O blood before the cells 
are separated; the group B red cells will absorb the 
anti-B antibody, leaving the anti-A iso-agglutinins 
intact. 

A much rarer type of blood grouping antibody, use- 
ful in determining the so-called Rh factor in human 
blood, is obtainable from persons who through any one 
of various circumstances have become sensitized to this 
factor. In most of these individuals the amount of 
anti-Rh antibody is too low to be useful without concen- 
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tration. The ethanol fractionation process has made 
possible the provision of large amounts of such material, 
by effective concentration of serums of low anti-Rh 
titer. 

Anti-A, Anti-B, and Anti-Rh blood grouping globu- 
lins have proved to be a valuable product of fractiona- 
tion programs. They may be distributed preferably 
as a dry powder, or in the liquid state. They must con- 
form to existing regulations of the National Institute of 
Health for all blood grouping sera, as regards potency, 
specificity, avidity, distinguishing colors, ete. 

Gamma Globulins—Adult blood contains antibodies 
specific for various infectious agents to which the indi- 
vidual has built up a resistance. In pooled plasma some 
of these are in high enough concentration to have a pro- 
tective action. This is especially true of measles anti- 
bodies, and adult plasma has been found to protect 
_ against the disease if given after exposure. 

Antibodies appear to be modified globulins which are 
for the most part associated with the gamma fraction. 
By separating the gamma-globulin from the other com- 
ponents of plasma there results a concentration of the 
immune bodies of from 10 to 40 times. As a result of 
the fractionation of plasma to produce serum albumin, 
large quantities of globulins have become available. 
Purified gamma-globulins have been prepared from the 
material and considerable clinical experience has accu- 
mulated with their use for the prevention and modifica- 
tion of measles. 

The preparations now in use contain about 16 per 
cent protein, of which approximately 95 per cent is 
gamma-globulin. In these preparations most antibodies 
are concentrated approximately twenty-five-fold over 
the pooled plasma from which they are derived. Each 
5 ce. of concentrated human serum gamma-globulin 
contains the antibody equivalent of 125 cc. of pooled 
adult serum or all the immune bodies present in approxi- 
mately 250 cc. of whole blood. 

At present this material is distributed by the Ameri- 
can Red Cross, through various public health agencies, 
for use in the prevention and modification of measles. 
When given intramuscularly, it has proved to be a 
particularly effective and safe agent for this purpose. 
When given within 6 days after a measles exposure, a 
dose of 0.08-0.1 cc. per pound will protect at least 75 
per cent of susceptible cases, while the other 25 per cent 
will have mild measles. If modification is desired, the 
dose should be 0.02—0.025 ec. per pound given within 8 
days after exposure. The reactions to this preparation 
are uncommon and when they do occur are chiefly 
local and usually mild. 

Gamma-globulin contains other antibodies. It ap- 
pears to be capable of preventing or modifying infec- 
tious hepatitis in a large proportion of exposed indi- 
viduals. Its role with regard to prophylaxis of homol- 
ogous serum jaundice, influenza A, mumps, scarlet 
fever, poliomyelitis, and other infectious diseases is 
now being studied. Therapeutically, it may prove of 
value in the treatment of scarlet fever and very early 
measles. Gamma-globulin from convalescent plasma 
has proved useful in the treatment of mumps. 


HUMAN IMMUNE GLOBULIN U. S. P. 
Globulinum Immune Humanum 
[Glob. Immun. Human.—Sp. Globulina Immune Humana] 


Human Immune Globulin is a sterile solution of anti- 
bodies obtained from the placental blood and the 
placente expelled by healthy women (Homo sapiens). 


days after exposure. 


_ been exposed. 


BL:0/0 DER RGA ONS aeNeD ANTIBACTERIAL SERUMS 


Each preparation shall be composed of a pool from at 
least ten individuals. Human Immune Globulin com- 
plies with the requirements of the National Institute 
of Health of the United States Public Health Service. 

Uses—Human Immune Globulin is useful in the 
prevention and modification of measles. It is equiva- 
lent in usefulness to convalescent serum but has the 
advantage of universal availability. It has the dis- 
advantage of producing reactions not always mild. 
Prevention is, of course, less desirable than modification 
except where younger children ill with other diseases 
are apt to contract measles by exposure to a modified 
case. Otherwise it is more desirable to permit a child 
to have mild measles so that immunization occurs 
rather than to prevent the disease and leave the child 
non-immune to subsequent attacks of the disease. 
Protection should not be attempted until definite ex- 
posure has taken place. 

Average Dose—I ntramuscular, for Modification, 2 to 
5 cc. (approximately 30 to 75 minims): for prevention, 
2 to 10 cc. (approximately 30 to 150 minims). 


HUMAN MEASLES IMMUNE SERUM N. F. 
Serum Immune Morbillosi Humanum 


Immun. Morbill. Human.—Measles Convalescent Serum, 


[Ser. 
Sp. Suero Immune Sarampionoso Humano] 


Human Measles Immune Serum is sterile serum ob- 
tained from the blood of a healthy human (Homo 
sapiens) who has survived an attack of measles. Human 
Measles Immune Serum complies with the requirements 
of the National Institute of Health of the United States 
Public Health Service. 

Uses—Human Measles Immune Serum is adminis-_ 
tered during the incubation period to prevent or modify 
the expected attack of measles. 

To prevent the disease in infants and children of 6 
years or under, 10 ce. is given intramuscularly within 5 
For children between 7 and 12 
years of age, 15 cc. is given, and for older children and 
adults 20 cc. is given in like manner. 

Whether the serum is given for prevention or modifi- 
cation depends on the number of days the patient has 
If prevention is desired, however, the 
dosage may have to be increased corresponding to the 
increase in days after exposure of the patient. If in- 
jection is made on the sixth or seventh day after ex- 
posure, a high percentage of patients have a modified 
type of measles which is followed by lasting immunity. 
It is probable that serum given after the seventh day 
following the initial exposure has: little effect in either 
preventing or modifying the disease. 

The serum may be given either intravenously or 
intramuscularly. Vacuum dried serum should be given 
only intramuscularly. 

Average Dose—Parenteral, therapeutic, 20 cc.; 
phylactic, 10 cc. 


pro- 


HUMAN SCARLET FEVER IMMUNE SERUM N. F. 
Serum Immune Scarlatine Humanum 


[Ser. Immun. Scarlat. Human.—Scarlet Fever Convalescent Serum, 
Sp. Suero Immune Escarlatinoso Humano 


Human Scarlet Fever Immune Serum is a sterile 
serum obtained from the blood of a healthy human 
(Homo sapiens) who has survived an attack of scarlet 
fever. Human Scarlet Fever Immune Serum complies 
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with the requirements of the National Institute of 
Health of the United States Public Health Service. 

Uses—Human Scarlet Fever Immune Serum is of 
value in transferring passive immunity to a patient ex- 
posed to scarlet fever. The evidence as to therapeutic 
activity is conflicting. It may be used in patients sensi- 
tive to horse serum, though the antitoxic content of 
convalescent serum is low. It does not seem wholly 
adequate to meet septic complications. 

For prophylaxis in infants and young children under 
6 years of age, 10 cc. amounts are given; for children 
between 6 and 12 years of age, 15 cc., and over 12 years 
of age and for adults 15 to 20 cc. amounts are given, 
intramuscularly. If the individual is continuously 
exposed, it is recommended that a second dose be given 


_ 10 days after the first injection. 


Average Dose—Parenteral, 
prophylactic, 10 cc. 


therapeutic, 20 cc.; 


Immune Serum Globulin 


This preparation is a clear or very slightly translucent liquid, 
colorless to pale gray or light straw in color, containing 16.5 = 1.5 
per cent protein (at least 90 per cent of which must be gamma- 
globulin, if prepared by the ethanol method), dissolved in 2.25 per 
cent glycine as a stabilizer; no turbidity should appear after one 
week of storage at 37° C. A suitable (but not a phenoloid) pre- 
servative is added. The globulin must be shown to have a suit- 
able titer of certain representative antibodies readily tested in 
the laboratory, and random batches must on occasion be shown 
to possess satisfactory anti-measles titers, A pyrogen test is re- 
quired. 

Uses—Biologically, Immune Serum Globulin made from 
human blood plasma does not differ significantly from immune 
globulin prepared from placental blood, and both products are 
now licensed under the same government requirements. How- 
ever, plasma can be obtained and handled under more consist- 
ently sterile conditions, and is essentially free of tissue proteins. 
Therefore a highly potent gamma-globulin concentrate of satis- 
factory purity and freedom from reactions can more readily be 
prepared from plasma than from placentas. Both products are 
used primarily for the control of measles, as whole blood and con- 
valescent serum have also been used. Laboratory measurements 
indicate that the titratable antibodies in a purified 16 per cent 
gamma-globulin solution are approximately 25 times as concen- 
trated as in the original plasma, so that proportionately smaller 
doses of the globulin are required. About 0.1 ce. per pound of 
body weight, injected intramuscularly within the first week after 
exposure to measles, will protect some 80 per cent of susceptible 
persons; 0.02—0.025 cc. per pound given within the first 5 days 
after exposure will, in over 70 per cent of cases, result in a mild, 
uncomplicated attack of “modified” measles. The latter proced- 
ure has the advantage of usually conferring a lasting immunity, 
in contrast to the purely temporary action of the larger protective 
dose. Modification is therefore the preferred procedure except 
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in individuals or groups for whom complete prevention of measles 
is urgently required. 

Immune serum globulin contains other antibodies, e. g., diph- 
theria and scarlet fever antitoxins, antibodies against epidemic 
jaundice, influenza, pertussis, typhoid fever, etc. However, the 
globulin has not been found to be of proven clinical value against 
any of these except epidemic jaundice. On the other hand, 
gamma-globulin concentrates of convalescent mumps and 
scarletinal serums have proved effective experimentally, and the 
use of the gamma-globulin fraction of convalescent serums may 
well be extended in the future. 

Because certain lots have a marked depressor action when in- 
jected intravenously, this route of administration is contraindi- 
cated. Immune serum globulin is usually packaged in 2-ce. vials 
for pediatric use, but larger sizes are sometimes available. 


Hyperimmune Pertussis Globulin 


This preparation is a concentrated gamma-globulin solution 
prepared from the blood of persons who have developed a very 
high serum antibody titer against pertussis bacilli as a result of 
repeated injections of pertussis vaccine. Such a serum concen- 
trate, processed by the ethanol method, is available; it is a highly 
concentrated gamma-globulin solution, standardized according to 
its content of pertussis antibodies, irrespective of its protein con- 
tent or the concentration of other antibodies. 

Uses—Hyperimmune pertussis globulin is used in the preven- 
tion or treatment of whooping cough in infants, among whom the 
mortality from this disease is particularly high. 


Normal Horse Serum 


Normal Horse Serum is serum separated from the freshly drawn 
blood of normal horses and sterilized by passing through bacteria- 
excluding filters. It is called normal serum because it contains no 
antibodies or antitoxins produced artificially by the injection of* 
antigens into the horse. It is therefore to be distinguished from 
the curative serums which contain antitoxins, or antibacterial 
bodies, or both. 

Uses—Its principal use is to increase the coagulability of the 
blood and is employed in the treatment of hemophilia and other 
hemorrhagic conditions; for example, hemorrhages following 
wounds and fractures and during or following surgical operations. 
It has also been used in non-specific protein therapy. Like other 
foreign proteins, injected parenterally, sufficient doses of Normal 
Horse Serum are followed by a shock reaction, which has been 
considered of benefit in the treatment of many conditions. 

Dose—May be applied locally to any bleeding surface by means 
of sterile cotton saturated with the serum. It is recommended 
for use subcutaneously in doses of 20 to 30 cc., or intravenously 
in doses of 10 to 20 cc., as a means of increasing coagulability of 
the blood and of preventing hemorrhage. 


Other Immune Human Serums 


Convalescent human serum has been and is being used in the 
prophylaxis and treatment of diseases other than those mentioned 
previously, as is also human serum and plasma and gamma-globu- 
lin. Zambar, Am. J. Dis. Child., 71, 1 (1946), discusses the use 
of convalescent serum in the treatment and prophylaxis of 
mumps. 


ANTIBACTERIAL SERUMS 


Antibacterial serums are serums obtained from the 
blood of animals (usually horses) which have been im- 
munized (actively) against particular bacteria and they 
contain antibodies that are specific against the bacteria 
used in the immunization of the animals. The serums 
thus prepared depend for their efficiency upon one or 
more of the following antibodies: agglutinins, precipi- 
tins, bacteriolysins or bactericidins, and opsonins or 
bacteriotropins. It may be that in some instances 
liberated endotoxin causes the production of some anti- 
endotoxin which may in turn be found in some of the 
marketable serums. In addition to these immune 
serums of the lower animals (horses, cattle, goats, rab- 
bits, or oxen), immune human serum obtained from 
individuals convalescent from certain diseases are used 
at times in the prophylaxis and treatment of various 
affections. 

_ Antibacterial serums are antagonistic to bacteria. 
They attack the bacteria: themselves and on this. ac- 
count are to be clearly distinguished from the antitoxic 


serums or antitoxins. The antitoxic serums or anti- 
toxins neutralize the toxin or poison produced by specific 
organisms. Antibacterial serums, on the other hand, 
contain antibodies which act in a very different way. 
They contain one or more of several kinds of antibodies, 
of which the better known are briefly defined as follows: 

Bacteriolysins—Bactericidal antibodies which kill by 
actually dissolving or disintegrating the bacterial cells. 
This antibody is of a more complex composition. It 
consists of an amboceptor which combines with or acts 
only in the presence of complement—a substance 
present in fresh blood which forms the bacteriolysin 
or bactericidal antibody. 

Bacteriotropins—These antibodies do not destroy 
bacteria by direct action, but promote phagocytosis, 
that is, they in some way affect the invading bacteria 
so that they are rendered defenseless and are taken up 
easily by the phagocytes or white blood corpus- 
cles. 

Opsonins—Antibodies similar in function to the bac- 
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teriotropins but different in that they are easily de- 
stroyed by moderate heat. 

Agglutinins—Agglutinins are antibodies which act 
directly on the bacteria without complement, causing 
them to agglutinate or come together in clumps. See 
Fig. 788. 

Precipitins—Precipitins act on solutions of bacterial 
substances, causing them to precipitate. 

It will be seen, from the number of different kinds of 
antibodies, that the action of antibacterial serums is 
much more complicated and in most cases less effective 
than that of the antitoxins. The production of potent 
antibacterial serums is correspondingly difficult. Their 


Fig. 788—Showing action of an agglutinating serum, Left: 


scope of a suspension of free swimming typhoid bacteria, Right: 


serum containing typhoid agglutinins. 


clumps. From Thomas and Ivy, Applied Immunologyi. 


therapeutic value is not so clearly defined nor as well 
established as that of the antitoxins. There are several 
reasons for this. The antibacterial substances cannot, 
therefore, be prepared in the degree of purity and con- 
centration which characterizes the antitoxins. The 
antibacterial serums are, comparatively speaking, low in 
antibody content. Specificity of the antibodies must 
be taken into account in preparing and using antibac- 
terial serums. This is nowhere more clearly seen than 
in the case of meningococci and antimeningococcic 
serum. Four distinct types of the meningococcus have 
been found and it has been shown that serum contain- 
ing antibodies effective against one of these types is 
not effective against the other three. This is true of 
antipneumococcic serum. Type I antipneumococcic 
serum is not effective against type II or type II 
organisms. In other words, antibacterial serums are 
effective, as a rule, only against the particular strains 
or types of the organism used in producing the serum. 

Preparation of ‘Antibacterial Serums—Animals used 
in the production of antibacterial serums are kept under 
competent daily inspection and a preliminary quaran- 
tine for a period of at least one week before use. Only 
healthy animals free from disease are used. Animals 
of the Equine genus are tested for the absence of glan- 
ders (mallein test), and those of the Bovine genus must 
be shown to be free from tuberculosis (tuberculin test). 
All horses, except those which are naturally immune to 
tetanus, may be given not less than 500 units of tetanus 
antitoxin semi-monthly or 2000 units monthly, or they 
may be given injections of tetanus toxoid. The latter 
method is the one commonly used. 

Most antibacterial serums sold in the market are 
polyvalent (7. ¢., prepared from mixed strains of the par- 
ticular bacterium) unless otherwise labeled. 


Appearance under micro- 
Same after addition of 
Typhoid organisms are massed together in 


BLOOD FRACTIONS AND ANTIBACTERIAL SERUMS 


The horses are usually injected with attenuated cul- 
tures for a period of from 2 to 4 months with increasing 
doses after each injection. At the end of this period, 
injections of small doses of a culture of living virulent 
mixed strains of the same bacterium are given. These 
injections with the live bacteria are continued, giving 
increasing doses at stated intervals until at about the 
end of from 5 to 8 or even 10 months after immuniza- 
tion was started the animal is ready to be bled. The 
time to bleed, as in the case of the antitoxins, is solely 
dependent upon each individual animal. If after pre- 
liminary tests it has been found that the specific anti- 
body content is at its maximum, and additional injec- 

tions do not increase this antibody content, 

then the animal is ready for bleeding. 

« With many bacteria, except streptococct, 
pneumococe?, and Pasteurella (Bacillus) pestis, 
it has been found possible to use living or- 
ganisms from the beginning or shortly there- 
after. Intravenous injections are most fre- 
quently given, but the actual mode of adminis- 
tration, dosage, and frequency of the latter 
depend on the virulence or toxicity of the or- 
ganism employed and the health and reaction 
of the horse. Inthe case of antiplague serum, 
non-virulent strains of Pasteurella (Baczllus) 
pestis (the causative agent) are employed 
throughout the immunization, due to the 
dangers connected with handling the living 
organism. 

The bleeding is conducted in the same man- 
ner as is the bleeding of the horses in the 
manufacture of diphtheria antitoxin (page 1313). 
After the clotting of blood, which is collected in 
sterile containers, to which there is added 

some preservative, usually 0.25 to 0.4 per cent cresol, 
the serum is obtained. The serum is usually allowed 
to stand a few weeks in a refrigerator until further 
separation of fibrin ceases. It is then filtered, if 
possible, through a Berkefeld or a similar filter, tested 
for sterility and toxicity, a preservative is added, and 
the preparation is placed on the market for use. These 
finished products are the antibacterial serums. 

Potency Tests—The exact composition of the com- 
plex bodies which are present as the valuable antibodies, — 
acting as specific therapeutic agents against the bacteria 
which produced them, is not known. No satisfactory 
method has as yet been found by which the effectiveness 
or potency of these sera can be accurately determined, 


_as is found possible in the case of the antitoxins. How- 


ever, there has been established what may be called a 
protective, not a potency, test for antipneumococcie 
serum, and in addition to this, other biological tests are 
applied as agglutination and complement-fixation tests, 
to determine the content of agglutinins, complement- 
fixing and other antibodies for different therapeutic 
sera, but none of them can be said to specifically indi- 
cate the exact potency of the particular product. 

Administration—The antibacterial serums have usu-— 
ally been administered subcutaneously under the skin 
of the abdomen or between the scapule, but intramus- 
cular administration is gradually replacing the sub- 
cutaneous injections. Intravenous injections are em- 
ployed in desperate or grave cases and in the late 
stages. Antimeningococcic serum is administered 
frequently into the spinal canal (intraspinally). 

In most instances the minimum initial curative dose 
for adults is 30 ce. unless the serum is of a high potency. 
Injections are repeated with‘sufficient persistence until 
all symptoms disappear. This may be 1 or even 2 


j 


i 


— eoccic serum. 
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doses daily. Antimicrobic serums given intravenously 
or intraspinally are first warmed to body temperature 
and then administered very slowly. The safest pro- 
cedure before using antimicrobic serums is to perform 
a skin test for sensitivity. 


ANTIMENINGOCOCCIC SERUM N. F. 
Serum Antimeningococcicum 


[Serum Antimeningococ.—Antimeningococcus Serum, Meningococcus 
‘Serum, Meningitis Serum, Sp. Suero Antimeningocécico] 

Antimeningococcic Serum is obtained from the blood 
of an animal immunized with cultures of the several 
types of meningococci ( Neisseria intracellularis) which 
prevail in the United States. It complies with the re- 
quirements of the National Institute of Health of the 
United States Public Health Service. 

Preparation—In the preparation of antimeningo- 
coccic serum, polyvalent preparations are usually 
marketed. Horses which meet the usual rigid physical 
requirements are selected and standard meningococcus 
strains, one or more from the main fixed groups or types 
which prevail in the United States, are used. Particular 
attention is given to the antigenicity of the cultures 
selected. Various methods of refining and concentrat- 
ing the prepared antisera are used. See J. Lab. & Clin. 
Med., 19, 1324 (1934). See Murdick and Cohen, 
J. Immunol., 28, 205 (1935), who describe the concen- 
tration technique as employed in the N. Y. State 
Department of Health Laboratories and for the tech- 
nique as used in the N. Y. City Department of Health 


' Laboratories, which applies equally to the refining of 


See J. 


pheumococcus and meningococcus antisera. 
Lab. & Clin. Med., 24, 417 (1939). 

Recently, Branham, U.S. Pub. Health Repts., 58, 
478 (1943), in a comparison of rabbit and horse anti- 
meningococcic serums reported that the rabbit serum, 
refined and concentrated, is far superior to the horse 
serum preparation in potency and in ease and rapidity 
of preparation. 


Methods of Standardization—An accurate method of standard- 
izing this and other antibacterial sera has not as yet been devised 
and it is, therefore, only possible to approximate the efficiency of 
therapeutic sera by indirect measures. Among the methods advo- 
cated are (1) bacteriotropic titration, determining the opsonin or 
tropin content; (2) determining the complement-fixation titer, 
J. Exp. Med., 10, 141 (1908); J. Immunol., 35, 427 (1938); 
(3) determining the protective value or power of the serum against 
mice treated with virulent cultures of meningococci, Canad. Pub. 
Health J., 28, 265 (1937); and (4) by determining the agglutinin 
content, J. Exp. Med., 23, 403 (1916). Tests for specific precipi- 
tins carried out in test tubes or by plate precipitation are also used. 
The plate precipitation method was first described by Petri, 
Brit. J. Exp. Path., 13, 380 (1932), and recommended by Kirk- 
bride and Cohen, Am. J. Hyg., 20, 444 (1934), and other workers, 
J. Bact., 35, 24 (1938). On May 4, 1942, The National Institute 
of Health issued ‘‘Minimum Requirements for Antimeningococcic 
Serum,” in which the plate precipitation test and the mouse protec- 
tion test are employed for evaluating the potency of antimeningo- 


Uses—There is much doubt as to the value of anti- 
meningococcic serum and it should not be used rou- 


‘tinely. With the introduction of new chemotherapeutic 


agents the use of the serum has been supplemented or 
supplanted by these newer agents. Serologic (test tube) 
tests have been employed for determining the potency 
of antimeningococcic serum but there is no conclusive 


evidence that they measure the clinical usefulness of 


_ the product. 


_ Meningococcus Antitoxin—Many workers are of the 
‘opinion that the so-called meningococcus exotoxin is 
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in reality an endotoxin as the meningococcus is suscep- 
tible to spontaneous autolysis. They believe that 
Ferry’s serum is not a true antitoxin but that it does 
possess therapeutic activity due to antibacterial and 
antiendotoxic antibodies. See J. Immunol., 23, 291 
(1932); 33, 375 (1937); J. Am. Med. Assoc., 107, 478 
(1936). For further considerations see J. Lab. & Clin. 
Med., 23, 252 (1937). It appears from the evidence 
presented that a polyvalent antimeningococcus serum 
is to be preferred. 
Average Dose— Parenteral, therapeutic, 20 cc. 


ANTIPNEUMOCOCCIC SERUM—TYPE SPECIFIC 
N3- F: 
Serum Antipneumococcicum 


[Serum Antipneumococ.—Antipneumococcus Serum, 
Serum, Sp. Suero Antineumococécico] 


Pneumonia 


Antipneumococcis Serum is obtained from the blood 
of an animal which has been immunized with cultures 
of a pneumococcus (Diplococcus pneumonize) of one of 
the types for which a serum has been prepared and 
which has been standardized or is released by the Na- 
tional Institute of Health of the United States Public 
Health Service, and complies with the requirements of 
that agency of the Government. 

Antipneumococcic serum has been available on the 
market as different type-specific serums and only those 
which have been released by the National Institute of 
Health may be marketed. Any animal may be used 
in the preparation of the product. The label must, 
however, indicate the specific type of pneumococcus 
represented and the genus of animal employed. The 
introduction of more modern methods of treating pneu- 
monia has rapidly decreased the demand for this serum 
until little or none is manufactured today. 

Preparation—The production of Antipnuemococcus 
Serum and concentrates with specific pneumococcus 
types as a starting point corresponds closely with those 
procedures described under the manufacture of anti- 
bacterial sera. 

Antipneumococcus Serums consisting of a combina- 
tion of two specific types are marketed also. Such dual 
type serum is generally horse serum, and made available 
so as to reduce the cost of production. It is prepared by 
immunizing horses with injections of cultures contain- 
ing the two specific types designated and as a basis of 
comparison the finished product is standardized against 
a control serum of each of the two individual types used. 

The introduction of immune rabbit sera, Science, 84, 
579 (1936), has resulted in great benefits in the sero- 
therapy of pneumonia. For method of production, 
processing, and standardization of antipneumococcic 
rabbit sera, see Goodner and associates, J. Immunol., 
33, 279 (1937), and Cooper and Walter, Am. J. Pub. 
Health, April (1935). 


Methods of Standardization—Standardization by mouse pro- 
tection experiments (Park and Williams, Pathogenic Microorgan- 
isms, 1939, p. 341), though not entirely satisfactory as a test of 
the curative value of the preparation, has been, however, gen- 
erally accepted as the most reliable method for determining 
pneumococcus serum potency. Precipitation (J. Path. & Bact., 
35, 509 (1932)) and agglutination titers of the serum and other 
techniques, though of value as partial indicators of the protective 
and therapeutic value of the preparation, have not received as yet 
general recognition as acceptable methods for standardizing 
antipneumococcus serum. For a comprehensive study of stand- 
ardization techniques see Felton and Stohl, Nat. Inst. Health 
Bull., 169 (Feb., 1937). 4 

Felton in his technique of standardization employs varying 
quantities of plain or refined and concentrated antipneumococcus 
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serum and a constant number of virulent pneumococci. A unit 
of antipneumococcus serum (plain or concentrated), as the term 
introduced by Felton and accepted today as a fundamental unit 
of potency for the latter, is ten times the smallest amount of anti- 
serum which will protect the majority of (20-Gm.) mice inoculated 
intraperitoneally with 100,000 fatal doses of fully virulent culture 
of Diplococcus pneumoniz. In other words, this provisional unit 
standard in general use is the amount of antiserum which will pro- 
tect a (20-Gm.) mouse against (at least) one million M. L. D.’s 
or fatal doses of a pneumococcus culture. An M. L. D. here is 
regarded as the smallest amount of a pneumococcus culture which 
will kill a 20-Gm. mouse (when injected intraperitoneally) in 
48 hours. 


Uses—Adequate and proper antipneumococcus serum 
therapy will reduce the average mortality rate in pneu- 
monia of about 30 per cent to an average mortality rate 
of about 12 per cent. In type II cases and in type V 
and type VII infections, proper and prompt type specific 
serum treatment will reduce the mortality to about half 
the average rate. Small series of types VI, VIII, and 
XIV cases reported have been benefited by specific 
serums. TypeXIV antipneumococcic serum produced by 
immunization of the horse should not be administered to 
persons of blood group ‘‘A.”’ In the higher types of 
pneumococcal pneumonia, a specific antipneumococcus 
rabbit serum is to be used. 

Intravenous injections of 10,000 or 20,000 units are 
given every 2 hours until 100,000 or more units have 
been administered within the first 24 hours or until a 
beneficial effect has been obtained. Subsequent doses 
are given on the second day and the intervals between 
injections can be extended to 12 hours if treatment 
was started during the first 3 days. 

The Francis cutaneous test, J. Exptl. Med., 57, 617 
(1933), is used in conjunction with clinical observation 
to determine adequacy of dosage. This test consists of 
an intradermal injection of 0.1 cc. of a saline dilution 
containing 0.01 mg. specific pneumococcus capsular 
polysaccharide. <A positive test indicating immunity is 
revealed by the development of an area of erythema at 
the site of injection within 20 to 30 minutes. 

Combined Treatment—A large number of reports re- 
veals the value in pneumococcus pneumonia of the 
newer chemotherapeutic agents, sulfapyridine, sulfa- 
diazine, and sulfamerazine in all types and sulfanil- 
amide in type III cases. Sulfonamide compounds and 
penicillin are replacing serotherapy in the treatment of 
pneumococcus infections but combined therapy of spe- 
cific antisera with these drugs is more valuable. 

Average Dose—Parenteral, 20,000 to 100,000 Units. 


Antianthrax Serum 


Antianthrax serum (Serwm Antianthracicum) is prepared by 
immunizing horses against virulent anthrax bacilli. Cattle have 
been, and are, injected intravenously with living organisms to 
prepare a marketable bovine antianthrax serum. For effective 
results, these sera are to be administered at the earliest possible 
moment in large doses. Jn mild cases, intramuscular injections 
are given. In severe cases, initial doses of from 100 te 200 cc. 
are administered intravenously. Injections of 20 cc. to 50 ec. 
each are repeated every 6 to 12 hours, or at suitable intervals if 
indicated, or until blood cultures are negative. Reports indicat- 
ing that arsphenamine or neoarsphenamine is useful as a chemo- 
therapeutic agent have resulted in the administration of anti- 
anthrax serum to which is added 0.9 Gm. or less of neoarsphen- 
amine dissolved in 100 ce. of sterile saline solution. For further 
details, see Industrial Anthrax Report Suppl. to Am. J. Pub. 
Health, 25, No. 2 (1985). 


Antidysenteric Serum 


Antidysentery serum consists of the native blood serum of 
animals (usually horses) which have been immunized against the 
Shigella dysenteriz (Shiga bacillus) and its soluble products of 
growth (producing a monovalent serum) or against this and other 
types of the dysentery bacillus producing a polyvalent serum. 
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Usually the strains selected are those representative of the prin- 
cipal types present in the country where the preparation is to be 
used. In the United States, in the preparation of a polyvalent 
antidysenteric serum, immunization of the animals is carried out 
against several strains of Shiga and Flexner or these with Hiss-Y 
types of dysentery bacilli. The antidysentery serums prepared 
with the Shiga strains are not only antibacterial but also antitoxic 
as this type yields a true extracellular toxin which the other 
strains of dysentery bacilli do not produce. The technique em- 
ployed in preparing Antidysentery Serum is the same as that 
given under Antimeningococcus Serum. 

The Shiga Antidysentery Serum (all forms) is standardized by 
mouse protection tests; the quantity of marketable serum re- 
quired to protect mice against the lethal effect of dysentery 
(Shigella dysentert#) toxin is compared with the dose of a standard 
antidysentery serum (Shiga) necessary to give the same protec- 
tion. The polyvalent antidysentery serum most frequently used 
in the United States is standardized by determining its agglutina~ 
tive titer against standard strains of the types of dysentery 
bacilli tsed for immunization, especially when combined with a 
previously standardized toxic filtrate of the Shiga dysentery 
bacillus. 

Uses and Dosage—Antidysentery Serum prepared for the Shiga 
type of dysentery bacillus has yielded fairly satisfactory results 
as a valuable therapeutic agent against this type of bacillary 
dysentery. Antiserums for the paradysentery strains are not as 
efficient. As a prophylactic dose, 10 cc. may be given subcutane- 
ously. The therapeutic dose, given as early as possible, is from 
50 to 100 ec., administered intramuscularly or preferably intra- 
venously, to be followed at 8-hour intervals by doses of 50 ce. 
each until normal symptoms prevail. Sulfaguanidine, succinyl- 
sulfathiazole, and other sulfonamide compounds are being used 
widely at present in the treatment and prophylaxis of bacillary 
dysentery. 


Antierysipeloid Serum 


This serum contains antibodies which are effective against 
Erysipelothrix rhusiopathiz (suis) and is available for use in the 
treatment of cases of erysipeloid, not to be confused with erysipe- 
las. In such cases, the serum is administered intramuscularly or 
subcutaneously in doses of 10 to 20 cc. and in quantities of 0.25 
to 0.5 cc. at numerous places locally surrounding the lesion. The 
serum is prepared by injecting horses subcutaneously with in- 
creasing doses of live cultures of the organism. Potency is deter- 
mined on pigeons; 0.1 cc. of the serum must protect against in- 
fection fatal to controls in from 3 to 4 days. 


Antihemophilus Influenzz (Type B) Serum 


This serum is being distributed by the New York State Division 
of Laboratories and Research for use with sulfadiazine in the 
treatment of H. influenzax (type B) meningitis. The available 
data indicate effective results are obtained by this specific 
chemoserotherapy. The serum is prepared by injecting rabbits 
with formalin-killed suspensions of the above strains of bacteria. 
Although desirable, the determination of the specific type of H. 
influenzae is not essential as almost 90 per cent of all cases of men- 
ingitis due to H. influenze are type B infections. 


Antipertussis Serum (Rabbit) 


This serum, containing antibacterial antibodies with or with- 
out antiendotoxin, is available for the passive immunization of 
children under 3 years of age who have been exposed to whooping 
cough. When employed in the early treatment of active cases, 
iy is said to modify the symptoms and shorten the course of the 

isease. 


Antiplague Serum 


Prompt intravenous administration of very large doses (up to 
100 ce.) of antiplague serum is claimed by some workers to be of 
great value in the treatment of bubonic and even the pneumonic 
type of plague. The dosage is repeated daily, until an improve-. 
ment is noted. Intramuscular injections of 20 cc. are advocated 
as the prophylactic dose. The English Plague Commission has, 
however, reported that up to the present, serum therapy has not 
proved efficacious in the treatment of plague. Naidu and Mackie, 
Lancet, 2, 893 (1931), reported encouraging results with a serum 
prepared by immunizing cattle by a special technique, 


Antireticular Cytotoxic Serum (ACS) 


Reticulo-endothelial Immune Serum (REIS), as it is called in 
this country, or the Russian designation Anti-reticular Cytotoxic 
serum (ACS) was first prepared by the late Prof. A. A. Bogomolets 
of Russia, Spleen and bone marrows of young healthy individ- 
uals, whose cause of death was accidental, are used as the anti- 
gen. Horses or rabbits are injected and the resultant serum_is 
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dosages not exceeding 0,05 to 0.1 cc. to stimulate reticulo- 
thelial function. It has been used in cases of rickettsial 
isease, tuberculosis, malignant neoplasm, hypertension, surgical 
nfection, and as an aid in speeding healing processes. In this 
untry, Goldblatt (formerly of Western Reserve University, 
v at, Cedar of Lebanon Hospital in Los Angeles) treated several 
housand patients with this serum. For further details, see 
vake, Hawati M. J., 5, 251 (1946). 


Antistreptococcic Serums 


reptococcus infections are of relatively frequent occurrence. 
eir acute and serious character has drawn the interest of many 
rorkers who have attempted to develop an efficient serum ther- 
Many different immune streptococcus serums have been 
eloped and marketed, these being prepared according to dif- 
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ferent methods by using various cultures or toxins or both. 
Streptococcus Scarlet Fever Antitoxin was considered previously, 

Reports on the value of commercial streptococcus serums 1n 
streptococcus infections reveal that their value is not significant. 
In many instances, there appears no justification for the use of 
these preparations. The use of the newer chemotherapeutic 
agents, the sulfonamides and the antibiotics, is more valuable in 
the treatment of streptococcus infections. 


Antitularemic Serum 


This serum is prepared by immunizing animals against Pas- 
teurella tularensis and is employed in the treatment of human 
cases of tularemia. Patients should receive treatment as early 
as possible after a diagnosis is made. 


CHAPTER CXIl 


VIRUS VACCINES 


FOLLOWING RECOVERY from many of the acute in- 
fections, such as scarlet fever, typhoid fever, and others, 
a more or less well-developed and lasting immunity ap- 
pears. The condition represents an acquired active 
immunity resulting from the stimulation of the body 
cells by the infecting agent with the resultant excess 
production of specific antibodies. But in this chapter 
we are interested in the possibility of protection without 
infection, that is, the artificial production of an active 
immunity without subjecting the individual to the 
disease itself. Such use for biological products follows 
from the early observations on vaccination against 
smallpox and against rabies. Jenner’s observations 
and experiments proving (1798) that cowpox virus or 
vaccinia, inoculated into the human subject, gave im- 
munity to smallpox, was followed some eighty years 
later by the discovery by Pasteur that a disease virus 
or bacterium could be so modified or attenuated that its 
inoculation into the human subject did not cause the 
actual disease, yet it would stimulate the body cells to 
produce specific antibodies and thus give rise to active 
immunity and protection against specific diseases. 
Upon this fundamental observation the whole theory 
and practice of prophylactic immunization has been 
built. Pasteur himself early advised a method of 
attenuating the virus of rabies (hydrophobia) and a 
method of immunizing against this disease. 

Antigens—Antigens (meaning antibody producers) 
are substances which are capable of inducing the forma- 
tion of specific antibodies. Whatever their composition 
may be, they are used for the production of antibodies 
(creation of an active immunity) which will last for a 
considerable length of time (in some cases for years) as 
compared with the action of therapeutic sera which are 
effective only for a few weeks. The most important 
antigens used as medicinal agents are the modified 
smallpox and antirabic viruses, the bacterial vaccines, 
immunizing toxins, and toxoids. 

Antigens are of various types. Smallpox and rabies 
antigens (virus vaccines) are attenuated by passage 
through some animal (bovine species). Bacterial anti- 
gens, or bacterial vaccines, are generally attenuated or 
killed by heat or chemicals. Occasionally, attenuation 
of bacterial vaccines may be effected by growing the 
organism under unfavorable conditions (e. g., B. C. G. 
used in immunization against tuberculosis), or by 
autolysis (autolyzed pneumococcus antigen and bac- 
teriophage filtrates), or by admixture with an immune 
serum (activated or sensitized vaccines). In other 
instances the metabolic products of bacterial growth or 
preparations of such products serve as the antigens, as 
in the case of immunizing toxins, toxoids, and some of 
the tuberculins. 

Vaccines—The term vaccine employed in a broad or 
general sense, as it is used most frequently today, may 
be defined as an infective agent so treated or modified 
as to prevent it from growing and causing disease in 
the body. It is not, however, changed so as to affect or 
prevent the production of specific antibodies or protec- 
tive substances when injected into the body. The term 
is most frequently used in a specific sense when referring 
to bacterial vaccines. 


The historical importance of smallpox vaccine and of 
rabies vaccine and the effective immunity induced by 
them gives them first place in the discussion of biological 
products used for active immunization and as prophy- 
lactic agents in the prevention of disease. 


RABIES VACCINE U.S. P. Vaccinum Rabies 


[Vac. Rabies—Hydrophobia Vaccine, Sp. Vacuna Antirdbica] 


Rabies Vaccine is an uncontaminated suspension of 
the attenuated, diluted, dried or dead, fixed virus of 
rabies. The virus is obtained from the tissue of the 
central nervous system of an animal suffering from 
fixed virus rabies infection. Rabies Vaccine complies 
with the requirements of the National Institute of 
Health of the United States Public Health Service. 

Preparation—In preparing Rabies Vaccine or Anti- 
rabic Virus, the preliminary step is to obtain virus fizé. 
The latter is obtainable from established laboratories. 
The Paris and Kassauli strains are two well-known 
strains of rabies fixed virus. It is possible to prepare the 
latter by passing street virus (as the virus obtained from 
natural rabies is known) from the medulla of a rabid 
dog through a series of young rabbits weighing from 
700 to 1000 Gm. The passage in this manner through 
25 to 40 rabbits will reduce the incubation period of the 
virus to 7 or 8 days; the incubation period then remains 
fixed (thus the name, virus fixé). The spinal cords of 
dead rabbits whose death is due to intracranial injec- 


_tions of emulsified virus fixé are used as the starting 


point for preparing Rabies Vaccine. Various methods 
are employed for treating these cords to attenuate the 
virus: (1) By drying. They are suspended in jars con- 
taining caustic potash—Pasteur’s method, Ann. ist. 
Pasteur, 1887 (1888). (2) By dilution—Hogyes method. 
(3) By emulsification with phenol—Fermi, Suppl. to 
Ana. d. lV Igiene (1916-1926), or Semple, Brit. Med. J., 
2, 333, 371 (1919). (4) By treating with COz snow and 


drying in vacuo at very low temperatures—Harris: 


method, J. Infect. Dis., 29, 261 (1921). (5) By treat- 
ment with glycerin—Philips method, J. Immunol., 7, 
409 (1922). (6) By the use of formalin, chloroform 
(Kelser vaccine), or ether—Cunningham’s method, 
Indian J. M. Research, 16, 245, 253, 259 (1928). (7) 
By dialyzing (Cumming’s method). (8) By ultraviolet 
irradiation (Ill. State Labs.). For marketable prepara- 
tions, pieces of these treated cords are emulsified with 
sterile saline solution to which phenol, glycerin, or 
other preservative in suitable concentration is added. 
The concentration of brain and cord tissue varies with 
the different products. Sterility and safety tests, as 
employed on all other marketable biological products 
are carried out. 

A common method of standardization is to place a 
definite weight of tissue in each dose (125 mg. in each 
0.5 ec.). A non-infectivity test carried out in various 
laboratories is performed by making an intracerebral 


injection of 0.1 cc. of vaccine into each of 3 rabbits. ~ 


These injections must not produce any evidence of 
rabies in any of the rabbits during an observation 
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period of 14 days after injection. A mouse test for not- 


ing immunizing potency of antirabies vaccine is being . 


advocated. See Reed and Muench, ‘dm. J. Hyg., 27, 
493 (1939), and Webster, Am. J. Pub. Health, 31, 57 
(1941). The finished product should be kept at re- 
frigerator temperatures (2° to 10° C.). 

Uses—Antirabic Vaccine is essentially a prophylactic 
agent. The efficiency of its use in the so-called Pasteur 
Treatment (creating an active immunity) in rabies is 
no longer doubted. There are many methods of im- 
munization in use in different countries so that the 
specific vaccine and the scheme of treatment are sub- 
ject to variations according to the customs of individual 
workers. See Am. J. Pub. Health, 29, 59 (1931). 

Rabies Vaccine is used to establish an immunity te 
rabies (hydrophobia) by treating the individual after 
the bite of a rabid animal, but before the incubation 
period is completed. The injection of attenuated, or 
- modified, or killed virus during the period of incubation 
stimulates the production of antibodies so that the 
infecting virus of the wound is neutralized or destroyed. 
The immunizing treatment, to be effective, must be 
instituted as soon as possible after the bite has been 
inflicted. The treatment is without effect after the 
symptoms of rabies have appeared. The resulting 
immunity is not regarded as very durable and if the 
person is bitten a second time by a rabid animal 1 or 
more years after an immunizing treatment, a complete 
series of prophylactic injections should be repeated. 

Dose—Dosage recommendations for the attenuated 
living virus vary considerably, according to the method 
of preparation and the amount and condition of the 
virus in the suspension injected. The doses are graded 
so that the first contains virus of the greatest attenua- 
tion, while the last dose in the series represents 
the least attenuation. Doses are injected at 24- 
hour intervals. Rabies Vaccine, phenol-killed, is 
available in 14-dose treatment packages. It possesses 
better keeping qualities than the attenuated living 
virus, and therefore can be stocked by pharmacists, 
and the entire treatment can be put up and dispensed 
in one package. The doses are the same size and 
strength, which avoids the necessity of following out a 
fixed schedule of increasing doses. 


Prevention of Rabies 


The prevention of rabies in human beings depends to 

a very great extent on the prevention of rabies in ani- 
mals. Among the measures used to prevent infection 
among animals are leashing of dogs and quarantine. 
The reporting of all dog bites is effective in preventing 

the spread of rabies from dogs to human beings. 

Treatment of a Person Bitten by a Dog—Physicians 
who treat a person bitten by an animal observe the fol- 
lowing procedures: When a person is bitten by a dog, 
a cat, or other animal, the incident should be.reported 
to the Department of Health, in the borough where it 
occurred. If possible, the animal should be appre- 
hended or the name of its owner obtained. All animal 
bites should be cauterized with fuming nitric acid. 
Milder antiseptics are not of value in preventing the 
dissemination of rabies. All individuals, bitten by an 
animal suspected of being rabid, should begin antirabic 
treatment immediately. If the animal is not suspected 
of being rabid, and if the bite did not occur on the face 
or head of the individual, institution of treatment is de- 
layed pending a 2-week observation of the animal by a 
veterinarian. If symptoms occur at any time during 
the 2-week period, antirabic treatment should be 
started immediately. If no symptoms of rabies occur 


1331 


in the animal during that period, treatment of the pa- 
tient is not required. 

Antirabic treatment should be given immediately to 
any person bitten on the face or any other part of the head, 
even when the animal has been apprehended. The 
reason for this is that the incubation period of rabies 
is usually shorter in a head bite than it is in bites on the 
trunk or extremities. Antirabic treatment should be 
administered daily for a period of 1 week. At the end 
of this time the animal is re-examined. If no symptoms 
have developed, treatment should be suspended. The 
animal is given a final examination at the end of the 
second week. If it is still normal, no further treatment 
of the patient is necessary. 

In the case of a person bitten by an unapprehended 
stray animal, treatment with antirabic vaccine is ad- 
vised since it is impossible to ascertain if the animal is 
rabid or not. In the use of Semple vaccine for antirabic 
immunization, daily injections of 2 cc. of the vaccine 
are given for a period of 14 days. Injections are made 
subcutaneously, usually in the tissue of the abdominal 
wall. A different site is used for each injection. Occa- 
sionally there may be minor reactions consisting of red- 
ness and slight infiltration. Such reactions will sub- 
side with the use of cold applications. There is no reason 
to interrupt the series of injections when minor reac- 
tions occur. 

Canine Rabies Vaccine—There is evidence to indi- 
cate that the resistance of a certain percentage of dogs 
against rabies can be increased by a single injection of 
a potent rabies vaccine. Mass vaccination of dogs and 
thorough dog control, including the elimination of 
strays, will eradicate canine rabies. The development 
of an immune dog population not only protects the dog 
but will aid in reducing the problem in wild-life and in 
turn set up a barrier of protection for the human popu- 
lation. 


SMALLPOX VACCINE U. S. P. Vaccinum Variolz 
[Vac. Variol.—Sp. Vacuna Antivaridlica] q 


Smallpox Vaccine consists of a glycerinated suspen- 
sion of the vesicles of vaccinia or cowpox which have 
been obtained from healthy vaccinated animals of the 
bovine family. The vesicles must be removed and 
the vaccine must be prepared under aseptic conditions. 

The vesicles must be removed from the animal at the 
time of suitable development, thoroughly triturated, 
and made into a smooth suspension with a water solu- 
tion of glycerin. This solution must not be acid to 
bromocresol purple pH indicator and not distinctly 
alkaline to phenol red pH indicator. Smallpox Vaccine 
complies with the requirements of the National Insti- 
tute of Health of the United States Public Health 
Service. 

History—Jenner proved by a series of interesting and 
carefully conducted experiments that cowpox or vac- 
cinia (coming from the Latin vacca, meaning cow), a 
very mild disease to which many animals including man 
are susceptible, is readily transferred and that an attack 
of this disease and the immunity created protect against 
smallpox. The causative agent of this condition is 
spoken of as vaccine virus and is to be found in the 
material present in the skin eruption of those animals 
having vaccinia or cowpox. The term vaccination, 
then possessing a specific meaning, came into use and 
referred to the method of transferring the virus from 
the skin eruption of an animal having vaccinia or cow- 
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pox into the skin of another animal. Such vaccine virus 
is obtained today from calves, but may also be obtained 
from older cattle, goats, horses, mules, rabbits, and 
other mammals. ‘It was in 1860 that vaccination with 
the ‘‘animal lymph” of calves came into more general 
use, although it was employed more or less since the 
time of Jenner. Since 1866 when the Beaugency strain 
was discovered and especially after 1891 when glycerin 
was employed for purifying and preserving it, the Bo- 
vine Virus was and is employed mainly for the yield of 
the present-day smallpox vaccine. This makes pos- 
sible a constant fresh supply and in amounts as may be 
required. 

Regulations—The following precautions must be ob- 
served in licensed establishments: 


No Vaccine shall be prepared from any animal having a com- 
municable disease other than vaccinia. Animals used for propa- 
gating Smallpox Vaccine must have responded negatively to a 
tuberculin test and, prior to vaccination, must have evidenced 
no ill health while in quarantine for at least 7 days under daily 
veterinary inspection. After the vaccine pulp has been removed 
from each animal, a necropsy shall be performed, permanent rec- 
ords of which shall be kept. Smallpox Vaccine shall be free from 
harmful substances, detectable by animal inoculation. Each lot, 
of Smallpox Vaccine shall be examined to determine its freedom 
from undue bacterial content, and a special examination shall 
be made of each lot to determine the absence of tetanus organisms 
and other pathogenic anaerobes. Permanent records of these 
examinations must be kept. The finished product must be placed 
in sterile, individual, hermetically sealed, capillary glass tubes 
that comply with the requirements of the law and of the regula- 
tions established by the United States Public Health Service. 
It must be kept at a very low temperature, preferably below 0°, 
and never above 5° as it loses potency rapidly at higher, even 
moderate, temperatures. 


Seed Virus—The initial material used today for pre- 
paring the calf virus is designated the seed virus. This 
can be obtained from vaccination and pustules in chil- 
dren, from spontaneous cowpox, or from pustules in 
calves after several passages of smallpox virus through 
calves. The virulence of smallpox vaccine virus is 


Fig. 789—Vaccinating calf. 
cleansed area of the skin of the abdomen. 
taken by operator to prevent contamination. 


usually maintained by intermittent passages through 
rabbits. The human-rabbit seed is generally used as it 
is efficient, reliable, and easily obtained. 

(Preparation of Vaccine (Calf Vaccine)—The animals 
in general use for the preparation of vaccine virus are 
young carefully selected calves, preferably females 
(though this is immaterial), but they must be at an 


Light scarifications are made on a shaved and thoroughly 
Seed vaccine is then applied, Note precautions 
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age of from 4 months to 1 year. The younger animals 
are preferred (2 to 4 months old). They are kept under 
rigid veterinary observation and the best sanitary condi- 
tions for a few weeks previous to and during their 
actual treatment to insure freedom from disease. The 
tuberculin test is also carried out, and any reactors are 
eliminated. These calves are vaccinated (Fig. 789) 
with about 20 ce. of seed virus. After the typical vac- 
cinia vesicles (Fig. 790) develop (usually 6 or 7 days 


Fig.- 790—Close-up of the vaccine vesicles 


which develop on skin of the calf. Pulp or 

lymph from these vesicles is removed by 

curette, with precautions against contamina- 
tion. 


after vaccination), the entire contents of the latter 
including the serous fluid or lymph and pulpy exudate 
(but minus the crusts which are removed) are collected 
under rigid aseptic conditions, employing humane 
operative procedure. The pulpy mass is ground thor- 
oughly under aseptic precautions in a special mill 
making an even emulsion with 4 times its weight of 50 
per cent glycerin containing 1 per cent carbolic acid. 
This finished mixture is stored for 3 to 4 weeks at very 
low temperatures to permit any bacteria 
present to die. Every lot of vaccine is 
then subjected to rigid bacteriological and 
toxicological examinations to insure a prepa- 
ration free from all disease-producing 
organisms (especially anaerobes and hemo- 
lytic streptococci) and toxic substances. 
Autopsies of the calves employed in prepar- 
ing the marketable virus are made and no 
virus is used until necropsy reports reveal 
that the animals were in perfect health. 
The preparation is then tested on rabbits 
and susceptible humans to prove that the 
virus yields a successful take, the actual 
strength or potency being estimated from 
the speed of the development and the extent 
of the subsequent reactions when compared 
with a vaccine of known high potency in- 
oculated on the opposite side of the body. 
After these operations and tests are con-— 
ducted, the preparation is filled mechanically 
in vacuum jars under rigid aseptic conditions 
in sterile capillary tubes and then released 
for the market. The sterile capillary tube 
sufficient to hold one human dose is the only 
form of dispensing allowed in this country. A calf 
usually yields about 10 Gm. of pulp which when made 
up: will produce material to vaccinate: about 1500 
children. 

Preparation of Vaccine (Other than from Calves)— 
Various culture vaccines have been presented. Plotz, 
Compt. rend. soc. biol., 130, 152 (1939), employed an — 


ea 
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antivariola culture vaccine to vaccinate 11 children and 
concluded that it confers a lasting immunity. Good- 
pasture and associates, Am. J. Hyg., 21, 319 (1935), 
introduced the use of the chorio-allantoic membrane 
of the 14-day-old chick embryo for the production of a 
vaccine virus, thus eliminating the hazard of bacterial 
contamination, but it has not replaced the calf method. 


Fig. 791—The ‘‘multiple pressure’ method of 

vaccination, showing the rapid up-and-down 

motion of the side of the needle, held by the 

hand at the right, against the drop of vaccine on 
the arm at the left. 


Egg-Embryo-Tissue Vaccine—Rivers and Ward, J. 
Exp. Med., 58, 635 (1933), employed a tissue culture 
method of preparation using a medium consisting of 
0.1 Gm. of viable chick-embryo tissue suspended in 4 to 
5 ce. of Tyrode’s solution. Successful vaccinations 
were made on 100 individuals. Herzberg, Z. Immuni- 
tats., 86, 417 (1935), made an elaborate study using the 
Tyrode-egg embryo tissue and the egg chorio-allantoic 
membrane cultures and preferred the former prepara- 
tion. Both of these products have been used intra- 
dermally with satisfactory immunological results. 

Rivers and associates, J. Hxp. Med., 69, 875 (1939), 
in a recent study concerning the amount and duration 
of immunity induced by the intradermal inoculation of 
cultured vaccine virus, conclude that the intradermal 
inoculation of a vaccine virus, attenuated by cultiva- 
tion on Tyrode’s solution and minced chick embryo, 
does not confer an immunity of sufficient duration for 
- practical purposes. Calf vaccine virus is the prepara- 
tion of choice today for use in vaccinating against 
smallpox. 

Storage—Smallpox vaccine, so-called vaccine virus 
or vaccine lymph, cannot be injured by freezing. Tests 
have shown that a potent vaccine refrigerated con- 
stantly at 10° F. will retain its activity for four years. 
Kept at 50° F. (or 10° C.), the temperature of the ordi- 
nary house refrigerator, the potency remains for from 
3 to 4 months, while at room temperature (70° F. or 
21° C.) (as in a drawer, case or bag), the average life 
of vaccine virus is from 1 to 3 weeks and the number of 
‘takes’ is reduced to 50 per cent. 

Uses—Smallpox vaccine has amply demonstrated its 
efficacy in producing an effective immunity against 
smallpox. Human beings of both sexes and of all ages 
and races are very susceptible to smallpox, and it has 
been chiefly through the widespread use of vaccination 
that the deaths from the disease have been so greatly 
reduced, and that epidemics which used to assume the 
nature of a plague have ceased to appear. 

The extremely rigid scientific control over every step 
in the modern methods of producing smallpox vaccine, 
and the precautions which are taken to make sure that 
the finished product is free from pathogenic or harmful 
germs, has contributed greatly to the safety of vaccina- 
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tion, so that untoward results following its practice 
have, in recent years, been conspicuous by their ab- 
sence. 

The dosage requires no discussion, since the process of 
vaccination consists of applying a very small quantity 
of the vaccine from an individual capillary tube to the 
skin and inserting it by the multiple pressure method 
described below. 


Multiple Pressure Method of Vaccination 


The Recommended Vaccination Method—The fol- 
lowing information is supplied by the U. 8S. Public 
Health Service. (See Reprint No. 1137, 1946, ‘“Ques- 
tions and Answers on Smallpox and Vaccination.’’) 

(Vaccination should never be performed by cross- 
scratching.) 

The multiple pressure method (Figs. 791 and 792) is 
recommended and is performed as follows: With the 
left hand, grasp the under surface of the arm in order 
to stretch the cleansed but not irritated skin where the 
contents of a capillary tube of vaccine has been placed. 
The skin of the upper arm, over the insertion of the 
deltoid muscle, is the site of choice for vaccinating. 
With the right hand holding the new sterile, sharp 
needle parallel with the skin and at right angles to the 


arm, the pressure punctures are made with an up-and-° 


down motion, lifting the needle and pressing it firmly 
and rapidly, about 30 times within 5 seconds, against 
the skin. The point of the needle is not driven into the 
skin but at each pressure a portion of the outer layer of 
the skin will be drawn over the point of the needle and 
the vaccine will be thus introduced into the deeper 
layers of the epidermis where multiplication takes 
place more easily. When the procedure is completed 
there should be no trace of bleeding or serum. Immedi- 
ately after the pressures have been made the excess 
vaccine is wiped off with dry sterile gauze. 

For primary vaccinations (for those who never before 
have been successfully vaccinated against smallpox), 10 
pressures should be sufficient. For secondary vaccina- 
tions, or if the virus used is old, 30 pressures may be 
desirable. The area of operation should never exceed 
one-eighth (14) of an inch in its greatest diameter. 


LAYERS OF 
EPIDERMIS 


TRUE SKIN 


With ‘sul 
CUTANEOUS 


FATTY TISSUE ~ ( ye 


Fig, 792—Diagrammatic sketch of pressure method of vaccination, 

showing the relation of the skin layers and the motion of the needle from 

its first position above and paralle] to the skin, as indicated by the dotted 

outline, to its final position, pressing against the surface of the skin and 
entering it slightly. 


The Vaccinated Area—No shield or other dressing is 
desirable. Dressings are unnecessary and harmful if 
permitted to remain on the arm. Do not expose the 
vaccination site to direct sunlight for 4 hours. Keep 
the arm dry and cool after the “‘blister”’ forms until the 
“‘scab’’ drops off. The vesicle should not be moistened 
with water. If cleansing is necessary, wipe the blister 
or crust gently with sterile gauze moistened with ace- 
tone. Should the vesicles be broken so that it is de- 
sirable to prevent soiling the clothes, a thin fold of 


gauze may be attached to the garment, not to the skin. 
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Rarely, a severe “‘take’’ may require antiseptic dress- 
ings. 

Advantages of Pressure Methods—Leg vaccinations 
are objectionable. The treated area is usually exposed 
to more moisture and contamination and the circulation 
in the surrounding region is generally sluggish. Other 
advantages of the pressure method are: 

1. Virus may be wiped off immediately after vacci- 
nation; dressing not required; no waiting for wound to 
dry before clothing touches it. 

2. Method is mild, painless, and rapid with assur- 
ance of implantation. 

3. Leaves practically no scar—hence is an added 
advantage when vaccinating girls. 

4. Insures greatest freedom from sore arms and in- 
fection. 

5. Safest procedure in vaccinating infants and small 
children. 


Reactions 


If a potent vaccine is used and has been properly 
applied, one of three forms of ‘‘take’’ will appear in 
every case. If no reaction occurs, it does not indicate 
that the subject is immune, but rather that the virus 
is inactive and worthless and is therefore incapable of 
protecting against smallpox. 

1. The Typical “Take” (Primary Vaccina)—If the 
person has not been previously immunized or has lost 
all of the protection afforded by a previous vaccination, 
the reaction will appear as a primary “‘take”’ or vaccinia. 
On the third or fourth day after vaccination, a papule 
appears which becomes vesiculated on the next day and 
is surrounded by a red margin or areola which rapidly 
extends to a wide area about the seventh or eighth day. 
The maximum size of the vesicle and area is reached on 
about the ninth or tenth day, after which the area rap- 
idly fades and the vesicle becomes brown and crusted. 
If kept dry, the crust will separate in approximately 3 
weeks from the day of vaccination. 

The spreading and receding of the erythema is the 
essential part of the reaction; and the three types of 
reaction are differentiated from each other by the time 
at which the greatest diameter is reached. 

2. The ‘Accelerated Reaction’ (Vaccinoid)—If the 
person retains some degree of immunity, either from 
previous vaccination or an attack of smallpox, the reac- 
tion will appear sooner and last a shorter time. The 
maximum diameter of erythema is reached in 3 to 7 
days. There is usually a vesicle at the center of the re- 
action. 

3. The “Immediate Reaction’’—If the immunity is 
high, the acceleration may be so great that the reaction 
consists only of a papule with areola reaching its maxi- 
mum size in 8 to 72 hours after vaccination. Under 
such conditions, usually no vesicle forms, and the reac- 
tion is termed “‘early reaction” or “immediate reaction.” 


Frequency of Vaccination 


Smallpox vaccine is not used in the treatment of 
active cases of smallpox. Its only use and primary value 
are for the prevention of this dreaded disease. 

For the public at large in this country, two successful 
vaccinations are advised and are regarded as being suf- 
ficient to protect for life against milder forms of small- 
pox. The first vaccination should be as soon after birth 
as practicable, preferably before teething (at age of 8 
months if convenient). This should be repeated 5 to 7 
years later or sometime during the first few years of at- 
tendance in school. . 
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If there exists a particular danger of being exposed to 
smallpox as in the case of health officers and those 
traveling or being in areas where smallpox is prevalent, 
vaccination is practiced at least once every 5 years. 
In the event of an outbreak of the disease, vaccination 
should be repeated. 

As in the case of all active immunization procedures, 
the immunity is not permanent, that is, it does not 
protect against the specific infection indefinitely. 


EPIDEMIC TYPHUS VACCINE U. S. P. 
Vacinnum Typhusum Epidemicum 


[Vac. Typhus. Epidem.—Typhus Vaccine, Sp. Vacuna contra el Tifo 
Epidemico] 


Epidemic Typhus Vaccine is a sterile suspension of 
the killed rickettsial organism of a strain or strains of 
epidemic typhus rickettsie selected for antigenic effi- 
ciency. The rickettsial organisms are obtained by cul- 
turing in the yolk sac membrane of the developing 
embryo of the domestic fowl (Gallus domesticus). Epi- 
demic Typhus Vaccine complies with the requirements 
of the National Institute of Health of the United States 
Public Health Service. 


Immunization against Rickettsial Diseases 


Spencer and Parker, U. S. Pub. Health Repts., 40, 
2159 (1925), were the first to demonstrate the possibility 
of achieving immunity in rickettsial diseases when they 
used potent suspensions of the viscera of infected ticks, 
ground in a mortar and killed with 0.5 per cent phenol 
in immunization against Rocky Mountain spotted 
fever. Weigl, Die Methoden der. Aktiven Fleck-Fieber 
Immunisierung, Cracow (1930), prepared a vaccine for 
human use as a protective against typhus fever from 
the intestines of infected lice. The method is not of 
value for large-scale preparation. Zinsser and Casta- 
neda, J. Exp. Med., 57, 381, 391 (1933), utilized a 
formalinized peritoneal exudate from infected rats as 
their vaccine preparation for immunization against the 
Mexican variety of typhus fever. Dyer and associates, 
U.S. Pub. Heaith Repts., 47, 1329 (1932), prepared a 
vaccine from infected fleas and Blane and Gaud, 
J. Am. Med. Assoc., 105, 524 (1935), report suécess with 
the use of the virus of the murine type of typhus iso- 
lated from rats. 

All military personnel traveling in areas where typhus 
fever is apt to prevail are immunized against this dis- 
ease. Different typhus vaccines are being used by 
many nations, such as those prepared by cultivation in 
insects, in rat and mouse lungs, by tissue culture and 
in the yolk sae of the chick embryo. Undoubtedly 
their evaluation will make possible the introduction of 


- preventive methods not only for typhus fever but in 


other rickettsial diseases. The National Institute of 
Health issues Minimum Requirements for Typhus 
Vaccine and Minimum Requirements for Rocky Moun- 
tain Spotted Fever Vaccine and for Anti-Rocky Mountain 
Spotted Fever Serum. These pamphlets should be con- 
sulted for details. 

Sadusk and Kuhlenbeck, Am. J. Pub. Health, 36, 
1027 (1946), warn of the use of living ‘attenuated’ 
typhus vaccine and report on the favorable results ob- 
tained against epidemic typhus by the use of a killed, 
ether-extracted, yolk sac vaccine. For complete de- 
tails on vaccines and vaccination against typhus, see 
American Review of Soviet Medicine, 3, 515 (1946). 

Average Dose— Hypodermic, for active immuniza- 
tion, 1.0 cc., to be repeated once or twice with 7- to 10- 


VIRUS VACCINES 


4 


day intervals. (A booster dose every 6 months is 
recommended when real danger of infection prevails.) 


YELLOW FEVER VACCINE U. S. P. 
Vaccinum Febris Flaveze 


Vac. Feb. Flay.—Sp. Vacuna contra la Fiebre Amarilla, Vacuna 
Antimarilica] 


Yellow Fever Vaccine consists of a living culture of 
an attenuated strain of yellow fever virus, selected for 
high antigenic activity and safety. It is prepared by 
culturing the virus in the living embryo of the domestic 
fowl (Gallus domesticus). The resulting culture after 
appropriate processing is distributed in suitable quanti- 
ties into ampuls and dried from the frozen state after 
which the ampuls are filled with dry nitrogen and her- 
metically sealed. The Vaccine is rehydrated immedi- 
ately before use. Yellow Fever Vaccine shall not con- 
tain human serum. Yellow Fever Vaccine complies 
with the requirements of the National Institute of 
Health of the United States Public Health Service. 

Regulations—The outside label must bear a state- 
ment (1) identifying the strain of virus used, (2) that 
the Vaccine is a live culture, and (3) that the Vaccine 
has been prepared from infected chick embryo, the 
manufacturer’s lot number of the vaccine, the name, 
address, and license number of the manufacturer, and 
the date beyond which the Vaccine may not be ex- 
pected to retain the potency. 


Immunization against Yellow Fever 


The use of convalescent human (and even baboon) 
serum for passive immunization has been used as a 
prophylactic for those exposed to the rash of infection. 
Findlay, Bull. Office internat. d’hyg. Pub., 23, 1009 
(1933), employing the technique of Sawyer and associ- 
ates, J. Exp. Med., 55, 945 (1932), actively immunized 
individuals against yellow fever. 

Workers associated with the Rockefeller Foundation 
are responsible for the present effective program in the 
use of agents for active immunization against yellow 
fever and especially jungle yellow fever. The most 
efficient product is one designated by them as Yellow 
Fever Vaccine Virus (17-D). See Am. J. Trop. Med., 
18, 437 (1938). 

Technique of Vaccination—The vaccination consists 
of one subcutaneous inoculation of rehydrated vaccine 
diluted according to the virus content and the dosage 
of virus desired, at the insertion of the deltoid muscle 
on éither arm. The usual amount inoculated is 0.5 
ec., although doses of 1.0 cc. are at times used in the 
_ laboratory. The virus is rehydrated immediately be- 
fore use and the residue after vaccination is inoculated 
-intercerebrally into mice to establish the viability of 
the vaccine used. 

Test for Immunity—The intraperitoneal mouse- 
protection test is used for testing the antibody content 
of the sera of persons before and after vaccination, 
This test serves not only to demonstrate the presence 
or absence of protective antibodies in a serum, but can 
be used to determine the quantity of antibody present 
by the testing of serial dilutions of a serum in several 
groups of mice. The antibody titer of a serum is ex- 
pressed as that dilution of the serum which theoretically, 
under the conditions of the test, should protect one-half 
of the mice inoculated. 

Fox and Cabral, Am. J. Hyg., 37, 93 (1943), in a 
consideration of the duration of immunity following 
~ yellow fever vaccination, report that adults vaccinated 
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with a virus of established antigenicity will remain 
immune for a period of 4 years or longer. 

Average Dose—Subcutaneous, for active immuniza- 
tion, 0.5 cc. of the rehydrated and diluted vaccine. 


Influenza Virus Vaccine 


Influenza Virus Vaccine is now marketed from Types A and B 
virus. The sterile virus strains are inoculated into the extra- 
embryonic fluid of eggs. After incubation at a temperature of 
35° to 36.5° C. (varying slightly for different strains), the extra- 
embryonic fluid is harvested, its potency determined by the 
standard chicken red cell agglutination method and the virus 
killed by the addition of a 1: 2000 solution of formalin. A pre- 
servative is added (1: 12,500 phenyl mercuric nitrate or borate) 
and the mixture clarified preferably by centrifugalization. It 
is then dialyzed and prepared for adsorption with calcium 
phosphate. The precipitate is washed and then resuspended in 
a phosphate buffer containing the mercurial preservative. The 
National Institute of Health supplies a virus vaccine as a refer- 
ence standard. A mouse protection test is used to determine 
potency by measuring the neutralizing value of a pooled influenza 
virus immune serum obtained from mice following active im- 
munization with graduated doses of virus vaccine. The potency 
requirement of a marketed virus vaccine is based on a comparison 
with results obtained with the reference standard when tests are 
conducted concurrently. The finished preparation is tested for 
sterility, safety (injection into mice and guinea pigs), and for in- 
activation of the virus (intranasal instillation of 0.05 ce. into 6 or 
more mice). The dating is for a period of 12 to 18 months. 

Salk and Francis, Am. Int. Med., 25, 443 (1946), report on the 
epidemics of influenza studied by the Army Epidemiological 
Board and note that occurrence of infection is greatly reduced in 
immunized subjects during epidemics. Long, J. Am. Med. 
Assoc., 130, 983 (1946), speaks of this preparation as an “‘impor- 
tant advance.” It appears from the extensive literature recently 
presented that Influenza Virus Vaccine, Types A and B, has proved 
its antigenic value. It must be borne in mind that it is necessary 
to repeat immunization every 6 months. Though there may be 
some indication for mass immunization in selected groups, it is 
felt that for the present universal mass immunization over large 
areas is not now justified. The clearly presented statement in an 
editorial of the New England Journal of Medicine (Oct. 31, 1946) 
expresses the atcepted thought today: 

“Influenza vaccines are now being marketed by several of the 
leading manufacturers of biologicals in this country. Their 
products are recommended for subcutaneous injection. The 
dose is a single injection of 1 cc. for adults, and two doses of 0.5 
ce. each given a week apart are recommended for children. For 
batches of vaccine that produce excessive local or systemic reac- 
tions, the dose recommended for children should be used in 
adults as well. 

“The optimum protection to be expected from this vaccine, 
which is achieved about two weeks after the first injection, cor- 
responds to the time of the maximum rise of antibody. Little if 
any protection may be expected within the first week after vac- 
cination. The protection lasts at least three or four months and 
probably as long as a year or more. Its efficacy in: protecting 
against both influenza A and B has already been fairly well 
established. ... 

“Reactions to the vaccine are of two types. One is related to 
sensitivity to egg protein and may be anything from mild urti- 
caria to severe anaphylactic shock. The sensitization of persons 
so that they later develop allergic reactions from the injection of 
vaccine containing egg protein or from the ingestion of-egg protein 
is a possibility, although sensitization of the latter type is prob- 
ably rare. The secortd type of reaction is one related to the virus 
content of the vaccine. Symptoms simulating those of influenza 
may occur but are usually mild, of short duration, and not in- 
capacitating. They attest the efficacy of the virus and, when they 
occur, offer the best evidence that protection will be afforded. 
These reactions vary considerably with different batches of 
vaccine and are more frequent when the full dose is given in a 
single injection. 

“Tt should be borne in mind that the common cold and its com- 
plications are not prevented by the use of influenza vaccines, nor: 
is protection afforded against bacterial infections such as strepto- 
coccal sore throat or against virus infections other than those 
caused by influenza. . 

“Vaccination against influenza is not recommended in allergic 
persons unless there are special reasons for protecting them and 
unless it is known that they are not specifically sensitive to egg 
protein... .” 

“Vaccination is desirable in persons who have previously had 
severe experiences with influenza and its complications. It may 
also be recommended for those who are prone to recurrent attacks 
if upper and lower respiratory-tract infections that persist for a 
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long time after attacks of influenza or the common cold. Large- 
scale immunization against influenza is recommended among 
groups in which it is important to minimize the occurrence of ab- 
senteeism during the period when epidemic influenza is likely to 
occur... but care should be taken to avoid the inclusion of per- 
sons in whom reactions might prove serious.” 


Immunization against Poliomyelitis 


The methods of specific prophylaxis attempted in poliomyelitis 
are both active and passive. The clinical impression is that con- 
valescent serum is of some prophylactic value, though attempts 
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to evaluate it have not been sufficiently controlled to give worth- 
while statistical findings. See J. Pediat., 10,111 (1987). A high 
percentage of the adult population is immune to the disease and 
normal adult blood and blood serum have been advocated as 
prophylactic agents. Several vaccines have been recommended 
from time to time for use in active immunization. Most workers, 
however, do not advocate the use of any of the vaccines so far de- 
veloped. 

Therapy—The value of convalescent or immune horse serum as 
an agent in the treatment of poliomyelitis is difficult to analyze. 
In reviewing all available evidence, clinical and experimental, it 
appears that convalescent serum possesses very little if any bene- 
fit in the treatment of acute poliomyelitis. 


CHAPTER CXIII 


BACTERIAL 


BACTERIAL vaccines, bacterial antigens, or bacterins, 
are sterile suspensions of attenuated or killed bacteria 
in isotonic sodium chloride solution. Ordinarily, some 
preservative is added, such as tricresol, phenol, or glyc- 
erin; organic mercury compounds are also being used 
extensively. When injected into the body, the bacterial 
substance tends to stimulate the tissues to produce 
antibodies. 

The preparation of bacterial vaccines demands care- 
ful technique and the experience of trained bacteriolo- 
gists. The first step is to procure the infecting agent 
or causative organism in pure culture. These may be 
isolated from pus collected from an abscess or sinus, 
or they may be taken from nasal secretion, sputum, 
urine, blood, or directly from an infected lung, ete. 

Classes of Bacterial Vaccines—Bacterial vaccines 
are divided into two main classes: (1) stock vaccines 
and (2) autogenous vaccines. Autogenous bacterial 
vaccines are those prepared from the patient’s own in- 
fection. The offending organism or organisms ob- 
tained from the lesion or infected part of individuals 
are used for the preparation of the bacterial vaccine, 
which is to be later reinjected into them. Stock bac- 

‘terial vaccines are those prepared from stock cultures 
kept in the laboratory and consisting of strains capable 
of stimulating the body to produce an immunity. 

A simple bacterial vaccine is one made from only a 
single species of microorganism. A mized bacterial 
vaccine is one containing two or more different species 
of bacteria, e. g., triple vaccine, made from typhoid 
bacillus, paratyphoid A bacillus, and paratyphoid B 
bacillus. A monovalent bacterial vaccine is one con- 
taining but a single strain of the particular organism 
ororganisms. A polyvalent bacterial vaccine is one pre- 
pared from numerous strains of the partic- 
ular organism or organisms. These are 
obtained from many different sources. 

Preparation of Bacterial Vaccines—The 
first step in preparing bacterial vaccines is 
to obtain a culture medium most suitable 
for the growth of the organism or organisms 
from which the vaccine is to be prepared. 
A solid medium is generally used, plain agar 
being satisfactory in many cases, while in 
other instances a solid culture medium con- 
taining natural fluid, as blood agar, may be 
necessary. In preparing autogenous vac- 
cines the preliminary examination of astained 
smear of the material will aid in choosing 
the proper medium. 

For stock bacterial vaccines, polyvalent 
strains of the organisms are isolated in pure culture 
and used. In mixed bacterial vaccmes the individual 
‘organisms are obtained or isolated and secured in pure 
culture and then cultured separately to obtain sufficient 
‘organisms for the preparation of the vaccine. The sus- 

- pensions of the different species are later mixed together. 
Freshly isolated organisms are almost invariably of the 
“S”’ type (smooth colony variation when cultured) but in 
continued subculture tend to degenerate into the “R”’ 
type (rough variation). ‘‘R” variants have been found 
to be valueless as protective antigens. Stock vaccines 
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should therefore be made of recently isolated cultures; 
where this is impracticable, the cultures should be kept 
so that they retain their full antigenic value. Wide- 
mouth, rectangular bottles, so-called Blake bottles, 
and Kolle flasks are employed most frequently for mass 
cultures in the preparation of stock vaccines, bacterial 
antigens, etc. On a small scale, slants are made in 
tubesor flasks, or small rectangular bottles may be used. 

Generally, the cultures are allowed to incubate for 
24 hours at body temperature (37° C.). Young cultures 
are most desirable for preparing bacterial vaccines, but 
occasionally it may be necessary to extend the incuba- 
tion period for 48 to 72 hours or until growth becomes 
apparent. This is especially true in preparing autoge- 
nous and stock bacterial vaccines from some of the higher 
forms of bacteria. At the end of the particular period 
of incubation the bacteria are procured under aseptic 
conditions by pouring sterile isotonic salt solution on 
the solid media and then gently shaking or scraping 
(with a sterile platinum needle) until all the micro- 
organisms have been suspended. If scraping is neces- 
sary, avoid removal of any of the culture medium. If 
bouillon or other liquid medium was used, the culture 
is centrifuged at high speed, the supernatant liquid dis- 
carded, and the sediment containing the bacteria is 
suspended in sterile saline solution, shaken well, again 
centrifuged, the supernatant washings discarded, and 
the sediment again resuspended in sterile saline solu- 
tion. The salt solution suspension of bacteria, in either 
case, is examined by means of a stained smear for pu- 
rity, and is then poured into a sterile flask, bottle, or 
tube with or without sterile beads, shaken by some 
mechanical device or by hand (on a.small scale) so as 
to break up the clumps and form a uniform emulsion. 


LK — FILLED SYRI 


SEED CULTURE — BULK GROWTH — HARVEST- CONCENTRATE 


Fig. 793—Illustrating steps in the process of making bacterial vaccine. 


Rubbing in a sterile mortar or grinding may occasion- 
ally be necessary when making vaccines of fungi. 
Bacterial vaccines are standardized by estimating the 
number of bacteria in each cubic centimeter of suspen- 
sion (see below). 

After the number of bacteria per cc. has been deter- 
mined the supension is diluted by adding sterile physio- 
logical salt solution, so as to bring the content to 1,000,- 
000,000 per cc. or to any other number desired. The 
suspensions are now sterilized by treatment with a bac- 
tericide or by heating in a water bath at the minimum 
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temperature and time of exposure that will kill the bac- 
teria. In most instances this is 60° C. for one-half to 
one hour. Then cresol (0.2 to 0.4 per cent) or other 
suitable preservative is added. They are then placed 
in the final container after satisfactory tests reveal the 
product to be sterile. On a large scale, safety tests and 
where applicable potency tests are also performed. 


Fig. 794—Laboratory animals used in testing bacterial vaccines and 
serums to determine their freedom from contaminating pathogenic bac- 
teria and absence of toxic property. 


Chemically killed bacterial vaccines are advocated 
by some workers as being more antigenic than heat- 
killed preparations. They claim that the heat (56° to 
60° C.) used in sterilizing -bacterial vaccines destroys 
part of the antigenic value of the latter and that this is 
especially applicable to those organisms producing tox- 
ins, as the latter are readily inactivated by heat and 
not by chemicals. Phenol, cresol, and, in France, 
ether, iodine, and sodium fluoride have been used. 

The use of ultraviolet irradiation for attenuating bac- 
terial and virus vaccines has recently been recommended 
by Levinson and associates for the production of more 
potent antigenic preparations. See J. Am. Med. 
Assoc., 125, 531 (1944) and J. Infect. Dis., 78, 69 
(1946). 

In the case of mixed vaccines, separate suspensions 
of each organism are treated in this manner and then 
mixed in desired proportions. The mixtures are placed 
in an incubator at 37° C. for 24 hours, then tested for 
sterility. Usually, 24 hours at 37° C. is sufficient. 

The treatment of bacterial suspensions with formalin 
(comparable to the preparation of toxoids), producing 
the so-called anacultures, and their successful use as 
immunizing agents has been reported. See J. Infect. 
Dis., 37, 125 (1925) and 43, 189 (1928). 

Sensitized Bacterial Vaccines or Serobacterins (A niéz- 
body Antigens)—To overcome some of the undesirable 
reactions the sensitized bacterial vaccines or serobac- 
terins were introduced. See Ann. Inst. Pasteur, 25, 
193, 867 (1911); 27, 597, 607 (1913). These products 


are prepared in the same manner as the bacterial vac- 


cines, but differ in the following additional steps: 
After the bacterial suspension has been thoroughly 
emulsified, and the number of bacteria per cc. of suspen- 
sion has been determined, a portion of the serum of an 
animal (which had been immunized against the same 
species of bacteria as in the suspension) is added. 
Though many employ suspensions of the living organ- 
ism, others have advocated the use of attenuated organ- 
isms for sensitization by specific immune serum. The 
results are apparently just as satisfactory in most cases, 
and the danger of infection with living organisms is thus 
avoided. 
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This mixture is allowed to stand for varying periods 
of time, usually 24 hours, in an incubator at body tem- 
perature, with occasional agitation. At the end of this 
time the mixture is centrifugalized and the supernatant 
liquid (consisting of saline solution with excess of im- 
mune serum) is discarded. Isotonic salt solution is 
added, the mixture is shaken; and after centrifugaliza- 
tion, the supernatant liquid is again discarded. This 
treatment, which is repeated a few times, is done so as 
to remove any adhering serum. Enough cresolated 
isotonic sodium chloride solution is finally added to give 
the desired bacterial content. The product is then 
sterilized and marketed after purity and safety tests 
have been conducted. 

The treatment with immune serum is said to sensi- 
tize the bacteria so that they are more easily attacked 
by the forces in the patient’s system. Sensitized bac- 
terial vaccines are said to be more rapid in their produc- 
tion of immunity, especially since they give a degree 
of immediate protection, for the antibodies attached to 
the antigen are in part set free upon injection. They 
usually minimize undesirable reactions. Larger doses 
of sensitized bacteria at more frequent intervals can 
be given with the production of a higher degree of im- 
munity than it is possible to secure with non-sensitized 
bacterial vaccines. Sensitized bacterial vaccines of 
practically most of the bacteria (simple and mixed, and 
from which plain bacterial vaccines are prepared) are 
marketed. They are used in place of the plain bacterial 
vaccines, yielding results which are convincing as to 
their value. 

Uses—As antigens capable of producing active im- 
munity, some of the bacterial vaccines have proved of 
great value especially in prophylaxis. The prophylactic 
use of typhoid bacillus vaccine is the outstanding ex- 
ample. The employment of bacterial vaccines in the 


Fig. 795—Large incubator room where constant 

temperature of 37° C. is maintained to promote 

growth of quantities of bacterial organisms for the 
production of bacterial vaccines. ~ 


treatment of disease has been extensive mainly in 
chronic infectious diseases, and infrequently in the 
acute stages. No general statement can be made of 
their value in this connection, except that subacute and 
chronic cases seem to be more amenable to treatment. 
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Some have apparently given much more favorable re- 
sults than others. Specific indications are mentioned 
under the individual products following. 

Dose—For prophylactic (preventive) immunization, 
3 to 5 gradually increasing doses are given at intervals 
of 3 to 7 days. For treatment of acute conditions, no 
scheme of dosage can be stated definitely, for the reason 
that no two individuals react alike to the same dose of 
a given bacterin, and because reactions produced by 
different bacterins are not the same, owing to inherent 
differences in the germs themselves. The initial dose 
is arbitrarily selected, the physician being guided by 
the thought that, in general, the severer the disease the 
smaller the first dose. Subsequent doses are controlled 
as to amount and interval by the results obtained from 
preceding doses. The clinical symptoms which physi- 
cians look for in controlling dosage of bacterial vaccines 
have been summarized as follows: 


A sub-minimal dose has no perceptible effect. 

A minimal dose is rapidly followed by a feeling of well-being on 
the part of the patient, and a transient fall in temperature, if in 
a febrile case. 

A mediwm dose may induce some local reaction at the side of 
injection and a slight reaction at the focus of infection, and pos- 
sibly a slight general reaction which may show itself by a rise of 
temperature of not more than 1° C., accompanied by a slight 
malaise and some increase in pulse rate. This may be followed, 
in 24 hours, by a fall in temperature and a general improvement 
in the condition. : 

A large dose is followed by a local reaction and by a severe re- 
action at the focus of infection, and symptoms of a general reac- 
tion (malaise, rise of temperature, etc.) may persist for some time 
without evidence of improvement. 


In all the above cases, vaccine treatment is usually 
-started with a small subcutaneous or intramuscular 
injection (approximately 50,000,000 bacteria for adults, 
depending upon the organism). This dose is gradually 
increased, inoculations being made at 3- to 8-day 
intervals, depending upon the reaction received and 
clinical results obtained. Dosage and frequency of in- 
jections are to be regulated to suit each individual case. 
Clinical evidence has revealed that children tolerate 
bacterial vaccines better than do adults. It is therefore 
a frequent occurrence to observe that the average dose 
recommended is given to normal individuals regardless 
of age or weight. It has also been found that intrader- 
mal injections, while producing the greater reaction, 
are nevertheless more productive of antibody response 
as well as more rapid than other methods of administra- 
tion. Oral administration is also advocated but it is 
not regarded as effective. 

Duration of Immunity with Bacterial Vaccines— 
The duration of an active immunity produced by injec- 
tions of bacterial vaccines varies with both the indi- 
vidual and the specific antigen (bacterial vaccine) used. 
It might be emphasized that immunity following bac- 
terial vaccine immunization is not absolute. A lowered 
state of general body health and contact with large 
pumbers of the specific infective agent may result in an 
infection with the particular organism against which an 
immunity was produced.. Prophylactic treatment is 
not successful if sanitary precautions are disregarded by 
immunized individuals. The use of bacterial vaccines 

in the treatment of disease does not warrant discontinu- 
ance of any of the other forms of treatment. _ 

The actual duration of immunity by bacterial vaccine 
immunization is not definitely known. It may be as 
_ low as one month with some bacterial vaccines to 1 and 
even 2 years with others, rarely more. Susceptible 
individuals or those who are constantly exposed to 
specific bacterial infections should immunize themselves 
annually against the specific infective agent (bacter- 
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ium). In many cases it is practical to keep up the anti- 
body content by giving the initial series of injections 
first, to be followed every 3 to 4 months by a single 
large or massive injection (booster). 


CHOLERA VACCINE U. S. P. Vaccinum Cholere 
[Vac. Chol.—Sp. Vacuna Anticolérica] 


Cholera Vaccine is a sterile suspension of killed 
cholera vibrios (Vibrio comma), of strains selected for 
high antigenic efficiency, in isotonic sodium chloride 
solution or other suitable diluent. The Vaccine shall 
contain, in each ec., at least 8000 million cholera 
organisms. Cholera Vaccine complies with the require- 
ments of the National Institute of Health of the United 
States Public Health Service. 

Preparation—This vaccine is prepared from attenu- 
ated or (heat or chemically) killed Vibrio comma (Sp. Asi- 
atic Cholera). See Tr. 7th Cong. Far East. Assn. Trop. 
Med., 1, 523 (1937). Extracts of cholera spirilla have 
also been used. Castellani, Manual of Tropical Medi- 
cine (1919), prepared 7. A. B. C. or Tetravaccine con- 
sisting of mixed agar culture suspensions of typhoid, 
paratyphoid A, paratyphoid B bacilli, and cholera 
spirilla. 

Haffkine used living cultures and later killed organ- 
isms in the preparation of his vaccine. See Brit. 
Med. J., 2, 1541 (1895) and Protective Inoculation 
Against Cholera, Caleutta (1913). The present vac- 
cines are prepared from saline suspensions of 24-hour- 
old cultures which are sterilized at 53° C. for 1 hour. 
See J. Am. Med. Assoc., 76, 243 (1921). The final 
preparation contains 8 billion organisms per cc. 

Uses—T. A. B. C. or Tetravaccine was used in the 
Serbian Army during World War I. Prophylactic vac- 
cination is said to afford considerable protection and to 
be of distinct value, especially if the vaccine is prepared 
from organisms obtained early in an epidemic. Immu- 
nization must be repeated at yearly intervals and cer- 
tainly every 2 years. Immunization against cholera 
has been and is practiced extensively in Europe and 
Asia. In wartime, all military personnel sent to regions 
where cholera is endemic or apt to occur are immunized 
against this disease. 

The report of the Scientific Advisory Board of the 
Indian Research Fund Association for 1944, Lancet 
250, 134-135 (1946), indicates that only 1,118 out of 
709,977 individuals immunized against cholera, as 
compared to 34,336 out of 2,119,568 uninoculated per- 
sons, developed the disease. Immunity, obtained with 
1 dose of 1 cc. of vaccine containing 8000 million organ- 
isms for adults or half this amount for children, ap- 
peared on the third day after vaccination and increased 
progressively thereafter for at least 5 weeks. Protection 
lasted for a minimum of 5 months and there were fewer 
deaths among immunized individuals who did develop 
the disease than among those who were not inoculated 
with vaccine. Seen , 

Average Dose— Hypodermic, for active immuniza- 
tion, 0.5 cc. and 1 cc., with a 7 to 10 days’ interval, the 
latter dose preferably to be repeated once. 


PLAGUE VACCINE U.S. P. Vaccinum Pestis 
[Vac. Pest.—Sp. Vacuna Antipestosa] 


Plague Vaccine is a sterile suspension of killed plague 
bacilli (Pasteurella pestis), of a strain selected for high 
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antigenic efficiency, in isotonic sodium chloride solu- 
tion or other suitable diluent. The Vaccine shall con- 
tain, in each ce., at least 2000 million plague organisms. 
Plague Vaccine complies with the requirements of the 
National Institute of Health of the United States Pub- 
lic Health Service. 

Haffkine’s Vaccine; Plague Bacillus Vaccine; Anti- 
Plague Vaccine—This is employed especially in India 
as a prophylactic against plague. It consists of strains 
of P. pestis, originally isolated by blood culture from a 
human case of septicemic plague and grown in neutral 
broth in shallow containers to which a few drops of 
sterile olive oil or butter fat are added. They are incu- 
bated for 6 weeks at-room temperature and shaken 
once daily. At the end of this period, the cultures are 
agitated well and heated at 55° to 65° C. for from 15 
minutes to 3 hours. This material, to which 0.5 per 
cent phenol is added, consists of bacterial products, at- 
tenuated bacteria and broth protein. It has been and 
is being used more than any of the other attenuated 
suspensions of plague bacilli and appears to possess pro- 
tective value. See J. Am. Med. Assoc., 76, 243 (1921) 
and Haffkine Inst. Report for 1927. The immunity, 
however, is of short duration, not much over 6 months. 
See Bombay Bact. Lab. Rep. (1913-1916). Researches 
by Schutze, Brit. J. Exp. Path., 13, 284, 289, 293 (1932), 
reveal that a virulent strain of P. pestis is necessary for 
the production of a good vaccine. One or two injections 
in doses of from 3 to 4 ce. for adults are given subcu- 
taneously, at intervals of 10 days. All military person- 
nel in World War II were immunized against plague if 
they were sent to areas where the latter is endemic or is 
apt to occur. 

Average Dose— Hypodermic, for active immuniza- 
tion, 0.5 cc. and | cc., with a 7 to 10 days’ interval, the 
latter dose preferably to be repeated once. 


TYPHOID AND PARATYPHOID VACCINE U. S. P. 
Vaccinum Typhosum et Paratyphosum 


[Vac. Typhos. et Paratyphos.—Sp. Vacuna Antitifoidea y 
Antiparatifoidea] 


Typhoid and Paratyphoid Vaccine is a suspension in 
isotonic sodium chloride solution or other suitable dilu- 
ent of killed typhoid bacilli (EHberthella typhosa) of a 
strain selected for high antigenic efficiency and killed 
paratyphoid “A” bacilli (Salmonella paratyphi) and 
killed paratyphoid ‘B” bacilli (Salmonella  schott- 
miiller?) . 

The Vaccines shall contain, in each ec., at least 1,000,- 
000,000 typhoid organisms and at least 250,000,000 of 
each of the paratyphoid organisms. Typhoid and 
Paratyphoid Vaccine complies with the requirements of 
the National Institute of Health of the United States 
Public Health Service. 

Typhoid Vaccine Combined—This vaccine, known 
also as Triple Vaccine or T. A. B., was used during 
World Wars I and II and is used almost exclusively 
today in civil practice as well as among all military 
forces. Triple Vaccine usually contains, in each ce. of 
suspension, 1,000,000,000 killed typhoid bacilli (Hber- 
thella typhosa), 500,000,000 or 750,000,000 killed para- 
typhoid A bacilli (Salmonella paratyphi) and 500,000,000 
or 750,000,000 of paratyphoid B bacilli (Salmonella 
schotimiilleri). In preparing this vaccine the paraty- 
phoid A and paratyphoid B bacterial cultures and sus- 
pensions are made separately and in the same manner as 
described under Typhoid Vaccine. B. paratyphosus A 
(‘‘Kessel”’ strain isolated from a case among the New 
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York militia troops on the Mexican border in 1916) and 
B. paratyphosus B (“Rowland’’ strain), the English 
army strain isolated from a case in Flanders in 1915, are 
the strains most frequently employed in preparing this 
vaccine for marketable purposes. It is important to 
select strains of paratyphoid bacilli of complete anti- 
genic composition. After dilutions of the three suspen- 
sions are made separately in the laboratory, they are 
then mixed together in such proportions as to provide 
the desired concentration of each in the finished prod- 
uct, as previously mentioned. 

Uses—As a prophylactic, 3 injections are given. 
The first dose is 0.5 ec. and the next two doses are | ce. 
each, injections being given at intervals of 7 to 10 days 
as deseribed under Typhoid Vaccine. The dosage is to 
be diminished for children and women according to 
weight. For its use in oral immunization, see under 
Typhoid Vaccine. In a recent change in army regula- 
tions governing typhoid immunization, all individuals 
who have received the basic series of 3 injections of 
triple vaccine are to receive a stimulating dose of 0.5 
ec. annually. 

The, value of typhoid and paratyphoid prophylactic 
thereapy has been definitely established though, of 
course, the immunity is not absolute. Syverton and 
Associates, J. Am. Med. Assoc., 131, 507 (1946), report 
on 21 cases of paratyphoid A fever and 3 cases of ty- 
phoid fever in military personnel previously immunized 
with standard triple vaccine. For further details in the 
prevention of typhoid in the United States, see U. 8. 
Army Medical Workers, Immunization to Typhoid 
Fever, Johns Hopkins Press, Baltimore (1941). 

Average Dose— Hypodermic, for active immuniza- 
tion, 0.5 cc. and I cc., the latter dose to be repeated once. 


TYPHOID VACCINE U. S. P. Vaccinum Typhosum 
[Vac. Typhos.—Sp. Vacuna Antitifoidea] 


Typhoid Vaccine is a sterile suspension in isotonic 
sodium chloride solution or other suitable diluent of 
killed typhoid bacilli (Eberthella typhosa), of a strain 
selected for high antigenic efficiency. The Vaccine 
shall contain, in each cc., at least 1,000,000,000 typhoid 
organisms. Typhoid Vaccine complies with the re- 
quirements of the National Institute of Health of the 
United States Public Health Service. 

Preparation—In the preparation of typhoid vaccine, 
cultures are made of strain No. 58 of EH. typhosa. 
Eighteen- to 24-hour-old beef-infusion agar cultures are 
washed off with sterile saline solution, the growth is 
suspended by vigorous agitation (preferably in a me- 
chanical shaker) and the number of bacilli per ce. is 
determined. The suspension is then heated at 53° C. 
for 1 hour. A suitable concentration of  tricresol, 
phenol,.or other equally effective antiseptic is added, 
and tricresolated (0.3 per cent) salt solution is added to 
produce the desired bacterial content (generally one 
billion bacteria per cc.). Sterility and toxicity tests are 
conducted by making aerobic and anaerobic cultures 
and inoculating a laboratory animal (usually a guinea 
pig Me a rabbit or a mouse or any two of these may be 
used). 

If contamination is revealed, the material is discarded. 
Marketable preparations are generally tested for po- 
tency by inoculating several (a series of three) rabbits 
and then determining the agglutination reaction (ag- — 
glutinin content or titer) of their sera with the living 
culture of EH. typhosa as a measure of the immunity 


BACTERIAL VACCINES 


response induced. The National Institute of Health 
issued minimum requirements for typhoid vaccine to be 
effective August 1, 1942. Each lot manufactured must 
be prepared from strain 58 typhoid bacillus which is to 
pass a virulency test and the marketed vaccine is to 
pass a potency test. 

Uses—As a prophylactic, the vaccine (after being 
shaken well immediately before use) is administered in 
3 doses, the first containing one-half billion bacteria 
and the second and third each containing one billion 
organisms per cc. of suspension. For women and 
children under 150 pounds in weight, the dosage is to 
be diminished proportionately. Children, however, 
tolerate the injections remarkably well. The injections 
given at intervals of a week or 10 days are administered 
subcutaneously, employing the area below the insertion 


_ of the deltoid muscle or in the back or abdominal walls. 


Intradermal injections are advocated by some as being 
more effective and resulting in less aftereffects. Deep 
and intramuscular injections should be avoided as they 
are more apt to produce reactions. It is the more com- 
mon practice to employ the so-called triple vaccine. 
More and more workers are extending the intervals 
between injections. Some advocate giving the injec- 
tions intradermally, but further studies are required 
to determine the efficacy of this procedure for primary 
immunization. 

For reimmunization after one complete course of pri- 
mary inoculations a single dose of typhoid vaccine, 
either 0.5 cc. subcutaneously or 0.1 ec. intradermally, 
is administered. This booster dose is given periodically, 
preferably annually. 

Oral Administration—Besredka, Local Immunization, 
translated by H. Plotz (1927), has recommended the 
oral administration of dead typhoid bacilli preceded by 
doses of dried oxbile. Three doses (each pill, capsule, or 
eachet containing some 45,000 millions of dried bacilli 
killed by heat) are given before breakfast on three con- 
secutive days, and these pills are preceded by requisite 
doses of pills of dried oxbile. This method has been 
used on a wide scale in some European and African 
countries and in this country it has been employed by 
Hoffstadt and her associates, Am. J. Hyg., 9, 1-37 
(1929). Though favorable results have been reported, 
further observations are needed and wider application 
of this method must be exercised before definite con- 


clusions can be forthcoming. 


Active immunization against typhoid fever, as in 
other immunization procedures with vaccines, affords 
a marked but not an absolute degree of protection. 
Reports of typhoid fever in immunized persons have 
been recorded but in all instances the disease is mild 
or atypical. Tullis, War Med., 7, 95, 1945, reports on 
7 cases of typhoid fever in previously immunized sub- 
jects. 

Average Dose— Hypodermic, for active immuniza- 


tion, 0.5 cc. and | cc., the latter dose to be repeated 


and associates at the Danish Statens Serum Institute. 


once. 


Whooping Cough Vaccine 


Sauer (see J. Am. Med. Assoc., Nov. 4, 1933) prepared a Per- 
tussis Vaccine which is a modification of that devised by Sas 
is is 


made from recently isolated hemolytic strains of H. pertussis 


ty 


ae 
“bes 


(Bordet-Gengou bacillus) and grown on Bordet medium contain- 
ing 20 per cent of fresh defibrinated human blood. The growth 
is subjected to agglutination and absorption tests to prove that 
the strain belongs to Leslie and Gardner’s Phase I. See J. Hyg., 
31, 423 (1930). The finished preparation contains in suspension 
10 billion bacilli per ce., which are killed by the addition of 0.5 
per cent phenol and exposure in the refrigerator for one week, 


. 


during which time the suspension is agitated daily. As a pro- 
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phylactic it is used in 3 doses (0.5 ce., 1 cc., and 1.5 ec.), subcutane- 
ous or intramuscular injections being given at intervals of 5 to 7 
days. Sauer further reports: ‘Active immunity is completed 
in four months and lasts for years. Infants withstand the injec- 
tion remarkably well. The best age for immunization is the second 
half year of life.’’ 

Sauer Pertussis Vaccine is to be kept refrigerated at 2° to 12° 
C. at all times. Vaccine that has been frozen or allowed to remain 
outside of the refrigerator for long periods of time should not be 
used. To avoid the injection of a chilled vaccine, the latter is to 
be allowed to stand for a few minutes at room temperature before 
administration. The unused portion of the vaccine is to be re- 
turned to the refrigerator promptly. 

Attempts have been made for many years to control whooping 
cough by immunization with suitable antigens. Extensive stud- 
ies have revealed that the communicability rate of pertussis 
among those immunized with from 10 to 120 billion killed, whole, 
virulent Hemophilus pertussis is considerably less than the rate 
as noted among unvaccinated children. 

For many years, the effective pertussis vaccines were prepared 
from bacteria grown on Bordet-Gengou medium or modifications 
of this blood-starch-agar medium, using either human (Sauer 
medium) or preferably sheep (Kendrick medium) blood. More 
recently, a liquid medium free of red blood cells or other foreign 
protein has been found highly satisfactory for culturing the suit- 
able virulent antigenic phases of H. pertussis. See Canad. J. 
Public Health, 36, 321, 326 (1946) and Am. J. Pub. Health, 36, 
371 (1946). It is of interest to note that certain media appear to 
favor a rapid loss of antigenicity and identical findings result 
if the bacteria are washed in distilled water in the process of 
preparing the vaccine. The available pertussis vaccines are 
given subcutaneously in 3 to 5 doses, totaling never less than 40 
but preferably 70 to 120 billion bacteria, depending upon the 
particular product. Many workers favor 2- to 4-week intervals 
between injections, though some advocate longer time intervals 
as yielding a more effective and superior protection. The 
general trend is to immunize infants during the last half of their 
first year of life since immunization with pertussis vaccine during 
the first 6 months is not too successful. On the other hand, a 
more recent report appears to justify immunization against 
whooping cough at a very early age. See J. Am. Med. Assoc., 
127, 479 (1945). 

Pertussis-Endotoxoid Vaccine is also marketed for active im- 
munization against whooping cough. It consists of killed H. 
pertussis (phase I) and pertussis endotoxin and is employed to 
provide an immunity against the endotoxin as well as the organ- 
ism itself, 


Other Unofficial Bacterial Vaccines 


Mixed Stock Bacterial Yaccines—There are available on the 
market stock bacterial vaccines, either simple or mixed, which are 
being used in the prevention and treatment of various infections: 

Acne Vaccine (made from acne bacilli) and Acne Vaccine 
Mixed (made from aene bacilli and staphylococci), used in the 
treatment of acne vulgaris. 

Catarrh (Cold or Respiratory or Influenza) Vaccine is used in 
the prophylaxis and treatment of secondary invaders in common 
colds and mixed infections of the respiratory mucous membranes. 
This vaccine may contain several or all of the following bacteria: 
staphylococci, streptococci, pneumococci, N. catarrhalis group, 
K. pneumoniae, and H. influenzax. The oral use of such combina- 
tions for prophylaxis is advocated by some but most workers do 
not look with favor upon this method of administration as an 
effective procedure for immunization against respiratory infec- 
tions. EHntoral (Lilly), Oravaz (Merrell), MV-Oral (Cutter), 
Vacagen (Sharp and Dohme) for oral use and Nasal A-Vee 
(Sherman) for topical application into the nasal passages are 
among some of the marketed cold vaccines administered by some 
other than the parenteral route. 

E. Coli Vaccine and E. Coli Vaccine Combined (consisting of 
staphylococci, streptococci, pneumococci, and LH. Colz) are used 
in the treatment of infections caused by these bacteria. 

Neisserian (Gonococcic) Vaccine and Neisserian Vaccine Mixed 
or Combined are employed in the treatment of subacute and 
chronic gonorrhea. 

Pyorrhea Vaccine Mixed is prepared from strains of bacteria 
isolated from cases of pyorrhea alveolaris and used as an aid in 
the treatment of this affection. 

Streptococcus Vaccine and Streptococcus Mixed (or Combined) 
Vaccine (staphylococci, streptococci, and pneumococci) are used 
in the treatment of infections caused by these bacteria. 

Undulant Fever Vaccine is prepared from Brucella melitensis, 
Br. abortus (bovine strain), and Br. suis (porcine strain). In 
some of the available products only 2 of the 3 species are used. 
This vaccine is proposed for use in the treatment of undulant 
fever or brucellosis. ; 

Staphylococcus Vaccine—Prepared from strains of one or more 
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of the following species: Staphylococcus aureus, Staphylococcus Vatox Staphylococcus Toxoid Vaccine—A combination of a 
albus, and Staphylococcus citreus. Itisemployed in cases offurun- bacterial vaccine and its homologous toxin or toxoid is being 
culosis, carbunculosis, sycosis, and other infections caused by marketed. It is employed in chronic staphylococcic infections 
staphylococci, and in certain cases of acne. to neutralize the toxin as well as attack the invading organism. 


CHAPTER CXIV 


BACTERIAL CULTURE FILTRATES, IMMUNIZING TOXINS AND TOXOIDS 


FILTRATES, containing only the unaltered products 
of bacterial growth, are employed in the treatment of 
infections caused by various organisms. Favorable re- 
sults have been reported with the employment of these 
filtrates in the treatment of furunculosis, carbunculosis, 
deep pustular acne and infections caused by suppura- 
tive bacteria following cuts, wounds, surgical opera- 
tions, etc. 


TOXINS 


Under suitable conditions many filtrates, obtained 
from the cultures of various organisms, possess true 
soluble toxins which are antigenic. It is believed that 
these exotoxins are largely responsible for the pathologi- 
cal changes which occur in certain infections. The 
filtrates containing these toxins have been employed 
also:as diagnostic aids, similar to the use of diphtheria 
toxin in the Schick test. The toxins themselves, or the 
latter changed to toxoids, are employed for active im- 
munization to create prolonged protection against 
these diseases. 


DIAGNOSTIC DIPHTHERIA TOXIN U. S. P. 
Toxinum Diphthericum Diagnosticum 
[Toxin. Diphtheric. Diagnost.—Schick Test Toxin, Diphtheria Toxin 
for the Schick Test, Diphtheria Test Toxin, Sp. Toxina Diftérica para 
Diagnéstico] 

Diagnostic Diphtheria Toxin is a sterile solution of 
the toxic products of growth of the diphtheria bacillus 
(Corynebacterium diphtherie). Diagnostic Diphtheria 
Toxin complies with the requirements of the National 
Institute of Health of the United States Public Health 
Service. 

Preparation—The artificial manufacture of toxin 
in vitro for commercial purposes depends upon many 
definite factors including favorable conditions. The 
requisite conditions for the best development of toxin 
are: a pure culture of Corynebacterium diphtheriz, and 
a strain known to yield a potent toxin such as Park and 
Williams’ No. 8; a suitable culture medium such as a 
2 per cent peptone nutrient bouillon made from fresh 
veal (avoid horse meat) and peptone, and possessing a 
pH of 7.3 to 7.4; proper inoculation of the culture 
medium which is grown in flat-bottom bottles or con- 
tainers, forming a shallow, thin layer of medium with a 
large surface, thus producing better aeration which 
results in more rapid production of the maximum 
amount of toxin; and incubation carried out at the most 
favorable temperature (between 32° to 35° C.)._ Under 
such favorable conditions, the greatest accumulation 
of toxin is produced by the bacilli in 4 to 8 days and 
usually in 7 days. At the end of this period of time 
approximately 0.5 per cent of phenol solution is added 

-and the liquid cultures are filtered: The number of 
viable organisms rapidly diminishes and the condi- 
tions for those remaining alive are not suitable for the 
rapid production of toxin. A description of the produc- 
tion of diphtheria toxin together with a consideration 
of changes and interesting data concerning Park and 
_ Williams’ No. 8 organism is given in Ann. Inst. Pasteur, 
61, 791 (1938). The usual sterility, safety, potency, 


and clinical tests are conducted. Bacteriostatic agents, 
such as those present in most biological products, are 
not added. The exact chemical composition of such 
commercially prepared toxin is not definitely known. 
On the other hand, much is known of its stability, be- 
havior toward chemicals and physical agents and its 
reactions after it is injected into animals. 

Standardization—Methods of measuring the degree 
of toxicity or potency of toxin in terms of a fundamen- 
tal unit of toxicity have been developed. This is the 
M. L. D. (minimum or minimal lethal dose) or M. F. D. 
(minimum fatal dose), which is the smallest amount of 
diphtheria toxin that, when injected subcutaneously, 
will kill a guinea pig weighing 250 Gm. at the end of 4 
days (96 hours), with the production of lesions typical 
of uncomplicated diphtheria poisoning. Other units of 
measurement are derived from this and apply to results 
obtained with toxoids or with antitoxin, or with a mix- 
ture of toxins and antitoxin. 

Diagnostic Diphtheria Toxin is so standardized that 
the amount of toxin injected intradermally (intracu- 
taneously) in one Schick test dose represents lég 
M. L. D. This dose is measured by noting local reac- 
tions in guinea pigs when injected intradermally with 
164 but not with 1¢9 of one test dose. For further de- 
tails concerning techniques for determining the suit- 
ability of toxin for Schick testing, see the Report of the 
Permanent Commission on Biological Standardization, 
League of Nations Health Organization, London (1931) 
and J. Immunol., 33, 191 (19387). 

Uses—Diagnostic Diphtheria Toxin is employed in 
the Schick test, J. Indiana M. A., 23, 320 (1930), to 
determine whether individuals have sufficient diphtheria 
antitoxin in their blood to render them immune to the 
disease. The technique consists in injecting intra- 
dermally 0.1 ce. of the diphtheria test toxin. A positive 
reaction will be apparent in 24 to 48 hours, and reaches 


its height in from 48 to 72 hours, when readings are 


generally made. The successful application of the 
Schick test depends upon the use of a product of ade- 
quate potency, the selection of a properly prepared con- 
trol, and good technique. : 

Average Dose—TIntracutaneous, for determining sus- 
ceptibility (Schick Test), 0.1 cc. of the dilution, repre- 
senting one-fiftieth of the minimum lethal dose. 


SCARLET FEVER STREPTOCOCCUS TOXIN 
USS. Ps 
Toxinum Scarlatine Streptococcicum 


[Toxin. Scarlat. Streptococ.—Dick Test .Toxin, Sp. Toxina del 
Estreptococo Escarlatinoso, Toxina Estreptoescarlatina] 


Scarlet. Fever Streptococcus Toxin is a sterile solution 
in a medium containing not more than 1 per cent of 
peptone but no meat extractive, of certain products in- 
cluding a soluble toxin, resulting from the growth in 
the broth of suitable strains of hemolytic streptococci. 
Scarlet Fever Streptococcus Toxin complies with the 
requirements of the National Institute of Health of the 
United States Public Health Service. 

Regulations—No horse blood or other foreign blood 


1343 


1344 BACTERIAL CULTURE FILTRATES, IMMUNIZING, TOXINS AND TOXOIDS 


shall be added to the culture medium used for the 
preparation of the Toxin. Scarlet Fever Streptococcus 
Toxin must be free from harmful substances detectable 
by animal inoculation. ‘ 

The potency of the Toxin shall be expressed in terms 
of the skin test dose. This is the smallest quantity of 
Toxin which will induce positive reactions in any person 
susceptible to scarlet fever, and negative reactions in 
any person immune to scarlet fever when injected 
intracutaneously. 

For Active Immunization—For this purpose the Toxin 
shall be dispensed in a series of graduated doses of such 
potency and number that on the average, when the 
series has been injected hypodermically at proper inter- 
vals into a toxin-susceptible individual, that individual 
will not react positively to one skin test dose of the 
Test Toxin, injected intracutaneously. 

Preparation—In the preparation of this toxin, one or 
more strains of streptococci, obtained from patients 
with searlet fever are carefully selected for toxin pro- 
duction. The strain or strains employed must produce 
a highly potent toxin and should possess broad anti- 
genic activity. The Dochez NY 5, Dick II, and Wil- 
liams Se. 2 strains have been found most satisfactory. 
This toxin is marketed in a diluted form (each 0.1 ce. 
containing one skin test dose) and generally labeled 
“Scarlet Fever Streptococcus Toxin for the Dick Test”’ 
(or for Determining Susceptibility to Scarlet Fever). 
In the case of the latter the parent toxin is diluted with 
a properly buffered isotonic diluent. A boric acid- 
borate buffer solution (B. B. S.) is also recommended 
as a diluent. See Brit. Med. J., 2, 700 (1938). 

Another form of toxin, marketed in a series of gradu- 
ated doses of suitable strength and number, is generally 
labeled “Scarlet Fever Streptococcus Toxin for Prophy- 
lactic or Active Immunization.”’ The requirement that 
the culture medium used in producing the toxin be free 
of meat extractives is different from the previous re- 
quirement and is in accordance with the communica- 
tion issued by the Dicks, J. Am. Med. Assoc., 113, 1150 
(1939). For more details and other data concerning 
Searlet Fever Streptococcus Toxin, see Dick and Dick, 
Scarlet Fever, Chicago, Ill. (1938). 

Standardization—The Unit of Scarlet Fever Toxin 
is the skin test dose (S. T. D.). The skin-test dose is the 
smallest amount of toxin which, when injected intra- 
cutaneously into persons known to be susceptible to 
the toxin, will induce a reaction equal to that induced 
on the same persons at the same time by the injection 
of a skin-test dose of the standard scarlet fever toxin 
supplied by the National Institute of Health. The dose 
is contained in 0.1 cc. and a positive test is a circum- 
scribed area of redness and slight infiltration which 
measures at least 1 cm. in diameter. The readings are 
made on a group of susceptible children (10 or 20 by 
preference) in a bright light 20 to 24 hours after injec- 
tion and are compared with the reaction induced by the 
standard toxin. The average of ‘the smallest dilution 
of the toxin tested, giving a reaction of 1 em. and equal 
to that induced by the standard toxin, is recorded as the 
skin-test dose. Toxins possessing a potency of 40,000 
skin-test doses per cc. or greater are obtainable and are 
preferable to the low-potency toxins. 

Uses—As a Diagnostic Agent in the Dick Test— 
Scarlet Fever Streptococcus Toxin is used in the Dick 
test, an intracutaneous test performed to determine 
susceptibility or immunity to scarlet fever. For this 
purpose, the toxin is properly diluted with a suitable 
diluent so that a skin-test dose is contained in each 0.1 
cc. The injections are measured accurately. They are 


given intradermally, generally on the flexor surface of 
the forearm after the latter is asepticized, and the reac- 
tions must be read preferably in a bright light in from 
20 to not later than 24 hours after the injection. 

Active Immunization—Scarlet Fever Streptococcus 
‘Foxin is not to be used in the treatment of scarlet fever 
patients but it is of value in the preventive treatment of 
this disease. The administration of suitable amounts of 
the toxin as a prophylactic will cause the Dick test to 
become negative in most humans. Upon this basis, 
accepting the Dick test as an evidence of immunity, 
techniques have been developed for the active im- 
munization of individuals against scarlet fever. 

Scarlet Fever Streptococcus Toxin, used according 
to the method recommended by Dick and Dick, is use- 
ful in* preventing the development of clinical scarlet 
fever in most exposed individuals. Subcutaneous injec- 
tions of toxin are given at weekly intervals in the fol- 
lowing dosage: 650, 2500, 10,000, 30,000, and 100,000 
to 120,000 8. T. D. (skin test doses). Additional doses 
may be necessary to produce a negative Dick reaction. 
There are many drawbacks in advocating this proce- 
dure as a routine community-wide or universal practice 
for immunization against scarlet fever. Too many in- 
jections are required with the resultant increase of ex- 
pense and inconveniences. Also the frequency and 
severity of reactions mitigate against this type of mass 
immunization. However, with proper precautionary 
measures, nurses, physicians, other hospital attendants, 
and all those likely to come in contact with cases of 
scarlet fever are immunized effectively. In addition, 
those in the military forces and in urban communities 
who have been exposed during high prevalence of the 
disease can be immunized. 

Intranasal, oral, percutaneous, and intracutaneous 
methods of administration of the toxin have been em- 
ployed but none of them have proved to be dependable 
for routine primary immunization. 

A formalinized toxin (Scarlet Fever Streptococcus 
Toxoid) requiring 3 injections has been prepared and 
tried. The results have not been very satisfactory. 
Mass or universal immunization as a preventive meas- 
ure against scarlet fever must await the introduction 
of an antigenic agent capable of eliciting a higher anti- 
body response with but few injections. 

Average Dose—Diagnostic, for determining suscepti- 
bility (Dick test), intracutaneous, 0.1 cc. of the dilution, 
representing one skin-test dose. Prophylactic injection, 
for active immunization, graded hypodermic doses to 
be given at proper intervals until a negative Dick test 
is obtained. 


Scarlet Fever Streptococcus Toxin, Tannic Acid 
Precipitated 


This toxin is prepared by some workers who claim that there 
is slower absorption and a prolonged antigenic stimulus which 
permits a reduction in the dosage as compared with other prod- 
ucts. Children receive 3 intracutaneous injections of 0.1 ce. 
(Ist dose—750 8. T. D./ce.; 2nd dose—3000 S. T. D./ee.; 3rd 
dose—10,000 8S. T. D./ce.) at 2-week intervals. Adults receive 
500, 2000, 6000, and 10,000 S. T. D./ce. 

In the preparation of this product, Scarlet Fever Toxin is 
treated with ammonium sulfate. The precipitate is dissolved in 
sterile isotonic sodium chloride solution and buffered to pH 6.6, 
then 0.5 per cent of phenol is added. This solution is further 
treated with a 0.5 per cent tannic acid solution. The precipitate 
is washed free of tannic acid and suspended in buffered saline 
containing 1 per cent of acacia. It is then assayed, diluted, and 
phenol is added. 


TOXOIDS 


Many toxins can be detoxified by treatment with 
formaldehyde, resulting in the formation of toxoids 
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which still retain the initial antigenic properties. Such 
toxoids are precipitated by the addition of aluminum 
potassium sulfate and the water-insoluble precipitate 
containing all the antigenic properties is purified by 
washing. This purification process removes more than 
50 per cent of the undesirable proteins. 


Various objections have been raised against the use 
of Alum Precipitated Toxoids (A P7’) as compared with 
Plain or Fluid Toxoids (FT). It is claimed by some 
that alum precipitation increases the capacity of toxoids 
and other antigens to sensitize the patient; there are 
more frequent local reactions; patients object to the 
presence of an insoluble mass or lump upon injection, 
which takes considerable time for its absorption; sterile 
abscesses may result if the injections are not deep; and, 
especially in mass immunization, there may be difficulty 
in maintaining a uniform suspension in a bulk prepara- 
tion. 


On the other hand, Alum Precipitated Toxoids have 
the definite advantage of requiring fewer doses for ade- 
quate primary immunization than plain or fluid toxoids. 
In the case of the diphtheria products, only two doses of 
Alum Precipitated “Diphtheria Toxoid are required. 
This advantage definitely makes it the preparation of 
choice for active immunization; and in addition few 
allergic reactions have been reported with its use. 


Suspensions of aluminum hydroxide are available in 
place of alum treated toxoids. These so-called 
‘‘Alhydrox”’ toxoids are said to produce less reactions. 
The toxoids remain adsorbed on the insoluble aluminum 
hydroxide. 


The usual method of administering toxoids is by the 
subcutaneous route. Other methods, such as the use of 
drops or spray with so-called Topagens, appear less 
potent as a procedure for primary immunization. The 
intranasal route for immunization is apt to result in 

undesirable reactions. Percutaneous and intradermal 
methods of immunization are not as yet generally 
favored. Tozxoid pastilles, to be sucked like hard candy 
as a booster dose, and the protamine zinc diphtheria 
toxoid of Ross are being studied to determine their 
practical usefulness. 


The prenatal immunization against diphtheria of 
Schick-positive mothers, to assure that the infant from 
such non-immune mothers will receive passively some 
inherited maternal immunity, has been tried. Vogel- 
sang, Th. M., and Kryvi, B. O., J. Hyg., 44, 437 
(1946), carried out Schick tests in 500 recently confined 
women and in their newborn infants. The Schick test 
was positive in as many as 73 per cent of the mothers and 
60 per cent of the infants. The infants were positive 
reactors in 82 per cent of all of the cases in which their 
mothers were positive. Immunization of Schick- 
positive women with diphtheria toxoid during preg- 
nancy is recommended as a preventive measure of 
diphtheria in infancy, since by this means the antitoxin 
level of the newborn infant can be raised. 


In a mass active immunization program where infants 


and young children are mainly involved, it is possible © 


that an artificially induced primary immunity is apt 

to wane and even disappear. Also, the disease may ex- 

tend itself to those in higher age groups who were not 

immunized. Therefore, control procedure must be con- 

cerned with maintaining an immunity once it is estab- 
lished by giving booster doses and also with the im- 

-munization of a wider age group than that previously 
considered. 
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DIPHTHERIA TOXOID U. S. P. Toxoidum 
Diphthericum 


[Toxoid. Diphtheric.—Diphtheria Anatoxin, Anatoxin-Ramon, Sp. 
Toxoide Diftérico] 


Diphtheria Toxoid is a sterile solution of the products 
of growth of the diphtheria bacillus (Corynebactercum 
diphtheriz) so modified by special treatment as to have 
lost the ability to cause toxic effects in guinea pigs but 
retaining the property of inducing active immunity. 
The toxicity of the Diphtheria Toxoid shall be so low 
that five times the initial dose for the adult human does 
not cause either local or general symptoms of diphtheria 
poisoning in a guinea pig within 30 days after its injec- 
tion into the animal. The antigenic value shall be such 
that the initial dose for the human shall protect at least 
80 per cent of guinea pigs, 6 weeks after injection, 
against five minimum lethal doses each of diphtheria 
test toxin. Diphtheria Toxoid complies with the re- 
quirements of the National Institute of Health of the 
United States Public Health Service. 

Preparation—Diphtheria Toxoid or Anatoxin is a 
detoxified diphtheria toxin. The conversion of toxin 
to toxoid is effected by treatment with formaldehyde 
(or other chemicals) and by incubation or exposure for 
varying periods of time at different temperatures. 
Horse meat should not be used in making the broth 
from which the original toxin is made. To a filtered 
toxin, free of bacilli possessing an L; dose of not more 
than 0.2 cc. and an M. L. D. of not more than 0.0025 cc. 
and containing no preservative, 0.2 to 0.4 per cent 
formalin is added. This mixture is incubated at 37° 
to 40° C. for 3 weeks or longer, until it becomes atoxic. 
When no toxic reaction results within 30 days from 
the subcutaneous injection of 5 cc. (5 human doses) into 
guinea pigs, weighing approximately 300 Gm., the 
toxoid preparation is considered atoxic. A preservative 
is added and toxicity, sterility, safety, and potency tests 
are made on all marketable products. The amount of 
formaldehyde used is important. This depends upon 
the amino nitrogen content of the toxin. Too much 
formaldehyde may produce undesirable local reactions. 

Sensitivity Tests—Toxoids are free of any serum pro- 
tein which. Toxin-Antitoxin Mixture contains because 
of the presence of the antitoxin, and since they do not 
contain horse serum, toxoids obviously do not sensitize 
individuals to this serum. 

It must be noted, however, that protein from the 
culture medium is found in toxoids, and slight protein 
reactions, especially in children over 10 years of age and 
adults, are possible in those sensitive to such proteins. 
If convenient, suspicious reactors may be tested to 
determine their degree of sensitivity by means of 
the so-called Moloney test. Intradermal injections of 
0.1 ce. to 0.2 ce. of Diphtheria Toxoid diluted 1 : 100 
to 1:200 reveal if a local area of redness will develop 
within 3 days. Diluted toxoid for the Moloney test is 
available on the market in a separate package. If the 
reddened area produced in an injection is less than one- 
half inch in diameter, Toxoid injections may be given. 
If greater reactions prevail, T-A Mixture may be em- 
ployed instead of Toxoid. 

Uses—Diphtheria Toxoid, used for immunizing 
children and adults against diphtheria, is generally ad- 
ministered subcutaneously in two doses of 1 ce. each 
at intervals of 3 to 4 weeks. Infants under 1 year of 
age receive 2 injections of only 0.5 ce. in each dose. 
When prophylactic agents are employed to obtain 
immunity to diphtheria, the Schick test and control 
should be made 3 to 4 months after the last injection, 
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to determine whether adequate protection has been ob- 
tained. Toxoid or Anatoxin has generally replaced 
the T-A Mizture for immunization since fewer injec- 
tions are needed, the immunity is developed more 
quickly, and a greater number of Schick-positive per- 
sons become Schick-negative. 

Diphtheria Toxoid is stable in its antigenic power, 
completely detoxified, and not easily affected by tem- 
perature changes. A perfectly detoxified toxoid cannot 
be converted into toxin. The plain toxoid is clear and 
if it has become very much clouded or turbid, it should 
not be used. The expiration date is 2 years after date 
of manufacture or date of issue. 

Average Dose— Hypodermic, for active immuniza- 
tion, 1 cc. or 0.5 cc. (whichever is specified on the label) 


to be repeated twice at intervals of approximately 3. 


weeks between injections. 


ALUM PRECIPITATED DIPHTHERIA TOXOID 
U.tSs PB; 

Toxoidum Diphthericum Alumen-precipitatum 
{Toxoid. Diphtheric. Alumen-praecip.—Sp. Toxoide Diftérico Pre- 
cipitado con Alumbre] 

Alum Precipitated Diphtheria Toxoid is a sterile 
suspension of diphtheria toxoid precipitated with alum 
from the solution in which the products of growth of the 
diphtheria bacillus (Corynebactertum diphtherix) have 
developed and have been so modified by special treat- 
ment as to have lost the ability to cause toxic effects 
in guinea pigs but retain the property of inducing active 
immunity. Alum Precipitated Diphtheria Toxoid 
complies with the requirements of the National Institute 
of Health of the United States Public Health Service. 

Regulations—The antigenic value of Alum Precipi- 
tated Diphtheria Toxoid shall be such that the initial 
dose for the human, when administered subcutaneously 
to guinea pigs weighing approximately 500 Gm., shall 
produce at least 2 units of antitoxin per ec. of blood 
serum at the end of 4 weeks. 

The finished product shall contain not more than 20 
mg. of alum per individual human injection, the calcu- 
lation being based on the total amount of alum added 
for precipitation, or not more than 15 mg. of alum per 
individual human injection as determined by assay of 
the finished product. 

Preparation—The addition of a small amount of a 
sterile solution of alum to-a toxoid under suitable condi- 
tions will produce a complete precipitation. The 
supernatant fluid which is discarded contains as high 
as 80 per cent of the protein contained in the original 
toxoid. The precipitate, after being washed, is re- 
suspended in physiological saline solution containing a 
preservative, and is marketed as a turbid suspension. 
This product, an alum precipitate of diphtheria toxoid 
in a highly purified state, free of serum albumin and of 
most of the albumin or protein contained in the original 
toxoid, is administered in a single or 2-dose treatment 
subcutaneously or intramuscularly. See Glenny and 
associates, J. Path. & Bact., 29, 38 (1926). A Schick 
test 1s made 2 months after the last injection. The 
toxoid is liberated slowly from the precipitate, so that 
the antigenic stimulus is maintained for a longer period. 

All Alum-Precipitated Toxoids, being suspensions, 
must be shaken well before withdrawing the contents 
from the vial or container. 

Standardization—Various methods have been pre- 
sented for determining the antigenic value of Toxoids. 
The Animal Test technique is used by some workers. 


See National Inst. of Health, Minimum Requirements 
for Diphtheria Toxoid. Many workers always use this 
protection test as the final control. Other methods are: 
(1) Binding of Antitoxin and (2) Tamon’s Flocculation 
Test. See G. Ramon, Ann. Inst. Pasteur, 45, 291 
(1931) and 61, 787 (1938). 

When fresh diphtheria toxin and antitoxin are mixed 
in vitro in proportionate amounts, a precipitate or 
floccules are formed. A similar reaction will not occur 
with either an excess or an insufficient amount of anti- 
toxin. <A similar flocculation reaction will result if the 
toxin is replaced by toxoid. This phenomenon is an 
expression of neutralization and demonstrates the com- 
bining power of toxin or toxoid with antitoxin. Ramon 
suggested the term antigenic unit for the amount of 
toxin or toxoid equivalent to’l unit of antitoxin as de- 
termined by the flocculation test. This is frequently 
spoken of as the L; (Limit of Flocculation) dose. It has 
also been referred to as the immunizing unit (U. L.). 
See Schmidt, S., Compt. rend. Soc. biol.; 88, 105 (1923). 

Definitions of Terms—Under Diagnostic Diphtheria 
Toxin, Diphtheria Toxoid, and Diphtheria Antitoxin, 
the definition of the following equivalents of toxin are 
given: M.L. D.; Li; L.; and L;‘(or U..I.). Another 
value is the L, (Limit of Reaction), which refers to the 
least amount of toxin which when mixed with 1 unit 
of antitoxin shows only a slight redness when injected 
intradermally into guinea pigs. See Glenny, A. T., 
and Allen, K., J. Path. & Bact., 24, 61 (1921). The 
L., L,, and L, of a stabilized toxin remain fairly con- 
stant, and any one of them may be used in the stand- 
ardization of antitoxins, though in this country the 
L, dose of toxin is the unit of measure. The Li and 
L. doses of fresh toxin are alike if but little toxoid is 
present. When the latter is formed, the L, dose in- 
creases in size but the Lr dose is not changed to any 
great extent. The L; dose of a toxin expresses the com- 
bining power of a toxin and its corresponding antitoxin 
and therefore serves the purpose of determining the 
antigenic value of toxoids. The M. R. D. (Minimum 
Reacting Dose) is the least amount of toxin which when 
injected intradermally into a guinea pig will produce 
an area of hyperemia which is at least 5 mm. in diameter 
within 36 hours. 

Dosage—Prior to the age of 6 months, a passively 
inherited maternal immunity may interfere with the 
active effect of toxoid immunization. Therefore, the 
initial active immunization of all children against diph- 
theria should be undertaken at the age of 6 months and 
reimmunization carried out when the child enters school 
for the first time. The antigenic superiority of toxoid 
over Toxin-Antitoxin (T-A) Mixture is generally recog- 
nized, since the latter may be responsible for serum reac- 
tions and even more involved toxic disturbances. 

The initial immunization therefore should consist in 
each instance of a complete course of 2 doses (0.5 to 1 
cc., preferably the latter) of Alum Precipitated Diph- 
theria Toxoid (APT) or three doses of fluid toxoid 
(FT), given preferably 3 weeks apart. APT is the 
immunizating agent of choice. All children should re- 
ceive a booster dose of 1 cc. of alum precipitated toxoid 
(APT) when they enter school for the first time. 

In areas of increased diphtheria prevalence, inocula- 
tion or reinoculation of all children through high-school 
age who have not been so treated within the 3 years © 
immediately preceding is recommended. Older children 
and adults should be inoculated with caution and | 
preferably only after Schick testing. 

Adolescents, and especially adults, who have been ex- 
posed to diphtheria should not only be Schick-tested 
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but they also should be subjected to the Schick control 
test. Reactors to the latter are generally not actively 
immunized as they usually possess either actual or 
latent immunity and frequently such individuals give 
marked reactions to toxoid. At present, plain diph- 
theria toxoid is the preparation of choice for adoles- 
cents and adults who are Schick-positive. 


Toxoid or diluted toxoid is administered to those 
revealing positive Moloney reactions. Inasmuch as the 
usual initial dose in older subjects is 0.1 cc., the latter 
is frequently substituted for the Moloney test. 


Prophylactic doses of antitoxin should be given to 
household contacts unless they have recently received 
active immunization. Whenever prophylactic anti- 
toxin is given there should also be administered, in every 
instance, an accompanying injection of 1.0 cc. of alum 
precipitated toxoid. A second injection should be given 
a month later wherever possible. 


Diphtheria antitoxin is to be given in all suspected 
diphtheria cases for immediate protection, without at- 
tempting therapeutic tests with other agents or await- 
ing the results of bacterial examination of nose and 
throat cultures. 


In general, use of the Schick test to determine the 
immune status of children prior to immunization is not 
necessary since it is known that practically all such 
young children are Schick-positive. Furthermore there 
is little need for a post-immunization Schick test since, 
with the recommended schedule, essentially 100 per 
cent of those injected become Schick-negative. Time 
devoted to an additional injection such as the Schick 
test could be used more profitably in the administration 
of additional toxoid. From the standpoint of the prac- 
ticing physician who may want to know the Schick 
reaction of a specific patient, there may be some indica- 
tion for applying the test. 


The clinical protection afforded against diphtheria 
by active immunization is impressive. The protection 
is not absolute, as is the case with all active immuniza- 
tion procedures but decreases in proportion to the 
interval elapsing since inoculation. The incidence of 
clinical diphtheria among those immunized is about 10 
to 15 per cent of that among non-immunized individu- 
als. Furthermore, clinical diphtheria is usually milder 
in immunized persons than in unimmunized persons. 


There is no doubt as to the value of artificial active 
immunization as a prophylactic measure. This is well 
demonstrated by the correlation between widespread 
active immunization and the accentuated decline in the 
number of deaths due to diphtheria. It is felt that 
communities which maintain rates of active immuniza- 
tion of 35 per cent or more of the children under 5 years 
_of age, plus 50 per cent of children of school age, are 
free from the danger of significant outbreaks of diph- 
theria. There is evidence, however, that as diphtheria 
has diminished in incidence through the years and car- 
riers of virulent diphtheria bacilli have tended to dis- 
appear, there has been a reduction in the acquisition of 
‘natural immunity by the population, particularly by 
the age group under 10 years. To compensate for this 
reduction, it is essential that artificial active immunity 
be increased. 


- Average Dose—Hypodermic, for active immuniza- 
_ tion, 1 cc. or 0.5 cc. (whichever is specified on the label) 
to be repeated once with an interval of 4 to 6 weeks. 


“ 


Other Diphtheria Preparations Employed as 
Prophylactic Agents 

The following preparations are also available as prophylactic 
agents: Diphtheria Toxin-Antitoxin (T-A) Mixture; Diphtheria 
Toxoid-Antitoxin Mixture, in which the toxoid is sufficiently 
neutralized by antitoxin; Diphtheria Toxin-Antitoxin Floccules 
and Diphtheria Toxoid-Antitoxin Floccules, in which the floccules 
formed after flocculation are washed and then suspended in 
physiological saline solution. They are all administered subcu- 
taneously and after a lapse of several months following the last 
injection, a Schick test is performed to ascertain if immunity has 
been established. 

Diphtheria Toxin-Antitoxin (T-A) Mixture—Toxin-Antitoxin 
Mixture is a sterile, colorless liquid. It is prepared from diph- 
theria toxin, which has been previously aged and standardized, 
then mixed with diphtheria antitoxin and finally diluted so that 
the finished preparation contains a fairly large amount of toxin 
(40 L dose) combined with a very minute quantity (0.08 unit) 
of antitoxin. 

The usual precautionary measures for testing the toxicity, 
sterility, potency, etc., of all biological products must be observed 
in the marketing of this preparation. T-A Mixture should not 
be kept at freezing temperatures, as the toxin is liberated by 
freezing, thus increasing the toxicity of the product. It should 
be stored preferably between 40° and 50° F. (5° to 10° C.). 
The expiration date is 6 months after date of manufacture or 
date of issue. 

Uses—Active immunization against diphtheria is accom- 
plished by using a dose of 1 cc. of the T-A Mixture. Three injec- 
tions, all of the same strength, are given subcutaneously in the 
arm at the insertion of the deltoid, at weekly or bi-weekly inter- 
vals. The development of an immunity sufficiently high for the 
Ser test to become negative frequently requires from 8 to 12 
months. : 


DIPHTHERIA AND TETANUS TOXOIDS U. S. P. 
Toxoida Diphtherica et Tetanica 


[Toxoid. Diphtheric. et Tetan.—Combined Diphtheria and Tetanus 
Toxoids, Sp. Toxoides Diftérico y Tetdnico] 

Diphtheria and Tetanus Toxoids is a clear or slightly 
turbid, yellowish or brownish liquid made by mixing 
suitable quantities of diphtheria toxoid and tetanus 
toxoid, each of which possesses adequate potency to 
permit combining. The toxoids shall be mixed in such 
proportions that each cv., or less, of the combined tox- 
oids will contain one individual human dose of each of 
the active ingredients. Diphtheria and Tetanus Tox- 
oids complies with the requirements of the National 
Institute of Health of the United States Public Health 
Service. 

Average Dose— Hypodermic, for active immuniza- 
tion, I cc., to be repeated twice with intervals of ap- 
proximately 3 weeks between injections. Additional 
doses may be required to secure a negative Schick test. 


ALUM PRECIPITATED DIPHTHERIA AND 
TETANUS TOXOIDS U. S. P. 


Toxoida Diphtherica et Tetanica Alumen-precipitata 


[Toxoid. Diphtheric. et Tetan. Alumen-precip.—Combined Diph- 
theria and Tetanus Toxoids, Alum Precipitated, Sp. Toxoides 
Diftérico y TetAnico Precipitados con Alumbre] 

Alum Precipitated Diphtheria and Tetanus Toxoids 
is a turbid, white, slightly gray or slightly pink suspen- 
sion prepared by mixing suitable quantities of alum pre- 
cipitated diphtheria toxoid and alum precipitated teta- 
nus toxoid, each of which possesses adequate potency 
to permit combining. The toxoids shall be mixed in 
such proportions that each cc., or less, of the combined 
toxoids will contain one individual human dose of each 
of the active ingredients. Alum Precipitated Diph- 
theria and Tetanus Toxoids complies with the require- 
ments of the National Institute of Health of the United 
States Public Health Service. 
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Simultaneous . (Combined) Active Immunization 
against two or more diseases has been advocated and 
has found favor among many. Ramon was the first to 
recommend active immunization with diphtheria and 
tetanus toxoids, combined. See Presse med., 44, 1625 
(1936). He showed that the antitoxin content following 
a course of immunization with the combined toxoids is 
higher than that induced by the injection of either toxoid 
by itself. Bigler and Werner, J. Am. Med. Assoc., 
116, 2355 (1941), discuss active immunization against 
tetanus and diphtheria in infants and children and they 
conclude that combined immunization would seem as 
practical as immunization against diphtheria alone. 

Average Dose—Hypodermic, for active immuniza- 
tion, I cc., to be repeated once with an interval of 4 to 
6 weeks. Additional doses may be required to secure 
a negative Schick test. 


TETANUS TOXOID U. S. P. Toxoidum Tetanicum 
[Toxoid. Tetan.—Sp. Toxoide Tetdnico] 


Tetanus Toxoid is a sterile solution of the products of 
growth of the tetanus bacillus (Clostridium tetant) so 
modified by special treatment as to have lost the ability 
to cause toxic effects in guinea pigs but retaining the 
property of inducing active immunity. 

The toxicity of Tetanus Toxoid shall be so low. that 
5 ee. of the material does not cause any symptoms of 
tetanus in a guinea pig within a period of 21 days after 
its injection into the animal. The antigenic value shall 
be such that 1 cc. of the material shall, 6 weeks after 
injection, protect at least 80 per cent of the guinea pigs 
used from all symptoms of tetanus for a period of 10 
days after the injection of 10 minimum lethal doses of 
tetanus test toxin into each animal. Tetanus Toxoid 
complies with the requirements of the National Insti- 
tute of Health of the United States Public Health Seryv- 
ice. 

Average Dose— Hypodermic, for active immuniza- 
tion, I cc.; or 0.5 cc. (whichever is specified on the label) 
to be repeated twice at intervals of approximately 3 
weeks between injections. 


ALUM PRECIPITATED TETANUS TOXOID U. S. P. 
Toxoidum Tetanicum Alumen-precipitatum 


[Toxoid. Tetan. Alumen-precip—APT, Sp. Toxoide Tetdnico 


Precipitado con Alumbre] 


Alum Precipitated Tetanus Toxoid is a sterile suspen- 
sion of tetanus toxoid, precipitated with alum from a 
solution in which the products of growth of the tetanus 
bacillus (Clostridium tetani) have developed and have 
been so modified by special treatment as to have lost 
the ability to cause toxic effects in guinea pigs, but re- 
taining the property of inducing active immunity. 
Alum Precipitated Tetanus Toxoid complies with the 
requirements of the National Institute of Health of the 
United States Public Health Service. 

Regulations—The volume of Alum Precipitated 
Tetanus Toxoid intended for human injection when in- 
jected subcutaneously into normal guinea pigs weighing 
approximately 500 Gm., shall produce at least 2 units 
of antitoxin per cc. of blood serum in not more than 6 
weeks when aliquot portions of serum from not less 
than 4 guinea pigs are pooled. 

The finished product shall contain not more than 20 
mg. of alum per individual human injection, the calcula- 
tion being based on the total amount of alum added for 


precipitation, or not more than 15 mg. of alum per 
individual human injection, as determined by assay of 
the finished product. 


Uses—The tetanus toxoids, used only for active 
immunization, possess great prophylactic value in the 
limited field of their usefulness. They are employed 
for the commercial production of tetanus antitoxin and 
for the active immunization of animals. Their use is 
practical and safe. 


Active immunization against tetanus is highly advo- 
cated in allergic individuals and those who are hyper- 
sensitive to horse serum, in hunters, public utility 
workers in field duty, those in military service, farmers, 
hostlers, horsemen, veterinarians, children, and others 
whose, occupation and duties continually expose them 
to injuries favorable for the development of tetanus in- 
fection. 

Probably the largest field for the practical use) 
Tetanus Toxoid is in military service especially during 
mechanized warfare and air-bombing. Hall, Ann, Int. 
Med., 14, 565 (1940), reports a detailed study of im- 
munization with tetanus toxoid in the U.S. Navy since 
1934. Tetanus immunization with toxoid has been 
adopted by the French, Italian, British, and American 
armies. 

Evidence indicates that the markedly low incidence 
of clinical tetanus among the Allied troops in World 
War II was due to the fact that most of them were ac- 
tively immunized with tetanus toxoid. Glenn, F., 
Ann. Surg., 124, 1030 (1946), in a report on tetanus con- 
cludes that: “the protection of the American soldier 
against tetanus by active immunization with tetanus 
toxoid during World War II is one of the most success- . 
ful projects yet demonstrated in the field of preventive 
medicine.’’ He further states: ‘present-day mortality 
rates indicate that the disease is best controlled by pre- 
vention rather than any known therapy of a curative 
nature.”’ 


Though reactions are infrequent when using tetanus 
toxoid, Cooke and associates, J. Am. Med. Assoc., 114, 
1854 (1940), advise making a scratch skin test for hyper- 
sensitiveness before administering the second and all 
later injections. 

A tetanus toxoid or anatoxin, made in the same man- 
ner as diphtheria toxoid, and a refined tetanus toxoid 
(alum precipitated) have been used successfully to ac- 
tively immunize domestic animals against tetanus. 
Similar preparations have been used for the prophylac- 
tic immunization of humans. 

Immunization with tetanus toxoid, usually in two 1- 
ec. doses at intervals of 3 months either intramuscu- 
larly or by deep subcutaneous injection, produces an 
active immunity lasting probably for many years. Its 
use eliminates the need for repeated antitoxin injections 
following injury, the possible subsequent serum reac- 
tions, and the possibility of sensitization to horse serum. 

APT (Alum Precipitated Tetanux Toxoid) is more 
effective than the plain or fluid toxoid (FT) as a pro- 
phylactic agent against clinical tetanus. 

Dosage—Various procedures of active immunization 
have been advocated but the best schedule to be used 
for primary immunization is the subcutaneous injec- 
tion of 2 doses of APT or three doses of FT at intervals 
of one month or longer. This should be followed by a 
recall dose of the toxoid used 6 to 12 months later. 
A recall dose should also be given following accidents 
or injuries which involve the risk of tetanus infection. 

Intranasal administration using Tetanus Topagen 
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and intracutaneous injections of tetanus toxoid have 
been used but the subcutaneous route is preferred by 
most workers. The practice formerly used of administer- 
Ing prophylactic doses of tetanus antitoxin routinely 
following accidents or injuries is not satisfactory. When 
mjuries occur to persons who have been completely 
actively immunized with toxoid, emergency prophylaxis 
should consist in the administration of a booster dose of 
toxoid and not of antitoxin. In a patient exposed to 
tetanus, never previously immunized, or in a patient 
not completely actively immunized (between the first 
and second or immediately after the second injection 
of toxoid), requiring prophylactic inoculation, tetanus 
antitoxin should be given. Some advocate, in the latter 
Instances, simultaneous active and passive immuniza- 
tion, that is, the administration of both tetanus anti- 
toxin and tetanus toxoid at the same time. 


_ Average Dose—Hypodermic, for active immuniza- 
tion, I cc. or 0.5 cc. (whichever is specified on the label) 
to be repeated once with an interval of 4 to 6 weeks. 


Diphtheria Toxoid Combined with Other Antigens 


Diphtheria Toxoid-Pertussis Vaccine—The simultaneous im- 
munization with a combined diphtheria toxoid-whooping-cough 
vaccine is advocated by Simon and Craster. See J. M. Soc. New 
Jersey, 38, 461 (1941). Schutz, Lancet, 2, 192 (1940), demon- 
strated experimentally with injections of a combined diphtheria 
toxoid and pertussis vaccine that the antigenic potency of each 
does not suffer because of the presence of the other. Foley, 
Canad. J. Pub. Health, 37, 259 (1946), in.a 3-year experiment 
with combined diphtheria toxoid-pertussis vaccine in over 38,000 
children, revealed highly favorable results. 

D-T-P (Diphtheria and Tetanus Toxoids Combined with 
Pertussis Vaccine)—This mixed vaccine has gained considerable 
favor within recent years. Satisfactory immunity against all 3 
diseases is afforded with a suitable preparation by following the 
recommended schedule of injections. 

Diphtheria-Typheid Vaccines—Typhoid or triple (typhoid- 
paratyphoid) vaccines have been combined with diphtheria tox- 
oid or tetanus toxoid or both. These combinations have a prac- 
tical value. Furthermore there is no evidence of loss of effective- 
ness of any component; in fact some reports indicate an increase 
in effectiveness. 

Mixtures of triple vaccine which include cholera vaccine also 
have been used, particularly in the armed forces of Continental 
European Countries. 


MISCELLANEOUS BACTERIAL CULTURES AND CULTURE FILTRATES 


Acidophilus and other Lactobacilli Cultures 


_ Broth cultures or pure whey cultures of either Lactobacillus Acidoph- 
tlus or L. bulgaricus (viable organisms) plain or flavored are mark- 
eted. The acidophilus cultures are preferred and are employed in 
various intestinal disorders for the purpose of implantation and 
changing an objectional intestinal flora into desirable aciduric types. 
The liquid cultures usually contain 200 million or more living bacteria 
per cc. at the time of manufacture and at least 50 per cent this num- 
ber at the expiration date. These cultures are usually given in % to 2- 
tablespoonful doses 2 to 4 times daily preferably in milk or with 
simultaneous administration of lactose. It also is marketed under 
such trade names as Acados (National Drug Co.), Bacid Culture 
(Arlington Chemical Co.), and B. A. Culture. Bu-Tab are tablets 
containing L. bulgaricus. 


Bacteriophage and Phagotherapy 


_ Twort (Lancet, XI, 1241 (1915)) and d’Herelle (The Bacteriophage 
and Its Behavior, 1926, Williams & Wilkins) observed that when Berke- 
feld filtrates of cultures of certain bacteria are added to the cultures 
of the same and even other bacteria, the microorganisms disappear or 
go into solution. The substance which produces this transmissible 
ave and apparent autolysis has been termed a ‘‘bacteriophage’”’ or 

phage. 

Much discussion has centered around the nature of the bacterio- 
phage of Twort-d’Herelle. The exact nature of this bacteriolytic 
agent is unknown. The two leading views are: (1) that it is an ultra- 
microscopic filterable organism, which is widely distributed and grows 
only in contact with and at the expense of living bacteria; (2) that 
the bacteriophage is an enzyme or enzyme-like substance produced 
by the bacteria. Evidence presented by many workers indicates that 
this product possessing lytic properties of its own is a self-perpetuating 
substance exhibiting a stimulating effect on homologous or closely 
related bacterial species. Whether it is a living parasitic organism, 
a product of bacterial metabolism, or enzyme, will require further 
investigation. d,Herelle’s claim that the bacteriophage is a living 
bacterial species is based mainly on its capacity of unlimited self- 
multiplication. 

Bacterionhage is very active in weak dilutions. It is produced only 
in contact with living bacteria (active cultures), against which it is 
effective and not in environments containing dead organisms, being 
inert against the latter. It is inactivated when heated at 72° to 75° 
C. for thirty minutes and by various chemicals. It passes through 
the compact clay and infusorial earth filters which retain bacteria. It 
is highly specific in that it is most active against one bacterial species 

- or those very closely related; there is no action against unrelated 

species. It can be propagated indefinitely in association with active 

cultures of the bacteria on which it acts as a lytic agent. When 
injected into animals, a specific antibody is produced which inhibits 
the lytic action of the bacteriophage, a process closely paralleling the 
neutralization of soluble toxin by its specific antitoxin. Bronfen- 
brenner has presented two comprehensive surveys and investigations 
of his own on bacteriophage (1928—Chapter X of River’s Filterable 
Viruses and Chapter XL in the Newer Knowledge of Bacteriology and 
_. Immunology). Krueger (Physiol. Rev., XVI, 129 (1936)) presents a 
detailed review of the nature of bacteriophage and its mode of action. 
Therapeutic Use of Bacteriophage—The distinctive action (in 
vitro) of bacteriophage upon certain pathogenic bacteria has resulted 
in attempts to employ this as a therapeutic agent with the thought 
_ that it would destroy pathogenic bacteria in the infected animal body 


(Presse. Med., 39, 168 (1931)). Bacillary dysentery, bubonic plague, 
cholera, strentococcic and stavhylococcic infections have been treated 
with bacteriophage preparations. The majority of the favorable re- 
ports are from cases infected with Shigella dysenteriz and Staphylo- 
cocci. Phavotherapy has been employed for the destruction of the 
staphylococcus in the treatment of boils, carbuncles, and other local- 
ized infections by instiJation, local, and even hypodermic injections. 
Results thus far reported reveal that the bacteriophage in these cases 
is far less effective in the living tissues (in vivo) than in the test tube 
(in vitro). Best results are obtained when large doses and frequent 
reinoculations are given (Jern and Associates, J. Lab. Clin. Med., 
XIX, 1257 (1934). Similar findings are reported by Lampert and 
Boyce (Am. J. Surg., XX1X, 436 (1935)), who also mention the fact 
that where bacteriophage is unsuccessful it does no harm. MacNeal 
and associates (Am. J. Med. Sct., May, 1934, and (1936, 191, 170)) 
consider the clinical application of bacteriophage in the blood stream 
and in other affections. 

The marketable bacteriophage preparations are either in liquid 
form and found in ampuls or these sterile lysates are incorporated in 
water-soluble jelly bases preserved with a suitable antiseptic. They 
are administered topically, orally, subcutaneously, and intravenously 
and as frequently as clinical experience in individual cases determines. 
Phages specific to the particular offending agent are to be used. They 
are non-toxic, apparently harmless to tissue cells, stimulate phago- 
cytosis, and are antigenic. 

The true relationship of this bacteriolytic agent to disease, its treat-' 
ment, and prevention are still as obscure as the nature of the agent 
itself. Much needs to be determined before it is possible to explain 
the high in vitro and low in vivo activity of bacteriophage. One pos- 
sible explanation is the development in body tissues of phage-resistant 
variants of the infecting organism (J. Infect. Dis., 72, 172 (1943); 
J. Bact., 45, 477 (1943)). More recently experimentation has re- 
vealed that bacteriophage is inactive under certain colloidal condi- 
tions, and plasma apparently inhibits both lytic action and prolifera- 
tion but does not destroy the bacteriophage (Calvin, M. G., Am. J. 
Hyg., XV, 247 (1932); J. Infect. Dis., LI, 527 (1932)). The latter does 
not possess demonstrable bactericidal action in artificial tissue cul- 
tures, and, what is even of greater significance, is the fact that re- 
searches reveal an alleged cooperation of bacteriophage with certain 
bacteria to produce microorganisms of an exalted activity (7. e., 
organisms as EH. typhosus and other microorganisms, unable to cause 
hemolysis as commonly observed, become hemolytic in character). 

Eaton and Bayne-Jones (J. A. M. A. (1934), 103) conclude after a 
comprehensive study of bacteriophage therapy that ‘‘the evidence 
for the value of lytic filtrates is for the most part contradictory. 
Only in the treatment of local staphylococcic infections and perhaps 
cystitis (due to B. coli and staphylococci) has evidence at all convine- 
ing been presented. The favorable results reported may have been 
due to the specific immunizing action of the bacterial proteins in the 
material used and to non-specific effects of the broth filtrates.” 
Favorable results of bacteriophage therapy have been reported in the 
treatment of cholera. The marketable bacteriophage cultures have 
been found to vary greatly in potency (Straub and Applebaum, 
J. A.M. A., 100, 110 (1933)). 

Among the marketed bacteriophage preparations are to be found 
various. ‘‘Bacte’’ phages with the individual bacterium designated 
(Anglo-French Drug Co.); and ‘‘Colo-Jel”’ (in a water-soluble jelly 
base) and ‘‘Colo-Lysate’’ (liquid), both being H. colt mixed bacterial 
vaccine lysed with their respective bacteriophages and other ‘‘Jel’’ 
and ‘Lysate’ (Eli Lilly & Co.) preparations with the individual 
organisms designated. 


CHAPTER CXV 


TUBERCULINS AND OTHER ANTIGENS — 


Op TUBERCULIN was introduced originally by Koch 
as a curative agent in tuberculosis but its use is not 
without danger. At present, the use of this and other 
tuberculins in the treatment of tuberculosis should only 
be employed by those practitioners who have a thor- 
ough understanding of their limitations and possibili- 
ties. O.T.is the tuberculin of choice and the one used 
most frequently for treatment. B. E. (Bacilli Emul- 
sion) and T. R. (Tuberculin Residue), because of their 
slower absorption, are preferred by some workers but 
they do not appear to be as effective. 


OLD TUBERCULIN U.S. P. Tuberculinum Pristinum 


{[Tuberculin. Prist. oe Koch, 


Concentrated Tuberculin, 
Koch’s Old Tuberculin, O. 


Crude Tuberculin, Sp. Tuberculina 
Henkes 

Old Tuberculin is a sterile solution in a special liquid 
culture medium of the soluble products of growth of the 
tubercle bacillus (Mycobactertum tuberculosis) .and 
should contain about 50 per cent of glycerin. Old 
Tuberculin complies with the requirements of the Na- 
tional Institute of Health of the United States Public 
Health Service. 


Preparation—Large shallow flasks, containing 5 per 
cent of glycerin alkaline broth, are inoculated with a 
culture of a standard human strain of the tubercle 
bacillus (Mycobactertum tuberculosis, hominis). The 
flasks or bottles are capped with sterile tin foil and 
placed in an incubator at 37° C. where they are kept 
undisturbed for 6 to 9 weeks depending upon the rate 
of growth and upon the appearance of a pellicle, which 
‘first covers the surface of the medium and finally sinks 
to the bottom. Each container is then agitated well 
until the pellicle is suspended uniformly “throughout 
the culture medium and the contents are subjected to 
a current of steam at 100° C. until the mixture is re- 
duced to one-tenth of the original volume. The mate- 
rial is filtered through paper pulp, cresol (0.3 per cent) 
or other suitable preservative is added, and final filtra- 
tion is conducted threugh.Berkefeld filters. Sterility, 
toxicity, safety, and potency tests are conducted as 
for other biological products. This product retains its 
activity for an indefinite period of time, though the 
expiration date generally employed is 5 years after 
date of manufacture or date of issue. As a matter of 
precaution, this preparation should be kept in a cool, 
dark place. Many attempts have been made to adopt 
some uniform and simple methods for determining the 
efficiency of this and the other tuberculins mentioned 
later, but a satisfactory and reliable method has not as 
yet been made available. 

Uses—Koch’s Old Tuberculin is of greatest value in 
the diagnosis of tuberculosis in man and animals. 
It is to be noted that marketable tuberculins are desig- 
nated as Human Type or Bovine Type, but the gener- 
ally accepted opinion is that the bacterial protein re- 
sponsible for eliciting the allergic reaction is a group 
antigen and is the same for the bovine as for the human 
type of tubercle bacillus. There is no evidence that 
tuberculins prepared from the two types differ as to 


their active principle and in practice no attempt is made 
to differentiate between infections with the human and 
bovine types. 

In most clinies the human type of Old Tuberculin is 
generally employed for diagnostic testing in humans. 
The bovine type of the tubercle bacillus is employed 
in making tuberculins for veterinary purposes. 

Average Dose—Intracutaneous, Diagnostic, 0.000,01 
ce. to 0.001 cc. Subcutaneous, Therapeutic, 
0.000,000,01 cc. to 0.000,001 cc. 


PURIFIED PROTEIN DERIVATIVE OF 
TUBERCULIN U. S. P. 
Tuberculini Derivativum Proteinicum Purificatum 


(Tuberculin. Deriy. Protein. Pur.—Tuberculin P. P. D., Sp. Dérivado 
Proteinico Purificado de Tuberculina] 


Purified Protein Derivative of Tuberculin is a sterile, 
soluble product of the growth of the tubercle bacillus 
(Mycobacterium tuberculosis) prepared in a_ special 
liquid medium free from protein. Purified Protein 
Derivative of Tuberculin complies with the require- 
ments of the National Institute of Health of the United 
States Public Health Service. 

Preparation—Tuberculin P. P. D. (Purified Protein 
Derivative) is obtained from standard B. A. I. synthetic 
tuberculin by the method of Seibert. See Am. Rev. of 
Tuberc. 25, 724 (1932). In this technique extraneous 
proteins are eliminated while the substance responsible 
for the specific reaction is retained. The latter is di- 
luted with milk sugar and prepared in tablet form so 
that each tablet contains a definite weight of protein 
derivative. These tablets, being indefinitely stable in 
this form, possess constant activity. 

Uses—P. P. D. is used more frequently today than 
the other tuberculins, especially in the intracutaneous 
tests. Fresh solutions are to be preferred and are made 
for each testing with a sterile buffered diluent supplied 
in each package. For further details see Am. Rev. of 
Tuberc., 30, 713 (1934) and 35, 281 (1937). 

Average Dose— Diagnostic, 0.000,02 mg. or 0.005 mg. 


Interpretation of the Tuberculin Reaction 


A positive tuberculin reaction is indicative of a 
tuberculous focus but not necessarily of tuberculous 
disease. Other methods are employed to find out where 
the focus of infection lies, whether it is active, and the 
extent of such activity. Failure to obtain a positive 
reaction, however, does not always exclude tuberculosis. 
Sensitiveness to tuberculin may be absent in acute mili- 
ary or generalized tuberculosis and during some acute 
infectious diseases. Occasionally it is found that a 
child, once a reactor, has become negative to later tests. 
Infrequently a calcified pulmonary nodule may be seen 
in a child that fails to react to tuberculin. In such a 
case, it is probable that the focus of the disease has 
become inactive and that no living tubercle bacilli 
are present. 

In reviewing the present status of the (abereaine 
and the performance of the tuberculin test, the best 
practice to adopt until other data are made available 
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is to use P. P. D. as the diagnostic tuberculin and O. T. 
if the latter is not available. Wherever possible, the 
Mantoux test should be performed, using the weak or 
first strength and if the latter is negative, then use the 
second strength. If for some reason the Mantoux test 
is inadvisable or cannot be performed, the patch. test 
is performed, which if negative is followed up with the 
Mantoux test using the stronger concentration or 
second strength. The Von Pirquet technique is used 
when it is not possible to perform either of the above 
methods. 


Immunization against Tuberculosis 


B. C. G. (Bacille Calmette-Guerin)—Calmette, 
Guerin, and collaborators of the Pasteur Institute, 
Bull. Inst. Pasteur, 22, 393 (1924) and 26, 889 (1928), 
have advocated the immunization of newborn infants, 
where the parents are tuberculous or where environ- 
mental conditions are such that tuberculosis is inevi- 
table, with a culture of tubercle bacilli, labeled by them 
B. ©. G. It is not a tuberculin. This culture (so 
labeled) is said by them to contain an avirulent or an 
attenuated bovine strain of tubercle bacilli which still 
retain their immunizing qualities, though they have lost 
their virulence by transplanting more than 200 succes- 
sive generations upon a 5 per cent glycerin potato 
medium saturated with beef bile. They have advocated 
the administration by mouth of 3 doses of 10 mg. of 
Bacille Calmette-Guerin every 48 hours before the new- 
born is 10 days old. The mucous membranes of the 
intestinal tract of the newborn change after it is 10 days 
old and immunization is not so successful. 

A large number of reports have accumulated on the 
use of B. C. G. in man and animals. See Am. Rev. of 
Tuberc., 27, 6 (1933). Kereszturi, Park, and associates 
in a 5 years’ study on more than 400 babies indicate 
that “B. C. G. vaccination is harmless and gives a very 
definite resistance against tuberculosis.” They also 
advocate parenteral instead of oral or enteral adminis- 
tration. See New York State J. Med., 33, 375 (1933). 
For subcutaneous injection, 0.01 to 0.05 mg. doses 
have been generally favored. For intracutaneous in- 
jection doses of 0.05 to 1.0 mg. are used though some 
advocate 0.15 mg. as the optimum dose. Birkhaug, 
Nord. med. tidskr., Aug. 14 (1937), who prepares 
B. C. G. for the Norwegian medical profession, observed 
that it cannot be accepted as a virus fixé. He concludes 
that B. C. G. never produces progressive and fatal 
tuberculosis. He believes, instead of anticipating that 
the present strains will increase in virulence, that actu- 
ally B. C. G. will ultimately lose its present ability to con- 
ferimmunity against virulent tubercle bacilli. He highly 
recommends the intracutaneous method of administra- 
tion and further suggests that the usual preventive 
measures should be continued. The results of the use 
of B. C. G. vaccination among medical and nursing 
students in Chicago is discussed by Rosenthal in 
Hospitals, 17, 75 (1943). The results have been satis- 
factory. A British review on the use of B. C. G. in 
Lancet, 251, 138 (1946) concludes: ‘It is believed that 
(1) the harmlessness of B. C. G. is established beyond 
doubt, (2) a very considerable degree of immunizing 
efficiency is indicated by the most reliable results from 
other countries, (3) there exists in tuberculosis services 
and among the medical profession a desire that a reli- 
able supply of B. C. G. vaccine should be available here, 

as it has been for years in other countries of the world, 
and (4) the application by multiple puncture or by 
searification promises to remove the risk of local ab- 
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scesses, which has been one of the most serious obstacles 
to the general use of B. C. G.” 

For a consideration of the immunizing value of a 
“B, C. G. Dry Glucose Vaccine,” see U. S. Public 
Health Reports, 62, 211 (1947). 


Other Tuberculins and Preparations of Tubercle Bacilli 


All extracts and suspensions which consist of (1) the soluble 
products of the tubercle bacilli in the medium in which they are 
grown, (2) an emulsion of the insoluble fragments of the bacilli, 
or (3) a combination of the first two are designated as Tuberculins. 
Only those best known or most widely used are briefly considered 
here. 

New Tuberculin—The so-called New Tuberculins of Koch 
(B. E., T. R., T.O., and T. A.) are used but infrequently today. 

T. k. New Tuberculin, Tuberculin Residue, Tuberculin Riickst, 
or Tuberkelbacillin Rest is made from living tubercle bacilli, dried 
im vacuo, and then ground to complete disintegration for many 
months in a ball mill. See Deutsche med. Wchnschr., 23, p. 209. 

New Tuberculin, B. E.; Tuberculinum Novum, B. E.; Bazil- 
lenemulsion; Bacilli Emulsion—This is practically a bacterial 
vaccine. The culture is grown asfor O.T. The bacilli are filtered 
out, ground but not washed, and 1 part of the pulverized tubercle 
bacilli is suspended in 100 parts of water and an equal portion 
(100 parts) of glycerin. 

Tuberculin Denys; Tuberculinum Denys; Tuberculine Bouallon 
Filtre; Bouillon Filtrate Tuberculin—B. F. is simply a glycerin 
broth culture of the tubercle bacillus passed through a Berkefeld 
filter. Phenol (0.25 per cent) is added as a preservative. It is 
prepared like O. T. without the prolonged heating and concentra- 
tion. 

For methods of standardization of tuberculins see Holm, J., 
and Lind, J., U. S. Public Health Reports, 62, 188 (1947). 


Diagnostic Aids for Tuberculosis 


Tuberculin has been utilized as an aid in the diagnosis of ob- 
scure forms of tuberculosis, various tests being applied in a num- 
ber of ways. The following tests are employed: (1) Intracutane- 
ous Test of Mantoux or Mendel, (2) Von Pirquet Method (cutane- 
ous Test), (3) Moro Reaction (percutaneous test), (4) Subcutane- 
ous Test, (5) Calmette’s Ophthalmic Reaction, and (6) Patch Test. 

Mantoux Test—An JIntracutaneous Test—Miinchen med. 
Wchnschr., No. 40 (1908). This test is very delicate and it is the 
most satisfactory tuberculin test for use in humans. The Na- 
tional Tuberculosis Association recommends, when using Koch’s 
O. T., that 0.1 ec. should contain the desired dose. The first in- 
jection should be 0.01 mg. of O. T. and if no reaction occurs, 1.0 
mg. is ordinarily given. In cases where extra caution seems ad- 
visable, 0.1 mg. is used as the second injection, followed by 1.0 mg. 
if the latter is negative. It is assumed that failure to react to 
1.0 mg. of O. T. is sufficient evidence that there is no active 
tuberculosis. 

Von Pirquet Test—a Cutaneous Test—Wren. klin. Wehnschr., 
20, 1123 (1907)—One drop of undiluted and 1 drop of 25 per cent 
Old Tuberculin are placed on the sterilized skin of the front of the 
forearm, about 3 or 4 inches apart. Midway between the two a 
small drop of sterile 50 per cent glycerin solution is placed as a 
control test. The chosen areas of the arm are asepticized before 
any fluid is applied by cleaning with soap and water and then 
rubbing with alcohol and ether. The skin is then slightly scarified 
through each of the drops, the epidermis merely being removed 
without drawing blood. In about 5 or 10 minutes the excess of 
tuberculin is wiped away. No dressing need be applied. The 
areas are examined after 24 and 48 hours or, if convenient, every 
12 hours, until 48 hours have elapsed. The reaction is considered 
positive if, within these periods, the tuberculin scarification shows 
an inflammatory area measuring at least 14 inch, and one which 
contrasts markedly with the small red spot left by the control 
scarification. 

Moro Reaction—Percutaneous Test—Muinchen. med. Wchn- 
schr., 55, 216 (1908)—This test consists in rubbing gently into the 
clean skin of the abdomen, or other hairless part of the body, over 
an area of about 3 or 4 inches, a 50 per cent ointment of Old 
Tuberculin in anhydrous lanolin. A portion about the size of a 
pea (about 0.5 Gm.) is employed for about one-half minute and 
this is allowed to remain so as to be absorbed. A positive reaction 
is indicated by the appearance of red papules within 24 to 48 hours. 

Subcutaneous Test—This test is not employed to any extent 
in human practice today, inasmuch as there is some danger of 
lighting up a latent process, in addition to the possibility of dis- 
seminating the infective material. 

Calmette’s Ophthalmic Reaction—One or 2 drops of a 1 per 
cent purified Old Tuberculin is placed in the eye. A characteristic 
reddening of the conjunctiva will be produced within 12 to 24 
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hours if tuberculosis exists anywhere in the body. A drop of 
sterile water or 50 per cent glycerin solution is placed in the other 
eye as a control test. This method should never be employed in 
the presence of any form of ocular disease. It is rarely used in 
human eyes. 

Patch Test—Old Tuberculin, applied through the medium of 
an absorbent material or patch, has been recommended by many 
workers. Wolff and Hurwitz, J. Am. Med. Assoc., 109, 2042 
(1937), conclude that the patch test may be safely substituted for 
the Mantoux test. Vollmer, Am. J. Dis. Child. 58, 527 (1989), 
and Steward, J. Pediat., 13, 510 (1988) arrive at the same con- 
clusion and further state that severe local and constitutional reac- 
tions do not occur and that there is no danger of infection. The 
reliability of the patch test as compared with the Mantoux test 
has been reported by many workers. See Taylor, Am. Rev. of 
Tuberc., 40, 236 (1939); Savage, zbid., 43, 527 (1941); Crimm and 
Associates, zbid., 43, 799 (1941); Pearce, et al., J. Am. Med. Assoc., 
114, 227 (1940); and Shapiro, Virginia M. Monthly, 68, 100 (1941). 


OTHER PREPARATIONS USED AS ANTIGENS 


Aggressins—These products are Berkefeld-filtered exudates or 
tissue fluids obtained from affected areas in animals artificially 
infected or inoculated with virulent organisms, specific causative 
agents of disease. These preparations, representing the products 
of growth of the organism in the susceptible animal and also sub- 
stances evolved by bacterial disintegration, are said to be of value 
if used properly, for active immunization, especially in diseases 
affecting lower animals. They contain no living organisms, and 
therefore cannot themselves produce the initial infection. When 
injected subcutaneously, anti-aggressin is produced, thereby es- 
tablishing protection against the infection. Aggressins are not 
employed for curative treatment in infected animals but are used 
only to actively immunize normal animals. Aggressins have 
been used successfully in the preventive immunization of all 
lower animals against hemorrhagic septicemia and blackleg in 
cattle. See Gochenour, J. Am. Vet. M. A., July (1924). 

Brucellergin—This is a suspension of nucleoprotein obtained 
from Brucella organisms. In the Brucellergin test, 0.1 cc. is in- 
jected intradermally and the reaction read after 48 hours and 
later. Erythema alone is negative, but an edema or induration 
measuring 0.5 em. in diameter or more is positive. A positive 
reaction may be delayed for several days. Brucellergin may be 
obtained from the Central Brucella Station, Michigan State Col- 
lege, East Lansing, Mich. The commercial Brucella Vaccine di- 
luted 1:10 is used by some workers instead of Brucellergin. 

Coley’s Fluid (Coley’s Mixture; Coley’s Fluid; Erysipelas and 
Prodigiosus Toxins; Toxicum Erystpelatis et Toxicum Bacilli 
Prodigiost)—This Fluid is prepared by growing virulent strepto- 
cocci (preferably obtained from cases of erysipelas or septicemia) 
in bouillon for 10 days at 837° C. The original formulas called for 
the inoculation of the latter 10-day growth with Bacillus prodi- 
guosus (Serratia marcescens). After an additional 10 days’ incuba- 
tion, the mixture is sterilized in a water bath at 60° C. and the 
sterile, filtered product is used as the vaccine. There is no uni- 
formity of opinion in regard to the value of Coley’s fluid but most 


workers believe that it should be tried in cases of inoperable — 


malignant growths, especially sarcomas. 

Immunogens (Hcto-antigens)—These are specific antigens ob- 
tained from the surface or ectoplasm of bacterial cells. They are 
prepared by agitating the respective living bacteria for a short 
period of time in isotonic salt solution immediately upon removal 
from the culture medium on which they are grown and they are 
then centrifuged. Being merely the washings of bacteria and not 
the organisms themselves or any of the ingredients of the culture 
media in which the bacteria were grown, Immunogens contain 
very little protein. They are marketed as simple antigens (Im- 
munogens) or as mixtures (Mixed or Combined Immunogens). 

Johnin—Johnin is a sterile solution containing the bacterial 

products of the Johne’s bacillus (Mycobacterium paratuberculosis) 
and is prepared from the latter in the same manner as Tuberculin 
is prepared from the tubercle bacillus. It is employed by intra- 
venous injection into calves and cattle as an aid in the diagnosis 
of Johne’s disease, also known as paratuberculosis or chronic bac- 
terial dysentery of cattle. 
_ Lepromin—This is prepared by boiling lepromatous tissues in 
isotonic salt solution for 1 hour, grinding the residue and extract- 
ing this again with isotonic salt solution. The aqueous extracts 
are strained through gauze (not filtered) and-0.1 ec. is injected 
into the cutis. 

Luetin—Luetin is an extract of the killed cultures of several 
strains of Treponema pallidum (Spirochezta pallida), the organism 
causing syphilis, which has been found to contain no impurities 
or foreign toxic substances and to which 0.25 to 0.5 per cent cresol 
has been added as a preservative. Noguchi, J. Exp. Med., 14, 
99, 557 (1911), and others who have employed a similar prepara- 
tion, have claimed that when used in the Luetin Test, it is of great- 
est value in the examination of tertiary and latent stages of syphi- 
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lis where the Wassermann blood test may be negative. The test 
is said to be usually negative or very mild in primary and un- 
treated secondary cases. In adults with congenital syphilis the 
reaction is said to be more marked than in infants with congenital 
syphilis. Alderson, Arch. Dermat. Syph., 5, 610 (1922), claims 
that available luetin is inert and practically valueless for diag- 
nostic purposes. 

The Luetin Test or reaction is made as follows: After selecting 
a suitable area on the arm, the skin is cleansed and sterilized, and 
0.07 cc. of Luetin, diluted with an equal quantity of saline solu- 
tion, is injected intradermally (between the layers and not under 
the skin). A reaction occurs, with the formation of papules, 
which may become pustules. A controlisalso performed. Barker, 
Arch. Dermat. Syph., 3, 676 (1934), concludes that the luetin 
test is not reliable, and that it is inferior to the Wassermann test 
as a diagnostic and prognostic test for syphilis. 

Lygranum S. T.—This is a chick embryo antigen used in the 
Freitest, The virus of lymphogranuloma venereum is grown in the 
yolk sae’of the developing chick embryo and then separated from 
practically all of the yolk and other tissue by differential centrifu- 
gation. See Proc. Soc. Exp. Biol. Med. 43, 332, 410 (1940). The 
virus particles are suspended in isotonic salt solution, inactivated 
by heat and formaldehyde solution (0.1 per cent), and preserved 
with phenol (0.25 per cent). A control (Lygranum Control), 
which is the normal chick embryo antigen, containing the same 
concentration of formalin and phenol, is used at the same time 
and in the same manner as Lygranum S. T. See Gelperin, Am. 
J. Syph. Gonor. Ven. Dis., 27, 697 (1948). 

Mallein—Mallein is a preparation similar to Tuberculin. It 
is a glycerin extract containing the toxic principles of Mallemyces 
(Bacillus) mallei, the causative agent of glanders. This prepara- 
tion is used solely as a diagnostic agent in veterinary medicine, 
especially as an aid in the diagnosis of glanders in horses. The 
methods commonly employed to perform the Mallein Test or 
reaction are (1) intradermal injection, (2) subcutaneous injection, 
and (3) instillation into the eye (ophthalmic test). The last 
named is preferred in veterinary work. See Am. Vet. Rev. 44, 
218. This preparation may be used for the diagnosis of glanders 
in humans. The dosage is the same as that employed when the 
tuberculins are used. d 

Phylacogens—These are modified bacterial culture filtrates. 
They are marketed as simple antigens (Phylacogens) or as mix- 
tures (Mixed or Combined Phylacogens). 

Rhus Extracts—Contact dermatitis occurs in susceptible people 
when near poison ivy (Rhus toxicodendron), poison oak (Rhus 
diversiloba), and poison sumach (Rhus venenata). Extracts from 
the fresh leaves of poison ivy are used for preseasonal immuniza- 
tion or the treatment of poison ivy or oak dermatites. For pro- 
phylaxis 2 injections are given intramuscularly 2 weeks apart. 
In cases under treatment, injections of 0.2 to 0.5 cc. increasing 
every 12 to 48 hours are given until relieved. For prophylaxis, 
oral administration of gradually increasing doses is also practiced. 
For further details see the N. N. R. 

Trichinella Extract—This extract is employed as a diagnostic 
aid for making intradermal tests in suspicious cases of trichinosis. 
The extract is a diluted saline extraction of clean trichinella 
larvee obtained by artificial digestion of muscles of heavily in- 
fested experimental animals. The extract is adjusted to neutral- 
ity, a preservative is added, and the mixture is filtered through 
bacteria-excluding filters. 

UBA (Undenatured Bacterial Antigens) and UFA (Undenatured 
Fungus Antigens) are prepared by mechanically disrupting dense 
suspensions of growth of the designated organisms over a period 
of 10 to 18 hours. Ultrafiltration removes residual living cells. 
The clear, sterile filtrates contain those constituents of the living 
bacteria which go into solution or form a suspension after 
physical rupture of the cell membranes. 


VETERINARY BIOLOGICALS 


Biological products for veterinary use prepared for 
interstate sale in the United States must receive a 
license issued by the Bureau of Animal Industry of the 


U.S. Department of Agriculture. 


A considerable number of veterinary biological prepa- 
rations which are employed as preventives or ad- 
juncts to treatment in many diseases in lower animals 
are sold on the market. Some of these have been men- 
tioned in previous pages. Aggressins and bacterial vac- 
cines are employed against blackleg and hemorrhagic 
septicemia. Bacterial vaccines and therapeutic sera 
are employed in anthrax, brucellosis, equine influenza, 
etc. Virus vaccines are used successfully against fowl 
pox, rabies, canine distemper, rinderpest, equine en- 
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cephalomyelitis, laryngotracheitis of fowls, ete. Vac- 
cines have also been found of value in bovine abortion, 
equine abortion, fowl cholera, mastitis, mixed infec- 
tions in cattle, fowls, swine, horses, etc. Tuberculin 
and mallein are widely used in veterinary practice. 
Antihog cholera serum and antirinderpest serum (alone) 
or with virus (simultaneous method) are used as im- 
munizing agents. Tetanus Antitoxin (bovine) and Anti- 
venin (veterinary) are also widely employed. Botulism 
antitoxin has a limited use. More details are considered 
under individual references throughout this section of 
the text. For complete data on veterinary bacteriology 
and veterinary biologicals, see Kelser and Schoening, 
al om of Vet. Bact., Williams & Wilkins, Baltimore 
1943). 


VENOMS 


From the practical standpoint, only certain varieties 
of poisonous snakes secrete an amount of venom which 
is harmful. The venom itself is a viscous, yellowish 
fluid, capable of exerting a toxic effect or destructive 
action when coming in contact with the inner tissues of 
a host. 

Venoms are grouped with the proteins. Jn vitro they 
can be detoxified by heat or upon the addition of alkali, 
silver nitrate, or potassium permanganate. 

Snake Venom—Snake venom differs from microbial 
exotoxin in being relatively heat resistant, in some cases 
withstanding fairly high temperatures. Cobra venom 
is only destroyed by heating to 100° C. after long expo- 
sures. The snake venoms contain toxic elements against 
red cells (classified as hemotorins and hemaglutinins), 
against nerve cells (neurotoxins), against white blood 
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cells (lewkotoxins) and endothelium (endotheliotoxin, 
endotheliolysin, or hemorrhagin). The hemorrhagin is 
especially marked in the rattlesnake. The venoms that 
are neurotoxic usually cause death by paralysis of 
cardiac and respiratory centers. 

For further details, see Grasset, Quart. Bull. Health 
Org. Eng. Nat., July (1936); Kellaway, Bull. Johns 
Hopkins Hosp., 60,,1, 159 (1987); Peck and Marx, 
J. Pharma. Exp. Ther., 60, 358 (1937) and J. Mt. Sinai 
Hosp., 6, 271 (1940); Macht and associates on cobra 
venom, Proc. Soc. Exptl. Biol. Med., 43, 458 (1940); 
Grasset and associate on ‘“‘Boom slang’? venom, South 
African M. J., 14, 236 (1940); Slotta and associates 
on crotoxin, the active principle in rattlesnake venom, 
Nature, 144, 290 (1939); and Weuse, on the chemical 
nature of snake venoms, Biochem. Ztschr., 302, 426 
(1939). 

Uses—Cobra and other snake venoms are being 
used with some success as an analgesic in the treatment 
of intractable pain due to cancer and other affections. 
See Hodes and Thorner, Am. J. Roentgenol., 45, 866 
(1941), and a preliminary report of the Council on 
Pharmacy and Chemistry on cobra venom, J. Am. 
Med. Assoc., 114, 2218 (1940); 115, 1196 (1941). 

Bee Venom—Bee Venom supplied in lyophilized 
form is marketed in vacuoles, each containing the whole 
venom of ten bee stings. It is employed in the treat- 
ment of acute and chronic arthiritis and neuritis and 
appears to be most valuable in the extra-articular 
manifestations. Bee venom in solution is extremely 
labile and loses its potency rapidly at room tempera- 
ture. Ainlay, Nebraska M. J., 24, 298 (1939), reports 
on its therapeutic efficiency. 


CHAPTER CXVI 


ALLERGY AND ALLERGENS 


PROTEIN SENSITIZATION is a condition of hypersensi- 
tiveness to foreign proteins. A certain percentage of 
individuals inherit a constitution which easily becomes 
sensitive, and once sensitive, severe symptoms may 
appear whenever the patient comes into intimate con- 
tact with the foreign protein in question. This condi- 
tion of sensitiveness has been given various names. 
Frequently the name ‘allergy’ is applied, conveying 
the idea of an altered or changed reaction to the pres- 
ence of foreign proteins. Another term proposed is the 
word “atopy,” literally meaning a strange disease. 
It is used, like ‘allergy,’ to cover a broad group of 
illnesses due to proteins. Similarly, the agents, which 
cause this type of illness, and the remedies which are 
used in their treatment, have been given different 
names, including ‘allergic proteins,’ ‘‘allergens,”’ 
“‘atopens,” and “‘antigens.”’ For practical purposes 
the pharmacist can regard these terms as synonymous. 

Products Which Cause Hypersensitiveness—The 
allergic or atopic agents responsible for the many symp- 
toms of protein sensitization comprise a very extensive 
list, and include almost every protein-containing sub- 
stance which is ingested with food, inhaled in the air, 
or which comes in contact with the body surface. 

In sensitive individuals, ‘“‘atopens,”’ or the substances 
which produce sensitization, May give violent reactions 
in almost infinitesimal doses. Even as small a dose as 
149 cc. of a 1 in 10,000 solution of a pollen may cause 
a severe reaction in a sensitive hay fever subject. An- 
other observation based on clinical experience is the 
fact that some substances sensitize patients more easily 
than others. 

Diagnosis—The diagnosis of protein sensitization is 
made, in the majority of cases, through the information 
gained by the history, by physical examination, and 
from cutaneous or clinical tests. The cutaneous tests 
are usually indispensable. Symptoms of hives, eczema, 
asthma, hay fever, and other allergic diseases may be 
caused by almost any kind of protein. The symptoms 
may become manifest after the eating of certain foods, 
such as eggs, oysters, clams, strawberries, etc. Others 
develop these symptoms by coming in contact with the 
epidermal emanations from many of the lower animals, 
including horses, rabbits, guinea pigs, and a host of 
other animals. In like manner inhalation of the pro- 
teins from several sources may be the direct cause of 
hay fever and asthma. The proteins of the pollen 
grain from all the important pollenating plants may 
produce the symptoms, or it may be any of the follow- 
ing: proteins from horse or dander; the dust from 
feathers present in pillows or other feathers and hair 
which may bea constituent of some object in the house, 
as the fur of animals; felt usually made from rabbit 
hair; even the protein from dry glue in furniture. 
Then we have symptoms in other cases produced by 
the protein from house and other dusts. Powdered 
orris root, a constituent of almost all face powders and 
many cosmetics, may be the exciting cause, or it may be 
rice powder and other drugs with which an individual 
comes in contact. See also the recent consideration on 
allergenic preparations by the Council on Pharmacy 
and Chemistry, J. Am. Med. Assoc., 123, 1117 (1948). 


Allergic Skin Reaction 


The skin test for detecting the protein to which the 
individual is sensitive is very simple. A small amount 
of the several purified proteins, usually in solution, is 
applied separately to scarifications made on the skin 
of the upper arms, shoulders, or back about one-half 
inch apart (cutaneous method or scratch test) or an 
injection is made intracutaneously (intradermally). 
Controls are made. If the protein is in powder form 
this is placed on the abrasion, followed by the addition 
of a drop of water, saline solution, or 0.25 per cent 
NaOH solution. Sensitivity can also be observed by 
means of the patch test, application being made to the 
surface of the skin or mucous membranes. If the 
patient is allergic or sensitive to the particular protein 
a small urticarial, raised area appears within 5 to 10 
minutes at the point of injection. This lasts for a pe- 
riod varying from several minutes to 1 or 2 hours, or in 
some instances even longer, and then disappears. 
Reactions are noted 10 minutes to 1% hour after the 
test, recording especially the longest diameter of the 
wheal and the average width of the zone of erythema. 
No allergy to a particular protein is indicated by the 
non-appearance of such a reaction after the test is made. 
In the patch test or surface applications, a longer pe- 
riod of time may be required for noting the appearance 
of inflammation, rash, etc., as compared to the control. 


: "4 {Proteins for Diagnostic Use 


The problem of detecting the specific protein which 
may be the cause of the particular symptoms in the 
individual is frequently time consuming and tedious, 
and at times such detection is impossible. This may be 
due to the fact that the purified proteins from one or 
several of the substances to which the individual is 
sensitive have not been obtained in a sufficiently pure 
state to be used for testing allergic persons. In most 
instances it is necessary to employ a large number of 
proteins in cutaneous or intracutaneous tests. 

The proteins which may be used are frequently se- 
lected only after a painstaking search into the history 
of the patient and his environment. Proteins in dried 
powder are used only for the cutaneous tests, and sey- 
eral tests can be performed at one time. Proteins in 
diluted solution are generally used mainly for the 
intracutaneous tests, but may be used also for the cu- 
taneous test. Dilutions are always employed when the 
intracutaneous tests are made and not more than 6 or 
8 of the latter should be performed at one time. This is 
to avoid general systemic reactions. The patch test 
is used for testing allergens which are more apt to give 
reactions when applied to the skin. The scratch and 
intradermal tests are employed for allergens which 
ordinarily give rise to reaction when introduced inter- 
nally. In general, allergenic preparations are from 
single sources, such as the hair or epidermis of one spe- 
cies of animal. Mixtures are employed only occa- 
sionally, as in the preparations of the closely related 
pollens. : 

Several different methods are practiced in preparing 
the proteins in pure form. The technique depends upon 
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the property of the crude material, its general composi- 
tion, etc. In many instances, some kind of preliminary 
treatment of the crude material may be necessary. For 
example, washing with toluol, alcohol, ether, or other 
solvents is practiced to remove fat, and the defatted 
material used for preparing the allergen. Extractions 
are generally conducted with water, sodium chloride 
solutions of varying strengths, buffered extracting 
fluids, 5 per cent dextrose solution, diluted glycerin, 
alcoholic solutions, or any of these containing 0.1 to 
0.2 per cent alkali. If the extractions do not contain 
pure protein, they are further treated with different 
reagents which precipitate the protein. The latter is 
redissolved and the solution is standardized by various 
methods. The amount of proteins may be determined 
chemically and then the solution is diluted to any de- 
sired protein content. In a few cases complement- 
fixation and other tests are conducted as a means of 
determining the activity of the preparation. 

Solutions of these proteins which are used intracu- 
taneously are sterilized and placed in sterile containers. 
Sterilization is usually accomplished by bacteriological 
filtration, and a preservative is added if one was not 
present in the liquid used in the extraction. Marketable 
products are tested for sterility, etc. Inasmuch as 
allergenic solutions may deteriorate with age, they 
should be stored at a low temperature and used before 
the expiration date given on the label. 

The various biological houses market most of the 
following proteins (atopens, allergens, or antigens) em- 
ployed for diagnostic purposes and some are also used 
for desensitization : 

Animal Extracts (Dried or in Solution)—These are 
camel hair, canary feathers, cat hair, cat dander, 
chamois skin, chicken feathers, cow (cattle) dander, 
dog dander, dog hair, duck feathers, goat hair, goose 
feathers, guinea-pig hair, hog hair, horse dander, horse 
hair, horse serum, rabbit dander, rabbit hair, sheep 
wool, and turkey feathers. 

Bacterial Proteins—Wherever possible, tests should 
be conducted with separate autogenous antigens (pro- 
teins) prepared from the different bacteria recovered 
in pure cultures from the nose, sputum, or other, foci 
of infection present in the patient to be tested. Stock 
antigens of the different bacteria and fungi are avail- 
able. The bacteria or fungi are killed, dried, disinte- 
grated by grinding, and marketed in powdered form. 
Some of those marketed are listed in the following table. 

STOCK ANTIGENS 
Antigens from Bacteria 


Staph. aureus 

Staph. citreus ; 
Streptococcus, hemolytic 
Streptococcus, non-hemolytic 
Typhoid bacillus 
Paratyphoid ‘‘A”’ bacillus 
Paratyphoid ‘‘B”’ bacillus 
Yeast, mixed 

Influenza bacillus 


Colon bacillus 
Friedlander bacillus 
Gonococcus 

N. catarrhalis 
M.tetragenus . 
Pneumococcus, type I 
Pneumococcus, type II 
Pneumococcus, type III 
Pseudodiphtheria bacillus 


Antigens from Fungi 


Microsporum, lanosum var. felin- 
eum 

Monilia albicans 

Penicillium expansum 

Trichophyton gypseum-asteroides 

Trichophyton interdigitale 

Trichophyton violaceum 

Ustilago zeae (Corn Smut) 


Achorion schoenleinit 
Alternaria sp. 
Aspergillus flavus 
Aspergillus fumigatus 
Aspergillus nidulans 
Aspergillus niger 
Epidermophyton rubrum 


———————————— 


Food Extracts—These include foods of animal and 
vegetable origin. Practically every common food has 


~ been implicated. With fruits and vegetables that can 
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be peeled, separate extractions are frequently made from 
the pulp and ground peelings. 

Some of the more important food allergenic sub- 
stances for which extracts are available are listed in the 
following table. 


FOOD EXTRACTS 


Almond Egg, Whole Pecan 

Apple Egg Yolk Pepper (Black) 
Apricot Fenugreek Pepper (Red) 
Artichoke Fig Pepper (Sweet) 
Asparagus Garlic Perch 

Banana Ginger Pineapple 
Barley Goose Plum 

Bass (Sea) Grape Pork 

Bean (Kidney) Grapefruit Potato (Sweet) 
Bean (Lima) Guinea Hen Potato (White) 
Bean. (Navy) Haddock Prune 

Bean (Soy) Halibut Pumpkin 
Bean (String) Hazelnut Radish 

Beef Herring Raisin 

Beet Hickory Nut Raspberry 
Blackberry Honey Dew Rhubarb 

Blue Fish Hops Rice 

Brazil Nut Hickleberry Rutabaga 
Brussels Sprouts Kale Rye 
Buckwheat Lactalbumen - Salmon 
Butternut Lamb Scallops 
Cabbage Lemon Shad 
Cantaloupe Lentil Shad Roe 
Carp Lettuce Shrimp 

Carrot Linseed (Flaxseed) Smelt 
Cauliflower Lobster Sole 

Celery Mackerel Soy Bean 
Cheese, American Milk, Cow Spinach 
Cheese, Swiss Mushrooms Squab 

Cherry Mustard Squash 
Chestnut Mutton Strawberry 
Chicken Nutmeg Swiss Chard 
Cinnamon Oatmeal Tea 

Clam Oats Tomato 

Clove Okra Trout (Sea) 
Cocoa (Chocolate) Olive Tuna Fish 
Cocoanut Onion Turkey 
Codfish Orange Turnip 

Coffee Oyster Vanilla Bean 
Corn Parsley Veal 

Crab Paprika Walnut (Black) 
Cranberry Pea Walnut (English) 
Cucumber Pea (Black-eyed) Watercress 
Date Peanut Watermelon 
Duck Peach Wheat 
Eggplant Pear Yeast 

Egg White 


Miscellaneous Protein Extracts—Many substances 
which are not included in any of the other groups are 
listed here. Mention was made of the sensitivity to 
different kinds of dusts. For diagnostic testing the 
specific dust is collected and the protein extracted. 
Each case may, therefore, be a specific problem, so 
that it may not be practical to market protein extracts 
from any particular dust. In the case of the vegetable 
drugs, fluidextracts may be employed or extracts may 
be prepared. The following substances occur so fre- 
quently as the important factors in the various mani- 
festations of sensitization that they are supplied by 
several firms either in dried powdered form or as ex- 
tracts from the latter: ashwood, cottonseed, flaxseed, 
flour mill, glue, hay, house, kapok, orris root, paper 
pulp, rice powder (polish), sawdust (cedar, fir, and pine), 
southern redwood, silk, and tobacco. 

Pollen Extracts—Hay fever is now commonly re- 
garded as a condition of hypersensitiveness or allergy, 
especially to pollens. The latter may also cause various 
forms of asthma. “The pollens causing hay fever may 
be those of flowers, grasses, shrubs, weeds, or other 
plants. These are roughly divided into three groups: 
(1) those causing early spring hay fever, in which the 
tree pollens in the air are the main causative factors; 
(2) those causing early summer fever when the grasses 
are pollinating; (3) those causing hay fever in the late 
summer or early autumn when the weeds, especially 
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the ragweed, are shedding their pollens. The trees 


pollinate in March and April. Those producing the 
lightest and most abundant pollen belong to the oak 
family. Ash, cottonwood, the walnuts, and the poplars 
also produce pollens which 
_. are widely distributed in the 
- ~ | atmosphere during the pol- 
_« linating season. Most hay 
y % & fever occurring in the spring 
* is caused by the Gramines 
# gerasses—Timothy grass, 
Johnson grass, orchard 
Qe ~ «grass, Bermuda grass, red- 
| top grass) and most hay 
i 1 fever occurring in the fall is 
Fig. 796—Pollen grains of the caused by the ragweeds 
Absinth Wormwood (greatly magni- (common ragweed, giant 
fed). dain mate ot the county, Tagweed, Western ragweed), 
After Scheppegrell. rough marsh elder, Burweed 
marsh elder, and cocklebur. 
Speaking broadly, the brightly colored plants are of less 
interest in the study of allergy than those without 
colored flowerings. The former, which includes the 
daisy, goldenrod, rose, sunflower, etc., possesses heavy 
sticky pollen which is carried by insects from plant to 
plant. Such pollen is rarely present in the air in high 
concentrations or at any great distance from the plant, 
so that those who are sensitive to the pollens of ‘this 
group of insect-pollinated plants may avoid hay fever 
by avoiding those localities where these plants are 
growing. The plants without colorful flowerings do 
not attract insects but possess lighter pollen grains, 
which are wind-borne. These may be carried many 
miles and it is mainly such pollens which cannot be 
avoided that cause most cases of hay fever. When it is 
realized that a single plant in some instances may shed 
millions of pollen grains within 24 hours it can readily 
be appreciated how the air can contain a high concen- 
tration of the various pollens. 

Individuals who are hypersensitive to one of the 
grasses usually react to several of the latter. Sensitiza- 
tion is usually multiple and it therefore becomes neces- 
sary to determine the specific pollens causing the al- 


Fig. 797—Pollen grains of the 

Black Walnut, Juglans Nigra 

(greatly magnified). A cause of 

some cases of hay fever of the early 
spring type. 


Fig. 798—Pollen grains of the 

Marsh Elder, Iva ciliata (greatly 

magnified). One of the causes of 
hay fever. After Scheppegrell. 


> 


lergy. Cutaneous tests for pollen and other plant 
allergens are used almost entirely. The different 
manufacturing firms market a very large variety of 
pollens and grasses, which are made available in con- 
venient form for immediate use. The manufacture of 
pollens and pollen extracts requires more care perhaps 
than is necessary when preparing the other allergens. 
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The pollens must be collected in their respective polli- 
nating season under the supervision of a trained bota- 
nist. Only the pollinating portion of the plant is treated, 
and by means of mechanical shakers or other devices 
the pollen grains are removed. The latter are collected, 
sifted through several sieves, then dried, or they are 
used for making extracts. 

To determine which pollens to employ for diagnostic 
tests, the history of the patient will help considerably. 
Frequently the patient will give a clue by mentioning 
what he thinks brought on the attack, but a knowledge 
of the botanical flora in a given locality is frequently 
necessary before definite findings are possible. The 
nature, distribution, and abundance of a particular 
local fiara must be known if some patients are to be 
given relief. The list of pollens used in determining 
the exciting agent in hay fever and pollen asthma is very 
large. Almost one hundred pollen atopens are available 
on the market today and in addition there are the pollen 
atopens obtained and prepared in localized areas. 

It is advisable to have data concerning the distribu- 
tion of trees, grasses, etc., and their pollination during 
the different seasons in the various parts of the country 
when studying pollen allergies. The New York Botani- 
cal Garden has obtained considerable information about 
the North American flora. Other references are 
Thomen’s Asthma and Hay Fever in Theory and Prac- 
tice, Publication No. 401 of the Carnegie Institute at 
Washington, Lobeck’s Physiographic Map, and rain- 
fall and humidity maps of the U. 8. Weather Bureau. 

Group Allergens—In practice it is not possible at all 
times to skin test patients with the exceedingly large 
number of different allergens. Group allergens, 5 to 8 
allergens being included in each group, are available 
and these make possible the shortening and simplify- 
ing of the testing procedure. These mixtures are 
grouped together according to their biologie or genetic 
relationships or because their association has a basis in 
clinical experience. A positive group test indicates 
sensitivity to one or more proteins in that group, and 
tests with the individual members are then performed. 
Though a negative group test may eliminate all mem- 
bers in that group, this should not interfere with trying 
an individual allergen in that group should it be sus- 
pected. 

The more important trees, weeds, and grasses for 
which extracts are marketed are listed in the following 
table. 


TREE, WEED, AND GRASS EXTRACTS 


Grasses 


Alkali rye grass (Elymus triticoides) 

Annual blue grass or Annual June grass (Poa annua) 

Barnyard grass (Panicum orus-gallt) 

Bent grass (Agrostis verticillator) 

Bermuda grass (Capriola dactylon) ® 

Blue grass, June grass, or Kentucky blue grass (Poa pratensis) 

Blue grass, annual, or Annual June grass (Poa annua) 

Blue grass, Canada (Poa compressa) 

Brome grass (Bromus carinatus) 

Broncho grass (Bromus villosus) 

Canary grass (Phalaris minor) - 

Cheat grass, or Soft cheat (Bromus hordeaceus) 

Corn (Zea mays) : 

Crab grass (Syntherisma sanguinale) 

Fescue, Meadow (Festuca pratensis or elatior) 

Foxtail grass, yellow (Chetochlon lutessens) 

Johnson grass ( Holcus or Androxogen halepensis) 

June grass, annual, or Annual Blue grass or Winter grass (Poa annua 
or protense) , 

June grass, or Kentucky blue grass or Blue Grass (Poa pratensis) 

Koehler’s grass (Koeleria cristata) 

Meadow fescue (lestuca protensis) 

Oats, field (Avena sativa) 

Oat grass, cultivated (Avena sativa) 

Oat grass, tall (Avena elatior) ; 

Oat grass, wild (Avena fatua) ; 
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Orchard grass (Dactylis glomerata) 
Quack grass (Agropyron smithii or repens) 
Be top grass (Aaiosite alba) 
ye grass, perennial, or English Rye grass (Lolium perenn 
Rye, cultivated (Secale cereale) Mahe . . 
Salt grass (Distichlis spicata) ° 
Sweet Vernal grass (Anthoxanthum odoratum) 
Timothy grass (Phlewm pratense) 
Velvet grass ( Nothoholcus or Notholcus lanatus) 
Wall Barley or Way Barley ( Hordewm murinum) 
Wheat, cultivated (Triticum xstium) 
Wheat, field (Triticum sativa) 
Wheat grass, slender (Agropyron tenerum) 
Wild oats (Avena fatua) 


Weeds 


Alkali weed (Atriplex coronata) 
All Scale (Atriplex polycarpa) 
Annual Saltbush (Atriplex wrightii) 
et ace pe ioles bracteosa) 
urning bush, Mexican firebush, or Summer cypress (Kochia scoparia 
Burweed Marsh Elder (Iva xanthifolia) a : 3 
Careless weed (Amaranthus palmeri) 
Castor bean (Ricinus communis) 
Chaparral broom (Baccharis pilularis) 
Cocklebur (Xanthiuwm commune or canadense) 
Curly dock, or Curly yellow dock (Rumez crispus) 
Greasewood or Iodine bush (Sarcobatus vermicularis) 
Lambs quarter (Chenopodium album) 
Lenscale, Quailbrush (Atriplex tentiformis) 
Marsh Elder (Iva ciliatra) 
Mesquite (Prosophis sp.) 
ean firebush, Burning bush, or Summer cypress (Kochia sco- 
paria 
Mexican tea or Wormseed (Chenopodium ambrosioides) 
Mugwort or Wormwood (Artemisia vulgaris) 
Mustard (Brassica campestris) 
Pickleweed (Salicornia ambigua) 
Pigweed, Redroot, or Rough Pigwood (Amaranthus retroflexus) 
Pigweed, spiny or Spiny amaranth (Amaranthus spinosus) 
Pigweed, tumblewood (Amaranthus grexcizens) 
Plantain, English or Common (Plantago lanceolata or major) 
Poverty weed (Iva axillaris) 
Rabbit bush (F'ranseria deltoides) 
Ragweed, Beach bur, or False Coastal Ragweed (Franseria bipin- 
natifida) et 1 
Ragweed, common, short, or low (Ambrosia elatior) 
Ragweed, false (Franseria acanthicarpa) 
Ragweed, giant, tall or high (Ambrosia trifida) 
Ragweed, slender (Franseria tenuifolia) 
Ragweed, Southern (Ambrosia bidentaia) 
Ragweed, Western (Ambrosia p:ilostachya) 
Ragweed, Western Giant (Ambrosia aptera) 
Redscale (Atriplex rosea) 
Rough pigweed, or Redroot pigweed (Amaranthus retroflexus) 
Russian thistle (Salsola pestifer) 
Sagebrush, annual (Artemisia annua) 
Sagebrush, coast (Artemisia californica) 
Sagebrush, common or mountain (Artemisia tridentata) 
Sagebrush, dragon (Artemisia dracunculus) 
Sagebrush, pasture (Artemisia frigida) 
Sagebrush, prairie (Artemisia ludoviciana) 
Sagewort (Artemisia ganaphalodes) 
Shad scale (Atriplex canescens) 
Sheep sorrel (Rumezx acetosella) 
Spear orache or spearscale or Halbert-leaved Orache (Atriplex patula 
or hastata) | ‘| 
Spiny amaranth or spiny pigweed (Amaranthus spinosus) 
Sugar beet (Beta vulgaris) 
cnet eypress, Burning bush, or Mexican firebush (Kochia sco- 
paria), 
Western waterhemp (Water hemp) (Acnida tamariscina) 
Wormseed or Mexican tea (Chenopodium ambrosioides) 
Wormwood or Mugwort (Artemisia absinthium or vulgaris) 


Trees 


Acacia (Acacia dealbata) 
Alder (Alnus rhombifolia or rugosa) 
Almond 
Apple (Malus malus) 
Ash (Fraxinus Americana or regin) 
Ash, Arizona (Flaxinus towmeyit) 
Aspen (Populus tremuloides) 
Birch (Betula nigra) 
Box Elder (Acer negundo) 
Cedar (Cedrus deodara); (Chamecyporis lawsoniana) 
Cedar, Incense (Libocedrus decurrens) 
Cedar, Mountain (Juniperus sabinoides) 
Clover, Red (Trifolium pratense) 
~ Clover, Sweet (Melilotus alba) 
Cottonwood (Populus Fremontit) 
Cypress, Monterey (Cupressus macrocarpa) 
Date 
Elm ( Ulmus americana) 
Eucalyptus 
Fir (Abies sp.) 
Locust (Robinia psuedacacia) 
_ Maple (Acer macrophyllum) 
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Monterey cypress (Cupressus macrocarpa) 

Mountain cedar (Juniperus sabinoides) 

Oak, Coast Live Oak, Encina Oak (Quercus asarifolia) 

Oak, Valley, White Valley Oak (Quercus rubra and alba); Oak, live 
(Quercus virginiana); Roble Valley Oak (Quercus lobata) 

Olive (Olea europea) 

Peach (Prunus persica) 

Pecan ( Hicoria pecan) 

Pine (Pinus palustris) 

Pine, Lodgepole, or Tamarack (Pinus contorta) 

Pine, Yellow (Pinus ponderosa) 

Redwood (Sequoia sp.) 

Sycamore, or Plane Tree (Platanus racemosa) 

Tamarack, or Lodgepole Pine (Pinus contorta) 

Tree of Heaven (Atlanthus glandulosa) 

Walnut, Arizona (Juglans major) 

Walnut, Black (Juglans californica or nigra) 

Walnut, English (Juglans regia) 

Willow (Salix sp.) 


Miscellaneous 


Alfalfa (Medicago sativa) 

Aster (Aster sp.) 

Buttercup (Coreopsis sp.) 
Chrysanthemum 

Coreopsis sp. 

Cosmos (Compositz bipinnatus) 
Clover, sweet (Melilotus sp.) 
Dahlia (Dahlia sp.) 

Dandelion (Taraxacum officinale) 
Glue 

Goldenglow (Rubdeckia laciniata) 
Goldenrod (Solidago sp.) 

Hay, common 

Hemp (Cannabis sativa) 

Hickory ( Hicoria sp.) 

Hollyhock 

Hops (Humulus Lupulus) 
Marigold 

Primrose (Primula sp.) 

Privet (Lygustrum luoidum) 
Pussy willow 

Pyrethrum 

Rose (Rosa sp.) 

Shasta daisy; Sunflower ( Helianthus annus) 
Silk 


Standardization of Proteins—Wherever convenient, 
especially when preparations of protein extracts are 
marketed, some method of determining the activity of 
the preparation and recording its strength should be 
practiced if possible. The most convenient method is 
to determine the nitrogen content chemically by the 
Kjeldahl method. Each 0.00001 mg. of protein nitro- 
gen is spoken of as a unit, so that if a solution has pres- 
ent 0.00025 mg. it is said to contain 25 protein units. 
Such a method is accurate and lends itself to an easy 
interpretation of any dosage. The animal, food, and 
pollen extracts for desensitizing treatment are con- 
veniently marketed in bulk and standardized to contain 
fairly large amounts of protein or protein units per cubic 
centimeter of solution. These strengths can be em- 
ployed readily for any scheme of dosage as may be de- 
sired. Some manufacturers standardize their pollen 
allergens and express the dosage merely in terms of 
nitrogen content, while in other cases manufacturers 
estimate their protein content from the nitrogen deter- 
mination by the formula N X 6.25 and label the prepa- 
ration as containing given amounts of protein in 
terms of milligrams per cc. In another instance the 
unit is that quantity of pollen protein per cubic centi- 
meter which can be extracted from 0.003 mg. of pollen 
or 0.001 mg. by another manufacturer and even other 
figures are given by those marketing allergenic prepara- 
tions. It is unfortunate that there does not exist 
some uniform method of recording the nitrogen or uni- 
tage of the solution or dried allergen represented. 


Theory of Desensitization 


The development of tolerance to a specific sensztino-_ 
gen (antigen) used in injections is explained differently 
by several workers. The popular conception is that 
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desensitization depends upon the production of specific - 


antibodies which effectually neutralize small amounts of 
the sensitinogen before the latter reaches the sensitized 
cells, so that the production of the shock is slowed up 
or completely eliminated after the introduction of in- 
creasing amounts of antigen. The body cells themselves 
do become increasingly resistant to the action of the 
sensitinogen. It may be that, as one worker expresses 
it: ‘Desensitization is a process of restoration of col- 
loidal equilibrium within sensitized cells.” Treatment 
of allergic conditions may be approached in several 
ways: (1) by the removal of the cause, (2) by specific 
protein treatment, (3) by non-specific protein treatment, 
and (4) by symptomatic treatment. Removal of the 
cause is the simpler method in many instances. Where 
this cannot be effected, specific protein treatment is the 
method of choice. 

Specific Protein Treatment—Treatment consists in 
giving a series of injections of an extract of the offend- 
ing protein subcutaneously. Infinitesimal doses are 
given first, which are then increased as rapidly as the 
patient’s tolerance will permit, and are continued until 
the patient acquires enough resistance or tolerance to 
withstand the amount with which his habits and en- 
vironment bring him into contact. The immunity or 
tolerance developed is often of short duration. In hay 
fever, for example, it persists little more than 6 or 8 
weeks. It is not necessary to discuss here any of the 
special points in the technique of treatment, enough 
having been said to explain the nature and the contents 
of the protein substances which the pharmacist is 
called upon to distribute. 

Dose—For desensitizing, it is important to start with 
a dose which will not cause an intense local reaction. 
The initial dose, therefore, is chosen very carefully and 
is usually based upon information gained from cutane- 
ous or intracutaneous tests. If the skin reaction has 
been a vigorous one, indicating a high degree of sensi- 
tivity, then the initial treatment dose must be corre- 
spondingly small. In fact little larger than the test 
dose should be used. The commercial houses supply 
protein extracts in dilutions which lend themselves to 
a suitable scale of dosage for average cases. 

The use of Oral Pollen Antigens such as ‘‘Panoral”’ 
(Lilly) for oral desensitization against pollens respon- 
sible for the production of hay fever is employed by 
some. The oral method of desensitization, however, is 
not favored by most workers. 

Non-specific Desensitization—The use of a substance 
other than the specific antigen to desensitize or inhibit 
allergy has been presented by many workers, as re- 
marked by Feinberg, Lancet, 67, 52 (1947): “The 
best that can be said of most of these methods is that 
although an occasional one possessed a certain degree 
of merit, for the most part they were either impractical, 
too hazardous, or insufficiently effective.” X-ray 
therapy and fever therapy have proved useful in certain 
conditions. 

The histamine concept is used by many workers to 
explain at least the major mechanism for the anaphy- 
lactic reaction. This theory postulates that the release 
of histamine from the tissues is responsible in great 
measure for the manifestations of anaphylaxis. Re- 
cently, intensive research has been directed toward the 
finding of an ideal Antihistaminic Substance (page 663). 
This has resulted in the introduction of several chemi- 
cally related compounds which have proved of some 
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value clinically: Benadryl, Pyribenzamine, Antergan, 
Neoantergan and Anthollan. 

Non-specific Protein Therapy—The use of various 
proteins, and even non-proteins, has been tried in the 
treatment of diseases in which the agent employed 
bears no specific relationship to the nature of the infec- 
tive process. This unrelated agent is termed a non- 
specific antigen. The first observations were more or 
less accidental. 

The non-specific antigens and agents still used are 
protein and protein decomposition products of bacterial 
and non-bacterial origin, sera from normal human be- 
ings and animals, antitoxic and antibacterial sera, 
milk and preparations of milk products, tissue extracts, 
hypertonic and hypotonic saline solutions, triple distilled 
water, colloidal metals, etc. 'The most commonly em- 
ployed non-specific agents worth mentioning are: 
colon, typhoid and triple vaccines, cows’ milk or milk 
products, primary and secondary proteoses, peptone, 
deutero-albumose and horse serum. Intramuscular injec- 
tion of milk and its products is being used with good 
results in many skin, genito-urinary and other diseases. 
Intravenous injections of many of the other products 
mentioned have been advocated in pneumonia, other 
systemic infections, and different diseases. 

There are still many clinical conditions which, are 
refractory to ordinary therapy. It is for these condi- 
tions that non-specific protein shock therapy has been 
found useful. Tucker, Cleveland Clinic Quarterly, 13, 
67 (1946), reviews a 15-year experience with intravenous 
typhoid and triple vaccine shock therapy and concludes 
that in properly selected cases this type of therapy is 
helpful. He further comments that until specific ther- 
apy is available for many diseases of doubtful etiology 
or for those in which ordinary treatment is unsatisfac- 
tory, the clinician is justified in utilizing non-specific 
measures. Wilkinson and Smith, Gastroenterology, 6, 
171 (1946), report a marked improvement among 40 
patients with ulcerative colitis who received intrave- 
nous typhoid vaccine therapy. 

The mechanism underlying the beneficial results of 
non-specific antigens are not clearly understood. Sev- 
eral theories have been advanced to explain this. No 
one particular theory is satisfactory, but a combination 
of some of them affords a satisfactory explanation of the 
workings of agents in non-specific protein therapy. 
The response is probably due to factors discussed in 
the following paragraph. 

The blood-making or so-called “hematopoietic” 
organs, which are also probably the producers of many 
of the antibodies, are markedly stimulated by the non- 
specific antigens. This results in the throwing forth 
into the circulation of antibodies already formed, also 
a marked increase in the production of leukocytes or at 
least an increase in the number released into the blood 
stream and, generally speaking, an increase in our de- 
fensive agents is produced. These agents appear in — 
larger quantities in the circulating blood than were 
present before the injection of the non-specific agent. 
It may also be that some of the non-specific ferments, 
etc., aid in the autolysis of the specific causative agent, 
or in rendering non-toxic any of the toxic products pro- 
duced by it. The marked rise in temperature which 
lasts for prolonged periods of time may be compared to 
that produced in fever therapy and may account for 
benefits derived. So far as is known, non-specific 
agents never produce a specific immunity. 
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CHAPTER CXVII 
THE ART OF PERFUMERY 


IN THE CULTURAL DEVELOPMENT Of civilization one of 
the qualities which lifts mankind above other living 
things is that esthetic sense of mind and spirit which is 
expressed by the so-called ‘‘fine arts.’ 

To those who will to see is given the delight of na- 
ture’s glories expressed in mountain, sunset, and sea, 
and in a thousand other beautiful pictures. Man, in 
sculpture, painting, textile arts, and architecture, has 
also learned to create beauty and to delight in it. For 
the ear, great artists have sung their melodious dreams, 
perpetuating them in music for the stirring of the human 
heart. The epicurean artist has brought beauty and 
joy by his creations. Through the touch of silk and vel- 
vet, another sense has brought to man an appreciation 
of the beautiful. Truly it was ordained that the sense 
of smell should also bring its gifts; for what. is more de- 
lightful than the perfume-laden air which drifts across 
a field of new-mown hay, or the odor of the pine woods, 
or the faint perfume of a rose or other fragrant flower? 

The enjoyment of fine odors has received the cultiva- 
tion that is given music, or painting, or the textile arts; 
it plays an important role in the lives of most people, 
influencing actions and giving pleasure, or perhaps dis- 
tress. 

Who has not felt the power of that distinctive per- 
fume which means a presence of a precious memory? 
What woman does not know the advantage of associat- 
ing romance with a pleasing perfume and then perpetu- 
ating its memory? 

Someone has said that no sense brings so vividly to 
mind its associations as that of smell; most individuals 
can bear testimony to this truth. 

Those who cater to the feminine taste in perfumes 
should know these facts. It is the distinctive odor, 
obtainable in every form, suitable for use among the 
lingerie, for perfuming the bath, or perhaps ready to 
delicately permeate a room with its sweetness, that will 
please ‘‘milady.’’ 

For this is needed the artist’s touch, imagination, and 
the product of the master perfumer. 

Perfumes are associated in the earliest records with 
religious ceremonies. It is but natural that the nations 
of the East, even in remote antiquity, should have 
offered the sweet-smelling woods and resins of their 
native land as gifts to their gods. Thus did they show 
their homage and respect. 

Upon the Egyptian Sphinx which formed the end of 
a temple, is pictured the king burning incense and offer- 
ing a libation of oil or ointment. 

In Greek mythology men are pictured as obtaining 
their knowledge of perfumes through the indiscretion 
of a nymph of Venus. 

The early use of perfumes in the worship of the He- 
brews is indicated by many passages of the Bible, and 
in the thirtieth chapter of Exodus, Moses is directed 


_ to burn perfumed gums and woods upon an altar, and 


: Meer a 
Aaron to ‘“‘Burn thereon sweet incense every morning” ; 


‘Moses is directed also to “take sweet spices, stacte, and 


onycha, and galbanum, these pure spices with frankin- 


 cense,” and to ‘‘make perfume, a confection, after the 


art of the apothecary, tempered together, pure and 


holy,” and “whosoever shall make like unto that, to 


smell thereto, shall even be cut off from his people.” 


India and Arabia have traditionally been the lands 
of perfumes, and the Greeks, and later the Romans also 
became devotees of the perfumer’s art, soon adapting 
it to their personal use and carrying the practice to an 
extreme never since attempted. 

In the Roman amphitheater during a spectacle the 
air was constantly refreshed by the playing of fountains 
of perfumed waters. 

Perfumed ointments were kept in highly ornamented 
boxes usually made of alabaster or onyx, and a treatise 
on the perfumer’s art, written by Apollonius, gives the 
sources of supply and the uses of the various odors. 

A perfume invented by Frangipanni, one of the 
earliest Roman nobles, is yet used and bears his name. 
It is a sachet composed of equal parts of “every known 
spice,” to which is added a weight of orris root equal to 
the whole, and one per cent of musk and civet. 

It is supposed that the Crusaders brought the per- 
fumer’s art to England from eastern lands, and by the © 
Elizabethan period it had been developed to a high 
degree of perfection. 

Beau Brummel, the arbiter of English fashion, did 
not believe in men of fashion using perfumes, and recom- 
mended that they send their linen to be washed on 
Hampstead Heath. 

At the close of the nineteenth century, the manufac- 
ture of perfumery had been well established; immense 
laboratories were built in France and England, and 
their products sold throughout the world. 


Perfumery Materials 


Source of Natural Perfumery Materials—The raw 
materials available at that time were all from natural 
sources. A number of animal products had come into 
use, both for their value as perfumes, and to perform a 
necessary function in the perfume, namely to retard the 
lavish expenditure of odor which the plant or product 
would otherwise freely give until exhausted. 

This class of products are termed “fixatives,” and in- 
clude such substance as musk, ambergris, civet, and 
castor. These materials are still used, although musk 
and ambergris are scarce and expensive, and other 
products have successfully replaced them in many 
instances. 

Natural perfumed woods or flowers represent another 
class of natural products used throughout the centuries, 
and still employed for sachets. The most important 
available today are sandalwood, rose petals, cassie 
flowers, orange flowers, and vetivert. 

The oleoresins of Siam benzoin, of oak moss, Peru 
balsam, tolu, galbanum, orris, styrax, etc., constitute 
another type of preparations which are used. 

Volatile Oils—The perfume of flowers, fruit, and 
other natural products is due chiefly to a substance 
called volatile oil. This oil exists in the cells of the 
plant, and its extraction is accomplished by one of 
several ways. Some oils, notably those of the citrus 
group, including orange and lemon, are found in com- 
paratively large cells, near the surface of the rind, and 
may be readily removed. 

Other volatile oils may be obtained by what is termed 
“steam distillation.” The oil-bearing portion of the 
plant, whether fruit, seed, flower, or herb, is placed in a 
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still. Water is added and the mixture heated, the vapor 
being condensed and collected in a Florentine receiver. 
This vessel is so arranged that the lighter oil may sepa- 
rate and rise to the surface for collection, while the 
saturated water is drawn off at the bottom (page 212). 
The water thus obtained is sometimes of commercial 
value, as orange flower water and rose water, but, if 
not salable, it is returned to the still for the next opera- 
tion, and thus the loss of oil is avoided. Today vacuum 
stills are usually employed in the manufacture of vola- 
tile oils. 

The more important volatile oils made by this proc- 
ess, and of value to perfumery are rose, neroli, laven- 
der flowers, bay, cardamom, cinnamon, rose-geranium, 
orris, palmarosa, petit-grain, sandalwood, ylang-ylang. 
See also the chapter on ‘Volatile Oils” (page 696). 

Pomades—Some volatile oils, especially the more 
delicate flower perfumes, cannot be obtained success- 
fully by steam distillation, either because the oil exists 
in quantities too small to distil or it is injured by the 
process, through oxidization or hydrolysis. 

Other processes have therefore been devised. One of 
these is termed “‘enflewrage’” or the ‘‘absorption method.” 
A mixture of specially selected and highly purified lard 
and beef fat is spread in a thin layer on glass or linen 
in a frame, and the fresh flowers, each morning for 
thirty days, are sprinkled on the fat, the frames being 
stacked on each other for the intervening time, that the 
odor may be absorbed. The odorous fat or ‘“pomade’’ 
as it is termed is later washed with alcohol to remove the 
perfume, and these essences or alcohol washings were, 
for many years, the most important perfume material 
available. 

The flowers best extracted by the enfluerage process 
are: jasmine, tuberose, jonquil, lily of the valley (mu- 
guet), and mignonette (reseda); pomades of rose, cassie, 
violet, orange flowers, lilac, and heliotrope are also ob- 
tainable. 

The maceration or infusion process is also employed 
for this same group, the fresh flowers, each day, being 
tied in linen bags and macerated in the warmed fat for 
twenty-four hours, the flowers being afterward sepa- 
rated from the fat by centrifuging. The fat should be 
macerated with different lots of flowers. The pomades, 
especially jasmine, are used particularly to cover the 
so-called ‘‘chemical odor’’ of synthetics. 

Concretes and Absolutes—The group of flowers, 
which cannot be distilled, is also extracted by cold, 
volatile solvents, chiefly petroleum benzin, and after ex- 
traction the solvent is removed by vacuum distillation. 
By this cold extraction process are formed what are 
called “concretes.”” The flowers satisfactorily treated 
by this method are: rose, parma violets, victoria 
violets, orange blossoms, jasmine, tuberose, jonquil, 
cassie, mignonette, and sometimes carnations, lily of the 
valley, heliotrope, elder flowers, narcissus, and 
mimosas. 

The volatile-solvent method of extraction removes 
not only the volatile oil, but also the flower waxes and 
other inert constituents. If these are not removed by 
alcohol washing and freezing, a still more concentrated 
product results, commercially sold under various names 
such as “‘hyperessences,” “absolutes,” etc., and these are 
the most expensive perfumery materials now available. 
A dilution of this absolute which corresponds exactly 
in concentration to the concrete is known commercially 
as a liquid absolute. These are made by diluting abso- 
lutes to the proper concentration, using an appropriate 
solvent such as benzyl benzoate or diethylphthalate. 
Perfumers who use this class of raw materials, obtain- 
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able only from the fresh flowers, are justified in the 
high price asked for their products. 

Synthetic Perfumery Materials—The cost and vari- 
ability, in both quality and price, of perfumery products 
from natural sources, have stimulated the organic chem- 
ist to search for synthetic products which would either 
replace or augment natural perfumes. 

The painstaking efforts which have been made to de- 
termine the physical characteristics and chemical con- 
stituents of important volatile oils and other odorous 
products, that standards for pure products might be 
established, and the careful analysis of many other 
products, in pure research and for commercial purposes, 
have made available a vast amount of knowledge cover- 
ing the constituents of these perfumes. With an exact 
record of the pure chemicals composing the perfume 
and the proportion in which they exist in nature, the 
organic chemist theoretically is only required to pre- 
pare the various pure chemicals, mix them in the propor- 
tion indicated, and produce artificially a rival of nature, 
which is always uniform in quality and odor value, and 
at a price subject to little fluctuation. 

This dream of the synthetic chemist has today been 
partly realized. Many natural oils have been almost 
completely duplicated in the laboratory, and the chem- 
ist has also discovered chemicals which possess odors 
practically identical with those in nature, but entirely 
unrelated chemically. Artificial musk admirably illus- 
trates this type (page 1364). 

The perfume chemist has also been able to reproduce 
many flower odors, which it has not been possible to ex- 
tract from the flowers because of the minute quantity 
present; such odors as arbutus and sweet pea are illus-» 
trations. 

It must not be thought, however, that synthetic per- 
fumes always fully duplicate nature’s odors. Often 
there are minute quantities of constituents which are 
so elusive that they escape the most careful analysis and 
others have defined reproduction, but sufficient has 
been done to fascinate and awe those who make even 
a casual study of modern laboratory creations, and to 
very largely replace natural perfumery products. 

Aromatic Chemicals Employed in Perfumery—The 
following section includes the more important of the 
chemical substances synthetically produced or isolated 
from natural sources and available today for the prep- 
aration of synthetic perfumes. The various constitu- 
ents of volatile oils and of flower odors represent many 
classes of organic compounds and for convenience they 
are grouped according to their chemical classification. 


ACIDS 


Benzoic Acid—This is used as a fixative in sachets and 
fumigating pastilles, especially the natural acid sepa- 
rated from benzoin. The Siam variety of benzoin is 
preferred for this purpose. For making benzoin lotion, 
however, the Sumatra teria which contains more 
gum, is better. 

Cinnamic Acid—lIt is Bheaed chiefly from storax. 
White, odorless crystals, melting at 183° C. It is used 
chiefly as a fixative, especially in its natural combina- 
tion in storax, benzoin, or tolu. * 

Phenylacetic Acid—White, flake-like crystals, melt- 
ing at about 76.5° C. and boiling at 141° C.; soluble in | 
water. It is used chiefly to produce its alcohol or esters 
but has a honey-like odor and is used to perfume soaps. 
It is an excellent fixative, replacing indol and civet in - 
perfumes which must be ‘colorless, and in lotions and 
Rey waters. Use in small amounts as it is very power- 
ul. 
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ALCOHOLS 


Alcohol-Cs (octyl alcohol)—A normal alcohol having a 
peculiar, fatty odor resembling rose pomade. It is used 
in toilet water, perfumes, and skin creams, and in fancy 
floral perfumes of the rose type to get the pomade effect. 

Alcohol-C', (nonyl alcohol)—A liquid having an odor 

suggesting oil of tuberose, cassie, mimosa, and jonquil. 
It is sometimes used to give a special note to rose per- 
fumes or to Cologne water. 
_ Alcohol-C yo (decyl alcohol)—A liquid which, when used 
in small quantities, improves and gives distinctive 
characteristics to perfumes. Its own odor suggests 
tuberose or cassie, but is not as strong as Alcohol-Co. 
It is also a valuable fixative. 

Alcohol-C,, (undecylic alcohol)—A liquid occurring 
naturally in oil of rue but also prepared synthetically. 
Its odor suggests flowers, principally fresh reseda, 
cassie, or violet. It is sometimes used in Cologne water. 

Alcoholic-C ,2—A solid substance at normal tempera- 
ture having a weak, fatty, and mellow odor, not very 
distinctive, but used sometimes to impart the pomade 
character to floral synthetic odors. 

Benzyl alcohol—A colorless liquid, having a slight 
balsamic odor when pure. It boils at about 295° C. 
and has a specific gravity of about 1.05 at 15° C. It 
occurs naturally in the oils of jasmine, neroli, ylang- 
ylang, cassie, and others, but is prepared synthetically 
by heating benzyl chloride with potassium carbonate. 
It is largely used as a solvent and fixative in synthetic 
perfumes such as jasmine, tuberose, chypre, ylang- 
ylang, etc. It is also used as a solvent for synthetic 
musk. Protect from light and air. 

Borneol—An alcohol naturally existing in and the 
characteristic constituent of pine needle oils. It forms 
a white; crystalline mass which, when pure, melts at 
203° C. It is usually found in the form of its esters of 
which bornyl acetate is the most important. 

Cinnamic alcohol—Usually a white solid mass when 
melted, boiling at 117° C. (6 mm.). Soluble in all pro- 
portions in alcohol. It occurs naturally as esters, in 
balsam of Peru, and in storax. It possesses a very 
sweet odor resembling hyacinth or lilacs. It is used 
chiefly as a fixative in such perfumes as rose, lilac, 
hyacinth, etc. It is also used as a fixative in creams and 
in fine soaps. 

Citronellol (roseol, reuniol)—A colorless liquid, iso- 
meric with rhodinol and geraniol. It boils between 
113° and 115° C. (15 mm.); specific gravity 0.86 at 
15°C. Soluble in alcohol in all proportions. It occurs 
naturally in the oils of geranium and rose and the odor 
is suggestive of both oils. It is used in all rose and gera- 
nium perfumes, whether for extracts, soaps, or creams. 

Geraniol—A colorless liquid, boiling between 110° 
and 111° C. (10 mm.); specific gravity 0.88 at 15° C.; 
an isomer of linalool. It is soluble in alcohol in all 
proportions. It occurs naturally in the oils from 
palmarosa, citronella (Java), lemon grass, and many 
other oils. Its odor is very sweet and rose-like and it 
may be used in soaps, as it is not decomposed by free 
alkali. It is used in many perfumes besides rose, such 
as geranium, cassie, hawthorn, lily, honeysuckle, neroli, 
ylang-ylang, etc. 

Linalol—A colorless liquid, boiling between 70° and 
71° C. (4 mm.); specific gravity 0.87 at 15° C.; an 
isomer of geraniol. It is soluble in alcohol in all propor- 
tions. It occurs naturally in the oils of jasmine, 
 ylang-ylang, bois de rose, rosewood, etc., the latter 
being the commercial source. The odor resembles rose- 
~ wood and is used in the preparation of synthetic oils of 
- orange flowers, rose, lily of the valley, lilac, honeysuckle, 


Ptr 


\ 


1361 


‘ 


wallflowers, cyclamen, and other bouquets. The odor 
is fine but not very lasting. 

Nerol—An isomer of geraniol occurring in the free 
state or as an ester in the oils of neroli, rose, ylang- 
ylang, wallflower, ete. 

Phenylethyl alcohol—Boiling point 99° C. (6 mm.); 
specific gravity 1.020 at 15° C. A colorless liquid occur- 
ring naturally in rose flowers. The odor is honey-like. 
As it is readily soluble in water, it is found in rose 
water and only in small quantities in the distilled oil of 
rose. It is a constituent, however, in rose absolutes 
and concretes and is the distinctive odor of white rose. 
It is suitable for perfuming soaps and is employed in 
the preparation of synthetic oils of rose, lilac, hyacinth, 
jasmine, narcissus, neroli, lily of the valley, ete. It is 
also a valuable fixative. 

Rhodinol—This alcohol is isomeric with citronellol 
and geraniol. It is a colorless liquid, boiling between 
110° and 120° C. (10 mm.); specific gravity 0.87 at 15° 
C. The commercial product is usually distilled from 
geranium oil. It has a strong rose-like odor and is one 
of the most important constituents in natural oil of 
rose and oil of geranium and the chief dependence in 
making artificial oil of rose. It is especially valuable in 
perfuming toilet soaps. 

Terpineol—A colorless liquid, boiling between 104° 
and 105° C. (10 mm.); specific gravity 0.94 at 15° C. 
This alcohol possesses an odor resembling the perfume 
of lilac flowers, and is largely used as a cheap soap per- 
fume, as it is not decomposed by alkali. It is an im- 
portant addition to the preparation of the cheaper:syn- 
thetic perfumes of lilac, lily of the valley, sweet pea, 
violet, carnation, narcissus, etc. It readily dissolves 
in fats and is therefore much used in toilet creams. 


ALDEHYDES 


Aldehyde-C'g (octyl aldehyde)—A natural aldehyde in 
the oils of lemon, rose and neroli. It possesses a strong 
fatty and waxy odor and must be used only in small 
amounts. It furnishes a distinctive shade to the odor 
of fine perfumes, especially of the rose type. 

Aldehyde-C 9 (nonyl aldehyde)—An aldehyde occurring 
in the oils of rose, cinnamon and orris. It is of value in 
preparing synthetic oils of rose and neroli. Only a small 
amount is to be used, not more than 1 per cent, dis- 
solved in alcohol. It is a good fixative. 

Aldehyde-C io (decyl aldehyde)—This is an oily liquid 
of an intensely sweet odor and used in minute amounts 
to perfect many synthetic oils including violet, nerol, 
cassie, rose, Jasmine, wallflower, etc. 

Aldehyde-C 1, (undecylic aldehyde)—A liquid having a 
powerful, undefinable odor. Only traces must be used 
to modify floral oils. 

Aldehyde-C x2 (lauric aldehyde)—When of full strength 
it possesses a strong fatty odor but when diluted sug- 
gests violet leaves and orris. Traces only are to be used 
in jasmine, tuberose, lily of the valley, and violet. 

Aldehyde-Cy2 (methylnonylacetic aldehyde)—This is 
the most important of the aldehyde series. When highly 
diluted it has the odor of the fresh peel of oranges and 
lemons and gives a freshness and originality to per- 
fumes. 

a-Amyl cinnamic aldehyde—A colorless liquid which 
has attained an importance as a perfume material equal 
to that of hydroxycitronellal, ionone, phenylethyl alco- 
hol or geraniol. It imparts a jasmine-like odor, espe- 
cially in high dilution. Most useful for all flowery 
compositions, such as lily of the valley, narcissus, hya- 
cinth, rose, and wherever a modern jasmine-like odor 
is desired. It blends well with benzyl acetate, terpineol, 
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andionone. Stable in soap compositions, provided that 
the soap is neutral. 

Anisic aldehyde (aubepine)—A colorless liquid, boiling 
at 91° C. (10 mm.); specific gravity 1.13 at 15° C. This 
liquid possesses the odor of hawthorn blossoms and is 
the basis for that odor. It is also used in the prepara- 
tion of synthetic acacia, wallflower, new-mown hay, 
sweet pea, orchid, lotus, elder flower, etc. It dissolves 
in alcohol, oils, or glycerin, and blends well with ter- 
pineol, linalool and terpinyl acetate. 

Cinnamic aldehyde—A yellowish liquid, boiling at 
from 118° to 120° C. (10 mm.); erystallizing at —7° C.; 
specific gravity 1.06 at 15° C. It is the most important 
constituent of the oils of cinnamon. It is used to per- 
fume soaps and hair washes, and is employed in various 
oriental type perfumes. 

Citral—This is an unsaturated aldehyde and occurs 
naturally in the oils of lemon, lime, verbena, lemon 
grass, etc. It is more soluble in water or dilute alcohol 
than oil of lemon and, when pure, is often used in place 
of terpeneless oil of lemon. In perfumery it imparts a 
fresh lemon odor to perfumes producing the so-called 
lemon soaps and creams. 

Citronellal—A colorless liquid, boiling at from 72° to 
73° C.(6mm.); specific gravity 0.86 at 15°C. It occurs 
naturally in citronella oil from which it is extracted. 
The odor suggests citral. It is used in cheap soaps, but 
they must be neutral, or they will decompose it. 

Heliotropine (piperonal)—White crystals, melting at 
from 36° to 37° C. and boiling at about 135° C. (10 
mm.). This is one of the most important synthetic 
perfumery products, having the distinct odor of helio- 
trope and being an excellent modifier and fixative. It 
is used in perfuming soaps, sachets, powders, and in the 
preparation of most synthetic perfume oils. Sometimes 
heliotropine is said to discolor. In reality, if properly 
used it does not discolor. Being an aldehyde, it is 
sensitive to alkali and certain metals, such as iron, and 
these must therefore be avoided. 

Hydroxy-citronellal—A. thick, oily liquid, boiling at 
116° C. (2.5 mm.) and having a specific gravity of 0.93 
at 15° C. It has a sweet and powerful odor suggesting 
flowers such as lily of the valley, honeysuckle, cyclamen, 
linden blossoms, etc. It is possible to use it in many 
sweet flower perfumes and it also serves as a fixative. 
As much as 25 per cent may be used in lilac, from 10 to 
40 per cent in lily, about 15 per cent in magnolia, ete. 
It is one of the most valuable developments of recent 
perfumery chemistry. 

Phenylacetic aldehyde—A colorless liquid, boiling at 
from 74° to 75° C. (6 mm.); specific gravity from 1.03 
to 1.05 at 15° C. Its odor strongly resembles hyacinth 
and is valuable in the production of synthetic hyacinth, 
rose, narcissus, lilac, sweet pea, jonquil, and other re- 
lated odors. It should be kept in 50 per cent alcoholic 
solution as the pure aldehyde quickly polymerizes and 
becomes odorless. It is a fixative and increases the 
bouquet of perfumes. It should not be used in soaps 
unless they are perfectly neutral. 

Phenylpropylie aldehyde (hydrocinnamic aldehyde)— 
The odor suggests hyacinth and must be used only in 
small amounts as it is very persistent. About 1 per cent 
may be used in lilac perfumes. 

Salicylic aldehyde—This is an aromatic liquid, occur- 
ring naturally in several oils of the Fam. Rosacee. It 
is prepared synthetically and is the starting point in the 
making of coumarin. It is used in the preparation of 
some violet perfumes. 

Vanillin—A white, crystalline product having the 
odor of vanilla. It is used in many perfumes because 
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of its sweet odor and excellent fixative qualities. It 
turns brown with alkali or when in contact with metallic 
substances. It should be used carefully in white creams 
and it is unsuited for soaps unless they are neutral. 


KETONES 


Acetophenone—A colorless liquid, crystallizing at low 
temperatures. It boils at about 79° C. and melts at 
20° C. It occurs naturally in labdanum and the odor 
is flowery and is used in new-mown hay, crab apple, 
lilac, syringia, and other perfumes. 

Carvone—A constituent of caraway oil, used in tooth 
pastes, mouth washes, ete. 

Tonone (a mixture of alpha and beta varieties)—This 
is thes universally used violet odor. It is prepared 
through the condensation of citral with acetone in the 
presence of an alkali. The mixed ketones are used 
chiefly in the perfumery of soaps, 10 Gm. being sufficient 
for 100 kilos of soap. 

Lonone-alpha—It is the most valuable product for 
preparing fine violet perfumes but must be skilfully 
blended with other substances such as orris concrete, 
and the oils of ylang-ylang, santal, bergamot, clary 
sage, cassie, etc., to develop “body.” 

Tonone-beta—This ketone is used about the same way 
as the other ionones but mostly in oriental bouquets to 
produce a very heavy odor. 

Ionone-gamma—A third isomer of ionone having the 
characteristic odor resembling Russian leather and 
particularly valuable in oriental odors, 

Methyl acetophenone—A colorless liquid, boiling at 
223° C.; specific gravity 1.01 at 15° C. It possesses a 
fine flowery odor resembling mimosa and is largely used 
in perfuming soaps and in flavoring tobacco. It is also 
used as the basis for synthetic mimosa and as a modifier 
in synthetic cassie, hawthorn, lily, violet, heliotrope, 
etc. 


ESTERS 


Amyl acetate—A colorless liquid, boiling at about 
139° C. It has a very fruity odor suggesting pears and 
gives sweetness to many perfumes, notably hyacinth. 

Amyl benzoate—A colorless liquid having an odor 
suggesting ambergris. It is an excellent fixative. 

Amyl butyrate—This liquid has a fruity odor and is 
sometimes used in synthetic jasmine. 

Amyl salicylate—A colorless liquid, boiling at from 
151° to 152° C.; specific gravity 1.05 at.15° C. Its 
odor resembles some orchids and is the basis for clover 
perfumes. It is used in various cheap and powerful 
perfumes. It is used as a modifier in chypre, new-mown. 
hay, carnation, etc. It is used in soaps. 

Amyl valerate—The odor of this ester suggests apples 
and-it is used as the basis for crab-apple perfume. 

Benzylacetate—A colorless liquid, boiling at 216° C., 
specific gravity 1.06. It possesses an ethereal and fruity 
odor and is one of the principal constituents in the 
natural oils of jasmine, ylang-ylang, cassie, etc. It 
replaces natural jasmine in cheap perfumery and espe- 
cially in soaps. 

Benzyl benzoate—It has a slightly balsamic odor and 
is used chiefly as a solvent for musk and other non- 
alcohol soluble perfumes and also as a fixative. It may 
be used in soaps. 

Bornyl acetate—The crystal product melts at 29° C. 
and boils at 98° C. (10 mm.). It has the odor of pine © 
needles and is especially used to cover disagreeable ~ 
odors in hospitals, theaters, etc. It is combined with 
other perfumes to make spray perfumes, toilet waters, 
bath crystals, ete. 
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Ethyl acetate (acetic ether)—A liquid having a pleas- 
ant and fruity odor, much used in fruit essences. It 
gives a refreshing odor to toilet waters, toilet vinegars, 
and other perfumes such as magnolia, cyclamen, ylang- 
ylang, but traces only must be used. 

Ethyl benzoate—A colorless liquid, boiling at 213° C. 
The odor resembles methyl benzoate but is softer and 
more aromatic. It is used in artificial ylang-ylang, 
new-mown hay, niobe, and peau d’Espagne. 

Ethyl butyrate (butyric ether, pineapple oil)—The odor 
recalls that of rose and traces are sometimes used in 
synthetic rose. It is chiefly used to produce artificial 
pineapple essence. 

Hithyl cinnamate—This ester boils at 271° C. and 
occurs naturally in storax. It has a balsamic and fruity 
odor, and is an excellent fixative for Cologne water and 
other toilet waters. It is also used in oriental perfumes, 
in fancy bouquets, and in soaps. 

Ethyl formate—The odor and uses are very similar to 
those of ethyl acetate. 

Ethyl laurate—It has a pleasant but not a powerful 
odor, used as a fixative in tuberose and fancy perfumes. 

thyl nonylate—A liquid having an odor suggesting 
roses. It is chiefly used in flavoring beverages. 

Hthyl phenylacetate—The odor is distinctly that of 
honey, also suggesting rose and musk. It is used in 
synthetic rose, lily and sweet pea perfumes but chiefly 
to produce an artificial honey flavor. It is much used 
in perfuming tobacco. 

Ethyl salicylate—A liquid having an odor much like 
methyl salicylate or wintergreen but finer. It is used 
in making synthetic cassie. 

Ethyl valerate—It has a flowery and also a fruity odor 
and is chiefly used in fruit essences and fancy perfumes. 

Geranyl acetate—A colorless liquid, boiling at from 
128° to 129° C.; specific gravity 0.92 at 15° C. The 
commercial product contains about 92 per cent of the 
ester. It occurs naturally in the oils of lavender and 
spike and may be used in perfumes, soaps, and creams. 
It is used in preparing artificial tuberose, wallflower, 
neroli, and gives freshness to the perfume. 

Geranyl butyrate—Prepared synthetically. It pos- 
sesses a heavy and rose-like odor, also suggests apples. 
It is used for apple essence and in preparing perfumes 
like rose and geranium wherein it also serves as a 
fixative. 

Geranyl formate—Its odor suggests roses and is a 
component of many synthetic rose and neroli perfumes. 

Geranyl propionate—The odor is suggestive of roses 
- and is used in some artificial rose oils and also in making 
bergamot oils. It has excellent fixative qualities. 

Isobutyl salicylate—A colorless liquid, boiling at 260° 
C. It has a very sweet odor and is especially suited for 
use in perfumes of the clover type. Also used in such 
perfumes as orchid and cassie. 

- Tsobutyl acetate—It has an odor suggesting hyacinth 
and roses and is especially used as a rose modifier. 

Isobutyl benzoate—A liquid having a pleasant odor 
suggesting lilies. It is a valuable fixative and is also 
used as a modifier in artificial oils of neroli, sweet pea, 
clover, acacia, etc. 

Isobutyl phenylacetate—Its odor is sweet and sugges- 
tive of sweet briar rose. It is used to give a note of 
’ sweetness to flower perfumes, especially carnation, rose, 
tuberose, sweet pea, honey, etc. 

- Linalyl acetate—A colorless liquid, boiling at from 
79° to 80° C.; specific gravity 0.91 at 15° C. Soluble 
in all proportions in alcohol. The commercial product 
contains from 90 to 92 per cent of the ester, the re- 
~ mainder being linalool. It occurs naturally in the oils 
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of bergamot, jasmine, ylang-ylang, and is the principal 
substitute for oil of bergamot, especially in Cologne 
water and also in artificial lily of the valley, jas- 
mine, lilac, linden blossoms, ylang-ylang, lavender, 
azurea, etc. 

Linalyl benzoate—A liquid having a heavy odor; use- 
ful in perfumes of the oriental type. 

Linalyl cinnamate—Much like linalyl benzoate. 

Methyl anthranilate—This ester is crystalline, melt- 
ing at about 24°C. It has an odor strongly resembling 
orange blossoms and is used as the basis for artificial 
neroli or to replace natural neroli oil. 

Methyl benzoate (niobe ozl)—A liquid having a strong, 
balsamic odor. It is combined with vertivert, oak moss 
or labdanum in the making of the base peau d’ Espagne. 
It is much used in perfuming soaps, but only traces 
should be used in perfumes. 

Methyl cinnamate—A liquid having a heavy, fruity 
odor suggesting strawberry. It is a valuable fixative 
for lilac, oriental bouquets, fancy compounds, bath 
salts, ete. 

Methyl heptine carbonate—This is often called “vert 
de violette, artificral.”’ By itself the odor is offensive 
but used properly it produces the leafy odor often de- 
sired in violet perfumes. 

Methylphenylcarbinol acetate—This ester is sometimes 
sold as gardeniol, having an odor suggesting gardenias. 
{t may be used in producing an artificial perfume sold 
under that name and to give a fresh odor to lilac and 
other floral odors. 

Naphihol (beta) ethyl ether (bromelia)—The odor of 
this crystalline compound suggests orange blossoms 
but it is crude and very powerful. It is used only in 
soaps in very minute amounts. 

Naphthol (beta) methyl ether (nerolin, yara yara)— 
This crystalline product possesses the distinct odor of 
neroli but is suited only for soap perfumery as it must 
be highly diluted. 

Phenylethyl acetate—It has an odor suggestive of 
peaches or other fruits. It produces leafy effects in 
floral odors. 

Phenylethyl butyrate—Its odor suggests roses and it 
is used in jasmine perfume, especially in creams. 

Phenylethyl formate—Its odor suggests the white or 
eglantine rose and has been used in rose, lilac, lily, and 
orchid perfumes, but is not stable. 

Phenylethyl propionate—The odor is very sweet, 
suggesting dried rose petals. It is used as a modifier in 
sweet perfumes. 

Phenylmethyl butyrate—A liquid having a powerful 
fruity odor. Sometimes used in artificial rose, but it 
must be used sparingly. 

Rhodinol acetate—A colorless liquid boiling between 
110° and 120° C. (10 mm.). It is miscible in all propor- 
tions with alcohol. It has a distinct rose odor and is 
used in many artificial rose perfumes. It may be used 
in creams and in toilet soaps. 

Rhodinol butyrate—A liquid having a rose odor; 
especially valuable in obtaining the moss rose effect 
and as a fixative. . 

Rhodinol formate—A colorless liquid having an odor 
suggesting wild roses. It is used in making artificial 
carnation or rose. 

Terpinyl acetate—A colorless liquid, boiling between 
90° and 94° C. (10 mm.); specific gravity 0.96 at 15° C. 
It is miscible with alcohol in all proportions. The 
commercial product contains about 92 per cent of ester. 
Its odor suggests bergamot and lavender and it is 
chiefly used in the perfumery of soaps as a cheap substi- 
tute for lavender or bergamot. 
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PHENOL. ETHERS 


Anethol—A. white, crystalline product obtained from 
the oil of anise, star-anise, and fennel (page 727). By 
oxidation it yields anisic aldehyde (aubepine) (page 
Oo) 

Carvacrol—A phenol obtained from the oils of thyme 
and origanum. It is used in soap perfumery. 

Eugenol—See page 677. 

Tsoeugenol—A thick, yellowish liquid crystallizing at 
low temperatures. It boils between 111° and 113° C. 
(10 mm.); specific gravity 1.09 at 15° C. Its odor is 
similar to eugenol but sweeter. It is used in the prepara- 
tion of synthetic carnation perfumes. It also becomes 
a component in artificial lilac, ideal, jonquil, oriental 
soaps, ete. It is especially adapted for soap perfume. 

Safrol—This phenol occurs naturally in sassafras 
oil and is the main constituent of synthetic sassafras 
oil. It is largely used as a perfume in cheap soaps. 


MISCELLANEOUS SYNTHETIC PERFUMERY COMPOUNDS 


Brom-styrol (hyacinthin)—This halogenated hydro- 
carbon is a yellowish liquid boiling between 219° and 
221° C.; specific gravity 1.48 at 15°C. It has a power- 
ful but crude odor suggesting hyacinth but is useful in 
soaps, especially those to be perfumed with rose, 
hyacinth, lilac, heliotrope, ete. It is alkali-proof. 

Coumarin—A white, crystalline lactone melting be- 
tween 67° and 69° C. and boiling at about 154°C. It 
is the odorous substance occurring naturally in tonka 
beans, or many grasses and is the basis for the perfume 
known as new-mown hay. The commercial product is 
prepared synthetically. It is also used as soap perfume 
and is a valuable fixative. 

Diphenylmethane—This hydrocarbon has an odor 
suggesting geraniums and is important as a soap per- 
fume because it is alkali-proof. 

Diphenyl-oxide—This liquid has an intense odor of 
geranium and being very stable in soaps is much used 
in that industry. 

Indol—A white, crystalline body melting at about 
52° C. and boiling at 254° C. and soon darkening on 
exposure to light. It has a powerful and disagreeable 
odor unless highly diluted when it becomes jasmine- 
like. It occurs naturally in the oils of jasmine and 
neroli, and body secretions. 

Musk ambrette (100 per cent)—Yellowish crystals, 
melting at 85° C. Its solubilities are as follows: 20 
Gm. in 1000 ce. of ethyl alcohol (95 per cent); 161 Gm. 
in 1000 ec. of benzyl alcohol; 290 Gm. in 1000 cc. of 


diethylphthalate; 450 Gm. in 1000 cc. of benzyl benzo-- 


ate. This substance is largely used as a fixative to re- 
place natural musk but differs distinctly in odor, hay- 
ing the agreeable character of ambrette seed. It is 
employed as a fixative, usually dissolved in benzyl 
benzoate, in such perfumes as acacia, carnation, lily, 
ylang-ylang, magnolia, mimosa, narcissus, jonquil, 
clover, violet, etc. It is a valuable fixative for soaps on 
account of its strength. 

Musk ketone—Yellowish crystals, melting at about 
135° C. Its solubilities are as follows: 
cc. of ethyl alcohol (95 per cent); 134 Gm. in 1000 ce. 
of benzyl alcohol; 155 Gm. in 1000 cc. of diethyl- 
phthalate; 205 Gm. in 1000 ce. of benzyl benzoate. 
This artificial musk most nearly resembles natural musk 
in its odor. It is therefore used when musk odor is de- 
sired and also as a fixative in many perfumes, soaps, and 
creams. 

Musk xylol (musk aylene)—Yellowish crystals, melt- 
ing at about 112° C. Its solubilities are as follows: 7 
Gm. in 1000 ce. of ethyl alcohol (95 per cent); 85 Gm. 


Li 


15 Gm. in 1000 
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in 1000 ce. of benzyl aleohol; 135 Gm. in 1000 cc. of 
ethyl phthalate; 280 Gm. in 1000 cc. of benzyl benzoate. 
The musk-like odor of musk xylol is not so powerful 
as the other synthetic musks, hence the others are 
more often used. It is, however, a valuable fixative. 

Skatol—In concentration this nitrogenated product 
has a very disagreeable odor suggesting civet, but when 
well diluted the odor is not unpleasant and it is used as 
a fixative in flower-like odors. It becomes red when 
long exposed to the air. 

Fixatives—The proper fixing of a perfume is oneof the 
most important problems before the perfumer. Most 
floral odors so lavishly expend themselves that unless 
this process is retarded the finest perfume will prove 
unsatisfactory to the user because of the lack of lasting 
qualities. The earliest records of perfumery indicate 
that this was understood thousands of years ago and 
some of the fixative agents used today were employed 
by the Egyptians and Greeks as set forth in the writ- 
ings of Theophrastus (370 B. C.). 

Some fixatives do not of themselves possess pleasant 
odors and some are even disagreeable, as civet, castor, 
indol, and valerian. Others are pleasantly aromatic as 
benzoin, olibanum, musk, ambergris, vanillin, coumarin, 
heliotropine, etc., and still others have little or no odor, 
as benzyl benzoate and ethyl phthalate. 

Fizatives from animal sources—Some of these products 
were used by the earliest perfumers but are largely being 
replaced today by vegetable or synthetic products of 
high boiling point. \ 


Musk—This is the dried secretion from the preputial 
follicles of the male musk deer (Moschus moschiferus) 
found only in the Himalayan and Atlas mountain 
ranges. The most important variety is known as T’on- 
quin musk which comes from Tibet. The musk pods 
consist of a round sack about one and a half inches in 
diameter, on the exterior side covered with coarse hair, 
arranged about the central orifice. Grain musk consists 
of the dried secretion, carefully removed from the pod, 
and is especially subject to adulteration with dried 
blood, or earth, and must be carefully tested. For the 
finest perfumes of a floral type genuine musk is con- 
sidered indispensable. Substitutes in the form of arti- 
ficial musk have been considered elsewhere. 

Castor—This fixative consists of the dried preputial 
follicles and their secretions, obtained from the beaver 


(Castor fiber). The follicles are obtained from both the 
male and female beavers. The odor is strong and dis- 
agreeable. 


Civet—This consists of a yellowish white fatty mass 
obtained as a glandular secretion from the civet cat 
(Viverra cwvetta) which is domesticated and raised in 
Abyssinia and in the Indian archipelago for the secre- 
tion. 

Ambergris—This valuable fixative is a secretion ob- 
tained only from the sperm whale and is usually found 
floating on the sea or on the sea shore. It varies greatly 
in color and odor and its value is correspondingly de- 
pendent upon the quality. Its odor is sweet and pos- 
sesses marvelous fixative properties. 

Fizatives from vegetable sources—These have also been 
used from the earliest times, the most ancient writers 
referring to members of this group which are all volatile 
oils, resins, gum resins, oleoresins, or balsams. Most 
of these substances are also used in medicine and have 
been described elsewhere. The most important are 
benzoin, galbanum, orris, labdanum, oak moss, myrrh, 
olibanum, opoponas, patchouli, balsam of Peru, santal 
oul, storax, tolu, vetivert, and vanilla. 
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They are sometimes used as tinctures, having been 
made by extraction with alcohol, but many of them 
today are available as concentrated oleoresins, having 
been extracted by volatile solvents. 

Fixatives from synthetic chemicals—This group repre- 
sents the development of the modern organic chemist 
and its representatives are some of the most valuable 
fixatives available today. The pleasant odors in some 
instances add merit to the fixative while in other cases 
the absence of all side odors is exactly what is required. 
The high boiling point of many of these products ex- 
plains in part their efficiency as fixatives. 

These products have been described individually and 
attention called to their specific uses (see page 1364). 
Among the most outstanding representatives are 
coumarin, heliotropine, hydroxycitronelial, ionone, arti- 
ficial musks, santalol, vanillin, ete. 


Dealers in perfumery supplies usually offer dyes suit- 


able for every purpose, either in liquid or powder form. 

The coloring matter in toilet water and other liquid 
perfumes must not be sufficient in quantity to produce 
a stain when used upon the handkerchief or clothing. 

From these few basic colors almost.any desired shade 
or tint may be obtained through diluting or combining 
the colors. 

No colors should be used which might be irritating 
or poisonous when applied to the skin. It is advisable 
to use alcohol-soluble, certified colors only. 


The Structure of a Perfume 


The perfumery chemist finds it unsatisfactory to 
create a finished odor by using natural perfumes alone. 
He finds it equally undesirable to prepare an acceptable 
perfume by using only synthetic products. Therefore, 
both the natural and the synthetic products must be 
drawn upon and skilfully blended to produce the fine 
quality of perfumes of today. 

The compounding of a perfume requires the con- 
sideration of a number of factors. 

In creating a new odor, the perfumer must first deter- 
mine the type of perfume desired. A large number of 
specialties are today available from dealers in perfumery 
supplies, giving, either alone or in combination, almost 
every variety of odor that could be ordinarily wanted. 
If it is preferable to build the odor from pure chemicals 
and volatile oils, it will be necessary to first produce an 
equivalent of the commercial specialties and it should 
be borne in mind that all the successes in modern 
perfumery are based upon specialties, which have re- 
quired years of research for their development. This 
basic product, which determines the character of the 
perfume, is known as the ‘‘body.” 

The next step is to select from the different fixatives 
those which are in harmony with the determined type 
of odor. Practically all fixatives have an odor, for 


without odor they would dilute and have a tendency © 


to “flatten” the perfume. Suppose an odor resembling 
“chypre”’ is desired. The base ‘‘chypre’’ will probably 
be obtained from a reliable perfume house and a drop 
of this will be placed on a blotter. After smelling it, the 
blotter will be set aside for twenty-four hours and then 
again smelled. If it is not sweet and lasting enough 
some coumarin, vanillin, musk ambrette, opoponax, 
or ambre synthetic, will be used in balanced proportion, 
to obtain the desired effect. 
When the fixative has been adjusted it may be found 
that the perfume does not contain enough aromatic. 
This may be corrected by using the proper proportion 
of orris concrete, oak moss oleoresin, or such products 
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as the fluid preparations of tolu, galbanum, opoponax, 
olibanum, ete. 

When the perfume is lasting and sweet enough, it is 
time to add the ‘‘top note.”’ This is obtained with abso- 
lute flower oils, from the concentrated washings of the 
pomades of jasmine, rose, tuberose, ete., or from such 
volatile oils as neroli and ylang-ylang. 

Finally, to give freshness to the perfume, the per- 
fumer will use such volatile oils as bergamot, orange, 
cedrat, lime, etc. 

The natural fixatives, such as ambergris, Tonquin 
musk, and civet, do not sensibly modify the odor, and 
can be added in small proportion when the perfume is 
finished. No exact proportion can be predetermined as 
the amount depends upon the type of the perfume and 
the limit of cost. 

To recapitulate, the scientific preparation of a per- 
fume requires: 

1. The selection of the ‘‘body” or base, to give the 
general character. 

2. Fixation. 

3. Finishing (incorporating the top odor, to furnish 
the bouquet or “fleuri”’ to the finished perfume). 

4. Dilution of the perfume with the proper solvent 
for the proper concentration. 


Floral Odors 


On the following pages a few of the more important 
floral odors used in modern perfumery will be discussed 
and typical formulas given. These formulas are only 
suggestive but give a fair conception of the makeup of 
commercial products. 

Carnation—The natural product is very seldom used 
as it is expensive and unsatisfactory. The synthetic 
carnation is known as e@illet, dianthus, etc. The main con- 
stituents of this perfume are rose, isoeugenol, linalool, 
ionone, neroli, vanillin, heliotropine, and benzyl acetate. 

A typical formula made from basic ingredients would 
be as follows: 


CARNATION 
Natural-oil of roses... a.cerudtin See eee 10 
[SOCUTOMOL iret ccm hc fast senate 15 
Phenylacetaldehyde (50 per cent)............. 10 
Lintalolesea ee oe cts co MM earl the Re eee 10 
Lonones (pure); fe Aerts Cae eed wae oie 10 
Béenzylpacetaten: te ace ctecve ao alana hchocths 10 
Nerolineseag Shee tort roe lore rete choo 5 
Heliotropin erence seer eee eee =e 10 
Vanrillin recreate eke ores 10 
Benzyliacetatet trp ce rmncte ohare icc. eae ee 10 


100 parts 


Cassie—(Oil of Cassie must not be confounded with 
Oil of Cassia or Cinnamon Oil.) 

This oil from Acacia farnesiana (Fam. Leguminose), a 
shrub cultivated in Southern France and in Syria, pos- 
sesses an odor resembling the violet. It is obtainable, 
for perfumery, chiefly in the form of cassie absolute, 
cassie liquid absolute, cassie concrete, and cassie 
pomade. It is mostly used for making synthetic violet, 
and also is a constituent in oriental bouquet. The 
chemical constituents of cassie are mainly geraniol, 
linalol, farnesol, benzyl alcohol, methyl salicylate, 
decylic aldehyde, cuminic aldehyde, 10 per cent of anisic 
aldehyde, and also a ketone of a violet-like odor. 

Cyclamen—The cyclamen flowers (C. persicum) grow 
mostly in certain mountainous districts of France 
(more especially in Savoy), and the fresh flower loses 
most of its odor after having been picked. When 
cultivated it has no odor, but the wild flower has an 
extremely sweet odor as fine as that of violet but with 
a distinct character of its own. In preparing an artifi- 
cial oil the following are chiefly used: ionone, linalol, 
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terpineol, hydroxy-citronellol, and phenylacetic alde- 
hyde. By means of a new chemical body recently dis- 
covered, a more true imitation of the odor of this flower 
has been produced. 

Heliotrope—Heliotrope odor is based upon helio- 
tropine, which is the main odor, ,.but to it are added 
terpineol, vanillin, eugenol, benzyl acetate, ylang-ylang 
and small quantities of the oil of tuberose and jasmine. 

A typical formula is as follows: 


HELIOTROPE 
Terpinéol. jeanne tere tere ener 20 
Heliotropinejwiie et at see eee eae 20 
Vanillin |... BA acco eiiedoa teehee Ro ee 10 
Coumiarinven.-ce ee Fane easnatete ape at, v behegenty SOR 10 
Benzyl acetate:;.2,. ssa ae te es oe ee 10 
Vlang=ylane (Bourdon) maja ieee aie 5 
Rose, absolute or synthetic French rose........ 5 
Tuberose, absolute (liquid)......... Poeinione plan c 5 
Jasmine (Synthetic accemieoum cient atten 15 


100 parts 


Good bases for making fine heliotrope extract are sold 
as heliotrope liquid, heliotrope concrete, heliotrope blanc 
(not discoloring for creams), heliotrope amorphous (small 
crystals to be used for powder and rouge).° 

Hyacinth (Jacinthe)—It is nearly impossible to obtain 
a natural odor product from the hyacinth flowers, so 
that a synthetic product is used. The main constituent 
of synthetic hyacinth is phenylacetaldehyde. The main 
objection to this product is that it polymerizes quickly 
by action of air and light and must be used in creams 
only in minute quantity because it has an irritating 
action on the skin. To obviate this difficulty a 50 per 
cent mixture of phenylacetaldehyde with benzyl benzo- 
ate, benzyl alcohol, or cinnamic alcohol is usually 
offered the trade. The chief constituents of a hyacinth 
formula are: rose absolute, heliotropine, cinnamic alco- 
hol, phenylacetic aldehyde, phenylethyl alcohol, ter- 
pineol, geraniol, linalool, and oil of bergamot. 

A typical formula is as follows: 


HYACINTH . 
Roses(synthetiesbrench)peeeereeiaaeeienearets 10 
Heliotropine see fae eo eee eats eee 10 
Cinnamicialcoholtiaen cad eee eee 20 
Bergamot oil Sieroter ae eee eee nara 10 
Phenylacetaldehyde (50 per cent)............. 25 
Jasmine *(symtbobic)in canker eee 10 
‘Lerpincols cece eeeee ee eo on 15 


To make 100 parts 


For a cheaper hyacinth, used largely in soap perfume 
brom-styrol is generally used to obtain the hyacinth 
effect. This odor is very stable. 

Jasmine—Natural Jasmine is made mostly by the 
volatile solvent method and is available as absolute or 
concrete. A small amount is made into pomade. 

Jasmine is the most important of all perfumery prod- 
ucts since it enters almost every floral odor. An analy- 
sis shows the following more important constituents: 
65 parts of benzyl acetate, 7.5 parts of linalyl acetate, 
6 parts of benzyl alcohol; 15.5 parts of linalool; 2.5 
parts of indol; 3 parts of jasmine (a ketone), and 0.5 
part of methyl anthranilate. 

An artificial jasmine oil may be prepared as follows: 


JASMINE 

Benzylacetate :a sani ee 
Linalyliacetatenn >. seer one 
Linalool ever akan eee 
Hydroxy-citronellol............ 
Oil of ylang-ylang (Bourbon)... . 
Jasmine, absolute................ skate natasha: 

Aldehyde Cio Svathe lo bho: wteehe White leie-ehe: er puiellelslisiventelts) us 5) p 


Phenylethylaleohol: 25. 204h eee oe © nee 10 
Rhodinol’: 22) S50). aa heat bo eine: oe 10 
Heliotropineavh. nae hee hee ee one 10 
Benzyl alcohol, sufficient, pe 

To, make. Ash vtec rer a late 128 parts 
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Lilac—There is no natural oil of lilac or other natural 
product obtainable directly from the lilac flowers for the 
use of the perfumer. Fortunately this very popular odor 
has been very satisfactorily reproduced synthetically. 

The alcohol terpineol possesses a lilac-like odor and is 
extensively used for creams and soaps where a cheap 
perfume is demanded but the better artificial lilac odors 
are prepared by blending other constituents. A typical 
formula is as follows: 


LILAC 

Heliotroping . oicrc3.¢ cee sle eect eters 61e oe nr 10 
Anisic aldehyde (aubepine)................-... 5 
Phenylethylvalcottol. oo... em sere ites 20 
Cinnamic'alcohol’}. ccc et eee 10 
Phenylacetaldehyde (50 per cent)............. 105? 
Phemylpropylaldehyde.. 22.8.5. sae ee es 2 
Rhodinol's asc xs tires Ae aioe os moe hel eae 5 
Jasmine;absolute.ccescccs.n ieee oe enter 5 
Benzyl acetates so2jcis'- laure sane site hie cee oie 10 
Hydroxy-citronellol eas oe aie eee 10 
Leitialool ye eek Aude Slee he aoe ee ee 10 
Terpineol, sufficient, ‘Ss . 

POW aeons icriass tere chs ete eautevatetatomerotes akeLerereaskitele 100 parts 


Lily of the Valley (muguet)—Practically no floral oil 
is extracted directly from the flowers, a synthetic 
product being almost universally used for this odor. 
The following typical formula well illustrates the usual 
combination. 


LILY OF THE VALLEY 
Cinnamictacetatex jccinnistur ces. «mire ee 5 


Hydroxy=citronellolncs cn tse vee en oes 15 
Phenylethyl alcoholh: 22. occ 10 
Lingloole ee cisa ne ste be wkelsamustigayy eee ae 10 
Benzylvacetate sere jcc sc tins hc Oa o Oo ee ee 15 
Tonone see a enateccito atte Oe ce ere 10 
Rhodinol a aiitanee ace cet ad aemte ions 10 
Rose; BbsOlter snares & v syahehewians 2 ee one 5 
JASMIN G ga SOMO me aersioeietee aie sie ate en ’ 5 
Terpineol, sufficient, es 
"TO Fi KO never elereciers dis aor eueyaraa Ast eiea ete reetone 100 parts 


Orange Flowers—This delightful odor is a dominant 
factor in the making of Eau de Cologne. Two classes 
of products are offered in the trade: first, an oil made 
by steam distillation of the flowers; second, a product 
extracted by the volatile solvent method called, 
“orange flower absolute, concrete, or liquid.” Oil of 
petit-grain, distilled from the leaves and twigs of the 
orange tree, is also used for making synthetic neroli. 
A by-product from the steam distillation of the flowers 
is orange flower water, used in pharmacy. Oil of neroli 
is the product generally used for the making of Eau de 
Cologne. Poucher gives the following formula to use 
to reproduce the absolute flower oil of Fleur d’Orange: 


ORANGE FLOWERS 


Nerolioreeraniol;puremacc: «star ct serneceinien: 35 
Linalool ate eae is ress heh eee Dee ee 10 
Methylanthranilates 22) .ca.n) aot coe nee 10 
TWO) Be ieee ron a poterese elise Dts, alts hee eaeeeheeeeoiete 0.5 
Methylenaphthyl ketone>.j.. 5.5.2. sone eee 10 
Al dehyde! Cottanuactccs ton: ve: aaneee'e/ chess eetaelekske Cane 0.5. 
Geranylforinateys =... accrcny erence tenner entre 2 
Lily of the valley (synthetic)................. 6 
Jasmines (Synthetic) sc. oti.ate aoc eee eee 3 
Rose (synthetic)..... preteen eee ee ee ene e eee 3 
LinalyWacetateyer Get. o)ts. wetcaclahose, «erect 10 
Benzoiniresimoy cic Malice DAs etee cee 10 
FLO SIVA S gy theron dieiss5. 61a, oh ont in. ole’ ole Couademe tech ene Roens 100 parts 


Rose—A description of this odor has already been 
given (see page 1360), and typical formulas are as follows: 


FRENCH ROSE 


ROS GsfADSOLU EC: no. sce, <cllosote ee tehete meee enn 20 
Phenylethylialcohol'=: +. guns snc eee ee 10 
Citronellolieen sakohe oes aa We ciel Reena “15 
Phenylpropyl alcohol 10 
[Soetgenoliy ss atelcaheeee Sistah Sore tae Gai 5 
Rhodinol aise his. oak wee ee one 14 
Aldehyde’ Cg; (10 percent) \. 2a. eee eee 1 
Geraniol, sufficient, 
Mosmakersciia woe ie eer teins ee Eee 100 parts 
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WHITE ROSE 

1A ECOYCTTIXG) Ley ajerl aces ts St ORC Semen 14 Cos 
ETAL CALOM PE ene Pra choi te ence, cade ee 14 Ge 
TOT AIO Meee Trask, cio es Rca coos he ae aot hee 42 (Le, 
bnenylacetic aldehyde....%. 2. sss. cec cscs 3 (fom 
Bhenylethyl alcohol.|.. 2... 066.0. vances we wes I'S: 75ce. 
Decyl aldehyde (10 per cent in alcohol)....... DCCs 
| EET occ RELI re BIOs ORT ey eo wee 0.25 cc. 
Migmamicalcololl: =e ais se cecucketOase.s cc. 
WG IRGINOW DN Sey Rees cuotees susie ctate a Misuse lectin one cle CG. 
Wintalole (rom bois de) rosé)... ..- sees +. see < 25 cc 
RROSE BA OSOMLUCT eet ee le ee dite > Saree 2 


Oil of rose (Bulgarian) 
WIROMPATCHOUIIS..Uo0 ei cea ren. os cols sie nae 
Oil of geranium (African) 


MiMabersaniot. .o6s. 0. occc eee koe kee ds 1 cc. 
Ditatlinitereer rc ve nce stint! aids Wien cc 
Oil of ylang-ylang (Manila)................. 


Phenylethyl acetate 
Wethvianthranilate «00.11.00 srs- neces ees 
MieoresinvoiOak MOSS; 05.5 sein cates cee ae 
Musk ambrette (20 per cent solution in benzyl 

[C@INARVIREE) oe OSS SRA See ee gee? 
Tincture of Siam benzoin (25 per cent in alcohol) 129 CG 


— 
RUAN NANSSWHoaunse 
aQ 
aQ 


Mix and age before filtering. 


Violet—Natural violets are seldom used because of 
their high cost, but violet absolute and violet concrete 
are obtainable and these are made exclusively by the 
use of a volatile solvent. A product extracted from the 
leaves of the violet plant is also used to obtain a violet 
odor. lonone, however, is mainly depended upon in 
perfumery for a violet odor but this must be skilfully 
blended with the extract from violet leaves and other 
modifiers such as methylheptine carbonate, orris abso- 
lute or concrete, cassie absolute or concrete, heliotro- 
pine, etc. The following is a typical formula: 


VIOLET 


MonOnenalpNa).. oc. ce kee bak eee nero 50 
WIOIETCAVES, ADSOlUTE.<.....0665 ces ces cs ees 2 
(CMC). £0570) Ie eee Se ee aoe 5 
WPS MHOUIC, BOSOLUTC 6.03 cele cvs oe ee ees 5 
Methylheptine carbonate.................... 3 
MM TSEEO DITO 1-05 cerca coed otic, anal overdue ie ee exe a8 15 
Jasmine, synthetic, sufficient, 


100 parts 
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Other Floral Odors—Other floral odors are of less im- 
portance than those already referred to but many have 
been synthetically produced and typical formulas may 
be found in the more extensive treatises on this subject. 
They include such odors as acacia blossoms, gardenia, 
hawthorn (May blossoms or crategus), honeysuckle, 
jonquil, lavender flowers, magnolia, mimosa, mignonette 
or reseda, narcissus, new-mown hay (the basic odor of 
this perfume is coumarin which exists naturally in many 
grasses and other plants), orchids, palmarosa, tréfle 


(clover), tuberose, wallflower, ylang-ylang (the volatile 
oil). 


APPROXIMATE SOLUBILITIES 


Aromatic Strength of Alcohol 
Chemical Solubility* (Per Cent v/v) 
Acetate, Benzyl 15) 70 per cent 
Acetate, Bornyl 2.5-3.5, 70 per cent 
Acetate, Geranyl 7-7.5 70 per cent 
Acetate, Linalyl 3-5 70 per cent 
Acetate, Terpinyl 4.5 70 per cent 
Alcohol, Benzylic 1 50 per cent 
Alcohol, Cinnamic 3.5-4.5 50 per cent 
Alcohol, Phenylethylic 2 50 per cent 
Alcohol, Phenylpropylie 3 50 per cent 
Aldehyde, Cinnamic 1.5-2.5 70 per cent 
Aubepine 6-6 .5 50 per cent 
Benzaldehyde 1-1.5 70 per cent 
Benzoate, Benzyl hoi) 80 per cent 
Benzoate, Ethyl 6-7 60 per cent 
Benzoate, Methyl 4.5 60 per cent 
Cinnamate, Ethyl 4-6 70 per cent 
Cinnamate, Methyl 1.5 70 per cent 
Citral i 60 per cent 
Citronellal ' 5 70 per cent 
Citronellol 4 60 per cent 
EKugenol 4.5-5 50 per cent 
Geraniol, Pure 2.5-3.5 60 per cent 
Hydroxy-Citronellol 6.5-7 30 per cent 
Isoeugenol 4.5-5 50 per cent 
Linalool 4-5.5 60 per cent 
Methyleugenol D0) 60 per cent 
Salicylate, Amyl Zo 90 per cent 
Salicylate, Ethyl 3} 80 per cent 
Salicylate, Methyl 4.5-6 70 per cent 
Terpineol 3-5 60 per cent 


* Parts of given strength of alcohol required to dissolve 1 part of the chemical. 


MANUFACTURED PERFUME PRODUCTS 


In submitting formulas no attempt has been made to 
exhaustively cover this field, as manufacturers have 
access to books which contain a large selection of 
formulas. The object has been to supply a few formu- 
las for such preparations as are more within the scope 
of manufacture by the retail pharmacist and especially 
such as he would be able to sell under his own label. 

The attention of the prospective perfumer or of those 
who desire more information in this field is called to the 
list of books at the end of this chapter. 


Concentrated Perfume Extracts 


These consist of strongly alcoholic solutions, contain- 
ing at least four fluidounces of a concentrated perfume 
oil in each gallon.!_ Some floral odors are always popu- 


1 Alcohol for Perfumery—Specially denatured alcohols are permitted to be 
used, in the production of a perfumery product. Authority to use these alco- 
hols must be obtained by application to the Commissioner of Internal Revenue, 
the request being made upon the special form provided and accompanied by 
_ the proposed formulas. Samples of the finished product must also be furnished. 

ertain ingredients are added to render toilet preparations unfit for beverage 
purposes. The following alternative substances are used in bay rum, hair lo- 
tions, and toilet waters: ‘ 

Tartar emetic, 14 grain per fl. oz., 

Quinine, salt or alkaloid, 2 grains per fi. oz., 

Cinchonidine, salt or alkaloid, 2 grains per fl. oz., 

Salicylic acid, 5 grains per fl. oz., 

Resorcinol, 5 grains per fl. oz., 

Sodium salicylate, 5 grains per fl. oz. f 

Tt is understood that these modifying agents are not sufficient of themselves 
to render the preparations unfit for beverage purposes but that, they must con- 
tain other medicating ingredients and each formula must be judged upon its 
3 merits. 

ale 38—For use in mouth washes and dentifrices | ‘ 
~-:10 Ibs. oil of wintergreen (or methyl salicylate) or either of the following: 
10 Ibs. of oil of cassia, 10 Ibs. oil of clove, 10 lbs. oil of peppermint in addi- 
, tion to 5 gal. of water containing 60 oz. of zine chloride in 100 gal. of pure 
-__ ethy] alcohol. 


lar such as rose, violet, heliotrope, lilac, lily of the val- 
ley, and others, but the tendency is to offer bouquets 
and blends under fancy names such as chypre, ideal, 
Vorigan, muse, narcisse noir, ete. 


Illustrative formulas for concentrated perfume oils 
will be found under Floral odors (page 1365) and many 
other formulas are available from modern books on 
perfumery. Perfume oils may also be purchased from 
many sources, ready for dilution with alcohol or for use 
in many other products. 


* The quantity of oil to be added to each gallon, men- 
tioned above, is the minimum, but many of the more 
expensive perfumes are much more concentrated and 
such perfumes must be used in proportionally smaller 
amounts. After dilution in alcohol the mixture should 
be allowed to age or blend, in glass containers, in a cool 
and dark place, for as long a time as possible. 


Formula 38- A—For use in liquid dentifrices ’ 

5 oz. menthol (crystals), 9 oz. emetine hydrochloride, and 16 lbs. benzoic 
acid, in 100 gal. of pure ethy] alcohol. 

Formula 39—For use in manufacturing barbers’ supplies 
9 lbs. (av.) sodium salicylate (or, as an alternative, 9 Ibs. of salicylic acid 
may be used), 114 gal. fluidextract of quassia, and 1 gal. acetone or iso- 
propyl! alcohol in 100 gal. of pure ethyl alcohol. 

Formula 39-B—For perfumes, barbers’ supplies, toilet waters, and lotions 
21% gal. diethylphthalate in 100 gal. of pure ethyl] alcohol. 

Formula 39-C—For high-grade perfumes and toilet waters, containing not less 
than 2 per cent by weight of essential oils, or their equivalent in perfume 
materials. (Granted only under special conditions.) 1 gal. diethylphthal- 
ate in 100 gal. of pure ethyl] alcohol. 

Formula 40—Used for manufacturing perfumes and high-grade toilet 

preparations. 
Gos Aer) brucine sulphate, and 1 gal. of acetone in 100 gal. of pure ethyl 
alcohol. 
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Most extracts are of the natural color, being yellow- 
ish or amber, and artificial colors are rarely employed. 


Toilet Waters 


These preparations are simply weaker ‘‘extracts.” 
They should contain at least one fluidounce of the per- 
fume oil to the gallon. Their alcoholic strength is also 
slightly less than extracts although the term ‘“‘water”’ 
is anomalous since they are strongly alcoholic, usually 
from 60 to 75 per cent, by volume. 

When the perfume oil has been added to the alcohol 
in the proportion suggested, distilled water may then 
be added, in small amounts, at the first indication of 
cloudiness, that the alcoholic strength may be of the 
minimum to carry the added oil. 

The toilet water is then colored by the use of an ani- 
line dye, in solution, but the amount added must be 
carefully adjusted so that the toilet water will not stain 
the skin or clothing. Usually the color is only sugges- 
tive, a lilac tint for lilac water, a green or violet for 
violet water, pink for rose, ete. 

A small amount of tale is then added and the water 
set aside in glass, in a cool place to age or blend. It 
must finally be filtered and should be brilliantly clear 
when bottled and used. 


Cologne Water 


Cologne water for several hundred years has justly 
occupied an important place among perfumes. It had 
its origin in the city of Cologne, Germany, and has been 
prepared by the same firms for a long period. It is es- 
sentially an alcoholic solution of citrus oils, among 
which oil of neroli is the most important. 

A special form of cologne water in which menthol is 
dissolved has been largely sold under the name of 
Headache Cologne. These products are delightfully 
refreshing and possess genuine therapeutic value. The 
plain cologne waters are especially acceptable when used 
in a sick-room. The headache cologne when applied 
to the forehead is both refreshing and stimulating. 
Similar preparations have been made under the name 
of Lavender Water, Florida Water, etc. Typical for- 
mulas are given below and many other formulas will 
be found in books on perfumery. See also Perfumed 
Spirit N. F. (page 720). 


COLOGNE WATER (BLACKWOOD) 


OilsofMlavenderilowetSeasw. an eee eae PU 
Oiloflemonkewer wacko cee ae oe Ore ele 8 cc. 
Oil\ofmneroli Gel ee Oe a ee exer 
Alcohol, sufficient, 

EO wn ake see. aie. Comet iia Ua Ae coe ae ay ie mere 1000 cc 

FLORIDA WATER 

Oil of neroli...... on SICGs 
Oiljotdavender flowers:eee ee 2 clase oe SCG 
Oilof bergamotep ase ee ee ee 30 cc 
Oilsvof Cloves econ Meck ee eae 2 cc. 
Oil.of cinnamoniey wees ao eee a eee 3 ce, 
Oiliof roses Fs eae Ae ee, kei ee eee SECC. 
Orange flowerswaters-7 tr er een 100 cc 
Alcohol, sufficient, 

TRO na ace) SRT ae ee tee ae emi ay cea eee ess ene eee 1000 cc 

LAVENDER WATER 

Oil oflavender, flowers... . 2.00.4... 208.245 ane 25 cc 
Rosé swaterse 5 Se on ee ak oly 500 cc 
Alcohol, sufficient, 

Tomiake. err ent hee jets Mies sca eels 2000 cc 
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Sachets 


In modern perfumery there is a limited application 
for natural materials. A class of products known as 
“sachets” are still prepared largely from natural odor- 
ous substances. These had their origin, doubtless, 
through the instinctive practice of gathering and drying 
such flowers as the rose, lavender, orange flowers, and 
similar blossoms. 

Among the natural perfume products entering sachets 
are found ambrette seed (musk seed), angelica seed, 
Canada snakeroot, cardamom, lavender flowers, oak 
moss, orange flowers, orris, patchouli leaves, red rose 
petals, sandalwood, tonka, vanilla, and vetivert root. 

A general combination of flowers is known under the 
title ‘“‘potpourri.’’ This is intended to be typical of the 
gathered flowers from the garden and it possesses a 
delightfully refreshing aroma. 

Such odors as lavender and rose can be readily pro- 


‘cured by using the flowers, but others, equally popular, 


such as violet, lilac, and heliotrope, can only be simu- 
lated. 

A fixative is an important part of the sachet, other- 
wise the odor is rapidly dissipated. Such substances as 
powdered Siam benzoin or the added tincture of Siam 
benzoin, also sandalwood, and even musk in small , 
amounts, or tincture of ambergris or civet may be 
added to the formula. 


POTPOURRI 
Lavenderttlowers: <7. can ee ee ee eee 65 Gm 
Rose’ potalstecesc..nem er eeeion Mire nee 29.4 Gm 
Vanilla Syne. sooo reer ae te a ee 1.2 Gm 
Clovesbitds;powdered!ja eee tener 1.2 Gm 
Storaxcresin, powdered soe cine eae 1.2 Gm 
Benzoin (Siam), spowdere@. 4)... 02 eee 1.2 Gm 
Am Dereris. pow Geredenerais tiie ena 0.4 Gm 
Olof rose olen. ene oe Oe eee 0.4 Gm 
TOcti ake roe chen Soot as Se eee 100 Gm 
LAVENDER SACHET 
LavendersflowerSe cicue enki) a) ee 87.5 Gm 
Powdered -benzoin(Siam)...:2....22— 2 eee 10 Gm 
OillofBergamot ree seen eee 1 Gm 
Oilvonlayendertflowerss 1.40 ee 1.5 Gm 
‘Tovmakeaice coreeinet ork a ie eee 100 Gm 
ROSE SACHET 
Rose: petals) 45 22 ascotecalnns ts an ee ees 98.5 Gm 
Oil Of rose HON ee cee eas chee ain EPR ee 0.5 Gm 
Oiltofrosegeraniumeee oho 0.5 Gm 
Tincture(ofumusk sents stake ee ee 0.25 Gm 
Tincttrevof-civetse terns cis a Cee 0.25 Gm 
ALOLER AK OR Ya oh Misr. ate Marcus Caton Lee ee 100 Gm. 
x YLANG-YLANG SACHET 
Orangeypeel granular ne eae eee 50.00 Gm. 
Roseipetals:ic% cance So cree oe eee 46.62 Gm. 
Coumiaritt. 22: don, seta ee Pe ee -01 Gm._ 
Mairi llin Aer ietaiants sn Suk 2 ices oie eee ee ens 02 Gm. 
Tincturevol civethean ee le eee -10 Gm. 
DincturesofMmusk on ect ee ee .05 Gm. 
Oillotylang=ylangie<5 15402 eee .30 Gm. 
Oil-ofgrosenaey chee See ie ee 0.01 Gm. 
Oiltof- bergamot2. 7-207 Ce eee 0.05 Gm. 
Ojoigrosereraniuine per eee ee 2.84 Gm. 
AL Otm ake sy. cats. co yeteAtarcioce cet ance NTE 100 Gm 
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CHAPTER CXVIII ’ 


COSMETIC FORMULAS 


THE PREPARATION of cosmetics has developed into 
a science closely allied to that of pharmacy. Cosmetics 
are used in medicine and even in surgery. Psychiatrists 
find that they are important in the treatment of women 
suffering from mental ills; in time of distress cosmetics 
help women to maintain their poise and self-respect. 
Family doctors who for many years ridiculed the use-of 
cosmetics are becoming more tolerant in their attitude; 
many of them have become students of the cosmetic art. 
“Ethical” lines of cosmetics, intended to be sold only on 
prescriptions, have appeared and cosmetics are now 
advertised in medical journals. The pharmacist of the 
future will most certainly be called upon to fill an ever- 
increasing number of cosmetic prescriptions. Judging 
by the prescriptions which may be read above the signa- 
tures of eminent dermatologists, the pharmacist will 
often be called upon to exercise his own cosmetic skill 
for the benefit of dermatologist and patient alike. 

In beginning this brief survey of cosmetics it may be 
helpful to point out that in so far as their physical char- 
acter is concerned, cosmetics generally cannot be dis- 
tinguished from .pharmaceuticals. An _ oil-in-water 
emulsion is still classified as such whether it happens 
to be used as a laxative or as a hand lotion. Therefore, 
cosmetics may be defined as pharmaceuticals with a 
beautifying purpose as distinguished from those with 
a therapeutic purpose. In the one case it is necessary 
to understand the chemical properties of the materials 
that secure cosmetic effects; in the other it is necessary 
to understand the chemical properties of the materials 
that secure therapeutic effects. But the basic vehicles 
are identical physically and the laws governing the 
preparation of one are the same as those governing the 
preparation of the other. In either case, the same kind 
of apparatus is used for their manufacture. 

Classification of cosmetics was established from a 
practical point of view in the realization that, on a 
manufacturing scale, the physical character of the 
product to a large extent determines the type of equip- 
ment that must be employed in its manufacture. Thus, 
a paste may be an emulsion, but its consistency may be 
such that it would be impossible to make it with equip- 
ment ordinarily employed for the manufacture of 
liquid emulsions. The pharmacist, however, need 
suffer no restrictions as to equipment, for a mortar, a 


pestle, and a spatula will go a long way toward his 


immediate need for equipment. 


The Preparation of Cosmetics 
- Anyone intending to market a cosmetic preparation 


must observe the requirements of the Food, Drug and 


Cosmetics Act and its regulations. It is advisable to 
consult legal talent about the restrictions, especially as 
to labeling and packaging. No one should expect to 
obtain satisfactory preparations at the first attempt by 
using cosmetic formulas published in any textbook or 
in the cosmetics magazines. While these formulas may 


have given good results in the hands of one experi- 


ot, 


menter, there is no assurance that the same formula 
compounded by someone else will give equally good 


‘products. The formulas given may act as starting in- 


formation, but only the experiments of another person 
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with his own raw materials can bring results after many 
trials and changes in the formula used. Cosmetics have 
attained a high state of perfection; large manufacturers 
have on.-their staff skilled chemists, physicians, physi- 
cists, biologists, and other scientific workers who devote 
their time to the formulation and testing of cosmetics 
and do a great deal of research work on all of their 
aspects. 

For the experimenter on a small scale hand homogen- 
izers are available in the market at low cost. In most 
cosmetics of creamy or liquid consistency, excepting 
those that are clear liquids, the use of a homogenizer 
produces distinct improvements in appearance and 
fineness of the subdivision of ingredients. 

Preservatives—Most cosmetics, especially those con- 
taining vegetable fats or oils, mucilages, and other in- 
gredients subject to deterioration by bacterial activity, 
require a preservative. Some of the commonly used 
preservatives are benzoic acid, sodium benzoate, sali- 
eylic acid and its derivatives, p-hydroxybenzoic acid 
and its esters, boric acid, and formaldehyde. Among 
these, the esters of p-hydroxybenzoic acid have taken 
first place. ‘They have excellent preservative action 
for most purposes. The definite percentage of the ester 
which is to be used will vary somewhat depending on 
the material to be preserved and the length of time 
preservation is needed. For most products from 0.1 
to 0.2 per cent of the p-hydroxybenzoate should be 
used. For non-fatty creams, 0.1 per cent of the ethyl 
or 0.15 per cent of the methyl ester; for glyceryl mono- 
stearate creams, 0.15 per cent of the propyl ester; for 
highly fatty creams or pastes, use 0.25 per cent of ben- 
zyl p-hydroxybenzoate; for mucilages and gums, use 
0.05 per cent of the propyl ester. These esters are best 
incorporated into a cosmetic preparation by dissolving 
the ester in water with the aid of heat. If water cannot 
be used, dissolve the ester in 95 per cent alcohol. It is 
advisable to have stock solutions of the esters on hand 
and to use the solution as part of the watery or fatty 
phase as needed. The esters are also soluble in organic 
solvents such as triethanolamine, glycerin, acetone, 
various perfume oils, warmed fatty oils and melted 
fats. It should be remembered that the amount of pre- 
servative is based upon the total weight of the formula 
and not upon the weight of the ingredient. apt to de- 
compose. 

Perfumes—The importance of a pleasing perfume in 
a cosmetic preparation cannot be overestimated. The 
first thing a woman purchaser of a jar of cream or a 
box of powder will do is to put it to her nose. If the 
odor is not pleasing, the sale will not be made, no mat- 
ter what other excellent properties may be in the 
preparation. The perfume industry has attained a very 
high state of perfection and it is futile for anyone with- 
out a great deal of experience to endeavor to compound 
his own perfume oils. The up-to-date dealer in essential | 
oils and perfumes is always ready and willing to assist 
in the compounding and selection of a perfume oil for 
a cosmetics manufacturer. It is advisable to submit the 
formula worked out and decided upon by the cosmetics 
manufacturer to the perfumer for his assistance. He 
will submit samples for tests and, if requested, will deter- 


i 
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mine the best method of incorporating the perfume oil 
into the cosmetic product. In general, if aleohol forms 
part of the preparation, the perfume oil should be dis- 
solved fn it and incorporated in that solution; in the 
manufacture of a cream, the perfume should be added 
only after the temperature of the cream is at or below 
45° ©. Application of too high a temperature and ex- 
posure to air, oxidizing agents, or alkali are the principal 
causes for deterioration of the perfume odor. 
Colors—The Food, Drug and Cosmetics Act requires 
that all colors used in cosmetics be ‘‘certified,’’ which 
means that they must be approved by governmental 
authorities for use in cosmetics. As in the case of per- 
fumes, the manufacturer of cosmetics is best served by 
discussing his color problem with the manufacturer of 
cosmetic colors, although many of the essential. oil 
dealers also provide cosmetic colors in powder or solu- 
tion form. The most suitable method of incorporating 
the coloring matter must be determined by experiment 
and it is a separate problem in each case. 
Aging—Having completed the manufacture of a 
cosmetic, including the color and the perfume, it must 
be submitted to a period of aging. This may amount to 
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only two weeks, or it may require several months. It 
is for the purpose of observing any changes taking 
place upon standing. Samples should be exposed to dif- 
ferent temperatures, particularly the liquid shampoos 
which should be aged at 5° C., to permit separation of 
insoluble soaps to take place. 

Filtration—Clear cosmetic lotions or solutions, such 
as face or hair lotions, must be filtered several times, 
using the same filtering medium which will become 
more dense with each successive operation. Such lo- 
tions or solutions should show a brilliant clearness which 
is attained only by several successive filtering opera- 
tions through an efficient filter press. 

It is not possible in this brief section to do more than 
outliné the nature of cosmetic products. No claim is 
made for a complete survey of the subject. A goodly 
number of books on cosmetics as well as magazines on 
the subject are available. It is hoped that the introduc- 
tion to the subject of cosmetic preparation will serve 
to stimulate desire for further study of a branch of 
pharmacy that has reached scientific maturity, and in 
which the pharmacist has an ever-increasing economic 
interest. 


SKIN CREAMS 


Under the heading of “Skin Creams” the following 
types will be briefly discussed and formulas given: 
(1) Cold Creams, (2) Vanishing Creams or Foundation 
Creams, (3) Liquid Creams, (4) Absorption Creams, and 
(5) Creams Based on Newer Constituents, such as tri- 
ethanolamine, glyceryl stearates, cholesterin and wool 
wax, cetyl alcohol, sorbitols, sulfated and sulfonated 
fatty acids, etc. 


Cold Creams 


Cold cream is a type of emulsion. It is more than 
that; it is a prototype. It was the forerunner of all 
cosmetic creams and is still a basis for a number of 
important creams. Cold cream, with appropriate addi- 
tions of ingredients to its basic formula, may be used 
as and properly termed a cleansing cream, tissue cream, 
lubricating cream, deodorant cream, soothing cream, 
sunburn cream, scalp ointment, or even eye cream. 
All of these products differ in character, not in 
type. 

The term ‘‘cold cream” is applied commercially to 
a cream which is quite different from the true original 
cold cream. <A true cold cream is made from an absorb- 
able oil with which water has been incorporated through 
emulsification. Such a product has been known and 
used for centuries; in fact, its origin is attributed to 
Galen and it is sometimes called ‘‘Galen’s Cerate.” 
This formula, with some changes, is still official in the 
United States Pharmacopoeia. It is typical of a first- 
class cooling and cleansing cream. Some years ago, 
because of the cost of the expressed almond oil from 
which the cream is made and also because of its ten- 
dency to become rancid, the almond oil was replaced by 
liquid petrolatum. This kind of cream was originally 
called theatrical cold cream as it was used almost exclu- 
sively to remove grease paint used in the theatrical 
makeup. 


Before long, the name “cold cream” was applied to 
this petrolatum product and to many similar prepara- 
tions. This petrolatum cream is an excellent cleansing 
cream and has a cooling effect owing to the vaporiza- 
tion of the water content upon application to the skin. 
See Rose Water Ointment U.S. P. (page 720). 

If the pharmacist wishes to market a true cold cream 


for general use which will give splendid satisfaction to 
customers suffering from sunburn in summer or chapped 
hands or face in winter, the Pharmacopeeial formula 
may be taken as a basis for the product, but the almond 
oil may be replaced by expressed peach or apricot kernel 
oil (commercially known as Persic Oil) and the rose 
water and rose oil may be replaced by distilled water 
and an appropriate perfume oil added. A smaller 
amount of wax and spermaceti is desirable for toilet 
purposes as the official cream is somewhat firm. A 
final and important necessity is to market the product 
in pure tin collapsible tubes. If sold in a jar, the water 
will quickly evaporate and the fat will become rancid, 
but in a tube, the cream will retain its softness and will 
not readily deteriorate. 


COLD CREAM NO. 1 


SPeLIMACE Le the ce ie eee Ook. al cone cre ae: eee 10 Gm 
WihitesB ees waxttetaie ck oot ciee eek aes 10 Gm 
Persics Oil ya tin whe ite chs oho ee gee ee 60 cc. 
Sodlamiborates? ce seh. oe ee cee 0.5 Gm 
Distilled-Waters.<.des ce chee ce Re ee 19.5 cc. 
Peri etiitetayme ciclo taste oh ite Rina eee (hy 
Toumiakie'sn = Si tnltuvans, oa picks elec one ee ae 100 Gm. 


Melt the spermaceti and white wax together on a water bath, 
add the oil and when uniformly melted, slowly incorporate the 


warmed solution of sodium borate in the water, stirring con- | 


stantly. The watery solution should preferably have the same 
temperature as the melted fats. When the creamy mixture has 
cooled to about 45° F., add the perfume oil (such as rose, jasmine, 
lilac, carnation, trefle, arbutus, or such other as may be acceptable 
to the trade). 
cold. Put the cream into collapsible pure tin tubes and close 
with stiff metal clips. Avoid the use throughout of all iron vessels 
or utensils. : 


COLD CREAM NO. 2 


White “Waxii:.: ion seteeincer Grace ee tier eines 12.5 Gm 
Heavy LiquidsPetrolatimye sc 1 aera 62.5 Gm 
Distilled*Waaterx. bee. ten cere ee ee ZAC ECC. 
Sodium Borate cnn ce te oo eee 1 Gm 
Perfume: Oil vey ask ectaets he ann eeee eR tee ens q. s§ 

TO male Soest POO hod sed, a eee 100 Gm 


Melt the wax with the petrolatum in a porcelain or enameled 
dish on a water bath. Dissolve the sodium borate in the water, 
warm it to the same temperature as the fats, and add to the fats 
with constant stirring. Then add the perfume and immediately 
pone into ointment jars or tubes. Avoid contact with iron uten- 
sils. 


Then remove the heat and stir constantly until. 


i 


COSMETIC FORMULAS 


COLD CREAM NO. 3 
Hydrous Wool Fat 


OM cron nk nce tt RC eee, 5 Gm 
| OTTEW ENE — Ae ee este et cn a oe atte nn ae a 5a Git 
DMTICOMNVa Xone nn. iti nS ee, 12.5 Gm 
Heavy Liquid Petrolatum................... 51.5 Gm 
PRISEIMIE CA WALET Ati ci tact cic Mod ne son eke eves woe 25 Gm 
POCUMEDOLAlC nr eee ate feb ee wa 1 Gm 
PELE ATES oo BR Nat cane a Ape aaa nn a q. 8. 

BIG RTIUENISS Om ch, Cases SAI ya 1 NUR a Sbire wucrde blntoc knee 100 Gm 


_ Melt together the wool fat, paraffin, wax, and liquid petrolatum 
in a porcelain or enameled dish on a water bath. Heat the water 
to the same temperature as the melted fats and dissolve the so- 
dium borate in it. Pour the hot water solution slowly to the melted 
fats, stirring constantly while heating it until emulsification is 
complete (about 10 minutes). Add the perfume and stir, having 
withdrawn the heat, until the cream is cold enough to pour into 
jars or tubes. 


COLD CREAM NO. 4 


2.6 
LP SIRECTOG] © ae 9 eo 9.4 
CORSET TL. . «6 hea Renan cen a a 3.4 
Heavyaviquid Petrolatum: ...4:2...5.. 20.0. 0% 44.0 
SDE! OLIN. | B30 Le 0.6 
POT MINECIAVV ATER Serce e cates kids oe Bane ed 30.0 
OST ADIEDE 0's Sere eRe BEN en nas ae q- 8. 

Gm. 


Melt the waxes and liquid petrolatum together on a water bath. 
Dissolve the borax in the distilled water, heat to the temperature 
of the melted waxes, and add, slowly, stirring vigorously. The 
perfume oil should be added after the cream has cooled somewhat. 


CLEANSING CREAM 


(QOS) 
Bgg555 


PeemelagiiduPetrolatuatt. 5 2... tcc. sess vole Sey (Goa 
DOTS hg Bn eee 8 Gm 
Souitilites STO © Sl Se Sie SLO ea pe wale Pane eran nec 12 Gm 
IDESIMNCMVV ALCL Jit F Sths ene vstiessns Gop alee stele) & se 23.5 Gm 
PRCT OUA COT te.) Siccadle) cake nwo cid So elvnee eats 1.5 Gm 
CECUTUTEG,, 5 2c ee Se ne ee q. 8 

“NG; TED) SC We 8 Se eee 100 Gm 


This product has a fine texture, is very lustrous, and forms an 
excellent cleansing cream. 


ALL PURPOSE CREAM 


michoawihitesVineral Oil. ...500066. 05006005 42.5 Gm. 
MGULOUSEVVOOWFath a..8 5 fess hace gest baa ee 4.5 Gm. 
UCTIEEE 6 os Gil nt ies ee Oe a 15.5 Gm 
Ot SAGO Ke BE ier ce ee 6 Gm 
HUTS». 0c BRN ER ae een ge 1 Gm 
MALCUIVY ALOT. ates ciames ails) Nace se Saagh see 30 Gm 
Se ARTE MPM ho kp eoodce, Sie ast oe eth ats. hoses ole q. 8. 
MRM MIEN fos aire ss oxink SeehelSiveheas, s saa eats gia erals 100 Gm. 


The term ‘‘all purpose cream” means that the product can be 
used as a cleansing cream, as a skin softener, as a powder base, 
and as a regular cold cream. If an oil is used that is susceptible 
to oxidation, it is recommended that a fraction of one per cent of 
an antioxidant such as maleic anhydride be added as an inhibitor. 


NIGHT CREAM 


PANTO MS WIGAIROLIM  scsctscauoue) cies «0 e Rserwaparene ue a 19 Gm 
‘S| CETTE s At aie gem ces ea See ec oe 3 Gm 
RMEEEMRNN IASI Orci ote ocs Ghsusteay ae PERCE cakes ahs 10 Gm 
Muiremvuneral Oils: Po... da. Sees ee bee 30 Gm 
VITITOMEOUPOLATWIN ff eic we cals sos 2 ote Steele eles 21 Gm 
TRAST to) oc Sigs catered ee ws aod eye ee nee 0.75 Gm 
DEPSINRCOMVV ATCT acl Aiiceis, ra, Oo sialic! aye ice ie Ss 15 Gm 
ES TT) COC SAS 2 ea Pe eg ae a 1.25 Gm 

“oy laste Oe Sle A ae lrg | 0 eer 100 Gm 


This will make a heavy cream to be applied at night and re- 
moved the next morning. Its consistency may be adjusted by 
reducing the wax content and increasing the water by the amount 
of the reduction; or, by decreasing the petrolatum and increasing 
the water accordingly. The borax may be omitted as there is a 
sufficient amount of lanolin to hold the water. 


It will be seen that all of the above formulas are 
basically cold creams with modifications, whatever 
they might be labeled on the container. They are 


simple to make, the procedure being identical in all 


cases. The fats, wax, and oils are heated together 
until the wax melts. Still better is to melt the waxy 
and fatty ingredients in the descending order of their 


~ melting points, that is, to melt the high melting point 


‘ingredients alone adding the others one by one as their 


liquefaction proceeds. This method of liquefying the 
fats and waxes will avoid the use of more heat than 


necessary. Heat control is of great importance in 
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cream manufacture. The borax is dissolved in the 
aqueous medium and heated to the same temperature 
or preferably one or two degrees higher. The borax 
solution is stirred into the hot fat mixture and the stir- 
ring continued until the temperature drops to 105° F., 
at which point the perfume oil is stirred in. 

If the oil content of cold creams is increased, they 
partake of the oily nature of cleansing creams; if vege- 
table oils or lanolin or wool fat derivatives are added, 
they become absorbable creams or skin softeners; if 
hormone oils are added, in minute amounts, they be- 
come hormone creams, etc. They may be tinted by the 
use of aniline colors certified for use in cosmetics. By. 
increasing or decreasing the wax content, any degree 
of consistency may be secured. It is important te avoid 
interference with the emulsifier balance, otherwise 
separation of water may result. This balance must be 
established by experimenting with the given formula. 


Vanishing Creams 


Vanishing creams are very important members of the 
cream family because they are the prototypes of a 
number of useful products. Creams of this character 
are primarily mixtures of potassium, ammonium, or 
sodium stearate with water and holding in emulsified 
form more or less free stearic acid. Since the percentage 
of water in these creams is quite high, they have a tend- 
ency to dry out quickly unless one or more water- 
retaining or hygroscopic ingredients are incorporated. 
Glycerin is often employed for that purpose; the per- 
centage of glycerin should not exceed 10 per cent in any 
vanishing cream. The addition of a small amount of a 
fatty ingredient such as petrolatum, cacao butter, butyl 
stearate, or lanolin converts the vanishing cream into 
what is now popularly known as a “Foundation 
Cream.” They are used as a foundation upon which to 
apply face powder. When rubbed upon the skin they 
disappear but leave a surface to which face powder will 
adhere, with the additional benefit that the powdered 
skin has a somewhat more “live” appearance owing to 
improved reflection of light rays from the skin. 

All ingredients to be used in the manufacture of such 
creams must be of the highest grade. It is particularly 
important that the stearic acid be pure, cold pressed, 
and of finest quality. Vanishing or foundation creams 
should be marketed in pure tin collapsible tubes or in 
jars which can be very tightly closed. Vessels or uten- 
sils used in the manufacture must not be of iron, only 
porcelain or enamel dishes being used. 


VANISHING CREAM NO. 1 


StearickA Cider es cay cays. scs ence iol avers secuauke aie 18 Gm 
Potassium’ Carbonaten yo. oc oc ccce. acces ent 1 Gm 
Gly. cerinwa et srrknseee crore iets: Benner ae oie 5 Gm 
Distilled: Wateracg see eae eee 76 Gm 
Perfume Ones eee | ool ne oe eta q. Ss. 

orm a ke mys Sees, Meeks avene aeeteree Guehe aescneuens elavanets 100 Gm 


Melt the stearic acid on a water bath and heat to 85° C. Dis- 
solve the alkali and glycerin in the water and heat to 85° C. 
Gradually pour the warm solution into the melted acid, stirring 
briskly. Continue active stirring at the same temperature for 
about 10 minutes to insure complete saponification and absence 
of free alkali. Then remove the heat but continue the stirring 
until cold, at the same time incorporating the perfume. The 
cream should afterward be beaten for several hours, best by 
mechanical means and placed into jars or tubes. 


VANISHING CREAM NO. 2 


Stearicvacidiccr arcane e roteverel ove eee aveons 15 Gm 
GEIS CORI ares hernangs rata cra a) cis letolntsiierots sa tas: Seaperekens 5.5 Gm 
DIStHlEGRVWiALEN oe 2is ve syn eee a ae ose Se TE 75 Gm 
SOGMIMPBOPACC Sea eects She ae sd calles lavtue as anelrarcine 0.5 Gm 
Potassinims Car Domatess <a i010. seiess- oa cidiel oes 1 Gm 
JEM. 5.065 6 bagometewos bon Gods AeOUG OU 5. q. § 

Hobe aloe teeter fete eh slays + "ava, iakel als) ef8) Cine.olse eigen LOO, 3 Gm, 
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Prepare as directed under Vanishing Cream No. 1. Dissolve 
the two alkalies in the water and glycerin. Observe the tempera- 
ture requirements carefully. 


FOUNDATION CREAM NO. 1 


Stearic Acid .o2 5... 08 cre ne eee ere 24 Gm 
Potassium! lydroxiden. ree eee ee 1 Gm 
Glycefin «3... \.2\ssegsndee Ge ee eee eee ae 5 Gm 
Butyl Stearate. i Sige coh owaekee era cree ee 6 Gm 
Distilled Water.%.29 200 acon tates 64 Gm 
Perfume « 6: fiscsccn oil baci apes Gree eee ees ae q: 8. 

To Makes, veteccd alerted Oe ee een oreo cee cere 100 Gm. 


Prepare as directed under Vanishing Cream No. 1. Mix the 
butyl stearate with the stearic acid; the glycerin and potassium 
hydroxide with the water. 


FOUNDATION CREAM NO. 2 


Stearic: Acids: ot Stains ee eee Cte ae eae 18 Gm 
Triethanolaminencncsser eta ee acne es 1.8 Gm 
Cholesterin’* sok week che oe eae eee 2| Gm 
Gly Cerin 23a Ae ss Oo ae Pes Gre icin 8 Gm 
Alcohol 2-5. tuhaca. cee ears roe note ee ae reer 6.5 Gm 
Distilled? Waterss sane cake cee eee thane 63.7 Gm 
Perfumes 5k ee nr a dea eee (Oke 

PLO DAK CL tea WAP vcrn trek tn Reve tiny he eater: 100 Gm 


In this formula the triethanolamine replaces the alkali usually 
used. The cholesterin imparts skin-softening properties. In addi- 
tion to its use as a foundation, this cream may well be applied to 
red, rough skin, elbows, and other parts of the body. Dissolve 
the cholesterin in the melted stearic acid. Mix the triethanol- 
amine, glycerin, and alcohol with the water. Follow the pro- 
cedure given under Vanishing Cream No. 1, holding the tempera- 
ture down to about 70° C. to prevent too rapid a loss of the alco- 
hol which assists in the saponification. 


COSMETIC CREAM NO. 1 


Stearic: Acid. Sennen Ae ored oreeeee 15.25 Gm 
Potassium ry droxide see mene iisen ners 0.75 Gm 
Cety Alcohol} :o5. Sa 2224 ee ee eee ee 2 Gm 
Refined\Peanut ‘Oils yene sh ieee eee 4 Gm 
Cholesterin. Wao eck itrce eee aoe 2.5 Gm 
GV CORI Rertetavctn.creanve he cus tk ete es ee ema 10 Gm 
DistilledsWatersece aiiige.n toe Leone 65.5 Gm 
Perfume :Oilie 2, Gurr. mints oven eee rae Gas. 

A opent: Aids eerie mina cemh iy one Oe oS ad oe 100 cc. 


This is a cosmetic cream intended for the relief of sunburn, 
chapped skin and hands. The potasstum hydroxide is dissolved 
in the water as usual and the glycerin added. The stearic acid, 
cetyl alcohol, cholesterin, and peanut oil are heated together until 
melted, observing temperature requirement. The alkaline solu- 
tion is added to the melted fats in the regular way and the mass is 
perfumed when nearly cold. 


COSMETIC CREAM NO. 2 


StéaricvA cid 3468 acts ees onus oe 20 Gm 
Fiv.droussWOolWRa tan. sy -ba) aereeier eee nearer 12.5 Gm 
CetylAlcohol#goh- 5 5 scenes ened oe ed aes 2 Gm 
CTY Cori SoReal 8 Gm 
Potassium td ydroxideae sun eee eis een 0.8 Gm 
Distilled, Waters.3.ci te. uae ee ote 55.7 Gm 
Perhitme Oi es peek een eet aed tea nae q. Ss. 
PRO'MaKOS, Merve ch fei the eet ee em ore obec 100 Gm. 


This is a heavy cream owing to the high percentage of lanolin 
present. It may well be termed a night cream and it is espe- 
cially useful for the hands. In hand creams, it is sometimes de- 
sired to incorporate mucilage of quince seed, karaya, or traga- 
canth, or a mixture of the latter two gums. Gums are very apt 
to make a cream lumpy; moreover, they require considerable 
preservative. As a rule, their use is not to be recommended in 
creams, but if they must be used, it is good practice to add the 
mucilage after the cream has been emulsified and the tempera- 
ture has dropped to below 45° C. 


In recent years, vanishing cream and its derivatives 
have been made in much simpler fashion through the 
use of glyceryl monostearate. Tests have shown it to 
be an effective non-irritating emulsifying agent which 
produces greaseless creams of fine texture and good sta- 
bility. It reduces compounding processes to simple 
procedures, because in most instances all of the ingredi- 
ents of the formula are placed together in a water or 
steam-heated kettle and heated with constant stirring 
until the glyceryl monostearate melts. The product is 
removed from the heat and the stirring continued until 
it is cold enough to add the perfume oil. Formulas for 
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this type of cream will be found in another part of this 
chapter. 


Liquid Creams 


Liquid creams as well as liquefying creams are adapt- 
able to as many uses as cold creams and vanishing 
creams. They may be used as cleansing creams, tissue 
creams, powder foundations, or as emollients. A num- 
ber of formulas illustrating several types are given 
below: 


LIQUID CREAM NO. 1 


Mineral Oil so See eas ho ae bee 12.3 Gm. 
Triethanolamineee et eae 2.4 Gm. 
SteariczA cid’, techno eee eae 4.8 Gm. 
Distilled’ Water yas. on as mea a ort meres 70 Gm 
Glyecrin Aaa 8 ice kao. tere 10 Gm. 
Perftimes th... oo done A ikk ic ae. a ee ee aise 

Tio miak@ncrs on eaacec kcal ete Ut ee ee 100 Gm 


Melt the stearic acid and mineral oil; add with constant stir- 
ring the water in which the triethanolamine and glycerin have 
been dissolved. The temperature of the two component parts 
should be the same. Add the perfume when the cream has cooled. 


LIQUEFYING CREAM 


Paratiingc Cette ee hee Dak nee neeas 6 Gm 
Wihtites Wax sesame ree rete aya fans an ep a 12 Gm 
MimeralOieyn ne oaths. cece ai: ' ek cone eae 54 Gm 
SteariciA cide mctren cataaktt occa ere 1. Gm 
Borax. <ttae reese ee eae 1 Gm 
Distilleds\Wiatercses -ormiciet awn 0a eee 25.5 Gm 
Perfuinie Oil ee aeptet ors pete Gch <u. ror eee ee ene qg.s 

TO: mila err wh report ns otis oes ya See 100 Gm 


Melt the paraffin, white wax, mineral oil, and stearie acid and 
heat to 70° C. Add to it the water containing the borax, also 
heated to 70° C. Stir until the cream is cooled, then stir in the 
perfume oil. 


LIQUID CREAM NO. 2 


Stearic Acidic eae ities ay eee eee 3.5 Gm 
Glycerin yiceatin eieia sient 2 eee 8 Gm 
Potassium) iydroxid Gere a. aa. ae eee 0.2 Gm 
Alcohol see en ene ok vena non ae eee 8 Gm 
Hiydrous’ WooljPatherer a0... tn aoe 2 Gm 
Distilled. Waterwitenc a) oh eee 77.7 Gm 
Perfume, Oiltetemye eect ke or ole eon ieee eee q: 8 

To Ta alee are Nope nete eae osha 100 Gm 


Melt the stearic acid and the lanolin. Emiulsify with the alkali 
dissolved in half of the water. Add the remainder of the ingredi- 
ents, first dissolving the perfume oil in the alcohol. This may be ~ 
converted into a gum base lotion by extracting the equivalent of 
1.75 per cent of quince seed with half of the total amount of water 
employed. Whenever a mucilage is employed, always add a pre- 
servative such as methyl parahydroxybenzoate. 


CREAM LOTION 


StearictAcidtiperset tte. suc ache itr eee 1.4 Gm. 
‘Triethanolaminem-nmnye sess tek oe ee 0.6 Gm. 
Glyceryl Monostearate (self-emulsifying)..... 4 Gm. 
Lanolin, hy drousten seem: «cr eae an L Gar 
Cetyl Alcohole tee ctictrce. tateas Seen 0.4 Gm. 
MineralO ilies aicce aac seo ek ee eae ee 2, (Gime 
Methyl Parahydroxybenzoate............... 0.1 Gm. 
DistilledtwatenWench ko dat. 2s oie ee 90.5 Gm. 
Perfumeyoile saocwides sora as ue ee es q. s. 
Toiaria keene atineccra suai eawich ciate he eee ee 100 Gm 


Heat the water to about 65° C. and dissolve the hydroxybenzo- 
ate in it. Add the glyceryl monostearate and stir rapidly until 
emulsified. Add the triethanolamine and bring the mixture to 
85°C. Melt together the stearic acid, lanolin, cetyl alcohol, and ~ 
mineral oil and heat to 90° C. Incorporate this into the water 
phase; stir vigorously and continuously until cool. Add the 
perfume oil when the temperature has dropped to about 45° C. 
Coloring of cream lotions is easy to accomplish. Make a dilute 
solution of a water-soluble certified cosmetics color and add this 
oleae to the batch at the same time when the perfume oil is 
added. 


Absorption Creams 


Absorption bases in creams have become of great im- 
portance to the pharmacist because of the demand for 
ointment bases that will absorb and carry large amounts 
of water or water-soluble ingredients. Many such bases 
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are on the market now and the intensive research car- 
ried on by manufacturing chemists as well as by univer- 
sities is increasing their number yearly. The most im- 
portant of the absorption bases are derived from wool 
fat or lanolin. Being an animal product, different 
samples of it will often show considerable variations in 
the properties, especially in the percentage of water 
that can be absorbed. This percentage appears to be 
dependent upon the ratio of cholesterin and cholesterin 
esters present; some samples absorb about 150 per cent 
of their own weight of water, while others absorb as 
much as 300 per cent. According to the chemical 
classification, lanolin is a wax and entirely aside from 
the fact that of all fats and waxes known at present, it 
is the one most readily absorbed by the human skin 
carrying along small amounts of materials mixed with it. 
An important feature of lanolin is its extraordinary 
emulsifying power. The water-in-oil emulsions pro- 
duced by it are stabie and possess good stability toward 
acids and alkalis, enabling medicaments to be incor- 
porated regardless of the pH value. Moreover, it is 
free from tendency to rancidity and lack of support for 
mold or yeast growths. 

In 1912 Unna reported the isolation of the water- 
absorbing portion of lanolin and called it a mixture of 
iso- and oxy-cholesterins. Lifschutz succeeded in 
separating the active ingredients about the same time 
and evolved a method of manufacture. As a result 
Eucerin, a high-melting wax capable of absorbing 200 
per cent of water, appeared on the market. Since its 
high melting point did net permit active water-soluble 
ingredients to be held in combination, Roemer sug- 
gested that petrolatum be used instead of hard paraffin 
and soon the new Eucerin appeared in a soft melting 
base. Since then, American manufacturers have de- 
vised new absorbing bases in great variety. Some of 
them contain iso- or oxycholesterin waxes in various 
amounts usually with petrolatum; others contain esters 
of stearic acid mixed with small amounts of soaps to 
impart to them the property of self-emulsification. 
The use of many of them is restricted due to patent 
rights. It is advisable that anyone desiring to use such 
products get all available information from the manu- 
facturer both as to the properties of the product and 
its restrictions in use. 


Creams Based on New Constituents 


During recent years a large number of newer con- 
stituents useful in cream formulation has appeared on 
the market. The space allotted to cosmetics in this 
book does not permit mention of more than a few that 
have found favorable acceptance in the cosmetics 
_ industry. at 

Triethanolamine—A mixture containing approxi- 
mately 75 per cent of triethanolamine [(C2H.OH)3N], 
20 per cent of diethanolamine [(C2H,OH)2NH], and 5 
per cent of monoethanolamine [(C2H,OH)NH,]. It is 
a colorless to pale yellow, viscous, hygroscopic liquid 

with a slight ammoniacal odor. It is miscible with 
water and alcohol and is soluble in chloroform, immis- 
~ cible with ether, benzene, and purified petroleum ben- 
zin. 
‘ It is an excellent emulsifying agent for use in the 
preparation of ointments and other dermatological 
~ medicaments where various animal and vegetable oils 
are to be emulsified. When added to certain prepara- 
tions like oil of cade for use in scalp treatment, it facili- 
tates their subsequent removal. It combines with fatty 
acids to form soaps which possess good detergent proper- 
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ties. These are soluble not only in water but in oils and 
gasoline. way! 

Different methods may be followed in preparing 
emulsions with triethanolamine, since every emulsion 
is more or less an individual problem. eet 


1. The emulsion may be formed by stirring the oil 
and water alternately into the soapy mixture of trieth- 
anolamine and fatty acid. 

2. A water solution of triethanolamine and acid may 
be made up and the oil stirred into this mixture. 

3. The triethanolamine soap may be dissolved in 
the oil, making a solution which emulsifies spontane- 
ously when added to water. 


It is important that the triethanolamine fatty acid 
combination should not be broken up, since the stabil- 
ity of the emulsion depends upon it. In general, acid 
substances such as boric acid, lactic acid, salicylic acid, 
and benzoic acid as well as acid salts such as alum, 
aluminum chloride, and quinine bisulfate should not 
be incorporated in a formula that depends upon the 
triethanolamine fatty acid combination for its stability. 
The purity of the water used in the preparation of tri- 
ethanolamine emulsions has a great effect upon the 
stability of the emulsion, since any soluble salts or acid 
present will alter the stability of the emulsion. This is 
especially true for preparations that must be kept for 
some time. 

It has a wide use in technical emulsions as well as in 
pharmaceutical preparations. Carnauba wax, a very 
hard material that forms the basis of most floor waxes, 
is readily emulsified by means of triethanolamine and 
oleic acid. 

Triethanolamine Oleate—Triethanolamine oleate is 
prepared in the cold by stirring 11 parts of oleic acid 
with 5 parts of triethanolamine. The reaction is slow 
but the mixture gradually thickens, forming a trans- 
parent, glue-like substance that turns to a reddish 
brown in a few days. Care should be taken not to mix 
any water with the triethanolamine-oleic acid mixture 
during the formation of the soap. After formation any 
amount of water may be mixed with the soap. 

Triethanolamine oleate is a clear, pale yellow solid 
with the consistency of petrolatum. It is somewhat 
hygroscopic and will absorb about 10 per cent of mois- 
ture. It has the property of stiffening upon the addition 
of water and is thickest when one and one-half to two 
times its weight of water has been incorporated. On 
further dilution a stiff cream is produced, and it be- 
comes liquid only when about ten times its weight of 
water has been added. 

Triethanolamine Stearate—Triethanolamine stearate 
may be prepared by mixing 11 parts of melted stearic 
acid with 5 parts of triethanolamine, both heated to 
the same temperature. The mixture is stirred until a 
homogeneous product results. When cool, triethanol- 
amine stearate is a solid having a lustrous sheen. 

Triethanolamine stearate is a pale, orange-yellow 
solid, somewhat brittle. It is slightly hygroscopic and 
will absorb about 4 per cent of its weight of water when 
exposed for a week. A-solution of triethanolamine stear- 
ate in water is translucent and gelatinous. When incor- 
porated in an ointment made according to the following 
formula the resulting product will absorb 50 per cent 
of its weight of water. 


PAPA ET tee nists Rata ar fears will Llovane monte srateveuatesshare 25 Gm 
PEtrolatemiiaciers wuete ct eevecote ales ws ss seca woe aserene ss 65 Gm 
Triethanolamine stearate...............ece00- 10 Gm ! 


This ointment, upon the absorption of 50 per cent of its 
weight of water, has the consistency of lard. Further 
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additions of water produce ointments of varying thick- 
ness. 

In preparing emulsions with triethanolamine stear- 
ate, melt the acid and soap on a water bath with the 
insoluble ingredients intended for incorporation. The 
water and water-soluble ingredients are brought to the 
same temperature and added with constant stirring. 


Triethanolamine Creams 
VANISHING CREAM 


Stearic Acid [y saps vcore Rie Pte ee ieee 26.1 Gm. 
Wool Fats inc 2c ccs ss ieeeies Oe era 4.7 Gm. 
Triethanolaminess).../0...0ss-na ee ee 1.4 Gm. 
Carbitol*s.2 58% Sie iis tee auegetetoeen rmetceieneie is eaereeoiee 8.8 cc. 
Distilled Water, 226 acc aaccemette socials Cine 5005 ce. 
TO WakOrci eee ictaeidkecore cena cine heath section totes 100 Gm 


Melt the stearic acid and the wool fat together. Heat the tri- 
ethanolamine and the water to 95° C. and add it to the melted 
acid and wool fat, stirring constantly. Mix the desired perfume 
with the carbitol, add this to the mixture, and continue stirring 
until cool, being careful not to beat too much air into the cream. 


CLEANSING CREAM 


Stearic, Acidin.auu. ic cake we ocsteston eek ene 14.4 Gm 
WOOL Path eras te cue occeal sl Srouc dele Poa eee 4.1 Gm. 
Heavy LiquidsPetrolatiim=. 2-1 25.7 Gm. 
‘riethanolaminesc7....2icto sos siete seer 2.0 Gm. 
Garbitol¥ .2 Pes sei bibs ce ee ea eee ie cc. 
Distilled: Watet s2tci eon ee eee eee 49.1 cc 
Mo mmalke thes eee Goes aes en Eee 100 Gm 


Mix according to the directions under Vanishing Cream above. 
COLD CREAM NO. 5 


Stearic. Acidiv £205 Sa tnas oe eae Toe 15 Gm 
Wool Fatagess aoe. secin is Cine eee ere 2.8 Gm 
Wihite: Waxes outs as ota och onan 8.2 Gm 
Heavy, Liduid) Petrolatamt.-te eeietete 16.3 Gm 
Triethanolamines:2 ect a2.) coe teem eer 2.2 Gm 
Carbitol eee rn cities oe ee 8.2 Gm 
Distilled Water:cs¢ ca iter ols euctstcte renee 47 Gm 
Perfumes... Fined an nn aetna roe Ganss 
Mo Mmake fot ake bee selon tree eee Riera eee 100 Gm. 


Melt the stearic acid, wool fat, white wax, and liquid petrola- 
tum. Heat the triethanolamine and the water to 95° C. and add 
this to the melted wax mixture with constant stirrmg. Mix the 
desired perfume with the carbitol and add this to the mixture, 
continuing the stirring until the cream is uniform, and pour it 
into tubes or jars while warm. 


COLD CREAM NO. 6 


Stearicsa Chir 5M cvqatsuiecescessaeioc rae ee eee ee 13 Gm 
White Waxie cic vais ole tee tre ee ae 5 Gm 
Petrolatum (white) A ohsht i pec ae joe nao ae 3 Gm 
Wool Bats cyte can er certain ee eaten 3 Gm 
Heavy: LiquidsPetrolatume.. 7. fa. soe eee 29 Gm 
Triethanolamine)s 4.32.0 Accu eS ae ore ae 2 Gm 
Ethyl Ether of Diethylene Glycol.............. 5 Gm 
Distilled: Water a. caer lose eee eee 40 Gm 
Petfitime Ye oes ce ee ee ee eee Gass 

WP OMAK ee pear as ais ete iio ee Ee ee 100 Gm 


Melt the stearic acid, white beeswax, petrolatum, and wool fat 
together on a water bath. Add the heavy liquid petrolatum oil 
and stir until the mixture is uniform, keeping the temperature 
at 80° C. Mix the triethanolamine with the water and heas to 
95°C. Pour the melted fats and oil into the triethanolamine solu- 
tion. Stir rapidly, without heat, until an emulsion forms and the 
temperature drops to 60° C. Add the ethyl ether of diethylene 
_ glycol (carbitol) and stir until the temperature drops to 50° C. 
Add the perfume and stir slowly until the cream becomes uniform 
in consistency. 


Triethanolamine is used as the emulsifying agent. 
This type of cream has a tendency to darken with age 
but has one advantage over many creams, in that it 
can be readily removed from the skin with water. 


Glyceryl Monostearate Creams 


Glyceryl monostearate compounds such as Tegin are 
mixtures of glyceryl monostearate with a little glyceryl 
distearate, stearic acid, and potassium stearate. It isa 

i Carbitol is the mono-ethyl ether of diethylene glycol, a high boiling point 


solvent and conditioner marketed by Carbide and Carbon Chemicals Corpora- 
tion, New York. 
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yellowish, waxy substance melting at 57° C., it produces 
the oil-in-water type emulsions, and is especially useful 
in the making of neutral oil-in-water creams of low and 
medium fat content. 

Creams prepared with Tegin have good keeping 
qualities and may be exposed to temperatures as low as 
—10°C., without the separation of the aqueous portion. 
Creams made with glyceryl monostearate are compat- 
ible with most substances except the strong electro- 
lytes, such as sodium chloride, salicylic acid, and potas- 
sium iodide. 

The following formula is suggested for a non-greasy 
cream: 


GREASELESS CREAM NO. I 


Glyceryl Monostearate...............e00000- 11 Gm. 
Whites Waxy ri: ® Sitinih acke ee ela e mien eerere 2 Gm 
SOLSSIM AAR eros Geet le eae eae ane renetere 3 Gm 
Petrolatum: (Soft) 2552 piedcack as pene eee ee 4 Gm 
GIy ceri et cn ise ieee bat aecne mal as ons eed eek PER 6 Gm 
NERS ern Re ae Ue oe Mean CIR Gara encs dBi. o. 2 74 cc. 
Perfumey..o3) toner er een Om el eblra deh eee q. 8. 
Tosmmaken eye Pacis. Boose tees teceel catch tamneieconaesen 100 Gm 


All ingredients except the perfume are weighed into a single 
container. The mixture immediately is brought to boiling, then 
stirred until cool. Violent agitation should be avoided because 
of the possibility of beating in too much air. If dispersion is not 
satisfactory, the ingredients may be heated and then stirred until 
cool. In most cases a preservative is necessary. 

The following formula will give the more greasy type of cream, 
known as night cream. 


GREASLESS CREAM NO. 2 


Glyceryl’ Monostearate. ...-. 20) is.- on pete eee 12 Gm 
Petrolatunisoit)z a coe chee ook soe rae 6 Gm 
Latolin ecR ate Sacto a hwo nk cick aan eae ee 4 Gm 
Heavy Liquid Petrolatuni:....\.0... 2 -\-uievar eee oe 6 Gm 
Al nto nd Oi erection cicrevetctans cle one are ieee 6 Gm 
GY Cerin. 2 kee eee Uk eee areata ake Tee eee 3 Gm 
Watery ancie statie soc ty rae nes SEN tian a RR oe 63 cc. 
Perntimte ioe vr eche Means ites goes aiok Ree eeeee Osa 
TOM omy Pte ley costes oer ee ean Nea 100 Gm 


The directions for preparing this formula are the same as for 
Formula 1 


Glyceryl monostearate is also used to prepare a van- 
ishing cream that may be used as the basis for most oint- 
ments. Such substances as menthol and methyl sali- 
cylate may be incorporated, making a greaseless anal- 
gesic ointment. 


GREASLESS CREAM NO. 3 


GlyceryloMonostearate.....tertas ce eee 12>) Gin 
Heavy Liquid Petrolatum. 74/7... 0.. cae 2 Gm 
Glycerine Vee a eee oem eee Oe eee 2.5 Gm. 
SPermlacetizn veeita « hom sametesyeiaie Oe ee 5 Gu 
Water so ae Mil srets chahtet eteror ae Oa eee /Sa Cos 
Methyl Parahydroxybenzoate............... 0.1 Gm 
Periumey fatten Gatiee teocta csshoenetst cero eee q. 8. 
LOGIN AKG A aieniens yore evs cor eek seater Moraceae tan ee 100 Gm 


This formula will give a good foundation cream upon the addi- 
tion of 5 per cent or more of titanium oxide. 


Cholesterin Creams 


The constituents which give valuable properties to 
lanolin are the cholesteryl esters, notably the oleate 


and palmitate together with some free cholesterol. The 


total cholesterol content of a high-grade lanolin amounts 
to about 15 per cent. Commercial wool waxes: are 
lanolin concentrates obtained by extraction; they may 
contain as much as 45 to 60 per cent of the cholesterin— 
cholesterin esters mixture. The latter mixture is often 
termed ‘‘oxycholesterin” or ‘‘iso-cholesterin” and by 
mixing certain amounts of these preparations with re- 
fined lanolin, so-called Absorption Bases are obtained. 
Products in the market of similar nature such as Aqua- 
for, Falba, Protegin, and Protegin X form useful media 
for fatty creams of the water-in-oil type with a neutral 
or acid reaction. Creams of this type are usually un- 
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affected by ordinary electrolytes; rancidity does not 
occur; the odor of lanolin is weak or absent and the 
preparations are not sticky. The creams do not dry 
out; they may be activated by ultraviolet light. 

The following are typical formulas for such creams: 


LUBRICATING CREAM 


PAROLES AT Ge Re rc ot Me 22 Gm. 
senleavy Liquid: Petrolatumt «0... ....0.+.06.00-0. 6 Gm 
ALOUSEVY.OOL EAU oak c GW ce oie te ook atte t 3 Gm 
CU NHACD Dh GRO ee a Oe a aoe a a a 5 Gm 
PUA SHILC ORV WALCInk qi eh ens Cone tees 64 Gm 
Pectin Omi Pager am ihe Cail wag Bale) te ke Qss 
BIRCH euler cues he ranean UR EUS MAUS GN gcblleasoays «Nutone eels 100 Gm 


Melt the Protegin X on a water bath with the fats and the oil. 
Keep the temperature at about 45° C. and slowly add the water- 
glycerin mixture, previously heated, to the same temperature. 
Add the perfume when the temperature has fallen to 28° C. 
Avoid stirring below 28° C. as air may be worked into the cream. 


ALL PURPOSE CREAM 


FECES Ch RNG a ceca lan i a 20 Gm 
IA LOUSBW OOM Falls fei list 2 oat aioleie calciss/ahe ssa 3 Gm 
WEMON DC OS WAX: 5 Solo tecn cris niciecdelene ne ete es 4 Gm 
COTO Ty GN ga NT Se Pore Ae re a 10 Gm 
reavyabiquid Petrolatum.. oi)... .ch.. cb. ee cs 10 Gm 
MEDVCE MUI eee ey IN oo es ot cle cea vale Shaye cso uelinteais, « 5 Gm 
TERE CU VV ALC ORAS ore rite hs ates CER i cele ouhna oe 48 Gm 
ECE ATENT ELS Cae Sec ny ae REN CE EES ae a q. 8. 
MUU mee yeeros ease SE hitenes 8 oee a ous nhagecg oe hd 100 Gm 


The method of manufacture is the same as in the previous 
formula, except that a temperature of 70° C. must be used. 
Being water-in-oil emulsions, Protegin creams do not dry out. 
If they contain acid-reacting substances, they should be packed 
in tin tubes or glass or porcelain jars. 


LANOLIN CREAM 


RIVE AUR ere or taerc nada. d cadie idsé lee Die ou 10.50 Gm 
PELE CLL ete ie atcre re eich a arene oie ces, Sevcia ate b teee 8.50 Gm 
PA AIEOUSMICATIONI sry ctcie sw cvsccds aster aiele'e sees ee 16.50 Gm 
Oilotreach Kernel. i258 oc ste es tenes 46.50 Gm 
PISTINCURVVALEr. a cha css ch a cdwias's oele alo cu elec 17.50 Gm 
Borax 0.50 Gm 
ASSN eA a i Gas: 

PT MREL AC OU ary gel ome det sdeveceberallavete’ sl'e a roilenaueve'e aM 100 Gm. 


Melt together the wax, spermaceti, hydrous lanolin, and vege- 
table oil; bring to 70° C. Dissolve the borax in the water, bring 
the solution to 70° C. and add slowly to the fat mixture, stirring 
constantly. Add the perfume when the temperature has dropped 
to about 45° C. 


Cetyl Alcohol and Related Preparations 


Cetyl Alcohol—Cety] or palmity] alcohol [C1¢H330H] 
consists of white, somewhat greasy leaflets melting at 
49.2° C. and boiling at 344° C. Its ester, cetyl palmi- 
tate, is the major constituent of spermaceti and this 
was the main source for some time but at present it is 
obtained by the catalytic hydrogenation of fats and 
fatty-acid mixtures. 

Cetyl alcohol is practically odorless and tasteless, in- 
soluble in water, soluble in alcohol, chloroform, glycol 
ethers, and other organic solvents. It mixes with both 
animal and vegetable oils and fats. It is readily ab- 

sorbed by the skin and is obstinately retained by the 
epidermis. When compounds containing cetyl alcohol 
are applied to irritated areas, they leave the skin smooth 
and supple. Combined with any of the usual emulsi- 
fiers, it readily mixes with fats and waxes and water to 
give a permanent emulsion. Many substances which 
destroy oil-in-water emulsions may be incorporated with 
the cetyl alcohol creams. Cetyl alcohol may be used to 
produce both types of emulsions, oil-in-water or water- 
in-oil. In preparing emulsions with cetyl alcohol it is 
‘important that an emulsifying agent be selected that is 
compatible with the other ingredients to be in the fin- 
ished product. If an acid cream is desired, do not use 
an alkaline emulsifier. Enough cetyl alcohol must be 
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alcohol does not become effectively hydrated until it is 
in a very finely divided form. 

The following formulas are presented to illustrate the 
use of cetyl alcohol as the emulsifier: 


CETYL ALCOHOL OINTMENT 


CetylfAlcoholthia kee oes sete cen ee ones 25 Gm 
Hydrous: Wool Fatinn. oo. ds. . 5. eee cee 12.5 Gm 
White) Petrolatumcnim neem cccan olctde oeisonea ers 62.5 Gm 

Opin acer: arate aie tecreecane nes eib ayy rane senate 100 Gm 


This formula has been found useful as an ointment base where 
large amounts of water or water-soluble ingredients are to be in- 
corporated. 


ACID SKIN CREAM 


CetylmAlcoholee merece ioc toe are clanwiomes 15 Gm 
oe SPCCIMACe terete nity hereto eter ieiera lobe onc tsp ye © 611) 
Sodium VauryleSulfatex ...-o..8000+0es sce 2 Gm 
acticv A Cid semynctarsccnieiaetoccatcscsuesecs elle @ arte ateieters 1.2 cc. 
Distilled Wiatersacswsireme crc. cic seo vcle uel oieenaatecers 71.8 cc. 
GULY Ceri tir aeee teva PY cect oe salts oo edartoe enue eye lavele 5 Gm 
POT Lei) Ce ret een easier one ereisieacan So hsiehe Wistance es q. § 
SOP KOE eee Pra eed nen cried Sistas aa tee satotic 100 Gm 


Melt the cetyl alcohol and the spermaceti at 50° C. and add the 
sodium lauryl sulfate to the mixture. Stir, add 50 cc. of water at 
the same temperature, and again stir vigorously. When a uni- 
form emulsion forms, stir more slowly until the mixture begins to 
thicken, then add the warm mixture of glycerin, acid, and the 
remainder of the water. Add the perfume last. Stir until cold. 


CETYL ALCOHOL CREAM 


CetyleAlcoholeeaaceter choc. tiers cieiale steeievscere/soreltes 15 Gm 
Sodium Marrylsuliates «piss. ehicisce aie set 1.5 Gm 
Ey dromsaWoGi hate cna saat nsteteiena seis « 1.5 Gm 
WAGGA Cha eral rtemare cial ateesor ancvoilone a ail etoPanecerarane legices 
Distille deVWWaterme cre aicctsieiscs cies ents vid musi ceciens os 81 Gm 
Periiinieraeiee ca Ree hott ae oct ale ste escorts q. 8 

PEO SUIS meaty pate te a Mie ace coe Be iat Sree te is 100. Gm 


This formula will give a soft, stable cream. Melt the cetyl 
aleohol and hydrous wool fat together and add the hot solution 
of sodium lauryl sulfate in water. Stir until emulsification is com- 
plete, add the acid, then the perfume, and stir until cold. 


CREAM LOTION 


CetylIAlcoholeren wrist rae ieee seers ay Her 
Stearic vA Cid eer ho eres Cecio ens 1 Gm 
Tragacanthy powdered since seule animes 0.4 Gm 
AT COLON wrricy Retera saa setohes naceeyceer swcllae cone hago nels TRacc. 
Distilled Water2eeorsiwewa bed nee ee eins 93.6 Gm 
PSri amie run enter cottsre cio ere laloran + Recap tean q. 8. 

Renn a KOM epatee ie pie tksvavckevet avec iene’ aimrhvemtotersrs 100 Gm 


This will make a thin, creamy lotion. Moisten the powdered 
gum with the alcohol and then stir in about half of the water. 
Melt the stearic acid and cetyl alcohol heating the gum solution 
to the same temperature. Add the fatty materials to the aqueous 
mixture and stir vigorously. Finally, add the remainder of the 
water and the perfume. The lotion may be improved by passing 
it through a homogenizer. 


CETYL COLD CREAM 


Cetyl Alcohols acc istents douctccrestintectelavernene eas 2 Gm 
SPErimacecPpar Macon ie recs loiter erate et 8 Gm 
WIILOS Wie Xtapceotetee tae citae teonsnsjcbneces Atel tone ote one wsieae 10 Gm 
Sodium: Boratemece an satus slow cecvaless ouate.civ ets ones 2 Gm 
Distilledewiateranrrinicie scct ciclo ie ea 23 Gm 
Peach ISerneli@ ilar. seactesis teers seeieints niatenere 55 Gm 
Perit menos rae centers cores cheese a oleae tar stene ats q. 8. 
pRormake mets prey ckc cer ecco ecko oyanine nausea as 100 Gm 


Melt the cetyl alcohol, spermaceti, and white wax together on a 
water bath. Add the peach kernel oil and stir until the mixture 
is uniform, keeping the temperature at 72° C. Gradually add 
the sodium borate solution, heated to the same temperature, 
stirring rapidly and continuously until the temperature drops to 
45°C. Add the perfume and stir slowly until the cream becomes 
uniform in consistency. 


Various Emulsifiers 


Chemical research workers have furnished an almost 
bewildering array of new materials suitable for use as 
emulsifiers in cream formulation, or for the replace- 
ment of necessary ingredients in creams, such as glyc- 
erin. We give a partial list of those that have found 
some application in commercial cosmetics. The phar- 


present to keep the emulsion homogeneous and stable, 


and the stirring apparatus must be efficient, since cetyl macist desiring to market his own product is strongly 
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advised to get all possible information from the manu- 
facturer before endeavoring to experiment with any of 
thése newer cream ingredients. 

Alginates—Sodium Alginate (page 756) is a deriva- 
tive of seaweed, useful in the formulation of wave set 
lotions, hand creams, hair creams, etc. Jannaway’s 
formula for a greaseless hair cream is, as follows: 


GREASELESS HAIR CREAM 


Sodium Alginate .2¢).4..400 2c oe ae 1.25 Gm 
Distilled Waterss vac nae eee ae 50.55 Gm 
Perfwitie :v2 5 0 ats Oe eee tere 0.5 Gm 
Glycerin gs. a hos oa aes. 2.5 Gm 
Methylparaben %..2.752 0-0 8 ee 0.1 Gm 
Calcium: Citrate of ase ee ee ten 0.1 Gm 
Distilled! Water.).iceee eee eee nee 45 Gm 
HO: Ske sca) a reer eae en enetoios ere eetee 100 Gm. 


Dissolve the alginate and preservative in the 55.55 cc. of water 
to which the glycerin and perfume are added. Separately, dis- 
solve the citrate in the 45 ce. of water and mix with the alginate 
solution. Shake well and allow to stand for several hours to 
permit complete thickening. 


Cellulose—Methyl] cellulose is neutral in reaction, 
resistant to acids, alkalies, and bacteria, and forms 
mucilages which may take the place of vegetable gum 
mucilages. It may be used to prepare emulsions of the 
o/w type to make skin creams, dentifrices, emollient 
creams, cleansing creams, and similar preparations. 
A matt skin cream based on methyl cellulose, en by 
Valence, is, as follows: 


StearicAcid Rac cee cinco oe ee EE ee 9.5 Gm 
Cetyl Alcohol. caeso ee ere oo eis ee 0.5 Gm 
Mineral Oilsge toy ten aisha ges Seer eee ee 2 Gm 
Peanut Oils Ae at cet at eee ee 2.5 Gm 
Methyl Cellulose (4% solution)............... 25 Gm 
Gly cerinkit: , RR ee aon A ee ee 5 Gm 
BORAX ee een oa ee ee eee ee eee 0.5 Gm 
Anim onia: (0:97) stra ce neces i oe Oyen eee ee 1 Gm 
Perfume Oils iii tea wa ah eiae irn aaee. 0.5 Gm 
Distilled Waters comes cant es eer Oe eee 53.5 Gm 

Towmake S tics series era ecchar it ree ere 100 Gm 


Glycols—The chemical formula of glycol permits both 
self-condensations as well as esterification, resulting in 
a large number of glycol derivatives some of which are 
useful in cream formulations. Ethylene glycol is a 
thick, white liquid, very hygroscopic and may be used 
to replace glycerin; some glycol esters may be similarly 
employed. Glycol distearate is a white wax-like sub- 
stance, pH 6.5, when dispersed in water forms a liquid 
or paste-like emulsion; glycol dioleate is a yellowish 
liquid suitable as a wetting or emulsifying agent in cos- 
metics. 

A typical acid cream based on glycol distearate is, as 
follows: 


Glycol’ Distearates.o. ae 14 Gm 
Mineral Oil ahs een aces eee nae a) 1060 
Beeswax, white t,t ces oo ke ee 2 Gm 
CLC SUL 20d Fein en ep ae) see eee eee 1 Gm 
MANOLUN Scans tice Poe ee Oe ee Ws Gom 
Sodium Launyl Sulfaternuessiania ter ree 1 Gm 
124-70) A Cs hee PETES 94 Ioan eyes ue ny, Sle aaah 0.5 Gm 
CitricyAcide yy i ets. cc eae els coe eee eee 2 Gm 
GIV Cerin mon, shee. Bota ee eee 6 Gm 
Distilled’ Water? > 3.20522 Re es ee eee 69 Gm 
Perfiimewanesso.ic..A-05 eo eee 0.5 Gm 

POM One eae trs aan sst dn coe Ae ee 100 Gm 


Hydrogels—Aluminum hydroxide, colloidally dis- 
persed, forms products such as ‘‘inert gelatinous alu- 
mina” or ‘‘alumina hydrogel.’’ They are considered to be 
valuable in acne cream and oily skins creams, also for 
deodorant or astringent creams. They are patented. 
a astringent and deodorant cream formula is, as fol- 
Ows: 


Alumina: Hy drogella scar encanta) ae 100 Gm. 
Glycerin’ 2.8. Re ae Oe ee ee 25-60 Gm. 
Benzoic Acid:s,.. i, Wnetens aarti 1 Gm 
Linc Oxide,. fi. he Reet ee ee 1 Gm 
Periumeand' colores. 1. ee q.8 
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Lanette Wax—This is an English product that has 
found satisfactory use in the formulation of cold creams, 
day creams, night creams, baby creams, and stocking 
simulating creams. It is a partially sulfated or phos- 


phated mixture of cetyl and stearyl alcohols. A for- 
mula for a simple day cream is: 
LanettewWaxtS Xi.85. so sfnetecneucieemterese etc ttace nee tetas 15 Gm 
GY COPIA ATi mlk cho Sle acacot eke aL oe eee een ree 7 Gm 
Wiate rid atu. out ailiedttentach nye seen ra een 78 Gm 
Totmake ver 3. cAnne en cee error eae 100 Gm 


Pectin—Pectin has long been considered as having 
many possibilities for use in cosmetic formulations. 
It is used in hair creams, non-fatty face creams, skin 


lotions. A simple formula for a pectin pomade is as 
follows: * 
PEctimaied wero nl wy yeh Chneteesie a De Oa etree 1 Gm 
GY. COriMe Fore oe a ee de One 4 Gm 
Distilled Water 24 v5.2 cotiste seh eee ee ee ee 2 95 Gm 
f Wow cat: lid: eo ae eP ens n eI LS SIA EN: Bee | 100 Gm 


Sorbitol—Sorbitol or sorbitan is a partially dehy- 
drated polyhydric alcohol related to the sugars. The 
sorbitol syrup is used as a replacement for glycerin 
while the sorbitol esters, the oleate, stearate and laurate, 
possessing the long fatty chain which lends hydro- 
phobic characteristics, and also the remaining free 
hydroxyl groups that tend to make the compound 
hydrophylic, give a dual nature to the product which 
causes surface activity and, therefore, useful emulsify- 
ing properties. The sorbitol esters have come into ex- 
tensive use and have given excellent results in many 
types of creams. 


CREAM BASE 


StearicsAcidi i sesame cases co tees a Re 12.5 Gm 
Span, 60 ir. ahersk Mooi ees hase est ea ee 10 Gm 
Tween.60 ir pete eet oe pare veia lo Pte ae 6 Gm 
Distilled Woater:c\ta-ueee ee ere Oe Ok eee 71.5 Gm 
Perfume ek ae eee: ee on RT a eS q. § 

To: make he ee ale ne na eee 100 Gm 


Heat the stearic acid, Span, and Tween mixture to 80° C. 
Add the water heated to 85° C. Stir until the temperature has 
dropped to 35° C. Add the perfume. Span is sorbitol mono- 
stearate; Tween is a sorbitol monostearate polyoxyalkylene. 
This cream may serve as a base, since it permits additions or 
modifications by means of many other ingredients. 


FACE CREAM 

StearicvA Cid: ecco ieie eee CL ae Rene 154) Gm 
Spat 605540 ah ete reunite oie eke ee 2 Gm 
Tween 60. chicam tthe crete tae rockin ete 1.5 Gm 
Ysopropyl Palmitateteecerecs ie ae eee 1 Gm 
Atle xiii tre coo ahd eect eieees cae tcc ete te aes 2.5 Gm 
Distilled Water’. olkecite eka cae ee eines 78 Gm 
Perfutne sce hse oe ee eee eee eee q. § 

Tormmalcé .). sce Oe eee cee eT Fe 100 Gm 


Heat the stearic acid, Span, Tween, and palmitate to 90° C. 
Add the water-Arlex mixture heated to 95° C. Stir until the 
temperature has dropped to 85° C. Add the perfume. Arlex 
is the trade name for sorbitol. It replaces glycerin in cosmetic 
formulation. 


Sulfated and Sulfonated Products—When oils and 
fats are subjected to the action of sulfuric acid, so- 
called ‘“‘sulfonated oils’ are obtained. These products 
exhibit improved solubilities, and resistance to hardness 
in water. Shampoos have for years been prepared from 
sulfonated fatty oils as bases. By the action of sulfuric 
acid on fatty alcohols, the fatty alcohol sulfates are 
obtained. When the acidity of the reaction mass is 
neutralized by a base such as sodium hydroxide, prod- 
ucts with properties important in cosmetics formulations 
are the result. One of these most frequently employed 
is Sodium Laury] Sulfate (page 591). It is in the mar- 
ket under many trade names and in many modifica- 
tions. Its presence in creams imparts to them ae 
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property of being “washable” with water. Materials 
with similar surface-active properties are exceedingly 
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numerous. They are particularly useful in the formula- 
tion of so-called ‘‘soapless’’ shampoo creams. 


COSMETIC SOLUTIONS, OILS, and LOTIONS 


Many varieties of cosmetic preparations may be 
classed under these headings. They include all prod- 
ucts that are made by dissolving chemicals or animal 
or vegetable substances in water, alcohol, glycerin, or 

_ mixtures of these, or oils. Asin making every other kind 
of solution, incompatibilities must be guarded against 
and solubilities carefully checked. 

The following are some examples: 


HAIR LOTION 


PICU OER MEME di cece ce rtrigss Slsckna, tees F400 TS 80 Gm. 
PmuecuEGastor Olle ws fern sels ee tel scant. 19 Gm. 
PaCHUNIPEUCR OS re Posh eel see a ee is ee 1 Gm 

“ING) TRACES NG ca eneer eee ee eee eo 100 Gm. 

Mix and filter. This is a type of lotion much used as a hair 
dressing. 
ASTRINGENT SKIN LOTION 

PTT OMCIU TM tS cea) ce nae oe Sisomneeeh ee ete oes 2 Gm 
PU MIE POMP rn Ca vs We yess hee. ees ees Greparcre a 1.25 Gm 
(COUNSISETUAT eRe Sau ene a a en 10 Gm 
EPO Ane as eG ci oh des este bie ahshe one 20 Gm 
RISA CCUNY ALCL si Aelsat oN. = castes. cv taken mies 66.6 Gm 
| PENTTEG. cacl CRNA Aaa eee eae ae ea 0.15 Gm 

TN) FERGIE ob Sele BNE eee tte ee ae ene ees 100 Gm 


This product is mild and refreshing; it may be used after the 
skin has been cleansed with cream when it will remove residual 
traces of cream. By increasing the alum content somewhat in 
the above formula its astringent character is proportionately 
increased, 


STIMULANT LOTION 


PRATECMENSL CIT stots, clsPaie ore) feeia. sheng So Nero te 009 Sle o!6i6 ees 2 Gm 
ONES CHUM EMMA onSntis ee ctos cen sncsBueke sr¢cowecatel duc. ora Bees ee 4 Gm 
NVAEGHUILAZEL Water. oo) dif cae se ees eurne 50 Gm 
IVNEAVIG! 0.0 oO SRG EOS ROO RE Rn ar Se aS 7 Gm 
Oranreselower Water 2.522 sah se leas ws custee s 37 Gm 

OTD ANE R Es 35 RE oe hee Ren rie ee 100 Gm 


This lotion is applied to the skin with friction which is respon- 
sible for the stimulating action. It exerts an extremely refresh- 
ing effect after a face massage. 


DEODORANT LOTION 


DUACRESION SUM Ate... cic. Gels cities Cone 6 nea s 5 Gm 
PAITCESUITOCATDOIATC co.cc eves oe Sade wie ine, bese Se Cin 
OrmrmunolimerSiwlfateut. 2 7.66 esne we sie. sate 0.5 Gm 
PURGE OMNES con sh. norattlan cls tees Ng ls aces etnies 10 Gm 
LENS eel AEA WES Is ok Ba a 79.5 Gm 
HE 2 TESTE: RR Oi RRC Re Coc ee i @: 8: 

OTS) EOE 20, i loess Sea 100 Gm 


This makes a powerful and effective deodorant lotion. Its 
action may be enhanced by the addition of 0.5 per cent of alumi- 
num chloride. Methenamine has also been found a valuable 
substance in deodorant preparations. 


Sun Tan and Sun Burn Lotions 


Sunburn and suntanning are due to the radiation in 
sunlight falling in the range of 2900 to 3200 Angstrom 
Units. To diminish or prevent sunburn, it is necessary 
to lessen the intensity of these radiations. If all active 
light is screened out by an appropriate substance, there 
will be neither tanning nor burning, but if the intensity 
of this range of radiations is merely diminished, the 
effect will be the same as an exposure to the sunlight 
for a very short period instead of several hours and 
tanning only, without burning, will result. The inten- 
sity of the active light may be lessened by reflecting or 
absorbing all or part of it. Oils possess some value in 
that they reflect a portion of the light. Opaque mate- 


- yjals like zinc oxide or titanium oxide prevent lightofany 


kind from reaching the skin. The modern screening 
preparation contains some sort of light filter which 
lessens the intensity of active rays without eliminating 


them entirely, that is, a compound or mixture with 


strong absorption bands covering the region from 2900 
to 3200 A. Among the various substances that have 
been recommended as screening agents are zesculin, 
menthyl salicylate, benzyl and pheny] salicylates, qui- 
nine bisulfate, ethyl p-aminobenzoate, phenyl ethyl 
salicylate, naphthylamine sulfonic acid, B-oxynaph- 
tholic acid and many others. The effectiveness as well 
as the possibility of skin irritations should be determined 
by appropriate tests upon the human skin. 


OILY SUN SCREEN LOTION 


BenzyiiSalicvlates men eiyte thet e sac aaire aleve & Gm 
MenthylSalicylatenerm apes ta acn ernie sick: 5 Gm 
Megetablei@ 1) sper ae ese horrors, sscun eae 87 Gm 
Pertinrer part nines oe eee ire a 8 ate Gass 
PRESERV ALLY. metertt mittee ete in wie ey Gas: 
ROUN AKG eke. Weeiehs aiershee rel aie Nek dt hee gs es 100 Gm 


This makes an effective preparation, although the oily vehicle 
does not have the cooling effect that an aqueous-alcoholic prep- 
aration affords. 


HYDRO-ALCOHOLIC SUN SCREEN LOTION 


Be-OxynaphtholiceAcidiaaenis ocieiec sci cet 5 Gm. 
OnininerDisulfiatetmencc week eet erecta 1 Gm 
IC OROL Laer arate ie RR oc a tetene the noneitetecstevdl wraiciaa? Spec. 
GIN CENTS seyret Seen Siok fee ial bY OP eres td tae 5reGe 
OSCR Wiale rise hes ire VRE ee oa lala oe 74 cc 
EOSIN VK Ope ae sere reratonci cman kon eee io areoneters 100 cc 


Dissolve the quinine bisulfate in the alcohol and the 6-oxy- 
naphtholic acid in the glycerin-rose water mixture. Mix the two 
solutions and filter. 


Hand Lotions 


The frequent use of soap and water, as in housework, 
often causes roughness of the skin which may be re- 
lieved by the application of one of the so-called hand 
lotions. They are usually lightly colored and attrac- 
tively perfumed mucilaginous preparations, mildly 
soothing and healing. The absolute necessity of incor- 
porating preservatives in the presence of mucilage must 
not be overlooked. 


BENZOIN LOTION 


Benzoinelincture i. coer ore ene teaye cc skeet 2.5 CC 
GIS CeTin PR See ao eed eee oehierd ee bees 24 (ao). 
ROSeiWatera scien cee octet ce sia ities wie oats TES (89 

TO STA KO see stores Vererenehete te reien iaianeiats Saracens 100s cc. 


This is a hand lotion that has retained its popularity for many 
years. 


TRAGACANTH HAND LOTION 


Tragacanth «rib DONnS« ere ierieleieteiene 0.8 Gm 
BoricnAchd 272 ne ery ean cms coer ocuetie a cintene hare a OG 
(OUR Wels v7 tetas B atcin Sako Cac riety Betaie ehcnckt antes OO OIG Ac 12 Gm 
ALCON GIA RAS ata ria ate Diath Linens L2G: 
Distilled: Water-yceh xx tac Wesco ne atve hk uaiancs 74.2 cc. 
Colorgand | Perrgnietin. secret hwiciaeaeecters ere Op 
TOMB SI aeiis ite aver tals le en tuohs Rebel ape ate sud stats 100 icc. 


Dissolve the boric acid in the water, with heat, add the traga- 
canth, and macerate with frequent stirring until uniformly 
mixed. Strain through muslin or cheese cloth, add the alcohol 
and glycerin previously mixed, then the color and perfume. 
Use 0.1 per cent of methyl p-hydroxybenzoate as a preservative. 


QUINCE SEED LOTION 


QuincerSeed>} best.quality, recs oclactr es 
SodiumiBoratey.c6 stress esiere ee tcns sees 


BOriCcACidl sees seewersqaclotacene cat meme oroenenado ele wore 

GY Cenimime ey ctectcnate-mieretartes Senet cs fede sonore he getex) Sua 12 cc 

ALCO Obiccos ho nhe bteteed eleva suahee Re eceecea a retool crore 3 IZeuce 

Distilledisw ater sacks etic cies tee as ed hewn ste 7322566 

Perfume, Color, and Preservative............ (ys 
FOI AK Ota erterns fie cuvasnterd eoeiG\s, ae ahead ave akc teteuets 100°) ce. 


Quince seed should be carefully but quickly washed in cold 
water to remove adherent impurities before maceration. Macerate 
the quincé seed with 50 ce. of the distilled water overnight, and 
strain, Dissolve the sodium borate and boric acid in the remainder 
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of the water, add it to the mucilage. Then incorporate the other 
ingredients, including the color, perfume, and preservative. 


QUINCE JELLY LOTION 


Quince: Seeds s:46 sj0d.< Gevatic tual ericson eae I Gm 
Boric: Acid’ sc es srencictostes shsre atene Ardell asl etener atte 0.25 Gm 
Glycerin once 6 Ni ia ade olele oto aetna ene 16 Gm 
Orarige. Flower Water:o. 6. on.c <o eeee 8 CC. 
Benzoin- Tinctures c5- certs cle oda Se Ea 4 cc. 
Alcohiolinn.. ) eieicdea £6 ches Sao 2 oid een ae 
Distilled: Water ii..0 oct detelun OO Oe 62.75 cc 
Preservatives @, 200% fic -s.0 0 orate Bs on or no ok 

TO: IMAKE RN... Fascce ws olers, os vol elle ele teen 100 EC. 


Macerate the washed quince seed in 20 cc. of distilled water 
overnight, strain, add the other ingredients and enough water to 
make 100 ce. 


Scalp Lotions 


There are many types of hair or scalp lotions. None 
of them may claim prevention of hair loss nor promotion 
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of its growth. The term ‘‘tonic’”’ in connection with 
these preparations is no longer used. The formula 
below may serve as a type of a scalp and hair lotion 
that has a cleansing, stimulating, and bacteriostatic 
action on the scalp. 


SCALP AND HAIR LOTION 


Salicylic-Acid :..2-40.- = cesar ee eee 2 Gm. 
For micvAcidias.. occsue econ ecole sactatess et en meee ieeles 
Alcohol vis 3 ae RR eee 56 cc 
Glycerin, o.oo sen clacichhol ee Rae ee ee eer 3 cc 
Distilled’ Water...: 2:3 oo eo notceen oe ie ae 38 cc 
PerfumevandColor- 3-4 eee leaks 

To make s..25. Gndtie ae ee  eeeee ee 100 cc 


Other ingredients useful in the preparation of various 
types of scalp and hair lotions are castor oil, sulfonated 
castor dil, diethyl phthalate, potassium sulfate (to pre- 
vent dandruff formation), sodium lauryl sulfate, ete. 


LIQUID SOAPS, SHAMPOOS, AND SHAVING CREAMS 


Soaps are employed in cosmetics in great variety. 
All true soaps are made by reacting an alkali solution 
with melted fat or fatty acids. The consistency of a 
soap is dependent upon the amount of fatty acid com- 
pletely saponified and their character by the quality of 
the raw material used. The soap most used in cosmet- 
ics is the shampoo soap which is merely a more highly 
concentrated soap than a liquid soap and is made of 
better grade materials. It is not easy to make a superior 
liquid shampoo. Rigidly standardized procedure and 
temperature control are essential, as is the control of 
the raw materials employed. 


LIQUID SOAP 


Cocoanut: Oil ecu cae Sate oe ie oie teas 15 Gm 
Palin: OW eres soc oiestea token ie ae eto ona 5 Gm 
CausticiPotashy90°%r sae erties 3 Gm 
Caustic Soda 90%. Aye er cern cnet eters 1 Gm 
Alcohols ois tet relatateaketewe teal lhe oie acatheelcte aria 7 Gm 
Distilled (Water sa. cen coc ce Gao eran 69 Gm 

LOTAR KO's haere vs ths alan eS ote deren Soe oes 100 Gm 


Dissolve the alkalies in one-third of the water. Liquefy the 
oils and heat to about 120° F., preferably in a glass-lined con- 
tainer. While stirring slowly, run in the alkalies. Next add the 
alcohol and continue mixing for about 14 hour. Allow to stand 
overnight, then stir in the remaining water. Age and filter. 


SHAMPOO SOAP 


CocoanutLOiesd x oheagcicters hele peieteeae yale ears 10 Gm 
Potassium Hydroxide, 85%. .35.-....--0.- «- 5 Gin 
Sodiumillydroxide:SS 94. cee ce ete 0.2 Gm 
Glycerin craehisans eect eke ations eiesis ters 10 Gm 
OleictAcidi heer a eee een ea eee Sees Chiat 
Distiled Waters: 72 otic acta eee eke a Oe 59.8 Gm 
PerfumesOil ss oe nae vhs Slo Oe a ee at tae Quss 
STOSMMAKES Varies le tate ote PSone ae re eee ee 100 Gm 


Dissolve the potassium hydroxide in one-third of the water. 
Melt the cocoanut oil and add the alkaline solution in a thin stream 
with constant stirring until all has been combined. Test for com- 
pletion of the saponification. Allow the cocoanut oil soap to be- 
come cold. Mix the glycerin with the remaining water and heat 
it to boiling. Now add the cocoanut soap in small portions, stir- 
ring until it is dissolved. Stir in the oleic acid and, finally, add 
the rest of the water in which the sodium hydroxide has been 
dissolved. Stir until saponification is complete. Chill to 32° F. 
and filter before bottling. It may be well to mention that any 
shampoo soap may be improved greatly by running it through a 
homogenizer before chilling it. This will result in a clear spar- 
kling soap that will not become cloudy after bottling. 


Soapless Shampoos 


In recent years, so-called soapless shampoos have 
come into extensive use. Some are mixtures of sulfon- 
ated castor and olive oils. A formula of that type is 
given below. However, newer and much more effec- 
tive chemicals are now used to prepare excellent soap- 
less shampoos. Practically all of these newer surface- 
active agents are covered by patents and pharmacists 
desiring to experiment with these preparations are 


strongly advised to consult the manufacturers, who are 
quite willing to furnish valuable information as to their 
products. 


SOAPLESS OIL SHAMPOO 


Sulfonated (Castor Ole. 2. 1. elo eeraateee 63 Gm 
Sulfonated Olives Oiltema.c. .c teense 30 Gm 
White Mineral: Oili.o32 5 euioniac bee eee 5 Gm 
Ethylene- Gly colijeme mamta he croteas eee 2 Gm 

Tor mrdkceys<, 2h Bre cretc ahah nels. oho ener ren eee 100 Gm 


The mineral oil has been added to leave a small deposit on the 
hair, leaving it lustrous, avoiding the harsh dryness that is apt 
to be the result of using products of this type. The above prod- 
uct may be diluted with water and perfumed. Preparations con- 
taining the various sulfated higher fatty alcohols having good 
detergent properties are now preferred. 


Shaving Creams 


Two types of shaving creams are in the market: the 
lathering cream and the brushless or non-lathering cream. 
The essential requirement of the lathering cream is that 


it will produce a good lather quickly and abundantly 


and be of the type most useful in shaving; that is, it 
must be dense in structure and it must be wet and sup- 
ply moisture to the hairs and soften them. The de- 
mand for the non-lathering cream was created as a 
result of the irritation of sensitive skins by ordinary 
toilet soap. While this cream type is also based on 
soap, it contains much less water; its beard-softening 
qualities result from the presence of an excess of fatty 
ingredients. At present, the brushless cream appears 
to be in greater demand owing to its ease of application, 
no water being required and no brush being used. 
Rigid manufacturing control of materials used and 
scrupulous observance of procedure after thorough ex- 
perimentation are necessary for the successful prepara- 
tion of any shaving cream. 


LATHERING SHAVING CREAM 


StéariclAcidi: i). ches See en eee Reet 30 Gm 
Peanut Oil 4h) Oe ee ee ee 10 Gm 
Cocoanut Oil pect scl oeneni eeaeie eee tte 14 Gm 
Caustic Potash Solution’s8° Be nee 28 Gm 
Distilled Water...) ea oe aha eee 20 Gm 
Glycerin: 2230.6 ed eee ae 12 Gm 
Sodium Lauryl Sulfate 0.1 Gm 
Additional: StearictAcide aac iene 5 Gm 


Melt the stearic acid and the peanut and cocoanut oils together 
and heat to between 60 and 70° C. In another vessel, heat the 
potash, lye, glycerin, and water to the same temperature and stir 
this into the warm fat mixture. Stir until cold, then add the other 
5 Gm. of stearic acid melted with stirring. Cover the batch and 
allow to stand overnight. Stir again the next day and add per- 
fume dissolved in a little alcohol to distribute the perfume and aid 
in developing pearliness. Age the cream for 2 weeks, turning it 
over daily. ¢ ; 
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BRUSHLESS SHAVING CREAM 
Stearic Acid 


MM o SG TEEN RAR cL aed lutsk, Sirs, , 46 
MUVALOUS ATOM ets. © eh nisin on hehe. 8 as 
iMeDManolamine ort ae yw auuelte ke poh 1.5 Gm 
OMNI BO ALCL eis. 0t sia cicl ev tiere lane ceetecn cates < 1.5 Gm 
POLLOLE RI ee ye ie ne PASS (GE 
TISeRic da \Viatenmet. ean iia. sete ck wis en 120 cc 
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Melt the stearic acid and wool fat. Dissolve the sodium borate 
in the water, add the triethanolamine and heat to 95° C. Add 
the melted fats to the aqueous solution with constant stirring. 
Mix the desired perfume with the carbitol, add it to the mixture, 
and stir until the cream is cold. 


COSMETIC POWDERS 


This classification includes cosmetic preparations 
such as face powders, talcum powders, body powders, 
foot powders, tooth powders, and others. Most impor- 
tant of them is the face powder. 


Face Powder 


The formulation of a high-class face powder is by no 
means an easy task. The quality of the ingredients 
used, the ratio in which they are combined, the method 
of manufacture, and the color and perfume incorporated, 
present problems of considerable difficulty which de- 
mand considerable ingenuity. Face powder qualities 
include slip, adhesion, covering power, color, odor, bulk, 
and effect upon the skin after prolonged use. 

Slip is the degree of ease with which a powder may be 
smoothly and uniformly spread over the face. Adhesion 
is the quality of remaining on the skin for a consider- 
able period of time; a powder that disappears com- 
pletely from the face in an hour or so is not desirable. 
Covering power is the ability of the powder to hide minor 
skin blemishes and imperfections; it is a measure of the 
opacity of the powder. Slip is imparted by talcum, 
kaolin, colloidal clays, or mixtures of these; the degree 
of gloss or dullness of the powder may also be deter- 
mined by judicious mixing of these ingredients; adhe- 
sion is obtained by the use of zinc, magnesium, or cal- 
cium stearates which are light and fluffy, giving bulk 
at the same time. The covering power is the direct 
property of its zinc oxide or titanium dioxide content, 
the latter having about 5 times the dry covering power 
of zine oxide. In order to increase the adherence some 
oil—mineral or vegetable—and some lanolin may be 
added at the rate of 4% to 1 per cent. For color, only 
certified colors may be employed, unless earth colors are 
used which usually give weak or insipid effects. There 
is no reason nowadays not to use every permitted color 
on the shelf and produce any number of desired shades 
by mixing two or more colors together. Colors and per- 
fumes are best incorporated by making fairly concen- 
trated color-talcum mixtures and concentrated per- 
fume-talcum mixtures separately and use them in 
proper proportion as parts of the finished powder mix- 
ture. The use of magnesium carbonate or oxide as a 
color or perfume diluent has lost favor owing to the alka- 
line reaction of these magnesium compounds. Alkali 
is very apt to have derogatory effects, especially upon 
perfumes. The method of manufacture is simple. 
Oil and perfume are rubbed with part of the talcum, 
the color is intimately mixed with another part of the 
taleum-zine oxide content. These separate talcum 
dilutions may also be prepared by the so-called wet or 
bleeding method, where the color-talcum mixture is 
made into a paste with water, then dried and ground 
to a powder. In this fashion a more intimate adhesion 
of the color upon the talcum particles is obtained, pre- 
- venting the formation of streakiness of color in the 
finished product. The entire batch is thoroughly 
mixed and sifted through silk bolting cloth of about 
175 mesh. The mixing and sifting should be repeated 
several times. 


FACE POWDER NO. I 


pal Cuma merits ar tokr a ote cette hactearcesna secs 40 Gm 
I GEV0) UF Veet ene eens ae OM OUTER C cehic eS Cree neo 25 Gm 
LINCESLCAT ACC Weta Sorte tice Mes ie er od eae 15 Gm 
Magnesium: Carbonatesssrmmereei ne icc eae 10 Gm 
ZLINCRO XAG A yw A OE pave eh aoc oete Sie Bac 10 Gm 
Colorand|Pertamesar ace cto tis cinianes..tecans q. 8. 
LOTMA KG Were eee Ty aisteia en 6c a Pita, okereis 100 Gm 
FACE POWDER NO. 2 
‘Ral Cini eciweer ee es ees cheats gs Sater e 36 Gm 
Wao links erener re ee ae ER Cue ineve eoevulamil s 45 Gm 
MacmesiimaCarbonateeniets dere) sates c cucl--Lelere 4 Gm 
Precipitate diGhalie apy teapot Feels eee 5 Gm 
ZitiCeStearat eerie een atec cries Rares eats 10 Gm 
Perlunie at ocean etre eee che eaves (iy 
TROVINAKC eee eer eee NPG so olecnoraee ate te 100 Gm 
TALCUM OR BODY POWDER 
al CAMS eeieae ee er ee ee Sees aha 72 Gm 
BOT AXP ete tie eae baee eee neds Se ee Py 3 Gm 
LincStearaterees. skeet fo ei eee eels alee 5 Gm 
ZANCKOXIGO Meee er eer OARS See oe re tee 5 Gm 
Ma olintgsr ent ote tka escent aes atc oer 15 Gm 
Colorfand Perfumes Meena aneodeeas atc ore gust 
1 oven Out cls le OER MEER ONO) Dieta Gee eR es en 100 Gm 
BABY POWDER 
BOLIG#A Cee: Mires yah eons ees Serato 8 30 Gm 
ZAG SLOATALC Meyer sas chert. oe siaia nim ease Be rina 20 Gm 
AWE ERT BT SU ees comeccteee cian airaeBAL cor cc oF CNET ORC EECA 50 Gm 
FEOUMAK OMT ese ab ae orks cio ie De ee wie eae 100 Gm 


Baby powders should be but very slightly perfumed, if at all, 
because of possible action of the perfume upon the sensitive 
baby skin. 


COMPACT POWDER 


alc ane et eens coh etadyt ao settee reece een 54 Gm 
Kaolinite aiphescce ieee a doer ee cad cle neie eon ee ebae 26 Gm 
ZAC ONL Ora ears et oe een be asthe EE as has 10 Gm 
Hitanitim Dioxid cweteye ee Tee anelos coak eles 3 Gm 
Liquid Binders iteke feece-seecloxe ouede ic edetege erste 6 Gm 
Mineral Oil swe ee ee esc Seen ccottl ohare te uteenele Secs 1 Gm 
Perhumevand Colorie cement aersrecicieiesiet eerie: q. &. 

TTS OLTINEY OY, tae aise Mareen se comet onto mercatleea = lis aise taro 2 atmos 100 Gm 


Powders to be fashioned into compacts must have increased 
covering power, must contain some binder to form the compact 
shape and must contain some fatty matter, such as mineral oil, 
cetyl alcohol, or lanolin to overcome a tendency to brittleness. 
The cake must be smooth, reasonably hard, and non-crumbling. 
The binder is a solution of a gum (usually tragacanth) or a resin 
in water or hydroalcoholic medium. The pasty mass is molded 
or pressed into the cake form. 


ROUGE COMPACT 


A Reet oo ge acl oh Sven atch Stems ais. Cad kate Gieich Rea aes 38 Gm 
Kaolin eno eve are, omits eA catieeala nie eats atetancn a 20 Gm 
Brilliant Red lake (certified).................. 10 Gm 
ZiNGOXIde Act wien. coo es Oa runtan care eats 20 Gm 
Zinc: Steatates. cee © eee dre tine cis cae 4 Gm 
Heavvailiquid: ? etrolatumis ner wee corer sickens 3 Gm 
iicacacanthuNuciagend ene ieraerereree: 3 Gm 
Perfiin evOi sera ptt nee ha dao Ricge as ere are 2 Gm 

Mi BYovas onc (clove eens Crete Re MA CoM erteso eet © oan meee 100 Gm 


To make this rouge by the dry method, the powders are mixed, 
the color included. The perfume and liquid petrolatum are 
rubbed up with a little of the dry base and thoroughly incorpo- 
rated. The batch is then milled until the color is absolutely uni- 
form. Then it is granulated with the tragacanth mucilage and 
compressed. The amount given for the tragacanth mucilage is, 
of course, only an approximation; the exact amount varies with 
operating conditions and equipment. 

To make the same rouge by the wet method would require the 
addition of enough water to make a semi-liquid paste. After 
thorough milling in a ball mill, the paste is spread out in thin 
layers on drying trays and dried in an oven at 130° F. When the 
material on the trays is dry, it is put back into the ball mill and 
milled with the perfume. The milled powder is then granulated 
with the mucilage as directed above and compressed into cakes 
of suitable size. 
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Cake Make-up—The cake make-up form of cosmetic 
has gained favor with the public because it provides a 
preparation imparting a smooth finish to the skin and 
helps to mask otherwise apparent defects of it. The 
formulation of the cake make-up is similar to that of 
the compact powder (see above) but, in addition, ingre- 
dients are included which cause the powder to be emulsi- 
fied upon the application of a cloth or sponge moistened 
with water. This, in turn, applied to the skin causes 
the water to evaporate quickly and leave a fine, smooth 
residue. Any excess of powder left on the skin may be 
brushed off. The powder must adhere to the skin 
during the day and must be easily removable with soap 
and water. 

The body of the cake make-up consists of talcum, 
kaolin, colloidal clay, chalk, and titanium dioxide or 
zinc oxide. The oil phase consists of liquid petrolatum 
or a vegetable oil emulsified by means of glyceryl mono- 
stearate, a sorbitol ester or a triethanolamine ester; a 
humectant such as glycerin or diethylene glycol is in- 
cluded. A gum mucilage will provide the adhesiveness 
after the material is compressed into the cake shape. 
Patents have been granted to the originator of this type 
of cosmetic. 


Bath Salts, Bath Tablets, and Smelling Salts 


The basis for bath salts is the large sodium chloride 
crystal. To this may be added advantageously varying 
amounts of sodium borate, also in large crystals, to 
soften the bath water. Suitable alcoholic solutions of 
coloring matter may be sprayed on the crystals or they 
are immersed in the solution, drained, and dried. The 
crystals, having been colored and dried, may be per- 
fumed by spraying with an appropriate perfume oil. 
This should contain a fair percentage of resinous mate- 
rial, such as benzoin, olibanum, etc. Readily oxidizable 
oils or those decomposed by alkali are not suitable. 

Bath Tablets—Bath tablets consist of sodium chloride 
or rock salt, which must be free from moisture-attract- 
ing ingredients, made effervescent by the addition of 
sodium bicarbonate and tartaric acid. Borax is some- 
times used in place of sodium chloride. The addition of 
small amounts of magnesium carbonate and tricaletum 
phosphate will insure even running of the powder mix- 
ture into the tablet machine. Other desirable sub- 
stances to be considered are sodium pyrophosphate or 
some other anhydrous detergent. The powder mixture 
may be colored and perfumed. It is granulated and 
compressed in a tablet machine when tthe moisture 
content of the airislow. A bath tablet should dissolve 
in the bath water in about 4 minutes, giving off a slow 
and steady stream of carbon dioxide bubbles. 


BATH TABLETS 


Sodium Chloride; pureenn cen eee 25 Gm 
Boraxssdricdyrt Seren oe er eet ar Pie ne 18 Gm 
iricalcinmubhosphate sana niin etree 0.5 Gm 
Magnesium Carbonate®..5..441oelee eee 1.5 Gm 
Sodium: Bicarbonate a. c-- eee eieee 30 Gm 
RartarichAcid Gene gs ies ee eee el « 22.5 Gm 
Nalcwuin 7p acts wt Ce ee ee 2.5 Gm 
Pertume-andiColorasasce cee ae ee (he 8 
MPOpMAkG aes Maria di aneelaloc nite eta ed Rae 100 Gm 


Smelling Salts—Ammonia in some form is the basis 
for all smelling salts and they are usually perfumed 
with lavender. When glass-stoppered bottles are used 
for smelling salts, the stoppers should be greased with 
petrolatum to prevent sticking. Small fancy bottles 
containing smelling salts are frequently carried by 
women to be used for the stimulating or refreshing 
effects of the salts. These are usually mixtures made 
by triturating together equal parts of granular ammo- 
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nium chloride and dry potassium carbonate with a little 
oil of lavender as flavoring. The attractiveness of these 
salts may be increased if they are colored with alkali- 
fast coal tar dyes. They may be colored green, pink, 
red, yellow, or lavender. Another type of smelling salt 
consists of translucent cubes of ammonium carbonate 
dispensed in wide-mouth, green, glass-stoppered bottles; 
sometimes large crystals of potassium sulfate are used. 
A flavoring mixture consisting of the following is 
poured over the crystals: 


Onl of Lemoine ors Savesers crete) sie seltaeree thermore ARSOC 
QOilof Lavender eis fide co sis eistoaete Nee eee eae 2Ce 
Oilof Cloves7...0. - Oo) jad tard angele ah shegs eva eR ON 0.3 cc 
Strong Ammonia Wateronc. ct einen 5S aices 
AI COMO] Aramaic ice oaeseseonshe.c¥e @ lleqeacie creme teeienenele q. 8 
TR makers oan cclstece vet corer aioe ree ass 100 cc 


Tooth Powders 


One of the oldest and yet most frequently used 
formulas for tooth powder is based upon precipitated 
calcium carbonate, soap, and sugar. Another type is 
acid in nature and contains some acid salts and free 
citric or lactic acid. An acid condition of the oral 
cavity is claimed to delay the formation of harmful 
microorganisms. The pH of such a powder should be 
adjusted to between 4.5 and 4.9. 


ALKALINE TOOTHPOWDER 


Precipitated Calcium Carbonate............... 83 Gm 
Powdered White Neutral Soap................ 5 Gm 
Powdered Confectioner’s Sugar............... 10 Gm 
WinterereentElavoriecss scr. ou ere eis a ete 2 Gm 

Tov maken wer te sere not ind Wee Ae eee 100 Gm 

ACID TOOTHPOWDER 

Calcium Acid) Phosphate. 2.0. -i eaena: 72 Gm 
Titanium Dioxidessancecoe oo eee 10 Gm 
Sodium Citrateseennnaae ee eae ert s 10 Gm 
ACid \Citrictars eee precios tears tke tate Ca one ene 3 Gm 
Sapo Win (ee eee ete he hase eee 3.9 Gm 
Saccharis agnwek estore eeeres ee ana career ees 0.1 Gm 
Peppermint} Flavor tern socks sore eae q. § 

To maker crn ietvanaiict eis s.a0s 2.6 Nene ete 100 Gm 


Cosmetic Sticks or Pastes 


The importance of cosmetic sticks or pastes is ex- 
emplified by lipsticks, lip pomades, eyebrow pencils, 
mascara, eye shadow, etc. while paste forms are repre- 
sented by tooth pastes, deodorant pastes, clay packs, ete. 
A number of representative formulas are given as ex- 
amples. 

Lip Sticks 

The principal requirements of a good lipstick are that 
the ingredients used must be absolutely harmless and 
must not irritate the skin. The lipstick must apply 
easily and must not produce a dull or a greasy effect. 
It must not be brittle nor have a tendency to sweat or 
show any external effect upon storage or use. The melt- 
ing point should be between 53° and 63° C. Lipstick 
bases are the usual fats and waxes, cetyl alcohol, butyl 
stearate, triethanolamine, diglycol stearate, and diethyl- 
ene glycol. Beeswax is particularly valuable in making 
so-called indelible lipsticks; castor oil may well be re- 
placed by butyl stearate or diethylene glycol; paraffin 
and cacao butter are valuable, but must be used in 
moderate amounts. An indelible lipstick formula is 
given below. Eliminate the color, and the compound 
may serve as a basis for other stick form cosmetics. 


LIP STICK 
Wihite Beeswax 2.5% ochre ie eee Oe 24 Gm 
Paratha (nsn ps Oo) C;) mri sera eta Aedes 8 Gm. 
Castor.Oikac yen cannon area ee 45 Gm 
PeanntlOils oo iyo ccantcr acer etek none 15 Gm 
Hydrous;Wool Fates ea beeen eee 1 Gm 
jetrabromofluorescin=.. e+ niacki ete 3 Gm 
Oil-soluble Red (certified). ....-...5.....5.4... 2 Gm 
Perfame: Oil...) a re a ee ees 2 Gm 


To make 


08 fe) 6600 © See: a wre «si s:0) vi 0) ene! ele el sisi e,e mim 
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The castor oil is heated to 130° C. and the tetrabromofluorescin 
(called ‘‘bromo-acid’’) is dissolved in the oil, the oil-soluble red 
is added and the mixture is well and evenly mixed. Meanwhile 
the beeswax, paraffin, and lanolin are melted together, the peanut 
oil added, and the color stirred in. The perfume is added and 
the whole is milled again. To intensify or vary the color, insol- 
uble color lakes (certified) may be added. The molten mass 
must, of course, be poured into molds of the desired lipstick shape. 

Lip rouges and lip pastes are made with similar formulas simply 
by decreasing the wax content to give the desired consistency. 
Eye shadow is made with a similar base, the proper brown, black, 
or blue coloring being substituted for the colors stated above. 
Especial care must be taken to select certified colorings for eye 
preparations. 


BASIC STICK FORMULA 


C3315, bik), ACS TURES GLO ch eM ee te et 20 Gm 
SVIMCRVN A Xonwene nto secs e iy OM he end Maye 5 al 28 Gm 
ROR RERACe Ulta eNat nn wi Proycte te) s.Sas, ahcsty eee. ois a 8 Gm 
PROS DAMN AK eG, fe a tore eee eons ec Rite LP reee 3 Gm 
POPOAED HUCCI elie hy: Ostet itil. ane nee 12 Gm 
DNS CMELCLEOLACIUINIG). ocheciy co aie dirs & elaieed ee aes 10 Gm 
MeO CAV Y%5 or. ssocete cigarciad cc. oeeelen awe 12 Gm 
‘Cresta AON 4 5 Deepa Aedes Ae eo io Oana ae 7 Gm 
Color, Perfume, and Preservative............. Ganse 

“TGs TRV Ee. 220d gi a aes ane ee 100 Gm 


The formula is useful for experimental purposes. Addition of 
coloring matters will produce lipsticks; addition of about 5 per 
cent of methenamine will produce a deodorant stick; this, in turn, 
may be converted into a paste by diminishing the amount of wax, 
etc. When one has experimented with the great variety of waxes, 
oils, and fats that may be used for cosmetic sticks, he will have 
no difficulty in making any kind of stick or fatty paste that he 
may be called upon to formulate. 


MASCARA 

Mivcenyl Monostearate so... f6c.c54 sens oe slo's vers. 10 Gm 
PE tHANOVATITINNG te. 36% 6 cee eR aleldine ss mars oe ow 5 Gm 
PRLEr TOL EMEA Tes ee hae yt Bhs, Fon Los, tend. aie av anskooe orate 15 Gm 
PIES RECEROLAEITITe oe noes soot. once o's oserehe ohle he, 6 20 Gm 
PRISM AEN TE WVILIL GINS § fajcisionsitscceler ohetevsceteteixe pieneraata 25 Gm 
DTIC UMVVIALOS. 2. oe tes cake No ante rn ae tae gees 12 Gm 
ee INT. Oko eat Real eee ae AP eR 3 Gm 
MOVES LACK Granary aii sake vse id) > shidelsSapmetacna ee sees 10 Gm 

BRBOMEVES CC Een ots rata shone i estretevs Foe, Orahe, aNeilof eet 100 Gm 


The gelatin is allowed to swell in water, the beeswax, stearin, 
petrolatum, and glyceryl monostearate are melted together and 
the resulting mixture is triturated with the pigment. The trieth- 
anolamine is next added to the gel and combined with the melted 
mass under constant stirring. 


Tooth Paste 
TOOTH PASTE NO. 1 


Precipitated Chalk, light 22 .00..0... c.eee ess 40 Gm 
MORE ESTEEE eta NEN A Smee, re ces, ayah slic svoslene are are 28 Gm 
PIB CORW ATCT fa). tic ct. sees scree ls Saree isha stews 23.4 Gm 
PRONE OMe apa caetsieia cet sec eros ante sRoe aha ecmci oe’ Sete 18 wise 5 Gm 
Miravacanth; POWdered 6k iw ee els mee 1 Gm 
Neutral White Soap, powdered.............. 2 Gm 
IMIDE! SACCHALIN (F.di.e' es oee le, 5iar ayers 2 be Mecietahs 0.1 Gm 
PV POMIEU INCHES A VOL ale vite Gee iejaints a/c ste 6 icles = 0.5 Gm 

MIRCpmRNA ogc Meee Nees eae erasieye R. wiaeusae fliers any ooelce.s 100 Gm 


Mix 15 cc. of the water with the glycerin and stir in the chalk. 
Heat the material and continue mixing for one hour. Dissolve 
the saccharin and flavor in the alcohol and disperse the alcohol 
through it. Dissolve the soap in the remainder of the water with 
slight heat. Then add the alcohol mixture and finally stir the 
whole into the hydrated mass. 


TOOTH PASTE NO. 2 


High soap content; no water. 
Powdered Neutral White Soap.............. 28 Gm 
might erecipitated Chalk 7.2... ...-6--5--- 24.5 Gm 
miconoleDenatured SILAR coo. Sek ee 24 Gm 
MARV EORIN Metaphor tess) eis nacersessarni'sl alan. Sobek « 23 Gm 
bern AVai(e lige ders aeen eyeinnot act GPs eae nce coe eS 0.5 Gm 
"EG TROUSER 100 Gm 


Dissolve the glycerin, benzoic acid, and flavor in the alcohol. 
Alcohol 31 A is denatured by the contents of neutral white soap 


1381 


and glycerin. Mix the powdered soap and the chalk well in a 
mechanical mixer, gradually add the alcoholic solution, and stir 
ae the mass is smooth. Cool the paste and fill as soon as pos- 
sible. 

It should be pointed out that uniform and proper consistencies 
are not obtained under all conditions in cosmetic formulations, 
due to variations in raw materials. It is nearly always necessary 
to make adjustments in liquid or solid ingredient proportions to 
obtain satisfactory results. 


Depilatories 


Depilatories are caustic applications in which a 
hydrogen sulfide-evolving ingredient is present together 
with a strong alkali (pH 10 or over). They act by dis- 
solving the cellular structure of the hair and are always 
more or less irritating to the skin. Sodium, calcium, 
barium, or strontium sulfides are most frequently used, 
while substances such as sodium dithioglycolate, odor- 
less sodium stannites and mercaptan carboxylic acid 
have been granted patent rights. Depilatories are 
prepared in powder, liquid, and cream forms. 


POWDER DEPILATORY 


BaTicine Sul iid erness see ee cence era lear e 20 Gm 
Rowdered’Soa pew east oo mictiaer asi ocean heer 5 Gm 
Powderedslalcummoey cute. tacts er cece 38 Gm 
M ieatElounk cers oth rt. earn nee eee tee 37 Gm 
Perhuniemeryse awe tetera Sn acts ae oe os q. 8. 

ARO STAC AE RATS Sroka tars aA Senn ote Hosta 100 Gm 


Mix the ingredients intimately. 


The powdered depilatories are usually marketed in a combina- 
tion set of the sulfide mixture which is kept dry and tightly stop- 
pered. A shallow glass dish and a mixing spoon of horn or cellu- 
loid are included in the package. Sufficient water is added to a 
small amount of the powder in the dish to form a paste which is 
spread on the surface from which the hair is to be removed. The 
paste is allowed to remain fer from 3 to 5 minutes and, then, is 
scraped off, bringing the hair with it. Cold cream is applied 
to prevent any irritation and a small box of this usually accom- 
panies the outfit. 


LIQUID DEPILATORY 


Sod ouliid €,opune meee een oe 8 Gm 
Starch Solu blew mn aire cue ces cove ele eas ean eeneve 4 Gm 
Sugar ieee yer seis cose oe tee ee eee s 4 Gm 
GUY CORI reins cites onsen! Ocoee now Coa ee 5 Gm 
Borax teeters Tee yo Eee eee cee eee hers 1 Gm 
Sodium atrylesmifates i seer a cee 1 Gm 
Distiledkwaterde wre. as ect oc as oie ce ces 75 Gm 
Pert us Ociie eee eee nie, eects a IWS ome eS Ouse 

TRON aKGh emer tt Peet pnt ciecacs tele cictyehe cite ahene-oneae ees 100 Gm 


The depilatory is applied to the place where the hair is to be 
removed with a camel’s hair brush and left for about 5 minutes. 
It is then washed off with soap and water, when the hair will come 
off with it. It is recommended that a small quantity of paraffin 
oil be added to the solution in the bottle which will seal the sulfide 
against the influence of the air. 


CREAM DEPILATORY 


Barium isuliid eserrroreoerci eae ee eee 15 Gm 
EanetiosWaxiS xen vorrei ooo ese eee aes 20 Gm 
Spermacetienc erate ctr cacis.s Sieh omens chanel tre: ane 3 Gm 
SteariczA cides stirs nie ther hohner s ecascand dread ages 2° Gm 
‘Triethanolamineh era cciacint cet aslo ene ncnetole 0.2 Gm 
Cetyl Alcoholics em owes tous eae ceeetns echere 20 Gm 
Sesame Oil eer ee hie celta oe cisnerene se 20 Gm 
Distilledswiatersn csc ose hok cae oe are eres 19 Gm 
Pertuintencnce roe ce ed ona ace aamaratie ee q. 8. 

ILO: TA AKO yeh crcta ous ores eeetbaiteeleus el ete ees 100 Gm. 


In the formulation of a cream depilatory, it must be observed 
that the water content of the preparation determines, to an extent, 
the keeping qualities, since the sulfides hydrolyze in the presence 
of water. It is of advantage, therefore, to formulate a cream of 
the water-in-oil type and to hold the percentage of water as low 
as possible. All kinds of cream depilatories must be dispensed in 
airtight, collapsible tubes. 
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CHAPTER CXIX 


USEFUL FORMULAS 


WHILE many general formularies are offered the phar- 
macist, the authors of this edition of the Practicn 
or PHARMACY have again introduced a special collec- 
tion of formulas which they believe will be especially 
useful to the retail pharmacist. 

Many of these formulas represent products for which 
most pharmacists have a constant demand, and others 
are indicative of new and important developments. 

If the pharmacist will prepare some of these products 
and undertake to sell them in compliance with the Food 
and Drug Administration regulations as established by 
the Food, Drug and Cosmetic Act, he may open many 
new fields for successful and profitable activity. 

The formulas have been thoroughly tested and should 
they not prove successful the first time they are tried, 
additional experiments should be made, for often a small 
variation in the technique marks the difference be- 
tween success and failure. Most of the formulas require 


a minimum of skill for their preparation, but a few, 
especially the emulsions, require strict control of tem- 
perature, correct order of adding the ingredients, and 
special mixing equipment. All emulsions are more 
stable, whiter, and more palatable (if for internal use) 
after they have been homogenized. Powders, particu- 
larly dusting powders, should be exceedingly finely di- 
vided and passed through very fine sieves. 


Should the product listed below not be exactly the 
one required, it may suggest a formula to the skilled 
pharmacist which may meet the exact need. 


Other formulas will be found throughout the text, 
placed according to the classification which has been 
adopted throughout, e. g., shampoos and deodorants are 
found under Perfumery and Cosmetics, penicillin pas- 
tilles under Antibiotics, dental formulas under Dental 
Preparations, etc. 


TECHNICAL FORMULAS 


Anti-Freezes for Automobiles 


Tempera- Denatured Wood or Ethylene 
ture, Alcohol, Methyl Glycerin, Glycol, 
ad er % Alcohol, % % % 

20 19 12 22 16 
10 30 20 32 25 

) 38 29 40 42 
—10 45 34 47 39 
— 20 52 40 54 44 


Cleansers and Bleaches 


BENZINE SOAP 
(Soluble in gasoline or naphtha) 


Stéaricsacid or cc cette ae ero eee eee Peer 6 Ib. av 
Triethanolamine) 2/465. pinde is oreo ee ee ee ee 434 |b. av. 
Stoddart’'s: Solventiveniis s 7 wao note ol alee nen eee 2% gal. 


Melt the acid on a water bath. Add the Stoddart’s Solvent. 
With the mixture at 50° C., add the triethanolamine and mix 
thoroughly. Let cool and again mix well. 


BLEACHING SOLUTION 


Bottle the official Sodium Hypochlorite Solution (4 to 6 per 
cent of sodium hypochlorite). This is extensively used in homes 
in the dairy, and elsewhere as a bleach, germicide, and deodorant. 
It is widely sold under various trade-marked names. 


CUTLERY CLEANER 


SOAIMMALrIphoOs phate. ors -vs iene cvonrslenel mle eek ents eieS 50 0z. av 
Calgontees 25 ieee con hc Ree Sie SOR Eee ae eee noe 25 0Z. av 
Sodium Carbonates(dny) maser seer aetna rs ener 20 0z. av 
Sodium: Chloride ic «aioe yom teao eae steer eas 5 0Z. av 


Mix thoroughly. This is used in cutlery and dish-washing 
machines. 


DRY CLEANING SOAP 


Sort Soap (cottonseed) base). «7s «iss eee mee one 52 oz. av 
Ethylene: Dichloride:.cc2 aan est scenester ekaeietelsa a atee 26 OZ. av 
Oleicr A Cd Sie Be ob. iat ole ale ole en oO « is NOE eRe ee, Caer 2 OZ. av. 
Incorporate into a paste. 
GLASSWARE CLEANER 
Sulfuric Acid: (sprigs 1%84) aes cues erserie erence eee uti 800 cc 
Sodium! Dichromate, technical... 9.1.0 cee ete 645 Gm 
Waterss. sic ccc wie. sbrecanecien hetele ape orene Cen Re Ee. 230 cc 
‘To make ‘abouts 5u..cma se cca a ere eee ae 1300 cc. 


1 Stoddart’s Solvent, as obtained from gasoline companies, is a high flash, 
lean kerosene, 
2 Sodium hexa-metaphosphate (Calgon Inc., Pittsburgh). 


Dissolve the sodium dichromate in the water with the aid of 
gentle heat and cool. Cautiously add the acid to the solution. 
Dirty glassware is soaked in this solution for a few minutes and 
then thoroughly washed, first in tap water, then distilled water. 
ie solution may be used repeatedly until it becomes green in 
color. 

Caution— Very caustic. 


HAND PASTE 


Soap Flakes ic oo cece ioe oe ee 214 Ib. av. 
Powdered: Pumicex/. eis oan t Saleh eee ee 1 Ib. av. 
Hot Water, sufficient, 

‘To makes. i Se a echelon Sata Uma eee 8 Ib. av 


Potassitint Hydroxideremicncarios shennan ene 90 Gm. 
Sodium ‘Hydroxidermanmacwaaere tes Go ue aie eee 90 Gm 
Cottonseed) Oil... 22% caer ieeieta ain ooo Se ee 500 Gm. 
Best, Cocoanut: Oils. peices Oe oe he ia ore 500 Gm. 
Alcohol (soon oie revatio ee celtte ee ee 500 cc. 
Water, sufficient 

To make sah. cient de he air elec aia bee eee 5000 cc. 


Dissolve the alkalies in 200 cc. of water and just before solution 
is complete add 200 ce. of alcohol and all of the oils. Stir or 
agitate rapidly until completely saponified and clear. Then add 
the remainder of the alcohol and water previously mixed. 


As a perfume use: 


Ment hobs ckesc& crete setae Oe eae ita Pw Oyo als Hane Trea ae 20 Gm. 
Clove: Oil vac PA: crteeeharte ein ae, eco area eer 6 cc. 
Cinnamon: Ons haan e island ot Rete ee ee 6 cc. 
Rosé GeraniuniOilaccmit eden hoon Oe 45 cc. 
Lavender: PlowersiOiltira. <a. en ach Oe 45 cc. 

Mix and add to liquid soap as desired. 

: PAINT CLEANER 

Gardinol WAT eri siareie arehcne pac hath. 's ofoote et ones ate Chee nil eae 4 02. av. 
Gelatin es eae terete tot destobrontes cto en ae ee Ue oe I eae 2 OZ. av. 
Wailer sda ciara k ited tiation eve.ste Sikv ene ohare caren eee Reed ee 1 gal. 


Dissolve the solids in the water, using heat if necessary. 
Gardinol WA is a sulfated ester of the higher alcohols, and is a 
type of the so-called bland penetrators used in the textile trade, 
especially for dyeing. The above combination is a splendid 
cleaner for painted or enameled surfaces, causing no injury ee 
the finish. The Gardinol may be replaced with Aerosol O-T', 0 
similar wetting agents. 


SPOT REMOVER (NON-INFLAM MABLE) 


Carbon Tetrachloride...............: SaaS ar ome atti ( 5 gal. 

LEX IVAb OR Met aR aCR ee Mena Seen eS AR NRE ee oe 2 gal 

BenZol repens bi ste: toi sil eyes Nov, et seatralie laay chesellna ua loge cee ee err 2 gal. 
Mix, 
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USEFUL FORMULAS 


TILE FLOOR CLEANER 


Ammonium Bifluoride 
See UMMMEEP TYAS Tels hog eave Gre) Jaanarses Felco hie kg 


Mix thoroughly. 


On old tile floors this composition, applied moist, works won- 
ae in cleaning, at the same time dissolving some of the porcelain 
surface. 


Colors for Show Bottles 


BLUE NO. 1 
ogee GSVCUETIGRA Ik a eA Re dT 14 Gm 
ENE qin ace ue LUIS Sg Ue a A Ue ae Ae Oe ee oe 14 Gm 
Che is ANCTRET IS" ae Sat ain) ns a a a 13 cc. 
CHOUULE ss Ge CEES BRS Ie een Been nee nee 473.6C. 


Dissolve the alum and the copper salt in the water, add the sul- 
furic acid in small portions, and filter. 


BLUE NO. 2 
ERNE OR LALOR AR en cect, «hucra hs. sdremve 4 ere eal ain Ween aan otnaee 10 Gm 
2ST CIDER, \WUETRICEY OOS loco ne ne 40 cc. 
ee ED ee ee pe ceri Pees) Galle wt he suave eile 950 cc 


Dissolve the salt in the water and add the ammonia water. 


DARK BLUE 


ONRLE Ys os ane ARSE BS aoe aire ee Bee eee a 
Ammonia Water, sufficient. 


Dissolve the copper salt in water, add ammonia water until the 
precipitate first formed is just redissolved, and then introduce the 
remainder of the water. 


GREEN NO. 1 


ROE TIC BOUL ALC msc. elas oes oe oot tare ys oe os ae oe as 7 Gm 

OMIM CMIOTIAG na. ees ave cet es Dees oS ee ale 7 Gm 

Sh Gate MES ne itt Care Soerdw iors Sea wa dh hoe 4 pial 186 cc. 
GREEN NO. 2 

EL UTY SSULLIEDUNS soe hs ee na 9 Gm 

NSRP RT CHA CAG PE ie seco ot sdisy uleleye Gos ittsc) A otbyel. fe nyasorl love ahlgus 8 cc. 

Dass ME Pr cece Fe NG oot sys av alg. «ete Teale sits os), ences e 84 cc. 


Dissolve the salt in the water and add the acid. 


Many shades of green (and that permanent) may be produced 


by adding to the above mixture the official solution of ferric 
chloride in quantities to suit. 


DARK GREEN 
ROPES PE TRCN RL ALCO PR rere techs igre ole: cis cil) chassis ap oee, ove Siete Shs 8 0Z. av 
MCPAS II DICHLOMALC e.. ca. cis whee cis ci nelle eee els 60 gr. 
Se aR hyo os aso) Suayfay asi sybase: Nov enePnaiieras ew whens 15 pt. 
Mix and filter. 
ORANGE 
ge eeHEPIVCHTOMALE: a .iis.s are ka cette hots eke e eal ele ete 4 Gm, 
UGE: EMERG bed By Sete ORO ICI ISIE ORT ict eee ota ee see 1 cc. 
PN eN Tet MR as Sen et yy Sto! stays Wiese ¢caitelis, ayelals euelauislls\ ots shots 120 cc 
Dissolve the salt in the water and add the acid. 
PURPLE NO. 1 : 
ROUT ERC TNE PN oe aS ie fo sclyeneoo:ce ene, teuitnaa macayert sel e lela thalion 10 Gm 
PERE RRECHTTA IMRAN ULE TIPS TR CEN. odes cae ge evans “Svoyiee, cae a TSI eal \eeNe jouevaenoiss 40 cc. 
NT AaIEs FM RE SORE Se Foy, 345.5 roa Nico ndus ye Neby shires dup, Saw twp Rourpiovsvansva ld 120 cc 
Macerate and filter. 
PURPLE NO. 2 
PrP TEMN CORP it, oes oo). Waves c aesia ee ay ciels aiergia 6 @ (ores 1 Gm 
Pernt renee era cS Fenc ve sista oual’syr 8, Dan suenely, aie shave oblast 93 cc. 
Seuninctune ot Ferric Chloride... 005-15... . neces een seen 4 cc, 


Water, as may be desired. 


Dissolve the acid in the alcohol. Add the tincture and dilute 


until desired color is produced. 


- RED NO. 1 
NN ee Fs es nats aye ay Pings 2Gm 
ETA RITE L OGIO S05. .-, Fins Fas -Valeher ele Nie ale So dd won sie, 2s reas 2 Gm 
ivLbota cael et ayo (et VN) (oS ebeelg Ciba lip cee, eee SPC ice can 36 cc. 
960 cc. 


~Water..... Py eee See aa Westar cr ERIE ae thee 
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RED NO. 2 
Agimonial Watersasemns ence ci aide oe arcane ee 27 cc 
SolutionofiFerricsChlorideas. 445 oe ie ee eee 40 cc 
iN COLIC EA Cid fame kare eRe res ont ers een REL eee 59 cc 
AICO HOLS So irrew tay seer snes Bake retains st ee ae ag 185 cc 
Wiatersmrriteate kot nyene cteke aca eared aaesaite Minin es ene ee 6946 cc. 


Add the iron solution to the water, then the alcohol, acid, and 
ammonia water in the order mentioned. 


RED NO. 3 
EUch sinned hice Pah 1 Ue et oin aia hehe bey 20 gr. 
INCELICRA CIC Sn Pei NES Re the enhances Oe igen eek 2 fl. oz. 
Vater sen en meerm coe ene a eh SE ek es eer Ae eM, 8 pt. 
Mix. 
YELLOW NO. 1 

PotassimiyDichromateraa wees etic. ceo ie. aie Saree 1 Gm. 
INGtriccA Cidieeh epee eters tig see saree cee sony eae 2 cc. 
Vici CL Ate ody, Meme nS ae vrver aien AR ae a oe fe ae th 2IRCCs 


Dissolve the potassium dichromate in the water, add the nitric 
acid, and filter. 


YELLOW NO. 2 


A reddish yellow may be made by diluting compound iodine 
solution U. 8. P. This solution is very inexpensive, since only 
a little of the iodine solution is required, and when the solution 
is once made it will last for years. 


Rotassnimebichromateerrs ose es ae 4 02. av 
INGE RIC SACI Fa este toate iy Hence Ure tcc ietee Ko inet te emt ee 4 fl. oz 
WATER Stet tarde, Poa ceei hae te rick og Me tener OG, ertaes tees ac ai, © Sete 16 pt. 


Mix and filter. 
GENERAL SUGGESTION 


Solutions of the acid coal tar dyes may be used to make show- 
globe colors. It is necessary, however, to use those which are fast 
to light. The following are recommended, using just enough of 
the dyestuff to furnish the desired tint. They may be secured, 
even in small amounts, from such concerns as Du Pont, General 
Dyestuffs, National Aniline Co., Sandoz, Ciba, etc., all having 
branches in the large cities. 


Green—Fast acid green 2G 
Blue—Cyanthrol R XO 
Red—Azorubinol R 
Yellow—Light yellow 2G 


From these any color, in any depth, may be obtained. Pack- 
aged dyes for wool (Diamond, Putnam, ete.) may also be used 
and are quite economical. For all dyestuff aqueous solutions it is 
well to add about 1 ounce of acetic acid (36 per cent) to 5 gallons 
of water. Such solutions are much more effective and brilliant 
than the chemical solutions noted above. 


Deodorants, Disinfectants, and Germicides 
DEODORANT SPRAY 


PinesNeedlesOlliv.. keeles cei eee Rint ed dona ite ee 2 fil. oz. 
Formaldehyde, Solution ese enieneciee eer enre 2 fl. oz. 
ACOLONE IE lacaontiomn thes TMG OLGk eacataod Cee t Taisen one Sao tise 6 fi. oz. 
[sopropyleAlconola-nrmererkeciae korea nthe eee 10 fl. oz. 
Mix. Add 1 fl. oz. to 1 pint of water and use as a spray. 
DEODORANT (PINE OIL) 
RinesOil(Spa cr0.9340at omer C. ieee ie iets eee Ze cals 
ROSE PE Sern. abr ceenkeo ahs sie abst one tha allie keer the sual 25 Ib. av. 
Solution of Caustic Soda (Sp. gr. 1.275 at 25° C.)..... 12% pt. 


Dissolve the rosin in the pine oil, heated in a steam-jacketed 
kettle at 80° C. When all is dissolved, add the caustic soda solu- 
tion, stirring briskly and maintaining the temperature at 80° C. 

DISINFECTANT (CRESOL) 


Follow the formula and compounding instructions for the Pine 
Oil Deodorant above, substituting 7 gallons of crude cresol for the 
7 gallons of pine oil. 


SAPONATED PHENOL SOLUTION 


Phenol cerystalsiyy @racttiecys occ een Cotes Moye Maiti Oe 8 oz. av. 
CilyGerimatra cys: Moeesicscne suarenele teh sine se hsuer udp oerenavint oitdeites Re 2 0Z. av. 
Powdered Gastile: Soap ns ess. severe crore a cieveus o tednua! oc aucveyers 4 OZ. av. 
WMA LOTIM I ee MINT Ava creas "chs varcs cus) cysisiclesocs o'e cite ores teeter mae 4 fl. 0z 


Mix, heat to about 65° C. on a water bath, to a clear homo- 
geneous solution. Sensitively and properly perfumed and col- 
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ored, this has been preferred to the official saponated cresol solu- 
tion and to many other similar products. 


TELEPHONE MOUTHPIECE ANTISEPTIC 


Boric Acid... <0: <s.ov ossicles Ieee ae 25 Gm 
Glycerin:.. ..\. 0.0 «5 glvolee stg ene Ie Cenee eaeterte 20 Gm 
Phenol . ..«...¢ 5.5.52. 500 6 green ahe aueiniotaroieleee seine eee eee 10 Gm 
Peppermint Oil 
Cassia Oil 
Rose Geraniunt Oil; ofjeachin cess ca een eee 0.5 cc 
Alcohiol -. cnc.cvaidits Deaces etre tates Re eae eae een ae rie 200 cc 
Water, 

To miakesio4 oo 5.0 se oe ee ee warreecers 1000 cc 


Mix and filter. 


Floor Waxes and Floor Oils 
FLOOR WAX 


The following formula for floor wax uses triethanol- 
amine as the emulsifying agent. This formula is equiv- 
alent to commercial floor waxes and can be sold for use 
in hotels, hospitals, and office buildings with assurance 
of satisfaction. 


Carnatiba Waxe) | tc es is. cots wel nce ees ee ee 72 0Z. av 
OleigtA cid aac ees os See ae Cr 9.1 fl. oz. 
Triethanolamine $5... -2%.c04..0., sats acters oe ieee eee 10.6 fl. oz 
Sodium Borate tics. coe hucear nae eateries ee eeeherelte 5.4 oz. av 
Water (near the boiling point)..................... 500 fl. oz 
Waters(room) temiperature)ey seer etereiiet yee ee 100 fil. oz 


Melt the Carnauba wax and add the warmed oleic acid in a 
kettle having a capacity of about 10 gallons. Then add slowly, 
with constant stirring, the triethanolamine previously warmed. 
Do not let the temperature rise above the boiling point of water. 

Now dissolve the sodium borate in about a pint of boiling 
water, add this to the above mixture and stir for about 5 minutes 
to form a clear, jelly-like mass. Then add the rest of the boiling 
water slowly with constant stirring to form a white mixture. 
Allow this to cool to a little above room temperature, then add 
the 100 ounces (634 pints) of water at room temperature and mix 
thoroughly. This forms an emulsion of about 5 gallons which 
should be stirred or shaken before a portion of it is poured off. 

When used, add about one part of this emulsion to about three 
parts of water and spread on the floor with a mop which should 
be gently wrung out. It should afterwards be polished in the 
usual manner. 


FLOOR OIL NO. 1 


Linseed Oil 2... sig.-s:< che wid oeanvacere Sialic eke gests: Shatelvende achat 10 fl. oz. 
Liquid :Petrolatumis.aentae.e ciel eketrin iterate) stole 10 fi. oz. 
Petroleum) Olt. Cicseeecerecrcinie ecitie Crt ele cnnaatediitens aaa 15 fl. oz. 
Oillof Turpentines.s 5s. sea eee ey ee coon 15 fl. oz. 


Floor oils may be perfumed by the addition of pine needle oil 
or bornyl] acetate. 


FLOOR OIL NO. 2 


Rapeseed: Oily nnecisrae. ioe eis erro nee Fer) ent eat Meee Tense 50 Ib. ay. 
Tricresyl Phosphates. ix. ecvage neraisslenstovemscans, sus, ipesneneree= 5 Ib. av. 
Cedarwood Oil= sista cea einacae ict vere ceie fey creer 3 Ib. av. 
Oil-or Citronella Wy. eS eee ea hoe e eee cee I Ib. av. 
Kerosene? to makes nai ecn: aca rote eae ere 100 Ib. av. 


Mix. This is a splendid application for industrial wood floors. 
Inks 
BLUE INK} 

Dea TITAC VA CLG 5 <asoi aon eiass ovarattePotac.e a ateaneel hegatacaystote ele eco cctieterote 11.5 Gm 
GallicvA cide haat aS See vtats otc tote neta cieretensvecebener etotieRe 3.75 Gm 
Ferrous Sulfate; ioc fe. cuiccte wietttaree acto evclereca oho pieiern ros 15 Gm 
DilutedoliydrochlorichA cide acne nne eietetreite rene sree ieetone WAES ie 
Piero lr ees eerste orbs be ea op oteeetiahe taletenayiat iter sere 1 Gm 
Soluble Blue Sch 5392 yaerercarctoe svereramicns oe telewes heieteh eke 3.5 Gm 
Distilled water 

TOP AK Cty sporhorscac creer nig to eechate ee Te ete eee otis eres eee 1000 cc. 


Dissolve the tannic acid and the gallic acid in about 375 cc. of 
warm water (55° C.), add the diluted hydrochloric acid, and then 
the ferrous sulfate and the phenol, dissolved in about 250 cc. of 
water. Dissolve the dye in about 200 cc. of water and add to the 
aqueous mixture of the other ingredients. Add sufficient water 
to make 1000 cc., mix well, and allow to stand quietly for 4 days. 
Then decant without stirring up any sediment formed. 


1 This formula is from Circular No. 400, of the U. S. Bureau of Standards. 
This circular may be obtained from the Department of Commerce, Wash- 
ington, D. C., and contains many other formulas for inks. A 

2 Soluble Blue Sch. 539 is an aniline dye and may be obtained from 
Fezandié and Sperrlé, 205 Fulton St., New York City, N. Y : 


USEFUL FORMULAS 


RED INK 
Eosin, soluble; sao... ase ss oe eee eee 1 oz. av 
Acacia (tears).......... oss ANS Biel SORE asia Bite Oe ee 2 0z. av 
Water .diwaid Seatac tle mache nie ae ee 97 fl. oz 


Dissolve the dye in the water and add the acacia tears. 


INDELIBLE INK FOR GLASS OR METAL 


Sodium'Silicatemis.. ha. <5. cos seine ee ee 20 cc. 
Colorswith LiquidtIndialink:.-0- eee 10 cc. 
or 

Zinc, Oxidei(or Barium! Sultate)n.. eee eee 5 Gm 


Water, a sufficient quantity 


Incorporate the very finely divided powders (for a white ink) 
or the India ink (for black ink) in the sodium silicate solution 
containing the required amount of water to produce the proper 
consistency. 


_ Pastes 


FLOUR PASTE (1) 


FlourCwheat). 0.2: ..52 sth oe ee 4 oz. troy 
Walter gs 6 i508 cs suche GRR oe ee eee 15 fl. oz. 
NitricSActd 5 :.crecic o.oo ROE mre Oe ee 1 fl. dr. 
OIR OF Cloves sn: sb cceehee ne eat Baritone ent a ee ee 5 min 
Boric Acid...... Svesdackh acre SER EAEN aaa a ee en 10 gr. 


Thoroughly mix the flour, boric acid, and water, and strain the 
mixture through a sieve; add the nitric acid; apply heat, with 
constant stirring, until the mixture has thickened; when nearly 
cold add the oil; strain it through coarse muslin if not perfectly 
smooth. This paste keeps well, and is much superior to traga- 
canth mucilage and ordinary paste. When required for pasting 
labels on tinned surfaces, the addition of 10 per cent of glycerin 
prevents labels from falling off after drying. 

If an acid paste is not desired, the following formula provides a 
very satisfactory label paste: 


FLOUR PASTE (2) 


Flour (wheat)s saeck 3.006 uccke ite ee ee ee 2 OZ. av. 
Alin yoo. be esd teed a ou She Bee OE ee ee 2 dr. 
Sodium: BenZoate las santos oom ec ee ee 10 gr. 
Oil:of Clove satan okie oan vi ee eee 15 min 
Water soc sss Sosa Ris rod oecis na als ee ere 1 pt. 


Rub the flour and alum to a smooth paste with the water, heat 
quickly to boiling with constant stirring, remove from the fire 
at the first indication of boiling, add the sodium benzoate and the 
oil, and mix thoroughly. 

For some purposes a more adhesive paste is desirable, and a dex- 
trin paste is recommended (see below). 


DEXTRIN PASTE 


WhitesD extrim veencirgeca wena in sone dois tg otek aeRO ee 1 Ib. 
Syrupy Glucose 25ers eas ca icine sree eae ere ee ee 2 0Z. av 
Aluminum Sulfate). cyainisc ches: << «sie csche ete eines 1 oz. ay 
Sodium. Benzoate ss ncccuitne cn: of Usee eee Oe ee 20 grains 
Waters ciercec Aakers ae Roe es obs Gol ha tal ote cet Ne ee er oe 24 fil. oz 


Mix the white dextrin, aluminum sulfate, and sodium benzoate 
with a portion of the water, rubbing to a smooth paste; add the 
glucose and the remainder of the water, and heat the mixture on a 
water bath, with occasional stirring, until it has become trans- 
lucent; strain if necessary. 


LABEL PASTE FOR TIN 


4 0Z. av 
SU galls sc, ssieiedulec Ad aeekete custom tions Gs ale cottuce eee etan eine del terse eeneters 28 0z. av 
Waters visicte Srnattonatetteter tie ite rays: sve! oval otal RpanapategseeieeerNen Melba 88 fi. oz. 


Mix the ingredients and boil for ten minutes with constant 
stirring. 


MUCILAGES OF ACACIA AND TRAGACANTH 


For attaching labels some pharmacists prefer mucilage of acacia 
or of tragacanth. The acacia mucilage is conveniently kept in 
a wide-mouthed bottle, the mouth covered with muslin or double 
cheesecloth, and resting, inverted, in an ointment Jar when not 
being used. Add 1 to 2000 of mercury bichloride as a preserva- 
tive. 


SOLUTION OF SODIUM SILICATE 


This solution is used to seal the tops of corrugated boxes. It is 
also used as a paste for fastening labels to tin boxes. 


USEFUL FORMULAS 


Polishes 
BALL-ROOM FLOOR POLISH 
| PAUICOLTINE 5 iio Sie cee oe 
Bemeered, Borie Acids 540.0... 6s skeen, 7 ibeay 
NOTA ENUCTMe See tl tee eee Os a 60 min 


Melt the paraffin and mix with the boric acid previously 
warmed, then add the perfumes, mix well and pass through a 
coarse sieve. 


FURNITURE PASTE 
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. Apply by means of a soft cloth, rub well and polish with a dry 
cloth. 


METAL POLISH PASTE 


SOM“SOAP praca ese ee ceeen Pea cae 8 a ah 
OlivetOile tect wee ee ee oe ec hoe ee 8 fi. oz. 

Oilvot Wlarpentineriy. bec eases oa eo eee Lp ilsoz: 

Rottenstone ec. sry ee ee ee a eee 414 Ib. av. 
BoilingtWaater senate ne ern Ao ae lees pte 


Dissolve the acid in the water, add the rottenstone and then the 
other materials. Stir well to form a smooth paste. 


METAL POLISH 


Eimely;sPowderedyPumice™ 5. ce nae oe ne oe ee 6 0zZ. av. 
Red: lron: Oxidant as 6 oz. av. 
Powdered7iripolitvmae tery een es ates ee 6 oz. av. 
Benzene, Soap ieiiace creer ate mance ou nin.,  cuae e 8.5 oz. av. 
OiltofsMirban ome msec ker ava colton ene 0.5 oz. av. 


Thoroughly mix. 


PHARMACEUTICAL PREPARATIONS 


SUSUIIG\GO IEE 3) Goes il er gies eta On eC an 14 0z. ay. 
MEMCEMUITDENILIN Cane ac celine diss Chere oe be Seed Paaewes 32 on ani 
Apply by means of a dry cloth and rub dry. 
FURNITURE POLISH 
DPIC CMONE tear et te 7 Se peie rarely kgs ashe ite a cle hacen ce ginbinlete oe 50 cc. 
MP MOSSE PENUITC 2) om.00s 5 sects tiie ne. o-a00 seve ese coc sidlonsie.e vee slo ew aot 30 ce 
CALE HAO orm one cr nat Nets Geis cereale Ske eee 20 cc. 
errmommletrachloride:., ©. js oad ss skew cas aciemide cs pees 40 cc. 
Creams 
CAMPHOR CREAM 
Wastilessoap, dry and grated............:<ce0c0e000804 120 gr. 
puimoniimiCarbonate 2500.5 oo. sec cece cesccscteese 120 gr. 
PA LCRECECAMIP LOL Asis « ) ais eislierei ts a new a0) «0g zcilascneevays ate 120 gr. 
MOA TROMMUMELV TEL Chto 72 1c! 56) 0170) «ioe se! ei eue. Sans Scie. 4 «ud #06 soho bade 1 fl. dr. 
ROPIMOMMIEIEPCRUITMIC So) cce'eisiic es 0; cla evele os lvswies @ayeeee nes 2 fl. oz. 
SHE NOR CO DUI: Sie wie 0c cvs. e.as oiere are elo ei: wledelele + tie oie 2 fl. dr 
Water, sufficient 
(TY, DRIS@, coc Cag OCS GIGEID OMe ROS 5 6e ae eee 1 pint 


Dissolve the soap and the ammonium carbonate in 10 fl. oz. of 
hot water and pour in a pint bottle. Dissolve the camphor in the 


mixed oils, add to the soap solution, shaking the mixture. Add 
the tincture of opium and sufficient water to make 1 pint. 
FLASH BURN PREVENTIVE CREAM (GLICKMAN) 

Bleached Dewaxed Shellac..............-.- 2 eee eeee 13.7 Gm 
EsopropyleAlcoligl, 997... 0... in be cece se lessen wee 28.48 Gm 
MSOs Oller Z=3, VISCOSILY\ 9... o/s ec ois oe bse a scdhoe ees 3.5 Gm 
BECARICTACIC, triple PreSSed)..... ies can ce sais sed ecnees 0.15 Gm 
Triethylene Glycol Di-2-Ethylhexoate................ 0.8 Gm 
Diethylene Glycol Monoethyl Ether................. 1.1 Gm 
SA PERLITE ED LONLGC a0) 2) ole: aho's) slele ocelo/3os. 0.8. suataorel sig es ousie 37 Gm 
RMEMENMEMICAT DONATE, . ciate oe acti sys cs cle 2 eee Qe secede 2.25 Gm 
ME ETE NS IPEIIIES LO AT ALE 5 tis cicieicl «s.0 6 14 elles) = cei eas «ces inys eal ete le 8 Gm. 
PMPPELIC UM SALI CY LACE resco ysls aie) celts a slelel even Ws 9 sl o's 6 Sal eis) s 2.5 Gm 
Wetting Agent (sulfonated alcohol)................... 0.3 Gm 
froabO wide (lemon Shade) ......002 6.64 0000s see oes 1.6 Gm 
cvvionyeall (EVE ee oS elelois 6 gies GOO DIOIG.2 Oe Der eIcO oOeeiere 0.62 Gm 


Dissolve the shellac, linseed oil, stearic acid, and the two glycol 
derivatives in the alcohol to form the base. Pulverize the re- 
maining powders, consisting of the pigments, the wetting agent, 
screening agent, etc., mix them together and blend with the base 
to form a viscous cream. Store in tight containers. ; 

This non-greasy, rapid-drying, non-toxic cream provides a 
continuous film which insulates against heat, permits normal 
respiration at the surface of the skin, and is easily removed with 
soap and water, but is not disturbed by plain or salt water or per- 
spiration. The color can be altered by experimenting with other 
pigments. Those used above produce a gray color suitable for use 
~ in war. 


Jelly 
SURGEON’S LUBRICATING JELLY 
PEAS ACATENG oye .c 35 cio. oo: cowie ssa eee clsininis visesieie aes 84 Gm 
Bon ENET AMEE sh a oi'> 6128'S is uonen’é, 0.5 ones SUai gh emhefazexei 9) «i316 42 Gm 
WE CETIER Re oc isis coc civics ac els alalsineae nce saeaaee 2270 Gm 
enue Aci. = SSS ig c.g BIgGnD Gb inion Gineip min ercie ckacion yc 280 Gm. 
PE Pe SOLE ets re ccc ice cies camecie sins cele e oeieiee eins 2.8 Gm. 
PTSTR CMV AUER o cic, craore, oo sie 0) siete oe (eieyreralee ai'esiove.o 0 oe 5600 Gm. 


Add such odor or perfume as may be desired. 

Prepare a mucilage of the tragacanth and of the chondrus, as 
directed under their respective mucilages, using the needed water. 
Dissolve the boric acid in the hot glycerin and mix all ingredients. 
Finally add the Nipasol-M, dissolved in water, the desired per- 
fume, and finally the remainder of the water. 


Laxatives 


HOSPITAL LAXATIVE 
(Chester County Hospital) 


Cascara Sagrada Aromatic Fluidextract.................. 1 pint 
Liquid) Petrolatiumi (heavy) roe eee een cen 3 pints 
MilklofsMaguesiai cri acthioner. out teaiac cots oe ieee oe clatien 4 pints 


Mix the fluidextract with the liquid petrolatum and to this add 
the milk of magnesia. The dose is one fluidounce. 


Lotions 
BACK LOTION! 

SECALICSACI hater Meee ee ht Res eee Biorinis o ES cTRe 400 Gm 
Cety Al conole sre ccecet oie gee wero ie ie iis athe ornate 300 Gm 
WiooleFat.eAnhy drousterricr seen cities cies cee eles 2100 Gm 
Propylene Glycol ecm tree te earners ie eet ni eee te 2240 cc. 
Olive: Oils Ws. oe. te Oe ty APY ERLE Mereech Pe 600 cc. 
Mentholetns vets coae heres ae toe cton ae nan ae a ewe 40 Gm 
Triethanolamine ((Pract.)-. ccsec ooo ait sce oneera Bene on 600 cc. 
Distilled Water, a sufficient quantity, 

Toomak e gen motracte tema yeu iiiae Sea cre eit ye Serato eee 40,000 cc. 


Melt the stearic acid and cetyl alcohol and add the wool fat, 
propylene glycol, olive oil, and menthol. Heat to about 75°. 
Then add the triethanolamine previously mixed with the water 
and heated to 75°. Stir the mixture until cool. 


CALMITAN LOTION (SCHAMBERG) 


Sodium -Phenolate vcore eee ee oe hee eater ee ae he 8 Gm 
SoditimeBiboratertesncicrtart etek ne hemor torte ies eee 8 Gm 
(Rriethanolamine= ss. oes at aoe Ce ee me cicee ee 6 Gm 
Distilled Water, a sufficient quantity 

QOLCICRA CLEAR tic cra etanstorcerecet ehoke eee sie sr a EAR aeee 16 cc 
LightsLiquid=Petrolatiummin aster acta tevs ais oucrd onsithetacvee tena 170 cc 


Dissolve the first three ingredients in sufficient water to make 
200 cc., using heat if necessary. Dissolve the oleic acid in the 
petrolatum and mix the two solutions until emulsified. Perfume 
with 2 drops of bergamot oil and 1 drop of lemon oil to each 120 
GCs 


SCHAMBERG’S LOTION 


Mie nthi listernestin sce chester ea rot cht cr eiore eed aah rahe 0.3 Gm 
Phenol Man raaietaae Oise Bases ee ee cae Somos ailetw ake NEM ay is 2 Gm 
LARC OTS Ere tee tent ede e arte ahd Saha oe Bee ese ND alr oueteatise ne 10 Gm 
Lime Water 
Olive Oil, of each, a sufficient quantity, 
Touma gc ycrtatens ce ueetisce eee hata ct Lobeee ioe eirctiacitie Mevroh at ile 120 cc. 
Oils 
BABY OIL 
Learro lim s Rae re ee cron ete atoeibe ee che, se eget gC 1S ere coats 3 Gm 
EthyliStearatetedaste caren © carnitine seLielogemer. ak: 7 Gm 
Mineral Oilslighte,.wcuccce a citer cus whe eis eue ae eaeabetioneris 90 Gm 


Incorporate the lanolin and the stearate in the light mineral 
oil with the aid of gentle heat. 


1 Formulated by J. R. Cathcart, Chief Pharmacist, The Chester County 
Hospital, West Chester, Pa. 
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BABY OIL (ANTISEPTIC) 
(OKO) | eR Sr Non omc icoc odo” oon 15 CC, 
Hydroxyquinoline~ +. ccucifaandeerdeter enone ae ere 0.12 Gm 
Rosemary Oil... 5 i.0. sists cleleledsrotentrensrelcna ca arena en eeele nate 0.06 cc. 
Light Liquid Petrolatum, sufficient, 
To make. . ¢ cii.oteddomerine oe ee ere eee rane ae 120 CCs 


Dissolve the hydroxyquinoline in the olive oil and liquid petro- 
latum and incorporate the perfume. 


BABY SCALP OIL (CHILSON) 


Olive Oil. 3 Sa haraithterenevele aes tale, larestictoe toe RI ee 91.25 Gm 
Stavesacre Seed Oils ccas Maes eee ee 8.5 Gm 
Péritinies . cctisknicigic che.ceheees shel Rene eed eae aE eee 0.15 Gm 
Chilorothy mol oe wesiies baad co tose oxen enn ore ene eta caer 0.10 Gm 


Mix well. This oil is suitable for use after the shampoo to pre- 
vent ‘cradle cap.”’ 


Ointments 
ANALGESIC OINTMENT 
Menthol 32 ei Pate ask eie ae ous aye beep edule ait aaah oneine one ena 0.75 Gm 
Chlofalt biydrate=.. to cate et accu er eee 100 Gm 
Camphoricntosnan stad os ot acne on oe Seattle ee eae on pee 100 Gm. 
Wool iBatet paneer os: cine Se eee ee Eo 800 Gm. 
Lo makevabouteccndad : f.o sats cone eat anes 1000 Gm. 


Triturate the menthol, chloral hydrate, and camphor until they 
liquefy. Then incorporate in the wool fat. 


BABY OINTMENT 


Phenol *) de 3554. stad As neice eesti ee tae) ae ree 14 grain 
Pulverized Starch ainsG. 8. cc om ane ee einen 60 = grains 
ZING: OXI Oia ee Rta ate ees cae CSET ene hee 60 = grains 


Hydrous Wool Fat 
Petrolatum, a sufficient quantity of each 


TO MAK Ciiat ea ori Seccteenoh  ns Set eae hee eee aes melee 1 oz. ay. 
BURN OINTMENT 

EthylgAminobenzoater mermaid tiie ener e en rier eran 2.5 Gm 
FAN CVOXId Od eakiie oe rat an 6 eo ERE eee 10 Gm 
Phenol yasoe Heeb oe cnocclon aah, skindaiges ke DIMER ERE RT SOs LRT ee 0.5 Gm 
Yellow Wax Biase tic sean bie aveistoi as eee ieee eer ata 5 Gm 
Hydrous Wool Fat 
Petrolatum, of each sufficient 

Towrakes 5 cae oh toe orth hashes hee te haere 100 Gm 

COMPOUND BENZOCAINE OINTMENT 

EthylvAminobenzoate sa cusat pactiucr eo rerciers eet erineetena aie 5 Gm. 
Phenol Ph aieegas hacia io sere lnk eee ee eae eae 1 Gm. 
Eucaly ptol 245 fice t tone ere Aes Se ease eee eee een 0.5 Gm 
FAV AROS 4 (i I Rh: ENE CREE omibie, Aeeiga tebe be aw decals 10 Gm 
White Petrolatum, sufficient 

Ton mmalce st: actatecpect ace stat OI soa ae eee ET 100 Gm 


DANISH OINTMENT! 


(Used for treating the abrasions on laboratory test animals. 
human medication.) 


Also, used for 


Sublimed:Sulfurvoee iste eee ae ee ees 125 Gm. 
Rotassium Hy droxide@zsncs ssa cea ten Troe 125 Gm. 
Zinc-Sulfatewax. tah, ae ah ee een 28 Gm. 
Sodium" Ty droxidewatmie. os anceseee eta Note rake ones acre 8 Gm. 
Distilled <Waterig coe ee, oh ee oe ee 165 cc. 
Petrolat ume ever. ote tier Oe oe ete Et eters 225 Gm. 
Wicol Fat. 2 oie core teh athens] oat bore eR nae 225 Gm. 
Benzaldchy de. ean Mt ccs cree eae ie 5 Gm. 
RiquidyPetrolatum bleavyy ite ernie eee ee 94 Gm. 
A Woven rE Cheaters wn ohdicad Gtakcomunte & Ante aaa ern biaigm ae 1000 Gm. 


Dissolve the potassium hydroxide in 125 ce. of distilled water, 
add the sublimed sulfur, and heat gently until dissolved. Add the 
zinc sulfate to the remainder of the distilled water, in which the 
sodium hydroxide had been dissolved, forming zine hydroxide. 
Mix the petrolatum and the wool fat and incorporate the sulfur 
solution and the zine hydroxide. Add the benzaldehyde and 
liquid petrolatum and mix thoroughly. 


“PARENOL” OINTMENT-BASE FOR WATER ABSORPTION 
Petrolatum;, white or yellow.ne.<-ee ceniee ea oecidialeeie ere 650 Gm 
WiGol! Fati:s tee ee eter annie oieiithen end earns cme 150 Gm 
Distilled Wiater.<7 ir mkt seen erate ech one herein hea 200 cc. 
Pormalke ss nw titan mi, eae rc ee acevo oie Cena earen hae 1000 cc. 


Melt the petrolatum and wool fat and gradually incorporate 
the warmed distilled water. 


1 The Tilden Company of New Lebanon, New York, have trade-marked 
the name ‘‘Danish Ointment” and no product should be sold under that 
name unless made by Tilden. 


USEFUL FORMULAS 


PROCAINE OINTMENT 


Procaine hydrochlorides... see ae eee 4 Gm. 
Distilled ;Waters.2236.. toh ae oreeas, Pa eve ee 5 cc. 

HydroussWooll Fats 42" .4 040400 Soe eee 15 Gm. 
Petrolatumioct Go 5s kee fone as oO ee ae ee 76 Gm 


Dissolve the procaine hydrochloride in the water and incor- * 
porate with the hydrous wool fat. Add petrolatum and mix well. 


SULFA OINTMENT (PILLSBURY) 


Sulfathiazole wi, 6 Secs, Ded cl ee cae ee Cee OE ee 5 Gm 
Sedium. Lauryl Sulfate ...4.7 4.2 see ce ee ee 1 Gm 
Stearyl Alcoholirs noscc ince Gee ee 10 Gm 
Cetyl Alcohol ii2t vic $3 os ee gat eam REG eT eee 3 Gm 
Spermacet s.r... 2 sjeve ane tery, ovals eee cantare ae ea ee eee 10 Gm 
Glycerin: ars oen.cia he Oe ee eee 10 Gm 
Water os: cui fatteme's hats chartelecethaee ae tee Ot ene eee 61 Gm 


Dissolve the sodium laury] sulfate and the glycerin in the water. 
Gently melt the alcohols and the spermaceti together and pour 
into the aqueous solution which has been warmed to the same 
temperature. Stir until cool and incorporate the sulfathiazole. 

e 


Powders 
BABY POWDER 
BOricvAcid:cc., 2. :0b,a> sheng hake s AR eo eet OR eee 10 Gm 
ZAC! OX) ad Oe 5a se ooh ae EO OT ee 10 Gm 
Kaolimnciee htt ences fae cone aan Seren eee Disa eee eee 50 Gm 
MagnestirmeSteatate « oss ce orentece loin ne cron eee eterna 5 Gm 
Tale eae es Mee doh gycher diva alone oN GREM ee ier aetee ero ne 25 Gm 


Pulverize, mix, and sift well until very finely divided and inti- 
mately mixed. Package in self-closing containers. 


FOOT POWDER (ARMY) 


SalicylichAcidvnmc mmr ete sores Scrat ie ieee aoe 2 Gm. 
BoricoA cider serie ctor ca itachi ee eee 6 Gm 
Zinc Stearate wren Acute is oc cle tian Soe ee ee 3 Gm 
Alum, Exsiccated pro tacigisso sso oh sinerrne toe eee 1 Gm 
StarChias.) Rosner eee fattie «teed Ges ee 10 Gm 
Tales d.ctenhes Ree aa Pasko tod tives Poon Pee ee Ero 0 78 Gm 


Finely powder all ingredients and mix well. 
very fine mesh sieve. 


PRICKLY HEAT POWDER 


Pass through a 


Menthol’ £58 S208 sre rowers eect sep ota ats ae eee Lo ae 2 Gm 
Canphor 3.5 2s ea bee eee oe ae eee 4 Gm 
Linc Stearate... rte ees os Ms eae y Oe re ee 16 Gm 
Zinc Oxides c ty Mane Cee ae eee aC roe ee 160 Gm. 
BA: one Pome Ne Res 6 hs RS iE MN Se eo ei dc 224 Gm. 
Stare dase se Seat pepo hea ok aie ee iho pee Ona ae eee 400 Gm 


Rub the menthol and camphor together and distribute the 
resulting liquid in the zine stearate. Add the zine oxide and mix 
well, then the tale and again mix well. Blend this. Finally in- 
corporate the starch. The finest possible powders should be used 
and the final product sifted through mixture with the starch. 
The finest possible powders should be used and the final product 
sifted through a 120-mesh screen. 


Solutions 
CASTILLANI’S SOLUTION? ; 
Saturated alcoholic solution of basic fuchsin........... 100 cc. 
Aqueous solution of phenol 5 percent................. 1000 cc. 
Filter and add to the filtrate 
Boriciacid.saireianiecn cos, ens eo a eee ol eee eee 10 Gm 
Allow to stand for 2 hours and then add 
ACetonie fishes si atecois sed O% wc Bere ie eee ee Oe 50 Gm 
Again allow to stand for 2 hours and then add 
ReSOTCiMOLR van ins ciecevespardtslen tea cusses hee eels Mace CS 100 Gm. . 


This solution should be stored in small amber-colored bottles. 
Uses—Employed in the treatment of epidermomycosis (‘‘ath- 
lete’s foot’’). 


MANDL’S PAINT 


J OGLNe Fe ates Co ae se fo 0. oTe ce 0dr a eeeeh telnet ae esee Sen ret ota Reais 12.5 Gm 
Potassiumplodide:, . a). jtawmactiaevs tele 4 ee erento 25 Gm. 
Distilled) Water. .3.05,5 ya dacdaeehn atte 25 4 cc, 
Peppermint: Oil). Cease ene cee ioe icin 7.5 CC. 
Glycerin, a sufficient quantity, 

ADO MAK wiiots «oni tooo meet eet Siraghcn capie ts Sonate 1000 cc. 


e mee by Dr. Castillani, Prof. of Dermatology, Havana University, 
uba. : 


USEFUL FORMULAS 


Dissolve the iodine and potassium iodide in the water, add 500 
ce. of the glycerin, the peppermint oil, and then sufficient glycerin 
to make 1000 cc. Dispense with a ‘‘shake well’ label. 


POISON IVY-PREVENTION 


MCLE RCHAPOLUGLE Mo sier eras Becta = syrisysiarcy ohne te ee, Peaks ele fo. aca) obese aloe 5 Gm 
Glycerin 
Water, of each sufficient 
IM AICO PER eye) ast Ty, Sree kK O.. Tistarsia va a reoeytee bis s.folereaeeusuahe 100 cc. 
Make a solution and apply to exposed parts of the body. 
POISON IVY-TREATMENT 
AOLASSIM MUP ELINANG ANAC: occ cic e seo wie elsreue ee oes 5 Gm 
Water, sufficient _ 
VE TT) Re oi gto leach SR ARO DIETS eR ee ee oe 100 cc. 


Make a solution and apply it locally to the affected parts. 
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Styptics 
STYPTIC COTTON 
Rerrics Chloridev olutionsrretereureie a iste ete ser onenereteeaantretene 80 cc. 
GY. Cri tt er eerte teint ans Toes Aa Lene oe ee ne Ra te 16 cc. 
NPC poe tayo na itteheh o.a8 oe Soe ae RoE Pere ee camer ie 225 cc. 
Purified): Cotton ives. cccstotesejare ol sis js iciers a0'e go ofer a we blorata ovens 100 Gm 


Mix the liquids and soak the cotton in the mixture for 1 hour, 
then remove it, press it, and dry it in thin layers in a warm place 
protected from light and dust. Store in well-closed glass con- 
tainers. Formerly applied to stop minor hemorrhage. 


STYPTIC PENCIL 


Astimo niin: Chilorid epic wes ecieucte coctoce actu anor ty svabeba lei eie he lol es 7 Gm 
Alaminum=S wlfate seg pace: crete iso cin ere) or 8 cinesGucpalere cir 27 Gm 
Ferric: SUlEatesey ra err eis ote oie teiceke ve 40 Gm 
GopperiSullatectin acre f cramer oie a cstoxegs oie sev t aus ceahevtkecesgacte ensue 26 Gm 


Mix the ingredients well, fuse the mixture in a porcelain-lined 
vessel, and pour into molds. 


CHAPTER CXX 


ANTIDOTES 


THE PHARMACIST is often called on in emergency to 
treat cases of poisoning. As time is so momentous a 
factor in these cases, he is not only justified but morally 
obliged to trespass on what may be, technically, the 
physician’s field. It should be remembered that the 
pharmacist’s duty, or license, never extends beyond 
emergency first aid treatment; to neglect to call a 
physician at once is not only to fail in responsibility to 
the patient but also to lay oneself open to suit for man- 
slaughter. As the pharmacist is not concerned with 
the management of these cases after the first emergency 
is past, consideration here has been limited to what must 
be done immediately, and to those measures which 
the pharmacist may reasonably be expected to be able 
to perform. 

Promptness of action is perhaps the most important 
of all virtues in treating cases of poisoning; in a very 
large proportion of instances the fate of the patient de- 
pends on what is done in the first fifteen minutes after 
the ingestion of the drug. 

Emetics—In a very large number of forms of poison- 
ing, the emptying of stomach is of more practical utility 
than the administration of the antidote. Emetics are 
contraindicated in poisoning by mineral acids, by caustic 
alkalies, or by strychnine. The most thorough means of 
evacuating the stomach is by means of the stomach tube 
(or ‘“pump’’); this, however, requires a familiarity 
with its use; in the hands of the unskilled it is capable 
of very serious damage. Practically the pharmacist will 
rely on emetic drugs; the frequent recommendation to 
provoke vomiting by tickling the back of the throat is 
so likely to fail and the need of quickness so urgent that 
one should not waste the time trying it; if someone else 
is obtaining the emetic drug, or if none is at hand, 
tickling the throat—which can best be done with a 
feather—may be practiced temporarily. 

Among the emetics, for general use first place should 
be given to Zinc SuLFatTE. Twenty grains, in 2 or 3 
ounces of tepid water, may be given at a dose and if 
emesis has not occurred, repeated in 5 minutes. Apo- 
MORPHINE HyDROCHLORIDE Is perhaps the most certain, 
and one of the quickest, of the emetics but requires to 
be given hypodermically; the dose should not exceed 
49 of agrain. A useful emergency emetic is Musrarp; 
it is very efficient and prompt but unpleasant; give 
14 tablespoonful stirred up in a wineglassful of water. 
A lukewarm solution of ordinary Saut, 2 tablespoonfuls 
to a glass of water, will sometimes provoke vomiting, 
especially if combined with the throat tickling. CoprrR 
SuLFATE (5 grains) may also be used. 

Antidotes—There is much misunderstanding and 
consequent misuse of antidotes. First, a distinction is 
is to be made between antidotes and antagonists; an 
antidote, properly speaking, is a substance which 
chemically lessens or destroys the activity of a poison; 
agents which are used to combat the baneful effects of 
poisons should be called antagonists. 

In a great many cases the action of the antidote is 
only to lessen, not to abolish, the toxic properties of the 
poison; for instance, the precipitate formed by either 
tannic acid or iodine with the alkaloids is by no means 
inert; it is simply relatively insoluble and the antidote 


therefore delays absorption of: the poison until the 

stomach and intestines can be emptied. In most in- 

stances one should not trust to the antidote alone, but 
should use it in connection with methods for evacuation 
of the alimentary canal. 

Universal Antidote—The dream of the ancients of 
finding some drug or combination of drugs which would 
counteract the injurious effects of all poisons is about 
as likely of realization as the hope of Ponce de Leon of 
finding the fount of perpetual youth. Nevertheless, 
there have been devised mixtures which have more or 
less antidotal effect to so many substances that the 
high-sounding title of universal antidote is not alto- 
gether ridiculous. The most important of these are 
powders which depend for their value on their adsorp- 
tive properties. There are some colloidal powders 
which have the property of mechanically, or at least 
without causing any alteration of chemical structure, 
removing certain dissolved substances from their solu- 
tion. Among these should be mentioned in particular 
certain clays, as fuller’s earth and Lloyd’s reagent, and 
the charcoals, especially activated charcoal. Of these, 
charcoal, while not the most efficient, is usually the one 
most quickly obtainable and therefore to be recom- 
mended; it may be given in tablespoonful doses; it is 
not necessary to stop to measure it accurately, for it is 
quite incapable of harm, only be sure to give enough. 
Many writers recommend that the charcoal be com- 
bined with magnesium oxide. The latter will neutralize 
any acid, lessen the irritative effects of many heavy 
metals (as copper sulfate, alum, etc.), tend to delay the 
absorption of alkaloids, and perhaps have some effect 
against arsenic. In view of the frequency of arsenical 
poisoning, it is commonly advised to add ferric hydrox- 
ide to the universal antidote, but unless the ingredients 
for its preparation be readily at hand time should not 
be wasted trying to make it. In a case of poisoning 
by an unknown agent, emetics stand first in importance, 
but it may be well to follow them with a mixture con- 
taining about one tablespoonful of magnesia and two 
tablespoonfuls of activated charcoal. 

Where several antidotes are named, choose the one 
that can be obtained most quickly. Do not mix anti- 
dotes either in the patient’s stomach or outside. Gen- 
erally speaking, they are more likely to neutralize each 
other rather than the poison. Tannic acid, iodine, and 
potassium permanganate are antidotal to the alkaloids 
but all are mutually incompatible. 

Acids, Mineral, including Hydrochloric, Sulfuric, 
Nitric, and Phosphoric Acids—Do not give emetics 
because the stomach may be so weakened by the 
caustic effect of the chemical that it will rupture 
during the vomiting. Give an alkali; the one which 
can be used most quickly is the best. Where there 
is opportunity for choice, preference should be 
given to the Mixx or Maenesta (2 tablespoonfuls) 
or MaGNnesitumM OxIpDE (1 teaspoonful), because | 
they do not liberate carbon dioxide gas which | 
may distend and overstrain the weakened walls 
of the stomach; this danger is, however, generally 
overestimated and should not lead to the with- 
holding of carbonates when other alkalies are not 
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available. Calcium carbonate in the form of CHALK 
(2 teaspoonfuls), or CoanKk Mixture (2 fluidounces) 
has more neutralizing effect for the same amount 
of CO. gas than Soprum BicARBONATE (dose, 1 
tablespoonful). In the absence of other alkali, 
Soap, or well-diluted solutions of the hydrox- 
ides, may be used. Lime WaAreER is often recom- 
mended but it should be remembered that it requires 
about two quarts of lime water to neutralize the same 
amount of acid as one ounce of milk of magnesia. 
Waite or Eae may be used if no alkali is available. 

Acid, Oxalic, and the Oxalates (Salt of Sorrel, Ink 
- Eradicator, etc.)—The best antidote is some form of 
lime: Catctum CHLORIDE (20 grains); CHALK (a 
teaspoonful); most tooth powders contain chalk and 
may be used as an antidote. In the absence of 
lime, magnesia may be used as an antidote either in 
the form of Magnrestum Sutrate (Epsom Salt) (1 
ae or Minx or Maenssta (2 tablespoon- 

S 

Aconite—A rapid and exceptionally dangerous poison. 
Give Emetics—Zinc SuLFareE (20 grains) or ground 
Musrarp (2 teaspoonfuls). Lucgou’s Souution (Liq. 
Iodi Comp., dose, 20 drops) is probably the best 
chemical antidote, although none is of much value. 
Keep the patient in a horizontal position; do not allow 
him to sit up even to vomit, turn the head to one 
side when vomiting. Keep the patient warm. 

Alkalies, including Sodium Hydroxide (Caustic Soda), 
Potassium Hydroxide (Caustic Potash or Lye), 
Calcium Oxide (Quicklime), and Ammonia—Do not 
give emetics! The chemical antidote is any dilute acid; 
the best is VINEGAR (1 or 2 tablespoonfuls), diluted 
with an equal amount of water. Dinutrrep Hypro- 
cHLoRIc AcipD (official) may be used (one-half to 1 
teaspoonful), well diluted, according to the amount of 
alkali which has been taken. Lemon JuIcE or ORANGE 
JuIce (2 or 3 tablespoonfuls), diluted, are also useful. 
Oxtve Ott or any bland fixed O1n (2 or 3 tablespoon- 
fuls) is of service, partly because of neutralizing 
effect but mainly for its soothing action. 

. Ammonia Water—See Alkalies. 

Antimony or Tartar Emetic—Give Tannic Acip (20 
grains) or GLYCERITE OF TANNIN (1 teaspoonful). 
Other tannin-containing drugs, as FLUIDEXTRACT OF 
GERANIUM (2 teaspoonfuls), or TrncTtuRE or Kino, 
or of Gampir (2 or 3 teaspoonfuls) may be substi- 
tuted. Keep the patient in a horizontal position. 

Arsenic or Fowler’s Solution—(‘‘Rough on Rats’”’ and 
some other rat poisons contain arsenic.) EmeErtics 
are the most important; Zinc SuLFATE (20 grains) or 
ground Musrarp (2 teaspoonfuls). The best chemi- 
eal antidote is BAL (page 511). Ferric Hydroxide 
was formerly employed. It may be extemporized by 
adding either a solution of Soprum CARBONATE or 
Mixx or Maenesti, to TINCTURE or Ferric CHLO- 

_ RIDE, and straining the precipitate through cheese- 
cloth. Give 1 or 2 tablespoonfuls of the precipitate. 
Mix or Maanesia has some antidotal effect but is 
less valuable than the iron. Chemical antidotes are 
good only if given very soon after the ingestion of the 
arsenic. Treat the patient for shock. Keep him 
horizontal. 

PaeopineSee Belladonna. 

Barium Sulfide, or other salts of Pecaneiye any 
soluble non-toxic SuLFATE, as Epsom Satur or 
GLAUBER’S Satt (the dose should be at least equal 
to the quantity of barium salt; if this is unknown, 
give 3 tablespoonfuls). Follow the antidote by an 
ge etic such as Zinc SULFATE (20 grains). 
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Belladonna, Atropine, Stramonium (Jimson Weed), 
Hyoscyamus, and allied drugs—Give EmMrtics—Z1nc 
SULFATE (20 grains) or Mustarp (2 teaspoonfuls) ; 
the best chemical antidote is Lucou’s SotuTion (10 
minims); Tannic Acrp (20 grains) is less valuable; 
CHARCOAL or preferably AcTIVATED CHARCOAL (2 
teaspoonfuls) is also of some value. Whatever anti- 
dote is given, the stomach should be emptied, as the 
compounds formed are not entirely harmless. Poi- 
soning by the Solanaceous drugs, although often very 
alarming, is not usually fatal. 

Bichloride of Mercury—See Mercury. 
Cannabis—No antidote known. Give Emetics. 
rarely does this cause dangerous poisoning. 

Calabar Bean—See Physostigmine. 

Cantharides—Give Emretics—ZINc SuLFATE (20 grains) 
or Mustarp (8 teaspoonfuls). There is no chemical 
antidote but CHarcoaL or preferably AcTIVATED 
CHARCOAL (2 teaspoonfuls) may be useful for its ad- 
sorbent effect. After emptying the stomach give 
Muciiace or Acacia to soothe the stomach; avoid 
anything fatty or oily. 

Carbolic Acid—See Phenol. 

Caustic Potash or Caustic Soda—See Potassium 
Hydroxide. 

Carbon Monoxide is the poisonous factor in illuminating 
gas, automobile exhausts, and mine “choke-damp.”’ 
The most important treatment is maintaining oxy- 
genation of the blood by ArTrFicIAL RESPIRATION; 
OxyGEN inhalation is also useful. Remove the 
patient from the contaminated atmosphere at once. 
A mixture of COz and Oz is better than Og inhalation 
alone. 

Chloroform—If{ taken by- mouth give an Emeric. 
Practice ARTIFICIAL RESPIRATION if the patient is 
not breathing well. 

Colocynth—See Drastics. 

Chloral Hydrate—No chemical antidote. If the patient 
is seen immediately after taking of poison, give 
Emetics; if more than half an hour has elapsed, 
emetics are more likely to do harm than good. Keep 
the patient in a horizontal position; try to prevent 
sleep by giving caffeine or strong coffee. 

Cocculus Indicus—See Picrotoxin. 

Codeine—See Opium. 

Colchicum—Give Emrerics—Zinc SuuFaAte (20 grains) 
or Musrarp (2 teaspoonfuls). Tannic Acrp (20 
grains) is of some value as an antidote. 

Conium—Give Emetics—Zinc SuLFAte (20 grains) or 
Musrarp (2 teaspoonfuls), Luacou’s Sotution (10 
drops) or Tannic Acip (20 grains). ARTIFICIAL 
RESPIRATION should be practiced if the patient shows 
signs of asphyxia. 

Convallaria—See Digitalis. 

Copper Sulfate or other copper salts—Porassium 
FERROCYANIDE (YELLOW PRussIATE OF PotasH) (10 
grains). Mitk or Magnesta (1 tablespoonful) or 
Wuite oF Hac is of some value if the ferrocyanide is 
not at hand. 

Cocaine—If taken by mouth, give Emertics or LuGou’s 
SoxiuTIon (10 drops) or Tannic Acip (20 grains). 

Croton Oil—See Drastics. 

Corrosive Sublimate—See Mercury Bichloride. 

Cyanides—See Hydrocyamic Acid. 

Digitalis—If the patient has not already vomited, give 
an Emeric. There is no chemical antidote known; 
treatment, aside from evacuation, in general, is of 
little avail. 

Dilaudid—See Opium. 

Drastics—The drastic cathartics include Colocynth, 
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Gamboge, Croton Oil, Elaterin, Scammony, Jalap, etc. 
an Emeric. There is no chemical antidote known; 
treatment, aside from evacuation, in general, is 
of little avail. 

Elaterin—See Drastics. 

Ergot—Give Emrtics—Zinc Subrate (20 grains) or 
Mustarp (2 teaspoonfuls). No satisfactory anti- 
dote. 

Eserine—See Physostigmine. 

Ether—See Chloroform. 

Fish-berries—See Picrotoxin. 

Formaldehyde—Ammonia (Aromatic Spirit) (1 tea- 
spoonful); Ammonia Water, U. 8. P. (30 drops); 
AMMONIUM CARBONATE (10 grains) well diluted. If 
the patient has not vomited, give EMETIcs. 

Gamboge—See Drastics. 

Fowler’s Solution—See Arsenic. 

Gas, Illuminating—See Carbon Monozide. 

Gelsemium—Treat same as Conium. 

Heroine—See Opium. 

Hydrocyanic Acid—Treatment must be prompt, as this 
is one of the most quickly acting of poisons, indeed it is 
so quick that few remedies have time to act. Every 
hospital should have the necessary materials ready 
in a special case for the treatment of this poison, as 
seconds count in applying the antidote. The treat- 
ment consists of injecting intravenously a solution of 
0.3 Gm. of sodium nitrite in 10 ce. of distilled water 
(3 per cent). Follow by the intravenous injection of 
25 Gm. of sodium thiosulfate in 50 ce. of distilled 
water (50 per cent). One-half of the thiosulfate solu- 
tion is frequently sufficient. In relapse use half the 
dose of the antidote. Amyl nitrite may also be in- 
haled to expedite the treatment, prior to the use of 
sodium nitrite. ArrtrriciAL RESPIRATION and Oxy- 
GEN inhalations are also of service. 

Hyoscyamus—Treatment same as Atropine. 

Ignatia—See Strychnine. 

Indian Hemp—See Cannabis. 

Illuminating Gas—See Carbon Monoczide. 

Iodine—Srarcu or Fiour (2 tablespoonfuls) stirred 
up in water to make a paste. If the patient has not 
vomited, give EMErics. 

Larkspur—Treat as under Aconite. 

Lead Acetate or other lead salts—MAGNESIUM SULFATE 
(Epsom Salt) or Soprum Sunrate (2 tablespoonfuls). 
As Emetic, preference is for Zinc SuLtraTE (20 
grains). 

Lye—See Alkalies. 

Mercury Bichloride or other salts of mercury—Give 
Emetic—Zinc SuLFate (20 grains) or Mustrarp (2 
teaspoonfuls). Early treatment centers around the 
inactivation and removal of the mercury from the 
gastrointestinal tract. The best chemical antidote 
is protein administered in the form of M1iLK or Raw 
Eaes. Soprum FoRMALDEHYDE SULFOXYLATE re- 
duces mercuric salts to the less poisonous mercurous 
form. The stomach is first lavaged with 250 cc. of 
a 5 per cent solution of the sulfoxylate. An addi- 
tional 250 cc. are then left in the gastrointestinal 
tract. An intravenous injection of the drug is then 
given, 10 Gm. dissolved in 100 to 200 ce. of fluid being 
slowly infused over a 20-minute period. In severe 
cases this dose may be repeated after 4 to 6 hours. 
A 1:1000 solution of the compound in isotonic sodium 
chloride solution may also be employed for colonic 
irrigation. 

After gastric lavage is completed then the systemic 
toxicity of the mercury must be combated. Mor- 
phine is of value for relieving pain. Large amounts of 
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fluid should be given parenterally to maintain the 
composition and volume of the extracellular fluids 
and to protect the kidneys by inducing diuresis. 
Shock therapy may be indicated. Sodium lactate is 
frequently administered parenterally to combat 
systemic acidosis. 

Methanol (Methyl Alcohol, Wood Alcohol, etc.)— 
Empty the stomach with an Emeric. Follow by 
Soprum BicarBoNATE (2 teaspoonfuls) in water; 
this should be repeated as it tends to neutralize the 
decomposition products of the poison in the system. 

Morphine—See Opium. 

Nux Vomica—See Strychnine. 

Oil of Bitter Almond—See Hydrocyanic Acid. 

Oils, Volatile, including Tansy, Rue, Clove, Penny- 
royal, etc., poison by their local irritant effects. 
Empty the stomach if the patient has not already 
vomited; afterward give demulcents as MuciLaGcE 
oF Acacta (2 tablespoonfuls), or WHITE or Haa. 

Opium, Morphine, or Codeine—If seen very early give 
Emetics—ZINc SuLFATE (20 grains); after narcosis 
has set in emetics fail to act and may add to the mor- 
phine depression. The best antidote is Porasstum 
PERMANGANATE (5 grains) in a tumblerful of water. 
Tannic Acip (20 grains), or Luaou’s Sotution (10 
minims) may be used if the permanganate is not 
available. Keep the patient awake by shouting, and 
keep him moving if possible. Give him strong coffee; 
caffeine is a pharmacological antidote to morphine. 
If breathing becomes very low, practice ARTIFICIAL 
RESPIRATION at once. Lavage of the stomach should 
be instituted as soon as possible if the poison was 


taken orally. A 1:2000 solution of potassium per-— ; 


manganate or a solution containing 1 ce. of iodine 
tincture should be used. Magnesium sulfate, 30 Gm. 
in solution, should be administered before the stom- 
ach tube is removed to expedite passage of the poison 
through the bowel. Caffeine and sodium benzoate 
(0.5 Gm. parenterally), theophylline with ethylene- 
diamine (0.5 Gm. intramuscularly or intravenously), 
ephedrine (20 to 40 mg. intramuscularly), coramine, 
metrazol, or atropine may be used. 
COz (10 per cent in Og) is a potent respiratory stimu- 
lant. Maintain the body temperature. Codeine 
rarely causes fatalities because overdoses may stimu- 
late rather than depress, and chances for recovery are 
better. 

Oxalic Acid—See Acid, Ozxalic. 

Paris Green—See Arsenic. 

Phenol—Give Emetics, preferably Zinc SuLrate (20 


Inhalation of — 


grains), follow with Maagnestum SuLFaTe (Epsom — 


Salt) (2 tablespoonfuls); then with MuciLacE or 
Acacta (2 tablespoonfuls). Avoid the use of alcohol. 
External burns by phenol should be washed with alco- 
hol. Vegetable but not mineral oil may be used to 
lavage the stomach. 

Phosphorus—As an Emeric, preference should be given 
to CoprrrR SuLFATE (5 grains), but if not at hand 
other emetics may be used. The chemical antidotes 
are CoppER SULFATE or PoTaAssiuM PERMANGANATE 
(5 grains) in a tumblerful of water. Avord all oils 
or fats. 

Physostigma—Give Emerrics—ZInc SuLFATE 


grains) or Mustarp (2 teaspoonfuls). Chemical 


antidotes are Porasstum PERMANGANATE (5 grains) — 


or Tannic Acip (20 grains). ARTIFICIAL RESPIRA- 
TION may become necessary. Atropine sulfate is the 
pharmacological antagonist. 


Phytolacca—If the patient has not already vomited, — 
give an Empric—Zinc Suurare (20 grains) or Mus- — 


(20 
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TARD (2 teaspoonfuls). There is no chemical antidote 
known. 

Picrotoxin—Give Emrtics—Zinc Suurate (20 grains) 
or Mustrarp (2 teaspoonfuls). There is no known 
antidote. CHLOROFORM may be used cautiously to 
control convulsions, until barbiturate therapy can be 
administered parenterally. 

Potassium Cyanide—See Hydrocyanic Acid. 

Potassium Hydroxide—See A lkalies. 

Prussic Acid—See Hydrocyanic Acid. 

Pilocarpine—If taken by mouth give Emerics. As an 
antidote use Lucou’s SoLturion (10 minims) or 
Tannic Acip (20 grains). Atropine is so valuable as 
a physiological antagonist that the pharmacist is 
justified in giving oo grain without waiting for 
a physician. 

Radium, Thorium, and Uranium—Emetics at once. 
Administration of sodium carbonate after removal of 
the unabsorbed salt is said to help prevent kidney 
damage. The radiations from these radioactive ma- 
terials are destructive to tissue, causing leukopenia, 
decalcification and softening of the bone with de- 
formities and spontaneous fractures. There is no 
curative treatment for radium poisoning. Little can 
be done after absorption other than to ameliorate the 
symptoms with blood transfusions and supportive 
measures. There may be a latent period of several 
years between exposure to radium and the onset of 
toxic symptoms, and 45 years are required for the 
radium absorbed to be reduced by one-half. 

Rough on Rats—See Arsenic. 

Silver Nitrate—Give Sopium CHLORIDE (2: teaspoon- 
fuls) in a glass of water. Follow by Wurrs or Kaa. 

Squill—Treat as under Digitalis. 

Staphisagria—Give Lucot’s Soxurion (10 minims). 
Keep the patient in a horizontal position; the drug 
acts much like Aconite but is not so dangerous. 

Stramonium—See Belladonna. 
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Strophanthus—Treat same as Digitalis. 

Strychnine and its salts—Do not give emetics. TANNIC 
Acip in warm water to wash stomach; follow with 
Porasstum BRoMIDE by mouth or rectum; or give 
CHLORAL HypRATE, PARALDEHYDE, or CHLOROFORM 
to control convulsions until intravenous barbiturate 
therapy can be administered. The object of therapy 
in strychnine poisoning is to prevent convulsions 
and protect the medulla from anoxia and excessive 
stimulation, by the use of central nervous system de- 
pressants. A short-acting barbiturate, such as so- 
dium amytal (0.4 to 1.0 Gm.) or pentobarbital sodium 
(0.3 to 0.7 Gm.), is given intravenously since it can 
be given in amounts just sufficient to control the 
toxic effects of the strychnine for the duration of its 
action and no longer. Evacuation of the stomach 
must be postponed until the convulsions have been 
brought under control because the passage of a 
stomach tube or the administration of an emetic may 
precipitate a convulsion. Potassium permanganate 
(1:1000), iodine tincture (1:250), or tannic acid solu- 
tion (2 per cent) may be employed for gastric lavage. 

Tartar Emetic—See Antimony. 

Thorium—See Radium. 

Uranium—See Radium. 

Veratrum Viride—Give Lucot’s SoLtution (10 minims) 
or Tannic Acip (20 grains). Keep the patient in a 
horizontal position; do not allow him to arise to 
vomit; keep him warm. ARTIFICIAL RESPIRATION 
may be necessary. 

Wood Alcohol—See Methanol. 

Yellow Jessamine—Treat the same as Conium. 

Zinc Sulfate or other zinc salts—Chemical antidote is 
an alkali; Soprum BicarBonate (1 teaspoonful) or 
Soprum CARBONATE (15 grains), well diluted; or the 
corresponding salts of potassium. After administer- 
ing these, follow with Wuirr or Eac or MucinaGe 
oF ACACIA. 
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Abasier. Animal charcoal. 
Abercrombies Lotion. Infusion of tobacco, 1: 200. 
Abric. Sulfur. 
Acetum Acerrimum. Concentrated acetic acid. 
Bezoardicum. Aromatic vinegar. 
Saturni. Solution of lead subacetate. 
Theriacale. Aromatic vinegar. 
A. C. E. Anesthetic mixture of 1 volume of absolute alcohol, 2 
volumes of chloroform and 3 volumes of ether. 
Acid, Apple. Malic acid. 
Azotic. Nitric acid. 
Battery. Sulfuric acid and potassium dichromate. 
Boroboracic (Acid Boroboric). Mixture of equal parts of 
borax and boric acid. 
Borug$ic. Prussic. Hydrocyanic. 
Carbazotic (Picronitric acid). Picrie acid. 


Catholicon. Sulfuric acid. 
Cetylacetic. Stearic acid. 
Chlorazotic. Aqua regia. 


Dioxysuccinic. Tartaric acid. 
Dipping. Sulfuric acid. 
Electrolyte. Sulfuric acid. 
Lithic. Uric acid. 
Nancic. Lactic acid. 
Orthoboric. Boric acid. 
Phenic. Carbolic acid. 
Phenylformic. Benzoic acid. 
Pickling. Sulfuric acid. 
Sozoiodolic. Diiodoparaphenolsulfonic acid. 
Sozolic.. Orthophenolsulfonic acid. 
Stearophanic. Stearic acid. 
Sugar. Oxalic acid. 

sulfide. 


Sulfhydric. Hydrogen 
Hydrosulfurie acid. 
Thiolinic. Sulfurated and sulfonated linseed oil. 
Tumenolsulfonic. Obtained by treating the distillate of a 
mineral oil with sulfuric acid. 
Vinegar. Acetic acid. 
White. A mixture of hydrofluoric acid and ammonium 
bifluoride, used for etching glass. 
Acidum Chloronitrosum. Nitrohydrochloric acid. 
Ceeruleum (Blue acid). Hydrocyanie acid. 
Muriaticum Oxygenatum. Chlorine. 
Nitrico-Nitrosum. Fuming nitric acid. 
Ossium. Glacial phosphoric acid. 
Scytodepsicum. ‘Tannic acid. 
Actol. Silver lactate. 
Acusto. Potassium nitrate. 
Adeps Anserinus. Goose grease. 
Gadi. Cod liver oil. 
Ovillus. Mutton suet. 
Adipsos. Licorice. 
Adragante. Tragacanth. 
Aer Fixus. Carbonic acid gas. 
Aerosus Lapis. Lapis calaminaris. 
AErugo. Crude copper acetate. 
Es. Copper. 
#és Aeratum. Copperas. 
Ether Vegetabilis. Acetic ether. 
ZEthiops Antimonialis. Chiefly a mixture of black antimony and 
mercury. 
Martialis. A black iron oxide; formed by keeping iron fil- 
ings covered with water for a long time. 
Mineralis. Mixture of mercuric sulfide and sulfur. 
Vegetabilis. Charcoal of seaweed. 
Affium. Extract of poppy-heads (opium). 
African saffron. Carthamus. 
After-damp. Carbon dioxide in mines following fire damp explo- 
sions. 
Alabastic. A variety of gypsum. 
Alabastine. An improved calcimine. 
Alanin-Mercury. Mercury amidopropionate. 
Albocarbon. Naphthalene. 
Album Grecum. Excrement of dogs. 
Nigrum. Excrement of mice or rats. 
Alcohol Sulfuris. Carbon disulfide. 


(Antiseptic. 


Sulfuretted hydrogen. 


Alcoolat (French). A distilled spirit. 
Alcoolature (French). An alcoholic tincture of a fresh plant. 
(“Green tinctures.’’) 
Alcoolé (French), An alcoholic solution of a substance entirely 
soluble in the alcohol. 
Alegar. Ale vinegar. 
vine cuttings.) 
Algaroth, Powder of. Antimony oxychloride. 
Alkali, Vegetable. Potassium carbonate. 
Volatile. Ammonium carbonate. 
Aloxite. Artificial oxide of alumina. 
Alum, Cake. Aluminum sulfate. 
Concentrated. Aluminum sulfate. 


(Made by fermenting ale upon raisins or 


Cube. Potassium alum. 
Patent. Aluminum sulfate. 
Porous. Sodium aluminum sulfate. 


Rock (Alumen Rupeum). Lump alum as it occurs with the 
earth attached. 
Roman. See Rock Alum. 
Alumen Plumosum. Asbestos. 
Rubrum. Rock salt. 
Alundum. Artificial aluminum oxide. 
Amadou. Punk; tinder. 
Ambretta Seeds. Musk seeds. 
Amianthus. Asbestos. 
Amidon. Starch. 
Amino-Mercuric Chloride. Ammoniated mercury. 
Ammonium Carbonicum Pyro-Oleosum. A mixture of ammo- 
nium carbonate with “animal oil.” 
Sulfo-Ichthyolate. Ichthyol. 
Amphion. Opium. 
Amplosia. An unfermented juice of the grape. 
Amylhydride. Pentane. 
Amylit. A trade name for an enzymic preparation used in the 
textile industry. 
Amylodextrin. Soluble starch. 
Analgesine. Antipyrin. 
Anaphromeli. Clarified honey (Mel despumatum). 
Angioneurosin. Nitroglycerin. 
Anima Articulorum (Life of the Limbs). 
chicum, 


A name given to col- 


Rhei. Aqueous tincture of rhubarb. 
Annidalin. Aristol. (Antiseptic.) 
Anodynin. Antipyrin. 

Anthion. Potassium persulfate. 


Anthos (Flores or Herba). Rosemary (flowers or herb). 


Anthrakokali. Coal treated with caustic potassa. 

Anthrarobine. Dioxyanthranol. Leucoalizarin. (Antiseptic 
dermic.) 

Antidotum Fuchsi. Hydrated ferric oxide (Arsenic antidote). 

Antifungin. Magnesium borate. 


Antihypo. Potassium percarbonate. 
Antimonine. Antimony lactate. 

Antimonium Album. Bismuth. 

Antimony, Diaphoretic. Potassium antimonate. 


Needles. Antimony sulfide. 
Antisepsin. Monobromacetanilid. ParankGnobroninie ieee 
amide. 
Antiseptol. Cinchonine iodosulfate. 


Ant Oil, Artificial. 
Antlia Gastrica. 
Apple Oil. 
Apyonin. 
tic.) 
Apyrothium. Sulfur. 
Aqua Adstricta. Ice. 


Furfural. 
Stomach pump. 
Amyl valerate. 


French designation for yellow pyoktanin. (Antisep- 


fErata. Carbonated water. 
Eris Fixi. Carbonated water. 
Binelli. Creosote water. 


Bullientis (Aque). Boiling water. 

Cerasorum. Diluted bitter almond water. 

Coloniensis. Cologne water. 

Communis. Common water, tap water. 

Crotonis. Water from Croton Lake, New York (that is, 
hydrant water). 


Flava. Yellow wash. 
Fluvialis. River water. 
Fontana. Spring water. 
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Foetida Antihysterica. A distillate from asafetida, galbanum, 
myrrh, valerian, ete. 
Gaseosa. Carbonated water. 
Gummosa. Diluted mucilage of gum arabic (about 1 part 
of gum in 64 of water). 
Hydrothionica. Sulfuretted hydrogen water. 
Laxativa Viennensis. Compound infusion of senna. (Modi- 
fied black draught.) (Also known as Elixir Lax. Vien.) 
Marina. Sea water. 
Artefacta. Artificial sea water. 
Maris, Arte Paranda. Artificial sea water. 
Metallorum. Mercury. 
Mineralis. Mineral water. 
Naphe. Orange flower water. 
Nigra. Black wash. 
Nivalis. Snow water. 
Phagedznica. Yellow wash. 
Pluvialis. Rain water. 
Pura. Distilled water. 
Saturnina. Lead water. 
Vitze. Brandy or whisky. 
Aquila Alba. Calomel. 
Arcanum Duplicatum. Potassium sulfate. 
Argentum Fugitivum. Quicksilver. 
Musivum. Mosaic gold. Tin bisulfide. 
Vivum. Quicksilver. 
Argilla. Clay. (In pharmacy it means alumina.) 
Sulfurica Alcalisata. Alum. 
Arquebusade. An agreeably smelling vulnerary water, which 
might be called ‘“compound sage water.” 
Art Metal. An alloy of copper, tin, and lead. 
Asa Dulcis. Benzoin. 
Asaprol. Calcium salt of betanaphtholalphamonosulfonic acid. 
(Antiseptic.) 
Asbolin. An alcoholic distillate of soot. 
Aseptol. Sozolic acid. Orthophenylsulfonic acid (83 per cent 
aqueous solution). 
Astral Oil. Kerosene. 
Ater (Atra). Black (Niger). 
Atramentum. Black ink. 
Indicum (Sinense). India ink. 
Auramin. Yellow pyoktanin. (Antiseptic.) 
Aureoline. Hair bleach. (A more or less diluted solution of 
hydrogen peroxide.) 


Aurum Musivum (Mosaic Gold). Tin bisulfide. 
Axungia. Adeps. (Fat.) 
Azurite. Native Copper carbonate. 


B 


Baker’s Ammonia. Ammonium subcarbonate. 

Balata. A caoutchouc-like product resembling chicle. 

Baldwin’s Phosphorus. Calcium nitrate which when heated and 
exposed to sunlight becomes luminous in the dark. 

Balsam, Hungarian. Exudation from Pinus Pumilo. 


Riga. By distillation from the leaves of Pinus Cembra. A 
thin fluid; odor resembling juniper; properties similar to 
turpentine. 

Sulfur. Sulfurated linseed oil. 


Balsamum Arcei. An ointment of elemi. 
Gileadense. Balm of Gilead. 
Judaicum. Balm of Gilead. 
Nucistz. An ointment containing the volatile and fixed 
oils of nutmeg. 
Ophthalmicum Rubrum. Ointment of red precipitate. 
Saponaceum. Opodeldoc. 
St. Yves. Ointment of red precipitate. 
Traumaticum. Compound decoction of aloes—also applied 
to compound tincture of benzoin. 
Universale. Ointment of lead subacetate, made with yellow 
wax and rapeseed oil. 
Verum. Balm of Gilead. 
Vite Hoffmanni. Alcoholic solution of sundry balsamic oils. 
Banks Oil. Cod liver oil. 
Bannal. Scoparius. 
Burdock (Lappa). 
Barbotine. See Semen Contra. 
Barm. Yeast. 
Basofor. A trade name for barium sulfate. 
Baudruche. Goldbeaters’ skin. 
Baume de Vie. Compound decoction of aloes. 
Bay Salt. Sea salt, 
Bell:Metal. An alloy of copper and tin. 


Bengal Isinglass. Agar. 
Benzoic Ether. Ethyl benzoate. 
Benzonaphthol. Betanaphthylbenzoate. Betanaphthol-benzo- 


ate. (Intestinal antiseptic.) 


f 
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Benzophenoneid.. Apyonin (yellow pyoktanin). . 
pean Benzoyl-guaiacol. Guaiacol benzoate (Antitubercu- 
ar). 
Berlin Blue. Prussian blue. 
Betel Nut. Areca nut. 
Betol. Betanaphthyl salicylate. 
testinal antiseptic.) 
Bhang. Cannabis. 
Bicalcic Phosphate. Calcium phosphate dibasic. 
Bilis Bovinum. Ox gall. 
Bi-Palatinoid. Gelatin capsule divided by a partition, to keep 
two powders separate until swallowed. 
Bitter Chips. Quassia. 
Earth. Magnesia. 
Root. Gentian. 
Salts. Epsom salt. 
Sticks. Chirata. 
Wood.  Quassia. 
Bitumen Judaicum. Asphaltum. 
Black Balsam. Peru balsam. 
Draught. A compound infusion of senna; must not be con- 
founded with “Black Drop.” 
Drop. Vinegar of opium. 
Flux. A mixture of charcoal and potassium carbonate. 
Blancard’s Pills. Pills of ferrous iodide. 
Blanc Fixe. Artificial barium carbonate or sulfate. 
de Troyes. Prepared chalk. 
Blankit. A proprietary name of a bleaching compound composed 
of sodium formaldehyde sulfoxylate. 
Blue, Berlin. Prussian blue. 
Black. A name for ivory-black. 
Chinese. Prussian blue. 
Copperas. Copper sulfate. 
Bluestone. Copper sulfate. 
Bolus Alba. Kaolin. 
Armenia. Armenian bole. 
Bone Ash. Crude calcium phosphate. 
Char. Animal charcoal. 
Borax, Red. Red oxide of mercury. 
Bran Oil. Furfural. 
Brass. An alloy of copper and zinc. 
Brassil. Pyrites. 
Brasium. Malt. 
Brazilian Cacao. Guarana. 
Brazil Wax. Carnauba wax. 
Bromol. Tribromophenol. (Antiseptic.) 
Brucite. Magnesium hydroxide. 
Butter Color. Annatto. 
of Antimony. Solution of antimony chloride. 


Betanaphthol salicylate. (In- 


of Tin. Stannous chloride. 
of Zinc. Zine chloride. 
Butylhypnal. Butylchloral-antipyrin. 


Butyrum Majorane. Ointment of sweet marjoram. 
Nucistz. Expressed oil of nutmeg. : 
Byne (Bynin). Apparently a favorite name in England for malt 
and malted preparations. 


Cc 


Caffa. Camphor. 
Calcined Plaster. Plaster of Paris. 
Calcitea (calcitrea). Sulfuric acid. 
Calcithos. Copper subacetate. 
Calcium Phosphide. Phetophor. 
Calomelanos. Calomel. 
Calx Bismuthi. Bismuth subnitrate. 
Viva. Quicklime. 
Camphor Julep. Camphor mixture. 
Tonka Bean.  Coumarin. 
Canadol. Petroleum ether. 
Cancrorum Lapilli. Crabs’ stones. 
Chelz. Crabs’ claws. 
Candelxz Fumales. Fumigating pastilles. 
Capita Papaveris. Poppy-heads. 
Carbon Black. The soot of natural gas. 
Carborundum. Artificial silicon carbide, an abrasive. 
Cashoo. Extract of cutch. 
Cassius’s Purple. A compound of tin with gold oxide. 
Celanese. Cellulose acetate. 
Cera Sigillata. Sealing wax. 
Cerate, Compound Camphor. 
Ceratum Citrini (P. L. 1745). 
Epuloticum (P. L. 1745). 
cerate. 
Galeni. Cold cream. 
Labiale. Lip salve. 


Camphor ice. 
Resin cerate. 
Ceratum calaminaris. Turner’s 
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Lithargyri Acetati Compositum. Goulard’s cerate. (P. L, 
1787). 
Ceruse. Lead carbonate. _ 
Ceresin. Earth-wax. An impure paraffin. 


Cerussa Acetata. Acetate of lead. 

Chalcanthum. Copperas. 

Charlton White. Lithopone. 

Charpie. Lint. 

Chelen (Kelene). Ethyl chloride. (Local anesthetic.) 

Chemick. A cold dilute solution of chlorinated lime (in textile 
industry). 

China Oil. Balsam Peru. 

Chinese Blue. Prussian blue. 

Red. Vermilion. 

White. Zine oxide. 

Chinium. Quinine. 

Chloral Carmine. Staining fluid. Heat 0.05 Gm. carmine, 20 cc. 
dehydrated alcohol, and 30 drops HCl (sp. gr. 1.124) for half 
an hour on water bath, add 25 Gm. hydrated chloral, and filter. 

Choke-damp. A mixture of COg and CO in mines. 

Chrome Yellow. Lead chromate. 

Chrysotile. Fibrous serpentine—a variety of asbestos. 

Christia. Manila paper made waterproof with chrome gelatin. 

Chymosin. Pepsin. 

Cibus Deorum. Asafetida. 

Cina Flores. Santonica. 

Cineres Clavellati. Crude potassium carbonate. 

Cinnabar (Vermilion). Mercuric sulfide. 

Coal-Tar Naphtha. Benzol. 

Codoil. Rosin oil. 

Coffee, Soudan. Kola. 

Cognac. Brandy. 

Colcothar. Crude ferric oxide. 

Colla Piscium. Isinglass. 

Comitisse Palme Pulvis. 

Collaurin. Colloidal gold. 

Conchinine (of the German chemists). Quinidine. 

Condy’s Fluid. A solution of potassium permanganate similar to 
Liquor Potassii Permanganas B. P., containing 1 per cent of the 
salt in aqueous solution. 

Confectio Cardiaca. Aromatic chalk powder. 

Damocratis. Damocrates’ confection. An aromatic astringent 
confection containing opium. Originally it contained 64 
ingredients. 

Connecticut Lead. Barytes. 

Constant White. Barium sulfate. 

Copra. The dried meat of the coconut. 

Corn Sugar. Dextrose. 

Cornu Cervi. Hartshorn. Ammonium carbonate. 

Cervi Ustum Nigrum. Bone-black. 

Cremor Tartari. Cream of Tartar. 

Crocus Martis. Ferric oxide. 

Metallorum (Antimonii). Brown antimony oxide. 

Saturni. Red lead. 

Crow Fig. Nux vomica. 

Cryst Alba. Refined naphthalene. 

Crystalli Tartari. Cream of tartar. 

Crystallose. Soluble saccharin. 

Crystals of Venus. Cupric acetate. 

Cuca. Coca. 

Cullet. Broken glass for remelting. 

Cuprum Scoriatum. Crude copper acetate. 

Cutch. Dark (black) gum eatechu. 

Cyanegg. A proprietary form of egg-shaped lumps of sodium 
cyanide, 

Cyanfran. A proprietary form of granular sodium cyanide. 

Cynosbate. See Hips. 


Magnesium carbonate. 


(Disinfectant.) 


(Verdigris.) 


D 


Dactyli. Dates. 

Dagutt. See Daggett, Oil of. 

Decoctum Album. A kind of chalk mixture. 
Diaphoreticum. Compound decoction of guaiacum. 
Lignorum. Compound decoction of guaiacum wood. 
Zitmanni. Compound decoction of sarsaparilla. 

Degras. Crude wool fat. 

Denver Mud. Cataplasm of kaolin. 

Derosne’s Salt. Narcotine. 

Diabolus Metallorum. Tin. 

Diacodium. Poppy-heads. 

Diagrydium. Scammony. 

Diana. Silver. 

Diapente. A tonic powder, or electuary, composed of 5 ingredi- 

ents. 

Dilapsus. As an adjective to several salts means effloresced. 

Dioxytoluene. Orcin. 


(Old name for syrup of poppies.) 
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Dipterix. Tonka bean. 
Draco Mitigatus. Calomel. 
Drumstick. Cassia fistula. 


Dulcin. A new sweetening agent. Paraphenetolcarbamid. 
(Sucrol.) 
Dutch Drops. Haarlem oil. 
Liquid. 


Oil { The chloride of olefiant gas. 


Dutch Metal. 
Zinc. 

Tea. 
White. 


A cheap imitation of gold leaf made of copper and 
A variety of St. Germain tea. (Laurent.) 
White lead. 


E 


Earth, Japan. Catechu. 
Nut. Peanut. 
Wax. Ceresine. 
Eau de Broccherai. Creosote. 
Luce. Aromatic spirit of ammonia. 
Rabel. « See Elixir, Sa S. 
Ebur Ustum. Bone-black 
Egyptian Privet. Henna. 


Eikonogen. Sodium salt of the amidobetanaphtholbetamono- 
sulfonic acid. (For photographic purposes.) 
Electrolon. Artificial silicon carbide, an abrasive. 


Electrum. Ambler. Also applied to a natural alloy of sold and 
silver—containing approximately 40 per cent of silver. 
Electuarium. Confection. (Soft.) 
Dentifricium. Tooth paste. 
Elephant Louse. The nut of cashew. 
Elixir Adjuvans. The U.S. P. elixir of glycyrrhiza. 
Anisi. Aniseed cordial, 
Aperitivum. Compound tincture of aloes. 
Aurantiorum Compositum. A compound elixir of orange 
peel and gentian. 
Corrigens. Aromatic elixir of yerba santa. 
Daffy’s. Compound tincture of senna. 
Garus. Mixture of syrup with an alcoholic distillate of aloes 
and spices. 
Haller’s. 3 parts alcohol and 1 part sulfuric acid, mixed 
slowly. 
of Long Life. 
Bitters. 
ad Longam Vitam. Elixir of Long Life. 
Pectorale. Compound ammoniated elixir of liquorice with 
oils of fennel and anise. 
Proprietatis (Paracelsi). 
myrrh, 
Purgans. Compound tincture of jalap. 
Rhei Darelii. Tinctura rhei dulcis. 
Roborans Whyttii. Compound tincture of cinchona (con- 
taining safron). 
Salutis. Compound tincture of senna. 
Stomachic. 
Stoughton’s. 
Viscerale. Compound tincture of orange peel and gentian. 
Vitrioli Mynsichti. Aromatic sulfuric acid. 
Emerald green. Copper acetoarsenite, or copper arsenite. 
Emplastrum Cantharidum Perpetuum. A mild cantharidal 
plaster. 
Fuscum. Mother plaster. Universal plaster. Brown salve. 
Gummosum. Compound plaster of galbanum. 
Emulsio Communis. Mistura amygdale. 
English White. Calcium carbonate. 
Ens Martis. Ammoniated iron. 
Essence (French). Volatile oil. 
of Mirbane. Nitrobenzol. (Artificial oil of bitter almonds.) 
of Vinegar. Concentrated acetic acid. 
Essentia Bina. Caramel. 
Ether, Pyroacetic. Acetone. 
Ethérolat, Ethérolaturé, Ethérolé (French). 
alcoholic terms. (See Alcoolat, etc.) 
Eucasin. A compound of casein ‘and ammonia 
Bae Methylacetanilid. Methylphenylacetamide. 


A modification of the well-known Swedish 


Compound tincture of aloes and 


{ Compound tincture of gentian. 


Correspond to the 


(Ano- - 


yne 
Expectorant, Stoke’s. 
monium carbonate. 
Extractum Catholicum. Compound extract of rhubarb. 
Martis Pomatum. Crude iron malate in the form of extract. 
Panchymagogum Crollii. Compound extract of rhubarb. 
(Rhubarb, aloes, jalap, soap.) 
Eyestones. Crabs’ eyes. 


Senega and squill cough mixture with am- 


j ae 


Faba Porcina. 


Suilla. { The fruit of Hyoscyamus niger. 
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Purgatrix. Castor oil bean. 
Fecula. Starch. (Amylum.) 
Farina Hordei Preparata. Barley flour heated in a steam bath 
for about thirty hours. 
Ferri Scobs. Iron filings. 
Ferro Pagliari. Solution of ferrous chloride. 
Silicon. An alloy of iron and silica used in metallurgy. 
Ferrugo. Iron rust. 
Ferrum Alcoholisatum. Finely powdered iron, which is not the 
same as reduced iron. 
Limatum. Iron filings. — 
Pomatum (extract, tincture, etc.). Iron malate. 
Fire-damp. Methane. ° 
Fixed Air. Carbon dioxide. 
Flake Lead. Lead carbonate. 


White. Carbonate of lead. 
Flea seeds. Seeds of Nigella. 
Wort. Psyllium seeds, used in chronic constipation. 


Florence Oil. Olive oil. 
Flores Antimonii. 
Benzoes. 
Bismuthi. 


Antimony sesquioxide. 
Benzoic acid. 
Bismuth oxide. 
Martis. Ferric chloride. 
Zinci. Zinc oxide. 
Flos 4Aruginis. Copper acetate. 
» Salis. Sodium subcarbonate. 
Flowers of Antimony. Oxide of antimony. 
of Benjamin. Benzoic acid. 
of Zinc. Oxide of zinc. 
Fluorol. Sodium fluoride. 
Fluor Spar. Calcium fluoride. 
Flystone. A mixture of cobalt and arsenic. 
Fool’s Gold. Pyrites. 
Formol. Formaldehyde. 
Formylum Chloratum. Chloroform. 
Fossil Alkali. Sodium Carbonate. 
Flour. Kieselguhr. 
Wax. Ozokerite. 
Fossiline. Similar to petrolatum, vaseline, etc. 
Frankincense. Olibanum. 
Fraude Reagent. Acid perchloric. 
Freezing Salt. Calcium chloride. 
Freezine. A name applied to formaldehyde illegally used as a 
milk preservative. 
French Polish. An alcoholic solution of shellac. 
White. Pulverized talc. 
Fuligokali. An alkaline solution of soot evaporated to dryness. 
Fructose. Levulose. 
Fruit Sugar. Levulose. 
Furol. Furfuraldehyde (Furfural). 
Furfur. Bran. 
Fustic, Old. The wood of Morus tinctoria. 
Young. The wood of Rhus cotinus. 


Vaseline. 


G 


Galactic. Lactic. 


Galena. Lead sulfide. 

Galacetophenone. Methylketotrioxybenzol. Methylketotrioxy- 
benzene. Trioxyacetophenone. Alizarin-yellow “C.” 

Gallein. Coal-tar color. Used as an indicator. 

Gallipoli. An impure olive oil used in the textile industries. 

Gallobromol. Dibromogallic acid. 

Gamene. Madder. 


Gannal’s Solution. Solution of aluminum acetate. 
Garantose. Saccharin. 
Gas Black. Lampblack. 
Gentian, White. A German rural domestic medicine, which is 
dried white dog-dung. 
German Silver. An alloy of zinc, nickel, and copper. 
Germantown Black. Lampblack. 
_ Glacies. Ice. 
Mariz. Isinglass-stone; Muscovy glass. 
cium sulfate. ) 

-Glandes Quercus (Tost). Acorns. (Acorn coffee.) 

Glass Gall. The scum forming on the surface of melting glass. 

of Antimony. Vitrified antimony oxide. 
Globuli Martiales. A crude iron tartrate in the form of balls or 
marbles. 

’ Glutol. Formaldehyde gelatin. 

Glycerolé (French). Liquid glycerin preparations. 
‘Glyceryl Borate. Boroglyceride. 
Gommeline. Crude dextrin. 

Grains d’Avignon. French berries (Rhamnus infectorius). 
Grains of Paradise. The pungent seed of Amomum melegueta. 
Griffith’s White. Lithopone. 

‘Guano. The dried excrement of sea fowl. 


(A variety of cal- 
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Guaza. Cannabis. 
Guhr. Kieselguhr. 
Guinea Grains. Grains of Paradise. 
Gum Barbary, Brown. Acacia. 
Benjamin. Benzoin. 
Dragon. Tragacanth. 
Thus. Frankincense. 
oleoresin. 
Gummi Elasticum. 
Guttz (Gutti). 
Rubrum Gambiense. 


Sometimes applied to turpentine 


India rubber. 
Gamboge. 
Kino. 


Scorpionis. : 

Thebaicum. Gum arabic. 
Gunjah. Cannabis Indica. 
Guru. Kola. 


Gypsum. Plaster of Paris. 


H 


Hematite. Iron ore, bloodstone. 
Halite. Rock salt. Sodium Chloride. 
Halowax. A proprietary name for a non-inflammable chiorinated 
naphthalene. 
Hamburg Drops. A kind of ‘Swedish Bitters.” 
Tea. Identical with St. Germain tea, differently flavored. 
Harmaline. Fuchsine. 
Hayo. Coca leaves. 
Helcosal. Bismuth pyrogallate. 
Hepar. Liver (of sulfur, antimony, lime, etc.). 
Antimonii. An impure antimonium and potassium sulfide. 
Calcis. Calcium sulfide. 
Sulfuris. Potassa sulfurata. “Liver of sulfur.” 
Hickery-Pickery. Powder of aloes and canella. 
Hicra Picra. Same as Hiera Picra. 
Hips. The fruit of dog-rose. 
Holywood. Guaiacum. 
Homberg’s Phosphorus. Calcium chloride which when fused 
Rae eee to the sun, becomes phosphorescent in the 
ark. 
Pyrophorus. A mixture of alum and brown sugar, or of 
potassium sulfide, alumina, and charcoal. 
Honey Sugar. Dextrose (misnamed as honey is principally 
levulose). 
Horse Salt. Glauber’s salt. 
Huxham’s Tincture of Bark. Compound tincture of cinchona. 
Hydracetine. Acetophenylhydrazine. Pyrodine. Acetylphenyl- 
hydrazine. 
Hydrargyri Oxymurias. Corrosive chloride of mercury. 
Hydrargyrus Calcinatus. Red mercuric oxide. 
Muriatus. Corrosive chloride of mercury. 
Hydrochrite. Barley water. 
Hydrolat (French). A distilled water. 
Hydrolé (French). An aqueous solution. 
Hydropege. Spring or hydrant water. 


Hydrophilous (Hygrophilous) Cotton. Absorbent cotton. 


Hypnal. Chloral-antipyrin. (Hypnotic.) 
I 

Ibit. Bismuth oxyiodo tannate. 

Ichthyocolla. Isinglass. 


Imperial Green. Copper acetoarsenite. 

Indian Pink. Spigelia marilandica. 

Indicum. Indigo. 

Inflammable Air. Hydrogen. 

Invar. Ferro-nickel alloy. 

Ilodo Hydromal. Thymol Iodide. 

Iodosol. Thymol Iodide. 

Iodothymol. Thymol Iodide. 

lodopyrin. Iodoantipyrin. Antipyrin monoiodide. 

Ipado. Coca leaves. 

Iron Pyrolignite. Crude ferric acetate liquor used in mordanting. 

Issue Peas. Small orange berries, or round pills turned from 
orris root. 

Itrol. Silver citrate. 


y 


Jaggery. Crude or raw sugar from the date palm. 
Japan Earth. Catechu. 
Java Pepper. Cubeb. 
Jesuits’ Balsam. Copaiba. 
Bark. Cinchona. 
Drops. Contain guaiacum, sarsaparilla, and Peruvian bal- 
sam, also a synonym for compound tincture of benzoin. 
Jewelers’ Rouge. Ferric oxide made by igniting iron oxalate. 
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Jews’ Pitch. Asphaltum. 

Judas’s Ear. A fungus of elder-tree. 
Jupiter. An ancient name for tin. 
Jusculum. Broth (of beef, veal, turtle, etc.). 


(Exidia. ) 


K 


Kali Aeratum. Potassium carbonate. 
Kalicum Hydras. Fused potassa. 
Kefir. A kind of kumyss. 

Kelene. Chelen. Ethyl chloride. 
Ketopropane. Acetone. 

King’s Yellow. Yellow arsenic sulfide. 
Knock-out drops. Chloral hydrate. 


L 


Lac Magnesiz. Milk of magnesia. 
Virginis. See Virgin’s Milk. 
Lacca Coerulea. Litmus. 
Musica (Lakmus). Litmus. 
Lactin. Sugar of milk. 
Lady’s Blush. Carmine. 
Lamotte’s Drops. Ethereal tincture of ferric cliloride. 
Lanain. Adeps lane. Lanolin. 
Lanalin. Lanolin. 
Lanesin. Lanolin. 
Lanichol. Lanolin. 
Laniol. Lanolin. 
Lana Philosophica. Zinc oxide. 
Lapides Cancrorum. Eyestones. 
Lapilli Cancrorum. Crab’s eyes, crab stones; concretions found 
in the stomach of the European crawfish. 
Lapis Amianthus. Asbestos. 
Baptista. Ancient name for talcum. 
Calaminaris. Impure zinc carbonate. 


Causticus. Potassa. (In sticks.) 
Ceeruleus. Copper sulfate. 
Divinus. Copper aluminate. 


Bloodstone. 

Lunar caustic. 
Alkalinus. Caustic potash. 
Lazuli. Ultramarine. 
Ophthalmicus. Eyestones. 
Smiridis. Emery. 

Lead Flake. Lead carbonate. 

Leiocom. Dextrin. 

Leipzig Yellow. Lead chromate. 

Lenitive Electuary. Confection of senna. 


Hematites. 


Infernalis. (Fused silver nitrate.) 


Leucoenus. White wine. 
Leucogene. Sodium bisulfite. 
Levant Nut. Cocculus Indicus. (Fish berries.) 


Lichen Islandicus. Iceland moss. 
Life-Everlasting. Gnaphalium polycephalum. 
Lignia Ntrica. Gun-cotton. 
Lignum Sanctum. Guaiacum wood. 
Vite. Guaiacum wood. 
Lilacine. Terpineol. 
Limatura Ferri. Iron filings. 
Liquor Anodynus (Hoffmanni). Hoffmann’s anodyne. 
Cornu Cervi (Liquor C.C.). Solution of ammonium carbon- 
ate, containing empyreumatic oil. 
Cornu Cervi Succinatus (Liquor C.C. Succinatus). 
of ammonium succinate. 
Electropeicus. Battery fluid consisting of sulfuric acid and 
potassium dichromate. 
. Ferri Oxychlorati. Dialyzed iron. 
Fumans Boylii. Ammonium hydrosulfide. 
Seriparus. Liquid rennet. 
Stypticus Loofii. Solution of ferric chloride. 
Lithopone. A pigment consisting of a mixture of barium sulfate, 
zine sulfide, and zine oxide. 
Lixivium Saponarium. Liquor potassii hydroxidi. 
London Paste. Soda with lime. 
Looch Album. An emulsion of almonds and oil of almonds. 
Loofah. “Vegetable sponge’; the skeleton of a gourd. 
Love-Apple. Tomato. 
Luna. Silver. 
Lustron. Cellulose acetate. 


Solution 


M 


Magisterium Bismuthi. Bismuth subnitrate. 
Coccionelle. Carmine. 
Sulfuris. Washed sulfur. 

Magnalium. An alloy of aluminum and magnesium. 
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Magnesia Alba. Magnesium carbonate. 
Nigra. Black manganese oxide. 

Mala. Poma (apple). 

Manna Metallorum. Calomel. 

Manganese, Battery. Manganese dioxide. 


Manganin. An alloy principally consisting of copper and manga- 
nese. 
Marcasit. Metallic bismuth also applied to a form of iron | 


pyrites. 
Marine Acid. Hydrochloric acid. 
Salt. Sodium chloride, sea salt. 
Mars or Martis. Jron (Tinctura Martisis) tincture of iron. 
Massicot. Lead protoxide. 
Mater Metallorum. Mercury. 
Matta. The cortical portion from a variety of millet-seed, used 
for adulterating pepper. 
Maw-Seed. Poppy-seed. 
Meadow Saffron. Colchicum. 
Meconium. The juice of the poppy. 
Medulla Bovis. Ox-marrow. 
Lactis.« Butter. 
Sassafras. Sassafras pith. 
Mel A2gyptiacum. Liniment of copper. 
Melagueta Pepper. Grains of Paradise. 
Meleguette Pepper. Grains of Paradise. 
Melanosmegma. Soft (green) soap. 
Mephite of Soda. Impure sodium carbonate. 
Mercurius Dulcis. Calomel. 
Praecipitatus Albus. A name for calomel, 


Mortis. 
Vite. 


Mercury, Hahnemann’s Soluble. Black mercury oxide. 
Chloramide. Ammoniated mercury. 
Coagulated. Red oxide of mercury. 

Metal, Fusible. An alloy melting below 100° C. used in safety 
sprinklers, fusible plugs and castings of perishable objects. 
Usually consisting of lead, tin, and bismuth. 

Monel. An alloy of nickel, copper, cobalt and iron. 

Methacetine.  Paraacetanisidine. Paraoxymethylacetanilid. 

Acetylmethylparamidophenol. (Antipyretic.) 

Methanilid. Exalgin, 


Antimony oxide. 


Metheglin. Honey wine. Mead. 
Methonal. Dimethylsulfonedimethylmethane. 
Methylacetal. Acetone. 
Methyl Benzol. Toluol. 

Theobromine. Caffeine. 


Metol. 
graphic uses). 

Metopium. Expressed oil of almonds. 

Metozin. Antipyrin. 

Metpozin. Antipyrin. 

Metrenchyta. Vaginal injection; sometimes a vaginal syringe. 

Mica Panis. Bread crumb, 

Microcidin. Sodium betanaphthol. 
(75 per cent). (Antiseptic.) 

Microcosmic Salt. Sodium ammonium phosphates [NaN H4- 
HPO..4H20]. 

Mikozone. Hypnotic and sedative. 
Milk of Sulfur. Precipitated sulfur. 
tated by sulfuric acid.) 

Virgin’s. Rose water rendered milky by the addition of 
tincture of benzoin. 
Mineral Gum. Soluble glass; sodium or potassium silicate. 
Mineral Wax. Ceresin or ozokerite. 
Wool. Asbestos. Also applied to an artificial product made 
from slag or lava spun into fine threads. 
Minium. Red lea 
Grecorum, Minium Purum. Red mercuric sulfide. 
Mirabilite. A naturally occurring form of crude Glauber’s salt. 
Miraculum Chemicum. Magnesium carbonate. 
Mithridate. See Confectio Damocratis. 
Mistura Acacia. Mucilage of gum arabic of variable strength. 
Oleoso-Balsamica. An alcoholic solution of Peru balsam, 
oil of amber, and sundry volatile oils. 
Mixtura Alba. Compound chalk mixture. 


Sodium betanaphtholate 


(A variety of chlorodyne.) 
‘(Strictly only that precipi- 


Salina. Potio Riveri. (Effervescent mixture of potassium 
citrate.) ' 
Solvens. Solution of ammonium chloride with liquorice. 


Solveas Stibiata. Solution of ammonium chloride with 
liquorice and tartar emetic. 
Mixture, Antidysenteric. Acid camphor mixture. 
Dysmenorrheea. 
Mohr’s Salt. Ferrous ammonium sulfate. 
Mollin. A proprietary name for a potash coconut oil soap. 
Molybdos. Lead. i 
Tachiol. Silver fluoride. 


4 


Salt of monomethylparamidometacresol (for photo- 


. . \ 
Guaiac mixture with corrosive sublimate. 
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Monel Metal. A non-corroding alloy of nickel, copper, cobalt, 
and iron. 


Montau Wax. A waxy substance obtained from European lig- 


nite. 
Mosaic Gold. ‘Tin bisulfide. 


Mountain Fat. Paraffin. 
’ Muride. B ; 
Murina. Eoaatne 
Muscus. Moss. (Iceland, Irish, etc.) 


N 


Neegelis Solution. Solution of zine chloroiodide. 
Naphe Flores (Aqua). Orange flowers (water, etc.). 
Naphtha. A volatile solvent. 
Coal Tar. Benzene CgHg.. 
Petroleum. Benzin. 
Vitrioli. Ether. 
Naphthalol. Betol. 
Naphthosalol. Betol. 
Naphthyl. Naphthol. 
Natrium Sodium Natron. Sodium carbonate. 
_Natro-Kali Tartaricum. Rochelle salt. 
Neapolitan Ointment. Mercurial ointment. 
Neogale. Fresh milk. 
Nichrome. A nickel-chromium alloy. 
Nico. Nickel carbonmonoxide. 
Nigramentum. Black ink. 
Nigrosine: A member of a class of blue or black dyestuffs of coal- 
tar origin. 
Nihil Album. Crude zinc oxide. 
Griseum. Zinc oxide. 
Nitratine. Sodium nitrate. 
Nitre Cake. Acid sodium sulfate. 
Rough. Magnesium chloride. 
Nitrum Flammans. Ammonium nitrate. 
Saturninum. Lead nitrate. 
Nix Zinci. Zine oxide. 
Norit. A proprietary name for a form of animal charcoal used 
in decolorizing. 
Nulomoline. A proprietary form of invert sugar. 
Number Six. Tincture of capsicum and myrrh. 
Nux Aromatica. Nutmeg. 
Metella. Nux vomica. 
Moschata. Nutmeg. 
Nucista. Nutmeg. 


(Hot drops.) 


O 


Ocher or Ochre. An earthy iron oxide, yellow, red or brown, 
used as a pigment. 
CEnanthic Ether. Artificial oil of cognac. 
Csipus. Suint. Impure wool fat. f 
Oil, “American.” Scandinavian for castor oil. 
Animal. See Dippel’s oil. 
Astral. Kerosene. 
Banana, Amy]! acetate. 
of Bay. Oil of laurel berries. 
mean oil of bay rum.) 
of Ben (or Behen). 
same as oil of benne, which comes from a Sesamum. 
Bone. See Dippel’s oil. : ‘ 
of Cassia, Artificial. Cinnamic aldehyde is sometimes sold 
under this title. 
Colza. Oil of rapeseed. 
Copra. Coconut Oil. 
Crude. Petroleum. : 
Dagget. Empyreumatic oil of birch. 
leather.) _ ; : é . 
Dippel’s. Also called Dippel’s animal oil, an evil-smelling 
distillate from bones or other animal matier. 
of Eggs. By expression from hard-boiled yolks. 
Grain. Amy] alcohol. 
Hardened. Hydrogenated oils. 
of Niobe. Methyl benzoate. 
Rock. Petroleum. 
Seneka. Crude petroleum. 
of Smoke. Creosote. 
Sod. Crude wool fat. 
Solar. Kerosene. 
Swallow. Infused oil of elder flowers. 
Sweet. Olive oil. : : , 
of Tartar. Solution of potassium carbonate. 
- Ointment, Black Basilicon. Basilicon ointment with pitch. 
‘ Maury’s. A compound rhubarb ointment. 
Neapolitan. Mercurial ointment. 


(Generally is understood to 


(Oil of Russia 


‘ 


Comes from a Moringa, and is not the ~ 


Pearl Moss. 
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Mercurial ointment. 
Volatile. Volatile liniment. 
Oleite. Sodium sulforicinoleate. 
Oleum Animale Foetidum. Crude oil of hartshorn. Dippel’s 
animal oil. 
Anthos. Oil of rosemary. 
Betulinum. Empyreumatic oil of birch. 
leather.) 
Bubulum. Neatsfoot oil. 
Cedrz (de Cedro). Oil of lemon. 


Troopers’. 


(Oil of Russia 


Chaberti. Rectified animal oil. 

Chamomillz Citratum. Oil of lemon, distilled over German 
chamomile. 

Cocois. Oil of coconut. 

Coctum. Fixed oil (olive oil) infused with the respective 
herb, etc. 

Cornu Cervi (Foetidum). Crude animal oil. 

Fermentationis. Fusel oil. 


Juniperi Oxycedri (Empyreumaticum). Oil of cade. 

Laurinum. Expressed oil of laurel berries. 

Lumbricorum. Infused oil of earthworms. 

Napi. Rapeseed oil. 

Nervinum. Neatsfoot oil. 

Nucis Moschatz. Besides the two kinds of oils (volatile 
and fixed) see also Balsam Nuciste. 

Nucistze. Expressed or volatile oil of nutmeg. 

Omphacinum. Crude olive oil. 

Palme Christi. Castor oil. 

Pear. Amylacetate. 

Petre. Crude petroleum. (Seneka oil.) 

Philosophorum. Olive oil distilled over hot bricks. 

Portugallicum. Oil of bergamot. 


Rusci. Empyreumatic oil of birch. (Oil of Russia leather.) 
Tartari per Deliquium. Concentrated solution of potassium 
carbonate. 
Templinum. Oil of pine cones and small branches of Pinus 
pumilio. 
Terre. Crude petroleum. 
Omal. Trichlorphenol. 
Opodeldoc, Steer’s. Solid opodeldoc. 
Orellana. Annatto. 
Orleana. Annatto. 
Orr’s White. Lithopone. 
Oryza. Rice. 


Os Sepiz. Cuttlefish bone. 

Oxalium. Potassium binoxalate. 
Oxy-di-methyl-chinizin. Antipyrin. 

Oxymel AGruginis. Honey with copper acetate. 
Oxone. Sodium peroxide. 

Ozokerite. Harth-wax; an impure paraffin. 


P 


Pack Tong. German silver. 
Palacetyrus. Old cheese. 
Palsy Drops. Compound tincture of lavender. 
Panacea Mercurialis. Calomel. : 
Panchymagogum Minerale (P. Quercetani). 
Paraffin Scale. Paraffin. 
Paris Black. Animal charcoal. 
Green. Copper arsenoacetate. 
Yellow. Lead chromate. 
White. Calcium carbonate. 
Parkesine. Celluloid. 
Parodyne. Antipyrin. 
Passulz. Raisins. 
Minores. Corinthian raisins. (Grocers’ ‘‘currants.’’) 
Pearlash. Crude potassium carbonate. 
Chondrus. 
Bismuth subnitrate, also bismuth subcarbonate. 
Amyl acetate. 


Calomel. 


White. 
Pear Oil. 


Pental. Trimethylethylene. Betaisoamylene. (Anesthetic.) 
Pepperette. Olive pits. (For adulterating pepper.) 
Perborin. Sodium perborate. 


Permanent White. Barium sulfate. 3 

Permutit. An artificial zeolite used for water softening and puri- 
fication. 

Petrol. Gasoline. Motor fuel. 

Petrolene. Asphalt. 

Pewter. An alloy of tin and antimony. 

Phalaris. Canary seed. 

Phenates. Carbolates. 

Phenetol. Ethyl phenate. 

Phenic Acid. Carbolic acid. 

Phenocoll. Amidoacetoparaphenetidine. Glycocoll-parapheneti- 
dine. (Antipyretic.) 
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Phenolin. Mixture of soap with cresols. 
Phenylic Acid. Carbolic acid. 
Phenylone. Antipyrin. 

Phosgene. Carbonyl chloride. 

Photophor. Calcium phosphide. 

Photoxylin. Similar to gun-cotton, but made from wood-pulp. 

Phyllis Amara. Bitter almond bran. 

Pills, Eternal. Pills of metallic antimony, about 15 grains each, 
which, after use, were recovered from the stools and 
washed. 

Perpetual. See Pills, Eternal. 

Pinguedo. Lard. 

Pinguoleum. Fixed oil. 

Pink Salt. Stannic chloride. 

Piperonal. Heliotropin. 

Pisseleum Indicum. Petroleum. 

Plasma. Glycerite of starch. 

Plaster, Diachylon. Lead Plaster. 

Nuremberg. Brown plaster. Mother plaster. 
Plumbago. Black lead. Also a genus of herbs. 
Plumbum Album. Tin. 

Scytodepsicum. Moist lead tannate. 
Plutonium. Barium. 

Poison Nut. Nux vomica. 

Parsley. Conium. 

Tobacco. Hyoscyamus. 

Poivrette. Olive pits; adulterant of pepper. 

Poma Aurantii (-iorum). Orange buds. 

Pompholix. Zine oxide. 

Potassium Chromate (neutral). 

Hydriodate. Potassium iodide. 

German prescriptions.) 

Hyperoxymuriate. Potassium chlorate. 

Rhodanate. Potassium sulfocyanide (-cyanate). 

Potato Spirit. Fusel oil. 

Potstone. Talc. 

Potpourri. Fumigating species, chiefly flowers, generally pre- 
served with salt. 

Powder, Digestive. Compound powder of pepsin. 

of Algaroth. Antimony oxide. 

Précipité -Blanc (French). This, in French prescriptions, for 
internal use, is calomel (by the wet process), and for external 
use it generally means white precipitate. 

Preparing Salt. Sodium stannate. 

Preservaline. A proprietary name applied to a line of food pre- 
servatives consisting of formaldehyde, sulfites, borax, ete., all 
of which are illegal. 

Preston’s Salts. Ammonium carbonate. 

Propanone. Acetone. 

Propenal. Acrolein. 

Prussian Blue. Ferric ferrocyanide. 

Pudding Pipe. Cassia fistula. 

Stick. Cassia fistula. 

Pulvis Zrophorus. Effervescing powder. (Soda, Seidlitz.) 

Albus Romanus. Magnesium carbonate. 

Diatragacanthe. Starch, liquorice root, gum arabic, and 


Yellow potassium chromate. 
(Kalium hydro-iodicum of 


sugar. 
Digestivus. Rhubarb, saltpetre, and cream of tartar. 
Gummosus. See Pulvis Diatragacanthe. 


Infantum. When for internal use: magnesia and rhubarb, 


with oil of fennel. When for external use: baby dusting- 
powder. 
Jacobi. Antimonial powder. 


Puerorum. See Pulvis Infantum (internal use). 
Purple of Cassius. Gold precipitated from solution by tin 
chloride. 
Purple Oxide. Ferric oxide. 
Putty. A plastic mixture of whiting and linseed oil used by 
painters and glaziers, 
Powder. Polishing substance. Tin oxide. 
Putz Pomade. A polishing ointment, containing ferric oxide, 
and probably pumice-stone. 
Pyracine. Antipyrin. 
Pyrene. A fire-extinguishing fluid consisting of carbon tetra- 
chloride. 
Pyroalcohol. Methyl alcohol. 
Pyrodine. Acetophenylhydrazine. 
hydrazine. 
Pyroenus. Alcohol. 
Pyrophorus. A mixture of certain substances which ignite spon- 
taneously when exposed to the air. 


Hydracetin. Acetylphenyl- 


Q 


Quaker Button. Nux vomica. 
Quaker’s Black Drop. Vinegar of opium. 


OF PHARMACEUTICAL AND TECHNICAL NAMES 


Quassation. In pharmacy, the act of reducing roots and tough 
barks to morsels. 
Quickwater. Solution of mercuric nitrate. 


R 


Radical Vinegar. Glacial acetic acid. 
eee A proprietary name for a synthetic form of oxalic 
acid. 
Raisins, Corinthian. Grocers’ currants. 
Ramenti Ferri. Iron filings. 
Realgar. Red arsenic sulfide. 
Red Cerate. Calamine cerate. 
Reddle. Red chalk 
Red Liquor. Aluminum acetate solution. 
Oil. Crude oleic acid. 


Tartar. Argols. 
Regulus (Antimonii, etc.). The pure metals, when separated by 
fusion. 


India rubber. 
Empyreumatica Liquida. Tar. 
Empyreumatica Solida. Pitch. 
Flava. Rosin. (Colophony.) 
Pini. Turpentine (solid, hard). 
Retinol. Rosin oil. Rosinol. 
Rex Metallorum. Gold. 
Rizine. Rice, partially acted upon by superheated steam. 
Rob (Roob). Inspissated juice (of elderberries, carrot, juniper 
berries, etc.). ‘ 
Rock Crystal. Quartz—SiOz. 
Salt. Native sodium chloride. 
Roman Vitriol. Copper sulfate. 
Rongalite. A proprietary name for a bleaching compound com- 
posed of sodium hydrosulfite. 
Rottenstone. Tripoli. 
Rose Pink. Whiting colored with decoction of Brazil wood and 
pearl ash. 
Rosinol. Rosin oil. 
Rouge. Red ferric oxide. 
Rubigo Ferri. Jron-rust. 
Rubramentum. Red ink. 
Ruddle. A kind of red chalk. Reddle, 
Rufus’s Pills. Pills of aloes and myrrh. 


Resina Elastica. 


S 


Sacchari Foex. Molasses. 
Saccharolé (French). Any moist liquid preparation (except 
syrup) ae contains sugar in large proportions. 
Saccharum Acerinum. 
Canadense. Maple sugar. 
Candum (Candisatum). Rock candy. 
Saturni. Sugar of lead. 
Sacred Elixir. Compound tincture of rhubarb. 
Saffron, American. Safflower. 
Saim. Adeps. 
Sal Absinthii. Potassium carbonate. 
Acetosellz. Potassium oxalate. 
expected). 
Eratus. Potassium bicarbonate, usually applied at present 
to sodium bicarbonate. 
eeu A mixture of mercuric and ammonium chlo- 
rides. 
Amarum. Magnesium Sulfate. 
Ammoniacum Martiale. Iron ammoniochloride. 
Ammoniacum Secretum Glauberi. Ferrous sulfate. 
Ammoniacum Volatile. Ammonium carbonate. 
Anglicum. Magnesium sulfate. 
Antihystericum. Potassium acetate. 
Argenti. Silver nitrate. 
Armeniacum. Ammonium chloride. 


(Generally oxalic acid is 


Artis. A mixture of mercuric and ammonium chlorides. 
Benjamin. . . 

; - + Benzoice aci 
Benzoin. S d. 


Magnesium sulfate. 
Magnesium sulfate. 
Sodium sulfate. 


Catharticus Amarus. 
Catharticus Anglicanus. 
Catharticus Glauberi. 
Chalybis. Iron sulfate. 
Communis. Sodium chloride. 
Culinaris. Sodium chloride. 

Cornu Cervi. Ammonium subecarbonate. 
de Duobus. Potassium sulfate. — 
Diureticus. Potassium acetate. 

Enixum. Potassium bisulfate. __ 
Essentiale Tartari. Tartaric acid, 
Febrifugum. Potassium acetate. 
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Fossilis. Sodium chloride. 
Fuliginis. Ammonium carbonate. 
Gemme. Sodium chloride. 
Lactis. Milk sugar. 
Magnesia Vitriolata. 
Marinum. Sea salt. 
Martis. Ferrous sulfate. 
Microcosmicum. Salts of urine. 
Mirabile Glauberi. Sodium sulfate. 
Nitrum. Potassium nitrate. 
Ossium. Ammonium carbonate. 
Panchrestum. Potassium tartrate. 
Perlatum. Sodium phosphate. 
Petree. Potassium nitrate. 
Polychrestum Seignetti. Rochelle salt. 
Polychrestus. Potassium sulfate. 
Glaseri. Potassz sulfas cum sulfure. 
Prunella. Potassium nitrate fused. 
Rupellensis. Rochelle salt. 
Sapientiz. Sal alembroth. 
Saturni. Lead acetate. 
Scientia. Sal alembroth. 
Sedativus Hombergi. Boracic acid. 
Sedlicensis. Magnesium Sulfate. 
Sennerti. Potassium acetate. 
Seydschutzense. Magnesium sulfate. 
Soda. Ordinary crystallized washing soda or sodium car- 
bonate. 
Succini. Succinic acid. 
Tartari. Potassium carbonate. 
Essentiale. Tartaric acid. 
Thermarum (Carolinarum). Carlsbad salt. 
Urinz. Sodium phosphate. 
Vegetabile. Potassium tartrate. 
Vitz. Sal alembroth. 
Vitrioli. Zinc sulfate. 
Vitrioli Narcoticum. Boracie acid. 
Volatile. Ammonium carbonate. 
Volatile Liquid. Ammonia Water. 
Vomitorium Vitrioli. Zine sulfate. 
Salamander’s Blood. Fuming nitric acid. 
Salmiac (German). Ammonium chloride. 
“Salts.” Usually Epsom salt. 


Salt Cake. Crude acid sodium sulfate obtained as a by-product 
in chemical industries. 
Fruit. A variety of Seidlitz (or Seltzer) aperient. 
Herapath’s. Quinine iodosulfate. 
of Mars. Ferrous sulfate. 
Microcosmic. Sodium and ammonium phosphate. 
Mordant. Tartar emetic. 
of Saturn. Lead acetate. 
Seignette. Rochelle salt. 
Sore-Throat. Sal prunelle. 
of Tartar. Pure potassium carbonate. 
of Tin. Tin chloride. 
Salzburg Vitriol. Copper sulfate. 
Sand Acid. Acid hydrofluosilicic. 
Sandiver. See Glass Gall 
Sandyx. Red lead oxide. 
Sapo Medicatus. A good quality of neutral white Castile soap. 
Satin Spar. Gypsum. 
Saturatio. Solution of sodium citrate. 
Saturnus (Saturni). Lead. 
Saxin. Saccharin. 
Schweinfurth’s Green. Copper arsenite. 
Scotch Soda. Crude sodium carbonate. 
Sea-Onion. Squill 


Magnesium sulfate. 


Sebum (Sevum). Suet. Tallow. 
Seignette’s Salt. Rochelle salt. 
Selenite. Gypsun. 


Semen Contra. Wormseed from Barbary. 
Cyne. Santonica. Levant worm-seed. 
Sanitum. The seed of Artemisia santonica. 

Semencina. Levant wormseed. (Santonica.) 

Semina Strychni. Nux vomica. 

Sepia. Cuttle fish bone. 

Sepiolite. Meerschaum. 

Sericose. Cellulose acetate. _ 

Serum (Lactis, etc.). Whey (milk, etc.). 

Sjikimol. Safrol. 

- Sideros. Iron 

Silex. Quartz. 

Siliqua Dulcis. St. John’s bread. 

Silocel. A proprietary form of kieselguhr used for heat insula~ 


sat tion. 
Slag Wool. Mineral wool. 
- Sludge Acid. Spent sulfuric acid in chemical industries. 
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Smalt. A potash cobalt glass, used as a pigment and in ceramics. 
Sod Oil. Degras. 
Soilime. A lime containing residue of the cyanimide industry, 


used in agriculture. 


Sol. 


Solvin. 


Spanish White. 


Gold. 
Soluble Glass. 


Sodium silicate. 
See Polysolve. 
Bismuth subnitrate, also calcium car bonate. 


Sparadrap. Spread adhesive plaster. 


Spadium Stearite. 


Zine oxide. 


Spathum Fluoricum. Fluor-spar. 


Spelter. 


Zinc. 


Speltrum. Zinc. 


Sperma Mercurii. 
Spiegeleisen. 
Spina Cervina (Bacce, etc.). 
Spirit of Nitre. 
Pyro-Acetic. 
of Salt. 
of Turpentine. 
Spiritus. 
Inflammabilis. 
Juniperi. 
Lethalis. 
Mindereri. 
Muriatico-Aithereus Martiatus. 


Nitri Dulcis. 


Nitrico-#thereus. 
Odoratus. 
Pyroxylicus. 
Sacchari. 
Salis Fumans. 
Sulfurico-#thereus. 
Veneris. 
Vitrioli. 
Vitrioli Dulcis. 
Spodium. Crude bone charcoal. 
Stannum Cinereum. 
Glaciale. 


Mercury acetate. 
Ferromanganese alloy. 
Buckthorn berries, etc. 
Crude nitric acid. 
Acetone. 
Crude muriatic acid. 
Oil of turpentine. 
See also Liquor. 
Alcohol (sometimes whisky). 
Generally gin. 
Carbonic acid. 

Solution of ammonium acetate. 
Tincture ferri chloridi 
etherea. 

Sweet spirit of nitre. 

Duplex. 
Fumans. a : 

Gihuber! \ Nitric acid. 

Sweet spirit of nitre. 
Cologne. 

Methylie alcohol. 

Rum. 

Muriatic acid. 

Spirit of ether. (Hoffmann’s drops.) 
‘Acetic acid. 

Diluted sulfuric acid. 

Hoffmann’s anodyne. 

(Ivory-black.) 


} Bismuth. 


Indicum. Zinc. 
Starch Gum. Dextrin. 


Steatite. 

Steel Drops. 
Mixture. 
Tinctura. 


Tale. 

Tincture ferric chloride. 
Mistura ferri composita. 
Tincture ferric chloride. 


Stibio-Kali Tartaricum. Tartar emetic. 
Stibium. Antimony, 
Stipites Dulcamare. Dulcamara. 


Storax Calamita. 


Solid storax. (Generally sawdust, or residue 


of cinchona preparations mixed with liquid storax.) 


Strike. 


Stypteria. 
Styracol. 


tic.) 


Styrone. 
Succata. 
Succinum (Oleum, etc.). 
Succolata. 
Sucrol. 
Sugar Color. 
Suffitus. 
Sugar Sand. 


Suint. 
Sulfas 
Sulfur 


y. 
Auratum. Golden sulfur. 
Nigrum. 
Stibiatum Rubrum (Rubeum). 


Vivum. 


Sweet 


Syrup, Cuisinier. 

Syrupus Balsamicus. 
Communis. 
Diacodii. 
Empyreumaticus. 
Fuscus. 
Hollandicus. 


Tabloids. 


etc. 


Ammonia water. 

Alum. 

Guaiacol cinnamate. Cinnamylguaiacol. (Antisep- 
Cinnamy] alcohol. 
“Citron” of the grocers. 
Amber. (Oil, etc.) 
Chocolate. 
Paraphenetolearbamide. 
Caramel. 
Fumigation. 

Crude milk sugar. 

Gsipus. Impure wool fat. (Antiseptic.) 

Americanus Australis. Quinine sulfate. 
Antimoniatum Fuscum. Precipitated sulfuret of anti- 
mon 


(Sweetener. ) 


(Antimony sulfide.) 

Impure native sulfur. 
Kermes mineral, antimony, 

sulfide, and oxide. : 

Impure native sulfur. 

Olive oil. 

Compound syrup of sarsaparilla. 

Syrup of Tolu. 

Molasses. 
Syrup of poppy-heads. 
Molasses. 


Oil. 


Molasses. 
Molasses. 


li 


Trademark applied to eT ae and other goods, 


Burroughs, Wellcome & Co., London. 
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Tailed Pepper. Cubeb. 
Tartarus. Crude potassium bitartrate (argols). 
potassium salts. 
Boraxatus. Potassium and sodium borotartrate. 
Natronatus. Rochelle salt. 
Tartarisatus. Potassium tartrate. 
Vitriolatus. Potassium sulfate. 
Terebinthin Cocta. Turpentine (hard, solid). 
Terpilenol. Terpineol, 
Terra Alba. Variously applied to barium sulfate, clays, and other 
heavy white mineral products. 
Blanche. Whiting. Crude calcium carbonate. 
Cariosa. Rottenstone. 
Foliata. Sulfur. 
Mineralis. Impure sodium carbonate. 
Tartari. Potassium acetate. 


Fullonica, } Fuller's earth. 


Fullonum. 
Japonica. Catechu. 
Ponderosa. Natural barium sulfate. 
Sigillata (Alba, Rubra). White and red bole. 
Thebaicum. Containing opium. 
Theriaca. Molasses. 
Andromachi. An aromatic astringent confection containing 
opium, which originally had more than 70 ingredients. 
Thermit. A mixture of powdered aluminum and iron oxide used 
in metallurgy and in incendiary war bombs. 
Thiolin. Salts of thiosulfonic acid. Salt of thiolinic acid. Sul- 
fonated and sulfurated linseed oil. 
Thomas Balsam. Balsam Tolu. 
Thymolol. Thymol iodide. 
Tincal. Native borax. 
Tinctura Hiera. Wine of aloes. 
Japonica. Tincture of catechu. 
Melampodii. ‘Tincture of black hellebore. 
Stomachica. Compound tincture of cardamom. 
Thebaica. Tincture of opium. 
Tincture, Antacrid. Guaiac mixture with corrosive sublimate. 
Antiperiodic. A kind of Swedish bitters with quinine. 
Tonquinol. Trinitroisobutyltoluol. Substitute for musk. 
Tous-les-mois. Canna starch. 
Traumaticine. Solution of gutta-percha. 
Treacle. Originally “Theriac.” In English prescriptions it 
means ‘‘molasses.” 


Then, several 


Venice. See Theriaca Andromachi. 
Trifolium Fibrinum. Menyanthes. (Buckbean. Bogbean.) 
Trimethylamine. Is not exactly the same as propylamine, 


though often prescribed thus. 
Trip. Iron subcarbonate. 
Tripoli. A natural friable siliceous rock used for polishing, not 
the same as kieselguhr. 
Tripolite. Kieselguhr. 
Trunecek’s Serum—Contains 49.2 Gm. of sodium chloride, 
4.4 Gm. of sodium sulfate, 1.5 Gm. of sodium phosphate, 
2.1 Gm. of sodium carbonate and 4 Gm. of potassium sul- 
fate in sufficient water to make 1000 cc. Used in high 
arterial tension. Injected subcutaneously. Trunecek Salis 
are available as 5 grain tablets for making the serum. 


Turionis Pini. Pine cones. 
Turnsol. Litmus. 

“Turps.” Oil of purpeneae: 
Tusche. India ink 


Tushy-Stone. A gray zinc oxide. 
Tutenag. Zinc oxide. 

Tutia. Impure zinc carbonate or oxide. 
Tutty. Impure zinc oxide. 
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U 


Ultramarine. German blue. 

Umber. A brown earthy ferruginous material, used as a pigment, 

either raw or burnt. 

Unction. Mild mercurial ointment. 

Unguentum Agyptiacum. Honey with acetate of copper. 
Cerussz Acetate (P. L. 1787). Cerate of lead acetate. 
Diapompholygos. Ointment of impure zinc oxide. 

Myrrhe. Ointment basis: 1 part of myrrh and 10 parts of 
wax melted together with oil. 
Nervinum. Compound ointment of rosemary. 
Ophthalmicum. A mild ointment of mercuric oxide. 
Quercinum. Soft (moist) lead tannate. 
Scytodepsicum. Moist lead tannate. 
Urao. Native hydrous sodium carbonate. 


Vv 


Vandyke Brown. A ferruginous earthy pigment. 


Vaporole. Trademark applied usually to capsules containing 
medicaments for inhalation, ete. Burroughs, Wellcome & Co., 
London. 

Vegetable Gum. Dextrin. 

Sulfur. Lycopodium. 


Venetian Red. An artificial iron oxide used as a pigment. 

Vermilion. Red mercuric sulfide. 

Venus. Copper. 
Crystals of. 

Vienna powder. 

Vinegar Naphtha. Ethylacetate. 
Salts. Calcium acetate. 

Vinum Adustum. Alcohol. 
Crematum. Brandy. 

Virgin’s Milk. A mixture of tincture of benzoin and rose water. 

Viride eris. Verdigris. (Crude copper acetate.) 

Viscum Album. Mistletoe. 

Vitriolum Cupri. Blue vitriol. 

Vitriolum Romanum. Blue vitriol. 

Vomiting Salt. Zine sulfate. 


Copper acetate. 
Potassa with lime. 


(Sometimes brandy.) 


WwW 


Waterglass. Sodium or potassium silicate. 
White Cinnamon. Canella. 
Copperas. Sulfate of zinc. 
Flake. Lead carbonate. 
Lead. Lead carbonate. 
Liquor. Southern negro term for alcohol. 
Crude zine oxide. 
Bismuth subnitrate or chloride. 
Permanent. Artificial barium carbonate or sulfate. 


W 


Yellow arsenic sulfide. 
Yellow mercuric oxide. 


Yellow Arsenic. 
Precipitate. 


Z 


Zaffre. A pigment similar to smalts, 

Zinc White. Zinc oxide. 

Zootic Acid. Prussic acid. 

Zooticum. As adjective to several salts, Hydrocy ani, 
Zylonite. Celluloid. 

Z.Z. Auciently myrrh, now zingiber, Ginger. 


CHAPTER CXXII 


GLOSSARY OF MEDICAL TERMS! 


Abortifacient, ab-or-te-fa’-shent—Agents which terminate preg- 
nancy. 

Absorbents, ab-sorb'-ents—Drugs that absorb moisture, wound 
secretion, or gas. 

Absorption, ab-sorp’-shun—The process of taking a drug into the 
general system. 

Acidosis, as-id-o’-sis—A diminution of the normal alkali reserve 
of the body. 

Acne, ak’-ne-—Inflammation of the sebaceous glands from retained 
secretions (pimples). 

Acromegaly, ak-ro-meg’-al-e—An abnormal development, chiefly 
of the bones of the face and extremities. - 

Adjuvant, ad'-ju-vant—A drug that assists the action of another 
to which it is added. 

Agglutinin, ag-glw’-tin-in—An antibody which acts on bacteria in 
such a way as to cause them to come together in masses or 
clumps. 

Albuminuria, al-bu-min-u'-re-ah—The presence of albumin in the 
urine. 

Allergy, al’-er-gy—An altered reaction. 
to various kinds of protein sensitivity. 

Alteratives, awl’-ter-a-tivs—Agents which in some way alter the 
processes of nutrition and excretion and thereby are of benefit 
im many diseases of a chronic type. 

Amenorrhea, a-men’o-re’a—Suppression of the menstruation. 

Anaérobes, an-a’-er-obs—Microorganisms which thrive best 
when deprived of oxygen. 

Analeptic, an-al-ep’-tik—An agent that aids in the restoration of 
health after illness. 

Analgesics, an-al-je'-siks—Medicines used to allay pain. 

Anaphrodisiacs, an-af-ro-diz’-e-aks—Medicines used to allay 
sexual feeling. 

Anaphylaxis, an-ah-fil-ak’-sis—A severe manifestation of in- 
creased susceptibility to a foreign protein when introduced some 
time after a primary injection. 

Anemia, an-e’-me-ah—A deficiency of coloring matter (hemo- 
globin) of the blood. 

Anesthetics, an-es-thet’-iks—Medicines used to destroy sensation. 

Angina Pectoris, an’-jin-ah pec’-tor-is—A form of heart disease, 
usually accompanied with severe pain in the cardiac region; a 
sense of oppression. 

Angioneurotic, an-je-o-nu-rot’-ik—Due to disease or injury to 
vasomotor nerves or center. 

Anodynes, an’-o-dins—Medicines used to allay pain. 

Antacids, ant-as’-ids—Medicines used to neutralize acidity. 

Antarthritic, ant-ar-thrit'-ik—A drug which relieves pain in and 
sometimes corrects the cause of arthritis. 

Anthelmintics, an-thel-min’-tiks—Medicines used to get rid of 
intestinal parasites. ; 

Antiasthmatic, an-te-aj-mat'-ik—A drug which tends to relieve or 
prevent asthma. ' 

Antiblennorrhagic, an-te-blen-or-aj’-ik—An agent used in the pre- 
vention or treatment of gonorrhea. : 

Antibody, an’-ti-bod-y—A substance in blood serum or body fluids 
which destroys microorganisms, neutralizes toxins, or otherwise 
counteracts antigens. : 

Antidysenteric, an-te-dis-en-ter’-ik—A drug used to control diar- 
rhea. 

Antiemetic, an-te-em-et'-ik—A drug used to prevent vomiting. 

Antigen, an’-te-jen—In general, any product capable of stimulat- 
ing the formation of antibodies. ; 

Antihidrotics, an-te-hi-drot'-iks—Drugs used to stop sweating. _ 

Antiluetic, an-te-lu-et’/-ik—A drug used in the treatment of syphi- 
lis. : 

Antimalarial, an-te-mal-a’-re-al—A drug used to combat malaria. 

Antineuralgic, an-te-ni-ral’-jik—A drug used in the treatment of 
neuralgia. : . 

Antiperiodics, an-te-pe-re-od’-iks—Medicines used for the relief of 
malarial fevers. 

Antiphlogistic, an-te-flo-jis’-tik—A drug used to prevent the prog- 
ress of inflammation. mi 

Antipyretics, an-te-pi-rét’-iks—Medicines used to reduce tem- 
perature in fevers. 

Antiscorbutic, an-te-skor-ba’-tik—An agent used for the preven- 
tion and treatment of scurvy. 


A general term applied 


Antiseptics, an-te-sep’-tiks—Substances which prevent the de- 
velopment of bacteria. 

Antispasmodics, an-te-spaz-méd'-1ks—Medicines which prevent or 
check fermentative processes in the digestive tract. 

Aperients, ah-pe’-re-ents—Mild cathartics. 

Aphrodisiacs, af-ro-diz’-e-aks—Substances 
sexual feeling. 

eee ap'-o-pleks-e—Paralysis from rupture of a cerebral 
vessel. 

Aromatic Bitters, ar-o-mat'-ik bit’-erz—Medicines which unite the 
properties of the aromatics and the simple bitters. 

Aromatics, ar-o-mat’-iks—Condiments or spicy, stimulating drugs. 

SSH eA ar-te'-ri-o-skle-ro'-sis—Hardening of the arterial 
walls. 

Arthritis, ar-thri’-tis—Inflammation of the joints. 

Asthma, az’-mah—A disease of respiration, characterized by dif- 
ficult breathing, cough, ete. 

Astringents, as-trin’-gents—Medicines used to contract organic 
tissue. 

Atopy, at’-o-pi—Literally, a strange disease. 
ferring to conditions of protein sensitivity. 

Attenuate, at-ten’-u-at—Lowering of the virulence of microbes so 
that they can be safely used as a vaccine to confer immunity. 

Bacillus, bas-2l’-us (pl. bacilli) —Rod-shaped or elongated bac- 
teria. 

Bacteriolysins, bak-te-ri-o-lc’-sins—Antibodies which destroy bac- 
teria through a digestive or dissolving action. 

Bacteriotropins, bak-te-ri-o-tro'~pins—Antibodies which make in- 
vading bacteria more amenable to phagocytosis. 

Bitters, bit'-erz—-Medicines having a bitter taste and the power 
to improve appetite, and impart tone to the digestive organs. 
Botulism, bot’-u-lzzm—A type of food poisoning caused by a toxin 

produced by B. botulinus. 

Bouillon, boo-e-yon’—A culture medium for bacteria made from 
lean beef, peptone, salt, and normal sodium hydrate in fixed 
proportions. 

Bright’s Disease, brits’ dis-éz’—A rather vague term applied to 
various diseases of the kidney. 

Bronchitis, bron-kz’-t1s—Inflammation of the bronchial tubes. 

Bronchus, brong’-kus (pl. bronchi)—One of the two main branches 
of the trachea or windpipe. 

Calculus, kal’-ku-lus—A sione-like concretion formed in the body. 

Cancer, kan’-ser—A malignant form of tumor. 

Carbuncle, kar’-bunk-kel—Circumscribed inflammation of the 
subcutaneous tissues, similar to a boil, but more extensive and 
severe. 

Cardiac depressants, kar’-de-ak de-pres'-ants—Medicines used to 
lower the heart’s action. 

Cardiac stimulants, kar’-de-ak stim’-u-lants—Medicines used to 
increase the heart’s action. 

Carminatives, kar-min’-at-ivs—Medicines used to expel flatus 
(intestinal gas). 

Catarrh, kat-ar’—Inflammation of a mucous membrane. 

Catarrhal, kat-ar’-al—Relating to or affected with catarrh or in- 
flammation of a mucous membrane. 

Cathartics, kath-ar’-tzks—Drugs used to stimulate the movement 
of the bowels. e 

Caustics, kaws’-tiks—Medicines used to destroy living tissues. 

Cerebrospinal, ser-e-bro-spi'-nal—Relating to the brain and the’ 
spinal cord. 

Chalybeates, ka-lib’-e-dts—Ferruginous hematinics. 

Chlorosis, klo-ro’-sis—A form of anemia most common in young 
women. 

Cholagogues, kol’-a-gogs—Medicines which promote a flow of bile. 

Choleretic, kol-er-et’-+k—Medicines that increase the secretion of 
bile. 

Cholera, col’-er-ah—A disease characterized by severe diarrhea, 
cramps, and prostration, The true Cholera Asiatica is caused by 
a specific germ. The terms cholera morbus and cholera nostras 
are applied to any severe diarrhea. 

Choleretic, kol-er-et’-ik—Medicines that increase the secretion of 
bile. 

Chorea, ko-re’-ah (St. Vitus’ Dance)—Involuntary muscular 
twitching. 

Coagulability, ko-ag-u-la-bil’-i-ti—The capability of clotting or 
tendency to clot. ; 


used to increase 
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Collapse, kol-aps’—Marked depression of the vital activities of 
the body, especially of the circulation. _ 

Complement, kom’'-ple-ment—A substance in the blood and nor- 
mal serum resembling a ferment. Acts with the amboceptor 
(antibody) in causing lysis. 

Conjunctivitis, kon-jungk-tiv-i'-tis—Inflammation of the mucous 
membrane of the eye. 

Convulsion, kon-vul’-shun—Violent abnormal contraction of the 
muscles; a severe spasm. 

Correctives, ko-rek’-tivs—Medicines used to correct, or render 
more pleasant, the action of other remedies, especially purga- 
tives. 

Coryza, kor-i'-zah—Catarrhal inflammation of the nose. 

Counterirritants, kown’-tér-ir’-i-tants—Drugs which relieve in- 
ternal disorders by causing external inflammation. 

Cycloplegic, si’-klo-plé’-jzk—Destroying the power of the eye to 

- focus on near objects. : 

Cystic, sist/-ik—Referring to the urinary bladder or gall bladder. 

Cystitis, s¢s-t7’-t2s—Inflammation of the urinary bladder. 

Delirifacients, de-lir’2-fa’-shents—Drugs causing delirium. 

Delirium tremens, de-lir-e-wm tré-ménz—Mental aberration due to 
alcoholic poisoning. 

Demulcents, de-mul'-sents—Mucilaginous substances used to 
soothe and protect irritated mucous membranes or other tissues. 

Deodorants, de-o'-dor-ants—Substances which destroy or hide 
offensive odors. 

Depilatories, de-pil’-at-o-res—Substances used to remove hair. 

Depressants, de-pres’-ants—Drugs that lower function. 

Detergents, de-ter’-jents—Medicines used to cleanse. 

Detritus, de-tri’/-tus—The remains of any broken-down tissue. 

Diabetes insipidus, dt-ab-e’-tez in-sip’-1-dus—A disease charac- 
terized by an excessive flow of urine. 

Diabetes mellitus, di-ab-e’-tez me-li'-tus—A disease characterized 
by an excessive flow of urine containing sugar. 

Diaphoretics, di-af-or-et'-tks—Medicines which produce sweating. 

Diarrhea, dt-ar-e’-ah—Excessive looseness of bowels. : 

Digestants, di-jes’-tants—Ferments and acids which have power 
of aiding in the digestion of food. 

Diluents, d2l’/-w-ents—Medicines which dilute. 

Discutients, dis-kw’-shents—Substances which aid in removing 
swellings. 

Disinfectants, dis-in-fek’-tants—Substances which combat germs 
and the noxious properties of decaying organic matter. 

Diuretics, di-u-ret’-iks—Medicines which increase the secretion 
of urine. 

Drastic, dras’-tik—A powerful and irritating purgative. 

Dropsy, drop’si—An accumulation of fluid in the subcutaneous 
tissues. : ; 

Dysentery, dis’-en-ter-e—An infectious inflammation of the lower 
bowel characterized by bloody evacuations. 

Dysmenorrhea, dis-men-or-e’-ah—Painful or irregular menstrua- 
tion. 

Dyspepsia, dis-pep'-se-ah—Indigestion. 

Ecbolics, ek-bol’-iks—Medicines which produce contraction of 
the uterus. 

Eclampsia, ek-lamp'-se-ah—A convulsive or epileptiform seizure, 
especially one in which consciousness is not lost. 

Eczema, ék’-zé-~ma—An inflammatory disease of the skin with 
exudation of lymph. 

Edema, e-de'-mah—Swelling due to accumulation of watery fluid 
in lymph spaces of tissues. 

Embrocations, em-bro-ka’-shuns—Agents applied externally. 

Emetics, e-met’-iks—Medicines which cause vomiting. 

Emmenagogues, em-en’-ag-ogs—Medicines which stimulate men- 
struation. 

Emollients, e-mol’-yents—Substarces used to soften and protect 
tissues. ; 

Empyema, em-pi-e'-mah-—Pus in the pleural cavity. 

Endermics, en-der’-miks—Relating to the administering of medi- 
cines through the skin by rubbing. | 

Endocarditis, en-do-kar-do’-tis—Inflammation of the lining mem- 
brane of the heart. 

Endometritis, en-do-me-tri’-tis—Inflammation of the lining mem- 
brane of the uterus. 

Enteric fever, en-ter’-ik fe’-ver—Typhoid fever. 

Enuresis, en-u-re’-sis—Incontinence of urine. 

Epididymitis, ep-e-ded-im-1’-tts—Inflammation of the epididymis 
or excretory duct of the testis. i 

Epilepsy, ep’-il-ep-se—A nervous disease characterized by loss of 
consciousness, usually accompanied by convulsions, spasms, 
and foaming at the mouth. 

Epispastics, ep-i-spas’-tiks—Blistering agents. 

Erysipelas, er-ts-cp’-el-as—An acute specific inflammation of skin 
and subcutaneous tissues, accompanied by fever and constitu- 
tional disturbances. 

Erythema, er-ith-e’-mah—A superficial rash or redness of the skin. 
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Escharotics, es-kar-ot’-iks—Substances used to destroy pathologie 
tissue. 

Evacuants, e-vak’-u-ants—Medicines which evacuate; 
chiefly to purgatives. 

Excision, ek-sizh’-un—In surgery, any operative removal. 

Excitants, ek-sz’-tants—Drugs which increase functional activity. 

Expectorants, eks-pek’-to-rants—Agents used in the treatment of 
inflammations of the bronchial tract. 

Febrifuges, feb’-ri-fujs—Medicines which dissipate fever. 


applied 


Fibrous, fi’-brus—Composed of fibers, characteristic of connective 


tissue. 

Flatulence, flat’-a-léns—The presence of gas in the digestive canal. 

Focus, fo’-kus (pl. foct)—The center or starting point of a disease 
process. 

Galactagogues, gal-ak’-tag-ogs—Medicines which increase the 
flow of milk. 

Gangrene, gang’'-grén—Mortification or death of soft tissue. 

Gastritis, gas-tri’-tis—Inflammation of the stomach. 

Gastro-intestinal—Relating to both the stomach and the intes- 
tine. Se 

Germicides, jer’-mis-ids—Agents which kill disease germs. 

Globulin, glob’-u-lin—A protein substance of which several varie- 
ties are present in the blood. 

Gluteal, glu’-te-al—Relating to the muscles of the buttocks. 

Glycosuria, gli-ko-su’-re-ah—Presence of sugar in the urine. 

Gout, gowt—A disease associated with joint inflammation, swell- 
ing, excessive uric acid in the blood, ete. 

Hay fever—A catarrhal inflammation of respiratory mucous 
membranes due to pollens of certain plants. 

Hematinics, hem-at-in’-cks—Agents which improve the quality of 
the blood. 

Hemolytic, hem-o-lit’-ck—Destructive to blood cells. 

Hemophilia, hem-o-fil’-e-ah—A tendency to profound hemorrhage 
due to a defect in coagulating power of the blood. 

Hemorrhage, hem'-or-aj—A flow of blood from the vessels. 

Hemorrhoids, hém’-o-roids—Piles; small blood tumors at the 
anal orifice. t 

Hemostatics, 
rhages. 

Hydragogs, h2’-dra-gogs—Purgatives which cause profuse watery 
discharges. 

Hydrocholeretic, ht-dro-kol-er-et'-ik—Medicines that increase the 
volume of bile. : 

Hydrophobia, hi-dro-fo’-be-ah—Rabies in man. 

Hyperemia, hi-per-e’-me-ah—Congestion or excessive amount of 
blood in a part. 

Hypnotics, hzp-not’-iks—Medicines which cause sleep. ; 

Hypochondriasis, hi-po-kon-drt'-as-is—Extreme depression, with 
morbid anxiety regarding the health. 

Hysteria, has-te’re-ah—F unctional disturbance of nervous system. 

Incision, 2n-sizh’-un—In surgery, the act of cutting into. 

Infiltration, in-fil-tra’-shun—The permeation or penetration of a 
substance, cell or tissue by gas, fluid or dissolved matter. 

Insecticides, 7m-sek’-tis-ids—Preparations for destroying insects. 

Insomnia, 7m-som’-ne-ah—Inability to sleep. 

Intradermal, 7in-trah-der’-mal—Intracutaneous or between the 
layers of the skin. 

Intramuscular, in-trah-mus’-ku-lar—Within the muscles. 

Intrascapular, an-trah-scap’-u-lar—Between the shoulder blades 
or scapule. 

Intraspinal, 7n-trah-spr’-nal—Between spines. Refers to method 
of inserting needle between spines of adjacent vertebre in order 
to make injection into or withdraw fluid from the spinal canal, 

Intravenous, 7n-trah-ve’-nus—Within a vein. 

Inunction, 7n-wngk’-shun—The rubbing of medicines into the skin. 

Irritant, 7r’-vt-ant—An agent inducing irritation. 

Jaundice, jawn’-dis—A yellow coloration of the skin due to the 
absorption of bile into the blood. 

Laryngitis, lar-in-j2'-tis—Inflammation of the larynx. 

Laxatives, laks’-at-ivs—Mild catharties. 

Lesion, le’-zhun—A more or less circumscribed pathological 
change in tissues, due to injury or disease. 

Leukocytes, lu’-ko-sits—White blood cells. 

Leukemia, lu-ke’-me-ah—A disease with a marked increase in the 
number of leucocytes in the blood. 

Local Anesthetics, lo’-kal an-es-thet'-iks—Medicines which, 
when applied locally, destroy sensations. 
Locomotor Ataxia, lo'-ko-mo’tor a-tak’-si-a—A disease of the pos- 
terior columns of the spinal cord, marked by severe pains, in- 

coordination, disturbances of sensations, ete. 

Lumbago, lwm-ba’-go—Pain in the loins. 

Lumbar Puncture—The puncture into the spinal canal made in 
the lower region of the spine about level with the crests of the 
hip bones. ; : 

Lymph, limf—A clear fluid circulating in lymph spaces or lym- 
phatic vessels of the body. Also smallpox vaccine lymph. 
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Lysins, l’-sins—A specific antibody which destroys cells and 
tissues. 

Malaise, mal-az’—Feeling of general discomfort and uneasiness. 

Malaria, mal-a’-re-ah—An infectious disease caused by a parasite 
in the blood. 

Meningitis, men-in-ji’-tis—Inflammation of the membranes of 
the brain and spinal cord. 

Menorrhagia, 7men-or-a'-je-ah—Excessive menstrual flow. 

Microparasites, mi-kro-par’-a-sits—Bacterial and protozo6n 
parasites too small to be seen with the unaided eye. 

en acs mid-re-at'-tks—Agents which cause dilatation of the 
pupu. 

Myeloma, mi’lo-ma—aA tumor of medullary substances. 

Myotics, mi-ot'-cks—Agents which contract the pupil. 

Narcotics, nar-kot’-iks—Drugs which stupefy. 

Nausea, naw’-se-ah—A sensation of sickness at the stomach with 
a desire to vomit. 

Necrotic, nek-rot’-zk—Relating to necrosis or local degeneration 
and death of cells or tissues. 

Nephritis, nef-rz’-t2s—Inflammation of the kidney. 

Neuralgia, nu-ral’-je-ah—Any painful condition not due to 
organic disease. 

Neurasthenia, nu-ras-the’-ne-ah—Exhaustion of nerve force. 

Neuritis, nu-rz’-tis—Inflammation of a nerve trunk. 

Neurotic, nu-rot’-1k—A drug affecting the nervous system, or a 
person affected with nervous disorder. 

Nutrients, nw/-tre-ents—Nutritious substances or foods. 

Obesity, o-bes’-ct-e—F atness. 

Ophthalmia, off-thal’-me-ah—Inflammation of the mucous mem- 
brane of the eye. 

Opsonins, op-so-nins—Antibodies which promote phagocytosis or 
the destruction of invading organisms by the white blood cells. 

Oxytocics, oks-e-tos'-iks—Medicines which stimulate uterine 

~ contractions. 

Palliatives, pal’-e-a-tivs—Agents which relieve but do not cure. 

Papule, pap’-ul—A small circumscribed elevation of the skin 
containing no fluid. 

Paralysis, par-al’is-is—Complete loss of functional power, espe- 
cially of muscles. 

Parasiticides, par-as-it'-is-ids—Agents which inhibit the growth 
of or kill parasites on the body. 

Paratyphoid, par-a-ti'-foid—A form of typhoid fever due to an 
organism Closely related to the true Bacillus typhosus. 

Parenteral, par-en’-ter-al—Outside of the intestine. Parenteral 
Administration—Introduction of substances into parts of the 
body by some route (subcutaneous, intramuscular, etc.) other 

- than by absorption through the walls of the intestine. 

Pathogenic, path-o-jen'-ik—Producing or causing disease. 

Pericarditis, per-e-kar-di'-tis—Inflammation of the membranous 
sac around the heart. 

Peristalsis, per-is-tal’-sis—The muscular movement of the bowels. 

Peritonitis, per-ii-on-2'-tis—Inflammation of the membrane lining 
the abdomen. 

Phagocytes, fag’-o-sits—White blood corpuscles which possess the 
property of ingesting and disposing of bacterial cells and foreign 

_ particles. 

Phagocytosis, fag-o-si-to’-sis—The destruction of microbes by the 
action of phagocytes or cells possessing the property of absorb- 
ing. 

Pharyngitis, far-in-j7'-tis—Inflammation of the pharynx. 

Phthisis, tha-sis, {1’-sis—Tuberculosis of the lungs, commonly 
called consumption. 

Placebo, plas-e’-bo—An inert drug used to satisfy patients. 

Plague, plag—An acute infectious and epidemic disease due to the 
Bacillus Pestis. 

Plasma, plaz’-mah—Fluid portion of the circulating blood and 
distinguished from serum obtained after coagulation. 

Pleurisy, plu’-ris-e—Inflammation of the serous membrane cover- 
ing the lungs. ; 

Polyneuritis, pol-e-nu-ri’-tis—An inflammation affecting several 
nerves. ; 

Polyvalent, pol-iv’-al-ent—Applied to serums containing anti- 
bodies for several strains of the same species of microorganism 
or to bacterial vaccines containing several strains of the same 
species. 

Post-abortal, post ab-ort’-al—Following abortion. : 

Precipitins, pre-sip’-i-tins—Antibodies which precipitate bacteria 
of foreign substances. ; 

- Prophylactics, pro-fil-ak’-tiks—Medicinés which prevent the de- 
velopment of disease. 

Protectives, pro-tek’-tivs—Medicines which mechanically protect 
a part when applied to it. > 

_ Pruritis, pru-ri’-tus—An intense itching. 

_ Pseudopods, su’-do-pods—An irregular process or protrusion re- 
~ gsémbling those of an amceba put forth for locomotion. 
Psoriasis, so-ri’-as-is—A: chronic inflammatory skin disease with 
scale formation. 
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Puerperal, pu-er’-pe-ral—Pertaining to childbirth. 

Purgatives, pur’-ga-tivs—Medicines which produce copious dis- 
charges from the bowels. 

Pustule, pus’-tul—Small circumscribed elevation of the skin con- 
taining pus. 

Pyelitis, pz-el-c'-tts—Inflammation of the pelvis of the kidney. 
Pyelography, pi-log’-rah-fe—X-ray treatment of a renal pelvis 
and ureter which have been filled with a silver salt solution. 
Refrigerants, re-frij’-er-ants—Medicines which lessen the bodily 

temperature. 

Restoratives, re-stor’-a-tivs—Medicines used to combat depres- 
sion. 

Rheumatism, rwm’-at- izm—Applied to conditions characterized 
by pains of the muscles, joints and fibrous tissues. 

Rhinitis, r2-nz’-tis—Inflammation of the nasal mucous mem- 
branes. 

Rubefacients, ru-be-fa’-se-ents—Medicines which cause irritation 
and redness of the skin. 

Sarcoma, sar-ko’-mah—A malignant form of tumor. 

Scabies, ska’-be-€z—Itch, a contagious, parasitic skin disease. 

Sciatica, st-at’-ck-ah—Neuralgia of the sciatic nerve. 

Scrofula, skrof’-u-lah—A constitutional condition with glandular 
tumors and a tuberculous tendency. 

Scurvy, skur’vi—Diseased condition shown by hemorrhages into 
the skin, due to deficient or improper diet. 

Sedatives, sed’-at-ws—Medicines which allay irritability of an 
organ or nerve center. : 

Septic, sep’-tuk—Relating to the presence of various pus forming 
or other pathogenic bacteria or their products. 

Septicemia, sep-tis-e’-me-ah—Presence of microorganisms or 
toxins in the circulating blood. 

Sequela, se’-kwel-ah (pl. sequelle)—Morbid condition following 
or resulting from another disease. 

Serum, se-rwn—tThe clear, yellowish fluid separating from the 
blood after the fibrin has coagulated, 7. e., after the blood clot 
has formed. This term is also applied to any clear fluid re- 
sembling the blood serum and to antitoxins prepared for thera- 
peutic use. 

Shock, shok—Profound depression resulting from severe injury, 
emotional disturbances, or operation. 

Sialogogues, si-al’-a-gogs—Medicines which increase the secre- 
tion of saliva. 

Somnifacients, som-nif-a’-she-ents—Drugs which produce sleep. 

Soporifics, so-por-if’-iks—Medicines which produce sleep. 

Spasm, spazm—Abnormal contraction of a muscle, or a group of 
muscles. 

Specifics, spe-sif’-iks—Medicines which have a direct curative 
influence on certain individual diseases. 

Sternutatories, ster-nw'-ta-to-res—Medicines which produce sneez- 
ing when applied to the nasal mucous membrane. 

Stimulants, stvm’/-u-lants—Medicines which increase functional 
activity. 

Stomachics, stom-ak’-iks—Stimulants to the stomach. 

Stomatitis, sto-mat-7’-tis—Inflammation of the mouth. 

Styptics, stip’-tiks—Agents which arrest bleeding by their local 
application. 

Sudorifics, su-dor-if’-cks—Medicines which produce sweating. 

Sycosis, si-ko’-sis—An inflammation of the hair follicles. 

Syncope, sin’-ko-pe—Temporary failure of circulation; fainting. 

Teniacides, te’-ne-as-ids—Medicines which kill the tapeworm. 

Tonics, ton’-iks—Medicines which permanently increase the 
systemic tone by stimulating nutrition. This term is fre- 
quently misapplied to stimulants, especially the stomachics. 

Trypanosomiasis, tri-pan-o-so-mt’-as-is—A_ diseased condition 
due to infection of a protozoan parasitic organism, commonly 
called African Sleeping Sickness. 

Tuberculosis, tu-bur-ku-lo’-sis—A disease caused by the tubercle 
bacillus. 

Ulcers, wl’-sers—Open sores on external or internal surfaces of 
the body with secretion of pus. 

Uremia, u-re’-mi-a—T oxic condition of the blood from aceumula- 
tion of substances normally excreted by the kidneys. 

Urethritis, u-re-thrz’-tis—Inflammation of the urethra. 

Urticaria, ur’-tt-ka’ri-a—Nettle rash; an ephemeral skin eruption 
with itching. 

Vaccinia, vak-sin’-e-ah—Cowpox or eruptive disease occurring in 
cattle, similar to smallpox in man but milder. Inoculation 
with the virus confers immunity to smallpox. 

Vaginitis, vaj-2n-z’-tis—Inflammation of the vagina. 
Vasoconstrictor, va-zo-kon-strik’-tor—A drug which censtricts the 
smaller blood vessels and thereby increases arterial pressure. 
Vasodilator, va-zo-di-la’'-tor—A drug which dilates the smaller 

blood vessels and thereby lowers arterial tension. 

Vermicides, ver’-mis-ids—Medicines which kill intestinal worms. 

Vesicant, ves’-ik-ant—An agent producing a blister. 

Vesicles, ves’~ik-ls—Small circumscribed elevations of the skin 
containing non-purulent fluid. 


bed 
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toe mites 


§ ‘ 


Virus, vi’-rus—The specific microorganism or poison of an infec- — 
tious disease, 


Wheal, Awel—A circumscribed elevation of the skin of varying 
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PA MOMEAD DC seTIG oP cic le ais doors sa beeen oe tee 255 CentersAve., aittlenWallseN dicta td oa sd aonb oe P. O. Abbe 
mADDOUSEADOVAtOricS...).. os ee eee ee eet wa NontheC@hicag oe Neo wuss ttc wae incr s crane ees fe Abbott 
mepicanbone Corporation: .....,2.... 6.6 06s ee nae oes 60 Mast 42nd SizyNew, VorkjuNe esse eee sees en. oom Acticarbone 
SUB ical OOO Rati le see ic weentvs ete ee vias baal angulated eLAUMLON WNLASS eV ace Nas ar ooeke coe een Heloise cea oe Alkalol 
PRITEPUCLO ME COs TICs cis cine a tones ioealeelebeate lela 44 SANE MH TCHS LR OICAS Oeil Lt 2 pene oan) et Alphaden 
MSOPREN@HICerINg COMP. ..s 2). sad be seh eon de Mili alem@ onnecticuiiammeepees ata nieiee cate tui clon aa Alsop 
PE eMIC ATE CISOL COs sic 0s 5.0 false 5 ia nls fetes bce lal SOLA OUT cng wor rotenone ys acds cuit MAT ETS Seaton ofa ate ks American Felsol 
The American Ferment Co., Inc..........¢.....: LAU Ea OSh eM Ninh DEQ pee A INFN Gk a eS Be Am. Ferment 
American Pharmaceutical Co., Inc............... SZOMWrtord: Ste Newe Orkpl SaiNio, Meenas smatitee sre < Alex (OF 
Auncwicdaeseitz, Filter: Corp. .:.. 6... ace sec eee es 480 Lexington Ave., New York, N. Y.............:5..... wisold, Oe 
PSC SECOTIEDATIY 5 LEC eis 6 cic e)oncts «+ lin esi wiehe oueisin vie uae dN ES okrne ed bagel Ace es Bie sil Wind yet aa ete On ey Tae We ae a Ames 
MUM RWEMPCOry [MCs hc se ea D oamwne en 95 Madison Ave., New York 16, N. Y...........:....... Amfre 
Anderson-Stolz Pharmaceuticals, Inc............. ISI a Walnut Ste Wansasi Git oe lomw era ere et ae Anderson-Stolz 
PADMORE TINICAL COsa ox kins bioeis tec nce e's hoses AN eirovn IDVhouKoiny TYSON, INES orgs Qk oooe cena seeoanebes Angier 
Anglo-French Laboratories, Inc.................. 75 Varick St., New BVO Kea osm Nico Ceerc rma ee et Mat van, sents 2 Anglo-French 
Mmioonechemical CO. cos. icc. le ee he ewes ee 26 Vark St., Yonkers EN: is ae ome NE Arlington 
siRevArmour Laboratories..... 0.0... 0.606. 0eue 1425 W. 42nd St. Chicago O Shee Siete Mee ns a ceaeeer emia cates te Armour 
PSHM OROOLKG OO o10 0 ie Pile wine eG S sceialeedioae's va Concord St., Lancaster, Eamon cee cake cs Mire tar TAN cos ali. Fte fn Armstrong 
Associated Concentrates, Inc.................... PSOs Roxas hilnah uns belie lain eV enews eter emt Assoc. Concentrates 
*Ayerst, McKenna and Harrison................ IPED ALM day Site LN OMyia SEOid se Tey ING Ne Se bina ao pO debe Ronn Ayerst 

B 
Barlow- Maney Laboratories, Inc................. CodarsRapids lower min .aeatte see os Sots hae nein soe as Barlow-Maney 
AX. (Si. LRT BYSSS (CKOR Ee a ne Newb nuns wi@Ksm Ni Urrncst, 006 stan cree i yates cisrdtcholes ane ore ieren. Barnes 
Barry Allergy Laboratories, Inc...............:.. 9100 Kercheval Detroit 14;"Mich.. 3. oo. joc 2c. cs es Barry 
the CeO. Bartlett and Snow Co................. 6100*Harvard Ave Cleveland, Ohioy i520 00+ oe oe B. and § 
ApAUULOROR COMUDATY 55 i5c0 (5 oiale fics clove ot eit eure dle bales s A026) Olive iste os tsluouisrs, Whore 2455 ee Sa eisie seas pac Battle 
SP AUCTEANOLDIACK chic eels s sa Se taed ban eames g PARAM sy 1D Yefond KOT Shr MOLE Eee) HRS ny wie s Aisin gd oe AOe Band B 
mansehand Lomb. Optical Co.:. 056.25 060.600 C64,5t- Paull StamRochestersiNey Yousse. a5 «tec ecn ete: B. & L. 
TULeri | SEWERS RS ol WT Yers TE 9 ee a 1015 Grandview Ave., Glendale 1, Calif..............¢... Don Baxter 
RMP RRESORSIRE Gaye ratte etic gine, ana Alle die'e aah welh avn tebe TOR Wall Stem NGWay Glo seem Venere A tyne nay ee Beisner 
Belmont laboratories Co... 0.0606. eee lnc se mas 4430 Chestnut St., Philadelphia:4;Pa,...)..3........... Belmont 
bene rue, Corporation... 6. 6.06.5 ease ee ele 21 Garfield Place, Cincinnati 2; Ohio;....2...........+-. Benet 
Benzoinol Manufacturing Co.................... SiBeachiSts, Newexorkl3 (NAM cucee coke aa tinct vee Benzoinol 
Bilhuber-Knoll Corporation..................... Craneiot s Orang ey Nadie orien teenth ike ciel oe Bilhuber-Knoll 
Biochemical Research Laboratories.............. US yAs 18is etyel Sie Clanvenegoy ila): UME Ss oe els 5 ae We Deo see Biochemical Research 
Bio-Therapeutic Laboratories, Inc................ D2 Halstead wsueebas Olan ese Jenene ty rst eee Bio-Therapeutic 
Se ISIMISISOHOI ACOs, I Cesiayc sic. faite orale fe esse serie TL VOryLOn CONN, cpr mcr decreas Meni Mere EIN enn deen. Bischoff 
Bisiopplaboratories, Lic... 2... ee tee ee ee SAS Owl Signs ine dbp VAD IN Saas s Goma cs abaoe bn obees Bishop 
iihespiaestine Chemical Co... 2.2.2: .5..0..60...6+% SOPHIE Tatrareve iyi pour, re youtss 4 INI) 55 aABIMG abc no so5 One Blue Line 
Borencnatvialt ExtractiCo... 2. 06.26% cee tee 8 217 N. Wolcott Ave., Chicago 12; Mil BME path Se ene ett Borcherdt 
ieaporden: GCOMpany. 35.0. ..¢ 020 ee cee ee 350 Madison Ave., N. Y. TUNAYE tae. a ees Borden 
Pr OMMCMANCEROMIDALY cfs cleans sccheca os bee elele be eee eet 353 S. Mission Road, Los ieee So Caliente seat, sees Boyle 
WeOhPEP NM DRCONIOLCO., oo. ioe cles. bee oe bee 2403 Grand Ave., Kansas Citys lO AMG nc ero ee Breon 
I WENMETEATIO CO. TM Geveias.. cites ses epee aus cms eles 12 E. Worcester St., Worcester 4, Mass.................. Brewer 
DEST OBA DOrAtOLICS PING... inc ee ate lass eee ea himestOLde Oy TaACusey lam Nt as aelteat tba cient cae Bristol 
uniagconsssincorporated:. 6. 6. a ee ees S Sudbury Sb. Worcester; Mass 7 see cc icky tas Np Buffington 
DOEDOLRIVer PLOdUCCS .CO..)..5 2c cicn ec dines le eee eee Baudet te Minn iacterr canes ee sete oie recreate lec Burbot 
Burnham Soluble Iodine Co., Inc.. .......430 Lexington St., Auburndale 66, Mass................. Burnham 
Burroughs Wellcome & Co. (U. Sia: ‘ Tce nes OEP Alst Stew Work li iNOy Smey oR es Burroughs Wellcome 
SSMGEOUMEATSONSEA COs, . seas cates bens ea gees TSU Ueki, ING AWoy Welouineatorn CP IDL Oxo ogcnokn os can ese Burton, Parsons 
PVM PRET TISHO | COs MNCs ses cece eles vow se he es ILL LO SION She, INFO? Golds ING NoSm gah on oSihe boa OC GunORE Bush 

‘ Cc 

*Calco Chemical Division, American Cyanamid Co.. Bound Brook, IN DE cee at er entre Sahin rene Hae oS Caleo ; 
MADEN PCOAUCTS, LNCs.. 00 jee cl os hee ee ee 79. Madison Ave., New. York 16, (N.Y. 2.66.0 iseee 4. « Campbell Products 
G. M. Campbell Products Corp rast Vie ORTON S| RRR UPAR CO dewey INGie Mere dss ING Manos ot Aeacwaocaddense G. M. Campbell 
STV SRCALIITICK (COs. ten octets scsi abyss dew eee: QOUNEts PleasanteAvenyNewarks lL oN.iJscemeeeein tienen Carnrick 
ATL CTMICLOCUICES SAN Css case cle qowsieverih s Wesco eva dena et He bark PlacemiNe ws OLKgGh Nie ea tan eater cris cake hres Carter 
Cavendish Pharmaceutical Corp................. 25 ewe Broad wav N Wak OL NGe Cetin enn me Cavendish 
SVEMPCTIASINUC Ors LNCes cycle cise te pees ies Ses ee bee TO MViariclcis tae Newan Orkin! sauNiw Veen mee seer eat see a Cellasin 
Chatham Pharmaceuticals, Inc................... 11 Hill St., Newark DA SIN itd ea ates Uiitnentns arn Rata Aon Beate Chatham 
@hremico Maboratoriess ING... 5.65. 2 acs oe ele ee 508 E. Merrill St., Indianapolis SAMY cesar deine ees Chemico 
‘Cleary, [RCD Ae Sige Aa Reet ie a ae 48th Avenue and Fifth St. , Long Island City 1, N. Y......Chemo Puro 
@hicavopPharmacal Co... 6.5.2 ek ee es 5547 H. Ravenswood Ave., (Clavtenexoyy Wn Ov odc Baad eogocon Chicago Pharmacal 
WaincentiChristina & Co., Inc.. 3... ee et ees 12) 24th Sty Newsy ori lO NY Seta. wieiaiae tere eee: Christina 
*Ciba Pharmaceutical Products, | Witeegh eaten: Seesaw Lafayette Park, Summit, N.J.............. RADE ne hot te Be Ciba 
SMO OHeMCAl | COssiveos.ctns aetenpe vals oles Fv elelee Miayavoods Newser aian ae ited les Stes ware aon ho Uae Citro 
Mme EMCS HON CAL COsse hae als thsicinn ris) # > o elore wie das 372 mUAClOdecAVG: is be LOIS Ss WLO-n asthe smite te cuieene ce Cole 
PRPC OIC COs taint ceotk ro Aetdorstucs Se ote es oye 2624 BE. Jefferson. Ave., Detroit, Mich... ....5...2....... Colton 
Columbus Pharmacal Go... 005... 5.. 0.000002 8s 326 Oak St. E., Columbus 15; hig the ahead teas Columbus 
‘Gommercial Solvents’Corp.. 01... s ieee eee 17 E. 42nd St., New York, N. SEO Oe ae Beg OE Commercial Solvents 
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Consolidated Products Co., Inc.................. 15 Park Rows iNew syonkemNiy Verrier kiana teeta erent Consolidated Prod. 
Contra Creme and Diaphragm Co................ Severna’ ParkMd. 2g lh. rh a tole coe oe ne eae cote ee Contra 
Crookes Laboratories, Inc.ne-. seene een SODuneLA btn Sty ON Ge \ Or Kal (oN reise een Crookes 
*Cutter-Laboratories;j2 05s. os ene ere 4th & Parker Sts., Berkeley, (Galata. t) ss soa ne eee Cutter 

D 
Dartell Laboratories. . She een 22619, lower oumslLoseAngeles: Calif, hee BE ee Dartell 
*Davies, Rose & Co., bids a eee 22 Thayer St., Boston, IMSS) Siac, Sucusietous ove alee eee Davies, Rose 
*Davis & Geck# Lice We eee eae ee 217 Duffield St., ‘Brookl yay Ns Yes, Sart acca tee eee Davis and Geck 
J. He, Day Cosy 20. Seo ee ieee eee ee 1600ArchiSt.; Phila seas: tog. pce seen ee eae eee Day 
The Debruille Chemical Corp..:..4..-5.... .-. 21841 Broadway, N. Yo23, Ni ¥ seo ee on eee Debruille 
Desitin: ChemicaliCo2 a0) Senne eee 70. Ship Sb; Provid ences Eile. chins nya ake ciicr ete tee aaa Desitin 
DiarsenoliCompatiyslixce-s ar eran aera ee (2 Kangsley: St; butalow Nee’ ee ar) Eero ener ee Diarsenol 
*Diftconaboratories ncn eeeeeeen eenc 920) Henrys ste. Detrorc Niele are eae ie ae ane Ce 
Dios Chemical Co......... FLT Ea a8, SP ee 3954 W. Pine Blydiy Sus uouls VlOle cer rate ieee “Dios 
DistillationsProductss ncn ee eee eee ee £155-RidgedRoad, Westie anc: 9m nokia ate a adroe ee rata eer Dee 
Doak Company, Inceaener een oe ee ee Pals P7a de Oia oi Olealepiel ily, Oni oe ce cococacascasaccns Doak 
Doho:Chemical’ Corpse son. 2) od ee es Se OS LV ATIC Kano tr NG wae CO Cie 3 NEB etcetera ete a Doho 
Dome Ghemicals, Incs)) 9) 225... 5. 250 15 ed ot oa OU En 4 SrdeStee New Oba: jain cr eta annaree ie eeeenee Oo OLE 
Donléy-Eyans. oy CO ee ner oee Cc ee 6239 St. Louis Ave., St. Louis 20, Mois, “untes eee Donley-Evans 
Dhe DowsChemical Coss e erieier ee a eee Midland! Miichsis. os tctee chur oases fate Oe ES ene ee Dow 
The Drew PharmacalCo., Inc.. 5... 5 8 eee 170 Varick StiaNew-Vork. 3 Ne Y 332 occa eee Drew 
eThesDrug Prodtcts:Co-.,1|NGeas as ee ee eee 2-16 Paulison ’Ave., ‘Pasbaic SN. dshenustc yaa en reer Drug Products - 
Hab. Dubinslaboratories) Inc..--9- 2 eee PAROME Aiavzoliisie.5 INGyee Hodis 1 INE Yoe Peso conto. noaGune o> Dubin 
Duke laboratories; Ince, 5. eee ee Sissy WAENTA mel Jey route ooukorus hh (ONG aca onloonadchc ean Duke 
DurexeProducts; Inc... her. hetenc me Oe te e 684 Broadwaiyiy New sy orksINien Yin. cy: tet la soe ee ene Durex 

5 
Eaton) Gaboratories.. Case tse ee eee INorwich;. New. Yorks itsoh. 4 at nae ee ee ee Eaton 
Edzone Chemical Co............................Robbinsdale Station, Box 95, Minneapolis 12, Minn....... Edzone 
Emitlsol:Gorporationsane ea nie eee eer 59 Haste Miadisony Stes © hicag oS, Ulla eee eer Emulsol Corp. 
EndorProducts) Incee no eee ocr 80-40 10st Ste Richmond Hill 18) No Yennen seen nee Endo 

F 
Fairchild Brothers &-Eoster....5 2250-26 eee (Consolidated with Winthrop and Frederick Stearns, New 

Morkvands Detroit) 205.5) totes a een ets acer rr eee eerie Fairchild 

Farastan::Cos 4. 2 ceca ieee Oe 1619) Chestnutiot., Ebiladelphia 3: bas. eae amen Farastan 
Fellows Medical Mig. Co., Inc: -2.4-..00- 4-0 eco. Coristopher Stn News VOD 4 IN ye cer hire nee Fellows 
Birst) Machinery, Corpeecdaer ener eel eee Oth Stand aWast, River Drives Nee Yc, Neny sien eee F.M.C. 
* Cr Bsbleeti Costner uy eee ee eee CPA Oumar icing Wyanelaloyige Weiss sce ue anounnaacsdsvac Fleet 
Flint Eaton, &°Co.ms. 0: ne ee ie rae Decatur Taye its kta crs nets ae ae eee Flint, Eaton 
Eloratosesaboratory.n- ee eee ee oe eee eee Salisbury s Gonna ct ho casenets ie cco eka ne eee era Floratose 
ROrrest; INC. ee oer a ae ee oe 246) BAA Stew New, VOrkelde eu Naya sian eee eer Forrest 
Eoster=WilburneGo. see o1 cee ee ee IPFA) Milena Shiv, Libba INI Mine Rane aes ooonoharenvesse Foster-Milburn 
EnRouvera andjCo.2 a. aie eee ee ae 7) Vari eka St, mNe way OLE 13 sINia ny hai | eee eee eee Fougera 
Freeda Agar, ProductSymmc so) oben eae ee OO Dison ING we Mol calye ING Ga jib din donb oe ou yas cswes Freeda 
wEritzsche: brothers, LCs act se eee rte eee 76—9th Ave. at Sth St., New York, N. Y............... Fritzsche 
@harles E Erosst.&: Coss eee eee eee Richmond, Va. (and P. O, Box 247, Montreal, Canada). . . Frosst 
John JsEulton: Conc aik soe here eee tod Minsinieling teu MINK CO ss OMblingg. cnobocéopcoote ses Fulton 

G 
GaleniCompanyAe nearer iioe es eon ee 2148) Hourth) st, Berkelevasy Caliieuse sao ene Galen 
Gallia, Eaboratories..[ncs: 2 sees eee 254s Wir Sst Suse N C Wa OL Kall ae Nic ee a ee Gallia 
Gane’s Chemical) Works; Inc... 2s 3... etcs ae AS We UGtn Ste Nie we orks JilemINes Vac a. cny.. ene a eee te eee Ganes 
Rirmcof. Ri Wo. Gardnerawek pons ee nee eee 3/2 -benry ste Orang em Nets sacri see seme ae ane Gardner 
GartoPharmacale Coser. cee tenisoreree eee 6118 Laurel Hill Blvd., Woodside, L. I., N. Y............ Gart 
GebaneriChemnicaliGotqus ace eee ee 9410 St. Catherine Ave., Cleveland 4, Ohio.............. Gebauer 
-GelatinjProductsiCoses se eee eee Detirorts Michi see tr cee gil) acct a en Gelatin Prod. 
OtissE aGliddent& {Co.cc eee eee ae 5S Dawisi Stee hives Olay se erly ie ese pine ee ee Glidden 
Gold PharmacaltCose dee ere 213) Ee Broad waa pNe wa VOLksi2 IN oay cs). eee eee Gold 
N. C. Goodwin’s Laboratory, Inc...-............. 90*Prince St. Ne way Orkgl2 ONES) sone eee Goodwin 
Grant:Chemical’CosInca. ee ee ee eee O5eMadisom=Awer aN iewaniOl kell G.IN wie tss ten eee Grant 

H 
Harris Vaboratories:4.- 9 eee ee eee Tuckah OG, FINE: Y cette Ake eerie nes Ga Ue ae ae eee Harris 
The Harrower Laboratory, Inc................... 920 E. Broadway, Glendale 5, Calif................ :.... Harrower 
Hast: Drug Corpus cc ieee ee ee PAN sl dssdaytsue, Mbeyomt QO} IME saeeennodascouds i Sano. Hart Drug. 
Ee Jaliart, 6: Co. tdses se eee eras meres 508 Chartres St., New Orleans 16, La.....00............. E. J. Hart 
GPA arvey: Coun. eseie: ere ere ere ne Saratoga Sprig Nes Vee: ete ee ere Pere kh ee eee ae eee Harvey 
CharlesrG@. Haskell: & Cos inc.eeee eee eee Richmond s Vieiase phates metetcca er, «ale ae cr aaa ae, ee Haskell 
wiieydeniChemical: Corp. aan en eer 393 Seventh Aves, New York LIN iY: os... ose cee Heyden 
High (Chemical,Co.7 3244) See cee en eee 1760 N. Howard St:, Philadelphia 22) Pass... eee eae High 
MoHildebrands Ings seen.) eee ee ee eee 20). West: 2211S bermN cw verel OMmIN Vero mre: hes pia mee en eae Hildebrand 
Hille Laboratories + 44.. 6 nee eee ee ree i WASISIE oyigsinel tere, (CharrongoPlay, JNM ee ah oo ob aoa ea. Hille 
“Hotiman=l_a Roche, Ane. ne eee eee oe RochesParkesNurtlevasl Oar kcmee. it caeea ent ene Hoffman-La Roche 
Holland-Rantos Co:, 1nc-24 a me eee eee Dol Hirth yAwve sNews orkauli/7 Nien) sen tinaeia ere Holland-Rantos 
Hollister-Stier Laboratories..................... (27 benneA ver Wallkcitas Uremic men ae eee Hollister-Stier 
hiospitaliLiquids,inca a Wee ee eae 843 W.. Adamspotiy: ©hicagold Cli: isi. sea anes ee Hospital Liquids 
HO =EHuiley Co.; Incense ere ee etn QTAS Ss 12 Uns bey Urts vill il One Gy ae enn rea a ee Mites Hurley 
*Hynson, Westcott & Dunning, Inc.............. Charles & Chase Sts., Baltimore 1, Md............. ....-Hynson 
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I 
Ingram Laboratories, Inc.. PS SUPE TON Sb Sana nciscon Oalifuee at ee ae en cn Ingram 
International Vitamin Division (American. Home 
BEOCIICESECOLD:) WN Gui hia cee loa Lint WaNe Bae. 22 Hi. 40th St., New York 16, N. Y.. SEs chins, eee Oe 
lindoeholeate-Prodircts<Corpe) seas oc oslo on. 760 Lake St., Newark 4, N. Renee ctw ke a ARW xe lodocholeate 
PommreNeci cleric Cove is oa. ee ee ann ees 144,.N/ Franklin St, Decatur; Hl............./).....--.. Irwin, Neisler 
J 
Jensen-Salsbery Laboratories, Inc............... As sty eg leteramnl Kovises Iiseuaerney Ciinys IMs. on chanddsonue daeoos: Jensen-Salsbery 
BermmsOMG JOUMSON . <i) .06 ose dee eb lone sw INewa 8 cus wal Chew Nie aay ger eam ey) cs rae oe been Met a J 
K 
Berenperg Laboratories a0. od 8 Main, Higel & Lodse Sts., Sarasota, Fla................. Kahlenberg 
Karl KareterVachitie Comin, oe snsice vida eta ahh ec Cincinnati Oli O aaeireaen pikes iden eee tee eens corre Uaioe [a Kiefer 
“GTEC (TESST GC ah ae re Vineland, N. Sete pte «VEL. 2. tale it iene AL ciaO ein on, SO ae Kimble 
IeMeve IW nettn Mites Co., InCss.... 66.5 2s eek bala. Covington, SAS Buca t,. Ue eel ate 0” Psa Lani net Loe BN UR aR el Kelley-Koett 
Kena \achine. Works, Ince... ee es 37 Gold St. Brocktgn ING roi ume HN, Be tens tds tak 6 Kent 
bieevewsmney Sons, WiC... s,s. 05.0.0 h ee Columbus, Ind i ee ETT: WA SIR CRM Pe ON or Cee te egy Os os Be Kinney 
Lu IP, TR (GUUS SAT a conn O21 W. 23rd St., New York GL CWOIN EY ety enpntegietay te feta a te Kirk 
UAC IMIG) 6c. ck. cho ec ss oe woe ees Kelly Ave., Akron, OLTOR A eer rn Cea et ny git Toe fe. Knight 
PMY VMISRELSCIIMATs LNG... 00s 8 kv ds suse stu e eae 4 White St, New York Ty IN PRG ee ct aia seh ch ok ate ee Kretschmar 
lb, 
Matavererbnarmacal, (0G. 2c. arte. . doce ala ses see PRhanmaccunedi > dewelaravetuers linc esenrr ein cise. cie al Lafayette 
gibakeside: Laboratories. ..).. 0.0% ss ols eee ens L707 EH. North Ave.) Milwaukee 1; Wis... 4%. .......... Lakeside 
Lanteen Medical Laboratories, Inc............... COIN, Irewalcdhbor Ther, (Cloeeyeey NOL bie As Aco aoe oe ene Lanteen 
pwederleslaboratories, Inc... 20.0. 0...0..00 080s 30 Rockefeller Plaza, New York 20, N. Y................ Lederle 
iivemacweconiie nO. CO., lilCsn-as. 2 msde... Loo HE) 44th St. New York 117, N. Y.0/....2%..2.2-....-.lueemimg 
Venmand Fink Products Corp..))...........:.... Bloomiteldsinewrderseynti term tn. eck eee ee nae ok Lehn and Fink 
mecodsleascoth O& SOM. .y0-4-. 2-4 ---6..0-.2. 1209 Lexineton Ave. New York 29, Nv Ys......4......,. Laseoff 
Be rmie COMPANY = a... es oe yc he yd. se 740 8. Alabama St., Indianapolis 6, Ind.................. Lilly 
vaneston) Chemical Cos ..0... 200. ..0c0 ee cece Munsey Bldg., Baltimore DOR TING NG Fee ERO Par OR eek aR Se Livingston 
Blloyaupros., Pharmacists, Inc... 260. 4..... 2408 1016 Mound St., Cincinnati De OLIOE ne cs eM Aerts ely ese Lloyd 
*John T. Lloyd Waboratories, li Ceteah. cus easier oe 412 Central Ave., Cincinnati, OHIGz nan eo ane eke J. T. Lloyd 
[ (eVOTHE YR, LETC a woe Ree A= aM aR en ee LSEilpBroadwavneN ew NOLk 2o.eNs. Vioniee acme catia scan Lobica 
Loeb Equipment Supply Co.. eee U9 Nortvh: Marshfield Aves Chicago Ty 655,295.25... Loeb 
Loeser Laboratory (Wm. 8. Merrell Co.). Ee anc at (Cucina allen Oli ome ta Pree ee id nor ale aegtar cases Vel ah Loeser 
M 
*Magnus, Mabee & Reynard, Inc................ 6 Desbrosses'St., New York, N. Y..................... Magnus 
*Mallinckrodt Chemical Works................. Photeh oe NVM inne erqovelty, Shust, beim | Drowns Vie NOS | Go kone an ceo e Mallinckrodt 
mviaiorerGhemical GO. .....Mcee6 cst ee eee dw ee ZAOVEN G HBS teewNe Wal or IN| srlieasepteren hing oie tse tener Maltbie 
SMS mV Ae EURO 5! ssce ers cits ato ous ales elo eres 3 bw ATS oh Mornistizlains Niwa renee pe a ene ae ate eee pes ee NAL GIT 
Manwattan Eve Salye Co., Imc.). 2.25 .a..005.055>- 1063) Bardstown Rd:, Louisville 4, Ky... 0.....048........ M. E. S. Co. 
MVAGeVReADORALOLICS, ICs. oo ccc cs es ee ne SE Wiee le Sutia Ss bem Nie wae calla NR Y sewer) gee ets. eee Marcy 
Wave luehanmacal Cos i! han. Che see eae cee DOR W ee LOCO tae Newwan \ Ol Kom lr wIN | we Yilanps ete ek ent eae we ee Marvell 
Sie TEs ANSSCSTTTg 10 DR 0 eee en IBTISCOh ee rin See meen acer Seco fhyn ru none renee one tenth Massengill 
aeRO ROE TIGA VVOLSap reer ya tC ive LAV WOO WINGY Serie nid tines test sats on samo ateldle oa ee Gatos Maywood 
Mewesson.& Robbins,.Inc.. 5.0.66 s 0. eee ee PAOPBox5485 bridreport, 9.) Cones. a mater ee McKesson 
PAVNCINGILMGADOGAtOLies, LNG... 0. gence es eee wees 2900 N. 17th St., Philadelphia 32) Paw Roe as ev LONe 
MEAGEOONISONO COs oli. de ceyen se Ges see wes Evansville 21, TR EE facta. fs co eae Ml oem et Mead Johnson 
Mecca HemiCals; INC... 65 cocks daca ena es 406 E. Water’ Sie moalium Orey2 Vi deena nel eiapaNe rare ss Medical Chemicals 
Medico Chemical Corp. of America.............. SS Lohan Stig AN Nica IMGH INES DG itt oa Ayam ats an eling See Any tee Medico 
PUAN RIMS ENTT OR OO cere heels ore, ian ibs Verichs cea sur d, welene shore Boke 225 Varick Sit. News onk (AtwNE Ys, ooo seecciatl casein siete: Medicone 
PRT O COs mern) SeM th ees Anat sane ga 48 SOOM OR etres Iuis LOUIE. AR IN AAI NS 5 oe ges da aeb cn oeeaon Mellier 
WMCIGN MOSAICS, tds. iets sitoegits oes soe 2° COW nA OGHE St Newa Worked SM N iY aeveeeererrante asc Menley & James 
NCH eLeANGAMCOMPANY MNCs. ce ue we ewes ee ee Deer Haws aie SINISE Renee och teae le oesteclin Aarsiskeabeee teks ain ete Mais (SReRene Loree Merck 
NM ths Sig TMNT ee) I CE aie Cincinnatial Sw © biomimetic cemehen rhe Ren eer ee eee Merrell 
Baoeviuiller laboratories, Inc... 6.2 ....0 0) se ee. 743 Maple Ave., Los Angeles 14, Calif................... Miller ° 
Pon sanbor@memical Co. i cc\.5 oo. ee ee ee LE AZAGS OCCON UA Ste O eeu O Uso VLO nnn waren ewe een ee reenete Monsanto 
Morgenstern Chemical Co., Inc.................. 277 Broadway, New York 7, N. Y..... oe Weer DE Morgenstern — 
~Mulford Colloid Laboratories............:...... OSesschi Susp niladel pha A wee a as we we eee em aee ee Mulford Colloid 
Nevcoloidyaboratories; Inc.5..2 0.0... ee ee ns AvaCentersAvieseLitilouballls INGedsee vies. eve shite oer. Mycoloid 
N 
NOMA MO TMM CO ngeic : iratielsie artes ss eis sere es ale 4663 Stenton Ave., Philadelphia 44, Pa.................. National Drug: _ 
PHONG MCLICS Se crs thas Qicietictes nc poe cele s ote: HAO Meneses roles, ING MCCrdie IPAMINGG Neon bNes doo Medea soa National Synthetics 
ING ISOMemAA Ker (OOO vase istolalom eg sist ocse+ aif aes ve 1301 W. Lafayette Blvd., Detroit, Mich.........2....... Nelson, Baker 
ENGORCOPOLAUOM er Malscejcihe oa cae cl usb cea dees 1007 N. McCadden Pl., Los Angeles 38, Calif. Neoco 
Nepenaronemical Cos, INC..a yikes DiliGrnsiva Olea Asye yen (Ora eric 2 4 Nine Ye hay benassi ol ean Cena ene 
*The New York Quinine & Chemical Works, Inc..99-117 N. 11th St. , Brooklyn, Sila Cate th ee tnt “Dmg hata ve 
New York Pharmaceutical Co... 2... 50... een Bedford Springs, Bedford, Niet rk ei en N. Mi Pharmaceutical 
MMI COLPORAUONN. & py- sls cyeiw ale sees cise were ne eel 3 1001 N. ae Pls. Los Ameelesiaoy Calitweee ey ene eae Nion 
wiiineuNonwich Pharmacal.Cos. . ...5..0....6.55- NOT Wilc GIN so cone petty cn eatttcr mee ec ee. ect ie tee taa vin aw oe te Norwich 
mNavocol.Chemical Mig. Co., Inc... .6yic. ee. ee 2923 Atlantic AveMy BEOOwlyatdadNur Vice cat Rt ee ee Seat Novocol 
INtemotizine, Incorporated. oo... ces ee es COOMNS branisdini Site © bicae onl O Willie ee lee cree ie eine Numotizine 
“Nutrition Research Laboratories................. 42 OnPeverson Aries @ biGaeo, SON lee ee esol miiainian cite Nutrition Research 
O 
EOL Ceres aeons iM te ait slo nessa weal syeile bond Salislouiyg @ orimbeee omen ree Lee cutee: Soy Cala eee, cee RP Occy-Crystine 
MMIBRCAGO Ce SUltatl-COts ce retekeclenls ls ete ale 4500.Parkview Phy St. uowis 10; Moy noc 6 hoc iewisle oe «Be Od Peacock 
@imnorehentical& Mig. CO. So ccc cease te oe 745 Hanna Bldg, Cleveland 15, Ohio. .........5..0000). Ohio 
-- Ortho Pharmaceutical Corp....................- Essie cHeTiaBN cul seaaiiees Musee eN CoRR EM A csc eos vars. coaasita miomeve wouetbAsacnauaser Ortho 
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Owens-Illinois Glass 'Co.e= memati er ee Ohio: Bldgs, Toledo; OhiOn hie. aireteisnctsirint ciererse iaycei eeee Owens-Illinois 
P 
Paneborn Corporation a2) aoc ten ere Hagerstown aids aia nterictee ei releceeminrs ee hic cle sere pein Pangborn 
*Parke, Dayvis:&Coss..7c te nee ee DEStrortis2 SMICH EA satese tric ani re oea oe eae Parke, Davis 
*E. 1. Patch Company eon peace ene 38 Montvale Ave., Stoneham 80, Mass.................. Patch 
Patterson Foundry and Machine Co.............. Widener. Building, Philayy Pas. s,s ae secon ninrse PBS Ms 
Paul-Lewis Laboratories, Incest OH ING Za vatbe imei blk gehnlleeree yn \sbn 5 15 cdo vida ow 0 son outs Paul-Lewis 
F..H. Paxton &: Sons, incense eee er eee AGILE ROhIONS i Chicago lien lea, eewte ree ieee een Paxton 
<S. B. Penick, &Co0..4..¢4. eee eee acer Hudson Terminal Bldg., 50 Church St., New York, N. Y. 
Pernox Incorporated #2 sj-crae eee aeons SELON 5 CAA Shiny ING Code WEIN Wa obacaaacwocSuuss od Pernox 
Pfaudler Co.icy eras esc a oe eee ROChESbEr, IN SVL. bs. Skis eran scarey ere oe Parents Pfaudler 
+Chas. Pfizer &? Co. lnc ap ee eer ee Sil Maiden’ Wane; News YorksiNe You sur ananassae Pfizer 
Pharmedic Corporation PT eit dans IAC Toitra. oie 239 Webroadways New i Or 13, Nes Venti enend cient rra Pharmedic 
Phenix Box and Label Company................. L6s2i@entralsSt-., Kansas City) Mose mee aeete aera rere Phenix 
Picker) X-Ray, Corporation centr ee ieee 300 Fourth Ave., New York LOIN. Ycsineranet erate cee Picker 
Pictorial Paper Package Corp.................... 232 South Lake St., Aurora, TO. Ucanice i Sana Pictorial 
Geo bs Pilling eesonlC Onnet me a ee eee 23rd & Arch Sts., Philadelphia By Pag iin sels A Oe Pilling 
Pina=Mestrer@lmicseoliicas emer aiere aera rete (Oialn ave Keted UE ena tren Pee Pat enioin betes nc rnc hie oe anaes Pina-Mestre 
PineoleumiCompanyans aiesl Hota eo a aerate IW StatewSteNew sy ork 4s INGY Seo oe cic otek eae deren e eee Pineoleum 
=> Pitman-Moore|Company-a wis oes ccc co eae Indianapolis! s-liad: Vie api. tee eee one meas eR neg eotes Pitman-Moore 
The Paul Plessner Co.............. Ru oko ot 11 Hazlewood Ave, Detroit.2; Mich... ....0: .neeu-.ee oe Plessner 
Fiek:, Porter Co. alisha ftceats ete cee a oie 49th and Harrison Street, Pittsburgh, Pa.................Porter 
Witt Pa Poythress16s Cos, InGant eet tntenr iets PEOnBoxe2loss Richmond, oV facet eae te errr ree Poythress 
Precision Sclentilic(Cowge.- es sete ee ee ee 1730-54 N. Springfield Ave., Chicago, Ill................. Precision 
PremiersMulleCogporation =. ct.) -ielsr ees IMNOMUHS Ge Qnds Street, INGE, cl... acumen eae ee ae ae ne Premier 
Premo Pharmaceutical Laboratories, Inc..........443 Broadway, New York 18, N. Y..............+,.-.-- Premo 
Proctor and Schwartz, Inc..... aE Mai ni ne Ne (thvand labor Road, bhilasyPan, .eceics ietiele eet aa Proctor and Schwartz 
ProdoliCos. Ln aan.ct as ocak iota Re ee eee HOMMEAZ NG Stey New. VOrkel7e ING YC nee sete ee eet Prodol 
Proressionaly Drugs, luC.n- ae cmiarie ornate (OeNintheAtve Ne way Onk dl) ON GAY ce cucitcnrc a eine tay neice rene Prof. Drugs 
Pulverizine Machinery Cows aan eine ete @hathamekoacd  Sulamatte INipdlecepee teri tera een ee ner Pulverizing 
Purdue Frederick: Co. tactic cists oe pene 135i Christophemots. New, Yorks 14; oN: Yorn eels eie cise Purdue 
Puritan Compressed Gas Corporation............ 2012iGrandeAve.. Wansas; @ltys oul Ona eine aerate Puritan 
R 
Rare Chemicals, :lncs....ceeiern nt ea ene eet Iicce JS Seereshish, leehaweoy Wade onoccb accoe s0d600 hace Rare Chemicals 
@harles Raymond) and) Co.ulnGen.c em an eels Sol evournthwAvemue Ne, Yo. 16, INep Yee mcrae cee aces Raymond 
Raymond Pulverizer Division. - ss. .-25 49) 4s ISLEONe Branchy Street. Chicago wlll ayes ers ore RP: 
=Reed and. Carnrickiar siescaca ra ae oe eee 157 Van Wagenen Ave., Jersey City 6, N. J.............. Reed & Carnrick 
Reed iVachinery, Co. Inc.tne ae rece Viotkse Pia ernie aie tae ans otros Kaien np ia lager tia ian ae eae Reed 
Rees=Davis: Drugs, Ins. snobs tek ate eee Meriden, Conispi.ar©.. cc nh henh garnet eA ton caer Rees-Davis 
Reichel svaboratoriess Lc. aera: eee ‘Kambertom pean atsue.. ioe Aeon alte eee eo eee Reichel 
Remogland| Chemical Coven nen teens ieee 25 eWiesBrOaOWays NEW COLK (4) NiYurcs ass: fa ae eta Remogland 
Republic Rilters: snc... siecceetiesceiiee oe eee LZ Stone Street Newarkes. Neva ete ae ei eiaiea ee Republic 
The Reserve Research Co..... 1.2.0... 0s ee eee 222 Phoenix Bldg., Cleveland 14, Ohio................ Reserve 
R. Robert Reveno, Pharmaceutical Instruments. ..1700 65th Ave., Philadelphia 26, Pa..................... Reveno 
Revolving Cabinet Manufacturing Co............. 4612 Woodward Ave., Detroit 1, Michigan............... Revolving Cabinet 
Riedel &\Coml neste tae eees ater ra aes Bernyaco sounestse. brooklyn dlp aN emy (at eae Riedel 
Riedel-de:Haen- Inc. oy arene NEVE ARTO RIN Olas INE VeOrdte ER ING NGO Mine 0 aso oda dons Riedel-de Haen 
ASH: RODINS COs 41NC.oe wee ie ais Gores Richmond lO Viak. scp Severe eae vole oo Eee Robins 
RODINSOMAVMI Gs COs nett eokenincnne eae ere een IMGT GYASI I racic ee ete ea eles ca: Stee nice eae Robinson 
Roche-Oreanon; [nce yar eke nee Roche yark Nutley 10. Nit s..ctus saan teeter ieee Roche-Organon 
UBER oerig. & Com ant certain ata ene ees 536. Lake Shore: Drive; Chicago 11, Ili tae. eee Roerig 
Wallianathi eR orersshniC.srps thera: ea ya eens 254183 41S tree biladelphia 6s Pas. ce wns ae ere “Rorer 
Rvstane COIMmpallyse ton tec geimncr eee tn aie eee KIM Chouno Sting INGWwe Woke 7 Wh Moloogongeousloneobootase Rystan 
S 
Sandoz Chemical Works, [NC.rewe is: exces cise tener 68 Charlton Sts Newsy OrikL4yN soi user ae rere eee Sandoz 
Sarnays Products nc. yae terse aa eee 40 Rector. Sts, NewexOrkG,iNi over seein ae cen cnet Sarnay 
Schenleyavaboratocies, LUC. smarter ere SLA Mri Ayo Whey Node als INA Mes ccc edo op ucuuma ul os Schenley 
SGnerile \COrporattole jee ere eee 86 Orange, ou ploomitield Nia Jeera eee ete eae Schering 
Schering Se latzylniceamae secre crema ei ean eea UTS eWiplsthe Stem Neweorkal Us IN ce Y imac ea eae een Schering & Glatz 
Schieflelini ot COnIpally np ain ee anne eater 16 Cooper Square, New York 3, N. Y................... Schieffelin 
DMUs SChmidslnGes wpe eae eee ane ADS WYO othe Stes Ne Weey Okan SuNIm Yoana kaya) eet aia Schmid 
SchuylkilkGhemicaliCosssasvan deer eter eee 2346 Sedgley Ave., Philadelphia 32, Pa.................. Schuylkill 
PCS DESearlerSiCos tian. Miners craese tama PZ OSBoxtollO se Chicago SOS era aerdaeeee aaerant ene Searle 
Sharp oa Dohme nC raary ae eete et kere eee Broad & Wallace Sts., Philadelphia 1, Pa...........:..2. Sharp & Dohme 
Sharples Specialty Company.....................28rd and Westmoreland Sts., Phila., Pa.........:........ Sharples 
*Shermanylaboratones os aur eee eet ee 14,600 KE. Jefferson Ave., Detroit 15, Mich............... Sherman 
Shield aboratorieSta eet eerie ete 8751 Grand River Ave., Detroit 4, Mich................. Shield 
GepDsSmith PharmacaliCoconsawaere ae eee Scotland Road, Orange, UN els teteusteeko att date lee eest cee C. D. Smith 
Wartinv ls sintthyCompaliy ewer eee 150 Lafayette St., ING WA VOEKEIS INU Y. oa. .c neh yee eae: M. H. Smith 
Smith=-Dorseye Companyarew na tcntimiee retin ea Lincoln eNebeiurtsactckacte net nero atc ate es Smith-Dorsey 
*Smith, Kline & French Laboratories............ AIO BAT chaste b nilad elm lata osmirc a taetcieie tele (era eae ane S. K. F. 
Wpsher Smith:Companyars aoe asses eee 529 SA7thySt.eMiuinnespolusilo sinners es cee Upsher Smith 
Solvecillinsincee Hise ase sata Meat ete ay ace Reesor Newark 22 /Nicuiinacy etal emcee el ten hes co Gee ot ee Solvecillin 
Specific Pharmaceuticals, Inc........:........... 301 Hourth Aver Nagin LOIN Yoh. se) uuimsiene 2.0 ieee Specific 
SER. Squibb & Sonsisuk ce ero eer oer: (45 Witthy Avie. IN erm Ork. 22 yep ee cemiecin ose therein te Squibb 
. Standard Pharmaceutical Co.................... 1123) Broadweave Ne way OLKl Ore Nise Y) seceuar te ree ae pence 
Standard Specialty and Tube Co................. New: Brighton Pa peneiceage le ote ihe Sin nee ha eee Seen ab : 
Ge S)Stoddard:&iGol nica eee ee eee UPA DONT Visine ING el IN |S MAE CHAE hea ae sth ouoe Stoddard 
Res. stokes, Machine Co.- erate ne oot 5846: Labor Rodd wbhilase basen acteme chi. se tate ene Stokes 
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peimesirasenburgh Cos. ..6 50.0... eeu e ee be LOS UXchangeyStemeOChestercsiNi, Yates wee ical ae ciieiciar Strasenburgh 
ptratond-Cookson Co... 62. ode Nice eve eee ns 4058 Haverford Ave., Philadelphia 4, Pa................. Stratford 
[Pro LS Le STILROV ETE CG RS I eg Aeon ae a LIUQEWeree2nd Stem New ey OckallScNe Ve cesene minimis cats Strong 
iersnracee Company...) .eciskee ie. lek hemes Zor COLOTAdO Susubasadena Walites sera em aeeee. cee. Stuart 
iT 
ADIAKSCOMIPATLY <i .sns shsssiceie ha eee ble oka was aH) (Uieikore\ ere mineey IN[Gine, Weoyele SH IN; MG aacina boeeolsaodaun: Tablax 
*Tailby-Nason Company.....................-. AQ Amherst) ots Cambridge: Masst.as2. 40... ee6 6 Tailby-Nason 
alcagnine Waboratory, WC... st es fees cca es Chilton sIN AS te eke Aer oh elects ate Sree rhe etrciehatars Takamine 
femMaAnDONIS GO. si aoe oko ae che eelo nea bela 4300 Euchd Ave., Cleveland 3; Ohio.................... Tarbonis 
plibeminiden Company, acc: ... ce.) bees ee eee ee INewlie bamonwiINGuya tasaiecritrnntas ef tumbt rnavercts mores Tilden 
PRO SSCEOSCOSWINC..0.-5 dotcom Adon ocehln ccoan oe 6214 Fourth Ave., Brooklyn 20, N. Y............. Tosse 
TSORCILRULETES, ocean ee CHEN ANON Lohiend AavI RYO STONE. Jetta. seg oc o Sader sud omaeg aoe ae Troemner 
Avieraboratories, (NC...) 2.6.0: scenes ssa nage’ TZOsBroacyweayaulNewan Orksoy Nis Yoo eieeninn aecaeian 4 Tyler 
eormiynectOhemist; INC... 4....6.0025. 00+ see bees (Ad Voth St. IN. Hs Washington2, D.'Cy.......... Tyree 
U 
SUlmer Pharmacal‘Company: ..i.... 0... 6.00... 005 412 S. 6th.St., Minneapolis 2, Minn............... Ulmer 
United eMrie) Company... 0.5 es ee ne he ee 819 N. La Brea Ave., Los Angeles 38, Calif........ United Drug 
United sMaboratories, Ltd... 2.50.5. ee 327 S. Fair Oaks Ave., Pasadena, 2, Cale eepee te United Laboratories 
HUE OMILOUNCLS (COs. 5.2 oo 6s cian ce wien wns ewe 1223 Neck Road, Brooklyn 29, N. Vee .. United Products 
Uns Standard Products Co.......0.0.....0646.. Wood worthy’ Wisse capecbminc Stites neck Standard Products 
Womvitamimn Corporation. .....1.... 0.2... seco 250 E. 43rd Stee NCE MOnKl MeN RY can eL nnn eral: oo.V 1bamin 
MCR {OHM COMPANY. ... 2 6 dose ee cle ve 301 Henrietta St., Kalamazoo 99, Mich............ Upjohn 
V 
Walerebemucal'Co., Inc.) os 6. o lass oe ee deka cus 814 Gordon St:,-Allentowm,, Panic: «200-0 e6 eek o< Vale 
Valentine’s Meat Juice Co..............0..5.4.. 1600 Chamberlayne Pkwy., Richmond 9, Va....... Valentine 
Van Patten Pharmaceutical Co.................. 500 NE Dearbornist., Chicago lO TUL a. ..25... 20. Van Patten 
PAR PeUeesOrOWil, INC... co... Soke ee ie eee SON MI4thste, Richmond LOGVianrs.c. esteetee ear: Vanpelt & Brown 
Varick Pharmacal Co., Inc. (a Division of E. 
RIDA COs, LIC.) . Wile sues wie vse es ee (CORN ATIOK, 9 bey INE Wie OLKal 3 gINGIN ae rap eieastes ein ce Varick 
Venomin Company 5) Sng RETO RSE Oe OE aoe ace Te OE Lorain, Ob isi eeeeee sd patie ee oot ey, cone be oes Venomin 
WATADOXMErOGICtS CO... bc Meee cl ee se es ee as 64 E. 34th St News Morcs6, NYE ssh Aes oe Vitabex 
SPEDE OnDOLAION: OfSAINENICAs, 6, 2. y. so cktee oe EINGWALKS NG Wisieaee «aoe Gs cate ech dar eed ea Shares Vitamin Corp. 
Ratarmixe@OLporation., ) 1.2. see. eked acs bowen ee 632 Race St., ee Ul BU a Pie Ace hah ort gs Vitamix 
WOReleaADOLALOTIGS eo oil acs oe ee jee oe cena Mohegan Lake, N hE ee Racks sete iasoenne ees Vogel 
W 
WralkersVitamineProducts. .,. 2.5.00... 08 eee eee 17 S. Columbus Ave., Mt. Vernon, N. Y........... Walker Vitamin 
Minoan aller:Go., INC... 2.2 eae eave ee ed 508 Franklin Ave., Mt. Vernon, N. Y......... ee, M. L. Walker 
NWallaceaboratories, Inc... oy. ee eee ee eee INE WoBruUns WACK MN gu beet mb aie ars a. to, Vesenue sy ae Wallace 
Wallace & Tiernan Products, Inc................ Bellevillesg Noam hey: Motes did wre Oem ss Wallace & Tiernan 
Meorzer en Vallau, MNCs... 5 is)... ce. sacs eee 153 Waverly PlacesiNy aN Ya. PATE ... Wallau 
*Henry K. Wampole & Co., Inc.................. 440 Fairmount Ave., Philadelphia, Pa.. ee aoe Vial pols 
*William R. Warner & Goss, Gidea, Ne A eS OP Rae 113 W. 18th St., New York DT HIN 28 Vi Bete ee a coe Warner 
The Warren-Teed Products Co.................. 582 W. Goodale St., Columbus SN ONION sae een es Warren-Teed 
Westwood Pharmacal Corporation............... HOZOM Mla Ste) buttal Ono SNL aye eiecar merci tale Westwood 
myniteleaboratories; INC... 02.0405 ee ee IN Sues thy Str eNewerka do Neidicscminen oer crear White 
Whittaker Laboratories, Inc.................... PAD As le fulisires ING Node aI ING NORM ecg doce Whittaker 
BNVHNGOMMEADOLALOLICS 6... ve cuowiths wee are wh eee es 4221 Southwestern Ave. Blvd., Chicago 9, IIl....... Wilson 
SWanthrep-stearns, Inc. .t....2. 0. eee ee ee TE ZOMV ari Ck Sits; Nie Wincor kolo Nin Nei tonietiee eee Winthrop 
ENV VELNBLICOEDOLALCK, of ici0 oi vee es ee 1600VArch St.) biladelphiata, ieaeetceie etn ales Wyeth 
z 
PheeLemimer Co;, INC... 6 ie id cae ee ee oe Bios} Steamnoling Shiny LenRlomigedey 12 oa acs anudodcancr Zemmer 
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impact pulverizer Lchitiy Aer One ceca ne ee 135 pe Ons x bili ise eraahs Tenants \sbe Neience os Heel oily 1112 
ee atons i in prescriptions......... 1152 labelte DE SHOUNGLOS 7 io ous assis vig ete eek: 
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